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FThe DeveloDnent of Immunological Reactions and the Problem of the

Incompatibility of Tissue Transplants

G. V. Lopashov and 0. G. Stroyeva (Moscow)

'rhe importance of the problem of tissue incompatibility for
biology and medicine hardly requires special proof. its signiflcance
for practice stems from the fact that for grafting surgery has had
to use tissues of the same person; tissues of other individuals are
used as temporary transplants, as substrates for replacement by the
howt tissues. With the expansion of the problems of restorative
surgery it is becoming. progressively more necessary to bring about
permanent tissue acceptance of the transplantable tissues, by means
of which we can hope to reach the point of regular restoration of lost
organs. Herein is the significance of the problem for future resto-
rative surgery;its theoretical importance is no less. Incompatibility
usually comes from congenital hereditary differences between the
tissues of different indiv.duals, breeds and species. If it were
possible to fir' means of overcoming the incompatibility, it would be
shonn how to change these differences, to control them, snd, finally,
to penetrate more deeply irto the nature of them. The present article
has the aim of solving this problem, as a first approximation, and
outlining means of future research in this very interesting field.

1. The Oytological Basis of Tmmunological Phenomena

Imunological reactions constitute the most important
groundwork•' incompatibility phenomena.(The phenomena of incompatibility
(like the problem of surmounting them)are naturally not based on
humoral relations alone but include the other relations of The
transplant and the rest of the animal's body as a complex, among
which relations an essential part must be played by the regulatory
influences of the nerve connections. "-owever, the many-sidedness
of the problem causes us to limit ourselves here to the group
connection, the role of which comes out with particular evidence

and with the clarification of which, therefore, we can hope with
the greatest success to begin untangling the problem as a whole).
This has been shown by Sokolov(192A, 1924) and confirmed by Yedawar
(1944, 1945, 1•46) and Harris (1943, 1948) subsequently. In the
specific form in which we encounter them in animal organisms the

immunological phenomena constitute a protective adaptation. They
serve for defense of the animal against destructive agents which
have ponetrated into it through its outer defenses; this applies
chiefly to bacteria and other foreign bodies of organic origin,
that is, to those the basis of which is made up of proteins. These
defense reactions extend to include rrafted foreign tissue transplants
also. Defeneive phenomena have evolved regularly within the limits
of the animal world. It is well known, beginning with the classic
studies of Mechnikov, that in lower multicellular animals only the

imordia of them exist in the form of phagocytie activity with __j



respect to foreign bodies. llith increase in structural complexity
and particularly with th4 development of the vascular system, another,
more perfect type of defensive phenomenon, the immune reactions proper,
acquires greatest importance along with the phagocytic type. They
consist of the formation of accessory (protein) substances which, on
entranoe of foreign bodies (with a protein-base structure) in+,o the
body, combine with them and deprive them of activity. The former
are called "antigens"; the latter, "antibodies." The fact is essential
that these antibodies, by and large, do not arise at the site of
entrance of these bodies (bactesia and others) but rather in special
sites in the animal,and they are formed not only during the entrance
of foreign bodies, in response to their presence but also are produced
later throughout the INe of the organism, continuing to protect it
against repeated invasions of this type. 1:ith the entrance of each
successive portion of bacteria or proteins this immunolgical activity
is enhanced or bursts out wsith neow vigor.. However, for us such
an ordinary interpretaon of the immunological phenomena as a defensive
adaptation aVainst bacteria, prevalent in medical immunology, is
inadequate. iiumercus investigations (7il'ber, 1948; Konikov, 1948;
Boyd, 1O•9; Landateiner, 1946 and others) have shown that such immune
reactions occur also in case the most varied substances, having proteins
as their biochemioal basis, are introduced into the body. Examples
are blood sera and other proteins of different animals and plants, blood
cells of animals and other cells, and, finally, various purified
proteins. Thereby, the specificity of these reactions is associated
not only with the proteins themselves but so with the accessory

chemical groups on the protein base; these groups are called `deter-
minant" groups or "baptenes" (Landsteiver, 19,46). Haptenes alone
uithout a protein base cannot evoke the formation of the corresponding
antibodies. The latter belong to a certain class of protein bodies,
namely to the group of Eamma-globulins.

Tne specificity of the immune reactions for foreign proteins
is striking; they constitute the finest of the biological reactions,
making it possible to distinguish various organic substances where
all the biochemical methods are ineffective. Immunologically, blood
sera and blood cells of related species and breeds are different
from one another; on this the method of detecting kinship of animals
and of plants is based (Taliyev, 1940; Landsteiner, 1946). The
most detailed studies along this li-e have been made on pigeons,
cowas, ducks, chickens, rats, fish, infusoria and other animals. In
these works the oomparison of the imm.unologioal tests of related forms,
of their hybrids and progeny can constitute the demonstration of the
accuracy of the method. By precipitating the antibodý-producing serum
of a rabbit with the serum or blood cells of one of the parents (satura-
Ltion reaction) it is possible to show a number of separate antibodies
in the residual serum which distinguish both parents (Irwin, 1949).
Another example of the accuracy of the method is the fact that the

serum obtained against "male" sperm cells hat iLs, containing the

"I "Y" ohromosome7 affects these cells selectively and does not affect

he"female" sperm cells, and viep versa (Shredert 1945). Finally.J

2



ee a result of immunologloal reactions substances are produced
in the body of an unrelated species which are similar to those formed
in the species from which the antigens are obtained. In the ova and
sperm cells of sea urchins there are complementary substancee--fertilisin
and antifertiliain--which combine with each other in fertilization;
substances like them can be obtained Immunologically: the injeotion of
one of these substances into the blood of a rabbit causes the formation
of substances in the latter whch give the reactions of the 6pposite
substance and which cause precipitation of the former (Tyler, 1947).

All these data show that underlying immune reactions is the
capacity of the bodies of higher vertebrates to react with the forma-
tion of accessory, paired substances to any proteins "unknown" to the
organism. These reactions lead to the formation of protein substances
the specific nature of which is determined by the characteristics of
the substance to which they react rather than by the specific features
of the organism itself. The unusual breadth of these reactions, their
fineness (specificity) and, finally, the fact that they can lead to
the formation of antibodies similar, in a number of respects, to the
specific substances of an unrelated species indicate the fact that we
should not consider the immune reactions a simple defensive adaptation
occurring as such. PRather, their protective role can be represented
as a specific evolutionary expression of a more general mechanism,
deeply underlying vital phenomena. (The considerations presented below
In this chapter represent a brief statement of the ideas of the
evolution of structure and metabolism of cells in relation to a
number of other basic vital phenomena, particularly ontogenesis,
developed by one of the authors).

It seems probable that underlying the immune reactions are
geneval phenomena of evolution of metabolism and structure of the cell.
If we turn to methods of development and heredity in unicellular
organisms (Lopashov, 1949), we see the following characteristic
features of them. A more or less direct transition of a. number
of substances and separate structures or their precursors from
generation to generation; at the same time, their variety is relatively
low uithin the limits of the cells organisms. Therefore, in unicellular
animals there is no need for the regular occurrence of a large number
of different structures or substances for creating them during the
course of formation of the individual. The ontogeny of mammals is a
different matter. In contrast to unicellular animals, in them the
occurrence of a oollosal number of absolutely new substances and
structures becomes necessary; these cannot be transmitted through
the cells from which their development begins (gametes). This need
for a collosal new formation and complexification increases as we
go to progressively more highly organized animals, reaching a maximum
in mammals and man with their complexly constructed brains.

This must have led to certain rules and regulations of cell
evolution depending on the increase in the degree of complexity and
the structural variety of multicellular animals. This evolution
must have proceeded along the line of formation of cells which would

siess a universalized structure and metabolism capable of leadinLJ



to the formation of the most varled subttances and structures. in
other words, the more or lees Imediate pecursors of various sub-
stances and structures existivg in the unicellular animals must have
gradually disappeared from the cells; the mirimu number of 'genera-
lized" structures and substances, whloh, first of all, were capable of
going from cell to cell during the course of their multiplication and,
secondly, of 'serving as the basis for the most diverse bloehemmoal
and structure-forming processes leading to the construction of complex
orgaisms during the course of development, must have been preserved.

We can poi-rt to a number of components of the metabolism
and structuye of cells of animals serving for the formation of the
most varied structures; for example, the nuclelc aoid metabolism of
cells, going from the thymonucloi &old of chromosomes to the ribo-
nucleic acid of cytoplasm, in which the latter participates in the
formation of various proteins; a similar route of transformation of
substances occurs in all cells. Here we have also the very tiny
grauule-lika structures (microsomes and Wltochondria) which constitute
the basia of various synthetic processesot they are apparently capable
of division, and during cell division various proportlons of them are
allotted to their progeny. Various morphogenetic processes are
Impossible without a nertain initial mritmun of structures, on which
the sub.equent ones *are based." With a Lreat measure of probability
It nay be mupposed that this original structiwal minimua exists in animal
cells in a very generalized "orm. Concentric (and, therefore, divisible)
structuret of the cuter layers of the germ cells, composed of dense
iotoplasm and its internal fluid layer and an outer tbickeoed endoplasmio
membrane probably oonstitute an essential part of these original
ftruoturea for the most varied scts of morphogenesis. These structures,
being transfnrmed, participate in the creation of the original forms
of all the main, cell types (erythrcoyelmocytes, muscle, nor-re,
spithelizl, xesrnehymal and 'Pigment oelle--Foltfreter, 19V, 1947).
It it very probable that the granule-like strucoture# mentioned above
end their filament-like aggregates also play the part of a groundwork
for other intracellular structures. The list of these generalised
components undoubtedly is still Antomplete, and their interrelationships
in the course of metabolism are inadequately clearl howeve*r, on
the other hand, it may be considered that the majority of them is
already known, and, by gaining an idea of tnhir significace, it
becomes easier to define the others, Evolutionary changes along
the line of "generalization' probably did not proceed uniformly for
various cell component•s soee lost their specific type of succession
sooner; others, later. Mowever, this process had a single tendency
leading to a generalization and coordination of the various constitu-
ent structures of the cells.

One of the components of this generalized arrangement consists
of processes of protein synthesis, the specific expression of which
is constituted by the Immunological reactions. Processes of antibody
production are apparently nothing other than the formation of

protein molecules, paired (ecmplementary to) with antiren molecules
L.i.n their configuration, as a result of which they can be bound by -j
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Fbiund by them, sticking together iightly at their surfaces. The
production of proteins with complementary configurations is apparently]
not limited to antibody formation but also plays a part in a whole
series of phenomena of protein synthesis in cells. Por example, we have
the fertiliain and antifertilisin in the sea urchin ova: mentioned above,
in which the former is In the outer layer, ooncentrically surrounding
the other, which lies under it. Both substances are related to each
other, being complementary, and apparently are formed in connection
with each other. It is very probable. that a number of other phenomena
of protein formation in cells proceed according to the amte principle.
The widespread nature of two-layeredness of the outer layers of cells,
beginning with egg cells, permits us to assume that configurational
complementarity relations may exist between thou; in those cases
where they are stuck together it may be supposed that this adherence
is based on phenomena similar to iinmological bonds. Apparently,
the formation of proteins which in their configurations are couple-
mentary to each other is generally of this type.

However, it should not be thought that this is the only
means of protein synthesis possible. If we assume that protein
synrthests occurs in two phases--firat,the formation of a chemically
similar protein molecule along a line on which amino acids lie eginest
corresponding andoe acids of the protein molecule and combination
of them in that order, and then the adoption of a certain spatial
configuration by this molecule--this latter molecule must always be
complementary in its configuration to some other protein molecule.
However, undoubtedly, while there is a grain of truth in this viewpoint
(Pauling, Campbell and Pressant, 19431 Talmud, 19 44; Haurowit2, 1949),
it lies in the fact that the protein molecules are capable of assu-
mdng a configuration dependent on the conditions under which thev are
formed but not at all in the idea that they must always be complementary
to molecules already existing at the time of formation of the new
molecule. Probably, in cases of protein synthesis in cells.
other possibilities are also realized: the molecules formed take on
a configuration like the preexisting molecules, or, finally, acquire
altogether now configurations depending on changing conditions in the
cells and reflecting these changes.

The formation of proteins similar to those preceding them
must, of necessity, occur in the phenomena of growth and multiplication
of cells, when an increase occurs in the number of molecules of
certain types. Therefore, attempts to generalize the concept of
protein synthesis of the "immuneO type, that is, of the paired protein
formation type, to inolude any cases of protein synthesis in cells
(Tyler, 1947) should be considered an unlikely generalization of a
specific variant to include all possible cases. The idea of the
formation of only complementary Configurations, which follows from the
antibody production theory of Maurowits and Paulirg, requires for
antibody synthesis that antigens be preserved and multiplied in the
organism from which antibodies would continue to be "printed"; it
is an admissible but not the only possible means of their formation.

Lit may be supposed that protein synthesis can have different typeso



Panrubture determintion dopending on conditions as yet unknown in t-
calls. In the event of formation of paired proteins, which takes plan
in antibody formation, the possibility is not ruled out that proteins
of cellular origin whibh have acquired a configuration complementary
to or like antigens continue to be preserved and multiply along with
them in the oells themselves. Antibodies would then be, respeotivelyp
the multiplioation product of molecules with complementary configurations
or the result of the action of molecules with an antigen-like configu-
ration on the synthesis of molecules with a complementary configuration.

