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Abstract. Gastric cancer is one of the most common types of 
cancer, with a high mortality rate. The aim of this study was 
to investigate the role of several key molecules, including cyto-
keratin (CK) 19 and CK20, urokinase plasminogen activator 
(uPA), C-reactive protein (CRP) and matrix metalloproteinase 
(MMP)-9, which are involved in cancer invasion and metas-
tasis, in order to determine whether they may be considered 
as novel prognostic factors for gastric cancer. Peripheral blood 
was collected from 165 patients with gastric adenocarcinoma 
who underwent curative surgical resection at Zhejiang Cancer 
Hospital (Hangzhou, China) between 2010  and  2011. The 
mRNA levels of CK19, CK20, uPA and MMP-9 were detected 
by reverse transcription-quantitative polymerase chain reaction. 
The protein expression of CRP was measured by immunoturbi-
dimetry. The Student's t-test was used in the univariate analyses 
and the Kaplan‑Meier method was used to analyze the survival 
curves. The relative mRNA expression of CK19 and MMP-9 
was not found to be significantly associated with gender, age 
or cancer stage, whereas that of CK20 and uPA was associated 
with gastric cancer stage: The low‑expression group was associ-
ated with early‑stage and the high‑expression group with more 
advanced‑stage disease (P<0.05). The CRP protein level was 
associated with gender and cancer stage: The low‑expression 
group was predominantly associated with male gender and 
early‑stage disease, whereas the high‑expression group was 
associated with female gender and advanced‑stage disease 
(P<0.05). The expression of CK19, CK20, uPA and CRP, but not 
MMP-9, was negatively associated with overall survival (OS): 
The OS rate in the high‑expression groups was significantly 
lower compared with that in the low‑expression groups (P<0.05). 

In conclusion, the upregulation of CK20, uPA and CRP was 
found to be a negative prognostic factor for gastric cancer.

Introduction

As one of the most common types of cancer worldwide, gastric 
cancer remains the second leading cause of cancer‑related 
mortality (1). Although the survival rate has improved gradu-
ally over the past 30 years, the overall 5-year survival rate 
of resectable gastric cancer remains high (10-30%), which 
is mainly due to the fact that the majority of gastric cancers 
are diagnosed at an advanced rather than an early stage (2,3). 
A significant proportion of patients with advanced cancer 
succumb to complications caused by metastases, rather than 
the primary tumor. Numerous factors are associated with 
gastric cancer prognosis, including growth factors and their 
receptors, cell cycle regulators, cell adhesion molecules 
and matrix‑degrading enzymes, all of which play impor-
tant roles in cell proliferation, invasion and metastasis (4). 
Several putative tumor markers, including p53, carbohydrate 
antigen (CA) 19‑9, CA72‑4, human epidermal growth factor 
receptor  2 and pituitary tumor-transforming gene 1, have 
been described as potential prognostic indicators for gastric 
cancer behavior (3,5-8). However, there is increasing interest 
in identifying novel prognostic factors to improve the current 
treatment regimens and develop novel therapeutic targets.

