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Abstract: Objective Our previous studies have demonstrated that disulfiram (DSF) exerts antitumor effects on
T-cell malignancies, including T-cell acute lymphoblastic leukemia (T-ALL) and T-cell lymphoma (TCL), through the
ubiquitin-proteasome pathway mediated by nuclear protein localization protein 4 homolog (NPL4). This study aims to
investigate the regulatory effects of disulfiram on the expression of genes related to the ubiquitin-proteasome pathway in

T-cell malignancies, providing a basis for precision targeted therapy of T-cell malignancies. Methods Jurkat cells, a
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T-ALL cell line, were treated with 0.4 uM disulfiram for 48 hours. Transcriptome sequencing was performed to analyze
differentially expressed genes, and real-time quantitative PCR was used to validate the relative expression levels of these
genes in 10 T-cell malignancy samples (GZFPH dataset). Additionally, transcriptome sequencing data from 262 cases of
T-ALL and 140 cases of TCL were downloaded from the TARGET and GSE58445 databases for survival analysis.
Results

were upregulated in the ubiquitin-proteasome pathway. Among these genes, univariate Cox regression and survival curve

After treating Jurkat cells with 0.4 uM disulfiram for 48 hours, 86 genes were downregulated and 35 genes

analysis revealed that only low expression of ubiquitin-conjugating enzyme E2 J1 (UBE2J1) was associated with poor
prognosis in patients with T-ALL and TCL in both the TARGET and GSE58445 datasets (P < 0.05). When incorporating
UBE2J1 expression level, age, and gender into univariate and multivariate Cox regression analyses, low expression
of UBE2J1 emerged as an independent prognostic factor for patients with T-ALL and TCL (P < 0.05).
Conclusions  Disulfiram can regulate the expression of the UBE2J1 gene, and its low expression is associated with poor
prognosis in patients with T-cell malignancies. This study provides a theoretical basis for further elucidating the antitumor
effects of disulfiram and the potential use of UBE2J1 as a biomarker for risk stratification in T-cell malignancies.
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1.1 3RE&KF

RPMI-1640 15 57 JE ( Gibeo, Invitrogen, 3€ [# ),
PBS 2% W% ( Gibco, Invitrogen, 3€ [# ), Jig 2F ML
(GEMINL 3% ), ¥ % % -5 % % ¥ W ( Gibco,
Invitrogen, 32 [ ), DMSO( — H F:J i, Sigma, 7
), RNA #2505 & (TAKARA, HAS) | 3304 54
7 & (TAKARA, H ), SYBR MIX(TIANGEN, Jt
5t hED, SRE (Selleck, £ E) .
12 YHREIEFRRIRE

YHAfE SR N T-ALL 4UfdRE Jurkat fin244H (DSF
0.4 uM) 5 R INZG A AIEFRAE 10% FBS. 100 mg/mL
T -BEEE ZEWHLHY RPMI-1640 53 5rh, 31148 T
37 °C. 5% CO, Wyl A1 5% 48 h,,

WA SW-CJ-IF i TAE G (95, 75010), {51

WA, BOHL, CO, 4IRS FRAR (FEER T, L),
E@p HAPOCEETH U, Jbat, HhiED o
1.3 RNA #2 BX #0 L Bt 2% J¢ & & PCR( real time

quantitative PCR, RT-qPCR)

PR UL A5 RNA, B0 5185 RNA,
FECEOEC BT E RNA YR B, il FH 30 5 5%t

&5 5% cDNA I8 T KR KA I A7, 8

i NCBI W 3 ( https://www.ncbi.nlm.nih.gov/) 1% 11
19 (519750 W 3% 1), H ABI 7000i( Applied
Biosystems, 32 [¥ ) #F 47 5L B 96 g Al . i E
40 WAEIR, LA B-actin ESH NS, FH 2" TR H 1
FEP ) mRNA A% 235K, B REA 3 AL


https://www.ncbi.nlm.nih.gov/

SRR, 2. NPL4 Sl i D00 T AR 2 28 -2 11 (A S AF DG E PR 2 8 A 52

117

x1 5MF3
Tab.l The sequence of primers
Target Sequence (5°-37)
B-actin (F) TTGTTACAGGAAGTCCCTTGCC
B-actin(R) ATGCTATCACCTCCCCTGTGTG
UBE2J1(F) GAAACTTGGCAGCCTTCGTG
UBE2J1(R) TCTGGAGTCCGTACTTAAAGC

