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ABSTRACT

Aims and background. Cervical intraepithelial neoplasia (CIN) grade II-III is being di-
agnosed in younger women and, because of the reproductive age range for women
and the habits associated with a modern lifestyle, is now affecting a broad age range.
Surgical treatment for CIN has been associated with premature amenorrhea, low
birth weight, and premature labor and birth. It is therefore imperative to develop clin-
ical treatments for CIN, such as conservative treatment with interferons. The object
of the present study was to evaluate the behavior of cytokines (IFN-γ, IL-1β, IL-2, IL-
4, IL-6, IL-8, IL-10, IL-12, TNF-α, TGF β) in the serum of patients with an initial diag-
nosis of CIN II-III. 

Methods. Ten patients with CIN-CIN II (60%, n = 6) and CIN III (40%, n = 4), 23 to 51
years of age and who had not received any prior treatments, were evaluated. The pa-
tients were given 3 million/UI (per cm2 of colposcopic lesion) of human recombinant
IFN-α 2b by intralesional administration (18 applications on alternate days). Before
treatment, in the 6th, 12th, and 18th applications, blood was collected from the patients
for cytokine analysis using ELISA.

Results. Half of the patients had a good pathologic response; the other half, all of
whom were smokers, had therapeutic failure. The average concentration of IL-12
(pg/ml) in the serum of patients who responded well to therapy was elevated from the
12th and 18th application of IFN-α 2b compared to patients who experienced thera-
peutic failure: 1804.0 ± 1020 vs 391.2 ± 722.3 and 1738.0 ± 2426.0 vs 448.5 ± 407.2, re-
spectively, P <0.05.

Conclusions. CIN II-III treated with intralesional IFN-α 2b achieved a good response
in non-smoking patients and was associated with an increase in IL-12 serum levels.

Introduction

Cervical intraepithelial neoplasia (CIN) is a common neoplastic change affecting
women in a reproductive age. Low-grade CIN can resolve without treatment or de-
velop into cervical cancer1, the second most common cancer among women world-
wide2. In Europe, the incidence and mortality rates for cervical cancer are substan-
tially higher in Eastern Europe than in Western Europe, mainly because of the lack of
effective prevention3. Recognition of the key role of high-risk forms of human papil-
lomavirus (HPV) in the etiology of cervical cancer has led to the development of pro-
phylactic vaccines and the incorporation of HPV tests in triage. In the European
Union, HPV testing is an accepted part of the triage when cytology results are uncer-
tain and of tracking after treatment for CIN II-III4.
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Despite the implementation of prophylactic meas-
ures, high-grade cervical lesions are being found in
younger and younger patients, who are, in most cases,
nulliparous or primiparous. The therapies most often
used are cold knife conization and the loop excisional
electric procedure. These are invasive, and consequent-
ly relatively aggressive treatments which increase the
risk of premature labor, premature amniorrhexis, and
low birth weight5-7. Therefore, new studies of less inva-
sive treatments, such as immunotherapy, are needed.
Proteins from the interferon (IFN) family have been
used in the clinical treatment of cancer, with varying but
promising results, with IFN-α being the most widely
used cytokine8. Studies have shown remission in lesion
size in 30-80% of CIN cases following treatment with
IFN-α9-11. With respect to invasive neoplasia, cases of in-
vasive vaginal carcinoma being cured by intralesional
IFN-α 2b treatment have been reported12.

The anti-tumor properties of IFN-α result from its di-
rect action on viral proliferation and/or induction of the
inhibition of growth factors specific to the cells. IFNs
can also have indirect effects, such as immunomodula-
tion and inhibition of tumor angiogenesis9. Our group
has observed elevated expression of Th1 molecules
[IFN-γ, tumor necrosis factor (TNF)-α, and IL-2], with a
significant reduction of high-risk HPV viral load, in the
cervical stroma of patients treated with IFN-α 2b who
obtain a good therapeutic response13.

Cytokines are known to be liberated during immune
response, acting in the regression or persistence of le-
sions associated with HPV. Understanding the immuno-
logical modifications that occur during IFN therapy will
be important to develop strategies to treat cancer and
precancerous lesions. Thus, in order to better under-
stand immunological responses in patients with CIN II-
III, the objective of this study was to analyze the con-
centration of cytokines (IFN-γ, IL-1β, IL-2, IL-4, IL-6, IL-
8, IL-10, IL-12, TNF-α, TGF-β) in patients’ serum, before
and after treatment with intralesional IFN-α 2b.

