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Abstract

Background This study is focused on the identification of gene mutations in H-ras which are probably associated with tumor
recurrence in oral squamous cell carcinoma (OSCC) following conventional therapy.

Methods Surgically removed biopsies from OSCC patients without recurrence (n=43) and biopsies from recurrent cases
(n=19) were analyzed. Also, gingival tissues (n=>5) from normal individuals were processed and considered as control.
DNA was extracted and amplified using primers for exons 1 and 2 for the H-ras gene, and then DNA products were analyzed
using Sanger’s sequencing technique. Besides, H-ras expression was compared in samples by immunostaining (IHC), using
anti-ras antibody.

Results Demographic data show that smoking habit in patients and recurrent tumors was ~44.1 and 78%, respectively.
The major site of malignancy was tongue tissue (40-60%). The rate of pathological stage III/IV were 41.8 and 100% in
primary tumors and recurrence malignancy respectively. The sequencing data showed that a specific mutation in H-ras gene,
Glyl12Ala (G6266A) in recurrence samples and primary cases was detected in ~66.6% and 10% respectively. Accumula-
tion of H-ras protein in tissues was relatively high scores (> 5) in both primary and recurrence tumors. The H-ras mutation
detected was associated with increased level of H-ras protein accumulated in the malignant cells (IHC data).

Conclusion These data may suggest that regardless of the causes and factors involved, Glyl12Ala (G6266A) is associated
with recurrence in high-grade OSCC tumors.
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Introduction

According to the World Health Organization (WHO) statis-
tics, the prevalence of oral cavity cancer is relatively high
in the developing countries [1]. Accordingly, the incidence
of oral cancer is increasing in the Iranian population and
ranks as the 10™ most prevalent cancer among other cancers
[2]. Head and neck carcinoma is a group of heterogeneous
disease that involve different regions in the oral cavity with
different histological characteristics, including paranasal
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sinuses and salivary glands [3]. Evidences show that the
etiological factors of oral cancers may differ in populations
living in different geographical regions. Environmental fac-
tors as well as lifestyle are considered as major factors con-
tributing to such differences in the incidence of oral cancer
[4]. For instance, cigarette smoking could be a common risk
factor in different populations [5], but the contribution of
human papilloma virus (HPV) infection as a risk factor may
differ in different regions [6]. Studies carried out on Iranian
patients diagnosed with OSCC show that this malignancy is
associated with smoking but not with at least types 16 and
18 of HPV [7]. However, evidence show that HPV infection
is probably a major risk factor for oral cancer in the Euro-
pean population [8, 9].

To our knowledge, there are no particular molecular and
genetic markers for diagnosis and monitoring treatments
for oral SCC. However, alterations in oncogenes and tumor
suppressor genes, including changes in their protein prod-
ucts, have been reported [10]. Genetic mutations in TP53,
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PIK3CA, NOTCHI1 and CDKN2 genes [11] are the most
frequently reported from different regions [12]. Accord-
ingly, over-expression of FGFRI1/FGFR3/EGFR/H-RAS
PTEN/CKND2a and myc genes which are linked to epigen-
etic changes, particularly methylation in promoter region of
pl6 and TGM-3 genes have been assigned to progression of
oral SCC [13].

H-ras is among the oncogenes that most frequently
undergo genetic mutations in OSCC [14]. H-ras gene
belongs to the ras gene family (H-, K- and N-ras), which
plays important role in development of tumors [15]. A point
mutations (missense) in codons 12 and 13 of exon 2 of this
gene can lead to decreased GTPase activity of H-ras pro-
tein, causing constitutive activation of this protein [16, 17].
This mutation can lead to abnormal cell proliferation and
progression [18].

Genetic analysis of H-ras is probably more relevant to
the initiation and progression of oral SCC. The missense
mutations in codons 12,13, and 61 have been reported in
oral cancer in patients in India [16], and in the USA [19].
The type of gene mutations in oral cancer patients has also
been identified, mainly as point mutations in FGFR exons
[20]. The conventional protocols used for oral cancer treat-
ment in Iran are mainly surgery, radiotherapy, and chemo-
therapy [21]. However, recurrence in some of the patients
is an emerging issue [22, 23]. During the period of sample
collection for analysis of genetic and molecular markers in
Iranian patients, we noticed that a considerable number of
patients suffered from cancer recurrence. Earlier we reported
that the H-ras expression at mRNA levels is substantially
higher in OSCC samples, particularly in moderately differ-
entiated (MD)/ poorly differentiated (PD) tumors compared
to normal gingival [24] Based on this information, the pres-
ent study was carried out to examine the possible impact of
H-ras (exon-1 and exon-2) gene mutations on recurrence of
this type of malignancy in Iranian patients.

