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SUMMARY

It has been postulated that an impaired immune response may contribute to the progression of human
papillomavirus (HPV)-associated preneoplastic lesions. Based on this hypothesis, we evaluated the
cytokine production in the blood of patients with squamous intraepithelial lesions (SIL) of the uterine
cervix. The levels of type-1 (interferon-gamma (IFN-g) and IL-12) and type-2 (IL-4 and IL-10)
cytokines were measured in whole blood culture supernatants of patients with low- and high-grade
SIL and control women. There was no difference in IL-4 and IFN-g levels between patients with SIL
and the control group. In contrast, the ratio of IL-12/IL-10 levels was significantly lower in patients with
SIL compared with the control group. A lower IL-12/IL-10 ratio in women with SIL was also observed
when peripheral blood mononuclear cell (PBMC) culture supernatants and plasma samples were
analysed. In patients, neither the lower expression of the CD3e chain nor the higher frequency of HLA-
DRB1*1501 expression could be correlated with abnormal cytokine production. These results suggest
that a part of the cytokine network, namely IL-10 and IL-12, is perturbed in patients with SIL. A better
knowledge of the role of these cytokines in regulating the growth of HPV-associated SIL might have
practical implications for the development of vaccines or immunomodulatory strategies in the treatment
of cervical cancers.
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INTRODUCTION

Cervical cancer is the second leading cause of cancer mortality in
women worldwide [1]. There is a great interest in studying the
factors influencing tumour progression. Preneoplastic stages, so-
called squamous intraepithelial lesions (SIL) [2], of cervix cancer
are well defined in this type of tumour. One of the factors
associated with cervical neoplasia is the human papillomavirus
(HPV) infection. More than 90% of cervical cancers contain HPV
DNA sequences [3], but HPV infection is not sufficient for the
acquisition of the fully transformed cell phenotype. Other factors
intrinsic to the host contribute to the process of tumourigenesis. For
example, it has been demonstrated that immunodeficiency is
associated with a rapid progression of cervical cancer [4,5]. In
this context, the general or local immune status might play a key
role in regulating the growth of HPV-transformed cells. In parti-
cular, cell-mediated immunity is important in controlling both
HPV infections and HPV-associated neoplasms [6].

Cell-mediated immunity is regulated by cytokines that are
secreted, in part, by T helper (Th) cells. According to their cytokine
production pattern, Th cells are classified into two distinct subsets
of cells which are termed Th1 and Th2. Th1 cells produce IL-2,
interferon-gamma (IFN-g) and lymphotoxin. These cells promote
cell-mediated immunity and are required for effective responses to
intracellular pathogens (such as viruses) and tumour cells. Th2
cells produce IL-4, IL-5, IL-6 and IL-10 and favour humoral
immunity against extracellular pathogens and allergic responses
[7]. The regulation of immune responses is also controlled by
cytokines produced by non-T cells. These cytokines are referred to
as type-1 and type-2 cytokines. For instance, IL-12 is produced by
antigen-presenting cells (monocytes and dendritic cells) and B
cells and is a major factor required for the efficient differentiation
of Th1 cells [8].

The predominance of the type-2 cytokine profile, associated
with a diminished type-1 profile, has been demonstrated in patients
with different neoplasms [9–13]. This type 1 to type 2 shift might
facilitate the tumour progression by subverting cellular immune
surveillance mechanisms [1]. In favour of this hypothesis, several
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alterations in the cellular immune response have been reported in
the blood of patients with (pre)neoplastic cervical lesions, such as
impaired mitogen response [14], lower expression of the TCR
z-chain [15] and abnormal cytokine production after cell activation
[16,17].

Several studies suggested that the deficiency of the immune
response could be associated with the expression of a particular
HLA haplotype [18]. A particular HLA/T cell receptor (TCR)
combination can give rise to either a Th1 or a Th2 response
according to the avidity effect (affinity and ligand density), in
analogy to what is involved in repertoire development [19].
HPV-derived peptides presented in the context of different HLA
alleles might therefore lead to a preferential Th1 or Th2
differentiation.

The purpose of this study was to analyse the basal production
of type-1 cytokines (IFN-g and IL-12) and type-2 cytokines (IL-4
and IL-10) in the blood of patients with SIL. A lower IL-12/IL-10
ratio was observed in the blood of patients with SIL compared
with control donors. IL-4 and IFN-g levels did not differ between
the two groups. The proportion of cell subpopulations in the blood
was also the same in both groups, although a decreased cell
surface expression of the CD3e chain and a higher frequency of
HLA-DRB1*1501 expression were observed in patients with SIL.
The results of this study performed in women with preneoplastic

lesions might be of potential interest in understanding the
mechanism of tumour progression and to identify prognostic
factors of the disease.