Cytokeratin (CK) is an intermediate filament observed 
mainly in epithelial cells, which is involved in cell morphology 
through providing mechanical and structural support. The 
tissue distribution of the 20 subtypes of CK depends on the type 
of epithelium and the stage of differentiation. Therefore, this 
CK fingerprint may enable distinguishing primary tumors and 
their metastases from other type of carcinomas, as the former 
two share the same pattern (9-11). It has been demonstrated 
that CYFRA 21-1, the fragment of CK19, is a serum biomarker 
providing useful prognostic information in lung, breast, pancre-
atic and colorectal cancer (12-15). However, the role of CK19 
in gastric cancer remains unknown. As another important 
diagnostic marker, CK20 is specifically found in gastrointes-
tinal epithelium; therefore, it normally functions as a diagnostic 
marker in combination with CK7 to differentiate primary and 
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metastatic cancers in non-GI tissues, such as lung, prostate and 
ovary (11). Urokinase plasminogen activator (uPA) catalyzes 
the conversion of the proenzyme plasminogen to the active 
protease plasmin, which regulates a number of physiological 
processes requiring basement membrane and/or extracellular 
matrix  (ECM) remodeling, such as tissue regeneration and 
angiogenesis, as well as cancer progression and metastasis (16). 
uPA has been found to be a poor prognostic marker for breast 
and other types of cancer (17,18). Similar to uPA, members of 
the matrix metalloproteinase (MMP) family are also important 
for tumor cell invasion and metastasis. As a type IV collagenase, 
MMP-9 is able to degrade type IV collagen, which is the major 
component of basement membranes, thereby facilitating tumor 
spreading (19). Increased MMP-9 expression is associated with 
disease progression and poor prognosis in breast, ovarian and 
hepatic cancer (20-23). Recently, a meta-analysis of 11 retro-
spective studies was conducted to investigate the prognostic 
effect of MMP-9 on gastric cancer (24). The authors reported 
that MMP-9 protein expression may be a poor prognostic factor 
in gastric cancer, although the association was weak. C-reactive 
protein (CRP) is an acute-phase reactant involved in inflamma-
tory reactions. On the basis of the association between systemic 
inflammation and poorer outcome, CRP has been shown to be an 
important predictor of survival in patients with various cancers, 
such as colon, lung, breast, ovarian and renal cancer (25,26). 
The purpose of this study was to further investigate the role of 
the abovementioned markers in the prediction of prognosis for 
gastric cancer patients.

Patients and methods

Patients and peripheral blood sample collection. Peripheral 
blood samples were collected from 165 gastric cancer patients 
who underwent gastrectomy at Zhejiang Cancer Hospital 
(Hangzhou, China) between January 1, 2010 and June 30, 2011. 
The gastric cancers were all confirmed as adenocarcinomas. 
None of the patients received any chemotherapy, radiotherapy 
or other anticancer therapy prior to surgery. The study protocol 
was approved by the Clinical Research Ethics Committee of 
the Zhejiang Cancer Hospital and all the patients provided 
written informed consent prior to specimen collection. The 
histological diagnosis was based on the classification criteria 
of the World Health Organization for gastric tumors (27). The 
tumor‑node‑metastasis (TNM) stage was defined according 
to the 2009 guideline of the Union for International Cancer 
Control (UICC) (28).

Peripheral blood samples (~3-5  ml) were collected in 
EDTA tubes for each individual patient prior to chemotherapy 
and following completion of three cycles of chemotherapy. 
Peripheral blood mononuclear cells (PBMCs) were isolated 
from whole blood using the standard Ficoll density gradient 
separation method (Thermo Fisher Scientific, Fair Lawn, NJ, 
USA).

Follow-up. All the patients were followed up directly or 
through family members. The follow-up was conducted up 
to September 30, 2013. Of the 165 patients, 65 succumbed to 
the disease during the follow-up period; of the 100 surviving 
patients, 71 presented with metastasis; of the 65 deceased 
patients, 5 had no record of distant metastasis.

RNA extraction and complementary DNA synthesis. Total 
RNA was extracted from PBMCs using TRIzol reagent (Life 
Technologies, Foster City, CA, USA) according to the manu-
facturer's instructions. The concentration and purity of RNA 
was measured with NanoDrop 1000 (NanoDrop Technologies, 
Wilmington, DE, USA) and stored at -80˚C until further use. 
Prior to performing reverse transcription (RT), total RNA 
was incubated with DNase I (Life Technologies) to remove 
contaminating genomic DNA. An RT reaction was performed 
using 1 µg total RNA with PrimerScript® RT reagent (Takara 
Bio Inc., Dalian, China). The reaction mixture was incubated 
for 1 h at 37˚C, then at 90˚C for 10 min, and stored at -20˚C 
for subsequent quantitative polymerase chain reaction (qPCR).

