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Abstract

BACKGROUND: Natural killer cells have shown promising clinical applications in tumor immunotherapy in recent years, and the use of natural killer cells for the
treatment of prostate cancer has attracted increasing attention. However, there is currently a lack of bibliometric analysis in this field.

OBJECTIVE: To conduct a visual analysis of the research field of natural killer cell therapy for prostate cancer using software such as CiteSpace and VOS viewer.
METHODS: The English documents are based on the Web of Science Core Collection database constructed by Clarivate Analytics and the PubMed database
developed by the National Center for Biotechnology Information (NCBI), which is affiliated with the National Library of Medicine (NLM). We performed a visual
analysis of the annual distribution, countries, authors, institutions, journals, and keywords of articles published over the past 10 years (2015-2025) using
CiteSpace, VOS viewer, and Bibliometric websites. This analysis aimed to investigate the hotspots and trends in this research field.

RESULTS AND CONCLUSION: A total of 684 eligible studies were included in the analysis. The overall publication trend showed slight fluctuations but generally
increased. According to the statistical results, the United States had the highest number of English-language publications. The author with the highest number
of publications was Chen Y from the Memorial Sloan Kettering Cancer Center, with a total of 12 articles. The author with the highest number of citations was
Zhang L from the Department of Physiology and Biophysics at the Zilkha Neurogenetic Institute, with a total of 629 citations. The top three institutions in
terms of English-language publications were National Institutes of Health, Memorial Sloan Kettering Cancer Center, and University of California. The top three
high-frequency keywords were Expression, Tumor microenvironment, and Activation. These results indicate that research on natural killer cells in the field of
prostate cancer treatment has gradually increased over the past decade. Analysis of keywords and emerging terms reveals that the research hotspots in the
field of natural killer cell therapy for prostate cancer are from enhancing the proliferation and cytotoxicity of natural killer cells, and the interactions between
immune cells and natural killer cells to the inhibitory effects of the tumor microenvironment on natural killer cells. The research direction of natural killer

cells in the treatment of prostate cancer has shifted from the initial killing and inhibitory mechanism of natural killer cells on tumor cells and enhancing the
proliferation ability and cytotoxicity of natural killer cells to improving the immunotherapeutic effect of natural killer cells and the immunosuppressive effect of
the tumor microenvironment on natural killer cells by regulating gene expression. How to improve the targeting and killing effects of natural killer cells is the

treatment focus in this field.

Key words: natural killer cell; prostate cancer; bibliometrics; VOS viewer; CiteSpace; immunotherapy; hotspot analysis; research progress
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3 WU, JENNIFERD. 403 Binghamton University( 5% 4 K 2% )
4 ZHANG, Q 359 Nankai University( F5 k2% )
5 LU,Y 357 Shanghai Jiao Tong University( [ #5218 K2 )
6 SCHLOM, ) 279
7 ZHANG, JY 218
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8 RYAN, NK 201

BHERT LR FTIT )
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2 Frontiers in Oncology 17 3.5 Q2 || Frontiers in Oncology 554 35 Q2
3 Journal for Immunotherapy of Cancer 16  10.3 Q1 || Oncoimmunology 534 51 Q1
4 Prostate 13 2.6 Q2 || Journal for Inmunotherapy of Cancer 509 10.3 Ql
5 Oncotarget 13 5.1 Q1 || Oncotarget 459 51 Q1
6 Frontiers in Oncology 10 3.5 Q2 || Cancer Research 458 125 Q1
7 Oncoimmunology 9 6.5 Q1 || Clinical Cancer Research 315 104 Q1
8 Cancer Immunology Immunotherapy 8 4.6 Q1 || Cells 296 5.1 Q2

