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Abstract: Background: Cancer associated fibroblast (CAF), whose marker is α-smooth muscle actin (αSMA), plays 
vital roles in the oncogenesis and progression of various types of cancer, but its role in prognosis of gastric cancer 
patients remains unknown. The aim of this study was to investigate its prognostic value in patients with gastric 
cancer after surgical resection. Methods: αSMA expression was evaluated by tissue microarrays from 387 gastric 
cancer patients and statistically assessed for correlations with the clinical profiles and the prognosis of the patients 
with gastric cancer. The prognostic nomogram was designed to predict 3-year and 5-year overall survival probability. 
Results: αSMA expression in gastric cancer was increased compared with that in non-tumor tissues. (P = 0.001), 
and was significantly associated with Lauren classification (P = 0.041). Increased expression of αSMA in tumoral tis-
sue was associated with decreased overall survival rate (P = 0.011). Multivariate Cox regression analysis suggested 
that αSMA expression was an independent prognostic indicator for gastric cancer except for T and N classification 
(P = 0.019). Using multivariate analysis, αSMA expression, T classification, and N classification were selected to 
generate the nomogram to predict the 3-year and 5-year overall survival. The c-index of this model was 0.673. The 
calibration curve for probability of survival showed good agreement between prediction by nomogram and actual 
observation. Conclusion: αSMA expression might be an independent prognostic factor for gastric cancer after surgi-
cal resection and could potentially be a high-priority therapeutic target. Incorporating αSMA expression into T and N 
classification can provide a good prognostic model.
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Introduction

Gastric cancer is one of the most common 
malignancies of the gastrointestinal tract [1, 2], 
and China is one of the countries with the high-
est incidence of gastric cancer and accounts 
for over 40% of all new cases worldwide. 
Despite the advancement of surgery, chemo-
therapy, and molecular-targeted therapy, the 
prognosis of advanced gastric cancer in China 
tends to be dismal. Recurrence after surgical 
resection and resistance to current therapeutic 
modalities are the major obstacles to improve 
the outcome. Prediction and effective manage-
ment of recurrence are the most significant 
strategies to improve overall survival after sur-

gical resection of gastric cancer. The tumor-
node-metastasis (TNM) staging system of the 
Union for International Cancer Control/Ameri- 
can Joint Committee on Cancer (UICC/AJCC) is 
a traditional model and an important prognos-
tic factor for predicting the survival of patients 
with gastric cancer. However, gastric cancer 
patients in the same TNM stage may have dif-
ferent outcomes, partly owing to the heteroge-
neity at the molecular level of the disease. It  
is insufficient to only rely on TNM stage to pre-
dict the prognosis of gastric cancer. Therefore, 
there is an urgent need to explore and identify 
specific and sensitive markers as supplemen-
tary to TNM stage for the prediction of different 
risk stratum of gastric cancer.
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Emerging evidence demonstrates that mesen-
chyme is essential in tissue homeostasis, and 
fibroblasts in the microenvironment of tumor 
mesenchyme, often referred to as cancer-asso-
ciated fibroblasts (CAFs) [3, 4], could alter the 
important functions in neoplastic cells and play 

crucial roles in cancer initiation, development, 
and progression. Neoplastic cells of different 
origins differ in their responses upon stimula-
tion from CAFs, illustrating a unique relation-
ship with CAFs across tumor types. The source 
of CAFs mostly derives from resident tissue 
fibroblasts and mesenchymal stem cells 
(MSCs), and the abundance of CAFs varies 
between different types of cancers. It has been 
reported that there are more CAFs in breast, 
prostate, and pancreatic cancers, whereas in 
brain, renal, and ovarian cancers, there are 
fewer [5-7]. Previous studies have revealed that 
CAFs may participate in the initiation and pro-
gression of cancer by altering tumor cells func-
tion [8]. Tumor cells derived from different tis-
sues reacted differently to CAFs, thus, making 
the unique relationship with CAFs across tumor 
types [9]. However, an extensive analysis of the 
clinical significance of CAF activation in corre-
lated to prognosis of gastric cancer patients 
has not been performed, and further intensive 
investigation is substantial.

The principle aim of this study is to evaluate the 
relationship between the expression status of 
CAF and the clinicopathologic features of gas-
tric cancer patients in an effort to identify the 
prognostic significance of CAF. The results of 
this study exhibit that overexpression of αSMA 
is associated with poor prognosis for patients 
with gastric cancer. In addition, we developed 
an elaborative nomogram that predicts the 
3-year and 5-year OS with tumor classification, 
node classification and αSMA expression.

