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USP10 promotes cell proliferation,
migration, and invasion in NSCLC
through deubiquitination and
stabilization of EIF4G1

Fangyi Li%23, Ziyang He*3, Xinyi Zhang'2, Dacheng Gao?, Rui Xu?, Zhiwen Zhang?,
Xingguo Cao?, Qiyuan Shan?, Yali Liu2** & Zengguang Xu%2**

Lung cancer is one of the most common types of malignant cancer worldwide, causing a serious

social and economic burden. It is classified into non-small cell lung cancer (NSCLC) and small cell

lung cancer, with NSCLC accounting for 80-85% of cases. Eukaryotic translation initiation factor

4 gamma 1 (EIF4G1) is highly expressed in NSCLC, playing an important role in regulating tumor
growth, angiogenesis, malignant transformation, and phagocytosis. Ubiquitin-specific protease 10
(USP10) functions as a deubiquitinating enzyme to regulate substrate protein deubiquitination and
reverse the ubiquitin proteasome degradation pathway. Our previous study identified an interaction
between EIF4G1 and USP10; however, their regulatory mechanism remains unclear. Herein, we found
that USP10 positively regulates EIF4G1 in NSCLC cells. An in vivo ubiquitination assay demonstrated
deubiquitination of EIF4G1 by USP10, which reversed the ubiquitin proteasomal degradation of
EIF4G1, thereby increasing its stability. Upregulation of EIF4G1 promoted cell proliferation, migration,
and invasion in NSCLC cells. The current study not only reveals a novel mechanism through which
USP10 positively regulates EIF4G1 in NSCLC, but also demonstrates the potential of USP10 as a
therapeutic target to treat NSCLC.
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Lung cancer presents a global health challenge, causing substantial social and economic burdens year-on-year.
Lung cancer can be classified into two main types: non-small cell lung cancer (NSCLC) and small cell lung
cancer. NSCLC accounts for approximately 80-85% of lung cancer cases!™. In China, the incidence of new lung
cancer cases continues to rise!’13. Despite advances in surgery, radiotherapy, chemotherapy, molecular targeted
therapy, and immunotherapy, lung cancer remains the leading cause of cancer-related death worldwide!“.
Considering the much higher 5-year survival rate in patients with early-stage lung cancer than that in advanced
lung cancer'’; early screening and early diagnosis will play a pivotal role in improving long-term survival rates
in patients with lung cancer. Thus, there is an urgent need to develop more approaches for early detection and
precise treatment!¢18,

Eukaryotic translation initiation factor 4 gamma 1 (EIF4Gl) is a crucial component of the EIF4F complex,
which consists of the m7g-cap-binding protein EIF4E, the RNA deconjugating enzyme EIF4A, and EIF4G. The
EIF4F-EIF4G1 complex is essential to form the 5’ cap structure of mRNA and facilitates ribosomal assembly to
initiate gene translation'®. Notably, EIF4G1 shows high expression levels and promotes tumor growth in several
cancers, including nasopharyngeal carcinoma, inflammatory breast cancer, ovarian cancer, prostate cancer,
lung cancer, and malignant pleural mesothelioma. In addition, EIF4G1 positively regulates tumor angiogenesis,
malignant transformation, and phagocytosis?*-%.

The ubiquitin-specific protease (USP) family is a large group of deubiquitinating enzymes containing over 50
members?®?’. The USPI10gene encodes a 798-amino acid protein that includes a substantial N-terminal region,
a typical USP catalytic structural domain (approximately 380 amino acids, starting from amino acid 415), and
a small C-terminal region?®2°. USP10 is involved in a variety of biological processes, including DNA repair, cell
cycle regulation, autophagy, and immune and inflammatory responses®*’!. Increasing evidence suggests that
USP10 plays a crucial role in tumorigenesis®*~*!. Moreover, USP10 has been identified as a novel regulator of p53.
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Knockdown of USPI10 significantly reduced the stability of p53 by increasing its ubiquitination. Accordingly, two
downstream target genes of p53, P21and BAXalso showed downregulation®. A negative feedback loop between
USP10 and p53 was reported. The microRNA miR-138 decreased USPI0 expression by binding to the 3'-UTR
of USP10mRNA, but increased the expression of p53, which in turn suppressed the expression of miR-138%2.
Studies have shown that USP10 can stabilize various tumor suppressors and oncogenic factors, a function that is
tumor type-speciﬁc. USP10 acts as an oncogenic factor in breast cancer, glioblastoma, and prostate cancer®>#,
but serves as a cancer inhibitor in renal cell carcinoma, gastric cancer, and pancreatic cancer’>45:46,

Our previous study revealed high expression of EIF4GI in lung cancer, functioning as a oncogenic factor
by promoting tumor growth. In addition, EIF4G1 co-localized with USP10 by binding and interacting in the
cytoplasm. However, how EIF4G1 interacts with USP10 remains unclear. The current study aimed to determine
the mechanism regulating the interaction between EIF4G1 and USP10 in lung cancer.

