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i Colorect al cancer is one of the most commonly dia:gnos
] reduced by changes to |ifestyle and diet. Fermentaitior
] of short chain fatty acids, in particul ar butyratei, [
: of the disease.® Dkensopwatpep phowttyirea teefub@otpail ati on of cancel
| over come tnheeospel asrntiic effects of colonic | uminal buityre
i Vi vo. I n this study, a ti me-BcRouresld santaleyastiesd oni tHT ) tay)
: and gl obal gene expression analysis was used teo iden
! i nduced apoptosis and in the acquisition of butyraite r
! deregul-@t edAOy |l ati on activity and disruption to g:ene
: i nvol ved wiitndultetdy ragptogt osi s. EGF signalling was idlent
: acqui sition of butyrate resistance. Further mor e, :the
: protein family was si gniBfRi ccaertll y ired uceed eicrt itnhge dH g QU p
E process. Together, this may confer a unique survival a
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Colorect al cancer (CRCQC) i s %M %% % han?ost golr%bdsrmﬂy\aedy

di agnosed CarrfcoeurrsthanrmlosttheconmeolnogA IgSg silenced in CRC an

c
of cancer de dtlh Ivvtorilsiw'adeobereenga?h

one of the most preventablsetUdéa éeerkﬂlsI Swhecroenccliuedtec’ar%(rzl]at a

lifestyle are believed totphle ye receI%p Sanbty rbo'“llteyriar%eitI
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generated by fermentation of ditdarag yi §i dlreg gmowianmd iicut e
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ted t o DNA met hy

resistant starch, by the gthemicet bl arameshhel senged ntvol |
protective against the develropantegnuti soift i @MRC. o fOfGr & gwigsotpLda C
produced, butyrate has beemféfensisst Byt Icy rcamuvrentt i aaitge cda p 0
to have pbobuenti geniic e[ffdé¢citrs viint rwi ttrhoat t umorigenic cel

Al t hough butyrate has beent hseh opmne stem c refe 24fafc]eb wtthydnmadaey gi v e

burden in animal 6 modtthe rodaCtReCs agfgr essi ve tumo.ulrms vint rw
human studi es i nvol ving achond @li st rsautcihonasoft hreesei samet us
starch have [b&,en9]vari abl e under st and how colorectal t un

Butyrate is an establlglvg hlhsotwonae Sdueb etfo gancer
inhibitor (HDI) and inducedV arpcoop ostlhse a'popacottllvcatelfofneCotfs
both the m'rdtecpcemodredwn'tiimdepen%%%tfOrm colorectal tumours |
pat hways. Many studies havleuml | ){ratedentThfeyse heStu
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have highlighted t he compl e
cellul ar pat hways potentt“sa[
ef f elcktD5] . Mor e reaaenttrleynsphn
and receptors have been pro [') ga[dzsi]nagp ayltaelkggli(r)ré?eiinnc
medi ating signalling c:avehtethtrsglataeyd otccubutyraateconsequen
For exampl e, | oss of expr'enss[tiZioschS of t he SLC5A8
transporter has been reported Itm ochciusr shu@RC cwd | sh aavred
this has been | inked with erxepdruecsesdi omi sa manley sdesacted ylmder s
activity and i nver sel y[ 1b6]bnukteydi athé t b d a paopd ptsad ssi s and
Furthermore, G protein receaengtchrani SGRR)i,nwalcvhedasi BGPR%AZE a
and GPR109A, with affinityréoirstSLCrFcAe iam eHEXDPreesebbkd. i mhi
t he col on and |l oss of expression occurs in CRC.
Activation of GPR43 by SCFA is believed to mediate

60/ 2yaydSSRy2y LI
inflammation in the colon by regulating chemotaxis and

www.openaccesspub.org | JPGR CC License DOI: 10.14302/issn.2326-0793.jpgr-14-598 Vol-1 Issue 4 Page No- 17



http://openaccesspub.org/
http://www.openaccesspub.org/journals/index.php?jid=3
http://dx.doi.org/10.14302/issn.2326-0793.jpgr-14-598

