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Abstract

Background: Peripheral blood biomarkers are significant prognostic predictors for
several human tumors, as they reflect the dynamics between anti-tumor and tumor-
promoting effects of the inflammatory response. Studies have shown that increased levels
of neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and
systemic immune-inflammation index (SII) are associated with unfavorable outcomes for
oral squamous cell carcinoma (OSCC). This study aimed to analyze the association of
tumor inflammation-related hematological alterations to the incidence of epithelial
dysplasia (ED) and OSCC in mice treated with tobacco mimicker 4-nitroquinoline-N-
oxide (4NQO) and ethanol. Methods: 120 C57B1/6J mice equally divided into males and
females were randomly allocated to four groups (n=15): PPG/H2O0, treated with vehicle
propylene glycol (PPG) for 10 weeks followed by drinking water (H20) for 15 weeks;
PPG/EtOH, treated with PPG for 10 weeks and 8% ethanol (EtOH) for 15 weeks;
4NQO/H2O0, treated with 100ug/mL of 4NQO diluted in PPG followed by H20 for 15
weeks; and 4NQO/EtOH, treated with 4NQO for 10 weeks followed by EtOH for 15
weeks (CEUA-UFU, #020/21). At the end of the 25-week treatment period, animals were
euthanized and necropsied. Tongues were submitted to histopathological analyses for ED
and OSCC diagnoses. Blood samples were collected and processed for red blood cells,
white blood cells, and platelet cell parameters analyses. The NLR, PLR, and SII were also
calculated. Results: Nearly 93% of the males from the 4NQO/H20 and 4NQO/EtOH
groups developed OSCC. In females, OSCC was observed in 66.7% and 60% of the
4NQO/H20 and 4NQO/EtOH groups, respectively. This difference between males and
females from the 4NQO/EtOH group was significant (p=0.04). Neutrophil count, NLR,

and SII increased significantly from the control group to the 4NQO/H20 and



4NQO/EtOH groups containing OSCC-affected male and female mice, while lymphocyte
count decreased. Females of the 4ANQO/H20 group with ED also had significantly higher
neutrophil, NRL, and SII values than the normal mucosa. Conclusion: White blood cell
counts and NRL changed significantly during epithelial tumorigenesis, reflecting tumor
inflammation-related systemic alterations that could be further explored as biomarkers of

OSCC development and progression.

Keywords: carcinogenesis, hematological tests, oral cancer, tumor biomarkers, mice.



Introduction

Oral squamous cell carcinoma (OSCC) represents the 6th most common type of
cancer worldwide, whose incidence will rise to 40% by 2040, according to the Global
Cancer Observatory (GLOBOCAN)!2. Chronic tobacco and alcohol consumption are
important extrinsic factors associated with the development of oral potentially malignant
disorders (OPMDs) and OSCC proper, of which men present 2 to 3-fold higher risk!-.
Unfavorable outcomes in OSCC management are associated with delayed diagnosis, with
70% of the tumors detected in advanced stages’.

Delayed diagnosis of OSCC is largely due to difficulties in clinical examination
and differential diagnosis of OPMDs, as most are asymptomatic’. Early detection
improves the OSCC 5-year survival rate to 90%?>, which could be achieved with the
development of tumor biomarkers of diagnostic and prognostic value, considering the
different stages of oral carcinogenesis. In this context, peripheral blood analysis was
recently shown to be a noninvasive and low-cost technique with prognostic prediction for
0Scc*.

White blood cell and platelet parameters have been shown to be prognostic factors
for OSCC, particularly the neutrophil and lymphocyte counts, the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and the systemic immune-
inflammation index (SII)*>®, Differences in peripheral blood and systemic inflammatory
biomarkers remain to be explored in the context of OPMD development and malignant
transformation to OSCC, as recent evidence has demonstrated higher NLR values in
squamous cell carcinoma of the larynx than in benign and precancerous conditions’.

