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Circulating Tie2-Expressing Monocytes: 
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Background: Tyrosine kinase with immunoglobulin and epidermal growth factor homology 
domains 2 (Tie2)-expressing monocytes (TEMs) are a highly proangiogenic subset of 
myeloid cells, which are characterized by expressing the angiopoietin receptor Tie2 with pro- 
tumor activity.
Purpose: The present study aimed to determine the clinical value of circulating TEMs 
(cTEMs) for cervical cancer.
Patients and Methods: Peripheral blood mononuclear cells (PBMCs) were obtained from 
7 healthy volunteers, 17 uterine fibroid patients, 24 cervical intraepithelial neoplasia (CIN) II 
patients, 31 CIN III patients and 99 patients with cervical cancer. The cTEMs were evaluated 
by the ratio of Tie2+ CD14+ cells to all CD14+ monocytes in the PBMCs through flow 
cytometry. The diagnostic value of cTEM was assessed by receiver operating characteristic 
(ROC) curves and the correlation between cTEM and clinicopathological characters in 
cervical cancer patients was analyzed.
Results: The proportion of cTEMs was gradually increasing from healthy volunteers to 
patients with non-invasive lesions, then to cervical cancer patients. The area under the ROC 
curve was 0.913 when the level of cTEMs was used to distinguish cervical cancer from all 
the other women ranging from healthy volunteers to CIN III patients. In cervical cancer, an 
increased cTEM fraction was significantly correlated with advanced tumor stage, larger 
tumor size, lymph node metastasis (LNM), deep stromal infiltration, parametrial involvement 
and lymph-vascular space invasion and was an independent risk factor for LNM.
Conclusion: The cTEM proportion might be a promising biomarker for the malignant 
transformation of cervical lesions and the progression of cervical cancer.
Keywords: cervical cancer, Tie2-expressing monocytes, lymph node metastasis, tumor 
associated macrophages, biomarker, tumor progression

Introduction
Cervical cancer is the fourth most common cancer among women worldwide with 
estimated 570,000 newly diagnosed cases and 311,000 deaths globally in 2018.1 

The incidence of cervical cancer in developed counties has been decreasing due to 
the widely applied screening program and the vaccination against human papillo-
mavirus infection. However, cervical cancer is still a challenge in underdeveloped 
or developing countries and areas, where about 85% of the global burden of 
cervical cancer occurs.2,3 As we know, cervical cancer is associated high-risk 
human papillomavirus (HPV) infection. HPV DNA and oncogenes E6 and E7 are 
specific biomarkers for HPV-related cervical lesions and have been implicated in 
the screening for cervical cancer.4 In addition, p16, p53 and ki67 signals in pap 
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smear samples and cervix biopsy samples are helpful for 
the detection of high-grade precancerous lesions.5 Cervical 
biopsy is an invasive procedure and should only be used in 
patients with suspicious high-grade cervical intraepithelial 
neoplasia (CIN) or invasive cancer. The pap smear sam-
pling is less invasive, but the interval between two con-
secutive samplings should be at least 3 months to avoid 
false-negative results.4 New biomarkers, especially those 
can be measured without invasive sampling, will be help-
ful for improving the diagnosis and management of this 
disease.

Angiogenesis is a hallmark of malignant tumors and 
an important target of therapy. It is known that tumor- 
infiltrating myeloid cells participate in angiogenesis and 
tumor progression. In 2005, De Palma et al reported 
a subpopulation of monocytes expressing the tyrosine 
kinase with immunoglobulin and epidermal growth fac-
tor homology domains 2 (Tie2).6 Tie2 is the receptor for 
angiopoietins and the binding of Tie2 and angiopoietins 
conveys proangiogenic signals.7 The Tie2-expressing 
monocytes (TEMs) have been identified as a subtype of 
tumor-associated macrophages (TAMs) that exhibit 
a remarkable pro-angiogenic function in tumor tissue8,9 

and proposed as a candidate biomarker and a potential 
therapeutic target of diseases such as glioma, arthritis 
and thrombus recanalization.10–12 It has been found that 
the tumor-infiltrating TEMs were predominantly from 
circulating TEMs (cTEMs) rather than tissue-resident 
macrophages.13 However, the clinical value of cTEMs 
in cervical cancer remains unclear.

