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Molecular - Biological Analysis of Various Epstein-Barr Virus Related B Lymphoblastoid Cell
Lines. A Comparative Study with Burkitt Lymphoma Cell Lines

Tomoo Masuda (Department of Pediatrics, Saitama Medical School, Moroyama, Iruma-gun, Saitama
350-0495, Japan, National Defense Medical College, Department of Forensic Science, 3-2 Namiki,
Tokorozawa, Saitama 359-8513, Japan)

To clarify the mechanism of malignant transformation associated with Epstein-Barr virus (EBV)
infection, we established EBV related B lymphoblastoid cell lines that transformed spontaneously during
long term culture of peripheral blood lymphocytes obtained from patients with infectious mononucleosis
(spontaneous-BLCLs). The characteristics of spontaneous-BLCLs which were subcultured for more
than ten years were compared with those of Burkitt lymphoma cell lines (BL-CLs). In this study,
spontaneous-BLCLs and BL-CLs were examined by expression of p53 and sequence of p53 mRNA,
determination of telomere length and telomerase activity, and comprehensive analysis of mRNA by
the differential display method. The results showed that, (1) there were mixed cell population with or
without p53 mRNA mutation in spontaneous-BLCLs, while there were only one type of cells with p53
mRNA mutation in BL-CLs. (2) Immortalization of spontaneous-BLCLs and BL-CLs was not associated
with telomere length and telomerase activity. However, there was correlation between telomerase
activity and the logarithm of telomere length in spontaneous-BLCLs and BL-CLs (r=—10.85). (3) There
were 45 genes related to the oncogenes and the cell cycle regulatory genes which were analyzed by
differential display method. In the 45 genes, genes expressed only in BL-Cls were Ras, Raf, RCK/p54
etc, and the genes expressed only in spontaneous-BLCLs were MM-1, XP-G, p58/HHR23B etc, and
the genes expressed in both BL-CLs and spontaneous-BLCLs were HDM-2, activators of RB pathway,
etc. Mutant-p53 was only detected in part in immortalized spontaneous-BLCLs, while it was detected in
all cell population of BL-CLs with immortalization and malignant transformation. Different oncogenes
were expressed between insufficiently tumorigenic spontaneous-BLCLs and sufficiently tumorigenic
BL-CLs. With above mentioned finding, we concluded that the expression of mutant-p53 has no role
in immortalization of spontaneous-BLCLs, on the other hands, the activation of Rb pathway has major
role in immortalization of spontaneous-BLCLs. Suppression of MM-1 and Xp gene and/or activation of
mutant-p53 and Ras/Raf were probably required in malignant transformation of spontaneous-BLCLs.
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IME R O AR IMLIC Ficoll-Hypaque (Pharmacia Fine
Chemicals) itk 7 % &g L 1500[0]#z, 3077 [0 i
U R 2 8RN U 72, $RENL 72 A% e 72 0.5~ 1.0
X 107cell /mUCFEL L, 20%E1niF (GIBCO), 10* M
2-mercaptoethanol (GIBCO), 50y g/ml penicillin,
50 pu g/ml streptomycin, 10*~10" M hydrocortisone
& A 7210ml RPMI1640 55 3 ©37°C 5% CO,/95 % air
NI THEEZBMA Uz, B3I 1 [R5 21 D 50 %
A UK U TV % (2004 HEEILE C 13RS H).
% 72BL-CL % IM Hi3E spontaneous- BLCL & [Flf D55
BICTRRHMR L T 5.
F 28 IMH ¥ spontaneous-BLCLM U'BL-CLA
5D cDNAYERL S 7E

IMHi3£ spontaneous-BLCLK CF BL-CL % pH7.4
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Phosphate buffer saline (PBS) Ak T 3 [al3E L 7214,
MR 21 X 10°cell /mlC FHEE U7z, %L 7210
M Hacid guanidinium thiocyanate-phenol-chloroform
(AGPC) i FIH L72ISOGEN (Zw B> ¥ =) 12T
total RNAZ i U721, RQ1 DNase (Promega) ICT
A UT-DNAZFRZE UM U 7z, F55L L 7z total RNA
6L C, Ready-To-Go RT-PCR Beads (Amersham
Biosciences) # /=4 1) 3 (dT) 'S4~ —Ic K %3
MR ROGIC T, Sfilabkfiia s 5 D cDNAZER L 7z.
$£ 381 IMHH ¥spontaneous-BLCLKX U'BL-CL %
WRE LTep532 VINYBEDEH S E

IM i3k spontaneous-BLCL 5#k (Table 1) KT
BL-CL 1#% (Raji cell line) 7% ARk "2 41 (labeled
streptavidin-biotin) 1% 1C & D pb3 X > /8 7 'HF 7 ki Y
L7z. $ip53¥Hifk (DAKO, DO-7Hilk) = 1XkFifAk L L,
A F A2k, VA F XA N L
T 7Y EKIGEEDAB (3, 3'-diaminobenzidine
tetrahydrochloride) TH L7z, TBHZREAIENT b
F)UTITo Tz

Table 1. Characteristics of spontaneous-BLCLs

Sample | Established |Subculturing
number date period
1 1990. 6. 6 13y
2 1992.11. 5 1y
3 1990. 8.29 13y
4 1993. 3.13 10y
5 1992.11. 5 11y

(As 0f 2003.10.1)

