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Chemoattraction of macrophages and T cells into the
normal endometrium and inflammatory sites within
endometriotic foci is mediated by chemokine gene
expression. mRNA transcripts encoding regulated on
activation, normal T-cell-expressed and -secreted
(RANTES), a monocyte and T-cell chemokine, were
demonstrated in the stroma of normal endometrium
and endometriotic implants using in situ mRNA hy-
bridization. Epithelial glands failed to express RAN-
TES mRNA. In histological serial sections, we ob-
served CD68-positive macrophages in the stroma of
endometriotic implants adjacent to regions with
prominent RANTES mRNA hybridization. In adjacent
sections, monoclonal antibodies against tumor necro-
sis factor (TNF)-a showed this cytokine to be localized
to stromal and epithelial compartments of the endo-
metriotic implant with weak staining in unaffected
ovarian tissue. Subconfluent monolayers of endo-
metriotic stromal cells were tested for RANTES gene
expression in situ , but we could only detect RANTES
mRNA in isolated stromal cells after treatment with
TNF-a. No RANTES mRNA was observed in unstimu-
lated stromal cells or TNF-a stimulated or unstimu-
lated epithelial cells. The data are consistent with a
model in which proinflammatory cytokines (eg,
TNF-a) induce RANTES gene expression limited to
specific cells within endometrial and endometriotic

stroma. Production of this chemokine, in turn, stim-
ulates recruitment of CD68-positive macrophages into
these tissues. (Am J Pathol 2001, 158:1949–1954)

Endometriosis is a chronic gynecological disorder that
affects millions of reproductive-aged women world-wide.
The clinical hallmarks of this disorder are ectopic endo-
metrial implants, commonly associated with evidence of
intraperitoneal inflammation. Haney and colleagues1

were the first to identify macrophages as the most abun-
dant leukocytes in the pelvic fluid of women with endo-
metriosis. Subsequent studies indicated that the total
concentration2 and activation status3 of macrophages
were specifically increased in endometriosis. Activated T
cells also appear to accumulate preferentially in the peri-
toneal fluid of endometriosis cases.2,4

Resident leukocytes within the stroma of endometriotic
lesions have been characterized histologically.5,6 As
noted in the surrounding pelvic fluid, endometriotic im-
plants predominantly contain macrophages and T cells,
and eosinophils have been reported recently.7 We and
others have proposed that recruitment of leukocytes to
the vicinity of endometriotic lesions is mediated by spe-
cific chemokines synthesized by cells within the implants.
Leukocyte chemoattractants, such as monocyte chemo-
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tactic protein-1 (MCP-1),8,9 vascular endothelial growth
factor,10,11 interleukin-8,12–14 and eotaxin15 are ex-
pressed in endometriotic implants. Because of the phe-
notypic inflammatory exudate of endometriosis, we stud-
ied the expression of regulated on activation, normal T
cell expressed and secreted (RANTES), a b-chemokine
selective for macrophage and T-cell recruitment. RAN-
TES protein was identified immunohistochemically in stro-
mal cells of normal endometrium and ectopic implants16

and could be detected in high concentrations in perito-
neal fluid of women with endometriosis.4 The current
experiments were designed to verify RANTES synthesis
within the endometrium and endometriotic implants and
to identify which cells were responsible for RANTES gene
expression. In situ mRNA hybridization, combined with
immunohistochemistry to localize specific cell types
within the implants, was used to achieve this objective.
The findings support our hypothesis that local cytokine
networks regulate RANTES gene expression and the at-
traction of macrophages and T cells into eutopic and
ectopic endometrium.

Materials and Methods

Patient Recruitment and Characterization

Healthy ovulatory women, who had not received hormones
or GnRH agonist therapy for at least 6 months before sur-
gery, were recruited after they had provided written in-
formed consent under a study protocol approved by the
Committee on Human Research at the University of Califor-
nia, San Francisco. Women with ovarian endometriomata
(n 5 8) were identified laparoscopically and staged accord-
ing to a modification of the revised American Fertility Society
system.12 Controls also were evaluated by laparoscopy and
were women with subserosal leiomyomata or without pelvic
pathology (n 5 11).

