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Chlamydia trachomatis infection can lead to pelvic inflammatory disease, ectopic pregnancy (EP),
infertility, and chronic pelvic pain in women. Activins and inducible nitric oxide synthase (iNOS) are
produced by the human fallopian tube, and we speculate that tubal activins and iNOS may be involved in
the immune response to C. trachomatis in humans and their pathological alteration may result in tubal
pathology and the development of EP. Blood and fallopian tubes were collected from 14 women with EP.
Sera were analyzed by enzyme-linked immunosorbent assay to detect antibodies against chlamydial heat
shock protein 60 (chsp60) and the major outer membrane protein of C. trachomatis. Confirmation of C.
trachomatis serology was made using the microimmunofluorescence test. The patients were classified into
three groups according to their serological results, and immunohistochemistry and quantitative reverse
transcription-PCR were performed to investigate the expression of candidate molecules by tubal epithelial
cells among the three groups. This is the first study to show an increase in the expression of activin BA
subunit, type II receptors, follistatin, and iNOS within the human fallopian tube of EP patients who were
serologically positive for C. trachomatis. A similar expression profile was observed in the fallopian tubes
with detectable antibodies only against chsp60. These results were shown at the mRNA and protein levels.
We suggest that tubal activin A, its type II receptors, follistatin, and NO could be involved in the
microbial-mediated immune response within the fallopian tube, and their pathological expression may

lead to tubal damage and the development of EP.

Chlamydia trachomatis infection is the most common sexu-
ally transmitted bacterial infection throughout the world (75),
with the highest incidence in teens and young adults (61). The
majority of C. trachomatis infections are asymptomatic, and
therefore a significant proportion of those infected remain
undiagnosed and can develop complications. Untreated cases
of chlamydial infection can result in chronic pelvic pain in
women, pelvic inflammatory disease (PID), ectopic pregnancy
(EP), and infertility, and C. trachomatis can be transmitted
during labor and cause conjunctivitis and pneumonitis in the
newborn.

EP is the major cause of maternal morbidity and mortality in
early pregnancy, and it has been serologically associated with
C. trachomatis in several studies (5, 8, 19). Serum chlamydia
immunoglobulin G (IgG) antibody testing (CAT) against chla-
mydial major outer membrane protein (MOMP) is used to
screen for tubal pathology in the routine fertility workup (16).
Serum IgG antibodies remain detectable for many years after
initial infection (16, 54), even following antibiotic treatment
(21, 54). Therefore, CAT is considered a useful tool to reflect
previous C. trachomatis infection which may have occurred
years earlier. However, CAT does not reveal the course of the
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infection and the extent of tubal damage and therefore is not
useful in discriminating between clearance and persistence of a
C. trachomatis infection (16, 34).

Heat shock proteins are highly conserved proteins present in
almost all prokaryotic and eukaryotic organisms. They are
members of a family of stress response proteins which protect
the cells from a variety of insults (36). The chlamydia heat
shock protein 60 (chsp60) is a chlamydia genus-specific pro-
tein, serving as a strong antigenic target for the immune system
(32). Anti-chsp60 antibodies are significantly more common in
women with tubal pathology than in those without tubal pa-
thology (11). Sziller et al. have reported that anti-chsp60 anti-
bodies were significantly higher in tubal pregnancy (68). Fur-
thermore, antibodies to a single epitope that corresponds to
amino acids 260 to 271 of chsp60 were absolutely specific for
ectopic pregnancies (68). Antibodies against this epitope of
chlamydial hsp60 have also been shown to react with the cor-
responding regions in human hsp60 (76). Endogenous hsp60
production is induced by proinflammatory mediators, and
therefore any inflammatory stimulus would induce self-hsp60
expression and reactivate an hsp60-sensitized lymphocyte re-
sponse, which may progress to autoimmune pathological
events with adverse clinical consequences (68).

Wang and Grayston (73a) were the first to develop the
microimmunofluorescence (MIF) test which is based on puri-
fied chlamydial elementary bodies spotted on a glass slide. The
MIF test was developed for typing the C. trachomatis strains in
serotypes and for seroepidemiological studies. Until now, the
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MIF test has been considered the “gold standard” for the
serological diagnosis of chlamydial infections (18).

Nucleic acid amplification tests are considered the most
sensitive method for screening and diagnosis of persistent chla-
mydial infections. Detection rates of chlamydial DNA have
varied considerably in different studies of fallopian tubes from
patients with EP (range, 0.03 to 70%; mean, 26%) (4, 15, 33,
47, 70). Chlamydial mRNA was also detected by reverse tran-
scription-PCR (RT-PCR) in one study that included 10 pa-
tients, and the authors suggested that their results indicated
the presence of metabolically active C. trachomatis organisms
(15). However, several other studies that included a total of
189 patients were unable to detect chlamydia using both cell
culture and PCR in tubal tissue from ectopic pregnancies,
although serological markers indicated prior chlamydial infec-
tions in many of these cases (5, 8, 19, 37, 50).

