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ABSTRACT

Previously we reported that (Z2)-3-(chloromethyleGenethylthiochroman-4-one (CMMT), a novel thiochanones
derivative could exhibit dramatically antitumor adties on 12 human tumor cell lines in vitro. Hargs CMMT Kkill
the tumor cells? The purpose of this study wasiswar this question. Pretreatment of Hela cellunelé with 5, 10,
20umol/L CMMT for 24h, afforded significant apoptosiguction as judged by Flow cytometry assay, anédtist
33258 fluorescence staining. We found that CMMTdoause cancer cell death, in particular apoptatal death.
Mechanistically, CMMT increased production of cysfe aspartate specific proteinase including Caspads
Caspase-8 and Caspase-9, and death receptors (DRB9rlay apoptosis induction effect. Taken togettiase
results suggest that CMMT Kills tumor cells by apsjs induction via increasing production of cagp@&sCaspase-8,
Caspase-9, and death receptors 3.

Keywords: (Z)-3-(chloromethylene)-6-methylthiochroman-4-orthjochromanones, cervical cancer, apoptosis,
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INTRODUCTION

Thiochromanones is a compound of high fat-solulidey water-soluble with extensive biological actied.

Thiochromanones has gained considerable attentoause of its diversity in biological activity, suas antifungal
activity [1, 2] and anti-platelet aggregative ait}iv{3]. Previous reports also indicated their pable antitumor
activities [4] (such as tumors of the breast, enekoioom and prostate). In view of these researchdsracontinuation
of our work in thiochromanones, a series of thioohanones derivatives herein were designed syntdtes$ir the
evaluation of their antitumor activities by Yang @fc. in our lab [5-7].

Previously we reported that (2)-3-(chloromethyleGenethyl-thiochroman-4-one (CMMT) had prominent
antitumor activities in vitro [6]. But how this cimécal kill the tumor cells are unknown. Herein, rgport that CMMT
kill the tomor cells by inducing apoptosis.

Apoptosis is the process of automatically end dinatife determined by genes in normal tissuesimiuapoptosis, a
cell triggers a process that will allow it to "contisuicide". In this process, the cell undergoesduction in size as its
cellular components break down and condense [&r8ike cell necrosis, cells shrinkage round anplesys gathered
Karyopycnosis in the process of apoptosis. Fradtaheomatin fragments or cell organelles are reftyparceled by
cell membrane to the formation of apoptotic bodAgsoptotic bodies are swallowed by adjacent ceitg, causing
inflammation [10]. Following many extracellular amtracellular activation, a series of cysteinetpases called
caspases was activated, causing the apoptosis.

Numerous studies have shown that the incidencarmder is not only related to abnormal cell proéitein, but also
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apoptosis abnormalities; cancer can be usuallyechiog the lack of apoptosis [11]. In our preseséegch, the results
showed CMMT could induce Hela cells apoptosis. Avel explored the possible mechanisms and pathway tha
regulated this apoptosis in Hela cells.
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Figure 1 Chemical structure of CMMT

EXPERIMENTAL SECTION

1.1. Chemicals

(2)-3-(chloromethylene)-6-methylthiochroman-4-onEMMT) was obtained from Drug Quality Control Key
Laboratory of Hebei Province. DMEM, DMSO and BisrmBamide Hoechst 33258 were purchased from Beijing
Solarbio Science & Technology Co. Ltd., placentalihe serum(NBS) was purchased from Zhejiang Tiagha
Biological Technology Co. Ltd., Trypsin(1:250) wpsrchased from Amersco InBCA Protein Assay kits was
purchased from Beijing Biomed Co. Ltd., Caspasea8pase-8 and Caspase-9 ELISA kits were purchased fr
Beyotime Institute of Biotechnology, DR3 and TNFRILISA kits were purchased from R&D Systems in Sheaig
Yuanye Bio-Technology Co. Ltd., Annexin V-FITC EIASKits were purchased from Becton, Dickinson and
Company.

1.2. Preparation of CMMT

(2)-3-(chloromethylene)-6-methylthiochroman-4-0@MMT) was dissolved in dimethyl sulfoxide (DMSO) the
concentration of 8Bmol/L As stock solution, stored af@. Dilluted with culture medium to final concentiats (20,
10 and sumol/L), and keep DMSO is 0.2% in every treatmematsons.

