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INTRODUCTION  
 

Pancreatic cancer is a highly aggressive disease and one 

of leading cause of cancer related mortality [1, 2]. Most 

pancreatic cancer patients are diagnosed at advanced 

stages due to nonspecific symptoms. The treatment 

options of pancreatic cancer are limited [3ï5].  

Moreover, most of pancreatic cancer patients are resistant 

 

to current therapies [6, 7], contributing to the worst 

prognosis of pancreatic cancer. The 5-year overall 

survival rate of pancreatic cancer is only 5% -8% [8, 9]. 

Although, mutational landscape [10], gene expression 

[11], microRNA signature [12] and lncRNA expression 

profiling [13] are used as biomarkers for patients with 

pancreatic cancer, effective new diagnostic and 

prognostic biomarkers are badly needed [14].  
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ABSTRACT 
 

Pancreatic cancer is characterized by multiple genomic alterations, including KRAS mutations, TP53 mutations 
and CDKN2A deletion. However, the prognostic relevance of those genomic alterations and associated 
transcriptomic profiling in pancreatic cancer are unclear. Integrated analysis of The Cancer Genome Atlas 
(TCGA) datasets revealed that KRAS mutation, TP53 mutation and CDKN2A deletion were all bad prognostic 
factors in pancreatic cancer. And KRAS mutation, TP53 mutation and CDKN2A deletion were coordinated and 
co-occurred in pancreatic cancer. Transcriptomic analysis showed that MMP14 and PKM2 were both up-
regulated by KRAS mutation, TP53 mutation or CDKN2A deletion. Also, MMP14 and PKM2 were both 
associated with unfavorable outcomes in pancreatic cancer. Compared with normal tissues, MMP14 and PKM2 
were up-regulated in pancreatic cancer tissues. Moreover, MMP14 and PKM2 were highly expressed in high 
grade of pancreatic cancer. Furthermore, MMP14 and PKM2 were correlated with each other, and the 
combination of MMP14 and PKM2 could be used as better prognostic markers than MMP14 or PKM2 alone. At 
last, the high expression and bad prognostic effects of MMP14 and PKM2 in pancreatic cancer were validated 
using tissue microarray. Overall, the genomic alterations and associated transcriptomic profiling analysis 
suggested new prognostic makers of MMP14 and PKM2 in pancreatic cancer. 
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As the collection of genomic data, the biological 

behaviors of drive mutations in pancreatic cancer are 

extensively studied. The first whole-exome sequencing 

study suggests that pancreatic cancer is characterized by 

KRAS mutation, TP53 mutation, CDKN2A deletion 

and SMAD alteration [15]. After that, whole-genome 

sequencing [16], integrated genomic and transcriptomc 

analysis [17], including efforts from TCGA network 

[18] validate the KRAS, TP53 mutations and CDKN2A, 

SMAD copy number alterations in pancreatic cancer. 

KRAS mutation is required for the initiation and 

maintenance of malignant state of pancreatic cells by 

regulation of metabolism and senescence [19ï21]. 

KRAS mutation also cooperates with TP53 mutation 

[22] or SMAD4 alteration [23] to promote the metas-

tasis of pancreatic cancer. Moreover, pancreatic cancer 

patients with KRAS mutation, TP53 mutation, 

CDKN2A deletion and SMAD alteration tend to have 

worse clinical outcomes [24ï26]. However, some long-

term survivors of pancreatic cancer patients are not 

determined by the genetic mutations [27]. So, the 

synergism of KRAS mutation, TP53 mutation, 

CDKN2A deletion and SMAD alteration in the 

prognosis of pancreatic cancer still need to be 

illustrated. Furthermore, the prognostic effects of 

genomic alterations associated transcriptomic profiling 

in pancreatic cancer are unknown.   