The tubal damage associated with C. trachomatis infection is
mainly due to an inadequate immune response and inflamma-
tion of infected mucosal tissues. Chronic inflammation of in-
fected tissues is thought to be mediated by immune modulators
that are constantly attempting but unable to eliminate the
chlamydial organisms from the host (52).

Activins are members of the transforming growth factor B
family, and they are secreted by the tubal epithelial cells (60).
Activins are homodimers of inhibin B subunits (BA and BB),
and the different dimerization of subunits gives rise to three
glycoproteins: activin A (BA-BA), activin B (3B-BB), and ac-
tivin AB (BA-BB). Activins are tightly regulated by their high-
affinity binding protein, follistatin, and they act through serine/
threonine kinase transmembrane receptors (60). Activins have
been identified as novel players in inflammation and repair and
are most likely involved in the pathogenesis of inflammatory
and fibrotic human diseases (74). Activin A expression has
been reported to increase in several inflammatory diseases,
such as septicemia (41), inflammatory bowel disease (23),
rheumatoid arthritis (17), and asthma (31). Similar to trans-
forming growth factor B (35), activin A can have both pro- and
anti-inflammatory actions, depending on both cellular and
temporal contexts (53).

Inducible nitric oxide synthase (iNOS) is regulated by cyto-
kines, and it generates nitric oxide and other toxic nitrogen
radicals that are lethal to a variety of intracellular pathogens
(9, 27). In vivo studies have shown that iNOS is not essential
for the clearance of microbiologically detected infection in
mice, but it may provide protection against chronic C. tracho-
matis infection and the associated complications (56). It has
been reported that the courses of genital chlamydial infection
in iNOS™/~ and iNOS™'" mice were identical, and both mod-
els resolved C. frachomatis infection in a similar fashion (25,
56). However, iNOS ™/~ mice sustained greater pathological
outcome subsequent to infection than iNOS™* controls (56).
A strong positive correlation between elevated iNOS activity
and protection from chronic disease sequelae (e.g., hydrosal-
pinx formation and infertility) (56, 58) and prevention of chla-
mydial systemic spread has also been reported (25).

We have previously reported an increase in the expression of
activin A and its related molecules (61) and iNOS (2) by
human tubal epithelial cells collected from EP patients. There-
fore, we speculate that tubal activins and iNOS may be in-
volved in the immune response to chlamydia-induced tubal
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chronic inflammation and that pathological alteration in the
expression of these proteins by fallopian tube epithelial cells
may result in tubal pathology and the subsequent development
of ectopic pregnancy.

MATERIALS AND METHODS

Patients and tissue collection. The study was approved by South Sheffield
Ethics Committee, and informed written consent was obtained prior to the
collection of tissue samples. All specimens were collected at the Jessop Wing,
Royal Hallamshire Hospital in Sheffield, United Kingdom.

All participants had a period of amenorrhoea (6 to 8 weeks) and suffered from
abdominal pain and/or vaginal bleeding. A positive pregnancy test increased the
suspicion of EP, and the patients were referred to the Early Pregnancy Assess-
ment Unit, Royal Hallamshire Hospital, Sheffield, United Kingdom. The diag-
nosis of EP was based on serial measurement of serum concentrations of beta
human chorionic gonadotropin and transvaginal ultrasound. All participants had
no sign of previous infection in their clinical notes. The participants were se-
lected to join the study according to the following criteria: (i) women diagnosed
with EP following spontaneous conception and for whom salpingectomy is
planned on clinical management grounds, (ii) clinical determination that the
patient is hemodynamically stable, and (iii) clinical decision to undertake uni-
lateral salpingectomy.

(i) Fallopian tube samples. Fresh fallopian tube samples were obtained at the
time of salpingectomy from 14 women diagnosed with EP (median age, 29 years;
range, 24 to 36 years; mean gestational age calculated from the last menstrual
period, 6.5 weeks * 1.5 week). All participants in this group conceived sponta-
neously and were not taking exogenous progesterone.

(ii) Venous blood samples. Blood samples were collected from all participants
to investigate the serological markers of C. trachomatis. All blood samples were
delivered as nonheparinized whole blood and had been centrifuged briefly to
sediment out the red blood cells and to separate the serum, which was then
stored in —20°C freezers until processed.

Sampling and processing. The fallopian tubes were excised at least 1 cm away
from the implantation site to avoid collecting any embryonic or trophoblastic
tissue and to ensure the integrity of tubal morphology and function. Each sample
was then divided into three equal pieces using DNase- and RNase-free equip-
ment (baked at 200°C for 4 h), with one piece being immediately fixed in 10%
buffered formalin for immunohistochemistry and the other parts snap-frozen and
stored at —80°C for the nucleic acid amplification tests.

Genomic DNA extraction. Genomic DNA was extracted from the fallopian
tube samples using the QTAamp DNA minikit (Qiagen, Crawley, United King-
dom) according to the manufacturer’s instructions. The quality and quantity of
extracted DNA were assessed with a NanoDrop 1000 spectrophotometer
(Thermo Fisher Scientific) and typically had an A,/A4,g, ratio of 1.7 to 1.9.
Extracted DNA was stored at —80°C until used.