Results

Regulation of EIG4G1 expression by USP10

EIF4G1 functions as an oncoprotein in the development of NSCLC. USP10 binds and interacts with EIF4GI,
and these two proteins are co-localized in the cytoplasm. Immunoprecipitation experiments confirmed the
interaction between EIF4G1 and USP10 expressed either exogenously, semiexogenously, or endogenously
(Fig. S1 A-C). To determine the mechanism underlying this interaction, we generated cells with stable USP10
knockdown and analyzed the protein expression of EIF4Gl, indicating a significant reduction of the EIF4G1
level in H1299, H157 and H23 cell lines with USP10 knockdown (Fig. 1A). In addition, we examined the protein
expression of EIF4G1 in H1299 cells overexpressing USP10, and observed elevated levels of EIF4G1 compared
with that in control cells (Fig. 1B), indicating upregulation of EIF4G1 by USP10. For further validation, we
performed rescue experiments in the USP10-knockdown H1299 cells by transfection them with a USPI0-
overexpressing plasmid. As expected, increased levels of EIF4G1 were observed after reexpression of USP10
(Fig. 1C). Subsequently, we determined the change in the EIF4G1 mRNA level with or without the expression of
USP10. The EIF4G1 mRNA level was reduced in USP10knockdown H1299, H157, and H23 cells compared with
that in control cells, suggesting that USP10 positively regulated EIF4G1 at the transcriptional level (Fig. 1D).
Furthermore, quantitative real-time reverse transcription PCR (qRT-PCR) analysis demonstrated an increased
EIF4G1 mRNA level in H1299 cells overexpressing USP10 (Fig. 1E). These results indicated that USP10 increases
the expression of EIFG41 protein and mRNA, and USP10, as a deubiquitinating enzyme, might increase the
expression of EIF4G1 protein through deubiquitination.
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Figure 1. Regulation of EIG4G1 expression by USP10. A Two shRNAs downregulated the expression of
USP10 in NSCLC cell lines H1299, H157, and H23. EIF4G1 levels were detected using western blotting, with
B-actin as the internal reference. B Overexpression of USP10. Western blotting for the protein levels of EIF4Gl,
with B-actin as the internal reference. C Transfection of a USP10-overexpressing plasmid in USP10 knockdown
H1299 cells; EIF4G1 protein levels were detected using western blotting, with B-actin as the internal reference.
D Downregulation of USPI0 expression. qRT-PCR detection of the mRNA levels of EIF4G1, with GAPDH as
the internal reference. E Overexpression of USP10. qRT-PCR detection of the mRNA levels of EIF4GI, with
GAPDH as the internal reference. Mean +SD, n=3. **P<0.01, ***P<0.001, ****P <0.0001. Original blots are
presented in Supplementary Fig. 2.
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Regulation of EIF4G1 stability by USP10

We hypothesized that USP10 stabilizes EIF4G1 through deubiquitination, leading to upregulation of EIF4G1.
To test this hypothesis, we treated USP10 knockdown H1299 cells with the protein synthesis inhibitor CHX,
and analyzed the degradation rate of EIF4GI1. The results showed that CHX treatment reduced the protein
level of EIF4G1, but USP10 knockdown increased the degradation rate of EIF4G1 in H1299 cells (Fig. 2A). In
contrast, overexpression of USP10 and CHX treatment in H1299 cells resulted in a slower degradation of EIF4G1
(Fig. 2B). These findings indicated that USP10 increased the stability of EIF4G1.

