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Preface

Specialization in natural science and medicine made the estab-
lishment of a special Study Group for Organo- and immunotherapy in
Oncology desirable. Such a group was founded on the occasion of the First
Tumor Workshop in Ludwigsburg, FRG, on August 26th, 1983.

The multiplicity of lecture themes held in this Workshop holds prom-
ise for the future. Although we are far from discovering the "miracle
weapon" against cancer, the first results presented and discussed in this
Workshop give cause for hope. The organism disposes of regenerating
forces for the purpose of preservation and recovery of health. These forces
must be activated. Nothing is more essential than making use of the phys-
iological, molecular factors of healthy and phylogenetically similar indi-
viduals, in order to support the body's regenerating forces for the purpose
of a non-toxic treatment of tumor diseases. On the other hand, these
factors can lessen the negative effects of invasive methods "steel, rays and
chemotherapy" (i.e., surgery, tumor radiation and chemotherapy). Simul-
taneously, the tumor-patient's subjective State can be permanently
improved. Experimental research lends a solid foundation to furthering
these results in hospital and medical practice.

Aachen and G. Gillissen
Ostfildern, 1984 K. E. Theurer



Vorwort

Die Spezialisierung in der Naturwissenschaft und der Medizin liefl
einen speziellen Arbeitskreis fiir Organo- und Immunotherapie in der
Onkologie wiinschenswert erscheinen. Dieser wurde anldfilich des Tumor-
Workshops in Ludwigsburg am 26. 8. 1983 gegriindet.

Die Vielféltigkeit der Vortragsthemen dieses Workshops weist in die
Zukunft. Obwohl man noch weit davon entfernt ist, die Wunderwaffe
gegen Krebs entdeckt zu haben, berechtigen die ersten Ergebnisse, die bei
diesem Workshop vorgetragen und diskutiert wurden, zu begriindeten
Hoffnungen. Der Organismus verfiigt iiber regenerative Krifte zur Erhal-
tung und Wiederherstellung der Gesundheit; diese gilt es zu aktivieren.
Nichts liegt ndher, als die physiologischen molekularen Faktoren aus
gesunden, phylogenetisch dhnlichen Individuen zur Unterstiitzung der
korpereigenen Wiederherstellungsbestrebungen im Rahmen einer nicht-
toxischen Krebs-Therapie zu nutzen. Andererseits konnen solche Fakto-
ren die nachteiligen Wirkungen der invasiven Methoden durch «Stahl-,
Strahl- und Chemotherapie» vermindern und das subjektive Befinden der
Tumorpatienten nachhaltig verbessern. Die experimentelle Forschung
fundiert die vorliegenden Ergebnisse aus Klinik und Praxis.

Aachen und G. Gillissen
Ostfildern, 1984 K. E. Theurer
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Chrono-Biorhythmic Therapy
with Non-Specific Methods and Medicaments
with a Target-Specific Effect™

K. E. Theurer

Research Laboratories of Organo- and Immunotherapy,
Ostfildern-Ruit, FRG

Knowledge of vegetative metabolism regulations of the stress
mechanism, its circadian biorhythmic and system changes in metabolism
using minimal Stimuli are a fundamental part of any therapy with target-
specific medications, as well as with non-specific methods [6].

The Significance of Blood Chemistry for the Formation
and Decomposition of Tumors

According to Leupold [3], formerly Professor in Ordinary for Pathol-
ogy at the University of Cologne, FRG, the forming of a tumor can
depend on the metabolism of the tissue and on the total metabolism.
Through the parenteral application of very small quantities of protein
breakdown produets of physiological origin, lipids, carbohydrates, and
ions it was possible to inhibit or promote the proliferation of inflamma-
tory new cell formations up to malignantly developing tumors. The cell
environment of the organism, the liquids in contact with them, contains
the most diverse regulatory factors. Similarly, the vegetative nervous sys-
tem and the basic vegetative formation of the active mesenchyma [4],
pervading everything, also have an influence on cell proliferation.

* Medsche Klin. 4: 79 (1984).
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This "cell environment system", despite a large measure of homeo-
stasis, is subject to certain changes. Tt is said that the reaction tendency is
mainly dependcnt on the course in time and the extent of movements of
the system. When the quotient was lowered, inflammatory chronic prolif-
erations, adenomas, sarcomas or carcinomas - especially of the kidneys,
lungs, intestine, inamma, uterus, etc. - were observed in animal
experimentation within a time-span in some cases of more than two years.

With system movements in the opposite direction to that which leads
to tumors, i.e., when there is a rise in the quotient through an increase in
the cholesterol and phospholipids and a decline in sugar, tumors are
decomposed by necrosis. Benign tumors of the mamma, prostatic hvper-
trophy and cell proliferations with psoriasis, fibroses, infiltrates and fis-
tulae also responded to such a quotient change.

Leupold performed the system movements by subeutaneous injection
of physiological mixtures in a quantity of 0.05 ml. Larger injections dis-
played a lesser or no effect. With animals, the injection was more effective
in the cerumen than in the back (possible relation to aeupuneture of the
ear). The treatment was carried out for a fairly long time at different
intervals. In addition to the injection, mixtures of substances, especially a
lipid Solution, were administered perorally. The trauma of intercurrent
surgery and radiation had the samc effect on the blood chemistry in some
cases as in animal experimentation, leading to the appearance of tumors
and recidivation.

Sympathetic Tone Promotes the Forming of Tumors

The Leupold therapeutic methods consist essentially on one hand of
the substitution of metabolic factors, whose highest concentration is
achieved in a sympathicotonic reaction Situation (glucose), and on the
other, in a stimulus which triggers the desired system movement. For the
decomposition of tumors, this corresponds to the parasympathicotonic
phase and for the forming of tumors, to the sympathicotonic reaction
phase. Flowever, Leupold has not yet been able to account for these
relations.

The system movement recommended for the decomposition of
tumors can be enhanced by all the methods and medicaments with a
parasympathomimetic effect. Favorable therapeutic conditions can also be
created by the prior raising of factors at the end of the sympathicotonic
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reaction phase, which then decline duringthe parasympathetic preponder-
ance.

In a research project comissioned in 1957, the Study Group for
Cancer Control of North Rhine/Westphalia, FRG, carried out a study of
the experimental fundamentals of LeupolcVs theory [1J. The results
obtained were not convincing, hovvever. The curves of the metabolic
parameters, which were said to lead to the formation of tumors, could
indeed be reprodueed but not their effect on the experimental formation of
tumors. The system movement was the expression of a non-speeifie stress
reaction, as can also be induced solely by the taking of blood samples.

The findings concerning the therapeutic consequences for human
medicine were contradictory. Neverthcless, various hospitals described
"reactions on tumors and patients to which there was no objective objec-
tion" and which "should give occasion to further study of the problcm of
the decomposition of tumors and the influencing of the metabolism" or
"shoulcl encourage more intensive work on this approach" [1J.

It is not our intention here to examine methodic differences in a
follow-up examination as compared with the method used by Leupold. It
is possible that the metabolic stimulus was not applied at the start of the
change in the parasympathicotonic vegetative regulation. Also that no
animals were used having a high mcidence of tumors and with a syngeneic
or genetic disposition for the formation of tumors. According to the
"genetic cancer theory" [7] favored at the present tirne, it is probable that
stress situations with a genetic cancer disposition favor the formation of
carcinomas by reason of reduced adaptability as a result of the lability of
the genetic regulations. 'Ulis lability could then also have an effect on the
sensitivity of tumor cells to therapeutic system movements.

Therapeutic  Consequences:  Circadian —Parasympathetic  Stimulation

Although the experimental formation of tumors as described by
Leupold could not be confirined and is possibly dependent, to a major
extent, on genetic factors, the Stimulation of the parasympathetic reaction
phase appears to be a logical measure for patients with a malignant
growth, but also for disorders of an inflammatory-infectious naturc with
reduced immune resistance - which is increased with parasympathetic
preponderance - and also for all disorders with a mainly sympathicotonic
reaction tendency.
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A metabolic therapy matched to the circadian rhythm is also justified
for other indications without a tissue proliferation tendency but with a
parasympathicotonic reaction Situation. These include both degenerative
disorders with depositions, especially of calcium, cholesterol, iipids, uric
acid, pigments and other metabolit.es, and also neurological and Psychiat-
ric conditions, especially Parkinson's disease, cramp and migraine, depres-
sions and thought-blocking, and also allergic and immunopathogenic
autoaggressive conditions of the rheumatic type (K-types according to
Curry or A-types according to Lambert [5]). The therapeutic stimulus in
this case should come at the start of the sympathicotonic reaction Situa-
tion, i.e., between 3 a.m. and 7 a.m. or between 3 p.m. and 6 p.m.

Circadian vegetative reactions can thus be both agonistically and
antagonistically, synchronously and also asynchronously influenced. A
"shaking-up" of the vegetative rhythms also appears to be a promising
approach for the withdrawal-treatment of addicts.

Determination of an Individual Vegetative Reaction Curve

For a treatment in keeping with the rhythm, it is necessary for the
individual circadian rhythm to be identified. The metabolic tests recom-
mended by Leupold are too involved for this. It is usually sufficient to
record the changes per unit time in functional capacity; well-being,
response, body temperature, appetite, sleep requirement and activity in
the course of the day to be able to draw a simplified conclusion about a
sympathicotonic and parasympathicotonic reaction Situation. Simple
methods of measurement of the "actual vegetative reaction Situation" for
the determination of a "vegetative reaction curve" [5], can also take the
form of resistance measurements of the skin (Hauswirth and Kracmar's
R-C measurements [2]).

For the Stimulation of the sympathicotonic reaction Situation, use can
be made of all those factors which are usually increased during this phase,
and for the inhibition of all the factors which are higher than normal when
there is a parasympathetic preponderance. Timed Stimuli through light,
music, application of heat and food intake at the correct time can
synchronize a disturbed circadian rhythm with the environment, or
enhance or inhibit individual phases.
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Sympathetic Parasympathetic Sympathetic Parasympathetic
tone tone tone tone
Preponderance of sympathetic tone

Ling.No. Dil. or ,Sol" Ling.No. Dil. or ,,Sol"

66 66 14 66 66 14

67 67 29 67 67 29

98 98 70 98 98 70
23 23
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Preponderance of parasympathetic tone

)

Dil. or ,,Sol" Ling.No. Dil. or ,,Sol" Ling.No.
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69 30 69 69 71 69
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Reduction in profile differences

Ling.Dil. or ,,Sol* — e Ling.Dil. or ,,Sol" Ling.No.
65 20 66 14 65 20 66
69 30 67 29 69 71 67
97 71 98 70 97 51 98

 —— M

Increase in profile differences

Ling.No. Ling.No. Ling.No. Ling.No.

66 65 66 65

67 69 67 69

98 97 98 97

L 1 1 1 10 1 1 1 J

6 9 12 15 18 21 24 3 6 am.
local time

Fig. 1. Relations of certain organs to the parasympathicotonic or sympathicotonic
phase.
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Relations of Certain Organs to the Parasympathicotonic
or Sympathicotonic Phase

From the comparison of the circadian fluctuations of physiological
Parameters [6], it is possible to allocatc certain Organs to the possible
antagonistic reactions. A reduced sympathicotonic reaction Situation is
found with an insufficiency of the hypophysis, adrenal gland, thyroid
gland, oestrogen hormone production, parathyroid gland; a reduction of
the parasympathetic tendencies with an insufficiency of the androgenic
and progestogenic hormone production and of the epiphysis, pancreas and
thymus. When immunological principles are observed, suitable organ prep-
arations can be applied repeatedly in keeping with the rhythm, as indi-
vidual preparations, and in organ combinations. Spccial medications are
available for this (fig. 1).

A direct influence by sympathicomimetics or parasympathicomime-
tics in the form of medicaments or hormones, like every monotherapy
with a blocking effect, disturbs the regulations of the natural biorhythms
when they encroach on the antagonistic reaction and can lead to disadvan-
tageous side effects [6]. In contrast to this, cvtoplastic extracts from organs
[7]1 which favor a special reaction Situation have an alterating and nor-
malizing effect.

Summary

Every specific therapy has a non-speeifie active componcnt. In order to attain optimal
treatment results it is, therefore, necessary to take the non-speeifie mechanisms into consid-
eration. A synoptic consideration of the principles of the non-speeifie therapy, in particular
of the circadian rhythm, stress-adaption Syndrome and total vegetative change-over with
respect to blood-chemistry changes in the cell and tissue-metabolic processcs, renders
important a temporal and rhvthm-adapted application of biological methods and medication.
The change from a sympathicotonic, catabolic reaction Situation to a parasympathicotonic.
anabolic reaction Situation, leads to changes in different parameters. Non-specific irritations
(stress) can incrcase the intensity of particular courses of illness and lengthen their duration.
Additionally, the system motions, such as of blood sugar or of 0, partial pressure, can be
intensified by rhythm-adapted substitution of glucosc and insuline-oxygen respiration, and
respiratory exercises. Leupold healed dermatoses, in particular the proliferous and chronic-
ally inflammatory type, through to benign and malignant growths, whenever he implemented
a non-specific metabolic stimulant, as in the case of intensive sinking of blood sugar over a
period of 2-3 hours and, if possible, while blood lipids were on the increase.

Rceversing the process, hc was also able, by using animal experiments, to producc
corresponding diseases, presumably in the case of predisposed individuals. Through the
Observation of the circadian reaction changes, which were then not known to Leupold, the
specific treatment methods, including organo- and immunotherapy, should bc able to further
increase the changes of succes.
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Zusammenfassung

Jede spezifische Therapie hat eine unspezifische Wirkkomponente. Fiir optimale
Behandlungsergebnisse ist es deshalb erforderlich, auch die unspczifischen Mechanismen zu
beriicksichtigen. Eine synoptische Betrachtung der Grundlagen der unspezifischen Therapie,
insbesondere des Zirkadian-Rhythmus, des StreB-Adaptions-Syndroms und der vegetativen
Gesamtumschaltung in Bezichung zum Blutchemismus bzw. den Anderungen im Zell- und
Gcewebsstoffwechsel, 146t eine zeit- und rhythmusgcrechte Applikation auch biologischer
Methoden und Arzneimittel wichtig erscheinen. Der Wechsel von sympathikotoner.
kataboler Reaktionslage in die parasvmpathikotone, anabole Rcaktionslage fithrt zu Verédn-
derungen verschiedener Parameter. Unspczifischc Reize (Stref) konnen die Intensitit
besonderer Abldufe verstirken und ihre Dauer verldngern. Zusdtzlich konnen die System-
bewegungen, 7. B. des Blutzuckers oder des (),-Partialdrucks durch rhythmusgerechte Sub-
stitution von Glukose und Insulin bzw. Sauerstoffbeatmung oder Atemgymnastik verstirkt
werden. Leupold hat Heilungen von Dermatosen, insbesondere von proliferativen und
chronisch-entziindlichen Vorgédngen, bis hin zu gutartigen und bdosartigen Geschwiilsten
erzielt, wenn er einen unspezifischen Stoffwechselreiz bei intensivem Absinken des Blulzuk-
kers iiber 2-3 Stunden und moglichst im Anstieg der Blutlipide gesetzt hat. Andererseits
konnte er ticrexpcrimentell bei umgekehrtem Systemverlauf entsprechende Krankheiten,
vermutlich bei prddisponierten Individuen, auslosen. Durch Beobachtung der zirkadianen
Reaktionsverdnderungen, die Leupold noch nicht bekannt waren, diirften sich auch bei
spezifischen Behandlungsmethoden, einschlieBlich der Organo- und Immunotherapie, die
Erfolgschancen weiter verbessern lassen.
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Circadian Biorhythm in Relation to
Other Vegetative Regulations™

K. E. Theurer

Research Laboratories of Organo- and Immunothcrapy,
Ostfildern-Ruit, FRG

It still holds true that little or no use is made in hospitals and medical
practices of the many new discoveries in medical science, as they call for a
turnabout in thinking or hecause the application of these findings appears
complicated and inconvenient. The synopsis of related mechanisms should
help to overcome any reservations there may be as to their integration in
medical thinking.

Every specific therapy contains non-speeifie active components (ta-
ble I). Non-specific effccts on the organism as a whole can trigger. as well
as heal, diseases. Up tili now, this dualism had been attributed to different
intensities of stress. In addition to the dosage, the site of application is also
important. Another factor which is given little attention is that of the time
of day. Even ancient Chinese medicinal applications knew of this depend-
ence as mentioned in the Yin-Yang doctrine and the "organ clock" for the
most effective timing for the funetioning of individual organs [1].

Duaily Periodic Course of the Reaction-Situation, the Metabolism and

Hormonal — Regulation

Research results on the chrono-biorhythm show a circadian change,
i.e., a change in accordance with the time of day, in the homeostasis of the

most diverse parameters in the organism [5]. To a large extent, these

* Medsche Klin. 3:79 (1984).
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Table 1. Synopsis of the fundamentals of vegetative regulations

. Circadian rhythm of biological systems

. Total vegetative alteration

. Stress and adaptation Syndrome

. Cybernetics

. Non-specific change-over by Stimuli (physical, chemical, medicamentous) on the skin,
muscles and joints, active mesenchyma (physical therapy, chirothcrapy, massage, etc.),
blood (ozone therapy, 0,-multiple-step therapy), nerves (neural and segmental therapy,
acupuncturc), metabolism (diet, weight reduction, physical movement, Sport, climate)

. Focal theory

. Mental conditioning, autogenous training

. Simultaneous non-specific effect of mcdicaments with a specific action

. System changes of metabolism and hormonal regulation through minimal Stimuli with
mctabolic mixtures and/or electrolyte solutions

W W N

NoBNe RN o))

changes are triggered by a change in the vegetative regulation between a
sympathicotonic and a parasympathicotonic reaction. In addition, certain
deviations also exist which can be caused by external factors such as
nutrition, stress, etc.

The humoral changes in the various factors with a sympathicotonic
and a parasympathicotonic reaction Situation are set out in table 11; no
claim as to completeness. Intracellular changes are mostly contrary to this.
Humoral changes in the mineral balance can be found from the quotient
for neuromuscular excitability according to Gyorgy [2]:

K x phosphates x HCQ4
Ca x Mg x H

In this formula, the numerator contains factors which rise with a
preponderance of the parasympathetic nervous systcm and the
denominator factors arising when a sympathetic nervous system predomi-
nates.

Any change in the individual circadian rhythm (desynchronization),
e.g., through transcontinental flights across time-zones or asynchronous
Stimuli, medication or activity (nightwork), is expericnced as unpleasant
and can lead to signs of illness. Similarly, an intcnsification of the reaction
changes by substitution of certain factors, a Prolongation or shortening of
individual phases can either cause illness or induce a therapeutic stimulus

[4]-
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Table II. Comparison of circadian fluctuations of physiological parameters

Parameter Reaction Situation
sympathetie parasympathetic

Anabolism +
Catabolism + -
Blood sugar +

- calcium + -
- potassium - +
- magnesium -
- sodium + -
- phosphatcs - +
- lipids - +
- protcins + -
- acidosis + -
- alkalosis - +
- 0,-partial pressure + -

Myeloid tendencv
Lymphatic tendencv -
- eosinophilia -
- Immunoglobulins *
BSR
Body temperature
Elcc. conductivity of the skin
BMR
Blood pressure
Pulse-rate
Hormones of
- hvpophysis
- adrenal
- thyroid
- oestrogens
- androgens - +
- parathyroid +
- epiphysis -
- pancrcas
- thymus
- placenta decidua -
- chorion +

o+ o+ o+ +
!

+ o+ 4+ o+
.

+ o+ o+ o+

The Course of the Phase of a Complete Vegetative Change-Over

The circadian rhythm varies from one individual to another. There are
early risers (larks) and night-birds (owls). This rhythm should be taken
into consideration in the physiology of work and also for therapeutic
purposes.
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The prcsentation of the daily periodic course of latent vitality in the
organism in rclation to local time (fig. 1), shows the change from a sym-
pathicotonic and a parasympathicotonic reaction Situation. The maximum
latent vitality is present at the change from the sympathicotonic to the
parasympathicotonic phase and converselv. The change from the sym-
pathicotonic to the parasympathicotonic reaction Situation normally takes
place between 9 a.m. and 10 a.m. and again between 8 p.m. and 9 p.m.;
from the parasympathicotonic to the sympathicotonic reaction Situation at
about 3 a.m. and 3 p.m.

The extent of the sympathetic reaction can be increased by the intake
of food or dextrose, physical movement, light-stimuli, the effects of stress,
0,-inhalation and by physical and other non-specific and specific meas-
ures, so that the change to the parasympathetic reaction phase then takes
place at a higher level, in comparison with the spontaneuous course, and
intensifying the metabolic changes.

The antithesis of sympathicotonia and parasympathicotonia has becn
described by Hoff [2J in a diagram of vegetative regulations with two

100 T T T T T
/ \ autonomous protected reserve
80
£ operational reserve \
Z 60 | \‘
S|Z 40 physiological availability
s |3
=]
5 _— i
20 automatic efficiency
0

] 9 2 B B 2 24 3 ]

local time

Fig. 1. Circadian rhythm: daily periodic course of the latent vitality (according to [15]).
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phases of the total vegetative change-over (fig. 2). This affects mineral
substances, acid-base balance, ehemical, physicochemical and metabolie
processes, and the endocrine System.

A non-specific stimulus enhances the course of reaction of the biolog-
ical system in the same direction and possibly prolongs it in time if applied
at the beginning of a reaction phase. If the stimulus is applied at the end of

vegetative mineral amino-alkali hemogram body metabolism blood-sugar
innervation suhstances balance temperature
Position A |. phase of vegetative Pasition B II. p‘Mu of vegetative

total change-over

total change-over
adrenalin |, I, I, IV, V, VI, Vil insulin, 1, I, VII.
thyroxin |, HIl, IV, V, Vi, Vil Addison | (Il acidosis), IV, V, VI, Vil
harmons of epithel bodies 1, Il, I, IV Simmonds IV, V, VI, VIl
emergency reaction Cannons 1. Il IV, V, VI, VIl tetany | 1L W, IV
myxodem |, I, v, V, VI, VIl

Fig. 2. Diagram of the vegetative regulations (according to |21]).
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the sympathicotonic period, the parasympathicotonic phase is enhanced
and prolonged. Contrary influences of the reaction course in the direction
of the stimulus applied are likewise possible, e.g, changes in a parasym-
pathicotonic reaction Situation in the case of treatment by sym-
pathicomimetics, toxins or stress Stimuli.

Dependence of the Reaction on Stimuli of the Circadian Phase

The term "stress" coined by Selye [10] applies to a general reaction
pattern in animals and man as a response to increased strain. Stresses can
be, for example, of a physical (light, cold, heat, noise) or chemical (conta-
minants, drugs) nature, or non-specific effects as a result of medications,
or of a mental nature (isolation, examinations, family burdens). The initial
alarm phase in the form of a parasympathicotonic shock-reaction leads to
the adaptation or counter-shock-phase with an increase in the tone of the
sympathetic nervous system and hyperactivity of the adrenals, both of the
medulla and of the cortex, plus a shrinking of the thymus and lymph
nodes.

A certain degree of stress is not dangerous and is an essential part of
life (eu-stress). However, severe stress over a long period (dys-stress) can
cause damage to hcalth in a variety of ways. Stomach ulcers, high blood-
pressure and cardiac infarctions frequently result. Through the training of
rcpeated subliminal Stimuli, adaptation of the organism is achieved, so
that even fairly severe Stimuli do not have a pathogenic effect (cu-stress).
The adaptability varies from one individual to another [12] and is subject
to circadian rhythms. The effect of Stimuli is more marked when occuring
with a sympathicotonic reaction Situation than with a parasympathicotonic
Situation. With his work on the total vegetative change-over, Hoff was one
of the pioneers of biological cyberneties via feedback mechanisms [11,
16]. Regulation for the maintenance of homeostasis is a basic principle of
the vital processes. However. the various feedback mechanisms are cross-
linked and coupled with each other, in some cases in a multiple manner,
and are thus reciprocally dependent so that changes in one parameter are
transmitted to others, as is evident from the description of Hoffs system
of mechanisms (fig. 2). The control magnitude usually has the opposite
sign to the deviation in the functional respect, i.e., when a parameter
declines, this triggers an increase in it and vice-versa (negative feedback)
(fig. 3).
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adjusting member interference dimension
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Fig. 3. Feedback mechanism in a representation appropriate for biological cybernetics.
The technical control expressions are characterized by capital letters (according to [9]).

Vegetative Alteration by Non-Specific Stimuli

The ability to respond to Stimuli is a basic characteristic of living
systems. An alteration in the reaction Situation of an organism can result
from any change outside (external Stimuli) or within (organ stimulus)
causing an excitation or a reaction. Accordingly, for a cell, any influencc is
a stimulus which changes its metabolic Situation and triggers counter-reac-
tions. Either a metabolic activation or restitutio ad integrum then occurs
or, if there is no adaptation, pathological reactions result. This clarifics
initial deteriorations and late reactions in physical therapv and in
homeopathy. Even placebo effects are subject to these natural laws.

Large doses of drugs appear to paralyze the reactivity of the cells.
Abrupt changes in the vegetative reaction Situation necessitate an adapta-
tion. This has also been designated as a "massive-dose system treatment".
How the cells and tissues in question react, depends, therefore, on the
nature, intensity and duration of the changes in milieu, i.e., environment.
Obviously, a role is also played by the genetic predisposition and topical
disposition. With medication an almost 100% difference in effect was
found when thev were administered during contrarv courses of reaction
(3, 4],
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The reactivity of the organism is also dependent on the relative body-
weight. A slow weight-reduetion, in the case of adiposity, enhances any
therapeutic measure at all and can even make this measure unnecessary.

Localized foci of inflammation are a persistent stimulus for the organ-
ism. In addition to exercising an effect on the immunological system and
affecting the regulations via the active mesenehyma, they irritate the com-
plex mechanisms of the total vegetative alteration and of the circadian
rhythm. This is why the cleaning-up or inactivation of the foci is often a
precondition for a eure.

Psychosomatic  illnesses with organ manifestations often result
through irritation of the vegetative regulations and of the circadian
rhythm. This also applies to psychoses and addictions. Stimuli which
promote and support the normal circadian rhythm, can be of as great a
therapeutic value as systematic relaxation exercises through autogenous
training and a habituation to mental stresses [3, 6, 8]. With an over-
strained sympathicomimetic reaction Situation, calming measures have a
favorable effect and in the parasympathicomimetic phase, activating
measures are appropriate.

Non-Specific Effect Even with Medicaments, Having a Specific Action

physical mechanisms in a relatively large number of cases. It is, therefore,
self-evident that therapeutic measures having a specific action, such as
medical applications of a chemotherapeutic, vegetable, and Organotropie
nature with an organ-speeifie effect, especially biological mediators and
carrier substances and immune factors and hormones, have an additional
non-specific active component. This can play a major part in determining
the biological or therapeutic effect by contributing to the recovery of the
vegetative regulation capacity and to the synchronization of natural
rhythms.

Summary

The daily phases of reaction situations, metabolism, and hormone regulation are pre-
sented in view ol the total vegetative chanse-over with predominant sympathicotonus and,
on the other hand, in view of the parasympathicotonus and of the many integration of vegeta-
tive regulations. Resulling conclusions give optimal timely therapy application in various
illnesses.

'Non-specific measures and plac



Theurcr 16

Zusammenfassung

Die Tagesperiodik von Rcaktionslage, Stoffwechsel und hormonaler Regulation wer-

den unter dem Gesichtspunkt der vegetativen Gesamtumschaltung mit iiberwiegendem
Sympathikotonus und andererseits des Parasympathikotonus unter der vielféltigen Verflech-
tung vegetativer Regulationen dargestellt. Daraus resultieren Konsequenzen fiir die
optimale zeitliche Anwendung einer Therapie bei verschiedenen Erkrankungen.
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Therapeutic Integration
of Xenogenic Proteins and Peptides
in Modern Oncotherapy
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The Possibilities and Limitations of Surgery, Radiotherapy,
and  Chemotherapy

The great majority of tumor eures are achieved by operative
medicine. The suecess rate of a loealized intervention, good operability
being assumed, is between 40 and 70%. Accordingly, the aim of an
interdiseiplinary conccpt must be to totally eliminate the tumor cells still
remaining in the body after an apparently radical Operation which, time
and again, can be the source of metastases and recurrences. In the final
analysis, this can only be aehieved by the activation of the body's own
powers of resistance.

With the aid of regional radiotherapy, a cancer cure-ratc of about
10% can be aechieved. It is applied as a sole form of therapy or in combi-
nation with other forms. When used correctly, a therapy which is com-
paratively free from side-effects can certainly be assumed. However,
effects on the hematogenic system are unavoidable, this being recogniz-
able, for example, from an immunodepressive effect on T-lymphocytes,
monocytes and O-cells. These effects can occur immediately after radia-
tion and persist for some months or even years in some cascs. Con-
sequently, the purpose of a supportive measure to eliminate the bone-
marrow suppression caused by radiotherapy must be the restoration of the
immunological system.

Systemic chemotherapy Covers the entire body and alone is capable of
reaching even scattercd micrometastases. About 10% of the forms of
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cancer can bc healed by chemotherapy, espccially acute lymphatic
leukemia in children, Hodgkin's disease, chorion carcinoma in vvomen,
testicular cancer and so on (s. table I). The side-cffects and the not incon-
sidcrable proportion of chemotherapy-resistant tumors restrict the further
ringe of application or neccssitatc, for the future, a therapy which makes
chemotherapeutic agents more selective or their side-effects more toler-
able.

The real therapeutic problem, however, is the weakening of the
body's own powers of resistance. This weakening can initially be due to
the tumor, but can be further accentuatcd by sequelae and by drastic

Table 1. Classification of malignant tumors and system diseases by the success of
chemotherapy /[DeVita, 1975]

Group [

Tumor conditions potentially capable of responding to chemotherapy:
Acute infant lymphoblastic leukemia Ewing sarcoma
Lymphogranulomatosis Wilms tumor
Histiocyte lymphoma Neuroblastoma
Testicular carcinoma Burkitt lymphoma
Embrvonal rhabdomvosarcoma Retinoblastoma

Chorion carcinoma in women
Group Il
Tumor conditions with high remission rates under chemotherapy and Prolongation of the
survival time of patients:

Ovarian carcinoma Lymphoeytic lymphoma
Mammary carcinoma Neuroblastoma

Acute leukemia in adults Adrenal cortex carcinoma
Plasmacytoma Malignant insulinoma
Endometrium carcinoma Small-ccll bronchial carcinoma
Prostatic carcinoma Osteosarcoma

Croup 11l

Tumors sensitive to chemotherapy, but without an appreciable Prolongation of the survival
time of patients:

Carcinomas of the head and ncck region Malignant mclanoma
Gastrointestinal carcinomas Malignant carcinoid
CNS tumors Soft-tissue sarcoma
Endocrine "land tumor Bladdcr carcinoma
Group TV

Largely resistant tumors:

Hypernephroma Pancrcas carcinoma
Oesophagus tumor Liver carcinoma

Epithelioma of the bronchus Thyroid carcinoma
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therapeutic measures. Only when this is realized, is it also understandable
why radical and supcr-radical operative techniques have not resulted in
the perfect tumor eure anticipated. The precondition for better control of
cancer is, therefore, a fundamental change in the strueture of the methods
used for combatting cancer up tili now. Interdisciplinary collaboration and
new cancer strategies are needed.

Biological Response Modifier:  Physiological Approaches
in  Oncotherapy

The mcdicamentous Stimulation of the body's own defences is becom-
ing increasingly important in tumor therapy. In English-speaking coun-
tries, substances which are capable of stimulating the body's own powers
of resistance are described as "biological response modifiers". These are
defined as "substances or measures which modify the relation between
tumors and host by modulation of the biological reaction of the host to its
tumor with a resultant therapeutic effect" (from the news-sheet of the
National Cancer Institute, Bethesda, Md., USA, June 1981).

Numerous mediators are concerned in the biological reaction of the
host to its tumor. These include, for example, lymphokines, interferons,
Prostaglandins, coagulation factors, etc. These are therefore not exoge-
nous chemicals, cytostatic drugs or therapeutic agents in the conventional
sense, but endogenous biological mediators which are involved in the
biological reaction anyway. Immunomodulatory mechanisms and the
direct regulation of tumor-cell metabolism within the complex carcinoma-
host relation will be at the center of research in new approaches to cancer
therapy.

Immunomodulatory and Antitumoral Action of Xenogenic Peptides

A whole scries of peptides and proteins from xenogenic tissus
(liver, spieen, dccidua, thymus) are capable of inhibiting human tumor
cells in cultures in their synthesis activity, while normal cells display a
tendency to cell Stimulation. These factors thus inhibit the DNA synthesis-
rate of various tumor-cell lines (Wish, HEP II. melanoma) in a dose-
related manner (fig. 1). In contrast to this, normal cells remain uninflu-
enced in their growth behavior or are even stimulated. This marked effect
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Fig. 1. Dose-effcct relation of NeyTumorin®-Sol and Neythymun® (after 7. Stiefel)
with various malignant (Wish, HEP 2, melanoma) and benign (FH 86) human cells. The
incorporation rate of tritium-labeled thymidine in the DNA was measured. The 100% value
corresponds to the incorporation rate of control cultures which were treated only with the
solvent (physiological saline Solution). The inhibition values of the purine antagonist 6-rner-
captopurine are entered for comparison.

on tumor cells has been demonstrated in numerous tumor- and normal-
ccll cultures [1-4, 8]. Interestingly enough, tumor-cell membranes dispose
of a higher reeeptor density than normal cells, which may explain the
higher affinity of these factors for tumor cells [5].

It has been demonstrated in animal experimentation, that not only
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the growth of syngenic tumors, but also already established tumors, can
be regressed in 50-80% of cases [6]. These effects can likewise be
explaincd by an activation of the immune resistance, since they do not
occur with animal variants not having a thymus, i.e., also by a direct effect
in the nature of an inhibition of the DNA synthesis [7]. It is assumed that
these active agents are low- to medium-molecular fractions of proteins or
Polypeptides. Spleen cell cultures of mice stimulated with xenogenic pep-
tides led to a mobilization of cytotoxic T-lymphocytes against syngenic
tumors, almost all the tumor cells in the culture being destroyed within
1-2 days [9].

Radiation-Protective Action of Xenogenic Peptides at LD 50

In addition to these direct antitumoral effects and indirect effects
demonstrated by the immunological system, peptide mixtures (NeyTumo-
rin®*) have been shown to provide a marked radiation protection. If
experimental animals are exposed to a dose of radiation, which is lethal
for 50% of the group of animals (LDsy), and the animals are treated with
these factors after exposure to the radiation, all animals survive the high
radiation exposure (fig. 2). In connection with radiation therapy, these
substances should be of clinical significance with respect, among other
things, to a reduetion of possiblc side-effects.

Significance of Xenogenic Peptides in Oncology

Xenogenic proteins and peptides will not be able to supersede Oper-
ations, radiation treatment or chemotherapy, but they are a necessary
Supplement, especially with respect to the reduetion of therapy-rclated
side-effects and to increasing the body's own powers of resistance. As in
the past, a clinically manifest tumor must bc reduced to the greatest
possible extent by surgical, radiation or chemocytostatic measures.
Xenogenic proteins and peptides will, therefore, in future assume the
Position they merit in oncology in the reduetion of the side-effects of
chemotherapy (table II) and radiation treatment, in the treatment of inop-
erable tumors and in improving the quality of life.

* vitOrgan Arzneimittel GmbH, D-7302 Ostfildern 1, FRG
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Fig. 2. Cytoprotective effect of NeyTumorin®-Sol in mice cxposed to the LDs, (800 R
whole-body irradiation). The treatment with NeyTumorin®-Sol enables 100% of the group
treated to survive the radiation damage.

Table II. Indications of xcnogenic proteins and peptides in combination with chemotherapy

(1) Malignant growths of the DeVita group II to IV.

(2) Malignant growths of the DeVita group I and II when the patients have been treated with
all the conventional therapeutic methods.

(3) Malignant growths of the DeVita group I to IV when a patient refuses onc or all of the
therapeutic methods proposed.

Through the combination, the tolerance of chemotherapy is substantially improved and
the sidc-effect rate - especially in respeet to acutc side-effects - is significantly lowered. A
simultaneous application is recommended: bypass for infusion of cytostatic agents.

Summary

The present-day therapeutic concept for tumors essentially comprises surgery,
radiotherapy, and chemotherapy. Supportive and symptomatic mcasures include infection
Prophylaxis for the avoidance of complications of chemotherapy, intensive measures for
Controlling the toxic side-effects of chemotherapy, nutritional control, alleviation of pain and
medical care for the emotional problems of cancer patients and rchabilitation. Efforts have
recently been made to also include immunotherapy, at least as a supportive measure, in the
tumor therapy concept.
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Zusammenfassung

Das heutige Konzept fiir die Therapie von Geschwiilsten besteht im wesentlichen aus
Chirurgie, Radiotherapie und Chemotherapie. Zu den unterstiitzenden und symptomati-
schen Maflnahmen gehdren Infektionsprophylaxe zur Verhiitung von Komplikationen der
Chemotherapie, Tntensivbekdmpfung der toxischen Nebenwirkungen der Chemotherapie,
Sorge fiir Erndhrung, Schmerzlinderung sowie psychische Betreuung der Krebskranken und
Rehabilitation. Neuerdings sind Bestrebungen im Gange, die Immunotherapic. zumindest
als supportive Mafinahme, in das tumortherapeutische Konzept mit cinzubeziehen.
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Introduction**

The efficacy of antibiotics, pharmaceutical preparations and also
therapeutically applied organic extracts, can be studied not only in experi-
mental animals and cell cultures, but also in cell-free biosynthetie systems
[14). The investigation of such substances in cell-free systems has the
advantage that on one hand, it is possible to accurately measure the
biological activity and, on the other hand, that the mechanism of action of
the drugs studied can be clarified in favorable cases.

Before the results of the study of organic extracts in our cell-free
system are described, the theoretical and experimental fundamentals of
biosynthetie systems should be set out.

Material and Methods

The cell-free biosynthetie system was prepared from Ilela cells as described by Niren-
berg et al. [12]. It contained the substanccs listed in table I, with the exception of the
messenger-RNA.

The Heia cells were bred in continuous cullurc by May"s method [13],

* Medsche Klin. /8:752-754 (1963).

** The essential results of this paper have obliged us to republish this manuscript in the
present issue. The guiding impulses of this publication stimulated essentially the develop-
ment of the cytoplasmatic therapy.
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For the synthesis of protein, the following components are needed in
cells of macro- and microorganisms:

(I) DNA as information constituting the blue-print of the protein to
be synthesized;

(2) a synthesizing apparatus for the conversion of the information;

(3) elements which as energy-rich Compounds permit the synthesis to
takc place in an energetieally exothermic manner.

The information is depositcd in all cells in the form of desoxyribonu-
cleic acid (DNA) [5]. It can be compared with a strip of paper on which
Morse signals are written. The carrier (corresponding to the strip of paper)
is a phosphoric acid-chain incorporating esterlike branches of dcsoxyrib-
ose. These carry four different nucleic bases (comparable to the Morse
signals) which, probably in triplet form [7], each represent a letter. For
biological, chemical and physical reasons, which will not be discussed in
more detail here, the DNA is usuallv present as a double stranded
molecule, corresponding to two strips of paper, wrapped around each
other, with Morse signals. In this, an adenine in one Strand always has as
its counterpart a thymine in another; a cytosine in one Strand always has a
guanine as its opposite number in another [6j. If a base [1J is taken from
the natural sequence of the nucleic bases or if one base is replaced by
another base [21] or by a base-analoguc Compound [10], a mutation or the
loss of vitality is the consequence, since the information at this particular
point has lost its biological sense.

The synthesizing apparatus is of a more complicated strueture. It has
been known for some time that the synthesis of proteins is usually struc-
ture-linked [9]. These synthesizing struktures in cells of macroorganisms
are the mierosomes and in microorganisms the ribosomes. They are small
particles consisting of 63% of ribonuclcic acid (RNA) and up to 37%,' of
protein [4]. This strueture must now be supplied; on the one hand, with
information from the DNA and, on the other hand, with structural mate-
rial from the cytoplasm [18]. In addition, one or more enzymes must act
on the strueture supplied with information and elements to join up the
elements arranged in accordance with the information, as a protein by
peptide-like links [14],

The information in the cell can only be brought from the DNA to the
synthesizing strueture in a matcrial form. TTic substance transmitting the
information is a RN A, which is thus designated as a messenger-RNA (m-
RNA) [2]. It is built as a complcmentary element to the sequence of bases
in the DNA [8], just as one DNA-strand in the double Strand is com-



Jachertz 26

plementary to its partner. Diiring the synthesis of the protein. the infor-
mation in the form of the messenger-RNA is translated to the structure to
be synthesized in a manner which is still unknown [2]. It has only a very
Short life [2].

The structural materiell consists of activated amino acids [9]. They are
transported by RNA molecules which, in accordance with this funetion,
are known as transfer-RNA [17]. This transfer-RNA transports the amino
acids to the synthesizing struetures and, after the synthesis has been com-
pleted, leaves them in a "discharged" State as it were - without amino acid
- to bring forth new amino acid molecules again [2, 14].

The interplay of all these componcnts is shown in the diagram (fig. 1).

The macromolecules participating in the protein synthesis are present
in the cell-free biosynthetie system in the same way as they are in the cell,
but they are subject to experimental changes or are omitted frorn the
system to allow their natural funetion to be identified. Cell-free biosyn-
thetie systems are thus put together by the investigator from individual
parts obtained from appropriate cells. The DNA as the carrier of the
information can be obtained from cells by various preparative techniques
[11]. It can be removed from extracts by digestion with desoxyribonu-
clease [12].

Structural plan Synthesis apparatus Elements
DNA A
M-RNA ‘/‘—\ transfer-ANA
| ! U "(ribosome L loaded with
| : - 6 x € amino acid
AT ¢ ¢
n! T\
BT 1
T AS AS 45 amino
B . S acid
6 6 A b
» b s U "\ ribosome
I “ 6 ¢ .
I C A -
| A4 discharged
\ A 4 / ‘ S~——r § transfer-RNA
//
| Z:%o,\,l’qp osedﬁ 4 protein
cA4

A=adenine G=guanine C=cytosin U=uracil T=thymine /or\= pentose [=phospheric acid

Fig. 1. Components for the synthesis of protcins.
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As a rulc, the ribosomes or mierosomes are obtained from cell
extracts by centrifuging and can be sedimented on high-speed centrifuges
(100000 g) in different gradients [14]. They are available with greater
purity. The transfer-RNA for use in cell-free biosynthetic systems is pre-
pared by sedimentalian procedures [14]. Together with proteins and low-
molecular substances, it is contained in the supernatant after centrifuging
at 100000 g. Dialysis of the 100000 supernatant removes the low-
molecular components and leaves bchind 20 different transfer-RNA
molecules, 20 different enzymes activating the amino acids and positioned
attaching them at the transfer-RNA (one for each amino acid) and a still
unknown number of peptide-binding enzymes [14].

