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INTRODUCTION 

Major Histocompatibi 1 ity Complex of the Mouse 

In 1936, the English immunologist Peter Gorer first 

described three b lood group antigens in mice . He found 

that one of these antigens, antigen II, also contro ll ed 

tissue graft rejection (Gorer, 1936). In 1948, on the 

suggestion of George Snel 1, this antigen became k nown as 

Histocompatib i l ity-2, or H- 2 (S nel 1, 1948). When similar 

groups of antigens were discovered in other species, the y 

were referred to as the ma jo r histocompatibi 1 it y comple x 

antigens (MHC ). In the mouse, MHC and H-2 are 

s y non y mous; in man the MHC is known as human leukocyte 

ant ig en (HLA). 

The H-2 complex resides on chromosome 17 i n the 

mouse. There are si x distinct regions within this 

complex: K, I, 5, 0, Q , and TL. In these six reg io ns, 

three classes of prote i ns are encoded (Fig. I). 

The c l ass I protein pr oducts are usuall y membrane-

bound g ly coproteins ( with a few exceptions, such as QIO 

[Devlin et al. , i985a). They are member s of the 

i mmunog l obu l in supergene farni ly , having a great dea l of 

structural homology to t he ant i bod y molecul es. There are 

three t y pes of mouse class I proteins: H-2, Q, and Tl. 

The y consist of two chains, a heavy ch ain of molecu l ar 
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Fig ure I. Geneti c map of the mouse MH C. The 5 regions encod ing the MH C antigens 
and the class of protein encoded is den oted under the correspo nding 
r eg i on . The number of genes in each region of the C57BL/10 mouse 
stra in are sho wn. This figure was adapted from Mellor ( 1986) 
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we ight between 40,000 and 45,000 which is non-cova l en tly 

associated with a 1 ight chai n protein, a2-microglobul i n, 

which has a molecular weight of appro x imatel y 12,000. 

The heavy chain consist s of three external domains (01 , 

o 2 , and o 3 ) of about 90 amino acids each, a transmembrane 

section of about 40 amino acids in length , and a 

cytoplasmic tai 1 of about 30 residues ( reviewed i n 

Flavell et al . , 1986). The 3-d i mens io nal structure of a 

huma n c l ass MHC prote i n, HLA - A2, has been determined 

and reveals a b i nding cleft between the o 1 and 02 doma i ns 

l arge enough to accommodate a smal 1 peptide of up to 15 

amino acids in length ( Bj orkman et al., 1987) ( Fig. 2). 

The H- 2 proteins (H-2K, H-2 D, and H-2L) are highl y 

polymorphic and e xpressed o n a l I somatic tissues with 

levels of e x pression vary ing between tissue t y pes 

( reviewed in Lew et a l. , 1986). Th ese are the cl ass ic 

tra n splantation antigen s whi c h are responsib l e for graft 

re j ection ( Gorer, 1938 ) and restr ic tion of the eel lular 

immune response (Zinkernagel and Doherty, 1974) . 

The Q and Tl proteins are not a s pol ymorphic as the H-2 

proteins ( Flahert y , 1980) . The y are e xpressed on a 

1 i mi ted number of ce 1 1 s and have no known function i n T 

c e I 1 med i at e d i mm u n i t y ( M i c ha e I son et a 1 . , I 9 8 3 ) . There 

are five k nown Q/ Tl prot e i n s : Qa-1, Qa- 2, Qb- 1, Q- 10 , 

and Tl (S tanton and Hood, 1980: F l ahert y , 1981; Devi in et 
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al., 1985; Robinson, 1985). The Qa-2 antigen is the best 

characterized of the Q/Tl molecules. The heavy chain of 

this molecule is about 40 ki lodaltons in molecular weight 

and, like the H-2K and H-20 proteins, is associated with 

B2-microglobul in. It has a high degree of homology to 

the H-2K and H-20 protein sequences (Soloski et al., 

1982) . Recent evidence has shown that the Qa-2 protein 

is encoded by two genes, Q.l and Q.2. (Stroynowski et al., 

1987; Soloski et al., 1988). Sequencing has revealed 

that these two genes have identical e xon sequences and 

only differ in the intron regions (Devi in et al., 1985b). 

The murine MHC class I I proteins, also cal led Ia 

antigens, are membrane-bound glycoproteins encoded in the 

region of the MHC complex. Like the class I proteins, 

they are members of the immunoglobul in supergene family, 

suggesting a common ancestral gene for these molecules. 

These molecules are heterodimers formed by the non-

covalent association of a 32,000 dalton a-chain with a S-

chain of molecular weight approximately 28,000 daltons. 

Both chains have two extracellular domains, a 

transmembrane section and a cytoplasmic segment. The 3-

dimensional structure of the c l ass I I molecule has not 

yet been elucidated, but is believed to be very similar 

to that of the class I protein in association with s 2 -

microglobul in. Class II proteins are highly polymorphic 
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and are found primarily on B eel ls, macrophages, and some 

epithelial eel ls, although they are not restricted to 

these ce l 1 types. These mo 1ecu1 es are involved in 

presenting foreign antigens to helper T cells, thus 

initiating the humoral immune response (reviewed in Dorf, 

I 98 I ) . 

The class I I I proteins are encoded i n the S region 

of the MHC. These proteins are 21-hydroxylase (21-0H), 

Sex-1 imited protein (Slp) and three components of the 

complement system, C2, C4, and factor B. There is no 

homology between these proteins and the class 

II molecules (reviewed in Hood et al., 1984). 

or class 

Embr yonic Development 

For a review of early mammalian development, see 

Johnson and Everitt ( 1980 ) . The diploid primordial germ 

cells in the ovaries, the oogonia, div i de mitoticall y and 

enlarge into primar y ooc ytes. These c e 1 1 s then undergo 

two successive meiotic divisions to become a l arge 

secondary ooc y te and a sma I l er po 1 ar bod y . At the time 

o f estrous, the eggs are dis c harged in a c l utch 

surrounded by cumulus e el l s into the ampu l lar end of the 

oviduct. 

It is within the o v iduct that ferti 1 i zation occurs . 

A successfu 1 spermatozoan contacts the zona pe 1 I uc i da, an 
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acel lular glycoprotein matrix encircling the ovum. 

Fol lowing this contact the zona pel lucida undergoes 

changes which prevent any subsequent penetration; this is 

known as the zona reaction (Bleil et al., 1981). The 

ma l e and female pronuc lei fuse together completing the 

fertilization process by producing a diploid eel l, the 

zygote. 

Immediately after fertilization, each zygote 

undergoes a series of five to six cleavage div i sions. I n 

the mouse, the first cleavage occurs about 24 hours after 

copulation and thereafter once every 12 hours ( Sne l I and 

Stevens, 1966). These divisions can be asynchronous 

resulting in embryos with odd numbers of eel ls. The 

d ividi ng embryo wi 11 pass through six morphologic stages 

before i mplanting : ferti I ized egg, 2 ee l I , 4 eel l, 8 

eel l, morula, and blastocyst. The first five stages 

occur in the oviduct; at about the time of the fifth 

cleavage, the embryo passes from the oviduct into the 

uterine horn . 

The blastocyst, the final stag e of development prior 

to implantation, is composed of two cell types. The 

trophectoderm is the outer ring of ce I Is which surrounds 

the inner cavity ( b l as toco e i) and inner eel l mass (IC M). 

Just before implantation the blastocyst sheds the zona 

pe l lucida in a process cal led hatching . At implantation 
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the trophectoderm begins to form the placenta l tissues 

which wi 11 act as a barrier between maternal and fetal 

circulations in the post-implantat io n stages . 

eel I mass wi I l form the embryo proper. 

The inner 

Jn mice, the preimplantation phase is approximately 

4.5 days long. During this time, the embryo is a free-

f loating entity, completely separate from, yet surrounded 

by the maternal environment. 

Pregnancy and the Immune Response 

Since the discovery of the HHC and its role in 

tissue transplant rejection, immunologists have been 

puzzled by the fact that fetal tissue evades this 

phenomenon. Logically, since the fetus po ss esses 

paternal as we l 1 as maternal geneti c material, it should 

be recognized as foreign by the mother and rejected. 

