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Abstract
Background  Oral squamous cell carcinoma (OSCC) is one of the leading causes of cancer-related mortality 
worldwide due to its high aggressive potential and drug resistance. Previous studies have revealed an important 
function of HECT And RLD Domain Containing E3 Ubiquitin Protein Ligase 5 (HERC5) in cancer. Six GEO gene 
microarrays identified HERC5 as a significant upregulated gene in OSCC tissues or cells (log2 Fold change > 1 and 
adj.p < 0.05). This study aimed to explore the role and underlying mechanisms of HERC5 in OSCC development.

Results  High HERC5 expression in OSCC tissues was confirmed by our hospital validation cohort and positively 
correlated with primary tumor stages. Subsequent functional studies demonstrated that knockdown of HERC5 
inhibited the migratory and invasive capabilities with decrease of Vimentin and increase of E-cadherin in OSCC cells. 
In cisplatin treatment, cell survival rates were significantly reduced in HERC5-silencing OSCC cells, accompanied by 
the increase in cytotoxicity, DNA damage and apoptosis. OSCC cell-derived tumor xenograft displayed that HERC5 
depletion inhibited pulmonary metastasis as well as restored the cisplatin-induced tumor burden. In line with this, 
overexpression of HERC5 yielded the opposite alterations both in vivo and in vitro. Mechanistically, UDP-glucose 
6-dehydrogenase (UGDH) was identified as a HERC5-binding protein. Cysteine residue at position 994 in the HECT 
domain of HERC5 catalyzed the conjugation of ubiquitin-like protein Interferon-induced 15 kDa protein (ISG15) to 
UGDH (ISGylation of UGDH) and facilitated its phosphorylation, therefore enhancing SNAI1 mRNA stability. SNAI1 
depletion inhibited HERC5 overexpression-triggered invasion and cisplatin resistance of OSCC cells.

Conclusions  Our study indicates that HERC5 may be a promising therapeutic target for OSCC.
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Background
Oral squamous cell carcinoma (OSCC) is one of the 
frequently common malignancy and accounts for more 
than 95% of head and neck cancers (HNC) [1]. Tobacco 
smoking, alcohol, betel quid chewing, and human pap-
illomavirus infection linked to certain sexual behaviors 
are the major risk factors for OSCC. It arises anywhere 
in the oral cavity, as well as usually causes difficulty 
in chewing and swallowing, recurrent ulcers, and 
worsens patients’ quality of life. OSCC has aggressive 
potential due to innate and acquired chemoresistance, 
thereby resulting in adverse prognosis. The overall 
5-year survival rate of OSCC has not reached 50% for 
the last decades [2]. Elucidating the molecular mech-
anism of OSCC is imperative for early detection and 
treatment, improving patient survival.

Interferon-induced 15  kDa protein (ISG15), a ubiq-
uitin-like protein, is expressed in a wide variety of cell 
types. ISG15 exists both intracellularly and extracel-
lularly in free form, or covalently conjugate to other 
proteins via ISGylation to regulate immunity and 
tumor development. Like ubiquitylation, ISGylation 
is a 3-step enzymatic cascade that requires the E1 
enzyme Ubiquitin Like Modifier Activating Enzyme 7 
(UBA7; also UBE1L), the E2 enzyme Ubiquitin Con-
jugating Enzyme E2 L6 (UBE2L6; also UBCH8), and 
the E3 ligases, which in humans is mainly HECT And 
RLD Domain Containing E3 Ubiquitin Protein Ligase 
5 (HERC5) [3]. ISGylation exerted both tumor-pro-
moting and tumor-suppressive effects by regulating 
protein stability or activity through crosstalk with 
other post-translational modifications. For example, 
ISGylation triggered breast tumor progression by 
increasing Akt phosphorylation level [4]. ISGylation 
inhibited YAP proteasome degradation via antagoniz-
ing the ubiquitin pathway in lung cancer cell lines [5]. 
In contrast, Mustachio et al. found that ISGylation 
of tumor suppressor PTEN reduced its stability and 
therefore limited tumor-inhibitory ability [6]. In addi-
tion to its role in protein covalently binding, ISG15 
could promote or inhibit progression of different 
cancers in the form of monomers [7, 8]. Chen et al. 
found that ISG15 facilitated migration of OSCC cells 
in an ISGylation-independent manner [9]. Whether 
the covalent binding of ISG15 to target proteins was 
involved in the occurrence and development of OSCC 
remains unknown.

Well-known HERC5-catalyzed ISGylation pro-
moted nucleotidyl-transferase oligomerization and 
enhanced its enzymatic activity, thereby boosting the 
antiviral innate immunity [10]. In addition to its well-
established role in antiviral immunity, HERC5 has 
been reported to regulate cancer development. Highly 
expressed HERC5 accelerated cell proliferation and/

or migration of breast cancer and hepatocellular carci-
noma [11, 12]. HERC5 was also considered to be a gene 
that drove cisplatin resistance in ovarian cancer cells 
[13]. In human papillomavirus (HPV)-positive oro-
pharyngeal cancer, overexpression of HERC5 in OSCC 
patients exhibited a worse prognosis [14]. Analyzing 
transcriptome profiles of cancerous and normal tis-
sues, we noted that HERC5 was upregulated in OSCC 
tissues. Therefore, we speculated that HERC5 might 
be involved in OSCC tumorigenesis by its ISGylation 
function.

UDP-glucose 6-dehydrogenase (UGDH) is a key 
enzyme in the uronic acid pathway, and converts 
UDP-glucose (UDP-Glc), an active form of glucose, to 
UDP-glucuronic acid (UDP-GlcUA) [15]. UDP-GlcUA 
is an indispensable precursor for the synthesis of gly-
cosaminoglycans that provides structural support for 
cells, as well as promotes cell migration and wound 
healing. UGDH has been reported to be implicated 
in tumor growth and migration. Knockout of UGDH 
inhibited migration and reduced in vivo metastatic 
ability of breast cancer cells [16]. Silencing of UGDH 
also delayed glioblastoma cell proliferation and migra-
tion in vitro [17]. A paper published in Nature journal 
revealed that phosphorylation of UGDH at tyrosine 
473 (pUGDH(Y473)) contributed to lung cancer 
metastasis via enhancing stability of EMT-inducer 
SNAI1 mRNA [18]. Increased SNAI1 was previously 
reported to reduce cisplatin sensitivity in head and 
neck squamous cell carcinoma [19]. Cancer Proteoge-
nomic Data Analysis Site (cProSite) database displayed 
enhanced pUGDH(Y473) level, while total protein 
abundance was not changed in HNC. These find-
ings indicated that activation of UGDH might exert a 
tumor-promoting role in OSCC.

In the present study, we sought to uncover the role 
of HERC5 in OSCC development. Gain-of-function 
and loss-of-function experiments were performed to 
investigate its role in the migration, invasion, and cis-
platin sensitivity of OSCC cells and cell-derived tumor 
xenografts. Furthermore, whether HERC5-catalyzed 
ISGylation affected UGDH activity and subsequent 
SNAI1 mRNA stability in OSCC were tested.

