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Abstract

Objective: To observe the association between Aldehyde
dehydrogenase 3 family member A1 (ALDH3A1) levels
with histological grade, pathological stage and nodal
status in Oral Squamous Cell Carcinoma (OSCC).

Methods: A total of 114 diagnosed OSCC patients who
underwent Excisional biopsy with complete neck dissection
were recruited in the study in accordance with inclusion
criteria. H & E slides were assessed for evaluation of clin-
icopathological features. Immunohistochemical (IHC)
staining method was used to study the expression of
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ALDH3AL. Statistical analysis was performed using SPSS
version 21.0. The chi-square test and Fisher exact test were
applied to evaluate the association of ALDH3A1 expres-
sion with histological grade, nodal metastasis and patho-
logical tumor stage (pT). All tests were two-sided and a p-
value of <0.05 was considered significant.

Results: This study looked at 114 OSCC patients, most
of them were men (76.3 %) with a mean age of 47. The
common tumor sites were buccal mucosa (53.5 %) and
left side predominance of face (52.6 %). The grades were
well (30.7 %), moderate (38.6 %), and 3 poorly differ-
entiated (30.7 %). The expression of ALDH3A1 is sig-
nificantly strong in the well differentiated compared to
the poorly differentiated OSCC (p < 0.001), and presence
of nodes involvement compared to no node’s involvement
(p < 0.001). The findings also suggest that ALDH3A1
expression decreases in more advanced tumors (pT4
stage, p = 0.012), with higher ALDH3AI1 levels being
associated with earlier stages (pT1, pT2) of OSCC.

Conclusions: The decrease in expression of ALDH3AI1 in
a poorly differentiated and advanced stage OSCC com-
pared to its well differentiated and early stage highlights
the potential role of this biomarker as an important
prognostic tool.

Keywords: ALDH3A1 protein; Biomarker; Immunohis-
tochemistry; Oral squamous cell carcinoma (OSCC); Tumor
marker

© 2025 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Introduction

According to Global Cancer Statistics (GLOBOCAN
2022), lip and oral cavity cancer ranks as the 16th most
common malignancy worldwide, with 389,846 new cases
reported in 2022, and it is the 15th highest cause of cancer-
related deaths, accounting for 188,438 fatalities. The five-
year prevalence of lip and oral cavity cancer is 1,094,448
cases globally.! In particular, the incidence of oral
squamous cell carcinoma (OSCC) is rising and is projected
to increase by 30 % beyond 2030.> South and Southeast
Asia have the highest rates of OSCC occurrence, with
significant regional variations.” Data from the Dow
Cancer Registry in Karachi indicate that OSCC is the
most frequently diagnosed cancer among males and the
second most common cancer among females in the
region.4 The widespread use of substances such as
cigarettes, alcohol, and betel quid contribute to these high
rates, and all are recognized as major risk factors for
0sCC.™

Despite advances in the detection, prevention, and treat-
ment of OSCC, the prognosis remains concerning, where the
five-year survival rate is significantly impacted by the stage at
diagnosis. Survival rates range from approximately 90 % for

early stage OSCC to around 30 % for advanced stages.%g

This difference highlights the critical importance of early
diagnosis.

Tissue biopsy remains the gold standard for diagnosing
OSCC because it provides reliable information about the
tumor’s clinicopathological characteristics, histological
grade, and extent of spread.]0 However, the conventional
biopsy methods have limitations in terms of predicting
tumor behavior and patient prognosis. To address these
shortcomings, biomarkers have emerged as pivotal tools in
cancer diagnostics, offering insights into tumor
progression, aggressiveness, and resistance to treatment.'"!?

