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Summary

We analyzed 149 women (81 with cervical intraepithelial neoplasia and with invasive carcinoma of the cervix and 68 - as a control
group). The influence of Chlamydia trachomatis (Cht) infection into expression of EGFR, TGF-a, Ki 67, HPV 16 and 18 was exa-
mined. IS-PCR was used to measure the level of antibodies in the serum. We detected that chlamydial infection may cause cervical
hypertrophy in women with and without cervical intraepithelial neoplasia and invasive carcinoma. Infections of both Cht and HPV
correlate with high expession of Ki 67 in epithelium. Cht infection also increased the expression of HPV16 in CIN I. These results
suggest that Cht infection modifies the activity of viruses. In our research we have confimed that Cht infection increases the expres-
sion of EGFR and TGF-a. These facts may explain variants other than the HPV-mechanism of cervical carcinogenesis.
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Introduction

Cervical cancer supposedly has a relationship with
sexually transmitted diseases. The role of herpes simplex
type 2 (HPV2), Epstein-Barr virus (EBV), human papil-
loma virus (HPV) and cytomegalovirus (CMV) was inve-
stigated. The role of human papilloma virus seems to be
well documented, [1-4] however the influence of Cht
infection in cancer development is still being investiga-
ted. [5-11] Research conducted on a group of 530,000
women in Finland, Norway and Sweden shows that
infection of serotype G of Cht is connected with cervical
cancer development. Other serotypes (I and D) may also
be involved in carcinogenesis [12].

This mechanism of proliferation is different than the
HPV mechanism. Cht-antigen is recognized by
macrophages which present as lymphocyte T. Macropha-
ges release cytokines - tumor necrosis factor-a (TNF-a)
and interleukin-1a (IL-1a). Cytokines induct synthesis of
IL-6 in fibroblasts. IL-6 and its specific receptors on
keratocytes activate the synthesis of growth factors
(transforming growth factor-a,-TGF-a, amfiregulin).
These factors start the autocrine stimulation of keratocy-
tes. This mechanism has no place in the HPV inducting
process of immortalisation [6, 13, 14]. Hyperexpression
of TGF-a determines the critical moment of tumor gene-
ration [14-17].

Epithelial growth factor (EGF) may also take part in
the proliferation process by growth stimulation of both
normal and cancer cells. A specific surface receptor is
necessary for EGF activities (EGFR) [18-22].

Normal cervical epithelium presents expression of
EGFR mostly in basal and parabasal cells. Tissues with
an average and considerable degree of dysplasia present
continuous expression of EGF receptor [23], and expres-
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sion in healthy tissue is considerably lower than in cervi-
cal dysplasia and cancer [24].

Bauknecht er al’s. research [25] confirmed the presence
of EGFR in 83% cases of cervical cancer. Dysplasia cells
had increased the content of receptors in all cases of cer-
vical intraepithelial neoplasia (CIN) with or without the
presence of HPV.

In 66% of patients with cervical and endometrial car-
cinoma, excessive expression of TGF-a was found.
These changes were often seen in HPV inducted patho-
logical cervical epithelium. This fact indicates that TGF-«
could be a determining factor which favors progression
in these tissues [16]. Dellas ef al. [14] in their investiga-
tions of CIN and cervical carcinoma ascertained the
highest TGF-a expression in mild dysplasia. They com-
pared HPV negative and HPV positive patients with
pathological changes of the cervix. The HPV negative
group presented a three times higher TGF-a expression
than the HPV positive group. One question arises: if
TGF-a is connected to these pathological changes of the
cervix which Cht infection was it found in.

The relationship between Ki 67 and cervical cancer also
appears to be very interesting. Expression of Ki 67 in CIN
and invasive carcinoma is significantly higher in advanced
dysplasia and invasive carcinoma than in lower degrees of
CIN. Higher Ki 67 expression was found in positive HPV
than in HPV negative carcinoma cases [14, 26].

HPYV infections are not detected in all CIN and invasive
carcinoma cases [7, 27, 28]. Thus HPV infection does not
always determine the development of cervical pathology.

The basis of the argument is that Cht may also play a
part in cervical carcinogenesis where clinical observa-
tions of women with cervical hypertropy and simulta-
neous Cht infection have been reported. The following
questions arise:
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— Is there any relationship between Cht infection and cer-
vical hyperthophy?

