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Abstract: Objective: To investigate the clinical value of T lymphocyte subsets and NK cells in peripheral blood of 
patients with high-risk HPV infection and different cervical lesions. Methods: CD3+, CD4+, CD8+ lymphocyte subsets 
and CD16+CD56+ cells in specimens of peripheral blood of 212 healthy control and 2167 patients with high-risk 
HPV infection and different cervical lesions were detected by flow cytometry. Results: Different patients with high-
risk HPV infection in cervical lesions, CD4+, CD16+CD56+ cells and the numbers of CD4+/CD8+ ratio were lower 
than those in the healthy control group, and with the severity of lesions increment to gradually reduce (P<0.01), 
while CD8+ cell numbers were higher than those in the healthy control group, and with increasing severity lesions 
gradually increased (P<0.01). The cellular immune function of all patients with cervical squamous cell carcinoma 
were significantly lower than those in healthy control group, and with the severity of lesions increment to gradually 
reduce. The cellular immune function of patients of cervical squamous cell carcinoma with lymph node metastasis 
were significantly lower than that in patients without lymph node metastasis (P<0.01), and in patients with well dif-
ferentiated, poorly differentiated and moderately differentiated of cervical squamous cell carcinoma group were no 
difference between them (P>0.05). But CD4+, CD8+ cells and CD4+/CD8+ ratio of patients with low differentiation 
are significantly lower than patients with well-differentiated. The number of cells of CD4+, CD16+CD56+ reducing and 
CD4+/CD8+ ratio decreased were negative correlated to clinical stages of cervical squamous cell carcinoma, namely 
were decreased with the increasing of clinical stages (P<0.01). The number of CD8+ cell was positive correlated 
with clinical stages of cervical squamous cell carcinoma (P<0.01). Conclusion: The cellular immune function of the 
patients with high-risk HPV infection and different cervical lesions is lower and especially even worse in patients 
with cervical squamous cell carcinoma and with advanced clinical stages. Detecting T lymphocyte subsets and NK 
immune cells can be used to monitor cellular immune function of patients with cervical squamous cell carcinoma 
and to estimate prognosis and provide reference for clinical treatment.
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Introduction

Global multi-center large sample epidemiologi-
cal and experimental researches have shown 
that high-risk human papillomavirus (HPV) in- 
fection is essential for cervical squamous cell 
carcinoma [1, 2]. Viral infection often causes 
cell mutations, which can be removed by im- 
mune defense, thereby maintaining a relatively 
stable internal environment. Only one type of 
high-risk HPV infections leads to long-term sus-
tainability of cervical squamous cell carcinoma, 
which is a continuous gradual pathological pro-

cess taking about 5-15 years from precancer-
ous lesion, namely cervical intraepithelial neo-
plasia (cervical intraepithelial neoplasia, CIN) 
[3]. These evidences indicate that cervical can-
cer is the result of interactions between high-
risk HPV infection and immune function, where 
viral infection is only an external factor, and 
loss or reduce of cellular immune surveillance 
function is the internal factor of cervical cancer. 
Therefore, to explore the relationship between 
cellular immune function in patients with differ-
ent cervical lesions helps to understand the 
pathogenesis of cervical squamous cell carci-
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noma, which provides a theoretical basis for 
the prevention and treatment of cervical squa-
mous cell carcinoma.

Materials

Subjects

A total of 2167 cases of married women were 
enrolled in this study with visits, hospitaliza-
tions, opportunistic screening, physical exami-
nation, and the “two cancer” screening at Sh- 
aanxi Provincial Tumor Hospital from September 
2007 to June 2015, aged 21 years to 69 years 
with an average of 42.68 years, in which 212 
cases are normal women aged 21 years to 63 
years with an average of 42.23 years, whose 
HPV genotyping assay is negative, smooth cer-
vical without inflammation or other symptoms 
and medical history, and with no history of drug 
use within three months. In 1,955 cases of 
various cervical lesions, 443 cases of CIN (CIN 
I 86 cases, CIN II 156 cases, CIN III 201 cases), 
aged 23 years to 60 years with an average age 
of 38.94 years; 1512 cases of cervical squa-
mous cell carcinoma patients, aged 24 years to 
69 years with an average of 42.87 years (261 
cases of cervical squamous cell carcinoma I, 
379 cases of IIa, 337 cases of IIb, 252 cases of 
IIIa, 191 cases of IIIb, 92 cases of IV. All patients 
were confirmed by pathological diagnosis. Pa- 
thological diagnosis shows 354 cases of well-
differentiated, 762 cases of middle-differenti-
ated, and 396 cases of poorly-differentiated. In 
these patients, 919 cases have no lymph node 
metastasis, while 593 cases have lymph node 
metastasis. Patients with negative HPV geno-
typing, low-risk HPV infection, adeno-squamo- 
us, or autoimmune diseases, and those who 
had chemotherapy, immunotherapy or taking 
any patient care products within three months 
were excluded.

