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mE

Z RMEE R (multiple myeloma, MM) |, & —Ffr i 2% 20 Jf 2% 14 384 5 i 5 350 LR &R ¢
IR, S R R G AN B A 2 . [FIRS, TR R A K R I M R
STEENE R, MR RS IS T IR A RHIMAIE. Rk, 2 R e E REe e —Fh
BEZZRAARBFEONNE W MR RS MR . C4 % BRE AR 2R XK B
(Leukocyte immunoglobulin-like receptor subfamily B, LILRB), & 440 %% BR & A AL 2 14
(LIR) FRM—ANERE, H Ao e Bkt (A, 5 gl Ay 3 DL R 3 T 20 o 492
ZARBE R IANHIZE T ATIMD MR SR AT T 70 & B 40 B G % BR AR 1A RE 524400 5%
% B Et 4 (LILRB4) 12 VEBE RAUM A M R AR A & EENER, Miifen
LILRB4 W] g2 MK 5 GoAH I R (I E IR TRE R — . ASCM LILRB4 AT, iz %
IR AR ARZE AR, KB LILRB4 X MM 4 48 5 A1 e B T2 R e 0 G 1R 5 )
EHEER: BU% LILRBA ] LU 25 FA% G2/M SRAm L F) o5 EE A2 10E MM 4R i T2 HLA)
F, LILRB4 i@ 4% & SH2 25k ) B 20 M i I B RIS (SHP2) [MBEIR (L A4S A 2% &
F#EEE (CaMKD R RIS HIABE R RS e fF4s &880 (CREB) [MBIR I, i
3 MM IR AE R R, IXEesE BHROR LILRBA A 8 N 2 ke Ve BEJR DT V6 97 S0k R it
TEBEHE .
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THE ROLE OF LILRB4 IN THE DEVELOPMENT OF
MULTIPLE MYELOMA

ABSTRACT

Multiple myeloma (MM) is a hematological tumor orignated from the malignant
proliferation of plasma cells, which can further leads to the impairment of the normal
hematopoietic function and osteogenic differentiation. Meanwhile, the large amount of M proteins
that are secreted by multiple myeloma cells is often accumulated in the kidneys and impaires renal
function in patients. Therefore, multiple myeloma is an aggressive hematological tumor with
extensive organ damage. Leukocyte immunoglobulin-like receptor subfamily B (LILRB), a
subgroup of the leukocyte immunoglobulin-like receptor family (LIR), contains the extracellular
immunoglobulin  domains, transmembrane domains, and cytoplasmic immune receptor
tyrosine-based inhibition Motif (ITIM). As reported in our previous study, leukocyte
immunoglobulin-like receptor subfamily member B4 (LILRB4) prompts the development of acute
myeloid leukemia, which suggests that LILRB4 might be a potential therapeutic target for
hematological tumors. In this project, we used serveral techniques, including gene knockdown
and flow cytometry analysis to evaluate the role of LILRB4 in MM development and demostrated
that LILRB4 promoted the proliferation and colony formation of MM cells. Knockdown of
LILRB4 in human MM cell lines significantly reduced the frequency of G2/M phase cells and
enhanced the apoptosis of MM cells. Mechanistically, LILRB4 mantained the phosphorylation of
CREB by regulating the phosphorylation of SHP2 and the expression level of CaMK, thereby
promoting the development of MM. These results provide several lines of evidence in supporting
that LILRB4 may serve as a new therapeutic target for multiple myeloma.

Key words: Multiple myeloma, leukocyte immunoglobulin-like receptor subfamily member B4,

immune inhibitory receptor, SHP2, CREB
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F—E &it

Z R RS (multiple myeloma, MM) & — 7t £ 52 248 8 4 48 5 5 800 MLV 3R 9 A
M, H SRS IR R E A ECE R 32 4. [, BT BRI KB W M R
SRR, MRS B LS B Zh e 2400 R AR, AT E B, 2R
H B SOR A G T ARERRE I 1%, 2005 T IR GBI 1096 . £k, 2
Wt th 1 30,000 51l MM ¥ 5], I 12,000 AR #HFETZ0%, ot MM X ES 1ER

20 S R BR B AR 2 AR50 B (LILRB), & HAfL e BREE MR 24K (LIRD Sk
A —ANERE, F 20 AN e e BR AR AR A, 5 I 5 A3 DA K R T 4 i i e S AR R IR
R ATIM) #. %32 A e i bRk, JF S PUR Sl an i ) £ ZH MR
PER A 1237 (MHC 1) 456, I Se e S N RIS S 9. SR-10 H AT, T F 40
GPERRE AR AR B (LILRB) £ 2 Kk Bl & A A e b AR A A k7T

1.1 SRMEEIEEWRIRK

L1122 R e s B8 A i AL

(1) i A

MM [P H R b, ERSF VOISR R B 5 PE . 18 SO rT R
RN, 7820 S T - LR e O i — T 781 AL “9 417 FEh & 5 R AR
B R A A0 JE ARSI A, B SCAS B P B 5 e e 3K A 1 IMRE P9 N 5O 2 13 e N v o
T 18 f%5, PORMEEEZEEN MM REE AT REMES. X T8t 2 B, 7E 2018 41— ikt
Fur, @I HT K4 10,000 4 MM HE R 200,000 £ 424 fd BEAIREAS, —Jt% e 23 fh
MM FHE I BAZ TR 2 451 (SNP) U1, geah, HRFFLUESE MM B8 (1 5 AR 0 1 XU
BN T 24— 56, ST IORE, XTI (XFRE S IO, Gaucher’s disease) 4k & MM
PERE DR ORI, XL R RN IS ARt TRl 2, A S804 KE S
JIE 45 G (1 B 5 BE SRS S AR PR 2 0, 4k 5k MMIBL. TG 7E XS T2 Pk BT H - B /R 2
(EBV) MIAHSCHEFCH, ORI T BB RASME SO M T MM I Z00, iX e fj
FLRBAIEE 2 E AT fE & MM F99R R 2 — I,

(2) BIF LI

DA WA FE R B MM R AL S B 20 A s 28301 1] 11 25 D51 A8 4 R iy St 15 1) S0
BHETLTIENIRR. £ MM BT, LR e oS il kgl tfF—
oy B W 2 G R 5 O I L, BB K 205 I 14 5 et fhk b gt b i B8 8% (19358 77
K G 23 AL T 55— S G tafk (Bl 4 5. 11 588 16 SH A KSR ES 259
B 38 0 BT TR 8 OO, e AR AT i AR N & R AT UE A 2 434 5, S8 MM,
WA, TR RN, MR HIHI LR TPS3 W AERZBIER MM thog 4 eiE, XHR
I 00 ) 5 T ) 2RV T T MM Tt J A R PR R T 31— e () TR A IS, g 5T
FER AR, #ian C-MYC 54 B, AR ERHEE MM 50 kA fdt e AE e, A
I, Z2RMETEEREAREZ M KWL R R L2, EREREFERTREES, A
I 14 5 B 2 ) A7 7 22 S 80,

UEah, MM R AE K8 S IR oA S DIAH DG . MM 48 LT e Bl 9 A K g
1, RS B REROA SR SR MM A AR KRG R (1 S DO, ([EfE R, MM
BB AR 55 1) 78 5 40 AR AN B 4R o B ) IE B SRR SR A R AR T R O, R
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J2 1] 70 03 40 B A0 1R 38 -5 42 W T 4D S A4 i 97 i 25 DDA DR 1T, 3 — 20 A 9 R O ) 7 o 2
JRAMREERIETE mACF AR 6 (IL-6) SKRIESRINE N B AEKIEF (VEGF) =40,
ERIEE L EK ST 15 (GDF15) KI5 T MM S 5 3 H 18, xSk 1xf
HREMIA B COETE B T MM R JE. A, AIFARE, BR4ifTERF 1 (SDF-1)
FEAIR T 524k 4 (CXCR4) it FE BEFA B H 1 MM 41 i 1 24 B h 28 5¢ B 2200, i 7 5%
T MM B BEOA S BB AR O E 7 b R B, MM R W% IR 7 «B Bt ik (RANKL) F:3%
B A R I NFeB i@ 2754k, S ECE W ISORI B T B2 ] (P A, AT IR B B A 55 1200,

gr b, ZRVEEBER N ARALEIE 2% B 20640, HAY S BE R 2 1 i & A 2 2% o 2
B, BES5HERN SRS A S ERER, XHER T H A DR 2 & 8ua s
AR VR TR U B R

11,2 22 Rk i 110 e PR I

MM 8 0 BIm AR IO B B B S A, UM AR R B
RETEHE R, MM PR N £ IR B8 205 MM B S0 70 %, Hy™EH S HILE
KA, HAh, 4 15 %I EE SRR, EE RSk R, BUESEL, X
LR AR IR 1 A B AR, 3 Rt — B i 4 20