Methods
Acquisition of gene expression datasets
Gene expression datasets used in this study were 
downloaded from Gene Expression Omnibus (GEO) 
database (accession number: GSE30784, GSE160042, 
GSE3524, GSE74530, GSE9844, GSE21866, and 
GSE31056).
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Screening for differentially expressed genes (DEGs)
To identify DEGs in OSCC, an online tool GEO2R 
provided by the GEO database officially was used to 
compare two or more groups of samples in a GEO 
Series.|log2 [Fold change (FC)]| > 1 and adj.p < 0.05 
were regarded as cut off. A Venn diagram was drawn 
by package venn (version 1.12) to obtain common 
DEGs.

Identification of hub genes
To analyze protein interaction information, the com-
mon DEGs were uploaded to STRING online database 
to obtain a protein-protein interaction (PPI) network. 
According to the number of gene connections or 
degrees, hub genes from the PPI network were identi-
fied using Cytoscape software (version 3.9.1).

Patients and tissue samples
Fresh frozen and paraffin-embedded tumor and the 
matched paracancerous tissues from OSCC patients 
were provided by the Henan Cancer Hospital. None 
of these patients had received radiotherapy or chemo-
therapy before their surgery. Primary tumor (T) stages 
were determined on the base of the AJCC 8th Edi-
tion Cancer Staging Manual. Sample processing was 
performed following standard operating procedures 
with the approval by the Ethical and Scientific Com-
mittees of Henan Cancer Hospital (No. 2022-07-01), 
and obtained informed consent. Expression of HERC5 
mRNA and protein in the frozen tissue samples from 
32 OSCC patients was determined by real-time PCR 
and western blot analyses. The paraffin-embedded 
samples from OSCC patients were used for immuno-
histochemistry staining of HERC5.

Immunohistochemistry
The paraffin-embedded tissues were cut into 5  μm 
sections, placed on slides, and heated to 60  °C for 
2  h. The sections were dewaxed with xylenes and 
rehydrated through graded concentrations of etha-
nol. The sections were subjected to antigen retrieval 
using citrate buffer in conjunction with heat supplied 
by a microwave oven for 10  min and then cooled to 
room temperature. The sections were incubated with 
3% hydrogen peroxide and blocked with 1% bovine 
serum albumin (BSA). Subsequently, the tissue sec-
tions were incubated with an anti-HERC5 antibody 
(22692-1-AP; ProteinTech, Rosemont, Illinois, USA 
[1:200 dilution]) overnight at 4  °C. After washing, the 
sections were treated with a horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit IgG secondary anti-
body (#31460, Thermo Fisher Scientific, Karlsruhe, 
Germany [1:500 dilution]) at 37 °C for 60 min. Finally, 
the sections were stained with diaminobenzidine, 

counterstained with hematoxylin, dehydrated in etha-
nol, cleaned in xylene and mounted. Images were cap-
tured using an Olympus BX53 microscope fixed with a 
DP73 digital color camera under 200× magnification.

Cancer cell line encyclopedia (CCLE)
CCLE database provides data on gene expression in 
1000 human cancer cell lines. Target gene expression 
in five OSCC cell lines (CAL27, SCC25, SAS, SCC4, 
and SCC9) was analyzed using the CCLE database.

Cell culture
Human OSCC cell lines CAL27 and SCC9 cells were 
kindly provided by iCell Bioscience (Shanghai, China). 
CAL27 cells were maintained in DMEM (G4511, Ser-
vicebio, Wuhan, China) supplemented with 10% BSA 
in a humidified atmosphere with 5% CO2 at 37  °C. 
SCC9 cells were cultured in DMEM/F12 (BL305A, 
Biosharp, Hefei, China) containing 10% BSA at 37  °C, 
5% CO2.

Plasmid construction and transfection
pCDNA3.1-CMV/eGFP and pGCsi-H1/Neo/GFP 
plasmids were used for overexpression and silencing 
of HERC5. For HERC5 overexpression, HERC5 CDS 
(NM_016323) was inserted into the pCDNA3.1-CMV/
eGFP plasmid to construct pCDNA3.1-CMV/eGFP-
HERC5, named HERC5 and empty plasmid (EP). SCC9 
cells were transfected with HERC5 and EP using Lipo-
fectamine 3000 (L3000015, Invitrogen, Thermo Fisher 
Scientific) following the manufacturer’s protocol. 
Forty-eight h later, 150  mg/ml G418 (Invitrogen) was 
added into SCC9 cultures for the selection of stably 
transfected cells. The cells were cultured in G418-con-
taining medium for two weeks with the medium 
refreshed every other day. Subsequently, two stable 
clones with better transfection efficiency were picked 
and expanded, named HERC5_cl#A and HERC5_cl#B, 
respectively. For HERC5 silencing, according to the 
efficiency of knockdown for four siRNA sequences 
targeting HERC5 mRNA, two HERC5-specific shR-
NAs (target sequence#1, 5’-​G​G​A​G​A​A​U​G​G​U​A​A​U​G​U​
U​C​A​A-3’; sequence#2, 5’-​C​G​A​C​G​A​A​G​A​C​A​U​U​A​U​C​
A​A​A-3’) and non-targeting control (NC) shRNA were 
designed for follow-up generation of stable knockdown 
cell lines. The shRNAs were inserted into the pGCsi-
H1/Neo/GFP plasmids to construct pGCsi-H1/Neo/
GFP-HERC5 shRNA#1, pGCsi-H1/Neo/GFP-HERC5 
shRNA#2 and pGCsi-H1/Neo/GFP-NC shRNA, 
named HERC5_shR#1, HERC5_shR#2, and NC_shR, 
respectively. The plasmids were then transfected into 
the CAL27 cells using Lipofectamine 3000. Forty-eight 
h later, 150  mg/ml G418 (Invitrogen) was added into 
CAL27 cultures for the selection of stably transfected 
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cells. The cells were cultured in G418-containing 
medium for two weeks with the medium refreshed 
every other day. Subsequently, the best stable clones 
were picked and expanded. Expression of HERC5 in 

the stable strains was determined by real-time PCR 
analysis. Schematic diagram for plasmid construction 
and transfection were shown in Fig. 1B-C.

Fig. 1 (See legend on next page.)
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For knocking down UGDH or SNAI1, a shRNA 
targeting 5’-​G​G​U​U​G​U​U​G​A​U​G​U​C​A​A​U​G​A​A-3’ of 
UGDH mRNA or targeting 5’-​G​A​A​U​G​U​C​C​C​U​G​C​U​C​
C​A​C​A​A-3’ of SNAI1 mRNA was inserted into pRNA-
H1.1/Neo plasmid. Afterward, the plasmids were tran-
siently transfected into stably expressed SCC9 cells.

To determine the effect of HERC5 on UGDH 
ISGylation, SCC9 cells were transiently transfected 
with pcDNA3.1 plasmids of C-terminally Myc-tagged 
HERC5 (wild type or Cys994Ala point mutation), 
C-terminally Flag-tagged UGDH and C-terminally 
HA-tagged ISG15, using Lipofectamine 3000 following 
the manufacturer’s protocol.

