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The female reproductive tract has two main functions: pro-
tection against microbial challenge and maintenance of preg-
nancy to term. The upper reproductive tract comprises the 
fallopian tubes and the uterus, including the endocervix, and 
the lower tract consists of the ectocervix and the vagina. 
Immune cells residing in the reproductive tract play contra-
dictory roles: they maintain immunity against vaginal patho-
gens in the lower tract and establish immune tolerance for 
sperm and an embryo/fetus in the upper tract. The immune 
system is significantly influenced by sex steroid hormones, 
although leukocytes in the reproductive tract lack receptors 
for estrogen and progesterone. The leukocytes in the re-
productive tract are distributed in either an aggregated or a 
dispersed form in the epithelial layer, lamina propria, and 
stroma. Even though immune cells are differentially dis-
tributed in each organ of the reproductive tract, the predom-
inant immune cells are T cells, macrophages/dendritic cells, 
natural killer (NK) cells, neutrophils, and mast cells. B cells 
are rare in the female reproductive tract. NK cells in the en-
dometrium significantly expand in the late secretory phase 
and further increase their number during early pregnancy. It 
is evident that NK cells and regulatory T (Treg) cells are ex-
tremely important in decidual angiogenesis, trophoblast mi-
gration, and immune tolerance during pregnancy. Dysregula-
tion of endometrial/decidual immune cells is strongly related 
to infertility, miscarriage, and other obstetric complications. 
Understanding the immune system of the female reproduc-
tive tract will significantly contribute to women’s health and 
to success in pregnancy.
[Immune Network 2015;15(1):16-26]
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INTRODUCTION

The female reproductive tract comprises the fallopian tubes, 

the uterus, and the vagina. This system has several functions, 

including transportation of gametes and embryo, outflow of the 

uterine and vaginal secretions (e.g., menstrual blood), service 

as a birth canal, and protection against microbial challenge.

  It is a unique system that is able to balance mucosal im-

munity against microbes and immune tolerance against 

sperms and the embryo(s) and fetus(es). The mucosa of the 

female reproductive tract differs between the upper and the 

lower tracts. While the upper female reproductive tract in-

cludes the uterine tubes, the uterus, and the endocervix, and 

is covered by a single-layered columnar epithelium, the lower 

reproductive tract includes the ectocervix and the vagina and 

is lined with a single layer of stratified, squamous, non-kerati-

nized epithelium, which forms a more protective barrier than 

the columnar epithelium (1). 

  The female reproductive tract is highly sensitive to sex ste-

roid hormones and has the potential for rapid proliferation 

and differentiation of cells during the menstrual cycle. We 

have reported that lymphocytes in the peripheral blood fluc-

tuated during the menstrual cycle, and that the proportion 

and cytotoxicity of natural killer (NK) cells increased in the 

secretory phase (2). In addition to lymphocytes in the periph-

eral blood, leukocytes in the female reproductive tract fluc-

tuate cyclically through the menstrual cycle, probably as an 

indirect response to estrogen and progesterone (3).

  In the past few decades, many investigators have focused 

on cyclic changes of uterine endometrial tissues and their im-
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Figure 1. Distribution of major 
leukocytes in the female repro-
ductive tract in premenopausal 
women. There are some discre-
pancies in the proportion of each 
leukocyte population, since se-
veral reports have been published 
using different study designs. Most 
data represent leukocyte popula-
tions in all phases of the me-
nstrual cycle. T, T cells; B, B cells; 
NK, natural killer cells; Mϕ, 
macrophages; DC, dendritic cells. 
Data were collected from Givan 
et al. (4), Salamonsen and Woo-
lley (13), and Trifonova et al. (1).

mune cells. However, recently, investigation of other re-

productive tissues such as the cervix and vagina has become 

easier with methodological improvements in tissue dispersal 

(4), and the characteristics of the immune system and the role 

of each immune cell in the female reproductive tract are still 

under investigation. New subclasses of immune cells have 

been introduced, and their functions are being identified via 

new analytic technologies.

  Understanding the immune system of the female re-

productive tract is extremely important in the management of 

sexually transmitted infections, including human immuno-

deficiency virus (HIV) infection, and in the improvement of 

fertility and pregnancy outcomes. Herein, we review the up-

dated knowledge and discuss the clinical significance of the 

immune system in the female reproductive tract.

