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Increased number of IL-2, IL-2 receptor
and IL-10 positive cells in premalignant
lesions of the cervix.
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Abstract. Previous studies have shown the involvement of the immune re-
sponse in the progression of human uterine cervix cancer. The aim of this
study was to determine the expression of Interleukin-2 (IL-2), IL-2 receptor
(IL-2R) and Interleukin 10 (IL-10) in different grades of cervical intra-
epithelial neoplasias of the exocervix (CIN 1, 2 and 3), and its relationship
with the serum cytokine profiles and human papilomavirus (HPV) infection
status. Indirect immunofluorescence was used to study the expression of IL-2,
IL-2R and IL-10 in human cervical samples from 50 patients and 9 normal
controls. Serum IL-2, IL-2R and IL-10 were measured by ELISA and HPV DNA
and HPV types were identified by PCR. Increased number of IL-2, IL-2R and
IL-10 positive cells were observed in the cervix from patients with CIN, associ-
ated with the grades of dysplasia. A significant correlation was observed be-
tween IL-2 and IL-2R (p>0.0001), IL-2 and IL-10 (p > 0,0001), as well as
IL-10 and IL-2R (p> 0.0001). Twenty percent of patients were HPV positive
and 84 % of those patients were tissue cytokine positive. These results suggest
that IL-2, IL-2R and IL-10 tissue expression may play a role in the develop-
ment of cervical intraepithelial dysplasias.
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Incremento en el nimero de células positivas para IL-2, receptor
de IL-2 e IL-10 en lesiones premalignas del cervix.
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Resumen. En previos estudios se ha determinado que la respuesta inmu-
nitaria esta involucrada en la progresion del cancer del cuello uterino huma-
no. El propdsito de este estudio fue determinar la expresion de Interleucina-2
(IL-2), del receptor de IL-2 (IL-2R) e Interleucina 10 (IL-10) en diferentes
grados de la neoplasia intraepithelial cervical del exocervix (NIC 1,2y 3) y su
relacion con los niveles séricos de estas citocinas y el estado de infeccion con
el virus del papiloma humano (VPH). Se us6 la inmunofluorescencia indirecta
para determinar la expresion de IL-2, IL-2R e IL-10 en muestras de tejido cer-
vical procedentes de 50 pacientes y 9 controles. Las concentraciones de IL-2,
IL-2R e IL-10 sérica fueron determinadas mediante ELISA y el ADN del VPH y
los tipos de virus mediante PCR. Se encontré aumento del nimero de células
positivas para IL-2, IL-2R e IL-10 en el cervix de pacientes con NIC, asociado
al grado de la lesion. Se encontré alta significacia cuando se correlacioné la
expresion de IL-2 con IL-2R (p>0.0001), IL-2 con IL-10 (p>0.0001) y la IL-10
con IL-2R (p>0.0001). EI 20% de los pacientes fueron VPH positivos y de es-
tos pacientes el 84% tuvieron expresion de citocinas a nivel tisular. Estos
resultados sugieren que la expresion tisular de la IL-2, IL-2R y la IL-10 pueden
estar involucradas en la progresion de la displasia intraepitelial cervical.
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INTRODUCTION

Cancer of the cervix is a disease char-
acterized by a long lead-time, with precan-
cerous lesions  gradually progressing
through recognizable stages before develop-
ing into invasive disease. The term “cervical
intraepithelial neoplasia” (CIN) was intro-
duced by Richart (1) and implied the con-
cept that a precursor lesion to squamous
cell carcinoma represented a single, contin-
uous disease process and makes clear the
pre-invasive nature of lesions. The CIN no-
menclature divides cervical cancer precur-
sors into CIN 1, CIN 2 and CIN 3, corre-
sponding to mild, moderate and severe

dysplasia/carcinoma in situ (2). Cytokine
production by T cells is a reliable measure
of the quality of cell-mediated immunity
(3). The local Thl and Th2 immune re-
sponse in tissues could be involved in the
progression of cervical neoplasia from mild
to severe status. The aim of this study was:
1) to assess the cellular expression of
cytokines Th1 (Interleukin-2: IL-2) and Th2
(Interleukin-10: IL-10) in CIN 1, CIN 2 and
CIN 3 lesions, normal tissues adjacent to
the lesions and normal cervical tissues, and
2) to determine its association with the cel-
lular expression of IL-2 receptor (IL-2R),
cytokine serum concentration and human
papillomavirus (HPV) infection.
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MATERIAL AND METHODS

