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A novel derivative of valepotriate inhibits the PI3K/AKT
pathway and causes Noxa-dependent apoptosis in human
pancreatic cancer cells
You-you Yan1,2, Ke-yu Shi1,2,3, Fei Teng1,2,3, Jing Chen3, Jin-xin Che4, Xiao-wu Dong4, Neng-ming Lin1,2,3 and Bo Zhang1,2

Natural compound valepotriate exhibits inhibitory activity against a number of cancers, but the effect of valepotriate against
pancreatic cancer is unclear, and the structure–activity relationship of valepotriate has not been characterized. In this study, we
performed a structure-based similarity search and found 16 hit compounds. Among the 16 hits, (1S,6S,7R)-6-(acetyloxy)-1-[(3-
methylbutanoyl)oxy]-4a,5,6,7a-tetrahydro-1H-spiro[cyclopenta[c]pyran-7,2’-oxiran]-4-ylmethyl 3-methylbutanoate (denoted as
Amcp) exhibited superior anticancer activity against human pancreatic cancer BxPC-3 and SW1990 cells. The anti-proliferation
activity of Amcp was validated in human pancreatic cancer BxPC-3 and SW1990 cells in vitro. Amcp more effectively induced
apoptosis in BxPC-3 and SW1990 cells than gemcitabine. At a concentration of 15 μM, Amcp significantly suppressed the PI3K/AKT
pathway and disrupted the mitochondrial membrane equilibrium through modulation of Noxa and Mcl-1 balance in both cell lines.
Meanwhile, knockdown of Noxa substantially attenuated Amcp-induced reduction of cell viability and anti-apoptotic protein Mcl-1
level in BxPC-3 cells. In addition, Amcp showed synergistic anticancer effects when combined with gemcitabine in BxPC-3 cells. To
conclude, this work not only suggests that Amcp possesses a dual-inhibitory activity towards PI3K/AKT pathway and Mcl-1, but also
enlightens further development of bioactive valepotriate derivatives.
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INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is an aggressive
malignancy and is predicted to be the second leading cause of
cancer-related mortality in the near future [1]. Systemic che-
motherapy is an important part of treatment for PDAC patients,
especially those who are diagnosed at advanced stages. Although
great efforts have been made to explore efficacious compounds
for treating PDAC in both preclinical and clinical studies, the 5-year
survival rate remains at ~5% and has not changed for the past 30
years [2]. Gemcitabine has been a key component of gold
standard chemotherapy regimens for pancreatic cancer, but the
actual clinical response rate to gemcitabine has been unsatisfac-
tory. It was reported that the phosphoinositide 3-kinase (PI3K)/AKT
signaling pathway was aberrantly activated in most pancreatic
cancer patients [3] and the concomitant inhibition of PI3K/AKT
and Mcl-1 was considered to be a promising strategy to inhibit the
progression of pancreatic cancer [4–6]. In addition, Noxa is a BH-3
domain-containing protein that is capable of binding and
sequestering pro-survival Bcl-2 family proteins such as Mcl-1 and
Bcl-2, and therefore the downregulation of Mcl-1 via Noxa
activation is considered to be an efficacious therapeutic strategy

for a variety of cancers [7, 8]. Unfortunately, most clinical tests of
revised chemotherapy regimens have failed, probably due to the
complexity of pancreatic cancer [9]. Therefore, novel chemother-
apeutic agents are still urgently needed to combat this aggressive
neoplasm.
Valeriana is a natural medicinal herb, for which the root extracts

have been extensively studied in many aspects as part of
anticancer, anti-bacterial, and anti-anxiety investigations [10–12].
Valepotriate is the key bioactive component extracted from
Valeriana and is reported to exert anti-proliferation cytotoxic
effects by regulating the redox balance or suppressing the
mitogen-activated protein kinase pathway in cancer cells
[13, 14]. However, the anticancer activity of valepotriate against
pancreatic cancer has been rarely shown in the last few decades.
In addition, it remains unclear whether the structure–activity
relationship of valepotriate is unique. Therefore, extensive work
and deeper exploration are required to fully investigate valepotri-
ate and its derivatives as anticancer agents.
Herein, we obtained a series of valepotriate derivatives and

aimed to explore candidate compounds with potent anticancer
activity against pancreatic cancer cells. By using a structure-based

