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IL-27 Expression and Responsiveness
in Human Uterine Epithelial Cells and Fibroblasts

In Vitro and the Role of Estradiol

Mickey V. Patel, Zheng Shen, Richard M. Rossoll, and Charles R. Wira

Interleukin (IL)-27 is a pleiotropic cytokine that regulates multiple aspects of innate and adaptive immunity,
but whose role in immune protection of the female reproductive tract is unknown. Although not constitutively
expressed by human uterine epithelial cells and fibroblasts in culture, IL-27 secretion was upregulated after
treatment with the viral ligand poly (I:C) in a type I interferon (IFN)-dependent manner, with higher levels
measured in fibroblasts than epithelial cells. Estradiol increased poly (I:C)-induced IL-27 production by
fibroblasts, but not epithelial cells. While both cell types expressed the IL-27 receptor, only fibroblasts responded
to recombinant IL-27 with increased expression of the antiviral genes, APOBEC3G (apolipoprotein B mRNA-
editing enzyme, catalytic polypeptide-like 3G) and MxA, and the tryptophan-catabolizing enzyme, indoleamine
2,3-dioxygenase (IDO). Estradiol inhibited IL-27-mediated induction of IDO in fibroblasts through estrogen
receptor alpha, but had no effect on APOBEC3G. IL-27 pretreatment also potentiated poly (I:C) upregulation of
the antiviral genes, OAS2 and APOBEC3G, in fibroblasts. Thus, IL-27 is part of the antiviral response by uterine
cells against potential pathogens. The effect of estradiol on IL-27 production and sensitivity by fibroblasts
demonstrates a selective hormone action on individual cell types in the uterus and suggests that IL-27 may have
differential effects during the menstrual cycle.
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Introduction

The mucosal barrier of the female reproductive tract
(FRT) is the first line of defense against sexually trans-

mitted pathogens that cause morbidity and mortality in mil-
lions of women. In the uterine endometrium, the mucosa
comprises a protective single layer of columnar epithe-
lial cells supported by a dense layer of stromal fibroblasts
with a dynamic population of immune cells interspersed
throughout the tissue. Both epithelial cells and fibroblasts,
which constitute the majority of nonhematopoietic cells
in the endometrium, protect the FRT either by directly
eliminating incoming pathogens or indirectly by secreting
multiple cytokines and chemokines that in turn recruit and
regulate immune cells. Defining the immune regulatory
functions of epithelial cells and fibroblasts is essential for
understanding their role in protecting the FRT.

IL-27 is a pleiotropic cytokine that regulates multiple as-
pects of innate and adaptive immunity (Yoshida and Hunter
2015). It is a member of the IL-12 family of cytokines and
is primarily produced by a variety of immune cell types, in-

cluding macrophages, monocytes, and dendritic cells (Yoshida
and Hunter 2015). IL-27 comprises 2 subunits: Epstein–Barr
virus-induced gene 3 and IL-27 p28 (Pflanz and others 2002);
and signals through a heterodimeric receptor consisting of IL-
27Ra (WSX-1/TCCR) and gp130 (Pflanz and others 2004).
Receptor engagement by IL-27 leads to activation of down-
stream JAK/STAT (Hibbert and others 2003; Takeda and
others 2003) and MAPK (Owaki and others 2006) signaling
pathways. IL-27 was first described as a proinflammatory cy-
tokine that promoted the differentiation of naı̈ve T cells into
Th1 cells (Pflanz and others 2002). Other inflammatory effects
included decreasing Treg frequency (Stumhofer and others
2007; Huber and others 2008; Tait Wojno and others 2011) and
activating proliferation of naı̈ve T cells. However, other work
demonstrated that IL-27 also had anti-inflammatory functions.
It promoted production of the anti-inflammatory cytokine IL-
10 by CD4+ T cells (Awasthi and others 2007; Freitas do
Rosário and others 2012), suppressed differentiation of Th17
T cell subsets (Batten and others 2006; Stumhofer and others
2006), and inhibited pathology associated with an excessive
immune response (Villarino and others 2003). However, no
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studies have addressed the role and regulation of IL-27 in
the FRT.