MATERIALS AND METHODS

Patients
Peripheral blood samples (10 ml) of patients with low (n¼ 7) and
high (n¼ 20) grade SIL of the uterine cervix were obtained before
surgical procedure. HPV DNA was detected in biopsy specimens
by polymerase chain reaction (PCR) with degenerated oligonu-
cleotides hybridizing in L1 open reading frame [20]. HPV DNA
was detected in 87% of low-grade SIL and in 100% of high-grade
SIL biopsy specimens. Blood samples from women undergoing
plastic surgery or minor intervention unrelated to cervical pathol-
ogy were also obtained before surgery and used as controls. The
SIL patients (32.86 9.3 years old) and the control donors
(31.66 9.7 years old) were age-matched.

This study protocol was approved by the Ethics Committee of
the University Hospital of Lie`ge.
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Fig. 1. IL-12 (a) and IL-10 (b) levels and IL-12/IL-10 ratio (c) in whole
blood cultures. The cytokine levels were detected by ELISA assays on
whole blood culture supernatants from 10 control donors, seven patients
with low-grade squamous intraepithelial lesions (SIL) and 20 patients with
high-grade SIL. The IL-12/IL-10 ratio is expressed by mean6 s.e.m.
*P<0.05; **P<0.01.
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Fig. 2. IL-12/IL-10 ratio in peripheral blood mononuclear cell (PBMC)
culture supernatant (a) and plasma (b). The cytokine levels were detected
by ELISA assays. The IL-12/IL-10 ratio is expressed as mean6 s.e.m. of
five control donors and 10 patients with squamous intraepithelial lesions
(SIL). *P< 0.05; **P<0.01.

Table 1. Percentage of the different cell populations in the blood of
controls and patients with cervical squamous intraepithelial lesions (SIL)*

Lymphocytes Monocytes T cells CD4þ

Controls,n¼ 10 346 10 46 2 486 7
Patients,n¼ 15 416 13 46 2 436 9

*Means of percentage of positive cells6 s.d.



Cultures
Blood (300ml) was diluted 10-fold in culture medium consisting
of RPMI 1640 (GIBCO BRL, Gent, Belgium) supplemented with
1% non-essential amino acids (GIBCO), sodium pyruvate (1 mM;
GIBCO), 30 U/ml penicillin-streptomycin (GIBCO). The blood cul-
tures were incubated at 378C during 24 h. For some experiments,
Staphylococcus aureuscells diluted 5×10–4(SAC; Sansorbin;
Calbiochem, La Jolla, CA) or 5mg/ml of Escherichia coli
lipopolysaccharides (LPS; Difco, Detroit, MI) were added to
the culture.

The peripheral blood mononuclear cells (PBMC) were pre-
pared by centrifugation on Lymphoprep (Nycomed, Oslo,
Norway), washed three times and counted. Cells were cultured
(1.25×106 cells/ml) in culture medium with the addition of 5%
pooled heat-inactivated human AB serum. For some experiments,
PBMC were cultivated in the presence of 10 ng/ml of purified anti-
CD3 (OKT3 hybridoma; ATCC, Rockville, MD).

ELISA assays
The cytokines IL-4, IL-10, IL-12 and IFN-g were measured by

using specific immunoassays from Medgenix Diagnostics (Fleurus,
Belgium) [21]. The anti-IL-12 antibody used recognized both
IL-12 p40 and IL-12 p70. Recombinant human IL-4, IL-10,
IL-12 and IFN-g were used as reference standards.

Surface phenotype of cells
Double- and triple-staining were performed with fluorescent con-
jugated antibodies. The anti-CD3 (peridinin chlorophyll (PerCP))
MoAb, anti-CD4 (FITC) MoAb, anti-CD8 (PerCP) MoAb, anti-
CD45RA (FITC) MoAb, anti-CD19 (PerCP) MoAb, anti-
CD28 (PE) MoAb and anti-HLA-DR (FITC) MoAb were pur-
chased from Becton Dickinson (Erembodegem, Belgium). The
anti-CD45RO (PE) MoAb and anti-CD25 (PE) MoAb were
obtained from Dako (Glostrup, Denmark) and the anti-
CD16 (FITC) MoAb from Ortho (Raritan, NJ). The phenotype
was performed on whole blood or PBMC samples following
previously published protocols [22,23]. The cells were analysed
for fluorescence intensity on a FACScan (Becton Dickinson).

HLA determination
The HLA phenotype (HLA-A, -B, -C, -DQ) was determined by
microlymphocytotoxicity [24]. HLA-DR expression was analysed
by DNA typing reverse dot blot (INNOLIPA; Innogenetics, Zwijn-
drecht, Belgium) [25].