— Can we explain the mechanism of autocrine growth sti-
mulation inducted by Cht infection (different than
HPV); Or can we suggest the modifying influence on
the mechanism of HPV?

Materials and Methods

Tissue were recovered from paraffin blocks. Material was
received from 81 patients: nine patients with CIN I, 14 with
CIN II, 36 with CIN III and 22 patients with invasive carci-
noma. Investigated women were between 20-58 years old
(average - 47.5) in the CIN I group, 21-58 (average - 40.5) in
the CIN II group, 25-77 (average - 46.6) in the CIN III group,
30-81 (average - 50.3) in the invasive carcinoma group.

The control group included women who underwent surgery
(52 patients with leiomyomatosis, 16 with descensus of genital
organs) between the ages of 33-71 (average - 48.4). Six women
from the control group did not have the cervix measured
because of past surgical procedures on the cervix; 3 ml of blood
was taken from each patient, using enzyme immuno assay
(EIA) and antibodies against Cht were detected in the serum. A
level of antibody IgG against Cht above 9 AIU/m (Arbitrary
International Unit) was acknowledged as a positive result. Mea-
surement of the cervix was administered with an instrument
manufactured by a medical equipment company. Hypertrophy
was accepted as above 2-2.5 cm in nulliparous and 3-3.5 cm in
multiparous females.

Chlamydia trachomatis was detected in paraftin blocks using
in situ PCR (IS-PCR). HPV 16, HPV 18, antifen Ki 67, EGFR
and TGF-a were detected using immunohistochemical
methods. The Mann-Whitney, x> and Fisher tests were used to
estimate significance with p < 0.05 being significant.

Results

Cht in IS-PCR was detected inside and outside cells -
both in the epithelium and in its borders. Detection of
antibodies in serum did not result higher than 20 AIU/ ml
in the investigated group. Detection of a positive result in
IS-PCR together with the presence of antibodies in the
serum was accepted as persistent Cht infection.

We tried to confirm the influence of Cht infection on
the pathology of the cervix based on the hypothesis that
Cht infection is found more often in women with cervi-
cal hypertrophy.

Table 1. We reviewed women with Cht infection in the
control, CIN and invasive carcinoma groups. We pro-
ved that cervical hypertrophy was statistically present
(p = 0.05) in the group with Cht infection. Among 62

Table 1. — Cht Infection in women with normal and hyper-
trophic cervixes.

Table 2. — Espression of TGF-alfa, Ki 67, HPV 16 and 18 in the
control group and CIN I, CIN II, CIN III and carcinoma groups
with and without Cht infection (* p = 0.05) (scorequotient of
reaction intensity and percent of cells).

Cht N Control N CINI N Carcinoma

group

EGFR (-) 32 1421 5

N CINII N CINII

3028 6 39+29 11 84+74 4 156x100

AVGSD (10) (20) 27 (50) (155)

(+) 36 1616 4 70£74 8 63+62 25 76+66 18 130+£56

(10) (55) (40) (60) (150)

TGF- (-) 32 0,72 5 17#25 6 18«18 11 42+43 4 18435
alfa (0) () (15) (40) (0)

AVGSD
(+) 36 0£0 4 18+24 8 23+35 25 36+44 18 34+47
(0) (10) (5) (20) (15)
Ki67 (-) 32 38+30 5 86+67 6 11611111 17375 4 20162

AVG#SD (36) (70) (72) (190) (212)
(+) 36 41x22 4 140+63 8 110£71 25 21381 18 202+56

(38) (150) (98) (196) (190)

HPVI6 (-) 32 18«18 5 8+I1 6 41x42 11 7173 4 48462
AVG#SD (13) (0) (30) (30) (30)
(+#) 36 24+30 4 39+£25 8 11x19 25 4150 18 4062

(10) (38)* 0 (20) (a5)
HPVI8 (-) 32 13#20 5 54859 6 22423 11 27#35 4 87
AVGSD 0) (45) (18) (0) 0)

(+) 36 18£25 4 1116 8 16+33 25 512 18 24427
®) ®) ©) (0)* (20)

women with Cht infection, 19.3% of the cases presented
hypertrophy, while only 8% of the women with hyper-
trophy did not show Cht infection. In the CIN group we
detected 35% of hypertrophy cases in women with Cht
infection and only 9% of hypertrophy cases without this
infection. The invasive carcinoma group illustrates the
greatest difference in percentage of cervical hypertrophy
(45% with infection and 10% without Cht infection). We
found no differences in percentage between the control
and the CIN group in women with a normal cervix.

