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ABSTRACT

Supraesophageal bile reflux at strongly acidic pH can cause hypopharyngeal
squamous cell cancer, through activation of the oncogenic NF-kB-related pathway.
We hypothesize that topical pre- or post-application of pharmacologic NF-kB inhibitor,
BAY 11-7082 (0.25 pmol), on murine (C57BL/63) HM (twice a day for 10 days) can
effectively inhibit acidic bile (10 mmol/l; pH 3.0) induced oncogenic molecular
events, similar to prior in vitro findings. We demonstrate that the administration
of BAY 11-7082, either before or after acidic bile, eliminates NF-kB activation,
prevents overexpression of Bcl2, Rela, Stat3, Egfr, Tnf, Wnt5a, and deregulations
of miR-192, miR-504, linked to bile reflux-related hypopharyngeal cancer. Pre- but
not post-application of NF-kB inhibitor, significantly blocks overexpression of I/6
and prostaglandin H synthases 2 (Ptgs2), and reverses miR-21, miR-155, miR-
99a phenotypes, supporting its early bile-induced pro-inflammatory effect. We
thus provide novel evidence that topical administration of a pharmacological NF-
kB inhibitor, either before or after acidic bile exposure can successfully prevent its
oncogenic mMRNA and miRNA phenotypes in HM, supporting the observation that co-
administration of NF-kB inhibitor may not be essential in preventing early bile-related
oncogenic events and encouraging a capacity for further translational exploration.

INTRODUCTION

Tobacco, alcohol, and human papilloma virus have
been shown to be associated with head and neck cancers
[1]. Recent epidemiologic descriptions have also supported
the early oncogenic effects of biliary gastroesophageal
reflux on the supra-esophageal mucosa, and with an
increasing interest in laryngopharyngeal carcinogenesis
[2]. Our prior in vitro and in vivo explorations show
the tumorigenic effect of bile at strongly acidic pH on
hypopharyngeal cells, enabled through the transcriptional
factor NF-xB [3-7].

It has been shown that head and neck cancer exhibits
abundant NF-xB activation, and that NF-xB-related
oncogenic pathway plays a key role in its pathogenesis [8—
13]. During this process NF-«B interacts with a complex
network of other cancer related transcriptional factors,
cytokines and growth factors and miRNA molecules,

including EGFR/Ras/RAF/MAPK, Akt/PI3K/mTOR,
IKK/NF-kB, STAT3, and wnt/B-catenin, miR-21, miR-
34a, miR-451a and miR-99a [13—19]. It has also been
demonstrated that transcriptional activation of EGFR,
STAT3, BCL2, WNT5A, TNF-a, and IL-6, as well as
deregulation of “oncomirs” miR-21, miR-155, miR-192
and tumor suppressor miR-375, miR-451a, miR-34a, miR-
504 and miR-99a are associated with biliary reflux-related
hypopharyngeal squamous cell carcinoma [20], while in
vitro and in vivo explorations have documented that acidic
bile-induced oncogenic mRNA and miRNA phenotypes
can be prevented by simultaneous co-administration of
NF-«B inhibitor in human hypopharyngeal cells [21-24].

We recently showed, using an in vitro model, that a
pharmacologic NF-«B inhibitor, BAY 11-7082, applied to
hypopharyngeal primary cells, before or after exposure to
acidic bile, exerted effects comparable to its simultaneous
co-application with acidic bile in successfully inhibiting
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its cancer-related mRNA and miRNA phenotypes [25]. To
expand our exploration, we hypothesize that in vivo pre- or
post- topical exposure of murine hypopharyngeal mucosa
to BAY 11-7082, will have similar blocking effects as seen
in vitro. Determining the in vivo temporal characteristics of
NF-«B inhibition, using BAY 11-7082, will support future
preclinical and clinical trials using NF-xB inhibitors.

RESULTS

Inhibition of acidic bile-induced NF-kB activation
by in vivo topical exposure of HM to BAY 11-7082

application of acidic bile on HM enhanced the activation
of NF-«xB (Figure 1A and 1B) [24] by intense nuclear
staining of p-NF-xB (p65 S536) through mucosal layers
(Figure 1A). However, HM treated with NF-«B inhibitor
BAY 11-7082 before or after its exposure to acidic bile
inhibited NF-xB activation, identified by a weak p-NF-xB
(p65 SS536) nuclear staining in mucosal layers compared
to HM exposed to acidic bile alone (Figure 1A). Pre-
treatment with BAY 11-7082 was found to induce a more
intense inhibitory effect of NF-«B activation relative to
post-treatment. HM treated by saline-DMSO (control)
produced low but not negligible levels of NF-«xB activation

(Figure 1A), while untreated control showed negative
nuclear p-NF-«B staining (Figure 1A).

Scoring of nuclear p-NF-«B (p65 S536) revealed
significantly higher levels of activated NF-xB in 10-

either before or after acidic bile application

Immunohistochemical analysis revealed that, similar
to our prior observations, short-term (10-day) topical
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Figure 1: In vivo topical pre- or post-application of BAY 11-7082 inhibits the acidic bile-induced NF-xB activation
in 10-days exposed murine HM. (A) (a) IHC analysis for p-NF-«B (p65 S536) (from left to right): control untreated HM, revealing
cytoplasmic staining; saline-DMSO treated HM, demonstrating sporadic and weak cytoplasmic or nuclear staining in a few basal cells;
acidic bile-treated HM, producing intense nuclear and cytoplasmic staining of basal and parabasal/suprabasal layers; pre-application
inhibitor (BAY 11 7082) + acidic bile-treated HM, demonstrating nuclear or cytoplasmic staining mainly of cells of basal layer and weak
cytoplasmic staining of suprabasal layers; acidic bile + post-application inhibitor (BAY 11 7082)-treated HM, demonstrating nuclear or
cytoplasmic staining mainly of cells of basal layer and a weak nuclear or cytoplasmic staining of few cells in suprabasal layers; (b) Image
analysis algorithm (s) (red: positive nuclear staining of p-NF-«B; orange: intense positive cytoplasmic staining of p-NF-«B; yellow: weak
cytoplasmic staining of p-NF-«B; blue: negative p-NF-«B staining) [Images were captured using Aperio CS2 and analyzed by Image
Scope software (Leica Microsystems, Buffalo Grove, IL) that generated algorithm (s) illustrating mucosal and cellular compartments
demonstrating p-NF-«B staining]. (B) Nuclear positivity of p-NF-xB (p65 S536) in murine HM (P values by ¢ test; multiple comparisons
by Holm-Sidak; GraphPad Prism 6.0) (positivity = nuclear-positive/total positive p-p65 staining). Acidic bile (pH 3.0) induces significantly
higher positive nuclear p-NF-«B (p65 S536) levels compared to saline-DMSO treated HM or untreated control. Topical pre- or post-
application of BAY 11-7082 significantly decreases nuclear p-NF-«B levels in acidic bile (pH 3.0) HM (p values by ¢ test; multiple
comparisons by Holm-Sidak; GraphPad Prism 6.0) (positivity = nuclear-positive/total positive p-p65 staining).
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day exposed HM to acidic bile compared to controls
(Figure 1B) (p < 0.05, ¢ test; mean £ SD; multiple
comparisons by Holm-Sidak), similar to our prior findings
[24]. In contrast, the effect of pre or post application of
BAY 11-7082 significantly reduced NF-xB activated
levels relative to acidic bile alone (Figure 1B).

Inhibition of acidic bile-related Ki67 in vivo by
topical exposure of HM to BAY 11-7082 either
before or after acidic bile

Ten-day exposure of HM to acidic bile induced
increased proliferation marker Ki67 in regenerating
cells compared to controls (Figure 2A and 2B), similar
to our previous findings [24] This was identified by
intense Ki67 staining in basal and parabasal layers
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of acidic bile-treated HM (Figure 2A). However,
treatment with BAY 11-7082 before or after acidic bile
exposure successfully prevented the acidic bile-induced
regeneration of basal cells documented by comparably
less intense Ki67 staining (Figure 2A), similar to
those levels observed in Saline-DMSO treated HM or
untreated controls.

