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Abstract

This study aimed to investigate the expression profile, prognostic value, and potential mechanisms
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of SLC7A1 in multiple myeloma (MM). Public databases, including TIMER, GEO, and Kaplan-Meier plot-
ter, were used to analyze the pan-cancer expression of SLC7A1, its expression level in MM, and its as-
sociation with overall survival. Clinical samples were further used for validation, and the correlation
between SLC7A1 expression and clinicopathological characteristics was analyzed. The results showed
that SLC7A1 tended to be highly expressed in multiple tumor types and was significantly upregulated
in both MM database samples and clinical MM specimens. High SLC7A1 expression was associated
with shorter overall survival, elevated Scr, LDH, and 2-microglobulin levels, as well as advanced DS
and ISS stages. Functional enrichment analysis showed that SLC7A1-related genes were mainly en-
riched in metabolic pathways, including amino acid transport, arginine metabolism, mTOR, HIF-1, and
AMPK signaling pathways. In conclusion, high SLC7A1 expression may be associated with MM progres-
sion and metabolic pathway alterations, and SLC7A1 may serve as a potential molecular biomarker
for prognostic assessment in MM.
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1. 518

% B B8 (multiple myeloma, MIM) & — 7 LR 48 i 55 5 38 58 R AIE 14 IV 2R G PR v < 3l 4Pk
HEBEEAAEIR L TR S EPUA SR FREESEE T MM B TS, AR R WS
SRR R NG R T P E B R . R, SERET TAREY, TR AR E TS
FARFBIGAEIRTT 0 S A 2R X [1]-[4].

AR g R R R AR R PR I R E 2 — o R An A T i R DM TR, R R I SR
FEV ARG SRR T o BRBEACH e 41, S BEIR A i AR B 28 /e IR 40 B B . 15 5 8
EANRIT IR RIEEEER . SLC R I S I E 7R i s I i e i B 40 1, ooy
R E R IE 32 5 22 o e 1 R 2B R R RIS R TS AH 9 [5]-[9] -

SLC7AL X HRBHE TR IERFEIZ 1A 1 (cationic amino acid transporter 1, CAT1), F32 HFEIR. Wi
R 5 G R S5 P 5 S R IR S FEL 02, mT R S e e a4 M 85 R SR AR T 4% [10] [11]. 4R, H A1
KT SLCTAL /£ MM H IR IARFIE S G R B AT = R 7t DRI, A FEA0LEG & o JEEOE PE AT I IR
FEA, 438 SLCTAL 1E MM I IA /KT TS IME ZIBAEERNLE], 9 MM 43 F-F5 S0 E AR AH
KA FEHR AL 1) %

2. MRI57%
2.1 AHBARED SLCTAL RiERFE A

FIF TIMER #45 P (https://compbio.cn/timer2/) 73t SLCTAL TEZ s HIRIAZE R, LB A A i
JEH LGN IEF 44 SLCTAL B3Ik /K > #E—2H M GEO %## P (https://www.ncbi.nIm.nih.gov/geo/)
SR RV REJR s 5 GSE24080, $2HL SLCTAL RIA(E R, H4& IEH S 5k L SLCTAL £ MM
BEHEFSHREATHEREESR. A Kaplan-Meier plotter %4 % (https://kmplot.com/analysis/) 73 #7
SLC7AL FIiE/KT5 MM 3 B4R Hl(overall survival, OS)I5< R, ARYEEE B HEFE BN (ELKs 23 2
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NERIEHFERIEA, KA Kaplan-Meier iE4: il A 17 28

2.2. IGFREEARYE S ErKYeE B B A BHE R M (Real-Time Quantitative Polymerase Chain
Reaction, RT-gPCR)#&Hl

2k 60 15 2 1t B Bl AR B A AN . ARYE B PR RS TR R M2 MM AERETE 18 % L L
b BEAETEARYT . BT BT AR AR s s NS G R R R EE (HIV) ML B [ B e At i v R e 1
iR B S AR RR DA R I B P I L. thAh, YRR 13 BRI RGN E B REAEAS . FTIRAE
SLCTAL TEIRIRFEARHRIEAK T FRBCEEILE . SR B4, B IhReins . mMa&a. mes. miE
JULIF « FLER I« 2R 1 B2-TBREE (1 S BREE LAY . DS 43 AN 1SS 43 IZE IR 55kl R TRIzol
EIRIUFEA S RNA, 253K 13 cDNA J5, {FHSER 2 E B RT-qPCR faill SLCTAL FIAHNT Ik K
P, UL GAPDH fEANSEE R AT IH—1k, JERA 20-AACt LT H AN RiE & .

