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The Qa-2 antigen, the product of the Ped (Preimplantation embryo development) gene, is a glycosyl-
phosphatidylinositol-linked cell surface protein encoded in the Q region of the mouse major histocompatibility
complex (MHC). Ped fast (Qa-2+) mouse strains have significantly higher preimplantation embryo cleavage
rates both in vivo and in vitro than Ped slow (Qa-2-) mice. In this study, we determined whether the Ped fast
phenotype of blastocysts is due to an increased number of blastomeres in the trophectoderm (TE), the inner
cell mass (ICM), or both. We also analysed the Ped gene expression pattern, both at the mRNA and at the
protein level, in these lineages. Blastocysts were collected from the congenic mouse strains B6.K2 (Qa-2 +)
and B6.K1 (Qa-2-). We performed reverse transcription—-polymerase chain reaction (PCR) and Immuno-PCR
and found that the Ped gene is expressed at the mRNA and protein level in whole embryos and in isolated
ICM cells. Lastly, we differentially stained embryos from these strains and found that B6.K2 blastocysts had
significantly higher cell numbers (P < 0.05) in both the ICM and in the TE than B6.K1 blastocysts. These
results suggest that Qa-2 expression in both the TE and the ICM of blastocysts directly contributes to the
Ped phenotype.

Key words: blastocyst/ICM/Immuno-PCR/mouse/Ped gene

Introduction activation process is unknown, the GPI anchor has been shown

Intercellular contacts are vital components of several highlyfo be a required component (Robinset al, 1989). Our
regulated physiological processes, including development, prdaboratory has previously shown that Qa-2 is also expressed
liferation, and differentiation. Many diverse cell surface mole-in early mouse embryos, beginning at the 2-cell stage, and is
cules are crucial for initiating, mediating, and maintainingthe product of thé®ed (Preimplantation embryo development)
these environmental contacts and signals. A specific class @ene (Warneet al, 1987; Xuet al, 1994).
cell surface antigens that has a well-defined role in some of The Pedgene has two functional alleles. Ped fast (Q&)-2
these cellular processes includes molecules that are encodedbryos develop significantly faster vitro andin vivo than
by the mouse major histocompatibility complex (MHC), in Ped slow (Qa-2-) embryos. Removal of the Qa-2 protein from
particular, the Class | MHC molecules. the embryonic surface by phosphatidylinositol-phospholipase
Class | MHC molecules are encoded by the K, D, Q andC (PI-PLC), an enzyme that cleaves GPI anchors, changes the
TL regions of the mouse MHC and are further classified byphenotype of Ped fast embryos into Ped slow embryos (Tian
their function into two subgroups. The classical (Class la)tal, 1992). Conversely, microinjection of the Q9 gene, which
molecules, products of the K and D regions, are ubiquitouslygncodes the Qa-2 antigen, into Ped slow embryos significantly
expressed transmembrane glycoproteins. These antigens hdnereases their cleavage raite vitro (Xu et al, 1994). In
a defined role in mediating the cellular immune response byddition, Ped fast mice display a preferential survival advantage
aiding in self versus non-self recognition. The non-classicaboth at birth and at weaning compared to Ped slow mice
(Class Ib) molecules, encoded by the Q and TL regions, ar@Varneret al., 1993).
highly homologous to the Class la antigens but are more The molecular mechanism by which the Qa-2 antigen confers
restricted in their tissue expression and their functions ar¢he Ped fast phenotype is not known. A further analysis of the
largely unknown. expression pattern and phenotype of Bedgene is therefore
One of these Class Ib molecules, the Qa-2 antigen, is aecessary to better understand its mode of action. Previously,
glycoprotein linked to the cell surface through a glycosylphos-it was shown by using reverse transcription—polymerase chain
phatidylinositol (GPI) anchor and is encoded in the Q regiorreaction (RT-PCR) that the embryonic genome actively tran-
of the MHC. Qa-2, like several other GPIl-anchored proteinsscribes thePed gene beginning at the 2-cell stage (&ihal,
may play some type of physiological role in cell signalling, 1992). By assaying multiple embryos at a time using an
since cross-linking of this antigen in the presence of a coenzyme-linked immunosorbent assay (ELISA) (Goldleral.,
stimulatory signal leads to T-cell activation (Hahn and Soloski,1984) and single embryos by using the exquisitely sensitive
1989; Cooket al, 1992). Although the pathway of this Immuno-PCR (I-PCR) technique (McElhinny and Warner,
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1997), our group has shown that tRedgene product, Qa-2, Immunosurgery for isolation of ICM

