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4-HPR combined with bortezomib promoting apoptosis of A549 lung cancer cells by regulating endoplasmic

reticulum protein
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[ Abstract | Objective To explore the synergistic apoptosis-promoting effect of fenretinide ( N-[ 4-hydroxyphenyl ]
retinamide, 4-HPR, a synthetic retinoic acid) with bortezomib in non-small cell lung cancer ( NSCLC) A549 cells.
Methods NSCLC A549 cells were treated with 4-HPR and bortezomib alone or in combination at different concentrations (2.5,
5,10 and 20 pmol/L for 4-HPR; 0.1,0.2,0.4 and 0.8 pmol/L for bortezomib) for 24 h. MTT assay was performed to detect
cell growth inhibition. Propidium iodide (PI) staining and flow cytometry were performed to analyze cell cycle. Annexin V-
FITC and PI double staining was performed to detect apoptosis. Real-time quantitative PCR and Western blotting analysis were
performed to examine the expression of endoplasmic reticulum stress protein CHOP. Results 4-HPR or bortezomib alone
inhibited the cell proliferation in a dose-dependent manner, and combined treatment with both 4-HPR and bortezomib showed
significantly a stronger anti-proliferative effect. Cell cycle analysis showed that the combination of the two drugs caused cell
cycle arrest in the G,/G, phase, with S phase cells significantly reduced. Compared with 4-HPR or bortezomib used alone,
combination of both significantly enhanced the apoptosis of A549 cells, accompanied by enhanced expression of CHOP mRNA
and protein, an endoplasmic reticulum stress marker. Conclusion Combination of 4-HPR and bortezomib can promote apoptosis
in lung cancer A549 cells, which provides an experimental basis for their combination treatment of lung cancer.
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JE v Wl 2 1 A R e A IR A0 A R
240 B v o AR R A L E R R R A B
VR A0 A P AL R G0 A0 R AR R T S R
S DNA $5 5 DL R pulss 525, 6 7 2 (-2 F A
I Y S RE T O A MR AR N R 2500 kA
PRI 8k Fif 9 3 97 A — A R Y

IR 4/ K (bortezomib, PS-341) J& — Jik 3 i iR
oG 0B i A B A R R R R R R BE O L
0 H] 25 R 208 A AR 0 B3 R L DT 3 B 1
A P R 2 2 5 s 40 R 8 R A T O R L Y
fifett BRI A 1 AN T IR RIR T R B
it 910 1 391 BB AT 8 ] 22 i R (L9 22 K
TR | FPCLR R LA g R R R L AT A R D
RN A B A TR S R A MO T (H R I
DRSS 7 B R B0 5 A oK %t I /IS 48 i i 8 (non-
small cell lung cancer, NSCLO) BIZURA RS, H
I IR YT SR W 2 3K G 000 1 oK 55 H b 25 9 3 97 Ik
LI EOR T HRNR ST AT, IR 4 A Re [ fen-
N-( 4-hydroxyphenyl )
HPR) & —Ff N T4 A B 4 B R 2 9 XoF 2 Fif fie
Jo8 LA b T 19 6 T L 6 458 2L B g L i 0 B IS b
955 R0 B R g 45T AR AR, 4-HPR X% NSCLC 41 g
HAESME TR, B9 8%, 4-HPR FH
B AR K Xk BB R L A 2 4T R L R A B T
oA AR SE SR T 4-HPR R ok
B R F X NSCLC 4l A549 B 4T s 78 H L M il
PRIAYT I 98 B2 3 52 90 1R 41

retinide, retinamide ( 4-

1 #EIMTTE

1.1 A# A549 ZHRIARIE B b R R B LA 1y
BREBE A ML . 6 2R 17 (FBS) b 14 2= 35 A=)
TR | S B AL DMEM 85 9% 560 {26 [#
Gibco A H], 4-HPR B ALK F1 — A (DMSO)
¥IWg A Sigma 23], oK £ BEEC 6l 1 6if A7 O E
10 mmol /L, Ya - A7 T —80°C ., i FH i Jo /K £ 1
ML BE/NT 0. 1% . /N BRPT A P 5T R 7 384 AH O 1
T4 H CHOP Mg BEHA I T Santa Cruz A7,
1.2 @mRssdc B ASA9 A LAE Y& A T
10% FBS ) DMEM % 3% W . [5] B5F #b £ 100 U/mL
H R HR 100 pg/mL F#EHFEF 2 mmol/L A & Bz,
F37°C MANREE & 5% CO, R FA N KT F7 .

