
INTRODUCTION
Human papillomavirus (HPV) infection plays an important role 

in cervical cancer. HPV-infected women are 50 times more likely 
to develop cervical cancer than uninfected women(1). To date, more 
than 200 genotypes of papillomaviruses that infect both humans 
and animals have been sequenced, classified as high-risk (HR) and 
low-risk (LR) for cancer. HR types include HPV-16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, 58, 59 and 68(2,3). Approximately one-third 
of these viruses infect the squamous epithelium of the genital tract, 

resulting in the appearance of several types of cancer, such as cer-
vical, and anal cancer(3-12).

Currently, cervical cancer is one of the most common gyneco-
logic malignancies in the world, accounting for approximately 15% 
of all cancers(10-14). It is known that a risk factor for cervical cancer 
includes infection with specific types of human papillomaviruses 
(HPV), which is considered a necessary factor for the development 
of neoplastic lesions(1-17).

HPV infection in men is suggested to be as common as infection 
in women. Diseases associated with HPV in men also occur, such 
as carcinomas of the penis, anus and oropharynx. Male infection 
is usually subclinical, potentially resulting in a number of asymp-
tomatic men serving as reservoirs of the virus and transmitters(18-21).
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RESUMO
Introdução: A resposta imune celular exerce um importante papel no controle dos cânceres induzidos pela infecção por HPV. As citocinas desempenham 
um papel importante na defesa do hospedeiro contra a infecção pelo HPV pela modulação da infecção viral e a polarização da resposta imune para células 
Th1 ou Th2. Objetivo: Avaliar a resposta imune específica in vitro ao HPV em homens com e sem lesões causadas pelo HPV. Métodos: Foram recrutados 
31 pacientes e 11 voluntários, divididos em quatro grupos: 12 pacientes no grupo A (HIV+/HPV+); 9 pacientes no grupo B (HIV-/HPV+); 10 pacientes 
no Grupo C (HIV+/HIV-); e 11 sujeitos saudáveis no grupo D (HIV-/HPV-). Uma cultura de PBMCs foi realizada para medir os níveis de citocinas Th1/
Th2/Th17 (IFN-γ, IL-2, TNF-α, IL-4, IL-10 e IL-17) de células de pacientes estimulados com a vacina quadrivalente para HPV (HPV 6, 11, 16 e 18) e 
a proteína E7 de HPV-16. Resultados: O grupo A coinfectado (HIV+/HIV+) apresentou altos níveis de citocinas, especialmente citocinas do perfil Th2, 
comparados com os demais grupos estudados. O grupo coinfectado apresentou níveis significativamente mais elevados de IL-6 e IL-10, citocinas do 
perfil Th2, comparados ao grupo controle (HIV-/HPV-) (p<0,0001 e p<0,0001, respectivamente). Conclusão: Este estudo reportou uma elevada produção 
de citocinas no grupo de coinfectados, sugerindo um forte efeito imunomodulatório pela coinfecção HIV/HPV. Entretanto, outros estudos devem ser 
conduzidos para confirmar estes dados. Devido este grupo apresentar altos níveis de citocinas Th2, especialmente IL-6 e IL-10, esses dados sugerem que 
essas duas citocinas podem servir como biomarcadores para a persistência viral, uma vez que pacientes soropositivos para HIV apresentam níveis mais 
altos de persistência pelo HPV e podem permitir que a progressão para lesões mais graves possa ser monitorada. 
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One of the most important cofactors in HPV persistence and the 
development of cancer is coinfection with Human Immunodeficiency 
Virus (HIV). About 37 million people in the world are HIV-infected 
and 2 million are infected in Latin American and Caribbean(22). 
Coinfection with HIV and HPV also affects the spread and persis-
tence of human papillomavirus. In fact, it is unknown whether HIV 
has an additional effect on the transmission, reactivation and persis-
tence of HPV infection(23). Epidemiologic studies of HPV infection, 
HPV-associated disease, and HIV infection have helped us understand 
the relationship in HIV/HPV coinfection(24). The sexual transmission 
of both infections leads to a high rate of coinfection in Brazil(25).

In immunocompetent patients, HPV infection is usually elimi-
nated in seven to ten months(19). In these patients, during the time 
that the HPV infection persists, immunodeficiency caused by HIV 
plays an important role in the pathogenesis of anal cancer. However, 
the exact mechanism behind the interaction between HIV and HPV 
is not well understood. It is thought that there is an absence of a 
cell-mediated immune response as a result of HIV infection(26). 
Viral shedding by CD4+ T cells is important for the resolution of 
HPV infection, and there is a clear association between low levels 
of CD4+ T cells and cervical dysplasia(27).

The cell-mediated immune response plays an important role in 
the control of HPV-induced cancers(28-31). The activation of CD4+ T 
cells results in the production and secretion of cytokines. The pattern 
of cytokine expression characterizes two major subsets of CD4+ T 
cells known as Th1, which produce IFN- γ, TNF-α and IL-2, and 
Th2, which produce IL-4, IL-6 and IL-10(28,32). Cytokines play an 
important role in host defense against HPV infection by modulating 
viral infection and polarizing the immune response towards Th1 or 
Th2 cells(33). The pattern of cytokines induced by T helper cells type 
1 and 2 (Th1 and Th2) has been used to characterize the immune 
response in a number of human diseases, including diseases asso-
ciated with HPV(34,35).

Some studies have demonstrated that during carcinogenesis of 
the cervical epithelium, there is a shift from a Th1 to a Th2 immune 
response(30-36). The change from a Th1 to a Th2 immune response, 
which results in the down regulation of cellular immunity, might 
explain the loss of immune control of HPV infection and oncologi-
cal complications(34-38). The studies suggest that a Th1 response is 
associated with viral clearance(39,40) and a Th2 response is associ-
ated with the persistence of HPV infection and lesions progress-
ing to cancer(34,41).