Finally, we should not overlook a third possibility--the
formation of protein configurations in accordance with charging cell
conditions. Such an instance is probably realized in the neurons
and serves as one of the bases of memory and mental aotivityl here
the protein configuration probably depends on the courses of the nerve
impulses and serves as a kind of record of their changing course,
which is put together to make a definite picture. The adaptation
to such a determination of protein configuration during the course of
their production apparently is still aother variant of change in the
cell structure, in contrast to those which lead to the formation
of paired arid like proteins. Therefore, the most varied aspects
ef cell phenomena are closely connected with one anothers the rules
and regulations of protein syntheses in the cell, of cell differenti-
ation, antibody formation and nerve activity. These aspects have
evolved together, and those changes in the capacity of producing
the most varied protein structures which lead to an increase in
the power of nervous activity also lead to an evolutionary increase
in the ability to react with antibody formation to the most varied
proteins in the developing immune systems of the higher vertebrates.
These transformations apply, certainly, not only to proteins but
also tothe entire cell structure, the various components of which:
evolve together, interrelatedly, and in conjunction with the evo-
lution ofthe interrelationships of the parts of the orgimisme
themselves created by these cells. Fowever, such phenomena are
latent in the majority of cells, except perhaps the earliest stages
of embryonic development. Tn the majority of cells the differen-
tiating outer layers connect metabolic processes occurring on
the level of the more complex and high molecular-weight substances,
such as proteins, within the cells. These characteristics of
metabolism are related to the appearance of blood as a common source
of nutrition of the various cells, both historically and onto-
genetically. Blood goes to all the cells of vulticellular animals
as a carefully adapted and generalized source of nutrition from
which they can directly build substences necessary for their
mintaenance and growth. The splitting of food into the simplest
components in the digestive tract is inseparable connected with the
formation of blood as a generalized source of nutrition of variously
differentiated cellsi it serves as the first step in the transformations
of substances. which convert theminto the generalized form in, which
they exist in the blood.

In this process of assimilation of the original toed subste
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to the substances of various parts of the body, various states of ttil
process probably do not occur simultaneously or equally. riret of all
(spealdng about protein metabolism only), even in the blood certain
amino acid interrelationships are established,, whereby the set of
them needed for nutrition of the animal by means of feeding is dtfferen-
tiated from the set needed for maintaining the life of the tissue cells
and which circulates in the blood ('ischer, 1947). This change undC Abtedly
represents the first step on the way to formation of special proteins
characteristic of the tissues of the given animal. !owever, a number
of croteins are included in the blood which also serve as nutrient
components for tissue cells. The mechanism of their assimilation is
not yet entirely clear, "ut it is evident that these proteins can be
assimilated by the cells -Ithout preliminary splitting, Into amino
acids (TNaplansaky, 19475). Flood proteins are produced by cells of the
bemopoietic system, and as early as when they come out Into the blood
they possess specific individual characteristics. Not all the
elements in the formation of proteins from amino acids are included in
the bodies of animals, in their tissue cells. Part of the proteins
is created before this in specially differentiated cells and reaches
the other body cells in the form of proteins (globulins, albumins,
fibrinoren, and others) included in the combination of blood nutrient
substances as an essential component; as ?i'ht be supposed, the aesimi-
lation of the various proteins must proceed unequally, dependinq on the
need for correlation between the specific characteristics of these
proteins and the tissue cells.

Therefore, if the considerations presented are correct, the
main mass of phenomena of protein synthesis and their specific form,
the formation of complementary proteins (reactions of the immune type),
is hidden within the cells and is not demonstrable outside them.
However, they exist in all the cells of the blood sources (of ita
proteins and its cells): in the liver, spleen, bone marrow and
other hemopoletic organs ,iý!oh form the protein substances of the
blood, including the antibodies. !?ecifically which cells within Vie
limits of this grouP of orpans are canable of -roducinp antibodies
is not yet entirely clear. It has been shomn for the spleen that
within its limits the main source of antibodies is constituted by
the immature plasma cells; with Injection of antigens a mass transfor-
mation of reticular into plasma cells occurs in the spleen, and
specifically in the course of this transformation the cells produce
antibodies (7agraeus, 1948). Apparently, various types of cells, such
as plasma cells, macrophsges and lymphocytes, Kupffer cells of the
liver and others are immunologically active (with diraerent de:rrees
of activity). It is significant that cells capable of producing
antibodies possess the power of absorption and accumulation of various
protein particles and are distinguished by the arranxement o' their
outer layers. ?articles are continuously separating from their
surfaces which are included in the blood in the form of its proteins
(Sabin, 1939); by this means, apparently, the antibodies are formed

(apparently, this process of separation of the surface portions of they
Lais can occur by several different routes in different cell for.s ).
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The same cells in the foci of hemopoiesis serve as the commoe
source of origin of antibodies and the wandering defensive cells of
the blood (phagocytes). Because of this, the functions of defense
against foreign proteins which have entered the blood are conferred on
both antibodies and phagocytes, giving rise, respectively, to humoral
and cellular immunity (7iltber, 19 45 ). Thereas the other cell types
of animals with an "enclosed" metabolism coanot react to external
protein groups, these cells for their entire lives maintain the power
to include in their metabolic apparatus the traces of effects of
protein substances from without, which in evolution is connected with
their defense function. The basis of these defense functions is nothing.
%hloh arisesde nveo with them but rather is the transformation of the
phenomena of synthesis of proteins which play a much greater general
part in the lives of the cells.

2. The Ontogenesis of Incompatibility Phenomena and their Relation to
the Taxonomic Positions of Animals

If the general considerations presented above are correct, it
must be expected that the defensive nature of the Immunological reactions
to foreign protein substances is not originally present in the cells.
In embryogenesis, on the basis of protein syntheses of the same types
as immune reactions, a number of protein structures arises which then
remain permanently in the organism and are characteristic of it through-
out its life. The universality of immune reaction~s shown that they
are of the nature of a general reaction to proteins, of the same type
as the synthesis of proteins with complementary configurations. From
these facts it follows that they initially cannot be of a defensive
character with respect to protein substances; therefore, it is more:
probable to suppose that this defense character of the reaction to
foreign proteins must have arisen, like the other properties of
organisms, during their development, as an adaptive modification
of the phenomena of protein synthesis. It might be expected that
the appearance of the defensive imumme reactions would be associated:
with those stages of development at which this form of defensive
adaptation becomes necessary as an addition to or replacement of
the then existing defensive facilities of the developing animals.

The facts are in agreement with these considerations. At
the same time, they show the relationship between the build-up of
defensive immune reactions to foreign cells and the Increase in complexity
and variety of the structures of the organisms and the degree of
differences between them. This is expressed in three lines of
phenomena. First of all, in the fact that during the course of the
individual development of organisms the incompatibility phenomena appear
at a certain stage and then are increased; secondly, in the fact that
such reactions are the more pronounced the more highly organized the
animals are; and, thirdly, in the fact that their intensity depends
in a certain way on the degree of kinship between individuals or

Stissues which are growing together. In evaluating the results of
- ~eriments, howeveri, a number of facts should be kept in mind. j
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f|irst of all. the fact that the phenomena of necrosis of transplan7-
in experiments mazy depend on interruption of nutrition, respiration,
and excretion of the transplantable tissue or organ as the result of
interruption of the blood supply, wbich can lead to partial or
complete necrosis (Lapchinskiy, 1940, 1941 ). This fact should always
be given consideration in evaluating experiments; it markedly distin-
V-she.stransplants at the early embryonic staees, before the circulation
begins, from transplants at the later stages; and transplants of
embryonic and larval tissues of the later stage. are less sensitive
to interruption of the blood supply than the tissues of adult animals,
Ohioh are highly sensitive to it. Secondly, the fact should be taken
into consideration that the vary phenomena of incompatibility are
heterogeneous in their nature; other pbenomena beside;iiune (and
phagocytic) phenomena participate in them, and the role of the
various phenomena changes as we go from one group of animals to the
next.

Within limits of the vertebrates, Investigations which have been
made give us the follouing picture. !n Urodela the incompatibility
phenomena are the weakest and usually are practically unnoticeable.
An infinite number of transplantatione between different individuals,
species and genera at the embryonic atages shows that the transplanted
cells in the majority of cases are preserved for an indefinitely
long time, going throu,h metamorphosis. Tnus, the pigment cells of
species of Amblystoma transplanted to tritons regularly change the
embryo, larva or adult triton to the color of the donor, which is
persistent (Twitty and Bodenstein, 1939). The eyes, heart, extremi-
ties, auditory vesicles, skin and o'4her organs and tissues of unrelated
species "taked without any signs of degeneration (Harrison, 193);
the anlage of the entire entoderm, replaced in one species of triton
by the entoderm of another, is preserved and functions in the adult
animals (?4angold, 1949). N~o less successful are the transplantations
at later larval stages, when the vascular system is developed and
the animals feed actively, which is seen clearly from the numerous
experiments of transplantation of eyes in Urodellarvae. In adult
triton after such eye transplantations a degeneration of the retina
and lens occurs, but t•hs does not signify signs of incompatibility
but rather is the result of an interruption of numtrition. Such
eyes, when transplanted from individual to individual after a seven-day
period of preservation in the cold or between different species, newly
regenerate the retina and lens, and after restoration of the nerve
connection with the brain they see well (Stone and ?aur, 190; Stone,
1948) and are not subject to absorption phenomena. The ability to
"take" without signs of Incompatibility distinguishes Urodela among the
other vertebrates just as characteristically as their great power of
regeneration. However, despite the fact that in a number of
experiments the embryos made up'of halves belonging to different
species of Urodela survived well without signs of degeneration, like
parabionts of different species (embryos which are gto~n togetherU : toto ), in some combinations other pictures have been observed.

early as at the early stages the embryos began to shew signs o*;J
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fncrosis (or paralysis) of the tisiues of one of the species. I Deltsl
studies (Twitty, 19371 Humphrey and Burns, 1939; Roth, 1949) have shown
that here various signs of direct intoxication of the tissues of on.
species by the tissues of the other occur, frequently even at the early
stages but in some cases later also. Such an intoxicating effect,
depending on its strength, may be exerted by comparatively small trons-
plants also; sometimes, only the intact embryo can intoxicate the trans-
plant but not vice versal and the transplant in the reverse combination
is in these oases capable of survIv~ng with interspecies grafting.
Such intoxications are the reverse of immune phenomena-the animal
organism does not block the injurious substances but rather is killed
by them, which may be connected with the fact that the i mune reactions
in these forms are expressed very weakly; these phenomena represent
another aspect of the high degree of fusibility of those species of
Urodela vm~jdonot exert an intoxicating effect on one another. A
distinctive feature of the phenomena of such intoxication is the fact
that tissue degeneration occurs by means of histolyuis (dissolution
of tissues) rather than by means of phagocytosis, as in the typical defense
phenomena. The possibility of such toxic phenomena (intoxications)
should always be kept in mind in evaluating the results of transplantations
in order not to confuse them with death of the transplants from defense
reactions and in order not to befog the pictures of charges in the
defensive measures of organisms from one group of vertebrates to the
next.

The picture changes even when ve go to the Anura. At the
early stages they possess just as great compatibility as the Urodela
(with the exception of the phenomena of direct intoxication, which are
encountered In a number of oombinations, particularly with the action
of toad tissues or the tissues of other members of the Anura). Special
studies made on this problem show that the eyes (investigated in the
greatest detail), transplanted in embryos and early tadpoles from
one species of frog to another, live in the new site only a limited
time. At the late tadpole stages with the growing legs, signs of
necrosis of the cells and infiltration of the eyes with leucocytes
begin, regardless of the stage of the transplant, but in various
animals these phenomena do not occur simultaneously; in some, they
unfold even after metamorphosis is complete. First the retinal cells
are ijvolved; those of the iris are affected last. The same pictures
are observed in intraspecies (homoplastic) grafts, but they occur
more slowly, and the majority go through metamorphosis with normal
eyes; in the case of transplantations within the limits of the
progeny of the same cluteb,neeorosis of eye tissues was less than
in the case of transplants between unrelated animals (Schwind, 1937).
SoWind's attempts to make the eyes of different species similar
by means of growing embryos of different species together (parabiosis)
and subsequent transplantation of the eyes from one of the members of
the pair to tadpoles of another species did not lead to any results--
these eyes behaved just . in simple inteorspooes (heteroplastic)
transplantations.

Transplantation of different tadpole tissues within limits
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Fthe same species and between different species led to the same resu1tl1

but it is very significant that death of the different tissues did
not occur simultaneously. A number of other studies on transplantations
in anurans also show different times of death of the various tissues,
whereby some can live for a long time in interspecies transplantation,
suoh as the hearts of adult frogs, which function 12-16 months
(Sinitsyn, 1948). It is possible approximately to establish the order
of deathof the tissues: brain cells)- eye cells >. epithelium of the
labyrinth P-epidermisl pigment cells Pheart. corneas cartilage.
The main period of degeneration in the came of interspecies transplan-
tations is before and during metamorphosis; in intraspocies transplan-
tations It occurs after metamorphosis and much more slowly.

The last group of experiments on the Anura is that of transplan-
tations of the embryonic anlagen to adult frogs and tadpoles. Detlaf
(1937, 1940), based on ideas of the greater possibility of adaptation
of embryonic tissues to an adult orgsanim, transplanted tadpole limb
buds subcutaneously to adult Bombinans and brought about the formation of
normal small extremities in them, which were preserved up to two years.
However, once again various anlagen in such operations are preserved
unequally: transplantations of parts of the gastrula to tadpoles showed
that the majority of the strus tures formed afterwards underwent degene-
rative changes. This indicate that although the embryonic tissues
are better accepted than the tissues of the later stages it is not
because incompatibility phenomena fail to develop with respect to thems
those tissues and organs which survive better in transplantations
between tadpoles survive better also in transplantations from embryos
to adults and in all other cases. "Assiilation" of the tissues of
two individuals to overcome their incompatibility (including imune
and phagocytic phenomena) cannot be accomplished by such a simple
method; it requires a more profound knowledge of the nature and develop-
ment of incompatibility phenomena.

!umerous transplantations made recently between embryos of
the Anura and Urodela with the aim of studying tissue survival give us
a picture similar to the result of interspecies transplantations in
anuran embryos. If we consider the phenomena of direct intoxication,
it turns out that the tissues preserved from these effects degenerate
in the sae order and with only slight time differences compared
with the combinations between anurans, chiefly also during the period
of metamorphosis (Ealdn and Harris, 1945; Rothb, 1949).