Reactive oxygen species (ROS) are highly reactive mole-
cules containing unpaired electrons, and they play dual roles
in cellular dynamics.13 ROS support growth and
differentiation at low levels, whereas they promote tumor
survival and angiogenesis while at high concentrations.'*
This dual role highlights ROS as potential therapeutic
targets in cancer treatment. 1517

Aldehyde dehydrogenase (ALDH) enzymes have impor-
tant roles in the management of ROS and are also considered
cancer stem cell markers due to their high expression levels in
cancer. ALDH enzymes are responsible for the detoxification
of aldehydes and reduction of oxidative stress, thereby pro-
moting cellular protection. The elevated activities of ALDH
enzymes in cancer stem cells are linked to tumor progression
and poor prognosis, and thus they are potential therapeutic
targets.m’w

In the ALDH family, ALDH3AI1 plays a key role in
oxidizing a broad range of endogenous and exogenous
aldehydes, and it is essential for critical cellular processes
such as proliferation, differentiation, and survival in both
normal and cancerous cells.”’*!

Overexpression of ALDH3A1 has been observed in var-
ious cancers, including those affecting the oral cavity,
esophagus, nasal structures, and minor salivary glands.zz*24
ALDH3A1 was recently identified as a marker of cancer
stem cells that have positive correlations with
chemoresistance, tumor progression, and poor clinical
outcomes in the context of cancer. ALDH3Al
downregulation in OSCC was demonstrated in previous
studies with molecular techniques, and its reduced
expression was linked to epithelial mesenchymal transition
and inflammation. However, although lower ALDH3A1
levels were found in tumor tissue, previous studies did not
determine the detailed immunohistochemical status of
ALDH3AT1 expression according to the histological grade,
tumor stage, or lymph node metastasis.”> Thus, in the
present study, we aimed to address the need to conduct a
comparative analysis of ALDH3AI1 expression and the key
clinical pathological parameters, i.e., histological grade,
tumor stage, and lymph node metastasis. We analyzed
ALDH3A1 protein expression by immunohistochemical
staining and assessed the relationships with the histological
grade, tumor stage, and lymph node metastasis in OSCC
patients, thereby allowing us to obtain greater clinical
insights into ALDH3AT1 than previous biological findings,
and to leverage its prognostic potential for OSCC. Thus, in
this study, we determined the associations between
ALDH3A1 expression and clinicopathological features in
OSCC to assess its potential role as a prognostic biomarker.
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Materials and Methods

This cross-sectional analytical study was based on 114
formalin-fixed, paraffin-embedded (FFPE) OSCC tissue
blocks. All samples that satisfied the inclusion criteria were
selected. The sample size was calculated using OpenEpi
version 3.01 based on the ALDH3A1l expression rates
reported by Qu et al. (55.6 % positive expression in OSCC
samples).23 The study was conducted in the Histopathology
Section of Dow Diagnostic Research and Reference
Laboratory, Dow University of Health Sciences (DUHYS),
Karachi, Pakistan from September 2021 to May 2023.
Ethical approval was obtained from the Institutional
Review Board (IRB) of DUHS (IRB Number: IRB-2566/
DUHS/Approval/2022/1007).

The inclusion criteria comprised excisional biopsy speci-
mens of OSCC tissue and neck dissection samples with at
least 70 % full thickness section, regardless of the patient’s
age or gender. Exclusion criteria included samples with
inconclusive diagnoses, inadequate fixation, recurrent
tumors, prior chemotherapy or radiotherapy, and individu-
als with chronic illnesses, autoimmune diseases, or con-
genital syndromes.

Tissue processing and clinicopathological assessment

Demographic data and clinicopathological details were
collected after obtaining informed verbal consent from all
patients. OSCC tissue specimens were fixed in 10 % neutral-
buffered formalin. Two adjacent non-tumorous oral epi-
thelium tissue specimens were used as controls.”® The diagnosis
of OSCC was confirmed by histopathological examination of
slides stained with hematoxylin and eosin. Histological
grading and pathological tumor (pT) node metastasis staging
were assessed by two independent histopathologists (UB and
RF). Histological grading was performed using Broder’s
classification by categorizing the samples as Grade 1 (Gl1):
well-differentiated, Grade 2 (G2): moderately differentiated,
and Grade 3 (G3): poorly differentiated.”

