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Evaluating the Value of uPAR of Serum and Tissue
on Patients With Cervical Cancer
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We investigated the relationship between
the urokinase type plasminogen activator
receptor (uPAR) in sera and tissues of pa-
tients with cervical cancer and the clini-
cal and pathological features of the cancer.
Immunohistochemistry (SABC method) was
used to detect uPAR expression in cervical
cancer and normal tissues; ELISA was em-
ployed to assay the uPAR levels in cervical
cancer and normal tissues and the corre-
sponding sera. The immunohistochemistry
results showed that there were 37 cases
of uPAR expression in 56 patients of cervi-
cal cancer with a positive expression rate of
66%, whereas there was no uPAR expres-
sion in normal cervical tissues. The uPAR
levels in cancer tissue from patients with
cervical cancer (70.92 ± 28.55 ng/100 mg
protein) were significantly higher than those
of adjacent tissues obtained from the can-
cer patients (11.01 ± 5.40 ng/100 mg pro-
tein) (P < 0.001). Furthermore, the tissue
uPAR levels are correlated with the TNM
stages, lymph node metastasis, and the
degree of differentiation instead of tumor-
infiltrating and vessel thrombosis. Serum

uPAR levels of patients (2.38 ± 0.29 ng/ml)
were significantly increased compared with
health control group (0.50 ± 0.16 ng/ml)
(P < 0.001). Single-factor analysis shows
that the serum uPAR levels of preopera-
tive patients are related with clinical grade,
lymph node metastasis, vein embolism, and
the depth of infiltration instead of tumor dif-
ferentiation. We conducted multiple regres-
sion analysis and found that the factors af-
fecting preoperative serum suPAR include
clinical stage (P = 0.000), pelvic lymph
node metastasis (P = 0.000), and depth
of myometrial invasion (P = 0.001). The
serum suPAR levels of patients with cervi-
cal cancer after surgery are significantly de-
creased compared with preoperation (P <

0.001). The uPAR levels of serum and tis-
sue present a positive correlation (r = 0.705,
P < 0.001). The soluble uPAR in serum (su-
PAR) may be a more convenient indicator
to reflect the uPAR system activity in vivo.
It could be a tumor marker for clinical diag-
nosis, treatment, and prognosis monitor of
cervical cancer. J. Clin. Lab. Anal. 26:16–
21, 2012. C© 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Cervical cancer is the second most common type of
cancer in women worldwide, after breast cancer (1). It
was reported that half a million women in the world per
year developed cancer of the uterine cervix, resulting in
approximately 275,000 deaths yearly (2). Overall, cervi-
cal cancer is relatively common in Shanxi Province, where
patients located in remote areas often have tumor inva-
sion and metastasis when they seek medical treatment.
Cervical cancer is a serious threat to women’s physical
and mental health owing to the ineffective clinical treat-

ment. The diagnostic value of cytology and colposcopy
biopsy has been recognized for the early diagnosis of
cervical cancer (3). Tumor markers are substances pro-
duced by tumor cells or other cells within the body in
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response to cancer or certain benign conditions. These
markers may be detected within exfoliated or distributed
cells, or as circulating agents within the peripheral blood
or plasma. With the progress of tumor marker studies,
markers have become an indispensable clinical auxiliary
diagnosis and pathogenesis analysis technique of tumor.
Urokinase type plasminogen activator receptor (uPAR) is
a recently found, multifunctional, and ubiquitous recep-
tor involved in the control of a variety of cellular processes
frequently found altered in cancer cells (4–6). uPAR is
linked to the cell membrane via a glycosylphosphatidyli-
nositol anchor attached to the C-terminal hydrophobic
domain. Both single chain pro-uPA and two chain uPA
bind to the NH2-terimnal domain of uPAR. When bound
by uPA, uPAR plays a major role in local proteolytic pro-
cesses, thus facilitaing cell migration as may occur dur-
ing angiogenesis, neointima and atherosclerotic plaque
formation, and tumor cell invasion. uPAR may be a
multifunctional receptor, not only promoting pericellu-
lar proteolysis, but also involved in integrin-mediated cell
adhension and migration. uPAR has also been implicated
in intracellular signaling, cellular differentiation, growth,
and chemotaxis. The expression of both u-PA and uPAR
is increased in human atherosclerotic plaque and arte-
rial aneurysms. Previous researches show that uPAR is
closely related to the malignant extent, occurrence, de-
velopment, invasion, and metastasis of tumor (7–9). In
this study, we detected uPAR levels in serum and tissues
of tumor patients and analyzed the relationship between
uPAR and clinicopathological parameters and the fac-
tors affecting preoperative serum uPAR levels. In addi-
tion, the study elucidated the potential diagnostic value of
uPAR for cervical cancer. uPAR could provide useful in-
formation for the design of clinical surgery program, post-
operative therapy, disease detection, and evaluation of
prognosis.