The messenger-RNA decays and, therefore, does not appear in the
100000 g supernatant. It is usually artificially added after meticulous
preparation or as biologically senseless information in the form of poly-
merisates of nucleoside diphosphate prepared in vitro [15].

The amino acids are not added to the cell-free systems in the activated
form. They are activated by the corresponding enzymes contained in the
dialyzed 100000 g supernatant, assuming that an ATP-generating system
censures the necessary supply of energy-rich bonds.

A biosynthetic system is composed by components as shown in table T.

Material and Method - Our Own Studies

The cell-free biosynthetic system was prepared from Heia cells as described by Niren-
berg ei al. [12]. It contained the substances listed in table I with the exeption of the mes-
senger-RNA. The Heia cells were bred in continuous culture by May's method [13].

Table I. Composition of a biosynthetic system

Washed ribosomes 100000 g supernatant,
dialyzed messenger-RNA (possibly polymeri-

sate) tris-buffer, pH 7.8 .. 01 m
Magnesium acetatc vae BN 90
Potassium chloride ... 0.005 m
Mercapto cthanol s % w0000
ATP ... 0.001 m
Phosphorenol pyruvate 0« 0.008 a0
Pyruvate kinase ... 20.0 y/ml
GTP ... 003 m

Amino acids, one of which is radioactive 0.000005 m each
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Organic extracts wcre obtained according to Theurer $ method [19],
from the organs of healthy animals* and subjected to vacuum hvdrolvsis
[20].

The protein synthesis was observed by the incorporation of radioac-
tive Phenylalanine (3-'*C), specific activity 1 mc/mM, in the protein pre-
cipitable in 5% TCA [16].

'Hie measurement of the radioactivity was carricd out in a Tricarb
scintillalian counter.

The time of ineubation for synthesis is shown in the tables.

Results

First of all, we checkcd whether organic extracts were capable of
starting the protein synthesis in the cell-free biosynthetie system of Heia
cells. This system lacked the messenger-RNA and the DNA so that by
itself it was not able to synthesize any quantities of protein during the
ineubation period. As shown in table 11, it is possible with some organic
extracts to initiate protein synthesis in the cell-free system in clearly
detectablc amounts. The differences in the protein synthesis achieved with
the individual extracts are discussed later.

After other studies with a cell-free biosynthetie system of Escherichia
coli, it became known that the Information for the Phenylalanine incorpo-
ration i.e., the corresponding messenger-RNA, was sensitive to UV light,
but that the corresponding transfer-RNA was UV-resistant and finally,
that the corresponding places at the ribosomes were again sensitive to UV

* The extracts were obtained from the organs
of the following healthy animals:

Organ Animal
Foetal placenta Cattle
Matemal placenta Cattle
Mucosa Pigs

Kidney Cattle (call)
Lung Cattle. foetal
Bone-marrow Cattle

Liver Pigs
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Table 1. Phenylalanine (3-"*C)-incorporation after complelion of biosynthetic system by
addition of extracts of different Organs (Ipm = impulses/min)

Organic extract Incorporated Phenylalanine

(Ipm)
without extract 0
with extract of foetal placenta 2356
with extract of maternal placenta 0
with extract of mucosae 789
with extract of kidney 1044
with extract of lung 1643
with extract of bone-marrow 0
with extract of liver 0

Duration of test 30 min

light [23]. Wc attempted to halt the protein synthesis in our cell-free
system, too, by irradiation of the microsomes (which correspond to the
ribosomes) with UV light. As shown in table III, this damage can be
repaired by extract of foetal placenta.

On the assumption that the information of the extract used for the
protein synthesis is determined by its content of biologically active DNA,
we digested the extract with DNase. We then expected a decrease in
protein synthesis. As the result in table IV shows, the opposite is the case.

Instead of a digestion with RNase which would have destroyed the
cell-free system, we endeavored to demonstrate the biological and intact
funetion of the transfer-RNA in the organic extract used in an indirect

Table III. Phenylalanine (3-'*C)-incorporation after completion of biosynthetic system dam-
aged by UV radiation by addition of extract of foetal placenta

Test-conditions Incorporated Phenylalanine
(Ipm)

System without extract (control) 401

System, microsomes irradiated with 3.5 10" erg/mnr UV 12

System with microsomes as described above after

addition of extract of foetal placenta 840

System 100000 g supernatant irradiated with

3.5 10* erg/mnr UV 930

System with microsomes irradiated as above and

irradiated 100 000 g supernatant after addition 960

of extract of foetal placenta
Duration of test 30 min
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manner by destroying Ihis funetion with UV light. As is apparent from
table IV, the effeet of the UV exposure of the extract is moderate.

Finally, we digested the extract with trypsin, which was inactivated
after the end of the digestion by briefly heating to 100° C. After the tryptic
digestion, the extract had practically lost its biological funetion, as is appar-
ent from the result shown in table IV.

Surprising was the finding that extract of foetal placenta and also of
other organs still displayed a good efficacy in our biosynthetie system,
even in very high dilutions (table 1V).

Discussion

The results demonstrate that a surprisingly good biological activity of
organic extracts tested can be shown. This initially appears apparent in a
certain organ specificity, even though it cannot be detected in which ma-
cromolecular instance the specificity is determined (see table II).

The DNA contained in the extracts can very well still be biologically
active. In our study, it could have a regulatory funetion and maintain the
protein synthesis at a certain level. If this regulatory funetion is elimi-
nated, protein is synthesized in an irreguldr and excessive manner.

The relative insensitivity of the RNA in the extracts to the UV
irradiation cannot be clearly explained. Either they are present in exccss
quantity in the extracts, or they play no role in our system for protein

Table IV. Phenylalanine (3-'*C)-incorporation after completion of biosynthetie system by
various pretreated extracts of foetal placenta

Preliminary treatment Incorporated Phenylalanine
(Ipm)
System without extract (control) 0
+ polyuridyl acid as messenger-RNA 3657
+ extract of foetal placenta 1079
+ extract of foetal placenta diluted 627
to 0.1 y/ml
+ extract of foctal placenta after 2441
DNase digestion
+ extract of foetal placenta after 255
trypsin digestion
+ extract of foetal placenta alter 935

UV irradiation
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synthesis. This can be assumed for the messenger-RNA but is uncertain
for the transfer- and microsomale-RNA. We consider it iikely that the
extract's DNA in our system is an information-carrier. The formation of a
corresponding messenger-RNA is initiated cither by this substance or by
the system.

The effect of the extract's protein components is particularly interest-
ing. This is, above all, to be sought in the most diverse synthesizing enzyme
activities, when utilizing what is already known as a guide. It can, how-
ever, be located in mechanisms which are still totally unknown.

Although the extract's mechanism of action studied could not be
attributed to one or other known mechanisms involved in protein syn-
thesis, it is, nevertheless, possible to convincingly demonstratc the actual
efficacy of such extracts. From the present results, it is most likely that the
efficacy of the extracts is based on several factors.

Finally, if the entire content of the cells is passed by the extracts to the
biosynthetic system from the wide rdnge available, most use is made for
synthesis purposes of that substance, which the system is lacking most.

Summary

The biological activity of organic extracts was studied in a cell-free biosynthetic system.
It was shown that for a specific cell-free system only distinct extracts can develop an efficacy.
The efficacy of these extracts is based on diverse mechanisms which are all supplied to the
system in a biologically active form.

Zusammenfassung

In einem zellfreien biosynthetischen System wurde die biologische Aktivitit von
Organextrakten gepriift. Dabei zeigte sich, daB fiir ein bestimmtes zcllfrcies System nur ganz
bestimmte Extrakte eine Wirksamkeit entfalten konnen. Die Wirksamkeit dieser Extrakte ist
auf vielseitige Mechanismen gegriindet, die alle in biologisch aktiver Form dem System
zugefiithrt werden.
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Synthesis of Thymopoietin 32-36 (TP 5)
and 1ts Effect
on the Growth of Fibrosarcoma*
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The hormonal cffccts of thymus polypcptides on the immunc-defence
system have, for a considerable time, been intensively studied [1-5]. Thy-
mopoietin I, a polypeptide consisting of 49 amino acids, was isolated for
the first time by Goldstein [6] in May 1974 from calf thymus, the first
proposed sequence of 1975 [7] being corrected by Goldstein in 1981 [8].
The seareh for smaller peptides with similar biological activity relating to
the immune system as thymopoietin, led to the discovery of the pentapep-
tide thymopoietin 32-36 (TP 5). TP 5 was synthesized, both, by the classi-
cal method [9, 10], however, without any available details of the synthesis
process, and also by the solid phase method [11]; see formula:

0 0 0 0
i I I '
HZN—%'H-C—NH-lCH'C—NH—?H—-C—NH—EH-[—NH—CH~[OOH
|
(CH,) (CH,) CH CH CH
0 2'3 ] 2% i 2 A 2
fl\lH NH2 COCH CH3 CH3
C |
N
NH2 NH OH

Amino Acid Sequence of TP 5 (Arg-Lys-Asp-Val-Tyr)

* The abbreviations for amino acids and protccting groups corrcspond to thosc of the
IUPAC-TUE Nomenclaturc Commission: Eur. J. Biochem. 27: 201 (1972); 1 (1977).
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To tcst the effect of TP 5 on fibrosarcoma induced in micc with
methylcholanthrene, a classical synthesis method for the pentapeptide is
described here.

The peptide is synthesized by successive linking of amino acids, and
non-crvstallizing intermediate Compounds are crystallized as dicyclohexyl-
ammonium(DCHA) salts. As shown in figure 1, all trifunctional amino
acids are completely protected. Classical protective groups perform this
funetion. The coupling methods used are the active estcr method, and the
dicyclohexylcarbodiimide (DCCI) method in an additive manner. The
pentapeptide is finallv released in two stages: all acid unstable protective
groups are split off with trifluoroacetic acid (TFA), and then the benzyl-
oxycarbonyl(Z) groups are removed by catalytic hydrogenation. The
dipeptide Z-L-Asp(B-OBu')-L-Val-OH is produced without difficulty by
means of active ester coupling. The preparation of pure H-Tyr(Bu")-OBu'
gives a 61 %-yield, and coupling by means of DCCI gives readily crystal-
lizing tripeptide Z-L-Asp(B-OBu')-L-Val-L-Tyr(Bu')-OBu'. After relcase
of the N-terminal amino groups by catalytic hydrogenation, extension to
the tetrapeptide is performed by reaction of the tripeptide with Z-L-
Lys(Boc)-OSu. Release of the terminal amino group provides the tetra-
peptide H-L-Lys(Boc)-L-Asp(8-OBu')-L-Val-L-Tyr(Bu')-OBu'  which,

Arg Lys Asp Val Tyr
osut
Z—#—~0Su H——0H
o8y oyt
z OH H oBu'
osut DCCI/HOBt | oyt
z 0But
Boc Hp/PdIC| oyt But
Z OSu H oBut
Boc oBut But
z o8uf
2, H2/PUC | goc oBu' 8ot
Z—“~0H H oBut
2 DCCI/HOBY| .. o8t ot
z oBuf
1) TFA 2) HylPdiC
H-L-Arg-L-Lys-L-Asp-L-Val-L-Tyr

Fig. 1. Synthesis of TP 5.
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Fig. 2. 3C-NMR spectrum of Z-L-Asp(B-OBu')-L-Vai-OH DCHA proton broad-
band dccoupled. 200 mg in 2 ml CD*OD.

using DCCI/HOBt, is coupled with Z-L-Arg(Z,)-OH to form Z-L-
Arg(Z,)-L-Lys(Boc)-L-Asp(B-OBu')-L-Val-L-Tyr(Bu")-OBu'. ‘rhe pro-
tecting groups are removed in the first stage within 90 min with anhydrous
TFA, then the Z-groups are hydrogenatcd off by catalysis within 2 h.
Subsequent gel filtration on Sephadex G 15 and lyophilization yields pure
TP 5.

Purity control and eharaeterization are performed with the aid of
elementary analysis, amino acid analysis, racemate test, high-pressure
liquid chromatography and "*C-NMR spectroscopy. Figure 2 shows the
BC-NMR spectrum of Z-L-Asp(B-OBu')-L-Val-OH « DCHA; figure 3,
shows the HPLC chromatogram of released, purified TP 5.
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U

S B
[min] 76854 321

Fig. 3. HPLC chromatogram of thymopoictin (32-36). Column: 24 x 0.4 cm
LiChrosorb RP-18. Eluent: CH;CN/0.01 N NH4Ac buffer, pH 4.0; 0.5:95.5. Detection at
278 nm.

The effect of TP 5 on the growth of a fibrosarcoma induced by
methylcholanthrene (Meth.A.asc.) is tested in female CFB, (Balb/c 9
C57 o) miee. Although the tumor growth is decisively redueed during the
first 14 days, none of the animals survives longer than 28 days. Thymosin
[39 (1-7) and the whole thymus extract show similar effects (cf. table I).

Table /. Influcnce of thymopoietin 32-36, thymosin B9(1—7), and whole thymus extract on
the growth of the fibrosarcoma induced by methylcholanthrene

Tumor volume in %

7 14 21 28 days after transplantation
Control 100 100 100 100
TP 5 96 67 93 93
Thymosin B9(1-7) 110 54 55 73

Thymus extract 97 55 50 71
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Experimental ~ Part

Synthesis

The melting points are determined in open capillaries 011 an apparatus according to Dr.
Tottoli (Buechi. Switzerland), and are not corrected. The specific rotation values are mcas-
ured with a Zeiss Old-5-Polarimeter. The amino acid analyses are performed on an auto-
matic analyzer Liquimat III (Kontron, Eschingen, FRG). For this purpose, samples are
hydrolyzed for 24 h with 6 N HCI at 120" C. The elementary analyses are carried out on an
Analyzer 140 B (Perkin-Elmer). The percentage content of D-amino acids is determined by
gas chromalography (apparatus Carlo Erba 3900) on the chiral phase of the N-(penta-
fhioropropionyl)amino acid propyl estcr. All synthcsized Compounds are checked for uni-
formity by means of thin-layer chromatography, using TLC ready-made plates 60 F 254
(Merck, Darmstadt, FRG). The following elution systems are used:

A: n-butanol/HAc¢/H,O - B0 R |
D: chloroform/MeOH/benzene/11,0 S18:8:1
E: chloroform/MeOH 9:1

H: chlorolorm/MecOH/HAc 90:8:2
J:  n-butanol/cthyl acctate/HA¢/H,0 SEEROR
K:  n-butanol/pyridine/HAcH,O 5:5:1:4.

The substances are made visible by spraying with ninhydrin solution [12] and with
chlorotolidine Solution [13]. HPLC measurements are performed on the Jasco Twincle
apparatus. The '"C-NMR spectrum is recorded on a WP-80-NMR spectrometer (20.115
MHz, Bruker, Karlsruhe, FRG).

Z-L-Asp-OH

106.5 g (0.8 mol) L-aspartic acid are suspendcd in 400 ml H,0/dioxane (3: 1), then,
134.4 (1.6 mol) NaHCO, and 150 g (0.88 mol) chloroformic benzylestcr (Z-chloride) are
added (dropwise) while stirring. Diiring this procedure, the pH value is kept constant at 9-10
with 4 N NaOH, and the mixturc is cooled to -5 to 0° C with ice/common salt mixture.
When the reaction is complcted, the mixture is filtered off from the undissolved NallICO,,
and the filtrate is extracted with ether and cooled to 0° C; the aqueous phase is covered with
a layer of ethyl acetate (EA) and carefully acidified with conc. HCl. The EA phase is
separated and the aqueous phase extracted with EA, then the pooled EA phases are washed
with 2 N citric acid and with saturated NaCI Solution. After drving over Na,S04, the phases
are slightly constricled. To the Solution light petroleum (PE) is added at low temperaturc,
and Z-L-Asp-OH slowly crystallizcs out.

_Yield 160.2 g (75%); melting point 117" C; uniformly in the systems A, D and II;
[ex] =+ 9.3 + 0.5° C (c=2, HAc).

C1,H,3N0g (267.24)

Calc.: C 53.94 H 4.90 N 5.24

Found: C 54.42 H 5.01 N 5.30

ZL-Asp-0

The anhydride is prepared from Z-L-Asp-OII according to ref. [14] with 76.6% yield;
melting point 107° C; [ex] g = - 36.2 = 0.5" (c =2.25. HAc); uniformly in the systems A
and D.

Ci1,H,NOs (249.22)

Calc.: E85{/793 H 4.45 N 5.62

Found: C 56.15 H 4.75 N 5.18
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Z-L-Asp-ONb
The ester is prepared according to ref. [15] with 83.5% yield; melting point 123-124°

C: [a] ZS = —17.1 £ 0.5° (¢ = 1.95, HAc): uniformly in the systems A and D.
CsH N, Oy (402.36)
Calc.: C 56.71 H 4.51 N 6.96

Found: C 56.12 H 4.64 N 6.53

Z-L-Asp(B-OBu')-ONb

The tert. butylation of Z-L-Asp-ONb is performed after suspension in CH,Cl, with a
large excess of isobutylene under sulphuric acid catalysis (2 ml H,SO, in 600 ml CH,Cl,)
giving 65% yield. Work-up is performed after a 5-day reaction time, according to [16]:
melting point 94° C; [a] 32 = — 16.0 + 0.5° uniformly in the systems A and D.

Cy3HyN, Oy (458.47?

Calc.: C 60.26 H5.72 N 6.11

Found: C 59.76 H 5.64 N 6.04

Z-L-Asp(p-OBu')-OH - DCHA

Z-L-Asp(B-OBu')-ONb is saponified to Z-L-Asp(B-OBu')-OH, according to [16],
with 98 % yicld and then converted to the dicyclohexylammonium salt; melting point 124-
125° C; [a] 33 = + 12.6 + 0.5% uniformly in D and H.

CyHuN,O, (504.67)

Calc.: C 66.64 H 8.79 N 5.55

Found: C 66.78 H 8.76 N 5.51

Z-L-Asp(p-OBu')-OSu 1

12.8 g (39.7 mmol) Z-L-Asp(-OBu')-ONb and 4.6 g (40 mmol) N-hydroxysuc-
cinimide (HOSu) are dissolved in 40 ml dioxane and cooled to (" C. At this temperature
8.95 g (40 mmol) DCCI, dissolved in 8 ml cold dioxane, arc added dropwise. The mixture is
stirred over night and filtered off from the precipitated dicyclohexylurea (DCII urea). After
evaporation of the solvent, a dark, solid residue remains which is recrystallized from iso-
propanol. The active ester decomposes on he TLC plate.

Yield 8.65 g (72%); melting point 151° C,
CyHyN, Oy (420.40)

Calc.: C 57.17 BT N 6.66

Found: C 56.85 H 5.83 N 6.64

H-L-Lys(Bal)-OH

The synthesis is performed according to [17] with 75% yield; melting point 190° C.
C3H gN,0O, (234.30)

Calc.: C 64.64 H7.74 N 11.95

Found: C 63.44 H735 N 11.03

Z-L-Lys-OH

The synthesis is performed according to [18] with 37% yield; melting point 221°C;
[a] l[;' = =102 % 0.5° (¢=2, 0.5 N HCl); uniformly in A and D.

C,4I‘120N204 (280433)

Calc.: C 59.98 H7.19 N 10.00

Found: C 58.73 H722 N 9.76



Synthesis and Effect of Thymopoietin 39

Z-L-Lys(Boc)-OH - DCHA

The synthesis is performed according to [18] with 48% yield: melting point 157° C
[a] g’ =+ 7.0 £ 0.5° (c=1, EtOH); uniformly in D.

C;HsN:Oy (561.76)

Calc.: C 66.28 H9.15 N 7.48

Found: C 66.27 H9.27 N 7.60

Z-L-Lys(Boc)-OSu 2

14.4 g (37 mmol) Z-L-Lys(Boc)-OH (released with 2 N citric acid from 21.2 g (37
mmol) Z-L-Lys(Boc)-OH - DCHA) and 4.5 g (40 mmol) HOSu are dissolved in 100 ! cold
dioxane and 8.25 g (40 mmol) DCCI, dissolved in a little dioxane. are added. After stirring
for 16 h, the DCH urea is filtered off. the filtrate evaporated to dryness and the residue
crystallyzes from isopropanol.

Yield 14.25 g (81%): melting point 102-103° C; [a] Zg = — 15.1 £ 0.5° (¢=3.5.
dioxane).

CyHy N;Oy (477.51)

Calc.: C 57.85 11 6.54 N 8.80

Found: CS57.13 H 6.66 N 8.71

Z-L-Tyr-OMe

The synthesis is performed according to [20] with 79% yicld; melting point 94° C;
[a] g = — 33.0 £ 0.5° (¢ =2, DMF); uniformly in D and H.

C,sHgNO; (329.35)
Cale.: C 65.64 H 5.82 N 4.25
Found: C64.74 H 5.90 N 4.22

H-L-Tyr-OMe - HCI

The synthesis is performed according to [19] with 92% yield; melting point 190° C;
|a] "g = + 72.8 £ 0.5° (¢ = 3.0, pyridine); uniformly in A and D.

CoH,,CINO; (231.68)

Calc.: C51.84 1 6.09 N 6.05 Cl 15.30
Found: C51.83 H6.16 N 6.08 Cl 15.67
Z-L-Tyr-OH

105 g Z-L-Tyr-OMec in 650 ml dioxane/water (4: 1) are saponified for 3 h with 305 ml
2 N NaOH. This solution, largely freed from dioxane under vacuum and diluted with water,
is acidified with 5 N H,SO, (pH 2) while cooled with ice and stirred. A milky suspension with
a brown, oily precipitate is obtained. When the suspension is left to stand. the first fraction
Z-L-Tyr-OH crystallizes out in long, white needles from the milky supernatant. The oily
residuc is taken up in 10% KHCO, solution at 40° C, hot filtered and the cooled, alkaline
filtrate acidificd with 5 N H,SO,. Under refrigeration, a second fraction crystallizes out; the
fractions are dried under high vacuum over P;0-.

Yield 34 g (36%): melting point 97-98" C: [a] 2;2 =+ 6.1 £ 0.5° (¢c=1, HAc):
uniformly in A and D.

CsH;;NO; (315.33)

Cale.: C64.75 H5.43 N 4.4
Fraction 1 found: C64.42 H 5.46 N 4.48
Fraction 2 found: C63.19 H 541 N 4.43
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H-L-Tyr(Bu')-OBu' - HCl 3 - HCI

31 g (0.1 mol) Z-L-Tyr-OH are suspended in a pressure bottle in 800 ml CH,Cl,, the
suspension is cooled, and 3.5 ml conc. H,SO; arc added. Quickly 400 ml cooled isobutylene
as butylating reagent are added and stirred for 5 days at room temperaturc (Rt). After the
reaction is complete, the reaction mixture is shaken out with cold 10 % Na,COj; solution. The
aqueous, alkaline phase is extracted with CH,Cl,, and the pooled, organic phases are fil-
tered, washed neutral with water and dried over Na,SO,. The residuc is digested several
times with warm hexane after evaporation of the solvent. The pooled hexane phases are
filtered and evaporated; an oily residue remains (32.4 g = 75% yield). The oily product
Z-L-Tyr(Bu")-OBu' is dissolved in 200 ml absolute EtOH; hydrogenation is performed in
12 h with 1.75 g Pd/C catalyst, adding several drops of glacial acctic acid towards the end of
the hydrogenation. The catalyst is filtered over Celite, the filtrate evaporated to approx. 80
ml and shaken with 1 N HCVCH,Cl, (1:1). The separated CH,Cl, phase is shaken once
more with 1 N HCl solution, separated and dried over Na,SO,. After evaporation to dryness
the residue is taken up in EA and PE added. Recrystallization is done from EA.

Yield 15.1 g (61%): melting point 152° C: [a] 3.5‘ = + 39.0 = 0.5° (c=3, EtOH);
uniformly in A and D.

C;HCINO; (329.87)

Calc.: C 61.90 H 8.56 N 4.25 C1 10.75

Found: C 61.80 H 8.66 N 4.32 Cl 10.89

Z-L-Asp(B-OBu')-L-Val-OH - DCHA 4 - DCHA

3.25 g (28 mmol) L-valine are dissolved in 600 ml 0.05 N NaOH (28 mmol); 11 g (26
mmol) of 7, dissolved in 300 ml, are added to this solution at 0° C. After 30 h the solution is
acidified with 1 N HCl to pH 3 and the suspension extracted with EA. The pooled EA phascs
are washed with 2 N citric acid and water. After evaporation ol the solvent, 4 remains as an
oily product, uniformly in systems A and H, which is then converted to the DCHA salt; the
crystallization of 4-DCHA is induced by addition of a little PE.

Yield 4.5 g (81%); melting point 122° C; [a] i)" = = 24 % 0.5° (c=2, EtOH);
uniformly in A and H.

CxHsN1O; (587.80)

Calc.: C 65.64 H 9.08 N 6.95

Found: C 65.84 H 9.03 N 6.49

Z-L-Asp(p-OBu')-L-Val-L-Tyr(Bu')-OBu' 5

Dissolve 5.4 g (12.5 mmol) of 4 (released with 2 N citric acid from 8 g (13 mmol) 4 -
DCHA), 4.5 g (13.5mmol) 3 - HCI, 1.9 g (14 mmol) HOBt and 1.5 ml N-methylmorpholine
in 180 ml DMF and cool to — 12°C. After this temperature is reached, add dropwise 2.87 g
(14 mmol) DCCI, dissolved in 10 ml cold DMF. After 36 h, filter off from the precipitated
DCH urea, evaporate the solvent under vacuum and take up the oily residuc in EA. The EA
phase is washed with 2 N citric acid, water and 10 % NaHCO; solution. After washing, filter,
dry over Na,SO,, evaporate slightly and induce precipitation with hexane

Yield 1,55 g (18%); melting point 153-155° C; [a] zé = — §.0 & 0.5° C (¢c=1,
DMF); uniformly in A, D and H.

C_;aHﬁN_zOq (69787)

Calc.: C65.40 H7.94 N 6.02

Found: C 65.40 H8.15 N 6.28

H-L-Asp(B-OBu')-L-Val-L-Tyr(Bu')-OBu' - HCI 6 - HCl
Dissolve 1.4 g (2.1 mmol) of 5in 120 ml MeOH, adding some water, and 150 mg Pd-
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(10 9% )/C-catalyst. Hydrogenate for 60 min in the continuous flow process and evaporate the
filtrate several times with MeOH in the rotary evaporator. The residue is taken up in ether
and some PE.

Yield 1.17 g (92%); melting point 125-127" C; uniformly in H.

CyHyNLClO; (600.20)

Cale.: C 60.03 H 8.40 N 7.00 €1 5:91

Found: C 59.88 H 8.49 N 7.07 Cl6.29

Z-L-Lys(Boc)-L-Asp(B-OBu')-L-Tyr(Bu')-OBu' 7

Dissolve 950 mg (1.6 mmol) 6 - HCl in 30 ml DMF and add 0.25 ml (2 mmol)
N-methylmorpholine. After 15 min, add 0.78 g (1.6 mmol) of 2, dissolved in 10 ml DMF,
dropwise to the reaction solution. After 48 h, the solvent is evaporated under high vacuum,
the residue taken up in EA and [iltered off from the insoluble N-methylmorpholine hydro-
chloride. The EA phase is washed with 2 N citric acid, water, 10 9% NalICO; and water. After
drying over Na,S8O, and slight evaporation, 7 crystallizes [rom ethanol/ice water.

Yield 1.1 g (74%); melting point 144-145° C: [a] :rf = — 133 £ 0.5 (c=0.5,
CH.CL,).

CHaNO,, (926.16)

Calc.: C 63.55 H 8.16 N 7.56

Found: C 63.00 H 8.23 N7.71

H-L-Lys(Boc)-L-Asp(p-OBu')-L-Val-L-Tyr(Bu')-OBu' - HCl 8 - HCI

Dissolve 1.0 g (1.1 mmol) of 7 in 80 ml MeOH. adding a little water, and add 100 mg Pd
(10%)/C catalyst. Hydrogenation is performed by addition of methanolic HCI at pH 3.5-4
in the continuous flow process. After 6 h, filter off from the catalyst and cvaporate several
times with MeOH, take up the residuc in ether and wash with water. The organic phasc is
dried over Na,SO, and some hexane added.

Yicld 650 mg (72 %); melting point 165-166° C; uniformly in A, D and H.

Cy HNsClO,, (828.49)
Cale.: C 59.44 H 8.52 N 8.45
Found: C 59.23 H 8.43 N 8.70

Z-L-Arg(Z,)-L-Lys(Boc)-L-Asp(p-OBu')-L-Val-L-Tyr(Bu')-OBu' 9

Dissolve 650 mg (0.78 mmol) 8§ - HCIl in 30 ml DMF/CH,Cl, and add 0.11 ml
(1 mmol) N-methylmorpholine. After 15 min, add to the solution 450 mg (0.78 mmol) Z-L-
Arg(Z,)-OH and 105 mg (0.78 mmol) HOBt. Cool the preparation to —15° C. At this
temperaturc add. dropwisc, 165 mg (0.8 mmol) DCCI, dissolved in some cold DMF, to the
mixture. After 40 h stirring at Rt, cool the preparation and filter off from the precipitated
DCH urca. After the solvent’s evaporation and drying under high vacuum, the residuc is
taken up in 200 ml warm EA. The EA phase is washed with 2 N citric acid. water, 10%
Na,CO, solution and water, filtered, dried over Na,SO, and ether/PE is added. Recrystalli-
zation occurs from DMF/H,0.

Yield 310 mg (30%): melting point 112-114° C; [«] B = =22 % 0.5 (c=1, DMF):
uniformly in A, D and H.

CeHy;NyOy; (1295.52)

Calc.: C 63.01 H 7.45 N 9.32

Found: C 62,98 H 7.45 N 9.56
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H-L-Arg-Lys-L-Asp-L-Val-L-Tyr-OH - 3 HOAc 10 - HOAc

To 310 mg (0.27 mmol) 9 ice-cold and [reshly distilled TFA is added and left to stand
for 90 min under refrigeration; soon after addition of TFA, complete solution occurs. Then
evaporate the solution to approx. half the volume and precipitate the peptide with 200 ml
cther. Filter off the precipitate and dry under high vacuum. (Yield 230 mg = 87%.) The
intermediate product Z-L-Arg(Z,)-L-Lys-L-Asp-L-Val-L-Tyr-OH is dissolved in 30 ml
MeOH with addition of some water and some DMF, and 30 mg Pd (10%)/C catalyst are
added. Deacylation is performed in 2 h by the continuous flow process, then filter off from
the catalyst and evaporate the solution. The residue is taken up in some ether and purified on
a Sephadex G 15 column (90 X 2.5 em, eluent: 50 mmol NH Ac, pH 6.75). The correspond-
ing fractions are collected and evaporated under vacuum to half of their volume, alter which
lyophilization is repeated.

Yield 200 mg (86 %): uniformly in A, J and K.
Amino acid analysis:

Arg Lys Asp Val Tyr
Calc.: 1.00 1.00 1.00 1.00 1.00
Found: 0.76 1.08 1.06 1.00 1.00

Racemate test: 1.76% D-Arg, 1.30% D-Lys, 1.50% D-Tyr, 1.66 % D-Asp, 0.66 %
D-Val.

CyHy NoO,s (859.87)

Calc.: C 50.28 H7.15 N 14.66

Found: C 49.94 H 6.88 N 14.46

Animal Experiments

The methylcholanthrenc-induced tumor is passaged weekly by intraperitoneal injection
of 1 x 10° tumor cclls in experimental animals and used for the transplantation 10 days after
passage. In addition to TP 5, thymosin B9 (1-7) (Ac-Ala-Asp-Lys-Pro-Asp-Leu-Gly) [21]
and a thymus extract [22] (whole fraction) are also tested for their effects on this tumor. The
age of the micc is approx. 8 weeks; the experiment is performed in 10 animals per group.
After removal from the Peritoneum and work-up, the cells are counted under the microscopc
after staining with trypan blue; <6% dead cells are observed. To establish the tumor,
1 X 10" tumor cells/ml are injccted intracutaneously into the abdominal skin. The tumor
volume is determined in all 10 animals four times after transplantation at intcrvals of 7 days;
determination is performed by measuring two diameters, a and b, and by calculation accord-
ing to the formula V = | jt ab * | mg peptide resp. peptide fraction in 0.5 ml PBS is
injected subcutaneously in each animal at two axillary locations on the first, fourth and
seventh day after inoculation.

Summary

A "classical" peptide synthesis for thymopoictin 32-36 (TP5) is described. The cffects
of TP5, thymosin 9(1-7) and a thymus extract on the growth of fibrosarcoma induced by
methylcholanthrene are tested in mice.
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Zusammenfassung

Eine ,,klassische" Pcptidsynthese fiir Thymopoietin 32-36 (TPS5) wird beschrieben.

Die Wirkungen von TP5. Thymosin (39(1-7) und eines Thymusextrakts auf das Wachstum
eines durch Methylcholantren induzierten Fibrosarkoms werden bei Méusen untersucht.
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in Vivo and in Vitro
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Introduction

Cell preparations from healthy, non-malignant tissue possess demon-
strable tumor-inhibiting properties in various experimental test-systems in
vivo and in vitro. Thus, Wrba [1] achieved a clear reduetion in the tumor-
starting rate with methylcholanthrene-induced tumors in mice through
prophyiactic injections of extracts from bovine decidua. All the animals in
the control group had died after 36 weeks, while 40% of the pretreated
group were still alive.

Letnansky [2, 3] studied the *H-thymidine incorporation rate in the
DNA in diploid cells and tumor cells under treatment with purified
decidual fractions. He found a Stimulation of normal cells in this but also a
significant inhibition of DNA synthesis in tumor cells. Paffenholz etal. [4]
confirmed these findings in comprehensive studies of human cell cultures.
Nelson et al. [5] isolated a DNA-polymerase inhibitor from placenta.
Steinberg et al. [6] isolated a protein with MG 70000 from thymus, which
likewise has an inhibiting effect on DNA-polymerase. Ebbesen et al. [7]
demonstrated an up to 80% inhibition of the DNA-synthcsis rate of
leukemic thymocytes in vitro with thymus and spieen extracts. Hall et al.
[8] inhibited the growth of leukemia cells with thymus extracts. Bur-
zynski [9] isolated a peptide with 15 amino acids taken from the urinc of
healthy human subjects, which had a significant proliferation-inhibiting
effect in tumor-cell cultures. On the other hand, Thompson et al. [10]
isolated a cytoplasmic factor from tumor cells which stimulated a system-
synthesizing DNA in vitro by a factor of 5-10.
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These studies, carried out from the aspect of a direct action on tumor
cells, are supplemented by the reports of several authors [11-16] who
attribute the antitumoral activity of xenogenic proteins to cellular
immunological mechanisms. Thus, it was shown in vitro that by incubation
of spieen cells with xenogenic serum cytotoxic T-lymphocytes, which can
attack and destroy the syngenic tumor cells, are formed in the course of
4-6 days in the culture.

In the present paper, a description is given of prophylactic and
therapeutic studies carried out on the Meth-A sarcoma of the mouse with
partially sulphated foetal liver tissue. The cytostatic effect was studied on
the same tumor model with juvenile, sulphated liver preparations, with
non-sulphated liver lyophilisates, with sulphated placenta and thymus prep-
arations, with an xenogenic mixed preparation (NeyTumorin®), and the
chemical cytostatic agent cyclophosphamide'. Tn parallel with the animal
experiments, the influence of these preparations on the DNA-synthesis
rate and the cell count of diploid human fibroblasts and tumor cells in the
culture was ineasured. Here, too, a chemical cytostatic agent (6-mercap-
topurine®) was used for comparison. Finally, a study was carried out of the
effect of partial sulphating on the electrophoretic pattern of liver prepara-
tions.

Material and Methods
Sample Preparation

Experiments with partially sulphated organs were carried out with preparations from
the vitOrgan Company, Ostfildern. FRG. For the animal experiments, all preparations used
were centrifuged at 100000 g for 2 h. stcrilized by ultrafiltration and stored at -20° C. The
NeyTumorin® (vitOrgan) used as the xenogenic mixed preparation, consists of a mixture of
bovine and porcinc thymus juv., placenta mat., liver, and other organs such as the pancrcas.

For the sulphating, the lyophilized tissue is exposed for 40 h to the gas phase under
concentrated sulphuric acid at reduced pressure (10 » bars). The dry substance thus
obtained was suspended in citrate phosphate buffer (pH 7.2), homogenized for 10 min in the
Ultraturrax (Janke und Kunkel, Staufen i.Br.) and centrifuged. The supernatant was
sterilized by filtration and the protein content determined by Lowry”s method [17].

" cyclophosphamide: Endoxan® (Asta-Werke. Bielefeld, FRG)
> 6-mercaptopurine: Sigma (Munich, FRG)
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Polyacrylamide Electrophoresis (PAG E)

The PAG electrophoresis was carricd out with 7.5% gels (T = 7.7%, C = 2.6%) in
the tris-glycin buffer system (pH 8.9). The 10 ii aliquotes of the sample Solution with a
protein content of 1-10 mg/ml was pipetted into poured trays and separated at initiallv
10 mA/220 V for 15 min and then 40 mA/300 V for 4 h. After fixing, staining with
Coomassie brilliant bluc 250R and exhaustive dccolorization was carried out.

Animal Experimentation

For the tumor studies in vivo, (Balb/'c x C57bl6)FI mice were used (Jackson Lab., Bar
Harbor/Me., USA). The Meth-A Sarcoma [18] was passaged weekly in these animals by i.p.
injections of 1 x 10° tumor cells and used for transplantation 7-10 days after the passage.

For this, 1 x HP tumor cclls were injected i.e. in the abdominal skin. After the
exponential growth of the tumor, the untreated animals died after 4-5 wecks. The studies
were carried out with 10 animals per group. Treatment of the verum groups was carried out
by one to three i.m. or i.v. injections of 1 mg cach (in relation to protein) of the organ
preparations.

The tumor volume (TV) was established by measurement of two diameters using by the
formula V = ab”-L”. The TV quoted is the total volume per group.

Ccll-Culturc Technique

Human tumor cells (melanoma, Wish, Scromed, Munich, FRG) and diploid fibroblasts
(F.H.2: biopsy cells from healthy child; MRC-5: Seromed, Munich) were used as test cells.
All cell cultures passed through a test-cycle consisting of two growth-phases and a minimal
phase. Thc tcst-substances were added in the minimal phase.

Growth Phase 1

The cells, which were kept in liquid nitrogen, were built up at 37" C and ineubated in
culture flasks, together with MEM-H medium (Instamed, Seromed, Munich) with additions
of penicillin, streptomyein, neomyein, and 10% foetal-calf serum (FCS). After 2 days, the
cells were visually counted after trypsinization and seeded again ( 2 x 10° cells per flask).

Growth Phase 2

After a daily change of the medium, the cell-count was again carried out on the 4th day
and 0.5 x 10* cells/10 ml MEM + 10% FCS seeded in each 30 ml culture flask.

Minimal Phase

After 24 h. the medium was drawn-ofl" and a minimal medium with reduced serum
admixture (diploid cells: 1 %; heteroploid cells: 0.25%) added.
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Test Phase

After 48 h, the preparation was added, 50 |il preparation being used per fiask in the
present tests. Thrce parallel samples were used per test for each kind of preparation and each
concentration. For the short-period tests, ineubation was limited to 8 h. 4 h before the end of
this exposure period, 50 ul methyl-*H-thymidine Solution (0.35 j.iCi) was added by pipette in
each case. After 8 h. the non-incorporated thymidinc was removed by washing four times
with 5 ml 2% perchloric acid, in each case, and hydrolizing the cells with 1 N HCI at 70° C.
The hydrolysate was transferred to vials and mixed with scintillation cocktail (Aquasol 2.
NEN). The activity measurement was carricd out in a Beckman LS-100 Liquid Scintillation
Counter. Relative Standard deviations of the total test system of sy = + 10% were deter-
mined as Statistical quality cocfficients.

Long-Term  Studies

The long-term experiments were largely carried out in agreement with the short-period
tests. Ilowever, it was not possible to determine any ‘H-thymidine incorporation rates; the
cell count was determined by visual means.

tumor volume in cm®
104
0/10
1710
/1
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104 /26110
<K 4
., .+ T : ~ 4’
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1 2 3 4 weeks
e—e control &—4A 1 mgonday -8
vy 3Imgonday .0 1 mgonday +5
-12, -8, -4
O--O 3x1 mg on day +5, +7, +9

Fig. 1. Influence of prophylactic and therapeutic doses of sulphated foetal liver tissue
on the Mcth-A sarcoma in vivo. X/10 = survivors/total number per group. Tumor volume is
the total volume of all tumors in the group.
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Results

The first animal studies with the methyl-cholanthrene-induced fibro-
sarcoma (Meth-A sarcoma) in the mouse were carried out as a prophylac-
tic measure. For this, each animal was cither treated only once on the 8th
day or three times on the 12th, 8th, and 4th days with 1 mg foetal liver
preparation in each case, before tumor cell injection. After the tumor
implantation, the tumor volume was measured weekly and the survival
rate determined after 4 weeks. It was found (fig. 1) that even a Single
prophylactic treatment clearly reduced the tumor volume after 4 weeks.
However, the survival rate was only 1 of 10 animals, compared with none
in the control group. The triple prophylactic treatment raised the survival
rate to 70% and reduced the tumor volume to about 20% of the untreat-
ed control.

The therapeutic tests on the same tumor system confirmcd the tumor-
inhibiting effect. Foetal liver tissue proved to be especially potent when
injected three times i.m. or i.v. on the + 5th, + 7th, and + 9th day after
the transplantation of the tumor. Here, too, the triple treatment was
shown to be more effective than a Single injection, as demonstrated above
all by the number of surviving animals. The course of the curve also shows,
that

(1) the tumor growth is the same in all groups during the Ist week;

(2) while the tumor growth in the 2nd week is somewhat slowed down
in the control group, the tumor in both the prophylactically and thera-
peutically treated groups regresses in the 2nd to the 4th week;

(3) that after the end of the Stagnation or regression phase, the tumor
again grows normally in an exponential manncr in animals which have not
been cured.

To obtain information about possible cross-reactions between tumor-
speeifie transplantation antigens and oncofoetal antigens in the
xenogenic preparations, a comparison was made of the efficacy of the
foetal and juvenile liver preparations. In several tests, it was shown that
both preparations were characterized by the same potency. Both the
tumor volume and the survival rate were identical, as shown by figure 2,
for example. The purpose of further studies with this tumor model was to
determine whether partially sulphated preparations differ from pure
lyophilisates in their antitumoral action.

