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Abstract

Gold nanostars (Gold Nanostars,GNS) have emerged as a hot research topic in the field of inte-
grated cancer diagnosis and therapy due to their unique star-shaped structure, tunable localized
surface plasmon resonance (LSPR) properties, excellent photothermal conversion efficiency, and
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versatile functionalization capabilities. Achieving controlled synthesis of GNS morphology, effi-
cient surface functionalization, and safe and effective biomedical applications are currently the
core research priorities in this field. This paper systematically reviews typical synthesis methods
for GNS, summarizes strategies for their biofunctionalization and surface modification, and high-
lights research progress in biomedical imaging and tumor-targeted therapy. The aim is to provide
theoretical references and research insights for the further biological applications and clinical
translation of GNS.
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1. 5|8

eI A A A ER T B T AR 22 4 el B, FLOR SRR T SRR BT, Xof N 2B AE A i 1 7 E [ 1]-[6]
FE G R 16T 7 R BERFETF ARV R T AU, (ARSI EAEE G K #RIE A
G B RERRYE[7] [8]e GKEARIIPE K e, (E15HE T PORMBH M 2TT — ARG REE NS T A2, R
AL g a7 B R BREE AL 18 R [9]-[11].

TERZ KA B, S 9K ORL R L R () A AR S T IG5 AT 5 T 3R TS MR (1 A
BB TR 12] [13] Hodt, @90KEAEA—M& I R RS9 A, BA MR 2T T3 FI R 80
(3 SR, FRILH DX T 90K ER . S a0 K e 55 A58 B A S 6 27 R . GNS 1) LSPR W ml i i iff
P FRS RS W 1 T AT ZLAPONIR) X8, 1208 BRI G B TR0k (1 2H 2R 2 3 TR FE AR A 2L 2R S, =22
HARRAEYDCEE [ 14]. HHRERRZ, GNS K5 3OR I Ae M ™ £ B3E iy “$oi” [15], AR
THI 8 SR 7 U AR AN e 7 TR B A SRR [ 16] [17].

BT FIRFES, GNS TSR ST — RSB A s ISR, B ENTRE T £ GNS 3%
ZIREAKT- &, I L AERE . REWBM. R AR EIPCESENE, ST CT/PAI/SERS/FL
LA E T T NI PTT/PDT/ALIT /BT W FVETT « A SO M GNS ] % 5 T BB A 2 A2 G N
T IRR YT S S5 7 TN Z U R T 5T 1 R AT RS L5A
2. EMARENFIZFEREIIENL
2.1. SPKRENERFGE

HAT, 8 B SREAN & T e F A SR K 5k Sl & 1) Turkevich A O
B—1amr, SEESHE ST, HEMRMHAUCL). & REFIUPIA MER) M T A AgHmEL
W, (EEE FESFTFRIS MR, REEREEH18], WK 1. fEEREF, Agiik
P 25 5 AR K I OCHE, @I AT AR Fh 7 5 &b B R L LA R B, pH A, o] LUK
WS GNS 4332 K B0 AT LSPR WEA7[19] [20]. 45120, Charles 25 B 4L 15 nm &5 T 5 HAuCl,
[ EEJREEA 0.004, FIH#I 4% T LSPR IEAZT 807 nm [ GNS, & F T 808 nm MG IUK K6 HGATT .

B 1 A1, Jo R TN 170 1 G 1 SR M 4 52 %0 o 9, 458 ) HEPES 22 il — 2238 Jii HAuCly,
TC 7 AN AT AR 2 T 5 PR 70 B AT SRS RLAF () GNS. TS GNS RGNSt bidd = s b ik
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(CTAB)S#E 77, e RARMIECAR SR AT H A i ee, 35 P 1 A s ve X (21 b4k, &
AW TEE M PR MEE SRk . AL S5 % GNS.

