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Abstract
Recent studies have evidenced that ubiquitin-speci�c proteases (USPs) are associated with the
occurrence and drug resistance of T-cell acute lymphoblastic leukemia (T-ALL). N6-methyladenosine
(m6A) demethylase AlkB homolog 5 (ALKBH5) exerts a carcinogenic effect in human cancers and
improves the mRNA stability of USPs. Whether ubiquitin speci�c protease 1 (USP1) controls
chemoresistance in T-ALL is unknown. Our study demonstrated that USP1, Aurora kinase B (Aurora B)
and ALKBH5 levels were highly expressed in glucocorticoid (GC)-resistant T-ALL patients and cells (CEM-
C1). High expression of USP1 was correlated to the poor prognosis of T-ALL patients. Silencing USP1
increased CEM-C1 cell sensitivity to dexamethasone (Dex), reduced cell invasion, promoted cell
apoptosis, and ameliorated glucocorticoid receptor (GR) expression. USP1 mediated T-ALL
chemoresistance by interacting with Aurora B. Overexpression of USP1 reversed the promotive effects of
Aurora B inhibitor on the sensitivity of CEM-C1 cells to Dex, cell apoptosis and GR level and the inhibition
effect on cell invasion. Downregulation of ALKBH5 reduced the levels of USP1 and Aurora B, facilitated
CEM-C1 cell sensitivity to Dex, apoptosis and GR expression, suppressed cell invasion. However,
overexpression of USP1 reversed all the effects of ALKBH5 on CEM-C1 cells. In vivo results showed that
tail vein injection of sh-USP1 resulted in a signi�cant prolongation of mouse survival and maintained the
normal weight of mice compared to the Dex group, reduced USP1 expression and facilitated GR
expression. In conclusion, downregulation of USP1 ameliorated glucocorticoid resistance of T-cell acute
lymphoblastic leukemia cells through suppressing Aurora B expression and elevating GR level.

Introduction
T-cell acute lymphoblastic leukemia (T-ALL) is an aggressive hematologic malignancies of T cell
progenitors, which accounts for 10–15% of acute lymphoblastic leukemia (ALL) cases in children and
25% of adults [1]. Although most chemotherapy regimens have high e�cacy in pediatric patients, T-ALL
has a high risk of recurrence owing to being prone to treatment resistance [2]. Chemoresistance is one of
critical reasons preventing T-ALL from being cured. Hence, it is imperative to explore the resistance
mechanism of T-ALL.

Ubiquitination is a highly conserved modi�cation process, which has pivotal protein-regulatory functions
and is critically regulated by deubiquitinating enzymes (DUBs) [3]. DUBs could be divided into �ve
families, the largest of which is ubiquitin speci�c protease (USPs) [4]. Abnormal expression of DUBs is
associated with many biological processes, including chemoresistance [5]. For example, USP2 was
upregulated in triple-negative breast cancer (TNBC), and inhibition of USP2 enhanced TNBC
responsiveness to chemotherapy [6]. High expression of USP20 promoted tumorigenesis and
chemoresistance via regulating the deubiquitination of β-catenin [7]. USP9X accelerated breast cancer
chemoresistance through reducing Yes-associated protein 1 (YAP1) polyubiquitination [8]. USP1 is a
member of USP deubiquitylases subfamily, but its role in T-ALL chemoresistance remains unclear.
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N6-methyladenosine (m6A) RNA methylation is a reversible and the most predominant type mRNA
modi�cation [9]. The effects of m6A are achieved through the dynamic interaction of “writers”
(methyltransferases), “erasers” (demethylases) and “readers” (effector proteins) [10]. The classical
complex of writers comprises methyltransferase-like 3 (METTL3), methyltransferase-like 14 (METTL14)
and Wilms tumor 1-associated protein (WTAP), which catalyze the formation of m6A [11]. AlkB homolog
5 (ALKBH5) and fat mass and obesity-associated (FTO) act as the erasers to reverse the m6A
modi�cation [9]. m6A modi�cation is implicated in multiple biological processes including tumorigenesis.
METTL3 facilitated tumor progression through an m6A-IGF2BP2-dependent mechanism in colorectal
carcinoma [12]. FTO, acting as an oncogene, promoted breast tumor progression via repressing BNIP3
[13]. ALKBH5 maintained tumorigenicity of glioblastoma stem-like cells by enhancing FOXM1 expression
and cell proliferation [14]. FTO promoted the growth of non-small cell lung cancer cells by increasing the
expression of USP7 [15]. Nevertheless, the biological role of ALKBH5 related to m6A modi�cation has not
been fully explained in T-ALL.