IL-27 is also part of the immune response to incoming
pathogens. Previous studies have shown that IL-27 is in-
duced by stimulation of multiple Toll-like receptors (TLRs),
including TLR3 (de Groot and others 2012) and TLR4
(Molle and others 2007). IL-27 inhibits HIV infection of
macrophages and CD4+ T cells through the induction of
antiviral genes such as APOBEC3G and bone marrow
stromal antigen 2 (BST-2)/tetherin (Imamichi and others
2008; Greenwell-Wild and others 2009; Chen and others
2013; Dai and others 2013), which are also classical
interferon-stimulated genes (ISGs). IL-27 also enhances the
secretion of antimicrobial protein human beta-defensin 2 by
keratinocytes (Kanda and Watanabe 2008). In addition, IL-
27 is protective against malaria (Ayimba and others 2011),
herpes simplex virus 1 (HSV-1) (Liao and others 2014), he-
patitis C virus (HCV) (Frank and others 2010), and influenza A
virus (Liu and others 2012, 2014). Whether IL-27 has a pro-
tective role in the FRT against potential pathogens is unknown.

Unique among mucosal sites, the immune system in the
FRT is precisely regulated by the sex hormones, estradiol
(E2) and progesterone (Wira and others 2015). Previous
studies using epithelial cells and stromal fibroblasts de-
termined that E2 regulates multiple aspects of immune
function, including TLR, cytokine, and growth factor ex-
pression, suggesting that hormonal effects may vary across
the menstrual cycle. However, our understanding of the
role of E2 in IL-27 regulation is sparse. In previous studies,
E2 increased IL-27 production by monocyte-derived den-
dritic cells (Kyurkchiev and others 2007). However, no
studies have addressed IL-27 production by cells from the
human FRT and its role in immune protection at this mucosal
site. Therefore, the purpose of this study was to determine if
uterine epithelial cells and fibroblasts produce and respond to
IL-27, whether it is induced by viral dsRNA, and if the sex
hormone E2 regulates its secretion and action.

Materials and Methods

Source of uterine tissue

Human uterine tissue was obtained from women under-
going hysterectomy surgery at Dartmouth-Hitchcock Med-
ical Center (Lebanon, NH). All tissues used in this study
were distal to the sites of pathology and were determined to
be unaffected by disease upon inspection by a pathologist.
All investigations involving human subjects were conducted
according to the principles expressed in the Declaration of
Helsinki and carried out with the approval from the Com-
mittee for the Protection of Human Subjects, Dartmouth-
Hitchcock Medical Center, and with written informed consent
obtained from the patients before surgery.

Isolation of uterine epithelial cells
and uterine fibroblasts

Tissues were minced under sterile conditions into 1–2-
mm fragments and subjected to enzymatic digestion using
an enzyme mixture that contained final concentrations of
3.4 mg/mL pancreatin (Invitrogen Life Technologies, Carls-
bad, CA), 0.1 mg/mL hyaluronidase (Worthington Biochem-
ical, Lakewood, NJ), 1.6 mg/mL collagenase (Worthington
Biochemical), and 2 mg/mL D-glucose, in 1· HBSS (In-

vitrogen). After enzymatic digestion for 1 h at 37�C, cells
were dispersed through a 250-mm mesh screen, washed, and
suspended in Hank’s Balanced Salt Solution (Thermo Sci-
entific, Logan, UT).

Epithelial cell sheets were separated from stromal fibro-
blasts by filtration through a 20-mm nylon mesh filter (Small
Parts, Miami Lakes, FL). Epithelial sheets were retained on
the 20-mm filter, while the stromal fraction containing fi-
broblasts passed through and were collected as part of the
filtrate. Epithelial sheets were recovered by rinsing and
backwashing the filter with DMEM/F12, centrifuged (500 g,
10 min), and analyzed for cell number and viability.