1.4 BRANFESEREESHT

B T-ALL 20k Jurkat /12546 (DSF 0.4 pM)
5 R INZY AR 8 FR I 55 9% 48 h il Trizol 5 2% &
i AZE YR A BRA R AT SR AL R . R
i Fe il K 2R B V8 ST 22 S BE A ) B e v - 8 XA
11, A28 R IR HE A
L5 T AfappEm AER

M= A RGR ST BIGYT 5 A SE (Therapeu-
tically Applicable Research To Generate Effective
Treatments, TARGET) %4} /% (https://ocg.cancer.gov/
programs/target/data-matrix) T2k T 262 | HA 56
I PR ECHE 19 T-ALL FEAS 9 5% 2180808 o AN Gene

Expression Omnibus(GEO ) 5 % (https://www.ncbi.
nlm.nih.gov/geo/) T 4% GSE58445 %4 4 th HLA 5¢
s RECE Y 140 1] TCL 535 Ay 4 5R", LA
K GSE13159 #¥5 4 [174 5] T-ALL 1 74 {5 1E %
A (healthy individual, HI) f{)& i ] il GSE28497 %
PEAE (46 5] T-ALL F1 4 5 1F 8 AR BRE) (17 sk 4
B I R BRI AR 20 SR A AR I (overall
survival, OS) %E A M2 Wi T bf 2 (AT AA] A
FETHIBFIE] . OS Bk Jhy S e 1 R 6 v fe A 1)
IR, YR E A A AR 7R A TPA B, TR
TEL S, WA R A B S BRI PR AR 25 E 4R
TARGET. GSE58445. GSE13159 Fll GSE28497 %k
PEAE N NS n] R R, o7 SRS A A B 2 A 3
TR SHtE, B, AR A TS — AR
P ¢ (Guangzhou First People's Hospital, GZFPH) [
10 f5i] T-ALL. 10 fi] TCL 1 10 i 1E % A A9 5 BEAE
A, ARG ) M T — N REE B AR ZE 51 234t
(£ 15 K-2024-005-01), TG S5 H AT T4
TR ) 1

®2 THEMBEEIRKRIR
Tab.2 Clinical information of patients with TCM

Variables TARGET GSE13159 GSES58445 GSE28497 GZFPH
Gender, n (%)
Female 61 (23.3) - 42 (30.0) -
Male 201 (76.7) - 68 (48.6) -
Unknown 0(0) - 30(21.4) =
Age, y/o, mean £ SD 9.6+5.1 - 57.1+18.8 -
Subtype, n (%)
T-ALL 262 (100) 174 (100) 0(0) 46 (100) 10 (50)
TCL 0 (0) 0(0) 140 (100) 0(0)

OS time, months, median (range)
Status, n (%)

74.9 (0~113.3)

Alive 248 (94.7)
Death 14 (5.3)
EFS time, months, median (range) 73.4 (0~113.3)

EFS, n (%)
No 234 (89.3)
Yes 27 (10.3)
Unknown 1(0.4)

10 (50)
18.4 (1.1~220.7) - -

60 (42.9) -
80 (57.1) -

455 : EFS: ToH 447 SD: brifE2% .

Abbreviations: EFS: event-free survival; SD: standard deviation.
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i FH SPSS % 4 ( fR A< 22.0, IBM) Fll R

(FRUAS 4.2.1, https://www.r-project.org/) #4748 T12%
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Fig.1 Selection of differentially expressed genes in the ubiquitin-proteasome pathway

T AL WU AL HE Jurkat 20 A A9 S I8 R 165 B. P& R 17 282K 1 A4S I v 1) 25 SR 3 TN, TR AR o N 25 AR R 4 B> 1.1; C. 1
TARGET Z(H 4 19 B 1 K Cox [BIHAHT 1, BAKE IR P<0.2 (EH; D. 78 GSES8445 344 42 (1% 5L A % Cox [BIH 4 #r v, ZRARE R

P<0.05 fYFERH

Note: A. Experimental flowchart for the treatment of Jurkat cells with disulfiram; B. Heatmap displaying differentially expressed genes in the
ubiquitin-proteasome pathway, with the selection criterion set as an absolute fold change > 1.1; C. Forest plot showing genes with P < 0.2 in the

univariate Cox regression analysis of the TARGET dataset; D. Forest plot showing genes with P < 0.05 in the univariate Cox regression analysis of

the GSES58445 dataset.
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Fig.2 Expression levels of UBE2J1
2 A, 7E GZFPH $diE4E ¥, UBE2J1 7E1E % A (HD) |, T-ALL F1 TCL [8] ) 3234 /K - 24 5 B~C. 7E GSE13159(B) #1 GSE28497(C) Hds 4L,

