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| The Davelovment of ITmmunological Reactions and the Problem of the ~—1
' Incompatibility of Tissue Transplants

3, V. Lopashov and O, 5. Stroyeva (Moscow)

The importance of the problem of tissue incompatibility for
biclogy and medicine hardly requires special proof. Its significance
for prectice stems from the fact that for grafting surgery has had
te use tissues of the seme person; tissues cf other individuals are
used as temporary transplants, as substrates for replacement by the
hozt tissuss, With the exnansien of the problems of restorative
swrgery it 1s becouming progressively wore necessary to hring sbout
permanent tissus ecceptance of the tramsplantable tissues, by mweans
of which vwe can hope to reach the point of rezular restoration of lest
orgens, Kerein is the significance of the problen for future resto-
rative surgery:its theoretical importance is ro less. Incompatibility
usually comes from corgenital hereditary differences between the
¢iaguen of different individuale, breeds and species. If it wvere
poseitie to fir. means of overcoming the incompatibility, 4t would bhe
shown how tc change these differencss, to contrel them, end, finelly,
to penetrate more desply irte the naturs of them. The present sriicles
has ths aim of solvinz this protlem, as 2 first epproximation, and
outlining means of future ressarch in this very interesting field.

1. The Ovtological 3Basis of Immunolopical Phenpdmena

Imrunclogical reactiors constitute the most Lmportant
groundwork of incompatibiiity phencmena.(The phenormena of incompatibility
(Jike the problem of surmcunting them)a-ensturalxy not based on
humoral relstions alone bLut includa the other relations of ihe
‘ranaplant end the rest of the animal's body as a complex, among
which reletlcns an essential part must be played by the reguletory
influences of the nerve comections, “owever, the many-asidedness
of the problex 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 8 whole),

Th:s has been shown by Sokolov(1923, 1624) and confirmed by Vedawar
(1544, 1545, 1646) and Harrie (1943, 1548) subsequently, In the

specific form in which we encounter ither in animel organiams the

inmmological vheromana constitute a protective adaptation. They

sarve for defense of the animal azalast destructive agents which

have penetrated into it through ite outer defenses; this applies

chiefly to bacteria and other foreign bodies of orzanic origin,

that 18, to those the basmis of which ie mede up of vroteins, These

defense reactions extend %o include grafted foreign tissus transvlants

al=2o, Defensive phenomena have eovolved regularly within the limitas

of the animal world, It is well known, beginning with the classic

gtudies of Mechnikov, that in lower multicellular snimals only the
{mordia of them exist in the form of phagooytic sctivity with __J
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reaspect %o foreign bodies, With increase in structural oomplexit§u~]
and particularly with the development of the vascular asystem, another,
mare perfect type of defensive phenomenon, the lmmune reactions proper,
acquirea greatest importance along with the phegoeytie type. They
consist of the formation of sccessory (protein) substances whioh, on
sntrance of foreign bodies (with & protein=base struoture) inic 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 erise at the site of
entrance of these bodies (bactefiam and others) but rather in special
sites in the animsl,and they are formed not only during the entrance
of foreign bodies, in responice to their presence but also are produced
later throughout the Lfe of the organism, continuing to protect 14
azainst repested invasions of thie type. Uith the entrance of each
succegsive portion of bacteria or proteines this immurol.gical activity
is enhanced or bursts out with new vigor, However, for us such
an ordinary interpreteion of the immunological phenomens as a defensive
adaptation against bacteris, prevelent 1n medical lmmunology, is
inadequete. Numefcus investigations (711'her, 1948; Xomikov, 1543;
Boyd, 1949; Lendsteiner, 1946 and others) have shown that such immune
reactions ocour also 4n case the most veried substances, having proteins
as their biochemical basis, are introduced inte ithe body. Exemples
are blood sera and other proteins of differemt animals and plants, bloed
cells of animals and sther cells, and, finally, various purified
proteins, Thereby, the specificity of these reecilons is associated
not only with tha proteins themselves but g0 with the accessory
chexical groups on the protein base; these groupa are celled "deter-
minant" groups or "haptenes" {Landeteiver, 1948). Faptenes alons
without a protein base cammot evoke the formstion of ihe corresponding
entibodies. The latter belong to & certain cless of proiein bodies,
namely to the group of garme-globulirs.
The specificity of the immune resctions for forelgn proteins

1 striling; they constitute the finest of the blologicel reactions,

making it possible to distinguish verious organic substances where

all ¢the biochemiocal methods are ineffective, Immunclogically, blood
sera and blood cells of related species and breeds are different

from one anothey: on this the method of datecting kinship of animals
and of plants is based (Taliyev, 1940; Landsteiner, 1946). The

most detalled studies along this line have hesn made on pigeons,

cows, ducks, ¢hickens, rats, fish, infusoria and other animels. In
thess works the compariscn of the immunoloziocal tests of related forms,
of their hybrids and progeny can conetitute the demonstiration of the
scouracy of the method, By prescipitating the antibody=producing serum
of & rabhit with the serum or blood cells of one of the parents (saturae

tion remotion) it is possible to show & number of seperate antibodies
1y the residual serum which distinguish both parents (Irwin, 1949).

Another example of the accurscy of the method %e the fast that the
gerum obtained sgainst 'male" sperm ocells [Ehat 1s, sontaining the
"Y" ohromosome/ affects thesa cells selectively and does not affeot
he "female" sperm cells, and viep versa (Shreder, 1645}, Finnlly‘_J



| a8 a result of immunological resctions substances are produced ~—1
in the body of an unrelated species which are similer to those formed
in the species from which the antigens are obtained., In the ova and
spern cells of sea urchins there are complementary substances--fertilisin
and antifertilisir--which combine with each other in fertilization;
substances like therx can be obtained immunclogioally: the injection of
one of these substences into the blood of a rebbit causes the formation
of substances in the latter which give the reactions of the dpposite
substance and which cause precipitation of the former (Tyler, 1947),

All these date show that underlying immune resctions is the
capacity of the bodies of higher vertebrates to react with the forme-
tion of accessory, paired substances %o any proiteins "unknoun" to the
organism, These reactions lead to the formation of protein substances
the specific nature of which is determined by the characteristices of
the substance to which they resct rather than by the specific features
of the organism itself. The unusual hreadth cf thess resctiones, their
fineness (specificity) and, finally, the fact that they can lead %o
ths formetion of antibodies similar, in & number of respects, toc the
specific substances of an unrelated species indicate the fact that we
should not consider the immune reactions a simple defensive adaptation
ocourring as such, Rather, their protective role scan be represented
as s specific evolutionary expression of a more general wechanism,
deeply underlying vital phenomens. (The corsiderations presented below
in 4hie chapter represant a brief statement of the ideas of the
evolution of structure and metabolism of cells in relation to e
mumber of other bhasic vital phenomena, partiocularly ontogenesis,
developed by one of the suthors).

It seems probable that underlying the immune reactions are
general phanomena of evolution of metaholism end structurs of the cell.
If we turn to methods of development and heredity in unicellular
organisus {Lopashov, 1949), we see the following characteristic
features of them. A more or lass direct transition of a number
of subatances end separates structures or their precursors from
generation to generation; at the same time, their variety is relatively
low within the limits of the cells orzenisms, Therefore, in unicellular
animals there is no need for the regulsr occurrence of a large number
of different structures or substances for oreating them during the
course of formation of the imdividual, The ontogeny of wemmals is a
different matter. In contrast to unicellular animels, in them the
occurrence of a ¢ollosal mmber of absolutely new substances and
structures becomes necessary; these sannot be t{ransmitted %hrough
the cells from which their development begins (gametes). This need
for s collosal new formation and complexification incresses as we
go to progressively more highly organized amimals, reaching & maximum
in mammals and man with their complexly constructed brains,

This wust have led to certain rules and regulations of cell
svolution depending on the increase in the degzree of complexity and
the structural variety of multicellular animals. This evolution

~ must have proceeded along the line of formation of ocells which would
ssess & universalized structure and netabolism oapable of lo-diqg_J



‘ to the formation of the most varied subwtances and structures, In“-T
other words, the more or less immediste precurscrs of varicus sube
stances and structures existing in the unicellular animals must heve
gradually disappeared from the cells; the mirmimm mmber of "zeneras=
1ized" structurss and substances, which, firat of all, were capahble of
going from call to cell during the course of thelr multiplication and,
gssondly, of ‘serving as the basis for the most divarse bicehemical
snd structure-forming processes leading to the comstrustion of complex
crzarisme during the course of dsvelopment, must have been preserved,

¥e can poirt to a number of componants of the metabolism
amd zéructure of cells of animals serving for ithe formetion of the
moet veried structures; for example, the nucleic acid metabolism of
cells, going from the thymonucleic aoid of chromosomes to the ribe-
nucleic acid of cytoplasm, in which the latter narticipates in the
formation of various proteinm; s similar route of transformation of
substances occurs in all cells, Here we have alsc the very tiny
gramle=1iks structurss (microscmes and mitochondria) which constitute
the basia of variour synthetic processsc: they are apparently cepable
of division, and during cell division varicus proportions of them are
allottad to thelr progeny. Various morrhogenetio processew are
impoasible without s tertain initial mimmm of structures, on whioh
the subrequan’ ones “are hanad." With & great memsure of probability
1t way be mupposad that this original siructural miniwum exists ir aninmal
celle in & very generalized form. Consentric (and, therefore, divisible)
siructures of the cuter laysere of the germ cells, composed of dense
sotoplasm and its internal fluid laysr and an outer thickened endoplasmie
membrane probably eonstitute sn sasential part of these origzinal
structures for the most varied acts of morphoganssis. These structures,
being transfsrmed, partiicipate in the creation of 4he original forms
of all the muin osl)l types (arythrocytes, irmphocytes, muscle, nerve,
apithalizl, messnchymal and nigment cella-<Holtfreter, 1646, 1947).
It i3 very probutle that the granule-like structures mentioned abhovs
snd their filament-like aggrozates also play the pert of a groundwork
for other intrecellulsr structures, The list of these gzeneralizad
components undoubtedly is atill incomplete, 213 their interrelationships
in the course of wetabolism ara inadequately clear; however, on
the othar hand, it may be considered that the mejority of them is
slreedy known, and, by gaining an idea of their significeme, 4t
becomes sasior tc define the others, Evolutionery shenges along
the line of "gaasrslization" prodably 4id not proceed uniformly for
various cell components: some lost thelr specific type of succession
sooner; others, later., However, this process had & single tendency
leading to s generalization and coordination of the various oconstitu-
ent struoctures of the cells. .

One of the components of this generalimed srrangement consisis
of processes of protein ayntheais, the specific expression of which
is constituted by the fwmunologlicsl remotions.. Processes of antibedy
production are apparently nothing other than the formstion of

L_:;ototn molecules, paired (somplementary to) with sntigen noiooulct-_J

their contiguration, as & result of which they can be bound by




f-ibumd by them, sticking together iightly at their surfaces. The -.1
production of proteins with couplementary configurations is apparently
not limited 40 antibedy formation but also plays a part in a whole
series of phenomena of protein syntheeis in cells. Por example, we have
the fertilisin and antifertilisin in the sea urchin ova' mentioned above,
in which the former 1s in the outer layer, concentrically surrounding
the other, which lies under it. Both substances are related to each
other, being complementary, and spparently are forwmed in conmnection
with each other. It is very probable. that a number of other phenomena
of protein formation in cells proceed according to the same principle,
The widespread nature of two-layeredness of the outer layers of cells,
beginning with egg cells, permits us to assume that configurational
compl ementarity relations may exist detween them; in those cases
where they are stuck together it may be supposed that this adherence
is based on phenomena sinmilar to immunologioal bonds, Apparently,
the formaticn of proteins which in their configuretions are comple-
mentary to each other is generally of this type.