is expressed on the surface of mouse blastocysts. Sindmmunosurgery was performed on blastocysts to isolate the ICM
blastocyst stage embryos consist of two distinct cell lineagegSolter and Knowles, 1975). Briefly, the embryos were incubated in
the outer trophectoderm (TE) epithelium and the inner celfcid Tyrode’s (pH 2.5) for 3-5 min to dissolve the zonae pellucidae.
mass (ICM), it is important to determine the expression patterfhey were washed immediately in WB. The embryos were then
of the Pedgene, its protein product, and its phenotype in bothln(_:ubated in heat-inactivated raboblt anti-mouse Iymphqcyte serum
of these lineages. We therefore performed both RT-PCR ant((ﬁl'lute‘_j l\}g’B'nﬂ\]N B) ft(')k; 1dr1|al§ 3”7 :’T;% fl/pAfter :Nasz'n%[ 3-5 45
the newly developed technique of I-PCR on isolated ICM 'mes in » (e antibody-abetie cems were lysed atter a

. . ' min incubation in guinea-pig complement (Gibco BRL, Gaithersburg,
from Ped fast and Ped slow mouse strains. We also dlfferentlaIIwID USA) (dilute?:l 15 inp 8\,8) gt 37°C (7% CO The lysed TE g

stained blastocysts from the two strains in order to quantifi;e|is were removed by pipetting up and down and the isolated ICM
the effect of thePedgene on the number of cells in both the \ere washed twice in WB.

TE and ICM. For these studies, we used the inbred congenic

mouse strains B6.K2 (Qa+2 and B6.K1 (Qa-2—-), which are RT-PCR analysis of Ped gene mRNA expression

genetically identical except for the Q region of the MHC, in We have determined by analysis of mRNA transcripts that the gene
order to eliminate background gene effects. Our results showhich encodes the Ped fast phenotype, Q9, is transcribed in B6.K2
that Ped fast blastocysts contain a significantly higher numberhole embryos (Wiet al., 1998). In this study, we analysed mRNA
of cells in both the ICM and the TE than Ped slow bIastocystsEranSCfiptS from B6.K2 ICM with the same Q9 gene primers. Total

and that this phenotype is directly related to the expression dfNVA was isolated from ICM using a kit from Stratagene (La Jolla,
the Qa-2 antigen in both lineages. CA, USA). Blastocyst embryos were collected and ICM were isolated

as described above. The ICM were transferred into a 0.5 ml PCR

tube in a small volume of WB and 100 of denaturing solution;

M ial h 0.72 pl of B-mercaptoethanol was immediately added and the tube
aterials and methods was vortexed on high speed for 10 s. To each sample tubp| @D

Mouse strains 2 M sodium acetate (pH 4.0), 190 of water-saturated acid phenol,

The inbred congenic mouse strains B6.K2 (Qa:ZPed fast) and 2nd 30u of chloroform-—isoamyl alcohol were added. The tubes were

