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ABSTRACT
Tumor-associated macrophages (TAMs) are important components in tumor microenvironment. This study
intended to explore the inﬂuence of TAMs on cervical cancer cells proliferation and migration. The expression
levels of TAMs markers, CD68 and CD163, in tissues were examined by immunohistochemistry and increased
with the progression of cervical lesions (p < 0.05). TAMs with M2-like phenotype (PMA(Polymethacrylate)
induced THP-1 cells) were noticed to promote the proliferation of cervical cancer cells and improve the migration
ability of tumor cells. These enhancements were attributed to secreting soluble components and the physical contact between macrophages and tumor cells. The tumor formation and tumor growth were signiﬁcantly faster in
the mixed group of induced THP-1 cells and SiHa than in the SiHa cells alone group (p < 0.05). The results indicated that the interaction of macrophages and cervical cancer cells, including the secretion of soluble components
and physical contact, were responsible for shaping immunosuppression microenvironments and in promoting
tumor cell proliferation and migration.
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1 Introduction
An immunosuppressive microenvironment in various cancers, including cervical cancer, suppresses proinﬂammatory Th1 and cytotoxic lymphocyte responses due to low immunogenicity and promotes the
production of cytokines such as transforming growth factor (TGF-β), interleukin (IL-10), indoleamine
2,3-dioxygenase (IDO) and prostaglandin E2 (PGE2). Approximately 50% cervical cancer patients have
manifested a weak proliferative response of T cells. This was associated with a functional switch of
tumor-inﬁltrated cells such as T cells, dendritic cells and macrophages from tumor-suppressing to tumorpromoting in the immune suppressive tumor microenvironment [1–3].
Tumor-inﬁltrated macrophages, also known as tumor-associated macrophages (TAMs) are mainly
display both M1-like and M2-like phenotypes. M1 macrophages are activated by interferon (IFN-γ) and
lipopolysaccharides (LPS) through Toll-like receptors (TLRs), and granulocyte-monocyte colonystimulating factor (GM-CSF). These factors retain the properties such as high expression of major
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histocompatibility complex class II (MHC-II) and co-stimulatory molecules such as CD86/CD80, high
production of IL-12, IL-23, tumor necrosis factor (TNF-α), increased generation of reactive oxygen
species (ROS) and reactive nitrogen species (RNS). The primary functions of M1 macrophages are to
eliminate intracellular pathogens, destroy tumor cells and promote the Th1 immune response. Meanwhile,
M2 macrophages are induced by various interleukins such as IL-4, IL-13, IL-10, IL-33, and IL-21 and
are characterized by the expressions of CD163, CD68 and CD206. M2 macrophages are involved in
parasite clearance, tissue remodeling, wound healing and immunoregulation. Unlike M1,
M2 macrophages promote the Th2 immune response, tumor promotion through the expression of vascular
endothelial growth factor (VEGF), transforming growth factor (TGF)-β, indoleamine 2,3-dioxygenase
(IDO) and programmed death ligand 1 (PD-L1) expression. TAMs are highly plastic in nature possessing
features of both M1-like and M2-like phenotypes. In some tumors, the presence of M2 macrophages is an
indicator of a poor prognosis [4–6].
The microenvironment of malignant cell promotes the secretion of numerous cytokines to induce the
migration of mononuclear cells into the tumor tissue and therefore, allowing the polarization of TAMs
[7–9]. The polarized TAMs stimulate tumor cell proliferation and survival, suggesting the key role in
cervical cancer formation and development [10,11]. In this study, we mainly focused on the effect of
TAMs on proliferation, migration and metastasis of cervical cancer cells.
2 Materials and Methods
2.1 Cell and Tissue Specimen
Cervical cancer cell lines SiHa, HeLa and C33A cells were preserved by our laboratory, and THP-1 cells
were purchased from Shanghai Cell Bank of Chinese Academy of Sciences. All cells were cultured in RPMI