To determine the effect of HERC5-mediated ISGylation 
on UGDH tyrosine phosphorylation, SCC9 cells were 
transiently transfected with pcDNA3.1 plasmids of 
C-terminally Myc-tagged HERC5, C-terminally Flag-
tagged UGDH (wild type or Tyr473Phe point mutation) 
and C-terminally HA-tagged ISG15, using Lipofectamine 
3000 following the manufacturer’s protocol.

Cell proliferation assay
Cells were seeded on 96-well plates at a density of 
1 × 104 cells/well. Subsequently, the cells were treated 
with various concentrations (0, 1.25, 2.5, 5, 10, 20, 
40, 80 and 160 μM) of cisplatin (#MB1055, Meilun 
Biotech Co., Ltd (Dalian, China). A tetrazolium dye 
(MTT, KGA9301, KeyGene Biotech., Nanjing, China) 
detection kit was applied to examine the cytotoxicity 
of cisplatin after 48  h of treatment, according to the 
supplier’s instructions. The optical density (OD) of 
each well was detected at a wavelength of 490 nm. The 
percentage of cell mortality was then calculated by the 
formula (1-ODX μM/OD0 μM)×100%.

Detection for lactate dehydrogenase (LDH) release
Cytotoxicity of cisplatin was evaluated based on th 
LDH release. LDH content was detected both in the 
medium and cell lysate using an ELISA kit (SEB864Hu, 
Cloud-Clone Corp., Katy, TX, USA) following the 
manufacturer’s protocol. LDH release was calculated 

as the ratio of LDH content in the medium and the 
total LDH content (medium + lysate).

In vivo study
All animal experiments were conducted according to 
the Principles of Laboratory Animal Care and approved 
by the Institutional Animal Care and Use Committee of 
Henan Cancer Hospital. Male Balb/C nude mice aged 6 
weeks were purchased from Huachuang Sino (Jiangsu, 
China) and housed in a standard environment on a 
12-h light/dark cycle, 22 ± 1 °C temperature and 45–55% 
humidity. All animals had free access to food and water. 
For the pulmonary metastasis assay, 3 × 106/0.1 ml stably 
expressed SCC9 and CAL27 cells marked with green flu-
orescent protein (GFP) were injected into the tail vein of 
nude mice. After 8 weeks, lung metastases in mice were 
visualized by fluorescence imaging. Subsequently, mice 
were sacrificed. Lungs were collected, paraffin-embed-
ded, sectioned, and stained with hematoxylin and eosin 
(H&E). The staining images of lung tissues were captured 
using the Olympus BX53/DP73 microscope under 100× 
magnification.

To evaluate the tumorigenicity of HERC5 upon cispl-
atin treatment, SCC9 and CAL27 cells were applied for 
tumor xenografts. Mice were inoculated subcutane-
ously into 2 × 106/0.1 ml OSCC cells. When the xeno-
graft grew to ∼ 50 mm3, mice were intraperitoneally 
injected 3 mg/kg of cisplatin twice weekly. Tumor vol-
ume was measured every three days using the follow-
ing formula: length×width2 × 0.5. After 3 weeks, mice 
were sacrificed, and tumors were excised, weighed.

Real-time polymerase chain reaction (Real-time PCR)
Total RNA from the tissue samples or cells was isolated 
by TRIpure reagent (RP1001, BioTeke Bio., Beijing, 
China). One microgram of RNA was used for cDNA syn-
thesis using All-in-One First-Strand SuperMix according 
to manufacturer’s instructions (MD80101, Magen Bio., 
Guangzhou, China). Real-time PCR was performed on 
ExicyclerTM 96 Real-Time Quantitative Thermal Block 
(Bioneer, Daejeon, South Korea) using cDNA, 2×Taq 

(See figure on previous page.)
Fig. 1  Anti-metastatic role of HERC5 silencing in OSCC cells in vitro and in vivo. (A). Expression levels of HERC5 mRNA in five OSCC cells (CAL27, SCC25, 
SAS, SCC4, and SCC9 in descending order of expression levels) from the Cancer Cell Line Encyclopedia (CCLE) dataset. (B). HERC5 CDS fragments were 
inserted in pcDNA3.1-CMV/eGFP plasmid. SCC9 cells were transfected with pcDNA3.1-CMV/eGFP-HERC5 or pcDNA3.1-CMV/eGFP (empty plasmid, EP), 
followed by selection of stably transfected cells and isolation of stable clones, named HERC5_cl#A, HERC5_cl#B and EP. (C). Two shRNAs targeting HERC5 
mRNA and non-targeting control (NC) shRNA were inserted in pGCsi-H1/Neo/GFP plasmid. CAL27 cells were transfected with pGCsi-H1/Neo/GFP-HERC5 
shRNA or pGCsi-H1/Neo/GFP-NC shRNA, followed by selection of stably transfected cells and isolation of stable clones, named HERC5_shR#1, HERC5_
shR#2 and NC_shR. (D). Transwell migration and matrigel invasion assays in SCC9 (left) or CAL27 (right) cells. Representative photomicrographs and 
quantification of the migratory or invasive cells (stained with crystal violet) at 24 h in lower surface of Transwell chamber. Scale bars: 100 μm. (E). Repre-
sentative results of western blot analyses for E-cadherin and Vimentin in SCC9 (up) or CAL27 (down) cells. (F). Schematic diagram for tail-vein injection 
of 3 × 106 stably transfected SCC9 or CAL27 cells marked with GFP into Balb/C nude mice for 8 weeks. (G). In vivo GFP fluorescence imaging of the mice 
with lung metastasis 8 weeks after tail-vein injection of SCC9 (left) or CAL27 (right) cells. (H). Representative photos of lungs from the mice 8 weeks after 
tail-vein injection of SCC9 (left) or CAL27 (right) cells. Arrow denotes visible metastatic nodules presented in the lungs. (I). Representative H&E images of 
lung tissues from the mice after tail-vein injection of SCC9 (left) or CAL27 (right) cells. Arrowhead denotes lung metastatic foci. Scale bars: 200 μm. Data 
in (D) were expressed as mean values ± SD
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PCR MasterMix (PC1150, Solarbio Life Sciences, Beijing, 
China), SYBR green (SR4110, Solarbio) and primers. The 
primer sequences were shown below: homo HERC5 for-
ward, 5’-​G​A​A​G​C​T​G​C​A​C​A​G​G​G​T​A​A​A-3’ and reverse, 
5’-​G​A​A​G​C​G​T​C​C​A​C​A​G​T​C​A​T​T-3’; homo SNAI1 for-
ward, 5’-​G​T​T​T​A​C​C​T​T​C​C​A​G​C​A​G​C​C​C​T​A​C-3’ and 
reverse 5’-​G​C​C​T​T​T​C​C​C​A​C​T​G​T​C​C​T​C​A​T-3’. The reac-
tion consisted of an initial 5  min denaturation step at 
95 °C followed by 40 cycles of denaturation (10s at 95 °C), 
annealing (10s at 60 °C) and extension (15s at 72 °C). Rel-
ative gene expression in cells was calculated using 2−ΔΔCT 
method and gene expression in tissues for 2−ΔCT method. 
GAPDH served as an internal reaction control to nor-
malize mRNA levels.

