Advances in Clinical Medicine Ifi/REE2£3E &, 2026, 16(1), 2787-2800 Hans XM
Published Online January 2026 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.161340

p-B LIRFERZAHFRELTEEKEBR
:Fi‘ﬁi’*ﬁﬁﬂﬁliﬁ R

x F, R #, F F

HRERNR A R, P 5 AR 2 B R T B RSl =, B PR sy e i 4 i 2B e 2 T
FEE R SER S, HEIR

Wk . 20254F12H23H; FHEM: 20264F1H18H; KA Hi: 20264F1)H28H

HE

L FRR A RE (HNSCO) EE R TR L, REREBMEELETFRE, BHENMEIENEE
B ZEEM. FYEFAE K= AKFR S LR & (Epinephrine, E) 52 'F _E i & (Norepinephrine, NE)
AR BUER- B LR R 2R (B-AR) NTT RIEMBE AN ZIT N . B-AREMBEHAFREEER, Hf
B2-ARFERES MBS NEER. WELEBEREARBEEEVIAR, BUIEL-AR)E Rl EEEE
THMFERE., LR - ARRELREBEMERAEFZMES S TER2REMEH E. H—T57H,
2 W 508 B B2-ARTE LA IN W25 %% /K (Propranolol), T @it ME AR WMRILITTZE . AR
REFRSRIEGIBIER, HS5MAPKIH|F. EGFRIGHA. COX-2RH A REA 3 F i RE 1 3R 18 1E
o ZXEEMFB-BT LIRER GLE BB EIEXTHNSCCsHER M, HAKEIL T8 RIBE S R B &
REEBEEEE mH R R BB EIEIT, NLIURIRIT IR LR R .

X 5in
BN, p-F EIRRAERAR, LITUE, MM

The Role of -Adrenergic Signaling in Head
and Neck Cancer Progression and Emerging
Therapeutic Strategies

Ze Yuan, Jing Xiang, Yong Li*

Chongging Municipal Key Laboratory of Oral Biomedical Engineering of Higher Education, Chongging Key
Laboratory of Oral Diseases and Biomedicine, The Affiliated Stomatological Hospital of Chongging Medical
University, Chongging

Received: December 23, 2025; accepted: January 18, 2026; published: January 28, 2026

EIREE .

MESIH: AT, A, F5H. -E LIRS BGE (L kU A KR T B R AT ). I PR R,
2026, 16(1): 2787-2800. DOI: 10.12677/acm.2026.161340


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.161340
https://doi.org/10.12677/acm.2026.161340
https://www.hanspub.org/

Abstract

Head and neck squamous cell carcinoma (HNSCC), which primarily originates from the mucosal
squamous epithelium, poses a significant threat to patient survival and quality of life due to its
highly aggressive nature. Chronic stress has gained attention as a potential contributing factor. This
is because elevated levels of epinephrine (E) and norepinephrine (NE) produced by the body can
activate f-adrenergic receptors ($-ARs), thereby modulating tumor biological behavior. $-AR ex-
pression is significantly upregulated in tumor tissues. Notably, high expression of $2-AR strongly
correlates with poor tumor differentiation, high rates of lymph node metastasis, and unfavorable
prognosis. Upon activation, f-ARs promote tumor progression through various mechanisms, includ-
ing fostering a cancer stem cell-like phenotype, inducing epithelial-mesenchymal transition (EMT),
and remodeling the tumor microenvironment by modulating multiple signaling molecules. On the
other hand, numerous studies have shown that £2-AR antagonists, such as propranolol, can exert
anti-tumor effects by inhibiting angiogenesis, alleviating chemotherapy resistance, and reducing
tumor incidence. Their combination with other agents, including MAPK inhibitors, EGFR antago-
nists, and COX-2 inhibitors, has been demonstrated to enhance the anti-cancer efficacy. This review
focuses on the impact of f-adrenergic pathway activation on HNSCC progression. It aims to explore
the development of highly selective targeted agents and multimodal combination therapies for pa-
tients under chronic stress, thereby providing novel strategies for the treatment of head and neck
cancer.
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1. 5|8

S F R 55 R 41 9 (NS CC) 32 BT YR T Z 0K T Rz, I8 5 11« MR e B 5 MR 5 22 A g 38 A6 [ 1]
KRR A A SR B IERAE, X B F A PR HE . b, H IR M (TSCO) B
OGN B35 B R ERIRIE RE 71, I R AR 5 LA Sk 2500 Mg BE R [ 2] BRI S5 4% G f B TR 3R 4
18 1t A SR 9 7 15 TR IR 2 B B[] EAFTE R, Sk BB 3 A4 A K 52 35 it b L s o 1 2
R OB UR[4], G RE SR P . AW Th AR B RS R T A AR, RSk fid R B O BN
WU XK IR EOIRES TT BB I8 2 Fh 2 7842 52 W bR OA B, S AR AR (5] SRR AL
W, P - MIREAS, 72 KIUE IR K e th i H o E M . MR AR sk, s
FIEME R R HME, HRERNMIAEE. 1SN EEEE N W RS W T R - Bk -5 L
JR(HPA) G AN A AT 2 RGU(SNS) AL, P41 SNS (e BERh 2 4T e I EIRER, A HEsEs k
PR B A ORI 2 Wb o REBON URR A2 S EIR R S XY EIRE, f@EdBuE'Y EIR R AE 2 14 (ARs) 1%
R A AT N 6] AR Z o0 A T IR AN R I G ARk, p-B LIRE A2 AR (B- AR T
Z AP E T AT R ARG . e T R S N A R AR (7], O R R W i S AR TE L
(8] SEJAHE[9]. YN EIE[10]. BT FIMRAE[1 1] MRARIE[12] K Sk 3R [ 13145 2 Fh bk e o S s 4k, AEiE
b B AR IR [ 14] MU AR [ 15 Rk B EE 9B [ 16 AT i 3F 1) Jze Ak 2% B IRV RG B8, T e oA AH DG 2R 38 5500 B
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i 73 33— R AL REHOIRAS , TR G EIE I . A SCRGEIA B-AR {5 5 3l B A Sk U It h 1
B, AT S S AR SO R T B AR ELAE I IR 2, 0 B 0] 3% 524K BOVR IT SEIg HEAT BT REMEART, B
£ 9l R B v 3 AT 1 B 1K AR -

2. f-8 LR FREFHELTEPHRIESIGKRREK
2.1. f-AR TELTEA L P HIFTRIE

Z ORI, 5IEH AL, HNSCC A4 B-AR R IE /K5 % TH=[17]-[19]. Hao Dong
NI 100 51 F1 SRR 400 (OSCO) B K S ALkl B-AR ik, FFH Image J #AHM
SETCERE, BUE Xt B-AR FRIE Z 5 K S5 PR B IR 2 AR S M AT G iE 22 0 A R DU LR 4R Bl
B2+ B3-AR [MEIE WL & T 55 H AV IEH DERE, b g1 A g2-AR 2 5k S HH I 52w il K 23 39
1M B3-AR HIRE 5 MR IG AR ERER X R, EAF it — B FE[18]. BRItk 24, Chong Zhang %6 NYi4E
IEH SRR B R 25 15 B, k3 foge 552047 60 %, @il qT-PCR Fil Western blot £, % %2 31| 3k
HigE HZIAGHA A B1-AR 1 S2-AR 3t RIK[17]. B4 Shang ZJ K Krishna Akhilesh 25 A\ & HL OSCC
1 B2-AR IR R E S, JF HHRLK TSI EEEE . F. A RAFEI. Mg, IR
TNM 43 B R AS R 15 2 DA 5[ 19] [20] 6

