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Abstract: Objective To analyze the expression levels of natural cytotoxicity receptor (NCR) NKp46, NKp30, NKG2A and
NKG2D in peripheral blood of non-small cell lung cancer (NSCLC) patients and its clinical diagnostic value. Methods A total of
50 NSCLC patients admitted to Affiliated Shijiazhuang Ping’an Hospital of Hebei University of Chinese Medicine from October
2021 to August 2022 were selected as the study group (NSCLC group). Meanwhile, 20 healthy individuals who underwent
physical examinations during the same period were selected as the control group. Peripheral blood samples were collected and
the positive expression rate of NKp4, NKp30, NKG2A and NKG2D on NK cell surface was detected by flow cytometry. Clinical
data from patients was collected and the correlation between the positive expression rate of NKp46, NKp30, NKG2A and
NKG2D and pathological type, TNM staging and survival time were analyzed by One-way ANOVA/? test. Results Compared to
control group, the positive expression rate of NKp46 on NK cells in peripheral blood of NSCLC patients were significantly
elevated (42.09% =+ 18.55% vs 25.92% + 14.03%), the difference was statistically significant (#=3.511, P < 0.01). Comparison of
the positive expression rates of NKG2A, NKG2D and NKp30 between the two groups and the differences were not statisticany
significant (#=0.447, 0.536, 1.941, all P > 0.05). Subgroup analysis of NK cells revealed a significant increase in the
proportion of CD56™"CD16" NK subgroups in NSCLC group compared to control group (3.76% = 1.91% vs 2.42% + 0.85%),
the difference was statistically significant (=3.017, P < 0.01). The positive expression rate of NKp46 in the CD56"*"CD16"
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NK subgroup and CD56""CD16" NK subgroup significantly increased ( 59.64% + 21.12% vs 43.91% + 16.04%, 51.32% +
19.84% vs 38.69% + 15.12% ) , the differences were statistically significant (/=2.999, 2.562, all P < 0.01). There was no
significant difference in the positive expression rate of NKp46, NKG2A, NKG2D and NKp30 among squamous cell carcinoma

and adenocarcinoma in lung (#=0.188 ~ 0.600, all P > 0.05). As TNM progresses, the positive expression rate of NKp46 on
peripheral blood NK cells in NSCLC patients decreases, but the trend is of no statistical difference (/#=2.381, P=0.10). Compared

to patients with survival period < 12 months, the positive expression rate of NKp46 in patients with survival period > 12 months
was significantly higher (49.77% + 17.52% vs 36.71% + 15.41%), the difference was statistically significant (=2.716, P < 0.01).
Conclusion The positive expression rate of NKp46 in peripheral blood NK cells of NSCLC patients is increased, mainly in the
CD56""CD16" NK subgroup and CD56""CD16" NK subgroup. The expression of NKp46 is related to the survival time of
NSCLC patients, but not to the pathological type. Peripheral blood NCR NKp46 can serve as a potential biomarker for the

diagnosis and prognostic evaluation of NSCLC.
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M, VRS, BRI, B RR AR AR S T A
TEANAL. E e, FR T T G /e B G (FSC/
SSC) U5 K A FSC-A/FSC-H s Il 5 BRie b, BEEE
ASHRIUL TR bk L A L. 1 H] CD3/CDS6 S KT P
Y NK 2 7%, 1 H CD56/CD16 1 5 8] X 43 NK 28

Jitg v . A FH NKp30/SSC, NKp46/SSC, NKG2A/
SSC FINKG2D/SSC H#U &, 454 [a] 5% i, 43 551) bl

WIZZ AR IR BAPE R A0 RE , T3 SZ AR BRI ek %
=% 2R PHPE AR S/ AR 8L % 100%, TLIE T,

Single Cells

1
1.4 it o {1 SPSS 24.0 0 Frkdis. it
TR IR MIER A0, DIIEL = AR 2E (Rs) 3R,
24 [ R 1] One-way ANOVA , W 4H 8] 4%
M7 REAS ARSI . WIZE 2 18] (4 Pk 590 43 A L R R
FKE . VAP <0.05 25 B4 G #E L,
2 #R
2.1 NCRZE 4F B @ NK 2w fo 69 & &2 0L %1,
NSCLC 41 #h J& 1fit NCR NKp46 it % 15 FH P % g 3%
XA, 2R HA SR L (P < 0.001); NK-
G2A, NKG2D FINKp30 7£ W 2H 2 [i1] () 2 ik BH M3 L
B, ZRTHIEE L P>0.05),

