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Analysis on research hotspots and trends of natural killer cells based on CiteSpace
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Abstract: Objective To explore the current research status, hotspots and development trends of natural killer cells (NK cells) based
on the analysis of NK cells related literature. Methods Literature related to NK cells included in Chinese and English databases, such
as CNKI, VIP Database, Wanfang Database, PubMed and Web of Science, were used as the study object and analyzed by CiteSpace
6.2.R2 software. Results A total of 11 653 NK cell-related papers in English and Chinese were included, with an overall gradual
increase in the annual publication volume of the literature. The main authors include Zhou Zhonghai, Liu Junquan, Wang Y, and others,
and the main research institutes were the Institute of Immunology, University of Science and Technology of China, the Shanghai
University of Traditional Chinese Medicine, and the University of Medical Sciences in Tabriz, etc. The main high-frequency keywords
are immune function, immunotherapy, tumor, immune regulation, tumor microenvironment and so on. Conclusion The current
hotspots of NK cells research mainly focuses on its anti-tumor application, and the use of NK cells splicer to kill tumors shows better
safety and efficacy, which provides an important significance for NK cells immunotherapy; less attention has been paid to NK cells
culture methods, and in the future, we can explore the active ingredients of traditional Chinese medicine that can effectively activate
NK cells, and increase the research on the methods and mechanisms of NK cells culture with traditional Chinese medicine, which will
provide new ideas and new directions for the cultivation of NK cells, and promote the integration and development of traditional
Chinese medicine theory and immune cells at the same time.
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Table 2 High-frequency keywords of NK cell-related literature in Chinese and English
HhC P
FFs . 5 5 - N N
S 30 B AW K 1) IR AW
1 NK 4ff 690 0.77 NK cells 1108 0.23
2 REIRE 160 0.12 natural killer cells 855 0.39
3 PRI 122 0.13 NK cell 355 0.10
4 /INER 97 0.09 tumor microenvironment 350 0.07
5 Jilged 89 0.10 cancer immunotherapy 292 0.10
6 G BE Y 77 0.14 innate immunity 253 0.09
7 G 63 0.06 natural killer cell 244 0.11
8 i lES S 57 0.08 T cells 222 0.08
9 ZEd 57 0.09 dendritic cells 177 0.08
10 2 i s 55 0.04 chimeric antigen receptor 176 0.12
11 ZaEilil 55 0.03 immune cells 131 0.05
12 RIR 48 0.04 innate lymphoid cells 126 0.04
13 T 40 43 0.06 T cell 114 0.04
14 ifidess 38 0.05 breast cancer 111 0.03
15 ek ik 37 0.05 hepatocellular carcinoma 98 0.04
16 o4 i 35 0.04 multiple myeloma 96 0.04
17 iR 34 0.04 immune response 92 0.04
18 JHT- 44 i 34 0.03 natural killer (NK) cells 91 0.03
19 G ST 34 0.03 immune system 80 0.01
20 T EL4H i 33 0.07 adoptive cell therapy 77 0.03

A7 DAE— D3R NK 4 0] 83 1 245546 1«
FEGE “AyT” JEHEH R T Mg a7 1) <k
JPIR7, IR CHERTRR” “URE PR R ST
B NK A LA Thood. aTVEH, EA
Ah5HF NK U7 g b 5008, WEE
NK AR A3, 785 35 NK4H L Ge9% K
PR AR, AT AR 32 40 B V6 T T Ak i A R
3.2 NK @R Aa ot

BRI e BE A 4 SO O AR AL, =
TR 51 SCHR ) 5 8 m] B i H AT NK 28 B 85 )
TR o DRI, 285G vk B i) B e 5| SR Rt
AHI T BRI TE R R S R SRR VLA T TR B 40T o
3.2.1 NK 4 EH A fER L NK 4
VE NP AN — KR E R, TE4ERp R NARS T
MRYES 4 TTEM, AR, GRS,
GBI AT S . 140, Groth ZFUOBFFTR I,
NK 0 r st T e (HDV) BG4, -
WIS AR EY) CD69. THiE-y (IFN-y). CD107a
SR T-RIE,  [FI T HDV RS e 240 i & B
RSB . NK 40 H BT 1 — DRI

AT TEZAIMAIERR, NK s kiR
SR I A e A FH AL R SE o 2 gl .
NK 4S5, APRGNE A% A 2 2 hRit )
pl6 I B-gal %2Z /DU, NG R T SARFILLE T 4
MuEZ 5k, 5 CD8' T 4 fEyE 3L,

