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Abstract. HPV16 is the most carcinogenic human papillomavirus and causes >50% of cervical cancers, the majority of anal
cancers and 30% of oropharyngeal squamous cell carcinomas.
HPV carcinogenesis relies on the continuous expression of
the two main viral oncoproteins E6 and E7 that target >150
cellular proteins. Among them, epigenetic modifiers, including
DNA Methyl Transferases (DNMT), are dysregulated,
promoting an aberrant methylation pattern in HPV‑positive
cancer cells. It has been previously reported that the treatment
of HPV‑positive cervical cancer cells with DNMT inhibitor
5‑aza‑2'‑deoxycytidine (5azadC) caused the downregulation of
E6 expression due to mRNA destabilization that was mediated
by miR‑375. Recently, the T‑box transcription factor 2 (TBX2)
has been demonstrated to repress HPV LCR activity. In the
current study, the role of TBX2 in E6 repression was investigated in HPV16 cervical cancer cell lines following 5azadC
treatment. A decrease of E6 expression was accompanied by
p53 and p21 restoration. While TBX2 mRNA was upregulated
in 5azadC‑treated SiHa and Ca Ski cells, TBX2 protein was
not detectable. Furthermore, the overexpression of TBX2
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protein in cervical cancer cells did not allow the repression
of E6 expression. The TBX2 transcription factor is therefore
unlikely to be associated with the repression of E6 following
5azadC treatment of SiHa and Ca Ski cells.
Introduction
High risk human papillomaviruses (HR HPV) are ~55 nm
non‑enveloped circular DNA viruses causing anogenital and
oropharyngeal cancers (1). Carcinogenic properties of HR
HPV are mainly due to the continuous expression of E6 and
E7 oncoproteins. Indeed, the most described effects of these
two oncoproteins are to bind and abrogate the functions of
the tumor suppressor proteins p53 and pRb respectively (2‑4).
This leads to altered cell cycle regulation with increased
cell proliferation rate, immortalization, chromosomal instability driving malignant transformation of infected cells (5).
However, E6 and E7 interact with many other proteins and
particularly with epigenetic enzymes. Among them, DNMT1
is a DNA methyltransferase maintaining methylation on
CpG dinucleotide during cell division. This epigenetic mark
generally drives chromatin compaction, thus repressing genes
under its dependence. Interestingly, E6 and E7 expression
are also regulated by epigenetic mechanisms, and methylation level on viral promoter is higher in HPV‑associated
cancers than in precancerous lesions or in normal tissues (6).
Recently, studies revealed that E6 and E7 expression was
downregulated following treatment of HPV positive cancer
cell lines by 5aza‑2'‑deoxycytidine (5azadC), a DNA methyl
transferase (DNMT) inhibitor also named decitabine (7‑9).
The downregulation of E6 was partly due to the upregulation of miR‑375 (8,9), known to target the early HPV16
transcripts (10). Indeed, E6 expression was only partially
restored by miR‑375 inhibitor in 5azadC‑treated cells (9).
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This suggests that other mechanisms are involved in E6
downregulation following 5azadC treatment. In fact, although
expression of transcription factors known to bind to early
viral promoter (SP1, AP1, YY1 and NF1) is not modified by
5azadC treatment, not all transcription factor expression has
been assessed. This is why the role of T‑box transcription
factor 2 (TBX2), another transcription factor binding viral
promoter, has been evaluated.
In 2013, it has been shown that the HPV16 LCR could
be repressed, at least in vitro, by TBX2, a member of the
T‑Box protein family (11). This family include transcription
factors involved in embryonic development and encoded
by highly conserved genes among vertebrates (12). T‑Box
factors recognize and bind the core sequence GGTGTGA,