MATERIALS AND METHODS

Subject Investigated

We collected 68 cervical squamous-celled carcinoma
patients (21–78 years old; average age: 42.23) with com-
plete clinicopathological data admitted by Gynecological
Cancer Hospital, Shanxi Province, from January 2005 to
December 2008. All these cases of cervical cancer have
been pathologically confirmed and are without any treat-
ment before operation. The cancer tissue and normal
tissue of cervix uteri were collected. The clinical stages
were determined according to FIGO standard (10). The
growth pattern of tumor included exogenous and endoge-
nous. There are 6 cases of stage IA, 10 cases of stage IB,
40 of stage IIa, and 12 of stage IIb. The control group
consisted of 50 cases of healthy subjects with no cancer

aged between 20 and 58 years with the average age of
40.48 years.

Specimen Collection

Preoperative fasting venous blood (2 ml) was collected
with the tubes containing separating gel and centrifuged
(centrifugal radius: 9.4 cm; 3,000 r/min) for 10 min. The
serum was separated and stored at −80◦C for further de-
tection. Cancer and normal tissues adjacent to cancer
tissues at about 4 cm were extracted, washed with physio-
logical saline, and stored at −80◦C.

Reagents and Equipment

The low-temperature high-speed centrifuge was from
Hermle Z 323 K (Hermle Labortecknik, Germany).
KDC-1042 low-speed centrifuges, microplate reader, and
automatic plate washer were purchased from Tecan
Group Ltd., Austria. The uPAR Kit was from Assaypro
(Winfield, MO). The AssayMax Human uPAR ELISA kit
is designed for detection of uPAR in human serum, tissue
extracts, cell culture supernatants, and urine. A Murine
monoclonal antibody specific for uPAR has been pre-
coated onto amicroplate. uPAR in standards and samples
is sandwiched by the immobilized antibody and a biotiny-
lated polyclonal antibody specific for uPAR, which is rec-
ognized by a streptavidin-peroxidase conjugate.

Immunohistochemistry

Fresh cervical tissue samples were removed and immedi-
ately fixed with 10% glutaraldehyde solution for more than
a 24 hr. The specimens were marked and dehydrated with
gradient tertiary–butyl alcohol, followed by xylene treat-
ment and paraffin embedding. The 3 μm thick consecu-
tive paraffin sections were made and attached to the glass
slide followed by baking, staining, and observation un-
der the microscope. Evaluation of conventional histology
signals was performed on serial sections by two patholo-
gists independently. These pathologists were blinded for
clinical information. The immunohistochemical expres-
sion was evaluated as the percentage of the cells that had
membranous staining for UPAR with any intensity. The
staining for UPAR was scored as follows: 0, no staining
of membranous staining in <10% of the cells; 1+, faint
incomplete staining in 10–50% of the cells; 2+, weak-to-
moderate complete staining in >50% of the cells; and 3+,
strong complete staining in >50% of the cells.