Data already presented on the auphibia permit us to draw some
basic conclusions which have been confirmed for other classes of
vertebrates also. Incompatibility reactions are inhomogeneous in
nature; they include primarily the defensive immune and phagocytic
reactionso closely associated with one another, but can olso be
based on toxic properties of the tissues of one spoeloosbr another.
In amphibians the latter Is a not infrequent phenomenon and is not
directly related to the distance of the species from one another; as
has been mentioned, these phenomena of tissue necrosis are based
on phenomena opposite to those in cases of death from the operation 1

defense mechanisms.

Semamm~i11



F- In, icoordanee with the original considerations, the defense"7
mechanisms which lead to incompatibility arise during the course of
development. Appearance of -then is associated with a certain stage.
of development and to different degrees coincides with the meta-
morphosis of Anure, but the stage at which they appear here is not
so distinctly expressed; for a long period of time a build-up of them
occurs. The defense mechanisms differ In their deoree. of expression
in different Amphibia. In the *ase of transplantations between M~odela
they'aft not manifested, for practical purposes. In the Anura they are
expressed but weakly within the limits of the same species, but here
there are further differences between the members of the same clutch
and unrelated individuals. Interspecies transplantations lead to
distinct Incompatibility phenomena, but thereby no great difference is
seen between species of the same genus or distant, genera. The most
marked build-up of the incompatibility phenomena occurs in going
from intraspecies to interspecies differences.

The rate of necrosis as the result of the Incompatibility
reaction is very different for different tisuaes, which can lead
to apparent contradictions between the data of different studies in
which different tissues are used. The brain, eyes, and labyrinth
survive most poorly. Thereby, within the limits of eyes differences
are also clearly outlined between the various cell forms: most
sensitive is the retina; the iris is preserved longer, as is also
the sclera. These differe•ces show that first the most complexly
differentiated cells, possessing a well-developed 1lood supply and
more active metabolism (Konikova, I948), are destroyed first. the
fact that the transplants with inhibited growth survive longer than
those growirn at a normal rate as well as the fact that the occurrence
of the incompatiblity phenomeha delpends on the age of both host and
dono--iffianlsplantations to older hosts these phenomena occur after
a certain time, when the transplanted tissues reach an adequate degree
of differentiation--are in agreement with this.

Birds. In these vart-blooded animals with active metabolism
and a high decree of structural complexity the ineompatibility phenomena
are very similar to the phenomena which are most important in practice
and which have been best studied in mammals. Transplants of skin
in adult chickens (Kozelka, 1933) are well accepted only in cases of
transplaxtatious from the same individual (autotransplantations). In
other grafts the transplants remain from two to 12 weeks, depending,'
on the degree of similarity between recipient and donor. With the
development of the technique of embryonic transplantation It was
extended to transplantation of anlagen (of extremities, eyes, sources
of chromatophores) in the eggs of the birds. The wings and legs,
transplanted in the form of buds from ducks, quails, partridges or
guinea hens to chioksns, develop well; but on the 10-14th day after
hatching incompatibility phenomena of different degrees of expression
occur (falling out of feathers, areas of necrosis, stoppage of blood

,flow), which terminate in death of the extremities. Thereby, the
4In1opatibility phenomena ocur no sooner to the duck extremities than1

Lto othor, closer species. In the Gase of Intraepeoles trensplantat uij

12



jin ioAckers the same phenomena occur but vuch later, after two-fivr'1Mort'lu (Esastliok, 1941t). Tranaplented bud antlagern from 9..24-dayi
duck mmbryos to freshly hatc*hed ohicke do not grov more thart eight
days, afttr which they are rapidly destreyed; this Is close to the time
of death cf transpllanted extremities. At the same time, in nuxaerous
expe'riments on transplarttatic'ns of Various tissuesa of the same and Other
sptic-lesa, Including ma.zsalj up to man, to the ohorioallaritois (Sttuditskdy,

I97,theiy live without sigrs of' doegeneration, but these transplantot
are 11mited in their tativity to the ombryonic. lifle of the recipient.
The neural oreast of the mouse, transplanted to a chick emlaryo, su&'vivos
vell, proý.ucing pigment cells, and hai i-n spider-.l itroas; it 'd~ee
approximately a vesk after -the host batches (F-awl~s, 10~7), In contraat
to all thetss tissues, the melanophores of one breed of chicken-are
proserved for a long tice in the outtaneous area of another breed, colorinr
tbo feathers of subsequent generations (Rawles, 19145).

Therefore, Ir. birds t"e seza vulats and regulations are dlemon-
st2?at'sd &it in amphibians but in a more distinct forr- 1) hoterogereotte
incow~atillility of different tissues; 2) the occurrenoo of Incompati-
bility phenomena at a certaint stage off deve-lopirent (a certain time after
hatchirg);: 1) increase of incotapatibitl-ty phencrnana within the species,

wit siilaitybetween the defense reactions to nia~e of other
spocias, b~oth ,~earer and more diatanitly r.9lated.

m4uimnals tre of the -roeatest, importance for the problem being
anitlyzed, because, based an them alone, the question of utilization
of thet conlucions obtained in medicine car, be put. Specifically here,
at the noame time, 3t I-* possible to bridge the gap to immunological
data "n regard "lhe Incompatibility pher~inera in close connection with
th* riaturts of tbe Phenomena participating in thbex. Without going
into aL detailed discussior of the problem, we should like to not;e only
tbhit modein human surgery does inot use horoplast-ic 7.rafts, with thet
exceptior of cornea &rý! cartilaga, for the purpome of obtaining regular
ani Permeanent acceptance of a tranisplWA. Transplantation of the
tissues of other individuals (usually cadavers) is used for the
erse.tion of temporary transplants, which- serve as the substrate for
replacement by the host tissues: with this aim In view, frequently
kdilled tjisase are used. Among transpl antation *,of this 1kind blood

* trtrisfusions may be mentioned. T1hen it is necessary to obtain a
permanent transplant tissuos of the same portion are used. Thereby,,
ustalaly these trarisplantatiore are made without interruption of the

* blood sup-ply, because it might cause t~he death of the transplant;
however, airoct skin Zrafts taken fron, the same persont are alao
sucaisseful (for example, Lapahinskiy.y,19418), so that OAeo again
the relationship should be oemphasized between the development of such
direct transplantatitons and improvement of operative technique; once
againr the reed for a distinct acocountjTng of its significanceo for the
eval~uation of the role of incompatibility phenomena proper should be
emphasized.

Numerous experiments of transplantations In ranmmals basicallyLappeor to confirm this idea. Only transplants from the same animal
L.or frou one member of an inbred lirte to another "take*m well (Ifeailov



-1940, Loeb, 1945). Accessory hearts, transplanted in different
mammals, live and function about a week (Rititsyn, 1948). Skin
transplants, which grou well at first, then undergo degeneration
and die, being replaced by skin of the recipient, whereby the speed
of death is proportional to the size of the transplant (Yedawar, 1945).
The death of various tissues in the case of transplantations in mar=als
occurs at different rates.

Incompatibility phenomena develop also in the eventthe
transplantations were performed without interruption of the blood
supply. Shipachev (1946), usinfl the method of temporery parabiosis,
transplanted toes to the hand and firere from hand to hand in people.
The same results %ere obtained in three pairs of parabionts. The
initial "take" was good. fifty days after the operation the first
third of the flap aonnocting the digit to the donor was out off; after
52 days, the second third, and after 55 days, the last third. When
the first two third were cut no perceptible changes occurred in the
transplanted digit, even though the main nutrient blood vessel had
been cut off. %tting the last third of the flap led to death
of the digit and complete separation of it after 12 daye.

There are a number of data, however, which speak for the
opposite possibilities. Schwind (1948) and Lanchinskiy (1i90, 1941),
using the same method of temporary parabiosis, were able to "transfer"
legs from one young rat to another, after which these legs survived
on the new host for a long time, up to 18 months. There have been
successful cases In transplantations of ovaries in rabbits (Fryniskiya
and Lopyrin, 1929). In these experiments 6I percent of the rabbits
operated on subsequently bore young. In white rats the ovaries
survived and fu•nctioned more then three months without signs of
degeneration (Harris and Badrn, 1949). Thereby, it was made clear
that if the transplanted ovarlec are put under functional stress
(in the event of removal of the host's own ovaries), they survive
almost as well as autotransplants and resist the destructive actions
of the host much better than ovaries Ahich are not put under such
stress. Finally, probably the survival of thyroid glanda occurred
in somae transplantations in people (Bororaz, 19ý8) and once again,
in vuch cases, when the transplants were put under functional stress
because of underdevelopment of the recipient's own glands.

Of the greatest importance in surfical practice are the
noteworthy studies of V. P. Filatov on corneal transplantations in
man (1945). The success of these operations does not imply the
inevitable preservation of the transplanted corneas however. The
possibility cannot be considered completely ruled out that after
grafting pieces of cadaver corneas in a number of cases a gradual
replacement of them occurs with the host's residual cornea. The
fact that "takes" of cornear and sometimes even preservation of
transparency were obtained in those cases where formalin-fixed
cornea was used instead of freshkornea or cornea preserved at low
temperature (Shereshevskaya) attests to this Possibility; to a
certain degree this possibility is also indicated by the fact that uho

L4he entire cornea was replaced the transplant always opacified. J



??an~splantationh of cartilage (iAilhel'sor, 1939, 1946; Bogoraz, l4 4 .
throw some doubt on the regularities of tissue acoeptance--this doubt
is based on the fact that transplants not only of fresh cartilage
but also of that which had first been kept in alcohol were successful.
Cartilage here may have played the part of a substrate for replacement.
Therefore, the question of permanent acceptance of corneas and aartil3e
should bestudied with greater precision than it has been to date.

A great service of the late D. P. Filatoe and his coworkers
was the development of investigations on the transplantation of embryo
anlagen to adult animals; the aims of these studies were presented in
a special article (1940). The transplantations made by Detlaf in
amphibians along this line have already been mentioned. The greatest
progress here has been made by Soviet investigators. Anlagen of teeth,
transplanted to rate and dogs and developed into teeth, remained for
a year, until the animals died (Lapchinskly and 1alinovskiy, 19 4 0,ab,
and c; 1943). In some cases anlaeem of the thyroid gland, tranaplsnted
subcutaneously to adult rate, were preserved and functioned for a
long time (Revzina, 1939). Increased function as the result of removal

of the thyroid gland of the host improves the tissue acceptance of
the transplants in such cases (M!ay, 1953). Transplants from the skin
of rat embryos to the eyesof adults are maintained for several months
ard change their route of development in the direction of transformation
into cornea after such grafting (?opov, Sednyakova and Belyayeva, 1950).
It has been possible also to observe complete differentiation of
embryonic cartilage grafted to the body of an adult host in rodents
(Volodina, i94 4 ), and with Zraftingo of the primordia of the testicles
to adult white rats there w.as complete spermatogenesis (Ugarov, 1938).
?inally, Okulova (1950) succeeded in bringing about the prolonged
acceptance of embryonic skin at the sites of skin defectG in adults
in man. ';.'ith repeated transplantations to the same patient the
grafts 'took" more poorly and, finolly, degenerated with the
simultaneous breakdown of pieces ot skin which had previously been
accepted.

These successful cases should not lead to the opinion that
grafts of embryonic tissues give qualitatively different results
compared with the transplantation of adult tissues. Fere, those tissues
and primordia which possess the lowest metabolic rates and show the
best compatibility have the best tissue acceptability; the saoe applies
to all other oases described. Here, for example, we have cartilage,
cornea and teeth. Transplantations of eyes from 15-day embryos to
adult rats (Tansle& 1946) lead to the rapid occurrence of incompatibility-
cell death and phagoeytosls. They include the eyes in the same order
as in amphibians and occur in members of the same strain of rats at
about the 20th day; in the case of transplantations between different
strains, as early as after a week. The incompatibility phenomena develop
also with transplantation of a number of embryonic anlagen to the
omentums of adult rabbits; here, the reactions of incompatibility are
manifested to a lesser degree. Thus, the embryonic tissues in munals
give more f�equent and more permanent "takes" than adult tissues, and

L the incompatibility reactions to the former occur less readily. T1..
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-means that in transplantation of embryonic tissues the differences
from adults are more of a quantitative than a qualitative nature.

In sum, as we go to the higher vertebrates regular changes
occur in the incompatibility phenomena. They increase sharply from
amphibians to mammals, increasing particularly in man. Complete
compatibility of tissues of genetically different animals is limited
to the embryonic stages in birds and mammals, but for these stages
tissue compatibility im possible in very distant forms. The same
heterogeneity occurs in the survival of various tissues as in the
Paphibia, and those tissues which survive better in transplantations
from adult animals also survive better in the case of transplantations
from embryos. There is an increase in the significance of the
relatedness of tissues being groun together, whereby the importance of
the intraspecies degrees of kinship increases particularly. Tissues
of distant species are capable of surviving in a foreign host for
approximately the same time as the tissues of closely related species;
a difference in the time of survival up to the point of permanent -"take"
is observed Uith increase in the degree of kinship within the species.
Tissues of other species of various taxonomic degrees of relatedness
and their derivatives are apparently perceived by the host as "foreign
proteins", which rive rise to pronounced defense reactions. In all
cases only the autotransplants and tissues of the membere of the same
inbred line are accepted. In complete accordance with this is the fact
that apparently the seo= of each person possesses individual immuno-
logical characteristics which to different degrees differ from the
characteristics of other individuals (Cumley and Irwin, 1945).

At the same time, in transplantations in mammals there are no
appreciable toxic phenomena. Incompatibility phenomena refer to the
defense reactions proper of the organisms; they are of a more uniform
nature. Increase of them is in complete accordance with the gigantic
build-up of immunological activity from lover to higher vertebrates
(Poltev, !947). Evolutionary changes refer chiefly to the "reactive"
defense system of the organism specifically, which develops or -he
basis of the hemopoletic organs.