Pathological staging was conducted according to the pT
node metastasis classification outlined in the 8th edition
(2017) of the AJCC/UICC TNM staging guidelines. This
system incorporates tumor size and depth of invasion for T
staging, and lymph node involvement and extracapsular
spread for N staging.25

Immunohistochemistry

To conduct the immunohistochemical analyses, full
thickness OSCC tissue sections were cut into slices with a
thickness of 4 um and mounted on positively charged slides
to ensure good adhesion. The slides were dried in an oven at
70 °C for 1 h. Xylene was used for deparaffinization with
three immersions each for 5 min, before rehydrating with a
graded series consisting of 70 %, 80 %, and 100 % methanol,
and then washing with distilled water until the residual
methanol was removed. Endogenous peroxidase activity was
blocked by using 3 % hydrogen peroxide for 5 min in order
to minimize background staining.

Antigen retrieval was performed by utilizing Tris buffer
(pH 9.0) in a pressure cooker for 20 min, before cooling at

room temperature for 30 min. Slides were washed three times
with phosphate-buffered saline (PBS), before applying the
primary antibody for ALDH3A1 (Anti-Rabbit polyclonal,
Thermo Fisher CAT #PAS5-15004) at a dilution of 1:500 in
PBS with 1 % bovine serum albumin (BSA) solution. The
sections were incubated with the primary antibody for
60 min at room temperature and then washed three times
with PBS to remove any unbound antibody.

Horseradish peroxidase-labeled secondary antibody
(Thermo Fisher CAT #PI31490) was then applied at a dilu-
tion of 1:1000 in PBS with 1 % BSA, and incubated
for 30 min. After washing three times with PBS, 3,3'-
diaminobenzidine was applied as the chromogen substrate
and the brown color indicated formation of the antigen—
antibody complex. The slides were counterstained
with hematoxylin to observe the nucleus. Slides were then
dried in an oven and mounted with dibutylphthalate poly-
styrene xylene to allow their permanent preservation.
ALDH3AT1 expression was analyzed based on these stained
sections.

Immunoreactivity scoring (IRS) method

The semi-quantitative IRS method was used to analyze
ALDH3A1 protein expression in the OSCC tissue biopsy
specimens. The percentage of positive cells was determined
by manual counting and reevaluated using Fiji Imagel
software. The software was used to apply a digital analysis
method that supports IRS scoring and helps to reduce
observer bias and increase intra- and inter-examiner reli-
ability.% Immunoreactivity was scored on a scale from 0 to 4
based on the number of positive cells, with a score of 0 for no
positive cells, 1 for less than 10 % positive cells, 2 for 10—
50 % positive cells, 3 for 50—80 % positive cells, and 4 for
more than 80 % positive cells (Table 1). The intensity of
staining was evaluated using a microscope by two
independent histopathologists (UB and RF). The scores
were categorized based on the intensity of the staining as
follows: a score of 0 for no staining, 1 for weak staining, 2
for moderate staining, and 3 for strong staining. The final
IRS score was calculated by multiplying the score for the
percentage of positive cells by the staining intensity score.
The final scores were categorized as follows: scores of 0—1
indicated negative expression, scores of 2—3 denoted weak
expression, scores of 4—8 represented moderate expression,
and scores of 9—12 indicated strong expression.27

Statistical analysis

Data analysis was performed using SPSS software version
21.0. Continuous variables, such as age, were summarized as
the mean + standard deviation, whereas categorical varia-
bles, including gender, histopathological tumor grades (G1,
G2, and G3), presence of lymph node metastases, lesion site,
tumor laterality, and pathological stage of OSCC, were
represented as frequencies and proportions.