Applications:
-Diagnostics and imaging
(SERS, TPL CT, MRI, PET)
-Photothermal therapy
Performance of GNS:  Gold seeds -Drug delivery
Great Surface Plasmon Resonance (Nano carriers)
- Low toxicity and
high antibacterial activity

- Satisfactory biocompatibility HAuCi4 +AA
; Gold
- Acceptable in treatment of h
superficial diseases Gold nanospheres Nanaspneres
— growth
o0 0:. HAuCI4
o 09, = B
0:‘ o, HCI+AgNO3
o
GNS growth — HAuCl4 AgCl attaching

| % Synthesis Methods:
o %% - Seed mediated growth

- Surfactant - Free

1;3; % - Green synthesis

- Seedless synthesis
- Chemical reduction of gold salt

Figure 1. Schematic illustration of the seed-mediated synthesis of gold nanostars [18]
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2.2. RENREWISIHEREE
RTHARENE . WA E . SEFERZYT 2 IhaetE, DOERCHE &S P e T A R R
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IR R DI REA B N 9K B SCEL A B 22 N 2 A% ) £ EE H AR

RO AR IR R GNS Az BARE PE AN IE A A PG PA I 18] B W F KSR [22], i R aRmeA 28  — ¢
(HS-PEG)4 %< %] GNS K (EEL Au-S 8), ARGl ARRs 57 MR 8 BB, Jaloo b B A A W 24 L 28 02 ) 5%
W, AT S L RO A - 3 123

FERE R DhREALTT T, I R BR(FA). RGD ik B W] (HA)BUERL A, FISEIL GNS X iR 41
MR EBFE . B, Pan S CKIE W BRIZIGS] GNS K1, FIH HA 5 CD44 SZAR R w80, 5k
LT g 2L s 4 P ) s S 1) R e PSR N 24 ] TH R AAAE 22 R 40 i 36 T R0k, PR R A i
R IR BE A SR (25 BeAh, LSRR 2 ) — RE R MBI Tk [26], £ OGNS REuE =
Sl At ACATELER YT GNS HIRBUEIT 1L HAEFOCIRS T A A8, 38 AT LAE N 25k P 23
T 2y BN [27] . ABUIR TR B0 MR RN LR 1-+-DURE), "TRAED “T 187 TN LI
FLIE; FEILZANBOCIATIY, GNS BRGNSk R BT, MlA T 1% TR AR, &R,
Yo B T ANRIEL LA N USR8 iR A B v LA AL FE RS AIE (9 80 T 2 — SR EE 221 GNS TIRgfb
Wik BN, 8 pH MR, iR L 2SS BR TR A AR T DA S S BRI A B W2 i pH BURCR &
W2 K] R AR AT Tk B 20 (e B PR AR 3 B v,y R 4 A 2 I H R (GSH) 35 o K T
AMLANRCP SR, ) R 254 BE T R TR RO P AR BRI GNS B, AR
rei GSH 261 T B AT ASK LG IR K R 6]5 T AEFEA S, JifRg DX s S A7 70 3 — SE B RE S [ AT
N2 (KIS 70§ TS 21T 5% R P SR SIS iR X IR I 3 1R 45 245 7] IR ESABM T7 i, 9 GNS fER 2R /E
S R IVAEEA N (I 3T B

23. GRSEHTEREER

HHAT, GNS il FEAMWMIE: — P M r A KL, T — B2 Jo R s AL S & .
R FAERKIERIH AgrseIn 78 H . K/hBLK LSPR 1 BA A, S/ K#tEE~HAEAR
TP E VRO (R T R AR KRG BT/ ik = R IRL B (CTAB), TESN R IRIE
T PRI AR (40 PEG B 155) A4 Re T AR 2= S i b o T 53— Fh G 3R 38 ME 751725 HEPES 348 J58323) 7T LA
FEIREHBN 510 GNS, AT B — DA v] LT ARV o T dE, ARV R AT s (R X
TSR AT 45 M 22 51 FLARHS 55 5, e DS RS (1 B FH

