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Abstract

Both the upper (endocervix and uterus) and lower (ectocervix and vagina) female genital tract mucosa are considered to be
target sites for sexual transmission of HIV. There are a few reports on the T cell and antigen-presenting cell distribution in
human endometrial tissue however, there is little known about the expression of the HIV co-receptor CCR5 and HIV-binding
C-type lectin receptors on endometrial cell subsets. We therefore assessed endometrial tissue sections from HIV
seronegative women undergoing hysterectomy of a benign and non-inflammatory cause for phenotypic characterization of
potential HIV target cells and receptors by immunohistochemistry. Langerin was expressed on intraepithelial CD1a+CD4+
and CD11c+CD4+ Langerhans cells. Furthermore, CCR5+CD4+CD3+ T cells, DC-SIGN+MR+CD11c+ myeloid dendritic cells
and MR+CD68+ macrophages were found within or adjacent to the epithelium of the uterine lumen. In addition, occasional
CD123+ BDCA-2+ plasmacytoid dendritic cells were detected deep in the endometrial stroma. Both T cells and several
antigen-presenting cells were detected in lymphoid aggregate formations in close proximity to the epithelial lining. The
finding of intraepithelial and stromal Langerin+ cells as well as CCR5+ CD4+ T cells is novel for human endometrium.
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Introduction

The female genital tract is responsible for two complex tasks;

creating an environment for fertilization and protection against

potential pathogens. As all other mucosal sites the female genital

tract is exposed to a wide range of pathogens, not the least sexually

transmitted infections such as the human immunodeficiency virus

type 1 (HIV). The uterus and the endocervix are protected by the

cervical mucus, which contains numerous antiviral innate immune

molecules as well as constitutes a physical barrier. Despite this,

sperm and radioactive microspheres enter the uterus within

minutes after placement in the vagina [1,2]. Semen from an HIV

positive individual contains free virions and infected leucocytes. In

addition, spermatozoa can capture HIV and transmit the virus to

dendritic cells (DCs) [3]. Thus, the DC population may together

with other target cells contribute to initial HIV transmission events

in the endometrium and therefore needs further characterization.

Even when intact, the single layer columnar epithelium lining

the endocervix and uterus is a less robust barrier to pathogens as

compared to the multilayered squamous epithelium lining the

ectocervix and vagina. Thus, invading pathogens may more easily

access potential mucosal HIV target cells such as CD4+ T cells,

DCs and macrophages. In addition to CD4+ T cells, which have

previously been identified in human endometrial tissue [4,5,6],

Langerhans cells (LCs), interstitial DCs and macrophages are all

target cells for HIV. These cells can bind the virus through

conventional binding to CD4 and the main co-receptor CCR5 as

well as other receptor pathways including C-type lectin receptors

(CLRs) [7]. Little is known about the presence of CLRs such as the

mannose receptor (MR) [8,9], the DC-specific intercellular

adhesion molecule-grabbing intergrin (DC-SIGN) [10] and

Langerin [11] in the human endometrium. The relative

importance of primary HIV entry and infection through the

different pathways is affected by the location, timing and

concentration of the inoculum and host factors. For example,

under non-inflammatory conditions immature LCs may form a

barrier against HIV infection by efficiently capturing and

degrading the virus through Langerin, rather than binding HIV

and subsequently transferring the infectious virus particles to other

target cells [12].

In this report we characterize potential HIV target cells and

cellular receptors in the human endometrium, which constitutes

an accessible site to incoming pathogens upon sexual intercourse

[13].

Material and Methods

Study population and sample collection
Endometrial tissue sections from the uterine corpus were

obtained from eight women undergoing hysterectomy for non-

malignant and non-inflammatory indications (leiomyomata and

adenomyosis); mean age was 48 years (range 39–52 years). The
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inclusion criteria were: HIV IgG seronegative, no clinical

symptoms of sexually transmitted infections during the prior three

months and no use of hormonal therapy. The hysterectomy

samples were immediately transported on ice to the pathology

department where a pathologist specializing in gynecological

specimens collected endometrial tissue sections. A blinded

pathologist determined all samples for menstrual cycle stage by

endometrial dating. Two study subjects were in the proliferative

phase, three were in the secretory phase and three had an inactive

endometrium. Written informed consent was obtained from all

study subjects and ethical approval was obtained from the

Regional Ethical Review Board in Stockholm.

