
Regulation of Numbers of Macrophages in
the Endometrium of the Sheep by Systemic
Effects of Pregnancy, Local Presence of the
Conceptus, and Progesterone

INTRODUCTION

In species with hemochorial placentation, there is an
accumulation of macrophages in one or more compart-
ments of the endometrium during mid- to late-preg-
nancy. Such a phenomenon has been reported in
humans,1,2 mice,3–5 rats,6,7 and guinea-pigs.8 While,
inappropriate activation or accumulation of endome-
trialmacrophages is associatedwith pregnancy loss9 and
reduced trophoblast invasiveness,10 macrophages may
ordinarily function to blunt maternal immune responses

against the conceptus through production of prosta-
glandin E2,

11 indoleamine 2,3-dioxygenase,12,13 and T
helper (Th2) cytokines such as interleukin-4 (IL-4).14

Endometrial macrophages may also promote tropho-
blast growth through secretion ofmitogenic cytokines,15

participate in induction of apoptosis and removal of
apoptotic cells,4,10 and play a role in parturition.5,16

It is not known whether accumulation of macroph-
ages in the endometrium is a general phenomenon in
placental mammals or, rather, is limited to species with
hemochorial placentae. Macrophages are present in
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ABSTRACT: Many species exhibiting hemochorial placentation
experience an accumulation of macrophages in the endometrium
during pregnancy. For the present study, it was tested whether
macrophages also accumulate in the endometrium of the sheep, which
is a species undergoing an epitheliochorial placentation. An additional
objective was to determine whether regulation of endometrial
macrophage number occurs via systemic or local signals and whether
progesterone is one of these signals. The approach was to evaluate
presence of macrophages immunohistochemically using antibodies to
CD68 and CD14. Tissues examined were from cyclic ewes in the luteal
phase of the estrous cycle, unilaterally-pregnant ewes at day 140 of
pregnancy in which pregnancy was surgically confined to one uterine
horn, ovariectomized ewes, and ovariectomized ewes treated with
progesterone for 44 days. Macrophages were localized predominately
to the stromal compartment of the stratum compactum region of the
endometrium. In non-pregnant ewes, macrophages were not abundant
regardless of physiological status. Increased numbers of endometrial
macrophages were seen for both the pregnant and non-pregnant
uterine horns of unilaterally pregnant ewes. Numbers of macrophages
were higher in the endometrium from the pregnant uterine horn than
from endometrium from the non-pregnant uterine horn. Results
indicate that macrophages accumulate in the endometrium by day 140
of pregnancy in the sheep and that this induction is because of both
systemic and local signals. Progesterone appears not to be an
important regulator of numbers of endometrial macrophages.
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the endometrium of the pig throughout pregnancy but
it is not clear whether numbers are higher than in non-
pregnant females.17 In sheep, which like the pig exhibit
epitheliochorial placentation, cells positive for major
histocompatibility complex (MHC) class II are present
in the intercaruncular endometrium during pregnancy,
especially in the stroma and in the connective tissue
underlying epithelia.18 Numbers of positive cells in
stromal areas appeared to decrease as pregnancy
progressed. The objective of the present study was to
determine whether accumulation of macrophages in
uterine endometrium of the sheep is increased during
pregnancy and to determine whether regulation
of numbers of endometrial macrophages is a local or
systemic phenomenon and under the influence of
progesterone.

MATERIALS AND METHODS

Materials
Hybridoma cells producing monoclonal antibody to
CD45RA (clone 73B) were purchased from European
Collection of Cell Cultures (Salisbury, UK). Ascites
fluid from these cells was produced by the Hybridoma
Core Facility of the Interdisciplinary Center for
Biotechnology Research at the University of Florida.
Mouse anti-human CD68 (clone EBM11; clarified
ascites fluid, 0.46 mg/mL) was obtained from Biomeda
(Foster City, CA, USA), mouse anti-sheep CD14
(clone MM61A; clarified ascites fluid, 1.0 mg/mL)
was from VMRD (Pullman, WA, USA), and control
mouse ascites fluid (clarified, clone NS1) was from
Sigma Chemical (St Louis, MO, USA). Normal goat
serum was purchased from Atlanta Biologicals (Nor-
cross, GA, USA). The Histoscan Monoclonal Detector
kit and mounting medium were obtained from
Biomeda. Tissue freezing medium was obtained from
Triangle Medical Sciences (Durham, NC, USA).
Prostaglandin F2a was Lutalyse� from Pharmacia
Animal Health (Kalamazoo, MI, USA). Isopentane,
acetone, H2O2, and pre-cleaned glass microscope slides
were from Fisher Scientific (Pittsburgh, PA, USA).