Materials and Methods
Patients and Collection of Biopsies

This cross-sectional study was conducted at the Cancer
Institute, Imam Khomeini Hospital, Tehran, Iran from July
2019 to August 2020. Sixty-two patients diagnosed as cases
of OSCC were enrolled in the study, among these patients,
nineteen recurrent cases were identified. All the recurrent
patients were receiving both chemotherapy and radiother-
apy according to the standard cancer therapy guidelines [25,
26]. The treatment protocol used for management of almost
all these patients is surgery combined with radiotherapy and
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chemotherapy (cisplatin and cetuximab). The patients were
selected based on a questioner.

Surgically removed tumor biopsies were collected from
OSCC patients without recurrence (n =43) and tumor recur-
rent cases (n=19). Also, gingival tissue biopsies from a
group of age and sex-matched apparently healthy candidates
(n=5), were collected and processed and considered as con-
trol. Representative images from the site of the tumors as
well as histological examinations (H&E staining) are pre-
sented in Fig. 1.

A written informed consent was obtained from each
patient before undergoing surgery for the use of their clini-
cal data for research purposes. This study was conducted in
accordance with the Helsinki declaration and was approved
by the Medical Ethics Committee of the Cancer Institute
of Imam Khomeini Hospital, Tehran University of Medi-
cal Sciences (ID99-10-21-400). Surgically removed tumor
biopsies were collected from each patient and cut into small
pieces. A small piece of the tissue was fixed in formalin solu-
tion (10%) and sent to the pathology department for routine
sectioning, staining, IHC and histopatholgical examination
for determination of tumor grade and stage. Another portion
was transferred to microtubes and immediately transferred
to a deep freezer (-80 °C) until homogenization and DNA
extraction.

DNA Extraction

DNA was extracted from tumor biopsies using the QIAamp
DNA FFPE Tissue Kit (Cat. No0.56,404, Qiagen, Germany).
The quality of each DNA sample was determined using a
NanoDrop (2000 C Spectrophotometer, Thermo Scientific,
Wilmington, DE, USA. DNA samples with an absorption
ratio (260 nm/280 nm) greater than 1.92 was considered
acceptable and the sample was processed for further analy-
sis. The quality of DNA samples was further checked by
electrophoresis analysis on a 1% agarose gel.

PCR Analysis

For detection of any possible mutation in exon —1 and
exon-2 of the H-ras gene, the gene was amplified using spe-
cific pair of primers as shown below:

Exon — 1.

Forward: 5"GCCCTGCTCGGAGATGC3".

Reverse: 5" GGACCGTGCCCAGCG3".

Exon —2.

Forward: 5"TGTGGGTTTGCCCTTCAG 3".

Reverse: 5" ATGAGGAAGCAGGAGACAG3'.

The reaction mixture consisted of 10 pl master mix (2X
PCR Master Mix Red, MgCl2, 1.5mM- 1.25 ml, Ampliqon,
Cat.No.180301-50), 0.5 pul of each of the forward primer
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Fig. 1 Histopathology of tumor tissues, Microscopic data (A) H&E stained tissue biopsies from OSCC tumor, (B) Normal gingival mucosa tissue,
negative, C and D show IHC from biopsies of recurrence and primary tumors respectively. Magnification 100x

(uM), 0.5 pl reverse primer (0.5 pl), and 1 pl DNA tem-
plate. DNA was amplified for 40 cycles at 95 °C for 30 s,
61 °C for 30 s, and 72 °C for 35 s, followed by 10 minutes’
final extension at 72 °C.

The DNA product was analyzed on agarose gel electro-
phoresis (1%). A DNA ladder of 100 bp (GeneAll, Cat. No.
GA-010, Korea) stained with Gel Red® (Biotium, Cat. No.
41,003, USA) was also analyzed as a standard.

Direct DNA Sequencing

The PCR products initially prepared from DNA samples
(n=62) together with the primer samples used in the initial
PCR were processed for direct sequencing. Sequencing was
carried out on a Chromas Pro sequencing machine (Technely-
sium, South Brisbane, Australia, version 2.6.6), and the
nucleotide blast program of NCBI. The sequencing data was
aligned with the reference sequence (NG_007666.1) avail-
able in the GenBank database (www.ncbi.nlm.nih.gov/gen-
bank). Furthermore, the clinical significance of mutations
detected was characterized by using the ClinVar database
(www.ncbi.nlm.nih.gov/clinvar/).

