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# E: B HHERE R ACKIE SRR IEE (head and neck squamous cell carcinoma, HNSCC) HIFZME K HI&1E R
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kinase R-like endoplasmic reticulum kinase, PERK) /EAZEIIEALLGAF 20 W3E (eukaryotic initiation factor 2a, elF2a) 15 5@
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Abstract:Objective To investigate the effect and potential mechanism of bufotalin on growth of human head and neck squamous cell

carcinoma (HNSCC). Methods The effect of bufotalin on viability and proliferation of Cal-27 and FaDu cells were observed by
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CCK-8 method and plate clone formation experiment. The effect of bufotalin on cell cycle distribution of Cal-27 and FaDu cells were
detected by flow cytometry. Western blotting was used to detect the effect of bufotalin on expressions of cyclin-dependent kinase 4
(CDK4) and cyclin D1 in Cal-27 and FaDu cells. To further explore the anti-tumor effects of bufotalin in vivo, a xenograft tumor model
of HNSCC was established in nude mice. Proteomics technology was applied to identify differentially expressed proteins in bufotalin-
treated Cal-27 cells, and the associated signaling pathways underlying its anti-tumor effect were analyzed. Western blotting was
performed to assess the expressions of protein kinase R-like endoplasmic reticulum kinase (PERK)/eukaryotic initiation factor 2a
(elF2a) signaling pathway related proteins. Results In vitro experimental results showed that bufotalin significantly reduced the
viability of Cal-27 and FaDu cells (P < 0.01, 0.001), inhibited their proliferation (P < 0.01, 0.001), induced cell cycle arrest in Go/G1
phase (P < 0.05, 0.01, 0.001), down-regulated the protein expressions of CDK4 and cyclin D1 in FaDu cells (P < 0.05, 0.001), and
down-regulated the protein expression of CDK4 in Cal-27 cells (P < 0.05). The in vivo experimental results showed that bufotalin
could significantly inhibit the growth of tumors in tumor bearing mice (P < 0.01, 0.001). Proteomics and IPA analysis showed that
bufotalin could induce endoplasmic reticulum stress and up-regulate the expression levels of p-PERK and p-elF2a in Cal-27 and FaDu
cells (P <0.05,0.001). Conclusion Bufotalin could induce endoplasmic reticulum stress, activate EIF2 signaling pathway, and induce
the arrest of HNSCC cells in Go/G1 phase, thereby inhibiting tumor cell proliferation and tumor growth in tumor-bearing mice.
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SPF ZEPE BALB/c BRER, 4 Ji %, fA 5T & 18~
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& (H5 A5256701)04 H 3 [E Gibeo A7 ; DMEM
R (it PMI150210). MEM ¥i9% (itS
PMI150411) . HHA-HEHEREAW (L5
PB180120) W H I EFE A dr R AR A —
B JE W7 K ( dimethyl sulfoxide , DMSO, #t 5
D001071). RIPA /=i (4165 R0010). BCA
FAWRAE IS PC0020). i & A IR 77 &
(b5 CA1510) WAL R ERHEAER AR &
B PMSF (b5 ST506) 4 H = KA
FEAREBR AT 5 40 AR 4 (cycelin-
dependent kinase 4, CDK4) #ifk (35 ab108357)
Wb H S [E Abcam Aw]; HEBEE R FE A TR
(protein kinase R-like endoplasmic reticulum kinase,
PERKO#HiAR(HE S 20582-1-AP)IW [ 3£ [ Proteintech
A7]; p-PERK $itfk (Hit5 PC3330) i H I LLIss
AR AR AR 40 ERA DI (cyclin D1)
gk (5 92G2). HAARIERIEFE T 20 WA
(eukaryotic initiation factor 20, elF2a) ik (L5
9722). p-elF2a Hifk (L5 3398). H i EE-3-M IR
Wil (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) ik (L5 14C100. L¥Hife —Ht (it
5 SA00001-2). th=EH/NR =HT (5 SA00001-
1) IHEE CST AF: RARRAEEH
(aspartate aminotransferase, AST) IR & (3t
5 C010-2-1) . TN 2 R & 2 # % 1§ (alanine
aminotransferase, ALT) fiRk# & (#t5 C009-2-
1) W E R @R AR ) TRER TR
1.4 Y5