In situ detection of cellular markers by immunostaining
and confocal microscopy

The endometrial tissue sections were processed and snap frozen

in liquid nitrogen within 30 minutes of surgical removal. Following

previous protocols [14,15] the cryopreserved tissue samples were

sectioned to 8 mm and fixed in 2% formaldehyde. Selected anti-

human monoclonal and polyclonal antibodies were used to detect

the immune markers of interest: Langerin (clone: AF2088), DC-

SIGN (clone: 120507) DLEC (BDCA-2 clone: AF1376) (R&D

systems, Minneapolis, MN) MR (clone: 19.2) CD11c (clone: B-ly6)

CD123 (clone: 9F5), CD123 (clone: 7G3), HLA-DR (clone: L243),

CD4 (clone: SK3), CD8 (clone: SK1), CD3 (clone: SK7) (Becton

Dickinson, Franklin Lakes, NJ) CD1a (clone: NA/1/34-HLK)

(Serotec, Düsseldorf, Germany), CD68 (clone: EBM11) (DAKO,

Stockholm, Sweden) and CCR5 (clone: MC-5) (kindly provided by

Professor M. Mack from the University Clinic of Regensburg,

Germany). The staining reactions were developed brown by using

diaminobenzidine tetrahydrochloride (DAB; Vector Laboratories,

Burlingame, CA) and nuclear counterstaining was performed with

hematoxylin. Digital images were transferred from a DMR-X

microscope (Leica, Wetzlar, Germany) into a computerized image

analysis system, Quantimet, Q 550 IW (Leica Imaging Systems,

Cambridge, UK). For 1 and 2-color fluorescent staining,

combinations of relevant antibodies were used followed by the

appropriate Alexa Fluor–conjugated secondary antibody. Fluor-

escently labeled cells were evaluated using the Qwin 550 software

and a filter-free spectral confocal microscope (Leica TCS SP2

AOBS). Negative control staining consisted of irrelevant mouse,

rat or goat IgG (Dako).

Quantitative analysis
Expression of the markers of interest was analyzed in a median

of 1.96107 mm2 endometrial tissue section per individual (range

1.3–2.46107 mm2), including the: luminal epithelium; lamina

superficialis; lamina basalis and the glandular epithelium

(Figure 1). The myometrium was excluded from all analysis. All

calculations were performed manually in Adobe Photoshop CS3

(Adobe Systems Incorporated, San Jose, CA) and all tissue sections

were scanned and assessed in duplicates with result variations less

than 10%.

Results

CD4 is considered to be the main receptor for HIV and is

commonly expressed on T-cells (here defined as CD3+) but also on

antigen-presenting cells. In this study, scattered CD4+ cells were

detected throughout the endometrial epithelium and stroma of all

study subjects (n = 8) (median: 0.005 positive cells/100 mm2 tissue

[range: 0.003–0.009 positive cells/100 mm2 tissue]) and 3–22% of

these cells were either detected within or adjacent (#50 mm) to the

luminal epithelium (Figure 2). Also, clusters of CD4+ cells were

detected in lymphoid aggregate formations adjacent to the luminal

and glandular epithelium of all study subjects (median size of

aggregate: 1.76104 mm2 [range: 0.2–4.96104 mm2]). Approxi-

mately 30–50% of the scattered CD4+ cells were CD3+ T cells,

whereas 100% of the CD4+ cells in lymphoid aggregate

formations were CD3+ T cells (Figure 2). CCR5, the main co-

receptor for HIV, was expressed on scattered CD4+ cells, CD4+
cells in lymphoid aggregates (Figure 2) and on CD3+ cells (data

not shown).