Tissue specimens

We evaluated 109 exocervix samples
spanning the spectrum from normal cervi-
cal tissue to high-grade squamous
intraepithelial lesions. Samples were ob-
tained from women who visited the
gynecological out-patient clinic of The
Manuel Noriega-Trigo Hospital, National
Health Clinic “La Victoria” and private
practice. Patients were informed about the
study procedures and their consents were
obtained before enrollment in the investiga-
tion, following the ethical committee
guidelines of each hospital, the Committee
of Bioethical and Biosecurity of FONACIT
(Caracas, Venezuela) and the Committee of
Bioethical of Medical School (Universidad
del Zulia, Maracaibo, Venezuela). Each pa-
tient had a personal interview including
gynecological and obstetric history and un-
derwent a gynecological examination, Pap
smear and a colposcopic examination of
exocervix. Sexually active, no pregnant pa-
tients with cervix lesions and without
immunosuppressant treatment or treat-
ment for HPV were included in this study.
Colposcopic examinations were performed
under a standard protocol included conven-
tional visual assessment, application of 5%
acetic acid, identification of the squamo-
columnar junction and transformation zone
and recognition of suspected CIN lesions
for direct cervical biopsies. A direct biopsy
was taken when a colposcopic abnormality
was found (n = 50). Biopsies were also
taken in normal cervix at least lem from
the colposcopic lesion (n = 50). Samples
from 9 healthy individuals with normal cer-
vix were taken as controls. All specimens
were fixed in 10% buffered formalin, embed-
ded in paraffin for 6 um sections, stained
with hematoxilin-eosin and analyzed follow-
ing Richart’s terminoly (1). Colposcopic

cervical samples were also included in OCT
compound (Tissue Tek, Miles Inc. Diagnos-
tics Division, Kankakee, 1L, USA), frozen in
dried ice and acetone and kept at -70°C
until use.

Immunofluorescence

The frozen sections (4 um) from con-
trol and patients tissues were fixed with
cold acetone and then reacted with a
mouse monoclonal anti- human IL-2 recep-
tor or with a rat monoclonal anti-human
IL-10 or rat monoclonal anti-human I1-2
antibodies (Pharmigen, Torreyana Rd. San
Diego, CA, USA). Mouse and rat immuno-
globulins were detected on tissues with
FITC-conjugated goat anti-mouse IgG and
FITC-conjugated rabbit anti-rat [gG anti-
bodies (Sigma Chemical Co. (St. Louis,
MO, USA). Controls included sections sub-
jected to monoclonal antibodies with the
same isotype, but against non-relevant anti-
gens as a primary antibodies. Samples were
examined using an epifluorescence micro-
scope (Zeiss, Axioskop, Gottingen, Ger-
many).

Detection of HPV DNA in cervical
specimens

Exfoliated epithelial cells from all indi-
viduals were obtained by cervical brushing
and placed in transport medium, supplied
with a specimen collection kit of PVHfast
2.0 (Pharma Gen S.A. Madrid, Spain) for
the detection of HPV DNA. Cervical speci-
mens are collected to test for HPV DNA
through the use of a previously described
PCR method that amplified a highly con-
served segment (450 bp) of the L1 gene (4,
5). Restriction enzymes analysis was used to
determine the HPV types. This kit detects
34 HPV types, including 13 high-risk types
(types 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, and 68) and 5 low-risk types
(types 6, 11, 42, 43, and 44).
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Detection of serum cytokines

All of the participants in the study
were asked to provide a blood sample.
Whole blood was obtained using a
Vacutainer system and an empty vac-
uum-sealed blood tube without preservative.
Serum was separated by centrifugation,
aliquoted and stored at —70°C until use. Hu-
man IL-2, IL-10 and soluble IL-2 receptors
were quantified using a commercially avail-
able enzyme-linked immunosorbent assay
(ELISA) kit (R & D Systems, Minneapolis
MN, USA), according to the manufacture’s
protocol. The amount of cytokines was ex-
pressed as pg per milliliter.

Calculations and statistical analysis
Positive cells were counted in tissue
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isons between groups were done using the
Mann-Whitney test and ANOVA. For correla-
tions between two variables, Pearson’s cor-
relation was used. Two tailed p < 0.05 was
interpreted as being statistically significant.