Forma 311 R 4Hu 57246 . Micro21R 2 & X4
RO (EE Thermo A 7] ); Axioscope Y62 iT
e (A0 3 2E ) A SR A PR A 7D Infinite 200 pro
2 hEERFARMY (B Tecan 24]); FACSCanto™
AR ARG (SEE BD Aa]D; 1653312 B
B 1658001 Y HLyk 1 & Hi ¥k R4 Mini Tran-Bolt
B (3£ Bio-Rad A F]); 5200C BALS K GAX
(B RAERHEA R A,
2 FHiE
2.1 ‘ApEEESE

Cal-27 4 & 10%6 4 MG A 1%L
DMEM 5485953k, FaDu 40L& 10%06 4 fLiE
1%L MEM 524853235, F 37 C. 5% CO;,
REFRAE PR, ARG EE A K 2 70%~80% Rl
RASHS, AT JE 25 .

22 BEARHE

B e R K 1 mg, M T 249.935 uL
DMSO ', FEMRAEAEIMEEN 9 mmol/L )4
e RBER, T80 CEOGIRIE. (AR, B
7, FFH B RE TR IR U R FE R 25 251 Vo
2.3 CCK-8 EHMAARE S

BA KRS BIF Cal-27 5 FaDu 40, %
4X 103 /LM T 96 LR . kG, Bl
BN AN RES A HR A FEIE B, FTA
B, REDN R AR T R (22,5, 45.0. 90.0,
180.0. 360.0 nmol/L) #4H, XHEZHIIA 100 uL 584
IR, BTN 100 uL AS[F) R B (s g e R
Wik, 1EH 24 h 5, FF L3, IO 100 pL %8597
F-CCK-8 k57 (20 : 1) LBl HIf TIEW, 37 C
BEE 1 h, 7EREFRY 450 nm WEBOLE (4D 1H,
ST A RIREEZ5H) R 2 Fham BT /7
2.4 TEPERAKSELE

BUW A KA Cal-27 5 FaDu 40, % 30
it 3UE, 734 2 000 /N/FLFT 500 AN/FLEFR A 12
FUBR, FRAEIGRESS, IINZIREE A 22.5. 45.0+ 90.0
nmol/L [FIfEIe e RANFE 24 h, X HEZL NN SEAARFR (1)
SEARETRAL, 3 LIG, O e R SR AR AR G
7t 7~14 do R LN IR BANREE ) 40 B A1
ZIEREFR . WERSIEW, PBS TEVE 2 K, H 4%% %
F%E T 2R 2 15 min, FLLPBS J&EWE 2 WK, BlJG
FFFLION 1%55 209K 1 mL, =YL 10 min.
FEY, FH PBS sk, K 12 FLARIEIFIIE TS
WELEETE T AR R/, IR
2.5 RN AR E B

Kb T 5 HUE K Cal-27 5 FaDu 400, T4k
ACER ST IR, AR B2 2 2 X 10° A/ mL, %
BT 6 LB FRgEM e o WEEfE, IIANZREE N
22.5. 45.0 90.0 nmol/L [F)iEir e RALHE 24 h, XHE
HINNFEARRAN 78 3 7R 5 . RS H i, A
PBS jEME I EE, FHIEOQE, U1 mL Hi 70%4
fi E R e, 4 CEFELI . XH, H PBS ¥t 48,
200 HfiyEd 5, F 100 uL RNase A AR E &,
37 C4JRBMFHE 30 min. FHJE I 400 uL PT Gt
IRE], 4 CHEEEIE 30 min, AR ALIMALE 488
nm OB R IIZN i B DNA & 228
2.6 Western blotting #l CDK4. cyclin D1+
PERK. p-PERK. elF2a 1 p-elF2a EH KA

