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A B S T R A C T

Facilitating T-cell apoptosis is implicated as an effective therapeutic strategy for treatment of T cell-

mediated disease, including inflammatory bowel disease. Here, we report that astin C, a plant

cyclopeptide isolated from the roots of Aster tataricus (Compositae), induced apoptosis of activated T cells

in a mitochondria-dependent but Fas-independent manner in that such activity was still observed in T

cells from Fas-mutated MRLlpr/lpr mice. Although caspase 8 was not activated, astin C treatment led to the

cleavage of caspase 9 and caspase 3, the upregulation of Bad protein expression as well as release of

cytochrome c in activated T cells. Astin C did not induce the expression of GRP78 and GADD153,

excluding involvement of endoplasmic reticulum stress-mediated pathway. Moreover, oral administra-

tion of astin C protected mice against TNBS-induced colonic inflammation, as assessed by a reduced

colonic weight/length ratio and histological scoring. Administering astin C significantly decreased serum

levels of TNF-a, IL-4 and IL-17, accompanied with the induction of apoptosis in activated T cells in vivo.

The results demonstrate, for the first time, the ability of astin C to induce apoptosis in activated T cells and

its potential use in the treatment of colonic inflammation.

� 2011 Elsevier Inc. All rights reserved.
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1. Introduction

Immune responses are frequently characterized by major
expansions of antigen-specific T cells that have potent effector
functions. To avoid overwhelming immune responses and to limit
damage to healthy tissue, antigen-activated T cells die as a result of
apoptosis during shutdown of such immune responses [1]. Thus,
apoptosis has an essential role in T cell regulation and to reduce or
even eliminate the unwanted activated T cells through facilitating
apoptosis may provide a strategy for the treatment of T cell-
dependent diseases.

Inflammatory bowel diseases (IBD) comprise Crohn’s disease and
ulcerative colitis, which are defined as chronically relapsing
inflammations of the gastrointestinal tract [2]. Although the precise
etiology of IBD still remains unclear, extensive studies have
demonstrated that T cells are the main activated immune cells
involved in IBD pathogenesis, which are characterized by enhanced
proliferation, proinflammatory cytokine production and trafficking
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into the intestinal mucosa [3]. Moreover, T cells from patients with
IBD exhibit resistance to multiple apoptotic pathways including Fas-
mediated apoptosis, IL-2-deprivation-induced apoptosis as well as
apoptosis mediated by nitric oxide [4,5]. T-cell resistance against
apoptosis contributes to inappropriate T-cell accumulation and the
perpetuation of chronic mucosal inflammation in IBD [6]. Therefore,
new therapeutic strategies aim to restoring, or enhancing activated
effector T-cell susceptibility to apoptosis in the gut [7]. Accumulat-
ing evidence in animal models of IBD has shown that various
antibodies to proinflammatory cytokines and their receptors, such
as IL-12, TNF-a and IL-6R, appear to suppress chronic intestinal
inflammation by the induction of T-cell apoptosis [8–10]. In
addition, many established immunosuppressive drugs such as
azathioprine and sulfasalazine also seem to work partly by the
induction of T cell apoptosis in patients with IBD [11,12]. Selective
targeting of apoptosis emerges as a potential therapeutic approach
for effective treatment of IBD.

Plant cyclopeptides are mainly cyclic compounds with the
peptide bonds of 2–37 protein or non-protein amino acids and
discovered in higher plants [13]. It has been demonstrated that
plant cyclopeptides show several biological activities including
antibiotic, sedative, antitumor, immunomodulatory activities.
However, the mechanisms underlying are mostly unknown. Astin
C is a member of natural cyclopentapeptide family isolated from

http://dx.doi.org/10.1016/j.bcp.2011.04.013
mailto:nhtan@mail.kib.ac.cn
mailto:molpharm@163.com
http://www.sciencedirect.com/science/journal/00062952
http://dx.doi.org/10.1016/j.bcp.2011.04.013


Y. Shen et al. / Biochemical Pharmacology 82 (2011) 260–268 261
the roots of Aster tataricus (Compositae) that is commonly used in the
traditional medicine, effective in the relief of cough. This class of
compounds exhibit antitumor activities [14,15]. Recent studies have
shown that synthesized cyclic astin analogues kill tumor cells via
caspase-mediated induction of apoptosis [16]. In this study, we
demonstrate for the first time that natural astin C has immunosup-
pressant property which is due to its induction of activated T-cell
apoptosis. Furthermore, using a hapten-induced murine model of
IBD, we demonstrate that astin C can attenuate colonic inflammation.