In this study, we detected the percentage of cTEMs 
(Tie2+ CD14+) to monocytes (CD14+) in the peripheral 
blood from female healthy volunteers, patients with pre-
cancerous cervix disease and invasive cervical cancer, and 
evaluated the performance of cTEMs in screening and 
predicting progression of cervical cancer.14

Patients and Methods
Ethics Statement
This non-interventional clinical investigation was con-
ducted according to the principles expressed in the 
Declaration of Helsinki. The analysis of blood samples 
was approved by the Ethics Committee of Tongji 
Medical College, Huazhong University of Science and 
Technology (IORG0003571), and informed consent was 
obtained from all the patients and healthy volunteers.

Patients and Blood Samples
fBlood samples were collected from enrolled 7 healthy 
volunteers, 17 uterine fibroid patients, 24 CIN II patients, 
31 CIN III patients and 99 cervical cancer patients between 
September 2017 and March 2018. The diagnoses of patients 
were pathologically confirmed and patients with squamous 
cell carcinoma or adenocarcinoma were included. Exclusion 
criteria: 1) chemotherapy or radiotherapy before surgery; 2) 
co-morbidities of other malignant diseases and conditions 
with abnormal hemopoietic function or immunity, such as 
autoimmune diseases, tuberculosis, HIV infection, under-
going chemotherapy or taking immunosuppressive drugs. 
The clinical stage of cervical cancer was determined 
according to the International Federation of Gynecology 
and Obstetrics (FIGO) 2009. Blood was obtained before 
the beginning of primary treatment. Healthy volunteers 
were apparently free of chronic and inflammatory diseases 
and gynecological ultrasound abnormal. Clinical, routine 
laboratory, histopathological and outcome data were 
retrieved from medical records after surgery.

Cytometric and Cell Sorting of cTEMs
Ethylenediamine tetra-acetic acid (EDTA) treated whole 
blood was processed at room temperature. Peripheral 
blood mononuclear cells (PBMCs) were isolated from 
2 mL of the whole blood by Ficoll-Paque (TBD Science, 
Tianjin, China) density centrifugation. After single-cell sus-
pensions prepared, they were incubated with the following 
antibodies for 30 min: CD14-APC (FAB3832A, R&D 
Systems, Inc.) and Tie2-PE (FAB3131P, R&D Systems, 
Inc.). Flow cytometry analysis and fluorescence-activated 
cell sorting (FACS) were immediately performed (MoFlo 
XDP, Beckman Coulter, USA). TEMs were identified by 
dual positive expression of CD14 and Tie2 (Tie2+ CD14+ 
cells), CD14+ for monocytes. The percentage of cTEMs 
was recorded, while the TEMs and Tie2-negative mono-
cytes (TNegMs) were sorted cytometric (MoFlo XDP).

Cellular Immunofluorescence
The sorted cells were plated onto sterilized coverslips in 24- 
well plates (cat. no. 702,001; Wuxi NEST Biotechnology 
Co., Ltd.) in a humidified 37°C incubator (5% CO2) in 
Roswell Park Memorial Institute (RPMI) 1640 medium con-
taining 10% fetal bovine serum (Gibco; Thermo Fisher 
Scientific, Inc.) and 1% penicillin-streptomycin. After incu-
bation for 24 hours, the medium was carefully aspirated, and 
the coverslips were washed with PBS. The samples were 
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Figure 1 TEMs increased in peripheral blood of CC patients. (A) Detection of cTEMs in the peripheral blood (flow cytometric analysis). (B) Representative images of 
immunofluorescence assays for CD14 (green) and Tie2 (red) expression in TEMs and TNegMs which were isolated by FACS. Cell nuclei were labeled with DAPI (blue). Both CD14 
(green) and Tie2 (red) were expressed in TEMs, while only CD14 (green) was expressed in TNegMs. Scale bar, 20 μm. (C) The percentage of cTEMs (Tie+CD14+) in total CD14+ 