also known as the T‑element (13). Although the HPV16 LCR
lacks the canonical T‑element, TBX2 is able to repress the p97
activity by binding a sequence located between nt 7564 and nt
7756 (11). Conversely to other T‑Box family members, TBX2
has repressive activities thanks to the presence of a strong
repression domain located in its C‑terminal region.
The role of TBX2 in tumorigenesis remains controversial
because of both anti‑ and pro‑tumorigenic activities. On the
one hand, TBX2 is able to bypass senescence and activate cell
proliferation by repressing p14ARF and p21 in different cancer
models (12). TBX2 expression was significantly increased in
prostate cancers compared to healthy adjacent tissues (14),
suggesting an oncogenic activity. On the other hand, TBX2
inhibits cell cycle progression in lung adenocarcinoma (15)
and its expression is decreased in lung cancers compared to
normal tissue (16). Furthermore, TBX2 methylation has been
associated with a poor prognosis in chronic lymphocytic
leukemia (17), endometrial cancer (18) and bladder cancer (19).
Thus, TBX2 may also exert an anti‑tumor activity depending
on the context and cellular origin of cancers.
In the present study, the role of TBX2 was investigated to
determine whether, in addition to miR‑375, it could induce
E6 repression following 5azadC treatment of HPV16 cervical
cancer cells.
Materials and methods
Cell lines and cell culture. MCF‑7 cells [mammary cancer
cells, American Type Culture Collection (ATCC)], SiHa
cells (cervical cancer cells, ATCC) and U‑2 OS cells (bone
osteosarcoma cells, ATCC) were cultured in Dulbecco's modified Eagle's medium (DMEM); Ca Ski cells (cervical cancer
cells, ATCC) were grown in Roswell Park Memorial Institute
(RPMI) medium while C‑33 A and HeLa cells (both cervical
cancer cells, ATCC) were cultured in Eagle's minimum
essential medium (EMEM). All media were supplemented
with 10% (v/v) fetal bovine serum (FBS, Lonza) but not with
antibiotics. Cells were cultured at 37˚C in a 5% CO2 humidified incubator.
Drug treatment. SiHa and Ca Ski cells were treated by 5‑aza‑
2'‑deoxycytidine (5azadC) (Epigentek). This demethylating
agent was dissolved in DMSO at 220 mM and then diluted
in appropriate medium at 0.25 or 5.0 µM to treat SiHa cells
(10,000 cells/cm2) and Ca Ski cells (10,000 cells/cm2) for 24,
48, 72 and 96 h. The treatment medium was renewed every
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day. Untreated HeLa, C‑33 A and MCF‑7 cells were harvested
as controls for western blotting studies.
U‑2 OS, SiHa and Ca Ski cells were transfected as
described below.
Plasmid transfection and luciferase assay. U‑2 OS cells
were plated in 96‑well microplates at a density of 15,000
cells per well. They were transfected for 24 h with either
pT‑REx‑DEST30/empty or pT‑REx‑DEST30/TBX2‑3XFlag
plus a mixture of pGL3‑Luc‑16LCR (obtained by cloning the
HPV16 DNA sequence from nt 7135 to nt 105 into the pGL3
plasmid) and pRenilla (Promega) with JetPEI® transfection
reagent (Polyplus-transfection) according to the manufacturer's recommendations. Cells were lysed by 1X Lysis reagent
of Dual‑Luciferase Reporter Assay System kit (Promega).
The luciferase assay reagent was mixed with lysates and the
luminescence was recorded using the TECAN Infinite 200 Pro
instrument. Unfortunately, luciferase activity could not have
been normalized by Renilla signals because TBX2 strongly
repressed the CMV‑driven vector pRenilla, as already documented by Schneider and collaborators (11).
SiHa and Ca Ski cells were plated in 6‑well plates at
a density of 350,000 cells per well and transfected with
pT‑REx‑DEST30/empty or pT‑REx‑DEST30/TBX2‑3XFlag
using JetPEI ® transfection reagent according to the
manufacturer's recommendations. At 48 h after plasmid
transfection, cells were harvested for checking overexpression efficiency and subsequent analyses via RTqPCR and
western‑blotting.
5azadC and TBX2 combinatory treatment. SiHa and Ca
