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Abstract

Background: Alterations in peripheral blood lymphocytes in cervical cancer have been reported, although
conflicting views exist. The present study investigated the distributions of lymphocyte subsets in tumor tissue and
peripheral blood samples from cervical cancer patients and precancerous lesion patients, and evaluated the
correlations of lymphocyte subsets with clinicopathological and prognostic variables.

Methods: A total of 44 patients with stage IB1-IIA2 cervical cancer and 13 precancerous lesion patients were
included. Lymphocytes were collected from the tumor tissue and the peripheral blood, and isolated by
Lymphoprep density gradient centrifugation. The percentages of lymphocyte subsets were quantified by flow
cytometry analysis, and the differences between lymphocyte subsets in the tumor tissue and peripheral blood were
compared by SPSS. In addition, the relationships between lymphocyte subsets and clinicopathological and
prognostic variables were analyzed.

Results: Our results revealed that the amount of total T lymphocytes, CD8+ T cells, granulocytes, pDCs, CD16+
monocytes and CD56™9" NK cells were significantly higher in the tumor tissue than in the peripheral blood in the
cervical cancer patients, while those of CD4+ T cells, CD4+/CD8+ cell ratio, rdT cells, BDCAT+ mDCs, total
monocytes, CD14+ monocytes, NK cells and CD56'°" NK cells exhibited the opposite trend (p < 0.05). The levels of
total pDCs and BDCAT+ mDCs in the peripheral blood were significantly lower in the cervical cancer patients than
in the precancerous lesion patients, while the proportion of CD16+ monocytes was elevated (p < 0.05). In addition,
some lymphocyte subsets, especially CD4+ cells and CD8+ cells, and the CD4+/CD8+ cell ratio were closely
associated with clinicopathological and prognostic parameters.

Conclusions: These results suggested that distinct alterations in infiltrating lymphocyte subsets occurred in the
tumor and were associated with clinicopathological and prognostic parameters. Systemic impairment of the
immune system may occur in the antitumor response of cervical cancer patients.
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Background

Cervical cancer is still the leading gynecological malig-
nancy in China, with 98,900 new cases diagnosed in
2015 and over 30,500 deaths [1]. It has been widely ac-
cepted that persistent high-risk human papillomavirus
(HPV) infection is the major risk factor for cervical can-
cer [2, 3]. Furthermore, the local immune response is
regarded as a key determinant in cervical carcinogenesis
after HPV infection [4]. Evidence suggests that cell-
mediated immunity may be especially important in
HPV-related malignancies, including cervical cancer [5].

Quite a few publications have tried to investigate the
immunological status in cervical cancer and/or precan-
cerous lesions [5-15]. Colleagues from France character-
ized T cells (CD4+, CD8+, CD45 RO+) by
immunohistochemistry in high-risk HPV-infected cer-
vical cancers and premalignant lesions [8]. Using flow
cytometry, Das et al. assessed peripheral blood lympho-
cyte subpopulations in cervical cancer patients among
Indian women, including only five parameters (CD4+
helper T cells, CD8+ cytotoxic T cells, CD16+ cells,
CD19+ cells and CD56+ cells) [5]. Another interesting
publication specifically described systemic T cell re-
sponses to HPV 16 and HPV 18 proteins [11]. In our
previous work (a manuscript published in Chinese), we
evaluated CD4*CD25™ME"CD127"Y regulatory T cells in
the peripheral blood of cervical cancer and precursor le-
sion patients [16]. We found that regulatory T cells were
increased in the patients with cervical intraepithelial
neoplasia or cancer [16].

The current study had several objectives. First, this
study aimed to describe the immune cell landscape in
cervical cancer patients relatively comprehensively, in-
cluding the landscapes in the peripheral blood, tumor
tissue and precancerous lesions. Second, we sought to
evaluate possible correlations between lymphocyte sub-
sets and clinicopathological variables. Last, the prognos-
tic implications of immune cell levels were also
investigated.

Methods

Patient selection and sample collection

We obtained approval from the institutional review
board at Fudan University Shanghai Cancer Center
(SCCIRB-090371-2). Cervical cancer patients who were
scheduled for radical hysterectomy were enrolled in this
study between April and November 2013. The included
patients were required to fulfill the following criteria: 1)
preoperative diagnosis of squamous cell carcinoma or
adenocarcinoma of the cervix; 2) International Feder-
ation of Gynecology and Obstetrics (FIGO) stage IB1-
IIA2 disease, with visible gross tumor; 3) no receipt of
preoperative treatment including chemotherapy and
radiotherapy; and 4) provision of informed content.
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Patients with a medical history of autoimmune diseases
were excluded. All patients were human immunodefi-
ciency virus (HIV) negative. Clinicopathological informa-
tion was retrospectively abstracted from patient
electronic medical records by a well-trained
gynecological oncologist.

Peripheral blood was collected on the day before sur-
gery. Attending surgeons were responsible for choosing
and dissecting highly suspicious fresh tumor tissue for
further analysis. We also collected peripheral blood sam-
ples from 13 patients who received cervical conization
for precancerous lesions during the same period.

All the cervical cancer patients at our institution were
required to have regular follow-up visits after surgery.
Progression-free survival (PFS) was defined as the time
interval from the date of primary surgery to the date of
disease progression or recurrence.

Cell isolation from tumor tissue

Freshly resected cervical tissue samples from primary tu-
mors were transferred to the laboratory immediately
after surgery and processed within four hours. The fresh
tumor tissue was gently minced into 3 to 4 mm cubes
using a scalpel, followed by enzymatic digestion in a
cocktail of collagenase type IV (1 mg/mL, Gibco, Carls-
bad, CA, USA), and DNase I (100 pg/mL, Sigma, USA)
in RPMI 1640 medium (HyClone, Utah, USA) and then
processed into single-cell suspensions using a gentle-
MACS Octo Dissociator with Heater (Miltenyi, Bergisch
Gladbach, Germany) in the preprogrammed human
tumor mode-II at 37 °C for 60 min. Released cells were
collected and filtered through 70 pm nylon cell strainers
(BD, CA, USA) and processed for density gradient cen-
trifugation to isolate leukocytes.

Peripheral blood mononuclear cell (PBMC) isolation and
staining

Peripheral blood mononuclear cells (PBMCs) were col-
lected by Lymphoprep (Axis-Shield) density gradient
centrifugation of venous peripheral blood from patients
treated with the anticoagulant K3-
ethylenediaminetetraacetic acid (EDTA, BD Cat No.
6457). For whole-blood staining, samples underwent ery-
throlysis with an ammonium-buffered solution (BD
FACS Lysing Solution, 10 min at RT). The cells were re-
suspended in ice-cold Fluorescence Activated Cell Sorter
(FACS) buffer containing 1x phosphate-buffered saline
(PBS) (Ca/Mg"" free, pH7.2), 25 mM EDTA, 25 mM
HEPES and 1% FBS. Samples were assessed for the ex-
pression of 18 markers and stained with Zombie Yellow
(BioLegend), which was used to discriminate live and
dead cells according to the manufacturers’ recommenda-
tion, prior to surface staining. For surface staining, fil-
tered single cells were incubated for 30 min on ice with
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an Fc receptor binding inhibitor (eBioscience) diluted 1/
10 in PBS. The cells were then incubated in FACS buffer
with combinations of fluorochrome-conjugated or bio-
tinylated antibodies for 15min in the dark at room
temperature. The cells were centrifuged, and the pellets
were recovered, fixed in a 1% paraformaldehyde solution
and filtered through a 70 pm mesh strainer to remove
any small clumps immediately before flow cytometry
analysis.