Sources of Tissues

Tissue specimens were obtained at the time of laparos-
copy, which was scheduled during the mid-proliferative
phase of the cycle. Endometrial and endometriosis biop-
sies were collected under sterile conditions and pre-
pared for histochemistry or cell culture, as described
previously.16

Preparation of Hybridization Probes

For in situ hybridization, 202-bp RANTES cDNA templates
were synthesized by polymerase chain reaction, having
engineered T7 RNA polymerase-binding site sequences
59 to the antisense oligomers for the gene products (Ta-
ble 1). Run-off transcripts were synthesized by incubation
of T7 RNA polymerase with 35S-UTP and unlabeled rN-
TPs as described previously.17

Immunohistochemistry

Endometrial and endometrioma tissues were fixed for 24
hours in 2% paraformaldehyde and 0.5% glutaraldehyde,
paraffin-embedded, cut in serial sections of 5 mm, and
stained using the Vectastain Elite ABC kit (Vector Labo-
ratories, Burlingame, CA). Immunoperoxidase staining
was performed overnight at 4°C, using mouse monoclo-
nal IgG antibodies against human cytokeratin-18 (1:2000
dilution; Sigma, St. Louis, MO), human CD-68 (dilution
1:100; DAKO Corp., Carpinteria, CA), human RANTES
(dilution 1:100; R&D Systems, Minneapolis, MN), or
TNF-a (dilution 1:100, R&D Systems). Controls for the
immunostaining specificity of TNF-a included sections
stained with anti-TNF-a antibodies immunoabsorbed with
10 mg/ml of recombinant human TNF-a (R&D Systems).
Diaminobenzidine (Zymed, South San Francisco, CA)
was used as the chromagen. All sections also were lightly
counterstained with hematoxylin.

In Situ Hybridization of Tissue Sections

For detection of RANTES mRNA, paraffin-embedded en-
dometriotic and endometrial specimens were dewaxed
and hybridized as described previously.17,18 After pre-
treatment with proteinase K (1 mg/ml), serial tissue sec-
tions were incubated in a hybridization mixture containing
the 35S-labeled RANTES antisense RNA probe (500 ng/
ml) or RANTES sense RNA control probe (500 ng/ml) in
10 mmol/L Tris-HCl, pH 7.4, 50% (v/v) deionized form-
amide, 600 mmol/L NaCl, 1 mmol/L ethylenediaminetet-
raacetic acid, 0.02% polyvinylpyrrolidone, 0.02% Ficoll,
0.05% bovine serum albumin, 10% dextran sulfate, 10
mmol/L dithiothreitol, 200 mg/ml denatured sonicated
salmon sperm DNA, and 100 mg/ml rabbit liver tRNA. Hy-
bridization was performed overnight at 42°C. After hybrid-
ization, tissue sections were washed as described previ-
ously.17 Nonhybridized single-stranded RNA probes were
digested by RNase A (20 mg/ml) in 10 mmol/L of Tris-HCl
(pH 8.0)/0.5 mol/L NaCl for 30 minutes at 37°C. For auto-
radiography, slides were dipped in Kodak NTB-2 nuclear
track emulsion (Integra Biosciences, Inc., Woburn, MA).
After exposure for 4 weeks at 4°C, slides were developed
and counterstained with hematoxylin and eosin.

