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Abstract
Background: Colorectal cancer continues to be one of the most common causes of cancer 
death, and the poor survival rates and liver metastases at the time of diagnosis urgently 
need more effective strategy for colorectal cancer treatment. Methods: The activities of N-(5-
bromopyridin-2-yl)-2-((6-(2-chloroacetamido)benzo[d]thiazol-2-yl)thio)acetamide (YLT205), 
which is a novel small molecule compound synthesized by us, were investigated using MTT 

Results: YLT205 
induced apoptosis of human colorectal cell lines in a dose-dependent manner. The occurrence 
of apoptosis was associated with activation of caspases-9 and -3, down-regulation of Bcl-2 and 
up-regulation of Bax in HCT116 cells. Moreover, YLT205 disrupted mitochondrial membranes 
and induced the release of cytochrome c into cytosol. Impaired phosphorylation of p44/42 
mitogen-activated protein kinase was also observed while the expression of phosphorylated 
protein kinase B (Akt) was not affected. Furthermore, in HCT116 and SW620 tumor-bearing 
nude mice models, YLT205 dose-dependently inhibited tumor growth without obvious 
adverse effects. Immunohistochemistry analyses revealed YLT205 also induced apoptosis and 
inhibited tumor cell proliferation in vivo. Conclusion: These studies suggested that YLT205 
might be a potential drug candidate for human colorectal cancer therapy.
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Introduction

Colorectal cancer (CRC) continues to be one of the most common causes of cancer 
death both in men and women, being responsible for about 10% of total cancer-related 
mortality [1]. According to the report, there were over 102,480 new diagnoses and 50,830 
deaths only in the United States in 2013 [2]. Chemotherapy, radiotherapy and surgery are 
the mainly strategies for colorectal cancer treatment at present, but not yet satisfactory 
for poor survival rates and liver metastases at the time of diagnosis [3]. Therefore, more 
effective strategy for CRC treatment is still an urgent need. Recently, the treatment of CRC is 
mainly focused on the deregulation of cell proliferation and apoptosis [4, 5]. 

Apoptosis (programmed cell death) plays an important role in the balance between cell 
proliferation and cell death, and the deregulation of the apoptosis can lead to diseases, such 
as cancer [6]. Targeting apoptosis is a promising strategy in anticancer drug discovery [4, 7], 
for cancer cells are highly dependent on aberration of the apoptosis signaling pathways to 
stay alive, and cancers are often resistant to chemotherapeutic agents that primarily work by 
inducing apoptosis [8, 9]. Apoptosis signaling pathways can be divided into two pathways: 
cell death receptor-mediated extrinsic pathway and mitochondrial-mediated intrinsic 
pathway [10]. The intrinsic apoptosis pathway mainly act through mitochondria, and the 
important events include the loss of mitochondrial transmembrane potential, the release of 
cytochrome c, and the participation of pro- and anti-apoptotic Bcl-2 family proteins [11, 12]. 
Intracellular death signals, such as DNA damage, toxins or depletion of ATP, can induce the 
release of cytochrome c from the inner membrane of mitochondria, which can subsequently 
interact with the Apaf-1 and ATP, which binds to pro-caspase-9, resulting in the cleavage of 
pro-caspase-9 and activation the effector caspase-3 and/or caspase-7 [13]. In the extrinsic 

Fas binding) leads to caspase-8 activation, and then cleavage and activation of downstream 
effector caspases, such as caspase-3 and caspase-7, resulting in chromatin condensation, 
DNA laddering and formation of apoptosis [14]. 

Our research group found a novel benzothiazole derivative, N-(5-bromopyridin-2-yl)-

anti-proliferative activity and induced apoptosis in vitro [15]. In this investigation, we 
via the mitochondrial 

also inhibited tumor growth in vivo by inducing apoptosis without causing toxic effects. 