The immunosuppression observed in HIV-1-infected patients 
indicates that an efficient host immune response is closely linked to 
viral clearance or persistence. Cytokines play a very important role 
in host defense against HPV infection, as they affect the polarization 
towards either a Th1 or a Th2 response. Therefore, it is necessary to 
evaluate the immune profile of HPV-infected patients and correlate 
this profile with the progression of lesions. The results from this 
study provide useful information to better understand the specific 
host immune response to HPV infection and disease progression.

OBJECTIVE
To evaluate the immune responses to Human papillomavirus 

(HPV) in vitro in men from the city of São Paulo, Brazil.

METHODS
We recruited 31 patients and 11 healthy volunteers. The fol-

lowing four study groups were formed: 12 HIV-1-infected patients 
with lesions caused by HPV (Group A – HIV+/HPV+), 9 patients 
seronegative for HIV-1 with lesions from HPV (group B – HIV-/
HPV+); 10 patients seropositive for HIV-1 but without HPV infec-
tion (group C – HIV+/ HPV-); and 11 healthy subjects (group D 
– HIV-/HPV-).

This article is part of a project approved by the Research 
Ethics Committee of both Clinics Hospital, School of Medicine, 
Universidade de São Paulo (HC/USP) and the Center for Reference 
and Training in HIV/AIDS in São Paulo (CRT/SP). All of the 
patients and volunteers received written and oral information 
about the project and, upon agreement with the study, signed an 
informed consent form.

Blood collection
The samples were collected from peripheral blood by venipunc-

ture in three 10-mL vacutainer tubes containing sodium heparin 
(Becton Dickinson, NJ, USA).

Isolation of peripheral blood mononuclear cells
The PBMCs were isolated using density gradient centrifugation 

with Ficoll-Hypaque (GE Healthcare Life Sciences, Little Chalfont 
Buckinghamshire, England). The blood samples were diluted in 
saline at a 1:1 ratio and transferred to a 50 mL conical tube con-
taining the Ficoll-Hypaque (1:3). The samples were centrifuged at 
800xg for 20 minutes at 16ºC.

The PBMCs separated by the density gradient were removed 
and transferred to a 15 mL conical tube. The cells were washed 
with saline solution and then centrifuged at 450xg for 10 min-
utes at 16ºC. A second washing with saline was carried out under 
the same conditions. The supernatants were removed, and the 
cell pellets were resuspended in 1mL of RPMI 1640 culture 
medium to count leukocytes in a Cell-Dyn cytometer (Abbott 
Park, Illinois, USA). The cells were divided into single use ali-
quots at 2 × 106 cells/mL in RPMI 1640 supplemented with 10% 
AB serum. These aliquots were added to 24 well culture plates 
and treated with different stimuli.

Stimuli for PBMCs
We used a commercially available vaccine (Gardasil®, Merck 

& Co., Inc., USA) containing antigens from the L1 protein of 
four HPV types (HPV-6, 11, 16, 18) and E7 protein from HPV-16, 
which were available from the Institute of Biomedical Sciences of 
Universidade de São Paulo.

The PBMCs were suspended in RPMI 1640 culture medium 
supplemented with 10% AB serum at 2 × 106 cells/well in 24-well 
culture plates and stimulated separately with 2 µg/mL of Gardasil® 
or 15 µg/mL of the E7 protein for 72 hours at 37ºC and 5% CO2. 
The supernatants were then collected and frozen at -72ºC for sub-
sequent analysis.
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Cytometric bead array assay
For the analysis of cytokine expression by flow cytometry, the BD 

cytometric Bead Array (CBA) Human Cytokine Th1/Th2/Th17 kit 
(Becton Dickinson, NJ, USA) was used, according to the manufac-
turer’s instructions. The BD CBA Th1/Th2/Th17 Human cytokine kit 
measures the protein levels of IL-2, IL-4, IL-6, IL-10, TNF, IFN-γ 
and IL-17 in a single sample. The supernatants were analyzed on 
the BD LSR Fortessa cell analyzer (Becton Dickinson, NJ, USA).

Statistical analysis
The statistical analysis was performed using the GraphPad Prism 

version 4.03 software (GraphPad Software, San Diego, CA, USA). 
An analysis of variance test ANOVA was used. P<0.05 was con-
sidered significant.

RESULTS

Flow cytometry and the measurement of cytokines
Table 1 shows the median and range of cytokine production in 

the cells stimulated with the E7 protein from HPV-16. The patients 
coinfected with HIV and HPV had high levels of Th2 cytokines and 
low levels of Th1 cytokines.

Table 2 shows the cytokine profile of the cells from the differ-
ent groups stimulated with the Gardasil vaccine. In all groups, we 
observed high levels of IL-6 under vaccine stimulation. The cyto-
kine TNF-α was highly produced in the HIV+/HPV+ and HIV-/

HPV+ groups, but there was no statistical significance. The cells 
from the HIV+/HPV+ group produced high levels of all the cyto-
kines studied, except for IL-17.

IL-17
Low levels of IL-17 were produced in the cells from all of the 

study groups. Upon stimulation with the E7 protein from HPV-16, 
the cells from group D (HIV-/HPV-) produced the highest levels of 
IL-17 when compared to the other study groups, but there was no 
statistical significance (p=0.64).

In the cells stimulated with the vaccine, there were higher lev-
els of IL-17 in the group only infected with HPV (HIV-/HPV+) 
compared to the other groups, where the levels remained the same. 
However, there was no statistical significance (p=0.27).

IFN- γ
The levels of IFN-γ produced in the CD4+ T cell supernatants 

were similar in both treatments. We observed a slight increase in 
the level of this cytokine in the cells stimulated with the Gardasil 
vaccine, but this was not statistically significant [p=0.4636 (E7) 
and p=0.4344 (vaccine).

