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JOSD1 promotes proliferation 
and chemoresistance of head and neck 
squamous cell carcinoma under the epigenetic 
regulation of BRD4
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Abstract 

Background:  Deubiquitinating enzymes (DUBs) play critical roles in various cancers by modulating functional 
proteins post-translationally. Previous studies have demonstrated that DUB Josephin Domain Containing 1 (JOSD1) 
is implicated in tumor progression, however, the role and mechanism of JOSD1 in head and neck squamous cell 
carcinoma (HNSCC) remain to be explored. In this study, we aimed to identify the clinical significance and function of 
JOSD1 in HNSCC.

Methods:  The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) databases were analyzed to find 
novel DUBs in HNSCC. Immunohistochemistry assay was performed to determine the expression of JOSD1 in our 
cohort of 42 patients suffered with HNSCC. Kaplan–Meier analysis was used to identify the correlation between JOSD1 
and the prognosis of HNSCC patients. The regulation of BRD4 on JOSD1 was determined by using pharmacological 
inhibition and gene depletion. The in vitro and in vivo experiments were conducted to elucidate the role of JOSD1 in 
HNSCC.

Results:  The results of IHC showed that JOSD1 was aberrantly expressed in HNSCC specimens, especially in the 
chemoresistant ones. The overexpression of JOSD1 indicated poor clinical outcome of HNSCC patients. Moreover, 
JOSD1 depletion dramatically impaired cell proliferation and colony formation, and promoted cisplatin-induced 
apoptosis of HNSCC cells in vitro. Additionally, JOSD1 suppression inhibited the tumor growth and improved chemo-
sensitivity in vivo. The epigenetic regulator BRD4 contributed to the upregulation of JOSD1 in HNSCC.

Conclusions:  These results demonstrate that JOSD1 functions as an oncogene in HNSCC progression, and provide a 
promising target for clinical diagnosis and therapy of HNSCC.
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Background
Head and neck cancer (HNC) ranks the sixth most com-
mon cancers worldwide, including cancers of oral cavity, 
pharynx, and larynx. Head and neck squamous cell car-
cinoma accounts (HNSCC) for about 90% of HNC [1–3], 
and most patients are diagnosed with advanced stages 
of HNSCC. Importantly, the 5-year overall survival rate 
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of HNSCC patients remains less than 50% despite the 
improvement of therapeutic strategies [4]. Malignant 
proliferation and chemoresistance are major contribu-
tors to unfavorable prognosis in HNSCC [5]. Cisplatin-
based regimen is the first-line treatment for patients with 
HNSCC [3, 6]. Therefore, to find novel and potential tar-
gets has been an imperative need to improve survival and 
life quality of HNSCC patients.

Ubiquitination is one of the most important post-
translational modifications, and mainly mediates degra-
dation of protein [7]. Deubiquitinating enzymes (DUBs) 
could reverse ubiquitination process by removing ubiq-
uitin from the substrates, which improves the stability of 
substrates and prevents protein degradation mediated 
by proteasome [8]. DUBs families are classified into two 
types, cysteine proteases (including USPs, UCHs, OTUs, 
MJDs, MINDYs, and ZUP1 family) and zinc-dependent 
metalloproteinases (JAMM family) [9, 10]. Of note, MJDs 
is the smallest DUBs family, only composed of Ataxin-3, 
Ataxin-3L, JOSD1, JOSD2. Among them, Ataxin-3 
has been well studied and could play crucial roles in 
autophagy and tumor progression [11, 12]. JOSD1, which 
only contains a highly conserved Josephin domain, is 
located in chromosome 22 q13.1 [13]. Previous stud-
ies have indicated that JOSD1 stabilizes the target pro-
teins by cleaving the K48 ubiquitin chains [14, 15]. In 
gynaecological cancer, JOSD1 promotes acquired chem-
oresistance by stabilizing MCL1 [14]. Besides, as a mem-
brane-associated DUB, JOSD1 could regulate membrane 
dynamics, cell motility, and endocytosis [16]. However, 
the role of JOSD1 in HNSCC remains to be explored.