Materials and Methods

Drugs and regents

China) [15
1H-NMR, 13 . For 
all in vitro
DMSO concentration of 0.1% (V/V). For in vivo 

3-(4,5-dimethyl-2-thiazolyl)-2,5-di-phenyl-2H-tetrazolium bromide (MTT), propidium iodide (PI), 
Rhodamine-123 (Rh123), Hoechst 33358, and dimethyl sulfoxide (DMSO) were purchased from Sigma 

(San Diego, CA). The antibodies against caspase-3 (17, 19, 35 kDa), caspase-9 (35, 37, 47 kDa), cytochrome 

Tyr204, 44, 42 kDa) were purchased from Cell Signaling Technology Company (Beverly, MA). Antibody 
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Cell culture
Human colon cancer cell lines HCT116, SW620, 

purchased from American Type Culture Collection 

lines were obtained from the China Center for Type 
Culture Collection (CTCCC, Wuhan, China). These cells 

(DMEM) or RPIM 1640 supplemented with 10% fetal 

Fig. 1.

chamber at 37  under 5% CO2 in atmosphere.

Cell viability assay

plated on 96-well microplates at a density of 2-5×103 cells per well and cultured for 24 h. After various 

incubation for 2-4 h at 37 
to dissolve the formazan crystal produced by living cells. Ten minutes later, 96-well microplates were read 
on Spectra MAX M5 microplate spectrophotometer (Molecular Devices) at 570 nm for O.D. values [16]. 

Clonogenic survival assay 
For clonogenic survival assay, 400 to 1000 cells were seeded in a six-well plate, and treated with 

Morphological analysis by Hoechst staining  
Hoechst 33358 staining was used to detect morphological changes associated with apoptosis. After 

microscopy (Zeiss, Axiovert 200, Germany).  

Analysis of apoptosis by Flow Cytometry (FCM)

performed and analyzed by FCM. Finally, the data was analyzed using Flow Jo software.

and detected by FCM as described previously [17]. Cell culture and drug treatment were done as described 

37 

15 min, the cells were incubated with blocking buffer (PBS containing 3% bovine serum albumin, 2% goat 

http://dx.doi.org/10.1159%2F000358665


Cell Physiol Biochem 2014;33:933-944
DOI: 10.1159/000358665
Published online: March 31, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 936

Zhu et al.: YLT205 Induces Apoptosis and Inhibits Tumor Growth

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

serum and 0.2% Triton X-100) for 1 h and incubated with antibodies against cytochrome c overnight. After 

(Zeiss, Axiovert 200, Germany) [18]. 

Western blotting analysis 

PBS after harvesting and centrifuged at 13,000 rpm for 15 min, followed by lysis in RIPA buffer for 30 min. 

at 4  with recommended dilute solution of primary antibodies, followed by incubation with horseradish 

Xenograft nude mice model studies  
All animal experiments were approved by the Institutional Animal Care and Treatment Committee of 

regions with 1×107 HCT116 cells or 1×107 

serum and antibiotics. About a week later, mice bearing tumors around 100 mm3 were selected and then 

and tumor size and body weight were measured every 3 days. Tumor volumes were calculated according 
2. Growth inhibition was calculated from the start of 

treatment by comparison of the change in tumor volume for vehicle and treated group as before [19]. 

Analysis of HCT116 cell apoptosis by Immunohistochemistry and TUNEL assay in vivo

[20]. Three tumors per group were analyzed.

Toxicity evaluation

etiological symptoms of the mice including mortality, body weight, diarrhea, anorexia and skin ulceration 
were monitored continuously [21]. Serological analysis, hematological analysis, and histological examination 
were carried out after dissection. Serological analysis and hematological analysis were detected by Hitachi 

respectively. Heart, liver, spleen, lung, and kidney of the mice were stained with hematoxylin and eosin 

Statistical analysis
Statistical analyses were carried out in Microsoft Excel or GraphPad Prism. P values were calculated by 

unpaired t P < 0.05. Data are displayed as means±SD/SEM from three 

Results

Effects of YLT205 on human cancer cells viability in vitro

50 values were expressed. 

http://dx.doi.org/10.1159%2F000358665
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As shown in Table 1, IC50 
the examined 23 cell lines showed that human rectal cancer cell lines were most sensitive 

Table 1. -
man cancer cells. Each cell line was treated with various 

-
lity was detected by MTT assay and IC50 values were ex-
pressed as mean±SD from three experiments

Fig. 2. 

