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Expression of Cyelin Genes in Colorectal Carcinomas

Won-Ki Baek, M.D."’, Seong-Hee Moon, M.D.!, Seong-Il Suh, M.D."*
Jong-Wook Park, M.D.*, Ok-Suk Bae, M.D.**, Byung-Kil Choi, M.D**
and Min-Ho Sah, M.D.' *

Departments of Microbiology', Family Medicine®, I'mmunology’, General Surgery”,
and Institule for Medical Science®

A fundamental cause of cancer is changed properties of genetic material, which may de-
regulate normal development of the tissue or provide selective growth advantage to the
tumor cell. This deregulation of cell proliferation results from altered production of a
handful of proteins that play kev roles in progression through the eucaryotic cell cycle.
Cyclins are prime cell cycle regulators and are central to the control of major check
points in eucaryotic cells. Cyclins were first identified in marine invertebrates on the basis
of their dramatic cell cyele periodicity during meiotic and early mitotic divisions. More
than 30 cyclins sequences are now available for comparison. Cyclins function by forming a
complex with and activating a family of cyclin-dependent protein kinases(CDKs), at vari-
vus stages in the cell cycle. They fall into three categories: A-type, B-type, and G1 cyclins
(cyclins C, DI1-D3, and E).

In this study, the abundance of cyclinsiA, B, C. DI, E) mRENA expression in normal
colon{in=6), primary(in=6) and metastaticin=1) colorectal carcinomas, and 3 colon cancer
cell lines were investigated by RT-PCR method. Expression of examined cyclin genes(A, B,
C, DI and E) were increased in all cancer tissues and cell lines. Gene expression of cyclin
Dl in | cancer tissue and its metastatic cancer tissue, and cvelin E in cell lines{C2A, HT-
29) were remarkably increased.

Key Words: Colorectal cancer, Cyclin, RT-PCR
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Habe] AHES tfRReo] HEHD) RS FrEs
dabelak(growth factor), 43alat 523 (growth
dEd 4l&Ed2A (intracellu-
lar signalling pathway) == #Hal3:de| zhed &)
v 43 AAEEA, A 2%, A, Edel
FTog <g 7o dghd, A Frlr delde
2 vz 22 2 F4E o8] Wkt
el g, p53 U2} Rb FH2b5 2 dhgt
THAE dxEdE dAske PledE vk #HElE
A FAAe Foddot FAe| o gl WS
R, ghe] g e A oleig b &
G dzbe] wHEs) chAzle R, Hygzer Aais)e
et A4t 5 7 (multistep carcinogenesis)o 2 <
Tk ke o),

HlE 2 Gl S, G2, M phasez F4E5:=
dale] Y & MEFI)E AA o)Foizn FHT o)
it HEELT7E s FHAEe] WA
2o} eyelins® cyclin dependent kinases(CDKs)
o AT WA HEELRr] A qdrER 4,
cyclin® MAERAF7|2] z} F7)olls]| wWalo] Sao]
ok Z7tdcor dady edks Hisle M E
F7l=Ael Fojils Zleo® abEigic, s Ee
cycling2 A type, B type, Gl cyelins(C, DI-
D3, E) 5] W™ <lc}™. eyelin A= DNA ¢4
Azt HAd5E &9ste] prophasertz) Fobsicist
metaphasee| 495w, CDK2% H¢gkct, eyelin
B# S phase Fulie] F7k8t7]) A)3tsted meta-
phase®| 3t=}7] &4d=v CDK2%2 Hgt#ls, cyelin
C+ Gl phase Fubyol4 wasicky gajs 2o
D type cyclin® DI1-D37} slev o] % DI& GI
phase F4bel riad wde] Frisie CDKZ,
CDK4, CDK5Ss} Hilsled GI-S #Hold staigiche
#2t5lx ¢k eyclin E+ Gl phase $ulie 2
7hite] Gl phase§4l/S phaseiubsly 743 we
Wwile] o|Felaloy CDK2s} Hgtsle Ao s ofayz
2l

¢|2{gt cycline™ hsatde] gyde ofeirlx
FHel s d7sin gcp o fda g "l
&°] 4393 (growth factor)sl cell cycled
ditoe] MEXA7|AE ATolbs slaHdA o] pdy
o2 g zon, PghFdEL AEF) Y7L

factor receptor),

Eélo] HESEE Aoz weldg d4fcln
e 2ok, wgk 53 9@ F2He geye
cyclin 4 2}e] 2% wah} spdbde] ol 31
el 2le #le® ez @i cyelin® ghe-apz
B3 7= sict, oj2{§t dRHe ek, BFAHA
#(parathyroid adenoma), +4st 55 5 + 2
ct. ikqbel 4= Hepatitis B virus?} chromosome
2] cyclin A##= 5 9]¢ integrationse] 2%
Bk o7} 2le of®™ parathyroid adenomasl] 4=
2t sl 2] parathyroid hormone &%
AHPTH gene)s} A=) 4hg futgicta obed s
ol PRADI(parathyroid adenoma | gene) &#
Ab7b cyclin D137k o] b dob™. fubatol 4=
cyclin E #d2be] FF3} ddFrizh dadsl @Az}
el Base] gloprria

