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IMMUNOGENETIC STUDIES ON H~Y ANTIGER

by

Abraham Shalev

ABSTRACT

lf A-single;restimulation of female DA and Lewis rats at § weeks
after. 10 éonsecutive injections with rmale splenocytes resulted in
‘pro&uction of-specific H~Y antisera.FComplete Freund’s adjuvant (CFA)
... was-used priof to immunizaﬁion’qﬁ C57B1/6 mice to induce high ‘yolﬁmes
of ascites fluid. The'titer of H-Y antibodies in the ascites fluid was
similar to the titer in the blood serum from a second group immunized

2. The presence of a mammalian crossreactive H-Y antigen in the

male lobster ( Homarus americanus ) is demonstrated by repeated

testing of hemocytes from male and female lobsters. In addition

evidence 1s presented for the presence of H-Y antigen on the surface

/ . _
of gonadalfcells in three insect species. It is suggested that the

mammalian TH-Y ahtigen evolved from a primordial'H—Y—like molecule in




invertebrates.

3. H-Y antigen has Dbeen detected in the guppy ( Lebistes
‘reticulatus } .« The possible significance of H-~Y antiecen in fish is

discussed in relation to its role in mammalian sex determination.

4. Cultured skin fibroblasts and ponadal cells (gonadoblastoma)
from a patient with 46,XY gonadal dyspenesis were found to be H-Y
positive. It is suggested that a mutation at a different 1locus

(gonadal receptor?) could be responsible for this condition.

5. A farmily of polied goéts wvas tested for H-Y antigen. Cultured
fibréblasts from two homozvgous (g[g) pseudohermaphrodite goats were
found to express H-Y.antigen at a lower level than fibroblésts from
. two o;hef males. One heterozygous female (mother of an intersex) was
‘found © to express. FH—Y antigen at a subnormal ievel. Another
bheterozygous female was H-Y aﬁtigen negative. The. possible ' genetic

_relation between the geﬁe for polledness, the intersexuality trait and

H-Y antigen are discussed.

6. No Aevideﬁce wasvfound qu.cross£eéctivity‘bétWeén fhe mosaic
of Hepatifis B surface antigens and H~Y antigen as postulated by Drew
et al. (1978, 1978a) Alternétive possibilities to explain their
bobservations of changes in sex ratio -in the highly infected Greek

population are suggested.

7. Splenectomy prior ‘breeding of C€5781/6 female mice did not
alter their capacity to reject male ‘skin grafts. However,' it did

result in a decrease in sex ratio.:

-
8+ Male skin graft survival in primiparous C5781/6 mice was
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significantly shorter ip females transplanted within 6 days
post-partum as compared to females transplanted within 10 to 20 days
post~partum. It is suggested that male fetuses stimulate the mother
against H-Y antigen and that the immune balance between cvtotoxic and

'tolerogenic (suppressor) cells changes with time after birth.

9. Parous DA rats produce H-Y antibodies in response to the
‘stimulation of their male fetuseé. Within the limitations of the size
of.fhe populatién studied, it was found that presence of antibodies
was bnot correléted to thé stage of parity or number of male offspring
ﬁorn- Maternal H-Y antibodies were transmitted to the fetuses and were
détected only in female offspring. The possible significance of these

findings is discussed.

-10. Experiments were conducted to detect the possible effect of
immunization to the B-Y antigen on sex ratio in C57B1/6 ﬁice. It was
found that immunization to H-Y antigen following splenectomy resulted
in a slight ,but significant, increase in sex ratio which was in good
agreement with - previous reports. Immunization to H~Y‘antigen without
ﬁréﬁibdé ééieﬁééfbmy or‘fbliowing Sensitiéétion ﬁifﬁ feﬁaie cells did
not affect sex ratio. Restimulétion to H-Y antigen 30 days after the
primary immunization resulted in a decrease in sex ratio. Other

factors, such as litter size, breeding efficiency, and

breeding+gestation period were not affected by any of the treatments.

It dis concluded that the maternal inmune system plays a limited role
in balancing the natural sex ratio in mice and that H~Y antigen may be

of special significance in this respect.

/




PART 1

GENERAL INTRODUCTION

.
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1.1 H-Y ANTIGEM:BISTORICAL ASPECTS

The histocompatibility Y (H~Y) antipen was discovered by Eichwald
~and Silmser (1955) who observed that male-to-female skin grafts within
inbred strains of mice were rejected. ¥rom 1955 to 1972 male—~to-female
skin transplantation was the chief method employed to investigate H-Y
antigen. Althoﬁgh the aﬁplications of this methodology were limited,
some substantial ﬁnderstanding on the nature of H-Y antigen was
achieved duringv those years whiph then allowed further progress
aﬁplying in vitro methods. The achievements during this period have
been diséussed by Gésser and Silvers (1972), Silvers and Wachtei

(1977), and Wachtel(1977) and are listed below .

i. Ay male specific (H-Y) antigen was detected on every tissue
" examined including'skin,lung;salivary gland,blood leukocytes,red blood
cells,Spleen,liver,kidney,heart,parathyroid,thyroid, adfénal cortical
. tissue,pi;uitary'»glands, embfyonic cells (11 days), and spermatozoa.
'H—YkAantigen was therefore considéred to  have a ubiquitous
’»distribution.

'“VZJExpréSSioh of H-Y aﬁtigen in the mouse depends on the presence -
of é Y chromosome in.the cells since X0 cells or tumor celisl lacking
the Y fail to induce accelerated rejection of male skin grafts. |

| 33Expxession of H-Y antigen is evidently unrelated to sex
hormones.. k
4.A1thouéh all strains of mnice react immunologicaliy to H-~Y
Aantigen,some strains do not reject male skin grafts. The capacity to
reject male skin grafts was associated with the murine major

histocompatibiifty complex (MHC). It was concluded that genes in this

region and probably also in other regions control the cytotoxic




response to H-Y antigen;

5. Experimental e&idence suggested that Y-linked incompatibility
between male fetuses’and their mother has a stimulatory effect on
placental growth and can affect sex ratio.

6. Tolerance to H-Y antigen can easily be induced in a variety of
ways. Tolerance due to parity was particularly investigated.

7. A system homologous to the murine H-Y occurs in rats,chickens,
and fish.

8. Exisiénce. of an X-linked histocompatibilify antigen (H-X) in

mice was studied.

The development of the sperm cytotoxicity test fof' H-Y typing
(GoldBerg et al. , 1971) and the application of this test by Wachtel
and his associates led to a series of discoveries which established
the basis for most of the present research in this field. In an early
study Wachtei et al. (1973) showed that male lymphoid cells resident
in female (chimeric) mice continued to express H-Y antigen. This was
definite evidence that expression of H-Y antigen 1is independent of
>-ma1e'. hofmones._» Shortly afterwards Wachtél ggi.gl;_ (1974,1975a5
established the crossreactivity 6f H-Y aﬁtigeh émong .a ‘Vafiééy of
vvertebraté.species from man to amphibia. Expression 6f H~Yvaﬁtigen wés
fpund to be associated with the heterogametic sex irrespective of
whether fhis vas male or feﬁale . This finding and other evidence led
. VWachtel et al. (1975b) to propose for the first time that H-Y antigen
is resﬁonsible for primary sex determination in‘fmammals. A strict
association between H-Y antigen and the presence of tésticular tissue
was confirmgqm%q‘studies on ‘accidents’ of Nature in sex determination

/
such ‘as the XX males, Tfm mice and humans, the Sxr mouse,the

/

freemartin . and others (see Wachtel and Ohno ( 1979 ),Wachtel et al.

-
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'1977b ,and Ohno, 1979).

Dr. Susumu Ohno (Ohno 1976a,1976b,19772,1977b ,1979, Ohro et al.
1977, 1879) was the pioneer in proposing the physiochemical role of
1i-Y antigen in sex determination and its asscciation with other plasma
membréne components before firm experimental evidence was available.

His models and hypotheses have been largely confirmed by later

experiments.

Two bioloéical phenomena which have accurmulated a significant
amount of evidence are: 1. the geneticv control  of cell mediated
cytdtoxic responses to H-Y antigen and 2. the association of H~Y
antigén with other membrane components on the surface of the cells. In
a series 'of publications ,Gordon et al. 1976,1977, Simpson et. al.
,1978, Hurme et al. 1977, 1978a,1978b, Matsunaga and Simpson, 1978 and
Goulmy gg_gl#_lQ??) it was demonstrated that the cytotoxic Tesponse to
‘H7Y.antigén is réstricted by compatibility at the MHC region in both
mouse . and - man. _Fﬁrthermore, several ‘regulatory genes have been
identified: an Ir gene at the MHC and other genes which were . not
'1iﬁkédw.tﬁ. fhé.HHC.uThese'étﬁdiés;reveai-that 1iké’6tﬁer réSﬁbﬁses to’
histocompatibility antigens, the immune response to H-Y antigen is
Aunder genetic control, and furthermore, that H-Y antigenicity might be
the result of its associatlon with other membrane components such as
ﬁz—mlcroglobulln and MHC antigens « Several authors have investigated
the association of H~Y with MHC antigens and 2 microglobulin on the
‘plasma membrane. Geib et al. (1976) and Fellous et al. (1978)

sﬁggested that H~Y antigen is not associated with either H-? or HLA

/ : :
antigens on the cell membrane, Beutler et al. (1972) suggested that

H-Y antigen ufilizes/gz—microglobulin—HLA antigen dimers as the plasma




.

membrane anchorage sites on human male cells ( Ohno 1977). The"
association between BE-Y aruii%bmﬁcroglobulin has been substantiated

also by Fellous et al (1978).

1.2 IN VITRO DETECTIOK OF H-Y ANTIGEN

A seriousldifficﬁlty encountered in the in vitro detection of H-Y
‘antigen is- the fact _that H-Y 4s a weak antigen and results in
low-titer antisera upon immunization. The general problem of “weak™
vs. ‘strong" antigenicity,although interesting, is not pertinent to
the subject of this thesis. However, attention is directed té a recent
-publication in which tﬁe immﬁnogenicity of antigens is shown to be in
opposite relation - to their evolutionary conservation rate
(Ogievetskaya,1979). A general advantége for studies on H-Y antigen is
“that iﬁbred strains of probably ény species and cells  from most
‘tissues may be wused for imrunization. A great variety of in vitro
detection methods ﬁave been suggested in recent yvears (see Shalev gﬁv
'gl;_.ié;S); 'ﬁéweVer;~ none - of £hé metﬁods Waé Senéitiﬁe ehbﬁghvfoi
_introduction into routine clinical diagnosis and fheréfore remained
within the 1linmits of laboratory experimentation. The technical
diffculty ofbusing and testing H-Y ant;sera is demonstrated by the »
fact that.H-Y antisera are rapidly inactivated aﬁ room temperature or.
after repeated freeze~thawing . This sensitivityvfestricts.the way in
which antisera bcan be used in various immunological techniques, .

Until the development of more sensitive methods  such as

; . .
radioimmunoassay, one- 1is left with rather ‘crude” qualitative

detection méthods which are of limited use in quantitation studies.




The fact that H-Y antisera are able to kill spermatozoa

(complement mediated cytotoxicity)led Shalev et al. (1977) to develop

a method which allowed observation of the fluorescent ¥ (Barr) and Y

(or- F) bodies in live cells following the selective killine of some
célls by complement and antibody. This technique enables one to test
the specificity with which cells expressing Y-linked (H-Y) antigens or
X-linked antigen ére killed in heterogeneous cell population such as
sperm;tumor cells or cultured cells. Anti H-Y serum was not applicable
in this‘study since H—f antibodies are not known to be cvtotoxic to
fibroblasts aﬁd staining of sperm for Y-bodies was least succesful. A
direct hemagglutination fechnique for H-Y typing was also developed by
Shalev gg'gil.(1978),but has not been used in . studies presented in
this thesis  because of inherent technical difficulties(i.e. time

consuming) and because of the advantage of the protein - A rosette

-technique for detection-of maternally transmitted (IgG)antibodies. The

PA rosette technique which was modified of the technique of Koo and
Goldberg (1978) has been used in all in vitro studies presented in

this ‘thesis. The principles of the nethod are illustrated in Figure 1

and the modlflcatlons from Koo and boldberg (1978) are listed below.

l-Preparatibn  of 0.1% CrCl3 stock solution: A glass

container,glass stopper and a stirrer, were soaked for 4& hours in

chromic acid to remove debris and then-washed for several hours under
running distilled water. Hand éontact was avoided. Two gms. of CrClB'
crystalg are disolved in 200 ml. of saline (prepared from triple
dlstllled water) stirred for several hours. This solutiog was adjusted
to pH- SQOf.dai;y for at:léast one week with a NaOH 0.01N solutioﬁ;
Further adjLstments were made every second week. The solution should

e

be green-blue in color and completely clear. Prior to conjugation of




Figure l.A

The principles of the S~PA rosette technique.

THE S-PA ROSETTE TECHNIQUE

@ @ PURIFIED S-PA
CrClg

30 pl OF H-Y , .
ANTISERUM X / aeiie™N ¥ ous)

30 pf OF MALE
LYMPHOCYTES
(2x107/mh) .| wasHeo srec
¢ © ,
n : ;

P
Y
' ‘ ’ WASHED AND ADJUSTED TO
INCUBATED 30° ON ICE : ~1x108
WASHED x3 WITH COLD BUFFER : : . ‘

| n.v ANTIBODY ‘

Stages in the technique

l. Conjugation of staphylococcal protein A (S—PA) to washed sheep
erythrocytes (SRBC) and checking for successful conjugation
(absence of clumps and high rosette formation with a known
antiserum).

2. Incubation of male and female lfmphocytes in H~Y antiserum.

3. Washing of excess antiserum.

4. Adding of PA-SRBC to washed lymphocytes,spinning and
incubation at room temperature.

5. The quality of the H-Y antiserum is determined by the:
efficiency of rosette formation with male as compared to female
lymphocytes. : :

-
7
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PA* to the sheep>erythrocytes-( Koo and Goldberg,1978)the  solution is
diluted ten-fold in saline apnd used immediately.

2.Lymphocytes (from the same species aﬂd strain as the anti- H~Y
-sera) were routinely obtained from mesenteric and peripheral lymph
nodes through maceration in minimal essential medium (MEM) or lank’s
medium and £ransfered through a lightly packed nvlon wool syringe to
| eliminate clumps of cells. Viability of at least 80% was confirmed
prio: to use by d&e exclusion (trypan blue). Following the incubation '
cof the lymphocytes with the antiserum they were washed twice with a
volume of 50 ml.. of ice cold (0-4°C)phosphate buffered saline (PBS)
and then spun together with 0.3 ml. of 0.5% PA-SRBC (800 r.p.m.) for
10 min. (ratio of lymphocytes fo SRBC ranged between 1:20 to 1:40).
The pellet was allowed to stay at room temperature for ‘60 min. before
final scofing for rbsettes.‘ |

-3; One ‘drop (Zgﬂl) of fresh crystal violet solutionbin PBS(2.0%)
was aﬂded»to the pellet which was then resuspended and allowed to stay
at room tehpexature for another 2 min. Two hundred cells or more were
regularly and randomiy counted for each tube under a hemocytometer.
| Ceiisrwﬁifh' at ‘ieast 3 attached SRBC * were cbﬁhtéd.as a possitive

rosette.

"These conditions allowed fair reproducibility of the results.
Minimal = variability was observed with repetitions of the same
experimental tube.(O—SZ)- The variability increased with the use of
different batches = of PA-SRBC and H-Y antisera, but mostly did not
excéed iSZ.

No conyention exists for an optimal method(s) to produce H-Y
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antisera, use of preferred species, or selection of a particular
tissue to be used for immunization exists. However,it seems acceptable
that doses of 0.5-3 x 106 cells are optimal for primary stirulation.
Higher doses may lead to tolerance while lower doses might not produce
a sufficiently strone response or may as well induce tolerance. The
rmethod of immunization should also be appropriate to the detection
method used. For iﬁstance, a strong secondary response is optimal for
use in stimulating préduction of IeoG antibodies which is wuseful for

the protein A rosette technique.

1.3 EVOLUTIONARY CONSERVATION OF H~Y ANTIGEN

One of the most interesting features of H-Y antigen is its
extreme evolutionary conservation. H-Y is a cell membrane component
that is wide 15pread - among living organisms (vertebrates,

‘invertebrates?,protézoa?) like the familiy of histone proteins
: (I,II 2,IIBI,ITII,IV), actin and cytochrome C,all of which show only
slight amino acid cﬁanges in the éoursex 6f  miliibns of yeéfs vof

evolution (Ogieveskava,l1979).

Early transplantation experiments indicated that mouse and rat
H-~Y antigen are very similar or identi&al (Silvers and Young, 1973).
Wachtel gﬁ_ al. (1975a) were the first to dermonstrate crossreactivity
of H-Y gntigen in é great variety of vertebrate species including -
birds and amphibia. These findings were confirmed in a number of
~studies invmﬁ{éﬁirat or mouse H-Y antisera were wused to detect H-Y

antigen in ‘a variety of species (Shalev et al. 1978, Fellous et al.

1978)._ It is perhaps noteworthy that we 'had difficulties in
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demonstrating presence of H-Y antigen on cells from the cat,the quail
and the rainbow trout which may sugpest major anticenic differences in

these species (Shalev et al., 1978).

In other studies using the PA rosette technique, H-Y auntigen was

identified on cells derived from the male guppy ( Lebistes reticulatus

) and on herocytes from the male lobster ( Homarus americanus ) (see

below). Evidence for expression of a mammalian crossreactive H-Y
antigen on ‘the gonadal cells of three insect species ‘is presented in

Chaptef 2.

What part of the H-Y molecule is identified as foreign by females
which then mount an immune response? Ohno (1977a) suggested that the
evolutionary conserved part of H-Y antigen (recognized by B cells)is
different from the'partvof the antigen which is recognized by T cells
and that both parts  are -wecbedded in an anchecrage site composed of
ﬂZ—microgiobulin‘and NHC-éntigen.»As mentioned above the association
between H—Y ahtigen and.ﬁb-microglobulin was demonstrated but no good
_evidence for the-asséciatiqn of H-Y with HMHC antigen is equivocal. In
:light of the weék immune response to H—Y.antiéen,it can be speculated
that some parts of the H~Y molecular complex may be recognized as self
determiﬁants. Indeed, evidence for the existence of a factor in fetal
mouse ovary ﬁhat can block binding of H-Y antigen molecules to ovarian

célls has been recently presented (Wachtel_and Ha;l,1979).

" Some experimental evidence,suggests that the H-Y antigen on mouse

skin (identified in vivo) may differ from the H-Y antigen on lymphoid

, _
cells which was recognized by  in- vitro techniques

(Melvoid,1977,Haughton, et al. 1979) and it is possible that there are




~13-

tﬁo different male specific antipens. Other questions of interest are
whether of not the murine H-Y antigen has alleles (same species) and
to what extent ,if at all, its structure is different in evolutionary
'distant classes such as Osteichthves (bony fish) or Armphibia and
Hammalia. Some claims for allelism of H-Y antigen have previously been
made by Hildeman and his associates (see Wachtel,1977). However,in two
recent studies (Andrews and \Wachtel,1979: Simpson et al. 1979)
attempts to discover allelism for H-Y antigen in outbred populations
of mice failed. AS far as molecular differences in the structure of
H-Y antigen among vérious species or classes are concerned;no data are

available.

1.4 H-Y ANTIGEN AND SEX DETERMINATION

™

The role of H-Y antigen in mammalian sex determination has been
recently ’discusséd and presented in a series of publications
(Ohno, 1977;Wachtel. and Ohno ( 1979 ),Zenzes et al. 1978a,1978b) and
. ohn6 22:21# ;1979). ’ : L

£

Most reviews on sex determination and the evolution of sex
determination to date deal with sex chromosomes as physical and visual
markers rather than with sex determining genes,their products and
»»ﬁheir mode of action.This approéch is somewhat misleading, since the
. presence of sex 'éhromosqmes (particularly in invertebrates and low
vertebrétes) provides little,if any, information on the actual genetic
‘and physioshemical control on sex determination. They may, howéver, be
relevanﬁ té other fuﬁctions»suéh as spefmatogenesis and »ovogeﬁesis

.