Uterine epithelial cell and uterine
fibroblast cell culture

To establish an in vitro cell culture system of polarized
human uterine epithelial cells with both apical and basolateral
surfaces, uterine epithelial cells were incubated in Falcon cell
culture inserts coated with Human Extracellular Matrix
(Becton Dickinson, Franklin Lakes, NJ) in 24-well culture
plates (Fisher Scientific, Pittsburgh, PA). Apical and baso-
lateral compartments had 300 and 500mL of complete me-
dium, respectively. Complete medium consisted of DMEM/
F12 supplemented with 20 mM HEPES (Invitrogen), 2 mM
L-glutamine (Invitrogen), 50 mg/mL primocin (Invivogen),
and 10% heat-inactivated defined fetal bovine serum (FBS)
(Thermo Scientific). The medium was changed every 2 days.

To establish a purified population of uterine fibroblasts,
the stromal filtrate was centrifuged (500 g, 10 min) and the
pellet resuspended in complete media, placed in a 75-cm2

cell culture flask (Fisher) in complete medium until they
reached confluence, with the medium changed every 2 days.
After reaching confluence, the cells were trypsinized and
1 · 106 cells added to a fresh 75-cm2 flask. This was re-
peated at least once more before the cells were recovered
and plated (1 · 106 cells/mL) in 24-well cell culture dishes
(Fisher) in 500mL of complete medium with charcoal–
dextran-stripped FBS for at least 48 h before treatment.

Poly (I:C), IFNAR, interleukin-27,
Raloxifene, and estradiol treatment

Cells were stimulated with poly (I:C) (Sigma) at 0.25–
25 mg/mL for up to 24 h. Recombinant human IL-27 (Bio-
Techne, Minneapolis, MN) was used at 1–100 ng/mL for up
to 48 h. For polarized epithelial cells, poly (I:C) was added
to the apical compartment only, while IL-27 was added to both
the apical and basolateral compartments. Interferon receptor
blockade experiments were conducted using a mouse mono-
clonal anti-human interferon receptor 2 (IFNAR2)-blocking
antibody (Bio-Techne).

For all hormone experiments, 17b-estradiol (E2) (Calbio-
chem, Gibbstown, NJ) and Raloxifene (Rx) (Tocris Bioscience)
were dissolved in 100% ethanol at an initial concentration of
1 · 10-3 M, evaporated to dryness, and resuspended in complete
media containing charcoal–dextran-stripped FBS to a concen-
tration of 1 · 10-5 M. Further dilutions were made to achieve a
final working concentration of 5 · 10-8 M for E2 and 1 · 10-6 M
for Rx. As a control, an equivalent amount of 100% ethanol
without hormones was initially evaporated. For polarized
uterine epithelial cells, E2 was added to both the apical and
basolateral compartments. Rx was added at least 1 h before
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addition of E2. Both E2 and Rx were maintained in the cell
culture media throughout the experiment.

In all experiments with poly (I:C), IL-27, E2, and Rx,
complete medium containing 10% heat-inactivated defined
FBS was replaced with 10% heat-inactivated charcoal/
dextran-treated stripped FBS (Gemini, West Sacramento,
CA) to remove any steroid hormones present in FBS that
otherwise would confound the effects of the exogenous
hormone.

