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Abstract. Background/Aim: The E6 genotypic variants of
HPV 16 identified in lesions of women with cervical cancer
(CC) in Southern Mexico include the E-G350, AAa, AAc, E-
C188/G350, and E-A176/G350. Transcriptomic analysis
cells transfected with those variants showed to induce
differential expression of the host genes involved in the
development of CC. The aim of this work was to understand
how the over-expression of the E6 oncoprotein and its
variants can induce molecular mechanisms that lead to more
aggressive HPV 16 phenotypes in cervical cancer and which
proteins could be associated with the process. Materials and
Methods: Total extracts from C33A, C33A mock, C33A AAa,
C33A E-C188/G350, C33A E-A176/G350, and C33A E-
prototype cells were analyzed using 2D electrophoresis,
PDQuest software and mass spectrometry. Validation of
results was performed through gPCR. Results: Statistically
significant differential expression of 122 spots was detected,
12 of the identified proteins were associated with metabolism
and metabolic programming. Out of these CCTS, ENO and
ALDHIA were further validated. Conclusion: CCT8 and
ALDHIA were found to be over-expressed in C33A AAa and
C33A E-A176/G350, compared to the E prototype. Both
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proteins could be associated with a most aggressive
phenotype due to their relationship with metabolism, protein
folding and stemness, mechanisms associated to E6 that
could be useful in the design of new therapies.

Cervical cancer (CC) is the seventh most frequent cancer in
women worldwide, with an estimated 604,127 new cases in
2020, representing 3.1% of all female cancer deaths (1).
More than 85% of the estimated deaths from cervical cancer
every year occur in less developed regions (2). The American
Cancer Society estimates 66570 new cases and 12940 deaths
in 2021 in United States (3). In México, the Global Cancer
Observatory reported 7,869 cases of cervical cancer in 2018
(4). It is well established that persistent infections caused by
human papillomavirus (HPV) are the key etiological factors
(5, 6). High-risk HPV type 16 (HPV 16) is the causal agent
of more than half of CC in the world (7, 8).

The complete genome of HPV 16 is composed of 7,904
bp (9) that form a of double-stranded circular DNA
containing 8 protein-coding genes (L1 and L2 that encode
capsid proteins and E1, E2, E4, ES, E6, and E7 that encode
proteins involved in replication, transcription, and
transformation and a noncoding regulatory long control
region (LCR) (10). The viral genes E6 and E7 of HPV 16
(11) are responsible for induction and maintenance of the
transformed phenotype of cervical cancer cells specifically
induced by abrogation of the mechanisms of apoptosis and
cell cycle control (12-14). However, the E6 protein plays a
role in mediating cell proliferation independently of E7
through its C-terminal PDZ-binding domain (15-17) and may
contribute to development of metastatic tumors by disrupting
normal cell-cell contacts (18, 19). HPV 16 has well-
preserved distinctive intratypic variants by geographical
origin (20, 21) and phylogeny (22) classified into 4 lineages,
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including A (European-Asian, EAS), B (African 1, AF1), C
(African 2, AF2), and D (North American/Asian American,
NA/AA), and 9 sublineages, including A1, A2, A3 (E), A4
(As), B1 (Afrla), B2 (Afrlb), D1 (NA), D2 (AAl), and D3
(AA2) (22, 23). Global distribution of the variants and risk
of cervical cancer appear to be dependent on the population
(24, 25). Our research group reported that the intratypical
variants of HPV 16 E6, including E-G350, E-A176/G350, E-
C188/G350, AAa, and AAc, are the most common and have
the highest oncogenic potential in the development of CC in
southern Mexico (26). The effect of the overexpression of
those HPV 16 E6 prototype and variants on the gene
expression profiles showing a differential expression of the
host genes involved in the development of CC (27).
Recently, the 3D structures of the HPV 16 E6 oncoprotein
and intratypical variants were performed, showing subtle
changes in amino acid disorder probably associated with
different interactions with target protein patterns (28). In this
study, we evaluated the differential abundance of protein
spots induced in the C33A cell line by overexpression of E6
variants using a 2D electrophoresis (2-DE)/MALDI-TOF
strategy to predict variants of the protein that can be related
to potential oncogenic risk and thereby provide information
about the development and progression of malignant lesions
generated by HPV 16.