There is no qualitative difference as shown by figure 3, both juvenile
lyophilized liver tissue and additionally sulphated liver tissue inhibit tumor
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Fig. 2. Antitumoral effect of foetal (FL-S) and juvenile (JL-S) liver tissue on the
growth of Meth-A sarcoma cells in vivo. For tumor volume, see figure 1.
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Fig. 3. Influence of various preparations from juvenile liver on the growth of the Meth-
A sarcoma in the mouse (JL: juvenile liver Jyophilisate; JL-S: partially sulphated juvenile

liver tissue).
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growth and increase the survival rate. There was, neverthelcss, a quantita-
tive difference: While the pure lyophilisate in this test displayed a survival
rate of 40%, the treatment with sulphated tissue gave a survival rate of
90%. An analytical examination of the lyophilisate and sulphated liver
preparation from identical organs, which was then carried out, revealed a
modified mobility of liver proteins after sulphating in the elcctrophoretic
pattern. Figure 4 shows a schcmatic representation of the PAG elec-
trophoreses of lyophilized and sulphated foetal and juvenile liver prepara-
tions. It will be noted that with a comparable protein spectrum, the sul-
phated samples display an increascd electrophoretic mobility.

The antitumoral action is not liver-specific. Lyophilisates or addition-
ally sulphated preparations from other xenogenic tissues also possessed
an antitumoral effect in this system (fig. 5). The most potent antitumoral
effect was displayed by mixtures (1:1) of tissues of different species such
as cattle and pigs (NeyTumorin®). These lyophilisates can bring about a
coinplete regression in up to 100% of the growing tumors, as shown by
figure 5. Finally, the antitumoral effect of the liver preparations was also
compared with that of a classic chemocytostatic agent in the Meth-A
system (fig. 6). For this, 1 mg liver preparation or 2 mg cyclophosphamide
was injected on the + 4th, + 6th and + 8th day. After treatment with
the chemocytostatic agent, only 1 animal of 10 survived the 4-weck period
of Observation, whereas 8 of the 10 animals in the group treated with the
liver preparation survived. There is a striking difference in the develop-
ment of the tumor volume. As expected, cyclophosphamide has an
immediate cytostatic effect which disappears after the Ist week when
discontinued. In contrast, as mentioned, the liver preparation does not

FL FL-S JL JLS Serum

Fig. 4. Electrophoretic patterns of various liver preparations in comparison with stand-
ardizcd human serum (FL: foetal liver lyophilisate; FL-S: partially sulphated foetal liver
tissue; JL: juvenile liver lyophilisate; JL-S: partially sulphated juvenile liver tissue).
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Fig. 5. Comparison of the antitumoral effect of various tissues (placenta, brain) and a
mixture of various xenogenic tissues (NeyTumorin®).

initially have any influenee on the progression of the tumor but in the 2nd
and 3rd weeks induces an increasing tumor regression. Side effects were
not observed in any of the tests. No anaphylactic reactions whatsoever
were observed, even with the 10 x i.v. application of 1 mg liver prcpara-
tion for a period of 6 months - and more - in mice and rats.

At the samc time, human cells (melanoma and diploid fibroblasts)
were studied with respect to their synthesis and division behavior in the
presence of preparations successfully tested in animals. The cytostatic
effects of the preparations were compared with that of the chemocyto-
static agent 6-mercaptopurine (6-MCP). The daily incubation of 2 x 10°
cells with 5 x 107 g liver preparation led, in tumor-cell cultures (Wish)
after 20 days, to a decline in the cell count to max. 60% of the control (+
13.5; p 0.05), whereas normal cells (diploid fibroblasts F.H.2) are not
inhibited but slightly stimulated, even if not to a statistically significant
extent. With the chemocytostatically treated cultures, a clearly, more
potent cytostatic effect was observed in the tumor-cell culture. The nor-
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Fig. 6. Comparison of the tumor-inhibiting effeet of cyclophosphamide and liver tissue
on Melh-A sarcoma cells in the mouse (JL-S: partially sulphated juvenile liver tissue).

mal-cell culture was likewise damaged and reacted, after 20 days, with a
dccline in the cell-count to about 40% of the control (fig. 7).

When sulphated thymus preparation was used, a dose-related inhibi-
tion of the DNA synthesis of melanoma cells to a inax. 45% (= 15%) of
the untreated controls was found after already 8-h ineubation. The most
inarked effect was at a dose of 2 x 107 g protein/0.5 x 10° cells.
However, with the same dose, diploid fibroblasts could be stimulated to a
DNA-synthesis rate of almost 150% (+ 16%) in comparison with the
control (fig. 8).

Finally, a study of the dose-effeet relation of NeyTumorin® in
melanoma cell cultures was carried out. An almost linear rise in the DNA-
synthesis inhibition was found in the ringe 0.03-0.1 mg protein/10° cells
(fig. 9). The data are mean values taken from 13 tests with a mean Stand-
ard deviation per point of 15.5%.
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Fig. 7. Course of cell counts of human cell cultures after treatment with partially
sulphated liver preparation and 6-mercaptopurinc (mean of 2 tests, 3 x determinations).
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Fig. 8. Dose-effect relation of partially sulphated juvenile thymus tissue in human cell

culture.
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Fig. 9. Dosc-effect relation of an xenogcnic organic mixture (NeyTumorin®) in the
melanoma cell culture.

Discussion

The present studies show a prophylactic and therapeutic effect of
xenogenic tissue preparations in the Meth-A sarcoma model of the
mouse. A tumor-inhibiting action was also demonstrated on human tumor
cells in vitro, but the growth of normal cells was not impaired by the same
preparations. A dose-dependence of the effect of these preparations was
found in animal experimentation, inasmuch as concentrations of less
than 0.1 mg/animal were ineffective; 0.5-1 mg were shown to be optimal
with a triple application. On the other hand. with the ccll-culturc tests, a
clearly stricter dosc-effect relation was found (fig. 9). If this tumor-
inhibiting effect is compared with that of classic chemocytostatic agents, it
was shown in the animal study, that under given test-conditions the cyclo-
phosphamide effect could be significantly surpassed by administrating
the liver preparation in respect to tumor growth and survival rate. In the
human cell culture, the preparations studied selectivcly inhibit the tumor
cells, while 6-mercaptopurine, which was studied simultaneously, had an
inhibiting action on both tumor and normal cells.
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Since foetal liver tissue was successfully used in the first tests, it
appeared likely that there is a structural relation between a tumor-specific
transplantation antigen of the Meth-A sarcoma and an oncofoetal antigen.
This leads to a humoral or cellular immunological response when foetal
liver tissue is administered. The ensuing studies with juvenile liver prepa-
rations showed, however, that neither the tumor growth nor the survival
rate were influenced differently by foetal or juvenile preparations (fig. 2).
It thus appears that the mechanism of action is not based on a cross-
immunization by oncofoetal antigens.

In comparative studies on Meth-A sarcoma, an inhibition of tumor
growth was observed, but with quantitative differences for both pure liver
lyophilisates and for sulphated liver tissue. Whether the increased hydro-
philia of the Compound molecules, due to the sulphating, can be made
responsible for this enhancement of the cytostatic effect must remain an
open question for the time being. Paralleling this, there is an increased
electrophoretic mobility, prcsumably due to the addition of S0;-H
groups.

The antitumoral effect is not restricted to liver tissue. Both brain and
placenta preparations displayed tumor-inhibiting properties without, as a
rule, being able to attain the values of liver preparations. The most potent
cytostatic effect was attaincd by a xenogenic mixed preparation (Ney-
Tumorin®). This mixed preparation was usually capable of bringing about
a complete regression of a normally growing Meth-A sarcoma. An
endotoxin effect on the Meth-A sarcoma could be excluded, since the
preparations used in the pvrogenicity test in the rabbit were free of
endotoxin. Finally, fairly recent studies show that the antitumoral action
of the xenogenic material does not depend on the tumor. Both the
3-Lewis lung Carcinoma in C57bl/6 mice and the L1210-suspension tumor
in DBA mice are markedly inhibited (in preparation).

From the available data, several mechanisms can be discussed. Our
own unpublished studies of a possible activation of bone-marrow ma-
crophages show that these cells, after incubation with xenogenic, foetal
and also juvenile liver tissues, can destroy tumor cells in vitro with
increased capacity.

On the other hand, studies of a series of authors show that foetal calf
serum, for example, can induce cytotoxic T-lymphocvtes in the mouse in
vitro, which can also destroy syngenic tumor cells [11-16]. Our own
studies in vitro with spieen cells of the mouse and various murine and also
human tumor cells as targct cells, confirm these findings (in preparation).
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They show that after 6 days of ineubation with xenogenie liver prep-
arations, one and the same spleen-cell population can destroy several
different syngenic and allogenic tumor cells within 24-48 h. A polyclonal
Stimulation of the spleen-cell population by xenogenie determinants
would appear possible [16]. These in vitro findings thus also permit a
rational interpretation of the present in vivo tests. This assumption is
supported by the Observation, that also in vivo the xenogenie prepara-
tions only take effect after about a week, i.e., after a necessary time for the
development of an immunological reaction. Furthermore, the antitumoral
effect of xenogenie material could not be demonstrated in the present
tests in thymusless nu/nu mice, nor in animals exposed to 450 rad.

Howcver, the results presented from the cell-culture also indicate that
there are factors in the preparations, which selectively inhibit the DNA-
synthesis of tumor cells. Consequently, a direct effect also appears pos-
sible, in addition to the cellular immunological reaction mentioned.

Whether this is true or not, further clarification of the mechanism of
action presupposes the Separation of the complex organic lysates. Initial
studies suggest that when customary Chromatographie and electrophoretic
methods are used biologically active Compounds are to be sought in the
< 10000-MG rénge.

The efficacy with which the growth of tumors in vivo and in vitro is
inhibited by the application of the xenogenie tissue preparations
described, makes further analysis of this unexpected antitumoral mecha-
nism of action a compelling necessity.

Summary

The proliferation of various tumor cells was inhibited in vivo and in vitro after applica-
tion of or ineubation with xenogenie liver tissue. The development of s.c.-implanted Meth-
A sarcoma was blocked by the prophylactic injection of these preparations. In addition,
firmly established tumors regressed under therapy. Preparations obtained from xenogenie
organs such as the thymus, placenta or brain, had a similar antitumor activity. A mixture of
various xenogenie tissues from different species had a much higher therapeutic cfficicncy.
In the Meth-A system, the xenogenie material surpassed the antineoplastic effect of just-
tolerable doses of cyclophosphamide. The preparations showed no side effects in mice and
rats. These results were supported by experiments in tissue culture on human tumeor cells.
This new antitumoral activity of xenogenie tissues in vivo is interpreted as a Stimulation of
the body's own resistance. The results in tissue culture, howcver, are also an indication of a
direct regulatory effect on cclls.
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Zusammenfassung

Die Proliferation von Tumorzcllen wurde durch Applikation oder Inkubation mit
xenogenen Leberprdparationen in vivo und in vitro gehemmt. Prophylaktische Injektionen
dieser Prdparate hemmten die Entwicklung subkutaner implantierter Meth-A-Sarkomec.
Dariiber hinaus konnten etablierte Tumoren durch Therapie zur Regression gebracht wer-
den. Priaparationen aus anderen xenogenen Organen wie Thymus, Plazenta und Hirn hatten
eine &dhnliche Wirksamkeit. Besonders effektiv war eine Mischung aus verschiedenen
xenogenen Materialien. Die antitumorale Wirkung von noch tolerierbaren Dosen von Cvclo-
phosphamid konnte im untersuchten Meth-A-Sarkom iibertroffen werden. Diese Befunde
konnten durch Ergebnisse in der Gewebekultur an humanen Tumorzellen gestiitzt und
erweitert werden. Diese neuartige, antitumorale Wirkung xenogener Gewebe in vivo wird
als eine Verstirkung der korpereigenen Abwehr interpretiert. Die Ergebnisse der
Gcewcebekultur sprechen aber auch fiir einen direkten regulativen Effekt auf die Zelle.
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The Inhibition of Tumor Proliferation by
Specific Factors Separated from the Maternal Part
of the Bovine Placenta

K. Letnansky

Institute of Cancer Research, University of Vienna (Austria)

Cell proliferation is controlled at different levels in a very complex
manner. One of the factors involved in this process is the influence of
biological components which are capable of stimulating or inhibiting
DNA-synthesis. Some of these regulators, including the growth factors [7,
21J, have been characterized in recent years. Most of them are bound to
the cell surface in a specific manner - a process which is followed by the
rapid intcrnalization of the receptor-ligand complex.

Among the family of growth inhibitors, the chalons have been investi-
gated most extensively (reviewed by [22]). One of the most typical prop-
erties of these Compounds is their tissue specificity; a property which
differentiates them from a series of other inhibitors of DNA-replication.
Another type of specific action was discovered in preparations made from
bovine placentas, namely an inhibition of DNA-synthesis and cell prolif-
eration, directed predominately against tumor cells [13]. Investigations into
the nature of this factor as well as into the mechanism of its action are
described in this paper. According to the results here presented, binding
the inhibitor to surface reeeptors appears to play a critical role in the
development of cellular specificity. In this respect, the mechanisms ulti-
mately resulting in the inhibition of DNA-replication apparentlv show
some similarity to thosc involved in the stimulating action of growth fac-
tors or insulin.

The varying effects of placental preparations, obtained by a lyophili-
zation process as described by Theurer and Triebet [14], on the in-vitro
incorporation of inorganic phosphatc or amino acids into normal and
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tumor cells, have been describcd in a series of earlier experiments. In
addition, differences concerning the degree and mode of action of factors
in preparations obtained from the fetal or maternal part of bovine placen-
tas have been reportcd [6, 9, 26].

Most interestingly, in-vivo experiments demonstrated that mice-
injected preparations from deciduas resultcd in a significantly diminished
tumor induction by 3-methylcholanthrene [27]. Another model, the vivi-
parous platyfish Platypoecilus maculatus, known for its high rate of spon-
taneous melanoma formation, demonstrated a significantly diminished
tumor incidence as a consequence of the treatment with extracts from
maternal placentas during the embryonal phase [8].

All these experiments were carried out with the unfractionated prep-
arations, obtained by the lyophilization procedure. However, it turned
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Fig. 1. Fractionation of bovine maternal placenta on a Sephadex G-100 column by
elution with TKM buffer. Transmission of the eluting material at 260 nm ( A — A) and
inhibition of thymidine incorporation into the DNA of bone marrow (*—¢) and Ehrlich-
ascites tumor cells (o—-c) are shown for individual fractions.
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out that the maternal portion of the placenta contained not only three
different substances with the capacity to inhibit cellular DNA-svnthesis,
but also some other components, stimulating the incorporation of thv-
midine into high-molecular weight material.

Separation of the original material by means of molecular-weight
exclusion chromatography with Sephadex G-100, resulted in the isolation
of two inhibitors with very similar molecular weights. However, they could
be distinguished by their clear-cut specificity regarding tumor and normal
cells [13]. A third component was of lower molecular weight and showed
no specificity (fig. 1). Further purification of the material displaying
tumor-specificity was aehieved by ion-exchange chromatography with
Dowex 50W (manuscript in preparation).

The apparent molecular weight of the inhibitor, as determined by
SDS-polyacrylamide gel electrophoresis, is higher than 60,000. The activ-
ity of the factor is significantly reduced by its ineubation with proteolytic
enzymes, including trypsin and papain. It may be concluded from this that
DIF («decidua inhibitory factor») is a protein or a glycoprotein [15].

In-vitro experiments demonstrated the specific action of DIF on a
variety of tumor cells. The incorporation of TIl-thymidine into high-
molecular weight material of the transplantable Yoshida-ascites sarcoma,
Ehrlich-ascites Carcinoma, lymphatic leukemia cells as well as the cells of
established lines of a human osteosarcoma (line 2T) and a human bron-
chogenic Carcinoma (squamous cell Carcinoma; line E14) is inhibited to
values between 16% and 59% of the controls. On the other hand, thy-
midine incorporation into normal cells, including rat bone marrow and the
fibroblast cell line Wi38, was inhibited to values not less than approxi-
mately 95% of the controls [18].

The inhibition of DNA-synthesis obviously results in a severe damage
of the tumor cells, since tumor development and growth is significantly
reduced after the inoculation of cells preineubated with DIF for 2 h at
37°C [14] (fig. 2).

This effect of DIF on DNA-synthesis is not observed when cell-free
preparations are used as a test system (i.e., nuclear fractions or nuclear
extracts plus activated external DNA, according to the methods of
Thompson et al. [25], and Burke et al. [1]). This could be interpreted
that the DN A Polymerase reaction itself is not inhibited, but rather one of
the steps before this event.

One of the possible causes of this might be an ATP deficiency, result-
ing from an inhibited substrate utilization. However, ATP determinations
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Fig. 2. Survival of mice, inoculated with Ehrlich-ascites tumor cells, which had been
ineubated in the presence (B) or absence (K) of DIF. Ineubation was performed with 2 ml of
a cell suspension, prepared as described under «Methods», and 1 ml of inhibitor-fraction
obtained as described in figure 1 (B), or I ml TKM buffer (K). Duration of ineubation was
2 h at 37°C.

in tumor cells ineubated in the presence of DIF showed no influence on
the ATP level, as compared to the uninhibited control cells. Moreover,
phosphorylation processes scem to proeeed in a normal way, as demon-
strated by Polyacrylamide gel electrophoresis of nuclear phosphoproteins
[15],

The latter results also indicate that major alterations in chromatin
conformation, which could result in an altered genetic activity and are
reflected in the phosphorylation pattern of nuclear proteins ([16, 17, 19],
and literature cited there) are not induced by the inhibitor.

According to these and other results, the involvement of membrane
phenomena in the course of the inhibition of tumor DNA replication
seems very likely. This is also indicated by the Observation that the inhibi-
tory action of DIF is dependent on its concentration: increasing amounts of
DIF result in an increasing inhibition of thymidine incorporation into
Ehrlich tumor cell-DNA in a manner characteristic to Saturation kinetics
(fig. 3). This indicatcs the existence of specific reeeptors on the plasma
membranes of the cells used in these experiments.

Therefore, binding-studies were performed with the radioactively
labeled inhibitor to compare membrane preparations obtained from nor-
mal and from tumor cells. 1Tiese investigations clearly demonstrate that
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Fig. 3. Inhibition of *H-thvmidine incorporation into the DNA of Ehrlich-ascites tumor
cells dependent on the amount of DIF containing column effluents.

significantly higher amounts of DIF are bound to the tumor membranes
than to membranes of the normal control cells: while Yoshida-tuinor
membranes bound DIF in an amount corresponding to 5,500 dpm/ug of
membrane protein. only 3,500 dpm/(ig were bound to rat bonc-marrow
membranes.

Since this could be the result of changes in binding affinities and
capacities as well, the dependencc of the binding reaction on DIF-con-
centrations was comparcd with tumor and liver ccll membranes and evalu-
ated by the use of Scatchard plots [23]. As shown in figure 4, surface
membranes from normal cells, such as liver, do not bind DIF as efficiently
as do tumor membranes. In Yoshida membranes, the bincling capacity is
about twice as high as in normal surface membranes, but no significant
difference is observed concerning the affinities of the reeeptors for DIF.
However, an additional class of reeeptors can be detected on tumor sur-
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Fig. 4. Scatchard piot 123] of rat liver membranes (*—=¢) and Yoshida-tumor cell
membranes (x  x) binding *H-propionylated DIF as described under «Methods».

faces, which results in a ten times higher binding-capacity (even though
they demonstrate a lower affinity for the inhibitor).

Taken together, these results favor the hypothesis that the in vitro
action of the inhibitor is primarily dependent on its binding to specific cell
surface reeeptors and on the subsequent internalization of the resulting
receptor-ligand complex. The results further indicate the existence of
additional reeeptors on tumor plasma membranes, resulting in a more
efficient internalization of the inhibitor by these cells.

Although it cannot be excluded that these additional reeeptors exist
also in a cryptic form on normal cells, the following experiments rather
indicate their specific existence on tumor cells. In one of these experi-
ments, surface membranes from rat liver and tumor cells were separated
by SDS-polyacrylamide gel electrophoresis and their composition was
compared after protein and carbohydratc staining. As demonstrated in
figure 5, there are indeed significant differences between membrane com-
ponents of liver cells compared to those of a hepatoma or the Yoshida
sarcoma. This not only applies to the quantitative and qualitative distri-
bution, but also to the carbohydrate content of some components.

To elucidate which of these Compounds is responsible for the
enhanced and/or additional binding of the inhibitor, membrane prepara-
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Fig. 5. Separation of plasma membranes from rat liver (L), Yoshida-ascites tumor (Y),
and dicthylnitrosamine-induced hepatoma (H) on 15% SDS-polyacrylamide gels, stained
with Coomassie bluc for proteins (left gel) and with PAS (periodic acid, Schiff reagent) for
carbohydrate (right gel). Hb: molecular weight Standard «cross-linked hemoglobin» with
bands corresponding to M, = 16,000, 32,000, 48,000, 64,000, 80,000, and 96,000. V: Nu-
clear proteins from Yoshida cells.

Fig. 6. Separation of nuclear proteins from Yoshida cells which had been ineubated for
1 h at 37°C in the presence (DIF) and in the absence (C) of DIF on 15% acid-urea
Polyacrylamide gels. Gels are stained with amido black.

tions from liver and Yoshida-tumor cells were separated on acid-urea gels
and sliced into 1 mm disks. These were then ineubated with the tritium-
labeled inhibitor. It turned out that enhanced binding of DIF took place
primarily to reeeptors in the molecular weight rdnge between 20,000 and
40,000, and to one reeeptor with about 60,000 daltons (manuscript in
prcparation). This again agrees with the presence of higher intracellular
DIF concentrations in tumor cells and a more effective inhibition of one of
the reactions in the complex sequence ultimately resulting in DNA-repli-
cation.

According to recent experiments from Pardee's laboratory [2, 10,
20], a specific «R-protein» is one essential component of the complex
DNA Polymerase system. Molecular weights in the region of about 53,000
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daltons have been reported ([2-4, 10, 20J, and literature cited there),
depending on the source of the R-protein. Ulis protein is very labile and a
constant level of this essential Compound is maintained only in cells with
normally operating protein synthesis. Inhibition of protein synthesis, for
instance by cycloheximide, results in a rapid cell-loss of R-protein.

According to carlier results from this laboratory, DIF not only influ-
ences the synthesis of DNA but also that of proteins. Although apparently
non-specific, a significant inhibition of amino-acid incorporation into
high-molecular weight material has been observed, using cell-free prepa-
rations of rat liver and Ehrlich-ascites carcinoma cells. In these experi-
ments, it was further shown that the extent of the inhibition is propor-
tional to the concentration of the inhibitor [11].

The demonstration of a decrease in proteins with a molecular weight
of about 50,000 to 60,000 under the influence of DIF would strongly
support an explanation of inhibitory action involving the R-protein. We,
therefore, compared the patterns of nuclear proteins from Yoshida-ascites
sarcoma cells, which were ineubated in the presence and absencc of DIF.
As shown in figure 6, ineubation with DIF actually results in a significant
decrease in two protein fractions, the molecular weights of which were
about 48,000 and 65,000 daltons.

To summarize, the experiments presented here describe the Separa-
tion of a factor from the maternal part of bovine placentas, capable of
inhibiting protein and DNA synthesis in a specific manner. As a result,
this factor inhibits the proliferation of tumor cells. The experiments
further document an enhaneed binding (and subsequent internalization)
of this factor to reeeptors of the tumor plasma membrane. This process
presumably results in an increased inhibition of the synthesis of a protein,
essential in the assembly of the DNA-polymerase multienzyme complex.

Methods
Separation of Decidua Extracts on Sephadex G-100

Extracts from the maternal part of the bovine placenta were prepared either by
homogenization of fresh material in 3 volumes of TKM buffer (Tris/HCI pH 7.4, 10"*M,
KCl, 10°M, MgCl, 1.5 x 10°M) and subsequent centrifugation or by dissolving a
lyophilized preparation, obtained from vitOrgan, Stuttgart, in the same buffer. Extracts were
then separated on Sephadex G-100 columns with a length of 45 or 85 c¢cm and being 1 or
2.6 cm in diameter by elution with TKM.
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Incorporation of Thymidine into High-Molecular Weight Material

Cells were suspended in 8 ml RPMI 1640, containing 84 mg morpholinopropanesul-
fonic acid (in earlier experiments 1 ml RPMI was replaced by 0.7 ml fetal-calf serum and
0.3 ml horsc serum). Then. to 400 ul of this suspension was added: 100 |d (corresponding to
2 uCi) of TI-thymidinc (spec. activity 1 mCi/ml), diluted with the above mcntioned
medium, and 100 ul of individual fractions obtained by the Chromatographie Separation
procedure. After ineubation at 37"C for 20, 40, and 60 min 100 [xI samples were pipetted
onto filter dises which were washed twicc, each time for ten min, in 10% and 5% tri-
chloreacetic acid, and in ether-ethanol (Iv:1v). After drying, radioactivity was countcd in a
toluene-based scintillator.

Preparation of Plasma Membranes and Binding of Labeled DIF

Cells were homogenized and centrifuged; the supernatant was separated on a discon-
tinuous sucrose gradient, as described by Forte et al. [5], Isolatcd membrane fractions were
washed with phosphate-buffered saline (PBS) pH 7.4 and suspended there at a concentra-
tion of 50 |ig in 50 ul. Labelcd inhibitor, prepared as described below, was added in amounts
ranging from 20 to 500 ul. Tlie end volume in each test tube was adjusted to 550 |d. The
mixtures were then ineubated for 60 min al 30°C and centrifuged for 2 h at 100.000 g. The
pellet was rinsed with ice-cold PBS and solubilized in Soluene.

Preparation of 'H-Labeled Inhibitor

Two ml of the fraction with inhibitory activity after Sephadex and/or Dowex-separa-
tion were dialyzed with watcr and than lyophilized. The dry residue was dissolved in 200 ul of
0.1 M borate buffer, pH 8.5, and added immediately to 1 mCi of dry N-succinimidyl
(2,3-*1)propionate, with a specific activity of 68.8 Ci/mmol. After 1 h at ()"C and 13 h at
4"C, the mixture was diluted with 300 |d of PBS and the labcled inhibitor separated from
unrcacted material by chromatography on a Sephadex G-15 column, which was eluted with
PBS.

Summary

Tlie experiments presented liere describe the Separation of a factor from the maternal
part of bovine placcntas. capable of inhibiting protein and DNA synthesis in a specific
manner. As a result, this factor inhibits the proliferation of tumor cells. The experiments
further document a higher binding (and subsequent internalization) of this factor to reeep-
tors of the tumor-plasma membrane. This process presumably results in an increased inhibi-
tion in tumor cells of the synthesis of a protein, which is an essential component in the DNA-
polymerasc multienzyme complex assembly.
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Zusammenfassung

In der vorliegenden Arbeit wird die Trennung eines Faktors aus dem raaternen Anteil

der Rinderplazenta beschrieben, der die Protein- und DNA-Synthese von Tumorzellen
spezifisch hemmt. Die durchgefiihrten Bindungsstudien an Timorzellmembranen ergaben
eine erhohte Bindung dieses Faktors an bestimmte Rezeptoren, die auf Tumorzellen gehauft
auftreten. Dieser ProzeB der Bildung eines Inhibitor-Rezeptor-Komplexes fiihrt zu einer
erhohten Inhibition der Synthese eines Proteins, das essentiell fiir den DNA-Polymerase-
Enzvmkomplex ist.
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Introduction

In addition to conventional cancer treatment by surgery, radio- and
chemotherapy, an increasing number of drugs are administered that acti-
vate an immune response. These agents are called "biological response
modifiers", since they alter the relationship between tumors and hosts by
modulating the biological reaction of the host against its tumor with a
resulting therapeutic effect. A great series of chemically defined and
undefined substances of plant and animal sources bclong to such agents;
moreover, among them are several synthetic Compounds. Sulfated organ
lysates, prepared by Theurer et al, for more than 25 years from various
juvenile abattoir animals, contain macromolecular substances that showed
significant tumor regressions in clinical and animal experiments [Review:
Therapiewoche 33 (1983)]. The mechanism of these effects apparently
involves a polyclonal Stimulation of cytotoxic T-lymphocytcs by the
xenogenie components, particularily polypeptides [Munder, 1983].
Moreover, direct inhibitions, in vitro, of the incorporation of 3H-thy-
midine into melanoma-, Wish- and other tumor cells have been found
[Paffenholz and Theurer, 1979; Miinder et al, 1982; Letnansky, 1983].

Since the latter method is problematic [Maurer, 1981] and highlv
sensitive tumor stem cell assavs for Screening of cytostatic drugs are now
available /Maurer, 1983], dosc-response relationships of the organ lysates
(NeyTumorin®) were investigated using such assays. A significantly selec-
tive inhibition was observed of the tumor cells studied.
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Materials and Methods
Materials

NeyTumorin® (manufacturer: VitOrgan Arzneimittel GmbH, 7302 Ostfildern 1,
FRG), is a mixture of sulfated organ lysates from juvenile thymus. maternal placenta, liver,
pancreas and other bovine and porcine organs. The mixture contains proteins, peptides,
nucleic acids, lipids, Polysaccharides, etc. The powder, in aliquots of 15 mg per 2 ml-
ampoule, was dissolved in 0.9% NaCl before usc and sterile-filtrated (0.22 jr). Batch used:
No. 34264. Cis-platinum was purchased from Serva (Heidelberg, FRG). No. 19408.

Colony Assays

Granulocytic colonies (CFU-c) from mouse-bonc marrow cells were culturcd in agar-
containing glass capillaries for 7 days. as described in detail [Schupp et al., 1983]. Colony-
stimulating factor was prepared from mouse lung conditioned medium, as described |Diet-
rich and Maurer, 1983], Peripheral, human T-lymphocytes were PHA-stimulated and grown
to colonies for 7 days as described [Meckert et al., 1983]. Tumor cells were cloned for 7 days
according to Meckert and Maurer (1983). For reviews on the colony assays see Maurer
(1979, 1983). Medium for the granulocyte and lymphocyte colony assay: Dulbecco's mod-
ified Eagles' medium.

Tumor Cells

L 1210 (ATCC/CC1 219) from Flow, Ehrlich-ascites Carcinoma (EAC, ATCC/CLL
77) from Prof. Dr. R. Braun (Marburg/Berlin, FRG), P 388 (ATCC/CCL 46) from Flow, M
1 from Dr. Ichikawa (Kyoto, Japan), L 929 (ATCC/CCL 1) from Flow, HL 60 (ATCC/CCL
240) from Dr. Bombik (Berlin). Medium for L 929: Dulbeeco's modif. Eagle's Medium; for
all other tumor cells: RPMI 1640.

A colony is defined as an aggregatc > 40 cells of clonal origin.

Statistics

Tlie mean and the Standard error of the mean were calculated for each dose, based on
the number of colonies per capillary (n = 3 capillaries).

Results

To assess the sensitivity of the colony assays for Screening of cytostatic
and cytotoxic substances, respectively, the effects of the cytostatic drug,
cis-platinum, on the colony growth of normal myelopoietic stem cells and
of various established tumor cells were studied. Figure 1 shows the dose-
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Fig. 1. Effect of cis-platinum on the colony growth of mouse granuiocytes (100%
control = 20+ 1 colonies) and M-1 leukemia cclls (100% control = 47 + 1 colonies).
1.0E-7 = 1 x 10""™™ (E = exponent).

response for normal mouse granulopoietic colonies following Stimulation
by the colony-stimulating factor (CSF) and for a myeloid leukemia (M 1)
vvithout any additional stimulator: 10~" M cis-platinum (= 0.03 ug/ml)
inhibit colony growth of granuiocytes by about 30%, of the leukemic cells
by about 45% relative to untreated controls. The M-l leukemia is a
sensitive cell line that can be activated for differentiation by endogenous
and synthetic Compounds of various kinds, and has proved suitable for the

% control
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Fig. 2. Effect of cis-platinum on the colony growth of Ehrlich-ascites carcinoma cells
(100% control = 40 * 1 colonies), P 388- (100% control = 41 =+ 0.4 colonies) and
L-1210 leukemia cells (100% = 55 %= 1 colonies).
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investigation of in-vitro phenomcna of differentiation [Ichikawa, 1969;
Hozumi, 1983]. The lympahtic mouse-leukemias, L 1210 and P 388, have
been and are still extensively used world-wide, to screen various natural
and synthetic products for cytotoxicity. Both cell lines, as well as the long-
established Ehrlich-ascites Carcinoma, reveal a comparably high sensitiv-
ity for cis-platinum (fig. 2): 10~" M inhibit growth by about 75%. These
relatively high sensitivities of normal and malignant cells for cis-platinum,
demonstrate the validity of the colony assays for in vitro Screening pur-
poses.

in contrast to cis-platinum, NeyTumorin® shows significant inhibi-
tions, mostly at concentrations of > 100 (.ig/ml, suggesting a relatively
weak cytotoxicity, if any. However, considerable differences are notewor-
thy in the dose-responses of the different colony assays: colonies of PHA-
stimulated, human, peripheral T-lymphocytes are inhibited starting only
at about 800 |ig/mi by 40% and of CSF-stimulated granulocytic colonics
starting only at about 700 ug/ml by 40% (fig. 3). The corresponding IDs-
values for both cell lines are about 900 [ig/ml. Thus, the growth of these
normal cells is only inhibited by relatively high concentrations of Ney-
Tumorin®, which may be due to an unphysiological increase of the osmotic
pressure and an oversaturation of the medium by peptides, polysaccarides,
etc. However, the L-1210 leukeinia already responds at 200 [xg/ml, the
P-388 leukemia at 100 jxg/ml NeyTumorin®; corresponding IDso-values:
400 [ig/ml and 270 [ig/ml, respectively. It seems unlikely, that the signifi-
cant differences result from different growth parameters of normal and

% control
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©
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Fig. 3. Effect of NeyTumorin® on the colony growth of human T-lymphocytes (100%
control = 42 + 0.3 colonies) and mouse granulocytes (100% control = 22 + 1 colonies).
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malignant cells, sincc all values relate to the corresponding controls and all
colony numbers rdnge in a similar order of magnitude.

Moreover, the myeloid M-1 leukemia and thc Ehrlich-ascites Car-
cinoma, widely uscd for cytostatic drug-screening, respond to NeyTumo-
rin® beginning at about 200 iig/ml (fig. 5); corresponding 1Dsp-values:
about 500 jig/ml and 470 [ig/ml, respectively.

The human promyelocytic HL-60 leukemia is quite sensitive to Ney-
Tumorin®: 10 |ig/ml causes about 15%, 100 iig/ml about 50% inhibition
of colony growth (fig. 6). The IIL-60 leukemia is preferably used to study
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Fig. 4. Effect of NcyTumorin® on the colony growth of L-1210 (100% control = 41 =+
0.3 colonies) and P-388 leukemia cells (100% control = 46+ 1 colonies).
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Fig. 5. Effect of NeyTumorin® on the colony growth of M-1 (100% control = 42+ 1
colonies) and Ehrlich-ascites Carcinoma cells (100% control = 42 + 1 colonies).
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Fig. 6. Effect of NeyTumorin® on the colony growth of fibroblastoid L-929 cells (100%
control = 50 + 1 colonies) and HL-60 promyelocyte lcukemia cclls (100% control = 24 +
0.4 colonies).

diffcrentiation phenomena, as it can bc stimulated to differentiate by
various agents within the myelopoietic series [CoHins, 1978; Hozumi,
1983],

In comparison, the fibroblastoid L-929 cell line shows a relatively
moderate Inhibition (fig. 6): A significant inhibition is seen in 300 ng/ml
(IDsg = 35%), which is reduced at 500-600 ug/ml (TD,, A 10%), but
increased at 800 |ig/ml (TDsy = 40%). This odd dose-response relation-
ship is reproducible. It should be noted, that the L-929 cell line, from
mouse connective tissue origin, is often used for carcinogenesis and toxic-
ity studies. It produces sarcomas only in irradiated C3H/HeN mice, i.e., it
reveals only a relatively "weak" malignancy.

Discussion

The results reveal considerably different effects of NeyTumorin® on

(a) normal, i.e. non-malignant cells (mouse granulocyte, human
T-lymphocytes, fig. 3),

(b) cells of "moderate" malignancy (L-929 cells, fig. 6) and

(c) cells of "advanced" malignancy (M-1, P-388, L-1210, HL-60
lcukemia and Ehrlich-ascites carcinoma (fig. 4 and 5).

It is remarkable that the growth of all tumor cells studied is signifi-
cantly more inhibited than that of non-malignant cells (factor 1.6 to about
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9), which cannot be inhibited up to 100% even by a dose as high as 1 mg/
ml. This also holds true for the "moderately" malignant L-929 cells (fig.
6). These quantitative results confirm earlier findings by Paffenholz and
Theurer (1979) and Munder et al. (1982), that *H-thymidine uptake by
melanoma- and Wish cells can be inhibited up to 50% by the addition of
10% NeyTumorin® to the culture medium. To assess cell proliferation, the
determination of colony growth shows an essential advantage, compared
with the ’H-thymidine method, in that it omits the various potential
artifacts that may render results obtained with this method meaningless
[Maurer, 1981]. Moreover, colony assays are increasingly favored for
Screening purposes [Salmon and von Hoff, 1981; Yarbro, 1981], since
they are based on the widely accepted theory of the clonal evolution of
tumors. The high sensitivities of the stein cell assays are validated by the
cis-platinum results (fig. 1) which largely surpass thosc of corresponding
'H-thymidine tests (unpublished results) confirming previous observa-
tions on a comparison of sensitivities of colony- and 3H-thymidine assays
[Osman and Maurer, 1980].

Besides the known indirect inhibitory effect of NeyTumorin®, which
may be explained by a polyclonal activation of cytotoxic T-lymphocytes by
xenogenic components of NeyTumorin® [Munder, 1983], the mixture of
sulfated organ lysates from placenta, juvenile thymus, liver, and other
organs, exerts an apparently selective inhibition on the tumor cells
studied. Its mode of action is still unknown. However, on the basis of the
dose-response relationships, the inhibitory effects cannot be explained by
mere cytotoxicity.

The following questions may be asked to elucidate the inhibitory
effect:

(1) How far can the apparent selective inhibition of tumor cell growth
be extrapolated to other malignant cells? Does the cytotoxicity correlatc,
in general, with the degree of malignancy of the tumors, which is sug-
gested by the experiments described, but not evidenced beyond any
doubt?

(2) Does the inhibition involve direct, selective killing of growing
tumor cells or retardation of colony growth?

(3) How do the kinetics of inhibition develop?

(4) Is the inhibition reversible and, if so, for how long?

(5) Which phase of the cell cycle is affected by NeyTumorin®? Is there
a difference from most cycle-specific, conventional cytostatics?

(6) Do the inhibitors contained in NeyTumorin® attack the tumor cell
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membrane, as suggested by the observations ot' Letnansky (1982) with
bovine placenta extracts?

(7) Are there common or different properties among the agents of
NeyTumorin® and other inhibitors, e.g., chalones from placenta [Let-
nansky, 1974], thymus and liver?

(8) To which biochemical class do the inhibitors of NeyTumorin®
belong?

(9) Does NeyTumorin® contain substances that stimulate the dif-
ferentiation of tumor cells (e.g., M-1 and HL-60 cells)?

(10) Does NeyTumorin® contain polyamines in free or bound form?
Polyamines may producc cytotoxic polyaminoaldehydes in the presence of
polyaminooxidases /[Allen, 1983].

It may be assumed on the basis of the findings of Letnansky (1983),
Miinder (1983), Paffenholz and Theurer (1979), that the inhibitors are
contained in NeyTumorin® in minute quantities. Following biochemical
isolation. substances may be available which, in concentrations similar to
those of peptide hormones (107°-10""*' M), may reveal no toxicity and no
severe, undesired side-effects known as major drawbacks of conventional
cytostatic drugs (particularly on lympho- and granulomonopoiesis). This
most favorable aclvantage should justify an early and intensive investiga-
tion to isolate and purify the inhibitor(s) in order to solve the questions
mcntioned above.
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Summary

The effccts of sulfated organ lysates from juvenile thymus, maternal placenta, liver. and
other bovine and porcinc organs (NeyTumorin®) were investigated in vitro using clonal stem
cell assays with mouse granuiocytes, human T-lymphocytes and established tumor cell lincs
(L-1210, P-388, M-1, H-60 leukemia, Ehrlich-ascites carcinoma and fibroblastoid L-929
cells). Dose-response curves indicated that the growth of all malignant cell-lines investigated
is inhibited significantly (factor 1.6-9) more than that of normal granuiocytes and T-lympho-
cytes. L-929 cells were much less inhibited. A selective growth inhibition can be dedueed
from the tumors studied. The validity and high sensitivity of the stem cell assays for Screening
purposes is demonstrated by comparison with cis-platinum effects.
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Zusammenfassung

Die Wirkungen eines sulfatierten Organlysats aus juvenilem Thymus materner Plazenta.
Leber u.a. Organen vom Rind und Schwein (NeyTumorin®) wurden in klonalen
Stammzcll-Assays mit Méduse-Granulozyten, menschlichen T-Lymphozyten und etablierten
Tumorzellen (L-1210-, P-388-, MI-, HL-60-Leukdmic, Ehrlich-Ascites-Karzinom und
fibroblastoiden L-929-Zellen) in vitro untersucht. Die Dosis-Wirkungsbeziehungen lassen
erkennen, dal das Wachstum aller untersuchten Tumorzellen durch das Prdparat signifikant
stirker gehemmt wird (Faktor 1,6-9) als das der normalen Granulozyten und T-Lymphozy-
ten. L-929-Zellecn werden bedeutend schwicher gehemmt. Damit ergibt sich fiir die unter-
suchten Tumoren eine deutlich selektive Wachstumshemmung. Die Brauchbarkeit und hohe
Empfindlichkeit der Stammzell-Assays fiir Screening-Zwecke wurde im Vergleich mit Cis-
Platin aufgezeigt.
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Introduction

The starting and growth of tumors is influenced to a major extent by
the Performance of the body's own resistance. An important role is played
by non-specific defense mechanisms in the case of both immunogcnic and
non-immunogenic tumors [11].

Via reeeptors, it is possible for certain effector cells to be bound to
transformed cells, i. e., cells which in their antigen strueture are not or no
longer aeeepted by the organism, and for then to lyse the latter. Natural
(spontaneous) killer cells and cytotoxic macrophages form the basis of this
effector cell population. In the course of an immunogenic tumor process,
the organism affected is able to resist tumor cells in an immunological
manner. Antibodies (IgG) are formed against certain surface-structure
proteins of tumor cells enabling another type of effector cell, the killer or
null cell, to bind to the tumor cell, thereby causing its destruetion.