Systemic inflammatory biomarkers in cancer are of clinical interest since they
reflect the anti-tumor and tumor-promoting effects of the patient’s inflammatory and

immune responses®. We have recently demonstrated alterations in these parameters in a



murine model of oral cancer, in which the role of inducible nitric oxide synthase, an
important component of tumor-associated inflammation and prognostic predictor of
OSCC lymph node metastasis, was investigated’. Considering that tobacco smoking and
alcohol consumption are major factors for tumor extrinsic inflammation and that
immunoinflammatory response has gender-specificities, this study aimed to analyze the
association between tumor inflammation-related hematological alterations and the
incidence of epithelial dysplasia (ED) and OSCC in male and female mice treated with

tobacco mimicker 4-nitroquinoline-N-oxide (4NQO) and ethanol.

Materials and methods

Study design and ethical issues

All protocols in this in vivo study were approved by the Ethical Commission on Animal
Use of the Federal University of Uberlandia (CEUA-UFU, n. 20/21). Our experimental
units comprised 60 male and 60 female Mus musculus C57B1/6J mice provided by the
Rodents Animal Facilities Complex of the Federal University of Uberlandia (REBIR-
UFU). The experimental protocol consisted of a combination of the murine tongue cancer
model induced with 4-nitroquinoline-N-oxide (4NQO, N8141, Sigma-Aldrich, San
Louis, USA) diluted in propylene glycol (PPG, Synth, Diadema, Brazil) and sterilized
water (H20) to the Meadows-Cook chronic alcoholism model with 8% ethanol (EtOH,

Exodo Cientifica, 95% Pa Acs) diluted in H20 (v/v).

Experimental protocol
To investigate how the association between chronic tobacco and alcohol consumption,
individually and in combination, alters the hematological parameters during oral

carcinogenesis, we submitted the experimental animals to four distinct treatments (n=15).



The PPG/H20 control group was treated with the vehicle used in 4NQO dilution at
Smg/mL for 10 weeks, followed by H20 for 15 weeks; the PPG/EtOH group was treated
similarly, except for the substitution of H20 for 8% ethanol solution; the 4NQO/H20
group was treated with 100ug/mL 4NQO solution for 10 weeks, followed by H20 alone
for 15 weeks; and the 4ANQO/EtOH group was treated with 4QNO solution for 10 weeks
followed by 8% ethanol for 15 weeks. All EtOH-treated groups were initially subjected
to a 1-week acclimatization period in which the ethanol concentration was increased at
4% every 3-day interval. Animals were followed along the 25-week experimental period,
with the following humane endpoints verified twice daily: <20% of weight loss, inability
to ambulate, labored respiration, dehydration, hunched posture, ocular or nasal discharge,
and inability to access food and water. All experimental procedures were conducted at
the REBIR-UFU. Groups of five mice were kept in 32 x 20 x 21cm micro-isolator cages
at 22°C, light-dark cycles of 12h, free access to commercial mouse chow, and sterilized

water.

Blood sample collection

After general anesthesia with intraperitoneal administration of ketamine (100mg/kg) and
xylazine (10mg/kg), blood samples of approximately ImL were collected from the retro-
orbital plexus and by intracardiac punction of the animals into ethylenediaminetetraacetic

acid (EDTA) tubes. Animals were then subjected to cervical dislocation and necropsy.

Hematological profiling
Samples were processed in the auto-hematology analyzer Hematoclin 2.8 VET (Quibasa-
Bioclin, Belo Horizonte, Brazil). Red blood cell count (RBCC), hemoglobin (Hgb),

hematocrit (Hct), mean corpuscular volume (MCV), mean corpuscular hemoglobin
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(MCH), mean corpuscular hemoglobin concentration (MCHC), red blood cell distribution
(RDW), white blood cell count (WBCC), platelet cell count (PCC), and mean platelet
volume (MPV) values were obtained. Manual differential leukocyte counts were
performed by two calibrated researchers on blood smears stained with the panoptic fast
stain kit (LaborClin, Santa Barbara, Brazil). Systemic inflammation markers based on the
blood cell counts were obtained, including the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation index (SII), as

previously reported.

Biochemical analyses

Conventional liquid biochemical analyses were conducted on semiautomatic equipment
BI02000 (Bioplus, Sdo Paulo, Brazil). We used the albumin monoreactive kit (#K040-1,
Quibasa-Bioclin, Brazil) to colorimetrically measure serum albumin concentration, in

which the absorbance was measured at 630 nm.