(e.o. Drosophilé_ ) The absence of typical sex chromosomes,on the
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ofher hand, does not necessarily indicate absence of a genetic control
on sex aetermination which leads to the primary establishment of a
sexually characterized szonadal tissue.The only direct approach to an
understandinpg of the mechanism of sex determination is to identify the
responsible gene products and to identify their role in this process.
.The discovery of the crucial involvement of H~Y antigen in mammalian
sex determination is a major step in this direction.Does H-Y antigen
have the same significant role in non-mammalian species as in mammals?
In a recent sfudy Huller et al. (1979) presented data showing that
H~W(H—Y) 'antigee_ expression can be induced in_ gonads of sex-reverse&

male chicken embryos after oestradiol treatwent.This finding suggests

“not only that the structural gene for H-Y(H-W) is not W-linked in the

chicken, but also that there may be an interdependent interaction

between the effect of H-Y ahtigen and the effect of the hormonal

venv1ronment in determining the gonadal sex. Furthermore,this finding
- might suggest that the functional significance of H-Y antigen is

vrelated'to the evolutionary stage of the class: H-Y may have little or

no special significance for sex determination in lower vertebrates and

1nvertebrates and may have’ acquired its major sex determinlnp role in

mammals, gradually.

1.5 FETAL-MATERNAL IMMUNE INTERACTION

Fetal-maternal immune interactions have been the subject of

-numerous investigations, papers and books. The central questions are

-

/ .
how the ‘conceptus »@s an allograft, survives the maternal immune

" reaction tosits paternal derived antigens, and how does the immune

P
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state of the mother influence its development.General reviews on this
subject are available ( Beer and Billingham ,1976, l.endenhall, 1976,

Billington, 1976, Gudson, 1976,Solomon, 1976, and Bernard, 1977).

In the preface to their book Beer and Billingham (19276)
chronologically list the major events in the development of the
research on. the immunology of mammalian reproduction.It was only at
the beginning of the 20th century that the fetus was first recognized
'as  an allograft' which in some mysterious way mannges to thrive and
escape the adversity of the maternal immune system.This question has
not yét been‘cbmpletely resolved.It became clear that nature’s defence
mechanisms are not perfected‘ and that under special circumstances
daﬁage and even destruction nf the conceptus by the maternal immune
system can occur. Furthermore,it became increasingly evident that
histocompatibility differences‘ between mother and conceptus can
affect embryonip implantation,trophoblastic invasion, placental size
‘nnd fetal.neight. A milestone in the understanding of fetal-maternal
interactipns was tﬁe widely confirmed phenomenon of transfer of
- maternal and fetal cells.thrqugh_the placenta and.theinransmissipnu of
maternal antibodies to the fetus in most mammalian species including
man. The consequences of maternal éxposure to paternai antipgen is well
known in intercrosses of rat strains: neonates die due to runt disease
(graft vérsusb host) resulting: from “the maternal fransmiSsion of
stimulated; lvmphocytes against paternal rantiggns,or as a result of
maternal preconditioning to paternal strain skin grafts.Similar
consequénces are recognized ‘also in humans (see'-Beer and

Billingham”1976)-

The gemeral question of changes in sex ratio and other possible
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roles. of H-Y antigen in affecting the fetal-maternal immune
interactions are discussed elsewﬁere in this thesis. The studies deal
with the immune response to H-~Y antigen of parous rats and mice as
reflected by the ﬁroduction of H-Y antibodies |, capacity vto reject

male skin grafts and changes in sex ratio.




PART 2

METHODOLOGY. EVOLUTIONARY CONSERVATION. SEX DETERMINATION.




CHAPTER I

A NOTE ON THE PRODUCTION OF H~Y ANTIBODIES

PTEIN
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The most serious hindrance to the immune detection of H-Y antigen
is the weakness of the antisera. This results in low cytotoxic titers
to mouse sperm or low affinity to lymphocytés when measured by rosette
formation. Tﬁis characteristic of H-Y antisera limits its application
in wvarious immunolqgical procedures such as antibody purification and

cytotoxicity to lymphoid cells.

It is known thatvdifferent species and strains of mice and rats

-can be used for prodﬁction of H-Y antibodies, inciuding those strains
of mice wﬁich do not Treject male skin 'grafts (Goldberg gE! al.:

Hausman, 1973: Fellous ‘et al., 1978)). The C57B1/6 strain has

been,however, most frequently used for this purpose (Wachtel et al.,

1974; Wechtel Sg;él}, 1975: Wachtel et al. ,1976)). Nonetheless, the

efficiency of various species, strains and immunization protocols to

'produce H-Y antibodies is almost an uninvestigated field. The present

- study is 2 modest contribution in this direction.

Using a modified technique for H-Y typing of Koo and Goldberg
(1978)(See'-Infroduétion) the prqduction of H-Y antibodies by inbred
Strains’was> compared after 'aA series‘ of injections (termed here
%primary response ‘) or a single #e—Stimulation (secondary response).
In addition, a néw immunization technique was examined in C57B1/6
mice. One group was normally immuniized and the other was given
-complete Freund’s adjuvant (FCA) prior to immunization to geherate

ascites fluid.

Spleen cells for immunization were prepared as follows: Spleens

, :
from two mice or one rat were removed into 10 ml. of MEM medium. Using

a}fine neetle and a 1 ml. syringe , the spleens were then perfused
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with the same medium to force the erythrocytes into the medium. After
10 such prefusion injections the spleens were free of most (~80%) of
the erythorcytes and were mechanically macerated. Before adjusting the
concentration of cells they wvere passed through a non-packed nylon

wool Pasteur-pipette to eliminate cell-clumps.

Female Eigg_weré given 5 intraperitoneal (i.p.) injectiops ‘of
2--3x106 male splenocytes in 0.1 ml. séline at 3 days intervals. A
month later the animals were re-stimulated with 3 injectionsi of tﬁe
same concentration at 7 day intervals. The group treated with FCA was
given O.évml. of FCA i~p. 30 min. prior to the injections of cells
which- resultgd in the development of an ascites in the second week of
immunization. These animais were "milked" weekly by aspiration with 5
ml. syringe- The volume of ascites fluid obtained from each mouse

during the three weeks was between 3 and 6 ml.

Female rats were given 10 consecutive injection (i.pe)of 2-3 x
106 male splenocytes and were re-stimulated 6 weeks later with a

single dose of 1x107 male splenocyvtes.

.The results in Table 1 indicate that the antisera obtained
following the secondary immunization in both DA and Lewis rats were of
higher specificity in binding to male cells. Accordingly, the means +
S.D. of the difference in rosette féimation with male and female
1ymphocyteé of DA and Lewisi rats a&e 4.1 + 7.4 and 2.3 + 3;2
respecfively'in the primary response and 12.2 + 5.0 and 12.0 + 2.0
respéctively in the secondary ré5ponse. The efficiency of C5781/6 mice
in proddcgidﬁ~fof -H-Y antibodies with or withouf FCA is -compared in
Table 2. Although these groups might be too ‘small to evaluate the

-~
)

efficiency of F¥FCA as a means to stinulate a stronger response to H-Y
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Table 1: Primary and secondary responses of DA and lLewis rats to H-Y

antigen*

Animal . Primary response Secondary response
# DA Lewis DA Lewis
1 © 13.6(11.8) 6.1( 4.2) 15.0(13.3) 12.3( 7.9)
2 1 =6.1(25.7) 5.9( 8.0) v 19.3(10.1) 12.9( 8.8)
3 10.0C 6-8)  4.9( 5.6)  12.6(12.2)  13.2( 3.8)
4 ©=1.5(14.0)  0.2( 4.6) 7-8(13.1) 11.3( 7.4)
5 1. ' 110.5(10.8) 1.2(11.8) - 16.6(11.4) 14.3( 7.4)
6 ’3.1(15.4) .-1.4(15-8)l 6.0(25.5) 12.1( 6.8)
7 : -io2( 9.5)  ~0.5( 9.3) - 8+3( 9.2) 7.7( 8.2)

normél |

serum ' 1.1( 3.4)  =1.3( 1.5) -1.8( 4.8) 0.3( 3.2)

* ’ .

Results (single scoring) are expressed as a difference in ‘% rosettes
formation with male and female lymphocytes (% rosettes with female
cells in brackets).

Blood sera were collected 7 days after the final immunization. The
" same animals were used for the primary and secondary responses. The
means +5.D. of rosette formation with male vs. female lymphocytes
respectively are 17.5+5.7 and 13.446.1 (DA, primary response),
. 10.743.5 and 8.5+4.2 (Lewis, primary response), 25.8+5.0 and 13.5+5.5

(DA, secondary response) and 19.3+2.2 and 7¢2+1.6 (Lewis, secondary
response).
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Table 2: A secondary response to H-Y antigen of C57B1/6 females with

*
and without CFA

Animal Group 1 Group 2
# . (blood serum) (ascites £luid)
1 17.9( 3.4) 17.3( 4.1)
2 33.1(11.3) 0.6( 8.6)
3 12.2(10.1) 14.1(19.2)
4 6+2(17.3) 18.9(12.5)
5 25.4( 9.0) 4e5( 6.3)
6 1.9(17.5) 12.4( 2.9)
7 8:4(15.8) 2.1( 6.3)
normal -0.3( 2.1) 0.6( 2.5)
sérum
” Results are expressed as a difference in % rosette formation

male and female

lymphocytes (% rosettes with female lymphoecytes in

brackets).

The ascites fluid and blood serum were collected from two different
~groups of ‘mite- 7 days after the last immunization. The mean+S.D. of
rosette formation with male and female lymphocytes respecitvely are:
27.14+9.0 and 21.145.2 (group 1) and 18.5+10.4 and 8-6+5.6 (group 2).
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antigen, an advantage for using ascites fluid is that it is a way to
obtain higher volumes of antibody-containing fluid (by repeated

“milking’) then can be obtained from blood serum.

A variety of tissues can be used to immunize females against H-Y
antigen, since H-Y antigen seems to be ubiquitously distributed in
»male tissues (Casse; and Silvers, 1972)). Indeed the imﬁﬁnization of
C57B1/6 mice andADA rats with testicular cells, sperm, spleen cells,
blood celis , and maie skin grafts all led to the producfion of‘ H-Y
antibodies (Shalev gﬁ_.gl-, 1978 } . In these studies antiseré
were éollécted and pooled from experimental groups of 8 animals
(identically immunized) and studied fof presence of autoantibodies. In
light of the present finding, it is suggested that these
'fautoantibodies were contributed by some animals whereas other animals
produced good anti ~H~Y sera. The reasons for “formation of
‘ autoantibodies are not clear. However, mechanisms such as modification

of ‘self”’ antigens due to the in vitro handling or feasible
‘co-recognition. of> a modified "éelff antigen in association with the
recognition of H-Y antigen can . be considered. Anothef aspect of
interest ~is the reasons fof’fincompletef rosette formation (not 100%)
with ﬁ-Y antisera. .One éan attribute this to a low concentration of
VH-Y antibodies (and therefore lower statistical chance for binding to
the cells) or to low affinity between'ihe lymphocytic H-Y antigen and
-y antibo&ies. A lowbcbncentratiOn of H-Y antigen on the cell surface

may be cbnsidered as well.

/
From this study it is concluded that "individual bleeding and

testing of antisera is most crucial. Furthermore, pooling of antisera

.
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conld be wasteful in the sense that it may require prior absorptions

with female cells and loss of specificity. Finally, production of

strong and specific H~Y antiserun may be realized with more ease once

the antigen is purified . The use of the hybridoma technique

{monoclonal antibodies) should prove useful for H~-Y antipen studies.




CHAPTER II1

*
EVIDENCE FOR AN H-Y CROSSREACTIVE ANTIGEN IN INVERTEBRATES

% N
In press in Differentiation. Done as a joint study by A.Shalev,

P.Z.Goldenberg ,from the Department of Immunology, University of

Manitoba, Manitoba Institute of Cell Biology, and Dr. E.Huebner, from
the Departm;ﬂt‘of Zoology , University of Manitoba.

awr
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Introduction

Sex specific antigens are a comron feature in eucaryotic and
'procaryotic species including bacteria, prctozda, plants, insects, and
mammals (Clarke et al., 1977: Crandall, 1977: Fox, 1958: Fox et al.,
1962 lNonroy and Rosati, 1979: Wachtel et al., 1975).  Within this
panoramic range of sex~specific antigens, the evolutionarily conserved
H-Y éﬁtigen seems té have had a strong selective advantage in
.evolution. It is a histocompatibility antigen which 1is present on
virtualiy ~all Acells of male -mammals (Gasser and Silvers, 1972)
functibﬁing in ﬁammalian sex determination as a hormone-like substancg
(Huller et al., 1978; Ohno, 1979). The crossreactivity of the
serologlcally detectable H-Y antigen has been demonstrated in a wide
’range of verteSrate organisms (Wachtel et al., 1975: ©Ohro, 1979
Shalev et al., 1978: Selden and Wachtel, 1977) which makes it likely
to be an ubiquitous antigen among vertebrates. In repeated experiments
L, we 6Bserved that hemocytesvfrom the male but not the female lobster
bépééifiéalij absorbed H-Y antibodies. THé’phenoménoﬁ §f se#'spécifi¢

absorption was also found in three insect species.

Methods

The modified version of the Protein A (PA) rosette technique, was

previously.described (Part 1 and Chapter V).

Anti h-Y—serum was produced in female Lewis rats by 10 1n3ect10ns

(i.p.) of 2 x 106 male splenocytes at 2-3 day intervals followed by a
-y '
booster .of 1 x 107 cells given 6 weeks later. In previous tests this
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ahtiserum showed hiéh specificity in binding to rat male lymphoeytes.
" Rat (Wistar) anti SRBC serum was received as a gift from Dr. E.Napy
- and had a titer of 17125 by direct hemagglutination with SRBC. Rat
Y-globulin was purchased from liiles Laboratories. Inc. Anti H=Y serun
was used at a dilution of 1:4, anti SRBC at a 1:2 dilution and rat

¥Y-globulin at a 1:10 dilution ( 1.8 mp/ml at 0.D. 280)

Hemocytes from 5 different pairs of male and female lobsters were
isolated by withdrawing 1 ml. of lobster hemolymph from the ventral
hemal sinus into a syripge containing 9 ml. lobster hemolymph medium
(Paterson and Stewart; 1974) supplemented with 0.1 M cysteine . The

vcells were spun down for 10 min. at 25 g and 49C.

Gonadal cells from 2 tb 10 insects (depending on species and size
of gonads) were mechanically macerated into 10 ml. of Grace’s Insect
«Hediﬁm (Gibco #194G). The sex of the insects was determined externally
and verified by the gonadal morphology and by microscopic examination
. of the gonad'cohtent- Gonadal cells were washed once in .the same

medium andvspun down at 150 g and 4°C for 5 min.

An  equal volume (30m1) of packed lobster hemocytes (volumetric
measurment) or insect gonadal cells were used to absorb 30 sl of
.antiserum. All ‘cell samples were coded prior to testing and the

results interpreted prior to identifying the sex of the donor animals.

Results and Discussion

In eaéhnbf 10 consecutive tests, using coded hemocytes from 5
,differehp;‘pairs of male and female lobsters, only male hemocytes

specifically absorbed rat H-Y antibody. A highly significant (P¢0.001)
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difference in rosette formation was observed between the male absorbed
and female absorbed H-Y antiserum, but not with rat anti sheep red
plood -cells (SRBC) antiserum or rat ¥-rlobulin (Figure 1). (Rosette
.formation with ¥G is probably due both to the presence of rat
autoantibodies and to the binding of agpregated Ig to Fec receptors). To
establish the quantifative nature of the absorption » lobster
hemocytes and rat spleen cells were exponentially diluted and their
capacity to abéorb H-Y antibody was compared. As shown in Figure 2,

reduction in rosette formation ‘following the absorption with male

heﬁocytes and male rat spléen cells was very similar, which strongly

supports the hypothesis that the lobster’s crossreactive antigen has a

cellular distribution.

Absorption of rat H-Y antiserum with gonadal cells from three
insect species. indicates that the testicular cells from the

Coleopteran beetle ( Passalus cornutus ) and the ovarian cells f£from

two Orthdpteran cockroaches (  Leucophaea maderea and Diploptera

, Eunctéta Y, but not gonadal cells from the opposite sex, absorbed H-Y

. antibodies to a significant extent (Figure 3). Therefore, an H-Y
crossreactive antigen was present on the beetles testicular cells and

the ovarian cells of the cockroaches.

‘Iﬁ .mammals, H-Y antigen is assogiated with the heterogamétic sex
(male). In species iﬁ which the feméie is heterogametic, an H-Y
Croésreactive antigen was found to be associated with the female
(Wachtel et al., 1975: Ohno, 1979: Shalev et al., 1978). This

association, although unexplained as yet, is of interest and might be

related to‘the evolution of the genetic control on sex determination.

The sex <hromosomes of the lobster ( H. americanus ) are unknown,
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Figure 1

f a male specific (H-Y) antigen on the surface of hemogvtes

Presence

from the male lobster.

