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HWE B . 0L BELE T R34 (NK) ATk, QIR NK miasrfehs, 7. KE %
KRR G (MM) B & 38 4, £ 1oG-k A 18 4  IgG-N & 10 4] [gA-k & 4 4] [gA-N & 6 4] 3k B F 2 5
(NHL) %% 27 #) , L+ 5RF MK B o le bk @95 18 4 D KA G 3 4] AR EB | 4 BB 2 o kb
AT mAaHk e 15 SR T ek g 2 4] 13 A 2 i G s (CML) B 10 41530 A4 & B & h EF
SRR, 8 At i X e A AR SR e P NK 2m e b A Az s R sk ), R 5 e 58 R 2 2 A B4k R ( RT-qPCR) 7 ik 45
M NK 2m e, & @ 39 4] 1 &4k (PD-1) ZE AL 54k (CD69 NKG2D) #9 2 B F ik K -F, &R 5 B384 bd , MM,
NHL % % 988 o NK 200 & 7 4% B e fol pb 3%, £ % 43t % & L(P 4 >0.05) ;% CML %% NK 2 fe & A 4w i
B FEM Y (P<0.05) ;MM NHL & CML ###) NK %t & & &L £ 4K (CD69 \NKG2D) 7K %5 iE % s+ FE 20 4 2.
MeA& , NK 2m e F @ a4 e 4k (PD-1) Rk 2383 T E% s B4 (P 3 <0.05) ;MM NHL % CML % % I8 & 4 (PD-1,
CD69 \NKG2D) & ik )bk, £ F it & SL(P 3 >0.05), %3 : MM NHL % CML & % $h A & NK 20 e & @ &4
M % 4k (CD69 NKG2D) 7K F F 2 AR, 475 M 4R (4w PD-1) Ak P 2383, 32 7 NK @ jL o A 3638,

EER ARFG @A M, WEEZR(PD-1); Fi £ 4k (CD69 NKG2D)

RESES R733 XERFRIRED A DOI  10. 11768/ nkjwzzzz20220311

Clinical significance of differences in NK cell receptor expression in various hematological malignancies L/ Yi'?,
LIU Xiao-gian® , GUO Jia-li' |, LIU Xin-mei' , ZHANG Ying-qi' , RUAN Jun® , CHANG Wei'** . 'School of Medicine ,Wuhan
University of Science and Technology, Hubei Wuhan 430065 ; * Department of Hematology, Puren Hospital affiliated to Wuhan
University of Science and Technology , Hubei Wuhan 430080 ; * Department of Hematology, CR&WISCO General Hospital affili-
ated to Wuhan University of Science and Technology, Hubei Wuhan 430080, China
Corresponding author: CHANG Wei, E-mail : cwei200408@ 163. com

Abstract Objective; Natural killer (NK) cell receptor changes in patients with several hematological malignancies
were examined to explore the functional status of NK cells. Methods: The peripheral blood samples of 38 patients with multi-
ple myeloma( MM) were collected. There were 18 cases of IgG/ (k) , 10 cases of IgG/(lambda) , 4 cases of IgA/(k), and
6 cases of IgA/(lambda). There were 27 cases of non-Hodgkins lymphoma (NHL) , including 18 cases of diffuse large B
cell lymphoma, 3 cases of marginal zone lymphoma, one case of follicular lymphoma, 2 cases of mantle cell lymphoma, one
case of angi-immmunoblastic T cell lymphoma, 2 cases of peripheral T-cell lymphoma and 10 cases of chronic myeloid cell
leukemia (CML). A total of 30 healthy volunteers served as the control group. The proportion of NK cells in the peripheral
blood was determined using flow cytometry, and the proportion of surface inhibitory receptor( PD-1) and activated receptors
(CD69, NKG2D) in NK cells were analyzed by RT-qPCR. Results: There was no significant difference in the proportion of
NK cells in peripheral blood to nuclear cells between study group (MM patients and NHL patients) and normal controls( P >
0.05), but the proportion of NK cells to nuclear cells decreased in CML patients( P <0.05). The levels of NK cell surface
activation receptor( CD69 and NKG2D) were significantly reduced in MM, NHL, and CML patients as compared with normal
controls(P <0.05). The NK cell surface inhibitory receptor (PD-1) expression was significantly higher in MM, NHL and
CML patients than in normal controls (P <0.05). No significant difference was seen in the expression of receptors ( CD69,
NKG2D and PD-1) among MM, NHL and CML (P >0.05). Conclusion; The surface activated receptors ( CD69 and
NKG2D) in peripheral blood NK cells of MM, NHL and CML patients were significantly decreased, and the high expression
of inhibitory receptor (PD-1) in MM, NHL and CML patients suggests the functional depletion.