Table 1. RANTES Primers Used in Generating Antisense and
Sense Control Riboprobe Templates

Antisense primers
59 Primer
CAC TGC CCC GTG CCC ACA TCA A
39 Primer
CGT AGG CTA ATA CGA CTC ACT ATA GGG AGG
CTG TGA GAG TCT CCA TCC TAG CTC ATC TCC
AAA

Sense control primers
59 Primer
CGT AGG CTA ATA CGA CTC ACT ATA GGG AGG
CTG TGA CAC TGC CCC GTG CCC ACA TCA A
39 Primer
GAC TCT CCA TCC TAG CTC ATC TCC AAA

Underlined letters represent T7 polymerase site sequence.
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Human Endometrial and Endometriosis Cell
Cultures

Primary endometrial and endometriotic cell cultures were
prepared from biopsies as described previously.16 Glan-
dular epithelial cells were separated from stromal cells
and debris by filtration through narrow gauge sieves.
Stromal cells were subcultured twice to eliminate contam-
ination by macrophages or other leukocytes. Extensive
characterization of cell cultures prepared using this pro-
tocol confirmed that they were .95% pure and retained
functional markers of their endometrial and endometriotic
origin in vivo.12

Preparation of Cells for in Situ Hybridization

Endometriotic stromal and epithelial cells were plated
onto Lab-Tek four-chamber slides (NUNC, Rochester,
NY). The complete medium was removed and replaced
with fresh minimal essential medium-a containing 2.5%
fetal calf serum and antibiotics and the cells were cul-
tured for 48 hours in the absence or presence of TNF-a
(100 ng/ml, Sigma Chemical Co.), and fixed in 95% eth-
anol. In situ hybridization was performed as described
above.

Results

In Situ Hybridization and Immunohistochemistry
of Tissue Sections

In situ hybridization was used to localize RANTES mRNA
in fixed tissues. A section of normal mid-proliferative en-
dometrium is shown in Figure 1A. RANTES gene expres-
sion could be detected in the stromal compartment ad-
jacent to epithelial glands, but the glands themselves did
not contain any RANTES message. No specific autora-
diographic signals were observed when serial endome-
trial tissue sections were hybridized with the RANTES
sense RNA-control probe (Figure 1B). Similar results
were observed in 8 of 11 normal endometrial biopsies.
Endometriotic implants of the ovary also showed RANTES
mRNA in the stromal compartment indicated by black
arrows and white arrows. The epithelial cell lining subja-
cent to the stroma and the unaffected ovarian stroma
(top) did not contain RANTES mRNA (Figure 1C). No
specific autoradiographic signals were observed when
the endometriotic tissue sections were hybridized with
the RANTES sense RNA-control probe (Figure 1D). Sim-
ilar results were observed in seven of eight endometriotic
sections.

Immunohistochemistry of serial sections demonstrated
CD-68-positive macrophages within the implant (Figure
1E). These regions correspond to RANTES mRNA-posi-
tive spots in Figure 1C (black arrows), whereas other
RANTES mRNA-positive areas had no apparent macro-
phages (Figure 1C, white arrows). Monoclonal antibodies
against human RANTES demonstrated this protein in the
endometriotic stroma, with sparing of the cyst epithelium

(F). Monoclonal antibodies against TNF-a showed that
this cytokine was diffusely present in both stromal and
epithelial compartments of the endometriotic implant. Re-
gions of the ovary uninvolved with endometriosis showed
less intense TNF-a immunostaining (Figure 1G). Control
experiments were performed on serial endometriotic sec-
tions stained with TNF-a antibodies immunoabsorbed
with excess TNF-a protein (Figure 1H). The latter treat-
ment eliminated the staining pattern and verified the
specificity of the immunolocalization. An adjacent sec-
tion, stained with monoclonal antibodies against cytoker-
atin, specifically decorated the epithelial lining of the
endometriotic cyst (Figure 1I). Figure 1K is a control
section stained with hematoxylin and eosin to show the
morphology of the endometriotic implant.