1.3. Hela cell culture and treatments

Human cervical carcinoma cells Hela was a precgifiSrom Dr. Jingxiang Zhao (Academy of Military édical
Sciences), maintained by our laboratory at3in a humidified atmosphere incubator with 5% G@d 95% air, in
Dulbecco’s modified Eagle’'s medium (DMEM) supplertegh with 100U/mL of penicillin, 10@y/mL of
streptomycin and 10% placental bovine serum. Fpegmental purpose, the cells were harvested irplegse and
were plated in 6 well sterileplate. 12 h later, ¢tk#is were treated with vehicle, 5, 10@8ol/L of CMMT. The cells
were digested and collected at different time mirfor ELISA assay, fluorescence staining and
flow cytometry (FCM).

1.4. Flow cytometry assay

Collected 24h drug-treated culture, wash them thirmes with PBS, then the cells were treated ugingexin
V-FITC ELISA kits following the manufacturer’s insictions; apoptosis inducing effect of CMMT wasrizd out by
Flow cytometry.

1.5. Fluorescence staining by Bis Benzimide Hoechst 3325

Added 1mL of Bis Benzimide Hoechst 33258 per well#4 h drug-treated cultures, continued to inculf@te30
minute. Removed the medium, and washed two timeés RBS. Watched and recorded images by a confocal
microscope (Olympus IX81-FV1000, Japan)

1.6. Caspases, DR3 and TNFR1 assaies

Washed 24h drug-treated cultures with PBS, coltectdls in the centrifuge tube, and added jbprecooling cell
lysis solution (RIPA) and 48 protease inhibitors (PMSF) per tube. Incubatedttiive on the ice af@ for 20 minute,
centrifuged at 1,000 r/min for 10 min. The supeants were collected, the level of Caspase-3, CaspaSaspase-9,
DR3 and TNFRL1 in supernatant was measured accotalitige manufacturers’ instructions. The opticaisigy was
read at 405 nm for caspases and 450nm for DR3 BIRdRT with a Bio-Tek microplate Reader.

1.7. Data processing and statistical analysis

Data are presented as the mean = standard emwearf (SEM) of independent repeated three experam8tutistical
significance was assessed with ANOVA followed lgdt using SPSS Statistics 17.0. Apoptosis dataasssssed
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with cell Quest/Pro. A value of p < 0.05 was coes@dl significant statistically.

RESULTS

1.8. CMMT-induced apoptosis in Hela cells

Flow Cytometric Analysis of Annexin V/PI double istiag showed that CMMT could induce apoptosis inaHzells
in a concentration-dependent manner (Fig.1A). Wt concentration of CMMT was greater than jirfol/L,
apoptosis rate of Hela cells was significant highan vehicle (Fig.1B).

Hoechst 33258 staining assay also showed that CMM&tment induced nuclei condensation or apoptmities
formation in Hela cells, but the nuclei of cellsreeound and homogeneously stained in the contolg (Fig.1C).

1.9. CMMT induced Caspases activation and increased prein level of DR3

To investigate how CMMT induced apoptosis in Hallis; ELISA assaies were used to detect the enzymetivities
of Caspase-3, Caspase-8 and Caspase-9, and teerpesel of DR3 and TNFR1. The results showed €&MT
could activivate Caspase-3, Caspase-8 and CaspasexSconcentration-dependent manner. (Fig.2). Eagic
activities of Caspase-3, Caspase-8 and Caspasec9mecased by 159.16, 284.90, and 244.90 perespectively
at 2Qumol/mL, and was increased by 8.45, 81.13, and 5p&t8ent respectively even if at lowest concerdrati
(Fig.2). As shown in Fig.3. CMMT significantly ermi@ed the protein level of DR3 in higher concentmrat{20.0
umol/L), but has no effect on TNFR1, the level of HRL inuced by CMMT( 5, 10 and 2ol/L) was 98.53%,
85.07%, 138.24% of the vehicle group respectively.
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Fig.1 CMMT-induced apoptosis in Hela cells
(A) DMSO and CMMT-induced apoptosiHela cells, early apoptosis cells were tested\bgiexinV, Pl is the indicator of late apoptosiand
necrosis cells. They were DMSO, CMMT /&n@l/L), CMMT (10.2mol/L), CMMT (20.@mol/L) from left to right respectively. (B) Apoptrte
on Hela cells induced by DMSO and CMMT. After eeawith 5, 10 and 20mol/L of CMMT for 24 h, apoptosis rate was 3.71%3%%, 41.40%
respectively. The results are the mean + SEM aelimdependent experiments. **p<0.01 compared @MEO0-treated cells, (C) Different
cell-shape in different cultures treated with DM&@ 5,10 and 2@mol/L of CMMT for 24 h, They were DMSO, CMMT(&®l/L), CMMT(10.0
umol/L), CMMT(20.Q«mol/L) from left to right respectively.
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Fig.2 Caspases Activation induced by DMSO and CMMTCultures were pretreated with DMSO and CMMT
Cells were harvested at 24 h for Caspases deteclioa results are the mean + SEM of three indepeneleriments. *p<0.05, **p<0.01
compared with DMSO-treated cells.
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Fig.3 Effect of CMMT on DR3 expression
Cells were treated with DMSO and 5, 10.8®l/L of CMMT followed by 20 min RIPA/PMSF (180Q5ul) treatment, and then harvested for DR3
assay. The results are mean + SEM from three inuggrat experiments. *p<0.05, **p<0.01 compared wWitllSO-treated cells.

