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X 7 VAV v FEH &R IMETE B AL D B E M B 9 B B4
—fie P X7 vF Y VHEOFER R L O HL60 Mg {baFE &
AT F v voREfEEY AV CORE—

SRAFEFREEBNHFH =R (EERE BHE)
Mmoo T

IFERMRLIMETERLERAL (argyrophilic nucleolar organizer regions, AgNORs) D k& & L $ut, VAV — 4 DNA OREE
B, OWTIIHISEEAE Y KR35 Z LA MbhT b, —F, R 7 LAY VidsFE&100,0000 Y vEMEER T, iEm
PRROBIMEAOF TR IBECHFAETHIEATH Y, IHIC AgNORs eta ik THEA X h BB/ METMELE AL (nucleolar
organizer regions, NORs) BlEE A O XML % H0 5B/ MEERTHS. T T, APETE, EHROBE[OLLIL L v FDk
XXXV THEELDND AgNORs LFEBSIC, B—DEATHH R 7 LA ) vORFOERYBE L, mEd g+
BIERED, MDY X 0FEMC LS 2 bRRVIRFEE T, £FR 7Lt ) VOBRBORDIEIHAR 7 v
VRV 7 —FARBEER L. X2 vd) vHGIE, KBBECEREIRAERZ V) vSTFOAAES U AKEO
SFE2,000XRTF FEHRE L, BAABERE Y Y FRELCEE L., YAF A AL T %44 F (dimethy
sulfoxide, DMSO) T HL60 ffa % MIB L, MOz & 3705 X 7 L4 ) vORBOF(LABRT A -0, AHfiEr B
Ty=REvIuy VELAEEBILENRBICI VBN L. i, BERNOENE LTERSE v ) VAABEE Y v i
it 5, BAD AgNORs # & ® 7 VA Y vBMMNE 4535 LERE Uiz, DMSO T4LE U HL60 MIFRiZple Bk Bk
FTCHELI, v =22 v ey FEETH, DMSO THRAEO HLG0 MM T4 T8100,0006 X 7 v+ ) vORERE
Bich, UE LM TG b Reh o7, REEMEPNEATIZ, RAEO HL60 MBI BY: & 7t -7
A, UE LTI ILEE LTREIRL. EBIZ, 20003ERSF V) v AREBERED ) VA0 7 LA Y VB
MO ESR L AgNORs ORI OWTORE YT Hc s 2 A, ZOMEENCHEEEIEAMR (r=0.40, p=0.07) 2F&DI. i,
AgNORs # & 2 7 V4 U VIBHMIRKROZh T OFH{H (AgNORs, 2.83; 2 7 L) v, 21.7%) T42D IV - AT 5
L, AgNORs & =27 L) vIBMENE LK EE TR OHEBEEELELELBhE 7L —F4&, AgNORs & =7 L+t
) VEBMEN L LICEE TR DIBEEMEMEWEEXONB 7L — 7T, FELBWERARDSh. ThALORREL D,
2 VA Y VRS X D FDORBUIEA L, AgNORs & [AfICIr % v U v ARV T, TORPEEYRIT 5 X\
BEThreELLRIL.

Key words nucleolin, argyrophilic nucleolar organizer regions, non-Hodgkin's lymphoma

' B ME SR (nucleolar organizer regions, NORs) %, U K
Y —4 RNA EETFH=— F45—8D DNA BEFICHS.
KOMDI LA b v ) VEB{EEADNZOBMICHKEATEZ L0
HORTWABR, FRLOEAMNTFESEALTWHZ L X
%, Goodpasture 5"z X hBHFE X, & HIC Howell H?IK X
DERINBEROEY A TERCEBTES L 51T h,

B8R B/ IMETSBLER Y. (argyrophilic NORs, AgNORs) EFrEh
Twd. ZhbDFREDF e 2+ vV vB{PEHIL NORs BS
BEALBHEINDN, X1 Vv BB EMRRI LAYV
(C23 BH), RNA £ Y 25— ¥ I B L OMMOKRMOEIT LD
BEIHhT5%Y NORs itk b Ci13, 14, 15, 213 L U22

