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Abstract

Background: Glutaredoxin-1, as a component of anti-
oxidant system, plays a crucial role in pathogenesis of 
some cancers and pre-malignant lesions. The aim of this 
study is to assess salivary levels of glutaredoxin-1 in oral 
lichen planus (OLP) and oral squamous cell carcinoma 
(OSCC) patients compared with healthy controls.

Methods & Materials: This cross-sectional study was 
conducted on 28 OLP patients, 20 OSCC cases, and 40 
healthy subjects. Their salivary glutaredoxin-1 was 
assessed by the enzyme-linked immunosorbent assay 
(ELISA).

Results: Regarding the glutaredoxin-1 level, there was 
no significant difference between the three studied 
groups (p=0.073); however, the salivary glutaredoxin-1 
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levels were higher in the healthy subjects than the OLP 
and OSCC patients. Among OSCC patients, the salivary 
glutaredoxin-1 levels were significantly higher in the 
males (p=0.03). 

According to glutaredoxin-1 levels, the difference 
between keratotic and non-keratotic OLP lesions were not 
significant (p=0.98). Furthermore, there was no significant 
difference between various clinical manifestations and 
grades of OSCC, (p=0.08, p=0.56, respectively). 

Conclusion: Salivary glutaredoxin-1 levels were lower 
in OLP and OSCC patients compared to the normal 
volunteers; therefore the role of glutaredoxin-1 in the 
pathogenesis of these diseases could be proposed. 

Keywords: Oral squamous cell carcinoma, Oral lichen 
planus, Glutaredoxin, Saliva

Introduction 
Lichen planus is a chronic disease, which involves 

mucosa, skin and nails and could rarely transform to 
malignancy (1, 2). This disease may involve eyes, urinary 
system, nose or laryngeal mucosa, or hair follicles (lichen 
planopilaris) (1). Oral lichen planus (OLP) is a chronic 
inflammatory condition. Its prevalence is about 0.5 to 
2%, with female to male ratio of 2 to 1. The disease 
usually appears between the ages of 30 and 60 years (2, 3); 
however, some cases were reported among adolescents 
or children (1, 3, 4). 

Diagnosis of OLP is confirmed by clinical and 
histological evaluation; however, OLP might be diagnosed 
only by clinical evaluation through typical clinical features 
(bilateral reticular lesions). Lichenoid reactions include 
lichenoid drug reaction, graft versus host disease and 

contact lichenoid reaction, which should be considered in 
differential diagnosis (5). 

Wide ranges of treatments have been suggested for 
symptomatic OLP consist of avoidance of irritating factors, 
local or systemic steroids or cytotoxic drugs (6, 7). 

Although exact etiology of OLP is unknown, an 
autoimmune response to antigens of epithelial cells is 
thought to be a possible etiologic factor (8). Both antigen-
specific and non-specific mechanisms contribute in 
pathogenesis of OLP (9). Lymphocytes T helper and 
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cytokines play an important role in specific mechanisms; 
on the other hand, epithelial basal layer cells, matrix 
metallo proteinase, chemokine, mast cells are key 
mediators in non-specific mechanisms (10).

An oxidant anti-oxidant imbalance has a causative 
role in development of the cancers. An increase in reactive 
oxygen species (ROS) or/and active nitrogen species as 
well as a decrease in anti-oxidant are confirmed in head 
and neck cancers (11-15). 

Reactive oxygen species have double functions; they 
are necessary for normal function of cells; on the other 
side, excessive production of them causes some damages 
to cell structure and development of cancer. Anti-
oxidant system decreases ROS and regulates redox-
sensitive pathway in mitochondria including manganese 
super oxidase dismutase, mitochondrial glutaredoxin, 
glutathione, glutathione peroxidase, catalase, and 
thioredoxin system (16).

One of these anti-oxidants is glutaredoxin. 
Glutaredoxin-1, which has a catalytic effect of 10 times 
higher than glutaredoxin-2, is expressed in endothelial 
cells, smooth muscles cells, fibroblasts, and into plasma 
(17). 

Although some studies evaluated effects of anti-
oxidant elements on some cancerous or pre-cancerous 
lesions, a few studies focused on comparison of 
glutaredoxin concentration in these lesions. This study 
aimed to compare salivary glutaredoxin in OLP, as a pre-
malignant lesion; in OSCC, as a malignant lesion, and in 
healthy subjects.

Methods and Materials

Study subjects
This cross-sectional study was performed on 28 

OLP patients and 20 OSCC patients, referred to oral and 
maxillofacial medicine department of Mashhad Faculty 
of Dentistry and Omid Hospital, from September 2018 to 
August 2019. The protocol of this study was approved by 
the Ethics Committee of Mashhad University of Medical 
Sciences (approval number: IR.MUMS.DENTISTRY.
REC.1397.088).