Reagents and instruments

Reagents: mouse anti-human leukocyte grade 
antigen detection kit CD4-FITC, CD8-PE, CD3-
PC5, mouse anti-human grade antigen detec-
tion kit CD3-FITC, CD16/CD56-PE, mouse anti-
human IgG1-PC5/IgGl-FITC/IgG-PE, control 
lymphocyte, hemolytic agents, cleaning fluid 
and diluent were purchased from Beckman 
Coulter company. CD3+, CD4+ and CD8+T were 
used for labeling lymphocytes, CD16+CD56+ for 
labeling NK cells. Reagents for HPV genotyping 
were from Shenzhen-Biological Technology Co., 
Ltd.

Instruments: PAS dual laser Flow cytometry 
(FCM) was from PARTEC (Germany), and HPV 
genotyping system was from Shenzhen-Bio 
Technology Co., Ltd.

Methods

Sampling

Fasting blood samples (2 ml) were collected in 
EDTA anticoagulated collection tube and kept 
at 4°C and testing within 1 h.

Detection

The outer anticoagulant periphery blood was 
adjusted to lymphocyte concentration of ap- 
proximately 5×106, trypan blue staining, viable 
cell count should be greater than 85%; the 
determination of each tube and control tube 
was added 100 μL whole blood was added PBS 
diluted to 200 μL, was added to the monoclo-
nal antibody 20 μL, mix gently; incubated in the 
dark at room temperature 20 min; hemolytic 
agent added 1.5 ml, mix gently, destruction of 
red blood cells, and incubated at room temper-
ature in the dark 15 min to complete transpar-
ency, join PBS wash, 1500 rpm for 5 min the 
supernatant was discarded, repeated three 
times; 0.1% formaldehyde solution 1 ml fixed, 2 
h inside the machine detected. FCM laser as 
Asian cold laser, wavelength 488 nm, using the 
flow-check to adjust the optical path, using the 
same type of control tune voltage to SSC (Side 
Scatter) of the horizontal axis, FSC (forward 
scatter) as ordinate, Construction scatter plot 
on the scatter plot analysis using gating lym-
phocyte populations CD3+, CD4+, CD8+ and 
CD16+CD56+ antigen expression, each speci-
men count 1×105 cells.

The collection and test methods of HPV geno-
typing followed reference [4], HPV high-risk sub-
types include: 16, 18, 31, 33, 35, 39, 45, 51, 
52, 53, 56, 58 , 59, 66, 68, 73, 82 and 83.

Cells immune function was measured during 
the same time of HPV genotyping.

Statistical analysis

Measurement data were expressed as mean ± 
standard deviation (x±s) and analyzed by sta- 
tistical software SPSS 19.0. The difference 
between two samples was compared using t 
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test, and that among multiple samples was 
compared using ANOVA, followed by q test for 
post hoc compare. Spearman rank correlation 
analysis was used for the correlation between 
the cervical squamous cell carcinoma stage 
and the number of T lymphocyte subsets and 
NK cells. P<0.05 was considered statistically 
significant.

Results

The number of lymphocyte subsets and NK 
cells in peripheral blood of patients with cervi-
cal lesions and with high-risk HPV infection 
were shown in Table 1. From which, the number 
of CD4+, CD16+CD56+ and CD4+/CD8+ ratio 
decreased according to the severity of cervical 
lesions, while CD8+ cell count was gradually 
increased according to the severity of cervical 
lesions, with statistically significant difference 
(P<0.01). CD3+ was decreased with the severity 
of cervical lesions, with no significant statistical 
difference (P>0.05).