An increasing amount of evidence have showed that 
epigenetic dysregulation, such as histone modifications, 
contributes to tumorigenesis and progression [17]. The 
bromodomain and extra-terminal domain (BET) pro-
teins are critical epigenetic readers and transcriptional 
coactivators, selectively bind to acetylated lysine resi-
dues of histone H3 and H4 on chromatin to regulate gene 
expression [18]. As a well-studied member of BET fam-
ily, bromodomain-containing protein 4 (BRD4) could 
recruit mediator, transcriptional factors, the transcrip-
tion elongation factor P-TEFb or other histone modifiers 
to facilitate transcriptional activation of target genes [19, 
20]. Recent studies showed that BRD4 is implicated in 
tumor malignancies [19–21], therefore, serves as a prom-
ising therapeutic target. The small molecule inhibitor JQ1 
could suppress tumorigenesis and malignant progression 
by targeting BRD4 [21–23].

In this study, we demonstrate that JOSD1 was over-
expressed in HNSCC under the epigenetic regulation 
of BRD4. The elevated expression of JOSD1 correlated 
positively with chemoresistance and predicted poor 
prognosis of patients with HNSCC. Furthermore, JOSD1 

silencing could inhibit proliferation and enhance chemo-
sensitivity of HNSCC cells in vitro and in vivo. Together, 
these results shed light on the critical role of JOSD1 in 
HNSCC progression and provide a promising target to 
overcome resistance to chemotherapy in HNSCC.

Materials and methods
Bioinformatics analysis
The online software Gene Expression Profiling Interac-
tive Analysis (GEPIA, gepia.cancer-pku.cn) and GEO2R 
were used to analyze the levels of DUBs in HNSCC based 
on The Cancer Genome Atlas (TCGA) and Gene Expres-
sion Omnibus (GEO) databases, respectively.

Cell culture
Human HNSCC cell lines SCC25 and TSCCA were 
maintained in DMEM/F-12 or RPMI1640 (Invitro-
gen, Camarillo, CA, USA) supplemented with 10% FBS 
(Gibco) and 1% penicillin/streptomycin under a humidi-
fied atmosphere (37 °C, 5% CO2). All HNSCC cells were 
authorized by STR analysis. HNSCC CDDP-resistant cell 
lines (CDDP-R TSCCA and CDDP-R SCC25) were estab-
lished by continuous exposure to CDDP at increasing 
concentrations over 6 months.

Antibodies and reagents
Antibodies used for immunoblotting (IB) and immu-
nohistochemistry (IHC) were as follows: JOSD1, ORI-
GENE (Rockville, MD, USA), TA502210 (IB, 1:1000; IHC, 
1:100); BRD4, Active Motif (Carlsbad, CA, USA), #39909 
(IB, 1:1000; IHC, 1:500); cleaved PARP, Cell Signaling 
Technology (Danvers, MA, USA), #9542 (IB, 1:1000); 
cleaved Caspase-3, Cell Signaling Technology, #9661(IB, 
1:1000; IHC, 1:400); Ki-67, Cell Signaling Technology, 
#9449 (IHC, 1:500); GAPDH, Santa Cruz (Dallas, Texas, 
USA), sc-365062 (IB, 1:5000). BRD4 inhibitor JQ1 was 
purchased from Selleck (Shanghai, China).

Plasmids and transduction
The BRD4-overexpressing plasmid was purchased from 
Vigenebio (Shandong, China). The shRNAs sequences 
targeting shJOSD1#1, shJOSD1#2 and shBRD4 were 
5′-GAG​CGA​GCT​CAG​GAA​GTT​TCT-3′, 5′-GGT​GGT​
ACC​AGA​AGA​GGT​AGA-3′ and 5′-CAG​TGA​CAG​TTC​
GAC​TGA​TGA-3′ respectively, which were cloned into 
the pSIH-H1-puro lentiviral vector. The stable clones 
were exposed to puromycin (1–2 μg/ml) for at least one 
week after lentivirus infection. The knockdown effects of 
specific shRNAs on JOSD1 and BRD4 were confirmed by 
using western blot assay.
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MTT assay
MTT assay was used to examine cell proliferation and 
viability according to the protocol of manufacturer. 
Briefly, cells were seeded into 96-well plates and incu-
bated at 37  °C overnight for adherence. The MTT crys-
tals were dissolved in DMSO, and then the absorbance 
at 490  nm was measured by using a microplate reader 
(Model 680, Bio-Rad Laboratories Ltd., Hercules, Cali-
fornia, USA).