Immunohistochemistry (IHC) for H-ras

For this assay, paraffin-embedded tissue blocks were cut into
2 pm sections. Sections were deparaffinized and dewaxed
in xylene, rehydrated in descending alcohol concentrations.
From each sample, at least 3 sections were prepared, and
then the sections were placed in citrate buffer (pH 6.0) for
antigen retrieval. Then endogenous peroxidase activity was
blocked by incubation with hydrogen peroxide for 10 min.
The slides were incubated with primary antibody (Mouse
monoclonal antibody against the recombinant H-Ras pro-
tein, Cat.No.:sc-29, from the Santa Cruz Biotechnology Inc)
for 60 min at room temperature.

The sections were placed in secondary antibody (Cat. #
M1U539 G, L10BIO C ARE Medical, USA) solution for
15 min, in MACHI1 polymer for 15 min, and in DAB stain-
ing (3,3’-Diaminobenzidine) for 15 min. The sections were
then counter stained with hematoxylin, dehydrated, cleared,
and mounted.

The primary antibody for detection of H-ras accumu-
lation in the tissues was optimized at a concentration of
1-2 pg/100-500 pg of total protein (1:50 dilution). IHC
scoring was carried out by two independent pathologists,
and H-Ras protein expression was assessed by giving
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Table 1 Patients’ demographics and tumor characteristics

Characteristics Patient Recurrent Control
Number (%) Number (%) Number (%)

Age (Mean+SD) 62.8+13.6 674+134 59.6+13.2
Gender (Male/Female) 25/18 12/7 4/1
Tobacco smoking 19(44.1%) 15(78.9%) 4(80.0%)
Tumor grade

Well differentiated ~ 30(69.7%) 0

Moderate 9(20.9%) 12(63.1%)  N/A?

differentiated

Poor differentiated ~ 4(9.3%) 7(36.8%)
Tumor Stage

I, 11 25(58.1%) 0

1L IV 18(41.8%) 19(100%) N/A
Tumor site

Lips 3(6.9) 0

Tongue 22 (51.1%)  12(63.1%)

Floor of mouth 9(20.9%) 0 N/A

Buccal mucosa 4(9.3%) 4(21.0%)

Gingiva 2(4.6%) 0

Hard palate 3(6.9%) 3(15.7%)
# Not applicable

scoring numbers of 0 to 8 according to proportion score and

intensity.

Scoring System Used for IHC

Semi-quantitative analysis of H-ras-stained tissue sections
was performed based on the Allred scoring system guide-
lines (44). To achieve the final scores, individual scores of
the percentage of H-ras-positive cancer cells (0-5) and the
staining intensity of the cytoplasmic H-ras (0-3) (Fig. 1)
were summed up. The percentage of H-ras-positive cancer
cells was set as follows: 1—Iess than 1% of positive cancer
cell; 2—from 1 to 10% of positive cancer cell; 3—from 11 to
33% of positive cancer cell; 4—from 34 to 66% of positive

Fig. 2 Mutations detected in Al R A S A B! IR I BN

exons 2 H-ras gene of samples
from recurrent OSCC patients
(A) H-ras exon 2 Gly12Val. The
arrow indicates the substitution
of a guanine by a thymine. (B)
H-ras exon 2 Gly13Asp and
Glyl12Ala. The arrow indicates
the two substitutions 1: A guanine
by a cytosine 2: guanine by

an adenine. (C) H-ras exon 2
Gly12Ala. The arrow indicates
the substitution of a guanine

by an adenine. (D) H-ras exon

2 “Silent mutation” the arrow
indicates the substitution of

a cytosine by a thymine. The
sequence chromatogram fragment
of the H-ras gene as determined
by using the classic Sanger’s
method
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cancer cell; and score 5—more than 67% of positive cancer
cell. Whereas, the staining intensity in the cytoplasm was
scored as: 1—weak; 2—medium; and 3—strong [27]. The
addend combinations (Proportion score+ Intensity score)
for the Allred scoring system. The scoring system used for
comparing the accumulation of H-ras protein in the cells is
based on the intensity and classified as follows; Score 0 for
negative, scores 2—3 for weak, scores 4—6 for moderate, and
scores 7-8, for strong.

Results

The results presented here are confined to the oral SCC
cancer samples (n=62) referred to the hospital. As shown
in Table 1, the majority of the cases (63.1%) had tumors
in tongue tissue, four cases (21.0%) had tumors in buccal
mucosa, and three cases (15.7%) had tumors in the hard
palate. The pathological stage of tumors in the recurrence
cases was diagnosed as stage III (n=6, 31.5%) and stage IV
(n=13, 68.4%) on the basis of the pTNM staging system.
Studies on the pathological grade of tumors revealed that in
12 cases (63%), tumor cells were moderately differentiated
and in 7 cases (36.8%) were poorly differentiated.

