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BE BB WESTAR T HRE (Sodium phenylbutyrate, NaPB) X ZLHRE MDA-MB-231 41 B8 58 F1JE T 95200 , 1) 4R 58 Honl
REMITEFIMLE . ik LIORTRIFIE NaPB (0 mmol/L.2 mmol/L F14 mmol/L)ZbFRZL I MDA-MB-23 1 40 fEAR -4 752 45 434 -
XTHE4 ,2 mmol/L NaPB 4l 4 mmol/L. NaPB 4 o >R VU FF A 2 s 66 ol et il S 17 b €003 CMTT 2 ) A I 5 & L A 2 B ) J4 L 5
0 A P AT SR 200 L 1, 87 FH R 11 B B (Woestern Blot) Rl P T-AH I 75 19 B AN CU84/ 1 -2 (Bel-2) \Bel-2 4
X A (Bax) FIFLIRIES &) AL 1 (BRCAD B AFRIRMIKT-. 558  NaPB fE I 2406 2L AR MDA -MB-231 4 (1) A= 1< 4
B, I IS A0 T, X IR ZH 2 mmol/L NaPB ZH 114 mmol/L NaPB 2H . 98 40 i 98 1= 28201y (4.25+0.89) %
(14.11+2.98)%1(32.73+1.89) % , P ¥ LU 44 25 78 Biit2# 5 L (P < 0.05) , NaPB R[5 SR T-AHCE (A Bel-2 kK- TR, 1fif
Bax &35 /KF-TH5 , NaPB FHL IR VR HIZE S il i 4 rh 26 B0 sE B . S50 BRAAH B NaPB 7] i 25 F 1M BRCA L R I RGL, 22 5
BEIFEX(P<0.05), 45 NaPB Rl ZL G AN A A S AR T, HAEFHPLHI T BES5 NaPB T BRCA 1 6557 ¢,
KR FLRMR ;s R TR, BUMRIRS T TS AT, BRCALEE MR

Effects of sodium phenylbutyrate on proliferation
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Abstract: Objective To study the effects of sodium phenylbutyrate (NaPB) on the proliferation and apoptosis of human breast can-
cer cell Line MDA-MB-231,and to explore the probable mechanism.Methods MDA-MB-231 cells were treated with different con-
centration of NaPB (0 mmol/I.,2 mmol/L. and 4 mmol/L.) , and assigned into control group,2 mmol/L. NaPB group and 4 mmol/I.
NaPB group.Tetramethylazoazole salt microenzyme reaction colorimetric method (MTT) assay was performed to detect the prolifera-
tion of MDA-MB-231 cells.The cell apoptosis was tested using flow cytometry. Western Blot assay was carried out to examine the
apoplosis-related proteins Bel-2,Bax and breast cancer gene 1(BRCA1).Results NaPB significantly inhibited the growth and pro-
liferation of breast cancer MDA-MB-231 cells and induced apoptosis of breast cancer cells, the average apoptosis rate in control
group,2 mmol/L and 4 mmol/L. NaPB group was (4.25+0.89)%, (14.11+2.98)% and (32.73+1.89)% , respectively, and the differ-
ence between the two pairs was statistically significant (P <0.05).NaPB decreased the expression level of apoptosis-related protein
Bel-2 and increased the expression level of Bax,and the anti-tumor effect of NaPB was more obvious in the high-dose group.Com-
pared with the control group, NaPB significantly reduced the expression of BRCA1 protein, and the difference was statistically sig-
nificant (P <0.05).Conclusion NaPB can inhibit breast cancer cell proliferation and induce apoptosis, and its mechanisms may
be related to down-regulation of BRCA lexpression.
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FUBR R 2 R Ve v WM 2 — ., FUBIEARMERIRYT Ok FUE SHR T i 4 o
7 F [ LR A AR I PR AL AR 320 30.69/10 7, Mg AU L BRI A= 1% Joa el Sfe 1™ EE A S, L
7 2 P IR B, SRR AEAROCIE RN EE 5 BRI IR T ST A e i — 24 =
A7, 3 B ZLIEIN N R 2 7E 45~55 %, JT SLAE 2K T R4 (Sodium phenylbutyrate , NaPB) J& T 2K
FURBE Ao A B B AR e, HRT PR b T RRER R HAT A Y I —Ff, NaPB ] i i 7 ] DNA
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ol et A4 1 A R AR A IR R R R T R R
Yo EE A o] B 5 FL AR I8 55 IR FL ] 1 (Breast cancer
gene 1,BRCA1) A 4, BRCAT J&—Fhilim L 4,
H it ) BRCA1 8 7 LI 19 &0 TR iR dT
KGR S T EZAEHS . NaPB X FL AR 40 i
A B (%) 5 e B AR FHAILRI 6 JCHf b 2538, AR5
5T 20184F 10 H 2= 20194 1 A LI MDA-MB-231 i
LR F 5T X 52, $35F NaPB X L B 982 40 At 384 5 K o4
TR [A] B 38 3 43 A7F NaPB X BRCA1 £ FH 35
A SENAR) ARG HAE LS