2.2. p-AR RiE 5 KT IE RIFAEAT X ER

IR, B-AR (RIS S SkHe B 10— 2 N D% K BRI HE A7 4E — 2 5Bk . Shang ZJ 25 N R B3k
HE R F p2-AR FIRIEE BE AR R A 0¢, HMR I K/MBS p2-AR [F3RIA 2 IEAHJE[19]. Lopes-
Santos G % \JB i — T4 %F 520 ] HNSCC 22 IR 78 K I, ADRB2 (4fi5 f2-AR (¥ [H) ) 22 1 5 4R 0%
NFf RO LS. A EHRIL LA K HPV pl6 IRZSHR[21]. 41k Z % HNSCC 8 B ik
HFW KT 55 4. ADRB2 mRIEHRFRMESE ST ADRB2 IRRIAH . fEFGE I, WA EED
LA ANJEZ , ADRB2 mRIAA AR L . TEHAL TR, ADRB2 {RZRI8 455 WL ER A A e,
1M ADRB2 3R 20 i WL I g S Ao o 0. 7ESX 2, Hh4r4k HNSCC #o8% WL, ADRB2 &3KiA
HEMKFRIAZ HNSCC 7 FEJE K. HNSCC (1% 40 ML A w42 8 Bl 1R 2845 ¢, ADRB2 m=iaKia 4
A KR F(NGF) R IE &, HRAMRR 28 B Bl sh 2 LB 5 5 . ADRB2 @Rk 41 LF-Brf il
HPV pl6 £k MRk 4 A PE % A 35.48%. Hao Dong 25 N K FL f1. B2-AR 7EA Mk 454
B RR R T O E S5 1 5 [18], Haichao Liu 25 A\ & kU 4 4% f2-AR HIEIEKT
BER TR IEFEAL, HEmRiA S B MO FE R R A5 5558 38 1 DL AR A A7 56 BRI S 35 AR 9K [ 2]
Ana Livia Santos-Sousa 55 N KL Z FlOBFIAT AR 225 DR BIR A0 ke 424 B-AR R KF-AH (3],
B B1-AR RIB G5B E MR TR Bom A KPR 2 (1 BT S A5G . LRI 1 f2-AR FRIE N
IR om0 R A AT AR DA B A S R M OG, 2R i —
AR, FEREIERAE T 42 f2-AR RIS R 2. IR B8 4E DR, OHEPNEAA RATA
SR AT RE IR R B-AR R, R R0 Sk S0 1 1R
3. - & LR RER AR ESE TME Rtk TEiH R

IR A B (TME) & — AN E 2 Hm Esh S AT RS, 2 P 280 40 & 2 A0 40 i i o>
LA RA F[22]0 Forb, M A2 6 1 e A0 B e E A O R AT 4E 20 FL(CAFs) S 200 il DA K P Bz 44 P 5 5
AF S S 2 DO 0 5 4 B AN R R L 4B IR T R R AR R R . X e Ry R ARSI AT AR, T2 I
I A A EAE R BCR 2 2 (LI 1), AR W AR 3k 40 A 1] ) g il iR, 3 15 B — R 51 Gk oy
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wiE E

T, WA FE F(TNF-a). B4 KK T(TGF-8). A4 %-6 (IL-6) L K F 40 i/~ 2-10 (IL-10)
&, RIS GMEREY AN, BEmHEs R g . B2, BRI AR, 1G5 IR a7 i 2
[23].

3.1. FEETF4HRE(CSC)

Jee i 40 ML (CSC) 2 g 4 it Hh (s e A, B kR (1 B FREE BT RE 70, R a3 BE T Fblt T g 4 24
CSC JRIR A auM, wIRpS R DgERrA S Re e, HARGE HAXHR, FEmA T4, —MRFT
P, A [24]. JEAN, CSCIbHA —FRRE B NLSI, SRS AR 3 Bk AR AT 24
YIAE N BB ZRANIR 25 HE R AR IR 2 Ah o X PRI (5 15 CSC 38 H XHE S8 [ i Ve I B s A2 5 3 1 it
Zitk, MR TRIT RAEARFRFTA CSC WM& BL N A Reva Mg [25]. [HARER R, 75 HNSCC H
[FIFERIL T CSC MIAFAE, AT SRR R B8 LI 2530 % 2% VA C[26] . ZhangB %5 N KB NE 4t
H SCC25 Fl Cal27 #Miffl )5, FIEERAI R/ NIEE BEE N, BRI CSC MR EH CD44.
OCT4. SOX2 #l ALDHI FiEIG AN M ik M s 40 e CSC FERZY[13].

3.2. ER-BEIFRRFEW(EMT)

b R -] e A (EMT) 2 g 4 i SR 1542 28 M A EL RS e S ) Bt 2, 7EBCI AR rh, Ak 25 b gl
FUFIREAE, SRAFRIR4IM IR AL, BATR & T AN B AT AR, SRR TIE AR ZRMEE T, M
B2 5 0 8 TR R R, RN LG B I T oz Ab 5 R kb, T2 197 EMIT (19 8 200 i S 2 73 WA 4 i PR -7 547
iR, EA MRS . EMT AR OR8] TLARVE R, In = iR 1R 2 AN %% #2(27] . Liu H 8 AT K
L p2-AR MBS FEL IL-6 MFRIENIN, 1M IL-6 & —Fh 2 MM 7, eSS T Stat3 (5518
Po AR Stat3 HENAEAZ, {23 Snaill (%%, HE—BAH B R A MbR SV B EVE R EHIIER
ik, TR AR A AR S TR B I RS, A S ECE SRR EMT (R, T BE5@ 20 i i
EAFZZERESI[2]. Rk, B2-AR/IL-6/Stat3/Snaill 155 S 7E Ui 42 & Wi 40 M 1) EMT 2 oy v o6 o0 B
.

33. ESATEZ TME

FEMRE BT FE T, TME 2 Fhal B oy il i B s AL A K R 1B (TGF-B). iz gtttz a-1
(MCP-1). HA4HiE/%-6/8 (IL-6/IL-8) FiEIASE - (TNF-B). C-X-C FE 7L T 1 (CXCL-1) K i3
P R AE AR (VEGF) S5 5T, 3 [FIA6) 25 1) T i k J AR 858 . X S8R P [FAE A, AN R AR g
RRESSL, BN R 4 M TS « 15T S MRS TR HES e AL R (28] VRN TR B Hh (% 0
PR, TL-6 BERTIR E R4t 5 S, 78Rl e A OC AT 4E 40 Bl (C AFs) K i g A ¢ B R 48 (T AMs) 43
Who FIMIBWRBETHE TR RIE SN A EE 2 . Rd A2 RORS P S92 0 (1) B 2 A Wb 5 440[29 ] Bernabé
DG & Daniel G HIEAB 78487~ , NE 5 B-AR B3 A ERRER GE 2 2 58 SCC9. SCC25 il & IL-
6 1] mRNA ¥ 5% KEFARIE, ZANAE | /N A B EEAE B AT B 258 /K e BT, 7 6 /Nty AT 2 4R
H#t SCCY 5 SCCI15 4G FETE (301 [31]. S LIRS, Megan %55 K ILZ NE H3H1) HNSCC &

HOP IR IRGER - o (TNF-o) @8 = XA & &0, S80I, X —HAG B 7 55 D)5 e %
DA] 7~ BE T e R A4 L P 15 e S B A IR B 1R 28, SRR S A L R FE B e R AU [32] . (ELAS ORI
172, Cecilio BB SEIRIUESE, B SZAR BE 13T 251 7K Be A RUPEARAL 75 3 OSCC #E44 IL-6 15 TNF-
o IR BEZKF[33]. X LE R BIL [FIHE 7] B-AR A5 5380 26 7F Sk 2500 8 28 VRSO S v 42 (R DG B Ay, 48R
FLRTAE g 30 3 1815 98 RE FR -7 9 8% 00 1) Sk 250968 13 F2 PR VR /E VAR 97 I 15 o
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Figure 1. Remodeling of the tumor microenvironment by S-adrenergic receptor signaling

E 1. p-B LR REER R RIEELE TME

4. -8 ERBREREERFIELTE TRHONREN

B-AR 5 55 FAENG 1 N T 1 g ik e AN A p LA DGR . 2RISR R — Rl B B 321k
REL 77, B RS MM e o 7RI /N BR b nT 400 M2 B W 4 B A R L9 A i [ 34, AR LIRS
/INBR PR D B A 02 T AN TR A (35, R TR /) B R BELA AR B 4 PR P B AT R 2R (36 BLAR ISR
) e pdes /N R I AT B A Ak R R 1 2 TR A& (Apo2L)/ 98 SR E IR -1 AH 5 I 12185 T e A4 (TRATL ) A2 U it
24371 g /N BRI IR (5 COX2 IR LR BRI A8 ) [38] il B S8 /0N KR 1) 1M A 26 ok
R deTRg A K DL B e vk B 4 e i ) B e 88 47 A (39 o
4.1. ELERREDLTENESE R

I A2 B ST 8 A R ANk R ) G ML, L vl If 38 P B 2B K IR (VE G A2 i 8g 857 A= ol f) 2 22
W T, VEGF 52 G G, Wos s 5, (ks s AR s, M i AE KR i i a4t
B IR - Zhu 252 AT TR W VEGF 1172 42 L NF-B 48 1) 75 20AR 28 145 25 ) A0 8 40 4735 401
i Shibuya 25 N IRF RN, W25 /RACFE) SCC-9 Al Cal27 4Hfi & 82 FRAK T p6S EFRILAI VEGF /K
SE[31]. IX LR R IR B 2R K KA RN OSCC I A= B IR % AT BE /& B NF-xB il VEGF /%1,
Hoxhaj 55 N (IBF U581 Akt fERSIEAEY) R OCSPE T, Gngm g ol . AR, T Tkl JRiiR 22,
I AR AR R FE S [41]. Wei-Kang 55 AW 90 R I 25 % /R @ i 3] ADRB/PI3K/Akt/VEGF &4 H
P A B FH[42]. A B2, Shibuya 25 NRIFERF 70 KB SCC-9. Cal27 Fl SCC-25 4Hiffi, 2K
BEMH T IX g%, EZEWEIRESHIBLE ADRB %Z/A&40#| T Akt/NF-kB/VEGF i s, Ml
M A BRI 4R A7 3%, BT R OSCC 41 R #FR DL 3 /D TR E (LA 2).