The chi-squared test was employed to evaluate the asso-
ciations between ALDH3A1 expression and histological
grades of OSCC, nodal metastases, pT staging, and other
categorical variables. Fisher’s exact test was used as when the
criteria for the chi-squared test were not satisfied. All
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statistical tests were two-sided, and a p-value <0.05 was
considered to indicate a statistically significant difference.

Abbreviations: ALDH3AI1, aldehyde dehydrogenase 3A1; DUHS,
Dow University of Health Sciences; IRS, immunoreactivity scoring;
PBS, phosphate-buffered saline; ROS, reactive oxygen species;
SSPC, salivary stem/progenitor cell;, TAN, tumor-associated
neutrophil.

Results
Clinicopathological characteristics of OSCC

This study included 114 OSCC tissue specimens. The most
common tumor site was the buccal mucosa in 61 cases
(53.5 %), followed by the tongue in 20 cases (17.5 %), lip in 14
cases (12.3 %), and alveolus of the mandible in 10 cases (8.8 %).
Less frequent sites included the floor of the mouth, alveolus of
the maxilla, retromolar area, and palate, with two cases for
each (1.8 %), and the gingiva in one case (0.9 %) (Table 2).

In terms of tumor laterality, most tumors were located on
the left side, accounting for 60 cases (52.6 %), with 32 cases
(28.1 %) on the right side. Tumors involving the midline were
identified in eight cases (7.0 %), and unspecified laterality in
14 cases (12.3 %) (Table 2).

Histological grading showed that 35 cases (30.7 %) were
well differentiated, 44 cases (38.6 %) were moderately dif-
ferentiated, and 35 cases (30.7 %) were poorly differentiated.
According to pT staging analysis, 31 cases (27.2 %) were
classified as pT1, 30 cases (26.3 %) as pT2, 26 cases (22.8 %)
as pT3, and 27 cases (23.7 %) as pT4. Nodal metastasis was
absent in 69 cases (60.5 %), but lymph node metastases were
found in 45 cases (39.5 %). Overall, comprehensive dis-
tributions of tumor sites, laterality, histological grading,
pathological staging, and nodal involvement were analyzed
for the OSCC cases (Table 2).

Correlations of ALDH3AI expression with histological
grade, pathological stage, and lymph node metastasis

The objective of our study was to determine the associa-
tions of ALDH3AT1 with the histological grade, pathological

Table 1: Immunoreactivity scoring method for assessing
immunohistochemical staining.

Staining
intensity

(percentage of

positive cells x staining
intensity) = immunoreactivity
score

Score 0: no positive Score 0:
cells No staining
Score 1: < 10 %
positive cells

0—1 = negative

Score 2: 10—50 % Score 1: 2—3 = weak expression
positive cells Weak

Score 3: 50—80 % Score 2: 4—8 = moderate expression
positive cells Moderate

Score 4: > 80 % Score 3: 9—12 = strong expression
positive cells Strong

Table 2: Clinicopathological characteristics of OSCC cases.

Parameter Frequency
N (%)

Tumor site Buccal mucosa 61(53.50)

Floor of the mouth 2 (1.80)
Lip 14 (12.30)
Tongue 20 (17.50)

Alveolus of mandible 10 (8.80)

Alveolus of maxilla 2 (1.80)

Retromolar area 2 (1.80)

Palate 2 (1.80)

Gingiva 1 (0.90)
Tumor laterality Right 32 (28.10)
Left 60 (52.60)

Midline 8 (7.00)
Not specified 14 (12.30)
Histological grade Well differentiated 35 (30.70)
Moderately differentiated 44 (38.60)
Poorly differentiated 35 (30.70)
Pathological pTl 31 (27.20)
tumor stage pT2 30 (26.30)
pT3 26 (22.80)
pT4 27 (23.70)
Nodal metastasis No lymph node metastasis 69 (60.50)
Lymph node metastasis 45 (39.50)

stage, and nodal status of OSCC samples. The IRS results for
ALDH3A1 indicated a significant association with the
advanced histological grade and stage, and the presence of
nodal metastasis in patients with OSCC. The results are
summarized in Table 3.