Animals
Multiparous ewes that were predominately of Ram-
bouillet breeding (n ¼ 6) were surgically prepared to
limit pregnancy to one uterine horn. Briefly, one
uterine horn was ligated surgically and the ovary
ipsilateral to the ligated horn was also removed. After
>30 days of recovery, estrus was induced by injection
of 10 mg prostaglandin F2a and ewes were bred at the
subsequent estrus to fertile rams to establish preg-
nancy. The pregnant uterus was recovered at day 140
of gestation. Endometrial tissue was collected at

slaughter from four cyclic ewes – all ewes were in the
luteal phase of the estrous cycle at the time of recovery
of the uterus as determined by the presence of corpus
luteum. To determine regulation by progesterone,
endometrial tissues were also examined from bilater-
ally ovariectomized ewes in which both uterine horns
were ligated and where ewes were treated daily with
i.m. injection of either progesterone (50 mg/mL)
(n ¼ 4) or an equivalent volume (2 mL) of sesame oil
vehicle (n ¼ 4) for 44 days. The ewes providing these
tissues were from an experiment in which hybridoma
cells were injected into one uterine horn19 – only
endometrium from the uterine horn not receiving
hybridoma cells was used for analysis.

Tissue Collection
The uterus was recovered after slaughter by captive-
bolt stunning and exsanguination. For all ewes, tissue
samples were excised from randomly determined
regions of the intercaruncular endometrium. For
unilaterally pregnant ewes, intercaruncular endome-
trium was collected separately from the pregnant horn
and non-pregnant horn. Tissue samples (3–4 mm3)
were snap-frozen in aluminum cassettes containing
tissue-freezing medium by using liquid nitrogen cooled
isopentane. Tissue blocks were stored at )70�C until
sectioning.

Immunohistochemistry
Frozen 6 lm sections of uterine endometrium were
prepared using a cryostat microtome (Micron Model
HM 505 E, Walldorf, Germany). Sections were
mounted onto pre-cleaned glass slides and allowed to
air dry. For localization of CD68 and CD45RA, tissue
was fixed at room temperature via sequential incuba-
tions with 95% (v/v) ethanol and 100% acetone
followed by washing in 10 mm KPO4, pH 7.4 contain-
ing 0.9% (w/v) NaCl (phosphate-buffered saline, PBS).
For CD14, the ethanol step was omitted. The proce-
dures for immunohistochemistry were carried out
according to manufacturer’s instructions. All steps
were performed at room temperature, antibody incu-
bations were performed in a humidified chamber, and
cells were washed with staining buffer [PBS containing
2% (v/v) normal goat serum] between all steps. Briefly,
sections were sequentially incubated with blocking
buffer [PBS containing 2% (v/v) normal goat serum,
0.3% (v/v) H2O2] and tissue conditioner supplied in the
kit before incubation with primary antibody overnight.
Primary antibodies diluted in staining buffer were anti-
CD68 (1:200 dilution), CD14 (1:500 dilution), and
anti-CD45RA (naı̈ve T cell marker, 1:500). Appropri-
ately diluted control mouse ascites fluid was used as a
negative control. Slides were incubated overnight with
primary antibody, and then incubated sequentially
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with biotinylated anti-mouse immunoglobulin for
30 min, streptavidin-alkaline phosphatase for 30 min,
and 3-amino, 9-ethylcarbazole (all reagents from the
kit) for 10 min. Slides were washed under tap water,
counterstained with hematoxylin (1:20 dilution of the
stain provided in the kit) and cover slips mounted.
Slides were examined for staining using bright field
microscopy with an epiflorescence microscope (Zeiss
Axioplan 2, Göttingen, Germany) and photographed
using a Sony CD Mavica 400 digital camera
(San Diego, CA, USA) mounted on the microscope.