The number of lymphocyte subsets and NK 
cells in peripheral blood of patients with cervi-
cal cancer of different histopathological differ-
entiation and with high-risk HPV infection was 
shown in Table 2. From which, the number of 
CD3+, CD4+, CD4+/CD8+, CD16+CD56+ were 
gradually decreased with the poor differentia-
tion, CD8+ was gradually increased with it but 
no significant difference (P>0.05). Further q 
tests found, CD4+, CD8+ and CD4+/CD8+ ratio 
were statistically significant different between 
poorly-differentiated group and well-differenti-
ated group.

The number of lymphocyte subsets and NK 
cells in peripheral blood of patients with and 
lymph node metastasis or not and with high-
risk HPV infection were shown in Table 3. From 
which, the number of CD4+, CD4+/CD8+ and 
CD16+CD56+ were significantly lower in patients 
with lymph node metastasis than those in 
patients without lymph node metastasis, with 
significant differences (P<0.01); and on the 

Table 1. The numbers of lymphocyte subsets and NK cells in peripheral blood of patients with cervi-
cal lesions and with high-risk HPV infection (X±s)
Group n CD3+ CD4+ CD8+ CD4+/CD8+ CD16+CD56+

Normal control 212 68.13±8.37 36.59±7.34 23.53±5.17 1.56±0.57 16.48±5.79
CIN I 86 67.87±8.25 36.18±7.11 24.14±5.33 1.50±0.55 16.26±4.85
CIN II 156 67.41±8.23 35.86±6.72 24.79±5.52 1.45±0.51 15.91±4.57
CIN III 201 66.72±8.18 35.29±6.55 25.54±5.83 1.38±0.48* 15.43±4.47
Cervical cancer I 261 65.84±8.12 34.78±6.33 26.27±5.66 1.32±0.45* 14.66±4.11
Cervical cancer IIa 379 65.27±8.03 34.21±6.25 26.55±6.08* 1.29±0.41* 13.53±3.72
Cervical cancer IIb 337 64.11±7.62 32.34±6.12* 27.61±6.16* 1.17±0.39** 12.84±3.58*
Cervical cancer IIIa 252 62.74±7.46 30.95±5.68* 28.59±6.32* 1.08±0.37** 11.51±3.46**
Cervical cancer IIIb 191 61.86±7.41* 30.28±5.37** 29.67±6.75** 1.02±0.34** 10.82±3.38**
Cervical cancer IV 92 60.81±7.31** 28.96±5.31** 30.43±7.28** 0.95±0.33** 10.25±3.22**
F 1.726 5.648 7.153 17.849 13.741
P >0.05 <0.01 <0.01 <0.01 <0.01
Compared with normal control group: *P<0.05, **P<0.01.

Table 2. The number of lymphocyte subsets and NK cells in peripheral blood of patients with cervical 
cancer of different histopathological differentiation and with high-risk HPV infection (X±s)
Differentiation n CD3+ CD4+ CD8+ CD4+/CD8+ CD16+CD56+

Well-differentiated 354 64.93±8.11 33.99±6.07 26.41±6.05 1.29±0.45 12.96±3.75
Middle-differentiated 762 64.47±7.78 32.84±6.02 27.55±6.23 1.19±0.39* 12.86±3.63
Poorly-differentiated 396 62.24±7.34 30.61±5.96* 29.17±6.36* 1.05±0.34** 12.12±3.56
F 0.000 0.852 0.731 2.784 0.000
P >0.05 >0.05 >0.05 <0.05 >0.05
Compared with well-differentiated group: *P<0.05, **P<0.01.
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contrary, the number of CD8+ was significantly 
higher in patients with lymph node metastasis 
than those in patients without lymph node me- 
tastasis, with significant differences (P<0.01). 
However, the number of CD3+ cells between the 
two groups was not significant difference (P> 
0.05).

Correlation analysis between cervical cancer 
stage and the numbers of T lymphocyte sub-
sets and NK cell. The peripheral blood T lym-
phocyte subsets and NK cell numbers was cor-
related with cervical squamous cell carcinoma 
stage, in which, CD4+, CD16+/CD56+ and CD4+/
CD8+ ratio was negative correlated with the 
stage (CD4+: r=-0.532, P<0.01; CD16+/CD56+: 
r=-0.617, P<0.01; CD4+/CD8+: r=-0.745, P< 
0.01); CD8+ cell number was positively corre-
lated with the stage of cervical squamous cell 
carcinoma (r=0.596, P<0.01).

