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Trichostain A transcriptionally induces interferon regulatory factor 3 expression
Zhang Huiwen, Zhou Guoping”
(Department of Pediatrics ,the First Affiliated Hospital of NJMU,Nanjing 210029, China)

[Abstract] Objective:To explore the influence of histone deacetylase inhibitor (HDACi) trichostain A (TSA) on the expression of
interferon regulatory factor 3 (IRF3) and the preliminary epigenetic mechanism of transcriptional regulation. Methods: Luciferase as-
says were applied to detect IRF3 promoter activity after TSA incubation and histone acetyltransferases (HAT) p300 transfection. The
IRF3 mRNA expression level was detected by Real-time fluorescence quantification-PCR, while the IRF3 protein expression level
was detected by Western blot. Results: IRF3 gene promoter activity was increased after TSA intervention at different concentrations.
TSA treatment (1 pmol/L) induced the relative luciferase activity (RLA) of IRF3 promoter PS1 and PS6 by 75% and 155%, respec-
tively. Post-transfection with p300 increased the RLA of PS1 by 267%. At the 1 pmol/L and the 10 wmol/L TSA group, the IRF3
mRNA expression was increased by 23% and 39% after 6 h treatment, while increased by 7% and 64% after 24 h, respectively. The
IRF3 protein expressions were increased by 15%, 72%, and 191% after TSA (0.1 pmol/L,1 pmol/L, and 5 pmol/L) treatment, re-
spectively. Conclusion: TSA can up-regulate the expression of IRF3 both on mRNA and protein levels, while TSA and p300 can in-
crease transcription activity by targeting IRF3 promoter region, which suggests that HDAC and acetylation are positive regulation of
IRF3 transcription or expression, and indicates the hypothesized role of TSA in the immunotherapy and antitumor effects through
IRF3 pathway.
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AH VL X 5k ) 35 PR iR 15 Pk 4L EE (1 £ R A T (his-
tone acetylase , HATs ) FI 41 £ 1 2% £ Wt AL i (histone
deacetylases, HDACs) 4 +F 41 & A & Bt 1k F 7 ,
HDAC B L HE A O WS 51 2 o fl, Je e
AL SEAH OG- 15 Y AR 55 B /b 00 3 R
Fbk s L £ S BEAL B 1 77 (histone deacetylase
inhibitors, HDACi) ] HDAC 2% & Bk A& H A i
SR 1) B ] 23R8 AR T . E I 20 M
HDAC 5 HAT 2k fi n] S 200 JE PR 3G A 1 30 il
HDAC A] 3 i 98 5 R 32 38 | 02 a8 s 200 R 0 T, 410031
IR AR DG IR AR G e ok Kok . BRVEI THEE
HDACi & A]VEH T 2 95 S D 32 3k 45 4t i 3
B KMo BETA R 2 HDACE & 4 i AR IR
AR5 B PR I 7697 . HDAC 76 9 J7 1 1)
VER 32 3 ok B 2 M E M, TSA B —Flhiz
HDACi, BE#0 i K 22 %0 BE MO8 M 19 HDAC Jf 3R 4
HAT, A5 B 20 2 F R4 8 1 S ek .

AN THE 5+ 3 (interferon regulatory factor
3, IRF3) &M f YL J5 15 5 T R 2k 19 X i A
T2 F AT T AT FR (IFN-o/B ) BE P 5% 5%, I
T 655 25 JR G J 1 A f 28 AR A5 fo 3 8 4 DA &
o b R EEAEH], BT, OCT IRF3 JEH Lt
e EPLE R B, AR LR R
HDAC ##l7] TSA %} IRF3 %X 15 80 7 5% 5% 4 75 0
mRNA N8 13RIk 15200,

p300 J&:— Bl i WL HAT, 75 2 B Ak 3h 25 8- 5 rh
EFZE LT HDACI, A 5255 = AR A2 A BF A4 5 p300
i F Ak Ok 8 i ad e ak p300 A4 HDACi (TSA) Y
CRACAE T, 40 2 38 58 p300 £ BEAL AR I XF IRF3 1
SFIEME R, ARSI AT C 0 E T A IRF3
FER A% 08 3 F I, IR R BT T 8 3 X 4
JUEBL B AR WE T4 R B X TSA 4% IRF3 B[
() S I ACAIL 4 5 AR R B s