Statistical Analysis
The concentration of CD68+ cells in the stratum
compactum of endometrial stroma was estimated sub-
jectively according to a scale ranging from 0 (no positive
cells) to 5 (very intense accumulation of positive cells).
Evaluation was performed blindly by two independent
persons. Data were analyzed by least squares ANOVA
using the General Linear Models procedure of the
Statistical Analysis System (SAS for Windows, Release
8.02, Cary, NC, USA). The statistical model included
effects of source of tissue (pregnant uterus–pregnant
horn, pregnant uterus–non-pregnant horn, luteal phase
of the estrous cycle, ovariectomized–progesterone, and
ovariectomized–vehicle). Variation due to effects of
tissue source were partitioned into individual degree of
freedom (df) contrasts to further delineate differences
between groups. The specific contrasts used were as
follows: pregnant uterus–pregnant horn versus preg-
nant uterus–non-pregnant horn; pregnant groups versus
non-pregnant groups; luteal phase versus ovariectom-
ized groups; and ovariectomized–progesterone versus
ovariectomized–vehicle).

RESULTS

In cyclic ewes, CD68+ cells were scattered throughout
the endometrium (Fig. 1, top left panel). Cells were
present within the stroma, along the basement mem-
brane of the luminal and glandular epithelium and, less
abundantly, in the luminal and glandular epithelium.
Abundance varied from the occasional cell to fairly
numerous. Cells were large in appearance and varied in
shape from round to irregular. CD68 staining often
appeared to be localized in cytoplasmic granules. In
unilaterally pregnant animals, the appearance of
CD68+ cells was not altered but there was a change
in the number and localization of cells (Fig. 1, middle
left and right panels). In particular, there was a large
increase in the number of CD68+ cells and these were
located almost exclusively in the stroma, particularly in
the stratum compactum region underneath the luminal
epithelium. The pregnancy-associated increase in cell

number and change in distribution occurred in both
the pregnant and non-pregnant uterine horns,
although increases in number were more pronounced
for the pregnant uterine horn.

Pregnancy-associated changes in numbers and local-
ization of macrophages could not be mimicked by
progesterone treatment. Indeed, macrophages were not
abundant in ovariectomized animals regardless of
whether they were treated with progesterone (see
Fig. 1, top right).

The numbers of CD68+ cells in endometrium was
often too high to allow counting individual cells. Thus,
relative abundance of CD68+ cells in the endometrium
was estimated on a subjective scale ranging 0–5. These
scores were subjected to ANOVA and results are
shown in Fig. 2. There were no significant differences
in staining intensity between cyclic ewes, ovariectom-
ized ewes, and ovariectomized ewes treated with
progesterone. However, staining intensity was greater
for both horns of the unilaterally pregnant ewes than
for cyclic ewes (P < 0.001) and was greater for the
pregnant uterine horn of unilaterally pregnant ewes
than for the non-pregnant uterine horn (P < 0.001).

The distribution of CD68+ cells was distinct from
that for CD45RA+ lymphocytes, which were located
in the luminal and glandular epithelium and in the
subepithelial stroma at the base of the epithelium
(Fig. 1, bottom right panel). In contrast, CD14+ cells
(examined in a subset of three unilaterally pregnant,
two cyclic, one ovariectomized and one progesterone-
treated ewe) exhibited a localization pattern and
pregnancy-associated changes that mimicked those of
CD68 (Fig. 1, lower left panel). Staining for CD14 was
often more diffuse than for CD68, suggesting release of
CD14 and absorption to extracellular matrix.

DISCUSSION

Present results demonstrate that the ewe undergoes an
increase in numbers of macrophages in the endome-
trium during pregnancy. Thus, endometrial accumula-
tion of macrophages during pregnancy, which has been
described heretofore only in species with hemochorial
placentae,1–8 is a phenomenon that is not limited to
species with one type of placentation. Function of
these macrophages during pregnancy is not known but
evidence exists to indicate a role in immunoprotection
of the conceptus,11–14 apoptosis,4,10 trophoblast
growth,15 and parturition.5,16 In sheep, it is possible
that endometrial macrophages participate in the
increase in number and granularity of cd T cells seen
in endometrial luminal epithelium20,21 because autol-
ogous monocytes can stimulate proliferation of bovine
cd T cells.22
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The accumulation of macrophages during pregnancy
was limited spatially to the stromal compartment of
the endometrium. This is a different region of the

endometrium than the epithelial compartments where
lymphocytes are located (as demonstrated by the
immunohistochemical localization of CD45RA+ cells

