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Expression of Cancer-Related Genes in Epstein Barr
Virus-Infected Burkitt's Lymphoma Cell Line Treated with

Bom Woo Yeom, Seol-Hee Park, Min Kyung Kim, Chul Hwan Kim, In Sun Kim

Department of Pathology, College of Medicine, Korea University, Seoul, Korea

Background : Infection of Epstein Barr virus (EBV) into B cells drives the infected cells into
the cell cycle and frequently results in lymphoblastoid cells. Mitomycin C inhibits DNA syn-
thesis of epithelial cells as well as lymphoid cells by cross-linking with DNA. Many of the can-
cer cells have various pathways for escaping the responsiveness to the negative growth-reg-
ulatory effects of mitomycin C and gaining the immortalized property. The auther performed
a cell culture of an EBV infected Jijoye lymphoma cell line, and compared the cell cycle and
cancer related genes between the mitomycin treated- and non-treated group. Methods :
DNA and RNA were extracted from the Jijoye cells; and EBV nuclear antigen (EBNA)-1, 2
and latent membrane protein (LMP) of EBV and p53 and p21 mRNA analyse was per-
formed. Results : Mitomycin C blocked G2/M phase, however, mitomycin did not affect the
expression of EBNA-1, 2 and LMP. Mitomycin C also increased the p21 mRNA expression
without p53 mRNA increase. Conclusions : Mitomycin C induces B cell apoptosis by block-
ing the G2/M phase and by increasing p21 mRNA independent to p53, which reveals the
presence of an alternative pathway of p21 induction by mitomycin C in EBV positive lym-
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ps3 e AE F718 AAATIAY AXAEAE st
of AEZFHT QAT TS AT I w}
A EBV el o3t SFEA71d2 EBVIE pb3 F44 B
e R SHAAIAEY Tee AAATIAY o8
ARE SQWoINA 1 7ss 2dNHeEN FFS &
Zake AL ohdAol tg B2 A7} itk Al EBVEe]
9E2l BHRF-1 Tl bal-28 +2 B 7150 st 744
g A2 AEADAE JAANHOEZA AL st o]
she A0® deiA ok Teu BHRF-12 ps3 f34ke]
I5s fAlste] AEAEAPE dojuke Atk Walghegxn
AES] TS QAR B, AETH e AofeA] e Ao
a4 Aok EBVSE ps3 fAAE 38 24 FUARA
Aol BAE A By Sl oJtd, wkAZe EBVE 7
A7 EBV &¢1e] ¥%<¢] EBNA-LP7} p53 ¢ 2 pRB
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FYHEE ps3 At 55 TS TEAFAAY] 75 @
ot 707 F2H) p21-e cyclin/cdk S AT ZH M EF
719 FgE Ashs BWEAR ps3 G 28 frHh
Z DNA & 92 HNEE 41 p53el &Jaf AA=]a, o]ofA]
p.)3°ﬂ o3 F¥ p21o] AsEMA HEY cyclin/cdkE &

AAA AEE G1T71°ﬂ Fol A Hrt webA ps3e] st
g AN AREA p21e £3] o]43ka §lrk Mitomycin
(MMC)& &3] Ol%ﬂ% FAAZ G ES DNA & W
et AEE AAAZ g Jles I I8y
EBV ZrgA| o)A MMC E— SFA XS] DNA A4S IJAIA
71t EBV DNA §AL dAAN7IA] detia b 539
MMCE EBV 2419 Burkitt ¥ZF A EHE 9AQ A%
o o Ast AEsA ZHE Yeplles A2 4EA 9

MMC9| o] 7]-e] B o] U Ik wehd Azake
EBV %1 Jipye MEFE wiFst & WIS 12, 18, 24, 36,
48, 60 % 84417kl MMCE Azl gt 3 M)A F2 FollA
NESAGES NEF7IHAAE A&k, p53 F34 mRNA
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Fetal bovine serum (FBS. Hyclone, Logan, US.A.)°] 10
% F=LZ A7 RPMI viA(Sigma, St. Louis, US.A.)dl
EBV7} ZdEo] Q& Jipye AEE 2X10° cels/mLe] FEZ
COz wj&F71ell A 3-5dwiet Aln) v Fapr] Agel ARE-slth