B6.K1 (Qa-2—, Ped slow), originally obtained from L.Flaherty, were vortexed again and microfuged at ma?dr_num speed for 5 min. The

bred in our laboratory. The mice were housed in an AAALAC upper phase from each sample, containing RNA, was transferred to
(American Association for the Accreditation of Laboratory Animal & clean d;ubde,?hnd il of Iglycogen ﬁarner. anc: 10%' of I:S.OE ropané)lf 45
Care)-approved day-night cycled room (lights on 0400-1800 h castelffc'® added. The samples were then microfuged at high speed for

standard time) with food and wated libitum min at room temperature, and the supernatant was discarded. The
Female mice were superovulated with 5 IU of equine chorionic

RNA pellet was washed with 200l of 75% ethanol:25% nuclease-
gonadatrophin (eCG; Sigma, St Louis, MO, USA), injected i.p. atfree water. The wash was removed and the pellets were dried for 5—
the 11th hour of the light cycle, followed 48 h later by 10 IU of

10 min under vacuum. All cDNA reagents were obtained from
human chorionic gonadotrophin (HCG; Sigma). One female Wa?romega (Madison, W, USA). 7.28 of RNase-free water, 0.
placed with a single male immediately following HCG injection an

d of 0.1 M DTT, 1l of 50 uM random hexamers, and 0.Q& of 20
vaginal plugs were checked the next morning. The presence of a plu

leé/pl RNAsin were added to each RNA pellet, and2®f autoclaved
indicated successful mating, and plug-positive mice were killed 89 ineral oil was added to the surface of the solution. The RNA was
post-HCG.

denatured at 70°C for 5 min, the random hexamers were annealed at
30°C for 5 min, and then 4l of 25 mM MgCl,, 2 ul of 10X PCR
buffer, 4 ul of a 10 mM dNTP stock, Jul of 20 U/ul of RNAsin,
] ) ) ) ) and 0.5pul of 200 U/ pl Moloney Murine Leukaemia Virus reverse
Mice were killed by cervical dislocation and embryos were flushedianscriptase were added to each tube. The tubes were incubated at
from the excised oviducts usi_ng a SQ gauge needle at_tached to a1l mbec for 180 min for the production of cDNA, and heated to 99°C
syringe. About 0.2 ml of Whitten—Biggers (WB) medium was usedfor 5 min to denature the reverse transcriptase. To increase the
to flush each oviduct, and morphologically healthy embryos wereensitivity and specificity of amplification of the cDNA, two rounds
pooled and kept under gas in a watch glass containing 0.5 ml of WByt pcR ‘were carried out using hemi-nested primers designed to
amplify a sequence of 380 bp from Q9 transcripts. For the first PCR
Direct counting of blastomeres reaction, 4ul of a 10 mM stock of dNTP, Jul of each 10uM primer
In order to quantify the overall number of blastomeres per embryo(upper primer: 5GCCAACACTCGCTGCAATAAT 3, lower primer:
blastocysts from each mouse strain were stained by a cell-spreddd ATCTCCCCCATCTCAGGGTA 3), 2.5 pl of 10X PCR buffer,
method first described by Tarkowski (1966). Embryos were washed.1 pl of 50 mM MgCl,, and 15.4ul of distilled water were added
in Ringer’s solution three times, followed by three washes in 0.8%to individual HotStart 100 (Molecular Bio-Products, San Diego, CA,
sodium citrate to allow the blastomeres to swell. The embryos wer&SA) PCR tubes. These tubes contain a bead of wax, which was
then placed onto a glass microscope slide. They were fixed by mouthmelted at 80°C for 5 min, followed by cooling to room temperature
pipetting a small volume of 3:1 (v/v) of methanol:acetic acid ontofor 1 min. Next, 4ul of cDNA was added to the specific tube, along
the slide three times, letting the fixative dry in between. At this point,with 18.2 pl of distilled water, 2.5ul of 10X buffer, and 0.251l of
the slide was placed into a beaker containing a 1:20 dilution o6 U/ul Taq polymerase. PCR was carried out under the following
Giemsa stain (Sigma) for 5-15 min, rinsed with distilled water, air-conditions: one cycle at 96°C for 1 min, two cycles at 96°C for 1
dried, and examined with a Zeiss phase contrast microscopdGa. min for denaturation, 58°C for 1 min for annealing, and 72°C for 1
Giemsa stains nuclei dark blue, and the number of nuclei countethin for extension, 18 cycles at 94°C for 1 min, 57°C for 1 min, and
per embryo was used as a measure of the number of cells per embryt2°C for 45 s, 20 cycles at 94°C for 1 min, 57°C for 30 s, and 72°C
Data were analysed by Studenttest. for 45 s, and one cycle for 5 min at 72°C for final extension. For the
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Table I. Quantitation of blastomeres in B6.K2 (Qa-2and B6.K1 (Qa-2—) embryés