<)
(jpen

factors unique to butyrat eAgridseinstt aBnito Analllyg et hatammladbd e

Freely Available Online

tumorigenic potenti al i n t htilsarm ub pwerud aus eoch fodr caernddlsysi s .
Materials and Met hods Hu man Exon 1.0ST arrays
cell Culture Santa Clara, CA) were used fo
and processed according t o r
HT29 col orect al cancer cells (ATCC, Rockvill e, MD) wer e
Analysis of mi croarray data

y
mai ntai ned & nMDdil fbid&e dtMeEdai-gulne/ F ) )
Partek Genomics Suite (v6. 6,
7
:

Nutrient Mixt ugleutMendiindCwil5h;L 3 , , , ,

as previoudl3whidfefsemr ¢ mteida | gene
CQlnvitrogen) containing 5% fetal cal f ser_um_gFCS;

was considered signi i cant wh
Il nvitrogen) and 1% peni—&RIIin/streptomym . HT29

(FDR) <1% and whe the fold cl
cells wer e generated and mai nt ai ned as. reviously

greater tihgenh y Pathway Ana
descr[ b2for al l experiment al wor Kk, cells were

Syst ems, Il nc. , Redwood City,
seeded at the appropriate densities and maintained in

potenti al relationships betwe
fresh media containing 3% FCS for 48 hrs prior t o

genes.
harvesting at 0, 0.5, 6, 15 and 48 hrs Cel | counts wer
perfor med wi t h a haemocytorrllettS foll owing

trypsinisation and stainingGewiett Expryeygsanob!| deal/ A/ A8 hr s

apoptosis was measure_mNELésu't@%adFehceed é%%ptosis was o0bs

homogeneous Caspase 3/ 7 A§_|sra2y9 Kietlls(Prb%rtneg-nﬁ?&t caieslhlsthéda-h

previously [dleZS]Mealsedementshown) consistent with our p

performed in triplicate and sfuahigdhfalmedh Iéditm el inkd 8

was performed wusing Pr|smtsdothseofatpwaprteot(Gr eqr}eg?s of b
San Diego, USA). analysis of the array data r e

the transcriptional profiles
Gene Expression Anal ysi s and HBR9cell s and indicated t
Cel | culture experiments CAEMGES 3 u%ne ruoefnitle%e%ccur mo s
expression anal yses wer e pterrefaotrmrrtfendt |OF1 |_t|-|;2|9plc|ec|altse (fsourppl
each ti me proinntmi ze technicaltrveaarti%%ivT%%.ceAltlSt'heno gene
appropriate ti me points fgliIfcf)v?/irr?gr;”'baultlyyra?épredsdsletdloat,
HT29 andBRHT@®I |'s were har98PP8HEC%L 4O Avalr control. A
extracted. Untreated HT29 c(eql4s%)wev}leereusle(<jje IftIhEdcz(%ﬁtb(()eli
group. Tot al RNA was prepiarr]%idcaut'nngg tthhaet quASGeErNVed eff

RNeasy Pl us Mini Ki t (QIAGEH,tyK/%}enC{a,atE%\S”agS%P%ll%@en

to the manufacturer protoc%'lfsf.erTennetlF?l\‘A!yi txé)gelstsy adgne

. 6/ 2yeaydzSRp2y LI
concentration for each sample was assessed wusing the
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7/ me Course Anal ysis of /_/7-58”7%@//5

