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SUMMARY

When the developing embryo implants into the uterine wall, resident maternal immune cells may

encounter antigens present on the fetal tissues. The nature and constituents of the ensuing maternal

immune response, and its regulation, are of considerable interest in understanding normal and

abnormal pregnancy. Here, we report the presence of natural killer (NK)1.1+ ab T cells in the

murine periimplantation uterus. These cells account for a large portion of both the T-cell and

natural killer cell populations in early pregnancy, while their numbers in the non-pregnant uterus

and later in pregnancy are greatly reduced. Phenotypically, these NK1.1+ ab T cells belong to

a previously described subset of cells that bear a Va14-Ja281-encoded T-cell receptor. Unlike other

organs, where both CD4+ and CD4x/CD8x NK1.1+ ab T cells are found, the placental/decidual

population appears to be entirely CD4x/CD8x. The Vb repertoire of the placental/decidual

population is also altered from that of other organs, with a majority of cells expressing Vb3.

Together, these features suggest the possibility of local development. NK1.1+ ab T cells are known

to recognize the class I-like CD1 molecule. Consistent with this association, we demonstrate CD1

expression by tissues within the pregnant uterus. Our ®ndings de®ne an additional organ-speci®c

immune environment where NK1.1+ ab T cells may play a role, and continue to demonstrate the

specialized nature of the maternal intrauterine immune system during pregnancy.

INTRODUCTION

At implantation, fetally derived cells invade the uterine tissues,

and ultimately form the placenta. The uterine stroma, known

as decidua in humans, and which forms a more anatomically

specialized structure in rodents known as the metrial gland,1,2.

is known to contain numerous maternal immune cells.3.Despite

the immunologically foreign nature of the fetal tissues, invasion

and proliferation normally proceed successfully.

Recent studies indicate several interesting aspects of

maternal±fetal immunology that may be important in resolving

this apparent paradox. For example, major histocompatibility

complex (MHC) class I molecule expression by the tropho-

blasts, the fetal cells most likely to be encountered by maternal

immune cells, is highly regulated, with reduced or absent

expression of polymorphic MHC class I and class II

molecules.4±6.Whereas expression of the oligomorphic class-I-

like human leucocyte antigen (HLA)-G molecule by human

trophoblasts is well characterized,7.elucidation of other MHC/

MHC-like molecules that may be expressed by murine

trophoblasts is incomplete.5,6.

Secondly, the cytokine milieu of pregnancy in both mice

and humans appears to be skewed towards a T helper 2 (Th2)

type environment, with high levels of interleukin-4 (IL-4) and

reduced levels of interferon-c (IFN-c), and studies suggest this

skewing is important for pregnancy maintenance.8±11.

Studies by ourselves and others have also indicated the

presence of specialized immune cell populations within the

pregnant uterus, including cd T cells and natural killer (NK)

cells,12±15.in addition to ab T cells and macrophages.3.

Here we demonstrate the presence of another specialized

immune cell population within the pregnant uterus, NK1.1+

ab T (NKT) cells, a novel T-cell subset previously reported in

the thymus, liver, bone marrow, and other organs.16±18.

NKT cells populate the periimplantation uterus in a highly

temporally regulated fashion, and are distinct from previously

described uterine NK (uNK) cells, which are CD3 ± by

de®nition.12,13. The uterine NKT cells described here are

CD3+ and bear a Va14-Ja281-encoded T-cell receptor

(TCR),16. known from previous studies to recognize the

MHC class I-like CD1 molecule.19. In this regard, we also

report here expression of CD1 within the pregnant uterus.

Interestingly, the uterine population of NKT cells is entirely

CD4x/CD8x (double negative, DN), whereas other NKT cell
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populations contain both CD4+ and DN cells.16±18. These

uterine NKT cells also appear to express different Vb
phenotypes from other described NKT cell populations.

Together, these differences suggest the possibility of in-situ

development of a unique NKT cell lineage. In addition to other

possible functions,20. NKT cells are know to secrete large

amounts of IL-4 upon engagement of the TCR,21.a function

that may be important in inducing the Th2 environment critical

for pregnancy success. Our ®ndings provide an additional

example of the specialized nature of maternal intrauterine

immune system, and suggest possible functions for NKT cells

in pregnancy.