The expression of EGFR and TGF-a was detected in
cytoplasm; HPV 18 and Ki 67 in the nucleus and HPV 16
both in the nucleus and cytoplasm.

Table 2. We found differences in expression of EGFR,
TGF-a, Ki 67, HPV 16 and 18 with and without Cht
infection in all investigated groups. With Cht infection
expression of HPV 16 in the CIN I group significantly
increased and expression of HPV 18 in the CIN III group
significantly decreased. We also observed a tendency for
decreased expression of EGFR in CIN I and CIN II;

Table 3. — Expression of EGFR, TGF-alfa, Ki 67 in cases with and
without Cht infection in women without viral infection (scores).

Cht Normal Hypertrophy Cht N AVG = SD Median
Control (62) (+) 23 (37.1%%*) 12 (19.3%%) EGFR (-) 13 25 +32 10

) 22 (35.5%) 5 (8%) + 21 47 = 60 20
CIN (56) (+) 16 (28.6%%*) 20 (35.6%*) TGF-alfa -) 13 3+ 11 0

-) 15 (26.8%) 5 (9%) + 21 17 =39 0
CA (20) +) 8 (40%) 9 (45%) Ki 67 (-) 13 60 + 52

(-) 1 (5%) 2 (10%) (+ 21 112 £ 91 72




Chlamydia trachomatis infection in cervical intraepithelial neoplasia and invasive carcinoma 249

Table 4. — Expression of EGFR, TGF-alfa, Ki 67 in cases with and
without Cht infection and HPV 16 and HPV 18 infection (scores).

EGFR TGF-alfa Ki 67
AVG £ SD AVG £ SD
(MEDIANA) (MEDIAN)
Cht(-), HPV16 (-), HPVI18 ()  14+32 311 60 =52
(13) (10) ()] (44)
Cht(+), HPV16 (+). HPVI8 (-) 72+65 25=+4I 151 =86
(28) (50)* (5)** (176)****
Cht(+), HPV16 (-), HPVI8 (+) 6175 1638 138 £ 103
(14) (15) (0) (140)***
Cht(+), HPV16 (+), HPVI8 (+) 63+63 1730 121 £ 106
(28) (40) (V)] (90
#HE% p =0.002 *#% p=0.05
** p=0.02 * p=0.01

TGF-a in CIN II; Ki 67 in CIN I, CIN III, HPV 16 in the
control group and HPV 18 in the group of women with
invasive carcinoma.

Table 3. We examined the influence of Cht infection on
EGFR, TGF-a and Ki 67 in the group of 34 women
without HPV infection. We proved that all investigated
factors had a tendency for growth in the group of Cht
infected women.

Table 4. We qualified values of EGFR, TGF-« and Ki 67
in the entire investigated group of women. The influence
of Cht infection and infection of one or both types of HPV
has been demonstrated. The co-existence of Cht and HPV
16 influences the values of EGFRn TGF-a and Ki 67
expression. The presence of Cht infection co-existing
with only one type of HPV significantly amplified the
expression of Ki 67, EGFR and TGF-«; Ki 67 expression
is higher with the presence of Cht than without it.

Discussion and conclusions

HPV infection has been detected in 61,1-90% of cases
of CIN and invasive carcinoma [7, 9, 28, 29, 30]. Inve-
stigations concentrated on other sexually transmitted
diseases. Chlamydial infection and its influence on the
development of carcinoma was also investigated [6, 7, 8,
9, 11, 31].

