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Abstract. Prevalent mutations in the mitogen‑activated protein 
kinase 1 (MAPK1)/extracellular signal‑regulated kinase 2 
(ERK2) pathway have been identified in cervical squamous 
cell carcinoma in a large‑scale genome sequencing effort. 
Furthermore, mutations in the rat sarcoma viral oncogene 
homolog (RAS)/Raf/Mitogen‑activated protein kinase kinase 
(MEK)/extracellular signal‑regulated kinase (ERK) signaling 
pathway have also been revealed to have important roles in the 
pathogenesis of human cancer. However, whether the poten-
tial hotspot mutations in ERK2 and other components of the 
RAS/RAF/MEK/ERK signaling pathway also exist in Chinese 
patients with cervical carcinoma remains to be elucidated. In 
the present study, a total of 260 patients with cervical carcinoma 
of distinct subtypes were analyzed for the presence of poten-
tial hotspot mutations in the RAS/RAF/MEK/ERK signaling 
pathway. No ERK2 mutations were detected in these samples; 
however, Kirsten RAS (KRAS) p.G12D (c.35G>A) mutation 
was identified in 2/26 (7.7%) cervical adenocarcinoma cases, 
including 1/20 cervical mucinous adenocarcinoma and 1/6 
cervical endometrioid carcinoma cases. In addition, no muta-
tions in the ERK1, neuroblastoma RAS, Harvey RAS or B‑Raf 

proto‑oncogene serine/threonine kinase genes were detected 
in the present study. These results indicated that ethnic differ-
ences may be a primary reason for the discrepancy in ERK2 
mutation frequencies between the current study and previous 
studies. Furthermore, mutation in the KRAS gene, but not other 
genes in the RAS/RAF/MEK/ERK signaling pathway, may 
have an active role in the pathogenesis of cervical carcinoma.

Introduction

Cervical carcinoma is the second most frequent type of 
gynecological malignancy  (1). Despite the availability of 
Pap smear‑based screening decreasing the incidence and 
mortality of cervical carcinoma, it remains a primary cause 
of cancer‑associated mortality in females globally (2). It is 
well established that human papillomavirus infection has an 
important role in the development of cervical carcinoma, in 
addition to genetic alterations that have also been demon-
strated to be required for the initiation and progression of 
this malignancy (3). Although there have been developments 
in the understanding of the molecular etiology of cervical 
carcinoma, the underlying mechanistic details remain to be 
elucidated, emphasizing the requirement for identifying novel 
molecular genetic alterations.

The RAS/RAF/MEK/ERK cascade is an important 
signaling pathway that regulates diverse cellular functions, 
including cell proliferation, survival, differentiation and migra-
tion (4). A number of previous studies have demonstrated that 
mutations in the kinases of the RAS/RAF/MEK/ERK trans-
duction pathway are frequently observed in human cancer, 
including cervical carcinoma (5‑8). Of these, V‑Ki‑ras2 Kirsten 
rat sarcoma viral oncogene homolog (KRAS p.G12, p.G13 and 
p.Q61), neuroblastoma RAS (NRAS; p.G12, p.G13 and p.Q61), 
Harvey RAS (HRAS; p.G12, p.G13 and p.Q61) and B‑Raf 
proto‑oncogene serine/threonine kinase (BRAF; p.V600E) 
mutations were among the most typically observed and were 
considered to be hotspot mutations in these genes (6,9,10).

Furthermore, a large‑scale exome‑ and RNA‑sequencing 
study has identified frequent ERK2 mutations (7.6%, 6/79) 
in cervical squamous cell carcinoma; the hotspot mutation 
is ERK2 p.E322K  (11). By contrast, no ERK2 mutations 
were detected in 24 cases of cervical adenocarcinoma (11). 
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As homologous residues of paralogous genes are mutated 
frequently in human cancer, it was investigated whether 
cervical carcinoma also contained mutations in the ERK1 
p.E339 residue, the homologous residue of ERK2 p.E322 that 
is often mutated in cervical squamous cell carcinoma (12,13).