IMMUNE CELL DISTRIBUTION IN THE FEMALE 
REPRODUCTIVE TRACT

There are inconsistent reports in terms of the leukocyte pop-

ulation in the female reproductive tract. This discrepancy 

comes from the differences in the sampling phase in the men-

strual cycle, the sample size, the analytic methods, and the 

antibodies used to determine immune cells. In addition, some 

types of immune cells, such as dendritic cells (DCs), Treg, 

and Th17 cells have barely been explored, and new sub-

classes of immune cells are still emerging. Although there are 

these limitations, we have summarized the representative data 

available to date. 

Vagina and cervix 
CD3

＋
 T cells are distributed throughout the lamina propria 

of the cervix and vagina as dispersed single cells and as ag-

gregates (5). Unlike CD3
＋

 T cells in the peripheral blood, 

CD3＋ T cells in the female reproductive tract consist of more 

CD8
＋

 and less CD4
＋

 T cells. Lymphocyte aggregates have 

frequently been found in the cervix: CD19
＋

CD20
＋

 B cells 

form follicle-like structures that are surrounded by numerous 

T cells. These B cells are found only in these lymphoid ag-

gregates of the cervix. Immunoglobulin-producing CD38
＋

 cells, 

probably plasma cells, were scattered in the lamina propria 

of the cervix and vagina. In contrast to B cells, these CD38
＋

 

cells did not closely localize with CD3
＋

 T cells (5). Neutro-

phils comprised about 10% of CD45＋ cells in the cervix (1) 

(Fig. 1).

  For a more precise review, the vagina was classified into 

two parts: the upper vagina close to the cervix and the lower 

vagina close to the vaginal introitus. The lower vagina con-

tains a high concentration of CD8
＋

 T cells in the lamina 

propria. In contrast, very few CD4＋ T cells were found in 

the lamina propria. A small number of CD68
＋

 macrophages 

and a low concentration of HLA-DR
＋

 DC-like cells were de-

tected in the lamina propria and epithelium (6). The upper 

vagina showed a similar pattern of immune cell distribution 

as in the lower vagina (6). In the upper vagina, CD8
＋

 cells 

were the major leukocytes and CD1a＋ immature DCs fol-

lowed in number. The majority of CD8
＋

 and CD4
＋

 T cells 

were detected within the lamina propria, but these cells were 

also found in the epithelial layer in some samples (6). Thus, 

CD8
＋

 cell aggregates were frequently found in the vaginal 

epithelium surrounding the papilla. CD45RO expression was 

detected on most T cells, but a small portion of CD45RA＋ 

naïve lymphocytes were also found in the lamina propria (6). 

The concentration of CD68
＋

 macrophages varied substantially 
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from person to person, with most samples showing a low 

concentration in the lamina propria and a few of these cells 

in the epithelium (6). 

  The cervix can be divided into the endocervix and the 

ectocervix. The endocervix contains mucus-producing glands, 

which contribute to the prevention of ascending infections by 

microbial pathogens. Because of this protection, the endocer-

vical cells seldom have contact with pathogens. On the other 

hand, the ectocervix is exposed to microorganisms, including 

probiotics, commensal flora, and pathogens. Thus, these two 

cervices have significant differences in their immune cell 

distributions. Among CD45＋ mononuclear cells in the ecto-

cervix, CD3
＋

 T cells were predominant at 35%, followed by 

CD14
＋

 cells, and of the CD3
＋

 cells, 40% were CD4
＋

 and 

60% were CD8＋ (1). About 70% of CD4＋ T cells in the ecto-

cervix were effector/memory (CD27
−

CD45RA
−

) or effector T 

cells (CD27
−

CD45RA
＋

). The majority of CD8
＋

 T cells were 

CD45RA＋CD27−, the effector cell phenotype. CD3−CD56＋ 

NK cells were 2.7% of the CD45
＋

 cells (CD3
−

CD56
bright

CD16
−

 

NK, 1.7%, and CD3
−

CD56
dim

CD16
＋

 NK cells, 1%). CD19
＋

 B 

cells were only 0.9% of total immune cells. CD4＋ T and 

CD1a
＋

 immature DCs were significantly more abundant in 

the ectocervix than in the vagina (1).