2.3. SLC7AL Rz 5IEFIFEREX M S

R SLCTAL RIEH AL, K B A ERIRR TR MM 83 7> 09 SLCTAL m Rk AMRRIELL. b
B EETEME . S B BTheeRE . MaEA. 8. MEVE. ARMER. A&EA. g2-
EREE . RREREAWA. DS WA 1SS /M bR 2R, LIVl SLCTAL KiE/K 15 MM Ik
TR ARSI R ZHCL R AR

24.SLC7TAL HHXEFHINGEESE,. BRRERSEHST

NERTE SLCTAL KITEAEAEYIETIRE, HE TR BIETHE SLCTAL AHICHER, BT ThAE & 40 iT
(Gene Ontology, GO) 13 [X 4 & 424 #1 (gene set enrichment analysis, GSEA). GO 73 Hr 5 EM it fE . 7
T IREFNAMLE 73 = A5y . KEGG I 73T F TPl SLCTAL MG N vl e b N5 Sl . it —20
] Human Protein Atlas (HPA)%# J% (https://www.proteinatlas.org/) 3k B SLCTAL 25 [ 45 F4 Tl [ 2 v 7
AT, T R B SIS AL 7> T I RE .

25. GtFESH

AW T Givt 5 BT FH SPSS 26.0 B AF5E R, AHKEIZR H GraphPad Prism 7.0 24 & R #fh4:
il THEVORNE %R Shapiro-Wilk Br3HT IEFS MR, FFE& IES 00 EdE IS + M2 (X +s)
TR, PRSI AR A LUECR R MR AR t A5G s ATFF G IEAS 70 A0 I EE DL A7 B0 (09 43 B Rl FR) %,
40 18] L3R . Mann-Whitney U 658 o v 250508k AR i b B 3, 4L 18] LR < D7 ke 36 5 Fisher
FERRTIE . 9 2EL IR A D 23 BT AR 4 25040 20 A7 15 0K FH Pearson AH G2 HT 5k Spearman #RAHIG /34T . A2 479>
H1 KA Kaplan-Meier i£2: ) A= 47 M1 28, 20 1) A= A7 22 il 3 log-rank fx 3@k 4T vPAY , I LUK L (hazard ratio,
HR) [z 3 95% 5 {7 [X [f] (confidence interval, C)#& 7~ . AHF7TLL P <0.05 N2z R HE G %E X, HERS
PLE Shrm B MK *P<0.05, **P<0.01, ***P <0.001,

3. &R
31 SLCTAL EZREZ LA ERERESTRIEA

AW E ST TIMER s PEXT SLCTAL #HATZ R /i . 455 R, SLCTAL £ 2 Fhifg 221
SRR AR BAAE BRIAZE R, FEZ MR 2 ERIEES, $&7R SLCTAL )R Risw]
RE) 2 2 58 R A R R FE(E L(A)). #E—2BHT SLCTAL 752 KB 5608 rh Rk . 2T GEO
i, HEEEHESERIEMTHEERI, MM B dh SLCTAL FiL/KFHE T IEWS %A (A
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1(B)). NIWUEEAE T4 R, AT — PRI IR R A IR SLCTAL RIA K. iR R, 5
IEFEATHRAARLL, MM B A SLCTAL AHXT R KT R = (P < 0.001), 524 5 ird R
—H(H 1(C)). ERZEREH], SLCTAL MMUAEZ Fh iR P AAE R RIL, 1 HA MM BT R EE R
RIBRE, RHETRES MM NEAERESR XK.
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Figure 1. Expression characteristics of SLC7A1 in pan-cancer and multiple myeloma

[E 1. SLCTAL B2 R & X B3 P HFIAFE

3.2. SLC7TAl BFRIEEAFARFER MM &imitREX

Rt PFAE SLCTAL TG ME, A7 FIFH Kaplan-Meier plotter 4 2 43 1 SLCTAL RIA/KF
5 MM ## Rk £ (overall survival, OS)[15k & . 4R, 5 SLCTAL fikKILHMLIL, SLCTAL &
FIKHEF M) OS W w4k, HimRkHIE T MBI, #7s SLCTAL mRik 5 MM B A R & AH 5%
(1 2).