Key words Natural killer cells; Hematological malignancy; Inhibitory receptor (PD-1); Activated receptors ( CD69
and NKG2D)
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MR R G 22 5 T i R ZH 855 %
KMk EAEE (multiple myeloma, MM) | 201 L |
1 PERE 22 40 M@ (1 LS ( chronic myelocytic leukemia,
CML) GEMEWRE R4 H AR 405 40 Ml ( natural
killer cells, NK cells) 2 HL {4 B 32 ) [# 4 9% 40
B 2 5 0 g W R T BR R RE . AR T NK
20 0 ST A PR B FRERE SR 7 Th R A AN W)
AP o NK 20 j 26 1K1 22 32 1Ak, 3 b A [ ) 52
PR NK 4 M 30 AL NK 21 X 53 5 5
ARIEH AL Giuliani 28 438 NK 48 275 i 7 e
Jeg v B B 2 O0C EE A VR T, ST PR RN R v 32 A
S3 SRECE AN R B (559875 NK GRS . 30
PESZ AR (NKG2D) il od 5 HAH B A BCARSS & A 4% 1E
55", 400 2 AT DA 2 A UM R
A& ( major histocompatibility complex, MHC) 1 2k}
TLEG A RSS2 NK A0 G [ AE
G PEER, NK 20 SR 2 XU RN, 2,
WA BRR - A {ES 7 B, — S MO AN 2552 3
NK A g Bk o g 283 1 NK 20 1 3% 1 J0s A
TP SZ AR & A i s A NK 41 B9 Bt b s o i <2
7 AR S A 2o AR G R NK 41
T HI M2 K PD-1 3% Ak tE3Z & CD69 \NKG2D 1
FIRNE O, R MR 7 NK 40 D ReIRas .

BRERHE

— A WedE 2019 4£ 9 72021 4E 8 ATER
DURHRE R A B 5 B B2 (1) 3 il e g 5 s
AT b MM R 38 ) (55 21, 4 17) , R 4R 1%
65 % (Hrh IgG-k #4 18 {7 IgG-\ £ 10 f3i] | TgA-k #I
4 %) . NHL 2% 27 B (5 14,2 13) , PALAFE R
48 % [ HrPyRiE PR B 4tk 108 18 3] 20 2 DX bk
EL 3 f91) SV M EL 1 0 S A0 AR L 2 o]
PP REVE T 4 M bk LR 1 i) A1 R T 40 i ik L 0
2 3] 18 M AR AN I s (CML) BB 10§ ]
CML 3 10 (35 5,20 5) , P A4E A 58 % AAA
P : DR ESWIE A5 N IR 52 123 1R
FERIRRHE " s QWIS R IGTT R . HEBRAR
A I H A I 5L B e TR0 s @Kt
ot 5 2 A ) i e R R A A A SR R
SRR S (R AR A 30 3 ( 55 17, 22 13) Sy IEH %) 1R
A, POLARRE 56 % o 10 ATEE A IS B S — i
Gk, 38 5 X A B ARG DU A1 A . NKC 4 i Y %
i M IIRE, TR R G 8 5% S ( quantitative poly-
merase chain reaction, RT-qPCR) I & A 3% 2 b J& i
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NK 4t fifg & 16 #0 i VE 52 4K PD-1 K& 7% 4k 1 32 1K
CD69 NKG2D [ R IK Ko A5 4 B B A B2
Bt B SR G A R