1640 or Dulbecco’s Modiﬁed Eagle Medium (DMEM) containing 10% fetal bovine serum (FBS) at 37°C in a
5% CO2 incubator. Cervical tissue parafﬁn specimens were obtained from Departments of Pathology,
Zhongnan Hospital of Wuhan University. There were 29 cervical cancer, 24 LSIL and 23 HSIL. All
experimental specimens were re-examined by two pathologists independently.
2.2 Immunohistochemistry
Tissues were 4% formalin-ﬁxed, parafﬁn-embedded, 4 μm serial sections. Staining method was in strict
followed as mentioned in ready-to-use non-biotin immunohistochemical EliVisionTM plus detection kit
(Fuzhou Maxim Biotech, China). In brief, tissue slices were washed by ddH2O (pH 7.4) for 5 min thrice
after dewaxed and hydrated. Then slices were boiled in citrate buffer (pH 6.0, 10 mmol/ml) for 1–2 min
in high pressure boiler in order to repair antigen, followed by risned in ddH2O for 5 min twice and in
PBST for 5 min twice. Then tissues were incubated with monoclonal primary antibody at 37°C for 1 h,
and rinsed in PBST for 5 min thrice. 50 μl polymer intensiﬁer was added onto each slice and incubated at
room temperature for 30 min, then rinsed in PBST for 5 min thrice. 50 μl enzyme-mark polymer against
murine was added and hatched at room temperature for 30 min followed by rinsing in PBST for 5 min
thrice. 100 μl fresh DAB was dropped onto each slides and incubated for 5 min, then coloration was
ﬁnished with the ddH2O. Then hematoxylin stained followed by dehydration, clearing and mounting with
neutral gums.
2.3 THP-1 and Cervical Cancer Cells Co-Cultured
TAM in vitro model: TAMs are M2-like macrophage. The Phorbol-12-myristate-13-acetate (PMA)treated THP-1 macrophages had an M2 functional proﬁle and considered as a cell model for functional
study of TAM. THP-1 cells were induced with 100 ng/ml PMA to polarizing the THP1 cells to TAMs.
After 48 h, the supernatant was discarded and the cells were washed three times with PBS. The cells
(PMA-induced THP-1 (PMA-THP-1)) were continued to cultured in RPMI-1640 complete medium and
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used in the following experiments. The macrophages used in this study were the PMA -treated THP-1 as if no
special version.
Contact co-culture: Cervical cancer cells were seeded in a 6-well plate or culture dish in which PMATHP-1 cells had been induced to grow and mix (the ratio of cervical cancer cells: PMA-THP-1 cells were
maintained as 5:1).
Non-contact co-culture: After induction of THP-1 cells in the trans-well upper chamber, Cells in the
lower chamber were cervical cancer cells under non-contact co-culture condition to avoid direct contacts
among cells.
2.4 Flow Cytometry
THP-1 cells and PMA induced THP-1 cells were trypsinized and centrifuged at 4°C at 300 g for 5 min,
washed with PBS twice and centrifuged at 4°C at 300 g for 5 min. Then 1 × 106 cells were suspended in
500 µl PBS and mixed with FTIC conjugated CD68 or CD163 antibody at ﬁnal concentration of 1 µl/ml,
and incubated 60 min in the dark at 37°C. Then detected by ﬂow cytometry.
2.5 Tumor Cells Proliferation Experiment
Cells at logarithmic growth phase were harvested and centrifuged at 1000 r/min for 5 min. The
supernatant was discarded and cell pellets were re-suspended in PBS. Carboxyﬂuorescein diacetate
succinimidyl ester (CFSE) was added to suspend cells at ﬁnal concentration of 5 μmol/L and incubated
for 5 min at 37°C. Cells were centrifuged for 5 min at 1000 r/min before adding to RPMI-1640 complete
medium and incubated for 5 min at 37°C followed by centrifugation thrice, suspenion and cell counting.
The labeled cells were ﬁxed in the dark at 4°C as seed cells. Cells co-cultured for 48 h under the contact
co-culture or non-contact co-culture conditions, respectively. The unlabeled cells were harvested as a
blank control, washed for once with PBS, and then were re-suspended in 500 μl PBS and detected with
FACS. Cell proliferation was analyzed using Flowjo Software to calculate the division index. The
division index was the average number of cell divisions that a cell in the original population had undergone.
2.6 Cell Migration Assay
2.6.1 Wound Healing Assay
Cervical cancer cells were cultured both separately and under non-contact co-culture in 6-well plates for