For mRNA stability assay, cells were pretreated with 
actinomycin D at the indicated times, followed by real-
time PCR analysis. Data were normalized to expres-
sion of a control gene ribosomal protein S18 (RPS18).

Co-immunoprecipitation (Co-IP) assay
Whole-cell extracts (WCE) were obtained in IP lysis buf-
fer (R0030, Solarbio). After centrifugation at 10,000  g 
at 4  °C for 5  min, protein concentrations were detected 
using a bicinchoninic acid (BCA) assay kit (PC0020, 
Solarbio). The supernatants were incubated with IP-spe-
cific antibodies at 4  °C overnight, after which cultured 
with Protein A plus G agarose beads (PR40025, Protein-
Tech) at 4  °C for 4 h. The details of IP-specific antibod-
ies were as follows: anti- Pan Phospho-Tyrosine (AP1162, 
ABclonal), anti-HERC5 (22692-1-AP, ProteinTech), anti-
ISG15 (15981-1-AP, ProteinTech), and anti-HA (51064-2-
AP, ProteinTech). Subsequently, the immunoprecipitates 
were analyzed by western blot assay.

Western blot
Total proteins from the tissue samples or cells were 
extracted in RIPA buffer (R0010, Solarbio) supplemented 
with PMSF protease inhibitor (P0100, Solarbio). After 
five min of centrifugation at 10,000 g at 4 °C, protein con-
centrations in the lysates were measured with the BCA 
assay. Ten to twenty micrograms of lysates were resolved 
by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred to PVDF mem-
branes. The membranes were treated with blocking buffer 
(SW3010, Solarbio), followed by incubation in a 1:1000 
dilution of indicated primary antibodies: anti-HERC5 
antibody (22692-1-AP, ProteinTech), anti-E-cadherin 
antibody (AF0131, Affinity, Cincinnati, OH, USA), anti-
Vimentin antibody (AF7013, Affinity), anti-cleaved PARP 
antibody (AF7023, Affinity), anti-γ-H2AX Ser139 anti-
body (AF3187, Affinity), anti-SNAI1 antibody (AF6032, 
Affinity), anti-UGDH antibody (sc-137058, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), anti-Flag antibody 
(66008-4-Ig, ProteinTech), anti-Myc antibody (AE070, 

ABclonal [1:10000 dilution]), and anti-GAPDH antibody 
(60004-1-Ig, ProteinTech [1:10000 dilution]) overnight at 
4 °C. After washing, the membranes were incubated with 
HRP-conjugated goat anti-rabbit IgG (SE134, Solarbio) 
or goat anti-mouse IgG (SE131, Solarbio) antibody. Pro-
tein bands were visualized using enhanced chemilumi-
nescent substrate (PE0010, Solarbio).

Transwell migration and matrigel-invasion assays
Cells suspended in 200  μl of serum-free culture 
medium were added into the upper chamber of a Tran-
swell filter with 8-μm pores (14341, Labselect, Hefei, 
China), while 800  μl of 10% FBS medium was added 
to the lower chamber in a 24-well plate. For invasion 
assay, Transwell filters were precoated with Matrigel 
(356234, Corning, Cambridge, MA, USA) to mimic in 
vitro biological matrix barriers. After incubation for 
24  h, the cells that remained on the upper surface of 
the filter were wiped off. The cells that had crossed the 
filter and adhered on the lower surface were stained 
with 0.5% crystal violet for 5  min. Images of the 
stained lower surface were captured, and the cells were 
quantified under a microscope in five random fields at 
200× magnification.

Flow cytometry
Cell apoptosis was analyzed by flow cytometry. Cells 
were collected after centrifugation at 150 g for 5 min, 
washed twice with PBS, as well as stained using PE-
labelled Annexin V and 7-AAD according to the man-
ufacturer’s instructions (G152, Servicebio). Stained 
cells were analyzed using a NovoCyte Flow Cytometer 
(Agilent, Santa Clara, CA, USA). The percentage of 
apoptosis was calculated by the sum of early apoptotic 
cells (Annexin V-PE+/7-AAD−) and late apoptotic cells 
(Annexin V-PE+/7-AAD+).

Statistical analyses
GraphPad Prism version 8.0.2 for Windows 11 was 
used for all analyses. Data passed any of the standard 
normality tests, including Anderson-Darling test, 
D’Agostino & Pearson test, Shapiro-Wilk test and 
Kolmogorov-Smirnov test, were analyzed with two-
tailed Student’s t test (unpaired and paired), one-way 
or two-way ANOVA followed by Tukey’s or Sidak’s 
multiple comparison test. Data unpassed the normal-
ity test were analyzed with Mann Whitney test or 
Wilcoxon matched-pairs signed rank test. Statistical 
significance was set at P < 0.05. Data were presented 
as means ± standard deviations (SDs). IC50 is defined 
as the concentration of drug which results in exactly 
half of the maximum inhibition effect for cell prolifer-
ation. IC50 values were calculated using logarithmically 
transformed followed by nonlinear regression.
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Results
HERC5, an ISG15-conjugating protein, is up-regulated in 
OSCC tissues
Using the publicly available transcriptome datas-
ets (GSE30784, GSE160042, GSE3524, GSE74530, 

GSE9844, and GSE21866), we analyzed genes that were 
differentially expressed in OSCC tissues/cells versus 
normal tissues/oral keratinocytes with the screen-
ing criteria of|log2 FC| > 1 and adj.p < 0.05. The Venn 
diagram was shown in Figs.  2A and 14 DEGs (ISG15, 

Fig. 2 (See legend on next page.)
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HERC5, GPX3, CTSC, TGFBI, BST2, NEBL, TLR2, 
PTK6, AIM2, HOXC6, SPP1, IFI44, and PDLIM2) 
were found consistently significantly differentially 
expressed in six datasets. Of the 14 DEGs, 10 (ISG15, 
HERC5, CTSC, TGFBI, BST2, TLR2, AIM2, HOXC6, 
SPP1, and IFI44) were commonly overexpressed in 
OSCC, while 4 (GPX3, NEBL, PTK6, and PDLIM2) 
were lowly expressed. Aiming at visualizing the gene 
lists and interactions, 14 DEGs and their interactions 
between each other were displayed in a PPI network 
with STRING (Fig. 2B). A total of 7 hub genes (ISG15, 
HERC5, BST2, IFI44, TLR2, AIM2, and SPP1) in the 
PPI network were recognized by the Cytoscape soft-
ware (Fig. 2C). ISG15 was the top 1 hub gene with the 
highest number of gene connections or degrees. As 
expected, HERC5 as a core E3 ligase of ISG15-conju-
gating system had the strongest interaction with ISG15 
(Fig. 2C).