Statistical analysis
The non-parametric Mann–Whitney or Kruskall Wallis test was
applied by using the Instat Mac 2.01 software (GraphPad Software,
San Diego, CA).

RESULTS

The ratio of IL-12/IL-10 production is decreased in patients with
cervical preneoplastic lesions
The production of type-1 (IFN-g and IL-12) and type-2 (IL-4
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Fig. 3. IL-12 (a) and IL-10 (b) levels in whole blood culture supernatant after 24 h of stimulation in the presence ofStaphylococcus aureuscells (SAC;
5×10–4) or lipopolysaccharide (LPS; 5mg/ml). Cytokine levels were detected by ELISA assays on whole blood culture supernatants. Results are expressed as
the mean6 s.e.m. of 10 control donors (A) and 10 patients with squamous intraepithelial lesions (SIL) (B). *P<0.05; **P<0.01. NS, Not significant.

Table 2. Mean fluorescence intensity of the CD3e chain detected by anti-
CD3-FITC MoAb and percentage of CD69þ cells after 24 h of peripheral
blood mononuclear cell (PBMC) culture in the presence of anti-CD3

(OKT3, 10 ng/ml)*

Mean fluorescence intensity Percent of CD69þ cells
of the CD3e chain

Control,n¼ 7 4386 37 476 6
Patients,n¼ 7 3286 15 526 5

*Results are expressed as mean6 s.d.



and IL-10) cytokines in whole blood culture samples of patients
with low- and high-grade cervical SIL was analysed by ELISA
assays. Blood samples from women undergoing minor surgical
procedures unrelated to cervical pathology were used as
controls.

After 24 h of culture, the level of IL-4 was near the limit of
detection and no difference was observed between patients with
cervical lesions and the control group. The production of IFN-g

was also similar for patients with SIL (356 30 U/ml) and for the
control group (286 23 U/ml). In contrast, we noticed a significant
difference in the production of IL-10 and IL-12 between the two
groups (Fig. 1). Generally, IL-10 production (766 58 pg/ml)
increased and IL-12 production (1366 96 pg/ml) decreased in
patients with SIL compared with the control donors (respectively,
296 18 pg/ml and 2046 68 pg/ml) (Fig. 1a,b). When the results
were expressed as a ratio between the IL-12 and IL-10 levels
for individual patients the differences were more pronounced
(Fig. 1c).

To rule out the possibility that these results were related to the
technique of whole blood culture, we made the same analyses
using PBMC culture supernatants and plasma. As shown in Fig. 2a,
we observed the same pattern of IL-10 and IL-12 production in
PBMC culture supernatants (24 h). Similar results were obtained
using plasma (Fig. 2b).

The low IL-12/IL-10 ratio in patients with SIL is not due to a
disparity in the proportions of different cell populations
As we observed an abnormal cytokine production in the blood of
patients, we analysed the phenotype of the cells present in the
blood. The number of leucocytes was in the range of the normal
population (7.866 2.5×103 cells/mm3). Table 1 shows the pro-
portion of the different cell populations in the blood detected by
flow cytometry. No significant difference was observed in the
percentage of lymphocytes, monocytes and CD4þ T cells. The
proportions of other lymphocyte subpopulations (CD8þ T cells,
naive and memory T cells, B cells and natural killer (NK) cells)
were also similar in controls and patients with SIL (data not
shown).

The IL-12 deficiency in SIL patients is maintained following cell
stimulation
Cytokine production after 24 h stimulation with SAC (5×10–4)
and LPS (5mg/ml) was assayed (Fig. 3). The difference in IL-12
levels between patients with SIL and control donors persisted after
both types of stimulation (Fig. 3a). In contrast, the production of
IL-10 by both groups was not significantly different following
stimulation (Fig. 3b). The IL-12/IL-10 ratio remained lower after
stimulation for SIL patients compared with the control group
(P<0.01, data not shown).

As T lymphocytes are able to produce IL-10, we also
analysed the stimulation response of T cells. Despite a lower
expression of the CD3e chain on T cells from SIL patients
(P<0.05) (Table 2), cell activation via the TCR did not seem to
be affected, since the percentage of activated cells detected by
CD69 expression was similar in SIL patients and controls after
24 h of PBMC culture in the presence of anti-CD3 MoAb
(OKT3, 10 ng/ml) (Table 2). Similar results were observed on
analysis of the percentage of cells expressing the IL-2 receptor
(CD25) using the same conditions of culture (data not shown).
No correlation was observed between CD3e expression and
IL-10 level (data not shown).

