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Abstract: Uterine cervical cancer (UCC) causes more than one quarter of a million deaths per year in many de-
veloping countries. Nearly all cases of cervical cancer result from infection with the human papillomavirus. After
high-risk HPV infection, most HPV infections are cleared naturally as a result of humoral and cell-mediated immune
responses. Only a limited number of patients’ cervical lesions progress through CIN to cervical cancer, from per-
sistent oncogenic human papillomavirus (HPV) infection. This indicated that immunoregulation may play a central
role in the HPV-induced carcinogenesis. However, the natural history of clearance of a cervical HPV infection or its
progression to a UCC needs clarification. We examined the related immune cells (Th1, Th2, Th17 and Treg cells) and
related immune factors (INF-y, IL-4, IL-10, IL-17, 1L.-23, TGF-BI) of UCC patients, CIN patients, HPV infected patients,
and healthy controls. Compared with healthy controls, patients with UCC or CIN had a lower proportion of Th1 cells,
and a higher proportion of Th2, Th17, and Treg cells. IL-4, IL-10, IL-17, IL-23 and TGF-BI concentrations in serum were
found to be increased from patients with UCC or CIN, while INF-y concentration in serum with UCC or CIN decreased.
Our findings suggested that there were attractive imbalances of Th1/Th2 and Th17/Treg cells in UCC and CIN pa-
tients. HPV persistent infection induced an immunologic dissonance, and the degree of imbalance is aggravated
with the progression of the disease.
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Introduction role in the HPV-induced carcinogenesis. How-
ever, the natural history of clearance of a cervi-
cal HPV infection or its progression to a UCC

needs to be better understood.

Uterine cervical cancer (UCC), is the one of the
most common cancers diagnosed in women
worldwide, and causes more than one quarter
of a million deaths per year as a result of gross-
ly deficient treatments in many developing
countries. Nearly all cases of cervical cancer
result from infection by the human papillomavi-
rus. In addition, a high proportion of cases goes
through a preinvasive phase (cervical intraepi-
thelial neoplasia, CIN) that can be detectable

Recently, Th17 cells and regulatory T cells (Treg
cells) have been defined as two distinct CD4+ T
subsets from Thl and Th2 cells. Th17 is a sub-
set of CD4+RORyt+IL23R+CCR6+CD161+ IL-
17-producing T cells [6-8]. Th17 cells and their
effector cytokines (such as IL-17A, IL-A7F, IL-21,

by clinical methods [1, 2].

After high-risk HPV infection, most HPV infec-
tions are cleared naturally as a result of humor-
al and cell-mediated immune responses [2].
Only a limited number of patients’ cervical
lesions progress through CIN to cervical cancer
[3], because of persistent oncogenic human
papillomavirus (HPV) infection [4, 5]. This indi-
cates that immunoregulation may play a central

IL-22, and IL-26) are increasingly being recog-
nized as key players in the pathogenesis of vari-
ous autoimmune diseases and in mediating
host defensive mechanisms against various
infections [9-13]. The autocrine activity of IL-21,
activation of STAT3, and induction of the orphan
nuclear receptor ROR yt are the key regulators
of Thi7-cell lineage differentiation [14, 15].
However, the nature of Th17 cells is not under-
stood in cancer patients.
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Treg cells have a major role in modulating the
activity of self-reactive cells. They are charac-
terized by expressing Foxp3 in the nuclei, and
are a functionally immunosuppressive subset
of T cells. This vitally important function exists
alongside the detrimental effects on tumor
immunosurveillance and antitumor immunity
[16]. Evidences from cancer patients suggest
that increased Treg activity may be associated
with poor immune responses to tumor antigens
and contribute to immune dysfunction [17].
Women with hematologic malignancies after
stem cell transplant have low rate of cervical
cancer screening for fresh normal T cells [18].
These reports suggested that Treg cells might
suppress the antitumor immune response.
Whether Treg cells comprise a higher propor-
tion of peripheral blood lymphocytes in patients
with HPV infection, UCC, or CIN has not been
investigated.