Next, HERC5 transcriptional levels in OSCC tis-
sues were specified by the above datasets. As shown in 
Fig. 2D, expression of HERC5 mRNA was significantly 
up-regulated in tumor samples versus normal or para-
cancerous tissues. In addition, HERC5 mRNA levels 
were gradually elevated in normal oral tissues, mar-
gins and OSCC tissues of a GSE31056 dataset (Fig. 2E). 
We performed real-time PCR validation of HERC5 
expression in OSCC and para-OSCC tissues from our 
hospital cohort of 32 patients. This validation analy-
sis confirmed that HERC5 was highly expressed in 
tumor tissues compared to adjacent normal tissues 
(Fig.  2F). To determine the role of the ISG15-conju-
gating protein HERC5 in OSCC progression, we fur-
ther examined protein expression for HERC5 in tumor 
and adjacent normal tissues from our hospital cohort 
of 8 patients. HERC5 protein expression was higher 
in OSCC tissues at baseline (Fig.  2G). Immunohisto-
chemical results revealed that the positive expression 
site of HERC5 was mainly localized in the cytoplasm 
of tumor cells, and HERC5 expression was positively 
correlated with TNM-T stage (Fig. 2H).

Anti-metastatic role of HERC5 silencing in OSCC cells in 
vitro and in vivo
The basal expression levels of HERC5 in five OSCC 
cell lines were determined by the CCLE analysis. 
CAL27 cell lines exhibited the highest expression of 
HERC5, while SCC9 cells had the lowest expression 
(Fig.  1A). Stable overexpression of HERC5 was con-
ducted in SCC9 cell strains by transfection of HERC5 
expression plasmids (Fig.  1B and Supplementary 
Fig.  1A), while stable knockdown of HERC5 was car-
ried out in CAL27 cell strains by the RNA interference 
system (Fig.  1C and supplementary Fig.  1B). Gain-of-
function and loss-of-function experiments were then 
performed in SCC9 and CAL27 cells stably expressed 
HERC5. HERC5 overexpression facilitated the migra-
tory ability and increased the number of cells invad-
ing through the matrigel-coated porous membrane in 
SCC9 cells (Fig.  1D). Highly expressed HERC5 also 
resulted in the loss of cell junctions mediated by the 
downregulation of E-cadherin and the upregulation 
of Vimentin (Fig.  1E), which allowed the cancer cells 
to freely migrate [20]. Silencing of HERC5 resulted in 
opposite alterations in CAL27 cells (Fig. 1D and E).

Next, stably transfected SCC9 and CAL27 cells 
marked with GFP were injected into nude mice by tail 
vein (Fig.  1F). After 8 weeks, metastasis of tumor in 
lung was viewed with whole-body fluorescent imag-
ing system. The results showed that pulmonary metas-
tasis was facilitated after overexpression of HERC5, 
yet inhibited after knockdown of HERC5 (Fig.  1G). 
Overexpression of HERC5 also increased metastatic 
nodules in the lung (Fig.  1H, arrows). Representative 
H&E images of SCC9 lung sections exhibited aggra-
vated metastatic lung tumor burden following overex-
pression of HERC5 (Fig.  1I, arrowheads). Silencing of 
HERC5 resulted in the opposite results (Fig. 1G and I).

HERC5 depletion restores the cisplatin sensitivity and 
delays tumor growth
To investigate the effect of HERC5 on cisplatin-
based chemosensitivity, stably transfected SCC9 and 
CAL27 cells were treated with dose-gradient cispla-
tin. MTT assay showed that overexpression of HERC5 

(See figure on previous page.)
Fig. 2  HERC5, an ISG15-conjugating protein, is up-regulated in OSCC tissues. (A). Venn diagrams of differentially expressed genes (DEGs) with|log2 [Fold 
change (FC)]| > 1 and adj.p < 0.05 in GSE30784, GSE160042, GSE3524, GSE74530, GSE9844, and GSE21866 datasets. A total of 14 common DEGs were pre-
sented. (B). The interactive relationship of 14 common DEGs was analyzed and displayed as protein-protein interaction (PPI) network by STRING website. 
(C). The hub genes of PPI network were recognized by the Cytoscape software based on the connection degree and presented as circle. The colors of 
the circles were presented from red to yellow in descending order of degree values. The line thickness and color connecting two circles illustrated the 
strength of the interaction between nodes. (D). HERC5 mRNA expression levels in OSCC tissues and normal oral/paracancerous tissues of GSE30784, 
GSE160042, GSE3524, GSE74530, and GSE9844 datasets. (E). HERC5 mRNA expression levels in normal, margin, and tumor core of a GSE31056 dataset. (F). 
HERC5 mRNA expression levels in 32 paired OSCC and para-OSCC tissues of our independent hospital cohorts. (G). HERC5 protein expression levels in 8 
paired OSCC and para-OSCC tissues from our independent hospital cohorts. P, para-OSCC tissues. T, OSCC tissues. (H). HERC5 expression in OSCC tissues 
at different TNM-T stages by immunohistochemistry. Brown grains represented positive signals. Scale bars: 100 μm. Data in (D) were expressed as mean 
values ± SD
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weakened sensitivity of SCC9 cells to cisplatin, exhib-
ited by increased cell viability (Fig.  3A). In line with 
this, knockdown of HERC5 enhanced cisplatin-based 
chemosensitivity in CAL27 cells (Fig.  3A). Next, 

cisplatin-induced cytotoxicity in OSCC cells (SCC9 
and CAL27) was assessed based on release of LDH 
(Fig. 3B). Data showed that high expression of HERC5 
attenuated the LDH release in SCC9 cells upon 6 μM 

Fig. 3 (See legend on next page.)
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of cisplatin treatment, while low expression of HERC5 
enhanced in CAL27 cells with 4 μM cisplatin. DNA 
damage and subsequent induction of apoptosis were 
considered as the primary cytotoxic mechanism of 
cisplatin [21, 22]. Therefore, we sought to determine 
whether the inhibition of DNA damage and apop-
tosis was involved in cisplatin resistance caused by 
HERC5 in OSCC cells. Flow cytometry analysis using 
Annexin V-E/7-AAD staining showed the percentage 
of apoptotic cells treated with cisplatin was remark-
ably reduced in HERC5-overexpressing SCC9 cells, yet 
increased in HERC5-silencing CAL27 cells (Fig.  3C). 
Immunoblotting data exhibited that overexpression 
of HERC5 in SCC9 cells substantially decreased cispl-
atin-induced PARP and γ-H2AX expression (Fig.  3D). 
Knocking down HERC5 yielded the opposite effect 
on cisplatin-induced PARP and γ-H2AX expression 
(Fig. 3D).

To evaluate the in vivo efficacy of HERC5 in cispl-
atin-based chemosensitivity, we generated SCC9 or 
CAL27 cell-derived tumor xenograft. When the xeno-
graft grew to ∼ 50 mm3, cisplatin was intraperitone-
ally injected twice weekly for three weeks (Fig.  3E). 
Tumor growth curves showed that the tumor derived 
from HERC5-overexpressing SCC9 cells grew faster 
upon cisplatin treatment (Fig.  3F). After three weeks, 
the weights and volumes of tumors formed by SCC9/
HERC5-OE cells were significantly larger than those of 
tumors derived from vector-control cells (Fig.  3F and 
G). Consistently, knockdown of HERC5 in CAL27 cells 
significantly delayed tumor growth in terms of both 
tumor volume and weight (Fig. 3F and G).