B H A KA Cal-27 5 FaDu 4 fu 20T 10
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cm EFRILAY, ARG LA R 70%M i AN AR EE
N 22.5. 45.0. 90.0 nmol/L fjiEiR e RALFE 24 h,
X REZE N N SEARAR 1) e A 3R 5L . T T4 PBS 3
e 2 Uk, PN LR T B O R, NS
FR A7) & PMSF (1) RIPA 2@, 7EUK EZ4R
REUSEA. [ BCA HMEEAREE, A
loading buffer T 100 ‘Cn#4 10 min {4 148
W EFE G o SR R AN - 5 T A TR i B I FLUK
2% PVDF I, H 5%MWIE49 T =iEEH 2 hs
TBST ¥ 3 ¥k, MA—¥i, T 4 CH¥HE 12 h;
TBST ¥EME 3 X, IMAZHt, TZHIEFFE 30 min;
TBST ¥EME 3 %, IABRRIATEERE, KH
Image J FHIN 5E 2% 2K FEAE

2.7 EBRBEFESH

271 FEMHIE OB Cal-27 UL H M AL T
g, L 1IX10 AR T 10 om FFRMA . ff
YIRS FEIR R T0%, IIANZIHKREEN 45 nmol/L
(e RACHE 24 h, XHRRAUINNZEARFA) 52 4 55
IRk, FITA R PBS W ¥E 2 ¥k, F 40 E NSS40 A
FELE S, AT PBS 55 2 O E LRRK
BR800 5 BT A3 40 Byt T & s 10 min,
B J5 7 280 “CUKAH P ARAE% ]

272 FESRHT FREANRE AR EIRE S, K
AT B PR AR S KB BR SRS IR, BE SR AR
1CEE (Label-Free) RE&EXS 2 ZHAEARHEATHE A B4
SN HARRFR W R : TR e R A 5 5 IR
FEPE SR AR e, RS BRI e A s XS
R IR 5 B A A5 B S i i s 456
FRIER 5 K20 | B4 45 (Kyoto encyclopedia of
genes and genomes, KEGG) 1M P38 Al 4 PR AR 4
(gene ontology, GO) DJREVF RN A B HHEATFRIE;
FFREAFERSN HET wE 4 LRk e R
HEXRANRMPZERRIAED; NEFEEEAD
AW Thfe K WA E AT e s R ERE
R EAT YR SR b #E— 2P R TPA 3K
0o} R 22 S R IR B AT VR NI R AR AT

2.8 AR

2.8.1 &M, 5% 15 H BALB/c #ERIE N
PEMEFE 1 RS TR/ OGRS fERR R sc
100 uL Cal-27 4l (1X 1074y, $%Fh 5 FRE M52,
R R A AL 100 mm? B, B4R SR BEHL 2 At ]
AR T R K =T E (100 200 pg/kg) 4,
HSsH, JFEZH ip ERE R, MEHp & 0.1%

DMSO HAEBEEEK, 1R/d, ELL42 16d. TR
1 d FUEbs = RO E R BRI AR AR AR, FFARE AR R
R, Ll AR BRI R AR AR A K it 2 DL R A4 o
AN . 525 16d )5, FTA BRI T R8T
. BREERUM S, WisiibsbeRes, 7> Bk R4 2
T Ja 82525
2.8.2  [MiEFThREMIAS I (i T Z= iR F E 30 min
fEHFE /e, 4 'C. 3 000 r/min 250 10 min, %)
B, FEEBBGENE EP B, R
Vi B 54 AST AT ALT 35 1%
2.83 JH. i, BHL IR R (hematoxylin-
eosin, HE) #ett  KAHLT 4% L K HEEE & 24 h,
WK JE M IRE L 70%- 80%-+ 90%- 95%- 100%
LA FEMLK S 40 min; AT HZRFEL,
A, 4um ELEY A, 60 CHEFA 1h. HUIHA K
VIR H 2L IR 10 min AR LES, BE A4
BEEE ZBE (100%- 95%- 85%. 70%) /KA, FZ&ME
KPP TRARE YLt 30 s JFIR/KIGEE, 1%3ER 2%
s FRRFKMSE, FER IR EE 1 min,
L5 Y% 3 min, BEEECORELK, —HZRE, hYER
e A, TEIE RS NS I,
29 GEitESHh