MMC AZ|

kst AES 5x10° cells/mLe) $EZ 3le] 10% FBS7}
A7k RPMI ¥IXe1A MMC 30 uME 7}t 1217 59
Hjekatoith RPMI A2 MMC AES AHE & oA 10%
FBS7} #7}E RPMI WA Z v}to] 12, 18, 24, 36, 48, 60,
8441 7¢ E?l e & A NEFE Fote] Aol o83k
o ORFO2E MMCE @718k &L Jijoye MIFE AT

T3 £3 w0 2 wjok Ag|d & Ao o)Lyt

7 A7) Azt AE 1070E 3k citrate buffer (0,02
mM NP-408H) 2 5 mL 7lstd A% % 2 mL9 025%
trypsin®] 7} citrate buffer 7}8}al 37°C ol A 3417+ Fot
SEWA WAL THA| citrate bufferS 7}F8la 2A17F A4

FHAA HREAI TR, 1,000 rpmellA 1027 A4l
to] Ab=all S 94As]) A AS & 05 mL citrate bufferE 7}3}
1 vortex mixing 3FIth Propidium iodide (Beckton Dick-
inson, US.A.) S48& AAS ¥ citrate bufferZ A|F 3t o}
2 FACScan (Beckton Dickinson, US.A)) 22 ZA39th

Mot rlob

_&mlnru
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RNAZZ|
zt A3 108 #3lo] Tri Reagent (MRC. US.A.)& AH:
3l 11 oAl 7]%3 2 RNAS BE3lith & 7 A
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Z 108 3k Tri Reagent 1 mLE 7}l 74814 vortex &
gralo] Ao 5E7F S8)AA RNAS =347 7, 02 mL
chloroform< 718k 5 40| A 101"&:{} WA ST 12,000
rpmeoll A 1027 A g

% 7+ 9k9] isopropanol=
12,000 rpmell A} 587+ 4lEe]ste] J4E RNA pellet-s 70%
ethanol 2 M2} A=2ollM WA1A A7 23 & DEPC
£ A 32k THF 20 pLel oA AR f7iA] -70C ol
A Basigl

cDNA &d

23 RNA©| thal cDNA 342 Behringer Mannheim
AFe] cDNAZHY kitE AHEsiA 1 Wil oA ste] Ale)atsd
ot 29kstH, 1.6 wg Oligo d(T), 1 mM dNTP, 5 mM
MgClz, 50 units RNase inhibitor, 10 Xbuffer, 20 units
reverse transcriptaseS 7}F5}al 45°CollA 4587 WHEA)7] o}

2, 95CollAM 587F HhS-A1A cDNA FAL AN 7, 42
*o“ﬂ*i YZAIA -20CollA W BaAskgich
Zeta A YMEr=2(Polymerase Chain Reaction: PCR)

Z2ZAZ 7} cDNA 2 uL (9F 400 ng), 02 mM dNTP,
10 X buffer, 10 pmols/ 4L primer, 25 U Taq polymerase=
7bske] 25 pL A 8 ¥ PCR thermal cycler (Perkin
Elmer 2400)S AF&3ke] 94°CollA 30%-1%, 57°CollA 66°C
7HA] 25-30%, 72°C oA 30%-147+e] wh3-E 353] WHESIS
ZZ¥ PCR 2HE2 15% agarose gel A719=0 2 3H0l319)
o} PCR %A thx=2 B-acting AFE8FSY, B-actin a0
gk Aol 2 S v Witk ps33t p2lel] ok fA
2k g3t o PCR W] =7]& o3t 2k

p53

exon 5 forwrad:
reverse -

exon 6-7 forward :
reverse -

exon 8-9 forward :
reverse -

" GGTTTCCGTCTGGGCTTCTT 3

" CATCGCTATCTGAGCAGCGCTC 3 238 bp
" GTCTGGCCCCTCCTCAGCAT 3

" AAACACGCACCTCAAAGC 3 264 bp
" TAATCTACTGGGACGGAACA &

" CGCATCTGAAGGGTGAAATA & 213 bp

w1l w1 w1 w1 w1 a1

p21 forward : 5° ATGTGGACCTGTCACTGTCTTG &
reverse © 5 AAGATGTAGAGCGGGCCTTT & 230 bp

o

B-actin forward: 5 TGACGGGGTCACCCACACTGTGCC 3
reverse - 5 CTAGAACCATTGGGGTGGACGATG 3 661 bp