Histopathological analyses

Tongues were collected at necropsy, fixed in 7% paraformaldehyde for 24 hours, and
embedded in paraffin. Two pathologists then analyzed hematoxylin and eosin-stained
slides to identify areas of ED and OSCC, as reported elsewhere'?. Regions of the tongue
lined with either atrophic or hyperplastic epithelium showing alterations in the tissue
architecture and cell differentiation were considered dysplastic. OSCC was identified in
areas of epithelial invasion with broad pushing borders, microinvasion areas with ill-
defined basement membranes, or, more frankly, invasive epithelial nests. We considered

the most severe lesion in the mouse tongue as the outcome measure.
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The depth of invasion (DOI) of all OSCC was measured as proposed by Miiller et al.!!
using ImageScope software (Leica Biossystems, Nussloch, Germany). In summary, after
H&E-stained slides were scanned in 400x magnification with Aperio AT2 (Leica
Biosystems, Nussloch, Germany), a line was drawn in parallel to the basement membrane
from one healthy margin to the other, and the distance between this line and the deepest

part of the tumor was considered the DOI.

Statistical analyses

All analyses were carried out in R software version 4.3.0 (R Core Team) and GraphPad
Prism version 8.2.1 (GraphPad, San Diego, USA) with a set at 5%. The incidence of ED
and OSCC in the experimental animals was analyzed with the Chi-square test. Survival
analyses were conducted using the Mantel-Cox log-rank test. Differences in the
hematological parameters, systemic inflammatory markers and biochemical tests among
the treatment groups and the identified lesions were verified with Kruskal-Wallis and
Dunn's post hoc test with adjusted p-values. Differences in the DOI between the 4NQO-
treated groups were verified with the Mann-Whitney U test. Correlations between DOI

and the hematological parameters were verified with Spearman's p (rho).

Results

Incidence of epithelial dysplasia and carcinoma

By the end of the 25-week treatment period, no differences in animal survival were
observed among sex and treatment groups. The incidence of OSCC in males from the
4NQO/H20 and 4NQO/EtOH groups was 92.9% (n=13/14). One animal from the

4NQO/H20 and 4NQO/EtOH groups died by week 6 and week 5, respectively, due to



aggressive behavior. Also, one animal from each group had developed only ED. On the
other hand, the frequency of OSCC in females was 66.7% (n=10/15) in the 4NQO/H20
group and 60% (n=9/15) in the 4NQO/EtOH group. Differences between males and
females regarding OSCC frequency were only significant in the 4NQO/EtOH groups

(p=0.04).

Among five 4NQO-treated females who did not develop OSCC, three had ED, one had
squamous papilloma, and one had no tongue epithelial alteration (Fig 1). All six OSCC-
free females from the 4NQO/EtOH developed ED (Fig 2). Regarding the number of
tumors observed per animal (Figure 3), most males (69.3%) from the 4NQO/H20 and
4NQO/EtOH groups showed two or more OSCCs. Multiple lesions were observed in 60%
and 77,7% of the females from the 4NQO/H20 and 4NQO/EtOH group, respectively.
These differences, however, were not significant. Moreover, no macro or microscopic
lesions were observed in PPG/H20 and PPG/EtOH mice. The DOI median (range) in
males from the 4ANQO/H20 and 4NQO/EtOH groups was 174pum (520) and 146pm (926),
respectively. The median DOI in females from the same groups was 136um (358) and
129um (324). There were no significant differences regarding the DOI when comparing

sex and treatment groups.

Hematological profiling of the treated animals

Table 1 describes the red series, hematimetric, and platelet indices obtained from blood
samples of the experimental animals according to sex and treatment groups. The RBCC,
Hgb, and Hct were significantly high in males from the 4NQO-treated groups. In females,

most parameters decreased with 4NQO treatment, except for platelet cell count.



Concerning white blood cell counts, systemic inflammatory markers, and biochemical
parameters (Table 2), a significant increase in neutrophil count, NLR ratio, and SII was
observed in males and females from the 4NQO-treated groups. In contrast, the
lymphocyte count decreased. Only the PLR was significantly higher in females from the
PPG/EtOH groups than in the others. Albumin measurements also showed no differences

between the groups.