BEAh, BT MM Rl 2 RS i M R, X A2 S R — 5 T & B S B0
FNERITEIEAER, 55— mixeE M R A 2GR NVE W E R R, TS R A i ¢
PEBON BLR B RESE R AR, ™ L L ] S ECE B AP, AMERIESR . EN MM
B e N IR R AR L) 27.87 Yo, JEGLHRALLANIRGE e %, HUOHERM RIS, 17
MM G855 BAT G  J o 31X T3 i A2 vh TSR A ) e 3 D B B8 B 4 I IS AT 23
WHREL, —J7 AT CDA*/CD8* 4 fitd LU T B A7 512410280,

e, MRIEIERE A — W SRR, MM BB RS MRS 5 2T B 1A
Ky TG AT R AN DhRETEIR . B2 ARAEAE G, 1 M B A SR BRI R T A £ 4
A JRAE 2 5 RBL S P B L, 32— 0 B R,

LR LR, MM B IR E EEERBE R0, Wi, RS EE. n%Ee
Jit,  HOX I RS T 4 B R TR . R, SR AU, PRIRER R
1 MM VR7THE REAE A BE

1. 1.3 ZRVEEBER B iiaIT ik R R

HAr, MM &TELIEEIRE, HEREEFRER KR MM FET ik EE R
=R AEGIT . B G ia TR, o, RIRITRTT MM S IIRIT AR T A
SRR 25 BE20L, i dn, B 4Hf bR (BCMA) Hifk MMAF (GSK2857916) EL#i% S
MM 41 fL 40 B 8 116 G2/M B, B JE kAR R TR AR 1 AR A R R AR
(carfilzomib, CFZ) , SEHSEENZ (lenalidomide, LEN) FlHh ZE K WA 2 B 25 7E I R = Hi 52
IO H AR T NI 8, SR, R RBEIRT I B R T R K T B AT
W, (Hil T MM &5 BN SRR E LG . 2R, Gl HT MM B3 K250
RICIEIRE 29, B 10 & 15 FEM R R FRAH Y 10-15% R0, sk, %l H e ikia
57 MM, H T SCRIE AT LR R IZ W R s . Bilan, 7R —T/INE R T
H, KRB CD38 HpLik T %It (daratumumab) 2> T3 % S50 2 I A X1 5 ) 45 SR 1)
S HT SYEAERY; T LEN ik KBS S5 MM B kAR ™ B K TR . B, 3
FROBT T LE VR T HE A DA SR R AH DG HE s R Bk AR L
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1.2 BAR%REIKEBHZAHITSE B 5K

1.2, 1 EAM Bk E AR AR K E B B 7T R

M e Bk B A FERZ AR % B (LILRB), & A Bk E AREZ K (LIR) Kk
PRI, LA B A A S e 3R I S5 3, 5 e 7f’]ﬂ2u&éﬂiﬂ’@iﬁ%§£ﬁ:@%ﬁwﬁﬁﬁm
HFF ATIMD K. 122 R il E3RIA, 5 huE S b 3= EH LM%
PG 1 5501 (MHC D 256, AT G S RIS 5B, SR, o5 1 LE AF %)
T LILRB FKEINAEIR T HIRN, AW FHE~ LILRB FIML P B ITIM 751 75 5L 2e 55 0 T g
PGS ER, H5 337, 389 fil 419 AAMIBK IR (Tyr) FRIEZRAR L HAT ITIM 45
FOEDAR EERS

H AT, LILRB 5/y&iAH ¢ B A h S T — @ Mt . 75— D5 i & A2 R R A K
PEIEF ST, I AR R ERESE A 2 (angiopoietin like protein 2, ANGPTL2) i 5 41 i 4
SRR ARESZR T e B it 2 (LILRB2) 454K4H%E LILRB2 RifE SH2 Skl
% 2 R 2 (AT IREE (SHP2) MRt T i i R A 5 R ERS, hAk, i s Bk LA
TR B Bt 4 (LILRB4) XTS5 2 40 (1 10998 11 28 kS A 4 =1 B2 1)/ FH B9,
MIMTHE7R LILRB % 53 1] G A2 LR SR S I i VR T 3 s 2 — o (R R,
Y% TCGA M 7R, LILRBA 762 Ful e i b i RIS B 5 B (B D, AT
LILRB F M T Re v e A R T e i, B8 AT Re e s & 2k ke vp A EEAEH .

kkk  kkk  kkk ok kkk  kkk  kkk ko kkdk ek kkk  kkk kkk kkk kkk ek L Rk dekk ok ek kkk kkk

Group

5 . Normal
. Tumor

i DMM MMM HM U ’m

=~
i

log2(TPM+1)

(]
h

,\m Q@ qq,\ %Q@ »»,b ‘:«:b\ @,\ f\\ Q’“ 5\ ,,‘\\ ,@\ ,_)\\ 6{:\ ,\ﬂ_«‘ k\ ‘—90 ,\0.\ ..\:b\
s

\ \‘\ a:\ ;,b\ 9‘\ ‘:@
& &’& A & &’ oY A 2
g L SRS

& 1: LILRB4 7ERFIFEH A FRIAEIL (BIERIF TCGAD
Figure 1: The expression of LILRB4 in different tumors (From TCGA)
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1.2.2 BBk E AR AR KGR B i 4 5 2 Kk ME 5898 (] [ 08 &

MM BIRFEHLEIS B 2 A R A ) 1) 2 R AR A A %D IR R0, fEIE BT,
LILRB1 7£ B 4Hfifg Az e #iA, M LILRB4 7£ B Vi H Rik KCFERET, X1, LILRB4
TEHUAR T8 3 Wb B R A b i 8 AR T IR S A M 5 3% vy, 1T LILRBL WA B &6 %2
508, X 47N LILRBA [ R RIA S B 4 79 K 8 Z M Wl REAAEE B R thAh, 25 MM
Y 5 R BE L T 4R B3 B 3R, LILRB4 £ MM i LR IA B4 THE R, $#28 LILRB4
1E MM 405 B i 22 00 40 B AR TR A R P — e R . (AR QRS TE2 KPR BE
W5t 344 (MMRF) 223k — 155 Fhl40, KRAS. BRAF. BCLAF1. NOTCH2. DMD.
PALLD. COL11A1. NRAS. TP53 iX JUNFE [ #5 DI 7 78 MM SB35 o i WL, HH:
H1) BRAF FrER MAPK I8 %23 FLHE2 3 LILRBA (1) 42141,

zi b, BUAMSTIREY LILRBA 5 MM EAERBHETLI%NRA, AU
AL EES 5 ILEE, B RS MM 4 58 B8ORS I BAE . Kk, #F5C LILRB4
1E MM KA R e A R F AR BT LS, AT REREE MM IR LB B8 ik HE , FErThe
NIETT MM SRR R0 A

1.3 A AY B RV E X AR SEEG E A

1.3. 1 B5E H A= X

T MM IR HLEIE J2 2 RE4L, B 1697 FBI R BR 1 LR T etk 5 B R 1
L, TRV BT (VA TT 40 A E BT SS90 B AR BE LRI S RO T — A B BER TAE. H
T, BEEA R TCHIARN, LILRBA 1F A 28 G kH &0 P e (1 78 7 YA 7 R S N T 5T
MBS, SRT, LILRB4 7€ MM H[FERIE . ThREAMVE R A EEE T o RiRkiE. Rk, AufcizH
R BB A E T LILRB4 F{&H MM 4l &, #iAR LILRB4 7£ MM KA & IER
NERFE MM I RIRALE LR MM 37 1367 #E S SR AR IS AN B 8 S +5 .