Western blotting®il 2|8t p21 THHE &8 A}

Hjekst MZE 5x10° cells/mLY %2 3 10% FBS
(fetal bovine serum) 7} F7FE RPMI v Ao A MMC 30 uM
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b 1412 5 BRIt RPMI HhAZ MMC 43
AF = TA] 10% FBS7} H7FE wjAR nlfo] 12, 24,
36, 48, 60A17F 5Ot vl ksl the ~8sl] lysis buffer [10 mL
Tris, pH 7.5, 150 mM NaCl, 1% TritonX-100, 5 mM EDTA,
5 mM Na-azide, 10 mM NaF, 1 mM Na-orthovanadate, 10
tg/mL aprotinin, 10 #g/mL leupeptin, 10 ug/mL pep-
statin, 1 mM phenylmethylsulfonyl fluoride (PMSF)]E 7}
I 4CAlM 2A17E Agsiith &alE AES 4T, 12,000
rpmol| A 3087 ATt s Hsty, THE 9
k2 hovine serum albuming FFOZ 3] Bradford W
WMo w geFaainh 7 Alkniet A2k AEellA 50 ugdl w
S 3l %9 2X sample buffer (20% glycerol, 5% B-
mercaptoethanol, 4% SDS, 125 mM Tris, pH 6.8, 0.1 mg
bromophenolblue) & 7}staL 100°CollA 587F #< & 12%
SDS-polyacrylamide gelZ 120 VoA 1A]17F A 7195319 Th
71923 gelo] A5l @l AS electroblotting WEOE
goll &7 oy 5% BAER7E H7E TBS-
Tween 0.1% (TBST) £dojA 1A7F Fet vkSA|A H]5o]
o] k-5 algtalith p2lell Wik A& mouse anti-p2l
WAF1/Cipl Ab-3 (Neo Markers, US.A.)E AFHE-3}4 o
TBST £99] 1:2000.2 3|4 o}oq oS 23 Ad3 E5H
A 1AIZE B9k Aol M WHA17) & TBST £a02 33 it
A A3kAtE ThA] horseradish peroxidase”’} 2= o] U=
FAE 11150002 gJAate] AdollA] 1417 BHEAI71DL &
3l Wi o 2 M| &3t ECL detection kit &9 ( Amersham
Life Science, US.A,) & 2 187 vhSA)7] ]S &dS
A AT Saran wrapl 2 MA DEof| 7HIA AT
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EBVS| EBNA-1, EBNA-2 & LMP-1 &AL A}

MZ0|A DNA 22|

AE 5x10°4 Gnome DNA Isolation kit (Bio 101,
US.A)E AHEslY] 713 UlZ DNAE R34t 2.okshd
g3 2tk AE 5%x10° T lysis buffer 0.9 mL, RNase 25
UL, cell denaturing buffer 50 L& 7}F5fe] 15%-7F 55CollA
FeA7] thS, protease mix 25 uLE 7Fsted 55CoA HHA)
FoA1Z ) Salt-out mixture 250 uLE 7}8f salting out A7)

AF=allol] 100% ethanol 6 mL< 7}8ke] 1,500 rpmollA 15
7 QAEES IS DNA pelletS A4 @@ ks TE
buffer (10 mM Tris, 1 mM EDTA) 50 pLol| =9 & spec-
trophotometer @ DNA §E=5 S48} -20Col| HAsI%iTh

rlIi rn:

Ty

PCR EtS
ZZAZ 7} DNA 2 pLol 02 mM dNTP, 10X buffer, 10
pmols/uL primer, 25 U Taq polymeraseE 7}8ke] 25 uL

A g 3 PCR thermal cycler (Perkin Elmer 2400,
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US.A)E AHE3le] EBNA-12 94°CollA 40%, 55ColA 40
Z, T2CoA 40%71e] HH&-S 403] W5 313, EBNA-2& 94
CTAN 18, 55CoA 18, 72°Col|A] 187be] W-e-S 303 ulk
otk 18]3 LMP-12 94CollA 40%, 59Col|A 40%, 72°C
oAl 4027ke] wh3-& 353] WHESIYh FEE PCRAMES
1.5% agarose gel A7]9Eoz &3tk EBNA-1,
EBNA-2 % LMP-19] primere]] th3t 542 Y 2 oA} o
o] e e 2k SAUWXEE DNAE H7leiA ¢
HESATA ARE-3ESIT