qPCR. The RNA expression of CK19, 20, MMP-9 and uPA was 
detected using the commercially available TaqMan Real‑Time 
PCR kits in the ABI 7500 Real-Time PCR system (Jiangsu 
BioPerfectus Technologies, Jiangsu, China). The following 
thermocycling conditions were used under the standard mode 
according to the manufacturer's recommendations: 10 min at 
95˚C, followed by 40 cycles at 95˚C for 15 sec and at 60˚C 
for 1 min. The relative mRNA expression was calculated as 
compared to the standard provided by each kit. The median of 
the RNA expression was calculated and used as a threshold to 
differentiate between the higher and lower expression within 
the factor groups.

The primers used for RT-qPCR were MMP‑9 forward, 
5'‑CGCTGGGCTTAGATCATTCC‑3'  and reverse, 
5'‑TCAGGGCGAGGACCATAGAG‑3'; TaqMan Probe 
5'‑CAGTGCCGGAGGCGCTCATGTAG‑3'; CK19 forward, 
5'‑CAGGAGATTGCCACCTACCG‑3'  and reverse, 
5'‑GAGGACCTTGGAGGCAGACA‑3'; Taqman Probe 5'‑CCT 
GCTCGAGGGACAGGAAGATCAC‑3'; CK20 forward, 
5'‑GGACGACACCCAGCGTTTA‑3' and reverse, 5'‑AGA 
TCGCTCCCATAGTTCACC‑3'; TaqMan Probe 5'‑CTG 
GAGTTGGAGATGCGCATCCC‑3'; uPA forward, 5'‑CAC 
CCCTCGTCTGTTCCCTC‑3' and reverse, 5'‑GTGA 
GACTCTCGTGTAGACGCC‑3'; TaqMan Probe 5'‑AAGG 
CCGCATGACTTTGACTGGAA‑3'.

CRP assay. Blood samples for CRP analysis were collected 
in serum separation tubes, and the serum CRP levels were 
measured via immunoturbidimetry (Roche, Shanghai, China).

Statistical analysis. The relative mRNA expressions of CK19, 
CK20, MMP-9 and uPA and CRP protein expression are 
presented as means ± standard deviation (SD) and compared 
using paired Student's t-tests. Two variables among the clinical 
data were compared using multiple Student's t-tests. Survival 
curves were obtained using the Kaplan-Meier method. Overall 
survival (OS) was calculated as the time from gastric surgery 
to death or censoring. The survival curves were compared 
between the high‑ and low‑expression groups using the 
log‑rank test. All the statistical calculations were performed 
using SPSS 13 software (SPSS Inc., Chicago, IL, USA). A 
multivariate proportional hazard Cox regression model was 
applied to assess the effect of different covariates, including 
CK19, 20, MMP-9, uPA and CRP, on disease‑free survival and 
OS. P<0.05 was considered to indicate statistically significant 
differences.
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Results

Patient characteristics. A total of 165 gastric cancer patients 
were enrolled in the study, including 124 men and 41 women. 
All the patients had histologically confirmed gastric adenocar-
cinoma. The mean age ± SD of the patients was 59.8±8.9 years 
(range, 23-85 years). According to the TNM criteria, defined 
by the 2009 UICC guideline, 18 patients were classified as 
stage I, 33 as stage II and the remaining 114 as stage III. The 
patients with stage I, II and III disease were designated as 
group 1, 2 and 3, respectively.