JIr A skie /DB 3 R, Bl A X £ KR,
Fi SPSS 25.0 BTG4 0, R BN &R 7 2
IIMTER ¢ A I AT et 2 2 S LU
3 Z#R
3.1 iEkke R BEHIE Cal-27 A1 FaDu 4RAREME

N T TR R X Cal-27 A FaDu 2 i 456
(K540, DL 22.5. 45.0. 90.0. 180.0+ 360.0 nmol/L
o6 BE VR FE R e e R 43 I AL B 1A 2 M, 557
24 h JGRH CCK-8 LAl Afuig /1. 5%k 1-
A~C JiR, &M RS, S IEEZ5Y)
WREETHE T 2 FAIC (P<<0.01. 0.001), Wfsidke R
X Cal-27 1 FaDu 4 Ji (1) 2 £ 40 K fZ Chalf
inhibitory concentration, ICso) 73524 52.02. 136.20
nmol/L. ETWH 1Cso ZHEN, Jasseii bl Cal-
27 YY) ICso NS G, i HL 22.5. 45.0. 90.0 nmol/L
VE NI e RIVAZHIREE . BE)E, @it B s
I VPR e R X Cal-27 55 FaDu 2 w7 b RE 7111
S, 25 1-Dy E B, SXTHRA AL, ik
BR &G A IR R R (P<0.01.
0.001), HEIRFEMHIH:, KRS R GE%MH]
Cal-27 1 FaDu Zil {3454 .
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AR RIS By C-HEIRE R M4 T Cal-27. FaDu 4 24 h 5, CCK-8 IEMHIARMIE /75 Dy E-ME#RS R 4 43 Cal-27. FaDu
S ST R R SR IRALLE R "P<<0.05 T'P<<0.01 "*P<<0.001, TR,

A-structure of bufotalin; B, C-after treating Cal-27 and FaDu cells with bufotalin for 24 h, cell viability was detected by CCK-8 assay; D, E-effect of
“P<0.01

bufotalin on clone formation after treating Cal-27 and FaDu cells separately; *P < 0.05 ***P<0.001 vs control group, same as below figures.

B 1 8EsE RIH Cal-27 F1 FaDu HAEATHESE (X +s,n=3)
Fig. 1 Bufotalin inhibited proliferation of Cal-27 and FaDu cells (X s, n=3)

3.2 MEMRTRIFS Cal-27 1 FaDu Z0EEE BAPE 5 0.05. 0.001, & 2-D). LA EZEHEER, iEkye Rl

F Go/Gi H

TR FUIE IR S R ] Cal-27 A1 FaDu 4H g 3%
FEIBLAEL, R AR 4E MR 73 40 B R S o A . &5
Rl 2-A. B fion, SXTHRALLLEE, Eskke R &
252540 Go/Gy 111 Cal-27 A1 FaDu 4 ffd b 451 15 B 5
FFt (P<<0.05. 0.001), ifi S #f#) Cal-27 Al FaDu
Y11 He A7) T 5 25 k2> (P<<0.05. 0.001), 3 i
BRALAES Cal-27 M1 FaDu 4 i & 1 BH # T
Go/G1 #. Western blotting £5 R ox, SxfHEZLEL
B, e RS 254 Cal-27 LN CDK4 A FE
KK RERIK (P<0.05, K 2-C), ifi CyclinD1
RARIBKFLEEEZELIL. BT+ CDK4 Al
Cyclin D1 72 AE SRR AW R FEER, B,
1 CDK4 HI3iA TR, tHAES 2 oA
WIBH . E FaDu 40ffd, 45.0. 90.0 nmol/L i
‘B RIEZE T CDK4 fil Cyclin D1 (& [ARIE (P<

