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Abstract

Background: The development and establishment of oral squamous cell carcinoma are confined to carcinogen-
esis, which involves oxidative stress via oxygen-free radical production as a hydroxyl radical (HO¢), considered
the most important cause of oxidative damage to basic biomolecules since it targets DNA strands. 8-Hydroxy-2'-
deoxyguanosine (8-OHdQG) is considered a free radical with a promutagenic capacity due to its ability to pair with
adenosine instead of cytosine during replication.

Material and Methods: We collected 30 paraffin-embedded tissue samples of OSCC from patients treated between
2013 and 2018. We recorded risk habits, disease stage, disease free survival and death with at least 3 years of follow-
up. 8-Hydroxyguanosine was evaluated by immunohistochemistry and subsequently classified as weak-moderate
or strong positive expression. Additionally, we noted whether it was expressed in the cytoplasm and/or nucleus.
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Results: Most of the cases expressed 8-OHdG with a strong intensity (80%). All neoplastic cells were preferentially
stained in only the cytoplasm (70.0%), but nuclear positivity was found in 30%, independent of the intensity. Based
on the location in the cytoplasm and/or nucleus, tumors >4 cm showed a high frequency (95.5%) of 8-OHdG expres-
sion in only the cytoplasm, with a significant difference (p value < 0.001). Additionally, overall survival was affected
when immunoexpression was present in the cytoplasm and nucleus because all deaths were in this group were sta-
tistically significant (p value = 0.001).

Conclusions: All tumors showed DNA oxidative damage, and 8-OHdG was preferentially expressed in the cyto-
plasm. This finding was associated with tumor size and, when present in the nucleus, might also be related to death.

Key words: DNA oxidative damage, oral squamous cell carcinoma, free radical.

Introduction 8-hydroxy-2'-deoxyguanosine (8-OHdG) is formed. Its
According to the World Health Organization (WHO), promutagenic capacity is due to its ability to pair with
cancer causes more deaths than any other disease (1). In adenosine instead of cytosine during replication, pro-
2020, GLOBOCAN (2) reported that lip and oral cavity moting GC/TA transversion mutations. Thus, 8-OHdG

cancer, with respect to other types of cancer, has the is used as a biomarker of oxidative stress, aging, and
highest incidence and mortality worldwide, mainly in carcinogenesis (12).

emerging countries. The International Agency for Re- Early diagnosis of oral cancer by biomarkers related to
search on Cancer (IARC) reports that squamous cell carcinogenesis is a constant objective, and the develop-
cancer registries reflect the effects of risk, genetic and ment of technologies such as portable enzymatic detec-
environmental factors to which the population is ex- tion (e.g., OFNASET) has encouraged researchers to
posed in developed or underdeveloped areas (3). preferentially use saliva over other fluids as a sample.
Oral squamous cell carcinoma (OSCC) is the most com- For example, 8-OHdG has only been evaluated in flu-
mon histological type of cancer in the oral cavity (4), ids such as saliva and plasma with the objective of in-
and its development is related to progressive damage to vestigating it as a biomarker for potentially malignant
different cellular structures, as well as an imbalance in transformation from premalignant lesions (13), where
the ability to repair damage, a long process known as cases of squamous cell carcinoma of the head and neck
carcinogenesis (5). Tissue damage can be promoted by (14-17) have been used only as a comparative group. To
oxidative stress, which is defined as an increasing level date, only Hamidavi et al. have evaluated oral cancer
of free radicals; as a consequence, an imbalance in in- clinical characteristics in the presence of 8-OHdG, but
tracellular homeostasis is present. If this damage pro- they performed DNA tissue extractions. However, to
gresses and is not stopped, some free radical molecules determine whether 8-OHAG can be used as a predictive
can reach DNA nitrogen bases (6). marker of malignant characteristics in cells, we consid-
Studies have clearly shown the participation of exces- ered the immunoexpression assay to be the best option
sive endogenous and exogenous reactive oxygen species since it has been widely used for diagnosis, prognosis,
(ROS) production (e.g., related to risk habits or oxygen and response to cancer therapy (18,19). In addition, tis-
metabolism) via oxygen-free radical production as hy- sue 8-OHdG immunoexpression and its possible asso-
droxyl radicals (HO¢), which are considered the most ciation with predictive characteristics are unknown in
important causes of damage to basic biomolecules (pro- oral cancer.