Flow cytometry analysis

The antibodies and clones used in the study are pre-
sented in the Additional file 1. Samples were acquired
using a BD LSRFortessa flow cytometer (BD Biosciences)
equipped with five lasers. Before running samples, the
alignment of the instrument was checked daily using
fluorescent microbeads; also, the accuracy of the volu-
metric apparatus was addressed by using commercial
fluorescent beads having predetermined acceptable
ranges for validation. Compensation was performed ac-
cording to the cytometer manufacturer’s instructions,
allowing the use of an off-line procedure by applying au-
tomated electronic algorithms and preset templates; by
using biparametric logarithmic dot plots, gate-specific
tubes and single-tube data analysis; and by optimizing
the FSC threshold and fluorochrome voltage as set-up
parameters. All the data were analyzed with Flow]Jo soft-
ware 9.7.3 (TreeStar, Inc. Ashland, OR).

Statistical analyses

Statistical Package for Social Science (SPSS) statistical
software (Version 20.0, SPSS, Inc., Chicago, IL, USA)
was used for analyses. Continuous data are presented as
the median (range), and categorical data are presented
as proportions. Parametric Student’s t tests were
employed to evaluate continuous variables. The associa-
tions between different variables were evaluated using
univariate and multivariate logistic regression analysis,
and hazard ratios (HRs) with 95% confidence intervals
(CIs) were calculated. All of the P values reported are
two sided, and a value of P < 0.05 was considered statisti-
cally significant.

Results

Demographics

Figure 1 shows the schematic of patient enrollment in
the study. A total of 44 patients were ultimately in-
cluded, and 78 samples were available for analysis.
Among the patients, 34 had paired blood-tissue samples.
Clinical and pathological information for the entire co-
hort is presented in Table 1. The majority of the patients
had a squamous histology (n =40, 90.9%). Deep stromal
invasion (> 1/2 depth), lymph node metastasis and posi-
tive lymphovascular invasion occurred in 70.5, 40.9 and
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Patients (N1=52), Samples (N2=93)
Blood-tissue pairs: 41 cases, 82 samples
Blood: 11 cases, 11 samples

Technical failure Blood-Fissu@ pairs: 5 cases, 10 samples

» Blood in pair group: 1 case, 1 sample
Tissue in pair goup: 1 case, 1 sample
Blood: 3 cases, 3 samples

A4
Patients (N1=44), Samples (N2=78)
Blood-tissue pairs: 34 cases, 68 samples

Tissue: 1 case, 1 sample

Blood: 9 cases, 9 samples

Total: Tissue=35 cases/samples
Blood=43 cases/samples

Fig. 1 Schematic of patients included in the present study

47.7% of the patients, respectively. With a median
follow-up time of 41 months, 36 patients (81.8%) were
alive with no evidence of disease, while 8 patients
(18.2%) had experienced disease recurrence.

Lymphocyte subpopulations in the peripheral blood
versus tumor tissue

We collected paired blood-tissue samples from 34 pa-
tients, and compared different lymphocyte subsets in the
tumor tissue versus the peripheral blood. The distribu-
tions of the lymphocyte subsets in the peripheral blood
compared with those in the tumor tissue are presented
in Table 2.

Table 1 Patient characteristics (n = 44)

Median age (range), years 47 (23-70)
FIGO stage

IB1 (%) 15 (34.1%)

1B2 (%) 8 (18.2%)

IAT (%) 11 (25.0%)

I1A2 (%) 10 (22.7%)
Histology

Squamous carcinoma (%) 40 (90.9%)

Adenocarcinoma (%) 4 (9.1%)
Stromal invasion =1/2 depth (%) 31 (70.5%)
Lymph node metastasis (%) 18 (40.9%)
Positive lymphvascular invasion (%) 21 (47.7%)
Median follow up (range), months 41 (2-48)

Disease status at last follow-up

Alive, no evidence of disease (%) 36 (81.8%)
5 (11.4%)
3 (6.8%)

Abbreviations: FIGO International Federation of Gynecology and Obstetrics

Alive, with disease (%)

Dead with disease (%)
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Table 2 Lymphocyte subsets in peripheral blood versus tumor
tissue (n=34)

Blood Tissue P value*

Gran %CD45 324+ 572 10.55 £ 1271 0.002

T %MNC 5559 £ 1203 6858 + 17.81 <0.001
CD4%T 5404 £ 13.18 4585 £ 1449 0013

CD8%T 3237 £11.22 4492 + 13.98 <0.001
CD4.CD8 194 + 094 122 074 0.001

rdT %T 753 £ 457 268 £ 1.77 0.001

B % MNC 593 £292 5.00 + 344 0.302"
pDC % MNC 024 +£0.13 067 = 0.79 0.003

CD11c+ % pDC 8.13 £5.08 590 + 474 0.109*
Baso % MNC 0.83 £ 0.50 0.09 £ 0.16 <0.001
BDCAT+ mDC % MNC 037 +0.17 011 +0.14 <0.001
BDCA3+ mDC % MNC 0.02 £ 0.04 0.02 + 0.06 1.000*
Mono % MNC 1669 + 9.38 866 + 829 <0.001
CD14+ Mo % MNC 14.76 £ 7.03 228 £ 234 <0.001
CD16+ Mo % MNC 327 +£225 585+ 575 0.036

CD16+ %Mono 1845+ 779 7162 +£13.20 <0.001
NK %MNC 17.27 £ 983 588 £ 12.63 <0.001
CD56hi NK % MNC 033£0.16 438 £ 11.71 0079
CD56lo NK % MNC 17.66 + 9.97 1.24 £ 194 <0.001
CD56hi 9%NK 242 £1.81 6531 + 23.69 <0.001
MDSC % CD33hi 1.85 £ 3.50 239+383 0592
DR- %14 + APC 041 +£1.50 18.13 + 18,68 <0.001
DR- %16 + APC 067 £ 1.08 1.64 + 2.96 0.059"

*Paired t test

*P values with no statistical significance were denoted

Abbreviations: Gran Granulocyte, MNC Mononuclear Cell, DC Dendritic Cell,
pDC Plasmacytoid Dendritic Cell, mDC Myeloid Dendritic Cell, NK Natural Killer,
hi high, lo low, MDSC Myeloid-Derived Suppressor Cell, APC Antigen Presenting
Cell, Baso Basophilic granulocyte, Mono Monocyte;

Distributions of T lymphocytes, granulocytes and B
lymphocytes

The amount of total T lymphocytes and granulocytes
were significantly higher in the tumor tissue than in the
peripheral blood(p < 0.05). However, a significant de-
crease in the T helper lymphocyte (CD4+ cell) popula-
tion in the tumor tissue was observed compared to that
in the peripheral blood (p <0.05), while the level of T
suppressor lymphocytes (CD8+ cells) was found to be
significantly increased in the tumor tissue compared to
the peripheral blood (p < 0.05). The CD4+/CD8+ cell ra-
tio was significantly lower in the tumor tissue than in
the peripheral blood (p < 0.05). Furthermore, the propor-
tion of rdT cells, which play an important role in the
function of innate immunity, was significantly lower in
the tumor tissue than in the peripheral blood (p < 0.05).
All of these results indicated that antitumor immunity
was suppressed in the tumor tissue. However, no signifi-
cant difference was observed for B lymphocytes when
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comparing the tumor tissue with the peripheral blood
(p>0.05).