70 P>0.9
60 |-
w 50F g
L .
- ,. ::
i 40}P<0.001 T
30
32 - :.
| P>0.9 -
20F 111 nmF ;
10}~ - -
| 1 '-:l_ . A
ANTI ANTI RYg

H-Y SRBC

Each bar represents the mean % rosette formation with male Lewis
rat lymph~node lymphocytes following absorption of the antiserum with
male (E]) or female {[J) lobster hemocytes. Broken horizontal lines
represent the mean of tests with wunabsorbed antiserum (top) or no
antiserum (bottom). The means+S.E. of male vs. female dbsorbed tests
from 10 experiments with anti H-Y serum, 4 experiments with
rat-anti-SRBC serum and 6 experiments with rat J§-globulin were
compared by paired t—test and the results of the statistical analysis
are indicated above. The meantS.E. of the bars from left to right
resvectively/arep 38.2+2.6, 21.3+2.4, 19.4+2.1, 19.340.9, 65. 8+2.1 and
64+3+1.7.No ‘self agglutlnatlon of the SRBC occured as a result of the
use of anti~SRBC antlserum. ’
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Figure 2

Quantitative absorption of anti H-Y serum with cells from male and female

lobster and rat
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The results represent the mean from two separate experiments.
Spleen cells were obtained from male and female Lewis rats and were
washed twice with 20 ml. of phosphate buffered saline prior to
‘testing. Markings in the graph are as follows: absorbed male lobster
hemocytes (@& ), absorbed female lobster hemocytes {O), absorbed male
rat splenocytes (A), absorbed female rat splenocytes (A), no
absorption (@) and antiserum omitted (®), controls for lobster tests

and no absorption { A) and antiserum omitted {A) controls for rats
tests, = -




Figure 3 -

Absorption of rat anti H-Y sera with gonadal cells from three

insects.
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-GONAD-AL CELLS USED FOR ABSORPTIO‘N

‘Each bar represents meant+S.E. of 11 tests with <cells from
Leucophaea maderia (L.M.), 6 tests with cells from Passalus cornutus
(P.C.) and 8 tests with cells from Diploptera punctata (D.P.). The
meantS.E. of the male absorbed () and female absorbed () tests
‘respectively are: 16.7+2.4, 28.9+3.1 for L.M., 31.8+3.9, 22.4+4.3 for
P.C., and 26.3+2.8, 41.043.7 for D.P. Broken horizontal - lines
represent the mean of controls with unabsorbed antiserum (top) and no
antiserum (bottom). The results of statistical analysis (paired
 t~test) for each species are indicated. ’
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‘however, sexual dimorphism and male heterogamety are a general rule in
Decapoda (Makino, 1951+ Charniaux-Cotton, 1960). In several Decapoda
species the 'XY/XY, X¥/X0, and XXX/XX sex chromosome mechanisms have

been reported (kiakino, 1951), and it is likely that H.americanus is

not an exception in tﬁis respect. The sex chromosomes of P.cornutus
are of the XN/XY type, and those of L.maderea are of the XX/X0 type
(ilakino, 1951). In both species the male is the heterogametic sex. The
_sex chromosomes of D.Eunctata are unknown, but conceivably, it is also
of the XX/X0 type, since this sex chromosome mechanism is predominant
among Orthoptera v(Makino,_ 1951). It therefore appears - that
»crossreéctiyity between the mammalian E-Y antigen and the invertebrate
antigen. ié assoéiated with the heterogametic sex of the lobster and
the Cblebgteran beetle but with the homogametic sex of the Orthopteran
species. In theilatter case, heterogamety of the male is due to the
lack of a second X, but not to the presence of a—hemizygous sex
chromosoﬁé (Y or W). This difference might be of significance: while
the opeﬁation of a sex Speéific geﬁe in the sex which carries a
hemizygpﬁs.chromésome will regularly be»&ependent on the présence of a
Vgeﬁe‘(étfﬁctﬁfai or réguiator&) linked td'that chfémoééme; in the case
of the XX/X0 méchéniém; one must assume a quantitative effectb which
could depend (as in the cases of Droséphila sex»determinatién) on the
balance with other.autosomesp Alternatively, the two X chromosomes
héve a'-differentiél region which doés not undergo crossing over. Iﬁ
this case one XAchromosome(Xi)‘may carry an inducér‘ gene while the.
other . may carry the structurai gene(Xs). Females of the XiXS

combination expfess the sex specific product while Xlo,and X0 . males

(i i s,S . .
do mnot. X X and X X females which do not express the antigen are

eliminated~at early stages or may live at equilibrium.
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Whilé' the role of the mammalian H-Y antigen in testicular
organogenesis has been established (Ohno, 1979), the possible role of
-the crossreactive H-Y antigen in birds, fish, and amphibia is vet to
be investigated. A connection between the evolution of sex specific
cellular antigen and the evolution of cell-cell recognition systems
has previously been sugeested and discussed (iionroy and Rosati, 1979).
It is possible thét'the original role of an H-Y-like antigen in
metazoa was in sexual interactions or self recognition between male
and'fémale organisms (prevention of self fertilization). Such cellulér
recognition mechanisms are common among lower colonial marine forms as
well as among protista and flowering plants (Crandall, 1977: Monroy
and Rosati, 197%: Katz and Skidmore, 1978: Theodor, 1920: Burnet,
41921). While “self - non-self* recognition appears to be a fundamental
biologic process concerned with control of many developmental and
&iffeféntiation‘ events (Katz and Skidmore, 1978), self antigens which
are invleed in sexual determination must comprise a sub-~specificity
associated with only one sex within.each species. It is therefore
. conceivable that as a sex-specific cell sprface molecule, H-Y aptigen
"had the evolutionary advantage of becoming the major candidate in the
‘primary determination of the mammalian gonad} If this hypothesis is
correct, It may be possible to identify an H-Y like ﬁolecule in even
more primitive eucaryotes (e.g. protisﬁa) » -and to correlate the
evolutibn of the genetic cont;ol on sexAdeﬁermination ,» the role of
the H-Y-like antigen in sexuality and the molecular changes in ité

structure.

ww oo
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Summarz.

A sex specific antigen which crossreacts with the mammalian B-Y

.antigen has been identified on the cell surface of hermocytes from the

lobster ( YHomarus americanus ) and the ponadal cells of three insect

species. The hemocytes from the male lobster, the testicular cells

"from the male beetle ( P.cornutus ) and the ovarian cells from two

Orthopterén sPeciés.( L.maderae and D.punctata ) specifically absorBed
H-Y antibodies; The specificity of H-Y antibody abso:pfions by' cells
fromv only one sex, suggests tﬁat an ancestral H-Y-like antigen may be
preéent in invertebrates which could be engaged in sexual (cellular)

recognition events.




CHAPTER 111

. _ x
EXPRESSION OF H-Y ANTIGEN IN THE GUPPY (LEBISTES RETICULATUS)

% o
~ In press in Differentiation. Done as a joint study by A.Shalev and
E.Huebner, from the Department of Zoology, University of Manitoba.

.
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The H~Y antipen is a unique  example of a _histocompatibility

antigen with a defined ontogenic function (testicular organogenesis)

-and wide phylogenic distribution. The role of H~Y antisen as a

-

organized o the undifférentiated mammalian gonad into a testis has
been inferred from cases of “Nature errors’ in sex determination and
from in vitro experiments: manipulating “testis-like’ or “ovary-like”
structures by the' use of anti H-Y séra or soluble H-Y antigen fluid
(Zenzes gﬁ_élf,_1978a, 1978b: Ohno, 1979: \Vachtel and Ohno (1979) -
Nagai et al., 1979). The evolutionary conservatién of H;Y antigenvin
‘vertebrates has been shown by the fact that absorption of the anti H-Y
sera with éells from one sex (usually the heterogametic one) resulted

in a drop in sperm cytotoxicity (Wachtel et al., 1975) or

hemagglutination‘titer (Shalev et al., 1978). In the present study ' we

.used the protein-A rosette technique , previously described by Koo and

Goldberg (1978), to test for presence of a crossreactive H-Y antigen

in the guppy ( Lebistes reticulatus ). As shown (Table 1), the

absorption of rat anti H-Y sera by the pooled cells obtained from the

- male guppy, but not the female, resulted. in a significant drop in

" rosette formation by rat H-Y antibody, equivalent to the drop observed

following = the absorption with male rat splenocytes. Thus , indicating
that Lebistes is endowed with a male specific antigen which

crossreacts with the mammalian H-Y antigen.

Presence of a male specific histocompatibility antigen in fish

was first suggested by scale transplantation in an inbred population

of Xiphophorus maculatus (Miller, 1962). This early observation has

recently  been substantiated by an in wvitro study (S.-S.Wachtel,

prersonal communication). Whereas in a previous experiment (Shalev et

o




Rosette formation with male rat (Lewis) lymphocytes following

absorption of anti H~Y serum with cells from male and female fish and

rat.

% rosette formation

(mean + S.E.)

Absbrbed with male cells (rat)* o 18.743.0
Absofbedfwith female cells(rat)* 29.243.5
Absérbed with male cells (guppy) 21.142.0
Absorbed with female cells (guppy) 31.842.1
No absorption (positive control) - 30.8+2.6
No antiserum (negative control) 6.34+1.3

-The figures represent 8 separate tests (* or 3 tests) using coded
samples derived from male and female fish and rat. Anti H-Y serum (1l:4
- dilution) was  absorbed with an equal volume (BO‘ﬂl)"of"cellsv,derived
from the rat spleens or from pooled fish tissues. The liver, heart,
-spleen, and gonads of two fish of each sex were mechanically macerated
in Eagle’s basal medium (Gibco, #230) and rat spleens were macerated
into phosphate buffered saline. The cells were washed once in 10 ml.
of the same media prior to absorption. :

Anti H~Y serum was produced in Lewis rats by 10 injections of 2 x
10" male splenocytes at 2-3 days intervals which was followed by a
booster injection of 1 x 10' cells 6 weeks later. In previous tests
this antiserum produced 300 % rosette formation vith male 1lymphocytes
as compared to female lymphocytes. -

The results obtained following absorption with male cells are
significantly different (p<0.01) from those obtained following
. absorption with female cells for each species respectively.

o .

/
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al, 1978) using blood cells from the rainbow trout ( Salmo gairdneri )

it was not possible to clearly determine which sex, if at all, was H-Y
positive, in the present experiment we identified the sex of the cells

donor {(coded) with no difficulty after each test.

It‘is established that the male guppy is the heterogametic sex
(see ﬁaskins et al., 1970; Makino, 1951: White, 1973), which is indeed
in accord with the éeneral findings of association betweeﬁ H-Y_antigen
and thé heterogametic sex (Wachtel et 21.,1975: Shalev g&_gi;, 1978)).5
Extensivé studies by Winge and his associates on the guppy (see White,
1673) have provided that by transfer of sex determining genes to the
autosomés the héterogametic sex can be reversed from the male to the
female. This and other evidgnce led White (1973) to conclude that sex
determinagion mechanismé in cypridont fish are in a primitive and
unstable’ staté. Unlike mammals, in which sex determinatiqn is
'simplified by.the‘ exisﬁence of major sex. determining genes, the
'situation in lower vertebrates might be more complicated (Ohno, 1679).
Demonstration of sex . chromosomes as well as‘stable sex ratios are
- strong .indicators for genetic con;;ol on sex detexminatinf.in_vfishf
Howevef, the ease at which fish can be sex reversed by hormonal and
environﬁéntal manipulations (White, 1973: Chan, 1970: Schreck, 1974;
bReinboth, 1975) suggests a significant role for non-genetic components
in determining ;he gonadal sex. Théféengtic cdmponent can therefore
© either intéfact with or be cont;olled by the external factors. if H-Y
antigen is responsible for" gonadal organogenesis in fish then one
should éxpect that factors which will turn an ovary inté a fertile
testis (aiﬁdming the"XX/XY sex chromosomes constitution ) will also
induce expression of H-Y antigen. Indeed s .in the higher class Aves in

3 B
which the sex chromosone mechanism Z2/2v is predominant and the female
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is H-Y positive, male chicken embryos were shown to express H-Y (H~W)
antigen after .oestradiol treatement (Muller et al., 1979). Can
environmental factors simulate the hormonal effect in fish to induce
expression of H-Y antigen ? The possiblity that H-Y antigen 1is " not
relevant to sex determination in fish might also be considered.
Nevertheless, since a nonesence presence of the antigen on the surface
of‘cellvonvonly one sex is difficult to comprehend, we suggest that
the H-Y grossreactiﬁe antigen in fish might have a limited role in the
differentiation of the gonad. This can poséibly represent a
'transi;ioﬁal evolutionary stage before H~Y antigen acquired its major

role in manmmals.

While the sérological experiments iike the present one explore
the conservation of a unique (H-Y) antigen and the evolution of the
genetic control on sex determination srecent results from our
‘laboratory indicate that an H-Y crossreactive antigen 1is present in
invertebrate species(Chapter 1II). This 'may imply that the original
. evolution#ry function of the ancestrai H-Y antigen could have been in
sexual cell-cell ‘fecognition events such as the known role of the

mating-antigéns in protis£a>(Crandall, 1977).

Summary

Expression of a mammalian crossreactive H~Y antigen on the

surface of cells dérived from the male guppy ( Lebistes reticulatus )

is demonstrated. This finding further establishes the evolutionary
conservation ~of- H-Y antigen among lower vertebrates and provides a

basis for speculation on the possible evolutionary association between
, ey _
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" H-Y antigen and sex determination.

Note in Proof

Following the acceptance for publicaﬁion of this communication,
two papers on the presence of H~Y antigen in fish were published in
this Journal (Pechan et al., Differentiation 14, 189, 1979 and Muller
and Wolf, Differentiation 14, 185, 1979). The presence of H-Y antigen

in several teleostean fish ‘including Xiphophorus hilleri , X.

maculatus and Lebistes reticulatus was demonstrated.

It is of iﬁterest to note that in accord with a previous report
(Shalev et al., 1978), Muller and Wolf (1979) were unable to clearly

identify one sex of Salmo gairdneri which was H-Y positive; though

their  -resu1ts ~ indicate that ovarian cells absorbed more H-Y
_éntibodies- The authoré considered the pbssibility that the absorption
’by both sexes could have been the result of a mnon-specific reaction

bétwéen rat immunoglobulins' and fish xenogenic ahtigeﬁs (such

Vpossibilitf‘is natu;ally excludedehen a sex spgcifié or anti H-Y

specific reaction is observed). In light of our recent report (Shalev
et al., in press) on the presence of an H-Y crossreactive antigen vin
”;invéfﬁeéraééé; the suggestion by Muller and W01f'(1979) that‘HQY‘v

antigen was originally shared by both sexes should bebréexaminéd.




CHAPTER 1V

*
46,XY GONADAL DYSGENESIS AND H-Y ANTIGEN

This study was. carried out in collaboration with Dr’s F.I. Reyes,
J.Blankstein, J.S.D.Winter and C.Faiman, from the Department of
Pediatrics, University of Manitoba. :

"y

-
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It 1is established that individuals with XY gonadal dysgenesis
fail to develop testes in spite of having a normal 46,XY karyvotype.
‘Recently German et al. (1978) >described a pedigree in which this
disorder appeafed to segregate as an X~linked recessive
characteristic:v in this pedigree three different Y chromosomes (from
three,different fathers ) were representea in affected indiﬁiduals.
Thisv evidence points to the existence of a gene on the X chromosome
which acts to control the expression of the Y~-linked

testis-determining gene.

.Since several 1lines of evidence suggest that the H-Y anfigen of
normalimeie cells represents the product of the testis-&etermining
~‘gene (Wachtel, 1977; Ohno et al., 1978), it would be of interest to
determine whether individuals with 46,XY gonadal‘ dysgenesis normally
express H-Y antigen; To date the results of such tests are variable:
the patient of Dofus gg;gl; (1977) wes H-Y positive,b whereas three
patients studied by Ghosh et al. (1978) were H-Y negafive. It is
therefore'not clear whether the defect in 46,XY gonadal dysgene31s
liee’vinﬁ the exﬁre551on ef the H—Y membrane m01ety or in another gene

~which may be responsible for the action of H-Y antigen as the testis

indueing factor.

. We heve examined H~Y antigen in two lines of cells from a 16—year
old patient 'with XY gonadal dysgenesis who presented with normal
female external genitalia and sexual infantilism. There was no family
history of - a .similar disorder and no consanguinity. Serum levels of
follicle seiﬁﬁlating hermone, luteinizing hormone, testosterone . and
estradiol concentrations were in the castrate range. Laparotomy

i

disclosed infantile female ihternal genitalia and streak gonads;




'..Specificity in' binding to male lymph node lymphocytes as compared to

_antiserum (absorbed or unabsorbed) and spun  together with

Table 1.

Rosette Formation by Hoyse Male Lymphocytes Following Incubation with
Absorbed H-Y antiserun.

Percent Rosettes (of > 200 cells counted)

Run 1 Run 2 Run 3 Run 4

No absdrption of _ ) _
H-Y antiserum o 18.3 20.4 15.8 10.2

Absorption with.
female fetal
fibroblasts _ 14.7 16.9 16.7 8.6

Absorption with
male fetal
fibroblasts * ) 10.2 9.1 6.6 1.8

‘Absorption with
gonadoblas;oma cells
of patient * 7.4 7.8 6.2 2.2

Absorption with

skin ce;ls of ] ]

patient * ‘ 9.2 10.0 10.1 3.2
Control (no H-Y . _

antiserum) . ) 4.7 . 5-0 ) 302 0-8

* ' ' 4
H-Y antiserum was produced in C57B1/6 mice and showed high

female lymphocytes (34.4% and 21.4% vs. 9% and 4% rosettes,
respectively). Mouse male lymphocytes were incubated on ice with H=-Y

staphylococcal Protein A coated sheep red blood cells. Runs 3 and 4
were performed in double blind fashion.

A **The results following absorption with male fibroblasts and with the
‘patient’s gonadal and skin cells are significantly different (p<0.01,
paired t-test of 4 runs) from the tests with no absorption and
absorption with female cells, but are not different from each other.
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bistologigal examination of the latter confirmed bilateral gonadal
streaks with genadoblastoma and dysgerminoma. Cytogenetic analysis of
blood lymphocytes, skin fibroblasts and gonadoblastoma cells showed a
-46,XY chrormosome complement (50 cells). The karyotvpes of three heélthy

sisters were 46,XX.

Cultured cells from the patient’s skin and gonadoblastoma were
tested for H-Y>an£iéen by a modified protein-A rosette technique (Part
1 and _Chapter V) As shown in Table 1, absorption of H-Y antiserum by
these cells caused a Siﬁnificant {p<0.01) feduction in rosette
formation, equall to that caused by fetal male fibroblasts. This
indicatéS‘that the patient’s cells were B-~Y antigen positive, and that
the density of H-~Y antigen on their surface was similar to that of

normal malévfibroblasts.

These daté, and bthﬁse of Dorus et al. (1977), iﬁdicate that in
some iﬁdividuals with 46,XY gonédal dysgenesis H-Y antigen is
.produced. Possibly in such cases the defect in testis formation occurs
at the level of thé gonadal specific receptor for H~Y antigen (Zenzes
“'25 §15;'19733) or at a locus coding for a product which acts at a more

distal step of testicular organogenesis.

The three cases (two of them siblings) of H-Y negati§e, 46,XY
.gonadal dysgenesis described by -Ghosh et al. (1978) would séem to
represent a different mechanism for the lack of testis develoPﬁent;
the. defect ip these‘patients ﬁay lie‘in the expréssion of H-Y antigen

itself. Such a mechanism would be analogous to the situation in the

wood-lemming .. (_Myopus schistocolor ),in which affected XY females are
. A — |
fertile , H-Y negative and seem to carry an X-linked mutation (Wachtel

et al., 1976).




If further examination of more cases of 46,XY gonadal dysgenesis
discloses the existenée of both H-Y positive and H~Y negative
_subtypes, this would sug&est that normal testis formation recuires the
presence mnot only of an X-linked regulatory gene operating in
conjuction with fhe H~Y gene, but also of the gene(s) which controls
the - expression éf the gonadal receptor for H-Y antigen or of a yet
undetermined ‘produét which fuﬁctions at a later stage of testicular

organogenesis.

Addendum

While this study wés completed in February 1978, it was not
submitted for publication until March 1979 because of unfortunate loss
in the mail. In the meantime a study on H~-Y antigen in 12 cases of XY
gonadal dyséenesis Waé published (Wolf et al.,1979). The author found
that threé- of them were H-Y negative and the rest were H-Y positive.
" The author'proposed that‘a ﬁutatiqn»in the gonad .spgcific receptors
for. H-Y antigen‘might.be reépdﬁéible foé ﬁhis éoﬁditién‘in fhé&caseé

in which H~Y antigen is expressed.




CHAPTER V

' v *
IMMUNOGENETICS OF SEX DETERMINATION IN THE POLLED GOAT

Submitted for publication as a joint study by A.Shalev, Dr.R.V. Short
from the MRC Unit of Reproductive Biology, 37 Chalmers St., Edinburgh,
Scotland, and Dr.J.L.Hamerton from the Department of Anatomy (Human
Genetics), University of Manitoba.
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Introduction

Genetically female (XX) coats homozygpous for the autosomal
- dominant P (Polled) gene have been shown to  be rale

pseudohermaphrodytes (Hamerton et al., 1969: Short, 1972), althoush

the mechanism of action of the P locus is uncertain. Recent evidence
suggests a role for H-~Y antigen as a testis-organizine agent in

mammals (Wachtel - and Ohno, 1979: Chno, 1979: Zenzes et al.,1978:

Muller et al., 1978:'Short, 1979). A strict association between the

presence of the H-Y antigen and testicular development, even in the

apparent absence of a Y chromosome has also been established (Bennett
et al., 1977: Forobqsco et al., i978: Nagai and Ohno, 1977: Selden et
al., 1978; Wachtel et al., 1976; de la Chapelle et al., 1978: Wachtel
et al., 1978)- Thus ,.desbite a report of the mapping of the H-Y locus
on the Y chromoséme (Koo et al.,1977) the possibility remains that the
'.structurai H-Y locus (or loc1) can be located on 2 chromoscme other
than the Y which in turn may carry a regulatory gene or genes for H-Y

antigen expression.

‘In the present study the expression of H-Y antigen on cultured

fibroblasts from a family of Saanen goats, carriers of the P gene, was

investigated.

Haterial and Methods

Animals. One to seven year old Saanen goats were bred as described in

Figure 1..7Two of . the males (F and G) were castrated 3 days after

/ . R
birth. Intersex D was mildly masculinized with no palpable

testes“

while intersex E had palpable scrotal testes. Upon autopsy fﬁﬁf
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the immunological examination , it was found that both intersex goats
(D,E) had a pair of small intra-abdominal testes with well-developed

epididymis.