teins, membrane lipids, and DNA) (7-11). HO- attack This work aimed to evaluate the intensity of 8-OHdG
DNA strands when produced adjacent to cellular and immunoreactivity and identify its positivity in cell
mitochondrial DNA, causing the addition of DNA bases structures (cytoplasm/nucleus) in OSCC tissues. In

to new radicals and leading to the generation of a vari- addition to grouping intensity/positivity, 8-OHdG im-
ety of oxidation products (6). munoreactivity was associated with the presence of
DNA strand interaction with HO« preferentially occurs risk habits (smoking and drinking) and with prognostic
at the nitrogen base guanine because it has a lower oxi- clinical data, such as TNM stage, clinical stage, therapy
dation potential, leading to the formation of C8-hydro- response and death.

guanine (8-OHGua) or its nucleoside form deoxyguano-

sine (8-hydroxy-2'-deoxyguanosine). For this product, Material and Methods

the reaction of HOe addition leads to the generation of In a cross-sectional study of patients diagnosed with
radical adducts; then, through one electron abstraction, OSCC who attended the Jalisco Institute of Cancerol-
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ogy in the state of Jalisco, Mexico (Coronel Calderon
715, El Retiro, 44280 Guadalajara, Jal.) and were evalu-
ated in the Surgical Head and Neck Oncology Depart-
ment clinically and by computerized tomography, we
collected paraffin-embedded tissue samples previously
used for diagnostic purposes from patients who attended
from 2013 to 2018. Next, patients were grouped accord-
ing to the WHO histopathological grading system (20),
described in the histopathological report. Owing to the
retrospective nature of the study, it was exempted from
ethical clearance by the institutional ethics committee;
however, written informed consent was obtained from
all participants.

Information about risk habits, recurrence, persistence,
type of therapy and death were taken from patients’
medical history. The patient must have had at least 3
years of follow-up. In an effort to address potential
sources of bias, disease stage had to be determined ac-
cording to the TNM system based on AJCC (21).
Disease-free survival (DFS) was defined as the time
from surgery to histologically confirmed recurrence or
death from any cause in patients without recurrence.
Overall survival (OS) was defined as the time from
surgery to the time of death from any cause. Survival
curves were plotted using the Kaplan-Meier method and
compared using long-rank test.

- 8-hydroxy-2'-deoxyguanosine antibody immunoassay
For the immunohistochemical analyses, 2-pum sections
were treated with a heat retrieval solution (Reveal De-
cloaker, RTU; Biocare Medical, Pacheco, CA, USA) to
expose the antigenic epitopes. The endogenous peroxi-
dases were blocked with 0.9% hydrogen peroxide for 5
min. The tissue sections were incubated with a primary
antibody against 8-OHdG at room temperature (1:100
dilution, Santa Cruz Biotechnology, catalog number:
SC-66036, Santa Cruz, CA, USA) for 60 min and then
incubated with a biotinylated anti-mouse/anti-rabbit an-
tibody and a streptavidin-horseradish peroxidase com-
plex at room temperature for 40 min each (Mouse/Rab-
bit Immuno-detector Biotin Link & HRP Label; Bio SB,
Santa Barbara, CA, USA). The reaction products were
visualized using the 3,3’-diaminobenzidine-H202 sub-
strate (Biocare Medical), and the sections were counter-
stained with Mayer’s hematoxylin. Control renal, lym-
phoid and oral mucosa tissue samples were used, and a
healthy oral mucosa sample was used as a control for all
subsequent reactions.

- Intensity of immunoreactivity evaluation and positivity
Next, immunoexpression was grouped by an oral pa-
thologist according to the following semiquantitative
scores:

Negative: negative immunohistochemical staining or posi-
tive immunohistochemical staining of <5% of the cells
Weak-moderate: staining of 5 to 50% of the cells
Strong: staining of >50% of the cells.
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Positive staining in the cytoplasm/nucleus and the mes-
enchymal/stromal components was recorded as “pres-
ent” or “absent”.