These evolutionary changes in the Immunological phenomena occur
in close connection with other changes in the basic properties of the
taxonomic groups of vertebrates. These are: a) complexification and
intensification of metabolism, particularly in connection with the
occurrence of warm-bloodedness; b) complexification of the structure of
animals, particularly of the brain; c) limitation of the power of
regeneration, associated vith the transition of tissues from one cell
type to another, to the early stages of development only. Such a
relationship probably is not chance. It is an expression of the
necessary transformations to which the rules and regulations of animal
development have been subjected in connection with the transition to
the construction of progessively more complex and varied beings. Thereby,
the cytological basis of developmental processes has also changed,
which is particularly clearly seen: 1) in the gigantic increase in
precision and variety of formation of substances in reactions of the

une type, that is, the formation of structurally complementary _j
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s~ubstances,, 2) in the c1?eationi of special. ee.t diffevretiations
in the Oystem of hemopoietic organs which are Resodiated with the
appearance of a atruoture In the cells which permtits the egreoss of'
tho cotaplementaxy substances outside the cells, in contrast to the
usual "enclosed" metabolism in differentiated cells of animals.

,3. The Significance of Various Parts of the Organism ir the Phenomena
of Tissue Incompatibility

Comparison of the verilous forrms of animals with regard to
tho extent of incompatibility phenomena in thoem is inadequate to give

* a detailed concept of this subject. In order to gain a deeper idea
of the sources of tissue incompatibility it is necessary to take
inito acciount and compare the uignificanoeaof the various processes

* developing in the body of a single animal -and playing a part in the
incompatibili~ty. They are related to differences In the different
cells and their components with regard to incompatibility phenomena.
Therefore, in this section we shall return to the cellular basis
of incompatibility but now f'rom a different aspect than at the beginning
of the work; not from the aspect of the general evolutionary basis of
incompatibility but. rather from that of the detailed roles of the
various cells and their components as demonstrated by means of a.
comparison of the factual data.

A. Tissue Compatibility vith Regard to -the Source of the
Imm~unological Psaoatione. A number of specific data speak for the fact
that Incompatibility phenoxw0na. are associated in mammals primarily and
specifically with the particular system of cells which accomplishes Its
defensive function in the entire organism rather than with the toxic
effect of heterologeous tissues. Wdxed cultures of various mouse, rat
and oven chicken tissues, where the c-ills &a, mixed vith one tknother,
live for a long~ time together without the sligThtest signs of necrosis
(Harris, 1043; Grobstein and Youngner, 1949). Tissue cultures live
in the blood sera of other sPeciesi, and very distant onces at that
(birds-mamnmals), being only oomewhat delayed in their growth, rates;
the addition of *hick embryonic extraot has a beneficial influence
on the growth of mammalian tissues; some other stimulators also
p09ses9 species specificity (1Ohlopin, 1940; Xhrushchov, 1945). All
-this specks for the fact that the incompatibility react~icis are astociated
with a particular system of cells in the orgaism; it Cannot Do
otherwise if true immnre reactions underlie the incompatibility

* phenomena.
Aside from the data whicdh we have mentioned in other planes,

the nature of the functions of cytotoxins (Antibodies to tissues of
another species), discovered and first studied by 1Macbnikov (1901) and
his coworkers, speak for this. They arise from the injection of tissues
of another species, after the breakdown of the grafted tissue the
destructive Influ~ence of the animal upon the tissue, of this species
i'ncreases with a~absequeot grafting., as does also the efffect of the
animal's serum on the tissues of thl s species. Thevpspeies specift city

the cytotoxins is proved also by the fact that the absorption of~
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such sere by tissue extracts of the species against which the cyto-,
toxin was obtained eliminates their injurious effect (Harris, 1948).

The same phenomena of immunization and antibody formation
occur in irvraspecies transplantations, where, as has already been
mentioned, death of the grafted tissues also occurs. The difference
lies in the fact that Immunization, like destruction of the transplants,
occurs much more slowly here. However, here also repeated transplan-
tatio:-n from the same donor, grafted after the breakdoM , of previous
transx:plants, die in a shorter time. Thereby the corresponding anti-
bodies to the transplanted tissues are found in the blood of the
animals (Sokolov, 1923a). The time of death of second transplants,
grafted on the same place as the first was almost the same as that
for those which were simultaneously transplanted to some distant
place in the body. This shows that the decisive part in the Incompati-
bility phenomena in played by general immunity; local immunity occupies
a very small place, giving only an insignificant addition to the
action of the general irmunity (Medawar, 1944).

Specifically because of the immunological defensive nature
of the incompatibility phenomena they are found between tissues only
in the intact organism. This "integrity," to which many like to refer
without interpreting its nature, can be adequately understood here as
a first approximation. It is conditioned by the fact that only in the
intact organism is there a system of specially constructed cells
which produces antibodies in response to the influx of foreign proteins.
Further, only in the organism do conditions exist for the activity
and multiplication of these special cells, owing to mhich they can produce
large numbers of antibodies necessary for the occurrence of the
incompatibility reaction. Finally, with transplantation to an intact
organism all the coaditions are present for the prolonged effect of
the transplant (of its products) on the cells of the recipient's
hamopoietic system, whioh is also necessary in order for it to begin
producing considerable quantities of antibodies. Pt the same time,
a characteristic feature of living transplants can be demonstrated
from this aspect; in contrast to the injection of various cell compo-
nents and substances, transplants continuously produce the substances
which serve for the increase in antibody production against them.
The absence of a direct spatial relationship between the transplant
and foci of hemopoiesis leads to the need for a connection between
them through the products of transplants which enter the blood stream.
Naturally, a certain time is needed for an adequate quantity of these
substances to come to the hemopoletic system, and this time should be
less the larger the transplant and the more active its metabolism and
the closer its connection with the blood stream. This is in agreement
with what actually occurs. The data presented show that tissues with
a higher metabolic rate die more quickly in the transplants and that
the survival time of the skin transplants of different sizes is
inversely proportional to their sizes.

At the same time, all these data also speak against the fact
that death of the tissues is based on toxic phenomena, as Loeb, for

Lexampls, believed (Loeb, 1945). The phenomena of direct intoxicato
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Fobserved in many experiments on amphibians occur immediately efte thew
grafting (including in explants deprived of a vascular system--Lopashov,
1948). Incompatibility irn mammals devlops gradually and is for the most
part associated with immunological phenomena, after which comes destruc-
tion of the injured cells by the phagocytes of the recipient. Apparently,
the phagocytic leucocytes which occur in the same hemopoistic system
as the immune bodies possess speoific activit, with respect to those,
foreign cells the products of w•ich have aote6 immunogenically on their
source.

B. The Significance of the Various Parts of Cells in the
Creation of the Immunological Basis of Incompatibility. The ideas
presented above on the connection between transplants and the immune
system through metabolism cause us to put the following question:
which cells components and derivatives are accessible to the system
of hemopoietic cells and responsible for the production of the immune
reactions? Since the antibodies mhich arise are then bound to the
cells of the transplants, blocking their activity and causing their
death, it is clear that here we cannot speak of simple products of
normal cell metabolism but rather of substances which are themselves
always included as necessary structural components in the composition
of the cells; this does not mean, however, that ll the cell components
must participate in phenomena of immunization. In complete agreement
with this condition is the basic fact that only protein substances
are antigens. Various simpler substances, products of cell catabolism,
cannot serve as a means of communication between the cells of the body
andof the he~opoietio systo. The question arises as to whether in the
cycle of matter in the blood not only substances serving for cell
nutrition and not only products of cell catabolism but also core
complex proteins, which are tho typical constitutents of tissue
cells and which are included in their normal biochemical characteristics.
might not participate. Which characteristic proteins car come out of
the cell#, under what conditiona, and with what parts of the cells
is their origin associated?

In this cornection, we must turn to the basic features of
cell structure; as a schema of the general structure of cells it may
be accepted that they have two outer layers and internal endoplasmic
structures, among which microsomes, mitochondria and other granular
components may be distinguished, possibly included as elements in
the fibrillar network, made up of filaments of a linear nature. With
differentiation of cells numerous specialized proteins arise in them,
different in cells of different types and different organs, Eere,
for example, me have melanin, collagen, myosin, keratin, neurokeratin,
hemoglobin and other substances of limited distribution in the body.
Unfortunately, with respect to the connection of the immune reactions
with these proteins only anatchy information exists. This is to
a considerable degree based on the biologically limited methods with
which the majority of immunologists have worked who studied the antigenic
properties of organs and tissues and their development in the course of

L topeny. They ground up the investigated tissues in a mortar and stufied
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[1e antigenic properties of the miiture of different substances and
cell components obtained. liowever, the studies in which the functions
of the parts of the cell were distinguisbed permit us to speak of the fac'
that their immunological roles are different. In Tyler's experiments
(1947), where the outer and inner layers of sea urchin ovawere
investigated, the outer layer contained fertilisin (or consisted of it)
and the underlying layer contained antifertilisin. W4ben injected into
the blood of a rabbit they induced the fbrmation of antibodies which
were like the opposite substance--antifertilisin gave rise to fertilisin,
and vice versa. Different strains of Paramecium burearia infusoria,
after being injected into the blood of rabbits for a long time, induce
the formation of antibodies which combine with the cilia and outer
membrane but do not affect the inner cytoplasm or nucleus. In
the same way, antigens exist in bacteria which are localized in the
capsules and flogella the antibodies to which do not affect the inner
parts of the cells. Finally, in erythrocytes it has been possible,
by the method of separating the outer layers by freezing, to show
that their main antigenic properties are associated with the inner
stromata of these cells.

All these data indicate that different cell components are
actually antigenically different. The impression may be created that
in the intact state the antigenie role must be played chiefly by the
substances of their outer layers. However, studies of the immunological
properties of microsomes made shortly after their discovery (Kidd and
Friedeawald, 1942; add, 2946) showed that the artigens are hot limited
to the cell membranes.. t.orosomes isolated from the cells of a number
of organs (and malignant tumor ) and injected into the blood of an animal
of another species induce antibody formation, and these antibodies are
capable of suppressing the growth of the tissues of the animal and
of the tumor strain from which the microsomes were extracted. In
the blood of the same animals there it a natural antibody to microsomes
of the same individual. This speaks for the fact that the intra-
cellular components participate, possibly, in antibody production and
are accessible to their effects. The absence of organ specificity
in the action of antibodies on microsomes and pronounced species (and
strain, in the case of tumors) specificity speak for the fact that they
may be only partial agents in antibody formation from transplantations.

All these data, however, which show that the various cell
components can serve as different antigens do not give us any idea
of the actual means of action of transplants or what specifically is
the immunization agent in grafting. In all experiments of Injection
of different cells and their components, namely, bacteria, infusoria,
erythrooytes, erythrocyte components, microsomes, and others the
agent injected can itself come into the area of antibody formation
and come into direct contact with the cells forming them, In the case
of transplants the question again arises: specifically what 6omes from
them to the foo of immunologically active cells? That such production
of proteins by tissue cells does occur is shown by experiments of
cultivating chicken fibroblasts in a medium of rabbit -plasma., After 1

Ltý-egrowth of the cultures in this medium substances were fe=4 In it.
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F-hich gsave immune reactions with cticken plasma antibodies (Land--
steiner, 1946).

It would be most probable to suppose that, depending on the
conditions, various protein componentse.of the tissues come out into,
the blood stream. In all eases normal protein products of metabolism
are given off which are distinguished by species specificity (and which
do not produce immune reactions in the body of the same individual).
In cases of Injury or of conditions of atypical metabolism (with
inadequacy of nutrition, respiration and disorders of excretory
processes) under which the grafted tissue comes,other protein compo-
nents of the cells or complex products of protein metabolism which
normally do not come out of the cello may be given off into the blood.

herefore, the more typical the metabolic conditions (chiefly, blood
supply) under which the transplant has come and the less its require-
ments on tbese conditions the less will be the escape of substances
which it normally does not eacrete.

C. Organ Specificity of Antigens, its Ontogeny and Rules and
Regulations. In intimate association with the probldmos analysed
and representing their final link is the problem of how specific are
the immunological properties of tissues of different organs and with
what cell components is such specificity conpected. The existing data
make a quite definite picture. Heowever, it should not be forgotten
that the data existing here are very inexact: first of all, because
of the methodological heterogeneity of the majority of studies already
noted; secondly, by virtue of the fact that the majority of organs
includes very different cell types and they are frequently very little
related to one anoth~er: theiw antigenic properties may be different,
but still they can all be mixed together. Therefore, it is probable
that some characteristics of the data on organ specificity of antigens
owe their existence specifically to this inaccuracy of the methods
of investigation. The degree of specificity of the antigens obtained
from various organs might be greater if the various components of
homogeneous cells or whole living cells were used; it would perhaps be
higher also where this condition has been unfntentionally observed by
the investigators.

Among the organs investigated the lens possesses the greatest
organ specificity; at the same time, its antigens do not possess
pronounced species specificity. This is expressed in the fact that
antibodies to the lens do not give reactions with the material of
other organs of the same species but react with the lens material of
other species (Loeb, 1945). The cornea is similar in its properties
to the lens. Antibodies (cytotoxins) to the lens injure it specifically.
Antigens of other organs induce antibody formation, which react not
only to the given but also t other organs and tissues. These are the
kidneys, liver, spleen, leucocytes and others. This occurs also
after the absorption of immune sera by the material of other organs
for the purpose of removing organ-nonspecific antibodies
encountered in the latter (Burke, Sullivan, Petersen and Weed, 1944;
Harris, 1948). Thereby, the antibodies show species specificity poorl*,

L4& do not react at all with the material of the same organs of othe,--J
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Fpecies of animals. From different studies of tissues it has been
found that the most specific reaotio-as are given by bone marrow, the
antibodies to which react to a lesser degree to the material of other
organs than to their own. Antibodies to the brain give cross reactions
with antigens of the testicles, ovaries and kidneys. The absorption of
an antigen to one organ by the material of others, which give cross
reactions, considerably lessens - the reaction to its own material.
This causes us to suppose that in Immunization with these organs their
material introduces a number of antigenepwhich induce the production of
several.antibodies, and that these antigens have different distributions
among various organs of the animal.

