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Summary

Metabolic reprogramming is typical in cancerous cells and is required for proliferation and cellular survival. In addition,
oncoproteins of high-risk human papillomavirus (HR-HPV) are involved in this process. This study evaluated the
relationship between glucose transporter | (GLUT ), lactate dehydrogenase A (LDHA), and monocarboxylate transporter
type 4 (MCT4) expression and cervical intraepithelial neoplasia (CIN) and invasive cervical carcinoma (ICC) with HR-
HPV infection. The protein expression was evaluated in women with CIN | (n=20), CIN II/lll (n=16), or ICC (n=24) by
immunohistochemistry. The protein expression was analyzed qualitatively by van Zummeren score and quantitatively by
Image ProPlus 6 software. LDHA expression increases in HPV-16 infection. In the CIN | group, GLUT| immunostaining
has a 35% protein expression at the membrane level at more than two thirds of the epithelium, which increased by 21.25%
more in CIN II/lll in more than two thirds of the epithelium. While LDHA and MCT4 in CIN | mostly do not present
immunostaining, or this was only limited to the basal stratum, this expression is increased in CIN II/lll and ICC cases. The
GLUTI, LDHA, and MCT4 expression increased in ICC. The overexpression in high-grade CIN with HR-HPV infection
shows a higher risk for cervical carcinoma progression. (] Histochem Cytochem 70:437—446, 2022)
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with CIN II/lll progression; the most important is the
high-risk human papillomavirus (HR-HPV) infection.
HR-HPV persistence and viral integration are central
factors in CC development.2 A primary pathogenic
mechanism of HR-HPV is mediated by E6 and E7 viral
oncoproteins through cell cycle progression, apoptosis

Introduction

Cervical cancer (CC) is the fourth most common can-
cer globally; approximately 604,127 new cases and
341,831 deaths are reported each year. In Mexico, it is
the second leading cause of death from cancers that
affect women, and the most recent estimates indicate
that 4335 women die each year from this cancer.’
According to the cytological and histological diagno-
ses, cervical squamous cell carcinoma progression
occurs from squamous lesions called cervical
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intraepithelial neoplasia (CIN) or squamous intraepi-
thelial lesions (SIL). The CIN I and CIN II/1ll classification
focuses on cellular alterations, cell maturation loss, and
lack of cell differentiation. Many factors are associated
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inhibition, immune
evasion.3*

The HR-HPV is involved in the metabolic repro-
gramming of cancer cells. The E6 protein binds to
E6-associated protein (E6AP), a ubiquitin ligase that
induces p53 degradation. Interestingly, p53 regulates
genes diverse with many functions in cellular pro-
cesses such as glycolysis and oxidative phosphoryla-
tion (OXPHOS).# Another mechanism powered by E6
HR-HPV is the Von Hippel-Lindau (VHL) degradation.
Under normal conditions, VHL negatively regulates
the activity of hypoxia-inducible factor (HIF) 1a; this
prevents HIF1a from accumulating in the cytoplasm
and translocation into the nucleus, where usually
HIF1a binds to HIF13 and activates hypoxia response
elements (HREs).>® HRE regulates numerous protein
expression, and some of them play an essential role
in glucose metabolism, such as glucose transporter |
(GLUT1), lactate dehydrogenase A (LDHA), and
monocarboxylate transporter type 4 (MCT4).”®

GLUT1 expression increases under hypoxia condi-
tions and alters the glucose metabolism, so the GLUT1
upregulation indicates a hyperglycolytic phenotype.®
The LDHA enzyme is a crucial molecule for nicotin-
amide adenine dinucleotide (NAD*) production and
glycolysis in cancer cells where the conversion of
pyruvate to lactate occurs.'® High lactate concentra-
tion causes extracellular acidification, promoting the
expression of monocarboxylate transporters (MCTSs).
Few studies have determined the relationship of the
expression of metabolic proteins with the development
of CIN and HR-HPV infection. We aimed to evaluate
GLUT1, LDHA, and MCT4 expression in CIN and inva-
sive cervical carcinoma (ICC) samples with HR-HPV
infection. These results will help characterize the
lesions caused by HR-HPV and contribute to control
and clinical follow-up of women with a risk of CC
development.