Presently, the detailed mutational status of the 
RAS/RAF/MEK/ERK signaling pathway in Chinese patients 
with cervical carcinoma remains to be investigated. The 
current study recruited and analyzed tumor tissue samples 
from a cohort of 260 Chinese patients with distinct subtypes 
of cervical carcinoma for the presence of the aforementioned 
potential mutations in the KRAS (p.G12, p.G13 and p.Q61), 
NRAS (p.G12, p.G13 and p.Q61), HRAS (p.G12, p.G13 and 
p.Q61), BRAF (p.V600E), ERK2 (p.E322) and ERK1 (p.E339) 
genes in the RAS/RAF/MEK/ERK signaling pathway.

Materials and methods

Ethics statement. The present study was approved by the 
Institutional Review Board of Jiangxi Provincial Maternal 
and Child Health Hospital (Nanchang, China), and informed 
consent was obtained from each patient prior to analysis. The 
current study was conducted according to the Declaration of 
Helsinki.

Patients and tissue samples. A set of 456 available 
formalin‑fixed, paraffin‑embedded (FFPE) cervical cancer 
tissues were prepared from samples obtained via surgical 
removal from July 2008 to August 2013, stored at room 
temperature, were obtained from the archives of the Depart-
ment of Pathology at Jiangxi Provincial Maternal and Child 
Health Hospital. All of these samples were reviewed by two 
experienced pathologists who were blinded to the patient char-
acteristics. Only those >40% of cancerous cells, as determined 
via staining with 0.5% haematoxylin for 5 min, followed by 
1% eosin for 10 min and then analyzed with a light microscope 
under magnification, x20‑x200 (BX53T‑32P01; Olympus 
Corporation, Tokyo, Japan) after dehydration, were included 
in the present study. According to these criteria, 260/456 tissue 
samples were further selected for the present study, including 
207 cases of squamous cell carcinoma, 27 of adenosquamous 
carcinoma and 26 of adenocarcinoma. For the 26 patients with 
adenocarcinoma, 20 were mucinous and 6 were endometrioid 
(Table I).

DNA isolation and polymerase chain reaction (PCR) 
amplification. The genomic DNA of FFPE tissue samples was 
isolated using a commercially available DNA isolation kit (cat. 
no., R6954‑02, Omega Bio‑Tek, Inc., Norcross, GA, USA). 
The genomic regions spanning the potential mutation hotspots 
in the KRAS, NRAS, HRAS, BRAF, ERK1 and ERK2 genes 
were amplified using PCR with their respective primer pairs 
(Table II). For the PCR reaction, a total of 300 ng genomic 
DNA was used as a template for the nine amplicons in a final 
volume of 25 µl, amplified with LA Taq DNA Polymerase 
(Takara Biotechnology Co., Ltd, Dalian, China). The PCR 
was run with the following program: 94˚C for 3 min, 35 cycles 
of 94˚C for 30 sec, 52‑60˚C for 30 sec and 72˚C for 20 sec, 
with a final 72˚C extension for 10 min (Table II). All PCR 
reactions were performed in a Thermal Cycler 2720 (Applied 
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Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA).

Protein sequence homology analysis. Human ERK2 
(NP_002736) and ERK1 (NP_002737) protein sequences 
were obtained from GenBank database (www.ncbi.nlm.nih.
gov/genbank/), and the DNASTAR® Lasergene version 7.2 
software (DNASTAR, Inc., Madison, WI, and USA) was used 
to analyze the protein sequence homology.

Direct sequencing of the RAS/RAF/MEK/ERK pathway 
mutations. The PCR products were subsequently purified 
using a TIANquick Midi Purification kit (cat. no., DP204‑02, 
Tiangen Biotech Co., Ltd., Beijing, China), according to the 
manufacturer's protocol. Subsequently, the purified PCR 
products were analyzed by Sanger sequencing with an ABI 
Prism 3730 DNA sequencer (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) as described previously (14). All identi-
fied mutations were confirmed with an independent PCR and 
bidirectional sequencing; the potential somatic mutations were 
confirmed by sequencing of the paired adjacent control tissues.

