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Role of Persistent Chlamydia Trachomatis Infection in
Development of Cervical Cancer

Mar1 NogucHai, HiromiTsU Y ABUSHITA, Y ASUYUKI NocucHI and MasavosHr NoGUCHI
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Aichi 480-1195, Japan (Director; Prof. Masayoshi Noguchi)

Objective: A high-risk type HPV DNA, Chlamydia trachomatis (C. trachomatis) DNA, C.
trachomatis-specific IgG and IgA antibodies, and Chlamydial heat shock protein 60 (CHSP60)
antibody were examined in healthy women and women with cervical intraepithelial neoplasia
and invasive carcinoma, to investigate possible relationships between C. trachomatis infection
and cervical cancer.

Study design: Sera and cervical cell samples were obtained from 122 healthy women with
negative cervical cytology (Group A), 23 women with mild or moderate cervical dysplasia
(Group B), 51 women with severe dysplasia and carcinoma in situ (Group C), and 47 women
with cervical invasive squamous cell carcinoma (Group D). High-risk HPV DNA was detected
using PCR-RFLP and C. trachomatis DNA was detected using PCR. Serum titers of C.
trachomatis-specific IgG, IgA and CHSP60 antibodies were measured using ELISA.

Results: Mean age for each group ranged from 40.4-48.3 years, with no significant
differences between groups.
neoplasia. Prevalence of high-risk HPV DNA was significantly higher in Groups C and D than
in Groups A and B. No subjects tested were positive for C. trachomatis DNA.
antibody titers to CHSP60 and positive rates were higher in Groups C and D than in Groups A
and B. Serum antibody titers to C. trachomatis IgA and IgG were also higher in Groups C and
D than in Groups A and B. IgG antibody positive rate was significantly higher in Groups C
and D compared to Groups A and B. Multiple regression analysis using groups as dependent
variables revealed the independent variables of age and CHSP60 as significant risk factors.

Conclusions: The finding that CHSP60 antibody is associated with increased risk of cervical
cancer suggests that persistent C. trachomatis infection may contribute to cervical neoplasia,
and that CHSP60 antibody could offer a significant prognostic marker of high-risk cervical
dysplasia.

Prevalence of smoking increased with progression of cervical

Serum

Key words: cervical cancer, dysplasia, Chlamydia trachomatis, HSP60

INTRODUCTION
Cervical cancer is one of the most common
cancers in women, and morbidity of cervical
dysplasia and carcinoma in situ is increasing
among teenagers”’. Human papillomavirus
(HPV) is the main, and likely necessary,

2)~4)

cause of invasive cervical carcinoma

Received December 24, 2004; Accepted January 19, 2005

ol

However, important questions remain un-
answered regarding the pathogenesis of HPV-
induced carcinogenesis. Although relative
risk of abnormal cytology is increased 40-
fold in HPV DNA-positive women compared
to negative women (and increased 150-fold

for HPV type 16), most cases of HPV resolve
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99 Only a small minority of

spontaneously
individuals exposed to HPV develop cervical
neoplasia. Microbe- or host-specific co-
factors must therefore be involved in the
pathogenesis. Identification of cofactors act-
ing in conjunction with HPV, such as exoge-
nous hormones, multiparity, smoking and
other sexually transmitted infections, is
important, since these factors may be amena-
ble to prevention”™?.

Among sexually transmitted infections,
prevalences of HPV and genital Chlamydia
trachomatis (C. trachomatis) infection have
decade.
Positive rate for HPV in Japan is reportedly
45.3% in teenagers, 39.5% for 20- to 24-year-
olds, and 26.7% for 25- to 29-year-olds, and
morbidity for genital C. trachomatis in-
creased 3-fold from 1989 to 1999. Recent

studies have aimed to identify factors that

increased rapidly over the last

may influence susceptibility to HPV.

C. trachomatis is an obligate intracellular
bacterium that replicates in membrane-
bordered cytoplasmic inclusions of cervical
epithelial cells. Most genital chlamydial infec-
tions are asymptomatic and can persist long-
term, potentially causing pelvic inflammatory
disease (PID), adverse pregnancy outcomes
and tubal factor infertility in women. It was
repeated that exposure to C. trachomalis is
possible to be associated with carcinoma in
situ and cervical cancer ™%,

Chlamydial heat shock proteins (CHSPs)
are recognized as immunodominant chla-
mydial antigens that are over-expressed in
response to physical and chemical stress
stimuli of any kind in order to protect
themselves against adverse conditions™® .
Other than representing a major antigen
inducing strong immune responses, higher

level of CHSP60 antibody are reportedly

-168-

present in women with down-regulated cell-
mediated immunity, and reflects persistent C.
trachomatis infection'™. Recently, associa-
tions between CHSP60-1 antibodies and
cervical squamous cell cancer have also been
reported®.