  Antigen-presenting cells (APCs), CD14＋ and lymphocyte 

lineage (CD3, CD20, CD56, and CD16) negative, were the 

major immune cells in the cervix, ranging 37∼55% of CD45
＋

 

mononuclear cells (1). CD11c− macrophages were the domi-

nant cells at approximately 30% of CD14
＋

 cells in the cervix. 

CD14
＋

CD11c
＋

 cells were the second major APCs at about 

one-third of CD14＋ cells. CD11c＋HLA-DR＋ myeloid DCs 

(mDCs) and CD123
＋

HLA-DR
＋

 plasmacytoid DCs (pDCs) were 

each about 1% of cervical CD45
＋

 cells. The cervical DCs 

were slightly more prevalent than peripheral blood DCs, 

which were less than 1% of CD45
＋

 cells. DC-SIGN
＋

 cells 

mostly expressed CD14 molecules, and were preferentially lo-

calized in the stroma of both the endocervix and ectocervix (1).

  Comparing immune cells in the endocervix and ectocervix, 

the CD3
＋

 cell population was twice as large in the ectocervix 

(median of 36%) as in the endocervix (median of 17%) (1). 

Both CD4
＋

 and CD8
＋

 T cells were more prevalent in the 

ectocervix. B cells in the ectocervix were twice as abundant 

as in the endocervix, with median values of 0.9% and 0.4%, 

respectively. NK cell subsets of CD56
bright

CD16
−

 and 

CD56
dim

CD16
＋

 were not significantly different between the 

endocervix and ectocervix, with each NK cell subset ranging 

1∼2% of CD45
＋

 cells in either cervix (1). IL-22 producing 

NK cells (NK22 cells), known to play an important role in 

mucosal immunity, were detected very rarely in the cervix 

(medians of 0.2% and 0.1% of CD3− cells in the endocervix 

and ectocervix, respectively) (1). 

Endometrium
The endometrium is the most abundant cellular tissue in the 

female reproductive tract. The number of leukocytes per 

gram of endometrial tissue is greater than that of other re-

productive tissues, such as those in the fallopian tube, endo-

cervix, ectocervix, and vagina.

  Endometrial lymphoid aggregates comprised a CD19＋ B 

cell core, surrounding T cells, and an outer halo of macro-

phages in the stratum basalis (3,7). These lymphocyte ag-

gregates varied in size with the phase of the menstrual cycle, 

becoming larger in the secretory phase (3,000∼4,000 cells) 

than the proliferative phase (300∼400 cells) (3). To form 

lymphoid aggregates, immune cell trafficking to nucleation 

sites is likely to be the principle mechanism, rather than in 

situ proliferation of precursor cells (8). 

Origin of endometrial leukocytes: There are several hy-

potheses regarding the origins of endometrial leukocytes. 

One hypothesis was that leukocytes are brought in with the 

circulating blood into the endometrium. Circulating leuko-

cytes are recruited to the endometrium following evasion of 

endothelial cells expressing adhesion molecules that serve as 

ligands for homing receptors of immune cells (5). Another 

hypothesis was that there is in situ proliferation of resident 

immune cells (9,10). Yet another was that hematopoietic pre-

cursors are recruited and differentiated within the endome-

trium (11,12). Recruited immune cells from the circulation 

are likely to undergo tissue-specific differentiation in the lo-

cal microenvironment, which confers new characteristics on 

these tissue-specific cells that are distinct from their original 

properties (7,11).

T and B lymphocytes in the endometrium: CD3＋ T cells 

are a minor population in the endometrium, comprising only 

1∼2% of the total lymphomyeloid cells (13). These T cells 

are distributed in three different sites of the endometrium: ag-

gregated in the basal lymphoid, and scattered in the stroma, 

and in the epithelial sites (14). In contrast with CD3
＋

 T cells 

in peripheral blood, endometrial CD3＋ T cells consisted of 

a larger proportion of CD8
＋

 cells (66%) and smaller pro-

portion of CD4
＋

 cells (33%) (14). Cytolytic activity of endo-

metrial CD8＋ T cells was maintained during the proliferative 

phase, but this activity weakened in the secretory phase with-
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out any drop in the CD8
＋

 cell number (3,14). This sup-

pression of CD8
＋

 cell cytolytic activity was observed only in 

the fallopian tubes and endometrium, but not in the cervix 

and vagina (3). CD45RA
＋

 B cells were found throughout the 

cycle, but their numbers were very low (14).

