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Abstract. Several independent studies have reported the roles 
of the E3 ubiquitin ligase, carboxy-terminus Hsc70 interacting 
protein (CHIP) in various types of cancers. However, the 
biological effects of CHIP vary in regards to different cancers, 
and the role of CHIP in head and neck cancers (HNCs) remains 
unknown. In the present study, CHIP overexpression plasmids 
and CHIP knockdown lentivirus were constructed to affect the 
expression levels of CHIP protein and biological behaviors in 
HNC cell lines bilaterally. The biological behaviors regulated 
by CHIP in HNCs were investigated both in vivo and in vitro 
with a series of assays and analyses. A tissue microarray was 
stained and analyzed for the clinical significance of CHIP 
expression in HNCs. We identified that CHIP suppressed 
the malignant behaviors of HNCs in a series of in vitro and 
in vivo experiments, but not its two loss-of-function mutants. 
However, we observed an altered expression pattern of CHIP 
from a well, moderate, to poor differentiation pathological 
status in HNC specimens. In a retrospective cohort of HNCs, 
lower expression of CHIP indicated a poor differentiation 
status in tumors and a lower overall survival rate. The present 
study demonstrated that CHIP functions as a tumor suppressor 
in HNCs. In conclusion, we demonstrated that suppressed 
expression of CHIP may result in the progression of HNCs.

Introduction

The ubiquitin-proteasome system is a major pathway that 
contributes to intracellular proteostasis. Carboxy-terminus 
of Hsc70 interacting protein (CHIP) has been identified as 
an E3 ubiquitin ligase and a potent regulator protein in main-
taining protein homeostasis in diverse cellular processes (1-3). 

Structurally, 3 tandem repeats of the tetratricopeptide (TPR) 
motif and a C-terminal U-box domain (U-box) contribute to 
the bioactivity of CHIP as a chaperone-associated E3 ubiq-
uitin ligase involved in the ubiquitin-proteasome system (4,5). 
CHIP post-translationally controls the turnover of its substrate 
proteins and exerts regulatory roles in a myriad of biological 
processes (6,7).

Until recently, accumulating evidence has suggested a role 
for CHIP in the initiation and progression of cancers (7-9). 
During the development of carcinogenesis, the production 
of mutated or aberrant cellular proteins must be gradually 
increased during malignant transformation and in response to 
genetic instability processes (10,11). As previously reported, 
CHIP not only induces ubiquitylation and degradation of 
several oncogenic proteins (7,12-14), but also regulates tumor 
suppressor proteins (15,16), which has increased interest in 
understanding the mechanisms of CHIP in the context of 
carcinogenesis. Accordingly, the diversities of CHIP substrate 
proteins present heterogeneity among different tissue-derived 
cancers, and the biological functions of CHIP in head and 
neck cancers (HNCs) remain unclear.

In the present study, we conducted a comprehensive study 
on CHIP in HNCs from laboratory experiments to clinical 
data. Our results showed that CHIP functions as a tumor 
suppressor in HNC cell lines and a regular pattern of CHIP 
expression from well, moderate, to poor differentiation state 
was illustrated. In conclusion, we demonstrated that low 
expression of CHIP is a potential risk factor for HNC patients.

Materials and methods

Cell culture and reagents. HNC cell lines (HN13, HN30, Cal27 
and UMSCC12) were cultured in Dulbecco's modified Eagle's 
medium (DMEM; Basal Media, Shanghai, China) supple-
mented with 10% fetal bovine serum (FBS; Gibco‑Invitrogen, 
Carlsbad, CA, USA), 100 U/ml penicillin and 100 µg/ml strep-
tomycin, at 37̊C in the presence of 5% carbon dioxide (17,18). 
Thiazolyl blue tetrazolium bromide (MTT) was purchased 
from Sigma (St. Louis, MO, USA).

