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Background/Purpose: Oral cancer is amongst the most prevalent cancers worldwide with rising
incidence. Various attempts have been made to elucidate its pathogenesis, and we sought to
examine the function of a ubiquitin E3 ligase that was encoded by STUB1.
Methods: The mRNA expression of STUB1 in oral cancer samples and normal counterparts was
determined by qRT-PCR. Numerous assays to assess the features of cancer cells, including self-
renewal capacity, invasion and migration abilities were conducted following knockdown or
overexpression of STUB1.
Results: The expression level of STUB1 was reduced in oral cancer, which was associated with a
reduced relapse-free survival. Two oral cancer cell lines with low expression of STUB1 (SAS and
HSC3) were chosen for the overexpression of STUB1. We showed that ectopic expression of
STUB1 led to the downregulation of TGM2, a multifunctional protein that contributed to cancer
progression in several cancers. Our results demonstrated that overexpression of STUB1 sup-
pressed the cancer aggressiveness, while restoration of TGM2 reverted the effects. Last, we
showed that STUB1 silencing resulted in enhanced cancer features.
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Conclusion: The abnormal downregulation of STUB1 may lessen its suppressive effect on TGM2,
which induced the onset or exacerbated the progression of oral cancer. The therapeutic
approach to enhance the expression of STUB1 could be a promising direction for cancer therapy.
Copyright ª 2020, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Introduction

Oral cancer is one of the most common type of head and
neck cancers worldwide, which represents around 4% of all
cancer cases and is predicted to rise by 62% by 2035.1 It has
been shown that the incidence of oral cavity cancer was
highest in south-central Asia, and consistently greater
among men than among women.1 One of the recent retro-
spective analyses has shown that the sites of predilection
for oral cancer were the lateral border of tongue and floor
of the mouth, and around 45% of patients who died of
distant metastasis had their primary disease in the tongue.2

Even if we have known that the major risk factors for oral
cancer included tobacco smoking,3 alcohol consumption,4

and HR-HPV infection,5 the prognosis of patients with
recurrence was still poor.2 Hence, more efforts were
required to elucidate the pathogenic mechanism and miti-
gate the high burden of oral cancer.

STUB1 (STIP1 homology and U-Box containing protein 1)
is a protein-coding gene that codes for carboxyl-terminus of
HSP70-interacting protein (CHIP). This protein was discov-
ered as a co-chaperone protein that interacts with Hsp70
and negatively regulated chaperone functions.6 Another
function was to serve as a ubiquitin E3 ligase to ubiquitinate
and target various oral cancer-associated factors, such as
p537 and HIF-1a8 for subsequent degradation. It has been
reported that CHIP inhibited the sphere formation capacity
through degradation of CD166 in several head and neck
cancer cell lines (HN13, HN30, Cal27 and UMSCC12).9 This
finding showed that CHIP may play a critical role in the
development or progression of oral cancer. Therefore, we
sought to examine its significance in clinical samples and
functional role in the selected oral cancer cell lines.

In the current study, the expression of STUB1 was eval-
uated in normal and cancerous samples. We aimed to
examine the significance of STUB1 in various cancer stem-
ness features and reveal the downstream factor of STUB1.
Also, we tested whether targeting STUB1 could ameliorate
the characteristics of oral cancer cells.
Materials and methods

Tissues acquisition and cell culture

Oral cancer tissues (T, n Z 30) and normal paired
noncancerous tissues (N, n Z 30) were collected after
obtaining written informed consent. All procedures were
conducted in accordance with the Declaration of Helsinki,
and approved by The Institutional Review Board in Chung
Shan Medical University Hospital (ethical approval
ymous User (n/a) at Chung Shan Medical U
onal use only. No other uses without perm
code:CSMUH No:CS2-17016). Tumor tissues were snap
frozen in liquid nitrogen and stored at �80 �C for quanti-
tative real-time reverse transcription-PCR (qRT-PCR). The
OSCC cell lines SAS, GNM, SCC9, HSC3, OECM1, FaDu cells,
and normal SG cells were cultivated as previously
described.10