A di gty eyelin FH2452] wae) i)
& EAEL] fEke] oigbababe) o Falg ofAe 2
Aap it djagt dEzFe)4 RNAE Faldd
RT(Reverse Transcription)-PCR(Polymerase
Chain Reaction) w2 2 cyclin mRNA 2] uba]
w3 BAE A¥aEgc)

iy 3 gy
1) cHEe MEF U =5

Addista 4o eld 545 429 Aoy
=3 9 ofastzal Gelst Holgtzal |oE o
4ol B AEsidden, 423 92T
2ol Fopure HT-29, SNU-CI, SNU-C2A2
AH8-shsdeh.

Z) RNA #2|

22 100 mgsl RNAzol B(Biotecx labora-
tories, Inc.}& 2ml ¥ homogenizer2 15,000
rpmeld 3% Ax AL gyan, MES=
35cm petri dish® | ml2] RNAzol BE 97 3
~4H AL T F oHx Sl 2mi 0.2
ml#] chloroform& ¥ 15 £33+ 2 E¢#3x 4°C
off 583t F4lch. ¢]#E& 12,000 rpm, 4°CE |54
Hidte] 2348 4 tubez &7 F $=%2| 2-pro-
panol& Y3 —T0°Cel 243 ¥ 53t gch o] &
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12,000 rpmell 4 4°C= 1558 sl RNAFAE
W& F 75% cold ethanol® 4 3#él1 Speedvac
concentrator(Savant Co, USA.)4 4 5383
A4 k& 9714 diethyl pyrocarbonate
(DEPC) #H2lsl 7+ 100pE ¥ =5<F UV
spectrophotometer 2 55 % T2 § F3sn
—T0°Cell 2xbabsich”,

3) eDNA &

2|5l RNA 2ug oligo dT(16mer)& *}85}
of 40 ul £ 2 sl reverse transcription)
& Al#stgc ghsEggee 242 RNA 2 ug, §
mM MgCl, 50 mM KCL, 10 mM Tris-HCl(pH
83, 1 mM dATP, lmM dTTP, | mM dCTP,
| mM dGTP, | U/ul RNase inhibitor(Perkin-
Elmer Corporation), 2.5 U/ul MulV reverse
transcriptase(Perkin-Elmer Corporation), 2.5
uM oligo d(T):=, uh& =H& 42°C 143}, 99°C
54, 5C 522 sgch

4) mRNA2| gHEEs #48 #i& PCR

PCR& 10X reaction buffer(l5 mM MgCl.,
100 mM Tris-HCl1 pH 83, 500 mM KCI) 5 ul
2k 10 mM dATP, ATTP, dCTP, dGTP = | ul
4 0.254xCi2 alpha-*P dCTP rela 30 oM
sense % antisense primer(Table 1}& Z+zt |l
E %< mixtureol | g2 wbg-+13] ¢cDNA reac-
tion mixture2} 2.5 unit?] Taq polymerase
(Perkin Elmer corporation)® 9& # /%52
50 pl2 &ekg whsa 30 pl mineral oild F3
% & DNA thermal cycler(Perkin Elmer cor-
poration)& +}M&dted PCRE A#@stsch. DNA
denaturation? 95°C |+&, annealing? 60°C |
+, extensions 72°C 2722 & GAPDH +##
A FEE §# M= 22 cycle, cyclin A, B, C, DI,
E fHzEe] $%5& ##lde 28 cycled +|&3lad

c},
5) M7|dE % Auntoradiography

%5 PCR 4% 10plE 5% polyacrylamide
gelsll A7|=d5q & x-ray filme=l 154)7F 34

F  #odshgdch #|4E film2g  band=  GS5300
scanning densitometer(Hoefer Scientific In-
struments}s AHEElH density i 5 4sgro.