HERC5 enhances the stability of SNAI1 mRNA by inducing 
UGDH phosphorylation
The BioGRID interaction database revealed that 
UGDH was an interacting protein of ISG15 and its 
conjugating protein HERC5. Phosphorylation of 
UGDH at tyrosine 473 (pUGDH(Y473)) has previ-
ously been found to enhance the mRNA stability of 
SNAI1 and accelerate lung cancer metastasis [18] 
(Fig.  4B). Therefore, we examined the pUGDH(Y473) 

level in head and neck cancer (HNC) by Cancer Pro-
teogenomic Data Analysis Site (cProSite) database. We 
found that the pUGDH(Y473)/total UGDH ratio was 
increased in HNC tissues (Fig.  4C). We subsequently 
performed western blot detection for tyrosine phos-
phorylation level of UGDH protein in OSCC and para-
OSCC tissues from our hospital cohort. Data revealed 
that tyrosine phosphorylation level of UGDH was 
highly expressed in OSCC tissues (Fig.  4D). Further-
more, the expression of SNAI1, the downstream target 
of pUGDH(Y473), was also upregulated in OSCC tis-
sues from our validation cohort (Fig. 4E and F).

Next, we sought to understand whether HERC5 
affected SNAI1 expression via phosphorylating UGDH 
in OSCC cells. Overexpression of HERC5 enhanced 
stability and expression of SNAI1 mRNA in SCC9 
cells (Fig.  4G and H). Highly expressed HERC5 also 
increased the tyrosine phosphorylation level of UGDH 
in SCC9 cells (Fig.  4I). Knockdown of HERC5 led to 
the opposite alteration (Fig. 4G-I). Moreover, silencing 
of UGDH reduced SNAI1 mRNA stability in HERC5-
overexpressing SCC9 cells (Fig.  4J). UGDH (Y473F) 
mutation abrogated HERC5 OE-increased SNAI1 
mRNA stability in SCC9 cells (Fig.  4K). Collectively, 
these data indicated that HERC5 enhanced the stabil-
ity of SNAI1 mRNA by upregulating pUGDH(Y473) in 
OSCC cells.

HERC5 increases phosphorylation level of UGDH by 
ISGylation
Based on the above results, we supposed that HERC5-
mediated UGDH phosphorylation might be associated 
with posttranslational ISGylation (Fig. 5A). The inter-
action between HERC5 and UGDH was observed in 
SCC9 and CAL27 cells via the Co-IP assay (Fig.  5B). 
The ISGylation cascade system was confirmed to exist 
in SCC9 and CAL27 cells by examining the expres-
sion levels of ISG15, E1 enzyme UBE1L, E2 enzyme 
UBCH8, and E3 ligase HERC5 via the CCLE analysis 
(Figs.  1A and 5C). UGDH ISGylation was enhanced 
after HERC5 overexpression, yet reduced after HERC5 
silencing (Fig.  5D). HERC5 point mutant (C994A), 

(See figure on previous page.)
Fig. 3  HERC5 depletion restores the cisplatin sensitivity and delays tumor growth. (A). SCC9 (left) or CAL27 (right) cells cell stably expressing HERC5_cl/
EP or HERC5_shR/NC_shR were treated with a gradient concentration of cisplatin for 48 h, after which cell growth inhibition was assessed by MTT assay. 
Treatment of SCC9 cells with 12 μM concentration of cisplatin showed 50% cell death. IC50 of cisplatin on CAL27 cells at this time was calculated to be 
8 μM. (B). LDH release assays were performed to determine the ratio of LDH to total LDH in cell supernatants after 48 h of cisplatin treatment. 6 μM cis-
platin for SCC. 4 μM cisplatin for CAL27. (C). Apoptosis of OSCC cells after 48 h of cisplatin treatment was determined by flow cytometer using Annexin 
V-PE/7-AAD assay. (D). Representative results of western blot analyses for γ-H2AX Ser139 and cleaved-PARP in SCC9 (left) or CAL27 (right) cells. (E). Sche-
matic diagram of the experimental design. A total of 2 × 106 SCC9 or CAL27 cells stably expressing HERC5_cl/EP or HERC5_shR/NC_shR were injected 
subcutaneously (s.c.) into Balb/C nude mice. When tumors reached a volume of 50 mm3, mice were injected intraperitoneally (i.p.) 3 mg/kg of cisplatin 
twice per week. Tumor volumes were recorded every three days. After 21 days, mice were killed and tumors were excised, and weighed. (F). Growth curve 
and weight of subcutaneous tumors. (G). Representative SCC9 (up) or CAL27 (down) xenograft tumors were shown. Data in (A, B, C, G) were expressed 
as mean values ± SD. # p < 0.05, ## p < 0.01 and ### p < 0.001 for comparisons between HERC5_cl#A/HERC5_cl#*/HERC5_shR#1/HERC5_shR#* and EP/
NC_shR. * p < 0.05, ** p < 0.01 and *** p < 0.001 for comparisons between HERC5_cl#B/HERC5_shR#2 and EP/NC_shR
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Fig. 4  HERC5 enhances the stability of SNAI1 mRNA by inducing UGDH phosphorylation. (A). Protein interaction network of human HERC5, as determined 
by BioGRID. Many HERC5-interacting proteins, including ISG15 and UGDH, were identified. (B). Schematic illustration of UGDH to promote EMT by increas-
ing the stability of SNAI1 mRNA, as reported by Nature. 2019;571:127–131 [18]. UGDH, UDP-glucose 6-dehydrogenase. HuR, Hu antigen R. UDP-Glc, uridine 
diphosphate-glucose. UDP-GlcUA, UDP-glucuronic acid. (C). UGDH protein abundance, phosphorylation level at tyrosine 473, and ratio of Phospho.Y473/
Total UGDH in head and neck cancer (HNC) and normal paracancerous tissues by Cancer Proteogenomic Data Analysis Site (cProSite). (D). Immunoprecipita-
tion of tyrosine-phosphorylated proteins in lysates from OSCC and para-OSCC tissues, using a pan-phospho-Tyrosine antibody. Western blot analysis was 
performed using an anti-UGDH antibody to assess tyrosine phosphorylation levels of UGDH in OSCC vs. para-OSCC tissues. (E). SNAI1 mRNA expression lev-
els in 8 paired OSCC and para-OSCC tissues of our independent hospital cohorts. (F). SNAI1 protein expression levels in 8 paired OSCC and para-OSCC tissues 
from our independent hospital cohorts. P, para-OSCC tissues. T, OSCC tissues. (G) Relative mRNA levels of SNAI1 in SCC9 (left) or CAL27 (right) cells. (H) SCC9 
(left) or CAL27 (right) cells were treated with actinomycin D (1 μg/ml). Remained SNAI1 mRNA levels after treatment were examined at the indicated time 
points. (I). Immunoprecipitation of tyrosine-phosphorylated proteins in lysates from SCC9 (left) or CAL27 (right) cells, using an anti-pan-phospho-Tyrosine 
antibody. Western blot analysis was performed using an anti-UGDH antibody to assess tyrosine phosphorylation levels of UGDH. (J) Remained SNAI1 mRNA 
levels in SCC9 cells after treatment were examined at the indicated time points. (K). SCC9 cells stably overexpressing HERC5 were transiently transfected with 
pcDNA 3.1 (+) plasmids of a C-terminally Flag-tagged UGDH (wild type or Tyr473Phe (Y473F) mutant type). After 48 h, the remaining SNAI1 mRNA levels were 
examined at the indicated time points. Data in (G, H, J, K) were expressed as mean values ± SD. #/*/& p < 0.05, ##/**/&& p < 0.01 and ###/***/&&& p < 0.001
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which lost its E3 ISGylation ligase activity, did not 
induce the UGDH ISGylation (Fig.  5E), indicat-
ing that HERC5 promoted ISGylation of UGDH via 
its E3 ligase activity. We also analyzed the effect of 
HERC5 E3 ISGylation ligase activity on UGDH tyro-
sine phosphorylation. It has been known that substitu-
tion of Cys-994 to Ala (C994A) in the HECT domain 
of HERC5 completely abrogates its E3 ligase activity 