24 h. After attaining 90% conﬂuency, cells were mechanically injured to create an incision-like gap with a
sterile micropipette tip. With a cell-free gap prepared, optical microscopy was used to observe cells migrating
into the wound area. The photographs were taken at 0 and 24 h. The wound healing rate was evaluated by
measuring wound closure rat which was the ration of the occupied area in the gap to the area of the initial gap
calculated the change in wound area.
2.6.2 Trans-Well Migration Assay
Migration assays were performed in 24-well trans-well chambers (BD Biosciences, Bedford,
Massachusetts) containing polycarbonate ﬁlters with 8 μm pores (BD Biosciences). Firstly, the 1 × 105
cells (cultured alone or co-cultured with PMA-THP1) that were suspended in serum-free DMEM were
added to the upper compartment of the chamber, and medium containing 10% fetal bovine serum was
added to the lower compartment of the chamber. At presupposition point, non-migrated cells remaining
on the top of the upper chamber were removed with cotton swabs, whereas the cells migrated through the
membrane and attached to the lower surface of the membrane were ﬁxed with paraformaldehyde and
stained with 1% crystal violet. Photos were captured with a ﬂuorescence microscope. And the number of
migrated cells was quantiﬁed using the ImageJ software.
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2.7 Gelatin Zymography
Gelatin zymography was prepared essentially as described previously [12]. MMP-9 assay was sizeseparated via electrophoresis through polyacrylamide gels impregnated with gelatin (ThermoFisher
Scientiﬁc). Brieﬂy, Cervical cancer cell culture supernatant was collected after 24 h single culture, contact
co-culture or non-contact co-culture. Supernatants mixed with sample loading buffer and 55°C water bath
for 3–5 min. Electrophoresis was proceeded at 165 V for 1 h. Then gels were eluted in 2.5% Triton X100 twice for 15 min each time, and incubated in incubation buffer at 37°C for 16–20 h. Gels were then
stained with Coomassie Blue and destained overnight to reveal cleared, non-stained regions that resulted
from in-gel gelatin hydrolysis by MMP-9.
2.8 Cytometric Beads Array for Cytokines Levels Detections
Levels of IL-8, IL-1β, IL-6, IL-10, IL-12p70 and TNF-ɑ in the supernatant of cultured cells including
SiHa cells, PMA-induced THP-1 cells, SiHa cells and THP-1 co-cultures for 24 h were determined using
Cytometric Beads Array (CBA) (BD Pharmingen) according to the manufacturer’s instructions. Brieﬂy,
culture supernatant was collected after 24 h single culture, contact co-culture or non-contact co-culture.
Dilute Standards by serial dilutions using the Assay Diluent, and Assay Diluent was used to be control.
10 µl/test mixed Human Inﬂammation Capture Bead suspension (vortex before aliquoting) was prepared.
50 µl of mixed beads were transfered to each assay tube. 50 µl Standard Dilutions or test samples were
add to the appropriate sample tubes. And then PE Detection Reagent (50 µl/test) was added. After 3 h
incubation at RT, samples were washed with 1 ml Wash Buffer and centrifuged at 200 g for 5 min.
Finally, 300 µl Wash Buffer was added to each assay tubes and analyzed. The data was acquired on
FACS Canto-II (BD Bioscience, USA) and analyzed using FCAP Array software (BD Bioscience).
2.9 Animal Experiments
Female severe combined immuno-deﬁcient (SCID) mice with 15 to 20 g of weight were provided by the
Medical Experimental Animal Center of Guangdong Province (Hunan Slack Jingda Company, China).
Animal experiments were conducted under the protocol approved by the Institutional Animal Care and
Use Committee of Wuhan University. 18 mice were randomly divided into three groups, namely SiHa
cells, mixed inoculation group (contact co-cultured SiHa cells and PMA induced THP-1 cells) and
PMA-THP-1 group, with 6 mice in each group. Six weeks old female nude mice were inoculated
subcutaneously at the right hindlimb with 1.0 × 107 cells/0.2 ml PBS. Tumor size was measured using a
caliper, and the weight of each mouse was measured with a scale every 3 days until the end of the
experiment. The volume of tumor was calculated using the following formula:
Volume ¼ Length  Width2 =2