It was reported that the balance between Treg
and Th17 cells controlled immune response
and was a key factor in regulating helper T cell
function relating to the Th1/Th2 shift in autoim-
mune disease and graft vs. host disease [19].
However, the information on the balance
between Thl and Th2, Treg, and Th17 cells in
cancer patients has been minimally reported
[20]. In our study, we measured the levels of
Thd, Th2 Th17 and Treg cells and the related
immune factors in UCC, CIN, and HPV infected
patients and healthy controls to detect the pos-
sible roles of the imbalance between regulatory
and effector cells in the development and pro-
gression of uterine cervical cancer.

Materials and methods
Materials and samples

This research was approved by the ethics com-
mittee and written informed consent for partici-
pation in the study was obtained from each
subject. 139 fresh specimens were obtained
from the Department of Gynecology, The
Affiliated Hospital of Qingdao University. Thirty-
eight untreated UCC patients (age range 39-69
years, 46.2+6.9 years), 61 untreated CIN
patients (age range 24-56 years, 41.4+5.8
years) and 20 HPV infected patients with nor-
mal cervical smear (age range 25-52 years,
40.615.5 years) were enrolled in this study.
Patients complicated by hypertension, cardio-
vascular diseases, diabetes, pregnancy, active
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or chronic infection, connective tissue diseas-
es, endometriosis or with malignant tumor in
the past history, were excluded. No initial immu-
nosuppression, radiotherapy, or chemotherapy
was performed prior to the surgery. All of the
cases were histologically proven and the clini-
cal stage of UCC patients was based on FIGO
(International Federation of Gynecology and
Obstetrics) 2009. Twenty healthy women (age
range 25-68 years, 42.917.1 years) were
selected as a control group.

Flow cytometric analysis of Th1, Th2, Th17 and
Treg cells

Intracellular cytokines were evaluated by flow
cytometry to reflex the Thl, Th2 and Th17 cyto-
Kine-producing cells. Heparinized peripheral
whole blood (200 ul) with an equal volume of
Roswell Park Memorial Institute 1640 medium
was incubated for 4 h at 37°C, 5% CO2 in the
presence of 25 ng/ml of phorbol myristate ace-
tate (PMA), 1 ug/ml of ionomycin, and 1.7 ug/
ml Monensin (all from Alexis Biochemicals, San
Diego, CA). PMA and ionomycin are T-cell-
activating agents that mimic signals generated
by the T-cell receptor complex and have the
advantage of stimulating T cells of any antigen
specificity. Monensin was used to block intra-
cellular transport mechanisms, leading to an
accumulation of cytokines in the cells. After
incubation, the cells were stained with PE-
conjugated anti-y-IFN, anti-IL-4, anti-IL17 and
anti-CD4-FITC, (Caltag Laboratories, Burlinga-
me, CA, USA). Isotype controls were given to
enable correct comparisons and confirm anti-
body specificity. Stained cells were analyzed by
flow cytometric analysis using a FACS can
cytometer equipped with CellQuest software
(BD Bioscience Pharmingen, San Diego, CA).

Circulating CD4+/CD25+/FoxP3+ Tregs were
enumerated by flow cytometry. Peripheral blood
mononuclear cells (PBMCs) were incubated
with anti-CD4-FITC and anti-CD25-PC5 (Beck-
man Coulter, Immunotech, France) mAb for 30
min at 4°C. Subsequent to washing with PBS,
PBMCs were fixed and permeabilized with fixa-
tion/permeabilization buffer for 30 min at 4°C,
washed twice with permeabilization buffer and
stained with anti-human FoxP3-PE mAb, follow-
ing the manufacturer’s instructions (eBiosci-
ence, San Diego, CA, USA). Following a 30-min
incubation at 4°C, cells were washed and ana-
lyzed by flow cytometry in a Coulter Epics IV
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Table 1. Frequency of Thl, Th2, Th17, and Treg cells in controls and patients with UCC, CIN, or HPV

(%, X £5)