DNA damage, and response

Methods

Sample Selection

The Ethics Committee approved the research protocol
of Universidad Autonéma de Guerrero under identifica-
tion number 23/01/2019, and the participating women
signed informed consent. Each specimen was sent for
testing anonymously, which only included participant-
specific numerical code and age information in its
evaluation.

The population was grouped according to the col-
poscopic examination, and a cervical scraping from
the exo-endocervical transformation zone was taken.
The samples were fixed with 96% alcohol for 10 min.

Subsequently, the cytological diagnosis was made by
Papanicolaou test, and Bethesda classification was
considered for diagnosis according to a certified cyto-
technologist. The biopsy was obtained focused on the
lesion site, and a certified pathologist made the histo-
logical analysis. A total of 20 CIN | samples and 16 CIN
/1l samples from the Raymundo Abarca Alarcon
hospital were included. In addition, 24 samples with a
diagnosis of ICC were collected from the National
Cancerology Institute and considered in this study.

DNA Extraction and Viral Genotyping

The DNA was extracted from cervical scrapes using
the phenol-chloroform-isoamyl alcohol method''; pre-
vious proteinase K digestion was conducted at 64C for
45 min, and the DNA recovered was diluted in DEPC
(diethyl pyrocarbonate) water and quantified by spec-
trophotometry. A DNA purity minor to 1.6 absorbance
at 260 nm and 280 nm was considered not suitable for
viral genotyping.

According to the manufacturer, the DNA was sub-
jected to an HPV genotyping assay using the INNO-
LiPA HPV Genotyping Extra 1l assay (INNO-LiPA;
Fujirebio Europe, Ghent, Belgium) instructions. This
system amplifies a 65-bp fragment of the L1 open
reading frame and enables the identification of 32
HPV genotypes including 13 high-risk types (HPV-16,
HPV-18, HPV-31, HPV-33, HPV-35, HPV-39, HPV-45,
HPV-51, HPV-52, HPV-56, HPV-58, HPV-59, and
HPV-68), 6 probable high-risk types (HPV-26, HPV-
53, HPV-66, HPV-70, HPV-73, and HPV-82), and 13
low-risk or unknown risk types (HPV-6, HPV-11, HPV-
40, HPV-42, HPV-43, HPV-44, HPV-54, HPV-61, HPV-
62, HPV-67, HPV-81, HPV-83, and HPV-84.

Immunohistochemistry

Histological sections of 2 um from paraffin-embedded
cervical tissue were processed. Subsequently, the his-
tological sections were adhered to electrocharged
slides, deparaffinized at 99C for 15 min, and then rehy-
drated and placed in xylol for 10 min. The protein
expression was determined using the Novolink
Polymer (Leica Biosystems; Newcastle Upon Tyne,
UK) detection kit. The GLUT1 [Glut1 antibody (A-4):
sc-377228], LDHA [LDHA antibody (E-9): sc-137243],
and MCT4 [MCT4 antibody (D-1): sc-376140] antibod-
ies were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA) and used at 1:50 dilution. Histological
sections were adhered to electrocharged slides, then
deparaffinized at 99C for 15 min and rehydrated to
antigenic recovery, which was performed using the
citrate buffer (Leica Biosystems) pH 6.0 at 125C for 60
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sec and then at 90C for 30 sec. Subsequently, it was
incubated with 3% hydrogen peroxide in an immunos-
taining chamber (Shandon coverplate) for 5 min, fol-
lowed by incubation with specific antibodies for each
protein for 1 hr at room temperature. The secondary
antibody coupled to biotin (post-primary) was added
for 15 min. The Novolink polymer was added for 15
min, and then diaminobenzidine (DAB) was added for
approximately 3—-5 min; finally, counterstaining with
Hill’'s hematoxylin was done. Placenta, liver, and squa-
mous cell carcinoma tissues were used as positive
expression controls for GLUT1, LDHA, and MCT4,
respectively; each control was selected according to
the insert recommendations for each antibody; in
addition, no primary antibody was used as a negative
control.