OLP was confirmed through clinical and 
histopathological examination based on WHO modified 
criteria(18). OSCC patients were selected according to 
histopathological assessment, among new cases, who 
were not received any treatments. Exclusion criteria were 
using any nutritional supplements, lichenoid reactions 
according to histological examination, or receiving any 
treatment before the study.

Patients, who met the inclusion criteria, were enrolled 
in our study. All the subjects signed the written informed 
consent and were informed about the aim and method of 
this study. 

For all patients, provided check lists including age, sex, 
medical history, and lesion characteristics were filled out. 
Grade of tumor for OSCC patients and clinical features 
according to Thongprasom criteria for OLP subjects were 
also recorded (19).

Control subjects were selected among healthy 
persons, who referred to Mashhad Faculty of Dentistry for 
dental treatment and have not received any supplements. 

Saliva sampling
Non stimulated saliva was collected from all the case 

and control subjects through spitting method. They were 
asked not to eat, drink or smoke for at least 90 minutes 
before sampling. They gathered saliva in their mouth and 
then spitted into a falcon tube every 60 seconds for 10 
to 15 minutes. Saliva was collected between 9 to 11 a.m 
(20). The samples were stored at -20ºC until subsequent 
biochemical analyses. 

Laboratory procedure
To remove squamous cells, cell debris and mucous, 

the saliva samples were centrifuged (3000 g at 25°C) 
after the de-frizzing for 15 minutes. After that, these 
samples were placed inside a fridge at -20°C for 24 
hours for mucolysis. Then, the samples were centrifuged 
(3000 g for 10 min) and the watery part of the saliva was 
transferred into micro tubes with a volume of 1.5 cc.

Eventually, the level of glutaredoxin-1 was measured 
using the Human GLRX ELISA kit with the product 
code of ZB-12714 (ZellBio Co. Germany) based on the 
protocol of the manufacturer’s company. Then, 40 µL of 
prepared samples, and 10 µL of glutaredoxin-1 antibody 
were added to 50 µL of standard sample, and 50 µL of 
streptavidin-HPR, then placed at 37ᵒC for 60 min to 
complete the reaction.

After that, the containers were washed with 300 µL 
diluted buffer, added to 50 µL of chromogen A solution 
and 50 µL of chromogen B solution. Next, the prepared 
solutions were placed at 37ᵒC for 10 min for color 
detection. Finally, 50 µL of stop solution was added and 
the optical density was measured at the wavelength of 
450 nm. 

Statistical analysis
The data of every patient was recorded in a special 

check list. Then, the data was entered into SPSS software 
(version 24) for statistical analysis. Kolmogorov-Smirnov 
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Table 1: Demographic characteristics and glutaredoxin-1 
levels of studied subjects

normality test was applied  for assessment of normal 
distribution of the quantitative variables. For quantitative 
variables with normal distribution, parametric statistical 
methods (independent t-test, ANOVA), and for abnormal 
distribution, nonparametric methods (Mann-Whitney 
test, Kruskal-Wallis) were used. In order to compare the 
qualitative variables between the groups, Chi-do and 
Fisher’s exact test were employed. The significance level 
was considered as 0.05.

Results
In this study, 28 OLP patients, 20 OSCC patients, and 

40 healthy subjects were enrolled. Among the studied 
subjects, 45 were female with mean age of 48.47±10.881, 
and 43 were male with mean age of 52.42±13.489 
years. Table 1 shows the demographic information of the 
subjects. Salivary glutaredoxin-1 levels of the individuals 
and its association with other factors such as age, gender, 
clinical features, and site of lesions were assessed.

The mean of glutaredoxin-1 levels in the healthy 
subjects was higher than the OLP and OSCC patients, and 
in the OLP patients was higher than the OSCC subjects; 
however, Kruskal-Wallis test showed no significant 
difference between the three groups (p=0.073)( Table 1). 

In respect to a significant difference between the three 
groups according to age and sex (p=0.001 and p=0.005, 
respectively), logistic regression analysis was performed, 
which demonstrated that there was not any remarkable 
difference among the OLP, OSCC and healthy subjects 
(p=0.24).

The mean of glutaredoxin-1 in the females and males 
were 5.078±1.19 and 5.32±1.01, respectively. Mann-
Whitney test did not show any significant difference 
between females and males (p=0.11).