$£ 48 IMHA *Espontaneous-BLCLX UBL-CL% Xt
S & L1cp535EEFDOmRNASE B - Rk DRI A %

P53 FuAHIM B K spontaneous-BLCL 5 ¥k
(Table 1) &z T*BL-CL 1%k (Raji cell line) @ cDNA
7 template & L, Forward primer 5-TTTCCACG-
ACGGTGACACGC-3, reverse primer 5’- GACGCACA-
CCTATTGCA AGCA-3' % Fi\ T p53 mRNATEHHZ PCR
1% (denature 95°C 15s, annealing 60°C 1min, extension
72 °C 1min, 40 cycles) I T HilgE LU 7z, #0E L 72PCR
£ ¥ 7% dye-terminator 7% % ] > 7z BigDye Terminator
v3.0 Cycle Sequencing Ready Reaction Kit (Applied
Biosystems) |C T direct sequencingZ#{7\>, ABI PRISM
377XL ¥ —7 ¥ — DO BBt THE DRI, Ef
A 2R LTz,
$58 IMBE¥Espontaneous- BLCLEUBL- CL% Xt
% & Lfctelomerase activity, telomere length Df#fr
HiE®

IM i3k spontaneous-BLCL 5#k (Table 1) KT
BL-CL 1%k (Raji cell line) O telomerase activity %
telomeric repeat amplification protocol (TRAP) ¥ 1
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X % TeloTAGGG telomerase PCR ELISA™"® (Roche
Diagnostics) Z W THIE LTz, 97&b 5, SHilakk
A7 300 cell ICHA%E L7z F 2 — 7 N TTRAP K i 2
1o, EAF AMePCREYZAEM LT, ZERR L 72PCR
W72 digoxigenin (DIG) £&5# telomere repeat probe &
hybridization LU72%%, AL+ 7Y a—k<A
XA Z—7L— MERE U7z, #iHilE peroxidase
BERHIDIGHUATITL, FEk A /a7 L —h) —
2 —THIE LTz, T 51513 - N control template
IZ K DR & 7z telomerase activity 7 FEAE(E & U7z
EEE (relative telomerase activities: RTA) Tf1->7z. %
7z F &2 ¥k Dtelomere length!d, Non RI assay’ i\ 7z
TeloTAGGG telomere length assay (Roche Diagnostics)
EHOWTHIE L. 97%bb, SMllafkiiizh 5 DNA
i UL p gl i U7etg, HIRRREZRHinf1, Rsa ICHT
F{t U (terminal restriction fragment : TRF), southern
blotZ17-7z. blot L 7=/ {t. DNA % DIGIS# telomere
repeat probe & hybridization L 7zf%, alkaline phosphatase
(AP) #F58H I DIGHUA LA S, APRKEFOCHEET
& % CDP-Star (Tropix Inc.) THI#{E L 7 « )V LITEOE
UM U7z, TEEEOC LI 7 o WL 2T > b
A—R—TAFv LIt FOCHML (TRF) Y1 XL
FOCERDFEED SFCEBAL DI Y A X725 H L Z D
fiti% telomere length & U 7z.
$F6H DDE% AL - IMHAXEspontaneous - BLCL,
BL-CLR U K400 CD20 M mRNADIELE - £
HEEDREHE

DD {13 75 % HI R O mRNA O 7B & D 72 ¥ 7% #
9 54515 T, mRNAZ N7 I A4/~ —L&254 )
IWdD) 7oA~ —THIRGRIGH%, BADT 2L
BESNN B3 ERT 54— B EDETPCR
FICTHIEL, KU 77V )07 2 RTIVESIKENIC
KONV REBRHL, ZONY RRSZ—2OERED
ST 2172 6 D ThH 5. S, H2HilcHt
Uspontaneous-BLCL, BL-CLR U a> ba—)b & L
TARK I CD20 [ PEMI L D total RNAZ fili ) « F53LL,
Fluorescence Differential Display Kit (TaKaRa) 7% i\
TDDEZRIT- . 37505, Hilkldtotal RNA &R Z
300ng ICFA%E U 7z1%, 9FEFHD I Downstream primer
(Table 2) Z W TR G R In 211> 72, R L 729
T8 %8 O cDNA % template & U C, 247FH £ @ Upstream
primer (Table 2) & WL TR U 7z 9 O HDT
Downstream primer 7 i & & & T PCR{% (denature
94°C 30s, annealing 38°C 2 min, extension 72°C 1 min,
34 cycles) I T L, & EFT216HH DOPCREY)
TR LTz, Z D% PCREEVIC BAVZS 1 72 hn 2 — A8
L, TMREEG45%RY 77V IVT I R)UICT
40W 9077 [ EE XUk EN 217>, Fluorlmager (Amersham
Biosciences) ZFHWTHIH U, HadfHEOukE) /S Z—
> DEEFUT DN T LT U7z (Fig. D).

