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Arg282, pS3 RN 4 AR —2Kh
DNA Z54 M54 (U1R248Q. R273H), I5Ar
FHE R p53 25 15 DNA B3 fil s, s 273 67
FEE 248 RS E R K A58 78 f5 , FhM Fgi K A FH ik
55, JFHXI DNA W ERU BEAREE 2=k 57—
RGNS I SRAR ] AN SR (a0
R249S. G245S) a4 A BT KA L4 (o
R175H., R282W) ZE7F, UWIR175H i 1 &4 )5
BiKETE S, (A ERR A5 L2 F L3 AN TR,
S8 pS3 A O A A EON K 2 ThRE B pS3 K
HEZLIURIKAIE A, % pS3 KAERD G
SRERTEME R E R, AR
R, WHHMWERNAE, RIS SRR, IR
SR, IR R E S AR YT & 1 A & S e
AEJ) o
KEMPFRC LA, /M FALaYnfE
i mutpS3 ARG, FIA N F R Z R
mutp53 454 0] LUK &R H 5 DNA 1456 DiRe & 14
BUMIEAE T 7o X b 58 AR G U A 1 A K
H B S5 nRZ s, ity PG ik E
mutpS3 L L T AT REME . T 5 AR AL ps3
(mutp53) £ 8 20 i il A A 23k, NI AR
Sk DX 1E R A LA — A R S M B MR 2 e
A Y24 K1k, HA PRIMA-1 #9477 4 ¥ APR-
246 AT IR 25 1, Ik, 2% PR
mutpS3 VEEEIRIE . AER ALY, FFAEREZXR
SRF=N), T ELRSR =TT 259 S B0 Hh e oAt
AT FB AN, BN RRIE Y S
FAWFFEHL ) mutpS3 (LAY HA AR L,
250 R (andrographolide) J& M % /0> 35
(A. paniculata) THEREEEY), ZF0ER—FME
e gy, e E RS HAb b X 9l R k16T
— RIS, AUEE . RRUBMCTT R ETE . b
P S SR e A 22 100 eAh, e A bR
P . BUET- R RV ER,  UNAERT R i
TR A5 A e i P XU Sl AR L
ARG PR TEERRI TR Y R A2a
Z ARG Nrf2/HO-1 848, KIFEPUAALBH T R SE 0
Tifie " FEHUINRE Oy T A B0 AT 3 A g
SEREAA 00 s AS49 LA TR T 15 tkAh,
1t DL p53 i 7 = i TRAIL JET-524K (DR4 Fil
DRS5) Hii] T24 155 Jbt 98 20 At 1) 1T 7% A 3 caspase
PRI T . A REE I COX-2 Fik K

21 p300 5 53 [ F VEGF i A2 30 ) FL Mg & 1k
kR, HFNBERAZRE C8161 A1 A375 4
A G2/M HIBH i A S i LA g o i
mutp53 1Y i 40 i, BT DU S VR e R A
(Hsp70) MJFRI5, H4hN Hsp70 5 mutp53 & H 1945
A, MR IE ps3 (I B RR e e

AHIFFEAE FEAT RO 1) mutp53 H I 77 A 07 1k v
KL, ZE0TE N R AT BEVE N mutpS3 TETE AY B IS
I, LT T 20 N R AE PR S mutpS3 1 DI fE
T HPTIIEAE o 34 K B A0 P e 1T RE A 1 572 1
Hsp70 A 235 AT LT p53 T i 40 L IR i & 4% 0 i
RAVER . ASHFSE 9 4 1) mutpS3 HIZ5 M) & 14—
FEMESARYE, FIRHEY R T 250 N BREDT IR
AF5 77 18 4 R AR

1 #M#EIE

1.1 SEIe#rRl

NZ5 19 HT29 . N FLIE SK-BR-3 . A Jififi
H1299 40 A R R4 ; H1299(pS3R273H)-
WT PUMA promoter BS2, H1299 (p53R175H) -WT
PUMA promoter BS2 4fifffd, 203K . PRIMA-1
W4 & Selleck 24 Fl 5 FRA-IMLTE . 1640 K5 37 504 &
Gibco AN &) ; DMSO (IBf#25%1) W H Amresco 2y
Al ; Secrete-Pair™ Dual Luminescence Assay Kit Il
H GeneCopoeia /A7) ; CHIP, p53. NoxaHiiA&l H
Santa 23 i) ; PAb1620. PAb240 Hi 1Ay [ Millipore
/NHl; PARP BUiRIN H CST /A F]; MDM2, PUMA
POk H Abcam 28 F] ; p21 HLiR G H BD A Al 5
Hsp70 HiiRIE F CST A Fl.
1.2 IWHE
1.2 4iffussEgs