Fig. 1. Representative patterns of localization of cells positive for CD68, CD14 and CD45RA in the endometrium of the sheep. All images are

at the same magnification (original magnification 400·). Abbreviations used are Ovx, ovariectomized–vehicle treated; PU–PH, pregnant uterus–

pregnant horn and PU–NPH, pregnant uterus–non-pregnant horn. Luteal refers to a cyclic ewe in the luteal phase of the estrous cycle.
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in luminal and glandular epithelium). The implications
for macrophage–lymphocyte interactions are not clear
although the two cell types can presumably commu-
nicate through cytokine secretion. No efforts were
made to evaluate localization of macrophages in
the caruncular portion of the endometrium that, with
the fetal cotyledons, form the placentomes where the
majority of gas and nutrient exchange takes place.
Previous experiments indicate that leukocytes are very
sparse in this tissue.18

Of interest in this study was whether the signal
leading to accumulation of macrophages in the
endometrium was the result of a locally acting
trophoblast-derived molecule or through a signal of
conceptus or maternal origin that can act systemically.
This question was examined through the use of the
unilaterally pregnant ewe model whereby the concep-
tus is confined locally to one uterine horn. Pregnancy
proceeds normally in the pregnant uterine horn23 and
the array of proteins produced by the endometrium is
similar in the pregnant and non-pregnant uterine
horns.24 Using this model, it was demonstrated previ-
ously that the accumulation of cd T cells in the
endometrial epithelium does not depend upon locally
acting conceptus signals.25 In the present study,
accumulation of macrophages did not require the

local presence of the conceptus because the increased
accumulation of CD68+ and CD14+ cells in endome-
trial stroma during pregnancy occurred in both the
pregnant and non-pregnant uterine horn. Thus, at least
some of the signals that lead to accumulation of
macrophages in the endometrium act systemically.
Nonetheless, there was greater accumulation of macr-
ophages in the pregnant uterine horn than in the non-
pregnant horn. Accordingly, locally derived signals
from the conceptus also contribute to macrophage
accumulation in the endometrium.

At least in the mouse, the endometrium expresses
genes for many molecules that could cause increased
macrophage accumulation including colony-stimula-
ting factor 1, monocyte chemoattractant protein-1,
macrophage inflammatory protein 1 (MIP1) and
regulated on inactivation, normal T expressed and
secreted protein (RANTES).4,26,27 Expression of these
genes is under hormonal control involving actions of
progesterone and estrogen.27 It is likely that the
increase in endometrial macrophages in the non-
pregnant uterine horn of unilaterally pregnant ewes is
the result of induction of expression of one or more
chemokine genes in the endometrium by endocrine
signals from the mother or placenta.

There was no evidence in the present study that
progesterone was one of the hormonal signals driving
accumulation of endometrial macrophages as numbers
of macrophages in endometrium of ovariectomized
ewes treated with progesterone was low. It is possible
that more prolonged exposure to progesterone could
lead to different results but the 44 day treatment
regimen is sufficient to induce secretion of ovine
uterine serpin, the major progesterone-induced
endometrial protein in sheep28 and to inhibit xenograft
rejection in utero.19 In mice, progesterone injections
restored numbers of endometrial macrophages in
ovariectomized animals29 but high concentrations of
progesterone reduced macrophage migration into the
uterus and inhibited macrophage function.30–32

The local stimulatory effect of the presence of the
conceptus on endometrial macrophage numbers seen
in the present study may reflect the actions of
chemokines or cytokines produced by the placenta.
For example, mouse placenta produces MIP1a and
MIP1b33 and human trophoblast produces macroph-
age migration inhibitory factor.34 Regulation of macr-
ophages by the placenta may be complex as there is
evidence that signals from the conceptus may inhibit
macrophage function to provide immunoprotection to
the conceptus. In humans, secretory human leukocyte
antigen-G (HLA-G) from trophoblast has been hypo-
thesized to inhibit endometrial macrophage function
through activation of the inhibitory receptors immu-
noglobulin-like transcripts 2 and 4.35

Fig. 2. Effect of pregnancy status and progesterone treatment on

numbers of CD68+ macrophages in the endometrium. Numbers

were estimated visually using a subjective scoring system from 0 to 5.

Differences between treatments were determined by ANOVA. Data

are least squares mean � S.E.M. Bars with different letters (a–c) are

different from each other (P < 0.001) as determined by use of

orthogonal contrasts to separate treatment effects into single df

comparisons. Abbreviations are as follows: NPH, non-pregnant

horn; PH, pregnant horn; P4, progesterone-treated; SO, sesame-oil,

and Ovx, ovariectomized.
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In conclusion, the phenomenon of accumulation of
macrophages in the endometrium during pregnancy is
not limited to species with hemochorial placentae but
also occurs in the sheep, a species that undergoes
epitheliochorial placentation. Regulation of macroph-
age accumulation is dependent upon both locally
acting and systemic molecules. There was no evidence
that progesterone was one of these signals.