Table 2. Sequences of primers used by differential display
method

No. sequence No. sequence
Upstream primers 1 5'GATCATAGCC 13 | 5'TGGATTGGTC
2 5'CTGCTTGATG 14 | 5’GGAACCAATC
3 5'GATCCAGTAC 15 | 5'GATCAATCGC
4 5'GATCGCATTG 16 5'TCGGTCATAG
5 5'CTTGATTGCC 17 | 5'GATCTGACTG
6 5'AGGTGACCGT 18 | 5'TCGATACAGG
7 5'GATCATGGTC 19 | 5TACAACGAGG
8 5'TTTTGGCTCC 20 | 5'GATCAAGTCC
9 5'GTTTTCGCAG 21 | 5'GATCTCAGAC
10 | 5'GTTGCGATCC 22 | 5'AGCCAGCGAA
11 5'GATCTGACAC 23 5'CAAACGTCGG
12 | 5'CTGATCCATG 24 | 5'CTTTCTACCC
No. sequence n=13-16
Downstream primers 1 5'Fluorescein labeled-TnAA
2 5'Fluorescein labeled-TnAC
3 5'Fluorescein labeled-TnAG
4 5'Fluorescein labeled-TnCA
5 5'Fluorescein labeled-TnCC
6 5'Fluorescein labeled-TnCG
7 5'Fluorescein labeled-TnGA
8 5'Fluorescein labeled-TnGC
9 5'Fluorescein labeled-TnGG
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Fig. 1. The differential display method.
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p53#&it & p53 mRNAEEFEIFFESR
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PRDT=DOM 2D BT, o 3FRIC I mRNALEFLEIA1)
IR RS> Te. TO2ROZERERNTIE, TR
codon 134 TTTHTAA, codon140ACCHYACGIC (Fig. 3),
& 9 18kAh codon 278 CCTMWCTTICER L TW e, iz
CD2RRICDNT, FHIC3FMA L 72, FEHIp53HL
PRI X 2 g iRk L 22 5 1 & mRNASR LB 51 72 i iy
Lk T A, 28k L & Hips3 TuklG R Z2 32 8 72 b3,
mRNASGRAANIC I B 27899 (Fig. 3), LRl R
RO IEF AR YNICE LT Wiz, £72BL-CLTIZ,
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Fig. 2. Immunohistochemical stains of spontaneous-BLCL
with anti-p53 antibody. (a) This immunohistochemical stain was
carried out in 1997/8. (b) This figure is an immunohistochemical
stains carried out in 2000/10 after subculturing the
spontaneous-BLCL for three years. There are almost no
differences between both immunohistochemical stains.

%28 IMH Espontaneous-BLCLK U'BL-CL®D
telomerase activity, telomere lengthDBIE#ER

IM Hi 3 spontaneous-BLCL 5#k & BL-CL1 £k O RTA
M Utelomere length @ il 7E 45 5 7 Table 3 ) U Fig. 5
ISR LTz, =S la#k ORTA & telomere length &
DI B R 2 MGt 3 % 7212, RTA & log (telomere
length) O X% Fig. 61< R Uiz, ERCAS /D 5 RTA
& log (telomere length) OAHEIREIZr =—0.85 TAD
R Z D 1z (BREIKHES%).
$£ 38 IMHE¥spontaneous-BLCL, BL-CLKRUX
HICD20REHMERICE N TERERSHT-mRNAD
[EE

Fig. 71C Upstream primer 2448, Downstream
primer 9F 8 X O 42 ik & 117221645 5 O PCREEY) R
V77V 2 R )VESvkENG O —5 GFEE D
PCREY) D& Kk BIG) Z/~ L7z. BL-CL, IMH1kK
spontaneous-BLCL, AAHI CD20 [ MEHIE R T RERRY
IS AEE R TN R (Fig. 7 Arrow) 131263 55 32
iz, ZOEHMNZRY T Z7U)VT I R7)LED YD
HURR T 522 LK D UOTHD TS T AV -
ZBHI LUz, TOU0TTZTAY DS H, XAL
J b =0 TR TR CEENo Tz
T I A FIV492#, SRR, BT —
22—~ — X (BLAST) MR Tl —#E 1 & L < IEH
—HEETO—HTHET R LT T T AV
M5111#, BLASTMSR CEIZ FRIE TCE A>T
FUAV WD D, RENIGERTRENTE
72T IR MM TH>Tz. TOMTHDT 5
TJAVEDS> B, BEITHERIN TV S DERENIC
ARHZELTH 84D O, EENEIHEN TS
GTH263MTH Tz £/ DUTEDT T T A
M BET BB TR LI T S &, k- W
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Fig. 3. Sequence analysis of p53 mRNA in spontaneous-BLCL
determined by immunohistochemical method. (a) This
sequence data was carried out in 1997/8. Underlines indicate
53 mRNA point mutation (codon134 TTT —TAA, codon140
ACC—ACG). (b) This figure is a sequence data carried out in
2000/10 after subculturing the spontaneous-BLCL for three
years. Underlines indicate p53 mRNA mutation replaced into
wild-type (codon134 TAA—TTT, codon140 ACG—ACC).
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Fig. 4. Sequence analysis
of p563 mRNA in BL-CL.
Underline indicates p53
mRNA point mutation
(codon213 CGA— CAA).
This mutation is the same
as the mutation reported
by Edward RH.
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Fig. 5. The chemi-
luminescent detections
of terminal restriction
fragment (TRF) in
spontaneous-BLCLs.
Lane 0; positive control,
lane 1-5; spontaneous-
BLCLs. The mean TRF
length is defined as the
telomere length. Each
spontaneous-BLCLs had
different telomere length.
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Fig. 6. Correlation between relative the telomerase activity
(RTA) and the logarithm of telomere length in various BLCLs.
Square indicates spontaneous-BLCLs data. Circle indicates
BL-CL data. The correlation coefficient was r =—0.85.

