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invasion by regulating the HDAC1/HSPB?7 axis
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The study was performed to ascertain the mechanism of sodium butyrate (NaB) mediating the proliferative and invasive
properties of oral squamous cell carcinoma (OSCC) cells. The cell proliferative, migrating, and invasive potentials were
detected by CCK-8, colony formation, EdU, and Transwell assays. The expression of proliferation- and invasion-related
proteins, HDACI1, and HSPB7 in OSCC cells were evaluated by western blot. Immunofluorescence was also performed
to evaluate the HDACI expression. The enrichment of histone deacetylase HDACI in the promoter region of HSPB7 was
assessed by the ChIP assay. In vivo growth of OSCC cells was measured by tumorigenesis in nude mice (n=18). The t-test was
employed for comparisons of data between the two groups. One-way ANOVA was utilized for comparisons of data among
multiple groups, and repeated-measures ANOVA for comparisons of data at different time points among groups, followed
by Bonferroni post-hoc test. The data showed that HDAC1 expression was highly upregulated in OSCC cells compared
to human normal oral keratinocytes (HNOKSs) (p<0.0001), and NaB diminished the HDACI expression in OSCC cells.
NaB restricted OSCC cell proliferative, migrating, and invasive capabilities by downregulating HDAC1. HSPB7 expression
was downregulated in OSCC cells versus HNOKSs (p<0.0001). HDACI inversely orchestrated the HSPB7 expression in
OSCC cells through histone deacetylation modification, and NaB augmented the HSPB7 expression by inhibiting HDACI.
Moreover, NaB inhibited OSCC cell growth in vivo by elevating HSPB7 levels through the HDACI repression. In conclusion,
NaB restrained cell proliferation and invasion in OSCC cells via HSPB7 upregulation by decreasing the HDAC1 expression.
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Oral squamous cell carcinoma (OSCC), one of the most
frequent malignancies worldwide, is a group of heteroge-
neous cancers arising from the oral mucosa, which together
with oropharyngeal squamous cell carcinoma accounts for
more than 90% of oral cancers [1-3]. It usually involves the
tongue, lips, gingiva, buccal mucosa, and hard palate and
spreads easily to regional lymph nodes and/or distant organs
[4]. Consumption of tobacco and alcohol, human papilloma-
virus infection, dietary and genetic factors, and oral hygiene
are risk factors for OSCC [5, 6]. Early diagnosis of OSCC is
difficult with most patients being clinically diagnosed at an
advanced stage at the initial time of diagnosis [4, 7]. Current
OSCC treatment modalities, including EGFR and COX-2
inhibitors, chemical radiation, photodynamic therapy, and
tumor resection surgery, lead to major problems associated
with non-specific cell death [8]. Furthermore, there is a high

rate of recurrence and metastasis in OSCC patients after
treatment, which consequently results in a poor prognosis
and a high mortality rate [9]. In this context, there is a strong
necessity to determine potential molecular markers affecting
cell proliferation and invasion for OSCC diagnosis and
prognosis.

A study mentioned that butyrate could inhibit oral cancer
cell proliferation [10]. Butyrate reduces ICAM-1 expression
in OSCC cells, thereby possibly affecting ICAM-1-depen-
dent migration of leukocytes and immune cells [11]. Sodium
butyrate (NaB) is a short-chain fatty acid mainly produced
through the fermentation of dietary fiber by gut microbiota
[12]. A study indicated that NaB constrained the growth
and accelerated apoptosis of head and neck squamous cell
carcinoma (HNSCC) cells at millimolar concentrations [13],
while one of the highest prevalent malignancies in HNSCC
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is OSCC [14]. NaB treatment represses the in vitro growth of
OSCC cell lines and induces cell cycle arrest [15]. However,
the mechanism by which NaB affects OSCC cell growth has
not been explored.