Immunohistochemistry Evaluation

GLUT1 expression was confirmed by plasmatic mem-
brane staining,’ LDHA expression through cytoplas-
matic or nuclear staining,”™ and MCT4 expression
through plasmatic membrane staining.' Squamous
epithelium staining was classified as positive and neg-
ative according to van Zummeren et al’s' criteria.
Score 0 was considered negative or that a staining
pattern was limited to the basal cells of the deep stra-
tum of the plane epithelium. Score 1 denotes positivity
predominantly in the lower basal layer or lower one
third of the epithelium. Score 2 denotes positivity in the
lower two thirds of the epithelium up to the intermedi-
ate stratum. Score 3 was defined as staining through-
out the thickness or staining more than two thirds of
the epithelium.

Densitometric Analysis

Three to five images of each histological sample were
captured using optic microscopy (Leica DM1000 LED;
Leica Microsystems, Wetzlar, Germany) coupled to a
digital camera (Leica EC3; Leica Microsystems) for
quantification. The analysis of the images was carried
out using Image-Pro Plus 6.0 (IPP6) software (Media
Cybernetics; Silver Spring, MD). The optical density
average was reported in arbitrary units.

Statistical Analysis

Qualitative variables are expressed in frequencies
and were compared using Fisher’s exact test (age,
first sexual intercourse, birth number, HR-HPV type
infection, viral type, and immunostaining intensity) or
Chi-square test (partner’s sexual number), according
to the distribution of these variables in the groups

analyzed. Linear regression models were performed
to evaluate the association of the level of protein
expression with the histopathological diagnosis (CIN
and ICC). STATA v.14 software was used in the analy-
sis, and a p value <0.05 was considered statistically
significant.

Results

A total of 63 cervical tissues were considered for this
study; however, three samples were removed due to
tissue detachment; finally, only 60 tissues were suit-
able for analysis. The population was grouped accord-
ing to the histological diagnosis. Significant differences
were observed in a relationship with cytological diag-
nosis at age (p=0.013) and birth number (p=0.027).
The age range in the population was between 21 and
64 years; CIN I/l and ICC groups presented an age
greater than or equal to 46 years (38% and 37.5%,
respectively), compared with the CIN | group where
this age range represented only 10%; all patients with
ICC mentioned having had at least one previous child-
birth in comparison with CIN | and CIN [I/lll groups
where at least one woman reported having a previous
childbirth (Table 1). Approximately 60% of the women
in this study referred to having had their first sexual
intercourse before they were 18 years old. Also, 55% of
patients with CIN | diagnosis, 43.7% of the CIN I/l
group, and 54.5% of the ICC group mentioned an
antecedent of multiple sexual partners (Table 1).

HR-HPV Genotype Frequency

The infection by multiple viral genotypes was detected
with the most frequency in the CIN | (70%) and CIN II/
[l (68.8%) groups, whereas in the cancer group, it was
only observed in 50% of cases (Table 1). Regarding
the single infection, HPV-16 was found in 21.67%
(13/60) and was the only viral genotype located in
the three study groups, whereas the HPV-45 unique
infection is exclusively seen in ICC. Finally, multiple
infections were observed in all groups and are the
most frequent combination in these cases (Table 2).
Highlighting the 37 samples with numerous infections,
HPV-16 is present in 59.45% (22/37) of the samples,
and HPV-16 is found to a lesser extent in CIN | sam-
ples; see Supplementary Table 1.

The expression of GLUT1, LDHA, and MCT4
according to viral type was analyzed; the population
was grouped into HPV-16, HPV-16 + MI, and HR-HPV
# 16; GLUT1 expression was generally strong in the
three groups (92.3%, 91.7%, and 95.6%). The expres-
sion intensity of LDHA increases in the presence of
HPV-16, and this relation shows statistical significance
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Table |. Population Characteristic in Relationship With the
Histological Diagnosis.