MATERIALS AND METHODS

Mice

Six to 8-week-old, pathogen-free C57Bl/10, and BALB/c mice

were originally obtained commercially from Jackson Labora-

tories (Bar Harbor, ME) and Harlan Spraguef±Dawley

(Indianapolis, IN). CD1 knockout (CD1x, generated as

described22.) males and females, non-pregnant virgin C57Bl/

10 and timed pregnant C57Bl/10 females bred with BALB/c

males (referred to as timed pregnant [C57Bl/10rBALB/c] F1

females) mice were raised and cared for in the animal care

facility at Swedish Medical Center, Denver, CO. All experi-

ments were approved by the HealthONE Institutional Animal

Care and Utilization Committee, which acts for Swedish

Medical Center.

Cell preparation

Maternal and fetal tissues from the pregnant uterus were

obtained at three time points of pregnancy: early (days 6±8

[day of plug detection=day 0]), middle (days 12±13) and late

(days 16±18) pregnancy, with implantation beginning around

day 4.5. Mice were killed using rapid cervical dislocation or

CO2 inhalation and placental/decidual tissues were collected,

placed in a Cellector tissue sieve (VMR Scienti®c Productions,

Willard, OH), and mechanically dispersed into balanced salt

solution (BSS) medium. In the early pregnancy experiments,

the embryo cannot easily be separated from the other tissues,

and so was included in the tissue preparations. Because the

embryo does not contain lymphoid cells at this time, its

inclusion will not alter the results. The fetus was removed prior

to tissue processing in middle and late pregnancy experiments.

Because of the intimate apposition of the fetal trophoblasts and

maternal tissues, they cannot be easily separated, and

circulating cells, especially within the highly perfused middle

and late pregnancy placenta, may contaminate the tissue

preparations. In preliminary middle and late pregnancy

experiments, we carefully dissected away as much of the

placenta as possible, and found that absolute and relative

numbers of T and NK cells thus obtained did not signi®cantly

change from those obtained when the entire placenta was

included, indicating that contamination by circulating cells is

not a signi®cant problem. For simplicity, at all gestations, we

refer to the fetal and maternal tissues thus obtained as

`placenta/decidua'.

Spleens and thymi were obtained from the same pregnant

mice and similarly prepared. Placental/decidual cells, spleno-

cytes, or thymocytes were centrifuged at 250 g for 5 min, cell

pellets were resuspended in 1 ml of BSS and 3 ml of Gey's

solution (0.155 M NH4CL and 0.01 M KHCO3) for 5 min at

room temperature to lyse red blood cells (RBC), washed with

BSS, resuspended in 2 ml of BSS/5% fetal calf serum (FCS;

Sigma, St. Louis, MO), and lymphocytes enriched over nylon

wool as previously described.23. For CD1 staining by ¯ow

cytometry, cells were prepared in a similar fashion, but the

nylon wool puri®cation step was omitted. Instead, cells were

passed rapidly over a smaller nylon wool column simply to

remove tissue fragments.