The involvement of the family of histone deacetylases
(HDAC:s) has been well documented in tumor progression
[16]. Upregulated HDAC2 in pre-cancer and OSCC tissues
suggests its implication in the transformation of pre-malig-
nant to malignancy [17]. Silencing of HDACS restrains the
proliferation of OSCC cells and can activate caspases and
autophagy to induce apoptosis of OSCC cells [18]. Overex-
pression of HDAC9 can promote cell growth and inhibit cell
apoptosis in OSCC [19]. Therefore, inhibition of HDACs
by HDAC inhibitors constitutes a novel and highly selec-
tive family of anticancer agents and exhibits remarkable
antitumor activity in some human malignancies, including
OSCC [16]. NaB, an HDAC inhibitor, suppresses deacetylase
activity, and NaB has been shown to inhibit HDAC1 expres-
sion [20, 21]. Hence, we speculated that NaB might influence
the progression of OSCC through HDACI.

The binding sites between HDACI1 and the heat shock
protein beta-7 (HSPB7) promoter region were predicted
through the bioinformatics website UCSC. The tumor
suppressor HSPB7 was reported to be inactivated in malig-
nant tumors [2], including renal cell carcinomas [22]. There-
fore, we hypothesized that NaB might influence OSCC
progression by regulating HDAC1 and thus modulating
HSPB7 expression. This study was designed to confirm this
hypothesis.

Materials and methods

Cell culture and cell grouping. Human OSCC cell lines
SCC-15 and CAL-27 were bought from the American Type
Culture Collection. Human normal oral keratinocytes
(HNOKSs) from three healthy volunteers were isolated and
used as normal controls. SCC-15 and CAL-27 cells were
cultured in Dulbeccos modified Eagles medium (DMEM)-
F12 encompassing 10% fetal bovine serum [23]. HNOKs
were cultured in an oral keratinocyte medium with 1% oral
keratinocyte growth supplement, 100 U/ml penicillin, and
0.1 mg/ml streptomycin in constant temperature incubators
(37°C, 5% CO,) [24].

Lentivirus plasmid harboring overexpression
(0oe)-HDAC1, oe-negative control (NC), short hairpin
RNA (sh)-HSPB7, and sh-NC and viral packaging kits were
obtained from GeneCopoeia. After lentivirus transfection
reagents were co-transfected into HEK293T for 48 h, a p24
ELISA kit was employed to measure the viral titer in each
group. The viral titer for the sh-HSPB7 and oe-HDACI1
groups was 5x10® TU/ml and that for the control group was
8x10°% TU/ml. Subsequently, OSCC cells were infected for
24h with the obtained lentiviral particles, and then cultured
for 48 h. Stably infected cell lines were screened by puromycin
because vectors containing a puromycin-resistant gene were

used and then the infection efficiency was assessed by quanti-
tative real-time polymerase chain reaction (QRT-PCR) [25,
26]. The cells were treated with NaB (5 mM) for 24 h. NaB
was purchased from Sigma.

Cell counting kit (CCK)-8. Cell viability was detected
using a CCK-8 kit [27]. SCC-15 and CAL-27 cells at the
logarithmic growth stage were pre-cultured in 96-well plates
at 1x10* cells/well for 24 h. Then the cells were transfected
based on the grouping. After 48 h of transfection, cells were
incubated with 10 pul CCK-8 reagent at 37°C for 3 h. The
absorbance value of each well at 450 nm was measured on a
microplate reader.

Colony formation assay. Agar with a concentration of
1.2% was dissolved by heating and set aside in a water bath at
46°C. The prepared SCC-15 and CAL-27 cells were counted
and suspended in DMEM preheated at 40°C. A volume of
325 pl of cell suspension was added into each well of a 24-well
culture plate, and added and mixed with 50 pl of the sample.
Spare agar (125 pl) was aspirated and rapidly mixed with the
above mixture in a 24-well plate, avoiding any air bubbles.
After natural solidification, the 24-well plates underwent
14-day incubation at 37°C with 5% CO,. Subsequently, cells
were subjected to fixing with 10% formaldehyde, 15 min
staining with 0.1% crystal violet, and observation under an
inverted microscope [28].

