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Abstract

Purpose: Previous studies have explored the role of immune cells in multiple myeloma. This study
further utilized the Mendelian randomization method to assess the causal relationship between 731
immune cell phenotypes and the risk of multiple myeloma onset, providing genetic evidence to elu-
cidate the pathogenesis and clinical treatment of multiple myeloma. Research Methods: The 731
immune cell phenotypes used in this study and the data related to multiple myeloma were obtained
from corresponding genome-wide association studies (GWAS). The inverse variance weighted (IVW)
method was adopted as the main analytical approach for causal inference. Additionally, MR-Egger,
weighted mode, simple mode, and weighted median were used to enhance the robustness of the
final results. Finally, through sensitivity analysis, the stability and feasibility of the data were veri-
fied, and reverse MR analysis was conducted to assess the reverse causal relationship to determine
the potential impact of multiple myeloma on immune cell phenotypes. Results: The MR analysis
results of the IVW method showed that 7 immune cell phenotypes were positively correlated with
the risk of multiple myeloma (P < 0.05, OR > 1), and 4 immune cell phenotypes were negatively
correlated with the risk of multiple myeloma (P < 0.05, OR > 1). No heterogeneity or level multiplic-
ity was found (P > 0.05). The reverse MR analysis indicated that multiple myeloma was positively
correlated with 10 other immune cell phenotypes (P < 0.05, OR > 1), and negatively correlated with
16 immune cell phenotypes (P < 0.05, OR > 1). Again, no heterogeneity or level multiplicity was
found (P > 0.05). Conclusion: Through comprehensive bidirectional and two-sample MR analysis,
this study provided genetic evidence supporting a complex causal relationship between multiple
immune cell phenotypes and the risk of multiple myeloma. It revealed the complex interaction pat-
terns between the immune system and multiple myeloma, offering new insights into the immuno-
logical basis of multiple myeloma and potentially providing directions for future immunological
treatment strategies targeting immune cells.
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1. 5|8

% RN H BER (Multiple Myeloma, MM) & — iUl P S A i 38 A= s, BAERAGE. ERkE S, A
I7 AN e R ™ EE e AR AR VR I SRR . R SR T R W R AR TR s R G, WK E
I RERIEERE L, FECE BRG] B PR e DI REREAS,  NIME— P 51 R B R ST A
e MESE I ARCRE 1] [2]. BEERIRPELt g, B TRt HIUE R & 37 USSRk, 7™ 5 R
HEEBNRE ST, BT Re 75 23T B SR A B A2 m) ¥ 97 55 T B DA il 1

MM IR R A 20, S B AE 5 IEVE P05 5% B (WU 26 2 ) RS B2 I G 55 ) 3R P] RE L R ple
KA AR HB NS AR €400 1 [3]. DA W TER I, MM AN J 5 40 B 1 8 DR R A8 I R Mg A% A2 4L,
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5B REA S R AN, 4F R S AN (R A ELAE B DDA DG . STk S At P e i 5 e ) ol
YL, PN RZARNE. RGN B A A A e AR A ELAE L, TERR T M RE MM G A A
VA R ERES . R A2 B BET ) Tregs Al MDSCs 25 4 B2 M 40 i3 it 70 TL-10. TGF-f 2552 4|
B, H0HIA08 T g0 bfos g ok, dE— DAl 5578 F i e mAi[4]. SUbFEIR, MM 4 id 55 i
RANKL (SZMAELEFAZE T «B B EE 7, 55 RcE gii v (Eabm s g iE, B S 80 M
TR S HT RGN, X2 T B MM R R I E SR R[5

TEYRIT T, AR RE, MM AMUGE B BER ARG A 4R, Sk RA MM %5k
PR R R . Rk, FET e pL] 167 SRENE 280 B 4k A AP Re A . e i fl. &
B 700 2 5 3 DU R SRS 6]. i, iRAPUESZA T AM(CAR-TY kil EmfEEHE 3 S
T 4, L RES RS HERL A IR0 MM 4iif, FRIL T HAE R R MG E MM B3 i 8357 24 7]. 1k
A, ARG S ANHIF W PD-1/PD-L1 $MHI5 EARAE MM FIBZG36 7 T SCa IR, (B HAh 25 Bk &
PR RESR B HVA TP OR8] SRT, R R BT IR — EFEE EXGE T MM B TR, SR Es
A 2 e AN S BRPEATS AR BR ) 7 L2 B, AR, TR MM TR 24 P 1 ) A AT 15 IR 9],
R, BRI THUE], AR 28067 F BN MM YRTT IR R T 1A