cell s at 0 hr

S5mM butyrate

To identify early respond-i nAgNOgVeAneasnaﬁlysollve firgfeBStyerxaotree
i nduced apoptosi s, we comthergraegd gtA'r%e gng es'sion diffferen
genes at 0.5 and 6 hrs W|tbhetwhaetn ongnqae tetlaH Qg(nFtDrRol<
cell s. At 0.5 hr, no changehsanlgr(fj 5(’9\1%% ?BPB'sg{“Sﬂt%vre eta
detected (FDR <1% fold chal§hysigd)clagsiehipgds these gen
genes were identified as bgfi%sg%riif?serieHFlgpiggeﬁ rg seé1
However, 1516 and 1091 geancetsi V\}vélye(g%)f'fetr%%? % 9t'0n
expressed at 15 hrs (interrf’%leC iiavtietyrespo/o)ns(e§ua den)lenthrsy
(Il ate responding) respectivtehlayt v@hernancgompoafredd'ffetrhentthcel
control popul ati on (SEppltdamenttheryvau IS't'ZS’n of butyrat
analysis determined that 22l7arggenepsrOv\Pereicoonmrr?ofndiffelrlent
three ti me points. A Venr(foudliagraFn ﬁowalccur?thely cla:
di stribution of t he numbefungFiOgneanlescat 9?e¥ent|ally
expressed at each time.point i Pasthaevary iann aHiygsurse dlet er mi n
Bioinformatic anal ysifFjigurvenin. di agram showing the breakdown

. genes for HT29 cells treated with |5mM ¢t
Anal ysis) was conduU pgints when compared with control luntre
possibl e relationshi p. ey

6hr post butyrate

expressed genes and reveal ed der egd ated
activity of sever al regul atory whi ch
can potentially influence t he exXprjg s of
their respective downstream tangets nc|
transcription regulators, e on
regul ators, transporters a
activity of sever al regulaor599nol
predicted to be deregul ated
points includi ngt hMGEKAiSH &astRtYBe 48hr post butyrate

BRD4 at 15 hr s, and FOXO1, CCNK, S100A6 and CD24
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addi ti
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was identified as a core tnhoedeexcienptliiocrmat ohg UNBe WBEF e
signalling network as a podaxmrtesadilon swiagsnidfeitceacntte df.act or
t he acquisition of butyrate rlen3|s&da\|ntcleoni ntoHTchgosCe6|g;|esn
(Figu.ﬂ'eeZ)expression—rguIEaBIFer%v% |5fjpand replication at 15
fold in -BmeceHTI29. The eXpregsesnie%nWgefsguapaquerab:e-rr&PglewaSt e(du p2 .
of downstream targets of aEtGF15 hgnallnidngZ.V}éerfeoLraalgguﬂ a4 &

identified-raegubaieg ©BR tchee}ll?T% at 15 hrs and 2 -fol d

indicating hyperactivity Ofretgu? ?G SZI g_LnfoId atneFL\g’.HFlé

this cell line. Downegul ated genes include

7/ me Course AnaiBRsiCel/dfs HTZ2#2gul ated 3.2 fold at 15 hrs

ANOVA analysis rev8R&l e:dalﬂlsalfact% 59ﬁ($c§chWmted 2.3 fold at
and 48 hrs, 17 genes and 259|ge%tes4§ve rs)dlfferentlally
expressed respectively -BRen c@fmp atrheed PB7 HTgZM e s i dent
cell s at 0 hr ( FDR <1%,di fffodrdencihahlge ex\p2r)essed at

(Suppl ementary table 3). Compheasomroft et ma, 0.452 agen &s |
hr time points to 0 hr, shaeawedphassni grili6f igeeanrets d(i 7f%)e rveenrce

in gene expression.

Fi gur@em®Re expression network indicating
switched e icrelHTS29%when compared with HT
gene expression OCCUred shading i ndi cadred gdroeegsu | taht acteB Ri rne HuTp2 9

t hat the greatest 0

cells respectively when compared to HT2
HT 2BR cel ls (i.e. 1
mi ni mal change in g
over time (i.e. up +
BR cells wunder t he
used in this study
1) .

Oof t he 17 gene

expressed at 15 hr e
involved in DNA rep
damage response, i N
o
are components of ti von
mai ntenance compl ex

