Vol.43 No.6 Jun. 2023

EBRBREZM (R | 709
JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

B3 - ZEAT R

RBX1i#EEd STAT1 A AEEEEEREHXER

BERE, F fF, Kk B, LEE, SukE
biRsm At RIS UNRERIREL, i mIRIERIR MR E S50, B 200011

[#Z] BHH - HERBXI (ring-box protein 1) FEH A BN 2 (uveal melanoma, UVM) Mg 20 i H X G #H DG A 11
JAEVER . AiE - KR aE L R4 K3 (The Cancer Genome Atlas, TCGA) B /3 M RBXT 15 g v i 22 15 7K S LU
KWK M . AAE UG WA Se 2 o R 7] RBXT /T 3L RNA  (small interfering RNA, siRNA) 435178 UVM 4 Jiil &
92.1, OMM2.3 Ml MEL290 R} A RBXT, I X WRT Bl RBXT 1) 92.1 A0 ML A 716 S ALy, M siRBXT 55 YL 241 g 5 %
PRI 22 3R LN, JFRITIEINAE B 424047 (gene set enrichment analysis, GSEA) % 2= ALK #EAT40 4, #R5¢ RBXI
5 e e A SR IE I e R o AEr T 45 SRR S b, il S22 5k B PCR (qPCR) 43 SRS I B 15 RIS RBXT 119 92.1
OMM?2.3 Al MEL290 4l its 1 WP 15 555 3 554 s3I F 1 (signal transducer and activator of transcription 1, STATI) M R
1) CXC ¥t H FHiiAk 9 (C-X-C motif chemokine ligand 9, CXCL9) H1 CXCLI0 ) mRNA 357K F-, J£if i1 Western blotting
i 92.1 4H it STAT1 J p-STAT1 2 [N 3R3E /K- FEBEIT HUIL RBXT 14l 3% OMM2.3 Fil MEL290 1, 435Il A 5 nmol/L 5§
10 nmol/L [) STAT1 411 7] fludarabine, AbFH 48 hJ5i# 1 qPCR Kl CXCLY Fl CXCL10 ) mRNA FiA/K ¥, 458 - TCGA %K
WA HTRY] . HIEWHALAMIL, RBXITEZFME PR RIS, E8 B BRI UVM i s ik s Hax 2 R g 439
MR, RBXI KK &, [FI RBXT FR KV B A S AEAE IS (38 P<0.05) o X BRI a1k RBXT 19 92.1 41l ifd
At AN UEAT R I, ARAE 22 R AL, IF H GSEAZ5 R BoR, RBXI S 5145 I o e A OG0 3% . A oA s
RBXI #ifitJ5 STAT1 35KV FFh, 7£92.1, OMM2.3 HIMEL290 4iiffi Z ', qPCR %55 7R RBXT A% 5 STATI . CXCL9 Fl
CXCL10 1 mRNA Rk /K- I F;, Western blotting 25 4 2 /R 78 92.1 4l il & i Ik RBX1 J& STAT1 J p-STAT1 ik K F- LTt
JIA STAT1 #IHIFIJ5 , OMM2.3 A MEL290 411l & H i CXCLY 1l CXCL10 mRNA iRk gimHl . 4518 - RBX1 £ UVMAN
Jitd v F] RiESE oF STAT 1 4% CXCLY FI CXCL10 3535, 5 5o s e
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RBX1 regulates uveal melanoma immune-related genes via STATI1

ZHOU Xiaowen, LI Qian, ZHANG Zhe, SHEN Jianfeng®, FAN Xianqun*
Department of Ophthalmology, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai Key
Laboratory of Orbital Diseases and Ocular Oncology, Shanghai 200011, China

