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Role of NRAS upregulation as diagnostic marker in 
cholangiocarcinoma

Introduction

Background: Cholangiocarcinoma (CCA) is the second leading pri-
mary liver cancer. Lacking of accurate diagnostic markers in response 
to chemotherapeutic treatment in CCA is one of the significant 
challenges in CCA personalized therapy. Protein-coding gene Neu-
roblastoma RAS viral oncogene homolog (NRAS) is one of the most 
reported mutations and overexpressed genes in CCA. The correlation 
between the mRNA expression level of NRAS and CCA tumorigenesis 
is still not detailed discussed. Thus, we evaluated the diagnostic and 
prognostic values of NRAS in CCA.

Method: We downloaded transcriptional expression profiles from 
the Cancer Genome Atlas for pan-cancer analysis and further study 
between CCA and normal tissues. NRAS protein expression data were 
acquired from the Human Protein Atlas database. We employed the 
receiver operating characteristic (ROC) curve to assess the potential 
value of NRAS as a diagnostic marker. Kaplan-Meier method was per-
formed to testify the NRAS on overall survival (OS). The STRING data-
base was used to construct the protein-protein interaction networks. 
We also conducted functional enrichment analyses with the “Cluster 
Profiler” R package. 

Results: Overexpression of NRAS mRNA was observed in various 
cancers in pan-cancer analysis, including CCA patients. Our further 
study showed that both mRNA and protein expression of NRAS was 
hugely increased in CCA tissue compared to adjacent normal tissue. 
The upregulated expression of NRAS was associated with the tumor 
metastasis stage. ROC curve analysis indicated that with a cutoff level 
of 4.39, the sensitivity, specificity, and accuracy for NRAS differentiate 
CCA from pericarcinomatous tissue were 0.972, 0.999, and 0.999, re-
spectively. Kaplan-Meier survival analysis indicated that overexpres-
sion of NRAS doesn’t affect the OS of CCA patients. Function enrich-
ment analyses proposed some co-expressed genes of NRAS in CCA. 

Conclusion: Overexpressed NRAS is strongly correlated with tu-
morigenesis of CCA. The present study suggests that NRAS can be 
potentially used as a diagnostic biomarker of CCA oncogenes.
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Introduction

Cholangiocarcinoma (CCA), or bile duct carcinoma, is a ma-
lignancy that originates cholangiocytes and other cells along 
the biliary tree [1]. Following hepatocellular carcinoma, CCA is 
the second most common primary liver cancer, it comprising 
approximately 10-20% of all primary hepatic tumors and 3% 
of all gastrointestinal cancers, around 139,000 patients die of 
CCA each year worldwide [2], and exhibits relative higher mor-
tality in specific Asian regions, such as South Korea, Thailand, 
and China [3]. Although progress in CCA awareness, knowledge, 
diagnosis, and therapies have been made in the past decade, 
patient prognosis and 5-year survival are still disillusionary [3]. 
The poor prognostic of CCA is partly due to the difficulty in early 
diagnosing and lacking an effective chemotherapeutic strategy. 
Therefore, searching for a novel biomarker for early and thera-
peutic-goal-directed diagnosis of CCA is urgently needed.