1. 3.2 B FC) S50 Al
TER B T AR 7, LILRBA 78 2P EHE R 40 (A i R AR B TR IER &8 8] T
[ RERe], HAZWFFUHE/R T LILRBA F] g A& ML AR GUAH B R (B R iR T i 2 — . ik
Ab, BB TSRE, ATKIAE MM 410 2 RPMI8226 A1 ARP-1 51 LILRB K¢ 7
LILRB1 il LILRB4 $55Rik, KB LILRB KIEAGE/E MM KA R @ RKIFIEH, AW
FLBLE T Hehill

1.4 KENEG

MM AEg—Fife LA S IR 2 20 B A 1S B B S B R R e s, 83 2R 0 R R
LRI EIT T BT RONME, BETEA R HA S E K. 1 LILRB4 7£ 2 %8 R 40
H L5 HRAE VR ITBE AT ) 8 B, HAURZH AT A 5T 3 LILRBA 1E 2 K 1 B i 4
ffi %2 RPMI8226 Fll ARP-1 & IA . Kk, #R5T LILRB4 /£ MM R4 KB IIfER, 7]
fEFT MM IR IRHLE], FENERER MM AT SE S R B Sy .
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2.1 SCIGHFR
2.1.1 SZIG4N R

BE MRERE

R2-1 EHWHMPA
LK 2 1 5 U5
293T NG F R4 & ATCC
RPMI8226 NZ RVEERER A R (1gG 2Y) ATCC
ARP-1 N2 R BER A R (1gA 1Y) ATCC
2. 1.2 SEIGRF)
R2-2 LR
AR AT 55
DMEM 4 15 779 IR A L110KJ
1640 4 s 77 IR A L210KJ
Jifi 2 137 (FBS) WEL 28 FSP500
4 ff 35 77 F WUt HREEE ) S110JV
TR Eh i (PBS), pH7.4 L EE R B320KJ
R TR VH AT RS A ) S310JV
LILRB4-APC i btk eBioscience 17-5139-42
24 9 T A IR A AR B A A 40302ES60
10 X Cutsmart buffer NEB B7204S
EcoR I-HF ]G NEB R3101L
Age I-HF 4 1] NEB R3552L
10 X H buffer NEB MO0523S
10X T4 buffer Takara 2011A
T4 B Takara 2011A
—RPIEEEEETLE (Tris) AT A501492-0500
T R R AN (SDS) Amresco 0227-1KG
HEmR AT A610235-0500
A Mg A A RIS AR A BR A HR016-2
THIRAT ez (NC JED GE 10600002
Jit g Wk AR PR A 36120ES76
SHP2 #i4£&(1: 1000) Abways CY5751
p-SHP2 $i4£(1: 1000) Abways CY5639
CREB $iff(1: 2000) Abways CY5426
p-CREB Hif&(1: 2000) Abways CY5043
CaMK1 i/ (1: 2000) Abcam 2331-1
GAPDH-HRP $if#(1: 5000) Abways AB2000
3= 204 Millpore WBKLS0500

3 5 7 F£ 381
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2.1.3 SLIGALES

R2-3 LRANER
EA AH] LS,
YA IKFE HEZIN HYC-360
ek (ARImRY ] Thermo Scientific Forma 900 series
MRS IR AR Thermo Scientific HERAcell 240i
e IR AX Scientific industries Vortex-Genie 2
NanoDrop %47k 6 Tt NanoDrop ND-2000
MG Thermo Scientific 1300 series A2
Fi s B R Sartorius BS 124S
T A A BD Fortessa
it = GH X Beckman Coulter CytoFLEX
PCR 1% Bio-Rad C1000 Thermal Cycler
151 B s Nikon DP1000
62 R ZEISS Scope Al
4 i FE A AL GE Cytospin 4
B E O Thermo Fisher Multifuge X1R

e & A LHL

Thermo Scientific

Heraeus Fresco 17

B KA Bio-Rad
R IRAX Bio-Rad
A GE ImageQuant LAS 4000
2. 1.4 SEISSrHTEAE
RK2-4 LW
2R hie A
Flowjo A H AR 25 SR H X 10.0.7r2
GraphPad Prism Gt or i 5 B E 6.0.1.298
Image-Pro Plus HEKE 6.0.0.206
Funrich {5 5188 313

2.2 SRR

2.2.1 Hpuksz
(1) 293T 4fiffu ks

293T 4HffuH 2 10 % fA4-iMjE (fetal bovine serum, FBS) [] DMEM ¥33:3:T 37 °C,
B 5% EAER (5% COp) A1 95 % S B FRFE TP R 37, & 2 Ki% 1 H 4 4K,

(2) RPMI8226 4Hififu ;3

€ 20 % FBS [ 1640 35773LT 37 °C, & 5% COz I 95 %7 [ 41 fu s 77 4 45
7%, B3 KiZ 1M 2 f£4K.

(3) ARP-1 Ziffid 3%

Fl 45 10 % FBS 1640 ¥53:5L T 37 °C, &4 5% CO2 fll 95 %% /S A 35 3546 h 15 9%,
2 KA 1 3 454K,
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2.2.2 LILRB4 ] shRNA Jiii o 4
WA AR, AT T W4 shRNA J£31], 2t kit shRNA B K FHE k.

P ORLE R S AL ShRNA 73 il # i\ pLKO.1 GFP (addgene) it (&1 3), Zid il
FPORIES RIERA ), R ORI S DR A o

pBR322ori-F (23 ..42)

Afllll - Pcil (178)
; L4440 (276 ..293)

] M13/pUC Reverse (489 ..511)
/' _M13 Reverse (508 ..524)

(6969) PspFl

(6965) BseYI

| 7 / /T3 (543.563)
( Vi sphi (681)

Nrul * (1197)

(5900) Scal

(5812 .. 5831) Amp-R _
EcoNI (1530)
Mfel (1549)

BbvCl - BpulOl (1784)

(5305 .. 5326) Flori-F __
(5135) Nael pLKO.1 GFP shRNA
(5133) NgoMIV 7091 bp

(5095 .. 5114) Flori-R ——>—%h

~ Alel (1937)

(4859 .. 4881) M13/pUC Forward Kfll - PpuMI (2294)
4850 .. 4867) M13 Forward - BspDI *- Clal * (2383)
~_hU6-F (2423 .. 2443)

(4821 .. 4840) T7 —
~~ _LKO.15' (2594 ..2613)

(4800) Avrll
(4753) sfil B
(4728 .. 4747) SVAOpro-F ~ ~_— Ndel (2601)
(4707) Ncol EcoRI (2734)
(4596 .. 4615) EBV-rev / Xeml (2969)
- Spel (3197)
Blpl (3277)

(4542 .. 4561) SV40pA-R
Ascl (3286)

(4231) Bbsl
(4133) Kpnl /
(4129) AccoS1. / ——hPGK-F (3370 .. 3388)
(4126) Nsil / )
(4040) SexAl * / S Hincll (3424)
¥ \ BamHI (3454)
(3969 .. 3989) Puro-F \
g 473 92
(3607) BstEll Puro-R (347 3492)
(3589) Rsrll PfIFI - Tth111l (3515)
BsiWI (3529)

& 2: pLKO.1 GFP &
Figure 2: The graph of pLKO.1 GFP

(1) JFRL B
£2-5 FRIEEY)A R
fii i &

Y EH
pLKO.1 GFP RN Spul
10 X Cutsmart buffer 2 3uL
EcoR I-HF N 1] 2L
Age I-HF 7L 2L
T 18 uL

ddH-0
G, BRI RSN 50 WL EP &R, WERIRE RS, BEEON 37 Cokinhit

1TEEYI, IWHE 3 /N

(2) shRNA &k
#2-6 shRNAJE Kk &R
ff &

%) YEH

EHE 41 ShRNA 5ul

Uk FIR% sShRNA 5uL
10 X H buffer GR PR 5uL

ddH-0 gl 35 uL
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R, BB KRR E AN 50 uL EP &5, EimiR% IR, BEfEHN PCR A H k4T
Bk, FEFN99°C f#lE 5 434f, 37 °CiB/k 1 /M),

(3) BRI 5V 5 kL 1) 34z
R 2-T B E RN ERER

D% 1EH &
Al 1) J JokL ESRUN 20 ng
1B K shRNA 2 ul
10 X T4 buffer S 2 uL
T4 R TR 2 uL
ddH0 VAT AMEZE 20 UL

WE, WIEAREHMG AN 50 uL EP B 5, WeRARGIRS], B 5RO = IRIER: 1/
i

(4) TS =W A AR v B i ik

baJe, HATEE A SRR M 50 L B2 DHSa HE Tk E
30 438h, )5 42 °CHE 90 #b. FRRE TUK L5 485, KT A BB 500 L /) LB 5%
FRR PR TIEA, TR 5E BUE BUE & 10 B8 AT 25 AR v P I I

(5) M 5 LR

Boa, KPhik B s Ty, SN FRAEIERS, TR R R

2.2.3 1ByREr Ak 5 R

(1) 18 E %

BAEHHIC G RIS 100 %M 293T 4iffudiz 1 b 4 A8, F o RFFMRAEKZRILAE
70 %~80 %I, JFUAERERE. ¥ 50 uL 2.5 M CaCl, 5JRKIR S (L% Fok: th il Ay
PMD2G:pSPAX2:DNA & 1: 3: 4), #MINTCH 2 &7 /KESAF A 500 L, RAE, N
% 500 uL 2xHBS H1, & /NI, BEIMAZE _EIRIC A 293T Mk FRIAd . 4-6 /N
Ja, RO EER IR . 254 BIWCER 48 /NI AN 72 /NI I EE B, 4009, B0 5 M EPE,
1 0.45 pm TorRJESK I UE, DA B YLt .