TNF-α
High levels of TNF-α were produced in the cells from the coin-

fected group (HIV+/HPV+) under both stimuli conditions. However, 
the HIV-/HPV+ and HIV+/HPV- groups had a slight increase in this 
cytokine in response to the E7 protein, but not the vaccine. However, 

Table 2  – Median and range of  cytokine production (pg/mL) in the cells from all study groups stimulated with the Gardasil Vaccine.
Groups IFN-y IL-2 TNF-〈 IL-10 IL-6 IL-17
Group A
HIV+/HPV+

6.60
(0-4,790.41)

1.87
(0-5.94)

296.29
(14.05-40,404.95)

159.96
(40.86-1,619.07)

39,281.56
(33,469.65-42,096.16)

0
(0-11.43)

Group B
HIV-/HPV+

10.84
(0-38.97)

3.71
(0-13.37)

306.12
(0-840.97)

37.11
(0-620.73)

21,010.87
(158.13-39,513.6)

0
(0-35.6)

Group C
HIV+/HPV-

0
(0-0.32)

0.05
(0-126.1)

0
(0-18.19)

0
(0-2.6)

25.07
(2.4-7,557.75)

0
(0-7.58)

Group D
HIV-/HPV-

1.27
(0-529.44)

4.47
(0-59.77)

0
(0-92.24)

0
(0-16.45)

132.97
(54.62-30,058.3)

0
(0-15.34)

HIV: human immunodeficiency virus; HPV: human papillomavirus.

Table 1  – Median and Range of  cytokine production (pg/mL) in the cells from the all study groups stimulated with the protein E7.
Groups IFN-y IL-2 TNF-〈 IL-10 IL-6 IL-17
Group A
HIV+/HPV+

5.28
(0-4,226.75)

0.00
(0-2.96)

504.72
(23.58-41,445.14)

180.99
(57.72-2,075.28)

40,199.13
(34,323.02-45,953.69)

0
(0-11.43)

Group B
HIV-/HPV+

28.77
(0-137.5)

1.01
(0-8.44)

1,167.88
(4.96-1,921.8)

121.61
(0-917,46)

33,186.65
(594.84-39,591.79)

0
(0-2.9)

Group C
HIV+/HPV-

0
(0-5.63)

0
(0-8)

29,89
(0-5.63)

1.34
(0-620.73)

2,266.85
(198.66-40,735.43) 0

Group D
HIV-/HPV-

6.98
(0-436.16)

1.14
(0-7.05)

1,123,94
(0-14,339.14)

36.75
(0-686.31)

29,026.88
(240.45-39,703.58)

0
(0-22.8)

HIV: human immunodeficiency virus; HPV: human papillomavirus.
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this difference was not statistically significant. There was a slight 
increase in the production of TNF-α in the cells from the HIV-/HPV- 
group upon E7 stimulation.

IL-2
In the CD4+ T cells from the coinfected group (HIV+/HPV+) 

that were treated with both stimuli, IL-2, which is a Th1 cytokine, 
was produced at low levels. Cells from the HIV+/HPV- and HIV-/
HPV- groups that were stimulated with the vaccine produced high 
levels of IL-2, but this was not statistically significant.

IL-10
The cells from the HIV+/ HPV+ and HIV-/HPV groups produced 

high levels of IL-10, a Th2 cytokine, in both culture conditions. The 
cells stimulated with the E7 protein produced higher IL-10 levels 
compared to cells stimulated with the vaccine, but this was not sta-
tistically significant.

In the cells stimulated with the vaccine, there was a statistically 
significant difference in IL-10 production between the cells from 
the coinfected group (HIV+/HPV+) and the group only infected 
with HIV (HIV+/HPV-) [p<0.0001] as well as and the coinfected 
(HIV+/HPV+) group and control group (HIV-/HPV-) [p<0.0001].

IL-6
The cytokine IL-6, a Th2 cytokine, was the most highly produced 

out of all the cytokines tested in all of the groups and culture condi-
tions. The highest levels were produced in the cells from the HIV+/
HPV+ group that were treated with both stimuli. Upon treatment 
with the E7 protein, there was significantly more IL-6 produced in 
the cells from the HIV+/HPV+ group compared to the cells from 
the HIV-/HPV+, HIV+/HPV- and HIV-/HPV- groups (p=0.0005, 
p=0.0001 and p=0.0436, respectively). IL-10 production was sig-
nificantly higher in group A than in group B [p<0.0241].

DISCUSSION

Th1/Th2 immune responses
Persistent infection with HPV is a requirement for the cancer 

progression, and failure of viral clearance has been attributed to 
a deficiency in the immune response(41). Diseases caused by HPV 
are characterized by the absence of cytotoxic responses specific 
and the absence of Type 1 CD4+ T cells that secrete IFN-γ, IL-2 
and TNF-α. These cell types are critical in the generation of adap-
tive immunity(42,43).

It has been reported that a Th1 response is associated with the 
clearance of HPV infection and cervical lesion regression, while 
immunosuppressive cytokines of the Th2 profile are associated 
with viral persistence and the progression of cervical lesions(35-45).

Our data indicate a high production of both Th1 (IFN-γ and TNF-
α) and Th2 (IL-10 and IL-6) cytokines in patients co-infected with 
HIV-1 and HPV, suggesting a strong immunomodulatory effect in 
HIV and HPV coinfection. HIV infection results in a dysregulation 

of cytokine production. In addition, little is known about HIV/HPV 
coinfection and the production of Th1 and Th2 cytokines. HIV-1-
infected subjects have a high prevalence of HPV, a higher persis-
tence of oncogenic viruses and a faster progression to cancer(46).

