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CAUSAL FACTORS IN ABORTION

Spontaneous abortion is the commonest complication ofpregnancy (Stirrat, 1983). The percentage
ofpregnancies which terminate in spontaneous abortion is unclear. Roth (1963) calculated that 15%
ofdiagnosed pregnancies resulted in abortion, while Miller et al. (1980) reported 43% and Edmonds
et al. (1982) suggested as many as 60% of conceptuses are lost before 16 weeks gestation. There is
evidence that abortion is a more common outcome of first (18%) than later pregnancies (Glass &
Colbus, 1978).

Several reasons have been given for the failure of these pregnancies. Many of the very early
losses may be due to genetic abnormalities (Miller et al., 1980). The diagnosis of genetic
abnormalities is not easy as only about 10-20% of products of abortion are suitable for study of
chromosomal abnormalities. In a study of 360 abortions Ornoy et al. (1981) were only able to
attempt culture in 95 cases and of these only 65 were successfully karyotyped. Of those karyotyped
41-5% exhibited chromosomal aberrations, or 10% of all the abortions. Other figures suggest that
from 6-8% of all spontaneous abortions are due to genetic causes (Kardon et al., 1981).

Other possible causes of abortion may be infections, anatomical or hormonal abnormalities.
These probably account for only a small fraction of the total, the commonest cause of abortion is
probably immunological. Johnson et al. (1985) suggests that the majority ofabortions are due to the
failure of the woman to make a recognition response to the pregnancy; thus she fails to circumvent
allograft rejection and the fetus does not survive. Recurrent spontaneous abortion (RSA), that is
three or more abortions, is even more likely to be immunological, as some of the infectious causes of
abortion, such as toxoplasmosis, only cause abortion during the phase of active infection and
subsequent pregnancies in immune women are unaffected.

IMMUNOLOGICALLY-MEDIATED ABORTION

Taylor & Faulk (1981) have used four observations to support the idea that an ill defined
immunological process is the common cause of recurrent abortion. They are as follows. (1)
Aborting couples do not produce the inhibitors ofcell-mediated immunity found in maternal blood
during pregnancy. (2) Chronic aborting couples share more HLA antigens at the A and B loci than
would be expected by chance. (3) Studies have revealed the absence of classical transplantation
antigens and the presence ofother alloantigens on human trophoblast, which could form a basis for
immune reaction between mother and fetus. (4) Some trophoblast allotypic determinants are shared
with lymphocytes and coded for in the HLA region. If HLA antigens are shared between husband
and wife then it would be likely that trophoblast specific alloantigens (TLX antigens) were shared
between blastocyst and mother. Thus, the TLX compatible embryo might not stimulate maternal
protecting or blocking factors and the blastocyst would be rejected as are other tissues bearing
foreign antigens implanted in the uterus (Beer, Billingham & Yang, 1972).

These ideas are somewhat controversial though experimental evidence exists supporting some
of them. They are at variance with hypothesis of Medawar (1954). Medawar suggested that the
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reasons why the fetus was not rejected as a foreign graft were as follows. (1) The conceptus is not
immunogenic and therefore does not evoke an immunological response. (2) Pregnancy altered the
maternal immunological responses. (3) The uterus is an immunologically privileged site. (4) The
placenta was an effective immunological barrier between the mother and the, as yet, immunologi-
cally incompetent fetus.

Since this hypothesis was proposed 30 years ago, an enormous amount of knowledge has
accumulated, and many workers have shown that the conceptus is immunogenic and that it does
evoke a response from the mother (Kirby, 1969; Raghupathy & Talwar, 1983). It is an alteration of
this response that causes abortion (Johnson et al., 1985). Several groups have shown that it is
normal for the mother to make an immunological response to the fetus (Tongio, Berrebi & Mayer,
1972; Mowbray et al., 1984; Beer & Billingham, 1977) and that the female, when pregnant, can
respond to a wide variety of immunological stimuli (Gill & Repetti, 1979).