(2) 12 Y

Ko P85 IR BRI N R B (A, 32 449 BE 4 pg/mL N polybrene, 37 °C, 600 g,
BLERGL 2 /NI, ARJETRON IS R FE s B 2 /NI, I S OB i IR A . N R U
M = RES FIRDIR.

2. 2.4 WA AMARKE I LILRB4 )31k

TG, K R R S 25 b AR (phosphate buffer saline, PBS) Hi%: 5, 4009, &5
AR, FEE FE: B 1mL (2% FBS §I PBS) H 240G, MRS, Ik
BUE B 400 (1<105) A 96 LA 1000 g &0 5 704l 5 B3l 25, SnA
50 uL LILRB4-APC UiARRR (FUARMRE N 1. 100 Fifd), /NVDIRZST: 4°C, L E 30
SyEh: SRJE, BFLIN 200 uL PBS (& 2% FBS) ;f#)5, 1000 g B0 5 7050, FE ik,
B, 200 uLPBS (% 2% FBS) &K M Nt =& dt 473 =Aa il .

2.2.5 HHAAE A Hh 2R S

o Xt B 2H 1) 22 V1 1508 R A0 B RN 35 R i B 2HL 1) 22 R v i e IR R 4 S BN 24 LR,
BEFL 1105 4, REAH4ifft 3 BAL; 2 )5, it gn - BobRadt ran it - mhidsk 2 K,
4K, 6 RIT4IEIEsETEN, SHladKihzk.

2.2.6 ZHHE B
300 g 2SR 1108 40 i, {5 5 mL 4 °CTivA K] PBS B4l ik, HHXF 300 g
B 5 5t It Bl BEIS, BN 4 mL 4 °CTRA ) 70 %L EE, BPadii )5 1-20 °CHHl &
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WA, R, 300 g B0 5 A BiIEFE R RS, (EH 5 mL PBS A —X: ARJE,
A 400 pL {R4E Z5E (P P4 (50 pg/mL) ,—IOEEsagn i —id/ Vb ; Z )G, 4 °Chi
W E 30 b Bn, K EBWGET 40 pm JEMJE EHLHEAT IR 2RI 0 i E 3.

2.2.7 AT

H 1~510° U 4HJ 300 g B0 5 7B FELMAA: BEJE, ] 4 °CTIVAHY 5 mL PBS ¥
BRAMBPIIR, R 300 g B50 5 b A LWk 25, M 100 uL 1>Binding Buffer &
=S EHEIfE, M 5 ul Annexin V-FITC 1 10 uL PI Staining Solution, [R5 7R 51
s TEEIREEEIEE 15 280, FVRE R R INN 400 uL 1>Binding Buffer, V2] 5 E 11K
By T LN Y LA TR A I A L T AR

2.2.8 20 R AR YL (0 S0

4 4~8>10* 1140/ 300 g 29.0» 5 P IFFF LAk BESS, {5/ 5 mLPBS YRk —ix,
300 g &0 5 43 BRI 3 WA S, A 200 uL PBS HE4HM; 25, WREL 100 pL 04
RUFr R E AR, 600 g FE A 5 08l K3 U R BE/KZE 8 H 4t B B s, 1) e
PSRN AR 20 pl RS N B VR 40 uL VRA1; =HIREE 8 bhE, (ERTEK/INLYE R
W, HATEEHEZ TR &5, THRMEHITHESI0%.

2.2.9 2y FE Y B (CFU)

#6000 MM/ I 3 mL CFU K573, JigimiiRg 28 50; BEfE, 4 1 mL 35
PO AR ISy & 24 FLARED 3 ANFLA, BI—ZH4ufufh 3 Z AL, AL 1 mL £53RFEF 2000 44
filo AN & 5% CO, Ml 95 %= S4B FRFE i s 7%, FR A I v B8 s e 13
B DM T il 3.

2$2-8 CFUMZFRERL

Y EH &

62 137 TRMEE 7 4mL
1640 £57E M RHE IR 4.6 mL
3.6 WH LA 4R If] 5 o B A4l AL B 2.4 mL
4 i35 77 F At 77 1 o o A K A ) e A 200 pL

2.2.10 S H B

YUREAREN,, WCHC 1108400, FH 30 uL PBS E&; EiEFRES, UEUITA LG, 4009 &
o 5 %P E, WL 30 L BiE . ¥ BRI . BIERES, TINGEARER 2 X SDS 2R (£ 2-9),
REIJG, TN 100 °Chn#kesrh& 5 reh, FETUKLE 5 408, HEEIZISRE 3R, EREAS]
%o FH 10 % RWMEME (PAGE) il 47 il a5 ek, I 4 1 8 R S gk AT
SDS-PAGE R HLUK; 2 J5, 220 mA BRI 2 /NeF, 5% B 4F Wy P 1 /NeF, I AR B
—H 4 °CEIL . 5K, PBST (Tween: PBS=1: 1000) &M 3 ¥k, #:IK 5 40%h, BES,
FHAN. PR E 1 /N5, PBST Wefl 3 ¥k, &K 5 208h. o\ HRP-E {7 &
I,

£ 2-9 2XSDS FYRKEL 5

D% EH i =
100 mM Tris-HCI (pH6.8) G 5mL
e AR S (SDS) 2 29
IR ekl 0.1g
H Sy Pl 10 mL
T IHERE (DTT) EiEaNEd 1.54 g

9 7 F£ 38



VY FLAAY

¥/ SHANGHAI JIAO TONG UNIVERSITY

LILRB4 EZ &M BHEE R HHIER
F2-10 10X HEIKE KA 5

%y EH &
Tris ZE ik & 3049
HER SR UNE 144 g
SDS R 10g
SR gl SEZFE 1000 mL
F2-11 10X B EWRE T
D% 1EH &
Tris SRR R 30.28 g
H= R ZE ik & 150.14 g
iRtk

gl JE 45 % 1000 mL
K 10> 100 mL i 700 mL 2K+, FAR GBI 200 mL HEE, RIalfd
B 1< R

2.2.11 5 5@
fii F  MetaboAnalyst 4.0 Hf 17 £ £ @ B MH X M 4 Mo, WOk A
https://www.metaboanalyst.ca/faces/home.xhtml.

KEEAE 50 T IR 2 FunRich 3.1.3 #ft

2.2.12 Giilsbr
i Bl T 8 £ bR 2 (Mean#S.D) For, M 4L 80HE 34T M B LU B, i A
“un-paired two-tailed ” #£17 Student’s test 7 M4 Z 5% HHEE N =HEL=H L FHATEE
By, AU R TT 20 Sidak £ E HLEa S (two-way ANOVA with Sidak’s multiple
comparison test) 150 3 4 22 o BRSOk B 20 3 ANHSIAEA . *p < 0.05, **p< 0.01, ***p
<0.001, ****p< 0.0001 /A &3 %57 Frfigiit B H] Graphpad Prism 6.0 # 1R
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F=E TWHR

3.1 LILRB ZAEZ L Mt BHEE B E P RIFRIE B RAIER X FR

BT HA T LILRB R 53 78 IR 2B J R IR 92 K 22 85 v F i Jed 1) 4 328 A BE AT
F, i LILRB2 4% s A6 o BN 40 i A 55020, 5T MM 408 B/ LILRB A 3R 1A
L THAEEL 230 7 B 5L I EC AR EE AN EL IR ESY; T FiZ K AE MM Hh R R0 1 LR T g
A OE, B aTA SRR LILRBA 7E 12 MR 20 i (1 s B 1) B 40 - Fr
Fik, HE5BFWIGHRMU, Fit, BATELSHTT TCGA i FEH LILRB FKIKIE
MM & H I RIATE LR 5 H AN TUE R R .