The influence of chlamydia on cervical carcinogenesis
is controversial. Schmauz et al. [20] examined women in
Uganda. In 60% of the carcinoma cases a significant
level of antibodies was found, while in a control group
only 28.7% of the women presented such level. Antibo-
dies against Cht were not detected in 59,4% of the carci-
noma group and 77,8% of the control group. A passive
haemolysis test used in this research did not show a dif-
ference between previous and active infection. Koutsky
et al. [9] based on their investigations of 241 women
believe that the relationship between Cht infection and
cervical carcinogenesis is not clear. According to the cal-
culations of De Sanjose er al. [7] the presence of Cht
infection increases the risk of CIN and carcinoma deve-
lopment. Ferrara et al. [31] believe that the risk with Cht
infection is twice as high. According to Hakama et al.
[32] even fime times higher. A controlled clinical inve-

stigation of 530,000 Scandinavian women shows a corre-
lation between Cht-serotype G infection, (but also I and
D-Cht) and development of cervical cancer [12]. Other
authors [33, 34] do not confirm such a relationship. Taka¢
and Gorisek examined the presence of Cht infection in
423 patients with histologically confirmed CIN. They
used the method of immunofluorescence in cytological
swabs and did not find any relationship between Cht pre-
sence or even CIN promotion [34].

In response to this research we conducted our own
investigation.

Detection of a positive result in IS-PCR (as information
about existing Cht infection) together with the presence of
antibodies in the serum (as information about Cht infec-
tion in the past) was accepted as persistent Cht infection.
We promote such discrimination with the argument that a
past or persistent inflammable process is necessary for the
long-lasting process of carcinogenesis. Clinical observa-
tions show that Cht infection was found in a considerable
percentage of women with hypertrophy of the cervix.
Therefore we suspect that infection causes changes in the
fibroblasts of the cervix via IL-la activity and TNF-a.
These factors are released from macrophages after
fagocytosis of chlamydia. Woodworth et al. [35] have
detected that both these cytokines significantly stimulate
proliferation of HPV 16 and 18 immortalized cervical
cell lines. Another well known fact is that both IL I-a
and TNF-«a are often expressed in infected epithelium
cells. It seems obvious that IL1-a and TNF-« is inducted
in the border cells of cervix IL-6 synthesis. Then IL-6,
joining the paraepidermal cells, induces synthesis speci-
fic factors such as TGF-a. This triggers the autocrine
mechanism of epithelial cell stimulation. Enlarged
synthesis of TGF-a in CIN cases wher HPV genomes are
not found can prove this mechanism [36].

This hypothesis may be proved by comparing values of
EGFR, TGF-a and Ki 67 and their distribution in cervi-
cal epithelium among a group of women with CIN, inva-
sive carcinoma and a control group, with or without HPV
infection. Higher expression of these factors in women
with Cht infection may testify to an autocrine way of sti-
mulation in pathological cells of the cervix.

Table 1 shows that Cht infection more often accompa-
nies hyperthophy (19 cases, 3% with and 8% without Cht
infection). Additionally, in CIN I, CIN II and invasive
carcinoma cervical hypertrophy occurs more often when
Cht infection exists (Table 3). With Cht infection HPV 16
expression is statistically higher in CIN I and expression
of HPV 18 is unexpectedly lower in CIN III (Table 2).
The fact that HPV 18 is not as oncogenous as HPV 16
can explain these results. Cht infection may also amplify
suppressor proteins in viral infections. This observation
demands further investigation. Our initial report sugge-
sted that the presence of Cht enlarges the expression of
HPV in CIN and invasive carcinoma groups. This was
connected with a methodological error — we did not use
the IS-PCR method at that time [36].

We have observed that a Cht positive and HPV negative
group of 34 women showed enlarged (however not statisti-
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cally) expression of EGFR, TGF-a and Ki 67 (Table 3).
This statistically insignificant result may be caused by high
median but average (AVG) values of EGFR, TGF-a and Ki
67 which were 1.5-5 times higher in the presence of Cht.

We have detected a statistically important increase of
EGFR, TGF-a an Ki 67 in all women with HPV 16 infec-
tion in comparison with Cht negative and HPV negative
groups (Table 4) which proves the influence of Cht infec-
tion. A statistically important increase of Ki 67 expres-
sion was also detected in Cht positive and HPV 18 posi-
tive groups, and HPV 16 positive and HPV 18 positive
groups. We concluded that Cht positive women are often
HPV-infected. Thirteen women were not Cht and HPV
infected, while 70 women showed Cht infection and one
or both types of HPV infection. Also Lehmann et al. [37]
detected a more frequent existence of Cht infection in a
group with HPV infection.

The literature does not show an analysis of the parame-
ters presented above which limits more extensive debate.
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