4.2. BERRBELTELTTHE
TTFTBI R BIAS RORE,  C AR B A Sk 3508 6 7 HERE b B B R PG 22— o e ) U 17 LA 2
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wiE E

ZENRYT W ARSI, VAT T A AU T R ] Pl IR 0 DK R 55 5 — R B  ELE
AR[43]. BT Uk, AT TR E fU R TR SR R T v Bt AR 25, DA s Sk 3 VR T
RO R IR R N D, B AT LL$E R CDDP (TR 5-FU (S-#IRERE) (H /T OSCC ¥677
I EARAE TR, I BE 2 PR AT A AR OSCC il R 4 i G 71[31]. [FIFE, Nikolaus 5 At & 31
A R W S LR 20 PR A P R TR AR AR 25K R ML CDDP (P [FIFE R, NF-«B 8 FIE AL 7T 25 i A2 4
FREYD, FEVE AN HTE I RATT SR 1) OB 15 A - [44]. Shibuya “& NFIRF LR B, 7E OSCC 4 &
o, M ZEVRRINH] Akt A s6 FRERR1L, FFIE N PTEN MIREBR1L[31]. S6 /& mTOR {5 53 B0 1 6
P, O FEREIR b H 5 R 25V A R TS MG, S6 XAk BB R LIS NF-xB Hh, M b [FI {2
B2 R AR WHEIET, RE ST PTEN £ — R inel & H, 4 LFEmRR b 2w
T, HREBEEMITIZ NS — N EDbREY . FrE %2 %255 R B R OSCC 4l R 48R I H
PTEN B2/ = A5 H93G 0, DL BRI 503 B 5 289 JRAE AR 4 i i PTEN 3 3 M T ek e 1 s e SR 5 1)
5-FU iy 25 (L 2).

VEGFIN

Vot
|\angiogenesis Y,

NF-k b /

Figure 2. Propranolol attenuates angiogenesis and chemoresistance in head and neck cancer
B 2. BEIRRED LT MEE B RATIHE
4.3. p2-SZ{RBR PR Sk B & B AP fa fer
p2-'5 ERRER REZMAAEHUREA A 5 Sk D R B rh e B B 35 )T TAUR - Cecilio HP 45 AAE—
TG T 4- i FE IR 1- S0P D (ANQO) R R OR B I JE A s v, RIS R TR IR ALAH L, 3R 2808
IRIATT B 1 JE BRI (OSCO)Y R A N I35 31%, H E TR RN IR BE B B35 )8/ . iIX— IR
R, BB EREREEE SHEBIRATRS S T B0 T DR E R R WA T B S AARBE R U
A RE I T L T2 3 ) S RO T A L MR RN 33 ]
4.4. p2-AR FEFFIERE MAPK #I§I57] U0126 Ik Tl 72
S2-AR 5 TG 2 FhiE M, 35 PIBK/AKT/mTOR F1/8¢ RAF-MEK-ERK i, %32 K7E LA i)
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Wi E

HNSCC Fit ik, 5B ENTUGHIE. Luigi Mele 25 A\ ff &P HIHI57 1CT118, 551 (ICT)55 MAPK
I U126 BESWIFE T f2-AR £ UMSCC103 (HNSCC 41 fitd 2 )7 iy BT VE F [45].U0126 KB435,
UMSCC103 40 /) ERK i B 0 & 3, 1 IC1 St B s E A B3 . A&, WAZmecs
3 PT LASS 58 w0126 153 1) ERK HHI FEREARAR G I A B TRV . BRub 2 Ab, p38 Wl il I 5 J LA % s [
TR 40 MR 7Rk, Hooh NF-«B 22 5 R Kk [46], EBEVEFHET f2-AR (55
P A4 p38 A NF-«B (IR 1L . PI3K/Akt/mTOR Hl2 f2-AR [ 5 —% Fiifs 538, ICI /] LLiES
Akt JH AL FEAC A mTOR BEER 1L, A MEK1/2 #0776 77 1000 22 3 AL 2 B . BERK 75 75
PI3K/Akt/mTOR 3@ 7] L% 5 mTOR 0%, A2-AR MU p38 Fll AKT £ 5 NF-«B FIHABR4E, XLk
)5 mTOR M1 ERK — #2250 BN BRI . Bt eT WL, p2-AR FHETE M PI3K/Akt/mTOR .
p38 A NFKB % ; 10 MEK1/2 #5520 ERK BERRIL, X PR 2549 05k & FH K 7 B4 1% mTOR
A1 ERK MIER (LI 3).

1

'TGF-b1IL-1b MMP2|VEGFA

Ny

EMT Angiogenesis

/[ NQO-1 GCLC G6PD HO-1 |
oxidative stress

Figure 3. Effects of ICI118551 in combination with U0126, CTX, and etodolac on HNSCC
3.ICI118551 B4 U0126. CTX. etodolac ¥} HNSCC HI{EF

4.4.1. f2-AR F1 MEK1/2 B4 P BT B i

Wk e 30 I e A R [ WSS AR A M 2% B R T B B SN 7 (0 A0 L s 70 SR D A TR T A AR S 1
B . PIBK/AKT/mTOR Al tA Ay el 42 il Jib e Tl 5 1) 1 Wk 48 K S22 [47], HNSCC Hil % i) mTOR
FEFRIR B HRIEACPEUIK, mTOR & —Fh F Wil Ff, HAEE R R T i~ m A2 A B Wbk
A g 200 i FH O v AR Z5 0 A B B PR ) — R L . p62 S —Fh HRTERRbRICY), 25 T Mk E Wik
TCHREE T ) R (48], M ICT AT U0126 BRATRITRE, p62 MRIAKFRERIL, B AWK
fiEZesgin. LC3I/LC31 /2 p62 W EFZAHHAERY), #2500 B Rk SR BETE bR £ [49], BEE
25697 F8LC3 I/LC3 1 /K FRE S, X5 AR REAE NG 6. X R, o
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wiE E

WF S B4R 5 A2 1 p2-AR H0HIIKE), I HAES MEKI1/2 J0H| 78 A 8 R 0. £ UMSCC103 i,
B2-AR Fil MEK 1/2 BH Wi 5 E Wi & 4505 1 B 25900 S i 5% . ICT AT LA 55 u0126 75 51 ERK #1I
H AR S ZH Mo 25 %, BT ERK J5 78 PI3K/Akt/mTOR &% 1 7] L% S Akt #4)F1 mTOR ¥ 1 b
HAf k.

4.4.2. 2-AR #1 MEK1/2 BX&MHETNE S SR

R 2 R FC R B, VP 4 (reactiveoxygenspecies, ROS) MY A 12 HIEH HEEHES 5
AE ST, EmRERMREL. EBIRET, ROS RFAMIER ARG e, £ N KA R IiE
% AR — HIX PP Eh & T4 52 2 A% 2 S8 ROS K& AR, 5141k B (oxidative stress) & 2,
X T I AR P S BRI SE T [50] FE A BNBOS AR, 2 515 5 AR 1) — Lo Sk DR - 0
Nrf2 2 20 M B S A RS S PR S B 1 428 B -, 0 4 4R 20 R S840 08 5 P v bt 2 B BRI, T2 R 4 i
Nrf2 57 5 B T DL E bR 20 6 ) 7305 AN 2455 1] Luigi Mele S5 AN ACHL B-52 A BEL# 77 m] LA 3 440
1) N2 [R5 Sk 438 i i 40 B GH VA T RO BB, TCT AT UMSCC103 4 it At 375 1 4 52 751 A g 48 o
U0126 Kb A R 52 BLAIC, ABIECE F 24 AT 3 3500 s )0 M 480 A2 . PIBK/Akt/mTOR M1 MAPK Hlim] DL EL
LR Nrf2 (% 5 07 [47], EBEPE T f2-AR W] S50 Nrf2 5 B fEAHAmR 385 40 o 4 A 4 e s
PEBEIE P2 A8, LRSS TR TR 0T o X SEETE R I, 7E Sk S rp g 5 M HE [ JX 4 B T
AT A U5/ Jes 200 FRL TN 245 AR v v 1 4 2B ) A FH 1 B SRS

