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Abstract
Problem—IL-22 has important functions at mucosal surfaces, including the induction of
antimicrobial peptides and maintenance of epithelium. However IL-22 has not been investigated in
the genital tract during TV infection.

Methods of Study—Women who visited an STD clinic and women from a cohort with frequent
Trichomoniasis were studied. IL-22, IL-17 and antimicrobial peptides were measured in
cervicovaginal lavage by ELISA.

Results—In women visiting the STD clinic, those without STDs (n=10) had a median IL-22 of 0
pg/ml while women with infections (n=30) had 27 pg/ml (p=0.04). In the cohort, women with
Trichomoniasis (n=19) had significantly higher IL-22 than women with no infections (n=21, 74
versus 0 pg/ml, p=0.0001). IL-17 was also significantly increased in Trichomoniasis and there was
a correlation between IL-22 and IL-17 (p=0.001).

Conclusion—IL-22 is increased in STDs generally and in Trichomoniasis specifically
suggesting an antimicrobial response of the mucosa and an epithelial repair process induced by the
STDs.
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Introduction
IL-22 is a cytokine produced by innate and adaptive immune cells1. The IL-22 receptor is
expressed on epithelial cells2 and IL-22 appears to promote epithelial homeostasis and
barrier function. Many studies of IL-22 function have been carried out to identify its role in
mucosal immunity of the gut. For example, during infection with Citrobacter rodentium,
mice lacking IL-22 have increased intestinal epithelium damage and bacterial invasion. At
least some of the effects of IL-22 in this model are due to IL-22 inducing production of anti-
microbial peptides3. IL-22 is also involved in tissue repair and mucous secretion4. Although
it has been suggested that IL-22 may function at all mucosal epithelial surfaces, there have
been no studies to elucidate the role IL-22 plays in the lower female genital tract mucosa.
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The female genital tract epithelium plays an important role in resistance to pathogens. It
serves as a physical barrier to pathogen invasion and it has a layer of mucous that helps to
trap pathogens5,6. Certain antimicrobial peptides are also produced by the lower genital tract
epithelium7,8.

Some sexually transmitted pathogens cause damage to the epithelium. For example, in
Chlamydia trachomatis infection, epithelial cells become infected and are targeted by
adaptive and innate immune responses. These immune responses can lead to epithelium
damage, fibrosis and scarring, especially in chronic infections or during re-infections9.
Trichomonas vaginalis (TV) infection, while asymptomatic in many women, has been linked
to severe health issues such as pre-term birth, low birth weight infants, increased risk of HIV
acquisition and increased HIV shedding 10-12. TV is known to adhere to epithelial cells and
secrete proteases to degrade the extracellular matrix 13-15. Some infected women present
with inflammation of the vagina or cervix both, and includes hemorrhaging or reddening of
the cervix, also known as strawberry cervix 16,17.

Since some STDs, including TV and Chlamydia, can cause damage to the epithelium, we
hypothesized that IL-22 would be produced in response to these infections in order to
maintain epithelial barrier integrity or induce antimicrobial peptide defenses. To investigate
this hypothesis, IL-22 levels were measured in genital mucosal fluid from women visiting an
STD clinic and from a cohort of women at high risk for HIV infection that had a high rate of
TV infection.

