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VARS §RIEHM BN G K ERE S LT SEREMAMAEK
L, AEEE, AR, A, T, R, IS, s

(1. R REEWIHEA I DA 2B AR IS SR 2A R, KU 4100065 2. G REEMTEE R EL, K7D 410008;
3. B R AR B 2= B R A T T, KD 410078)

(FE] BrY: ZRMEH8 (multiple myeloma, MM)J2if & T AR MR ANMLEPEMR , ARpLH] M AT .
mTHEE ., BE. WERRS, MMALE RO RNEN . 2RI F 2 MM EEREZ —, 250
EENAREERZENERFRS S EAREG K. KBS 2% R G B (aminoacyl transfer ribonucleic acid
synthetase, ARS)FEEPREH TG B A i i SCRE IR 5 B . AR 9% B ZE IR ST 7 MM Hh S 33K 9 S IR ARl G s A
F ARS il 1 A IR AR i MM ZE K B TR . Faik e XA 3L 45 A I 5L [ 3K 27 B (Gene Expression
Omnibus, GEO)HE ¢ rh BL R 1k 1t GSES900 Bdi 45 K GSE2658 KRR, XF ARS F I SR i BRI A Thr AL
Ab3E . SR GSEA_4.2.0 5153 B filt B f1E 2 (healthy donor, HD)5 MM 5 HEK & 42025 5 . K H] GraphPad Prism 743
il 2 R AR B I A TEE 0BT . >R FH Kaplan-Meier £ Cox [R]HARHY 73 516 ARS F2 05 3 R 2R3k 5 MM B85 il 1% (LA T
BNR K Z KRBT, W THIMMAYIRZEE EBEA, M CDI38HUAR SR/ L3544 CD138", CD138° 4/, >k
J real-time RT-PCR 4347 ARS 7E MM Il PRAEA th i 23R 55 . LA B KL 40 GM 12878 4Hiifd, A MM 41l % ARPI
NCI-H929, OCI-MYS5. U266, RPMI 8266, OPM-2, JIN-3, KMS11, MMI.s ZHMMAF5E%14E, K H real-time RT-PCR
KR BB L T ARS 78 MM AR R 2GR 5 00 . Rk e A% MR A% 2 (short hairpin RNA, shRNA)E B4
SE DA R TR (VARS-sh 41), ¥ Ho 523 2050RT (scramble 41) 73 154 4 HEK 293T 415 A PR s 4%, 435I/ ARPI
OCI-MYS 4l g I #t 37 Fo e Ak M AN 2R, 49 310 R FH 40 300k AR 2K 400 e A ARG D vl 461 2 1k (RN 5 B it (valy -
tRNA synthetase, VARS)HEE X MM 413458 FIPH T 5200 . AR % VARS K35 ¥ GEO $itdls 434 = R L AR R GA 4,
A W AE B A 43 B AR R VARS S (%) N Ui GE I, R A AT I [E] BT 1% (gas chromatography time-of-flight/mass
spectrometry, GC-TOF/MS) X /=1 50 AH {6, (high performance liquid chromatography, HPLC)43 7 #6:MIf PR 58 2B it
A CD138 4l S rifil VARS BEH Y ARPL, OCI-MYSZHMI K il A dm & ik, &R ERREESERERY: 5
HD H L, tRNA T AR S A3 R 75 MM AP i 35 B 45 (P<0.0001) BE— 207 2k tRNA I T 38 B AR 56 748 4 T M o 4 1k
tRNA G 8l 5 1 5 K 7E MM b I 35 5 48 (P<0.0001), ik [K] 3R 34 K] 45 2R 3R ] GEO %4 ARS 55 5 A1 B3k T 2 Tk
tRNA & i fiff(alanyl-tRNA synthetase, AARS). A& &Mk tRNA & i (arginyl-tRNA synthetase, RARS). Z2%BEtRNA &
B (seryl-tRNA synthetase, SARS)/L, HAR ARSI NITE MM i 3K (34 P<0.01), H Pl 2 SR A B 5 R
FRZE M IMLAE (monoclonal gammopathy of undetermined significance, MGUS)%| MM [9 & B UERE, FE K o3k K -2 Wi b
il Kaplan-Meier A= 771% O 2.5 2 43 #7465 5 3¢ B At 05k tRNA - 50 (methiony]-tRNA synthetase, MARS), KAt
J1i¢ 55 tRNA A Al (asparaginyl-tRNA synthetase, NARS). VARS &L 5KEIAH MM B E TG E R 2R HA 5
2 (3 P<0.05). Cox [HFHH Z R R A Hr 45 L 2B . VARS 1R 355 MM 1 S A= 170 0] 53 % 7B 52 (HR=1.83,
95% CI 1.10~3.06, P=0.021); NARS(HR=0.90, 95% CI 0.34~2.38) 2 MARS(HR=1.59, 95% CI 0.73~3.50) = #1514
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XF MM H 3 A4 A A7 8] TG 820 (2 P>0.05)., Real-time RT-PCR A 2 [ 5t EJ 7 b 45 S %6 ] VARS . MARS F1NARS 7E
Il P £ 2% CD138" MM 41 ifg Sz MM 4 il 2 34 i85 3634 (5 P<0.05). 4508 Mo i U4 AR 25 548, Wi VARS 11
MM 2 R34 5% i 77 8% 5k 25 3 1 (P<0.01),  AHALYA T30 i FH 55 (P<0.05) 0 A=W B 2% 2 AT 46 SR 3 W B3 (0. 45 240 A JR) B0
PN )38 4 32 VARS TSN, B2ie . 52 SR S50 S R o0 Fe A E B B 1 . ARHE AR 4 2 0 3 . 5 HD A
He, MM Y CD138" MM 40 it Hh 45 2R 25 AR (P<0.05). HPLC 53360 . 55 scramble 414, VARS-shRNA 4]
() ARP1 4B 53555 55 FIE W M OCI-MY5 355538 s rh 40 2 i 2 s A3 in (X P<0.05)., 45i: VARSTEMM H
FFGk, HE5MMBEE A RFSEHIE, VARS AT 18 o 5 00 45 2 R C IR P e i MM 4 it A= K
[K$BIA] ZRMEEEIE; DRI R ; SRR & i ; SR