4.5. f2-AR FEIRFIEBE CTX 3L FuEaER

fE HNSCC v, %A KPR 152 AR (EGFR) Hk & . 5 P BT A4 (78 2% FRL470-CTX) =2 M LU TR e o7 &
FHokm R R B FIAREIR T 77 E[52]. EGFR 5 i kA= fAE Kk R S DA OC[53], 4R =
(1) EGFR A5 "5 38 14 5 20 6 184 B0 /R e 1ok 5 e 470 g 8 7 28 S 37 G 2 10 1) PR b B e (2 ke o, G
BOE TR A 22 SRR R S (MAPKs) 1 PI3K/AKT/mTOR F1 JAK/STAT 15 538 B i A= K
3t fE[54]. EGFR 7R 80%112 78 HNSCC it Rk, It5 8 FH HE A R AHIE[55]. ROS 7 HNSCC
(1) FE NN 243 F e 5 B AR I [56], B Bt B EGFR IR0 S35 5o ma i VeS80, el 2 B T
p38/Nrf-2/HO-1 fili i 15 A1 BE 5 4R B[ 57], CTX BEfEEEAR Fid A4 A B . EGFR [HWrHEH 2 5 8Us 4
F ARG N, TR RO SR 2 SRSt T . SR, e 4 I AT DAY SR AT AR SRR, O
SPIXFIRTT PR BT . 2 Nef2 BG40 A SO P TR 555 B A PitE, p2-AR FHIE S
M) Nrf2 SRIKShAH M AN BT EGFR o] B4 B2-AR B0 ([58], 1M1 CTX Fl ICI BXA g 2 5 kb
Nrf-2 #% Z54r, Nrf-2 il i F 40 M0 5 #1877 Kelch-like-ECH-associated protein 1 (Keap 1) k% 25 75 41 o i
G R e AN AL N R T Keap-1 5 Nrf-2 BUSERI Ty, BB BRI 40 A% b n] e QIS s = s
JCHF(ARE)F A, SEBUEAEGRIEAEN T, WAMEFEER NQO-1, GSH £ PR A B i i fb T
GCLC, %— ZFERERI&2 M GOPD ALl ZACIEY HO-1[59], MifEgnpisttaras L. CTX iR
MW MEK 5 ERK B, H'5 ICI &6 HEIE, 1 MAPK 1555 J U E 175 M A A 2 U4
5%, HrhfdE HNSCC[60]. 27 bBprik, @it #0H] f2-AR 1 EGFR #4250 ERK/MEK 3842 Fll Nrf-2 34k
T BELT T i e S A e, S 2 s 1 S AR 2 e 1 5 St R B M 1

4.6. f2-AR FEHFIBEE COX-2 HHFIx L FiEN{ER

WEAEE-2 (cycloxygenase-2, COX-2)72 & AT FIJiE 2 E2 (prostaglandin E2, PGE2)if i 11 11 3 22 fR
fig, HidRiES OSCCAEBMMMII KL i, HURAR. ITTZ55M5E[61]. Huang Zeliu 5 A&
W p2-AR FEPUHIIEE cox-2 Hifiil(ctodolac)¥ayT J5, OSCC ZH MK # AR 220G TE W] 22 B3], Aok
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WP A

UL KR F-B1(TGE-A1). AR %=-18 (IL-18). HEJF 48 & Al 2 (MMP2). AILE P 4K+
A (VEGF-A) N[62]. Zhang Zheng % Zhang Yibo & N K IAE OSCC #1, TGF-bl Al fiEit EMT M58iT#
FZZE, XSMEEHER. E&k. EFFEZEYIMI[63] [64]. Pomella Silvia % Lee Chia-Huei 55 A\ & 3
IL-1p [A#Efeidit 13 Snail 171 E-cadherin K23 osce 1 EMT [65][66]. MMP2 #& HNSCC H #% & Il
) MMPs 2 —, RI{EMREL 25 8 R A sd it @ b R 3/, Kang Chung-Jan %5 A\ R LK 5. H 0(DZ) AT #ii i)
MMP-2 Al MMP-9 %%, 1§ MAPK 15 51% S (ERK1/2 F1 p38)%%iF, J4#] EMT [67]. VEGF-A &8
FAEfR) 2 W IVE A R 22—, 5 R I A R e e ) e R A B 2% UIAH 26, Shirogane Yoichiro
LENRIPT VEGFR2 HFIPLAR T8 22 A I JiE b 5k B A R(OED)#E] OSCC it fE[68]. T p2-AR BH
FAT COX-2 A AR 7 v N A A3 OSCC 78 N B MR AR DGR R 1 3R 08, BRA T b2-AR FHH
FHAT COX-2 M FIn § 2 OSCC H—Fp A5 B4l Bhia T i

5. F 5Bk
5.1. p2-AR ¥ [E1E R $87 O B 635 188 40 R 55 14 i L ATL )

Bowen Zhang %5 A\ R IS 1 N NE @ #0E 2-AR, 4 ERK Ml CREB 15 5@ B Al fi£ 3t OSCC
YL F Cal27 3656, 12785 CSCs FERAL, FFhm i i g £, 1fi f2-AR BT ICI118551 1] FELWT LA
FAR[13]. #ATMI, Shintaro Sakakitani 55 A K ILWLEE R Fh F2-AR BN 1) 7 7504 A S5 ' i 2 0 1
T OSCC 41l 5 SAS 4ffifiE#%, FEUR 78B4 MIbRiC I N, FEHEA B S PERRAC, A 2emim R
R AR K [69] . IX P ZE S AT RS BT P AT 5 i s FH XD 48 PR BB ARY 32 18 1)« Bowen Zhang 7E AT (4 72
H s R IR Cal27 4 ARARER 2 IR DR 40 M e , A 285 0 R I K /NAS— I B3 . 5 FLA B A OSCCs R EL,
FURy € AR TT M S R AR P RE S SUMA R FE 45 2R (7010 PRI HOxT LAyl () S B AT BEAN[A) T SAS 41
o

5.2. BEAMRELAS KA BIEARFM R

B _ERRER A SIS 5% T O E AR bR 2 1R T PR AT BRI, BRI O R R (iR
JEEEOE THNRITHE R (H, SR TR HAt MO T (BLA B e W R B BOGR REROR i
BB SR AN ) MR R, AR Fb . R, SIS A 56 R A7) 75
FE> TR L Sr, IR BRI ) EHEAT 3 2 RIS N AR R BT L. EOR CESKE f2-AR 1E
PR RIE IS A B R . AR RIVEF RS A RA R, (H T WS f2-AR £E OSCC
M B S, B /7 P IT RRREAR R IO T, X 0 e 8 B AT i T MR 2B 0 i, JFdtAT
Kk 5 FHIF T REVI - BRILZ b, HETHE AL — L8R PR I, BTk Z 0 T B F R MRS iR G 2
TCVETN B R B BA IRV RN R, ARSI, BT BGEAT Sk 208 B i SR ol
MG RINAL ¢ & iilh-si] 7R 7 i

5.3. ZBFRNENSIERE LS

2P TR — AR B 2590 © /2 S 2 RN 2 B R AR BB TV, C RO R EIT R —
A A AT 23X — SRS RO AR TR VA SN I R AE PRI TR . Geid 7 K7 ST R
Feo BbAh, HBBEANEA KAk, SR B2 fE I RS AR A R I BURI R R . R4
KLY, PRERUIRAAAE, BT ERS I RO AR ORE T RCR TEIR 253N J1 A 25 257 BR ]
AR 2 B PR 2 ) A A AR I S A R R o i sk S B o0 T 78 43R FE B 24540 7. PR 109 7
FREE, HATHT R RARIEFNE p 32 B 7 220 /K S e (0 AR R E g, IR I sty . BT 4%

DOI: 10.12677/acm.2026.161340 2795 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161340

wiE E

R TR T RO B R RN o AR O 35 AT R AS Rt 5 e 0 Sk S0 I T 5 SR A R S| T B
&, ORI, R I TR AR R AE A, JFAE SRR I PR 6 rh B IR A A T o