Antigen-presenting cells can express HIV-binding CLRs that

may facilitate viral transmission across mucosal surfaces. The

presence of such cells was thus characterized in the endometrial

tissue samples. LCs, macrophages, myeloid DCs (mDCs), and

plasmacytoid DCs (pDCs) were here defined as CD1a+; CD68+;

CD11c+ and CD123+BDCA-2+ cells, respectively. CD1a+ cells

were rare (median: 0.0003 positive cells/100 mm2 tissue [range:

0.0001–0.001 positive cells/100 mm2 tissue]) and mainly detected

within the luminal (40–60%) or glandular (45–60%) epithelium

(Figure 3). The CD1a+ cells co-expressed CD11c and CD4

(Figure 3) and were occasionally detected within stromal

CD4+CD3+ lymphoid aggregates (Figure 2). CD68+ and

CD11c+ cells were more abundant (median: 0.009 and 0.008

positive cells/100 mm2 tissue, respectively [range: 0.006–0.01 and

0.007–0.01 positive cells/100 mm2 tissue, respectively]). Both

CD68+ and CD11c+ cells were detected within the luminal

epithelium (11–18% and 18–35%, respectively) and in stromal

lymphoid aggregate formations (Figure 3). A subset of CD11c+
cells co-expressed CD4+ (data not shown). CD123+ cells were

solely present in the stroma, both as individual scattered cells and

organized in streak formations. CD123 is expressed by pDCs but

may also be expressed by additional cell types, thus a

Figure 1. Schematic picture of the uterus. Schematic picture
showing the myometrium and the different components of the human
endometrium: I: luminal epithelium; II: lamina superficialis; III: lamina
basalis; IV: myometrium and V: glandular epithelium. Quantitative
assessment of endometrial tissue samples was performed in all sections
but the myometrium.

Immune cells in Human Endometrium
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supplementary pDC-specific marker, BDCA-2, was used. There

was a vast difference in the number of CD123+ and BDCA-2+
cells (median: 0.006 and 0.0002 positive cells/100 mm2 tissue,

respectively [range: 0.002–0.008 and 0.0001–0.0004 positive

cells/100 mm2 tissue, respectively]), however, all BDCA-2+ cells

were CD123+ (Figure 3). BDCA-2+ cells were distinctly diverse

from all other investigated cell populations, although they were

occasionally detected in close proximity to each other.

Although HIV efficiently binds to CD4 and CCR5, the virus

can also bind to CLRs including Langerin, DC-SIGN and MR.

Langerin+ cells were distributed throughout the endometrial

tissues of all study subjects (median: 0.003 positive cells/

100 mm2 tissue [range: 0.002–0.009 positive cells/100 mm2

tissue]) and 11–39% of these cells were either detected within

or adjacent (#50 mm) to the luminal epithelium (Figure 4). The

Langerin+ cells expressed CD1a, CD11c, and CD4, but not

CD68 and were detected within stromal lymphoid aggregates

(Figure 4). Neither DC-SIGN nor MR were detected within the

luminal epithelium, although both CLRs were detected in close

proximity (minimum distance to lumen: 49 mm and 40 mm,

respectively). Both DC-SIGN and MR were expressed on

CD68+ and CD11c+ cells but not on CD1a+ cells (Figure 4).

The CD123+BDCA-2+ cells did not express any of the

investigated CLRs (data not shown).

Discussion

In this report we have demonstrated the presence of

intraepithelial Langerin, CCR5 and CD4 expressing cells in

human endometrium. These molecules are known HIV

receptors and could thus serve as potential HIV-binding

targets. Furthermore, the presence of stromal lymphoid

aggregates, containing cells expressing Langerin, CCR5,

CD4, CD11c and CD68 could hypothetically constitute a site

for HIV replication as well as a functional site for local immune

responses. Although such aggregates have previously been

described in endometrial [4,16,17,18,19] and ectocervical

tissue [20], but not in other parts of the human female genital

tract under non-inflammatory conditions, the presence of

potential HIV receptors such as Langerin have not. Previous

findings of CCR5 expression in human endometrium [21] and

uterine epithelial cells [22] have now been extended with

phenotypic characterization in both the intraepithelial and

stromal compartment.