2 2t

A dabxz=lz] RNAS Y422 cyclin A, B,
C, DI, E#} GAPDH2 PCR primers% RT-
PCRE ~|#§ F #7)=d% 8k, 2}t 615bp, 585bp,
510bp, 402bp, 638bp, 300bp2] PCR &% 4bEe|
AA5E gt & AYE AWt

qhaka) R4S 44 PCRE = cyclers
4 RNA $=5 A7 849 cycler§ el
ma, 22|32 template RNA =& ==&y
RT-PCR& +l#slgict =44t PCR cycler & &

13 20 22 24 X% 28 330 32

-cutitle

GAPDH

cyclin E

].{I" -

Band intensity

18 20 22 24 26 28 30 32
Cycla

¥

Fig. 1. Number of cycles and increase of PCR prod-
uct measured by band intensities. 100 ng of
total RNA was reverse transcribed and the
GAPDH{#®)and cyclin E(= ) cDNAs were am-
plified for 18~32 cycles PCR.
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H&l7] 215t 100 ng2] total RNA S template®
Apg-dled cDNAR SHAbA12 £ 18~32 cycle®)
PCRE ~|##& - (Fig. 1) = #s GAPDH+ 18
~24 eyclerte]s] 4 cyclin E= 26~32 cycle *}
olof| 4] HHg FHu]EE 5 GAPDHE 22 cycle,
cycling# 28 cycle®| PCRo| HAY 7o g g
el

=48 total RNA =& ZYs7] $ldlod o4
Al dijew cDNA=RE HEx]g 25, 50, 100, 200,
400, 800 ng=| total RNAE +F83l GAPDHé&
cyclin EE 7tz 22, 28 cycle® PCRE *|&#&sd

cyclin E
y v wm e
GAPDH . - d ‘
1079
= |.[|4'
5
=
i)
=
[ i
lﬂk.
ID! i Il '} i 'l ")
25 50 100 200 400 800

Total RNA(NE)

Fig. 2. Amplifications starting from serial dilutions
of total ENAs. Serial dilutions of reverse
transcribed total RNA(lane 1, 25ng; lang 2,
50ng lane 3, 100 ng: lane 4, 200 ng, lane 5,
400 ng; lane 6, 800 ng) were subjected to am-
plifications of cyclin E cDNA(®, 28 cycles)
and GAPDH(=, 22 cycles),

W24 F22% 1996

thHFig. 2). = #Z3} 25~800 ngel =4#4}8) total
RNA template2] $7lell o alx wjdsl PCR
FE4bEe] F7t8te PCRE ¢|2¢ mRNA= =3
o o] sheegd vgdew =g 2F 100 nge
total RNAS template® A}-83}= 7o) "=l 3
o2 B}

ol4t2] 7IE 4Y AFDE vigde 2 MY o =3
f3bet =3, Heldiabsd 3] 9 o3t AEFel 4
w28 RNAE 42 cyelin A, B, C, DI, E
i 2be] whde] ofgk wbek2] RT-PCRE A13&h4l
tHFig. 3. %% PCR 4% polyacrylamide

cyclin A

cyclin B

cyclin C

cyclin D1

cyclin £

GAPDH

Fig. 3. RT-PCR analysis of cyclin A, B, C, DI, E and
GAPDH mENA expression in normal colen
(lane 1), primary(lane 2) and metastatic(lane
3) colorectal carcinomas, and colon cancer
cell linesilane 4, Cl; lane 5, C2A; lane 6, HT-
29).
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Table 1. PCR primers

e ————————— i == = ——————— —————
Size of
Gene Sequence product (bp)
Cyelin A sense 5 CAGAA TGAGA CCCTG CATTT GGCTG ¥ 615
antisense 5 CAGAT TTAGT GTCTC TGGTG GGTTG 3'
Cyclin B sense 5 CCATT ATTGA TCGGT TCATG CAGA Y 585
antisense 5 CTAGT GGAGA ATTCA GCTGT GGTA 3
Cyelin C SENSE 5 CCTGT ATTAA TGGCT CCTAC ATGTG TG 3 alo
antisense 5 GGTTG CCATC TCTTT TCTCT CATCG A
Cyelin DI sense 5' ACCTG GATGC TGGAG GTCTG 3 w02
antisense 5 GAACT TCACA TCTGT GGCACA Y
Cyelin E Sense 5 GGAAG GCAAA CGTGA CCGTT ¥ 638
antisense 5'GGGAC TTAAA CGCCA CTTAA Y
GAPDH sense 5 CGTCT TCACC ACCAT GGAGA k. § 300
antisense 5 CGGCC ATCAC GCCAC AGTTT ¥
Table 2. Ratio of expression of cyclin genes'
_— e — h:%—___‘
Genes
Cyclin A Cyclin B Cyclin C Cyelin D1 Cyclin E
Tissue samples
1 26 1.3 =1 5.8 1.9
2 2.9 1.3 - 15 2
3 1.1 3.5 — 30 28
4 1.7 - - 3.2 2
] 1.7 - - 48 29
6 1.4 4 l 9.3 2.2
I 1.5 4.9 1.4 7.2 2.3
Cell lines
Cl 5.1 14.2 1.1 79 1.8
C2A 5.5 25.3 1.9 12.2 8
HT-29 4.4 235 26 8.9 11.1

‘The ratios of RT-PCR products of colorectal cancer tissues and cell

measured by densitometry.