1.3 @& Aékn L MTT 20 & 40 i is 1,
P ECA K WIR AS49 LA 210"/ mL % & R T
96 fLAR , B L 100 L, K5 T & 10% FBS By & f
DMEM ¥ 35, 4N 4-HPR 41 W ok 41 . P 2
156 FH 20 A IE % % B ZH . 4-HPR 40 A 2. 5.5.10,20
pmol /L W /Y 4-HPR; Ml e K4 m A 0. 1. 0.2,
0.4.0. 8 pmol/L M # 4 K ; Y 25 1 1T 20 0 ) m A
2.5 pmol/L 4-HPR + 0. 1 pmol/L Bl # £ K. 5
pmol/L 4-HPR—+0. 2 pmol/L A K (10 pmol/L
4-HPR-+0.4 pmol/L #l # f£ >Kk. 20 pmol/L
4-HPR+0. 8 pmol /LAWK s LU A 55 i 19 A &
2 DMEM 55 3% W9 A549 20 i 4 b 1E % 4 B 4,
G35 T A B 24 b HUCAE B A TS ). RAL A
MTT %W (5 mg/mL) 10 pL, & F 37°CF , I 4b 7
H 4 h,1 200X g 8.0 10 min, i % £ @7 Y
formazan ULIE T2, WHILNEF LERE, &1L
JA 100 L. DMSO. 7t 43 % fift )& . 78 B A5 AL b 570
nm A0 E DGR (DY, R 4L iY D E BR LA
XFHRZH I D A A5 51 45 20 9 A X 20 i G 7

1.4 e R #aaeml W H UL N BE (propidium io-
dide, PD 453t DNA & 5 > I 4 A J5 199, X
oA KW AS49 41 A JC I 7E 9 DMEM 8 3% 24
ho AR T L, SR DL 2 X 10" /mL % B #: 8
F 24 FLEF M, 2 h 4 4. X B4, 4-HPR (5
pemol /LY AL A 44 2K (0. 2 pumol/ L) 41 A1 2 B
., 9% 24 h e BARE (1~2) X10° 4,800 X
g B0 5 min, PBS FRUER 1 1K,800 X g B0 )5,
PIIEW (PT W E M 50 ng/mL; RNaseA 2k N
0.5 mg/mL), & FREAL R E 15 min, IR M
ARG

1.5 @A =40 A Annexin V-FITC PI ¥ §¢
o 0 240 L0 T B B AR KA AS49 AL AT 4
41 A HRZH | 4-HPR (5 pmol/L) 41, W 8 {4 K (0. 2
pmol /MM IR AL, 3% 24 h )=, B A U4
2X 10" 4,800 X g B.L> 5 min, PBS ¥E¥% 1 ., A
100 pL 1 X85 & il SR M, A 2.5 L An-
nexin V FI 5 pL PICAWE N 10 pg/ml) 5, W5 AL TR
B 15 min, P b 2 4E BLACRE D

1.6 S8 % k%% PCR # @ CHOP mRNA &
i H¥E GenBank CHOP(NM_001109986. 1) Fl1 %
KIEW Bactin (AY582799) I8 )7 351 247 51 9 5 1.
CHOP E#51%.5 -GGG AAA CAG CGC ATG
AAG GA-3', Fli#51 9.5 -GCG TGA TGG TGC
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TGG GTA CA-3';pactin EWi51#¥).5-GCC AAC
CGC GAG AAG ATG A-3', Fi##5#. 5 -CAT
CAC GAT GCC AGT GGT A-3', Fras|¥h i
AT AY) TREE AR S A BRA A G R, k44l
A549 4, PBS YRI5 B 0 . 35 R WK 78 DUTE B9 40
M im A 1 mL TRIzol, R G M A 0. 2 mL &4, &
GIRAEFHE E ORI EZEMASNE, &L
J& 75 % SBEVE IR DUVE , PRI B0 J5 B T
DEPC /K& f# . Wil RT-Cycler™ 52 i} 58 & & I &
4 (CapitalBio, Ltd) fl SYBR Green (Molecular
Probes) il 7 £ 40 A549 4l CHOP mRNA X} 7K
-, AR &R 12,5 u SYBR Premix Ex Tag
(2X),0.5 L B F#ESI ¥ (10 pmol/L), 0. 5 pL
Rox reference dye,1 pL B4 DNA,10 uL TTH K,
JRZ A 4 95°C 5 min i LB A B . FF PCR 971
40 MEH(95°C 45 s, 57°C 30 s, 72°C 20 ),