 

In the present study, using large cohorts of pancreatic 

cancer patients derived from TCGA datasets and Gene 

Expression Omnibus (GEO) datasets, the prognostic 

significance of KRAS mutation, TP53 mutation, 

CDKN2A deletion and SMAD alteration was 

determined. Also transcriptomic profiling associated 

with KRAS mutation, TP53 mutation and CDKN2A 

deletion and their prognostic effects were identified and 

validated in pancreatic cancer. 

 

RESULTS 
 

Prognostic relevance of genomic alterations in 

patients with pancreatic cancer 

 

Pancreatic cancer is characterized with KRAS and TP53 

mutation, CDKN2A deletion and SMAD4 alteration. 

First, we determined the prognosis of those genomic 

alterations using TCGA Pancreatic adenocarcinoma 

(PAAD) datasets. We found that KRAS mutation, TP53 

mutation and CDKN2A deletion were all associated 

with the clinical overall survival of patients with 

pancreatic cancer (Figure 1A). Patients with KRAS 

mutation, TP53 mutation or CDKN2A deletion 

demonstrated worse prognosis compared with patients 

without KRAS mutation, TP53 mutation or CDKN2A 

deletion (Figure 1A). Moreover, compared with TP53 

mutation or CDKN2A deletion, KRAS mutation was a 

more significant prognostic factor (Figure 1A). 

However, there was no different clinical overall survival 

between pancreatic cancer patients with or without 

SMAD4 alterations (Figure 1A).  

 

Similar conclusions were derived from univariate cox 

regression analysis. KRAS mutation, TP53 mutation 

and CDKN2A deletion were all prognostic factors in 

patients with pancreatic cancer in TCGA datasets 

(Figure 1B), while, SMAD4 alteration was not 

associated with the clinical outcomes of pancreatic 

cancer patients (Figure 1B).  

 

Coordination and co-occurrence of the genomic 

alterations in patients with pancreatic cancer 

 

Using multivariate cox regression analysis, we 

determined the association of KRAS mutation, TP53 

mutation and CDKN2A deletion in the prediction of 

overall survival in pancreatic cancer patients. We found 

that KRAS mutation was an independent prognostic 

factor (Figure 1B). However, TP53 mutation and 

CDKN2A deletion were interconnected and were not 

independent prognostic factors (Figure 1B).   

 

Next, we tested the combination of KRAS mutation and 

TP53 mutation in determining the overall survival of 

patients with pancreatic cancer. Patients with both 

KRAS mutation and TP53 mutation had worst 

prognosis than patients with KRAS mutation or TP53 

mutation, or without mutations (Figure 2A). Moreover, 

patients with both KRAS mutation and CDKN2A 

deletion also had worst prognosis than patients with 

KRAS mutation or CDKN2A deletion, or without 

alterations (Figure 2A). Results derived from 

multivariate cox regression and Kaplan-Meier analysis 

suggested the coordination of KRAS mutation, TP53 

mutation and CDKN2A deletion in the predication of 

overall survival of pancreatic cancer patients. 

 

Furthermore, genetically, KRAS mutation, TP53 

mutation and CDKN2A deletion were also connected. 

Among the 175 pancreatic cancer patients in TCGA 

PAAD datasets, 117 patients were with KRAS mutation, 

108 patients were with TP53 mutation and 87 patients 

were with CDKN2A deletion (Figure 2B). Interestingly, 

90 pancreatic cancer patients (51%) were with both 

KRAS and TP53 mutations, 77 pancreatic cancer patients 

(44%) were with both KRAS mutation and CDKN2A 

deletion, and 66 pancreatic cancer patients (37%) were 

with both TP53 mutation and CDKN2 deletion (Figure 

2B). Statistic analysis showed that the co-occurrence of 

KRAS mutation, TP53 mutation and CDKN2A deletion 

was significant (Figure 2B). However, SMAD4 alteration 

was not significantly co-occurred with TP53 mutation or 

CDKN2A deletion (Figure 2B).  
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Identification of genomic alterations associated 

transcriptomic profiling  

 