Results

Absence of ERK2 and ERK1 mutation. The results of 
sequence homology analysis demonstrated that ERK2 p.E322 
and ERK1 p.E339 residues were the homolog residues (Fig. 1). 
The 260 patients involved included 207 cases of squamous 
cell carcinoma with a median age of 44 years (range, 27‑67),  
27 of adenosquamous carcinoma with a median age of 41 years 
(range, 23‑58) and 26 of adenocarcinoma with a median age of 
43 years (range, 31‑59). There were no ERK2 p.E322 muta-
tions detected in the 260 tumor samples, nor any ERK1 p.E339 
mutations in these tissue samples (Table I; Fig. 2).

Mutations in other genes of the RAS/RAF/MEK/ERK pathway. 
The 260 patients were also screened for potential hotspot 
mutations in the KRAS, NRAS, HRAS and BRAF genes in the 
RAS/RAF/MEK/ERK pathway (Table II). In total, the KRAS 
p.G12D (c.35G>A) mutation was identified in 2/26 (7.7%) 
cervical adenocarcinoma cases, including 1/20 (5.0%) cases 
of cervical mucinous carcinoma (CCC‑199) and 1/6 (16.7%) 
patients with cervical endometrioid carcinoma (CCC‑190; 
Table  I; Fig.  3), who were 43 and 31  years, respectively; 
however, these mutations were not detected in the remaining 
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Figure 1. Protein sequence homology analysis of ERK2 and ERK1. Human 
ERK2 (NP_002736) and ERK1 (NP_002737) protein sequences were 
obtained from the GenBank database, and the amino acid sequences were 
aligned with DNASTAR® Lasergene version 7.2 software, according to the 
software manuals. The 317th‑327th amino acids of ERK2 and 334th‑344th 
amino acids from ERK1 are displayed here. ERK, mitogen‑activated protein 
kinase.
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tissue samples. Additionally, no mutations were detected in the 
KRAS (p.G13 and p.Q61), NRAS (p.G12, p.G13 and p.Q61), 
HRAS (p.G12, p.G13 and p.Q61) and BRAF (p.V600E) genes 
in the remaining tissue samples (Table I; Fig. 2).

Discussion

Using whole‑exome sequencing and validation analyses, 
Ojesina et al (11) reported existing ERK2 p E322K mutations 
(5.1%, 4/79) in cervical squamous cell carcinoma. However, 
the results of the current study were contrary to those of 
Ojesina et al (11) as there were no ERK2 p.E322 mutations 
detected in this cohort of 260 Chinese patients with distinct 
subtypes of cervical carcinoma (11).

The discrepancy in the mutation frequency of ERK2 
between the present and previous study (11) requires consid-
eration. Regarding the methods of this mutation screen, 
sensitive Sanger sequencing was adopted, whilst the previous 
study (11) detected the potential mutations using the more 
sensitive exome‑ and RNA‑sequencing techniques; therefore, 
it is possible the current study may have missed potential 

mutations. However, it was noted that each tissue sample 
analyzed in the present study contained >40% of tumor cells; 
this is beyond the detection sensitivity of Sanger sequencing, 
which has a detection threshold of 6.6‑20% of the mutated 
allele in a background of the wild‑type allele (15‑19). Further-
more, a high frequency of KRAS mutations were detected in 
the cervical adenocarcinoma tissues using Sanger sequencing, 
which is comparable to that observed by numerous previous 
studies wherein the analyzed patient tissue samples contained 
high proportions of cancerous cells (≥40% malignant cells), 
comparable to the proportion of malignant cells in the present 
study  (11,20,21). Therefore, a possible explanation for the 
discrepancy in mutation frequencies is the difference in ethnic 
background, as the prior study  (11) focused on European 
females whilst the current sample cohort was Chinese in 
origin, suggesting that the ERK2 mutations may be specific to 
certain populations.