USP10 is a cytoplasm-specific deubiquitinating protease. Therefore, in NSCLC cells, EIF4G1 might be
degraded through the ubiquitin-proteasome pathway, and USP10 might increase EIF4GI1 stability by reversing
this pathway. To test this hypothesis, we treated USP10 knockdown H1299 cells with the proteasome inhibitor
MG132 (10 uM), which resulted in an increased protein level of EIF4G1 (Fig. 2C), suggesting that blocking the
proteasomal degradation pathway can lead to EIF4G1 accumulation. Consequently, we concluded that USP10
increases EIF4Gl1 stability by suppressing its ubiquitin proteasome-mediated degradation.
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Figure 2. Role and pathway of USP10 in the regulation of EIF4G1 stability. A Control cells and H1299 cells
stably knocked down for USP10 were treated with CHX (20 pg/mL) and harvested at the indicated times.
Western blotting analysis of EIF4G1 protein levels. B Control cells and H1299 cells overexpressing USP10 were
treated with CHX (20 ug/mL) and harvested at the indicated times. Western blotting was performed to analyze
EIF4G1 protein levels. C After treating USP10 knockdown cells with MG132 (10 uM) for 10 h, EIF4Gl1 levels
were detected using Western blot, with B-actin as the internal reference; the error bars indicate the standard
deviation of three independent experiments. Mean + SD, n=3. Original blots are presented in Supplementary
Fig. 3.
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USP10 deubiquitylates EIF4G1

In the USP10 knockdown 293T cells, the level of ubiquitinated EIF4G1 was significantly higher than that in the
control cells (Fig. 3A). For further validation, we conducted in vivo ubiquitination experiments in the 293T cells
stably overexpressing wild-type USP10 or USP10 C488A (USP10CA, a mutation in the core enzyme region)*.
Overexpression of wild-type USP10 significantly reduced the level of ubiquitinated EIF4G1, whereas USP1I0CA
did not (Fig. 3B). These results confirmed that USP10 deubiquitinates and stabilizes EIF4GI.

USP10 regulates NSCLC cell proliferation in an EIF4G1-dependent manner

EIF4Gl1 plays an important role in the development, progression, and treatment of cancer?’. It is frequently
overexpressed in various types of cancer, including nasopharyngeal carcinoma, squamous cell carcinoma and
breast cancer?484°, functioning as an oncogene. To investigate whether USP10 regulates NSCLC cell proliferation
by stabilizing EIF4G1, we generated NSCLC cells with stable USP10 knockdown, USPI0 overexpression, or
EIF4G1 overexpression, respectively (Fig. S1D). CCK-8 assays showed decreased cell proliferation in the USP10
knockdown H1299 cells compared with that in the control cells, which was rescued after overexpression of
EIF4GI (Fig. 4A).

In addition, the proliferative ability of USP10-overexpressing cells was significantly higher than that of
control cells (Fig. 4B), which further supported the upregulation of EIF4G1 by USP10 in H1299 cells in Fig. 1B.
Similarly, clone formation assays showed fewer colonies formed by the USP10knockdown H1299 cells, which
was rescued by EIF4G1 overexpression (Fig. 4C). Both the number and size of the colonies formed by the USP10-
overexpressing cells were significantly increased compared with those of the control cells (Fig. 4D). These results
indicated that USP10mediated deubiquitination of EIF4G1 increased the EIF4G1 levels and thereby promoted
proliferation in NSCLC cells.

USP10 regulates NSCLC cell migration in an EIF4G1-dependent manner

We hypothesized that USP10 might influence tumor cell migration by regulating EIF4G1 stability. To test the
hypothesis, we performed wound healing assays, which revealed a significant decrease in cell migration in the
USP10 knockdown cells, compared with that of the control cells, which was rescued by EIF4GI overexpression
(Fig. 5A). Furthermore, wound healing assays using USPI0overexpressing cells showed a higher migration rate
in H1299 cells compared with that of the control cells (Fig. 5B). The results were further validated by applying
additional Transwell migration assays (Fig. 5C and D). In conclusion, USP10 promotes NSCLC cell migration
in an EIF4Gldependent manner.