RESULTS

Cytokine positive cells in tissues
Histological analysis showed the fol-
lowing pathological categories: CIN 1 (n
36), CIN 2 (n = 6), CIN 3 (n = 8). In gen-
eral, increased numbers of IL-2, IL-10 or
IL-2R positive cells were found in tissues
from patients with CIN when compared to
adjacent normal tissues and normal con-
trols. This increment was observed in the
different grades of CIN, however, in some
instances non significant differences were
observed (Figs. 1, 2 and 3). Cytokine-posi-
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Fig. 1. Number of IL-2-positive cells in controls and patients with premalignant lesions. Data repre-

sents mean = SEM of normal controls, normal adjacent tissues and lesions from patients with
CIN. A) General data. B) CIN 1. C) CIN 2. D) CIN 3.
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Fig. 2. Number of IL-2 receptor - positive cells in controls and patients with premalignant lesions.
Data represents mean = SEM of normal controls, normal adjacent tissues and lesions from pa-
tients with CIN. A) General data. B) CIN 1. C) CIN 2. D) CIN 3.

tive cells were observed in 84% of the pa-
tient’s lesions and in 10% of controls
(Table I). Apparently, normal tissues taken
near the site of the lesion showed increased
number of cytokine- positive cells when
compared to normal control tissues
(Figs. 1, 2 and 3). The number of cytokine-
positive cells was associated to the severity
of the cervical lesion; however, irregular ex-
pression was observed in tissues near the le-
sion (Fig. 4). The expression of IL-2 was
correlated with the expression of IL-2R (p
< 0.0001) and IL-10 (p < 0.0001). In addi-
tion, the expression of IL-10 was correlated
with the expression of IL-2R (p < 0.0001)
(Table II). Cytokine-positive cells were lo-
calized in epithelium and subepithelium
and in some instances, clusters of positive
cells were observed (Fig. 5).

Cytokine levels in serum

Serum sIL-2R levels were found to be
not significantly elevated in patients with
CIN compared to normal levels. Levels of
IL-2 and IL-10 were undetectable using
ELISA (Table III).

HPYV infection

Twenty percent of the patients were
positive for HPV as shown by the detection
of HPV DNA. Twenty one percent of all pa-
tients positive for tissue cytokines were also
positive for HPV. Ninety percent of
HPV-positive patients were positive for tis-
sue cytokine expression (Table 1).
HPV/cytokine-positive patients were mainly
CIN 1 and CIN 3 (Fig. 6).. There were not
significant differences when tissue cytokine
expression, was compared with positive or
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Fig. 3. Number of IL-10 - positive cells in controls and patients with premalignant lesions. Data re-
presents mean * SEM of normal controls, normal adjacent tissues and lesions from patients
with CIN. A) General data. B) CIN 1. C) CIN 2. D) CIN 3.

TABLE I
TISSUE CYTOKINES AND HPV INFECTION IN SAMPLES FROM PATIENTS AND NORMAL CONTROLS
Positive Controls Patients

Relation % Relation %
Cytokine/total* 1/9 11 42/50 84
HPV/total* 3/9 33 10/50 20
Cytokine/total HPV 1/3 33 9/10 90
HPV/total cytokine 1/1 100 9/42 21
* Total individual in controls or patients.
negative HPV-infection status (Fig. 7). In DISCUSSION

controls 33 % were HPV positive. Seven out
of 10 samples from HPV-infected patients
and 2 out of 3 from infected controls, were
tested for HPV types. High-risk type infec-
tion was detected in patients (16.31) and
low-risk type infection (6, 11) was detected
in controls (Table IV).

Cytokine production is a reliable mea-
sure of the quality of cell-mediated immu-
nity. Host factors are critical in regulating
tumor growth and cytokines that modulate
immunologic control may be of particular
importance (3). The Th 1 cytokine inter-
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Fig. 4. Expression of IL-2, IL-2R and IL-10 in
the different grades of CIN. A) Lesion.
B) Adjacent apparently normal tissue.

leukin 2 is immunostimulatory and it is
thus capable of limiting tumor growth (6).
The Th 2 cytokine interleukin 10 is
immunoinhibitory and it is capable of stim-
ulating tumor growth (6). In the present
study an increased number of cells positive
for IL-2, IL-2R and IL-10 was showed in cer-
vical samples from patients with different
grades of CIN. The presence of those cells
was associated with the severity of the cervi-

tor. This could promote nonspecific tumor
killing by  activated  macrophages,
lymphokine-activated killer cells (9) and tu-
mor-infiltrating lymphocytes (10). Because
of its stimulatory activity on a variety of im-
mune cell types, IL-2 has been studied ex-
tensively in the augmentation of the innate
immune response to malignant disease (11,
12). In addition, signal transduction path-
ways triggered in IL-2R-expressing solid tu-
mors could be mediated by an alternative
mechanism. Stem Cell Factor -activated
c-Kit induces phosphorylation of the IL-2R
beta chain in the absence of IL-2 in HPV-as-
sociated cervical cancer cells (13). Thus,
the presence of increased numbers of IL-2R
positive cells in cervical tissues during CIN
could represent an important target for
IL-2 and different stimuli produced in the
uterine microenvironment.