[Abstract] Objective:To investigate the role of RBX1 (ring-box protein 1) in the regulation of immune-related genes in uveal
melanoma (UVM) tumor cells. Methods-The Cancer Genome Atlas (TCGA) was searched to analyze the expression levels of
RBX]I in tumors and the correlation with clinical stages and survival prognosis. RBX1 was transiently knocked down in the UVM
cell lines, i.e., 92.1, OMM2.3 and MEL290 by using small interfering RNAs (siRNAs) targeting RBXI/. RNA sequencing was
performed on the 92.1 cells with transient knockdown of RBXI, and the differentially expressed genes between the siRBXI-
transfected cells and control cells were analyzed by gene set enrichment analysis (GSEA) to investigate the relationship between
RBXI and tumor immune-related genes. Based on the results of the analysis, signal transducer and activator of transcription 1
(STATI) and its downstream CXC chemokine ligand 9 (CXCLY) and CXCLI10 mRNA expression levels were detected by real-time
fluorescence quantitative PCR (qPCR) in 92.1, OMM2.3 and MEL290 cells with transient knockdown of RBXI, respectively. The
protein expression levels of STAT1 and p-STAT1 in 92.1 cells were detected by Western blotting. The cell lines OMM2.3 and
MEL290, in which RBXI was transiently knocked down, were treated with 5 nmol/L or 10 nmol/L STAT1 inhibitor fludarabine for
48 h, and the mRNA expression levels of CXCL9 and CXCL10 were detected by qPCR. Results: TCGA database analysis showed
that RBX1 was highly expressed in a variety of tumors compared to the normal tissues, particularly in adrenocortical carcinoma and
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UVM. In addition, the patients with late stage of these two kinds of tumors had higher expression level of RBX/, and the patients
with higher expression level of RBX/ had shorter overall survival time (P<0.05). RNA sequencing of 92.1 cells with transiently
knocked down RBXI and control cells revealed differential genes, and GSEA showed that RBX/ was involved in the regulation of
tumor immune-related pathways. Heat map analysis showed an increase in STAT1 expression after RBX/ knockdown. In the 92.1,
OMM2.3 and MEL290 cell lines, qPCR showed increases in STATI, CXCLY9 and CXCLI0 mRNA expression after transient
knockdown of RBX1, and Western blotting showed that STAT1 and p-STAT1 expression increased after knockdown of RBX/ in 92.1
cell lines. The increases of CXCL9 and CXCLI0 mRNA in OMM2.3 and MEL290 cell lines were suppressed by STAT1 inhibitors.
Conclusion-RBX1 may regulate CXCL9 and CXCL10 expression via STAT1 in UVM cells and is involved in tumor immune
regulation.

[Key words] uveal melanoma (UVM); ring-box protein 1 (RBX1); tumor immunity; signal transducer and activator of transcription 1

(STAT1)

FERAIE R GE ST N MU G52 710 1) o 2 J
I¢ o WA YIRTR Y — R A 32 g it AR U 22 1R
(pattern recognition receptor, PRR) iR %5, fift & 4
L AR 5 G R, % T AL T4E R (interferon,
IFN) DA K {2 4% 4 JfL I, 4 ik 98 IR 38 A F -
TNF-a) . [ 4 & -1
(interleukin-1, IL-1). IL-6%%, X —RINFIETI K
BV S0 145 5 R 7 P S ) ek S 1 1 BB
iz FR A AE U] 75 56 R S i ) ok AR rh ol SCBRE I
LB N RS SN ) U AN R 2 Il S A S
E3 {7 R MR R R O R Y, Rz R ALk
wrh AAEEEN, IF S 5N 2%l
£, . ik 5 88 A 2 1k B 7 88 (myeloid
differentiation factor 88, MyDS88) [fi# fil TANK 45 &
W 1 (TANK binding kinase 1, TBK1) fifk, #iil
Toll #£ 3Z #& (Toll-like receptor, TLR) /¥ A F «B
(nuclear factor kB, NF-kB) {555 Y, 5 NF-«B
P65 LSS £, itk P65 KA1z RACIF AR, I NF-
kBIGAE s R4 R BB T (stimulator of
interferon genes, STING) 7EK150AbAYyz 25k I H %
fife, W TP ZE M+ 3 (interferon regulatory
factor 3, IRF3) HHMEIRGHE(E 54 345 1,