USP10 regulates NSCLC cell invasion in an EIF4G1-dependent manner

Transwell invasion assays were applied to detect the cell invasive capability. USP10 knockdown significantly
suppressed cell invasion, which was rescued by EIF4GI overexpression (Fig. 6A). Overexpression of USP10
significantly promoted cell invasion (Fig. 6B). These results confirmed that USP10 promotes the invasive capacity
of NSCLC cells in an EIF4Gldependent manner.
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Figure 3. USP10 Deubiquitylated EIF4G1. A The EIF4G1 expression vector and HA-UB were

transfected into control and USP10 knockout cells. The cells were then treated with MG132 (40 uM)

for 4 h. Immunoprecipitation was performed using FLAG beads and immunoblotting was performed

as indicated. B The EIF4G1 expression vector and HA-UB were transfected into wild-type USP10 and
USP10 mutant overexpressing cells. The cells were then treated with MG132 (40 pM) for 4 h, followed by
immunoprecipitation using FLAG beads, and immunoblotting as indicated. Original blots are presented in
Supplementary Fig. 4.
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Figure 4. USP10 regulates non-small cell lung cancer cell proliferation in an EIF4G1-dependent manner.

A CCK-8 assay of the proliferative capacity of control H1299 cells, USP10 knockdown cells, and USP10
knockdown plus EIF4G1 overexpression cells. B CCK-8 assay of the proliferative capacity of cells
overexpressing USP10 and control H1299 cells. C Clone formation assay to detect the proliferative ability of
control H1299 cells, USP10 knockdown cells, and USP10 knockdown plus EIF4GI overexpression cells. D
Clone formation assay to detect the proliferative ability of cells overexpressing USP10 and control H1299 cells.
Mean +SD, n=3.**P<0.01, **P<0.001, ***P<0.0001.

Discussion

Early screening and early diagnosis are the most important means to improve the long-term survival rate of
patients with lung cancer. Currently, low-dose computed tomography is regarded as an effective and promising
screening method for lung cancer. However, it is limited because of a lack of malignant nodule specificity and
the increased psychological and physiological burden on patients®’. Liquid biopsy also shows promise as a non-
invasive, accurate, and predictive tool in cancer diagnosis. The oncogene EIF4Glis highly expressed in tumors,
promoting tumor cell proliferation. Its inhibitor, 4EGI-1, effectively suppresses gene translation in breast cancer
stem cells by interacting with translation initiation factors EIF4E1 and EIF4G1°. In addition, EIF4G1 has been
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Figure 5. USP10 regulates non-small cell lung cancer cell migration in an EIF4G1-dependent manner. A Cell
scratch assay for the migratory ability of control H1299 cells, USP10 knockdown cells, and USP10 knockdown
plus EIF4G1 overexpression cells. B Cell scratch assay to detect the migration ability of cells overexpressing
USP10 and control H1299 cells. C Transwell migration assay to detect the migration ability of control

H1299 cells, USP10 knockdown cells, and USP10 knockdown plus EIF4G1 overexpression cells. D Transwell
migration assay was performed to detect the migration ability of cells overexpressing USP10 and control H1299
cells. Mean + SD, n=3. **P<0.01, **P<0.001, ***P < 0.0001. Scale bars: 50 um.
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Figure 6. USP10 regulates non-small cell lung cancer cell invasion in an EIF4G1-dependent manner. A
Transwell invasion assay detecting the invasion ability of control H1299 cells, USP10 knockdown cells, and
USP10 knockdown plus EIF4G1 overexpression cells. B Transwell invasion assay detecting the invasion ability
of cells overexpressing USP10 and control H1299 cells. Mean + SD, n=3. *P < 0.5, **P < 0.01. Scale bars: 50 pum.

reported to regulate the expression and phosphorylation of mechanistic target of rapamycin kinase (mTOR,
Ser2448), thereby promoting NSCLC tumor growth?!. The deubiquitinating enzyme USP10 is involved in the
regulation of DNA repair, cell cycle, autophagy, and immune and inflammatory responses**!. The Notch receptor
(NOTCH) and transforming growth factor p (TGF-p) exist in different cancer species and play carcinogenic or
anticancer roles. NOTCH is an oncogenic factor in leukemia, which directly activates MYC expression through
NMe and promotes the growth, proliferation, and self-renewal of leukemia cells®2. In head and neck tumors,
NOTCH can significantly block cells in the G1 phase by increasing P21 levels, thus playing a tumor suppressant
role®®. TGF-f induces pleckstrin 2 (PLEK2) expression in breast cancer by activating PLEK2promoter activity,
thus playing a carcinogenic role®*. In colon cancer, TGF-p induces Smad2/3 phosphorylation and forms a
complex with Smad4 to accumulate in the nucleus. This inhibits the production of inflammatory cytokines and
chemokines, thus playing a tumor suppressant role®. It has also been reported that USP10 plays a crucial role in
regulating tumorigenesis, depending on the tumor type. USP10 acts as oncogene in breast cancer, glioblastoma,
and prostate cancer®>*, and as a tumor suppressor in kidney, stomach, and pancreatic cancer®>*>, Therefore,
we speculated that this tumor type-specific function of USP10 might be similar to that of NOTCH and TGF-p.
Thus, there may be more complex molecular mechanisms underlying USP10’ function, which requires further
study and exploration.