5-ethynyl-2’-deoxyuridine (EdU) assay. Referring to
the method in previous research [29] and EdU instruc-
tions, cells were seeded into 24-well plates with 3 replicate
wells for each group of cells. EQU reagents were added to the
culture medium for a concentration of 10 pmol/l. After 2 h
of incubation, the medium was removed. Cells were fixed
with phosphate-buffered saline (PBS) solution containing
4% paraformaldehyde for 15 min at room temperature and
washed with PBS containing 3% bovine serum albumin
(BSA) twice. Cells were then incubated with 0.5% Triton-
100 PBS for 20 min at room temperature and washed with
PBS containing 3% BSA twice. After 100 ul Apollo® 567 was
added to each well, cells were incubated for 30 min at room
temperature protected from light, and washed with PBS
containing 3% BSA twice. Then 4)6-diamidino-2-phenyl-
indole (DAPI) was added to stain the nucleus for 5 min,
and PBS was applied to rinse the cells three times. After the
slides were sealed, the positive cell counts within each area
were examined under a fluorescence microscope. Under the
microscope, the total cells were in blue and the positive cells
were in red, and five fields of view were selected randomly
in each well to calculate the proportion of positive cells for
EdU staining. EAU positive rate = (number of EdU positive
nucleus/total nucleus)x100% [30].

Transwell assay. OSCC cells were starved in a serum-
free medium for 24 h and digested and the cell density was
adjusted to 3x10* cells/ml. Experiments were performed
using 24-well plates in 8 um Transwell chambers with or
without 50 pl Matrigel matrix gel in the chambers. Each
group had 3 chambers. Each chamber was added with cell
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suspension (100 pl) with 500 pl of 10% DMEM added to each
lower chamber and incubated at 37 °C with 5% CO, for 24 h.
Then, cells were fixed with 4% paraformaldehyde for 30 min
before 0.1% crystal violet staining for 30 min. The stained
cell numbers were counted under the inverted microscope.
Five fields were randomly selected for counting [31]. Three
experiments were repeated.

Western blot (WB). Tissues or cells were collected by
trypsin digestion and lysed with enhanced radio-immuno-
precipitation assay lysis solution containing protease inhibi-
tors, and then protein concentrations were determined with
a bicinchoninic acid protein quantification kit. Proteins were
separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, transferred to polyvinylidene fluoride
membranes, and blocked in 5% BSA at room temperature
for 2 h to block nonspecific binding. Then, the proteins were
incubated with diluted primary antibodies against HDAC1
(ab280198, 1:1000, Abcam), HSPB7 (ab150390, 1:2000,
Abcam), proliferating cell nuclear antigen (PCNA, ab92552,
1:2500, Abcam), matrix metalloproteinase 2 (MMP2,
ab92536, 1:2500, Abcam), MMP9 (ab76003, 1:2000, Abcam),
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH,
ab9485, 1:2500, Abcam) overnight at 4 °C, respectively. After
the membranes were washed, HRP-labeled goat anti-rabbit
secondary antibody (ab6721, 1:2000, Abcam) was added for
incubation at room temperature for 1 h. The membranes
were incubated with electrogenerated chemiluminescence
(ECL) working solution for 1 min at room temperature, and
then the excess ECL solution was removed. The membranes
were sealed with cling film and developed and fixed after
5-10 min exposure to X-ray film in the dark box. The bands
were quantified in gray-scale using Image] analysis software
and GAPDH was used as the internal reference [30]. Three
experiments were repeated.

Immunofluorescence. Referring to the methodology
of literature [32] with some modifications, the slides were
fixed for 15 min with 4% paraformaldehyde. The slides
were washed 3 times with PBS and then dried with absor-
bent paper. Normal goat serum was applied to the slides to
block the unspecific reaction for 30 min. Then, the blocking
solution was removed with absorbent paper without washing,
and each slide was incubated with primary antibodies against
HDAC1 (ab109411, 1:50, Abcam) overnight at 4°C. The
slides were washed with phosphate-buffered saline with
Tween 20 three times for 3 min each and incubated for 1 h at
37°C protected from light with Alexa Fluor 488-labeled goat
anti-rabbit immunoglobulin G (ab150077, Abcam) (fluores-
cence in green). After being washed with PBS 3 times in the
dark, the slides were stained for 5 min with 5 pg/ml DAPI
and then washed with PBS for 5 min, 3 times. The slides were
stored at 4°C away from light and the results were observed
and pictured by NIS-Elements Viewer software using a laser
scanning confocal microscope.