RANTES in Situ Hybridization in Purified
Endometrial Cell Populations

Isolated endometriotic stromal and epithelial cells were
examined subsequently for RANTES mRNA expression
by in situ hybridization. Subconfluent monolayers of en-
dometriotic stromal cells were cultured for 48 hours. No
RANTES mRNA was detectable under conditions in
which the medium contained no added cytokine (Figure
2A). After culturing the cells in the presence of TNF-a
(100 ng/ml) for 48 hours (Figure 2B), RANTES mRNA was
identified in 10 to 20% of the stromal cells. No specific
autoradiographic signals were observed when TNF-a-
stimulated endometriotic stromal cells were hybridized
with the RANTES sense RNA-control probe (Figure
2C). Subconfluent monolayers of endometriotic epithe-
lial cells also did not reveal evidence of RANTES mRNA
expression, even after 48 hours of cytokine stimulation
(Figure 2D).

Discussion

Twenty years ago, gynecologists first observed the ac-
cumulation of specific leukocytes within the peritoneal
cavities of women with endometriosis1 and during the
past decade the same leukocytes were noted to infiltrate
both eutopic and ectopic endometrium.5 We now have
come to understand that leukocyte trafficking from the
circulation into tissues is highly regulated via concentra-
tion gradients of selective chemokines. Rather than each
leukocyte responding to a single cognate chemoattrac-
tant, considerable biological redundancy and promiscu-
ity of chemokine specificity exist. Among the proteins with
predominant monocyte affinity are the b-chemokines,
RANTES, MCPs 1 to 4 and macrophage inflammatory
proteins 1a and b. These chemokines are ligands with
variable affinities for the receptors CCR1 to CCR5, which
are expressed on the surface of responsive immune
cells.19

As the predominant leukocytes within peritoneal fluid1

and ectopic implants5 of women with endometriosis in-
clude macrophages and T cells, our laboratory has fo-
cused on the expression of one chemokine, RANTES,
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Figure 1. In situ hybridization of RANTES mRNA in normal mid-proliferative human endometrium (A). RANTES gene expression could be detected in the stromal
compartment adjacent to epithelial glands, but the glands themselves did not contain RANTES message. No specific autoradiographic signal was observed when
serial tissue sections were hybridized with the RANTES sense RNA-control probe (B). Endometriotic implants also showed RANTES message in the stromal
compartment with several intense spots (black arrows) and other more diffuse hybridization (white arrows). The epithelial cell lining of the endometrioma
and the unaffected ovarian stroma (top) did not contain RANTES message (C). No specific autoradiographic signal was observed when endometriotic tissue
sections were hybridized with the RANTES sense RNA-control probe (D). Immunohistochemical localization of CD68-positive macrophages (E, black arrows)
in an adjacent endometriotic tissue section. Monoclonal antibodies against human RANTES demonstrated this protein in the endometriotic stroma, with sparing
of the cyst epithelium (F). Monoclonal antibodies against TNF-a showed the protein in the epithelial and stromal compartments of the endometriotic implant.
Portions of the ovary uninvolved with endometriosis showed less TNF-a immunostaining (G). Control experiments were performed on serial endometriotic
sections stained with TNF-a antibodies immunoabsorbed with excess TNF-a protein (H). Epithelial cells lining the endometriotic cyst were cytokeratin-positive
(I). All sections were also counterstained with hematoxylin. H&E staining shows the morphology of the endometriotic implant (K). Original magnifications, 3200.
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with activity for both cell types. RANTES originally was
isolated as a cDNA from CD81 T cells20 that encodes an
8-kd secreted chemokine protein. Expression of RANTES
can be induced within hours of stimulation by proinflam-
matory stimuli, such as TNF-a.21

In the current study we found that RANTES mRNA was
localized to stroma, consistent with protein localization
and in vitro expression in isolated endometrial cells.16