Rlt, NK 4ifbr B AP ER S, e BA
PUFI . PUBYL. SeE AR, YIS ER.
3.2.2 NK 4R ER  ARYE B R RAS 4 H
ATCVEH, AG1ER S H AT NK 1B 70 4E 7
FEEA IR 2 — . NK diH0/E 15 LB 5
—IERLR, BT LA F 7 SR SR 4 IR 2
M, TG IR, R R S iR T —
FEMT . B, NKAWREA “ici2E”, ariE
Tk G0 A R T IE U4 B R USRI R0 0155 T
A, I0HZFE NK 4Hfe (ML-NK 400 GEfg 4 s
ARER, BAER N AR (] . Marin 5507 A
FORI, Toil e TR AR Py i 2 T e T 2 30
BH R FE A ML-NK 410, 5085 i@ 20 NK 4ty
KL IFN-y. R RIER -0 (TNF-0) #1 CD107a
FoaksEm, XA AA ERIRER .



* 1330 * EASHESH 2025458  L¥i4at A Drug Evaluation Research  Vol. 48 No.5 May 2025

A Timespan: 2014-2024 (Slice Length=1)
Selection Criteria: g-index (k=25), LRF=3.0, L/N=10, LBY=5, e=1.0
Eelwovk:5 "(“:248335;(78669" /S.')ensity=0.0066) e O
argest s:
Nodes Labeled: 1.0% #9 Wﬁﬁ 5
Pruning: MST @5

Modularity Q=0.5702 ‘

Weighted Mean Silhouette S=0.8608 °® @ S
Harmonic Mean(Q, S)=0.686 gs %ﬁ °g®© O e o O,
o
0 ® % @ ﬂ © °o Oo o8 e 2
° ° . .
® e
=) o. 4
O 0° ° S o ®
g O D 24 Pr M
HE 7
.- . 020, #@E"ﬁﬁ% #4 S

) meﬁﬁﬂ.a

o’ 08 &%

oo@®° ceo o W,
#)g LJJJBO - ® ®-@® 00, ® 50,
i i e o ° (g
° . 00o O ® o ° e e
.. o, 000

.. L] OO - o
©
®
L]
° ° o ® e %
o#% f@ °® #7 ﬁhe§ﬁ #W‘&H@
CiteSpace ® o il *.®® oo
g le ive e O
— o° %o e g ° @) o\, e
L]
B Timespan: 2014-2024 (Slice Length=1)
Selection Criteria: g-index (k=25), LRF=3.0, LIN=10, LBY=5, e=1.0
Network: N=592, E=1843 (Density=0.0105)
Largest 5 CCs: 583 (98%) caee @
g es Laﬁeled: 1.0% gy £ e =
runing: None . _9° e 9 . .
‘I\Invodu':i‘i;yMQ=0.3$5l.';11 te 5207483 #seumé?;%mg@umty 49 ad'l t' élll N .9°e" :
ei ean Silhouette S=0. (©] °
Harmonic Mean(Q, S)=0.4816 ® ° . ® - 5 extrapo "d G ymphoma #8'@“3\0!( vells
e e® @ all Ve .0 . o
ST = . o'c" 3 .0..-.
O°°u© ._...- .-.-.'.
e o9 o o
e @ e
. e
#4 hegatoceljlﬂa: garcinoma o ) ® o :.,..:-... A o rgo &
) Ve o o @ e , ) ° @)
@ o a i % m“t‘le'l‘lﬁgma #2 tumomhu{?oénwronment
. o #c ﬁ@r"lﬁn‘?&lﬂo”thera o > @ ©
° \ (o]
. ° @o @® ‘@ O \_Js, 200
°, @o oy 9.0 @ o°
@ @""u \)o Q.0 0 %0
S
@0 °% 0 o . ©
#immie ells ‘. @ e
e 0000 o
2316 e 9.9
0, @00, = »
CiteSpace @ c0°0° @ € Ou°§ natura kdlp.cell
——--‘ ° @® e° ° foin'? * '- [ 34 .I.
—_— o oOon onooﬂ ... -..:.

El5 NKZEHEXHI (A) MR (B) EAIFSTHI K HIRER ML
Fig. 5 Clustering network of keywords of NK cell-related literature in Chinese (A) and English (B)
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Table 3 Keyword clustering of keywords of NK cell-related literature in Chinese and English

KA RES HE  Fh R R

I #0 33 2017 NK Ziff NK 4iiffd; BARAm: 4k s

Xk #1 28 2016  HIEINAEE RRETNRE: AN AR AR T AR
#2 27 2017 ARBIRIT GIERIRIT; MR BARRAINE: PR NK 408
#3 26 2017  AANE AN HEEE: EAE: Dhees M 2
#4 33 2016  JH-4H A Franpude: FFanp; gk 12k R
#5 28 2017 oY GPEANT PUMRT: MRANYIG; BRfL; 2R
#6 27 2017 AT o7 B SR RMMEER: e
#7 26 2018  4ifEEits etk 4R, FLARMME: 40MiREl; K
#8 33 2016 SEMEMIE TGP AETE BT, TR AHORME; BUEAY)