Plasmid constructs and transfections. The mammalian 
expression vector used was pcDNA3.1(+)-myc-CHIP. 
Two loss‑of-function CHIP mutants were generated using 
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the QuickChange XL Site-Directed Mutagenesis kit 
(Life Technologies, Carlsbad, CA, USA) at the TPR domain 
(K30A), and U-box domain (H260Q), respectively. The primer 
sequences used for site-directed mutagenesis were: forward, 
5'-GCG CGC AGG AGC TCG CGG AGC AGG GCA ATC-3' 
and reverse, 5'-GAT TGC CCT GCT CCG CGA GCT CCT 
GCG CGC-3' for CHIP (K30A); and forward, 5'-ACA TCG 
AGG AGC AGC TGC AGC GTG TGG-3' and reverse, 
5'-CCA CAC GCT GCA GCT GCT CCT CGA TGT-3' for 
CHIP (H260Q) (6,16). Plasmids were transfected into cells 
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) 
diluted in Opti-MEM® I (Life Technologies) according to 
the manufacturer's instructions. UMSCC12-shCHIP stable 
cells were generated by transfecting UMSCC12 cells with 
the CHIP‑specific short hairpin RNA (5'-GGACGA CAT 
CCC CAG CGC TCT-3') lentivirus and selected with 10 µg/
ml of puromycin (Calbiochem, La Jolla, CA, USA) for posi-
tive clones (13), and UMSCC12-scrambled cells were used as 
control.

Cell proliferation analysis. MTT assays were performed 
to examine the proliferative ability of involved cells in the 
present study. Absorbance measurements following dimethyl 
sulfoxide (DMSO) resolution were performed at a wavelength 
of 490 nm (Bio-Rad Laboratories, Hercules, CA, USA).

Colony formation assay. Cell suspension was counted, diluted 
and seeded at 1×103/well into a 6-well plate in triplicates. Cells 
were kept culturing for 10 days, after which the cells were fixed 
with paraformaldehyde and stained with Coomassie Brilliant 
Blue, subsequently. The number of large colonies was counted 
and analyzed (18).

Transwell assays. To determine cell migration, 5x104 cells 
suspended in 200 µl of fresh DMEM were plated into Millicell 
chambers (8  µm; Millipore Corp., Billerica, MA, USA) 
with 600 µl of DMEM containing 10% FBS in the bottom 
chamber. Cells that migrated through the filter at 24 h were 
fixed with paraformaldehyde and stained with 10% crystal 
violet. To determine cell invasion, 50 µl Matrigel (1:8 diluted; 
BD Biosciences, Franklin Lakes, NJ, USA) was used to coat 
the chamber beforehand, and the invaded cells were harvested 
at 48 h. The cells were photographed, and the number of cells 
that migrated or invaded were counted based on 5 microscopic 
×100 fields/insert.

Flow cytometric analysis. To analyze apoptotic cells, 
trypsinized adherent and floating cells were harvested and 
prepared using the FITC/Annexin  V Apoptosis Detection 
Kit I (BD Pharmingen, San Jose, CA, USA) according to the 
protocols recommended by the manufacturer. After staining, 
the cells were analyzed using flow cytometry (FACSCaliber; 
BD Biosciences).

Western blot analysis. Cellular extracts were acquired using 
whole cell lysis buffer containing proteinase inhibitor cock-
tail. After subjecting the lysates to SDS-PAGE electrophoresis, 
proteins were transferred onto a polyvinylidene difluoride 
(PVDF) membrane by electroblotting. The membranes were 
then blocked in 5% skimmed milk for 1 h and incubated 

overnight at 4̊C with specific primary antibodies. Specific 
antibody-bound protein bands were detected with fluorescent 
secondary antibody and visualized using an Odyssey Infrared 
Imaging System (BD Biosciences, San Diego, CA, USA) (17). 
In the present study, the rabbit monoclonal antibody against 
CHIP (1:1,000; Abcam, Cambridge, MA, USA) and rabbit 
polyclonal antibody against Myc Tag (1:1,000, Abbkine, 
Redlands, CA, USA) were used. The mouse monoclonal 
against β-tubulin (1:1,000, Boster, Wuhan, China) served as a 
loading control.

Animal experiments. Male BALB/c nude mice (nu/nu, 
aged 4-5 weeks) were purchased from Shanghai Laboratory 
Animal Center (Shanghai, China), and were housed under 
specific pathogen-free conditions in the Experimental Animal 
Care Center of Shanghai Ninth People's Hospital. Animal 
welfare and experimental procedures were conducted in 
compliance with the Guide for Care and Use of Laboratory 
Animals (The Ministry of Science and Technology of China, 
2006) and the related ethical regulations of the hospital. The 
Animal Care and Use Committees of the hospital approved all 
experimental procedures.