Single PCR and N-PCR procedures. (i) Human genomic DNA. Detection of
human genomic DNA was performed by PCR using primers PCO3 (62) and
PCO6 (33) (Table 1) specific for the human B-globin gene. The PCR was
performed on 10 wl of the extracted DNA sample in a final reaction mixture of
25 pl. The final reaction mixture contained 2.5 mM MgCl,, 1X KCI PCR buffer,
200 pM deoxynucleoside triphosphates (dTNPs), 50 pmol of each primer, and 1
U Taq DNA polymerase. The PCR consisted of 40 cycles, comprising denatur-
ation at 94°C for 1 min, primer annealing at 55°C for 40 s, and primer extension
at 72°C for 40 s. Before the PCR assay, the tubes were incubated at 94°C for 4
min, and after PCR, they were incubated at 72°C for 8 min. The expected PCR
product of 326 bp was visualized on a 0.8% agarose gel after ethidium bromide
staining. This PCR was used to show the presence of human DNA, the success
of DNA extraction, and the absence of PCR inhibitors.

(ii) N-PCR for the detection of C. trachomatis DNA. The nested PCR (N-PCR)
consisted of two rounds of amplifications using two sets of primers, and it was
carried out as previously described (22). The expected PCR product of 320 bp
was examined on a 0.8% agarose gel after ethidium bromide staining and was
confirmed by sequencing and comparison of the amplicon to GenBank accession
no. 144462. C. trachomatis serovar LGV1 DNA was used as a positive control,
and distilled deionized water in place of DNA template was used as a PCR-
negative control to demonstrate whether there was any contamination with C.
trachomatis DNA.

To verify the absence of inhibitors, 9 pl of each eluted tubal DNA sample was
spiked with 1 ul of diluted positive control at a concentration of 1:10°, resulting
in a final concentration of 1:10° for spiked samples, which were then processed
for N-PCR.
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TABLE 1. Sequences of PCR primers used for the detection of B-globin, C. trachomatis, activin A and BB subunits, follistatin, ActRIIA,
ActRIIB, iNOS, and B-actin

Primer

Sequence

Forward

Reverse

3-Globin
C. trachomatis 1
C. trachomatis 2

T1: 5'-GGACAAATCGTATCTCGG-3’

BA subunit 5'-CCACTCAACAGTCATCAACCACTA-3'
BB subunit 5'-AGCCTCCAGGATACCAGCAA-3’
Follistatin 5'-GCCACCTGAGAAAGGCTACCT-3’
ActRIIA 5'-AGGAGGAAATTGGCCAGCAT-3’
ActRIIB 5'-TTCAGTTCCACACCACAAATCC-3'
INOS 5'-CCTCAAGTCTTATTTCCTAACGTT-3'
3-Actin 5'-ATCCCCCAAAGTTCACAATG-3’

PCO3: 5'-ACACAACTGTGTTCACTAGC-3'

T3: 5'-ATTAACCCTCACTAAAGGGA-3'

PCO6: 5'-CATCAGGAGTGGACAGATCC-3’

T2: 5'-GAAACCAACTCTACGCTG-3’

T4: 5'-GCCATGTCTATAGCTAAAGC-3’
5'-TGGGCACACAGCACGATT-3’
5'-TCTCCGACTGACAGGCATTTG-3’
5'-ATCTTCACAGGACTTTGCTTTGATAC-3’
5'-CAATGGTTTCACAGAGCATTGC-3’
5'-ACACTACCATTAAGATCATGTCCAGTTC-3'
5'-CCGATCAATCCAGGGTGCTA-3'
5'-GTGGCTTTTAGGATGGCAAG-3’

Serological markers for C. trachomatis. (i) IgG against C. trachomatis MOMP.
An enzyme immunoassay kit (AniLabsystems, Finland) was used for the detec-
tion of IgG antibodies against C. trachomatis MOMP. The test is considered
species specific as it is based on synthetic peptides derived from the C. tracho-
matis-specific variable domain of MOMP. This allows the screening and diagno-
sis of C. trachomatis infections without interference of C. pneumoniae antibodies
(45).

All samples were processed in duplicate according to the manufacturer’s
instructions. Briefly, sera were diluted 1:9 in sample diluent provided with the kit
and were subsequently tested in microplates coated with chlamydia-specific re-
combinant MOMP fragments. The plates were incubated for 30 min at 37°C in
a humid chamber. The plates were washed five times with wash solution (400
wl/well) and tapped dry. To each well, 200 nl of conjugate (horseradish per-
oxidase-conjugated goat anti-human IgG) was added, and the plates were incu-
bated for 30 min at 37°C. Again the plates were washed five times with wash
solution (400 pl/well) and tapped dry. To each well, 200 pl of tetramethyl-
benzidine substrate was added, and the plates were incubated for 15 min at room
temperature in a dark place. Finally, 100 wl of 0.45 mol/liter sulfuric acid was
added to stop the color reaction. The optical density of the plates was measured
in a spectrophotometer at 450 nm. Threshold indexes were calculated according
to the manufacturer’s instructions, and the cutoff value for a positive test was 1.4.