NK cells: Uterine NK cells have also been called large gran-

ular lymphocytes (LGL), endometrial granulocytes, K cells, 

endometrial granulated lymphocytes (eGL), and decidual 

granulated lymphocytes (dGL) (7). The major phenotype of 

endometrial NK cells is CD3
−

CD56
bright

CD16
−

, which dis-

tinguishes this cell subset from CD3
−

CD56
dim

CD16
＋

 NK cells 

in the peripheral blood (7,15). It is possible that peripheral 

blood CD56
bright

 NK cells home to the uterus where they un-

dergo tissue-specific differentiation.

  In the proliferative phase, only a few NK cells are scattered 

throughout the stroma of the functional layer. In contrast, the 

NK cells show a dramatic increase in number after ovulation 

and continue to increase until a few days prior to menstrua-

tion. In the late secretory phase, the number of NK cells surg-

es up to 30∼40% of cells in the stromal compartment and 

70% of endometrial leukocytes (7,15). NK cells, particularly, 

surround both the arteries and glands of the endometrium. 

Since there are few NK cells in the endometrium in the men-

strual and proliferative phases, an association between falling 

progesterone and apoptosis of uterine NK cells has been 

suggested. Considering NK cells and other leukocytes in the 

uterus do not express progesterone receptors, progesterone 

might exert its effects indirectly via cytokines or other soluble 

factors produced by stromal cells. Stromal cells strongly ex-

press both estrogen receptors (ERs) and progesterone re-

ceptors (PRs). Intriguingly, nuclear morphological features 

that are similar to apoptotic NK cells are found in decidua 

from miscarriages, and in the endometria of patients who 

have discontinued progesterone treatment (7).

Macrophages and DCs: CD68
＋

 macrophages are also de-

tected in all phases of the menstrual cycle (14). These macro-

phages are scattered throughout the endometrium, and are 

found especially around the glands (16). There is a significant 

increase in macrophage numbers in the secretory phase, es-

pecially prior to menses, and this increase is particularly nota-

ble at the implantation site (7,17).

  The density of endometrial CD1a＋ immature DCs was sig-

nificantly higher than that of CD83
＋

 mature DCs throughout 

the menstrual cycle (7). The proportion of CD1a
＋

 and CD83
＋

 

DCs was not different between the fundus and isthmus of the 

uterus. 

Fallopian tube
The major population of leukocytes in the fallopian tube is 

CD3＋ cells, representing approximately 40% of all CD45＋ 

cells (4). CD66b
＋

 granulocytes, including neutrophils, mast 

cells, and eosinophils, were the second major constituent, mak-

ing up a quarter of the CD45＋ cells. CD14＋ cells and CD19＋ 

cells each consisted of about 10% of total leukocytes (4). 

Upper vs. lower reproductive tract
Comparing the immune cells between the different re-

productive organs, the upper reproductive tract showed a 

higher proportion of leukocytes and a greater number of leu-

kocytes per gram of tissue than the lower reproductive tract 

(4). The number of CD3
＋

 T cells of the fallopian tube was 

significantly higher than that of the ectocervix and the vagina 

(4). Similarly, the percentage of CD66b
＋

 granulocytes was 

significantly higher in the fallopian tube than in the endome-

trium, the endocervix, and the other parts of the lower re-

productive tract. In contrast, CD19
＋

 B cells and CD14
＋

 cells 

showed no difference throughout the reproductive tract (4). 