1 #M#FnT %

L1 H#
111 2350

XU ' R 4 A A 3R] & (Dual-Lu-
ciferase Reporter Assay System, Promega /v #l , 3¢
) » Lipofectamine™ 3000 , TRIzol ,Opti-MEM G IfiL 1%
Kt (Invitrogen 227, £HE), o B AL &R
(DMEM ) = 4 5 3% % (Hyclone 2 1), 6 [ ), SEi}5E
H# PCR {5 & (SYBR® PremixDimerEraser™ C Per-
ferct Real Time, TaKaRa 23 H], HA) . JRESHE LK |

TR R R R (BCA ) B 1 vk B2
R & SDS-PAGE B EL il il Fl & (LiBE =
K)o MEA T (BTN D225 A A ), 48 P B0 )
(YA N A ) TG 8 1 Marker (Thermo
ol R E) s B 44 B (PVDE I Millipore
oAl EE); Anti-IRF3 $i4K (ab25950, Abcom 2
Al ) s S d A H I -3 -1 R K A (GAPDH)
HTE BB (Bioworld A F] 2 H) ;A ¥) Zhnic i F
P/ G PR [gG $TIK (Jackson Immuno Re-
search 22 ], 3¢ [H), PCR 51WH [ 024 YA KR
NI A

1.1.2 FiA Atk wmie

XU O 2l A A5 55 DR 43 B A D 5 A (pGL3-Ba-
sic) FIP S i 4 JE K R (pRL-TK) 8 F 52 [ Promega
AF; NIRF3 EHE K FRZLE S FHEA
45 FORE (ST PS6) oA AR B AT 2 b 2 R 77, PST
A IRF3 JE[H 532X -982~+18 bp H BLE 8 FH 4
e ok, PS6 Sk 5 MIFE X TSS | ¥iF-149~-93 bp A
BRsh F R4S R, NE U (HeLa) 41 i 2 11
H & E ATCC, AR p300 i3 3 18 kL (p300) Fi Xt
HRBTRE (p300 2878 ) Ny A PR BLZH DR AT
12 Fik
12,1 sk

FE 1098625 103 100 UL 7585 2 A1 100 wg/ml
R R S M DMEM 85323 % F 37°C 5% CO, 15
FRAR ;A6 A0 A RKORAS R A RO O, 1 10%
Jif A L3 4 T8 XUPT A DMEM 85 5% 3544 (1.5~2.0)x
10° A~/mL %25 BEF A ML 227, & T 37°C 5% CO, ¥ 57
GERE i
1.2.2 BEardE g

HeLa 4 1 #% (1.5~2.0)x10° 4~/mL # %8 T 96 fL
B, AR ERA LN 70%~90%}, 1% Lipofec-
tamine™ 3000 4] 54745 44 . TSA XF IRF3 Ji 3+
PR . LYY TRF3 J5 3+ 44 Bk (PS1/PS6)
100 ng il pRL-TK 4 ng,24 h J& L DMSO A% #& | 2L
AR E TSA T 33235 p300 XF IRF3 Ji 871
PER M . 5% PST 5k 100 ng pRL-TK 4 ng A1 p300
i F 3k FURL (p300 2278 /p300)100 ng, 24 h J& W4 41
MUATRUGE SR WGP 34 . TS 3 RS S
123 W& K F B &

FE2: 96 FLARFL N A8 55 5L 4L PBS W&
Ve 1~2 IR e BEOUUAE ' 3R I 45 25 DR RS W0 3 5) 4 3
WAL A 20 pl LB @5, =i 15 min
o1 200 70 43 240 . R LRI 20 pl 24 LI A
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1.5 mL EP &, A 20 pL 9 substrate buffer, &
A 5 DN E B K PG R (B (A ) s I 20 pL stop
buffer, W57 5 I B W s G2 (B ) ;A/B
B M AR X 6 R B PE (relativity luciferase activi-
ties, RLU) , 545 5 )G il ARG
1.2.4 %8 PCR

HeLa 413 (1.5~2.0)x10° 4~/mL #2750 F 12 4L
He, LA DMSO M Xt BELL  TSA T H4NIE 24 h, DLk
FE 1 pmol/L 2 T LAl v B2, #% TRIzol 156 B 45 $2 B
i fE 5 RNA 005 5 & B cDNA | B T -80°C IR 77 FF
. ¥ GenBank ' A IRF3 # M ¥ 31, &1 RT-
PCR 51%y, MU GAPDH A%, 52i0fE & PCR
FLIE £ - 94°C T ZEME 5 min;90°C 15 5,60°C 15 s,
72°C 1 min,40 E#;72°C 5 min ZEfH, 0 HriT A
IRF3 5K mRNA AHXT 35 7 =2T; AACs= [C(TSA
Tl H i FE K ) -Co(TSA THA NS ) ]-[ Co(O6F 1R
HHEHBFER)-Co (XA NZ) ], 3 RS SEE