Ski cells were seeded at 10,000 cells/cm 2 in 6‑well plates
and treated with 5azadC at 0.25 µM for 72 h. The treatment
medium was renewed every day. Twenty‑four hours after the
beginning of 5azadC treatment, cells were transfected with
pT‑REx‑DEST30/empty or pT‑REx‑DEST30/TBX2‑3XFlag
using JetPEI® transfection reagent according to the manufacturer's recommendations. Cells were then cultured for 48 h and
harvested for E6 expression analysis by RT‑qPCR.
Transfection of siRNA. MCF‑7 cells were transfected with
20 nM of siRNA targeting TBX2 (5'‑GGA‑GCU‑GUG‑GGA‑
CCA‑GUU‑CTT‑3') or control siRNA (SR‑CL000‑005;
Eurogentec) using Lipofectamine 2000 (Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions
(ratio siRNA/Lipofectamine of 1:3). Forty‑eight hours after
transfection, cells were harvested directly in Ribozol™ solution for RNA extraction or scrapped, centrifuged and lysed in
RIPA solution for protein extraction.
RNA extraction and reverse transcription. Total cellular RNAs
were isolated by RiboZol™‑chloroform method (VWR).
Briefly, cells were lysed in 500 µl of RiboZol and 100 µl of
chloroform were added. After a centrifugation at 12,000 g
(15 min, 4˚C), aqueous phase was harvested and incubated
10 min with 500 µl of isopropanol. Then, total RNAs were
pelleted by centrifugation at 12,000 g, (10 min, 4˚C), washed
with cold ethanol and dissolved in molecular biology grade
water. cDNAs were synthetized using 500 ng of total RNA
with the Maxima First Strand cDNA Synthesis kit (Thermo
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Fisher Scientific, Inc.) according to the manufacturer's
recommendations.
RT‑qPCR. Primers were synthetized by Eurogentec. Real‑time
quantitative PCR was performed using SYBR Green real
time PCR master mix (Life Technologies) in the ABI 7500
Real‑Time PCR System (Applied Biosystems). The cDNAs
were amplified using the following cycling parameters: 95˚C
for 5 min followed by 40 cycles of 95˚C for 30 sec and 60˚C for
1 min. Transcript levels for E6 and TBX2 were measured with
GAGAACTGCAATGTTTCAGGACC forward and TGTATA
GTTGTTTGCAGCTCTGTGC reverse primers for E6, CTC
TGACAAGCACGGCTTCA forward and TGTCGTTGGCTC
GCACTATG reverse primers for TBX2 and normalized with
β2M mRNA level measured with GATGAGTATGCCGTGTG
forward and CAATCCAAATGCGGCATCT reverse primers
using the 2‑ΔΔCt method (20).
Western blotting. Following different conditions, cells were
harvested by scraping in PBS and stored in dry pellets at ‑80˚C
until use. Proteins were extracted with radio immunoprecipitation assay (RIPA) lysis buffer [50 mM Tris/HCl, pH 7.4, 150 mM
NaCl, 1% (v/w) Nonidet P‑40, 0.5% (w/w) Na deoxycholate,
1 mM EDTA, 30 µg/ml protease inhibitor] (Roche Diagnostics).
After sonication, protein concentrations were determined using
the Bio‑Rad Protein assay (Bio‑Rad) according to the manufacturer's recommendations. Each sample was resolved on 12%
SDS‑PAGE gels and then transferred to Hybond® polyvinylidene
difluoride (PVDF) membranes (GE Healthcare). The membranes
were blocked with 5% nonfat milk overnight at 4˚C under constant
shaking and then incubated for 2 h at room temperature under
constant agitation with primary antibodies: Anti‑E6HPV16,
1/1,000 (2E‑3F8; Euromedex, Souffelweyersheim, France); DO7
anti‑p53, 1/2,000 (554298, BD Biosciences, Le Pont de Claix,
France); 6B6 anti‑p21, 1/2,000 (554228; BD Biosciences); AC15
anti‑β‑actin, 1/20,000 (A1978; Sigma‑Aldrich); C‑17 anti‑TBX2,
1/500 (sc‑17880). After several washes, membranes were incubated with goat anti‑mouse, goat anti‑rabbit (BD Pharmingen)
or rabbit anti‑goat (Agilent) immunoglobulin antibodies conjugated with horseradish‑peroxidase. The immune complexes
were revealed using an enhanced chemiluminescence detection
system with Pierce ECL2 western blotting substrate (Thermo
Fisher Scientific, Inc.) using ChemiDoc XRS+. The band densities were normalized against the β‑actin internal control and
analyzed by Image Lab software (Bio‑Rad).