Experiment Mouse strain Material n Cell number po
analysed Mean= SEM
1 (direct staining) B6.K1 Whole embryo 27 1971.6
B6.K2 Whole embryo 33 305 1.3 <0.05
2 (differential staining) B6.K1 Whole embryo 28 40211.1
B6.K2 Whole embryo 30 49.& 8.9 <0.05
B6.K1 TE 30.6*+ 8.4
B6.K2 TE 36.5+ 7.1 <0.05
B6.K1 ICM 9.6+ 42
B6.K2 ICM 125+ 4.0 <0.05

#Embryos were collected after superovulation at 89 h post-human chorionic gonadotrophin injection.
bProbability that B6.K2 values are higher than B6.K1 values as determined by Stuigist's
TE = trophectoderm; ICM= inner cell mass.

second round of PCR, 154l water, 2.5ul of 10X buffer, 4 pl of

the 10 mM mix of dNTP, 1.4l of 50 mM MgCl,, and 1pul of each

10 uM primer were added to clean HotStart 100 PCR tubes. (The
PCR is hemi-nested in that the same lower primer is used in
both PCR rounds. The upper primer in the second round’is 5 380 bpeb
TGGTATTGCAGAGAAAGACCA 3.) The wax was melted as

described above, and then 17.@bof water, 2.5ul of 10X PCR

buffer, 0.25ul of 5 U/ul Taq polymerase, and fl of the first PCR

reaction were added to the tubes. The second round of PCR was

carried out using the same conditions described above. The PCR

products were analysed on a 6% polyacrylamide mini-gel and stained
with ethidium bromide for 5 min. F

igure 1. Reverse transcription—polymerase chain reaction analysis
of B6.K2 (Qa-2+) isolated inner cell masses (ICM) féfedgene
expression at the mRNA level. Lane 1: 100 bp ladder mol. wt

Immuno-PCR detection of Qa-2 antigen
. i ) marker; lane 2: empty; lane 3: ten B6.K2 ICM; lane 4: empty; lane
Recently, we described a novel technique for the detection of MHG. gaven B6.K1 ICM (negative control).

Class la molecules, (‘D on the surface of a single, intact blastocyst
(McElhinny and Warner, 1997). In the present study, we extended

this technique to analyse the MHC Class Ib molecule, Qa-2, oy |ight. The embryos were washed twice in WB after the final
B6.K2 blastocysts and isolated ICM. Briefly, whole embryos orncubation and mounted in as small a volume as possibleu()y-6f
isolated ICM were incubated for 1 h at 4°C in anti-Qa-2 antibody\p onto a microscope slide and squashed gently with a glass
[protein A purified 1-12-1 monoclonal antibody (Sharre@t al,  coyerslip. They were immediately examined under UV light using

1989)] at a concentration of 0.5 mg/ml in PB& 0.01% sodium a5 olympus microscope at200, and the number of nuclei of each
azide+ 1% BSA (PBSAZ). After removal of the zona pellucida, the ¢qjour were counted. Data were analysed by Studetest.