Ot her DNA repair gei
CbhC45, CHEK1, TYMS,

11 genes wee geuldaotwend

extent at 48 1IBRs cienl i woarwvw e o
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me mbr ane, 13 genes ( 6 %) wehrasmgednf ibneod nt or nahtea c analy
extracellul ar space and t haectrievmatiyni ofgy 18 gemgesd af @GPy mo
could not be classified (Swpphementyamyefitgeme mé&nt. OOft m
nucl ear proteins, the exprwasi pmedfchéedet 66 .b%%)i ngheinbei st e
was -ruepgul ated, and the remapmoangs geOesehwantesodadaytni vii ty ha
regul atedne Theneyg (23%) welreev ed Isa scsd g erdabadse with the ¢
enzymes, 14 genes (10%) weM&EABanscri tiighn yr egpwmisatrovred e
while 78 genes (57%) coul dr emmdv able @il atdlse f Denctiinamalangr

functional <category (Suppl emanttahrrye ofniignuer er @@9i dues o pr
. . . cINAcyIatlon of glr { S, i s

Further bioinformatic ana al so reve hat
t he activity of seven reguf( £ 8 ' moP'e%?JYrétshEtlcbupath

potentially altered at 48 mhertsab?]l'agl |ent1<3r,me.d| altuesl nsgucthh|

transcription regulators %0 9 B gt CkpMBBE T AlSy  WfkEN-dono

which were al|l activated. ,&‘C tﬁ/ rgléjcosr?mr'nolécand IV\;er'es
predicted to be inhibited it §ai%EoXAL2! S8 YS

NCOABI F4S100B86NK and CD24. MGEAS5, as observed at 6 hrs,

turnoveGl coONMAcQ@ | ated proteins.
Di scussi on ) ]
of pr oGl NAQyl ati on has been

Mechani sms [ nvoil véuceéa Dwople@dde@Sop ment of a number of r

At 6 hrs, 476 genes were ©dR%E32YentIZl 1Py MAPYO QQREF, | nf U
response to butyrate (FDR SYPRTEFQPIESCYClngyer €Oyl at ors a
and over 1000 genes were dPRfFEENACYIIFFledy gndssidd clppg ! b
the 48 hrs time period. Ba'sP%eM dJHRAPENPN & 8p rSBlabiNAg wlealt

Fi gur eFoBd change in the expression of DNA r &Raicreldeanes eand
Compari sons are -BRtbhetbet(O6l hHY29The change in expressijon of
6 hr s, but were found to be significant at t=15 and 48 hrs o

00.5hr

1
1 W 06 hr
0

E15hr

W48 hr

Fold change

CDC45 CHEK1 MCM10 MCM2 MCM3 MCM4 MCMS MCM7 TYMS UNG UHRF1
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energy source (Warburg (eSfufpep‘i e)meﬁpgryenhaabl & 3t)he incl
take of quc—ensparesbs/ing)vierglucosqe in CRC devel opment (

ansporters such as GLUTlOf V\[/)haertth|ecrultaher|entiesfegtlfgkth
t ween this increase in EgGlFUCSOngenaﬁllliJXgan&tR\Na})cl:reklelrle i tnhee
clinGl oMAcO/Il ati on in cancg)r/ a?l h ve' n|fr|npul EC ions

morigenesis or apoptosi s % en ntrsep% rtloS e||n alver}ue pfootrer
rther investigation. combined HDI and tyrosine Ki

The activity of-r  RiD4a twatsc bdyawm g EGF receptor ( EGFR
tyrate at 15 hrs speci fipaallent s B-BRH h e EHGiERG 1385 MmTiGOeh e
anscription by binding ol eacoeft yE@RF edi gth3al bBhdg Hi4dn t u

i stone proteins; however ,suntwi wrall ei si nwetl U mkmiogvern e @aingd io
t understood. I nhi bitionbedn BRdDcunbeyntsendaliln modrey udief f
hi bitors has beebhumbownettlbe hmewehamitims involved with
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rget i[n3 4c,an3dbelhi bi ti on ofi MRIDWUdIihnags heteynr at e, on the e
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tivity of NFKbD i n cancebry cHDIlI si nbyCRICi nadé Inlgs ,t oantdhet h
etylated form of Rel A, atsabhaort pofi dbl&kbo,h eteoe knediynt abo
s nuclear localisati on37aljmaeppnmreéweante nihtasn cdeedg r adtait v atni o n
regulation of BRD4, andthhe paothéemsti awassubasegaueindt ed
wnstream effects on NFkbphomsdphbYE€l atriamis crainpdt i @ocatl yl at
rget s, may represent novaelpemédchanilsyms nien vrod sviedu ¢nat 1 ThK 6
e -tammorigenic effect of Chuurt yrreastuel.t s ®ereeguppbetdive of
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a wel |l described effectbuwtfyrbauttey rrad ®i. s tFaOXcCel., BEd nFgdeG1ls,
0O0A6 and TGM2, however, elhawvat edd vVEGER wsolgasl! liinng in
intaining cellul ar funcademomansd i hhedampapbnieen ino