Received: 2 September 2019 Accepted: 29 December 2019
Published online: 11 February 2020

1Department of Clinical Pharmacology, Key Laboratory of Clinical Cancer Pharmacology and Toxicology Research of Zhejiang Province, Hangzhou First People’s Hospital,
Zhejiang Chinese Medical University, Hangzhou 310006, China; 2Translational Medicine Research Center, Affiliated Hangzhou First People’s Hospital, Zhejiang University School of
Medicine, Hangzhou 310006, China; 3College of Pharmaceutical Sciences, Zhejiang Chinese Medical University, Hangzhou 311402, China and 4ZJU-ENS Joint Laboratory of
Medicinal Chemistry, Zhejiang Province Key Laboratory of Anti-Cancer Drug Research, College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058, China
Correspondence: Neng-ming Lin (lnm1013@zju.edu.cn) or Bo Zhang (zhangbohzss@163.com)
These authors contributed equally: You-you Yan, Ke-yu Shi, Fei Teng

www.nature.com/aps

© CPS and SIMM 2020

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-019-0354-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-019-0354-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-019-0354-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-019-0354-1&domain=pdf
mailto:lnm1013@zju.edu.cn
mailto:zhangbohzss@163.com
www.nature.com/aps


similarity search, we identified 16 compounds that had similar
backbones but differed in terms of their substitution groups.
Among these compounds, (1S,6S,7R)-6-(acetyloxy)-1-[(3-methylbu-
tanoyl)oxy]-4a,5,6,7a-tetrahydro-1H-spiro [cyclopenta[c]pyran-7,2’-
oxiran]-4-ylmethyl 3-methylbutanoate (denoted as Amcp) was
chosen for the following experiments and its mechanisms of
action were validated.

MATERIALS AND METHODS
Cell culture
RPMI-1640 medium and fetal bovine serum (FBS) were purchased
from Gibco (Grand Island, NY, USA). DAPI (4′,6-diamidino-2-
phenylindole) was purchased from Wuhan Goodbio Technology
Co., Ltd (Wuhan, China). The Annexin V-FITC Apoptosis Kit was
purchased from BestBio (Shanghai, China). The Mitochondrial
Membrane Potential Assay Kit was purchased from Signalway
Antibody (College Park, MD, USA). The primary antibodies against
poly(ADP-ribose) polymerase (PARP), caspase-3, cleaved caspase-
3, PI3K-p110ɑ, p-AKT (Ser 473), AKT, mammalian target of
rapamycin (mTOR), p-mTOR (S2448), p-p70S6, p70S6, p-S6 (240/
244), p-S6 (235/236), S6, and Bcl-2 were purchased from Cell
Signaling Technology (Beverly, MA, USA). The primary antibodies
against X-linked inhibitor of apoptosis protein (XIAP), Bax, Noxa,
Bcl-XL, Mcl-1, and β-actin were purchased from Abcam, Inc.
(Cambridge, MA, USA). The human pancreatic cancer cell lines
BxPC-3 (Catalog Number TCHu12) and SW1990 (Catalog Number
TCHu201) were purchased from the Chinese Academy of Sciences
(Shanghai, China). Cells were cultured in RPMI-1640 medium
containing 10% FBS and 100 U/mL penicillin/streptomycin at 37 °C
in 5% CO2 in a humidified atmosphere. Amcp was dissolved in
dimethyl sulfoxide (DMSO) at a concentration of 10 mM.
Gemcitabine was dissolved in DMSO at a concentration of 10mM.

Similarity search
The structure-based similarity search was performed using the
Structure Search plugin on the MolPort website (https://www.
molport.com/shop/find-chemicals). (1R)-2,6,7,7a-tetrahydrospiro
[indene-1,2’-oxirane] was used as the initial structure. The
similarity value was set to 0.6. After searching, 16 compounds
were chosen and purchased from Targetmol (Shanghai, China).

Cell viability assay
Cell proliferation was measured by using a cell counting kit-8 (CCK-
8) assay (Bestbio, Shanghai, China). Cells were cultured in 96-well
plates at a concentration of 5 × 103–7 × 103/well. Cells were
cultured for 24 h and treated with 0.625, 1.25, 2.5, 5, and 10 μM
Amcp. After 24, 48, or 72 h of treatment, the supernatant was
completely removed and 100 μL of CCK-8 solution was added to
each well, and the cells were cultured for another 2 h at 37 °C. Cell
viability was quantified by a SpectraMax M3e instrument
(Molecular Devices, San Jose, CA, USA) at 450 nm. Cell viability
was calculated for each well using the formula OD450 treated cells/
OD450 control cells × 100%. Assays were performed in three
independent experiments.