However, it should not be thought that this is the only
neans of protein synthesis possible, If we assume that protein
synthesie occurs in two phages==first,the formation of a chemioally
sinilar protein molecule slonz & 1line on whioch amino acids lie againet
corresponding amino woids 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 alweys be
complementary in its configuration to some other protein molecule,
However, undoubtedly, while there is a grain of truth in this viewpoint
(Pauling, Cempbsll and Pressmen, 1943; Talmud, 1944; Haurowitz, 1649),
4t lies in the faet that the protein molecules are capadle of assu=-
ming & 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. Probadly, in cases of protein synthesis in cells . ’
other possibilities asre also realized: the molecules formed take on
s configuration like the preexisting molecules, or, finally, scquire
altogether new configurations depending on changing conditions in the
cells and refleoting these changes,

The formation of proteins similar to those preceding them
must, of necessity, ooour in the phenomena of growih and multiplication
of cells, when an increase ccours in the number of molecules of
certain types, Therefore, attempts to generalize the concept of
protein synthesis of the *immune” type, that is, of the paired protein
formation type, to include any cases of protein synthesis in cells
(Tyler, 1947) should be considered an unlikely generalization of a
specific veriant to include all possible cases. The idea of the
formation of only complementary configurations, which follous from the
antibody production theory of Maurowitz and Pauling, requires for
antibody synthesis that antigens be preserved and multiplied in the
organimm from which antibodies would continue to be "printed"; 4t
is an admissible but not the only possidle means of their formation.

[__!t uay be supposed that protein synthesis can have different typon_:ﬂ




struoture determimtion depending on conditions as yet unknown in tﬁ:-L
colls. In ths avent of formation of paired proteins, which takee pleac
in antibody formetion, the possidility is not ruled out that proteins
of collular origin which have acquired a configuration complementary
to or like antigens continue to be preserved and multiply along with
them in the cells themselves. Antidodies would then be, respectively,
the multiplication produst of molecules with complementary configurations
or the result of the sction of molecules with an antigen-like configu-
ration on the synthesis of molecules with & somplementary configuration.
Finally, we should not overlook s third possibility-=the
formation of protein comfigurations in mocordance with changing cell
conditions. Such an inatencs is probably realized in the neurons
and servea as one of the bases of memory and mental aotivity; here
the protein configuration probably depends on the courses of the nerve
impulees and serves as & kind of record ¢f their changing course,
which is put together to make a definite pioture. The adapietion
%o such o determination of protein configurstion during the course of
their production epparently is still another variant of change in the
cell struature, in contrast to those which lead %o the formation
o paired and like prcteina. Therefore, the most veried aspecis
¢f cell phenomens are closely connested with one ariother: the rules
and regulations of protein syntheses in the cell, of cell differenti-
ation, antibody formatiorn and nerve sciivity. These aspects have
evolved togather, and those changes in the cepacity of produeing .
the most varied protein struotures which lead to an inereese in
the power of nervous sctivity slso lead to an evolutionary increase
in the ability to react with antibody formation to the most varied
proieins in the developing immune aystems of the higher vertebrates.
Thess transformstions apply, certainly, not only to proteins but
also tothe entire cell strusture, the various components of which
evolve together, interrelatedly, ard in conjunction with the evo~
lution ofthe interralationshipe of the parts of the orginisms
themgelves created by these cells. However, such phenomena are
latent in the majority of cells, except perhaps the earliest stages
of embryonic development. In the majority of cells the differen-
tiating outer layere coemmeot metabolic processss cocurring on
the level of the mors complex and high molecular~weight substanceas,
such ss proteins, within the cells. Thess characteristics of
metebolism are related to the appesrance of biood as s common source
of nutrition of the various cells, both historiocally ard onto-
genstically. Blood goes to all the cells of multicellular animals
as s carefully adapted and generalized source of nutrition from
which they can dirvectly build substences necessary for their
minterance and growth. The splitting of food into the simplest
components in the digestive tract is inseparable cormected with the
formation of blood as & generalized source of nutrition of variously
differentiated cells; 1t serves as the first step in the transformations
of subetances. which convert them-into the generalixzed form in which
they exist in the blood,
In this process of assimilation of the original food cublt.gg:b




] to the substances of various parte of the body, various stages of this
process probably do not oceur simultaneocusly or equally. First of all
(speaking about protein metabolism only), even in the blood certain
amino acid interrelationships are established, whereby the set of
them nesded for nutrition of the animal by means of fesding is differens
tiated from the set neesded for mainteiring the life of the tiscue cells
and which eirculates in the blood (Tischer, 1047), This change undc ibtedly
represents the firat step on the way to formation of apecial proteins
characterisgtic of the tissues of the gilven animal., However, a numbher
of vroteins are included in the blood which aleo serve as nutrient
comvonents for tiegue cells, The rechanism of their assimilation is
not yet entirely claar, “ut it is evident that these proteins can be
asginilated hy the cells without vreliminary splittins into aminn
acide (Xaplanskiy, 1¢45), Flood proteins are produced by cells of the
hemopoietic system, and as early as when they come out into the hlood
they pcssess snecific irdividual characteristics. XNot all the
elements in the formation of vrotains from amino acids are included in
the bodiax of animels, in their tissue cells, Part of the proteins
18 created before this in specially differentiated cells and reaches
the other body cells in the form of proteins (globulins, albumine,
fibrincgen, and others) included in the combination of blood nutrient
substances as an essential componsnt; as wirsht be supposed, the assipi-
lation of the various proteins rust proceed unegually, depending or the
need for ccrrelation betwean the specific characteristics of these
proteina and the tissue cells,

Therefore, if the considerations preaseited are correct, the
rain mass of phencmena of protein syntheals and their specific form,
the formation of couplementary proteins (reactions of the immune tyne),
{8 hidden within the cells and 1= not demonstrable outside thenw,
However, they exist in ell the cells of the blocd sources (of its
proteins and its cells): in the liver, spleen, bone marrow and
other hemopoletic organs uhieh form the vrotein substances of the
blood, including the antibodies, Snecifically which cells within the
limits of this group of orcans are capable of nroducing antibodies
1 not yet entirely clear, It has been sioun for the spleen that
within its limits +the main source of antibodiee is constlituted by
the immature vlasma cells; with injection of antigens a maes transfor-
mation of reticular in%toc plasma cells occurs in the spleen, and
svecifically in the course of this transformation the cells produce
antibodies (TFacrasus, 1948}, Apparently, various tvpes of cells, such
as plasma calls, mscrophagzes and lymphocytes, Kupffsr cells oFf the
liver and others are immunologically active (with different desrees
of activity). It is significant that cells capable of producing
antibodi es possess the vowsr of absorption and sccumulation of various
protein particles and are distinguished by the arrancement of their
outer layers., Particles are continucusly separating from their
surfeaces vhich are included in the blood in the form of its proteins
(Sabin, 1536); by this wmeans, apparently, the antibodies are formed
(apparently, this process of separation of the surface portions of the
lﬂ]lll can ocour by several different routes in different cell forms|
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| The same cells in the foel of hemopoiesis serve us the commo;~1
source of origin of antibodies and the wandering defensive gcells of
the blood (phagooytes). 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 celluler immunity (711'ber, 1945)., 'hereas the other cell types
of animels with an "enclosed" metabolism cannot react to external
protein grouvs, these cells for their entire lives msintain the power
to include in their metabolic spparatus the traces of effects of
protein substances from without, which in evolution is comnected with
their defenss funotion. The basis of these defense functions is nothing
nvhich arisegde novo with them but rather is the transformation of the
phenomena of synthesis of proteins whioch play & much greater general
part in the lives of the cells,

2. The Ontogenesis of“Inoompntibility Phenomens and thelir Relation <o
the Taxonomio Positions of Animals

If the genersl considerations presented above are correct, it
must be expected that the defensive nature of the immunclogical reactions
to foreign protein substances is not originally present in the cells,

"In embryogeneslis, on the basis of protein syniheses of the same types
as immune reactions, & number of protein structures arises which then
remain permanently in the organism and are characteristic of it through~
out 4its life. The umiversality of immune reactions shows that they
are of the natwre of a general resction to proteins, of the same type
as the synthesis of proteins with complementary configurations, Fronm
these facts it follows that they initially cammot be of a defensive
character with respect to protein substances; therefore, it is more
probable to suppose that this defense charscter of the reaction to
foreign proteins must have arisen, like the other properties of
organisms, during their developuent, as an adaptive modification
of the phenomena of protein synthesis, It might be expested that
the appearance of the defensive immme 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 animale.

' The faots ars in agraement with thess considersations. At
the same time, they show the relationship between the build~up of
defensive immune reactions to foreign cells and the inorease in complexity
and variety of the structures of the orgenisms and the degree of
differences hetwsen them. This is expressed in three lines of
pheromena. First of all, in the faot that during the course of the
individual development of organisms the incomwpatibility phenomena appear
at a cortain staze and then are increased; secondly, in the fact that
such resctions are the more pronvunced the more highly organized the
animals are; and, thirdly, in the fact that their intensity depends
in a certsin way on the degree of kinship between individuale or
tissues which are growing together, In evaluating the results of

eriments, however, a number of facts should be kept in mind, __J




r-first of all, the fact that the phenomens of necrosis of tranaplants

in experiments ray depend cn interrupiion of mutriticn, respiration,
ard excreation of the transplantable tissue or organ as the result of
interruption of the blood supply, which can lead to partisl or
complete recrosis (Lapohinsidy, 1940, 19417, This fact should always
be given consideration in evalusting experiments; it mariedly 4distin-
gulshes trensplants at the early embryonle stages, before the ciroulation
begins, from transplants at the later siages; and transplants of
snbryomioc and larval tissues of the later stages are lsse sonsitive
to interruption of the blood suwply than the tissues of sdult animals,
which are highly sensitive to it. Secondly, the fact should be taken

. into consideration that the very phemomena of incompatibility are
heterogeneous in their nmature; other thenomena beside; immune (and
phagocytic) phenomena participats in them, and the rcle of the

. various phenoriena changes as s go from one group of animals to the
next,

Within limite of {he vertebratee, investigationes which have been
nade give us the followinmg picture. In Urcdela the incompatibility
phenomena are the weakeet and usually are practically ummoticeable,

An infirite numbsr of transplantatione between differsnt individuals,
species and genere at the embryenic sisges shows ithat the transplanted
cells in the najority of cases are preserved for an indefinitely
long time, going through metamorphosia. Thus, 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 end Bodenatein, 1636)., The eyes, heart, extremi~ -
ties, suditory vesicles, skin and ocher organs and tissues of unrelated
species "take" without any signs of degeneration (Harrison, 19%6);
the enlage of the entire antoderm, replaced in one species of triton
by the entoderm of another, is preserved and funetions in the adult
animals (Mangold, 1549). No less successful are the transplantations
st later larval stages, when the vssoular system is developed and
the animals feed actively, which is seen clearly from the numerous
expsriments of transplantation of eyes in Urodellarvaes., In sdult
triton after such eyve transplantations a degeneration of the retina
and lens ocaurs, but this does not signify signs of incompatibility
but rather is the result of an interruption of nutrition. Such
eyes, when transplanted from individual to individual after & seven-day
period of preservation in the cold or bhetwean different species, newly
regenerate the retina and lens, and afier restoration of the nerve

. connection with the brain they see well (Stone and Zaur, 1940; Stone,
1948) and are not subject to absorption phenomensa. The ability to
"take" without signs of incompatibility distinguishes Urodela among the
other vertebrates just as characteristically as their great power of
regsnerstion, However, despite the fact thet in a mmber of
experiments the embryos made up of halves belonging to different
species of Urodels survived well without signe of degeneration, like
parebionts of different species (embryos which are grown together
in toto ), in some combinations other piotures have been observed.

l__.Au early as at the early stages the embryos began to shew signe of




'nooroa&n (or paralysis) of the tissues of one of the species. Dctaisza
studies (Twitty, 1937; Humphrey and Burns, 1939; Roth, 1949) have shown
that hare various signe of direct intoxication of the tissues of one
species by the tissues of the other ocour, frequently even at the early
stages but in some cases later also. Sush an intoxicating effect,
depending on its sirength, may be exerted by comparatively small trans-
plants also; sometimes, Only the intact embryo can intoxicate the trane-
plant but not vice verss, and the tiransplant in the reverse combination
is in these cases capable of surviving with interspecies grafting.

