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SOME IMMUNOLOGICAL AND
ENDOCRINOLOGICAL PROBLEMS
RAISED BY THE EVOLUTION OF
VIVIPARITY IN VERTEBRATES

By P. B. MEDAWAR
Department of Zoology, University College, London

L. INTRODUCTION

Viviparity of one kind or another is to be found among members of all
classes of vertebrates except birds, and among all mammals except mono-
tremes. The pattern of its occurrence in elasmobranchs, and particularly in
reptiles—among members of distantly related genera, and in some but not
other species of a single genus—Ileaves one in no doubt that it has evolved
independently in many separate lines of descent. For this reason the
zoologist has been inclined to take viviparity for granted ; there is an under-
current of thought which suggests that a problem which has been solved

independently on so many occasions cannot entail any very radical trans-
formation of the vertebrate mode of life.



III. THE IMMUNOLOGICAL PROBLEM OF PREGNANCY

The immunological problem of pregnancy may be formulated thus: how
does the pregnant mother contrive to nourish within itself, for many weeks
or months, a foetus that is an antigenically foreign body? The question
derives its significance from the fact that the mother does not always con-
trive to do so; it is sometimes immunized against the antigens of its foetus,

with the consequence that the foetus, or its successors in later pregnancies,
1s either destroyed or born with affections that are the more or less
immediate outcome of cellular damage. The proof that this is sometimes
the case, in the work of Levine and Stetson, Wiener, Race and their many
colleagues and successors, is one of the triumphs of modern clinical biology.

The principal cause of haemolytic disease in the newborn is immuniza-
tion of the mother by the foetal red-cell antigen D of the Rhesus series.
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Every well-authenticated example of an immunization of the mother by
its foetus has implicated the red-cell antigens; none has implicated the
ordinary tissue antigens that are responsible for the rapid and violent
reactions provoked by grafting tissues such as skin from one individual to
another. This does not mean that the participation of tissue antigens can be
lightly dismissed. All the methods by which foetal death may be shown to
be the consequence of iso-immunization* by red cells depend upon the
identification and labelling of red-cell antigens by their specific reactions
with antibodies. Unfortunately, antibodies to homoplastic grafts of ordinary
tissues have not yet been identified, though there 1s strong circumstantial
evidence for supposing them to be formed.t Antibodies being unknown,
the antigenic labelling of individuals is for all practical purposes impossible.
One cannot therefore compare the sizes of families born of antigenically
compatible and incompatible matings, nor look for a relative shortage of
offspring of the incompatible type. Yet it would be most unwise to overlook
the possibility that immunization by foetal tissue antigens may be a cause of
foetal maceration or resorption, particularly in the early stages of pregnancy.
Only a tiny fraction of the early foetal deaths that could conceivably be due
to antigenic incompatibility has been shown to be so caused; by far the
greater proportion are still etiologically uncertifiable. 1t would be as well,
therefore, to keep an open mind.




its male partner has been prematurely canonized by endocrinologists eager
for evidence of hormonal secretion by foetal glands. There are reasons for
thinking this interpretation insufficient (Moore, 1947, 1950), and it may
well turn out that ‘ true’ freemartinism, as it occurs in cattle, depends upon
the residence of genetically male cells within the female. But all these facts
are most instructive in a cautionary way. If antigenic diversity had the
effect of preventing the vascular fusion and cellular exchanges between
embryos that might otherwise lead to sexual abnormalities in polytocous
mammals, then it would clearly be most advantageous. But antigenic
diversity does not have this effect. On the contrary, cellular interchange
in foetal life (the only natural occasion on which it could occur) makes
the individual anomalously tolerant to genetically foreign cells—as neat
a reductio ad absurdum of the hypothesis as one could hope to find.

We may now return to the question posed in the first paragraph._The
reasons why the foetus does not habitually provoke an immunological
reaction from its mother may be classified under three headings: (@) the
anatomical separation of foetus from mother; () the antigenic immaturity
of the foetus; and (¢) the immunological indolénce or 1
mother. There can be little doubt that the first of these is by far the most

important.

(a) The anatomical separation of foetus from mother. Maternal and foetal
blood circulations are separated by a barrier which, to whatsoever degree
it may be attenuated in primates and rodents, is normally impermeable to
cells. This vascular isolation or state of quarantine should normally prevent
the immunization of the mother by foetal cells; but, should immunization
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Fig. 2-7. lllustrating the fact that the F,; hybrid fetuses resulting from matings between Fischer
female rats and DA strain males have heavier or larger placentas than syngeneic Fischer fetuses.
Comparison of the weights of the para-aortic lymph nodes draining the uteri of virgin, female
Fischer rats with those of weight- and age-matched Fischer rats bearing Fischer (syngeneic) and
(Fischer XX DA)F; hybrid (allogeneic) fetuses, respectively, of 18 days’ gestation, reveals slight
stimulation by syngeneic pregnancies, probably due to fetal tissue-specific antigens (possibly
associated with the trophoblast) and a much stronger stimulation by genetically alien fetuses
due to their tissue alloantigens. This and other evidence implicates maternal reactivity against
the tissue alloantigens of the conceptus as a determinant of the growth rate of the feto-placental
unit.
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Figure 2. The human extended MHC. Human chromosome 6 is shown with the short (6p) and the long arm (6q). A schematic map of the xMHC is
depicted below, with the extended class | (xl, -3,900 kb), class | (1-1,900 kb), class Il (1lI-700 kb), class Il (11-900 kb) and the extended class Il (xll, ~200
kb) regions indicated by different colors. Nearly all genes mentioned in the main text are shown, with their approximate locations within a given sub-
region indicated by vertical lines. Histones are shown in blue, the two odorant clusters with a total of 34 genes in green, selected HLA class | genes in
yellow and all other genes in red. The directions towards telomere (tel) and centromere (cen) are also given. In the mouse, all genes telomeric of (and
including) TRIM27 in the xclass | region are not linked to the MHC, but form a syntenic group of loci on chromosome 13.