Chromatin immunoprecipitation (ChIP) assay.
According to the method previously described [33], after

treatment with 4% formaldehyde (the final concentration of
formaldehyde was 1%), the collected SCC-15 and CAL-27
cells were subjected to ultrasonication. Primary antibodies
against HDACI1 (ab280198, 1:50, Abcam) were added to
bind to the HSPB7 gene promoter. Protein A Agarose/
Salmon Sperm DNA was added to bind to the gene promoter
complex, followed by precipitation of the complex. The
precipitated complex was washed to remove non-specific
bindings. After elution, the complex with enrichment of
HSPB7 gene promoter was de-crosslinked and purified,
followed by qPCR. HSPB7 promoter primers were detailed
as follows: forward, 5-CATAGGCCAGTGATGAAGCC-3’;
reverse, 5-GCTCTGCTGACCCTAACTCTT-3.

Subcutaneous tumorigenesis experiment in nude
mice. Referring to the previously reported methods [34,
35], eighteen SPF-grade male BALB/c nude mice (5 weeks,
15-18g) were randomly assigned into three groups:
control+sh-NC group, NaB+sh-NC group, and NaB+sh-
HSPB7 group, with six mice in each group. SCC-15 cell
suspension at a concentration of about 1x107 cells/ml was
injected into the skin of the left axilla of nude mice with a
1 ml syringe to establish a nude mouse subcutaneous trans-
plantation tumor model. After the tumor reached a certain
volume, the BALB/c nude mice were executed by the cervical
dislocation method on day 28 (the execution method was in
accordance with the ethical statement). The tumor tissues
were peeled out, photographed, and weighed and the tumor
size was calculated [36]. Animal use and experimental proce-
dures during the experiments complied with animal ethics
standards and the animal experiments were all reviewed and
approved by the Animal Experimentation Ethics Committee
of Jinchang Integrated Traditional Chinese and Western
Medicine Hospital.

Statistical analysis. SPSS version 19.0 was conducted for
statistical analysis. The measurement data were represented
as mean * SD, t-test was employed to compare between two
groups, one-way ANOVA was used for comparison of data
among multiple groups, and repeated-measures ANOVA was
used for comparison of data among groups at different time
points, and Bonferroni was used for post hoc tests. A p-value
<0.05 indicates that the difference is statistically significant.