#9 28 2018  JRBYR MBOREE; HUEEG R
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£3H
K RRKS HE Fh REHAK BRHA
L #0 87 2018 multiple myeloma multiple myeloma; adoptive cell therapy; chimeric antigen receptor; adoptive
SCHR immunotherapy; CAR T cells
#1 57 2017 cancer immunotherapy cancer immunotherapy; NKT cells; tumor immunity; tumor immunology
#2 56 2019 tumor tumor microenvironment; immune system; breast cancer; combination
microenvironment therapy; tumor microenvironment (TME)
#3 54 2017 immune cells immune cells; autoimmune diseases; T cells; multiple sclerosis; immune
response
#4 50 2016 hepatocellular hepatocellular carcinoma; NK cells; natural killer; hepatic stellate cells; NK
carcinoma
#5 49 2017 innate immunity innate immunity; dendritic cells; toll-like receptors; immune evasion; viral infection
#6 49 2017 NK cells NK cells; NK cell; natural killer (NK) cells; natural killer cells; trained
immunity
#7 45 2017 natural killer cell natural killer cell; T cell; dendritic cell; B cell; innate lymphoid cell
#8 45 2018 regulatory T cells regulatory T cells; immune checkpoint; acute myeloid leukemia; immune

regulation; extracellular vesicles
#9 45 2017 extranodal NK/T-cell extranodal NK/T-cell lymphoma; epstein-barr virus; diffuse large B-cell

lymphoma lymphoma; chronic active ebv infection
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Table 4 Top 10 cited literatures on NK cell research in Chinese
i) AH HAEE BT BEEIIR
1 T NK 20 4 ke S et Tedt fee AR5 AR B 22 102 2016
2 T PD-1/PD-L1 FIERMALR T VU T35 NK 40 K 45 e R H S HE R R EE 93 2021
& FHEIBIE 7T
3 NK 2 G e AL R e e i T M5 TR E 88 2017
4 DOEEFXTA NK ARG B E MKN4S J0H R 5200 & HL ViRk Gk E 84 2014
A7
5 NK 4 iR S in I7 RImT Fu et e Vb o E A 80 2019
6 NK ZHR IR L] L2 AR O G 27 i (K BT e ik Fg [ZE3F Hh 24 B A 72 2019
7 MR S AR R T T ST R AR RERHOR 4R 60 2017
8 HARRANMITUMN IR e ST BT ST R—— A SEI S BIm K R o [ iR 55 2017
9 =R EREINT NK 415405 B 8 BGC-823 4T &M o 2 R H 2 2% 36 51 2016
10 NK 40 H IS 25 U3 2 080 45 i des 400 B ) AR A W TR) 5 09 1 D B S Ml P ARG 49 2020
WL T
&5 NK RS S I5URAET 10 B930SR
Table S Top 10 cited literatures on NK cell research in English
s M H FEE T BIIIR A
1 Use of CAR-Transduced Natural Killer Cells in CD19-Positive Enli Liu New England Journal of 1450 2020
Lymphoid Tumors Medicine
2 NK Cells Stimulate Recruitment of ¢DC1 into the Tumor Jan P Bottcher — Cell 1327 2018

Microenvironment Promoting Cancer Immune Control

3 NK cells and cancer: You can teach innate cells new tricks

4 Targeting natural killer cells in cancer immunotherapy

Maelig G Morvan Nature Reviews Cancer 977 2016
Camille Guillerey Nature Immunology 896 2016

Anti-NKG2A mAb Is a Checkpoint Inhibitor that Promotes Anti- Pascale André Cell 886 2018

tumor Immunity by Unleashing Both T and NK Cells

6  NK cells for cancer immunotherapy

7 Blockade of the checkpoint receptor TIGIT prevents NK cell Qing Zhang

exhaustion and elicits potent anti-tumor immunity

8  Exploring the NK cell platform for cancer immunotherapy

9 Human iPSC-Derived Natural Killer Cells Engineered with Ye Li
Chimeric Antigen Receptors Enhance Anti-tumor Activity

10 Contribution of NK cells to immunotherapy mediated by PD- Joy Hsu

1/PD-L1 blockade

Noriko Shimasaki Nature Reviews Drug 865 2020
Discovery
Nature Immunity 832 2018

Jacob A Myers  Nature Reviews Clinical 797 2021
Oncology
Cell Stem Cell 734 2018

The Journal of Clinical 636 2018

Investigation
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