Materials and methods

Setting and patients

A prospective study was performed at the Maria da
Glória outpatient clinic of the Hospital School of the Fed-
eral University of the Triângulo Mineiro, in the depart-
ments of Gynecology and Immunology from 2007
through 2009. The group studied consisted of 10 patients
between 23 to 51 years of age, with diagnoses of CIN II-III,
who had not received any prior treatment. Patients pro-
vided information about their ages, habits, lifestyles (e.g.,
smoking, use of drugs, number of partners), contracep-
tive methods used, history of sexually transmitted dis-
eases, and use of hormone replacement therapy (Table 1).
All procedures performed followed the criteria developed

by the Ethics Committee (CEP/UFTM Nos. 759 and 1525).
The inclusion criteria were: absence of bleeding during
the examination; no use of oral antibiotics, vaginal fungi-
cides or creams over the previous 30 days; no sexual ac-
tivity for two days preceding sample collection; no previ-
ous history of treatment for HPV; and no colposcopic
change <1 cm2. The exclusion criteria were: immunosup-
pressant diseases, serious cardiopathies, changes in liver
or kidney function, pregnancy, a reported intolerance to
IFN, or an absence of a visible lesion at colposcopy.

Application of IFN

Human recombinant IFN-α 2b (alpha IFN 2b-Blaufer-
on-B®; 10,000,000 U) was used for the therapy. The IFN-
α 2b was applied intralesionally at a dose of 3,000,000
UI (flask-ampoule with lyophilic powder diluted in 1.0
ml of diluent before each application). The applications
were performed using a 1.0-ml syringe with a 13 × 0.45
needle three times a week on alternate days until a total
of 18 applications were reached.

Exposure of the cervix was performed by introduction
of a vaginal speculum. The medication was applied fol-
lowing antisepsis of the cervix and the vaginal walls with
gauze soaked in topical povidone using Sheron forceps.
After the first, sixth, twelfth, and eighteenth application
of IFN-α 2b, peripheral blood was collected from the
vein of the right forearm of each patient. Serum was sep-
arated out and stored at -80 ºC for cytokine evaluation.

Evaluation of clinical response

The groups evaluated in the study were based on colpo-
scopic examination, biopsy and histology. Thus, if col-
poscopy showed disappearance or regression of the le-
sion, as confirmed by histological examination from biop-
sy, with regression to CIN I or no CIN, the treatment was
considered as satisfactory or successful, characterizing the
good response group (GR). The patients were submitted to
follow-up with cytology and colposcopy every 6 months. 

If no regression of the lesion was observed at colpo-
scopic examination, confirming the persistence of CIN
II or III in biopsies, failure of the treatment was consid-
ered, characterizing the bad response group (BR). All
patients with CIN II and III were immediately submitted
to cold knife conization. 

Cytokine levels

The presence of cytokines (IFN-γ, IL-1β, IL-2, IL-4, IL-
6, IL-8, IL-10, IL-12, TNF-α and TGF-β) in the patients’
serum was measured by enzyme linked immuno-sor-
bent assay (ELISA) using pairs of monoclonal antibodies
purchased from BD OptEIATM (BD Biosciences, San
Diego, CA, USA). The procedure was performed in ac-
cord with the manufacturer’s protocol. Plates with 384
wells were sensitized with 25 µl of specific monoclonal
antibodies for uptake of the desired cytokine diluted in a
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blood collected from the patients at the first, sixth,
twelfth and eighteenth application). Of the 10 patients
treated with IFN-α 2b, 50% (5/10) achieved a good clin-
ical response (CIN II or III regression to CIN I or CIN
absent as confirmed by biopsy); these patients consti-
tuted the good responder (GR) group. The remaining
50% (5/10) did not respond to the treatment (persis-
tence of CIN II or II on biopsy) and constituted the bad
responder (BR) group. The patients in the GR group
ranged in age from 23 to 51 years and in the BR group
from 30 to 49 years. In the GR group, 4/5 patients
achieved a complete response and the remaining pa-
tient achieved a partial response, with the lesion going
from high grade to low grade. Interestingly, only one
patient who did not respond to the IFN-α 2b treatment
was a non-smoker. 