G RGAE MM AR FAE A3 25 T G B LI IR0V T R R SR BRI 78 4, 1T e 40 e 5 MM 2[R )
PR AR 50 B IR N BR AR SR G 8 ¥R 97 (R AR SR AT A S s RN AR o E R A AW I 5L T,
8RB HLAG(Mendelian Randomization, MR){E Ay — R (1 B SR HE T TR, i R e 42 Ao TR
g, BeUE A AR GIATI S IR R, A RS MM R AOC R AR TR R 7
FR[10]. MU AL A 7 48 R B HLAK (Bidirectional Two-sample MR)J5 ¥ fC 4 SRATTAE R S 40 6T MM 5%
W A, PP MM 75 A] BRI I R ML R I SR e R, AT R R B S A AR ERALAI[ 11 ] 3
TESR, G B A AE AR (B IR FEAT SERE B0 ) Hh R PRI Ok SR AT 58 CA Pl , B0 MM A 7547
HIRZ PR ZE A M[12],

Ntk — 20 [ BH S A B AE MM R ATL ) AR IR B R ARBIE 9 B 75 R ) SORE AR o A8 R BE BTG 25
Br, ATPAL 731 M giii R S MM Z I SO6 R o AR SO N AR MM I G0 0% 5 SRl AL 0 1)
LR, FHNARRMGIEIRIT ST SL L E (S s AN B8 S Ry
2. &

2.1. PRI

AN 5T R XA RUREAS 7548 /R BEA LA (Mendelian Randomization, MR) /775, 1RA% 731 Ff 6 % 41 ffg 38 7Y
H5Z R EEREZ M ER R MR 0T =AMk © MR, TRTREAVs)SHRENEE
PIMISG: @ ML, Vs 5OMBERIINRRMNEZTLR; G Hb MR E, TVs (Ul 55 K R 7
giRARE. B RR T AR AR EERI ITE SRR B A LR, R bR OB
AW B NBRFLECAT R ANE B, AN S BAE IR F0 1% [F AL, R TG T Ae F At
2.2. REMER/BIEIRE

G P A0 B 3 2R (1) 4 R AH DG BRI T (GWAS) ¥ >k B A 1 804 E GWAS Catalog (5 H % 5 -
GCST90001391 % GCST90002121), ##Eifizs 1 3757 LR Z R FE K 731 s R M, 2RI B 560 1)
GWAS HHE NSk H FinnGen 4 5, £L4E 345829 A RKMNAZE, b 787 i, *H 345105 .

23. TEATER%EEF
B, RN GWAS i b ik 5 28 55 8 3 2 3 M O 1 PR IR 2 &5 1 (SNPs),  HL B 1%
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RP<1x107°, [FIFREEBATHEQLD)ZE > 7 0.01, SNP [A 500 kb, L4 LD X434 45 R 1
Fomi, BE)SIEIT PhenoScanner V2 $¥E i — DHEER RN EK, FIBRIBERITCR SNP. Xt T ik SNP,
i H F Guik 8205055 T EARSEF E KT 10), # FAEMT 10 WPEILHRR, #fr it v . 550k
F 48 <10 F{RAASSE SNP, {7 B A <k i) SNP AE#E— 25 73 #7 o B 5 ) 43 () SNP R B2 I 4 IV o

2.4. Gt

AHEFAEFH R B 4.33 & TwoSampleMR 347 MR 7341 o HARGL TF 5 B $6 18 5 22 IR (IVW)
MR-Egger [EJA. IACRAEGE BB AmAUE20E, DL IVW A EZ ik, HAb 2/ 4k
oo NIUFSE RAAENE, BHATEURYESHT, B35 Cochran’s Q 46 (P > 0.05 T/ L7 HE M)A Egger-
intercept (P > 0.05 RN T/ F-L ). NPl BAAS SNP &5 SR oM, i P UG 30347 0T . B
ZE B PULH EL(OR)FT 95% B {5 X [Al(CDFE R, P <0.05 NG it 5 &