In our study, we demonstrated that USP1 was upregulated in GC-resistant T-ALL patient bone marrow
compared with GC-sensitive and normal patients, and high level of USP1 was associated with poorer
survival in A-TLL patients. Mechanistically, we found that USP1 could regulate chemoresistance via
interacting with Aurora B. Additionally, USP1 deubiquitinated and stabilized Aurora B to promote
chemoresistance in CEM-C1 cells, suggesting that USP1 could be a promising prognostic marker and a
potential therapeutic target in T-ALL.

Material And Methods
Cell culture and treatments

Bone marrow specimens from GC-sensitive patients (12 males and 8 females; average age 12 years old)
and GC-resistant patients (9 males and 11 females; average age 15 years old) were obtained from A-TLL
patients at the Department of Hematology, the Second A�liated Hospital of Zhengzhou University from
July 2016 to May 2019. This research was approved by the Medical Ethics Committee of the First
A�liated Hospital of Zhengzhou University. All A-TLL patients and healthy donors have got the written
informed consent and were conducted in accordance with the Declaration of Helsinki. The diagnosis of A-
TLL was based on the revised French-American-British classi�cation.

Cell lines and culture

GC-sensitive cell line (CEM-C7), GC-resistant cell line (CEM-C1) and HEK293T cells were obtained from
Chinese Academy of Sciences (shanghai, China). All cells were maintained in Roswell Park Memorial
Institute‐1640 (RPMI‐1640) medium (Gibco, Rockville, MD) supplemented with 10% fetal bovine serum
(FBS) (HyClone, Salt Lake City, UT) and 1% penicillin‐streptomycin (Sigma, St. Louis, MO, USA) at 37 oC in
a controlled humidi�ed atmosphere with 5% CO2. Aurora B inhibitor barasertib (AZD1152-HQPA) was
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prepared in DMSO at the concentration of 5 mM and stored at -20 oC. Before co-culture with cells, the
stock solution was diluted to a �nal concentration of 5 μM with culture medium.

Reverse transcription‐quantitative PCR (RT‐qPCR)

Total RNA from bone marrow and cells was extracted using Trizol reagent (Invitrogen, Carlsbad, CA, USA),
and all RNA was reversely transcribed into cDNA using PrimeScript RT reagent Kit (Takara, Dalian China)
following the manufacturer’s instructions. RT-qPCR were performed using SYBR Premix Ex Taq Kit
(Takara, Dalian, China) on an Applied Biosystems Prism 7900 system (Applied Biosystems, Foster City,
CA, USA). The PCR procedure was performed at 95 oC for 30 s, followed by 39 circles at 95 oC for 5 s and
60 oC for 30 s. GAPDH served as an internal reference. Data were analyzed using the 2−ΔΔCT method. The
following primers were used: USP1 (forward 5′-3′: AAA AGG GTG TGA GGC TCG AG; reverse 5′-3′: CCA
GGA AAA T CT GGT CGG CT); Aurora B (forward 5′-3′: CTG CAC CAT CCC AAC ATC CT; reverse 5′-3′: TGC
CAA CTC CTC CAT GAT CG); ALKBH5 (forward 5′-3′: CCA CCA GCT TTT GGA TCA CCA; reverse 5′-3′: ACG
CCT GGT TAC TAT CAA AAG G). Gene-Speci�c m6A qPCR was performed as previously reported by Li et
al [16]. The housekeeping gene HPRT1 was used as internal control.

Cell transfection

The plasmids carrying USP1 expression kit and control vector were purchased from Sangon (Shanghai,
China). Lipofectamine 3000 Transfection Reagent was used for cell transfection. After incubation, the
reagent mixed with USP1 or vector was added in each group. In addition, siRNA negative control
(scramble), USP1 siRNA, and ALKBH5 siRNA (All obtained from Sangon, Shanghai, China) were
transfected into cells as described above.