SEREOR, M T FEAM R R, LILRBA JEH £ MM B35 586 5 RIS REA R R
ik, HFEEEBEBEENAEGRE (J]3) . Bk, LILRBARAEEES SE MM [k
R B
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Kaplan Curve Kaplan Curve ) -
b 1004 1.004
0.90+
0.80-
= £ 0.70
= =
© ©
8 8 0.60
E_ Qo
B o501
c c
=
E £ 0.404
= s
g g
3 0.304 3 0.30
0.20 i 0.20 .
LILRB1 High (n=28) LILRB2 High (n=34)
0.10- LILRB1 Low (h=60) 0.104 LILRB2 Low (n=54)
raw p 1.8e-03 raw p 9.5e-03
bonfp 0.129 bonfp 0.697
T2 3 2 I I 2 I 2 B S S S S
Follow up in months Follow up in months
Kaplah Curve Kaplan Curve
1.00 4 1.00~
0.90 0.90+
0.80+ 0.80
£ 070 £ 0.70
s 3
B 0.60-] S 0.604
a S
£ o504 S 050
g =
2 0.40- ©® 0.40-]
S s
@ <
3 0.30 g 030
0.20-| . 0.20 .
LILRB3 High (n=19) LILRB4 High (n=464)
0.10+ LILRB3 Low (n=69) 0.10- LILRB4 Low (n=78)
rowp 16004 raw p 2.46-03
ont B 0. bonfp 1.0
oo0d . 0.00, . . . —
©S % & R 8 g g 3 8 2 < = 2 B & g
Follow up in months Follow up in months

& 3: LILRB k5 MM BE PRI R B RIR TCGA)
Figure 3: The clinical relationship between LILRB Family and multiple myeloma (From
TCGA)
a. LILRB ZKIREENEHEF RIS A T RIETE I, BE 0 RERIEF AR, &6 1 REEA
WP B pe R S B BR AR A ML B8, SRS 2 /KR MM B3, LILRB4 7E MM (838 Hh R 15 L[]
IEH AR Z REIR. b, LILRB KRR A R &S MM 8& 4K R, LILRB
FIRM AR I By, B A A .

3.2 LILRB HRiEEZ A M EIEEMAEMATPRIEFRL

R, FATiE R R4HBAR, %) LILRB K& A 7E MM 4iiffl 5 8226 F1 ARP-1 H111)
FIEFAT T . AR ARLERER (B4, £ MM 40 &% 8226 1 ARP-1 41, LILRB1
1 LILRB4 4 &l 5 & A, a4 LR LILRBL Al LILRB4 7E 8226 il ARP-1 A HH &
Fik, [ERAT PRI LILRB2 FiT LILRB3 RIAEAK. K, 7525 G AH I SCHRHE A 2H 1
WIAH e S G 45 2 5, AU =B LILRB4 75 22 K& M BEJR & A2 & v 1 S i A FH 34T
RNTIETT
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a NC LILRB1 b NC LILRB2
|I]‘
? 104 107
1.62% 37.4% E

0.068%

NC LILRB3 NC LILRB4
* 10.008% 0.00% 1t J0.00% 0.00% 10" 10.098% 0.00% 10 J0.00% 0.00%

AT D33 23% 100 ]99.9% 0.033%| 0 [80.7% 19.3%
2 g T T,
o 0 10 10 0 [) [ 10 un a‘ [ Eg 10 100 U‘ 0 0 10
PE PE
e f
NC LILRB1 NC LILRB2
ot 10" 0
? 107 1w’ o
0.264% 5 0]
96:1% 0.220% 0.017%
10! 10! 10!
"
¢ 10 1w’ o]

NC LILRB3 NC LILRB4

0.050% 0.041% 0.050%

PE PE

B 4: LILRB XKE& M REE KB R 8226 M ARP-1 1 [FIRIE

Figure 4: The expression of LILRBs in multiple myeloma cell line 8226 and ARP-1
WA AR 25 S B ORAE £ R M BER N il &R 8226 A1 ARP-1 /1, LILRB1 Al LILRB4 ¥J3£iX,
ifi LILRB2 A1 LILRB4 & W, %iA. a. LILRB1 7E£ MM i}l % 8226 1%k . b. LILRB2 {E
MM ZHi il % 8226 H1i#iA . c. LILRB3 £ MM 41 il & 8226 F1f# ik . d. LILRB4 £ MM 4f
Jfl % 8226 H1f1#ik. e. LILRB1 7E MM 4ifi /% ARP-1 H1[1j3K1A. f. LILRB2 7E MM 4iijfil &
ARP-1 F11{13iA . g. LILRB3 7£ MM 411t &R ARP-1 #1114 . h. LILRB4 /£ MM 41l it &R ARP-1
HERIL

3.3 LILRB4 Bk 40 RAVEN 538

FATHE— 25 57 LILRBA R fIRHI 40 2 5 I H Ay T H SRR A 5 0 IR 2 2 ] 3%
R ZES, PAHORIZIE LILRBA £ MM K A2 ] BE R IR AL o
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3.3.1 shRNA {5

RNA T4t (RNAD & i R SR E A I —Fh TR & n] DL R A R 5 e 1 45
/NFHE RNA (SiRNA) Bifa e #E YRk 1)/NR 2 RNA (shRNA) filtk . A T4 i) siRNA
BT A, TeiEAR e LGS (R Hb 7R 4 P 5 BRI 2R IA, T ShRNA d it 185 23 sk e
ST BT LIE R N R e RIAFFIEL — RV R I T siRNA. o F B R e 40
Jfuk% Hh 2R 1L 1) shRNA 5 Drosha-DGCRS £ [ 8 A k45 4 3 Bl & 8510 T 72 1 shRNA
HELAYIEZ G, miHEA 5 (Exportin-5) WhBh L, MmN B R b, Hs
HH) shRNA [t J5 4t Dicer B2 12538 3] Argonaute 5 (AGO) 17E /% shRNA-RISC
HAM, AT FESH M P S B 3 R ) 2Rk (1 5) B8l

N
\

Nucleus \\ Cytoplasm

\
|
— ITTEEETTI .:,.. ( IIIIIIIT\
7
/

/

/

/
s

& 5: shRNA BT RISC B &#idiE
Figure 5: The formation of ShRNA-RISC complex
Y HUAZ N B e 9% 1K shRNA 7E 25 Drosha-DGCRS £ [ 52 & 14571, Exportin-5 & 4 (XPO5)
iz, Dicer B LA EN Argonaute 25 H (Ago)5 B3R5, TR HAT i 2 [RI 2A 1)
BEM1 ShRNA-RISC E A1k,

3.3.2 LILRB4 MR 4n i R e 3L S5 5E

BT MM B AN A (00 W2 28 R [RE A 2 8] fR s B AE G BT AT, DRI 3 1
ANFEZRTL MM 41 R RPMI8226 I ARP-1 #HATIGIE. A& T B E B EE, #7 KRAS
FITP53 98748, LLJridk 1IgG A B8 NE, JB8T 19G ML RIEEHMANR, FERrETHEE
HHE, LA 1A « BEENE, BT 1gA B2 i a8 4 i o FRAV I T P RP 41 B &2 1 LILRB4
FIRNEOUAT TAEI,  RAn o T4 SR BRI AR R B =K IA LILRB4A (B 6) , Pifl
YA R B AT A 4T LILRBA R RS (R . eAh, LILRB4 78 Rl A [F]IE Y )
2 RV BER A R A £iE, Y T LILRBA 75 2 R BE9% 40 i b 3855 1) ik e, 3
IR T LILRB4 752 KM B fife] R A R B mT e EEEH

% 14 71 3t 38



VY FELAAY

% SHANGHAI JIAO TONG UNIVERSITY LILRB4 E%ﬁ'li%%@iggq] E'\]'ﬂfﬁﬁ
a b
8226-NC 8226-LILRB4-APC ARP-1-NC ARP-1-LILRB4-APC
5 i 0" 3 3
: : 3
! ARC-A, FITC-A subsel Sy APC-A, FITC-A subset
[:::)
[ o
S PR T e e
FLI-A:APC-A FL3-A: APC-A FL3-A- APC-A FLBAIAPCA
LILRB4-APC LILRB4-APC

B 6: £ RMEEEHN 8226 41f RA ARP-1 4/l 7+ LILRB4 FAHH
Figure 6: The expressions of LILRB4 in multiple myeloma cell lines 8226 and ARP-1
S RSB TR (NCY , FifRbricsl (APC) gl &A%, 75 LILRB4
TEWFhZ R BERARA LB mEE. a BHRRGIEARNE LILRB4 /£ MM 41t &
8226 Hf1FRIAL. b. EHRALEMAR N E LILRBA /£ MM 41/l & ARP-1 Hiffj ik .