(1)

where length represents the largest tumor diameter and width represents the perpendicular tumor diameter.
All mice were sacriﬁced at day 30 after cell inoculation. The mean tumor volume was used to generate a
tumor growth curve. Tumor specimens were then prepared as formalin-ﬁxed, parafﬁn-embedded sections for
hematoxylin-eosin (H&E) staining. CD68 and Ki67 were detected using immunohistochemical method.
2.10 Statistical Analysis
All data were expressed as means ± SD and were representative of at least two repeats. The statistical
signiﬁcance of group differences was by Student’s t-test. p < 0.05 was considered statistically signiﬁcant
(StatXact4 software, Cytel Corporation, Cambridge, Massachusetts, USA).
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3 Results
3.1 Expression of Macrophage Markers in Cervical Tissue
Macrophage markers CD68 and CD163 were detected in cervical tissue samples by
immunohistochemistry. As shown in Fig. 1, CD68 and CD163 were predominantly expressed in
cytoplasm. Interstitium and cancer nest depicted majority of CD68 and CD163 positive cells. The
expression of CD68 and CD163 in LSIL (CIN1), HSIL (CIN2 and CIN3) and cervical cancer tissues was
signiﬁcantly increased (p < 0.05) (Table 1). These macrophages exhibited migration to pithelial tissues
with the progression of cervical lesions (Fig. 1).