Distributions of dendritic cells and basophilic granulocytes
Dendritic cells (DCs) shape both innate and adaptive im-
mune responses, including antitumor immune re-
sponses. There are two main types of DCs that are
distinguished on the basis of different sources of differ-
entiation, plasmacytoid dendritic cells (pDCs) and mye-
loid dendritic cells (mDCs). The proportion of pDCs,
which are considered to induce more T regulatory cells
(Tregs) and to promote immune escape by tumor cells,
was significantly higher in the tumor tissue than in the
peripheral blood (p <0.05). However, CD11c + pDCs, a
major kind of pDCs, showed no significant difference
between the tumor tissue and peripheral blood. Recently,
two subsets of naturally occurring human blood-derived
mDCs, BDCA1+/CD1c+mDCs and BDCA3+/CD141+
mDCs, have been described. Our results indicated that
the level of BDCAl1+ mDCs was significantly lower in
the tumor tissue than in the peripheral blood (p < 0.05).
However, there was no significant difference in BDCA3+
mDCs between the tumor tissue and peripheral blood.
In addition, the proportion of basophilic (Baso) granulo-
cytes was significantly lower in the tumor tissue than in
the peripheral blood (p < 0.05).

Distributions of monocytes, NK cells and myeloid-derived
suppressor cells

Total monocyte and CD14+ monocyte frequencies were
significantly decreased in the tumor tissue compared to
the peripheral blood (p <0.05). In contrast, the CD16+
monocyte frequency was significantly higher in the
tumor tissue than in the peripheral blood (p<0.05).
Moreover, the subsets of natural killer cells (NK cells),
which are believed to have the function of immune sur-
veillance, were significantly decreased in the tumor tis-
sue compared to the peripheral blood (p<0.05). The
CD56"8" NK cell proportion was significantly higher in
the tumor tissue than in the peripheral blood (p < 0.05),
but the CD56'°Y NK cell proportion exhibited the op-
posite trend (p <0.05). Furthermore, myeloid-derived
suppressor cells (MDSCs) showed no significant differ-
ence between the tumor tissue and peripheral blood.

Lymphocyte subpopulations in the peripheral blood:
cervical cancer versus precancerous lesions

We detected the levels of different lymphocyte subpopu-
lations in peripheral blood samples from cervical cancer
patients and precancerous lesion patients. The results
showed that the percentages of total pDCs and BDCA1+
mDCs were significantly lower in the cervical cancer pa-
tients than in the precancerous lesion patients; mean-
while, the CD16+ monocyte and CD56" NK cell
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proportions were higher in the cervical cancer patients
than in the precancerous lesion patients, and the differ-
ences were significant between the cervical cancer pa-
tients and precancerous lesion patients (p <0.05)
(Table 3). However, other lymphocyte subpopulations
were not significantly different between the cervical can-
cer patients and precancerous lesion patients (p > 0.05)
(Table 3).

Associations of lymphocyte subsets with
clinicopathological parameters

We correlated the distributions of lymphocyte subsets
with clinicopathological parameters, such as age, FIGO
stage, histology, tumor size, stromal invasion status,
lymph node (LN) metastasis status and lymphovascular
space invasion (LVSI) status.

Age, tumor size and LVSI status are closely related to the
distributions of lymphocytes in the peripheral blood

In the analysis of the peripheral blood, the results
showed that the CD16+ monocyte proportion was sig-
nificantly lower in the age <47 group than in the age >
47 group (p <0.05) (Table 4). Additionally, total T cell
and CD56"" NK cell proportions were significantly
lower in the tumor size <4 cm group than in the tumor
size >4 cm group, while the BDCA3+ mDC, total NK
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cell and CD56'" NK cell proportions exhibited the op-
posite trend (p < 0.05) (Table 4). The CD11c + pDC pro-
portion was significantly lower in the LVSI-positive
patients than in the LVSI-negative patients (p < 0.05)
(Table 4). In addition, there were no other significant
differences between clinicopathological parameters and
lymphocyte subsets in the peripheral blood.

Age, tumor size, LN metastasis status and LVS| status are
closely related to the distributions of lymphocytes in tumor
tissue

In tumor tissue, the rdT cell proportion was significantly
higher in the age <47 group than in the age > 47 group
(p < 0.05) (Table 4). The levels of CD8+ cells, pDCs, total
monocytes, CD14+ monocytes and CD 16+ monocytes
were significantly higher in the tumor size >4 cm group
than in the tumor size <4 cm group (p < 0.05) (Table 4).
Our results indicated that tumor size was closely related
to the distributions of some lymphocyte subsets in both
the peripheral blood and the tumor tissue. LN metastasis
was correlated with significant reductions in the level of
CD4+ cells and the CD4+/CD8+ cell ratio but also with
increased levels of CD8+ cells and CD16+ monocytes
(p <0.05) (Table 4). Contradictorily, LVSI was correlated
with a significantly reduced level of CD8+ cells but also
with an increased level of CD4+ cells and an elevated

Table 3 Lymphocyte subsets in peripheral blood: cervical cancer versus precancerous lesion

Cancer (n=43) Precancerous lesion (n=13) P value*
Gran %CD45 3.05+529 417 £ 6.17 0522
T %MNC 5741 £12.79 59.58 + 9.54 0.575
rdT %T 730 £ 445 483 £222 0.067
B %MNC 6.05 £ 3.11 648 £ 248 0.644
pDC % MNC 025+ 0.13 035+0.16 0.022"
CD11c+ % pDC 762 + 503 6.18 £ 197 0386
Baso % MNC 0.98 £ 0.71 1.19 £ 0.60 0334
BDCAT+ mDC % MNC 038 +£0.18 065 £+ 023 <0001*
BDCA3+ mDC % MNC 0.17 £ 004 0.03 £ 0.05 0374
Mono %MNC 15.56 + 9.24 17.62 £ 801 0473
CD144 Mo % MNC 1463 + 698 16.98 £ 7.00 0359
CD16+ Mo % MNC 307 £ 219 252 £ 1.04 0448
CD16+ %Mono 15.58 + 7.86 1336 £ 3.29 0.020"
NK %MNC 1611 +9.34 10.90 + 491 0.060
CD56hi NK % MNC 033+0.15 029 +0.19 0.508
CD56lo NK % MNC 1726 £ 9.62 10.36 £ 533 0.037*
CD56hi 9%NK 2.54 £ 205 393 £3.03 0.106
MDSC % CD33hi 185 +3.32 342+ 774 0.547
DR- %14 + APC 0.51 £ 1.55 0.38 £ 0.95 0.800
DR- %16 + APC 0.88 = 1.60 044 £ 0.75 0404