According to the histological grade, strong ALDH3Al
expression was observed in four well differentiated OSCC
cases (11.4 %), whereas moderate ALDH3A1 expression was
found in the majority cases (31/35; 88.5 %). Weak expression
was not observed in any case in this group. In moderately
differentiated OSCC cases, weak expression was observed in
14 cases (31.8 %), moderate expression in 27 cases (61.4 %),
and strong expression in three cases (6.8 %). ALDH3A1
expression was weak in poorly differentiated tumors (27/35;
77.1 %) and moderate in eight cases (22.9 %), but strong
expression was not observed.

A statistically significant association was found between
ALDH3A1 expression and histological grade (Pearson’s chi-
square = 46.278, df = 4, p < 0.001). These findings indicate
that there was a strong inverse association between
ALDH3A1 expression and tumor dedifferentiation, where
decreased ALDH3A1l expression was correlated with
increased histological grades. Therefore, these findings imply
a decrease in ALDH3A1 expression as the tumor grade
advanced (Figure 1).

In terms of the association with nodal metastasis, most
tumors without lymph node involvement exhibited moderate
ALDH3A1 expression (53/69; 76.8 %), whereas weak (nine;
13.0 %) and strong (seven, 10.2 %) expression levels were
observed in other cases. By contrast, in cases with nodal
metastasis involvement, weak expression was found in 32 of
45 cases (71.1 %) and moderate expression in 13 cases
(28.9 %), and it is important to note that no cases with nodal
metastasis expressed strong levels of ALDH3A1. These
findings indicate a decrease in ALDH3A1 expression in
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Table 3: Distribution of ALDH3A1 immunoreactivity scoring (IRS) results according to clinicopathological variables in OSCC

patients.

IRS results for ALDH3A1 expression

Variables Weak N (%) Moderate N (%) Strong N (%) Total N (%) p-value
Gender

Male 30 (26.3) 50 (43.9) 7 (6.1) 87 (76.3) 0.352
Female 11 (9.6) 16 (14.1) 0 (0) 27 (23.7)

Age (years)

22-25 6 (5.3) 1(0.9) 0 (0) 7 (6.1) 0.331
26—45 16 (14) 28 (24.6) 4 (3.5 48 (42.1)

46—75 18 (15.8) 34 (29.9) 3 (2.6) 55 (48.3)

76—84 1(0.9) 3(2.6) 0 (0) 4 (3.5

Tumor site

Buccal mucosa 19 (16.6) 37 (32.4) 54.3) 61 (53.3) 0.615
Floor of the mouth 0 (0) 2 (1.8) 0 (0) 2 (1.8)

Lip 7 (6.1) 6 (5.3) 1(0.9) 14 (12.3)

Tongue 8 (7) 12 (10.5) 0 (0) 20 (17.5)

Alveolus of mandible 4 (3.5) 6 (5.3) 0 (0) 10 (8.8)

Alveolus of maxilla 1(0.9) 0 (0) 1(0.9) 2 (1.8)

Retromolar area 1(0.9) 1(0.9) 0 (0) 2 (1.8)

Gingiva 0 (0) 1(0.9) 0 (0) 1(0.9)

Palate 1(0.9) 1(0.9) 0 (0) 2(1.8)

Tumor laterality

Right 9(7.9) 22 (19.3) 1(0.9) 32 (28.1) 0.426
Left 23 (20.2) 33 (28.9) 4 (3.5) 60 (52.6)

Midline 5(4.4) 3(2.6) 0 (0) 8(7)

Not specified 4 (3.5) 8 (7) 2 (1.8) 14 (12.3)

