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Abstract

The aim of this study is to investigate the role of RASSF1A and KRAS 
protein immunoexpression in Oral Leukoplakia with Epithelial Dysplasia (OLD) 
and in Oral Squamous Cell Carcinoma (OSCC). Immunohistochemical staining 
for RASSF1A and KRAS was performed and a semiquantitative analysis 
was applied to samples of the Control Group (CG, n=20), OLD (n=39), and 
OSCC (n=100). No significant difference was observed between RASSF1A 
immunoexpression and OLP and OSCC groups (p>0.05). KRAS expression 
was higher in OSCC than in OLP and CG (p<0.05). No association was 
observed between RASSF1A or KRAS expression and alcohol/tobacco use 
or clinicopathological features (p>0.05) in the OSCC group. Also, patients 
with OSCC who presented KRAS overexpression had a worse disease-free 
survival rate (p=0.04). RASSF1A expression was similar in OLD and OSCC 
groups, suggesting that it plays a critical role in the early stage of OSCC. KRAS 
expression was higher in OSCC when compared with normal and dysplastic 
tissues, showing that KRAS expression increases with malignant progression.

Keywords: Oral leukoplakia; Oral cancer; Oral squamous cell carcinoma; 
Oncoprotein

Introduction
Oral leukoplakia is recognized as a white plaque of questionable 

risk, diagnosed excluding other known disorders or diseases that 
carry no increased risk for cancer [1]. It is considered as the most 
common potentially malignant oral disorder encountered in clinical 
practice [2,3]. Its malignant transformation is reported in about 1% 
of cases, resulting in 20 per 100,000 new cases of Oral Squamous Cell 
Carcinoma (OSCC) per year [2].

Squamous Cell Carcinoma (SCC) is the most common malignant 
neoplasm of the oral cavity. Alcohol abuse and tobacco use are the 
major risk factors for oral cancer [4]. They increase the Reactive 
Oxygen Species (ROS) causing oxidant/antioxidant imbalance. 
This is accompanied by lipid peroxidation, oxidative DNA damage, 
damage to macro- and micro-molecules of cells, and disturbances of 
antioxidant defense, which can initiate the malignant process [5].

Mutant KRAS (Kirsten Murine Sarcoma Virus) elevates 
intracellular Reactive Oxygen Species (ROS) levels and leads to 
oxidative DNA damage. Ras Association Domain Family 1 Isoform A 
(RASSF1A) is known to play a role as a Ras effector. The suppressive 
effect of RASSF1A on ROS production is triggered by activated 
K-RAS. RASSF1A attenuates KRAS-triggered oxidative DNA damage 
and chromosomal damage [6].

Despite advances in diagnostic methods, the malignant 
transformation predictor of oral leukoplakia into OSCC is still 
based on conventional histopathological examination [3]. In recent 
years, the interest in genes that predispose to the carcinogenesis of 
oral leukoplakia has grown. Therefore, the aims of this study are to 
investigate the pattern of RASSF1A and KRAS immunoexpression in 
Oral Leukoplakia with Epithelial Dysplasia (OLD) and compare to 
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OSCC and to epithelial without dysplasia (control group/CG), and to 
associate the results with clinicopathological features.

Materials and Methods
The Research Ethical Committee of the University of Sao 

Paulo State approved this study (CAAE 34246314.9.1001.0077). 
Previously, calibrated examiners performed all the following analyzes 
independently and the Kappa test was used to determine agreement 
between them (VC, MPR and EK).

A retrospective analysis from 1990 to 2007 was performed and 
100 samples with diagnosis of OSCC were obtained from the files 
of the Department of Pathology, AC. Camargo Cancer Center, Sao 
Paulo, Brazil. During a period from 1992 to 2016, 39 samples with 
diagnosis of OLD and 20 samples of epithelial tissue from fibroma 
without epithelial dysplasia or inflammation (control group/CG) 
were obtained from the files of the Department of Biosciences and 
Oral Diagnosis, São Paulo State University, São José dos Campos and 
from Department of Clinical and Preventive Dentistry, Pernambuco 
Federal University, Brazil. Clinicopathological features, variables 
and follow-ups were collected from patients’ medical history charts. 
Cases of OSCC were staged according to the AJCC cancer staging 
manual [7]. Histopathological diagnoses and histological grades were 
reviewed and were classified according to El-Naggar et al., 2017 [4].