CK19, CK20, MMP-9 and uPA mRNA expression and 
CRP  levels in different stages of gastric cancer. In order 
to investigate the role of CKs in different stages of gastric 
cancer, the mRNA expression of CK19 and CK20 was 
measured using RT-qPCR and the relative expression was 
calculated as copy numbers per ml when compared to the 
mRNA standard. The relative expression of CK19 mRNA in 
group 1, 2 and 3 patients was 724.42±254.14, 907.02±375.30 
and 1,033.17±148.21  copies/ml, respectively  (Fig.  1). The 

CK20 expression was 383.95±157.11, 426.19±134.77 and 
719.13±107.48  copies/ml, respectively  (Fig.  2). Stage  III 
patients exhibited the highest expression of CK19 and CK20, 

Figure 1. CK-19 mRNA expression in patients with stage I, II or III gastric 
cancer (groups 1, 2 and 3, respectively). The relative expression level of 
CK-19 mRNA (copies/ml) was calculated as compared to the RNA standard 
provided in the kit. CK, cytokeratin.

Figure 2. CK-20 mRNA expression in patients with stage I, II or III gastric 
cancer (groups 1, 2 and 3, respectively). The relative expression level of 
CK-20 mRNA (copies/ml) was calculated as compared to the RNA standard 
provided in the kit. CK, cytokeratin.

Figure 4. uPA mRNA expression in patients with stage I, II or III gastric 
cancer (groups 1, 2 and 3, respectively). The relative expression level of uPA 
mRNA (copies/ml) was calculated as compared to the RNA standard pro-
vided in the kit. uPA, urokinase plasminogen activator.

Figure 5. CRP protein expression in patients with stage I, II or III gastric 
cancer (groups 1, 2 and 3, respectively). The protein concentration was mea-
sured as mg/l. CRP, C-reactive protein.

Figure 3. MMP-9 mRNA expression in patients with stage I, II or III gas-
tric cancer (groups 1, 2 and 3, respectively). The relative expression level of 
MMP-9 mRNA (copies/ml) was calculated as compared to the RNA standard 
provided in the kit. MMP, matrix metalloproteinase.



TANG et al:  UPREGULATION OF CK20, uPA AND CRP IN GASTRIC CANCER PROGNOSIS1216

while stage  I and  II patients exhibited similar levels of 
expression for the two markers. The normal range for all the 
investigated biomarkers is between 0-1000.

MMP-9 is a collagenase that degrades the basement 
membrane and is associated with cancer metastasis. 
As expected, the MMP-9 mRNA expression levels 
(1,065.18±335.64  copies̸ml) were the highest in stage  III 
patients, whereas patients with stage  I and  II disease 
exhibited similar expression levels (445.99±194.29 and 
970.07±179.66 copies̸ml, respectively) (Fig. 3).

We also measured the mRNA expression of uPA, a mole-
cule that regulates basement membrane remodeling through 
its catalyzed product. The overall uPA expression was low 
compared with the three abovementioned markers in patients 
with stage I, II and III disease (407.49±111.43, 516.44±268.76 
and 1,019.87±143.60  copies̸ml, respectively)  (Fig.  4). In 
contrast to what was observed for other markers, the uPA 
mRNA expression was the lowest in stage III patients, without 

a significant difference in its levels between stage I and II 
patients.

The protein level of CRP was measured using immunotur-
bidimetry in the serum samples from all the patients. Stage III 
patients exhibited the highest CRP level (11.36±15.25), 
which was significantly higher compared with the other two 
groups (Fig. 5).

Association of CK19, CK20, MMP-9, uPA mRNA and CRP 
levels with different clinicopathological factors. In order 
to elucidate the association of clinicopathological factors, 
such as age, gender and disease stage with the markers, the 
mRNA expression levels of CK19, CK20, MMP-9 and uPA 
in the peripheral blood were measured using qPCR and 
compared by the different factors. Non-parametric tests and 
Chi-square tests were used to determine the association. The 
relative high and low mRNA expression level of CK19 was not 
statistically significantly associated with gender, age or cancer 

Table I. Association of CK19 mRNA level with clinicopathological factors in patients with gastric cancer.