Acknowledgments
The authors acknowledge the support of various
facilities of the University of Florida Interdisciplin-
ary Center for Biotechnology Research for their
assistance, in particular the Electron Microscopy and
the Hybridoma Cores. The authors also thank
Andrew Majewski, who collected some of the tissues
used in the study. Research was supported in part by
USDA NRICGP grant 2001-35204-10797. This is
Journal Series No. R-09511 of the Florida Agric.
Res. Sta.

REFERENCES

1. Haller H, Radillo O, Rukavina D, Tedesco F, Candussi
G, Petrovic O, Randic L: An immunohistochemical
study of leucocytes in human endometrium, first and
third trimester basal decidua. J Reprod Immunol 1993;
23:41–49.

2. Korte K, Marzusch K, Dietl J: The production of pro-
stanoids and the identification of macrophages in human
decidua vera tissue. Arch Gynecol Obstet 1993; 252:149–
154.

3. De M, Wood GW: Analysis of the number and distri-
bution of macrophages, lymphocytes, and granulocytes
in the mouse uterus from implantation through partur-
ition. J Leukoc Biol 1991; 50:381–392.

4. Kyaw Y, Hasegawa G, Takatsuka H, Shimada-Hir-
atsuka M, Umezu H, Arakawa M, Naito M: Expression
of macrophage colony-stimulating factor, scavenger re-
ceptors, and macrophage proliferation in the pregnant
mouse uterus. Arch Histol Cytol 1998; 61:383–393.

5. Mackler AM, Iezza G, Akin MR, McMillan P, Yellon
SM: Macrophage trafficking in the uterus and cervix
precedes parturition in the mouse. Biol Reprod 1999;
61:879–883.

6. Padykula HA, Tansey TR: The occurrence of uterine
stromal and intraepithelial monocytes and heterophils
during normal late pregnancy in the rat. Anat Rec 1979;
193:329–356.

7. van Oostveen DC, van den Berg TK, Damoiseaux JG,
van Rees EP: Macrophage subpopulations and reticulum
cells in rat placenta. An immunohistochemical study.
Cell Tissue Res 1992; 268:513–519.

8. Sype W, Lentfer K, Kimberly DJ, Smith MK, Van Meter
L, Thornburg KL: The uterine lumen of the pregnant
guinea-pig contains a large macrophage population.
Placenta 1989; 10:125–135.

9. Haddad EK, Duclos AJ, Lapp WS, Baines MG: Early
embryo loss is associated with the prior expression

of macrophage activation markers in the decidua.
J Immunol 1997; 158:4886–4892.

10. Reister F, Frank HG, Kingdom JC, Heyl W, Kaufmann
P, Rath W, Huppertz B: Macrophage-induced apoptosis
limits endovascular trophoblast invasion in the uterine
wall of preeclamptic women. Lab Invest 2001; 81:1143–
1152.

11. Parhar RS, Kennedy TG, Lala PK: Suppression of
lymphocyte alloreactivity by early gestational human
decidua. I. Characterization of suppressor cells and
suppressor molecules. Cell Immunol 1988; 116:392–440.

12. Munn DH, Zhou M, Attwood JT, Bondarev I, Conway
SJ, Marshall B, Brown C, Mellor AL: Prevention of
allogeneic fetal rejection by tryptophan catabolism.
Science 1998; 281:1191–1193.

13. Munn DH, Shafizadeh E, Attwood JT, Bondarev I,
Pashine A, Mellor AL: Inhibition of T cell proliferation
by macrophage tryptophan catabolism. J Exp Med 1999;
189:1363–1372.

14. de Moraes-Pinto MI, Vince GS, Flanagan BF, Hart CA,
Johnson PM: Localization of IL-4 and IL-4 receptors in
the human term placenta, decidua and amniochorionic
membranes. Immunology 1997; 90:87–94.

15. Miyama M, Umesaki N, Kawabata M: Identification of
the granulocyte colony-stimulating factor (G-CSF) pro-
ducing cell population in human decidua and its biolo-
gical action on trophoblast cell. Osaka City Med J 1998;
44:85–96.