%1 NCR ¥ NSCLC AFnxt B ZESME M NK ZHAEH
FIKPAMEER (xts, %)

FEZ  XMIRA (1=20)  NSCLC 4 (n=50) ¢ P
NKpd6  2592£1403  42.09+1855 3511 <001
NKp30  3886£2062  3886+1850 1941 006
NKG2A  2889+1937  3080+1464 0447 066
NKG2D  4644+1603  4840+1691 0536 059

22 NCRESME & NK LA Rk W2, FIH

CD16 F1 CD56 X 41 J& 1fit NK 2 A #E 77 S 6 i 1,
45 B 5 7R NSCLC 2H CD56™"CD16" NK B 114 Lt 151
WEETXEA, 25 BA%IE X (P<0.01),
[l B, % NKp46, NKp30, NKG2A FINKG2D 7£ NK
S I PR 1) R B MR A T LA, S5 R o, S0 RR
ZH 48 I, NKp46 7E NSCLC 2 CD56™¢"CD16" NK 4f

o 10
NKp46

o 10
NKp46

A E

J I T CD56"™CD 16" NK 4 i 7 ¥ 14 35 34 BH PR 22
YR EAE, ZREAGITFE LGP <0.01); H
RZRAENK SR RIA IR E R TSI &
X #HP=>0.05).,

2.3 41 JE 2 NCR #9 & ik 55 NSCLC J% 22 K A v 48 %
P L3, NSCLC f5c i UL A os RS TR0 Sy i 96 A
B, 45975, NKG2A, NKG2D, NKp30 F1NKp46
T 1 95 1R R BB 3 A JE I NKOGH I Y 2k 25 7
Gt LAY P>0.05), YE—L W BT s,
NK p46 7 i Jis F 9 £ 5 1] I NK 5 S 7 PH
RikZER TG E L FIP>0.05),