BJG, BA LRI SCATR 7 vAAE 293T 40 H 3847 T LILRB4 shRNA 1255 8 %,
16§ FEPACIR AR 195 B3 9000 P P A B R AT TR . TR SE R SR =R, BATTATT 8226 Al
ARP-1 7 Fh 2 o 2 F) 1876 25 R G 5R DA 2 sShRNA ST LILRB4 FRY RS AR 2% 2840 )i i v 2048
FAR AT TR 45 BN, MR R A8 8B T IR (NC) , 23R 441 (SCR)
FIFIH shRNA B4 (ShLILRB4-1, shLILRB4-2) [F18IR IR m T 75 % (- 7),
FFE T JE SR I ER

a 8226-NC 8226-shLILRB4-SCR 8226-shLILRB4-1 8226-shLILRB4-2
10° 4 3 4 10° P
b ﬁ B B 3
< < < <
2 o0 FITC postive | & - FITC postive | |& o8 FITC postive || O . FITC postive
we 0 = 759 - 970 e 077
0"
o " s ma e L] ) v v oy y oy oy M BRAAL BLAL BRAAL SRS BRALL 2 ° v v v L T w "
10° 10° 10 10° 10" 10” w0 10° 10° 10° w0’ 10° 10° 10° 10 10°
FL1-A T FITC-A FL1-A FITC-A FL1-AZFITC-A shLILRB4-FITC
b ARP-1-NC ARP-1-shLILRB4-SCR ARP-1-shLILRB4-1 ARP-1-shLILRB4-2
md E IOO— lﬂe 9 m°'
£ ] ﬁ LI < <
& & o o
@ @ @ @
r I o [
f, FITC postive E s FITC postive ; 5 FITC postive ; 5 FITC postive
210 0.014 L0y 98.3 AL 998 210 99.4
4 4
o w b o . ] w Al 0 "y - b Al v T S Al bl Al ol ol Al
w0’ a0 0 0® a0’ k® o 10’ ' w0’ ° 7 1® o' a0’ 0t 0®  w0® w0’ w0 w0’ a0 w0t w0’ w0 w0 o
FLI-A 0 FITC-A FL1-A FITC-A FL1-AZFITC-A shLILRB4-FITC

& 7: LILRB4 f{] shRNA 187 B R &
Figure 7: The efficiency of LILRB4-shRNA lentivirus infection
a. Iz A AR EI2HEBE MM diii R 8226 R %E: FH N 75.9 %,
ShLILRB4-1 & 97.0 %, shLILRB4-2 4 97.7 %. b. iz =04 A & 1899 55 4E MM 21
% ARP-1 IR 805 98.3%, ShLILRB4-1 Ay 98.8 %, shLILRB4-2 ¥ 99.4 %.
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Ak, it LILRB4-APC A $ifkbric, 4idimzCa o RIS 087, PiZh shRNA 7£

PRI R T T LILRBA AR R R #RIAE) 50 %LL L, LILRB4-APC HiR T 1575 ik

RN R B P A e S W SR R P&, B LILRBA 25 Rk B B T . s RE PR £ Kk

TEE BER A R 1Y LILRBA SR B e S el oh (K 8) , Al LAREAT JE S5

8226-NC 8226-shLILRB4-SCR 8226-shLILRB4-1 8226-shLILRB4-2
Vou 9 . wu e |0e k| IO° 9
Mean : APC-A: 454 Mean : APC-A: 15767 Mean : APC-A: 7651 ] Mean : APC-A: 8610
. Median : APC-A: 440 . Median : APC-A: 9727 R Median : APC-A: 3987 . Median : APC-4: 4372
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Figure 8: The expression of LILRB4 after shRNA knockdown
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Figure 9: The proliferation of scramble group (SCR) compared with the knockdown group
(shLILRB4-1, shLILRB4-2) in multiple myeloma cell lines 8226 and ARP-1
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& 10: 8226 4 R ARP-1 4l R BRI YL (SCROFPILH shRNA /&R HL4H (shLILRB4-1,
ShLILRB4-2) 4 f{ XY b
Figure 10: The cell cycles of scramble group (SCR) compared with the knockdown group
(shLILRB4-1, shLILRB4-2) in multiple myeloma cell lines 8226 and ARP-1
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WA EFRIL.  (*p<0.05, **p< 0.01, ***p <0.001, ****p< 0.0001 F/~H &F 7 H )
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Figure 11: The CFU capabilities of scramble group (SCR) compared with the knockdown
group (shLILRB4-1, shLILRB4-2) in multiple myeloma cell lines 8226 and ARP-1
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Bl 12: 8226 41075 F1 ARP-1 2105 DB FCRU RS (SCR) 5741 ShRNA R4/ shLILRB4— 1,
ShLILRB4-2) {75185 4uant b
Figure 12: The giemsa staining of multiple myeloma cell lines 8226 and ARP-1 with the
comparison between the scramble group (SCR) and the knockdown group (shLILRB4-1,
shLILRB4-2)
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Figure 13: The apoptosis of multiple myeloma cell lines 8226 and ARP-1 with the
comparison between the scramble group (SCR) and the knockdown group (shLILRB4-1,

shLILRB4-2)
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Figure 14: The correlation analysis between LILRB4 and key factors
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Figure 15: Pathways may be affected due to alterations of LILRB4, SHP2 and CaMK
(FunRich analysis)
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o N BT R 91 RS 5 A R A (64, DAP12 ZE4E SHPL AT SHP2 47i4] ITIM 1 FH68ILL %
ITIM $85 SHPL. SHP2 5201 415 i % R IR SIS i 20 12 A ¢ . S5 T 1k, FA1EH%S LILRB4
7E MM 351 CaMK B sZma i AT 73— Bt (K 16).
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Figure 16: The CaMK pathway is regulated by LILRB4
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TEARTEFTH, FATHI A shRNA HAFIE 5 35 B A BAR B T AN A MM 5 T AL
FEE UK LILRBA 1) 2 RVEE SR A R . RN, FIFHR IR S0 5= ge ., B eI,
S5 I AT ERR, FATKIL LILRBA 7£ 2 K& Rl K AR R e bR 225 R, AHRME
F FEZARTLE LILRBA BK/G MM 4R 3G 7 2 4 . T 2 . G2/M AR FRAIK. B
TERERE SIS . AN, BATEKIRIE T LILRBA fEZ SHP2 fRERZ 1L % CaMK1 /K-
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TR 8T, BRATERI T £ 46H%¢ LILRB4-SHP2-CaMK-CREB il 4 2442 Al fE & AE 24
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Figure 17: The regulatory mechanism of LILRB4 in MM
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FMUE Wi

PRI 5 BT AE A, R 2 R R 24 14 A% G db T T BB o S R B T — E B A
M, MR Z L REERESTEMREARHER. TRERERSTURZE T 400
(CAR-T) JTIEEE iR IT BRI R, SR 7 s I Bl (1 ya 7 B A4 70 1 S DA &
i, MARSCHTER A0 ET A i S e 3R B AR 2 AR KR B i 4 (LILRB4) A N—Ffxf T
Z RYEEBER (MM AR IR A A B B R 450 FH P A4 it 52 T v 308 1 B 1 sz Ak, A8 4T
BE A S 2 VR 9T IR BB R S . RE AT PSR, 2208 SCHRRIE T HXE LILRBA BT T K& 1) Fa s
T TR T SR AR 20 A 1 L R S A A T IR LA s T RROOIT], Gk e g Ly
LILRB4 [ MM (1) 58 B2 G B8 I T 7 #0 AU PRI T — 8 B A, 0 R AR R SR 1B 92 77 1]
BT —E BB SE SR .

SRIM, 104 LILRBA 1E N2 R VB IR ¥ S8 ¥R 7 #E S 2 11, BATVCNIES 2 M RE
LT B — D IR

B, EATPFERANVEINEYN T LILRB4 £ MM KK b5 EEiHEE R, H2m
AR 5@ B ST HJ2 LILRBA {E—ANE IR A0 b th 20k 1 G e i M 32 4
NARITE 2 RV BEIR AR I R R R ? PR DR R — 32 X —AME SRR 1)
. HREHT I LRI, LILRBA i P BE G2 2 AR & BN 7 41 ATIMD FAS R
AP R TR A T B I L R FE I T REAS[RIRA, i ELAE St 2R 1 I Fh 38 2 7 A5 1) T
RAIRBERANT T MFRA AR R 22 AR08, Kk, FRATIACH LILRB4 R EL ITIM A
[FI7 A5 (S IR R PT R 5 MM IR AR R RARDG . [FIRS, S B R Bl 2 iR 1h 2
4= SEUEH R 2 R SR A S AR, X R AR R R, w2
B LILRB4 IBERRABIMTE MM RAREHIIVER . 1hAh, LILRB4 & EATES K IMEH BER
YR BAFIE R AR . B, X FE PN,

5, AR BRATR I LILRB4, &K LILRBA 55 4 7F £ & M 8 41 .4 e
JE L RIEIG, MM IR A R B Z BN o 17— TR otk L gh 22 A0 (3
PRI G, MCLS) SWEHIEE A i, WF 70N 5K LILRBA 75 B J5 R R P4 57 4 43
WA bRk, MEHFEEZ SAEFKAMERED (VIG) Ry RM IEH & Fuk
ARG EELG, LILRBA 75575 WANM L IRIEESH AT N, 52ME, LILRBL RiEEA
WARTE IEH KA a2 5 K An i B3 T AR AR e RS Re, X 43 A3/~ LILRB4
A RETE K AN M AE IE 5 R 8 DA IR AN 5 oS R AR TR B R BRI I, i X S E R 5
LILRB4 Fix BRI R AT REFAEE AR Bk, BRATA NG LB T- I 40M & 7 DAL
2 LILRB4 [E A RIE R AT — 00 50, JFHE— SR 52 RYE R,
T ol A 252 2 ST e 8 B R U S 92 B T ONREAE () IR R B M R 2 TR R &R