1.7 & @ /& % &% i k% n CHOP % 9 &
B A A PBSTERE 1 Ik, L 0. 25 % k& I
b W T A 20 i ) B0 . F Bradford 350 5 28 1 5
S, ARG B LR S0 pg BEALZ 10X
SR TN 9 Tk Jie 958 M P VK 0 5 L L % B & PVDF i,
& 5% BIR Wk B9 TTBS S b &4 2 h J5 YE,
AN BT A CHOP BFERESTAA (1 + 1 000) 1E 4°C
TREE B VRS L n AR o 4 Ak W A 0 Y R
PR ZHI(1 2 1 000) . EREGME 1 h, W HY
SRk 27 R OGN HEAT RO A, X R AR R AT
JREEFHE LA CHOP 8 H X} B-actin 2 FH B K B e AE
YE2h CHOP & A AH X R

1.8 it aE N SPSS 14. 0 Ge it 3k /4 ik 47
Gt 2F b AT B v+ £ox, 4R HLECR A
BN R IT 200 (ANOVA), K5 /K#E (o)l 0. 05,

2 &5 B

2.1 4-HPR #= 21 % 1£ K 3 A ¥ 4 A549 % o %
1 GERER A-HPR R0 K B ph 4V I #R LA v
JE B Ao T AR B AR A TS ) (BT 1AL 1B) . R
25 I IA) A A 0 L 24 b B 4-HPR 350603 44 0K 35 %6 41
FELYE 3 A v A5 R A L O B4R RS D e &
WRE Z AR 2250 K, PR 7R 5 e st 5 vp , FRATT i 45
24 h X —WFE S, 2B SR BoR, SR
HAH L, 4-HPR 5 8 8 £/ K 156 FH 68 9% 0% 48 M 75
(P<<0.05,K1C), TEEKEHZ 4 FA &, HE 5
pmol/L 4-HPR + 0. 2 pmol/L B &K F4H 4 10

pmol/L 4-HPR + 0. 4 pmol/L #l & & K A X T
A-HPRAFI A e oK B FH 20 29 8 7 38 e A1 1) 4 i
i 71(P<C0.05) ,H1 T 5 pmol/L 3T 4-HPR #J IfiL 3¢
2 B B [ I 2 4 A 0 1 R o 24 4 40 T T A
FNIRFE (1 A B 24 AR A R F 2k — 25 (i AL BF 5, I
L FRATHERE 5 pmol/L 4-HPR+0. 2 pmol/L 81 &
PR A AT R SRR

20 p
= ~O— 2.5 umol-1"" 4-HPR
—o— 5 pumol-L7' 4-HPR
o, lL6F —f— 10 pmol-L™" 4-HPR
= —&— 20 pmol-L' 4-HPR
i)
g 12
=
Ei
» 08
-1
g
~ 04rp
0 PR A s - T A
™ g 24 48 S
Time t/'h
L6r —O— 0.1 umol-L™" bortezomib
—— 0.2 umol-L™" bortezomib
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1 4-HPR O K B I 34 AS49 40 B i J B 40 %0 4 BB
Fig 1 Combination of 4-HPR and
bortezomib inhibited A549 cell viability
A,B: 4-HPR and bortezomib alone inhibited A549 cell viabil-
ity in a concentration- and time-dependent manner; C: Com-
bination of the two drugs showed a stronger anti-proliferative
effect 24 h after incubation. 4-HPR. N-(4-hydroxyphenyl)
retinamide. * P<C0. 05 vs 4-HPR group; © P<C0. 05 vs borte-

zomib group. n=6, r*s
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2.2 4-HPR Ao #0 % 42 K B R F F A549 %0 e Bl 4
T Go/Gr B FATHETE T 4-HPR(5 pmol/L)
FIERAA K (0. 2 pmol /L) Bk R A X A549
20 SR 01 o3 A i e, BFSR A5 SR (8] 2) R . 4-HPR
B R A K 156 FH AR B 2 32 1 Go /G S A i Le 431 el
X BT 1Y 55. 8 %o $2  E] 80. 7 % 5 i 1 24 B Ak L 3
HURE L 59 4R B Go/Go 31 40 M EE B (4-HPR.
65. 2% s K . 62. 1 %) . AR M, 4-HPR F8 2
Pk > 1 S A Go /M 4R Y L4