Figure 1: The expression of CD68 and CD163 in LSIL, HSIL and CC tissue using immunohistochemistry
analysis (100×). The expressions of CD68 and CD163 in LSIL (CIN1), HSIL (CIN2 and CIN3) and cervical
cancer tissues were increased (p < 0.05), as well as an increase of macrophages migrated to epithelial tissues
with the progression of cervical lesions. Scale bar = 100 μm
Table 1: Survey of the expression of CD68 and CD163 in LSIL, HSIL and CC tissue

CD68
CD163

Low expression
High expression
Low expression
High expression

LISL

HISL

CC

15
9
17
7

9
14
11
12

7
22
9
20

p value
<0.05
<0.05

3.2 Effect of Induced Differentiation Macrophages on the Proliferation of Cervical Cancer Cells
Morphological observations showed that THP-1 cells grew in suspension with a round shape (Fig. 2A).
After induction by 100 ng/ml PMA for 48 h, THP-1 cells changed to adherent growth, and formed irregular
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in shape with multiple pseudopods, presenting macrophage morphology (Fig. 2B). The expressions of
recognized macrophage markers, CD68 and CD163, were analyzed by ﬂow cytometry. Flow cytometry
showed that, in the untreated THP-1 cells, the cell surface expression was 33.17 ± 2.81% for CD68 and
24.93 ± 3.59% for CD163. And, the cell surface of the PMA-THP-1 was 56.40 ± 3.12% for CD68 and
42.90 ± 3.64% for CD163. The CD68 and CD163 cell surface expressions of PMA-THP-1 were
signiﬁcantly higher than those of THP-1 (p < 0.05) (Figs. 2C and 2D), which suggested the successful
induction of TAMs.