Interleukin-10 is widely known as an
immunosuppressive cytokine by virtue of its

TABLE 11
CORRELATION BETWEEN IL-2, IL-2R AND IL-10 EXPRESSIONS IN UTERINE TISSUES
Pearson r P values
IL-2 / IL-2R 0.713 P < 0.0001
IL-2 / IL-10 0.742 P < 0.0001
IL-10/ IL-2R 0.709 P < 0.0001
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Fig. 5. Indirect immunofluorescence staining for IL-2, IL-2R and IL-10. A) Cluster of IL-2-positive
cells in the uterine epithelium. B) Cluster of IL-2R positive cells in the epithelium and in the
adjacent subepithelium (arrow). C) Epithelial disposition of IL-10-positive cells (thick arrow).
Observe some positive cells in the subendothelium (small arrows). D) Subepithelial localiza-
tion of IL-10-positive cells (arrow). Ep: epithelium; SEp: subepithelium. A -C: CIN 2; D: CIN 1.
Magnification: X 400.

CYTOKINE SERUM LEVELS IN NORMAL Z;Pl\? l?gi’;lll;NTS WITH PREMALIGNANT LESIONS OF
UTERINE CERVIX
Controls Patients
IL-2 ND
IL-2R 99.23 + 43.86* 160.37 = 34.01
IL-10 ND

* pg/mL; ND: not detectable.

ability to inhibit macrophage-dependent an-
tigen presentation, T-cell proliferation, and
Th1 cytokine secretion (6). The increased
expression of IL-10 in the different grades
of CIN found in this study, could contribute
to the immunodeviation, that could partici-
pate in the immunoescape of preneoplastic
cervical keratinocytes, and represent an an-

tagonistic activity compared to the effect of
IL-2. Consistent with our results, it has
been reported that the expression of IL-10
increased with the severity of the lesion to a
maximal level in high-grade cervical
squamous intraepithelial lesions (14). How-
ever, several studies have challenged the
perception of IL-10 solely as an immuno-

Investigacion Clinica 49(4): 2008



Expression of IL-2, IL-2 receptor and IL-10 in the cervix

541

'Y
]

w
1

"

)

-
1

Number of patients
L]

CIN 1 CIN2 CIN3

Fig. 6. Distribution of HPV cytokine-positive
patients according to the different gra-
des of CIN.

10.04
i=)
o
=
o
=] 7.5
= C— HPV negative
2 =1 HPV positive
[1}]
(&]
© 501
=
2 i
e &4 e
e
[=]
g‘ ﬁ :
o) | ‘ e
0.0

IL-2R IL-10

Fig. 7. Cytokine profiles in HPV-positive and
negative patients.

TABLE IV
HPV TYPES AND PREMALIGNANT LESION DISTRIBUTION IN SAMPLES OF UTERINE CERVIX
FROM NORMAL CONTROLS AND PATIENTS

Controls Patients
HPV/total individuals 3/9 10/50
Typification/total HPV 2/3% 7/10%*
HPV types 6,11 CIN 1 (n=2:16, 31)

CIN 2 (n=1: 16/11)
CIN 3 (n=4: 16,16, 16, 16/31)

* All samples were negative for tissue cytokine expression.

suppressive cytokine. In this regard, it has
been reported that IL-10 in combination
with IL-2 was able to consistently increase
the  cytotoxic  activity of  human
papillomavirus E7-specific CD8(+) cyto-
toxic T lymphocytes. In addition, IL-10 in
combination with IL-2 after antigen stimu-
lation, increased the intracellular expres-
sion of Th1 cytokines (i.e., IFN-gamma and
IL-2) in CD8 positive T cells (8). IL-2 can
also induce the production of IL-10 by hu-
man T cells (15). In addition, IL-10 in-
creases the natural killer cell anticancer ac-
tivity by enhancing the levels of cell activa-
tion/cytotoxicity-related genes (eg
secretogranin, TIA-1, HMG-1, interferon-in-
ducible genes) and the expression of cell
migration-related genes (e.g. L-selectin,

#* All samples were positive for eytokine expression.

