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Abstract 

Background: P38α is a ubiquitous protein kinase, which plays diverse roles in cancers. Surprisingly, P38α 
functions vary markedly in different cancers (e.g., cancer suppressor vs cancer promoter). However, there is 
no report on the expression of P38α, the family’s most important member, in pancreatic ductal 
adenocarcinoma (PDAC) and its association with clinicoathological parameters and patients’ prognosis.  
Materials and methods: We retrospectively analyzed 152 patients who underwent surgery and were 
pathologically diagnosed with PDAC from September 2013 to September 2015. We used 
immunohistochemistry to detect P38α expression in tumor and adjacent normal tissues. The significance of the 
association between P38α and clinicopathological parameters was evaluated using the χ² test and t tests. The 
Kaplan–Meier method was used to assess the association between P38α expression and preoperative 
carbohydrate antigen 19-9 (CA19-9) levels and patients’ overall survival. The Cox regression model was used 
to analyze the association between clinicopathological parameters, P38α and preoperative CA19-9 levels, and 
prognosis. Statistical significance was defined as P < 0.05. 

Results: P38α was expressed in 63.16% tumor tissues of PDAC, which was significantly higher compared with 
the adjacent normal tissues (26.32%, P < 0.001). High expression of P38α was associated with patients’ 
histological grade (P = 0.013), lymphatic metastasis (P = 0.025) and TNM stage (P = 0.048). The median survival 
time of the P38α-high group was 9.2 months, which was shorter compared with that of the P38α-low group 
(17.3 months, P = 0.011). The median survival time of the CA19-9 > 43.63 group was 11.1 months shorter than 
that of the CA19-9 < 43.63 group (24.8 months, P < 0.001). The Cox regression model revealed that age (P = 
0.003), lymphatic invasion (P = 0.015), TNM stage (P = 0.003), histological grade (P < 0.001), preoperative 
CA19-9 (P = 0.049), and P38α expression (P = 0.008) were statistically significant independent risk factors 
affecting prognosis. Specifically, overall survival was 28.4 months in the P38α-low and CA19-9 < 43.63 groups, 
16.3 months in the P38α-high or CA19-9 > 43.63 groups, and 9.7 months in the P38α-high and CA19-9 > 43.63 
groups (P < 0.001). 

Conclusions: High expression of P38α was significantly associated with histological grade, lymphatic 
metastasis, TNM stage and prognosis in patients with PDAC. P38α and preoperative CA19-9 levels were 
independent risk factors affecting the prognosis of PDAC patients. High expression of p38α and preoperative 
carbohydrate antigen 19-9 indicate poor prognosis in patients with PDAC. 

Key words: P38α, carbohydrate antigen 19-9, prognostic biomarker, pancreatic ductal adenocarcinoma. 

Introduction 
Owing to its special anatomical location and 

phenotypes, pancreatic ductal adenocarcinoma is 
highly malignant, and its dismal 5-year survival rate 
is only approximately 10% [1]. In 2015, there were 
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90,100 and 48,960 new cases of pancreatic ductal 
adenocarcinoma in China and the United States, 
respectively, and the ratios of new deaths to incidence 
for that year were 92% and 82.8%, ranking pancreatic 
ductal adenocarcinoma as first and second among 
common malignancies, respectively [2, 3]. Therefore, 
knowledge of the mechanism of the pathogenesis of 
pancreatic ductal adenocarcinoma has important 
clinical implications for improving patients’ survival 
rate and quality of life. 

P38α is a ubiquitous protein kinase that plays 
diverse roles in cancers. It is therefore surprising and 
puzzling that the role of P38α in different cancers 
markedly varies, even exerting opposing effects [4]. 
For example, P38 acts as a tumor suppressor in 
tumors such as gliomas, lung cancers, breast cancers, 
and liver cancers; however, in breast cancer, P38 
promotes tumor metastasis and resistance to 
chemotherapy through mediating the epithelial- 
mesenchymal transition and inhibition of apoptosis 
[4]. 