Materials and methods

Patients and specimens

Between January 2008 and December 2008,  
a total of 387 patients underwent surgical 
resection of gastric adenocarcinoma were col-
lected in the Department of General Surgery  
of Zhongshan Hospital of Fudan University 
(Shanghai, China). Specimens were reassessed 
by two gastroenterology pathologists indepen-
dently. A retrospective review of clinical data 
was performed, and the clinicopathological  
features (patient’s age, gender, tumor localiza-
tion, degree of tumor differentiation, tumor 
size, Lauren classification, depth of invasion, 
lymphatic vessel invasion, TNM stage) and the 
oncological results (overall survival rate) were 
analyzed. The follow-up was conducted until 
the November 31, 2015 or until death, and  
the median follow-up for the patients was 49 
months (range, 2-79 months). No patients had 

Table 1. Relation between αSMA expression 
and clinical characteristics of patients with 
gastric cancer

Factor Patients
No.

αSMA
High Low P-value

Age (years) 0.656
    ≤ 60 211 109 102
    > 60 176 86 90
Gender 0.760
    Female 119 63 56
    Male 268 148 120
Localization 0.600
    Proximal 88 46 42
    Middle 58 29 29
    Distal 241 136 105
Tumor size (cm)a 0.348
    < 3.5 191 99 92
    ≥ 3.5 196 112 84
Neural invasion 0.257
    No 285 150 135
    Yes 102 61 41
Differentiation 0.784
    Well 23 11 12
    Moderately 158 86 72
    Poorly 206 114 92
Lauren classification 0.041
    Intestinal type 239 120 119
    Diffuse type 94 54 40
    Mixed type 54 37 17
T classification 0.812
    Tis 10 5 5
    T1 70 41 29
    T2 51 25 26
    T3 70 36 34
    T4 186 104 82
N classification 0.273
    N0 154 78 76
    N1 43 24 19
    N2 68 34 34
    N3 122 75 47
Abbreviations: αSMA = α-smooth muscle actin; P-value 
< 0.05 marked in bold font shows statistical significant. 
aSplit at median.
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been lost to follow-up. Ethical approval was 
granted by the Clinical Research Ethics Commi- 
ttee of Zhongshan Hospital of Fudan University 
(Shanghai, China). Signed informed consent 
was obtained from all patients for the acquisi-
tion and use of anonymized clinical data.

Tissue microarray and immunohistochemistry

Formalin-fixed and paraffin-embedded surgical 
specimens were used for tissue microarray 
construction and subsequent IHC study. The 
IHC were performed as described previously 
[10]. The primary antibody against αSMA 
(Abcam, Cambridge, MA, USA) was used for IHC 
analysis and immunoreactivity score was deter-
mined by proportion of the square of immuno-
reactive cells occupied compared with that of 
the whole area in high power field. The cutoff 
value for high and low expression was defined 
as 9.5% according to the ‘minimum P-value 
method’ based on its relation with overall sur-
vival. The results were confirmed by two experi-
enced gastroenterology pathologists who were 
blinded to the clinicopathological data.

Statistics

Statistical analyses were performed using 
SPSS Software (version 19.0; SPSS Inc., Chi- 

two-tail test and P < 0.05 was considered sta-
tistically significant.

Results

Characteristics of patients and immunohisto-
chemical staining of αSMA

The detailed characteristics of patients enrolled 
in this study were listed in Table 1. Overall sur-
vival was defined as the interval between sur-
gery and last visit or death. Most patents were 
male (69.2%) and old (> 60 years, 49.6%), and 
had a distal-located cancer (62.3%), poorly dif-
ferentiation (53.2%), larger tumor size (≥ 3.5 
cm, 50.6%), lymphatic vessel invasion (60.5%). 
The 3-year and 5-year overall survival rates of 
this study population were 72.6% and 55.2% 
respectively.

To ascertain the expression of αSMA in gastric 
cancer tissues, we examined the expression of 
αSMA in tumoral and non-tumoral tissues by 
IHC staining. The expression of αSMA was 
mainly localized in the stromal cell, whereas 
tumor cells showed negative staining. Com- 
pared with paired non-tumoral tissues, tumoral 
tissues had significantly up-regulated expres-
sion of αSMA (mean ± SD, 11.10 ± 6.57% 
vs.3.98 ± 2.34%, P = 0.001, Figure 1).