Neuroblastoma RAS viral oncogene homolog (NRAS) is a well-
known oncogene, which exhibits protumoral character in vari-
ous cancers [4]. It encodes NRAS protein, is one subtype of Ras 
GTPase superfamily, the monomeric GTP-binding and hydrolyz-
ing (GTPases) proteins that act as GDP-/GTP-regulated, molecu-
lar switches in transducing extracellular cues into intracellular 
signals, which regulates diverse fundamental cellular processes, 
including cell proliferation and differentiation, maintenance of 
cell morphology, migration, survival, apoptosis, among others 
[5]. As a notable oncogene, NRAS mutations or overexpression 
were found in most cancers, including CCA. Cells with NRAS mu-
tations or upregulation lean-to malignant transformation and 
display malignant phenotypes [5]. Recently, increasing numbers 
of papers shed light on NRAS mutations or upregulation in bile 
duct disease. Nakagawa and colleagues reported that upregu-
lated NRAS produced a massive amount of inflammatory cyto-
kines and promoted PBC’s progress [6]. Brindley and colleagues 
reviewed that NRAS is one of the most common mutation and/
or overexpression sites in all types of CCA [1]. Meanwhile, as 
a well-studied oncogene, types of inhibitors aimed at blocking 
NRAS and NRAS/RAF/MAPK pathway were invented. Identifying 
patients with NRAS/RAF/MAPK-driven CCA is one essential step 
for personalized therapy. Therefore, NRAS has an excellent po-
tential to be a diagnostic biomarker in CCA patients. 

The predictive value of NRAS in CCA is still not thoroughly 
studied. Based on the mutation or overexpression of NRAS in 
CCA, we hypothesize that the expression level of NRAS is as-
sociated with the tumorigenesis of CCA. To testify the hypoth-
esis, we analyzed data from The Cancer Genome Atlas (TCGA). 
We confirmed that NRAS is upregulated in CCA. The following 
receiver operating characteristic (ROC) curve analysis showed 
considerably high sensitivity and specificity of NRAS in predict-
ing CCA. The present study reveals the potential of NRAS as a 
CCA diagnosis biomarker. 

Materials and methods

TCGA datasets

We downloaded NRAS transcriptional expression data and 
corresponding clinical information from the official website of 
The Cancer Genome Atlas (TCGA) database (https://www.ge-
nome.gov/Funded-Programs-Projects/Cancer-Genome-Atlas). 
This study included 17 different types of cancer, and the related 

pericarcinomatous sample groups contained at least 5 as con-
trol, respectively.

RNA-sequencing data of NRAS in CCA 

NRAS RNA-sequencing Dataset in CCA was downloaded from 
TCGA. We recruited 36 CCA samples and 9 adjacent normal 
tissue. The dataset includes NRAS gene expression data and 
clinical information, age, TNM stage information, and other fea-
tures. The mRNA expression data were displayed as mean ± SD.

The human protein atlas (HPA)

As a human proteome program, HPA aims to map all the hu-
man proteins in cells, tissues and organs using an integration of 
various omics technologies. We compared the protein expres-
sion of NRAS between normal tissue and CCA. 

OS analysis

Prognostic data was obtained from a paper published in 
2018 by Liu and colleagues (7). RNAseq data were downloaded 
from the TCGA CHOL level 3 program in an HTSeq-FPKM form. 
We conducted the Kaplan-Meier product limit method for de-
scribing the OS. The log-rank test was applied to estimate the 
differences between patient groups and the Cox models to as-
sess the multivariable relationships between patient character-
istics and OS [8]. The R package survminer was conducted for 
the final visualization. 

Protein-Protein Interaction (PPI) networks and Functional 
Enrichment Analysis 

STRING (Version: 11.5) provides sample data on protein-
protein interactions. In STRING, “scores” were used to annotate 
the interaction between different proteins. In this study, co-ex-
pression genes were searched and created PPI networks with 
a score>0.4. We performed gene ontology (GO) enrichment 
and Kyoto Encyclopedia of Genes and Genome (KEGG) pathway 
analyses of co-expression genes with the R package Cluster Pro-
filer. The visualization was conducted by the R package ggplot2.

Statistical analyses

All statistical analyses were performed with IBM SPSS statis-
tic 23. We performed paired t-test and Mann-Whitney U-test to 
determine the differences between CCA tissues and adjacent 
normal tissues. ROC curve was created to study the cutoff value 
of NRAS. Kaplan-Meier and log-rank tests were conducted to 
assess the effect of NRAS on survival.