2. Materials and methods

2.1. Animals and agents

Female C57BL/6 (H-2b) mice, 6–8 weeks of age, were purchased
from Experimental Animal Center of Jiangsu Province (Jiangsu,
China). Eight-week-old female MRLlpr/lpr mice with a C57BL/6
background were purchased from Model Animal Research Center of
Nanjing University. They were maintained with free access to pellet
food and water in plastic cages at 21 � 2 8C and kept on a 12-h light/
dark cycle. Animal welfare and experimental procedures were carried
out in accordance with the Guide for the Care and Use of Laboratory
Animals (Ministry of Science and Technology of China, 2006) and the
related ethical regulations of Nanjing University. Concanavalin A (Con
A), cyclosporin (CsA), quercetin, thapsigargin (TG), dexamethasone and
2, 4, 6-trinitrobenzenesulphonic acid (TNBS) were purchased from
Sigma (St. Louis, MO). Annexin V-FITC/PI Kit was from Jingmei Biotech
(Nanjing). Terminal deoxynucleotidyl transferase-mediated dUTP nick
end-labeling (TUNEL) Kit was from Calbiochem (La Jolla, CA). Ac-Asp-
Glu-Val-Asp-pNA (Ac-DEVD-pNA), Ac-Ile-Glu-Thr-Asp-pNA (Ac-IETD-
pNA) and Ac-Leu-Glu-His-Asp-pNA (Ac-LEHD-pNA) were from Alexis
(San Diego, CA). PE-anti-mouse CD3 mAb was from BD pharmingen
(San Diego). The primary Abs anti-poly(ADP-ribose) polymerase
(PARP), cleaved caspase 3, cleaved caspase 9, cytochrome c, GRP78,
GADD153 (all from Cell Signaling Technology, Beverly, MA), Bad, COX
IV and a-tubulin (Santa Cruz Biotechnology, Santa Cruz, CA), and Bcl-2
(BD pharmingen) for Western blots were used. Horseradish peroxi-
dase-conjugated secondary Ab was from KPL (Gaithersburg, MD). All
other chemicals were obtained from Sigma.

2.2. Extraction and isolation

Aster tataricus (Compositae) were purchased from Kunming
Medicinal Material Co. (Kunming, China) and identified by Dr.
Guangzhi Zeng. Powered roots (50 kg) of A. tataricus was extracted
three times with 95% MeOH under reflux. The crude extract was
concentrated in vacuo, and then partitioned with EtOAc and n-
BuOH successively to yield EtOAc (2 kg) and n-BuOH (5 kg)
extracts, respectively. The EtOAc extract (2 kg) was subjected to
silica gel column chromatography, eluted with CHCl3–MeOH
gradient (100:0 to 0:100) to obtain 8 fractions. Fraction 3 was
further chromatographed on a silica gel column with petroleum
ether–acetone (1:1 to 1:2) to obtain 2 subfractions, Fr.3-1 and Fr.3-
2. Fr.3-2 was subjected to silica gel column chromatography,
eluted with CHCl3–EtOAc gradient (1:3 to 1:5) and further
separated on Sephadex LH-20 (CHCl3–MeOH, 1:1) to yield astin
C (8 g, MW 570). The structure was confirmed by comparison of
MS, 1H NMR and physical data with those reported in the literature
[14]. For testing, astin C was dissolved in DMSO and diluted to the
desired concentrations in medium. DMSO final concentrations
were kept below 0.1% and used as vehicle control.

2.3. HPLC analysis and structural elucidation

HPLC analysis was applied on a Waters 600 series HPLC system
consisting of a Waters 600 pump, a 2487 UV detector, an online
degasser and a LC Work Station equipped with Empower TM
software. Astin C was applied to YMC-pack Pro C18 column (5 mm,
150 mm � 4.6 mm, YMC Co. Ltd., Japan) and eluted with acetoni-
trile–water (23:77, v/v). The effluents were detected at 200 nm.
Column temperature was set up at 25 8C and the flow rate was
1 mL/min. The mobile phase was degassed by ultrasonic and
filtered though a 0.22 mm membrane filter (Advantec, Tokyo Roshi
Kaisha Ltd., Japan). Before sample analysis, the column was
stabilized with mobile phase for at least 30 min. NMR and ES-MS
were used for structure elucidation. The 1H NMR measurements
were carried out in Bruker DPX-300 spectrometer operating at
300 MHz. ES-MS experiments were recorded on ABI Mariner ESI-
TOF mass spectrometer.