Table 3. RTA and telomere length of various BLCLs. RTA ;
relative telomerase activities

Samples RTA  Telomere
number length
1 2.02 3612 kbp
2 1. 05 3078 kbp
3 0. 48 8440 kbp
4 2.92 2384 kbp
5 0.39 5682 kbp
BL-CL 3. 42 2415 kbp

Fig. 7. A polyacrylamide gel electropherogram of
spontaneous-BLCL products by the differential display
(DD) method. This figure is a part of results that analyzed
various BLCLs by DD method. Lane 1: BL-CL, lane 2:
spontaneous-BLCL, lane 3: CD20 positive mononuclear
leukocyte. The arrows indicate bands that had differential
bands between various BLCLs and that were separated by
polyacrylamide gel.
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He JE B B B A AV 97 #f, R R 5L h B
V86 FH, HAEMARMEEL F4LE, UARY — L
HIEE A3, S hay RY 7 BLEEE - (DNA
&) MATHE, EBV BEE LT H8FE, BYU »
ISERDLAY DV 7N ER B E# 8 An T AV 18%8, DNAD —
HMEEZONDBIETHTHE, ZOMDIELE T30
FECT& > 7z (Table 4). RICFH =R T- M Atk &
REMRBH S N TV % 81 1-263F8 & D3 % Table 5
W UTe. 2095 Bt - Al JE BB E AR 11,
BL-CLO AICHBL L TV %8s 1AV 1458, IMHK
spontaneous-BLCL D A FHEL L TV 2 1815 +H 7,
BL-CL & IM Hi3¥ spontaneous-BLCLO A HVFIE L T\
%815+ h 18%E, IM Hi13E spontaneous-BLCL & CD20
Bt )~ SBRO BB FEEH L TV % EIE 7FH6FET
3> 7z (Table 6).
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p531d, cyclin-dependent kinase inhibitor T & %
p217%ZiA8d 5 LICKODRbDOY Vg bz BHE LA
fazGUHIcE SR E e EI™?, ¥ V46D
U UBEIc X O 7R b=y ABE R TR X
H 29 CDld, ps3Ein T OER - RIEICK B
HORLHI RS O kE 1, MO LR ICEE &
ZAH6NTHL, EEFHERERICBOTRLEZL
HELTW3 XA TH ™. TOps3i#is 1
BEFBL-CLILDWCEWRETNTHEL Y, o
T EMSEHAEBL-CLICEIRDE L, D DHips3Ht
R B5ME M e © & % IM 3 2K spontaneous-BLCLIC 35 W
THARDpSIBIn T EHEMFAET 2 L E A HE L
720, O T, Fips3HiksuEREmBIcB T
PipS3 PUARG TERI AL & Hips3 LA RZ ME I AR S %
polyclonal T&% % C & (Fig. 2 Left), p53i8 15 12 ¥
Aheterogeneous TH % & 5 (Fig. 3 Upper), IM
H13K spontaneous-BLCL & p53 38 {5 1 DS IEH ) 5 B 5
NEZELTWABEBHPTH O, NE(EHfED, 5@
HNENDOBAITERMETH % LFEwHDF 0. LHLZED
%, #REFAYIC IM H13K spontaneous- BLCL D i p53 #ifk
FE G IS Uil 72 & T A Hipd3 fuikRs Empa
DEGHENT 5 & 87%<, £=BL-CLOHIp53H1
IREZFPERIG (Fig. 8) D X 5 IcIkIc i — B
R2IBHEE DETH > 7= (Fig. 2 Right). 2D
& 5 4 1EIM H 3K spontaneous- BLCL 7S R SE AL il
fa D E i bific B8 Izl TV 2 ahE
M7z# Z, i U 72IMH Kspontaneous-BLCL % B
IC3AERARAR U 72 1% pS3 8 THE ALY Z MR U 7z,
T ORGER, W U@ O EEA Y Z BRIT R ICE
LY (Fig. 3 Lower), F7=AhDE T CHrizIc ik
Bl 51|25 52 % heterogeneous IZ 528 1278, HHIZ6 7 H ik
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RUHBRTRIEEICE LTV, ps3idEis+DiEE
ZRIOAH—LLTZOBELET RF—YRAICBEEL
TWAM, pb3HH L DR FHEIEICH L TZEDEE
ETRE=VAZEIEREC LIV MEHNIF L
AR ZBR O BH TR, —J, Agto X5k
heterogeneous 7% j& {z 1~ BED HEFL AL 51 28 BL D E I L
YEIZ X % direct sequencingiE& W 256, 2EDE|
AT U T T W template & D B FRE D2
BERLTLES CTENHIONT VS, AREHCEB
W, ZRZFEDIIEEAMN G X T heterogeneous
TholzT &, WK LIHERERT DO EERD T
T &, IMH & spontaneous- BLCL 7’ polyclonal 7= il i
WThHaT s, FAZpSIELE T 2R Dl
PREE & p53 8 AL T B4 K 72 F5 75 WO I AR BE D B 5 DYk
R LICZA(L L template & D 72 03 p53 Ha FL L 41 D25 i
B R LI E ATz, F@E RGOk
TR ENROWE AR P53 A, Ml A b L AR
BELTHELBREENS s NTVBE S,
4 [8]IM i 3 spontaneous- BLCLIC # £ @ Hip53 #i {4
TR OG 2B DT T LG A R p53 & B R p5b3
ZEIFFICHHE LN EZ SN, 2D &k
spontaneous-BLCLAY p53i8 a1 2 H O HEICHhHh b
3R SN LS ATREEZ R L TED,
PpO3IE 1 1 FH LI IT & i D cell cycle accelerators
DBGIC KDL ZEST ST EAAEETH S &
E AT, EHICEBVRHEM R EPBL-CLIC BT
PEBIE T HEDPME SN TS T &I, EBVEH
BLCLOJ# ARSI 13 p5338 (n T H OB 52 B &
THEEZT.
F28 IMA¥Espontaneous-BLCLE U BL-CL®D
telomerase activity, telomere length|c DT
MiEOHEMIDTHBBENERTH S ik
LY, ZoEEZETE LTV 5D telomere lengthd
FifECH 2. Ko THIRHSHEER AT 5 R IE(L -
{EHREIC 3510 T telomerase DFFI L ETH B & 5 2
%0, FE, L U BEaEiie GRRIERmD &+ 7%
telomerase activity’z45 L C# D, telomere length hV%Z
LTV, L LEL OEME L Bz o 2 #it
HIBE, B4 7%E X Dtelomere length TZELL T
D, ZHUEIM1HDtelomere length 4 U crisis S
ZHEVDNTWVAM2HD2 kbpritgh 5, 1EHM
fahYF 9 % telomere length 7 13 % M T Z 72 20 kbp
DLEEFTHEEL TV R, 2T THRAE, 104D ik
£ U %t \F 72 IM |5 & spontaneous- BLCL &z ¢ BL-CL ™D
telomere length & telomerase activity 5% #117] 7% % K HE
TZERL TV B O ZME Lic. ZORIR, IMH
>k spontaneous-BLCLIZ ¥ & Z 2.3 kbph 585 kbp &
e iic i <, & 7z PRI LU Crelative telomerase
activity (RTA) (&, telomere length HVE WAk Z £
15 1 AY & o 7z (Table 3). & 7z telomerase activity
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Table 4. 347 fragments which were able to analyze sequence