Results

Expression pattern of NRAS in pan-cancer analysis

For evaluating the pattern of NRAS mRNA expression across 
different cancer types, we chose 17 cancer types that contained 
at least five samples in the pericarcinomatous group. NRAS 
mRNA level was dramatically overexpressed in 11 of all 17 can-
cer types, down-regulated in kidney chromophobe and thyroid 
carcinoma. Those data indicated that abnormal mRNA expres-
sion of NRAS was across different types of carcinomas. 

Elevated mRNA and protein expression of NRAS in CCA pa-
tients

For the purpose of exploring the mRNA and protein level 
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Figure 1: Pattern of NRAS expression in Pan-cancer perspective. 
NRAS mRNA level was upregulated in 13 of 17 frequently-occur-
ring cancers compared to pericarcinomatous tissues. (**P<0.01, 
***P<0.001). ns, no significance.

of NRAS in CCA patients, we analyzed expression data from 
TCGA and HPA. Regarding mRNA expression, paired data analy-
ses indicated that mRNA expression levels of NRAS in CCA tis-
sues were substantially elevated compared to those in adja-
cent normal tissues (Figure 2A, n=9, 5.672 ± 0.425 vs. 3.824 
± 0.247, Paired-Samples T-Test, p<0.001). Unpaired analyses 
also showed that in the same pattern, samples from CCA tis-
sue (n=36) showed significantly higher NRAS mRNA expression 
than control ones (n=9) (Figure 2B, 5.724 ± 0.637 vs 3.824 ± 
0.247, Welch’s t-test, P<0.001). For presenting the NRAS protein 
expression in a graphical way, immunohistochemical stainings 
from HPA were shown. The images indicated that NRAS protein 
was dramatically upregulated in CCA tissue (Figure D1, D2) com-
pared to control ones (Figure C1, C2). The above results pointed 
that both mRNA and protein levels of NRAS are overexpressed 
in CCA tissues. 

Correlation analysis between NRAS mRNA expression and 
clinical pathological characteristics of CCA patients

We conducted Mann-Whitney U-test and logistic regression 
analysis to evaluate the relationship between NRAS mRNA ex-
pression and CCA tissue pathological characteristics. Clinical 
characteristics in patients of CCA are listed in (Table1). NRAS 
mRNA expression was significantly higher in M0 tissue than 
in M1 ones (P=0.013), as shown in (Figure 3). Meanwhile, no 
statistically significant correlations were found between NRAS 
overexpression and other clinical pathological characteristics, 
such as T stage, M stage, gender, age, weight, histological type, 
fibrosis Ishak score, and CA19-9 level. Taken together, these re-
sults suggested that NRAS is related to the metastatic state. It 
hinted that NRAS might not correlate to the tumor progression 
rather than tumorigenesis. 

RNA-Seq levels of NRAS as a diagnostic biomarker to distin-
guish CCA samples from normal samples

The ROC curve analysis was employed to study the diagnos-
tic value of NRAS in CCA samples. The result showed that NRAS 
mRNA expression had an AUC value of 0.997 (95% CI: 0.988-
1.000). At a cutoff of 4.39, sensitivity, specificity, and accuracy 
of NRAS were 0.972, 0.999, and 0.999, respectively. The positive 
predictive value was 90.0%, and the negative predictive value 
was 25.2%. These findings suggested that NRAS could be a po-
tential prognostic biomarker for differentiating CCA tissues and 
normal ones in the clinical setting. 

NRAS mRNA expression and OS

In order to learn the relationship between NRAS mRNA ex-
pression and OS in CCA patients, we performed the Kaplan-
Meier curves analysis. As shown in Figure 4B, the expression 
of NRAS mRNA didn’t affect the OS in CCA patients, and there 
were no significant OS differences between high NRAS mRNA 
expression patients and low ones (P=0.199). 