TERTINREATT T, W hHE A R B2l PEG 18016 28 K HAE M - GRS 7], HEIMAREE EPR X
IS IR N IR B SR AR, BRI G AT, (EU 52 MR 1) e Ok PR S K5 T = 0 R ) T e o o e
. RGD JKE(#H & B RSN, SIS REHIZ AT R RIS A, AT DLBH B 38 s 4 B,
{E2 BT RO AR AR B 1) AR 8 M RN S e JA 1 DL RS2 AR R I E R4 SR 2 IR . AL SR LA
AT BAB 1 GNS B BOGRLY, 180T IAE 2380 T4 FOC R A I6 YT, (FUR S OR2 5 B3
Hil g fE . BRIk, RSB [R] 1 i) £ 5 08 1 7 vk I 75 LB il R EL A AT e T R T ERG A R 4a  MEJR
VUSRI F A 59, G SR AR 22 A M R AR v WIS T DGR TGP RV 280 ) FI g sh#E ), BRT)Re
MZ DR BT R B RS E s SR A 2R . BRI B R B 2 (A1 P o

3. SPKRERIEYIRN A

LR, GNS MBI, e R R T Rt i3y, e B g Ieis
JYRETT AR Y, ORISR AR A 4R AR S T 7T

3.1. SRKREFAEVRGHRINA
WIS GNS FIRZ LN R —. @t AARIE T E(Z = 79N X M LIERMAE ),
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B EAR) CT MUGERE R, SImKHE HIBUE S AIAEL, S9N X MR, HAS
B AR PGETE B, AR TR ALK . Hu 258 Al 2% 1 R BE ) GNS,  7EERBKVESS 72 /NG i
S ERALAT TR BB B CT 5 51858, T~ T GNS {ENKAHE R CT & 525707 /1[28]. Sasidharan 2§
NAH A E HE AN S ) GNS, H CT 5 5 5m EE2 Ih AR BUE 2 5w i, H B & 553 T 7 GNS
R AP AEVIARS AR AR TR @ PE[29]. CT BUB RENE TR (it 4 5 B B AR 23 = 4R 2515 2, 5 GNS
P FBNEE R GG, T F T MR 0 5 ST Pl . ARG BRI,  GNS AREEIT LT AN X (1) 55
WSCREIE, BB S R AT RE R AR RE TR R IR A, I AR AT DA A R S A ) 3]
MRS . M RBEE T TR B ET LA S UG B s s B i, iR AR g 2R
MURFAR #5301 Ning 55 A\ K5 GNS 4 18] 78 /57 41, M FH =4 75 R 2 I8 3 S5 40 Jf 22 Jir g 38 7. 1) A
Mg T IR TR & I [31]. M e KB, AFL AR E A RS T GNS RS, filES
Ik BOEIR N SRR 4E R e e DG AR 5, XA TR, & B S G E R 2 ¢ E 2. /£ SERS %
BT, GNS 27 SCA R AR r R “ 3 ” TR ORI s B E R TR 2 4 i 2 T M5 5, B9 1
AL 106~109, TCESAUKIRMGKREE, X s R EUZ 1S SERS SR e A I AR ARH Z (W AE bR &
Y. Yin AN E K Z ENLEDKEE - (pAS@AUNC), WK 2. B BIE &5 & 90Kk 2 10 14
AR E RN, FEPUREIBRH IR T 2R “Fel” . SERS & T — DI aRIX 49 fif. 1ZBREH )
F - ar e /0 SRR S BRS R0, it SERS 15 5 5RFEARAAAE 1 S IBOGIR YT I /] /1[32]. 7R
JEHUE SR, GNS 7] ME @ S s W KGR « TP 8R4, Xu FE A%kt GNS-TAT-Cy5 &
B, ZEM R EK TAT gt i N, CyS RO rl& i Bhgh KR R =5 FE (NSET) U8 4
GNS PR . 24 GNS /- S HIT RIS A AE A () caspase-3 J&» caspase-3 252 VI E| K Ik (DEVD),
ik Cy5s #REs ok, 2OGMBEZ K, E] 1 X 2B E T R 1 ST AR el (330 IX PPk T ik o 1 4%
GIREHAEE ST, 485 T BB ERELL .

»
. Mesoporous shell

In-situ growth

HAuCI, ‘ol s LA HS-PEG-RGD

PVP
(DMF)

ASNP (Ethanol)

L (coated with MBA)

AS@mSiO, NP

Endocytosis

Targeted theragnostic
nanoplatform y

Chemotherapy,

Figure 2. A multilayer mesoporous gold nanostructure: A highly efficient near-infrared light-controlled cancer chemo- and
photothermal therapy system based on SERS imaging [32]
2. —HBENFLEMAREH: BT SERS BRIGHIBESMULLINSIT AL F /S HIaTT R % [32]
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3.2. SMREERIERTHINA

FIF G4 . 2P SR Y7 SN 55 2 ThREVR RIRFPE, GNS nl @A R 2. K ka7 Al
7RI T — R GIKISIT RS, A RS IR RS HE RT3 K R .