RBX1 (ring-box protein 1) J&—7Ff RING %514 £
M, 5 SHAMEEHHCE T 1 (S-phase kinase-associated
protein 1, SKP1). CULI (cullin 1) #1F-box 1 —
LA SCF (SKP1-CULI-F-box) & &Mk, SCFE A
TR —Fh A B3 2 H Ak T BRgy B K
B, RBXITEZ MR b RiE W, WGHE. B
L . LR PR . Mo Asi e, HYS
I RAS TS A . AN RBX 1 A9 i 2835 T fi i — B 1
SR ROFAS 1, /N i 3 2 A R BUR Y
I ZE M RBX IR AN E 5 GO W U0 5598

(tumor necrosis factor-a,

e
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RGN 9 B AN 5 RBX1 AT 3 240 ffa J)
], fEph R B AnMart, UUBK RBXT Al 40 M5 78
G,/M I, Jf- A AT, DA 6 ek 4
A P B3 72 RALE LB s A o R A R
., {HRBX1AE R E3 12 2 A0 3% 42 il 1 11 22 40 W 45
XoF T 96 B2 A DI DR g7V FH B A i
A ZE (uveal melanoma, UVM) JEAL
NECH WITIR PSR , W kR R ke, &
T2, HEBUVMAIIETTRORAME, T2
FARF BT Y . AR5 B 1R R R RBXI 7E
UVM H X 4 5 AH OG5 PR %) 3] 458 4 I ART fg i ML)
S UVM IR e 1697 2 BB i pik 5 77 1]

1 HESRE

L1 SRR R

111 diMRIE AR A UVM AR,
Fo214u R (LM AR ARAR) .
MEL290 4 itl & F1 OMM2.3 4 s 22 (2 T 40 Jifl 2 2415k
B E R B AL SR O 2 S L) . TR
20 AR 29 E 10% Ji A I3 9 RPMI 1640 3 77 i
P

1.1.2  FERFI AL RPMI 1640 55 35 W . Opti-
MEM 85353 . MRAE I . 0.25% R (I . 755 %-
# % £ (3£ Gibco), Lipofectamine™ 2000 ( & [#
Thermo Fisher), %¢J% i & PCR #iliE #& ChamQ SYBR
qPCR Master Mix ( H1 [ i#% M % ) , RBXI #i 1k
(119228, [ CST), B-Mah&H I (B-actin) HLik
(66009, 3% [E Proteintech) , {54535 4% L WG N
1 (signal transducer and activator of transcription 1,
STAT1) #ifk (14994S, Z£[E CST), p-STATI #ifk
(91678, £ [ CST), %ot —#Hl (A21206, [
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Invitrogen), RNA f#i$2i{5 & (3 [E EZBioscience),
STAT1 1% fL 17 fludarabine (J%[E Selleck) .

CO,#5 #* % (32 [E Thermo Fisher), k% ®E |
ChemiDoc #E ¢ R4 (35 [H Bio-Rad), B.LAL (12
[€] Eppendorf), Light Cycler 480 II & PCRAY (3 [H
Roche) .

12 8iik

121 B#a o il 1 GEPIA ¥4 /& (http://
gepia2. cancer-pku. cn/) Hl UALCAN ™ 3} (http://
ualcan. path. uab. edu/) 5¢ B i & A 20 &1 3% (The
Cancer Genome Atlas, TCGA) ¥ v ifed i 25 1)
TG 43 BT B a5 25 M v RBXT JE TR F b W L 4347 o
1.2.2 /NFHERNARGRE e 24 higRpfp RS )
U 1) 240 PR 34 S A 3] 6 FL AR 2 i 24 L
H50%, YL kA C PR R R . 7E 50 pL
Opti-MEM K7 % ¥ ' il A 200 wmol /) T #t RNA
(small interfering RNA, siRNA), W ITIRS;
£ 50 pL Opti-MEM i ¥ i A 5.0 pL
Lipofectamine™ 2000 7], #FEWATIRS), IFH=