	 	 CK19		  CK19
	 Patients, n (%)	 ------------------------------------------------------------------		  -------------------------------------------------------------------------------------------
Factors	 (n=165)	 Median (mean, 5th-95th)	 P-value	 Low expression, n (%)	 High expression, n (%)	 P-value

Gender			   0.228			   0.500
  Male	 124 (75.2)	 332.93 (1,037.54, 743.55-1,331.54)		  59 (35.8)	 65 (39.4)
  Female	 41 (24.8)	 213.28 (716.05, 338.87-1,093.24)		  22 (13.3)	 19 (11.5)
Age (years)			   0.120			   0.403
  <60	 91 (55.2)	 339.28 (1,179.42, 793.88-1,564.96)		  42 (25.5)	 49 (29.7)
  ≥60	 74 (44.8)	 252.98 (684.95, 444.95-924.95)		  39 (23.6)	 35 (21.2)
Stage			   0.170			   0.114
  Ⅰ	 18 (10.9)	 247.55 (907.02, 115.22-1,698.83)		  10 (6.1)	 8 (4.8)
  Ⅱ	 33 (20.0)	 138.08 (724.42, 206.76-1,242.08)		  21 (12.7)	 12 (7.3)
  Ⅲ	 114 (69.1)	 401.10 (1,033.17, 739.54-1,326.80)		  50 (30.3)	 64 (38.8)

CK, cytokeratin.

Table II. Association of CK20 mRNA level with clinicopathological factors in patients with gastric cancer.

	 	 CK20		  CK20
	 Patients, n (%)	 -----------------------------------------------------------		  -------------------------------------------------------------------------------------------
Factors	 (n=165)	 Median (mean, 5th-95th)	 P-value	 Low expression, n (%)	 High expression, n (%)	 P-value

Gender			   0.228			   0.444
  Male	 124 (75.2)	 282.79 (686.85, 484.97-888.74)		  58 (35.2)	 66 (40.0)
  Female	 41 (24.8)	 213.02 (433.80, 220.40-647.20)		  22 (13.3)	 19 (11.5)
Age (years)			   0.329			   0.556
  <60	 91 (55.2)	 241.0 (537.08, 332.37-741.80)		  46 (27.9)	 45 (27.3)
  ≥60	 74 (44.8)	 316.43 (730.83, 472.99-988.66)		  34 (20.6)	 40 (24.2)
Stage			   0.007			   0.037
  Ⅰ	 18 (10.9)	 180.34 (383.95, 52.47-715.43)		  10 (6.1)	 8 (4.8)
  Ⅱ	 33 (20.0)	 135.70 (426.19, 151.68-700.70)		  22 (13.3)	 11 (6.7)
  Ⅲ	 114 (69.1)	 337.93 (719.13, 506.19-932.07)		  48 (29.1)	 66 (40.0)

Bold print indicates statistical significance. CK, cytokeratin.
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Table III. Association of uPA mRNA level with clinicopathological factors in patients with gastric cancer.

		  uPA		  uPA
	 Patients, n (%)	 -----------------------------------------------------------------		  -------------------------------------------------------------------------------------------
Factors	 (n=165)	 Median (mean, 5th-95th)	 P-value	 Low expression, n (%)	 High expression, n (%)	 P-value

Gender			   0.378			   0.500
  Male	 124 (75.2)	 255.66 (935.02, 667.84-1,202.20)		  62 (37.6)	 62 (37.6)
  Female	 41 (24.8)	 281.71 (562.58, 287.15-838.02)		  20 (12.1)	 21 (12.7)
Age (years)			   0.940			   0.403
  <60	 91 (55.2)	 257.17 (865.83, 554.32-1,177.31)		  45 (27.3)	 46 (27.94)
  ≥60	 74 (44.8)	 286.55 (813.75, 527.84-1,099.66)		  37(22.4)	 37 (22.4)
Stage			   0.019			   0.014
  Ⅰ	 18 (10.9)	 94.65 (516.44, -50.60-1,083.48)		  12 (7.3)	 6 (3.6)
  Ⅱ	 33 (20.0)	 70.41 (407.49, 180.51-634.47)		  22 (13.3)	 11 (6.7)
  Ⅲ	 114 (69.1)	 410.84 (1,019.87, 735.37-1,304.37)		  48 (29.1)	 66 (40.0)

Bold print indicates statistical significance. uPA, urokinase plasminogen activator.