Scoring of nuclear Ki67 showed that application
of BAY 11-7082 on HM before or after acidic bile
exposure induced significantly lower levels of nuclear
Ki67 relative to acidic bile alone (Figure 2B) (p < 0.05, ¢
test; mean + SD; multiple comparisons by Holm-Sidak).
Conversely, acidic bile alone induced higher levels of
nuclear Ki67 levels relative to controls (saline-DMSO
treated or untreated HM), similar to our prior findings
[24].
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Figure 2: In vivo topical pre- or post-application of BAY 11-7082 prevents acidic bile-induced cell proliferation
markerKi67 in 10-day exposed murine HM. (A) (a) IHC analysis for Ki67 (from left to right): control untreated HM, revealing
weak cytoplasmic or nuclear staining in few basal cells; saline-DMSO treated HM, demonstrating sporadic and weak cytoplasmic or
nuclear staining in cells of the basal layer; acidic bile-treated HM, revealing intense nuclear and cytoplasmic staining of cells of basal
and parabasal layers; pre-application inhibitor (BAY 11 7082) + acidic bile-treated HM and acidic bile + post-application inhibitor (BAY
11 7082)-treated HM, producing weak nuclear or cytoplasmic staining in cells of the basal layer. (b) Image analysis algorithm (s) (red:
nuclear positive staining of Ki67; orange: intense positive cytoplasmic staining of Ki67; yellow: weak cytoplasmic staining of Ki67; blue:
negative Ki67 staining) [Images were captured using Aperio CS2 and analyzed by Image Scope software (Leica Microsystems, Buffalo
Grove, IL) that generated algorithm (s) illustrating the mucosal and cellular Ki67 staining compartments]. (B) Graphs depict 10-day short-
term exposure of HM to acidic bile (pH 3.0) inducing significantly higher positive nuclear Ki67 levels compared to saline-treated HM or
untreated control. Topical pre- or post-application of BAY 11-7082 significantly decreases nuclear Ki67 levels in acidic bile (pH 3.0) HM
(p values by ¢ test; multiple comparisons by Holm-Sidak; GraphPad Prism 6.0) (positivity = nuclear-positive/total-positive Ki67 staining).
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We note that microscopic examination of
hematoxylin and eosin (H&E) stained treated-HM did
not reveal histological signs of toxicity after 10-day local
treatment.

Inhibition of acidic bile-induced upregulation of
the NF-kB-related oncogenic mRNA profile by
in vivo topical exposure of HM to BAY 11-7082
either before or after acidic bile exposure

Quantitative PCR analysis was performed to reveal
that the inhibitory effect of BAY 11-7082 reduced the

NF-kB related mRNA oncogenic profile when it was
applied either before or after acidic bile. We observed
that 10-day contact of HM to acidic bile induced a
significant upregulation of Rela, Stat3, Egf, Bcl2,
Wnt5a, Tnf, 116 and Ptgs2 relative to controls (saline-
DMSO treated HM) (p < 0.05; multiple ¢-test) (Figure
3A and 3B) (Table 1), as in our previous findings [24].
However, the topical effect of BAY 11-7082 when it
was applied either before or after acidic bile effectively
inhibited its induced transcriptional activation of the
analyzed genes. We found that HM pre- or post-treated
by BAY 11-7082 produced significantly reduced mRNAs

A Acidic Bile/Saline-DMSO B
10 days treated HM

Oncogenic mRNAs

Star3, 10-day

Kkkk

ek ke Kk
1 Fekkkk

Rela, 10-day

1I-6, 10-day

20

[
81 < i < * T
- S 000252 g N
ag
'g 10 & § 0000202 % 3 g Lg
= 3 9 0.000152 EE:] i s
E £ 8 o.00010: £3 Z8
2 [ X 28 S
< 15 E Eo.uooosz £ E g
z [l 5 somon — :
£ ¢ O £ 07y S = £ =
= @ o A Y
& @ & F
R R = JPC R P\ & P & 3
& & T E & &
Pre-BAY/Acidic Bile
10 days treated HM Ptgs2, 10-day
Oncogenic mRNAs
15+ Kkkkk
3 1 | ! il Sk g‘
g 9 £ I3 s
© ] T Q 2 % 8
: L ! 2% 0o B 3
T 204 o 0 <3 o
E 4 38 <3 K]
S 601 < O s 2
2 .04 <3 ES ]
g -0 z3 £ 3
& 0007 U £ g 0.0; 2 E
1600 =
=3 \ £
g £
26004 Lo N - -~
I e e I &
R R I A BRI O O P A
@ of ¥ A O RS & <€ ra
& & @Q & Q¥ ¢ & (y\\o 8 QSQ
Post-BAY/Acidic Bile Bel2. 10-d Pre- and Post-effect
10 days treated HM ¢iZ, 10-day of local application of BAY 11-7082
Oncogenic mRNAs Sekkdk on acidic bile-treated murine HM
154
P I | g kk &
£ £ g g
°
8 b »< 0 H
3 Ll Ll 53 E¥ 2s | |7 T
E THT 5e . <3 oo
] 504 B 22 [4 E
€ S %_5 ﬂEE ] Ew 1 ececee
B -100, e E E ’V 1
% -600] § 2 £ r T s
16004 £
2600+ £ Q\\° Qé e\v'-‘
T T T T T T T T 3¢ & &
I IR P R P o Q Q°
& o8 W @ & AT S ¥
¥ & ?\Q oF ¢ <

Figure 3: In vivo topical pre- or post-application of BAY 11-7082 prevents the acidic bile-induced transcriptional
activation of NF-xB related genes with anti-apoptotic, cell proliferation, oncogenic or pro-inflammatory in 10-day
exposed murine HM. (A) Columns of graphs created by Graph Pad Prism software 7.0 depict mRNA phenotype in 10-day (two times
per day) exposed HM to acidic bile (pH 3.0), pre-BAY 11-7082 + acidic bile (pH 3.0), and acidic bile (pH 3.0) + post-BAY 11-7082.
mRNA phenotypes correspond to transcriptional expression ratios of NF-«B-related genes Bcl2, Rela, Egfi, Wnt5a, Stat3, Tnf, 1l6 and
Ptgs2 comparing treated HM to saline treated HM, used as reference control, by real-time qPCR analysis (mRNA levels of each target gene
were normalized to Gapdh). We observe an upregulation of mRNA expression of the analyzed genes in acidic bile-treated HM. Pre- or
post-application of BAY 11-7082 reverses the acidic bile-induced mRNA phenotype. (B) Graphs, created by Graph Pad Prism 7.0 software,
show transcriptional levels (normalized to Gapdh) for each analyzed gene, comparing HM exposed to acidic bile, application of BAY 11-
7082 before or after acidic bile and saline-DMSO by real-time qPCR analysis (p value < 0.05; by ¢ test; multiple comparisons by Holm-
Sidak; data obtained from four analyzed samples). (C) Graph depicts the mRNA levels of all the analyzed genes, in acidic bile, pre- and
post- treated by BAY 11-7082 HM. ("p < 0.05; **p < 0.0005; by one-way ANOVA; Friedman test).
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Table 1: Relative expression changes of acidic bile-related mRNA?* oncogenic in topically pre- and
post-treated murine HM with NF-xB inhibitor (BAY 11-7082)

*ACIDIC BILE vs. CNTL

"PRE-BAY vs ACIDIC BILE

“POST-BAY vs ACIDIC BILE

Stat3 186.2
Rela 37.1
116 53
Ptgs2 5.0
Whnt5a 4.0
Tnf 2.0
Bcl2 1.6
Egfr 1.5

-3336.0 -39.9
—55.5 —-18.6
-2.8 1.2
-1.9 1.0
-57.4 —4.2
-21.5 —6.7
-56.5 —4.6

-1779.7 -16.7

fNormalized mRNA levels, by qPCR; *Acidic bile: short-term application of bile at pH 3.0, twotimes per day for 10 days;
*Pre-BAY: pre-application of BAY 11-7082; **Post-application of BAY 11-7082.

of Rela, Stat3, Bcl2, Tnf, Wnt5a, 116 and Egfr relative to
HM exposed to acidic bile alone (Figure 3B) (Table 1
and Supplementary Table 1).