To effectively diagnose and treat lung cancer, novel therapeutic targets need to be explored. EIF4G1 and USP10
are closely related to cancer development and progression. EIF4G1 is highly expressed in NSCLC and interacts
with USP10. The literature suggests EIF4G1 and USP10 as new potential targets for lung cancer treatment. In
the current study, we found that USP10 positively regulates EIF4G1. USP10 deubiquitinated EIF4G1, thereby
increasing its stability. USP10 knockdown decreased the proliferation, migration, and invasion in NSCLC cells,
which were rescued by EIF4G1overexpression. Thus, USP10 promotes the proliferation, migration and invasion
of NSCLC by increasing the level of EIF4G1, providing a new target for the treatment of lung cancer. However,
further validation using animal experiments and clinical sample analysis in vivo are required. USP10, as a
deubiquitinating enzyme, can act on a variety of substrate molecules to regulate their ubiquitination and stability,
such as Yesl associated transcriptional regulator (YAP1), Nuclear factor erythroid 2-related factor 2 (Nrf2),
sirtuiné (SIRT6), P53, MOF (also known as lysine acetyltransferase 8), and these molecules either directly affect
gene transcription, affect gene transcription through antagonism, or affect histone enrichment at the promoter,
thus influencing the mRNA expression level of the target gene®”**~>%, We speculated that one or several USP10
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substrate molecules might be involved in the regulation of EIF4GI mRNA expression, such that USP10 not only
directly affects the stability of the EIF4G1 protein through deubiquitination, but also the expression level of
EIF4G1 mRNA is indirectly through other substrate molecules. The complex regulatory mechanism remains to
be further studied.

Methods

Cell culture

NSCLC cell lines H1299 and HEK 293T were obtained from the Shanghai Institutes for Biological Sciences
(Shanghai, China). NSCLC cell lines H157 and H23 were obtained from iCellBioscience Inc. (Shanghai, China).
Cells were cultured in Dulbecco’s modified Eagle’s medium (Corning Inc., Corning, NY, USA) containing 10%
fetal bovine serum and 1% penicillin/streptomycin (Corning Inc.).

Western blotting

The cell lysate was extracted using Radioimmunoprecipitation assay buffer containing protease inhibitors. Protein
extracts were then subjected to sodium dodecyl-sulfate polyacrylamide gel electrophoresis and transferred onto
nitrocellulose membranes. The proteins on the membranes were blocked using 5% skim milk in Tris-buffered
saline/Tween 20 and incubated with primary antibodies overnight at 4 °C, followed by incubation with labeled
secondary antibodies. Images of the immunoreactive protein bands were acquired using the SageCapture System
(Sage Creation, Beijing, China). The primary antibodies we used were: anti-B-actin (AC026, 1:10000; ABclonal,
Wauhan, China); anti-EIF4G1 (8701 S,1:1000), anti-FLAG (2368 S, 1:1000), and anti-IgG (2729 S,1:1000), all
from Cell Signaling technology (Danvers, MA, USA); anti-HA (H3663, 1:1000, Sigma, Roedermark, Germany);
and anti-USP10 (PA5-52334, 1:1000,Thermo Fisher Scientific, Waltham, MA, USA).

Total RNA extraction and quantitative real-time reverse transcription PCR (QRT-PCR)

Total RNA was extracted using a Total RNA Isolation Reagent (SuPerfecTRI, Pufei Biotech, Jiangsu, China).
Reverse transcription of the RNA was performed using an ABScript III RT Master Mix for qPCR (ABclonal).
The cDNA was subjected to quantitative real-time PCR analysis using ExaGreen 2X qPCR MasterMix (Applied
Biological Materials Inc., Richmond, Canada) and an Applied Biosystems™ 7500 instrument (Foster City, CA,
USA). The primers for GAPDH (control) were purchased from Sangon Biotech (Shanghai, China). Other
primers used were: EIF4G1 forward 5-CTCTTCATCTTTGTACGGCATA-3’, reverse 5-CCTTGGTACTGAG
CAGTAG-3’; USP10 forward 5-GGTGAAGGAAGCGAGGATGAATGG-3;, reverse 5-AATTGCCGGTGATT
GGAGTCTGAAC-3’.