Figure 1. αSMA expression in tumoral tissue and peritumoral tissue. The 
micrographs showed weak staining of αSMA in tumoral tissues (A) and 
peritumoral tissues (B), and strong staining of tumoral tissues (C) and peri-
tumoral tissues (D). Original magnification: × 200.

cago, IL, USA) and R 3.2.0 soft-
ware (https://www.r-project.
org/). The statistical signifi-
cance of categorical data was 
evaluated using χ2 test or t test 
as appropriate. Cumulative sur-
vival time was calculated by 
Kaplan-Meier method and ana-
lyzed by log-rank test. Numbers 
at risk were calculated for the 
beginning of each time period. 
The Cox proportional hazards 
regression model was used to 
perform univariate and multi-
variate analyses in order to 
determine the independent 
prognostic factors, and the Cox 
model was the basis for the 
nomogram. We also performed 
calibration using a calibration 
curve, a graphic representation 
of the relationship between the 
observed outcome frequencies 
and the predicted probabilities. 
All data were analyzed using 
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Relation between αSMA expression and clini-
copathological features

To evaluate the association of αSMA expres-
sion with tumor biology, comparisons of the 
clinicopathological features with αSMA expres-
sion were made. Patients were divided into 
high and low αSMA expression group according 
to the ‘minimum P-value method’ based on its 
relation with overall survival (cut-off ratio = 
9.5%). As shown in Table 1, patients with 
mixed-type gastric cancer were more likely to 
exhibit high αSMA expression, compared with 
intestinal-type and diffuse-type (P = 0.041). 

Prognostic significance of αSMA for gastric 
cancer

In order to estimate the clinical prognostic sig-
nificance of αSMA expression that might influ-
ence the overall survival of patients enrolled in 

this study, Kaplan-Meier survival analysis was 
performed. As shown in Figure 2, patients with 
higher expression of αSMA in tumor tissues 
were prone to lower OS. Low expression of 
αSMA has a survival benefit compared with 
high expression (P = 0.011). To further explore 
the prognostic significance of αSMA expression 
according to different clinicopathological fac-
tors, we performed Kaplan-Meier analysis in 
patients with early disease (Tis-1, Figure 2B) or 
advanced disease (T2-4, Figure 2C), in patients 
without lymph node metastasis (N0, Figure 2D) 
or with lymph metastasis (N1-3, Figure 2E), in 
patients without neural invasion (Figure 2F) or 
with neural invasion (Figure 2G). In those with 
advanced disease (Figure 2C), or with lymph 
metastasis (Figure 2E), or with neural invasion 
subgroups (Figure 2G), patients with αSMA low 
expression gained a survival benefit compared 
with those with αSMA high expression (P = 
0.002, P = 0.040 and P = 0.004, respectively). 

Figure 2. Kaplan-Meier analysis for OS of patients with gastric cancer according to the αSMA expression. Kaplan-
Meier analysis for OS of patients with gastric cancer according to αSMA expression in all patients (A), Tis-1 (B), T2-4 
(C), N0 (D), N1-3 (E), No neural invasion (F), Neural invasion (G), TNM 0-II (H), TNM III (I).
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To further investigate the prognostic signifi-
cance of αSMA expression in different TNM 
stratum, we performed Kaplan-Meier analysis 
in patients with TNM staging according to  
αSMA expression. We found that in TNM stage 
III patients, those with αSMA low expression 
gained a survival benefit compared with those 
with αSMA high expression (Figure 2I, P = 
0.009), while no such difference found in 
patients with TNM 0-II disease (Figure 2H, P = 
0.453). All these results here indicated a vital 
impact of αSMA expression on clinical outcome 
in gastric cancer patients, especially for the 
advanced stage disease. In addition, univariate 
analyses for overall survival in this study exhib-
ited that high αSMA expression is a significant 
negative prognostic predictor for patients with 
gastric cancer (P = 0.011, Table 2). Besides, 
tumor size (P = 0.006), T classification (P < 
0.001), and N classification (P < 0.001) all also 
significantly affected the survival of gastric  
cancer (Table 2). Furthermore, Cox multivariate 
regression analyses were performed to derive 
independent risk estimates related to overall 
survival. As shown in the Table 2, αSMA expres-
sion (hazard ratio (HR), 1.434; 95% CI, 1.064-
1.943; P = 0.019), T classification (HR, 1.191; 
95% CI, 1.024-1.385; P = 0.024), N classifica-
tion (HR, 1.608; 95% CI, 1.144-2.259; P = 
0.007) were all recognized as independent 
prognostic factors.