The administration of NF-xB inhibitor before
acidic bile resulted in a greater inhibitory effect on the
transcriptional activation of analyzed genes than its
administration after the acidic bile. This was identified
by significantly lower mRNAs of Rela, Stat3, Egfi, Bcl2,
Wnt5a, Tnf, 116 and Ptgs2 in pre-treated relative to post-
treated HM with BAY 11-7092 (Figure 3B) (Table 1). We
also observed that overexpression of 7/6 and Ptgs2 was
only significantly affected by pre-application of NF-«xB
inhibitor.

HM exposed to NF-xB inhibitor before acidic
bile produced a reversed mRNA phenotype relative to
HM treated by acidic bile alone (Figure 3A and 3C).
Treatment of HM with NF-«B inhibitor after acidic bile
exposure induced a similar effect, however, the post-
treatment with BAY 11-7082 resulted in an inhibitory
effect of fewer genes [Stat3, Rela, Tnf, Wnt5a, Bcl2, and
Egfr] than its pre-application (Figure 3A and 3B) (Table
1; Supplementary Table 1).

Spearman analysis revealed significant correlations
between NF-xB inhibition-induced mRNAs of the
oncogenic profile. Specifically, the Spearman test revealed
a significant linear correlation between mRNA ratios of
Rela and Stat3, as well as among Egfr; Bcl2, Wnt5a, and
Tnf(r>0.99, p <0.05).

Overall, our analysis revealed that in vivo pre- or
post-treatment of HM with NF-xB inhibitor, significantly
prevented the acidic bile-induced upregulation of a cancer-
related profile [4, 7, 20, 26], as previously shown by the
simultaneous topical co-administration of BAY 11-7082
with acidic bile on HM [24]. Administration of BAY
11-7082 before acidic bile resulted in a more intense
inhibitory effect of acidic bile-induced molecular changes
compared to its post-administration, as we had also
recently shown in vitro [25].

Inhibition of acidic bile-induced deregulation of
oncogenic MicroRNA profile by in vivo topical
exposure of HM to BAY 11-7082 either before or
after acidic bile exposure

BAY 11-7082 blocked the NF-xB-related miRNA
oncogenic phenotype when it was applied either before or
after acidic bile. We observed that 10-day contact of HM
to acidic bile compared to controls (saline-DMSO treated
HM), induced a significant upregulation of “oncomirs”
miR-192, miR-21, miR-155, and downregulation of “tumor
suppressor” miR-375, miR-34a, miR-451a, miR-504, and
miR-99a, as shown in our previous in vivo studies [7, 24],
and linked to hypopharyngeal squamous cell carcinoma
associated with biliary-reflux [20] (p < 0.05; multiple
t-test) (Figure 4A and 4B) (Table 2). On the other hand,
the topical effect of NF-xB inhibitor when it was applied
either before or after acidic bile effectively inhibited acidic
bile-induced miRNA deregulations, producing a reversed
miRNA phenotype, compared to HM exposed to acidic bile
alone (Figure 4A) (Table 2 and Supplementary Table 2).

Specifically, we found that HM pre- or post-treated
by BAY 11-7082, produced significantly reduced levels
of “oncomir” miR-192, as well as increased levels of
“tumor suppressor” miR-504, relative to HM exposed to
acidic bile alone (Figure 4B) (Table 2 and Supplementary
Table 2).

We also observed that acidic bile-induced
upregulation of “oncomirs” miR-21 and miR-155 was
only affected by pre-application of NF-«B inhibitor. This
observation was confirmed by significantly lower levels
of miR-21 and miR-155, in pre-treated HM with BAY 11-
7082 relative to HM exposed to acidic bile alone or post-
treated with BAY 11-7082 (Figure 4B) (Table 2). Also,
the administration of NF-xB inhibitor before acidic bile
also resulted in a greater inhibitory effect on the “tumor
suppressor” miR-99a, than its administration after acidic
bile. This view was confirmed by significantly higher
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levels of miR-99a in pre-treated, relative to HM exposed
to acidic bile alone or post-treated with BAY 11-7082
(Figure 4B) (Table 2 and Supplementary Table 2).

In addition, we also found that acidic bile-induced
downregulation of “tumor suppressor” miR-375 was only
affected by post-application of NF-«B inhibitor, again
confirmed by significantly higher levels of miR-375, in
post-treated HM relative to HM exposed to acidic bile
alone or pre-treated with BAY 11-7082 (Figure 4B) (Table
2). The administration of NF-xB inhibitor after acidic bile
also resulted in a greater inhibitory effect on the “tumor
suppressor” miR-34a and miR-451a, than its administration
before acidic bile with significantly higher levels of miR-
34a and miR-451a, in post-treated, relative to HM exposed
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to acidic bile alone or pre-treated with BAY 11-7082
(Figure 4B) (Table 2 and Supplementary Table 2).

Spearman analysis revealed significant correlations
between NF-xB inhibition-induced miRNA profiles,
suggesting possible interactions among them. Specifically,
the Spearman test revealed a significant positive correlation
between miR-21 and miR-155, miR-451a and miR-34a (r =
1, p <0.05), and a reverse correlation between miR-21 and
miR-99a, and miR-155 and miR-99a (r =—1, p <0.05).

In summary, miRNA analysis revealed that both
pre- or post-treatment of HM with a pharmacologic
inhibitor of NF-«B, significantly prevented and
suppressed the acidic bile-induced upregulation and
downregulation, respectively, of cancer-related miRNA
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Figure 4: The in vivo pre- or post- topical application of BAY 11-7082 prevents the acidic bile-induced deregulation of
cancer-related miRNA markers in 10-day exposed murine HM. (A) Columns of graphs created by Graph Pad Prism software 7.0
depict oncogenic miRNA phenotype (“oncomirs” and “tumor suppressor” miRNAs) in 10-day (two times per day) exposed HM to acidic
bile (pH 3.0) vs. saline-DMSO treated HM, pre-BAY 11-7082 + acidic bile (pH 3.0) vs. acidic bile alone treated HM, and acidic bile (pH
3.0) + post-BAY 11-7082 vs. acidic bile alone treated HM (miRNA levels of each target miRNA marker were normalized to RNU6; by
real-time qPCR analysis). We observe that pre- or post- application of BAY 11-7082 reverses the acidic bile-induced miRNA phenotype.
(B) Graphs, created by Graph Pad Prism 7.0 software, reveal miRNA levels (normalized to RNUG6) for each analyzed miRNA marker,
comparing HM exposed to acidic bile alone, application of BAY 11-7082 before or after acidic bile and saline-DMSO, by real-time gPCR
analysis (p value < 0.05; by ¢ test; multiple comparisons by Holm-Sidak; data obtained from four analyzed samples).
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Table 2: Relative expression changes of acidic bile-related miRNA?* oncogenic in topically pre- and
post-treated murine HM with NF-xB inhibitor (BAY 11-7082)

*ACIDIC BILE vs. CNTL

‘PRE-BAY vs ACIDIC BILE

“POST-BAY vs ACIDIC BILE

“oncomirs”
miR-192 10.8
miR-21 3.5
miR-155 34
“Tumor Suppressor”
miR-375 -1.6
miR-34a -1.8
miR-451a -34
miR-504 -6.0
miR-99%a -11.1

-4.3 -2.0
-3.2 1.0
22 1.0
-2.0 1.5
1.0 4.0
1.5 43
2.1 23
7.0 -2.5

fNormalized miRNA levels, by qPCR; *Acidic bile: short-term application of bile at pH 3.0, twotimes per day for 10 days;
"Pre-BAY: pre-application of BAY 11-7082; “Post-application of BAY 11-7082.

phenotypes [5, 7, 20], as previously shown by the
simultancous topical co-administration of BAY 11-
7082 with acidic bile on HM [24]. Administration
of BAY 11-7082 before acidic bile resulted in a more
intense inhibitory effect of acidic bile-induced miRNA
deregulations compared to its post-administration (Figure
4A) (Table 2 and Supplementary Table 2), as we had also
recently shown in vitro [25].