Beer & Billingham (1974) demonstrated that the antigens in the uterus would elicit an immune
response. They placed skin grafts on the inter-uterine wall of the bicornuate murine uterus and
injected leucocytes into the uterine wall. In both experiments they showed that the host was
sensitized and would rapidly reject a subsequent skin graft. Thus the uterus is not a privileged site
(Croy, Rossant & Clark, 1981; Beer & Billingham, 1974) and it is the trophoblast that appears to
give immunological protection. This has been very elegantly demonstrated by the work of Croy et
al. (1981) on the specific role of the trophoblast in the protection of the fetus. In experiments where
the inner cell mass was replaced by a xenogeneic cell mass and the trophoblast was syngeneic with
the mother, such an interspecies chimaera will be developed to parturition without evidence of
rejection. In contrast, if the trophoblast is xenogeneic and the inner cell mass syngeneic the embryo
is rapidly rejected (Croy et al., 1981; Rossant, Mauro & Croy, 1982).

ALLOANTIGENS INVOLVED IN RSA

Evidence from a number ofauthors suggests that MHC and ABO systems provide the genetic basis
of some recurrent abortions (Szulman, 1973; Gill & Repetti, 1979). Komlos (1977) reports a
correlation between class I HLA sharing and the incidence of abortion. Taylor & Faulk (1981) and
Beer et al. (1981) also suggest that sharing ofHLA antigens between couples predisposes them to
recurrent abortion. From animal studies it seems that a species may need to possess an extreme
degree of genetic polymorphism or genetic diversity of the MHC system for successful
reproduction. Some rodent lines demonstrate an 80% loss when inbreeding takes place (Gill, 1983),
and some species cannot be inbred at all, suggesting that a degree of heterozygosity is necessary for
successful reproduction (Gill & Repetti, 1979). These studies would seem to demonstrate that there
is intense selection pressure operating during gestation against individuals that are homozygous
with their mother with regard to the MHC system. There may be decreased reproductive efficiency
when MHC homozygous young are gestated in homozygous mothers. These two factors may result
in the selective elimination ofMHC homozygotes either in utero or early after birth as a result of
maternal responses to fetal antigens not associated with the MHC system (Palm, 1971).

In human studies Beer et al. (1981) has also found a significant degree of sharing of HLA
antigens in couples experiencing spontaneous abortion of unknown aetiology, and a marked
alteration in the mixed lymphocyte reaction (MLR) between partners when compared with MHC
typed third party stimulators and responders. This would suggest an abnormal response of the
mother to her partner. Several groups (Faulk & McIntyre, 1981; Gerencer et al., 1978; Komlos et

al., 1977; Beer et al., 1981) support this idea and suggest the sharing of HLA antigens between
couples is not uniquely associated with spontaneous abortion; recurrent abnormal pregnancies of
unknown aetiology, neural tube defects and pre-eclamptic toxaemia have also been reported in
these couples (Gill & Repetti, 1979). All these authors suggest that sharing of a factor is further
substantiated by the fact that if either partner takes another partner they are likely to have
exclusively normal pregnancies. This need not necessarily be true; the antigenic interaction between
the couples that cause or prevent abortion is accepted, that this is of shared antigens is unproven.

Other groups studying recurrent spontaneous abortion have not found increased sharing of
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class I HLA antigens (Oksenberg et al., 1983; Lauritsen, Kristensen & Grunnet, 1976; Mowbray et
al., 1983; Johnson et al., 1985). Lauritsen showed in a carefully selected group of couples all of
which had had karyotypically normal spontaneous abortions, that there was no significant sharing
of class I HLA antigens between couples, but that this group of mothers did have a significantly
depressed cellular response to their husbands' cells but not to other men. This would indicate that
these women are not pan-non-responders but that the defect is specific to the pairing. Oksenberg et
al. (1983) reversed the experiment and found that the husbands ofa group ofrecurrent spontaneous
aborters exhibited a significant and specifically low MLC response to their wives but not controls.
This situation might obtain if class II antigens were shared between the couples, thus both might
show decreased reactivity to the other. In our large study of 240 RSA couples we have found that,
although Class I sharing was not higher than expected, highly statistically significant DR antigen
sharing occurred in almost all couples (Underwood, Kent & Mowbray, unpublished observations).