The data corroborate the results from other studies that showed 
high levels of IL-6 and IL-10 in women coinfected with HIV and 
HPV. The coinfection can cause an imbalance in the levels of cyto-
kines, which can facilitate opportunistic infections(47-49). We observed 
that in the cells stimulated with the E7 protein and Gardasil, the 
median levels of Th1 cytokines (IFN-γ, TNF-α and IL-2) in the cells 
from the HIV+/HPV+ group were lower compared to the levels in 
the cells from the other groups. However, there were higher levels 
of Th2 cytokines (IL-6 and IL-10) in the coinfected group (HIV+/
HPV+) compared to the other groups.

Thus, we report that the HIV+/HPV+ group produced the high-
est levels of Th2 cytokines, corroborating other studies that indi-
cate that this imbalance, especially in patients with HPV-associated 
lesions, promotes a faster progression to precursor lesions and can-
cer. A study carried out in 2007 indicated that Th2 cytokines were 
produced at higher levels in the blood of women with cervical dys-
plasia and increased with the degree of lesion, CIN II and CIN III(50). 
A study published in 1999 reported the production of IL-6 (a Th2 
cytokine) in cervicovaginal secretions. Increased levels were present 
in women with lesions compared to the control group, which corre-
lates the production of IL-6 to the severity of cervical neoplasia(51).

Th-17 immune response
In 2005, a third CD4 cell type was identified: Th17. Some studies 

demonstrate that IL-17 cytokine promotes tumor growth and these 
effects are stronger than the anti-tumor T cell effects. In ovarian 
cancer, Th17 cells are elevated and have a pathogenic role in can-
cer development(52). There are no data in the literature correlating 
the levels of IL-17 with lesions or cancer related to HPV.

We report a small increase in the production of IL-17 in the cells 
from patients infected with HPV-16 with lesions in response to the 
vaccine Gardasil, but no statistical significance was found. However, 
these data may be important in understanding the mechanisms as 
to why some patients progress more rapidly to cancer than others.

IFN-γ
Our data indicate that the cells from the co-infected group (HIV+/

HPV+), with both stimuli had higher levels of IFN-γ. These data 
support an earlier study by Hong et al., where patients with a CD4+ 
T cell count >500 cells/mm3 had increased levels of IL-2 and IFN-γ, 
suggesting that the cytokine profile can be influenced by HIV infec-
tion in the pre-HAART era(53). Patients undergoing HAART have 
increased numbers of CD4+ T cells and an increase in the levels 
of IL-2 and IFN-γ(54).

TNF-α
The TNF-α controls HPV infection by inducing apoptosis in 

the infected cells and cervical cancer cells. An excess of TNF-α 
can result in a damaging inflammatory response that contributes 
to persistent infection and may also affect antigen presentation. 
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Insufficient antigen presentation to T lymphocytes may contribute 
to the persistence of HPV-16 and progression to cervical cancer(55).

Our data reveal an increased production of TNF-α in the HIV+/
HPV+ patients. Azar et al. in 2004, reported high levels of TNF-α 
in patients with high-grade lesions(36). These patients have lesions 
induced by HPV-16 and an inflammatory response, which may 
influence the persistence of infection. However, these data were 
not statistically significant.

IL-2
IL-2, a Th1 cytokine, is an important cytokine produced by acti-

vated T cells and is responsible for the clonal proliferation of T cells(56). 
The cells from the coinfected (HIV+/HPV+) and HPV infected (HIV-/
HPV+) groups with lesions produced lower levels of IL-2 than the 
cells from the HIV+/HPV- and HIV-/HPV- groups without lesions. 
These data support the work of Tsukui et al., who were the first to 
demonstrate that lymphocytes from women with cervical intraepi-
thelial neoplasia produced lower levels of Th1 cytokines, especially 
IL-2, in response to HPV peptides(46). In 2004, Lee et al. reported a 
lower proportion of CD4+ T cells producing IL-2, IFN-γ and TNF-α 
in patients with high-grade lesions compared to controls(48).

However, Garcia-Pineres et al. reported a significant increase in 
Th1 cytokines, particularly IL-2 and IFN-γ, in CD4+ T cells incu-
bated with L1 VLPs(57). The cells stimulated with the Gardasil in 
this study also produced higher levels of IL-2, which is similar to 
the previous study. However, our data were not statistically signifi-
cant. Our data suggests the potential of the vaccine to induce a Th1 
response, which is associated with viral clearance.

IL-10
The IL-10 results are similar to the results obtained by 

Bhairavabhotla et al. In cervical tumors, the presence of IL-10 
mRNA was revealed, which can explain the immunosuppressive 
status of the patients with cervical cancer(58). Park et al. in 2013 
reported high levels of CD3/IL-10 T cells in patients with warts, 
suggesting that changing from the Th2 response and increasing 
IL-10 can prevent the clearance of infection(59).

Furthermore, high levels of IL-10 were found in patients with 
low-grade lesions, suggesting that IL-10 may inhibit the immune 
response against HPV infection. Azar et al. reported high levels of 
IL-10 in low-grade cervical lesions, making IL-10 a useful indicator 
for HPV-induced cervical lesions(36). Bais et al. reported increased 
expression of IL-4 and IL-10 in the CIN III stage. The results obtained 
in our study confirm the results found by Bais et al. for IL-10 that 
indicate a shift from the Th1 to Th2 response(50).

IL-6
IL-6 is a proinflammatory cytokine that has been implicated in 

cervical cancer but also in many functions in normal conditions(60). 
Our study revealed high levels of IL-6 in vaccine-treated cells from 
coinfected (HIV+/HPV+) and HPV infected (HIV-/HPV+) patients.