2.4 %M JE £ NCR NKp46 45 % £ 5 NSCLC TNM %
IegAakte R4, HEBNKp46 5 NSCLC BH TR
S EEAE i (tumor, T), X80k E 4532 215 D (node, N)
FE A R 4% Il (metastasis , M) FIAEDCHE . 25 BoR,
NKp46 7EAN A T 435 . N2 - M2 2 (8] 23k FH
PR EF LG 2EE LI P>0.05), B TNM 4
18y HEJi , NKp46 76 NSCLC £ 3 4h & 1fi NK 40 i i
FIRPAPE R WIEAG  (H 22 55 G TH# 38 U(P=0.10).
2.5 ) &2 NCR# & i2 5 NSCLC £ A # %9 48 %
W WES, A B TSR T R Gk,
Vil A 124 Ao 45 5% Bow, 76 50 I NSCLC & &
A7 23 15(46.00%) A= A > 124 H o 853 R,
NKpd6 FEA A > 124 H B AR IR PR R B 3
THEAMAM< 1240 A BEWNREHER, 25
HGT2E7E (P < 0.01), A ZARTEAR R A AA 0 R
B Z BRI R T g L P> 0.05),
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x2 NCR 7 NSCLC AF3FBRASMNE M NK TERFRIEBER (y+s, %)
| XIRAL (n=20) NSCLC 41 (n=50) t P
CD36™"CD16'NK Aijf 7 242£0.85 376+ 191 3.017 <001
NKpd6 43911604 59.64+21.12 2.999 <0.01
NKp30 4942+ 18.18 57.51+21.61 1476 0.14
NKG2A 3290 +18.83 34.26 £ 15.82 0.309 0.76
NKG2D 58.90 = 15.98 63.22£15.80 1.031 031
CD56""'CD16"NK 411 293+138 2.86+1.97 0.151 0.88
NKp46 81.93%16.53 81.90 = 16.98 0.005 1.00
NKp30 68.59 = 13.58 69.21 £ 16.34 0.151 0.88
NKG2A 73.19 £ 15.69 69.88 + 16.96 0.751 0.46
NKG2D 6251 £15.72 63.28 1545 0.190 0.85
CD56™CD16'NK 417 1 70.63 £ 12.14 73.38 £ 11.56 0.887 038
NKpd6 38.69+15.12 5132+ 19.84 2,562 0.01
NKp30 34.84+16.59 44.85+21.73 1.852 0.07
NKG2A 46.54 £ 16.50 4978 +17.17 0.721 047
NKG2D 26.26 = 18.05 28.68 +14.71 0.582 0.56
CD56™CD16"NK 4 B 24.02 £ 12.44 18.85 £ 10.13 1.796 0.08
NKpd6 2270 + 16.44 30.39 £ 16.97 1.726 0.09
NKp30 2771+ 1832 33.86 + 16.61 1360 0.18
NKG2A 4858+ 14.98 4977 £15.58 0.293 0.77
NKG2D 31.12£17.16 29.64 + 16.34 0.290 0.77
=3 AEFFIEZEE NSCLC BHESMNIIM NCR FIFRIEFAMER (x+s5, %)
m H i (n=28) %4 (n=22) t P
NKG2A/NK 4l 29.69 + 14.45 32.20£15.08 0.600 0.55
NKG2D/NK 4l 479411526 4990+ 19.11 0.403 0.69
NKp30/NK 4 49,65+ 18.52 48532347 0.188 0.85
NKp46/NK 4 40.92+17.79 43.58+19.79 0.499 0.62
NKp46/CD56™'CD 16" NK R 57.80+21.42 61.99 +20.97 0.693 049
NKp46/CD36"'CD16” NK T4 81.99 +18.37 81.80 + 15.46 0.040 0.97
NKp46/CD36™CD16" NK TR 50.33 + 18.83 5259 +21.44 0.396 0.69
NKp46/CD356™CD16™ NK TR 29.33 £ 16.65 31.73£17.67 0.493 0.62
*x4 R[E TNM 483 NSCLC $2&45ME I NCR NKp46 BIFRIEFAMR (x5, %)
S Ptk kR F Py in (4l Sniecd F P
T4 Tl 44,67+ 22.68 N /M8 NO-1 46,46+ 2343
iV 443311591 N2 44841422 1.697 0.19
1.006 0.40
T3 443311591 N3 3551 £18.19
T4 37.68 16,75 TNM 4348 [~1 59.50 £ 16.05
M 430 MO 4524 £ 18.36 m 42,64 £ 1740 2.381 0.10
1.208 0.23
MI 38.94 £ 18.56 v 38.12+19.06
x5 AREEFH NSCLC BESMNIIM NCR B9FREFAMERILER (x+s, %)
TIkAE — z p
< 12 (1=27) > 121 (n1=23)
NKp46 36.71 £ 15.41 49.77£17.52 2716 <0.01
NKp30 47262223 5139+ 18.81 0.703 049
NKG2A 27.02+11.84 35.23+16.53 2.038 0.05
NKG2D 50.53 % 18.79 46.78 £ 14.54 0.777 0.44
3 g IR EL AT (ILCs) 14 B 51 22—, ML G B i i 5 —

NK 4R IR T IR A (CLP), /A BB, 5 TR, SIS Bl AR sk
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e, 3 3= B ok A R T 2 (R A AR TR .
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AN Y A2 — BRI R
AN FETE Y H BT, ISR AR (MHC) T
BT, PIEEEA)T , 10 NK A& s amivEs S, b
1 HX IR H A = A T, dERR RS, Wk
JH 385 1 32 AR (KIRs), NKG2A 25, 40T 18 57 1A 55 4
il R AZ A 22 8] 1) Bl 25 A e NKCZH X S A s
S 7R R N A e Az