Materials and Methods

Cell culture. C33A cells expressing the HPV 16 E6 gene variants
AA-a, AA-c, E-A176/G350, E-C188/G350, and E-G350 and E-
prototype (27) were grown at 37°C in the presence of 5% CO, in
MEM supplemented with 10% fetal bovine serum (Gibco, Life
Technologies, Gaithersburg, MD, USA), 100 U/ml penicillin, and
100 pg/ml streptomycin.

2-DE assays. Total protein extracts (600 upg) were acheived
according a protocol described by Toledo-Leyva et al., 2018 (29)
and 2-DE was performed according to the protocols of Klose (30)
and O’Farrell (31), 600 pg (preparative gels) of total protein extract
was separated through 12% acrylamide gel under denaturing
conditions. Three replicates for each condition were assayed. Gels
were fixed, stained with colloidal Coomassie blue (Amresco, Cat.
No. 6104-58-1), neutralized and washed with 25% methanol in 0.1
M Tris-HCI, pH 6.5. The gels were scanned at GS-800 (Bio-Rad
Hercules, GS-800, CA, USA).

Data analysis of 2-DE, mass spectrometry (MALDI-TOF) and protein
identification. Digital images were analyzed and compared using the
PDQuest software version 8.0.1. Selected spots identified were
manually excised, and proteins were reduced, alkylated and digested
to generate the peptides. Mass spectrometry protocol was perfom
according Higareda-Almazan et al., 2011 (32), using a MALDI-TOF
system (matrix-assisted laser desorption/ionization-time of flight,
Autoflex Bruker Daltonics, Billerica, MA, USA). The Proteineer SP
and SPII systems (Bruker Daltonics, Bremen, Germany; SP control
3.1.48.0v software) were used. The Bruker Daltonics Autoflex system
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was configured in the delayed extraction and reflectron mode. The
obtained m/z values were compared with the protein sequences of the
Homo sapiens databases of NCBI using Mascot 2.2 following
parameters: Taxon-Human, mass tolerance of up to 200 ppm, one
miss-cleavage allowed, and as the fixed modification carbamidomethyl
and oxidation of methionine as the variable modification.

Bioinformatics analysis. To determine cellular processes associated
with identified proteins, UniProt (EMBL-EBI) (www.uniprot.org/)
(33), IntAct (EMBL-EBI) (http://www.ebi.ac.uk/intact/) (34),
Reactome (EMBL-EBI) (http://www.reactome.org/) (35), and
GeneCards (http://www.genecards.org/) (36) were used. The search
parameters were as follows: Homo sapiens species, function, name,
subcellular location, sequence(s), interaction, signaling pathways,
and information. Selected proteins were subjected to analysis in
Cytoscape (http://www.cytoscape.org/) (37) and STRING
(https://string-db.org/) (38), which is a very useful tool for the
analysis of networks of molecular interactions between proteins. A
search in The Human Protein Atlas (http://www.proteinatlas.org/)
(39) was used to determine the levels of protein expression in cell
lines, normal human tissues, and various types of cancer.

Real-time quantitative PCR. Total RNA was isolated from cell cultures
at 60% confluence using TRIzol (Thermo Fisher Scientific, Waltham,
MA, USA) according to the supplier’s instructions. The RNA was
treated with DNAse I to eliminate residual DNA, and reverse
transcription was performed using oligo(dT). cDNA synthesis was
carried out using SuperScriptlll reverse transcriptase (Thermo Fisher
Scientific) following the manufacturer’s instructions. Amplification of
the genes of interest was carried out from 100 ng of cDNA using
TagMan™ gene expression master mix (Thermo Fisher Scientific) and
specific probes for ALDHIA1 (Hs00946916_ml), CCT8
(Hs00607229_mH), ENO1 (Hs00361415_ml), and GAPDH
(Hs99999905_m1). The experiments were performed in triplicate on
a PikoReal™ real-time PCR system (Thermo Fisher Scientific), and
the endogenous GAPDH gene was used as a control. The relative
expression was calculated using the 2-AACt method, and the means for
each group are reported.