Clonogenicity assay
HNSCC cells were seeded into 6-well plates (1000 cells/
well) and incubated at 37  °C for 14 days. Then, the cells 
were washed twice with PBS, fixed and stained with 
0.1% crystal violet. Colonies with > 50 cells were counted 
under an inverted microscope (DMI6000B, Leica).

Quantitative real‑time PCR (qRT‑PCR)
Total RNAs were extracted using TRIzol (Invitrogen, 
Carlsbad, California, USA) according to the manufac-
turer’s instructions. Reverse transcription and qRT-PCR 
were performed using the PrimeScript™ RT Master Mix 
and SYBR Premix Ex Taq™ II (Takara, Shiga, Japan) 
according to the manufacturer’s instructions, respec-
tively. The expressions of target genes were normalized 
to the expression of glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) and evaluated by using the 2−ΔΔCt 
method. The sequences of primers used were as follows:

JOSD1, forward: 5′-GGG​ATA​CGC​TGC​AAG​AGA​
TTT-3′;

JOSD1, reverse: 5′-CCA​TGA​CGT​TAG​TGA​GGG​
CA-3′;

BRD4, forward: 5′-AGC​AGC​AAC​AGC​AAT​GTG​
AG-3′;

BRD4, reverse: 5′-GCT​TGC​ACT​TGT​CCT​CTT​CC-3′;
GADPH, forward: 5′-TGC​ACC​ACC​AAC​TGC​TTA​

GC-3′;
GAPDH, reverse: 5′-GGC​ATG​GAC​TGT​GGT​CAT​

GAG-3′.

Western blot
Western blot analysis was employed to assess protein 
expression. Cells were harvested and lysed in cell lysates 
buffer supplemented with protease and phosphatase 
inhibitors (Solarbio Science & Technology Co., Ltd., Bei-
jing, China). Protein concentrations were determined 
using Micro BCA Protein Assay kit (Thermo Fisher 
Scientific, Inc.). The same amounts of protein samples 
(20–30 μg) were separated by 10% SDS-PAGE and were 
transferred onto polyvinylidene difluoride (PVDF) mem-
branes (Merck Millipore). After blocking with 5% non-
fat milk, the membranes were incubated with primary 

antibodies overnight at 4  °C, and then incubated with 
secondary antibodies (1:5000) at room temperature for 
another 1  h. The abundances of target proteins were 
detected by using ECL chemiluminescence kit (Cell Sign-
aling Technology).

Flow cytometry
Annexin V-FITC/PI Apoptosis Assay Kit (BD, Frank-
lin Lakes, NJ, USA) was used to evaluate cell apoptotic 
rate according to the manufacturer’s instruction. Briefly, 
HNSCC cells treated with CDDP were harvested and 
washed three times with PBS. Then, the cells were stained 
with Annexin V-FITC and PI at room temperature in the 
dark for 15  min. The apoptotic rate of treated cells was 
measured on the FACS Canto II (BD).

Immunohistochemistry (IHC)
The paraffin-embedded tumor tissue sections were 
deparaffinized, rehydrated and incubated with primary 
antibodies against JOSD1, BRD4, Ki67, Cleaved-Cas-
pase3 overnight at 4 °C. After incubation with secondary 
antibodies for 30 min at room temperature, sections were 
visualized by using diaminobenzidine (DAB) staining.

Animal experiment
Five-week-old male BALB/C nude mice were maintained 
in a specific pathologic free (SPF) environment. 3 × 106 
TSCCA cells expressing shJOSD1 or shNC were inocu-
lated subcutaneously into the flanks of mice. Then, the 
mice bearing xenografts were administered with CDDP 
(2.5  mg/kg) or saline three times a week (5 mice per 
group). Finally, mice were sacrificed (euthanized with a 
30% CO2 flow rate in a darkened chamber for 2 min) and 
the tumors were harvested for IHC detection.