treatment of SiHa cells induced a time‑dependent decrease of
E6 expression at both mRNA and protein levels (Fig. 1A‑C).
The effect of 5azadC on E6 repression was observed starting
24 h after treatment, with a maximal decrease in transcripts
reaching 60% at 96 h of treatment (Fig. 1C), a result consistent
with the decreased expression of E6 observed at the protein
level (Fig. 1A and B). In contrast, the effect of 5azadC on E6
RNA expression did not appear dependent on the concentration
used (0.25 or 5 µM) to treat SiHa cells. At the protein levels,
5azadC at 5 µM seemed to cause sooner and more prominent
decrease in E6 expression. As expected, the decreased level of
E6 was accompanied by an increased expression of p53 and
an up‑regulation of the cyclin dependent kinase inhibitor p21.
E6 expression was also investigated in Ca Ski cells treated
with 0.25 and 5 µM of 5azadC up to 96 h (Fig. 1D‑F). As in
SiHa cells, E6 expression was downregulated at both protein and
mRNA levels. The downregulation of E6 in Ca Ski cells was also
accompanied by the restoration of p53 and p21 expression.

Results

5azadC treatment induces TBX2 mRNA expression.
A recent report has shown that TBX2 was able to bind
and repress the HPV16 LCR (11). To confirm this, the
pT‑R Ex‑DEST30/ TBX2‑3X F lag was co‑transfected
with pGL3‑Luc‑16LCR plasmid in U‑2 OS cells and the
p97 promoter activity was measured. As shown in Fig. 2,
the overexpression of TBX2 induced a reduction of the relative
luciferase activity of 40% compared to cells transfected with
the empty vector. TBX2 transfection efficiency in U‑2 OS cells
was assessed by western blotting (Fig. S1).
Then, the expression of TBX2 was studied in
5azadC‑treated SiHa and Ca Ski cells. In a first set of
experiments, the specificity of TBX2 primers and anti‑TBX2
antibody was confirmed in MCF‑7 cells, known to express
TBX2, treated by TBX2 siRNA (Fig. S1). As shown in Fig. 3A,
a slight increase of TBX2 RNA level was observed in SiHa
cells treated with 0.25 µM of 5azadC at 96 h. In Ca Ski cells,
no variation of TBX2 expression was observed with the same
treatment (Fig. 3B). In contrast, a clear increase of TBX2 RNA
was observed in both cell lines for the highest concentration
(5 µM) of 5azadC, especially at 96 h, reaching 3.5 and 3.8‑fold
in SiHa and Ca Ski cells respectively (Fig. 3A and B). It is
interesting to note that the pattern of variation of E6 mRNA
(Fig. 1C and F) was not inversely related to that of TBX2.
The endogenous expression of TBX2 was then analyzed
by western blotting. The TBX2 protein was not detected in
SiHa and Ca Ski cells either treated or not with the highest
concentration of 5azadC during 96 h (Fig. 3C). Furthermore,
TBX2 was neither detected in Hela (HPV18 positive) cells and
C‑33 A (HPV negative) cervical cancer cell lines (Fig. 3D).
In contrast, a strong signal was observed in MCF‑7 cells
(a positive control for TBX2 expression) or in SiHa cells transfected with pT‑REx‑DEST30/TBX2‑3XFlag (Fig. 3C and D).
It is noteworthy that TBX2 mRNA expression is 700 and
90‑fold more important in MCF‑7 compared to Ca Ski and
SiHa cells, respectively (not shown). Thus, these data indicate
that TBX2 is not expressed or at a very low level in cervical
cancer cell lines compared to MCF‑7 cells.