ELISA

The frozen cervical carcinoma and adjacent tissues were
treated with 0.1 M phosphate-buffered saline (pH 7.4)
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containing 1% Triton X-100, ground, and centrifuged at
14,000 g at 4◦C for 20 min. The supernatant was collected.
Protein content was determined with ultraviolet spectro-
photometer at 280 nm. The tissue extract was diluted 1:5
into MIX Diluent for uPAR assay. The undiluted samples
were stored at −20◦C. The experimental procedures were
operated in strict accordance with the uPAR assay kit
manual. Results are considered as positive when suPAR
levels in serum are greater than 1.0 ng/ml. The cutoff
(1.0 ng/ml) was evaluated from the mean ± 2SEM of
survey of healthy people.

Statistical Analysis

The statistical analysis was performed using SPSS12.0.
Intergroup differences of the immunohistochemical stain-
ing results were analyzed using X2 test (Fisher exact test)
and the ELISA results were analyzed by oneway ANOVA.
Correlation analysis was performed using multiple linear
regression and Spearman correlation analysis. All the val-
ues are expressed as mean ± SEM. P-values less than 0.05
were considered as significant.

RESULTS

Immunohistochemical Staining (SABC Method)
Results of Cervical Cancer Tissues

Using microscopy, we found that the positive expression
of uPAR in patients with cervical carcinoma was mainly
distributed in the membrane surface and the cytoplasm of
cancer cells (Fig. 1). The uPAR-positive staining cells were
mainly tumor cells and vascular endothelial cell staining
was lower than that of tumor cells. The extent of uPAR
staining on the rim of carcinoma nests with sparse tumor
cells and strong tumor angiogenesis was deeper than the
intensive areas of tumor cell proliferation. The positive
rate for uPAR expression of tumor cells was higher and
the tumor vascular endothelial uPAR-positive staining
was also positive in areas with exuberant proliferation
of tumor vascular. As indicated in Table 1, the positive
expression of uPAR in cancer tissues was significantly
higher than normal cervical tissue.

Comparisons of uPAR Levels in Cervical Cancer
and Adjacent Tissues

The uPAR levels in cancer tissue from patients with
cervical cancer (70.92 ± 28.55 ng/100 mg protein)
were significantly higher than those of adjacent tissues
(11.01 ± 5.40 ng/100 mg protein) (P < 0.001).

Fig. 1. Immunohistochemical staining (SABC method) results of
cervical cancer tissues. (1) Normal cervical group HE × 200. (2) Nor-
mal cervical group DAB × 200. (3) Squamous cervical carcinoma.
(4) Squamous cervical carcinoma group DAB × 200 group HE × 200.
(ref SHAPE MERGEFORMAT ref SHAPE MERGEFORMAT 5) Cer-
vical adenocarcinoma. (6) Cervical adenocarcinoma group HE × 200
DAB × 200. (ref SHAPE MERGEFORMAT 7) PBS control group
DAB × 200. (8) Vascular wall of Cervical tissue DAB × 200.

Relationship Between uPAR Levels in Tumor
Tissues and Clinicopathological Features

As shown in Table 2, the uPAR levels of cancer tis-
sues from patients with poorly differentiated cancer are
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TABLE 1. Positive Rate of uPAR Expression of Cervical Cancer
and Normal Cervical Tissues

Groups Cases uPAR (+) uPAR(−) P

Cervical cancer tissues 56 37 19 <0.001
Normal cervical tissues 56 0 56

TABLE 2. Relationship Between uPAR Content in Tumor Tissues
and Clinicopathological Features

Feature Cases uPAR (ng/100 mg protein) P

TNM stage
I 16 50.23 ± 12.34* <0.05
IIa 40 82.36 ± 29.35
Lymph node metastasis
Yes 24 88.56 ± 29.65 <0.05
No 32 50.23 ± 20.30
Degree of infiltration
Myometrial invasion 2/3 26 68.65 ± 27.68 >0.05
Myometrial invasion <2/3 30 80.58 ± 30.16
Vessel thrombosis
Yes 13 76.59 ± 30.64 >0.05
No 43 68.42 ± 21.71
Pathological classification
Well differentiated 12 48.69 ± 30.36
Moderately differentiated 23 48.23 ± 19.68
Poorly differentiated 21 93.41 ± 24.25** <0.05

*Compared with II phase.

significantly higher than those of the patients with mod-
erately differentiated or well-differentiated cervical can-
cer (P < 0.05). The tissue uPAR levels are correlated
with the clinical classification and lymph node metastasis
(P < 0.05), instead of tumor-infiltrating and vessel throm-
bosis (P > 0.05).