Certain endogenous mediators, such as interferon or interleukin,
stimulate these defense manifestations or in some cases, as indispensable
transmitter substances, even Start them going.

However, depending on the individual functional State of the defense
system, it can happen that mediators predominate, which stimulate the
suppressor cells and which may be produced or released by the tumor
itself [3]. It is known that non-specific defense mechanisms can be medici-
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nally enhanced in respect to tumor cells by the NeyTumorin®-Sol prep-
aration [2, 7, 9, 10].

The mechanism of action of this ,stimulator' is presently being inten-
sively studied in vitro and in vivo and here, to a certain extent, already in
therapy.

Some aspects of non-speeifie defense intensification by NeyTumo-
rin®-Sol have been studied in our institute.

The first requirement, that such medicaments must mect before their
efficacy can be tested with various biological tests, is that they do not cause
damage. Toxicological and pharmacological investigations showed that
NeyTumorin®-Sol is pyrogen-free and non-mutagenic [4].

Material and Methods
In Vivo Tests

To demonstrate its harmlessness, NeyTumorin®-Sol was administered to baby mice,
1-2 days old, as an undiluted active agent in a quantity of 0.1 ml by the subcutancous and
intraperitoneal routes. The animals were clinically examined daily over a period of 14 days
for possible intolcrance reactions.

A test for a non-speeifie defense intensification was carried out in the infection-stress
model with the "VSV-test"; baby mice 1-2 days old, were subcutaneously or intraperitone-
ally pretreated with Ncy'I\imorin®-Sol (0.1 ml active agent undiluted and diluted 1:4) and
exposed 24 h later by the intraperitoncal route to the rhabdovirus of vesicular Stomatitis
(10-50 LDsg), which is highlv virulent for the animals.

An induetion of serum interferon was checkcd by two-times administration of 0.5 ml
active substancc to adult NMRI-miee by the intraperitoneal route. The indirect demonstra-
tion of interferon has been carried out by the plaque reduetion test (PRT). The vesicular
Stomatitis virus strain Indiana, set to 30 plaque-forming units, served as the test virus and a
permanent mouse-line ITK (Subcutis) was used as the indicator cell culture. The non-
inactivated serum of 5 mice was pooled 8, 24, 48, and 96 h after the application of NeyTumo-
rin®-Sol and then tested in dilutions (strength) for its interferon content in the PRT (in
vitro).

In Vitro Tests

In the direct plaquc-rcduction test, the preparation per se was tested for an in vitro
interferon induetion in the cell culture system. For this, dilutions to the strength 2 were
prepared and 0.1 ml each placed on cell culture plates (densc ccll lawns). After a 4-h
ineubation at 37° C, the substance dilutions (in the indirect test the serum dilutions) were
removed by suetion and each cell culture inoculatcd with 0.1 ml test virus in the working
dilution. After 1-h ineubation and removal of the test virus the cultures were overlayed with
agar and ineubated for further 48 h. Then they were stained with neutralred and kept at
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room tempcrature overnight. Tlie test was evaluated by eounting the plaques (mean values
from 4 identical cultures) and comparison with the virus control.

The influence of NeyTumorin®-Sol on resistance through the intermediarv of the cell
has been checked by the lymphocytc transformation lest by an increase in the spontancously
cell-communicated cytotoxicity and/or the phagocytosis capability of leukocytes in vitro. Ihe
effector cells used for this were taken exclusively from the pcripheral blood of pigs.

The lymphocytc Iransformation test was carried out by the usual method using porcine
lymphocytes, labeled with Tl-thymidine and separated by Ficoll plaque centrifuging. PHA
(10 (.ig/ml) was used as a control stimulator. NeyTumorin®-Sol was added undiluted 1:2 and
1:4 to the total lymphocyte fraction. The substance was tested alone and in combination with
PI1A. The evaluation was carried out via the *H-thymidine incorporation rate in counts per
min in the liquid scintillation counter [8].

The spontaneous cytotoxicity by cell mediation of peripheral blood cclls was tested with
porcine lymphocytes, separated by Ficoll plaque centrifuging, in micro-plates. 10 ul Ney-
Tumorin®-Sol, diluted in the strength of 1, were added to each of the effector-target ccll-
ineubation mixtures 100:1/50:1/25:1 and 12:1 (identical triplets) directly with the addition
of the Cr’'-labeled Vcro target cells (monkey kidney line). A chromium-51 releasc test was
then carried out for 16 h al 37" C, at the end of which the effector cell activity was mcasured
via the gamma radiation of ihe Cr' released from lysed target cells calculated in percent of
the specific Ivsis [1].

Tlic phagocytosis capability of porcine leukocytes (7x10°/ml) was assessed after the
addition of a suspension of Bakers yeast cells (7x10°/ml NaCl sol). 'The same volumes (62

each) of leukocyte suspensions, yeast-ccll suspensions, Ilank's buffer Solution and the
serum of the same animal as a complementary source, were ineubated for 1 h at 37"C.
vigorous shaking being maintained. Diiring the ineubation time, NeyTumorin®-Sol acted on
the leukocytes undiluted and diluted in powers of 10 up to 10" After the lysing of the
leukocytes with sodium deoxycholatc (2.5% in aqua dest., pH 8.7), the dead, phagocytized
yeast cells were stained by the addition of 1 ml 0.01 % methylene bluc Solution. Tlie propor-
tion of dead yeast-cells in the total cell count was determined in a haemocytomcter. Prepara-
tions without leukocytes served as controls; 300 yeast cells were counted in each case [5].

Results

In Vivo Tests

No clinical signs of intolerance at all were found in any of the baby mice after the
application of NcyTumorin®-Sol. ncither i.p. (30 animals) nor s.c. (27 animals). Three of 30
animals (undiluted substance) and 3 of 26 animals (l:4-dilution) survived the infection-
stress after an intraperitoneal pretreatment with NeyTumorin®-Sol; the mortality in the
placebo group being 100%. No protection was indueed by the subeutaneous treatment. To a
slight extent, we were able to demonstrate an induetion of serum interferon in adult mice
with the plaque reduetion test (12% inhibition with 1:2-serum dilution). Only in the sera
obtained in the 24 h after the i.p. application of NeyTumorin®-Sol was it possible to demon-
strate interferon.
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In Vitro Tests

In the direct plaque-reduction test, the preparation had no effect on the cell system in
the sense of a Stimulation with an influence on the local virus proliferation (plaque rcduc-
tion).

In the lymphocyte transformation test, NeyTumorin®-Sol did not lead to any significant
Stimulation indices. When added to the lymphocytes simultaneously with phytohaemaggluti-
nin (10 i-ig/ml), the stimulating effeet of PITA was completely depressed.

As proof of a non-speeifie increase in the cytotoxicity (SCC), NeyTumorin®-Sol
achieved a specific lysis of 10% in the 1:1000-dilution and of 11% in the 1:10000-dilution
in the Cr’' release lest. In comparison with the specific lysis of untreated lymphocytes from
the same animal with the same effector/target-ccll ratio (100:1) of 9%, these values must bc
assessed as a scarcely detectable increase. However, in the dilutions of 10", 5x 10” and 10\
the preparation was still able to stimulate specific lysis values of 1 to 3% with a very low
effector-cell count (ratio 12:1) in identical test cultures, whereas untreated lymphocytes
from the same animal were inactivc.

The phagocytosis capability of porcine leukocytes remained uninfluenced after expo-
surc to NeyTumorin®-Sol.

Discussion of the Results

The inedicamentous Stimulation of the body's own non-speeifie resist-
anee is incrcasingly gaining importanee in the prophylaxis and therapy of
tumors. In the very reeent English-language literature on the subject,
substances suitable for this have been designated as "biological response
modifiers". We also have drawn attention to the Stimulation of non-
speeifie resistance since 1979 and coined the term of "Paramunisierung’
('paramunization') for this, which was intended to indicate that in addition
to ('para') specific immune mechanisms, there are also non-speeifie
defense mechanisms which are activc in an organism, giving a non-speeifie
protection which helps the organism to ward-off exogenous noxae before
the development of an immunity or in parallel with this [6].

In the demonstration of 'paramunizing' activities of 'biological
response modifiers' or 'paramunity inducers', the results in clinical prac-
tice and in controlled laboratory experiments are often diametrically
opposed to each other. The reason for this is that in the clinical sphere
even slight rises in the defense mechanisms have a positive effect on the
course of diseases. However, they are scarcely detectable in laboratory
experimentation under difficult conditions.

NeyTumorin®-Sol has proved its value in clinical practice in a variety
of ways. It was, therefore, of interest to ascertain whether NeyTumorin®
also has a stimulating activity on the non-speeifie body defense in strictly
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controlled laboratory tests. The laboratory models used by us for this
purpose are extremely exaeting in their requirements. In this connection,
we have investigated in our models numerous inducers of 'proven’ value in
clinical practice. The results were always very unsatisfactory. It was, there-
fore, all the more surprising that with NeyTumorin® we were able to
demonstrate stimulating activitics; both in the interferon and in the NK
model, slight though these were. Both activities are important for tumor
resistance. The greatest importance in this is attributed to the Stimulation
of spontaneous cytotoxicity mediated by effector cells. This is the first
effective defense mechanism for the limitation of immunogenic and non-
immunogenic tumors. It is possible that the good results with NeyTumo-
rin®-Sol in clinical practice are to be partly attributed to this mechanism of
action.

Summary

NeyTumorin®-Sol was tested in various laboratory models with respect to a stimulant
effect on various non-specific defense mechanisms. An activation of the spontanecous
cytotoxicity by cell mediation and a transitory interferon induetion were demonstrated. For
the clinical efficacy of NeyTumorin®, the Stimulation of the spontancous cytotoxicity by cell
mediation is possiblv of particular significance.

Zusammenfassung

NcvTumorin®-Sol ist in verschiedenen Labormodellen beziiglich stimulierender Wir-
kung auf verschiedene unspezifische Abwehrmechanismen iiberpriift worden. Nachgewiesen
wurde eine Aktivierung der spontanen, zellvermittelten Zytotoxizitdt und eine kurzfristige
Interferoninduktion. Fiir die klinische Wirksamkeit von NeyTumorin® besitzt méglicherweise
die Stimulierung der spontanen, zellvermittelten Zytotoxizitdt eine besondere Bedeutung.
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Comprehensive conventional ultrastructural studies of the ultra-thin
seetion of tumor cells in vitro have, so far, proved unsatisfactory in respect
to the tumor-specificity of individual cell strueture changes, i.e., no con-
stant morphological abnormality, not even a single cytoplasmic cell strue-
ture, could be associated with the malignancy of the tumor cell. However,
conventional and scanning electron-microscopy examinations of tumor
cells from the cell culture, frequently show an unusual cell-surface activity,
which is expressed in the increased formation of cell processes, microvilli
or tiny, blister-like distensions of the cell membrane.

The Cell Membrane - Counterpart of the Genome

The cell membrane not only has already well-known structural and
mctabolic funetions, but also acts, as we now know, as a regulative center
which transforms signals from the micro-environment of the cell and thus
triggers certain consequent reactions in the cell. The outer cell membrane
can now be defined, in the broadest sense, as a genuine counterpart of the
genome, in that it exercises the funetions of the exchange of information
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with the environment. While the genome, on the other hand, is respon-
sible for storage of information.

In the model concept now gcnerally accepted, phospholipids are
arranged in the outer cell membrane as a double planar layer, in which
peripheral or integral structural and transport proteins are embedded
mosaic-like and asymmetrically. They are able to move in the lipid matrix.
The model of the "fluid mosaic membrane", first postulated by Singer and
Nicolson [6] is very simplified since cells display a much greater stability
than could be achieved by a double-lipid layer alone, where proteins are
freely and completely mobile. This stability is partly achieved by
peripheral proteins, which are found only in the hydrophilic area of the
membrane and are associated with several integral membrane proteins,
and with these, form a supporting structure. An example of this is the
spectrin on the inner side of the erythrocyte membrane. Furthermore,
filament structures are associated with the membrane in the form of the
cytoskeleton, which also appears to control the mobility of some of the
integral membrane proteins. The membrane model developed from mor-
phological, biochemical, and biophysical results is confirmed by ultra-
structural studies with the aid of the freeze-fracture method (for method
see [3]). With the freeze-fracture, the objects fracture along preferred
weakness zoncs. In the case of membranes, this is the hydrophobic middle
zone [2]. The freeze-fracture thus displays inner views of membranes.
Outcr-split membrane halves, designated by "EF", and inner-split mem-
brane halves, designated by "PF" are thus obtained from each speeimen.
On these split halves, the integral membrane proteins appear in the
smooth lipid matrix as particles, more numerous on the inner-split halves
than on the outer ones. This characterizes the membrane's asymmetry in
the morphological aspect, as well.

Membrane Changes in Invasive Carcinomas

The invasive properties of tumor cells are determined by numerous
factors, of which the cell-surface modification appears to play a very
important role. In addition to the information and metabolic funetions
briefly outlined here, the cell membrane in tissues such as the epithelium
or endothelium, makes possible the coherence of the individual cells via
specialized contact points (gap junetions, desmosomes). In recent years, it
has been demonstrated in vivo that changes in these contact points pre-
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cedc the development of invasive earecinomas [4]. It is obvious, however,
that the membrane changes in the preneoplastic and neoplastic states are
not only related to these contact points alonc, but are also correlated with
changes in the whole of the molecular architecture of the plasmalcmma
8],

In the following pilot study, we have examined normal human amnion
cell cultures with human Wish amnion tumor cells after 19 culture days in
the ultra-thin section and with the aid of the freeze-fracturc method. In
addition, the same methods were used to analyze Wish cell cultures which
were treated with 6-mercaptopurine and, in parallel, with NeyTumorin®.

The freeze-etching of the cell cultures treated with 6-mercaptopurine
was carried out after a 6-day treatment-period as sufficient cell material
for this special study was no longer available at this time because of
progressive cell degeneration. Cultures treated for 10 days with 6-mercap-
topurine were merely studied in ultra-thin sections. The cell cultures treat-
ed with NeyTumorin were analyzed after a treatment-period of 10 and 17
days by the freeze-fracture technique, in ultra-thin sections.

The examination of the cell membranes in the freeze-fracture was
concentrated on

(1) the number of intramembranous particles;
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Fig. 1. Quantitative analysis of a cell membrane fracture-face as obtained with a
skeletal muscle cell membrane (sce Ketelsen, 1980). Tcst-grid (transparent foil) with 100
squarcs over the electron microscopic picture of a fractured surface of the plasmalcmma (P-
face). Next to it, example (not identical with the adjacent picture) of intramembranous
particles marked as points on the test-grid (rccording the number of points by morphometer
and calculation of their topical distribution by on-line Computer).
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(2) the two-dimensional topographv or distribution within the mem-
brane.

A laboratory assistant, who had no code knowledge relating to the
various cell cultures, carried out the evaluation of 7 to 15 P- and E-faces
of the split-membrane halves for each cell preparation. The evaluation
was made with electron-microscopic pictures with a final magnification of
x 60000.

The number of intramembrane particles and their topographical dis-
tribution was determined in membrane areas of 1 Jim? with the aid of a
test-grid (fig. 1) with a 6 cm edge-length. demarcating the size of the test-
arca. This test-grid is divided into 100 squares of 36 mm’® each. The
quantitative analysis was carried out with a semi-automatic Leitz rnor-
phometer and evaluated with a programmable on-line Computer. All the
particles within the test-area were pencil-marked on the plotting panel of
the Leitz instrument. The Computer now recorded the number and the
topographical distribution of the particles within the whole of the test-
area. The topographical distribution was expressed in the form of the
coefficient of dispersion [5]. Values above 1.4 indicate a statistically sig-
nificant aggregation, whereas values below 0.67 point to a highly-ordered
Organization and values between 0.67 and 1.4 indicate a random distribu-
tion of the intramembrane particles [5].

In ultra-thin sections, the normal amnion cell in vitro has an
epitheloid character with a few microvilli, a well-formed, rough endoplas-
mic reticulum, mitochondria with a reguldr strueture, nuclei with fincly
dispersed chromatin and nucleoli, some of which are prominent (fig. 2a).
Near the plasma membrane, delicate filament bundles are often demon-
strated which correspond to the tonofilaments of epithelial cells in vivo
(fig. 2b). We also observed cell-to-cell contacts, analogous to so-called
gap junetions. In the freeze-fracture, the split membrane halves have dif-
fusely dispersed particles in the lipid base matrix (figs. 2¢ and d); these
numbering 693 per (.inr as a mean value on the P-faces and 284 particles
per (im* on the E-faces. The coefficient of dispersion displays a random
distribution of particles without a significant tendencv to aggregation
(table T).

While in the ultra-thin section the untreated Wish cell differs little in
its ultrastructure from the normal amnion cell, apart from an accumula-
tion of microvilli (figs. 3a and b), clear differences can be demonstrated
with the aid of the freeze-fracture method in the molecular architecture of
the plasmalemma. In the freeze-fracture of the plasmalemma of untreated
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Fig. 2, a-d. Normal human amnion cclls in vitro (19 culture-days). (a) and (b) Amnion
cclls in ultra-thin scctions with only sporadic, small folds of the cell membrane, well-
developed, rough endoplasmic reticulum and nuelei with finely dispersed chromatin and, to
some extent, prominent nucleoli (a). With greater magnification (b), delicate filament bund-

Wish cells, there is a significant increase in the integral membrane parti-
cles, especially on the P-faces (fig. 3c) with a mean value of 1414 particles
per |im’. In comparison with the normal check, the coefficient of disper-
sion indicates an aggregation tendency for the particles in the membrane
(table I). In ultra-thin section and after a 6-day treatment with 6-mercap-
topurine, Wish cells display a marked formation of microvilli, a close-
packed cytoplasm, large nuclei with prominent nucleoli and an enlarged,
rough endoplasmic reticulum (fig. 4a). Wish cells which were treated for
10 days with 6-mercaptopurine (1.5 K 10" g) display marked degenera-
tive changes. Their nuclei are already swollen in a blister-like manner
which is evident under the light microscope. The chondriome is charac-
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Ics can bc demonstrated in the vicinity of the plasma membrane (—»). (¢) and (d) split-halves
of the outer cell membrane in freeze-fracture. Differences in the numerical density of the
membrane particles between the E-fracture face (c) and the P-fracture face (d). Direction of
shadowing: —»

terized by degeneration of the ultrastructure but, in particular, the endo-
plasmie retieulum is dilated by vaeuolation. The plasmalemma displays
ruptures and close-packed cell membrane fragments are found, mostly of
a size seen only under the electron microscope (fig. 4b). The analysis of
the plasmalemma of the Wish cells treated for 6 days with mercaptopurine,
shows in the freeze-fracture a further increase in the integral membrane
particles (fig. 4c) on the P-fracture faces with a mean value of 1518
particles per [im’, in comparison with the untreated Wish cell. With a value
of 1.45, the coefficient of dispersion indicates a statistically significant
aggregation of particles on the E-faces in particular (table I).

The Wish cells treated under the same culture conditions with Ney-
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Tumorin arc characterized in ultra-thin sections after 10 days by fewer
folds of their cell surface than untreated cells, large mitochondria with
occasional slight degeneration in the form of vacuoles and large nuclei
with finely dispersed chromatin. The cells are often grouped in clumps
without evidence of more of the characteristic cell contact points, such as
gap-junetions, than were found, by way of comparison, in untreated Wish
cell cultures. In the freeze-fracture, the plasma membranes display a
reduetion in the number of particles on the P-faces (fig. 5¢) with a mean
value of 975 per [im* and a random distribution, as compared with un-
treated Wish cells (table I).

In cultures treated for 17 days with NeyTumorin, there are again
more folds in the cell surface and the nuclei display a roughly dispersed
chromatin and prominent nucleoli (figs. 5a and b). Degenerative cell
strueture changes are absent. In the freeze-fracture, the number of parti-
cles on the P-faces of the plasmalemma is again slightly higher as com-
pared with the culture treated for 10 days (fig. 5d) but the mean value
does not reach the untreated-culture value (table I).

Density and Topography of Membrane Particles -
Morphological Indicators of Tumor Genesis

In summarizing, it can be stated that the results of this pilot study
provide a general overview of the possibilities in the assessment of
molecular structural changes of cell membranes with the aid of the freeze-
fracture method to an extent which was hitherto not possible with other
morphological methods.

As originally described, the intramembrane particles in the freeze-
fracture represent proteins in the double-lipid layer of the membrane.
Little is known about the mechanism by which the topographical distribu-
tion of these integral membrane proteins is controlled. Parts of the cyto-
skeleton of the cell appear to have a major influence on the distribution of

Fig. 3, a-c. Human Wish tumor cells in vitro (untreated, 19 culture days). (a) and (b) in
ultra-thin section demonstration of incrcased cell-surface activity with proliferation of cell
processes and microvilli. (¢) In the freeze-fracture of the outer cell membrane (P-face) clear
increase in membrane particles as compared with the control (fig. 2 d). Direction of shadow-
ing: ->-».



Ketelsen 94




Changes of Human Tumor Cell Membrane 95

intramembrane partieles. Thus, for example, an influence on the cyto-
skeleton by Cytoehalasin B leads to an aggregation of the membrane parti-
cles, as demonstrated in vitro by Speth et al. [7]. Furthermore, changes in
the topographical distribution and numerical density of integral mem-
brane particles can also be associated, however, with a broad spectrum of
physiological-metabolic cell conditions [1]. In the neoplastic transforma-
tion of the cell, cell membranes and the cell elements associated with
them, are obviously subject to various kinds of structural, organizational
and functional alterations, so that changes in the numerical density and
topography of the membrane particles as morphological indicators can be
related to tumor genesis. In our pilot study, this working hypothesis is
confirmed by a significant difference in the number of integral membrane
particles between normal amnion cells and Wish tumor amnion cells in
vitro.

Analogous findings were made as far back as 1976 by Weinstein [8] on
human urinary bladder epithelium cells in vivo, which were not yet inva-
sive, but malignantly transformed and confirmed in 1978 by Pauli et al. in
experimental studies on the same organ in the rat [5].

In our pilot study, increase in the integral membrane particles in
comparison with the conventional ultrastructural findings at the ultra-thin
section correlates with an increasing modification of the cell surface seen
in a rise in the number of microvilli formed. This correlation is likewise
evident under the treatment with 6-mercaptopurine: there is an increase in
both the number of intramembrane particles and in the microvilli formed.
In contrast, under the influence of NeyTumorin, there is a reduetion in the
number of particles with a decline in the proliferation rate after 10 days
and relatively fewer microvilli and cell-surface changes are demonstrated
than in the untreated Wish cell cultures. After 17 days of treatment with
NeyTumorin, there is again a slight rise in the number of intramembrane

Fig. 4. Human Wish tumor cells in vitro after treatment with 6-mercaptopurine (daily
1.5 x 10° g/2 x 10° cclls). (a) Wish cells after 6-day treatment with marked formation of
microvilli and cell processes, closc-packed cytoplasm, increased rough endoplasmic
reticulum and large nuclei with prominent nuclcoli; (b) Wish cell after 10-day treatment with
turgid nuclcus, degeneration of the mitochondria by vacuoles and extensive cisternae of the
endoplasmic reticulum; (c) marked increase in the integral membrane particles in the freczc-
fracture of the outer cell membrane (P-face) of a Wish cell treated for 6 days. Direction of
shadowing: —»—»
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Fig. 5, a-d. Wish cells after treatment with NeyTumorin® (daily 5 x 10"® g protein/
2 x 10" cells). (a) and (b) Wish cells after 17-day treatment with well-developed, rough
endoplasmic reticulum and mitochondria mostly with dense matrix. Slightly increased cell
surface activity (a). The nuclei display a roughly dispersed chromatin and mostly prominent

particles and microvilli in comparison with the 10th day. The proliferation
rate had again increased in time at this point.

The influence of NeyTumorin on the Wish cell differed morphologic-
ally from that of 6-mercaptopurine and should, therefore, bc further inves-
tigated also with refcrence to the dosage question in time-kinetic studies.
It should also be checked whether an analogous effect of the preparation
can also be morphologically demonstrated in vivo in analogy to the pres-
ent in-vitro pilot study, e.g., in the animal experimentation model afore-
mentioned of the chcmically-induced bladder carcinoma of the rat.
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nucleoli (b). (c) P-fracture face of a Wish cell after 10-day treatment. Reduction in the
integral membrane-particles in comparison with the untreated Wish ecll-culturc. (d) P-frac-
ture facc of a Wish cell after 17-day treatment. Renewed increase in the number of particles
in comparison with the culture treated for 10 days. Dircction of shadowing: —»

Summary

The influence of NeyTumorin® on the Wish ccll differed morphologically from that of
6-mcrcaptopurinc and should, thereforc, be investigated further with referencc also to the
dosage question in time-kinetic studies. It should also be chccked whether an analogous
effect of the preparation can be morphologically demonstrated in an in-vivo pilot study, e.g.,
in the aforementioned animal experimentation model of the chemically-induced rat bladder
carcinoma.
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Zusammenfassung

Der zum 6-Mercaptopurin morphologisch unterschiedliche Einflu des NeyTumorin

auf die Wish-Zelle sollte deshalb in zeitkinetischen Studien auch im Hinblick auf die Dosis-
frage weiter untersucht werden. Dariiber hinaus wire zu iiberpriifen, ob sich eine analoge
Wirkung des Priparates auch in vivo, z. B. in dem erwihnten tierexpcrimentellen Modell des
chemisch induzierten Blasenkarzinoms der Ratte, morphologisch in Analogie zu der vor-
liegenden in-vitro-Pilotstudie belegen 1aft.
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New Aspects in Physiological Antitumor Substances, pp. 100-105 (Karger, Basel 1985)

Influence of NeyTumorin®-Sol
and Subfractions on the Growth Behavior
of Tumor Cells in Vitro

Th. Stiefel

Stuttgart, FRG

The xenogenic peptide and protein preparation, NeyTumorin®-Sol,
is a complex mixture of peptides and proteins with molecular weights
ranging from about one thousand to one million. The active substances are
isolated by a patented manufacturing process from the following
xenogenic organs and tissues: dieneephalon, matemal placenta,
Funiculus umbilicalis, Thymus juv., Gland. pineal., Testes juv., Gland.
suprarenal., thyreoidea, Mcdulla oss., pulmo, hepar, pancreas, ren, lien,
Mucosa intestinal.

Standardization — of Natural —Substances

To avoid variations in this natural produet from batch to batch, these
natural substances must also be accurately standardized. Essentially, there
are two possibilities for the standardization of peptides and proteins of
therapeutic efficacy:

- Analytical characterization with the aid of analytical methods using
high-resolution instruments;

- measurement of biological activity in suitable in-vitro systems.

To guarantee an optimal pharmaceutical quality, vitOrgan Company
has developed a comprehensive control system which now ensures both a
complete analytical characterization of the preparation and a reproducible
biological activity of each individual batch. New developments in the high-
pressure, liquid chromatography field now permit the Separation by
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molecular weight of even such complex substance-mixtures as found in
NeyTumorin®. An analytical identity-chcck with the aid of a fingerprint
model, enabling a molecular characterization of the active agents, can
then be made. Figure 1 shows the diagram of a calibration mixture as
obtained in the Separation with a 60-cm HPLC column. The Separation
time is 60 h at a pressure of 16 bars. When the preparation NeyTumorin®-
Sol is applied to the HPLC column, a characterization of the molecular
weights contained in this preparation can be carried out on the basis of the
calibration-function by means of molecular weight markers (fig. 2). Con-
sequently most of the active agents of NeyTumorin® are found in the
molecular-weight rdnge of about 10000. Other fractions have molecular
weights of about 4000 and bctween 80000 and 300000. Other methods
of characterizing the active-agent composition of NeyTumorin®-Sol are
SDS electrophoresis and amino acid determination. Both methods are
used by the control departments of the vitOrgan Company, Stuttgart,
FRG. The molecular identity of each batch is guarentecd by these mod-
ern, analytical procedures.

| | |
| | | |
- S . l., —
3 |
4 i |
N - — A*»-r—g--“l»—g—»w 1
£ g | 55 jo [
8 ! 2 g & 11118
3 ¥ 5 § s oSt o5 Beg B .
§ g & E 5 £ £
£ £ % g B |5 E BB IE (B
2 &5 2 4 g, : s
" ’ f s
s is l - 8
i |
. | - 3 -
T |2 4 - o i
d—a | w -l
B | 1 i L ” = T | Ko
= T 3
| R 5 _-"Er," | Mo LT
-~ — + I T —_—
; T =t + +—r—t +—+ =+
i’ o et SA00 LA 00D S0o &m0 Mz#n meo eX0  s%9
SRS P NS B EES R T e | | PR B B Sk (55 B S

Fig. 1. Absorption diagram at 280 um of a mol weight Standard mixture after Separa-
tion by a IIPLC-column and subsequent evaluation by flow-photometry.
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Fig. 2. Absorption diagram of NeyTumorin® at 280 nm after Separation by a HPLC-
column with subsequent recording by flow-photometrv.

Inhibition of Tumor Cells, Stimulation of Normal Cells

In addition to the only descriptive analytical methods, biological
activity is, however, a far more important reference parameter with
natural substances. An in-vitro test system which supplies maximum infor-
mation is the human-cell culture of normal and tumor cells. The determi-
nation of the thymidine-incorporation rate under incubation with test-
substances, permits the assessment of a direct effect of test substances on
the proliferation behavior of cells. NeyTumorin®, used in oncological
therapy, was thus studied in various human tumor and normal-cell cul-
tures with respect to its effect on the thymidine incorporation rate and,
therefore, on the DNA synthesis. As can be seen from figure 1, page 20
(lecture Porcher, this vol.), NeyTumorin® inhibits the DNA synthesis rate
of various tumor cells (Wish, HEP II, melanoma), in a dose-related manner
as compared with control cultures which were only treated with the solvent.
However, diploid fibroblasts tend rather to be stimulated in their DNA
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synthesis by fairly high concentrations of NeyTumorin® (FH 86). Thechem-
ieal eytostatie agent, 6-mercaptopurine, likewise tested in these cultures,
proved to be cytotoxic, both with tumor and normal cells. The 8-hour
ineubation of the cells with the isolated thymus components of NeyTumo-
rin®, NeyThymun® k, supplied results comparable to those with Ney-
Tumorin®.

Since, because of various error-sources, assessment of biological
activity by thymidine incorporation tests alone is not enough, growth-
curves of various cells during ineubation with NeyTumorin®-Sol, or sub-
fractions, were additionally recorded. In each case, the effect was com-
pared with controls, which reeeived only the solvent and cultures treated
with the purine antagonist 6-mercaptopurine. Figures 3 and 4 show the
normal course for tumor cells: Controls treated with physiological saline
Solution displayed a clear increase in the visually-determined cell counts
after an ineubation-time of 78 h. After 48 h, NeyTumorin® displays a clear
inhibitory effect on the cell proliferation, both in the form of Sol and also
as its subfractions. However, in the first 48 h after ineubation, there are
scarcely any differences to be observed in the cell count between controls
treated with physiological saline Solution and cultures treated with Ney-

Cell count

n 10 10° HELA S3
50 #———c NaCl

/// < Buffer M

404 / —3— Neytumorin®-Sol [17)

" (/_’ mi
304 o - g

e
- sl
B

0t

104 o

T T T
0 % 48 78 incubation fime
h

Fig. 3. Growth behavior of HELA-eells under treatment with NeyTumorin®-Sol.
6-mercaptopurine (buffer M) in comparison with physiological saline Solution. 5% FBS in
the culture medium was added to all cultures. The evaluation was carried out by the visual
counting of the cells.
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Fig. 4. Growth behavior of HEP-2 cells under the treatment with NeyTumorin®,
6-mercaptopurine (buffer M), and physiological saline Solution. 'The cell counts were deter-

mined by visual counting. Tlie cell cultures were given 5% FBS in the medium.
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Fig. 5. Growth behavior of diploid normal cclls (MRC-5, human lung cells) under
ineubation with NeyTumorin®, 6-mercaptopurine (buffer M), and physiological saline Solu-
tion. 5% FBS was added to the culture media. The determination of the cell-count was

carried out visually.
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Tumorin®. In contrast, the treatment with 6-mercaptopurine is already
evident after 24 h in the form of a clear decline in cell count.

The results in normal-cell culture (fig. 5) correspond to the results
obtained with respect to the thymidine-incorporation rate: already after
24 h, 6-mercaptopurine displays a cytotoxic action, whereas NevTumo-
rin®-Sol, when compared with controls treated with physiological saline
Solution, rather tends to stimulate the cell growth of normal cells.

With the analytical methods described here, and the in-vitro test sys-
tems on human tumor and normal cells, quality control methods are avail-
able which guarantee both identity and purity in the biological sensc,
permitting a standardization of the biological activity of NeyTumorin®.

Summary

With the analytical methods described hcre and in-vitro test systems on human tumor
and normal cells, methods are available for quality control, which guarantee both identity
and purity in the biological sense, permitting a standardized biological activity of Ney-
Tumorin®.

Zusammenfassung

Mit den hier vorgestellten analytischen Methoden sowie den in-vitro-Testsystemen an
humanen Tumor- und Normalzellen stehen der Qualitdtskontrolle Methoden zur Verfiigung,
die sowohl die Identitdt und Reinheit in biochemisch-analytischem Sinne gewéhrleisten als
auch eine Standardisierung der biologischen Aktivitdt von NeyTumorin® zulassen.

Dr. Th. Stiefel, Olgastr. 139/2, D-7000 Stuttgart 1, FRG
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Biological Investigations with
NeyTumorin®-Sol
and NeyTumorin® E-Sol

G. GMissen

Dept. of iMcdical Microbiology, Mcdical Faculty, Aachen, FRG

Classical therapy of malignant tumors is, in many respects, still
unsatisfaetory. It is, therefore, quite understandable that it was attempted
to achieve therapeutic effects via manipulation of the immune defense
mechanisms. In this context, observations on the effect of xenogenic
tissue factors are of interest; they have been used in such rccent prepara-
tions as NeyTumorin®-Sol and NeyTumorin® E-Sol.

Thymus and spieen extracts inhibit DNA synthesis of leukemia thy-
mocytcs up to 80% [5]; a growth inhibition of leukemic cells has likewise
been reported [10]. Prophylactic doses of bovine decidua extracts led to a
reduetion of tumor rate after methylcholanthrene application [28]. Using
fractions of such extracts, it could be demonstrated that the DNA syn-
thesis of normal cells is stimulated, while that of tumor cells is inhibited
[12, 13]; the same was confirmed with cultures of human cells [21], This
effect could be achieved with extracts of different organs; hence, the effect
is not organ-speeifie [20]. The best result was achieved when using a
sulphatized preparation (NeyTumorin) from different xenogenic tissues,
such as thymus juv., placenta mat., liver, bovine, and pork pancreas [20].
The effect could be demonstrated in a Meth.-A sarcoma, a transplantation
tumor in mice, as well as in 3-Lewis lung Carcinoma in C57B16 mice, and
in a L 1210-suspension tumor in DBA mice. The effect, therefore, is also
not tumor-speeifie [20].

The effect may equally be explained by an activation of the immune
defense (inefficacy in animal strains without thymus) as well as by a selec-



NeyTumorin® - Biological Parameters 107

tive inhibition of tumor cells - therefore, it is a direct effect (inhibition of
DNA synthesis) [20]. It is assumed that the active material is a relatively
low molecular fraction, a protein or polypeptide [19].

NeyTumorin®-Sol and NeyTumorin® E-Sol are relatively new phar-
maceutical products, which are administered subcutaneously or intrave-
nously and apparently are tolerated very well. For clinical use, a number of
requirements - apart from the therapeutic efficacy - are important; they
will be discussed here as far as results are available.

The following parameters have been examined: Sterility, LD 50 of the
preparations, as well as pyrogenicitv according to international Standards.
Evidence for therapeutically used substances, not showing mutagenic
effects has found increasing interest. Since particularly cellular-immune

Table [. Sterility tcsting

European Pharmacopeia, 1st suppl., 1980 USP XX
Material to be  Removal under sterile conditions; Idem
tested ¢.g., Laminar Flow Bank

Culture media  Type and preparation: Prescribed; others are  Prescribed
possible provided a sufficiently high efficacy
being demonstrated (media for aerobic and
anaerobic germs, also for yeasts and fungi)
Incubation time: At least 7 days at 30-35° C  Same, but up to 14
and 20-25° C, resp. days
Efficacy: Germ growth when contaminated with  Preliminary tests with
small inocular of defined strains of microorgan- 2 aerobic and
isms: maximum incubation time = 7 days anaerobic species
Test material Exclusion of antimicrobial activity: to be tested  Same with different
with defined strains (2-4 fold); in case of no or  bacterial strains and
delayed growth: dilution or addition of inac-  fungi
tivators
Testing In case of an aqueous solution: Dilution with At least for 7 days
medium 1:10; incubation at 30-35° C (bac-
teria) and 20-25° C (fungi) for 14 days
Quantities (for parenteralia): The whole con-  Idem
tent of a vial or only 10% depending on the
sample quantity. Pooling is done when single
vial content is insufficient
In case of germ growth: Test to be repeated. If
again germ growth but due to different species,
a further assay is indicated with twice the
number of samples. If no growth: sterile
Filter method (enrichment): In case of larger Idem
volumes
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defense mechanisms seem to be involved [8, 9, 11, 14, 25, 26] regarding
the effects of some proteins on tumors and tumor defense respectively, the
influencc of these preparations on the so-called "footpad-swelling re-
action" was included as an experimental model.

(1) Sterility Testing

As sterility is of major clinical importance, especially for parenterally
applied substances, the methods for sterility-testing are prescribed in
detail by the different pharmacopeias. Although necessarily similar in
principle, the specifications differ slightly from country to countrv. As an
example, the specifications of European and US pharmacopeia (USP) are
compared. Table 1 shows that the testing proccdures are more extensively
described and defined by the European pharmacopeia than by the USP.
Moreover, they are also somewhat stricter in some points, such as the
ineubation time. The testing of the two preparations was carried out
according to the here valid specifications of the European pharmacopeia
(for results see table II).

For each substance to bc tested, proof must be given that it does not
inhibit microbial growth by itself. The importance of this question can be
demonstrated by the fact that micro-organisms (e.g., spores) may even
survive in ethanol, but may multiply in appropriate dilutions (or, in case of
other substances, in the presence of inactivators). It has, therefore, to be
demonstrated in prcliminary tests that there is no growth inhibition when
contaminated artificially with different microbial species.

Table II shows that this is the case for NeyTumorin®-Sol, as well as for
NeyTumorin® E-Sol and Staph. aureus. A corresponding dilution factor
was, therefore, used for all sterility tests. The preparations proved to be
sterile.

(2) Pyrogenicity Testing

For evaluating the presence of pyrogens, the European pharmacopeia
allows only the experiments with rabbits. The USP also allows the so-
called "limulus-test" (limulus-amoebocytes-lysate test) for the final con-
trol of a preparation. This is an in vitro test which is simple and quick and
can be carried out quantitatively with very high sensitivity (10-50 pg of
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Table II. Sterility tests with NcyTumorin®-Sol and NeyTumorin® E-Sol

(4) Preliminary lesis to determinc the mean inhibitory concentration (MIC)

Micro-organisms' MIC - mg per ml

NeyTumorin®Sol ~ NeyTumorin® E-Sol

Staph. aureus ATCC 6538 0.47 >1.88
E. coli ATCC 8739 >1.88 >1.88
Ps. acruginosa ATCC 9027 >1.88 >1.88
Cand. albicans ATCC 10231 >1.88 >1.88

(B) Results

Media: Soybean-Casein-Digest medium (USP); thioglycolate broth; Sabouraud medium;
glucose broth; blood agar; DST agar; McConkey agar; Sabouraud agar and Czapck-Dox
medium.

Sterility of media and efficacy when contaminated with small inocula (germs see abovc)
established.

Parameters NeyTumorinF7-Sol  NeyTumorin® E-Sol
Solvent Original solvent Saline

Initial concentration 7.5 mg/ml 7.5 mg/ml
Concentration in the test system 0.15 mg/ml 0.38 mg/ml

Limit of evidence (colony-forming units 1 CFU/7.5 mg 4 CFU/7.5 mg

(CFU) per mg)

After 14 days

at 20-25° C no growth no growth
at 30-35°C no growth no growth
Subcultures on solid medium no growth no growth

! Inoculation = 1 x 10° microscopically adjusted cells per ml culture medium. Media:
Soybean-Casein-Digest medium and Sabouraud medium.

coli-endotoxin/ml) [27J. However, there are known interfering faetors
which may lead to false positive, but also to false negative results and
which are to be accounted for as far as known for a given preparation. In
contrast, using rabbits, a rise in temperature is tested directly in vivo. A
preparation has, therefore, to be excluded, also when a rise in temperature
is not due to lipopolysaccharides, which is reasonable from a clinical point
of view.

The differences between the European pharmacopeia and the USP
(table III) consist only in the possibility of a repeated use of animals for
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Table III. Pyrogenicity Testing

Type of test

Animals

Testing

European Pharmacopeia, Ist suppl., 1980

Tests only with rabbits

Male or female rabbits of at least 1.5 kg. Feeding
without addition of antibiotics. No weight loss 1
week before test. Diiring the night before testing:
no feeding, only water.

Animals cannot be used if (1) they have been used
some time before in a positive test with rise in tem-
perature of > 1.2° C; (2) the animal gave a positive
test within 3 weeks prior to testing; (3) the animal
has been used in a (negative) test within 3 days
prior to testing; animals with initial temperature >
39.8" C or < 38.0" C.

Keeping: Quiet room; testroom within the same
temperature ringe as room wherc animals are kept.
Instruments like glassware and

syringes =
Animals in sitting position with loose neck support.
Preliminary test: 1-3 days before testing = 10 ml of
pyrogen-free sterile saline are slowly injected
intravenously.

Test Solution pre-warmed to 38.5° C over 4 min,
injected intravenously (> 0.5 ml - < 10.0 ml/kg).
Measuring time: 90 min before to 3 h after injection
of substances to bc tested.

Initial temperature: x of 2 measurements with an
interval of 30 min before test (not to be used if
difference > 0.2° C).

Maximum value: Highest temperature within 3 h
after injection.

Evaluation: The sum of maximum deviations must
be smaller than a tabulated value dependent on the
number of animals; no single deviation of > 0.6° C.
Repeat if the sum is higher than tabulated value,
but lower than the maximum value in table.

pyrogen-free.

110

USP XX
Tests with rabbits;
Limulus test also

applicable

Idem

Repeated use after in-
tervals of at least 48 h

in case of negative
tests; intcrvals of at
least 2 weeks after

positive tests

Idem

Idem
Preliminary test only
before first use

Idem

Repeat with 5 animals
and evaluate sum of
maximum deviations
of all animals
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tests and in the frequency of preliminary tests. Also, the European phar-
maeopeia is somewhat strieter.