Pathological stage

pTl 4 (3.5) 22 (19.3) 54.4) 31 (27.2) 0.012%
pT2 15 (13.2) 14 (12.3) 1(0.9) 30 (26.3)

pT3 11 (9.6) 14 (12.3) 1(0.9) 26 (22.8)

pT4 11 (9.6) 16 (14) 0 (0) 27 (23.7)

Histological grade

Gl 0 (0.0) 31 (27.2) 4 (3.5) 35(30.7) <0.001"
G2 14 (12.3) 27 (23.7) 3(2.6) 44 (38.6)

G3 27 (23.7) 8 (7.0) 0 (0.0) 35(30.7)

Regional lymph node metastases

No lymph node metastases 9 (7.9) 53 (46.5) 7 (6.1) 69 (60.5) <0.001*
Tumor with lymph node involvement 32 (28.1) 13 (11.4) 0 (0.0) 45 (39.5)

& Significant.

tumors with nodal metastases and poorly differentiated
OSCC.

Evaluation of ALDH3A1 expression across pT stages
also indicated a statistically significant association (Pear-
son’s chi-square = 15.643; df = 6; p = 0.012). In early-stage
tumors (pT1), moderate expression was predominant (22/
31; 70.9 %), followed by strong (five cases; 16.1 %) and
weak expression (four cases; 13 %). In pT2 tumors, half of
the cases (15/30; 50 %) exhibited weak expression, with
moderate expression in 14 cases (46.7 %) and strong
expression in only one case (3.3 %). In pT3 tumors, mod-
erate expression was most common (14/26; 53.8 %), fol-
lowed by weak (11 cases; 42.3 %) and strong (one case;
3.9 %) expression. In advanced pT4 tumors, moderate
expression remained predominant (16/27; 59.3 %), but weak
expression was found in 11 cases (40.7 %), and no strong
staining was observed. Overall, these data indicate that
ALDH3A1 expression declined as the tumor stage
advanced, where weak expression became more frequent in
later stages.

These results indicate that ALDH3A1 may serve as a
potential marker for early-stage tumors and predictive indi-
cator of lymph node involvement, contributing to the
assessment of OSCC prognosis and progression.

However, no statistically significant differences in
ALDH3A1 expression levels were observed according to
variables such as age, gender, tumor site, and tumor later-
ality, as shown in Table 3.

Discussion

ALDH3A1, a member of the ALDH enzyme family, is
important for homeostasis of the oral epithelial by detox-
ification, retinoic acid biosynthesis, and regulating cellular
differentiation.”® In normal oral mucosa, ALDH3Al1
expression is mainly observed in the upper suprabasal
layers, and it is responsible for terminal differentiation of
keratinocytes and protection from environmental and
oxidative stresses.”” Thus, the spatial expression pattern
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Figure 1: Images of ALDH3A1 immunohistochemical staining based on immunoreactivity scoring method for histological grades G1, G2, and
G3 at magnifications of 10 X and 40 X . A and B: Well differentiated (G1) OSCC showing strong expression at magnifications of 10 x and
40 x , respectively. C and D: Moderately differentiate (G2) OSCC showing moderate expression at magnifications of 10 x and 40 x ,
respectively. E and F: Poorly differentiated (G3) OSCC showing weak to moderate expression at magnifications of 10 x and 40 x ,

respectively.

of ALDH3A1 indicates its importance for maintaining the
structural and functional integrity of the oral epithelium.
ALDH3AT1 expression is mutated in an increasing number
of cancers, particularly OSCC, but its loss or decrease
may reflect altered differentiation and it could also be a
marker of tumorigenesis.‘m*34 Recently, ALDH3A1 was
identified as a promising prognostic biomarker in
different malignancies, and it was correlated with diverse
clinical outcomes in various cancers. > ° However, the
role of ALDH3A1l in OSCC is poorly understood and
previous studies were inconclusive or found non-
significant associations of ALDH3A1 with prognostic
parameters.23

Thus, in the present study, we assessed the immunohis-
tochemical expression levels of ALDH3A1 in OSCC tissue
specimens and determined the correlations with major clin-
icopathological parameters to explore its potential as a
prognosis marker. We found significant associations between
the ALDH3A1 protein expression levels in OSCC and the
histological grade, pT stage, and lymph node metastasis.
Overall, our findings suggest that there is a close relationship

between ALDH3A1 expression and tumor progression and
biological aggressiveness.