Antimicrobial secretions from the female 
reproductive tract
Antimicrobial molecules are another important factor in mu-

cosal immunity and are produced in the mucosa of the female 

reproductive tract. These secretory molecules are significantly 

influenced by estrogen, which acts differently in the upper 

and lower reproductive tracts. High levels of estrogen, a char-

acteristic of the preovulatory period, increase the production 

of some antimicrobial peptides, such as secretory leukocyte 

peptidase inhibitor (SLPI), β-defensin 1-2 (HBD 1-2), and ela-

fin from the endometrial epithelium (3) (Fig. 2). On the other 

hand, estrogen suppresses the LPS- and poly (I:C)-induced se-

cretion of proinflammatory cytokines, including TNF-α, mac-

rophage inflammatory protein 3α (MIP3α, CCL20), IL-1β, 

IL-6, and IL-8 from uterine epithelial cells. Immunoglobuin 

(Ig) G levels in the uterine cavity peak in the periovulatory 

period. In contrast, the lower reproductive tract, including the 

cervix and the vagina, maintains a low level of IgA, IgG, and 

lactoferrin and decreased secretions of β-defensin 2, elafin, 

SLPI, and α-defensin1-3 (HNP1-3). Furthermore, concen-

trations of IL-6 and IL-8 in the vagina are decreased in the 

period of highest estrogen concentration (3). This decreased 

immunity in the lower genital tract may contribute to en-

hanced sperm survival in the periovulation period. In addi-

tion, the estrogen rise in the periovulatory period increases 
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Figure 2. Secretion of antimicrobial 
molecules in the female reproduc-
tive tract in the periovulatory period. 
High estrogen concentration signifi-
cantly affects the production of 
antimicrobial peptides and proin-
flammatory cytokines which are 
differentially regulated in the upper 
and the lower reproductive tracts 
(3). SLPI, secretory leukocyte pepti-
dase inhibitor.

antimicrobial peptides and decreases proinflammatory cyto-

kines in the upper genital tract, which prevents ascending in-

fections by vaginal pathogens and provides favorable con-

ditions for the transit of sperm and embryos.

FLUCTUATION OF IMMUNE CELLS IN THE FEMALE 
REPRODUCTIVE TRACT DURING THE MENSTRUAL 
CYCLE

T cells, APCs, and CD1a＋ cells in the vagina and cervix were 

not significantly different between the follicular and luteal 

phases of the menstrual cycle (6). However, endometrial leu-

kocytes demonstrated profound cyclic fluctuations (Fig. 3).

  The mean number of CD45
＋

 cells in the endometrium re-

mained low from the early follicular phase to the early secre-

tory phase, but robustly increases (about 5-fold) during the 

secretory phase as compared with all other phases (18). As 

a result, the total number of leukocytes peaked in the premen-

strual period corresponding to the late secretory phase (14). 

The major population of CD45
＋

 leukocytes in the late secretory 

phase was NK cells comprising approximately 80% of CD45
＋

 

cells, while CD3＋ T cells decreased to less than 10% (18). Even 

though the percentage of CD3
＋

 T cells was lower in the late 

secretory phase, the absolute number of T cells remained un-

changed during the menstrual cycle. Comparing the late pro-

liferative phase with the late secretory phase, the proportion 

of CD3
＋

CD8
＋

 T cells of total CD3
＋

 T cells decreased sig-

nificantly from 63% to 54% (18). 

  The number of CD3−CD56＋ NK cells was significantly in-

creased in the late secretory phase compared with other phas-

es (18). The cytotoxicity of endometrial NK cells is high and 

comparable with that of peripheral blood NK cells in the late 

proliferative phase (19). Similarly, the expression of the acti-

vation markers CD69 and HLA-DR were increased on NK cells 

in the proliferative phase (20). These characteristics of NK 

cells are likely to contribute to protective immunity against 

microbial infections. However NK cell cytotoxicity decreased 

during the secretory phase, which suggests that local func-

tional regulation works in the secretory phase. 

  During the menstrual cycle, neutrophils and eosinophils re-

main at very low concentrations in the endometrium, but 

their numbers profoundly increase in the premenstrual peri-

od, up to 6∼15% and 3∼5% of endometrial cells, re-

spectively (13,14). Mast cells were identified in the endome-

trium throughout the menstrual cycle, but did not fluctuate 

greatly throughout the cycle (21). However, the activation of 

mast cells was most significant just prior to menstruation (21).