UBE2J1 & HI #l T-ALL (3£ K LR,

Note: A. Differential expression of UBE2J1 between healthy individuals (HI), T-ALL, and TCL in the GZFPH dataset; B~C.Differential expression
of UBE2J1 between HI and T-ALL in the GSE13159 (B) and GSE28497 (C) datasets.
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Fig.3 Low expression of UBE2J1 is correlated with adverse clinical outcomes
I : A. TARGET HI GSE58445 ¥ #ff 4 v UBE2J1 #Y # {1 # 87 B0 ; B. TARGET ¥4 45 9 OS £ 7 il £k (7)) 5 54F RMST( £ ) ;
C. TARGET $ffi4E#) EFS AEAFIZL (A7) 5 5 4F RMST(£7); D. GSE58445 $UiE4E# OS A2k (76) 5 5 4F RMST(#)

Note: A. Optimal cutoff values for UBE2J1 in the TARGET and GSES58445 datasets; B. The survival curve (left) and 5-year RMST (right) for the OS
in the TARGET dataset; C. The survival curve (left) and 5-year RMST (right) for the EFS in the TARGET dataset; D. The survival curve (left) and
S-year RMST (right) for the OS in the GSE58445 dataset.
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95%CI 56.8~59.5 vs. 59.6 1~ H , 95%CI 58.7~60.4)
(Kl 3B) . A#RAIE, ik UBE2J1 5 T-ALL
B E B 2% EFS(HR=3.17, 95%CI 1.10~9.16, P=
0.025) A1 5T 45 i 5 4F RMST(MIX vs.f&: 55.1 1 A,
95%CI 52.9~57.3 vs. 58.4 1~ H, 95%CI 56.6~60.2)
WEAHC(E 3C) . R T IR —45 4, GSE58445
BAmtErh TCL B F TS B H T 4. £
& 3D iz, I3k UBE2J1 W5 TCL B E AR
OS(HR=2.93, 95%CI 1.39~6.17, P=0.003 ) FI1 55 45 i1}
54F RMST(fi vs. & : 31.8 M H , 95%CI 27.2~36.4
vs. 49.3 N H, 95%CI 41.1~57.5) KK, N T HEBRIR

FRIAE, B UBE2J1 ik K | AR AL 51 40 A B
R Z HEK Cox [MIHAIRL, £ B i 1) a5,
7& TARGET %4l 4 b, UBE2J1 J& T-ALL & 1Y
Ml 37 OS(HR=6.78, 95%CI 0.89~51.86, P=0.065) Fll
EFS(HR=3.16, 95%CI 1.09~9.15, P=0.034) 5 ]
T (% 3) . [k, 7 GSES8445 % 4l 4
UBE2J1 J& TCL & % %) il 7. OS(HR=2.80, 95%CI
1.23~6.37, P=0.014) M K (3% 4) . i segh 54
7, UBE2J1 AT T 4 J s 15 B 53 )2 1) 43 A
Y LA £ B FiUE o

%3 TARGET A%l T-ALL E2ERREEEMSEEZLQPRSH

Tab.3 Univariate and multivariate regression analysis of T-ALL patients in the TARGET cohort

Univariate COX regression

Multivariate COX regression

Variables oS EFS

oS EFS

HR (95% CI)  Pvalue HR(95%CI) Pvalue  HR(95%CI)  Pvalue HR(95%CI) P value

UBE2J1 level

High Reference Reference Reference Reference

Low 7.00 (0.92,53.49) 0.061 3.17(1.10,9.16) 0.033  6.78(0.89,51.86) 0.065 3.16(1.09,9.15) 0.034
Age,years  0.96 (0.86,1.07) 0.440  0.94(0.86,1.02) 0.120 0.96 (0.86,1.07) 0.488  0.94(0.86,1.02) 0.124
Gender

Female Reference Reference Reference Reference

Male 0.56 (0.19, 1.66) 0.292  0.85(0.36,2.02) 0.718 0.63 (0.21, 1.87)  0.401  0.95(0.40,2.27) 0.916

&4 GSES58445 BA3IHh TCL BERBEREMEZEEEIASH
Tab.4 Univariate and multivariate regression analysis of TCL patients in the GSE58445 cohort
Univariate Cox Multivariate Cox
Variables
HR (95% CI) P value HR (95% CI) P value

UBE2J1 level

High Reference Reference

Low 2.93(1.39, 6.17) 0.005 2.80(1.23, 6.37) 0.014
Age, years 1.02 (1.01, 1.04) 0.006 1.03 (1.01, 1.04) 0.001
Gender

Female Reference Reference

Male 1.85(1.07, 3.22) 0.029 1.89 (1.08, 3.33) 0.027
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