In addition, neither the 27  cases of adenosquamous 
carcinoma, nor the 26 adenocarcinoma cases, were identified 
to have ERK2 mutations; these results are concordant with 
those of previous studies that demonstrated that ERK2 muta-
tions occurred only in squamous cell carcinoma and not in 
adenocarcinoma (11,22).

A number of previous studies have demonstrated that 
the homologous residues of paralogous genes are frequently 
mutated in human cancer (12,13). However, the current study 
did not detect any mutations in ERK1 p.E339, the homologous 
residue of ERK2 p.E322, in the 260 tissue samples of distinct 
subtypes of cervical carcinoma, implicating that ERK1 p.E339 
mutations may not be actively involved in the pathogenesis of 
these diseases.

C o n s id e r i ng  t h a t  nu m e r o u s  ge n e s  i n  t h e 
RAS/RAF/MEK/ERK signaling pathway are frequently 
mutated in human cancer (23,24), the current study screened 
cervical carcinoma samples for the potential hotspot muta-
tions in the KRAS, NRAS, HRAS and BRAF genes. Amongst 
these, a KRAS p.G12D mutation was identified at a high 
frequency (7.7%, 2/26) in cervical adenocarcinoma, but was 
absent in the 207 cases of squamous cell carcinoma and in 
the 27 of adenosquamous carcinoma. The frequency of the 

Figure 2. Representative sequencing electropherograms of the potential mutation site in ERK2 p.E322, ERK1 p.E339, KRAS (p.G13 and p.Q61), NRAS 
(p.G12, p.G13 and p.Q61), HRAS (p.G12, p.G13 and p.Q61) and BRAF (p.V600E); the arrows refer to the wild type sequence with potential hotspot mutations. 
ERK, mitogen‑activated protein kinase; KRAS, Kirsten rat sarcoma viral oncogene homolog; NRAS, neuroblastoma RAS; HRAS, Harvey RAS; BRAF, B‑Raf 
proto‑oncogene serine/threonine kinase.

Figure 3. Representative sequencing electropherogram of KRAS p.G12D 
(c.35G>A) mutation; the arrow refers to the location of the mutation. KRAS, 
Kirsten rat sarcoma viral oncogene homolog.
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KRAS mutation observed in the tissue samples analyzed in 
the present study was similar to that identified in numerous 
previous studies, where the frequency of the KRAS mutation 
ranged from 8.0‑17.5% in cervical adenocarcinoma, to absent 
or rare in cervical squamous cell carcinoma (11,20,21). Taken 
together, these results further support the hypothesis that 
KRAS mutations are frequent and may be a driving factor for 
the development of cervical adenocarcinoma (20,21), but not 
for squamous cell carcinoma or adenosquamous carcinoma.

In addition, previous studies identified that the frequencies 
of NRAS, HRAS and BRAF hotspot mutations were absent or 
low in cervical squamous cell carcinoma or adenosquamous 
carcinoma (11,21,25,26). Similarly, the current study also did 
not identify the potential hotspot mutations in these genes in 
the 260 cases of cervical carcinoma with distinct subtypes. 
However, due to the limited sample sized analyzed here, it 
is hard to draw a definite conclusion that whether the muta-
tions in NRAS, HRAS and BRAF would possess a role in the 
pathogenesis of cervical squamous cell carcinoma or adeno-
squamous carcinoma.

In conclusion, ERK2 hotspot mutations were not detected 
in the cervical squamous cell carcinoma cases of the present 
study cohort, and the ethnic variation compared with previous 
studies may be one of the primary reasons. In addition, muta-
tions in KRAS, but not NRAS, HRAS, BRAF or ERK1, in 
the RAS/RAF/MEK/ERK signaling pathway were detected in 
cervical adenocarcinoma tissues with a higher frequency, indi-
cating that the KRAS p.G12D mutation may serve an active 
role in the pathogenesis of cervical adenocarcinoma.
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