2.5. RIEEARXKRSR

NI IDIRT 2 R B R GS S A R A RTERAE S I BRERSE M, RATTHEAT T /el MR 0, A
bR SNP ik GEit Ji A AU T L R

2.6. FREMSHEASMH
FITA 73 A 5 R DLRAR A s R U . A O Bis B AT 48, e birid R v Ry Ko

HOEAE/EPSE
G5 e 9 Confoundings ...
othes e} T
e\‘\de“Ce hyp""" """""""""
@\nde‘)_‘_,,.u
»»»»»» a
Instrumental Variables
SNP1, X Exposure Outcome
SNP2, (®Relevance hypothesis (immunocyte Phenotype > (ImmunoFyte Phenotype or
SNP3, bt or Multiple myeloma) Multiple myeloma)
SNPn

®Exclusionary hypothesis

Figure 1. Overall design
B 1. Bgt

3. 458
3.1. IEEERXRST

FEIE A UREA A8 /RBEN AL 70 B b, BL 731 M e i R AU E N B BR 3. DA R B BER A N 2
JRAE BEHEAT 404 o A8 I DT 2 ML (IVW) T VE R R B M 738, RN 45 & A AL (WM L ] s =X
(Simple mode). B (Weighted mode) 1 MR-Egger 7515 LA s 45 AR . 78 IVW 230, R
11 S e 4 26 7Y 5 22 e Vi R R AR B BB I R OC R (P < 0.05), Horh T #kE24iffidH 6 4>, HAz4i
MuZi 14, B4UARAL 14, Wil 2 ANOLE 2). Hdd 7 M RS 2 & 588 2 IEA O
(OR > 1), CD8dim %T cell, IVW (OR = 1.16, 95% CI = 1.01 to 1.32, P = 0.033), CD28- CD127- CD25++
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CD8br AC, IVW (OR = 1.17,95% CI = 1.02 to 1.34, P = 0.027), CD28 on CD28 + CD45RA- CD8br, IVW
(OR =1.18, 95% CI = 1.01 to 1.36, P = 0.032), CDI19 on IgD+ CD24+, IVW (OR = 1.25, 95% CI = 1.07 to
1.45,P=0.005), CD62L onmonocyte, IVW (OR=1.15,95% CI=1.03to 1.27, P=0.009), CD11c on myeloid
DC, IVW (OR=1.14, 95%CI=1.02t0 1.28,P=0.027), CD11con CD62L+ myeloid DC, IVW (OR=1.18,
95% C1=1.05to 1.33,P=0.007), 1] 4 FpRA5HEMAIE(OR< 1), TD DN (CD4-CD8-) AC, IVW (OR =
0.83, 95% CI=0.72 to 0.95, P =0.008), CD45RA- CD28- CD8br %CD8br, IVW (OR = 0.99, 95% CI = 0.98
to 1.00, P=0.002), CD3 on CD28 + CD45RA + CD8br, IVW (OR=0.90, 95% CI=0.84t0 0.96, P=0.001),
CD3 on CD39 + CD8br, IVW (OR =0.89, 95% CI=0.80 to 1.00, P =0.041). HUZMotraifEnR, HT£
RNVEEBER MR 23 AT I B3R 11 P62 40 i 38 2R 35 R B0 57 0 1% (Cochran’s Q 56 P > 0.05), WA /K
% 2% (MR-Egger ##Hi% P> 0.05), [AH, &M MR-PRESSO #AE IVW BAI ()0 Hr 4 51, IZ&AE AR
Fafg e 45 SR 2 S .