Briefly, the nude mouse xenograft tumor models were estab-
lished by subcutaneous injection of 5×106 cells/site. To evaluate 
the effects of CHIP knockdown on UMSCC12 tumorigenesis, 
UMSCC12-scrambled cells were implanted on the right flank, 
and UMSCC12-shCHIP cells were implanted on the left flank 
(n=6). Tumor volumes (length × width2/2) were monitored.

Immunohistochemistry staining. Fresh tissues were fixed in 
4% formaldehyde, embedded in paraffin and prepared into 
5-µm sections. After dewaxing, rehydration and antigen 
retrieval, endogenous peroxidase activity was quenched. 
The slides were incubated with primary antibody overnight 
at 4̊C. Then, the samples were incubated with a biotinylated 
secondary antibody for 50 min at 37̊C, which was followed 
by staining with a DAB kit (GTVision; China). The rabbit 
polyclonal antibody against CHIP (1:250; Abcam) and 
mouse monoclonal antibody against Ki67 (1:500; Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA) were used as 
primary antibodies.

Scoring for tissue-array staining. A tissue microarray was 
constructed using primary HNC samples from 101 patients 
who received radical surgery, and 10  out-patient biopsy 
samples for a potential cancer lesion, but pathologically not 
(3 oral ulcer, 6 oral leukoplakia, and 1 normal oral epithelial 
sample) from the Department of Oral Maxillofacial-Head and 
Neck Oncology, Shanghai Ninth People's Hospital (17). The 
patients involved in the present study signed written informed 
consent, and the study was approved by the Medical Ethics 
Committee of the Ninth People's Hospital, Shanghai Jiaotong 
University School of Medicine.

Three samples were excluded due to lack of tissue or 
cancer cells in the array. The immunoreactivity score (IRS) 
for CHIP immunohistochemistry (IHC) staining was recorded 
by two independent observers, who scored based on staining 
intensity and percentage of positive cancer cells. The staining 
intensity was scored as follows: weak, scored 1; moderate, 
scored 2; and intense, scored 3. Regarding the percentage of 
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positive cancer cells, the score was defined as follows: 0-25%, 
scored  1; >25-50%, scored  2; >50-75%, scored  3; >75%, 
scored 4. Finally, an overall score (ranging from 1-12) was 
acquired by multiplying the above two scores for each sample. 
A total score of 1-6 was considered low expression; 7-12 was 
considered high expression.

Statistical analysis. The data were compiled using the soft-
ware package SPSS, version 12.0 (SPSS, Inc., Chicago, IL, 
USA). Chi-squared tests were used to assess the statistical 
significance for correlations between CHIP expression and 
clinicopathological variables. Univariate survival analysis was 
performed using the Kaplan-Meier method, and differences 
in survival curves were assessed by the log-rank test. All 
experiments were performed in triplicate; and representative 
results are displayed. The values displayed correspond to the 
means ± SD. Significant differences between two groups were 

determined based on Student's t-test and a p-value <0.05 was 
considered statistically significant.

Results

Involvement of CHIP expression in the proliferative and 
colony forming ability of HNCs. By evaluating the cellular 
proliferation rate of 4 HNC cell lines, we found that HN13 
displayed the greatest proliferative capacity, whereas 
UMSCC12 displayed the least proliferative capacity (Fig. 1A). 
Next, we managed to overexpress CHIP (CHIPOE) and its two 
loss-of-function mutants in the HN13 cells (Fig. 1B). CHIPOE 
significantly suppressed cellular proliferation in HN13 cells, 
whereas overexpression of loss-of-function CHIP mutants 
(K30A and H260Q) abolished such effects  (Fig. 1C). The 
expression of CHIP in UMSCC12 cells was suppressed by 
stable transfection with CHIP-specific short hairpin RNA 