16. Norwitz ER, Starkey PM, Lopez Bernal A, Turnbull
AC: Identification by flow cytometry of the prostaglan-
din-producing cell populations of term human decidua.
J Endocrinol 1991; 131:327–334.

17. Bischof RJ, Brandon MR, Lee CS: Cellular immune
responses in the pig uterus during pregnancy. J Reprod
Immunol 1995; 29:161–178.

18. Gogolin-Ewens KJ, Lee CS, Mercer WR, Brandon MR:
Site-directed differences in the immune response to the
fetus. Immunology 1989; 66:312–317.

19. Majewski AC, Hansen PJ: Progesterone inhibits rejec-
tion of xenogeneic transplants in the sheep uterus. Horm
Res 2002; 58:128–135.

20. Lee CS, Meeusen E, Gogolin-Ewens K, Brandon MR:
Quantitative and qualitative changes in the intraepithel-
ial lymphocyte population in the uterus of nonpregnant
and pregnant sheep. Am J Reprod Immunol 1992; 28:90–
96.

21. Meeusen E, Fox A, Brandon M, Lee CS: Activation of
uterine intraepithelial cd T cell receptor-positive
lymphocytes during pregnancy. Eur J Immunol 1993;
23:1112–1117.

22. Sathiyaseelan T, Naiman B, Welte S, MacHugh N, Black
SJ, Baldwin CL: Immunological characterization of a cd
T-cell stimulatory ligand on autologous monocytes.
Immunology 2002; 105:181–189.

23. Bazer FW, Roberts RM, Basha SM, Zavy MT, Caton D,
Barron DH: Method for obtaining ovine uterine secre-
tions from unilaterally pregnant ewes. J Anim Sci 1979;
49:1522–1527.

24. Stephenson DC, Leslie MV, Low BG, Newton GR,
Hansen PJ, Bazer FW: Secretion of the major prog-
esterone-induced proteins of the sheep uterus by carun-
cular and intercaruncular endometrium of the pregnant
ewe from days 20–140 of gestation. Domest Anim End-
ocrinol 1989; 6:349–362.

MACROPHAGES IN SHEEP ENDOMETRIUM / 61

AMERICAN JOURNAL OF REPRODUCTIVE IMMUNOLOGY VOL. 51, 2004



25. Majewski AC, Tekin S, Hansen PJ: Local versus sys-
temic control of numbers of endometrial T cells during
pregnancy in sheep. Immunology 2001; 102:317–322.

26. De M, Sanford T, Wood GW: Relationship between
macrophage colony-stimulating factor production by
uterine epithelial cells and accumulation and distribution
of macrophages in the uterus of pregnant mice. J Leukoc
Biol 1993; 53:240–248.

27. Wood GW, Hausmann EH, Kanakaraj K: Expression
and regulation of chemokine genes in the mouse uterus
during pregnancy. Cytokine 1999; 11:1038–1045.

28. Leslie MV, Hansen PJ: Progesterone-regulated secretion
of the serpin-like proteins of the ovine and bovine uterus.
Steroids 1991; 56:589–597.

29. De M, Wood GW: Influence of oestrogen and prog-
esterone on macrophage distribution in the mouse
uterus. J Endocrinol 1990; 126:417–424.

30. Siiteri PK, Stites DP: Immunologic and endocrine inter-
relationships in pregnancy. Biol Reprod 1982; 26:1–14.

31. Hunt JS, Miller L, Platt JS: Hormonal regulation of
uterine macrophages. Dev Immunol 1998; 6:105–110.

32. Miller L, Hunt JS: Regulation of TNF-a production
in activated mouse macrophages by progesterone.
J Immunol 1998; 160:5098–5104.

33. Moussa M, Mognetti B, Dubanchet S, Menu E, Roques
P, Dormont D, Barreinoussi F, Chaouat G: Expression
of b chemokines in explants and trophoblasts from early
and term human placentae. Am J Reprod Immunol 2001;
46:309–317.

34. Arcuri F, Cintorino M, Vatti R, Carducci A, Liberatori
S, Paulesu L: Expression of macrophage migration
inhibitory factor transcript and protein by first-trimester
human trophoblasts. Biol Reprod 1999; 60:1299–1303.

35. Petroff MG, Sedlmayr P, Azzola D, Hunt JS: Decidual
macrophages are potentially susceptible to inhibition by
class Ia and class Ib HLA molecules. J Reprod Immunol
2002; 56:3–17.

62 / TEKIN AND HANSEN

� BLACKWELL MUNKSGAARD, 2004