Table IV. Association of MMP-9 mRNA level with clinicopathological factors in patients with gastric cancer.

		  MMP-9		  MMP-9
	 Patients, n (%)	 -----------------------------------------------------------------		  -------------------------------------------------------------------------------------------
Factors	 (n=165)	 Median (mean, 5th-95th)	 P-value	 Low expression, n (%)	 High expression, n (%)	 P-value

Gender			   0.396			   0.620
  Male	 124 (75.2)	 112.58 (876.53, 558.57-1,194.50)		  63 (38.2)	 61 (37.0)
  Female	 41 (24.8)	 145.55 (1,699.45, 475.59-1,723.31)		  19 (11.5)	 22 (13.3)
Age (years)			   0.625			   0.994
  <60	 91 (55.2)	 115.74 (942.00, 52.73-1,331.27)		  45 (27.3)	 46 (27.94)
  ≥60	 74 (44.8)	 112.03 (919.53, 502.19-1,336.86)		  37 (22.4)	 37 (22.4)
Stage			   0.778			   0.998
  Ⅰ	 18 (10.9)	 78.09 (446.00, 36.07-855.92)		  9 (5.45)	 9 (5.45)
  Ⅱ	 33 (20.0)	 200.36 (1,065.18, 381.50-1,748.86)		  16 (9.7)	 17 (10.3)
  Ⅲ	 114 (69.1)	 129.07 (970.07, 614.13-1,326.02)		  57 (34.55)	 57 (34.55)

MMP, matrix metalloproteinase.

Table V. Association of CRP level with clinicopathological factors in patients with gastric cancers.

	 	 CRP		  CRP
	 Patients, n (%)	 -----------------------------------------------------		  -------------------------------------------------------------------------------------------
Factors	 (n=165)	 Median (mean, 5th-95th)	 P-value	 Low expression, n (%)	 High expression, n (%)	 P-value

Gender			   0.043			   0.034
  Male	 124 (75.2)	 8.00 (10.87, 8.25-13.49)		  55 (33.4)	 69 (41.8)
  Female	 41 (24.8)	 6.00 (6.87, 5.58-8.16)		  26 (15.7)	 15 (9.1)
Age (years)			   0.147			   0.175
  <60	 91 (55.2)	 7.00 (8.09, 6.85-9.33)		  49 (29.7)	 42 (25.5)
  ≥60	 74 (44.8)	 8.00 (12.08, 7.86-16.29)		  32 (19.3)	 42 (25.5)
Stage			   0.013			   0.017
  Ⅰ	 18 (10.9)	 7.00 (6.83, 4.68-8.98)		  10 (6.1)	 8 (4.8)
  Ⅱ	 33 (20.0)	 5.23 (6.42, 4.93-7.91)		  23 (13.9)	 10 (6.1)
  Ⅲ	 114 (69.1)	 8.00 (11.36, 8.53-14.19)		  48 (29.1)	 66 (40.0)

Bold print indicates statistical significance. CRP, C-reactive protein.
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stage (Table I). By contrast, the relative expression of CK20 
was significantly associated with cancer stage (P=0.037), but 
not with age and gender (Table II). Among patients with low 
CK20 mRNA expression, 19.4% had stage I and II, whereas 
29.1% had stage III disease. In the high CK20 expression group, 
11.5% of the patients were at an early stage (I or II) and 40% 
were at a late stage. The data indicated that low expression of 
CK20 was associated with an earlier stage of gastric cancer, 
whereas high levels of CK20 were associated with advanced 
stage. Similar results were observed in uPA mRNA expres-
sion  (Table  III). In the low uPA mRNA expression group, 
20.6% of the patients had stage I or II and 29.1% had stage III 
cancers. The percentage of the patients with stage I or II cancer 
were only 10.3% in the high uPA mRNA expression group, 
while 40% of the patients in that group had stage III cancer. 
The difference was statistically significant (P=0.014).