B =, 7EXT LILRBA AH S B AT IR FE /3 BTt , FAT TR DL (% LILRB4 ANMH 2520 NFkB
L, SRS 2 R M HER A0 AR B A OGS Sl s, X IR R IRATH LA
LILRB4 7£ MM ZH 0 &R SC it A VEF . BN, FHSCHE 7S IRAE H MM 28 i B
AU )T BE R 4 b CXCR4, CDA49d A1 CD44 25 541 M &k B AH ¢ (I hn & A K7 5.3
Fhim, 1 HIESE MM B MR T K230 MM B3, X bR BRI KT E R, EoR
MG > FRIZBENEEES MM 1Rk RAHSCO, TR SEIRE R, Rk
LILRB4 J&, MM 4 ¥ e b Re i s il B N . Bk, 3 —P4R 50 LILRB4 7E MM 4
F R BRI AE i A B R R A L B

F0U, 2R BERAE N — P B R A SR DDA O B I R e], LILRB4 2 R 7E
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HE B — 2 PV R BRI 7T . A SRS, LILRB KRR A @ SHP-1 /3 E
RANKL Z5—EifH i 4B pi ik i, ta w5 2 MM 20020 3 RANKL 5800k
HYIMET NFeB 870, SECE RSR[5 A,  ITB R BE R A 55120,
MAERME T, LILRB4 A AEHT SHP2 4% MM 41\ NF«B B, M RANKL {ER
AT «B FIRCAR AR 52 2 LILRB4 (W12 [RlUt, LILRB4 #A mlREAE N MM 41 i)
HEFIER TR IE S RANKL [ 43 36, AT U =5 B8 200 Ji w4k (140 23 4k DA B 75 5 B & e
NFxB #4275, mASFECHE-FEBIIR, 1&ME ks bR S e B PR iRsE
FEE (PR AR . FTLL, FRATUCHAR ST LILRBA 75 2 K 1t B BlyRd R B S 455 1] ) 35 4] 6
AR TRE R FEEEEH .

ST, 2 RYEE BRI AR 72T LILRBA AH 6 B 32 BT LE R S Bs oA s, ik
e ek n H I ? aiR 2 MR —FE, 2 R VR BEJR 40 At A % -5 S s 40 P E 0 M T S
G e ki, e EoR, MM BERN T g4I EUE M) GE A7/ 02, i H MM &
HRPERR I ATEE MHC | 222 BKFSC P51 AMICA) K T2t 5, X &S NKG2D
R AR NK 4R AP aE e 240, TS 20 MM 20 B b8k Gy I miirsl, (B8 62,
VERBENS S5 MHC | 289> TAREE G 024K, LILRBA ik o T GE S Hin B ik 98 240 A S 4 2 6
. BRI, M ARMIEAIF Y, LILRB4 5355 A E (APOE) 454 BT
FH55 SHP2 A H BRI R 2 NFwB S MU IFIRIEEZ A (UPAR) FH{if5 5 uPAR #H
KIAGZERNE-1 (Arginase-1) 73 b FFH AT T 248 i 34 58 ke ik 2] G e ki 981, py skt ] WL,
W58 LILRBA 1 22 KM B iR v 4 S e A 54 R AR W B — T A

N, BARE I E (APOE) {EN LILRB4 H Al S AIEARe, KB HiRE AN HL S
R EFE, HHFF RN, APOE it APOE Z/k ApoER2 FIH K% & iF #5152 #& (VLDLR)
7257 B 1 BN h 5 S PR R A H 5 AME I AE AT AR R4, (TR, AR SR
MM 41 B A S A AT PR ON &, 1T LI S 40 i 368 1 i 7 S AR 2 e AR 85 v
BRI (AR N ERET) 1Sl [EN, MM R R S8 E 2 A AEAE S ELIEPE 2 MM (1)
ARTEFR RO, Jhah, RIS MM 5 N 225 B B R 5 21 23 R L R gl ik
P8 F ARSI MM AR IR 250, [ HIEIE 07, 54 L BRI IT, AT
INNTTELA APOE 5 LILRB4 EAENUIA AL, #H— PR F B HEIEIHL RS 2 R B
SR AN 22 1 B R R A R R IR DG 22, AT el BRAR I 5 2 R P BJR 8 F 2 TR () G R o

-4, LILRBA 182 R B BE IR 6 7 0 1) 22 A Mk 75 gt — 2P [ SR 3 501 . LILRBA4
BHIAE R — b S S P A2 AR R DLAE % T 40 iz S5 T 403 b oAy 58 20 R 81, HL A
KIFEEMS NFeB. BCL6. SOCS1 % Fpd# K LA & miR-21,. miR-30b 1 miR-155
2 MiIRNA AHCION0, 7R IX S 2 (L FME R, LILRB4 AT AR T 40H 1030E, i
X555z 2R A, Bt ILT3-Fc 677 # NOD / SCID /) B & [RI R S A4 RS A HE
JFBE Al 2 3B, At DL LILRBA AHE i 8 1 5 1697 25t s e B Hiik . CAR-T
YRS 20T T MR R B A sy AR A 75 i — D I SGAIE . 1Ak, ¥a) LILRB4
XGPS IR TT T AR T 2 5| R AN IR IR ] R 33 i A T A2 TR S R
— AN . A SCERIR R A T A AR A ST (Pembrolizumab) 2375 57 I 2 B ATk
A S AR s A, B0 PR R A0S 20 (HLHD B RE, AT fé % £ 35 2 (82,
g5 b, BATAN LILRBA 1E N 2 R Ve BE 16 97 $E s (1 22 A 8 75 B — 2B A S 3G 50E

%)\, LILRB4 H S/ A—Fpafafbita e, FHEA TR DA (T ¥ (e, siinde
AR T FrR,  FHnT DA s s B i A AR A I Rk e K. 2P e A A
FHIRHLII AR TT,  FATVN AR AT DLk — 2 516K 2 R V& B8 B AR S5 &, 4
Hr LILRB4 5 MM E& AEAF ARG SR MR R, DUATRA LILRB4 250 LMER—
A ISR PRFEFR R RAE MM B3 Bk e 5 TG 150, DB S 4 Hbds S A G IR
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ZRVEEBERE (MM, EJg—FhofE LLVE 1R S A4 i 208 14 344 A S5 880000 1MLV 3R G g
HE 1R R AR LR IA I FBOTSOAME, BEMEARBESE K. M
GBI R, MM BRI T 8 BRI 7. FEARWT S, JRATT 8 oo
T AR ER R AR R TR R B A 4 (LILRB4) i e N2 R BRI A 74
Ro LILRB4 X T MM ZHAR A HS5E . Wtk b 2B E s B LILRB4 mJ DL 25 PRI
G2/M 40 i o5 EL R EE MM 4 98 1. 3E— 2B 50 & B LILRB4 n] @it i 4% SHP2 fy
BEIRALAN CaMKL [FFRIE/K-F- k4% CREB HIBFERIL, #EMfedt MM R4 K fE; 1 Hix
— 5 K DIRETE NSRRI 19G BY 2 R 1t i BEJR 4 L RPMI-8226 A A SKIF T IgA 8 2 Ik i i
JEANHE ARP-1 S HIESE, AIL T LILRBA {E N2 KB B VA T ¥ i E e .
Ab, B SCEER TREE 3 HT, BATE KB FH LILRB4 1] f8ik il L E T3 L MyD88 %
BRARER MM RAEFIMIGERS, NIGRETIREE T —rEs. mTErE, RTS8
IR AT SREG 261, LILRB4 H & FIBE IR L ER R AZ [F] MM ()58 R . LILRB4 Kis &Mk
FHBOERL R LILRB4 5 MM AR LILRBA [F] MM E RERIF R K R
LILRB4 fl MM S AR )9< &« LILRB4 5 MM RSHIAEE 12 R, IX 88 5 s k2B R
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LA R . BhAh, LILRBA 75 528 iioh 2 & 1B B8 10 S e a7 $E s il H e e e 43 31
BB HIE, X RTERATAE IR B H AR LILRB4 5 MM 5 A A2 AN 5 2
2 RN 2 DL K FH 206 L ) 5
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THE ROLE OF LILRB4 IN THE DEVELOPMENT OF
MULTIPLE MYELOMA