Tissue Microarray (TMA)
For OSCC samples, TMA was built following methods similar to 

those reported earlier by Kaminagakura et al., 2011 [8].

Immuno HistoChemistry (IHC)
The methods used herein are similar to those reported earlier 

by Costa et al., 2019 [9]. The sections were incubated with primary 
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antibodies against RASSF1A (1:200, clone NBP1-89411, Novus 
Biologicals, CO, EUA) and KRAS (1:100, clone ab55391, Abcam, MA, 
USA) at 4ºC overnight.

A semiquantitative analysis using an Olympus CX31 light 
microscope (Olympus, New York, Ny, USA) with a 10x/0.25 objective 
was performed. For IHC analysis, less than 30% of the cytoplasmic 
immunostained positive cells were considered underexpressed, and 
≥30% were considered overexpressed according to the modified 
criteria proposed by Cao et al., 2013 [10] and Elsabah et al., 2013 [11].

Statistical analysis
Statistical analyses were performed using the SPSS program, 

version 23.0 (SSPInk, IL, USA). The association between qualitative 
variables was evaluated by X2 test or Fisher’s exact test, as appropriate. 
For OSCC, the Kaplan-Meier estimator of the survival function 
was considered for survival analysis. Only results with p<0.05 were 
considered statistically significant.

Results
The clinicopathological data and immunoexpression status are 

summarized in (Table 1).

Control group (CG)
The control group consisted of irritation fibroma without 

epithelial dysplasia or inflammation in the connective tissue. The 
mean age was 44.2 years old (range: 14 to 71 years old), 11 (55.0%) 
patients were female, 10 (50.0%) cases were located mostly in the 
buccal mucosa, 6 (30.0%) in the tongue and 4 (20.0%) cases in lip 
mucosa.

In the IHC analysis, RASSF1A underexpression was observed 
in all cases (100%) (Figure 1A), and 2 cases were lost. KRAS 
overexpression was present in 4 (20.0%) cases and underexpression 
was observed in 16 (80.0%) cases (Figure 1B). RASSF1A expression 
was statistical lower in CG than in OLP and OSCC (p<0.05).

Oral Leukoplakia with Epithelial Dysplasia (OLD)
The mean age was 51.2 years old (range: 19 to 80 years) with male 

prevalence: 21 (53.9%) cases. Most patients in this group were white, 
with 29 (74.4%) cases, and the lesions were located mostly in the 
buccal mucosa with 9 (23.0%) cases, followed by floor of the mouth 
with 7 (18%) cases. Microscopically, 24 (61.5%) cases presented 
mild epithelial dysplasia, 9 (23.1%) presented moderate epithelial 
dysplasia, and 6 (15.4%) exhibited severe epithelial dysplasia.

In the IHC analysis, RASSF1A over and underexpression 
were observed in 26 (68.5%) and in 12 (31.5%) cases, respectively 
(Figure 1C). One sample was lost and excluded from the RASSF1A 
analysis. KRAS overexpression was noted in 9 (23.7%) cases and 
underexpression was observed in 30 (76.3%) cases (Figure 1D).

Oral Squamous Cell Carcinoma (OSCC)
The mean age was 50 years old (range: 20 to 80 years), with a 

male prevalence of 74 (74%) cases. Most patients in this group were 
white, numbering 82 (82%) cases. The lesions were located mostly in 
the oral tongue, with 47 (47%) cases, followed by floor of the mouth 
with 26 (26%) cases. In total, 77 (77%) patients were smokers and 57 
(57%) were alcohol drinkers. According to the tumor size, 39 (39%) 
cases were T1-T2, and 61 (61%) cases were T3-T4. There was lymph 

node involvement (N+) in 57 (57%) cases. Only 2 (2%) patients had 
distant metastasis. Well-differentiated tumors were observed in 58 
(58%) cases.