monocytes was detected in peripheral blood of 7 HV, 17 UF, 24 CIN II, 31 CIN III and 99 CC patients. (D) The percentage of cTEMs is significantly increased in CC patients (Mann– 
Whitney u-test). *P<0.05, ** P<0.01 and *** P<0.001. (E) Boxplot of the Jonckheere–Terpstra test for the trend of percentage of cTEMs changing with the severity of cervical lesions. 
P<0.001. (F) Representative images of immunofluorescence assays for CD14 (green) and Tie2 (red) expression in PBMCs of HV and CC patient. Cell nuclei were labeled with DAPI 
(blue). Scale bar, 20 μm.  
Abbreviations: CC, cervical cancer; HV, healthy volunteers; UF, uterine fibroid patients.
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then fixed in 4% paraformaldehyde for 30 min and followed 
by permeabilization with ice-cold acetone for 10 min. 
Subsequently, the cells were blocked in 10% BSA and incu-
bated overnight at 4°C with antibodies against Tie2 (cat. no. 
AF313, 10ug/mL; R&D Systems) and CD14 (cat. no. 
ab181470, 1:1000 dilution; Abcam). Cy3-donkey anti-goat 
IgG (cat. no. SA00009-3, 1:100 dilution; Proteintech) and 
FITC-goat anti-mouse (cat. no. 172–1806, 1:200 dilution; 
Seracare) as the appropriate secondary antibodies were 
used. After counterstaining with DAPI (1:1000; Invitrogen; 
Thermo Fisher Scientific, Inc.), the cells were analyzed under 
a fluorescence microscope (IX73, Olympus Corporation).

Statistical Analysis
Statistical analyses were performed using SPSS software 
version 23 (SPSS Inc., Chicago, IL, USA). The percentages 
of cTEMs in different groups were compared using the 
Mann Whitney test. The Jonckheere–Terpstra test was 
used to evaluate the trend of cTEM percentage across 
groups of increasing severity of lesions. Receiver operating 
characteristic (ROC) curves were used to assess the diag-
nostic performance of cTEM and define the cut-off value 
for cervical cancer diagnosis. Univariate and multivariate 
binary logistic regression analysis were used to evaluate the 
risk for LNM in cervical cancer. All tests were two-sided, 
and P<0.05 are considered statistically significant.

Results
Percentage of cTEMs Increases in 
Cervical Cancer Patients
To determine whether the percentage of cTEMs increases 
in cervical cancer, we detected the cTEMs in all subjects. 

FACS was used to isolate TEMs and TNegMs from per-
ipheral blood (Figure 1A). Cellular immunofluorescence 
assay was used to confirm the concomitant expression of 
Tie2 and CD14 in TEMs, while no expression of Tie2 in 
TNegMs (Figure 1B). Flow cytometry was used to evalu-
ate the proportion of cTEMs to monocytes in the periph-
eral blood of 7 healthy volunteers, 17 uterine fibroid 
patients, 24 CIN II patients, 31 CIN III patients and 99 
cervical cancer patients (Figure 1C). The percentage of 
cTEMs in cervical cancer patients (median, 6.14%; 
range, 3.23% −13.78%) was significantly higher than that 
in healthy volunteers (median, 2.12%; range, 1.53% 
−2.43%, P<0.001), uterine fibroid patients (median, 
2.99%; range, 2.14% −3.53%; P<0.001), CIN II (median, 
3.53%; range, 1.53% −6.00%; P<0.001) and CIN III 
patients (median, 4.60%; range, 2.25% −7.08%; P<0.001, 
Figure 1D). Moreover, the increasing trend in the percen-
tage of cTEMs with the increasing severity of cervical 
lesions was confirmed by the Jonckheere–Terpstra test 
(P<0.001, Figure 1E). In PBMCs of healthy volunteers 
and cervical cancer patients, TEMs were detectable using 
immunofluorescence staining with CD14 and Tie2 antibo-
dies (Figure 1F).