High expression of VARS promotes the growth of
multiple myeloma cells by causing imbalance in valine

metabolism

SHI Rui', DU Wangqing', HE Yanjuan’, HU Jian’, YU Han', ZHOU Wen’, GUO Jiaojiao’, FENG Xiangling'

(1. Department of Health Inspection and Quarantine, Xiangya School of Public Health, Central South University,
Changsha 410006, 2. Department of Hematology, Xiangya Hospital, Central South University, Changsha 410008,
3. Cancer Research Institute, School of Basic Medical Sciences, Central South University, Changsha 410078, China)

ABSTRACT

Objective: Multiple myeloma (MM) is a plasma cell malignancy occurring in middle and
old age. MM is still an incurable disease due to its frequent recurrence and drug resistance.
However, its pathogenesis is still unclear. Abnormal amino acid metabolism is one of the
important characteristics of MM, and the important metabolic pathway of amino acids
participates in protein synthesis as basic raw materials. Aminoacyl transfer ribonucleic acid
synthetase (ARS) gene is a key regulatory gene in protein synthesis. This study aims to
explore the molecular mechanism for ARS, a key factor of amino acid metabolism, in
regulating amino acid metabolism in MM and affecting MM growth.

Methods: The corresponding gene number was combined with the gene expression profile
GSE5900 dataset and GSE2658 dataset in Gene Expression Omnibus (GEO) database to
standardize the gene expression data of ARS. GSEA 4.2.0 software was used to analyze the
difference of gene enrichment between healthy donors (HD) and MM patients in GEO
database. GraphPad Prism 7 was used to draw heat maps and perform data analysis.
Kaplan-Meier and Cox regression model were used to analyze the expression of ARS gene
and the prognosis of MM patients, respectively. Bone marrow samples from 7 newly
diagnosed MM patients were collected, CD138" and CD138 cells were obtained by using
CD138 antibody magnetic beads, and the expression of ARS in MM clinical samples was
analyzed by real-time RT-PCR. Human B lymphocyte GM 12878 cells and human MM cell
lines ARP1, NCI-H929, OCI-MY5, U266, RPMI 8266, OPM-2, JIN-3, KMS11, MMI1.s
cells were selected as the study objects. The expression of ARS in MM cell lines was
analyzed by real-time RT-PCR and Western blotting. Short hairpin RNA (shRNA)
lentiviruses were used to construct gene knock-out plasmids (VARS-sh group). No-load
plasmids (scramble group) and gene knock-out plasmids (VARS-sh group) were transfected
into HEK 293T cells with for virus packaging, respectively. Stable expression cell lines
were established by infecting ARP1 and OCI-MY5 cells, and the effects of knockout valyl-
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tRNA synthetase (VARS) gene on proliferation and apoptosis of MM cells were detected by
cell counting and flow cytometry, respectively. GEO data were divided into a high
expression group and a low expression group according to the expression of VARS.
Bioinformatics analysis was performed to explore the downstream pathways affected by
VARS. Gas chromatography time-of-flight mass spectrometry (GC-TOF/MS) and high
performance liquid chromatography (HPLC) were used to detect the valine content in
CD138" cells and ARP1, OCI-MY5 cells and supernatant of knockdown VARS gene in bone
marrow samples from patients, respectively.