Construction of the nomogram

To predict the 3-year and 5-year OS rates of 
gastric cancer, the following three independent 
variables, including αSMA expression, T classi-

fication and N classification, were selected in 
the nomogram. The sum of the each variable 
point was plotted on the total point axis, and 
the estimated median 3-year and 5-year sur-
vival rates were obtained by drawing a vertical 
line from the plotted total point axis straight 
down to the outcome axis. The c-index of this 
model was 0.673. Figure 3 showed the calibra-
tion graph for the nomogram, in which the prob-
ability of 3-year and 5-year survival as predict-
ed by the nomogram is plotted against the cor-
responding observed survival rates obtained by 
the Kaplan-Meier method.

Discussion

Although the incidence of gastric cancer has 
decreased during recent decades in many 
industrialized nations, China is still one of  
the countries with the highest incidence and 
advanced stage disease already present in the 
vast majority of patients. Nowadays, TNM stag-
ing system of UICC/AJCC is the most important 
prognostic factor for gastric cancer. However, it 
is insufficient to only rely on TNM stage to pre-
dict the prognosis of gastric cancer because of 
the heterogeneity of gastric cancer. Therefore, 
the exploration and identification of molecular 
markers that is predictive of gastric cancer 
prognosis of patient as supplementary to TNM 
stage has the potential to provide important 
clinically relevant insights into gastric cancer 
treatment. Recently, research concerning the 
relationship between tumor microenvironment 
and gastric cancer has gradually gained atten-
tion from researchers in the general surgery 
field.

Table 2. Univariate and multivariate analyses of factors associated with survival 
Univariate P value Multivariate

HR (95% CI) P value
Age (years): > 60 vs ≤ 60 0.758 NA NA
Gender: Female vs Male 0.902 NA NA
Localization: Middle + Distal vs Proximal 0.171 NA NA
Tumor size (cm)a: ≥ 3.5 vs < 3.5 0.006 1.054 (0.954-1.169) 0.298
Differentiation: Moderately + Poorly vs Well 0.246 NA NA
Lauren classification: Diffuse + Mixed vs Intestinal 0.393 NA NA
T classification: T2-4 vs Tis-1 < 0.001 1.191 (1.024-1.385) 0.024
N classification: N1-3 vs N0 < 0.001 1.608 (1.144-2.259) 0.007
αSMA expression: High vs Low 0.011 1.434 (1.064-1.943) 0.019
Abbreviations: αSMA = α-smooth muscle actin; P-value < 0.05 marked in bold font shows statistical significant. aSplit at me-
dian.
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In this study, we demonstrated that αSMA 
expression (a marker of CAFs) in the microenvi-
ronment of gastric cancer was a promising, 
independent predictor for survival of patients 
with gastric cancer. The patients with higher 
αSMA expression showed shorter overall sur-
vival time after surgical resection. This is con-
cordant with most streams of previous obser-
vations from other cancers [11, 12]. Further- 
more, αSMA expression exhibited prognostic 
role in gastric cancer patients with TNM stage 
III. These data suggest that the αSMA expres-
sion might have good discriminatory power as a 
supplementary risk factor in patients with late-
stage gastric cancer and lead to a more accu-
rate classification under the TNM stage system. 

In addition, a prognostic nomogram for patients 
with gastric cancer after curative surgery was 
constructed. The nomogram performed well in 
predicting survival and its prediction was sup-
ported by the C-index (0.673) and the calibra-
tion curve. However, the profound molecular 
roles of CAFs in gastric cancer progression 
remain far from being fully elucidated and await 
further investigation.

Current evidence has clearly demonstrated 
that CAF plays an important role in tumor pro-
gression, which needs a positive and reciprocal 
feedback between CAF and cancer cells. Se- 
creted factors from cancer cells and CAF are 
believed to be responsible for this loop. Cancer 