Results

NaB inhibited OSCC cell proliferation and invasion.
To investigate the effect of NaB on the cell proliferation and
invasion of OSCC, OSCC cells were treated with NaB. With
respect to CCK-8 assays, SCC-15 and CAL-27 cell viability in
the NaB group was remarkably declined compared with the
control group (Figure 1A, p<0.05). The clone formation assay
demonstrated that SCC-15 and CAL-27 cell clone forma-
tion ability was prominently decreased in the NaB group
versus the control group (Figure 1B, p<0.05). Also, EdU
assay results exhibited that SCC-15 and CAL-27 cell prolif-
eration was dramatically lower in the NaB group than in the
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control group (Figure 1C, p<0.05). The results of Transwell
assay exhibited that SCC-15 and CAL-27 cell migration and
invasion were notably diminished in the NaB group rather
than in the control group (Figures 1D, 1E; p<0.05). WB
results displayed that the expression of proliferation- and
invasion-related proteins PCNA, MMP2, and MMP9 was
substantially reduced in the NaB group in comparison to the
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that NaB inhibited cell proliferation and invasion in OSCC.
NaB restrained HDAC1 expression in OSCC cells.
starBase predicted the elevated HDACI expression in oral
cancer-associated cancers (Figure 2A), which was in line
with the previous study [37]. Therefore, we investigated
whether NaB influenced OSCC progression by regulating
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Figure 1. NaB restrains OSCC cell proliferation and invasion. A-C) SCC-15 and CAL-27 cell proliferation was detected by CCK-8 (A), clone formation
(B), and EdU (C, x200) assays; D, E) SCC-15 and CAL-27 cell migration (D) and invasion (E) were evaluated by Transwell assay (x200); F) Expression of
proliferation- and invasion-related proteins PCNA, MMP2, and MMP9 in SCC-15 and CAL-27 cells was assessed by western blot; *indicates compared
with the control group, p<0.05; values in the figures were measurement data, which were expressed as mean + standard deviation. An independent
sample t-test was used for pairwise comparisons, and repeated measurement analysis of variance was utilized for comparisons of data among groups at
different time points, with Bonferroni for post hoc tests. The experiment was repeated three times. Abbreviations: NaB-sodium butyrate; OSCC-oral
squamous cell carcinoma; PCNA-proliferating cell nuclear antigen; MMP2-matrix metalloproteinase 2
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Figure 2. NaB curbs HDACI1 expression in OSCC. A) Bioinformatics predicted that HDAC1 was highly expressed in head and neck squamous cell
carcinoma; B) HDACI1 expression was tested in HNOKs, SCC-15, and CAL-27 cells by western blot; C) HDACI expression was determined in SCC-
15 and CAL-27 cells after NaB treatment by western blot; D) HDACI positive rate was examined in SCC-15 and CAL-27 cells after NaB treatment
by immunofluorescence (x200); *indicates compared with the normal group, the HNOKSs group, or the control group, p<0.05; values in the figures
were measurement data, which were expressed as mean +* standard deviation. An independent sample t-test was used for pairwise comparison, and
the experiment was repeated three times. Abbreviations: NaB-sodium butyrate; HDAC1-histone deacetylase 1; OSCC-oral squamous cell carcinoma;
HNOKSs-human normal oral keratinocytes
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HDACI expression. WB data demonstrated that HDAC1
expression was obviously enhanced in the SCC-15 and
CAL-27 cells compared with HNOKs (Figure 2B, p<0.05).
Moreover, HDACI1 expression was remarkably declined in
the NaB group versus the control group (Figure 2C, p<0.05).
Immunofluorescence also showed that the positive rate of
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Figure 3. NaB constrains OSCC cell proliferation and invasion by downregulating HDAC1. A) HDACI expression in SCC-15 and CAL-27 cells was
detected by western blot; B-D) SCC-15 and CAL-27 cell proliferation was evaluated by CCK-8 (B), clone formation (C), and EdU (D, x200) assays; E,
F) SCC-15 and CAL-27 cell migration (E) and invasion (F) were measured by Transwell assay (x200); G) Expression of PCNA, MMP2, and MMP9 in
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multiple groups was conducted using one-way analysis of variance, and data comparison among groups at different time points was performed using
repeated-measures analysis of variance, with post hoc tests using Bonferroni. The experiment was repeated three times. Abbreviations: NaB-sodium
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expression was detected in SCC-15 and CAL-27 cells,
which were treated with oe-HDACI1 and NaB. The results
manifested that HDACI expression was remarkably reduced
in the NaB+oe-NC group compared with the control+oe-NC
group but obviously enhanced in the NaB+oe-HDACI group
compared with the NaB+oe-NC group (Figure 3A, p<0.05).
As reflected by the results of CCK-8, clone formation, and
EdU assays, SCC-15 and CAL-27 cell proliferation and clone
formation were conspicuously diminished in the NaB+oe-
NC group relative to the control+oe-NC group but promi-
nently elevated in the NaB+oe-HDACI group in contrast to
the NaB+oe-NC group (Figures 3B-3D; p<0.05). Transwell
assay depicted that SCC-15 and CAL-27 cell migrating and
invasive abilities in the NaB+oe-NC group were appreciably
decreased in comparison to the control+oe-NC group,
while the opposite trends were observed in the NaB+oe-
HDAC1 group versus the NaB+oe-NC group (Figures 3E,
3F; p<0.05). The NaB+oe-NC group had observable declines
in PCNA, MMP2, and MMP9 expression compared with the
control+oe-NC group, which was contrary to the NaB+oe-
HDACI group relative to the NaB+oe-NC group (Figure 3G,
p<0.05). In conclusion, NaB curbed cell proliferation and
invasion in OSCC by suppressing HDACI.