&2 qPCRIEIHISIHFSI
Tab 2 Primer sequences for qPCR analysis

Gene Forward (5—3")
B-actin CATGTACGTTGCTATCCAGGC
RBX1 TTGTGGTTGATAACTGTGCCAT
STAT1 CAGCTTGACTCAAAATTCCTGGA
CXCL9 TGAGAAAGGGTCGCTGTTCC
CXCL10 GCTTCCAAGGATGGACCACA

RBX 1334 STAT L F A AR (o 2om smehcaepd | 711

TR E S mine KA YL N R siIRNA 1Y 15 SRR
A, BREWITIRS, JFEIREE 15~20 min. KifE
Ja B R RE IR 6 FLANRE AR h, ERIR AT . #
M E T 37 °C . 5%CO, Fi Fi i i 38 6~8 h 5 I
W By SR, AL SR 48 h AT IR IE . T H
SIRNA JFHI W32 1, J3 o8 it K A i 5 6 2B P B
B (RE) ARAFTEM.

#1 siRNAF7I

Tab 1 siRNA sequences

Primer name
SiRBX1-1
SiRBX1-2

Sequence (5—3")
GGGAUAUUGUGGUUGAUAALtt
CAGACCGUGUGUUUCCAAALt

1.2.3 SEWZOEE B PCR - RNA #2350 S il
JIRNA, HU1 pg RNA TR, 155 cDNA, 10 uL
PCR Z W fA % : ChamQ SYBR qPCR Master Mix 5 pL,
cDNABURS pL, L. THF7I4 (10 pmol/L) 451 uL.
BAFARRE3INE L. FREATHE I FiE R FEIRR
AL, B0 60 s JETUAGE T PCRAH IR ER T 1
) B-actin /4 A 2115 mRNA AN 3RiA . SERT9EE
FEHEPCR (qPCR) WIS IHF3I L2 2.

Reverse (5—3")
CTCCTTAATGTCACGCACGAT
GACGCCTGGTTAGCTTGACAT
TGAAGATTACGCTTGCTTTTCCT
TCAAACTGCTTGGCTCACCA
GCAGGGTCAGAACATCCACT

Note: CXCL9—C-X-C motif chemokine ligand 9; CXCL0—C-X-C motif chemokine ligand 10.

1.2.4  Western blotting  HIERHH LA, 7F 4 °CE.0
LA B SR AR DTTE . 248 PBS 22 IS Ve )5 HH Urea
B HRRAE VK L2467 30 min, 74 °C LD AAGE M
IEW, FIREEARACIEA T A B S T o A R A
(sodium dodecyl sulfate, SDS) —# &M, FRIGHE AR
fto B30 pg BRI AR TER FIEEREEIK 100 min,
SR IFRE R T RS R s — 3 20 (PVDF) k.
5% 2R IILVE AR A IRE 1 h, SRS m—3t,
4 CHFR I . WHVEBE SR —40, 7E=ETHE
30 min, PEBRS TEBER UGS USRI FIC % .

125 Fsgpd M)y k4 (RNA sequencing,
RNA-seq) HI FIEIRARVE YR R A A BRA A5,
R E 2 YA EE . (] TRIZol 4R HUsiRBX 1
T (559 siRBX1-1 5K siRBX1-2) FIXtHALL (%44

http://xuebao.shsmu.edu.cn

sINC) 92.1 4 Jfi i) RNA, HFDFEN AT 5 1 pg A A
RNA, TERE s2H SO e OF BUG S 4% 15 EHLIT
X AP TR R . TR R Y 5
TN 19 5 53 g 1 0 SRR U e BBl (fragmeents
per kilobase of exon model per million mapped
fragments, FPKM) fH, XJ 2573k ny LR H T AL R 4
WA (gene set enrichment analysis, GSEA).

1.2.6 244+ JH fludarabine 1) il 41 il STAT1 i
PE . LI DMSO ¥ 5], 43 il #% fludarabine 2% ¥ i
5 nmol/L 1 10 nmol/L i A0 M 5 F2 W, #5948 h)m
BEATAI . XS HRAUIMA SRR DMSO .