Figure 3. Prognostic nomogram generation for predicting overall survival in patients with gastric cancer. A: Nomo-
gram for predicting postoperative 3- year and 5- year survival probabilities after surgery, summing the score of the 
3 variables, that is, T classification, N classification and αSMA expression. B: Calibration of the nomogram for 3-year 
and 5-year overall survival. Bars indicate 95% confidence intervals.
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cells induce and maintain the fibroblasts acti-
vated phenotype, which, in turn, produce a 
series of growth factors and cytokines that sus-
tain tumor progression. It has been demon-
strated that cancer cells could recruit and acti-
vate CAFs by secreting fibroblast-activating  
factors, such as TGF-β and IL-6, which are sig-
nificant and well-studied cancer cell-derived 
factors affecting CAF activation [13, 14]. Con- 
versely, many factors secreted by CAFs, such 
as IL-17A, PGE2, CXCL7 and HGF, were shown to 
trigger the Wnt-catenin pathway in neoplastic 
cells and augment the cancer stem cells (CSC) 
population. Recently, in invasive human breast 
cancers, Orimo and colleagues reported that 
stromal fibroblasts could promote tumor angio-
genesis and development through elevating 
CXCL12 secretion [15]. In addition, so many 
growth factors, including basic fibroblast 
growth factor (bFGF) [16], hepatocyte growth 
factor (HGF) [17], and connective tissue growth 
factor (CTGF) [18], have all been reported to be 
involved in this paracrine cross talk. In the pres-
ent study, the results exhibited that the expres-
sion level of αSMA significantly correlates with 
the prognosis of patients with gastric cancer, 
especially for the late-stage disease. Based on 
this condition, we assumed that CAFs in the 
tumor microenvironment might induce gastric 
cancer cells more malignant when its number 
accumulated. Therefore, CAF might be used as 
a potential molecular therapeutic target of gas-
tric cancer in the future.

Therapeutic resistance is the major cause for a 
poor prognosis of gastric cancer patients, and 
previous researches revealed that CAF could 
promote tumorigenesis and drug resistance in 
many cellular pathways. CAF could secrete a 
variety of mitogens, chemokines, and matricel-
lular proteins that promote drug resistance. 
Sequestering and/or inhibiting CAF-secreted 
factors that stimulate neoplastic cell behavior 
or directly targeting the CAF themselves could 
disable their downstream effects and provide 
multiple avenues to pursue therapeutic devel-
opment in the management of gastric cancer. 
CXCL12 is highly overexpressed in CAF [19], 
and its interaction with CXCR4 has been report-
ed in many malignant tumors [20, 21]. In pros-
tate cancer, the CXCR4 antagonist AMD3100 
was shown to chemosensitize prostate cancer 
cells to docetaxel in a synergistic manner [22, 
23]. Therefore, targeting CAF-secreted factors 
to block the downstream signaling transduction 

may be a potential therapeutic strategy. NK4, a 
four-kringle fragment of HGF, functions as a 
HGF antagonist, can be used to block the HGF/
MET signaling pathway. Wen and his colleagues 
have reported that overexpression of the NK4 
gene would inhibit invasive growth of colon car-
cinoma cells and prolong survival in mice [24]. 
Furthermore, normalization of the metabolic 
phenotype and inhibition of metabolic path-
ways have been suggested as a plausible way 
to target tumors [25, 26]. In lung cancer, recent 
studies have shown that Dasatinib could re- 
verse CAF from primary carcinomas to a more 
“non-myofibroblastic” phenotype comparable 
to that of normal fibroblasts through inhibiting 
PDGF signaling [27]. Therefore, inhibiting CAF-
secreted factors and normalization of CAF may 
provide novel therapeutic strategies for gastric 
cancer.

There are several limitations of this study. First, 
this study is limited by the retrospective nature 
of the analysis and the selection biases cannot 
be totally eliminated. Second, there is not 
including the data of disease free survival in 
this study. There are many factors, such as the 
follow-up examinations and the postoperative 
treatment, might influence the disease free 
survival. And the disease free survival data 
should be collected in the future researches. 
Thirdly, the exact mechanism to explain the 
tight relationship between CAF and the pro-
gression of gastric cancer remains to be eluci-
dated in the future. Finally, the number of 
patients included in this study is relatively 
small. Large prospective randomized controlled 
clinical studies are needed to identify the prog-
nostic value of αSMA expression in the patients 
with gastric cancer.

In conclusion, we demonstrated that the 
expression level of αSMA was of prognostic 
value in human gastric cancer. Patients with 
high levels of αSMA presence are characterized 
by worse prognoses, and might need more 
aggressive postoperative treatment and closer 
follow-up. Incorporating αSMA expression into 
T and N classification can provide a good prog-
nostic model for patients with gastric cancer. 
Targeting CAFs may open a new avenue for 
treatment of late-stage gastric cancer.
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