Materials and Methods
STD Clinic Subjects

This group of subjects has been previously described18. Briefly, the subjects were recruited
at the Ruth M. Rothstein CORE Center STD Screening Clinic of Cook County Stroger
Hospital, Chicago, IL. Symptomatic women (n=40) between the ages of 18 and 54,
presenting for an STD evaluation were approached for study participation and written
informed consent was obtained. The largest proportion of subjects were between 18 and 24
years old (40%), while 33% were between 25 and 34, 18% were between 35 and 44 and 8%
were between 45 and 54. The subjects were 90% African American, 7% Latino, and 3%
Caucasian. The Institutional review boards of Rush University Medical Center and Cook
County Stroger Hospital approved all studies. The control and case subjects were not age
matched for this study. Samples were collected prior to treatment. Standard of care genital
exams were performed, 3 swabs were taken for diagnosis before 10 mL of CVL was
obtained by irrigating the cervix with saline. Urine was also obtained for a pregnancy test,
none of the subjects were pregnant. The tests performed were BD Probetect ET (BD
Franklin Lakes, NJ) for Chlamydia and GC, rapid plasma regain test (Arlington Scientific,
Utah) for syphilis, enzyme immunoassay (Biorad Laboratories, Hercules CA) for HIV, wet
mount examination and ELISA for p65 (HyTest, Turku, Finland) for TV. Amsel criteria
(wet mount for clue cells, vaginal pH, whiff test) and Nugent gram stain were used to
diagnose BV and a KOH preparation that was examined microscopically was used to
diagnose Candida. A clinical exam was used to determine the presence of Pelvic
Inflammatory Disease and/or Warts. The menstrual cycle of the participants at the time of
collection was unknown. Visually there was no blood contamination and the Abacard test
for prostate specific antigen (Abacus Diagnostics, West Hills, CA) was used to assess
semen. There was no information on contraceptive methods used by the subjects.
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Collection of samples from high-risk cohort
CVL samples were also collected from women who had visited an STD clinic and who are
classified as having a high risk of HIV infection. The high-risk HIV seronegative group was
enrolled at the University of Illinois at Chicago. They were women aged 18-45 years old
who met at least 2 of the following criteria: crack use in the last 6 months; exchange of sex
for money, drugs, or shelter in the last 6 months; at least 5 sexual partners in the last 6
months; history of an STD in the last year, and/or sexual relations with a known HIV
positive man. Samples were collected prior to treatment. Swabs were collected for testing
and CVL samples were collected by irrigation of the cervix with 10 mL of saline. An
Aptima test (Hologic Gen-Probe Inc, San Diego, USA) was performed to diagnose
Chlamydia and GC, BV was diagnosed using the Amsel criteria, slides were examined for
Candida, and the OSOM/Genzyme Rapid test was used for Trichomonas. Subjects were also
examined for blood and samples were not collected from patients with gross blood on
examination. A pregnancy test was performed and a PSA test was also done to look for
semen contamination. All CVL samples were stored at −80° C.

ELISA
ELISA kits for IL-22, IL-17, IL-6, IL-10, IP-10, sTNFR1, CXCL5 and MMP3 were
obtained from R&D systems (Minneapolis MN). The manufacturer’s listed lower limits of
detection are as follows; IL-22: 5.8 pg/mL, IL-17: 15 pg/mL, IL-6: 0.7 pg/mL, IL-10: 3.9
pg/mL, sTNFRI: 1.2 pg/ml, IP-10: 4.4 pg/ml, CXCL5: 15 pg/ml, MMP3: 9 pg/ml. The
HBD2 ELISA was from Phoenix Pharmaceuticals (Burlingame CA) and the LL-37 ELISA
was from Hycult Biotech (Plymouth Meeting PA) (detection limits for these were 7.8 pg/ml
and 0.1 ng/ml repectively). Total protein in CVL samples was measured by Pierce BCA
assay (Thermo Scientific, Rockford, IL). BioTek Synergy HT plate reader (BioTek
Instruments, Inc, Winooski, VT) was used to read the protein assay and ELISA plates after
development

Statistical Analysis
All statistical analysis on the data was performed using the Instat statistical software
package (Graphpad Softward). Correlation between IL-22 and the other mediators was
determined using the Spearman test. The Mann Whitney unpaired test was used to compare
the medians of two groups. A “p” value of 0.05 or lower was considered significant.
Samples with cytokine levels that were below the detection limit were assigned a 0 pg/ml
value when performing statistical analysis. This resulted in the mean and median for IL-17
and IL-10 falling below the detection limit.