[23]. Here, we observed that HERC5 (C994A) muta-
tion inhibited the tyrosine phosphorylation of UGDH 
(Fig.  5F), indicating the critical C994 in the HECT 
domain of HERC5 was indispensable for potentiat-
ing UGDH activity. After UDGH (Y473F) mutation, 
the tyrosine phosphorylation of UDGH promoted by 
ISGylation was impaired (Fig. 5G).

Fig. 5  HERC5 increases phosphorylation level of UGDH by ISGylation. (A). The cascade reactions of ISGylation. The covalent modification of ISG15 requires 
an E1 activating enzyme (UBE1L), an E2 conjugating enzyme (UBCH8) and one of three E3 ligases (such as HERC5). Finally, ISG15 links to the Lys (K) resi-
due of the target protein and mediates a ubiquitin-like modification. (B). Co-IP results. Whole-cell extracts (WCE) from SCC9 (up) or CAL27 (down) cells 
were subjected to immunoprecipitation with an antibody against HERC5 or a control IgG. Bound proteins were detected by western blot analysis. (C). 
Heatmap using the CCLE dataset for mRNA expression of ISG15 and its conjugation enzymes, including E1 enzyme UBE1L and E2 enzyme UBCH8, in five 
OSCC cells (CAL27, SAS, SCC25, SCC4, and SCC9). (D). Immunoprecipitation of tyrosine-phosphorylated proteins in lysates from SCC9 (left) or CAL27 (right) 
cells, using an anti-ISG15 antibody. Western blot analysis was performed using an anti-UGDH antibody to assess ISGylation of UGDH. (E&F). SCC9 cells 
were transiently transfected with pcDNA3.1-HA-ISG15, pcDNA3.1-Flag-UGDH and pcDNA3.1-Myc-HERC5 (wild type or Cys994Ala mutant type) plasmids. 
After 48 h, WCE were subjected to immunoprecipitation with an antibody against HA (E) and pan-phospho-Tyrosine (F). Bound proteins were detected 
by western blot analysis. (G). SCC9 cells were transiently transfected with pcDNA3.1-HA-ISG15, pcDNA3.1-Myc-HERC5 and pcDNA3.1-Flag-UGDH (wild 
type or Tyr473Phe mutant type) plasmids. After 48 h, WCE were subjected to immunoprecipitation with an anti-pan-phospho-Tyrosine antibody. Bound 
proteins were detected by western blot analysis
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SNAI1 depletion inhibits HERC5 OE-induced cell invasion 
and cisplatin resistance
We construct SNAI1 shRNA to transfect SCC9 cells 
stably expressing HERC5. Real-time PCR and western 
blot results revealed that knockdown of SNAI1 effec-
tively downregulated HERC5 OE-increased SNAI1 
expression (Fig.  6A and B). HERC5 overexpression-
induced cell invasion was inhibited after silencing 
of SNAI1 (Fig.  6C and D). In addition, SNAI1 deple-
tion abrogated HERC5 overexpression-mediated sup-
pression of cell apoptosis upon cisplatin treatment 
(Fig.  6E), indicating that SNAI1 was required for 
HERC5 OE-caused cisplatin resistance.

Discussion
The high mortality rate of OSCC, as its aggres-
sive and recurrent potential, remains a challenge in 
clinical practice. Comprehensive elucidation of the 

possible molecular mechanisms regarding the malig-
nant progression and chemoresistance of OSCC is a 
cornerstone of developing effective therapeutic strate-
gies. In this study, we identify that HERC5 acts as an 
ISGylation E3 ligase for UGDH and induces its phos-
phorylation, resulting in UGDH activation. Knock-
down of HERC5 reduces UGDH activity and therefore 
inhibits SNAI1-caused tumor metastasis and cisplatin 
resistance in OSCC. This study highlights the impor-
tant function of human HERC family, such as HERC5, 
in OSCC development.

The human HERC family contains six members 
who are categorized into two subfamilies: (1) large 
HERCs (HERC1-2) with one HECT domain and mul-
tiple RCC1-like domain (RLD), and (2) small HERCs 
(HERC3-6) with single HECT and RLD domains. The 
HECT domain can act as ubiquitin/ubiquitin-like pro-
tein ligase, while the RLD domain is involved in cell 