DISCUSSION

Gastroesophageal reflux disease is characterized by
reflux events that may occur randomly throughout the day
while the duration and frequency of events may also vary
within and across patients [27]. To synchronize a topically
applied treatment regimen corresponding to each reflux
event would not be clinically practical. In this inquiry we
hypothesize that NF-«B inhibitors administered either
before or after bile exposure exert comparable effects
of control. In recent publications we have documented
the role of NF-«kB in acidic bile-induced malignant
transformation of murine hypopharyngeal mucosa [4, 7].
The transcriptional effects of NF-«B are shown to appear
as early as 7 days, in the bile-related neoplastic process.
We have also demonstrated that the acidic bile-induced
activation of NF-xB and its related oncogenic mRNA and
miRNA phenotypes in murine hypopharyngeal mucosa,
can be effectively prevented by the simultaneous topical
co-application of pharmacologic NF-«B inhibitor, BAY
11-7082 [24]. BAY 11-7082 is known to inhibit IxB-a
phosphorylation and its proteosomal degradation, blocking
NF-«B nuclear translocation and therefore preventing its
binding to target genes that promote their transcriptional
activation [28, 29]. Our previous in vitro explorations
have strongly supported observations that BAY 11-7082
is an effective NF-«B inhibitor of cancer-related profiles

induced by acidic bile in hypopharyngeal primary cells
not only when co-applied concurrently with acidic bile but
also when administered either before or after acidic bile
exposure [25].

Here, our novel findings document that in vivo
topical application of BAY 11-7082 to HM, need not be
precisely synchronized to bile exposure, in successfully
blocking both the activation of NF-xB and deregulation
of cancer-related genes and specific miRNA markers [13—
19, 30-42], previously linked in vivo to pre-malignant
changes and invasive squamous cell carcinogenesis [4,
7]. Both short duration in vivo models of pre and post
inhibitor application adequately reduce the oncogenic
profiles caused by acidic bile, thus strongly supporting
the effectiveness of models using intermittent as opposed
to continuous therapy, and perhaps, of equal import, the
efficacy of topical rather than systemic presentations of
the NF-xB inhibitor.

Our data further show that topical pre-administration
of NF-xB inhibitor on murine HM can be significantly
more effective than its post-administration, in inhibiting
the upregulation of NF-xB transcriptional factor, Rela,
anti-apoptotic or cell proliferation factors, Bcl2, Stat3,
Egfi, Wnt5a, Tnf, 116 and Ptgs2, as well as “oncomirs”
miR-21, miR-155, miR-192 and “tumor suppressor” miR-
99a, caused by acidic bile exposure. These observations
suggest that deregulation of these cancer-related mRNA
and miRNA phenotypes, previously linked to biliary-
related hypopharyngeal neoplastic process and squamous
cell carcinoma [7, 20], are directly promoted by acidic bile
via NF-«B shortly after its exposure and strongly suggest
these molecules as potential biomarkers of early neoplastic
events caused by bile reflux may be used as therapeutic
targets.

Our current data are in line with our prior in vivo
findings, providing the effectiveness of simultaneous
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co-administration of BAY 11-7082 [24], in suppressing
Stat3 and Egfir expression, both important contributors
to HNSCC pathogenesis [13, 30], further emphasizing
the need to develop a therapeutic strategy for targeting
NF-«B in head and neck malignancies. Cancer-related
cytokines, such as Tnf, as well as Wnt5a [31, 32], an
important mediator of an epithelial to mesenchymal
transition (EMT) process [35] and previously shown to be
rapidly induced by NF-«B, are both successfully inhibited
by either pre- or post- topical administration of BAY 11-
7082. The observation that 7nf expression is more strongly
reduced by pre-application of NF-«xB inhibitor compared
to its post-application is in accordance with our recent
in vitro data [25], supporting a direct inhibitory effect
on acidic bile-induced 7nf transcriptional activation.
Conversely, compared to our recent in vitro findings [25],
the data presented here support the observation that acidic
bile-induced activation of 7nf'on HM cannot escape late
NF-xB inhibition by topical application of BAY 11-7082.
The observation that either pre- or post- treatment by BAY
11-7082 significantly reduces the effect of acidic bile in
upregulating Bcl2 supports prior in vitro data [25] and the
understanding that either early or late NF-«xB inhibition
is capable of suppressing the acidic bile-induced anti-
apoptotic pathways linked to tumorigenesis in exposed
HM [7, 34]. In addition, the effectiveness of topical pre-
application of BAY 11-7082 in inhibiting the acidic bile-
induced transcriptional activation of cancer-related pro-
inflammatory /16 [22, 23, 35] and Ptgs2 [36], as similarly
observed by its co-administration on HM [24], indicates
their activation mediated by NF-«B occurs early.
Administration of NF-xB inhibitor, 15 minutes
after the application of acidic bile shows minimal effects
on acidic bile-induced transcriptional activation of /L6
and PTGS2, as well as of miR-21 and miR-155, and
miR-99a, supporting the observation that bile induces
a rapid pro-inflammatory effect in exposed HM, in line
with preclinical and clinical observations [7, 19, 21].
However, it adequately blocks the acidic bile-induced
overexpression of Rela, Bcl2, Stat3, Egfr, Wnt5a, and
Tnf, as well as deregulation of miR-192, miR-504, miR-
451a, miR-375, and miR-34a, previously associated
with laryngopharyngeal cancer or biliary reflux-related
hypopharyngeal carcinogenesis [7, 21, 39-42], in a manner
similar to in vivo simultaneous co-administration of BAY
11-7082 [24]. Interestingly, both pre- or post-application
of BAY 11-70782 significantly inhibits acidic bile-
induced “upregulation of “oncomir” miR-192, previously
linked with GERD [37], and downregulation of “tumor
suppressor” miR-504, a promising target of hypopharyngeal
squamous cell carcinoma [40], emphasizing their potential
future use as possible therapeutic targets of bile-related
mutagenic progression in the hypopharyngeal mucosa.
Immunohistochemical analysis shows significant
reduction of nuclear positivity of p-NF-«B in pre- and
post-treated HM, mainly observed in cells of basal layer.

This is in contrast to acidic bile treated HM, which
produces an intense nuclear p-NF-xB staining extending
throughout its thickness, supporting a view that acidic
bile induces a constitutive activation of NF-xB which
continues even after an initial acidic bile exposure. Our
results further suggest that post-application of an NF-xB
inhibitor may be particularly effective on the constitutive
component NF-«xB activation.

Microscopic examination of treated HM stained with
cell proliferation marker Ki67 demonstrates that either pre
or post-application of NF-«B inhibitor, suppresses the cell
proliferation or regeneration potential of mucosa promoted
by acidic bile. The observation that pre or post NF-«xB
inhibition reduces NF-xB activation both in superficial
layers of HM and in its regenerating basal layer implies that
pre- or post- topical application of BAY 11-7082 is capable
of globally preventing NF-xB-induced cell proliferative
events under the effect of acidic bile. This is in accordance
with our previous observations [24], and supports the
use of a suitable, topical NF-«B inhibitor in effectively
suppressing early preneoplastic changes [4, 5, 7].

Finally, based on our previous findings, long-
term exposure of the hypopharyngeal mucosa to acidic
bile progressively causes its malignant transformation,
producing a progressive increase in the positivity
of double-strand breaks (DSBs), oxidative DNA/
RNA damage markers, overall p53 and nuclear NF-
kB protein levels, as well as the deregulation of NF-
xB-related oncogenic mRNA and miRNA phenotypes
that are found to precede the histological evidence
[7]. We do not yet know whether inhibition of acidic
bile-induced NF-xB, using BAY 11-7082, is capable
of directly or indirectly influencing DNA stability in
the form of oxidative DNA damage and DSBs, and/
or p53 expression, according to previous studies [43—
48]. Long-term exposure to BAY 11-7082 may further
reveal how NF-xB inhibition suppresses the initiation
of cancer, which is the subject of active inquiry in our
current research program.