Peter Medawar was one of the first to address this 

paradox in 1953, when he proposed three mechanisms b y 

whi ch the fetus could protect itself from the materna l 

immune system (Medawar, 1953). 

His fi rst hypothesis suggested that a physical 

barrier exists between the fetus and the su rr o und ing 

maternal environment. Th e zona pel lucida appear s to be 

an effective sh i eld against maternal eel lular responses. 

Ewoldsen and coworkers found that cytotoxic T lymphocytes 
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(CTL) had the abi 1 ity to ki 11 embryos which had their 

zona pel lucida removed, but lacked this abi 1 ity when the 

zona pel lucida was left intact (Ewoldsen et al., 1987). 

It is known that the zona pel lucida is permeable to 

immunogiobul ins (Blei I and Wasserman, 1980); however, it 

is not known if the embryonic al loantigens can initiate 

an l.!J.. vivo maternal humeral response with the zona 

pel lucida intact. Trophoblast eel ls have been shown to 

express paternal Class HHC antigens in vitro (Zuckerman 

and Head, 1986; Bi 11 ington and Burrows, 1986; Chatter j ee-

Hasrouni and Lala, 1979), and these alloantigens have 

been shown to induce both humora 1 (Henge and Beer, 1985) 

and eel lular (Smith et al . , 1978; Jacoby et al . , 1984) 

immune responses. These results are controversial and in 

vivo studies using females hyperimmunized against 

paternal al loantigens revealed no loss or damage to fetal 

tissue (Zuckermann and Head, 1985; Hitchison, 1953; 

Wegmann et al., 1979). 

Hedawar ' s second model suggested that the fetal 

tissue is not recognized b y the mother as foreign because 

the fetus does not e x press hi stocompat i bi l i ty anti gens. 

The e xpression of functional histocompatibi l ity antigens 

is now well documented in both pre- and post-implantation 

stages. H-2 antigens have been detected by electron 

mi croscopic examination of immunolabeled blastoc y st stage 
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embryos (Searle et al., 1976; War11er and Spannaus, 1984). 

The technique of 1251-lactoperoxidase labeling has been 

used to detect H-2 antigens on the ICM of blastocyst 

stage embryos (Webb et al . , 1977) . Eight ce l 1 stage 

embryos have been reported to express H-2 antigens in two 

studies, both uti 1 izing variations of complement-

dependent cytotoxicity (Krco and Goldberg, 1977; Cozad 

and Warner, 1982). H-2 class I antigens have been 

detected on mouse embryos as early as the 2 ee l l stage by 

immunoprecipitation (Sawicki et al., 1981 ) ; however, this 

is the only report of H-2 antigens at the 2 ee l 1 stage. 

In addition, the production of H-2 mRNA has been 

examined by two groups. Warner et al . ( 1985 ) have found 

class I mRNA in preimplantation embryos. Ozato and her 

colleagues were unable to detect any class I mRNA unt il 

day 9 of gestation (Ozato et al . , 1985 ); however, no 

embryos prior to day 8 of gestation were observed. 

I n his third hypothesis, Medawar proposed that the 

maternal immune system is incapable of mounting a 

response to an al logeneic pregnancy. Much data has 

accumu l ated to suggest that this is not the case. 

Al loantige ns are indeed re cognized by the materna l i mmune 

s y stem during pregnancy. The pregnant fema l e produces 

antibodies to paternal MHC antigens, has draining lymph 

nodes in al logeneic pregnancies, and produces suppressor 
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eel ls , both in the decidua and other tissu es (reviewed in 

Hunziker and Wegmann, 1986). In spite of this immun e 

response, the al 1 ogene i c pregnancy survives . Recent 

evidence suggests that this maternal recognition of fetal 

alloantigens is not deleterious, but in fact directly 

contributes to i mpr oved placental function and fetal 

surviva l . The suggestion that a materna l immune response 

may be necessary for pregnancy survival is supported b y 

studies in three different s pecies which demonstrated 

that immun izing against paternal a l loantigens prevents 

abortions, ( Gill and Wegmann, 1987) and oth er s whi ch 

demonstrated the removal of T suppressor eel ls o r their 

activity may co mpr o mi se a pregnancy (Atha nassaki s et al., 

1987; Beaman and Hover sla nd, 1988). 

The Ped Gene 

The preimplantation period is a critical point in 

embryonic development . The timing of development at this 

stage is important for successful implantation and 

subsequent fetal development. Mou se embryos transferred 

to a uterus at an earlier sta ge of preg nan cy wil l wai t 

for the uterus to match their deve lopmental stage be fo re 

implanting; however, embryos transferred to a uterus at a 

stage of pregnanc y later than their o wn do not implant 

and consequent ly die ( Mclaren and Mi c hie, 1956 ; Doyle et 
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al., 1963). These data demonstrate that embryos which 

are not at the appropriate stage of development at the 

time of uterine receptivity do not survive. Thus, 

embryonic cleavage rate is crucial with respect to 

embryonic mortality. 

Relatively 1 ittle work has been undertaken in the 

area of the genetic timing of early embryonic 

development. One of the first studies performed in this 

area demonstrated differences in the eel l numbers of 

embryos from the BAlB /c and 129/RV inbred strains of mice 

at 65 and 8 9 hours post-HCG (Whitten and Dagg, 1972). 

Mclaren and Bowman showed that C57Bl/6 strain mice had a 

greater number of eel ls per embryo than mice of the C3H 

strain throughout the preimplantation period ( Mclaren and 

Bowman, 1973). Titenko observed that embryos from inbred 

mice of the CBA strain had fewer eel ls than embryos from 

either the C57BL/6 or BALB/c strains (Titenko, 1977). I n 

1980 , two groups suggested that the timing of embr yonic 

cleavage is genetically controlled ( Niwa et a l ., 1-980; 

Shire and Whitten, 1980 ). 

Th e slow-developing strains in both the Mclaren and 

Bowman ( 1973) and Titenko (1977) studies were of the H-2k 

haplotype. This l ed Warner and her coworkers to 

hypothesize that the rate of embryonic cleavage was a 

trait 1 inked to the ma jor histocompatibi 1 ity complex. 
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Verbanac and Warner demonstrated that an MHC- 1 inked 

gene, Ped (preimplantation embryo development), e x ists 

which influences the rate of cleavage of preimplantation 

embryos (Verbanac and Warner, 1981). The known 

properties of the Ped gene have been reviewed by Warner 

(1986) . There are two functional alleles of the Ped 

gene: fast and slow. 

Observations in the congenic strains 86.Kl (Qaa) and 

B6.K2 (Qab) have further 1 inked this gene to the Q region 

of the HHC (Brownel 1 and Warner, 1988). 86.Kl mice, 

which lack Q region genes, are Ped slow whi l e B6.K2 mice, 

which have the ful 1 battery of Q genes, are Ped fast. 

The phenot ypic e xpression of the Ped fast al le le has been 

shown to be concordant with expression of the Qa-2 

antigen, as has the expression of the Ped slow phenotype 

with the absence of Qa-2 ( Warner et al., 1987) . The 

current hypothesis asserts that the Ped gene product ma y 

be the Qa-2 antigen. 

Interferon 

For many years, virologists have observed that an 

individ ual wh ich has a viral disease a l most never 

develops another viral i 1 lness at the same time. This 

phenomenon is called viral interference. lsaccs and 

Lindenmann (1957) found that when supernatant from 
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viral I y- infected chi ck en ce 1 1 cu I tures was added to 

uninfected eel ls whic h were subsequentl y chal l enged with 

a virus, no infect ion wou l d occur. They co nc l uded that 

the virally-infected cells were producing a soluble 

substance wh ich was pre ve nting further infection, and 

they ca 1 I ed this substance i nterfer on. 

There are two t y pes of interferons. Th e first t y pe 

are the a -i nterferons (a- IFN) and B- interferons ( S-IFN ) . 

These inte r ferons are produced by eel ls infected with a 

virus . Alt hough a-IFN and B-IFN are s ufficient ly simi Jar 

in structure to use the same re ceptor, they are encoded 

by different genes. Both are proteins of approxima tely 

20,000 daltons in molecular weigh t (Klein, 19 82 ) . 