morigenesis are not cl eamuyodgaf i mendd. t his may be part
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pathwag] Understanding the mechanisms

Our studies have also Boducaitedoanofss &siagptobpa noet i tco
bet ween butyrate resiegudavtield apdoviddwnnovel i nsights i
expression of members oThit &ei MEM gpernet ee xaip f eesms il oyn anal ys
i s supported by a recent nowelor pr oicnedsisceast i nggud awmred by
regulation of MCM proteinsiimpo€CR@nteliln Itimesdéenelrepments
to trich[os3aatwi nexPpressi on laemvdeltshaotf pgdhteesreti ally contrib
proteins ar e seen i n guprecacens., Astheateah odr the E

di fferentiated cells and demdéaguicat ipomo|ladff etrlaed i MQM apnrdot € e |

compl ex, composed of MCM2,an@8, ddr edul a6 edneé x @r esissi on o0
believed to result i n genopriat eiinns tfadnmil liy ymaayn dc ounlttrili mbautt ee
l ead to tumédHogre neexsampl e, adldlid itomat we e have identifie
deficient in MCM protein exmpméessiban i adgd papobauctayirivaéttey f ha ot

been associated wi t h hy pegtswedisdd iivi tyi vioo agenoequiced

stress and di spl ay hi gherproboesbsrasitchn |ICRCIpsrogfesBNARN.

damage, even in the abs[emSC]eACq(fnoquneodtgoexmlecntagents
Furthermore, MCM deficient mi ce have been shown to

) ) ) Thi s wor k was funded by t he
have a higher incidence of cancer that is believed to b

) ) Heal t h National Research FIl ag
result in higher | evels of gene mutations, and mice tha
are deficient in MCM2 or MCMF! enmEevé ameembshodown to
develop tumours witd bhhgh pametrance an

. Suppl ementary Table 1

short | at ehd$QpCG4r5,0dwhose expression
was doevgul at ed iBmR tchedIHT291§U,DDi|%mgr{tsaorvaTable 2 a
critical part of this process as recruitment of this pr.

to the MCM complex is requiSuepl gment@apryg Tabhltei 20i on of DN

synt hje4b6lsower l evel s of MCM proteins and

) Supplementary Table 2c _
cCbhcCc45, coupled with reduced | evels of CHK1, a protein
t hat regul ates the DNA da@%gglermee%pgln\;eTa%pg awhich
was also observedultat e idowhhe HT29
BR cells, may provide a s8gumrOlveameniayryanta®ye 3tho t hese
cells that enables them to overcome apoptosis in the

Suppl ementary Tabl e 3c

presence of butyrate.

Suppl ementary Tabl e 4

www.openaccesspub.org | JPGR CC License DOI: 10.14302/issn.2326-0793.jpgr-14-598 Vol-1 Issue 4 Page No- 24



http://openaccesspub.org/
http://www.openaccesspub.org/journals/index.php?jid=3
http://dx.doi.org/10.14302/issn.2326-0793.jpgr-14-598
http://openaccesspub.org/journals/article_images/JPGR-123/Supp%20Table%201%20(1).pdf
http://openaccesspub.org/journals/article_images/JPGR-123/Supp%20Table%202a.pdf
http://openaccesspub.org/journals/article_images/JPGR-123/Supp%20Table%202b.pdf
http://openaccesspub.org/journals/article_images/JPGR-123/Supp%20Table%202c.pdf
http://openaccesspub.org/journals/article_images/JPGR-123/Supp%20Table%203a.pdf
http://openaccesspub.org/journals/article_images/JPGR-123/Supp%20Table%203b.pdf
http://openaccesspub.org/journals/article_images/JPGR-123/Supp%20Table%203c.pdf
http://openaccesspub.org/journals/article_images/JPGR-123/Supp%20Table%204%20(1).pdf