DAPI staining
BxPC-3 or SW1990 cells (8 × 104 cells/well) were cultured in 24-well
plates. After exposure to Amcp or gemcitabine for 24 h, the cells
were fixed with 4% paraformaldehyde for 20 min and stained with
DAPI for 15 min. After washing with phosphate-buffered saline
(PBS), the cells were observed under a fluorescence microscope
(Nikon, Ti-E, Japan).

Apoptosis assay
Cells in the exponential growth phase were seeded in six-well
plates (2 × 05/well) and cultured overnight in a 5% CO2 atmo-
sphere at 37 °C. After treatment with Amcp or gemcitabine for 24

h, the cells were collected and washed with PBS. Then, cells were
stained with an Annexin V-FITC Apoptosis Kit according to the
manufacturer’s instructions and analyzed by flow cytometry
(Becton Dickinson, Franklin Lakes, NJ, USA). Assays were
performed in three independent experiments.

Detection of the mitochondrial membrane potential
The mitochondrial membrane potential was visualized by 5,5’,6,6’-
tetrachloro-1,1’,3,3’ tetraethyl-imidacarbocyanine iodide (JC-1)
staining. Cells were seeded into six-well plates at a density of
2 × 105/well and cultured for 24 h. After 12 h of treatment, the cells
were collected, washed with PBS, and incubated with JC-1 for 15
min at 37 °C. After washing off the dye, the cells were immediately
analyzed using flow cytometry (Becton Dickinson, Franklin Lakes,
NJ, USA). Assays were performed in three independent
experiments.

Noxa transient siRNA knockdown
Small interfering RNAs (siRNAs) targeting Noxa [Noxa-Homo1
(siRNA-1), Noxa-Homo2 (siRNA-2), Noxa-Homo3 (siRNA-3)], and
control siRNA (siControl) were purchased from Guannan Co. Ltd.
(Hangzhou, China). The target sequences were as follows:

siRNA-1 5′-UGGAAGUCGAGUGUGCUACUCTT-3′

siRNA-2 5′-GCAGAAACUUCUGAAUCUGAUTT-3′

siRNA-3 5′-GCAUUGUUGUUGUUGCUGUUUTT-3′

siControl 5′-UUCUCCGAACGUGUCACGUTT-3′

Transient transfection of BxPC-3 cells was performed using
20 µM of each siRNA with Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). Knockdown of Nova was verified by real-
time quantitative reverse-transcriptase PCR.

Western blotting analysis
After cells were treated with different concentrations of Amcp or
gemcitabine, the total proteins were extracted using RIPA lysis
buffer. A total of 40 μg of protein was subjected to 12% SDS-
polyacrylamide gel electrophoresis and transferred to polyvinyli-
dene difluoride membranes (Bio-Rad, Hercules, CA, USA). The
membranes were blocked with 5% non-fat milk at room
temperature for 1 h and then incubated with specific primary
antibodies (1:500–1:1000 dilution) overnight at 4 °C. After washing
with Tris-buffered saline and Tween 20, the membranes were
incubated with secondary antibodies (1:5000 dilution) at room
temperature for another 1 h. The protein bands were visualized by
adding the ECL reagent WBKLS0050 (EMD Millipore, Billerica, MA,
USA) and analyzed using Bio-Rad Laboratories Quantity One
software (Bio-Rad, Hercules, CA, USA).

Statistical analyses
Statistical analysis was performed in GraphPad Prism 5. A two-
sided Student’s t-test or one-way analysis of variance was used to
analyze the differences among groups. The results are expressed
as the mean ± SD of at least three independent experiments. A P-
value < 0.05 was considered statistically significant.