  CD68
＋

 macrophages were found throughout the cycle and 

significantly increased from the proliferative phase to the se-

cretory phase (22). The density of endometrial CD1a＋ DCs, 

but not CD83
＋

 DCs, in the basal layer gradually increased 

through the menstrual cycle, showing a nadir at the proliferative 

phase and reaching its peak in the menstrual phase (23). Only 

in the secretory phase was the density of CD1a
＋

 DCs greater 

in the basal layer than in the functional layer. Endometrial 

CD83＋ DCs showed greater density in the basal layer than 
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Figure 3. Cyclic fluctuation of 
endometrial leukocytes during the 
menstrual cycle. Immune cells in the 
endometrium are indirectly regulated 
by ovarian sex steroid hormones. 
Several leukocytes are significantly 
increased in the premenstrual phase, 
but some cells do not fluctuate 
during the menstrual cycle. The 
density of leukocyte population is 
expressed as −, ＋, ＋＋, and ＋＋
＋, which represent 0%, 1∼2%, 3
∼5%, and 6∼15% of total numbers 
of endometrial cells, respectively. 
Data were collected from Sala-
monsen and Woolley (13), Flynn et 
al. (18), and Givan et al. (4).

in the functional layer throughout the menstrual cycle (23). 

DECIDUAL IMMUNE CELLS DURING PREGNANCY

In the pregnant uterus, some immune cells play an important 

role in immune tolerance, providing for the acceptance of a 

semi-allogeneic fetus. The principle cells involved are NK 

cells and Treg cells.

  NK cells are the major leukocytes in the decidua. The num-

ber of decidual NK cells continues to increase until the end 

of the first trimester and then decreases near term (15). 

Decidual NK cells contribute to pregnancy by increasing the 

blood flow at the fetomaternal interface and helping the mi-

gration of the trophoblast. The main role of NK cells in preg-

nancy is the secretion of angiogenic factors such as VEGF and 

angiopoietin-2, as well as cytokines and growth factors such 

as TNF-α, IL-10, GM-CSF, placental growth factor (PlGF), 

IL-1β, TGF-β1, CSF-1, LIF, and IFN-γ (15). 

  Treg cells are considered key players in immune regulation 

during pregnancy. While it is known that CD4＋CD25bright T cells 

of peripheral blood increase from early pregnancy until the 

second trimester, there is little data in terms of the propor-

tional change of endometrial and decidual Treg cells (24). 

One study demonstrated that the percentage of decidual Treg 

cells peaked in the second trimester just like Treg cells in the 

peripheral blood (25). However, another study did not find 

any change in the number of Treg cells of human decidua 

basalis during pregnancy, but found that there was a greater 

number of Treg cells in the decidua parietalis in the third tri-

mester relative to the second trimester (26). The proportion 

of decidual Treg cells, defined as CD4
＋

CD25
bright

 cells, was 

significantly higher than that of Treg cells in the peripheral 

blood in the first trimester (27). Tilburgs et al. reported that 

maternal blood and decidual CD4
＋

CD25
bright

 Treg cells were 

functionally active, and that fetus-specific Treg cells were se-

lectively recruited from peripheral blood into the decidua 

(26). Another Treg cell study performed in early human preg-

nancy showed that decidual Foxp3
＋

 Treg cells expressed 

Ki67 more highly than peripheral blood Treg cells, perhaps 

explaining the mechanism of Treg cell enrichment in the de-

cidua during pregnancy (28).

  Similar to Treg cells, Th17 cells are preferentially recruited 

to the decidua during pregnancy. As a result, the proportion 

of Th17 cells in the decidua is higher than that of the periph-
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Table I. Distribution of major leukocytes in the female reproductive tract in postmenopausal women (4)

Tissues Major cellular components

Endometrium T cells ＞＞ neutrophils ＞ macrophages ＞ B cells
Endocervix T cells ＞＞ neutrophils, macrophages, B cells
Ectocervix T cells ＞＞ neutrophils, macrophages, B cells
Vagina T cells ＞＞ neutrophils ＞ B cells ＞ macrophages

eral blood in normal pregnancy (29). During pregnancy, mac-

rophages and DCs are likely to support fetal acceptance in 

the uterus. In a comparison between decidual and peripheral 

monocytes/macrophages in early human pregnancy, the num-

ber of IL-10 secreting cells was significantly higher in decidual 

macrophages than in peripheral blood monocytes (30). This 

indicates that decidual macrophages play a role in immune 

regulation in the early pregnant uterus. In decidua of early 

pregnancy in humans, Th2-promoting DCs were predominant. 