*Independent t test
*P values with statistical significance were denoted



Page 6 of 12

173

(2020) 20

Wu et al. BMC Cancer

60 87T €10 880 Jdv
S€80 61T T80 STLF K60 18E0  F9SO 061 FUL 6650 €L FO0L  LBOFO90 9L0  FOUL  SLOF6YO 60 FELO 691 F660 6000 90FHTO  SELFSEL 60€0  FESO  WELFELL  +91%-4Q
690 334 s1o k4 g
8/50 SOULFSE0  06LF 990 TS0 FETO 681 FSY0 LI90  LLLFO090  6L0F6C0 STLO  FSI'L  SLOFSO0 $SSO  F8OO  SYLFESO L0L0  600F 900  LOTFLEO0 19/0  FII90  VOLFHFO  +¥1% HQ
ey 9t €60 334 lugedd
S00  0SYF6LE  €90FL90 S900 F8IE  890FSL0 9LCO  €8EFOST  [SOTOLO0 VEVO FIWT  SYTFOVL 8IS0 FEBO  CSEF 00T LOSO VOV FLEC  OLTF6YL OO FvbT  SYTFSYL % DSAW
! 5T 190 a4 IN%
120 60LF 961 9STFOOE w0  F8IT  EYTFLLT V0 8FLFEET  €STFLET L00  FSLE  9ULFILL €950 F86L  SITFEIT SYEO  EULF BT  9STFEBT €SS0 FECL 6L FELT 1U9gad
o1’ evL 657 160L ONW %
VILO  TYLFYELL THILFO99L vPTO FOOSL wYLLF8S8L 9EL0  6L9FSLOL vISLFLS8L LIOO FSKTL  TL6FSSOC bS60 FESLL 8TOLFTTLL 9860 L0BF6TLL S60LFETLL 9910 FELOZ LEBF6TSL N 09D
Lo Lo 900 510 ONW %
9650  LLOFIE0  BLOFYED WO F6CO  LLOFSEOD vOL0  ELOFCLED  6LOFYEOD €0 FOEO  SLOFIED 6550 FSEO  9LOFEEQ 080  ELOFHED  OLOFCED SE60  FEEO  SLIOFEED N IU9SAD
0€'s 689 ST osoL
60 OVZFOS9l 6601 F€6SL 9010 F8SEL 8ULLF8/L €860 OCLFELOL ECELFO0OL SO00 FOSLL 656 F S6L 9690 F8SLL  6/6FC6SL /60 998 F S09L L0OLFOLOL 6800  F8O6L  68LF8OVL  ONW% N
ws €L 868 908 OUON9%
80 S/ TE98L  6C8 TS99l G980 FLTLL  TLFLLLL /950 TC8FO08L  OUZTYEOL L0 TISWL €8/ T L¥6L 6v/0 FSEOL S/ TS/LL 1990 €S/ F6T8L LW TCO/L 6000  FLSLC  €¥9 T 89wl E]len)
5T L 680 1t ONW %
IO LFTFBIE  O0BLFYST 6LE0  FLSE  S6LF8LT CEE0  LITFLEE  ECTFVYT 600 FSET  GYTFLSE TS90  F09T  CETFYLE VO 6LLFEEE  LYTFOT bLCO  FSIE  SOLFIT  OW +9LAD
€59 1r'8 €9 9's ONW 9%
9FO L6V FOSSL WY T ISEL 600 FEELL 689 F LOEL L6S0 8ESF6LSL ISOLF ITEL 080 FCOSL 909 FLEVL $T80 FEESL LILFESHL LLEO 665 F L6SL  69LFHIEL 10LO  F8LTL  8ELFLE9L  OW +pLAD
656 1601 099 958 ONW%
[60 €8T O0SSL 9LOLFLOSL 6Vl FL6LL [L8FTSEL STE0 QU8 FOUSL SLLLFOSSL 1S90 FE8YL 88/ FvLOL 880 TFvlol 096 F8YSL 180 SLBF6LSL  €86F88SL L/L0  FOEEL  ¥S6 F6LLL ouow
ONW
00 £00 00 % dQqW
¥SLO 00T 100 YO0 F 00 /80  FC0O YOO T 00 L0 WOOF LOO SO0 F €00 200 0 SO0FE00 €070 FSO0  HOOT L0 LEC0  €00OFLOO  POOF 00 S/80  FCOO  HOOF 00 +EvDAg
ONW
1o 20 1o 610 % dQW
V00 vLOFYP0  LTOFTEO LLLO  F6E0  TCOFLE0 L800  LLOF YO  OCOF6CO 9280 FLEO  pIOFSEO 7900 FLSO  BLOFOE0 IO OLOFIYO  ECOFYEQD [ySO  FSEO  BLOFEEO  +1vDAg
€20 8L0 00'l S0 ONW
/€90 €80T €60 8SOTFEOL 8080 FS60  0/0TO00L YESO  9/0Fv60  6SOTSOL 9890 FE60  SOOFCOL G900 FOOL  S90F 60 YO  690F 680  €/0FLOL 8O  TEGO 080 F 601 % Oseg
69 089 79 86 oad
YO0 SOTF8LS  STOFVI6 SO  FLIL  SISTFEYL 6IV0  96TFI69 IS8T IE6 LEC0  FU68  STEFVLO IES0  FEL6 V6V FOVL €550 OLTFLOL  LE9F608 6060  F6YL  VLOTFILL  %+ILIAD
10 1o 500 Lo ONW
€610 €IOFSCO  CLOFICO 9250 F9CO  TLOFHCO S080  LLOFHTO  9UOFSTO TLTO  FLO  LLOFECO v060 FHCO  ELOFSTO €850 LLOFPTO  KLOFOTO SI¥0  FELO  E£10F9T0 % dad
x4 667 8Lt a3
6600  LFTFOOS  TYEFEOL [SIO  FCTS  8YEF 99 990  OUEFO06S  OLEFOV9 9¥SO  FLLS  VTEFOE9 990  Fib9  PLET66S 980  ILTF96S  OSEFELD €860  FEO9  LOEFSO9  ONW% 9
1S 66 sre 424
6950 €LV T /S8 SEVFL99 8¥80  FO0L [0V FE¥L SO0  SSYFr8  6YEFL0S SI60  FO¥L  SEVFECL SLL0  F099 v FewL 90 90SFO068  OLSFOL9  L60  FSHL 69V F L 1% 1P
vo'L 160 (80 Yo'l
€/80  TOLFCOT  60F 0T ¥STO FS¥L  680F6LT v¥O  L60F /6L 60LFCT WO FS8L  PE0FOLT EISO FSET  L60F 0T HOTO  €80F S8l SOLFICT 9560  FEOT  L60F90T  8ADWAD
! 6871 iz 1g€1
6190 C6TLFYETE 8LBTOL0S LZLO F8YVE LLLFOT6C vOL/0 [CLLTEYLE 66 FS/0E 10C0 TOSEE CE T PO6L C6E0 FOLLC T60LFSELE 8KTO 6LLLFYSEE  SY6TEL6C 1280 FELE 86/ T 8LLE 19800
a1l VoL (06 €651
VESO LSYLFYSYS TLOLF869S LPLO  FLYTS 800LF /LSS 610 OSELF ¥ThS SI0LFSE6S €510 FL9TS OLOLT ST8S TSSO FEVES O0EL F LSS b0 OLELF6LYS VLLLFLILS WOSO  FIVES  S96 F 6VLS 19%v@D
SSLL 801 8L, sgEL
V190 VITLFh¥8S 6SELFbPOS LSO FOUSS C8ELF889S L/L0 8ETLFBLLS [yl F959S L100 FSSTY TTOLFSEES 8890 FICSS 6EELFOLLS 1690 6L'ELFST8S 69TL F 6995 ST60  F6LLS 9TTLFLSLS — DNW% L
stL €0L 05 80 SvaD%
8610  EE9TELY VST LOT LOL0  F¥8Y  O/TTOLL /SO ISSTSEE 88V TYET YO  FESE  6CETEVT OIT0  TI8S  S6YTEIT 99T0 V9T OOV C6€F /LT [€50  FTSHT 909 F L¥E uein
(v =) pooig
d SO ON  d S oN 4 4 unp< uys 4 2av 0s d I I d Lr< s
ISAT siseiselswl N1 37Is Jown| AB0J0ISIH abe1s 0ol4 (s1eak) aby