FHL 84 9 H19AZA, P 8 F104E 9 HZHE

FogtEohOfmficrBLTR D, ElLIhi ) R
v — 24 RNA BETOANZOBERETHH E LB, o
L 51z AgNORs K & X3 Y AV — 4 DNA DEEEIEN
X, REESSVCRBAAHELYRM® TS EELZLRA T
L. BFalcilEDFER, BKESHHER LIS VT,

AgNORs 2HIBADTEEYME DSBULIBEE L 705 Z L AR I
BT TERLY,. b, ExTF v Y vE (Non-
Hodgkin’s lymphoma, NHL) T0, EEMERL » & EESE
BT D AgNORs D 5 (dot) OB S o7 & DIMEHIX
Labd LT, BABEEBCO VTR, EROHEDLRS
F, EMEYHETS LTO AgNORs REOH NI KRE X

Abbreviations : APAAP, alkaline phosphatase anti-alkaline phosphatase; AgNORs, argyrophilic nucleolar
organizer regions ; BSA, bovine serum albumin; DMSO, dimethyl sulfoxide; E. coli, Escherichia coli ; NHL,
non-Hodgkin’s lymphoma; NORs, nucleolar organizer regions; RT-PCR, reverse transcriptase PCR; TBS,

Tris-buffered saline
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hTETWA.

27 Vd Y Vi FEL00,0000 Y VEELES T, WHEHEE
OB MEP RO BEFET S NORs HEEHO—
DTHAH. X7 UF U vOEHPERIITFETIIHB IR T W
WA, MERE L BOMEEEL, HEOHRED L VITERYER
ETHY e PAEADO—DELTHLATVWA™, T HKL, R
ZUAY VITERNLLEASBERTERLS R, T4, VR
V — & DNA OFBEFEAR—H —RBMEROBR I THD
EWYRY — & RNA KEATHLEVWOIBRELHBDD, =2
Vi) vORBAORER S & BB OEEME TR
HMIELBECTRE SR TV 50, BEMARL FESBRK R
FAR2LAY vORBEOENEOWTOHRIEKRLELEAT
WEhe,

AgNORs 288D NORs BEEEAMFRY 2R T dic P
BERDLOT, Tz, EROBAC L W EELZT
Twab. LEdisT, TORPAEIREROBAOELITIE
CTELDDOTHYD, BT Lb—208F - B(LERLT
WBHDTILIW. AR TIL, AgNORs & X 7 v Y vRE
FHETH LR LD, HEOBERCI-TEAZAS
AgNORs OF{bx X b ERCBITTE, DL TITMiROHE
BEYHETLHZ LA TIREVAEEL, iz s LA
VU RER LER L. EFER LR 2 VA vk
DELL X2 LA ) VORERBEYRRL TBO0ENRREET
BELbiz, AgNORs LIEBERB LTV 20 B LMD D
Z, Bl AV CEBMCBRE L. S5, NHL g%y
vk Y AT AgNORs & R 7 VA ) v ORIGREEEKM
R L.

HEE LUTFE
[. fEOER
vHFRHE bR 2 UA Y VR 2 e —F At TR0 Fk
TEE L. e BIFEMROBSEMETH S HL60 Mt &
h, 47 VBZ77 = vE? CHRE LA RNA Lk b2
LAY v cDNA O =&+ — 7 85¥ 2 &1 OB THEN %
BS54 ~—%FRAL (K1), PEFE—RY 25— High