BNK 20 38 78 5 & o9 ta B B F
BY J& % R 35 2 NK m e 46 . 3%

AR IR AT 50 6 B K 438 A NK fm Bie
AR HHE . NK e s ik %95 m

fo v A8 B 45 A NK 28 8 89 ARk 4
ﬁnﬁ@&@ﬁuﬁ%%&%%%
KRR UT 10 35 B A B R

E 11, & BT 4, 2015 Fid 5, ﬂfm
BY 9% %.9% (antitumor immunity). 323!
(recognition). L & 18] & /i %1% (Epithelial
éL’rJ i3
(cytotoxicity) 4 * 4t 48 % 3| J- iz *
7E; 2015 #F, nkg2d zfyﬁaé‘%é (nkg2d
ligands), &% 4k ¥ & (receptor
activation) 4 #F 7 AL %] FF 45 & W,

mesenchymal transition)

2016-2025 5, JK B % 448 4= (gene
expression regulation) a%, 4 48 % & 5
& & 2020 0k, BB 4K IR 3%
(tumor microenvironment) & A # 3%
FAEIE, X R OIA I ATIR G A 5 AR
M3 25 049 BF 7 NK g st 37 21 B A
% 4m Il 3 A% VA BAB X 849 4 T ALH],

JFid it Yo @) 2 A S 4k e ik NK 4a R ed
4m i, 7 1 e 3t I S8 4m A0 64 A 45 BE )
BB E R At TAR A E Rk
P4E NK 20 6 69 7 bk Fe st I 78 40 FL 69
FAGEE S, R B AT B AR BE AT T AP
T 4m JRL 04 Fe, S5 3k % VA B A | S g5 4m
%%ﬁ&%%&%ﬁ%ﬁ%ﬁ%ﬁ
R, oA B 17 o8 I S IR B

A ) Bt 95 fa R 64 S T Bk R A B e iR
SE M E M et LR R A S
TALAFAR R AR AT 69 9 AL

3 1571 Discussion

3.1 FARIUR 2 AR & kT 2015-
2025 £ NK 4m .74 77 77 5] B 98 A 50 AL
B AT T AL AHT, TSR 84 A AT

FAREAT @ T R, A5 IREAE
PRGBGSR A AR

&, FF LG L5 3% 69 %o, 95 39 %) ¥ 98 4%
I, TS AR AR LT ROR
g, Bt T %R e e £ 3% NK
MBI R F R EERG. 2
A ARRAL G AR A NK fm e AR 4 T
FEEK ST @miesT kAR & KK
. § 2015 F Ak, #HREENIEZ
ARG T LR R F BARE LAY,
ARRROEIZEZEEAHEE. TH.
MRXAE, BPE. XEH, BESZT —
EAEXRF, FAERBR, Lt
T ARG AR L. B ESE
SRR ST FA], TAMRE|
E £ NK 8 6,75 57 71 7)) B S A7 3% 69 X
AR EREN m, X—HH R,
b [ (R # A E B R AT R AT SR S R Sk
A, E 5 E e K AT S AR
a i EF AT HELH K, AMERMAS
W T E B2 NK e 6 77
BT 7 AR R AR IR 44 B, VA Chen Y f=
Zhang L AREAF R T —# G FF 5
o e R, NERIA ST RAE,
3 SFHE K AR IR G KR B A de e I ] A
T tm R L h kiR . 4ol 38 5% NK 4B
b & M Fe Fe gy b

3.2 ﬁ%mmﬂt%ﬁﬁ.ﬁm#
%, NK 28 L6 77 7 50 I 9% 69 BF 50 A%,
RigF EAF, @i S 4. X4
E LI, X4 R E Ao K41 RIS
MrkA, B ATIZARA B RS AR
& NK 2 Ji, 69 38 74 6%, 77 F= o L 1t
S 5 NK 28 e 6 A8 ZAE ) vA &
Wﬁ#ﬂ%ﬁwkm%%W%dﬁm
Mk, Hb, 325 NK @A H
%i% EER m%@%ﬁ&ﬁ%‘
¥ L EIRARRRIEAE S MR
PEHTIE B AT NK E M. B8R
A7k 5 NK @ e 75 S A vl B,

Chinese Journal of Tissue Engineering Research | Vol 30 | No.13 | May 2026 | 3479