A iidEE H1299 (p53R273H)-WT PUMA promoter
BS2. HI1299(p53R175H)-WT PUMA promoter BS2
LR E o DNA SZHE R, 4 PUMA J5 31751
I AR XR A5 H N 244 pEZX-GA01 B GLuc % 45 3
R B, O3 2 AR o 1A Y45 3182 2 2R3k PUMA
JA B FOOCEBHR S SR RS, Rk G YT
20t i A R Rk B, W] ASRAE pS3
PUMA JA 3 MG 0L, VBN mutpS3 B IHE 1Y
ek e . DL A 25 I8 HT29 . SK-BR-3
YN IR T 10% 4= M5 19 1640 15356, B
F37°C. 5% CORE TR 55+
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1.2.2 MTTZLE

BUERORAS RAFAARME, FH 0.25% H I 1
AL S R R e, BRI B, R —E
(14 20 it 2 e P 1) 96 FLAR R (N TR) ) 4 i 15 S
[P ), 37°CHEFRA TP R IR Z0E
R BRSOV RS (0.1, 1. 10, 50,
100 umol/L) 3N fL, 37°CRiFM P EIR 72 h G
ZRBEFE AL S g/L MTT KR 25 ul, HCE T
WigeAi 4 hy LERA0MIEW A 150 pl DMSO,
B THIR 4R 10 min; ZIRERARY (3E1E Bio-
TeK) {5 490 nm P I 4 (E . AR E 1) 4
(BT T, R R AN AR XA 5
1.2.3 XTSRS S0

AR KRS B4 A9 H1299 (p53R273H) -WT
PUMA promoter BS2, HI1299 (p53R175H)-WT
PUMA promoter BS2 4l Jif1, ] 0.25% A9 R 1 il
R e il AR M B, IER RO, IR —
G % B R AP 2 24 LA O TR) ) 4H i AN [
ML), 37°CREFRA IR A 108,
20 pmol/L ZE0YEMNIE . 50 pmol/L PRIMA-11E M 1F
X (2 LBESEE N mutps3 BRG] A
24 h, WHLAM V5 )5, 8 4d Secrete-Pair™ Dual
Luminescence Assay Kit 47 H X5 Gl G R
1.2.4  AnnexinV/PUSUALAG I 20 i i 7~

BA: KRS B IR HT29, SK-BR-3 4 il # T
WA T I 6 LR, FRANMRINGRES, FHZR0E
PR (103520 pmol/L) #b¥F48 h)5, 1xPBS A
YR, A 0.25% KA O3 EDTA) Wik, 205
AR FREL LA, BRI, PR E R
15 ml B0, 4°C, 1000xg, B5.05 min, % [
i, HIxPBS EAEAMMIIIE, B E1.5ml EP4E
1, 4°C, 1000xg, B.0>5 min, ZRJE M4 T
M A EMAESAF, §25%5 . FXP021) fii
FHULBHHEATY A, G R 20 min, BAE0A N
ALk Yeta,, R HBD Accuri C6 i U4 fififX
HEAT RSN L R s A g it
1.2.5 BRI

BA: KRS BAFAY HT29 . SK-BR-3 41 il T
WA B I 6 LR, FRANMINGRES , FHER0E
IEE (105520 pmol/L) A4b¥E48 h)m, 1xPBSyEV
gif, FEEWR (5% Z KB 1xPBS : 20% b=
6:3:1) [HFE 10min, 5% BSAZEREH2h, fin—
PLPAB240 Bk (U ZEAE A p53) . PAb1620 HLiAk
U B A= 7 p53) W H 24 7%, Nl Goat-anti-mouse

488 (Lpot) ZEPr, WHEEEMFFE 2h, 1xPBS
VeV, YDAPI, ZEFEE 15 min, REEF, 1
A, WO N AL FE HT29 . SK-BR-3 4 it 5
PAb240 (52745 p53) 5 PAb1620 (iHHEF A4
Hp53) Kk,
1.2.6 HPEENIL (Western blot) SE56