Identification of Mutations (Direct Sequencing)

The data of the sequencing of exon 2 of the H-Ras gene
(NG_007666.1) in the recurrence cases (n=19) as well as
normal controls (n=5) is presented in Fig. 2.

The prevalence of the gene mutation found in most
of the recurrence cases was a typical point mutation,
considered as a missense change. The GI12A and GI12V
mutations were identified in 17 samples (89.4%) obtained
from recurrence patients (Table 2). Five of the samples
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Table 2 Comparison of H-ras gene mutations in OSCC patients and
those with recurrence

Mutated H-ras gene Mutated  Patients Recurrent
H-ras group group
gene N=43(%) N=19(%)

Amino Acid CDSs?
mutation

p.GP12V© c.35G>T 1(3.3%) 5(25%)

p.G12A¢ c.35G>A 4(10%) 12(66.6%)

p.G13D° c.38G>C 0 2(16.6%)

p.G13s" ¢37G>A 6(133%) 0

p-All(coding silent) c.33C>T 3(6.6%) 2(8.3%)

2 Coding sequence Glycine “Valine ¢ Alanine ¢ Aspartate | Serine

(OSCC-A-2, OSCC-A-37, OSCC-A-15, OSCC-A-10
and OSCC-A-12) had mutations in amino acid codon 12
of exon 2 of the H-Ras gene that were G—T transver-
sion (Glycine to Valine) (Fig. 2 A and Table 3). As an
exceptional case, two samples registered under the code;
OSCC-A-3 and OSCC-A-45, had two mutations that
refer to codon 6263 where Guanine was substituted by
a Cytosine (transversion) and codon 6266 Guanine was
substituted by an Adenine (transition). In these samples,
there were two substitutions, Glycine to Alanine and
Glycine to Aspartate, in codons 12 and 13 respectively,
were observed (Fig. 2B; Table 3). Twelve samples had
missense mutations in codon 12 of exon 2 of H-Ras.
The translational outcome of the G —A transition was a

substitution of a Glycine with an Alanine (Fig. 2 C and
Table 3).

IHC Data for H-ras Protein Detection

IHC data presented in Fig. 1, shows that H-ras oncopro-
tein is mainly localized in the cytoplasmic region in tumors
obtained from OSCC cases. According to the scoring sys-
tem used in this study, the majority of samples (15/19)
showed relatively high scores (Score > 5) (Table 3), which is
significantly higher compared to normal biopsies (p < 0.05).
Of note, the control samples are not included in Table 3.
However, all the control samples have the sum of score less
than 5 (Fig. 3).

Discussion

In this paper, we report a missense mutation in exon 2 of the
H-ras gene which could be linked to the recurrence of oral
carcinoma in Iranian patients after undergoing conventional
treatments. During our study, we encountered individuals
19/62 (30.6%) with cancer recurrence within 6 months of
treatment. It was interesting to see if there were differences
in gene mutations. Hence, the gene mutations in H-ras
(exons 2) were compared in cancer patients with those who
experienced a recurrence of malignancy (Table 2).

Table 3 H-Ras gene mutation analysis in Iranian OSCC recurrence patients

H-Ras mutations H-Ras THCP
No. Patient code Age/Sex Tumor diagnosis Codon Base Changes in Amino Acid Proportion score Intensity score Sum
1 OSCC-A-2  48/M 0OSCC 6257 G-T Gly°12—Val! 4 3 7
2 OSCC-A-37 69/F OscCcC 6257 G-T Glyl2—Val 5 3 8
3 OSCC-A-34 67/M OsccC 6266 G—A Glyl2—Ala 5 3 8
4  OSCC-A-26 72/F 0OsccC 6266 G—A Glyl2—Ala 4 3 7
5 OSCC-A-3  79M 0OsccC 6266 6263 G—A G—C Glyl2—Ala® 5 3 8
Gly13—Asp®
6  OSCC-A-17 85/F 0OsccC No mutation NAf 3 2 5
7  OSCC-A-45 52/M 0OscCC 6266 6263 G—A G—C Glyl2—Ala 3 1 4
6219 C-T Gly13—Asp
Coding silent
8 OSCC-A-47 47M OsccC 6266 G—oA Glyl2—Ala 4 3 7
9  OSCC-A-36 56/F 0OsccC 6266 G—A Glyl2—Ala 5 3 8
10 OSCC-A-30 51/M 0OsccC 6266 G—A Glyl2—Ala 3 2 5
11  OSCC-A-15 62/M 0OscCC 6257 G—-T Glyl12—Val 4 3 7
12 OSCC-A-6 67/F osccC 6266 G—A Glyl2—Ala 4 3 7
13 OSCC-A-10 82/M OscCcC 6257 G-T Glyl2—Val 5 3 8
14 OSCC-A-22 73/M OscCcC 6266 G—A Glyl2—Ala 5 3 8
15 OSCC-A-7 66/F 0OsccC 6219 C—>T Coding silent 3 2 5
16 OSCC-A-8 62/M 0OsCC 6266 G—A Glyl2—Ala 5 3 8
17 OSCC-A-12 58M 0osccC 6257 G—-T Glyl12—Val 4 3 7
18 OSCC-A-18 79/F osccC 6266 G—A Glyl2—Ala 4 3 7
19 OSCC-A-9 68/M OSCC 6266 G—oA Glyl2—Ala 5 3 8