CIN | CIN 11/ ICC
Variable n=20 (%) n=16 (%) n=24 (%) P Value
Age?
21-35 12 (60) 5@32) 3(12.5) 0.0I3
3645 6 (30) 5(32) 12 (50)
>46 2 (10) 6 (38) 9 (37.5)
First sexual intercourse®
<8 13 (65) 10 (62.5) 15(65.2) 0.983
>18 7 (35) 6 (37.5) 8 (34.8)
Partners’ sexual number®
| 9 (45) 9 (56.3) 10 (45.5) 0.754
>2 Il (55) 7 (43.7) 12 (54.5)
Birth number?
0 4 (20) 3 (21.5) 0 (0) 0.027
> 16 (80) I'1(78.5) 24 (100)
HR-HPV type infection®
Unique 6 (30) 5(@31.2) 12 (50) 0.315
Multiple 14 (70) Il (68.8) 12 (50)

Abbreviations: CIN, cervical intraepithelial neoplasia; ICC, invasive
cervical carcinoma; HR-HPV, high-risk human papillomavirus.

2P value was calculated by Fisher’s exact test.

®P value was calculated by Chi-square test.

(p=0.041). Although MCT4 was found more often neg-
atively or mildly in the three groups (76.9%, 54.2%,
and 73.9%, respectively), there were no significant dif-
ferences (Table 3); in this sense, LDHA expression is
related to HPV-16. The expression of GLUT1 in lesions
with multiple infections by HR-HPV was more often
found to be moderate to strong. In contrast, the expres-
sion of LDHA and MCT4 in lesions with multiple infec-
tions was more often found to be mild or negative
(Supplementary Table 2).

GLUTI, LDHA, and MCT4 Expression in
Cervical Intraepithelial Neoplasia and Squamous
Cell Carcinoma

The immunostaining results in GLUT1 protein indicate
that 35% of CIN | cases express the protein at mem-
brane level in two thirds of the epithelium, and the
other 35% express the protein at the membrane level
in more than two thirds of the epithelium (Fig. 1D).
Most CIN 1I/1ll (56.25%) express GLUT1 at the mem-
brane level in more than two thirds of the epithelium
(Fig. 1E and Table 4). In contrast, in the ICC group, all
the patients express GLUT1 at the cellular level in the
cervical stroma (Fig. 1F and Table 4). The LDHA
expression was negative in 70% of the cases with a
diagnosis of CIN | (Fig. 1G and Table 4). Only 25% of

the patients expressed LDHA in more than two thirds
of the epithelium at the nucleus/cytoplasm; 62.5% of
the samples diagnosed with CIN II/lll show a more
remarkable expression in more than two thirds of the
epithelium (Fig. 1H and Table 4). The ICC group has
a 100% expression in cytoplasm and pleomorphic
nuclei; also, tumoral nests invading the cervical
stroma were observed (Fig. 11 and Table 4). Regarding
MCT4, the findings were similar to LDHA; in CIN | and
most CIN Il/lll cases, the expression was negative
(90% and 60% respectively) (Fig. 1J and Table 4). In
CIN 1I/111, only 26.7% express MCT4 in more than two
thirds of the epithelium (Fig. 1K) and increased its
expressionin cancer (Fig. 1L and Table 4). Interestingly,
allthe cancer samples express the protein. Importantly,
GLUT1 is negative at the stroma level, whereas
LDHA and MCT4 are expressed at the stroma level in
the cancer samples (Fig. 2). In brief, LDHA, GLUT1,
and MCT4 expression is increased in ICC samples
(Table 4).

GLUT, LDHA, and MCT4 Expressions Are
Associated With the Histopathological Lesion

Densitometric analysis was carried out to quantify the
expression level. The results indicate that the expres-
sion of GLUT1, LDHA, and MCT4 increases in uterine
CC, for which a linear regression analysis was carried
out; we found that GLUT1 increases on average 17.5
units in ICC compared with CIN I, LDHA increases 48
units in CIN [I/lll. Concerning the CIN | group, it
increases on average by 93 units in ICC compared
with CIN I. MCT4 increases on average by 39.9 units
in CIN 1I/11l, whereas in ICC it increases by 128.1 units
on average (Table 5). Finally, the global expression of
GLUT1, LDHA, and MCT4 was analyzed; we found
that 90% of the samples with CIN | showed negative
or weak expression in two of the three proteins. In
contrast, 56% of the CIN II/lll samples show negative
or weak expression in two of the three proteins.
Interestingly, 58% of cancer cases present a moderate
or strong expression in all three proteins (Table 6).