6. BESRE

BB FIRE RE AR (B-ARVE SR B it Fe vh B Z 4R AR, ACEFEERZ 0 I 20 R G T | (=228
HEBAT N, RS SRS SR . AR R B S2 R B 1) (a5 2578 7R) O R ILHS P
JEEE, ARG IRIH Z IR T ERIER . ik, 98 E f IR IR 3 ) I ey i 3 1 B ) 1) 77— — 46
£ X%t ADRB2 B¢ ADRB3 %547 € WAL P07, DAL AR B-AR FU#HE 517 Rl fl. (R0 2,
JiIRE 5 4 22 2R Gt (K28 ELATE Y O R e i E 70 PR R A3 o S 300350 X 3885 4 (1) 4 2 SCIC R g — i LA
PRAE T A, X PP AE E [RME AR R 2 S A MR B e . R IR RIS R SR, T S A
ARG R EAIE, TEREZMNHIAEE . @IS T HOX L - MR 2 [0 (5 516, A ORI E
I7 (8T SR o [PR334 35 BRI 0 CAZTE M A IR Al SR AR o AT S8 S IR AH G TR PR 28 X 4%,
P AT TR T MR R AR [ 71 1€ NIEEAR R, BT AR T S A, IR
WEREAT N, SRR MR, REMBER VI, AR ER MR B H 5 M i gD
P B FE AL, A SRR A AR AE AR 2 72]. Allen S8 ANWFFT I S H R 28 e A IR 4t i
L B3-ARs/cAMP/EPAC/jnk I8 i 43 WA ik Y5 M #0122 75 77 K] -1 (brain-derived neurotrophic factor, BDNF) [73].
FIRE, TEREAR S R, A RARF(RE p2-ars RABPERI G A KR T (NGF) [ 40 5[ 74]. #PEE TR
TR DL I T BT E] TME 1, N Sk 25050 bR s 4 P w36 o 1) o Lo p 28 03 b B T A
7= A7 Ephrin B1 4N KT SR & SCHL[75]. A2 A AP 2 T BR AR SE — Pl ) <2 B 2 R R 1T
TFB, 5 7 BT A8 B 28 Xt b (0 /R« Megan 25 A 70 & I AC JE A 22 75 Jim A 28 70 SC TR 1 s Jed 1l
INEE, AE NN Z0E 3R AT A 22 A8 S 28 T B AR ] ik 3 el 1 s et JR 30 1) 2 RV B R EKF, T 0 o kg
AR AR [32] R AP IR IEARER T IBRE I — DN HTRHE, 18 TR 82597773 TME BI#P &5
SRS IR IT IR T — /N A IR . KRR RAEAT B-AR TERHE - MRS ) ThRg
A28 ALHEH 20 BURE IR SR T . MR AR e e AR RS RIER, DL MR 4 st &5 5
[R5 FHLHISE . B B-AR FER )W 5 e iayT  REERE )7 ikt AT 20K S, A BT P 3G 200 ia
FroEa . @I B-AR S FAE - i 28 XRHENLE], AL RERS IR Sk 200 A0 R BN, B
B RBINAT IR ST IS L A8 (BRI HE L 5 S PR A o

SE

[1] Peng, J.Y., Qiu, H., Bu, L.L., et al. (2025) y0 T Cells and Head and Neck Squamous Cell Carcinoma. International
Review of Cell and Molecular Biology, 397, 23-46.

[2] Liu, H., Wang, C., Xie, N., Zhuang, Z., Liu, X., Hou, J., et al. (2017) Activation of Adrenergic Receptor 2 Promotes
Tumor Progression and Epithelial Mesenchymal Transition in Tongue Squamous Cell Carcinoma. International Journal
of Molecular Medicine, 41, 147-154. https://doi.org/10.3892/ijmm.2017.3248

[3] Santos-Sousa, A.L., Kayahara, G.M., Bastos, D.B., Sarafim-Silva, B.A.M., Crivelini, M.M., Valente, V.B., et al. (2024)
Expression of f1- and f2-Adrenergic Receptors in Oral Squamous Cell Carcinoma and Their Association with Psycho-
logical and Clinical Factors. Archives of Oral Biology, 162, Article ID: 105939.
https://doi.org/10.1016/j.archoralbio.2024.105939

[4] Byrd, H.F. and Kohutek, Z.A. (2024) Painful Realities: Navigating the Complexities of Head and Neck Cancer Pain.
Oral Diseases, 31, 2711-2722. https://doi.org/10.1111/0di.15150

[5] Niu, X., Wu, T., Zeng, L., Wang, F., Lv, W., Zhang, L., et al. (2025) Chronic Stress in Cancer Development and Pro-
gression. Science Bulletin, 70, 3885-3907. https://doi.org/10.1016/].scib.2025.09.034

[6] Yan,J., Chen, Y., Luo, M., Hu, X., Li, H,, Liu, Q., et al. (2023) Chronic Stress in Solid Tumor Development: From
Mechanisms to Interventions. Journal of Biomedical Science, 30, Article No. 8.

DOI: 10.12677/acm.2026.161340 2796 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161340
https://doi.org/10.3892/ijmm.2017.3248
https://doi.org/10.1016/j.archoralbio.2024.105939
https://doi.org/10.1111/odi.15150
https://doi.org/10.1016/j.scib.2025.09.034

St
¥
&

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

https://doi.org/10.1186/s12929-023-00903-9

Tiwari, R.K., Rawat, S.G., Rai, S. and Kumar, A. (2025) Stress Regulatory Hormones and Cancer: The Contribution of
Epinephrine and Cancer Therapeutic Value of § Blockers. Endocrine, 88, 359-386.
https://doi.org/10.1007/s12020-025-04161-7

Carrasco, M., Bjernstad, O.V., Vethe, H. and Akslen, L.A. (2025) Adrenergic Signals Influence Proteomic Responses in
Breast Cancer Cells. Frontiers in Neuroscience, 19, Article 1608017. https://doi.org/10.3389/fnins.2025.1608017

Zhang, J., Deng, Y., Liu, J., Gan, L. and Jiang, Y. (2024) Role of Transforming Growth Factor-f1 Pathway in Angio-
genesis Induced by Chronic Stress in Colorectal Cancer. Cancer Biology & Therapy, 25, Article ID: 2366451.
https://doi.org/10.1080/15384047.2024.2366451

Yu, R., Li, Y., Jiang, R., Dang, C. and Zhai, F. (2025) Impact of Sympathetic Nervous System on Immune Evasion in
High-Grade Serous Ovarian Cancer: A Review. Frontiers in Oncology, 15, Article 1644895.
https://doi.org/10.3389/fonc.2025.1644895

Thulin, M.H., Ramberg, H., Nielsen, H.K., Grytli, H.H., Sivanesan, S., Pandya, A.D., et al. (2025) p-Blockers Prolong
Response to Androgen Deprivation Therapy in Prostate Cancer through Modulation of the Neuro-Immuno-Oncology
Axis. Journal of Translational Medicine, 23, Article No. 672. https://doi.org/10.1186/512967-025-06644-7

Brak, H.H. and Thielman, N.R.J. (2025) Norepinephrine Mediates Adrenergic Receptor Transcription and Oncogenic
Gene Expression in Pancreatic Ductal Adenocarcinoma. Advances in Biological Regulation, 97, Article ID: 101097.
https://doi.org/10.1016/j.jbior.2025.101097

Zhang, B., Wu, C., Chen, W., Qiu, L., Li, S., Wang, T., ef al. (2020) The Stress Hormone Norepinephrine Promotes
Tumor Progression through 2-Adrenoreceptors in Oral Cancer. Archives of Oral Biology, 113, Article ID: 104712.
https://doi.org/10.1016/j.archoralbio.2020.104712

Amit, M., Takahashi, H., Dragomir, M.P., Lindemann, A., Gleber-Netto, F.O., Pickering, C.R., et al. (2020) Loss of P53
Drives Neuron Reprogramming in Head and Neck Cancer. Nature, 578, 449-454.
https://doi.org/10.1038/s41586-020-1996-3

Zahalka, A .H., Arnal-Estapé, A., Maryanovich, M., Nakahara, F., Cruz, C.D., Finley, L.W.S., et al. (2017) Adrenergic
Nerves Activate an Angio-Metabolic Switch in Prostate Cancer. Science, 358, 321-326.
https://doi.org/10.1126/science.aah5072

Le, C.P., Nowell, C.J., Kim-Fuchs, C., Botteri, E., Hiller, J.G., Ismail, H., et al. (2016) Chronic Stress in Mice Remodels
Lymph Vasculature to Promote Tumour Cell Dissemination. Nature Communications, 7, Article No. 10634.
https://doi.org/10.1038/ncomms10634

Zhang, C., Liao, X., Ma, Z., Liu, S., Fang, F. and Mai, H. (2020) Overexpression of f-Adrenergic Receptors and the
Suppressive Effect of f2-Adrenergic Receptor Blockade in Oral Squamous Cell Carcinoma. Journal of Oral and
Maxillofacial Surgery, 78, 1871.e1-1871.e23. https://doi.org/10.1016/j.joms.2020.05.031

Dong, H., Liao, X.X., Mai, H.M., et al. (2017) Expression of § Adrenergic Receptor in Oral Squamous Cell Carcinoma
and Its Significance to the Prognosis. International Journal of Clinical and Experimental Pathology, 10, 10431-10440.