1.3 Sl
1 FH GraphPad Prism 8 {4 33547 048 18 43 7 A Ak
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i, FFAIESME . I 255 P02 VORI Z2 4 1a] Fe

BER T 22500, DI HEBCR FBUR AR B ¢ 462 4
P<0.05 %R 2EF AA G FEX

2 &R

2.1 RBX1AEMIRI I A 25
HRE RBX TR e b M, FeAT s e
GEPIA $(ifi KGR 1 RBXT B[R 7 2% F igg v i
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Oy Bt RBXT 5 N i 3% 35 5 25 IR 58 38 B AR A R
(overall survival) Ml JC 9§ 4= 7 F (disease free
survival) HYCFR, 455 (K 1B) WK RBXI W&
ik J& UVM Ml 5 I B¢ K¢ Bt % (adrenocortical
carcinoma, ACC) BHEALFMEEAFKER ., HIK
R RBX1 5 MR AYCFK, AT UALCAN [ 3t 6
KT TCGA BRI #4773 b, 4558 (K2) Wos
UVM HI ACC Il R 73 A2 649 J8. 2, RBXT 1K K-
AXT i, HLRBXT (mi 35 1) - BV A B

KT . B 1A B~ RBXT HE R AE Z R0 g v i ik

100 A
B8 Tumor
B Normal
80
z
= 60
g
g 40
a,
>
5
20
Oyvyv Qv@@o Q L D S D O >
OEKS G QO S < o SRS
TE ‘2‘ P& I TE I T TGS B
logyo (HR)
1.0
ENSG00000100387.8 D D‘ 8.5
(RBX]) e
R O o el SN DOt L EAETS G 810
Ct» S8 @%O&é\%% ®\> S O Qg% LTESETES
Overall survival map of survival map of RBX1
logo (HR)
ENSG00000100387.8 ] 8?
(RBXT) D D D N @D O 2
O e ‘2* 0 Q S8 (O £-06
B ST %0 &ég @@‘*&3 Q?‘&’QZ\ 6 @qg SHORLIORTER SO

Disease free survival map of RBX/

Note: A. Search for RBX1 expression in different tumors in GEPIA database. B. Overall survival heat map (above) and disease free survival heat map (below) of
RBXI in patients with various tumors. TPM—transcript per million; ACC—adrenocortical carcinoma; BLCA—bladder urothelial carcinoma; BRCA—breast invasive
carcinoma; CESC—cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL—cholangiocarcinoma; COAD—colon adenocarcinoma; DLBC—
lymphoid neoplasm diffuse large B-cell lymphoma; ESCA—esophageal carcinoma; GBM—glioblastoma multiforme; HNSC—head and neck squamous cell carcinoma;
PAAD—pancreatic adenocarcinoma; PRAD—prostate adenocarcinoma; READ—rectum adenocarcinoma; SARC—sarcoma; SKCM—skin cutaneous melanoma;
STAD—stomach adenocarcinoma; TGCT—testicular germ cell tumor; THYM—thymoma; UCEC—uterine corpus endometrial carcinoma; UCS—uterine
carcinosarcoma; PCPG—pheochromocytoma and paraganglioma; KICH—kidney chromophobe; KIRC—kidney renal clear cell carcinoma; KIRP—kidney renal
papillary cell carcinoma; LAML—acute myeloid leukemia; LGG—brain lower grade glioma; LIHC—Tliver hepatocellular carcinoma; LUAD—Iung adenocarcinoma;
LUSC—Ilung squamous cell carcinoma; MESO—mesothelioma; OV—ovarian serous cystadenocarcinoma; THCA—thyroid carcinoma; UVM—uveal melanoma.
1 RBXITERME AR AR T B3 B E EFHIR00