ZFOEMNEE (10 58 20 pmol/L) 4k B J5 14
HT29. SK-BR-3 4l fitd FH 4 it 1) 1 I Wi 5 4 i &
W, 1500 r/min 2.0 5 min, JJ IxPBS {& ¥k 17Kk,
A2, PR S R A . ) 12%
SDS 5 N M Tk e B e o M B ff AR A TRLDK , LTRSS
W H B E R W W LM (PVDF ) ,
F 5% RS Uk PR 1 b, fiInA—r4°Cid e,
IXTBSTVEE3 K, IABAR L S AL Py il bric i —
P, B E 2 ho ARG R A
1.2.7 4 S RNASEHLE

20 3 N R (10 8% 20 umol/L)  Ab ¥ J5 1
HT29. SK-BR-3 41, FEEIHEEFRILIFAIT ml I
R IxPBS SE4MEUE. SRJ5, JILA 1 ml Trizol 24f#
W/ RAVEHE 1 ming 1 mlfE R as I 2
WO, o 200 i 5 RE K 20 B B e B =LA 1Y
1.5 ml EPE Y, FESEIRBERIZIIRG 30 si5, VKt
HEEFE 10 min, SRJEIIA 200 Wl &5 . FRKIR
JEPR Y 30 s J5, VKB Th R EEE 10 min, 4°C,
13 000 r/min &.0> 15 min, #f_EJZ/KH (RNA 43 Fi
LR BECHRAH 1.5 mBL.OE T, A
R TR SEINEE, ForRAIE, A —-20°CUkAf
HEE 30 min 5, 4°CF 13 000 r/min £.(> 15 min,
INOFEE BT, 1 ml 75% 28 (JH DEPC /K i
) BB EEWEVERNATIE, KRG 4C, U
8 000 r/min &5.0> 5 min, /N3 B FTHREM
BT PRI TS e L E OB SE 2
K, AL DEPC /K RNA ULTE, FEMMTEZ
UIREREAR Y (Bio-TeK) ARk, HMHT
JE SRR T -80°C A H o
1.2.8 SLHYEEE EPCR

SR Z . 4 ul SYBR Green, 2 ul FiiF5|4)
(1 pmol/L), 2 pl F#ESI4Y) (1 pmol/L), 2~5 ul
DNA #i#z, /i1 ddH,0 & 20 pl, WS4 Cycle 1
(1x) . 50°C . 30 min; Cycle 2 (1x) . 90°C .
10 min; Cycle 3 (35%x), 95°C. 155s, 60°C., 60 s,
95°C., 15s; Cycle 4 (1x)., 65°C, 60s; 95°C,
15 so AR 3 WK SLG TS B 4 26 8 CAF-YME, 8
i 27 I PR A Rk
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1.2.9 RNAFHL3LE:

Xop A K HT29 . SK-BR-3 41 fifd 4 1k 2 4%
1RV A B A M, Fe B Rds 8x10° 1>
Y APFEEFRML (60 mm KLAK ), FFLA 1640 5 445
FRILWG R TN I 2 5 ml 5 K 40 i B T R R 4 B 5%
EWH ., R A N 60%~80% AT, Binf
Bt 47 siRNA/ShRNA #5434 o & 4, % TransIntro™
EL 5 YL A 4°CHUH R HIGE 5 2 1.5 ml 2504
i HRE 2=, RJFECEKKBRER
500 pmol siRNA/8.0 pg ShRNA F %£45 500 ul Opti-
MEM 153235089 1.5 ml EP 45, BRBRIRA . R,
A8 pl EVRE 25 R 1Y TransIntro™ EL ¥4 445
PRI A 5 76 H IR E 20 min, ] % siRNA-f%
RANE G BRI ARG TR 5O, 57k
IHEE 35 3L 5 A 5 ml# & Opti-MEM K% 35 3,
SIRNA-F Ll &2 G o tg = ai b, i
ST R IR AR 6 he )5, ¥4 Opti-MEM
ok 1640 SE 43R, K ANk 72 48 h )
W AR 2 1 BT AT A R B 3 S 5 A I T P O
siRNA NC 5 siRNA Hsp70 F Bt (5'-AGAAGAAG-