FEFIEIRIT Y, GNS SEAE H AR m OGS R0, AHE AR IIARIT A, Zhang 55 A £ 1)
GNS@mSiO»/Ce6@Catalase #R%l, 7E 808 nm WG RS T I 26 298 28%, [ g it it A A S g A
IR MR YE HoOp FRAR R, RARIMIR SR, 83063 J17R 7 BUR[34]. Charles %5 AMLAL G A1 GNS
7E 808 nm GRS N R =440 4°CHIRANFHE, Sl THIRAERIETT, B4 T miRssd B I H 2R
114201, Li 8 ANH &R 2 OR A GNS, fEROGHRS T8 HeLa 40/ E 2 FE 2 10.02%, JFdid 4k
LA TEE BT S T B3 0 1 B I RIS 5 2 ST S A AR T (23] FEAITBRGYR YT T T,
An %5 NETHE GMS/DOX@SLB-FA #R%t, ] FH #EBUIR BUSUZ (AHARIRFEZ) 42°C) 8 L b 1 1L
. 7£ 808 nm WOLIRAT T, GNS MG i 0 i LB b s 2 AHAR IR BE DA b, IR U2 R A A AR
MBI AS AR AR A, BIE MR, i DOX IPGER I, BERBCRIE 71.98%, BEET AR
FRESALIN 27.73% . RPN SCERRE, ZBAAIRYT RREA ZENH TR R, TR ADE IR HAERIT S 8
KB H BRI FRAE[27], LI 3.

AR TEOS
AuNS

.R}(g

DOX  DSFC DPPC DSPE-PEG,, Fa  Folaterecepior

7

. "%Thcrum‘
-

Figure 3. In vivo CT/photoacoustic imaging and NIR-triggered combined chemophotothermal therapy using composite nano-
probes based on gold nanostars, mesoporous silica, and thermosensitive liposomes [27]

E 3. ETEMRE NS UREMABIEREE SRR KR CTEERIES NIR #i& L F R A TTE2T)]
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TERYTSEROTT, R 7 AU S RE A RO X S ZeRe i, i o't RIS R AR BROBOR AR KRR
REFET, HYSRAR 5 510 DNA $if75. Hu 558 A& 0 BREE ) GNS 1EARUT BN, 75 6 Gy X HT2k IR

SR, HBUHSEL(SER)IAF] 1.59, RERTRABUTH . PO RIBITE, MRl RO — S 1
[35]o fEARIEIGIT I, Liu 2 A¥ GNS@CaCO3/Ce6 T E| H ARG AN . NK 4l B A K AR 0 R
JHELAE S, LFHIMEMRED A E TR BRI . CaCOsFZLE I pH N Ry Ce6, TEMIRRRIEMIF
R A, BTN Ce6. 1% 5 52 NK 40 BLHE % 545 - GNS HIDGHENAN Ce6 1563 71 RN T — 1k,
FE/IN BRI A B R SR T = BB [FVR YT, IR i) 2 2 2 v AR B — 7V [36] . B T8 S e 4l ey
BARSL, GNS I FRDEHIAETT B B8] LL5| S 5P J5 1% 41l ZE T (Immunogenic Cell Death, ICD). ICD [¥]
REAIE A2 iR fmﬂ@fﬁﬁtﬁ“%‘ﬁﬁlﬁ%%%ﬁ1%1‘99%%?1‘%:‘& Bl 5 9 2 I (CRT) B 85 sl R IEE A
B1 (HMGB1)BJH LA J ATP 70 M55 ([37] 0 IX LeH 2 5 I G A SR 4H B(DCs), T FEMIE SR 2,
5 T R R R R e 1 CD8YT A B, AH AR TE S BRI “ 7 IR e A B S BE I ) B
I o HETIX— A1, GNS A5 10 PTT 5 J e K £ s 177 (4040 PD-1/PD-L1 Hi44) B A P [FIFE FH (1 68
PTT %S/ ICD AT LSRR MR 9 T 4 %cE, M ICTs AT DURRERST T Ui poimsfEm, miagsan
237 A T B TR A BPUIR S ssicdZ, B bR PR I ECE . AT R A I, O T GNS '3ICIS
A FH ORI AR D, (U oAt — S8 S giohi T CGIE MR A 7 VLR AT AT, RIHX AR & GN'S AT
BT S AR T T