2.4. Cell proliferation

Lymph node cells isolated from mice were activated by Con A
(5 mg/mL) for 24 h, which were indicated as activated cells,
whereas those without Con A stimulation were used as nonacti-
vated cells. The cells were further incubated in 96 well-plate with
or without various concentrations of astin C at a density of 3 � 105

cells/well for 24 h. For MTT assay, 20 mL of MTT (Sigma; 4 mg/mL
in PBS) was added per well 4 h before the end of the incubation.
MTT formazan production was dissolved by DMSO replacing the
medium. The optical density at 540 nm (OD540) was measured by a
microplate reader.

2.5. Cell apoptosis assay

Cell apoptosis was determined by two methods. For annexin V/
PI staining, the cells were measured by flow cytometry after
addition of FITC-conjugated annexin V and PI as previously
described [17]. Annexin V+/PI� and Annexin V+/PI+ were consid-
ered as apoptotic cells in the early and late phase, respectively. For
TUNEL assay, DNA Fragmentation Detection Kit was used
according to the manufacturer’s instruction, followed by flow
cytometric analysis. Samples were analyzed by flow cytrometry on
a FACScan (Becton Dickinson).

2.6. Western blotting

In brief, cells were washed with PBS and lysed. Mitochondrion
protein and cytosolic protein were isolated using Mitochondrial
Fractionation Kit (Active Motif, Carlsbad, Calif) according to the
manufacturer’s instructions. Proteins were quantified using a
BCATM protein assay kit (Pierce, Rochford, IL). The protein lysates
were separated by 10% SDS-PAGE and subsequently electro-
transferred onto a polyvinylidene difluoride membrane (Millipore
Corp., Bedford, MA). The membrane was blocked with 5% nonfat
milk for 1–2 h at room temperature. The blocked membrane was
incubated with the indicated primary Abs, and then incubated
with a horseradish peroxidase-conjugated secondary Ab. Protein
bands were visualized using Western blotting detection system
according to the manufacturer’s instructions (Cell Signaling
Technology).

2.7. Caspase activity assay

Cells were lysed in the lysis buffer containing 10 mmol/L HEPES,
5 mmol/L dithiothreitol, 2 mmol/L EDTA, 1 mM phenylmethylsul-
fonyl fluoride, and 0.1% CHAPS, pH7.4. After 12,000 � g centrifu-
gation for 15 min, the protein concentration in the supernatant
was determined by a BCATM protein assay kit. Caspases 3, 8 and 9
activities were tested in duplicate experiments by measuring the
proteolytic cleavage of specific chromogenic substrates: Ac-DEVD-
pNA, Ac-IETD-pNA and Ac-LEHD-pNA, respectively [18].
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2.8. TNBS-induced colitis in mice and treatment

Colitis was induced by intrarectal injection of TNBS as
previously described [18]. Briefly, mice were fasted for 24 h with
free access to drinking water. They were anesthetized by sodium
pentobarbital (50 mg/kg, i.p.). Next, 100 mL of 2 mg TNBS in 50%
ethanol solution was injected intrarectally through a flexible
catheter of 3.5 cm length. To ensure distribution of the agent
within the entire colon and cecum, mice were held upside down in
a vertical position for 30 s. The sham group received 100 mL of 50%
ethanol alone through the same technique. In the drug treatment
group, astin C (2, 4 mg/kg) and dexamethasone (2 mg/kg) were
given orally and intraperitoneally, respectively. The administration
was performed on a daily basis after the day of immunization (day
0). The same solvent (0.5% methylcellulose in normal saline) was
administered orally to both groups sham and model. In all protocol
studies, mice were monitored for loss of body weight and overall
mortality for ten days after TNBS administration.