MATERIALS AND METHODS

All methods were carried out in accordance with
guidelines and regulations of Yale University. The
experimental protocol was approved by Yale Institutional
Animal Care & Use Committee (IACUC) (https://your.
yale.edu/research-support/animal-research)  (approved
protocol 11039 by IACUC of Yale University).

In vivo model

As established in our previous in vivo model [4,
5,7, 24], we used C57BL/6J (Mus, Musculus; Jax mice,
Jackson Laboratory USA). A full description is presented in
supplementary methods section (Supplementary Material).
Briefly, 20 males and 20 females were randomly divided
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in the following groups [8 mice (4 males + 4 females)
per group]: (i) acidic bile-treated group (pH 3.0), at
concentrations previously described [50, 51] and described
in supplementary methods (Supplementary Material), (ii)
pre-treated group (treatment of HM with 0.25 pmol of BAY
11-7082 (~0.75 wmol per day) [24] 15 min before acidic bile
exposure [25]), and (iii) post-treated group (treatment of
HM with 0.25 umol of BAY 11-7082 (~0.75 umol per day)
15 min after acidic bile exposure [26]), (iv) saline-DMSO
(pH 7.0) treated HM, and (v) an untreated control group
(negative control). The HM of treated groups was exposed
two times per day (with an interval of 6 hours during which
animals had access to drinking water, ensuring adequate
wash out between treatments) for 10 days (20 applications),
using a plastic feeding tube [4, 5, 7, 24].

Tissue examination

Three- to 4-um-thick tissue sections of formalin-
fixed and paraffin-embedded HM from experimental and
control groups were stained with hematoxylin and eosin
and examined by light microscopy, to exclude histological
signs of toxicity (hemorrhagic lesions or ulceration)
caused by topical supplication procedure.

Immunohistochemical (IHC) analysis

IHC analysis for p-NF-«B (p65 S536) and Ki67 (cell
proliferation marker) was performed on hypopharyngeal
tissue sections from all experimental and control
specimens to detect nuclear proteins in hypopharyngeal
mucosal layers, as previously described [4, 5, 7, 20, 24],
and summarized in the Supplementary Material.

Nuclear p-NF-«B (p65 S536) and Ki67 protein
levels in experimental and controls were expressed as
positive nuclei to total number (defined as positivity)
derived from two independent images per tissue section
(at least four tissue sections per group) (mean + SD by
multiple z-test).

Gene expression and miRNA analysis

We isolated total RNA from murine HM (four
animals per group) exposed to acidic bile at pH 3.0, pre-
or post-treated with NF-xB inhibitor, and corresponding
controls, to evaluate by reverse transcription and
quantitative real-time polymerase chain reaction (qPCR)
analysis the mRNA levels of target genes, Rela, Bcl2, Tnf,
Egfi; Stat3, Wnt5a, 116 and Ptgs2, previously identified in
our prior studies and described in Supplementary Table 3
[4, 7, 20, 24, 25], relative to the reference gene (Gapdh)
(AACY) as further described in Supplementary Material.

To analyze miR-21, miR-155, miR-192, miR-34a,
miR375, miR-451a, miR-99a, and miR-504 levels, we
performed reverse transcription synthesis of miRNAs from
total RNA using miScript II RT kit (Qiagen, Louisville,
KY), following by qPCR analysis, using specific primers

for mouse genome (miScript Primer Assays; Qiagen®, KY,
USA) Supplementary Table 4, as described previously [5,
7, 20, 23-25]. We used CFX96™ (Bio-Rad) software to
estimate relative expression levels for each specific target
gene or miRNA relative to the reference controls (RNUG6)
(AACY).

Statistical analysis

GraphPad Prism 6 software and one-way analysis of
variance (ANOVA) (Friedman test and Dunn’s multiple-
analysis test were used to determine significance defined
as p values <0.05). A t-test analysis (multiple comparisons
by Holm-Sidak) was used to reveal statistically significant
changes in protein, mRNA and miRNA expression levels
among the studied groups. Spearman non-parametric test
was used to estimate the correlation coefficient between
gene expression and miRNA levels in the studied groups
(p values <0.05).

CONCLUSIONS

Our novel findings demonstrate that topical pre-
or post-administration of pharmacologic inhibitor NF-
kB 15 min before, or 15 min after acidic bile exposure
successfully prevents and suppresses oncogenic molecular
events produced in murine HM. In general, our current
observations strongly support the view that topical NF-
xB inhibition, without precise synchronization to acidic
bile exposure, may be clinically feasible in preventing
acidic bile-induced oncogenic molecular changes.
Although, there may be limitations of BAY 11-7082 for
clinical application due to its inherently global toxicities,
other forms of topical inhibitor are worthy of future
investigation. Dietary NF-xB inhibitors, such as curcumin,
for example, provide a wide range of opportunities for
therapeutic clinical intervention. Doukas et al., recently
demonstrated that topically applied curcumin, even if
it is not precisely synchronized with the application of
acidic bile, can effectively suppress the induced mRNA
oncogenic phenotype in murine hypopharyngeal mucosa
[49]. Equally important, our novel findings reveal
several gene products and miRNA molecules as possible
biomarkers of early oncogenic changes caused by acidic
bile reflux, including Bcl2, Stat3, Egfr, Wnt5a, Tnf, 116
and Ptgs2, miR-21, miR-155, miR-192, miR-99a, miR-
375, miR-34a, miR-451a, and miR-504, as well as strongly
suggesting the use of Stat3, Egfi, Wnt5A, Tnf, Bcl2, miR-
192 and miR-504, as promising therapeutic targets in
future preclinical and clinical trials in combination with
NF-«B inhibition.

Author contributions

Conceptualization: DPV, SGD, PGD, CTS. Data
curation/interpretation: DPV, DK, PGD, SGD, CTS.

www.oncotarget.com

3311

Oncotarget



Formal analysis: DPV. Funding acquisition: CTS.
Investigation: DPV, DK, PGD, SGD, CTS. Methodology:
DPV, SGD. Project administration: CTS. Resources: CTS,
DPV. Software: DPV. Supervision: DPV, SGD, CTS.
Validation: DPV, DK, SGD, PGD, CTS. Visualization:
DPV, DK. Writing — original draft: DPV, DK, SGD, PGD,
CTS. Writing — review & editing: CTS, DPV, SGD.

Data availability

The data supports the findings of this study are
available in the supplementary material of this article.

CONFLICTS OF INTEREST

The authors whose names are listed in this article
certify that they have NO affiliations with or involvement
in any organization or entity with any financial interest,
or non-financial interest in the subject matter or materials
discussed in this manuscript.

FUNDING

This study was supported by the Virginia Alden
Wright Fund.

REFERENCES

1. Hashibe M, Boffetta P, Zaridze D, Shangina O, Szeszenia-
Dabrowska N, Mates D, Fabianova E, Rudnai P, Brennan
P. Contribution of tobacco and alcohol to the high rates
of squamous cell carcinoma of the supraglottis and glottis
in Central Europe. Am J Epidemiol. 2007; 165:814-820.
https://doi.org/10.1093/aje/kwk066. [PubMed]

2. Parsel SM, Wu EL, Riley CA, McCoul ED. Gastroesophageal
and Laryngopharyngeal Reflux Associated With Laryngeal

Malignancy: A Systematic Review and Meta-Analysis. Clin
Gastroenterol Hepatol. 2019; 17:1253—-1264.¢5. https://doi.
org/10.1016/j.cgh.2018.10.028. [PubMed]

3. Sasaki CT, Issaeva N, Vageli DP. In vitro model for
gastroduodenal reflux—induced nuclear factor-kappaB

activation and its role in hypopharyngeal carcinogenesis.
Head Neck. 2016; 38:E1381-E1391. https:/doi.
org/10.1002/hed.24231. [PubMed]

4. Vageli DP, Prasad ML, Sasaki CT. Gastro-duodenal fluid
induced Nuclear Factor-kappaB activation and early pre-
malignant alterations in murine Hypopharyngeal mucosa.
Oncotarget. 2016; 7:5892—-5908. https://doi.org/10.18632/
oncotarget.6824. [PubMed]

5. Sasaki CT, Vageli DP. miR-21, miR-155, miR-192, and
miR-375 Deregulations Related to NF-kappaB Activation in

Gastroduodenal Fluid-Induced Early Preneoplastic Lesions
of Laryngeal Mucosa /n Vivo. Neoplasia. 2016; 18:329—
338. https://doi.org/10.1016/j.ne0.2016.04.007. [PubMed]

10.