embryos were washed five times in PBSAZ 0.05% Tween-20
followed by five washes in PBSAZ, changing the pipette with each
set of washes. They were then incubated 1017 M bispecific ~ Results

chimeric protein—DNA complex (Saret al., 1992) for 45 min. (The We first confirmed the Ped phenotypes of the B6.K1 and
chimeric protein contains a protein A domain, which recognizes theB6 K2 mouse strains used in this study. We collected embryos
Fc portion of the first antibody, and a streptavidin domain, WhiChfroh both strains at 89 h post-HCG z;md performed a cell-

binds a biotinylated DNA fragment.) After a final extensive set of . .
washes, the embryos or ICM were placed into thin-walled 0.5 mISpread method (Tarkowski, 1966) to quantify the total number

tubes, and PCR was carried out as previously described using primef§ Cells per embryo. As expected, the B6.K2 embryos had a
that amplify 769 bp of the biotinylated DNA fragment (McElhinny Significantly higher P < 0.05) mean number of cells per
and Warner, 1997). The PCR products were run on a 6% polyacrylembryo than the B6.K1 embryos (experiment 1 in Table 1).

amide gel and stained with ethidium bromide. This confirmed results from our previous studies that showed
. . . that the Qa-2 B6.K2 embryos are Ped fast, while the Qa-2—
Differential staining of the TE and ICM B6.K1 embryos are Ped slow (Warnetral., 1991).

protocol modified from Handyside and Hunter (1984) andiya; thePed gene is transcribed in Ped fast blastocyst stage

Papaioannou and Ebert (1988). B6.K2 and B6.K1 blastocysts th . . .
had been collected 89 h post-HCG into WB under gas were subjectgéjmbryos (Jinet al, 1992). In B6.K2 mice, theed gene is

to immunosurgery as described above, except that two dyes were%nCOded (;J_y Q.g (V\émt al, 19?8)' I-r|]ere, we haye exftsgged
added with the guinea-pig complement. Propidium iodide (finalt ese studies in order to analyse the transcription o

concentration of Sug/ml) stains dead cells but is excluded from 9€ne in ICM isolated from B6.K2 blastocysts. We were able
viable cells. Bisbenzamide (final concentration ofu§/ml) stains  t0 detect Q9 transcripts in ICM from the Ped fast, but not the
both live and dead cells. The combined staining of these two dyePed slow, blastocysts after hemi-nested PCR (Figure 1). Lane
renders the lysed TE cells pink and the intact ICM cells blue unde3 contains the PCR product (380 bp) from ten B6.K2 ICM.
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1) show that the mean total number of blastomeres per embryo
is significantly greaterR < 0.05) in B6.K2 embryos than
B6.K1 embryos. It should be noted that the overall total cell
numbers obtained from the differential staining procedure
(experiment 2) are higher than those obtained from the direct
staining method (experiment 1). This is due to the fact that in
the Tarkowski direct staining procedure the embryos are
Figure 2. Immuno-polymerase chain reaction (PCR) analysis of  collected and immediately fixed for staining, while in the
isolated isolated inner cell masses (ICM) and whole blastocysts  (ijfferential staining protocol extra time in culture for incuba-

from Qa-2+, B6.K2 mice. The presence of a band of 769 bp : : .
indicates that Qa-2 was present on the cell surface. Lane 1: 100 b '(E:Iglr;sdi/r;gk\;\:‘ashlngs causes the embryos to undergo an additional

mol. wt marker; lane 2: empty; lane 3: chimeric protein—-DNA

769 bp =

complex only; lane 4: four B6.K2 ICM; lane 5: two intact B6.K2 After quantifying the number of blastomeres in the ICM
blastocysts (positive control); lane 6: one B6.K2 ICM; lane 7: one and TE from both strains, it was found that Ped fast embryos
B6.K2 ICM; lane 8: one B6.K1 ICM (negative control). have significantly higher cell number® (< 0.05) in both

lineages compared to Ped slow embryos (experiment 2 in

We used seven B6.K1 ICM as a negative control, and a3able I). Since the two mouse strains in this study differ
expected, no product was detectable after hemi-nested PCgenetically only in the Q region of the MHC, Ped gene
(lane 5) since this mouse strain has a deletion of the Q9 genexpression at both the mRNA and protein level directly
The results from these experiments show thatRbdgene is  contributes to the Ped fast phenotype in the ICM and the TE
expressed at the mRNA level in isolated ICM, as well asof B6.K2 blastocysts.
whole embryos, in B6.K2 mice.