Such intoxications are the reverse of immune phenomensa=-<the animel
organism doea not block the injurious substances but rather is ikilled
by them, which may be connected with the fast that the immme resctions
in these forms ers expressed very veakly; these phenomens represent
another aspest of the high degree of fusibility of those species of

. Urodels wéich do ot exert an intoxioating effect on one another. A
distinotive feature of the phenomena of suoh intoxication is the fact
thet tissue degeneration occurs by means of histolyeis (dissolution

of tiasues) rather than by means of phagocytosis, as in the typical defense
phenomena. The possibility of such toxia phenomena (intoxications)
should always be kept in mind in evaluating the results of transplantations
in order not to eonfuse them with death of the transplants from defense
resctions and in order not to befog the pictures of changes in the
defensive memsures of organisms from one group of verisbrates to the
next.

The pioture changes even when we go to the Anura, At the
early stages they possess just as grest compatidility as the Urodele
(with the exception of the phenomens of direct inmtoxication, which are
encountered in a number of combinations, particularly with the action
of toad tigsues on 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 tedpoles from
ons species of frog to enother, live in the new site cnly e limited
tima, 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 coour simultaneously; in some, they
unfold even after metamorphosis is complete, First the retinal cells !
are involved; those of the iris are affected last. The same pictures
are observed in intraspecies (homoplastic) grafts, but they oceur
more slowly, and the majority go through metemorphosis with normal
eyes; in the case of transplantations within the limite of the
progeny of the same cluteb necrosis of eye tissues ves less than
in the oase of transplants between unrelated animals (Schwind, 1937).
Sobwind's attempis to make the syes of different species similar
by means of growing embryos of different species together (parabiosis)
ard subsequent transplantation of the eyes from one of the members of
the pair to tadpoles of another species did not lead to any resulte=-
these eyes behaved just as in simple interspecies (heteroplastic)

transplantations, : .
L Transplantation of different tadpole tlssues within liwits of)
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me same species and betwesn different species led io the sane ruul-t-:]
but 1t is very significant thet death of the different tissues did
not ocour simulisnecusly. 4 number of other studies on transplantstions
in anurans also shouw different times of death of the various tissues,
whereby some can live for e long time in interspecies transplantation,
such as the hearts of adult frogs, which function 12«16 months
(Siriteyn, 1948), It is possible approximately to establish the order
of deathof the tissues: brain cella™™ eye cells > epithelium of the
labyrinth > epidermis®» pigment cells 2 heart ¥ cornea » cartilags.
The main period of degeneration in the case of interspecies transplan-
tations is before and during metamorphosis; in intraspecies transplan~
tations it ocours after metamorphosis and much more slowly.

The last group of experiments on the Anura is that of transplan-
tations of the embryonic anlagen to edult frogs and tadpoles, Detlaf
(1537, 1940), based on ideas of the greater possibility of adeptation
of embryonic tissues to an adult organism, transplanted tadpole limb
buds subcutaneously to adult Bombinans and brought about the formstion of
normal small extremities in them, which vere 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 strustures formed aftervards underwent degene~
rative changes, Thie indicate that although the embryonmic tissues
are better acespted than the tissues of the later stages it is not
becsuse incompatibility phenomena fail to develop with respect to them;
those tissues and organs which survive better in transplentations
between tadpoles survive hetter also in transplantations from embryos
to adults and in all other cases. "Assimilation" of the tissues of
two individuals to overcome their incompetibility (including immune
and phagocytic phenomena) carnmot be sccomplished by such a simple
method; it requires a more profound imowledge of the nmature and develop~
ment of incompatibility phenomena.

Mumerous transplantations made recently beiween embryos of
the Anura and Urodele with the aim of studying tissue survival give us
s picture similar to the result of interspecies transplantations in
snuran embryos, If we consider the phenomems of direct intoxication,
4t turns out that the tissues preserved from these effects degenerate
in the same order and with only slight time differences compared
with the combinations between snmurans, chiefly ealso during the period
of metamorphosis (Bakin and Harris, 1945; Roth, 1949),

Data already presented on the azphibia permit us to drav some
basic conclusions which have been confirmed for other classes of
vertebrates also. Incompatibility reeotions are inhomogeneous in
nature; they include primerily the defensive immune and phagoeytic
resctions, closely associated with one ancther, but can also be
based on toxic properties of the tissues of one species Hr another.

In smphibians 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 neorosis are based

on phenomena opposite to those in cases of death from the operation
defense nmechanisus, . _J
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In Wcoordance with the original consideraticns, the defense _-1
mechanisms which lead to incompatibility arise during the course of
devalopment. Appearance of them is associated with a certain stage
of development and to different degrees coincides with the meta~
morphosis of Anurs, but the stege at which they appear here is not
so distlnotly expressed; for & long period of time a butld=up of them
ocecurs, The defense mechanisms differ in their degrees of expression
in different Amphidia. In the case of transplantations bstween Urodels
they are not manifested, for practical purposes. In the Anura they are
expressed but weakly within the limits of the same speciss, but here
there are further differences hetween the members of the same ciuteh
and unrelated individusls. Interspecies transplantations lead to
distinot incompatibility phenomena, but thereby no great difference is
soen betwesn species of the same genus or distant genera., The most
merked build-up of the incompatibility phenorers occurs in going
from intraspeciss to interspecies differences, )

The rate of necrosis a2s tha result of the incompatibility
reaction is very different for different tiszsuss, 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 mlsgeo
the sclera. These df fferences show that firet the most complexly
differentiasted cells, posseesing a well-developed hlood supply and
mora ective metabolism (Konilkova, 1948), are destroyed first. The
fact that the iransplants with inhibited growth survive longer than
those groewing at & normal rate as well as the fact that the oceurrence
of the incompatibility pheromera depends on the age of both host and
donor==11i tFansplantations to clder hosts these phenowsna occur after
2 coertain time, when the transplanted tissues resch an adequate degree
of differentiaticn~~are in agreement with this.

Birds, In these waru=blooded amimals with active metaboliam
and a high degree of structural complexity the ineompatibility phonomena
are very similar 4o the phenomena which are most important in practice
and whish have been hest studied in marmals. Transplants of skin
in adul% chickens (Kozelka, 1533) ars well accepted only in cases of
transplantations from the same individusl (autotransplantations). In
other grafts the transplants remain from two to 12 weeks, depending, -
on the degree of similearity between recipient and donor. With the |
development of the technique of embryonic transplentation it was
extended to transplantation of anlagen (of extremities, eyes, sources
of chromatophores) in the eggs of the birds. The wings and lage,
transplanted in the form of budes from ducks, quails, ﬁartridgau‘or
gulnes hens to ehicksns, develop well; but on the 10-14th dey after
hatohing incompatibility phenomena of different degrees of expression
oscur (falling out of feathers, areas of necrosis, stoppage of bdlood
.£low), which terminate in death of the extremities. Thereéby, the
incompatibility phenomena ocgur no sooner to the duck extremities than
Lt_o other, oloser species. In the case of intraspecies trmlphnhttnﬁl‘




| in ehdckers the sams vhenomena ocsur but wuch later, after two~f1vf~1'
moritas (Esstlick, 1941}, Tranaplanted bud anlagen from 92luday
duek ombryos to freskly hatched chicke do not grow more than aight
days, after which they are repiily desircyed; 4his is close to the time
of death ¢f tranasplanted extremities. A% the same time, in numerous
expariments on transplantetions of vyarisus tismuem of the same and cther
specles, including marmels up 4c men, to the choriosllantois (Studitekiy,
1657), thay live wiihout signs of degunerntion, but L‘hese tranaplants
are limited in thelr setivity to the embryonic life of the reciplent.
The neural crest of ths mouss, %ransplanted to a chick embryo, survives
well, precucing pigment cells, and heir in epidermal wrems; it dies
epproximately & wesk after the host hatches {Ravwles, 1947), In contrast
to all theso tissues the melancphores of one bresd of chicken.are
preserved for a long time in the cutensous sree of another breed, colering
tre feathors of subsequent generaticns (Rawles, 1545).

Therefore, in birds the some rules amd regulations are lewone
strated ao in amphibiang but in & more distinet form: 1) haterogeneous
incompatihility of differsnt tissuss; 2) the cecurrense of insompati-~
bility vhanomena at a certsnin stage of develapment (a certain time after
hatehing}: 3} increass of incompatridility phevicmena within the snecies,
with similarity beiwaen the deferse remctions o tissuee of other
spacias, hoih nearer and more 34 etantly ralated, .

Mamzals are of the zrestest importanca for the problem being
anttlyzed, becauze, besad on tham alone, the questior of utilizetion
of the sonelusicns ohtained in medicine can be put., SZpecificelly here,
at the sane time, it 1e vossible o bridge the gap to imsunoclogical
data and regzard the incoxpriithility pheromens in closs cormsction with
the neturs of the phenomena participating in them. Yithout going
intc a daielled discussicr of the problem, we should like tc noie only
that modern human surzery does not use homeplestic zrafts, uwith the
exception of cornea and cartilage, for the purpese of obtaining rezular
ani permanent soceptance of a transplant. Transplantatien of the
tiseues of other individuals (ususlly cadavers) is used for ihe
ersetion of temporsry transplants, whiah serve ss ths substrate for
replecement by the host tisgues: with this aim in view, frequently
killed tisaues are usad, Among transplantations.of this knd bdleod
transfusions mesy be wentioned, ‘tThen it {6 necessary to obtain a
perusnent transplant tiesuss of the same person are used. Therebny,
usuelly these transplantationz ars made without interruction of the
blood supply, hecause it might cmuse the death of the transplant:
honever, direct sidn zrafis itaken fron the same person are slsoe
successful (for exsuple, Lapchinsily, 1948), mo that ence again
the ralationship should be emphasized between the development of such
direct transplantations and iwprovement of aperative technique; cunca
agady the need for & distinet secounting of its significance for the
svaluation of ths role of incompatibility phenomena proper should be
emphesized,

, Numerous experiments of transplantations 4n memmale basically
‘appasy to confirm thie idea., Only trensplants from the same snimal
or from one member of am inbred line to another "take" well (Nhni%::]
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f-TQQO; Loeb, 1645), Accessory hearts, transplanted in different -—1
mwanmals, 1ive and function about e week (Mnitsyn, 1548). 3kin
tranasplants, which grow well at first, then urdergo dezensrstion
and dis, being replaced by sldn of the recipvient, whereby the sveed
of death is proportional to the size of the transplant (Medawar, 1645),
The death of various tissues in the case of transrlantations in marmale
oceurs st different rates,

Incompatibility phenomena develop aleso in the eventihe
transplantations were performad without interruption of the blood
supply. Shipschev (1546), using the method of terprorery nerebiosis,
trangplanted toes tc the hand and firgere from hard to hand in people,
The same results were obtained in three pairs of parsbionts. The
initial "teke" was good. FTifty daye after the operation the first
third of the fleap scouscting the digit to the donor wes cut off; after
52 days, the second third, and after 55 days, the lest third, wWhen
the first two third were cut no perceptible changes occurred in the
transplanted digit, even though the meain nutrient blood vessel had
been cut off. Mutting the lmst third of the flap led 4o death
of the diglt and couplete separation of it after 12 days,

There are s rnumber of data, howaver, which sreak or the
opposite rosaibilities. Schwind (1938) and Lepchinskiy (1640, 1¢41),
uging the same nmethod of temporary narabiosis, were eble to "transfer'
legs from one young rat to another, after which these legs survived
on the new nost for s long time, up to 12 monthe. There have been
succeseful cases in transvlantations of ovaries in rebbits {Krymskava
snd Lopyrin, 1936}, In these exvsriments 61 vercent of the rabbite
operated on subsequently bors younz. In vwhite rats the ovarie:z
survivad and functioned more then threes monthe without sirnsg of
degenaration {Harris and Ealdn, 1946). Thereby, i+ was mads clesar
that if the traneplantied ovaries are put under functicnal strass
(in the event of removal of the hostls oun ovaries), they survive
alnost a= well as autotransplants and resist the destructive ectierns
of the host much better than ovaries which are mot put under such
stress, Tinelly, probsbly the survival of thyroid glands occurred
in soma transplantations in people (Bogoraz, 1648) and cnce again,
in such cases, when the iransplants were put under functicnel sirass
becauase of underdevelopment of the recipieni's own glands,