Tjiong et al. reported that IL-6 was present in higher concentrations 
in patients with cervical cancer. These data corroborate the results 
obtained in our study. The high levels of IL-6 may berelated to the 

severity of the lesions(51). Wei et al. reported high levels of IL-6 in 
cancer biopsy tissues. These results suggested that a microenviron-
ment containing high levels of IL-6 can promote angiogenesis and 
cancer development(60). Another study conducted in 2010 reported high 
levels of IL-6 in HPV+ women compared with the healthy group(61).

There are few studies in the literature correlating the levels of 
different cytokines with the natural history of HPV infection(40) and 
coinfection with HIV in men. Further studies are necessary to under-
stand the antiviral immune response mediated by T lymphocytes to 
develop new strategies that change the balance of Th1 cytokines in 
HPV-associated cancers(62).

CONCLUSION
We report increased cytokine production in patients coinfected 

with HIV+/HPV+, suggesting a strong immunomodulatory effect 
of HIV and HPV. The coinfected group (HIV+/HPV+) presented a 
Th2 cytokine response, which was characterized by the high pro-
duction of IL-6 and IL-10 (p<0.0001, both cytokines) and low 
production of Th1 cytokines. It has been suggested that IL-6 and 
IL-10 may serve as biomarkers for viral persistence; monitoring the 
progression to more severe lesions resulting from virus infection. 
The quadrivalent vaccine was a good inducer of the Th1 response 
in patients not infected with HPV. Higher levels of IFN-γ and IL-2 
were produced in the vaccine treated cells compared to the E7 pro-
tein treated cells. However, this increase was not observed in the 
patients already infected with HPV. The vaccine more effectively 
protected the patients that were naïve to the virus.

Our data on IL-17 was also intriguing. Several studies have 
reported that IL-17 promotes cancer development. Our study 
reported an increase in IL-17 in some patients infected with HPV 
with lesions. Therefore, it is important to understand the role of this 
cytokine in the progression/induction of lesions and cancer associ-
ated with HPV. Finally, it is important to conduct further research 
on the cytokine profiles of the Th1/Th2/Th17 responses and the 
relationship between cytokine levels and the degree of injury and 
HPV-associated cancer. This will aid in the understanding of these 
proteins in the antitumor immune response, especially in men and 
the HIV positive population, where there is very little information.

ACKNOWLEDGEMENTS
We thank the financial support from FAPESP, process 2009/00347-

5, Grant 2010/07076-4 and CNPq, process 301685/2016-9. Our thanks 
to Dr. Roberto Carvalho from the Referral Center and Training 
in STD/AIDS - São Paulo for assis- tance in patient recruitment. 
Our thanks to all the patients who par- ticipated in this research.

Participation of each author
This work is the result of a doctoral thesis of the main author in 

Department of Dermatology of School of Medicine of São Paulo 
University. All steps of the study were performed by the author. Karen 
Eliane de Oliveira Gaester was the master student that helped in all 
the techniques of this work. Jorge Casseb was the study design, dis-
cussion and supervisor of this work. Alberto José da Silva Duarte 
was the study supervisor of this work.



DST - J bras Doenças Sex Transm 2019;31(1):7-13

12 COSTA et al.

Funding
This work received financial support from Fundação de Amparo 

à Pesquisa do Estado de São Paulo. Process 2009/00347-5 and 
Grant 2010/07076-4.

Conflict of interests
There is no conflict of interest to be reported.

REFERENCES
1. Chen Z, Jing Y, Wen Q, Ding X, Zhang S, Wang T, et al. L1 and L2 

gene polymorphisms in HPV-58 and HPV-33: implications for vaccine 
design and diagnosis. Virol J. 2016;13(1):167. https://dx.doi.org/10.1186
%2Fs12985-016-0629-9

2. Bolatti EM, Chouhy D, Casal PE, Pérez GR, Stella EJ, Sanchez A, 
et al. Characterization of novel human papillomavirus types 157, 
158 and 205 from healthy skin and recombination analysis in genus 
gamma-Papillomavirus. Infect Genet Evol. 2016;42:20-9. https://doi.
org/10.1016/j.meegid.2016.04.018

3. Menon S, Wusiman A, Boily MC, Kariisa M, Mabeya H, Luchters S, 
et al. Epidemiology of HPV Genotypes among HIV Positive Women 
in Kenya: A Systematic Review and Meta-Analysis. PLoS One. 
2016;11(10):e0163965. https://doi.org/10.1371/journal.pone.0163965

4. Lorenzon L, Ferri M, Pilozzi E, Torrisi MR, Ziparo V, French D. 
Human papillomavirus and colorectal cancer: evidences and pitfalls of 
published literature. Int J Colorectal Dis. 2011;26(2):135-42. https://doi.
org/10.1007/s00384-010-1049-8

5. Moody CA, Laimins LA. Human papillomavirus oncoproteins: pathways 
to transformation. Nat Rev Cancer. 2010;10(8):550-60. https://doi.
org/10.1038/nrc2886

6. No JH, Kim MK, Jeon YT, Kim YB, Song YS. Human papillomavirus 
vaccine: widening the scope for cancer prevention. Mol Carcinog. 
2011;50(4):244-53. https://doi.org/10.1002/mc.20657

7. Pearce N, Blair A, Vineis P, Ahrens W, Andersen A, Anto JM, et al. IARC 
monographs: 40 years of evaluating carcinogenic hazards to humans. 
Environ Health Perspect. 2015;123(6):507-14. https://doi.org/10.1289/
ehp.1409149

8. Sapy T, Poka R, Szarka K, Konya J, Huga S, Hernadi Z. Age-specific 
prevalence of high-risk human papillomavirus infection in a Hungarian 
female population with positive cytology. Eur J Obstet Gynecol Reprod 
Biol. 2008;138(2):194-8. https://doi.org/10.1016/j.ejogrb.2007.07.001

9. Snow AN, Laudadio J. Human papillomavirus detection in head and neck 
squamous cell carcinomas. Adv Anat Pathol. 2010;17(6):394-403. https://
doi.org/10.1097/PAP.0b013e3181f895c1