Statistical analysis. Statistical analyses of the data were performed
using SPSS v.20.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad
Prism software (v.5.0; GraphPad Software, Inc., La Jolla, CA, USA).
The Mann Whitney test was used for the comparison of the
differences in mRNA expression levels between the groups (p<0.05).

Results

Protein identification. The C33A cervical cancer cell line
derived from a patient with cervical carcinoma without HPV
infection has been widely used in our working group as an
in vitro model to analyze the molecular and functional effects
of the overexpression of the HPV 16 E6 oncoprotein and its
variants (AA-a, E-A176/G350, E-C188/G350, E-G350) in
comparison with E-Prototype. To evaluate the changes in the
proteome of cells induced by overexpression of the E6
oncoprotein and its variants, a screening strategy was
established at three levels. At the first level, the basal
phenotypic expression of the C33A cells was obtained
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Figure 1. 2D protein maps of C33A cells. Totals proteins were extracted and separated by two-dimensional gel electrophoresis (2D PAGE). In isoelectric
focusing, 500 ug of protein were loaded and separated at linear pH range of 3-10 (4-8 enrichment), the ampholyte enrichment range of 4-8 improves
the resolution of proteins in these regions. The location of the proteins in the 2D gels that are expressed, are placed between a weight range of 20 to
250 kDa (Gel stained with Coomassie Blue G-250). (A) C33A cells protein expression profile. (B-F). Master gel of protein pattern comparison between
the C33A* cells and C33A E-Prototype, C33A E-A176/G350, C33A E-C188/G350 and C33 AAa. The proteins that are common to both cell lines are
shown in green, proteins that belong only to C33A* are shown in red and proteins that are only expressed in C33A* are shown in blue.

(Figure 1A) and compared to the protein expression profile
in the C33A mock cells (Figure 1B), this first analysis
allowed to detect the overexpression of proteins not
associated to the basal phenotype that could have been
influenced by some cytotoxicity derived from the insertion
process of the empty vector and thus, to generate the
proteomic profile of C33A* expression pattern. At the
second level, the expression profile was compared to the
expression profiles of C33A cells overexpressing the
prototype and E-A176/G350, E-C188/G350, and AAa
variants. Finally, at the third level, validation was performed
by comparison of the gene expression in C33A cells
expressing the E6 prototype versus C33A cells expressing
each variant as described previously (Figure 1C-F).

After 2-DE gels from biological replicates have been
digitized, the comparison of the conditions was performed

using the master gel, which is a digital image generated by
the PD-Quest Software, representing the map of statistically
significant spots derived from the average of the comparative
replicates between two conditions, highlighting in two colors
the differential spots between conditions. Those comparisons
including C33A prototype, C33A AAa, C33A E-C188/G350,
and C33A E-A176/G350 against C33A* cells. This analysis
detected groups of differentially expressed proteins with a
statistical significance of p<0.01 (Figure 2). Fifteen of the
detected spots were detected under all conditions and were
selected for identification by mass spectrometry (MALDI-
TOF/TOF) using the MASCOT v2.2 database based on the
abundance of the spots, twelve of them were identified and
annotated: id; theoretical molecular weight and isoelectric
point were acquired from Uniprot (33). The identified
proteins included T-complex protein 1 subunit theta (CCTS),
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Figure 2. Comparative analysis strategy. The number of differentially expressed proteins between E6 of prototype HPV16, C33A E-A176/G350,
C33A E-C188/G350 and C33 AAa, compared to C33A*. Using the PDQuest software and by employing Venn diagrams, the comparison in the
expression of differentially expressed proteins between the different cell lines is shown in Table 1. Identification of proteins by mass spectrometry

was performed according to the Mascot software.