Cell viability

CEM-C1 cells were seeded in 96-well plates overnight. After treatment with different concentration of Dex,
10 μL of CCK-8 solution (Bio-Rad, Hercules, CA, USA) was added to each well for another 2 h at 37 oC. The
absorption value was detected with a microplate reader (Molecular Devices, Sunnyvale, CA, USA) at the
absorbance of 450 nm.

Cell invasion

CEM-C1 cells (2 × 104 cells/200 μL of serum-free) were seeded into the upper chambers of Transwell
chambers coated with Matrigel, and the lower chambers were �lled with 600 μL cell suspension. After
incubation for 48 h, cells attached to the upper surface of the �lter membranes were removed with cotton
swabs and the migrated cells were stained with 0.1% crystal violet for 20 min. The number of migrated
cells was quanti�ed under a microscope (LEICA, shanghai, China).

Cell apoptosis
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Cells were treated differently for 24 h and then were collected at a centrifuge of 300 g at 4 oC for 5 min. 5
μL of Annexin V‐FITC and 5 μL of propidium iodide (PI) were added at room temperature in dark and
mixed gently for 20 min. After washing with binding buffer, cells were examined by Flow cytometry (BD
Biosciences, San Jose, CA, USA).

Co-Immunoprecipitation (Co-IP)

After different transfection, HEK293T cells were collected and lysed using protein lysis buffer consisting
of 50 mM Tris-HCl, 150 mM NaCl, 1% Triton X-100, 1 mM EDTA, 200 mM Na3VO4, and proteinase
inhibitor. About 3 mg of lysates were incubated with Flag-agarose beads or HA- agarose beads for 4 h at
4 oC. Beads were washed four times with lysis buffer. 5 mg of lysates were incubated with IgG (Millipore,
Billerica, MA, USA) or anti-Aurora B for 4 h at 4 oC. Protein A agarose beads were added and incubated
again at 4 oC for 12 h. Lysis buffer was used to wash the immunocomplexes, eluted and boiled in SDS
sample buffer. All samples were analyzed by Western blot with the indicated antibodies.

Western blotting

Cells were seeded in 6-well plates and treated differently. After lysing in Radio Immunoprecipitation Assay
lysis buffer (Beyotime, Shanghai, China) for 30 min 4 °C, protein concentration was quanti�ed by using
an Enhanced BCA Kit (Beyotime, Shanghai, China). Separated protein samples were transferred to
polyvinylidene di�uoride membranes (Millipore, Bedford, MA, USA) and blocked with 5% skim milk at
room temperature for 1 h, and then the blots were incubated with primary antibodies against USP1
(ab108104, 1:400 dilution, Abcam, Cambridge, UK), Aurora B (ab2254, 1:500 dilution, Abcam, Cambridge,
UK), GR (ab144525, 1:500 dilution, Abcam, Cambridge, UK), ALKBH5 (ab195377, 1:500 dilution, Abcam,
Cambridge, UK). Then the membranes were incubated with a horseradish peroxidase-conjugated
secondary antibody (1:1000 dilution, A32733, Abcam, Cambridge, MA, USA) for 1 h at room temperature.
Chemiluminescent reagent was used to detect protein bands. All western blots were subjected to relative
optical density (OD) analysis during the experiment, and signal was visualized using a
chemiluminescence imaging system (Bioshine ChemiQ 4800 mini, China, Oxiang, Shanghai).