Protein-Protein Interaction networks and functional anno-
tations

NRAS related data from the STRING database was checked 
with Gene Ontology (GO) analyses and the Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway mapping. (Figure 5A) 
exhibited the network of NRAS and its top 10 co-expressed pro-
teins. The following analysis and functional annotations showed 
that NRAS was associated with EGFR tyrosine kinase inhibitor 
resistance, protein serine/threonine kinase activity, GDP bind-
ing, membrane microdomain, positive regulation of MAPK ac-

tivity, astrocyte differentiation, and so on (Figure 5B). Figure 
5C-K displayed the correlation between NRAS expression and 
co-expressed genes in TCGA CCA patient data.

Figure 2: The mRNA and protein expression of NRAS in cholangio-
carcinoma. (A) Levels of NRAS mRNA in 8 cholangiocarcinomas and 
matched pericarcinomatous normal tissues. (B) The mRNA expres-
sion level of NRAS in 36 cholangiocarcinoma samples and 9 normal 
samples. (C) The protein level of NRAS detected by immunohisto-
chemistry based on Human Protein Atlas database. Normal tissue 
(C1, C2), x100, https://www.proteinatlas.org/ENSG00000213281-
NRAS/tissue/gallbladder. Cancer tissue (D1, D2), x100, https://
www.proteinatlas.org/ENSG00000213281-NRAS/pathology/
liver+cancer. (***P<0.001).

Figure 3: Relationships between NRAS mRNA expression and clini-
cal pathological characteristics. Upregulated NRAS mRNA level was 
significantly correlated with low M stage. However, no statistically 
significant correlations were found between the expression of 
NRAS mRNA lever and T stage, N stage, gender, age, body weight, 
histological type, fibrosis Ishak score, and CA19-9 level.
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Figure 4: ROC and Kaplan-Meier curves for NRAS. (A) ROC curve 
showed that NRAS had an AUC value of 0.997 to distinguish chol-
angiocarcinoma tissues from healthy ones. The sensitivity, specific-
ity, and accuracy were 0.972, 0.999, and 0.999, respectively, with 
a cutoff of 4.39. (B) Kaplan-Meier survival curves showed that the 
OS of cholangiocarcinoma patients with a high level of NRAS mRNA 
was comparable to those with low-level ones (P=0.199).

Figure 5: Protein-protein interaction networks, functional enrich-
ment analysis of NRAS, and correlation analyses between NRAS 
and co-expressed interacted genes in cholangiocarcinoma. (A) The 
protein-protein interaction networks of NRAS. (B) Functional en-
richment analyses of NRAS, which involved 13 proteins. (C-K) The 
correlation analyses of NRAS mRNA expression and co-expressed 
genes in cholangiocarcinoma. 

Table 1: Clinical characteristics of the cholangiocarcinoma pa-
tients based on TCGA database. 

Characteristic Low expression of NRAS High expression of NRAS P

N 18 18

T stage, n (%)   0.436

T1 9 (25%) 10 (27.8%)  

T2 5 (13.9%) 7 (19.4%)  

T3 4 (11.1%) 1 (2.8%)  

T4 0 (0%) 0 (0%)  

N stage, n (%)   0.636

N0 11 (35.5%) 15 (48.4%)  

N1 3 (9.7%) 2 (6.5%)  

M stage, n (%)   0.013*

M0 10 (30.3%) 18 (54.5%)  

M1 5 (15.2%) 0 (0%)  

Age, meidan 
(IQR)

68 (53.25, 71.75) 63 (58.25, 71.75) 0.669

Discussion

In the present work, we confirmed that the mRNA and pro-
tein expression of NRAS is upregulated in CCA tissues. The over-
expressed NRAS mRNA is positively correlated with CCA diagno-
sis. ROC curve analysis suggested that NRAS could be a potential 
clinical biomarker to diagnose CCA tissue from normal ones. 
Our data also showed that NRAS mRNA expression is associated 
with the M0 stage but not the M1 stage. In summary, the ex-
pression level of NRAS may be a diagnostic biomarker of CCA.