% 1 IRF3 1 GAPDH 3B} E £ PCR 5|#1

Table 1 Primers for real-time PCR (IRF3 and GAPDH)

FE R £ B FHFH(5°—3")
IRF3 F:GTCGATCAAAAAGAAAGCCCCAGC
R:CATAATGCCGTAGGCCGTGCTTCC
GAPDH F:CATAATGCCGTAGGCCGTGCTTCC
R:TCCTGGAAGATGGTGATG
1.2.5 %95 ¥ 52 36 (Western blot)

HeLa ZHMi4% (1.5~2.0)x10° >/mL 450 T 6 1L
He, DMSO M X HELL DL TSA T 1 24 h, #% Bk H] &
d B A5 HOAN M B B, BCA 35 1 /8 B vk B, B
40 pg R 1T 10%SDS-PAGE B i # vk , 6 < 100
V #3100 min, fHJ 250 mA § PVDF & 2 h,5%
i AE 2 L A] 1 h IRF3 — 3T (1:1 000)4°C#E IR
B R, PRI 3 UK, BER 10 min, EPTR [gG —HT

Sﬂﬁﬁ 1 =10

(1:8 000)37°CHE R EH] 1 h, YEE 3 ¥, 47K 10 min,
ECL W 5% , ARG, 05 K BEAE
13 %it$rE

I SPSS 20.0 B AF A7 ge it b, SLEe 4
DLB bRl 25 (s ) o . ZALALECR L 2
J7 245701, R LR H Bonfferoni (LSD) K 5, P<
0.05 /R ZRAGITFE L,

2 # R

TSA #= p300 E & ifl4x IRF3 LB B3 F 45 5%
W 5E TSA Xt IRF3 Ji 2+ & M (9 5% | 78
HeLa 4 fifs & Bt 5% IRF3 J5 2 F 4 & ki, 24 h 5 L
ATl & e BE TSA (1.5.10.50 pwmol/L) T 5 , 46 il 2¢
TR WEIE ML W IE & B[R]V B TSA ¥y ] 3
IRF3 4K J3 3l 7 Al A 22 ' 28 Wi i 1 (1 1A), 5%
HEZH (DMSO) M He , TSA T4 (1 pmol/L) 7 P 44 54
75%; AN[FVHEEE TSA v 34 5% IRF3 #% .0 )5 81 4
X5 2 W M (E 1B, 5 X B 41 (DMSO) A 1
TSA THUZH (1 pwmol/L) 1 P38 58 155% , H b % v &
ThiE, ) 8l 5 ' 2 Tl 0 P 1 o i R S e )N
DL BRI R W] TSA (&R EEH 1~50 pmol/L)
Al 5E IRF3 J3 8 116 1, B TSA Xf IRF3 &K AN [A]
Ja Bl DX A LA OR SE A ], 7R TSA
AL 38 3 TRF3 J5 8 1A ] X ek % 4% A [7) 1F 1) % 55 3
PR, ABFSE p300 X} IRF3 3[R 3 30 7 89 7EH
AL YL PS1 Al p300 2o 235 Bk, 5 X% B ZH (p300 %
AR ) A B i IR A (p300) 26 0% K i IS M T R 267%
(K 1C), &5 200 B A= A p300 7] & 3 3% 5k IRF3
SRIF ST, K4S TSA 50U LEER
2.2 TSA LA IRF3 A B mRNA £k

KO TSA XF IRF3 5 mRNA ik 5200
LA TSA -7l Hela 40 M % , 17520 & & PCR i il

2.1

ks sk

ARSI R TR 1

A B

37 47
= 3
Ha e
2 54 o &
R R
= =
= z

0 : . . . .