90 wl

O Control

I 4-HPR
- 80 B Bortezomib
1] W 4-HPR+bortezomib
2
60 F
=
3 50F
2 40t
=
o 30F
el
5
= 20}
]
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Cell cycle

2 5 pmol/L 4-HPR # 0. 2 pmol/L # % £ X Bk F
B AS4 AMEABREET G /G #
Fig 2 Combination of 5 pmol/L 4-HPR and
0.2 pmol/L bortezomib induced cell
cycle arrest in G, /G, phase in A549 cells

4-HPR: N-(4-hydroxyphenyl) retinamide. P <C0. 05 vs
control group; P <C0. 05 vs 4-HPR group and bortezomib
group. n=3, x+ts

2.3 4-HPR #= #1 % 4& & 3% A 4% 38 A549 4@ A6 A
— FRAIMWFH Annexin V-FITC #1 PI S YL 7 1,
Rl T 4-HPR(5 pmol/L) FIAHEE K (0. 2 pumol /L)

Control 4-HPR

Bortezomib

BRI A AL B 24 h i TR, A 3 Al
U, %F BEZH AS49 AR A H R TR R 6. 5% 5
pmol /L ) 4-HPR F10. 2 pmol /LAY 8 8 44 K B gl 4k
HRG M UA TR AL I B T 22 R A ST
R (P<<0.05) s B G TR i — S,
EXHH B A R E R A Gt E X
(P<<0.05),
2.4 A-HPRAMBERBKAKEEBEARM L HE S
CHOP &k AT 9205 5 0% 5 & PCR Rl H
JRENIE J7 I A T 4-HPR (5 pmol/L) Al & fh K
(0.2 pmol/L) H M AR 5 4b BE 24 h J5 PN 5T R 38
1 CHOP 3Rk, 258 W, 4-HPR S0l £ ok
oAb FELF- A 28 CHOP mRNA 1 (1 £ 18K
F-, 4-HPR 5 808 fc K 166 T g b 3 4% 58 CHOP mR-
NA FIE RSB (E D,

33 i

ARSLE DT T 4-HPR HU R {7 K 3% G R X
JifiJi5 AS49 4L & BT b R AR . S g 25 R WOR 4-
HPR FIE e oK 34 RE DL vk B2 R 5 =X B3 A1 4 B 3%
J3, IR RE A8 G o 40 AR 3 R R A
5S40 BT Go/Gy i?ﬁéﬁiﬂmﬁtﬁ
%, AL LB, 4-HPR AR K B FH A i 80
200 0 A9 PN 5T I T8 S - A e %%ﬂﬁl*lﬁ%ﬂ
NI T8 ) CHOP #akigak . FRAT1#E A549 fifi
TR PR T 4-HPR A0 7 K 6 FH 047 P g 2
F AR X P A 25 W kG 4 T L A AT RE 5 ik R 24
SRS RCA IR T 251, B2 = e R T RICR

i3 4-HPR+bortezomib

105 +—— 10° 1 10°
A 3 es% i 149%

§22.1%

104+

Pl

[ =)
Py = 2K
o ri o .
(ER 7T i

60p *0

1oL

3 51.6%

1044

10744

10-

102 10° 10* 10°

Cell apoptosis percentage (%)
ad
c

.m‘ LRLL B
Control  4-HPR Bortezomib 4-HPR+
102 10* 10* 10° bortezomib

Annexin V-FITC

B 3 5 pmol/L 4-HPR #1 0.2 pmol/L % & ¥ K B AR # AS49 @A T
Fig 3 Combination of 5 pmol/L 4-HPR and 0. 2 pmol/L bortezomib-induced apoptosis of A549 cdlls