Cultures. Skin biopsies were taken under local anesthetic, coded, and
shipped by air from London to Vinnipeg. Primary cultures were
established in Winnipeg by standard methods and grown in MeCoy s 5A
.(Modified) medium (Gibco) enriched with 10% fetal calf serum
(MclOch); Cell cultures were grown in monolayers for 10 to 15
‘transfers and harvested by tryvs1nlzat10n with 0. 05/ trypsin until
Zdetached (10—15 min.). The cells were then washed twice in phosphate
buffered saline fPBS)_ before being used for serolgical testing. All
testing was carrled out on coded samples and the code was not broken

until the serologlcal tests were complete and had been interpreted.

Serology. H-Y antibodies were p;oduced in females of inbred DA and
Lewis rat strains by 10 intraperitoneal injections of 2-3 x 106 male
spleen lymphocytes at 2-3 day intervals, followed by a single booster
of 1 x 107 cells given 6 weeks later. Animals were bled 7 days latef
endm eﬁe-vusefa ‘tested individuéllv ferb antl-H-Y act1v1ty-. Hiyh 7
sPec1f1city antisera were pooled from 3 DA or Lewis rats (Table 2) and

used for the tests as described below.

The procedure for>H—Y typing was\ﬁodified from Koo and Goldberg
£1978). Briefly, staphyloeoceal protein A (PA) (0.1 ml. containing 1
mé/ml) is conjugated'to 0.1 ml. of packed sheep red blood cells (SRBC)
by dropwise additioﬁ of.l ml. 0;012 CrCl3 (pH 5.0). The suspension is
left for,/éﬁaﬁf 5 mnin. at room temperature and the coupled SRBC
(PA-SREC)’?Fe washed with' PBS. Hale and female l&mphocytes are

preincubated on ice with anti-H-Y sera and washed {x3) with ice-cold.
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PBS. The lymphocytes are then centrifuped together with PA-SRBC at 180
% g for 10 min. and the pellet is left for a further 60 min. at room
temperature. Rosette formation (as a result of binding between the PA
énd Fc portion of IeG) is counted in about 200 lymphocytes following

the addition of a vital colorant (Crystal Violet 1%).

Percent rosette formation with male rat cells was measured
following the absorption of H-Y antisera by an equal volume (20 /Hl.)
of goat cells. The inhibition of rosette formation Qas'measured by
incuBation of 20 ul antisera with an equal volume of culture medium
‘fron the goat_celis. The finél dilutions of H-Y antisera in all tests

were identical (1/4). Tests were done consecutively.

Statistics. Percent - inﬁibition (Table 1) was determined by the
following formulé © 100x(%rosettes positive coﬁtrol-%rosettes
test)/Zrosetﬁes posiﬁi&e control. Pairs of wvalues from different
animals in every test were compared in a pairwise fashion {paired

t-test) for 8 absorption tests and 6 media inhibition tests (Table 1).

‘Results

Chromosome Analysis : No Y chromosone was observed in 50

metaphase spreads from the two ingersexes (D,E)Y or from the two
females (B,C). The three male animals had a Y chromosome present in

each gell.

- Serology : Eight absorption tests were performed on the cultured
fibroblaétsf Six inhibition tests . were carried out using culture

"medium in which the fibroblasts had been grown for 72-§0 hours. The

Y
kd

results showed that the only H-Y negative animal was the heterozygous
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polled - female (C), since its cells did not shed H-Y antigen nor did
they absorb H-Y antibody (Figure 2, Table 1) In contrast, the
fibroblasts of a second polled female (B) apparently shed H~Y antigen
vand were capable of absorbing B-V antibody (Fiesure 2). Statistically,
the results of the tests with this female (B) were not different from
ofher ﬁales or fromnm femalé € , but they differed significantly‘ from1
the contréls (Table 1). Thus , although less positive tBan the males,
this femalé was apparentlf H-Y positive. The cells from 'the two
‘intersex poats (D,E) showgd similar expression of H-Y antigen: one
intersex (D), clearly had a reduced capacity to absorb H-Y antibody.
vhen compared to the castrated males (F,G): however, the shedding. of
H-Y antigen into the medium by cells from animal D was mnot different
from ‘that_ of other males (Fiecure 2, Table 1). These results suggest
that the density of H-Y antigen on the cell surface of cells derived
from the intersex goats may be lower than the densit§ found on fhe
cells of normal males. The sire (&) of the intersexes (Figure 1) was
clearly H-Y bositive. The cells from this animal appeared to be only
weakly fositive byiabsorption and not statistically different from the
' mglésv(Tabiébl),ibut inhibition tests'shQWéd it tb'éhéd.high levels of

H-Y antigen (Figure 2).

Discussion.

According to the "“genic balance* theory (such as in Drosophila ),
sex is determined by the balance between male and female determining.

genes . which reside on the X chromosome and autosomes. However, in

rammals major genes for sex determination must be postulated (Ohno,
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Figure 1

Pedipree of the experimental goats

H x I J x K
+/+d P/+Q /24 P/+¢Q

H x M
+/+d P/+Q
G
P7+d

Encircled animals were tested for presence of H-Y antigen. The

genotype of the animals was deéignated as follows: +/+ -Horned |,

' P/+=polled heterozygous and g/g -polled intersex.
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Figure 2

Inhibition of rosette formation by cellular absorption and

incubation with culture media from the experimental goats.
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3 D . F G
QP/+ gr/p ge/p § +/+ § P+
SOURCE OF CELLS OR MEDIUM

‘The mean+S.E. of rosette 1nh1b1t10n for 8§ absorptlon tests ‘and 6
~nedium iﬁhlbltlon tests is presented by the white and dark bars
respectivelyL Rosette formation. was reduced following absorption of

H-Y antlbodles (1: 4 dilution) with an equal volume (20/«1) of cultured
vcells or by 1ncubat1ny an equal volume (20/«1) of media fron 72-80

hour cultures w1th H-Y antlbodles- For calculation of ¥ 1nhibition see

‘below. The values of the pos’itive (no absorption or inhibition) and

ﬁegative (no éntiserum) controls were 21.7% and 3.9% respectively for

the 8 abso;ption tests and 23.7% and 4.2% for the 6 inhibition tests

!
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7




~ MEDIUM INHIBITION

~47-

Table 1

Statistical evaluation of absorption and inhibition of rat

II-Y antibodies by cells and media of fibroblast cultures

frem the goats. (results presented in Figure 2).

ANTMAL
(:omp?red A B C D E F G Unab-
to animal d Q Q § §' X =4 sorbed
P/+ | P/+ P/+ P/P P/p t/+ _P/+ | control
A ' , | S 0.05
B 0.05 ‘0.05 | 0.01
c 0.01 | 0.01 | o0.01 | o0.01| o.01 |
=
B
e
(a9
. A : o g
D - | 0.05 | 0.05 , 0.05| 0.05| o0.01 | @7
o
o <
.| | S =
| 0.05 | 0.05| o.01 | 3
. -t
: (X1 §
o,
R | 0.05 e | . 0.01
G 0.05 0.05 | , 0.01
Unabsorbed. - : . :
contro] 0.01 0.05 ‘ 0.01 0.01 0.05 0.01

The ugper right half of the table represents the statistical
results of absorption tests and the lower left half represents the

analysis. of 6 inhibition tests. Blank squares denote non-significance

0.01). S signifies significant difference at P<0.l level when the same
combination by the medium inhibition test was significant at P<0.05

- level.

~y



The specificity of the rat H-Y antisera used for testing

%4 rosette with

male (or female) lymphocvtes at various dilutions.

Source of antisera Absorption 1:2 i:4 1:8 1:16

(strain)
Lewis o _ ‘ 28.5(10.4) 35.6(11.1) 30.8(9.6) 18.4(7.1).

male spleen
cells 13.4 14.6 15.8 16.3
female spleen

cells - 27.9 33.7 © 28.1 - 15.7

DA | 20.6(7.8) 23.4(8.9) 22.5(9.0) 13.8(6.2)
male spleen
cells 11.3 1.1 15.4 8.5

female spleeh

cells ‘ 19.9 : 21.0 20.2 11.3
Normal (DA)
serum | o 6.3 5.9 4.0

3]
- L ]
[223

' Each antiserum was pooled from 3 Lewis or 3 DA animals which have

previoq3f§}ﬁr0ved to have a good anti H-Y response by . individual

testing. Unabsorbed antisera were tested on both male and female

-~/

lymph-node lymphocytes (same strain) and absorbed bantisera vere

tested only with male lymphocytes.

. i
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1567: Hamerton, 1968: Ohno, 1979) and sex determination is kﬁown to be

of the Y-dominant (or epistatic) type: that is, presence of one or

more Y chromosomes usually determines a masculine gonad irrespective

of the number of X chromosomes. The renetic mode for intersexuality imn
the pgoat has been established to be autosomal recessive and is
invariably associated with the autosomal doninant pene for polledness

(P). Thus, it was reasoned that a gene for sex determination is

closely linked to P or that P is highly pleitropic with a sex-limited

recessive effect on sex determination, leading to partial or total sex

reversal of XX females (Short 1972).

In a recent study , using the sperm cytotox;city test, Wachtel et

al., (1970) also found that two intersex goats were H-Y . Statlstlcal

analy31s indicated that the intersexes were less positive than a

- normal male and suggested that a heterozygous (P/+) female might be

weékly,positive. The presenﬁ results aré in close agreement with those
of Wachfel gg_ al., (1978), Nevertheless, we will propose an
alternative hypothesis for the abnbrmal transmission of H-Y antigen in
the polled ?oat. Our observations suggest that: (a) the den31ty of H-Y
antigen on the - cell surface of homozygous (®/p) pseudohermaphrodite
goats 1is lower than that on Athe' cell surface of normal (#/+) or
heterozyggus (P/+) males: (b) one heterozygous normal female (B) but
not another (C) éépeared to be H-Y -ﬁositive; '(c) cells from one
heterozygous male (A) seemed to shed more H-Y antigen into the medium
but had a lower.caﬁacity to absorb H-Y antibody. Thus, within the
limits of sensitiviﬁy of thé methodology used, our results suggest
that anima;s~6f“the samé'sex and pgenotype may differ in H-Y antigen

density or shedding capacity.

N
J

A
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The exact reletions between the P gene (or the P-linked sex
feversal rene) and the H-Y locus are of interest. While it 1is
difficult to envisage that the cene (P) for polledness also codes for
H—Y.antigen, it appears more likely that the sex reversal sene closely
linked to P coded for a subnormal dose of H-Y antigen (Wachtel et al.,
1978). If the linkagce between P and the sex reversal (H-Y) sene are so
close toat crossing'over between the two cannot be detected, it might
| be expected that poiled animals (including females) should invariably
express‘H—Y antigen- Accordingly, XY, P/+ and XY, .2[gv males should
maintain_ a higher density of H-Y antiﬁen on the cell surface as.a
result Of extra copies of H~Y genes. If crossing over does, however,
occur’' between the two presumed genes, it should be possible to
identify horned pseudohefmaphrodite goats as well as fertile females .
‘ homozygous for P. Our data, within the limitation of the number of
animals examlned do not _support dosaye expression of H-Y antlgen as a
“function of the number of P genes since no difference was found in the
' ability of cells from a normal male (+/+) as compared to a polled one
(P/+) elther to absorb or to 1nh101t H~Y antlbody (rlgure 2 Table 1).
- Furthermore, one polled and fertlle female but not the other expressed
H-~Y antigen. Nonethelese s - the two intersex goats had a reduced
cepacity to absorb H-Y antibody (Figure 2, Table 1). Ve suggest that
‘ extfeme Qariabilityvin gonadal differentiation frequently seen among
" intersex goats (Hamerton‘gg_glf, 1969;Shoft, 1972) might be explained ‘
by variability in H-Y dosage. This is possible ooly if one assumes
dosage’ polymorphism in the independent P linked sex reversal (H~Y)
gene among ingegsex goats. Other.possible explanations for the extreme
. _ / .

Variabilitf of gonadal differentiation among intersex goats include in

- utero materﬁal effects such as maternally induced and transmitted H-Y
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antibodies association of other histocompatibility antigens with H-Y
antigen, hormonal influence and biological randomness of the timine of

cellular differentiation.

The hypothesis that a Y-autosome or Y-X translocation mav De
responsible for the expression of H-Y antigen in the absence of a ¥
chromosome in a significant nurber of species (see introduction) seems
.remote in view of tﬁe lack of any appropriate‘ cytoiogical evidence.
Nonétheless, Y-linkage, X-linkage or even autosomal 1ocatibq of the

H-Y gene(s) might occur in some species. Indeed,. in the ltole-Vole (

&

Ellobius lutescens ) in which only one X chromosome is found in both
males and féméles » the expression of H-Y antigen in males depends on
van X~linked or autosomal H-Y gene (Nagai and Ohno, ' 1977). In the
chicken,.eipression of H-Y is apparently not W-linked as male chicken
embryos (ZZ)V gonad can hormonally be induced to express H-W antigen -
(Mulle: et al., 1979). On the other hand; strong evidence sueggests the
Yflinkage of the H-Y genébin the human (Koo gg_g},, 1977: Wachtel et

al., 1975).

' Héﬁeftdn ‘(1968) first suggested that the Y chfomoéome of mammals
‘might carry a regulatory.géne for X-linked sex determining gene(s). In
mammals,ﬁith an XY/XX sex aetermining mechanism, it is very difficult
to distinguish eXperimentally betweep this hypothesis and the concept
Aof'¥~linkage of.H—Y.gene vhich is.cont;olled by a regulatory gene on
the X-chroﬁosoﬁe- The first hypothesis however, would predict presence
“of the. structﬁral H-Y‘ gene(g) on the X in both maleé and females .

Hence, the expression of H-Y antigen in some XX goats as well as in

the mole ~oles could be explained on the basis of an autosomal

rutation which mimics the role of the Y-linked regulatory gene. The
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recessive mode of action of the sex reversal gene in the goat and the
quantitative differences in H-Y antipen cell surface density observed
anong the different renotypes of polled goats are not easily explained
by this hypothesis, but can be reconciled if one assumes quantitation
of the inducer loci and substance rather that the HfY‘ structural

gene(s). Such a situation seems, however, rather complicated.

1Summarzv

Using'the protein A rosette technique; it was found that the gene
for polledness (P) in goats is associated with the presence -of H-Y
antigen on the cell surface of cultured fibroblasts. Two XX intersex
goats (g[g) were found to be H—Y+ and one heterozygous &/+) normal XX
female ‘was aléo found to express H-Y antigén at a }OV level. The
expression of H-Y antigen by intersex goats was found to be lower than
thatjof'normal k! males. The statistical analysis suggests that
animals of the same genotype and sex might differ in the density of
' H—Y‘antigen on their cell surface, which might explain variability iﬁ
.primary, sex determination .aﬁong-‘interéék goéts-'.Theviaééoéiatibﬁ
: betwéen'the gene for sex reversal and H-Y antigen 1is discussed in

relation to the location of the H~Y gene(s).




PART 3

H-Y ANTIGEN AND FETAL-MATERNAL INTERACTIONS




CHAPTER VI

: _ ‘ N
.. HEPATITIS B VIRUS, SEX RATIO AND THE H-Y ANTIGEN

* o T T
In press i%‘g; Clin. Lab. Immunol. Done as a joint study by A.Shalev

and C.K.Hannan, from the Department of Medical Microbiology,
University of Manitoba. : :

o
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Introduction

Our interest in the possible relation between disease and
sex-ratio was stimulated by a chance finding in which a control group
of experimental mice displayed an unusual sex~-ratio associated with

apparent infectious disease.

In a recent study‘ of a Greek population, Drew et al. (1978,
1978a) reporfed that parental response to infection by Hepatitis B
Virus affected  the secéndary sex-~ratio {(number of males ﬁer 100
females at birth) of the offspring. The chronic Hepatitis B éurface
'Antigenb (BBsAg) carrier state in either parent was significantly
correlated with higher than normal sex-ratio, whereas the presence of
- maternal (but q0t>paternal) anti-HBs correlated with,a sex-ratio which
:was lower- fhan normal. Drawing on other observations, including the
higher:prevaleﬁce of the éhronic HBsAg carrier state in males than in 
if females, and. differential survival rates of kidney tragsplants from
male donors in HBsAg'positive'and anti-HBs»positive'.recipients (Drew
EE_'ﬁl:, 1978, ‘1978a),, Drek and her colleagues interpreted these
findings as suggesting the existence of a crossreactivity between
~ HBsAg and .a male-associated aﬁtigen;xif correct, this interpretation
cquld have‘éignificant implicatiOQS'in studies of both Hepatitis B and
Sex-relatéd antigens. However, eveﬁ if-diSputed, such stu&ies provide

insight into factors which affect sex-ratio.

/
In this communication, we report that we have been unable to find

any evidefice for. croséreactivity between HBsAg and H-Y antigen, the
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only known male specific antigen (Hachtel, 1977). Some additional
considerations which relate to Hepatitis B infection and sex-ratio are

discussed in the light if this finding.

Material and Methods

Anti-HBs Sera

- Two human sera with high levels of anti-HBs were used. One was
obtained from a male hemophiliac (code 6055C) and the second from a
‘normal - female blood donor (code 2350G): anti-HBs titres measured by

passive hemagglutination were 1:64,000 and 1:16,000, respectively.

| Subtype specifié énti—HBs[gg_and anti-HBs/ay were produéed in
male guinea ﬁigs ‘by immunization with hiéhiy purified HBsAg of each
subtfpe (see following paragraph) following a  protocol described
earlief (Hannhan and Malyska, 1973). Antibody levels in pooled guinea
pl? sera vere determlned by passive hemagglutination of red blood
‘cells sen51t17ed with HBsAg of the correspondlng subtypé- the antlbody
titres were 1:5,120,000 (anti—HBs[gg) and 1:256,000 (anti-HBs/ay). The
monoépecifig nature of the anti-d or anti-y component of each serum

was confirmed by Ouchterlony immunodiffusion testing with standard

" HBsAg preparations of known subtype (LeBouv1er, 1971: LeBouvier and_ B

Wllllams, personal comrunlcatlon).

‘HbsAg of known subtype usédA'for immunization of guinea pigs
originated , f¥om two chronic asymptomatic carriers: HBsAg[gz was
provided by a female donor and HBsAg/ad by a -male. The antigen was

-~
l

extracted ' from defibrinated plasma and purified by a 3-step
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ultracentrifugation procedure (Hannan and Malyska, 1972) comprising
two consecutive isopycnic bandings un discontinuos cesium chloride
- gradients followed by rate zonal sedimentation in a linear sucrose

gradient.

Anti-H-Y Sera

Female C57B1/6 mice were inoculated repeatedly with male spleen
cells of the same strain (15 intraperitoneal injections of 3 x 106
cells in 0.1 ml.). The three anti~-H-Y sera used in the investiéation
had the following immune specificities to form rosette with ~male and
,feﬁale‘mouse lymphocytes, respectively: 24.5% vs. 3.0%: 21.6% vs. 4.3%
and  34447 vs. Q.OZ. The reactivity of‘thése mouse. antisera with human
“H-Y antigen’ had been tested 'previously and rresulted in 30%-80%
»'reduction in rosette formatién following absorption with human male

cells as compared to female cells {4 tests).

- -Serolegical Procedures for'AntifHBs and HBsAg

Passive hemagglutination (PHA) for detection and titration of
anti-HBs was performed as .described by Vyas and Shulman (1970).

Erythrocytes sensitized with either HﬁgAg/adw or HBsAg/ayw and control

_ erythrocytes were obtained from Electro-Nucleonics,  Inc., Bethesda;_'fJ

, MdQ Unleéé otherwise stated, all seré ﬁere screened in 1:8 dilution
with * RBC sénsitized wifh HBsAg/adw only and with control
(unsensiti;ng RBC). Specimens which were presumptively positive in
the séreen/test were 'confirﬁed by titration from an initial 1}4

.dilution With both sensitized and control RBC. Positive and negative

L
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controls were inclﬁded in each test.