The tests carried out according to these specifications showed that the
preparations NeyTumorin®-Sol and NeyTumorin® E-Sol are clcarly free
of pyrogens (table IV).

(3) The Lethal Dose 50% (LD 50)

The LD 50 is the dose per kg at which 50% of the animals die. It is
usually calculated according to the Chi*-method [15]. Acute and chronic
toxicity have to be differentiated. Whereas in the former case, a given
dose is administered once, there are several applications in the latter. It
will necessarily always be a point for discussion in just how far results of
animal experiments can be valid for humans; particularly since reactions
of different animal species - even of different strains of the same species
may vary considerably. Moreover, the application method is equally
important, i.e., whether given orally, intramuscularly, subcutaneously or
intravenously. The spectrum of possible kinds of tests is, of necessity, very

Table 1V. Pyrogenicity Testing in Rabbits

Animal  Initial temperature Max. Max. A°C
No. deviation temperature
t ty X

NeyTumorin®-Sol'

1 38.80 38.70 38.75 0.10 39.30 0.55
2 38.30 38.20 38.25 0.10 38.40 0.15
3 38.40 38.20 38.30 0.20 38.40 0.10
2= 0.80
NeyTumorin® E-Sol®
4 38.40 38.40 38.40 0 38.60 0.20
5 38.20 38.30 38.35 0.10 38.40 0.05
6 38.20 38.20 38.20 0 38.65 0.45
I- 0.70

' Dose per animal = 1.5 ml of original solvent containing 11.25 mg of the preparation
2 Dose per animal = 1.5 ml of pyrogen-free saline, containing 11.25 mg of the preparation
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largc. Experiments made so far with NeyTumorin®-Sol and NeyTumorin®
E-Sol are herewith briefly summarized:

Both preparations are obviously well-tolerated as far as can be con-
cluded from the experience available so far.

Tn animals - mostly mice of different strains - NeyTumorin-Sol was
generally administered subcutaneously in doses of approximately 1 mg per
animal [19, 20]. This corresponds to 50 mg/kg or - for a patient of 70 kg -
to a dose of 3.5 g.

In patients, NeyTumorin®-Sol was given intravenously or intramuscu-
larly in doses of 30 mg (= 2 vials) corresponding approximately to 0.4
mg/kg [4] or of 300 mg (= 20 vials) by infusion in 1000 mg of physiologi-
cal saline corresponding to approximately 4.3 mg/kg [24]. In all cases,
treatment was well tolcrated.

For evaluation of the LD 50 in our own experiments, male Balb/c
ABOM mice of 20 + 1 g (Bomholtgdrd, Ry, Denmark) were used. The
doses of NeyTumorin®-Sol and E-Sol respectively, were administered
intravenously, diluted in 0.5-ml saline.

General observations:

(a) NeyTumorin® E-Sol is appreciably better tolerated than Ney-
Tumorin®-Sol.

(b) Tolerance for NeyTumorin®-Sol is considerably increased when
the substance is injected slowly.

In detail, the following can be said: For the animal species and strain
used, the LD 50 for NeyTumorin®-Sol was 40 mg/kg, with a confidence
limit of 32.7-49.0 mg/kg. It is to be considered that the dose per animal is
diluted in a volume of 0.5 ml of saline and administered intravenously. It
can be assumed that after subeutaneous application and hence a slower
resorption, the tolerance would even be better. This is also evident from
the fact that the values mentioned could only be achieved by a very slow
injection of over 1-2 min.

For NeyTumorin® E-Sol, reliable data for the LD 50 could not be
obtained. This was mainly due to the fact that for the same test modcl the
tolerance limit was about 10 times higher and sufficient material of this
new preparation was not available. However, the estimated LD 50 for
NeyTumorin® E-Sol is approximately 450 mg/kg, as 400 mg/kg were well
tolerated (n = 3); at 450 mg/kg, 50% (n = 8) and at 500 mg/kg (n = 8),
37.5% of the animals survived.

In summarizing, it can be said that the tolerance for both prepara-
tions, but particularly for NeyTumorin E-Sol, is very high.
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(4) Mutagenicity Testing

Therapeutically used substances are incrcasingly tested for possible
mutagenicity. This is important because mutagens can also be considered
to be cancerogens. On the other hand, about 85 % of cancerogens are also
mutagens [16]. Mutagcnicity-testing in animals is highly expensive as far
as number of animals, time and costs are concerned. Therefore, an in vitro
test, the so-called Arnes test [1], has been developed for Screening. In this
test system, histidine auxotrophous mutants of Salmonella typhimurium
are used. Mutagenicity of a substance is determined by the number of
revertants exceeding spontaneous re-mutation, i.e., by the induetion of a
re-mutation from histidine requirement to prototrophy. Mostly, a total of
5 strains is used, all possessing the characteristic of histidine auxotrophy,
but with different genetic determinations. This implies that not all strains
have to be affected in the same way by a given mutagen [1]. The following
strains are used: TA 1535, TA 1537, TA 1538, TA 98, TA 100. The two
latter strains have been obtained from TA 1535 and TA 1538 by insertion
of a R-plasmid [17]. The strain T 100 is the most sensitive one. It also
shows, however, the highest rate of spontaneous revertants. In addition to
this test using Salmonella typhimurium strains, other in vitro microbial
systems have been developed. The Arnes test is, however, the one most
widely used.

The significance of this test method has, of course, a crucial point. It is
assumed that the Arnes test may yield up to 30% false positive results [7].
On the other hand, a negative in vitro test does not necessarily guarantee a
negative result in other test systems using animals [3], However, of all
substances tested, obviously all important and recognized cancerogens
gave a positive Arnes test.

Apart from other microbiological details, the use of a liver homoge-
nate, adjusted for its biological activity or the microsome fraction (S 9) of
rats respectively, is also crucial for the significance of results obtained by
the Arnes test [2, 6, 23], the rats having been pre-treated with Aroclor
1254 for metabolic activation of cancerogens.

For evaluation of the Arnes test, an increase of revertants in the
presence of a test substance to more than twice the number of spontane-
ous revertants is considered as being significant [23]. However, a three- to
fourfold increase has also been given as criterion for evaluation [1].
Known mutagens are frequently used as positive controls. For the experi-
ments described here (table V), Aflatoxin B1 (Roth. Karlsruhe, FRG)
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was used, causing a definite increase of the number of revertants only in
TA 98 and TA 100. In contrast to other references [17], an effect could
also be observed with TA 1538. The tests were carried out as indicated by
Arnes et al. [2, 6].

Table V shows that neither NeyTumorin®-Sol nor NeyTumorin®
E-Sol had any mitogenic effect in the Arnes test. Highest possible concen-
trations were used for the tests, being in the mg-range for each test plate.
This is important as the sensitivity of the Arnes test lies in the |ig or even ng
range [7J.

(5) Effect on Cellular Immunity

For any immunological influence on tumor growth, cellular mecha-
nisms play a decisive role. In order to study the influence of NeyTumorin®-
Sol and E-Sol in this respect, the "footpad-swelling test" was taken as a
model [18] using male mice of 20 = 1 g of the inbred-line Balb/c ABOM.

The principle consists of immunization of mice with sheep erythro-
cytes, triggering the reaction by subplantar injection of the same antigen.
The increase of skin thickness (A mm) assessed 24 h after the challenge
injection, was taken as a value for the reaction. In one series, animals were
treated with NeyTumorin® preparations 1 day and in dnother series of
experiments, 1 week before immunization, because it was shown [2] that a
longer interval between treatment and immunization leads to better
results.

Tumors may induce a depression of immune response mechanisms.
From a clinical point of view it is, therefore, of interest whether a modula-
tion of immune defense can be achieved not only in case of a functionally
intact immune system, but also in case of a State of immune depression.
Experiments were, therefore, carried out using, apart from normal ani-
mals, also animals pretreated with Cortisone.

Animals were treated by intravenous injections of the test substances
in 0.5 ml saline (NeyTumorin®-Sol = 0.3 mg, and NeyTumorin® E-Sol =
4.0 mg). Cortisone (Hydrocortison, Hoechst, crystalline suspension) was
administered subcutaneously in doses of 1.0 mg per 0.5 ml saline 1 day
before immunization (6 animals per group).

The experiments showed the following results (table VI):

(1) Both, NevTumorin®-Sol and NeyTumorin® E-Sol stimulate cellu-
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Table VI. The Influenae of NeyTumorin®-Sol and NeyTumorin® E-Sol on the "footpad-
swelling reaction"

Without cortisone With cortisone
A mm % s.d. p A mm *+ s.d. p
Control 0.38 + 0.01 - 0.06 = 0.008 .
NeyTumorin®-Sol
day —1 0.50 = 0.01" <0.01 0.10 £ 0.008° < 0.01
day -7 0.55 + 0.009" < 0.01 0.10 £+ 0.01° < 0.01
NeyTumorin® E-Sol
day —1 0.57 + 0.004° < 0.01 0.20 £ 0.006° < 0.05
day -7 0.59 + 0.009° < 0.01 0.21 £ 0.006 < 0.05

Mutual, comparisons:
''p<0.01;2p <0.01;%p >0.05"p < 0.05.

lar defense reactions significantly when the preparations are administered
as single doses one day before immunization.

NeyTumorin® E-Sol is significantly more efficient than NeyTumo-
rin®-Sol; the former, however, was administered in a higher dose bccause
of its better tolerance.

(2) When the preparations are administered earlier, i.e., 7 days
before immunization, but as single doses, the effect is even better than
with later application. This result is compatible with other observations of
this kind [20].

(3) The "footpad-swelling reaction"” is strongly inhibited by Cortisone.

NeyTumorin®-Sol and NeyTumorin® E-Sol reduce the inhibitory
effect of Cortisone significantly when administered 1 day before immuni-
zation; however, a complete suppression of the Cortisone effect could not
be achieved.

Also in this case, NeyTumorin® E-Sol is more efficient, although in
higher doses.

(4) When the two preparations are administered earlier, i.e., 7 days
before immunization - and equally under simultaneous Cortisone therapy
- there is a small but significant improvement of the effect of NeyTumo-
rin® E-Sol, when compared to later administration (only 1 day before
immunization). Under the same experimental condition, NeyTumorin®-
Sol does not show this effect, depending on the time of application relative
to immunization. On the other hand, this preparation could only be given
in smaller doses.
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Summary

The effect of NeyTumorin®-Sol and NeyTumorin® E-Sol was tested with respect to
different pharmacologically and immunobiologically important parameters. The experiments
showed that both preparations were sterile and free of pyrogen, meeting the Standards of
European and US pharmacopeias. The LD 50 of NeyTumorin®-Sol was 40 mg/kg when
using Balb/c mice and under slow intravenous application. For NeyTumorin® E-Sol. the LD
50 of NeyTumorin® E-Sol is supposed to be approximately 450 mg/kg under identical
experimental conditions.

Both preparations are not mutagenous in the Arnes test.

In the "footpad-swelling test", both preparations stimulate the reaction; NeyTumorin®
E-Sol (although in higher doses), more than NcyTumorin®-Sol. The stimulatory effect of
NeyTumorin® E-Sol was even more marked when the preparation was administered one
week prior to immunization.

The inhibitory effect of Cortisone on the "footpad-swelling reaction" was significantly
reduced. but not completely suppressed by both preparations.

Zusammenfassung

An verschiedenen Versuchsmodellen wurde der immunmodulatorische Effekt von
NeyTumorin®-Sol beschrieben. Von Interesse war deswegen die Frage, ob und in welchem
Ausmafl dieser Effekt sich auch auf einen Infektionsablauf auswirkt. Mit der experimentel-
len Infektion unter Verwendung von Staph. aureus konnte gezeigt werden, daB durch eine
Vorbehandlung der Versuchstiere mit NeyTumorin®-Sol die Ubcrlcbensrate verbessert und
dariiber hinaus der therapeutische Penicillin-Effekt deutlich verstarkt wird.

Maligne Tumoren kdnnen zu einer Immundepression mit der Folge einer erhdhten
Infektionsbereitschaft fithren. Da andererseits fiir einen optimalen Effekt einer antimikro-
biellen Chemotherapie eine funktionelle intakte Immunabwehr von Bedeutung ist, stellen
Infekte bei malignen Tumoren oft ein besonderes therapeutisches Problem dar. Untersucht
wurde deswegen der Einflu von NeyTumorin®-Sol auf eine experimentelle Infektion mit
Candida albicans zu Beginn eines palpablcn. durch Methylcholanthren induzierten Tumors.
Die Versuche ergaben bei Tumortieren gegeniiber normalen Tieren eine etwas beschleunigte
Mortalitdtsrate. Diese wurde durch Gaben von NeyTumorin®-Sol in signifikanter Weise
reduziert, was im Sinne einer Verbesserung der Immunabwehr gedeutet wurde.
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Introduction

Immunological characterization of different lymphocyte populations
in its early days, relied on the demonstration of surface Immunoglobulins
for B-lymphocytes and on the rosetting phcnomenon with shcep erythro-
cytes to define T-lymphocytes. Other surface markers which could bec used
to distinguish ccll populations were Fc-reccptors and complement reeep-
tors; again both by rosetting-procedures, using the respective ligands of
the thus-defined reeeptors. Production of xeno-antisera against subsets
of cells proved to be most difficult due to the low titers obtained and the
inherent problems and inconsistencies of the absorption process.
Moreover, supply was limited and barely reproducible. Alloantisera from
certain patients were shown to be subset-speeifie; however, limited acccss
did not support their widespread use.

With the advent of the monoclonal antibody technique by Kdhler and
Milstein, new tools for the dissection of heterogenous ccll populations
were provided. Thus, antibodies could be tailored to the specific needs of
the researcher; these were of unsurpassed specificity, without any absorp-
tion, and provided an unlimited supply. However, specificity had to be
carefully evaluated in each case to control unexpected cross-reactions.
Since then, a vast number of monoclonal antibodies against human (and
murine) leukocyte differentiation antigens has been produced. Since most
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of the relevant reagents are commercially available, the immunological
discrimination of cellular subsets is now vvidely applicable. This phenotyp-
ing approach is totally different from the methods previously used and has
- since its introduction in the late seventies - already generated a new
view toward the immune system.

Automated quantification of cellular parameters, from cells in sus-
pension has been a major goal of hematologic technology for a long time.
The carly Instruments produced allowed measurements of cell volume,
now widely known as the Coulter counter. Additional lines of develop-
ment concentrated on cellular fluorescence, in particular on the distribu-
tion of fluorescently labelcd DNA and RNA to quantitate cellular aneu-
ploidy, assisting in cancer diagnosis. Cell-surface-associated fluorescence
was also measured, using appropriate antisera. The rapid development of
microelectronics later provided instruments which were easier to handle,
while extending their capabilities. When these technological improve-
ments merged with the achievements of producing monoclonal antibodies,
both methods proved to be mutually stimulating. At present, they provide
us with the most elaborate technological tool, allowing the sophisticated
use of the novel reagents available.

The following presentation is aimed toward those not acquainted with
these reccnt technological developments. Hopcfully, it will provide basic
information on how to properly interpret flow-cytometric data presen-
tations and introduce the novice to some of its basic applications. It will
consist of two parts: First, a general description of a flow-cytometric
instrument, its basic features and capabilities and a notion on the labeling
procedure used for phenotypic analysis. The second part consists of repre-
sentative examples from the author's experience, in order to demonstrate
the various operating modes of the instrument and some useful applica-
tions of the phenotyping approach.

Technical and  Methodological ~Aspects

Most units used for flow cytometry have principally the same setup
depicted in figure 1. Thus, every flow instrument comprises three main
parts:

- Fluidics system used for sample delivery;

- optical system with light sources and suitable detector systems;

- a Computer for immediatc data analysis and storage.
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Fig. 1. Schematical view of a flow cvtometcr with flow Chamber, incident laser bcam,
scatter and fluorescence optics and clectronics console. Vibration transducer and deflection
plates are for preparative sorting of cells only (reproduced with kind pcrmission of BD-
FACS systems).

When a flow cytometer is additionally equipped with a device for
sorting cells, the fluidics system will contain a device for breaking up the
liquid jet into small droplets which is usually accomplished by means of a
piezo element on top of the flow Chamber.

The purpose of the fluidics system is to generate from a given particle,
or cell suspension, a stream of single cells which are linearly aligned and
may then pass sequentially on to the detector system. This is achieved in
the flow Chamber by a technique called "hydrodynamic focussing",
whereby the sample is injected in the center of a laminar jet of sheath
fluid. The resulting acceleration at the orificc will force the cells to travel
downstream, one after another. The intersection point with the optical
system may either directly meet the liquid jet (stream in air system) or
may bc contained within a cuvette, showing different Performance with
regard to some parameters and impeding preparative sorting.

Lasers are usually selected as light source, due to their constant, high
energy Output; however, othcr sources such as mercury are lamps are
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useful, providcd fluctuations in light emission are controlled. As can be
seen from figure 1, each cell passing the flow Chamber and entcring the
liquid jet will interact with the illuminating laser beam in several ways.
Any particle passing the focussed laser beam will scatter the incident laser
light. This (forward) scattered light is collected at a small angle to the
incident beam and resulting light pulses are measured on a photomulti-
plier. The resulting signals are proportional to the cross-sectional area of
the passing particle or cell. Thus, simply by analyzing the (forward) light-
scatter signals of a cell population, one may derive a distribution of the
cell size of the cell population under study. It should be noted that, for this
type of analysis, no fluorescent labeling is required.

Howcver, if the cells under study are fluorescently labeled, the
interaction of a labeled cell with the exciting laser beam will have an
additional effect: If the exciting laser wavelength matches the excitation
spectrum of the fluorescent dye used, this labeled cell will then emit a
fluorescent light pulse of the appropriate wavelength. To measure these
fluorescent light pulses, an optical detector system is focussed to the
intersection of the laser beam with the liquid jet. To analyzc light pulses of
differing wavelength, i.e., color, dichroic mirrors (beam splitter) and
appropriate filtcrs are included to the light path leading to the fluores-
cence detectors. Thus, in addition to the scatter signal generated from any
particle, fluorescently-labeled cells will produce electrical pulses at the
respective photomultiplier detectors, which are proportional to the inten-
sity of the emitted light.

Moreover, since the fluorescence detector system is usually mounted
at 90° angle to the incident laser beam, another type of light-scatter signal
may be additionally obtained. Since these signals are very strong, they are
easily recovered by an additional beam-splitter made of quarz (not shown
in fig. 1). Measuring pulses of scattered light at 90" (right-angle scatter)
will provide information on the internal strueture of the passing cell such
as cytoplasmic granules, nuclear/cytoplasmic ratio and nuclear strueture.
This right-angle scatter signal is again independent of the fluorescent label
and provides an elegant means of differentiating complex cell populations,
as will be seen below. Altogether, a fluorescently labeled cell, while pass-
ing the exciting laser beam, may produce up to four independent, coinci-
dent pulses at the different detectors:

(1) A forward light-scatter signal, related to cell size;

(2) a right-angle light-scatter signal, related to strueturedness of the
cell;
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(3) a fluorescence signal of fluorochrome A (e.g., fluoreseeine), and

(4) a fluorescence signal of fluorochrome B (e.g., phycoerythrin).

These four concurrent signals must be handled by the instruments'
Computer, as shown in figure 2. Hcre the four light pulses from a single
ccll have alreadv been transformed by the photomultipliers into electrical
pulses which are denoted 1, 2, 3, 4. To reduce electronical noise, one
signal (usually forward light-scatter), is selected to trigger a coincidence
circuit allowing only coincident pulses to be further processed. Since the
height of the electrical pulses is proportional to the intensity of the induc-
ing light pulses, they will first enter an analog-to-digital Converter (ADC)
which transforms the peak height into a numerieal value, which ranges in
flow cytometrv usually between 1 and 256 so-called Channels (othcr com-
monly used values are 512 and 1024 and 64 x 64 in correlated matrices).
Light pulses of the same intensity will bc localized to the same Channels
and in time will pile up to produce a histogram. Thus, one might generate
four independent histograms from a given cell population (i.e., one for
each parameter measured).

However, since these signals are correlated in time, they may also be
used to describe correlations between the different parameters. in order
to obtain intelligable distributions, only two parameters may be correlated
at a time. In our cxample in figure 2, parameter 1 and 2 are chosen to
produce a matrix where any point inside will correspond to a defined

: 4

Parameter 2

L-b tw lw I_.
analog/digital converter

9
Parameter 4

Parameter 3

INPUT ADC GATE DISPLAY DISPLAY GATED PARAMETER

Fig. 2. Principle of multiparameter analysis and gating.
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correlation between the two parameters. In practice, this eould be forward
versus right-angle light-scatter. The remaining two parameters (3 and 4;
e.g., two different fluorochromes), are then investigated after a process
called "gating": This means that only those pulses 3 and 4 are displayed on
another matrix, whose corresponding values of parameter 1 and 2 fall
within a certain predefined limit, the so-called "gate". Thus, gating allows
the selective analysis of differing cell populations (e.g., defined by
forward versus right-angle light-scatter) within a heterogenous mixture.
When all incoming pulses are stored as correlated raw data, without any
gating (a process which is called 'Mist mode"), gate settings may be defined
later while rerunning the data through a Computer, and multiple gates can
be established from a Single experiment, thus providing additional infor-
mation out of a given experiment. Since gating is such a powerful means of
manipulating flow-cytometric data, its use must be indicated at every
occasion.

Standard flow cytometers usually comprise one argon laser as a light
source. However, for optimal two-color fluorescence work, a sccond laser

DOT PLOT HISTOGRAM:

linear scale

HISTOGRAM:

log scale

Fig. 3. Data presentation: Left panels are displays of correlated data (e.g., forward vs.
right-angle scatter). Right panels are histograms with differing fluorescence scaies at the
abscissa (linear vs. logarithmic), Ordinate being cell number.
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(presently another argon laser coupled to a dye laser seems most appro-
priate) is aligned so that its interseetion point with the liquid jet is located
some micrometers downstream, eompared to the first laser (not shown in
fig. 1). Fluoroehromes illuminated by this second laser beam produce light
pulses which are delayed for the time required by the cell to travel that
distance. A special electronic delay circuit will allow only the delayed
pulses to pass the coincidence circuit. The major advantage of two-laser
flow cytometry resides in its indifference to overlapping fluorescence
emission spectra, provided fluoroehromes can be differentially excited.
Since the instruments' setup is usually more complicated, eompared to
single-laser work, other solutions are indicated for routine purposes.
However, it is recommended for sophisticated applications and - more
importantly- an additional photomultiplier allows analyzing concurrently
three different fluorescent labels, in addition to the two scatter signals.
The results of a flow-cytometric experiment may be reported in a
number of ways, which shall be discussed briefly (fig. 3). Basically, there
are two differing Output formats: One may either document correlated
parameters as "dot plots" or "contour plots", or one might prefer uncorre-
lated results as "histograms", which relate to a single parameter each. Dot
plots are usually taken as polaroid photographs directly from the oscillo-
scope screen, whereby each dot on the screen corresponds to a single cell
which is characterized by the coordinates of parameter 1, respectively, 2.
These oscilloscope pictures are generated by the adjustable dot buffer,
which displavs the incoming signals on a first-in first-out basis. Thus, the
dot plot will respond rapidly to variations of incoming signals, which
makes it very useful for optimizing instrument adjustments or rapid over-
view on complex distributions. The frequency distribution of cells may
also be deduced from the dot plot, since frequent events will appear as a
Cluster of dots. Othcer types of instruments use the dot-plot feature while
integrating over time, producing so-called cytograms or scattergrams.
However, even though this type of display may be more quantitative, its
slow response to time-dependent variations makes it less useful.
Quantitative information from correlated two-parameter distribu-
tions is obtained from contour plots, which essentially consist of the two
measuring parameters correlated in a plane with the numerical third para-
meter oriented perpendicular to that plane and its height presented by
contour lines. This type of display may be read like an ordinary map,
whereby the contour lines indicate the actual number of cells. Contour
plots have been improved by defining contour lines as integrals, encom-
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passing a given percentage of cells and making them independent from the
actual cell number. Unfortunately, this modification requires elaborate
computation and is therefore not widcly used.

Uncorrelated data are presented as histograms with the respective
parameter intensity as abscissa and the frequency or cell number displayed
as Ordinate. Again, since histograms are in most instances derived after
gating on one or more parameters, this fact and the conditions employed
should be indicated each time. Fluorescence (and also scatter) parameters
can be displayed in linear or logarithmic scale; either fact has to be indi-
cated. Whereas the linear display allows for the casv comparison of stain-
ing intensities, the limited scale makes it less useful for widely differing
fluorescence intensities, such as those seen during normal phenotyping. In
addition, weakly labeled subsets of cells are less well separated compared
to the log display, which will casily keep both weakly and heavily labeled
subsets as discrcte peaks on scale. However, quantitation is more difficult
to achieve and requires the use of internal Standards, such as fluorescently
labelled latex beads and the calibration of amplifiers by neutral density
filters. Most important in the log display during quantitative measure-
ments is the true Gaussian distribution of the negative (left) peak. Unfor-
tunately, in log display some instruinents only provide autofluorescence
(negative) signals as spike in the first few Channels, like on linear scale,
thus losing resolution for weakly-stained cells and making quantitation
impossible.

So far, we have only related to fluorescently labeled cells, not
specifying the nature of the fluorescent label. In general, any type of
fluorescent label may be introduced if it (a) matches the laser wavelength
used for excitation and (b) results in a fluorescent signal which is separable
from the exciting light, as well as from eventual autofluorescence. Thus,
DNA and RNA may be quantitated by flow cytometry, cell-membrane
fluidity may be assessed using fluorescent probes, or cell membranes can
be labeled using appropriate monoclonal antibodies coupled to a fluores-
cent dye. Such dyes are listed in table 1. Certainly most widespread is
fluoreseeine, which ideally matches the strong 488 nm line of an argon
laser and results in bright green fluorescence. Tetramethyl-rhodamine or
the rhodamine derivative, XRITC, ideally require the use of dual laser
excitation to achieve optimal Separation of red from green fluorescence.
Rccently, a sulfonylchloride derivative of rhodamine called, "texas red",
has surpassed its predecessors, due to its superior spectral properties; it is
used exclusively for two-laser work.
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Table I. Fluorescent dyes

Fluorochrome Excitation Emission
(nm) (nm)
Fluoresccin (FITC) 489 515
Tetramethylrhodamine (TRITC) 554 573
XRITC ' 582 601
Texas red (TR) 595 625
Phycoerythrin B (PE) 545, 565 570
Phvcoerythrin R 480, 545, 565 578
Allophycocyanine (APC) 650 660

In contrast to these low-moleeular weight dyes, highly fluorescent
proteins, prepared from certain algae, have recently been introduced.
These phycobiliproteins are a family of proteins (molecular weight far
above 100000) which exhibit high Stokes shifts and extremely high quan-
tum efficieneies. Phycoerythrin B is already widely used for two-eolor
fluorescence, in combination with fluoreseeine using excitation at 488 nm.
Since the emission spectra of these two fluorophores partially overlap,
fluorescence has to separated with appropriate dichroic mirrors. However,
to get complete Separation of both colors, signals have to be corrected by
an electronic network similar to that used in scintillation-counting for the
Separation of two different isotopes. Thus, at present, two-eolor fluores-
cence for routine purposes will use fluoreseeine in combination with phy-
coerythrin B, both excited by a single laser at 488 nm, while fluoreseeine
together with Texas red excited by two lasers will be the choice for sophis-
ticated applications.

As important as the instrument set up, is the proper labeling of the
cell suspension. Specificity of the label is directed by the antibody in use.
However, to achieve optimal results, the background introduced by the
labeling procedure should be as low as possible; the specific label should
bc most intense and consistent between experiments. Non-specific reac-
tivity of the antibodies, such as interaction with Fc-receptors should be
kept to a minimum. In our laboratory, we have adopted a procedure which
allows a large number of samples to be processed without much effort
and which keeps unwanted reactivities to a minimum. This procedure, as
used for human cells, is outlined in table II. In summary, the use of
microtiter platcs enables rapid processing of many samples and the use of
preabsorbed F(ab'),-fragments of labeled secondary antibody in eombi-
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Table IL (Tndirect) Immunofluorescencc labeling procedure for Standard phenotyping

Cells

Prepare human mononuclear cell suspension by Standard Ficoll-Hypaquc centrifugation.
Suspend cells in tissue culture medium or wash buffer.

Primary — Antibodies

Use commercial monoclonal antibodies undiluted or 1 :10 in wash buffer as recommended.
In casc of raw culture supernatants, 10 or 20 ul are usually needed. For (direct) immuno-
fluorescence of surface immunoglobulins. use only F(ab'),-fragments. Centrifuge before use.
See below.

Secondary A ntibodies

Tlie use of F(ab'),-fragments is strongly recommended. Use one pretested batch, which is
stored deep-frozen in suitable aliquots. This antibody preparation should be preabsorbed
with human serum at a 1:1 ratio (v/v) for 30 min at 37° C, followcd by 60 min at 4° C.
Complexes are removed by ultracentrifugation for 90 min at 100000xg and the pellet
discarded. This absorption procedure may not apply when using affinity-purified antibodies.
The final (working) dilution is made in wash buffer before use; thereaftcr. the antibody is
stored at 4° C for short periods and not refrozen. Immecdiatclv before use, all primary and
secondary antibodies are centrifuged for 5 min in a Eppendorf centrifuge.

Other Reagents and Materials

Wash buffer: Consists of Standard phosphate buffered saline with addition of 0.1% bovine
serum albumin and 0.1% NaN,. Biocking IgG: Consists of human Immunoglobulin for
intravenous application such as Intraglobin (Biotest), which is diluted in phosphate-buf-
fered saline 1:5 (v/v) resulting in 10 mg/ml immunoglobulin. Microtiter plates: flexible
microtiter plates (e.g., Falcon # 3911) are most suitable. The use of a microplate-dispensing
unit and a microplate shaker is recommended.

Procedure

- Prepare microtiter plate for the distribution of antibodies by marking the appropri-
ate wclls, preferably set up in rows of twclve, leaving alternate rows empty;

- all procedures now require to be set up on icc and all reagents should be ice-coolcd;

- use 500000 to 1000000 cclls per well; with special precautions even less can be
used. Pipette cell suspension into wclls and fill with wash buffer at 4" C. Centrifuge for
approx. 1 min al 1500 g. Centrifugation may be even shorter. This should be individually
tested. At the end of the centrifugation, a fine pellet of cell should be visible. Supernatant
liquid is removed by flicking the plate, the cell pellet is resuspended (before adding new wash
buffer) on a microplate shaker and the washing procedure repeated twice;

- to the pellet of washed cells, add one drop (= 20 ul) of biocking IgG and shake
again; do not add biocking IgG when assaying surface immunoglobulins;

- add appropriate primary antibody or medium control. Do not use antibody volumes
greater than 100 ul to avoid spillage during shaking. Shake plate on microplate mixer;

- ineubate on icc (at 4" C) for 30 min with occasional shaking;

- fill with wash buffer and wash twice by centrifugation as above. To avoid cross-
leakage, clean microplatc surface after flicking with new dry paper towel;

- to washed cell pellet add secondary antibody dilution. Shake as above;

- ineubate in the dark another 30 min on ice with occasional shaking;

- fill with wash buffer and wash al least twice as above;

- finally resuspend cells in 100 to 200 ul wash buffer, cover microplate and stére dark
on ice until assayed;

- direct immunofluorescence proeeeds similarly with only one ineubation.
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nation with human IgG, added to block Fc-receptors, results in easily
reproducible and specific immunofluorescence assays.
Examples and Applications

Tlie following examples are aimed at demonstrating some of the basic
principles of flow cytometric analysis. Furthermore, applications on vari-
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Fig. 4. Forward versus right-angle scatter distribution of human peripheral blood
leukocytes: Contour plot comprising 50000 events. Abscissa denotcs forward-anglc scatter
(linear) and the Ordinate is right-angle scatter (quasi-logarithmic). Peaks are (counterclock-
wise) (a) cellular debris, erythrocytes and thrombocytes; (b) lymphocytes; (¢c) monocytes,
and (d) granulocytes.
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ous clinical samples may reveal its unique capabilities:

Flow cytometry in a clinical environment usuallv means to process
samples of peripheral blood and to some extent, bone marrow specimens.
To selectively analyze the major leukocyte subpopulations, samples may
be enriched for leukocytes by Standard dextran Sedimentation techniques
and/or lysis of red blood cells. Alternatively, when only mononuclear cells
are rcquired, one may use the Standard procedure of Ficoll-Hypaquc
centrifugation. Such samples are labeled as described above and analyzed
on a flow cytometer. With appropriate instrument settings, such
peripheral blood leukocytes are analyzed for their forward versus right-
angle scatter distribution, as shown in the contour plot in figure 4. The
abscissa indicatcs in linear scale the intensity of forward angle light scatter,
i.e., cell size and the ordinate dcpicts right angle scatter which informs us
about the internal strueture of the cells. The special instrument settings
reveal a non-linear scale in the ordinate, which is required to keep all cell
types on scale. As can be easily deduced, the contour plot defincs four
Clusters of cells (listed counterclockwise):

- Debris, erythrocytes, and platelets

- lymphocytes

- monocytes

- granuiocytes.

Thus, the two scatter parameters without any additional fluorescence
labeling allow completc Separation of the major leukocyte subsets found
in peripheral blood and also (not shown) in bone marrow. Additional
peaks may show up in cascs of hematological malignancies. From our
technical considerations above, it may be readily inferred that gating on
one of these Clusters will result in selective analysis of the fluorescent
parameters of, e.g., lymphocytes despite the presence of a vast majority of
other cell types. This is particularly helpful when phenotyping lymphocytc
subsets from a small volume of whole blood. Furthermore, it is clear from
figure 4, that gating on forward scatter alone will not result in "pure" cell
populations (e.g., lymphocytes free of contaminating monocytes). For-
ward versus right-angle scatter distribution (dual scatter; sometimes refer-
red to as scattergram) is particularly important when analyzing leukemia
patients' samples: The monoclonal proliferation of leukemia cells may
manifest itself as a discrete Cluster of cells, again only defined by dual
scatter. If so, the use of dual-scatter gating allows the selective analysis
of the leukcmic cell phenotype in parallel to the patients' normal lympho-
cytc subsets. When only limited material is available, recording of data in



Tladam 132

list-mode allows repcated evaluation of the same set of data for optimal
results.

The example presented in figure 5 illustrates how gating can be used
to visualize even minor cell subsets, provided a characteristic marker for
this subset is available. We call this technique fluorescence-associated
scatter (FAS) gating. Thus, to localize by dual scatter a cell subset which
carries a specific marker, gating is performed on the appropriate fluores-
cence level and the resulting scatter distribution recordcd as a dot plot.
Figure 5 (left) shows the forward versus right angle scatter distribution of
normal human peripheral blood mononuclear cells. Tlie Cluster of lym-
phocytes is clearly visualized in the middle of the dot plot; its electronic
gate is indicated by the four markers (amplifier settings are different from
those in fig. 4). There are fcw monocytes, as seen from the dots to the right
and above the lymphocytes. In order to visualize the non-specific uptake
of Immunoglobulin via Fc-receptors, this sample was prepared without
blocking Immunoglobulin. After establishing the ungated dual-scatter dis-
tribution, the sample was rerun on the FACS, however, with a gate set on
the fluorescence parameter, so that only cells exceeding a given
threshold fluorescence would be analyzed for their scatter parameters.
The resulting fluorescence-associated scatter distribution is shown in
figure 5 (right). As can be seen, monocytes have selectively taken up
immunoglobulin by their Fc-receptors under such conditions, whereas the

Dual Scatter ° "~ Fluorescence associated
Scatter (FAS)

Fig. 5. Dual-scatter distribution of human peripheral blood mononuclear cells (left)
and principle of fluorescence-associated scatter gating (right). Dot plot where each point
represents one ccll; total number of cells displayed is 4032.
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Fig. 6. Subpopulations within one "homogeneous" cell line. Cells arc cultured human
lymphoblasts, transformed in vitro by Epstein-Barr virus. (A) Dot plot of forward vs. right-
angle scatter distribution (comparc fig. 4) of cell line labelled with OKT9 (transferrin-
receptor). (B) Normalized histograms of FAS-distributions from figures 6¢ and 6d. Left
panels are forward scatter and right panels are right-angle scatter. (C) Fluorescence-associ-
ated scatter (FAS) distribution of OKT9-negative cells. (D) FAS pattern of OKT9-positive
cells.

lymphocyte scattcr gate (visualized by the four markers) is virtually free of
cells showing positive fluorescence. This approach is universally applicable
and can be used to localize (in terms of scatter) subsets of normal and
pathological cells. It may also be used to more precisely definc the dual-
scatter gates to be used for scatter gating.

To demonstrate the resolving power of this approach, the forward
versus right-angle light-scatter distribution of a human B-lymphoblastoid
cell line (transformed in vitro by Epstein-Barr virus) is shown in figure 6a.
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The Cluster of lymphoblasts is set to the center of the display by adjusting
amplifier gains and appears very homogeneous. This cell line has been
labelled with various monoclonal antibodies, one of them directed against
the reeeptor for transferrin (OKT 9). Tlie fluorescence profile for this
marker is clearly bimodal, which may be explained by the fact that pro-
liferating cells express transferrin reeeptors to cover their supply in iron.
We may next ask whether these presumed proliferating cells differ in any
respect from their non-proliferating countcrparts? Thus, fluorescence-
associated scatter-gating is applied to the transferrin-reeeptor-negative
(fig. 6¢) and to the transferrin-reeeptor-positive (fig. 6d) cells. The cells
which do not carry transferrin reeeptors form a narrow Cluster within the
total distribution and are distinctly smaller than the remainder of the
population. In contrast, transferrin-reeeptor-positive lymphoblasts are
more heterogeneous in size and larger than their resting counterparts.
Figure 6b demonstrates this fact by overlapping the corresponding histo-
grams from the same experiment: The two histograms on the left clearly
show the difference in forward scatter, whereas the histograms on the
right relate to right-angle scatter. Thus, within this apparently homogene-
ous cell line, differences in surface markers can be related to characteristic
variations in ccll size and strueture using fluorescence-associated scatter.
This example, from an in vitro cultured cell line, is paralleled by many
speeimens from patients with apparently "homogeneous" leukemic cell
populations. Here, not only the State of proliferation may varv as assessed
by the presence or absence of transferrin reeeptors, but also other surface
markers may show considerable alterations between resting and blast
cells. Testing for such changes will help our understanding of leukemic-
ccll differentiation and improve monitoring of patients by phenotypic
analysis.

In most instances, interest is in the analysis of peripheral blood lym-
phocytes to assess phenotypically the State of the immune system. This is
done using the appropriate antibodies in indirect immunofluorescence, as
described above, and analyzing the Ivmphocyte Cluster after gating on
forward versus right-angle scatter. Tlie resulting histograms are shown in
figure 7. "'fhey are positioned above each other to allow comparison of
fluorescence intensities and distribution patterns. The fluorescence seale
in the abscissa Covers 2.5 decades in logarithmic scale. Cell number is
shown in the ordinatc and each experiment is performed on 20000 lym-
phocytes. Needless to say, counting fluorescently labelled cells under a
microscope will be less accurate. The histogram pattern and the respective
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Fig. 7. Histogram pattern of "Standard" T-lymphoeyte markers in human peripheral
blood. Horizontal fluorescence axis extends between vertical markers. Scale is logarithmic in
2.5 decades. Each histogram represents 20000 cells. The peak on the left represents
unstained cells (autofluorescence).

fluorescence intensities are typical for each of the antibodies shown: Anti-
body Leu2a against T-lymphocytes of suppressor/cytotoxic phenotype is
easily recognized by a small intensively labelled subset, shown in the peak
on the right, and a minor, but varying, subpopulation of intermediately
labelled cells extending between the negative and the strongly positive
cells. This relationship is documented also by two-color fluorescence in
figure 12a. Antibody Leu3a defines helper/inducer cells. Its histogram is
recognized even in coded samples by its narrow fluorescence distribution.
Leu4 recognizes an epitope present on all inature T-lymphocytes, while
antibody Leu$5 is dirccted against the reeeptor for sheep erythrocytes and
thus represents the broadest marker for human T-Iymphocytes. As
already pointed out, each of these monoclonal antibodies will define a
particular subset of cells and - as long as Standard conditions arc
employed - will stain those cells with the same intensity. This is most
evident when analysis is done with fluorescence in log scale. Here the
antibodies described above, and most others used for phenotyping, have
their own characteristic histogram pattern, which is easily distinguishablc
from the others. This even provides an internal control on the proper
setup of the labcling experiment. Alterations from these patterns indicate
abnormal antigen expression in terms of antigenic determinants per cell,
although the proportion of cells may still be within the normal rdnge. Such
quantitative changes in antigen expression may occur on malignant cells or
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may reflcct other, funetional parameters of the population under study. At
present, we are only at the beginning of our understanding of such subtile
variations. However, from what is known today, the quantitative evalua-
tion of immunofluoresccnce patterns will provide important insights into
the funetional State of the immune system.

One word of caution has to be added. Since most of the monoclonal
antibodies, which are currently available, define surface struetures on cell
subsets which have to be independently defined as to their funetion, we
should always restrain our issue to the "phenotype" of that cell. For
example, unless the suppressive activity of a cell population has not been
demonstrated, we should talk only on "suppressor-phenotype cells", since
phenotype and actual funetion might be quite divergent.

Phenotyping of homogeneous samples is easily performed from dot
plots as shown in figure 8. Herc, peripheral blood mononuclear cells from
a patient with chronic lymphocytic leukemia (CLL), were analyzed for
surface immunoglobulin and other differentiation markers. Displayed are
dot plots with forward scatter in the abscissa and log fluorescence (2.5
decades) in the ordinate. The gate markers relating to forward scatter
indicate the position of the lymphocyte Cluster. As can be seen, the
patients' cells possess surface IgG with a monoclonal light chain (kappa).
However, shifts in the peak for lambda light chain indicate that also some
serum immunoglobulin is adsorbed via Fc-receptors. In contrast, JgD is
completely negative on those leukemic cells. When the monoclonal anti-
body OKM1 (directed against monocytes, granulocytes, null-cells) is
applied to the same sample, two Clusters of cells are resolved. The major-
ity of cells is positive for that marker, as opposed to a small Cluster of dots
which do not bear the OKM1 marker. Since the analysis of surface
immunoglobulin has revealed that most lymphocytes in that sample
belong to the neoplastic population, the leukemia cells of that patient may
be considered OKMI-positive. The nature of the OKMI-negative cells is
readily apparent when the marker OKT3 (against all maturc T-lympho-
cytes; analogous to Leu4) is applied: Here a very small Cluster of dots is
positive, indicating that these few cells are the residual normal T-lympho-
cytes in that patient. Similar conclusions can be drawn when two anti-

Fig. 8. Phenotyping of human chronic lymphocytic leukemia cells: Dot plots represent
forward scatter versus log fluorescence (2.5 decades). Antibodies used are speeified in the
upper right corner.
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bodies against HLA-DR- and -DC-antigens arc used: The monoclonal
antibody TU22 (against HLA-DC), results in three Clusters of cells: (i) A
negative population corresponding in number to the normal T-lympho-
cytes, (ii) the majority of cells being labelcd at intermediate intensity, and
(iii) a small subset of cells with even higher antigen density, which indi-
cates that according to that marker. the leukemia cells may be considered
heterogeneous. In contrast, the monoclonal antibody TU35 (against
HLA-DR) uniformly reacts with the leukemic cells and is non-reactive
with the normal T-lymphocytes. This differcntial reactivity of several mark-
ers may help to position a leukemic phenotype within the B-cell differen-
tiation pathway.