5T SLCTAL 5 MM I IRFFIERI G R, ABEFUR: 59 41 1A 56 B4 K BRI 5 #% SLCTAL FRik
AL N KRB . 4R B, SLCTAL SRIAA A Scry LDH F -k /K, Jfh5
DS. 1SS /- HFF @ B EM 5. FIRGRILR, SLCTAL ERIA T RES MM B f i 86 0 A s ik e A % .
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Figure 2. Association between SLC7AL expression and overall survival in MM patients
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Table 1. Association between SLC7A1 expression and clinical characteristics of MM patients

%% 1. SLCTAL Xt RIAS B Z IR REHERIFE X1

Variable (I\)lv:ersegll N = giggg% ) N = 2'50(\2'7% 1 Statistic  P-value?
Gender 0.11 0.74
Male 34 (57.63%) 19 (61.29%) 15 (53.57%)
Female 25 (42.37%) 12 (38.71%) 13 (46.43%)
Age 66.00 [56.00, 72.00]  67.00 [56.00, 72.00] ~ 66.00 [58.50, 70.50]  0.04 0.84
Bone lesion >0.99
YES 54 (91.53%) 28 (90.32%) 26 (92.86%)
NO 5 (8.47%) 3(9.68%) 2 (7.14%)
Renal impairment 0.47 0.49
YES 27 (45.76%) 16 (51.61%) 11 (39.29%)
NO 32 (54.24%) 15 (48.39%) 17 (60.71%)
Hb (g/L) 94.36 (22.12) 90.74 (22.36) 98.36 (21.54) 1.77 0.19
Calcium (mg/dL) 7.40 [2.14, 8.96] 7.72 [2.22,9.64] 2.46[2.11, 8.70] 2.28 0.13
Scr (umol/L) 89.60 [65.80, 116.00] 101.70 [84.00, 167.40] 71.95[57.27,95.45]  10.26 0.001
LDH (U/L) 89.60 [65.80, 116.00] 101.70 [84.00, 167.40] 71.95[57.27,95.45]  10.26 0.001
ALB (g/L) 45.00 [34.70, 75.00]  43.00 [36.60,91.70]  46.80 [34.15, 74.00] 0.01 0.94
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p2-Microglobulin (mg/L)  3.96 [2.79, 7.54] 7.50 [4.71, 10.00] 2.80 [2.15, 3.60] 37.80  <0.001
Immunoglobulin subtype 0.67
IgG 41 (69.49%) 19 (61.29%) 22 (78.57%)
Light 8 (13.56%) 5 (16.13%) 3(10.71%)
IgA 7 (11.86%) 5 (16.13%) 2 (7.14%)
Normal 2 (3.39%) 1 (3.23%) 1 (3.57%)
IgM 1 (1.69%) 1 (3.23%) 0 (0.00%)
DS Stage 0.018
1A 3 (5.08%) 0 (0.00%) 3(10.71%)
A 14 (23.73%) 4 (12.90%) 10 (35.71%)
11B 2 (3.39%) 1 (3.23%) 1 (3.57%)
A 29 (49.15%) 17 (54.84%) 12 (42.86%)
B 11 (18.64%) 9 (29.03%) 2 (7.14%)
ISS Stage <0.001
I 9 (15.25%) 0 (0.00%) 9 (32.14%)
I 17 (28.81%) 4 (12.90%) 13 (46.43%)
" 33 (55.93%) 27 (87.10%) 6 (21.43%)

3.3. SLC7AL X EH E T REBRE T & BT E
ARV SLCTAL HIBAEAY) S Thae, A0 A I H 31T GO EHE A GSEA #1. GO 45

R EIR, SLCTAL M=% K 3= & 45T amino acid transport. L-amino acid transport. lysine transport. ornithine
transport SR IERFLIZIIRE; 43T IhAe 294 ) amino acid transmembrane transporter activity, A4 %
| £ Z25E AT membrane. plasma membrane S EE5MAH X 3, #2278 SLCTAL 5 R FERES 4% 12 % UIAH
K 3(A)).

#E—3 GSEA /M #Ti7R, SLCTAL AR 3 225 48 T urea cycle. mTOR signaling pathway . L-arginine
metabolic process. cell proliferation 254420 F2( 3(B)). KEGG Zr#r o, HAHSGHEEAHE mTOR
signaling pathway. HIF-1 signaling pathway. Arginine and proline metabolism. Insulin signaling pathway .
AMPK signaling pathway 25(/%] 3(C)). _id&EHHER, SLC7AL AlfEili 2 5 FM A & mTOR/MIF-
VAMPK SEACHAE @S, 52m MM R AER R .