Distinct patterns were observed in the blood cytokine
data between the GR and BR groups. The concentra-
tions of these cytokines are shown in Table 2. The Th1
cytokine pattern showed great oscillation in the con-
centrations of cytokines in the GR patients, with the
IFN-γ and TNF-α cytokines decreasing and IL-2 and IL-
12 increasing over the course of IFN-α 2b treatment.
There was a significant increase in IL-12 for the BR
group on the 12th and 18th applications (Figure 1). In
general, the BR patients did not show statistically signif-
icant changes in the synthesis of these cytokines.

Our analysis of the Th2 and Treg cytokine pattern did
not reveal discernable levels of IL-4. IL-10 exhibited pat-
terns of expression similar to the other groups, although
it had diminished expression on the second application
in the GR. Over the course of the IFN-α 2b treatment,
the GR group had stable TGF-β levels whereas the BR
group showed a general decrease in TGF-β levels. TGF-β
levels in BR patients remained higher than those in GR
patients at all times (data not showed).

Analyses of IL-1β, IL-6, and IL-8 revealed IL-1β oscil-
lations in both groups. Levels of the IL-6 cytokine de-
creased over the course of IFN-α-2b therapy in the GR
group, IL-8 showed no changes in the GR group, but ap-
peared to decrease in the BR group. The final IL-8 levels

coating buffer. For the standards, we added 25 µl of re-
combinant cytokine to wells in the first row of each plate
according to a 1:2 dilution series in assays diluted based
on the initial concentrations indicated. To the other
rows, 25 µl/well of patients’ serum containing the cy-
tokine to be dosed was added. The plates were incubat-
ed at room temperature for 2 h and washed five times
with a solution containing 20% PBS-Tween. Then, 25
µl/well of detector antibody for the cytokine to be dosed
was added. The plates were incubated for 1 h at room
temperature and washed again five times in PBS-Tween.
After this step, 25 µl/well of TMB Substrate Reagent Set
(BD OptEIATM) was added, and after 30 min, 25 µl/well of
Stop Solution (2N phosphoric acid) was added. After
adding the Stop Solution, a reading of the ELISA plate
was performed using the Spectramax 384 Plus automatic
reader, with the results being obtained by the difference
between the 450-nm and 570-nm absorbances. The con-
centrations of each of the patients’ serum cytokines were
expressed in pg/ml through comparison of the ab-
sorbances obtained by the standard curve of the respec-
tive cytokine, which was obtained simultaneously.

The sensitivity of the cytokines assayed is: 4.7-300
pg/ml for IFN-γ, 3.9-250 pg/ml for IL-1β, 15.6-1000
pg/ml for IL-2, 7.8-500 pg/ml for IL-4, 4.7-300 pg/ml for
IL-6, 3.1-200 pg/ml for IL-8, 7.8-500 pg/ml for IL-10,
31.3-2000 pg/ml for IL-12, 7.8-500 pg/ml for TNF-α and
125-8000 pg/ml for TGF-β.

Statistical analysis

An electronic data base was developed for the statisti-
cal analysis. The variables were analyzed using the
GraphPad Prism 4.0 program. The values were submit-
ted to Student’s t test. The differences were considered
statistically significant when P ≤0.05.

Results

We examined the blood of 10 patients with CIN II-III
who were treated with IFN-α 2b (18 applications, with

Table 1 - Clinical characteristics, histological diagnosis by biopsy, and conduct in each case, after IFN treatment

Patient Age Smoker P/D/M Contraception First First Initial Final diagnosis IFN treatment 
intercourse (yr) pregnancy (yr) diagnosis outcome

1 36 No 1/1/0 Oral WN WN CIN III Benign cellular changes Response
2 51 No 5/3/2 WN 21 23 CIN II CIN I Response
3 30 No 0/0/0 Oral 17 WN CIN II Chronic inflammation Response
4 25 No 4/3/1 ID 14 15 CIN II Normal Response
5 23 No 0/0/0 Oral 15 WN CIN III CIN I Response
6 49 Yes 2/2/0 Oral WN WN CIN II CIN III Failure
7 30 Yes 1/1/0 Oral 15 22 CIN III CIN II Failure
8 35 No 0/0/0 WN WN WN CIN II CIN II/VAIN III Failure
9 46 Yes 6/5/1 Oral 13 18 CIN III CIN III Failure

10 32 Yes 1/1/0 Condom 14 18 CIN II CIN II Failure

P/D/M, Pregnancy/Delivery/Miscarried; WN, without notification; ID, intrauterine device.
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in the GR group remained higher than in the BR group
(data not shown).