- Statistical analyses

The data were transferred to the SPSS Statistics for Win-
dows statistical package database, version 20. Categori-
cal variables are presented as numbers or percentages
and were compared using Fisher’s exact test because all
expected counts were <5, and 95% confidence intervals
(95% Cls) were used for the comparison between im-
munoexpression intensity and cell structure groups,
adopting a statistical significance threshold of p value
<0.05. The phi coefficient, also called the mean square
contingency coefficient, was used as a measure of asso-
ciation. Survival curves was plotted using the Kaplan-
Meier method and compared using long-rank test.

Results

We collected 30 samples from patients seen in the on-
cology head and neck department and stained them
with 8-OHdG antibody. In all patients from this cohort,
surgery was the principal treatment, and depending on
extension to vital structures and tumor size, chemo-
therapy was administered as an adjuvant or concomi-
tant treatment with radiotherapy. The chemotherapeu-
tics used were cisplatin and 5-fluorouracil; radiotherapy
was administered hypo- or hyperfractionated.

A total of 17 (56.7%) tissue samples were taken from
men, and 13 (43.3%) were taken from women, with a
mean age of 63.0+£12.3 years old. We recorded the fol-
lowing information from the clinical history. A total of
16 (53.3%) smoked, and 13 (46.7%) drank. OSCC lo-
calization was more frequent in the tongue, found in 9
(30.0%) cases. Regarding TNM and clinical stage, we
observed that most patients had tumors larger than 4
cm (25, 83.3%), slightly more than half (17, 50%) pre-
sented with regional metastasis, and distant metastasis
was found in only one patient in this group. The aver-
age follow-up was 5.4 + 1.3 years, with a minimum of
3.3 years and a maximum of 7.2 years during this pe-
riod, revealing that the majority did not report DFS (23,
76.7%). Four patients died during this period (Table 1).
Regarding tumor differentiation, most cases (23, 76.6%)
were considered completely well differentiated, fol-
lowed by moderate (6, 20.0%), and only one case (3.3%)
was poorly differentiated.

- 8-hydroxyguanosine immunoexpression

Oral mucosa control tissues showed nuclear positivity
(Fig. 1), but renal and lymphoid control tissues were
negative (Fig. 1). The tumoral parenchyma was includ-
ed less frequently, with weak intensity (6, 20.0%) in the
tissue samples. Most of the cases expressed 8-OHdG
with a strong intensity (24, 80%). Regardless of weak
(Fig. 1) or strong (Fig. 1) 8-OHdG expression, negative
cells with squamous transitions or keratin pearls were
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always observed. No tissue was classified as completely
negative. In addition, almost all samples preferentially
stained only in the cytoplasm (21, 70.0%) (Fig. 2), but
nuclear positivity was found in 9 (30.0%) OSCC tis-
sues (Fig. 2), independent of the intensity (Fig. 2). In 26
(86.6%) of the cases, the stroma was positive with dy-

DNA oxidative damage in oral cancer

ing nuclei and cytoplasm of fibroblasts (Fig. 2). Further
analysis was performed to compare risk habits, disease
clinical characteristics, therapy response and death data
between the groups by intensity, and we also clustered
the samples based on nuclear and cytoplasm positivity
or cytoplasm positivity only (Table 2).

Table 1: Descriptive Characteristics of patients with OSCC (n=30).

n %
Characteristics Age, mean, SD 63.0+12.3
Feminine 13 433
Sex B
Masculine 17 56.7
N 14 46.
Tobacco use ° !
Risks habits Ees S 2 2;
0 .
Alcohol use Yes 3 133
Tongue 9 30.0
Palate 6 20.0
Zone Gum 6 20.0
Lip 5 16.6
Floor of the mouth 2 6.7
Amygdala 2 6.7
v TI and TII 5 16.7
INM?stage Tumor (1) oo G rvATR 25 833
Disease’s Without metastasis 13 43.3
characteristics Lymph nodes (N) With metastasis 17 50.0
Clinical st Tand Il 4 13.3
Hiearstase Il and IVA/B 26 86.7
. . No 23 76.7
R Disease-free survival Yes 7 733
! Deceased No 26 86.6
Yes 4 13.4

OSCC: oral squamous cell carcinoma; ° Distant metastasis was found only in one patient. The number of patients may not be
equal to the total number in some categories owing to unknown or missing values.