Among the OLP patients, statistical analysis showed 
no significant difference in glutaredoxin-1 levels among 
different sex and age groups (p=0.83, and p=0.39, 
respectively) (Table2).

Moreover, among OSCC patients, although 
glutaredoxin-1 levels were higher in patients, who were 
in the 46-65-years age group, there was no significant 
difference between age groups (p=0.61). In addition, the 
glutaredoxin-1 levels were significantly higher in the 
males (p=0.03) (Table 2). 

The highest level of glutaredoxin-1 was observed in 
the OLP lesions with severity of 1 based on Thongprasom 
criteria; however, the difference between different 
severities was not significant (p=0.90). Evaluation of 
clinical features of OLP lesions showed that there was 
no significant difference in glutaredoxin-1 concentration 

 
OSCC OLP Control 

p-value
N (%) N (%) N (%)

Age (years)

25-45  13 (46) 17 (42.5)

0.00146-65 10 (50) 15 (54) 22 (55)

>65 7 (35) 0 1 (2.5)

Gender

Female 6 (30) 21 (75) 18 (45)
0.005

Male 14 (70) 7 (25) 22 (55)

Location

Lip 3(15) 9 (14.06)

Buccal 
mucosa

4(20) 19 (29.68)

Gingiva 3(15) 16 (25)

Tongue 9(45) 15 (23.43)

Retromolar 
pad

1(5) 2 (3.125)

Floor of 
mouth

0 1 (1.56)

Palate 0 2 (3.125)

Clinical features

OLP

Keratotic 7(25)

0.95Non 
keratotic

21(75)

SCC

Ulcerative 7(35)

0.08
Leukoplakia 10(50)

Erythroplakia 1(5)

Exophytic 2(10)

Severity of OLP lesions (Thongprasom criteria)

1 7(25)

0.98

2 5(17.8)

3 5(17.8)

4 6(21.6)

5 5(17.8)

Glutaredoxin-1 (unit/l)

OSCC OLP Control 
0.073

4.895 ±0.8245 5.0964±1.33513 5.419±1.0383
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involvement of tongue, buccal, and labial mucosa lesions; 
although the difference between various sites of lesions 
was unremarkable (p=0.52). Among the OSCC lesions, 
the highest levels of glutaredoxin-1 were observed in 
labial lesions and the lowest belonged to palatal lesions, 
although the difference between various sites of lesions 
was not significant (p=0.14). 

Discussion
This study revealed that salivary glutaredoxin-1 levels 

in the healthy subjects were insignificantly higher than 
the OLP and OSCC patients, and the glutaredoxin-1 
concentration in the male OSCC patients was significantly 
higher than the females with OSCC. 

Chen et al. studied different stages of malignant 
transformation of oral carcinogenesis model and human 
mucosa. They showed that glutaredoxin-1 is associated 
with malignancy process. Their results suggested 
that IL-1β plays as a key in the regulation of ROS and 
glutaredoxin-1 expression, which is effective in the 
invasion and immigration of OSCC cells. Different results 
of Chen et al. study with our study could be related to 
their approach, which was performed on oral tissue 
(21).  Moreover, other members of glutaredoxin family 
play crucial roles in tumor development. Pedro et al. 
studied expression of genes related to OSCC, including 
glutaredoxin-2 gene (GLRX2) based on PCR technique. 
They evaluated GLRX2 in 16 tissue samples without 
assessment of effects of demographic characteristics 

between keratotic and non-keratotic lesions (p=0.98) 
(Table 3) (Figure 1).

Moreover, the highest and lowest glutaredoxin-1 
levels were found in the OSCC patients with ulcerative 
lesions, and red plaque lesions, respectively; however, it 
was not statistically significant (p=0.08) (Table 3) (Figure 
2). Furthermore, there was no significant difference in 
glutaredoxin-1 levels between various grades of OSCC 
lesions (p=0.56).

Among OLP lesions, the highest levels of glutaredoxin-1 
were observed in concurrent involvement of buccal and 
labial mucosa and the lowest belonged to concurrent 

Groups Variables 
Number 
(%)

Mean± Sd p-value

OSCC

Gender

0.03Female 6 (30) 4.75±0.62

Male 14 (70) 4.95±0.91

Age 

0.61

25-45 13 (46) 4.96±0.84

46-65 15 (54) 5.02±0.90

>65 0(0) 4.68±0.77

OLP

Sex

0.83Female 21 (75) 5.15±1.44

 Male 7 (25) 4.91±1.01

Age

0.39
25-45 13 (46) 5.00±0.68

46-65 15 (54) 5.17±1.73

>65 0(0)  