Th1 cell Th2 cell Th17 cell Treg cell
Control group (n=20) 23.12+2.81 2.11+0.99 1.23+0.41 2.00+0.66
HPV group (n=20) 20.43+3.13 3.22+1.47 1.44+0.49 2.86+0.87a
CIN group (n=61) 16.24+3.76a,b 4.53+1.55a,b 7.61+2.49a,b 4.29+0.8a,b

UCC group (n=38) 9.09+1.564a,b,c

9.77+2.19a,b,c

12.41+2.09a,b,c 5.38+1.14a,b,c

Compared to the control group, a: P<0.05. Compared to the HPV group, b: P<0.05. Compared to the CIN group, c: P<0.05.

Cytometer (Beckman Coulter, Inc, Fullerton, CA,
USA) employing Expo32 Software (Beckman
Coulter). Cells were gated on viable lympho-
cytes, following standard forward and sideways
scattering parameters. Among cells included in
this gate, we evaluated Treg subpopulations as
a CD4+/CD25+/FoxP3+ subset. The results are
expressed as percentage of triple-positive cells
as a proportion of the autofluorescence of
CD4+ cells.

Immunohistochemical analysis

The specimens, preserved in Bouin’s solution
were washed in 50% and 70% ethanol before
embedding in paraffin and subsequently
sectioning them at 4 um. The sections were
dewaxed in xylene, rehydrated through a series
of ethanol dilutions, and endogenous peroxi-
dase was blocked with 3% H,0, for 10 min at
room temperature. Sections were incubated
with the blocking buffer (5% normal goat serum)
for 30 min at room temperature. After removing
the blocking buffer, the sections were probed
with the anti-y-IFN, anti-IL-4, anti-IL-17 and anti-
FoxP3 polyclonal antibodies (Santa Cruz, USA,
at a 1:500 dilution) at 4°C for 12 h in a humidi-
fied chamber. The sections were washed with
PBS three times and incubated with the sec-
ondary antibody (at a 1:1,000 dilution) conju-
gated with peroxidase for 30 min at 37°C fol-
lowed by PBS wash and incubation with 3,
3-diaminobenzidine (DAB, Sigma, St. Louis,
MO) for 5 min. The sections were finally coun-
terstained with hematoxylin to visualize cell
nuclei.

Evaluation of immunohistochemical staining

Each specimen was evaluated by two patholo-
gists. The images of specimen were taken digi-
tally with an inverted microscope (Olympus,
Japan) and analyzed by Leica Qwin V3 image
analysis software. The typical areas were selec-
ted under a visual field magnified 200 times.
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The average grayscale value of the selected
area was assessed by the Leica Qwin V3 image
analysis software. The value ranged between O
and 201 and it was inversely proportional to the
level of INF-y, IL-4, IL-17 and Foxp3 proteins.

Enzyme linked immunosorbent assay (ELISA)

The serum concentrations of INF-y, I1L-4, IL-10,
IL-17, IL-23, TGF-Bl were measured by ELISA, fol-
lowing the manufacturer’s instructions (eBiosci-
ence, SanDiego, CA). All samples were mea-
sured in duplicate.

Statistical analysis

The results are presented as mean + S.D.
Association between all kinds of parameters
among different groups were assessed using
either t test, or one-way analysis of variance
(ANOVA). P-values smaller than 0.05 were con-
sidered significant. Statistical analyses were
performed using SPSS 17.0 software (SPSS
Inc., Chicago, IL).

Results

Elevated circulating Th1 cells and decreased
Th2 cells in patients with UCC, CIN and HPV
infection