Table 2: Distribution and significance according 8-hydroxyguanosine immunoexpression (n=30).

Intensity . . Cell structure . .
Fisher’s Phi Fisher’s Phi
Weak Strong Cyt+/Nu- Cyt+/Nu+
(n=6) (n=24) p value |pvalue n=21) (n=9) p value |p value
No 4 [286% | 10 [71.4% 8 | 571% |6 429% | =005 | 0.01
k >0. .
Smoke Yes 2 [125% | 14 |87.5% 005 1 027 Mo 512% (3| 18.8%
i No 5 [294% | 12 [70.6% 12 | 706% | 5 | 294% | 100 | o001
Drink Yes 1 [77% 2 1925% | %% | %7 79 [e02% [ 4| 308%
Tland T2 | 2 [400% | 3 |60.0% 0 | 00% |5 | 100.0%
T >0. 2 <0.001% | 0.
umor EK}‘S 4| 160% | 21 | sa00% | 700 | © 21 | 84.0% | 4 | 16.0% 0.68
Without
C 2| 133% | 13| 86.7% 12| 80.0% | 3 | 20.0%
Lymph metastasis
e P : —| 2005 | -017 : — 2005 | 021
Ames g 267% | 11| 733% 9 | 600% | 6 | 40.0%
Crinical LLand [ 1] 250% | 3 | 75.0% T | 250% | 3 | 75.0%
1. . >0. .
stage }gﬁg 5| 192% | 21 | 80.8% 00 1005 o0 | 769% | 6 | 23.1% 0.05 1 0.38

Cyt : Cytoplasm; Nu : Nuclear; + : Positivity; - : Negativity; *; Statistical significance; 95% Cls.

[
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Fig. 1: Immunoexpression of 8-OHdG intensity. a) Positive control. Healthy oral mucosa with nuclear positivity immunoexpres-
sion. b and c¢) Negative control. Renal and lymphoid tissue with negative expression. d) Well-differentiated oral carcinoma with
weak 8-OHdG immunoexpression, preferentially negative in the squamous differentiation transition area. e) Poorly differenti-
ated oral carcinoma with weak immunoexpression. f) Well-differentiated oral carcinoma with strong 8-OHdG immunoexpres-
sion but negative or weak immunoexpression in squamous differentiation transition areas. g) Moderately differentiated oral
carcinoma with strong 8-OHdG immunoexpression (Magnifications 10x).

- Risk habits and 8-OHdG expression

No significant association with risk habits was found,
although we more frequently observed strong inten-
sity staining in smokers (14, 87.5%) in contrast to non-
smokers, who mostly displayed weak 8-OHdG stain-
ing (4, 28.6%); this difference was not statistically
significant (p value >0.05). However, no statistical
significance was found when this habit was evaluated
according to cytoplasm vs. nucleus staining because
only cytoplasm staining was markedly frequent in
smokers (13, 81.2%) (p value >0.05). Drinkers showed
an equal distribution of strong intensity compared
with nondrinkers, with no significant differences (p
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value >0.05). However, as shown in Table 2, nondrink-
ers more frequently had negative nuclear staining (12,
70.6%) than drinkers, without statistical significance
(p value=1.00).

- Association between TNM stage and clinical stage
with 8-OHdG expression

Tumor size: Tumors larger than 4 cm (T3 and T4A/B)
strongly expressed 8-OHAG (21, 84.0%), without sta-
tistical significance (p value > 0.05) compared with
smaller tumors. Surprisingly, we observed that all cyto-
plasmic 8-OHdG expression occurred in tissues >4 cm
(21, 84.0%), with a statistically significant difference (p
value <0.001) (Table 2).
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Fig. 2: Cellular structure immunoexpression and stroma. Weak (a) or strong (b) cytoplasmic positivity for 8-OHdG immunoex-
pression with nuclear negativity. Weak (c) or strong (d) cytoplasm and nuclear 8-OHdG immunoexpression positivity. ) Positive

8-OHdG immunoexpression stroma (Magnifications 10x).