Shang, Z.J., Liu, K. and Liang, D.F. (2009) Expression of f2-Adrenergic Receptor in Oral Squamous Cell Carcinoma.
Journal of Oral Pathology & Medicine, 38, 371-376. https://doi.org/10.1111/.1600-0714.2008.00691.x

Krishna, A., Singh, V., Singh, N., Singh, S., Mohanty, S.K., Singh, R., et al. (2022) Expression Pattern and Clinical
Significance of f2-Adrenergic Receptor in Oral Squamous Cell Carcinoma: An Emerging Prognostic Indicator and Fu-
ture Therapeutic Target. Clinical and Translational Oncology, 24, 2191-2199.
https://doi.org/10.1007/s12094-022-02879-8

Lopes-Santos, G., Bernabé, D.G., Miyahara, G.I. and Tjioe, K.C. (2021) f-Adrenergic Pathway Activation Enhances
Aggressiveness and Inhibits Stemness in Head and Neck Cancer. Translational Oncology, 14, Article ID: 101117.
https://doi.org/10.1016/j.tranon.2021.101117

Vyhnankova, S., Lacina, L., Chovanec, M., Plzdk, J., Smetana, K., Netusil, J., et al. (2025) Cold, Hot, and Lethal—The
Tumour Microenvironment and the Immunology of Head and Neck Squamous Cell Carcinoma. International Journal of
Molecular Sciences, 26, Article 8844. https://doi.org/10.3390/ijms26188844

Spiljak, B., Poposki, B. and Lesi¢, S. (2025) Reprogramming the Tumor Microenvironment in Head and Neck Squamous
Cell Carcinoma: Therapeutic Targets and Innovations. Oncology Research, 33, 3269-3292.
https://doi.org/10.32604/0r.2025.068395

Zang, W., Geng, F., Liu, J., Wang, Z., Zhang, S., Li, Y., et al. (2025) Porphyromonas gingivalis Potentiates Stem-Like
Properties of Oral Squamous Cell Carcinoma by Modulating Scd1-Dependent Lipid Synthesis via NOD1/KLF5 Axis.
International Journal of Oral Science, 17, Article No. 15. https://doi.org/10.1038/s41368-024-00342-8

Warner, K.A., Sahara, S., Herzog, A.E., Nor, F., Castilho, R.M., Polverini, P.J., et al. (2025) Characterization of Uniquely
Tumorigenic Cancer Stem Cells in Salivary Gland Adenoid Cystic Carcinoma. Frontiers in Oral Health, 6, Article

DOI: 10.12677/acm.2026.161340 2797 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161340
https://doi.org/10.1186/s12929-023-00903-9
https://doi.org/10.1007/s12020-025-04161-7
https://doi.org/10.3389/fnins.2025.1608017
https://doi.org/10.1080/15384047.2024.2366451
https://doi.org/10.3389/fonc.2025.1644895
https://doi.org/10.1186/s12967-025-06644-7
https://doi.org/10.1016/j.jbior.2025.101097
https://doi.org/10.1016/j.archoralbio.2020.104712
https://doi.org/10.1038/s41586-020-1996-3
https://doi.org/10.1126/science.aah5072
https://doi.org/10.1038/ncomms10634
https://doi.org/10.1016/j.joms.2020.05.031
https://doi.org/10.1111/j.1600-0714.2008.00691.x
https://doi.org/10.1007/s12094-022-02879-8
https://doi.org/10.1016/j.tranon.2021.101117
https://doi.org/10.3390/ijms26188844
https://doi.org/10.32604/or.2025.068395
https://doi.org/10.1038/s41368-024-00342-8

wiE E

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

1570042. https://doi.org/10.3389/froh.2025.1570042

Mabharajan, N., Benyamien-Roufaeil, D.S., Brown, R.A., Portney, B.A., Banerjee, A. and Zalzman, M. (2025) Cancer
Stem Cell Mechanisms and Targeted Therapeutic Strategies in Head and Neck Squamous Cell Carcinoma. Cancer Let-
ters, 634, Article ID: 218015. https://doi.org/10.1016/j.canlet.2025.218015

Kumar, D., Gupta, A., Agrahari, S., Singh, S., Gupta, S., Kumar, V., ef al. (2025) Association of Epithelial to Mesen-
chymal Transition Markers on Prognosis and Clinicopathological Characteristics in Oral Squamous Cell Carcinoma: A
Systematic Review and Meta-Analysis. Head and Neck Pathology, 19, Article No. 124.
https://doi.org/10.1007/s12105-025-01863-2

Mivehchi, H., Eskandari-Yaghbastlo, A., Ghazanfarpour, M., Ziaei, S., Mesgari, H., Faghihinia, F., ef al. (2025) Micro-
environment-Based Immunotherapy in Oral Cancer: A Comprehensive Review. Medical Oncology, 42, Article No. 140.
https://doi.org/10.1007/s12032-025-02694-5

Spanko, M., Strnadova, K., Pavli¢ek, A.J., Szabo, P., Kodet, O., Valach, J., et al. (2021) IL-6 in the Ecosystem of Head
and Neck Cancer: Possible Therapeutic Perspectives. International Journal of Molecular Sciences, 22, Article 11027.
https://doi.org/10.3390/ijms222011027

Bernabé, D.G., Tamae, A.C., Biasoli, E.R. and Oliveira, S.H.P. (2011) Stress Hormones Increase Cell Proliferation and
Regulates Interleukin-6 Secretion in Human Oral Squamous Cell Carcinoma Cells. Brain, Behavior, and Immunity, 25,
574-583. https://doi.org/10.1016/1.bbi.2010.12.012

Shibuya, C.M., Tjioe, K.C., Oliveira, S.H.P. and Bernabé, D.G. (2022) Propranolol Inhibits Cell Viability and Expression
of the Pro-Tumorigenic Proteins Akt, NF-xB, and VEGF in Oral Squamous Cell Carcinoma. Archives of Oral Biology,
136, Article ID: 105383. https://doi.org/10.1016/j.archoralbio.2022.105383

Atherton, M.A., Park, S., Horan, N.L., Nicholson, S., Dolan, J.C., Schmidt, B.L., et al. (2022) Sympathetic Modulation
of Tumor Necrosis Factor a-Induced Nociception in the Presence of Oral Squamous Cell Carcinoma. Pain, 164, 27-42.
https://doi.org/10.1097/i.pain.0000000000002655

Cecilio, H.P., Valente, V.B., Pereira, K.M., Kayahara, G.M., Furuse, C., Biasoli, ER,etal (2020) p-Adrenergic Blocker
Inhibits Oral Carcinogenesis and Reduces Tumor Invasion. Cancer Chemotherapy and Pharmacology, 86, 681-686.
https://doi.org/10.1007/s00280-020-04149-2

Xia, Y., Wei, Y., Li, Z., Cai, X., Zhang, L., Dong, X., ef al. (2019) Catecholamines Contribute to the Neovascularization
of Lung Cancer via Tumor-Associated Macrophages. Brain, Behavior, and Immunity, 81, 111-121.
https://doi.org/10.1016/1.bbi.2019.06.004

Chen, H., Liu, D., Guo, L., Cheng, X., Guo, N. and Shi, M. (2017) Chronic Psychological Stress Promotes Lung Meta-
static Colonization of Circulating Breast Cancer Cells by Decorating a Pre-Metastatic Niche through Activating f-Ad-
renergic Signaling. The Journal of Pathology, 244, 49-60. https://doi.org/10.1002/path.4988

Jiang, W., Li, Y., Li, Z., Sun, J., Li, J., Wei, W., ef al. (2019) Chronic Restraint Stress Promotes Hepatocellular Carci-
noma Growth by Mobilizing Splenic Myeloid Cells through Activating S-Adrenergic Signaling. Brain, Behavior, and
Immunity, 80, 825-838. https://doi.org/10.1016/1.bbi.2019.05.031

Sorski, L., Melamed, R., Matzner, P., Lavon, H., Shaashua, L., Rosenne, E., ef al. (2016) Reducing Liver Metastases of
Colon Cancer in the Context of Extensive and Minor Surgeries through B-Adrenoceptors Blockade and COX2 Inhibition.
Brain, Behavior, and Immunity, 58, 91-98. https://doi.org/10.1016/1.bbi.2016.05.017

Thaker, P.H., Han, L.Y., Kamat, A.A., Arevalo, J.M., Takahashi, R., Lu, C., ef al. (2006) Chronic Stress Promotes Tumor
Growth and Angiogenesis in a Mouse Model of Ovarian Carcinoma. Nature Medicine, 12, 939-944.
https://doi.org/10.1038/nm1447

Lamkin, D.M., Sloan, E.K., Patel, A.J., Chiang, B.S., Pimentel, M.A., Ma, J.C.Y., et al. (2012) Chronic Stress Enhances
Progression of Acute Lymphoblastic Leukemia via B-Adrenergic Signaling. Brain, Behavior, and Immunity, 26, 635-
641. https://doi.org/10.1016/j.bbi.2012.01.013