We first analyzed the expression of Thl and
Th2 cells based on cytokine patterns after in
vitro activation by PMA/ionomycin in short-term
cultures. Compared with healthy controls,
patients with UCC or CIN had a lower proportion
of Th1 cells (in Table 1 and Figure 1) and a high-
er proportion of Th2 cells (in Table 1 and Figure
1). Furthermore, the frequencies of Thl cells
decreased and Th2 cells increased in HPV
infected patients comparing to the controls.
The differences were not significant (P>0.05).
Remarkably, an attractive imbalance of Thl/
Th2 was observed in UUC and CIN patients.
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Figure 1. Frequency of Thd, Th2, Th17, and Treg cells in controls and patients with UCC or CIN or HPV. All the cells
were stained with PE-conjugated anti-y-IFN, anti-IL-4, anti-IL17, anti-FoxP3+, and anti-CD4-FITC. Stained cells were
analyzed by flow cytometric analysis using a FACS can cytometer equipped with Cell Quest software. The proportions
of each cells in representative UCC patients, CIN patients, HPV infective patients and controls were annotated in the
figure. Controls (A), UCC patients (B), CIN patients (C) and HPV-infected patients (D).

Elevated circulating Th17 cells and Treg cells
in patients with UCC or CIN

We analyzed the expression of Th17 cells based
on cytokine patterns after in vitro activation by
PMA/ionomycin in short-term cultures. Com-
pared to healthy controls, the percentage of
Th17 cells was significantly increased in UCC
patients (12.41+2.09%) and CIN patients
(7.61+2.49%) as showed (in Table 1 and Figure
1). UCC patients also revealed a significant
increase in percentage of Tregs (5.38+1.14%),
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as did the CIN patients (4.29+0.8%). Although
the percentages of Th17 cells and Treg cells in
patients with HPV were slightly higher than that
in controls, no statistical difference was found
(in Table 1 and Figure 1). Furthermore, the fre-
quencies of Th17 cells and Treg cells were posi-
tively correlated in uterine cervical cancer
patients. Remarkably, an attractive imbalance
of Th17/Treg was observed in UUC and CIN
patients. In UCC patients with lymph node
metastases or vasoinvasion, the ratio of Th17/
Treg was significantly higher than that in nega-
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Table 2. The ratios of Th1/Th2 and Th17/Treg in
controls and patients with UCC or CIN or HPV

Th1/Th2 Thi7/Treg
Control group (n=20) 10.38+7.80 0.5240.13
HPV group (n=20) 11.17+8.13 0.63+0.17

CIN group (n=61)
UCC group (n=38)

3.50+1.51a,b 1.88+0.80a,b
1.43%0.71a,b,c 2.35+0.41a,b,c

Compared to the control group, a: P<0.05.Compared to
the HPV group, b: P<0.05. Compared to the CIN group, c:
P<0.05.

tive patients respectively (as in our recent
research).

INF-y is downregulated, but IL-4, IL-17 and
Foxp3 are upregulated in patients with UCC or
CIN

Among the 61 CIN patients, only 21 patients
had CIN 3 and endured a cervical conization.
Among the 38 UCC patients, only 20 patients
needed radical hysterectomy. The control group
contains patients who underwent hysterectomy
for hysteromyoma. In view of the relationship
between CD4+T cells and UCC, we examined
the expression of INF-y, IL-4, IL-17 and Foxp3
proteins by immunohistochemitry. In Table 3,
we found the levels of INF-y protein in UCC and
CIN groups were lower than the control group.
Furthermore, the levels of INF-y protein in UCC
were even lower than the CIN group (Table 3
and Figure 2). The conditions of IL-4, IL-17, and
Foxp3 proteins were similar. They were all high-
er in UCC and CIN groups than in the control
group. In addition, the differences among the
UCC group, the CIN group, and the control
group were all significant (P<0.05).

I-4, IL-10, IL-17, IL-23, and TGF-BI concentra-
tions were increased in serum with UCC or
CIN, while decreased INF-y concentration were
found in serum with UCC or CIN

Serum INF-y, IL-4, IL-10, IL-17, IL-23 and TGF-BI
were determined in healthy donors and patients
with CIN or UCC. As shown in Table 4, the IL-4,
IL-10, 117, IL-23 and TGF-BlI concentrations
were significantly higher in UCC and CIN
patients than those in control subjects. In addi-
tion, INF-y concentrations were significantly
lower in UCC and CIN patients. The results were
consistent with the increased prevalence of
Th2, Thl7, and Treg cells and decreased Thl
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cells in PBMCs of patients with UCC or CIN.
Significant differences were also found between
CIN patients and UCC patients.