XA HNE BERER S v (PBS) (Hy-
clone 2w ) , A Ak Ja] il vk B4 48 Jfd 43 25 WK ( Invitrogen
OS] A A3 A R B (0 B 2> ) ) Il 248 el S
A IR (GEEGA F) B IE (BD A ), 519F
SN (CAL R R A R A F]) , B3R5 8 N NK 2 il
A% (Invitrogen 242w ) , FFZR G1R L4 (BD 24
Al) , A AL ( Beckman Coulter 23] ) , # iR IfiL
BELOHL (KU , 1% 240 i 0 A A (38 B
A)) , B s (Eppendorf 23 /) ) | B& FH Ve AR (IR 2
F]) ,RT-gPCR ¥ ( BIO-RAD 2\ &]) , ‘H AR 2 55 0
BLC BT RRAER A BR A ) o

7 ik

1. ARAIi e A o

KA B Mt B A R A A5 MR B A Ok R K i
10 mL, i T 3R AR BT sE b (Glk S fli HI 52 e NK
ML S35 5E ) EDTA HTsEE ) o

O NN 1 B4 1% 48 it ( peripheral blood mono-
nuclear cells, PBMCs) (il 5 o 4 F 3R 7 Al I #
O 0L R A7 i 9 E 248 L 2 9 2 s B
B B ANR LA AN . EARERAE AN - b
Ja i T R B P EE A b, LA 1500 #/min, B0
10 minf5 375 B3, R S1ER %0 5 % 4 PBS
TRGFRRE In A BIBAR} % 25 A7 Ik 0 48 o0 125 T 1Y)
O T iR R SR e i DR BT, A1 800 %% /min,
B0 20 min, 250025 505 1A DTS 21 RS AT 43
R 32 W AE W E] ) R, FH 4 ~ 5 mL PBS
VERBR JS IR L 40 A 53 125 W B A R e 55 15 31 B>
Uil )E , T R E O 5, 5 BIE, DL PBS S
i, SRR E W T 17

QR PEREIR 4y 755315 NK 4 ( ik ) o st
5 FAR I A W 25 BT AAR RN NK 41 B ik 1R & it 4T
Fric, dE NK 40, B T 4 i . B 240 j . 20 M W 58
S | FRZ NI R A RN 2140 B S5 E B A% 20 ik ] B
Pric £k, B 40l 23 16 2% phif ( buffer) 2 10
2, AN [] 5k 20 T 4 () 05 S A B, 2 8 107
A A 10w NK 48 i 53 25120550 &8 NK 2 2E
YRR FEITIRE] 4 ~8CHFE 5 min J5 H 3k 2%
VR TRIA 1 UK He an b [RRE 55 i 20 A 30l 43
TSR W ) [7] He A8 B AR L UE , BRI 20w NK 4 /g
BRI NK i ik &9, R iRAfE T
4 ~8CHFE 10 min; B0 57 LIE  IELIM . 1R
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1B AR AR IO 2 SR S AT [ e AR A A b e
A R R U AR, TN 500w L 4335 2 o i ok
3B s A e e P AT RN BRI,
WO & AR I A L 3 BV 5 ] SO0 L 4335 22 v ifk oo
VRO EIAE A 3 ~4 GRS B — 2P
TRUE I A I, BRI ED A NK 4 .

(ONK 4il g 4l BE 4, L CD3-FITC/ CD16 +
56) -PE s thrichifipnic NK 40, H i = 4l i AR
Tz H 338 f 4l

2. YA B A A I A A NK 20 B o A A% 20 Ml
Eb il

RV A GRS AR ALY FEZE R T A PBS
BB AR B FEAE 1Y 80% , 3843 ELE]R
57,1525 B5/min , B0 10 min, AR HIBR 5 L2
B Z% 005 bR L0, R FIRIRIR ) R 2R N,
THPEE 5 H 300 B 38 i PRI AT FEAS 23 T ik
b, A A A T, (#F WBC <10 x
10°/L BF 55 PRV O ) B I A BE AR T AHE R 0
HREE 2 x 10° A0 AR U A i 48 vh FE on iR A0 it
FTHUAREEEIEE 15 ming FEAIA 2 mL %5 1l VR 5k
JEIEE 15 min J5 A PBS B0 5 min, PR 2 W
PR 300 By A ok ng A A B AL, AR 4 it A I 45
AN 1 NK 40 b A A% 40 e il