5azadC treatment induces HPV16 E6 downregulation and p53
and p21 upregulation. As we previously published, 5azadC

Ectopic TBX2 expression does not repress endogenous E6
expression. Then, we investigated whether ectopic TBX2

Statistical analysis. A two‑tailed unpaired Student's t‑test was
used to assess differences between two groups. In each case
non‑treated cells served as reference control. Two‑way ANOVA
followed by Levene test were used to analyze differences in E6
expression following combinatory treatments. All data were
obtained from at least three independent experiments or as
specified for each figure and are presented as mean ± standard
deviation (SD). P<0.05 was considered to indicate a statistically
significant difference.
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Figure 1. 5azadC treatment downregulates E6 expression. E6, p53, p21 and β‑actin protein expression was analyzed by western blotting in the (A) 0.25 µm and
(B) 0.5 µm treatment in SiHa cells. (C) E6 mRNA relative expression was quantified by RT‑qPCR in SiHa cells treated with 0.25 or 5 µM of 5azadC. E6, p53,
p21 and β‑actin protein expression was analyzed by western blotting in the (D) 0.25 µm and (E) 0.5 µm treatment in Ca Ski cells. (F) E6 mRNA relative expression was quantified by RT‑qPCR in Ca Ski cells treated with 0.25 or 5 µM of 5azadC. The data are presented as mean values from at least three independent
experiments. Error bars represent the standard deviation and P‑values were calculated using a Student's t‑test using non‑treated cells as a reference control.
*
P<0.05, **P<0.01 and ***P<0.001 vs. control. 5azadC, 5‑aza‑2'‑deoxycytidine; RT‑q, reverse transcription‑quantitative.

detected in transfected SiHa and Ca Ski cells. But any changes
were observed in E6 protein (Fig. 4A) and mRNA (Fig. 4B)
expression following ectopic TBX2 expression. In keeping with
this observation, TBX2 unlikely downregulates endogenous E6
expression in cervical cancer cell lines.

Figure 2. TBX2 ectopic expression induced relative luciferase activity
repression. Luciferase activity of the reporter plasmid was measured in U‑2
OS cells transfected with the pT‑REx‑DEST30/TBX2‑3XFlag (pTBX2) or
with the control for 48 h. The data are presented as mean values from two
independent experiments. Error bars represent the standard deviation and
P‑values were calculated using a Student's t‑test. Non‑treated cells were used
as a reference control: *P<0.05. TBX2, T‑box transcription factor 2.

expression could downregulate endogenous E6 expression in
SiHa and Ca Ski cells transfected with pT‑REx‑DEST30/TBX2‑
3XFlag. As shown in Fig. 4A, TBX2 protein was readily

TBX2 overexpression and 5azadC combinatory treatment
does not enhance E6 repression. In order to rule out the
possibility that TBX2 was involved in E6 repression following
5azadC treatment, TBX2 overexpression and 5azadC combinatory treatment were conducted. TBX2 overexpression has
been confirmed by RT‑qPCR in cells treated or not with
5azadC (Fig. S1).
Fig. 4C shows that E6 RNA relative expression was
significantly decreased following 5azadC treatment in SiHa
(P=0.03) and Ca Ski (P=0.001) cells. In contrast, no difference in E6 RNA relative expression was observed between
the pT‑REx‑DEST30/TBX2‑3XFlag‑(pTBX2) and the
pT‑REx‑DEST30/empty‑(pCTRL) transfected cells, whether
they were treated by 5azadC or not. Thus, overexpression of
TBX2 did not enhance 5azadC‑induced E6 repression.
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Figure 3. TBX2 mRNA detected in cervical cancer cell lines. TBX2 mRNA relative expression was analyzed using reverse‑transcription‑quantitative PCR
in (A) SiHa cells and in (B) Ca Ski cells treated with 0.25 or 5 µM of 5azadC for a period of 24, 48, 72 or 96 h. TBX2 protein expression was analyzed using
western blotting in (C) SiHa and Ca Ski cells treated with 5 µM of 5azadC during 96 h or the control and in (D) HeLa and C‑33 A cervical cancer cell lines
and in MCF‑7 breast cancer cells or SiHa cells transfected with pT‑REx‑DEST30/TBX2‑3XFlag (SiHa + pTBX2) that served as positive controls. The data
are presented as mean values from at least three independent experiments. Error bars represent the standard deviation and P‑values were calculated using a
Student's t‑test using non‑treated cells as a reference control. *P<0.05. TBX2, T‑box transcription factor 2; 5azadC, 5‑aza‑2'‑deoxycytidine.