Fig. 6  SNAI1 depletion inhibits HERC5 OE-induced cell invasion and cisplatin resistance. (A&B). A shRNA targeting HERC5 mRNA (shSNAI1) and non-
targeting control shRNA (shCtrl) was inserted in pRNA-H1.1/Neo plasmid. The plasmids were transfected into SCC9 cells. After 48 h, expression of SNAI1 
mRNA (A) and protein (B) were detected by real-time PCR and western blot analyses. (C&D). Transwell matrigel invasion assays in SCC9 cells. Representa-
tive photomicrographs (C, Scale bars: 100 μm) and quantification (D) of the invasive cells (stained with crystal violet) at 24 h in lower surface of Transwell 
chamber. (E). 48 h after transfection, SCC9 cells were treated with 6 μM of cisplatin. Apoptosis of SCC9 cells after 48 h of cisplatin treatment was deter-
mined by flow cytometer using Annexin V-PE/7-AAD assay. Data in (A, D, E) were expressed as mean values ± SD
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cycle regulation [24]. Growing body of evidence has 
demonstrated that the HERC proteins are engaged in 
tumorigenesis, excluding OSCC [25]. Data available 
from the GEO online public database showed that only 
HERC5 was differentially expressed in OSCC tissues 
and cell lines (Fig.  2A). HERC5 was early described 
as a functionally active HECT ubiquitin ligase, and 
required the E2 ubiquitin-conjugating enzyme UbcH5a 
for its activity [26]. In addition to transferring ubiq-
uitin, HERC5 was later identified as the E3 ligase for 
conjugation of ISG15 (ISGylation) [27]. HERC5 plays 
a vital role in cancer development and progression by 
regulating a lot of proteins implicated in pathophysi-
ological processes via posttranslational modification. 
HERC5-mediated ISGylation of Carboxy Terminus Of 
Hsp70-Interacting Protein (CHIP; also STUB1) pro-
moted its activity and therefore inhibited non-small 
cell lung cancer (NSCLC) cell growth [28]. Apart 
from that, it was recently reported to act as a metas-
tasis suppressor gene in NSCLC through altering the 
metabolic state of cells, which was independent of its 
ISGylation function [29]. In breast cancer, HERC5 
accelerated cell proliferation and migration through 
facilitating ISGylation-dependent Interferon Gamma 
Inducible Protein 16 (IFI16) degradation [11]. Silenc-
ing of HERC5 inhibited breast cancer cell proliferation 
[30]. In contradiction to the above research on breast 
cancer, a new study published by Tian et al. showed 
that HERC5 led to ubiquitinated degradation of Y-Box 
Binding Protein 1 (YBX1) oncoprotein in breast can-
cer cells [31]. HERC5 was also essential for ISG15-
induced degradation of p53 tumor suppressor [12, 32]. 
Lund et al. revealed that HERC5 was a potential key 
driver of cisplatin resistance in ovarian cancer, indi-
cating its importance in malignant transformation of 
ovarian cancer [13]. HERC5 can exert either a tumor-
promoting or tumor-inhibitory role, depending on 
cancer types and interacting proteins. We here note 
that UbcH5a expression in OSCC tissues was not sig-
nificantly changed compared with the control group, 
by retrieving the data from the GEO public database. 
Therefore, HERC5 overexpression facilitated metas-
tasis and cisplatin resistance of OSCC, which may be 
at least partly due to its ISGylation function, not its 
ubiquitylation. It was documented that HERC5 and 
ISG15 expression were upregulated by glycoprotein 
90  K (also LGALS3BP, MAC-2-BP) in HeLa cervical 
cancer cells and CSC221 colorectal adenocarcinoma-
enriched cancer stem cells [33]. LGALS3BP was higher 
in primary OSCC tumor tissues than in paired nor-
mal oral mucosae, and LGALS3BP depletion induced 
growth inhibition and apoptosis [34]. We believe that 
HERC5-mediated ISGylation in OSCC may be affected 
by LGALS3BP.

Activation of EGFR led to excess accumulation of 
toxic UDP-GlcUA, which was produced by UGDH 
phosphorylation [16]. A study has reported that the 
expression rate of EGFR in OSCC is up to 73% [35]. 
This may be responsible for high phosphorylation 
levels of UGDH in OSCC, even if overall levels were 
not changed. In addition, chemoresistant subpopula-
tions of lung cancer and triple-negative breast can-
cer cells through cisplatin exposure displayed robust 
induction of UGDH [36]. We propose that activation 
of UGDH in OSCC may be correlated with increased 
resistance to drugs. As a key rate-limiting enzyme in 
the glucuronate pathway, UGDH was also correlated 
with increased metastatic potential in cancers [18, 
37]. A previous study demonstrated that Krüppel-Like 
Factor 4 (KLF4) activated UGDH transcription in a 
mCpG-dependent manner, and knockdown of UGDH 
inhibited KLF4 overexpression-caused tumor growth 
and migration [17]. Pharmacological inhibition of 
UGDH activity delayed prostate and thyroid cancer 
cell proliferation [38]. In the present study, we identi-
fied a novel way in which HERC5-catalyzed ISGylation 
reduces UGDH activity. UGDH is known to enhance 
the binding of HuR to SNAI1 mRNA by converting 
UDP-Glc to UDP-GlcUA (Fig. 4B) [18]. HuR is a ubiq-
uitously expressed RNA-binding protein that binds to 
the 3’-untranslated region (UTR) within mRNAs and 
increases their stability [39]. In OSCC, motile and 
invasive capabilities of tumor cells were reduced upon 
HuR depletion [40]. Therefore, it is reasonable that the 
oncogenicity is diminished in HERC5-overexpressing 
OSCC cells after silencing of SNAI1.

Similar to ubiquitination, ISGylation is an enzymatic 
cascade reaction requiring the E1 activating enzyme 
UBE1L, the E2 binding enzyme UBCH8, and the E3 
ligases HERC5, ARIH1, and TRIM25 [3]. This process 
is reversible and counteracted by deISGylating enzyme 
Ubiquitin-Specific Peptidase 18 (USP18) (Fig. 5A) [6]. 
We have confirmed that E3 HERC5 induces UGDH 
phosphorylation in the presence of the complete 
ISG15 conjugation system (with ISG15, E1 UBE1L, 
and E2 UBCH8). It arouses our attention whether 
UGDH activity is affected by other E3 ISGylation 
ligases. Apart from the HERC5, we see an interaction 
between UGDH and another E3 ligase TRIM25 in the 
BioGRID interaction database. Unfortunately, no sig-
nificant change in TRIM25 expression was observed in 
numerous microarray data of OSCC tissues/cells and 
normal tissues/cells (Fig. 2A). In addition, despite the 
presence of endogenous USP18 in OSCC cells [41], de-
binding role of USP18 does not interfere with HERC5 
OE-mediated UGDH ISGylation. Taken together, 
our results demonstrate that HERC5 functions as the 
only E3 ligase for UGDH ISGylation and positively 
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regulates metastasis and cisplatin resistance in OSCC 
cells.

High-risk human HPV infection is one of the lead-
ing causes of OSCC [42]. HPV infection helps the body 
evade interferon-mediated immune responses [43]. 
In addition, the immune- and interferon-response 
involved in these neoplasms differs based on “hot-
ness” of the tumors. “Hot” tumors are characterized 
by significant high infiltration of T cells that may pre-
dispose to activate the interferon signaling pathway, 
thus promoting the generation of more interferon-
stimulated genes [44]. Basal levels of ISG15 are weakly 
in six HPV-negative OSCC cells (OECM1, CGHNC9, 
TW2.6, HSC3, SAS and OC3) from previous research 
[9], and are not detected in two HPV-negative OSCC 
cells (SCC-9 and CAL-27) from this study (Supple-
mentary Fig. 2A). Expression of ISG15 as a conjugated 
or free protein can be substantially increased under 
stimulation with interferon [4]. Whether HPV infec-
tion and/or effector T cell infiltration affects avail-
abilities of ISG15 as substrate for the ISGylation and 
subsequent cancer progression remain unknown. 
Further studies are warranted for assessment of the 
impact of HPV status and tumor immune microenvi-
ronment on ISGylation.

Conclusions
In summary, we uncover a previously unrecognized 
mechanism by which HERC5-mediated ISGylation 
induces UGDH activation and therefore promotes 
OSCC metastasis and cisplatin resistance by enhanc-
ing the stability of SNAI1 mRNA. Although further 
evaluation in future studies is needed, our study indi-
cates that targeting HERC5 may be a promising strat-
egy for OSCC therapy.
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