MTT assay. Each point represents the mean±SD for at least 3 independent experiments (*p<0.05; **p<0.01; 

SW620 cells. (C) The percentage of inhibition in colony-forming assays was expressed using vehicle treated 
cells at 100%. Data are expressed as mean±SD for at least 3 independent experiments (*p<0.05; **p<0.01; 
***p<0.001). 
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cancer cells proliferation in a concentration- and time-dependent manner.

YLT205 inhibited clonogenicity of human colorectal cancer cells 

and SW620 cell lines were inhibited in a concentration-dependent manner after exposure 

could inhibit cell growth of colorectal cancer cell lines.

YLT205 induced apoptosis of CRC cells 

cytometric analysis and Hoechst 33358 nuclear staining. As shown in Fig. 3B, the percentage 
of sub-G1 cells in HCT116 cells increased from 2.13% to 4.42%, 21.30%, 49.55% and 

Similarly, in SW620 cells, the percentage of apoptotic cells was increased from 3.60% to 

h (Fig. 3B), respectively. Furthermore, as shown in Fig. 3A, the features of apoptotic cells 

Fig. 3.

33358-stained HCT116 and SW620 cells (×400). (B) Flow cytometric analysis of PI-stained CRC cell lines. 
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nuclear fragmentation were evident.

Fig. 4. 

Fig. 5.
-

ted by western blot. (B) Changes of the mitochondrial membrane potential were determined by FCM. (C) 

(*p<0.05; **p<0.01; ***p<0.001).
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Effects of YLT205 on apoptosis-related proteins

related proteins were detected by Western blot, including caspase family proteins, Bcl-2 

of caspase-3 and caspase-9. As shown in Fig. 5A, expression of pro-caspase-3 and pro-

including Bcl-2 and Bax. Fig. 5D showed that the expression of Bcl-2 was decreased 

expression level, but there was no clearly change in the level of phosphorylated Akt.

Fig. 6.
inhibits tumor 
xenograft mo-
del growth of 
human colon 
cancer model 
( S W 6 2 0 a n d 
HCT116). Es-
tablished tu-
mor xenografts 
were treated 
with 37.5, 75 
and 150 mg/

or vehicle. Tu-
mor volumes 
(A) and body 
weights (B) 
were measured 
every 3 days. 
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Effects of caspase and MAPK inhibitors on YLT205-induced apoptosis in vitro    

Fig. 7. -

(D) After the treatment of SW620 xenograft, heart, liver, spleen, lung and kidney of the mice were isolated 

http://dx.doi.org/10.1159%2F000358665
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in vivo, HCT116 or SW620 tumor bearing 

substantially suppressed tumor growth in a dose-dependent manner, with the inhibition 
rate of tumor volumes at 68.8% (SW620) and 51.3% (HCT116) at the dose of 150 mg/

slightly (Fig. 6B), and no other adverse effects, such as toxic death and skin ulcerations, were 

in vivo, 

in vivo 
through inducing cell apoptosis.    

and hematological of the mice did not show any pathological changes (Table 2). Moreover, 
microscopic examination of heart, liver, spleen, lung and kidney revealed that there were no 

Discussion

apoptosis in human colorectal adenocarcinoma cells via the mitochondrial apoptotic 
pathway in vitro and inhibited tumor growth in vivo.

There are two classic apoptotic pathways, including the extracellular pathway and 
the intracellular pathway. In both pathways, caspase-3 plays a central role [22] and can 
be activated by upstream effector proteins, such as caspase-9, which could  arouse the 
activation of mitochondrial intrinsic pathway [23]. The cleavage of caspase-9 and caspase-3 

via the mitochondrial intrinsic pathway. In order 

Table 2. Evaluation of side effects 
-

ment of SW620 xenograft in nude 
mice, hematological parameters and 
serum biochemical values of mice 

-

in mean±SD
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In the intrinsic apoptotic pathway, many important events are closely related with the 
mitochondria, including the disruption of the mitochondrial transmembrane potential and 
the induction release of cytochrome c [10, 11]. In general, cytochrome c is localized in the 
mitochondrial membrane and would be released into the cytosol when intrinsic apoptosis 

downstream caspase-3 to initiate apoptosis [24]. In this study, we observed substantial 