1 #R5HE*®

1.1 FEHBEF A FLIRE A0 MDA-MB-
231 JHAEARIE A v B 2R B AR 5 i 4
FLBE IR 0 o NaPB (i 4 4 0k S0k A RS Fl A
7E L S 20171105) , BT REEK S R4
ML3% .DMEM 35 5% 3 L 0.25% i 85 (H g 0 T 35 E
Gibco Life Technologies 73 7] o 3-(4,5- — F JL g -
2)-2,5- R PU R R ER (MTT) % (36 [ Sigma
oy E A R S R . M2128 - 100MG, #it 5
20180212) . AREEXER [ V-SALHIRDEOE = /ML IE
(Annexin V-FITC/PT) X 4% vk 20 i 9 1A 3 7] &
(bt e 8 A= 9 B R B A BR A |l A 7 dit 5
20180503) . BRCA1 HLA (%1 ab213929) | B 4l s
IR EL IR/ 1 I -2 (Bel -2) AR (445 ah32124) | Bel-2
A2 X A (Bax) HLK (F5 ab32503) \B-ILBh &
(B-actin) PLIA& (F15- ah8226) i AL W EEEbRIC LU 2
U ZHURBHAR A AW B AR 0 1L R P R Y
W F 3 HhT () R I A RA T

1.2 HREEFFRAR AL 40 R MDA-MB-
231 RT3 A 10% 645 135 1 DMEM SbE 5 2
o SRR 100 U/mL 7575 2 1100 me/L 14
TE MR35 T 37 °C L5 5% 1 A AL
95% W M REFRAA R, B AT, FH 0.25% (1) JHEE
At I A AB AR L 250 i B A1 A LA £ NaPB Ak
PR BEGHRE AN | B 1 o B A S S

1.3 MAEEERMEMERRNILEE(MTTE)
MR IEE A B T K MDA -
MB-231 i ffg 322 Fh T 96 FLAR H (20 L ¥k & 5.0x10%/
mL) , i 85 575 AR 5 2 1 NaPB (0 mmol/L,
2 mmol/L F14 mmol/L) Kb ¥ 24 h 48 h F172 h J5 #E47
Wy, MAE S AL, LA S mg/mL 1)
MTT 20 wL,37 CHFH 4 h & i8558, 3 HigRs
FLINA 150 WL —FF 3LV A (DMSO ) I/ MTT 45 &
FEIRZ G TR ) 10 min, SR 5 TEREFRAY 126 $E 490 nm
WA e D AL AOEE B (OD) B, MTT iA15 3

B HMIERTFEL A ODERY B FLFIME ., dniEsEsg
FENG % = (25020 71 OD {f /%] R 4H V-1 0D 1 ) x
100% , S5 A &2 3 1K

14 FEREMGENEET Kb TrEvE K
I MDA-MB-231 41 L 1.0x10° % 30 T 6 fLH
b PEFRERT SR E 48 h 5, 1 500
r/min B0 5 min, WA, DA F 22 e 4,
B, 25 B T 500 WL FAESE Wi (Binding
buffer) B V7ML, SR 5 PR T2 EhRIE, JEMAS pul
Annexin V-FITC, J5 1A 5 pL PLAGARICIA W , 5%
BRIRA), SR ARG E 20 min, T 1 h AT
A TR