White blood cell and platelet parameters in epithelial dysplasia and carcinoma

There were significant differences in leucocyte counts and systemic inflammatory
biomarkers when NM, ED, and OSCC were compared between the 4NQO/H20 females
(Figure 4). Lymphocyte count, neutrophil count, NLR, PLR, and SII values significantly
differed between NM and OSCC in females from the 4NQO/EtOH group (p<0.05). In
males from the PPG/H20 and 4NQO/H20, differences between NM and OSCC were
achieved for neutrophil count and NLR (p<0.05). No correlation was found between the

analyzed blood parameters and the OSCC DOI.

Discussion

In this study, we treated C57B1/6] mice with tobacco mimicker 4NQO and ethanol to
verify whether these agents, individually and in combination, are associated with tumor
inflammation-related hematological alterations and tongue-derived ED and OSCC
incidence between males and females. The combination of the 4NQO-induced OSCC and
the Meadows-Cook chronic alcoholism models did not increase the tumor incidence when
compared to the 4NQO/H20 group. However, more tumor-bearing males were observed

in the 4NQO/EtOH group than in females of the same group. In other words, females
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exposed to similar environmental conditions still had a reduced frequency of OSCC,
which contradicts the well-established knowledge that the difference in human OSCC

epidemiology concerning biological sex relies on extrinsic risk factors!-.

Even though the 4NQO-induced OSCC murine model has been conducted in both male
and female mice, studies comparing tumor incidence between the sexes are scarce. In a
study by Green et al' 12, a high histopathology score was observed in males from the
4NQO-treated groups, which the authors attributed to differences in hormonal regulation
of immunity and gene expression. The role of sex hormones in 4NQO-induced

.13, who demonstrated that the administration

carcinogenesis was reported by Haque ef a
of testosterone with or without ovariectomy in female rats increased the number of
invasive OSCC. In contrast, the administration of estrogen with orchiectomy in males
reduced it. Although the molecular mechanisms underlying such effects remain elusive,
they might be associated with sexual dimorphism regarding inflammatory and immune
responses. One study revealed that androgens suppress the activity of immune cells, while
estrogen improves cell- and humoral-mediated immune responses'®. Nevertheless, the

profiling of tumor-infiltrating leucocytes failed to report sex-related differences in rodent

models'?.

The fact that the association of 4NQO and ethanol did not increase OSCC incidence in
our study was somewhat unexpected, considering that tobacco and alcohol consumption
have a synergistic effect on human OSCC'". A similar finding was reported by Osei-Sarfo
et al.'®, who treated C57B1/6J male mice with 4NQO at 100ug/mL for 10 weeks, followed
by 20% ethanol for 10 weeks. Guo et al.'’, on the other hand, demonstrated a significant

increase in the number of OSCC-bearing male mice treated with 4NQO alone at
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100ug/mL for 8 weeks (20%) when compared to animals that were subsequently treated
with 8% ethanol for 16 weeks (43%). Such contrasting findings might be related to
differences in the experimental protocols regarding the duration of the treatment and the
ethanol concentration. In our experience, C57B1/6] mice do not tolerate well 20% ethanol
in the drinking water ad libitum as per the Meadows-Cook model. For such a high
concentration, other chronic alcoholism protocols might be considered'®. The duration of
the 4NQO treatment and observational periods also impact the number of lesions
identified in the histopathological analysis, with a high incidence of OSCC occurring with

16 weeks of 4NQO treatment followed by an 8-week observation period.

Irrespective of the study design, ethanol has been shown to promote oral carcinogenesis
in association with 4NQO by activating 5-lipoxygenase pathway!’, as well as by
increasing and reducing p38 MAPK and phosphorylated B-catenin expression levels,
respectively!®. Increased levels of histone epigenetic marks were also observed with the
combination of 4NQO and EtOH, such as H3K27ac, H3K9/14ac, H3K27me3, and
H3K9me3'. It remains to be enlightened how these molecular alterations affect the
incidence of tumors between males and females since the previous studies used only male

mice as experimental units.

Regarding the hematological profile, we observed that RBCC, Hgb, and Hct were
significantly higher in 4NQO/H20 and 4NQO/EtOH-treated males than in the PPG/H20
and PPG/EtOH groups. Such results are akin to those previously published by our
research group '°. Even though increased red blood cell parameters could result from
hemoconcentration related to animal dehydration, which is expected during the 4NQO

and ethanol treatments'®, serum albumin dosage was not statistically different. Indeed,



hyperalbuminemia would be expected under conditions of low water intake when plasma
osmolarity and albumin concentration increase similarly, with the latter being a major

determinant of blood colloidal osmotic pressure?’.