10. Vorsters A, Micalessi I, Bilcke J, Ieven M, Bogers J, Van Damme P. 
Detection of human papillomavirus DNA in urine. A review of the 
literature. Eur J Clin Microbiol Infect Dis. 2012;31(5):627-40. https://doi.
org/10.1007/s10096-011-1358-z

11. Zur Hausen H. Papillomavirus infections--a major cause of human 
cancers. Biochim Biophys Acta. 1996;1288(2):F55-78. https://doi.
org/10.1016/0304-419x(96)00020-0

12. Zur Hausen H. Papillomaviruses and cancer: from basic studies to clinical 
application. Nat Rev Cancer. 2002;2(5):342-50. https://doi.org/10.1038/
nrc798

13. Group USCSW. United States Cancer Statistics: 1999-2013 Incidence 
and Mortality Web-based Report. US Department of Health and Human 
Services, Centers for Disease Control and Prevention and National 
Cancer Institute; 2016.

14. Syrjänen S, Lodi G, von Bültzingslöwen I, Aliko A, Arduino P, Campisi 
G, et al. Human papillomaviruses in oral carcinoma and oral potentially 
malignant disorders: a systematic review. Oral Dis. 2011;17(Suppl. 1):58-
72. https://doi.org/10.1111/j.1601-0825.2011.01792.x

15. Kolawole OM, Olatunji KT, Durowade KA. Molecular detection of 
human papillomavirus from abnormal cervical cytology of women 

attending a tertiary health facility in Ido-ekiti, southwest Nigeria. J Prev 
Med Hyg. 2016;57(2):E86-90.

16. Chung SH. Cervical Cancer Screening after Perimenopause: How 
Is Human Papillomavirus Test Performed? J Menopausal Med. 
2016;22(2):65-70.

17. Chatterjee S, Chattopadhyay A, Samanta L, Panigrahi P. HPV and 
Cervical Cancer Epidemiology – Current Status of HPV Vaccination in 
India. Asian Pac J Cancer Prev. 2016;17(8):3663-73.

18. Müller EE, Rebe K, Chirwa TF, Struthers H, McIntyre J, Lewis DA. 
The prevalence of human papillomavirus infections and associated 
risk factors in men-who-have-sex-with-men in Cape Town, South 
Africa. BMC Infect Dis. 2016;16(1):440. https://doi.org/10.1186/
s12879-016-1706-9

19. Lee CH, Lee SH, Lee S, Cho H, Kim KH, Lee JE, et al. Anal Human 
Papillomavirus Infection among HIV-Infected Men in Korea. PLoS One. 
2016;11(8):e0161460. https://doi.org/10.1371/journal.pone.0161460

20. King EM, Oomeer S, Gilson R, Copas A, Beddows S, Soldan K, et al. 
Oral Human Papillomavirus Infection in Men Who Have Sex with Men: A 
Systematic Review and Meta-Analysis. PLoS One. 2016;11(7):e0157976. 
https://doi.org/10.1371/journal.pone.0157976

21. Atashafrooz F, Rokhbakhsh-Zamin F. Frequency and Type Distribution 
of Human Papilloma Virus in Patients with Prostate Cancer, Kerman, 
Southeast of Iran. Asian Pac J Cancer Prev. 2016;17(8):3953-8.

22. UNAIDS. Global AIDS Update. Global AIDS Response Progress 
Reporting (GARPR) 2016; UNAIDS 2016 estimates. United Nations 
Programme on HIV/AIDS; 2016.

23. Gonçalves MA, Randi G, Arslan A, Villa LL, Burattini MN, Franceschi 
S, et al. HPV type infection in different anogenital sites among HIV-
positive Brazilian women. Infect Agent Cancer. 2008;3:5. https://dx.doi.
org/10.1186%2F1750-9378-3-5

24. Krishnamurti U, Unger ER. Pathobiology of human papillomaviruses in 
human immunodeficiency virus – Infected persons. Semin Diagn Pathol. 
2017;34(4):364-70. https://doi.org/10.1053/j.semdp.2017.04.005

25. Silva RJ, Casseb J, Andreoli MA, Villa LL. Persistence and clearance of 
HPV from the penis of men infected and non-infected with HIV. J Med 
Virol. 2011;83(1):127-31. https://doi.org/10.1002/jmv.21950

26. Kreuter A, Brockmeyer NH, Altmeyer P, Wieland U, German Competence 
Network HA. Anal intraepithelial neoplasia in HIV infection. J Dtsch 
Dermatol Ges. 2008;6(11):925-34. https://doi.org/10.1111/j.1610-
0387.2008.06737.x

27. Macleod IJ, O'Donnell B, Moyo S, Lockman S, Shapiro RL, Kayembe 
M, et al. Prevalence of human papillomavirus genotypes and associated 
cervical squamous intraepithelial lesions in HIV-infected women in 
Botswana. J Med Virol. 2011;83(10):1689-95. https://doi.org/10.1002/
jmv.22178

28. Stanley M. Immune responses to human papillomavirus. Vaccine. 
2006;24(Suppl. 1):S16-22. https://doi.org/10.1016/j.vaccine.2005.09.002

29. Gravitt PE, Hildesheim A, Herrero R, Schiffman M, Sherman ME, Bratti 
MC, et al. Correlates of IL-10 and IL-12 concentrations in cervical 
secretions. J Clin Immunol. 2003;23(3):175-83.