It should be noted, however, that such single fluorescence analysis
will not wunequivocally establish these presumed correlations. The
Interpretation and correlation of markers proposed here for this phenoty-
ping experiment is based on plausibility - improvements on this will only
be feasible when two-eolor fluorescence assays are performed, as will be
shown later.

The following examples demonstrate that changes in quantitative
antigen expression indeed occur and are worth noting. We have per-
formed phenotypic analysis on a number of human cord blood samples. A
Standard result is shown in figure 9a with two histograms (in log; 2.5
decades), derived from monoclonal antibodies Leu4 (small dots) and
Leu3a (large dots) superimposed. Those histograms were derived by dual-
scatter gating on 20000 Imyphocytes. The relative intensities of both mark-
ers are within the normal rédnge. Figure 9b shows one sample from a pair
of monozygotic twins with the same markers. The profile on the right
representing the pan-T-marker Leu4 is essentially unchanged. However,
the quantitative expression of the Leu3a determinant is strongly reduced,
as on the cells of his newborn brother (data not shown). In contrast, the
percentage of labelled cells is within normal rdnge. This unique finding of
reduced quantitative expression of the Leu3a antigen remains, so far,
unexplained. However, other reports have shown that during mixed
leukocyte culture in vitro, the quantitative expression of the Leu3a-
analogous strueture T4 decreases. This phenomenon has been ascribed to
the influence of interferon-alpha. If applicable to our newborn twins, it
might point to the fact that some of the twins' T-cells were activated
already in utero. Our current attempts are at defining such influences and
their potential prognostic significance.

More obvious and rather self-explanatory arc alterations in quantita-
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Fig. 9. Quantitative variations in antigen expression: Leu3a versus Leu4. a Histograms
of normal human cord blood lymphocytes stained with anti-Leu4 (small dots) and anti-
Leu3a (large dots); b same with cord blood lymphocytes of newborn twin.

tive antigen expression induced by therapeutic manipulations. Figure 10
depicts an example of a boy (JH) with endogeneous eczema and multiple
warts, who would not respond to conventional therapy. He was treated
with an infusion of interferon-alpha over 4 days. Since we had identified
an abnormal lymphocyte population in his peripheral blood (see belowfig.
12b), his peripheral blood mononuclear cells were monitored by phenoty-
pic analysis in short intervals. To demonstrate the changes in quantitative
antigen expression which might occur during immunomodulatory treat-
ment, the results of labeling for HLA-DR (antibody 7.2) are presented.
Similar results were obtained using a variety of other MHC-specific anti-
bodies. Prctreatment fluorescence distribution for this antibody (fluores-
cence in log scale, 2.5 decades, dual-scatter gating on 20000 lymphocytes)
is shown in the top panel. 'Hiis is essentially indistinguishable from a
normal control. The middle panel recorded 6 days after beginning of the
treatment shows that HLA-DR is still present on this paticnt's B-cells,
however at strikingly reduced quantitative levels. Looking at the same
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Fig. 10. Quantitative Variation in anti-
gen expression in response to therapy: His-
tograms of monoclonal antibody 7.2 against
IILA-DR during treatment of patient JH
with interfcron-alpha. Abscissa is log
fluorescence in 2.5 decades (20000 cclls

ea.).

patient after 10 days, we realize that quantitative antigen expression has
changed again. This time, however, HLA-DR-levels are increased and
superccde even the pretreatment values. Most important is the fact that
the percentage ofthose cells has not changed appreciably during that time.
Further follow-up indicated later a reversion to the normal pretreatment
values. These results are at variance with observations on interferon-treat-
ment in vitro: Even though it is known that HLA-A,B,C-antigens are
increased in response to interferon-alpha, HLA-DR is not. In contrast
HLA-DR is thought to be regulated by interferon-gamma. One might
speculate that these changes, which are evidently in response to treatment,
reflect other, sccondary alterations in the interferon system, e.g., by rais-
ing endogeneous interferon-gamma levels which then lead to the observed
changes. Notwithstanding, these findings underscore the value of quan-
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titative immunofluorescence assays in phenotypic analysis, especially dur-
ing experimental immunotherapy.

Sonic instances are already known where quantitative antigen expres-
sion is related to differentiative events. Figure 11 shows in comparison the
surface-lgM- and -IgD-profiles of human cord blood lymphocytes and
adult lymphocytes. All histograms are in log scale and have been acquired
under comparable conditions. Even though the number of B-lymphocytes
in adults is usually much lower compared to cord blood, the differing
histogram patterns of surface-1gM between both sourccs are evident. A
rather small difference is noted in the density of IgD. It is known from
oncogenetic studies in the mouse, that B-lymphocytes will first express

Fig. II. Quantitative Variation in antigen expression during ontogeny and differentia-
tion: Surface IgM (top panel) and surface IgD (bottom panel) on cord blood (CBL) and
adult lymphocytes (PBL). Abscissa is log fluorescence in 2.5 decades.



I ladam 142

IgM alone, then co-express [gD while [gM-expression reaches a maximum
and then deelines. Thus, by eareful analysis of the quantitative expression
of surface Immunoglobulins, one might dcrive the exact position of a cell
within the B-cell differentiation pathway. Similar findings apply to the
Situation in man. However, as opposed to the experimental system in the
mouse, there are no other markers available to characterize those dif-
ferentiative stages. This may be of clinical relevance, since those cord-
blood-type B-lymphocytes are apparently lost from the circulation within
the first year of life. We have observed, however, a group of immunodefi-
cient patients, completely lacking the expression of MHC-class-II-anti-
gens, which retain this immature pattern beyond the agc of one year. This
clearly indicates that no further B-cell maturation has taken place in these
rare patients. It further implies that for normal B-cell differentiation to
occur (at least for differentiation beyond a certain stage), the presence of
HLA-D-region antigcns on the interacting cells of the immune system is
mandatory. This important information was only derived by analyzing the
fluorescence-intensity distribution on the patients' B-lymphocytes.

As already mentioned, quantitative immunofluorescence using a
single fluorescence label may not be sufficient to completely define the
complex phenotype of a given ccll. In particular, if it is not distinguishable
from other cell types by means of forward-versus-right-angle scatter, or if
it displavs a phenotype which is not usually found on peripheral blood or
bone marrow cells. In such cases, definition of a complex surface-marker
phenotype may be obtained with a two-eolor fluorescence system. Tlie
results of such investigations are usually displayed as dot plots or contour
plot to visualize the correlated expression of the two surface markers.
Figure 12a gives an example of normal peripheral blood lymphocytes
selected by dual-scatter gating and analyzed for two different T-cell mark-
ers. The abscissa denotes log fluorescence obtained by directly fluores-
ceinated monoclonal antibody Leul, which labels most T-cells, a small
subset of B-cells and leukemic cells from patients with chronic lymphocy-
tic leukemia. The ordinatc denotes suppressor phenotype T-cells, as
defined by monoclonal antibody Leu2a, which was used as biotinylated
derivative and developed with Texas red conjugated to avidin in the sec-
ond ineubation. All scales shown are in log (2.5 decades, 64 Channels) and
cells defined negative are found between Channels 0 and 16. Experiments
were done on 50000 lymphocytes. The lymphocytes of a healthy indi-
vidual (fig. 12a) are clearly separated into three major groups: As
expected, most cells bear the marker Leul, i.e., most cclls in normal
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Fig. 12. Two-color fluorescence. Contour plots of two-color fluorescence distributions
(gated on forward vs. right-angle light scatter). Displayed are 50000 cells. Abscissa denotes
FITC-labeled (Leul (pan-T cell marker). Ordinate is biotinylated Leu2a antibody against
suppressor-phenotype cells, developed with Texas red-avidin. Figure 9a is the normal control
and figure 9b is patient JH.

peripheral blood are T-lymphocytes. Among T-cells, the clear distinetion
between the heavily labeled suppressor-phenotype cells and the cells
negative for that marker (presumably the remaining helper/inducer cells),
is most evident. Interestingly, all cells bearing the Leu2a marker at inter-
mediate density are in the Leul-negative fraction. This relates to the
histograms in figure 7, where wc noted that the Leu2a intensity may
identify different subsets. However, with two-color fluorescence this dis-
tinetion is rcadily apparent. The same setup of markers is applied to
peripheral blood lymphocytes from the patient (JH) introduced in figure
10 and depieted in figure 12b. This highly complicated contour plot allows
a number of conclusions: Apart from the cell populations found in a nor-
mal individual (see fig. 12a), there is a major intermediate population
which carries both the Leu! and the Leu2a markers. This population was
found in other experiments also carrying surface Immunoglobulin and
HLA-D-region antigens, thus relating to a cellular phenotype like that
found in chronic lymphocytic leukemia. However, in this young patient
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there was no indieation of a lymphoid neoplasm. Moreover, eomparing
the fluorescence intensities indicates that the Leu2a strongly positive
population carries lcss Leul-antigen eompared to the normal control. TTiis
may indicate that the suppressor phenotype cells in that patient are differ-
ent from those normally found.

Despite the enormous amount of information which can be drawn
from such studies, this type of analysis is still rather complicated and
should be reserved for special applications. However, in such instances, it
will provide information superior to any other method. In addition, the
direct demonstration of such unusual combinations of surface markers will
hclp us to better understand the complexity of the immune system.

Conclusions

To summarize, we have shown that the phenotypic analysis of leuko-
cyte subsets using flow cytometry provides a powerful means of differen-
tiating single cells in suspension. In combination with the resolving power
of the analysis of scattered light, it provides a well-defined, reproducible
approach for classifying cell populations. The Computing facilities of a
flow-cytometric instrument will enable exaet evaluation of any cell type
currently defined by the appropriate reagents. The speed and accuracy of
that approach is, by Order of magnitude, superior to the counting of cells
on a fluorescent microscope. In contrast to the rather subjective micro-
scopic evaluation, flow cytometry renders immunofluorescence amcnable
to quantitative measurements. Thus, apart from the enumeration of cell
types, quantitation of antigen density on single cells is now feasible. At
present, we are still ignorant ofmost of the variations observed. However,
the wcalth of information provided will soon contribute to a better under-
standing of the physiology of the immune system in health and disease.
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Summary

I'hc paper describes the basic setup of a flow-cytometric instrument with focus on the
various applications of multi-parameter analysis. It will introduce the novicc rcader to some
technical details relevant to the understanding and proper interpretation of flow-cytometric
data presentations. To complement the technical aspccts. a dctailed procedure for the
immunofluorescent labeling of cell suspensions is described. The applications discussed for
the phenotypie analysis of human peripheral blood leukocyte subsets include forward-ver-
sus-right-angle scatter analysis. fluorescent-associated-scatter gating, and different examples
for the use of quantitative immunofluorescent measurements. Finally. the superior resolving
power of two-color immunofluorescence is demonstrated.

Zusammenfassung

Die Arbeit beschreibt den grundlegenden Aufbau eines DurchfluBzytofluorimeters mit
ecinem besonderen Gewicht auf den verschiedenen Anwendungen der Multiparameter-Ana-
lyse. Sie soll den Nichtspezialistcn mit einigen technischen Details vertraut machen, die fir
das Verstdndnis und die richtige Interpretation von durchfluizytofluorimetrischen Daten
unerldBlich sind. In Ergdnzung dazu wird eine einfache und schnelle Methode zur Fluores-
zenz-Markierung von Zellsuspensionen beschrieben. Die Anwendungen bei der Phéno-
typisierung von humanen Leukozyten-Subpopulationen umfassen die Analyse von 0790°-
Lichtstreuung, Fluorcsccnce-associated-scattcr Gating, und verschiedene Beispiele fiir den
Wert quantitativer Immunfluorcszenz-Messungen. Den SchluB bildet eine Demonstration
der hohen Auflésung phédnotypischer Untersuchungen mit Hilfe der Doppelimmunfluores-
zenz-Methode.
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Xenogenie Peptides and Proteins
in Myelo- and Lymphoproliferative Disorders

H. Rohrer

Internal Dept., Rosmann Ilospital, Breisach, FRG

The bone-marrow and the lymphatic system produce various cell sys-
tems with varying specific funetions. Recent studies have shown that
myeloid and lymphatic cells have a common stem cell, known as a pluripo-
tent cell, which is located in the bone-marrow but can also be recruited
from other tissues. From pluripotent stem cells in bone-marrow, there
develop the so-called determined stem cells for the erythropoiesis,
thrombopoiesis, monocytopoiesis and granulopoiesis. In the thymus, the
immigrant pluripotent stein cells develop into determined stem cells of the
T-lymphocytes and in the lymphatic bursa cquivalent to determined stem
cells of the B-lymphocytes. There is a series of development stages be-
tween the determined stem cell and the mature definitive cell appearing in
the blood. This may be illustrated again by the example of granulopoiesis:
in this developmental process, we differentiate, in this Order, between
myeloblasts, promyelocytes, myelocytes, metamyelocytes, Stab cell, and
polymorphic granuiocytes. The myeloblasts and some of the promyelo-
cytes represent the proliferation pool; promyelocytes, myelocytes and
metamyelocytes the maturation pool; stab cell and polymorphic granuio-
cytes the storage and funetion pool. In principle, there is a positive feed-
back mechanism between the pluripotent stem cell and the funetion pool,
this involves, in addition to various factors which are still unknown, lym-
phognes and monokincs such as the colony-stimulating factor (CSF) and
the granulocyte/macrophage differentiation factor (GMF).

A biological system of such complexity confronts pathologists,
immunologists, and clinicians with benign and malignant disorders of simi-
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lar complexity. The following illustrations (table I-IV) provide an over-
view of the Classification of myelo- and lymphoproliferative disorders.

In this connection, important new prognostic and therapeutic aspects
have been supplied by the FAB Classification of acute myeloid lcukemias
(Classification of the French-American-British Co-Operative Group)
which is elaborated on a morphological and cytochemical basis. This is
especially valid for immunological Classification of acute lymphatic
leukemias by means of monoclonal antibodies.

According to the immunological Classification of acute lymphatic
leukemias, the common ALL (c-ALL) and the null-ALL represent an
accumulation of lymphoid precursor cells, whcrcas, with the T-ALL and the
B-ALL, it is partially the matured T- or B-lymphocytes which accumulate.
The c-ALL of the child, reprcsenting the most common form of leukemia
in this age, displays a particularly good response to the therapy and, as is
well-known, has a favorable prognosis [1J.

Very rccent immunological and proliferative kinetic studies of
myeloid and lymphatic leukemias have clearly demonstrated that a
leukemia cell is not a "monster cell" with uncontrolled proliferation, but a
cell which, for reasons still unexplained, is more or less blocked in its
maturation to a funetion cell. The blockadc begins on the plane of the

Table 1. Types of myeloproliferative disorders

(1) Acute Di Guglielmo Syndrome
Myelofibrosis with myeloid metaplasia
Erythremic myelosis
Erythroleukemia
Acute myeloid leukemia

(2) Chronic Polycythemia vera
Myelofibrosis with myeloid metaplasia
Chronic myeloid leukemia
Essential thrombocythemia

Table 1. FAB Classification of acute myeloid leukemias

MI1 Myeloblastosis without maturation

M2 Myeloblastosis with signs of maturation
M3 Promyelocytic leukemia

M4 Myelomonocytic leukemia

M5 Monocytic leukemia

M6 Erythroleukemia
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Table III. Types of lymphoproliferative disorders
(1) Acute Acute lymphatic leukemia (c-ALL, T-ALL, B-ALL, Zero-ALL)

(2) Chronic Chronic lymphatic leukemia (B-cell-T-cell-T/B-ccll leukemia)
Sezary's Syndrome (T-hclpcr-cell leukemia)

Table IV. Immunological Classification of ALL

¢-ALL T-ALI B-ALL  Null-ALL

AlLL-antigen +

- - _
[a-antigen + - + b
T-cell antigen — + = b
E-rosettes - + - _
Superficial immunoglobulins — - + =
TdT & + - 4

stem cell. Through the biocking of the maturation process, there is an
enormous Prolongation of the life of such a cell, which leads to the
accumulation of these cell elements in the bone-marrow, lymphatic system
and blood. This accumulation subsequently leads to a suppression of nor-
mal stem cells, mechanical displacement not being the only cause. The
extent of the maturation-block is more marked in acute myelo- and lym-
phoproliferative disorders, which against the background of these new
findings, should be more aptly named myelo- or lympho-accumulative
disorders, than in the chronic forms.

The cell-doubling times quoted in table V clearly indicate this direc-
tion.

These findings have led very recently to numerous in-vitro and in-
vivo experiments, aimed at bringing leukemia cells to maturation. cAMP
inducers such as Prostaglandin E and cholera toxin, vitamin A*- and
vitamin D**-analogues and lipopolysaccharides of gram-negative bacteria
have displayed certain reproducible effects, especially in cell cultures.
Lipopolysaccharides display an indirect effect, as they induce the forma-
tion of various lymphokines and monokines, especially CSF, after injec-
tion into animals or man. When the serum of animals or persons treated in
this manner is added to leukemia-ccll cultures, a clear maturation tend-
encv of such cells occurs [2, 3],

*  13-cis-retin acid
** 1,25-dihydroxyvitamin D,
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Table V. Celi-doubling times in hours

Normal granulopoiesis 542 h
Chronic myelosis 64.1 h
Acutc myelosis 149.0 h
Plasmacytoma 540.0 h

The natural hematologieal effects of injected lipopolysaccharides
have long been known. According to latest findings, the time-shifted
increase in myeloid and lymphatic cell elements in the blood is caused, on
the one hand, by a release from the storagc pool and on the other, by the
induction of lymphokines and monokines with an hematopoietic effect.

An overview of the presently-known lymphokines and monokines,
their source- and target-cells and funetions is given in table VI.

For some time now, we have been testing xenogenic peptides and
proteins, for the time being still in the form of unpurified mixtures, in
respect of their efficacy as proliferation and differentiation-inducers for
lympho- and myeloproliferative disorders in clinical practice. The follow-
ing facts constitute the theoretical background for this:

(1) Xenogenic peptides and proteins are potent paramunity inducers

Table VI. Overview of presently-known lymphokines

Lymphokine Source cell Target cell Function
Interleukin 1 Monocytes/ T-cells Activation
Macrophages

Inlerleukin 2 T-cells Cytotoxic Growth of

T-cells T-cells
Interleukin 3 T-cells Cytotoxic Growth of

T-cells T-cells
Interferon-gamma T-cclls/null cells Numerous Numerous
Colony-stimulating T-cells/ Granulocytes Stimulation of
factor (CSF) Macrophages granulo-cytopoiesis
B-cell growth T-helper cells B-cells Growth Stimulation
factor
T-cell substitution T-helper cells B-cells Immunoglobulin
factor produetion
Tumor necrosis Macrophages Tumor cells Disintegration
factor (TNF)
Lymphotoxin T-cells Tumor cells Disintegration
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and consequcntly, also stimulate the formation of lymphognes and mono-
kines.

(2) In cell cultures, they exercise a direct effect, stimulating prolifera-
tion and differentiation, on cells exhausted by division.

(3) In cell cultures, they inhibit malignant degenerate cells but stimu-
late normal cells.

The possiblc sites of action in lympho- and myeloproliferative disor-
ders are shown in table VIT.

Since wc only use these substances to treat patients who cannot or do
not wish to be treated by conventional methods, the number of cases is
still relatively small. The period of treatment is also still relatively short in
some cases, so that at the present time, I can only report initial trends.
Ncvertheless, these appear to be very interesting and promising, especially
since they include two cases who failed to respond to conventional
therapy.

Two patients with chronic lymphatic leukemia have been under
Observation for 6 months; one with a primary chronic osteomyelofibrosis
for 14 months and one patient with a lymphoid blastic crisis, displaying
multiple chemoresistance, of a chronic myeloid leukemia. The observa-
tions made so far are as follows:

With the two patients suffering from chronic lymphatic leukemia
(CLL), it is a question in one case of a CLL of the T-cell type, and in the
other of a CLL of the B-cell type. For the last 6 months, both have been
treated with xenogeneic peptides and proteins from animal foetal and
juvenile thymus. In both cases, we have observed a normalization of the
anemia which had already been present before the therapy, a regression in
the swellings of the lymph-nodes and a rise in the gammaglobulin from an
initial 8% and 10% to the present 12% and 16%, respectively. At the
same time, there is a clearly improved mitogen Stimulation (PHA and
PWM) of the lymphocytes. A trend to normalization is also apparent in
the lymphocyte sub-populations. With the CLL of the T-cell type, there

Table VII. Possiblc sites of action of xenogenie peptides with lympho- and myeloproliferative
disorders

Induetion of regulative Ivmphokines and monokines

Direct proliferation and differentiation impulses on leukemic stem cells

Inhibition of leukemic stem cclls with simultaneous Stimulation of suppressed normal stem
cells
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were initially 90% T-lymphocytes, 10% B-lymphocytes and a T-helper
eell/T-suppressor cell quotient of 0.7 and after months of therapy 82%
T-lymphocytes, 18% B-lymphocytes, and a T-helper eell/T-suppressor
cell quotient of 1.2.

With the CLL of the B-cell type, there were initially 60% T-lympho-
cytes, 40% B-lymphocytes and a T-helper cell/T-suppressor cell quotient
of 1.0; after 6 months of therapy 70% T-lymphocytes, 30% B-lympho-
cytes, and a T-helper cell/T-suppressor cell quotient of 1.3 (normal val-
ues: 80% T-lymphocytes, 20% B-lymphocytes, T-helper cell/T-suppres-
sor cell quotient of 1.43). Up tili now, there has not been a significant
change in relation to the pretreatment value in the total leukocyte count of
either of the two cases.

A third patient with an histologically confirmed primary chronic
osteomyelofibrosis, who had had a splenectomy followed by an I-year
treatment with busulfan, has been treated for 14 months with xenogenic
peptides and proteins from foetal and juvenile bone-marrow of animal
origin. At the beginning of the treatment, a high-grade anemia (Hb 5
g/%, ery 1.7 million), a leukopenia of 2,000 leukocytes/ml and a throm-
bopenia of 8,000 thrombocytes/ml were observed. Conventional therapy
was not possibie in this case. Under the treatment described above, a
progressive normalization of the hematological parameters took place.
For 3 months, Hb 15 g/%, Er 4.5 million, leukocytes 9,000 with reguldr
differential distribution, thrombocytes 200,000. A histological control
examination no longer revealed any sign of an osteomyelofibrosis.

A fourth patient with a lymphoid blastic crisis, displaying multiple
chemoresistance, of a chronic myeloid leukemia, has been under treat-
ment for 4 months with xenogenic peptides and proteins from fetal and
juvenile liver of animal origin. At the Start of the treatment, the following
differential blood picture was found: 62% blast cells of the T-cell type,
4% myelocytes, 4% metamyelocytes, 4% polymorphs, 10% basophils,
6% lymphocytes, 4% normoblasts; after 3 months, 13% blast cells, 1 %
promyelocytes, 24% myelocytes, 4% metamyelocytes, 7% stabs, 11%
polymorphs, 18% basophils, 22% lymphocytes and 4% normoblasts.

At the same time, a rise in the Hb to 9 g/% and in the Er to 3.7
million (initially Hb 7 g/%, Er 2.9 million) is to be noted.

In my opinion, these observations are a pointer to certain prolifera-
tion- and differentiation-stimulating effects of xenogenic peptides and
proteins on lympho- and myeloproliferative Syndromes, so that a continu-
ation with this concept in experimentation and in clinical practice appears
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to be justified. In the future, priority attention should be paid to the
following questions:

(1) Which are the effective peptides or proteins within a mixture
which, up tili now, have been heterogeneous?

(2) What effects can be achieved in vitro and in vivo with purified
fractions of this kind?

(3) Is there a synergistic effect with other differentiation-inducers
such as 13-cis-retin acid or 1.25-dihydroxyvitamin Dj, for example?

Summary

There are experimental studies in myelo- and lymphoproliferative diseases which, con-
trary to solid tumors, serve as an example that through numerous heterogeneous substances
(DMSO, vitamin D, vitamin A- analogues. etc.), malignant cclls can be stimulated to dif-
ferentiatc, in some cascs even be brought to a total differentiation State. There are prcliminary
results, which indicate a differentiation to the differential behavior-stimulus on malignant
cclls under therapy with xenogenie peptides and proteins. The well-known, cxtremely small
toxicitv would suggest, that patients with diseases who were unsucccssfully pre-treated with
all the usual chemotherapics, should be the initiators of therapeutical studies using these
substances. Documentation of four clinical cases under therapy with xenogenie peptides and
proteins shows that the attempt for more research activity in this direction is justified.

Zusammenfassung

Im Gegensatz zu soliden Tumoren gibt es bei myelo- und lymphoproliferativen Erkran-
kungen experimentelle Untersuchungen, die belegen, daBl durch zahlreiche heterogene Sub-
stanzen, wie z.B. DMSO, Vitamin D-/Vitamin-A-AnaJoga usw., die malignen Zellen zur
Differenzierung, in manchen Féllen sogar zur Ausdifferenzierung gebracht werden kénnen.
Da zu dieser Frage auch Experimente zum Differenzierungsverhalten von malignen Zellen
unter Therapie mit xenogenen Peptiden und Proteinen vorliegen und deren Toxizitét
bekanntermafBen duBlerst gering ist, lag es nahe, bei Patienten mit diesen Erkrankungen, bei
denen alle denkbaren Therapien ohne Erfolg eingesetzt worden sind, erste Therapiestudien
mit diesen Substanzen vorzunehmen. Die Dokumentation von vier klinischen Fillen unter
Therapie mit xenogenen Peptiden und Proteinen zeigt, daBl dieser Ansatz weitere For-
schungen in dieser Richtung rechtfertigt.
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Immunomodulation:
A New Therapeutical Method
in Cancer Treatment?

Friedrich R. Douwes
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Introduction

Immunotherapy was developed during the 1970's as a promising and
important new method in the strategy of cancer treatment. Although
immunotherapy is still in its infancy and still largelv in an empirical stage,
there have been adequate, significant clinical results to justify optimism
that this therapeutic method will take its place alongside surgery,
radiotherapy, and chemotherapy as an alternative way in the future treat-
ment of cancer patients.

The Observation that malignant tumors show spontaneous regression
in animals as well as in man, or tend to regress after severe bacterial
infection after vaccination with special bacterial materials, permits assum-
ing that there is a biological relationship between host and tumor, which
finally determines the cause of the cancerous discase [1]. A successful
immunological defense against cancer requires a specific antitumor
response, if the basic postulation for one or more tumor-associated anti-
gens are accomplished. Specific tumor antigens using modern technologies
can be shown in several human tumors, especially in malignant melanoma

(2, 3],

Immunobiology and the Basis for Immunotherapy

The scientific basis for immunotherapy is the discovery that most
animal and human tumors express cell-surface antigens of different va-
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ricties. These are often reeognized as foreign or "non-self" by the tumor-
bearing host and thus, an immune response is directed against these anti-
gens. Despite the presence of surface antigens as a target for destroying
tumor cells, immunodeficiency is a common phenomcnon in many types
of human malignancies and becomes severe as the cancer progresses [4,
5], The etiology of this tumor-associated immunosuppression is complex
and can be cause for instant insufficiency of immunocompetent host-cells,
due to an intrinsic disorder of immunological stem-cells. The increase of
suppressor T-cells is caused by a regulation disorder of the T-cells' de-
pendent funetion, or caused by produection of immunosuppressive factors
by the tumor itself (fig. 1). Tn addition, not to be overlooked that
conventional cancer therapy including surgery, radiotherapy, and
chemotherapy has immunosuppressive effects, which can be long-lasting.
Both general immunocompetence and specific tumor immunity appear to
be related to the prognosis of the cancer patient [6]. The host
mechanisms Controlling cancer growth are not fully understood, but
monitoring of immunological parameters allows correlation between the
clinical course and effectivity of cancer therapy. Recent therapeutical con-
cepts are based on modulation of the biological response by so-called
"biological response modifiers" (table I).

As early as the beginning of the 20th €entury, Paul Ehrlich and others
suggested there might be a difference between normal and neoplastic
cells, which could be fundamental for a vaccination program against

Intrinsic defect Extrinsic defect
cellular immun disorder numeoral immun disorder [
[ [ R i
~ decreased NK-cell-activity blocking bioregulating
~ increased suppressor cell activity plasma faclors
HFHUNNDODI AT )

Immunstimulation ' factor stimulation
Immunrestoration factor suppression

Fig. I. Cancer and the immune disorder of the host.
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Table 1. Possibilities of immunomodulation

Immunostiinulalion
- active unspecific
BCG, C. Parvum
- active specific
tumor cells, vaccination

Immunorestoration
Active - hormones, (thymus factory)
- chemicals (levamisole)
- substitution of stimulating regulating mediators
(organlysates, interleukins)
- elimination (suppression) of inhibitory mediators
(Prostaglandins, immunocompliccs)
Adoptive - transfer of immune competent cells
- transfer of activated immunocells
- transfer of cytoplasmic substances for cell activation and regeneration
Passive - antitumor antibodies
- tumor necroticizing factor
Preventive - retinoids

canccr. However, this experimental work was unsuccessful because of the
use of non-inbred strains of animals. Thus, the rejection of tumor graft
was caused primarily by sensitization to strong histocompatibility anti-
gens. After understanding, tumor immunology became unimportant until
fully inbred strains of animals were developed and the rejection of tumor
grafts were assumed to be based on immune reactions against specific
tumor antigens.

Experiments showing resistance to transpiants of chemically induced
tumors, finally led to the revival of tumor immunology as an active field
for experimental and clinical research. No doubts further that tumor
antigens and tumor iminunity exist and play an important rolc in the
surveillance of cancer in man. Tumor growth stimulates all major cells of
the immune system, which are involved in a differentiated and defined
way in the killing of tumor cells. If all these cell types of the immunosys-
tem are really important in human-tumor biology, is not yet clear. Many
of these immune mechanisms can be demonstrated in vivo. They can be
inhibited or can be stimulated. If soluble tumor antigens or antigen-anti-
body complexes are shed from the tumor surface, it could be demon-
strated that killer cells are inhibited and intolerance against the tumor is
induced.

Since generalized immunodeficiency and deficiency of specific host-
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defense factors are associated with poor prognosis, and since activation of
various host-defense components to, or even above the normal level, can
result in the killing of tumor cells, it is supposed that, by specific and/or
unspeeifie immunomodulation, an increased antitumor activity can be
achieved [1] (table II).

There is sufficient data available to support this interpretation [6—10].

Types of Immunotherapy

In experimental animal and clinical trials, immunotherapy is
approached differently (table III). First, the host-immune response must
be restored in the partially or completely immune-suppressed cancer
patient. This can bc done with microbial and synthetiec immunostimulants,
thymic hormones, organolysates, interleukins, transfer factors, etc. Resto-
ration can also be accomplished by removal, from the plasma, of circulat-
ing substances such as solublc tumor antigens, antigen-antibody com-
plexes, etc. which may be suppressing for the immune response. It should
be stressed that cytoreduction of tumor mass with surgery, chemotherapy
or radiotherapy can also restore the immunity of cancer patients.

However, it should not bc forgotten, that these therapeutical methods
mainly have an immunosuppressive action. Therefore, a second objective
would be to protect the host against or reverse the immunosuppressive
effects. A third objective would bc to induce an increase in specific tumor
immunity or restore tumor immunity, if absent or weak.

The specific modulation of some effective mechanisms aims to
increase tumor regression. This leads to an activation of cytotoxic-effector

Table II. Possibilities for immunotherapy

(1) Restoration of immunocompetence of immunodeficient patients.
(2) Prcvention or reservation of the immunosuppression indueed by surgery, radiotherapy.
and chemotherapy.
(3) Induction or potentiation of specific tumor immunity.
(4) Modulation of immune response for selected objectives:
(a) Augmentation of cell-mediated immunity
(b) augmentation of cytostatic antibodies
(c) activation of macrophages
(d) increase of RES clearance
- reduetion of blocking or inhibitory factors
- reduetion of circulating antigen or antigen-antibody complexes
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cclls and an increase in the Clearing capacity of the RES by elimination of
blocking factors and immunocomplexes. This can be achieved by active
and specific immunization. Immunopotentiators can also enable the
patient to respond to otherwise poorly immunogeneie antigens.

The possible principles ofimmunotherapy arc demonstrated in table III.
There are six major categories of immunotherapy:

(1) Systemic active non-specific immunotherapy;

(2) systemic active specific immunotherapy;

(3) adoptive immunotherapy;

(4) passive immunotherapy;

(5) local immunotherapy;

(6) combination immunotherapy.

Immunostimulation and/or Immunorestoration

Systemic active non-specific immunotherapy includes the use of adju-
vants usually of microbial origin. The active non-specific immunomodu-
lation influences different parts of the lymphoid and non-lymphoid cell
population and their mediators.

BCG - an Active Non-Specific Immunostimulant

The substance used frequently as immunostimulator is BCG (bacillus
Calmette-Guerin). But beside this, non-viable fractions of mycobacteria
such as methanol extraction residence of BCG (MER) and other cell-wall
fractions (cell-wall skeleton) are used, as well as Corynebacterium Par-
vum or granulosum-lipopolysaccharides, including Pseudomonas Vaccine,
bacterial toxins, Pertussis Vaccine, Vaccine virus, Polysaccharide extracts
of fungi, synthetic adjuvants, including double-stranged RNA, pyran-
copolymecr, and poly-I-poly-C are further modalities. Tlie BCG treatment
in cancer patients, especially patients with melanoma, has been studied in
several clinical trials. The results of a local or systemic BCG treatment are
still controversial [7, 8, 11]. However, the clinical data obtained through
the development of BCG immunotherapy has led to the basic principles of
active non-specific immunotherapy. Only the administration route has
been different. The optimal route of administration depends both on the
type of agent given, as well as on the tumor site. In some experimental
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models, direct contact between the immunothcrapeutic reagent and the
tumor cells is required for maximal antitumor activity. In such experi-
mental or clinical models, macrophagc-killing is important. Macrophagc-
activation probably oceurs via the release of lymphokines from antigen-
ically stimulated T-cells. Similar mechanisms may play a role in some of
the clinical experiments with regional or systemic immunotherapy. The
work with BCG for metastatic intradermal melanoma modules showed
that it is necessary to inoculate BCG directly into the tumor. For other
types of canccr, the local application was modified orally for gastrointesti-
nal neoplasms, intrapleurally for lung canccr, intraperitoneally for a tumor
arising in the peritoneal cavity, intradermally for residual malignant
melanoma. In animal models, results of this kind of immunotherapy were
better than those obtained in man [7].

The active non-speeifie immunomodulation increases cell-mediated
immunity, macrophagc activity and antibody-mediated cytotoxicity, as
well as natural killer-cell activity (NK-cell activity) [8]. It leads to a
reduetion of suppressor cells and induces an increased release of pluri-
potent hematopoetic stem-cells and lymphoid cells. Complement also can
be activated [10].

At present, it is not exactly known which is the best route for the
optimal dose and application of BCG. One of the basic principles of
clinical pharmacological studies, is the establishment of the dose-
response. This should be done in careful clinical studies according to an
evaluation model modified from the principles for chemotherapy. It is
surprising that careful dosc-response studies have rarely been carried out
in clinical immunotherapy studies. Too low or either excessive doses are
frequently ineffective or even lead to enhancement of tumor growth
because of immunoparalysis. These controversial results of clinical studies
brought clinical use of immunotherapy.

Neverthcless, there are several measurable effects of immunotherapy.
The regional effect of immunotherapy has been shown in studies in
melanoma and early lung cancer. BCG applied in melanoma by scarifica-
tion into the upper and lower extremities, prolonged the postoperative
disease-free interval and survival of the patients. Additionally, it was
demonstrated that BCG could potentiate the antitumor effect of cytostatic
agents such as DTIC. The immunomodulation induced by C. Parvum is
similar to that of BCG. In particular, the activation of macrophagcs is
responsible for the antitumor activity. The same can be assumed for the
other non-speeifie immunomodulators. Apart from the effect on T-cells
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and macrophages, there also is a reduetion in suppressor-cell activity so
that cytotoxic systems can be activated.

Most of the synthetic chcmicals of different struetures used as
biological response modifiers are, currently, in experimental use or in
phase-I studies. The common property of these substances is obviously the
increase in interferon produetion and activation of NK-cells. Since there is
some evidence that interferon may have direct antitumor activity or may
have adjuvant activity in antitumor systems, these Compounds are of great
interest. A number of these materials such as levamisole or poly IC have
also immunoprophylactic activity and proteet animals from subsequent
viral and chemical carcinogens and from the subsequent implantation of
transplantable tumors. In addition, these substances can prolong remis-
sions in humans induced by chemotherapy. The immunological charac-
teristics of these materials are, in addition to the introduetion of interferon,
the augmentation of antibody produetion and the activation of ma-
crophages.

Levamisole - Unique Immunological Reagent

Most important among these reagents is levamisole, which has
already shown some activity in immunotherapy of animal and human
tumors. Negative skin tests to recall antigens will change to positive and
impaired phagocytosis will disappear [11]. Although the therapy is not
free of side-effects, patients with lung cancer show a prolonged diseasc-
free interval after resection. The survival time of these patients is signifi-
cantly prolonged [12]. Originally, levamisole had been used for years as an
antihelmintic agent. The first Observation in man was an increased tuber-
culin and DNCB reactivity among immunodeficient persons after the
administration of levamisole. No effect could be seen on the immuno-
logical reactivity of normal persons. Several clinical studies have been
made in a number of tumors such as lymphomas, breast cancer, lung
cancer, etc. The effectivity of this type of immunotherapy has already been
reported for breast cancer and lung cancer. In a study on lung cancer stage
I, patients reeecived 150 mg levamisole in three divided doses per day for
three consccutive days; repeated every 2 weeks starting 3 days prior to
surgery. There was significant improvement in survival.

In another study, patients with inoperable stagc-III breast cancer
were placed on a similar regime after being free from disease after
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radiotherapy. There was significant Prolongation in the levamisole group
of both the mediane disease-free interval from 9 to 25 months and the
survival time. Finally, in advanced breast cancer, levamisole added to
chemotherapy-prolonged remission time and survival time, compared to
the use of chemotherapy alone.

Thymus  Hormon es

A working thymus gland is neccssary for the development and regu-
lation of cell-mediated immunity. Those funetions under thymic control
include primary transplant and tumor immunity, as well as viral,
mycobacterial, fungal, and protozoal immunity. Thymic-dependent lym-
phocyte populations are directly involved in the funetion of T-cells and the

GENETIC, VIRAL
CHEMICAL., OR
RADIATION DAMAGE

THYMOSIN AND /OF
CTHER THYMIC FACTORS

IMMUNE BALANCE
s

NORMAL T ond 8 CELL FUNCTIONS T and B CELL DEFICIENCIES
IMMUNITY AUTOIMMUNE DISEASES
CANCER

INFECTIOUS DISEASES
PRCTECTION FROM DISEASE

Fig. 2. Thymic hormone action. Lack of normal hormone-produetion results in immune
imbalance, leading to discase.
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subpopulations, e.g., helper-cclls, suppressor-cells, effector-cells, etc. As
shown in figure 2, it is evident that a part of a thymic-dependent process
occurs via hormonal mechanisms. The thymus produces thymosin and a
wide spectrum of othcr thymic hormones, e.g. thymopoetin. Studies show
that a deficiency in thymic factors results in an immune imbalance, leading
to a number of serious diseases, including autoimmune diseases, cancer
and infections; moreover, studies made with thymosin fraction V showed
that it corrects some immunodeficiencies in man. In the partially purified
fraction V are a number of biologically active peptides, which contribute
to its biological activity [13J.
The main funetions of thymic peptides are listed in table IV.

Restoration of the thymic-dependent immunological capacity and an
increase in specific cell-mediated immunity is most important.

The systemic application could, therefore, be a promising thera-
peutical method in several, very different diseases. Goldstein et al. [14, 15]
showed that patients with immunodeficiency, autoimmunodiseases,
cancer, allergic diseases, acute and chronical infections, increase their
number of immunocompetent T-cells by application of thymic hormones.
In a clinical study with 277 patients with head- and neck-, gastrointestinal-
and skin cancer, patients with thymosin in combination with radio- or
chemotherapy showed incrcases of survival time. Patients with oat-
cell cancer who, in addition to conventional chemotherapy, reeeived thy-
mosin fraction V, showed a significantly increased survival time in com-

Table IV. The main funetions of thymic peptides

Experimental Clinic
Increase of survival time of Increase of T-lymphocytes in
thymectomized animals thymus hypoplasie
Restoration of thymus-dependent Increase of survival in gastro-
immunity of nude mice intestinal, skin, lung,

head and neck cancer
Increase of resistence to Increase of T-cells in primary
spontaneous tumors in mice immunodeficiencies. autoimmuno-

diseases, allergies, infections
Increase of specific immunity (viral, bacterial)
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parison to the control group especially if they had low T-cells before
therapy. We have had expericnce with NeyThymun® (vitOrgan, Ostfil-
dern/Stuttgart). This thymus preparation contains a mixture of cytoplas-
mic peptides and proteins, which are obtained by a special extraction
procedure (DB 8 No. 1090821, 2819131). By this procedure, extractions
are either from fetal or juvenile calf thymus. In comparison to other
thymus preparations, NeyThymun® shows some cxceptional advantages:

(1) Differentiation of fetal and juvenile thymus: NeyThymun F (fetal
thymus), NeyThymun K (juvenile thymus);

(2) application possible from 10~'? g protein/ml to mg protein/ml,
according to tolerance;

(3) free of toxic preserves;

(4) standardized by bioactivity in human-cell culture.