(ii) MIF test. IgG antibodies to C. trachomatis, Chlamydia pneumoniae, and
Chlamydia psittaci were detected using the Chlamydia 1gG SeroFIA kit (Savyon
Diagnostics, Ltd., Ashdod, Israel). The kit is a macroimmunofluorescence assay
based on the principles of the MIF test. For this purpose, all samples were
diluted by adding 10 wl of the serum in 630 pl of serum diluent provided in the
kit. This was followed by the incubation of 10 pl from each diluted sample on the
microscope slides, dotted with three chlamydial antigens, for 30 min at 37°C in
a moist chamber. The slides were washed four times with wash buffer and twice
with distilled water and incubated with conjugated fluorescein-labeled rabbit
anti-human IgG for 30 min at 37°C. Again the slides were washed four times with
wash buffer and twice with distilled water. Mounting fluid was added to the slides,
and a coverslip was placed on the slides. Positive reactions, inclusions presenting
a brilliant apple green fluorescence, were identified with the aid of a fluorescence
microscope (Olympus Vanox with a B2 filter) at a X400 magnification. All slides
were evaluated independently by two readers. In case of disagreement, the
judgment of a third reader was decisive.

(iii) IgG against chsp60. An enzyme-linked immunosorbent assay kit (Medac,
Germany) was used for the detection of IgG antibodies against C. trachomatis hsp60.
The test is considered species specific as it uses a recombinant hsp60 from C.
trachomatis. All samples were processed in duplicate according to the manufactur-
er’s instructions. Briefly, 10 pl of each sample was diluted in 490 pl sample diluent
provided with the kit, and subsequently 50 wl was tested in microplates coated with
recombinant hsp60 from C. trachomatis. The plates were incubated for 60 min at
37°C in a humid chamber. The plates were washed three times with wash solution
(200 pliwell) and tapped dry. To each well, 50 pl of conjugate (horseradish perox-
idase-conjugated goat anti-human IgG) was added, and the plates were incubated
for 60 min at 37°C. Again the plates were washed three times with wash solution (200
pliwell) and tapped dry. To each well, 50 wl of tetramethylbenzidine substrate was
added, and the plates were incubated for 30 min at room temperature in a dark
place. Finally, 100 pl of 0.45 mol/liter sulfuric acid was added to stop the color
reaction. The optical density at 450 nm of the plates was measured in a spectropho-
tometer. Threshold indexes were calculated according to the manufacturer’s instruc-
tions, and the cutoff value for a positive test was 1.1.

Immunohistochemistry. The immunohistochemistry protocol was carried out
as previously described (60). The sections were observed on a Labor Lux micro-
scope (Leitz, Wetzlar, Germany) at magnifications of X100, X250 and X400. A
positive reaction was characterized by the presence of brown staining. Each
section was examined by two observers who were blinded to the source of tissue,
and the intensity of staining was measured according to the following semiquan-
titative scale: 0, negative; 1, equivocally positive; 2 to 4, weakly positive; 5 to 7,
positive; and 8 tol0, strongly positive. Representative sections were photo-
graphed using an Olympus digital camera at X250 and X400 magnifications.

Real-time PCR. (i) Laser capture microscopy. One of the snap-frozen pieces
was collected randomly, and the epithelial cells were microdissected using a laser
capture microdissector (Arcturus, Hertfordshire, United Kingdom) to study the
levels of mRNA expression as previously described (60).

(ii) cDNA synthesis. RNA extraction and cDNA synthesis were carried out as
using the RNeasy FFPE kit (Qiagen, Ltd., Crawley, United Kingdom) and the
RETROscript kit (Applied Biosystems, Warrington, United Kingdom) as previ-
ously described (60).

(iii) Quantitative PCR. PCR was performed with cDNAs, Power SYBR green
master mix (Applied Biosystems, Warrington, United Kingdom), and primers
(Metabion, Germany) (Table 1) as previously described (60). Universal human
RNA (Stratagene, Amsterdam, The Netherlands) was used as a positive control, and
two negative controls were included, one with a minus-reverse transcription (minus-
RT) control. All experiments were performed in triplicate.

Results were analyzed using Mx3000P (Stratagene, Hemel Hempstead, United
Kingdom). Relative levels of expression of mRNA quantities of the different
molecules were compared between the MIF-positive, chsp60-only-positive, and
absolute C. trachomatis-negative fallopian tube epithelial cells collected from EP.
The threshold cycle (2724 values were normalized against threshold value of
human B-actin. The results are expressed as means * standard deviations.
Statistical analysis was performed using one-way analysis of variance, and P <
0.05 was considered significant.

RESULTS

N-PCR for the detection of C. trachomatis DNA. DNA sam-
ples from all fallopian tubes were positive for the human B-glo-
bin gene, and the expected PCR product of 326 bp was
visualized on 0.8% agarose gel.