Results
Since some STDs are known to damage the genital epithelium, we measured IL-22 in genital
secretions of women who had visited an STD clinic. Out of 40 subjects that were studied, 10
had no detectable infection or condition; 5 had only bacterial vaginosis, 4 had only TV, 4
had only Chlamydia, 4 had only gonorrhea, 8 had other infections and the 5 others had
multiple infections. Only 7 out of 40 subjects were positive for PSA indicating the presence
of semen in our test samples. Of these 7 none of them were TV positive and one of them had
no STD or BV, 2 had BV, 2 had gonorrhea, one had both BV and gonorrhea and the other
had cervicitis. IL-22 levels were significantly higher in women with STDs (median 27 pg/
ml) compared to the no-STD group (median 0 pg/ml) (Table 1). Although the number of
women with only TV or Chlamydia was small, levels of IL-22 were significantly higher in
those two groups (Table 1).
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Since the level of IL-22 in samples from women with TV was higher than women without
TV, we next evaluated IL-22 levels in CVL from a cohort of women at a high risk of HIV
infection that had a high prevalence of TV. Of these 57 women, 19 of them were positive for
TV infection only (no other STDs, bacterial vaginosis or Candida), while 38 of them tested
negative for all infections as well as bacterial vaginosis and Candida. Levels of IL-22 in the
TV positive women were significantly higher (median of 74 pg/ml) than in the women with
no infections (median of 0 pg/ml, Table 2, p=0.0001 Mann Whitney Test). Levels of IL-22
in the two groups were also compared after adjusting for total protein levels in CVL. Total
average protein levels for the TV negative and positive samples were 210 μg/mL, (median
50.57 μg/mL) and 188 μg/mL, (median= 135.75 μg/mL) respectively. IL-22 was
significantly higher in the TV positive group when either unadjusted (Table 2) or adjusted
for total protein (Fig.1). It is also interesting to note that there was not a significant
difference in the level of IL-22 between the High Risk cohort control group and the STD
clinic control group (median of 0 for both groups, p=0.117).

Since Th17 cells are one of the cell types known to secrete IL-22, we also tested the samples
from the high-risk cohort for IL-17. IL-17 was significantly higher in the TV positive group
(9.9 pg/ml) compared to the uninfected group (median 0 pg/ml, p=0.002, Table 2). This
difference was also significant (p-0.004) when adjusted for protein levels (not shown). There
was also a highly significant correlation between the IL-22 and IL-17 levels (Table 3).

IL-22 has been reported to induce certain antimicrobial peptides such as human ß2 defensin
(HBD-2)19 which prompted us to determine whether levels of HBD-2 or the antimicrobial
peptide LL-37 correlated with IL-22 levels in the high-risk cohort. Levels of HBD-2 were
not increased in TV positive women compared to the women with no infections, and HBD-2
levels were not significantly correlated with IL-22 levels. However, elevated levels of LL-37
were detected in the TV positive subjects (p=0.02, Table 2), and there was a trend towards
correlation (p=0.07) of LL-37 with IL-22 (Table 3).

Although studies have reported that IL-22 induces the production of some chemokines such
as CXCL520 and matrix metalloproteinases like MMP321,22, we did not find any significant
difference between the TV positive and TV negative groups of CXCL5 or MMP-3 (Table 2).
There was also no significant correlation of these with IL-22 levels.

A significant difference in the levels of sTNFR1 was observed between the TV positive
subjects and the TV negative subjects (p=0.015, Table 2), but there was no correlation
between sTNFR1 and IL-22 levels. We also did not find any significant correlation between
IL-22 and IL-6, IL-10, and IP-10.

Discussion
This study shows that IL-22 can be detected in lower female genital tract secretions of some
women, and that IL-22 levels are increased during STDs in general and specifically in TV
infection. To our knowledge, this is only the second study to show that IL-22 is expressed in
the lower genital tract of women, but it is the first to show that it is elevated in TV infection.
A previous study by Jha et al.23, showed that IL-22 is increased in acute Chlamydia
trachomatis infection. That study showed levels of IL-22 that were higher than those
detected in our study, even when comparing levels found in women in the control groups.
Possible differences that could explain this difference include 1) The Jha study used 5 ml of
diluent to collect CVL while our study used 10 ml; 2). Gram stain was used to diagnose
Trichomonas in the Jha study which is likely less sensitive than the molecular methods used
in our study; and 3) the ELISAs were from different manufacturers. Another study showed
that T-lymphocytes that are capable of producing IL-22 are present in cervical tissue24.
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However, in that study, in vivo production of IL-22 was not assessed but T cells were
isolated from the cervix and stimulated in vitro to induce IL-22 secretion.