Cf the greatest importance in surgical practice ere the
notauorthy studiea of V, P. Filatov on corneal transplantations in
man {1645}, The suscess of these operations does not {mply the
inevitakle preservation of the {ransplanted corneas however. The
nosyibility cannot be considered completely ruled out that after
grafting plecos of cadaver corneas in a nunber of cases a pradual
renlacement of them oceure with the host's residual cornea. The
fact that "takes" of corneas and sometimes even pregervation of
transparency were obtained in those cases where formeline£4xed
corrnea vwes used instead of freshornee or cornea preserved st low
temperature (Shersehevskaya) attests tc this possibility; to a
certain degree this nossibility is alro indicatsd by the fact that uhe

he entire cornea wes replaced th; tranavlant alvays opacified, ___r




f'Tiansplantationl of cartilage (Mkhel'!son, 1539, 1946; Bogoraz, 1
throw some doubt on the regulariiies of tissue scceptance==this doubt
is bused on the fact that transplants not only of fresh ocartilage
but almo of that which had £4rst been kept in aloochol were successful,
Cartilage here may have plsyed the part of a substrate for replacement.
Therefore, the question of permanent mcceptance of corneas and cartilye
should bestudied with greater preacision than it has been %o date,

L great service of the late D, P, Filatov and his coworkers
vas the development of investigations on ths transpleantation of embryo
enlagen to adult animels; the aimse of these studies were presented in
a spacial article (1940). The transplantations made by Detlal 2
erphibiaris along this line have already been mentioned. The greatest
progress here has been made by Soviet imvestigatores, Ainlagen of teeth,
transplented to rats and dogs and develoved into teeth, remained for
& year, until the animals died (Lapehinskiy and Malinovskiy, 19k0s,b,
and ¢; 1543)., In some cases anlagen of the thyrcid gland, 4ransplanted
subcutaneously 4o adult rets, were preserved and functioned for a
long time (Revzina, 1539). Increased function s the result of removal
of the thyroid gland of the host improves the tissue acceptance of
the transplants 4n such cases (May, 15332), Transplante from the skin
of rat embryos to theeyesof adults are maintained for several mortha
ard change their route of development in the direction of transformstion
into cornea after such grafiing (Topov, Bednyakova and Relyayeva, 1650).
I% has bhaen poesible also to obsarve complete differantistion of
exbryonic cartilage grafied to the body of an adult host in rodents
(Volodine, 1944), and wit: prafting of the primordis of the testicles
%o adult white rats there was cozplete spermatcgenesis (Ugarov, 1938),
Tinelly, Olulova (1650) succeeded in bringing about the prolonged
accentance of embryonic skin at the eites of akin defects in adults
10 wan, 'Ath repeated transplantations to the same ratient the
grafts "took" more poorly and, finsily, degensrated with the
simultanecus brealdown of pieces ot skdn which had previously been
accepted,

These successful cases should not lead to the oninion that
grafte of embryonio tissues give quelitatively different resulte
conpared with the transplantation of adult tissues, Here, those tissues
end primordie which possess the lowest metabolic rates and show the
best compatibility have the best tiseue acceptability; the same applies
to all other cases described. Here, for example, we have cartilage,
cornea and teeth, Transplantations of ayes from 15~day embryos to
sdult rate (Tansley 1946) lead to the rapid ocourrence of incompatibility=e
cell desth and phagosytosis. They inslude the eyes in the same order
a8 in amphibisns and occur in members of the same strain of rate at
ebout the 204h day; in the case of transplantations between different
strains, as early as after & week. The incompatidility phenomena develop
also with transplanteation of a number of embryonic anlagen to the
omentums of mdult rabbits; here, the reactions of incompatibility ere
menifested to a lesser degree, Thus, the embryonic tissues in mexmels
give more frequent ard more permanent "takes" than adult tissues, and

L___tho incompatibility resctions to the former ococur less readily, Thim



' neanz that in transplantation of ehbryonic timgues the differences 1
from adults ave more of a quantitative than o qualitative nature,

In oum, as we go to the higher vertebrates rasgular changes
ooour in the incompatibility phenonmena., They inorease pgharply from
amphibians 4o mammals, increasing particularly in man. Complete
coupstibllity of tlssues of genetlically different enimels 1e limited
to the embryonic stages in birds and memmale, but for thess staeges
tioasue compatibility ie possible in very distant forms. The same
heterogenaity ocours in the survival of various tisaues as in the
Anphibis, and those tissues which survive better in transplantations
from adult animals also survive hetter in the case of transplantetions
from smbryos., There is an increase in the significance of the
ralatedness of tissues being grown together, whareby the importanse of
the intrampecies degrees of kinship increases perticularly, Tissues
of distent species are capable of surviving in a forelgn host for
approximately the ssme time as the tissues of closely related species;
s difference in the tims of survival up te the point of psrmanent "take'
is observed with increese in the degrees of kinship within ths species.
T4saues of cther species of various taxonomic degrees of relatedness
and their derivatives ars apparently parcsived by the host as "foreipgn
proteine”, which give rise to pronounced defense reactions. In all
cases only the autotransplants and tissuss of the members of the same
jnbred line are accepted. In complete accordance with this is the fact
thet apparently the sem: of each person possesses individual immunc~
logical oharactsristics which to differant degrees differ from the
oharacteristice of other individuals (Cumley and Irwin, 1943),

At the sgme time, in transplantations in memmals there are no
appreciable toxic phenomena. Incompatibility phenomens refer to the
defense renciions proper of the orgenisms; they are of a mwors uniform
nature, Increase of them is in complete mccordance with the gigantic
build=up of immunolcozical activity from lower to higher vertebrates
{Poltev, 1947). Evolutionary changes refer chiefly to the "reactive"
defense system of the organism specifically, which develops or the
basis of the hemopeietic organs,

Thess evolutionary changes in the immunological phenomena occur
in elose oconnection with other changes in the bamic properties of the
taxonomic groups of vertebrates. These are: a) complexificetion end
intensification of metaholism, particularly in connection with the
oceurrence of warm-hlocdedness; b) complexification of the structure of
animals, particularly of the brain; c¢) limitation of the power of
rogenaration, associsied with the transition of tissues from one cell
tyve to another, to the early stages of davelopment only. Such a
relationship probably is not chance, It is an expression of the -
necesenry trensformations to whith the rules and regulations of animal
developmant have heen subjected in commection with the transitlon to
the construction of progessively more complex and varied beingse. Thereby,
the cytological basis of develepmental nroceases has also changed,
which is particularly clearly seen: 1) in the gigantic increase in
precision and variety of formetion of substances in resctions of the
immune type, thet is, the formetion of structurally complemsntary ‘
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[ subatances; 2) in the eresiion of spscisl zell differentiationa ~‘“]
in the aystem of hemopoliztic orgens which are asscoisted with the
appearsnce of a siructure in ihe cells which parmita the egress of
the complementary substances outside the cells, in contrast te the
usual "enclosad” matabolism in differentisted cells of animalse.

%, The Significance of Various Parts of the Orgeniem in the Phenomena
of Tissus Incompatibility

Comparison of the verious forwe of snimals with regard to .
the extent of incompatibility phenomena in them is inadequate to zive
2 datailed concent of this subject, In order to gain a desper ides
of the sources of tissue incompeiibility it is necessary to take
irte szcount and compmre the significansetof the various proceasses
devaloping in the body of & single arimal -and playing & part in the
inoompatibility. They are rolated to differevces in the different
cells and their couponents with regard to incompatibility phenomena,
Therafore, in this section we shall return to the celluler basis
of incowpatibility but nov from a different aspect than at the heginning
of the work; not from the aspect of the general evolutionary basis of
imsompatibility but rether from that of the detailed rolee of the
various cells and their components as demonsirated by means of e
comparison of the fsctual deta,

A, Tissue Compatidbility with Regard to the Source of the
Tmmwunologiocal Remctions. A nmumber of specific deta speak for the fast
that 4ncompatibility phenomwne ars aezoclated in mammals primarily and
specifically with the particular system of cells which accomplishes iis
dafensive function irn the antire organism rather than with the toxie
effect of haterologous tissues, Mixed oultures of variocus mouss, rat
and even chicken tiesues, where the calla are nixed with one unother,
live for a long time togather without the slightest signs of necrosie
{Harris, 1943; Grobstein and Youngner, 1949). Timsue cultures live
in the blond agers of other spscioes, snd very distant ones at that
(birdgemammela), heing only oomewhat delsyed in their growth rates;
the addition of chieck smbryonic extract ham a benaficial influence
on the grewth of mammslian timsues; some other stimulators also
posasss speciss specificity (Khlopin, 1940; Khrushehov, 1945), All
this speeks for the faot that the incompetibility reections are sasuciated
with a particular syetem of cells in the organism; it cannot de
cthergigse 1f 4»us immme reactions underlie the incompatibility
phenomens.,

Aside Prom the data which we heve mentioned in ether places,
the pature of the functions of cytotoxine (antibodies to tissues of
another apecics), disoovered and first studied by Machnikev (1501) and
his cowerkers, speak for this., They arise from the injection of tissues
of another species; after the bdreakdown of the grafted tissue the
destructive influence of the animal upon the tlssue of this species
increasss with asubssquent grafting, as does elmo the effact of the
andmal's serum on the tissues of this species, The species apacificity

L~3; the cytotoxina is proved also Qy the fact that the shsorption of



f—~;uch sora by tissus oxtracts of the spesciss against which the cyto;rn1

toxin was obtained eliminates their injurious effect (Harris, 1648).

The same phenomena of immunization and antibody formation
ocacur in intraspecies transplantatione, where, as haz already heen
mentionad, death of the grafted tissuss also occurs, The difference
lies in the fact that imrunization, like destruction of the iransplante,
cocurs much more slowly here, FHowever, here alsc repeated transplan-
tations from the sams donor, grafied afier the breakdown of previous
transplants, die in & shorter time, Thereby the corresponding anti-
bodies to the transplanted tlissues are found in the blood of the
animels (Sokolov, 1923a). The time of death of second transplants,
grafted on the same place as the firat was almost the same as that
for those which vwere simultaneously 4ransplanted %to some distani
place in ths body. This shows that the decisive part in the incompati=
bility phenomena is played by general immunity; local imruniiy cocouples
a very small plage, giving only an insignificant addition to the
action of the general irmunrity (Msdswar, 1944),

.Specifically because of the immmological defensive naturs
of the incompatibility phenomena they are found between tissuez only
in the inteot organiem. This Mintegrity,” to which many like to refer
without interpretinz its nature, can be adequately understood here as
e first aporoximation. It is conditioned by the fact that only in the
intact organism is there a system o specially conetructed cells
which producea antibodies in response to the influx of foreign vroteins,
Further, only in the organism do conditions exist for the activity
ard multiplication of these special cells, owinsg to which they can produce
large numbers of entibodies necessary for the occurrence of the
incompatibility reaction. Finally, with transplantation to an intact
organism all the couditiones are present for ths prolonged effect of
the transplant (of its products) on the cells of the recipient's
hemopoietic system, which is also necessary in order for it to bagin
producing considerable quantities of antibodies. 2t the same time,
a characteristic festure of living transplants can be demcnstrated
from this aspect; in ocontrast to the injection of various cell compo=
nents and substences, itransplants continuously produoce the substances
which serve for the increamse in antibhody production egainst them,
The absenca of s direst spatial relationship between the transplant
and fool of hemopoiesis lsads to the need for a connection between
them through the products of transplants which enter the blood stream,
Vaturally, a certain time ls needed for an adequate quentity of these
substancas to come to the hemcpoietic system, and this time should be
leas the larger the transplant and the more active {ts metaboliem and
the clossr its comnection with the blood stream, This is in agreement
with what actually ocours. The data presented show that tissues with
s higher metabolic rate die more quickly in the transplants and that
the survival time of the skin trensplants of different sizes is
imversely proportional to their sizes,

At the same time, all these data also speak against the fact
that death of the tissues 1s based on toxic phenomens, as Loeh, for

L__gxampla, believed (Loeb, 1945), ?ho vhenomena of direct intoxicatio
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r:;served in many experimente on amphibians occur immadiately after ;;:1
grafeing (including in explants deprivaed of & vascular system=~=Lopashov,
1948), Incompatibility in memmals devlops graduslly and is for the most
part associated with immunolegical phenomens, after whioh comes destruc~
tlon of the injured cells by the phagooytes of the recipient. -Apparently,
the phagooytic leucocytes which ocour in the seme hemopoietic sysiem
as the immure bodies possess specific astivity with respect to those
foreign cells the products of which have scted immunogenically on their
source.