1621 CﬁGGAAGTAT TTGAGAAAGC AACTTTTATC AAAGTACCCC AGAACCAAAA TGGCAAATCT
Primer 1
1681 AAAGGGTATG CATTTATAGA GTTTGCTTCA TTCGAAGACG CTAAAGAAGC TTTAAATTCC
1741 TGTAATAAAA GGGAAATTGA GGGCAGAGCA ATCAGGCTGG AGTTGCAAGG ACCCAGGGGA
1801 TCACCTAATG CCAGAAGCCA GCCATCCAAA ACTCTGTTTG TCAAAGGCCT GTCTGAGGAT
1861 ACCACTGAAG AGACATTAAA GGAGTCATTT GACGGCTCCG TTCGGGCAAG GATAGTTACT
1921 GACCGGGAAA CTGGGTCCTC CAAAGGGTTT GGTTTTGTAG ACTTCAACAG TGAGGAGGAT
1981 GCCAAGGAGG CCATGGAAGA CGGTGAAATT GATGGAAATA AAGTTACCTT GGACTGGGCC
2041 AAACCTAAGG GTGAAGGTGG CTTCGGGGGT CGTGGTGCAG GCAGAGGCGG CTTTGGAGGA
2101 (GAGGTGGTG GTAGAGGAGG CCGACGAGGA TTTGGTGGCA GAGGCCGGGG AGGCTTTGGA
2161 GGGCGAGGAG GCTTCCGAGG AGGCAGAGGA GGAGGAGGTG ACCACAAGCC ACAAGGAAAG
-
2221 AAGACGAAGT TTGAATAGCT TCTGTCCCTC TGCTTTCCCT TTTCCATTTG AAAGAAAGGA
Primer 2

Fig.1. Oligonucleotide primers for PCR amplification and
their location in the human nucleolin ¢DNA. Arrows
indicate their locations and directions of DNA synthesis
from the 5’ to 3’ end.

B

It (reverse transcriptase PCR, RT-PCR) Tk F X 7 Ly
cDNA @ SQDEITEERNOF Y T 7 vt F F 2B, ok
PCR CTHIELT. &1L, 20XV TR 2 L5 Fet+48
#oewi, pTZIR [SRAZEEDPEYERLEHEZER
FUHTHHEBI v ESIh] CHALEBELELD S,

pET-3¢c <7 % — [@IRAKFEFREMERLFRELEF#
TEHEB X bt E X hic] OBamHl (= v RV S — v, &)
YA EBA L, EHICKBE (Escherichia coli, E. coli)
BL21 (DE3) ¥ [&RAEEZHREHEMLEBRBLEFT
B#EZIotE ] CWEEALL (R2). WEEAZA
RAVIRIZVFFFPREALBIX 7)Y vD SAD61TEE
XTHBHMIL, Sanger HBIZ X - THEI NS4 T+
EP W LB DNA v—2 =V A% (T THEE L. cDNA i1,

Ho LD pTZIR B CHIE LA D& L, TTDNA £V 2
Z — ¥ (Sequenase Ver 2.0, United State Biochemical
Corporation, Cleveland, USA) #fEfHLik. v—2Z=vx¥r
12 6% DERVTZIAT I F/REF NV (TZIAT $ F/N,
N-AFVYERTZZIATIF, 19 D) 2FERLE. 27 v
) v OBITHEN D cDNA XA Ehic2 & — pET3cl ##
A L7z E. coli BL21 (DE3) ¥kiz, BROEAX KBICEBE 3%

1 Transfect

BL21(DE3)

Fig.2. Cloning of the cDNA fragment that codes for the
epitope-containing region of nucleolin. Translation vector
pET-3¢ contains the T7 promoter (410), the gene 10
translation start (sl0), and transcription terminator (T@)
which are inserted in the BamH]1 site of pBR322. A 617
base pair 3’—BamH1 fragment of nucleolin ¢cDNA from
human leukemia cell line HL60 nucleolin coding for the
epitope-containing region is subcloned at the BamHl site
of the pET-3¢c vector. The resulting pET-3cl clone is
used to transfect Escherichia coli (E. coli) strain BL21
(DE3). All cloning methods are done according to the
method of Maniatis et al.®.
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B, S0pg/ml D7 vEY Y vEMzI LBEK [PV S
+ v (Difco laboratories, Detroit, USA) 10g/1, Bft = % <
(Difco laboratories) 5g/l, NaCl 10g/1] s T3TCTHE L L.

