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Abstract: The purpose of this study was to select the active compounds targeting Hsp90 protein in pancreatic
cancer cells through a new dual "target + activity" rapid discovery technique. We combined an in vitro anti-cancer
activity screening method with a dual-luciferase reporter gene and multi-chromatography separation technology,
for rapid discovery of potential Hsp90 inhibitors from the Chinese herbal medicine Physalis angulata L. The anti-
proliferation activity of those compounds was assessed in pancreatic cancer cell line BxPC-3 by MTT assays. The
molecular mechanisms of Hsp90 inhibition were explored by Western blot and shRNA knockdown assays. As a
result, two withanolides, withanolide E (WE) and 44-hydroxywithanolide E (HWE), were identified from Physalis
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angulata L. The half maximal inhibitory concentration (IC,,) of WE and HWE were 0.71+0.03 and 1.23+£0.10
umol - L for the growth of BXPC-3 cells in 48 h. Luciferase reporter assay demonstrated that WE and HWE signifi-
cantly induced heat shock element (HSE) activity in a dose- and time-dependent manner. The molecular
mechanism study showed that after exposing to 5 umol - L* WE or HWE for 48 h, the aggregation of Hsp90 dimer
was upregulated to 6.5+1.3 and 11.8+2.0 fold, while the expression of Hsp90 client protein Akt was downregulated
to 21.7%=+2.8% and 9.8%+1.4% of the control group. Moreover, the Hsp90 inhibitory activity of WE or HWE was
canceled by shRNA mediated Hsp90 knockdown. Overall, based on the dual "target + active" rapid discovery
technique, two new Hsp90 inhibitors WE and HWE were found from Physalis angulata L. The Hsp90 inhibitory
mechanism of WE and HWE may be mediated by induction of Hsp90 aggregate dimer and inhibition of Hsp90
client protein Akt expression.

Key words: dual-oriented rapid discovery; Physalis angulata L.; dual-luciferase reporter gene; heat shock
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Figure 1 The chemical structures of withanolide E (WE, A) and
4p-hydroxywithanolide E (HWE, B)
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4 4.35+0.3 2274.3 + 472.4%
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7 >100 149.5+24.9
8 >100 121.9+20.9
9 >100 140.0 + 23.7
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Figure 2 The anti-proliferation and heat shock induction activity of compounds from Physalis angulata L. A: The percentage of cell
proliferation of BXPC-3 cells after exposing to different concentrations of WE and HWE for 48 h; B: The percentage of cell proliferation of
BXPC-3 cells after exposing to 1.25 pmol - L-* WE and HWE for 12, 24 and 48 h; C: The fold changes of heat shock element (HSE) reporter
activity in HEK293T cells for the treatment of WE and HWE (0.062 5, 0.125, 0.25, 0.5 umol - L'?) for 24 h; D: The fold changes of HSE
reporter activity in HEK293T cells for the treatment of 0.125 pmol - L WE and HWE for 6, 12 and 24 h. n = 3, X  s. #P<0.05, *#P<0.01 vs
DMSO group
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Figure 3 The inhibitory effect of WE and HWE on Hsp90 client HWE

protein Akt expression. A: The Akt protein expression in BXPC-3
cells after exposure to WE and HWE for 48 h; B: Quantitative
analysis of Akt expression. n = 3, X % s.*P<0.05, #P<0.01 vs
DMSO group

Figure 4 WE and HWE induced Hsp90 to aggregate dimer
formation. A: The dimer, monomer and total expression of Hsp90
after exposure to 5 umol - L™* WE and HWE for 48 h; B: Quantita-
tive analysis of Hsp90 dimer and total protein expression. n = 3,
X £ 5. #P<0.01 vs DMSO group
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Figure 5 shRNA knockdown Hsp90 blocked the anti-prolifera-
tion activity of WE and HWE. BXPC-3 cells were pre-treated with
scramble shRNA or Hsp90a/f shRNA. Then the Hsp90 knock-
down clones were exposed to 5 umol - L™ WE and HWE or DMSO
for 48 h, respectively. The clones expressed scramble shRNA were
serviced as control. A: The clone formation of each group was
assessed by crystal violent staining assay; B: The Hsp90 and Akt
protein levels. g-Actin was loading control for Western blot assay.
C: The percentage of cell proliferation. n = 3, X + s. #P<0.01 vs
DMSO group
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R YN P LRt b = PR E A B M 53
278 WE AT HWE #5722 3 5 HSE %2 ot R ER v 7, 42