B, The Sigmificance of the Various Partz of Cells in the
Creation of the Immunologicsl Basis of Incompatibility. The idems
presented sbove on the connection beiwsen trensplants and the immune

- 8ystem through metabolism cause us tc put the followinz question:
which cells components and derivatives are accessible t{¢c the system
of hemopcietic cells and responsible for the productien of ihe imwune
reantions? Since the antibodies which arise are then bhound to the
cells of the tranaplants, blooking their activity and csusing their
death, 1t is clear that here uwe camot speak of simple products of
normual cell metabolism but rather of substances whioch are themselves
alvays included as necessary structurel componenis in the composition
of the cells; this does not mean, however, that all the cell components
rust perticipate in phenomena of immunization. In complete agreement
with this condition i1s the basic fact that only protein substences
ars antigens, Various simpler substances, products of cell catabolism,
cannot serve as & meane of communication betwesn the cells of the bedy
andof the hemopoletic systom. The quesntion arises as %o whether in the
cycle of metter in the blood not only substances serving for cell
nutrition and not only products of cell catabolism but alsc unore
complex proieins, which are the typicel constitutents of tissue
celis and which are included in their normal biochemicsl oheracteristics.
night not participate, Which characteristic protains can come out of
the cells, undor what conditionas, snd with what parts of the cells
is their oripin nasccliated?

In this cormection, we must turn to the basic features of
cell structure; ss a schems of the general structure of cells i% may
be accepted that they have iwo outer layers and internal endoplaswmiec
structures, among whioh microsomes, mitochondria snd other granular
components may be distinguished, possibly included aes elements in
the f4brillar network, wade up of filaments of a linear nature, With
differentiation of cells numerous apecialized proteins arise in thenm,
different in cells of different types and different organs. Hers,
for example, we have melanin, collsgen, myosin, kerstin, neurokeratin,
hezoglobin and other substances of limited distribution in the body.
Unfortunately, with respect to the connection of the immune reactions
with thess prateins only snatchy informetion exists. This is to
a coneiderabls degree based on the blologically limited methods with
which tha majority of immunologieta have worked who studied the antigenie
properties of organs and tissuss and their development in the course of
ontogeny. They ground up the investigated tissues in a mortar ard studied

*
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the antigenic properties of the mixture of different substances and

cell components obtained, However, the studies in which the functions
of the parts of the cell were distinguished permit us to speak of the fac:
that their immunological roles ars different, In Tyler's experiments
(1947), where the outer end inner layers of ses urchin ova .vere
investigated, the outer layer contained fertilisin (or consisted of 4it)
and the underlying layer contained antifertilisin., ‘hen injected into
the blood of & rabbit they induced the formation of antibodies which
were like the opposite substance==antifertilisin gave rise to fertiliein,
and vice versa, Different sirains sf Paramecium buresaris infusorie,
after being injected into the blood of rabbits for a long time, induce
the formation of antibodies which combine with the cilie and outer
membrans but do not affect the inner cytoplasm or nucleus, In

the seame way, antigens exist in baoteria which are localized in the
capsules and flagella the antibodies to which do not affect the inner
parts of the cells, Finally, in erythrocytes it has been peossible,

by the method of separating the outer layers by fraeezing, to show

4hat thelr main antigenic properties are associated with the inner
stromata of thege cells,

A1]1 these data indicate thet different cell components are
sctually antigenically different, The impression mey be created thet
in the intact state the antigenic role must be played chiefly by the
substances of their outer layers, However, studies of the immunological
properties of miorosomes made shortly after their discovery (Ridd and
Friedewald, 1942; Kidd, 2946) showed that the antigens are not limited
to the cell membranes. Muocroscomes isolated from the cells of a number
of organs (and malignant tumor )} and injected into the blood of an animal
of snother species induce antibody formeticn, snd these antibodies are
cspable of suppressing the growth of the tissues of the snimal and
of the tumor strain from which the microsomes were extracted, In
the blood of the same animals there is & natural antibody to microsomes
of the same individual., This speaks for the fect that the intra=-
cellular components participate, vossibly, in antibedy production and
are accesgsible to thelr effects. The absence of organ specificity
in the action of antibodies on microsomes sand pronounced species (and
strein, in the case of tumore) specificity speak for the fact that they
may be only partial agents in antibody formation from transpleniations.

411 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 sction of transpiants or what specifically is
the immunizetion sgent in grafting. In all experiments of injection
of different cells end their components, namely, bacteriam, infusoria,
erythrocytes, erythrocyte components, microsomes, and others the
agent injectad can itself come into the ares of antibody formetion
and come into direct contect with the cells forming them, Iu the case
of transplants the question sgain arises: specificelly whiit comes from
them to the focl of immunologically active cells? That sueh produstion
of proteins by tissue cells does occur is shown by experiments of
ocultivating ohicken fibroblasts in s medium of rabbit plasma.  After

Lﬁh’ grovwth of the cultures in thit‘medium substances were found in 4t
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mich zave immune reactions with chicken plasma antibodies (Land-_—‘
steiner, 1946). :

It would be most probable to suppose that, dePending on the
conditions, various protein ccmponents.of the tissues come out into,
the blood stream. In all ceses normal protsein products of metabolism
are given off which are distingulshed by spesies specificity (and whieh
do not produce immune reactione in the body of the same individual).
In onses of injury or of conditions of atypical metabolimm (with
inadequacy of nutrition, respiration and disorders of excretory
processes) under which the grafted tissue comes,other protein compo-
nente of the cells or complex products of protein metabolism whiech
nornally do not come out of the cells may be given off into the blood.
"herafore, the more typical the metabolic conditions {chiefly, blood
supply) under which the transplant has come and the less its require~
ments on these conditions the less will be the escape of suhstances
which 1% normally does not excrete,

C. Organ Specificity of Antigens, its Ontogeny and Rules and
Regulations. In intimate aszociation uith the probldms analyzed
ard represzenting their final link $s the problem of how specific ere
the immunological properiies of tissues of different organs snd with
what cell components is such specificity commected, The existing date
make s quite definite picture, However, it should not be forgotten
that the data existing here are very inexact: first of all, because
of the methodological heterogeneity of the msjority of studies already
noted; secondly, by virtue of the fect that the mejority of organs
includes very different cell types end they are frequently very little
related to one enotler: their antigenic propsriies may be different,
but still they osn all be mixed together, Therefore, it is prodable
that some charectaristics of the data onh organ specificity of antigens
owe their existence specifically to this insccuracy of the methoda
of investigation. The degree of 'specificity of the antigens obtalned
from various organs might be greater if the various componenta of
homogeneous cells or whole living cells ware used; it would perhaps be
higher also where this condition has been unintentionally observed by
the investigators.

Among the organe investigated the lens possesses the greatest
organ specificity; at the ssme time, its antizens do not possess
pronounced speciesz specificity. This is expressed in the fact that
antibodies to the lene do not give reactions with the material of
other organs of the same species but remct with the lens material of
other spscies (Loeb, 1945). The cornea is similar in its properties
to the lens., IAntibodies (oytotoxins) to the lens injure it specifically.
Antigens of other organs induce sntibody formation, which react not
only to the given but also  other organs and tissues, These are the
kidneys, liver, spleen, leucooytes and others. This ocours also
after the absorption of immune sera by the material of other organs
for the purposs of removing organ-nonspecific antibodies
encountered in the latter (Burke, Sulliven, Petersen and Weed, 194d;

LE:““' 1548). Thereby, the antibodies show species specificity po::.'_lj,
do not resct at all with the material of the same organs of other—
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r_:;ecies of animsls, From differant studies of tissues it hse been —~1
found thst the most specific resctioss are given by bone marrow, the
antibodies to which ¥emct to a lesser degree to the material of other
organe than to their own., Antibodies to the brain give cross reactions
with antigens of the testicles, ovariesd and kidneys., The absorption of
an antigen to one organ by the material of others, which give cross

. renctions, considerably lessens . the reaction to ite own material,
This causes us to suppose that in imwunization with these orgsns their
meterisl introduces & number of antigens, which induce the production of
several antibodies, and thet these antigena have dif?erent distributions
smong various organs of the animal.

‘The isolation of a number of diochemical componont. of the cells
of various organs permits us to go somewhat deeper into this picture,
Different proteins present in the blood plasm-=fibrinogen, globulins,
albunins, and hemoglobin of erythrocytes=~taken from the same species
behave like different antigena. Collagen is also distinguirhed immuno-
logically from the plesma proteins of the same animals, However,
these proteins, at the same time, possess a certain species specificity,
since antibodies tn them resct with the corresponding substances of
closely related species only. Thyroglobulin possesses less species
specificity. TFinally, proteins ieclated from the lens and kerstin
posgesg the greatest individusl specificity and, st the same time,
are almost devoid of spacies specificity; antibodies to thess aub-
stances give reactions with the corresponiing substances of repre-
sentatives of even some cther clesses of vertebrates.

The division of substances used as organ antigens into
separate fractions has pade it possible to shox that their epecies
and organ specific properties sre aotually essocisted with their
various components. The brain can be divided into protein snd lipoid
fragctions. Of these, the lipoid Praction is organ specific; 14 reacte
vith antiserum sgainst the brains of all species of mammals, The
protein fraoction poasessss specles specifioclity; 3t vsucts only with
antiserum obtained to the brain of the same species of animal, The
antigenic properties of the poaterior lobe of the hypophysis are divisible
in the same way. Similar frections have been isoleated elso from the .
nicrosomes already mentioned, the species specificity of which was alse
found to be connected with the protein fraction. The low species
specifioity of thyroglobulin is probably connected with the presence
of thyroxin and dilodolyrosine in it in «ll species. Finally, in
the lens it is possibls to {solate no leas than two antigenis components,
one of which, an alpha-globulin, is encountered in all vertebrates,

The conclusions which these data permit usz to draw are that
the material of the mejority of organs possesses slight antigenie speci-
ficity, and it is overlapped by species specificity. The organs, .
mainly the lens, which possess & high degree of orgen specificity do
not possess species specificity, mo that the orgen and species speci-
fieity are in reciprocal relations., It is significant that during
the ocourse of development tha lens antigen undergoes a mmber of

changea and that antiserum to lenses of 160=hour chick smbryos remots
90 With other orgens, killing the embryosinjected with 4t, whereas
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f_:ytotoxino to aduit lenses selectively injure the lenses of the chick
embryo in the egg: in the course of development the quantity of speci-
fio antigenic subsiance in the lens increases; the antigens nonspescific
for the lens disappsar, Species specific antigen is present first in
the lens, but then 1% is completely replaced by orgen apecific antigen
{Burke, Sullivan, Petersen and Weed, 104h4). Organ specificity increases
in the course of development.