The P38 mitogen-activated protein kinase 
(MAPK) signaling pathway plays a key role in the 
response of cells to stress and participates in the 
regulation of numerous cellular processes. The known 
members of the P38 family are P38α (MAPK14), p38β 
(MAPK11), p38γ (MAPK12), and p38δ (MAPK13). 
P38α and p38β are widely expressed, although p38γ 
and p38δ are expressed only in specific cell types [5]. 
At least 100 proteins can be directly phosphorylated 
by P38α, many of which are involved in the regulation 
of gene expression [6, 7]. Moreover, P38α can control 
the synthesis of extracellular signal transduction 
molecules at different levels, such as cytokines, 
chemokines, and growth factors [8]. 

The role of the P38 family in tumors has attracted 
increasing attention. For example, activation of P38 
increases the invasiveness of pancreatic ductal 
adenocarcinoma [9, 10]. Most studies focus on the 
entire P38 family; however, there is no report on the 
expression of P38α (MAPK14), the family’s most 
important member, in pancreatic ductal adenocarcin-
oma and its association with clinicoathological 
parameters and patients’ prognosis. In the present 
study, our data suggests that P38α was significantly 
associated with the patients’ histologic grade, 
lymphatic metastasis, TNM stage, preoperative 
CA19-9 levels and prognosis. The combination of 
P38α and CA19-9 improves the prognostic prediction 
in patients with pancreatic ductal adenocarcinoma. 

Materials and Methods 
Patients and clinical parameters 

We retrospectively analyzed 152 patients who 

underwent surgery and were pathologically 
diagnosed with pancreatic ductal adenocarcinoma at 
Sir Run Run Shaw Hospital, the affiliated hospital of 
Zhejiang University School of Medicine, from 
September 2013 to September 2015. Clinical 
parameters were extracted from their medical record. 
Overall survival was defined as the time from 
pathological diagnosis to death or loss of follow-up. 
None of the patients received any types of treatments 
(radiation therapy, chemotherapy, or immunothe-
rapy) before surgery.  

Western blot analysis 
Cell lines of pancreatic ductal adenocarcinoma 

were lysed with RIPA buffer (Sigma, USA) with a 
cocktail of protease inhibitors (Thermo, USA). 
Proteins were denatured in 2× SDS buffer at 95°C, 
separated in 10% SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred onto 
polyvinylidene difluoride (PVDF) membrane 
(Millipore, Bedford, USA). After being blocked with 
5% milk powder for 1 h at room temperature, the 
membrane was incubated with the following 
antibodies: rabbit anti-human polyclonal antibody 
against P38α (1:1000, Cell Signal Technology, USA), 
and mouse monoclonal anti-tubulin (1:2000, Abcam, 
UK) as the control. The samples were incubated with 
the secondary goat anti-mouse antibody (1:5000, 
Pierce, USA) for 1 h at room temperature. The blots 
were visualized by GE Amersham Imager 600. 

Immunohistochemistry and staining 
evaluation 

Rabbit anti-human polyclonal antibody against 
P38α (#9218, Cell Signal Technology, USA), which 
detects endogenous levels of total p38α MAPK, 
regardless of its phosphorylation state, were used for 
staining. This antibody does not cross-react with other 
p38 MAPK isoforms such as β, γ or δ. 3 μm-thick 
tissue slides were deparaffinized in xylene and 
rehydrated in graded ethanol. Antigen retrieval was 
carried out with 0.01 M citrate buffer (pH 6.0) and 
microwave heat induction for 15 min. The slides were 
subsequently incubated for 10 min with hydrogen 
peroxide (3%) to block endogenous peroxidase and 
then incubated overnight with the primary antibodies 
(dilution 1:100 for P38α) at 4°C. After being washed in 
phosphate-buffered saline, the slides were incubated 
with the horseradish peroxidase-labelled secondary 
antibody for 30 min. Diaminobenzidine was used as a 
chromogen for 5 min.  

Two pathologists independently evaluated and 
scored the slides without knowledge of clinical 
characteristics. When their evaluations were 
divergent, consensus was achieved through 
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discussion.  