‘non-tested.

‘Metastatic cancer tissues.
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gel= H7|258 3 )& x-ray filmell =& o
+ autoradiogram-Z densitometer® F 435}
cyclin #H2H2| density® GAPDH2| density s
control® #lo] 2 £ HAA= 20| eyelin W
ekt 2] w)g-E A4bslHcl(Table 2). cyclin A,
B, C, DI, Ex 444 diate}l Zam 42 25
A bge] HbH o R Frkg ZleR uvelgden wy
=7F wlde] ciabsh Al w)aho] HEFAM o =
A viepdtel, oAkl A B oo} 9] FMe|gh 3
A4 cyclin Dl 2] de] Selae g Frislsd o
epdom, HEF FoAs C2As HT-29 4 E54
4 cyclin E ##82] 3434 2718 Relw gledch

| ot

o] sl 4= RT-PCR “h{£& Ap8abe] ofalqle
4 5%% cyclin(A, B, C, DI, E) §#a} ulgdaka}
& gy e s :alstgcl, RT-PCR #hge #HT
Mise] 2F deeld glolde o Fag whie
2 Fztgl PCR # 2] od=i7}=] 44 2 iz
mRNAE cDNA=® S35 F PCRE& +l#sh=
oz M frizbe] Faop gl ol el we] AR
B ogleh, v ofo] il ghz] gl B
“J(gualitative analysis)e|qt +}8=5 glc}. RT-
PCRE 4184 mRNA w#icoke] daks] R 4quan-
titative analysis)2 PCRe 544 27158 7o
2 o8y qlch, PCR2 ¢|&3e22: templated
| cycleln=cycle number)s} 2"e2 ZE x)zlo
= Ay fAe] FHgE A o) AdaxezE= N
=NO(l+effy2] F4(N, F%g: N, 2= tem-
platez}: eff, ¥F &4 n, cycle )o] L5 7| o
volet, ol2g ©HE Sus U] PCRE +|8
gt7] #1gl+ competative RT-PCR 4igje] s1ats]
o H el= internal control® A}&E 5+ gx
5 53F327) cloning® plasmid DNA-}F 3g
sto2 Fae] Hsle 4AHoZE cytokine
mRNAM@& o2 kits} o] spgn g)g o},
a2evh ghAgr ek Wye] ol whagry Ry
(semiquantitative analysis)® 7}5&lcti 4z}
ol 2] A7l 2)a] A|gsz gl T o] o

Tel 4= RT-PCR ez cofalstels] ceyclin

mRNA ##uls§ T41517] $%lod, Wi*] RT-PCR
el g NHFH EHe tedE dYPyen 2
sbgtglct. PCR cyclests}l template =8 =helé
H4 RT-PCRE |83 73} GAPDH -##=he)
PCR2 18~24 cycle, cyclin ##2l= 26~32
cycleo] 4] HH{ FFu|&& jephlglen
cycle 7ol 4 total RNAS =& walsiai4 A)sg
RT-PCRel| 4 &4} 25~800 ng2| total RNA =
Eriflel o wlad Iy FFHe|EE Eedc). e)F)
Hey #HbEs £ o o] A§els Al24 isotope
incorporation® o|8§ RT-PCR2| #haiakal B 4
= AAT cyclesold AYsA AHRAgA )5
x4z},