The CD1a+CD4+CD11c+CD68- LC phenotype has been

found at other mucosal sites [23] whereas single layer columnar

epithelium has been proposed to lack Langerin+ LCs [24]. Yet,

occasional CD1a+ cells have been detected in human first

trimester deciduas [25] and non-pregnant endometrium [4,26].

Figure 2. Endometrial CD4+cells express CCR5. (a) Scattered CD4+ cells were detected in the luminal and glandular epithelium as well as both
stromal locations (lamina superficialis and lamina basalis). (b) Clusters of CD4+ cells were also detected just beneath the luminal epithelium and (c)
adjacent to glandular epithelium. (d) A majority of the scattered CD4+ cells (red) co-expressed (yellow) CD3+ (green). (e) The lymphoid aggregate
formations contained vast numbers of CD3+ cells (red) and occasional CD1a+ cells (green). (f) A positive co-localization (yellow) of CCR5+ cells (red)
and CD4+ cells (green) was frequently observed both in the luminal epithelium and underlying stroma and (g) in the lymphoid aggregate formations.
Arrowheads indicate example of double-positive staining; arrows indicate single-positive staining. Scale bars: a: 500 mm; b, c: 100 mm; d–f: 25 mm.
doi:10.1371/journal.pone.0021344.g002
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By staining for Langerin in freshly frozen tissues from non-

pregnant women with non-inflammatory underlying conditions,

we suggest that LCs can be constitutively expressed in the

endometrial columnar epithelium, however their role in HIV

transmission events at this site remain to be established. The

conflicting results regarding the presence of rare CD1a+ LCs may

be due to different staining techniques, amount of tissue

investigated and type of study subjects. In addition to

CCR5+CD4+CD3+ T-cells and Langerin+CD1a+CD11c+ LCs,

additional HIV target cells including DC-SIGN+MR+CD11c+
mDCs, and MR+CD68+ macrophages were also widely distrib-

uted in the superficial layer of the endometrial stroma and may

thus theoretically be accessible for HIV-infection following sexual

intercourse.

Figure 3. Distribution of antigen-presenting cell subsets in human endometrium. (a) CD1a+ cells were rare and mainly found within the
luminal or glandular epithelium. (b) CD1a+ cells (green) co-expressed (yellow) CD11c+ (red), although not all CD11c+ cells expressed CD1a. (c) The
CD1a+ cells (green) also expressed CD4 (red). (d) CD11c+ and (e) CD68+ cells were present in much higher frequencies in both the epithelium and
stroma and clusters of both (f) CD11c+ and (g) CD68+ cells were present in the lamina basalis adjacent to glandular epithelium (marked area:
7.16104 mm2 and 8.16104 mm2, respectively). (h) CD123+ cells were solely present in the stroma as scattered cells and in streak formations. (i) Some
but not all CD123+ (red) cells co-localized (yellow) with BDCA-2 (green). BDCA-2+ (green) neither co-localized with (j) CD11c+ (red) nor (k) CD68+ (red)
cells, although they were occasionally detected in close proximity to each other. Arrowheads indicate example of positive staining. Scale bars: a:
500 mm; b, c, j, k: 25 mm; d–i: 100 mm.
doi:10.1371/journal.pone.0021344.g003
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Scattered and streak-forming CD123+ cells were further found

in the stroma and a small subgroup of the scattered cells co-

expressed BDCA-2, a phenotype specific for pDCs. These cells did

not express any of the investigated CLRs. To our knowledge this is

the first time CD123+BDCA-2+ pDCs have been shown in

human non-inflamed endometrial tissue although the number of

cells was very low. By using immunohistochemistry we could

determine the exact localization of these double-stained cells,

specifically in relation to the endometrial lumen and thereby

extend previous studies that used flow cytometry on tissue extracts

from human deciduas [27]. As blood-derived pDCs down-regulate

their BDCA-2 expression upon in vitro maturation [28], the

detected CD123+ BDCA-2- cells may constitute mature pDCs or

basophils [29]. pDCs have been implicated as important mediators

of immune activity in response to virus exposure in the endocervix

[30], a mechanism that would be interesting to explore also in the

uterus.