The data presented parmit us to oconsider, in s tentative form, that
in the tissues of various organs there are & number of antigens rather
than a single one; of thess, one is more asacciated with species und
the others, with tissue differences, Organ specific sntigens can be
detected only in experiments in which the celils ars destroyed., Nor-
mally, they epparently do not go outside the cell limits., The fao?t
thet lens material injected into the blood can cause antibodise to be
formed agsinst the lens even in the same individusl-~consequently
the hemopoietic system has not been "adepted® to the lans sntigense~
indicetes thia. In other organs also there are antigens which induse
the formation of antibodies when itheir cells are destroyed whieh te¢
varying degrees sct specifically on this orgen; the same results have
been obtained with the phenomens of organ degeneratior resulting from
ligation of its main vessels (Sokolov, 1923a). However, apparently,
the lower the percentage of organ=nonspecific proteins perticipsting
in the construction of a given organ, the higher the percentage of
organ spescifis proteins and, sccordingly, the graster the capecity of
the cxgan for inducing sntidody formation in the orgamies of which this
organ is a part, However, despite the interest of these data, they
do not perxit ue to find out the general rules ard regulations under-
lying immurity phenomena with respest to various cell components and
the material of different organs and, henes, of incompaiibility pheromena.
This cannot be done without considering the manmer in which the immune
system is formed during the ocourse 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, '™e Ontogenesias of Immmologieal Phenomena snd Means of Changing Them

The material presented ahove and the direct conclusiocns from thes
perait us to procsed with certain theoretiocal constructions. The following
conalusions are most significant for thess construstions. Imwunoclogical
phevomena directed at the formation of antibodies in the Blood of animels
develep regularly in the course of ontogenesis. Thelr oceurrence s
asscciated with: 1) the formation of e certain tissue systom, namely,
the blood zystem in the broad sense of the word, whioh cocupiss a
special posiilon in the metebolic system of the orgenism, contrasting,
by having & nufrient funotion, with the other tissue systems; it is
present overywhere in the body and ia the eource of the blood proteins,
antibodies end phagooytes; 2) the stege of funotional change in this
system, when it develops the power of antibedy formation, which 4%t did

[_ggt have theretofore. In the stage of the developed organism this ,_J

e mn m——— <roVm e o et



| aysten forms proieins in relation to other, the most varied prcteiﬁ?‘1
external to and unknown to the orgsnism. The proteins creaied, anti~
bodies, againat these external substsnces are complementery, paired
_ substances; these antibcdies are neither a part of the organism nor
of %he haterologous cells which have been introduced inte it and have
induced antibody formation; herein lies {heir difference from the
ordinary proteins of the body which are included in i4s celis and inter~
- sellular siructures, While the proteins of various higher vertsbrates
differ in composition tc different degrees, their configurational
properties, apparently, are almost indistinguishable., This is natural,
since in various species they have changed over the co.rse of history
on the rosd to reinforcing ona power or ancther of sdaptetion to environ-
mentsl conditions, chiefly to outside protein structures, Therefore,
with evolution toward the higher vertebrates ancther universal tendenmcy
becomes progressively more distinct, the tendency towerd fumctional
assimilation of various proteins to one another in ascordance with
thelr cepecity of cresting different configurations which make up
Por comstitutional differences,
The first things that the tiszsuc system capable of immunological
reactions must come up against in the courase of ontogzenesis are
the proteins (and protein complexes) of the same orgenism, the products
of 4t3 organs and cells. The universal remctivity of the Lmmmne system
does not permit us tc expast thet it would possnus a predetermined
pover of reacting only %c foreign proteins and not to its oun, that
it would have an innete power ¢f distinguishing between its own and
foreign proteins and that this power be manifested outside of its
ontogenstic development.
Therefore, it is most probable to suppose that sontact of the
immune system with the products of the rest of the body doea not
occur without leaving some trace. Subsaquently, the immme systen
does not produce complementary substances (antibodies) to the
tissues of the same organism, and the phagooytes coming from i%
do not destroy these tiasues, Therefore, it may be supposed
4hat the effect of the protein substances of the body on its own
immune system lies in cresting compatibiiity in the latter to its
own proteins, permitting their subsequent ccexistence,
Of what does suoh a manner of creating compatibility consist?
e may sssume that the hemopoietic cells, coming into contsot with
proteins circulating in the bloed during the ccurse 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 originel degrse of aimilarity of the egg proteins.
In turn, the protein composition of the latter may be modified in
the direction of correlation with its nutrient substances oarried
by the blood. As s result of this reaotion, the proteina formed
by the hemopoietic organs not only fail to show immune reactions
with the tissue cells, but, conversely, are made like them to the
highest degree. Probably, the individuelly specific blood protein
composition created in this way is; in one way or another, put
together in mccordance with the changing metabolis, particularly __J
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f-;htritional ocnditions during the course of development of the anin:fn
;nch time producing zomething new by comparisen with the other indivi-
uale,

Therefore, during the course of ontogenesis an "acquaintence® of
the hemopoietic system osours with the proteirns of the seame organism,
with an "edeptation® of 1t to them. Then comes ihe stage in which
the capacity of defensive immune resctions is created, It ococurs
as an sdaptation needed for the iransition to changing enviromnmental
conditiens——vomergence from the astate of the protected embryo--in
birds and mammals; in amphiblans its ocacurrence is not #o oclsav-out
and is related approximately to metsmorphosis. After it oscursa
the jmmune aystem bsgins to resect to the inteke of new "unknown®
protein substances with the formation of complementary, paired
substances which serve as antibodies; the intake of the Punknown®
proteins only intensifies the production of proteins which ure to
be assimilated by tissue celle or remains without effect,zince the
very creation of the propertiss of the hemopoletic cellas coourred
in intersciion with them.

This succesgion of stagee is readily substantiated by date on
transplantstions and immunclogical reastions, In bdirds the phenomena
of death of heterologous tranaplants occur ehorily after hatching;
before this, transplants of other specles, incluuing sven mouse tissues,
suwrvive readily in the bodies of their smbrycs. In memmala, immediately
after birth there are no immune remstions end, in sccordance with this,
there ars no gemma=globuline in the biood; the immune reasiione are
azsooistaed with their appearsnce. Probably, the ocacurranee of this
new dofenaive function of the body is mssociated with {he beginning
of motivity of a tissue system cspable of producing srtibodiss end
which was in an undifferentiated ata%e prior to this stage,

14 4e possible to concelve of a number of specific mechanisms
for this succasssior of reactions of the hemopoletic syztem to
protein subetancea. These mechanisms are aszocisted wiih transformstions
of the oell structure, particularly ths outer layors, and with its
capasity of forming proteins with correlative and complementary
aonfigurstiora. However, the emctual signilicance of one variant or
anothayr of thaese ideas can be lesarnmed only iv complete assosiation with
a mmber” of phenonerna of protein metaboliem, which themselves are
unciagr as yot, for which resson it would be premature t{o present these
variants. .

The ideas presentsd permit us to explain a number of phenomena,
During the course of development the synthatis properties of the
hemepoletic system are probably put together in accordance with the
protein substances which: a) enter the blood in considerable gquantity,
and b) are common to various organs in their antigenic nroperties,
These very common substances and the blood proteins orsated in relation
to them appear to be general proteins which are specific for the
species and the individual., The hematopoietic systems of the adult
snimals have alresdy adapted to the charscteristics of the very
common substances produced by various organs and entering the blood

L_ggring the courss of their development, but they have not adapted tg_J
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| thome body substerses which do not enter ths blood bub rather go 1
through their transformations inalde the velle. If different antizens
ere irjected g reaction cocurs firat t¢ substences wnioh distingmuish
individunlis avd particularly species, since they waere not "lmown' to
the hemopedetic syxiem. Howeveyr, this reseiion eccurs else 4o those
subptancen of the same ovganism whieh have not enterad +thae blood siream,
Evsy in the 2eme organism not all the preteine are compatinle with 4ta
immuna systom; probably only those which normully onter the blood streanm,

Therefore, the hypethasis presented asnceives of antibody formation
in ¢onnection with the entira development of the nutrient system of
the organimm. The deafensive reastionsg 4o "unknown® proteins sse not
copgerital; they become possible as anothoer aspect of adaptetion of
blood proteins te the nutrition of tisaue cellsz during the coutfse of
devalepment. IT these ideas are corrsct enough, we should expact the
existense of riew, still unstudied relations betvwasn the hemopoietis
syshen ant the other orzans of animales in conmestion with the distine-
tive festurea of thelir positions in the metsbolie ayatew of ihe bhody.

The fatar of hetsratransplants, including embryeonic, and ths
maans by whick we can hope %c change their fates intantionally in
the direction of poarmanent pregervation zre geiting to be understocd,
The immune syeter of the enime) ia oriented in its dofemnive actions
to what 1% 'did not kuou® in the csurse of ontogeny., Incompetibility
phenorens, aprearing 2%t & certain stsge of dovsloprent, lead #o the
digplacemont of the hetersgrafias in different cases for several different
rastons. The tranaplanted tisguen survive in thoze omzaes whers the
bieod supply in them 48 rapidly sesgtored, owing to which their nmetabow
1isus are not impalred (or are impairsd 4o the least dogrec) and
thedr activiiy Le not reduced. In homografts, even with & goed initiel
"take' the tvanaplant subseguently breais dewn in fthe msjority of
casom, Prohsbly, the initiel Packor in the fates of mush transpiaznts
iz the fact thet the absence of the necsssary minlwmum of blood
protein somporvente, adapted withla individusl iimits, raduces the
sctivity ¢f ile tvanepisnt., 7This lends %o a motabolic diserder (which
1a gvidented, for exempla, by witotic arrest in the eells of sldn
transplunta) snd to the fast that: a) metebolism im aither incomploete
in tha travsplant oslile and protaing ceme out into the bloed uhieh
normally do net anier $4; b) or there i» s disorder of permeability
of 1ha outer layars of cells, whieh gslso leads to the entranca of
proteine into the blood. These proteire affact the immune aystem,
and the antibedisa producsed incroass the destrudition of the weakened
Yrausplant, which then submits wore readily te their influences. As
e rosult, this proceass comss to wn end, because of itz intrirsle
contradietions; there is complete destruetion of the trsnsplsnted tiasue,

thus, thege contradictions which underlie the incompetibility
phenonena are heged on the follewing relatiens: 1) metmbolic disorders
of tha ‘ransplanted %issues beocause of inadequate metsholic aonditions
(associated with the technique of grafting or lack of correlation of
the blocd protein coumponants with the transplant cells); 2) immune
reactions of the recipient ccourring on the bage of antrance of thtﬂ_J

L«protoin products of the transplani into the recipient's bleod.
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These ralations sre sssoclatedwWith the antire combination of ’_—]
sonditione vwhich contribute to or prevent the onset of development

of incompatibility phenomene. BEmbryonle transplants survive bastter,
probahly because they are lees demanding of metabolic conditions in

the initial period of the transplantation., Transplents with lower
xzetabolism survive botter for the same ressons. By coniributing to
normal metabolism of the transplanted tissues, functiomal strege
reducas the probability of immunization of the resipient wi4th

producta of incomplete metabolism. The more the donor and recipient
are like sach other the zreater the part which is played bLyemergence

of protein producte intoc the blood which 3o not normelly come out of
the cells in the incompatibility phenomena resulting from impairment

of the blood supply. In the cese of more distant, particularly inter~
species transplantations, the inedequscy of the blcod composition of
the reciplient for nourishment of the transplant is uddad to this, which
sccelerates the metebolie disordsrs of the graft and the resuliing
entibody production against it and its death. By modifying various
conditions in this complex, we may hope to increass tissue compatibility
considershly in transplantsations,

Transplants 1o adult arimals are mede at & time wheun the protective
eystem has already beean developed, and the tranaplant bacomes the
source of the "unknown" substances., Then, the larger the traneplant
and the more active its metabolism and the less its protein compoaition
has in common with that of the recipient the sooner it is destroyed.

In cames of itransplantations to embryonic stages, on the other hand,
before the development of the immune eystem, the subsequent displecement
0f the trensplant is conditioned by the fact that the mase of recipient
tissues is usually incomparebly greater than that of the fransplant
and for this reason the adaptation of the immuns system proceeds in
accordance with the resipient rathar than ths tranaplant, which is
later crowde”’ out,as usual. If the wmass of recipisnt tissues were
shout the same as that of the {transplant it might be expested that
the immune systew would adapt 1tself to both of them,

Certain feots in addition to those already mentioned are in
agreement with these jdeas, Wirst, even in the old experiments of
Burn end Harrison embrycs of different species of frogs, joined
together in halves, went through metamorphosis in soms combinations,
maintaining their viability, whereas small transplants in the same
combinations undoubtedly died at » certain stage of development,
Obtaining such results 4n amphibiane is difficult besause in meny
combinations signs of direct intoxicetion of tissues of one individual
by those of the other ocour to different degrees., Secondly, data
on twine in cows obtained from different fathers speak for the truth
of our hypotheais. It has been shown that 4if their blcod streams
are anastomosad the antigenle conmpositions of their erythrocytes
is mixed and bhecomes the same in both individuuls. Appsrently,
during the course of development tle calves exchange stem cella
and, in this way, each receives primitive cells half consisting
of the cells of one individual and half, of the other. (This speaks
r the fact thet not only the vageular endothelium cannot come fr
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l the loosl connective=tissue cells (Rhlopin, 1944 but also thet tha~.1
cells of the original sources of blood (liver, splesn, bone marrow)

do not arise from local cells of the snlagen of these organs but rather
from wandering primordial derivatives of embryonie bloodg. This does
net prevent such hemopoietic stem celle, 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 sffeoting
the viability of the recipients (Owen, 1945), Undoubtedly, however,
special experiments are nesded for proving this hypothesis.