Discussion

In recent years, the incidence of cervical can-
cer is gradually increased and with an increase 
trend in younger population and it has become 
one of the most common gynecologic cancer 
after breast cancer in most developing coun-
tries [5]. According to studies, the new cervical 
cancer case around the world is about 500,000 
each year, in which 130,000 from China, and it 
is a serious threat to the health and safety of 
Chinese women [6]. Although the possibility of 
cervical lesions after infection with high-risk 
HPV to develop into cervical cancer increased 
significantly, over 90% of patients with normal 
immune HPV infection naturally heal after two 
years. So the vast majority of women with nor-
mal immune function had rarely persistent HPV 
infection and cervical cancer.

T lymphocytes by function and leukocyte grade 
antigen can be divided into suppressor T lym-
phocytes, namely CD8+T cells, and helper T lym-
phocytes, namely CD4+T cells, from lymphoid 
stem cells in the thymus and is the largest num-
ber of lymphocytes with the most complex func-

tion. All CD3 molecules in human T lympho-
cytes, T lymphocytes are important identifica- 
tion mark. In the peripheral blood, CD4+ repre-
sents a killing effect of T lymphocytes by secret-
ing cytokines to assist and enhance the ability 
of immune cells to kill tumor cells, and has the 
function of immune memory and direct killing 
tumor cells; CD8+T lymphocytes represents 
inhibition cells, plays a negative role in the reg-
ulation of immune responses; these two cells 
often coordinate in killing tumor, mutual res- 
traint, to participate in regulation of the body’s 
immune response Only a proper ratio of the two 
types of cells effectively play normal anti-tumor 
effect. CD16+/CD56+ cells are cells involved in 
killing target cells that does not need antibod-
ies or a pre-sensitized antigen in lymphocyte, it 
can be quickly activated, suppress and kill 
tumor cells, and it will has stronger killing effe- 
ct after activated by lymphatic factor. In the 
anti-tumor process, CD16+/CD56+ cells play an 
important roles, it is mainly presented in the 
peripheral blood, spleen and bone marrow, 
while participating in the innate immune re- 
sponse and the adaptive immune response [7]. 
Previous studies showed that tumor develop-
ment and the immune status of the host cell 
are closely related, and the anti-tumor immuni-
ty of host plays the dominant effect. In particu-
lar, imbalance of CD4+ and CD8+ cells, changes 
in CD16+CD56+ function are significant associ-
ated with tumor cell development, proliferation 
[8]. The anti-tumor mechanism of body mainly 
depends on the specific killing effect of T lym-
phocyte and the non-specific effect of natural 
killer cells, so that the number of T cell subsets 
and NK cells is an important index of cellular 
immune function.

Previous study have reported about patients 
with cervical cancer in peripheral blood T lym-
phocyte subsets and NK cell [9, 10], but there 
is lack of study of about the cells immune func-
tion in patients with high-risk HPV infection and 
different cervix lesion. This study found that the 
number of CD3+, CD4+, CD16+CD56+ and CD4+/
CD8+ ratio were lower in patients with high-risk 

Table 3. The number of lymphocyte subsets and NK cells in peripheral blood of patients with cervical 
cancer and lymph node metastasis or not and with high-risk HPV infection (X±s)
Lymph node metastasis n CD3+ CD4+ CD8+ CD4+/CD8+ CD16+CD56+

Negative 919 65.79±7.93 34.51±6.11 25.70±6.03 1.34±0.40 14.28±3.72
Positive 593 61.21±7.45 29.45±5.75 30.82±6.51 0.96±0.37 10.22±3.52
t 1.428 3.765 3.831 17.946 4.519
P >0.05 <0.01 <0.01 <0.01 <0.01
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HPV infection than those in the control group, 
which were progressively reduced with the in- 
creasing of severity; and CD8+ cell number was 
higher than the control group, and was gradu-
ally increased with the increasing of severity, 
with statistically significant difference, except 
CD3 (P<0.01). These results indicated that the 
increases in cervical disease severity in pa- 
tients with high-risk HPV infection leads to the 
gradually decreases of cellular immune func-
tion. The pair wise comparison results with the 
control group showed that, the differences of 
CD3+, CD4+, CD8+, CD16+CD56+ and CD4+/
CD8+ ratio were in cervical squamous cell IIIb, 
IIb, IIa, I and CIN III were statistically significant 
(Table 1), while the other groups were not sta-
tistically significant. CD4+/CD8+ ratio is the 
most sensitive indicator of the cellular immune 
function in patients with high-risk HPV infection 
and severe cervical lesions.