<)
(jpen

Freely Available Online

References (Lon®0%: 2p.dadil:.10. 1U/®FH1L7 L
1. Ferlay, J., H.R. Shin, '1Blr8%1631/,11'D. Forman, C.
Mat herestEsatli.mat es of woBIl dwMateh ebrusr,ded . C. |, M. Movahe

of cancer in 20081 n6LOBOMMeMN k20 ME. G. eMMocatdee inn ef f ec

Cancer ,120012).: £9127893 resi stant starch on canc
2. Food, nutrition, phys/ca/hearce /VIal‘r))/ cg%drechta/ can
. . the, CAPP2 r na’om/slea’nocemnt
prevention of cancer, a gl obal perspec /
2007, Worl d Cancer Reseap ﬁo I'—'uch“za dﬂ'2419242
Ameri can I nstitute fo®. CQGlnarekke, Résblarch. R. Bird,
Washington, DC. Cobimaxcgretion of starch an
3. Fung, K. Y., L. Cosgrove, TChaI_Ionc fea[tt,y ﬁ_(:/g"ga5¥ rleo

and D.L. Aopevhgw of the poge% 97 of a&m/ dt &di at &

L,

t
mechani sms for t he /awer/nogog%f”) col_/]lold'r%géta/
oncogenesi s Bory JbuNwtir®B8e2®.1 D.al vy, K. andBeR.chM/ycsma ararza

(5): #®#31820 anal ysi s of butyrate regu
4 . Hamer , H. M., D. Jonker s, eﬁll‘h\/ee/nDemrTﬁa Ce 1582'501) 2190

Vanhoutvin,, FefJReaWreomsatrt/c4/962

the role of butyrabli mehic.oFamnge¢ fFKunYc.t,ij oB. V. Brierle

Phar macol Rh{eZ),: 2D D810 4 Hof f mann, S. RrBUcCroathe c e d

]aﬁlgg os/s /Ia HCT116 col o

5. Havenaar/ ,nt &sti nal heal t h ons

col onic microbial Bemaebo/ i nc/udesrelvna’ucz‘/on ofl a ¢

Microbes2(2p01414103 Proteome Re®4) 2041186B.60

6 . Clar ke, J. M., D. L. Toplpzi'n'alj'ngA.RK.'YBi’rJ,'

| . Priebe, ,P. etH®Patbth®aom/ ¢

be\ganowits

Young, and Ef.f eCdlziaamy,/ s @ h

mail ze starch and amytysy/aatneac/yﬁ/gh of butyrate effe

mai z e starch on/na’ﬂaleﬂmez‘hnasn/ef/V/fy fn HT29 rolo
R S8,) :2@02272.20

fntestinal o‘:éanccémogeneai‘s,PrZOOtOeBO.me
2911): £.192190 13. lacomino, G. , M. F. Tecce
7. Le Leu, R.K., Y. Hu, 1.L.°8%Qwndnd, Qe cguspstoonal

YounAgf,fect of high amy/oseo%aﬁzehum?arclglon adenocar

and 288 o PHRYREGE sBl 0PN S

ommun, 283BGH.: 12BI9.

on colonic fermentation

to ENAmage i n t heNuwtor/ OMetaafbr

www.openaccesspub.org | JPGR CC License DOI: 10.14302/issn.2326-0793.jpgr-14-598 Vol-1 Issue 4 Page No- 25



http://openaccesspub.org/
http://www.openaccesspub.org/journals/index.php?jid=3
http://dx.doi.org/10.14302/issn.2326-0793.jpgr-14-598

<))
OPEN (o} ACCESS )penBccessPub

Freely Available Online

Suppl ementary figure 1.
Principal component analysis plot of HT29 cell s, F
HT2BR cell s over 48 hrs.
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Gene ontology classification (cellular
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