JE N Cal-27 1 FaDu 41y CDK4 [3RIE, 5
SR I T Go/Gr 3.
3.3 iR ER EEISIEE /D RAENEK
T Cal-27 A PR RIS AY, 33—
ISR RS R RN PR S . R 3-A~C
Fras, SxHRAALREL, e R n] B 2 30 498
FRAR Y IR AR K (P<<0.01. 0.001), {EXfif
IR /N BRI SRR o ASHIE ST 22 2 i p R
e A 2H R AR MR —E LN 2 57, IX ] R
55 55 T A% AR ABE 2 g A K A R R T P Bk 2
VI N BUR AR . HE Jetasi )R (B 3-D)
KU, BTERTREITE, . RS 3 N
B EESE,, HHSAHMEFS AST il ALT
FEHELEEZER (B 3-E. F), RPERE R A6
JERR BT AN S B B R, XHFIhAE

B A 5
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| 0 0 i 3 75
2 0 500 100015002000 0 500 100015002000 ]
F IR R 45.0 nmol- L™ #EHRE R 90.0 nmol-L™! g 50
700 700+
| =Gy/G ! = Go/G, |
600~ ki GZ/MI 600~ | =GyM 25
500- S 500 S
400 400- 0- g
i XHE 22.5 45.0 90.0
300 300 e
200 200 ik 2 /(nmol-L )
100 L 100
1 0
0 500 100015002000 0 500 1000 15002000
PI a3
B X HE gt R 22.5 nmol-L7!
A 700+ | = Gy/Gl 700+ \ - gojﬁl
ggg g ggg' ’ 125— FaDu 4} Gz/M
-GO/G
400 400 100 |
300 300 .
200 200- ‘_, % 75
108 W 103 - =
= 0 500 1000 1500 0 500 1000 1500 % 50
= IERE R 45.0 nmol L™ SR E R 90.0 nmol-L! ' s
| 800 = Gy/G, 1 000- '8‘“/&
| =G,/M % = U
600 S 800 S 0
] 600 Xt 22.5 45.0 90.0
4007 400 kR R/ (nmol- L)
200 ) 200,
0 - 0 :
0 500 1000 1500 O 500 1000 1500
> 1.5+ .
Pl 0 iR e R 22.5 nmol-L™!
g I s e R 45.0 nmol-L!
¢ ﬁ 1.0 C ik R 90.0 nmol-L!
%k
Il E R /(nmol L) = N
X 22.5 45.0 90.0 =
2 0.5
CDK4| s o e = 30X 10* 0l
Cyclin D1 | s s ows ane | 3 (< 104 0
GAPDH | e e wnw s |3 7} |0 CDK4 Cyclin D1
. 1.5 -
D Cal-27 4 [ i R 22.5 nmol-L™!
i) I sl e R 45.0 nmol-L!
Ik R /(nmol L") K 1.0 . " el R 90.0 nmol L™
%8 22.5 45.0 90.0 g *
CDK4 | S e == | 3.0 104 E =
o 0.5+
Cyclin DI | === s = < 136X 10* e
GAPDH | S e s s (37 < 10* 0 -
FaDu Z1Jg CDK4 Cyclin D1

AL B-#falie RAS Cal-27 F1 FaDu AR S/ A RO C. D-#ER'E R Cal-27 il FaDu 41l CDK4. cyclin D1 & FRIEHIFEI o
A, B-effect of bufotalin on cell cycle distribution of Cal-27 and FaDu cells; C, D-effect of bufotalin on expressions of CDK4 and cyclin D1 proteins in
Cal-27 and FaDu cells.

2 EMTERIFS Cal-27 1 FaDu AREIHARR (X+s,n=3)
Fig. 2 Bufotalin induced cell cycle arrest of Cal-27 and FaDu cells (X + s, n=3)
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3 ERERMBIREFMBEENEK (X£s,n=5)

Fig. 3 Bufotalin inhibited growth of xenograft tumors in nude mice (X +s,n=>5)
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Fig. 4 Differential expression proteins and functional enrichment analysis in Cal-27 cells treated with bufotalin
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Fig. 5 Bufotalin exerts antitumor effects by activating endoplasmic reticulum stress-EIF2 signaling pathway (X s,n=4)
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