Statistical analysis 
The significance of the association between P38α 

and clinical parameters was evaluated using the χ² 
test, t tests, one-sample Kolmogorov-Smirnov test and 
Mann-Whitney U test. The discriminatory ability was 
assessed by building receiver operating characteristic 
curves (ROC) for P38α and preoperative CA19-9. The 
diagnostic value of the markers was evaluated based 
on area under the curve (AUC) and the evaluation of 
sensitivity and specificity at an optimal cutoff 
obtained by minimizing the total prediction error, by 

the following formula: sensitivity - (1-specificity). The 
Kaplan–Meier analysis was used to assess the 
association between P38α expression and 
preoperative CA19-9 levels and patients’ overall 
survival. The Cox regression model was used for 
multivariate analysis of prognostic factors. All the 
analyses were carried out using the statistical 
software SPSS V.19.0. A P value < 0.05 was considered 
to be statistically significant. 

Results 
P38α expression in pancreatic ductal 

adenocarcinoma 
The expression of P38α in six 

pancreatic cancer cell lines was detected 
using western blotting, and the 
pancreatic duct epithelial cell line 
HPNE served as the nontumorigenic 
control. The pancreatic cancer cell lines 
expressed significantly higher levels of 
P38α compared with HPNE cells (Fig 
1A). The expression of P38α in 152 
specimens each of tumor and adjacent 
normal tissues was detected using 
immunohistochemistry. P38α was 
mainly located in the cell membrane 
and cytoplasm. The rate of detection of 
P38α in tumor tissues (63.16%, 96/152) 
was significantly higher compared with 
that of the corresponding adjacent 
normal tissues (26.32%, 40/152) (P < 
0.01) (Fig 1B–1F). 

Association between P38α and 
clinicopathological parameters 

We divided the 152 patients into a 
P38α-high group (n = 96) and a 
P38α-low group (n = 56) according to 
the expression level of P38α. Higher 
expression of P38α in tumor tissues 
compared with that of adjacent normal 
tissues was significantly associated with 
tumor histologic grade (P = 0.013), 
lymphatic metastasis (P = 0.025), and 
TNM stage (P = 0.048). P38α expression 
in the poorly differentiation group (G3) 
was higher compared with that in the 
well-differentiated group (G1) (P = 
0.013) (Fig 2, Table 1). P38α expression 
in TNM I group was lower compared 
with that in TNM IV group (P = 0.048) 
(Fig 3, Table 1), but high P38α 
expression was not associated with 
other clinical parameters (Table 2). 

 

 
Figure 1. P38α expression in pancreatic ductal adenocarcinoma. (A) The pancreatic ductal 
adenocarcinoma cell lines expressed significantly higher levels of P38α compared with the pancreatic 
duct epithelial cell line HPNE. (B-E) P38α was mainly located in the cell membrane and cytoplasm. The 
P38α exression in tumor tissues (B, ×100, C, ×400) was significantly higher compared with that of the 
corresponding adjacent normal tissues (D, ×100, E ×400) (P < 0.001). (F) The rate of detection of 
P38α in tumor tissues (63.16%, 96/152) was significantly higher compared with that of the 
corresponding normal tissues (26.32%, 40/152) (P < 0.001). 
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Figure 2. P38α expression in different histologic grade. P38α expression in the poorly differentiation group (G3, A, ×100, B, ×400) was higher compared with 
that in the well-differentiated group (G1, C, ×100, D, ×400) (P = 0.013). 

 

 
Figure 3. P38α expression in different TNM stage. P38α expression in TNM stage IV group (A, ×100, B, ×400) was higher compared with that in TNM stage 
I group ( C, ×100, D, ×400) (P = 0.048). 
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Table 1. Association of P38α expression and clinicopathological 
parameters 

Variable (n) 152 P38α expression  P value 
low high 

Age   
 < 60 71 29 42 0.338 
 ≥ 60 81 27 54 
Gender 
 Male 92 36 56 0.469 
 Female 60 20 40 
Histological Grade 
 Grade 3 36 7 29 0.013* 
 Grade 1-2 116 49 67 
T Category   
 T1-2 56 20 36 0.826 
 T3-4 96 36 60 
N Category 
 N0 88 39 49 0.025* 
 N1-N2 64 17 47 
M Category 
 M0 138 50 88 0.624 
 M1 14 6 8 
TNM Stage 
 I-II 120 49 71 0.048* 
 III-IV 32 7 25 
* P value < 0.05, considered to be statistically significant. 