In a recent study Johnson et al. (1985) showed that in a group of 20 women with recurrent
spontaneous abortion there was no increased sharing ofHLA-A and -B antigens although there was
an increased frequency ofhomozygosity at the B locus. This last result needs confirmation in a much
larger group-it may well be chance. A proportion of them showed impairment of the MLR to the
husband. The striking finding was that these women had a low prevalence of serum antibodies to
cytomegalovirus but not to Herpes simplex virus or Epstein-Barr virus. He suggests that these
women demonstrate some selective immunological unresponsiveness and that there is a necessity
for a form of allosensitisation to insure a successful pregnancy.

ROLE OF ANTIBODY IN PREVENTING ABORTION

Studies on the production ofanti-paternal lymphocytotoxic antibody in normal pregnancy (Tongio
et al., 1972; Vives, Gelabert & Castillo, 1976; Gelabert et al., 1981) show that in normal women
antibody may be present after one pregnancy and with successive pregnancies the antibody is more
marked. The time of testing of these women for antibody is important; Vives et al. (1976) have
shown the antibody is boosted in the first trimester and falls towards term. It rises again to a peak in
the immediate post-natal period falling again with time. Taylor & Hancock (1975) and Kolb,
Chaouat & Chassour (1984) showed that the cytotoxic effect of maternal lymphocytes on cultured
trophoblast was completely prevented by the presence of maternal serum. If the IgG fraction was
removed from the serum the protective effect was significantly reduced. This supports the idea that
the presence of anti-paternal antibody in maternal serum has a protective effect, although it is the
serum which has produced the effect, not necessarily the antibody measured (Beard et al., 1984).
The ability of sera of pregnant women to inhibit cellular responses against the husband may be due
to the non-specific inhibitors ofpregnancy (Revillard et al., 1973) as well as specific antibodies. Not
only antibodies directed against maternal antigens may be effective suppression ofthe response by
anti-idiotypic antibodies may also occur. Thus maternal serum can potentially contain this kind of
suppressive antibody and yet not have detectable anti-paternal antibody. Currently we would
favour the possibility that modulation ofHLA antigen expression on the trophoblast by antibody
may be the important factor in normal allogeneic pregnancies, rather than a cellular immunity
blocking antibody. It is obvious however that both do occur together in normal pregnancy, and
further work is needed to establish the role ofeither of them. Study ofwhich antibodies are absent in
RSA might be a useful way of finding out which antibodies are important. We have found however
(Mowbray et al., 1983) that the correlation between the two antibodies is very high. Thus in
recurrent abortion neither antibody is found commonly, but where one is found, so is the other. This
approach has not then been very useful.

We suggest that the lack of maternal cytotoxic antibody to paternal HLA antigens is the
dominant feature ofwomen with RSA. In our large series ofcouples (more than 240) we have found
that only 12% of women with RSA and no live children have demonstrable cytotoxic antibody to
their husbands' lymphocytes. Ofwomen with RSA who had had one or more live children only 23%
had demonstrable antibody. The study of Johnson et al. (1985) supports this, as only 10% of the 20
couples that he studied had anti-paternal lymphocytotoxic antibody.
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Sera of multiparous women inhibit the MLR (Revillard et al., 1973; Faulk et al., 1974; Gatti,

Yunis & Good, 1973) specifically. In pregnancy sera there are also non-specific blocking factors.
The specific blocking action can be removed by absorption with paternal lymphocytes or pooled
platelets indicating that the blocking factor is probably an antibody to class I HLA antigens
(Revillard et al., 1976). Blockade of MIF production by such sera has been shown by Rocklin,
Zuckermann & Alpert (1973). This factor has not been found in sera ofwomen with RSA (Rocklin
et al., 1976). The inhibitor ofMIF production in normal pregnancy sera was found to be specific to
the response of the woman to her partner. Serum from other randomly chosen multigravid women
would not block the production of MIF by the maternal lymphocytes in response to paternal
alloantigens (Rocklin, Kitzmiller & Kaye, 1979). This is what might be expected if the suppression
were caused by private anti-idiotypic antibodies, rather than anti-paternal HLA antibodies.

Rocklin et al. (1976) also showed that one woman who had had three abortions and
subsequently had a normal pregnancy by the same husband produced the blocking factor during
her successful pregnancy. This further supports the view that there are antibodies or blocking
factors in maternal serum that have a specific protective effect.