3. RT-qPCR 4347

@ BUor e 40, inA PBS J5 B0 5 min, 1
HWEE R 2R 5 A 1 mL & RNA fli#2 347
Trizol, 2 ¥ & & J§ 4C ik & 10 min, LJ
12 000 #%/min, B.0> 5 min, @A 250 pL & 15, E
T 15 kIR SIS EIRCE 10 min, $2FiER S
BHEE.OHITEZE 4°C L, L) 12000 #/min, 250515 min,
Foe FR 3 S /N B0 8 7 1) #2i . BL ] 75% Tk
OB B R B 2 55— 1.5 mL R4, n
AN ST R EE, &N 15 ), K E N
B 10 min, FRIR SR VR ESC 15 min, 37 B . @
A 1 mL £k R —. 2.1 ( diethyl pyrocarbonate , DEPC)
IKBEHIEY 75% LB, b FHiE] 10 ¥, v e 7R B O
10 min, 3% 13, @FHAMA 500pL 75% Jo/K LB
R EIE 10 K Y ARG 10 min, BUH S S L
T TR A R B0 1 min, ] 20 DEPC 7K %5 fif
UUVE , RAT o @M B, BB 0 388 I e P i Bt s hy
cDNA . GIYU T Fos
NKDG2D-gper-F : TCCCTCTCTGAGCAGGAATC
NKDG2D-qgper-R; CCACGAATCCACCCCATCAA
CD69-gper-F ; CTGCTCTGTGGTCCGAAGTC
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CD69-gper-R : GGGCTCTCACTGTTGGTAGT
PD-1-gper-F; CTTCACCTGCAGCTTCTCCA
PD-1-gper-R: TCCTCCTTCAGGGGCTGG
900 ng i) RNA Sz #% 5 J5 , Bt ¢cDNA H Q-PCR &
1 NK 4221 NKG2D .CD69 J% PD-1 [ #ik, 52
st 3 M AL

gt F o4 K Graphpad 9.1 Fif22 %4,
TR (7 +5) RoR , B2 BT 22 55 1A
Bro FFEIEAITAN,2 HIE LECR M« K5, 24
8] LR HT ANOVA K56 (77 22 A FF I 75 Welchs %
IE) s AT IES A, leBCR RS G 0, D
P <0.05 NZESRAGITE L.

7 X

&40 91 B o NK 2m B 5 A A% 4w Loy Yo ds) i
K 25 5 B oR , 5 1EH 6 B4 Fe e, MM NHL 2 NK
giff A A E R LGt E L (P Y >
0.05) ,1fi CML &5 NK 41 fifd 5 A A% 40 i 50 i 35 ik
(P <0.05), W#E 1,

F1 AU NK B G R (% £s)

20 7] Bl NK @ fe & A 4 fm he 4k P&
EFEE 30 1.80 +0.57 -
MM 48 38 1.73 +0.79 0.70
NHL %1 27 1.52 +0.81 0.13
CML 21 10 0.58 +0.46" 0.00

E: 5 EFaRamki, " P<0.05
23 i AR Bt AL BE JBOGT HEZH 1 81 fele i =
JE &AM I NK 20 i 35 =X K A F i NK 4 5 A
AN e, WL 1, NK 4= SR AR5 40
LB I/ INFISURL BN A A B I, 1 — 25 A0 Tz A
thar ok 3 B BOSE A AER NK Z0AE, sk
WREL AL, TR (A A SR T R 4, WA 1a, AP I
NK i 5 A 2% 4 i i) Ee i1, DL 1h, &0 JE i NK
YRR o5 A A% 40 L 51 R 48 {8 # Events/P1 #Events x
100% A5k, 3% o oAl {gke B i JE 4 R B R Ffr 44
Dy 2XARH HB
MM % % 988 do b NK 2 e & A 4% m i o4 v 45
2o it G I, AR 55 200 J6L 11%) A /0N AT 85 K 200 i
S REE 2B Mz AR 4y 3 B, UL 2,
NHL % % 918 o b NK 48§ & 7 4 2m B 69 YA
o3 i R, DT H T U AR A0 ) A/
FIRIURL 2K L 53 B I, 3E— 2B o0 P i AR v 43
4 B, AR L ar R R S A, WIE 3,
CML % % 918 fo b NK 2m B 5 A7 4z 4m B 64 Yo )
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Tube: N