All tissue samples from the 14 patients with EPs were neg-
ative for C. trachomatis DNA using N-PCR (Fig. 1A). Spiked
tubal DNA samples containing a known dilution of DNA from
C. trachomatis were used as internal inhibition controls for
each sample to detect inhibition of the amplification reaction.
All spiked samples were positive, suggesting that there was no
inhibition of the amplification reaction and that chlamydial
DNA could be detected (Fig. 1B).

Serological markers of C. trachomatis. Five patients were
positive for C. trachomatis MOMP IgG and were also positive
for IgG antibodies against C. trachomatis by MIF. Eight pa-
tients had IgG antibodies for chsp60, and five were negative to
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FIG. 1. PCR results from C. trachomatis plasmid in tubal samples and their corresponding spiked DNA samples. (A) A 0.8% agarose gel
showing the 1-kb ladder (lane 1) and the 320-bp N-PCR product of the C. trachomatis plasmid in all spiked tubal DNA samples (lanes 2 to 16)
from EP patients; (B) a 0.8% agarose gel showing the 1-kb ladder (lane 1), the 320-bp N-PCR product of the C. trachomatis plasmid-positive

control (lane 2), and negative samples from the EP group (lanes 3 to 16).

all markers. IgG antibodies against C. psittaci were not de-
tected in any sample (Table 2).

When individual patients were considered, four patients
were positive for all serological markers and one patient was
positive by MOMP and MIF only. However, one patient (pa-
tient 8) showed cross-reactivity between C. trachomatis and C.
pneumoniae 1gG by MIF, although the maximum recom-
mended titration (1:512) was used (Table 2). Four patients
were only found positive for chsp60, and five were found neg-
ative for all serological markers of C. trachomatis (Table 2).

Immunohistochemistry. The patients were classified into
three groups according to their C. trachomatis serological re-
sults. The first group (CT+) included five patients who had
detectable IgG antibodies against chlamydial MOMP and/or

TABLE 2. Summary of individual patient results for chlamydial
DNA and serological markers

Result for patient:

Assay

2 3 45 6 7 8 9 1011 12 13 14
MOMPIgG + - + - — — — + — — — + — +
MIF e L T i I
HSP-60 -+ + + - - -+ 4+ - -+ + +
N-PCR - - - - = = = = = === ==

“ Antibodies to C. trachomatis were detected.
b Antibodies to C. trachomatis and C. pneumoniae were detected.

chsp60 and who were found positive by MIF. The second group
(CHSP60+) included four patients who only had detectable
IgG antibodies against chsp60. The third group (CT-) in-
cluded five patients with EP and who were found negative by
the three serological markers. Immunohistochemistry was per-
formed to investigate the expression of activins, their type II
receptors, follistatin, and iNOS among the three groups, with
the CT— group acting as a control.

A positive antigen-antibody reaction was characterized by
a brown staining, and all target molecules were found to be
expressed in the cytoplasm of the tubal epithelial cells (Fig.
2 to 4). The intensity and the distribution of the immuno-
stain of all molecules were higher in the CT+ and
CHSP60+ patients than in the CT— group, except for the
levels of activin BB subunit, which were similar among the
three groups (Table 3).

(i) Expression of the activin BA subunit. The antibody
clearly labeled the cytoplasm of the tubal epithelial layer in
the three groups and showed similar distributions. However,
the intensity of the immunoexpression was stronger in the
CT+ (Fig. 2B) and CHSP60+ (Fig. 2C) groups than in the
tubal samples collected from the CT— group (Fig. 2A). No
difference was noted between the CT+ and the CHSP60+
groups.

(ii) Expression of the activin 3B subunit. The BB subunit was
localized in the epithelial cells of all tubal samples and did not



VoL. 16, 2009

ACTIVIN AND iNOS IN C. TRACHOMATIS-INFECTED WOMEN 1497

FIG. 2. Immunohistochemical localization of the activin BA (A, B, and C) and BB (D, E, and F) subunits in fallopian tubes from the CT— (top
row), CT+ (middle row), and CHSP60+ (bottom row) groups. Magnifications for all panels, X400. Scale bar, 10 pm.

show any difference in either the distribution or the intensity of

expression between the three studied groups (Fig. 2D to F).
(iii) Expression of activin receptor type IIA. The antibody

against activin type IIA receptor clearly labeled the cytoplasm

TABLE 3. Immunohistochemical staining of activin A and BB
subunits, receptor types IIA and IIB, follistatin, and iNOS
in the CT-, CT+, and CHSP60+ groups

Mean * SD staining for group”:

Protein

CT- CT+ CHSP60+
Activin BA 6.35 * 1.18 9.25 = 0.91* 9.25 = 0.68*
Activin BB 5.65 = 0.98 6.05 = 0.88 6.68 = 1.07
Receptor type 1A 45+ 094 7.55 £ 1.14* 8.43 = 1.31*
Receptor type 1B 6.35 £ 1.13 9.1 =0.78* 9.3 *+0.8*
Follistatin 49+1 845+ 1.1* 9.12 = 0.95*
iNOS 6.6 131 8.95 = 0.75* 9.43 = 0.62*

“The values shown represent the mean of the immunohistochemical stain-
ing * standard deviation on a scale from 0 to 10. *, P < 0.05 compared to CT—.

of all the epithelial cells in the three groups, and there was no
difference in the distributions of the immunostain (Fig. 3A to
C). However, the intensity of staining was stronger in the CT+
(Fig. 3B) and CHSP60+ (Fig. 3C) groups than in the tubes
collected from the CT— group (Fig. 3A). The intensities of
expression were similar between the CT+ and CHSP60-+
groups.