In Rocklin's series ofspontaneous aborting couples there was no sharing ofclass I antigens over
expectation, showing that the absence of the blocking factor was not due to class I compatibility. He
suggests that there might be 'abnormal' trophoblast antigens that do not evoke blocking factor
production but do induce a cellular response.

Youtananukorn, Matangkasombut & Osathanondh (1974) showed that lymphocytes of all of
41 post-partum women reacted with pooled placental antigens. He also found that the autologous
plasma ofa pregnant woman would block reaction ofher lymphocytes with antigens extracted from
her own placenta, but did not block the reaction of her lymphocyte with PPD. The blocking factor
was not found in the first trimester but in some women was evident in the fourth month and it was
present in all of the women tested in the fifth month.

It thus seems that generally, whatever technique is used to look for antibody to paternal antigens
in pregnancy, in RSA it is rare to find the antibodies found in normal pregnancy. Although there is
an overlap in detecting antibody such that several methods may for example detect IgG anti-class I
antibodies or those which inhibit transformation, lack of one or more may predispose to the
rejection of the fetus and subsequent abortion (Rocklin et al., 1976). Faulk & McIntyre (1983)
develop this idea further suggesting two basic trophoblastic antigens, TA1 and TA2 exist.
Antibodies to TA2 blocks recognition to TA1 allowing for normal pregnancy to proceed. If TA2
antibodies fail to form recognition of TA1 takes place and pathological condition develops
manifested as toxaemia or abortion. They have suggested that similar blocking factors may play a
role in tumour growth. Antibodies to either TA1 and TA2 will block the MLR, as do those to the
trophoblast-lymphocyte cross-reaction (TLX) antigens described by Beer et al. (1972). Faulk &
McIntyre (1983) suggest that some failed pregnancies may be due to sharing of TLX antigens
between husband and wife; TLX thus having functions similar to transplantation antigens and
indeed represented on the surface oflymphocytes. They claim that these antigens inititate a response
invoking the maternal recognition which is necessary to support the placenta. The finding of these
trophoblast antigens on the maternal-fetal interface further suggests that they may be important in
the maternal acceptance or rejection of the allogeneic trophoblast.

Animal studies to evaluate the importance of these antibodies or suppressor factors have not
been easy since abortion in small animals is uncommon. Clark, McDermott & Sczewzuk (1980)
described a mouse model, CBA/J females mated with DBA/2J, which showed a high reabsorption
rate of fetuses. They found that a non-specific suppressor factor was absent from the lymph nodes
draining the uterus of the mice with the high incidence of fetal loss. The factor was present in mice
who had normal pregnancies. Chaouat, Kiger & Wegmann (1983) vaccinated the CBA/J females
with allogeneic spleen cells from DBA/2J males. They used mice from a number of sources to insure
that the effect was not confined to one inbred strain. There was little effect from the DBA/2J spleen
cells but when spleen cells from BALB/c males were used, the reabsorption rate was reduced from
23% to 5%. Also they were able to demonstrate the generation of a MLR suppressive factor in the
serum ofCBA/J females which had been injected with BALB/c spleen cells but not in those injected
with DBA/2J cells.
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TROPHOBLAST ANTIGENS

There is now accumulating considerable evidence of the nature of the antigenic molecules on
trophoblast (Johnson et al., 1981). This has been very largely aided by the ability to produce pure
trophoblast microvilli in quantity (Smith, Brush & Luckett, 1974). It appears that the molecule
which carries the TLX antigens on trophoblast is a 34K protein without #2-microglobulin.
Although it does react with several monoclonal antibodies raised against trophoblast products
(Johnson et al., 1981; Whyte & Loke, 1979), it does not react with W6/32 or 2A1, the monoclonal
antibodies which react with the 45K heavy chain of the class I molecules. Johnson and his
collaborators have shown that the 34K chain is located near the HLA B gene locus. Gill has shown
in the rat that a monoclonal raised against the rat trophoblast antigen equivalent to the 34K protein
can be used to isolate from rat lymphocytes a 45K chain associated with #2-microglobulin. This
suggests that there may be considerable homologies between the trophoblast alloantigenic molecule
and the HLA class I molecule. This does not directly help in understanding the role of immunity in
preventing abortion, but modulation of the trophoblast class I antigens by maternal antigens seems
a reasonable possibility. All workers agree that it is not possible to detect class I molecules on
sections of normal placenta (Faulk & Johnson, 1980; Faulk, Sanderson & Temple, 1977;
Goodfellow et al., 1976), but Chatterjee-Hasrouni & Lala (1979) and Wegmann (1981) have shown
that if the intact cells are exposed to labelled anti-class I antibody and binding studied very
promptly antigenic sites on the trophoblast are detectable. This would support the idea that
modulation ofantigens on the trophoblast may be occurring, perhaps leading to the production ofa
different class I heavy chain in the membrane.