PI. Propidium iodide; 4-HPR: N-(4-hydroxyphenyl) retinamide.

zomib group. n=3, x=£s

* P<C0. 05 vs control; © P<C0. 05 vs 4-HPR group and borte-
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O
=3 *®
g O I
i2 4t
Za
S8 T
zZ 51
e 1k
0 | A
Control 4-HPR Bortezomib 4-HPR+
bortezomib
4-HPR+
Control 4-HPR Bortezomib bortezomib
CHOP— e
[l — | osssse—— eow=——— - —=———=  sEm——
l4r
= 1.2F T
8 .B
22 10t
=2 08f
22 o6}
B
2 oaf .
= 02} I—T—l
0 B
Control 4-HPR Bortezomib 4-HPR+
bortezomib

4 4-HPR f#IEEXKEHA
HB38 AS49 A CHOP Fix
Fig 4 CHOP expression in A549 cells 24 h after
4-HPR and bortezomib treatment
A Real-time RT-PCR results; B: Western blotting results.
4-HPR: N-(4-hydroxyphenyl) retinamide. * P < 0. 05 vs

control group. n=3, x*s

4-HPR FU A7 K HE 5 b 55 1% 240 1 st /D>, o]
FE 2 4 i 2E 4 A2 37 30 o R RE R 40 YA T 0
PR, ABSZIRATT 5 BT 7 240 6 J) 390 2% o AR 1 L 4], R R
G 24 J5 4t B S 301 BELW F Go /Gy B3, /IR Go/
G, WL 2 25 T e . S W I RR AR, FRATTMEs RS
SCHR R IE AL W 7E Bl 28R A0 R L 4- HPR RN R
KRB E RBCT G /M IR G /Gy 19140 i L 41 1
B, S WA LT oE AT et AT R,
A-HPR FIH A AR T 68 W 2 G sm A0 L 1, WA
WREY A-HPR FIBI A e K, 24 oy HT i, 251
SRR R UR TR S S R SR B R T

P JBE O 2 4 i P B R ) s AR B A L BT S
B T, B F T A T A T S RO T PN ) P
MR T 85 8 T MR AR R A8 L B 3 &
(2 R RS N IO 43 6. B R IT A Y B A K
DURLT P J5T 99, A Sy I fige 3 38 1009 S 490, o 3t 7 2 -
AR RGBT Y& AR R BN TR 2 1
AR B T B R R R T R

it 6 it i 7, 003 8009 J5 IR I R AL
o X 354 52 B ) ot L 40 2 0 3 R TS AL i
CHOP 25 12 BT A 5T 9 R OAE 56 98 T2 i — S AR
R BATHY S5 K B 4-HPR FU A K
XA AR FE 24 b J5 L A549 435 CHOP ) mRNA
R A4 8 % TF w3 A-HPR 800 %8 4 K 8o 4b 31
W JLP- A B 48 CHOP mRNA B8 1 1 35 K F,
XN 4-HPR FUA S £ oK 36 JS AN AL 5 5 il 98 40
b7 A PN D 98 T L T 7 A S N I R A1
ST,

SiPR b, 4-HPR FO0IES A K & H &R RE 175 5 i 9
240 17 A RSB P IR R A K S e i AR
Tl A% 3% % PN T ) 52 4T 28 R 1, AT 375 e R 40
7 A T T T SR AR ) S BEL S A R T AR W
S B0 il R J R N e A AR PN R N K S
T AR HE TR Y T PN R R — A
SR B b O A S R A O B A i 0
T L A AR 0 A0 A7 0 1 0 R S Bh AT & 1 4
FEAR IR IL . 40 M 2 A i, 0T T 0 T2 08 2 AF
I 7 PR, 3t AT Be SR B N B A oK IR T i
RORA R, 5 808 A K A, 4-HPR 2258
o T e 200 B I e R A T I R T TR T
7 A AN 8 A0 B P 0 T A e o O T
.

ARSI T A-HPR 5 0 #5 4 K B¢ Al 9
240 it EL A AR A B b R A D 2 B A A R L A
& $4 BEL i 0 5 20 T, L AL AT AR S 4 B N T
o4 7 54 3 B 1 T A

4 FlEmmsR
Ji A A AR SO B AR AR 45 vh 28
[Z % x #]
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