HDACI curtailed HSPB7 expression through histone
deacetylation in OSCC cells. The bioinformatics website
UCSC predicted the histone acetylase binding sites in the
HSPB7 promoter region (Figure 4A), while bioinformatics
database analysis manifested that HSPB7 was lowly expressed
in HNSCC (Figure 4B). WB indicated that HSPB7 expres-
sion was remarkably decreased in SCC-15 and CAL-27 cells
compared with the HNOKs (Figure 4C, p<0.05), revealing
that HSPB7 was lowly expressed in OSCC. The binding of
HDACI to the HSPB7 promoter region was verified by ChIP
assay, which showed that HDAC1 enrichment in the HSPB7
promoter region was considerably augmented in SCC-15
and CAL-27 cells versus HNOKSs (Figure 4D, p<0.05). After
silencing of HDACI in SCC-15 and CAL-27 cells, HDAC1
enrichment in the HSPB7 promoter region was evidently
diminished in the sh-HDACI1 group versus the sh-NC group
(Figure 4E, p<0.05). WB indicated that HDACI1 expression
was remarkably reduced and HSPB7 expression was obviously
enhanced in the sh-HDACI1 group compared with the sh-NC
group (Figure 4F, p<0.05). Also, the same trends were shown
in the NaB group relative to the control group (Figure 4F,
p<0.05). Collectively, HDAC1 restrained HSPB7 expression
through histone deacetylation in OSCC cells, while NaB
promoted HSPB7 expression through inhibition of HDACI.

NaB restricted cell proliferation and invasion in OSCC
via the HDAC1/HSPB7 axis. To investigate whether NaB
affected OSCC through the HDAC1/HSPB7 axis, SCC-15
and CAL-27 cells were transfected with sh-HSPB7 and
treated with NaB. As discovered by WB results, there existed
noticeably reduced HSPB7 expression in the NaB+sh-HSPB7
group compared with the NaB+sh-NC group (Figure 5A,
p<0.05). CCK-8, EdU, and clone formation assays exhibited

that SCC-15 and CAL-27 cell proliferation and clone forma-
tion were obviously enhanced in the NaB+sh-HSPB7 group
versus the NaB+sh-NC group (Figures 5B-5D; p<0.05).
With regard to Transwell assay results, SCC-15 and CAL-27
cell migrating and invasive abilities in the NaB+sh-HSPB7
group were noticeably elevated in contrast to the NaB+sh-
NC group (Figures 5E, 5F; p<0.05). WB results demon-
strated that the expression of PCNA, MMP2, and MMP9
was markedly augmented in the NaB+sh-HSPB7 group in
comparison to the NaB+sh-NC group (Figure 5G, p<0.05).
In conclusion, NaB inhibited proliferation and invasion
of OSCC cells by promoting HSPB7 expression through
HDAC1 downregulation.

NaB retarded OSCC growth in vivo via the HDAC1/
HSPB?7 axis. To verify the effect of NaB on OSCC in vivo,
we performed tumorigenic experiments in nude mice. The
measurement of tumor growth and volume demonstrated
that the tumor growth, tumor volume, and weight were
prominently diminished in the NaB+sh-NC group compared
with the control+sh-NC group but substantially enhanced
in the NaB+sh-HSPB7 group versus the NaB+sh-NC group
(Figures 6A-6C, p<0.05). As depicted by WB results, the
NaB+sh-NC group exhibited conspicuously diminished
HDACI expression and considerably augmented HSPB7
expression versus the control+sh-NC group (Figure 6D,
p<0.05). Conversely, HSPB7 expression was noticeably
reduced in the NaB + sh-HSPB7 group in contrast to the
NaB+sh-NC group (Figure 6D, p<0.05). Overall, NaB
subdued OSCC cell growth in vivo by upregulating HDACI1-
modulated HSPB7.