Results: Gene enrichment analysis showed that tRNA processing related genes were
significantly enriched in MM compared with HD (P<0.0001). Further screening of tRNA
processing-pathway related subsets revealed that cytoplasmic aminoacyl tRNA synthetase
family genes were significantly enriched in MM (P<0.0001). The results of gene
expression heat map showed that the ARS family genes except alanyl-tRNA synthetase
(AA4RS), arginyl-tRNA synthetase (R4ARS), seryl-tRNA synthetase (SARS) in GEO data were
highly expressed in MM (all P<0.01). With the development of monoclonal gammopathy
of undetermined significance (MGUS) to MM, the gene expression level was increased
gradually. Kaplan-Meier univariate analysis of survival results showed that there were
significant differences in the prognosis of MM patients in methionyl-tRNA synthetase
(MARS), asparaginyl-tRNA synthetase (NARS) and VARS between the high expression
group and the low expression group (all P<0.05). Cox regression model multivariate
analysis showed that the high expression of VARS was associated with abnormal overall
survival time of MM (HR=1.83, 95% CI 1.10 to 3.06, P=0.021). The high expression of
NARS (HR=0.90, 95% CI 0.34 to 2.38) and MARS (HR=1.59, 95% CI 0.73 to 3.50) had no
effect on the overall survival time of MM patients (both P>0.05). Real-time RT-PCR and
Western blotting showed that VARS, MARS and NARS were highly expressed in CD138"
MM cells and MM cell lines of clinical patients (all P<0.05). Cell counting and flow
cytometry results showed that the proliferation of MM cells by knockout VARS was
significantly inhibited (P<0.01), the proportion of apoptosis was significantly increased (P<
0.05). Bioinformatics analysis showed that in addition to several pathways including the
cell cycle regulated by VARS, the valine, leucine and isoleucine catabolic pathways were
upregulated. Non-targeted metabolomics data showed reduced valine content in CD138"
tumor cells in MM patients compared to HD (P<0.05). HPLC results showed that
compared with the scramble group, the intracellular and medium supernatant content of
ARP1 cells and the medium supernatant of OCI-MYS5 in the VARS-shRNA group was
increased (all P<0.05).

Conclusion: MM patients with abnormal high expression of VARS have a poor prognosis.
VARS promotes the malignant growth of MM cells by affecting the regulation of valine
metabolism.

multiple myeloma; aminoacyl transfer ribonucleic acid synthetase; valyl transfer

ribonucleic acid synthetase; valine

KEY WORDS
ez

J&d (multiple myeloma, MM)JZ¥- & F BTZ)55 81 25 Ko i Z WA R K, (HiFHZE

HEAE RIS, WA 2R R B WEARR AL, MM R CIEIA A
FLOEAIAE . P, BEREED REMMBER BN, HARPLE M AEE . BEMMER, Sk
A A I TR] PSS RS 400 1) 5 9 5 44 K (bortezomib, HRNARYTHLAL, W MM TR G E 2,
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20 i R 1 A R D ORI —, i
Jed 2 A %) A 03 B s 2 T R Y O o B0 ) B A AR
T 2 b 98 3 B T B SR 0K, O {68 e e A e A 4
FEP . JEAESR, XM ATTE MM & A FUR e AR
FH R AL B 5T B G0 o A DR Fiy 30 20 2k o) i
JFRENFI MM 85 A1 8 il K56 Il AT A A 2
SR : MMUEE 228 . HaERRAE & A4 B0
A%, A D H PR a8 Ak i BEL T = 1 ) T 40 )
MM RS 22 Z( R I A4 O SRR S i I H il iR
it & i (phosphoglycerate dehydrogenase, PHGDH) A
T AT BN S B2 IR A B B A 2 MM 4 JifL
HaFE A BTZ Bt 24595 B BEfA s h it 5 22 iR 2
1 MM R 1 A 20 R 0l /B A= B, T ] 22
SR I H B /M A BCER VAT AT 3 8 A% A
At/ A B 6 MM ks, mT oL, 2R AR
W5 HTE MM ) A 0 J v A4 EEAE H

REMIENEARER S 5 EAREG BRI RE
SRR . AR B IR & Ui (aminoacyl
transfer ribonucleic acid synthetase, ARS)Z % H &
BT TR A G T RN . —, HAE R A R
255 BT W A 5% S KB A% 2 (transfer ribonucleic acid,
tRNA) [, JE A BE (RNA J& #E A AR T 8 R
A ARSKIEIEN 25 Z R A B BT R, A
FEMEAER . MERGEKE . PRGN I
MR AR R AT (B HHTE X ARS 75 MM 1 RIS
A, AWEoE B LR 7B ARS 78 MM Hr 1) R A1
B, T ARS FRIkXF MM 40 HOBG 58 . R T B R e A
AECALE], S MM ST RIR AN

| HS 7%

1.1 #

A B 20 GM12878 40 L, A MM 40 il &
ARP1. NCI-H929. OCI-MY5. U266. RPMI 8266,
OPM-2., JIN-3, KMSI11., MMIL.sZiffd, AR 40
Z HEK 293T 4ififl, JFiki pLKO.1 puro ¥ i H1Rg K 2%
Fir IR A 5 T JE) SCHUARZE T o 7 5 MM )2 BB 1
b 7 B B rf g R 2 N RE B B, 16 i) f B AL
(healthy donor, HD)FY ‘B R A< B H H R R HE —
BB, 30151 MM S35 18 i B s A U Hh pg R 2 N e
B BE 5 b KA = e, RS B A 1B
NG [ . RPMI 1640, DMEM ., fii4-IiE . #EiR
Y 3 5 E Gibco ATl ; HER-MERE
AW T ke B ER B (sodium dodecylsulfate,
SDS). W EiMRE: . B . PUEBERE 1A B A6 504