Comparisons of Serum suPAR Levels in Cervical
Cancer Patients and Healthy Control and Before
and After Surgery

SuPAR levels of patients with cervical cancer (2.38 ±
0.29 ng/ml) was significantly increased compared with
healthy group (0.50 ± 0.16 ng/ml) (P < 0.001); the serum
suPAR levels of patients with cervical cancer after surgery
was significantly decreased compared with preoperation
(P < 0.001). (Table 3).

TABLE 4. Relationship Between Serum suPAR Levels of Patients
With Cervical Cancer and Clinicopathological Features

Feature Cases suPAR(ng/ml) P-value

TNM stage
I 16 0.95 ± 0.08* <0.05
IIa 40 2.09 ± 0.34
IIb 12 2.89 ± 0.28
Lymph node metastasis
Yes 24 3.26 ± 0.54 <0.01
No 32 1.03 ± 0.23
Depth of infiltration
Myometrial invasion 2/3 26 3.02 ± 0.65 <0.01
Myometrial invasion <2/3 40 0.98 ± 0.32
Vessel thrombosis
Yes 13 3.23 ± 1.23 <0.01
No 43 1.86 ± 0.56
Pathological classification
Well differentiated 12 1.98 ± 0.56 >0.05
Moderately differentiated 23 2.23 ± 0.68
Poorly differentiated 21 2.35 ± 0.54

*Compared with II-IIb phase.

Relationship Between Serum suPAR Levels
of Patients With Cervical Cancer and
Clinicopathological Features

Single-factor analysis shows that the serum suPAR lev-
els of patients with cervical cancer are related to clini-
cal grade, lymph node metastasis, vein embolism, and the
depth of infiltration (P < 0.05∼P < 0.01) instead of tumor
differentiation (P > 0.05). We conducted multiple regres-
sion analysis using clinical stage, growth type, histologi-
cal type, degree of differentiation, lymph node metastasis,
and depth of myometrial invasion as variables and serum
suPAR levels as dependent variable. Our results indicated
that the factors affecting preoperative serum suPAR in-
clude clinical stage (P = 0.000), pelvic lymph node metas-
tasis (P = 0.000), and the depth of myometrial invasion
(P = 0.001) (Tables 4 and 5).

Correlation Analysis of uPAR in Serum and Tissue

The uPAR content of serum and tissue presents a posi-
tive correlation (r = 0.705, P < 0.001).

TABLE 3. Comparisons of Serum suPAR Levels in Cervical Cancer Patients and Healthy Group

Cervical cancer and healthy group Before and after surgery

Cervical cancer Healthy group Preoperation Postoperation

SuPA(ng/ml) 2.38 ± 0.29* 0.50 ± 0.16 2.38 ± 0.29** 0.68 ± 0.16

*Compared with healthy group; P-value < 0.001.
**Compared with postoperation; P-value < 0.001.
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TABLE 5. Clinicopathological Parameters Affecting Preoperative Serum suPAR Levels

Parameters Regression coefficient β Standardized regression coefficient T-value P-value

Constant term −0.708 0.000 −4.028 0.000
Clinical stages 0.346 0.364 3.962 0.000
Lymphatic metastasis 0.525 0.341 3.868 0.000
Myometrial invasion 0.192 0.297 3.359 0.001

DISCUSSION

Cervical screening programs have markedly reduced the
incidence of cervical cancer in China, but approximately
12.3 women per 100,000 population with cervical cancer
are diagnosed annually; in 2001 alone, there were about
20,000 deaths resulting from the disease (11). Shanxi is one
of the provinces with the highest morbidity and mortality
of cervical cancer in China. Patients located in remote ar-
eas often have tumor invasion and metastasis when they
seek medical treatment in Shanxi Province. Cervical can-
cer is a serious threat to women’s physical and mental
health owing to the ineffective clinical treatment. There-
fore, it is important to identify a sensitive indicator in
assessing the occurrence, development, and prognosis of
the disease.