@7 PEEATEHAR

KEHE

www.CITER.com Chinese Journal of Tissue Engineering Research

# 3 | Web of Science L ¥ #EEE S PubMed ##EE 2015-2025 £F BIARAA (NK) ZRARIATT BT FIBR AR 52 SIS 2E 45 51 550K AT 10 B93CHEK

sl CEETENA

E o RFFG  WITRIE

MAIAJ 2018 Front Cell Dev Biol 477
HOJMAN P 2018 Cell Metab 323
DELCONTERB 2016 Published Erratum 252
DADI S 2016 Cell 243
NIL 2018 Cancer Med 241
JOHDI NA 2020 Front Immunol 239
ZHANG H 2018 J Cancer 228
LEE YH 2017 Cell Res 226
MARIE 2014 PLoS One 221
LUNDHOLM

NI'L 2017 Mol Cancer Ther 183
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T2 sl 2 R F USRS TS RYATT AR AR R ELFE R A A e AR WL / B DR i 3R
PR e SR, VA RS SRR IR T T AL

A A PR 7 5 5 1 SH2 B 1 (CIS) 1 2 NK4H A 5 1 e G2 v 1) D Bt G e A 7 A, 3o 17 IS a4l 1
AHARA 2 15 {5530 ER O 7T NK A0 77 A5 AN GUI R v, FL R T S R R NK A 7 AR I R
PERABI IR 8

JH ZAGE B R SRR 40 (1LCs) AN R ARAE T ZAE ( 4n v6 T 4HMLAT MAIT 40 ) 7898 AE e Ml b /e, 48R 7
X ST I LR (B IR R, TE AN 3R 15 RN 7 3R 25 RUNRT S 00 G s A

FHE v ERRRE i T IO, SRUA 7RO e 4. O IR AR 5 TR A 0 T DA R R
Jie IR G s 8 R P B, [ ER T R A A TR TR v 15 T E i A S R i L )

G R AT AP ( QFE PSR T 32 Ak 1/ FRF R TZARIE 1) TR R AR E (MSI-H) S 5 5 Bk
(dMMR) 45 B e /8 T I 3597 2 CARIBEA T i (e e dR )7 54k SRR 8UB0T ) fE4R M a7 Ak o)
T )

P G2 YR T IR R R R A R T )0 U T S B 5 s A ) 7 (MRS T2 52 4K 1/ R AR T 32 A4 1
MM EEE T bk S0 ARAR DG HE (1 4 HhIFR) ) LSR5 5244 T(CAR-T) 4 Sy 2:7E 2 R iE VeI 7 v i) 2
BERE, RIS tA8 T 2 BT DBk, s pAR (0 S B o AR 4 ek PR PR 58 LA R, CAR-T 4RI i (14 R Al o
R BB AT AR RIS TTE SO CAR-T 4 TR LA K T 38 0 G B A 28 A B o5 ( b B 400 B 35 32 [
3. TYARERRE . ITIM Z5H0EE (1. T 4 G e 3R (A EN B A S5 M Bk 1 3)

B7 [FIVRY) 3 G i i e IR S e VR I B7 [RIVEAY 3 T LAY S 40 M 25 P Ak R 4 i Th B, MK
T PRl b A

SRR 7 B 5 R R Sk g A AR R NK 4E LRI CD8' T 4l I [ 4R X 54N fu 4 2 B 5t DINKG2D) ik [17%
AR G i ¥ AL )

B7 S HPUB M e K A S0 (W N IR S S B H KR U G R ST (1 2, BT [RIYEAY X A B7 [
P 3) TENZSRE P B, R eI AR e L 7E 22 PR R ) R A DA A S VR T TR A
1%

4 | Web of Science #Z%/IL#I#RE S PubMed R E B A5 (NK) AR SRTFIBR R ZTIATT S 45 5 | SRR E AT 10 A9 STHk

i RFAEA ARG WEIRE L FEAR

TOPALIANSL 2012 New Engljmed 15 PR HEPET 3244 1 Hidk Ve — R e A 2 s b 57, i) SR B B S R RS, R R
RS IR AR, S MBI VA PR R P T R AR R