BB YH ARG RITAEA H 5 BCA & H BTk B

FEAR T G W 1 R v E R A R B A BR A D
FITC Annexin V 40 i J& 12 46 I 3L 5% & g 3 56
Becton, Dickinson Biosciences 23 &) ; CD138 #7i 1A #Y
BRI A € [# Miltenyi Biotec /A H) ; RIPA 4 H V1.
SRR 20 A W R Ay A BR A R 5 B 1l A o 55
REY . MR A FEE S RAEYER
AWRAFE; @AERBMEMS . SR PR b
(trihydroxymethyl aminomethane, Tris) 2% i £k %
(Tris buffered saline, TBS). kELANME BRI F 55
= Sigma/ZyFl; 1 mol/L Tris-HCI(pH=6.8). 1.5 mol/L Tris-
HCl(pH=8.8). Mii-20 41 A b 2 ERHA R A
Ao B OB & Bt (RNA & i B (methionyl-tRNA
synthetase, MARS). K & Wi ik B tRNA & i
(asparaginyl-tRNA synthetase, NARS). %% /5t (RNA
& A B (valyl-tRNA synthetase, VARS) T 4t ¥ 51 #ll
MARS. NARS. VARS. GAPDH#|¥)¥l F At st 3 R
HERHE RN AT BRA F] 5 Eastep®iBZLE RNA $2BUR
F &0 [ i Promega /8 7l 5 % SEESE — 5% cDNA
A R ) & . PowerUp™ SYBR™ Green T IR ¥k .
Pierce™ ECL Western 3 I 4 24110 ) 55 [EI €80 K i1
IRBHE 2 F] 5 Bactin LK [ 3¢ E Cell Signaling
Technology 73 7] ; VARS HiLiAIg B I = & A= W3 R
FBRAF] 5 H I -3- 8 R I 2 (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) $t /& Iy [ 3¢ [
Proteintech 23 7 ;  Age IF EcoR IR il A2 ik N V) i 15
I H 2€ [E New England Biolabs 23 /] ; T4 DNA % $: [
W Bt e EYHEAR MDA RA . 4R
ffi . PCRACN SE[E TR QM RBHL A /™ s RNA
SR ES R B B A R A KA i
A AR 2\ 7= s T =X 4 M X S 28 [ Becton,

Dickinson Biosciences 23 7l F= i

1.2 FHik
1.2.1 #AR A 2 W12 &5 HT

I T 3 [H 3£ 38 25 B (Gene Expression Omnibus,
GEO) ¥4 J% (http://www.ncbi.nlm.nih. gov/geo) H &
F ik GSES900 4 4 Hh 22 6l HD | 44 f5i] 25 LA ]
PR [ TN Bl ER 25 A L E (monoclonal gammopathy of
undetermined significance, MGUS)f#& . 12 {45 417!
% %M B #6988 (smoldering multiple myeloma, SMM)
B, AN GSE2658 Bdla 4R H 559 Bl MM R 3 Y ZE A
FARNEOLS, R B G o 2 N AR G IT R, X
ARS F 5 5 N R ik Bl AT hn AL b B, SR A
GraphPad Prism 7Z: i34 & . £idfi 5347, Kaplan-Meier
AT R IR 5 e T R TS A DG o SRS &
4E 3 HT (gene set enrichment analysis, GSEA) 4.2.0 4k
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PR A7 FEREE LB . (RNA T AH 56 3k B 4R
(REACTOME_TRNA PROCESSING.v7.5.1), JiJfi%&
Bt (RNA & W B %K % 2 B % (REACTOME_
CYTOSOLIC_TRNA AMINOACYLATION. v7.5.1), 5t
#R F R AL A 4 H B4 (Kyoto Encyclopedia of
Genes and Genomes, KEGG) % #i 4 (c2. cp. kegg.
v2023.1.Hs.symbols), HER. 2=l ikt
[ 4 (KEGG_VALINE_LEUCINE_AND ISOLEUCINE
DEGRADATION.v7.5.1)7£ GSEA %4 4} J& (https://www.
gsea-msigdb. org/gsea/index.jsp) HF T 2%, A HE A H
GEO %4 v HD 5 MM JE K R A8l . GEO %k #
F2 I8 VARS IR KF AU A3 4340, B4
T 24X TEESN VARS ik 5 R A H AR AL 1T
VARS T i % GSEA 43#7
1.2.2 tmfdzdc

AR i 2 HEK 293T 40 i fif FH & 10%FBS Al

MRS ENDMEM B 5, ABAIIE &

GMI12878 i Jifd , A MM 4ii iy & ARP1, NCI-H929,
OCI-MY5. U266, RPMI 8266. OPM-2. JIN-3.
KMS11., MM1.s 40355 & 10% 16 4 I35 F1 1<
B F -4 R E B9 RPMI 1640 15 35 3%, FIF A 40 i ¥ 78
37°C, 5% CO, &M TFEF.
1.2.3 Real-time RT-PCR

WA 7 65 MM A2 BB 5 B BEREAS , FH Ik EL 41
S3 B AT B MM R B REREAS TR AR A, 240
Jf A R AL R LA, ] CD138 PR BR 3 3L 4R
13 CD138". CDI138 4fififd, Jf-1h CD138 41 fd 4 Xf
GO Eastep®ﬂ?& £ RNA $& BT & Ul I P2
Y RNA; 5 RNA 4% 8 S5 Sl 5 — 4 cDNA &
B G U I A5 AT R sk B B cDNA, - [ 2 T
i 25°C 5 min, 42 °C 60 min, 70 °C 5 min, 5h 4%
HJE O EG KRR B S A%, —20 CREAE A5 5 @Fﬁ
PowerUp™ SYBR™ Green #i iR /i 1T PCR § 114
YIFFILEL, REEF R 95 °C 2 min, Fﬁ}ﬁl_ﬁ‘
40 MEFF, BAEFR R 95°C 155, 60 °C15s, 72 °C
1 min, #%J5 72 C 5 min, X GAPDH HINZ, RH
27O mRNA kKDL,
1.2.4 G Repit ik