The originally postulated difference by Theurer between fetal and
adult thymus funetion was confirmed by several other authors. The fetal
thymus serves in the protection of gravidity; the immunosystem of the
mother is being suppressed by fetal thymus to proteet the fetus. Zaplicki et
al. [16] showed a decrease of leucocytes and gammaglobulines after appli-
cation of fetal thymus extract, after a lethal dose of X-ray to mice in the
fetal-thymus group, the survival time was significantly reduced. There-
fore, the indications for fetal thymus at the moment (NeyThymun F) are
hypercgic diseases, allergies, and rheumatic diseases.

The juvenile thymus (NeyThymun K) increases the self-protection
against microbial invasion and non-self antigens. The detection of foreign
antigens is of importance in the control of bacterial, viral diseases as well
as in the control of malignant tumor cells. Therefore, the reagent is used in
diseases with impaired immunity especially to stimulate cell immunity and
RES (see figure 3).

Thymus Factors Combined with Factors from Different Organs (Ney-
Tumorin®)

Reccnt studies showed that factors extracted from cytoplasma of
other organs such as liver, placenta, and bone-marrow, contain a number
of highly bioactivc factors, which are able to regulate very specific proper-
ties of cells. The organs seem regulated by a number of signal peptides
which coordinate the intracellular correspondence in a healthy body. These
factors are obviously phylogenetically older than the highly differenti-
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IMMUNE RECONSTITUTION AND IMMUNE POTENTIATION

LOCALIZED
AND CURABLE
CANCERS

1 METASTATIC AND
INCURABLE CANCERS
2 CURABLE CANCERS DURING
RADIATION OR
CHEMOTHERAPY

|~ LOWER LIMIT OF BCG EFFECT
[ RANGE OF THYMOSIN EFFECT -

AR IMMUNE
RECONSTITUTION IMMUNE
POTENTIATION
L L L 8 -
. - -5 = 100

LEVEL OF CELLULAR IMMUNITY (eg. T Cell Levels)

Fig. 3. Schematic representation of the differing effects on immune reactivity of thymo-
sin and BCG.

ated immunosystem. The preparation used in cancer therapy is NeyTumo-
rin®. We have had our own experience in a number of malignant diseases
and systemic disease such as myeloma. In 16 cases of advanced multiple
myeloma, stage III, resistant to any kind of chemotherapy, we could see
10 complete and partial remissions under monotherapy with NeyTumo-
rin®. Results of this study are published elsewhere [17].

Tumors of the lymphatic system are associated with several dcfects of
cellular and humoral immunity [18, 19], As already mentioned, treatment
of these diseases with radiation and alkylating agents further reduce
immunocompctcnce favoring the occurrence of severe infections' disease.
Since thymus extracts have reconstituting capacity, both in vitro and in
vivo, on depressed immunological parameters in various immunodeficien-
cies, we also tested the effects of a NeyTumorin® application in patients
with lymphoproliferative disorders. Fourteen patients, aged from 32 to 64
years, were included in this study. Five suffered from Hodgkin's disease,
six from Non-Hodgkin's disease and 3 from chronic lymphatic leukemia.
In all patients, T-cells were less than 50% of the Ficoll-separated mono-
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nuclear cells, all patients had reccived alkylating agents and/or radiation,
but at the time of treatment with NeyTumorin®, the patients only received
this substance in a dosage of 0.5 mg/kg B.W. given i.v. 3 times weekly for
at least 3 months. Comparison of the total WBC-count, absolute number
and percentage of T- and B-cells. before and after NeyTumorin®, showed
that patients with Hodgkin's disease and Non-Hodkin's disease had a
significant (p < 0.05) increase in the absolute number and percentage of
T-cells and no significant change of the white blood count and of the total
number and percentage of B-cells (table V + VI). The three patients with
chronic lymphatic leukemia were analyzed separately and in these patients

Table V. WBC and absolute number and percentage of T- and B-cells (ISD) after treatment
with NeyTumorin-Sol®

Diagnosis Pat.  WBC After treatment with NeyTumorin-Sol®
(m)

Total T-cells Total B-cells  Significance

T-cells in % B-cells in % (p)
Normal 20 - - - - -
Controls 7.673  3.583.3 46.7 913,0 119 p=<0,05
Hodgkin’s 5 +1921 £ 529 =+ 69 2686 + 3.5 for T-cells
disease NS for B-cells
Non-Hodgkin’s 6 6.751  3.017,7 447 837,1 124 p=0,05
diseasc +1.912 = 8034 £11,9 %3105 + 4,6 lor T-cells

NS for B-cells
Chronic lymphatic 3 32312 94028 29,10 19.710,0 61,0 NS for T-cells
leukemia +£5.676 +£3.748 £11,60 =+ 3.0050 =+ 93 NS for B-cells

Table VI. WBC and absolute number and pcrcentagc of T- and B-cells (ISD) before treat-
ment with NeyTumorin-Sol®

Diagnosis Pat. WBC Before treatment with NeyTumorin-Sol®
(n)
Total T-cells T-cells in % Total B-cells B-cells in %

Normal 20 6,912 4,572.2 66.15 1,016.1 14.7
Controls +1,715 +£1,320.2 +19.10 + 518 + 7.5
Hodkin’s 5 6.115 1,473 24.10 611.5 10.0
disease +1495 =+ 669.6 +10.95 += 171.0 + 28
Non-Hodgkin’s 6 6,710 1.952 29.10 899 13.4
Discase +1.512 +9,538 +14.20 + 376 + 5.6
Chronic lymphatic 3 37,585 6,502 17.30 28,038.4 74.6

leukemia +6,453 4,172 +11.10 +3,382.7 +: 90
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it could be demonstrated that T-cell levcl increased, but no significance
could be seen on the B-cell levcl, although the patients showed an
improvement clinically.

Tlie results are in accordancc with results observed in patients suffer-
ing from melanoma and gastrointestinal tumors who had been treated
with thymic factors. This indicates that sulfatatcd organolysates have,
besides cell proliferation inhibiting effects, a restoring potcncv 011 cellular
immunity in patients with lymphoproliferative diseases. This and other
results, obtained in preliminary clinical trials, justifies chccking the
response of this reagent in cancer patients.

Interleukins

The normal functions of different cell compartments of the
immunosystem (T-cell with its subfractions, B-cells, monocytes, macro-
phages, etc.) are regulated by soluble mediators such as lymphokines,
recently called "interleukins". The aging of the immunosystem correlates
with a decrease in the T-cell function and this is dependent on the ability
to producc interleukin-2. Using interleukin-2 cxtracted from in-vitro
cultures, effector T-ccll function can be reconstituted. Because interleukin
can be inactivated easily, inclusion in liposomes is prefcrred for appli-
cation.

Active and Passive Immunotherapy

Usually, thcre are two ways for a specific immunotherapy:

(1) Active vaccination with specifically treated inactivated autologous
tumor cells, or homologous tumor cells to induce a cellular and humoral
antitumor reaction;

(2) passive immunotherapy with antibodies against tumor antigens
(specific immunoglobulins).

The active specific immunotherapy has been used successfully since
1969 in acute lymphoblastic leukemia. Since then, survival studies have
been made showing the effectivity of such programs. The dose of these
substances for the active specific immunotherapy has to be optimized to
prevent one occasionally observed side-effect - the tumor enhancement!
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Summary

Cancer treatment in its present stage seems to be limited, response rates and survival
times are no longer changing. This fact should assist us in regarding the convcntional con-
cepts, but also inspire us in investigating new, proven ways, using the vast. new knowledge
which has recentlv beeil gaincd about the interaction between the tumor and its host. The
systcmatical proof of modulation of tumor-host inhibition is necessary.

Zusammenfassung

Die Tumorbehandlung in ihrem gegenwirtigen Zustand scheint sich in einem no
change der Ansprechraten und Uberlcbenszeiten zu befinden. Aus diesem Grund miissen
neue Wege der Tumortherapic er6ffnet werden, insbesondere deshalb, da inzwischen um-
fangreiche Kenntnisse liber die Interaktion zwischen Tumor und Wirt bestehen. Eine sy-
stematische Untersuchung zur Modulation des Immunsystems bei Tumorpatienten erscheint
notwendig.
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Cytobiological-Cytostatic Combination Therapy

A New Approach in Medicamental Oncotherapy

B. Kisseler', Th. Stiefel’

' Central Radiological Department of Boblingen District Hospital, FRG
? Stuttgart, FRG

Diiring the past ten years, chcmotherapy has progressed in clear, if
not overwhelming, achievements. These have largeiy been due to the
insight that the majority of malignant diseases call for joint collaboration
of surgeons, radiotherapists, and internal spccialists in the elaboration of a
therapeutic concept. Further, progress has been attained by the introduc-
tion of new cytostatic agents, through modifications in the application of
known cytostatic agents and through the improveinent of supportive mea-
sures, which are the precondition for the application of an intensive cyto-
static therapy. Ncvcrtheless, the selectivity and the therapeutic ringe ofthe
cytostatic agents currently available are still unsatisfactory. Toxic side-
effects, frequently of a specific nature in certain organs, restriet their
application. As an example, mention is made of the cardiotoxic effects of
adriamyein [1], the nephrotoxic effects of mitomyein C [2, 3] or the bone-
marrow depressions and nausca which occur, to a greater or lesser extent,
with all cytostatic agents (alkaloids, antibiotics, alkylating agents, anti-
metabolites).

The subjectively poor, general State of health of patients under
chemotherapy often leads to a discontinuation of the therapy in clinical
practicc. In addition, a higher-dosagc chemotherapy cannot be justified
for patients in such a poor general condition. For this reason, for some
time now, antiemetics, vitamin preparations or blood derivatives have
been used in addition to the administration of cytostatic agents. However,
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the substanees used up tili now, uncler these aspects, do not dispose per se
of any antitumoral efficacy. In the search for antiemetic substanees with
an antitumoral action, wc have come across biological active agents in the
form of exogenic peptides and proteins (NeyTumorin®, vitOrgan, Ostfil-
dern, FRG) which are isolated from healthy and non-malignant tissue of
various species. The antitumoral efficacy of these substanees has been
demonstrated in comprehensive in vitro and in vivo experiments [4-12].
The intended effect of these substanees has also been shown clinically, as a
monotherapy and in combination with chemotherapy. A noteworthy fea-
ture was the good general State of health of patients under this therapy.
Consequcntly, for treatment of extensive inoperable tumors or with recur-
rent carcinomas or such with a generalized formation of metastases, a
synergistic action in the sense of an enhanced antitumoral efficacy with
improved tolcrance would be expected for the combination of such sub-
stanees with potent cytostatic agents.

For this reason, as an initial step, various combinations of cytostatic
agents with NeyTumorin were studied. Within the framework of com-
prehensive investigations, it was found that mitomyein C [2, 3], which has
been used by us in many tumor cases but has the disadvantage of having
considerable side-effccts, can be combined with NeyTumorin®. To begin
with, suitable ineubation conditions were established under the aspect of a
Solution of this combination for use as an intravenous infusion, with the
aim of obtaining clear solutions without a preeipitate. In a further step, the
molccular interactions between the combined substanees were studied and
finally, the antitumoral efficacy of the individual substanees and combina-
tions were measured in human tumor-cell cultures or diploid fibroblast
cultures. The *H-thymidine incorporation rate was used as a marker for
the DNA-synthesis of the cell-lines studied. In addition, the proportion of
live cells to dead cells after the treatment was determined with the aid of
trypan-blue staining. Wc have also found the combination of mitomyein C
with adriamyein to be effectivc. However, the study of the combination
capacity with NeyTumorin®-Sol revealed the occurrcnce of non-speeifie
preeipitates. Finally, it was established in large-seale mass examinations
that adriamyein can be combined with a hemoderivative of calf's blood.
This combination was alo studied with respect to the antitumoral efficacy of
individual substanees and combinations in tumor- and normal-ccll cul-
tures. The findings from these experiments then led to the elaboration of a
therapy plan which, in the meantime, has been used for several patients
with a noteworthy degree of success.
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Experimentell Part
Combination of Mitomvcin and NeyTumorin®

Incubation

NeyTumorin® and mitomvcin were dissolved in phvsiological saline Solution and ineu-
bated in a ratio of 15 mg NeyTumorin® to 2 ml mitomvcin for 12 h at 37° C, stirring being
maintained. Non-incubated mixtures of the same combination. which were mixed immedi-
ately before use in the ccll-culturc, and the individual preparations served as reference
samples.

H PL C-Separations

The HPLC-scparations were carried out under the following conditions: separating
column; gel-type: G 3000 SW (LKB 2135/60); column dimensions: 600 x 7.5 mm; prclimi-
nary column: gel-type Ultro-Pak-TSK GSWP: column dimensions: 75 x 7.5 mm; flow-rate:
50 ul/min. After passing through the separating column, the fractions were measured on-linc
in a flow-photometer at 280 nm. Tlie sample volume was 250 ul. A buffer Solution with 0.1
M Na,HPO4, 0.1 M NaCl and pH 7.2 was used as the eluate buffer. The separated fractions
were collecled with a fraction-collector so that their mitomvcin content could be studied and
their antitumoral efficacy in cell-cultures tested.

Mitomycin  Determ inatio n

The exposure of the UV-vis spectrum of mitomvcin revealed an absorption maximum at
218 and 365 nm. Since the peptide and protein fractions of NeyTumorin® do not absorb at
wavelength 365 nm, it was possible to determine the mitomvcin content of the fractions
obtained after Separation of the NeyTumorin®/mitomycin mixture by measuring the absorp-
tion at 365 nm. It was also demonstrated that the characteristic absorption maximum of
mitomvcin has not changed after incubation with NeyTumorin®.

Cell-Culture
DNA-Synthesis

Human tumor cells (Hep 2, Wish) and diploid fibroblasts (FH 86) were used as test-
cells. All the ccll-cultures passed through a tcst-cycle consisting of a growth-cycle and a test-
phase. The test-substances were used in the test-phase.

The cclls, which had been kept under liquid nitrogen, were thawed out at 37° C and
ineubated in culture flasks with the minimal essential medium (Gibco Europe, Karlsruhe,
FRG) with additions of Ilanks' salts (MEM-H), penicillin. streptomyein, neomvein. and
5-10% foctal calf serum. After two days, the cclls were visually counted after trypsinization
and again seeded. Following daily medium changes, the cell-count was repeated on the 4th
day and 1 x 10° cclls per 1 ml MEM-H + 10% FKS seeded out on special ccll-plates, each
containing 30 single-cell cultures of 1 x KV cells.

Test Phase

The preparation was added after 40 h, 50 ul preparation per flask being added in the
present tests.- Six parallel samples were prepared per test for each type of preparation and
concentration. Incubation was limited to 8 h. 4 h before the end of this exposure time,
50 ul methyl-"H-thymidine Solution (0.35 uCi) werde added by pipette in each case. After
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further 4 h, the non-incorporated Tl-thymidine was removed by washing four times with 1
ml 2% perehloric acid each time and hydrolizing the cells with 1 N I1C1 at 70" C for 1 h. The
hvdrolysate was transferred to scintillation vials and mixed with cocktail (Aqua Sol 2. NEN).
The activity rneasurement was carricd out in a Beckman LS-100 liquid scintillation counter.
Relative Standard deviations of s, = + 10% were determined as Statistical quality cocffi-
cients of the total test System.

Combination of Hemoderivative with Adriamyein

Incubation

One vial adriamyein (10 mg) was suspended in 10 ml hemoderivative and ineubated for
12 h at 37"C. Non-incubated samples and the individual substanees served as refcrence
samples.

Cell-Cultare

The measurements of the DNA-svnthesis with this combination were carried out as
described under the combination of mitomycin/NeyTumorin®.

Trypan - Blue Stauung

This staining test provides information on the vitality of cclls, based on the fact that live
cells do not absorb stains such as trypan-blue, whercas with dead cells both the cvtoplasm
and the nucleus can be stained [17-20].

The cells were processed as described above and, instead of the radioactive labeling.
stained with trypan-blue (3.3'-[(3.3'-dimcthyl-4.4' biphcnvlene)-bis) azo)]-bis (5-amino-4-
hydroxy-2.7-naphthalenc disulfonic acid)-tetrasodium sali). A basic condition is that the
cells are washed protein-frec before the staining to prevent non-speeifie staining at proteins.
The concentration of trvpan-blue was 0.18 %. The test-solution was mixed with a pipette and
allowced to stand for 4 to 5 min at room temperature. It is then once more vigorously mixed
and a counting Chamber (Fuchs/Rosenthal, FRG) fillcd with a fcw drops. 1'hc cell-count is
started and the percentage of live cells calculated with the equation

oV i ., _ unslaiged cells i
Wiliercells sta’ined?an& unsta:ineg cerifsx 168

All cells whose nuclcus or cytoplasm displays a hlue stain are considered to be stained
and thus dead, or damaged. Even those cells which display only a pale hlue staining of the
cell-nucleus are designated as dead.

Results
Mitomycin/NeyTumorin® System

In a test Solution, the DNA-svnthesis of tumor cells and normal cells
was measured after being treated for 8 h with NeyTumorin or mitomyein,
the NeyTumorin® -f mitomyein mixture and the ineubated produet of
NeyTumorin® + mitomyein. A comparison was made of the effect with a
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pure physiological saline sample and of an albumin sample with the same
protein content as NeyTumorin®. Figure 1 shows that in comparison with
the control-culture treated with physiological saline Solution, or the cul-
ture treated with bovine albumin, both NeyTumorin® 4- mitomycin and
NeyTumorin® incubated with mitomycin are extremely effective. The
effect of pure mitomycin, especially in the group treated with incubated
NeyTumorin®/mitomycin, is even surpassed in the tumor cells. The mixing
of NeyTumorin® and mitomycin without incubation, led to comparable
inhibitory results with the normal-cell culture, whercas a weaker effect
was observed with tumor cclls. NeyTumorin® alone tends to stimulate the
normal cells while tumor cells are inhibited. Whereby, note that this
biological substance causes a far lower degree of mitotic inhibition than
mitomycin.

The Separation of the incubated sample by HPLC revealed that
mitomycin is largely bound to 2 low-molecular weight fractions of Ney-
Tumorin® in the molecular weight ringe between about 1000 and 10000.
Whether this linkage is covalent or came about through hydrogen ring-
struetures or Van-der-Waals forces cannot be determined from thesc
studies. It is to be noted, however, that this linkage does not break up
during the HPLC-separation. Due to these results, the various peaks were

DNA-.synthe§is
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Fig. 1. Behavior of DNA-synthcsis ('"H-thymidine incorporation rate) after 8-h incuba-
tion with NeyTumorin alone, mitomycin alone, NeyTumorin® + mitomycin incubated and
non-ineubated, with human tumor and normal cclls. The effects were compared with bovine
albumin and physiological saline Solution as control-cultures.
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Fig. 2. Separation of ineubated NeyTumorin® and mitomyein by HPLC. Mitomyein is
again found in the rdnge of tvvo NeyTumorin peaks (peak 2 and peak 3). The result of the
DNA-synthesis measurements (*H-thymidine incorporation rate) alter 8-h ineubation with
the individual fractions is given belovv. It is clcar that onlv peak 2, as the peak containing
mitomyein has an effect. The specific inhibitory effeet of peak 1 on tumor cells with its higher
molecular weicht is considerable.
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Fig. 3. Dose-effect relation of hemoderivative and adriamycin and hemoderivative and
adriamycin incubated and non-incubated in tumor cells.
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Fig. 4. Dose-effect relation of hemoderivative, adriamycin and the combination
hemoderivative + adriamycin, incubated and non-incubated with diploid fibroblasts.
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collccted separately and their mitotic inhibitory effect studied in diploid
and heteroploid cell-cultures. The absorption diagram of the ineubated
NeyTumorin®/mitomycin sample is shown in figure 2. The broken line
represents the results obtained from the mitomyein-absorption measure-
ments. Bclow this, the results shown were obtained after the study of
individual peaks in the eell-culture with respect to the DNA-synthesis
rate. Apparently, the mitomyein (MW 334) is bound to low-molecular
weight peptidc fractions of NeyTumorin®. The nature of these linkages
cannot be determined from our results. The study of individual peaks in
the eell-culture revealed a clcar, mitotic Inhibition effect of peak 2,
whereas peak 3, which was likewise shown to contain mitomyein, does not
display any antimitotic activity. The selectivc inhibitory effect of the high-
molecular weight NeyTumorin® fractions observed in tumor cells is
noteworthy.

The Hemoderivate/Adriamycin System

As with the NeyTumorin®/mitomycin system, a study was made of the
influence of this combination on the DNA-synthesis of tumor and normal
cells. In addition, the dose-dependence of the effects was investigated.
Notice that hemoderivative and bovine albumin behave in a comparable
manner with respect to the DNA-synthesis. However, the ineubation of
hemoderivative with adriblastin leads, even at low concentrations, to an
extreme inhibition of the DNA-synthesis in normal and tumor cells (s.
figs. 3, 4).

The results of the trypan-blue staining after treatment with the same
substanees show the same rclations, but even more clearly. Whereas in
the control, the hemoderivative group and the albumin group, it was
found that there were approximately the same percentages of live cells;
practically all the cells were destroyed in all cell-cultures to which
adriamyein had been aclded. A difference between pure adriamyein and
adriamyein ineubated with hemoderivative was not apparent (fig. 5).

Clinical Part

To begin with, on the basis of the experimental results, tolerance
studies were carried out in animal experiments. After observing a clearly
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Fig. 5. Results of trypan-blue staining as proportion of live cells of human tumor-ccll
lines HEP 2 after 8-h incubation with the lest preparations. No differences were apparent
between adriamycin and the combinations adriamycin + hemoderivative, incubated and
non-incubated.

better tolerance of the satne doses of cytostatic agents, when administered
with appropriate xenogeneic peptides, the first clinical tolerance studies
were carried out. It was found that the tolerance of the same doses of
cytostatic agents has increased not only subjectively but also objectively,
as demonstrated by hematological blood parameters. Even in cases which
appeared hopeless, noteworthy remission and response rates were still
found.

The fundamental advantage of this cytostatic combination therapy
with xenogenic peptides is that it is not associated with considerable
subjective impairment to the general condition with side-effects such as
vorniting, giddiness, loss of hair, etc. lasting, more or less, for a long
period. In addition, the relatively constant hematological laboratory para-
meters point to an insignificant effect on the myeloproliferative system.
Furthermore, the biological cytostatic combination therapy has the
advantage that the immune system is not suppressed to the extent
observed when cytostatic agents alone are used.

The treatment plan shown in table I was employed for the cases
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Table /. Therapy plan

Day 1 20 mg mitomyein are ineubated for 12 h at 37° C with 300 mg NeyTumorin-Sol.
For the infusion, this mixture is added to 250 ml actovegin 20% per infusion and
slow intravenous infusion earried out. 20 mg adriblastin, ineubated for 12 h at
37° C with 20 ml actovcgin 20%, are then added to 50 ml physiological saline
Solution and intravenous infusion is likewisc earried out.

Day 5 Intravenous infusion of 300 mg NeyTumorin®-Sol in 1000 ml physiological saline
Solution.

Day 10 20 mg adriblastin, ineubated for 12 h at 37" C with 20 ml actovcgin 20%, are
added to 50 ml physiological saline Solution and intravenous infusion earried out.

Day 15 Intravenous infusion of 300 mg NeyTumorin-Sol in 1000 ml physiological saline
Solution.

Pause of 4 weeks.

Continue therapy until normalization of clinical paramclers.

Fig. 6. B.-E. K. Malignant thymoma affecting the left root of the lung, pericardium.
mediastinum, and aorta. Left pleura effusion.

Fig. 7. B.-E. K. Follow-up of the malignant thymoma under cytobiological-cytostatic
combination therapy with NeyTumorin®, mitomyein, and adriblastin. Complete regression of
malignant thymoma (here also sec fig. 8).
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described here by way of example. The incubation of the cytostatic agents
with the xenogenic peptide preparations was earried out in the manner
described in the experimental pari, llie laboratory values found with these
patients are set out in table II.

Case Report
(1) B.-E. K., female, born 11-2-1943

Malignant thymoma. stagc III. Lcl't exploratory thoracotomy on 10-1-1983. This
revealed that the pericardium, left root of the lung, mediastinum and aorta were almost
completely covered and infiltrated by yellowish-white and fairly hard tumor masses.

Histology: Thymoma, stagc III, which, from the proliferation tcndency and spread. is
behaving in a definitely malignant manner. This is particularly apparent in the tissue
examined where soft tissue is infiltrated.

Figure 6 shows the mediastinal tumor of this patient with involvement of the left root of
the lung, pericardium, mediastinum and aorta. Ibis picture was taken on 2-2-1983. In figure
7 (of 30-5-1983) and figure 8 (of 5-9-1983) a regression of the tumor masses in the region of
the root of the lung, aorta, mediastinum and pericardium is apparent, while in figure 3 the

Fig. 8. B.-E. K. Follow-up of the malignant thymoma under cytobiological-cytostatic
combination therapy with NeyTumorin®, mitomyein. and adriblastin. Complete regression of
malignant thymoma.

Fig. 10. V. T. Advanced dedifferentiated, follicular thyroid Carcinoma with lymphan-
giosis carcinomatosa of the lung and lymph-node metastases in the mediastinum and on both
sides in the hilum.

10
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tumor can no longer be identified. For the further assessment of the tumor regression, a CT-
scan was carried out (7-10-1983) with CM bolus (fig. 9). There is a complete regression of
the tumor masses at the aorta and pulmonary artery, in the mediastinum and at the pericard-
ium. No indication of a recurrencc of the tumor up to the present time.

(2) V. T., female, born 11-2-1933

A strumectomy of the right lobe of the thyroid with lymph-node extirpation was carried
out with this patient in March 1983 on account of an histologically confirmcd, advanced,
dedifferentiated, follicular thyroid Carcinoma with regional lymph-node metastases. In
Dccember 1982, hospitalization on account of a generalized formation of bone metastases, a
lymphangiosis carcinomatosa of the lung and lymph-node metastases in the mediastinum and
in the hilus on both sides (sce fig. 10 of 28-12-1982 and fig. II of 9-2-1983). The patient was
put on the cytobiological-cytostatic combination therapy as of 17-3-1983. The picturc of
3-9-1983 (fig. 12) shows a completc regression of the lymphangiosis carcinomatosa of the
lung and a regression of the lymph-nodes in the mediastinum on both sides of the hilum,
apart from a lymph-node at the level of the vena aeygos, which has likewise becomc smaller
in comparison with the pictures of 28-12-1982 and 9-2-1983.
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Fig. 9. B.-E. K. CT-scan with CM bolus. Complete regression of malignant thymoma.
the yellowish-white and fairly solid tumor masses, which had completely covcred and infil-
trated the pericardium, the left root of the lung, the mediastinum and the aorta.
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Fig. 11. V. T. Follow-up ofthe advanced, dediffcrentiated, follicular thyroid Carcinoma
under cytobiological-cytostatic combination therapy with NeyTumorin®, mitomyein and
adriblastin.

Fig. 12 shows a complete regression of the lymphangiosis carcinomatosa of the lung
and regression of the lymph-nodes in the mediastinum and on both sides in the hilum apart
from one lymph-node at the level of the vena aeygos which, in comparison with the previous
pictures, has likewise become smaller.

In the whoic-body bonc scan (fig. 13), it is apparent that no increase has taken place in
the bone metastases in the period from March 1983 to February 1984. Lp to the present
time, there is no sign of a progression of the disease.

(3) K. Ct., male, born 9-7-1944

With this patient, a lymphogranulomatosis of the nodular-sclerosing type was known
sincc February 1983. Clinical stage II with B-symptoms (Staging laparotomy). After the
establishment of the diagnosis, hospitalization and commencement of a polvchemotherapy
according to De Vita, consisting of cyclophosamide, vincristine, procarbacin, and Pred-
nisone. After an initially good response to the polvchemotherapy, B-symptoms occurred
once more after the 2nd cycle, as a sign of the progression and there was an increase in the
size of the left supraclavicular, left axillary and mediastinal Ivmph-nodcs (fig. 14 of 8-2-
1983). Since the patient refused further cytostatic therapy, as usuallv at that time, and a
proposed radiation treatment, a cytobiological-cytostatic combination therapy was begun
with him on an outpatient basis. Under this therapy, there was a complete remission of the
Hodgkin lymph-nodes in the mediastinum, in the left supraclavicular fossa and in the left
axillary fossa (fig. 15 of 2-9-1983). A remission of the discasc continues Up to the present
time.
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Fig. 13. V. T. Whole-body hone scans of 17-3-1983 and 3-9-1983. Advanced, dedif-
ferentiated, follicular thyroid Carcinoma. No increase in bone metastases.
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Ftg. i6. J. W. Mamma Carcinoma. CT-scan of the Organs in the epigastric organs:
diffuse permeation of both right and left liver lobules with multiple metastases (1). Under
the cytobiological-cytostatic combination therapy, a progressive formation of liver metas-
tases cannot be demonstrated (2).

Fig. 14. K. G. Lymphogranulomatosis of the nodular sclerosing type in the media-
stinum affecting the hilar and mediastinal lymph-nodes.

Fig. 15. K. E. Lymphogranulomatosis of the nodular sclerosing type. After cytobiologi-
cal-cytostatic combination therapy with NeyTumorin®, adriblastin. and mitomyein, almost
complete remission of the Hodgkin lymph-nodes in the mediastinum.
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Fig. 17. J. W. Mamma Carcinoma. Left pleural effusion with pleuritis carcinomatosa.
Fig. 18. J. W. Under the cytobiological-cytostatic combination therapy with NeyTumo-
rin®, mitomycin, and adriblastin, complete regression of pleural effusion.

4) J. W., female, born 17-11-1928

With this patient, a left ablatio mammae was carried out in 1978 on account of a
mamma Carcinoma with lymph-node metastases. A pleuritis carcinomatosa of the left thorax
was known since April 1982. On 9-9-1982, a CT-scan of the liver revealed a hepatomegaly
with diffuse permeation of both right and left liver lobules with multiple metastases. A CT-
scan carried out on 16-12-1982 showed small, large and in some cases, roundish liver
metastases and a left pleural effusion with pleuritis carcinomatosa. CT-scans carried out on
16-5-1983 (fig. 16) and 23-8-1983 (fig. 16) do not show a progression in the formation of
liver metastases. A hepatomegaly is no longer detectable. The left pleural effusion (fig. 17 of
14-10-1982) shows a complete regression (fig. 18 of 8-10-1983).

Since the start of the therapy, a progression in the disease can no longcr be demon-
strated.

Fig. 19. M. S. Solidlv growing, dedifferentiated, relatively small-cell, scirrhoid Car-
cinoma of the left breast. CT-scan of epigastrium: sevcral roundish liver metastases of
varying size in the ventral region of the left liver lobule and ventrolateral and dorsolateral
section of the right liver lobule. Enlarged liver.

Fig. 2(). M. S. Solidlv growing, dedifferentiated, relatively small-cell scirrhoid Car-
cinoma of the left breast. After cytobiological-cytostatic combination therapy with Ney-
Tumorin®, mitomycin, and adriblastin, complete regression of liver metastases.
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(5) M. S., female, born 18-12-1940

A left mamma ablatio with reinoval of the axillary lymph-nodcs on account of a
mamma Carcinoma with lymph-node metastases was carried out with this patient in
December 1982. The histology revealed a solidlv growing, dedifferentiated, relatively small-
cell. scirrhoid Carcinoma. After establishing the diagnosis, a polychemotherapy, according to
Salmon and Jones, was started. At the samc time, the patient, in whom the estrogen-reeeptor
determination in the tumor tissue was positive, was given the anti-estrogen tamoxifen, in a
daily dosage of 2 x 2 tablcts. Under this therapy, a formation of liver metastases occurred
which was confirmed by a CT-scan (fig. 19 of 28-1-1983) and by an cxploratory laparotomy
with tissue biopsy. The histological examination revealed a liver metastasis of a scirrhoid
Carcinoma. The CT-scans of 28-1-1983 show several roundish liver infiltrations of varying
size in the ventral region of the left liver lobule and ventro-lateral and dorso-lateral section
of the right liver lobule. As a wholc, the liver is enlarged. A cytobiological-cytostatic combi-
nation therapy was then carried out in accordance with the plan indicated above. In a control
examination on 13-7-1983 (fig. 20), it was no longer possible to visualize the liver metas-
tases. At present, there is no sign of a progression of the disease.

Fig. 21, a-c. A. S. Low-differentiation squamous ccll Carcinoma of Collum uteri with no
or scarcely any hornification. CT-scan of epigastrium. Under cytobiological-cytostatic com-
bination therapy with NeyTumorin®. mitomycin, and adriblastin, clear regression in the
formation of liver metastases, especially of the large metastases.
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(6) A. S., female, born 9-7-1936

'The establishment of the diagnosis with this patient revealed a collum Carcinoma with
multiple metastases. The tumor was histologicallv classified as a squamous cell Carcinoma
with low differentiation and no, or scarcely any, hornification. Figure 21, a-c. shows CT-
scans of a diffuse formation of liver metastases, the size of kidneys. These pictures were
obtained on 24-5-1983. Figure 22, a-c, shows a CT-scan of the same liver taken three
months later after cytobiological-cytostatic combination therapy. There is a clear regression
in the formation of metastases, especially with regard to the large metastases. Sudden exitus
letalis in January 1984, with renewed progression of the liver metastases.

These case reports show that it is definitely possible with cytobiologi-
cal-cytostatic combination therapy to achieve a stabilization of metastases
formation over a period of months thus, prolonging life in a more toler-
able manner. In addition to the antitumoral efficacy on this therapeutic
concept, special mention should be made of the good subjective general

Fig. 22, a-c. After the cytobiological-cytostatic combination therapy; clear regression
in the formation of metastases, above all of the big metastases. Computer tomograms of the
same liver 3 months later.
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condition of the patients, which most certainly makes it possible to carry
out a high-dosage cytostatic treatment on an outpatient basis.

The results documented in this paper are an encouragement for us to
continue an energetic application of this principlc in the therapy of solid
tumors.

Summary

These ease reports show that it is definitely possible with the cytobiological-cytostatic
combination therapy. to achieve a stabilization in the formation of metastases ovcr a period
of months and thus, prolonging life in a more tolerablc manner. In addition to the anti-
tumoral efficacy on this therapeutic conccpt, special mention should be made of the good
subjective general conditions of the patients which, therefore, makes it possible for a high-
dosage cytostatic treatment to be carried out on an outpatient basis.

The results documented in this paper is encouragement for us to continue an energetic
application of this principle in the therapy of solid tumors.

Zusammenfassung

Diese Fallbeispiele zeigen, daBl es sehr wohl moglich ist, mit der zvtobiologisch-zvto-
statischen Kombinationstherapie tiber Monate eine Stabilisierung der Metastasierung zu
erreichen und damit das Leben lebenswerter zu verlingern. Besonders hervorzuheben ist
neben der antitumoralen Wirksamkeit dieses Therapickonzeptes das gute subjektive All-
gemeinbefinden der Patienten, das auch eine Behandlung mit hochdosierten Zytostatika
ambulant durchaus ermdglicht.

Die in der vorliegenden Arbeit dokumentierten Ergebnisse sind fiir uns Ansporn,
dieses Prinzip in der Therapie solider Tumoren weiter intensiv zu verfolgen.
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Pilot Experience with NeyTumorin™-Sol
for the Treatment of Generalized
Metastasizing Carcinomas of the Mamma

O. F. Lange

Robert Janker Clinic, Bonn, FRG

Introduction

Despite all the therapeutical progress in Carcinoma of the mamma,
hematogcnous metastatic-sprcad finallv occurs in a large number of cases.
Tumor regressions of varying extent and duration can be achieved, even in
this stagc, by established tumor trcatments, especially by the combined
application of radiotherapv and cytostatic chemotherapy. Th the short or
long term, however, a refractory tumor progression occurs.

This group of patients suffcring from Carcinoma of the mamma, for
whom no further treatment is possible, represents a major medical and
psychosocial problem for every oncoiogical specialist. The efforts made so
far to achieve remissions of an improvement in the quality of life, have not
led to convincing results - up tili now.

Selective, Antiproliferative, and  Resistance-Stimulative

In this Situation, cvtoplasmic therapy with organ extracts may possibly
indicate a new approach. In animal experimentation and human cell-
cultures it was found that NeyTumorin® has a tumorostatic or tumoricidal
effect, and in this respect thus resembles the cytostatic chemotherapeutic
agents, but without the side-effects usually found with this group of medic-
aments.
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An explanation for this is the suspected mechanism of action of the
organ lysates:

(1) The antiproliferative effect acting selectively on the tumor cell;

(2) the Stimulation of certain cell-subserved defense mechanisms.

Purpose of Study

Initially, in a pilot study, the general roborant effect and the anti-
tumoral action of the preparation NeyTumorin® werc to be studied in
individual cases. Up to the present, 12 patients took part in the study. The
following inclusion-criteria had been found:

(1) Histologically confirmed Carcinoma of the mamma with
hematogenous metastatic spread;

(2) the Stimulation of certain cell-subserved defense mechanisms
(radiotherapy, chemotherapy, and/or hormonal therapy).

Response-rate
objective tumor parameters (n=12)
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Fig. 1. Localization of metastases. Study of the palliative efficacv of NeyTumorin® in
the general metastatic spread of Carcinoma of the mamma alter Operation, chemotherapy,
and radiation treatment.
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Case Material

Twelve female patients (age 34 to 65 years) in the preterminal stage of Carcinoma of
the mamma had been treated up to this time with the NeyTumorin®-rcgime. Bone metas-
tases could be demonstrated in 11 cases, liver metastases in 8 cases, pulmonary metastases in
6 cases, lymph-node metastases in 6 cases, and skin metastases in 3 cases (fig. 1).

All patients had previously reeeived radiation, cytostatic, and hormonal treatment.

Therapeutic  Regime

Day I morning and evening 1 ampoule NeyTumorin® each, dilution strength 1;

day 2 morning and evening 1 ampoule NeyTumorin® each, dilution strength II;

day 3 morning 1 ampoule NeyTumorin®, dilution strength III, i.v. in each case;

days 4 to 8§ 1 ampoule NevTumorin®-Sol i.v. each day;

days 9 to 20 1 ampoule NeyTumorin®-Sol i.m. each day.

In addition to this therapy, a symptomatic treatment with analgesics, antiemetics, and
sedatives was carried out. In two cases, an additional radiation therapy was nccessary on
account of the danger of a pathologic fracture in the region of osteolytic bone metastases.

Assessment  Criteria

The following subjective criteria were selcctcd as assessment parameters: general con-
dition, appetite, pain, and nausea. In addition, the following objective parameters were
documented: measurable size of tumor or metastasis, weight, laboratory values, and X-ray
examinations.

Results
General Condition

Eight of the 12 patients treated feit generally better and stronger,
already within a few days after the Start of the therapy. In 3 cases, there
was no change in the general condition, even on completion of the 20-day
cycle treatment. In onc patient, there was a deterioration in the general
State of health under the therapy.

Weight

Fivc patients shamed a desired increase in weight occurring during
the treatment. In another 5 women, the progressive loss of weight was
halted. In two cases, there was an increase in the extent of the cachexia of
malignancy (fig. 2).
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Response-rate
Subjective well-being
Weight change

(n=12)

unchanged
42%

subjective well-being change in weight

Fig. 2. Responsc-rate: subjcctive well-being, weight change (n = 12). Study of the
palliative efficacy of NeyTumorin® in the general metastatic spread of Carcinoma of the
mamma after operation, chemotherapy, and radiation treatment.

Pain

Of 11 patients who regularly needed high-dosage analgesics, it was
possible to clearly reduce, in some cases, the consumption of pain-killers
by 7 of thein. There was no change in the analgesic requirements of the
other 4 patients (fig. 3).

Nausea
Four patients suffered from constant, severe nausea and vomiting. In

one case, it was possible to discontinue, and in another significantly
reduce, the antiemetics during the NeyTumorin® treatment.
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Response-rate
Drug-consumption

unchanged
18%

Analgetic (n=11) Antiemetic (n=4)

unchanged
50%

Fig. 3. Response-rate: drug-consumption. Study of the palliative cfficacy of NeyTumo-
rin® in the general metastatic spread of Carcinoma of the mamma after operation,
chemotherapy, and radiation treatment.

Objective  Tumor Regressions

The clinical examination revealed an improvement in 7 of the 12
patients (reduetion in size of skin or lymph-node metastases, reduetion in
the tapping pain which could be induced at skclctal areas affccted by
metastases, reduetion in size of livers affected by metastases). With the
other 5 patients, a progression had occurred in the tumor condition.

Laboratory Parameters

In the majority of the cases, there was no real change in the labora-
tory values during the treatment. In 4 of 12 cases, a clear tendency to
normalization was found (gamma-GT, LDH. alkaline phosphatase, CKA,
and BSR).
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X-Ray Examinations

In one case, a complete regression of a pulmonary lymphangiosis was
found and, in another case, a partial regression of pulmonary metastases

(fig- 4).

Description of an Individuell Case

With a female patient of 38 ycars suffering from bone, liver, and
lymph-node metastases and an extensive pulmonary lymphangiosis car-
cinomatosa, the NeyTumorin® treatment was started in April 1983, after
all other therapeutic possibilities had bcen exhausted. The patient was in
the preterminal stagc and was suffering from very severe dyspnoea at rest.
There was a clear improvement in her State of health within a few days
after the Start of the therapy. Sonographie examination showed a regres-
sion in the liver metastases, while X-rays revealed an improvement in the

Localization of metastases
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Fig. 4. Response-rate: objcctive tumor parameters (n = 12). Study of the palliative
efficacy of NeyTumorin® in the general metastatic spread of carcinoma of the mamma after
Operation, chemotherapy, and radiation treatment.
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lymphangiosis Carcinoma. The patient was discharged with frcedom from
pain after thrce weeks.

At the wish of the patient. the NeyTumorin® was continucd on an
outpatient basis by the family doctor. With continuation of the treatment.
the remission lasted for four months. After this. a progressive growth of
the tumor took place again.

With the other patients who did not reeeive further treatment after
the 20-day therapy cycle with NeyTumorin®, the improvement lasted for 1
to 7 weeks.

Improvement in Quality of Life

Diiring and after the cytoplasmatic therapy in the dosage quoted
above most patients confirmed an improvement of physical well-being and
mental activity. This therapeutic effect is of great importance, especially in
far advanced canccr patients who are not able to reeeive any further
treatment (hormones or cytotoxic drugs). The improvement in quality of
liic lasted up to 7 weeks after the end of NeyTumorin® therapy.

New  Developments

Becausc of the unspeeifie immunostimulating and possibly anti-
tumoral effect of xenogenic peptides NeyTumorin® will be used in mul-
timodal canccr therapy as a supportive treatment in combination with
radiation and cytotoxic drugs. In some cases the xenogenic peptides have
been able to reduce the side-cffects of aggressive polychcmotherapy
regimes.

This will be the subject of further investigations. A prospective ran-
domized study will be performed.