BIT AL FE T, GNS AT [FESEBUMR % . 1897 AT AR Yin EANZ ENILEgK
LERFEIN B4 SERS R . mEiZ5(DOX #2455 34.1%)MDOGANERE . @it SERS A% W I 4 K R 115 ik
TR = BB S5, e TIESE 2 h NBEIG T IA] 5, bR SERS 155 i, RIAREEMR b E
BIZ . BEJEILFE S min KIE(0.5 W/em?) o' BRI A SLB = 2 b R8T, 16975 30 KPR IR &
)[32]. Ning %5 NHIT4H 513 GNS V&R H =46 75 BUE i€ T BRI i 1, SEIL T g8 S v
FRECRIRTT, B Tl R e G S ERT RO (3], WIE 4. He % A¥ GNS 5 _EE g KRR
(UCNPs) [ 3 L pif%, 55— 980 nm HOLEKR T, UCNPs KGUr 414 b e oy ml e sis e, =
B GNS FeA YR, SEBL T ORI a3 I VR TT[38]. 1985 T &M R R I A A 257 5 T 4 %
fEREtE, GNS TERRGATTHIE T I H AT H 2 1 AP 2 4

,_ CTAB f/ ~can ,J? . ’Y'S &
—-— — &
TEOS ICG .

GNS MGNS MIGNS MIGNS@MSC

780 nm
“

pulsed laser 808 nm laser 5.

w
rrT ‘

Figure 4. Application of spatiotemporal tracking technology for photosensitive stem cells guided by
multimodal imaging in the treatment of breast cancer [31]

B 4. ETZESHKS I ST AN = BERRAREILIRE AT AR A(31]
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4. BESRE

AXLRGEIR T KRB G RTTE LIRS K AR A A 5 R IR )T T KB =
FOURMITT AR . GNS 1EAMBL 2 D Re St RAUKIRL, FEAE R4 LSPR. B i 4
PR 55K SERS B9RTERE, A RORAN T ERIE EAUORBRAE R R ALSTTH AL, SR
AR S U ) B BRI FUR R - 2 M BRER AR T SRR B S Ot S M e R %, 2 R RTINZ 1 (A0 PEG 4L
FEFRECRAEER . A AL AR ) B F IRTT K SRR S AR E E, {E CTHLFS/SERS/ %
LRSS S PTTARTT T8O /e iR T v I B B2 A 4 {

HREAR BB ST — WA T7 I RA B RN TS, (BRI IRR R B 2 A . B4,
FERREE b, HATKZHERIEE P ERPIRAET T L, X T OGNS KRI RN, &5 ER LR VERIE T #
by @7, BT GNS 22K, HAERA AT AR 2, AR RN TAREL R R T E
MR TR AT LURTEBRig s KRB =, B A RS 700 T IS 26 1k
HRUR HEDLORAIEHE K] — Bk s PR b, BT X GNS R 45 (2 SCEH « LSPR A3 sE )
BEATVAO (00535 RHEE B O, DU R R I A IE & & A S e B 9oKR 1, il <5520, W iedy
IR A B A i o ]I AR DR T A i) R 5 T i AR T B A e ) e TS BRGNS, R R TR ik
IR o N E SR R 2 R BE MR S AA R, TR AT A GMP RREUSE AR 72 T2, $ AL 45 2 i i m P 1Y
JREE AL SR I N5 5 VA AT SR (e 2t GNS (IR

RK, BEEMEIBAH L. EEATT R S R RT7EE, GNS A BRI IRFEAC, 728
HELR 2 5 RS T — A T R B A

SE
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