•The isolation of a number of biochemical components of the cells
of various organs permits us to go somewhat deeper Into this picture.
Different proteins present in the blood plasma--fibrinogen, globulins,
albtuins, and hemoglobin of erythrocytes-taken from the same species
behave like different antigens. Collagen is also distinguished immuno-
logically from the plasma proteins of the same animals. *owever,
these proteins, at the sane time; possess a certain species specificity,
since antibodies to them react with the corresponding substances of
closely related species only. Thyroglobulin possesses less species
specificity. rinally, proteins isolated from the lens and keratin
possess the greatest individual specificity and, at the same time,
are almost devoid of species specificity; antibodies to these sub-
stances give reactions with the corresponding substances of repre-
sentatives of even some other classes of vertebrates.

The division of substances used as organ antigens into
separate fractions has rAde it possible to show that their species
and organ specific properties are actually associated with their
various components. The brain can be divided into protein and lipoid
fraotions. Of these, the lipoid fraction is organ specific; it reacts
with antiserum against the brains of all species of mammals. The
protein fraction possesses species speoificity; it reacts only with
antiserum obtained to the brain of the same species of animal. The
antigenic properties of the posterior lobe of the hypophysis are divisible
in the same way. Similar fractions have been isolated also from the
microsomes already mentioned, the species specificity of which was also
found to be connected with the protein fraction. The low species
specificity of thyroglobulin is probably connected with the presence
of thyroxin and diiodotyrosine in it in all species. Finally, in
the lens it is possible to isolate no less than two antigenic components,
one of which, an alpha-globulin, is encountered in all vertebrates.

The conclusions which these data permit us to draw are that
the material of the majority of organs possesses slight antigeni. speci-
ficity, and it is overlapped by species specificity. The organ&,
mainly the lens, which possess a high degree of organ specificity do
not possess species specificityp, so that the organ and species speci-
ficity are in reciprocal relations. It is significant that during
the course of development the lens antigen undergoes a number of
changes and that antiserum to lenses of 160-hour chick, bbryos reacts I

L so with other organs, killing tho embryosinjected with it, whereas -J
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r"ytotoxins to adult lenses seleotively in•uere the lenses of the chi-k1
embryo in the e*gg in the eourse of development the qutntity of spool-
fic antigento substance in the lens increases; the antigens nonspecific
for the lens diiappear. Species specific antigen is present first in
the lons, but then it is completely replaced by organ specific antigen
(Burke, Sullivan, Petersen and Veed, 194h). organ speciflity increues
in the course of development.

The data presented permit us to consider, in a tentative, form, that
in the tissues of various organs there are a number of antigens rather
than a single ones of these, one is more associated with species and
the others, with tissue differences. Organ specific antigens can be
detected only in experiments in which the cells are destroyed. Nor-
nally, they apparently do not go outside the cell limit. The fact
-that lens materiel injected into the blood can cause antibodies to be
formed against the lens even in the saoe individual-consequently
the hemopoietic system has not been 'adapted' to the lens atilgens-
indicates this. In other organs also there are antigons which indues
the formation of antibodies when their cells are destroyed which to
vaering degrees act specifically on this organ; the same results have
been obtained with the phenomena of organ degeneration resulting from
ligation of Its main vessels (Sokolov, 192T). However, apparently,
the lower the percentage of organ-nonspeoific proteins participating
in the construotion of4 given organ, the higher the percentage of
organ specific proteins and, accordingly, the greater the oapacity of
the *aq= for inducing' antibody formation in the organism of which this
organ is a part. However, despite the interest of these data, they
do not permit us to find out the general rules ar .regulations under-
lying i munity phenomena with respect to various call components and
the material of different orpgs and, hence, of Incompatibility phoroesna.
This cannot be done without considering the manner in which the immune
syspte is formed during the course of development of the animal# by
regarding the animal producing the antibodies as a simple supplier of
them without regard for the history of the creation of the defense
capacity in the course of ontogeny.

4. The Ontogenesis of Immunological Phenomena and Means of Changirg Them

The material presented above and the direct conclusions from them
permit us to proceed with certain theoretical constructions. The following
conclusions are mest significant for these constructione. mmunological
phenomena directed at the formation of antibodies in the blood of animals
develop regularly in the course of ontoaenools. "heir occurrence is
essoeiated withe 1) the formation of a certain Uissue system, namely,
the blood system In the broad sense of the word, which occupies a
special position in the metabolic system of the organism, 0ontrasting,
by having a nutrient function, with the other tissue systems; it is
present everywhere in the body and is the source of the blood proteins,
antibodies "nd phagooyles; 2) the stoge of functional change in this
systen, when It develops the power of antibody formation, which it did:

Lit have theretofore. In the stag? of the developed organism this .. J



system forma prot•eins in relation to other, the most varied proteini
external to and unknoun to the organism. The proteins created, anti-'

bodies, against these external substances are complementary, paired
substanoes; these antibodies are neither a part of the organism nor
of the heterologous cells which have been introduced into it and have
induced antibody formation; herein lies their difference from the
ordinary proteins of the body which are included in its cello and inter-
cellular structures. While the proteins of various higher vertebrates
differ in composition to different degrees, their configurational
properties, apparently, are almost indistinguishable. This Is natural,
since in various species they have changed over the coxes of history
on the road to reinforcing one power or another of adaptation to environ-
mental conditions, chiefly to outside protein structures. Therefore,
with evolution toward the higher vertebrates another universal tendency
becomes progressively more distinct, the tendency toward functional
assimilation of various proteins to one another in accordance with
their capacity of creating diff•roent configurations %hich make up
for constitutional differences.

The first things that the tiusue system capable of immunological
reactions must come up against in the course of ontogenesis are
the proteins (and protein complexes) of the same organism, the products
of its organs and cells. The universal reactivity of the immune system
does not permit us to expect that it would poss-us a predeteomined
power of reacting only to f•oreign proteins and not to its oun, that

it would have an innate power of distinguishing between its own and

foreign proteins and that this power be manifested outside of its

ontogenetic development.
Therefore, it is most probable to suppose that contact of the

immune system with the products of the rest of the body does not
occur without leaving some trace. Subsequently, the imm une system

does not produce complementary substances (antibodies) to the

tissues of the same organism, and the phagocytes coming from it
do not destroy these tissues. Therefore, it may be supposed
that the effect of the protein substances of the body on its own

immune system lies in creating compatibility in the lat-ter to its
own proteins, permitting their subsequent coexistence.

Of what does such a manner of creating compatibilit7y consist?
de nay assume that the homopoietic cells, Coming into contact with
proteins circulating in the blood during the course of their develop-
ment, begin to produce proteins themselves which correspond more
precisely to the proteins formed by the tissue cells than was
possible with the original degree of similarity of the egg proteins.

In turn, the protein composition of the latter may be modified in

the direction of correlation with its nutrient substances carried
by the blood. As a result of this reaction, the proteins formed
by the hemopoletie organs not only fail to show imune, reactio-as
with the tissue cells, but, conversely, are made like them to the

highest degree. Probably, the individually specific blood protein

composition created in this way is, in one way or another, put

L.together in accordance with the changing metabolic, particularly J
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nutritional conditions during the course of development of the a.niml,-
each time producing something nre by comparison with the other indivi-
dual a.

Therefore, during the course of ontogenesis an 4acquaintancen of
the hemopoietio system occurs with the proteins of the same organism,
with an "adaptation" of It to them. Then comes the stage in which
the capacity of defensive immune reactions is created. It occurs
as an adaptation needed for the transition to changing environmental
conditiens-emergence from the state of the protected embryo--in
birds and mamtals; in amphibians its occurrence is not so clear-out
and is related approximately to metaxorphosis. After it occurs
the immure system begins to react to the intake of new "unknown"
protein substances with the formation of complementary, paired
Ssubstances which serve as antibodies; the intake of.the "unknown"
proteins only intensifies the production of prot•eins whioh are to
be assimilated by tissue cells or remains without effoct,since the
very creastion of the properties of the hemopoietic cells occurred
in interaction with them.

This succession of stages is readily substantiated by data on
transplantations and immunologoical reactions. In birds the phenomena
of death of heterologous transplants occur shortly after hatching;
before this, transplants of other species, incluoing even mouse tissues,
survive readily in the bodies of their embryos. In mammals, immediately
after birth there are no immune reactions and, in accordance with this,
there are no gsmam-globulins in the blood; the immune reactions are
associated with their appearance. Probably, the occurrence of this
new defensive function of the body is associated mith the beginning
of activity of a tissue system capable of producing an•tibodies and
which was in an undifteresttiate* statte prior to this stage.

It ifvsistbie to conceive of a number of specific mechanisms
for this successior of reactions of the hemopoietic system to
protein substances. These mechanisms are associated with transformations
of the Cell structure, particulorly the outer layers, and with its
capacity of forming proteins with correlative and complementary
configuratiovs. Fowever, the actual signifficance of one variant or
another of these ideas ca9 be learned only in complete association with
a number"of phenomena ot protein metabolism, which themselves are
unclear as yet,, for which reason it would be premature to present these
variants.

The ideas presented permit us to explain a number of phenomena.,
During the course of development the synthetic properties of the
hemopoietic system are probably put together in accordance with the
protein substances which: a) enter the blood in considerable quantity,
and b) are common to various organs in their antigenic properties.
These very common substances and the blood proteins created in relation
to them appear to be general proteins which are specific for the
species and the individual. The hematopoletia systems of the adult
animals have already adapted to the characteristics of 'the very
common substances produced by various organs and entering the blood

LZIng the course of their development, but they have not adapted toJ
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thoeie body vubstsnoev wehich do not enter the blood but rather go1
throueh their trusfrmatlons ina&ide the oelle. If diefrort anigns
are In~jected &L reaction coctar~s firat to subs'temoes, which distinguish
Arnd!'tiduas.~ atrid p*&wtiouiarly spe.ies#, since they vere not "I'anownt? to
the heniopaietic e~ystem. F!ovsveQe this reaction occurs also to thoqe
substancom' of the, samne orgarism. -hich have tot entered the blood stream.
"IEven in the serm organism not all the proteine are compati'ble vith its
jimmine systom; probably only thone whichn normally enter the blood stream.

lbe .,fcrc, the hypothesis proereted conceives of~ antibody formalion
in~ cte wjth the entire developtaent of the nutylent system of'
the organisw. The defensive reactions to OunknoiWn proteins are5 not
covienital.; they become possible as another aepect of adaptatioln of
blood proteins to the nutrition of tissue call,- durin~g. the coultse of
devaeloprent.. If these ideas are correct enough, we should expect the

exilndaol rjevo still unstudied relations between the hemopoietic
saystax, anti the othor Or~nls of wAimals In coneeotson with the di.9tine-
tiv41 Iteatiurcs of their positions in the metabolic syaten, of the body.

Th1,e 1.'ates: of he-terotransplaxits, Including ambryanic, and the
Means by %hich we5 can hops -to obangeo their fates Intentionally in
the direatieti of' pormanent preservation are getting, to be understood.
The immum.o tiystem, ol' the animal is oriented Inl IIIs defernive aotiors
to ,ihat it "did not 1clowu' in the course of ontogeny. Incompatibility
phenomanal, appeazing At a cartetn stage of' development, lead to the
displacemont of' the haterogrefta in different cases for several different
reations. 11e t~r~anslnlaned tinsues survive In tbo-?e oases where the
blood atipply in thaw is rapidly reatored. o~ing to which their metabo-.
liazisa are not Impaired (or are Impkired týo the leasnt dogrec) and
thei~r aot!ivi.y is not reduced. Th homografts, evfrr vith a good initial
"takIe" trho iws plant, zub-equantly break* domin in t~he majority of
ca~aus Prob~aly, -the Initial. Nator in the fates of such trarnsplants
is the fact that the absence of the necossary ninlmttm elf blood
proteain ocnore tnadptrid wAithin lndi~id'4sl linits,~ rdi.ev 'the
acti-vity of' th.e traneplsnt. Tbla leads, to a metabolic disorder (which.
is evidentce, for' exanple, by mitotic arrest in the cellei of skin
traxtspluxits) and to t~he fe.~t thati a) maabolliam its either Incomplete
in t:he tremc~lamnt 001ls %T1d protains 00me out Into the blood w4hich
normially do n'at anter it; b) or there is a disorder of permeability
of thbe outer layers of' calls, Which 8&lso leads to the entrance of
Proteins Lnto the blood. Tbese protairs effect the iimune system,
and the antibodies produoed increase the deetruation of the weakened
tra-.splant, which then submits aore r~eadily to their influences. As
a. roesult, thirs procaes comes to -an end,' because o1P Its intrinsic
cont:radictions; -there irs complete destruction of the transplanted tissuo.

Thusý thbeve contradictions "hich underlie the incompatibility
phenomens. are based on the following relation".. 1) metabeklie disorders
of the transiplanted tissues because of inadequate metabolic conditions
(associattud with the technique of grafting or lack of correlation of
the blood proteir components with the transplant tells); 2) Immune

Sractions of, the recipient occurring on th. base of entrance of the
L:otein products of the transplant Into the recipient's blood. __
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These relations are associated&th t~he entire combiriatiot of
conditions which contribute to or prevent the onset of development
of incompatibility phenomena. Embryonic transplants survive better,
probably because they are less demanding of metabolic conditions in
the initial period of the transplantation. Transplants with lower
metabolism survive better for the same reasons. By contributing to
normal metabolism of the transplanted tissues, functional stress
reduces the probability of immunization of the recipient with
products of incomplete metabolism. The more the donor and recipient
are like each other the greater the part which to played byemergence
of protein products into the blood which do not normally come out of
the cells in the Incompatibility phenomena resulting from impairment
of the blood supply. In the case of more distant, particularly inter-
opecies transplantations, the inadequacy of the blood composition of
the recipient for nourish-ent of the transplant is added to this, which
accelerates the metabolic disorders of the graft and the resulting
antibody production against it and its death. By modifying various
conditions in this complex, we may hope to increase tissue compatibility
considerably in transplantations.