Discussion

Cancer development needs to escape immuno-
logical surveillance. CD4+T-cell suppression or
dysfunction has been reported as a mecha-
nism of causing cancer escape [21, 22]. Among
the T cells, Treg cells are significant in cancer
immune evasion by blocking generation of
immunity to tumor antigens in the periphery
and by neutralizing tumor-infiltrating effector T
cells. It has been demonstrated that the levels
of Treg cells increased in cancer patients, and a
high number of them related to poor survival
[21-23]. The balance between Treg and Thl7
cells controls immune response and is a key
factor in regulating helper T cell function relat-
ing to the Th1/Th2 shift in autoimmune disease
and graft vs. host disease [19]. In our study, we
systematically determined that the frequencies
of Th2, Th17, and Treg cells in PBMCs as well as
their related cytokines IL-4, IL-10, IL-17, 1L-23,
and TGF-Blin serum were prominently increased
in patients with UCC and CIN. The Th1 cells in
PBMCs as well as serum INF-y were prominent-
ly decreased in patients with UCC and CIN.

In our research, Thil cell proportions decreased
significantly in UCC and CIN patients. However,
the Th2 cell proportions markedly increased in
the two groups (Table 1). In addition, the differ-
ence between the two groups was significant
(P<0.05). There was no obvious difference
between the HPV group and the control group
(P>0.05). The findings verified that a Th1,/Th2
shift exists in the patients with uterine cancer
and this shift may start from the CIN stage. A
similar situation was found, when Th1l and Th2
type cytokines were tested (Table 4).

Consequently, our study showed a Th1/Th2
shift in UCC and CIN patients, which is consis-
tent with other studies in ovarian and mamma-
ry cancers [24, 25]. Tosolini [26] reported the
survival rate was related to the Thl cells; the
lower the number of Thl cells, the lower the
survival rate of colon cancer patients.

ThO is the precursor cell of Thl and Th2 cells. It
was reported that the related cytokines deter-
mined the differentiation direction of ThO cells
[27]. For example, IL-12, IFN-&, and IFN-y can
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Table 3. Expression of INF-y, IL-4, IL-17, and Foxp3 protein in UCC, CIN, and controls

Average grayscale value [mean + S.D.]

Tissue type Num

INF-y IL-4 IL-17 Foxp3
ucc 20 158.40+5.32a,b 131.33+4.89a,b 120.3415.79a,b 125.43+7.85a,b
CIN 20 146.20+7.85a 154.33+8.55 135.66+5.99 136.71+5.71
Controls 20 129.40+9.50 163.17+7.88 143.50+8.83 142.29+6.80

Compared to the control group, a: P<0.05. Compared to the CIN group, b: P<0.05.

Figure 2. Levels of INF-y, IL-4, IL-17, and Foxp3 protein in UCC, CIN, and con-
trols. The levels of INF-y protein in UCC (A) and CIN (B) groups were lower than
in the control group (C). Furthermore, the level of INF-y protein in UCC was even
lower than in the CIN group (P<0.05). The levels of IL.-4 protein in UCC (D) and
CIN (E) groups were higher than in the control group (F). The levels of IL-17
protein in UCC (G) and CIN (H) groups were higher than in the control group
(). The levels of Foxp3 protein in UCC (J) and CIN (K) groups were higher than
in the control group (L). The conditions of IL-4, IL.-17 Foxp3 and proteins were
similar. They were all higher in UCC and CIN groups than in the control group.

found the Th1/Th2 shift was
due to the genic mutation of
T-bet [29]. These were con-
sistent with our research.
Both INF-y and Thl cells
were significantly lower in
UCC and CIN patients. On
the other hand, the IL-4 and
Th2 cells were significantly
higher in UCC and CIN
patients than those in con-
trol subjects.