Figure 1. CHIP regulates the proliferative and colony forming abilities of HNC cell lines. (A) The general proliferative potency of HN13, HN30, Cal27 and 
UMSCC12 cells was measured by MTT assays (**p<0.01). (B) Western blot analysis for the transfected efficiency of CHIP and its mutants in HN13 cells. 
(C) The effect of wild-type CHIP and loss-of-function CHIP mutants on the proliferation of HN13 cells was analyzed with MTT assays (**p<0.01). (D) Western 
blot analysis for the knockdown efficiency of CHIP expression in UMSCC12 cells. (E) The effect of CHIP knockdown on the proliferation of UMSCC12 cells 
was analyzed by MTT assays (**p<0.01). (F) The effect of wild-type and two loss-of-function CHIP mutants on the colony formation potential of HN13 cells 
(*p=0.039; ns, not significant). (G) The effect of CHIP knockdown on the colony formation potential of UMSCC12 cells (**p<0.01).
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lentivirus (Fig. 1D). Likewise, CHIP knockdown promoted 
the proliferation of UMSCC12 cells (Fig. 1E). The results of 
colony formation assays revealed that CHIPOE significantly 
decreased the colony formation number (Fig. 1F), which was 
not observed upon overexpression of the mutant constructs 
CHIP (K30A) or CHIP (H260Q). The rate of colony 

formation was significantly enhanced in the UMSCC12-
shCHIP cells (Fig. 1G).

The biological effects of CHIP on the migration and inva-
sion abilities of HNCs. The migration and invasion abilities 
of the involved cells were detected by Transwell assays. The 

Figure 2. Effects of CHIP on migration/invasion capacity and apoptotic status of HNC cells. (A) Transwell assays were conducted to evaluate the effects of 
CHIP overexpression and knockdown on the migration ability of HN13 and UMSCC12 cells, respectively (**p<0.01). (B) The effects of CHIP overexpression 
and knockdown on the invasion ability of HN13 and UMSCC12 cells were illustrated by Transwell assays, respectively (**p=0.003,*p=0.017). (C) Western blot 
analysis for the increasing-amount expression of exogenous CHIP in transient transfected HN13 cells. The expression of CHIP was increased to 2- and 4-fold 
of the regular dose used in the previous assays (1.5 µg myc-CHIP plasmid in 5x105 cells). (D) Flow cytometric analysis for apoptosis reveals that increased 
expression of CHIP resulted in an increased rate of cellular apoptosis in a dose-dependent manner in HN13 cells. (E) Quantitative analysis and comparison for 
the percentage of apoptotic cells in CHIP-overexpressing HN13 cells (**p<0.001).
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results indicated that CHIPOE caused a dramatic decrease in 
the migration and invasion abilities of the HN13 cells, whereas 
the migration and invasion abilities of the UMSCC12-
shCHIP cells were significantly increased compared with the 
UMSCC12‑scrambled cells (Fig. 2A and B).

Apoptotic induction of CHIP overexpression in HNCs. In 
HN13 cells, we managed to increase the expression of CHIP 
to 2-  and  4-fold of the regular dose used in the previous 

assays (1.5 µg myc-CHIP plasmid in 5×105 cells; Fig. 2C). 
We observed an increased rate of cellular apoptosis in a 
dose-dependent manner for CHIP overexpression 48 h after 
transfection (Fig. 2D and E; p<0.01), suggesting that CHIP 
overexpression may serve as an apoptotic inducible factor in 
HNCs.

Involvement of CHIP knockdown in tumorigenesis of HNCs. To 
investigate the biological effect of CHIP in the tumorigenesis 

Figure 3. Involvement of CHIP knockdown in the tumorigenesis of HNCs. (A) Representative gross morphology of UMSCC12 xenografts in BALB/c nude 
mice 60 days after implantation. (B) Tumor volumes and weights for UMSCC12 xenografts (*p=0.011 and *p=0.010, respectively). (C) The expression of CHIP 
was observed microscopically in UMSCC12-scrambled and UMSCC12-shCHIP xenograft tissues by immunohistochemical staining; scale bar, 100 µm. 
(D) H&E staining and Ki67 immunohistochemistry of consecutive sections of UMSCC12 cell xenografts; scale bar, 100 µm. The number of Ki67-positive 
cells/×400 fields were counted and compared between the UMSCC12 cell xenografts (**p<0.01).