FH RIPA 24 M W vk 1 9% 7 24 % 240 M4 30 min, &F
10 min A ENRYS 11K, HIKIR 10s, RHAIBCAE M
Jo e JiE N s a5 00 S 2 1 Bk R . IO ) B AR
M T # 47 SDS-PAGE 43 B & F1 i, 1H 80 V HLIK
2h, HF200 mA%BE2 h, & 5% RS YK B TBS
TEZE W FEMAI 1 h, IIA—$ VARS(1:1 000)., B-actin
(1:2000), GAPDH(1:5 000), T4 CHEid%, H
TBST YE M 3 ¥k, AEYK 10 min, HIA X — 3T (1

5000), fE=J FWE 1 h, JHTBST VB, KM
Pierce™ ECL Western EJ3F i) 52,

%1 Real-time RT-PCR 5| #1751
Table 1 Sequences of primers for real-time RT-PCR

Gl S 519175

VARS 1EMf . 5-TGTGACTCGCTGGTTTGTCA-3'
JZ18: 5“TTTGGTTTCTTCTCCCCTGGA-3'

MARS 1EM: 5-TGACCACAGCTTGAGTCGTC-3'
JZI7]: 5'-CCCCACAAAACAATGTCGGC-3'

NARS 1EM: 5-CCAGCCCTGGGAGATGTTTT-3'

I : 5-~AAGGACACTCAGCTTCCACG-3'
GAPDH  1EIf]: 5-TCATGACCACAGTCCATGCC-3'
Ii: 5-AAGTGGTCGTTGAGGGCAAT-3'
VARS: 02 BE (RNA & Ul ; MARS: H B2 Bt (RNA
A EE; NARS: KAWEMHE (RNA & allY; GAPDH: 1
TMEE-3-TEMR N A (RNA: BRI,

1.2.5 J B 3l am e 2 o #y s

i FH RNA 1 4 3% o ™ 3l (https://rnaidesigner.
thermofisher. com/rnaiexpress/sort. do) ¥ i1 MARS,
NARS. VARSTHLFF, BAFFINLE2. 519518
KEMBIRAIE 95 °C 5 min, HARBRHEER, K
Age IFl EcoR 1/ U] )19 2 T H2/K pLKO.1 puro 5
B K H) MARS. NARS. VARS TILIF804H:, $k
VRIS, KA HE ) Y A MARS TR
(MARS-sh #]). Rl NARS i ki (NARS-sh £H) . il ik
VARS Jii #7.(VARS-sh 41) 175 28 JiT ki (scramble 1) 53531l
¥t HEK 293T 20Ut s (03, 48 hJm ok zs,
éﬁﬂiﬁﬁfﬂ ARP1, OCI-MYS54iffd, 48 h/5f# M1 mg/mL
IR R R B TIRIE, PRIHRE RIAM AR .
1.2.6 4o fie 38 58 52 B

B EROIRAS RAFAY ARPL, OCI-MY 5 4l fd 4351145
7.5x10° 4L L 1x10°AN/AL B %% BE 4/ T 12 fLAR
%b}iiﬁ?%%ﬁ ImL, &2 d#l, %25 d424 hi

AN & Wi g S5 T
1.2.7 & 4o Je A A ) 4a e ) =

$ B8 FITC Annexin V 401 J 8 1= #6590 32855 & 150 HH
5 ab B A0 9, Jil A 2 uL Annexin V-5l ¥ ¥ & H
(allophycocyanin, APC), 4 pL 7- % & £k i & D
(7-aminoactinomycin D, 7-AAD), T &k CIEE
15 min, fdf FH I 2C4H LA SRS 0 LR T 1O
1.2.8 #H R4/

K H AT 8] 3% (gas chromatography time-of-
flight/mass spectrometry, GC-TOF/MS) [t £ Agilent
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7 890B S AH (i A AT AR AL # AR, 433k 16 151)
HD. 30 MM &35 B 3EFEA P Y CD138 4l JF
PATESEMRFE AR, WEHE CD138 4, 2.0 T4,
FH AU (20 mg/mL ARYMERERA ) T 30 CIFRFHEA 2 h
R, ARG 50 pL N-FJE-N-(= 1 2Lk be) = 3
&, 1 1 [N-methyl-N- (trimethylsilyl)trifluoroacetamide,
MSTFA] +1% = F 3t & fif: %% (chlorotrimethylsilane,
TMCS)il#fa,  EHUGI .