The second type of interferon is y - interferon (y-

IFN ) , also kno wn as immune i nterferon . y-IF N is a true 

lymphokin e; it is produced by mitoge n - or antigen -

stimulated T lymphocytes . y-IFN ha s a mo re pronoun c ed 

antivira l ef f ect than either a - IFN o r B-IFN (Kl ein, 

1 982) . 

The t wo main effe cts of interferon are t h e 

prevention of viral replication and inhib it ion of eel 

growth. Among the other effects on c e 1 1 s of these 

molecu l e s are inhib i ti o n o f antibody for mati on, 

enhan c ement of lymphocyte cy tot ox icit y , and e nhancement 

of macrophage function (V ilcek and OeHaeyer, 198 4 ) . 
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Modulation of MH C Protein Expression by Interferons 

Interferons incite a variety of changes i n the ee l 

membrane (F riedman, 1979). Among these are the 

inhibition of virally-induced cytolysis and eel I f usion 

(Sato et al., 1980; Tomita and Ku wata, 1981), increased 

binding of proteins ( Pfeffer and Tamm, 198 2 ; Lonai and 

St einman, 1977), inc reased e xpression of Fe receptors 

(Fridman et al., 1980), and increased e xpression of MHC 

mo l ecules. Of these effects, the modu l ation of MH C 

protein e x pression ha s been e xt ensivel y studied. 

Lindahl, Gresser, and their collaborators were the 

first to observe the induction of MH C proteins by 

interferons (Li ndahl et al., 1973). The al loantibody-

absorbing capacity of Ll210 eel ls was measured fo l lowing 

exposure to mouse a and B interferons. They found a 

dose - dependent i ncrease in al loantibody-absorbing 

c apacit y in interferon-sensitive Ll 2 10 eel ls, but no 

increase in interferon - resistant Ll210 e e l ls . 

Since inte r ferons are known to be powerful anti-

pro 1 i ferat i v e agen ts, it wa s hypothesized that th e 

increased absorbance of al loa nt isera could be attributed 

to a "p i 1 ing up" of eel ls in o ne phase of the cel 1 c ycle. 

Ki 1 lander et ai . determined the eel I cycle position of 

individual contro l of interferon-treated mouse l eukemia 

eel ls by cytophotometr ic and autoradiographic techniques 
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and simultaneously determined the amount of H-2 ant igens 

expressed on the surface of individual eel ls by 

quantitative immunofluorescence (Kil lander et al . , 1976). 

They found that the distribution of interferon-treated 

eel ls and control eel ls in the various stages of the cel 1 

cycle were similar, and that the e xpression of H-2 

antigens was enhanced in al 1 phases of the eel l cycl e. 

Th us, the enhanced e xpression of eel l surface ant ig e ns 

was not due to a concentration of eel ls in one phase of 

the cell c ycl e. 

Both the class I and class I I proteins can be 

modu l ated b y interferon. Class expression is i ncreased 

by IFN treatment on all eel 1 types investigated thus far. 

Class I I e xpr essi on is increased with exposure to 

interferon in cells which constitutively express class 

II; additiona lly, cells which do not e xpress class II 

antigens (o r e x press them at levels too low to detect ) 

can be induced to express cl ass I I upon contact with 

interferon. These effects have been demonstrated with 

both natural and recombinant DNA-derived interferons. 

Both t y pe I and type I I interfer ons have the ab i 1 i ty to 

produce these effects. While a and ~ IFN have varying 

ability to induce class II e x press ion , y-IFN induces both 

class and class I I very effective ly . 

demonstrated 30-fold i ncreases in class 

Some studies have 

expression and 
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8-fold enhancement of class 11 (McNicholas et al., 1983). 

The enhancement of MHC proteins by interferons has 

been found on virtually every eel 1 type, both marrow-

derived and non-marrow-derived. Marrow derived cells 

which respond to interferons in this manner include T 

ce l ls, B ce l 1 s, macrophages, monocytes, Langerhans ce l ls, 

and mast eel ls. Non-marrow derived eel ls which have been 

shown to increase expression of MHC proteins in response 

to interferons in culture include those derived from 

heart, kidney, colon, pancreas, bladder, lung, ovary, 

brain, thyroid, and many melanomas (reviewed by Halloran 

et al., 1986). 

Several species have now been studied and al 1 have 

revealed similar result s . Interestingly, interferons do 

not appear to work across species in this effect. This 

appears to be a receptor-oriented funct i on, rather than 

one of gene regulation. In trans fo rmat io n studies, the 

abi 1 ity of an interferon to enhance or i nduce MHC protein 

expression is restricted b y the host eel l species or ig in 

rather than by the origin of the transforming gene 

(Yoshie et al., 1982; Rosa et al., 1983). 

Friedman and Sta r k ( 19 85 ) reported an interferon 

response sequence (IRS) , a common se quence of about 30 

base pa i rs found in the promoter region o f several human 

genes responsive to a-IFN. Sequences high ly homologous 
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to this human IRS have been found in the promoter regions 

of several H-2 class genes including H-2Kb, and H-2Ld 

(Israel et al., 1986). Singer and her coworkers have 

recently found a sequence in the 5' region of a porcine 

class gene which has 69~ homology to the human IRS 

(Singer et al., 1988). In comparing the sequence of the 

Q.1_ gene (Devlin et al . , 1985b), a sequence beginning 139 

base pairs upstream of the TATA box can be found which 

has 82~ homology to the human IRS. 

Effects of Interferon on Embryos 

Little is known regarding the effects of lymphokines 

on embryo development. Only a few studies have been 

performed and these have yielded contradictory resu lts. 

Lindahl-Magnusson and her co-workers ( 1971) found that 

mouse interferon preparations inhibited proliferation of 

mouse embryo eel ls in a primary mono layer eel l culture as 

determined by 3H-thymidine uptake and eel l counts after 

trypsinization. This study also showed that human 

int erferon had no effect on mouse eel 1 pro I iferation. 

!FN has a lso been shown to have ant i- pro I iferative 

effects on an embryonic ce I l Ii ne ( Drasner et a I ., 1979); 

however, in the same study, no effects on development or 

3H-th ymidine uptake by 2 eel 1 and 8 eel I embr yos 

mainta i ned l..!l vitro in the presence of 3. 4 x 103 U/ ml of 
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interferon . An examinaLion of this data suggesLS that in 

some experiments vaiues for deveiopment and 3H -t hymidine 

uptaKe mi ght b e s ii ght i y h igher in the inter f er o n 

samp i es . CarLnew e t a i . t i98 6 i f a una n o s igni fica n t 

difference in ce i i numbe r per embr y o between cuitur e s o f 

2 ee l i embryo s maintained in viLro 72 nours wiLn 6 6G U/mi 

interferon and simi iar cu l tures with no i nterferon . 

Tnese findings co n f irm tnose o f Orasner ho wev e r . 

each investigat o r UL i i ized oni y one concentration of iFN , 

ieaving the possibility that larger or sma lier 

c oncenLrations might ei icit effects n o t obse r vab l e at 

thes e two concentrations . 

Mos t recent ly , Hi 1 1 et al. ( i9 8 7) stud i ed t h e 

ef fe c ts of vari o u s iy mph o kines on mouse embr yo 

deve lo pment deLer mined b y mo rphoiogic sc o r i ng . Se v e r a l 

interferons inc l uding human re c ombinant y- i nter f e ro n ( n u 

r-yi FN) and ra t recombinant y-Jnter f eron ( rat r- yi FN ) 

were examined at concentra t ions as high as 10 6 U/ ml in 

this study, however , no mouse interferons were Lested. 

Drama tic increases in embryotoxicit y with both h uman a nd 

raL r - y in t e r f er o ns were o b s ervea a L c o nc entra t i o n s 

grea t er than 105 U/ rnl, but no significant ef f ect was seen 

aL io wer concentrations. 