1.5 EBRETEERNAT#HXEA Bel-2.Bax
BRCA1 EARIFRIE WS & 24 i, iR 9
FA 3R B S 45 A D0 I T vk L S M R B 2 4
) H AR B 1, 32 18 BCA & A FUE ik e ek
Ui B PEAT S 56, 0 5 4% 28 40 i 1 H s 28 A R Y R
SR JG A HE I . L REANER S UEA T e SR R A -
5 TN 4 T Mg 958 J W Tk (SDS-PAGE) 43 5 4% 4H % A
JoT, I PR 8 A B I B 4500 B S 28 SR A 9
LIFME(PVDF %) , 341 J5 943 3 S5 BT Bel-2  Bax
BRCA1 Fl B-actin —HU & 4 C/KFHESN %, FEAIA
5B A A AR 1E Y RO, PR AT S
fifi FH BRAR i 81k ) B (HRP) - 38 58 4k 2% & Ot 7k
(ECL) #4755 , f# JH B-actin £ 0 N S HEF T AR &
TR T

1.6 ZitFEAE  WHISPSS 20.0 B T4
SR R AT . st R BE Y D £
TR, Z ARSI LR 2 07 225087,
2221 8] 19 7 A EE 3% ] Bonferroni &8 1E 7, P < 0.05
(PP LU P < 0.016 7) Fm 22 A G4 3,

2 BB

2.1 NaPB Xt MDA -MB-231 28 il 3% 38 i& /1 89 &
M SCERARHE NaPB A9 7 & (0 mmol/L. 2 mmol/L I
4 mmol/L) AN [F1H5FL 58 MDA -MB-231 48 fifd 5324 Xof
820 (0 mmol/L NaPB 4l ) , 2 mmol/L NaPB 2H 4 mmol/
L NaPB 4. MTT 5C55 25 5 % B NaPB 1 F T MDA-
MB-231 41 24 h 5 , X B84 .2 mmol/L NaPB 41 4
mmol / L. NaPB 21 4 fl A= 17 % 43 Jill iy (100.00 =
0.00)% . (82.05+7.11)%H1(67.46+4.77) %, —£H A Lt
KWERAGIFE X (F=32.174,P<0.001) ;48 h
J5 X BEZH .2 mmol/L NaPB 2H 4 mmol/L NaPB ZH 44 )it
HE 72243 5124 (100.00+0.00) % | (74.33 £4.46) %
(58.75+5.12)%, =] L ZE R A G E L (F=
82.864,P<0.001);72 h J5 , % FE4] .2 mmol/L NaPB
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ZH 4 mmol/L NaPB ZH 4 it A= 77 2 43 51 24 (100.00 +
0.00)% . (70.63+4.26)%#1(48.98+3.59) % , — 2 [i] Lk
NERAG X (F=184.127,P<0.001), %45
JHRIR NaPB 1T 52 & 10 H] MDA-MB-231 41 ifg i 384 51
15 77, HLRf A 7R e R e i v A S i a3
2.2 NaPB X MDA-MB-231 ZRBEUA T-HI 00 i
I A 27 46 MDA -MB-231 41 it 3 145 5 (&1 1A)
ZEHH  XFHEZH 2 mmol/L NaPB ZH 14 mmol/L. NaPB 21
A B IR T3R5 )M (4.25+0.89)% . (14.11+2.98) %
F1(32.73+1.89)%, = L ZE A GIT2EE L (F =
166.668, P <0.001) ; "4 4 Lt %% % ] Bonferroni #¢ 1F
¥, 2 mmol/L, NaPB £H 11 4 mmol/L. NaPB 2H 40 Jg 4 1=
FIH AR T4 BRZH (P =0.002; 2 < 0.001) ;2 mmol/L
NaPB £ F114 mmol/L NaPB £ Fb 4525 8 G it2fam X
(P<0.001),