TaqMan real-time RT-PCR

Total mRNA was isolated and purified using an RNeasy
mini kit (Qiagen, Valencia, CA) with on-column DNase
digestion using the RNase-free DNase set (Qiagen) ac-
cording to the manufacturer’s recommendations. Four hun-
dred nanograms of total RNA was reverse transcribed using
the iScript cDNA synthesis kit (Bio-Rad) according to the
manufacturer’s recommendations. Relative mRNA expres-
sion levels of genes of interest were measured using the 5¢
fluorogenic nuclease assay in real-time quantitative PCR
using TaqMan chemistry on the ABI 7300 Prism real-time
PCR instrument (Applied Biosystems, Carlsbad, CA). PCR
was conducted using the following cycle parameters: 95�C,
12 min for 1 cycle (95�C, 20 s; 60�C, 1 min), for 40 cycles.
Analysis was conducted using the sequence detection soft-
ware supplied with ABI 7300. Relative expression levels
were expressed as a fold increase in mRNA expression and
calculated using the formula 2–DDCt.

ELISA

Secretion of IL-27 in culture media was measured
by Duoset ELISA (Bio-Techne) as per the manufacturer’s
instructions.

Statistical analysis

A 2-tailed paired t-test or a 1-way analysis of variance
(ANOVA) was performed using GraphPad Prism, version
5.0, software (GraphPad Software, San Diego, CA). A P-
value less than 0.05 was considered statistically significantly
different. Comparison of 3 or more groups was performed
by applying the Kruskal–Wallis test for nonmatched sam-
ples or Friedman test for matched samples, followed by
Dunn’s post-test for multiple comparison correction.

Results

Poly (I:C) induces IL-27 in uterine
epithelial cells and fibroblasts

To investigate the role of IL-27 in the uterine mucosa, we
isolated and grew to confluence purified populations of ep-
ithelial cells and stromal fibroblasts from uterine hysterec-
tomy tissues recovered from both pre- and postmenopausal
women. We found that neither epithelial cells nor fibroblasts
constitutively secreted IL-27. To determine if IL-27 ex-
pression was inducible, epithelial cells and stromal fibro-
blasts were incubated with the viral ligand/TLR3 agonist
poly (I:C) for 24 and 48 h. As seen in Figure 1A and C, IL-
27 mRNA was induced at 24 h relative to untreated controls
for both cell types. Also shown in Figure 1B and D is the
stimulatory effect of poly (I:C) on IL-27 secretion measured

at 48 h for both cell types. IL-27 protein was not detectable
in 24-h supernatants and only became measurable after 48 h
of poly (I:C) exposure. As seen in Figure 2, when fibroblasts
from the endocervix and ectocervix were incubated with
poly (I:C), IL-27 secretion measured at 48 h was markedly
increased, indicating that fibroblasts from the upper and
lower FRT are responsive to viral pathogens.

Since previous studies have demonstrated a role for type I
IFNs in the upregulation of IL-27 (Pirhonen and others
2007), we then investigated whether type I IFN signaling is
necessary for the upregulation of IL-27 following exposure
to poly (I:C). As seen in Figure 1E and F, blockade of the
IFN receptor (IFNAR) complex using an antibody against
IFNAR2 inhibits upregulation of IL-27 expression by both
epithelial cells and fibroblasts following treatment with poly
(I:C) for 24 h.

Estradiol upregulates IL-27 secretion
by uterine fibroblasts

Previously, we found that E2 is a potent regulator of
uterine epithelial cell and fibroblast cytokine secretion
(Fahey and others 2008; Coleman and others 2009). To
determine if E2 regulates the expression and secretion of
IL-27, we pretreated epithelial cells and stromal fibroblasts
with E2 for 48 h, followed by stimulation with poly (I:C)
for an additional 24–48 h. E2 alone did not induce IL-27 in
either cell type (Fig. 2). However, E2 significantly, but
modestly, increased IL-27 secretion by stromal fibroblasts
beyond that seen with poly (I:C) alone from *100 to
150 pg/mL (Fig. 2B). In contrast, E2 had no effect on poly
(I:C)-induced epithelial cell secretion of IL-27 (Fig. 2A).
To determine if this response was specific for uterine fi-
broblasts, we used matched tissue samples of cervical (CX)
and ectocervical (ECX) fibroblasts. As seen in Figure 2C
and D, in 4 experiments, E2 had no effect on IL-27 secretion
by CX or ECX fibroblasts either alone or in the presence of
poly (I:C), indicating that the effect of E2 in the presence of
poly (I:C) is unique to uterine stromal fibroblasts.