I1.

12.

13.

14.

15.

16.

17.

Doukas SG, Cardoso B, Tower JI, Vageli DP, Sasaki CT.
Biliary tumorigenic effect on hypopharyngeal cells is
significantly enhanced by pH reduction. Cancer Med.
2019; 8:4417-4427. https://doi.org/10.1002/cam4.2194.
[PubMed]

Sasaki CT, Doukas SD, Costa J, Vageli DP. The
Progressive Mutagenic Effects of Acidic Bile Refluxate
in Hypopharyngeal Squamous Cell Carcinogenesis: New
Insights. Cancers (Basel). 2020; 12:E1064. https://doi.
org/10.3390/cancers12051064. [PubMed]

DiDonato JA, Mercurio F, Karin M. NF-kB and the link between
inflammation and cancer. Immunol Rev. 2012; 246:379-400.
https://doi.org/10.1111/5.1600-065X.2012.01099 x. [PubMed]

Allen CT, Ricker JL, Chen Z, Van Waes C. Role of activated
nuclear factor-kappaB in the pathogenesis and therapy of

squamous cell carcinoma of the head and neck. Head Neck.
2007; 29:959-971. https://doi.org/10.1002/hed.20615.
[PubMed]

Loercher A, Lee TL, Ricker JL, Howard A, Geoghegen J,
Chen Z, Sunwoo JB, Sitcheran R, Chuang EY, Mitchell
JB, Baldwin AS Jr, Van Waes C. Nuclear factorkappaB
is an important modulator of the altered gene expression
profile and malignant phenotype in squamous cell
carcinoma. Cancer Res. 2004; 64:6511-6523. https://doi.
org/10.1158/0008-5472.CAN-04-0852. [PubMed]

Karin M. Nuclear factor-kappaB in cancer development

and progression. Nature. 2006; 441:431-436. https://doi.
org/10.1038/nature04870. [PubMed]

Klein JD, Grandis JR. The molecular pathogenesis of head

and neck cancer. Cancer Biol Ther. 2010; 9:1-7. https://doi.
0rg/10.4161/cbt.9.1.10905. [PubMed]

Nottingham LK, Yan CH, Yang X, Si H, Coupar J, Bian
Y, Cheng TF, Allen C, Arun P, Gius D, Dang L, Van Waes
C, Chen Z, et al. Aberrant IKKa and IKKf cooperatively
activate NF-xB and induce EGFR/AP1 signaling to promote
survival and migration of head and neck cancer. Oncogene.
2014; 33:1135-1147. https://doi.org/10.1038/onc.2013.49.
[PubMed]

Stadler ME, Patel MR, Couch ME, Hayes DN. Molecular
biology of head and neck cancer: risks and pathways.
Hematol Oncol Clin North Am. 2008; 22:1099-1124.
https://doi.org/10.1016/j.hoc.2008.08.007. [PubMed]
Molinolo AA, Amornphimoltham P, Squarize CH, Castilho
RM, Patel V, Gutkind JS. Dysregulated molecular networks
in head and neck carcinogenesis. Oral Oncol. 2009; 45:324—
334. https://doi.org/10.1016/j.oraloncology.2008.07.011.
[PubMed]

LiJ, Wang K, Chen X, Meng H, Song M, Wang Y, Xu X, Bai
Y. Transcriptional activation of microRNA-34a by NF-kappa
B in human esophageal cancer cells. BMC Mol Biol. 2012;
13:4. https://doi.org/10.1186/1471-2199-13-4. [PubMed]

Li HP, Zeng XC, Zhang B, Long JT, Zhou B, Tan GS, Zeng
WX, Chen W, Yang JY. miR-451 inhibits cell proliferation
in human hepatocellular carcinoma through direct

www.oncotarget.com

3312

Oncotarget


https://doi.org/10.1093/aje/kwk066
https://www.ncbi.nlm.nih.gov/pubmed/17244634
https://doi.org/10.1016/j.cgh.2018.10.028
https://doi.org/10.1016/j.cgh.2018.10.028
https://www.ncbi.nlm.nih.gov/pubmed/30366155
https://doi.org/10.1002/hed.24231
https://doi.org/10.1002/hed.24231
https://www.ncbi.nlm.nih.gov/pubmed/26559497
https://doi.org/10.18632/oncotarget.6824
https://doi.org/10.18632/oncotarget.6824
https://www.ncbi.nlm.nih.gov/pubmed/26745676
https://doi.org/10.1016/j.neo.2016.04.007
https://www.ncbi.nlm.nih.gov/pubmed/27292022
https://doi.org/10.1002/cam4.2194
https://www.ncbi.nlm.nih.gov/pubmed/31173474
https://doi.org/10.3390/cancers12051064
https://doi.org/10.3390/cancers12051064
https://www.ncbi.nlm.nih.gov/pubmed/32344873
https://doi.org/10.1111/j.1600-065X.2012.01099.x
https://www.ncbi.nlm.nih.gov/pubmed/22435567
https://doi.org/10.1002/hed.20615
https://www.ncbi.nlm.nih.gov/pubmed/17405170
https://doi.org/10.1158/0008-5472.CAN-04-0852
https://doi.org/10.1158/0008-5472.CAN-04-0852
https://www.ncbi.nlm.nih.gov/pubmed/15374962
https://doi.org/10.1038/nature04870
https://doi.org/10.1038/nature04870
https://www.ncbi.nlm.nih.gov/pubmed/16724054
https://doi.org/10.4161/cbt.9.1.10905
https://doi.org/10.4161/cbt.9.1.10905
https://www.ncbi.nlm.nih.gov/pubmed/20038820
https://doi.org/10.1038/onc.2013.49
https://www.ncbi.nlm.nih.gov/pubmed/23455325
https://doi.org/10.1016/j.hoc.2008.08.007
https://www.ncbi.nlm.nih.gov/pubmed/19010262
https://doi.org/10.1016/j.oraloncology.2008.07.011
https://www.ncbi.nlm.nih.gov/pubmed/18805044
https://doi.org/10.1186/1471-2199-13-4
https://www.ncbi.nlm.nih.gov/pubmed/22292433

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

suppression of IKK-B. Carcinogenesis. 2013; 34:2443—
2451. https://doi.org/10.1093/carcin/bgt206. [PubMed]

Yan B, Li H, Yang X, Shao J, Jang M, Guan D, Zou S, Van
Waes C, Chen Z, Zhan M. Unraveling regulatory programs
for NF-kappaB, p53 and microRNAs in head and neck
squamous cell carcinoma. PLoS One. 2013; 8:¢73656.
https://doi.org/10.1371/journal.pone.0073656. [PubMed]
Bao MH, Li JM, Luo HQ, Tang L, Lv QL, Li GY, Zhou
HH. NF-kB-Regulated miR-99a Modulates Endothelial Cell
Inflammation. Mediators Inflamm. 2016; 2016:5308170.
https://doi.org/10.1155/2016/5308170. [PubMed]

Sasaki CT, Doukas SD, Costa J, Vageli DP. Biliary
Reflux as a Causal Factor in Hypopharyngeal Carcinoma:

New Clinical Evidence and Implications. Cancer. 2019;
125:3554-3565. https://doi.org/10.1002/cncr.32369.
[PubMed]

Vageli DP, Doukas SG, Sasaki CT. Inhibition of NF-xB
prevents the acidic bile induced oncogenic mRNA phenotype,
in human hypopharyngeal cells. Oncotarget. 2017; 9:5876—
5891. https://doi.org/10.18632/oncotarget.23143. [PubMed]
Vageli DP, Doukas SG, Spock T, Sasaki CT. Curcumin
prevents the bile reflux-induced NF-kB-related mRNA
oncogenic phenotype, in human hypopharyngeal cells.
J Cell Mol Med. 2018; 22:4209-4220. https://doi.
org/10.1111/jemm.13701. [PubMed]

Doukas SG, Vageli DP, Sasaki CT. NF-xB inhibition
reverses acidic bile-induced miR-21, miR-155, miR-192,

miR-34a, miR-375 and miR-451a deregulations in human
hypopharyngeal cells. J Cell Mol Med. 2018; 22:2922—
2934. https://doi.org/10.1111/jcmm.13591. [PubMed]

Sasaki CT, Doukas SG, Vageli DP. In Vivo Short-Term
Topical Application of BAY 11-7082 Prevents the
Acidic Bile-Induced mRNA and miRNA Oncogenic
Phenotypes in Exposed Murine Hypopharyngeal Mucosa.
Neoplasia. 2018; 20:374-386. https://doi.org/10.1016/j.
ne0.2018.02.001. [PubMed]

Doukas PG, Vageli DP, Doukas SG, Sasaki CT. Temporal
characteristics of NF-«xB inhibition in blocking bile-induced

oncogenic molecular events in hypopharyngeal cells.
Oncotarget. 2019; 10:3339-3351. https://doi.org/10.18632/
oncotarget.26917. [PubMed]

Sasaki CT, Hajek M, Doukas SG, Vageli DP. The role of
bile reflux and its related NF-kB activated pathway in

progression of hypopharyngeal squamous cell cancer.
Oral Oncol. 2020; 105:104668. https://doi.org/10.1016/].
oraloncology.2020.104668. [PubMed]

Ylitalo R, Ramel S. Extraesophageal reflux in patients
with contact granuloma: a prospective controlled study.
Ann Otol Rhinol Laryngol. 2002; 111:441-446. https://doi.
0rg/10.1177/000348940211100509. [PubMed]

Pierce JW, Schoenleber R, Jesmok G, Best J, Moore SA,
Collins T, Gerritsen ME. Novel inhibitors of cytokine-
induced IkappaBalpha phosphorylation and endothelial

cell adhesion molecule expression show anti-inflammatory

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

effects in vivo. J Biol Chem. 1997; 272:21096-210103.
https://doi.org/10.1074/jbc.272.34.21096. [PubMed]

Nakanishi C, Toi M. Nuclear factor-kappaB inhibitors as
sensitizers to anticancer drugs. Nat Rev Cancer. 2005;
5:297-309. https://doi.org/10.1038/nrc1588. [PubMed]

Leeman RJ, Lui VW, Grandis JR. STAT3 as a therapeutic
target in head and neck cancer. Expert Opin Biol Ther. 2006;
6:231-241.  https://doi.org/10.1517/14712598.6.3.231.
[PubMed]

Katoh M, Katoh M. Transcriptional mechanisms of WNTSA
based on NF-kappaB, Hedgehog, TGFbeta, and Notch
signaling cascades. Int J Mol Med. 2009; 23:763-769.
https://doi.org/10.3892/ijmm_00000190. [PubMed]
Ainbinder E, Revach M, Wolstein O, Moshonov S, Diamant
N, Dikstein R. Mechanism of rapid transcriptional induction

of tumor necrosis factor alpha-responsive genes by NF-
kappaB. Mol Cell Biol. 2002; 22:6354-6362. https://doi.
org/10.1128/MCB.22.18.6354-6362.2002. [PubMed]

Lamouille S, Xu J, Derynck R. Molecular mechanisms

of epithelial-mesenchymal transition. Nat Rev Mol Cell
Biol. 2014; 15:178-196. https://doi.org/10.1038/nrm3758.
[PubMed]

Frenzel A, Grespi F, Chmelewskij W, Villunger A. Bcl2
family proteins in carcinogenesis and the treatment
of cancer. Apoptosis. 2009; 14:584-596. https://doi.
0rg/10.1007/s10495-008-0300-z. [PubMed]

Bromberg J, Wang TC. Inflammation and cancer: IL-6 and
STAT3 complete the link. Cancer Cell. 2009; 15:79-80.
https://doi.org/10.1016/j.ccr.2009.01.009. [PubMed]

Hashimoto N. Effects of bile acids on cyclooxygenase-2
expression in a rat model of duodenoesophageal
anastomosis. World J Gastroenterol. 2014; 20:6541-6646.
https://doi.org/10.3748/wjg.v20.i21.6541. [PubMed]

Luzna P, Gregar J, Uberall I, Radova L, Prochazka V, Ehrmann
J Jr. Changes of microRNAs-192, 196a and 203 correlate with
Barrett’s esophagus diagnosis and its progression compared to
normal healthy individuals. Diagn Pathol. 2011; 6:114. https://
doi.org/10.1186/1746-1596-6-114. [PubMed]

Bus P, Siersema PD, Verbeek RE, van Baal JW.
Upregulation of miRNA-143, -145, -192, and -194 in
esophageal epithelial cells upon acidic bile salt stimulation.
Dis Esophagus. 2014; 27:591-600. https://doi.org/10.1111/
dote.12112. [PubMed]

Fukumoto I, Kinoshita T, Hanazawa T, Kikkawa N,
Chiyomaru T, Enokida H, Yamamoto N, Goto Y, Nishikawa
R, Nakagawa M, Okamoto Y, Seki N. Identification of
tumour suppressive microRNA-451a in hypopharyngeal

squamous cell carcinoma based on microRNA expression
signature. Br J Cancer. 2014; 111:386-394. https://doi.
org/10.1038/bjc.2014.293. [PubMed]

Kikkawa N, Kinoshita T, Nohata N, Hanazawa T, Yamamoto
N, Fukumoto I. Chiyomaru T, Enokida H, Nakagawa
M, Okamoto Y, Seki N. microRNA-504 inhibits cancer
cell proliferation via targeting CDK6 in hypopharyngeal