3.2. REEARXFDH

FESFRUREA MR 73, JATRT 1 2 A B RS 731 e G B 4 i 20 R T 8 2 1) PR SRS
FER IVW 8L, 26 Fi G e AR M 2R TR AE ) R SR 5% R b AR B HE A2 25 SCIBK(P < 0.05) (JLIAT 3). Herr 10 Ff
F T NF b 35 40 7K ~F B A 1E [ 3% 4 JH(OR > 1), HLA DR++ monocyte %monocyte, IVW (OR =1.05, 95%
CI=1.01to 1.10, P=0.023), CD39+ activated CD4 regulatory T cell %activated CD4 regulatory T cell, IVW
(OR =1.09, 95% CI = 1.01 to 1.16, P = 0.021), CD39 + activated CD4 regulatory T cell %CD4 regulatory T
cell, IVW (OR = 1.06, 95%CI =1.01 to 1.11, P = 0.013), CD25 on IgD + CD24 + B cell, IVW (OR = 1.04,
95% CI=1.00 to 1.09, P =0.046), CD38 on IgD + CD24- B cell, IVW (OR = 1.05, 95%CI = 1.00 to 1.09, P =
0.036), CD38 on naive-mature B cell, IVW (OR =1.06,95% CI=1.01to 1.10,P=0.013), IgD on transitional
Bcell, IVW (OR=1.05,95%CI=1.01t01.10,P=0.017), CD66b on Granulocytic Myeloid-Derived Suppressor
Cells, IVW (OR = 1.09, 95%CI = 1.01 to 1.16, P = 0.024), CD3 on Terminally Differentiated CD8 + T cell,
IVW (OR=1.05,95%CI=1.00t0 1.10,P=0.038), CDI11c on myeloid Dendritic Cel, IVW (OR = 1.05, 95%CI
=1.00 to 1.10, P = 0.034). 1] 16 Fh3& BN LB H A7 H S EK(OR < 1), CD39+ resting CD4 regulatory T cell
Absolute Count, IVW (OR =0.95,95%CI=0.911t00.99, P=0.016), CD39+ resting CD4 regulatory T cell %CD4
regulatory T cell, IVW (OR=0.95,95%CI=0.91to 1.00, P=0.036), CD25++CD4 + T cell Absolute Count,
IVW (OR = 0.95, 95%CI = 0.91 to 1.00, P = 0.032), CD25++ CD45RA- CD4 not regulatory T cell Absolute
Count, IVW (OR = 0.95, 95%CI = 0.91 to 1.00, P=0.035), CD45RA- CD4+ T cell Absolute Count, IVW (OR
=0.95, 95%CI = 0.90 to 0.99, P = 0.018), Central Memory CD4+ T cell Absolute Count, IVW (OR = 0.95,
95%CI =0.91 to 0.99, P =0.018), Central Memory CD8+ T cell Absolute Count, IVW (OR = 0.96, 95%CI =
0.92 to 1.00, P = 0.049), CD4+ T cell Absolute Count, IVW (OR = 0.95, 95%CI = 0.91 to 0.99, P = 0.019),
CD3- lymphocyte Absolute Count, IVW (OR =0.96, 95%CI=0.91 to 1.00, P=0.039), Natural Killer Absolute
Count, IVW (OR =0.96,95%CI=0.92 to 1.00, P =0.040), CD20 on unswitched memory B cell, IVW (OR =
0.96, 95%CI=0.92 to 1.00, P = 0.045), PDL-1 on CD14 + CD16+ monocyte;, IVW (OR =0.95, 95%CI=0.91
t0 0.99, P =0.022), PDL-1 on CD14- CD16+ monocyte, IVW (OR =0.96, 95%CI = 0.92 to 1.00 P = 0.0498),
CD16 on CD14+ CD16+ monocyte, IVW (OR = 0.95, 95%CI = 0.91 to 0.99 P = 0.022), CD80 on monocyte,
IVW (OR =0.99, 95%CI=0.94 t0 0.9 P =0.016), CD45RA on naive CD8+ T cell, IVW (OR =0.95, 95%CI =
0.91to 1.00 P=0.0497). S [A#UEME M85 R EIR, Fid 26 Rzl iR A T 2 &M 568 MR 43 Hr
BIASBA 7 BUEQ RS P > 0.05), WHAFA K2 2 1%E(MR-Egger 8% P > 0.05, (presso global P >
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0.05)). [FIRf, iZH MR-PRESSO #5E IVW B [0 M2 5L, e Z00F B DR R A fd vk 1y 45 SR T (S 1