Transplants to adult animals are made at a time vhen the protective
system has already been developed, and the transplant becozes the
source of the "unknown" substances. Then, the larger the transplant
and the more active its metabolism and the less its protein composition
has in common with that of the recipient the sooner it is destroyed.
In cases of transplantations to embryonic stages, on the other hand,
before the development of the immune system, the subsequent displacement
of the transplant it conditioned by the fact that the mass of recipient
tissues is usually incomparably greater than that of the transplant
and for this reason the adaptation of the immune system proceeds in
accordance with the recipient rather than the transplant, which is
later crowde' out, as usual. If the mass of recipient tissues were
about the same as that of the transplant it might be expected that
the Immune system would adapt itself to both of them.

Certain facts in addition to those already mentioned are in
agreement with these ideas. Piret, even in the old experiments of
Burn and Harrison embryos of different species of frogs, joined
together in halves, -ent through metamorphosis in some combinations,
maintaining their viability, whereas small transplants in the same
combinations undoubtedly died at i certain stage of development.
Obtaining such results in amphibians is difficult because in many
combinations signs of direct intoxication of tissues of one individual
by those of the other occur to different degrees. Secondly, data
on twins in coms obtained from different fathers speak for the truth
of our hypothesis. It has been shown that if their blood streams
are anastomosed the antigenic compositions of their erythrocytes'
is mixed and becomes the same in both individuals. Apparently,
during the course of development the calves exchange stem cells
and, in this way, each receives primitive cells half consisting

Softhe cells of one individual and half, of the other. (This speaks
Lior the fact that not only the vascular endothelium cannot oome frainj



th. local connective-tiosue cells (hIbopin, 1944) but also that the*7
ells of the original sources of blood (liver, spleen, bone arrow)

do not arise from local cells of the anlagen of these or ian. but rather
from wandering primordial derivatives of embryonic blood) . This does
not prevent such hamopoietio stem cells, coming from different breeds,
from living their entire lives in the bodies of bulls and cows, without
showing any signs of Incompatibility with them and without affecting
the viability of the recipients (Owen, 1945). Undoubtedly, however,
special experiments are needed for proving this hypothesis.

Essential in our approach, it sems to us, is the fact that the
phenomena of incompatibility are not regarded separately but rather in
their specific association with a larger group of vital phenomena and
the evolution of the latter. This approach it demonstrated even in the
analysis of incompatibility as a function of ontogeneuis of the entire
hemopoietic system, in close connection withits changing conditions.
Many authors who have transplemted embryonic tissues to adults have
expected that they would "adapt" more easily to the host because of
their greater plastioity, by analogy with plant grafts. As a matter
of fact, however, the actual picture in transplantations in higher
animals is exactly the opposites it is not the transplant which adapts
itself to the host but, conversely, the host which adapts Itself to
destroying the transplant, by defense reactions which have been created
during the course of evolution. If we do not seek to understand end
master the regularities of oreation of this defensive capacity, the
expectations of Oaccustomation" of the transplant in animals will be
perfectly arbitrary; they will be based essentially on the conception
of adaptability as a universal property of the living, eanif.sted
without relation to the specific conditions of evolution. As a gattve
of fact, this capacity of defense against foreign bodies is an expression
of evolutionary changes in the phenomena which in other' easee leasd;
+to adaptation to environmental conditions, the phenomena of plasticity
of proteins in their various relat$oni In the Coell.
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The Process of Organ Regene'ration in Animals

L. V. Polexhayev (Moscow)

At the present time the principal task in the regeneration problem
is the elaboration of methods which make it possible purposefully to
regulate processes of restoration of lost organs (or tissues) of the
body and to restore to normal their weakened or lost power of re-
generation, based on the aims promulgated by the practice of Soviet
socialistic public health and the national economy. For the purpose
of controlling regeneration processes a theory is needed; it is necessary
to know how, by what method the' processes are accomplished which
underlie them. In connection with this, it is very important to know
the mode of formation of the regeneration primordium. Ideas, about
the essence of the regeneration processes have changedcontinaously.

In the field of the study of regeneration there has long been a
bitter conflict between idealism and materialism. Driesch (1915)
proceeded along the line of frank idealism, vitalism, declaring that
the regeneration processes are controlled by an entelechy, a non-
material metaphysical factor. Morgan (1907) declared that the power
of regeneration is a primordial property of animals, not related to
their adaptation to environmental conditions or natural selection.
Morgan'S idealism, therefore, Is expressed in the assertion that
there is a property of original expediency intrinsic in living organisms.
His approach is metaphysical. He regards adaptation and the r;-
generative power of living matter to be separate, seeing only the
opposite nature of these phenomena rather than their unity.

Weismann (189-), on the other hand, declared that regeneration
is an adaptation, the result of natural selection, and is not a self-
reproductive property of animals. Weismann, like Morgan, met&-
physically separated and opposed adaptation and the self-reproduct-
ive capacity of living matter, without seeing their unity. Weismann's
idealismdespite his verbal acceptance of natural selection and
phylogenesis, consists of the fact that the development of the power
of regeneration is explained by a miracle, by chance, and does not
depend on the properties of organisms; therefore, it requires the
assumption of a particular expediently acting principle.

All these thoroughly reactionary idealistic evasionA led to the
complete degeneration of research on regeneration abroad.
Characteristic of all of them are an antihistorical approach and

Lthe analysis of the organism outside of its relationship with the J
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ironment. The route o their ddevelopment is characterized by

formulations of the ideas of Spemarn (1924-1936) of "organizers" and
the theory of "fields" by Weiss (1929) and other foreign scientists.
"Organizers" are parts of a developing organism to which the
aignificance is ascribed of being factors accounting for the develop-
ment of other "organizable" parts and which do not depend on them.
"•he development of the organism, according to Spemann, is a chain
of reactions of passive, unorganized material to the influence of
organizera. Where does the first organizer come from? Spemann
gives no answer to this question. His antihistorical approach logically
leads to an act of creation, that is, to idealism. The "field&,"
aLccording to Gurvich, Weiss and their followers, are dynanlically
preformed entities of unknown origin accounting for the development
,of the organism and not related to or depending on its material. The

preformistic autogenetic idealistic significance of the field theory is
uieen very clearly.

The most progressive of the foreign regeneration theories is
Child's physiological gradient theory (1948), according to which
development is determined by environmental conditions which bring
a~bout first physiological quantitative differences in the metabolic
rates in the initially homogeneous living material, which then leads
to qualitative changes, changes in shape, and differentiation. How-
ever, this theory is limited and' antihistorical, regarding ontogeny,
phylogeny and heredity separately, independently of one another.

Darwin's materialistic concept, fundamentally correct, should
be contrasted with the idealistic view of the nature of regeneration
by Weismann, Morgan and their followers. He regarded the power
of regeneration, on the one hand, as a. property of animals, as one
of the forms of self-reproduction of their organs or parts of the body
essentially identical with the phenomena of asexual multiplication
(budding and fission) and the phenomena of growth and even sexual
multiplication, and, on the other hand, as an adaptation of animals
to their existential conditions. He approached regeneration from a
historical standpoint, implicitly regarding these phenomena in
their unity. Fundamentally, his view of regeneration is correct
and requires further development.

We may define regeneration as one of the adaptive forms of
self-reproduction of living matter. Underlying regeneration is
metabolism -- anabolism and catabolism. Metabolism is the
primary property of living matter and, at the same time, it is an
adaptive process. This may also be expressed In a different -way:
adaptation is a primary property of living matter, because under-
lyng the adaptation is metabolism of the organism which is in unitvj
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fwith its existential conditions. If these conditions are changed there1

will be an adequate change in metabolism, that is, the organism will
adapt itself to the new conditions, and hence there. will also be a
change in the power of regeneration and form of the organism. How-
ever, adaptation, that is, an adequate change of the organism and of
its metabolism to environmental conditions, will not always be
expedient for the life of the organism and can ultimately lead to the
death of the animal. In the development of living nature, expediency
and particularly the phenomena of regeneration is not determined by
adaptation but rather by natural selection -- by heredity, variation
and survival. An example is seen iA the regeneration of the extremities
of lower vertebrates (axolotl, triton), an expedient adaptation which
contributes to their viability; in the higher vertebrates this. is
absent, because under the conditions of their evolutionary development
and their adaptation it would have led to a reduction in their viability,
that is, it would have been inexpedient. N. V. Nasonov (1941) justi-
fiably points out that the presence of a delicate blastema on the wound
surface of an extremity in mammals would be a source of trauma and
a portal of infection and would lead to their deaths. During the course
of evolution some forms of adaptation are replaced by others which
are more advantageous for the organism, according to its existential
conditions. In a corresponding manner the development of the power
of regeneration occurs in different forms: in some animals the power
of restoration of an entire individual from a part of it is preserved;
in others only organi may be regenerated; in still others, only
physiological regeneration and wound healing occur. A similar
phenomenon is observed in the same organism: some organs possess
the power of regeneration In It; others do not.

There has been and continues to be a bitter controversy also on
the subject of the mode of regeneration. Initially, there was a con-
flict between preformistic and epigenetic trends. Then, scientists
who took the viewpoint of regeneration as a transformation began to
oppose the preformists and epigeneticiats. In other words, develop-
ment began to be conceived as a transformation, that Is, the
occurrence of something new on the basis of a qualitative change th
the old ander new environmental conditions., under new existential
conditions, rather than a preformation, the development or growth
of pre-existing elements and rather than a new formation. The
specific ideas of the course of regeneration have changed progress-

Lely.
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The preformistic virchowian°.cellular theory with its main
principles of "all cells only from a cell", "nothing new arises in the
development of anything," "the cell is the ultimate element of living
matter," and others received particular itupetus specifically in the
study of regeneration. Waldeyer, Thiersch and Bard extended the
virchowian dogm& further, declaring: "Any tissue regenerates only
the same kind of tissue." These ideas were extended in biological
and pathological research on regeneration. Regeneration was con-
ceived as a reorganiration, as a growth of pre-existing tissues in the
area of the wound, as growth occurring by means of aCtive cell
multiplication of wounded tissues. Morgan (1907) wrote this directly:
"1.* . regeneration is nothing other than the repetition of growth which
has temporarily stopped."

Thin theory was given the name of "the theory of tissue oilt-
growth in regeneration." The frank metaphysical character of this
theory. the idea of regeneration as growth rather than development,
and the platitudinous view of rnorphogenetic processes require no
particular analysis. The view of the behavior of separate tissues was
also metaphysical: they were conceived a~s regenerating independently
of one another and for thia reason even coming into conflict with one
another. Thus, according to Tornier (1906), in the regeneration of
the triton tail "growth along the length of the regenerate is stimulated:
and controlled by the central portion of the regenerate and, specific-
ally. . . in the final analysis by the tail skeleton regenerate," while
the skin inhibits growth of the regenerate. In this way he formulated
the theory of mechanical conflict of tissues in regeneration.- However,
at the same time and even in the studies of the same scientists, facts
began to be accu•,ulated which were in dirLct contra4iction to their
theories. Thus, it was found that in the regeneration of extremities
of lower vertebrates the skeleton in the regenerate appears an a new
formation, similar to its developmnent in the course of typical
ontogeny (Goethe, 1875; Frelm, 1885; Barfurt, 1891). Somewhat
later, through histologic studies it was very fiUmly established that
regeneration, for example, of the extremities of salamanders and
tritons, is not accomplished by means of a simple growth of pre-
existing tissue.& but rather by meanA of the formation of a blastema,
that is, the primordium of the organ, like the embryonic primordiuxn.
The blastema consists, of epithelium and subepithelial tissues formed
from celia of mesenchymal or embryonic type, initially similar to
leucocytes (Fritsch, 1911). The "homogeneous cell mass of the
blastema grows rapidly and forms a bud, which is converted into
a regenerate by means of further growth and differentiatiou. This

t of regeneration by means of the formation of a blaitema was _J,
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FC-Onflred subsequently by a number of investigators. In this way
the "theory of regeneration by means of new formation of a blastema"
was created, In the field of pathology, for example, in healing of a
wound, the element similar to the blastema is granulation tissue.

The fact established was correct, but investigators who were in
the realm of metaphysical thinking and virchowian ideas, became con-
fused in their theoretical generalizations, and, in the final azalysis,
the majority of foreign scient-ts proceeded along the line of Idealism.