Iy FH 2 11 5T B0 A 0 O T A G B Bel -2 19
FER A ZE R FE ], X PR ZH 2 mmol/L NaPB 41 fil 4
mmol/L. NaPB 2H Bel-2 2 AT K FE B 7351 4 (0.78+
0.02).(0.58+0.04) F1(0.39+0.02) , =4H LB = HH
it X (F=162.437, P <0.001) ; 5 %t B 2H 40
k., 2 mmol/L NaPB £H 114 mmol/L NaPB £ Bel-2 f{) 3
B A I K (P <0.001; P<0.001) ;4 mmol /L
NaPB 4 Bel-2 ) 32 35 Ik F 2 mmol /L NaPB 41 (P <
0.001) . JHT-HHEE FH Bax A AT JK BE (B 0T IEZH 2
mmol/L NaPB £ 114 mmol/L NaPB 2H 43 %] /7 (0.26+
0.02).(0.41+0.02) F1(0.69+0.04) , =4H L 2= S H
it X (F=210.437,P<0.001) ; 5 %t B 2H 41
H , 2 mmol/L NaPB 2H #11 4 mmol/L. NaPB ZH Bax B 3%
A HA B 3 (P =0.001; P<0.001) ;4 mmol/L
NaPB # Bax /i) % 35 %5 T 2 mmol/L NaPB 4 (P <
0.001) o #%4H Bel-2 il Bax 25 A Jit EI 3 ik 45 58 UL I#]
1B, DA EEUE 478 NaPB ] i 5 3L IR 8 40 i 08 T,
H )t = i A R i
2.3 NaPB %t MDA-MB-231 41 BRCA1 E B k%

GFSME R T B A DN 245 SR A B, N FH NaPB
J5 MDA-MB-231 20 /it BRCA1 FY &3k i E AL (&
2), %} BB 2 2 mmol/L NaPB £H i1 4 mmol/L NaPB 4H
Bel-2 £ FAHXS K B2 8 43 1) 4 (0.83+0.03) L (0.61+
0.05)#1(0.30+0.04) , 4 L EF AL FE X (F=
117.348, P <0.001) ;2 mmol/L NaPB 2 1 4 mmol/L
NaPB 41 BRCA1 1Y & 35 ¥ B i @& T X B 41 (P =
0.002; P <0.001) ;4 mmol/L NaPB #H BRCA1 F%3k 5
F 2 mmol/L NaPB 2 (P <0.001) . LA I ¥ 2
NaPB 1] 411 il LBt 4t ML i BRCAT 9335, H
sEANHET R,

3 it

7 5 FAR T I RR A M 1) = KR YT
J7id  FUBR I AT AT DLk I R el K
A AF IR TR FOB A S IR 7 FLI R 0 25 ) 2
A EEIGRE L,

VER —Fh 2305 BRI, FE RN, R T TR 3k 4l 4
R R ER , T 5 A AL 45 6 AR S A 2t
Jie 1% SR v HE S, NI A S I A i B, B
HT & A YT PR 28106 20 B 1 00 v 2 I 19 3 FH 2590
SR, RN IR G SET0E B T R 5k S AT A4
ELA W (R0 b e A P, AR P A 45 0 ) ok 9 A=
K REFIERS , FEAEA R 2R SRR (598
AR RS SO RS R LRI AT R A5 ) LA R I
iR (2 B e 1 I ) o 75 A0 43 1k N O
TS0l SRR R K FLAT AR b e A R B RT B
PURLEZS IR A28 1 25 2 Befk B (HDAC) , 41
il ek 20 A, S SRR T, 5 Ak, I I
B R, I DNA B, 3] i Jed 20 B e 7% LA KA
JEPTVER- o BLAN, K T RS S AT A Wb g
i 38 B 50 B AT A i 2 R e v, TR 7
BLPEATET XS FH 2 R0 14 b8 E A 7 52 B8 AF 5% LA 3G IF
HAERY,