RESULTS
Amcp induced apoptosis in BxPC-3 and SW1990 cells
A similarity search was employed to find derivatives of
valepotriate that were potentially active against cancer cells and
the results identified 16 hit compounds that were purchased for
bioactivity tests. Examples of five of the hit compounds are shown
in Fig. 1. Among the 16 compounds, Amcp (Fig. 2a) exhibited
superior anticancer activity compared with the other compounds
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in both BxPC-3 and SW1990 cells. To verify the anti-proliferation
effects of Amcp, both BxPC-3 and SW1990 cells were incubated
with the indicated concentrations of Amcp for the indicated times,
as shown in Fig. 2b. As a result, Amcp produced a concentration-
and time-dependent inhibitory effect against both BxPC-3 and
SW1990 cells. In addition, gemcitabine, which is considered the
standard single chemotherapeutic agent in the clinic, was used as
a positive control to verify the effects against pancreatic cancer
cells. By using DAPI staining, shrunken cell nuclei and reduced cell
numbers were observed after treatment with increasing concen-
trations of Amcp. At a concentration of 15 µM, Amcp was more
efficacious in inhibiting the proliferation of pancreatic cancer cells
than gemcitabine (Fig. 2c).
To demonstrate that the anti-proliferation effect of Amcp was

attributed to the induction of apoptosis, cells were stained with
Annexin V/propidium iodide and analyzed by flow cytometry. As
shown in Fig. 3a, Amcp dose-dependently induced both early
and late apoptosis in BxPC-3 and SW1990 cells. At a concentra-
tion of 15 µM, Amcp significantly increased the number of
apoptotic cells compared with gemcitabine in both cell lines
(Fig. 3b). In addition, Western blotting was applied to determine
the proteins involved in the regulation of the occurrence of
apoptosis. An increase in cleaved caspase-3 and the appearance
of cleaved PARP after treatment with 15 µM Amcp suggested
the occurrence of caspase-dependent apoptosis (Fig. 3c). More-
over, BxPC-3 and SW1990 cells were pretreated with the caspase
paninhibitor Z-VAD-FMK for 2 h before culturing them with the
indicated concentrations of Amcp (Fig. 4a). The addition of Z-
VAD-FMK substantially reversed the inhibitory effects of Amcp
on BxPC-3 and SW1990 cells, and reduced the downregulation
of caspase-3, indicating that caspase-dependent apoptosis

played a critical role in the anti-proliferation effects of Amcp
(Fig. 4b).

Amcp selectively suppressed the activation of the PI3K/AKT
pathway and disrupted the mitochondrial membrane potential
Aberrant activation of PI3K pathways is commonly found in many
pancreatic cancer patients, indicating a need for the development
of novel compounds targeting these key regulators of the PI3K
pathway [15]. We therefore intended to explore the effects of
Amcp on the PI3K pathway. Amcp substantially suppressed the
phosphorylation of AKT and mTOR, and slightly affected their total
protein levels (Fig. 4c). In contrast, treatment with gemcitabine
scarcely affected the phosphorylation of proteins in the PI3K/AKT
pathway, thus highlighting the unique mechanisms of action of
Amcp. As the disruption of the PI3K/AKT pathway causes
mitochondrial instability [16], we detected the mitochondrial
membrane potential after exposure to Amcp. As expected, cells
treated with Amcp exhibited a substantial decrease in the
mitochondrial membrane potential, which was significantly more
severe than that in cells treated with gemcitabine (Fig. 5a, b). In
addition, proteins that play major roles in regulating the
mitochondrial membrane potential were analyzed by Western
blotting (Fig. 5c). It is worth mentioning that the anti-apoptotic
protein Mcl-1 was obviously downregulated in both cell lines after
Amcp treatment, whereas Noxa was apparently upregulated by
15 µM Amcp treatment.

Noxa-dependent Mcl-1 downregulation was critical for Amcp-
induced apoptosis
It has been reported that Noxa can act as an E3 ligase and mediate
the degradation of Mcl-1 under certain circumstances [17].