Summary

The results of the pilot study show, that in terminal cases of metastasizing carcinomas of
the mamma, a therapy with NeyTumorin® alone, in the dosage quoted, leads in some cases to
an improvement in mental and physical well-being and to better appetite and funetioning
capacity. Also, a desirable gain in weight can be achieved with cachectic patients. In many
cases, it is possible to reduce the analgesics and anticmetics administered. In individual cases,
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an objcctive regression in the tumor condition could bc shown by clinical. laboratory, and
X-ray findings. No side-effects occurrcd in the patients treated, apart from an occasional rise
in the heart-rate during the intravenous injcction of NeyTumorin®-Sol. Special mention
shouid bc made of the improvement in the quality of lifc, which is often alrcady reported
within a Short time of the therapy. The improvements achieved lasted for 1 to 7 weeks. It is
probable that the remission times arc longer when NeyTumorin® treatment is continued after
the 20-day therapy cyclc.

Zuscunn i el ifass ung

Die Ergebnisse der Pilotstudie zeigen, dafl in terminalen Fillen metastasierender
Mammakarzinome eine alleinige Therapie mit NeyTumorin® in der angegebenen Dosierung
in einigen Féllen zur Besserung des physischen und psychischen Allgemeinbefindens sowie
zur  Steigerung von  Appetit und Leistungsfahigkeit fiithrt. Eine erwiinschte
Gewichtszunahme ist auch bei kachcktischen Patienten noch zu erreichen. Analgetika und
Antiemetika lassen sich oftmals reduzieren. In Einzelfdllen war eine objektivierbare Riick-
bildung des Tumorleidcns klinisch, laborchcmisch und rontgenologisch feststellbar. Bis auf
gelegentlichen Anstieg der Herzfrequenz wéhrend der intravendsen Injektion von Ney-
Tumorin®-Sol traten bei den behandelten Patientinnen keine Nebenwirkungen auf.

Besonders zu erwihnen ist die Verbesserung der Lebensqualitdt, die oft schon kurz
nach Therapiebeginn angegeben wird. Die erreichten Besserungen hielten 1-7 Wochen an.
Es ist wahrscheinlich, daB die Remissionszeiten unter Fortfithrung der NeyTumorin®-
Behandlung iiber den 20tdgigen Therapiezyklus hinaus ldnger andauern.

Dr. med. O. F. Lange, Robert-Janker-Klinik, Baumschulalice 12. D-5300 Bonn
(FRG)
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Macromolecular Organ Extract (NeyTumorin®)
in the Treatment of Non-Small-Cell Bronchial
Carcinoma and Metastatic Lung Disease

Preliminary Report

K. H. Bohnacker, F. Krause

Dept. I with Thoracic Surgery, Lowenstein Lung Clinic, Lowenstein, FRG

NeyTumorin® (NT) is reported to possess cancerostatic properties
[3-5]. This was to be tested by a pilot study in patients with advanced
primary non-small-cell bronchial Carcinoma (NSBC) and with secondary
metastatic lung disease in regard to dose, application, tolerance, and side
effects.

Patients and Methods

From November 1981 until September 1982 NT was given to 10 patients with histo-
logically proven NSBC, partially with limited disease and to patients with metastatic lung
cancer of extrathoracic origin; all showing progression of their disease. Some patients were
treated previously, with more or less effect. In all cases, surgery was not possible anymore or
had been refused, and further polychemotherapy courscs did not seem to benefit the patients
and could be postponed (see table II).

NT was applied according to the Instructions of the manufacturer. It was planned to
administer NT for at least 6 weeks as mono- and only therapy. Before and after 6 weeks of
treatment, the following parameters were to be obtained:

Subjective feeling,

acceptance of the treatment and the in jections,

vigilance and Performance,

weight, sedimentation-rate, WBC, IgE, CEA. roentgenology.

Administration was performed i.m. beginning with dilution no. 66 for the first 3 days fol-
lowed by NT as dry substance. The time interval between doses being not longer than 3 or 4
days. After day 19 NT was given twice a week on Mondays and Thursdays, as dry substance
(table T).
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Table 1. Dosagc and timing of NeyTumorin®

Day 1 NT dil. no. 66 St. 1 2/daily
Day 2 NT dil. no. 66 St. II 2/daily
Day 3 NT dil. no. 66 St.IIT 1/daily
Day 4 NT dry substance 15 mg 1 amp.
Day 7 NT dry substance 15 mg 2 amp.
Day 10 NT dry substance 15 mg 2 amp.
Day 13 NT dry substance 15 mg 2 amp.
Day 16 NT dry substance 15 mg 2 amp.
Day 19 NT dry substance 15 mg 2 amp.

From the 19" day on, twice weekly, for instancc Mondays and Thursdays, 1 amp. NT dry
substance. This could also bc done on an outpatient basis.

Results

Ten patients were treated with NT. Two female patients died of their
disease in the clinic diiring treatment. Both had lymphangiosis car-
cinomatosa and rapidly progressing tumor disease. Cause of dcath was
cachexia and respiratory failure.

The remaining 8§ patients and their follow-up data are summarized in
table III. All patients died of their respective disease after discharge from
hospital. One patient had radiotherapy after NT.

Vigilanee and Subjective General Condition

Two patients reported feeling much better after the first couple of
injections; all others did not report any change. One patient reported
feeling worse, but this was in accordance with his failing tumor condition.
One patient with lung metastases continued having a good general condi-
tion, in spite of his ever-growing lung metastases.

Radiological Changes

In all patients but onc (no. 6), therc was a continuous enlargement of
the roentgcnological intrathoracic tumor signs. The above mentioned
patient was first stagcd with "no change" intrathoracically, but had tumor
Progression in the abdomen.



204

Bohnacker/Krause

pauodisod “sarieyd [Ruawiiadya Jo 20uls OIPRI pur ‘rowayd ‘juaunear; “do powa( .,

FuissasFosd Lpmops sem sowm uay) UNTNE LA 93RS 18 UONDISAI 1Y YloIprl patua(]
(LL61) 6ST-LST ‘g€ "doy "yroway?) 1aoue)) 0 °) [P0

"

.

juaunesn [N WN.L ‘Aoqm
Suunp paiq - - = - - r £ ou Jong, L M 01
AN Butmp WNL o
Ajuappns paic - - - - - t 8¢ ou Iseaag 119 ns 6
IWN.L pues
S 186 UL +do €Tl | I 19 ou anoreg wi A4S 8
T 1811 - 9’8 6t z 65 "WINEL 1199 oudpy wi69 s 4
11 I8z WD +do ¥'+T 6 I 0L “WINL ALY wyyL q4r 9
ra 08/€ LS} Le 62l A S¢ UANTL  qod dae] wzy D e BN
P 0 Wi UL 8¢ T 0 9L “WON'L 1190 81 wyL He ¢
s 9L g WD +do 6 P 1 9¢  WINTIM ‘a'nbg wyf AA €
] i - 09 011 z €€ ANTL 5nbg WG/ ‘MY T
t 18/6 KD S Pl T 09 "WN'L ‘a'nbg [LUNS T 1
sisoudelp auasAjuow uzg gk
isod yuuopy  sisoudetp  juawieal) v B Luew Ay ANL adgy X8 sjen
sy AN jo e SNOIADLG WS Juawipoay -10J194 QU EIRIVY ade)g lowmng, gy -y CON
ol 6 8 L 9 < ¥ £ T I

UONRIPAW guLoWN AN 210jaq swaned [je jo | sisdouds 7 apgny



Treatment of Non-Small-Cell Bronchial Carcinoma and Metastatic Lung Disease 205

Tumor-Associated Antigens IgE and CEA

In all patients, serum CEA levels did not rise in aeeordance to the
severeness of their tumor progression. Diiring NT administration serum
CEA levels remained rather stable or showed a falling tendency (see
figs. 1, 2) IgE levels remained rather stable as did all other blood parame-
ters.

White and Differential Blood Count

There was no remarkable change in the relation leucocytes/lympho-
cytes. In one case, eosinophilic count feil under NT treatment. Numbers of
WBC, however, remained stable as did total blood proteins and the
respective body weights.

Y ng/ml S CEA

b 6 7'2 weeks

Fig. I. Serum CEA changes under NeyTumorin® therapy in recordings before starting
and after 6 weeks, or before patients' final failure. Missing patient no. 2 had valucs over 60
ng/ml and is not recordcd.
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Roentgen
tumor
progression,

/

20 1 nglml S CEA

2 4 6 8 10 months

Fig. 2. Follow-up of CEA levels of patient no. 8 with carcinoma of parotid gland and
lung metastases. CEA recordings under NT therapy feil to normal values, inspite of tumor
progression when leaving our control.

Side Effects

liiere were no side effects seen, whatsoever.

Length of Survival

Since there were different pre-treatment courses, different TNM-
stages and no so-called hard data, considerations in this regard are more
or less speculative. However, there seems to be a tendency of amelioration
of quality of survival or at least, some kind of stabilization of the general
condition under NT treatment.

Discussion

Because all patients but one (no. 4), suffered from rather far-ad-
vanced cancer, some of them already being multimodally treated, it
seemed to be quite optimistic to expect effects on the course of the ever-
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progressing disease or on survival time. But nevertheless. in this respect,
the subjective feeling of good general condition. inspite of tumor progres-
sion, is remarkable.

In regard to dose and application, there were no problems which
could be associated to the xenogenous origin of the organ cxtract.
Whecther the upper border of the tolerable amount of the substance had
been rcached. or whether a dose/effect relation exists, could not be eluci-
dated. Allergie reactions were not observed. The tolerance against a 20-
fold dose of the substance has, in the meantime, been published [1].

The duration of the medication was supposed to be long enough to
demonstrate some effect on the tumor disease. Here it is interesting that
until now, the fact that CEA-levels remained fairly equal under treatment
with NT, inspite of tumor progression (mentioned also from other obser-
vers), has been uncxplained. Whether this is a direct influence of the
substance on the tumor cells and/or their antigen production caused by
some biologic reactions, remains to be investigated.

If immunology is supposed to play any role in the spectrum of effects
of NT, there should be some change of the relation of neutro- to lym-
phocytic-blood-count which, however, was not observed. Therefore, any
Statement in this respect is also very speculative. There are very many
questions still to be solved.

Summary

NeyTumorin®, an xenogenous organ extract, has been given to a small number (10) of
non-small-cell bronchial Carcinoma patients and some with metastatic lung disease of
extrathoracic origin. All patients but one had been pretreated with multimodal therapy. Aim
of this small pilot study was the questioning of antineoplastic effects of the substance as well
as for dosage, tolerance, administration, and side effects. The usual parameters for a follow-
up of cancer patients were obtained. There was no effect secn on intrathoracic tumor growth,
except in one case. Slightly lowered lcvels of CEA with a Talling tendency. inspite of roent-
genological tumor progression were, however. observed but could not be cxplained. There
were no side effccts.

Zusammenfassung

Das xenogene Prdparat NeyTumorin® wurde bei einer kleinen Zahl von nicht-kleinzelli-
gen Bronchialkarzinompatienten und Patienten mit Lungenmetastasen extrathorakalen Ur-
sprungs im Rahmen einer klinischen Pilotstudie eingesetzt. AufBler einem Patienten wurden
samtliche Patienten dieser Studie mit einer multifaktoriellen klassischen Therapie behandelt.
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Ziel dieser Pilotstudic war neben dem Nachweis einer antineoplastischen Wirkung von Ney-
Tumorin® die Untersuchung dieses Préparates beziiglich Dosierung, Vertrdglichkeit, Art der
Anwendung und Nebenwirkungen. Im Rahmen der Studie wurden die gebrduchlichen Para-
meter eines Follow-up bei Tumorpatienten erhoben. Beziiglich des intrathorakalen Tumor-
wachstums konnte nur bei einem Patienten ein therapeutischer Effekt nachgewiesen werden.
Geringfligig erniedrigte CEA-Wecrte mit fallender Tendenz wurden trotz rontgenologischer
Tumorprogression beobachtet. Nebenwirkungen konnten in der gewidhlten Dosierung bei
keinem der Patienten beobachtet werden.
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Active Immunotherapy in Metastasizing
Hypernephroma

K. F. Klippel

Urological Clinic, General Hospital, Celle, FRG

Hypernephroma metastases are the most common radio-resistant
tumors; 90% are not effected by cytostatic drugs. It was impossible to
gain a prolonged life-time in patients tested with gestagen-preparations.
Once metastasizing has set in peoplc are generali)' expected to live for
another 5-7 months [4]. None of the patients treated by cytostatic drugs,
radiotherapy and surgery livecl past the S-year limit.

Tykkae [13] was the first to report on the total remission of metas-
tasizing hypernephroma using immunotherapy. In 1978, the same group
reported on a randomizeel study, effecting metastasizing hypernephroma.
After excision of the tumor, patients were injected with autologous tumor
cells, together with BCG or Candida antigens, which are unspeecifie
immunostimulators. 23.6% of these patients lived past the 5-year limit,
white only 4.3% of the conventionally treated patients stayed alive. This
impressing rcsult started a pilot study in 1976; results of which are
detailed here.

Patients and Methods

We are talking about 7 patients (table I); 4 female and 3 male in good general condition
and an average agc of 44.8 years. whereby surgical measurcs would have been of no help
because of localization of metastases. The side-effects of the vaccinations were wcll-tolcrated
in all patients cxccpt patient no. 1, F.. S. Out of 4 living patients, 2 are able to do a full-time
job. 'Ilie patients were told about the stage of their tumor and that the treatment given was
still in its cxperimental stage.
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Cell Collection

I'hc tumor celis were removed under Operation, put into APMI 1640 medium (12.5%
horse serum. 2.5% foctal calf serum, penicillin, streptomyein. hepes-buffer Solution and
glutamine) kepl at 25° C, in Falcon-flasks. They were used within 60 min of collcction. (80-
Mash, trypsinization, eosine-exclusion test. preparation of tumor-cell line, shock-freezing for
storage of cell rests in tumor bank at —172"C).

Before injcction of the cells they were defrosted, counted, a vitality test done and
irridiated with 10000 R/Cobalt rays.

Immunization

5 x 10" to 10 x 10° autologous or allogenic tumor cells were injccted together with
the immunostimulator, Keyhole Limpct Hcmocyanin (KLH) (Calbiochem 374805, A
grade), or with Candida antigens (Candidin 1: 100). Paticnts who were treated with
immunostimulator KLH (0.5 mg), were treated or presensitized with KLH 4 weeks previ-
ously.

Skin Reactions

6-12 h after treatment a localized erythema was noted at injection site (left lower arm)
together with slight puritic effects and subfebrile temperaturcs. Alter the injections. the
axillary lymph nodes in ncarly all patients were palpable as big stringy objects. All these acute
reactions disappeared 5-6 days aftcr the injections. The local induration, partlv with hyper-
pigmentation went after 4—6 weeks.

Choice of Patients

Paticnts were picked at random. Written consent for therapy was given by all patients.
The following parameters, immunologicallv were tested:

(1) Electrophoresis

(2) Immunoglobulin

(3) T-cells (Rosette-test)

(4) B-cclls (immunofluorescent test with anti-light chain IG; SS

(5) DNCB-test

(6) Lymphocyte stimulations

- Phythcmagglutinin (PHA)
- Pokeweedmitogen (PWM)
- Concanavalin A (Con A)
(7) Candida-antibody titcr
- Immunofluorescence
- Ilemagglutination titer (Hoffman-La Roche).

All patients were seen on a reguldr basis in the tumor clinic. Diiring thosc Visits routine
tests, such as fill blood-count (Fbc), electrolvtcs, phosphatases. Creatinine and protein,
CEA and urine analysis were taken out. Chest X-rays were made monthly or 3-monthly,
urograms were made half-yearlv, the wholc-body bonc Scan yearly and, if necessary, further
check-ups likc Computer tomogram or ultrasound were made.
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Case Histories

(1) E. S., female, 39 years

After pre-operative radiation with 4000 rad, stage of tumor P3;NoM, a total tumor
nephreetomy was carried out in March 1977 (left kidney). The patient was given daily
injcctions into the right thigh, of 5 x 10° tumor cells plus 5 mg KLH, for 14 davs following
the operation. Monthly routine ehest X-rays showed stabilization of metastases for 4 months.
Because the patient had a very severe local reaction (erythema 4 x 8 cm) and painful
induration, she refused further injcctions. Polychemotherapy was started in Julv 1977. Fol-
lowing this, metastases in the lung spread rapidly and the patient died in December 1977.

(2) K. R., female, 50 years

Alter pre-operative radiation with 4000 rad, stage of tumor P.NoM. a total tumor
nephreetomy L was carried out in December 1976. Two lung metastases were first scen in an
X-ray taken in October 1977. First injections of 5 mg KLH (intradermal) were given in
December 1977. This was followed by injections of 4 x 10° allogenic tumor cells plus 5 mg
KLII in January 1978. An X-ray taken in Fcbruary 1978 showed shrinking of metastases,
while in March 1978, metastases were not visible and again not visible in April.

Tomography of the lungs donc in December 1978 showed no sign of metastases. A
booster of 1 mg KLII was given intradermally, followed by a strong skin reaction. She had
an apoplectic attack in the lale part of October which left her with hemiparesis of the left
side. The Computer tomogram showed a single brain-metastasis with no localization in EMG.
Furtherrnorc, it showed enlargemcnt of right single kidney. the whole-body bone scan
showed negative, the mediastinal tomogram showed cnlarged lymph nodes, which could
possibly be metastases. There is now no known localization of metastases, and 6 years after
immunization, the patient is still alive with a known brain mctaslasis, an enlarged kidney,
and possible lymph-node metastases.

(3) E.J.. male, 37 years

After pre-operative radiation with 3600 rad, stage of tumor P;N,M, (lung metastases)
a total tumor nephreetomy R was carried out in November 1978. After immunization with
5 mg KLH (intradermal), an injection of 2 x 10°syngenic cells followed in December 1978.
January 1979, no further metastases showing on ehest X-ray. In Fcbruary 1979, however,
after a second injection of 3.5 x 10" plus 1 mg KLH, lung metastases were showing in their
original location and in greater numbers. Status of multiple pulmonary metastasizing was
reached in April 1979.

Regression of all metastases in December 1980, 2 years after starting the
immunotherapy. The patient now is in very good general condition and able to do a full-time
job. Tn June 1983 a solitary lesion in the lung appeared, which was operated and used for
new vaccination.
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(4) O. W., male, 62 years

After orthopedically treating a spontaneous fracture L humerus with known osteolysis
of ihe scapula. an Operation was carried out only to find a hypernephroma R.

After pre-operative radiation with 4000 rad a total tumor ncphrcctomy R was carried
out in November 1976 (stage of tumor P,V,N,M,,).

Because of osteolysis in the left Shoulder-joint, an exarticulation had to be performed,
as there were still more osteolyses in the scapula and several ribs. Following this, the patient
was presensitized with 5 mg KLII intradermally. He was injected with 5 x 10° allogenic
hypernephroma cclls plus KLH in February 1979. Dcspitc this. metastases kept progressing
so that the patient died, 6 months after starting immunotherapy and 3 years after palliative
tumor nephrectomy.

(5) P.J., male, 44 years

After extirpation of a single metastasis located at the front of the skull-cap, the follow-
ing EEG and tomography of the skull showed no irregularity.

Because hypernephroma R was seen after angiogtaphv and multiple metastases were
known to be in hing and boncs, embolization of the right kidney-artery with histoacryl was
carried out. The number of metastases in the lung doublcd between April 1978 and August
1978. Number of metastases stayed stable after immunization with 5 mg KLH given in
Deccrnber 1978. January 1979 saw rapid growth of lung metastases and rclapse in front
skull-cap.

Computer tomogram showed atrophy of the brain with no sign of metastases. The
patient bccame tachycardiac and dispnoeic, as a result of enormous growth of metastases.
Injection of 10 x 10° allogenic-radiated hypernephroma cells plus KLII was given intrader-
mally on Ist February 1979. Added treatment with testosteron and digitalis saw stabilization
of metastases in December 1979. The patient died February 1980 following a cancerous
cachexia.

(6) G. Sch., female, 44 years

A total tumor nephrectomy was carried out 20th March 1979 (fig. 1, left kidney). Diiring
the Operation, a Single metastasis was seen in the liver while there were multiple metastases
known to be in the lungs. Histopathology showed canccr stage P,GAVVIly ("bad cancer").
Metastases in the Jungs increascd significantly in size and number 4 weeks after the Opera-
tion. Injection of 5 x 10° autologous tumor cclls plus 0.2 ml Candidin was given 5 weeks
after the Operation.

Slight skin reactions. Ig-titer against Candida albigans 1 :80, IgM 1:640. May 1979
restimulation with candida-antigene 1:10, after that Candida titer IgG 1 : 640, IgM 1 :1.280.

Computer tomogram of liver July 1979 shows liver metastasis still existing. August
1979 restimulation with 5 x 10" autologous cells plus Candidin I : 100 given intradermally.
3-monthly restimulation with autologous cclls tili December 1980. The running Computer
tomograms of the liver and 6-weekly chest X-rays show stabilizing of lung metastases tili
August 1980 with cystic change of known liver metastasis. Continuous regression of lung
metastases after this. After numerous ehest X-rays in December 1980 no metastases were
seen in the lungs. The patient gained 10 kg in weight. is feeling physically fit and doing a full-
time job. In February 1982 the liver lesion was punetured by the radiologist: no signs of
tumor cells. The patients is still doing well.
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Fig. 1. Computer tomography of patient No. 6, G.Sch. She had an intraoperatively-
verified liver lesion. In serial CAT-seans over 5 years. the houndsfield-units diminished and
the reading was "Disappearance of metastatic lesion, in favor of a liver cyst". This "cyst"' was
puncturcd by the radiologist. Prof. Dr. Giinther: No tumor cells could be seen. The patient is

now alive, 6.7 years after the primary operation.

(7) M.F., female, 48 years

1975 tumor nephreetomy following hypernephroma (left kidney). July 1979 finding of
liver-metastases using liver-scan, Computer tomogram, angiography and ultrasound.
Unspccific immunotherapy started in March 1980 with 5 mg KLH given intradermally,
followed by 4 x 10" allogenic radiated tumor cells. Finding of bone destruetion in humerus-
head R in form of a bone metastasis. After removal of metastasis, replacement of humerus-
head with a prosthesis. Computer tomogram August 1980 shows no visible liver metastasis.
Single kidney R shows tumor-like changes in some areas. A following angiography shows
none of the earlier liver metastases, but definite pathological Undings in the kidney R.
Metastases in this patient arc stable al this time. She is well-nourished and in only slightly
reduced general condition.

Immunological — Data

The immunoglobulin readings showed nothing below the norm in any
of these patients. The effects of unspeeifie immunization with Candida
antigen was well demonstrated in the rising of the anti-body titer, as well
as in the IgM and IgG-range.
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T- and B-Lymphocytes

While the underpopulation of B-cells during immunization stayed
stable, there was a T-cell depression during KLH-boosting, so far an
unknown phenomena.

Lymphocyte Stimulation

Because of great breadth of dispersion, the results and the few
patients, it is impossible to statistically rate the unspecific lymphocyte
Stimulation. On the whole, patients showed a tendency to lower transfor-
mation-rates, which could be improvcd by intradermal injection of Can-
dida or KLH, while changes in Single mitogenes showed significant differ-
ences.

DNCB-Test

Five of 7 patients showed a negative DNCB-test, while after starting
immunotherapy, 3 patients changed to a positive DNCB-test.

Discussion

Tumor nephrectomy is justified in patients who suffer not merely
from bone-metastascs, these are patients who also suffer from hyperne-
phroma metastases and whose prognosis is unfavorable, where therapy on
the whole is useless.

Tumor nephrectomy in these patients lengthened their lives by
approximately 6 months [4]. After Middleton [7], 35 nephrectomy
patients with multiple metastases lived not longer than patients without
nephrectomy at the same tumor-stage.

Contrary to publications in Anglo-Saxon literature, radical tumor
nephrectomy and extirpation of solitary metastases, was no advantage to
14 patients and their life-expectancy. The 3-year survival time was given
at 5%. More so, hopes started concentrating on the so-called
immunotherapy. What little information we have thus far, experienced
through patients, keep us guessing that there are specific immunoreac-
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tions. In an immunostaging program, Cole et al. flj proved the presence of
a big antigen-pool, if a specific toxicity was present (per ex.: large tumor
or metastases). They used allogenous cells in their microcytotoxicity-
assay.

Lymphocytes of healthy people did not show these qualities.

Cummings et al. [2] rcached similar results. A good target-cell lysis
was found cspecially with the autologous system.

Kjaer [5] correlated the immuno rcactivity of leucocytes in tumor
patients, against an autologous tumor, allogenic tuinor-cell pool and foetal
kidney-tissue. He found a definite connection between bettcr life-expcc-
tancy and reactions in leucocytic-migration-inhibition test.

Patients with a low leucocytic-migration-inhibition index (no metas-
tases), had the same lifc-expectancy rate (result after 3-years' Observa-
tion) as patients with primary metastases and a good migration-index.
With the results of these tests, Kjaer managed to identify a "high-risk
group". These important test results stimulated the use of various
immunotherapies.

Morales [9] spoke about 4 transitory reinissions of metastases in 10
patients suffering from metastasizing hypernephroma. BCG was given
intradermally, weekly or monthly. Eight months was the longest observa-
tion-period.

Skinner et al. [11], after immunization of rams with hypernephroma
cells, ribonuclcinic acid was taken from their leucocytes and given as an
tumor-speeifie immunotherapy to patients suffering from hypernephroma.
Three of the so-treated patients with metastasizing tumors lived longer
than 12 or 18.5 months with metastases staying stable.

Montie [8], 10 patients with metastasizing hypernephroma were given
a polypeptide, which is able to restore certain immunodefects. Five of
these patients showed temporary stabilization of metastases. Time of
Observation used - only 6 months.

Tykkae et al. [13] produced a prospective randomized 5-year study
about active immunotherapy, involving autologous tumor cells, given in
combination with immunostimulators BCG or candida-antigen. The
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amazing result of 23.6%, compared with 4.3% of the patients living past
the S-year limit, shows that immunotherapy is the best alternatc way of
treating hypernephroma. A eontrol study undertaken by Neidhard et al.
[10] proved altogether the results of Tykkae. Autologous and autogenic
vaccinations were used in 30 patients. 1 % showed complete regression of
metastases, 37% showed stablc metastases ("stable disease"). Half of the
patients showed favorable reactions to immunotherapy, while the disease
kept progressing in the other half.

Knowledge Gathered from These Tests so Far:

(1) Extirpation of primary tumor is a first valuable Step towards
immunotherapy.

(2) Metastases should be in their lowest, possible numbers.

(3) Immunization with autologous cells might be better than immuni-
zation with allogenic cells.

(4) Sole immunization with immunostimulators (per ex.: BCG, KLH)
seems without effect.

(5) Mcchanism in vivo is still to be cleared, especially T-cell depres-
sion as "second-set" phenomenon.

(6) Post-operative immunization seems more favorable than immuni-
zation at a later date.

A combination of cell-innoculation with candida-antigens shows the
immunological reaction of the body towards fungal-antigens, by means
of hemagglutination titer. It is easy to assume, that if a body builds up
antibodies against fungal-antigens, it will have an immuno reaction
towards tumor-antigenic cells, but this is only a hypothesis.

Reason for additional Stimulation with immunostimulators, is the
"alarm effect" candida-antigen has on the T-cell system, which through
activation with a strong antigen, is supposed to be able to recognize weak
tumor-antigens ("wake-up effect"). All this must be considered as
hypothesis, as well.

Because of heterogeneity and varied therapy, these 7 casc histories
leave us with no general conclusion. It is important to know though, that,
during treatment there was no tumor enhancement. Because of diffcrences
in dates, technical measurements and interpretations, it is not possible to
come up with a definite therapy plan.
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However, it does seem justified, that different centers having the
necessary equipment, facilities and manpower, should undertake further
controlled studies to definitely determine if immunotherapy ean be a "big
step forward" in treating metastasizing hypernephroma.

Summary

In 1976, an immunotherapy study in 7 patients with primary metastatic disease of
rcnal-cell Carcinoma was started. Follow-up is now at 102 months. Four patients reeeived
allogenic, three patients autologous tumor cell vaccination. Tliree patients died 22 months
after beginning the therapy. Four patients were alive; 2 with stable disease. In 2 other
patients, 57 months after the initial immunotherapeutic regimen, no lung metastases could
further be seen. A metastatic liver lesion disappeared in one patient. This is a follow-up
study of datas published in 1981 (Akt. Urol. 12: 161-165, 1981) of patients of the Urologieal
Clinic, Universily of Mainz (FRG).

Zusamm enfass ung

1976 wurde eine Immunotherapie an 7 Patienten mit primdr metastasierendem
Nierenzcllkarzinom begonnen. Der Follow-up betrdgt bis jetzt 102 Monate. 4 Patienten
wurden allogen, 3 Patienten mit autologem Tumorzellmaterial vakziniert. 3 Patienten star-
ben 22 Monate nach Beginn der Therapie. 4 Patienten sind am Leben und zwar mit statio-
ndarer Erkrankung. Bei 2 anderen Patienten konnten 57 Monate nach der ersten
immunotherapeutischcn Behandlung keine Lungenmetastasen mehr nachgewiesen werden,
bei 1 Patienten bildeten sich Lebermetastasen zuriick.
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AIDS - Clinical Picture and Therapy -
Report on Two Patients

N. Vetter, F. Muhar

Und Internal Pulmonary Department of the Pulmological Center, Vienna, Austria

The clinical picture of acquired immunodeficiency (AIDS) is character-
ized by the occurrence of unusual opportunistic infections and malignant
symptoms (especially Kaposi sarcomas) in previously healthy adults. The
disordcr is associated with an immunodeficiency expressed in a change in
the T-helper/T-suppressor cell-ratio in favor of the T-suppressor cells. In
particular, the disorder appears in homosexuals, drug addicts and
hemophilia patients and, after an uncharacteristic prodromal stage with
fever, weight-loss, diarrhoea, and lymph-node swellings, displays an
unfavorable course with the appearance of opportunistic infections. The
cause of the disorder has not been clarified [6].

A causal therapy of the disorder is, consequently, not possiblc. In the
clinical reports, we examine the clinical picture and the diagnosis of
opportunistic infections. We report on the course of the disorder and our
therapy. In addition to a specific therapy of opportunistic infections
therapy of the cellular immunological defect was attempted in earlier
studies. We report on an additional therapy with NeyThymun®, a thvmus
extract.

Method

NeyThymun® f and k are cytoplasmic thymus cxtracts of foetal thymus and juvenile
thymus. The polypeptides contained therein (alpha-1 thymosin, thymopoietin and serum-
thymus factor have, so far, bcen biochemicallv analyzed) should induee a lymphocvte dif-
ferentiation in vitro and in vivo [3]. The substances were gradually applied in increasing
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concentrations (dilutions I, II, III corresponding to 10-" g/ml, 10 ¥ g/ml, 1U7° g/ml) with a
triple application of a dry substance (10 * g/ml) in the first treatment-cycle and a continuous
application three times per week of dry substances in the second treatment-cycle [7].

In the course of the treatment. serum parameters were repeatedly checked (blood
picture with differential blood count. transaminases, BUN, Creatinine, electrophoresis and
immunoglobulins, virus scrology, T-cells and subsets). The determination of T-cclls,
T-helper and T-suppressor/cytotoxic cells, was carried out with the aid of monoclonal anti-
bodies (leu 4. leu 3, leu 2). The number of mononuclear cells (per cent) binding the leu 4, leu
3 and leu 2 was determined by immunofluorescence analyses by FACS.

Case Reports

L. A., 28 years

Anamnesis: The patient is homosexual and spent five years in New York. Two years
ago, the patient reported non-specific Symptoms with vitality deficiencv, rapid fatigue and
alternating lymph-node swcllings. High temperatures began to occur one ycar ago, recentlv
being manifested as septic fever attacks. In January 1983, profuse diarrhoea occurred for
one week and in April 1983 there were difficulties in swallowing and vomiting; at this time, a
thrush oesophagitis was diagnosed. At the end of June 1983, the patient reported unproduk-
tive coughing.

Clinical symptoms and findings on admission: The patient was in a reduced general
State of health and nutritional condition (177 cm. 50 kg B.W.) and showed rales over the
lungs and enlarged inguinal lymph nodes. The thorax X-ray displayed infiltration-free pulmo-
nary fields and raised diaphragms and atclectases were demonstrated basally on the right. The
pulmonary function showed a restrictive Ventilation disorder with a vital capaeity (VC) of 3.5
1 (78%); in 1982, the VC had still been 6.1 1. There was no increase in the endobronchial
resistances. The BSR was greatly increased with 110/135, erythrocytes 4.07 mill., leukocytcs
4600. 5% stabs, 67% polymorphs. 6% monocytes and 22% lymphocytes in the differential
blood count. Bronchoscopy revealed no abnormalities in the bronchial system and a bron-
chial lavage showed 100% alveolar macrophagcs. No "inflammatory cells" could be demon-
strated, nor was it possible to show Pneumocystis carinii in the lavage liquid. The transbron-
chial pulmonary biopsy showed the histological picture of a Pneumocystis carinii pneumonia.
It was possible to demonstrate the infectious agent in the cytological impression preparation.
Pseudomonas aeruginosa and acinetobacter were demonstrated in the bronchial secretion;
the blood culture was sterile.

Course: Despite broad-spectrum antibiotic therapy and high-dosage therapy with
trimethoprim/sulfamethoxazole (720 mg trimethoprim, 3600 mg Sulfamethoxazole daily),
there was initially a deterioration in the clinical symptoms and in the X-ray picture: the
patient displayed a tachypnoea of 50/min, an initially normal blood oxygen pressure showed
a decline (p0,: 64 torrs). Indistinct infiltrates appeared in the middle lobe and left lowcr
lobe. After a brief corticosteroid therapy (50 mg prednisolone daily). there was a clear
improvement in the clinical symptoms and in the changes apparent in the X-ray. After 4
weeks, the vital capaeity had risen to 5.4 1 (120%) and the respiratory rate and blood oxygen
pressure were normal. Broncho-alveolar lavage showed 92% alveolar macrophages, 6%
lymphocytes and 2% granulocytcs, no Pneumocystis carinii could be demonstrated; it was
decided not to take another pulmonary biopsy. The difficulty in swallowing of the thrush
oesophagitis was still present, as before.



ATDS - Clinical Picturc and Therapy 223

E.M., 28 years

Anamnesis: His grandfather, an uncle and the lattcr's family devcloped tuberculosis in
1960. The patient is addicted to heroin since 1971; a hepatitis B occurrcd in 1971 and a
pulmonary tuberculosis in the left Upper lobe in 1979. At the end of 1982, the patient
reported nocturnal perspiration as the only svmptom; at the end of November 1982, changes
in the left Upper lobe were diagnosed within the framework of heroin-withdrawal therapy; a
Sputum culture at this time showed the growth of Mycobacterium tuberculosis. A tuberculos-
tatic therapy was started at the end of December 1982. The patient is homosexual and
reports numerous sexual contacts with different partners.

Clinical Symptoms and findings: When admitted at the end of January 1983, the patient
was free from clinical Symptoms. The BSR was normal with 4/15, all other serum parameters
checked, including the liver funetion samples, were normal. The gamma globulin fraction
was high (21.3 g/1), the IgG with 2660 mg/100 ml very high and the IgA and IgM in the
normal rdnge. The X-ray showed a cavity in the apical upper lobe segment; there were dense
foci and also fairly small, indistinet, pale spotty shadows.

Course and therapy: Through a chemotherapy with INH, ethambutol and rimactan, a
negativity of the spatially limited upper-lobe tuberculosis was achieved with a clear regres-
sion in the changes shown in the X-ray. In April, a loss in weight of 4 kg occurred, and a
patchy, bluc lesion at the knee appeared. Histological examination showed a moderate, but
dense, proliferation of round, lymphoid and spindle cells around the vesscls of the upper
vascular plexus; the vcssels in these areas were not characterized bv a normal dcvelopment.
Erythrocytes were squashed in between the spindle cells, there were likewise small, vascular
lumina of an ineipient irreguldr shape around a hair follicle and around sweat gland
glomerules and, to an increased perivascular extent, roundish and spindlv cell Clements. It
was considered highly probable that it was a question of a Kaposi's sarcoma in the early
maculate stage.

Results

The therapy and the course of the T-helper/T-suppressor cell-ratio
are shown in figure 1 and 2.

The clinical course was favorable in both cases: after an initial
deterioration in the clinical symptoms and in the X-ray findings of the
Pneumocystis carinii pneumonia, one patient still suffered from difficulty
in swallowing after the disappearance of the pulmonary symptoms. The
difficulties in swallowing were less severe than on admission and there was
a clear improvement in the Oesophagus X-ray. A localized retinitis, which
was the expression of a cytomegalo-virus infection, regressed in the course
of the disorder. Subfebrile temperatures were still present as before.
There was a noteworthy blood picture with this patient: we attributed the
development of an anemia to the long therapy with a folic-acid antago-
nist (decline in the erythrocyte count to 3 mill. during the therapy with no
change in the Icukocytc counts or in the differential blood picture). "ITie
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Fig. 1. Therapy and course of the ratio in a patient with Pneumocystis carinii
pncumonia.

EM, 28 years - g
AIDS, Pulmonary tuberculosis, Koposi's sarcoma
|
1000
= 5004
5]
1004
0 ¢
§ 1.2
o o 107
5 \g 084 /
- s 067 L
- Dlt"
Sol
Neythymun
=z _Dilution |
£ Rifampicin S [
E oo T
1 1% N 1% N 15 30 15 3 v 31 15 30
April May June July August September
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pulmonary tuberculosis in the othcr patient displaycd a reguldr course
under the tubcrculostatic chemotherapy. There was a rapid regression in
an intercurrent risc in the transaminases (fig. 2), but this caused a consid-
crable impairment to the general statc of health of the patient. A new
manifestation of a Kaposi's sarcoma was not observed. The ratio of
T-hclper/T-suppressor cells showed a phase-like course in both cases: it
rose with one patient from 0.03 to 0.25 and then feil again to 0.02 With an
initial value of 0.5, the othcr patient showed a rise to 1.2, a drop to 0.4 and
another rise to a maximum value of 0.9. The percentage counts of the
T-lymphocytes displaycd only slight fluetuations in the course of the disor-
der. In the phase of the rise in the ratio, there was a decline in the
percentage counts of the T-suppressor cells with one patient, whereas
there was a rise in the T-hclper cells with the othcr patient. The course of
the Immunoglobulins displayed a constant IgG increase with one patient
while with the other there was a constant IgA increase w'ith unimportant
fluetuations in the course of the disorder.

Discussion

With one patient, the pulmonary tuberculosis displayed a typical
course with rapid Sputum negativity and regression of the changes shown
in the X-rays. A solitary lesion, histologically described as a "suspectcd
Kaposi's sarcoma", was completely exciscd and no new lesion appeared
within the course of 6 months. With the tuberculosis it was, however, a
question of an apical tuberculosis of slight extent. In the case of the skin
lesion, of a very early stage of the disorder with a patchy lesion (patch
stage).

The other patient displayed a Pneumocystis carinii pneumonia which
initially took a progressive course despite a trimethoprim/sulfamethoxa-
zole therapy, was favorably influcnced by a brief corticosteroid therapy
and disappeared after 4 weeks of treatment. Four months after the occur-
rence of the Pneumocystis carinii pneumonia, only the symptoms of a
thrush oesophagitis could still be clinically demonstrated, but subfebrile
temperatures were still present as before. The early diagnosis by invasive
methods (transbronchial pulmonary biopsy) was of crucial importance for
the favorable course of the disorder. This gives a clear improvement in the
prognosis of the disorder [5]. The importance of the broncho-alveolar
lavage for the demonstratio!! of Pneumocystis carinii has already been
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pointed out. With our patient, the demonstration of the infectious agent in
the broncho-alveolar lavage was not successful.

In the Ist eyele of therapy with NeyThymun®, a rise in the T-helper/
T-suppressor eell-ratio was seen in both patients; whereby with one
patient a rise in the ratio (0.9 with an initial value of 0.5) was already
demonstrated before the Start of the therapy. After the application of the
2nd cycle, there again was a rise in the ratio of one patient while there was
no change in that of the other, this continuing to bc pathological. The
constantly favorable clinical course did not correlate with the phase-like
course of the ratio. Attention has been drawn to this phenomenon in the
literature on the subject [2, 5].

Experimental studies on animals exposed to radiation showed a
favorable course in an animal treated with NeyThymun® dil.st.Ill, in
comparison with control animals with a less-marked decline in the lym-
phocyte count and a faster rcgeneration of B-cells [1]. The possibility of
influencing the T-helper/T-suppressor cell-ratio was not studied. A
therapy with thymosin and transfer factor [2] for an AIDS patient with a
Mycobacterium avium intracellulare infection showed a rise in the
T-helper/T-suppressor cell-ratio with a brief clinical improvement. Thrce
months after the start of this therapy, the patient died from generalized
cytomegalo-virus infections and infections with Mycobacterium avium
cellulare.

Attempts have also previously been made to carry out an immuno-
stimulation therapy with BCG, interleukin and interferon [4]; an adequate
quantity of data has only been published on the interferon therapy. In a
publication described as provisional, alpha-interferon was used for
patients with Kaposi's sarcoma. Three of 13 patients displayed a complete
remission (total disappearance of all symptoms over a period of one
month, confirmed by biopsy). The average ratio of the T-helper/T-sup-
pressor lymphocytes (OKT 4/OKT 8) rose from 0.63 to 0.96.

Summary

The course of the Syndrome of acquired immunodeficiency cannot be influenced in
long-term by any of the therapy concepts applied so far. We report on 2 patients in whom a
therapy of opportunistic infections was successful. An early diagnosis by invasive methods is
of paramount importance with Pneumocystis carinii pneumonia. A chemotherapy of a pul-
monary tuberculosis proved effective with a rapid sputum negativitv and a rapid regression
of the changes demonstrated by X-rays. The favorable coursc so far with 2 patients is
sufficient reason for us to maintain an additional therapy with NeyThymun®.
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Zusamm enfiass ung

Wir berichten iiber 2 Patienten mit dem Syndrom der erworbenen Tmmundefizienz
(ATDS). Bei einem Patienten bestanden eine Soor-Osophagitis und eine Pneumocystis-
carinii-Pneumonie, bei dem anderen eine Lungentuberkulose und der Verdacht auf ein
Kaposi-Sarkom im frithen Stadium. Wir berichten iiber den Verlauf und die Therapie der
Erkrankungen und weisen auf die Bedeutung einer raschen Diagnose und Therapie oppor-
tunistischer Infektionen hin. Wir diskutieren {iber eine zusétzliche Therapie mit einem Thy-
musextrakt (NeyThymun®).
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