IL-27 induces ISG expression in uterine fibroblasts

As a pleiotropic cytokine, IL-27 has a range of varying
effects (Yoshida and Hunter 2015). To determine if uterine
epithelial cells or fibroblasts are potentially responsive to
IL-27, we analyzed the mRNA recovered from both cell
types for the presence of IL-27Ra and gp130, the subunits of
the IL-27 heterodimeric receptor complex. As seen in Fig-
ure 3, both IL-27Ra and gp130 are expressed in epithelial
cells and fibroblasts, suggesting that they are potential tar-
gets for IL-27 in the FRT.

Uterine epithelial cells and fibroblasts were then incu-
bated with 10 and 100 ng/mL of recombinant IL-27 for 24 h
before mRNA recovery and analysis by RT-PCR. As seen in
Figure 4A and B, IL-27 significantly reduced mRNA ex-
pression of the IL-27Ra subunit in fibroblasts by *50%, but
had no effect on gp130 expression. IL-27 upregulated the
fibroblast expression of the tryptophan-catabolizing enzyme,
indoleamine 2,3-dioxygenase (IDO), (Fig. 4D) by 600-fold
over untreated cells and APOBEC3G (apolipoprotein B
mRNA-editing enzyme, catalytic polypeptide-like 3G)
(Fig. 4C), which plays an important role in innate antiviral
immunity, by *4-fold over untreated cells. IL-27 weakly
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upregulated the expression of MxA (Fig. 4E) and had no
effect on the expression of either OAS2 (Fig. 4F) or TLR3
(Fig. 4G). In contrast to the fibroblasts, there was no effect
of IL-27 on uterine epithelial cell expression of IL-27Ra,
gp130, IDO, APOBEC3G, MxA, OAS2, or TLR3 (data not
shown).

Estradiol inhibits IL-27-induced expression
in uterine fibroblasts

Recognizing that IL-27 signals through the PI3K, STAT,
and NF-kB pathways, which can be influenced by E2

(Björnström and Sjöberg 2005), we pretreated matched sets
of uterine epithelial cells and fibroblasts with E2 for 48 h
before stimulation with IL-27 for a subsequent 24 h. As seen
in Figure 5, E2 inhibited the IL-27-induced upregulation of
IDO in uterine fibroblasts, but had no effect on epithelial
cells. Interestingly, E2 had no effect on APOBEC3G ex-
pression in either cell type, nor did it affect the mRNA
expression of IL-27Ra or gp130 (data not shown).

To determine the pathway of E2 regulatory control, we
treated uterine fibroblasts with Rx, an E2 antagonist that is a
competitor of E2 for estrogen receptor (ER) a. As seen in
Figure 5E, Rx alone had no effect on IDO expression in
uterine fibroblasts. Neither did Rx affect the upregulation of
IDO following treatment with IL-27. However, Rx blocked
E2-induced downregulation of IDO following treatment with
IL-27, thus demonstrating that E2 modulates IL-27 signaling
through ERa.

IL-27 potentiates the antiviral response
of uterine fibroblasts to poly (I:C)

Previous studies have demonstrated that exposure to IL-
27 alters the response to TLR ligands in other cell types
such lung fibroblasts (Su and others 2016). To determine if
IL-27 regulates the antiviral response to poly (I:C), we
pretreated uterine fibroblasts with IL-27 for 48 h before
washout and stimulation with poly (I:C) for a subsequent
24 h. As seen in Figure 6, pretreatment of uterine fibroblasts