All serunm samples were tested for the presence of HKBsAg by
»solid—phase' radioimmunoassay (RIA) (Austria—II,vabott Laboratories,
Rorth Chicago, I11.) using procedure "B, i.e., first stage incubation
overnight at 22°C, and'second stage incubation for 1 hour at 45°C
(Ling and Overby, 1972). Samples giving positive results in the screen
'teet (sample cpm > 2.1 x negative control mean cpm) are re-tested by
 specific neutralization with anti-HBs to confirm the presence of

Protein A Rosette Technique

The procedure for H—Y typing is descrlbed in the Introduction
(Part 1) and in Chapter V. The identical rosette technique was used

for examining rosette formation by guinea-pig antisera and leukocytes.

Results

The eharing of antiyenic determinants between HBsAg and the
male-specific H-Y antlgen should be detectable by reciprocal tests of
. react1v1ty between each antigen and the heterologous antibody.
However, when sex=specific antigenic differenees may exist -~ as in
this 'instance‘ ->it is conceivable that the sex of the antibody donor
could be a factor in the interpretation of the results of such tests.
Accordlngly, the reactivity of anti—HBs of- human male and female
'orlfln with male and female rat (DA strain) lymphocytes was tested by
the PA rosette technique. As shown 1n Table 1, whereas a rathe; high

-
level of rosette formation occured with the unabsorbed anti-~HBs sera,




Table 1

Rosette formation by human anti-HBs sera with male and female rat

lymphocytes prior to and following absorption with female cells

a % rosettes with ‘ Z rosettes with
antisgrum upabsorbed antiserum ' absorbed antiserum .
Malé'cellév Female cells Male cells Female cells
6055C 63.6 ' 80.4 - 7.8 8.3
23506 40.4 32.5 8.4 7.2
-anti B-Y 30.7 8.3 25.6 5.2
nil . - 4.1 3.3 |

a» Notations for antisera codes are given in Materials and
Methods. Anti-H-Y antiserum had previous rosette formation
capacity of 24.5% and 37% with male and female cells respect-
ively. :

b‘ .

“Rat (DA) lymph-node lymphocytes were used for reaction in all
cases. Absorption (x3) was done on ice with equal volumes
of antiserum and packed female spleen cells.




Table 2 SR

Rosette formation by human male and female leukocytes following
incubation with guinea pig anti-HBs sera which have been
absorbed by female cells®

Source of % rosettes % rosettes : % rosettes
leukocytes with anti-HBs/ad with anti-HBs/ay with control serum

male 1 . 7.4 9.1 5.9

male 2 . 5.3 v 4.5 ' : 4.0
male 3 2.2 3.0 | 3.1
male 4 8.6 A 6.9 - 8.9
male 5 - 9.3 . S 1001 - 6.2
female 1 5.7 | | 6.4 o 5.8
female 2 9.2 8.7 . 6.9
aleor notation of the anti-HBs sera see ﬁaterials and

Methods. Absorption of sera with equal volumes of pooled

leukocytes from 6 different unknown females was done
_'pripr to rosette testing. All donors were hematologically
‘normal and all were negative for HBsAg and anti-HBs. . ..

A HBsAg and anti-HBs negative human male serum was used as
negative control. Because of non—-specific crossreactivity
it was not possible to use the heterologous anti H-Y
anti-serum as positive control; however, to confirm the
‘effectiveness of the test a sample of human (male) leuko-
cytes was tested with anti-human thymus serum (shalev et al.
.A877. ) which gave 76.6% rosette formation. T
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Table 3

Reactivity of human and guinea pig anti-HEBs sera before and after

absorption with human male or female leukocytes

1/anti-HBs titre (PHA)

Absorbed with Absorbed wit

Anti-HBs serum® Unabsorbed male cells female cells
6055C (human) 64,000 32,000 32,000
2350G (human) 16,000 32,000 - 32,000
anti-ad (g. pig) 2,560,000 5,120,000 5,120,000
anti-ay (g. pig) 256,000 1,024,000 ) 512.000

See Materials and Methods for details.

Each antiserum was absorbed twice (30 mins. on icé) with

an equal volume of pooled leukocytes obtained from 2 male o
. or 2 female human donors. The serum of each donor was
- negative for HBsAg and anti-HBs. <

.
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only background levels were detected following absorption with female
rat cells. By contrast , the anti-H-Y serum formed rosettes with male
rat cells to a significantly greater degree than with female rat

cells, whether absorbed with female cells or not.

In the second experiment, the reactivity of male guinea pig
anti-HBs sera of defined antibody content (anti—HBs/gg_or antifHBs/ng
- were tested with .human male énd female leukocyvtes after having been
abéorbed with human female'leukocytes. In Table 2 it is apparent that
in no case was ‘a significant level ofvrosette formation fopnd with
male 1eukqéyt¢é as:comﬁared either to female leukocytes or to male
serum ‘used as a negative control. Anti-HBs derived from female guinea

pig was not available, and so could not be tested.

As é further test of possible specific binding of anti-HBs tb
male- Célls, each of the four énti;HBs sera (2 human an& 2 guinea pig)
was aBéorbed with human male or female leukocytes. The results in
Table 3 show that no ‘reduction in anti-HBs - level occured as a
consequence of absorption with leukocytes derived from either sex.
>Thﬁé, wboﬁéﬁ£> and épecific antisera to the é;"géjand i;antigenic
determinants of HBsAg display mno particular affinity for male as

compared to female leukocytes.

Following these experiments, the sera from the human subjects
whose leukocytes were used either for absorption or for rosette
formation (17 4in  total) were tested for the presence of HBsAg and

anti-HBs, and all were found to be negative.

/ A . ’
Finally, three coded samples of mouse - anti-H-Y sera (see

Materials --and Hethods) were_'tested for reactivity with HBsAg using




-61-

erythrocytes sensitized with either BBsApg/adw or HBsAg/ayw. None of
the three sera caused agglutination of either sensitized or control
erythrocytes. The sera were also negative for hbsAg  when tested by

RfA.

A  chance fiﬁding in experirental breeding of mice has relevance
to the possible relations between infectious disease in the mother and
- sex ratio. The work was done independently of, and prior to, the
present :study. -One - of two control groups of splenectomized C57B1/6
‘ferale mice injectea with female spleen cells (same strain) was
fapparently infected with an unknown agent and had and wunusual
sex—ratioA(males to females) which was significantly different from
the other (uninfeéted)»group, and from a third control group which was

splenectomized only.

All groups were part of a sex-ratio experiment in which animals

were injected intraperitoneally:B‘times with 2 x 106 spleen cells at 7
Aday”iﬁtérvélé;'Tﬁe group of mice in questibﬁ shbﬁéa"éieaf signs of
disease after the second injéction:. some animals died , and the
'survivqts (23 of 30 originally) gradually lost weight and fur. On
circumstantial evidence, it .could _gnly'Be inferred that the spleen
cell donor'animal waé a carrier of an ‘infectiods agent. When the
surﬁiﬁing_>animals>:were bred, only 11 conceived and gave birth to 76

newbofns‘with.a sex-ratio of 48/28=1.714, which was .signifiqantly

. different from the two other control groups (see above) with

sex-ratios Of 143/153=0.935 and 72/68=1.059 *2 test, p<0.05 and

pP<0.1, respectively). The deviated sex-ratioc of the group in question

_
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is thus attributed to the disease. ' .

Discussion

The aim of this investigation was to test the hypothe81s that the
‘well— characterlzed determlnants of Hepatitis B surface antigen:
crossreact - with the male—spééific' H-Y antigen. On the evidence
presented here, HBsAg and H-Y antigen do not share any common
antigenic reactivity. Antibody to hHBsAg, whathgr of human male or
female origin , or of male guinea pig origin, showed no capépity to
: blnd specitlcally to male cells (rat or human)vwhen'fested uﬁdér two
Separate experimental conditions. Furthermore, antibody to H-Y antigen
was not reactive with purified HBsAg conjugated erythrocytes. Thds,
our ekperimentél findings do not support the hypothesis pfoposed by
Drew et al. (1978, 1978a) that HBsAg crossreacts with x a

'male—associated antigen.

Although our experiments have been carried out with antigen and
antiBody reactants representing only four of the five
well-characterized antigenic determinants of HBsAg‘(i.e., the major a
determinant,'and the minor d, ¥y and w determinants), these are the
deferminants most likely to be found among HBsAg carriers in the Greek
populétioﬁ studied by Drew et al. (1978). Since the minor‘ r
determinant is almost exclusively associated with carriers .living in
the ¥ar East (Banéroft et al., 1972+ {azzur et al., 1973+ LeBouvier et
al., .1973)) it is rare in CGreece. and thus probably irrelevant in
regard to a hypothetical crossreactivity with H-Y antipen as the cause
of the altered sex-ratio observed in the offspring' of Greek HBsAg

carriers.
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In our experiments we used anti-HBs raised in male euinea pigs.
To achieve a final conclusion regarding crossreactivity between anv
one or more of  the #BsAg determinants and H-Y antigen (or nossible
sex-related differences in the anitgenic composition of HBsAge
generally) would requiré immunization of both male and female animals
with HBsAg of each subtype derived from human HBsAp donors of each
sex. It would pefhaps also be necessary to take into account the
antigenic variation manifested by the sub-categories of the major a
determinant (Couroce-Pauty | and Soulier, - 1947), other “new"
determinants which may be virus-specific (LeBouvier and Williams,
1975), and the_ host~coded proteins' which are complexed in trace
amounts with the 20 nm HBsAg particle (Neurath et al., 1974: Burrell,
1975). There remains the possibility that one of the two other
antigenicaily disfinct Hepatitis B Virus markers - -namely HBcAg
(Almeida, 1971) and HBeAg (Magnius, 1975) - may share antipenic
crossreactivity'with H~Y antigen. This latter possibility Qas neither

studied nor taken into consideration by Drew and colleagues.

Aiﬁhoﬁgh'bréw135_51:'§resented thréé'lines of évidénce to support
their crossreactivity hypothesis (Drew gﬁ_g},; 1978a), they conceded
that it cannbt fully explain the observations of deviated sex-ratio in
the Greek population. The hypotﬁesis isb also not supported by any
evidence that males suffer from autoimﬁune conditions more of ten thanr
females as.a result of hepatitis B infection; Furthermore, it has been
established that the H-Y antigen is the testis organizing agent of the

mammalian indifferent'gonad (Zenzes’gg_gi., 1978: Ohno, 1979: Wachtel

and Ohno,/ 1979); Therefore, transmission’ of maternal anti-HBs,

assuming égossreactivity with H-Y antigen, should interrupt the
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function of H-Y antigen by competitive bindiné. This would eventuélly‘
lead to hermaphroditism among male offspring of anti-HBs positive
mothers. XNo wunusual disturbance in sex determination has ever been
recorded among populations in which Hepatitis B Virus is highly
endemic. The fact that males are found to be chronié carriers of the
4virus more often than females may be the result of a more suitable.
environment (hormonal for instance), or perhaps of a specific affinity
of the Hepatitis B Virus DNA to integrate into the Y chromosome. In
this respeét, our accidental finding in mice suggests that other
conditiéns of disease in females might be associated with a deviated

sex ratio.

In regard to the influence of parental experience with Bepatitis
"B Virus on. the séx-ratio of'children as reported by Drew et al., it
would be interesting and important to know what the serological sta;us
of each individual parent was at the time of the ‘motherfs pPregnancye.
While HBV is Aighly endeﬁic in Greecé, published age-prevalence data
indicates thag.both HBsAg and anti-HBs may be acquired by horizontal
: transmission - of- virus in adult life (Hadziyannis, 1875). It is 3150‘,
well.kﬁoﬁn that spouses of HBsAg carriers are at particular risk of
acqﬁiring Hepatifis B infection, which is most often sub-clinical and
manifested only by sero-conversion (Szmuness et al., 1975). Therefore,
it cannot be assumed that éli parents'in the study were either HBsAg
' of anti-HBs ;positive during the early, procreative years of married
life, and thus only one of the parents (ﬁBsAg positive) may have been
’ reSpons;ble for the sex selectlon of the offspring. It would also be
of 1nterest €6 know the serological status of the offspring at the
time of birth: the hypothe51s of Drew et al. would predict a hlgher

b}
incidence of HBsAgp p051t1vity in 11ve-born males than in 1live-born

, mer -
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 females, the male being relatively more tolerant.

’Summarz

The hypothesis that Hepatitis B surface Antigen (HBsAg) is
crossreactivé with the male-specific H~Y antigen has been tested. 1In
noné of threé separate experiments using selected anti-HBs sera, or in
a foufth éxperimentA usiné anti-H-Y sera, could any evidence for
‘ grossreacfivity be aetected- Our results are therefore not compatible
with the idea that altered sex;ratioé observed among offspring of
paients infected with.Hepatltls B virus are related to crossreactivity

between HBsAg and a male-associated

Note in proof

Since submitting the manuscript, we have obtained additional data

‘to fottifj our previous conclﬁsions- Two human female anti-HBs seré
'ﬁa§é .séeﬂ  té§ted for reactivity'ﬁith H—Y énﬁigén (aﬁfibbdyAfiférs‘of
thesevsefa by fﬁA were~l?256 against‘HBsAg[gg for both antisera, and

1:256 and‘ 1:4096~ agaiﬁst HBsAq/av . respeétively- both antisera'

_contained antl-FBs/v and anti HBs/a as_determined follow1ng absorption
-with HBsAg of either subtype, ad or ay). After absorption with female.
mouse lyrhocytes, ‘both antisera showed‘ only Eackground leviels of

rosette'formétion with eitherv male of female mouse lymphocftes-

Fu:thermoregh;yg also tested the possibilitj that HBeAg crossreacts

_ / ' :
with H-Y antigen. Anti H-Y sera from five individual female mice

- e} I . . . . 3
showed no ’evidence for reactivity against HBeAg-positive human serum
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as tested by gel immunodiffusion.

We have now confirmed that the two human sera rreviously tested

‘(see Tables 1 and 3) contain anti-Hbs/d as well as anti-hBs/a.

In a recent study, Werner et al. (Immunogenetics.§, 561, 1979)

also failed to find evidence for crossreactivity between HBsAg and H-Y

antigen.




CHAPTER VII

THE DEVELOPMENT OF TOLERANCE TO MALE SKIN GRAFT

IN PRIMIPAROUS MICE
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Introduction

Rejecticen of intrastrain male skin grafts (IiSG) has previously
“been used t§ study changes in immune response to H-Y antigen in parous
and splenectomized. nice (Breyere and Barrett, 1960; Coons and
Goldberg, 1978; Johnson, 1978; Lappeband Schalk, 1971; Streilein and
Wiesner, 1877; Uphol#, 1974). Although some of the reports are not
concurrent with others, (Jeekei, 1973; Johnson, 1978; Vener, Martinez
‘and Good, 1961), the data seem to indicate that parity vresults in
increased. tolerance to liS8G, whereas splenectomy can result in
éccelefated rejection of MSG (Breyere and Barrett, 1960; Coons anﬁ
Goldberg, 1978; Prehn, 1960; Smith and Powell, 1977; Streilein and

Wiesﬁer,1977)-

- The spleen éeems'to playAabrole not oﬁly for the rejection of H-Y
inccmpatiﬁle skin grafts but also in the maternal immune response to
‘the fetal H;Y antigen during pregnanc& (Lappe and Schalk, 1971 and
Chapter VIII). Anatémic changes in the 'spleen during. pregnancy 'énd '
effects of splénectomy on placental and fetal weight have also been
reborted (tlaroni and deSousa, 1973; Beer, Billingham.and Scott, 1975)-
in tﬁe present study;.MSG survival has been used as a probe to study
the development of'tolerance to H~YAéntigen in virgin and primiparous
nice which'previously have been splenectomized , ‘injected with‘ male

spleen cells or received both treatments.

. / .
Material ahd.Hethods

;

C5781/6 female_ mice, aged 8-10 weeks were splenectomized under
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nembutal anaesthesia. Two weeks later the groups (B,D, and E see
below) received 4 1i.p. injections of 2 x 106 male or female spleen
lymphocytes in 0.1 ml of phosphate buffered saline. This treatment was
fepeated_at 7 day infervals. Animals were bred after the last
immunization and ‘the dams grafted with 10-16 mm2 of male tail skin
according to the method of Baldwin , Cohen and Hrapchak (1973).
Instead of a gypsum casf a Band-Aid plaster was used to bandage the

animals. Rejection was scored macroscopically, when at least 30% of

the graft area was necrotized.

The animals were divided iﬁto five experimental groups : (A)
untreated, (B) immuniged with male cells (H-Y+), (C) splenectomized,
(D) splenectonized .end injected with female cells (H-Y ), and (E)
:splenectOmized and immunized with male -cells. These experimental
groups were repeated in three categories of animals : virgin females,
knrlmluarous females transplanted within 1-6 days . oost—nartumA (prim.‘

1-6) and primiparous' transplanted 10-20 days post-partum (prim.

10~-20).

' Stetiétieel significance was" determined by' the Hann-Whitney

(Wilcoxbn) test foliowed by the lMedian test. The Kruskal-Wallis test,

an extension of the Mann-Whitney test for multiple groups was used

vhen necessary. The Median test was'applied to show not only that

there was a difference in dlstrlbutlon, but also that this difference
resulted in a higher proportion of the group above the median. The
Median test was automatically converted to Fisher’s exact probability

- test whenever the combined sample size was smaller than 30. To isolate

sl . v :cwa
the statiStical effect of the “‘permanent takes® statistical

significance was determined twice: once including the ‘*permanent
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survival* wvalues (> 100 days) and once excluding these values. The

results of both analyses were virtually identical.

Results

Figures 1-3 present the cumulative ¢ ISG survival for each
treatment .group in the thrée categories. The difference in the
capaqity of the wvarious groﬁps to reject SG afe particulary
' conspicuousﬂ at day 20 after transplantation. As can be seen (Figure
1), less than 15% of the virgin females which were stimulated’ with
- male -cells (?roups B and E) retained the graft at day 20 from
transpiantation, whereas ovér 50% of the females  from the three
remaining grodps retained the graft at the same period. It can also be
‘seen (Figure 1) that the curves for the H-Y étimulated females change
closely together as is also the case for the other thteé grouﬁs. The
picture is 'evén more striking for_ the,pfimiparous (1-6) category
(Figuré 2): he:e 90Z of the females from group E and‘ali the females
from group B tejectéd the graft within 20 days, whereas onl§'65% of
'w:the‘épléhéétomizéd fémales and 45% of the untreated éﬁimals‘ rejected
‘the gréft at 20 days. However, in contrast to the virgin females which
rejected’ the graft in all cases, two animals (5%) from this category

retalned the graft permanently (>100 days) The picture for the prim.