Trait nSNP  Methods P Value OR(95%CI)
TD DN (CD4-CD8-) AC 34 IVW 0.008 —— : 0.83(0.72 to 0.95)
CD8dim %T cell 32 VW 0.033 p—f—t 1.16(1.01 t0 1.32)
CD28- CD127- CD25++ CD8br AC 33 IVW 0.027 :'—.—' 1.17(1.02 to 1.34)
CD45RA- CD28- CD8br %CD8br 59 VW 0.002 dl 0.99(0.98 to 1.00)
CD19 on IgD+ CD24+ 33 IVW 0.005 | ————e— 1.25(1.07 to 1.45)
1
CD62L on monocyte 37 VW 0.009 | ——— 1.15(1.03 to 1.27)
CD3 on CD28+ CD45RA+ CD8br 79 VW 0.001 — : 0.90(0.84 to 0.96)
CD3 on CD39+ CD8br 36 VW 0.041 '—.—‘I 0.89(0.80 to 1.00)
CD28 on CD28+ CD45RA- CD8br 32 IVW 0.032 r— 1.18(1.01 to 1.36)
1
CD11c on myeloid DC 46 VW 0.026 | —— 1.14(1.02 to 1.28)
CD11c on CD62L+ myeloid DC 38 VW 0.007 : —_— 1.18(1.05 to 1.33)
" . I AT [ i |
P<0.05 was considered statistically significant 07 11 1's
Figure 2. Positive causal relationship
E 2. EEERXFE
ID nSNP  Methods P Value OR(95%Cl)
HLA DR++ monocyte %monocyte 21 VW 0.023 : ——— 1.05(1.01 to 1.10)
CD39+ resting CD4 regulatory T cell Absolute Count 21 VW 0.016 —— 0.95(0.91 to 0.99)
CD39+ resting CD4 regulatory T cell %CD4 regulatory T cell 21 VW 0.036 '—0—; 0.95(0.91 to 1.00)
CD39+ activated CD4 regulatory T cell %activated CD4 regulatory T cel 10 vw 0.021 : —_—— 1.09(1.01 to 1.16)
CD39+ activated CD4 regulatory T cell %CD4 regulatory T cell 21 W 0.013 : —— 1.06(1.01 to 1.11)
CD25++ CD4+ T cell Absolute Count 21 VW 0.032 —— 0.95(0.91 to 1.00)
CD25++ CD45RA- CD4 not regulatory T cell Absolute Count 21 VW 0.035 -—0—; 0.95(0.91 to 1.00)
CD45RA- CD4+ T cell Absolute Count 21 vw 0018 ——o— 0.95(0.90 to 0.99)
Central Memory CD4+ T cell Absolute Count 21 VW 0.018 —— : 0.95(0.91 to 0.99)
Central Memory CD8+ T cell Absolute Count 21 VW 0.049 —— 0.96(0.92 to 1.00)
CD4+ T cell Absolute Count 21 VW 0.019 —_—— : 0.95(0.91 to 0.99)
CD3- lymphocyte Absolute Count 21 vw 0.039 v—C—{ 0.96(0.91 to 1.00)
Natural Killer Absolute Count 21 VW 0.040 —0—1 0.96(0.92 to 1.00)
CD20 on unswitched memory B cell 21 VW 0.045 —— 0.96(0.92 to 1.00)
CD25 on IgD+ CD24+ B cell 21 VW 0.046 —e— 1.04(1.00 to 1.09)
CD38 on IgD+ CD24- B cell 21 VW 0.036 {—0—- 1.05(1.00 to 1.09)
CD38 on naive-mature B cell 21 VW 0.013 : —— 1.06(1.01 to 1.10)
IgD on transitional B cell 21 VW 0.017 | ——— 1.05(1.01 to 1.10)
CD66b on Granulocytic Myeloid—-Derived Suppressor Cells 20 vw 0.024 : —_—— 1.09(1.01 to 1.16)
CD3 on Terminally Differentiated CD8+ T cell 21 VW 0.038 f—.—- 1.05(1.00 to 1.10)
PDL-1 on CD14+ CD16+ monocyte 21 vw 0.022 —— : 0.95(0.91 to 0.99)
PDL-1 on CD14- CD16+ monocyte 21 VW 0.050 — 0.96(0.92 to 1.00)
CD16 on CD14+ CD16+ monocyte 21 VW 0.020 —— : 0.95(0.91 to 0.99)
CD80 on monocyte 21 VW 0.016 —_—— : 0.94(0.90 to 0.99)
CD11c on myeloid Dendritic Cel 24 WA 0.034 —_—— 1.05(1.00 to 1.10)
CD45RA on naive CD8+ T cell 21 VW 0.050 '—.—; 0.95(0.91 to 1.00)
P<0.05 was considered statistically significant 0‘9 1‘ 1‘1 1‘2