It must be remembered that the type and number of immune

related cells changes throughout the menstrual cycle and with

underlying medication, hormonal contraceptive use, disease or

pregnancy [5,6,26,31,32]. Furthermore, the regional variations in

histology and the size of the uterus complicate adequate

assessment of cell populations. The study individuals in this report

represented three different stages of the menstrual cycle. A similar

distribution of all investigated cell populations and receptors were

observed within their respective endometrium, however due to the

small size of the study groups no inter or intra-group statistical

analysis was performed. Future studies need to expand each study

group to statistically verify variations in immune cell populations.

Nevertheless, the present demonstrations of Langerin+ LCs,

CCR5+ T cells and CD123+BDCA-2+ pDCs were novel

observations at this anatomical site. The quantitative assessment

showed a generally low number of the investigated cellular

markers in the endometrial stroma. This was especially true for the

BDCA2+CD123+ cells and the LC associated marker CD1a. In

comparison with the immune cell numbers in the squamous

cervicovaginal epithelium [31] the endometrial stroma exhibits a

relative paucity of immune cells. However, this discrepancy must

be considered with the regional differences in histology and

function in mind.

The major site of HIV penetration into the female genital tract

mucosa following vaginal intercourse is not clear. As single layer

epithelium may be more easily traversed by HIV compared to

multilayer epithelium [33], and since semen can reach the uterus

following sexual intercourse, the endometrium might serve as

target for HIV. Indeed, HIV has been shown to infect cells and

tissues from the uterus representing all stages of the menstrual

cycle as well as postmenopausal women in ex vivo models [34].

Figure 4. CLR expression on various DC subsets present in the endometrium. (a) Langerin positive cells were mainly detected within the
luminal and glandular epithelium. Positive co-localization (yellow) was detected with Langerin+ cells (green) and (b) CD1a (red) and (c) CD11c (red).
(d) Double-positive cells (yellow) expressing Langerin+ (green) and CD4+ (red) cells were also detected within CD4+ lymphoid aggregates. (e) DC-
SIGN and (f) MR were detected in the lamina superficialis, just beneath the luminal epithelium (I: minimum distance of cell body to endometrial
lumen: 49 mm and 40 mm, respectively). Both (g) DC-SIGN (green) and (h) MR(green) were co-expressed (yellow) on CD68+ cells (red) as well as (i and
j, respectively) CD11c+ cells (red). Neither (k) DC-SIGN (red) nor (l) MR (red) were expressed on CD1a+ (green) cells. Scale bars: a: 500 mm; b–d: 25 mm;
e–l: 100 mm.
doi:10.1371/journal.pone.0021344.g004
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Our findings of endometrial intraepithelial and stromal cells

expressing HIV-binding receptors adds to earlier reports on the

distribution of HIV target cells in human endometrium [22],

ectocervical tissue [14,32,35] and vagina [31,36,37].

Acknowledgments

We thank Dr J Andersson for fruitful discussions, A Hofmann for technical

help, Dr S Andersson and M Ström for management of clinical data and

collection of biopsies and Dr M Mack for kindly providing us with the anti-

CCR5 antibody.

Author Contributions

Conceived and designed the experiments: TK KB TH. Performed the

experiments: TK PP AT. Analyzed the data: TK PP AT GM KB TH.

Contributed reagents/materials/analysis tools: AT GM KB TH. Wrote the

paper: TK KB TH. Critical review of manuscript: TK PP AT GM KB

TH. Obtained funding: KB TH. Study supervision: TH.

References

1. Suarez SS, Pacey AA (2006) Sperm transport in the female reproductive tract.
Hum Reprod Update 12: 23–37.

2. Zervomanolakis I, Ott HW, Hadziomerovic D, Mattle V, Seeber BE, et al.
(2007) Physiology of upward transport in the human female genital tract.