DISCUSSION

We investigated the cell apoptosis induced by CMNAT Hela cells, and showed the apoptosis from the
cell-morphology by confocal microscope. In additiave explored the possible induce- apoptosis meshaonf
CMMT by using ELISA kits, and certificated CMMT clousignificantly elevate the activation of Casp&se-
Caspase-8, Caspase-9 and the expression of DR3 .

Caspase, as a class of proteases in the cytoptdayna key role in the process of apoptosis. Casfmsily can be
divided into two subgroups, one for the apoptasisator such as Caspase-2, Caspase-8, Caspassi®ase-10, can
be activated by self-splicing after receiving ttimslation to cause Caspase cascade; Another tiptagis performer,
such as Caspase-3, Caspase-6, Caspase-7, whitle eativated by upstream Caspase protein. Casptsatian
may induce ICAD/DFF45 (a protective protein for Icdbsing the cell-protective function to activat@AD
(Caspase-activated deoxyribonuclease), CAD is seléato the nucleus. Previous trial had elucidétat CAD can
degrade DNA, and then leads to cell apoptosis hafi@]. Apoptosis is a complex process. As theteemolecule of
the apoptosis, the activation of Caspase-3 isrtezgection of Caspase-dependent pathways. Inrgressearch, 24
hours after CMMT treated Hela cells, the effect vimsnd that Caspase-3 protein was significantlyaased

compared with the control group, indicating apojgtasduced by CMMT is Caspase-dependent pathwayeila
cells.
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There are two main Caspase-dependent apoptosisgathone is death receptor pathway, inducing aysipt
through Caspase-8 activated by extracellular sigmather is mitochondrial pathway, releasing erettivator of
apoptosis to active the Caspase-9 through the hatwria. Previous report has indicated that thpases9 G allele
was related to the development of the pancreaticarait could enhance susceptibility to this carit8]. As death
receptors in the surface of cell, CD95, TNFR1, D&8, can directly activate effector molecule Casparotease to
induce apoptosis cascade after combination witheziic ligand for a few seconds, induce apoptegihin few
hours [14, 15], so the death receptor-induced ayipthas been the focus of the researches. 24 hftersthe
treatment with different concentrations of CMMT, laleells elevated the protein content of Caspasga8pase-9
apparently. It suggested that induction of apoptosiHela cells may be co-regulated by death recgthway and
mitochondrial pathway.

In the detection of death receptors (TNFR1, DR3}h whe increasing concentration of CMMT, only DB@ntent
increased significantly, the expression of TNFRnaimed almost the same. There was a significafiérdiice
compared with the control group when the conceiottabf CMMT was 2@mol/L. It indicated that CMMT can
activate death receptor DR3, but not TNFR1.

A series of thiochromanones derivatives with amtior activity have been synthesized and screenedritaboratory,
such as (cis)-3-(chloromethylene)-5-methylthiochaord-one (CMTK) . The chemical structure of CMTksimilar
to CMMT. And Huang Xin etc. [9] have preliminaritfarified the mechanism of tumor cell apoptosisuced by
CMTK. Our present experiment results showed thatMOMnduce apoptosis in a Caspase-dependent deztpto
pathway. And Caspase-9 also participates to thada#gn in the mitochondrial pathway, the mechanismsimilar to
CMTK.

If methylene chloride is substituted with anotheoup in the structure of CMMT, the anti-tumor prapeof new
substance would be reduced significantly [16]. Thues speculate that methylene chloride may be thigeagroup,
methylene chloride can react with many biologicaltyive molecules in cells, induce apoptosis.

As one of the thiochromanones derivatives, CMMT icaluce apoptosis in Hela cells. The underlying ma@isms
rest with enhancement of Caspase-3, Caspase-8as&zaSpand DR3. In conclusion, under our continuessarch,
CMMT induced Hela cells apoptosis, shedding ligitthat a therapeutic agent for the treatment oteasuch as
cervical cancer might exist.
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