Healthy 

Sex 

 0.035Female 18 (45) 5.09±1.03

Male 22 (55) 5.68±0.98

Age 

0.034
 25-45  17 (42.5) 5.95±1.20

 46-65 22 (55) 5.06±0.66

 >65  1 (2.5) 4.11±0

Groups Variables 
Number 
(percent)

Min Max Mean± Sd p-value

OSCC

Clinical features 

0.08

Ulcerative 7(35) 4.40 7.27 5.75±0.98

Leukoplakia 10(50) 4.04 5.16 4.54±0.38

Erythroplakia 1(5) 4.20 4.20 4.20±0.00

Exophytic 2(10) 3.98 5.33 4.65±0.95

Total 20(100) 3.98 7.27 4.89±0.82

OLP

Clinical features 

0.95
Keratotic 7 (25) 4.13 9.73 5.39±1.94

Non-keratotic 21 (75) 3.11 8.04 4.99±1.09

Total 28(100) 3.11 9.73 5.09±1.33

Clinical severity (Thongprasom criteria)

0.90

1  7(25) 4.13 9.73 5.39±1.97

2 5(17.8) 4.51 6.11 5.23±0.78

3 5(17.8) 3.53 5.49 4.68±0.72

4 6(21.6) 3.11 8.04 5.02±1.73

5 5(17.8) 4.04 6.38 5.03±0.93

Total 28(100) 3.11 9.73 5.09±1.33

Table 2: Salivary glutaredoxin-1 levels in the studied groups 
according to sex and age.

Table 3: Salivary glutaredoxin-1 levels in the studied groups 
according to clinical features.
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and revealed that expression of GLRX2 decreased in 
OSCC samples(22). This result was parallel to our study, in 
which glutaredoxin-1 levels were lower in OSCC patients’ 
saliva. 

Banerjee et al. demonstrated that glutaredoxin-2 
levels in the OSCC tissue samples were higher than the 
healthy samples, and glutaredoxin-2 concentration had 
a direct relationship with SCC stage (23). In contrast to 
our study, they studied tissue samples, which could be 
the reason of different results obtained. Higher levels of 
glutaredoxin-2 in progressive stages of the cancer in their 
study could be related to the anti-apoptosis role of this 
element (23). In our study, glutaredoxin-1 level was lower 
in OSCC patients in comparison with healthy samples, 
which indicates that glutaredoxin might protect cellular 
DNA from mutation and damages of oxidative stress and 
malignant transformation.

Furthermore other members of glutaredoxin family 
such as glutaredoxin-3 inhibits tumor genesis of SCC and 
decreases invasion of carcinoma(24). Also, glutaredoxin-3 
has a direct relationship with epithermal growth factor 
receptor and indirect relationship with ROS (24). On the 
other side, glutaredoxin-2 inhibits apoptosis through 
prevention of release of cytochrome C, and could begin 
carcinogenesis(25).

In fact, oxidative stress plays an important role in the 
pathogenesis of OLP and OSCC (26). Since cancerous cells 
produce ROS and oxidative damages resulting in early 
apoptosis, thus cells try to prevent apoptosis by producing 
more anti-oxidants such as glutaredoxin (27).

Increased levels of glutaredoxin have also been 
reported in other cancers, such as breast cancer (28). In 
addition, deletion of the gene of this anti-oxidant during 
pregnancy causes fetal death (29). Moreover, glutaredoxin 

interferes with various signaling pathways that are 
involved in the progression of cancer. The pathways 
affected by glutaredoxin are NFκB, EGFR/Akt pathway and 
Fc epsilon RI-mediated (24, 30, 31). In addition, glutaredoxin 
can initiate the Notch signaling pathway, which is involved 
in cell differentiation, proliferation, and apoptosis(32).

Conclusion
In this study, glutaredoxin-1 levels were insignificantly 

higher in the healthy subjects compared with OLP and 
OSCC patients. In addition, glutaredoxin-1 concentration 
in the male OSCC patients was significantly higher than 
the females with OSCC, and was also higher in the 
healthy individuals in the age group of 25-45 years 
compared with other age groups. In respect to different 
concentrations of this factor in the two sexes and various 
age groups, evaluation of glutaredoxin in larger samples 
with different demographic characteristics is suggested. 
In addition, investigation of correlation of glutaredoxin 
levels with clinical stage and lymph node involvement and 
also long-term evaluation of glutaredoxin in the follow up 
visits are recommended. 
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Fig. 1: Salivary glutaredoxin-1 levels in OLP patients 
according to clinical features.

Fig. 2: Salivary glutaredoxin-1 levels in OSCC patients 
according to clinical features.
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