3.4.SLC7Al EHEM R EEMEIR R H A BB EH I EFFE

itk 35 1 fift SLCTAL WEE A Z5 MR SO AE > DhRe, ABEFEET HPA #¥E FEXT SLCTAL AT
GEFTRIAN R A HAE ML 00T, S5 TIMES S EoR, SLCTAL AL o iEhesshE, BAHER
AR S5 FRRE, 3R LT RE L& B AL IE M DS T RE (] 4(A)).

HAHAEMZ TR, SLCTAL AL FMZ .ty 5 2RI BUTARDC KA 5 WA S A7
TEBEHAERR(E 4(B). 456 GO Fl KEGG B4R, #E/8 SLCTAL mfgiliit 2 5% R itz |
AR A S S BB MM 3R o (EZEAE M2 E BRI T 0 E 0, 5 447 R itk — 25 se i it
iE.
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Figure 3. Functional enrichment and GSEA analysis of SLC7Al-related genes
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4. W1ig

Z RV RAHE R, REEFRIGT T EANMRA, Bk W2 &G Z S5 2 % m
REKIHAAE M E S8, PRI S0 1 FAR S R A IR R [12]-[16]. A5 K I, SLCTAL fE
Z AR R RIA, HFE MM B0 PE IR REA T ) B3 RS, Rt MM IR AR AR K .

SLC7ALl RFHE FEILRRFISH KT T, FES SRSV IEEIZ . e 40w i 15
SRR TG ORI A QR = 2 R 35 2 PR G T 75 5K [17]-[19] . AW 5T GO J3# i 7n, SLCTAL AHRHEH F 2 E
TR IE . BRI LRI EH, HPA S5 Kt 5% H 5 A IR (1 45 ORI, $2R
SLC7AL Al g2 5 MM 40 E R ARG R o IGR AT 27, SLCTAL mik 3% OS 4, HH &
F#ik5 Scr. LDH. S2-ERE (/K FTHE M DS, 1SS 0 WTFmiAl K . IEERE R AFE RN -1k &
.+ LDH. ISS % 48hr5 MM Mgt far A0S PEAS % UIAH O [20] [21]. PR, SLC7AL &Rk ml feddm 5
TR T A ZE TS . LTI 45 5 R, SLCTAL AHCIE N & & T IR ZMEHF . K& M. mTOR.
HIF-1. AMPK K555 8% . A AR, ZIERRE 5 1H# mTOR &M, M mTOR. HIF-1
AT AMPK i #5355 g AR 38 5E K RS B 2 VA O [22]-[26] . PRE, SLCTAL AT g il i 50 2 i 2
R KA KA FHEE S5 MM 3R

Zi b, AFFiHE R SLCTAL 7£ MM kil JF 5 R TS « 500 70 JH KM i AHOC, W e 2 MM
TELE TS VPl 2 1o (H T 2248 H IR A FADAAAE — € W R BRI . A 78I PRERAIE - A FH s B ZH A
B 50 A A A T e S B RERE A, DRI AT R A AR R 22 i R I ey o R 8 2k A S0 VF, R — 2 4b
Tl RS B A A B R IR R A AR AT R, DA R R IR IR UE S R T SR . IR, AT
BT AHEBAEE T IR FEARFRIR IR S DY REE LT, MRk Z AR N AP DR SEEe S H . e 2T R @i
SLC7AL MR BT RIA . RIERIFEUSG I A mTOR/HIF-1/AMPK @ I61E, #F— A SLCTAL 5 MM
ik K AR AE S S 2 (ARG &R

5. &

AWFFRIN, SLCTAL 7EZFp R RAFTE ST 1 RIE, FRIE 2 RN B BEJR B0 B G IR AS 45 2 4
FHRRIE. SLCTAL mERIES MM 38 G R AE 4% . DS 43 A0 1SS 73 T+ BA & Scry LDH. f2-1
BREE F/KSP I AR G, S R HE T RE S MM BT 3 JiE A RIS A 0% D) e s 4R A GSEA 43 #T i 7i, SLCTAL
AL A T RIS . AR/ . mTOR. HIF-1 A1 AMPK Z54C 2@ % . 45 F, SLC7AL
FIZRIAT RS MM TS A R AR AH DG IS SR A 0, rIEN MM TG Pl I5E 7 7 hr &4, (AR
A A R 5 30— 20 SRR B0 IE

B B

AW AE T B KM E R B AR B2 02 & HE(QYFYWZLL29371).
ELWMB

IR B AR R G BB IT H (ZR2020MH314); (LR B AR R4 B B I H (ZR2021MH311).
Bk
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