Discussion

Recent studies consider that metabolism alterations
are one of the most crucial cancer hallmarks.'® The
capacity to maintain elevated metabolic rates of oxy-
gen non-dependency, followed by an acid-lactic
fermentation, is a distinctive feature of the cancer
cells; this phenomenon is called the Warburg effect."”
Nutrient and oxygen availability in the cellular micro-
environment is limited during development and tumor
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Table 2. Distribution of HPV Infection Concerning the Histological Diagnosis.

CIN | CIN 1/ ICC Total

Viral Type n=20 (%) n=6 (%) n=24 (%) n=60 (%) P Value
16 2 (10) 3 (18.75) 8 (33.33) 13 (21.67)
18 0 (0) | (6.25) 0 (0) I (1.67)
31 0 (0) I (6.25) 0 (0) I (1.67)
39 I (5) 0 (0) | (4.17) 2 (3.33)
45 0 (0) 0 (0) 3 (12.50) 3 (5.0
51 2(10) 0 (0) 0 (0) 2 (3.33) 0.165
58 I (5) 0 (0) 0 (0) I (1.67)
Multiple infection by HPV

HR 5 (25) 4(25) 7(29.17) 16(26.67)

HR + pHR 4 (20) 1 (6.25) 0 (0) 5(8.33)

HR + pHR + LR 2 (10) 0 (0) 1 (4.2) 3(5)

HR + LR 4 (20) 4 (25) 3(12.50) I'1(18.33)

HR + IR 0 (0) 0 (0) | (4.17) I (1.67)

HR + X 0 (0) | (6.25) 0(0) I (1.67)

P value was calculated by Fisher’s exact test. Abbreviations: HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia; ICC, invasive cervical
carcinoma; HR, high risk; pHR, probable HR; LR, low risk; IR, intermediate risk; X, unidentified viral type by INNO-LiPA.

Table 3. Immunostaining Intensity With the Viral Type.

HPV-16 HPV-16 + Ml HR-HPV = 16
Intensity n=13 (%) n=24 (%) n=23 (%) P Value
GLUTI
Negative/Mild 1 (7.7) 2 (8.3) | (4.4) 1.0
Moderate/Strong 12 (92.3) 22 91.7) 22 (95.6)
LDHA
Negative/Mild 4 (30.8) 13 (54.2) 17 (73.9) 0.041
Moderate/Strong 9 (69.2) 11 (45.8) 6 (26.1)
MCT4
Negative/Mild 10 (76.9) 13 (54.2) 17 (73.9) 0.281
Moderate/Strong 3 (23.1) 11(45.8) 6 (26.1)

P value was calculated by Fisher’s exact test. Abbreviations: HPV, human papillomavirus; MI: multiple infection including low-risk HPV and high-

risk HPV; HR, high risk; HR-HPV= 16, high-risk HPV other than 16; GLUTI,

monocarboxylate transporter type 4.

progression.'® This event causes a metabolic repro-
gramming to supply the energy requirements,* leading
to the increase in biosynthetic intermediates such as
nucleotides, amino acids, and lipids synthesis, which
are necessary for survival and cellular proliferation.
The participation of certain viruses in the induction of
metabolic reprogramming to promote cellular and viral
replication has been described,?® highlighting HR-HPV,
mainly HPV-16 and HPV-18. The E6 and E7 oncopro-
teins of both viruses show the capacity to interact with
MYC, which regulates glycolysis through genes such
as LDHA and GLUT1, and with P53, which negatively
regulates glycolysis through GLUT1 and GLUT4.2" A
recent study analyzed the expression of GLUT1 with
HPV-16 positivity but did not find significant differ-
ences between a high or low expression of GLUT1 in

glucose transporter |; LDHA, lactate dehydrogenase A; MCT4,

the presence or absence of this viral type.?? Therefore,
we analyzed GLUT1, LDHA, and MCT4 metabolic pro-
teins in CIN and ICC in the presence of HR-HPV,
because not only HPV-16 but also the other oncogenic
HPVs frequent in our population could be participating
in this event.