Monoclonal antibodies and cyto¯uorographic analysis

Monoclonal antibodies (mAb) were generated as cell culture

supernatants or ascites from existing cell lines, puri®ed by

af®nity chromatography on protein A or G-Sephadex G25

columns (Sigma, St. Louis, MO), concentrated, dialysed, and

conjugated with N-hydroxysuccinoimidobiotin (Sigma) or

¯uoroscein isothiocyanate (FITC) (Sigma). Antibodies used

include 145-2C11 (anti-CD3e chain),24.H57.597 (anti-pan TCR

ab),25. GK1.5 (anti-CD4),26. 53.6.7 (anti-CD8),27. and PK136

(anti-NK1.1).28.CMS-5 (anti-Va14, biotin- and phycoerythrin

(PE)-conjugated) was a generous gift from Dr M. Taniguchi

and Dr M. Amano, Chiba University, Japan.29.Anti-CD1 mAb

5C64 and 3H3, developed in Dr C.-R. Wang's laboratory at

University of Chicago (22.and M. Mandal and C.-R. Wang,

unpublished data) were obtained from culture supernatants

and used unconjugated. Commercially available antibodies

used include 1B1 (anti-CD1.1), 145.2C11 (anti-CD3e chain,

PE-conjugated), GK1.5 (anti-CD4, PE-conjugated), PK-136

(anti-NK1.1, PE conjugated) and Ly-2 (anti-CD8a, PE-

conjugated; PharMingen, San Diego, CA), and goat anti-

hamster immunoglobulin G (IgG; PE-conjugated; Caltag, San

Francisco, CA). A panel of FITC-conjugated anti-Vb mAb

including B20.6 (anti-Vb2), KJ25 (anti-Vb3), KT4 (anti-Vb4),

MR9-4 (anti-Vb5.1/2), RR47 (anti-Vb6), TR310 (anti-Vb7),

MR5-2 (anti-Vb8.1/2), 1B3.3 (anti-Vb8.3), MR10-2 (anti-Vb9),

B21.5 (anti-Vb10), RR3-15 (anti-Vb11), MR11-1 (antiVb12),

MR12-3 (anti-Vb13), 14-2 (anti-Vb14) and KJ23 (anti-Vb17)

were also obtained commercially (PharMingen). For cyto-

¯uorographic analysis, cells (0.1±1r106/well in 96-well plates)

were preincubated with rat anti-mouse FccR antibody (24G2,

1 mg/ml)30.to block non-speci®c binding, one-, two-, or three-

colour staining was performed, and cells were analysed. In exper-

iments using unconjugated primary antibodies, neat normal

mouse serum was used to block non-speci®c binding instead of

anti-FccR. In two- and three-colour experiments, biotinylated

antibodies were developed with streptavidin±PE (Caltag)

and streptavidin±spectral red (Southern Biotechnology,

Birmingham, AL), respectively.

Cells were analysed by ¯ow cytometry using a Becton-

Dickinson FACSort cytometer (San Jose, CA), and data plots

were generated using the CELLQuest version 1.2 software

package supplied by the manufacturer. In all experiments, set up

and calibration were performed with nylon-wool prepared

splenocytes, and these cells were also used to set gates for

thymocytes and decidual lymphocytes. In all cases, appropriate

negative and isotype control experiments were performed to

verify staining speci®city.

Cell sorting and hybridoma production

Placental/decidual cells were obtained from (C57Bl/10r
BALB/c)F1 gestations at early gestations, as described,
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NK1.1+ cells were sorted by ¯ow cytometry after single-colour

staining, and plated in 100 ml of culture medium with 10% FCS

in anti-CD3 mAb (10 mg/ml) precoated 96-well plates. IL-2

(10 units/ml) was added into the culture medium the following

day. After 4±6 days with media changes as appropriate, the

cells were fused with the a-b-variant of the AKR BW5147 cell

line,31. as previously described.32. The fusion products were

plated in 96-well plates, and selected in hypoxanthine/

aminopterin/thymidine (HAT) medium. The generated hybri-

domas were screened for expression of ab TCR by ¯ow-

cytometry, and theab-TCR+ hybridomas were further analysed

with anti-Va14. Four Va14+ hybridomas were identi®ed.

Reverse transcription±polymerase chain reaction (RT±PCR)

and sequence analysis

Placental/decidual tissues obtained from early pregnant mice

were mechanically dispersed into BSS medium, centrifuged,

and total cellular RNA extracted from the cell pellet using

RNA STAT-60 (TEL-TEST, Friendswood, TX) according to

the manufacturer's direction. Total cellular RNA was also

extracted from the four Va14+ hybridomas with RNA STAT-

60. cDNA was synthesized from total cellular RNA using 3kCa
ext primer and superscript RNase H-reverse transcriptase (Life

Technology, Grand Island, NY), and ®rst PCR was carried

out using the synthesized cDNA as template and the 3kCa
int and 5kVa14 primers. The PCR products were electro-

phoresed in 2% agarose gel (FMC, Rockland, ME) to

con®rm the existence of the expected size DNA band,

and used as template for secondary PCR, performed using

3kJa281 and 5kVa14 as primers. The primer sequence was

as follows. 3kCa ext±AGATTCCATGGTTTTCGGCAC;

3kCa int±ACTGAATTCGGTACACAGCAGCAGGTTCTG;

5kVa14±TAAGCACAGCACGCTGCA CAT; and 3kJa281±

CAGGTATGACAATCAGCTGAGTCC. All primers were

produced and puri®ed by gel ®ltration by the Midland Certi®ed

Reagent Company (Midland, TX).

The ®nal PCR products were cloned into a plasmid vector

(pCR 2.1) using the TA-cloning kit (Invitrogen, Carlsbad, CA).