Similar to CK19, the relative high and low mRNA 
expression level of MMP-9 was not statistically significantly 
associated with gender, age or stage (Table IV).

The association between CRP protein expression and the 
clinicopathological factors was also investigated. Interestingly, 
the CRP expression was associated with gender and cancer 
stage, but not with age (Table V). A total of 33.4% of the male 
patients exhibited low and 41.8% high CRP expression, while 
15.7 and 9.1% of the female patients exhibited low and high 
CRP expression, respectively. The association between CRP 
and gender was statistically significant (P=0.034). A total of 
20% of patients in the low‑expression group had stage I and II 
cancer, while the respective percentage in the high‑expression 
group was 10.9%. The percentage of patients with stage III 
cancer was higher in the high CRP expression group (40.0%), 
compared with that in the low‑expression group (29.1%). The 
association between cancer stage and CRP expression was 
also statistically significant (P=0.017).

Figure 6. Kaplan-Meier OS curves according to CK-19 mRNA expression. 
Patients with high relative levels of CK-19 mRNA (≥293.53 copies/ml) are 
labeled in green and exhibited shorter OS. Patients with low expression levels 
are labeled in blue. CK, cytokeratin. OS, overall survival.

Figure 7. Kaplan-Meier OS curves according to CK-20 mRNA expression. 
Patients with high relative levels of CK-20 mRNA (≥260.00 copies/ml) are 
labeled in green and exhibited shorter OS. Patients with low levels are labeled 
in blue. CK, cytokeratin. OS, overall survival.

Figure 8. Kaplan-Meier OS curves according to MMP-9 mRNA expression. 
Patients with high relative levels of MMP-9 mRNA (≥115.74 copies/ml) are 
labeled in green and exhibited similar OS with patients with lower MMP-9 
mRNA levels, who are labeled in blue. OS, overall survival; MMP, matrix 
metalloproteinase.

Figure 9. Kaplan-Meier OS curves according to uPA mRNA expression. 
Patients with high relative levels of uPA mRNA (≥257.17 copies/ml) are 
labeled in green and exhibited shorter OS as compared to patients with low 
uPA mRNA levels, who are labeled in blue. OS, overall survival; uPA, uroki-
nase plasminogen activator.
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Overall, the results demonstrated that the relative expres-
sion of CK20 and uPA mRNA were significantly associated 
with gastric cancer stage. Low expression levels of these 
markers were associated with earlier stages (I and II) and high 
expression levels were more predominant in patients with later 
stages (III). The relative CRP protein expression was associ-
ated with gender and cancer stage. The low CRP expression 
group included more cases of early‑stage gastric cancer, while 
the high‑expression group included more cases of late‑stage 
cancer. Male patients tend to exhibit high CRP expression 
compared with female patients. Other markers, including 
CK19 and MMP-9, were not statistically significantly associ-
ated with gender, age or cancer stage.

Association of CK19, CK20, MMP-9, uPA mRNA and CRP 
levels with cancer prognosis. All the patients in this study were 
followed up at for a period of 2-3 years. A total of 65 patients 
succumbed to the disease during the follow-up period; of the 
100 patients who remained alive, 71 presented with distant 
metastasis, while of the 65 deceased patients, 5 had no record 
of distal metastasis. The association between the high and low 
expression of each individual marker, including CK19, CK20, 
MMP-9, uPA and CRP, was determined using the Kaplan‑Meier 
method and the log-rank test. Among all the markers, the mRNA 
level of CK19, CK20 and uPA, as well as that of CRP, were all 
found to be associated with OS. The patients exhibiting a high 
expression level of these markers had lower OS rates compared 
to their peers with low expression levels; by contrast, the expres-
sion of MMP-9 mRNA did not have a direct association with 
OS (Figs. 6‑10). The associations of CK19, CK20, uPA and CRP 
with OS were all statistically significantly different (P<0.05). 
Therefore, the upregulation of these four markers may be 
considered a poor prognostic marker for gastric cancer.