K & S W A £ S (high performance liquid
chromatography, HPLC)F Il 5% 1) 5% & VARS il )ik it
#7 (VARS-sh 41) Fil 75 4% i #7 (scramble 21) 1) ARP1,
OCI-MYS 4l i 5 55 7% 3 IEMM B AR &2 . EE
AR SRR SR AL VW, $iIR0.02 g/mL Y L
P 5-fii B K A BR DT TE 4 1 B, KA 10 min J5 LA

&2 ERATFHFT

Table 2 Sequences of primers for gene interfering

8 000 r/min 50> 10 min, B3 A 0.22 pm 3§ B
UE 5 W4 1x107 4> ARP1 B OCI-MYS5 40 il , fin A
80 uL 10 mmol/LAYHCI, JRAIF-80 °CRAZAR@L2IK, il
A 20 uL 5% S5-I IR TTIE R 5T, LA 13 000 r/min
B0 5 min, BEIEWARRS H 0.22 pm JERGEUE . 2)
WA WA A I 50 mmol/LEERR AR A VKRS IR
pHIEVHZE 6.8), Wisht B iR FEL, 3)@ifHm
VEBLARE . 20% %i s 4H B 0.02 min, 25% i 314 B
6 min, 37% Vi h4H B 16 min, 59% Ji34H B 25 min,
78% Vi s AH B 29 min, 78% WizNAH B 32 min, 25% Vi
SHAAIB 35 min, 25% Wiz B 40 min, %4 1 mL/min,
4) BRI . Ab H S R ORE S S A8 2K R
(o-phthalaldehyde, OPA)TAFRIRG, AL 1:10,
WEEEHE 3 minJ5 EHLSI

EIRZER S

J¥5

VARS-shRNA  1E[]: 5-CCGGGCCTGACTGTTTCCTGGAAGTCTCGAGACTTCCAGGAAACAGTCAGGCTTTTT-3'
1] : 5'-AATTAAAAAGCCTGACTGTTTCCTGGAAGTCTCGAGACTTCCAGGAAACAGTCAGGC-3'

MARS-shRNA  1EIn]: 5'-CCGGGCTATGGCTGTTACTGCTTGGCTCGAGCCAAGCAGTAACAGCCATAGCTTTTT-3'
I : 5'-AATTAAAAAGCTATGGCTGTTACTGCTTGGCTCGAGCCAAGCAGTAACAGCCATAGC-3'

NARS-shRNA  1E[1]: 5-CCGGGCATAGTGCATGAGCTCAACCCTCGAGGGTTGAGCTCATGCACTATGCTTTTT-3'
I : 5'-AATTAAAAAGCATAGTGCATGAGCTCAACCCTCGAGGGTTGAGCTCATGCACTATGC-3'

TR 51 5 40 356 R 2 00 91 X I8 B AN 5 %1 . VARS : Z0I E t(RNA 4 i ; MARS: F Bk (RNA 4 A ;
NARS: RABEIIERNA G HF; shRNA: &k FAEHIHEIR; (RNA: FERZRIIR .

1.3 Fit=4abiE

K F SPSS 19.0 Fl GraphPad Prism 9 %14 % %5 4f
HEAT AT o B0 3 LA B A v 22 (o) ITE U
A1 2 IR IES 530 B 7 2255, R ek a4t
# 2 HWBAEARMIES ST 2455, RAESH
FRARE 55 . SR F FlowJo B4 23 B 41 L 98 T 1) & 43
™, R Kaplan-Meier #47 . R /700, SR
Cox BIABAIM T 2 N R LM P<0.05 HERH
Gt L.

24 B

2.1 ARS KiEEREEMM FExRIE

FIH GSEA_4.2.0 #1443 H1 GEO $idli EH HD 55
MM B E RN FEEN LS, SR L. SHDMI,
tRNA I T AH 5G4 3£ 8 76 MM b i 35 & 48 (P<0.0001 ,
FI1A); oE— 20 1k C(RNA I T30 B AR 56 742 & B
TR E tRNA A B g 5 1 35 R 7E MM P I 2 5 4R (P<
0.0001, K1B), JEHFRIAMEIZERFZ : GEO Hidl
H1 ARS R 5 K 5 T & BE t(RNA 5 1 (alany]-tRNA