Our results showed that the ALDH3A1 expression level
tended to decrease as the tumor grade advanced in OSCC
(» < 0.001; Table 3). The ALDH3AI1 expression levels were
predominantly moderate to strong in well differentiated
tumors but weak in poorly differentiated tumors, and
strong expression was found in no low scoring cases. In
addition, we found that weak ALDH3A1 expression was
correlated with lymph node metastasis (p < 0.001).
Moderate ALDH3A1 expression was predominant in cases
without nodal involvement, and strong ALDH3A1l
expression was found in none of the cases with nodal
metastasis (Table 3). In addition, we found a significant
inverse relationship between ALDH3A1 expression and
tumor stage (pT). Weak ALDH3AI1 expression was more
frequent in higher stage tumors (pT3 and pT4), but
moderate to strong expression was frequent in early-stage
tumors (pT1) (Table 3).

These results are consistent with the study by Qu et al.
(2020) who found a significantly lower ALDH3A1
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expression in OSCC tissues compared with adjacent normal
tissues. They also showed that the ALDH3A1 levels were
significantly lower in patients with lymph node metastasis
and poorer overall survival, with a similar p-value (0.037*) to
that in our study (p < 0.001). However, the association of
ALDH3AT1 with histological differentiation and staging was
not significant. By contrast, we found that ALDH3AI
expression had inverse correlations with histological grade
and pathological stage, with statistically significant p-values
of <0.001 and < 0.012, respectively.

These differences in the statistical significance of the
relationships with histological grade and pathological stage
may have been due to differences in the sample size, study
population, or criteria used for scoring ALDH3A1 immu-
noreactivity. However, both studies support the possible
prognostic role of ALDH3A1 in OSCC due to its potential
for predicting the metastatic potential and disease
progression.23

These findings validate the results reported by Luo et al.
(2024) who showed that chronic restraint stress promoted
OSCC progression via increased norepinephrine secretion
and ADRB2 expression, as well as decreased ALDH3A1
levels. These effects were linked to downregulated energy
metabolism and increased mitochondrial activity. By con-
trast, ALDH3A1 overexpression inhibited OSCC cell pro-
liferation, the epithelial—mesenchymal transition process,
and mitochondrial metabolism. Moreover, they showed that
reduced ALDH3A1 expression enhanced the polarization
and metastasis of tumor-associated neutrophils (TANSs) in
head and neck squamous cell carcinoma, and played a cen-
tral role as a tumor suppressor and metabolic regulator.37

In addition, the results obtained by He et al. agree with
our findings, where they demonstrated that ALDH3A1
expression was inversely associated with infiltration by
TANSs. Higher TAN infiltration was positively associated
with lower tumor differentiation (p = 0.005) and lymph node
metastasis (p = 0.029), and significantly higher levels of
TANs were observed in OSCC tissues.*®

In contrast to the tumor grade, stage, and metastasis, we
did not find strong associations between ALDH3A1 expres-
sion and demographic variables, tumor site, laterality, or
clinical staging, thereby suggesting that ALDH3A1 has a
stronger biological relationship with the tumor rather than
anatomical or demographic factors when predicting outcomes.

We also evaluated clinicopathological parameters
including age, gender, tumor site, and laterality. Most cases
occurred in males, with 76.3 %, and the mean patient age was
47 + 2 years. Similarly, Ullah et al. (2023) reported that
73.3 % of OSCC cases were in males, with a mean age of 47
years.’w By contrast, Bhuyan et al. (2022) observed a higher
prevalence of OSCC among females aged 45—64 years in
Eastern India, although males still comprised a significant
proportion of the cases.*’ This regional variation highlights
the potential effects of cultural practices and exposure to
risk factors on the distribution of OSCC.