Furthermore, our study also
found higher Treg cell and
Tha17 cell proportions in UCC
and CIN patients, compared
to the other two groups. In
addition, both Th17 and Treg
cell proportions were higher
in the UCC group than the
CIN group and the differenc-
es between the two groups
were significant (P<0.05).
However, there was no obvi-
ous difference between the
HPV group and the control
group (P>0.05). The Thi7
cells increased much more
strongly than the Treg cells,
so the ratio of Thl7/Treg
increased. Thl7/Treg shift
was also detected in pa-
tients with uterine cervical
cancer (Table 2). We next
sought to find whether Th17
cell frequency was associat-
ed with UCC grade, vasoin-
vasion or lymph node me-
tastases.

Previous studies in other
cancers [30-32] also dem-

induce the ThO cells to Thl cells, while IL-4 onstrated that Treg cells had obviously higher
induced the ThO cells to Th2 cells [28]. Yang P proportions within PBMCs, and significant dif-
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Table 4. Levels of INF-y, IL-4, IL-10, IL-17, IL.-23, and TGF-BI in the serum (pg/ml, X + s)

Group Num INF-y -4 IL-10 IL-17 IL-23 TGF-BI
Control 20 136.54+21.79 152.25+33.44 222.38463.56 20.86+0.65 105.45+30.65 518.26+157.73
HPV 20 126.80+17.58 176.31+23.66 216.39+49.80 21.11+0.55 112.09+26.32 539.08+126.36
CIN 61  107.83+13.46a,b 196.42+28.51a 226.92+48.28a 21.52+2.44 108.96+28.98 553.71+197.29
ucc 38 88.25+12.37a,b,c 204.38416.90a 261.53+31.80a,b,c  22.78+1.92a,b,c  148.91+30.97a,b,c  636.54+108.45a,b

Compared to the control group, a: P<0.05; Compared to the HPV group, b: P<0.05; Compared to the CIN group, c: P<0.05.

ferences in the prevalence of Treg cells between
early and advanced disease stages. In our
study, a statistical difference of Treg cells was
found between UCC patients, CIN patients, and
the controls. The ratio of Treg cells in UCC
patients with early and advanced stages with
large population needs study in our next
program.

We found the ratio of Th17/Treg in patients with
UCC was higher than in the CIN group, and the
difference was significant (P<0.05) (Table 3). In
addition, the ratio of Th17/Treg in patients with
CIN was higher than the HPV and control
groups, and the difference was significant
(P<0.05). It was verified that Th17/Treg shift
existed in the patients with uterine cancer and
this shift might start from the CIN stage. A simi-
lar situation was found, when Thl7 and Treg
type cytokines were tested (Table 4).

In Table 4, we see the Th17 secreted cytokines
(IL-17 and IL-23) and Treg secreted cytokines
(TGF-Bl and IL-10) were all significantly higher in
the UCC group than the control group. There
was no significant difference between the CIN
and control groups. However, the Thl and Th2
representative cytokines INF-y and IL-4 had
already changed by the CIN stage. We tested
20 patients with HPV infection but with normal
cervical fluid-based cytology. These patients
showed the slight down regulation of Th1 and
slight up regulation of Th2, Thl7 and Treg.
There was no significant difference between
the HPV and control groups. Thus, during the
HPV infection stage, the Th1/Th2 and Thi7/
Treg balance has not been broken. Bais found
[33] the HPV-infected patients first showed an
up regulation of cytokines both secreted by Thl
and Th2, then the Thl cells decreased and the
Th2 cells increased and finally the balance was
broken. We speculate the Th17 and Treg cells
might experience the same situation, and then
the balance is broken. This might explain why a
persistent HPV infection can lead to immuno-
logic derangement and finally cause uterine
cancer.
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Due to clinical constraints, the UCC patients we
observed were all stage I-ll patients. In the
future, we will do some studies on immune sta-
tus in patients with advanced cervical cancer.

Conclusions

HPV persistent infection induced the immuno-
logic dissonance. Attractive imbalances of
Th1/Th2 and Th17/Treg were observed in UCC
and CIN patients. These imbalances might
involve in the occurrence and development of
cervical cancer. Correcting the balance be-
tween CD4 cells may be a new target for the
therapy of cervical cancer.
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