The present investigation involved a retro-
spective study of 243 women regarding risk
of abnormal cervical cytology. Particularly
among young populations, a prognostic index
would prove useful in managing cases with
cervical dysplasia displaying risk of carci-
noma in situ and invasive cancer, because
treatments must be determined with consid-
eration of future fertility. Titers of high-risk
type HPV DNA, C. trachomatis DNA, and
serum C. trachomatis antibodies were tested
in women with normal and abnormal cytol-
ogy, to investigate possible cause-and-effect
relationships between C. trachomatis infec-
tion and dysplasia, carcinoma in situ and
squamous cell carcinoma. Furthermore,
whether serum CHSP60-1 antibody titer could
be used as a prognostic factor for high-risk
cervical dysplasia was investigated.

MATERIALS AND METHODS

Subjects comprised 243 women who under-
went Papanicolaou (Pap) smears at Aichi
Medical University between June 2002 and
June 2004. Subjects were classified into 4
groups: Group A, control cases with negative
Pap smear results or histological diagnosis
of no malignancy (n=122); Group B, abnor-
mal Pap smear results and histological
diagnosis of mild or moderate dysplasia
(n=23); Group C, abnormal Pap smear
results and histological diagnosis of severe
dysplasia or carcinoma in situ (n=>51); and
Group D, abnormal Pap smear results and
histological diagnosis of cervical squamous
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Table 1. Group characteristics

Group A Group B Group C Group D
n 122 23 51 47
Age
Mean+SD 42.1%11.6 40.4+10.8 41.9+10.9 51.4%14.7
Range 19—18 2059 2612 28—85
Smoking 20.70% 30% 35.30% 35.70% A vs. C, p<0.05 (OR 2.09)

High-risk HPV DNA  5/26 (19%) 11/21 (52%)

24/28 (86%6)

A vs. C, p<0.01 (OR 25.2);
7/8 (87.5%) A vs. D, p<0.001 (OR 29.4);
Bvs. C, p<0.05 (OR 5.45)

CT DNA 0% 0% 0% 0%
CT IgG
Titer 0.378+0.892  1.055+1.401 1.461+2.518  1.841%2.745 A vs. C or D; p<0.01

A vs. B, p<0.05 (OR 3.66);

9% positive 10.66% 30.43% 39.22% 38.30% A vs. C, p<0.001 (OR 5.41);
A vs. D, p<0.001 (OR 5.2)
CT IgA A vs. Cor D, p<0.01;
Titer 0.327+0.375  0.700+0.789  0.835+1.697  1.499+2.897 BorCyvs. D, p<0.05
" A vs. B, p<0.05 (OR 3.95);
0 0, 0, 0, Q
9% positive 8.20% 26.09% 13.73% 25.53% A vs. D, p<0.001 (OR 3.80)
CHSP60 A vs. C or B, p<0.01;
Titer 0.291+0.386  0.522+0.548  0.609£0.717  0.837%0.956 B or Cvs. D, p<<0.05
. .00 3);
9 positive 24.59% 39.13% 54.90% 48.94% A vs. G, p<0.001 (OR 3.73)

A vs. D, p<0.001 (OR 2.94)

cell carcinoma (n=47). Written informed
consent was obtained from all subjects prior
to enrolment in the study. Participants were
asked to provide 7 ml of blood for detection
of C. trachomatis and CHSP60 antibodies
using enzyme-linked immunosorbent assay
(ELISA). Blood samples were processed by
centrifugation and separated serum was
placed into vials and frozen at —80°C. Eighty
three were enrolled for detection of high-risk
type HPV DNA and C. trachomatis DNA
(Group A, n=26; Group B, n=21; Group C,
n=28; and Group D, n=8). Cervical swab
specimens were taken between September
2003 and June 2004.

High-risk type HPV DNA detection

Cervical exfoliated cells were collected and
HPV DNA was amplified using L1 consensus
HPV primers by polymerase chain reaction -
(PCR) assay. PCR products were electro-
phoresed on agarose gel and visualized under
UV transillumination. High-risk type HPV
DNA typing was performed by restriction
fragments length polymorphism (RFLP)
assay, which identified 26 types, including
HPV types 16, 18, 31, 33, 35, 45, 52, 58, 39, 61,
68, and 70 that are oncogenic and strongly
linked to precancer. HPV types that could
not be identified using PCR-RFLP methods
undetermined.  Test

were reported as

sensitivity was about 0.1 copies per cell”.
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Table 2. Characteristics for Groups A+B and C+D