Multiple myeloma (MM) is a hematopoietic malignancy caused by the malignant
proliferation of plasma cells, which often destroys normal hematopoiesis and osteogenic
differentiation in patients. Meanwhile, the large amount of M protein secreted by myeloma cells
usually accumulate in kidneys inducing impaired renal function. Moreover, due to the erosion of
the bone marrow niche induced by MM cells, bone pain, even spontaneous fractures occur in
about 70% of MM patients. What’s more, abnormal cloning of plasma cells can induce abnormal
proliferation and deviant differentiation of B cells, leading to infection and severe anemia in MM
patients. Epidemiological investigations show that MM accounts for 1% of all malignant tumors
and about 10% of all hematological malignancies. In the United States, more than 30,000 new
cases of MM are diagnosed each year, and more than 12,000 patients die from this disease,
showing the danger of MM. Meanwhile, the pathogenesis of MM is complex and diverse. It is not
only closely related to various changes at the genetic level such as chromosomal heterotopy and
TP53 mutation, but also has a tight connection with the bone marrow microenvironment. Of note,
there are three main treatment methods for MM: chemotherapy, bone marrow transplantation and
immunotherapy. However, due to drug-resistant MM clones, MM are often refractory and easy to
relapse, causing the relapse-free rate for 10 to 15 years is only about 10-15% in MM patients.
More terribly, the second-generation proteasome inhibitor lenalidomide (LEN) has been found to
cause severe venous thrombosis in MM patients, which overshadows the prospect of MM
treatments. Hence, it is quite important to find new therapeutic targets and explore the regulatory
mechanisms of it.

Leukocyte immunoglobulin-like receptor subfamily B (LILRB) is a member of the leukocyte
immunoglobulin-like receptor (LIR) family, which consists of the extracellular immunoglobulin
domain, the transmembrane domain and the cytoplasmic immune receptor tyrosine-based
inhibitory motif (ITIM).It is often expressed on immune cells and binds to MHC | on
antigen-presenting cells, thereby suppressing immune response stimulus signals through its ITIM
sequence. In recent years, some studies explore that the intracellular ITIM sequence of LILRB can
produce immune activation in some cases, which is related to mutation at Tyr 337, 389 and 419.
Interestingly, according to TCGA data, LILRB4 is usually highly expressed in bone marrow
aspirations obtained from MM patients, and the higher the expression level of LILRB4, the shorter
the survival rate of MM patients. In addition, when MM cells are co-cultured with bone marrow
stromal cells, the expression level of LILRB4 in MM cells will increase. These phenomena
indicate the function of LILRB4 may not only be an immunosuppressor, but may play a key role
in the development of MM as well.

In the previous study of our research group, the role of LILRB4 in the development of acute
myeloid leukemia (AML) has been elucidated indicating LILRB4 may be the potential therapeutic
targets for hematological malignancies. What’s more, preliminary experiments show that LILRB4
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is expressed highly in the MM cell line ARP-1, suggesting that the LILRB4 may play a vital role
in the development of MM.

Thus, this article intends to explore the role of LILRBSs in the development of MM. Firstly,
we select two different types of MM cell lines RPMI18226 (From ATCC) and ARP-1 (From ATCC)
as disease model. The former is isolated from patient's bone marrow, carries KRAS and TP53
mutations, and mainly secretes IgG lambda light chain, belonging to 1gG type MM; the latter is
also isolated from patient's bone marrow, mainly secreting IgA kappa light chain, belongs to IgA
type MM. These works are for the universality and objectivity of the experimental results.

Secondly, we test the expression levels of LILRBs in both cell lines, and the results of flow
cytometry analysis show that both cell lines highly express LILRB1 and LILRB4 with low
expression of LILRB2 and LILRB3. Based on previous research and TCGA data, we decide to
research the function and mechanism of LILRB4 in MM.

Then, we design shRNA targeting LILRB4 and construct it into pLKO.1 plasmid. After
sequencing validation, we obtain LILRB4-knockdown MM cell lines by lentiviral infection. We
compare the proliferation, cell cycle, clone formation, malignancy and apoptosis between the
knockdown groups and the scramble groups in both cell lines. Whatever it is RPMI18226 cell line
or ARP-1 cell line, after LILRB4 knockdown, the proliferation rate is remarkably reduced and the
proportion of G2 / M phase cells descents as well. However, the proportion of GO / G1 phase cells
increases slightly and just a little cell cycle arrest is observed. These phenomena indicate LILRB4
can promote the proliferation of MM cells through prompting more MM cells into proliferation
stage, knocking down LILRBA4 can inhibit the growth of MM cells.

After that, we check the clone formation abilities of MM cells. The cell clone formation
abilities of the LILRB4 knockdown groups are remarkably inferior than that of the scramble group.
The size of cell clone is reduced, and the number as well as the density of clones are significantly
reduced. We also count the total number of cells in each well of the 24-well plate. The results
show the total number of MM cells in the LILRB4 knockdown group is also dramatically less than
that in the scramble group. All these results manifest knockdown LILRB4 can truly weaken the
clone formation abilities of MM cells, showing LILRB4 can support MM cells’ clone formation.

What’s more, the malignancy of MM cells is also regulated by LILRB4. The ratio of
multinuclear cells and abnormal nuclear cells significantly descents in LILRB4 knockdown
groups. Meanwhile, the ratio of degenerated cells is increased, implying LILRB4 knockdown may
induce MM cell death. So, we test the apoptosis of MM cells with flow cytometry and find out
LILRB4 knockdown can remarkably prompt apoptosis of MM cells, indicating LILRB4 plays an
important role in regulating cell fate of MM cells.

Finally, we research the regulatory pathways of LILRB4 in MM with western blot. In MM,
LILRB4 has no significant effect on the expression level of tyrosine protein phosphatase
containing SH2 domain (SHP2), that is, LILRB4 has no effect on the recruit of SHP2. However, it
can regulate the phosphorylation of SHP2, and thereby regulate the expression of calmodulin
protein kinase 1 (CaMK1). The expression level of CaMK1 eventually controls the
phosphorylation of cyclophosphadenosine-responsive element binding protein (CREB) and thus
directly affects gene transcription. Of note, the regulatory function and mechanisms of CREB in B
cell development have been reported, which is associated with B cell tumorigenesis. Moreover, we
apply software FunRich to conduct deep analysis of key signaling factors in the pathway. The
results imply the changes in SHP2 and CaMK may also cause changes in signal pathways such as

%2 033 0



SHANGHAI JIAO TONG UNIVERSITY LILRB4 FEZ & B BERET P HIER

NF«B signaling pathway, which are closely related to cell death and intercellular adhesion,
indicating these signaling pathways may also participate in the apoptosis of MM cells after
LILRB4 knockdown. Furthermore, TNF receptor associated factor 6 (TRAF6) and myeloid
differentiation factor 8 (MyD88) are downstream factors of Toll like receptor, which are also
related to SHP2 and CaMK changes. Numerous studies have shown that Toll-like receptor (TLR)
mutation or MyD88 mutation is one of the potential causes of multiple myeloma. Hence, the
changes of SHP2 and CaMK may directly interfere with the driving factors of MM, and delay the
progression of MM. Therefore, LILRB4 can regulate the occurrence and development of MM
through the p-SHP2-CaMK1-p-CREB pathway.

Nevertheless, there are several scientific questions derived from this article requiring further
research. Whether abnormal phosphorylation or dephosphorylation of LILRB4 will cause
malignant transformation of normal plasma cells to MM cells? Does LILRB4 have a special role
in the abnormal development of plasma cells and abnormal activation of plasma cells? Can MM
cells regulate immune microenvironment, metabolism microenvironment or bone marrow niche
through LILRB4? All these questions need further research in vivo, and the safety of LILRB4 to
become an immunotherapy target for MM needs to be further verified either. Thus, it is regret that
we have no time to discuss these questions particularly in this article.

To sum up, although more and more therapeutic strategies for multiple myeloma have been
developed nowadays, MM is still incurable due to its drug resistance and relapse. This situation
brings endless hurt and pain to MM patients, and it is urgent to develop new therapeutic strategies.
Here, we firstly report that LILRB4 is capable of regulating proliferation, cell cycle, malignancy
and cell fate of MM cells through LILRB4-SHP2-CaMK1-CREB pathway. Knocking down
LILRB4 can significantly inhibit the proliferation and malignant cloning ability of MM cells and
promote the apoptosis of MM cells. These results show the importance of LILRB4 in the
development and progression of multiple myeloma and manifest that LILRB4 has the potential to
be a therapeutic target of MM.
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