WFFE 30, NK 4 0 = S50 A0 B3 I di sl e Ak
N TR IR e W b R R BB E T, S sh R
Pt 5 1y G HE 1Y CD56""CD16" NK 4 Jifd & 41 J# 1.
7 HCR R B NK AR, AT DA S 060 3 M4 A 2 30 5%
;" NKp46 7£ CD56*"CD16" NK 4H Jifl il7. £ 1 CD-
56" "CD16 " NK 4 LR Y i 2 15 AT By T4 i O] i
SRR IVER, JENLIARSME Gl R G0 v Az
B PE N BRI, VE MG B2 {4, NKp46 BE B %
LR B IR, BE TR AE
Py - TR E (IFN- y ) FIPESRSE N - o (TNF- o)
53, KRR E Y . R PR v b Mt
P NKp46 J7 , NK H i -5 11 40 i 7 i 3050 7 4 il
FH T UL, NKp46 5 HFLAR A 45 6 NK 4 & 3440
VR R A S ™ A, PRI IIE S NK 4 it
1 NKp46 /1 F IFN-y 724, HE L 908 g 4 21 4 it
AN - R M 1(FND) (3L, 2 54
FE, PR Y S ANE s S AR B, 7E i
JEL LU, ARV (T A T A 23175 & P9 5 DR
T, FH5E NK 20 B I3 1 i 41 21, NKp46 fERE -
PR A B A A SR TR A A M ES I 1, PR 25
IR 3 NK AU , fE e BB R M

NSCLC 2 # M 1. NCR NKp46 (1 15 I n]
e SHUARSNE e RGP Y . BEE R
HERE, NKp46 ikt F RS, X T 68541 e i
YA oy i ML A XS el 4 = A e e i 32 A O [T
NKp46 H 235 BAME R AR 52 NSCLC [ FZ R 5
Wl F AT O, VA AT SR8 22 G0 1) J 2 4 R 4
NK 40 e e gs ey i AT )iz A R e Sk
AHFFEL R, NKp46 13235 BHPE %5 [ 35 A A7 [a]
H Ko NKpd6 Fik AR E B, AT K
I, $573 NKpd6 2 ik K Fn] GEA Bl T 1B K 8 35 19 4=
FERIE] . BEAh, I 2Z R NKG2A [R50 i 3% I
A, PR IR TE T K B BE M AR KIS NE S8 R 50
NK 20 7= A S il o (AT B A, s Az 1k

NKp30 F1NKG2D [ F ik A B 2% T, I NK 41
T P SRR ) S BE BB BAT AN S8 4, B iR
HE 2AF ki . NKpd6 £EA R TNM 734 193
KB FANR] , XS TE I AN [T B, HLAR A HT b
TR N AT REAFAEZE . BRI, Fe00 TR A R
PEIREAT B T A e A A il 71

DGRy T YA P LA S A e S sz, —

FE AR IR YT U I R R SR 5 T AN

AHEE , NK 20 A 03T E T 7[5 b S A BRI oA 25175

SRABUE T P, B ) NK 40 8 S ey ik

A FEME AR, SEF I, GAUTHIER H BA il £ H 40

[i] NKp46, CD16 FI4F 72 Jip 2 11 5T )5 19 = DI ENK

M H 5 I (NKCEs) . 21 NSNS TE S, HAE 62

Ve N 24 L R frh 8 240 FRLAF 285 6, 75 I A4 R e IR

— N AENKCEs 1 3 i VE FIOL T HUASFPES A, )

S B IO bR Y67 I A 2 KU L 0 PR,

NCR WS 7 AT B SRR 7 AU I IR IR
S HEBR AN MR I X R AP S R G5

Wi, ASBIETE A A LIl o LA | 280 BRIE S N JRUA il

Ji i st , HR S AT HUMR IR YT I NSCLC

TG AW TER G AT M AFAE R R, R R 5

P G 22 40 L T 200 0 B 200 6 0 A g ) 8 Sy A e

5 G P A L TR RE R 1Y) e R 5
2 | T iR, NKp46 £E NSCLC 2 # 41 JH 1fi NK 40

J ik BRI, FEEAEPI7ECDS6"CD16" NK

I B FICD56™"CD16" NK . £, NKp46 (1) 3% ik 5

NSCLCAEAFIA 56, S RITC O, A1 A I NCR

NKp46 7] {24 NSCLC Wi fIHUS WA I TEAR 4

Sk

[1] XIACF, DONG X S, LI H, et al. Cancer statistics in China
and United States, 2022: profiles, trends, and determinants[J].
Chinese Medical Journal, 2022, 135(5): 584-590.

[2] WANG M N, HERBST R S, BOSHOFF C. Toward
personalized treatment approaches for non-small-cell lung
cancer[J]. Nature Medicine, 2021, 27(8): 1345-1356.