600nm &1 BB E (OD600) T 0.5—0.7 123 Lk AT
ImM A Y 7T e ELF+-BD-F57 vy FEMLZTERRK
PHEL, LI IFMESRLHEE Lic. Z0%, E. coli &3
DL, BREER™ CHEM L. E. coli DEERNTER S
REBAREARL L TBOTBETHH DI, B H
#% oM RETHHEMIC L® 2512 0.2M Tris-HCI (pH8.2)/0.5M
NaCl DEEHR T, BHEEAVT, RREORE & HHTEFM Y
FhFh 6M T 28R, 3M TI6EE, &5z 1.5M T 3 i
EEZT, IBCER Lic. BRIALEARRZ7 LAY V0D
AREVARBOSFE2,000027F FTH5B. 800u O
HWEAARKELABDZL7 A v F7 2 25V} (complete
Freund's adjuvant) (Difco Laboratories) # E & L, &4 &
2.5kg DA ADHABEEREY v+ (JLEXRREY, &) 4
EOFTI, 551 BB EFEISE BC—E o & 4004 F2ET
EH L. TOUBRE, HRXEE Ly vy FOEMOH
Wfd b ESEEAGTEM LY., B E. coli THARINT:
EAWH % 50mM Tris-HCI (pHT.4)/6M R#/10mM - A 1A %
7 b= & 7 = /0.01% Briji 35/0.5M NaCl D@ 7 Lz
%/ S (Pharmacia, LKB Biotechnology, Uppsala, Sweden) #
Sar7rT b7 4~ L OBR LEEABKY, REOFE
EL7rA VY 7Y 2" b (Freund's incomplete adjuvant)
(Difco Laboratories) IZ{E& L, MBEMREZE L LT 2EEB OH
FER L hBEBIC, —EEo% 300u TR TEH LA, +
OTHEL VEOXFEKL, OESBECRRBES 0.01% &
BBISET LT PV v ARIMARELE. ZOLSRLT
BMEC DN, E coli WRBLILBEAR AT L7 <} Y
F74—REDEHLyyFRETEORMEH LABABK
1258 RV 727V A7 I FHAARCBELIRBL, 99FLniE

Fig.3. Western blot analysis of the proteins produced by
E. coli harbouring pET-3cl (lane a) and nuclear protein of
HLB0 cells (lane b). The arrow shows nucleolin. The
other positive bands are due to non-specific reaction.

bhicmEx— kit LTEOEETY =227 ry b %
TWHLTRTFA VA (TvY 9P v Sy, EE) #HCT
F-PFOHITT 4 T (K3).

I. HL60 BROMEBERS LV X VLAV OFRBR L

AgNORs &5

1. HL60 a5 {tiFE s HER B

HL60 #fg & 100IU/m]l ®= =3 Y v (Gibco BRL Laborat-
ories, Grand Island, USA), 100ug/ml DA P V7 + =4 v v
(Gibco BRL Laboratories) % i 2 7z, 10% = < J {F [ ¥
(Gibco BRL Laboratories) A% RPMI1640 52%# (Gibco BRL
Laboratories) ¢ 5%CO,;F, 37CT 1.25% (V/V) D& 2 F 1
AT ¥4 F (dimethly sulfoxide, DMSO) GFdestise, X
BR) DFETEFEFLET (v b a—o) TTRRIEE L, 4L
FHE L. KICHEERE1500EE/ 9 T00MEO L, M
#4rHEL, RPMII640 523ve TRifask s I X 10T L.

BBk BT B 7bic, HL60 MR OMasc: AN Lok

¥ 10mM Tris-HCI (pHT.4)/3mM MgCl/ImM 7 = =L A F L
ANT =T NAF A F (Sigma Chemical Co., St. Louise,
USA) DE#¥x ML, 4 CTIOpMMarERIe, 26K
10% @/ =5 o b P40 (Sigma Chemical Co.) % & # g n
0.1% Lieh LWz, FECERI L. BAKY 1500HEE
/A TIOHMEOL, EFEEET, HBOHEZOL0EED
10mM Tris-HCl (pHT7.4)/3mM MgCLGEER A) THR L. Kk
W 15000E8/4 CL00 MmO L, HBRYOEEOSE KA T
BELIEOD, BRABER TN, 3SEAE LA, Zhic
0.0625M-Tris-HCI (pH6.8), 2%SDS, 10% 27 V) & = — L, 5%8- »
AAT =R —NEREFL LT 0001% 7 rE7 2 — 0
7 =% Mxtc Laemmli BE# % 0%z, 100C CTIORRIZES L
fz.