Nucleotide sequences were determined by using AmpliTaq FS

cycle sequencing with two ABI automated ¯uorescent sequenc-

ing instruments. M13/pUC forward was employed as the

primer.

RESULTS

High relative frequencies of NKT lymphocytes

in early pregnancy

In preliminary experiments, we analysed the T lymphocyte

population in placental/decidual tissues of early (days 6±8),

middle (days 12±13) and late (days 16±18) (C57Bl/10rBALB/

c)F1 gestations. As previously reported by ourselves and

others, ab T cells comprise a signi®cant cellular population in

the placenta/decidua throughout murine pregnancy.6,14.

Upon further study of the ab-TCR+ lymphocyte popula-

tion, we found that about one third of these cells express

the cell marker NK1.1 early in pregnancy (Fig. 1., top),

a percentage 13-fold higher than that present in spleen, and

similar to that noted in other organs rich in NKT cells,

such as thymus, bone marrow, and liver.16±18,20.As pregnancy

progresses, the proportion of ab-TCR+ cells co-expressing

NK1.1 in placenta/decidua decreases dramatically, so that by

middle and late pregnancy it has fallen to that of spleen.

We also analysed the placental/decidual NK1.1+ cell

population to see what proportion was accounted for by cells

co-expressing the ab-TCR. We found that approximately half

of NK1.1+ cells express ab-TCR in early pregnant placenta/

decidua, a threefold increase over that found in spleen (Fig. 1.,

bottom). In mid and late gestation, the proportion of NK1.1+

cells expressing the ab-TCR decreases to that of the spleen.

Representative cyto¯uorographic data from early and late

pregnancy are shown in Fig. 2..

For comparison, we also studied proportions of NKT cells

in non-pregnant uteri. Small cell numbers precluded precise

cyto¯uorographic analysis. Twenty to 25% of NK1.1+ cells

appear to be ab-TCR+, and 17±23% of ab TCR+ cells co-

express NK1.1 (data not shown). The absolute number of

T cells present in the early pregnant uterus is increased about

20-fold over that in the non-pregnant uterus,14.indicating that

the total NKT cell population expands at least 40-fold from

non-pregnant to early pregnant uterus.

Together, these results demonstrate a dramatic, temporally

regulated increase in the proportion of NK1.1+ ab T cells at

periimplantation.

Characterization of NK1.1+ ab T cells in early pregnancy

Since several NKT cell populations have been described,33.the
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Figure 1. Results of cyto¯uorographic analysis of NKT cells in

pregnant mice at days 6±8, days 12±14, and days 16±18. FITC-

conjugated PK-136 (anti-NK1.1) and biotin-conjugated H57.597

(anti-ab TCR) were used to measure the percentage of ab TCR+

cells co-expressing NK1.1 (top), and the percentage of NK1.1+ cells

co-expressing ab TCR (bottom). The meantstandard deviation was

obtained from four mice. Representative staining data are depicted

in Fig. 2..
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next set of experiments was designed to further categorize

placental/decidual NKT cells.

We noted a threefold reduction in surface density of ab-

TCR by NKT cells as compared with conventional placental/

decidual ab T cells (Fig. 2.), a result similar to that reported

with NK1.1+ ab-TCR+ thymocytes and referred to as

`TCRint'.

NK1.1+ ab-TCR+ cells found in the thymus, liver, and

bone marrow are either CD4+ or DN,16±18,20. although one

report indicates predominantly DN cells in bone marrow.29.

By contrast, NK1.1+ ab-TCR+ placental/decidual cells are

uniformly CD4x, whereas NK1.1+ ab-TCR+ thymocytes

contain a substantial CD4+ population, and NK1.1-ab TCR+

cells in the placenta show typical CD4 and CD8 expression

(Fig. 3.). Possible explanations for this altered accessory

molecule expression are discussed below.

The majority of NK1.1+ ab-TCR+ thymocytes manifest

a single Va gene rearrangement (Va14-Ja281) rarely found in

conventional ab T cells.16,34. To further characterize the TCR

repertoire of NKT cells in early pregnancy, we studied their

Va14 expression.