Fig. 1 Chemical structures of valepotriate and 5 hit compounds. Examples of five hit compounds obtained through a similarity search using
(1R)-2,6,7,7a-tetrahydrospiro[indene-1,2’-oxirane] as the initial structure.
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Therefore, we aimed to determine the role of Noxa in Amcp-
induced apoptosis. Noxa was successfully knocked down by
customized siRNA interference in BxPC-3 cells (Fig. 5d) and siRNA
#2 was used for the following experiments. After knocking down
Noxa, the number of viable cells significantly increased from ~25%
to 48% during exposure to 15 µM Amcp (Fig. 5e). In addition,
Amcp-induced apoptosis was apparently attenuated after Noxa
knockdown, indicating increased levels of caspase-3 and PARP
(Fig. 5f). Meanwhile, the decrease in the protein levels of both Mcl-
1 and Bcl-2 caused by Amcp was obviously reversed by knocking
down Noxa, suggesting that Noxa is a key protein involved in
regulating Mcl-1. In addition, cycloheximide was used to pretreat
cells for 0.5 h to explore the degradation dynamics of Mcl-1 in cells
with or without Amcp. Interestingly, Amcp obviously accelerated
the degradation of Mcl-1 after 4 or 8 h of treatment (Fig. 5g).

Synergistic effects of Amcp with gemcitabine in BxPC-3 cells
It was shown that Amcp exhibited potent anticancer activity
against pancreatic cancer cells as a single agent. In addition,
Amcp displayed a synergistic effect when used in combinatorial
treatment with gemcitabine in BxPC-3 cells. Both 2.5 and 5.0 µM
Amcp significantly enhanced the cytotoxicity of gemcitabine
(Fig. 6a). Combinatorial treatment with Amcp and gemcitabine
synergistically induced apoptosis in BxPC-3 cells (Fig. 6b, d) and
this effect could be partially overcome by the addition of the
pancaspase inhibitor Z-VAD-FMK (Fig. 6c). Furthermore, depo-
larization of the mitochondrial membrane was found to be
significantly increased after combination treatment with Amcp
and gemcitabine, suggesting that mitochondrion-dependent
apoptosis might play a pivotal role in this event (Fig. 6e).

DISCUSSION
Iridoids isolated from Valeriana have recently been reported to
possess various biological activities, including anticancer effects
[18–20]. However, large numbers of bioactive iridoids remain to be
identified and their structure–activity relationships still need to be
validated. In this study, we identified a series of valepotriate
derivatives through a similarity search. During the initial anti-
proliferative activity screening, Amcp exhibited a potent anticancer
activity against pancreatic cancer cells in vitro and was therefore
chosen for the following experiments. As caspases are frequently
cleaved into active components once they are activated by various
cellular stimuli, we examined the protein expression of both pro-
and cleaved caspase-3, and the proteolytic cleavage of PARP
[21, 22]. As shown in Fig. 3, the expression of activated caspase-3
was significantly upregulated and the expression of PARP was
diminished after Amcp exposure, suggesting that Amcp induced
caspase-3-mediated apoptosis in a concentration-dependent
manner [23]. In addition, the protein expression of XIAP was
gradually decreased and active caspase-3 could be detected
(Fig. 3c). It was reported that XIAP is an inhibitor of apoptosis that
represses the activation of caspase-3 and 9; on the other hand,
XIAP activity could be attenuated by caspase-3 during the
inhibition of caspase-9 [24, 25]. We also found that pretreatment
with the pancaspase inhibitor Z-VAD-FMK significantly reversed
Amcp-induced proliferation suppression in both BxPC-3 and
SW1990 cells (Fig. 3d). Taken together, the results showed that
the activation of caspase-3 played an essential role in Amcp-
induced apoptosis in pancreatic cancer cells.
The PI3K/AKT signaling pathway is commonly activated in

many human cancers, including pancreatic cancer, and S473

Fig. 2 Amcp inhibited the proliferation of human pancreatic cancer cells. a The chemical structure of Amcp. b The time- and dose-
dependent inhibitory effects of Amcp on two human pancreatic cancer cell lines, BxPC-3 and SW1990, in vitro. Cells were treated with Amcp
at concentrations of 0.625, 1.25, 2.5, 5, and 10 µM for either 24, 48, or 72 h before the CCK-8 assay. c DAPI staining of the cell nucleus. Cells
were treated with the indicated compounds for 24 h before fixation and stained with DAPI stain. Fluorescence was observed by using
microscopy (Nikon Eclipse Ti). The magnification is ×400. Scale bar= 20 µm.
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Fig. 4 Amcp activated PI3K/AKT-regulated apoptotic proteins. a Cells were pretreated with the indicated concentrations of Z-VAD-FMK for
4 h and then cultured with various concentrations of Amcp for another 24 h before the CCK-8 cell viability assay. b Caspase-3 levels in cells
were examined with or without the presence of Z-VAD-FMK, followed by 24 h of treatment with Amcp or gemcitabine (Gem). c Cells were
treated with the indicated concentrations of Amcp or gemcitabine for 24 h before Western blotting assays. The protein bands were visualized
by an ECL system and analyzed using Bio-Rad Laboratories Quantity One software. *P < 0.05, **P < 0.01.