retinal dehydrogenase 1 (ALDH1A1), alpha-enolase (ENO),
potassium voltage-gated channel subfamily H member 1
(KCNH1), serine/threonine-protein phosphatase 2A 65 kDa
regulatory subunit A alpha isoform (PPP2R1A), zinc finger
protein 554 (ZN554), glucose-6-phosphate 1-dehydrogenase
(G6PD), armadillo repeat-containing X-linked protein 1
(ARMX1), glyoxylate reductase/hydroxypyruvate reductase
(GRHPR), carnitine O-palmitoyltransferase 1 (CPT1A),
DNA-binding domain-containing protein 1 (CENP), and zinc
finger protein 93 (ZNF93) (Table I).

In silico analysis of protein functions. To identify the functions
of KCNHI1, PPP2R1A, CCTS, ALDH1A1, ZN554, ENOA,
G6PD, ARMX1, GRHPR, CPT1A, CENP, and ZNF93, an in
silico analysis was performed using the pathway enrichment
analysis by Gene Ontology. All proteins were associated with
various molecular functions, such as catalytic activity, binding,
transcriptional regulation, and transport function (Figure 3A);
the interaction analysis using the STRING database grouping
in molecular functions showed at least three specific biological
processes, such as metabolism (including metabolism of
carbohydrates in the case of PPP2R1A, CCT8, ENOA, G6PD,
and GRHPR), metabolic programming (including ALDHIA1
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and CPT1A mainly associated with cancer stem cells) and
signaling pathways (including KCNH1, ZN554, ARMX1, and
ZNF93) (Figure 3B). General analysis indicated that 60% of
proteins were related to protein metabolic processes,
generation of energy, precursor metabolites, and processes that
involve cancer cell transformation.

Validation of differential gene expression. Differential
expression of identified proteins was validated by real-time
PCR in all the previously extensively investigated variants
by our work group due to their high incidence in the
southern population, including E6 prototype and E-G350, E-
A176/G350, E-C188/G350, AAa, and AAc variants. The
results showed a decrease in the expression of the ALDHIA
gene in all cell lines compared to C33A*; the lowest
expression was observed in C33A E-A176/G350 and C33A
AAa compared to that in cells expressing all the remaining
E6 oncoprotein variants (Figure 4A). CCT8 expression was
decreased in the C33A E-A176/G350, C33A prototype, and
C33A AAa variants (Figure 4B). ENO expression was not
significantly changed between the variants (Figure 4C).
Comparison of the changes in protein expression between the
E-prototype and E6 variants showed that ALDHALI
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Figure 3. Interactome of differentially expressed proteins among E6 oncoprotein variants. Through the STRING database the interaction analysis
of the 12 identified proteins is shown, each node represents the protein under analysis and the thickness of the connectors correlates with the
evidence of their functional association. According to the Reactome database, the proteins are mainly associated with metabolic pathways
(carbohydrates and retinoic acid) and metabolic reprogramming such as stemness.

Table 1. Identification of proteins by mass spectrometry according to Mascot software.

No. ID Gene Name Uniprot Mw** p# Coverage  Regulation
SPOT$ ID (kDa) % folds
against
C33A%*
1 V24 CPTIA Carnitine O-palmitoyltransferase 1 P50416 89007 8.85 12 +1.17
2 V20 CENP CENPB DNA-binding domain-containing protein 1 B2RDO1 21115 6.54 28 +0.61
3 V21 ZNF93 Zinc finger protein 93 P35789 73129 9.40 12 +3.56
4 V30 KCNH1 Potassium voltage-gated channel 095259 112454 7.52 10 +1.67
subfamily H member 1
5 V50  PPP2RIA Serine/threonine-protein phosphatase 2A P30153 66079 50 12 +1.93
65 kDa regulatory subunit A alpha isoform
6 V51 CCT8 T-complex protein 1 subunit theta P50990 60163 542 26 +1.30
7 V56  ALDHIALI Retinal dehydrogenase 1 P00352 55454 6.30 28 +2.01
8 V57 ZN554 Zinc finger protein 554 Q86TI5 61935 7.56 16 +0.90
9 V59 ENOA Alpha-enolase P06733 47487 7.01 36 +1.52
10 V72 G6PD Glucose-6-phosphate 1-dehydrogenase P11413 59675 6.39 27 +3.36
11 V80 ARMX1 Armadillo repeat-containing X-linked protein 1 Q9P291 49730 9.32 11 +0.61
12 V84 GRHPR Glyoxylate reductase/hydroxypyruvate reductase QIUBQ7 36052 7.01 16 +0.55