Whatever is eventually shown to be the mechanism, the trophoblast cell is unique in two
respects. It is the only nucleated cell in the body known not to express class I antigens, and the only
one to be bathed in antibody to the antigens which it does not express.

TENTATIVE CONCLUSIONS

Although there is no clear indication of which factors are important in allowing allogeneic
pregnancies to proceed to term, there are now enough factors established which modify the
maternal response to the fetus that the real effector is likely to lie among them. The older ideas of a
suppressed mother and the uterus as a privileged site do not longer seem tenable.

The factors which appear at present important are summarised thus.
(1) The normal trophoblast does not have detectable HLA antigens on it.
(2) The normal maternal response to an allogeneic pregnancy is to make antibodies to paternal

HLA antigens expressed on fetal cells (other than trophoblast).
(3) The antibodies detected can suppress cellular reactivity of the mother to paternal HLA

antigens, as measured by inhibition ofMLR, lymphokine production and cellular cytotoxicity.
(4) Although there are some general inhibitors of MLR in pregnancy, the maternal immune

response is in general enhanced rather than suppressed in normal pregnancy.
(5) Failure of the protective effector mechanism results at least in spontaneous abortion, and may

possibly be associated with pre-eclampsia and retarded fetal growth.

REFERENCES

BEARD, R.W., BRAUDE, P., MOWBRAY, J.F. & UNDER-
WOOD, J.L. (1983) Protective antibodies and spon-
taneous abortion. Lancet, ii, 1090.

BEER, A.E. & BILLINGHAM, R.E. (1977) Histocompati-
bility gene polymorphisms and maternofetal inter-
action. Transplant Proc. 9, 1393.

BEER, A.E. & BILLINGHAM, R.E. (1974) Host re-
sponses to intra-uterine tissue, cellular, and fetal
allografts. J. repr. Fert. 21, 58.

BEER, A.E., BILLINGHAM, R.E. & YANG, S.L. (1972)
Further evidence concerning the autogenic status of
the trophoblast. J. exp. Med. 135, 1177.



6 J. F. Mowbray & J. L. Underwood
BEER, A.E., QUEBBEMAN, J.F., AYERS, J.W.I. &

HAINES, R.F. (1981) Major histocompatibility com-
plex antigens maternal and paternal immune re-
sponses and chronic habitual abortions in humans.
Am. J. Obstet. Gynaecol. 141, 987.

CHAOUAT, G., KIGER, N. & WEGMANN, T.G. (1983)
Vaccination against spontaneous abortion in mice.
J. Repr. Immunol. 5, 389.

CHATTERJEE-HASROUNI, S. & LALA, P.K. (1979) Loca-
lization ofH-2 antigens on mouse trophoblast cells.
J. exp. Med. 149,1283.

CLARK, D.A., MCDERMOTT, M. & SCZEWZUK, M.R.
(1980) Impairment of the host in graft reaction in
pregnant mice. II. Selective suppression of cyto-
toxic cell generation. Cell. Immunol. 52, 106.

CROY, A., ROSSANT, J. & CLARK, D.A. (1981) Is there
maternal immune rejection of the fetus in failed
murine interspecies pregnancy? J. Repr. Immunol.
51, 532.

EDMONDS, D.K., LINDSAY, K.S., MILLER, J.F., WIL-
LIAMSON, E. & WOOD, P.V. (1982) Early embryonic
mortality in women. Fertil. Steril. 38, 447.

FAULK, W.P., JEANNET, M., CREIGHTON, N.D., CAR-
BONARA, A. & HAY, F. (1974) Immunological
studies of the human placenta. J. clin. Invest. 54,
1011.