EBNA-1: forward: 5 TGATAACCATGGACGAGGAC 3

reverse 15 GCAGCCAATGCAACTTGGAC 3 @ 138bp

EBNA-2: forward: 5 AGGGATGCCTGGACGCAAGA 3
reverse 1 5 TTGAAGGTATGTCCTAAGG & & 300 bp

LMP-1 :forward: 5 TTAGCTTAACGATTGCATAG &
reverse : 5 CGTTAGTTCTCCATGACTGT 3 : 268 bp

2 1
MZ=sAl
MMCE 30 ¢M & & A3 10% RPMI #jx]o|A EBV
7} 99 Jipye MEFE 5X10°/mL BEE wjdE o v
F 12A17HE o] AL A7kl Aojd s AT

3} o2 tiaeatel] wjsl AdgEErE s lrk(Fig. 1).

MIZZ7|

FACScan® 2 AEF71E #4480 2 A3} MMCE Aze 74
= A2 G2 9ol nlsle] wjal7te] AojA4E S717}
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Fig. 1. The cell numbers are decreased in the mitomycin C-treat-
ed group compared to the control.

S7keke W G2/M71E AdEE Hde BAhFig. 2).
MIZXFZAL

Jioye MEFE 5x10°/mL UEE 12, 18, 24, 36, 48, 60,
S4AZMEE 5% CO» wjF7](37C) oA matict. 5 A%
FE #3lo] = genome DNAE H238t 3 12% agarose gel
JollA M719F 38l DNA £40] dojus=AE XAl A3,
mitomycin CE A28 & 12417k o)A} wjoksl A FojA &
Ao 2 AZALA}E Dol weAIZke] A ASE A ZAY
A7} Z7veF Atk Fig. 3).

p53 mRNA &

MMCE At & 7k AR Jjoye MEFA A RNAS
F2lgte] RT-PCR WHOE p53 744} exon 5-9 F99
mRNA & JE=E p-actin®] B J=o} vl 43 23}
p53 exon 4-5 H 8-9¢] ¥ AL mitomycin C A&+
HIA gl A & 2kl 7h fIATH(Fig. 4).

p21 mRNA &
p2l (WAF1/CIP1) 9] #d AEs MMCE AEtolA] HIA
Zlzol Hls) =& ¥EZ p2l mRNA do] fLEglon

MMC A Fas 4 sEe AT Fig. 5).

p21 CHHS

b |

p2l mRNA S@ETR= p2l @Y ddo] A fEHo
MMC A2 36417+ o] 5ol MMCE 2|3t o] Helaix| o

100 -
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Fig. 2. Increased proportion of S phase and decreased G2/M
phase in the Mitomycin C-treated group compared to the control
group are noted.
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M 12 18 24 36 48 60 84 0 12 18 24 36 48 60 84 (hrs)

Fig. 3. Agarose gel electrophoresis of DNA extracted from Jijjoye
cells in the mitomycin C-treated group shows ladder pattern of
DNA fragment, especially after 12 hours. (M; 100 bp DNA lad-
der).

Mt (- Mt
bp () (+) bp

600 —> ﬁ----nq-h--ﬂ---- b-actin

P § . e I p—

exon5

bp bp

600—> —-H“dﬂ.ﬂnﬂn-p.-- b-actin

T S

exon 8-9

M 0 121824 36 48 60 84 12 1824 36 48 60 84 (hrs)

Fig. 4. Reverse transcription-polymerase chain reaction analysis
of p53 exon 5 (A), exon 8-9 (B) mRNA shows no differences
between the control and mitomycin C-treated groups. (M; 100
bp DNA ladder).

ol vl

i

< FEE p2l T 2Fo] FRHAtH(Fig. 6).

EBNA-1, 2 & LMP2| &8

3 5 Z2Ad 9 Jipye A EoA DNAZS 2
g3le] EBVY 44491 EBNA-I, EBNA-2 2 LMP—Joﬂ
3t primerS AFE-3le] PCRS & 23 MMCE &3

o} A2|slA] k2 AS- RFo)A EBNA-1, -2 4 LMPS] g}
:‘i xéx:‘— 0/\}0}011;].