Figure 2: Morphological observation and surface marker determination of TAMs polarized from THP-1
cells induced by PAM in vitro. (A) THP-1 cell morphology; (B) Morphology of THP-1 cell treated with
100 ng/ml PMA for 48 h. (C) The expression of CD68 on the surface of THP-1 cells before and after
treated with PMA. (D) The expression of CD163 on the surface of THP-1 cells before and after treated
with PMA
The proliferation of 3 categories of contact co-culture and non-contact co-culture cervical cancer cells
was detected using carboxyﬂuorescein diacetate succinimidyl ester (CFSE) method. For HeLa cells and SiHa
cells, the division index was observed higher in both co-culture and non-contact co-culture condition
compared to culture separately (p < 0.05), indicating that contact co-culture facilitated cell proliferation
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more under co-culture condition (p < 0.05). However, there was no signiﬁcant difference in division index for
C33A, indicating that co-culture had no effect on the proliferation of C33A (Fig. 3).

Figure 3: Division index of HeLa, SiHa and C33A cells under contact co-culture and non-contact co-culture
conditions was detected using CFSE method. For HeLa cells and SiHa cells, the division index was higher in
both co-culture and non-contact co-culture condition than culture alone, whereas there was no signiﬁcant
difference in division index for C33A under either contact co-culture or non-contact co-culture
3.3 Effect of Differentiated Macrophages on the Migration of Cervical Carcinoma
3.3.1 Wound Healing Assay
Wound Healing Assay is a simple way to detect cell migration. The co-cultured of SiHa cells and C33A
cells promoted enhanced the migration ability. The migration ability of HeLa cells did not change
signiﬁcantly after co-culture (Fig. 4).

Figure 4: Cell migration under contact co-culture was detected by wound healing assay. The co-cultured
SiHa cells and C33A cells migrate faster (p < 0.05). Scale bar = 100 μm
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3.3.2 Trans-Well Assay
In trans-well migration assay, the migration of C33A and SiHa cells across the membrane increased
signiﬁcantly in indirect contact condition. However, the number of HeLa cells passing through the
membrane before and after co-culture showed no difference, indicating that co-culture had no major
effect on the migration ability of HeLa cells (Fig. 5).

Figure 5: Cell immigration detected by trans-well assay. The non-contact co-cultured SiHa cells and C33A
cells migrate faster (p < 0.05). Scale bar = 100 μm
3.4 MMP Activity Detection with Zymography
PMA-THP-1 cells secreted high levels of MMP-9 validated by the translucent band at 92KD. MMP9 secreted by the three types of cervical cancer cell lines was less, and the bands were vaguely visible.
The amount of MMP-9 secreted in the two types of co-culture supernatants was less signiﬁcantly less
than MMP-9 in the supernatant of PMA-THP-1 cells, induced THP-1 are primarily involved in the
secretion of MMP-9. The depicted that co-culture was not capable for cells to secrete more MMP-9 (Fig. 6).

Figure 6: MMP-9 activity was detected by gelatin zymography. MMP-9 was mainly secreted by the induced
THP-1 cells, and co-culture did not enable cells to secrete more MMP-9 either in the contact co-culture or
non-contact co-culture system
3.5 Cytokine Detection with CBA
The levels of various cytokines IL-8, IL-1β, IL-6, IL-10, IL-12p70 and TNF-α in each sample were
detected simultaneously by CBA. The levels of IL-8, IL-1β and IL-6 in the three co-culture supernatants
were higher than culturing separately and THP-1, indicating that the co-culture conditions accelerated the
levels of cytokines. The secretion levels of IL-8 and IL-1β were similar to those in the supernatants of the
contact culture and non-contact culture, and showed insigniﬁcant difference. Contrastingly, the level of
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IL-6 in the contact culture supernatant was substantially higher than that in the noncontact co-culture.
Interestingly, IL-10 and IL-12p70 were not detected in all supernatant samples. Moreover, IL-1β and
TNF-α were not detected in cervical cancer cell lines. There was no signiﬁcant difference in the level of
TNF-α in the supernatant of THP-1 cells after co-culture and induction, suggesting that the co-culture had
no effect on TNF-α secreting level of the induced THP-1 cells (see Table 2).
Table 2: Inﬂammatory cytokines measured by CBA
IL-8
SiHa