CD68-positive macrophages were co-localized with
RANTES mRNA-expressing stromal cells (black arrows,
Figure 1C), however, some RANTES mRNA-positive stro-
mal regions (white arrows, Figure 1C) were devoid of
macrophages. A plausible interpretation of this observa-
tion is that CD68-positive macrophages are recruited to
areas of stromal RANTES expression. The distribution of
TNF-a protein in endometriosis implants is very similar to
that described in the functionalis region of normal eutopic
endometrium.22

Our in situ hybridization data indicated that RANTES
mRNA-positive stromal cells were in proximity to TNF-a-
positive epithelial and stromal cells. This observation
suggested that the latter cells are potential paracrine or
autocrine sources, respectively, of cytokines that stimu-
late RANTES mRNA production in endometrial and endo-
metriotic stroma. Endometrial expression of TNF-a mRNA
is increased in the late secretory phase and during endo-
metrial bleeding.23 This is consistent with our observation
that normal endometrial RANTES mRNA concentrations, as

determined by solution hybridization experiments, were
highest in the secretory phase.16 However, our immunohis-
tochemistry analyses were not sensitive or quantitative
enough to verify this finding.16 To optimize reproducibility
we limited the current study to proliferative phase sampling
of normal and endometriosis biopsies, which precluded
further analysis of the effects of ovulatory cycle stage and
endocrine milieu on RANTES expression. Our group previ-
ously investigated the effects of 10 nmol/L of 17b-estradiol
on RANTES secretion by endometrial and endometriosis
stromal cells in vitro, but we observed no stimulatory ac-
tion.24 Recently, however, Akoum and colleagues25 study-
ing the related MCP-1 chemokine in mixed endometriotic
cell cultures, observed that 10 nmol/L of estradiol increased
interleukin-1b-induced MCP-1 mRNA production by 200%
and protein secretion by 65%. They suggested that the
effects of estradiol on MCP-1 expression are indirectly me-
diated via enhanced cytokine sensitivity.

Our in vitro findings (Figure 2B) suggest that a sub-
population of endometriotic stromal cells is responsible
for RANTES mRNA expression. This result was unantici-
pated based on total RNA from solubilized stromal cell
cultures16 and differs from the apparently more general-
ized distribution of RANTES protein. This observation is of
interest given the recent appreciation of heterogeneity
among mesenchymal cells in certain tissues. The emer-
gence of a discrete subpopulation of stromal cells may
occur during endometriotic differentiation as has been

Figure 2. Isolated primary endometriotic stromal and epithelial cells were examined for RANTES mRNA expression by in situ hybridization. Subconfluent
monolayers of endometriotic stromal cells were cultured for 48 hours. No RANTES mRNA was detectable under conditions in which the medium contained no
added cytokine (A). After culturing the cells in the presence of TNF-a (100 ng/ml) for 48 hours (B), RANTES mRNA was expressed in 10 to 20% of the stromal
cells. No specific autoradiographic signal was observed when TNF-a stimulated endometriotic stromal cells were hybridized with the RANTES sense RNA-control
probe (C). Subconfluent monolayers of epithelial cells did not reveal evidence of RANTES expression, even after TNF-a stimulation (D). Original magnifications,
3600.
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described for presumed stem cells within bone marrow
stroma.26 Current studies in the laboratory are directed to
characterize the subset of endometriotic stromal cells
responsible for robust synthesis of RANTES gene tran-
scripts.

In summary, this study confirmed that cells within the
eutopic and ectopic endometrial stroma are the sites of
RANTES mRNA transcription. A combination of in situ
hybridization and immunohistochemistry in tissue speci-
mens, coupled with primary endometriotic cell cultures,
was used. The findings support the hypothesis that
TNF-a, produced by endometriotic implant epithelial
and/or stromal cells, can induce expression of RANTES
mRNA in a subset of endometriotic stromal cells. These
cells, in turn, synthesize RANTES protein, which serves to
recruit the accumulation of CD68-expressing macro-
phages into the endometriotic lesion. We postulate that
the inflammatory environment created by this cascade
contributes to the clinical symptoms that typify endome-
triosis.
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