djujdge] ARG digde s cfbgholre] 5E 2
cyclin F4#}e| waiek4 & RT-PCRY=o2 49
dhedek. d 9 Als dashaas 25 2504 eyelin
A, B, C, DI, E #3829 w|F4o]| sl 7oz e}
wkel. el2lgt cyclindrAabe] w34 whaickada] of
Aalell d dbelrbade] fellale abgsl= Agla) o}
AEs] odubs Salql RES s 2] Fotel] 2fdh o4
al #dalales o] dgde s o 5 glev) breast
cancer, esophageal cancer 52| ¢+l cyclindr
Hape] FH 2 o] w3 b &l 8 waly gleform
dapx gl fglelalels Pl 4dE 43 wjag =
ik el Halstel A cyelin fr3labe] 2ZEe}
Hufde] =EA e FeR ek glel™ o)
Al A debd ghd dHe|de] cyclinf = 97)
Hed2e] o] el Fubse] viepd Felzin B2)=
gk offlel o] 4§l 53] cyclin DIgd=] 9§
o] F7HE o et efgel2 ] gl g9 2 Helsk=:
23} cyclin E2] "waErbrb T8 42T C2A,
HT-292 z}z}2] cyclin W E717} o} 2 o) Eef u
gle] S F7HE B F3:UA T o|abe] Y
vy 2v|He] wEe] AsAE A)AEE Fle R 4
5} cyeling] gele] M ExFeofa] cfaglE e
Hlate] FHulbzo 2 Zolso] Yepgd Ao dEFE §
ol Titsle HHH HHr| Ao HER7| e §
A S AEZELF7 de AE7 226 u|sted g
< v]f-E& 2]y o Felzlel Pz}gic)

Aede g 2o digete] Ldds cyelindHA
b flal e o Hap(odalai b )e] )i ke e]4b

o)
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o] Fult=le o|2igl Wilys skl Fagh Wi
2t HE e oI AHel H2| cyclinfHAl
of gt 2177} chromosome 7412 Wi} 7|
dede] gl 2]l mRNA o ghwale] #spgE o
Asted dTstedop & e s Yabyich =g T
p53, Retinoblastoma(Rb) & #2}e] oy 4253}
cyclinshe] @7} @rHz]x gle vz o)&53} adzhs
H dAFgovd o ge HEF7) g olsr} ¢
ol A Fle® Q3E, ol2ift HEXF 7|} s
Az}e] o] WAooy HY2E ghlaye] A
ubgke] 7| zie2 Azhyc),

- | =

Mz 2de Gl, S, G2, M phaseZ T4+
dais] #adg A3 £ GO0 phase® 7}, T4
Gl phase® <d@d=o] ME¥-do] dojd o]v]
a2l abdelel, #HIelle oledh AEZEE % phase
oo Exaez wesel HEFr|zde sl
F325e] A gl olF FHAELE cycline
2 25== CDKlicyclin dependent kinase)s}
o] 2hdste] HZ257]2 2} phasesld delvhs o
de] 2alg st Ao g Ho el e A
FRge] Fr1Ee] sled o|2F wjHAH MELd
& Hdze] d3 43E fdEte oeizha] f3Hae
olah & qbrAabe] sbdsh ghelf-Aabe] wjE4dE
58 7lHE EEe ol FeiAdn wH A gl HE
HEF7Z2d §3AE F cyclin, edk Fo| ¥8 3
e g Wghr|He] elg FHAET AP = wel o
TE gk o] dAFelds Al ik
cyclin#} 2] AL =487 #% RT-PCRE 2}
2% cyclin mRNA=2] vbaighs] B 4& 2|3 of
abate] 4] 2] eyelin A, B, C, D1 z2]ir E2] 4@l
A& ZAbshgct

A RT-PCRE 4b24F mRNAukaskz] 249
7he g Ak A g4 template total RNA &
=2 PCR cycled& #HAdA sigeo=zs RT-
PCR<] mRNA stalaka] F4of &&o] 7154 Ao
2 vjepddch, diakskEal 7eleb Ak ES(CL,
C2A, HT-29)8 AH&3tsd 5% cyelin®] '@k &
FArgE A, Ay oy 25l AEs el gle

o i F-8 cycling] WE Fr717 e Ao Jehd
efgdakel Wl cyclinfr3=z gl =2 2 A
THerst e ) a4 ER e)ibe] FurEe o)zgh
Wl oha A M Fagh Walels Alg =gl &
3 1e)2] dfisb=aizt o He|z:2|«4 cyclin DI
o] wgo] = Frhsle] qgleny, HEF C2A9
HT-294 4+ cyclin E2] w#le] FaldlA F7l5e]
o] ol&el alelM= F3lal %o} mRNA sta-
bility ¢} &7} &2 7Ve4de] Aal=e] o2 sou-
thern blot analysisit western blot S22 §4
A x| Wi oAb o] e Ea oA s o
dfatelel & zle® Pzsich =4 e p53,
Retinoblastoma(Rb) #31=t2] o 4-EE7)
eyelindt 2] 4|7} ghel=|7 gle o2 o5z} <zt
A d7ge sz of gd AEZFrd g o]d7} ¢
Fol A e YrEv], oleigt HEFr|g} bl
AMate] gie] she{ze 2 H2E <Farge A
wike] Al7)§ 7oz Y2y},
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