known-function gene | unkown-function gene total
Oncogene / cell cycle regulatory gene 45 52 97
Protein transcription/synthesis gene 54 32 86
Enzyme related gene 41 0 41
Ribosomal RNA 13 0 13
Mitochondrial gene 47 0 47
EBV-relateed gene 8 0 8
Lymphocyte(except for B cell) related gene 18 0 18
DNA i 0 7
etc. 30 0 30
total 263 84 347

Table 5. The classification of 263 fragments analyzed as known-function

gene. (+/— +/— +/-); (BL-CL spontaneous-BLCL CD20-

positive-leukocyte)
Detection of mRNA of various BLCLs t--) F+-) -4 @+ -4 +4) | total
Oncogene/cell cycle regulatory gene 14 7 0 18 0 6 45
Protein transcription/synthesis gene 9 15 2 28 0 0 54
Enzyme related gene 12 1 1 14 0 3 4
Ribosomal RNA 3 4 0 6 0 0 13
Mitochondrial gene " 12 0 16 2 6 47
EBV relateed gene i 7 0 b 0 0 8
Lymphocyte(except for B cell) related gene 0 0 18 0 0 0 18
DNA 2 1 0 4 0 0 7
etc. 0 0 22 0 1 7 30
total 52 52 43 91 3 22 263

Table 6. The identifications of the oncogene and the cell cycle regulatory
gene with different expression among various BLCLs

BL-CL (), spontaneous-BLCL (-), CD20 (-)

BL—CL (+), spontaneous-BLCL (+), CD20 (-)

CD74

HEM-1 (hematopoietic protein 1)
histone acetyltransferase 1

Jawl (lymphoid-restricted membrane protein)
lipocortin 1

MLTK-alpha (MAPKKK)
NF-kappa B

CDR?2 (paraneoplastic antigen)
PP1I (protein phosphatase 1)
PRMTS5 (methyltransferase type2)
Raf

Ras

RCK/ p54 (c-myc activator)

ribosomal protein S2

BAP37 (prohibitone)

c-myc

Dp-2 (E2F dimerization partner2)
D-prohibitin

E2F

EEA1 (early endosome antigen)
Ftel (ribosomal protein S3a)
HDM?2 (p53 binding protein)

IKK (I-kappa-B kinase)

T 2 Ty

IZYOon

MAGE (melanoma antigen)
MLL3 (mixed-lineage leukemia 3)
MUC4 (mucind)

p53

ribosomal protein S6

TAB3 (TAK1-binding protein 3)
transferrin receptor (CD71)
UBA2 (ubiquitin association 2)

BL-CL(-), spontaneous-BLCL(+), CD20(-)

BL-CL(-), spontaneous-BLCL(+), CD20(+)

BAG-1 (Bcl-2-binding protein)
ERCCS (XP-G)

FLI-I (friend leukemia virus integration 1)
MM-1 (c-myc binding protein)
PS58/HHR23B (factor of stabilizing XP-C )
RBPI1 (RB-binding protein)

syntaxin binding protein 2

ataxin-2

Int-6

(translation initiation factor eIF3 p48 subunit)
receptor-interacting protein

Nap2 (nucleosome assembly protein 2)

TLKI (tousled-like kinase 1)

zinc finger protein (a part of WT'1 ?)
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Fig. 8. Immunohistochemical stains of BL-CL with anti-p53
antibody. Unlike spontaneous-BLCL, most cells of BL-CL had
a core of homogeneous positive stain.

& telomere length D RE{R7%Z H % 728 ICRTA & log
(telomere length) D 7'< 77 711 k3 % & FHEIREL
Mr=—0.85L BDMHEZFES Tz (Fig. 6). w@H, Rk
H i@ o telomere length {3 transform U 7z 1 55 7% Kk L
TV EEDLNTED, ZOHilf#Hld telomeric repeat
binding factor (TRF) 1, 257> T3, F7-#1t
H D telomerase 1 C D telomere length Z#EFid % 72
DICTETRBE L THED, telomerase activity D 55 /Hd
telomere lengthdOH 1 ICHEB LT WEEZ LHNT
Wa®, L LT oHRIEMAE, %#c EBVES#BLCL
BT, AREHC W72 IM € spontaneous-BLCL
DK DIC10FELL B2 U TIMR L T E 7/ilie T o
BRI TH DY, crisis FTOHRDEVE Sz
MEt U7z R Th 2 RETEIE BE T E RV, SED
5 RIC B W T IM 3k spontaneous-BLCLO RTA & log
(telomere length) ICFHBEINEESD NIz L&, Dix<