Quantitative RT-PCR

Trizol reagent (Invitrogen Life Technologies, Carlsbad, CA,
USA) was used to isolate the total RNA of cells according to
the manufacturer’s instruction. Superscript III first-strand
synthesis system (Invitrogen Life Technologies, Carlsbad,
CA, USA) was utilized to reversely transcribe the total
RNAs. qRTePCR was performed using TaqMan miRNA assays
with specific primer sets (Applied Biosystems, Carlsbad,
Calif). qRT-PCR reactions on resulting cDNAs were per-
formed on an ABI StepOne� Real-Time PCR Systems
(Applied Biosystems).10

Western blot analysis

Western blot was conducted as previously described.11 The
sample was separated on 10% SDS-PAGE and transferred to
polyvinylidene difluoride membrane (Amersham, Arlington
Heights, IL, USA). The primary antibody against CHIP1 and
TGM2 were purchased from Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA, USA). The corresponding secondary anti-
body was added to the membrane subsequent to the pri-
mary antibody incubation. GAPDH was used as protein
loading control. The immunoreactive bands were devel-
oped using an ECL-plus chemiluminescence substrate (Per-
kinElmer, Waltham, MA, USA) and captured by LAS-1000
plus Luminescent Image Analyzer (GE Healthcare, Piscat-
away, NJ, USA).10

Overexpression of STUB1 and TGM2

STUB1 cDNA will be cloned into pLV-EF1a-MCS-IRES-Puro
(BioSettia, Cat. No: cDNA-pLV01; San Diego, CA, USA).
Lentivirus production will be performed by co-transfection
of plasmid DNA mixture with vector plus helper plasmids
(VSVG and Gag-Pol) into 293T cells (American Type Culture
Collection, Manassas, VA) using Lipofectamine 2000
(LF2000, Invitrogen, Calsbad, CA, USA).10

Lentiviral-mediated STUB1 knockdown

The pLV-RNAi vector was purchased from Biosettia Inc.
(Biosettia, San Diego, CA, USA). The method of cloning the
niversity Hospital from ClinicalKey.com by Elsevier on May 
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double-stranded shRNA sequence was described in the
manufacturer’s protocol. Oligonucleotide sequence of
lentiviral vectors expressing shRNA that targets STUB1
was synthesized and cloned into pLVRNAi to generate
a lentiviral expression vector. The target sequences for
are: Sh-STUB1-1: 5’- AAAAGGAGATGGAGAGCTATGATTT
GGATCCAAATCATAGCTCTCCATCTCC-3’; The target se-
quences for are: Sh-STUB1-2: 5’- AAAAGGCCCCTATACA-
TAGTTTATTGGATCCAATAAACTATGTATAGGGGCC-3’.10

Self-renewal assay

Cells were dissociated and cultured in the modified DMEM/
F-12 supplemented with N2 (R&D Minneapolis, MN, USA),
epidermal growth factor (Invitrogen, Carlsbad, CA, USA),
basic fibroblast growth factor (Invitrogen, Carlsbad, CA,
USA), and penicillin/streptomycin at 103 live cells/low-
attachment six-well plate (Corning Inc., Corning, NY,
USA). Medium was changed every other day until the sec-
ondary sphere formation was observed in about 2 weeks.
Cell density/10,000 cells were presented as the percentage
of control.10

Migration and invasion assays

24-well Transwell system with an 8.0 mm porous transparent
polyethylene terephthalate membrane was used. Cells
(1 � 105/well) were added to the upper chambers (filter
coated with 1 mg/mL Matrigel for invasion assay). Medium
supplemented with higher concentration of serum were
added as a chemoattractant in the lower chamber. Cells
that had migrated through the membrane to the lower
surface were stained with crystal violet and counted from 5
different fields.10

Statistical analysis

Three replicates of each experiment were performed. Data
were expressed as the mean � SD and analyzed by Stu-
dent’s t-test. The result was considered to be significant if
p-value was <0.05.