The Clinical Value of Percentage of 
cTEMs in Diagnosing Cervical Lesions
To determine the diagnostic value of percentage of cTEMs 
in cervical lesions, we performed receiver operating char-
acteristic (ROC) curve analyses. For cervical cancer 
patients and non-cervical cancer patients, the optimal cut- 
off value of the percentage of cTEMs was 4.68%, with 
a sensitivity of 88.9% and a specificity of 78.5%. The area 

Figure 2 The diagnostic value of cTEM for cervical lesions. ROC analyses were performed in order to assess the diagnostic value of percentage of cTEMs for differentiating non-CC 
(HV, UF and CIN patients) from CC patients (A), HV, UF and CIN II from CIN III and CC patients (B), and for differentiating HV and UF from CIN and CC patients (C).
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under the curve (AUC) was 0.913 (95% CI, 0.872 to 
0.953; P<0.0001; Figure 2A). The cut-off value at 4.25% 
yielded the best sensitivity (86.2%) and specificity 
(89.6%) for differentiating CIN III and cervical cancer 
patients from healthy volunteers, uterine fibroid patients 
and CIN II patients. And the AUC was 0.924 (95% CI, 
0.882 to 0.966; P<0.0001; Figure 2B). The ROC curve 
also showed that the optimal cut-off value of the percen-
tage of cTEMs was 3.54% for differentiating CIN II, CIN 
III and cervical cancer patients from healthy volunteers 
and uterine fibroid patients. The diagnostic sensitivity and 
specificity were 85.1% and 100%, respectively, with an 
AUC of 0.956 (95% CI, 0.927 to 0.985; P<0.0001; 
Figure 2C).

Percentage of cTEMs is Correlated with 
Cervical Cancer Progression
In order to evaluate whether the cTEMs frequency was 
correlated with the clinicopathological features of cervical 
cancer, we performed Mann–Whitney u-test (Table 1). 
Percentage of cTEMs was positively correlated with 
FIGO stage (P<0.001, Figure 3A), tumor size (P<0.001, 
Figure 3B), deep stromal invasion (P<0.001, Figure 3C), 
parametrial invasion (P<0.001, Figure 3D), lymph- 
vascular space invasion (P<0.001, Figure 3E) and LNM 
(P<0.001, Figure 3F). However, there were no significant 
correlations between cTEMs and age, histological type, or 
histologic grade (Table 1).

Percentage of cTEMs is a Predictor for 
Lymph Node Metastasis of Cervical 
Cancer
To assess the relationship between cTEMs and LNM, we 
performed univariate analysis and multivariate analysis of 

Table 1 The Relation of Circulating TEMs to Clinical- 
Pathological Parameters in Cervical Cancer

Clinicopathological 
Parameters

N TEMs % 
Median 
(Range)

Mann–Whitney 
u-Test P value

Age (years)

<45 27 7.01 

(3.23~11.43)

0.37

≥45 72 6.04 

(3.56~13.78)

FIGO stage

IA1-IB1 51 5.13 

(3.23~8.83)

<0.0001

IB2-IIB 48 7.75 
(4.71~13.78)

Histological type

Squamous cell 

carcinoma

80 6.42 

(3.23~13.78)

0.12

Adenocarcinoma 19 5.22 

(4.02~9.13)

Tumor size (cm)

≤2 38 5.04 
(3.23~8.56)

<0.0001

>2 61 7.24 

(4.02~13.78)

Deep (outer third) stromal invasion

Negative 52 5.16 

(3.23~8.83)

<0.0001

Positive 47 7.81 
(4.71~13.78)

Histologic grade

Well/Moderately 

differentiated

72 6.11 

(3.56~13.78)

0.89

Poorly differentiated 27 6.83 

(3.23~10.64)

Parametrial invasion

Negative 84 6.02 
(3.23~10.64)

<0.0001

Positive 15 8.83 

(4.73~13.78)

Lymph-vascular space invasion

Negative 53 5.33 

(3.23~10.64)

<0.0001

Positive 46 7.65 
(4.57~13.78)

(Continued)

Table 1 (Continued). 