Even though the percentage of DCs, relative to mononuclear 

cells (leukocytes), in the early pregnancy decidua was sig-

nificantly higher than that of the peripheral blood, the num-

ber of IL-12 producing the total and the myeloid DCs of the 

decidua was significantly lower than that in the peripheral 

blood (31).

IMMUNE CELLS IN THE REPRODUCTIVE TRACT OF 
POSTMENOPAUSAL WOMEN

  Just as the proportion of immune cells in the peripheral 

blood changes following menopause, some differences in the 

immune cells of the female reproductive tract in postmeno-

pausal vs. premenopausal women are also apparent (Table I).

  In the endometrium, the number of CD45＋ cells per gram 

of tissue was profoundly decreased in postmenopausal wom-

en as compared with that of the proliferative phase in pre-

menopausal women (4). Similarly, the percentage of leuko-

cytes in the endocervix was decreased in the postmenopausal 

period as compared with that in the premenopausal period 

(4). Comparing the immune cells between the endocervix 

and ectocervix, both CD4
＋

 and CD8
＋

 T cells were found to 

be significantly more abundant in the ectocervix than in the 

endocervix during the reproductive period (1). However, in 

postmenopausal women, only the number of CD4
＋

 T cells was 

higher in the ectocervix; the number of CD8
＋

 cells was not. 

Therefore, the ratio of CD4＋：CD8＋ cells in the ectocervix in-

creases in the postmenopausal period (1). CD56
dim

CD16
＋

 NK 

cells in the endocervix are less relevant in postmenopausal 

period than in the reproductive period (1).

  However, most immune cells, including CD4
＋

 T, CD8
＋

 T, 

CD19＋ B, and CD56brightCD16− NK cells are not changed in 

their proportions of total CD45
＋

 cells between premeno-

pausal and postmenopausal cervical tissues (1). Furthermore, 

APCs and CD1a＋ DCs were also found in similar proportions 

between premenopausal and postmenopausal periods (6).

CLINICAL SIGNIFICANCE OF IMMUNE CELLS IN 
THE FEMALE REPRODUCTIVE TRACT

The clinical significance of uterine leukocytes has been 

well-documented in reproductive medicine literature, along 

with the role of immune cells in the peripheral blood. 

  Treg cells are the most important immune component in 

immune tolerance of pregnancy, as well as autoimmune dis-

eases and chronic inflammation. Insufficiency and/or functional 

defects of Treg cells in the decidua have been reported as a path-

ophysiology of obstetric complications, such as recurrent preg-

nancy loss, preterm births, and preeclampsia (27,32,33). 

Conversely, decidual Treg cells were more abundant in wom-

en with placenta accreta than in women with healthy preg-

nancies (34). Th17 cells, one type of effector T cells, have 

been proposed to be involved in spontaneous abortions, pre-

eclampsia, and preterm labor (35-38). Furthermore, an im-

balance in the Th17/Treg cell ratio in the peripheral blood 

and/or decidua has been found to be associated with the 

poor obstetric outcomes mentioned previously (39). 

  It is evident that abnormalities in the proportion and activity 

of decidual NK cells are related to poor pregnancy outcomes. 

Higher decidual NK cell cytotoxicity was observed in cases of 

spontaneous abortion and recurrent pregnancy loss (38,40). 

Women with recurrent pregnancy loss showed increased pro-

portions of secretory endometrial NK cells (41,42), and in-

creased expression of CD94 and CD158 on endometrial NK 

cells was demonstrated in infertility patients (43). A decreased 

percentage of CD56
＋

 decidual NK cells and low level of 

CD56
＋

 endometrial NK cells were shown in women with re-
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current pregnancy loss and in women with polycystic ovarian 

syndrome, respectively (44,45). An imbalance in NK cell acti-

vation and inhibitory receptors may also be involved in ob-

stetric complications. Women who spontaneously aborted in 

their index pregnancies had increased expression of NKp46 

and NKp44 or lacked the appropriate inhibitory receptors on 

decidual NK cells (46,47). 