In this matter, another hypothesis is that 4NQO would affect hematopoiesis.
Micronucleate polychromatic erythrocytes were identified in peripheral blood samples of
ICR mice following 4NQO treatment®!, which suggests bone marrow toxicity. These
alterations, however, could not be analyzed in our blood samples. How 4NQO affects red
blood cell production needs further investigation. Increased MCH and MCHC in males
may also be due to RBCC, Hgb, and Hct changes. In contrast, females significantly
reduced these parameters, particularly between the PPG/H20 and 4NQO/H20 groups,
which could be interpreted as anemia. Indeed, anemia is very common in patients with
OSCC?? as a result of the suppressive effect of cancer in erythropoiesis?. Overall, further
research needs to clarify the difference in red series parameters between male and female

mice.

Concerning platelet cell parameters, 4NQO and ethanol treatment did not affect platelet
count, PLR, and SII in male mice. Females from the PPG/H20 and PPG/EtOH groups,
on the other hand, had significantly low platelet counts. It is impossible to exclude that
this reduction represents pseudo thrombocytopenia due to using EDTA tubes®*, even
though no platelet clusters were observed under the microscopic analysis of blood smear

slides.

In cancer development, platelets might secrete pro-inflammatory and anti-inflammatory

cytokines and growth factors, promoting angiogenesis and facilitating metastasis 2> In a
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recent study, Hasegawa (2020)%° reported an association between high PLR and poorer
survival rates in oral cancer. Although significant differences were found for platelet
count, PLR, and SII between NM and OSCC in females, further studies should be carried
out to clarify platelet function in oral carcinogenesis, considering the methodological
issues that could alter platelet-related parameters in this study. The use of sodium citrate

blood collection tubes might address this issue.

Our data analysis for white blood cell parameters revealed an increase in neutrophils in
4NQO-treated animals while lymphocyte count decreased. These findings are similar to
a recent study published by our research group!®. Neutrophilia and lymphocytopenia are
common features of cancer-associated chronic inflammation, so the NLR can be applied
to measure the tumorigenic effect of neutrophil-mediated innate immunity and the anti-

tumor effect of lymphocyte-mediated adaptive immune response?’.

Despite the cancer-related alterations of white blood cell counts, it is essential to consider
the direct effect of 4NQO treatment in these parameters. Sahu et al.’® demonstrated the
cytotoxicity and genotoxicity of 4NQO against B and T lymphocytes and a significant
reduction of neutrophils in the peripheral blood of 4NQO-treated animals. These results
were slightly different from our study. However, an interesting finding in their work was
areduction and increase in lymphoid and myeloid cells from dysplastic to OSCC-affected
animals, suggesting significant differences in circulating inflammatory cells between

preneoplastic and neoplastic conditions®

When analyzing the different stages of oral carcinogenesis, changes in lymphocyte and

neutrophil counts, NLR, and SII were already detected between normal mucosa and



epithelial dysplasia of females from the 4NQO/H20 groups. These data suggest systemic
hematological alterations could be detected in peripheral blood samples in the early stages
of tumor development. Indeed, previous studies have compared hematological
inflammatory parameters between precancerous and malignant laryngeal lesions,
especially the NLR and PLR, whose values were high compared to benign and normal
tissue’. In the context of OPMDs and OSCC, a study by Ram et al.?® revealed that NLR
and PLR significantly increased from healthy subjects to OPMDs- and OSCC-harboring
patients. These alterations, according to Yang et al.*°, could be detected even decades

before the diagnosis of head and neck cancer.

Considering the benefits that hematological analyses could offer for early diagnosis of
OSCC and risk assessment for patients with OPMDs, more studies are necessary.
Regarding animal models, a few limitations should be considered. The first is related to
the amount of blood samples that can be collected from animals, as large volumes could
only be obtained prior to euthanasia. Although certain analyses could be performed with
a small blood volume, multiple samples should be collected throughout the experimental
period better to characterize the hematological changes during multistep oral

carcinogenesis, significantly impacting animal welfare.