The genomic alterations may influent the expression 

levels of hundred genes to promote the development of 

pancreatic cancer. Next, the genes regulated by KRAS 

mutation, TP53 mutation or CDKN2A deletion were 

identified. We found that 4799 genes were differentially 

expressed in pancreatic cancer patients with or without 

KRAS mutation. 3157 genes were differentially 

expressed in pancreatic cancer patients with or without 

TP53 mutation. And 3740 genes were regulated by 

CKDN2A deletion (Figure 3A). Among all the 

differentially expressed genes, 1575 genes were 

commonly regulated by KRAS mutation, TP53 

mutation and CDKN2A deletion (Figure 3A). And those

 

 

 

Figure 1. Prognostic relevance of genomic alterations in patients with pancreatic cancer. (A) Kaplan-Meier plots demonstrated 
the prognostic effects of KRAS, TP53, CDKN2A and SMAD4 alterations in patients with pancreatic cancer in TCGA PAAD datasets. The log-rank 
test was used to determine the different overall survival between patients with (red) or without (blue) genomic alterations. (B) Univariate 
and multivariate cox regression were used to test the prognostic significance of KRAS, TP53, CDKN2A and SMAD4 alterations in patients with 
pancreatic cancer in TCGA PAAD datasets. The log-rank test was used to determine the overall survival P-value. HR, hazard ratio; CI, 
confidence interval. 
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genes classified the pancreatic cancer patients into two 

different clusters with different genomic KRAS, TP53 

and CDKN2A alterations (Figure 3B). 

 

We further determined the enriched signaling 

pathways associated with KRAS mutation, TP53 

mutation and CDKN2A deletion. Consistent with the 

TP53 mutation in pancreatic cancer, we found that 

TP53 signaling pathway was most significantly en-

riched (Figure 3C). We also found that cell cycle, 

pathways in cancer, Hippo signaling pathway and Wnt 

signaling pathway were associated with KRAS 

mutation, TP53 mutation or CDKN2A deletion in 

pancreatic cancer (Figure 3C). 

 

Some pancreatic cancer patients are with ERBB2 

amplification [16, 18]. We found that ERBB2 

expression was also up regulated by KRAS, TP53 and 

CDKN2A alterations. In pancreatic cancer patients with 

KRAS mutation, TP53 mutation or CDKN2A deletion, 

the expression levels of ERBB2 were relatively higher 

(Figure 3D). Although, SMAD4 was not genetically 

 

 
 

Figure 2. Coordination and co-occurrence of the genomic alterations in patients with pancreatic cancer. (A) Kaplan-Meier plots 
demonstrated the different overall survival of pancreatic cancer patients with different genomic alterations. P values were generated from 
Log-rank test. (B) Oncoprint demonstrated the co-occurrence of KRAS, TP53, CDKN2A and SMAD4 alterations in patients with pancreatic 
cancer derived from TCGA PAAD datasets. Each line represented one patient. 
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Figure 3. Identification of genomic alterations associated transcriptomic profiling. (A) Venn diagram depicted the number of 
commonly regulated genes by KRAS mutation, TP53 mutation and CDKN2A deletion in TCGA PAAD datasets. (B) Unsupervised clustering 
heatmap demonstrated the commonly regulated genes by KRAS mutation, TP53 mutation and CDKN2A deletion in TCGA PAAD datasets. Up-
regulated (red), down-regulated (green) and unchanged (black) genes were delineated. (C) Functional pathway enrichment analysis of KRAS 
mutation, TP53 mutation and CDKN2A deletion commonly regulated genes using DAVID. The most significantly enriched pathways were 
shown. (D) Box plots showed the ERBB2 expression levels (log2 normalization count) in TCGA pancreatic cancer patients with or without 
genomic alterations. P values were performed using Studentôs t test. (E) Box plots showed the SMAD4 expression levels (log2 normalization 
count) in TCGA pancreatic cancer patients with or without genomic alterations. 