30. Delgado FG, Martinez E, Céspedes MA, Bravo MM, Navas MC, 
Cómbita Rojas AL. Increase of human papillomavirus-16 E7-specific T 
helper type 1 response in peripheral blood of cervical cancer patients after 
radiotherapy. Immunology. 2009;126(4):523-34. https://doi.org/10.1111/
j.1365-2567.2008.02912.x

31. Bais AG, Beckmann I, Lindemans J, Ewing PC, Meijer CJ, Snijders 
PJ, et al. A shift to a peripheral Th2-type cytokine pattern during 
the carcinogenesis of cervical cancer becomes manifest in CIN III 
lesions. J Clin Pathol. 2005;58(10):1096-100. https://doi.org/10.1136/
jcp.2004.025072

32. Sharma A, Rajappa M, Saxena A, Sharma M. Cytokine profile in Indian 
women with cervical intraepithelial neoplasia and cancer cervix. Int J 
Gynecol Cancer. 2007;17(4):879-85. https://doi.org/10.1111/j.1525-
1438.2007.00883.x

33. Deligeoroglou E, Giannouli A, Athanasopoulos N, Karountzos V, 
Vatopoulou A, Dimopoulos K, et al. HPV infection: immunological 
aspects and their utility in future therapy. Infect Dis Obstet Gynecol. 
2013. http://dx.doi.org/10.1155/2013/540850



DST - J bras Doenças Sex Transm 2019;31(1):7-13

The Th1-Th2 profile in Immune Response to HPV 13

34. Fernandes AP, Gonçalves MA, Duarte G, Cunha FQ, Simões RT, 
Donadi EA. HPV16, HPV18, and HIV infection may influence cervical 
cytokine intralesional levels. Virology. 2005;334(2):294-8. https://doi.
org/10.1016/j.virol.2005.01.029

35. Agarossi A, Casolati E, Valieri M, Ferrazzi E, Maffeis G, Trabattoni D, et 
al. Mucosal immune response to Human Papilloma Virus (HPV) infection 
in HIV positive women. Med Wieku Rozwoj. 2003;7(4 Pt 1):495-502.

36. Azar KK, Tani M, Yasuda H, Sakai A, Inoue M, Sasagawa T. Increased 
secretion patterns of interleukin-10 and tumor necrosis factor-alpha in 
cervical squamous intraepithelial lesions. Hum Pathol. 2004;35(11):1376-
84. https://doi.org/10.1016/j.humpath.2004.08.012

37. de Jong A, van Poelgeest MI, van der Hulst JM, Drijfhout JW, Fleuren GJ, 
Melief CJ, et al. Human papillomavirus type 16-positive cervical cancer is 
associated with impaired CD4+ T-cell immunity against early antigens E2 
and E6. Cancer Res. 2004;64(15):5449-55. https://doi.org/10.1158/0008-
5472.CAN-04-0831

38. Zhu N, Cheng H, Zhu KJ, Zhang X, Xu Y, Jiang DH. [Detection of 
peripheral blood Th1/Th2 and Tc1/Tc2 subsets in patients with condyloma 
acuminatum and its significance]. Zhonghua Shi Yan He Lin Chuang Bing 
Du Xue Za Zhi. 2009;23(3):229-31.

39. Clerici M, Merola M, Ferrario E, Trabattoni D, Villa ML, Stefanon B, 
et al. Cytokine production patterns in cervical intraepithelial neoplasia: 
association with human papillomavirus infection. J Natl Cancer Inst. 
1997;89(3):245-50. https://doi.org/10.1093/jnci/89.3.245

40. López MC, Stanley MA. Cytokine profile of draining lymph node 
lymphocytes in mice grafted with syngeneic keratinocytes expressing 
human papillomavirus type 16 E7 protein. J Gen Virol. 2000;81(Pt 
5):1175-82. https://doi.org/10.1099/0022-1317-81-5-1175

41. Song SH, Lee JK, Lee NW, Saw HS, Kang JS, Lee KW. Interferon-
gamma (IFN-gamma): a possible prognostic marker for clearance of high-
risk human papillomavirus (HPV). Gynecol Oncol. 2008;108(3):543-8. 
https://doi.org/10.1016/j.ygyno.2007.11.006

42. Kloth JN, Gorter A, ter Haar N, Corver WE, Jordanova ES, Kenter GG, 
et al. Lack of TNFalpha mRNA expression in cervical cancer is not 
associated with loss of heterozygosity at 6p21.3, inactivating mutations 
or promoter methylation. Mol Immunol. 2008;45(1):152-9. https://doi.
org/10.1016/j.molimm.2007.04.028

43. James EA, DeVoti JA, Rosenthal DW, Hatam LJ, Steinberg BM, 
Abramson AL, et al. Papillomavirus-specific CD4+ T cells exhibit 
reduced STAT-5 signaling and altered cytokine profiles in patients with 
recurrent respiratory papillomatosis. J Immunol. 2011;186(11):6633-40. 
https://doi.org/10.4049/jimmunol.1004181

44. Scott ME, Ma Y, Farhat S, Shiboski S, Moscicki AB. Covariates of 
cervical cytokine mRNA expression by real-time PCR in adolescents 
and young women: effects of Chlamydia trachomatis infection, hormonal 
contraception, and smoking. J Clin Immunol. 2006;26(3):222-32. https://
doi.org/10.1007/s10875-006-9010-x

45. Fernandes AP, Gonçalves MA, Simões RT, Mendes-Junior CT, Duarte 
G, Donadi EA. A pilot case-control association study of cytokine 
polymorphisms in Brazilian women presenting with HPV-related cervical 
lesions. Eur J Obstet Gynecol Reprod Biol. 2008;140(2):241-4. https://
doi.org/10.1016/j.ejogrb.2008.04.007

46. Tsukui T, Hildesheim A, Schiffman MH, Lucci J 3rd, Contois D, Lawler 
P, et al. Interleukin 2 production in vitro by peripheral lymphocytes in 
response to human papillomavirus-derived peptides: correlation with 
cervical pathology. Cancer Res. 1996;56(17):3967-74.