Another important aspect of 4NQO-induced OSCC in rodents is the incidence of multiple
lesions, some of which are mixed in nature, with animals developing ED and OSCC at
the same time and in different regions of the tongue. The small number of animals with
ED was a limitation of our study since it hindered statistical comparisons among the male
groups. With this in mind, 4NQO concentration, treatment period, and/or time of

euthanasia should be adjusted so a high number of ED-bearing mice can be obtained.
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Evaluating these parameters with longer observation periods following 4NQO and
ethanol treatment is also recommended to evaluate larger and more invasive tumors. Our
study showed no significant differences in DOI between sex and treatment groups,
possibly resulting from a short 4NQO treatment period with less invasive lesions induced.
Consequently, no correlations were found between DOI and the hematological
parameters analyzed. Additionally, since the carcinogen comes into contact not only with
the oral mucosa but also with the esophageal region, potentially leading to carcinoma in
that area, it 1s not possible to definitively determine whether the alterations observed in
this experiment are either caused by oral lesions or influenced by lesions in other regions

of the upper digestive tract.

In conclusion, our results indicate that neutrophil and lymphocyte counts and the derived
neutrophil-to-lymphocyte ratio are significantly altered during epithelial tumorigenesis in
mice. These findings suggest that tumor inflammation-related systemic changes could be
explored as biomarkers for OSCC development and progression. Sex-related differences
in tumor-related immunoinflammatory response should be further investigated regarding
the differential incidence of OSCC between male and female mice submitted to 4NQO

and ethanol treatment.

Figure captions
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Fig 3.
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Table 1.

Experimental groups, median (range)

Parameters Males Females

PPG/H20*  PPG/EtOH® 4NQO/H20° 4NQO/EtOH!  p* PPG/H20*  PPG/EtOH®  4NQO/H20°¢ 4NQO/EtOH!  p°
RBCC' (10%/uL) 9,6 (4,2)* 9,5 (1,9 10,7 (4,6)® 10,6 (2,9)* * 11,8 (5,2)* 10,4 (4,3)"8 9,9 (7,1)® 10,4 (3,6)* *
Hemoglobin (g/dL) 13,4 (3,6)* 13,7 (2,8)* 15,6 (7,5)® 15,5 (4,6)® o 17,3 (6,3)* 15,4 (5,3)"8 14,2 (7,9)® 15,2 (3.4)4 ok
Hematocrit (%) 42,1 (19,6)*® 42,7 (9,3)4 47 (16,3)® 46,6 (11,9)*8 * 52,7 (16,9)4 46,9 (20)* 43,4 (16,9)® 458 (15,2)4
MCVe(fL) 44,1 (2,8)A 44,8 (4,3)A 44,1 (4,47 44,1 (4,6)* ns 44,2 (8,6)*8 44,8 (5,2)* 43,5 (32,2)® 44,1 (4,9)A8 *
MCH" (pg) 14,1 (HA 14,4 (1,52 14,7 (1,3)B¢ 14,5 (1,7)B¢ ** 14,6 (2)B 15 (2,6)* 14,3 (7,1)B 14,5(3,2)"8 *
MCHC! (g/dL) 32 (9,5" 32,1 (3,2)A 33,4 (4,1)® 32,9 (2,3)AB 33 (2,7 33,4 (5,24 32,8 (21,4)A 32,8 (7,3)* ns
RDW/ (%) 15,8 (3,3)* 15,3 (3)"B 15 (4,6)® 15(3,2)8 ok 15,3 (16)* 15 (1,4)8 14,9 (14,6)® 15 (4,2)8 *
Platelets (/mm3) 2032 (1803)* 2177 (1759)* 1923 (1800)* 2057 (1512)* ns 936 (1595)* 1220 (1322)*® 1535 (2071)B¢ 1600 (2043)C
MPVk 4,5 (1,1)A 4,5 (0,6)* 4,3 (1,4)A 4,5 (1A ns 4,7 (1,9)A8 5,2 (1,54 4,6 (2)B 4,5 (1,1)A8 *okk

PPPG/H20: propylene glycol and water; "PPG/EtOH: propylene glycol and ethanol; “4NQO/H20: 4-nitroquinoline-N-oxide and water; “4NQO/EtOH: 4-
nitroquinoline-N-oxide and etanol; *Kruskal-Wallis with corrected Dunn’s post-hoc test, p<0.05, similar uppercase letters in a row denotes the absence of
statistical differences, and different uppercase letters represent statistical significance, ns: not significant; 'RBCC: red blood cell count; EMCV: mean corpuscular

volume; "MCH: mean corpuscular hemoglobin; IMCHC: mean corpuscular hemoglobin concentration; 'RDW: red blood cell width; “MPV: mean platelet volume.