Group A+B Group C+D
n 145 98
Age
Mean*SD 4551+11.6 41.8+10.8
Range 19—173 26—85
2
. x° =5.1384, p<0.05,
k 21.909 369
Smolking % 6% OR=1.9516
2
. . x” =22.5024, p<<0.0001,
High-risk HPV A 16/47 (349 31/36 (869
igh-ris DN /47 (349%6) /36 (86%) OR=12.0125
CT DNA 0% 0%
CT IgG
Titer 0.48+1.071 1.64373.100 <001
2
.. x° =20.0849, p<C0.0001,
% 13.799 789
6 positive % 38.78% OR =3.9583
CT IgA
Titer 0.3863+0.618 1.1538+2.631 p<0.05
2
.. x* =3.3097, p<<0.0689,
9 11.03% 19.399
% positive % % OR =1.9301
CHSP60
Titer 0.3278+0.536 0.7188+£1.111 p<0.01
2
... x* =15.8542, p<{0.0001,
9 26.909 049
% positive % 52.04% OR=2.9493

C. trachomatis DNA assay

C. trachomatis DNA was identified by PCR,
using the Gene Amplicor PCR system 9600R®
(Roche Diagnostic Systems). Detection of
positive results was performed according to
the manufacturer’s instructions. From col-
lected cervical exfoliated cells, C. trachomatis
plasmid DNA was amplified by PCR and
detected using specific DNA probe methods™.

C. trachomatis antibody detection

Serum IgG and IgA antibodies to C.
trachomatis were measured by ELISA using
the Hitazyme chlamydia kit (Hitachi Chem-
ical Co.), which applies elementary body
(EB) outer membrane purified from C.
trachomatis EBs as antigen. Detection was
performed according to the manufacturer’s

instructions. Optical density (OD) values

were read at 450 nm using a micro-plate
reader. Cut-off values were calculated from
an average absorbance unit obtained by
testing negative control sera®. The cut-off
index for this study was 1.0, with £ 10%
equivocal.

CHSP60 antibody detection

CHSP60 antibodies were measured using a
CHSP60-IgG-ELISA kit (Medac), which ap-
Anti-
bodies from sera were bound to a plate
coated with recombinant CHSP60. Next,
peroxidase-conjugated anti-human IgG anti-

plies recombinant CHSP60 as antigen.

bodies were bound, and then incubated with
TMB-Substrate.
nm, and cut-off value was calculated as mean
OD of the negative control +0.35". The cut-
off index used for each kit in this study

OD values were read at 450
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Table 3. Multiple regression analysis using groups as dependent variables

Independent variables Regression value t p
Smoking 0.3 1.6 0.1115
Oral contraception 0.435 0.382 0.7027
Age 0.019 2.621 0.0094
CT IgA titer 0.054 0.737 0.4621
CT IgG titer 0.055 —0.678 0.4989
CHSP60 titer 0.38 2.163 0.0319

ranged from 0.383 to 0.471 with £=10% equiv-
ocal.

Statistical analysis

Statistical analysis was performed using
Stat Mate III and SPSS statistical software.
Values of p<0.05 were considered significant,
and all p-values were 2-sided. A receiver
operating characteristic (ROC) curve was
used to define diagnostic accuracy for

progression of cervical neoplasia.

RESULTS
Mean age for each group ranged from 40.4-
48.3 years (Table 1).
smoking
disease progression from 20.7% in Group A

Frequency of increased with
to 35.7% in Group D, and was significantly
higher in Groups C and D than in Groups A
and B (Table 2).

Results of HPV tests were similar to
previous reports, reconfirming the carcino-
genesis of HPV infection®®.
ency of HPV significantly
higher in Group C and D than in Groups A
and B (Tables 1 and 2).

No subjects tested were positive for C.
trachomatis DNA (Table 1).

Serum antibody titers to CHSP60 increased
with degree of neoplastic change, and were

Namely, frequ-
infection was

significantly associated with Group C and
Group D. Positive rates of Group C and
Group D were also significantly higher than
Group A. Both antibody titers and positive
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rates were significantly higher in Groups C
and D than in Groups A and B (Tables 1 and
2).

Serum antibody titers to C. trachomatis
IgA and IgG also increased with degree of
neoplastic change, showing significant asso-
ciations with Group C and Group D. Both
titers were significantly higher in Groups C
and D than in Groups A and B.
positive rate for IgA antibody titer was
associated with Group B and Group D.
Positive rates for IgG antibody titer were

Increased

significantly higher in all abnormal groups
than in Group A, and in Groups C and D
compared to Groups A and B (Tables 1 and
2).

Multiple regression analysis using groups
as dependent variables and smoking, oral
contraceptive use, age, C. trachomatis IgA
and IgG titers and CHSP60 as independent
variables, revealed age and CHSP60 as signifi-
cant risk factors (Table 3).

Analysis of the ROC curve revealed a cut-
off index with high diagnostic accuracy for
C. trachomatis IgA antibody at 0.67, with
24.5% sensitivity and 84.9% specificity. Cor-
responding figures were 0.69, 41.8% and
84.2% for IgG, and 0.67, 31.4% and 88.3% for
CHSP60 (Figure 1).