@ H1299 R273H WT PUMA promoter BS2 cells

treated with various compounds
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=
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GTGCTGGACAA-3") JEm M4 YR A B
IS AVERE

2 & R

2.1 FOERNEEXmutps3EH EHEER

T REE R AR ) rh TR mutp53 W TE Y HE
G R F, % mutps3 (R273H MIR175H) %% A %
H1299 (pS3null) ZHfarr, [FESHE PUMA J3 8 +75¢
2 Tl 41 A I R 2 A k) A 2 A i R A T H1299-
p53 R273H-WT PUMA promoter FI1 HI1299-
p53R175H-WT PUMA promoter BS2 %2 <& 41 Jitd #%
JEHRE T —RINKRUEY . SR KINGFOHEN
fis (20 pumol/L) 4k ¥ HI1299 (p53R273H)-WT
PUMA promoter BS2, HI299 (p53 R175H)-WT
PUMA promoter BS2 Ziifif1 48 hJ5, Wl LAXS N PUMA
96 F A B AR X 2 GG 2 4%, 1 PRIMA-1
(50 pmol/L) (2 £ 438 /& mutp53 WY FOE ) 1
T 3AE (B o 3R 0GP 28035 P G T R XS
mutp53 R273H FIR175H A HEIE IEE .

(b)

H1299 R175H WT PUMA promoter BS2 cells
treated with various compounds

E-
T
*
*
*

mm : Control

: PRIMA-1 (50 pmol/L)-48 h

: Andrographolide (10 pmol/L)-48 h
: Fisetin (10 umol/L)-48 h

: Licochalcone-A (10 pmol/L)-48 h

w
T

—_

Relative luciferase activity
N

222224

e

Fig.1 The relative luciferase activity of compounds in the H1299 pS3R273H-PUMA promoter (a) and H1299
p53R175H-PUMA promoter (b) cells

Cells were treated with compounds for 48 h, PRIMA-1 is a positive control. Data are shown as x + s, n=5. **P<0.01, ***P<0.001,compared with

cells without various treatment.

22 FOERNEERINESEERA ERT
SR MTT 52K T 25035 P i 72 AN [R) 5848
pS3 T MM AN A FEAE T, RIS N I
AE 02 410 1 M R340 B 0 14 5E , o X) SK-BR-3
(R175H) 2 M /9 40 60 /F ) & oo, H IC, {8
4.81 pmol/L, F:¥X & HT29 (R273H) Hl HI1299-
R273H, IC, {84354 17.69 umol/L F115.55 pmol/L
(1), HRZ0ENERXT mutps3 4l EA Bt
YER . AT PRI O N RS R RES S T 58
AE pS3 YRR A T, RS ENER (10,

20 pumol/L) 4b# HT29, SK-BR-3 4 fid 12, 24,
48 h i, BEA B RIBSEE 34 i, if 4 Western blot
() A, R IR T AH G H 1 PARP = A D)
mutp53 FIEFEAL (E2). HAMET Ce X 4ui [
o (SEEBD) Akl &8, TEZE0HEN
fif (10, 20 umol/L) AbFRHT29 448 h)m, 14l
ML PR T L W B (K13) . R G5 R3] 28
SO PR TR T LA o e 4 o P 34 5 R S A M R
T,
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Table 1 The anti—-tumor effect of andrographolide on cell proliferation
1Cy, values of andrographolide in various cancer cell lines (umol/L)
Compound HT29 SW480 SK-BR-3 BT549 H1299 R273H H1299
(R273H) (R273H, P309S) (R175H) (R249S) p53 null
Andrographolide 17.69+0.54 28.85+0.03 4.81£0.01 36.69 £0.11 15.55+0.28 21.97+0.29
(a) HT29 (R273H) (b) SK-BR-3 (R175H)
Andrographoilde (20 umol/L) Andrographoilde (10 pmol/L)
Control 12 h 24h  48h Control 12h 24h  48h
r" ‘W a2 ) RN
PARP PARP |

Hsp90 |~ “”“l
b3 |- —— |
— ]

CHIP | e

GAPDH

Cleaved-PARP
Hsp90 | Se——
p53 | -

‘**I

CHIP | b

GAPDH [ S M-

Fig.2 The anti—proliferation and apoptosis effects of andrographolide in HT29 (a) and SK-BR-3 (b) cells