S ignific a nt discrepancies exist between the s e 

exp er i ment s in the method and duration of i n v i tro 
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culturing. Hill and coworkers cul tu red 2 ce 11 embryos 

for 4 days and found that 80~ of control embryos 

developed to the blastocyst stage. ln contrast, Carthew 

and associates and Orasner both cultured 2 eel l embryos 

for 3 days and observed 79% and 78~ blastocysts i n 

control cultures, respectively. It is of interest that 

many researchers have had success culturing 2-cel 1 

embryos to the blastoc ys t stage in 48 hours ( Raffert y, 

I 9 7 0) • 

Even l ess work has been done in the area of 

embryonic MHC modulation b y interferons. Both H-ZK and 

H-20 expression is enhanced b y interferon, whi l e la 

expression is affected 1 ittle on mouse embr yo ni c 

fibroblasts (Vig nau x and Gre s ser). Zuck ermann and Head 

( 1986) have shown that a/B-lFN no t only enhances 

expression of paternal class l antigens on tr ophoblast 

cells, but also increases the percentage of ce ll s which 

are positive for paternal cl ass l. Ozato and coworkers 

( 1985) were unable to detect class l antigens in day 8 

embryonic tissues; however, treatment with either a / B-IFN 

or y -lF N resulted in the detection of high l evels of H-

2. 

The effects of mouse r-ylFN on preimp l antation 

embryos have not yet been fully e xamined. The inte nt of 

this thesis research is to study the effects of mouse r-
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ylFN on proliferation and DNA synthesis in 

preimplantation embryos, and to determine whether mouse 

r-y!FN influences eel 1 surface MHC protein expression on 

preimplantation mouse embryos . 
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MATERIAL S AND METHOD S 

Mi ce 

Supply and housing 

The CF! outbred strain was obtained from the 

Portage, Mic higan faci 1 ity of the Char l es River Breeding 

Laboratory. The inbred strain C57BL/6J was obtained from 

Jackson Laboratories, Bar Harbor, Ha i ne . Mice were 

maintained on a 14-hour 1 ight period ( 5 a.m. to 7 p . m. , 

Central Daylight Time), and were given food and water ad 

l ibitum. 

Super ov ula t i o n 

Embr yos were collected fr o m hormonal ly s uperov u lated 

mi c e . Female mice of age 6 wee ks or ol der were given 5 

I.U. Pregnant Mare Se rum (PHS) (S igma, St . Louis, MO ) 

int raperi toneal ly in the I Ith hour of the light cycle, 

fol l owed 45 hours later by a n injection of 10 I . U. human 

cho r ion ic gonadotropin ( hCG) (!C N Nutritional 

Biochemicals, Cleve land, OH) for th e inbred st rai n , o r 5 

I . U. hCG for the o u tbred st rain. Prepu bertal mice (3 to 

4 wee ks of age) received half dosages. Thre e hours l ate r 

mic e were mo nogamou s l y paired wi th a male. Females wer e 

c he ck ed the fol lowin g mo rning fo r a vaginal p lug to 

identify a suc cess ful ma ting. 
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Co l lection of embryos 

Embryo collection was performed as described in 

Rafferty ( 1970). Briefl y, successfully mated f emales 

were sacrificed b y cervical d islocation and their uterine 

ho rns removed. Embryos were collected by flushing 

through the oviduct with 0.5 ml of Whitten and Biggers 

medium (Whitten and Biggers, 1968 ). Collection was 

performed at 47 hours post - hCG to recover 2 eel l embr yos 

and at 69 hours post hCG to recover 8 eel I embr yos . 

Microdrop c ultures of embryos 

Embryos were cultur ed to the blas tocy st stage fro m 

the 2-cel l or 8-cel l stage b y plac i ng them in microdrops 

under oil as described in Rafferty ( 19 70) . Paraffin oil 

( Fisher, Pittsburgh, PA ) is equil i brated with Wh itten and 

Biggers medium which does not contain BSA and is placed 

in a 60 mm plas tic petri dish ( Be cton Dicki ns o n, 

Rutherf o rd, NJ) to a depth of approxi ma tely 5 mm. Drops 

of medium were p laced under th i s oil ( approximate vo l ume 

I 0 u l ) . Culture s were incubated at 370 C i n 57. COz i n 

a i r. 
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Solutions, Buffers, and Culture Media 

Table I lists the components of t he solutions, 

buffers and culture med i a used for the e xp eriments in 

th i s thesis. 

Table 1. Components of so l utions, buffers, and med i a 

Solution 

Phosphate Buffered 
Saline ( PBS ) 

ELI SA PBS 

PT 

ELISA Assay Buffer 

Stop Solu ti o n 

0.851. Na Citrate 

Wh i tten and Biggers 
Medium (1968) 

Component 

NaH2P04·HzO 
Na z HP04 
NaCl 

Fetal Calf Serum 
( IgG free) 

NaN3 
in PBS 

Tween 20 
in PBS 

Tris-H CL 
NaCl 
MgCl2 

Na 2C03 
NaN3 

Na Ci trate 

NaCl 
KCI 
KH2P04 
MgS04 · 7 HzO 
NaHC03 
Glucose 
Ca lactate 
Na pyruvate 
Penici 11 in G, 

K s a l t 
Stre ptomycin 504 
0 ,L l act ic acid 
Phe no l red 
Bovine serum albumin 

Concentration 

3.26 mM 
6.69 mM 
0. 12 7 H 

l 01. 

11. 

0 . 051. 

I 0 mM 
I 0 mM 

mH 

I M 
0. 21. 

0 . 851. 

8 7.95 mM 
4. 77 mM 
I. 19 mM 
I . 19 mM 

25 . 07 mM 
0 . 11. 

17.09 mH 
0 . 00361. 

0.00751. 
0. 0 0 51. 
0.371. 
0. 0 51. 
0.3'7. 



Table l (conti nued ). 

Solution 

Ringer's Solution 

25 

Component 

CaClz 
KCl 
NaCl 

Cel 1 Li nes and Antibodies 

Concentration 

2 . 25 mH 
5.63 mH 
0. 1 5 H 

The WEH I-3 eel ine (ATCC , Rockvi 1 le, HO ) is a 

macrophage-I ike eel ine of H-zd haplotype. Monoclonal 

antibody-producing eel 1 1 ines include , 27-l l-13 which 

produces an antibody which is specific for H-2Db / dLd 

molecules and was kindly provided by Dr. David Sachs; 

l 1.4 - 1, specific fo r H-2Kk, whi ch was obtained fr o m the 

Salk Institute (San Diego, CA) ; and TIS 108 ( AT CC) which 

produces N-5.8. l antibod y which is spe c if i c f o r s h eep red 

blood eel Is and wa s used as a negative contro l . A 

monoclonal antibody specific for Qa- 2 antigens, 141. 16 . 6, 

was the kind gift of Dr. Ian McKenzie, and was used as 

ascites f l uid. The h y brido ma ee l I I ines were ma i ntai n e d 

i n either DHEH or RPM! med i a ( G!B CO , Grand Island, NY ) at 

3 7oc in 5 % COz in air . 
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Interferons 

Mouse recombinant y-IFN was the kind gift of Dr. 

Michael Shepherd (Genentech, Inc., San Francisco, CA) . 

It was at a concentration of 2.3 x 107 U/ml i n a buffer 

of 20 mM TRIS, 5 M NaC l . Rat recombinant y-!FN (AMGen , 

Thousand Oaks, CA) was at a concentration of 4 x 10 6 U/ ml 

in a solution of PBS, 11. fetal calf serum, pH 8.5 . Hu man 

recombinant y-IFN (Co llaborative Research, Inc., Bedford, 

MA ) was at a concentration of 5 x 106 U/ ml in 8 2 .3 mM 

NazHP04, 51 .7 mM NaHzP04, 79 mH sucrose, 2 . 7 ~ human serum 

albumin. 

Fl uo rescence Assay 

WEHI-3 eel ls were anal yz ed for e x press io n of Class I 

MH C molecu l e s by a procedure mo dified from that described 

b y McNicholas et al. ( 1983). Ce! ls were c ultured in the 

absence or presence of 55 U/ ml of mur i ne y-IFN . Ce l ls 

were washed 3 times in RPHI med i um (G!BCO) supp l emented 

with 0 . 11. sodium azide (Fisher Scient if ic Compan y , Fair 

Lawn, NJ ), t hen placed in a 96- wel l v-bottom mi c rotiter 

plate at a co n c entrat io n of 2.5 x 105 cells / we ll in a 

volume of 50 u i . Appr o priate monoclonal antibodies 

di l uted i n RPM! were placed in each we t at satu ra ti ng 

levels in a 50 ul vol ume and the plate incubat ed for 30 

minut es at room temperature . The plate was then wa shed 3 
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times in a 100 µl volume of fresh RPM! medium per wei l . 