We hypothesized that IL-22 would be expressed in the secretions from women with TV
since TV as well as some other STDs, can cause epithelial damage13,15 and a number of
studies show a protective role for IL-22 and its ability to increase epithelial barrier function.
For example, IL-22 levels are elevated and IL-22 plays a protective role during murine
Citrobacter rodentium3 infections that results in extensive damage to the intestinal
epithelium. IL-22 is induced during lung epithelium damage and helps protect airway
epithelial cells from apoptosis25. IL-22 has also been shown to be important for wound
healing in an acute colitis model26 and protect against epithelial damage in a model of
inflammatory bowel disease 27. A recent study shows IL-22 is also involved in containment
of commensal bacteria28.

In this study, we measured both IL-17 and IL-22 in the high-risk cohort since both of these
cytokines can be induced by similar stimuli and both can be made by T helper cell subsets.
We observed that IL-17 was increased in secretions from women with TV infection and that
IL-17 levels significantly correlated with IL-22. McKinnon et al24 showed that not only are
T cells capable of producing IL-22 present in the genital tract of women, but that T cells
capable of producing IL-17 are also found there. About 20% of the IL-17-producing T cells
co-expressed IL-22 in that study, suggesting the possibility that Th17 cells could have
produced some of the IL-22 present in women with STDs that we observed in the current
study. However, innate lymphoid cells (ILCs) cannot be ruled out as the main producers of
IL-22 in the genital tract. In the gut epithelium, ILCs are the major producers of IL-221,29.
ILCs are of hematopoietic origin and include subsets of NK cells and Lymphoid Tissue
Inducer (LTi) cells. ILCs also play major roles in lymphoid tissue formation as well as tissue
remodeling29. In the STD clinic subjects, prostate specific antigen (PSA) was detected in 6
out of the 40 samples. One of the control subjects was PSA positive but none of TV positive
subjects tested positive for PSA. The absence of PSA in the TV samples suggests that the
higher levels of IL-22 seen in the TV positive women are not due to semen contamination.

We observed that human LL-37 (cathelicidin) was significantly increased in women who
were TV positive compared to TV negative women. There was also a trend toward a
correlation between the LL-37 and IL-22 levels, suggesting that the IL-22 might be inducing
the elevated levels of LL-37. However, even though IL-22 is known to induce antimicrobial
peptides such as beta defensins, Kanda et al.30 found that LL-37 at high concentrations
induced the production of IL-22 by T-cells30. Peric et al demonstrated induction of LL-37
by IL-1731. Taken together, these studies along with our data suggest an alternative
possibility that IL-17 produced during TV infection induced LL-37, which in turn induced
expression of IL-22.

We observed that the levels of sTNFR1 were significantly higher in TV positive than in TV
negative subjects. There are no reports that link IL-22 or TV with sTNFR1, but it has been
observed that TV infection induces TNF-α production32,33. Studies also show that sTNFR1
is a strong antagonist of TNF-α34.It can bind to the pro-inflammatory cytokine and
neutralize its effects35 or it can cause apoptosis of activated monocytes that produce TNFα
at the site of infection36. The presence of elevated levels of sTNFR1 in the TV positive
subjects could indicate a host response to neutralize inflammation present due to the
presence of TV infection.