si919uesed [edibojoyredodiuld pue s19sgns 91400ydwA| Usamisg sUoeIDOSSY H alqel



Page 7 of 12

173

(2020) 20

Wu et al. BMC Cancer

910 €8¢ 6lC SEE Ddv
8€00 S60 F 0 YSEF VT 6000 FLL0 LEEFLET 6910 LLTFELL 8CY ¥ 18C 1660 F9S91 SO€ 951 860 F591 00€ ¥ 65l ¢8€0 €8l F601 L9€F90C 1€60 Frel 9STF Y91 +91% -4a
LTl 08'Le 891 Odv
£500 €¥EL F€C0L 8L6L FSE€C SOL'0  F/CO0L €€6L FS6'LC 9€90 088L FS68L 918l F¥C'SL 69C0 FE8CC 986Gl F oVl / / 9€8L FGC6lL C090 695l F 09l L60C ¥ 696l COLO FlLEC S98L F E€STCL +¥1% -4d
7l Sl'E 120 434 lyeedd
8LL0 6E'L ¥ 9C'L 99 F e 66C0 F6€l 8y F¥6C 8LL0 L0V F LSC 86CF66'L 650  F6L SLy F 14T [9%0 +050 98¢ ¥ ST 900 LLY FvLE 6L F9l'l €080 Fae LTEFBST % DSAW
95T 99¢CC JA44 £€6'LC MN%
6vYS0 6CE€C 9569 89YC F V09 S8/0 FE089 O9LYC +¥S9 8900 ¥0SC+00C9 969l F¥89/L SS00 FEGSS CTLCC+C6TL 9CL'0 FSCLY LL€C+8189 8CL0 9¥6l +0£€L LE9C + 1865 CLSO FYCE9 9661 F0C69 149sdd
oLe 960 10 ONW %
69Y0 @B+ sl 680 F 860 €6€0 F€e91 S80 860 88L0 8lCF0S'L Y0 F 70 £160 FSUL YECF ECL 180 +060 86'L F €C'L  SPEOD L9CF95'L 980 ¥ /80 8ES0 88 F.60 SSCF L N 0I9SdD
L1/61 €eL [340] 06'¢ ONW %
viC0 VLI FOUL 6¥'E F8CC 6460 FL6L EECFEEC LOVO  SFELF6ES 690 F ¥E'L SCE0  FESL  BFYLFG6G €590 F+590 LOLLFYSY 1CC0  0€9l F 8L LGl 951 ¢0S0 FSLC LLSLFE9S NN IY9SadD
orel or'e 870 Y0
€0 808L 908 SLY F6E 69C0 +8/8 oSy F98¢ 6/C0 €EVLFSLYL 60FE]L €LE0  F8CE VIl F69L SE90 F091 L8CL+009 /L0 vlLZLFO0L6 €91 F6£C 9L£0 +85t 89l F VL DNWO% N
8 6£€el SSC Leet OUON%
€LI0 LOCL #899Z 6l€l +¥/89 8000 F6508 POELFSH/9 8S€0 L9CLF6E€L ISYLF6C89 v080 F6l'lL 8CEl +/¥eL <90 F0S9L CSELFS9LL 6L60 8V CLF2L69 PLELF60VL vL10 FYYSL 6€€L F SL89 +91ad
661 1344 8€Y Iy ONW %
1820 LG F 605 L0/ ¥ 166 SCE0 FELL 609 F 881 99€0 L9'S F9C9 6l9F 90 ¢e00  F6l6 86'¢ F6¥'c 1890 F007 88'G 85 8E90 EE9F CLS CESFSL9 SL90 F60'S L +619  OW+9LdD
9eC 86C ol Ll DNW %
1200 gL'l F /€L 8/CF6LT 9590 Fe6'l 8EC ¥ SET S¥80 8T F 90T 98CF90C +e00  FL9€E LELFYEL 6150 FSlL 6E£C F8CC €650 wLF%L CLTFEYT 6CE0 FoL1 9/TFC9C  OW+¥LldD
18 ol 1404 0SS ONW9%
6LL0 607 + 519 9€0L + €€0L  €6€0 F166 S08 F ¢v'L €¥80 869 F GC8 08'lL 068 CE00 FO06'LL 8/ F 8¥'S 0 F0SY (S8 F8/8 890 LYLF YL LI'6 F8Y6 910 +8C9 ¥86 F CCOL OUOW
DNW
€00 €00 % Ddw
L1€0 600 F €00 ¢00*F 100 ¢6£0 F100 800 ¥ €00 ¥9¥0 €00 F 100 LIOF+#00 ¢6€0  F100 800 ¥ €00 (890 0 900 + ¢00 1S¥0 800 F €00 €00+ 100 9€l0 O 800 F €00 +evDdd
ONW
S00 900 000 810 % Oaw
2500 8lOF /L0 £00 + £00 ¥£00 +900 LI0OFSL0 ¢80 SLOF LLO 800 F0L'0 +060 FLL0 8lLOF LLO €160 F0L0 Y10+ LI'0 9¢60 LIOF LLO 800 F L0 880 F1LL0O LO0F 11O +1v¥2d9
Lo 610 (4N 910 ONW
€560 £1'0F 600 91'0 # 800 S/90 +/,00 610 F0L0 1650 91'0 ¥ 800 8LOF LIO SLEO FL10 €1'0 900 90 FEL0 LI'0+800 ¢6l0 0l'0 +S00 0C0F L0 8C€0 F900 9I0F LLO % Oseq
9SG Ly 6801 99¢ oad
Lceo 6S F €69 LSEF L6V CLLO F0LL L6 F LLY ¥LT0 [8Y F8E9 90 F Ly ¥9L0 Fel9 €06 F /LS55 +E8O F0LL SEY F V9GS 6460 86 ¥ 186G €SEF9LS V90 F19 09'G ¥ 6£G %+211dD
90 [dol) 860 60 ONW
L0 060 F 690 690 ¥ 90 /€80 F190 S60 F£90 /8Y0 /80 F 00 60 F 6¥'0 8200 F660 CE0F9E0  £960 F.,90 8/0+ 590 S90 /0 F 650 S80F L0 ¥60 F¥90 890 ¥ 990 % Dad
104 S8'€ L0 e
¢LED Sty ¥ 959G LICF¥Sv Y0 +89¢ 00€ ¥ 89t 6€€0 65°€ F 8E'S [9CF Y0¥ LSL0  F009 06¢C ¥ CE¥ 1580 F0LY CEeF0l'Ss ¥ESO 8EC F L¥'S 0S'€ ¥ /9% CSC0 F8LS LEEF Y DNW% 4
Ll 1oL [304 SOl
¥S¥0 60 F ¥0C 86'L ¥ SLC /LS80 FEVC €'l F 19C Lo oL F LT L0CF Ve S860  F65C ¥6'L ¥ £L5C /890 F56¢ YSLF T 7560 o'l ¥ 09C €L1FSSCT vlO0 Fe5l 8L F ev'e 1% 1pd
90 850 €L0 990
100 080 F ¥S'L SG0F 60 6100 +580 €L0F v¥L 6600 90F 801l 960 FSSL £00  F960 180 F L'l 080 Flel SLOF 6L L0 LL0F 601 LLOFCEL 650 F¥CL 80 FLI'L 80D+¥AD
69€l 86l el VLU
9100 9€Cl F€€6E LLELF 1905 ¥000 F0S€S 681LLF800F LLLO OlYLF0LLy vLCLF968E SPOO  F190S vO€EL FOULY ¢SO0 F€6¢y 9€vlL F89Gy 99C0 L¥SLF908F /(YL F89Cy L6€0 FIley  C6GL FvELY 1%8dD
SCSL [4:24} LL01 €5Cl
LO0 6CCL F6lCS ¢6cl +886E LLOO F0L8E 9L1LLFS¥0S 9C0 SOVL F /8¢y SCSLFEC0S SOL0 Fol'ly 8e€el FSl6y [LL90 F/S6F 6/%L FEL'Sy L0 [SYLF98Cy PVl +1E€8F 050 FCELy LO9L F 86'Er 1%+dD
8,78l a4} L19 1298
S0 LS0C F 1999 6¥SL FCCLL 88€0 F/8S9 6CLLFLILL L0L0 LO9L F6L69 CEECFVL'L9 €060 F0L89 €F¥0C+9¥69 86C0 F0S6L 0€8LF¥L89 6EL'0 E€SLCF9IUVI 6L1LLFLeL SO0 FLCSL V8L F L6'€9 ONW% L
86 6L0L 058 S¥adD%
o 859 F6/9 69GL F9Ol'El 9¢S0 F998 PEEL FB8ELL 9560 w¥LLF8LOL SYILFO0L L6€0 F8C¢l  SYvl F+¥98 S6¥0 FOVS L6CL F 140l 8W0 €9Vl F€6'LL  6C0L F8¥8 €¥90 S6LF L6 €LGL F8LLL ueig
(S =u) anssi|.
d SOA ON d SOA ON d [ 745 d wy< w s d oav 208 d I | d JAGS JAS
ISAT ewons 9715 Jown | KB0J01SIH abels Ool4 (s1eak) aby