In the IHC analysis, RASSF1A overexpression was observed in 
64 (67.4%) cases and KRAS overexpression was noted in 60 (71.4%) 
cases (Figure 1E&1F). In addition, RASSF1A underexpression 
was present in 31 (32.6%) cases and KRAS underexpression was 
observed in 24 (28.6%) cases. No association was observed between 

Characteristics
       CG  OLD OSCC

        n (%)

Age, years  
Mean
Range

44.2
14-71

51.2
19-80

50
20-80

Sex  

Male 9 (45.0%) 21 (53.9%) 74 (74.0%)

Female 11 (55.0%) 18 (46.1%) 26 (26.0%)

Race  
White
Other 

19 (95.0%)
1 (5.0%)

29 (74.4%)
10 (25.6%)

82 (82.0%)
18 (18.0%)

Location
Tongue 
Lip mucosa
Floor of the mouth 
Retromolar area 
Buccal mucosa 
Palate
Gengiva 
Alveolar ridge
Other

6 (30.0%)
   4 (20.0%)

*

*

10 (50.0%)
*

*

*

0

5 (12.8%)
1 (2.6%)
7 (18%)

*

9 (23.0%)
6 (15.4%)
4 (10.2%)
5 (12.8%)
2 (5.2%)

47 (47.0%)
*

26 (26.0%)
15 (15.0%)

2 (2.0%)
*

*

*

10 (10.0%)
Tobacco use
Tobacco exposure 
No tobacco exposure
Not reported 

*

*

*

*

*

*

77 (77.0%)
16 (16.0%)

7 (7.0%)
Alcohol use
Alcohol exposure 
No alcohol exposure 
Not reported 

*

*

*

*

*

*

57 (57.0%)
36 (36.0%)

7 (7.0%)
T classification  
T1 - T2
T3 - T4

*

*

*

*
39 (39.0%)
61 (61.0%)

N classification  
N0
N+

*

*

*

*
43 (43.0%)
57 (57.0%)

M classification
M0
M+ 

*

*

*

*
98 (98.0%)

2 (2.0%)
Histological grade
Mild/Well differentiated
Moderate/Moderately differentiated
Severe/Poorly differentiated
Not reported 

*

*

*

*

24 (61.5%)
9 (23.1%)
6 (15.4%) 

*

58 (58.0%)
26 (26.0%)
11 (11.0%)

5 (5.0%)
RASSF1A
Overexpression
Underexpression
Lost samples

0 (0.0%) 
18 (100%)

2

26 (68.5%)
12 (31.5%)

1

64 (67.4%)
31 (32.6%)

5
KRAS
Overexpression
Underexpression
Lost samples

4 (20.0%)
16 (80.0%)

0

9 (23.7%)
30 (76.3%)

0

60 (71.4%)
24 (28.6%)

16

Table 1: The clinicopathological data and immunoexpression status are 
summarized.

*Not applicable or information not reported.



J Dent & Oral Disord 7(1): id1154 (2021)  - Page - 03

Kaminagakura E Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

RASSF1A or KRAS expression and alcohol/tobacco use or other 
clinicopathological features (p>0.05), in this group. KRAS expression 
was higher in OSCC than in OLP and CG (p<0.05). OSCC patients 
who presented KRAS overexpression had the worst disease-free 
survival curve (p=0.04) (Figure 2).

Discussion
In the current study, we have not found association between 

RASSF1A expression with alcohol abuse, tobacco use, OSCC location 
or gender. It was underexpressed in CG but overexpressed in OLD 
and OSCC. RASSF1A protein was expressed more in head and neck 
SCC than in its surgical margins, which might indicate either high 
risk of mortality among the examined patients or the fact that the role 
of RASSF1 in tumorigenesis is more complex [12] than was supposed. 
However, the RASSF1A protein expression in oral SCC and adjacent 
tissues was significantly lower than that in control tissues [13]. 

In vitro study, knockdown of RASSF1A gene in tongue squamous 
cell carcinoma cell line promoted proliferation, migration and 
inhibited apoptosis of cancer cells. It is suggested that the RASSF1A 
gene may be involved in the proliferation and metastasis of OSCC 
[13]. At the same time, in mice, overexpression of the RASSF-1A 
gene reduced tumor growth-inhibiting CyclinD1 protein expression 

[13]. CyclinD1 overexpression was correlated with worse disease-
free survival without its gene amplification [8]. Probably, CyclinD1 
protein induction during cell cycle progression from S to G2 phase 
is Ras-activity dependent [14]. In this study, there is no association 
between RASSF1A expression with the survival rates, contradicting 
Sun et al., 2019 [13] who reported the high level of RASSF1A 
transcripts was significantly associated with recurrence-free survival 
using 50% and 25% cut-off thresholds.