Surprisingly, we did not see any significant difference between hBD2 levels in TV-positive
and -negative women, and further, hBD2 levels did not correlate with IL-22 levels. This was
unexpected, since several studies have shown an induction of hBD2 by IL-22 as well as
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IL-22 inducing hBD2 cooperatively with IL-172,37. Since most of those studies focused on
keratinocytes, it is possible the lack of correlation of IL-22 and hBD2 could be because
lower genital tract epithelial cells respond differently to IL-22 than keratinocytes or that
inhibitors of hBD2 induction are present in the lower female genital tract. It is also possible
that IL-22 levels were too low to have an impact.

We also did not detect any significant difference in CXCL5 or MMP3 levels between TV-
positive and -negative women. Several studies showed that MMP3 was strongly induced in
human keratinocytes by IL-2221,22. IL-22 also induced increased CXCL5 production which
in turn induced strong neutrophil chemotactic activity20. It is possible that other cytokines
present in the genital tract are more potent inducers of MMP3 and CXCL5 and mask any
effect of IL-22.

In summary, we found that IL-22 was increased in women with STDs in general and
infection with Trichomonas specifically. Limitations of this study included a relatively small
number of subjects, an absence of possibly relevent information on the subjects such as
method of contraception and menstrual cycle of the subjects. However, based on previous
studies, these results suggest a host response to TV infection and STDs that involves
epithelial repair and secretion of anti-microbial peptides. Further dissection of these
responses could help in understanding what factors are important for epithelial homeostasis
in the lower female genital tract in response to STDs.
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Fig 1.
IL-22 Levels in Vaginal Secretions of HIV high-risk cohort women when adjusted for total
protein. A Mann Whitney test was performed(2 tailed, non parametric), the lines represent
the median values.

Moradeke et al. Page 9

Am J Reprod Immunol. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moradeke et al. Page 10

Table I

IL-22 levels in genital secretions from women who visited STD clinic

Category N IL-22 Mean IL-22 Median (Range) P***

No STD* 10 6.5 0 (0 - 65)

All STD** 30 54 27 (0 - 250) 0.04

BV only 5 31 0 (0 - 153)

 Chlamydia only 4 103 82 (0 - 249) 0.05

 Gonorrhea only 4 54 47 (0 - 123)

 Trichomonas only 4 108 112 (0 - 208) 0.05

 Multiple STDs 5 40 53 (0 - 93)

*
No STDs, No Candidiasis nor BV

**
Includes women with BV, Candidiasis, individual STDs and multiple STDs

***
Mann Whitney Test Compared to women with No STD (2 tailed)
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Table II

Levels of Cytokines in TV positive and STD negative Subjects

TV+ Subjects (n=19) STD- Subjects

Cytokine Mean Median (Range) n Mean Median (Range) P**

IL-22 72.6 74 (0-123) 38 22.4 0 (0-110) 0.0001

IL-17 8.6 9.9 (0-25) 38 1.62 0 (0-110) 0.002

IL-6 2.4 1.49 (0-7.58) 38 4.98 0.8 (0-110) 0.11

IL-10 0.13 0.08 (0-0.46) 38 0.14 0.02 (0-) 0.55

IP-10 23.7 15 (0-0.46) 38 25.8 0 (0-361) 0.44

sTNFR1 159 137.6 (15-446) 38 101.3 58 (0-606) 0.015

MMP3 85 24 (0-479) 21 30 20 (0-188) 0.48

LL-37 4267 2222 (348-10422) 21 1863 828 (32-7683) 0.02

CXCL-5 153 40(0-1664) 21 159 18 (0-2100) 0.53

hβD-2 2565 2453 (1395-4131) 21 2817 3074 (644-
4116) 0.40

**
Mann Whitney Test (2 tailed)

All values are in pg/ml
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Table III

Correlation of IL-22 with other cytokines in High Risk women

All Subjects

Cytokine N Spearman r P*

IL-17 65 0.39 0.001

IL-6 66 −0.06 0.63

IL-10 66 0.10 0.42

IP-10 66 0.09 0.46

sTNFR1 66 0.17 0.18

MMP3 40 −0.12 0.47

CXCL-5 40 −0.09 0.57

hβD-2 40 −0.24 0.14

LL-37 40 0.29 0.07

*
Spearman test (2 tailed)
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