2.9. Colitis severity

As TNBS-induced acute colitis is self-limiting and displays a
high level of colonic damage 3 days after colitis induction [19], the
mice were sacrificed three days after TNBS administration in some
experiment. The colon was removed by cutting at the pubis
symphysis and at the cecum and gently washed with 0.9% saline
solution. The colon was blotted dry, measured and weighed.
Colonic length and weight were measured as gross indicators of
colitis. For histological morphometry, colonic tissues were
embedded in paraffin, and cut into 5 mm of sections and stained
with hematoxylin and eosin. Histopathological grading system
was used in a blinded manner [20]: Grade 0: histological findings
identical to normal mice; Grade 1: mild mucosal and/or
submucosal inflammatory infiltrate and edema, punctuate muco-
sal erosions often associated with capillary proliferation, muscu-
laris mucosae intact; Grade 2: 50% of the specimen display Grade 1
changes; Grade 3: prominent inflammatory infiltrate and edema
frequently with deeper areas of ulceration extending through the
muscularis mucosae into the submucosa, rare inflammatory cells
invading the muscularis propria but without muscle necrosis;
Grade 4: 50% of the specimen display Grade 3 changes; Grade 5:
extensive ulceration with coagulative necrosis bordered under-
neath by numerous neutrophils and lesser numbers of mononu-
clear cells, necrosis extends deeply into the muscularis mucosae;
Grade 6: 50% of the specimen display Grade 5 changes.

2.10. Cytokine analysis by ELISA and CBA assay

Blood was obtained from mice at the indicated time points and
immediately centrifuged at 12,000 � g for 10 min. Serum samples
were stored at –70 8C until ready for use. Serum TNF-a levels were
measured by a specific ELISA kit from eBioscience (San Diego, CA)
according to the manufacturer’s instruction. Cytokine levels of IL-2,
IFN-g, TNF-a, IL-4, IL-6, IL-10 and IL-17 were determined using
Cytometric Bead Array (CBA) cytokine assay kit according to the
manufacture as recommended by BD pharmingen.

2.11. Preparation of lamina propria mononuclear cells isolated from

colonic tissue

Colon lamina propria mononuclear cells (LPMC) were isolated
as previously described with some modification [18]. Briefly, colon
tissue was opened longitudinally, cut into 5-mm pieces, and
incubated in 0.5 mM EDTA in calcium- and magnesium-free Hank’s
balanced salt solution for 20 min at 37 8C. After repeated washing,
tissue was incubated for 60 min at 37 8C in digestion solution
containing 4% fetal calf serum, 0.5 mg/mL each of type IV
collagenase (Sigma) and DNase I (Sigma) as well as 50 U/mL
Dispase (Roche, Indianapolis, IN). Then the tissue was subjected to
further mechanical disruption using a 1-mL syringe. The product
was layered onto a 40:80% gradient Percoll column (Sigma). Cells
were spun at 2200 � g for 20 min to obtain the leukocyte-enriched
population (LPMC) at the 40–80% interface.

2.12. Statistical analysis

Data are expressed as means � SEM from at least three
independent experiments. Statistical analyzes were performed using
one-way analysis of variance (ANOVA), followed by Student two-
tailed t test. The data of colon histologic changes were analyzed using
non-parametric test, as applicable. P < 0.05 was considered signifi-
cant.

3. Results

3.1. Astin C inhibited proliferation and induced apoptosis in activated

T cells

Astin C isolated from the roots of A. tataricus was subjected to
HPLC analysis and structure determination. The purity of astin C
was confirmed to be over 95% by HPLC (Fig. 1A). The structure of
astin C was identified by MS and NMR spectral analyzes and
compared with the reported data [14].

To test the immunomodulatory activity of astin C, lymph node
cells from C57BL/6 mice were either unactivated or activated with
Con A for 24 h and subsequently incubated with various
concentrations of astin C (5–20 mM) for 24 h. As shown in
Fig. 1B, astin C dose-dependently inhibited the proliferation of
Con A-activated T cells, but demonstrated little effect on
unactivated cells. The well-known immunosuppressant CsA was
used as a positive control, inhibiting cell proliferation regardless of
activation. A similar observation was made with lymph node cells
activated by anti-CD3 plus anti-CD28 antibodies (data not shown).
The data obtained from Annexin V/PI staining showed that T cells
activated with Con A and exposed to astin C underwent apoptosis
in a dose-dependent manner (Fig. 1C and D). And 20 mM of astin C
displayed comparable activity to 50 mM of quercetin, a positive
control which exerts a high apoptotic potential through several
pathways [21,22].