In two-colour staining experiments of early pregnancy

tissues, we found percentages of NK1.1+ cells co-expressing

ab-TCR and percentages of cells co-expressing Va14 to be

similar, suggesting uniform expression of Va14 by NKT cells

(Fig. 4., top). To directly con®rm this, we performed three-

colour experiments gated on NK1.1+ and NK1.1x cells.

Amongst NK1.1+ cells, all ab-TCR+ cells are Va14+, while

amongst NK1.1x ab-TCR+ cells; few Va14+ cells are found

(Fig. 4., bottom).

Cyto¯uorographic analysis of the four Va14+ hybridomas

reveals one each as expressing Vb3, Vb6, Vb8 (but not Vb8.3)

and Vb13 (data not shown). Cyto¯uorographic analysis

of uterine NKT cells indicates that approximately 57±68%

express Vb3, a Vb chain present on one of the four Va14+

hybridomas (Fig. 5.). There appear to be very small numbers of

uterine NKT cells expressing Vb7 and Vb8, two of the Vb
chains commonly found in NKT cells in other organs,20.and

also very small numbers of Vb6+and Vb13+NKT cells (data

not shown). These data are summarized in Table 1.. Apparent

differences in Vb expression as compared with other NKT cell

populations may, like the altered CD4 expression by these

cells noted above, suggest independent development, as

discussed below.

Veri®cation of Va14-Ja281 encoded TCR expression

by NKT cells in early pregnancy

The above experiments indicate that the NK1.1+ ab T cells

found in early pregnancy are phenotypically similar to TCRint,

DN, Va14+ thymocytes. Another important feature of these

Figure 2. Representative staining date of NKT cells at early and late

gestation. FITC-conjugated PK136 (anti-NK1.1) and biotin-conju-

gated H57.597 (anti-ab-TCR) were used to analyse placental/decidual

cells (left) or splenocytes (right) at early (top) or late (bottom)

gestation. Percentages indicated are relative to the total number of cells

in all four quadrants. The mean anti-ab-TCR staining log ¯uorescence

of NKT cells is 39% (tSD 2%, data obtained from four mice, absolute

data not shown) that of conventional ab T cells, indicating these cells

are TCRint.

Figure 3. Expression of CD4 and CD8 molecules by NK1.1+ and

NK1.1x uterine and thymic T cells. Placental/decidual cells from a day

7 pregnancy (a±d) or from thymus (e±f ) were prepared as described and

analysed in a three-colour experiment, using FITC-conjugated PK136

(anti-NK1.1), PE-conjugated GK1.5 and Ly-2 (anti-CD4 and anti

CD8a), and biotin-conjugated H57.597 (antiab-TCR). NK1.1 negative

(left) and positive (right) cells were gated and further analysed for

expression of ab-TCR and CD8 (a, b) and CD4 (c±f ). Five mice were

studied in each experiment; representative data are shown.
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NK thymocytes is their invariant usage of Va14 rearranged to

Ja281.16.In the next set of experiments, we veri®ed this feature

in our placental/decidual cells.

To further analyse the Va gene rearrangement found in

uterine NKT cells, we sequenced the Va rearrangement from

the four Va14+ hybridomas. RT±PCR yielded a signal of

the expected length for all four hybridomas. The integrity of

the ampli®ed product was veri®ed by sequence analysis of the

Ja281Ca join, with the expected sequence16. obtained in all

cases (Table 2.). In addition, 14 Va14 clones obtained from

RNA prepared from early pregnant tissues were sequenced,

and the Va14±Ja281 joins are shown in Table 2.. Six of the

14 joins demonstrate the canonical sequence previously

reported by Lantz and Bendelac.16. Six others demonstrate

conservative amino acid substitutions, and two demonstrate

non-conservative substitutions (GpA at amino acid 93) as

shown in Table 2..

Thus, we conclude that the NKT cells present in

periimplantation placenta/decidua belong to the previously

described subtype of cells that are TCRint, DN, Va14-Ja281+.

CD1 expression in early pregnancy

The presence of CD1 on early pregnancy tissues was assessed

cyto¯uorographically by staining early pregnancy tissues with

two anti-CD1 mAb. Both antibodies stained these cell

preparations with an intensity similar to that seen with

thymocytes (Fig. 6.). Staining with isotype controls at identical

concentrations, and staining of tissues from CD1xrCD1x

mice were used to verify the speci®city of the staining.