Tumor xenograft experiments

Adult male C57BL/6J mice (weighting 18-25 g) were obtained from Laboratory Animal Center, Zhengzhou
University. Mice were randomly divided into four group: control group; control + Dex (mice were given with
8 mg/kg Dex); sh-RNA +Dex (mice were injected with 2 mg/Kg sh-RNA and given with 8 mg/kg Dex); sh-
USP1 +Dex (mice were injected with 2 mg/Kg sh-USP1 and given with 8 mg/kg Dex). After the treatment
of each group, the mice were housed and fed in a room with an ambient temperature of 25 ° C for 80
days, and the survival time and weight of the mice was recorded. When rats were scari�ed, tissues were
harvested for Western blotting. The study was approved by the ethic committee in the First A�liated
Hospital of Zhengzhou University. All animal experimental procedures were under the Guide for the Care
and Use of Laboratory Animals of the National Institutes of Health.
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Statistical Analysis

Each experiment was carried out in triplicate, and all data were reported as the mean ± standard error of
mean (SEM). One-way analysis of variance was used for the comparison among groups, and t-test was
used for pairwise comparison. *P 0.05 was regarded signi�cant.

Results
USP1 mRNA and protein levels were upregulated in the bone marrow of T-ALL patients

To explore the roles of USP1, qPCR was performed to detect the expression of USP1 in T-ALL patients.
Compared with Normal bone marrow, the mRNA levels of USP1 were upregulated in GC-sensitivity and
GC-resistant T-ALL patients (Fig.1 A, P < 0.05). In relation to the GC-sensitivity group, USP1 expression
was higher than that in GC-resistance group (P < 0.05). Additionally, survival analysis of T-ALL patients
showed that patients with high expression of USP1 had poor overall survival (Fig.1B, P < 0.05). Cell
viability results showed that CEM-C1 cells had stronger tolerance to Dex than CEM-C7 cells (Fig.1C and D,
P < 0.05). Western blotting results suggested that USP1 expression in CEM-C1 cells were higher than that
in CEM-C7 cells, while GR expression in CEM-C1 was lower than that in CEM-C7 cells (Fig.1E-H, P < 0.05).
All �ndings indicated that USP1 were involved in the development of chemotherapy resistance in T-ALL.

Downregulation of USP1 facilitated CEM-C1 cell chemosensitivity and apoptosis

To evaluate the function of USP1, CEM-C1 cells were transfected with USP1 siRNA. And the results
showed that the mRNA level of USP1 was markedly reduced compared with scramble group (Fig.2A, P <
0.05). Then cells were treated with different concentrations of Dex to detect the sensitivity to
chemotherapy. CCK-8 assay validated that cells transfection with USP1 siRNA could prominently
ameliorate the sensitivity to Dex (Fig.2B and C, P < 0.05). Transwell assay showed that downregulation of
USP1 could reduce cell invasion (Fig.2D and E, P < 0.05). Flow cytometry assay revealed that silence of
USP1 could promote cell apoptosis (Fig.2F and G, P < 0.05). In addition, USP1 silencing observably
increased the levels of GR (Fig.2H and I, P < 0.05). Taken together, downregulation of USP1 facilitated
CEM-C1 cell sensitivity to Dex and cell apoptosis.

USP1 interacted with Aurora B

Abnormal Aurora B was reported to be associated with drug resistance of many human cancers[17].
Hence, we detected the expression of Aurora B in T-ALL patients. Our results revealed that Aurora B was
upregulated in GC-sensitivity and GC-resistant T-ALL patients, and the level of Aurora B in bone marrow of
patients with GC resistant T-ALL was higher (Fig.3 A, P < 0.05). Pearson correlation test revealed that
there was a positive correlation between USP1 and Aurora B in GC resistant patients (Fig.3B, P < 0.05).
Then we assessed whether USP1 could interact with Aurora B. Cells were transfected with FlagUSP1 and
HA-Aurora B, and the binding of USP1 to Aurora B was veri�ed by co-immunoprecipitation (Fig.3C and D,
P < 0.05). Co-IP assay revealed that USP1 could bind to Aurora B (Fig.3E, P < 0.05). Western blotting
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assay revealed that downregulation of USP1 could reduce the level of Aurora B (Fig.3F and G, P < 0.05).
These results showed that USP1 interacted with Aurora B.