(10-20) category is quite similar '( igure 3): at day 20 after =

'transplanfation some 30-35% of the H-Y antigen stiﬁulated animals (B,E :
groups) still retained the'graft in contrast to 87-100% of the animals

“from the groups Whlch were not stimulated to H-Y antigen. At day 30

—

’from the suroery all animals from groups B and E rejected the  skin

graft and—;close to 50/ of - the other group still retained it (Fipure

-
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- 3). The overall sufviva; of MSG for each category (excluding group D)
is presented in Figure 4. It can be seen that at any given day a
higher proportion of the primiparous (10-20) animals retained the
graft and that the curves of the other two groups move close tosether
- It is also notéwbrthy (Figure &) that twice as many females in the
prim. (10-20) category permanently retained the graft as those in the.
prim. (1-6) category. To facilitate the comparison of the treatment
effect, the mean 'sﬁryival for each group and category was also
summarized separately.(Table 1). Besides the clear differences in the
“mean survival of MSG‘betweenvgroups which were sensitized against H-Y
antigen and those which were not (see above) one caﬁ also note the
shapﬁl increase in the S.D. in the primiparous categories as compared
- to the virgin category. This is largely due to the higher pr0p9rtion
of‘ fperﬁanent takes’ among ‘the parous females. The = statistical
analysis Qf,these:categories (Table 2) reveals tﬁat the ‘distribution
of MSG survival in the prim. (10—20) category was significantly
8 different from the two other categories (v1rg1n and prim. (1-6), which
‘ d1d not dlffer fron each other. The effect of treatment within eaqh
category was furtherr analysed by the Hann—Whitﬁéy-énd‘Mediaﬁtféété
(Table 3). In all cases the suiviﬁéi of the MSG in the H-Y antigen
stimﬁlated groups was significantly shorter that in the untreated
- groups (A), the splenectonized grﬁup or (C) the groups which ‘were
spleneetomized and injected with‘ fgmalé‘ cellé (o). Therefore,'thét_“y
sﬁimulation against H-Y éhtigén— was éffecti§e in all cases
irreépettiQe of stage of périty, time of grafting (P P.) or whether or
not the‘anlmals were 5plenectorlzed. In none of the combinations were
/

groups A,'C, and’ D different from each other (Table 3). Thus,

splenectomy’ or sensitization with female cells following splenectomy
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Figure 1
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Figure 2

Survival of MSG in primiparous C57B1/6 females which were transplanted

*
within 6 days post-partum.
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Figure 3

'.Survival of ‘MSG in primiparous C57B1/6 females which were transplanted
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within 10-20 days post~partum.
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Table 1

The mean survival of male skin grafts on virgin and primiparous

female mice

Mean survival * S.D. (days) for category Jfﬂii

*

Tregtmept group virgins primiparpqs(1—6) primiparqus (10—20):¢
N ' 22.6%7.3 32.0%26.8 41.1%26.9
B 14,245.8 14.7+ 3.5 17.2+ 5.9
C 7 25.426.2 | 28.3+25.3 - 47.9231.9
D - | 23.3%4.5 | 50.6+38.1
E : 16.4%3.6 16.0 3.7 19.0% 3.4

Total 20.1%6.9 23.0%20.7 35.4%28.7

* .
The treatment groups are described in the previous section.
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Table 2

.Lomparison of male skin grafts survival among three experimental

categories
Statistical test
* » .
Categories compared Median Mann-Whitney
X 2 . P Z P
prim. (1-6)/ virg. 0.52 NS -0.89 NS
_pfim. (1—6)/Prim.(10—20) 12.63 <0.01 ~3.25 <0.01

Virg./prim. (10-20) 8.44 <0.01 3.50 <0.01

%

'~ NS = non-significant ( P>0.05)

Since the category prim.(1-6) did not have the experimental group
(D);Athis group was also excluded from the other groups when

compared statistically. For category notations see Table 1.




~77-

Table 3

Analysis of pairs of treatment groups within three categories

4§y_the Mann-Whitney test *

Treatment groups prim. (1-6) prim. (10-20) Vifg,

compared u yA P Z P Z P
A-B _ 2.52  <0.05 3.83 0.0l 3.48 0.01
ac | 0.61 NS ~0.15" NS ~1.45 XS
AD - - 0.41 NS -0.80 NS
A-F 2.62  <0.01 3.93  <0.01 2.60 <0.01
Bc -1.92 NS -3.72 <0.01  -3.71 <0.01
B-D | , - - -2.75  <0.01%  -3.57 <0.01
B-E ' 1.15 w8 ~1.04 NS -1.15 NS
C-D - - 0.52 NS 0.96 NS
C-E 2.15  <0.05  3.76  <0.0l 3.84 <0.01

CDE - - 2.46  <0.05"  3.44 <0.01

% ' .

NS = nion-significant (P>0.05)

For the nctations of categories and treatment groups see Material and
Methods.'Résults;of the Median test for these data are not presented

since they were practically identical.

+Not'signifiéant (P>0.1) after the exclusion of the 100 values.




~78-

did not affect the survival of MSG in virgin or primiparous females.

"Discussioq

Tolerance to }SG as a result of iﬁtrastrain mating 1is a well
established phenorenon (Breyere and Barrett, 1960+ 1960a: Prehn, 1960:
Smith and Powell,- 1977). Nevertheless s the nmechanisms for the
induction of tolerance to MSG,through pregnancy are poorly understood.
- Recently, Smith an& Powell (1977) sugpgested that thymus dependent (T)
cells aﬁd not 3B lymphocytes or serum factors are responsible for the
immuné tolerance to H-Y incompatible skin graft in parous mice. In
this respect to the development , the present data indicates that a
siﬁgie pregnancy was sufficient to induce complete tolerance (> 100
' days survival) to MSG in 147 of the primiparous mice which were
trahsplanted at 10-20 days P.P. (Figure 4). Furthermore, while 67.3%
of " the mice from this category retained the graft for ovér 21 days,
ohly 25% from the primiparous mice which were transplanted within 6
vdays P.P. and.AOZ of the virgin mice retained the graft for the same
pefiod;A o

These results suggést that the cytotoxicity to MSG was either
ﬂaugmentéd or not affected during fhe first 6 days P.P., and that
tolerogenic (suppressor) factors to HSG became dominant at days 10-20

ff.P.. Tﬁis tolerance is clearly reflected in the data (Figure 4 and

Tabies 1 and 2). The tolefance to H-Y antigen (MSG) in the primiparous
females.(not.iqjected with male cells) waé provided by the male
fetuses du;ith~pregnancy - From other studies (see Chapters VIII and
IX) it was established that pregnancy can induce cytotoxic responses

-~
/

against H-Y antigen as well as production of H-Y antibodies.
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Therefore, it must be assumed that the fetal H-Y antigen stimulated
both immunity and tolerance (suppression) to H-Y antigen. The idea
that immuqity and tolerance can co-exist in the animal and are only
tvo complementary sides of the same immune response was expressed long
ago (Mitchison, 1964). This concept may be of special significance for
the. understanding of the fetal-maternal immune interactions. In vitro
dem0nstrations of antibodies or cytotoxic cells against paternal
antigens in parous mammals ‘aré apparently not correlated with any
specific damage to the fetus - (This, however, does not exclude other
affect on the conceptus.) On the other hand, there is ﬁuch evidence
for the presence of specific and non specific immunosuppressive
factors during pregnancy (see Bernard, 1977;: . Clarke et al.,1978:
Gudson,A1976; Hellstrom and Hellstrom, 1974). A self protective
mechanism in Which fetai alloantigens provoke an immune response in
bthe mother that is balanced enough to outweight much of its . own
adverse. éffécts is appealing and concurs with the current data on the

maternal immune response to the fetal H~Y antigen.

The imnunoreguiatory role of the spleen and its being a source of
suppressor T cells have prev1ously been establlshed (Amsbauph et al.;
1978;' Anaclerio et al., 1979: Paplernla, 1976 1021ng et al., 1978;
Skanene, 1977. Stolfl et al., 1977 and Ward and Munro, 1979). The
possible  role of the spleen in repulating the response to H-Y antigen
(MSG survival) and sex ratio were also Sugpested (Coons and Goldberg,'
1978: Streilein and Welsner,  1977; Lappe and Schalk, 1971). 1t was
therefore of iﬁterest to examine ‘the immuneregulatory role of the
spleen in ,tgigﬁion of tolerance due to parity. The present results
: /

shoved no interaction between the survival of MSG and previous

splenectomy’ in either virgin or primiparous mice.These results are in
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accord with those of Johnson, 1978, who also found no effect of

. splenectomy on the survival of HMSG. Thus, it remains open to question

whether the spleen plays any role in the reculation of response to

HSG.

Summarv
R S

The significance of splenectomy and prior sensitization against

H-Y antigen on the response of ‘primiparous C57B1/6 mice to male tail

skin graft (MSG) was tested. Splenectomy did not affect the survival

of MSG‘ in both Virgiﬁ and primiparous mice. Priminarous mice
transplanted iwithin 6 days post partum rejected MSG . at a similar pace
és virgin mice: however, primiparous mice which were transplanted
within» 10 to 20 days post bartum apparently developed tolerance to
MSG. It is postulated . that the male fetuses stimulate maternal
cytotoxic and suppressor factors té H-Y antigen, and that an immune
balance toward fetal alloantigens may be a mechanism to prevent

adverse affect of the maternal imrune system against the fetus.




CHAPTER VIII.

PREGNANCY INDUCED H-Y ANTIBODIES

AND THEIR TRANSMISSION TO THE FETUS IN RATS

l/’

N . . . _ .
“In press-<in Immunoloqz; By A. Shalev.



Introduction

Both humoral and cell mediated immunity to paternal
histocompatibility (H) antigens during or following pregnancy, as a
result of the stimulation provided by the fetus, have been reported in -
a variety of species using different methods (Feldman, 1972+ Hellstrom
and Hellstrom, = 1974+ Bernard,_1977; Carlson and Wegmann 1978: Baines

et al., 1976* and Bernstable and Bodmef, 1978).

The H-Y antigen constitutes a special and interesting entity in
this respect (Beer and Billingham, 1977) for several reasons: first, a
crossreactive H-Y antigen has been identified in a great variety of

vertebrate species (Wachtel et al., 1975: Shalev et

al., 1978).
- Secondly, the EH-Y antigen has . now been recognized- as the agent
responsible for testiculaf organogenesis in mammals (Ohno et al.,1978;
Zenzes EEQEL! 1978, 1978a). As the only male specific H antigen known
to exist,‘the maternal immune responses to H-Y antigen might affect
) éex”Aracio, fetal develqpment and gonadal differentiation. The present
study was conductéd to examine antibody response of inbred DA rats to

the fetal H-Y antigen as a result of a single or multiple pregnancy.

Haterial and Methods

Inbred DA rats aged 3-5 ﬁonths were obtained and bred locally
(Central Animal. Care, Health Sciences Centre, University of Manitoba).
The blood from the parous females, their offspring and control animals

RN

was collected sepafately'and spﬁn for 20 min. at 400 g. and 49C.
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The protein A rosette technique was selected for this study since
staphylococcal protein A molecules bind specifically to the Fc¢ portion
“of the IgG class of antibodies (Fronvall et al., 1970), the maior
class of antibodies which cross the nlacenta and is transmitted to the
fetus (Brambell, 1970). A modification of fhe technique of ¥oo and
Goldbefg (1978) was used (see Part 1 and Chapter V). Negative controls
(no serum) were run with each test and regularly showed less than 5%
‘rosette formation. Results in which the difference in ¥ rosettes

between the tested sera sambles and the negative controls were lower

than 5% were disqualified.

Eéch serum was tésted several times for capacity to induce
rosette formation with male aﬁd female lymphocytes from DA rats. The
results are presented as % specific rosette forﬁation with male cells
‘using the formula : (% rosettes with male cells - Z rosetted with
female cells) x 100 / % rosettes with ﬁale cells. Presence of H-Y
antibodies was conéidered significant only if the mean % specific

rosettes with male cells exceeded 2.5 standard error from the mean.

Results

Ten (52.6%) ouf of the 19 parous_animals examined had detectable
levels of H-Y antibodieé in their blood serum (Table 1). Of these, 4
raﬁs were primiparous and 6 were multiparous (2 or 3 pregnancies). The
nurber of male offspring the female bore prior to testing did not seem

to be correlated to the presence of H-Y antibodies in her serum since

/ .
antibodiesfwere detected in females with 2, 3,or 4 male offspring but

net in sera from some females with 6,7, or 10 male offspring (Table
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Table 1 : Presence of H-Y antibodies in the sera from parous rats

Female Number of litters Day of % specific Presence of
# (male newborns) bleeding rosettes with H-Y antibodies
: post partum male cells*

1 1(4) 11 12.3 + 9.3 -
2 1(2) 5 3.1+ 7.0 +
3 1(4) . 51 ' 5.1 = 8.5 -
4 1(5) 27 40.1 * 6 &4 +
5 1(3) 1 ‘9.0 * 13.4 -
6 1(3) 5 38.5 * 4.5 +
7 1(6) 1 33.6 + 5.9 +
8 2(10) 27 ~4.4 + 7.2 -
9 R CA 20 21.3 £ 4.0 +

10 2(7) 19 30.7 £ 5.6 +
11 2(7) 33 0.0 + 7.6 -
12 2(5) 3 30.4 + 5.4 " +
13 - 2(7) 39 1.8 £ 9.8 -
14 2(6) 12 1.8 + 7.5 -
15 2(6) 14 30.6 * 3.7 R
16 2(5Y 2 3.8 + 8.9 -
17 3(9) 1 35.6 + 12.0 +
18 3(8) 20 24.0 £ 3.7 +
3(10) 11 7.7 £ 5.8 -

ot
O

* Each figure represent the mean + S.E. from 4-5 tests, calculated as

described in the previous section.




Table 2 : The transfer of maternal H-Y antibodies to the offspring

Male offspring » | Female offspring |
Mother Age of litter % specifié Presence of 7 specific  Presence of Presence of
% - (days) rosettes with - H-Y rosettes with H-Y maternal
~ ~ ; | | male cells** antibodies male cells#**  antibodies H-Y antibodies
2 .5 - 7.4 2 13.2 - 43,0 5.9 + +
4 27 8.8+ 5.4 - 17.5 2 6.4 + +
5 1 19.9 * 13.7 - 21.6 + 16.0 . - -
6 5 2,2 7,5 - 36.7 £+ 2.4 + +
7 | 1 16.1 + 17.0 - 24.6 = 6.5 + + !g
9 b 4.3 £ 9.0 | - 13.7 + 10.3 - + |
12 . | 3 1.7 % 14,7 | ' ; 47.4 + 7.3 o+ +
13 | 30 - - 8.5 £ 8.2 - ~
14 ‘ .12 ‘ ~4,1 * 8.4 - 1.3+ 11.9 - -
15 14 0.6 % 16.7 z 12.0 * 15.4 - +
17 1 2.8 & 42 . - 47.4 + 10.7 + +

* Numbers corresponde to Table 1

*% Each figure représent the mean # S.E. from 4 tests, calculated as described in the previous section.
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1). Presence of H-Y antibodies in the sera from the parous rats was
detected as late as 20 and 27 days post-partum as well as in the serum
from a 27 day old female offspring (Tables 1 and 2). H-Y antibodies
vere detected in the ‘sera derived from female-offsprineg in _6/11
‘(54.52) litters but in none of the sera from 10 male litter-mates
(Table 2). As shown (Table 2) , thg presence of E-Y antibodies in the
sera from- the mothers was correlated with the presence of the
v antibodies in the femélé offspring, with the exception of two cases in

which no antibodies were detected in ‘the female-offspring despite the

fact that they were present in the mother.

In addition, control sera from 6 DA rats (normal males and
nulliparous females ,3-5 month old) vere tested in the same way. The
meankz_male specific rosettes of 5 tests on each of these sera did not
exceed 2.0 standard errors from the mean and therefore were considered

non significant (random) results and H~Y antibody negative.
24

It is of interest to note that none of the sera that were tested
gave a sionlflcant (¥2.5 S.E.) negative mean value. Such a value would
'have 1nd1cated the presence of autoantibodies to a female-specificb

antigen .

Discussion
2o 0n

The significance of maternal immune response to alloantigens

‘carried by the fetus has been discussed previously. According to one

theory antl-fetal alloantibodies may serve as protecting (blocking)

antibodiesfagainst the adverse effect of maternal cytotoxic - cells

(Hellstrom ™ & Hellstrom, 1974: Bernard, 1977). Another theory sugpests
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that maternal stimulation to alloantigens carried by the fetus will

benefit the conceptus. with a higher rate of implantation and more -

vigorous development (Billington, 1664: James, 1965- Beer and
Billiﬁgham,‘1974. 1975, 1975a: Lappe and Schalk, 1871). In aécord with
the latter ‘theory, the maternal immune response to a Y-linked (H-~Y)
antigen during pregnancy has been implicated in the increased weight
" of male placentae or male fetuses (Kirby, 1970: Qunsted & Ounsted,
1570: Vernier, 1975) and in changes of sex ratio (Beer & Billingham,
N 1977; ~Lappe & Schalk, 1971). The possible invoivement of a male

specific antigen in the development of toxemia of pregnancy in women

has been proposed by Toivanen & Hirvonen (1870) Dbased on their -

- observations of a higher incidence of toxemia in pregnancies with a

male »fetus. Furthermore, these authors found an increase in sex ratio
with the increased severity of toxemia. Borland et al. (1970)
demonstrated a significantly reduced survival of male trophobla#t
. cells (as.éompared7to female ceils) upon their transplantation into
pérous guinea-pigs, suggesting the specific imrune dgstruction of male
embryos. bMoreA evidence én the active immune response of pregnanﬁ
feﬁéléshtd iﬁe fétal HE~Y antigen has been provided byv.Upholff (1977)
vﬁho: showed that lethally irradiated male mice which received maternal
bone-marrow sufferéd a reduced survival rate. The finding of Krco &

Goldberg (1976) that 8 cell mouse embryos already express H-Y antigen

is indeed consistent with the premise of in utero sex specific immune

selection.

‘In a recent study Krupen—Biown & Wachtel (1979) reported presence
of cytotoxié“’and -agglutinating H-Y antibodies in the serum of
- multiparous mice from different strains. These authors were unable to

™ .
‘correlate H~Y antibody synthesis with the capacity to reject male skin
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grafts. In the present study, evidence is presented suggesting that
the stimulus provided by the male fetus during a single Pregnancy is
sufficient to induce maternal production of H-Y antibodies. Moreover,
within the limits of the size of the population studied, no evidence
was found to support a- possible correlation between the stage of
parity (one,two, or three pregnancies) or the number of male offspring
~born, with H-Y antibody synthesis in the mother. This may imply
specific suppression of antibody . production in the animals which
_ failed“to respond. In relation to the suppression of the inmnune

-response to H-Y antigen , it is of interest to note a sobstantial body
of evidence on the tolerance teo H-Y antigen (male skin grafts) induced
by parity in inbred strains (Billingham,1964: Porter & Breyere, 1964:
Smith &'Powell, 1877 and unpUblished data). This tolerance seems to be
‘mediated by T cells and not by B cells'or eerum factors (Smith &
Powell, 1977)7 Nonetheless, the presence of immuooeuppreesive factors
iﬁ the serum of parous females has also been widely established
(Bernerd, 1977: Clarke et al. 1978; Gudson, 1976 and Hellstrom &
-Hellstrom, 1974). It therefore appears that male conceptuses provoke a
dicootoﬁoue (tolerance or suppression vs. cytotox1c1ty and antibody
reSponse) immune reaction in the mother. However, this presumes
correlatioo between the in XSEEQ and in vivo observations. This

premise is further supported by a recent (unpubllshed) experiment in

which I observed a 31gnif1cantly faster reJectlon of male skin grafts B

by primiparous C57B1/6 mice which were transplanted within 6 days
'postpartum as - compared to mice transplanted 4 to 14 days later. Hore

specific studles on the nature of lymphoid cells triggered by the:

fetal H-Y antlpen remain to be carried out in vitro .

hb ,
In rats, prenatal transmission of maternal antibodies to the
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ertus-oceﬁrs through ﬁhe volk-sac. However, postnatal transmissicn 1is
stronger and lasts for up to 20 days (Brambell, 1970). Since the
half-life of immunoglobulin in newborn rats is 5.5 days (Solomon,
1971), the finding of H-Y antibodies in the sera from 1 day old as
well as 27 dayé old female offspring indicates transmission of H-Y
entibodies by both routes. The sipgnificance .of H-Y antibody

transmission to the fetus might‘lie with the specific ontogenic role

.of H-Y antigen (see introduction). It is possible that a high level of

maternal H-Y 'antibodies can interfere with testicular organogenesis
and possibly the development of male fetuses. Although such a
situation is not likelv to occur normally, it is possible in females
with e history of intense exposure to male tissues (see Goulmy et al

»1978) or as a result of extensive cellular transmission from the male

fetus(es) to the mother (see Beer & Billingham, 1976)-

Summarz

_Rats of DA strain produce H-Y- antibodies in response to the
. stiﬁuiafidn'bv their male fetuses. About 52% of the animals ‘following
a 51ngle or multiple pregnancy and 45.57 of litters (female ofESprlng)
had detectable levels of H-Y antibodies in their blood serum. Presence

of H-Y antibodies d1d not appear to be correlated with the stage of

parlty or the nunber of male fetuses the female bore. H-Y antlbodles

wvere detected in the ‘serum of a 27 days postpartum female and her 27 .

days old female offsprln? but not in any of the male offspring. It 1is

suggested that H-Y antibodies are transmitted to the fetus in utero

and to theé neonates ‘through the milk (colostrum). The possible
significance of these findings in relation to the ontogenic role of

H-Y antigen is discussed.