Clinicopathological 
Parameters

N TEMs % 
Median 
(Range)

Mann–Whitney 
u-Test P value

Lymph node metastasis

Negative 75 5.58 

(3.23~9.68)

<0.0001

Positive 24 8.73 

(6.28~13.78)

Abbreviations: TEMs, Tie2-expressing monocytes; FIGO, International Federation 
of Gynecology and Obstetrics.
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LNM in patients with cervical cancer (Table 2). Univariate 
analysis revealed FIGO stage (OR, 7.82; 95% CI, 2.26–-
23.52), deep stromal invasion (OR, 5.83; 95% CI, 1.96–-
17.42), lymph-vascular space invasion (OR, 8.62; 95% CI, 
2.66–27.95), tumor size (OR, 8.50; 95% CI, 1.86–38.84), 
parametrial invasion (OR, 10.92; 95% CI, 3.21–37.21) and 
the percentage of cTEMs (OR, 20.00; 95% CI, 5.34–-
74.86) as risk factors for cervical cancer LNM. 
Multivariate analysis showed that parametrial invasion 
(OR, 5.94; 95% CI, 1.19–29.58) and percentage of 
cTEMs (OR, 6.25; 95% CI, 1.18–33.00) are independent 
risk factors in cervical cancer LNM prediction.

ROC analysis was further performed to assess the 
value of the percentage of cTEMs in predicting LNM. 
The optimal cut-off value of the percentage of cTEMs 
was 6.96%. The sensitivity and specificity were 87.0% 
and 75.0%, respectively, with the AUC of 0.887 (95% 
CI, 0.820–0.953, Figure 4).

Discussion
Our current study demonstrated the clinical significance of 
cTEMs in cervical cancer patients and the main findings 
include 1) the percentage of cTEMs in cervical cancer 
patients was significantly higher than in healthy 

Figure 3 Percentage of cTEMs is correlated with CC progression. High level of cTEMs were significantly associated with FIGO stage (A), tumor size (B), deep stromal 
invasion (C), parametrial invasion (D), lymph-vascular space invasion (E) and LNM (F). ***P<0.001.

Table 2 Univariate Analysis and Multivariate Analysis of Lymph Node Metastasis in Patients with Cervical Cancer (N=99)

Parameters Univariate Analysis Multivariate Analysis

OR 95% CI P OR 95% CI P

Age (years), ≥45 vs. <45 0.48 0.18~1.30 0.150 – – –

Histological type, adenocarcinoma vs. squamous cell carcinoma 3.04 0.64~14.22 0.161 – – –
FIGO stage, IB2-IIB vs. IA1-IB1 7.28 2.26~23.52 0.001 1.18 0.21~6.61 0.854

Deep stromal invasion, positive vs. negative 5.83 1.96~17.42 0.002 1.64 0.41~6.59 0.487

Lymph-vascular space invasion, positive vs. negative 8.62 2.66~27.95 <0.001 1.46 0.33~6.54 0.621
Tumor size (cm), >2 vs. ≤2 8.50 1.86~38.84 0.006 3.51 0.44~28.29 0.238

Parametrial invasion, positive vs. negative 10.92 3.21~37.21 <0.001 5.94 1.19~29.58 0.030

TEMs %, ≥7 vs. <7 20.00 5.34~74.86 <0.001 6.25 1.18~33.00 0.031

Abbreviations: OR, odds ratio; CI, confidence interval.
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volunteers, uterine fibroid patients, CIN II and CIN III 
patients; 2) increased percentage of cTEMs may represent 
as a potential diagnostic marker; 3) the percentage of 
cTEMs was significantly associated with FIGO stage, 
tumor size, deep stromal invasion, parametrial invasion, 
lymph-vascular space invasion and LNM; 4) the percen-
tage of cTEMs was a predictor for LNM of cervical 
cancer. These results may indicate that cTEMs is 
a promising biomarker with potential value in screening 
and prognosis prediction for cervical cancer and real-time 
monitoring of disease progression.

The presence of TEMs has already been reported in 
many solid cancers such as colorectal cancer, pancreatic 
cancer, renal cancer and hepatocellular cancer.13–15 

Recently, TEMs have been proposed as a candidate bio-
marker and a therapeutic target in the treatment of 
malignancy.16–18 Increased TEMs in peripheral blood and 
liver are considered as novel diagnostic markers for hepa-
tocellular carcinoma.19 However, whether the frequency of 
TEMs in cervical cancer patients differing from the normal 
range and correlated with clinical parameters have not 
been assessed yet.