Diverse risk factors have been related to CC pro-
gression.2® Our results show an important relationship
of age and birth number with CC (Table 1); however,
other features such as first sexual intercourse or mul-
tiple sexual partners do not present significant differ-
ences between groups; small sample size could be
the reason.

We report the distribution of seven HR-HPVs in the
population; HPV-16 is the most frequent (Table 2).
Previously, the report of a high prevalence of this viral
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CIN | CIN 11/l ICC

H&E

GLUT1

LDHA

MCT4

Figure I. GLUTI, LDHA, and MCT4 expression in CIN/ICC samples. (A—C) H&E staining. (A) CIN I, dysplastic cell in one third epithe-
lium (red arrow), and some koilocyte cells (black arrow) pathognomonic of HPV infection; (B) CIN II/lll, dysplastic cells in all epithelium;
(C) invasive non-keratinizing large cell squamous cell carcinoma, tumor nests, are observed (arrow red). Scale bar = 200 um. (D-F)
GLUT | immunostaining; (D) two third epithelium expression and dysplastic cell (red arrow) and koilocytes (black arrow) with HPV-16,
HPV-18,HPV-45, and HPV-6 infection; (E) expression profile in HPV-16-positive infection; (F) expression profile in pleomorphic cells
with HPV-16 and HPV-52 infection; a diffuse expression is observed (red arrow). The expression on the cell membrane is present in the
expression focus (black arrow). (G-I) LDHA expression; (G) a nuclear expression in the stratum basal cells (red arrow) in HPV-31 and
HPV-52 infection samples; (H) nuclear expression (red arrow) and cytoplasm (black arrow) in HPV-39, HPV-51, and HPV-1 1 infections;
(I) nuclear expression (red arrow) and cytoplasm (black arrow) in invasive squamous cell carcinoma, HPV-16 and HPV-39 positive. (J-L)
MCT4 immunostaining; (J) CIN | with HPV-16 infection, and koilocyte (red arrow) was observed in the upper layer of epithelium; (K)
cytoplasmic membrane of epithelium with multiple infections (HPV-31, HPV-59, and HPV-11) shows a high expression and prominent
nucleolus (red arrow). (L) ICC HPV-45 positive indicates many nucleoli. Novolink Polymer. Scale bar = 200 um for images A—-C; scale
bar = 50 pm for images D-L. Abbreviations: GLUT, glucose transporter |; LDHA, lactate dehydrogenase A; MCT4, monocarboxylate
transporter type 4; CIN, cervical intraepithelial neoplasia; ICC, invasive cervical carcinoma; HPV, human papillomavirus.

genotype in the same geographic region has been detected.?®> We analyzed the intensity of expression
documented.?* Also, in biopsies of South American  concerning the viral infection [single infection by
women with ICC, HPV-16 is the most common HPV ~ HPV-16, HPV-16 + another infection by HR-HPV or
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Table 4. GLUTI, LDHA, and MCT4 Evaluation in CIN and ICC.