DMSO 1 5 10 50 DMSO 1

5

T T
10 50 p300787E p300

TSA( pmol/L)

TSA( pumol/L)

AR TSA L IRF3 24K 5 2h 7 (PS1) W6 M s B W He & TSA L IRF3 #0585 F (PS6) i M, 55 % R 41 (DMSO) A [t ,"P<0.05,
“P<0.01,7'P<0.001 ; C: ¥ 4= 8 p300 345 IRF3 424K 5 3 F (PS1) 6 1, 15 %5 B2 (p300 22748 ) A 1L, "P<0.05

E 1 TSA Ff1%F 43 p300 Xf IRF3 & E /3 30 Fid &R =0
Figure 1 Effects of TSA and p300 on the activity of human IRF3 gene promoters
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IRF3 3£ mRNA K (E 2), TSA THi4iM 6 h, 5
X HE 41 (DMSO) A H , TSA T+ #i 41 (1, 10 wmol/L)
IRF3 5K mRNA AH Xf 5% 35 5 43 51 35 I 23% 39%
(& 2A);TSA T-Hi4uf 24 h, SXFBEZ (DMSO)AH
o, TSA FHi2H (1., 10 wmol/L)IRF3 3£ [ mRNA #
X ek A N 17% .64% (& 2B), TSA Tl 6 h
57 24 h J§ mRNA KPRl S [\, 2k
sy =X, $8 TSA FT IRF3 mRNA ik 7K,
1E [ A IRF3 366 R 5% 5%
23 TSA iR IRF3 AHE &G £k

g E— G TSA % IRF3 25 /K89 5200, L

A

2.0+
I
P
® 1.5 I
= B3
=
=
< 1.0-
Z
:
E05-
24
==

0.0 T T T

DMSO 1 10
TSA(pmol/L)

DMSO X B AN Al 24 B (0.1,1.0,5.0 pmol/L)TSA
K19 HeLa 400 24 h, Western blot #:l IRF-3 & H
FEIRIKF (| 3), KB TSA 171 24 h J5 IRF3 &%
IR B SRR RO ;5 0T BEZH (DMSO) A
It ,0.1.1.0.5.0 pmol/L. TSA 43 %) Ft & 15% .71% £
191%, 475 TSA Al{E gk IRF3 8 [ &k, H K
T, TSA AIIE [ R4 IRF3 KRS,

3 3t it

IRF3™“JE 187 IFN-o/B 3 [H] 3 15 14 & % S IR
F UL EE AN EB R SR AP e ) T

B
]
i
X T
1.5
= sk
=
< 1.0
Z
a1
g
) 0.5
==
0.0 T T T
DMSO 1 10
TSA(pmol/L)

AR TSA (1, 10pmol/L) T 7l HeLa 41 fitl 5 6 h, S5 Hf & & PCR Kl IRF3 3£ mRNA 7K F ;B AS [7] ¥k £ TSA (1, 10 pmol/L) T i
HeLa 41 & 24 h,5£0} % & PCR A0 TRF3 3£ mRNA 7K1, 5% B 41 (DMSO) [t , "P<0.05,"P<0.001 ,
B2 AEKRE TSA 3F IRF3 & E mRNA 7K F K20
Figure 2 Effects of TSA on the relative expression of human IRF3 gene mRNA

GAPDI| —mer o e e
ORMDL3

4

il *

0 21

yninil

%
DMSO 0.1 10 50
TSA(pmol/L)

*

IRF3%&

AT He B2 TSA T 1 HeLa 40 8 3 24 h,Western blot K il IRF3
R IR AR E B 40 0T, 5 X6 B2 (DMSO) 1, "P<0.05
3 TSAX IRF3ERZHRIZMZM
Figure 3 Effects of TSA on the relative expression of
human IRF3 gene protein

B RZ ORI R R e L JE L IRF3 5 S T
Yo Feah ALK G G R n vk e e 7 el s
IRF3 2400 B R 98 AE 1) SC B SR 718 R IR
HATI WA FIE T IRF3 3 N (0 5% s 25 pL ] . 4
# IRF3 Ja 8 72 e & AL kL, 8 T IRF3 5t

PR A% 0 0 3l X3 90 20 E 55 TRF3 RS 3l 1
—149~-93 bp F BEA74E E2F1 1 SP1/3 % 5 R F 4
B B eSS L i — 2B oY 2 B EB R
B 0 8 1 Rea 1] 38 3 7% 5 T E2F1 i) 4 4%
IRF-3 JE [R5 50

