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Novel derivative of aminobenzenesulfonamide (3c) induces
apoptosis in colorectal cancer cells through ROS generation
and inhibits cell migration
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Abstract
Background: Colorectal cancer (CRC) is the 3rd most common type of cancer worldwide. New anti
cancer agents are needed for treating late stage colorectal cancer as most of the deaths occur due to
cancer metastasis. A recently developed compound, 3c has shown to have potent antitumor effect;
however the mechanism underlying the antitumor effect remains unknown.  

Methods: 3cinduced inhibition of proliferation was measured in the absence and presence NAC using
MTT in HT29 and SW620 cells and xCELLigence RTCA DP instrument. 3cinduced apoptotic studies
were performed using flow cytometry. 3cinduced redox alterations were measured by ROS production
using fluorescence plate reader and flow cytometry and mitochondrial membrane potential by flow
cytometry; NADPH and GSH levels were determined by colorimetric assays. Bcl2 family protein
expression and cytochrome c release and PARP activation was done by western blotting. Caspase
activation was measured by ELISA. Cell migration assay was done using the real time xCELLigence
RTCA DP system in SW620 cells and wound healing assay in HT29.  

Results: Many anticancer therapeutics exert their effects by inducing reactive oxygen species (ROS).
In this study, we demonstrate that 3cinduced inhibition of cell proliferation is reversed by the
antioxidant, Nacetylcysteine, suggesting that 3c acts via increased production of ROS in HT29 cells.
This was confirmed by the direct measurement of ROS in 3ctreated colorectal cancer cells.
Additionally, treatment with 3c resulted in decreased NADPH and glutathione levels in HT29 cells.
Further, investigation of the apoptotic pathway showed increased release of cytochrome c resulting in
the activation of caspase9, which in turn activated caspase3 and 6. 3c also (i) increased p53 and
Bax expression, (ii) decreased Bcl2 and BclxL expression and (iii) induced PARP cleavage in human
colorectal cancer cells. Confirming our observations, NAC significantly inhibited induction of apoptosis,
ROS production, cytochrome c release and PARP cleavage. The results further demonstrate that 3c
inhibits cell migration by modulating EMT markers and inhibiting TGF betainduced phosphorylation of
Smad2 and Samd3. 

Conclusions: Our findings thus demonstrate that 3c disrupts redox balance in colorectal cancer cells
and support the notion that this agent may be effective for the treatment of colorectal cancer.

Citation Network

0 Times Cited
51 Cited References
View Related Records

View Citation Map

Create Citation Alert

(data from Web of Science TM Core Collection)

All Times Cited Counts
0 in All Databases
0 in Web of Science Core Collection
0 in BIOSIS Citation Index
0 in Chinese Science Citation
Database
0 in Data Citation Index
0 in Russian Science Citation Index
0 in SciELO Citation Index

Usage Count
Last 180 Days: 9
Since 2013: 9

Learn more

This record is from:
Web of Science TM Core Collection

Suggest a correction
If you would like to improve the quality
of the data in this record, please
suggest a correction.

Web of Science TM InCites TM Journal Citation Reports® Essential Science Indicators SM EndNote TM Sign In  Help English 

My Tools  Search History Marked List

         Add to Marked ListSave to EndNote online  1  of  1 

Search Return to Search Results

http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=Z1KAgN7xzBfBGxNHLDe&field=AU&value=Al-Khayal,%20K&ut=2008442522&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=Z1KAgN7xzBfBGxNHLDe&field=AU&value=Alafeefy,%20A&ut=2008441842&pos=2&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=Z1KAgN7xzBfBGxNHLDe&field=AU&value=Vaali-Mohammed,%20MA&ut=2008546596&pos=3&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=Z1KAgN7xzBfBGxNHLDe&field=AU&value=Mahmood,%20A&ut=2008506929&pos=4&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=Z1KAgN7xzBfBGxNHLDe&field=AU&value=Zubaidi,%20A&ut=2008566629&pos=5&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=Z1KAgN7xzBfBGxNHLDe&field=AU&value=Al-Obeed,%20O&ut=2008442737&pos=6&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=Z1KAgN7xzBfBGxNHLDe&field=AU&value=Khan,%20Z&ut=2008490956&pos=7&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=Z1KAgN7xzBfBGxNHLDe&field=AU&value=Abdulla,%20M&ut=2008440342&pos=8&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=Z1KAgN7xzBfBGxNHLDe&field=AU&value=Ahmad,%20R&ut=122252&pos=9&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:hide_show('show_resc_blurb', 'inline');hide_show('show_resc_blurb_link', 'none');hide_show('hide_resc_blurb_link', 'inline')
javascript:;
http://apps.webofknowledge.com/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dUA%26search_mode%3dGeneralSearch%26qid%3d6%26log_event%3dyes%26product%3dUA%26SID%3dZ1KAgN7xzBfBGxNHLDe%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2UA&srcAlt=Back+to+All+Databases&UT=WOS:000391341200004&search_mode=CitedRefList&SID=Z1KAgN7xzBfBGxNHLDe&parentProduct=UA&parentQid=6&parentDoc=1&recid=WOS:000391341200004&PREC_REFCOUNT=51&fromRightPanel=true
http://apps.webofknowledge.com/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dUA%26search_mode%3dGeneralSearch%26qid%3d6%26log_event%3dyes%26product%3dUA%26SID%3dZ1KAgN7xzBfBGxNHLDe%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2UA&srcAlt=Back+to+All+Databases&UT=WOS:000391341200004&parentProduct=UA&parentQid=6&search_mode=RelatedRecords&SID=Z1KAgN7xzBfBGxNHLDe&parentDoc=1
javascript:void(0);
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=PCTAdd&product=UA&SID=Z1KAgN7xzBfBGxNHLDe&component=pct&forwardTo=None&qid=6&doc=1&colName=WOS&num_cited=0');
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:void(0);
javascript:;
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com/UA_CombineSearches_input.do?product=UA&SID=Z1KAgN7xzBfBGxNHLDe&search_mode=CombineSearches
http://apps.webofknowledge.com/ViewMarkedList.do?action=Search&product=UA&SID=Z1KAgN7xzBfBGxNHLDe&mark_id=UDB&search_mode=MarkedList&entry_prod=UA
javascript:;
javascript:void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com/UA_GeneralSearch_input.do?product=UA&SID=Z1KAgN7xzBfBGxNHLDe&search_mode=GeneralSearch
http://apps.webofknowledge.com/summary.do?product=UA&search_mode=GeneralSearch&qid=6&SID=Z1KAgN7xzBfBGxNHLDe&page=
http://apps.webofknowledge.com/home.do?SID=Z1KAgN7xzBfBGxNHLDe