L L EBVEIHBLCLICHBWT, b LE L -telomere
length % #E 59 % 1= 8 IC 2 & 22 7E L T-telomerase
activity [ D E(E L, Z OfE L at random Tid 7% < [H
I T & telomere length & U < (& TRF1, 20552~
ICdH B L #EZ . F72RTA & telomere length /)3 [ £
TR EIWNEENT S LICX DT 2RO
WTIEHERE RS AHTH S D, —DDREE L
C telomere length O 111 FE'E & OO A& 715 7 i
L7z eEMBEETE2DTRAEVWNEEZ 2. ITIM
FH3k spontaneous-BLCL & telomerase activity & D Bf
%TdH 5N, IMHIKspontaneous-BLCL telomerase
activity & RTAD KA AY0.39, fr@ifi2.92 & IM H kK
spontaneous-BLCLE T 755D =M H D, IMHFK
spontaneous-BLCLZ & IC KE L BB L0 R %
5 7. ARNIEAL A BE D telomere length (3 telomerase A
FEH U 72 B 55 T D telomere length % KB L T D,

telomerase activity (& Z O telomere length % ¥t 79~ %

fir K

DI BT EED B EHEFD L VI HEI W B B W,
T D5 13 % IM K spontaneous-BLCL & & IC ¥ 7%
% telomere length & telomerase activity Z D £ 1V 5
AERZZFFT 28D TH-o7. LrL—J, EBVIC
& O transform U 7z Hl fa#k D telomerase activity (&1~ 5E
{bai TR S AIELZ X SO IE R T 2 &0 D
WEPOEH D, ARERLBEZ> TV BLRET
OMEEAEREDRZDIF2DDOEE, T74bbin
vivo CE#EBVIC S & & THIVZ L 7z BLCL & in vitro
T~Y—Et v FRBI5-8#fliE LG EBVICERE &
TH#37 L 72BLCL” (EBV-infected BLCL) Ok D&
WE, PIEDEZEDEWVICEDECTZEEZ T,
PREUERMRL T2 H 2 HZERHWMNIEE 2 2 &M%
WEBV-infected BLCLO 4}k *° EBV -infected BLCL %
BUERIHRCE L < 13160 PDLLL EA S ARSELHIE & &
HLTWVWBRUE, 10 FZ2E L TR L TE72IM
Fisk spontaneous-BLCLOMIR & 3 Bix 5 LEZ 5,
ZDMIRODE N D—DIC telomerase activity H3d % &
KUz, 5%, BUEMKR L TV % EBV-infected BLCL
IM HiK spontaneous-BLCL & [k 104E DL F225¢ U THk
RAVATREIC 75 o Te R R C RSB Z I TV W EE AT
W5, Fadks SR & 0 4 13 IM Hik spontaneous-BLCL
Dtelomere length & telomerase activity (&, H W T
HEERZRBENS, ZOBLCLYRLLZET S
telomere length Z#fiff L T\ % & & R Tz,
$F 381 IMHA¥Espontaneous-BLCL, BL-CLEUZE
I CD20RZ RO ERELFDERICDOWNT

IM i3k spontaneous-BLCLIX, c-mycliiE s -°bcl-2
7RI = R B S ERFBE LT AN, 5
1 TELR L1z K 91 ps3 3 HIE R IR IFIF IER I
FERE L T\ 7z, @ pb3 B n T H X ANFEAL - JE b
K Dkey gene T » O, IMH 3spontaneous-BLCLA
RIS L TWE T DD, ps3BEEL TS L
UMD 7 R b — > ZHNHIBERE - HH RIS A RS DY 78
BLTWARTTHDEeEAT. EleREDHEET
T I B B EE AR T O 2 < DIRBEAEIN 7 Th %
ZEMHD, ENFNDORTFNART—FRDXH I
a7 arEIERLTWVS T Eh S L% it
MHY % Tz DI QUGN R BOBE G 172 it 9 2 3
W% EEZT. £ THARBDDEZ W TIME
>k spontaneous-BLCL, BL-CL, control (R Ifii CD20
P PRI OBEFRHEOERZIXTHET S T
LzEtE L7z, ZO/MRMOTED TS5 T AV b
DEEL TN, NIIRER T S U A2 MAMTHETH
D, O D160 I HEERGER T T T A N, [H—
BIET, PCRerrorFTH o7, T0 S5 HHEARER
TITAYMCOWTRY T ra—=2 71 K5
WrZzgtmhCTdh 5. & TREMNAFE o 72347/ D
TI TR 0SB - Al E R EE R & 97
T, 09 B52fAnovel gene & L T2004.1.31 5
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EMEEINTNBEEDTH o7 T4 Snovel gene
DGR D S5 B, 245 Hineuroblastoma K O iR # &
NZEIE T THY, ¥V TCovarian carcinoma, Wilms
tumor, lymphomaDJIETH > 7z. % 7znovel gene LI}
DFEREANC U7 45 D38 (5 71&, BL-CLICFEHI%Z
86 IM Hi€ spontaneous-BLCL « control I I & 8%
o J=BEA147E, IM H 3 spontaneous-BLCLIC ¢
7% R BL-CL + controllC FIRZ R I - I2RED
7f%, BL-CL - IM M3k spontaneous-BLCLIC i 7% 38
& controllC ¥ 2GR 7 b o T BED 178, IMH K
spontaneous-BLCL « controliC F ¥ Z# 22 & BL-CLIC ¥
HERDIEh > T-RED 6FiTH > 7z (Table 6). ZNZ
NORHTDOWTLLFO K S ICHET LTk,
1) BL-CLICHIR %528 IMEB ¥ spontaneous - BLCL
control [CHIFEERSHEH o -8