Statistical analysis
All data from at least three independent experiments 
were presented as mean ± SD and analyzed by using Stu-
dent’s t-test. The differences with P < 0.05 (two-sided) 
were considered statistically significant. All statistical 
analyses were performed using GraphPad Prism 6 or 
SPSS 21.0 software.

Results
Aberrant expression of JOSD1 indicates poor prognosis 
of HNSCC patients
To identify differentially expressed DUBs in HNSCC, 
the levels of 115 DUBs were analyzed based on TCGA 
database and three GEO datasets (GSE37991, GSE13601, 
GSE33205). Then, we found that six DUBs including 
JOSD1 were significantly elevated in HNSCC samples 
in each cohort (Fig.  1a, b). Subsequently, IHC staining 
was performed to detect the expression of JOSD1 in 42 
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HNSCC tissues from our cohort, and the results showed 
that JOSD1 was located in the cytoplasm and cytomem-
brane (Fig.  1c). Further analysis indicated that JOSD1 
significantly correlated with T stage, clinical stage, and 
chemoresistance in HNSCC (Table  1). Compared with 
sensitive specimens, JOSD1 expression was dramatically 
increased in chemoresistant tissues (Fig.  1d), indicat-
ing a potential role of JOSD1 in HNSCC chemoresist-
ance. Moreover, Kaplan–Meier survival curve revealed 
that HNSCC patients with higher JOSD1 level exhibited 
worse prognosis (Fig. 1e). Collectively, these data suggest 
that JOSD1 is aberrantly expressed in HNSCC and pre-
dicts poor prognosis.

BRD4 regulates JOSD1 in HNSCC
Next, the cause of increased JOSD1 was explored. 
Through the analysis of TCGA-HNSCC database, we val-
idated that JOSD1 and BRD4 were both overexpressed in 
HNSCC tissues compared with normal tissues (Fig. 2a). 
Then, we further observed a markedly positive correla-
tion between JOSD1 and BRD4 (Fig.  2b). To assess the 

effect of BRD4 on JOSD1, a small molecule inhibitor JQ1 
was used by inhibiting the activity of BRD4. The results 
showed that the administration of JQ1 to HNSCC cells 
strikingly downregulated JOSD1 in mRNA and protein 
level (Fig.  2c, d). Besides, we found that knockdown of 
BRD4 by shRNA, resembling the effect of JQ1, inhibited 
the expression of JOSD1 (Fig. 2e, f ), while BRD4 overex-
pression significantly upregulated JOSD1 in HNSCC cells 
(Fig. 2g, h), suggesting that BRD4 affected JOSD1 expres-
sion at the transcriptional level. Moreover, the analysis 
of IHC staining of BRD4 and JOSD1 in HNSCC tissues 
further indicated a positive correlation between them 
(Fig.  2i). Taken together, these evidences illustrate that 
BRD4, as an epigenetic modulator, enhances the expres-
sion of JOSD1 by facilitating its transcription activation.

JOSD1 depletion inhibits resistance to cisplatin and cell 
growth in HNSCC in vitro
Then, the effect of JOSD1 in HNSCC was assessed 
through a series of functional experiments. We firstly 
established two cisplatin-resistant (CDDP-R) subclones 

Fig. 1  Elevated JOSD1 indicates unfavorable prognosis in HNSCC. a The Venn diagrams based on TCGA and GEO databases identified significantly 
upregulated DUBs in HNSCC, including JOSD1, PSMD14, SENP5, TNFAIP3, UCK2, UFD1L. b The expression of JOSD1 was increased in HNSCC 
compared to normal tissues in three independent GEO datasets (GSE13601, GSE33205, GSE37991). N, normal tissue. C, cancerous specimen. Data, 
mean ± SD. c The representative images of IHC staining to assess the expression of JOSD1 in HNSCC tissues. Scale bar, 50 μm. d The IHC results 
showed that JOSD1 was overexpressed in chemoresistant HNSCC samples relative to the sensitive ones. Scale bar, 50 μm. e Kaplan–Meier survival 
curve revealed that the high expression of JOSD1 predicted poor prognosis of patients with HNSCC
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in HNSCC TSCCA and SCC25 cell lines respectively, 
and observed that the IC50 values of CDDP in CDDP-R 
cells were obviously increased in relative to the paren-
tal cells (Fig.  3a). As shown in Fig.  3b, c, both protein 
and mRNA levels of JOSD1 were significantly elevated 
in CDDP-R HNSCC cells, suggesting that JOSD1 may 
be involved in chemoresistance of HNSCC. Then, we 
used two distinct shRNAs to knockdown the expres-
sion of JOSD1 (Fig.  4a, b). The results of MTT assay 