~ EVIDENCE FOR THE ROLE OF THE MATERNAL IMMUNE SYSTEM

CHAPTER IX

IN BALANCING THE SEX RATIO IN MICE




.Introduction

Factors affecting sex ratio have the subiect of scientific
interest for many vears (Allan, 1959: Dahlberg, 194§: Weir, 1953:
Kirby, 1970: Etzioni, 1968: Moran et al., 196Y9: Beatty, 1970). With
thé inereased awarenessv éf the significance of the immune system in
fetél—maternal iﬁteracfions (see Beer & Biilingham, 1676), attention
was given to the possible affect of such interactions on sex ratio. It
was  natural to link changes in sex ratio with an immune response to a
male specific (f linked) antigén. (For the sake of clarity reference
vto a male’ spgcific or Y-linked antigen will be made to H-Y antigen,
the énly male specific cell surface antipen whlch has béén recognized
to date) Salzman (1955) and Toivanen & Hirvonen (1970) sugpested that
their observations of more frequent toxemia of pregnancy in
pregnancies with a male fetus and the increase in sex ratio with the
inéfeééédv éeﬁerity of tdxeﬁia of pregnancy are inferprétable in terms
of pofentiation of fhe maternal immune response to H-Y antigen. Kirby
et al.(1967) proposed an explanation to the higher sex ratio among
inbred human populations based . bn 1ncreased implantations of male
embrvos. Drev et al- (1978, 1978a) stronply implicated crossreactivity
. between hepatitis B surface antigen (HBsAg) and "H-Y antigen as an
interpretation for their observations of outstanding changes in sex

ratio in a highly infected Greek population and for the differential

survival f%tes of kidney transplants from male donors in HBsAg and

antl-th n051t1ve rec1p1ents. However,attempts to -confirm this premise
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have not been succesful (Shalev & Hannan, in press: VWerner et al.,
1979). F¥irby (1970) proposed that H-Y antigen may interact with ARO
blood eroup antirens and in this wav influence sex ratio. The author
presented data which suprested increased irmmlantation of mrale embrvos
when the conceptus was ABO‘incompatible to the mother. Recent findines
showing expression of l-Y antigen by & cell mouse embryos (Krco &

Goldberg, 1976) and pfesence of H-Y anticen on mammalian ervthrocytes

(Shalev et al., 1$78) furnish support to Kirby’s hypothesis.

The only experimental evidence for the direct involvemenﬁ of H-Y
an;igen in"determination of the secondary. sex ratio (presumambly
througﬁ embryonic implantation) comes from the study of Lappe & Schalk
(1971). In the present studyvan experiment has been undertaken to
_verify the effect of maternal immunization to H-Y antigen, with or
without previous splenectomy , on the secondary sex ratio in C57Bl/é6

mice.

‘Theoretical consideration

' ASSuming that the frequency of X and Y bearing spermatozoa is
stable and that no sex-linked lethal genes occured, the secondary sex
ratio . (at birth) must be determiried ﬁy maternal factors. Three
principalt stages for sex-se1e¢ﬁion might be qpnsidered: selection
prior to fertilization againsf X or Y bearing spermatozoa, selection
againstvembryés at or shortly after implantation and selection at
fetal stagé§1“~Among these the last is most simple to detect since it
"will result in higﬁ abortion rate and reducedAlifter size. Antigenic

o
expression during the haploid phase of sperm production has never been
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conclusively demonstrated in recard to X or-Y linked genes. Therefore
; there is no basié to believe at present that X and Y bearineg sperm
can Dbe separated'by immunological reactions. Hovever, Bennet & Bovse
(1973) claimed to have obtained a sienificant chanse in sex ratio in
mice followine treatment of the sperm with anti H~Y sera. This finding
has not been confirmed and attermnts to detect differential exnression
of H-Y antigen in spermatozoa have failed (Ohno & Wachtel, 1978: Ohkno,

1979).

Implantation which is the establishment of firm cellular contact
between méternal ‘and embryonic tissues, is a fateful and vulnerable
stage for the early embryo. Substantial evidence suggests that wmajor
embryonic mortality occurs during this stape (Hertig et al., 1957;
Brambel, 1948: Adamﬁ, 1955: Wakasugi et al., 1967). Maternal immune
»precondifioning to paternal antigens which are expressed by the early
embryo (Taylor & Hancock, 1975: Wudl & Chapman, 1976; Edidin, 1972:
~~Johnson, 1676; Billington, 1976: Krco & Goldberg, 1975) may determine
whether the eﬁbryo will vigorously implant and develop or whether it
will be . exposed‘ to 'cy;otoxic immune effects»(Prebn.& Lappe,_1971)-
independently of materﬁal effects, the stage of imﬁlantation is also
marke& by rapid wmetabolic changes whiéh may further increase its

vulnerability to external factors (see Wakasugi et al., 1967).

- The phenomenon of lymphocyte accunmulation at implantation sitesj
prior to and throughout implantation has been well established (see
Johnson, 1976). These 1ymphocy§es may .well be the mediators of a

-specific immune reaction to paternal histocompatibility antigens

during pestation. Indeed, Kirby (1970) presented data that anti

lymphocytiec serum can block implantation in the mouse. The specificity
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and mode of action of the antiserum are not vet clear. Evidence that
maternal response to paternal histocompatibility antipens is involved
in determining the iﬂplantaﬁion potential of the ermbrves also cores
.from studies by Fekete (1947), Michie & Anderson (1966), \Vakasuei et
al. (lé67): Palm (1970, 1974)- Lappe & Schalk (1971): and Finkel &
Liily (1973)- Clake & iHetherington (1971) tested the role 6f‘ maternal
preimmunization to. paternal antigens on the formation of blastocyst
induced decidual tissue. They found a significant -reduction in .the
émount of decidual tissue in‘speéifically immunized femsles but not in

females which were sensitized to xenogenic antigens.

Based on the‘above discussion it‘appears that implantation is the
most likely stape for immunological sex-specific selection to occur.
Therefore, a theoretical model ’has been drawn which attempts to
predict_ the consequences , in terms of sex ratio, of'preconditioning
. to H-Y antigen in C5781/6 mice. The first assumption, based on the
work of Vickers (1967), is that the primary sex ratio in the mouse is
1:1. Secondly ,based on the studies of Lappe & Schalk (1971) and
v ﬁakaspgi et .al. v(1967) the figure of up to 30% difference bétween the
' nqmbefvof potential embryos (corporea lutea ) aﬁd the ~n§mber of
successful implanté (fetuses) 1is adopted. Assuming a group of 1Q,
bfemaleé wifh IOO'fertiliZed epgs, it is expected that at 1least 70
fetuses will develop succéssfully and-will be born. Within the limits
of the same litter size (7 per female), if full implantation of male-
fetuses took place the'seconaary sex raﬁio (maies/females at birth)
- can reaéh 50/20=2.5 and the opposite figure (20/50=0.4) if full
implantation -.of female embryos occured. Even more extreme sex ratios

/

may occur if more than 30% of the fertilized egps are eliminated. This

however,should be reflected in the reduction of litter size. Following
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.this line of reasoning , the theoretical consequences of maternal
immunization to H-Y antigen in terms of sex ratio and litter size are

summarized in Table 1.

Material and lethods

Two separate »experiments were conducted wusing 5-6 week old
. C5781/6 mice. Animals were maintained in the same roomn unde? standard
conditions and bred at the age of 3-4 months byvcaging 3 females with
a male. Males were rotated among, fhe cages after 15 days of breeding
to avoid a paternal effect. Splenectomy was carried out under Nembutal
anaesthesia: a small incision (5 mm.) was made on the left flank of
the animal, the splenic blood vessels ligated, fhe spleen excised and
~the incisipn sutured. The animals were allowed to recover for two

weeks before being immunized.

" Experiment I - female mice were divided inteo five experimental groups:
'l—untreated: 2-injected with- male cells: . 3—sp1enectomized:
4~splenectomized and injected with female cells: 5-splenectomized and

injected with male cells.

- Females were injected 3 times wiFh male or female splenocytes (2
X 106 cells in 0.1 ml. phosphate buffered saline; intraperitoneally)
_defived from C57Bl/6 mice at 7 day intervals. Breeding followed
immediately .after the last injection and continued for 66 days.

Females which were not pregnant (hand examination) on day 35 of

breeding wére restimulated with the same dose of cells (proup 2,4,5)

Pregnant fiice were separated into sinpgle cages commencing day 17 of




*
Determination of sex ratio at.implantation

Situation Conditicns for embrvos Embryos = Average Expected Detection
at implantation *¥* wasted litter sex
size ratio

d 2 (3/9)

1 Normal ' <15 %15 7 1 No statistical
correlation
between litter
size and sex ratic

2 Favorable for males <15 15 7-10 1-1.43. 1Increased litter
(50/35)  size.More males

can be expected
with larger 1lit-

ers.
3 As situation 2, but & <15 >15 7 >1x2.5 Higher sex ratio
maintains normal . (50/20) is not correlated
litter size at the to litter size.
expense of less
females.
4 Unfavorable for males - 215 &15 3.5-7 0-1 Reduced sex ratio
: : may be correlated
to smaller litter
size.
5 As 4, but maintains >15 <15 7 <1,50.4 Reduced sex ratio
normal litter size - (20/50) is not correlated
'by more implantation to litter size.

of females (favorable
for females)..

* : .
Assuming a population of 10 female B6 mice with a primary potential
of 100 eggs available.

LI : '
T?e hypothetical situation can be maintained immunologically by -
different reactions against H-Y antigen. .
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breeding apd inspected daily for delivery. Newborns were sexed within
24 hours from delivery by identifying the pigmented spot at the base
of the tail of male neonates (Lappe & Schalk, 1971 and confirmed by a
éhromosomes, study of 20 randomely selected and coded male aﬁd female
neonates). After delivery the animals vere left in the same cage for
another day to ensure that all neonates have been born (occasional

delays of delivery are not uncommon in mice).

.Exneriment I -The‘same'five experimental groups were used as 1in
éxperimentb I » but in addition tuo more groups were tested (see
below)- Other modifications from the first experiment include the
immunization schedule ,the breeding period and the size of the .groups,
which wés _éignificantly larger. 1In this experiment females were
immunized more intensively and for a shorter period of time; six
injections of malé or female splenocytes were given within two weeks
at 2-3 day intefvals.fséﬁe dose and route as in the first‘experiment).j
Two additional groups were also restimuléted with 2 x 107 male (grouﬁ
7) or female (group 6) splenocytes 30 days after the last injection.
All females ih ;his experiment were bred for exactly 30 days in order '
“to éiiminage-Athe poésibié effects of time (age variabiiity in immung'

- response).

Results

The results of séx.fatio in experiment=~I are presented in Figure
1 and Tables 2 and 3. The regression analysis (Figure 1) was carried

-out to detect skewing in the sex  rate (males/litter size) as a

. , .
function of the delivery time relative to the immunization treatment.

As shown (Figure 1 and Table 2) only in group 5 - (splenectomized and




SEX RATIO

~ Table 2. For obvious reasons the sex ratio values had to be converted

S LA K N B AT
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Figure 1

Experiment I : Correlation between sex rate (males/litter size)

and delivery day.

0.70A

0.65§-

0.35

0.30

b - | 1 3 g £ M A - 1 . X ] I

. - R | 1
20 25 '30 35 . 40 45 50 85 60 65 70 75 80 '#5

DAY OF DELIVERY

'~ The parameters if each Pearson's correlation are presented in.

to sex rate values. The arrow at day 35 marks the restimulation given

to groups 2,4,and 5. Subgroups A and B are Marked by the broken line

(see text and Table 3).
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Table 2

sex rate and delivery day

The correlation parameters between the

ol

(Experiment I)

‘Group n b r F P(F)
1 38" -0.0002 0.0366 0.048 0.827
2 43 0.0606. 0.0885 0.323 0.573
3 41 0.0005 0.0811 0.258 0.614
4 o 19 0.0025 0.3420 2.250 0.152
5 39  -0.0036 0.4660 10.257 0.030

The graphs are illustrated in Figure 1




Sex %atios in Expériment I*

Subgroup ’Experimental group
1 2 3 ‘ o 4 -5
v Untreated Male cells Splenectomized Splehectomized + . Splenectomized +
— ‘ S . injected ~ female cells - male cells injected
| ' v ‘ injected '
©oan - (14) (24) (3A) (4A) : (5A) |
| 1.113 (169) 1.073 (170) 0.949 (115) 0.818 (60) ' 1.310 (164) %
B o (1B) (2B) , (3B) _ (4B) _ (5B)
» 1.239 (103) 1.051 (121) 0,926 (181) 1.353 (30) 0.719 (110) |

. , E?f

Total 1.159 (272) 1.064 (291) 0.922 (196) 1.090 (140) 1.030 (274)
%

Sex ratio=males/females . The number of offspring is given in
parenthesis. Subgroups A and B. represent the results from the
conceptions that occured during the first 36 days (day 50 of breeding)
and the results from the conceptions during the remaining 30 days (day
85 of breeding).

2&2 (2_x_2) analysis of the above results : Sex ratios from the
total values are not different from each other in all cases (P>0.1).
When subgroups A and B were compared  within each group, the difference

. Was ' significant only for group 5 (% =5.84, P<0.05). Comparison of the
‘same subgroup (A or B) between the groups indicated that the sEbgroup
5B was sigﬁificantl§ different (P<0.05) from subgroups 1B (X"=3.89)

- and subgroup 4B (X =4456)« The remaining comparisons were non
significant at «=0.1 level.
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sensitized to H~Y) was the sex ratio correlated with the day of
delivery (or day of concention). It is presumed that this significant
correlation reflects a change in maternal immune response to the fetal

H-Y antigen as a result of the active immunization to H-Y antigen. To

test whether the change in sex ratio prior and after restimulation was
significant, the sex ratio data for each group'was divided into two
subgroups. according to the delivery day (Fig; 1) Group A = pooled sex
ratio of deliveries during first 55 days of breeding (i.e. conception
occured during days 1-36) and B= pooled sex ratio of deliveries during
dajs 55-85 (i.e. coﬁception occured during days 36-56). It is clear
that animals of subgroup B (groups 2,4,5)V received a restimulation
injecticn prior to conception (several females night have conceived a
short time earlier). The statistical analysis of these subgroups shows
(Table 3) that a significant change in sex ratio was indicative only
for subgroups 5A and 5B. lowvever, it should be considered that becausé
‘of this subdivision into smaller groups, the povér of the statisitical

test ()?) was significantly reduced.

As 'previously discussed; litter size may be an important
--indicator for undefstanding the méchanism of changes in sex ratio. Thé
litter size of the groups was therefore recorded and analysed for
poséibie correlation fo sex ratio (sex rate). The mean + S.D. of
litfer size in groups 1-5 respectively was 7.27+2.05, 6.63+1.83,
'7.2111.96,: 7.3741.83 and 7.004+2.08. None of tixese values is different
from the other when compared by a t-test (P> 0.142 in all cases). 1In
none of the groups or subgroups was the sex rate correlated to litter

size (p > 0.232 in all cases).

»/ -
To-conclude, the findings from the first experiment suggested the

-
s
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following effects: a) Maternal Splenectomy or sensitization to female
cells following splenectomy did not affect sex ratio. b) Sensipization
fo H-Y antigen following maternal splenectomy may increase sex ratio
1f conception occured within 36 days after immunization. Later
couceptioqs and/or restimulation to H-Y may have an opposite affecﬁ on
sex ratio. c¢) No evidence fbr the effect of any of the treatments on
litter size was evident, nor was litter size correlated to the sex

rate of the litters .

Based on ‘the results fronm the first experiment,‘the second
experimént‘was deéigned to further vetify these effects. It was
ﬁredicted that an intense stimulation within a short périod may
enhénée.implantation of mgle embryos whereas’ 4 strong secondary
reéponse (restimulation) will result in a decrease in sex ratio. It
wvas also reasoned that a maximal period of 30 days of Vbreeding is
essential to obtain a consistent effect. The'results of sex ratios in
the second exﬁerimeni are presentedAin Table 4. Nb differences in sex
ratio were found amoné the control groups (1,2,3,4,6) although a
reduced sex ratio was indicative for the splenectomized groﬁp (3).
“Sinéé ‘é‘ISOﬁeﬁhaf. lower sex ratip was also obsér?ea in the first
experimenf (Table 3), the data from both experiments was pooled énd
compared tob the combined data from the untreated groups; the
difference was sighificant at Pg0.025 C&2=5.27). The éame analysis for
the'éombined data for groups 2-and 4 was not significantly different
from the Qntréated_'group (P>0.3). ‘Sensitization to H-Y antigen
following splénectﬁmy'resultéd in ~a significant elevation in sex

ratio. Thus,  the sex ratio for group 5 was significantly higher than

the sex ratié in any of the control groups (Table 4). This effect was

' particularly,prominent when group 5 was compared to the splenectomized
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Table 4

Experiment II. Sex ratio in the experimental proups and their statistical

analysis.
Group # Number of Treatment Sex ratio
_ females . (males/females)*
1 42 " None 1.094 (312)
2 43 Injected male cells 1.085 (319)
3 : 57 Splenectonized (Spl.) 0.845 (404)
4 32 ~ Spl. and injected 1.009 (247)
: female cells
5 ’ 72- » Spl. and injected 1.476 (520)
' ' male cells
& 55 Spl. and restimulated 0.921 (415)
- : with female cells
7 46 Spl. and restimulated
with male cells 1.236 (315)

%
Total number of neonates is given in parentheses.

Statistical analysis CLZ test, 2 x 2). Significant differences between

the groups are as follows :5: 1,16'- 4, 32 sP<0.05. 5:2 ,X-— 4.63, P<0.05.

5:3;4°= 17.48,P¢0.001. 5:45%2=6.04,P<0.02. 5: 5:6; 5%°=12.65,P<0.001.

2
7:33% 6 73,P<0.01. 7: 6,X.- 4.08,P<0.05. The comblned values from groupss
5 and 7 were also signifecantly different from the combined values of

group 4 and 6v(%-— 13.02,P<0.001) and from the splenectomized group (3)

(% =16. 19 P<0. 00D).

/
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group (3) (%2= 16.19, P<0.001). The restimulation 30 days after

immunization to H-Y antigen and splenectomy (group 7) also resulted in
a sex ratio which was significantly higher than that of the
splenectonized group (3) and the equivalent female-cells-restimulated
éroup (6) (Table 4), but was lowver than the sex ratic of group 5.
Although the drop in sex ratio caused by the restimulation is not
étatistically different from immunization aloune (group 5) and is also
not to the extent ébservéd in group 5B (experiment I; Table 3), this
result supports the suspicion originated from the finding in the first
~experiment about the effect of restimulation fo H-Y antigen on the sex

ratio.

As in the first e#periment, litter size was recorded and analyzed
for possible correlation to sex rate. The mean + S.D. litter size for
groups 1-7 respectively was : 6.93+1.80, 7.44+1.48, 7.02+1.80,
7+73+1.61, 7.29+41.67, 7.4241.92, 7+65+1.72. None of these’ values ‘was
found statistically different’ from the other (t-test, P between 0.1
and 0.9). The litter size was also not correlated fo sex rate (P range

0.061~0.491) excluding group 3 (r=0.363, P=0.03).

In addition tétthe above parameters, in this. experiment the
»'breeding‘ efficiency (#deliveries x 100 /# animals bred) and mean

breéding+gestation period were also recorded and analysed
g‘statistically. Breeding efficiency ranged betweenb75.42 and 88.7% and
none of the groups was different’ from the other in this respect
(P>0‘05,_'X2 test); the mean bfeeding+ges£ation périodti S.D. for the
variousfgroups ranged from 29.25i9.39 to 33.90+10.78 and none of the
groups wa?-~diffefent from the other: (P>0.05) in this respect

(Hann-Whitney test).