3.2. Astin C also induced apoptosis in activated T cells with Fas gene

mutation

The induction of apoptosis by astin C was confirmed by TUNEL
assay (Fig. 2, left). Astin C dose-dependently induced apoptosis of
Con A-activated T cells from wild type mice. However, following
activation the T cells from MRLlpr/lpr mice with mutation of Fas
gene demonstrated a similar susceptibility to astin C-induced
apoptosis (Fig. 2, right), excluding the involvement of Fas/FasL
system. In the context of quercetin, remarkably impaired apoptosis
was observed in the T cells from MRLlpr/lpr mice compared with
those from wild type mice.

3.3. Astin C triggered the changes of relevant molecules in

mitochondria pathway

To further investigate the molecular mechanism of astin C-
induced apoptosis, we monitored the changes in apoptotic
molecules related to mitochondria pathway in activated T cells.
Western blotting analysis showed that astin C treatment caused
the cleavage of the 116-kDa PARP into an 89-kDa fragment
(Fig. 3A). And the active fragments of caspase 3 and caspase 9



Fig. 1. Inhibition of cell proliferation and induction of apoptosis in activated T cells by astin C. (A) The chemical structure and HPLC analysis of astin C. The purity of astin C was

confirmed to be over 95%. Lymph node cells isolated from C57BL/6 mice were incubated in medium or in the presence of Con A for 24 h. Then the cells were further incubated

with or without various concentrations of astin C for 24 h. (B) MTT method was used to detect cell proliferation. Data are shown as means � SEM of three independent

experiments. *P < 0.05, **P < 0.01 vs vehicle controls. (C and D) Cells were co-stained with Annexin V/PI to determine apoptosis by flow cytometry. C demonstrates a representative

experiment for apoptosis and D shows means � SEM of three independent experiments. *P < 0.05, **P < 0.01 vs vehicle controls.
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appeared more intensive in astin C-treated cells than vehicle-
treated cells. In addition, astin C treatment caused increase in the
expression of pro-apoptotic gene Bad whereas there was little
change in the expression of anti-apoptotic gene Bcl-2. When the
levels of cytochrome c were monitored in both mitochondrion and
cytosolic fraction, dose- and time- dependent release of cyto-
chrome c from mitochondrial to cytosol was detected in activated T
cells upon exposure to astin C (Fig. 3B and C). COX IV (cytochrome c

oxidase IV), as a control, remained in the mitochondrion fractions.
Next, we analyzed caspase enzymatic activities using sub-

strates specific for caspases 3, 8, and 9. Significantly increased
caspase activities for caspase 3 and caspase 9 were observed in
astin C-treated, Con A-activated T cells compared with vehicle-
treated T cells, whereas no caspase 8 activation was detected in
these cells (Fig. 3D). By contrast, quercetin treatment caused
significant increase in all three caspase activities.

3.4. Astin C failed to induce apoptosis in activated T cells through

endoplasmic reticulum stress

As another potential mechanism underlying the apoptosis
induced by natural products, the intrinsic endoplasmic reticulum



Fig. 2. Induction of apoptosis in activated T cells with Fas mutation by astin C. Lymph node cells isolated from C57BL/6 wild type mice or MRLlpr/lpr mice were activated by Con

A for 24 h. Then the cells were further incubated with or without various concentrations of astin C for 24 h. Percentages of apoptotic T cells were determined by TUNEL assay.

Numbers in each histogram refer to the percentage of cells above the threshold of normal controls. One result representative of three experiments was shown.
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(ER) stress-mediated pathway is likely to be implicated [23,24]. We
assessed the effect of astin C on the expression of GRP78 and
GADD153, which are the major markers of ER stress. As shown in
Fig. 4, astin C treatment did not increase their levels whereas
treatment with the positive control TG resulted in a significant
increase as early as 12 h in activated T cells. Astin C also had no
effect on the cytosolic calcium levels (data not shown).