USP1 regulated chemoresistance via Aurora B

To investigate how USP1 and Aurora B affect chemoresistance, we used Aurora B inhibitors, barasertib, to
explore the effects of USP1 and Aurora B in CEM-C1 cells. CEM-C1 cells were �rst treated with 5 μM
barasertib, and then transfected with pcDNA-USP1. The mRNA level of USP1 was upregulated after cells
were transfected with pcDNA-USP1(Fig. 4A, P < 0.05). Cells treatment with barasertib dramatically
reduced the expression of Aurora B, while overexpression of USP1 could reverse the inhibitory effect of
barasertib on Aurora B expression (Fig.4B and C, P < 0.05). CCK-8, Transwell, �ow cytometry and Western
blot assays suggested that barasertib could increase the sensitivity of cells to Dex, suppress cell invasion,
promote cell apoptosis and ameliorate the expression of GR (Fig.4C-E, P < 0.05). However, overexpression
of USP1 recovered the promotion effects of barasertib on the sensitivity to Dex, cell apoptosis and GR
expression in CEM-C1 cells and the inhibition of cell invasion (Fig.4C-E, P < 0.05). All results
demonstrated that USP1 promotes chemoresistance by interacting with Aurora B.

ALKBH5 was upregulated in T-ALL patients and positively correlated with USP1

ALKBH5 was reported to be the demethylase of m6A participated in tumorigenesis[18]. To explore the
potential role of ALKBH5 in T-ALL, we analyzed the levels of ALKBH5 in T-ALL patients bone marrow.
ALKBH5 expression was notably increased in GC-sensitivity group compared with normal group (Fig. 5A,
P < 0.05). ALKBH5 level was higher in GC-resistance group than that in GC-sensitivity group (P < 0.05).
Correlation analysis for USP1 and ALKBH5 was validated via StarBase and the results revealed that there
was a positive correlation between USP1 and ALKBH5 (Fig.5B, P < 0.05). Pearson correlation test showed
that there was a positive correlation between the expression of USP1 and ALKBH5 in the bone marrow of
GC-resistant patients (Fig.5C, P < 0.05). ALKBH5 protein level was increased in CEM-C1 cells by
comparison with CEM-C7 cells (Fig. 5D and E, P < 0.05). Moreover, SRAMP, a prediction website of m6A
modi�cation sites, was indicated there were multiple m6A modi�cation sites in USP1 mRNA sequence
(Fig.5F). These results revealed that ALKBH5 was upregulated in T-ALL patients and positively correlated
with USP1.

Overexpression of USP1 counteracted the promotion of ALKBH5 silencing on Dex sensitivity and cell
apoptosis

To further explore the interrelation between ALKBH5 and USP1, a series of rescue experiments were
performed. CEM-C1 cells were transfected with ALKBH5 siRNA alone or co-transfected with ALKBH5
siRNA and pcDNA-USP1. The levels of ALKBH5 and USP1 were downregulated after transfection with
ALKBH5 siRNA. However, when CEM-C1 cells were co-transfected with ALKBH5 siRNA and pcDNA-USP1,
ALKBH5 expression did not change, but USP1 level was reversed (Fig. 6A, P < 0.05). Similarly, silence of
ALKBH5 could decrease the level of Aurora B, while overexpression of USP1 recovered the expression of
Aurora B (Fig. 6B and C, P < 0.05). Additionally, downregulation of ALKBH5 ameliorated cell sensitivity to
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Dex, decrease the number of cell invasion, promoted cell apoptosis and increased GR expression, while
overexpression of USP1 reversed all the promotion effects of ALKBH5 silence on cell sensitivity to Dex,
apoptosis and GR expression and the inhibition effect of cell invasion (Fig. 6D-I, P < 0.05). These �ndings
suggested that overexpression of USP1 observably reversed the promotion effect of ALKBH5 silence on
Dex sensitivity and cell apoptosis.

Silence of USP1 prolonged the survival of mice with T-ALL

Mice in control group lost weight and die on average after 22.5 days, while mice given with Dex could
prolong the survival time (Fig. 7 A-C, P < 0.05). Mice injected with sh-USP1 and given Dex could not only
prolong the survival time but also maintain normal body weight (P < 0.05). Western blotting results
revealed that mice injected with sh-USP1 and given Dex could reduce USP1 level and increase GR
expression (Fig. 7 D-G, P < 0.05).