Fo 1 lowing the final wash, ce 1 1 s were resuspended in a 50 

µ1 volume of fresh medium. A fluorescein isothyocyanate 

(FITC)-conjugated goat anti-mouse lgG antiserum (! CN, 

Plainview, NY) was added at the appropriate concentration 

and the plate incubated at ~oom temperature for 30 

minutes. The plate was washed as before. The ee l l s were 

analyzed on an EPICS model 752 flow cytometer ( Coulter 

Electronics, Hialeah, FL) utilizing a logarithmic sca l e. 

A standard curve was created by analyzing F I TC-conjugated 

beads of known fluorescence intensity on a logarithmic 

scale. On this scale, a difference of 10 fluorescence 

channels represents a two- fold difference in fluorescence 

intens i ty. 

Determination of Embryonic Cell Number 

Cell numbers were determined by mi c roscopic 

examination of embr yos fixed on sl i des by the method of 

Tarkowski ( 1966). Embryos were washed 3 times i n 

Ringer's solution fol lowed by 3 washes in 0.81. sodium 

citrate. The embryos were al l o wed to remain i n the fina l 

sodium citrate wash for up to 2 0 minutes befo re being 

transferred to a clean microscope slide. Embryos were 

f i xed with an app l ication of a sma l l volume of fre s h ly 

prepared 2 01. glacia l acetic acid in methanol. Sl i des 
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were stained overnight in Giemsa stain (GIBCO) and rinsed 

b y dipping in disti 1 led water. Samples were e x am ined 

under a phase contrast microscope (Zeiss, Cincinnati, OH) 

at 400x magnification and the number of nuclei per embryo 

were counted. 

Tritiated Thymidine (3H-Tdr) Assay for DNA Synthesis 

Th e incorporation of 3H-Tdr was used as a measure of 

ONA synthesis and was performed as described by Cozad et 

al. (1981). A working stock of 3H-Tdr was made by 

diluting Methyl-labeled 3H-Thymidine in an aqueous 

solution (20 Ci/mmole, NEN) with an equal volume of 

double-strength Whitten and Biggers medium. Fifty ul of 

Whitten and Biggers medium was added to the wells of a 

96-wel I flat-bottomed microtiter plate (G!BCO), fol lowed 

by 5 to 20 embryos in as smal I a volume of medium as 

possible. A working stock of 3H-Tdr in Whitten and 

Biggers medium was made 8 uCi/ml, and 50 ul of this 

solution were added to each wel 1 (final concentration of 

4 uCi/ml). The plates were incubated at 370 C in 71. co 2 

in air for 3 to 5 hours. The reaction was stopped by 

placing the plates on ice and the contents of the wel Is 

were harvested onto filter paper using a Titertek e e l I 

harvester (Flow Laboratories, Ltd., Mclean, VA) . The 

filt er s were dried in a 650C drying oven. The filter 
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disks were placed in vials containing toluene f l uor and 

counted in a 1 iquid scintillation counter ( Packard 

Instruments Co., Downer's Grove, IL). DNA synthesis is 

expressed as CPM/embryo number in sample / hour of 

incubation. 

Embryo ELISA 

Expression of eel 1-surface proteins on embryos was 

measured by an enzyme-1 inked immunosorbent assay ( ELISA ) 

as described by Goldbard et al . ( 1984) and Browne! l and 

Warner ( 1988). Blastocyst-stage embryos were washed 3 

times in ELISA PBS solution (IOi heat inactivated FCS and 

0. 11. NaN3) and then placed in a ZOO ul volume of a 

primary monoclonal antibody di luted l :8 in ELISA PBS 

so l ution. The embryos were incubated in humidified 

chambers at 370 C i n 71. COz in air for Z hours, then 

washed 3 times in ELISA PBS, one time in PT, and once 

again in ELISA PBS . Embryos were then incubated wi th 

sheep anti-mouse lgG F(ab' )2 fragments which are 

conjugated to B-galactosidase (Bethesda Research 

Laboratories, Gaithersburg, MO) di luted I :25 in ELISA PBS 

solution and incubated f o r one hour and washed as 

described above. The embr yos were then placed in 100 u l 

of freshly prepared substrate solution ( 4 mg / ml p-

nitrophenyl B-0-galactopyranoside [Sigma], 7 u l / ml B-

mercaptoethanol [BioRad, Richmond, CA], in assay buffer ) , 



30 

15 per wel 1, in a 96 wel 1 Immulon I microtitration plate 

( Dynatech Laboratories, Inc., A 1 exandr i a, 

plates were incubated 3-4 hours at 37oc. 

VA). The 

The reaction 

was stopp ed by the addition of 1.0 H NazC03. The 

absorbance at 410 nm of each wel 1 was read on an ELISA 

plate reader (Dynatech) . 

Statistical Analysis of Data 

The student's t-test was used to compare the means 

of different sample populations. The test assumes al 1 

populations are normally distributed with the same 

varia nce. Applications in this work compared the means 

of experimental points to the means of control samples . 

For the ELISA and 3H-Tdr incorporation studies, the 

degrees of freedom were based on the number of replicate 

samples. For the ce 11 number assays, the degrees of 

freedom were based on the number of embryos counted. 

Hean eel 1 number data were calculated using n = number of 

embryos, with n being greater than or equal to 15 for al 1 

samples. 
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RESULTS 

Fiuorescence Anaiysis of Ciass Exoression 

The e xo re ssio n of ri-zod and ri-2L 0 mo iec uies o n WEHi-

3 ce 1 is cuic:ured witn o r withou t mouse r -ylFN is 

presented in Figure 3. At a i:iO concentration of 

primary antibod y there is a difference of 94.34 

fiuorescence channe is between sampies cuitured wi t h 50-60 

u / mi y-i Fi~ and contro i cei is. This dif f erence co rreiac:es 

to a 20- foid difference in fiuorescence intensit y. 

This exoer i ment successfu ii y repeated the resu 1 ts of 

McNichois et ai . (i983} , thus demonstrating the abi it y 

o f t he mou se r - y!FN to enhance MH C expres sio n. 

Effects of y-interferon on Embryoni c Cei Number 

Th e aeterminations of embryo eel 1 number s in CFi 

embryos cuitured from the 2 eel i stage for 48 hours in 

the presence of human (hu) r-ylFN or rat r - y!FN are shown 

in F igures 4 and 5 , respectively, and are summarized in 

Tabie 2. At ieast i5 embryos were counted for each 

sa mpie in each expe riment . Er ro r bars represent the 

s c:anaard error of tne mean (SE Mi . The re were no 

significant di f ferences i n mean ceii number per embryo 

between controi embryo s and embr yos treated wi th either 

hu r -yi FN or rat r- yiFN in concentrations as high as 105 
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Figure 3. Analysis of H-2odld expression on WEH l-3 
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antibody . Triang l es represent values for 
samp l es with znd antibody only. Sol id symbols 
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Figure 4. Effect of human y-IFN o n CF! embr yo ee l l 
number . Embryos were cultured from the 2 eel l 
stage for 48 hours 
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Figure 5. Effect of rat y- IFN on CF! embryo eel 1 number . 
Embr yos were cultured from the 2 eel 1 
stage for 48 hours 



35 

U/m I. Both nu r-ylFN and rat r-ylFN had sig n ificant 

embryotoxic effects at co ncentrations of i06 U/ ml 

(p~O . OOii . 

Ta b i e 2. Effects of x enogeneic y-iFN on CFi embr yo n i c 
ce ii number 

i nterferon Concentration Number of Mean Ce ll D~ 

of iFN ( U / ml ) Embryos Number / Embryo 
Sco red ( SEM l 

Rat r-y iFN 0 (Cont ro·i ) 16 27 . 69 ( i . 3 6) 

i02 iB 28.00 (i .26 ) NS 8 

i03 i 7 28.06 ( i.47) NS 

104 18 28.67 ( 1.44 ) NS 

105 i 5 29 . 07 ( 1.49 ) NS 

106 I 5 3 . 2 7 ( 0 .64i 0 . 00 i 

Human r-yiFN 0 (Control) I 7 25.4i (1.29) 

I o2 19 23.89 ( i . I 3 ) N'S 

i 0 3 18 24.67 (1.27) NS 

10 4 I 6 24.25 ( 1.42) NS 

i o5 i 5 25.00 ( 1.58) NS 

106 I 5 3. 2 7 (0.82) 0 . 00 1 

8 NS = Not Sig n ificant. 
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The effects of mouse r-yiFN on mean ee l l numoer per 

embr yo for 2 eel 1 SLage embryos cultured 48 hours for the 

CFi ana C578L/b s trains are presented in Figu res 6 and 7 . 