TN 1K AN AL )R] RE A T IR S o A A
Hsp90 & 1 135 14 1% 73, 48 1 WE #1 HWE #E [ Hsp90
E AW T WU AN B

4y FHLE 7 7, WE A HWE 1] 15 5 Hsp90 &
R Th g B AR, JF T I Hsp90 & 1 & 1 Akt K 1A .
WE FTHWE 7 F1£ I BEZ AR EH o, - AN LR B ik
GERE, WERR U S IR RN 52, B ESREE I 1
25 55 Hsp90 & A 31 C i - & I ¥ I 2 R 7k i T B
L BRSE GRS, W [FRE S I IR RN S AR B I it
P T 2514, & ) tubocapsenolide ARTAT withaferin ALEIT]
55 Hsp90 & [ 41 AL 36 1 A7 A B 32 L0 &5 A AT #11
HIHEE . Rk, WE fITHWE /] fE 8 2 38 i 1 a, -4
T RN B 35 45 40 5 Hisp90 5 1143 1 1) 2 Jok S0 IR Tk 2 T B
A SE S, T 5 S Hsp90 73 T G 7 1 — R4k
GERU, AE R A0, Hsp90 B (A R B 5 %
&P EAU LS THB G S T 2 A, REiEE
PR G AR RO, T 5 K] Akt & Hsp90 %
)% PR 12—, /2 Hsp90 {5 53 % K i B 1 4
kR BN, 35 Hsp90 5 /N T B A A T TG g
P R AR g My, W TEvE 5% 7 B O AR RN 2 AR B B
D =R e oy AN = WA S §e 4 S v ¥ =Hil]
2 AR IR AR PR AR e,

N T HE— 25 5 AE WE Al HWE ¥ 5] Hsp90 & (1
55 90 ) J i e 4 i 48 B B 42 AH 9%, SR FH ShRNA R I
BXPC-3 41 it () Hsp90 ik . /1T Hsp90 Ay i 3 441 it
A K S B, T30 Hsp90 2234 nl . 2 4 i) % 1 7R
[ 0k DL K Jib 988 40 B 388 5522 e i 7§ A WE Al HWE
b PR BXPC-3 4H i, B A7) AT /b & 10 1) i 9o 400 P 184 5, (HL
5% Hsp9o [y HEZHAH LG B 3 1R 22 5, HoR L
Hsp90 & /" 5 [ Akt R iA i — 0 B2 Tl 1245 Rk
71, WE F HWE 17 ] ige Jit s &4 o 338 B 1) 1 FH 2220 30 20
55 H A Hsp90 25 1 BL#EAH 55 .

S5 b, AW FUR P R s+ E MR OO S ) PR R
I A T A T R 0 159 1 AT B R IR T 15 5 AR
IS T 47 Ji it e 4 Bt BXPC-3 3% 11 1 Ak AL &, &2
G K %5 N C RN N R 2R AL 5 M) WE FITHWE, 1%
AN G WA B 30 WARTE o W28 1 B 9
7~ WE Fl HWE 1] fig il i # [7] Hsp9o, 75 5 H ¥ s e &
PE AR, F DR B A 5T Akt R IR A 5 R
4H A . WE R HWE [ 44 A #1987 v %, L4 ) Hsp90 £
1R e PR 25 A 67 R LA S 3 i) Hsp9O & 1 3 4 1) B A
S FHLHIE A FE T — A
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