Essential in our approach, it seems to us, i3 ths fact that the
phanoment of incompatibility are not regarded eeparately but rather in
their specific association with a larger group of vital phenozena and
the svolution of the latter. This approsch is demonstirated even in the
analysis of incompatibility as a function of ontogenesis of the ontire
hemopoietic system, in close connection with its changing conditions.
Many authors who have transplanted embryonic tissues to &dults heve
expected that they would "adapt” more easily to the host because of
their greater plastioity, by snalogy with plant grafis. As a metter
of faact, however, the actual picture in transplantetions in higher
animale is exactly the opposite: it 4s not the transplant whioch adapts
itself to the host but, conversely, the host which adapts itself to
destroying the transplant, by defense reactions which have beaen created
during the course of evolution. If we do not seek to understand and
master the regularities cf oreation of thie defensive capacity, the
expectations of "accustomation” of the transplant in animals will be
perfectly arbitrary; they will be based essentially on the oonception
of adaptability as a universal property of the living, manifested
without relation to the spscific conditions of evolution. As a matfer
of fact, thie oapacity of defense agsinst forsign bodies is s» expression
of evolutionary chsnges in the phenomena which in other cases lesd
10 adeptation to environmental conditions, the phenoumens of plastiocity
of proteins in their varicus relations in the cells.
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The Process of Organ Regeneration in Animals -_—l
L. V. Polezhayevy (Moscow)
1

At the present time the principal task in the regeneration problem
is the elaboration of methods which make it posaible 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 changeicontinuously.

In the field of the study of regeneration there has long beer a
bitter conflict between idealism snd 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 organismas,
His approach is metaphysical. He regards adaptation and the re-
generative power of living matter to be separate, seeing only the
opposite nature of these phenomena rather than their unity. :

Weismann (1892), 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, meta-
physically separated and opposed adaptation and the self-reproduct-
ive capacity of living matter, without seeing their unity. Weismann's
idealism despite 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 propertiea of organisms; therefore, it requires the
assumption of a particular expediently acting principle,

All these thoroughly reactionary idealistic evasions led to the
complete degeneration of research on regeneration abroad.
Characteristic of all of them are an antihiastorical approach and
the analysia of the organism outaide of its relationship with the _J
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, r environment, The route of their development is characterized by _—I
formulations of the ideas of Spemann (1924-1936) of "oxganizers'" and
the theory of "fields' by Weiss (1929) and other foreign scientists.
"Organizers' are parts of a developing organism to which the
pignificance is ascribed of being factors accounting for the develop-
ment of other "organizable'' parts and which do not depend on them.

" The development of the organism, according to Spemann, is a chain
of reactions of passive, unorganized material to the influence of
organizers, Where does the first organizer come from? Spemann
giives no answer to this question. His antihistorical approach logically
lexds to an act of creation, that is, to idealism. The "fields v
according to Gurvich, Weiss and their followers, are dynamically
preformed entities of unknown origin accounting for the development
of the organiam and not related to or depending on its material. The
preformistic autogenetic idealistic significance of the field theory is
seen very clearly,

The most progreseive of the foreign regeneration theories is
Child's physiological gradient theory (1948), according to which
development is determined by environmental conditions which bring
about 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, Morgar and their followers, He regarded the power
of regeneration, on the one hand, as a property of aniraals, as cne
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 asz one of the adaptive forms of
self -reproduction of living matter. Underlying regeneration is
metabolism -- anabolism and catabolism. Metaboliam is the
primary property of living matter and, at the same time, itis an
andaptive process. This may also be expressed in a different way:
adaptation is a primary property of living matter, because under-

uz_ing the adaptation is metabalism of the organism which is in unity_J
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r:ith its existential conditions. If these conditions are changed ther:—]
will be an adequate change in metaboliam, 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 chinge of the organism and of
its metabolism to environmental conditions, will not always be
expedient for the life of the organisam 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 detexmined by
adaptation but rather by natural selection -- by heredity, variation
and survival, An example is seen ia the regeneration of the extremities
of lower vertehrates (axolotl, triton), an expedient adaptation which
contributes to their viability; in the higher vertéebrates this is
absent, because under the conditions of their evolutionary development
and their adaptation it would have led to a reduction Jn 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 othera only organs 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.

u

There has been and continues to be a bitter controversy also on
' the subject of the mode of regeneration, Initially, there was & con-
flict between preformistic and epigenetic trends. Then, scientists
who took the viewpoint of regeneration as a transformation began to
oppose the preformists and epigeneticists. In other words, develcp-
ment began to be conceived as & transformation, that is, the
occurrence of something new on the basis of a qualitative change ih
the old under 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
L:;:e'ciﬁc ideas of the course of regeneration have changed progreas-
{vely. 4



| The preformistic virchowian'.cellular theory with its main -l
principles of "all cells only from a cell", "nothing new arises in the
development of anything, "' ""the cell ig the ultimate elernent of living
matter," and others received particular impetus specifically in the
study of regeneration, Waldeyer, Thiersch and Bard extended the
virchowian dogma 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 reorganization, 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 (19507} wrote this directly:
. . . regeneration is nothing other than the repetition of growth which
has temporarily stopped. "

This theory was given the name of "'the theory of tissue ont-
growth in regeneration.' The frank metaphysical character of this
theory, the idea of regeneration as growth rather than development,
and the platitudinous view of morphogenetic proceases require no
particular analysis., The view of the behavior of separate tissues was
also metaphyaical: they wexe conceived as regenerating independently
of one another and for this 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 regeaersate ia stimulated
and controlled by the central portion of the regencrate and, specific-
ally. . . in the final sanalysis by the tail skeleton regenerate,' while
the akin 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 studiea of the same ncientists, facts
began to be accunulated which were in dircct contradiction to their
theories. Thus, it was found that in the regeneratior: of extremitiea
of lower vertebrates the skeleton in the regenerate appears zs a new
formation, similar to its development in the course of typical
ontogeny (Goethe, 1875; Freis, 1885; Barfurt, 1891). Somewhat
later, through histologic studiea it waa very firmly establighed that
regeneraiion, for example, of the extremitiesa of salarandera and
tritons, is not accomplished by means of & simple growth of pre-
existing tissues but rather by means of the formation of a hlastemas,
that is, the primordium of the organ, llke the embryonic primordium,
The blastema consists of epithelium and subepithelial tissues formed
from cells of mesenchymal or embryounic type, initially similar to
leucocytes (Fritsch, 19i1), The homogeneous cell maas of the
blastema grows rapidiy and forms a bud, which is converted into
a regenerate by meana of further growth and differentiation. This

Lf_a_ct of regeneration by means of the formation of a blasterna was _J‘ ‘

e Y A oy



r:onﬂrmed 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 geneéralizations, and, in the final analyais,
the majorily of foreign scient.its proceeded along the line of idealism.

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

I. From where do the blaatema cells come?

2, How does growth of the blastema occur ?

3. How is the development of the blastema accomplished and on
which factora does its quality depend ?

The first question in their theory, supported by such scientists as
Weins (1922-1930), Guyerot {1922-1930) and others, waa, for the most
part, answered in the same way s Weismann amswered it, by . ssuming
the existence of special resexve cells, of the nature of the idioplasm or
germ plasm, from which the blastema elements arise, The insolveacy
of this view stems from the fact that in the animal organisam there are.
no auch reserve embryonic cells, In vertebrates there is, for
example, commective tissue which histologically is poorly differentiated,
but in its properties it is not at all identical with the cells of embryonic
tissue. On the other hand, it was shown that in regenersztion of both

" the Iower (for example, hydras) and higher animals (for example,
vertebrates) 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 reguhrly
change - - they are destroyed and dedifferentiated

The investigators answered the sécond question generally in the
same way as did the representatives of the "outgrowth'' theory;
specifically, they considered that the source of regeneration is cell
multiplication of the imjured tissues in the area of the wound, This
idea wus based on the theory of "wound hormones, " data on "'mito-
genetic radiation' ss x source of cell multiplication, and others.
Whatever the kinds of cells in the wound area -- whether "reserve'"
or old tiague cells -- they beliaved that multiplication of them
constitutes the main regeneratisn process of the organ, The logical
consequence of this jdex was the canclusion that in order to stimulate
the régeneration process in organs or tissues it is necessary to
preduce or stimnulate the cell multiplication process. This idea
unified sceres of varisus investigations sttempting to work out methods.

L__nimnhﬁot of cell mllﬁplicaﬂon and hence, wound healing. Th_J
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lp:r.'«Imc:iple became generally accepted that stimulating wound healing__]
or processes of regeneration means astimulating 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 guestion -- on which factors the quality of the blutema
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' (Weisa) and determined under the
influence of a particular specific factor of the whole, a ''field" or
"organizer' intrinsic in the remnant of the amputated organ, There-
fore, the epigeneais of Spemann, Weiss and their followera is
preformism inside out and does not explain but rather deniea
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 rebuifed 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, '

m

During the period from 1930 to 1950 Soviet investigators estab-
lished a number of essential iacts 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 posasible
considerably to alter the course of the entire proceas. 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 primordium 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 groups of
facts (Polezhayev, 1945):

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

Li'xolotl are incapable of growth when transplanted to another part o _ﬁ
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'animal'n body, for example, to the doraal regiom, If cell .mm.i:eri.aa,l.mI
taken from the subepithelial portion of 4-10 such young blastemas is
added to it for the transplontation active growth of the transplants cccurs,
and a’ppropriately, ‘an extremity or teil-like organ is formed from them.
Hence, two conclusions follow: 1) young regeneration blastermas are
not "nullipotent, ' but rather possess their own organizing potentialities
which are not expressed because of the stoppage of growth of the young
blastema when it is separated from the old tissues of the regenerating
.organ, and 2} up to a certain stage the blastema does not grow by means
of cell multiplication (mitotic or amitotic) but rather by means of the
influx of cells to it from the wounded tissues, for the most pakt withont
proliferation.

2. At a certain stage of ontogeny ettremxhea of tadpnlus lose the
power of regeneration, and after amputation of the organ the wound
surface heals smoothly, The tissues of the extremity thereby differ-
entiate progressively and are very little destroyed after the amputation.
In them quite a number of mitoses are observed, I the tissves of an
amputation wound surface of an extremity are injured severely
mechanically or chemically they are subject to considerablie lysis and
deep-seated dedifferentiation, Thereby, the number of mitoses increases
little, The cells losge their tissue connections and create a blastema,
which grows and forms a typical regeneratiug extremity, Therefore,
loss 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 dedifferentiated, thereby liberating cell material without
prolifesation, rather than a loss of the power of multiplication by the
cells (mitotic or mmitotic). Therefore, for the purpose 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 arex
rather than proliferation.