The theory of regeneration by means of new formation of blastema
required an answer to the following basic questions:

I. From where do the blastema cells come?
2. How does growth of the blastema occur?
3. How is the development of the blastema accomplished and on

which factors does its quality depend ?
The first question in their theory, supported by such scientists as

Weiss (1922-1930), Guyenot (1922-1930) and others, was, for the most
part, answered in the same way as Weismann azowered it, by . sauming
the existence of special reserve cells, of the nature of the idioplasm or
germ plasm, from which the blastema elements arise. The insolvency
of this view stems from the fact that in the animal organism there are
no such reserve embryonic cells. In vertebrates there is, for
"example, connective tissue which histologically is poorly differentiated,
bet in its properties it is not at all identical with the cells of embryonic
tissue. On the other hand, it was shown that in regeneration of both
the lower (for example, hydrua) and higher animals (for example,
vertebrafts) all the tissues participate, even. though they are fully
differentiated and can in no way be classified as reserve tissues.
During the course of regeneration the differentiated, tissues regularly
change - - they are destroyed and dediffereitaed

The investigttors answered the s.econd question generally in the
same way as did the representatives of the "outgrowth" theory;
specifically, they considered that *he source of regeneration is cell
multiplication of the isjured tissues in the area of the wound. This
Wa -was based on tke theory of "wound hormones," data on "mito-

genetic rAdiation" as a source of cell multiplicafton, and others.
Whatever the klvA4 of ceals in the wound area -- whether "reserve"
or lId tisape ceals -- they believed that multiplication of them
cansttutes*t*e main regeneratIto process of the organ. The logical
c asequsce of tMR deawas the conclusion that in order to stimulate
the regeaertmon. process in organs or tissues It is necessary to
proWde err stimulate the cell multiplication process. This idea

nIJV4 v"res of vAASrUO investilatio*s attempOng to work out methods,
Ilof cell aion and hence, wound healing. TheJ

36



principle became generally accepted that stimulating wound healin
or processes of regeneration means stimulating cell multiplication in
the area of the wound. However, a strong blow was struck against this
idea, because proof was shown that regeneration does not begin with
cell multiplication and that it far from always plays the main part in
regeneration.

To the third question -- on which factors the quality of the blastema
depends -- the epigenetic theory of regeneration gave an unsatisfactory
reply. Under the influence of Spemann's and Giirvich's ideas foreign
scientists -- defenders of the epigenetic theory of regeneration --

began to conceive of the blastema as devoid of its own organizational
powers, as being "nullipotent" (Weiss) and deterzmined under the
influence of a particular specific factor of the whole, a "field" or
"*forganizer" intrinsic in the remnant of the amputated organ. There-
fore, the epigenesis of Spemann, Weiss and their followers is
preformism inside out and does not explain but rather denies
development, denies the occurrence of a new quality during the course
of development of the regenerate.

The vicious weismannistic-virchowian "epigenetic" theories of
regeneration of foreign investigators were severely rebuffed and
exposed to decisive objections by Soviet scientists, who, on the basis
of new facts, arrived at a number of new principles and the form-
ulation of the theory of regeneration by means of transformation of
the tissues of an amputated organ.

MI

During the period from 1930 to 1950 Soviet investigators estab-
lished a number of essential facts and drew some very Important
conclusions concerning the method of formation of the regeneration
primordium. The main attention was given to the problem of the
initial stages of regeneration, which determine the entire subsequent
course of the process and, by regulating which it was possible
considerably to alter the course of the entire process. In this res-
pect the main conclusion consists of the establishment of two phases
in the course of regeneration: 1) the phases of initial accumulation,
when the regeneration prlmordium is formed basically without cell
multiplication, and 2) the phases of secondary accumulation, at
which time the regeneration primordium is formed basically by means
of cell multiplication. This conclusion is based on three groupg of
facts (Polezhayev, 1945):

1. Young regeneration blastemas of an extremity or tail of an

La-olotl are incapable of growth when transplanted to another partofm4
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laniznaX~, body, for example, to the. darma1 region. If cell mate rial 1

taken from the xubepithelial portion of 4-10 such young blastemnas. is
added to it for the transplirntatioa actlye growth of the transplanits occurs,

adapprapriately3 'an extremity or tail-like organ is9 formed from them.
Hence, two eoncltasions follow,. 1) young regeneration blastemas are
not "nullipotent, 1 but rather posseas their own organiz~ing potentialities
which~ axe not expressed because of the stoppage of growth of the young
bladtema. when it is separated from the old tissues of the regenerating
organ., and 2) up to a certain stage the blastena. doesr not grow by meants

* of cell multiplication (mitotic or arnitotic) but rather by meamts of the.
influx of cells to it from the wounded tissues, for the most puatt withoat
proliferation.

* 2. At a certain stage of ontogen~y extremities of -tadpoles lose the
power of regeneration, and after amputation of the organ the wound
surf ace heals smoothly. The tissues of the extremity thereby differ-
entiate progressively and are very little destroyed after the am~putation.
In them quite a number of rattoses are observed. if the tissues of an
amputation wound surface of an extremity are injured severely
mechanically or chemically they are subject to considerable lysis and
deep-seated dedifferentiation. Thereby, the number of mnitoses increases
little. T he cells lose their tissue connections and create a blastema,
which grows and forms a typical regenerating extremity. Therefore,
lose of the power of regeneration of extremities in anurans has as its
immediate cause the loss of the power of the tissues of the organ to be
lysed and dediffercutiated, thereby liberating cell m-aferial without
p-rl~i&tfton, -rather than a loss of the power of multiplication by the
cells (midtotic: or amnitotic)., Therefore, for the puirpose of restoration
of the. lost power of regeneration of an organ it is necessary to pro-
duce destruction and dedifferentiation of tissues in the wound area
rather than proliferation.

3. A count of the number of mitioses showed that the mitoti-c
inder. in the subepithelial area of the blastema. changes regularly at
successive stages of regeneration of the extreraiities in tadpol~es, young
and adult axolotls and tritons': the initial stages of formation of th.
blasterma occur practically without tmitosis or amitosis; at later stages,
the~ number of mitoses increases sharply; still later, this numiber is
reduced. This means that initially regeneration proceeds without cell
multiplication, which can begin only when the primordium reaches a
*certain size, after a ceirtain minimum number of cells has been. pro-
duced in it. Then, regeneration proceeds basically by means of
mitotic multiplication. Later, growth proceeds by means of an in-
crease in the metaplastic, acellular masses of organic matter.

LThe theory of the biphasic course of regeneration, which has
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Ib~een pr;:ipcsed against the current idea that regeneratian is a simpile
grov$th, accomrplished by means of cell. trntltiplica~tion. stimulated by
'Mwouwd barmones, " mitogenietic rays and other factors found no
syr4Ttpat~by vmong investigators. For a long tirne it was simply over-
looked, wid thaen, "after'being noticed,, "It was stated that it was in-
correct, that at the initial stages oi formation of the blastema cell
divl.sinion occur bat it proceeds so quickly that it is Impossible, to
se It with ordinary fixation of the mqterial. Thent, thize theory beganm
to Ibc accepted, but some auth-ors (Lu~scher, 1946, Forsyth,, 1946 and
othe~irs) cocCLaidered it their own discovery, although their observations

re~rc mXwa~T 12 years after its formulation and even though they were
very lucco~rnplete; other authors declared this theory to be obvious and
u Lang-knowu fact. Voroutsova (10949), who knows the itterature and the
entire M:story of the subject excellently, in his, book for some reason
ascribes t'~ia theor-/ to ar. American %nvestigator, Litwi-'ller (1939) and
to Iusina !'1940); doubting the occurrence of the first, phase of formation
of th.: rcgenrate without mitoses, through the destruction amd de-
ditfe.tent:i~atlo of tissues, she writes that on the basis of the existing
data "it is impossible to gain a complette idea. of the sources of growth
of the- regenerate. Since the duration ol the various mitoses remains
unknown, f~t is difficult to take into consideration the role of the latter
in facreaslag the mass of the regenerate. " "We believe U~ is still pre-
minatre to distinguish phases of primary and secondary accumulation
in the :E.ormation of the regenerate. " These doubts, however, do not
prevent heiý later from accepting what she had just denied; she -writes:
"Str.itlt:I sp~eWKiMg, only the sharp separation of the various periods of
fonruttilvni of the regenerate is objectionable. Undoubtedly, dediffer-
entiuctiozL of: celis which have ent~ered the blastenia occurs basically at
the beginning of the regeneration process, and the most active pro-
lii'e-ratioai *ccurs at the late 3tages of de'vrelopmneut of the regenerate."
It is characteristic that Vorontsova like other authors, touching on the
quoW~Lon a." t~be biphasic nature of regeneration, continues to "overlook"
thro-'1 grouips of proofs preseuted andi discusses and criticizes only on 'e
of th~en... - that of counting the number of miitoses at the successive
starert of! zageneration. However, whatever critics xvky or write-, they
wilf be ar~ced to reckoxx with the existing proofs and the theory which
has be-er. fo~rxrnulated, because it Ynor;& correctly depicts the course of
the regenieration proceas than previous theory, and because on the
beas:I! of it alone it is possible to understand the course of this process
and to seuek out effective method& of controlling it.

.01ccarditng to the old concepts, regeneratiou is the secondary
gro-itth of an organ based 'on cell multiplication.~ Therefore, in order

Ijoprodac:e regeneration of a non-regenerating organ, it is necessary'i
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o stimulate the process of cell multiplication in injured tissues.

According to the theory of the biphasic course of regeneration, re-

generation is not at all a simple growth but rather is a developmental

process with qualitatively different stages in it; in order to produce

regeneration where it is not occurring it is necessary to stimulate

destruction and dedifferentiation rather than proliferation. In other

words, the approach to the study of regeneration and its control should

be different in principle from what it has been previously. So far this

new approach has justified itself, because it has made it possible to

work out methods for restoring the lost power of regeneration of

extremities in lower vertebrates (Polezhayev, 1933-1948).

The main significance of the data on the biphasic nature of the

course of regeneration lies in the fact that they permit a determination

of the stage nature of this process. Thereby, by stages we do not mean

morphologically but rather physiologically different stages of regener-

ation on the basis of which these morphologic changes occur and which,

in turn, represent an expression of some biological stages in Academician
T. D. Lysenko's sense, that is, stages arising during the course of
evolution and ontogenesis as an adaptation to changing environmental.,

..conditio~s.,~During.the. course of. regeneration -we- ca, detirminie two
saccessive,. qualitatively different physiological stages:

1) the stage of destruction and dedifferentiation of injured tissues

of the remnant of an organ and 2) the stage of growth and differentiation
of the regenerate.

The first stage is characterized by a certain type of metabolism:
by the predominance of breakdown of tissues proteins over synthesis of
them, by the predominance of anaerobic respiration (glycolysis) over
aerobic respiration, by a shift of the active reaction of the mediurm., to
the acid side and others. The second stage is characterized by the pre-

dominance of protein synthesis over analysis, by the predominance of

aerobic over anaerobic respiration, by a return of the active reaction
of the medium to normal, and others. On the basis of the first stage
epithelialization of the wound and the formation of the blastema (gran-

ulation tissue) occur by means of the primary accumulation of cells,
that is, basically without cell multiplication. On the basis of the
second stage growth and differentiation of the blastema occur. These
two physiological stages can be determined not only in the regeneration

organs but also in tissue regeneration, in wound healing (see Leytes,
1945). Therefore, these stages characterize all the processes of
regeneration.

Naturally, by acting on the metabolism typical of the first or the

second stage in different ways, it is possible to influence the course
of the process differently. For example, artificial increase of .
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-oxidative processes should contribute to the occurrence of the
second rather than the first stage, of proliferation rather than de-
differentiation. This is the way it actually occurs. The thyroid
hormone stimulates proliferation, stimulates smooth wound healing
in mammals and amphibia but shortens the stage of destruction and
dedifferentiation and, by the same token, inhibits the regeneration of
extremities in tadpoles.

Loss of the power of regeneration of extremities during the course
of metamorphosis of anuran amphibians is the result of their switching
from aqueous conditions of existence to terrestrial conditions, is the
result of adaptation of the animals, whereby there is a qualitative
change in their types. of metabolism; this change, associated with an
increase in the oxidative processes, leads to a reduction of the first
stage of regeneration: after amputation of an extremity the tissues
of the organ remnant are poorly destroyed and dedifferentiated;
primary accumulation does not occur, no blastema forms, and the
organ does not regenerate.

Artificial intervention (injury, chemical treatment and others)
produces a type of metabolism in the organ characteristic of the first
stage of regenerationw brings about destruction and dedifferentiation
of tissues and, hence, the formation of a blastema and regeneration
of the organ.

Therefore, phylogenetic and ontogenetic loss of the power of re-
generation by organs in animals, according to our ideas, is the
result of their adaptation to new existential conditions, is a change
in the type of metabolism in an individual by virtue of which there
is a reduction of the first stage of regeneration. This ti a more
advantageous adaptation for the animals than previous ones; this
explains why in a number of cases the power of regeneration of
organs disappears during the course of evolution and is replaced by
the power of more rapid, smooth wound healing.

The stage nature in regenerative processes is an expression or
recapitulation of some phylogenetic processes., according to the so-
called biogenetic law. An analysis of the type of metabolism
characteristic of two stages analyzed confirms this conclusion:
characteristic of the older forms of animals Is greater lability,

-destruction of proteins; glycolysis rather than aerobic respiration
is characteristic. Therefore, it may be said that in those cases
where the organs regenerate the conditions exist for adequately
complete recapitulation of the first stage of regeneration; where
organs do not regenerate these conditions are absent. Hence, it
is clear that if we find and create theme conditions it is possible to

roduc.e organ regeneration in places where they usually do notJ

41-



"regenerate.

IV

In the previous section of the article we noted the insolvency of the
criticism directed against the theory of the biphasic nature of the
course of regeneration. The viciousness of this criticism amounts
basically to the fact that it attempts to drag the investigation back and,
by the same token, drives it out of its way and interferes with its
progress. However, by way of "undermining orrselves," we can, on
the other handA, criticize this theory, showing in it contradictory
features which it has not resolved. This type of criticism, by destroy-
ing the theory, at the same time will develop it further, that is, it
should contribute to progress of research on regeneration.

. The two following arguments can be advanced against the theory of
the biphasic course of regeneration: 1) it is not always possible to
reduce the phase of primary accumulation to an influx of cells into the
blastema as a result of tissue dedifferentiation of the organ remnant;
2) it is possible to obtain regeneration of an entire organ, thereby
practically excluding processes of cell multiplication.