DISCUSSION
Apparent history of C. trachomatis infec-
tion was more frequent in Groups C (severe
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Fig. 1. ROC curve on C. trachomatis antibodies with

group C+D as state variable

dysplasia or carcinoma in situ) and D
(invasive squamous cell carcinoma), since
serum C. trachomatis IgA, IgG and HSP60
antibodies were significantly higher than in
Group A (controls). When comparing Groups
A and B to Groups C and D, Chlamydial
antibodies were significantly elevated in
Groups C and D, suggesting C. trachomatis
infection as a cofactor in progression from
mild or moderate dysplasia to severe dys-
plasia, carcinoma in situ and invasive cancer.

Although high-risk HPV types would be
predominantly responsible for cervical car-
cinoma, other risk factors may conceivably
be involved at some stage in the carcinogenic
process. Early epidemiological studies have
identified numerous risk factors for cervical
carcinoma. Environmental factors include
living in a developing nation (2-6 times),
sexual activity (2-5 times), low socioeconomic
status (2-3 times) and multiparity (24
times). Other factors include smoking (2-4
times), use of oral contraceptives (1.5-2
times), and low intake of vitamin C and
carotene (2-4 times)™.

The concept of associations between C.
trachomatis and dysplasia, carcinoma in situ
and invasive cancer is not new. C. tracho-
matis causes severe Iinflammation of the
cervix associated with metaplastic atypia of
the cervical transformation zone. A number
of seroepidemiological studies have also
found associations between C. trachomatis
and cervical cancer after adjusting for HPV
DNA and smoking™™"®. A case-control study
showed increasing risk of squamous cell
carcinoma with higher C. trachomatis anti-
body titers, particularly in women <(55-years-
old”™. Large nested case-control studies from
3 Nordic countries reported that C. tracho-
matis serotype G was most strongly as-
sociated with subsequent development of
cervical squamous cell carcinoma'®. As for
CHSPs, only the association with CHSP60-1
has been reported”. Fewer studies have ex-
amined progressive risk of dysplasia, but
smoking and C. trachomatis infection were
revealed as significant risks after adjustment
for HPV antibodies™.

The present study investigated C. trachoma-
tis infection as a possible cause of high-risk
dysplasia, and examined whether serum
CHSP60 antibody titer could be used as a risk
factor. In mild dysplasia, likelihood of regres-
sion is 6096, persistence 30%, progression to
carcinoma in situ 10%, and progression to
invasive cancer 1%. Corresponding figures
for moderate dysplasia are 40%, 40%, 20%
and 5%, while severe dysplasia shows 30%,
55% for regression and persistence, and more
than 10% for progression to invasive cancer”.
Optimal management of precursor lesions is
thus crucial, because dysplasia is becoming
increasingly frequent, particularly in adoles-
cents”. Serum C. trachomatis antibody titers
were significantly higher in Groups ¢ and D
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than in Groups A and B, and multiple regres-
sion analysis revealed CHSP60 as a signifi-
cant risk factor, suggesting CHSP60 as a
prognostic factor for high-risk dysplasia.
The cut-off index from the ROC curve could
be used.

The role of C. trachomatis in the pathogene-
sis of cervical cancer remains unclear. C. {ra-
chomatis infection may increase the risk of
squamous cell carcinoma by increasing host
susceptibility to HPV or enhancing the effects
of HPV. In vitro data suggest that C. tra-
chomatis infection can inhibit apoptosis®™®.
Other reports suggest that C. trachomatis
infection results in the production of reactive
oxygen species that may cause DNA damage
and increase the risk of HPV-associated
carcinogenesis®®. In addition, the functions
of natural killer cells producing interferon
gamma (IFN-7) and the development of cell-
mediated Thl
impaired under infection of C. trachomalis
@~ Reduced IFN-7 production in response
to CHSP60 has also been reported, down-
mediated

responses are reportedly

regulating cell immunity and
causing cervicitis, salpingitis and PID® .
Inadequate host cell immunity is suggested
since patients under conditions of chlamydial
cervicitis is known to be vulnerable to HIV. C.
trachomatis infection and increases in
CHSP60 antibodies may thus play a role in
progression of cervical neoplastic change by
down-regulating local immunity working as a
cofactor for HPV.

Our data suggest that C. trachomatis
infection represents a cofactor of HPV-
induced carcinogenesis, and indicates CHSP60-
1 as a prognostic factor. However, the role
of C. trachomatis in the pathogenesis of
cervical cancer needs further clarification, to

identify specific determinants related to C.

o7

trachomatis that are directly or indirectly
carcinogenic, and whether and how CHSP60
plays a role as a cofactor.
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