Figure 3. Reverse causal relationship

E 3. REERXHRE

4. g

AW FE T YO XA AR A AR BELL(MR) 735, REGUHIPAL 1 731 Mhéue i kA 5 2 RV
H#98 (Multiple Myeloma, MM) A& U 2[R A R SR G & o T 3804% T AR SRR Hriéon, IE 1 MR b4
REIR, 11 MRS 2 R R Aom K B A B MR R ERM MR H, 26 Fidazgiii s
R 2 0k B IR R I 2 SR TER(P < 0.05).

iE[] MR ST R EoR, 7 Fhoaiegu i 8 5 2 e P iR s AR S R AR, i e G i 40 i 3%
Rz B2 R EBER R B L. Senltmpt iR, £ MM B3, B 4R T 4R ThRE 32 3 &
FAk, 012 B YIRS A HIES T R RS, CD8+ T YHRIE T AR/ T B AAG MM 40 (5%
S, [FR, MM 4 BRI HLA-T 2820 [0 3R AU N G2 A 25 A4 (40 PD-L1) 1) R0 SE I S e ik
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W, G CD8+T MK IR A AIERR[13]. J35h, e dMbl I B T a, A HE T T 1 (Tregs) FHE
JEE RN 41 M (MDSCs) 38 i, I L6410 B 53 3061 P4 41 M D5 7 40 TL-10 A1 TGF-g, AT 7% B firh 98 326 36 4 38
WRR[14]0 IXELRIFEIR, PR E G e 40 R B mT B8 UM BRI MM R 26 1A B0 14