(panunuo)) sidreweled [ed1Hojoyredodiuld pue $195gNns 21400YdwiA| USaMISq SUOIRDOSSY { djqel



Wu et al. BMC Cancer (2020) 20:173

CD4+/CD8+ cell ratio (p <0.05) (Table 4). In addition,
no statistically significant differences were found in
other lymphocyte subsets or clinicopathological
variables.

Prognostic implications of lymphocyte subpopulations
The CD4+/CD8+ cell ratio differed significantly in both the
peripheral blood and the tumor tissue

We analyzed the correlations of 43 patients’ lymphocyte
subsets in the peripheral blood with basic characteristics,
and the results revealed that most of the basic character-
istics, such as age (<47 years vs. > 47 years), stage (FIGO
I vs. 2FIGO II), tumor size (<4 cm vs. >4 cm) and stro-
mal invasion (<1/2 vs. >1/2), did not exhibit significant
difference, but histology (SCC vs. ADC), LN metastasis
status (negative vs. positive) and LVSI status (negative
vs. positive) were found to be statistically significant (p <
0.05) (Table 5). When comparing the low level with the
high level of a lymphocyte subset (the median value of
the lymphocyte subset was used as the cut-off value), we
found that most lymphocyte subsets did not exhibit sig-
nificant differences (p > 0.05); however, the difference in
the CD4+/CD8+ cell ratio was significant (p <0.05)
(Table 5).

In addition, we analyzed the correlations of 35 pa-
tients’ lymphocyte subsets in the tumor tissue with basic
characteristics, and found that some basic characteris-
tics, such as histology (SCC vs. ADC), tumor size (<4 cm
vs. >4 cm), LN metastasis status (negative vs. positive)
and LVSI status (negative vs. positive), exhibited signifi-
cant difference (p < 0.05); however, age (<47 years vs. >
47 years), stage (FIGO I vs. 2FIGO II) and stromal inva-
sion (<1/2 vs. >1/2) did not (p >0.05) (Table 5). The
CD8+ cell proportion and CD4+/CD8+ cell ratio were
significantly different (p <0.05), but significant differ-
ences were not found for other lymphocyte subsets (p >
0.05) (Table 5).

CD4+ cells, CD8+ cells and the CD4+/CD8+ cell ratio in the
tumor tissue were closely related to recurrence

We followed participants with a median follow-up time
of 41 months and compared the distributions of different
lymphocyte subsets between recurrent patients and
disease-free patients. We found that the distributions of
lymphocyte subsets were not significantly different be-
tween the recurrent patients and disease-free patients
based on analysis of peripheral blood samples from 43
patients. However, in an analysis of tumor tissue samples
from 35 patients, the CD4+ cell and CD8+ cell propor-
tions and the CD4+/CD8+ cell ratio were significantly
different between the recurrent patients and disease-free
patients (p < 0.05), but there were no differences in other
lymphocyte subsets (Table 6). The results indicated that
the distributions of lymphocyte subsets in the peripheral
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Table 5 Prognostic implication of lymphocyte subpopulations

Parameters P value (Blood) P value (Tissue)
n=43 n=35
Age (£47 years Vs. > 47 years) 0.755 0.979
Stage (FIGO | Vs. ZFIGO i) 0.076 0.355
Histology (SCC Vs. ADC) 0.002" 0.002"
Tumor (£4cm Vs. >4 cm) 0214 0.032*
Stromal invasion (£1/2 Vs. > 1/2) 0.762 0.555
LN metastasis (negative Vs. positive) < 0.001% 0.001"
LVSI (negative Vs. positive) 0017* 0.034*
Gran %CD45 0.561 0.957
T %MNC 0413 0.939
CD4%T 0.066 0.090
CD8%T 0088 0.005"
CD4CD8 0.048" 0.008"
rdT %T 0.294 0317
B %MNC 0.544 0513
pDC % MNC 0.727 0.278
CD11c+% pDC 0576 0.509
Baso % MNC 0528 0.591
BDCAT+ mDC % MNC 0337 0.132
BDCA3+ mDC % MNC 0.632 0371
Mono %MNC 0.808 0.812
CD14+ Mo % MNC 0.961 0481
CD16+ Mo % MNC 0576 0.062
CD16+ %Mono 0576 0.062
NK 9%MNC 0.752 0.533
CD56hi NK % MNC 0.820 0.648
CD56lo NK % MNC 0.525 0481
CD56hi 9%NK 0.525 0.563
MDSC % CD33hi 0576 0679
DR- %14 + APC 0443 0.536
DR- %16+ APC 0.093 0.106

*Median value of lymphocyte was used as cut-off value
#P values with statistical significance were denoted

blood may not be the optimal method for detecting re-
currence, while the detection of lymphocyte subsets in
tumor tissue may be a possible strategy for detecting
recurrence.