Ann N Y Acad Sci 1101: 1–20.

3. Ceballos A, Remes Lenicov F, Sabatte J, Rodriguez Rodrigues C, Cabrini M,
et al. (2009) Spermatozoa capture HIV-1 through heparan sulfate and efficiently

transmit the virus to dendritic cells. J Exp Med 206: 2717–2733.
4. Kamat BR, Isaacson PG (1987) The immunocytochemical distribution of

leukocytic subpopulations in human endometrium. Am J Pathol 127: 66–73.
5. Starkey PM, Clover LM, Rees MC (1991) Variation during the menstrual cycle

of immune cell populations in human endometrium. Eur J Obstet Gynecol

Reprod Biol 39: 203–207.
6. Vassiliadou N, Bulmer JN (1996) Quantitative analysis of T lymphocyte subsets

in pregnant and nonpregnant human endometrium. Biol Reprod 55:
1017–1022.

7. Turville S, Wilkinson J, Cameron P, Dable J, Cunningham AL (2003) The role

of dendritic cell C-type lectin receptors in HIV pathogenesis. J Leukoc Biol 74:
710–718.

8. Larkin M, Childs RA, Matthews TJ, Thiel S, Mizuochi T, et al. (1989)
Oligosaccharide-mediated interactions of the envelope glycoprotein gp120 of

HIV-1 that are independent of CD4 recognition. AIDS 3: 793–798.
9. Turville SG, Arthos J, Donald KM, Lynch G, Naif H, et al. (2001) HIV gp120

receptors on human dendritic cells. Blood 98: 2482–2488.

10. Geijtenbeek TB, Kwon DS, Torensma R, van Vliet SJ, van Duijnhoven GC,
et al. (2000) DC-SIGN, a dendritic cell-specific HIV-1-binding protein that

enhances trans-infection of T cells. Cell 100: 587–597.
11. Turville SG, Cameron PU, Handley A, Lin G, Pohlmann S, et al. (2002)

Diversity of receptors binding HIV on dendritic cell subsets. Nat Immunol 3:

975–983.
12. de Witte L, Nabatov A, Pion M, Fluitsma D, de Jong MA, et al. (2007) Langerin

is a natural barrier to HIV-1 transmission by Langerhans cells. Nat Med 13:
367–371.

13. Wira CR, Fahey JV (2008) A new strategy to understand how HIV infects
women: identification of a window of vulnerability during the menstrual cycle.

AIDS 22: 1909–1917.

14. Hirbod T, Kaldensjo T, Lopalco L, Klareskog E, Andersson S, et al. (2009)
Abundant and superficial expression of C-type lectin receptors in ectocervix of

women at risk of HIV infection. J Acquir Immune Defic Syndr 51: 239–247.
15. Hirbod T, Nilsson J, Andersson S, Uberti-Foppa C, Ferrari D, et al. (2006)

Upregulation of interferon-alpha and RANTES in the cervix of HIV-1-

seronegative women with high-risk behavior. J Acquir Immune Defic Syndr 43:
137–143.

16. Bjercke S, Brandtzaeg P (1993) Glandular distribution of immunoglobulins, J
chain, secretory component, and HLA-DR in the human endometrium

throughout the menstrual cycle. Hum Reprod 8: 1420–1425.

17. Laguens G, Goni JM, Jr., Laguens M, Goni JM, Laguens R (1990)
Demonstration and characterization of HLA-DR positive cells in the stroma

of human endometrium. J Reprod Immunol 18: 179–186.
18. Yeaman GR, Guyre PM, Fanger MW, Collins JE, White HD, et al. (1997)

Unique CD8+ T cell-rich lymphoid aggregates in human uterine endometrium.
J Leukoc Biol 61: 427–435.