vascular endothelium growth factor recep-
tor-1, plasminogen activator, tissue; formyl
peptide receptor, lipoxin A4 receptor) (16).
IL-10 has also been shown to induce IL-2Ra
expression in inflammatory processes and
viral infections (17). Taking together these
data, it is possible to speculate that the in-
creased levels of IL-2-positive cells, IL-2R
positive cells and IL-10-positive cells and
the high correlation between those cells in
CIN could represent an IL-2/1L-2R — induc-
ing effect of 1L-10 and a mechanism to es-
cape from an invasive cancer. The associa-
tion of IL-2/IL-10 found in this study, prob-
ably is not going to be preserved in invasive
carcinoma, since, low levels of IL-10 in inva-
sive  carcinoma compared with pre-
malignant biopsies have been reported
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(18). An increased number of cytokine-posi-
tive cells in normal tissues adjacent to the
lesions was also found, suggesting that the
cytokine expression is a phenomenon not
limited to the lesion, but it may be general-
ized in the cervical tissues. This could rep-
resent a chemotactic effect from the CIN
on dendritic cells and leukocytes capable of
producing these cytokine profiles (19-21).

Lymphocytes are the main IL-2 pro-
ducers, however in normal tissues, and sev-
eral tumours, including stomach, renal and
spinocellular cancer and squamous cell car-
cinomas of the head and neck, IL-2 seems
to be present and stimulate cell prolifera-
tion (22, 23). Thus, the presence of some
cytokine positive cells observed in this
study could represent epithelial cells or
other types of cells.

Human papillomavirus type 16 is a ma-
jor factor in cervical carcinogenesis (24).
Previously it has been reported an increased
production of IL-10 and decreased produc-
tion of IL-2 by peripheral blood mono-
nuclear cells in women with CIN, associated
with localized or extensively spread of HPV
infection, and suggesting that a pro-
nounced shift from Th 1 to Th 2 cytokine
production is associated with extensive HPV
infection (25). In general, a shift from a
Th1l (IL-2) and gamma interferon (IFN-) to
a Th2 (IL-4 and IL-10) cytokine profile is as-
sociated with poor prognosis for patients
with HPV-associated cervical lesions (25).
This study showed that patients were in-
fected mainly by HPV type 16, however, the
Th1 to Th2 shift at the tissue level was not
found. This could be related to the fast that
only 20% of individuals were positive for
HPV and extensive HPV infection was not
observed. This percentage agrees with prev-
alence studies showing that between 5%
and 20% of the general population has HPV
DNA detectable in cervical samples (26)
and that in most cases, infection with HPV
is transient and may or may not be associ-

ated with cervical abnormalities of low
squamous intraepithelial lesions (27). The
low frequency (20%) observed in the pa-
tients in our population agree with other
studies which reported 9.9 to 12.5 % in the
occidental Venezuelan population (28, 29).
High frequency of HPV infection in controls
(33%) was observed when compared to pa-
tients (20%), however, only low risk virus
types were found, suggesting low risk to
have CIN. The persistence of IL-2 positive
cells found in these patients could have a
beneficial effect limiting HPV-induced tu-
mor growth. In this regard, local use of IL-2
has  been  successful in  cervical
condylomatosis therapy (30). IL-10 positive
cells could also play a beneficial role in the
progression of premalignant lesions during
HPV infection, since elevated levels of IL-10
have been associated with the absence of
cervical lesions among HPV-infected women
(31). The cytokine profile and cytokine val-
ues were similar in HPV- infected and
noninfected patients suggesting that virus
infection does not alter the local cytokine
production during the course of uterine
premalignant lesions.

The tissue cytokine expression was not
reflected at the serum level. IL-2 and IL-10
were not detectable in the serum using en-
zyme-linked immunosorbant assays. Only
soluble receptor for IL-2 was detected, but
no significant differences were observed
when compared to the normal controls.
This suggests that increased expression of
cytokines in CIN was a local phenomenon
and it is consistent with the association of
excessive circulating levels of cytokines
with invasive cancer (32). Thus, the serum
cytokines values found in this study most
likely are related to the conditions of the
patients where noninvasive neoplasia is de-
tected.

In conclusion, it has been reported the
notion that the progression of cancer of the
cervix is associated with a preferential con-
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straint on the development of a Th 1 cellu-
lar mediated response, which is necessary
to efficiently eliminate (pre)neoplastic
cells. In our study premalignant lesions did
not show a preferential Th1 or Th2 cytokine
profile and elevated number of cells Thl
and Th2 positives were observed in the dif-
ferent grades of CIN. The presence of these
cells were not associated either with in-
creased serum profile of cytokines or HPV
infection. This could represent a transitory
stage with further locally reduced cellular
Th1l immunity and invasive cervical carci-
noma or, represent a cytokine combination
with a potential anti-tumor effect. These
data reinforce the need to perform further
studies to determine changes on the local
IL-2/1L10 profile in invasive cancer.
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