The low IL-10/IL-12 ratio is not associated with higher frequency
of HLA-DRB1*1501 haplotype expression
Analysis of the HLA phenotype (HLA-A, -B, -C, -DR and -DQ)
was performed in patients with SIL. The proportion of the different
alleles was comparable to that which is found in the normal
Caucasian population, except for the HLA-DRB1*1501 allele. A
higher percentage of SIL patients (43%) expressed HLA-
DRB1*1501 compared with the normal population (29%) [26].
We also compared the IL-12/IL-10 ratio in patients expressing
HLA-DRB1*1501 and non-HLA-DRB1*1501 molecules (Fig.
4c). We did not find any correlation between the expression of
HLA-DRB1*1501 allele and the IL-12/IL-10 ratio. In the same
way, no correlation was observed between IL-10 and IL-12 levels
(Fig. 4a,b).

DISCUSSION

The main finding of this study is the demonstration of a dimin-
ished IL-12/IL-10 ratio in the blood of patients with HPV-
associated cervical preneoplastic lesions. IL-10 and IL-12 have
been heavily implicated in the outcome of tumour or viral
infection. IL-10 could be considered an immunosuppressive
cytokine, since it can inhibit type-1 cell differentiation. IL-10 is
one of the most potent inhibitors of IL-12 production by
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monocytes and dendritic cells [27]. IL-10 mRNA and protein
have been found in excess in several cancers [12,13,28,29].
Increased IL-10 production has been shown not only by
tumour-infiltrating lymphocytes [30] but also by tumour cells
themselves [11]. In contrast, IL-12 plays a key role in the
development of anti-tumour immune response, as shown byin
vitro studies [31] or inin vivo mouse models [32,33]. In the field
of viral infection, lower IL-12 production levels have been found
in patients with HIV infection [34] and IL-12 appears to be
required for resistance against some viral infections, such as
cytomegalovirus infection in mice [35].

The presence of small preneoplastic lesions in the cervix and
the immunological alterations in the peripheral blood could be
linked, given the fact that patients with localized cervical HPV
infection can generate a systemic antibody response directed
against HPV proteins [36]. Several immune impairments have
been detected in the blood of patients with cervical lesions [14,15],
and we have chosen to focus our study on cytokine production. In
patients with cervical SIL or carcinoma, abnormal cytokine pro-
duction after cell activation has already been reported. Th1
cytokine production in response to HPV-16 E6 and E7 peptides
is diminished in PBMC culture from patients with high-grade
cervical SIL and cancer [37]. Elsa¨sser-Beile and collaborators
[16] have shown that blood cultures of patients with cervical
carcinoma exhibit a decreased production of IFN-g after activation
with phytohaemagglutinin A (PHA). In a recent study, PBMC from
patients with local and invasive lesions produced decreased
amounts of IL-2 and IFN-g and higher levels of IL-4 and IL-10
after 48 h of stimulation with PHA in comparison with healthy
controls [17].

Our results, together with other recent publications, suggest the
presence of a type 1 to type 2 shift in patients with SIL. At present,
it is unknown whether this Th1-to-Th2 shift leads to the develop-
ment of neoplasia by subverting immune surveillance mechanisms,
or whether the shift is a consequence of tumour development or
viral infection. One argument against the hypothesis that the shift
from a type-1 to a type-2 response is the cause of the progression to
neoplasia is that patients with allergic disorders, who generally
display high Th2 responses, do not appear to have higher rates of
viral infection or cancer [1,38]. In contrast, studies showing that
cancer development is associated with a particular HLA haplotype
expression [39–42] argue that genetic factors could play a role in
tumour progression by influencing the immune response. We
observed an increased frequency of women expressing HLA-
DRB1*1501 in our group of patients with cervical SIL. A similar
association has been previously reported [40]. However, we could
not find an association between the IL-12/IL-10 ratio and HLA-
DRB1*1501 allele expression. In fact, it is possible that an innate
defect in the immune response is increased by HPV infection.
Furthermore, HPV could modify cytokine production by infected
epithelial cells ([43] and unpublished observations). It is interest-
ing to note that the Th2 cytokine IL-6 is constitutively released by
HPV-16-harbouring keratinocytes [44] and expressed at higher
levels in invasive cervical carcinoma [45]. Moreover, in our group
of patients there were abnormal levels of cytokine mRNA in their
cervical biopsy when tested using semiquantitative reverse
transcriptase PCR. In particular, increased IL-10 mRNA and
decreased IL-12 mRNA expression was observed in high-grade
SIL compared with low-grade SIL (S. L. Giannini, personal
communication).

To the best of our knowledge, this is the first report of abnormal

basal cytokine production in the blood of patients with SIL. Studies
are in progress to determine whether the evaluation of the IL-12/
IL-10 ratio in the blood could serve as a prognostic factor of
cervical preneoplastic lesions.
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