Figure 4. CHIP expression in clinical samples and its clinical significance. (A) Representative immunohistochemical staining of CHIP and the relationship of 
CHIP expression and differentiation status from an HNC tissue microarray; magnification (×100). (B) Kaplan-Meier analysis of lower CHIP expression shows 
a significant correlation with poor overall survival (OS) in HNC patients (p=0.0485).
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of HNCs, UMSCC12-scrambled and UMSCC12‑shCHIP 
stable transfected cells were subcutaneously inoculated in the 
nude mouse. Morphologically, xenograft tumors derived from 
the UMSCC12-shCHIP cells were larger than the xenograft 
tumors from the UMSCC12-scrambled cells  (Fig.  3A). 
Quantitatively, UMSCC12-shCHIP cells formed xenografts 
with significantly larger tumor volume (p=0.011) and greater 
tumor mass (Fig. 3B; p=0.010). In addition, the subsequent IHC 
staining further validated the suppressed expression of CHIP 
in the UMSCC12-shCHIP xenograft specimens  (Fig. 3C). 
Moreover, we observed significantly increased Ki67-positive 
cells, a marker for proliferation, in the UMSCC12-shCHIP 
xenografts compared with this number in the UMSCC12-
scrambled xenografts  (Fig.  3D). These results suggest 

that expression of CHIP negatively affects the malignant 
characteristics of HNC cell lines.

Suppression of CHIP expression acts as a risk factor for 
HNC patients. In order to illustrate the clinical significance 
of variable CHIP expression in HNCs, a retrospective cohort 
was included and analyzed with matched tissue array. The 
IHC analysis of clinical samples revealed that high CHIP 
expression occurred in 70 of 98 HNC samples. In the included 
cohort, the CHIP expression level was significantly associ-
ated with the differentiation status of cancer cells, whereas no 
significance was observed for the other parameters (Table I). 
As shown in Fig. 4A, we observed a changing expression 
pattern of CHIP from poor, moderate, to well differentiation 
pathological status in the HNC specimens. Since 7 samples 
lacked follow-up data, the effect of CHIP expression on the 
overall survival (OS) was analyzed in 91 cases. Patients with 
HNC cancers that expressed lower CHIP showed poorer OS 
(p=0.0485; Fig. 4B).

Discussion

In the present study, we illustrated the inhibition of cancer cell 
growth by the E3 ligase CHIP in HNCs with a series of in vitro 
and in vivo assays. In HNC clinical samples, CHIP expression 
was shown to be significantly related to the differentiation 
status of the HNCs, and low expression of CHIP indicated 
poorer OS in HNC patients.

Increasing evidence strongly suggests that ubiquitin‑depen-
dent proteolysis, mediated by the E3 ligase CHIP, plays an 
essential role in regulating various biological processes during 
carcinogenesis. Previously, we reviewed the reported studies on 
the biological effects of CHIP on cancers by searching PubMed 
database up to December, 2016. In summary, both oncogene 
and tumor suppressor functions of CHIP have been reported 
in variant cancers by regulating underlying targets (2,7,8,19). 
In addition, the E3 ligase CHIP has been illustrated to exert 
its biological functions in cancer by targeting more than 
30 types of proteins (data not shown). In breast cancer, the 
oncogene effects of CHIP were reported by regulating PTEN 
and Pfn1 (15,20,21). However, the tumor suppressor effects of 
CHIP were reported by targeting TRAF2, ErbB2, ERα, MIF, 
PTK6, SRC-3, CtBP2 (7,22-29). However, in prostate cancer, 
CHIP was reported as an oncogene by targeting PTEN and 
Mst1, and as a tumor suppressor by targeting AR (16,19,30). 
The production of mutated proteins or abnormally expressed 
proteins seems to be unavoidable during carcinogenesis. 
Undoubtedly, the biological functions of CHIP in each cancer 
type may not only target just one specific protein. Thus, it 
seems to be more meaningful to investigate the biological 
effect of E3 ligase CHIP on certain behaviors of cancer cells. 
In our previous studies, we illustrated that CHIP regulated 
the cancer stem-like properties of HNCs by targeting CD166 
protein (31).

Previous studies have reported that CHIP functions as 
a tumor-suppressor in pancreatic, colorectal and gastric 
cancer (12-14,23). In pancreatic cancer, CHIP was reported to 
impair cell proliferation, migration and invasion by targeting 
EGFR  (12). In colorectal cancer, CHIP impaired tumor 
growth, migration and invasion by repressing NF-κB‑mediated 

Table I. Demographic characteristics of the patient population 
according to CHIP expression.