19. Yeaman GR, Collins JE, Fanger MW, Wira CR, Lydyard PM (2001) CD8+ T
cells in human uterine endometrial lymphoid aggregates: evidence for

accumulation of cells by trafficking. Immunology 102: 434–440.
20. Kobayashi A, Darragh T, Herndier B, Anastos K, Minkoff H, et al. (2002)

Lymphoid follicles are generated in high-grade cervical dysplasia and have

differing characteristics depending on HIV status. Am J Pathol 160: 151–164.
21. Mulayim N, Palter SF, Kayisli UA, Senturk L, Arici A (2003) Chemokine

receptor expression in human endometrium. Biol Reprod 68: 1491–1495.
22. Yeaman GR, Howell AL, Weldon S, Demian DJ, Collins JE, et al. (2003)

Human immunodeficiency virus receptor and coreceptor expression on human
uterine epithelial cells: regulation of expression during the menstrual cycle and

implications for human immunodeficiency virus infection. Immunology 109:

137–146.
23. Donaghy H, Wilkinson J, Cunningham AL (2006) HIV interactions with

dendritic cells: has our focus been too narrow? J Leukoc Biol 80: 1001–1012.
24. Kawamura T, Kurtz SE, Blauvelt A, Shimada S (2005) The role of Langerhans

cells in the sexual transmission of HIV. J Dermatol Sci 40: 147–155.

25. Gardner L, Moffett A (2003) Dendritic cells in the human decidua. Biol Reprod
69: 1438–1446.

26. Schulke L, Manconi F, Markham R, Fraser IS (2008) Endometrial dendritic cell
populations during the normal menstrual cycle. Hum Reprod 23: 1574–1580.

27. Ban YL, Kong BH, Qu X, Yang QF, Ma YY (2008) BDCA-1+, BDCA-2+ and
BDCA-3+ dendritic cells in early human pregnancy decidua. Clin Exp Immunol

151: 399–406.

28. Dzionek A, Fuchs A, Schmidt P, Cremer S, Zysk M, et al. (2000) BDCA-2,
BDCA-3, and BDCA-4: three markers for distinct subsets of dendritic cells in

human peripheral blood. J Immunol 165: 6037–6046.
29. Agis H, Fureder W, Bankl HC, Kundi M, Sperr WR, et al. (1996) Comparative

immunophenotypic analysis of human mast cells, blood basophils and

monocytes. Immunology 87: 535–543.
30. Li Q, Estes JD, Schlievert PM, Duan L, Brosnahan AJ, et al. (2009) Glycerol

monolaurate prevents mucosal SIV transmission. Nature 458: 1034–1038.
31. Pudney J, Quayle AJ, Anderson DJ (2005) Immunological microenvironments in

the human vagina and cervix: mediators of cellular immunity are concentrated
in the cervical transformation zone. Biol Reprod 73: 1253–1263.

32. Poppe WA, Drijkoningen M, Ide PS, Lauweryns JM, Van Assche FA (1998)

Lymphocytes and dendritic cells in the normal uterine cervix. An immunohis-
tochemical study. Eur J Obstet Gynecol Reprod Biol 81: 277–282.

33. Pope M, Haase AT (2003) Transmission, acute HIV-1 infection and the quest
for strategies to prevent infection. Nat Med 9: 847–852.

34. Howell AL, Edkins RD, Rier SE, Yeaman GR, Stern JE, et al. (1997) Human

immunodeficiency virus type 1 infection of cells and tissues from the upper and
lower human female reproductive tract. J Virol 71: 3498–3506.

35. Yeaman GR, Asin S, Weldon S, Demian DJ, Collins JE, et al. (2004) Chemokine
receptor expression in the human ectocervix: implications for infection by the

human immunodeficiency virus-type I. Immunology 113: 524–533.

36. Hladik F, Sakchalathorn P, Ballweber L, Lentz G, Fialkow M, et al. (2007) Initial
events in establishing vaginal entry and infection by human immunodeficiency

virus type-1. Immunity 26: 257–270.
37. Johansson EL, Rudin A, Wassen L, Holmgren J (1999) Distribution of

lymphocytes and adhesion molecules in human cervix and vagina. Immunology
96: 272–277.

Immune cells in Human Endometrium

PLoS ONE | www.plosone.org 6 June 2011 | Volume 6 | Issue 6 | e21344