Figure 2 shows the IL-12 level of each patient accord-
ing to clinical response. Patients with clinical regression
(GR group) produced much more IL-12 than those with-
out clinical regression of lesions.

Discussion

Few data have been published on the expression of
cytokines in the serum of patients with CIN II-III being
treated with intralesional IFN-α 2b. Through our evalu-
ation using the ELISA method, we observed that during

the treatment period, Th1 profile cytokines were more
highly expressed in patients who achieved a GR than in
those with a BR.

Cervical carcinoma can have well-defined pre-inva-
sive stages, together with viral factors involved at the
molecular level, which makes it a good model for inves-
tigating alternative treatments using immunothera-
pies14-16. Thus, our study examined the influence of im-
munological therapy for CIN II-III on cytokine behavior
during intralesional IFN-α 2b treatment, through analy-
sis of peripheral serum of patients.

Factors that increase the risk of HPV infection and the
development of CIN include smoking, parity17, the
number of partners a woman has had, and an early
sexarche18. The diagnosis of high-grade lesions often
occurs in women between 30 and 45 years of age19,20.

The contribution of smoking to cervical oncogenesis
presumably stems from direct exposure of the DNA of
cervical epithelial cells to cigarette compounds, such as
nicotine and cotinine, which are present in high con-
centrations in the cervical mucus, where they can pro-
mote mutation and changes in genetic activity21. Smok-
ing causes changes not only in the tissues, but also in
the immunological system; it increases T suppressor
lymphocyte levels, decreases natural killer cell levels,
and decreases immunoglobulin levels. In addition,
smoking suppresses the chemotaxic and phagocytic
functions of the polymorphonuclear cells in tissues,
thereby increasing susceptibility to pathogens13,22,23.
The present observations reinforce this point as most of
the patients who achieved a poor therapeutic response
with IFN-α 2b were smokers, whereas most of the pa-
tients who obtained a good response were not smokers.

Studies examining IFN therapy have shown good re-
sponses with IFN-α, IFN-β, and IFN-γ, with results rang-
ing from total and partial regression of cervical lesions
to an immune modulation favorable to the pa-
tient10,12,24-30. These prior data were corroborated by the
present study, as 4/5 of the patients treated with IFN-α
2b that obtained a good response were non-smokers,

Figure 1 - Behavior of IL-12 in GR group (black) versus BR group
(white) over the course of therapy. GR, good response; BR, bad re-
sponse.

Figure 2 - Measurement of serum IL-12 of each patient with good response (GR) or bad response (BR). 1st, 6th, 12th and 18th application.
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whereas all 5 patients that had a bad response were
smokers.

A study by Ressing et al.31 reported that the absence of
IL-2 mRNA in lesions caused by HPV can be explained
by the weak response of memory TCD8+ lymphocytes in
patients with CIN and cervical carcinoma. There is also
evidence indicating that circulating lymphocytes pro-
duce IL-2 molecules specifically in response to HPV
antigens32. 

However, the presence of TNF-α promotes progres-
sion of the cell cycle by increasing HPV-16 E6/E7 mRNA
expression, which functions to immortalize HPV-infect-
ed keratinocytes33. We observed a lower concentration
of TNF-α in the GR group than in the BR group.

An association between the expression of IL-12 mRNA
in situ and regression of CIN III lesions has been report-
ed, suggesting that the Th1 immune response mediated
by IL-12 may be related to overcoming HPV infection34.
Our findings strongly reinforce this possibility, as the
concentration of IL-12 at the systemic level was signifi-
cantly higher in the GR group than in the BR group. This
increase may be related to the action of dendritic cells,
which produce IL-12 and require the presence of IL-1β
above a certain level35. Indeed, the present finding that
the GR group also expressed higher concentrations of
IL-1β than the BR group provides further support for
this view.

In contrast to our findings with Th1 cytokines, we
found lower levels of cytokines of the Th2 and Treg pro-
files in patients with a good response, relative to those
with a poor response. The patients who did not respond
to treatment mainly showed increases in Th2 cytokine
levels. Hence, increases in the production of Th2 cy-
tokines, such as IL-4 and IL-10, may be triggered by tu-
mor cells as a mechanism to help them evade immune
recognition36. Indeed, increased levels of these cy-
tokines have been associated with the persistence and
progression of pre-malignant lesions37,38.