Discussion

Previous studies have widely noted that the distributions
of immunological parameters are changed in patients
with cervical cancer and possibly associated with dys-
function in the antitumor immune system [5, 17-20].
The presence of tumor infiltrating lymphocytes that me-
diate the antitumor immune response has been observed
in several types of cancer, including ovarian cancer,
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Table 6 Lymphocyte subpopulations: recurrent patients vs. disease-free patients
Blood (n=43) Tissue (n =35)
Non-recurrent Recurrent P Non-recurrent Recurrent P

Gran %CD45 2.22+438 6.65+7.52 0.147 10.66 + 1345 8.28+824 0.682
T %MNC 5732+1327 5783 +11.21 0.921 68.67 +19.01 7123 £11.52 0.754
CD4%T 5745 +1067 4850+ 18.24 0.071 4807 + 1441 33.12+£13.59 0018
CD8%T 3038 £859 3641+17.03 0.151 4287 £1346 57.92+10.76 0015"
CD4.CD8 2.14£0.97 1.65 +0.85 0.196 132+0.75 062 £0.34 0.032*
rdT %T 721 +£4.54 9.30 0.657 2.73+£2.00 222+1.23 0.571
B % MNC 6.13£3.31 561+1.93 0.693 536+362 365+1.78 0.270
pDC % MNC 024 £0.12 026£0.16 0.696 0.69+0.84 047 £041 0.541
CD11c+9% pDC 8.05+5.19 463 £241 0.208 592+490 527+420 0.769
Baso % MNC 0.89 £0.63 1.36£0.91 0.091 010017 0.03 £0.08 0.390
BDCAT+ mDC % MNC 037£0.19 043+0.10 0.595 0.12+0.15 0.07 £0.05 0.382
BDCA3+ mDC % MNC 0.02 £0.04 0 0.022" 0.02 +0.07 .0000 0441
Mono % MNC 1497 £9.08 18.13+£10.17 0.391 789+783 1098 £ 10.67 0413
CD14+ Mo % MNC 1435+7.29 16.63 £ 4.44 0.550 1.90+2.03 337+£3.23 0.175
CD16+ Mo % MNC 291+1.89 420+391 0.560 514530 762+746 0357
CD16+ %Mono 1740+ 724 1880+ 12.82 0.745 7216+ 13.58 7130+ 12.18 0.889
NK %MNC 16.85+9.95 1237 £4.01 0.251 6.12+1348 398 £6.32 0.709
CD56hi NK % MNC 033+£0.15 030+0.12 0.693 450+£12.69 340+£5.76 0.839
CD56lo NK % MNC 1768 £10.17 14.35+359 0.527 1.37+2.10 0.55+0.60 0.357
CD56hi 9%NK 261£2.19 2.05+0.58 0616 64.10+24.34 74.82+2191 0337
MDSC % CD33hi 153+£284 4.08 £5.80 0.155 267+4.16 142+1.30 0479
DR- %14 + APC 0.58 £1.65 0.08 £0.15 0.554 1621+17.23 2448 £22.78 0335
DR- %16 + APC 1.00 £ 1.68 0.05 £ 0.06 0272 129+2.18 2.75+£4.98 0.284

*P values with statistical significance were denoted

breast cancer and pancreatic cancer, and is closely corre-
lated with prognosis [21-23]. However, most previous
studies have focused on the distributions of lymphocyte
subsets in the peripheral blood, and few studies have re-
vealed the distributions of lymphocyte subpopulations in
tumor tissue. Obviously, the lymphocyte subsets in
tumor tissue are more representative of the tumor
microenvironment than those in the peripheral blood.
Therefore, our study evaluated lymphocyte subsets in
tumor tissue and peripheral blood samples from cervical
cancer patients and precancerous lesion patients. We
found inconsistencies in the distributions of lymphocyte
subsets between the tumor tissue and peripheral blood
samples from the cervical cancer patients and precancer-
ous lesion patients, and the results suggested an imbal-
ance in the homeostasis of the host immune system in
the patients with cervical cancer.

The primary result of this study is that total T
lymphocyte, CD8+ T cell and granulocyte proportions
were significantly higher in the tumor tissue than in the
peripheral blood, while CD4+ T cell and rdT cell pro-
portions and the CD4+/CD8+ «cell ratio were

significantly lower in the tumor tissue than in the per-
ipheral blood from cervical cancer patients. However,
when compared with the peripheral blood samples from
precancerous lesion patients, those from cervical cancer
patients did not exhibit significant differences in
lymphocyte subsets. Our results indicated that T cell-
mediated immunity was impaired in patients with cer-
vical cancer, which was more distinct in the tumor tissue
microenvironment than in the peripheral blood. In
addition, our previous study found that a population of
highly activated, immunosuppressive HLADR™ Tregs in
cervical squamous cell carcinoma and a high frequency
of stomal HLADR™ Tregs in patients were significantly
associated with relatively poor prognosis [24]. Tregs
have fundamental roles in the establishment and main-
tenance of the peripheral immune tolerance microenvir-
onment [25]. Future research should be conducted to
clarify the relationship between HPV infection and Tregs
in the tumor tissue and peripheral blood of cervical can-
cer patients. Increasing granulocyte numbers have been
reported to be associated with tumor growth and angio-
genesis. A study by Zheng et al. reported that
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granulocytes but not monocytes significantly promoted
tumor growth, implying that granulocytes play key roles
in tumor growth and angiogenesis [26]. These findings
support the results obtained in our study that the gran-
ulocyte proportion was significantly higher in tumor tis-
sue than in the peripheral blood. In addition, a study
collected tumor tissue and peripheral blood samples
from patients with cervical cancer and found that the
CD4+ cell proportion and CD4+/CD8+ cell ratio were
significantly lower in cervical cancer tissue than in the
peripheral blood, which is consistent with our results
[21]. However, the limitation of the previous study was
that they had not evaluated lymphocyte subsets other
than CD4+ and CD8+ cells; thus, they could not make
any interpretations about the correlations of lymphocyte
subsets with clinicopathologic parameters or prognostic
significance.