PARDOLLDM 2012 Nat Rev Cancer 15 PSS A S T SR A T R AR IR AT S AR T, HESD T S R A AT IR 9T E 2 R R Y
NI, R T AR B AR R R E AT VR T BB, AR R A RE T R T A
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1 Expression 136 0.12
2 Tumor microenvironment 71 0.10
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Top 10 References with the Strongest Citation Bursts

References Year Strength Begin End
Topalian SL, 2012, NEW ENGL J MED, V366, P2443, DOI 10.1056/NEJMoal200690, DOL 2012
Pardoll DM, 2012, NAT REV CANCER, V12, P252, DOI 10.1038/nrc3239, DOL 2012
Valsecchi ME, 2015, NEW ENGL J MED, V373, P1270, DOI 10.1056/NEJMoal504030, DOI 2015

Kwon ED, 2014, LANCET ONCOL, V15, P700, DOI 10.1016/S1470-2045(14)70189-5, DOIL 2014

4.04 2016 2017

2015 - 2025

6.18 2015 2017 .

43 2015 2016 sm_—

5.85 2017 2019 o

Pasero C, 2015, ONCOTARGET, V6, P14360, DOI 10.18632/oncotarget. 3965, DOL 2015 4.69 2018 2020 . co——

Siegel RL, 2020, CA-CANCER J CLIN, V70, P7, DOI 10.3322/caac.21590, DOL 2020 4.62 2020 2022 —

Pasero C, 2016, CANCER RES, V76, P2153, DOI 10.1158/0008-5472.CAN-15-1965, DOL 2016 4.51 2020 2021  _ ——

Sung H, 2021, CA-CANCER J CLIN, V71, P209, DOI 10.3322/caac.21660, DOL 2021 8.56 2022 2025 ———

Wu ZC, 2020, FRONT ONCOL, V10, P0, DOI 10.3389/fonc.2020.517637, DOL 2020 3.95 2022 2023

Siegel RL, 2023, CA-CANCER J CLIN, V73, P17, DOI 10.3322/caac.21763, DOL 2023 4.91 2023 2025 —
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Top 20 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2015 - 2025
antigen 2015 2.55 2015 2018
in vivo 2015 2.26 2015 2019
gene 2015 2.19 2015 2017
recognition 2015 2,18 2015 2016 s
tgf beta 2016 4.41 2016 2019
radical prostatectomy 2016 2.86 2016 2020
monoclonal antibody 2016 2.67 2016 2018
mesenchymal stem cells 2016 2.67 2016 2018
antitumor activity 2015 2.45 2016 2018
bone metastasis 2017 2.75 2017 2019 e —
cancer immunotherapy 2017 2.95 2018 2020 A——
ifn gamma 2016 2.91 2018 2019 —
macrophages 2019 2.33 2019 2021 S —
apoptosis 2015 2.29 2019 2020
gene expression 2020 295 2020 2022 ———_
prostatic neoplasms 2021 3.97 2021 2023 S —
immune checkpoint 2021 3.26 2021 2022 (R —
immune cell infiltration 2021 3.24 2021 2023 —
tumor immune microenvironment 2022 2.89 2022 2023
tumor microenvironment 2016 6.03 2023 2025 J

Bl ROLE AT 20 DG HE ], W AR RIES, AL FAARRIEX — B = 5%
5l . 15 AN SRBEIEK O TUA (antigen). 7EAK P (in vivo), JE[A (gene). iR (recognition). #%
WA KR F Btef beta), HRIA AT 4 IR UIBR A (radical prostatectomy). Hi 5 [ 47144 (monoclonal
antibody). [] 78 Jii F 40 Jf2 (mesenchymal). %t i 8 & %f) (antitumor activity). ‘B #% # (bone
metastasis) . I G5 VAT (cancer immunotherapy). -3t 2 y(ifn gamma). B4 (macrophages).
24 7 T (apoptosis). i [K] # i (gene expression). Hij 41| it /i 87 (prostatic neoplasm). 4 325 fa
2 5 (immune checkpoint). % % 28 1 2 JiE (immune cell infiltration). it /8 % 2% 13 K B3 (tumor
immune microenvironment). HRf#FF1E (tumor microenvironment) .,
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