47. Williams A, Steffens F, Reinecke C, Meyer D. The Th1/Th2/Th17 
cytokine profile of HIV-infected individuals: a multivariate cytokinomics 
approach. Cytokine. 2013;61(2):521-6. https://doi.org/10.1016/j.
cyto.2012.11.006

48. Lee BN, Follen M, Tortolero-Luna G, Eriksen N, Helfgott A, Hammill H, et 
al. Synthesis of IFN-gamma by CD8(+) T cells is preserved in HIV-infected 
women with HPV-related cervical squamous intraepithelial lesions. Gynecol 
Oncol. 1999;75(3):379-86. https://doi.org/10.1006/gyno.1999.5587

49. Guha D, Chatterjee R. Cytokine levels in HIV infected and uninfected 
Indian women: correlation with other STAs. Exp Mol Pathol. 
2009;86(1):65-8. https://doi.org/10.1016/j.yexmp.2008.10.001

50. Bais AG, Beckmann I, Ewing PC, Eijkemans MJ, Meijer CJ, Snijders 
PJ, et al. Cytokine release in HR-HPV(+) women without and with 
cervical dysplasia (CIN II and III) or carcinoma, compared with HR-
HPV(-) controls. Mediators Inflamm. 2007;2007:24147. https://doi.
org/10.1155/2007/24147

51. Tjiong MY, van der Vange N, ten Kate FJ, Tjong AHSP, ter Schegget J, 
Burger MP, et al. Increased IL-6 and IL-8 levels in cervicovaginal secretions 
of patients with cervical cancer. Gynecol Oncol. 1999;73(2):285-91. 
https://doi.org/10.1006/gyno.1999.5358

52. Tesmer LA, Lundy SK, Sarkar S, Fox DA. Th17 cells in human 
disease. Immunol Rev. 2008;223:87-113. https://doi.org/10.1111/j.1600-
065X.2008.00628.x

53. Hong MA, Wakim VL, Salomão SJ, Camargo LS, Casseb J, Duarte 
AJ. IL-2 and IFN-gamma, but not IL-4 secretion by peripheral blood 
mononuclear cells (PBMC) are related to CD4+ T cells and clinical status 
in Brazilian HIV-1-infected subjects. Rev Inst Med Trop São Paulo. 
1998;40(6):351-4. https://doi.org/10.1590/s0036-46651998000600003

54. Autran B, Carcelain G, Li TS, Blanc C, Mathez D, Tubiana R, et al. Positive 
effects of combined antiretroviral therapy on CD4+ T cell homeostasis 
and function in advanced HIV disease. Science. 1997;277(5322):112-6. 
https://doi.org/10.1126/science.277.5322.112

55. Deshpande A, Nolan JP, White PS, Valdez YE, Hunt WC, Peyton 
CL, et al. TNF-alpha promoter polymorphisms and susceptibility to 
human papillomavirus 16-associated cervical cancer. J Infect Dis. 
2005;191(6):969-76. https://doi.org/10.1086/427826

56. Lin CT, Tsai YC, He L, Yeh CN, Chang TC, Soong YK, et al. DNA 
vaccines encoding IL-2 linked to HPV-16 E7 antigen generate enhanced 
E7-specific CTL responses and antitumor activity. Immunol Lett. 
2007;114(2):86-93. https://dx.doi.org/10.1016%2Fj.imlet.2007.09.008

57. García-Piñeres AJ, Hildesheim A, Herrero R, Trivett M, Williams M, 
Atmetlla I, et al. Persistent human papillomavirus infection is associated 
with a generalized decrease in immune responsiveness in older women. 
Cancer Res. 2006;66(22):11070-6. https://doi.org/10.1158/0008-5472.
CAN-06-2034

58. Bhairavabhotla RK, Verm V, Tongaonkar H, Shastri S, Dinshaw K, 
Chiplunkar S. Role of IL-10 in immune suppression in cervical cancer. 
Indian J Biochem Biophys. 2007;44(5):350-6.

59. Park HJ, Choi YW, Kim SH, Shin MS, Lee SW, Oh MK, et al. Change 
in cytokines in patients with warts after contact immunotherapy with 
squaric acid dibutylester. Clin Exp Dermatol. 2013;38(7):775-81. https://
doi.org/10.1111/ced.12075

60. Wei LH, Kuo ML, Chen CA, Cheng WF, Cheng SP, Hsieh FJ, et al. 
Interleukin-6 in cervical cancer: the relationship with vascular endothelial 
growth factor. Gynecol Oncol. 2001;82(1):49-56. https://doi.org/10.1006/
gyno.2001.6235

61. Kemp TJ, Hildesheim A, García-Piñeres A, Williams MC, Shearer GM, 
Rodriguez AC, et al. Elevated systemic levels of inflammatory cytokines 
in older women with persistent cervical human papillomavirus infection. 
Cancer Epidemiol Biomarkers Prev. 2010;19(8):1954-9. https://doi.
org/10.1158/1055-9965.EPI-10-0184

62. Xu Y, Zhu KJ, Zhu N, Jiang DH, Chen XZ, Cheng H. Expression of 
Foxp3+CD4+CD25+ regulatory T cells and Th1/Th2, Tc1/Tc2 profiles 
in the peripheral blood of patients with condyloma acuminatum. Clin 
Exp Dermatol. 2009;34(2):229-35. https://doi.org/10.1111/j.1365-
2230.2008.03001.x

Address for correspondence:
FERNANDO AUGUSTO MIRANDA DA COSTA
Universidade Federal do Pará, Instituto de Ciências Biológicas 
Rua Augusto Correa, 1, Sala 317
CEP: 66075-110. Belém (PA), Brazil
E-mail: mcosta.fernando@gmail.com 

Received on: 01.24.2019 
Approved on: 03.01.2019