CIN | CIN 1/ ICC
Squamous Epithelium Expression n=20 (%) n=16 (%) n=24 (%) P Value
GLUT |
Negative or basal stratum 0(0) 1 (6.2) 0 (0) <0.001
1/3 epithelium 6 (30) 3(18.8) 0 (0)
2/3 epithelium 7 (35) 3(18.8) 0 (0)
>2/3 or all epithelium 7 (35) 9 (56.2) 0 (0)
Pleomorphic nuclei and tumor 0 (0) 0 (0) 24 (100)
nests in the stroma
LDHA
Negative or basal stratum 14 (70) 5@31.2) 0 (0) <0.001
1/3 epithelium I (5) 1 (6.3) 0 (0)
2/3 epithelium 0 (0) 0 (0) 0 (0)
>2/3 or all epithelium 5(25) 10 (62.5) 0 (0)
Pleomorphic nuclei and tumor 0(0) 0 (0) 24 (100)
nests in the stroma
MCT4
Negative or basal stratum 18 (90) 9 (60) 0 (0) <0.001
1/3 epithelium 2 (10) 2 (13.3) 0 (0)
2/3 epithelium 0 (0) 0 (0) 0 (0)
>2/3 or all epithelium 0(0) 4(26.7) 0 (0)
Pleomorphic nuclei and tumor 0(0) 0 (0) 24 (100)

nests in the stroma

P value was calculated using Fisher’s exact test and p<0.05 was considered statistically significant. Abbreviations: GLUT I, glucose transporter ;
LDHA, lactate dehydrogenase A; MCT4, monocarboxylate transporter type 4; CIN, cervical intraepithelial neoplasia; ICC, invasive cervical carcinoma.

Figure 2. Invasive squamous cell carcinoma. The GLUT I, LDHA, and MCT4 expression levels are observed in tumor nests (red arrow).
(A) GLUTI negative in stromal cells (yellow arrow). (B) LDHA expression in stromal cells (yellow arrow). (C) MCT4 expression in
stromal cells (yellow arrow). Novolink polymer. Scale bar = 200 pm. Abbreviations: GLUTI, glucose transporter |I; LDHA, lactate

dehydrogenase A; MCT4, monocarboxylate transporter type 4.

low-risk HPV (LR-HPV) and HR-HPV different from
HPV-16]. We found that LDHA increased in the
presence of HPV-16. However, GLUT1 and MCT4 did
not show significant differences between groups, while

previous reports have shown a positive effect at the
level of translation mediated by HPV-16 oncoproteins
in vitro.'1* HPV-16 can promote, due to its oncogenic
potential, the expression of metabolic genes and favor
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Table 5. The Average Change in GLUTI, LDHA, and MCT4 Expression According to Degree of the Lesion.

CIN 1/l ICC
Protein B (95% CI) P Value B (95% ClI) P Value
GLUTI 7.6 (-0.5 to 15.6) 0.064 17.5 (9.7-25.2) <0.001
LDHA 48 (14.5 to 81.5) 0.006 93 (60.7-125-1) <0.001
MCT4 39.9 (11.5to 68.4) 0.007 128.1 (100.5-155.61) <0.001

CIN | group is the reference group and p<0.05 is considered as statistically significant. Abbreviations: GLUTI, glucose transporter I; LDHA, lactate
dehydrogenase A; MCT4, monocarboxylate transporter type 4; CIN, cervical intraepithelial neoplasia; ICC, invasive cervical carcinoma; f3, regression

coefficient, age-adjusted linear regression model.

a glycolytic phenotype. Interestingly, HPV-16 variants
can interact with multiple metabolic proteins favoring
the Warburg effect.?®

We also analyzed the distribution of positivity in the
thickness of the epithelium. In this sense, GLUT1
expression is present in the cellular membrane in two
thirds of the epithelium and in all epithelium thickness
in samples from women with CIN. Pinheiro et al.™
reported no gradual increase in GLUT1 expression in
cervical lesions. Still, in ICC cases, 100% of GLUT1
expression was reported, perhaps due to the require-
ment of new glycolytic intermediates for tumor forma-
tion. In addition, a high GLUT1 expression and HPV-16
infection are related to poor prognosis.?? Furthermore,
at the stroma level, the staining of GLUT1 was nega-
tive, and this characteristic is comparable to previous
reports.?6:27