BL-CLIC O AFEBLZ R T BInFHED 5 BIEFIC
Rz DX, c-myc B#accelerator &> 7= &
TH%. RCK/P541% c-myc DIEERBRTTH 0>,
Ras, Raf, MLTK-a® Q¥ MAPK /3 27—
ROWEMIRENE W &2 ZEWK L, % L Thistone
acetyltrasferasel \I¥EED A7 7 FN—2—Z=fr LTz
v A b7 T Uz R UG A IR 1H
fbEBBCLickDy, c-mycDEEEEN « Bz E
LCWe. £72917 K b— ZABH#EE 7 Tld, TNF
THREINE T R b— A% 3 lipocortin 177,
EBV LMPLiC & - Tifitk{t % 22 \) % NF-Kb™ O 38l

ROl Foftucd, 2RI p53IC B U ¢ IR
7% 38 % ribosomal protein S2°°, tumor antigen & L
T D paraneoplastic antigen, S ZRFEIAHEM-1%,
U >SRN R - Jaw 1™, EBV B AN T
JH CD74% P NFH LTz, UL LEEBANHIK T H
% PRMT5™, iV VBI#ETH B PPILFBILTED,
MO A OHIEERE G L TWa EEZ bk,
2) IMA¥Espontaneous - BLCLICHIE %528 BL-CL -
control |[CRIFZFRHLEH > f- 8

IM Hi3K spontaneous- BLCLIC O A3 % 328 1= 85
THED 5 BIFHICHRER N DI, c-mycflifi| % 237
BTHEMM-1PPREL TV b THB. D
E & e-mye DIRETEE - W2 EES Y5822
CHEUTWEBL-CLEIFKEL #2558 T, EBV
B #HBLCLO AL RS I c-myc DFBDEHETH %
VS RADNHY ELRTEE DR £t
ERCC5% ¥ p58/hHR23B* &\ 5 (RSB T-H3 78
HLTW3Z &R T, BL-CLE %D IMHEIK
spontaneous-BLCL & DNAEE D H CEEEMEIC X D
b ZHTNTWAA[REENE Z DTz, ZOMlicd
Ewing sarcoma HOR DB IHEIZ F L EABNTWVS
FLI-1*", Rb#RGIEIEIREA 7RBPI™ ", PI3KY VMg
HIC KB 2 RN HEEREKFEEZALNTWVS
syntaxin binding protein 2* DFEH U, H ASHEMEREIC

FISLTIHEEZGHIEL TS EEZT. — 7R Eh—
AWK UTI, bel-2Z/r Lzl R b — AEH
ZFFDOBAG-1P ORB RS, FERDPS3AEFFD IM
FH 3k spontaneous-BLCLD 77 3K k — ¥ ANO 17 7% [H
IELTWBEEZT-.

3) BL-CL - IMH 3 spontaneous - BLCLICHIE&5368
control [CHIREFRSHLH o f-BF

BL-CL & IM H1 3¢ spontaneous- BLCLIC ¥ Bl 7 28
controliC B Z5RD Iy o T BIE FRED R, Rb
TR O SR EK 1 Td % E2F, Dp-2D3BFIFHBIZ R
BT L5 RbIFIEIIHIFERE OBHENEETE S C
&, p53FRERD HDM2Y ORIFBI 2RI T &h 5
GUHF = v 7 RA > MBERE - 7K b — 3 ZFHEHHED
WReMfETE5C L, c- myc@ﬁ%ﬂ)}'%f@%ﬁ lhizc
&M SEBEIRIEDN S UE U B ERNEEN A RETH B T &
THolz. FzyBEE s~ Tld, proto-oncoprotein
TH%MLL3", ribosomal protein S6'®, v-fos
transformation effector gene ¢ % FTEI", lymphoma
L E I TH % CD71™, tumor antigen Tld 5 %
A¥lymphoma & O BI{RMED TV MAGE™ , MUC4™ @
FEIZFRS, P17 K b — AR L 1 TIENF- « Bif
MR ISTETHBIk -BK, TAB3™ DRBI7%RbI-.
U UM SE 2 B il 2 I 3BIL TE D,
E2F DR GG 2 AIEIL L7 R =Y ANGEE T %
prohibitin®, BAP37 (prohibitone)™, 1Y FF > Bz >/
IN7ETH B UBA2®, V) VRIS K % & 287 8tk
HIEE 1t % EEA1, ITPA® %388 1.

4) IMHA ¥ spontaneous - BLCL « control |[CRIB %536
BL-CLICRIRZRHHEH o f B

IM 1 3k spontaneous-BLCL & control iC & 3 7% 22
BL-CLIC Bl Z 3R b > T8 a1 CIEH I Bk
R &, SHNCTEM: 2+ 5 DNAEGIC K b 2k
I TE I & 0% 5 TLKT ® 5 IM Hi >k spontaneous- BLCL
Ccontrol THEH L TWBZ L THS. DX DTLKI
ZFBELTWARWBL-CLIEDNAREZ AL TED,
% 7z IM i3k spontaneous-BLCLIC TLKI DR L T3
D ZF DFBIN control DFEBL & =MW o Tz 2 LI,
DNAEGEMNBL-CLICHENTEME L ITERTDH S
T EERLTEHED, IMHKspontaneous-BLCLAYDNA
HOBEKEZE TS 2T 58DTH->
Te. £ ZOMOBLETFHITT N THITIEZ I
HEd B TH O, JEHEE FOWTI, INT-6,
7 R — AFFEK TFataxin-2%, receptor-interacting
protein™, Y A b2 v ROV THBNAP2Y HFEBI L
TV,