MMCE A
9

-

EBV= OA THX #d8Y wlo]gX(human T cell
leukemia virus), ¢4 &5 vlo]g]2, BE 7HY nlo]gjs @

Cq 4 wpols 53 3ol QA FFe fFdde SEt
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Mt () Mt (+) bp

Rt R Sl D-actin

LT L p21

M 12182436 4860 0 121824 36 48 60 84 (hrs)

Fig. 5. Reverse transcription-polymerase chain reaction analysis
of p21 mRNA shows increased p27 mRNA expression in the mit-
omycin C-treated group compared to the control. (M; 100 bp
DNA ladder).

Mt () Mt (+)

— L — - -

0 12 18 24 36 48 60 0 12 18 24 36 48 60 (hrs)

Fig. 6. Wetstern blotting of p21 protein shows increased p21 pro-
tein expression in the mitomycin C-treated group compared to
the control.
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AEART W oA o wa ZAs} MMCE %3het
Aol oAl A2 Al A S2IEe] BBV 9 F% A
7} SA0l A ERT Bk X80 OS ) LS By

LY oleld Avk= EBV EA| o7t o d2E A8
TS T st 1 71dS EA A B £ AE
EHo] TASE vole)2 o] ALY FA3t 28 Bl
Ty sl AXZ EBV ROl obd YEE A Ee} YE A
I e AT EH) b 2% solgz o o)}
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3 FoloiA] ek oA TS Ul 4%
ZAYEE vl MMC Fojito] "ol o] ulaf ujok 124
AZG7F 7adb7] AREIG T AZAEAlRE 716k e
AEF71= MMC A2ellA S717t S7keke vhd G2/M 717
AA =Lt T3 ps3 FAARY EAWIY ps3 mRNAE 7}
7} PCR-SSCP9} RT-PCRH L2 ZAlet ul, MMC A2
HIX 2 B5FolA ps3 frdzte] EdelE HAT 4 g9l
W p53 mRNAE MMC A3 Ao 2pelE 7
& & g%tk =S MMCE A 29 DNA @42 AN
71U EBVY Z2& gAslA gE A0g Uegt o3
EBV7} § 4454 (episome) 2 EA3FHA MMC9 DNA g
AN SE T F Ae o 7S TR e AR
AREY O 71 BEAA & Qloh ol#et A4 Moar
SHo] EBV Al EF9l P3H3-104 MMCE g 29
Azt FARIGTE MMCE A3t 23 vA2FolA p53
mRNA 2] i}om Peole Bl T w7kl Al EAEALY
zpo)7} Qe AS MMCOl 98 fr&d AZAEAL ps3 w4
Ape] Ao gk Zlo] ofdS & 4 itk El p5s3 FdAe

oL . & Ao A A MMCE
] =z
H] %

2
Fﬁ‘ ¢ =&

ool o po

AEZAS 293 9BS e FAAR, B AR
ASAA) 63 b7l o) Y3l G ofel 712
QojseAE we ool Uk ps3 FaAe) AEZAel
Nge RUNE s p2t FUAE THRAIL, Sl
243t

g pzlo] ©AS ANt NETAS JASTAL ¢
ok wEbA p2l AR s AFE Fsty] flste] p2I
mRNAE RT-PCRYSZ ZARE 8, MMCE A3 ol A
+ W 12A17HRE p21 mRNA7F 2k FEE S E %
Hksle] MMC HIAZ ol AE Wt fiseS Selskat
Sugiyama 5729 Ao &b p5s3 AL AEZFA MMC
Ag] Al p21 H&8I} 5719 T7HE FESATIL Bl )tk
webA ol gt AAAIE p21e] Wilo] ph3 frAtel] ¢JstA|
QA OE 71- oJste] EASESIRS vy Fgs] 1
71de] Foljl7te £ Adwtez s g1 4 ik

o|Ate] A¥ A} A= MMC7F EBV 94el Jijoye AlE
21& sk o 71-E FA Yol MMC7L Jijoye
AEo NEF7] 2 5719 Z7H) G2/M7)E A8, p5s3dt
© 77 p21 mRNA¢] 2/dste} *ﬂix}ﬁﬂ}a S7HF L
BN AESAS JATE s 28y So 7 HEFT]
A3 cyclin @ cdkol thel] FAFEY EBV 3 iz g
mRNA & P HetE Akt obtt MMCell ©J gt £ Al
X ZAA 7S Bge] BT & g AoE Azhei
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