3.5. Astin C ameliorated TNBS-induced colitis in mice

Because facilitating apoptosis of activated effector T cells in the
gut may be an ideal strategy for increasing the elimination of
pathogenic T cells, and thus be useful in the treatment of IBD, we
investigated the therapeutic efficacy of astin C in TNBS-induced T-
cell mediated murine colitis. As shown in Fig. 5A, oral administra-
tion of astin C (2 mg/kg/day) prevented the reduction of body
weights, and the protective effect became overt at day 6 post TNBS
immunization and persisted over the course of colitis. Next, we
collected the colon tissues at day 3 post TNBS immunization when
colitis severity frequently reaches the peak. A significantly
increased weight/length ratio of the mice colon, an indicator of
inflammation, was observed in TNBS-treated model mice com-
pared with sham mice (Fig. 5B, left). Astin C at 2 and 4 mg/kg/day or
dexamethasone at 2 mg/kg significantly reduced the weight/
length ratio. TNBS induced mucosal thickening, crypt damage,
increase of lymphoid follicle size and loss of goblet cells. The data
obtained from histologic examination of mice colon showed that
astin C at high dose significantly ameliorated the sign of colitis
compared with the TNBS model group (Fig. 5B, right). As shown in
Fig. 5C, the colon tissues from the model group displayed serious
mucosal injury characterized by necrosis of the epithelium,
destruction of mucosal architecture and diffuse infiltration of
lymphocytes and neutrophils in the mucosa and submucosa. A
marked decrease in the colonic inflammation was shown in astin
C-treated mice.

To test the effect of astin C on colitis-related pro-inflammatory
cytokines, CBA assay was used to determine serum cytokine levels
at day 10 post TNBS immunization. Dramatic reduction in TNF-a
and a modest decrease in IL-4 and IL-17 were observed in the sera
from astin C-treated mice compared with the model mice (Fig. 5D).
Since TNF-a plays a critical role in colonic inflammation and the
therapy targeting TNF-a is currently used with considerable
success in the treatment of IBD [25], we also examined serum TNF-
a level at day 3 post TNBS immunization. Consistently, astin C at
high dose caused a significant decrease in TNF-a level (Fig. 5E).

3.6. Astin C induced apoptosis of T cells from lamina propria of mice

with TNBS-induced colitis

Because augmented lamina propria T-cell activation, and thus
resistance to apoptosis, has been identified as a key factor in IBD
pathogenesis, apoptosis measurement was made by Annexin V/PI



Fig. 3. Effects of astin C on relevant molecules in mitochondrial-dependent pathway. Lymph node cells isolated from C57BL/6 mice were activated by Con A for 24 h. Then the

cells were further incubated with or without various concentrations of astin C for 24 h. (A) Protein levels of PARP, cleaved caspases 3 and 9, Bad and Bcl-2 were analyzed by

western blotting. (B) Dose-dependent release of cytochrome c was analyzed by western blotting. (C) Time-dependent release of cytochrome c was analyzed by western

blotting. Activated cells were incubated 20 mM of astin C for indicated time. These blots are the representative result of three independent experiments. (D) Enzymatic

activities of caspases 3, 8 and 9 were determined in Con A-activated T cells 10 h after exposure to astin C. The exposure time was selected according to pilot experiments. Data

are shown as means � SEM of three independent experiments. *P < 0.05, **P < 0.01 vs vehicle controls.

Fig. 4. Effects of astin C on relevant molecules in ER stress-mediated pathway.

Lymph node cells isolated from C57BL/6 mice were activated by Con A for 24 h.

Then the cells were further incubated with 200 nM of TG or various concentrations

of astin C for indicated time. Protein levels of GRP78 and GADD153 were analyzed

by western blotting. These blots are the representative result of three independent

experiments.
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staining on lamina propria T cells freshly isolated from the mice at
day 3 post TNBS immunization. Compared with the model mice,
the percentages of apoptotic T cells among gated CD3+ cells were
increased in astin C-treated mice, whereas no change was observed
in dexamethasone-treated mice (Fig. 6A and B).

4. Discussion

Immunosuppressants are required for an array of medical
purpose, such as the treatment of inflammatory diseases. CsA, a
cyclopeptide derived from microorganisms, is considered as a
milestone in immunosuppression despite its adverse effects on
renal function and cardiovascular disease [26]. In this study, we
found that astin C, a plant cytopeptide, has immunosuppressive
activity, protective potential against TNBS-induced colitis, and the
immunosuppressive mechanism may be different from CsA. Astin
C reduced the proliferative response of Con A-activated T cells



Fig. 5. Protective effects of astin C against TNBS-induced colitis in mice. (A) Body weight change. (B) Weight/length ratio (left) and histologic score (right). (C) Representative

photograghs of H&E-stained colon sections. Original magnification 100�. (D) Serum cytokine levels were measured by CBA assay at day 10 post TNBS immunization. (E) TNF-

a serum level was measured by ELISA at day 3 post TNBS immunization. Data are shown as means � SEM of three independent experiments. n = 8–10. *P < 0.05, **P < 0.01 vs

model control.
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without any effects on nonactivated cells. Unlike CsA, astin C did
not prevent upregulation of Con A-induced activation markers
CD25 and CD69 (Fig. 1S), suggesting that astin C cannot interfere
with naı̈ve T cell activation. In fact, astin C induced activated T cell-
apoptosis in a dose-dependent manner as demonstrated by
Annexin/PI staining and TUNEL assay.