After the amputation of extremities in young tadpoles signs of
destruction and dedifferentiation of the tissues oi the organ remnant
are exceedingly severe, they include a very large distal portion of the
organ, whereby the muscle anlagen and the connective tissue are con-
verted entirely into a multitude of isolated mesenchyme-like cells,
while the cartilaginous skeleton is converted into prochondral tissue
and sometimes also into a mesenchyme-like mass of cells. From this
dedifferentiated mass of tissues and cells the regeneration blastema
arises. Thereby, a marked shortening of the remnant of the amputated
organ is characteristic, which in all probability if related to greater
consumption of its cell material, which goes into formation of the
blastema. At this time there are practically no mitoses either in
the blastema or in the organ remnant.

In azolotls and tritons signs of destruction and dedifferentiation of
tissues of the amputated extremity are quite well expressed but they
include a smaller tissue thickness. Therefore, the influx of cells
from the organ remnant into the blastema in them is more limited
than in tadpoles. Basina (1940), studying the mitotic index in
regeneration of the triton extremity, established the fact that up to
the age of six days there are no mitoses either in the blastema or in
the adjacent tissues of the organ remnant; in the blastema (without
epithelium) there are, on the average, 180, 000 cells; in a trans-
verse section of the adjacent tissues of the extremity an average of

00 cells is counted. Therefore, in the blastema an unusually ra•j,
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1 active multiplication of cells occurs and, thereby, without mitoei
From where are these cells taken? In Basina's opinion, from
amritotic division and the movement of cells from the proximal portion
of the organ rather than from the area of the old tissues adjacent
to the blastema, because for this purpose the cells in a 1. 2-millimeter
thickness of tissues would be required.

We can not agree withthis opinion: no amitotic cell division is
observed in regeneration of amphibian extremities; it is a rarity; in
addition, if the blastema arose from this cell division, it, the young
blastema, would be able to grow even after its isolation and trans.-
plantation, but this does not occur; further, it is perfectly incredible
that in the proximal portion of the organ remnant, where the tissues
are not dedifferentiated but are structured, the cells could be
liberated frorr their tissue connections without being noted by the
investigator's eye, drive through the thickness of tissues of the distal
portion of the .rgan remnant and form a blastema. At the same time,
it is well known that fornnation of the biastema is associated specifically
with the distal portion of the organ remnar.t The fact that consumption
of a considerable tissue thickness of the distal portion. of the organ
remnant, equal to 1. Z millimetera as calculated by Basina, is
required for the formation of the blasterna should not distrb us --

it occurs in this way: in regeneration a certain shortening of the
organ remna-nt -As alwaya observed. Nevertheless, there are ca-ses,

* for example, in the transplantation of the thin (1-2-rmillianeter in
thickness) extremity disks to the back of an axolotl where re-
generation haa the transplant as its source, and the number of cells
in it is less than in the blastema, particularly keeping in mind the
considerable absorption of the transplant tissues after grafting. The
question arises, from where do the blastema cells come in this
case ?

Here, the idea is possible that the cells are formed anew in the
blasterna fr•m organic matter occurring from destruction of the
transplant t•,asues. Checking on this assumption requires caref d
cytological and histological study of the successive elements of the
initial stage of regeneration and the performance of special ex-
periments.

This idea appears to me to be probable to the highest degree in
connection with the brilliant work of 0. B. Lepeshinskaya (1950),
who showed the possibility of new formation of cells after their
complete destruction in the hydra and in the healing of akin wounds
in mice, The cells thereby are not formed from cells but rather,
in spite of Virchowts dogma "all cells only from a cell, ". they are

L. ormed from the organic matter of an acellular structure. 110rganip
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matter to a mass of protoplasm which does not have the form of a
cell, whi;ch contains in Itself nuclear substance it one form or another
but do*s not have the form of a nucleums, ad whkich is in the protoplasm
in a dispelsed or diffuse state; organic matter must, of necessity,
possess the power of the type of metabolism which is an essential
condition for their existence" (1950, page 77). "We must recogniae
the existence of living molecules. . . undoubtedly, those molecules
should be considered living which possess the power of metabolism
which leads not only to. their preservation, rather than death, but also
leads to their multiplication through a transitional state of growth"
(1950, page 79).

0. B. Lepeshinskayal s discovery permits biology to take a
colossal step forward. The author has formulated a new theory of the
structure of living matter, a new cell theory, according to which the
ultimate element of the living is not the cell but rather the living
matter of acellular structure, from which at a certain stage in its
development cells arise when the appropriate conditions are present.
Undoubtedly, there is a great future for this very great discovery,
which has revolutionized all of biology, which has made necessary a
reorganization of cytology, histology, embryology, physiology,
experimental morphology, pathology, microbiology (including
virology) and other disciplines. Undoubtedly, it will also bring
about a revision and a great advance in the study of regeneration.

0. B. Lepeshinakayas a principles of living matter is the stand-
point of michurinist biology, which states that in the body not only
the cell but also every droplet, every molecule is capable of
metabolism, is alive and possesses the property of heredity. There-
fore, her theory opens up new specific routes and approaches to
investigation on the basis. of the principles of Michurin's doctrine
for a number of divisions of biology, including the study of re-
generation.

At the present time, we can present the following data from our
observations on the course of regeneration of extremities, in amphibia.

During the first few days after amputation of an organ a large
quantity of organic matter accumulates in the area of the wound
contairing small granules of broken down cell nuclei, the so-called
detritus, which comes from local tissues and blood cells. This
matter or these breakdown products participate actively in
metabolic processes, that is, they are alive rather than dea.&,
Further, a large number of large granules, which stain with
nuclear stains but which do not have the shape of typical nuclei,
appears in this substance. Shortly after, in place of them a

~progressively increasing number of "regene ration" cells like the
-o44.-_j
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embryonic mesenchyme of blastema cells appears. These celia,
the origin of which has been discussed for a number of decades and
has not been finally decided in one way or another, are homogeneous
and initially are not directly connected to the old tissues of the organ
remnant. It is interesting that initially, according to the observations
of N. F. Barakina In our laborAtory, they are abnormally small, and
a multitude of small growing cells is encountered along with the large
cells. (Data on the origin of cells in regeneration will be published
in the special works of our laboratory). These facts afford the basis
for the supposition that at least the beginning of the phase of primary
accumulation is brought about by the new formation of blasterna cells
from living matter. This sapposition Sives us the clue for explaining
a n=mber of phenomena observed in regeneration; the absence of cell
multiplication in the phase of primary accunmulation, the embryonic
type of blastema cells, their morphologic homogeneity, different
sizes and others.

The phenomenon of new formation of cells in regeneratiou does not

negate the significance of the phenomena of destruction and dediffer-
entiation of tissues in the organ remn-Ant or their necessity for re-
generation. Part of the blasterna cells undoubtedly arises from the
dediff erentiation of old tissues, but another part of them is 2.ewly
formed. On the other hand, destruction and dedifferentiation of
tissues constitute an essential condition for the new formation of
cells, because thereby living matter is formed, and conditions are
created for the new formation of cells. The process of new cell
formation in regeneration proceeds on the basis of the stage of
destruction and dedifferentiation; the conditions for this nAew formation
are the sasne conditions which occur at this stage in the process of
recapitulation: increased proteolysis, glycolysis, acidification of
the medium and others. Living matter arises through the break-
down of protoplasm and of the nuclei of local tissues and blood cells.

Let us return to the position noted at the beginning of this section

that in sc.e eases regeneration of an entire organ is observed with-
out mitoaic division of cells. From previous studies (Guyenot, 1927)
it is known that in amphibians the extremities regenerate by means
of the formation of a blasterea; the tails, by means of the outgrowth
of old tissues. In other words, this means, eccording to the theory

of the biphasic nature of regeneration, that the processes of cell
multiplicaf!on play a greater part in regeneration of the tail than
in regeneration of the extremities in amphibians. We performed
the following experiment. In young grass frog tadpoles the hind
extremities and the -tails were amputated simultaneously, and the

Lanimals were treated with colchicine solution, which stopped mitosi
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in metaphase. This treatment, therefore, must have stopped the-
process of mitotic cell division during the course of regeneration
(Poleshayev, 1945-1948; Polezhayev and Gurvich, 1.948). It might be
expected that despite the treatment the phase of the primary
accumulation would occur. However, the result surpassed ,3ur
expectations. It was shown that although the phase of primary
accumulation occurred in both cases the tails could not regenerate
further, and the extremities could not regenerate completely, even
though they did regenerate in a somewhat retarded manner. Cyto-
logical study showed that in the tissues of the regenerate there was
a multitude of cells division of which had been stopped in the stage
of metaphase. No amitotic figures were observed. Single telo-
phases were observed only at the very end of the regeneration process,
when the extremities had already been formed.

How did regeneration of extremities occur in the case described
if the mitotic division process was completely arrested, while the
number of cells in the regenerate increased continaously? There
could have been two sources here: 1) the cells were liberated from
their tissues connections because of tissue dedifferentiation. and 2)
the cells were newly formed. The first source alone could hardly
provide for the entire process of regeneration of the extremities,
since the total living mass and the total number of cells in the organ
increased considerably during regeneration. Therefore, the second
source is very probable. Further experiments should clarify the
mode of regeneration irn these cases.

V

The question arises, do we change anything if we adopt the position
of 0. B. Lepeshinskays concerning the new formation of cells in
regeneration? Yes, very much is changed. The approach to the
phenomena of regene1'ation and methods of *controlling it are
changed. While previously attempts were made to Gtimulate or pro-
duce regeneration by methods contributing to cell multiplication, the
theory of the biphasic nature of regeneration required a different
approach: in order to produce or stimulate regeneration it is
necessary to cause destruction and dedifferentiation of tissues of
the organ remnant rather than proliferation. Now, assuming the
possibility of new formation of cells, we proceed even further.
Now, we can say that in order to produce or stimulate regeneration
it is necessary to create conditions essential for new cell for mation.
The phenomena of destruction, and dedifferentiation are included in

L est conditions, but these are not all. Specifically, the blood playal
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A• part, the significance of which for regeneration haa been very well
shown by 0. B. Lepeshinskaya. By intentionally creating all these
conditions it is possible to count on producing regeneration where it
does not occur.

Therefore, changes in ideas on the mode of regeneration absolutely
change the approach to the study of it and the methods of controlling
this process.. However, this does not exhaust the subject. 0. B.
Lepeshinskaya's theory of new cell formation and the role of living
matter in the development of organisms makes it poasible, or more
accurately, makes it necessary to create new ideas concerning the
method or nature of development of a number of other biological
processes and, therefore, opens up new lines and prospects for
studying them. We should like to present two examples: elsewhere
(Polezhayev, 190), the idea has already been developed that based on tht
michurinist doctrine of heredity, of the predominant significance of
physiology and metabolism in the development of orgasnisms, the
recovery not only of lost organs (or tissues) but also of the functions
of the body should be classified among regeneration phenomena. In
this latter case, the tissues and cells of the organ may not be lost
but living matter and metabolism in them is, of necessity, altered.
Therefore, with the idea that regeneration of organs and functions
are primarily and necessarily associated with the conditions under
which living matter arises, it becomes clear that for the purpose of
restoring lost functions it is necessary to create conditions for the
formation of living matter and specifically to alter the metabolsm
of the organ with the impaired function. Thereby, we can apply
this to any organ, internal or external, or any function of it.
Specifically, it is possible to restore or intensify the protective
function of the living organism, its defense forcew in the control
of infectious diseases. Along this line in recent years we have
attained certain positive results, and the problem is being worked
out further.

Another example. 0. B. Lepeshinskaya's theory of the role of
living matter in the origin of cells and in the development of the
organism uncovers the broadest prospects for working out the
problem of malignant tumors and methods of controlling them.
There are a number of factors in common in the development of
malignant tumors and the phenomena of regeneration, although
these processes are qualitatively different. They have the follow-
ing in common: both processes begin on the basis of the stage of
destruction and dedifferentiation with its specific type of metabolism
(increased proteolysis, glycolysis and others); in both cases de-

Sdifferentiation and embryonization of the cells occurs; in both cases
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t changes undou'btedly begin with much earlier changes than those

visible under the nmicroscope, changes invisible under an ordinary
microscope, changes in the physiology of metabolism and the structure
of living mnatter. The attention of investigators should be drawn
specifically to these very important changes in the organism primarily.
The occurrence of malignant cells is a secondary phenomenon. It must
be supposed that malignant cells, like "regeneration" cells are newly
formed from living matter, but under particular conditions. It is
possible that this specifically explains the fact that in rapidly growing
tumors there are very few mitoses and that a number of very small
cells are encountered there. Among the essential differences between
the phenomena of malignant neoplasia and regeneration we should like
to note chiefly the following: in the case of regeneration, following the
stage of destruction and dedifferentiation the stage of growth' and
differentiation occurs, of necessity, with the type of metabolism
characteristic of us (increased protein synthesis, aerobic respir-
ation and others), while in the development of malignant tumors this
stage is absent and is replaced by the process of tumor necrosis.
Therefore, in order to eliminate the development of a malignant tumor
it is necessary to inflict the main blow against the first stage, pri-
marily eliminating the- conditions for the formation of living matter as
a source of the neoplastic malignant change. Naturally, the character-
istic features of the problem are not at all exhausted by the few state-
ments made here. For us it was important only to show how one might
approach the problem of malignant tumors, based on the ideas of the
nature of regeneration phenomena and the role of living matter in it.

From what has been stated in the present article it follows that the
problem of the mode of formation (the nature of development) of the
regeneration primordium is of great importance for working out
effective methods which would make it possible to control the re-
generation process of organs and functions, intensify or reduce them,
suppress a process which is occurring or produce a process where it
is not occurring. This problem is not only of theoretical interest but
is also of practical significance for the socialist national economy and
public health. This problem can be understood only on the basis of
revealing the bitter battle between idealism and materialism which has
occurred during the entire time of development of the study of re-
generation, on the basis of elimination of reactionary idealistic and
metaphysical concepts of Weismann and Virchow and on the basis of
development of the progressive materialistic principles of the I. V.
Michurin-T. D. Lysenko teaching and the new cell theory of 0. B.
Lepeshinskaya.

L . _j
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