In our current research, individual percentage of 
cTEMs in the peripheral blood samples was in the range 
reported previously.13 And we confirmed TEMs were 
existed and increased in the peripheral blood of cervical 
cancer patients. It has been reported that the frequencies of 
TEMs in the peripheral blood of healthy individuals and 
colorectal cancer patients did not differ significantly, and 
the functional differences of TEMs between colorectal 
cancer patients and healthy individuals may be contributed 
by the upregulation of Tie2 expressed in TEMs in cancer 
patients.20 However, we found that increased cTEMs was 
a common feature of cervical cancer patients, and may 
represent a potential biomarker. To determine the specifi-
city of cTEM as a cervical cancer biomarker, control 
cohorts of healthy volunteers, women with uterine fibroid 
and women with cervical precancerous lesions were set up 
in the present study. Although the histological origins of 
uterine fibroid differ from cervical cancer, it is necessary 
to exclude the impact of this most common benign tumor 
in women on the percentage of cTEM that can potentially 
affect the biomarker performance in cervical cancer 
patients. Although cTEMs alone is insufficient for 
a diagnosis of cervical cancer, it is a possible biomarker 
to indicate the presence or progression of disease with 
benefits of non-invasive sampling, allowing real-time 
monitoring of disease evolution.

TEMs have been shown to promote the formation of 
tumor blood vessels and lead to neoplastic growth.19 

Associations between cTEMs and the clinical features 
have been reported. Matsubara et al21 showed that TEMs 
in peripheral blood was significantly associated with 
a deterioration of liver function and poor prognosis in 
hepatocellular cancer patients, and Atanasov et al17 

reported that cTEMs affect outcomes in cholangiocarci-
noma. Collectively, cTEMs may serve as a prognostic 
marker in various types of cancer. In support of this, we 
found that cTEMs were significantly positively associated 
with FIGO stage, tumor size, invasion of deep stromal, 
lymph-vascular space and LNM in cervical cancer.

Lymph node status remains the most important prog-
nostic factor and major determinant of treatment in 
patients with early cervical cancer.22 Our previous 
research23 and Guani et al24 have demonstrated that the 
LNM is positively correlated with larger tumor size, dee-
per stromal invasion, parametrial invasion and lymph- 
vascular space invasion. Except for tumor size, all these 
risk factors cannot be measured before surgery. In usual, 
CT and MRI are used to evaluate the para-aortic LNM in 
cervical cancer. However, it is difficult for imaging tech-
niques to distinguish metastatic lymph nodes from inflam-
mation or infection, and the sensitivity of computed 
tomography (CT), magnetic resonance imaging (MRI) 

Figure 4 Percentage of cTEMs is an independent predictor of CC LNM.
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and positron emission tomography (PET) is only 57%, 
54% and 66%, respectively.25 In our study, we found that 
the percentage of cTEMs was an independent predictor for 
LNM. This could be a compensatory marker with the 
imaging techniques, to assess the possibility of LNM 
better.

There are several limitations in the present study. 
Detection of peripheral blood mononuclear cells has short-
comings of stability and repeatability, partially because of 
the differences in the absolute number of monocytes 
between individuals. So, in the present study, we used 
the ratio of cTEMs to monocytes but not the absolute 
number of TEMs as a biomarker. Moreover, the retrospec-
tive study design and relatively small sample size may 
cause biases in results. A multi-center, large-sample pro-
spective study is needed to further validate the value of the 
percentage of cTEM as a biomarker for cervical cancer.

In summary, this study exhibited that cTEMs were 
significantly increasing in cervical cancer patients, and it 
may be expected to be a promising biomarker for diag-
nosis and predicting progression of cervical cancer.

Abbreviations
TEMs, Tie2-expressing monocytes; cTEMs, circulating 
TEMs; TNegMs, Tie2-negative monocytes; PBMCs, periph-
eral blood mononuclear cells; TAMs, tumor-associated macro-
phages; Ang-2, angiopoietin-2; FIGO, International 
Federation of Gynecology and Obstetrics; LNM, lymph node 
metastasis; ROC, receiver operating characteristic; AUC, area 
under the curve; OR, odds ratio; CI, confidence interval; CC, 
cervical cancer; CIN, cervical intraepithelial neoplasia.
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