synthetase, AARS). i % Bt tRNA & i i (arginyl-
tRNA synthetase, RARS). 22 tRNA & i fiff(seryl-
{RNA synthetase, SARS)4h, MARS. NARS. VARS.
2k Bt & R tRNA & 1% i (cysteinyl-tRNA synthetase,
CARS). K & & Mt (RNA & i B (aspartyl-tRNA
synthetase, DARS). H % Bt tRNA & il [ (glycyl-
tRNA synthetase, GARS). 4 4 Bt tRNA & i,
(histidyl-tRNA synthetase, HARS). F55%BERNA &
i (isoleucyl-tRNA synthetase, IARS). #fiZ Mk tRNA
& B (lysyl-tRNA synthetase, KARS). =245k tRNA
& J B (leucyl-tRNA synthetase, LARS) . 4% Wk iz K&
tRNA & A i (glutaminyl-tRNA synthetase, QARS) .
7 & Mt tRNA & i fif# (threonyl-tRNA synthetase,
TARS). f& 44 Bt tRNA & i Jiff (tryptophanyl-tRNA
synthetase, WARS). [ 2 Bt tRNA 5 i i (tyrosyl-
tRNA synthetase, YARS). 7 & Bt tRNA & h{
(glutamyl-tRNA synthetase, EARS)IJFE MM H 5 33k
(¥ P<0.01), HBEEMGUS 2 MM (1) % JEUERE, JEH
FIRAKF BTG IN(E 1C. 1D), $E7R5 ARS K H: A
TE MM A= LR e v 4 B2 R
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Figure 1 Highly expressed ARS in MM
A: tRNA processing-related genes was positively enriched in MM by GSEA. B: Cytosolic tRNA aminoacylation-related genes was
positively enriched in MM by GSEA. C and D: Heat map analysis (C) and expression analysis of different disease processes of a
single gene (D) revealed high expression of ARS in MM by analyzing GEO data. HD: Healthy donor (n=22); MM: Multiple
myeloma (n=559); MGUS: Monoclonal gammopathy of undetermined significance (n=44); SMM: Smoldering multiple myeloma
(n=12); MARS: Methionyl-tRNA synthetase; NARS: Asparaginyl-tRNA synthetase; VARS: Valyl-tRNA synthetase; AARS: Alanyl-
tRNA synthetase; CARS: Cysteinyl-tRNA synthetase; DARS: Aspartyl-tRNA synthetase; GARS: Glycyl-tRNA synthetase; HARS:
Histaminoyl-tRNA synthetase; [ARS: Isoleucyl-tRNA synthetase; KARS: Lysyl-tRNA synthetase; LARS: Leucyl-tRNA synthetase;
QARS: Glutaminyl-tRNA synthetase; RARS: Arginyl-tRNA synthetase; SARS: Seryl-tRNA synthetase; TARS: Threonyl-tRNA
synthetase; WARS: Trypanoyl-tRNA synthetase; YARS: Tyrosyl-tRNA synthetase; EARS: Glutamyl-tRNA synthetase; ARS:
Aminoacyl-tRNA synthetase; GSEA: Gene set enrichment analysis; tRNA: Transfer ribonucleic acid. *P<0.05, **P<0.01, ***P<

0.001.
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2.2 ARSKEERERIEZSEMMEETRENXZR

Kaplan-Meier 4= f7 43 #7 45 2R & W] . MARS,
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Figure 2 Relationship between the expression of ARS and the prognosis of MM patients

MARS: Methionyl-tRNA synthetase; NARS: Asparaginyl-tRNA synthetase; VARS: Valyl-tRNA synthetase; CARS: Cysteinyl-tRNA
synthetase; DARS: Aspartyl-tRNA synthetase; GARS: Glycyl-tRNA synthetase; HARS: Histaminoyl-tRNA synthetase; IARS:
Isoleucyl-tRNA synthetase; KARS: Lysyl-tRNA synthetase; LARS: Leucyl-tRNA synthetase; QARS: Glutaminyl-tRNA synthetase;
TARS: Threonyl-tRNA synthetase; WARS: Trypanoyl-tRNA synthetase; YARS: Tyrosyl-tRNA synthetase; EARS: Glutamyl-tRNA
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synthetase; ARS: Aminoacyl-tRNA synthetase; tRNA: Transfer ribonucleic acid.
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Mr, S5REM . % MARS . NARS K235 15200
J&, VARS B R 2R i5 5 MM Y 5 AE A7 TR 50 A ¢
(HR=1.83, 95% CI 1.10~3.06, P=0.021); i} #
MARS., VARSFHEHFIBHFMG, NARS 1= Rk X)
MM & & 1Y A A7 B[] TG 52 Wi (HR=0.90,  95% CI
0.34~2.38, P=0.827); V#4% NARS. VARSH:IHFERHY
SRS, MARS B 22 35 6 MM R 18 6 A A7 i ()

SH(HR=1.59, 95% CI0.73~3.50, P=0.274; [&3),

2.3 VARS 7£ CD138" MM 4R B R i%

Real-time RT-PCR 52 % B . VARS ) mRNA 7£
MM & B CD138" il 984 40 g 1) 2 1k K- B 3 = T
CDI138 R 4iffl(P<0.01, [¥14A); VARSHI mRNA 7E
MM 4 il & (ARP1. NCI-H929, U266. RPMI 8266,
OPM-2. JIN-3 4l fifd) 1) 23k /K124 i 35 5 F IE % A B
R EL 20 i 3R GM12878 4 if1 (3 P<0.05, [E14B). &I
J B[S 45 B B . VARS & B 7E MM 41 i &
(ARP1, NCI-H929, OCI-MY5., KMSI11, MMIl.s 4f
JiD) o R 23R K O B T OE R ON B 4H L &R
GM 12878 4l fifi(3 P<0.05, ¥4C).

10 - T T

VARS mRNA relative
expression levels

CD138" A

CD138"

GAPDH fb“hﬁﬁ ‘h — mw

El4 VARS7EMM IfREFAR KR MM 4R R g Rk

Adjusted HR(95% CI) P

VARS e 1.83(1.10-3.06) 0.021

NARS +—to— 0.90(0.34-2.38) 0.827

MARS ¢ o 1 1.59(0.73-3.50) 0.247
1 1 1 1

0.5 1.5 2:5 3.5
HR

B3 Cox [EJI4HT VARS RiX¥ MM 477K 220

Figure 3 Effect of VARS expression on MM survival
analyzed by Cox regression

VARS: Valyl-tRNA synthetase; NARS: Asparaginyl-tRNA
synthetase; MARS: Methionyl-tRNA synthetase; HR: Hazard
ratio; CI: Confidence interval; MM: Multiple myeloma.
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Figure 4 Highly expressed VARS in MM clinical samples and MM cell lines