Alone

1

19.4 ± 0.2
†††
Contact culture
25140.0 ± 51.8
***†††
Non-contact culture 25132.0 ± 52.1
***†††
C33A Alone
211.7 ± 3.2
†††
Contact culture
29263.0 ± 52.5
***†††
Non-contact culture 28048.0 ± 52.3
***†††
HeLa Alone
18.6 ± 0.2
†††
Contact culture
34240.0 ± 55.0
***†††
Non-contact culture 33597.0 ± 55.5
***†††
Induced THP-1
23000.0 ± 52.1

IL-1β

IL-6

IL-10 TNF-α

IL-12p70

–

186.8 ± 5.2
†††
9657.2 ± 26.3
***†††‡‡‡
1436.0 ± 25.8
***†††
42.7 ± 0.5
†††
1182.6 ± 21.2
***†‡‡‡
264.0 ± 5.7
***†
157.3 ± 5.1
†††
5602.7 ± 30.2
***†††‡‡‡
1602.8 ± 20.5
***†††
24.4 ± 0.5

–

–

–

–

15.0 ± 0.3 –

–

14.9 ± 0.3 –

–

–

–

14.7 ± 0.3 –

–

15.1 ± 0.3 –

–

–

–

14.6 ± 0.3 –

–

14.7 ± 0.3 –

–

14.8 ± 0.3 –

2

239.5 ± 5.7
†††
235.0 ± 5.7
†††
–
290.7 ± 5.5
†††
300.2 ± 5.5
†††
–
98.7 ± 3.5
†††
100.7 ± 3.5
†††
46.3 ± 1.2

–

–

Note: 1Means ± SD in pg/ml based on 3 replicates.
2
Not detected.
*The difference was signiﬁcant in comparison to the cultured alone group.
†
The difference was signiﬁcant in comparison to Induced THP-1 group.
‡
The difference was signiﬁcant in comparing contact culture group with non-contact culture group.

3.6 Animal Experiments in Vivo
The palpable tumor in the mixed inoculation groups (THP1 cells and SiHa cells after induction) was
observed after 14 days of inoculation, after which the tumor size was measured every 3 days. The results
showed that the time of tumor formation and the tumor growth was signiﬁcantly faster in the mixed
culture group than that the SiHa cells alone inoculation group. After dissecting nude mice tumor tissue
post 30 days of harvest, the tumor volume was signiﬁcantly larger in the mixed inoculation group than
that the SiHa cells inoculation group (Fig. 7) and the average tumor weight in the mixed culture group
was approximately twice as in the SiHa cells alone group (Fig. 7). No tumor formation was found in the
PMA-THP1 group at the end of the experiments, supported by 100% survival rate of all nude mice. For
H&E staining, the squamous cell carcinoma was found in all tumor specimens (Fig. 8). The fewer
macrophage marker CD68 was observed in the SiHa cells alone inoculation group whereas large amount
of macrophage inﬁltration detected in the mixed inoculation group (Fig. 8). In addition, Ki-67 expression
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in mixed inoculation group was signiﬁcantly higher than the simple inoculation group, indicating TAMs
could enhance tumor cell proliferation (Fig. 8).

Figure 7: Animal experiments in vivo. The speed of tumor growth was signiﬁcantly faster and the tumor
volume was signiﬁcantly larger in the mixed culture group than that in the SiHa cells alone inoculation
group. (A) The tumor formation curves; (B) The tumor weight at day 30. (C) The pictures of tumors at
day 30