Lymph node invasion: There was no significant dif-
ference in the frequency distribution according to the
intensity of 8-OHdG expression between lymph nodes
with and without invasion (p value >0.05). Additionally,
there was no predilection based on nuclear positivity (p
value >0.05) (Table 2).

Clinical stage: As expected, because large tumors and
lymphatic node invasion presented with a higher fre-
quency of strong 8-OHdG expression, samples with a
clinically advanced stage (III and IVA/B) had the larg-
est frequency concentration (80.8%), without statistical
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significance (p value= 1.00). However, these clinically
advanced cases frequently had cytoplasm staining with
negative nuclear 8-OHdG expression (76.9%), without
statistical significance (p value >0.05).

- Disease-free survival and overall survival

DEFS and OS were estimated using Kaplan—Meier esti-
mators and the log-rank test for comparisons between
groups. Kaplan—Meier curves and log-rank tests did not
reveal significant differences in either intensity (p value
>0.05) or cell structure (p value >0.05) for DFS. Finally,
to determine the OS influence of 8-OHdG immunoex-
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pression, we again applied Kaplan—Meier estimators
and the log-rank test. The results were not significantly
different according to OS and intensity (p value= 0.05),
but in patients with double-positive (cytoplasm and
nucleus) immunoexpression a significant difference (p
value = 0.001) was founded, falling close to 50% the
as shown in Fig. 3. Some highlights are interesting; all
deceased patients belonged to this group, and shared
characteristics, such as female sex and no risk habits.

1.04 i | ot o =+ + +
0.8 {
g
;‘..: 0.6
2 + + +
<]
=
Q.
E
T 0.4
z
3
wv
0.2+
21 24, 21 21 21 1.5 11: 3
001 9 9 7 6 5: 5: 4. 2
T T T T T T T T
0 1 2 3 4 5 6 7

Follow-up (years)

—Cyt+/Nu-
MCyt+/Nu+

~+= Cyt+/Nu--censored

—+— Cyt+/Nu+-censored

Log Rank Test p=.001

Fig. 3: Kaplan—Meier estimator and number at risk for overall sur-
vival according to cell structure immunoexpression. Green arrow
indicates near of 50% survival. Blue arrow remains at 100%.

Discussion

Oral cancer is a global health problem and is one of the
most important causes of mortality. It is a very aggres-
sive and severe pathology that has had a greater impact
on the population in recent years. In 2020, GLOBO-
CAN reported an increase in the number of cases of car-
cinoma in the lip and oral cavity in both sexes in people
of legal age, estimating an incidence number of cases in
2040 of 545,396. Due to its effect on human health and
the relentless search to find and develop a cure, cancer
has been the focus of a great research effort for many
years. Such investigations have achieved remarkable
advances in understanding the cellular and molecular
bases but have had little impact on preventing tumor
development or increasing the probability of survival of
most cancerous tumors (3,2).
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Tumor cells generate higher levels of ROS than normal
cells due to the high metabolic rate and loss of normal
mitochondrial function, increasing susceptibility to
free radicals and thus oxidative stress and suggesting
that ROS are a biomarker of tissue malignancy (22).
Multiple studies have sought and answered questions
about oxidative stress related to oral premalignant le-
sions (OPLs) and OSCC. For example, Shengore et al.
(2018) demonstrated that in peripheral blood, patients
with OPL (leukoplakias) maintained higher levels of
8-OHdG than a control group. Babiuch et al. (2019) and
Nandankumar et al. (2020) evaluated this free radical
in saliva from patients with OSCC. Babiuch found that
there were no significant differences in the levels of
8-OHdG compared to a control group. In contrast, Nan-
dankumar found high levels of 8-OHdG, demonstrating
significant differences in the concentration of salivary
8-OHdG among healthy controls, oral submucous fibro-
sis patients and OSCC patients (13,16,17).

These controversial results might have occurred be-
cause body fluid samples and tissue homogenates can
indiscriminately mix several cell types that are suscep-
tible to generating this radical (such as leukocytes and
fibroblasts).