[3] FERLAY J, COLOMBET M, SOERJOMATARAM I, et
al. Cancer statistics for the year 2020: an overview[J].
International Journal of Cancer, 2021, 149(4): 778-789.

[4] ETTINGER D S, WOOD D E, AISNER D L, et al.
NCCN guidelines® insights: non-small cell lung
cancer, version 2.2023[J]. Journal of the National
Comprehensive Cancer Network , 2023, 21(4): 340-350.

[5] MANDELBOIM O, PORGADOR A. NKp46[J]. the
International Journal of Biochemistry & Cell Biology,
2001, 33(12): 1147-1150.

[6] PAGE A, CHUVIN N, VALLADEAU-GUILEMOND
J, et al. Development of NK cell-based cancer
immunotherapies through receptor engineering[J]. Cellular
& Molecular Immunology, 2024, 21(4): 315-331.

[7] BJORKSTROM N K, LIUNGGREN H G,

MICHAELSSON J. Emerging insights into natural
killer cells in human peripheral tissues[J]. Nature



PUACAE B =~ A i

404 Foel 2025411 H

J Mod Lab Med, Vol. 40, No. 6, Nov. 2025 115

(10]

[11]

[12]

[13]

Reviews Immunology, 2016, 16(5): 310-320.

WOAN K V, MILLER J S. Harnessing natural killer
cell antitumor immunity: from the bench to bedside [J].
Cancer Immunology Research,2019, 7(11): 1742-1747.
HARER R 2o o PR R el | e
BEop 2 iR 27 s I RA2 Y P A R (2021 hiL) [J].
g 2g AR 2021,101(23):1725-1757.

Oncology Society of Chinese Medical Association,
Chinese Medical Association Publishing House.
Oncology Society of Chinese Medical Association
guideline for clinical diagnosis and treatment of lung
cancer(2021 edition)[J]. National Medical Journal of
China, 2021, 101(23): 1725-1757.

BUCKLE I, JOHNSON A, ROJAS I L, et al. High
dimensional analysis reveals distinct NK cell subsets
but conserved response to stimulation in umbilical cord
blood and adult peripheral blood[J]. European Journal
of Immunology, 2023, 53(6): €2250118.

WOLF N K, KISSIOV D U, RAULET D H. Roles
of natural killer cells in immunity to cancer, and
applications to immunotherapy[J]. Nature Reviews
Immunology, 2023, 23(2): 90-105.

LIU S Z, GALAT V, GALATYY, et al. NK cell-based cancer
immunotherapy: from basic biology to clinical development[J].
Journal of Hematology & Oncology, 2021, 14(1): 7.

SIVORI S, PENDE D, BOTTINO C, et al. NKp46 is
the major triggering receptor involved in the natural
cytotoxicity of fresh or cultured human NK cells.
Correlation between surface density of NKp46 and
natural cytotoxicity against autologous, allogeneic

[14]

[15]

[16]

or xenogeneic target cells[J]. European Journal of
Immunology, 1999, 29(5): 1656-1666.
MORVAN M G, LANIER L L. NK cells and cancer:
you can teach innate cells new tricks[J]. Nature
Reviews Cancer, 2016, 16(1): 7-19.
HODGINS J J, KHAN S T, PARK M M, et al. Killers 2.0:
NK cell therapies at the forefront of cancer control[J]. the
Journal of Clinical Investigation, 2019, 129(9): 3499-3510.
SHEHATA H M, DOGRA P, GIERKE 8, et al.
Efbalropendekin Alfa enhances human natural killer
cell cytotoxicity against tumor cell lines in vitro [J].
Frontiers in Immunology, 2024, 15: 1341804.
PRAGER I, LIESCHE C, VAN OOIJEN H, et al. NK
cells switch from granzyme B to death receptor-mediated
cytotoxicity during serial killing[J]. the Journal of
Experimental Medicine, 2019, 216(9): 2113-2127.
GLASNER A, LEVI A, ENK J, et al. NKp46 receptor-
mediated interferon- vy production by natural killer cells
increases fibronectin 1 to alter tumor architecture and
control metastasis[J]. Immunity, 2018, 48(1): 107-119,e4.
SEN SANTARA S, LEE D J, CRESPO A, et al. The
NK cell receptor NKp46 recognizes ecto-calreticulin on
ER-stressed cells[J]. Nature, 2023, 616(7956): 348-356.
GAUTHIER L, MOREL A, ANCERIZ N, et al.
Multifunctional natural killer cell engagers targeting
NKp46 trigger protective tumor immunity[J]. Cell,
2019, 177(7): 1701-1713.e16.