Discussion
In this study, we confirmed that the treatment of HPV16 positive cancer cell lines with 5azadC leads to the downregulation
of E6 at both mRNA and protein levels (7‑9). As expected, a p53
and p21 restoration was observed in treated cells confirming
the functional loss of E6. Interestingly, the treatment of the
tongue HPV16‑positive cancer cell line UPCI:SCC090 with
5azadC also leads to the decrease of E6 and to the increase of
p53 and p21 expression (Fig. S2). These results, in line with
those obtained by Stich et al with two other head and neck
cancer‑derived cell lines (UM‑SCC‑47 and UM‑SCC‑104) (8),
suggest that the effect of 5azadC treatment on E6 repression
is independent of the tumor origin. Since 5azadC (decitabine)
is already used to treat myelodysplastic syndromes (21) and
acute myeloid leukemia (22) its usefulness in the treatment of
HPV‑associated cancers probably deserves to be addressed. In
this line, Biktasova et al recently reported that the treatment
of patients presenting HPV‑positive head and neck cancers
with 5‑azacytidine, a 5azadC analogue, induced E6 and E7
RNA repression in their tumors accompanied by reactivation
of the p53 pathway and apoptosis induction (23). This is the
first study presenting the potential effects of a demethylating
treatment against human HPV+ tumors in a clinical trial.
In SiHa cells, the effect of 5azadC on E6 RNA repression was not dependent on the concentration used since E6
downregulation was similar whatever the concentration was
(0.25 µM or 5 µM) at each time point over 96 h. Similarly,
Stich et al showed no dose effect of 5azadC treatment on

E6*I/E7 mRNA downregulation even with a concentration as
low as 100 nM (8). In contrast, a clear time‑dependent effect
of 5azadC treatment was observed on E6 downregulation with
a maximum achieved at 96 h. This may reflect the 5azadC
mechanism of action that requires successive cell divisions to
passively demethylate DNA leading to the progressive upregulation of factor(s) involved in direct or indirect E6 repression.
However, such a time dependent effect was not reproduced in
Ca Ski cells treated with 5 µM of 5azadC. At this concentration, a cut‑off effect was observed starting at 24 h of treatment,
an observation consistent with a more sensitive phenotype of
Ca Ski cells regarding 5azadC effects on E6 downregulation.
In order to highlight the mechanism involved in E6
downregulation following 5azadC treatment, we explored
the role of the transcription factor TBX2. Indeed, Schneider
and collaborators have recently proposed that TBX2 might
decrease the HPV gene expression through LCR inhibition (11). Furthermore, they mapped the minimal sequence
required for TBX2 inhibition from nt 7564 to nt 7756 on the
LCR. A first series of experiments permitted to confirm in an
in vitro assay that the overexpression of TBX2 downregulated
HPV16 LCR activity.
In both SiHa and Ca Ski cells, TBX2 mRNA expression
was up‑regulated following 5azadC exposure in a time and
dose dependent manner. However, this regulation pattern
differed substantially from the one observed for E6. This was
especially true for the lowest concentration of 5azadC that
had weak effects on TBX2 mRNA upregulation while E6
mRNA was clearly downregulated. Surprisingly, the TBX2
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Figure 4. TBX2 is not involved in E6 repression in vivo. (A) E6 protein and (B) mRNA expression in SiHa and Ca Ski cells transfected for 48 h with
pT‑REx‑DEST30/TBX2‑3XFlag (pTBX2). The detection of TBX2 using western blotting confirmed the efficiency of transfection. E6 RNA expression in
(C) SiHa and Ca Ski cells treated with 0.25 µM of 5azadC and transfected with the pT‑REx‑DEST30/TBX2‑3XFlag (pTBX2) or the pT‑REx‑DEST30/empty
(pCTRL). The data are presented as mean values from three independent experiments. Error bars represent the standard deviation and P‑values were calculated
using a Student's t‑test using non‑treated cells as a reference control and a two‑way ANOVA. TBX2, T‑box transcription factor 2; 5azadC, 5‑aza‑2'‑deoxycytidine;
NS, not significant.