  Some APCs of the uterus have been studied in obstetric 

diseases. Fewer decidual CD209＋ immature DCs were found 

in women with placenta accreta than in women with healthy 

pregnancies (34). Women experiencing preterm preeclampsia 

showed CD14＋CD163＋ macrophages more frequently in the 

decidua compared with preterm control women (48). These 

findings suggest that decidual APCs may play a role in regu-

lation of trophoblast invasion and differentiation.

DISCUSSION

The female reproductive tract is crucial for the establishment 

and maintenance of pregnancy as well as protective immunity 

from microbial challenge. During pregnancy, the upper re-

productive tract harbors the key organs to accept and nourish 

a fetus through immune tolerance and angiogenesis. The low-

er reproductive tract is essential for both pregnant and 

non-pregnant women to prevent ascending infection by 

pathogenic micro-organisms. These contradictory immune re-

sponses are working simultaneously, and their distinct func-

tions are especially prominent during pregnancy. 

  It is well known that the cervix and vagina encounter com-

mensal bacteria and prevent them from invading the endome-

trium, even though micro-organisms multiply in the vaginal 

mucosa. There has been a belief that the placenta in normal 

pregnancy is sterile, but placentas harboring microorganisms 

in healthy pregnancies were recently shown in a whole-ge-

nome shotgun metagenomic study (49). Further studies are 

needed to elucidate the mechanisms underlying how the 

pregnant uterus and placenta control microbes during preg-

nancy without negative impacts on the fetus.

  Estrogen has been suggested as one of the key regulators 

of immune cells in the female reproductive tract. However, 

the changes in endometrial leukocytes are not significant in 

the late proliferative period, so estrogen seems to contribute 

little to recruitment or proliferation of endometrial immune 

cells. On the other hand, progesterone has also been consid-

ered a dominant regulator, since the greatest increase in endo-

metrial immune cells are noted in the late secretory phase when 

the level of progesterone falls (17). This progesterone effect on 

immune cells is less likely to be mediated by PR, because ute-

rine CD45＋ leukocytes do not express ER and PR (14). Sex 

steroid hormones seem to control uterine leukocytes 

indirectly. Uterine immune cells have crosstalk with endo-

metrial epithelial and stromal cells, which are tightly con-

trolled by estrogen and progesterone. Considering the struc-

tural similarity between progesterone and glucocorticoids, 

and between PR and glucocorticoid receptor (GR), progester-

one may act similarly through PR and GR (14).

  It is very intriguing that the characteristics of endometrial/ 

decidual leukocytes are significantly different from those of 

leukocytes in the peripheral blood. With tissue-specific cell 

differentiation, the microenvironment of the local tissue is 

highly important in cyclic alterations of the numbers and phe-

notypes of immune cells in the endometrium (17). Uterine 

NK cells and mast cells are involved in the implantation of 

the embryo in the endometrium, while neutrophils, eosino-

phils, and mast cells are key players in the initiation of men-

struation (17).

  Leukocytes, especially in the endometrium and decidua, 

have been vigorously studied in women with infertility and 

pregnancy complications. Immune activation or imbalance 

between immune effectors and regulators has been reported 

in the patients with reproductive failure. There are several re-

ports demonstrating a strong correlation between immune cells 

of the endometrium or the decidua and peripheral blood (50,51), 

although there is a concern that peripheral blood NK cells 

may not inform what is happening in the uterus (52). Further 

studies are needed to show the value of using peripheral 

blood to investigate intrauterine immunity.

  This review has some limitations due to a relative lack of 

data regarding immune cells in the reproductive tract, the re-

cent introductions of new subclasses of immune cells, and the 

emergence of comprehensive analytic equipment and methods 

that have yet to answer fundamental questions. Nevertheless, 

understanding female reproductive organs and their immune 

cells is very important for women’s health and their success-

ful pregnancies. Through such investigation, new immune 

markers can be introduced as diagnostic tools and prognostic 

markers. Recently, immunomodulatory treatments using im-

munoglobulin, glucocorticoids, and anti-TNFα have been ap-

plied in women with reproductive failure, based on the find-

ings of immune dysregulation in women with infertility and 

obstetric complications. We hope to discover new, effective 

immune therapies to overcome the unsolved issues in re-
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productive medicine. 

  In conclusion, investigation of the immune system in the 

female reproductive tract can solve the puzzle of semi-allog-

raft acceptance during pregnancy and contribute to better 

women’s health and saving life.
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