C04 HT-29 CON €06 HT-29 andro 10 pmol/L. €07 HT-29 andro 20 pmol/L
_Gate: (P7 in P4) ,-Gate: (P7 in P4) Gate: (P7 in P4
1023Q1-UL QI-UR 10™JQI-UL QI-UR] 10*4QT-UL QI-UR|
30.1% 1% 30.0% 0.2% H0.1% 0.6%
g | 107 10°3 104
S | 10 10°4 1054
2 |s104d <10¢] <1044
@ 0% v E! v
215 * 3 o] * oo
g =10°g 7 = 10°4 = 10°g
& | 10501-LL QI-LR  10°3Q1-LL QI-LR  10°%Q1-LL QI-LR|
| 10998 D e 10" 398 W i 1 T U7 M————Y (8 57
101707 10° 104 10° 10° 107>~ 10 102 10° 10* 10° 10° 1072 10" 10° 10° 10* 10° 10° 1072
FLI-A FL1-A FL1-A

(b)
HT29 Treated by andrographlide

15¢ m: Mock
etk
B8 Andrographolide (10 pmol/L)-48 h
10 EX: Andrographolide (20 pmol/L)-48 h

W

(=}

Annexin V-FITC

Early apoptosis fraction/%

Fig.3 The apoptosis effects of andrographolide in HT29 cells by cell flow cytometry analysis and statistical analysis of early

apoptosis fraction

Data are shown as x + s, n=5. **P<0.01, ***P<0.001, compared with cells without androgrhlide treatment.

2.3 FLERNBRREmutpS3HIEF A RIR

h T M — A R AT o0 S TR R TS RE 98 R
mutp53 AR NP AERIR S, SRZHODIENEE (10,
20 umol/L) 4b¥IHT29, SK-BR-34iffi48 h)5, 7F
5350 RN 28 748 1 pS3 T 1R PAD240 FliHL0 B A 7Y
pS3 B PAD1620 AT e s . SLE RN, K
LA YR BE R IN, 275K p53 (PAb240) Y L4
WA, T P A= % p53  (PAB1620 Y LL )3 i (&
4) o $7RZE 0 N R EAT K mutpS3 745 Sy A= Y
I DIEE
24 FOLEREELEpS3THEERMNRE

R Tk — 20 BRI B L 3 N R R e 8 K
mutp53 B AE R REAYIERL L, R BREEIRE ps3
PG SETE T, RSO ENES (100 20 pmol/L)

AbH HT29, SK-BR-3 12, 24, 48 h)5, PifiZ5 (i)
A3, Aifrf pS3 FIEME PUMA ., p21 il Noxa
A AT mMRNA K LT (E5, 6)o $RZ00
T PR ] BB R A A B AR B pS3 S M, i
M 2 SR 0T pS3 R IR T2 AH G 8 1 PUMA, Noxa
V2 JE AR 6 28 11 p21 3308 1 & HE B0 I s 7
PIGSE S A  A T
25 ZFOEHNELEAPS3 THEERKS T
mutp53

M T p53 % i 5t TAp63. TAp73 7] L iH 45
PUMA. BAX., NOXA., p21 %5 It [5] T Jif 48 2
O, SRRSO N ER A B
PUMA. p21 % p53 #L LA (1) b ) 2 75 J& 4K T
mutp53. KA p53 44l PFT-o 40l pS3 #% 5%
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@ HT29 (R273H) 48h (b) SK-BR-3 (R175H) 48h
Control Andrographolide (10 pmol/L) - Andrographolide (20 pmol/L) Control Andrographolide (10 pmol/L)  Andrographolide (20 pmol/L)
Pab240 Pab240
mutp53 mutp53
- -
Pab1620 Pab1620
wtp53 wip53
DAPI DAPI
10 pm

Fig. 4 The effect of andrographolide on the expression of mutp53 and wild—type p53 in HT29 (a) and SK-BR-3 (b) cells

@ HT29 (R273H)
Andrographoilde (20 pmol/L)
Con 12h 24h 48 h

Noxa | —

GAPDH I |

(b)
SK-BR-3 (R175H)

Andrographoilde (10 pmol/L)
24h  48h

12h

Fig. 5 The effect of andrographolide on the expression of p53 signaling pathway proteins in HT29 (a) and SK-BR-3 (b) cells