Results

First of all, the relative mRNA expression of STUB1 in the
oral cancer tissues (n Z 30) was determined and found
abnormally lower than the normal counterparts (n Z 30)
(Fig. 1A). Moreover, oral cancer patients with low expres-
sion of STUB1 have reduced relapse-free survival (Fig. 1B).
These findings suggested that STUB1 may be implicated in
the malignant progression of oral cancer. Hence, we
examined the expression of STUB1 in seven commonly used
oral cancer cell lines and one normal control, including SAS
(tongue squamous cell carcinoma), GNM (gingival carci-
noma neck metastasis), SCC9 (tongue squamous cell carci-
noma), HSC3 (tongue squamous cell carcinoma), OECM1
(oral cavity squamous cell carcinoma), FaDu (hypophar-
yngeal squamous cell carcinoma), SCC4 (tongue squamous
cell carcinoma), and SG (normal human gingival epithelioid)
cells. As shown in Fig. 2A, the gene expression of STUB1 was
Downloaded for Anonymous User (n/a) at Chung Shan Medical Uni
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downregulated in several cell lines of tongue squamous cell
carcinoma (eg. SAS, HSC3, and SCC4) and GNM cells. In
accordance with the results of the relative gene expression,
protein expression of STUB1 in these cells was also sup-
pressed (Fig. 2B). We then selected SAS and HSC3 for
further examination as a high proportion of these two cells
was from Asian genetic ancestry, while SCC4 was of Euro-
pean origin.

To investigate the role of STUB1 in oral cancer aggres-
siveness, we overexpressed STUB1 in SAS and HSC3 cells and
assessed the expression of transglutaminase 2 (TGM2) since
our previous report has indicated that upregulated the
expression of STUB1 led to reduced TGM2 expression in oral
myofibroblasts.12 Result from Western blot showed that the
expression level of TGM2 was inhibited in the STUB1-
overexpressing SAS and HSC3 cells (Fig. 3A), and there
was a negative correlation between STUB1 and TGM2 via
analysis of the oral cancer samples in the Cancer Genome
Atlas (TCGA) database (Fig. 3B). Next, we sought to eval-
uate whether the effect of STUB1 on the progression of oral
cancer was mediated by TGM2. Our data showed that
ectopic expression of STUB1 diminished the self-renewal
capacity and invasion ability in both SAS and HSC3 cells
(Fig. 4A and B), whereas overexpression of TGM2 reversed
these effects. Altogether, these findings suggested that
STUB1 promoted the cancer stemness through upregulation
of TGM2.

To examine whether the downregulation of STUB1 can
alleviate the cancer progression, the knockdown experi-
ment of STUB1 was conducted in FaDu cells and the effi-
ciency was present in Fig. 5A. As expected, the self-
renewal capacity, migration, and invasion abilities were
all enhanced in two FaDu cells with STUB1-shRNA (Fig. 5 B-
D). Collectively, our results demonstrated that suppression
of STUB1 may show the potential to delay the progression
of oral cancer.
Discussion

In the present study, we showed that the expression of
STUB1 in the oral cancer tissues was abnormally
repressed. Additionally, the lower expression of STUB1
was associated with poorer relapse-free survival, which
was consistent with a previous study reporting that the
expression of CHIP in the specimen of head and neck
cancer was associated with the differentiation status.13

One of the recent studies has been revealed that CHIP
suppressed the cancer stemness characteristics through
targeting CD166 in head and neck cancers.9 In fact, the
clinical significance of CHIP differed according to the
types of cancer. In addition to oral cancer, CHIP served as
a tumor suppressor in breast cancer as well since it has
been shown that low nuclear expression of CHIP correlated
with poorer breast cancer-specific survival.14 On the other
hand, CHIP behaved as an oncogene in colorectal cancer
and the expression of CHIP was positively correlated with
lymph nodes invasion and TNM stage.15 This inconsistency
may result from the diverse targets of CHIP in various
types of cells. For instance, CHIP functioned as an onco-
gene in colorectal and thyroid cancers via activation of
MAPK and AKT pathways.16 Nevertheless, CHIP inactivated
versity Hospital from ClinicalKey.com by Elsevier on May 
ion. Copyright ©2022. Elsevier Inc. All rights reserved.



Figure 1 STUB1 is downregulated in oral cancer tissues and associated with relapse-free survival. (A)The relative expression level
of STUB1 in oral cancer (T) and normal counterparts (N) (nZ 30) was determined by qRT-PCR; (B) Relapse-free survival is estimated
by the method of KaplaneMeier.