AL AT ST & B2 HDAC TR ER A o] 42
i H3 \H4 19 B K P I B TRF3 B RGA0 A
WF5E % B IRF=37", HDAC6™ /)N LAl LK T 40 B
LPS 175 5 (W WML AE | 1245 542 7R TRF3 X4 & A 5 1
G LG I AR T R EELJHATEH ;. B HDACG6 &
IRF3 5 s S0 (0 o S 10 38 A 23 L L H
AW R EE (JEV) &G /NRUS HDAC B4 ER 2
Pk Ak KSR g, IRF3 A 589 1 2 IFN §94:
B I, Al F HAT 2 5 42 i 1 AY IFN, iZ 40 58 42
NI HDAC 7] 38 i IRF3 3 & ¥ 50 R b 2 7
M 53N — Tk g & 3, 1 #i8 HDAC3 n] 38 i
PI3K-IRF3 il % , % 5 IRF3 # fR 1k M 1 4 F
galectin-9 JE R FA 12 DL 5L B3R ZBEAE HLAI
1 IRF3 5: K ) &% s i 2 op B FEAE T, SR 2]
H AT~ 1k TRF3 5P 1 WAL I 45 B i AT 2
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A 5T € 2 HDACI (TSA) Al HAT (p300) A
WESEXT 42, TSA 1 p300 ¥ HAT1E O WeAL/E R, 74
P O B SR B RAE . A B e e A i e
2 (131G Sl Y F RN NN Ok BRIz Y 3 E i
Foak L TSA dE A 5 3 PR 52 3 (NCT02486965 |
NCT01954433 NCT01575106 .NCT02762903 .NCTO00
914173) 1E7E #4783 E £ 58 B (http://clinicaltrials.
gov) . p300 "] Z 5 IRE g MIE5 s 4k P T DL R R
HARE Y, R I 7E 50 e 9% B by Hh kAR
o LUE 805 Hela 4088 R A58 IK 5, TSA A LIS
TN #5i38 HeLa 40 IRF3 mRNA FIZE %Kik,
DAL LG A0, — 2 MR BE 9 HDAC v] 3@ i 19 IRF3 %
ik TS 5 S P P EE S s fE A .

ARV BE TSA T AT 34 hm IRF3 44K 5 2+ il
WU JE sl F 6 TSA Uk B3 T, 4 K 8 716 1
TE 15 1 i 3 TG B S AR T A% O i B0 36 A 8
JE B W 08/ s TSA U FE A 1 pumol/L 1, PS6 i P
BPS1 JHm iR U o 3 8 7O R XA
TSA Z B A i /E AR, g 3 F A A Bedd
HEH OB AT EA— 2, [FA IRF3 3L 57
321X %% S 0 07 4 137 -982~~150 bp A Bt vl B
£ A A AR oo 4 2 s SXPE IR 72 5 TSA
W AGEHFH KB . 78 IRF3 .0 R8T IX
B, B SN F SP1/3 30HG TRF3 S5 5 E2F 1 9
Besk . M SP1/3 J&ZH & 11 H3 AHOCHE SR 18197 1A
Bt — 25 BF 5% DL UE A5 A8 . (DTSA 7] 38 4 5 i 5% 5%
K F SP1/3 Al E2F1 5 IRF3 3 [H 1 45 4 fig 1 0 %
IRF3 5 [H 5% 5% ; @TSA 7] 5] #% 55 1 SP1/3 Al
E2F1 4Bk, MR T il ss st ds . i ik
p300 J& ,IRF3 &K JE sh it n] B35 e, gk — 2
TE B F 2Tk Ak BT OF [0 45 IRF3 JE R4 5%, (H 2
S p300 A1 TSA —HEB B A2 L BEAL | 1E 17 45
FEBE AL {E p300 B T RERS T4 B (1 WAL, B
RE(HVF 25 N kb s b4k, p300 i Al 5 Ets-
1 .CREB p53 NFAT 1% & H-1(AP-1) il 77 : Fos #l
Jun FEHESR N FIR I sk E A0, RS 5 RN
B S 080 SRR ML &2 22 B 2R, 0 HERR p300
Z AR AL DA A At 3 0 Al 2 08 18 45 [N 2R A9 5
Wi, J5 S 6 P 3R T K I TSA T 5 8 11 2 Bk ok
- Je IRF3 A )5 2 7 X 41 8 1 (H3 H4) 2k kK
45 LA W p300 7E I H IRF3 JH 8h 7 1 1 LA
HAT 15 12 3238 02 5 HAh 3% 5% 7 B iU sk 2 &
WYy R AFEVET 3

R LRTHR, CmEAR TR R IRF3 B N 4% 5 K

S5 P B EEHLE Z —  HDACI A] B2l & IRF3
S5 R DU R S BUMRE AR B
AW TV R A7 B T 4 BT 936 J7 #0 , XT BF
il 57 LRy S HDACGH 25 %) BoA S 24 T 0 3
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