Discussion

As one of the highly prevalent head and neck cancers,
OSCC is the primary reason for morbidity and mortality in
head and neck cancer patients [8]. In spite of tremendous
improvement in treatment, the five-year overall survival of
OSCC has remained constant over the last few decades [38].
Thus, the research of novel approaches is a necessity for the
treatment of OSCC. Through cell and nude mice experi-
ments, this study revealed that NaB repressed OSCC prolif-
eration and invasion through upregulation of HSPB7 via
suppression of HDACI.

Many studies have demonstrated that NaB could inhibit
tumor cell propagation, differentiation, and apoptosis in
various tissues, such as the colon and stomach [39, 40].
A study displayed that NaB reduced the invasiveness of
OSCC-derived cells by promoting dermatopontin expres-
sion [41]. NaB restricts invasion and metastasis by inhibiting
Podoplanin expression in oral and pharyngeal squamous cell
carcinoma cell lines [42]. NaB could subdue the growth and
induce cell cycle G1 arrest in OSCC cell lines [43]. Similar to
the above literature results, our experimental results depicted
that NaB curtailed cell proliferation and invasion in OSCC,
but the exact mechanism remains to be verified.
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HSPB7-heat shock protein beta-7; HNOKs-human normal oral keratinocytes

In tongue squamous carcinoma cells, HDACI1 overex-
pression was shown to be substantially associated with
lymph node metastasis [44]. miR-874 inhibited HNSCC
cell proliferation through direct targeting of HDACI1 [45].
HDACI was also demonstrated to accelerate OSCC growth
and progression by regulating miR-154-5p/PCNA signaling

[37]. The inhibitors of histone deacetylation, as well as NaB,
were already proposed to be utilized as anticancer agents
for rapidly growing tumors that appear to be highly resis-
tant to chemotherapy [46]. NaB was described to inhibit
the expression of HDACI and 3 [20]. Consistent with the
previous studies, our results elaborated that NaB retarded the
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measurement analysis of variance was employed for comparisons of data among groups at different time points, with Bonferroni for post hoc tests.
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expression of HDACI in OSCC cells. Moreover, our experi-
mental data uncovered that HDACI upregulation nullified
the repressive influence of NaB on OSCC cell proliferation
and invasion. Next, we investigated the downstream targets
of HDACI that are potentially involved in the OSCC process.

HSPB7 is a member of the small heat shock protein family
with crucial roles in the maintenance of cellular homeo-
stasis in multiple both physiological and pathophysiological
processes [47]. Bioinformatics database analysis presented
that HSPB7 was lowly expressed in HNSCC. Similar to a
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previous study [2], our study exhibited a low HSPB7 expres-
sion in OSCC cells. Meanwhile, the bioinformatics site
UCSC predicted the binding sites for histone acetylase in the
HSPB7 promoter region. However, the relationship between
HDACI1 and HSPB7 has never been reported. Of note, our
results elucidated that HDACI1 restricted HSPB7 expres-
sion through histone deacetylation modification and that
NaB elevated HSPB7 expression by inhibiting HDACI. Lin
et al. possessed that HSPB7 is a potential anti-cancer gene
for renal cell carcinoma, which curbs the cell growth in renal
cell carcinoma [22]. Similarly, our experiments uncovered
that silencing HSPB7 abrogated the suppressive impacts of
NaB on cell proliferation and invasion in OSCC. Moreover,
the subcutaneous tumorigenesis experiment in nude mice
validated the inhibitory impact of NaB on OSCC growth via
the HDAC1/HSPB7 axis in vivo.

In conclusion, our mechanistic analysis revealed that
HDACI1 inhibited HSPB7 expression through histone
deacetylation. Further experiments on cellular and nude
mice illustrated that NaB restricted OSCC cell prolifera-
tion and invasion in vitro as well as OSCC growth in vivo by
facilitating HSPB7 expression via HDAC1 downregulation.
These findings suggest that NaB may be a potential target
for OSCC treatment and hopefully provide a new perspec-
tive for OSCC treatment. However, this study also suffers

from some limitations. No clinical tissues were collected
and tested for HDAC1 and HSPB7 expression, and no
clinical trials were performed. Therefore, future research is
warranted for current topics.
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