FAULK, W.P. & JOHNSON, P.M. (1980) Immunological
studies of human placenta basic and clinical impli-
cation. Rec. Adv. Clin. Immunol. 2, 1.

FAULK, W.P. & MCINTYRE, J.A. (1981) Trophoblast
survival. Transplantation, 32, 1.

FAULK, W.P. & MCINTRYE, J.A. (1983) Immunologi-
cal studies human trophoblast markers, subsets and
functions. Immunol. Rev. 75, 139.

FAULK, W.P., SANDERSON, A.R. & TEMPLE, A. (1977)
Distribution ofMHC antigens in the placental villi.
Transplant. Proc. 9, 1379.

GATTI, RA., YUNIs, E.S. & GOOD, R.A. (1973)
Characterization of a serum inhibitor of MLC
reaction. Clin. exp. Immunol. 13, 427.

GELABERT, A., BALASH, J., ECRILLA, G., VANRELL, J.,
VIVES, J., GONZALES-MERLO, P. & CATILLO, R.
(1981) Abortion may sensitise the mother to HLA
antigens. Tissue Antigens, 17, 353.

GERENCER, M., KASTELAN, A., DROZANCIC, A., KER-
KIN-BIKLJACIC, B. & MADJARIC, M. (1978) The
HLA antigens in women with recurrent abnormal
pregnancies of unknown aetiology. Tissue
Antigens, 12, 223.

GILL, T.J. (1983) Immunogenetics of spontaneous
abortions in humans. Transplantation, 35, 1.

GILL, T.J. & REPETTI, C.F. (1979) Immune and
genetic factors influencing reproduction. Am. J.
Pathol. 95, 465.

GLASS, R.H. & COLBUS, M.S. (1978) Habitual abor-
tion. Fertil. Steril. 29, 257.

GOODFELLOW, P.N., BARNSTABLE, C.J., BODMER,
W.F., SNARY, D. & CRUMPTON, M.J. (1976) Ex-
pression of HLA system antigens on placenta.
Transplantation, 22, 595.

JOHNSON, P.M., CHENG, H.N., MOLLOY, C.N., STERN,
C.M.M. & SLADE, N.B (1981) Human trophoblast
specific surface antigens identified using monoclon-
al antibodies. Am. J. Repr. Immunol. 1, 246.

JOHNSON, P.M., BARNES, R.M.R., HART, C.A. &
FRANCIS, W.J.A. (1985) Determinants of immuno-

logical responsiveness in recurrent spontaneous
abortion. Transplantation, (in press).

JOHNSON, P.M., BROWN, P.S., OGBIMI, A.O. & SHAR,
L.C.P. (1981) The human syncytiotrophoblast Mic-
rovillous plasma membrane. Reproductive Immu-
nology, published Alan R. Liss Inc New York.

KARDON, N.B., DAVIS, J.G., BERGER, A.I. & BROEK-
MAN, A. (1980) Incidence of chromosomal re-
arrangement in couples with reproductive loss.
Human Genetics, 53, 161.

KIRBY, D.R.S. (1969) Is the trophoblast antigenic?
Transplant. Proc. 1, 53.

KOLB, J.P., CHAOUAT, G. & CHASSOUX, D. (1984)
Immunoactive products of placenta. III. Suppres-
sion of natural killing activity. J. Immunol. 132,
2305.

KOMLOS, L., ZAMIR, R., JOSHUA, H. & HALBRECHT, I.
(1977) Common HLA antigen in couples with
repeated abortion. Clin. Immunol. Immunopath. 7,
330.

LARUITSEN, J.G., KRISTENSEN, T. & GRUNNETT, N.
(1976) Depressed mixed lymphocyte culture reacti-
vity in mothers with recurrent abortion. Am. J.
Obst. Gynae. 125, 35.

MEDAWAR, P.B. (1953) Some immunological and
endocrinological problems rasised by the evolution
of viviparity in vertebrates. Symp. Soc. Exp. Biol. 7,
320.

MILLER, J.F., WILLIAMSON, E. & GLUE, J. et al. (1980)
Fetal loss after implantation: a prospective study.
Lancet, i, 554.

MOWBRAY, J.F., GIBBINGS, C.R., SIDGWICK, A.S.,
RUSZKIEWICZ, M. & BEARD, R.W. (1983) Effects of
transfusion in women with recurrent spontaneous
abortion. Transpl. Proc. 10, 896.