Population 2Event: %Parent %Total

W All Events 559,075 2222| 1000

Imp 559,075  100.0/ 100.0

Moo 523,911 937 937

ar 488,212 932| 873

P2 32442 6.6 5.8

mr3 21,501 66.3 38

® o1 10913 508 2.0

a2 207 1.0 0.0

a3 7n7 33| 0.1

o4 9,664 44.9| 1.7

--NK 5428 wsi =1

PB 60,426 124/ 108

Bl 2o PR PR PRI, Po E: 3?;-333 7§;i 62:
] CcD3 PETCP-Oy5-5-a - Er7 5.647 14 12|

a) AT MNKZH L 7 X b) 41/ MLNKEH L ot 4 % 40 i bk gl
B 1 RS R4S B i NK 2 5% X B RSh R ot NK 28 o 78 4% 2 e 1)

P2 P2

W

L L1

?4

?3
'.?3

(056 4PC-A
'?‘ HS

C056 APC-A
[

LA LI
L

1
T

s e ity PR B P - ~ - -
1 1 10 10
! co3'PercP-oviis5-a 1o ! " co3'PercPr-ovbis-a

a) MM- A 2B S M A b) MM-kZ 8 A Ja i 5t =X
B2 MM &4 NK i R B RO o NK 288 4 % 40 1t ] 7

P2 P2 «

2 2 3
oy -197 0 10 10 gt

2 102 o
CD3 Pe rCP—@S—g-A

a)  IRIBHEKBAH MUk IR 8 A A I R R b) X BE S MR E

102 |‘
CD3 PerCP-Cy5-5-A

P2 P2

10°

=1 1 -
co3'PercPr-obis-a

) USRI LR R S A R E d) Z40Rk ERMCLEF 4 E I R E

Bl

2 2 -
CD3 PErCP-Oy5-5-A

P2

|

FS

LY

(D56 APC-A

3 4
1 I
1 lmj 1 lll‘lllP

R

o 10

= 102 -g‘ T T T
CD3 PerCP-Cy5-5-4 - Ly s P .7 o~
cD3 PetcP-O/5-5-A

e) 4 BRI TN bk EE 8 B 3 40 I i =R IR ) 4N TR M R BB A A i R A
B3 NHL %4 f NK 408 5% K J
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e PRI , P Fhal U, AR 405 48 i A R/ NV
UKL R AR AR, it — 2 izt 20 0 3
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HE, A CML 25 51 1 NK 40 i o5 A7 4% 40 1 A9 L 5]
W57 L, 0 0.15% , ILIE 4,

P2

e,
el
AR

10°

o 10

2 102 10*
CD3 Pe rCF’—Q/S—g-A

Population ZEvent: %Parent %Total g
W Al Event 347,000 2222| 1000
OmnMe 347,000 100.0, 100.0
Woo 341.386 984 984
Om 318,345 933 97
mer2 2,813 0.9 0.8
Wmr3 1,406 50.0 04
Ro 583 486 0.2
Q2 2 0.1 0.0
Q3 64 48 0.0
X o4 657 467 0.2
mr: 497 177 0.1
@rs 4469 14 13
Ere 7.787 24 22
Er4 294,425 925/ 848
ares 4,104 13 1.2
@r7 2,281 0.7 0.7

mrio 368 0.1 01|

a) OMLA# 5 INKAHL v B

b) CML &S 41 & ILNKLH A o5 45 1% 40 g 451

B4 CML & 58 e NK 248 fi i R B RS R NK 48 i 8 40 6]