@ HT?29 treated by andrographolide )
E 15+ mm : Control 5
3 =8 : Andrographolide-12h %
§ i : Andrographolide-24h &,
b 10+ b : Andrographolide-48h &
E *okok 'g
= 5]
g st E]
z 5 . p
2 lm@) g 2
PUMA Noxa E

p21

SK-BR-3 treated by andrographolide
kokok

mm: Control

=a: Andrographolide-12 h
=3: Andrographolide-24 h
: Andrographolide-48 h

._.
Z
Q
>
)

PUMA

Fig. 6 The effect of andrographolide on the mRNA expression of p53 signaling pathway in HT29 (a) and SK-BR-3 (b) cells

Data are shown as x + s, n =5. **P<0.01, ***P<0.001, compared with cells without androgrhlide treatment.

YERJE, WEL B 2803 N AT HT29 . SK-BR-3 4
g H PUMA | p21 45 pS3 #E3L K A4 26 11 K F (F
7) FMImRNA KT (E8) BHEZEN IS, $2n%F
L 3 PN R AT RE 8 A AR T JE S mutpS3 i 9
p21. PUMA % p53 TR (1 3Rk

2.6 FOERNEEEITIEES FEBHspTORRIEFR
2 Imutp53%E FiEiE

OV 28 SCHRAGE 1, 2003 N TR T DA 2o 3
B Hsp70 23k, kA2 Hsp70 5 mutp53 Y4545,
f# mutpS3 3 i &K B AOR A B . IR 1
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Fig.7 The p53 related protein expressions in combination with p53 transcription inhibitor PFT—« in HT29 (a) and
SK-BR-3 (b) cells
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Fig. 8 The mRNA expression of p53 target genes in combination with p53 transcription inhibitor PFT—« in HT29 (a) and
SK-BR-3 (b) cells

Data are shown as x £ s, n=5. ¥P< 0.05, ¥*P<0.01,***P<0.001, compared with cells without various treatment.
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Fig. 9 The effect of andrographolide with Hsp70 knock—down on the p53 target protein expressions in HT29 (a) and
SK-BR-3 (b) cells
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Study on The Mechanism of Reactivation of Mutant p53 to Wild—type—-like p53
by Andrographolide

SONG Bin”, WANG Jia-Jian~, SU Yong-Nan, WANG Yu-Ling, YANG Fan, ZHANG Ji-Hong"™

(Medical School, Kunming University of Science and Technology, Kunming 650500, China)

Abstract Objective 7P53 is an important tumor suppressor gene, however, mutations of p53 occur in over
50% of all cancers and are indicative of highly aggressive cancers that are hard to treat. Targeting mutant p53
(mutp53) is one of the effective strategies in cancer therapy. Methods We constructed a high throughput screen
system which contains the p53 targeted puma, H1299-p53R273H-PUMA-luciferase, and H1299-pS3R175H-
PUMA-luciferase to screen compounds targeting mutp53. Using immunofluorescence assay to detect the effect of
andrographolide on the expression of mutp53 in HT29 (R273H) and SK-BR-3 (R175H) cells. Western blotting
experiment and qRT-PCR analysis were used to further observe the protein and mRNA expressions of
andrographolide on p53 downstream target genes PUMA, p21, and Noxa in mutp53 tumor cells. Then MTT and
flow cytometry were used to detect andrographis paniculata The effect of lactone on tumor cell proliferation and
apoptosis. In addition, after knocking down Hsp70 expression by siRNA, the reactivation effect of
andrographolide on mutp53 downstream genes was also studied. Results Andrographolide enhanced PUMA-
luciferase expressions in both cell lines. Andrographolide could reduce the expressions of mutp53 in HT29
(R273H) and SK-BR-3 (R175H) cells, while the expressions of wild-type p53 increased by immunofluorescence
assay. Andrographolide can inhibit the cancer cell proliferation and induce apotposis in mutant p53 cancer cells.
Andrographolide can enhance the p53 downstream target protein and mRNA expressions of PUMA, p21, and
Noxa. Andrographolide increased the expression of molecular chaperone Hsp70 in HT29 and SK-BR-3 cells, as
the chaperones play important role in p53 structure function, we knocked down Hsp70 by siRNA and found that
the upregulation of p53 targeted genes was reversed. Conclusion Andrographolide restores the wild-type-like

pS3 function dependent on Hsp70.
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