H Rl 14 AN 5842 15 48 NaPB 75 FL IR vh i g /8
F A B G382 40 i S 3 25 4R 58 T NaPB 7EFLAR
FRZYIRIT L0 AE N B . 455K NaPB fiE
B R LR MDA -MB-231 4 i il 1458 1% 7, If:
Al YA T, NaPB Al 753 A T AH G H Bel-2 %
IKZKF T B A Bax 238 7K T 55, NaPB BIHL IR 1F
MEGGR AT RABER R, 5L IR
SEILAHRL, NG ZEAE 2 WA 5E 2 B NaPB 1] A5 25U
T FLBR I MCF-7 4l 3458 1% g, Hix e B
)t - S [A) AR 1, LA I PIL T AT 68 55 NaPB - A
HOXAS JEPH mRNA 28 35 7K -5 Wi L R 98 40 B 1
SRR O, WFIE N BLIA R NaPB X 2L 43 41 it
T ZsF B2 M HEAT T IR ARIBIE ST, 45 SR % BN
NaPB J& 1] 5 R FLI AN 25 A A iy, B2
FIUAEISH T MCF-7 41 1) LA T 7 1) 434k, BEAIR
HOmMERR R, [, NaPB R S 0L i gen 20 1t ) 300 4
Az Go/ G I BEL , 5% 1) LR 968 41 i DNA 195 1. 93
Ah AT ST &% B NaPB 1] D) i 2 30 i HER2 PH:AY
LA SKBR3 40 A i34 58 511755 SKBR3 AL i T,
[E i, NaPB A] B4 it HER2 52 1 14 2 v i b A4 i 2
PREAHIATT BRI , NaPB X FPVE 5 p27 &
19 22 T8 1 A o6 {32 3R NaPB (194 H 78
HER2 [P B9 L 195 HCC1937 4 it b A FEAE , HR
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PRI AT A8 5 28 T R R PTI98 VE FH EL AT 41 it 2 0 ok ¢
PR,

BRCA1 JE K 445 1) 2 (1 v] 7B HF DNA i 1%
A2 YR B R T R DR A SR R R 4T R 40 3
WA Z PP AN A A IS Bhad B . BRCALER YR 36
K5 LR AR 1 T F Bt A 24 ) B 1) 52 i)
A BR B, I0AT BRI ST 25 SR A — 3 e, RSl
2% L NaPB 7] W] (i AR FL R 40 M BRCA L 2R 1 3%
KA %45 4R NaPB A i i 415 BRCA & [
KFBHEHUEIER . N, A BT & BUAE Sk 3008
G R AR, 2R T IR AR ATl AT PRI BRCAT 2R
FEIRTM A BiEE 40 A DNA SR P 5E, TG 58 1
S 6L XS IR ) R . (2, A PSR 6 P miR-185
Al DL T 1 JH BRCAT A9 R IR 30 il = BF 3L 98 40 e
BT 2281 o T LR R W] BB J& BRCA1 & I HE
A28 e FPLHER R 1S Y . BRCA1 A
AL 1 [ PR R 412 5 DNA X its &2, iF5%
KU BRCAT JEH A8 1 FL I A\ B T BRCA1 &
P 2k e PR ARG, o B T R VR B R T RE B , 7T
RE XA | R AR 2 R R A i (PARP) 1 il 751 45
DNA 54175 25 9 5 SRy SO T SR AZ B S I ZLAR
A AP T 5 BRCAL 2 5, i BRCAT %
PRI 275 A 75 S FhfoJed 4 i k42 A2 it 2 , 140, BRCAL
Xof PR A A ) R Tt L S TR T T RE

25 iR, NaPB a] 411 il ZLd6E MDA-MB-231 4
Ji A A A S A T, NaPB 1t 2 R FL AR
FEANHE BRCAT 2 R I8 KOV 1% 245 R 42 7% NaPB 1]
fig 38 1 55 BRCA1 2 1K P52 1 DNA i 18 42
AT 2 $ 400 o) g 40 e 348 20 R S R T MR L 3
3 JE: NaPB HTIRE B9 HLH 22—, NaPB /5 ) BRCA 1
WA BN FUBE TR TT VR S S S5 e A 1
HE—2 BRI ST LB

(A 1,2 WA & 6-3)

S22 3k

(1] R R PR, % LU R AR Bt 3 S
A T AR AR AP [ ] AR R 28RS, 2017, 39(3)  202-
206.

(2] ZEW Ao, kB 4E , 4. 20144F b [ Lo ML K S5 50T
SrTL) AR 225, 2018,40(3) 1 166-171.

[3] AL-KEILANI MS, AL-SAWALHA NA.Potential of Phenylbutyr-
ate as Adjuvant Chemotherapy: An Overview of Cellular and Mo-
lecular Anticancer Mechanisms| J ].Chemical Research in Toxicol-
ogy,2017,30(10) : 1767-1777.