[, S5 BPR T 4 PRS2 R E IR IR E B O, A5G 2 R EBER IR T IR B .
£ MM [ 1697 1, #EAEIE BUEE CD3+ T 4 Th A& — AN EZ AT 505 17 I8 I 0 S M Pk (i
BiTEs)¥ CD3 5 MM Zi g I (K5 & BT (0 BCMA)ZERE, AT LGSR T 405 MM 40 (138 51 A 345 78
H[15]. AMG 420 7 1 BAIGPR ISR B 7 HoOEa %42 T 408 E1¥ CD3 A1 MM 41l 1Y) BCMA KR5S T
AR ER, (B TR 2577 s BRI, WA GRS TT R [16]. BLLENR AR BT A8 24 i ik
IR DR SR G TR Bel-2 FIHIFI4SE, #0530 S 15097 2 R R 0 A
[17].
I8 MR 0 #ridE— D En T MM R E S AR B TE IR, R T RIZ RE7E MM K
T B XA ATER . BATEI, MM BRAE R S5l e S e A R A 1A 4k, XK MM
ST A R 5 S A0 0 T R SR R G R ML . X SR RN, MM RS R RS 5,
WA R T R G, B HES R %A
A, AT 745 B8 K P CD11c on myeloid Dendritic Cel 522 & M B B8 /2 95 XK 2 [A] 77-7E i
FEHIA R FR o BATAMUIER T CD11c 7EHE R M SR b 1) R IE I TR 35 2 2 i iR o8 s 19 R0
A, A F6 T 2 R VB BRI CD1 e Rk i RS TR TR FH o SR XA (1 PR R DG R % W, —J51H CD1lc
on myeloid Dendritic Cel 7] BE/E N MM [F{ESEK =, CD11c K F-FHE al 80 mDC ()52 5768 71, AT
HEBD MR REfE s 50—, 2 R M R v] R id i AR B I 0 S M 2 i3 CD11e 7E mDC )&
ik, AT HE— 25k 55 1 = SR S BN, HESHER I E 18], CD11c & —F iz Al T IR A S R4 i
bR EY, ©5 CDI8 & MR — AR 2k, TEMMITH . A G s R EAEA[19]. 4
CD11c 75N B 4H MR 5 AN N S5 588 i SOPR 4 b v v P A B, W] DATE AR vh 28 CD1 e+
ML, I H oA 7E MR IR IE M B (TILs) B 85 2 i IX 3, XU T CDI1lc 7EMs A K it B vh i
HEMMAE. L KOVAROVA TE— TG R 5T H i3 T B TE 852 707 AT R SR i i i A8 4k, R Bl
&5 I B I PR AR CDL e Rk, X 5IRATRBLIN 2 K MEE B8R & CD11c Rk ntH
o WRFLRA, RO S5 b 1Y) S 2 0 B TE S S 7 VA T BE AT AR B gl Jo &, ORIk g R LAk
TG R A A 4201 CD11e MEFFKEE GM-CSFCRLAN il - F I 200 i £ v R 1)k 4R A2 A7, I HAE
UG REF= A /K IL-12, HSORPIUE T 400, X230 T A Thl S84k, A= A= B e .
— TN s scse i R, PIKfyve Y iUl i % £8 1t 0 JE 48 8 NF-«B 8% K 1% CD11c+41 (3 %
R IEIRAI M) I ThfE . CD11c+4HAE A+ PIKFY VE [ 2k Fl B VT 55 48 (— Fl o7 R H R 57 M4 1 PIKFY VE 1]
FNGITERANE] T R A, BEER T DC MKE T 4 s, FRHE R T fr RN RUBERL A I G 2 A 2 0 B
Wr(ICB)RIT I L[21] [22]. X —RIUNRET MM RRALEITE H T80 B, H3R7R CD11c AT BE1E X
A A IEIR T #E AL, RORIELSE M CD11c {E mDC PR 288 ThAEA ik MM & TS -

A FE 45 gt — 2P 5aAb T Ak X £ kM B8 (Multiple Myeloma, MM)5 8 R4 E Aok A0
filt, R T GPEANILTE MM R AEFIR ek R XU 3R VE T o AR BRI 9 2 46 R e e S e 2 g S Y
MARIER b, 0 B 400, T 40HE AR A 7E MM ROASE M . SR, AHIF 7L 1 Ui i
RIS A FE R 20 G T (GWAS) B, RGuH PPl T 2 M e i R 206 MM IR RAE R, s T
TIERGE I YR . G R HERT T, FRATAOUAIA T — S e A e MM IPER, S8 T
— RYWELEM G TR AL, SARRIEE T 0% KA MM JRI7 SRBE AL T 3710 75 [ AR . XS8R BN
FEHEDS 2 5T 0 MM iR 7 3248 T 3R SO, A 243 MM I6YT FEIN Z GRS

]
A
]

o
fiE
fiE

DOI: 10.12677/acm.2026.161091 687 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161091

BT, I

R NA IR IT ik HE .
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TR B2, AR FRATITCIE 78 A HERR AR I 5 1Y) VR A% (R 3% mT R 4 SR s o L A AS OV E I R IB A
(7K 2 R PE IR f: 48 SNP A] Rl i 520 5 S D REAN MM XSS 240 AH DG [ 35 [B] AR ) 4 d e (il 5
e ARIE A AL 0 B A KA ) 8 ) O [ B A FH T R B AN JRy, T PT RS DR SR A o7 A ey . R 3R
AT BBURA: 73 # (40 MR-Egger #Bi#E A1 MR-PRESSO) A K L. 3 1) 2 RUVEESE, (EAANBE 76 2 HERRIX — ]
Aett. BJa, AP TG THRARRIAT o0, BRI BURVE S TIRUE 745 R AR @, Rk
L T e PR S 1 — DI IE X e OGRS
5.

&g
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52 S B IR R0 XIS, 22 1A A7 S 2R R TR R OC 2R X e 25 SO AR MM 4 8“2 L SR AL 138 1) LA
FERARRK M G BT SRS TT AR T BRI -

e HE
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