MeXXreHOMHbIN KOHQIIUKT U UHTPAreHOMHbIN KOHQIIUKT

EctecTBeHHBI OTOOP PabOTAET OJJTHOBPEMEHHO B IMTPOTUBOMOIOKHBIX
HAIPABJICHUAX

DTO MPUBOJUT K 3HAYNUTEIBHON KOAIANTAlMX 00EUX CTOPOH KOH(MJIUKTA
KoH(IUKT Mex 1y MTHINBUAAMHW BHYTPH BHUJIA WK C OCOOSIMH APYTOTO
BUJIA IPUBOJUT K PA3BUTHUIO CIIOKHBIX CUCTEM ITOBEICHUS U CTPYKTY]P
BHYTpUreHOMHBIN KOH(M)JIMKT MIPUBOJUT K PA3BUTHUIO HE MEHEE CIIOKHBIX
CTPYKTYP BHYTPU OJHOTO OPraHu3ma

PenpoyKTUBHBIN MPOLECC — CIOMKHBINM HA0OP COYETAHUM MEKTEHOMHOTO
Y BHYTPUTE€HOMHOI'O KOH(JIMKTA HA BCEX 3Tarax

BHyTpUreHOMHBIN KOH()JIMKT UMEET MECTO KaK B OpraHU3ME camlia, TaK U
B OPraHU3ME CaMKH, UTPAET BAXKHYIO POJIb BO B3aAUMOJIECTBUA
OpPraHU3MOB MATEPH U IJ10]1a




Tpuaga!!!

o [lcuxonoru moOAT TOBOPUTH O «auaae» (1o 1 OepeMeHHas)

« Ho maxke ¢ aTol TOYKM 3peHUs uMeeTcs Tpruaaa (IialeHTa, o4 U MaTh)
o C TOYKH 3peHHUs HHTPAreHOMHOT'O KOH(MDJIMKTA — BCErja Tpruaaa

o I'pu rarmorumna:

ramjioTUIl OTLA, MOJYYEHHBIU CO CIIEPMATO30UIOM,

rarioTUIl MATEPH, MOJYUYEHHBIN MJIOAOM C AHUIEKICTKOM,
€IlIE OJIMH ramjIOTUII. IIOJIOBUHA F€HOTHUIIA MATEPH, HE
MoIaBIIas K moay (Math rmepeaacT Moy TOJNBKO

MIOJIOBUHY CBOMX T'€HOB)
o ECTh ellle 0lMH y4acTHUK KOH(DJIMKTA: OJOBHHA TaIIOTHUIIA OTLIA, HE
IOITaBIIAs K IJIOAY CO CIIEPMATO30MI0M (OTEIl MepeaacT KaxKaoMy
peOEHKY TOJIBKO IOJIOBUHY CBOCTO T'arlIOTHIIA)




BHYTPUreHOMHbLIN KOHQJTUKT

[TonoBruHA reHOB MOTYT «KejaaTh» (=IeicTBOBAaTh TaK, KaK €ClIu Obl OHH
xenanu), auroosl 100%cnepMaro30ua0B ObLIH HOPMAJIBHBIMU, a
MOJIOBUHA — 5KE€JIaTh, YTOOBI TOJILKO IMOJIOBMHA W3 HUX ObLJIa HOPMAJIbHOU
[ToslOBMHA T€HOB KEHIIMHBI MOXKET JKEIaTh, YTOOBI BRIHOCUTH BCE
OEpEMEHHOCTH, a MOJOBUHA — JKeJIaTh, YTOOBI ObLJIa BEIHOIIIEHA TOJIBKO
10JIOBMHA O€pEMEHHOCTEMN

HekoTopsie reHbl «XOTAT», YTOOBI 10T pOC MEJIEHHO, APYTHUE — YTOOBI
OH POC OBICTPO, TPETHH, YTOOBI ObLIIA CPEIHSISI CKOPOCTh POCTA

OJHY reHbI XOTAT, YTOOBI M0 ObLI MAaJIbYUKOM, JIPYTHUE — YTOOBI
NE€BOYKOU




[ €HOMHbIV UMNPUHTUHT KaK MposABJieHUe BHYTPUTEHOMHOro
KOHQLJINKTa

« MaTpurensl Oy1yT HOJABIATh POCT MJ10a
o [laTpurensl OyayT noaaepKuBaTh 1
CTHUMYJIMPOBATh POCT IIOAA

o HLA-TanmoTunel OyayT BAUSATH Ha BEIOOP
napTHEpA U CyJ1b0y MOTOMCTBA
| BbI0OD:
o JlOo KOy A
« Bo Bpems konyasauuu
o llocae konymsanuun
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Figure 11. Pozable funchions of decidunal NE cells and macrophages m early lnman pregnancy, based on the
findings in this thesis.
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