DISCUSSION

Previous studies characterizing cellular populations within the

pregnant murine uterus have documented signi®cant popula-

tions of both NK cells and T cells, 6,12±14.but NKT cells have

not been previously reported. That this numerically signi®cant

population has been overlooked in the past may be due to

several factors. For example, many studies have employed

Table 1. Summary of Vb expression by uterine NKT cell hybridomas and lymphocytes

Cell Vb3 Vb6 Vb7 Vb8 Vb13 Vb2,4,5,9±12,14,17

Uterine NKT cell hybridomas 1 of 4 1 of 4 None 1 of 4 1 of 4 None

Uterine NKT lymphocytes 57±68% + + + + None

+The presence of a small number of cells, with small cell numbers precluding the precise quantitation of percentages.

Figure 4. Two- and three-colour analysis of Va14 expression by

NKT cells. Cells from early placenta/decidua were stained with FITC-

conjugated PK136 (anti-NK1.1), PE-conjugated CMS-5 (anti-Va14),

or biotin-conjugated H57.597 (anti-ab-TCR), as indicated, in two- and

three-colour experiments. Percentages are the percent of NK1.1+ cells

staining positive for ab-TCR, or Va14, as indicated. Top: Similar

percentages of ab-TCR+ (left, 42%) and Va14+ (right, 38%) cells were

found among nylon-wool puri®ed NK1.1+ placental/decidual cells,

indicating essentially uniform expression of Va14 by NK1.1+ ab-

TCR+ cells. Bottom: NK1.1 positive (left) or negative (right) cells were

gated and further analysed as indicated. Amongst NK1.1+ cells, all ab-

TCR+ cells were also Va14+. Amongst NK1.1x cells, there were very

few Va14+ ab-TCR+ cells noted. Three mice were studied in each

experiment; representative data are shown.

Figure 5. Two- and three-colour analysis of Vb3 expression by

NKT cells. Cells from early placenta/decidua were stained with PE-

conjugated PK136 (anti-NK1.1), biotin-conjugated H57.597 (anti-ab-

TCR) and FITC-conjugated KJ25 (anti-Vb3). In this experiment, 19%

of NK1.1+ cells express ab-TCR (a), and 13% express Vb3 (b),

indicating that approximately 68% (calculated, 13/19) of NKT cells

express Vb3. Amongst NK1.1x cells (c), 10% co-express ab-TCR and

Vb3, while amongst NK1.1+ cells, 57% co-express ab-TCR and Vb3.

Three mice were studied in each experiment; representative data are

shown.
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primarily immunohistological techniques, with staining for

only one antigen at a time, and such studies would likely

overlook the simultaneous expression of NK1.1 and TCR.

Other studies have not focused on the narrow window of

periimplantation when this population is prevalent. Indeed, the

small size of the decidua and the relatively small number of

cells present therein at day 6±8 makes these studies somewhat

tedious. The recent interest in NKT cells provided the impetus

to investigate their presence during pregnancy.

Typical NK cells resident in the uterus, which have been

referred to in the past in mice as `granulated metrial gland

(GMG) cells', and more recently as uterine natural killer

(uNK) cells, appear to be the most prevalent immune cell

population within the pregnant uterus.12,13. In addition to

previously hypothesized functions regarding cytokine secretion

and control of placentation,12,13.recent studies with genetically

altered mice lacking uNK cells (Tge26) suggest an important

role for uNK cells in the development of the metrial gland and

the subsequent success of pregnancy.35.Mechanisms involved

in these experiments are unknown, but because abrogation of

the deleterious effects associated with uNK cell absence can

be achieved in bone marrow reconstitution experiments using

severe combined immunode®cient (SCID) mice, a role for

NKT cells in these experiments seems unlikely.36.In any case,

it must be stressed that the NKT cells described here are

distinct from uNK cells, which are CD3 ± by de®nition.

Functions of uterine T cells are largely unknown. Reduced

expression of polymorphic MHC molecules within the

pregnant uterus may limit their function, although some

antigen-presenting cells (APC, e.g. macrophages) are present.37.

Presumably some T cells serve conventional roles, such as

combating infection. Pregnancy-speci®c functions, such as

recognition of fetal tissues, have remained hypothetical,

although we have previously reported recognition of a con-

served trophoblast antigen by a cd T cells expressing Vd6

in conjunction with a variety of Vc chains.38.