showed that the IC50 value of CDDP was dramati-
cally reduced in the HNSCC cells expressing JOSD1 
shRNAs, indicating that JOSD1 knockdown could 
sensitize HNSCC cells to CDDP (Fig.  4c). Meanwhile, 
we found that depletion of JOSD1 led to a significant 
increase of apoptosis rate of HNSCC cells treated with 
CDDP by using flow cytometry (Fig. 4d). Additionally, 
we also evaluated the level of apoptosis-related proteins 
in JOSD1-depleted HNSCC cells after CDDP treat-
ment. As shown in Fig. 4e, the expressions of cleaved-
PARP and cleaved-Caspase-3 both elevated in TSCCA 
and SCC25 cells expressing shJOSD1 compared with 
the negative control, suggesting that JOSD1 silenc-
ing promoted CDDP-induced apoptosis in HNSCC 
cells. In addition to chemoresistance, malignant 
growth is another main cause of unfavorable progno-
sis of HNSCC patients. We found that the growth was 
impeded in JOSD1-deficient TSCCA cells compared 
with the control cells (Fig. 5a). Similar inhibitory effect 
was also observed in SCC25 cells with deficient JOSD1 
(Fig.  5a). Moreover, reduced level of JOSD1 impaired 
the capacity of colony formation in both TSCCA and 
SCC25 cells (Fig.  5b). Together, these results above 
corroborate that JOSD1 strengthens proliferation and 
chemoresistance in HNSCC cells.

Knockdown of JOSD1 attenuates tumor growth 
and improves chemosensitivity of HNSCC cells in vivo
Finally, we further detected the in vivo role of JOSD1 in 
HNSCC by using xenograft model. The results showed 
that the xenografts generated from JOSD1-silenced 
TSCCA cells weighed significantly less than that gener-
ated from negative control cells (Fig. 6a, b), revealing an 
oncogenic role of JOSD1 in tumor growth of HNSCC. 
Additionally, compared with the control group, the 
tumor weight of shJOSD1 group showed a more decrease 
under the same dose of CDDP (Fig.  6a, b). As shown 
in Fig.  6c, the positive rate of Ki67 in JOSD1-depleted 
group was obviously reduced relative to the negative con-
trol group. Meanwhile, JOSD1 silencing combined with 
CDDP treatment extremely enhanced the positive stain-
ing of cleaved Caspase-3 compared with the other three 
groups (Fig. 6c), which indicated that JOSD1 knockdown 
could improve the effect of CDDP for treating HNSCC 
in  vivo. Taken together, these results demonstrate that 
JOSD1 could serve as a critical therapeutic target in 
HNSCC.

Table 1  JOSD1 Expression and Clinicopathological Features of 
HNSCC

The result was analyzed by the Pearson χ2 test. P values with signifirance were 
shown as asterisk
*  P < 0.05