protein was undetectable in SiHa and Ca Ski cells as well as in
two other cervical cancer cell lines infected by HPV18 (HeLa
cells) or not infected by HPV (C‑33 A cells). In contrast TBX2
protein was clearly detected in MCF‑7 cells and in SiHa cells
transfected with pT‑REx‑DEST30/TBX2‑3XFlag that served
as positive controls. While we can hypothesize that TBX2
protein is not expressed in cervical cancer we cannot rule out
that its expression is very low in cervical cancer cells (under
the limit of detection of the western blotting assay). Indeed,
Schneider et al reported only a very faint band for TBX2 in
their western blotting experiments performed with SiHa cell
protein extracts. In the present study, TBX2 protein was not
detected even after the treatment of cervical cancer cell lines
with 5 µM of 5azadC during 96 h, whereas the relative expression of the corresponding mRNA was increased more than
3‑fold. Thus, we provide no evidence that the downregulation
of E6 expression following 5azadC treatment is mediated
through an increased expression of endogenous TBX2.
The increased expression of TBX2 mRNA transcripts
without effective translation could be explained by the fact that
Ca Ski and SiHa cells expressed at extremely low level TBX2
mRNA (700‑fold less in Ca Ski and 90‑fold less in SiHa cells),
compared to TBX2 mRNA levels in MCF‑7 cells as determined

by RT‑qPCR (data not shown). These results are in line with
the Human Protein Atlas data, that report no TBX2 mRNA
expression in SiHa cells (0.0 TPM) while TBX2 is expressed
at 62.0 TPM in MCF‑7 cells). Another explanation could be
the inhibition of translation due to mRNA sequestration in the
nucleus, or due to miRNA interference.
Because TBX2 protein was shown to inhibit the activity of
a cloned HPV16 LCR in overexpression experiments [(11) and
present study), we wondered to assess whether it could also
repress the endogenous HPV16 LCR in Ca Ski and SiHa cells.
While TBX2 was readily detected in both transfected cell
lines, no variation in E6 expression at both protein and mRNA
expression was evidenced. Similarly, TBX2 overexpression in
the presence of 5azadC did not enhance E6 repression that is
solely due to 5azadC. These observations again reinforce the
idea that TBX2 is unlikely involved in the regulation of E6
expression in both cell lines.
A limitation of the present study is the lack of TBX2 target
assessment. No specific TBX2 target is described in cervical
cancer cell models, in the literature. This is why TBX2 targets
described in cell lines derived from other tissues [p21 (24),
p14/p16 (25‑27), p27 (28), PTEN (29) and NDRG1 (30)]
were tested. However, none of these targets was significantly
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repressed following TBX2 transfection. There is no clear
explanation to this observation, but it has to be noted that p21,
p27, p14/p16 are already deregulated by HPV oncogenes in
cervical cancer cells.
Epigenetic regulation of HPV16 oncogene expression is very likely since the use of a DNA demethylating
agent leads to E6 mRNA and protein repression. Indirect
effects linked to the re‑expression of miR‑375, that targets
HPV16 early transcripts has been well documented (8,9). By
contrast, the involvement of TBX2 in E6 repression is very
unlikely in SiHa and Ca Ski cells treated by 5azadC even
if this transcription factor may exert inhibitory effect on
HPV16 LCR cloned upstream a reporter gene. In particular,
combinatory experiments conducted in the present study
permitted to confirmed that TBX2 was not involved in E6
repression even in a context of demethylated DNA. Whether
the structure of chromatin affect the accessibility of TBX2
to occupy its binding site in the native HPV16 LCR remains
a challenging question.
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