		  CHIP	 CHIP
		  expression	 expression
		  (IRS=1-6)	 (IRS=7-12)
Variable	 N	 n (%)	 n (%)	 P-value

All cases	 98	 28	 70
Age, years				    0.602
  <60	 59	 18 (64.3)	 41 (58.6)
  ≥60	 39	 10 (35.7)	 29 (41.4)
Sex				    0.337
  Male	 52	 17 (60.7)	 35 (50)
  Female	 46	 11 (39.3)	 35 (50)
Smoking				    0.752
  Yes	 32	 10 (41.7)	 22 (37.9)
  No	 50	 14 (58.3)	 36 (62.1)
Alcohol				    0.418
  Yes	 22	 8 (33.3)	 14 (24.6)
  No	 59	 16 (66.7)	 43 (75.4)
Histological grade				    0.000
(differentiation)
  Well/moderate	 87	 18 (64.3)	 69 (98.6)
  Poor	 11	 10 (35.7)	 1 (1.4)
Tumor size				    0.808
  T1+T2	 59	 17 (65.4)	 42 (62.7)
  T3+T4	 34	 9 (34.6)	 25 (37.3)
Nodal status				    0.373
  N0	 67	 17 (65.4)	 50 (74.6)
  N1+	 26	 9 (34.6)	 17 (25.4)
Metastasis				    1.000
  M0	 92	 26 (100)	 66 (98.5)
  M1	 1	 0 (0)	 1 (1.5)
Local recurrence				    1.000
  Yes	 5	 1 (3.7)	 4 (5.8)
  No	 91	 26 (96.3)	 65 (94.2)

IRS, immunoreactivity score; CHIP, carboxy-terminus Hsc70 interacting 
protein. P-values in bold print indicate statistical significance.
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signaling (13). In breast cancer cells, anti-apoptotic protein 
Bcl-2 was downregulated by CHIP (32). Furthermore, CHIP 
was reported to modulate mitotic arrest by degradation of the 
androgen receptor and c-Myc (30,33). In the present study, 
we identified the function of CHIP as a candidate tumor 
suppressor using a series of in vitro and in vivo assays. We 
found that altered CHIP expression regulated the cellular 
proliferation, migration/invasion abilities and tumor growth in 
HNCs. However, overexpression of CHIP induced increased 
apoptotic levels in HNC cells. In HNC samples, low expression 
of CHIP indicated a poor differentiation status and a higher 
risk of reduced OS. Accordingly, we conclude that suppressed 
expression of CHIP participates in the progression of HNCs. 
Ηerein, the underlying targets of CHIP were not further inves-
tigated and further studies are warranted to investigate the 
underlying mechanisms.

CHIP is a cochaperone E3 ligase containing 3 TPR motifs 
and a U-box domain (34). In the present study, we managed 
to construct two loss-of-function mutants of CHIP at the TPR 
motifs and U-box domain, respectively. Expectedly, these 
two mutants abolished the suppressive function of wild-
type CHIP protein in regards to the proliferative and colony 
forming abilities of HNCs, indicating that the biological 
effects of CHIP in HNCs were TPR motif- and U-box 
domain-dependent. Functionally, CHIP has been identified 
as being associated with Hsc70 and Hsp90 to achieve the 
subsequent ubiquitination of targeting protein via the U-box 
domain (35). Accordingly, the inhibition of Hsp90 by 17-AAG 
or 17-DMAG was found to increase the expression levels of 
Hsp70 and Hsp90, resulting in enhanced CHIP-mediated 
ubiquitination and the following proteasomal degrada-
tion (10,36,37). Hsp90-targeted therapy has been advanced 
and well documented and has been proposed as a prospective 
treatment method in various types of cancers (38,39). Above 
all, to enhance the tumor suppressor functions of CHIP in 
HNCs using an Hsp90 inhibitor may be a new treatment 
strategy for HNC patients.

In conclusion, the present study demonstrated that CHIP 
functions as a candidate tumor suppressor in HNCs. Meanwhile, 
we demonstrated that suppression of the expression of CHIP 
may participate in the development and progression of HNCs. 
Thus, identifying a strategy by which to increase the expres-
sion or to enhance the biological function of CHIP may benefit 
HNC patients in clinical practice.
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