 

Table 2. Association of P38α expression and clinical parameters 

Variable P38α expression normality 
test* 

t test U 
test** 

Low High P 
value 

P 
value 

ALT (U/L) 76.21 ± 82.05 153.54 ± 172.68 0.020 - 0.238 
AST (U/L) 49.21 ± 50.65 91.96 ± 95.59 0.002 - 0.269 
ALP (U/L) 322.79 ± 409.96 261.48 ± 206.28 0.052 0.549 - 
GGT (U/L) 366.07 ± 523.86 459.54 ± 568.74 0.007 - 0.296 
albumin (g/L) 39.78±4.57 38.86±4.53 0.999 0.551 - 
total bilirubin 
(μmol/L) 

88.4 ± 107.47 86.89 ± 103.09 0.902 0.966 - 

LDH (U/L) 172.86 ± 49.79 186.78 ± 44.98 0.501 0.386 - 
total bile acid 
(μmol/L) 

64.45 ± 87.84 83.21 ± 121.78 0.007 - 0.935 

C-reactive 
protein (mg/L) 

3.78 ± 3.61 8.92 ± 14.24 0.004 - 0.272 

CA19-9 (U/ml) 144.16 ± 105.74 319.18 ± 345.27 0.000 - 0.192 
CA-125 (U/ml) 369.93 ± 

1332.65 
26.035 ± 24.98 0.000 - 0.247 

AFP (ng/mL) 2.41 ± 1.37 2.91 ± 1.95 0.300 0.407 - 
CEA (ng/ml) 26.17± 85.62 37.46 ± 122.39 0.000 - 0.188 
ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gamma-glutamyl 
transpeptidase, LDH: lactate dehydrogenase, AFP: alpha-fetoprotein, CEA: 
carcinoembryonic antigen. * One-Sample Kolmogorov-Smirnov Test. ** Mann-Whitney U 
test 

 

Univariate and multivariate (Cox regression) 
survival analysis  

To investigate whether clinicopathological 
parameters are associated with clinical outcome of 
patients with pancreatic ductal adenocarcinoma, we 
calculated univariate and multivariable models (Table 
3). The univariate analysis showed that overall 
survival was significantly correlated to gender (P < 
0.001), histological grade (P < 0.001), T category (P < 
0.001), N category (P < 0.001), metastasis (P = 0.003), 

TNM stage (P < 0.001), preoperative CA19-9 (P < 
0.001), CEA (P < 0.001), P38α (P = 0.011) and the 
combination of P38α and preoperative CA19-9 (P < 
0.001). The multivariate analysis showed that overall 
survival was significantly correlated to age (P = 
0.003), N Category (P = 0.015), histologic grade (P < 
0.001), TNM stage (P = 0.003), preoperative CA19-9 (P 
= 0.049), P38α (P = 0.008) and the combination of P38α 
and preoperative CA19-9 (P = 0.008). 

 

Table 3. Univariate and multivariate (Cox regression) survival 
analysis 

Variable Number Univariate 
analysis 

Multivariable 
analysis 

 P value HR 
(95% CI) 

P value 

Age (years)  0.085 1.016-1.080 0.003* 
≥ 60 81    
< 60 71    
Gender  < 0.001* 0.870-2.312 0.161 
Male 92    
Female 60    
Histological Grade  < 0.001* 1.379-2.703 < 0.001* 
Grade 3 36    
Grade 1-2 116    
T Category  < 0.001* 0.628-1.388 0.735 
T3-4 96    
T1-2 56    
N Category  < 0.001* 1.112-2.718 0.015* 
N1-N2 64    
N0 88    
M Category  0.003* 0.857-5.348 0.103 
M1 14    
M0 138    
TNM stage  < 0.001* 1.127-1.773 0.003* 
III-IV 32    
I-II 120    
CA19-9 (U/ mL)  < 0.001* 1.000-1.002 0.049* 
≥ 43.63 102    
< 43.63 50    
CEA (ng/mL)  < 0.001* 0.998-1.004 0.446 
≥ 5 52    
< 5 100    
CA-125 (U/mL)  0.986 0.996-1.003 0.629 
≥ 35 28    
< 35 124    
P38α  0.011* 1.259-4.785 0.008* 
High 90    
Low 62    
P38α + CA19-9  < 0.001*  0.008* 
P38α High and CA19-9 > 43.63 40 < 0.001* 2.153-30.872 0.002* 
P38α High or CA19-9 > 43.63 69 < 0.001* 1.370-10.642 0.010* 
P38α-low and CA19-9 < 43.63 43 < 0.001* Reference Reference 

* P value < 0.05, considered to be statistically significant. 
 