Table 2.

Experimental groups, median (range)

Parameters Males Females

PPG/H20* PPG/EtOH® ANQO/H20¢  4NQO/EtOH!  p* PPG/H20* PPG/EtOH®  4NQO/H20°  4NQO/EtOH! e
Lymphocytes (%) 84 (20)* 82 (IH* 73 (23)B 76 (27)B sk 835 (11.5)7 81 (33)A 75 (23.5)B 72 (24.5)8 ok
Neutrophils (%) 13 (17)4 16 (5)* 20 (30)® 21 (32)® oAk 14.5 (9.5)* 14.5 (32.5)* 24.5 (28.5)8 22 (27)8 HokkE
Monocytes (%) 2.5 (144 2.9 (0.9* 2.7 (1.94 2.7 (1L.4HA ns 3 (4.5)8 2(6.5)" 2.2 (4.5)A 345" ns
Albumin 1.8 (1.2)4 1.9 (DA 1.8 (1.9)4 24 (3.4 ns 2.65 (HH 3.53.7)4 3.6 (3.7)A 2.9 (5" ns
NLR! 0.16 (0.32)* 0.20 (0.D)* 0.28 (11.4)® 0.27 (0.9)® ik 0,17 (0.14)A 0.17 (0.67)* 0.34 (0.65)® 0.31 (5.1)8 ok
PLRe 0.19 (0.24)A 0.21 (0.14)* 0.22 (4.9 0.23 (2.2)4 ns 0.17 (0.57)* 0.37 (0.55)® 0.23 (0.42)¢ 0.25 (3.6)° *
SIr 330 (694)* 376.9 (398.5)A8  527.2 (26260)®  603.4 (1846)" * 162.5 (321.9)* 185.7 (321.2)* 434 (1111)®  449.8 (14572)B ki

“PPG/H20: propylene glycol and water; °PPG/EtOH: propylene glycol and ethanol; “4NQO/H20: 4-nitroquinoline-N-oxide and water;

44NQO/EtOH: 4-nitroquinoline-N-oxide and etanol; *Kruskal-Wallis with corrected Dunn’s post-hoc test, p<0.05, similar uppercase letters in a

row denotes the absence of statistical differences, and different uppercase letters represent statistical significance, ns: not significant; 'NLR:

neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; "SII: systemic immune-inflammation index.



Figure 1. Microscopic features of epithelial lesions induced by 4NQO and ethanol in
male (left column) and female (right column) C57B1/6J mice. (a and b) Normal mucosa
of PPG/EtOH treated mice without microscopic alterations. (c and d) Epithelial
dysplasia in 4NQO/H20 treated mice. (e and f) Oral squamous cell carcinoma in
4ANQOV/EtOH treated mice. Hematoxylin and eosin, 200x original magnification. (g and
h) Frank invasive oral squamous cell carcinoma in 4NQO/EtOH treated mice

(Hematoxylin and eosin, 100x original magnification)

Figure 2. Number of animals in the 4ANQO/H20 and 4NQO/EtOH groups that developed

each type of lesion.

Figure 3. Number of tumors observed per animal in the 4NQO/H20 and 4NQO/EtOH

groups. (a) Males (b) Females.

Figure 4. Comparative analyses in leucocyte parameters and inflammatory biomarkers in
the NM, ED, and OSCC of females from the 4NQO/H2O group. (a) limphocytes; (b)

neutrophill; (c) platelet; (d) NLR; (e) PLR; (f) SIL

Table 1. Red blood cell and platelet parameters according to animal gender and treatment

groups.

Table 2. White series indices, biochemical parameters, and systemic inflammatory

markers according to animal gender and treatment groups.
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