Bcl-2 family is the center regulator in mitochondrial apoptosis pathway, and this family 
includes the anti-apoptotic Bcl-2 and pro-apoptotic Bax [12], increasing in pro-apoptotic 
protein but decreasing in anti-apoptotic protein would stimulate the release of cytochrome 
c [25]. In our study, anti-apoptotic protein Bcl-2 was down-regulated while pro-apoptotic 

the change of the Bcl-2 family proteins is involved in the release of cytochrome c and may 

2
play important roles in promoting cell proliferation and modulating cancer prevention and 

Furthermore, tumor growth inhibition in vivo was evaluated in tumor-bearing nude 

the inhibitory rate of 68.8% and 51.3% in human colon cancer SW620 and HCT116 models, 

in 
vitro, but also had an effective inhibition of tumor growth in vivo without causing obvious 
toxicities.

colon cancer growth both in vitro and in vivo, and induce human colon cancer cells apoptosis 
via mitochondrial intrinsic pathway. The mechanism of apoptosis was related to down 
regulation of Bcl-2 and conversely up regulation of Bax, along with the disruption of 
mitochondrial membrane, followed by release of cytochrome c from mitochondria to cytosol, 

showed antitumor activities in the colon cancer xenograft in vivo with no obvious toxicity, 

while its anti-tumor activities in other cancer types and the more precise mechanisms are 
still needed in future study.

References

1 Stelzner F: Spontane Malignitätsänderung bei soliden MalignomenChirurg 2012;83:726-731.
2 Siegel R: Global cancer statistics. CA Cancer J Clin 2013;63:11-30.
3 

2012;18:25.

http://dx.doi.org/10.1159%2F000358665


Cell Physiol Biochem 2014;33:933-944
DOI: 10.1159/000358665
Published online: March 31, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 944

Zhu et al.: YLT205 Induces Apoptosis and Inhibits Tumor Growth

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

4 Fesik SW: Promoting apoptosis as a strategy for cancer drug discovery. Nat Rev Cancer 2005;5:876-885.
5 Hanahan D, Weinberg RA: Hallmarks of cancer: the next generation. Cell 2011;144:646-674.
6 
7 

2013;332:359-368.
8 Nicholson DW: From bench to clinic with apoptosis-based therapeutic agents. Nature 2000;407:810-816.
9 

2007;12:1543-1568.
10 

2003;8:115-128.
11 Green DR, Reed JC: Mitochondria and apoptosis. Science 1998;281:1309-1311.
12 

Cell 2001;8:705-711.
13 Slee E A, Adrain C, Martin SJ, Executioner caspase-3,-6, and-7 perform distinct, non-redundant roles during 

the demolition phase of apoptosis. J Biol Chem 2001;276:7320-7326.
14 

5251.
15 

benzothiazole-2-thiol derivatives as potential anticancer agents. Molecules 2012;17:3933-3944.
16 

17 
rhodamine derivatives. Biophys J 1999;76:469-477.

18 

pathway in human hepatocarcinoma cells in vitro and in vivo. Carcinogenesis 2013;34:1636-1643.
19 

xenograft, and mouse allograft preclinical cancer models. Clin Cancer Res 2003;9:4227-4239.
20 

Multikinase Inhibitor, Showed Potent Antitumor Activity in Human Melanoma Models. Cell Physiol 
Biochem 2013;32:138-153.

21 
three-armed star-shaped copolymer micelles. J Pharm Sci 2010;99:2830-2838.

22 Porter AG, Jänicke RU: Emerging roles of caspase-3 in apoptosis. Cell Death and Differ 1999;6:99.
23 

Differential requirement for caspase 9 in apoptotic pathways in vivo. Cell 1998;94:339-352.
24 

1998;8:267-271.
25 

Clin Cancer Res 2009;15:1126-1132.
26 

2002;2:489-501.

http://dx.doi.org/10.1159%2F000358665

	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_20: 
	CitRef_21: 
	CitRef_22: 
	CitRef_23: 
	CitRef_24: 
	CitRef_25: 
	CitRef_26: 