Three different death signaling pathways lead to apoptosis,
such as the extrinsic death receptor-dependent pathway, the
intrinsic mitochondria-dependent pathway and the intrinsic ER
stress-mediated pathway. These pathways work together to
regulate the function of T lymphocytes [27]. Although activated
T cells express Fas ligand (FasL), and Fas-mediated signaling plays
important parts in the induction of lymphocyte apoptosis [28],
astin C is still capable of inducing apoptosis in activated T cells
from MRLlpr/lpr mice which cannot mediate apoptosis via the Fas
pathway. Furthermore, astin C did not demonstrate any effect on
the upregulation of FasL expression on the surface of activated T
cells (data not shown). These results indicate that Fas-dependent
pathway may not be involved in astin C-induced apoptosis, which
is also supported by evidence that no activation of caspase 8
occurred whereas caspases 3 and 9 were active upon exposure to
astin C. It is not likely that ER stress-mediated pathway was
involved in astin C-induced apoptosis, because astin C treatment
failed to induce the expression of ER stress-related proteins GRP78
and GADD153 in activated T cells. By contrast, astin C treatment
significantly increased cleaved caspases 3, 9, Bad protein levels and
caused cytochrome c release. Depolarization of the mitochondrial
membrane potential was also observed in astin C-treated,
activated T cells (Fig. 2S), suggesting that in activated T cells astin
C-induced apoptosis occurs predominantly through the activation
of the intrinsic mitochondrial pathway. However, it was reported
that a synthesized cyclic astin analogue activated an apoptotic
pathway involving the sequential activation of caspases 8, 9 and 3
in NPA cells, which were derived from human papillary thyroid
carcinomas [16]. It is possible that the underlying mechanisms of
apoptosis-inducing actions of cyclic astins are associated with
compound structures and cell types.

It was well documented that intestinal T cells exhibit resistance
to multiple apoptotic signals in experimental models of colitis, as
well as in IBD patients. This broad resistance to apoptosis accords
with the fact that T cells in inflamed tissue express increased levels
of Bcl-2 and thus may be resistant to a range of apoptotic
mechanisms that involve mitochondrial activity [4,5,8]. The
colitis-protective effects mediated by many agents, such as natural



Fig. 6. Induction of apoptosis in lamina propria T cells from mice with TNBS-induced colitis by astin C. (A and B) Lamina propria mononuclear cells were isolated from the mice

at day 3 post TNBS immunization. Percentages of apoptotic cells among gated CD3+ cells were determined by Annexin V/PI staining (A) is a representative of three

independent experiments and (B) shows means � SEM of three independent experiments. *P < 0.05 vs model control.
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compound garcilin and anti-IL-6R antibodies, involve reduction of
Bcl-2 expression and induction of lymphocyte apoptosis [8,29]. In
the current study, oral administration of astin C potentially
protected mice against TNBS-induced inflammation, reducing the
colonic weight/length ratio and histological scores. As expected,
astin C treatment caused apoptosis of lamina propria CD3+ T cells
in a dose-dependent manner. Astin C treatment also reduced
serum TNF-a levels and this inhibitory effect seemed to persist
over the course of colitis. It is noteworthy that even 2 mg/kg of
astin C improved the reduction of body weight post TNBS
immunization. In agreement with this finding, previous studies
indicate that administering astin C at a dose of 5 mg/kg/day
inhibited the tumor growth by 45% in vivo, although its IC50 values
of killing tumor cells ranged from 7 to 15 mg/mL in vitro [30,31].
Further studies are in progress to determine the pharmacokinetic
properties of this compound.

There has been growing interest to explore novel compounds
with anti-inflammatory or immunomodulatory properties from
herbal medicine. Such natural compounds can be purified,
synthesized and modified in chemical structure for new drug
design, and often have a low toxicity profile. In the case
presented here, astin C, a plant cyclopeptide isolated from
the traditional medicine A. tataricus, induced activated
T-cell apoptosis via mitochondria-mediated pathway. Its
targeting of apoptosis in activated effector T cells contributes
to a chemopreventive potential in inflammatory intestinal
diseases.
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