FIG. 1. Poly (I:C) induces
IL-27 mRNA expression and
secretion in uterine epithelial
cells (A, B) and stromal fi-
broblasts (C, D). Confluent
monolayers of epithelial cells
and fibroblasts were treated
with 25 mg/mL of poly (I:C).
mRNA (A, C) and secretions
(B, D) were recovered after
24 and 48 h, respectively, and
levels of IL-27 measured by
RT-PCR and ELISA (n = 4–
5). For type I interferon
(IFN) receptor complex (IF-
NAR) blockade (E, F), both
epithelial cells and fibroblasts
were pretreated with aIF-
NAR2 or IgG control (ISO)
for 1 h before poly (I:C) treat-
ment for the following 24 h.
aIFNAR2 was maintained in
cell culture media throughout
the experiment (n = 3). mRNA
expression is normalized to
levels of b-actin. *P < 0.05;
**P < 0.01; ***P < 0.001.
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with IL-27 led to upregulation of OAS2 and APOBEC3G
upon exposure to poly (I:C). In the presence of 100 ng/mL
of IL-27, OAS2 expression was *70-fold greater than the
untreated control, while poly (I:C) alone only increased
OAS2 expression by *30-fold. Similarly, APOBEC3G ex-
pression was upregulated *10-fold by poly (I:C) following
pretreatment with 100 ng/mL IL-27. In contrast, the ex-
pression of IDO was unaffected by poly (I:C) despite pre-
treatment with IL-27 (data not shown). The effect of IL-27
was dose dependent as fibroblasts pretreated with 10 ng/mL
IL-27 only weakly upregulated OAS2 and APOBEC3G.
Overall, these findings indicate that IL-27 potentiates the
upregulation of OAS2 and APOBEC3G in uterine stromal
fibroblasts in response to poly (I:C).

Discussion

The present study demonstrates that IL-27 is expressed by
epithelial cells and fibroblasts in the human FRT in response
to the TLR3 agonist poly (I:C) in a type I IFNAR-dependent
manner. Recombinant IL-27 induced IDO, APOBEC3G,
and MxA gene expression in uterine fibroblasts, but not
epithelial cells. While E2 had no direct effect on IL-27 se-
cretion or IL-27 receptor subunit expression, it potentiated
the increase in IL-27 secretion induced by poly (I:C) from
uterine fibroblasts, but not epithelial cells. However, E2 also
inhibited the increase in IDO expression through ERa after
IL-27 treatment of fibroblasts. IL-27 also potentiated the
response of fibroblasts to poly (I:C). Together, these results
demonstrate that uterine fibroblasts are both producers of
and responsive to IL-27 in the human FRT. Since both cell
types express the IL-27 receptors, but are not equally re-
sponsive to IL-27, it suggests that regulatory steps beyond
receptor binding regulate cellular responsiveness to IL-27.

FIG. 2. Estradiol upregu-
lates poly (I:C)-induced se-
cretion of IL-27 by uterine
stromal fibroblasts. Confluent
monolayers of uterine epi-
thelial cells (A), uterine fi-
broblasts (B), endocervical
fibroblasts (C), and ecto-
cervical fibroblasts (D) were
pretreated with estradiol (E2)
at 5 · 10-8 M for 48 h before
washout and subsequent
treatment with E2 and poly
(I:C) (25 mg/mL) for 48 h. IL-
27 levels were measured in
cell secretions by ELISA
(n = 4–5). *P < 0.05.