Clinicopathological 
Features

JOSD1 expression Total P value

Low High

Gender

 Male 13 (38.2%) 21 (61.8%) 34 0.256

 Female 5 (62.5%) 3 (37.5%) 8

Age

 ≥ 60 9 (39.1%) 14 (60.9%) 23 0.591

 < 60 9 (47.4%) 10 (52.6%) 19

Smoke

 Yes 10 (40.0%) 15 (60.0%) 25 0.650

 No 8 (47.1%) 9 (52.9%) 17

Drink

 Yes 6 (30.0%) 14 (70.0%) 20 0.108

 No 12 (54.5%) 10 (45.5%) 22

T stage

 T1–T2 14 (58.3%) 10 (41.7%) 24 0.019*
 T3–T4 4 (22.2%) 14 (77.8%) 18

N stage

 N0 12 (52.2%) 11 (47.8%) 23 0.179

 N1–3 6 (31.6%) 13 (68.4%) 19

Clinical stage

 I–II 11 (57.9%) 7 (42.1%) 18 0.038*
 III–IV 7 (21.7%) 17 (78.3%) 24

Histological grade

 G1 5 (35.7%) 9 (64.3%) 14 0.532

 G2 11 (52.4%) 10 (47.6%) 21

 G3 2 (28.6%) 5 (71.4%) 7

Resistance

 PR 8 (72.7%) 3 (27.3%) 11 0.048*
 PD/SD 10 (32.3%) 21 (67.7%) 31
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Discussion
Ubiquitin proteasome system (UPS) plays an important 
role in maintaining the stability and function of pro-
teins and thus regulates a variety of biological activities. 
Previous studies have demonstrated that protein degra-
dation is mainly mediated by UPS [24]. As a key compo-
nent of UPS, DUBs participate in the regulation of cell 

cycle, apoptosis, proliferation and other behaviors [25]. 
Importantly, the dysregulation of DUBs leads to the pro-
gression of numerous human malignancies, including 
digestive cancers [26], breast cancer [27–29], OSCC [30] 
and HNSCC [31]. In this study, we analyzed public data-
bases online and identified several significantly upregu-
lated DUBs including JOSD1. JOSD1 is a member of the 

Fig. 2  BRD4 inhibition downregulates JOSD1 in HNSCC. a TCGA-HNSCC database analysis showed that both JOSD1 and BRD4 were overexpressed 
in HNSCC tissues. b BRD4 correlated positively with JOSD1, which was analyzed by GEPIA. c, d The effect of JQ1 on JOSD1 was detected by using 
qRT-PCR and western blot assay. The dosage of JQ1, 250 nM. e, f The mRNA and protein expression of BRD4 and JOSD1 were measured in the 
HNSCC cells expressing shBRD4. g, h The effect of BRD4 overexpression of JOSD1 was measured by using qPCR and western blot assays. i The 
representative images of IHC staining of BRD4 and the analysis of the correlation between BRD4 and JOSD1 in HNSCC tissues. Scale bar, 50 μm. Data 
in this figure, mean ± SD, *P < 0.05, **P < 0.01. TPM, transcripts per million
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smallest DUBs family-MJDs family, containing a highly 
conserved Josephin domain [14, 15, 32]. The genetic 
aberrations of JOSD1 have presented in multiple cancers, 
particularly in melanoma, uterine, bladder, and ovarian 
cancer [13]. In the gynaecological cancer, JOSD1 is the 
most upregulated DUB in the development of chemore-
sistance and is considered as an ideal therapeutic target 
[14]. Through bioinformatic analysis and IHC detection, 
we found that JOSD1 was overexpressed in HNSCC and 
correlated with T stage, clinical stage and chemoresist-
ance. Moreover, the HNSCC patients with JOSD1 over-
expression had a shorter overall survival. These results 
suggest that JOSD1 could be a potential risk factor to 
guide treatment and predict prognosis in HNSCC.

So far, cisplatin-based treatment is still the standard 
regimen for HNSCC patients. However, intrinsic and 
acquired resistance to cisplatin is a major challenge to 
achieve a long-term curative effect and results in early 
recurrence and metastasis [33–35]. Therefore, there is 
an urgent need to find efficient means to improve cispl-
atin sensitivity. In this study, we detected the expression 
of JOSD1 in cisplatin-resistant cells lines and identified 