Our assessment of the anatomical distribution showed that
the buccal mucosa (53.5 %) and tongue (17.5 %) were the
most commonly reported sites for OSCC. Mohanta et al.
(2013)*! and Jyoti et al. (2020)** reported that 45.2 % and
42 % of OSCC cases occurred in the buccal mucosa of
patients, respectively. Moreover, our findings showed that
the tongue was the second most frequently affected site, as

also reported by Gupta et al. (2021) who identified both the
tongue and buccal mucosa as high-risk sites for OSCC
development.43 These findings highlight the importance of
early detection and timely intervention, particularly through
targeted screening of these high-risk oral sites.

Saiki et al. (2018) highlighted the crucial role of
ALDH3A1 in protecting salivary stem/progenitor cells
(SSPCs) from radiation-induced damage, which is essential
for salivary gland regeneration. They demonstrated that
radiation exposure led to the accumulation of toxic alde-
hydes, causing DNA, protein, and lipid damage, ultimately
resulting in SSPC apoptosis. In particular, the activation of
ALDH3AI1 through p-limonene significantly reduced alde-
hyde levels, improved SSPC survival, and preserved salivary
gland function in vivo, as well as maintaining the anticancer
efficacy of radiation.** These findings agree with our results
and support the protective roles of ALDH3A1 in OSCC
and its importance as a therapeutic target.

In the present study, we showed that the expression level of
ALDH3A1 was low in OSCC tumors with poor differentiation
and nodal metastasis, thereby supporting a role for ALDH3A1
in the propagation of tumor dedifferentiation and metastatic
behavior. Tumors with advanced pT stages and lymph node
metastasis had a higher frequency of weak ALDH3AIl
expression. These results suggest that reduced ALDH3A1
expression could enhance tumor progression and metastasis.
However, further validation is required in larger and multi-
center cohorts as well in systematic studies before ALDH3A1
can be employed as a prognostic biomarker in OSCC.

Our results provide valuable insights into the expression
of ALDH3A1 in OSCC and its correlations with tumor
pathological stage, histological grade, and lymph node
metastasis. However, our study also had the following
limitations.

1. The sample size was relatively small and derived from a
single-center cohort, which may restrict the general-
izability of our findings. A multicenter study with a larger
and more diverse population would enhance the reliability
of these results.

2. In addition, we focused solely on tumor tissue, and thus
assessing ALDH3AL levels in blood or serum could fur-
ther support its potential use as a non-invasive biomarker.

3. Moreover, complementing immunohistochemistry with
other techniques such as western blotting or quantitative
PCR could provide a more comprehensive understanding
of the role of ALDH3AL1 in OSCC.

Conclusion

Our results demonstrate that ALDH3A1 has a complex
role in OSCC progression. Lower expression levels of
ALDH3A1 were linked with advancing tumor grade and
stages, and the metastatic spread of lymph nodes. Thus,
ALDH3AI1 could serve as a marker for predicting the course
of OSCC. However, more research is needed to understand
how ALDH3A1 functions in OSCC and how it can be used
for diagnosis or treatment, thereby potentially helping us to
manage OSCC better and improve the outcomes for patients.
Nevertheless, the nature of this study is observational and
our conclusions are based on immunohistochemistry alone,
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and should be considered preliminary. Further validation is
necessary to confirm the functional role of ALDH3A1 in
OSCC pathogenesis by using molecular approaches such as
quantitative PCR and western blotting. Future research
based on a combination of these techniques may validate
ALDH3AI1 as a reliable biomarker and therapeutic target in
OSCC to assist diagnosis, prognosis, and patient manage-
ment in the future.
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