FIG. 3. IL-27 receptor expression in uterine epithelial
cells and stromal fibroblasts. mRNA was recovered from
untreated confluent monolayers of epithelial cells and fi-
broblasts, and levels of IL-27Ra and gp130 were deter-
mined by RT-PCR. Expression levels of IL-27Ra and
gp130 are both normalized to levels of b-actin in each cell
type.
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Little is known about the role of IL-27 in the FRT. Pre-
vious studies suggested that IL-27 is essential for successful
reproduction. For example, neutralization of IL-27 in the
murine placenta led to increased rates of abortion (Mas and
others 2008). Pregnancy induces an immune response and
IL-27 may modulate this to increase the likelihood of suc-
cessful reproduction. However, the role of IL-27 in the
nonpregnant endometrium remains equally unclear. Since
neither uterine epithelial cells nor fibroblasts constitutively

produce IL-27, this suggests that outside of immune pro-
tection in the nonpregnant endometrium, IL-27 has a re-
stricted role. By demonstrating that IL-27 is specifically
secreted in response to the viral mimic poly (I:C), our study
expands the potential role of IL-27 in the FRT to include the
immune response to viral pathogens. The presence of IL-27
in FRT secretions may thus be a useful marker for viral
exposure in the FRT, unlike other inflammatory cytokines
such as IL-8 and macrophage chemotactic protein 1 (MCP-1),

FIG. 4. IL-27 reduces IL-27Ra
and induces IDO and A3G ex-
pression in uterine stromal fi-
broblasts. Confluent monolayers
of fibroblasts were treated with
recombinant human IL-27 for
24 h before mRNA recovery and
analysis for IL-27Ra (A), gp130
(B), IDO (C), APOBEC3G
(A3G) (D), MxA (E), OAS2 (F),
and TLR3 (G) by RT-PCR.
*P < 0.05. APOBEC3G, apoli-
poprotein B mRNA-editing en-
zyme, catalytic polypeptide-like
3G; IDO, indoleamine 2,3-
dioxygenase.
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FIG. 5. Estradiol inhibits
IL-27-induced IDO expression
through ERa in uterine stro-
mal fibroblasts. Confluent
monolayers of matched epithe-
lial cells (A, B) and fibroblasts
(C, D) were pretreated with es-
tradiol (E2) at 5 · 10-8 M for
48 h before washout and sub-
sequent treatment with E2 or IL-
27 (100 ng/mL) for 24 h, after
which mRNA expression levels
for APOBEC3G (A3G) and
IDO were measured by RT-
PCR (n = 4–5). For ER block-
ade, Rx was added to confluent
monolayers of fibroblasts (E) at
5 · 10-6 M for 1 h before addi-
tion of E2 at 5 · 10-8 M for a
further 48 h, followed by
washout and treatment with E2

or IL-27 (100 ng/mL) for a fur-
ther 24 h. Rx was maintained
in the media at 5 · 10-6 M for
the entire duration of the ex-
periment (n = 3). *P < 0.05. ER,
estrogen receptor; Rx, Ralox-
ifene.

FIG. 6. IL-27 potentiates
the upregulation of OAS2 and
APOBEC3G (A3G) in uterine
stromal fibroblasts. Confluent
monolayers of fibroblasts
were pretreated with IL-27 (1
and 100 ng/mL) for 48 h be-
fore washout and subsequent
treatment with poly (I:C)
(25mg/mL) for 24 h, after
which mRNA expression lev-
els for OAS2 (A) and A3G (B)
were measured by RT-PCR
(n = 4). ***P < 0.001.
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which are constitutively produced by both FRT epithelial
cells and fibroblasts (Koumas and others 2001; Schaefer
and others 2005). Poly (I:C) is a synthetic viral mimic,
and it is important to recognize that poly (I:C) treatment
is only a substitute for live viral exposure and may not
capture the full complexity of a viral infection. Therefore,
future studies will need to move beyond the use of syn-
thetic TLR ligands and use live pathogens.