EstREsa 5 MM NHL & CML % % NK #mje
A B %R E A %3k RT-gPCR K, MM, NHL
CML &35 NK 4 3% 4 i) 52 1k PD-1 Fik7KF 1
FE T IE W B4, NK 40 i 2% 1 0 fe 1k Az 1k
(NKG2D ,CD69 ) ik K FAIK T~ 1E 8 X 4L (P ) <
0.05) ,MM NHL 5 CML # # [a] 52 {4 ( PD-1 ,CD69
NKG2D) FIAM B AL, 22 R TG it L (P ¥ >
0.05), 32,

%2 MM NHL % CML 41 &# NK 4 e & @ A (% £5)

285 1) PD-1 NKG2D CD69
EATREA 30 30.93+1.43 16.50+1.21 19.76 £1.17
MM 21 38 57.40+2.29" 9.83+1.20" 11.42+1.02"
NHL 28 27 53.84+3.01" 896 +1.11" 11.86+1.33"
CML 41 10 65.82+2.60" 9.65+0.89" 10.89 +1.12"

P1E - 0.00 0.00 0.00

.5 EFEsTBaAi, P <0.05
it

LV 96 28255 A A A NKC 200 B 2 B 1 2 30
FLACTRTER BE 55 92 5 30 JRE O — B 0 NK 41
Jee— PR B R AR AN I EE VI L A0, e (T RE A TR
B A AR [ S 2R, S ST AR 2, DR A
DR T B T TR B4 B 1 IR D [F A AR T 4 g (TLC)
BES S TLP A 1 i O BRI 2 5 NK 4 i 4
TR R G, K B 90 L ORCE PR &2 IE R NK 4
T A I B T LA G 8 97 8 (kB 22y i 1O
1, NKC 290 0 -5 i 9 i 78 0 85 A DAY % 6 40 ol 17 P
2R AT REAFAE S AR 22 4 B AR EL AT AR T 8 H
L, IIREIRAS T RE SR B G HE ) — 3 NK i nl
PR A 2 AR, K 3K LE Ay o S (A A I T
SRR AT B AR RGP A A A B
@FH[ZI’ZZJ .

Purdy 25 238 NK 40 i 2 10 130 1 1 52 R #
TR A 32 1A 5 R I A9 LA AR BAE R 45 sh A
7 , X P 52 AR o 410 ) 2 AR 48 2 T 2 Uk
55 NK 20 030 1555, N il NK 20 i 1% 1k o
CD69 J&: NK 2 M TG AR ic 4 , 22 Fh i £k 40 At 0 1 /)N
WEEm A FkY . A B T4 NK 400095
ifio NKG2D fEh NK 41l /9 385 2 1k 2 5 A
£ R AE I VE o B8, A Bl Je W b % 4 O AR
HIP . NKG2D f it 2k 55 i 1) S A o J A 5, 2
NK i f s Bl i FE [R5 AE , R mT A4 R & NK
A S IGIT AR S ™ o LR R NK 40
ffiZe1H CD69 NKG2D %5 37 (R Fe 3k FAR T B2 fiff NK
el ONSE TN, LA izl 2 A

ABIFFE 3 BT ZR e g 0 2 2 T skl v 52
& PD-1 /KR & e PR A2 & CD69 \NKG2D 7k
R, AT S8 NK 4 i 2 G i e R e L
RERESE E—Fh I JC IR IR S, HLRRAIF J2 200 2 fig
R SR 40 v B PR AT ) 2 AR G A e 4
IS REAN ] , 20 Mok 2 BUREIERIR S T FEIRIRAS Y
NK il 25 F iRl 1 52 44 (4n PD-1) , >k [ 4
SR A NK A 7tk 7 0S S2 R 5 5% IR BN
SRR F NP FIHT NK 40 i B H A
RAS W e e 36 97 Ry T TR 8 3697 7k
XA ) — 23R T RS TR AT A0 72, o H TR T 41
GBETRIT P LE T 250 1 R A A
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