Cycloheximide (CHX) protein degradation assay
Cells were cultured in medium containing 20 ug/mL CHX (AbMole, Houston, TX, USA) at 37 °C. Cell lysates
were prepared using lysis buffer every 2 h during CHX incubation.

Immunoprecipitation assay

Proteins were extracted from cells using Radioimmunoprecipitation assay buffer with protease inhibitors on
ice for 1 min. Supernatants were collected and incubated with ANTI-FLAG M2 Affinity Gel (A2220, Sigma) at
4 °C for 4 h. The beads were then washed five times using lysis buffer, and the samples were resuspended in 1%
sodium dodecyl sulfate, boiled at 100 °C for 5 min, and then subjected to electrophoresis and western blotting.

Cell Counting Kit-8 (CCK8) cell proliferation assay

Cells (1,000 cells/well) were seeded in 96-well plates and cultured for 4 days, then 10 uL of CCK 8 reagent
(ShareBio, Hangzhou, China) was added. The absorbance at 450 nm was measured after 2 h using a microplate
reader (Thermo Fisher Scientific). The results were analyzed using GraphPad Prism7 (GraphPad Inc., La Jolla,
CA, USA).

Colony formation assay

Cells (1,000 cells/well) were seeded in 6-well plates, and cultured for 14 days, followed by washing with
phosphate-buffered saline, fixing with methyl alcohol spirit for 10 min, and staining with crystal violet solution
(Beyotime, Jiangsu, China).

Wound healing assay

The cells were grown to full confluency in 6-well plates and then incubated overnight in starvation medium. The
cell monolayer was scratched using a sterile fine pipette tip, washed with medium to remove detached cells, and
the wound was photographed under a microscope. The cells were incubated for 48 h and then the wound gap
was photographed under the microscope again. The difference in the size of the wound determined the wound
healing rate.

Transwell migration assay

The migration assay was performed using 6-well Transwell chambers (8 um, Labselect, Hefei, China). Following
transfection, tumor cells were resuspended in serum-free Dulbecco’s modified Eagle’s medium. Then, 1X 10°
cells were seeded into the upper chambers and 2 mL of Dulbecco’s modified Eagle’s medium containing 20%
fetal bovine serum were added to the bottom chambers. After incubation for 48 h, the non-migrated cells were
gently removed using a cotton swab. Migrated cells located on the lower side of the chamber were stained with
0.1% crystal violet (Beyotime) and counted under a microscope.
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Transwell invasion assay

The invasion assay was performed using 24-well Transwell chambers (8 pm; Corning Inc.). Following
transfection, tumor cells were resuspended in serum-free Roswell Park Memorial Institute 1640 medium. Then,
5x 10% cells were seeded into the upper chambers, which were covered with Matrigel (BD Biosciences, San Jose,
CA, USA), and 0.5 mL of Roswell Park Memorial Institute 1640 containing 20% fetal bovine serum was added
to the bottom chambers. After incubation for 48 h, the non-invaded cells were gently removed using a cotton
swab. Invaded cells located on the lower side of the chamber were stained with 0.1% crystal violet and counted
under a microscope.

RNA interference and gene overexpression

To establish stable USP10 knockdown cells, we used short-hairpin RNAs (shRNAs) from Dharmacon (Lafayette,
CO, USA): USP10-shRNA1 (KD1), USP10-shRNA2 (KD2), and a nonsilencing (NS)-shRNA as a control.
To establish stable EIF4G1 or USP10 overexpressing cells, we transfected cells with a USP10 overexpression
plasmid, an EIF4GI overexpression plasmid, the USP10 mutant USP10C488A (USP10CA)-expressing plasmid,
and a nonoverexpressing plasmid as a control (Ribobio, Guangzhou, China).

Statistical analysis
The differential expression between two groups was evaluated using an independent Student’s t-test in GraphPad
Prism?7. The results are shown as the mean + SD. p < 0.05 was considered statistically significant.

Data availability
All data generated or analysed during this study are included in this published article [and its supplementary
information files].
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