The median survival of the P38α-high group was 

9.2 months (95% CI = 7.6-10.8 months) and that of the 
P38α-low group was 17.3 months (95% CI = 13.9-20.6 
months). The overall survival (OS) of P38α-high 
group was significantly lower compared with that of 
the P38α-low group (P = 0.011) (Fig 4). Moreover, we 
analyzed P38α expression and its relationship with 
the OS of 174 patients in The Cancer Genome Atlas 
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(TCGA) dataset using OncoLnc in www.oncolnc.org. 
The survival of the P38α-low group was significantly 
longer compared with that of the P38α-high group (P 
= 0.0207) (Fig 5). 

We included CA19-9, the most important 
biomarker of PDAC, into the analysis of patients’ 
prognosis. The discriminatory ability was assessed by 
building receiver operating characteristic (ROC) 
curves for P38α and preoperative CA19-9 (Fig 6). The 
optimal cutoff, which was obtained by minimizing the 
total prediction error as described in the methods, for 
preoperative CA19-9 level was 43.63 U/mL (AUC = 

0.761, sensitivity 81.5%, specificity 68.2%). We defined 
a cut-off value for preoperative CA19-9 level = 43.63 
U/mL, which divided patients into CA19-9-high and 
CA19-9-low groups, to evaluate the association of 
preoperative CA19-9 level with prognosis. The 
median survival time of the CA19-9-high and -low 
groups were 11.1 months and 24.8 months, 
respectively. Kaplan-Meier survival analysis of 
patients with high CA19-9 value (> 43.63 U/mL) 
revealed a significantly poor overall survival 
compared to the patients with low CA19-9 value (< 
43.63 U/mL) (P < 0.001, Fig 7). 

 

 
Figure 4. Overall survival according to P38α expression. The overall survival of patients in P38α-low group was significantly better than that of patients in 
P38α-high group (P = 0.011). 

 
Figure 5. Overall survival analysis of TCGA. The survival of the P38α-low group was significantly longer compared with that of the P38α-high group (P = 
0.0207). 
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Figure 6. ROC curves for P38α and preoperative CA19-9. The optimal cutoff for preoperative CA19-9 level was 43.63 U/mL (AUC = 0.761, sensitivity 81.5%, 
specificity 68.2%). 

 
Figure 7. Overall survival according to preoperative CA19-9 values. The overall survival of patients with CA19-9 < 43.63 U/ml was significantly better than 
that of patients with CA19-9 > 43.63 U/ml (P < 0.001). 

 
When we included P38α and preoperative 

CA19-9 values in the analysis of prognosis and 
divided the patients with pancreatic ductal 
adenocarcinoma into three groups. Kaplan–Meier 
analysis revealed that the overall survival of P38α-low 
and CA19-9 < 43.63 group was 28.4 months (95% CI = 
26.2 – 30.6 months, P < 0.001), the overall survival of 
P38α High or CA19-9 > 43.63 group was 16.3 months 
(95% CI = 13.7 – 18.8 months, P < 0.001), the overall 
survival of P38α High and CA19-9 > 43.63 group was 
9.7 months (95% CI = 8.0 - 11.4 months) (P < 0.001, 
Fig 8). 

Discussion 
P38 plays a major role in the development and 

progression of tumors. However, it is very interesting 
that the role of P38 varies markedly in different 
tumors [4, 7, 8, 11]. For example, P38 acts as a tumor 
suppressor in organs such as the brain, lung, breast, 
and liver, while it acts as a tumor promoter in other 
organs such as the large intestine and breast [4]. P38 
can suppress gliomas by inhibiting glioma-initiating 
cell [12]. P38 interferes with malignant transformation 
of breast cancer cells through its effects on signaling 
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pathways that mediate cell proliferation, differentia-
tion, and the induction of apoptosis, and thus plays an 
important role in preventing the development of 
breast cancer [13]. P38 plays a protective role in lung 
cancer as well. For example, inhibiting P38 activity 
leads to excessive proliferation of lung epithelial cells 
and activation of K-RASG12V-mediated tumorigen-
esis, and the mechanism may be related to the ability 
of P38α to inhibit the proliferation and differentiation 
of lung stem cells [14]. In liver cancer, P38α can 
maintain the homeostasis of hepatocytes, and 
knockout of P38 can promote N-nitrosodiethylamine- 
induced hepatocellular carcinoma through enhanced 
production of reactive oxygen species and activation 
of the JNK/c-Jun pathway [15, 16]. 