HEBICK S & MIRIORE LI RbFRES & p53#EES
DZEEICK YT B EHEL TV S, RBEEKDS
HRB, pl6lEZTNZNKI2%, #I50% DL ki THRIE
LTED, WITNOIGHEEFEDENE METIET 17
) > DAGEEIFEL U T E2F RIS X B G5 M2 g
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LTW5. 7zpb3fkiko 5 b AEMpS3N L MED
FI50%ICERD BN, ZEA P53 ZFRDE WV METIE
MDM2 DB FIFRBI° ATM O 572588, H17 K b—
VAL LUTEAHLTWS. ARESRIC %PT,HA18
[ 4% IM Hi 3k spontaneous- BLCLIC E2F & MDM2 0 it |
PRI L1, IMHI3Espontaneous-BLCL A
RIC 0t ZF>TnS T EARBTE . L
UASEI LAl 23 b T8 2 DICHETH 5 L RES N
T W % Ras™* 1 IM i 3€ spontaneous-BLCLIC 38 &) 7%
hoizc &k, IMpikspontaneous-BLCLANE(L L 7%
WK DO—li2 > T\ a & & 2 7. £72EBVEHED
LR IC B L XN D c-myc®™ HBL-CL & IM 3K
spontaneous-BLCLICF 258D 7= hY, ZFH & [RRFIC
BL-CL C & c-myc iz 5 B 4 [K 7 RCK/P54 7% #8%, IM
i1 >k spontaneous-BLCL T (& c-myc binding protein T
373 L MM1DOFHZERDT-. < OFEHEIE, BLEEBVE
HAAk E BV Ce-mycDREHBNEALDZ LWV S
WEOELFEITZEDOTHY, Pl LEMMIDOR
H&EMN P WBL-CLX b IM dikspontaneous- BLCLOD
Jie-myc DEHIE 99 AT LE#EW & 2 T,
IR IM Hi 3K spontaneous-BLCLIC O #3828 1z L. = —
77z T & U TDNARKIERKEEZ 2 9 % XPRYE#E
BT NRE L TOWIAERTH 2 M, EBVEEHM
ICBWTXPEHEEE T & OFREZRE LAk
M o7z, UH LUIMHEspontaneous-BLCL & BL-CLD
REBICEZZEDIZC L I3HBEEIC K 28t
B50EZ BN, SHXPREEHEE IS DWW TIMHERK
spontaneous-BLCL & BL-CL 7% HuO\C KR 29 % T &
Ths.
DLUEOFERD 54 13 BLCLOARSEL « ks DWW
TUL RO K S1cE % 7z (Fig. 9, 10).
1) IMHi3k spontaneous-BLCLOARFE(LIC 1% Rb£% & D
IEEYEEDTENRETH 5.
2) IM i3k spontaneous-BLCLIC 3 H A E1H i = 7 D
FHE L THB O LIHNcBIE LT3
3) IM Hikspontaneous-BLCLO¥E{LIC &, MMI1D%E
B, 2SR ps3 DB, Ras, RafOFEBI% [FRE
WO TNHD) BDB T ENNETH 5.

B5E KB R

1) IM 1k spontaneous-BLCL p5338 (5 F DR « 25
F213 IM 5 3K spontaneous-BLCL D ARFEAL I 55 2 7%
MIFE R0,

2) IMi 3k spontaneous-BLCLMDtelomere length &
telomerase activity (&, F WIS AH BB fR &2 £5 B 7%
M5, ZOBLCLARE ZET 5 telomere length 7=
ML TV 5.

3) IMHi3k spontaneous-BLCLOARSE(LIT 14 Rb#% %
HEIGEOTTENLETH D, FKlambicid MM
DFEBHINE], Xp gene DFELINF|, 2 FAIpS3DFEH,

Rb pathway ==RBP1 p58/hHR238

telomerase
EBV |nfect\ _myc k M M 1
Bcell

IKK, TAB3

Spontaneous
BLCL.
\o

Wi ld-p53

T— HDM2

Fig. 9. A presumptive model of transformation of
spontaneous-BLCL. We suppose that expression of trans-
criptional activation of the Rb pathway and telomerase activity
were associated with the immortalization of spontaneous-
BLCL, and that expression of MM-1 (c-myc suppressor
gene), P58/hHR23B and XP-G (nucleotide excision repair
gene), wild type p53 are associated with the suppression of
oncogenicity of spontaneous-BLCL.

mal i gnancy

apoptos is

Rb pathway RCK/p54
(E2F, DP) telomerase 1
X/ c—myc
Burkitt |ymphoma
I/\ ‘\)(\ mutant-p53 —>
NF-kB 4
IKK, TAB3
R| bosomal MAPK fami |y
apoptosis HOMZ  rotein S2  (Ras,Raf,
MLTK-a)

Fig. 10. A presumptive model of malignant transformation
of BL-CL. We suppose that expressions of mutant type p53,
c-myc and MAPK family (transcriptional activator gene) are
associated with the malignant transformation of BL-CL.

Ras and/or RafOFHZ RS L < W3
DBEEIRETHS.

AR Z BICHTZ0, M, HKEZHBD L
Tk RER RSN R A ﬁ&ﬁéﬁﬁkﬁ%
mHHEEBITET L LEIC, EBVOARLEK
%ﬁ%bf?éok%%@ﬂﬁ?ﬁ%ﬂﬁffhﬁ,
AT Z K72 U CTHW I M E R R A%
TR R BUR R, A = B TR
W L. ¥ KMEEBVEEMNMk DR - #EC
ATV T TEW 72 B i 5 R K ke /N VR 2 58
R~ HE, IR AR IR L U B
F9.
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