Fig. 3 Amcp induced apoptosis in pancreatic cancer cells. a Amcp induced apoptosis in BxPC-3 and SW1990 cells. Cells were treated with
Amcp for 24 h before collection. Cells were then stained with Annexin V/PI and analyzed by flow cytometry. b Apoptotic cells were quantified
by GraphPad Prism 5. c Cells were treated with Amcp or gemcitabine for 24 h before Western blotting assays. Three independent experiments
were performed and the data were presented as the mean ± SD. *P < 0.05, **P < 0.01.

Derivative of valepotriate inhibits pancreatic cancer cells
YY Yan et al.

839

Acta Pharmacologica Sinica (2020) 41:835 – 842



Fig. 5 Amcp disrupted the mitochondrial membrane potential and affected mitochondrial proteins. a BxPC-3 and SW1990 cells were seeded
into six-well plates at a density of 2 × 105/well and were cultured for 24 h. After treatment with Amcp for 12 h, JC-1 staining was used to observe
the depolarized mitochondrial membrane potential. Cells were analyzed by flow cytometry. b Quantitative analysis of cells with a depolarized
mitochondria membrane. c Cells were treated with the indicated concentrations of Amcp or gemcitabine (Gem) for 24 h before Western blotting
assays. *P < 0.05. d The protein level of Noxa was dramatically reduced by Noxa siRNA knockdown in BxPC-3 cells. e BxPC-3 cells were exposed to
Amcp for 24 h with or without Noxa knockdown. Cell viability was determined by CCK-8 assays. f Noxa was knocked down by siRNA in BxPC-3 cells
before treatment and cells were exposed to the indicated concentrations of Amcp or gemcitabine for 24 h before Western blotting analysis.
g BxPC-3 cells were pretreated with 20 µg/mL cycloheximide (CHX) for 0.5 h and incubated with 15 µM Amcp for 2, 4, or 8 h. The Mcl-1 protein
level was examined and quantitative analysis was performed using ImageJ 1.52q software (National Institute of Health, USA). *P < 0.05.
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phosphorylation of AKT is required for the full activation of Akt
[26, 27]. We determined the inhibitory effects of Amcp on the
PI3K/AKT pathway and found that 15 µM of Amcp obviously
repressed the phosphorylation of AKT at S473. Meanwhile, the
phosphorylation of downstream proteins, such as mTOR and
p70S6 kinase, were substantially suppressed compared with that
observed in cells treated with the same concentration of
gemcitabine. Furthermore, Amcp treatment caused depolarization
of the mitochondrial membrane, which was possibly attributed to
the downregulation of Mcl-1 and the increased level of Noxa
(Fig. 5) [28]. In fact, dual inhibition of mTOR and Mcl-1 has been
reported to show unique advantages in cancer therapy and PI3K
inhibition was observed to downregulate Mcl-1 [29, 30]. Noxa acts
as an E3 ligase that can colocalize and associate with Mcl-1,
resulting in the proteasomal degradation of Mcl-1 [31]. By
knocking down Noxa, the number of viable cells increased from
25% to 48% during exposure to Amcp. In addition, the
degradation of Mcl-1 was clearly accelerated after Amcp
treatment, suggesting that Noxa-mediated Mcl-1 degradation
was essential to Amcp-induced apoptosis (Fig. 5). Therefore, Amcp
was capable of reducing the protein level of Mcl-1 by increasing
its degradation.
In this study, we identified a novel derivative of valepotriate

(denoted as Amcp) via a similarity search. Amcp showed potent
anticancer activity against pancreatic cancer cells through the

inhibition of the Mcl-1 and PI3K/AKT pathways, thereby
stimulating caspase-dependent apoptosis. Moreover, Amcp
had a synergistic effect when combined with gemcitabine.
Therefore, our work not only suggests that Amcp is a promising
dual-inhibitory anticancer agent but also highlights the impor-
tance of the further development of bioactive valepotriate
derivatives.
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