However, P38 plays a role in promoting other 
tumors. For example, the P38 MAPK inhibitor 
SB202190 suppresses the growth of transplanted 
tumors and reduces the tumor burden in mice with 
colon cancer [17, 18]. The P38 MAPK inhibitor 
LY2228820 suppresses the growth of transplanted 

breast cancer in mice [19]. Moreover, P38 can promote 
the development and metastasis of tumors through 
multiple pathways, for example, by regulating 
epithelial interstitial transformation and angiogenesis 
and promoting inflammation [11]. 

Pancreatic ductal adenocarcinoma occurs in a 
special anatomical location and exhibits unique 
phenotypes, which contribute to its extremely high 
degree of malignancy and very poor prognosis. For 
example, activation of P38 promotes the proliferation, 
invasion, and metastasis of pancreatic cancer cells [20, 
21]. In contrast, the suppression of P38 activation 
prevents the progression of pancreatic cancer [9, 22]. 
However, previous studies mainly focused on the P38 
family. The expression levels of the P38 family 
members P38α (MAPK14), p38β (MAPK11), p38γ 
(MAPK12), and p38δ (MAPK13) vary, and each 
isoform may play a unique role in different tumors 
[23]. This may explain why the roles of P38 are 
markedly in different tumors. 

 
 
 

 
Figure 8. Combination of P38α and preoperative CA19-9 in overall survival analysis. The overall survival of P38α-low and CA19-9 < 43.63 group, P38α 
High or CA19-9 > 43.63 group, P38α High and CA19-9 > 43.63 group was 28.4 months, 16.3 months and 9.7 months separately (P < 0.001). 
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In the present study, we performed 
immunohistochemical analysis to detect the 
expression of P38α, the most important member of the 
P38 family, in 152 surgical specimens of pancreatic 
ductal adenocarcinoma to assess its association with 
clinical data, pathological information, and prognosis. 
We found that relatively high expression of P38α in 
tumor tissues was associated with patients’ histologic 
grade, lymphatic metastasis, TNM stage, and 
preoperative CA19-9 levels. The overall survival of 
P38α-high group was significantly lower compared 
with that of the P38α-low group. Moreover, the 
overall survival of patients with CA19-9 < 43.63 U/ml 
was significantly better than that of patients with 
CA19-9 > 43.63 U/ml. Analysis of P38α expression, 
combined with the activity of preoperative CA19-9, 
showed that lymphatic metastasis, TNM stage, 
histological grade, preoperative CA19-9 levels and 
P38α expression were statistically significant 
independent risk factors affecting the prognosis. The 
CA19-9 has been reported as a predictive biomarker 
of prognosis in pancreatic ductal adenocarcinoma. 
Furthermore, several reports have suggested that the 
serial measurement of CA19-9 can predict the 
response to chemotherapy. However, the optimal 
cutoff values of CA19-9 have remained controversial 
[24-27]. Specifically, the expression of P38α combined 
with preoperative CA19-9 allowed for a better 
evaluation of prognosis in patients with pancreatic 
ductal adenocarcinoma.  

In conclusion, P38α was significantly associated 
with the PDAC patients’ histologic grade, lymphatic 
metastasis, TNM stage and prognosis. P38α 
expression and preoperative CA19-9 levels were 
independent risk factors affecting the prognosis of 
patients with pancreatic ductal adenocarcinoma. The 
combination of high expression of p38α and 
preoperative carbohydrate antigen 19-9 indicate poor 
prognosis in patients with pancreatic ductal 
adenocarcinoma. Further studies are required to 
verify the feasibility of using P38α as a potential target 
to treat pancreatic ductal adenocarcinoma. 
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