(iv) Expression of activin receptor type IIB. The immuno-
localization of activin type IIB receptor revealed that the pro-
tein was expressed in the cytoplasm of the epithelial layer. The
distribution of the immunostain in the CT— group was patchy
and did not cover all cells from the epithelial layer (Fig. 3D).
Additionally, the intensity of immunostaining was stronger in
the CT+ (Fig. 3E) and CHSP60+ (Fig. 3F) groups than in the
CT— group (Fig. 3D). No difference was found between the
CT+ and CHSP60+ groups.

(v) Expression of follistatin. All tubal epithelial cells from
the three groups were stained, and the antibody clearly labeled
the cytoplasm of the tubal epithelium (Fig. 4A to C). The
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FIG. 3. Immunohistochemical localization of activin type IIA (A, B, and C) and IIB (D, E, and F) receptors in fallopian tubes from the CT—
(top row), CT+ (middle row), and CHSP60+ (bottom row) groups. Magnifications for all panels, X400. Scale bar, 10 pm.

intensity of the immunostaining to the follistatin antibody was
stronger in the CT+ (Fig. 4B) and CHSP60+ (Fig. 4C) groups
than in the CT— group (Fig. 4A). No difference was found
between the CT+ and CHSP60+ groups.

(vi) Expression of iNOS. Positive staining was observed in all
tissue samples for the iNOS antibody. The antibody clearly
labeled the cytoplasm of the tubal epithelial cells in all groups.
The immunostain of iNOS in the CT— groups was mainly
localized in the apical region of the cytoplasm (Fig. 4D). In the
CT+ and CHSP60+ groups, the immunostain was localized in
the cytoplasm of all epithelial cells (Fig. 4E and F). The inten-
sity of expression was higher in the CT+ (Fig. 4E) and
CHSP60+ (Fig. 4F) groups than in the CT— group (Fig. 4D).
No difference was found between the CT+ and CHSP60+
groups.

Quantitative RT-PCR. The relative levels of mRNA expres-
sion of activin BA and BB subunits, type ITA and IIB receptors,
follistatin, and iNOS were determined by SYBR green quan-
titative RT-PCR analysis in all the groups. Results from B-ac-

tin failed to show any statistically significant variation between
the different samples (P > 0.05), which indicates that the
loading of RNA from the different samples was similar. Using
the 2724 method, mRNA expression results were normalized
against B-actin and expressed as change (fold) compared to the
CT— group. Statistical analysis was performed using one-way
analysis of variance. Our results demonstrated that the expres-
sion of activin BA subunit, activin type IIA and type IIB re-
ceptors, follistatin, and iNOS genes was significantly higher in
the CT+ and CHSP60+ patients (P < 0.05) than in the CT—
group (Fig. 5). However, there was no significant statistical
variation in the expression of these genes between the CT+
and CHSP60+ groups (P > 0.05). Activin BA subunit, type ITA
receptor, and follistatin increased by twofold in the CT+ and
CHSP60+ groups in comparison to the CT— group. Type 1I1B
receptor and iNOS gene increased by threefold in the same
groups compared to the CT— group. The activin BB subunit
failed to show any significant changes between the three
groups (P > 0.05). The gene expression of all molecules was
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FIG. 4. Immunohistochemical localization of follistatin (A, B, and C) and iNOS (D, E, and F) in fallopian tubes from the CT— (top row), CT+
(middle row), and CHSP60+ (bottom row) groups. Magnifications for all panels, X400. Scale bar, 10 pwm.

found to correlate with the results obtained from immunohis-
tochemistry.

DISCUSSION

In this study, we examined the prevalence of C. trachomatis
infection in samples collected from EP patients using N-PCR
and serological markers. We also studied whether the observed
increase in the expression of activins and iNOS by tubal epi-
thelial cells collected from EP patients was associated with C.
trachomatis infection.

This is the first study to show an increase in the expression
of the activin BA subunit, type II receptors, follistatin, and
iNOS within the human fallopian tube bearing an EP in pa-
tients who were serologically positive for C. trachomatis. Fur-
thermore, a similar expression profile was observed in the
fallopian tubes of patients with detectable antibodies only
against chsp60. These results were shown at the mRNA and

protein levels, as confirmed by quantitative RT-PCR and im-
munohistochemistry.