ORNOY, A., SALAMON, J., BEN-ZUR, Z. & KOHN, G.
(1981) Placental findings in spontaneous abortions
and stillbirths. Teratology, 24, 243.

OKSENBERG, J.R., PERSITZ, E., AMAR, A., SCHENKER,
J., SEGAL, S., NELKEN, D. & BRAUTBAR, C. (1983)
Mixed lymphocyte reactivity non responsiveness in
couples with multiple spontaneous abortions. Fer-
til. Steril. 39, 525.

PALM, J. (1974) Maternal-fetal histoincompatibility in
rats: an escape from adversity. Cancer Res. 34,
2061.

RAGHUPATHY, R. & TALWAR, G.P. (1983) Unique and
modified concepts of the survival of the fetus in an

immunologically privileged site. Immunobiology of
transplantation, cancer and pregnancy. ed Ray PK
publ Pergamon Press New York.

REVILLARD, J.P., BROCHIER, J., ROBERT, M., BON-
NEAU, M. & TRAEGER, J. (1976) Immunologic
properties of placental eluates. Transplant Proc. 8,
275.

REVILLARD, J.P., ROBERT, M., DU PONT, E., BETUEL,
H., RIFLE, G. & TRAEGER, J. (1973) Inhibition of
MLC by alloantibodies in renal transplantation
and in pregnancy. Transplant Proc. 5, 331.

ROCKLIN, R.E., KITZMILLER, J.L. & KAYE, M.D.
(1979) Immunobiology of maternal-fetal relation-
ship. Ann. Rev. Med. 30, 375.

ROCKLIN, R.E., ZUCKERMAN, J.E., ALPERT, E. &
DAVID, J.R. (1973) Effect of multiparity on human
maternal hypersensitivity to foetal antigen. Nature,
241, 130.



Immunology of abortion 7
RocKLIN, W.B., KITZMILLER, J.L., CARPENTER, C.B.,
GARovoy, M.R. & DAVID, J. (1976) Maternal-Fetal
relation: absence ofa blocking factor from serum of
women with chronic abortion. N. Engl. J. Med. 295,
1209.

ROSSANT, J., MAURO, V.M. & CROY, B.A. (1982)
Importance of trophoblast genotype for survival of
interspecific murin chimeras. J. Embryol. Exp.
Morhol. 69, 141.

ROTH, D.B. (1963) The frequency of spontaneous
abortion. Int. J. Fertil. 8, 431.

SMITH, N.C., BRUSH, M.G. & LucKETT S. (1974)
Preparation of human placental villous surface
membrane. Nature, 252, 302.

STIRRAT, G. (1983) Recurrent abortion-a review. Br.
J. Obstet. Gynae. 90, 881.

SZULMAN, E. (1973) ABO incompatibility in fetal
wastage. Res. Repr. 5, 3.

TAYLOR, C. & FAULK, W.P. (1981) Prevention of
recurrent abortion with leucocyte transfusion. Lan-
cet, ii, 68.

TAYLOR, P.V. & HANCOCK, K.W. (1975) Antigenicity
of trophoblast and possible antigen masking effects
during pregnancy. Immunology, 28, 973.

TONGIO, M.M., BERREBI, A. & MAYER, S. (1972) A
study of lymphocytotoxic antibodies in multi-
parous women having had at least four pregnan-
cies. Tissue Antigens, 2, 378.

VivEs, J., GELABERT, A. & CASTILLO, R. (1976) HLA
antibodies and period of gestation: decline in
frequency of positive sera during last trimester.
Tissue Antigens, 7, 209.

WEGMANN, T.G. (1981) The presence of Class I MHC
antigens at the maternal-fetal interface. J. Reprod.
Immunol. 3, 267.

WHYTE, LoKE, Y.C. (1979) Antigens of the human
trophoblast plasma membrane. Clin. exp. Immunol.
37, 359.

YOUTANANUKORN, V., MATANGKASOMBUT, P. &
OSATHANONDH, V. (1974) Onset ofhuman maternal
cell mediated immune reaction to placental antigen.
Clin. exp. Immunol. 16, 593.