Fig1 Expression of RBX] in tumors and its effect on patients’ survival

2.2 A AR EE Y siRNA Ji RBXT 4 b4k

SIRE RBX 7R ez rh a4/, 3RATTE
T AUVM 92.1 411 . OMM2.3 4l Jifd I MEL290 4 it 4
WFoeik 2, % Yx siRNA, WA {% RBX1. qPCR Al
Western blotting $ UFZ5 R 7R, siRBX1-1 1 siRBX1-2 %
YeJE 92.1 4 . OMM2.3 4 fifg Fl MEL290 4 il H RBX 1
1 mRNA K8 R B KPR (K3),
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2.3 RBX1 M A1 G AL P ik it 5
Fitt— AR RBX1 /£ UVM Ui R i Tise, k4]
PEHL SiRBX T+ TZH A HEZH 92.1 40 I E 4T RNA-seq.
GSEA ST R I: siRBX1-1 Tz Fkt BRZHAH LU A7 608
LRI, Hd 301 IR ELE siRBX -1 T TiZH 40
Mo s siRBXT-2 T FA AT L AH ot A 608 422
SEHRERLE, o 252 LK AETE siRBXT-2 T2 4
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Note: A. RBXI expression levels in different stages of UVM patients (left) and overall survival curves of high expression and low expression patients (right).
B. RBXI expression levels in different stages of ACC patients (left) and overall survival curves of high expression and low expression patients (right).
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Fig 2 Relationships of RBX/ expression level with stages and overall survivals of UVM and ACC patients
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Note: A. Expression of RBX1 in 92.1 cell line. B. Expression of RBX1 in OMM2.3 cell line. C. Expression of RBX1 in Mel290 cell line. “P=0.011, ?P=
0.016, “P=0.020.

3 FEFSIRNAJFUVM 4R R A RBXT mRNA R EBHIRIATL
Fig3 Expression changes of RBX! mRNA and protein in UVM cell lines transfected with siRNA

EIH ATERIEIR, BR T B AOARI R e B — 2L e i oG (F4A); 225771k
DNAR B ARG ESL, HADEME R 2R RO PHE Tk LEE, HSTATIFA R (K14B).
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Note: A. Differential gene enrichment analysis after siRBX/-1 (left) or siRBX1-2 (right) intervention compared with siNC. B. Differential genes enriched in the

interferon-mediated signaling pathway after siRBX/-1 (left) or siRBXI-2 (right) intervention compared with siNC, and the associated differential genes heat

map. NES—normalized enrichment score; S7T4T2—signal transducer and activator of transcription 2; /L/0RB—interleukin 10 receptor subunit B; /JFNARI—

interferon « and B receptor subunit 1; JRF9—interferon regulatory factor 9; JAK [—Janus kinase 1; [FNGR2—interferon vy receptor 2; TYK2—tyrosine kinase 2;
IFNE—interferon &; [FNK—interferon k; /FNGRI—interferon y receptor 1; PIK3RI—phosphoinositide-3-kinase regulatory subunit 1; /FNAI—interferon al;
IFNAI10—interferon «10; IFNAI3—interferon a13; IFNAI4—interferon «al4; IFNAI6—interferon «l6; IFNA17—interferon al7; IFNA2—interferon «2;
IFNA2—interferon a2l; IFNA4—interferon a4; [FNA5S—interferon «5; IFNA6—interferon a6; IFNA7—interferon o7; I[FNAS8—interferon o8; IFNBI—

interferon B1;

IFNG—interferon v; [FNLI—interferon \1;

IFNL2—interferon A2; IFNL3—interferon \3; IFNLRI—interferon \ receptor 1;

PIK3CA—

phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit o; IJFNWI—interferon wl; JAK2—Janus kinase 2; [FNAR2—interferon o and B receptor

subunit 2; PRKCA—protein kinase Ca.
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Fig 4 Effect of RBXI knockdown on immune-related pathways in 92.1 cell line
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Note: A. mRNA expression of STATI, CXCL9, and CXCLI0 in 92.1 cell line after siRBX! intervention detected by qPCR. B. mRNA expression of STATI,
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Fig 5 Regulation of RBX1 on STATI and related genes expressions in UVM cell lines
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Fig 6 Effect of STAT1 inhibitor on the mRNA expression of CXCL9 and CXCL10 in UVM cell lines after RBX1 knockdown
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