Mouse r - ylFN snowed marked effects o n ee l l numbe r per 

emorvo in CF 1 mi ce; a steadily increasing Lrend can oe 

seen, Lne results at 10 4 , i05 , ana 106 U/mi were 

significanLly aifferent f rom values for control emb ryos 

<o.s_l.J.05, p ~O .Oi. and p~O.O Oi, respecti v e iy). in 

co ntrast, C578L/6 embr yos demonstrated no significant 

change i n cei number at 10 4 U/ ml, but v a l ues were nigher 

than those for controls at 105 ana 106 U/ ml (p<0 .05 and 

p~O.OOi, respectively ) . 

summarized in Tabie 3 . 

Results of these e x periments are 
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Figure 6. Effect of mouse y-IFN CF! embryo eel 1 number. 
Embr yos were cultured from the 2 eel I 
stage for 48 hours 
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Table 3. t.rrects of mouse y- It" N on embryonic cei I numoer 
fol lowing 48 hours in culture 

S"C rain Conc en"Cra"C ion Numoer of Mean Ce 1 I O<. 

of y -i FN (LJ/mi) Emoryos Numoer/Embr vo 
Sco red (S EM ) 

CFi 0 ( Co n<:ro 1) l8 28 . 00 ( 1. 43 ) 

iu2 1 6 28 .3i ( i . 3 3 .l NS a 

103 i9 29 . 68 ( I . i 3 ) NS 

i0 4 i 5 3 i . 53 ( i . 2 9) 0 .0 5 

i l) 5 i 7 32.29 ( 1 . 3 6 ) 0 . 0 I 

106 i 6 38 .50 ( I . l 2 ) 0. 0 0 l 

C57BL/6 0 (Co ntrol) 17 26.25 ( I . 4 2 ) 

i o3 i8 2 5.76 ( i . 2 i ) NS 

10 4 16 26 . 43 ( l . 3 8) NS 

105 i 5 3 0. 19 ( l . i 5 ) 0 . 05 

106 j 7 32 . 65 ( 1 . I 9) O. OOi 

Resu i "Cs for tne aetermination of mean ce i i numoer 

per embryo for CFI and C57BL/6 8 eel 1 stage embryos 

cuitured 24 hours in tne presence of mouse r -yiFN are 

sho wn in Figu res 8 and 9 and are summarized in Table 4. 

As in "Che ex periments w i tn CF 1 2 ce ii embryos cu i "Cur ea 48 

nours, the CF I 8 ce i I e mbr yos c u I tured 2 4 hours in the 

presence of yiFN dispia ye a a aose-dependent increase in 

mean ce i 1 numoer. This increase was signif i cant. Va lu es 

for sampies cuitured i n i04 U/ mi y-iFN had differen ces 
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Figure 8. Effect of mouse y-IFN on CF! embryo e e l 1 
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s i gnificant at p~0 . 05, and those at 10 5 U/ ml and 10 6 U/ ml 

y-IFN showed signi f icance at p~0. 0 01 when compared to 

contro l values . I n contrast to the CF I results, t h e 

C57BL / 6 embr yos showed no significant differences i n mean 

e el 1 number between e x per i mental and control embr yos at 

c oncentrations of y-I FN l ess than 105 U/ ml. Embr yos 

cultured in 105 and 106 U/ ml y-IFN re vealed ce l 1 numbers 

significantly different from contro l s ( p ~0.00 5 ) . 

Table 4. Effects of mouse y-IFN on embr yonic eel 1 numbe r 
fol l owing 2 4 hours i n c u l ture 

Strain Concent r at i on Number o f Mean Ce 1 1 pi_ 
of y- ! FN ( U / m 1 ) Embr yos Number / Embr yo 

Scored (S E M) 

CF! 0 (Control ) 2 0 3 3. 7 ( I. 9) 

102 2 0 35. 4 ( 2 . 9 ) Ns a 

103 2 0 3 4. I ( I . 9 ) NS 

104 19 39 . 0 ( 5 . 0 ) 0. 0 5 

10 5 20 4 I. 3 ( 2 . I ) 0 . 0 0 I 

106 2 0 4 7 . 3 ( 3 . 4 ) 0 . 00 I 

C57BL / 6 0 ( Cont r o 1 ) I 7 3 1. 4 I (1. 38 ) 

10 3 I 6 3 0 . 75 ( I . 5 7 ) NS 

I o4 I 5 33 .33 ( 1. 53) NS 

105 I 5 36.20 ( 1. 30) 0 . 005 

10 6 I 5 36 . 07 ( 0 . 82) 0.005 

aNs = Not S i gn i fi c ant . 
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Effects of y-in~erferon on Embryonic DNA Synthesis 

Figure iO demonstrates the relationship between 3H-

Ta r up~aKe and cei numoer. As can be seen, this 

r eia ~ionsnip is i inear ana a i near regression ana i ys i s 

or this da~a revea l s a i ine wi th a siope of 2 .4. 

Fi gure ii shows the ana iys is of 3H -fd r uptaKe bv CF! 

emoryos cu1tured from tne 2 cei s~age for 4 8 hours in 

tne presence of mouse r - yiFN. There is an apparen t 

in c rease in ONA syn~nesis in ai l of tne samp l es wn icn 

were cuitured with y-iFN, and this in c rease is aose-

aependent. Sampies of embr yos cultured in io2 U/ml y-lFN 

disp i ayed va i ues different fro m those of control embr yos 

a~ a significa nc e ieve i of p~O.Oi. A significance level 

of p~0.005 can be as signed to sampies of embr yos c u i turea 

in i0 3 ana . - 4 . . ' . 1u u ; m1 y-iFN. At concentrations of i05 ana 

i06 u / mi y~ iFN, sig n ificance increases to a ie vei wnere 

p ~O . OOi. A smai i out s ignificant increase in 3H-Tar 

uptake is see n in embr yos of the C57 8L / 6 strain after 48 

hours in culture wi th 106 U/ ml y- i FN (F ig . 12) . Results 

of ~ he s e experiment s are summarized in Table 5 . 
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7-lnterferon (Units/ml) 

Effect of mouse y-IFN on uptake of 3H-
thymidine by C578L / 6 embryos. Embryos 
were cu 1 tu red from the 2 ce 1 I stage for 48 
hours 
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Tabie 5 . t.r rects of mouse y-!FN on embryonic DNA 
synthesis fol lowing 48 hours i n culture 

S-crain Co ncentrati o n Nu mb er of CP M/ Embr yo/ STD P S... 
of y-1F N ( l.J/m i ) Embr yos Hour 

Te s -cea 

c ;: i (J (Contr o i ) l 5 90 . i 2 . 3 

102 i 5 IO 9. 4 3 . 3 0 • Q I 

iu3 i 5 l 2 3 • 4 9. 0 0.005 

104 iS 134 .4 3 . 3 0 . t) 0 5 

i 0 5 I 5 I 44 . 7 0 . 7 0.001 

jQb i 5 i52.9 5. 8 0 . 001 

C578L/6 0 ( Co ntroi ) I 5 84.2 l 0 . 8 

i03 15 80 . 3 i i . 0 Nsa 

10 4 i 5 91 . 8 8. 7 NS 

i05 i5 i 0 5. 3 2 .0 N::i 

106 i 5 i25.2 2 • 7 0.0 5 

aN s = Not Sign i ficant. 