Wis B EA: 2024-09-30

fEEIBHE: 2024-12-02

(3£ 89T)

(6]

[10]

[11]

treated diabetic wound healing [J]. Journal of Ethno-
pharmacology, 2021, 268: 113643.

WANG A X, TOMA M A, MAJ X, et al. Circular RNA
hsa_circ_0084443 is upregulated in diabetic foot ulcer
and modulates keratinocyte migration and prolifera-
tion[J]. Advances in Wound Care, 2020, 9(4): 145-160.
BRI, #1478 2017 b BB PR 26 16 7 ) i
B[] P E BRI, 2017, 19(12): 1765-1767.
CHEN D W, RAN Xi W. An interpretation of the Chinese
guideline on the diagnosis and management of diabetic foot in
2017[J]. Journal of Chinese Physician, 2017, 19(12): 1765-1767.
] K-, RBE, k22 %5 41 X Wagner 43 2% 0 4 R IR
FBFEE R B A B SR DO AR B A FAE HRAT R
Lo M2 i B W (0] P I A RhBE 2, 2022, 25(12)
1460-1463, 1469.

HE D P, ZHU Q , ZHANG H R. Awareness of diabetic
foot, level and associated factors of foot self-manage-
ment behavior in wagner grade 0 diabetic foot patients
in the community[J]. Chinese General Practice, 2022,
25(12): 1460-1463, 1469.

LOPES L, SETIA O, AURSHINA A, et al. Stem cell therapy
for diabetic foot ulcers: a review of preclinical and clinical
research[J]. Stem Cell Research & Therapy, 2018, 9(1): 188.
FRYKBERG R G, ATTINGER C, SMEETS L, et al.
Surgical strategies for prevention of amputation of the
diabetic foot [J]. Journal of Clinical Orthopaedics and
Trauma, 2021, 17: 99-105.

DINOTO E, FERLITO F, LA MARCA M A, et al. The
role of early revascularization and biomarkers in the
management of diabetic foot ulcers: a single center experi-

[14]

[15]

ence[J]. Diagnostics Basel Switzerland, 2022, 12(2): 538.
PEREZ-FAVILA A, MARTINEZ-FIERRO M L, RO-
DRIGUEZ-LAZALDE J G, et al. Current therapeutic
strategies in diabetic foot ulcers[J]. Medicina (Kaunas,
Lithuania), 2019, 55(11): 714.
RER, KRS, A0 5 B P SR Y circRNA
BLI S IRE (D). R R4l (A SRR 5 R,
2021, 42(2): 113-119.
YU S S, ZHANG W J. Mechanism and function of
circRNA in cell senescence and its related diseases[J].
Journal of Jinan University(Natural Science & Medi-
cine Edition), 2021, 42(2): 113-119.
LI X, LIN, LI B X, et al. Noncoding RNAs and
RNA-binding proteins in diabetic wound healing [J]. Bio-
organic & Medicinal Chemistry Letters, 2021, 50: 128311.
SHI R E, JINY P, HU W W, et al. Exosomes derived
from mmu_circ_0000250-modified adipose-derived
mesenchymal stem cells promote wound healing in di-
abetic mice by inducing miR-128-3p/SIRT 1-mediated
autophagy[J]. American Journal of Physiology. Cell
Physiology, 2020, 318(5): C848-C856.
LIANG Z H, LIN S S, PAN N F, et al. UCMSCs-derived
exosomal circHIPK3 promotes ulcer wound angiogenesis
of diabetes mellitus via miR-20b-5p/Nrf2/VEGFA axis [J].
Diabetic Medicine, 2023, 40(2): ¢14968.
HE Z L, XU X . Circ_0084443 inhibits wound healing
via repressing keratinocyte migration through targeting
the miR-17-3p/FOX04 axis[J]. Biochemical Genetics,
2022, 60(4): 1236-1252.
WimHEA: 2024-08-06
EEHEA: 2024-12-03