Discussion
Ubiquitin modulates protein stability, localization or function through covalently binding to proteins. And
ubiquitination participates in a plethora of cellular processes, including gene expression, cell apoptosis,
DNA repair and others [19]. However, aberrant ubiquitin signaling is known to be a molecular causal link
in certain cancer, immune system or cardiovascular diseases [20]. The in�ammasomes promote the
release of in�ammatory cytokines by activating the ubiquitination of regulatory proteins, thereby
regulating the innate immune response [21]. Autophagy receptor-bound ubiquitinated substrates may
serve as a new pathway for selective autophagy [22]. Among these USPs, USP1 is one of the best-
characterized USPs and plays a signi�cant role in the regulation of cellular functions. Hyperactivation of
USP1 contributed to breast cancer metastasis via deubiquitination and stabilization of KPNA2 expression
[23]. USP1 mediated ovarian cancer cell resistance to platinum by regulating the stability of Snail [24].
However, the role of USP1 in T-ALL chemoresistance remains to explore. In our study, we found that USP1
was upregulated in bone marrow of GC-resistant patients compared with GC-sensitive patients.
Downregulation of USP1 could ameliorate the sensitivity of CEM-C1 cells to Dex and promote cell
apoptosis.

Aurora kinase B (Aurora-B) is a ubiquitously expressed serine/threonine kinase, which is also a key
regulator of mitosis [17]. Recent studies have shown that overexpression of Aurora B is closely related to
chemoresistance. Aurora inhibitor repressed neuroblastoma resistance by reducing phosphorylation of
aurora kinase substrate histone H3 [25]. Inhibition of Aurora kinase B attenuated chemoresistance in
glioblastoma via a synergistic manner with temozolomide [26]. Elevated Aurora B expression contributed
to chemoresistance and poor prognosis in breast cancer [27]. Therefore, Aurora B expression was highly
in glucocorticoid-resistant T-ALL patients and cells.

Recently studies have shown that the ubiquitin-proteasome system participates in the regulation of a
number of mitotic proteins activities and Aurora B protein level is mainly via ubiquitination-mediated
degradation [28]. USP14 associated with Aurora B and prevented Aurora B degradation to resist leukemic
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chemotherapy drugs-induced cell apoptosis [29]. USP7 regulated mitosis progression and taxane
sensitivity by affecting the stability of Aurora kinase [30]. Hence, when CEM-C1 cells were treated with
Aurora B inhibitors, CEM-C1 cell sensitivity to Dex increased, while overexpression of USP1 increased
Aurora B levels, which in turn led to the cell resistance to Dex.

Glucocorticoids (GCs) are steroid hormones which exert their effects through glucocorticoid receptors
(GRs) and participate in responses triggered by a variety of environmental and physiological stimuli,
including in�ammation, apoptosis [31]. Therefore, GCs are used to treat various malignancies, especially
in the treatment of ALL. However, the generation of GC resistance hinders its e�cacy. There are many
mechanisms leading to GC resistance in leukemia patients, the most important of which is the abnormal
expression of GR [32]. Decreased GR number or function may lead to GC resistance. AKT1 kinase acted
as a major negative regulator of the NR3C1 glucocorticoid receptor protein activity, inducing
glucocorticoid resistance in T-ALL [33]. CASP1 induced the division of the glucocorticoid receptor, reduced
the glucocorticoid-induced transcriptional responses and increased glucocorticoid resistance in leukemia
cells [34]. Therefore, our study found that downregulation of USP1 ameliorated the level of GR and
increased cell sensitivity to Dex.

In this study, we exhibited a new role for USP1 in promoting chemoresistance via interacting with Aurora
B. Elevated USP1 expression was associated with poor prognosis of patients with glucocorticoid
resistance. ALKBH5 silence could suppress USP1 expression and reduce chemotherapeutic resistance.
These results revealed that USP1 could be a novel biomarker for predicting chemoresistance in A-TLL.
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Figure 1

USP1 was upregulated in the bone marrow of T-ALL patients. (A) The mRNA level of USP1 was detected
using RT-qPCR. (B) The Kaplan-Meier plot indicated the overall survival in T-ALL patients grouped by high
or low level of USP1. (C) Cell viability was conducted after CEM-C7 or CEM-C1 cells were treated with
different concentrations of Dex. (D) IC50 of Dex in CEM-C7 and CEM-C1. (E-H) Western blot assay was
performed to analyze the levels of USP1 and GR. *P < 0.05 compared with normal group, GC-sensitivity
group or CEM-C7 group.
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Figure 2