The e ff ects of mouse r-y! F N on 3H - Tdr uptake b y CF i 

and C57 8L /6 8 c ei i stage embr yos c u lt ured for 2 4 hour s 

a re presented in F i g ure s i 3 a nd i4 . As in t he expe rime nt 

in wh ich CFi 2 cei i were cuitu red for 4 8 hours , the CF! 

embryos snowed a d ose-dependent increase in DNA 

syntnesis . Th is effec't is o o s erved up to a concen tration 

of 105 Li/ mi of y - iFN ( p s._0 . 005) ; at 106 U/ ml values f a l l 
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Effect of mouse y-IFN on uptake of 3H-
thymidine by CFl embryos. Embryos cultured 
from the 8 eel 1 stage for 24 hours 
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Effect of mouse y-IFN on uptake of 3H-
thymidine by C57BL/6 embryos. Embr yos 
were cultured f r o m the 8 ee l I sta ge for 24 
hours 
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to i e veis cioser to tnose of controi samples. out remain 

significantiy different (p~0 .05). C578L / 6 embr yos showed 

no significant respo ns e ~o mou se y-iFN in 3H - Tdr uptake. 

R esui~s of ~nese e x periments are summarized in Tabie 6 . 

Tao i e 6 . Effects of mouse y-iFN on embryonic DNA 
synthesis fol iowing 2 4 hours in c u lture 

s ~rain Concentration Number of CP M/Emor yo/ STD p s_ 
of y-iFN ( U/ mi ) Embryos Hour 

Test ea 

CF 1 0 (Control) l 5 78.8 I. 8 

i02 i 5 l 0 3 . 3 3 . 0 0 . 00 5 

10 3 15 I 0 I . 4 I . 8 0 . 005 

104 15 i i8. 5 2 . 9 0 .0 05 

105 I 5 i29 .5 2 . 3 0.005 

i 06 i 5 8 7. i i. 4 0 . 05 

C57 BL /6 0 (Cont ro i ) I 5 130 . 5 5.8 

io3 i 5 i 34 . 8 2 .3 Ns a 

10 4 i 5 i 4 i. 3 4 . 0 NS 

i05 i 5 i 46. 9 I . 7 NS 

i 06 I 5 i 50.8 0 .6 NS 

aN s = Not S ignificant. 
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Effects of y-int erferon on Embr yonic Ciass Expression 

The effect of y-iFN on H-2 expression in C578L/6 

emb r yos was determined b y the embr yo Eli SA using 27- i i - i3 

antiood y fo r deLection of the H-20° mo i ecu i es ana N-

S . 8 . i antibod y a s a negative c on tr oi C57i3l/6 e mor yos 

were co i iected at Lhe 8 cei i st age and cuit ured 24 hours 

with or without 10 5 U/ mi y - iFN (Fig. i5) . The averages 

of th ree sampie s for each experimentai point were used; 

er r or bars represent the standard deviation . An 

approximate doubling of c i ass antigen e x pre ssio n can oe 
,, 

see n in the IFN-t reated sa mple. Vaiues for this 

experiment are fo und in Table 7. 

Tabie 7 . Effects of mouse y-!FN o n H-2b expression o n 
C57i3 l / 6 embr y o s 

Samoie An ti body Totai number Mean A410 STD Pi. 
of Embr yos 

Tested 

Control N-5 . 8. i 4 5 0 . l I 0 . 0 1 4 

2 7-ii-i3 45 0 • 2 1 0 . 008 

105 U/ mi N-5 . 8. i 45 0. i 0 0 . 0 i 4 
y - I FN 

27 - i i-i3 45 0 . 3 7 0 . 0 l 7 0 . l) 5 
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Control 7-lnterfero n 

Effect of mouse y-!FN on H-zodLd expression 
by C5 76L / 6 embryos. Embryos cultured from 
the 8 ce I I stage for 24 hours in the 
presence of 105 U/ml y-IFN. Hatched bars 
represent o-SRBC negative controls. Sol id 
bars represent H-zodLd-specif i c antibody, 
27-11-13 . Primary anti bodies were us e d at a 
l : 8 di I ut ion 
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Anaivsis of Qa -2 expression on CF ! and C578L/6 

embryos cultured wi th y-!F N wa s determined by an embr yo 

EliSA using i4i . i6-6 antibody for detecti on of Qa-2 and 

N-S.8.i as a nega't ive co ntroi (rig. i6, Fig . 17 ) . CFl 

embrvos cuitured with y-iFN dispia v ed an appro xi ma t e t wo -

foid inc rea se in of Qa- 2 expression ove r l eve l s e xpr esse d 

b y embr yos from contro l cultures. A three-fo ld incr ease 

in Qa- 2 expression was found in C57BL/6 embryos from iFN-

treated cui'tures when compa red to sa mp l es of embryos fr o m 

cont ro i cu i 'tures. Resuits of t nese e x periments are 

summarized i n Tabie 8. 

Tabie 8 . Effects of mouse y-i F N on embr yo nic Qa-2 
e x pression 

Strain Sampie Anti bod y Total No . Hean A410 STD p i_ 
Embr yos 
Tested 

CF ! Co n trol N- S . 8 . I 4 5 0.05 0.012 

141.16.6 4 5 0 . i 4 0 . 0 I 7 

y-lrN N-S .8. l 4 5 0 . 0 4 0.008 

I 4 i. i 6. 6 4 5 0 . 27 0 . 029 0. 0 5 

C5 7BL / 6 Co ni:ro l N- S. 8 . I 30 0 . 04 0 . 0 0 5 

l 4 i . i 6 . 6 30 0 . 5 4 0 . 040 

y- !FN N-S . 8. I 30 0.06 0.020 

i4i.1 6 . 6 3 0 I. 55 0 . I 0 0 0 . 005 
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Control 1-lnterferon 

Effect of mouse y-IFN on Qa-2 expression b y 
CF! embryos. Embryos were cultured from 
the 8 cel 1 stage for 24 hours in the 
presence of 105 U/ mi y-IFN . Hatched bars 
represent a-SRBC negat ive controls. So l id 
bars represent Qa-2-specific ant ibody, 
141. 16.6. Primary ant ibodi es were used at a 
I :8 dilution 
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Figure 17. 

SS 

Control 7-lnterferon 

Eff~ct of mouse y-IFN on Qa-2 expression by 
C57BL/6 embryos. Embryos were cultured 
from the 8 ce l 1 stage for 24 hours in the 
presence of 105 U/ml y-IFN. Hatched bars 
represent a-SRBC negat iv e controls. Sol id 
bars represent Qa-2-specific antibody, 
141.16.6 . Primary antibodies were used at a 
I :8 dilution 
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DISCUSSION 

Embryonic Developmental Responses to y-lnterferon 

The work in this thesis shows that the rate of 

development of preimplantation mouse embr yos increases i n 

response to mouse r-y!FN. Although interesting, these 

findings were quite unexpected. The original intention 

of the eel 1 number assays was to titer the interferon in 

order to f i nd a concentration which wou l d not impede 

development at which further studies in protein 

expression could be performed. The results clearly show 

that y-lFN not only is not deleterious to embryos 

maintained in culture, but has a def i nite proliferative 

effect. This is the fir st report of an increased rate of 

embr yoni c development in response to y-IFN. Increased 

eel numbers per embryo were found both in cultures of 2 

eel embr yos cultured for 48 hours and 8 eel 1 embr yos 

cultu red for 24 hours . Embryos fr o m the C578L/6 strain 
I 

are unresponsive to y-IFN at low concentrations of mouse 

y-IFN, a l though some significant increase can be seen in 

cultures maintained in very high concentrations of y - IFN. 

These resu lt s contrast with the findings of Hi i l e t 

a l . (198 7) who f o und dramatic embr yotoxic effe ct s of 

x enogeneic y-IFNs at similar concentrations. To address 

this apparent discrepancy, experiments we r e undertaken in 
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an attempt to repeat their results in cultures of 2 eel 

embryos in the presence of human y-IFN and rat y-IFN. 

Hi 11 et al . ( 1987) found that in cultures of embr yos 

treated with 105 U/ ml hu r-y!FN for four days, less than 

30i of the embryos were scored at the morula or 

bl astocyst stages. An even small er percentage, less than 

20t, of embryos cultured wit h rat r-y!FN developed to the 

blastocyst stage. 