2 Oral squamous cell carcinoma ®

immunohistochemistry ¢ Glycine ¢ Valine ¢ Alanine ! No change ¢ Aspartate
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Fig. 3 Comparison of immunohistochemistry data for H-ras in recur-
rence, primary tumors and control tissues. The IHC assay, antibody
and scoring system used has been described in methods. The data are
relative percentage of score>5 in recurrence cases (n=19), primary
cases (n=43) and controls (n=5)

Such differences could be due to several factors which
are responsible for oral cancer causation and/or due to the
response to treatments by some individuals. Oral carcinoma
is a multi-factorial malignancy and the incidence and pro-
gression highly depends on environmental and lifestyle
factors. Therefore, the incidence of oral cancer can differ
in different ethnic groups living in different geographic
regions. Iran is a unique society with special dietary habits
and lifestyle. In recent years the incidence of oral cancer has
been increasing in younger individuals (<45 years), with
unknown etiology [28]. Earlier, we reported that this type of
cancer is not associated with HPV infection, but most likely
tobacco smoking, which was found to be associated with the
incidence and development of this type of cancer [7]. Our
study on Iranian patients with oral carcinoma is focused on
the expression of molecular markers often considered for
diagnosis such as H-ras, p16 and Cox-2 genes [7, 24]. The
H-ras mutation detected was corroborated by the increased
level of H-ras protein accumulated in the malignant cells as
shown in IHC data. The accumulation of H-ras protein in
tumor tissues was high (Score > 5) in both primary tumors
and recurrence tumors (Fig. 1). This finding may suggest
that gene mutations in exons 2 can lead to overexpression
of H-ras protein as a consequence of which abnormal pro-
liferation and progression of tumor can occur. Ras protein
activate signaling pathways and networks controlling cell
proliferation, differentiation and survival [18]. Although
H-ras mutations which render the protein constitutively
active are common in different types of cancers, there is a
distinctive pattern of mutation frequencies of H-ras muta-
tions in each cancer type [29]. The missense mutation in
codons 12,13 and 61 has been reported in oral cancer in
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patients in India [16, 17], USA[19], Japan [30] and China
[31] with distinct patterns and etiological factors.

The importance of the present study is the detection of
a considerably high frequency (>60%) of H-ras G6266A
mutation (Gly12 Ala) in oral SCC recurrence cases. More-
over, the evidence shows that patients with recurrent oral
SCC show higher pathological stages (III and IV) of tumors
compared to patients with primary tumors. Substitution of
Glycine at the 12™ amino acid position by Alanine or Valine
was the most common mutation observed. Since Glycine
plays an important role in secondary structure of proteins, it
is assumed that this causes a disruption in protein structure
and function.

There are different factors contributing to the recurrence
of OSCC, among which the treatment protocols in different
countries and regions can be considered important [21]. The
limited information provided in this paper may suggest that
probably smoking habit is another important issue that may
contribute to the recurrence of oral SCC, as it was shown
that the number of smoker cases suffering with tumor recur-
rence is greater as compared to those suffering from pri-
mary malignancy. This data is implicated in the diagnosis of
oral SCC as well as the prediction of patients vulnerable to
recurrence of oral SCC. H-ras gene mutations linked to oral
SCC can help to improve treatment protocols. This informa-
tion, although important, needs to be verified with a larger
sample size. However, no sufficient evidence is available to
prove the relationship of H-ras mutations with the treatment
protocols applied to these patients.
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