Figure 2 Expression of STUB1 in various oral cancer cell lines. The transcripts and protein expression levels of STUB1 in the
selected oral cancer cell lines and normal gingival epithelioid S-G cell line were determined by qRT-PCR (A) and Western blot
analysis (B). *p < 0.05.
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Figure 3 Overexpression of STUB1 downregulated the
expression of TGM2. (A) The expression level of TGM2 was
reduced in the STUB1-overexpressing SAS and HSC3 cells; (B)
The expression of STUB1 is reversely correlated with TGM2
using the Pearson and Spearman’s Correlation analyses from
the oral cavity cancer samples retrieved from The Cancer
Genome Atlas (TCGA) database.

Figure 4 STUB1 affects the phenotypes of oral cancer
through modulation of TGM2. The self-renewal (A) and invasion
(B) capacities were both downregulated in cells (both SAS and
HSC3) with STUB1 overexpression. Nevertheless, the ectopic
expression of TGM2 reversed these effects. Results were pre-
sented as the percentage of control. *p < 0.05 compared with
control. #p < 0.05 compared with STUB1 overexpressing
(STUB1

OE

) cells.
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NF-kB and induced TNF receptor-associated factor 2
(TRAF2) degradation in breast cancer to inhibit the cancer
invasion.17 In this work, we demonstrated that CHIP
exerted its anti-cancer property through the upregulation
of TGM2.

TGM2 is a multifunctional protein that participated in
various cellular events. This calcium-dependent cross-
linking enzyme post-translationally catalyzed protein
modifications and was the most commonly expressed
Downloaded for Anonymous User (n/a) at Chung Shan Medical Uni
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member of the transglutaminase family.18 It has been
reported that the expression of TGM2 was overexpressed
in oral cancer tissues, and was higher in lymph node
metastases than in the corresponding primary tumors.19

In breast cancer, the TGM2/integrinb/fibronectin
signaling has been considered to be implicated in the
increased survival, invasion and motility.20 Another study
showed that TGM2 activated the PI3K/Akt pathway,
upregulated NF-kB activity, and inactivated GSK3b in
A431 tumor cells (an epidermoid carcinoma in the skin),
which led to an increase in Snail and MMP-9 as well as
higher cell motility.21 TGM2 was also required for cell
migration, invasion and wound closure in epidermal
squamous cell carcinoma and the GTP binding function of
TGM2 was found essential for spheroid formation.22 Be-
sides, TGM2 has been shown to form a complex with
fibronectin, which was implicated in the regulation of
spheroids proliferation through Wnt signaling and tumor
initiating capacity of ovarian cancer stem cells.23 It has
versity Hospital from ClinicalKey.com by Elsevier on May 
ion. Copyright ©2022. Elsevier Inc. All rights reserved.



Figure 5 The silence of STUB1 induces the characteristics of oral cancer. (A) Knockdown efficiency in cells transfected with
control Sh-Luc, ShSTUB-1, and ShSTUB1-2 was examined using Western blot; (B) Self-renewal, (C) migration and (C) invasion ca-
pacities were evaluated. Results were presented as the percentage of control. *p < 0.05 compared with Sh-Luc.
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been revealed that the GTP binding activity of TGM2
rather than its transamidase activity was required for
TGM2-dependent cancer stem cell invasion, migration
and tumour formation.22 In line with these findings, we
demonstrated that overexpression of TGM2 elicited
the increased self-renewal and invasion abilities.
Moreover, we showed that the overexpression of TGM2 in
oral cancer may be due to the repressed expression of
STUB1, which was supported by a previous study showing
that CHIP promoted the ubiquitination and proteasomal
degradation of TGM2.24 It has been revealed that
CHIP was an YAP1-interacting ubiquitinase that destabi-
lized YAP1,25 and the dysregulation of YAP1 has been
known to contribute to the onset of oral cancer via
driving cell proliferation, survival, and migration.26 Aside
from YAP1, we demonstrated that loss of STUB1 pro-
moted oral tumorigenesis through the upregulation of
TGM2 as well.

In conclusion, the current data suggested that lower
expression of STUB1 was associated with a poorer prog-
nosis. A lack of tumor-suppressive effect from STUB1 may
result in overexpression of TGM2, which led to the
increased self-renewal and invasion abilities. Approaches
to restoring STUB1 may be potential therapeutic in-
terventions for oral cancer.
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