The peptide profile of the "spots" was analyzed by MALDI-TOF/TOF and identified with the Mascot software. SID SPOT indicates the protein
codes for MALDI TOF identification.**Mw: Theorical molecular wegth (kilodaltons). #IP: Theorical isoelectric point.

expression was decreased only in C33A E-A176/G350 and Discussion

increased in C33A E-C188/G350 and G-350 variants. The

expression of the CCT8 gene was decreased in C33A E- HPV 16 is an etiological factor in cervical cancer (5, 40) due
A176/G350 and C33A AAa variants (Figure 4D). the expression of E6 and E7 oncoproteins that enhance the cell
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Figure 4. Validation of differentially expressed genes in C33A* in comparison with E6 oncoprotein and its variants. (A-C) Relative expression levels
of genes ALDHIA, CCT8 and ENOI in C33A* cells in comparison with C33A E-Prototype, C33A E-A176/G350, C33A E-C188/G350, C33 AAa
and C33 AAc. (D) Relative expression levels of mRNA in C33A E-prototype cells in comparison with E6 variants. Values are expressed as
mean+SEM. Significant differences are considered with p<0.05. Each gene-specific cDNA was quantified in triplicate and mRNA ratios relative to
the housekeeping gene GAPDH were calculated. The relative quantification of mRNA was analyzed using method 2-AACt,

cycle in the upper epithelial layers of the cervix (41-43), others, resulting in increased survival and proliferation to
which, in some cases, can stimulate the proliferation of induce immortalization of cervical cells (44, 45).

infected basal cells and eventually lead to neoplasia (12). Our research group analyzed the frequency of the
These viral proteins are able to bind and inactivate the tumor  intratypic variants of the E6 gene of HPV 16, showing that
suppressor genes such as p53 and retinoblastoma (Rb), among  E-G350, E-A176/G350, E-C188/G350, AAa and AAc, are
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the most prevalent in the State of Guerrero and
demonstrating that infection by the AAa variant presented
the strongest association with the risk of developing CC (26).
Additionally, those variants were analyzed by
transcriptomics through overexpression in the C33A cells
showing differences in genes mainly associated with tumor
progression (27). By comparing the protein profiles of C33A
cells overexpressing the prototype E6 oncoprotein and its
variants with respect to C33A*, 15 highly abundant proteins
were selected in the gel, of which 12 were identified with a
percentage of coverage greater than 10%. ALDHIA1 was
found differentially expressed in both the transcriptomics
results previously described and in the proteomic analyses of
this working group. This differentially expressed gene was
also detected by Prokopczyk et al. using the Codelink
Human Whole Genome Bioarray system after treatment of
HPV 16-immortalized human ectocervical cells with a
nicotine-derived carcinogen (46) and by Ganguly e al. using
an Affymetrix gene chip array to compare gene expression
profiles between the cells expressing E6 protein from high-
risk HPV 18 and low-risk HPV 11 (47).