In addition to RT-PCR analysis, we determined the Qa-2__ .
antigen expression pattern in ICM isolated from Ped fasPiscussion
blastocysts. We have previously shown by using an ELISAt is well known that cell surface contacts at the 8- and 16-
method (Goldbarabt al., 1984) that Qa-2 is detectable on the cell stages are crucial for both the cellular differentiation
surface of the outer cells in mouse blastocysts, the TE. It waand development of early mammalian embryos (Johnson and
not known, however, whether Qa-2 protein is also expressediomek, 1981, 1983; Collins and Fleming, 1995). Accumulat-
on ICM cells. We therefore performed I-PCR on isolated ICMing evidence suggests, however, that there are determinative
that had been incubated with a monoclonal antibody againsvents that occur even earlier in development which are also
Qa-2, followed by incubation with a chimeric protein—-DNA vital for differentiation and successful development (reviewed
complex (Figure 2). The ICM were placed into PCR tubes andn Edwards and Beard, 1997). For example, the ability to induce
the whole complex was subjected to PCR analysis, usinthe membrane polarity needed for TE and ICM differentiation
primers that recognize a 769 bp fragment of the biotinylatedlevelops via cell contacts from the 2-cell stage in mouse
DNA. The presence of a band of 769 bp indicates that thembryos (Edwards and Beard, 1997). Very early cell inter-
monoclonal antibody has bound to Qa-2, and that the chimeriactions also probably influence the embryo in regulating the
protein—-DNA complex has bound to the monoclonal antibodyratio of inside to outside cells at the 16- to 32-cell stage
Lane 8 is the negative control, which was an ICM from a Pedransition (Fleming, 1987). In addition, an insufficient cell
slow B6.K1 blastocyst. No band is apparent, which shows thatumber in the preimplantation stage embryo can jeopardize
any non-specific antibody or chimeric protein binding is differentiation of the TE and ICM and subsequent embryo
undetectable. Lanes 6 and 7 contain single B6.K2 ICM, andiability (Edwards, 1995). Therefore, a definition and analysis
lane 4 contains 4 B6.K2 ICM. These reactions are all positiveof very early embryonic regulatory genes, including fed
for the 769 bp PCR product, which indicates that the Qa-Zjene, are required to better understand the origins of the two
antigen is expressed on the surface of the inner cell mass efarliest cell lineages in embryos, as well as mechanisms for
B6.K2 blastocysts. Lane 5 contains the PCR reaction from ousuccessful subsequent development (Edwards and Beard,
positive control, two whole B6.K2 blastocysts. Lane 3 is thel1997).
chimeric protein—~DNA complex alone, and lane 1 is a 100 bp In this study, we used two sensitive techniques to determine
ladder used as a molecular weight marker (Gibco BRL). Thesthe expression pattern of tiRedgene and its protein product,
results show that our I-PCR technique can be extended tthe Qa-2 antigen, in blastocysts from congenic mouse strains.
detect cell surface antigens on single isolated ICM. Using thi®revious RT-PCR analysis of whole embryos gliml., 1992)
new technique, we detected Qa-2 protein on B6.K2 ICM asnd our present study on isolated ICM show thatRleelgene
well as on whole blastocysts. is expressed at the mRNA level in ICM and in intact B6.K2