A limitation of our study is that it presents data from a small
sample size (14 patients), and increasing the number of par-
ticipants would increase the statistical power of the study.
However, previous published reports investigating the role of
C. trachomatis infection in the pathogenesis of EP generated
their results from a similar sample size, emphasizing the diffi-
culties of patient recruitment (8, 61). Nevertheless, we were
able to detect a significant difference between the different
groups (P < 0.05) at the mRNA and protein levels, suggesting
that these candidate molecules have a role in microbial-medi-
ated immune response within the human fallopian tube. A
further limitation of the study is that immunohistochemistry is
a semiquantitative and subjective technique, and it lacks stan-
dardization. Thus, discrepancies in the result may arise from
inter- and/or intraobservers’ variations in the interpretation of
the immunostains (73). However, immunohistochemistry is
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FIG. 5. Quantitative RT-PCR analysis of activin BA (panel 1) and BB (panel 2) subunits, follistatin (panel 3), type IIA (panel 4) and IIB (panel
5) receptors, and iNOS (panel 6) in the fallopian tubes collected from the CT—, CT+, and CHSP60+ groups. *, P < 0.05 compared to CT—.

widely used in routine diagnostic work and for scientific re-
search in pathology and cytology (51, 63, 73).

Nucleic acid amplification tests, which include N-PCR, are
more typically used for screening and diagnosing chlamydial
infections. The plasmid target DNA is present only in C. fra-

ectopic pregnancy. All samples were stored at —70°C and
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heated at =95°C to remove inhibitors (72), which could lead to
false-negative results (14). PCR of human B-globin and spiked
tubal DNA samples with a known dilution of DNA from C.
trachomatis showed all specimens to be positive, suggesting the
absence of inhibitors and detection of the target organism.

Similar findings were reported by five previous studies that
were unable to detect C. trachomatis DNA in 189 tubal samples
collected from EP patients with positive serological markers of
C. trachomatis (5, 8, 19, 37, 50). In contrast, C. trachomatis
DNA was found in 0.03 to 70% of the cases in another five
studies (4, 15, 33, 47, 70). One explanation for the nondetec-
tion of chlamydial DNA in our case group could be the small
sample size. However, the two studies with the highest posi-
tivity rates (67% and 70%) (4, 15) used fresh material, and the
numbers of patients were low (n = 24 and n = 10), similar to
our study. It has been suggested that this difference in results
could be technical in nature, such as loss of chlamydial DNA
during sampling or extraction, or it may represent genuine
differences between patients (5). Another explanation could be
that patients whose fallopian tubes were negative for C. tra-
chomatis had a cervical or endometrial chlamydial infection,
sites that were not investigated in the present study (4).

EP was initially associated with C. trachomatis through se-
rological markers (8, 19). Our results showed that four patients
had detectable IgG antibodies against all the three serological
markers. Four patients had only detectable IgG antibodies
against chsp60. The MIF test has been considered the “gold
standard” for the serological diagnosis of chlamydial infec-
tions, and the discrimination between the different species of
chlamydia (18). The specificity of the MIF test can be esti-
mated by the ability to discriminate between C. frachomatis
and C. pneumoniae reactivity (5, 18). Our results showed that
five patients had IgG antibodies against C. trachomatis by MIF.
IgG antibodies against C. pneumoniae were detected in one
patient from the ectopic group (patient 8) by MIF, and they
showed cross-reactivity with C. trachomatis, even though the
maximum recommended titration (1:512) was used, suggesting
possible multiple infections.

C. trachomatis hsp60 is a strong antigenic target, and it may
mediate immune responses that lead to tubal pathology (68). It
has been suggested that antibodies against chsp60 reflect
chronic chlamydial infection (5, 68). Our results showed that
antibodies against chsp60 were detected in eight patients with
EP. Anti-chsp60 antibodies are significantly more common in
women with tubal pathology than in those without tubal pa-
thology (11). Sziller et al. have also reported that anti-chsp60
antibodies were significantly increased in tubal pregnancy and
that antibodies against amino acids 260 to 271 of the chsp60
were absolutely specific for the women with EPs (68). It has
also been suggested that chlamydial hsp60 may trigger an au-
toimmune response to host heat shock proteins because they
could cross-react with epitopes on the human homologue (68).

In our study, four samples were found to be positive for
chsp60 only and did not have detectable antibodies against C.
trachomatis by the two other markers. Heat shock proteins are
highly conserved proteins among the different species, and
activation of humoral and cellular responses to microbial
hsp60 (mhsp60) has been associated with a number of infec-
tious diseases (77). Antibodies against chsp60 were signifi-
cantly higher in women suffering from perihepatitis-salpingitis
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and did not have distinctive clinical or microbiologic findings of
C. trachomatis infection (43). Several other organisms have
been associated with PID, which may subsequently result in the
development of salpingitis and EP (10, 20, 38, 64). Neisseria
gonorrhoeae, Mycoplasma hominis, Mycoplasma genitalium, and
Ureaplasma urealyticum have been isolated from the fallopian
tubes or peritoneal fluid from women with PID, supporting a
possible role of these organisms in the development of tubal
pathology and subsequent EP or infertility (10, 64). Therefore,
samples positive for chsp60 only could represent cross-reactiv-
ity with hsp60 from the above bacteria.

Activins, their receptors, follistatin, and iNOS are expressed
in the human oviduct during the different phases of the men-
strual cycle and in early pregnancy (59, 60). We studied the
effect of C. trachomatis on the expression of activins, their type
IT receptors, follistatin, and iNOS in human fallopian tubes
bearing an EP.