a high level of JOSD1 in CDDP-R TSCCA and CDDP-R 
SCC15 cells. Then, we observed that the IC50 of CDDP 
in JOSD1-silenced HNSCC cells was much lower than 
that in the control group. Moreover, with the treatment 
of CDDP, JOSD1 knockdown could increase expression 
of apoptosis-related proteins and promote cell apopto-
sis rate. The in vivo experiment also confirmed the pro-
moting effect of JOSD1 on chemoresistance in HNSCC. 
In addition to chemoresistance, DUBs also participate 
in other malignant activities such as proliferation. For 
instance, USP10 and USP21 could promote hepatocel-
lular carcinoma and non-small-cell lung cancer pro-
liferation, respectively [36, 37]. In our study, JOSD1 
knockdown could inhibit the growth and colony forma-
tion of TSCCA and SCC25 cells, and suppress the tumor 
growth in vivo. Furthermore, we found the high expres-
sion of Ki67 in JOSD1-depleted xenografts, indicat-
ing that JOSD1 could accelerate tumor proliferation in 
HNSCC. With those, we believe that JOSD1 could serve 
as a promising target to improve the clinical treatment of 
HNSCC.

Fig. 3  JOSD1 level is increased in acquired chemoresistant HNSCC cells. a The IC50 values of cisplatin in parental and cisplatin-resistant HNSCC 
cells were determined by using MTT assay. b, c The protein and mRNA levels of JOSD1 were enhanced in resistance HNSCC cells compared with the 
parental cells. GADPH was used as a loading control. Data in this figure, mean ± SD, *P < 0.05, ***P < 0.001. CDDP-R, cisplatin-resistant
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Fig. 4  HNSCC cells with reduced JOSD1 level become sensitive to cisplatin treatment. a, b The protein and mRNA expression of JOSD1 were 
measured in the HNSCC cells expressing control (shNC) and JOSD1 shRNAs (shJ#1 and shJ#2). c The HNSCC cells expressing shNC or shJOSD1 
were treated with CDDP at various concentrations for 24 h. Then, the IC50 values of CDDP were detected by using MTT assay. d Knockdown of 
JOSD1 significantly promoted cisplatin-induced apoptosis, which was confirmed by flow cytometry. e The abundance of cleaved PARP and cleaved 
Caspase-3 was measured by immunoblotting in shJOSD1-expressing HNSCC cells exposed to cisplatin. Data in this figure, mean ± SD, *P < 0.05, 
**P < 0.01, ***P < 0.001. CDDP, cisplatin
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Pioneering studies have revealed that BRD4 is fre-
quently overexpressed in multiple cancers including 
HNSCC [19, 38–40], and promotes tumorigenesis, can-
cer cell proliferation, metastasis and drug resistance by 
elevating the expression of cancer drivers [41–44]. In this 
study, pairwise correlation analysis showed a remarkably 
positive correlation between BRD4 and JOSD1, indicat-
ing BRD4 may regulate JOSD1 expression. With the 
inhibition of BRD4 by using JQ1 and shRNA, the pro-
tein and mRNA expression of JOSD1 were both reduced. 
Consequently, the increase of JOSD1 in HNSCC tissues 
and resistant HNSCC cells may be partially dependent 

on the epigenetic regulation of BRD4, which also further 
enriches BRD4-mediated mechanisms of proliferation 
and chemoresistance. However, the specific mechanism 
of BRD4 regulating JOSD1 remains to be further explored 
in the further.

Conclusion
In summary, these data demonstrate that JOSD1 upregu-
lation in HNSCC positively correlated with poor prog-
nosis of patients, uncovering the clinical prognostic 
significance of JOSD1. Under the regulation of BRD4, 
JOSD1 is a key driver of cell growth and chemoresistance 

Fig. 5  JOSD1 depletion inhibits HNSCC cell proliferation in vitro. a MTT assay was conducted to determine growth curve of HNSCC cells expressing 
JOSD1 shRNAs. b The results of clonogenicity assay indicated that JOSD1 silencing impaired the capacity of colony formation of HNSCC cells in vitro. 
Data in this figure, mean ± SD, *P < 0.05, ***P < 0.001
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in vitro and in vivo. Although more details of JOSD1 in 
HNSCC progression remain elusive, we based on these 
results believe that this DUB could be a promising candi-
date in future clinical practice of HNSCC.
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Fig. 6  JOSD1 knockdown impedes tumor growth and increases chemosensitivity of HNSCC cells in vivo. a, b The representative photos and weight 
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