The IL-27 secreted by epithelial cells and fibroblasts
likely acts upon immune cells within the local mucosal
environment to augment the antiviral state and protect
against incoming pathogens. In response to IL-27, macro-
phages, monocytes, and CD4+ T cells inhibit HIV (Imamichi
and others 2008; Greenwell-Wild and others 2009; Chen
and others 2013; Dai and others 2013). IL-27 can also in-
hibit HCV (Frank and others 2010) and HSV-1 (Liao and
others 2014) infection in vitro. Thus, IL-27 could be in-
volved in pathogen protection in the FRT due to its ability
to upregulate antiviral genes such as APOBEC3G in uter-
ine fibroblasts. Upregulation of antiviral genes such as
APOBEC3G likely extends the antiviral state and creates a
hostile environment within FRT tissues long after the ini-
tial pathogen exposure. Our finding of induction of antivi-
ral genes in the FRT is consistent with previous studies
demonstrating that IL-27 can upregulate classical ISGs by
signaling through the same pathway as the interferons.
However, the pattern of gene expression varies with cell
type, with macrophages upregulating more genes than CD4+

T cells (Imamichi and others 2008). Similarly, in our sys-
tem, while fibroblasts upregulated APOBEC3G, IDO, and
MxA in response to IL-27, there was no change in expres-
sion of these genes within epithelial cells. This contrasts
with intestinal epithelial cells, which strongly upregulate
IDO in response to IL-27 (Diegelmann and others 2012).
This does not imply that epithelial cells are insensitive to IL-
27, but rather that IL-27 regulates a different panel of genes
in epithelial cells compared with fibroblasts and that the
responsiveness of epithelial cells from different mucosal
sites to IL-27 is unique.

Previous studies have shown that IL-27 enhances TLR4-
mediated immune responses to lipopolysaccharide to in-
duce a signaling cascade in monocytes and lung fibroblasts
(Guzzo and others 2012; Su and others 2016). Our studies
extend these findings by demonstrating that uterine fi-
broblasts respond to IL-27 to potentiate the antiviral re-
sponse to poly (I:C). This further demonstrates that IL-27
enhances the immune response among distinct fibroblast
populations. Taken together, these findings suggest that a
major function of IL-27 is increasing sensitivity to po-
tential pathogens that access the endometrium and breach
the epithelial barrier. It further supports our hypothesis
that IL-27 provides a protective measure against exposure
to viral pathogens allowing for a rapid innate immune
response, leading to intracellular protection. Whether this
occurs at other mucosal sites, particularly among fibro-
blasts in the subepithelial stromal tissues, is unclear, but it
could allow IL-27 to extend the duration of specific as-
pects of the antiviral state.

E2 is a potent regulator of immune function in the FRT
(Wira and others 2015). The current study extends these
findings by demonstrating that secretion of and respon-
siveness to IL-27 are regulated by E2 in uterine fibroblasts.
In contrast to previous studies, in which constitutive and

induced antimicrobial secretion increased with E2 (Hibbert
and others 2003), we saw no effect of sex hormones alone
on IL-27 secretion by epithelial cells and fibroblasts.
Kyurkchiev and others (2007) reported that E2 upregulates
IL-27 secretion by monocyte-derived DCs. Together with
our results, this demonstrates that the effects of E2 on IL-
27 are unique and distinct and vary with different cell
types. Our findings also suggest that the production of IL-
27 in response to pathogens, and the sensitivity of fibro-
blasts to IL-27, may vary in women across the menstrual
cycle, particularly during periods when the concentration
of E2 is high, such as mid-cycle and mid-secretory phases.
Whether E2 affects IL-27 production and sensitivity of
other cell types is unknown, but it is an important question
since IL-27 restricts viral infection.

In conclusion, IL-27 is induced as part of an antiviral
response in the endometrium and subsequently enhances
responses to further stimulation by viral ligands. The ef-
fect of E2 suggests that IL-27 may play a role in immune
protection during the menstrual cycle, potentially regu-
lating immune responses to incoming pathogens. Whether
other estrogenic compounds such as the ethinyl estradiol,
in use in contraceptives, or selective ER modulators af-
fect IL-27 production and sensitivity is unknown, but it
is an important question given the numbers of women
using these chemical contraceptives and hormone therapy
worldwide.
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