A: VARS mRNA expression levels in CD138" and CD138" cells of MM patients were detected by real-time RT-PCR. B: VARS
mRNA expression levels in GM 12878 and MM cell line were detected by real-time RT-PCR. C: Protein relative expression of VARS
in GM 12878 and MM cell line was detected by Western blotting. VARS: Valyl-tRNA synthetase; MM: Multiple myeloma.*P<0.05,

**P<0.01, ***P<0.001.
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2.4 BUR VARS # ) MM 4 B 91558

Real-time RT-PCR 5 [ T E[l by 2 SR 6 BH . 7E
ARP1 f1OCI-MYS5 4 i1, VARS-shRNA 4] VARS #
mRNA K5 H B35 7K1 14 12 K T scramble 41 (P<
0.001, K SA. 5B). #&7/8 VARS H& R Bl R R
YITE 80% L I o A MUt 2a5 KW . 7 ARP1 I
OCI-MY5 4iiffirh, 5 scrambleZHAH, VARS-shRNA

ZH B4 H 2 (P<0.01, [ 5C), TR IS,
RLW . 7EARPIAHMI, scrambleZHF1 VARS-shRNA
ZH 1 41 M 08 T 3R 43 9 Sk 8.55% Al 21.82%;  1E OCI-
MYS5 40 i, scramble £ Fil VARS-shRNA £ 1) 41 Jits
PT3535 510 7.81% F1 4 20.28%, 1 1. 2 Fh 41 fifd rp
VARS-shRNA ZH i) 21 itg 8 TR ¥ BH {2 755 T scramble £
(¥ P<0.05, K 5D),

1.5¢ e 10rmm =
1] mm Scramble © = Scramble
£ 2 VARS-shRNA ARPL . OCEMYS o == VARS-shRNA
5 B Kk sk QV' év' ‘% .2
= 0 1.0+ 2 $ 2 $ =t
x S &S B
Z 3 o P &P gg ™
g 0 05F 22
Qs - VARS|- ||“ ot | 2
< L - ﬁ
~ ; -4
-act ‘ -
0= ARPT  OCLMYS A prac '"| ”‘ 0= ARPI _ OCLMY5 B
_ ARP1 _ OCI-MY5
. 23 —— Scramble . 23 —— Scramble
S0 —~ MARS-shRNA 220 — MARS-shRNA
X NARS-shRNA X NARS-shRNA
815 — VARS-shRNA 815 — VARS-shRNA
E 0 E 0
=] =]
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¢ 6 ¢ 6
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Scramble VARS-shRNA
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10k 8.55 i 21,82
ARP1
% N —*— mScramble
O & = VARS-shRNA
3 o
100 10> 10° 10 £ 2
R
10°F Q1 Q2 105F Q1 Q2 2 10
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Figure 5 Proliferation of VARS knockdown MM cells

A: Knockdown efficiency was detected by real-time RT-PCR in ARP1 and OCI-MYS5 cells; B: Knockdown efficiency was detected
by Western blotting in ARP1 and OCI-MYS5 cells; C: Cell proliferation was detected by cell counting; D: Apoptosis of ARP1 and
OCI-MYS5 cells was detected by flow cytometry. VARS: Valyl-tRNA synthetase; MARS: Methionyl-tRNA synthetase; NARS:
Asparaginyl-tRNA synthetase; MM: Multiple myeloma; 7-AAD: 7-Aminoactinomycin D; APC: Allophycocyanin. *P<0.05, **P<

0.01, ***P<0.001.

©Journal of Central South University (Medical Science). All rights reserved.



VARS & IR E R O R AT S 2 A VS R A AR I g,

805
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F35 5K FA4, FIFH GSEA 1 ¢2.cp.kegg.v2023.1.
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0.05, K6C); it HPLC ¥ iE VARS H&PH Rk i MM
UM 5 R IR I LR P AR A, A5 R R
5 scramble 414 t,, VARS-shRNA ZH fit) ARP1 4 it P
513 I W B VARS-shRNA #H /i) OCI-MY5 85 3%
BE bW P A R O RS (¥ P<0.05, &l 6D).
$27K VARS 55 = RiBE L A AR A 2 5 MM
iR,

— Enrichment profile
— Hits
Ranking metric scores
Enrichment plot:
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Figure 6 Effects of VARS on valine utilization were analyzed by biogenic analysis combined with HPLC

A: Pathway regulated VARS by KEGG. B: GSEA was used to analyze the valine, leucine, isoleucine degradation pathway in VASR

high and low expression groups. C: Untargeted metabolomics showed that the levels of valine decreased in MM CDI138" cells
compared with HD. HD, n=16; MM, n=30. D: HPLC was used to detect the content of valine in ARP1 and OCI-MY5 cells. HD:
Healthy donor; MM: Multiple myeloma; VARS: Valyl-tRNA synthetase; KEGG: Kyoto Encyclopedia of Genes and Genomes;
GSEA: Gene set enrichment analysis; HPLC: High performance liquid chromatography. *P<0.05, **P<0.01.
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(vascular endothelial growth factor, VEGF) fil MUC1
(— s & IR I 3 B AL RR S Y L B R BR
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A K ARS TE MM H g IFSE LD, A By DB 54k
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