-~
!
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Discussion

The evolutionarily hichly conserved KH-Y antigen, 1like other
highly conserved moleculés (Geievetskaya, 1979) does not evoke a
strong immune response upon immunization of inbred fermales with male
cells. Fﬁrthermore;v the  possible presence in fetal ovaries of a
diffusible factor which ecan block the binding of H-Y antiecen to
ovarian cells (Wachtel & Hall, 1979) may suggest that females can
recognize part of the H-Y antigen compiex as a ’‘self’ molecule.
Therefore, immunization to H-Y antigen was not expected to effect the
survival or implantation of male fetuses to any extreme extent. Unlike
‘the situation in rats, in which maternalr sensitization to paternél
aﬁtigen can reéult in runt disease and fetal destruction when
particular crosses are made (Palm, 1970, 1874; Milgrom et al. 1977:
Beer &.Billingham 1973, 1976),sensitization to H=Y antigen through the
sperm, fetal contact, cellular transmission or active immunization
normally dqes’no;lcause measurable changes in sex ratio (Lappe &
Schalk, 1971- kMcLaren, 1962). it wouidb havé been vefy éurprising
sindeed, if sex ratio was normally vulnerable to the immune status of
females relative to H-Y antigen. Such a situation would have allowed
strong and negative selective pressures. It was already pointed out
that natural selection. for factors which maintain sex ratio balance
are extrermely strong (ﬁamilton, 1967: Leigh, i970)- However, the
question remains : is ihe sex ratio maintained only due to random
fertilizatioq#@g Xor Y bearing spermatozoa?. Evidence that this may

/

not be thé case was suggested by Verley et al. (1967) who showed that

the variaﬁiiity of sex ratio in individual mouse litters was less than




expected by chance alone. Do immune factors such as blocking
(enhancing) antibodies which have been widely demonstrated 1in
marrmalian preenancies (Bernard; 1977) or specialized lymphoid cells,
such as suppressor T éells, play a role in balancine the natural sex
ratio 7. The evidence that the maternal immune >system is stimulated
and responds to the fetal H-Y antigen dis impeccable ( Smith and
‘Povell, 1977: Streilein and Weisner, 1977: Upholff, 1977: Krupen-Brown
and Wachtel, 1979: Shalev, 1980), vet there are no data to show that
this response méy be related to sex ratio. If the maternal immune
system plays a role in maintaining the nofmal sex ratio, it has to be
a -weli balancea role which prevents extreme changes in the secondary
sex ratio. Nonetheless; if this natural immune balance can be
disturbed by removing a céntral lymphoid organ (such as the-spleen)
which is'resbonsible for maintaining the immune balange, changes in
sex ratio might be observed. The results of this study show that
maternal splenectomy élone significantly reduced the sex rétio, but
vhen active - immunization to H-Y preceded splenectomy, the sex ratio
»waé significantlyveievated. Lappe & Schalk (1971) originally discussed
‘the possibié role of thebspleen iﬁ ﬁéintaining the normél sei ratio.
It was suggested thaf a spleen factor has a blocking effect on the
implantétion of male conceptuses , which otherwise are at advantage in
implantation due to their endowment with H-Y antigen. This theory was
put foreward in bcontrast to another theory (see same paper) which
suggested that the,épleen excretes factors (antibédies) tc protect the
fetus from the harm of'matérnal»cytotoxic cells. A difficulty in Lappe
& Schalk’s thngy is that » 1f the spleen has a preventive effect on
implantatid; of male embryos; a higher implantation rate of male

conceptuses’ is expected in splenectomized females. The results
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presented by the~‘aboveAauthbrs (Lappe & Schalk, 1971 snote in proof)
showed no change in sex tratio of splenectomized ferales. Furthermore,
the results in the present study Are even contradictory and indicate
'that splenectomy alone reduced the sey ratio. The latter f{inding alone
would rather suegest that the spleen has a nrotective role on the
irplantation of male erbrvos. In view of the data obtained in this
study, the knﬁwledge accumulated in recent vears on the
irmunoregulatory role of thé spleen and the hieh complexity of the
v fetal-maternal imﬁuné interactions , both theories appear over
simplified; Based on the present findings , the role of the spleen in
maintaining the pormal sex ratio may at best be described as that of a
“buffering' regulator : in its absence sex ratio seems to be alloved

to shift in either direction, depending on the treatment applied.

Cbnsidering that none of the treatments significantly affected
the mean litter,bsize » nor was litter size correlated to the sex
'fatio in the litter the hypothetical situation which best matches the
results for suﬁgroups 5A (Exp.I) and aroups 5 and 7 (Exp. II) is
sitﬁation .3 in Table 1; while‘spbgroups 5B and splenectomized groups
best match situation 5 in Table 1. The expected sex ratios réngeb for
situvations 3 and 5 respectively (”aﬁle 1), are 1-2.5 and 0. 4 1.
Indeed, the values obtained in both experiments are w1th1n this range.
lThe highest and lowest sex experimental values obtained were 1.476 and
0.719, which is within thé expected - ranges, but ~suppests that the
‘capacity to intervene with the inherent sex ratio by the immunological
procedufe applied wés rather limited. Noteworthy, the value 1.476 is
very close ;and~probably.undistinguished) from the ficure 1.465 which

was obtained by tappe & Schalk (1971) when applying the same principal

N
7

[ treatment to CS57Bl mice.




Prehn & Lappe (1971) distinguished between three different
~patterns of wmaternal immunization to paternal antigens prior to
conception. They sugrested that viecorocus irmunization acainst strone
histoconpatibility (H) antieens will mildelv jeopardize fetal
survival, while immunization to weak paternal R antieens will increase
the: selective advantape of the conceptus. Lapre & Schalk (1971) also
showed that the incfeased capacity to reject male skin erafts waé'
associated with a higher sex ratio. Apart from the difficulty to
definev“strong“ and “weak" imrwnizations, the results in the present
experiment indicate that the relative timing of immunization.and of
vconcéption are of importance in determining the secondary sex ratio.
Other factors (such as dose and route of immunization) which were not
examined‘during this study may also be significant. Within the
limitations of the study it appeared that the restimulation with male
éelis 30 or 35 days after the primary immunization resulted in a
decrease in .sex ‘rétio. This suggests that the restimulation to H-Y
antigen eyoked in the females an immune factor which balanced and even

out-weipghted (Exp.I) the immune factors which provided advantageous

conditions for the implantation of male embryos.

Finally, the present study strongly supports a limited role for
the maternal immune system in balancipg the secondary sex ratio in
mice. It .is hoped  that future StuQies will be able to indicate the
maternal immune factors which are involved in maintaining  and

controlling the sex ratio in mammals.




Sumnmary

Tuvo  experiments have been conducted to verify the effect of
maternal preimmunization to H-Y antigen on the secondary sex ratic in
C57B1/6 mice. In accord with the theoretical nodel previously set, it

was bfound' that extensive immunization to H-Y antigen follqwing
splenectony resulted in- a significant increase in sex ratio
(males/females) without affecting litter éize. Litter size was also
not correlated to .sex raﬁio. The data from both experiments suggest
thatvsplenectomy alone or restimulation to H-Y.antigen (after 30 days)
both act to decrease sex ratio. It is concluded that the maternal
immune system plays a limited, but significant ,role in maintaining
the normal sex fatio invmice probably through balancing the immune

conditions which provide: advantageous ‘implantation rate to male

enbryos.




_PART 4

"GENERAL DISCUSSIQN




Twenty five years ago two investipgators published a short
comrunication on a 'meculiar® phenorenon: female :mice rejected skin
_erafts from males within well established inbred strains (Eichwald and
Silmser, 1955). For ébcut another tventy vears no one suspected the
possible sionificance of their observétion. The aquestion of whether
this' male specific antircen (later established to be Y-linked and
~termed H-Y ) was geﬁe;ically coﬁstitutive or was inducible bv male
hormones  was hotly debated. The breakthrough was fast after the
devélonwent of an aqqav for in vitro detectlon of H-Y antisen. Once
the evolutlonarv distribution and conservation of the antigenVWere
‘demonstrated {(V¥achtel et al., 1975), the idea that H-Y antigen -could
be the long-sought male-determining product was also expressed
(Wachtel et al., 1575b). Since then, this field of research achieved
increasing moﬁentum. Today , after 200 published studies the evidence:
leaves ‘no doubt as 'to' the majqr role of H-Y ~anti,czen in sex
detefmination. To date;'we are standing at the beginning of a new era

in understanding and controlling the process of sex determination in

mammals.

The. research presented in this thesis was carried out during the
. ﬁeriod 1977-1980 and reflects sore o% the difficulties and the rapid
ichanges which characterlzed the fl?ld during that period. Some of the
inherent dlfflcultles wvere nethodologlcal As discussed earlier (Part
1 and Chapter' 1), the weak nature of H-Y antigen (and antibodies)
seriously hampered the application of some useful dimmunological
féchniques such as radioimmunoassay, column binding, etc. One can now

say that these type of difficulties will disappear in the foreseeable

future, as.H-Y antigen has been isolated and purified from human cells
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(Négai et al., 1979) and specific #~-Y antibodies were produced by the
hybridomab technique (Koo, vpersonal -communication). The classic
transplantation methodolosy which is depencent on a specific (cell
mediated) imrune response to H-Y antiren is useful to reasure in vivo
changes in vthe response. to H-Y antigen such as caused by splenectomy
or prégnancy (Chapter VII). However, the transplantation methodélogy
has diéadvantages .in respect to the natural biological variability
among animals, thé extended time of male eraft survival and
variability din transplantation techniques from one laboratorvy to the
‘other whicﬁ influence the resul;s {(Baldwin et al., 1973). Phenomena
. such * as crossreactivity of the antigen or the expression of H-Y
antigeh on small cell samples could be resolved only aftgr the
aﬁpiication of the ih vitro methods. Yet, even after éeveral in vitro
methods for H—Y antigen tvplng have been developed the weak nature of
the'rEactions (which also resulted in variability) remained‘ a major
problen .(Shalev' et al., 1978). The protein-A technique falls within
'this categoryf Although the wmethod has the advantages of low
background klevels ,(. < 5% rosettes without serum) and fair
reproducibility, as in other methods the specific reactions ‘with Hey
antisera are -low in comparison to antisera of known strength (30-40%
compared to 80-1007 rosettes at the same dilution). Nonetheless, the

PA rosette technique has special application because of the fact that

it detects antibodies of the IgG class (Chapter VIIiI).

The evolutionary conservation is one of the-éutstanding features
of H—YH antigen. _Indeed, it 'is very understandable that‘molecules
mediating orgénqgenesié , and especiall& sex determination would show

/ ) : )
such conservation. In this respect, H-Y antigen mav be dlfferent from

other (hvpothetlcal at present) organooene51s anticens in the sense
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vthat sex (in a broad _sense) is wvirtually commoﬁ for all living
organisms and that inv principle only one sex -can exXpress a sex
sneéific' (H~-Y) antigen. The possible significance of the evolutionary
~conservation of H-Y antiren and its relation to sex determination in
non-marmalian  classes have been discussed earlier (Chapters IL,I1L).
While fhe rysteries of sex determination in mammals will probably be
unravélled in the foreseeable future, the understanding of the
mechanisms of sex determination in other animal classes and their
evolﬁtion would pfobably Tequire greater efforts and much research.
The reasons for thié were discussed by Ohno (1979) who emphasized the
principal difference = in sex determination between mammals and
non—mamﬁals. ‘What, if any, is the role of H-Y (or an H-Y
crossreactive) éntigen in the process of sex determination in
non-mammalian.animais ? In the same context s+ why dis BH-Yy antigen
associatéd -with the heterogametic sex rather than the same sex in

- various classes (e.p. Mammalia » Aves, Amphibia ). If one is to accept

that the H-Y structural gene(s) was preserved on a differential region
of‘an ancestral sex chromosome (the heﬁizngUS’ chromosome?), during
460—500 million vyears (invertébrates to smammals) ‘then it must be
assumed that H-Y antigen played an important ,or even crucial role in
the evolution of -sex determination. The fact that H-Y‘antigen:in
marmals was preserved‘on all somatic tissues, rather than testicular
.cells alone, despite lack of evideﬁcénthat it fulfills any vital role
besides testicular organogenesis, may further be used to argue that
originally it coﬁld have been engaged 1in other functions besides
testicular ofganogenesis. Anothér'line §f argument, which I consider
less like%&;“’is that H-Y antigen was conserved.desﬁité its being of

little or no sienificance for sex determination in lower vertebrates
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and ihvertebrates. If this is correct, one must still assume that at
some earlv stace H-Y antiéen has had a vital role, but that durineg the
evolutionary metamorphoses of the mechanisms of sex determination this
role covld have become of rareinal or no gienificance. The utilizatidn
of ticht eenetic control on sex determination in mammals could have
re—establishgd a major role for E-Y antigen. Expression an& control on

sexuality in E. coli can serve as a basic model to understand the
evolvment of sexuality through sex specific antigens (Monroy and
Rosati, '1979 and see Chapters III). The cenetic essence of sexuality
in E. coli is an extra—chromosomal piece of DNA (episome or plasmid)
of about 45 x 106 daltons which COmpriSes about 2% of the bacterial
‘genome‘and carriés about 100 genes (Willets and Broda, 1969). This
factor, known as F-factor (F=fertility) , is responsible for the
production of 1-4 male specific hollow  tubes (F-pili) which are
-imperative for adheS1venees (conjupetlon) and transfer of DHA from the
F' cells _. to ‘the F  cells (Briton, 1965). In addition the F factor
codes fof a male specific antigen (f+) aﬁd is responsible for the
absorption of ﬁalé specific RNA bacteriophage (Orskov and Orskov,
1960: Brlton, 1965) Considering the wide distribution 6f sex specific
antloens of which*many are engaged in cellular recognition (Chapter
I11), the investigation _of the poésible evolutionary association of

these phenomena to the evolution of sexuality and self/non-self

recopnltion mlqht yleld 1nterest1np LlﬂdlﬂOS-

A question which is unsettled as yet in relatlon to the genetic
conservatlon of the sex determlnatlon mechanism in mammals is where
does the FaYﬂlocus (loci) reside in the genome. As discussed earlier
(Chapter Vi, the present data allows rmore than one internretation. In

order to fully wunderstand the genetics and evolution of sex




determination in mammals this question will héve to be . resolved. The
two major options are that the H-Y structural locus (loci) in mammals
is normally located on the Y chromosore , but may be translocated
(relativelv high incidence) onto the ¥ chromosore oY autosores.
Otherwise, H-Y loci reside on chrorosomes other than the Y chromosome
but are activated through a Y—ligked rene(s). A third alternative is
that the location of H-Y genes is not identical in wvarious mammalian
species; which is as valié as the two other options. Our study of the
family of polled goats (Chapter V) confirmed the expression ‘of H-Y
antigen. in _fuﬁctional females (see also Selden et 2l., 1978: de la
Chapelle et al., 1978). These observations not énly establish the
quantitative significance of H-Y antigen as a testicular organizing
agent, but aléo suggest  that ovarian organogenesis can proceed
nofméily despite the presence of minor quantities of H-Y antigen. If
ovarian otganogenesis were a ‘passive" event which occurs in the
absence of H-Y antigen, it could be expected that the presence of even
mindr quantities of H-Y antigen would haﬁe a dominant effect towards
testicular organogenesis (or at least intersexuality). Therefore, this
may”séfve aé.indirect evidence that tﬁerewmight be‘ anéther substance
in female fetuses which cbmpetes-with'H;Y antipen and 1is responsible
for ovarian organogenesis. Ipdeed, the éxistence of such substance has
been predicted- long ago (Hamerton,k‘1968) and recent experiments

indicate its possible existence (Wachtel and Hall, 1979).

Various ﬁutéﬁté of sex determination have been examined for H-Y
antigen in recent vears. These -inélude the testicular feminization
syndrome STfﬁ)i XX males and true hermaphrodites (human, aog),
pseudoherﬁaphrodite poats-, XY eonadal dyseenesis, the sex reversed

it

mouse (Sxr) and the bovine freemartin (the latter abnormality is not
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genetic).-Thevdata from these studies contributed considerably to the
 understandin? of their etiology and the mechanisr of sex determination
in marrals. DBesides the scientific sienificance of pointine out the
etiology of a p¢iven situation, other potential clinical apnlications

of H-Y tvpineg in respect to sex deterrination are still unclear.

Unlike sex hormones which are effective at the adult stagpe of life,
H-Y antigen 1is éffective only during a short period of gona&al
vorganogenesis when 1its presence is - crucial. Therefore, | later
application will pfobably be useless in regard to .the gonadal
formati@n and function. A cliniecal aspeét which may be of 'great
potential din medical appliéétion is that of male to female organ (or
tissue)'transplantation. Two recent sfudies by Goulmy et al. (1977,
1678), Thave convincingly demonstrated the existence of a specific
cytotoxic;resﬁonse to H~Y antigen in females who previqpsly received

transplants from compatible’ males donors. The detection of these

responses is vital for the survival of such patients.

A major part of research »iﬁ this thesis was devoted to
investigate the possible role of H-VY antigen in fetal-maternal immune
‘relétionships.»Observations such as selective mortality in utero,
higher prevalence of certainbdiseases‘in males, changes in sex ratio
and placental size have previously beéﬁ attributed to the mraternal
imrune response against thé fetai H~-Y antigen (see Chapters VI, VIII

and IX). Howevér, one should be cautious about these interpretations,

since males and females can be selected on the basis of other inherent
traits such "as activation in an early female embryo of both X

chromosomes » Which' results in an double dose of the X-linked gpene

.y
!

products (Epstein, 1678), and cenetic difference in gprowth rate
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between male and female fetuses (Scott and Holson, 1977). Could such
differences bhe responsible for az differential resistance to pathogens
at early developrent?. Hevertheless, experiments involvinoe
histocormpatibility (H) anticens (not ¥-Y) in mice and rats indicate
that in principle, fetal allcanticens do plav a role in determining
erbryonic implantation, fetal survival and fetal and placental size,
by specific'ig_gggzg_sensitization of the maternal immune svstem (Part
-1 and Chapters VII-IX). The H-Y antigen is not completely comparablé
to strong H antigens because of its relative weak immunogenitity, its
'ubiquitousv distribution in nature and  its major réle in sex
detérminafion. These factors probably created during the evolution a
.selective pressure to eliminate the adversity of maternal immune
-responses apainst mammalian male conceptuses. As discussed earlier
(Chapters VII—IX) the evidence for the maternalvimmune response to the
fetal H-Y antigen is impeccable, however » there is no évidence as yet
thét these reponses can ihfluence testicular organogenesis (by
transwmission ‘ofv H~-Y antibodies) or the survivél and development of
male fétuses. The bioloéical sense for the lack §f such effects were

discussed earlier (Chapter IX).

The studies and discussions presented here on the role of H-Y
.antigen:in fetal<maternal immune interactions (Part 3) illustrate that
the contémporary knéwledge on the ‘subject is  still 1limited and
indirect. The H-Y system pro#ides a‘ unique ‘set of éxperimental
conditions which can be rewarding to the investigator. While in
-eXamiping the role of other ¥ antigens in fetal-matérnal immune
'interaCtiOQS“'the conclusions in regard to maternal effects are
cemplicated by 4the genetic_ heterozygosity of the fetuses (unless

-

synpgeneic strains are used), this problem does not exist in repard to

Y
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H-Y antipen. Furthermore, the special sipnificance of H-Y antigen in
marmmalian sex determination and its wide evolutionary distribution
make it of particular interest from this point of view. Thecretically
the understardine of the fetal-rmaternal irrune relations in recard to
H-Y antipen dis a potential way to control the fetal sex, to control
séx ratio and to predict the sex of the fetus (human) (detection of
K-V antibodies vin' the. mother or another specific response to H-Y
antigen). At present, the latter seems to be the most applicable use
for H-Y antigen in this respect. The development of a simple test to
. detect an anti H-=Y response in pregnant woren may become a reaiistic

application in the near future.
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