Most samples classified as CIN | were LDHA-
negative, and only a few samples expressed LDHA in
the basal stratum. In contrast, many CIN Il/lll samples
expressed LDHA in two thirds of the epithelium, and
100% ICC samples are LDHA-positive (Table 4).
This finding could be helpful in the detection of
lesions with a potential risk of progression due to
cancer; the LDHA upregulation is associated with
chemoresistance.?” Considering their classic func-
tion related to metabolism,?® we are expected to
detect the protein expression at the cytoplasmic level.
Nevertheless, the expression was nucleic; LDHA could
modulate other processes in the nucleus. Nuclear
translocation is caused by HR-HPV infection, namely
by HPV-16, the leading viral genotype detected in the
population studied.’® Also, LDHA expression is pres-
ent in the stroma of tumoral cells due to its essential
role in the tumor microenvironment (TME); lactate
from TME is an alternative substrate for oxygenated
tumoral cells regulating cell proliferation.?%3° We found
that MCT4 expression in lesions was mainly negative;
only two positive samples for MCT4 in CIN | were
found: one positive for HPV-16 and the other positive
for HPV-16 and HPV-18, increasing in the cases of
ICC. A study by Pinheiro et al.?' found a significant

association between HPV-18 infection and MCT4
expression in cervical adenocarcinoma, suggesting
that the expression of LDHA and MCT4 is associated
with a more aggressive phenotype. MCT4 expression
was comparable to LDHA expression; the metabo-
lism role explains the relation between the two pro-
teins; a large amount of intracellular lactate induces
MCT4 activation in tumors.3?32 MCT4 is an essential
exporter of lactate. Its expression is promoted by the
amounts of lactate in the intracellular medium, so
exporting it to the extracellular medium could promote
the evasion of the immune response, metastasis, and
angiogenesis.®

Finally, the expression intensity of the three pro-
teins (GLUT1, LDHA, and MCT4) was integrated. The
analysis showed an intriguing relation of the lesion
progression with positivity in protein expression; no
case of CIN has a moderate or strong expression of
the three proteins. In contrast, most cancer samples
(58%) have a moderate or strong expression of
both proteins (Table 6). This crucial change could
involve stroma invasion and metastasis of tumor
Ce”S.30’35’36

To our knowledge, this is the first integral analysis of
GLUT1, LDHA, and MCT4 expression in CC; however,
the major limitation of this study is the sample size.
The sample size is an important characteristic that lim-
ited the finding of significant statistical associations
between groups.

Metabolic reprogramming is a critical factor in can-
cer progression. The present study shows the relation-
ship between the expression of GLUT1, LDHA, and
MCT4 and the squamous cell carcinoma positive for
HR-HPV. In the CIN II/lll population with infection by
HPV-16 and other HR-HPVs, the high expression of
GLUT1, LDHA, and MCT4 confers a risk of progres-
sion to cervical carcinoma. We suggest strict monitor-
ing and control in these patients.

The CIN | population showed 70% positivity for
GLUT1 in two thirds of the epithelium. This finding is
related to koilocytosis, which suggests that cell metab-
olism is affected by HR-HPV infection and can be used
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Table 6. Multiple Analyses Concerning Staining Intensity.
CIN| CIN 1/ ICC

Expression Level n=20 (%) n=16 (%) n=24 (%) P Value
Negative or weak in three proteins I (5) | (6) 0(0) <0.001
Negative or weak in two proteins and 18 (90) 9 (56) 1 (4)

moderate or strong in the third protein
Negative or weak in one protein and moderate I (5) 6 (38) 9 (38)

or strong in the others two proteins
Moderate or strong in the three proteins 0 (0) 0 (0) 14 (58)

P value was calculated through Fisher’s exact test and p<0.05 was considered statistically significant. Abbreviations: CIN, cervical intraepithelial

neoplasia; ICC, invasive cervical carcinoma.

as a diagnostic marker. At the same time, LDHA and
MCT4 were overexpressed in ICC, so their expression
in CIN could be attributed to a more aggressive pheno-
type. However, we recommend expanding research on
liquid-based cytology specimens to confirm that early
CIN has phenotype similar to ICC with high expression
of GLUT1, LDHA, and MCT4. In addition, the determi-
nation of the expression of E6 could help in having a
comprehensive diagnosis and facilitate the therapeutic
strategy.
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