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Abstract
Background: Increasing evidence indicates an etiological role of human papillomavirus (HPV) in head
and neck cancers, particularly oropharyngeal squamous cell carcinoma (OPSCC). However, the
association between HPV and other cancers, including esophageal and tongue remains unclear.
Methods: We compared the molecular characteristics of HPV18 E6 and E7 in esophageal (EC109 and
EC9706) and tongue (Tca83) cancer cell lines with reference to cervical cancer (HeLa). We studied the
expression of HPV transcripts using Next Generation RNA sequencing. We used small interference
RNA (siRNA) against HPV18 oncoproteins to verify their oncogenic roles in molecular signaling,
targeting metalloproteases and apoptotic pathways in these cancers. Results: We observed that the
HPV transcription profiles of esophageal and tongue cancer cells mimicked that of cervical cancer
cells, with notable disruption of E2, and expression of E6, spliced E6 (E6 * ), E7, E1 and L1 transcripts.
As with cervical cancer cells, p53 and its downstream transactivation target, p21, were found to be
the major targets of E6 in esophageal and tongue cancer cell lines. Intriguingly, E7 preferentially
targeted p130 in the two esophageal cancer cell lines, instead of pRb as in cervical cancer. Tca83
exhibited an E7 to E6 transcript ratio comparable to HeLa (cervix), targeted the ERK1/2 and MMP2
pathways, and was dependent on E6 and E7 to survive and proliferate. In contrast, both the
esophageal cancer cell lines were distinct from HeLa in these aspects. Conclusion: This is the first
study to delineate the transcripts expression and role of HPV18 E6 and E7 in esophageal and tongue
cancer cell lines. This findings suggest that HPV18 plays an oncogenic role in inducing these cancers,
albeit via distinct pathways than those observed in cervical cancer.
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Figure 1
Transcription profiles of the HPV18 genome in EC109, EC9706 and Tca83 cell lines
measured through RNA sequencing. (A) Map of HPV genome showing protein-coding regions
and their respective genomic locations. (B) Bar charts showing relative ratios of Fragments
per kilobase of transcript per million reads mapped (FPKM) of (i) E7 to E6, and (ii) E6 to
spliced E6 isoform I (E6*).
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Figure 2
Effects of downregulation of HPV18 E6 and E7 on p53, pRB and its related pocket proteins in
EC109, EC9706 and Tca83 cells. These cells were transfected with siRNA against control (-)
or against HPV18 E6 and E7 (+). After 72 h, total lysate was collected and the levels of E6
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and E7 target proteins were analyzed by Western blotting for the proteins as indicated.
HeLa and HKESC01 cells were included as positive and negative controls, respectively. A.
Representative immunoblots showing levels of E7 (pRB, p103 and p107) (navy blue-colored
bars) and E6 (p53, p21 and hDlg) (light blue-colored bars) target proteins. β-actin was
included as a loading control. B. Bar graphs show quantitation of the levels of target
proteins against control (siCtrl) in (i) HeLa, (ii) EC109, (iii) EC9706, (iv) Tca83 and (v)
HKESC01 cells. Quantitation was performed using ImageJ software and statistical analysis
was performed using Prism. Error bars represent mean ± standard deviation (SD) (n=4).
(*P<0.05, **P<0.01, ***P<0.001).
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Figure 3
Effects of downregulation of HPV18 E6 and E7 on AKT, ERK1/2, MMP2 and MMP9 activity in
EC109, EC9706 and Tca83 cells. These cells were transfected with siRNA against control (-)
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or against HPV18 E6 and E7 (+). After 72 h, total lysate was collected and the levels of E6
and E7 target proteins were analyzed by Western blotting for the proteins as indicated.
HeLa and HKESC01 cells were included as 27 positive and negative controls, respectively. A.
Representative immunoblots showing levels of AKT phosphorylated at S437 [pAKT(S437)],
pan-AKT, ERK1/2 phosphorylated at T202 and Y204 [pERK1/2(T202/Y204)], MMP2 and MMP9.
β-actin was included as a loading control. B. Bar graphs show quantitation of the levels of
target proteins against control in (i) HeLa (blue-colored bars), (ii) EC109 (magenta-colored
bars), (iii) EC9706 (magenta-colored bars), (iv) Tca83 (blue-colored bars) and (v)HKESC01
(black-colored bars) cells. Quantitation was performed using ImageJsoftware and statistical
analysis was performed using Prism. Error bars represent mean ± standard deviation (SD)
(n=4). (*P<0.05, **P<0.01, ***P<0.001).
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Figure 4
Effects of downregulation of HPV18 E6 and E7 on caspase-dependent apoptotic pathway in
EC109, EC9706 and Tca83 cells. These cells were transfected with siRNA against control (-)
or against HPV18 E6 and E7 (+). After 72 h, total lysate was collected and the levels of E6
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and E7 target proteins was analyzed by Western blotting for the proteins as indicated. HeLa
and HKESC01 cells were included as positive and negative controls, respectively. A.
Representative immunoblots showing the levels of caspase 3, caspase 8, caspase 9 and
their respective cleaved forms. β-actin was included as a loading control. B. Bar graphs
show quantitation of the levels of the (i)caspase 3 and (ii) cleaved caspase 3, (iii) caspase 8
and (iv) cleaved caspase 8, (v)caspase 9 and (vi) cleaved 9, against control in HeLa (bluecolored bars), EC109 (magenta-colored bars), EC9706 (magenta-colored bars), Tca83 (bluecolored bars) and HKESC01 (black-colored bars). Quantitation was performed using ImageJ
software and statistical analysis was performed using Prism. Error bars represent mean ±
standard deviation (SD) (n=4). (*P<0.05, **P<0.01, ***P<0.001).
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Figure 5
Effects of downregulation of HPV18 E6 and E7 on proliferation of EC109, EC9706 and Tca83
cells. A. The cells were transfected with siRNA against control (siCtrl) or against HPV18 E6
and E7 (siE6/E7). After 72 h, cells were fixed and stained with Ki67 (green) and p53 (red).
Samples were counterstained with 4′,6-diamidino-2-phenylindole (DAPI) and mounted using
ProLongTM Gold Anti-fade. HeLa and HKESC01 cells were included as positive and negative
controls, respectively. Images were taken using a fluorescence microscope (Leica) at 1000X.
B. Images at 400X were obtained from at least 3 independent views per experiment. Cells
stained for DAPI, Ki67 and p53 were counted using ImageJ software. Percentage of cells
positive for (i) Ki67 and (ii) p53 in siE6/E7 samples were calculated in relative to control
(siCtrl). Error bars represent mean ± standard error of mean (SEM) (n=3). (*P<0.05,
**P<0.01, ***P<0.001).
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