Activins have been linked with a number of disease pro-
cesses associated with chronic inflammation and fibrosis (40,
74). At the present time, there is no direct evidence in the
literature on whether activin A is involved in the immune
response to C. trachomatis. However, cumulative data from
different studies suggest that activin A may play an important
role in host control of chlamydial infection (28-30, 41, 42). Our
study is the first to report an increase in the expression of
activin A and its related molecules in tubal specimens collected
from EP patients and patients who were serologically positive
for C. trachomatis.

All published studies on the role of activins in modulating
inflammation were on activin A, and there is no report in the
literature on whether the other activin isoforms (activin AB
and activin B) have a role in this process. Additionally, gene
manipulation studies have demonstrated distinct functions for
each activin isoform—at least during embryo development—
suggesting that activin BA and BB subunits do not functionally
overlap in all settings in vivo (6, 7). Therefore, the observed
nonsignificant difference in the expression of the activin BB
subunit in our study suggests that the other activin isoforms do
not have a role in controlling microbial-mediated immune re-
sponse in the human fallopian tube.

Activin A is released in sheep and mice following the injec-
tion of lipopolysaccharide, which is a major surface component
of C. trachomatis, as with other gram-negative bacteria (28,
29). Toll-like receptor 4 recognizes C. trachomatis lipopolysac-
charide (55), and it is responsible for the release of activin A in
sheep and mice (28, 29). Activin A also appears to be respon-
sive to the activation of Toll-like receptor 2 (42), which is
involved in the production of proinflammatory cytokine fol-
lowing C. trachomatis infection (48). Infection with C. tracho-
matis increased the production of tumor necrosis factor alpha
in human cervical tissue (66), interleukin-1 in human fallopian
tube bearing an EP (24), and interleukin-6 in serum from
women diagnosed with EP (65). These cytokines have been
reported to regulate the release of activin A in sheep and mice
(28, 30). Activin A has been reported to modulate the function
of B lymphocytes (49), which play an important role in con-
trolling reinfection with C. trachomatis (44).

Infection with C. trachomatis is associated with scar forma-
tion (1). Repeated C. trachomatis infection of pigtailed ma-
caque fallopian tubes produces a Thl-like cytokine response
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associated with fibrosis and scarring (71). Prolonged and/or
significantly increased expression of activins is involved in the
development of fibrosis. Activin A was increased in liver fibro-
sis in rats, and it was mainly localized around the fibrotic areas
(67). Increased expression of activin A was also detected in the
fibrotic lung in mice, and the upregulation of activin A corre-
lated with the appearance of fibrotic changes (39). Activin A is
involved in the inflammatory and repair phases occurring in
burnt skin, and it induces early scar formation (40). Our results
support the previous observations (28-30, 39-42, 67) as we
have shown an increase in the activin BA subunit, type II
receptors, and follistatin within the human fallopian tube of EP
patients and patients who were serologically associated with C.
trachomatis.

iNOS is expressed in the human fallopian tube, and it syn-
thesizes nitric oxide, which is lethal to a variety of intracellular
pathogens (9, 27). In vitro models have reported an increase in
iNOS activity following C. trachomatis infection (26). In vivo
studies have shown that iNOS may provide protection against
chronic C. trachomatis infection (56-58). It has also been re-
ported that elevated iNOS activity positively correlates with
protection from hydrosalpinx formation and prevention of the
systemic spread of C. trachomatis (25). Nitric oxide also in-
duces relaxation of fallopian tube smooth muscle (12, 13).
Therefore, the observed increase in the expression of iNOS in
our study suggests that iNOS may participate in the immune
response to C. trachomatis infection in humans and that in-
creased production of iNOS by tubal epithelial cells secondary
to chlamydial infection may lead to a delay in tubal motility
and the development of EP.

mhsps are dominant antigens, and they are extremely immu-
nogenic in humans (46). During an infection, microbes strongly
increase their mhsp60 synthesis to protect themselves from the
host’s immune response (3, 46). PID and subsequent salpingitis
can follow infection with several other organisms as well as C.
trachomatis (10, 64). mhsp60s are highly conserved between the
different pathogens, and they induce the release of cytokines and
provoke an immune response (69), which can lead to persistent
inflammatory reactions (77), and therefore tubal damage and scar
formation could also be triggered by other mhsp60s, due to the
high conservation of this protein between the different pathogens.
Our results showed that there was an increase in the expression of
activin BA subunit, type II receptors, follistatin, and iNOS in
fallopian tubes bearing an EP and in patients with only antibodies
against chsp60. Furthermore, there was no difference in the levels
of expression of these molecules between C. trachomatis-positive
patients and those that were only positive for chsp60. Increased
expression of these molecules may lead to impairment of tubal
motility, an increase in tubal receptivity, and subsequently the
development of EP.

We therefore suggest that tubal activin A, its type II recep-
tors, follistatin, and nitric oxide could be involved in the mi-
crobial-mediated immune response within the fallopian tube,
and their pathological expression may lead to tubal damage
and the development of EP.
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