3. A count of the number of mitoses showed that the mitotic
inde¥  in the subhepithelial area of the blastema changes regularly at
successive stages of regeneration of the extremities in tadpoles, young
and adult sxolotls and tritonas: the initial stages of formation of the '
blastema occur practically without mitosis or amitosis; at later atages,
the number of mitoses increages sharply; still loter, this number ia
reduced, This meanas that initially regeneration proceeds without cell
multiplication, which can begin only when the primordiura reaches a
- certain size, after a certain minimum number of cells has been pro-
duced in it. Then, regenerstion proceeds basically by mecans of
mitotic multiplication, Later, growth proceeds by meana of an in-
crease in the metaplastic, acellular masses of organic matter,

L_ The theory of the biphasic course of regeneration, which has _J



I‘b.eeen praposed against the current idea that regenerstion is a simplﬁ
grovith, aceomnplished by means of cell multiplication stirmulated by
"wound hormones, ! mitogenetic rays and other factors found no
sympathy smong investigstors. For x long time it was simply over-
looked, and then, ''after being noticed," it was stated that it was in-
correct, that at the initial stages of forrmation of the blasiema cell
division does occur bhut it proceeds so quickly that it is impossible to
see it witk ordinary fixation of the mgterial. Then, thig theory began
to be aceepted, but some authors (Luscher, 1946; Forsyth, 1946 and
others) considered it their own discovery, although their ebservations
were mele 12 years sfter its formulation and even though they were
very incornplete; other authors declared this theory to he obvious and
a long-known fact., Vorontsova (1949) who knows the literature and the
entize history of the subject excellently, in his book for some reason
ascribes this theory to an American investigator, Litwiiler (1939) and
to Buasina (1540); doubting the occurrence of the first phase of formation
of the regenerate without mitoses, through the destruction and de-
differentiation of tissues, she writes that on the basis of the existing
data "it is imposeible to gain a complete idea of the scurces of growth
of the ragenerate. Since the duration of the various mitoses remains
unknown, it is difficult to take into consideration the role of the latter
in {acreasiog the mass of the regenerate.’ '"We believe i is still pre-
mueture t distinguish phases of primary and secondary accumulation
in the iformation of the regeanerate,’ These doubts, however, do not
prevent her later from accepting what she had just denied; she writes:
"Stidctly speaking, only the sharp separation of the variocus pericds of
formmaticn of the regenerate {s objectionable. Undoubtedly, dediffer-
entiatior. of ¢ells which have entered the blastemsa occurs basically at
the beginning of the regeneration process, and the most active pro-
liferation occurs at the late stages of development of the regenerate,
it is characteristic that Vorontsova like other authors, touching ou the

" quesiion of the biphasic nature of regeneration, continues to '"overlook"
thres groupa of proofs presented and discusses and criticizes only one
of tham: -- that of counting the number of mitoses at the successive
atages of regeneration. However, whatever critics say orx write, they
will be {nrced to reckon with the existing proofs and the theory which
has heer. formulated, because it more correctly depicts the course of
the vegeneration process than previous theory, and because on the
basiy of it alone it is poasible to understand the course of this process
and to seek out effective methods of controlling it,

According to the old concepta, regeneration is the secondary
growth ci an organ based on cell multiplication. Therefore, in order

Iﬁl prodice regeneration of & non-regenerating organ, itis necessam
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o atimulate 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 morphelogic changes occur and which,
in turn, represent an expression of some bjological stages in Academician
T. D. Lysenko's asense, that is, stages arising during the course of oy
evolution and ontogenesis as an adaptation to changing environmental . .
__conditionsi.-During the course of regeneratiorn we can: determine two
succesaive, 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 predorninance 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 medium to
the acid side and others, The second stage is characierized 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 proceas differently, For example, artificial increase of . _—l o




r—o;.idative processes should contribute to the cccurrence of the
second rather then the first stage, of proliferation rather than de-
differentiation, This is the way it actually cccurs. The thyroid
hormone stimulates proliferation, stimulates smooth wound healing
in mammals and amphibia but shortens the stage of deatruction and
dedifferentiation and, by the same token, inhibita the regenerati.on of
extremities in tadpoles.

Loss of the power of regeneration of extremities during the course
of metamorphoais of anuran amphibians is the result cof their awitching
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, asaociated with an

- increase in the oxidative processes, leads to a reduction of the firat
stage of regeneration: after amputation of an extremity the tissues
of the organ remnant are poorly destroyed and dedifferentiated;
primary accumulation doea 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 firat
stage of regeneration, 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 ve-
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 firat stage of regeneration. This is 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, amooth wound healing,

The atage nature in regenerative processes is an expreasion 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 thia conclusion:
characteristic of the older forms of animals ia greater lability,
-destruction of proteins; glycolyais 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 firat stage of regeneration; where
organs do not regenerate these conditions are abaent, Hence, it
is clear that if we find and create theae conditions it is posaible to

lix:oduc.e organ regeneration in places where they usually do not !

— 4] e




'

' regenerate, o

v

In the previous sectior. of the article we noted the insolvency of the
cxriticism 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 cut of its way and interferes with its
progress., However, by way of "undermining ourselves,' we can, on
the other hand, 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 tadpelas signs of
destruction and dedifferentiation of the tissues of 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 meaenchyme-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 axolotls and tritons signs of destruction and dedifferentiation of
tissues of the amputated extremity are quite well expresaed 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 & trans-
verse section of the adjacent tisaues of the extremity an average of
1, 500 cells is counted. Therefore,‘ in the blastema an unusually ra‘LiJ‘,
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| active multiplication of cells occurs and, thereby, without mitqsi:_]
From where are these cells taken? In Basina's opinion, from
amitotic division and the movement of cells from the proximal portion
of the organ rather than from the ares of the oid tissues adjacent
to the blastema, becruse for this purpose the cells in a 1, 2-millimetex
thickneas of tisanes would be required.

We can not agree withthis opinion: no amitotic cell division is
obaerved in regenerstion 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 trana-
plantatior, but this does not occur; further, it ia perfectly incredible
that in the proximal portion of the organ remnant, where the tissues
are not dadifferentiated but are structured, the cells could be
liberated from their tissue counections without being noted by the
investigator's eye, drive through the thickness of tiasues of the distal
portion of the orgen remnant and form a blastema, At the same time,
it ig well known that formation of the biastema is nasociated specifically
with the distal portion of the organ remnant. The fact that consumption
of a congiderable tissue thickneas of the distal portion of the organ
remnant, equal to l. 2 millimeters as calculated by Basina, ins
required for the formation of the blastema should not disturb us -
it occurs in this way: in regeneration a certain shortening of the
organ remnant is always cbserved. Neverthelesy, there are ceases,

‘for example, in the trsnsplantation of the thin (1-2-millimeter in
thickness} extremity diska to the back of an axclotl where re-
generation haa the transplant as its scurce, and the number of cells
ir it is less than in the hlastema, particularly keeping in mind the
considerable abscrption of the transplant tissues after grafting, The
question arises, from where do the blasterna cells come in this
case ?

Here, the idea is poasible that the cells are formed anew in the
blastema from organic matter occurring from destruction of the
transplant tssues. Checking on this assumption requires careful
cytological and histological study of the succeasive elements of the
initial stage of regeneration and the performance of special ex-
periments.

This idea appears to me to be prohatle to the highest degree in
connection .with the brilliant work of O. B. Lepeghinskaya (1950),
who showed the possibility of new formation of cells after their
complete destruction in the hydre and in the healing of skin wounds
in mice. 'The cells thereby are not formed from cells but rather,
in apite of Virchow's dogma "all cells only from a cell, " they are

L_Eormed frotn the organic matter of an acellular structure. "Orginj:
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l matter is a mass of protoplasm which does not have the form of a
cell, which containg in itself nuclesr subatance ist one form or another
but do¢s not have the form of a nucleus, and which ia in the protoplasm
in a dispersed or diffuse state; organic matter must, of necessity,
possess the power of the type of metabolism which is an esaential
condition for their existence’ (1950, page 77). "We must recognize
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, Lepeshinskaya's discovery permits biology to take a
colossul step forward. The author has formulated a new theory of the
structure of living mattex, 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 preasent.
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, physiclogy,
experimental morphology, pathology, microbiolegy (including
virology) and other disciplines. Undoubtedly, it will also bring
about 8 revision and a great advance in the study of regeneration.

O. B. Lepeshinakaya's 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 bioclogy, 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
containing small granules of broken down cell auclei, the so-called
detritus, which comes from local tissués and bleod cells. Thia
matter or these breakdown products participate actively in
metabolic processes, that is, they are alive rather than dead,
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

Lprogreulvely increasing number of '"regeneration' cells like the ___]



| embryonic mesenchyme of blastema cells appears. These cella, .—!
the origin of which has been discusged 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 ocrgan
remnant. It is interesting that initially, according to the ohaervations
of N, F. Barakina in our laboratory, they are abnormally amall, =snd
a multitude of small growing cells is encountered slong with the large
cells, (Data on the origin of cells in regeperation will be published
in the apecial works of our labsratory). These facts affcrd the basis
for the suppasition that at least the begimning of the phase of primary
accumulation is brought about by the new formation of blastema cells
from living matter.  This sapposition gives us the clue for explaining
a number of phenomena obsexved in regeneration: the absence of cell
multiplication in the phase of primary accumulation, the embryonic
type of blastema cells, their morphologic homogeneity, different
sizes and others.

The phenomenon of new formation of cells iz regeneration does not
negate the significance of the phenomena of deatruction and dediifer-
entiation of tissues in the organ remnaznt or their necessity for re-
generation. Part of the blastermna cells undoubtedly arises from the
dedifferentiation of old tissues, but another part of them {s newly
formed. On the other Liand, deatruction and dedifferentiation of
tissues conastitute an essential condition for the new iormation 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 praceeds on the basis of the stage of
destruction and dedifferentiation; the conditions for this new formation
are the same 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-
dowm of protoplasm and of the nuclei of local tissues and blood cells.

Let us return to the position noted at the heginning of this section
that in scme ¢aseg regeneration of an entire organ is chserved with-
out mitotic division of cells. From previous studies (Guyenot, 1927)
it is known that in amphibians the extremities regenerate by means
of the formation of a blastema; the tails, by means of the outgrowth

of old tissues, In other words, this means, sccording to the theory

of the biphasic nature of regeneration, that the processaes of cell

multiplication 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
l__:nimaln were treated with colchicine solution, which stopped mitc:_n_ij,




, ‘ in metaphase. This treatment, therefore, must have stopped the__]
process of mitotic cell division during the course of regeneration
(Poleghayev, 1945-1948; Polezhayev and Gurvich, 1948), It might be
expected that despite the treatment the phase of the primary
accumulation would occur. However, the result surpasgsed sur
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 sormaewhat retarded manner, Cyto-
logical study showed that in the tissues of the regenerate there waa
a multitude of cells division of which had heen stopped in the stage
of metaphase. No amitotic {igures 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 continnously? 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 ir. thesec cases.

.. v

The question &rises, do we change anything if we adopt the poasition
of O, B. Lepeshingkaya concerning the new formation of cells in
regeneration? Yes, very much is changed. The approach to the
phenomena of regenevation and methods of ‘controlling it are
changed. While previously attempts were made to ctimulate 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
poasibility 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_t}eu conditions, but these are not all, Specifically, the blood plo_.lr:]
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| a part, the significance of which for regeneration has been very well
shown by O, B. Lepeshinskaya. By intentionally creating all these
conditions it is posaible to count on producing regeneration where it
does not occur.

Therefore, changes in ideis on the mode of regeneration abnolutely
change the approach to the study of it and the methods of controlling
this process. . However, this does not exhaust the subject. O. 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 & number of other biclogical
processes and, therefore, opens up new lines and prospects for
atudying them. We should like to present two examples: elsewhere
(Polegzhayev, 1950), the idea has already been developed that based on th
michurinist doctrine of heredity, of the predominant gignificance of
physiology and metabolism in the development of orgunisms, 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 loat
but living matter and metabolisam in them is,of necesaity, altered.
Therefore, with the idea that regeneration of organs and fuactions
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 metabolism
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 forces in the control
of infectioua diseases. Along this line in recent years we have
attained certain positive results, and the problem is being worked
out further,

Another example., O. 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 methoda of controlling them,
There are a number of factors in common in the development of
malignant tumors and the phenomena of regeneration, although
theae processes are qualitatively different, They have the follow-
ing in comnmon: both procesaes begin on the basis of the stage of
destruction and dedifferentiation with its apecific type of metabolism
(increased proteolysis, glycolysis and others); in both cases de-

L_:litferentiatton and embryonixation of the cells occura; in both .cu::]




r:he changes undoubtedly begin with much earxlier changea thax thm;:‘l
visible under the microscope, changes invigible under an crdinary
microscope, changes in the physiology of metabolismn and the structure
of living matter, The attention of investigators should be drawn
specifically to these very important changes in the organisam 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
posaible that this apecifically explaina 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 metaboliam
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 livirg matter as
& source of the neoplastic malignant change. Naturally, the character-
istic features of the problem are not at all exbhausted by the few atate-
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 poasible to control the re-
generation process of organs and functiona, intensify or reduce them,
suppresa a process which is occurring or produce a process where it
is not occurring. This problem is not only of theoretical intereat hut
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 idealiatic 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 O. B.
Lepeshinakaya,
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