To the best of our knowledge, this study is the first to
evaluate 8-OHdG immune expression in OSCC tis-
sues, where we can demonstrate DNA oxidative dam-
age at the parenchyma level. According to our literature
search, only three studies on other types of cancer have
performed 8-OHdG immunoassays. In accordance with
these findings, immunoreactivity was found in all car-
cinoma samples: 110 hepatocellular carcinomas (23), 8
papillary thyroid samples (24), and 10 prostatic adeno-
carcinoma samples (25).

We expected that the difference would be reflected ac-
cording to the intensity of immunoreactivity, and sig-
nificance would be related to these parameters, as ob-
served in previously cited studies. Although this study
showed a high intensity of 8-OHdG immunoreactivity
in OSCC tumors, the significance of some criteria (tu-
mors and deaths) was based on cytoplasmic/nuclear im-
munoexpression.

According to the results of this study, the presence of
risk factors does not affect the expression of this free
radical, contrary to the strong association established
between tobacco and alcohol consumption and the in-
duction of ROS. This lack of association could be ex-
plained by the endogenous oxidative damage (EOD)
resulting in 8-OHdG being caused independently of
those risk factors (6), such as through alterations related
to glucose (26), the presence of inflammation, and the
maintenance of tumorigenesis, which in turn promotes
a high metabolic energy demand (27,28). Consequently,
homeostatic imbalance between antioxidants and free
radicals remains in the tumor microenvironment.
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In thyroid papillary carcinomas (24), the production of
ROS has been demonstrated to be an endogenous source
from the cancer cells themselves involving the progres-
sion of cancerous conditions to more severe stages. Ac-
cording to this finding, EOD is a phenomenon shared
between papillary carcinomas and oral cancer.

In concordance with Ohtake et al. (2018), the signifi-
cantly preferential cytoplasmic immunoexpression of
OSCC tissues was part of our results. But we cannot
consider this is a robust finding, in first place the lack of
inclusion of OPLs, one limitation of our study, prevents
make more hypotheses related to tumor growth.

The differences found regarding the location of the im-
munomarker (cytoplasm and nucleus), drives perspec-
tives, about exploring the mechanism by which malig-
nant cells shield the nucleus to protect nuclear DNA
from 8-OHdG damage. In this sense, it can be hypothe-
sized that more oxidative damage occurs when the cyto-
plasm and nucleus express 8-OHdG, which would agree
with the significant associations of 8-OHdG cytoplasm/
nucleus expression with all OSCC deaths found in this
study. Supporting this, Li et al. (2012) followed patients
with hepatocellular carcinoma for 3 years and conclud-
ed that lower survival rates were associated with high
8-OHdG immunoexpression. It would be necessary to
corroborate the oxidative progress from the cytoplasm
to the nucleus for this outcome, so more studies are
needed to reinforce this approach. It is interesting to
consider how tumor cells can develop mechanisms to
continue functioning despite being subjected to oxida-
tive damage, unlike normal cells that can do so with low
levels of ROS.

These hypotheses are the origin of the pro-oxidant or
antioxidant therapy controversy, because antioxidant
therapy can protect against the toxic effects of ROS and
accelerate cancer progression, and the elevation of ROS
redox could also be useful for cancer establishment (12).
Therefore, more knowledge about malignant cell behav-
ior during oxidative stress is necessary.

- Limitations

Among the limitations of our study was the small sam-
ple size; we only examined a piece of the total tumor,
and we cannot know whether oxidative stress character-
istics were present in the complete tumor. Additionally,
for normal oral tissue nuclear positivity, it was not pos-
sible to determine the reason for this result because the
donors’ medical histories were unknown and because
data such as old age, presence of risk habits or comor-
bidities related to oxidative damage were not available.

Conclusions

DNA oxidative damage assessment by 8-hydroxy-
guanosine immunoexpression is possible in oral can-
cer tissues but is not related to risky habits. However,
this study demonstrated the oxidative state with a bio-
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marker that allows the visualization of important cell
structures, such as the nucleus. Additionally, in OSCC,
we observed preferential cytoplasmic staining alone or
in conjunction with nuclear staining. Associations with
predictive disease characteristics, such as tumor size
and overall survival, were observed, suggesting that
high oxidative damage is present when confined to the
cytoplasm and nucleus.
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