Figure 8: Tumor tissues from mixed SiHa and TPH-1 cells inoculation group and SiHa cells alone
inoculation were analyzed by H&E staining, CD68 and Ki-67 immunohistochemistry. For H&E staining,
the squamous cell carcinoma was found in all tumor specimens. The detection of macrophage marker
revealed that few macrophages were occasionally seen in the SiHa cells alone inoculation group and a
large amount of macrophage inﬁltration in the mixed inoculation group. In addition, Ki-67 expression in
mixed inoculation group was signiﬁcantly higher than the simple inoculation group, indicating TAMs
could enhance tumor cell proliferation. Scale bar = 100 μm
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4 Discussion
In recent years, chronic inﬂammation has posed a greater concern in accelerating the tumor growth
[13–15]. The large body of studies had demonstrated macrophages, a pivotal cell type, involved in antiinﬂammation and anti-tumor immune regulation process [16], as they could eliminate tumor cells or
remove the tumor by presenting tumor-associated antigens to induce immune response directly [17,18].
Interestingly TAMs are the largest inﬂammatory cell population in tumor microenviroment (TME),
accounting for 30%–50% of inﬂammatory cells [19]. TAMs could also be considered as an independent
poor prognosis marker of various tumors including Hodgkin’s lymphoma, Ewing’s sarcoma, renal clear
cell carcinoma and supraglottic carcinoma. However, the role of TAMs in tumorigenesis and progression
is contradictory [20]. TAMs are located at adjacent to tumor tissue in colon cancer to prevent tumor
progression (TAMs to M1 polarization). Patients manifesting more TAMs inﬁltration have better
prognosis and higher survival rate. The number of intra-tumoral TAMs showed an association with
invasion depth, lymph node metastasis and clinical staging, suggesting the aggressive behavior of intratumor macrophages [21]. Therefore, the causes of these contradictions need to be further investigated.
In this study, the expression of CD68 and CD163 at several pathological stages were studied, including
LSIL(CIN-1), HSIL (CIN2 and CIN3) of cervix tissues and cervical cancer specimens. The ﬁndings showed
an enhanced expression of CD68 and CD163 in macrophages in mild and severe cervical lesions and cervical
cancer tissues. This promoted increased migration of the number of macrophages to epithelial as the cervical
lesion progressed. This indicated that the expression of CD163 and the number of macrophages were
dominating factors of cervical lesion progression and hence assumed as the one of the most prominent
prognoses of CIN progression and cervical cancer.
The polarization of macrophages promotes tumor phenotypic transformation was mainly due to the
interaction between the tumor and interstitial cells in tumor microenvironment [20]. Macrophages in the
cervical cancer distribute through the interstitial and cancer nest [22]. Interstitial macrophages in tumor
microenvironment secrete cytokines allowing to inﬁltrate into cancer nest and affect carcinoma cells by
direct contact between the cells. THP-1 induced by PMA manifest phenotype of M2-like macrophages
expressing CD206, CD163 and CD68, and also secrete low levels of TNF-α, IL-6 and IL-1β and high
levels of TGF-β. We had employed two co-culture methods to study their interactions. In non-direct
contact culture, tumor cells and macrophages interacted via secretion of soluble components. Direct
contact co-culture allowed physical interaction between tumor cells and macrophages. The impact of
macrophages on the proliferation of three kinds of cervical cancer cells was examined and was observed
that co-culture could promote the proliferation of HeLa and SiHa cells, whereas no signiﬁcant effect was
found on C33A cells. Moreover, the direct contact culture ameliorated proliferation than the indirect
contact culture. These results suggested that the interaction of tumor cells and macrophages facilitated the
proliferation of HeLa and SiHa cells. Additionally, co-culture displayed differential inﬂuence of
biological functions depending on the type of cervical cancer cells.
Cell migration is an integral phenomenon in various biological processes such as immune, wound
healing, inﬂammation and cancer metastasis. The results depicted enhanced migration ability of SiHa
cells and C33A cells following co-culture, whereas HeLa cells showed no obvious change before or after
co-culture.
The matrix metalloproteinases (MMPs) are involved in ECM degradation and are associated with tumor
invasion and metastasis. The majority of studies showed that MMPs were mainly expressed in interstitial
cells and some tumor cells [23–25]. Our ﬁnding claimed that the THP-1 cells secreted higher amount of
MMP-9 than that of cervical cancer cells. Co-culture conditions, contrastingly, neither promote THP-1
cells nor cervical cancer cells to secrete more MMPs. Furthermore, the results suggested that MMP-9 in
co-culture supernatants was mainly secreted by THP-1 cells.
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The kinetics of cytokine network is both intricate and play a pivotal role in the tumor microenvironment.
The expression proﬁle of various cytokines reﬂects the immune status in tumor microenvironment. To
elucidate the changes of cytokines after the interaction between macrophages and cervical cancer cells,
several important inﬂammatory factors were detected by BCA method. IL-6 is a pro-inﬂammatory
cytokine regulating the immune responses and closely related to tumorigenesis, development, invasion
and metastasis [26]. Higher levels of IL-6 in cervical cancer cells promoted angiogenesis and antiapoptotic capacity enhancement [27]. In this study, the IL-6 level induced by contact co-culture was
higher than that in non-contact co-culture. The direct cell contacts led to a signiﬁcant increase of IL-6. As
a result, it was speculated that induced membrane receptor of cells secreted more IL-6. IL-8 is primarily
involved in cell migration and invasion. This study demonstrated enhanced IL-8 and IL-1β in both
contact and non-contact co-cultured cell supernatant; however, there was no signiﬁcant difference was
observed between the two co-culture conditions. This indicated that IL-8 and IL-1β were induced by the
secretion of soluble components of cells.
TNF-α in tumor microenvironment is considered as a marker of many malignancies and normally
associated with poor prognosis. TNF-α in cervical secretion from patients with HSIL was higher than that
in LSIL patients [28]. In this study, TNF-α was not detected in the three cancer cell supernatants,
consistent with previous report [29]. Moreover, co-culture condition manifested lower levels of TNF-α,
indicating that the co-culture did not induce THP-1 to produce more TNF-α. As a result, it was found that
high levels of IL-10 and low levels of IL-12 were typical characteristics of M2 macrophages. Some
studies showed that IL-10 and IL-12 levels in cancer tissues were lower than in CIN [30]. Studied have
suggested insigniﬁcant difference in the expression levels of IL-10 in CIN and cervical cancer tissues
[31]. Quite the opposite, another research shows that IL-10 expression in cervical cancer and HSIL was
higher than that in LSIL [32]. In this study, IL-10 and IL-12 were not found in supernatants of the three
cervical cancer cells aligning with previous studies [31]. IL-10 and IL-12 were not detected in co-culture
supernatant or induced-THP-1 supernatant. High levels of IL-10 and low levels of IL-12 were not found
in THP-1 after co-cultured. THP-1 with both M1 and M2 phenotype was induced by tumor cell
supernatant. Though THP-1 is closer to M2-like macrophages, they were not able to induce a typical
M2 phenotypes. However, incomplete M2-like macrophages could also promote the proliferation and
migration of cervical cancer and improve the anti-apoptotic ability.
To further examine the function of co-culture on SiHa cells in-vivo, a tumor model of cervical cancer
cells was transplanted in nude mice. The results showed that time duration and size of tumor formation
increased in co-culture of SiHa cells and induced-THP1. The expression of Ki67 in mixed inoculation
group was higher, indicating an increase of its highly proliferation and degree of malignancy [33,34]. Our
study has successfully demonstrated the enhanced macrophage inﬁltration in mixed inoculation group due
to high secretion of chemokines resulting in macrophage recruitment and tumor growth. Congruently, coinoculation of M2-like macrophages with prostate cancer cells promoted tumor growth effectively [35].
The results above supported the viewpoint that M2-like macrophages in TMEs could stimulate the
proliferation of cancer cells.
5 Conclusions
In conclusion, these results evidently showed that macrophages could promote cervical cancer cell
proliferation, migration due to secretion of soluble components and direct contacts among cells.
Nevertheless, further investigation is required to dissect the mechanistic role.
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