Aldehyde dehydrogenase (ALDH1A1) it is an enzyme
involved in oxidation of a variety of intracellular aldehydes
to carboxylic acids (48), is widely distributed in tissues and
at the subcellular level, can be located in the cytoplasm,
mitochondria, and endoplasmic reticulum (49). This enzyme
has been identified in different tumors, including breast (50),
colorectal (51), ovarian cancer (52) and melanoma (53); also
ALDHIA1 has been correlated with tumor size, high
histological grade, and advanced TNM stage (50). The
members of the ALDH family play important roles in a
variety of biological activities in cancer stem cells (48),
including oxidative stress response (54), differentiation (55),
and drug resistance (56). ALDH regulates stem cell
proliferation and differentiation (57, 58). ALDHI1A1 plays
an important role in the regulation of stemness in ovarian
cancer (59, 60).

Analysis of global gene expression profiles influenced by
high-risk (HPV 18) and low-risk (HPV 11) E6 oncoproteins
by microarray and qRT-PCR identified ALDH1A1 as one of
the genes with decreased expression in HPV 18 and
overexpression in HPV 11 suggesting potential use of
ALDHI1AL1 as a biomarker for the diagnosis and progression
of esophageal cancer and as a therapeutic target (47).
ALDHIA has not been analyzed in E6 overexpression;
however, our results based on the comparison with other
variants showed that ALDHIA is one of the most
overexpressed proteins in HPV 16 E6 E-A176/G350, and
comparison with the E-prototype indicated that ALDH1A
expression is decreased. However, even if the genotypic
variants had few amino acid changes versus the E6
prototype, they are involved in changes in the gene and
protein expression profiles and may be involved in

differences in tumor progression; however, these suggestions
require additional studies.

Human embryonic stem cells can proliferate and replicate
indefinitely, while maintaining their undifferentiated state
(61). Human pluripotent stem cells show enhanced assembly
of the TRiC/CCT complex, a chaperone that facilitates the
folding of 10% of the proteome (62). The CCTS8 gene
encodes a component of a type II chaperonin (63), which
forms a large cytosolic double-ring oligomeric complex that
contributes to protein folding (64). In the presence of ATP,
the primary substrates for CCT may include diverse proteins
(65), such as cytoskeleton proteins like actin and tubulin (66)
which contain motifs common to the other CCT subunits
involved in ATPase activity (67). The expression of CCTs
early in the embryonic process suggests that they may be
critical for cell cycle regulation and maintenance of
pluripotency (68). CCT8 has been detected in several types
of cancers, such as esophageal squamous cell carcinoma
(69), hepatocellular carcinoma (70), and B-cell non-
Hodgkin’s lymphoma (71). Wurlitzer et al. performed a mass
spectrometric comparison of HPV-positive and HPV-negative
oropharyngeal tumors and identified differentially expressed
proteins, such as CCTS, in HPV-positive samples reflecting
enhanced migration and invasion (72). Results show an
underexpression of the ALDHA1A and CCTS genes in the
E-A176/G350 and AAa variants when compared to the
prototype, however, at the protein level they showed the
highest levels of expression (Table I). Although the gene and
protein expression data do not correlate, the AAa variant has
been shown to be associated with an increased risk of tumor
progression, thus some other molecular regulatory
mechanism may be involved.

Gene lists obtained in the present study included some up-
and down-regulated genes compared to the results published
by other authors; therefore, further investigation is needed to
validate selected biomarkers. However, all proteins identified
in cells expressing HPV variants are clearly associated with
tumor progression, induction of mortality, and development
of stemness.

Conclusion

Although HPV 16 has been associated with cervical cancer,
only a percentage of precursor lesions progress to invasive
cervical cancer, which implies the involvement of molecular
mechanisms associated with the virus. The presence of
intratypic variants in the E6 gene that result in changes in its
oncoprotein structure are beginning to be studied, and it has
been observed that Asian-American variants are mostly
associated with the progression of precursor lesions to
carcinogenesis. ALDHA1 and CCTS are differentially up-
regulated in cells expressing E6 oncoprotein variants E-
A176/G350 and AAa, and these proteins are strongly
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associated with tumor progression, induction of immortality,
and development of stemness. Thus, further analysis is needed
to explore their potential as biomarkers in cervical cancer
progression; these proteins are mainly associated with HPV
16 E6 variants, which are involved in tumor progression.
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