In OSCC, RASSF1A plays a role as a Ras effector, modulating 
reactive oxygen species and preventing chromosomal and oxidative 
DNA damage induced by oncogenic KRAS [6]. The main factors risk 
for OSCC: tobacco and alcohol, increase Reactive Oxygen Species 
(ROS) formation, causing oxidant and antioxidant imbalance [5]. 
In mice, nicotine induced dedifferentiation of pancreatic acinar cells 
by activating AKT-ERK-MYC signaling; this led to inhibition of 
GATA6-promoter activity, loss of GATA6 protein, and subsequent 
loss of acinar differentiation and hyperactivation of oncogenic KRAS; 
favoring pancreatic cancer progression. At the same time, there 
was a significant increase in the number of proliferating acinar cells 
expressing Aldehyde Dehydrogenase (ALDH) [15]. ALDH is an 
enzyme responsible for metabolizing ACTH; it can cause DNA damage 
and favor cancer progression [16]. The ALDH1A1 overexpression in 
OLD has been reported, but it was absent in OSCC, suggesting an 
important role in the early onset of malignant transformation [9,17]. 
Otherwise, the ADLH2 was overexpressed in OSCC [17].

Hypermethylation of RASSF1A can be detected in both early 
stage and advanced nasopharyngeal carcinoma, suggesting that the 
RASSF1A gene promoter methylation might play an important role 
in the early development of its carcinogenesis. RASSF1A expression 
could inhibit tumorigenicity through induction of cell cycle arrest 
in the G0/G1 phase, and mediated apoptosis in a Ras-dependent 
manner. RASSF1A inactivation is essential for nasopharyngeal 
carcinoma development. Ras may positively regulate the activity of 
endogenous RASSF1A [18]. However, in this study we did not find 
a correlation between RASSF1A and KRAS expression in any lesion 
evaluated.

KRAS expression was higher in the OSCC group when 
compared with CG and OLP. Regarding OSCC, we have not found 
any association between KRAS expression and alcohol abuse, 
tobacco use, site or gender. However, Tashiro et al., 2020 [19] have 
reported that KRAS expression was higher in males in OSCC, and 
its immunohistochemical reactivity was significantly decreased in 
OSCC compared to that in OLP. In esophageal, the RAS expression 
was undetectable in precancer lesions, but it was found in SCC 
[20]. Our results presented a statistical correlation between KRAS 
overexpression and decreased disease-free survival in OSCC. 
Increased expression of wild-type KRAS in primary keratinocytes, 
which have extremely low basal expression levels, resulted in a 
significant proliferative response and increased cell survival [21]. 
KRAS is essential for ataxia telangiectasia-mutated interactor 
(ATMIN) and mediates invasion and migration in HNSCC [22]. A 
high level of KRAS transcripts was correlated with an advanced TNM 
stage in patients with HNSCC and was positively associated with 
ATMIN expression [22].

In summary, RASSF1A expression was similar in the OLD and 

Figure 1: RASSF1A and KRAS expression in Control Group (CG), Oral 
Leukoplakia with Dysplasia (OLD), and Oral Squamous Cell Carcinoma 
(OSCC). A) No RASSF1A expression was observed in CG; B) KRAS 
underexpression in CG; C) RASSF1A expression in OLD, showing a 
positivity in both basal and suprabasal layers of the epithelial cells; D) KRAS 
expression in OLD, presenting positivity in both basal and suprabasal layers; 
E) RASSF1A expression in OSCC, showing cytoplasmatic overexpression 
in tumor cells; F) KRAS expression exhibiting a cytoplasmatic positivity in 
OSCC cells.

Figure 2: Disease-free survival curve of OSCC patient with KRAS 
overexpression (p=0.04).
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OSCC groups, suggesting that it plays a critical role in the early stage 
of OSCC. KRAS expression was higher in OSCC when compared 
with normal and dysplastic tissues, showing that KRAS expression 
increases with malignant progression, and its overexpression was 
associated with worse disease-free survival.
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