The presence of maternal NKT cells in close proximity to

fetal tissues expressing CD1 provides another scenario for

maternal immune recognition of fetal cells, since NKT cells

expressing the Va14-Ja281-encoded TCR are known to bind

CD1.19. Demonstration of CD1 expression by the fetal

Table 2. Va14-Ja281 nucleotide and amino acid junctional sequences from NKT-cell derived hybridomas and clones from early pregnancy decidua

Germline Va14 TGT GTG

GTG

Ctg

GGC

tgTA

Gcac

GAT

AGA

AGA

GGT

GGT

TCA

TCA Germline Ja281

Va sequences 93 94

6/14 TGT GTG GTG GGG GAT AGA GGT TCA

C V V G D R G S

3/14 ... ... ... GGC

G

... ... ... ...

2/14 ... ... ... GGA

G

... ... ... ...

1/14 ... ... ... GGT

G

... ... ... ...

2/14 ... ... ... GCC

A

... ... ... ...

4/4 hybridoma ... ... ... GGC ... ... ... ...

Figure 6. Cyto¯uorographic analysis of CD1 expression by early

pregnant placental/decidual cells. Thymocytes (a±b, e±f ) or placental/

decidual cells (c±d, g±h) without nylon wool puri®cation from day 7

C57Bl/10rBALB/c (a±d) or CD1xrCD1x (e±h) gestations were

stained with undiluted anti-CD1 mAb 5C64 (left) and 3H3 (right), and

binding detected with PE-conjugated anti-hamster IgG (1: 15). Control

staining with isotype control is shown by the shaded curves. Six mice

were studied in each experiment; representative data are shown.
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trophoblasts also adds an interesting aspect to the issue of class

I molecule expression within the pregnant uterus, an area of

signi®cant interest. In the human, placental expression of the

oligomorphic class I molecule HLA-G is well established.7.

Class I/I-like molecule expression within the pregnant murine

uterus is less well understood.

The presence within the pregnant uterus of NKT cells is

also intriguing because of their ability to elaborate large

amounts of IL-4 rapidly upon engagement of the TCR.21.This

characteristic is consistent with the known Th2 environment

known to be important to pregnancy maintenance. An excess

of Th2-type cytokines has been shown to exist in both murine

and human pregnancy,10,11. and a shift in this milieu towards

a Th1-type environment is associated with reproductive fail-

ure.8,9.The placental expression of CD1 suggest the possibility

of immune signalling between the fetus and mother, with fetal

expression of CD1 inducing, by way of IL-4 production by

NKT cells, a favourable immune environment within the local

environment of the pregnant uterus. The periimplantation

window may be an especially important time for such

regulation to occur, as the developing embryo is attempting

to gain a foothold. Future experiments will directly investigate

the production of IL-4 by uterine NKT cells.

The relevance of our ®ndings to human pregnancy is

speculative at present. Similar NKT cell populations exist in

the human, with homologous TCR expression and CD1

restriction.39±42.CD1 expression has been noted in the uterus

in humans,43,44. as well as on choriocarcinoma cell lines and

trophoblasts.45.

The source of uterine NKT cells is not addressed by this

study. Details of the development of NKT cells in general

remain under investigation, with current data supporting both

thymic and extrathymic development (reviewed in 20.). Devel-

opment does appear to be class-I dependent, based on ®ndings

in b2-microglobulin de®cient mice,17,20.,46±48.and a major role

for CD1 seems likely.22,49.Whether uterine NKT cells develop

in situ or migrate from other sites is not known. Mechanisms

allowing class-I mediated selection of CD4 expressing

NKT cells remain unknown, although other NKT-cell

populations contain signi®cant CD4+ components.17±20. The

uterine population appears to differ from populations in

other organs in terms of absence of CD4 expression and

a different Vb repertoire. These features would seem to favor

in situ development of uterine NKT cells, in turn suggesting

involvement of trophoblast CD1 expression as a possibility.

Why uterine NKT cells would manifest altered CD4 and Vb
expression as compared to other NKT cells is not known.

Possibilities include altered level of CD1 expression or the local

cytokine milieu.

Finally, our ®ndings continue to reinforce the intriguing

and highly specialized nature of the maternal immune system

within the pregnant uterus. It seems likely that further under-

standing of these features will allow a better comprehension

of normal and abnormal pregnancy.
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