Zhu, C., Chen, C., Xu, Z., Zhao, J., Ou, B., Sun, J., et al. (2018) CCR6 Promotes Tumor Angiogenesis via the AKT/NF-
xB/VEGF Pathway in Colorectal Cancer. Biochimica et Biophysica Acta (BBA)—Molecular Basis of Disease, 1864,
387-397. https://doi.org/10.1016/1.bbadis.2017.10.033

Hoxhaj, G. and Manning, B.D. (2019) The PI3K-AKT Network at the Interface of Oncogenic Signalling and Cancer
Metabolism. Nature Reviews Cancer, 20, 74-88. https://doi.org/10.1038/s41568-019-0216-7

Pan, W., Li, P., Guo, Z., Huang, Q. and Gao, Y. (2015) Propranolol Induces Regression of Hemangioma Cells via the
Down-Regulation of the PI3K/Akt/eNOS/VEGF Pathway. Pediatric Blood & Cancer, 62, 1414-1420.
https://doi.org/10.1002/pbe.25453

Kashyap, L., Patil, V., Noronha, V., Joshi, A., Menon, N., Jobanputra, K., ef al. (2021) Efficacy and Safety of Neoadju-
vant Chemotherapy (NACT) with Paclitaxel Plus Carboplatin and Oral Metronomic Chemotherapy (OMCT) in Patients
with Technically Unresectable Oral Squamous Cell Carcinoma (OSCC). ecancermedicalscience, 15, Article No. 1325.

DOI: 10.12677/acm.2026.161340 2798 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161340
https://doi.org/10.3389/froh.2025.1570042
https://doi.org/10.1016/j.canlet.2025.218015
https://doi.org/10.1007/s12105-025-01863-2
https://doi.org/10.1007/s12032-025-02694-5
https://doi.org/10.3390/ijms222011027
https://doi.org/10.1016/j.bbi.2010.12.012
https://doi.org/10.1016/j.archoralbio.2022.105383
https://doi.org/10.1097/j.pain.0000000000002655
https://doi.org/10.1007/s00280-020-04149-2
https://doi.org/10.1016/j.bbi.2019.06.004
https://doi.org/10.1002/path.4988
https://doi.org/10.1016/j.bbi.2019.05.031
https://doi.org/10.1016/j.bbi.2016.05.017
https://doi.org/10.1038/nm1447
https://doi.org/10.1016/j.bbi.2012.01.013
https://doi.org/10.1016/j.bbadis.2017.10.033
https://doi.org/10.1038/s41568-019-0216-7
https://doi.org/10.1002/pbc.25453

St
¥
&

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

https://doi.org/10.3332/ecancer.2021.1325

Wolter, N.E., Wolter, J.K., Enepekides, D.J. and Irwin, M.S. (2012) Propranolol as a Novel Adjunctive Treatment for
Head and Neck Squamous Cell Carcinoma. Journal of Otolaryngology—Head & Neck Surgery, 41, 334-344.

Mele, L., Del Vecchio, V., Marampon, F., Regad, T., Wagner, S., Mosca, L., ef al. (2020) >-AR Blockade Potentiates
MEK1/2 Inhibitor Effect on HNSCC by Regulating the Nrf2-Mediated Defense Mechanism. Cell Death & Disease, 11,
Article No. 850. https://doi.org/10.1038/s41419-020-03056-x

Khan, Y.S., Farhana, A., Kuddus, M., Shahid, S.M.A., Alsrhani, A., Osman, A.A., et al. (2025) MicroRNA-125b-5p
Drives MMP-2 Expression via Activation of RAGE-38MAPK-p65/p5S0NF-xB Axis: A Novel Mechanism in Human
Lung Cancer Cells. International Journal of Molecular Sciences, 26, Article 9983. https://doi.org/10.3390/ijms26209983

Jiang, M., Zhang, K., Zhang, Z., Zeng, X., Huang, Z., Qin, P., et al. (2025) PI3K/AKT/mTOR Axis in Cancer: From
Pathogenesis to Treatment. MedComm, 6, €70295. https://doi.org/10.1002/mc02.70295

Shilovsky, G.A. (2024) P62: Intersection of Antioxidant Defense and Autophagy Pathways. Molecular Biology, 58, 822-
835. https://doi.org/10.1134/s0026893324700390

Hussain, Y., Singh, J., Meena, A., Sinha, R.A. and Lugman, S. (2023) Escin-Sorafenib Synergy Up-Regulates LC3-1II
and P62 to Induce Apoptosis in Hepatocellular Carcinoma Cells. Environmental Toxicology, 39, 840-856.
https://doi.org/10.1002/t0x.23988

Li, L., Zeng, Z., Ma, T., Hu, B., Guo, M. and Wang, Q. (2025) The Role of ROS-Mediated Mitochondrial Dysfunction
in the Development of Malignant Melanoma. Experimental Dermatology, 34, €70168. https://doi.org/10.1111/exd.70168

Verza, F.A., Da Silva, G.C. and Nishimura, F.G. (2025) The Impact of Oxidative Stress and the NRF2-KEAP1-ARE
Signaling Pathway on Anticancer Drug Resistance. Oncology Research, 33, 1819-1834.
https://doi.org/10.32604/0r.2025.065755

Friedlaender, A., Subbiah, V., Russo, A., Banna, G.L., Malapelle, U., Rolfo, C., et al. (2021) EGFR and HER2 Exon 20
Insertions in Solid Tumours: From Biology to Treatment. Nature Reviews Clinical Oncology, 19, 51-69.
https://doi.org/10.1038/s41571-021-00558-1

Kumagai, S., Koyama, S. and Nishikawa, H. (2021) Antitumour Immunity Regulated by Aberrant ERBB Family Sig-
nalling. Nature Reviews Cancer, 21, 181-197. https://doi.org/10.1038/s41568-020-00322-0

Zhang, B., Tan, H., Kuang, J., Zhou, B., Liang, S., Pang, X., et al. (2025) Neoadjuvant Immunotherapy in Squamous
Cell Carcinoma of the Head and Neck: Current Evidence and Future Perspectives. Molecular Cancer, 24, Article No.
284. https://doi.org/10.1186/s12943-025-02487-4

Temam, S., Kawaguchi, H., El-Naggar, A.K., Jelinek, J., Tang, H., Liu, D.D., et al. (2007) Epidermal Growth Factor
Receptor Copy Number Alterations Correlate with Poor Clinical Outcome in Patients with Head and Neck Squamous
Cancer. Journal of Clinical Oncology, 25,2164-2170. https://doi.org/10.1200/jc0.2006.06.6605

Bani-Ahmad, E., Dass, J. and Dass, C.R. (2025) From Carcinogenesis to Drug Resistance: The Multifaceted Role of
Oxidative Stress in Head and Neck Cancer. Cancers, 17, Article 3295. https://doi.org/10.3390/cancers17203295

Yang, J., Mo, J., Dai, J., Ye, C., Cen, W., Zheng, X., et al. (2021) Cetuximab Promotes RSL3-Induced Ferroptosis by
Suppressing the Nrf2/HO-1 Signalling Pathway in KRAS Mutant Colorectal Cancer. Cell Death & Disease, 12, Article
No. 1079. https://doi.org/10.1038/s41419-021-04367-3

Chin, C., Li, J., Lee, K., Huang, Y., Wang, K., Lai, H., ef al. (2015) Selective 52-AR Blockage Suppresses Colorectal
Cancer Growth through Regulation of EGFR-Akt/ERK1/2 Signaling, G1-phase Arrest, and Apoptosis. Journal of Cel-
lular Physiology, 231, 459-472. https://doi.org/10.1002/jcp.25092

Jasek-Gajda, E., Jurkowska, H., Jasinska, M. and Lis, G.J. (2020) Targeting the MAPK/ERK and PI3K/AKT Signaling
Pathways Affects NRF2, TRX and GSH Antioxidant Systems in Leukemia Cells. Antioxidants, 9, Article 633.
https://doi.org/10.3390/antiox9070633

Seo, J., Yoon, G., Park, S., Shim, J., Chae, J. and Jeon, Y. (2022) Deoxypodophyllotoxin Induces Ros-Mediated Apop-
tosis by Modulating the PI3K/AKT and P38 MAPK-Dependent Signaling in Oral Squamous Cell Carcinoma. Journal of
Microbiology and Biotechnology, 32, 1103-1109. https://doi.org/10.4014/jmb.2207.07012

Nasry, W., Rodriguez-Lecompte, J. and Martin, C. (2018) Role of COX-2/PGE2 Mediated Inflammation in Oral Squa-
mous Cell Carcinoma. Cancers, 10, Article 348. https://doi.org/10.3390/cancers10100348