[4] BURKITT K, LJIUNGMAN M. Phenylbutyrate interferes with the
Fanconi anemia and BRCA pathway and sensitizes head and neck

cancer cells to cisplatin[ J ].Mol Cancer,2008,7:24.

[5] CBRCABHE i b 6% S 311 ) 9 5 40 BRCA B it 132 T
LRI ] IR R, 2017,46(5) :293-297.

[6] XU Y,ZHENG S, CHEN B, et al.Sodium phenylbutyrate antago-
nizes prostate cancer through the induction of apoptosis and atten-
uation of cell viability and migration [J].0nco Targets Ther, 2016,
9:2825-2833.

[7] GRAY R,BRADLEY R, BRAYBROOKE J, et al.Increasing the
dose intensity of chemotherapy by more frequent administration or
sequential scheduling: a patient - level meta - analysis of 37 298
women with early breast cancer in 26 randomised trials [ J]. Lan-
cet,2019,393(10179) : 1440-1452.

(8]  Wifhus, X% b, S 2R T R4 AT Sl bR 40t s 40t 4
TR IR (1] PR D240, 2010,45(7) :416-420.

[9] JIN X, WU N, DAI J, et al. TXNIP mediates the differential re-
sponses of A549 cells to sodium butyrate and sodium 4-phenylbu-
tyrate treatment[ J ].Cancer Med,2017,6(2) :424-438.

[10] KUSACZUK M, KRETOWSKI R, BARTOSZEWICZ M, et al.
Phenylbutyrate-a pan-HDAC inhibitor-suppresses proliferation of
glioblastoma LN-229 cell line[ J ].Tumour Biol,2016,37(1):931-
942.

[L1] PNERZEDRT RN — P 35 P IS xof L A MCF -7 20 s i i
1l 2 7] U 2 A PR (HOX) AS 35K 52 i A LU [T ] 52 T BR 2 2%
#2,2009,25(13):2025-2027.

[12] PNEA, EUIG , E 80T RRE FLNRIR AN M6 G2 1 s i)
(1] AR AL, 2011,28(4) £ 560.

[13] CHEN W, WEI F, XU J, et al.Trastuzumab enhances the anti-tu-
mor effects of the histone deacetylase inhibitor sodium butyrate on
a HER2-overexpressing breast cancer cell line[ J ].Int J] Mol Med,
2011,28(6):985-991.

[14] KA, PN, BRIV , 55 FLIR S5 O D 1 RIEL IR bl 1K) 2
ISFA R P L o 5 I A BRI B S5 il B A 7 7 AL
WSE R[] P ARRE AL, 2016,38(3) 1 185-189.

[15] XUJR 25, BURKSC, ARSI, A5 11 WA i 700 vy 46 o — BH M 2L A
AR 22 MDA-MB-468 HIMDA-MB-23 i 3% 445 JE i Uk [ .
AR 247, 2016,38(6) :417-424.

[16] K5, A, MR, % FURIEATOCHE N BRCA 1 S 29 £ A2 54k
FPRURVERTTE ] RN S Bs R, 2014, 8(5) :362-364.

[17] 3, Bl , 1L 3C, % miR-18 538 32 HL (5] BRCA 1 ] = S FL AR
ARSI AL ) B AR, 2017, 37(21) : 5257 -
5260.

[18] BARETTA Z, MOCELLIN S, GOLDIN E, et al. Effect of BRCA
germline mutations on breast cancer prognosis: a systematic re-
view and meta-analysis| ] |.Medicine (Baltimore),2016,95(40) :
€4975.D0I: 10.1097/MD.0000000000004975.

[19] VON MG,SCHNEEWEISS A, LOIBL S, et al.Neoadjuvant carbo-
platin in patients with triple - negative and HER2 - positive early
breast cancer (GeparSixto; GBG 66) : a randomised phase 2 trial
[J].Lancet Oncol,2014,15(7) : 747-756.

[20] ol BEIMEp 2R IR TY Z2 A 2 FUIRI & L & bl 2, AR R
SR A SRR 22, ob U P 2 TR ok 2
S P UL B E BRCA /235 BRI R I 5 1 1A o e K i
(20184F RO L) . [ fiE %K, 2018, 28(10) : 787-798.

(g 11 491:2019-05-21, f& [0l F 1:2019-07-22)