Since Qa-2 antigen is present on both the ICM and the TEEmbryos. Determination of the expression of thed gene
of Ped fast blastocysts, the next set of experiments wagroduct, the Qa-2 antigen, has been more challenging, however,
designed to determine if this expression pattern correlates witeince MHC Class | proteins are not detectable in preimplanta-
the Ped fast phenotype. We differentially stained embryogion embryos by conventional immunofluorescence technigues
collected 89 h post-HCG from B6.K2 and B6.K1 mice in (Robertset al., 1992). We have had to develop more sensitive
order to quantify the number of blastomeres in the TE and irantigen detection techniques, such as ELISA (Goldigaral.,
the ICM of the embryos. The results (experiment 2 in Table1984) and I-PCR (McElhinny and Warner, 1997) to show that
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Qa-2 protein is present on the surface of intact embryos.

However, since both of these techniques involve the use of > === 92a peptide

anti-Qa-2 antibodies, which cannot penetrate the tight junctions

between neighbouring TE cells, we could not determine o

whether Qa-2 was also expressed on the surface of ICM

blastomeres. In the present study, we have extended our newly °

developed I-PCR technique to analyse protein expression in

isolated ICM acquired from immunosurgery. We found that : outside the cell

Qa-2 is expressed on both the TE and the ICM in B6.K2 Proein

blastocysts. '
Since Qa-2 is expressed in the two distinct cell lineages of

Ped fast blastocysts, the next logical step was to determine if

its phenotype was maintained in both of these lineages. WEigure 3. A schematic representation of the possible mode of

used a technique where two different nuclear-staining dyes a@¢tion of the Qa-2 protein in exerting the Ped fast phenotype in

: . : : .preimplantation embryos. The glycosylphosphatidylinositol (GPI)-
incubated with blastocysts during complement-mediated Iys@nchoﬁe 3 Qao prote?;], D ound %oya ni¥1g am?no ac)i/ d popti de(, mgy be

so that the number of nuclei in both lineages could easily b@ecognized by a ligand or receptor molecule (protein Y), causing
distinguished and quantified. It was found that the Ped faspa-2 to interact, directly or indirectly, with a transmembrane
B6.K2 blastocysts had significantly more total cells per embrygnolecule (protein X). This association with other accessory
(P < 0.05) compared to the Ped slow B6.K1 blastocyst Stag@olecu_les would explain how the GPI-linked Qa-2 protein, which
embryos, as expected. This diference in cell number was du [SEed [0 e uler laflet of e plasa mentrane con
to a significantly higher number of blastomer&< 0.05) in g m = g,-microglobulin.
both the ICM and in the TE in the Ped fast blastocysts.
Therefore, the phenotype of thied gene in the ICM and in
the TE directly correlates with its expression pattern in wholeand perhaps generate a signal that could be transmitted into
mouse embryos. the embryo. Since Qa-2 is a GPI-linked molecule and does
There is evidence for a homologue of tiked gene in  not traverse the cell membrane, it is likely that it may be
humans, since human preimplantation embryos that develogssociated with one or more accessory signalling molecules.
at a faster rate have a better chance of survival than slowt is possible that the binding of a receptor molecule to the
developing embryos (Boltoet al, 1989; Levyet al, 1991; Qa-2 protein, and its associated nonameric peptide, causes
Warneret al,, 1998). It has been suggested that HLA-G mayQa-2 to interact directly or indirectly with one or more
be the human homologue of Qa-2 (Jurisicaaal, 1996), accessory proteins, which would transmit a signal to the
but data from our laboratory show that this is probably notinterior of the cell (Figure 3). Further investigation into the
the case (Warneet al, 1998; N.Caoet al, unpublished Pedgene mechanism and its signalling pathway, as well as
observations). It is possible that one or more of the other Clasthe search for a human homologue, will be valuable to the
Ib genes that map near HLA-G in the human MHC may bestudy of embryonic development and survival.
the truePedgene homologue.
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