Furthermore, our study revealed that the pDCs cell
proportion was significantly increased in tumor tissue
compared with the peripheral blood, but the BDCA1+
mDCs proportion was significantly decreased. No signifi-
cant differences were found in CDllc+pDCs or
BDCA3+ mDCs between the tumor tissue and the per-
ipheral blood. In addition, total pDC and BDCA1+ mDC
proportions in the peripheral blood were significantly
lower in cervical cancer patients than in precancerous
lesion patients. Dysfunction of DCs induced by tumors
can be an important mechanism underlying tumor-
induced immune escape because DCs are one of the key
types of professional antigen-presenting cells (APCs)
that induce tumor-specific immune responses, particu-
larly by cross-priming through MHC class I antigen
presentation [27]. Professional APCs are one of the most
important inducers of antigen-specific immune re-
sponses, and their potentially defective function causes a
strong impairment in immunosurveillance in tumor-
bearing hosts [28]. The alterations in host lymphocyte
subsets that occur in the early stage of tumor progres-
sion, including precancerous lesions, may provide some
directions to evaluate the roles of different lymphocyte
subpopulations in the transition of premalignant lesions
into invasive cancer [29].

Our study found that the levels of total monocytes and
CD14+ monocytes were significantly decreased in tumor
tissue compared to the peripheral blood, while the level of
CD16+ monocyte was significantly elevated. The CD16+
monocyte proportion was also significantly increased in
the peripheral blood of cervical cancer patients compared
to that of precancerous lesion patients. A study by Anna
et al. assessed CD14+/CD16+ monocytes in human blood
and showed that CD14+/CD16+ monocytes constitute the
main subset of blood monocytes involved in the antitumor
response and function by producing proinflammatory cy-
tokines and reactive nitrogen and exhibiting increased
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cytotoxic/cytostatic activity [30]. Therefore, our study re-
vealed that the antitumor response of the host may be de-
fective due to the decreases in total monocyte and CD14+
monocyte levels in tumor tissue.

Our study showed that NK cell and CD56'°" NK cell
proportions were significantly decreased in tumor tissue
compared with the peripheral blood, while the percent-
age of CD56™&" NK cells was significantly higher in
tumor tissue. NK cells are the component of the innate
immune surveillance system that plays an important role
in host defense immunity. NK cells may be important
for the regional immune reaction against cervical carcin-
oma [31]; thus, the decreases in NK cell subsets in
tumor tissue are possibly related to disease progression.

Alterations in the distributions of lymphocyte subsets
can occur in the peripheral blood, lymph nodes and
other sites in cancer patients, which would induce im-
mune suppression that varies depending on tumor eti-
ology, location, histological type and clinical stage [29].
We detected the associations of lymphocyte subsets with
clinicopathological parameters and found that BDCA3+
mDC, total NK cell and CD56'" NK cell proportions in
the peripheral blood were significantly lower in the
tumor size >4 cm group than in the tumor size <4 cm
group. In contrast, CD8+ cell, pDC, total monocyte,
CD14+ monocyte and CD 16+ monocyte proportions in
tumor tissue were significantly higher in the tumor size
>4 cm group than in the tumor size <4cm group. In
addition, the CD11c + pDC proportion in the peripheral
blood was significantly lower in LVSI-positive patients
than in LVSI-negative patients, and LVSI was correlated
with a significantly reduced CD8+ cell proportion in
tumor tissue. The CD4+ cell proportion and CD4+/
CD8+ cell ratio in tumor tissue were significantly re-
duced. These results indicated some inconsistent impli-
cations about clinicopathological parameters between
the peripheral blood and tumor tissue. Nevertheless, our
results implied that there were close associations be-
tween lymphocyte subsets and clinicopathological pa-
rameters and that the host immunity system was
affected by differences in age, tumor size, LVSI and LN
metastasis in cervical cancer patients. Further research
should be carried out to clearly reveal the associations
between lymphocyte subsets and clinicopathological
parameters.

We divided the lymphocyte levels into a low-level
group and high-level group by cut-off values defined as
the median value for the indicated lymphocyte subset.
The results revealed that the CD4+/CD8+ cell ratio was
significantly different in both the peripheral blood and
tumor tissue when the low level was compared with the
high level of the lymphocyte subsets. Mounting evidence
has shown that the innate mechanisms that maintain
immune cell homeostasis and control the magnitude of
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immune responses can undergo dramatic dysregulation,
which leads to suppression of the immune system and
enables tumors to escape immune defense because of
the influence of tumor cells [29]. After a median follow-
up time of 41 months, we found that the distributions of
lymphocyte subsets in the peripheral blood were not sig-
nificantly different between recurrent patients and
disease-free patients. Interestingly, the CD4+ cell pro-
portion and CD4+/CD8+ cell ratio in tumor tissue were
significantly decreased in the recurrent patients com-
pared with the disease-free patients, while the CD8+ cell
proportion was significantly increased. Our results are
similar to those of a previous study by Sheu et al., which
reported that a decreased proportion of tumor-
infiltrating CD4+ T cells and a reduced CD4+/CD8+ cell
ratio were highly correlated with rapid tumor growth
and lymph node metastasis due to a poor antitumor re-
sponse in cervical cancer [31]. A previous study showed
that decreased proportions of tumor-infiltrating CD4+ T
cells and a reversed CD4+/CD8+ cell ratio were signifi-
cantly associated with the clinical outcome of patients
with cervical cancer [32]. As is well acknowledged, the
development of invasive cervical tumors from cervical
intraepithelial neoplasia (CIN) is always accompanied by
HPV infection [33]. Persistent infection with high-risk
HPV in CIN patients may generate an immunosuppres-
sive microenvironment that allows progression to cer-
vical cancer [34]. A direct correlation between HPV
infection and the CD4+/CD8+ cell ratio has been re-
ported [35]. A study detected populations of T cells
(CD4+ and CD8+ cells) in high-risk HPV-infected pre-
cancerous and cancerous lesions of the uterine cervix
and found that CD8+ T cell numbers far exceeded
CD4+ T cell numbers in invasive cancers [8]. CD4+ and
CD8+ T cells have important roles in the natural history
of HPV-infected cervical cancer [8].

Our study provides some information about the distri-
butions of lymphocyte subsets in the peripheral blood,
tumor tissue and precancerous lesions and reveals the
correlations of lymphocyte subsets with clinical charac-
teristics and prognostic variables. Nonetheless, some
limitations of our study should be stated, and we should
interpret our results with caution. First, some of the ana-
lyses could not identify significant differences, which
may be due to the lack of a large sample size. We would
like to enlarge our sample of participants in future re-
search. In addition, we could not perform subgroup ana-
lyses according to different histological types, clinical
stages or HPV statuses due to the small sample size.
Last, we could not generate survivorship curves accord-
ing to different distributions of lymphocyte subsets be-
cause of the short follow-up time. We will continue to
follow our participants and conduct survival analysis in
future studies. To provide more knowledge about the
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distributions of lymphocyte subpopulations in patients
with cervical cancer and their relationships with progno-
sis, a prospective study should be performed.

Conclusions

Taken together, our results identified significant alter-
ations in lymphocyte subsets in tumor tissue and eluci-
dated that host antitumor immunity may be suppressed.
Total T cells, CD4+ cells, CD8+ cells, the CD4+/CD8+
cell ratio, DCs and monocytes in tumor tissue may have
significant roles in predicting the homeostasis of the
host antitumor immune response. Alterations in
lymphocyte subsets were closely correlated with clinico-
pathologic and prognostic parameters in cervical cancer
patients. Further research will lead to a better under-
standing of the clinical significance of lymphocyte sub-
sets in cervical cancer.
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