Experiments described in this thesis demonstrated 

that no statistical differences e xisted between control 

embryos and embryos cultured with 105 U/ml human or rat 

r-y!FNs, and also found >95 ~ of control embryos to be at 

the b lastocyst stage after 48 hour s in culture. Hi 1 1 et 

al. fou nd only 80% of control embryos to be at the 

blastocyst stage after four days in culture. It shou ld 

be noted that the present work revealed an embryoto xic 

effect with both human and rat r-yIFN at concentrations 

of 106 U/ml; ho we v er, this can most 1 ikely be attributed 

to the volu me of the stock buffer which was added to the 

embryo cultures. Embr yos are highly sensitive to changes 

i n salt concentration, and to provide s uch high 

concentrations of IFN it was necessary to make a l :4 

dilution of IFN stock buffer in Wh itte n and Biggers 

medium. A comparison of results from Hil 1 's work and 

work performed for this thesis is summarized in Table 9 . 
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l abie 9. u1rrerences observed in embr yonic de v e iopmen~ a l 

rates from two research groups 

in ~er fe ron Co ncentra~ion 

R a~ r -yIF N 0 tContro i 

i 0 2 

iu3 

i04 

i os 

i 06 

Huma n r-yiFN 0 (Controi) 

i 0 2 

i 0 3 

i0 4 

105 

106 

aNo = No t Det e rmined. 

Percent Reach ing 
Biastocyst Stag e 

Hi I l et a l. Almquist 
(96 hours i (48 nours 1 

8 01. >95?. 

Noa ) 9 51. 

- 60% ) 9 5 7. 

- 5 07: ) 9 57. 

- 181. ) 9 57. 

21. 0 .,, 

8 01. >95% 

ND ) 9 51. 

NO > 9 51. 

- 821. ) 9 51. 

- 2 61. ) 9 5 ']. 

51. 01. 

Res u l ts of studies of uptake o f 3H-thymidine b y CF ! 

e mor yos di s piayea si mi iar prol iferati v e effects of y- i FN . 

i n oo~n 8 ce i i cu I tures ma i nta i nea 2 4 hours and 2 ce i I 

cuitures maintained 48 hours dramatic increases in DNA 

synthesis can b e seen. A arop in CP M/ embr yo is seen in 

cuitures mainta i ned 24 hours in 106 U/ ml y- I FN . An 
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examination of the data for eel l number/embryo in these 

conditions suggests that these embryos have a lr eady 

undergone the l ast cleavage division in culture, 

therefore, the lower rate of DNA synthesis is to be 

expected. This same drop in DNA synthesis is not found 

in cultures maintained 48 hours at the same 

concentration. These embryos are most likely dividing 

slower due to the longer period of time spent .iJl vitro 

and, therefore, have not reached the last cleavage 

division. 

As in the eel l number assays, only small increases 

in developmental rate were seen for C57BL/6 embryos 

maintained .iJl vitro 24 hours. An increase in 3H-Tdr 

uptake can be seen in cultures of C57BL/6 embryos 

maintained 48 hours in the presence of 106 U/ ml y-IFN. 

It can be concluded that both the CFI outbred strain and 

the C57BL/6 inbred strain embryos increase their rate of 

cleavage when cultured with mouse y-IFN , however, the 

effect o~ C57BL/6 embryos is slower and a 48 hour period 

in culture is necessary to obta in significant increases 

in cleavage rate. 
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Modulation of Embryonic Class I by y-lnterferon 

Both the CF! and C57BL/6 strain embryos demonstrated 

increased e xpression of class I proteins in response to 

culture with y-IFN. H-20 expression was increased two-

fold in C578L/6 embryos. A doubling of Qa-2 expression 

was observed in CFI embryos, while Qa-2 levels nearly 

tripled in the C57BL/6 embryos. These increases were 

visible after only 24 hours in culture. This observation 

is especially significant in the C57BL/6 strain where no 

change in rate of development was observed in this time 

frame. This wou ld suggest that an increase in H-20 and 

Qa-2 expression precedes any developmental response to y-

1 F N • 

Physiologi c Role of Interferon in Development 

One question prompted by the findings of this study 

i s : what is the role in development of y-IF N? Certainly 

the most startling effects in the studies presented here 

were found at concentrations much higher than reported 

ph ysiol ogi c concentrations (Booch, 1985); however, it is 

a lmost im possi ble to measure the local concentrat ion of 

IFN around the embryo i.o.. vivo, and the local 

concentration could be much higher than that found in th e 

maternal blood stream. 

There has been at least one report of cultured eel ls 
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regulating their own class I MHC expression during 

differentiation by autocrine production of a-IFN (Yarden 

et a 1., 1984). This is especially interesting in 1 i g h t 

of recent findings by Roberts and Imakawa ( 1988) who have 

found that oTP-1, the major protein product of sheep 

preimplantation conceptuses is a member of the a2 

subclass of interferons. This protein has displayed 

classic IFN activity: name ly , viral inhibition and 

inhibition of eel l ular proliferation. 

A model can then be suggested for the interactions 

of interferons and Qa-2 molecules. If the Qa-2 mo l ecu l e 

is indeed the Ped gene product, then it can logically be 

assumed that possession of the gene is not enough to 

i nitiate the Ped fast phenotype, for an embryo to disp l a y 

fast development it must express the protein product. A 

potential role for IFN in preimplantation development 

could be the regulat io n of Qa-2 expression. These 

regulating IFNs could be provided by the materna l 

environment, but the work by Yarden et al. (19 84) and by 

Roberts and Imakawa ( 1988) have provided evidence that 

autocrine regulation should not be ruled out. 

It can a lso be hypothesized that there is a certain 

l eve l of Qa-2 expression at wh ich th e embr yo reaches its 

maximum developmental capacity and additiona l e xp ressi on 

above this level wil 1 have no further effects on cleavage 
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rate . Thus while the C57BL/6 embryos, wh ich are i nbred 

and strongly Qa-2 positive, displayed increased 

e x pression of Qa-2 , the y demonstrated le s s change in 

development, since they were most 1 ikely near their 

maximum potential before e x posure to i nterfe ron . Al 1 of 

the embryos of this strain have the genes necessary to 

produce Qa-2 and a strong positive response to y-! FN is 

the result. The CF! outbred strain is a het erogen ous 

population with respect to Qa-2 and levels of e xpress i on 

among individuals would be expected to vary, as would th e 

rates of preimplantation development. In this strain, 

Qa-2 e xpression c an be modulated by y-IFN, but the extent 

of the response may be I i mited by the number of 

individual emb ryos which pos s es s th e genes necessar y for 

Qa-2 expressi on. The rate of development for CF! mice 

can be modu la ted by y- ! FN to a greater degree than for 

the C57BL/6 st ra in because not al I of the outbred embryos 

are performing at their maximum capacity. The cultur i ng 

o f embr yos with y-IFN may be "turning on" expression of 

the Ped gene. 

Future Studies 

There is a great dea l of work to be done in the 

study of the interactions of interferons, MH C pro tei n s 

and development. A first ste p would be to e xamine the 

effects of interferon on embr yos at the mo lecular level 
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Changes in l evels of mRNA expression in response to 

interferons could provide insight into t he mechanistic 

ac tio n of i nterferon i n HHC expression. Additiona lly , 

transgenic mice could be created by inserting the Q]_ or 

Q.2. genes into a host which is Qa-2 negative. The Ped 

gene phenotype of these mice and their developmental 

responses to interferon would further define the roles of 

interferon and Qa-2 expression in development. 

I nbred strains of mice with lower levels of 

expression of Qa-2 antigens on embr yo s should be studied 

to observe their responses to culture with interferon for 

a comparison with the C5 7BL/6 strain. These studies 

could be used to examine the relationship between the 

l eve l of inh erent Qa-2 expression and ability to respond 

to i nterferon with regard to protein expression and 

development. 

A study of embr yonic responses to a and S 

interferons should be performed in ligh t of the findings 

of Yarden ( 1984) and Rober ts and lmakawa ( 1988). Gamma-

IF N was used in the initial studies presented in this 

work because it has been shown to produce stronger 

effects than type interferons, however, the i.!l vivo 

exposure of the embryo may be to type interferons 

rather than type I I. Fina lly , it would be of interest to 

discern if mouse embr yos, lik e sheep embryos, produce an 
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interferon during the preimplantation stages of 

development. These findings could be invaluable in 

unlocking the mysterie s of the events of this phase of 

development wh i ch is so critical for survival . 
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