6/20/2017 Web of Science [v.5.24]  All Databases Full Record

http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=6&SID=Z1KAgN7xzBfBGxNHLDe&page=1&doc=1 2/2

Keywords
Author Keywords: Colorectal cancer; ROS; NAC; Apoptosis; Cell migration

KeyWords Plus: CARBONICANHYDRASEIII; OXIDATIVE STRESS; PROSTATECANCER;
PROTECTS CELLS; INVITRO; ACTIVATION; EXPRESSION; DEATH; BCL2; TUMORIGENICITY

Author Information
Reprint Address:  Ahmad, R (reprint author)

King Saud Univ, King Khalid Univ Hosp, Coll Med, Colorectal Res Ctr,Dept Surg, POB 7805 37,
Riyadh, Saudi Arabia.

Addresses:

[ 1 ] King Saud Univ, King Khalid Univ Hosp, Coll Med, Colorectal Res Ctr,Dept Surg, POB 7805
37, Riyadh, Saudi Arabia

[ 2 ] Int Islamic Univ, Dept Chem, Kulliyyah Sci, POB 14125710, Kuantan, Malaysia

[ 3 ] King Saud Univ, King Khalid Univ Hosp, Coll Med, Stem Cell Unit,Dept Anat, Riyadh, Saudi
Arabia

[ 4 ] King Saud Univ, Dept Biochem, Coll Sci, Genome Res Chair, Riyadh, Saudi Arabia

Email Addresses: arehan@ksu.edu.sa

Funding

Funding Agency Grant Number

Deanship of Scientific Research, King Saud University, Riyadh, KSA   

View funding text    

Publisher
BIOMED CENTRAL LTD, 236 GRAYS INN RD, FLOOR 6, LONDON WC1X 8HL, ENGLAND

Categories / Classification
Research Areas: Oncology

Web of Science Categories: Oncology

Document Information
Document Type: Article

Language: English

Accession Number:  WOS:000391341200004

PubMed ID:  28049506

ISSN:  14712407

Journal Information

Impact Factor:  Journal Citation Reports ®

Other Information
IDS Number:  EG8XU

Cited References in Web of Science Core Collection:  51

Times Cited in Web of Science Core Collection:  0

 1  of  1 

© 2017  CLARIVATE ANALYTICS  TERMS OF USE  PRIVACY POLICY  FEEDBACK

http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=Colorectal+cancer&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=ROS&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=NAC&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=Apoptosis&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=Cell+migration&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=CARBONIC-ANHYDRASE-III&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=OXIDATIVE+STRESS&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=PROSTATE-CANCER&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=PROTECTS+CELLS&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=IN-VITRO&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=ACTIVATION&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=EXPRESSION&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=DEATH&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=BCL-2&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Z1KAgN7xzBfBGxNHLDe&field=TS&value=TUMORIGENICITY&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
javascript:hide_show('research_pref_org_exp_link_3', 'inline');hide_show('show_research_pref_org_exp_link_3', 'none');hide_show('hide_research_pref_org_exp_link_3', 'inline')
javascript:hide_show('research_pref_org_exp_link_4', 'inline');hide_show('show_research_pref_org_exp_link_4', 'none');hide_show('hide_research_pref_org_exp_link_4', 'inline')
mailto:arehan@ksu.edu.sa
javascript:hide_show('show_fund_blurb', 'inline');hide_show('show_fund_blurb_link', 'none');hide_show('hide_fund_blurb_link', 'inline')
javascript:;
http://apps.webofknowledge.com/CitedRefList.do?product=UA&search_mode=CitedRefList&SID=Z1KAgN7xzBfBGxNHLDe&colName=WOS&parentProduct=UA&parentQid=6&parentDoc=1&recid=WOS:000391341200004&UT=WOS:000391341200004&sortBy=PY.D&recordId=WOS:000391341200004
javascript: void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)