Discussion

Invasion and metastasis are the most significant factors affecting 
the clinical outcome of gastric cancer (29,30). Patients with 
resectable tumors may undergo potentially curative surgeries, 

although there is a risk of recurrence due to tumor dissemination 
via the blood or lymphatic circulation. Such micrometastasis 
may be detected using qPCR depending on the target mole-
cules (31). For gastric cancers, several tumor-specific mRNAs, 
including CK19, CK20, CEACAM6, carcinoembryonic antigen, 
ITGB1 and CYR61, have been used as biomarkers for detecting 
tumor cells in the peripheral blood (32-34), attracting increasing 
attention in the research field to better understand the prognostic 
and clinical value of the molecular detection methods.

In this study, we used RT-qPCR to detect the mRNA of 
CK19, CK20, MMP-9 and uPA in the peripheral blood and 
investigated the association between these markers with the 
clinicopathological factors. The systemic inflammation marker 
CRP was also included in the study. Our data demonstrated 
that the circulating mRNA of CK20 and uPA were associated 
with gastric cancer stage: Low expression was associated with 
early stages, which also indicated a better prognosis. It was 
generally considered that colorectal carcinomas consistently 
express CK20, whereas gastric carcinomas express CK20 less 
frequently (35). Our results demonstrated that CK20 may be 
a reliable prognostic marker for gastric cancer as well. CRP 
was the only marker tested in this study that was associated 
with gender: A higher number of male patients were included 
in the low‑expression groups, while more female patients were 
included in the high‑expression groups. CRP is synthesized in 
hepatocytes and has been identified as a poor prognostic factor 
for several diseases, including a variety of cancers (36-38). 
An increased CRP level has been associated with local tumor 
invasion, more advanced pathological stage, a higher rate of 
recurrence and a reduced overall survival (37,39‑41). uPA has 
been associated with poor outcome of gastric cancer due to its 
invasive activity and angiogenesis‑promoting ability (42). Our 
results were consistent with those findings and confirmed uPA 
as a prognostic marker. In this study, CK19 mRNA was not 
found to be associated with stage, age or gender, but it was asso-
ciated with prognosis. This observation was in agreement with 
other studies reporting that CK19 mRNA may be a prognostic 
marker for different cancers (12-15). Surprisingly, the MMP-9 
mRNA did not exhibit an association with clinicopathological 
factors or overall survival, indicating that MMP-9 was not a 
good prognostic marker for gastric cancer. A meta‑analysis 
has demonstrated that MMP-9 may indicate a poor prognosis 
in patients with gastric cancer (24). It is possible that other 
MMP family members, such as MMP-2, which are important 
proteases in breast and lung cancer, may be of prognostic 
value in gastric cancer (22). However, all these findings require 
further investigation.

Tumor cells entering the peripheral blood circulation is a 
small step in the complex process of tumor micrometastasis. 
However, the detection of such a prognostic marker in the 
peripheral blood provides quick and reliable information 
for clinicians to better understand the status of the patients 
and design individualized treatment plans. Our study clearly 
suggests that upregulated CK19, CK20, uPA and CRP levels 
may function as prognostic markers for gastric cancer patients.
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Figure 10. Kaplan-Meier OS curves according to CRP expression. Patients 
with high relative levels of CRP (≥7 mg/ml) are labeled in green and exhib-
ited shorter OS as compared to patients with low CRP expression, who are 
labeled in blue. OS, overall survival; CRP, C-reactive protein.
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