NRAS is a critical member of the Ras superfamily. It is con-
sidered one of the vital regulators of cell proliferation, cell 
migration, cell death, and survival [5,9]. As a well-known on-
cogene, overexpressed NRAS stimulates downstream targets 
and urges tumor cells to become more aggressive phenotypes 
[4,10]. Furthermore, several pieces of research indicated that 
upregulation of NRAS in various cancers is associated with an 
unfavorable prognosis and shorter OS [11,12]. However, the 
upregulation of NRAS mRNA and its diagnosis value has not 
been systematically studied in CCA. In the present research, the 
pan-cancer analysis displayed that NRAS mRNA is abnormally 
expressed in various cancers. We furtherly testified that the ex-
pression of NRAS mRNA is meaningfully increased in CCA tissue. 
This data agrees with the previous report by Belikov and col-
leagues [13]. Our findings indicated that the expression level of 
NRAS might potentially be employed as a diagnostic biomarker 
for distinguishing CCA tissue from normal ones. 

The characteristic of NRAS as a prognostic or diagnostic bio-
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marker correlates with poor OS in various cancer. In melanoma 
patients, many studies revealed that NRAS is significantly cor-
related with aggressive phenotype and poor prognosis [14]. In 
leukemia, Cuiffo and colleagues reported that palmitoylation of 
oncogene NRAS positively associated with the leukemogenesis 
process, suggesting that blocking palmitoylation may be effec-
tive in treating oncogenic NRAS-associated malignancies [15]. 
One paper from Jakob revealed that mutation and amplification 
of NRAS are associated with shorter survival and poor prognosis 
in metastatic melanoma [12]. Meanwhile, therapies targeting 
NRAS or downstream genes have achieved a delightful response 
rate in melanoma patients [16]. However, the prognostic value 
of NRAS has not been estimated in CCA. Given that the overex-
pression of NRAS is strongly correlated with CCA tumorigenesis, 
we speculated NRAS might affect the OS in CCA patients. But 
the OS analysis in CCA patients showed no differences between 
patients with high and low NRAS mRNA levels. Thus, our analy-
sis led us to conclude that NRAS mRNA expression is positively 
correlated to CCA tumorigenesis but not prognosis. 

NRAS is a crucial component of the RAS/RAF/MAPK signal-
ing pathway. The pathway plays an essential role in several ma-
lignant cancers. For instance, in melanoma, overexpression or 
mutation of NRAS recruits and stimulates bunches of different 
cancer-promoting signaling pathways that include the RAS/RAS/
MAPK pathway, PI3k/AKT pathway, and many others [17,18]. In 
colorectal cancer, Takane and colleagues pointed out that low 
DNA methylation epigenotype is related to NRAS mutation and 
expression, further activating the RAF/MAPK signaling path-
way [19]. In the present work, analyses of co-expression genes 
in CCA tissue showed that overexpression of NRAS is strongly 
correlated to that of EGFR, BRAF, MMPK3, MAPK, and PIK3CA. 
Based on our findings in this paper, we speculate that the up-
regulation of NRAS mRNA expression might also affect PI3K/
AKT, fibrogenesis, and other signaling pathways in the setting of 
CCA. However, further intensive studies should be performed to 
confirm this correlation. 

This study has several limitations. Firstly, the expression pro-
files of NRAS were downloaded from an online public database. 
Further study with CCA human samples for validating is neces-
sary. Second, the sample size of clinical data is relatively small; 
more CCA patients should be included for a more convincing 
result.

Conclusion

In conclusion, our study confirmed that mRNA expression of 
NRAS is significantly increased in CCA tissue compared to peri-
carcinomatous tissue. The increment is correlated with the me-
tastasis stage. This work suggests that NRAS could be regarded 
as a potential biomarker of CCA tumorigenesis to diagnose CCA 
patients from normal ones.
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