Downregulation of USP1 facilitated CEM-C1 cell chemosensitivity and cell apoptosis. (A) RT-qPCR was
conducted to detect the level of USP1 after cells were transfected with USP1 siRNA. (B) Cell viability was
evaluated by CCK-8 assay. (C) IC50 of Dex in CEM-C1 cells after transfection with USP1 siRNA. (D-E) Cell
invasion was analyzed by using Transwell. (F-G) Flow cytometry assay was carried out to analyze cell
apoptosis. (H-I) The level of GR was detected by western blot assay after cells were transfected with
USP1 siRNA. *P < 0.05 compared with control group and scramble group.
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Figure 3

USP1 interacted with Aurora B. (A) The mRNA level of Aurora B was detected using RT-qPCR. (B)
Correlation between USP1 and Aurora B was analyzed with Pearson Correlation analysis. (C) Cells were
transfected with HA-Aurora B alone or in combination with Flag-USP1. Immunoprecipitation was
performed to detect the interaction between Flag-USP1 and HA-Aurora B after immunoprecipitation with
an anti-Flag antibody. (D) Cells were transfected with Flag-USP35 alone or in combination with HA-Aurora
B. The interaction between Flag-USP35 and HA-Aurora B was detected by immunoblotting after
immunoprecipitation with an anti-HA antibody. (E) The interaction between endogenous USP35 and
Aurora B was detected by immunoblotting after immunoprecipitation with an anti-Aurora B antibody. (F-
G) Western blot assay was performed to analyze the level of Aurora B after cells were transfected with
USP1 siRNA. *P < 0.05 compared with IgG group or scramble group.
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Figure 4

USP1 regulated chemoresistance via Aurora B. (A) The level of USP1 was detected using qPCR. (B-C) The
protein level of Aurora B was analyzed using western blot assay. (D) Cell viability was evaluated by CCK-8
assay. (E) Cell invasion was analyzed by using Transwell. (F-G) Flow cytometry assay was carried out to
analyze cell apoptosis. (H-I) The levels of GR were detected by western blot assay. *P < 0.05 compared
with control group or barasertib with vector group.
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Figure 5

ALKBH5 was upregulated in T-ALL patients and positively correlated with USP1. (A) The mRNA level of
ALKBH5 was detected by RT-qPCR. (B) Correlation analysis for USP1 and ALKBH5 was validated via
StarBase. (C) Correlation between USP1 and ALKBH5 was analyzed with Pearson Correlation analysis.
(D) Western blot assay was used to analyze the level of ALKBH5 in CEM-C7 and CEM-C1 cells. (E) m6A
modi�cation sites of USP1 was predicted by SRAMP. *P < 0.05 compared with normal group, GC-
sensitivity group or CEM-C7 group.
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Figure 6

Overexpression of USP1 counteracted the promotion of ALKBH5 silence on Dex sensitivity and cell
apoptosis. (A-B) The levels of ALKBH5, USP1 and Aurora B were analyzed by RT-qPCR after cells were
transfected with ALKBH5 siRNA or co-transfection with ALKBH5 siRNA and pcDNA-USP1. (C) Cell viability
was evaluated by CCK-8 assay. (D) Cell invasion was analyzed by using Transwell. (F-G) Flow cytometry
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assay was carried out to analyze cell apoptosis. (H-I) The levels of GR were detected by western blot
assay. *P < 0.05 compared with control group, scramble group, ALKBH5 siRNA group and Vector group.

Figure 7

Silence of USP1 prolonged the survival of mice with T-ALL. (A) After CEM-C1 cells were injected into mice,
mice were given with 8 mg/kg Dex only or simultaneously injected with 2 mg/Kg sh-RNA or sh-USP1. (B)
Survival of mice in each group. (C) Relative weight of mice. (D-G) The protein levels of USP1 and GR in
each group were detected by using Western blotting. *P < 0.05 compared with control and sh-RNA + Dex
group.