UPAR is a recently discovered multifunctional recep-
tor closely related to tumor invasion and metastasis.
UPA/uPAR system is a new research hotspot of oncol-
ogy. A study result from Pei Wang et al. suggested that the
serum uPAR of patients with cervical cancer correlated
with tumor infiltrating, whereas tissue uPAR was involved
in the degree of tumor differentiation (12). Moreover, pre-
vious studies substantiated that the over-expression of
uPA and uPAR was found in hepatocellular carcinoma
(13), pancreatic cancer (14), nonsmall cell lung cancer
(15), gastric cancer (16), nasopharyngeal carcinoma (17),
rectal cancer (18), breast cancer (19), especially in the pa-
tients with cancer embolus, tumor invasion, and metasta-
sis (13,18,19). Intriguingly, Kita et al. found that detection
of uPAR mRNA in peripheral blood was a very useful in-
dicator for esophageal cancer recurrence and metastasis
(16). However, there are a relatively small number of re-
searches concerning cervical cancer and uPAR. Detection
of tissue uPAR levels is also rare in this regard.

Our findings demonstrate that cervical cancer tissues
present an abnormally high expression of uPAR relative
to normal cervical tissues. The immunohistochemical im-
age reflects the role of uPAR in the invasive process, sug-
gesting that the marginal increase in uPAR levels is neces-
sary for tumor invasion. UPAR may be the pivotal point
of initiation, positioning, and development of proteolytic
activities in process of the invasion and metastasis. The in-
teraction of uPAR with vitronectin and integrin inhibits
tumor cell apoptosis and promotes tumor angiogenesis
and tumor occurrence of experimental animals. It can be

speculated that uPAR plays an important role in the pro-
cess of tumor angiogenesis.

In addition, our study indicates that the uPAR levels in
tissue are closely related to clinical classification, lymph
node metastasis, and tumor differentiation of patients
with cervical cancer. But, in serum of the cancer patients,
the clinical classification, lymph node metastasis, and de-
gree of the invading played the important role. There is
more uPAR in tissue with more late clinical stage. The
higher the degree of malignancy of the patients, the higher
uPAR content their tissues have. The possible explanation
is that uPAR gathers around the surface of tumor tissues
and contributes to an increase in the tumor cells load,
resulting in abnormal increase in secretion. The multifac-
tor analysis results show that the serum uPAR levels are
significantly higher in cervical cancer patients with late
clinical stage, lymph node metastasis, and deep infiltra-
tion, which may be attributable to tumor uPAR entering
the blood flow through lymphatic vessels resulting in an
increase in serum uPAR levels. High expression of uPAR
prompts the tumor to a higher proliferative activity and
a greater ability to invade, implicating a worse prognosis.
Therefore, the serum and tissue uPAR detection of pa-
tients with cervical cancer will provide a new target for
clinical diagnosis, treatment, and prognosis monitor of
cervical cancer. It will improve the treatment of patients
with cervical cancer, possibly by monitoring disease con-
dition, identifying patients with recurrence or metastasis
and providing replacement therapy, lowering relapse rate,
and prolonging survival time.

The complexity of tissue sample processing and the
many influencing factors limit the clinical applications
of the tissue levels of uPAR. In addition, it is not easy to
use the tissue levels to detect treatment effects and disease
progress owing to the difficulties in extracting tissue sam-
ples from postoperative patients. Therefore, the soluble
uPAR form in serum (suPAR) may be a more convenient
indicator to reflect the uPA system activity in vivo. In
future, further studies should be on the significance of
suPAR in forecasting the development of cervical cancer.
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