A study by Ramos et al.13 was not able to relate the ex-
pression of TGF-β mRNA with clinical response to treat-
ment with IFN-α 2b, because the patients who received
a positive response expressed TGF-β, which was not ex-
pressed by patients with treatment failure. However, in
the present study, we found that patients in the GR
group showed constant levels of TGF-β, whereas pa-
tients of the BR group had higher levels of TGF-β than
those of the GR group. Thus, it is suggested that the
combined action of Th1 overlaps the isolated action of
TGF-β in the CIN.

Likewise, we observed higher levels of IL-6 and IL-8 in
the BR group, a finding which corroborates similar re-
sults in vaginal secretions39. Elevated levels of IL-6 and
IL-8 have been implicated in the promotion of tumor
angiogenesis and the development of cervical can-
cer40,41.

Analyzing the data in Table 2, the non-responding pa-
tients apparently present lower levels of IL-1β and in-

creased TGF-β and IL-8. Such results are intriguing and
some questions arise. Does this suggest a more ad-
vanced disease or a poorer prognosis in non-respond-
ing patients? Could it represent a predictive factor of
non-response for CIN patients? However, the results do
not show statistically significant differences. We believe
that an increased number of patients in the study could
give more representative and significant differences in
the cytokine and prove these findings. Research with
humans and especially with human oncology is difficult
because they are a susceptibly study group. Another
point regarding the statistical variation is that the im-
mune system is controlled by several genetic factors,
such as the histocompatibility leukocyte antigen, pro-
duction of mediators, receptors and the concentrations
of each one. The immune response of each patient is
unique, as are some characteristics of each tumor, such
as escape mechanisms and tumor antigens.

Studies based on the analyses of cervical stroma13 and
vaginal secretion42 showed that IFN-α 2b treatment
tended to modulate the immune response toward the
Th1 pattern specifically in patients who showed a good
response. In contrast, patients who had treatment fail-
ure generally showed a response toward the Treg profile.

The study of Terawaki et al.43 proposed that strong in-
nate inflammatory responses promote primary T-cell
activation and their differentiation into effectors cells
but also cause an attenuated T-cell response in sus-
tained immune reactions, at least partially through type
I IFN-mediated programmed cell death-1(PD-1) tran-
scription. Based on this idea, it was demonstrated that
IFN-α administration in combination with PD-1 block-
ade in tumor-bearing mice effectively augments antitu-
mor immunity.

Santini et al.44 showed that IFN-α exerts multiple ef-
fects leading to immune protection against pathogens
and cancer, as well to autoimmune reactions by acting
on monocytes and dendritic cells. The versatility of hu-
man monocytes conditioned by IFN-α towards dendrit-
ic cell differentiation (IFN-DC) in shaping the autolo-
gous T-helper response was analyzed. Expansion occur-
ring of CXCR3+ IFN-γ producing CD4 Th1 cells resulted
in the emergence of two distinct subsets of IL-17-
producing CD4 T cells: a predominant Th17 population
selectively producing IL-17 and expressing CCR6; a mi-
nor Th1/Th17 population producing both IL-17 and
IFN-γ. After phagocytosis of apoptotic cells, IFN-DC in-
duced Th17 cell expansion and IL-17 release. Notably,
the use of neutralizing antibodies revealed that IL-23
was an essential cytokine in mediating Th17 cell devel-
opment by IFN-DC. Demonstration of the IFN-DC-
induced expansion of both Th1 and Th17 cell popula-
tions reveals the intrinsic plasticity of these DC in ori-
enting the immune response and provides a mechanis-
tic link between IFN-α and the onset of autoimmune
phenomena, which have been correlated with both IL-
17 production and exposure to IFN-α.
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Recently, combination therapy of subcutaneous IFN-
α and intra-arterial 5-fluorouracil showed an outstand-
ing response rate for intractable hepatocellular carcino-
ma (with portal vein thrombosis). In addition, recent
preclinical and clinical studies have revealed that the
mechanism of combination therapy may concern direct
antitumor effects (through cell-cycle arrest and induc-
tion of apoptosis) and indirect actions (through im-
munocompetent cells and antiangiogenic effect). For
the further advance of hepatocellular carcinoma treat-
ment and prognosis, this therapy might be a promising
treatment modality and is expected to develop45.

In conclusion, our study showed that the treatment of
CIN II-III with intralesional IFN-α 2b achieved a good
response in non-smoking patients and was associated
with an increase in IL-12 serum levels during the period
of administration.
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