Huang, Z., Huang, L., Zhang, C., Chen, G. and Mai, H. (2025) Blocking 2-AR and Inhibiting COX-2: A Promising
Approach to Suppress OSCC Development. International Dental Journal, 75, 807-816.
https://doi.org/10.1016/j.identj.2024.06.014

Zhang, Z., Sun, X., Gao, Z., Lv, X., Jia, H., Huang, B., et al. (2025) Prussian Blue Nanoparticle-Induced Alteration of
the Polarization State of Tumor-Associated Macrophages as a Substantial Antitumor Mechanism against Oral Squamous
Cell Carcinoma (OSCC). International Journal of Nanomedicine, 20, 10667-10681. https://doi.org/10.2147/ijn.s528763

DOI: 10.12677/acm.2026.161340 2799 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161340
https://doi.org/10.3332/ecancer.2021.1325
https://doi.org/10.1038/s41419-020-03056-x
https://doi.org/10.3390/ijms26209983
https://doi.org/10.1002/mco2.70295
https://doi.org/10.1134/s0026893324700390
https://doi.org/10.1002/tox.23988
https://doi.org/10.1111/exd.70168
https://doi.org/10.32604/or.2025.065755
https://doi.org/10.1038/s41571-021-00558-1
https://doi.org/10.1038/s41568-020-00322-0
https://doi.org/10.1186/s12943-025-02487-4
https://doi.org/10.1200/jco.2006.06.6605
https://doi.org/10.3390/cancers17203295
https://doi.org/10.1038/s41419-021-04367-3
https://doi.org/10.1002/jcp.25092
https://doi.org/10.3390/antiox9070633
https://doi.org/10.4014/jmb.2207.07012
https://doi.org/10.3390/cancers10100348
https://doi.org/10.1016/j.identj.2024.06.014
https://doi.org/10.2147/ijn.s528763

wiE E

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

Zhang, Y .B., Xu, L.M., Momin, N., et al. (2025) [Mechanism of Porphyromonas gingivalis Inducing the Formation of
a Local Immunosuppressive Microenvironment in Oral Squamous Cell Carcinoma]. Journal of Sichuan University (Med-
ical Sciences), 56, 746-753.

Pomella, S., D’Archivio, L., Cassandri, M., Aiello, F.A., Melaiu, O., Marampon, F., ef al. (2025) The HIV Protease
Inhibitor Ritonavir Reverts the Mesenchymal Phenotype Induced by Inflammatory Cytokines in Normal and Tumor Oral
Keratinocytes to an Epithelial One, Increasing the Radiosensitivity of Tumor Oral Keratinocytes. Cancers, 17, Article
2519. https://doi.org/10.3390/cancers17152519

Lee, C., Chang, J.S., Syu, S., Wong, T., Chan, J.Y., Tang, Y., et al. (2014) I1-15 Promotes Malignant Transformation
and Tumor Aggressiveness in Oral Cancer. Journal of Cellular Physiology, 230, 875-884.
https://doi.org/10.1002/jcp.24816

Kang, C., Tan, J., Chang, C., Chen, S., Yu, C. and Hsieh, C. (2025) Daidzein Enhances Cisplatin Sensitivity and Inhibits

Migration of Oral Squamous Cell Carcinoma through Modulating Mitogen-Activated Protein Kinase Signaling Pathway.
Journal of Dental Sciences, 20, 1460-1469. https://doi.org/10.1016/1.jds.2025.01.012

Shirogane, Y., Usami, Y., Okumura, M., Hirose, K., Naniwa, K., Ikebe, K., et al. (2024) Anti-VEGFR2 Neutralising
Antibody Slows the Progression of Multistep Oral Carcinogenesis. The Journal of Pathology, 264, 423-433.
https://doi.org/10.1002/path.6357

Sakakitani, S., Podyma-Inoue, K.A., Takayama, R., Takahashi, K., Ishigami-Yuasa, M., Kagechika, H., et al. (2020)
Activation of f2-Adrenergic Receptor Signals Suppresses Mesenchymal Phenotypes of Oral Squamous Cell Carcinoma
Cells. Cancer Science, 112, 155-167. https://doi.org/10.1111/cas.14670

Jiang, L., Ji, N., Zhou, Y., Li, J., Liu, X., Wang, Z., et al. (2009) CAL 27 Is an Oral Adenosquamous Carcinoma Cell
Line. Oral Oncology, 45, €204-¢207. https://doi.org/10.1016/j.oraloncology.2009.06.001

Zhang, F., Wang, Y., Liu, F., Li, Y., Liu, X., Ren, X., ef al. (2025) Impact of S Blockers on Cancer Neuroimmunology:
A Systematic Review and Meta-Analysis of Survival Outcomes and Immune Modulation. Frontiers in Immunology, 16,
Article 1635331. https://doi.org/10.3389/fimmu.2025.1635331

Wang, Y., Ye, Z., Yuan, Y., Wang, C., Chen, G. and Zhang, Y. (2025) Sensory Neuro-Tumor Crosstalk: Therapeutic
Opportunities and Emerging Frontiers in Cancer Neuroscience. Biochimica et Biophysica Acta (BBA)—Reviews on Can-
cer, 1880, Article ID: 189464. https://doi.org/10.1016/j.bbcan.2025.189464

Allen, J.K., Armaiz-Pena, G.N., Nagaraja, A.S., Sadaoui, N.C., Ortiz, T., Dood, R., et al. (2018) Sustained Adrenergic
Signaling Promotes Intratumoral Innervation through BDNF Induction. Cancer Research, 78, 3233-3242.
https://doi.org/10.1158/0008-5472.can-16-1701

Renz, B.W., Takahashi, R., Tanaka, T., Macchini, M., Hayakawa, Y., Dantes, Z., et al. (2018) 2 Adrenergic-Neurotro-
phin Feedforward Loop Promotes Pancreatic Cancer. Cancer Cell, 33, 75-90.¢7.
https://doi.org/10.1016/j.ccell.2017.11.007

Madeo, M., Colbert, P.L., Vermeer, D.W., Lucido, C.T., Cain, J.T., Vichaya, E.G., et al. (2018) Cancer Exosomes Induce
Tumor Innervation. Nature Communications, 9, Article No. 4284. https://doi.org/10.1038/s41467-018-06640-0

DOI: 10.12677/acm.2026.161340 2800 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161340
https://doi.org/10.3390/cancers17152519
https://doi.org/10.1002/jcp.24816
https://doi.org/10.1016/j.jds.2025.01.012
https://doi.org/10.1002/path.6357
https://doi.org/10.1111/cas.14670
https://doi.org/10.1016/j.oraloncology.2009.06.001
https://doi.org/10.3389/fimmu.2025.1635331
https://doi.org/10.1016/j.bbcan.2025.189464
https://doi.org/10.1158/0008-5472.can-16-1701
https://doi.org/10.1016/j.ccell.2017.11.007
https://doi.org/10.1038/s41467-018-06640-0

	β-肾上腺素能受体激活促进头颈癌生长转移及干预措施的进展研究
	摘  要
	关键词
	The Role of β-Adrenergic Signaling in Head and Neck Cancer Progression and Emerging Therapeutic Strategies
	Abstract
	Keywords
	1. 引言
	2. β-肾上腺素能受体在头颈癌中的表达与临床关联
	2.1. β-AR在头颈癌组织中的表达
	2.2. β-AR表达与头颈癌临床特征的关联

	3. β-肾上腺素能受体激活重塑TME促进头颈癌进展
	3.1. 癌症干细胞(CSC)
	3.2. 上皮-间充质转化(EMT)
	3.3. 信号分子重塑TME

	4. β-肾上腺素能受体拮抗剂在头颈癌干预中的应用潜力
	4.1. 普萘洛尔减少头颈癌血管生成
	4.2. 普萘洛尔减轻头颈癌化疗耐药
	4.3. β2-受体阻滞剂降低头颈癌发生率和肿瘤负荷
	4.4. β2-AR拮抗剂联合MAPK抑制剂U0126抑制头颈癌进程
	4.4.1. β2-AR和MEK1/2联合阻断抑制自噬
	4.4.2. β2-AR和MEK1/2联合阻断诱导氧化应激

	4.5. β2-AR拮抗剂联合CTX对头颈癌的作用
	4.6. β2-AR拮抗剂联合COX-2拮抗剂对头颈癌的作用

	5. 争议与挑战
	5.1. β2-AR矛盾作用揭示口腔鳞癌细胞特异性响应机制
	5.2. 迈向激素量化与长期随访的临床新阶段
	5.3. 药物再利用的潜力与临床转化挑战

	6. 总结与展望
	参考文献