A total of 443 cases were in CIN group, the cell 
numbers of CD3+, CD4+, CD8+, CD4+/CD8+ and 
CD16+/CD56+ were 67.19±8.21, 35.66±6.72, 
25.01±5.62, 1.43±0.49, 15.76±4.58, respec-
tively; and there was no control group statisti-
cally significant (P>0.05). These results showed 
that the cells immune function in patients with 
high-risk HPV infection had no significant 
change. At this point if conducting local treat-
ment but also active immunotherapy, enhance 
or improve cellular immune function in patients, 
it is possible to prevent further development of 
disease. A total of 1512 cases of cervical squa-
mous cell carcinoma, the cell numbers of CD3+, 
CD4+, CD8+, CD4+/CD8+ and CD16+/CD56+ we- 
re 63.99±7.74, 32.53±5.97, 27.71±6.22, 1.18± 
0.39, 12.69±3.64, statistically significant dif-
ferent from those in control group, except CD3+ 
(P<0.05), indicating that the immune cell func-
tion in patients with cervical squamous cell car-
cinoma has been gradually declining. Further 
analysis revealed that CD3+ and CD4+ was not 
statistically significant different between CIN 
group and cancer group (P>0.05); and CD8+, 
CD4+/CD8+ and CD16+/CD56+ ratio were statis-
tically significant different between the two 
groups (P<0.05); indicating that patients with 
cervical cancer group with high-risk HPV in- 
fection had significantly lower cellular immune 
function, particularly in advanced squamous 
cell carcinoma. These results indicated that 
once high-risk HPV infection causes squamous 
cell carcinoma, local treatment should take to- 
gether with immunotherapy, which may help to 

prevent the development or rehabilitation of 
disease.

The results of T lymphocytes and NK cells in 
patients with high-risk HPV infection and cervi-
cal lymph node metastasis showed that 
patients with lymph node metastasis had sig-
nificantly lower cellular immune function than 
those patients without lymph node metastasis. 
This may also indicates they may reinforce each 
other, namely the development of cancer can 
significantly reduce or inhibit the cellular im- 
mune function of patients, while reduced cellu-
lar immune function cause lymph node metas-
tasis. It is suggested that when performing 
local or systemic treatment of tumors, com-
bined with immunotherapy helps to achieve a 
more favorable therapeutic effect. For high-risk 
HPV in cervical squamous cell carcinoma pa- 
tients infected with different tissue grade lym-
phocyte subsets and NK cells were found 
between the groups was not statistically signifi-
cant (P>0.05). It means that cellular immune 
function has no significant correlation with the 
grade of tumor. However, CD4+, CD8+ and their 
ratio were significant differences in well-differ-
entiated group and poorly-differentiated group 
(P<0.05). These results indicated that the cel-
lular immune function in patients with poorly-
differentiated cervical squamous cell carcino-
ma than those in control group. This may be 
due to that low-differentiated grade cervical 
squamous cell carcinoma has higher metasta-
sis activity, and further lead to the decrease of 
the immune function of host.

The correlation between peripheral blood T 
lymphocyte subsets and NK cell numbers and 
cervical squamous cell carcinoma stage sh- 
owed that, the reduce of CD4+, CD16+CD56+ 
cells and CD4+/CD8+ ratio was negatively cor-
related with the cervical squamous cell carci-
noma stage (P<0.01); while CD8+ cells was 
positively correlated the cervical squamous  
cell carcinoma stage (P<0.01). It suggests that 
patients with worse cellular immune function 
have more severe disease and more rapid 
development. And the possibility of lymph node 
metastasis or distant metastasis is also high- 
er, and should arouse the attention of clini-
cians. Secondly, for patients with worse cellu- 
lar immune function, the clinical treatment 
should focus on adapting or strengthen cellu- 
lar immune function, which will leads better 
treatment.
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In summary, it a simple method to analyze the 
cell immune function in patients with cervical 
cancer using FCM, not only helps to understand 
the cellular immune function in patients, but 
also helps to determine the severity of the dis-
ease. In particular, the changes CD4+/CD8+ 
ratio can provide valuable reference for clinical 
treatment, thereby enhancing the therapeutic 
effect of cervical cancer. However, it needs fur-
ther study to determine whether reduce of cel-
lular immune function in patients is the cause 
or the result of the occurrence and develop-
ment of tumor.
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