www.oncotarget.com

3313

Oncotarget


https://doi.org/10.1093/carcin/bgt206
https://www.ncbi.nlm.nih.gov/pubmed/23740840
https://doi.org/10.1371/journal.pone.0073656
https://www.ncbi.nlm.nih.gov/pubmed/24069219
https://doi.org/10.1155/2016/5308170
https://www.ncbi.nlm.nih.gov/pubmed/27403035
https://doi.org/10.1002/cncr.32369
https://www.ncbi.nlm.nih.gov/pubmed/31310330
https://doi.org/10.18632/oncotarget.23143
https://www.ncbi.nlm.nih.gov/pubmed/29464041
https://doi.org/10.1111/jcmm.13701
https://doi.org/10.1111/jcmm.13701
https://www.ncbi.nlm.nih.gov/pubmed/29911313
https://doi.org/10.1111/jcmm.13591
https://www.ncbi.nlm.nih.gov/pubmed/29516639
https://doi.org/10.1016/j.neo.2018.02.001
https://doi.org/10.1016/j.neo.2018.02.001
https://www.ncbi.nlm.nih.gov/pubmed/29529473
https://doi.org/10.18632/oncotarget.26917
https://doi.org/10.18632/oncotarget.26917
https://www.ncbi.nlm.nih.gov/pubmed/31164956
https://doi.org/10.1016/j.oraloncology.2020.104668
https://doi.org/10.1016/j.oraloncology.2020.104668
https://www.ncbi.nlm.nih.gov/pubmed/32247988
https://doi.org/10.1177/000348940211100509
https://doi.org/10.1177/000348940211100509
https://www.ncbi.nlm.nih.gov/pubmed/12018329
https://doi.org/10.1074/jbc.272.34.21096
https://www.ncbi.nlm.nih.gov/pubmed/9261113
https://doi.org/10.1038/nrc1588
https://www.ncbi.nlm.nih.gov/pubmed/15803156
https://doi.org/10.1517/14712598.6.3.231
https://www.ncbi.nlm.nih.gov/pubmed/16503733
https://doi.org/10.3892/ijmm_00000190
https://www.ncbi.nlm.nih.gov/pubmed/19424602
https://doi.org/10.1128/MCB.22.18.6354-6362.2002
https://doi.org/10.1128/MCB.22.18.6354-6362.2002
https://www.ncbi.nlm.nih.gov/pubmed/12192035
https://doi.org/10.1038/nrm3758
https://www.ncbi.nlm.nih.gov/pubmed/24556840
https://doi.org/10.1007/s10495-008-0300-z
https://doi.org/10.1007/s10495-008-0300-z
https://www.ncbi.nlm.nih.gov/pubmed/19156528
https://doi.org/10.1016/j.ccr.2009.01.009
https://www.ncbi.nlm.nih.gov/pubmed/19185839
https://doi.org/10.3748/wjg.v20.i21.6541
https://www.ncbi.nlm.nih.gov/pubmed/24914375
https://doi.org/10.1186/1746-1596-6-114
https://doi.org/10.1186/1746-1596-6-114
https://www.ncbi.nlm.nih.gov/pubmed/22094011
https://doi.org/10.1111/dote.12112
https://doi.org/10.1111/dote.12112
https://www.ncbi.nlm.nih.gov/pubmed/24006894
https://doi.org/10.1038/bjc.2014.293
https://doi.org/10.1038/bjc.2014.293
https://www.ncbi.nlm.nih.gov/pubmed/24918822

41.

42.

43.

44,

45.

46.

squamous cell carcinoma. Int J Oncol. 2014; 44:2085-2092.
https://doi.org/10.3892/ij0.2014.2349. [PubMed]

Hu A, Huang JJ, Xu WH, Jin XJ, Li JP, Tang YJ, Huang XF,
Cui HJ, Sun GB, Li RL, Duan JL. MiR-21/miR-375 ratio is
an independent prognostic factor in patients with laryngeal

squamous cell carcinoma. Am J Cancer Res. 2015; 5:1775—
1785. [PubMed]

Shen Z, Zhan G, Ye D, Ren Y, Cheng L, Wu Z, Guo
J. MicroRNA-34a affects the occurrence of laryngeal

squamous cell carcinoma by targeting the antiapoptotic
gene survivin. Med Oncol. 2012; 29:2473-2480. https://
doi.org/10.1007/s12032-011-0156-x. [PubMed]

Woodbine L, Brunton H, Goodarzi AA, Shibata A, Jeggo
PA. Endogenously induced DNA double strand breaks
arise in heterochromatic DNA regions and require ataxia

telangiectasia mutated and Artemis for their repair. Nucleic
Acids Res. 2011; 39:6986-6997. https://doi.org/10.1093/
nar/gkr331. [PubMed]

Gloire G, Legrand-Poels S, Piette J. NF-kappaB activation
by reactive oxygen species: fifteen years later. Biochem
Pharmacol. 2006; 72:1493—1505. https://doi.org/10.1016/].
bep.2006.04.011. [PubMed]

Hendrayani SF, Al-Harbi B, Al-Ansari MM, Silva G,
Aboussekhra A. The inflammatory/cancer-related IL-6/
STAT3/NF-kB positive feedback loop includes AUF1
and maintains the active state of breast myofibroblasts.
Oncotarget. 2016; 7:41974-41985. https://doi.org/10.18632/
oncotarget.9633. [PubMed]

Srinivas US, Tan BWQ, Vellayappan BA, Jeyasekharan
AD. ROS and the DNA damage response in cancer.
Redox Biol. 2019; 25:101084. https://doi.org/10.1016/].
redox.2018.101084. [PubMed]

47.

48.

49.

50.

51.

Shaked H, Hofseth LJ, Chumanevich A, Chumanevich
AA, Wang J, Wang Y, Taniguchi K, Guma M, Shenouda
S, Clevers H, Harris CC, Karin M. Chronic epithelial NF-
kB activation accelerates APC loss and intestinal tumor
initiation through iNOS up-regulation. Proc Natl Acad Sci
U S A. 2012; 109:14007-14012. https://doi.org/10.1073/
pnas.1211509109. [PubMed]

Dalmases A, Gonzélez I, Menendez S, Arpi O, Corominas
IM, Servitja S, Tusquets I, Chamizo C, Rincon R, Espinosa
L, Bigas A, Eroles P, Furriol J, et al. Deficiency in p53 is
required for doxorubicin induced transcriptional activation
of NF-kB target genes in human breast cancer. Oncotarget.
2014; 5:196-210. https://doi.org/10.18632/oncotarget. 1556.
[PubMed]

Doukas SG, Doukas PG, Sasaki CT, Vageli DP. The in
vivo preventive and therapeutic properties of curcumin in

bile reflux-related oncogenesis of the hypopharynx. J Cell
Mol Med. 2020 Jul 21. [Epub ahead of print]. https://doi.
org/10.1111/jcmm.15640. [PubMed]

Kauer WK, Peters JH, DeMeester TR, Feussner H, Ireland
AP, Stein HJ, Siewert RJ. Composition and concentration

of bile acid reflux into the esophagus of patients with
gastroesophageal reflux disease. Surgery. 1997; 122:874-881.
https://doi.org/10.1016/S0039-6060(97)90327-5. [PubMed]

McQuaid KR, Laine L, Fennerty MB, Souza R, Spechler SJ.
Systematic review: the role of bile acids in the pathogenesis
of gastrooesophageal reflux disease and related neoplasia.
Aliment Pharmacol Ther. 2011; 34:146-165. https://doi.
org/10.1111/1.1365-2036.2011.04709.x. [PubMed]

www.oncotarget.com

3314

Oncotarget


https://doi.org/10.3892/ijo.2014.2349
https://www.ncbi.nlm.nih.gov/pubmed/24647829
https://www.ncbi.nlm.nih.gov/pubmed/26175945
https://doi.org/10.1007/s12032-011-0156-x
https://doi.org/10.1007/s12032-011-0156-x
https://www.ncbi.nlm.nih.gov/pubmed/22246523
https://doi.org/10.1093/nar/gkr331
https://doi.org/10.1093/nar/gkr331
https://www.ncbi.nlm.nih.gov/pubmed/21596788
https://doi.org/10.1016/j.bcp.2006.04.011
https://doi.org/10.1016/j.bcp.2006.04.011
https://www.ncbi.nlm.nih.gov/pubmed/16723122
https://doi.org/10.18632/oncotarget.9633
https://doi.org/10.18632/oncotarget.9633
https://www.ncbi.nlm.nih.gov/pubmed/27248826
https://doi.org/10.1016/j.redox.2018.101084
https://doi.org/10.1016/j.redox.2018.101084
https://www.ncbi.nlm.nih.gov/pubmed/30612957
https://doi.org/10.1073/pnas.1211509109
https://doi.org/10.1073/pnas.1211509109
https://www.ncbi.nlm.nih.gov/pubmed/22893683
https://doi.org/10.18632/oncotarget.1556
https://www.ncbi.nlm.nih.gov/pubmed/24344116
https://doi.org/10.1111/jcmm.15640
https://doi.org/10.1111/jcmm.15640
https://www.ncbi.nlm.nih.gov/pubmed/32691972
https://doi.org/10.1016/S0039-6060(97)90327-5
https://www.ncbi.nlm.nih.gov/pubmed/9369886
https://doi.org/10.1111/j.1365-2036.2011.04709.x
https://doi.org/10.1111/j.1365-2036.2011.04709.x
https://www.ncbi.nlm.nih.gov/pubmed/21615439