2. HierX2vA ) vHiflnkav =g viay bk

LEEOERE Laemmli OFE WHEL 0.1%SDS 0 7.5% +
VT ZVAT E FYEARDE, 0mA TIOHBESKEIL, %
1Z 100mA O—EEBRT, 20V T45%f], Immobilon PVYDF &
ERE (Millipore, Bedford, USA) ~#& L. BANEEI AL
[E% 5% OAF 4L IAI2EED 0.02M O ) AZEWE (Tris
buffered saline, TBS) (pH 7.4) T7 =y 2 L, 5% A%F 4 30
20 0.02M TBS (pH 7.4) TI00EHIR Lc v v FHe t 7
VA ) vt E BB TBREIG S ¥k, BEHEIZ 1% A%
A 3200 0.02M TBS (pH 7.4) T5 M0y 3ET5 =
ETRELL. HUEOKAELEBEY, F—2FF 4 » v a2l
AF U EF—-LOREA LY FH Y v+ 1gG (Bio-Rad Lab.,
Richmond, USA) & B T2RMKIGE €. Rtz 4-7 =
r-17 b= & BEBLKETIT S FEE+ o + (Bio-Rad Lab.)
Tfiofe. Ebic, MOBEAOELIBAET v, LiE
DHETESKB LRV T 27V A7 s Nk s=y—F Y
V7 vk 7 —R250 CEIF, WE) CHRE L. kBERLEA
DHFEIBS FREE~—~ % — (Bio-Rad Lab) & &L
1.

3. AgNORs BB LU 7 LA ) v OB EHAKRL2H T
&

rtEDv=AzvFe, PERIEER LSO ER L DMSO
WME, RUEDETHENOMRCOWT, +1 P A VEXREY
SHEFEBI L. 1M B DMSO iz & % HL60 #HMa D s ks
BADH b RRENCHR T DD, Mol £ 4F§e
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EfTof. 2HBOERZLICOEE 7 v <) VET
SOMMEE L0 bk DEHET AgNORs R B % 1T - 7=,
AgNORs Zefaygix, Howell Hic X hiREXI It 1 BrfEE? 1
RE-THRE L. 1 %¥8, 2%¥5 5 v RKEBES X0 50% 8
BBKER (ThEFREA v KRBT 2 E8 L,
ERCH# 1, %5 20454 TRECHRERS L. EAvE
ETOHHEPEERCR L, TOBBA 4 v KT®EL, oL
YTRARLIcDD, =V /- (REE(LE, HR) THALR.
HPERITHIENr -7, SEHEDERLI-20COAET VT
205 HEE LDB, 0.1% v viiE7 L7 3 v (bovine serum
albumin, BSA) #n 0.05M TBS (pH7.6) (0.1% BSA-TBS) iz &4
% 5 4 L, 0.19% BSA-TBS TH0FIZHER Lir o4 e |
X7 VA ) R —RFEE LT, TAD VT AT » & —
EH T MBIV T + A7 » & — ¥ (alkaline phosphatase-
anti-alkaline phosphatase, APAAP) 2 CLAFD X 5w L
o, —HHiGEERER T 1 RERGI 2%, 0.05M TBS © 3@
TEH L7z, %kiz 0.1% BSA-TBS w5 SRR L, 251 0.1%
BSA-TBS THMEICHER Uiz~ v Ao+ FHilk (¥ U4
v, RE) 2305 ERIG X o, 0.05M TBS ¢ 3 @gkd
L, 0.1% BSA-TBS TH0BER LicyvFH~< v 2 #ifk (£
T Uy RV RORTISRIEEI . RAECEEE,
0.1%BSA-TBS TI0fEIc &R Lic APAAP < v Rk &4k
&, IRERIGER®:. RERIEF7 =1 ASMX ) B
(Sigma Chemical Co) &£ 7 7 —A b Ly F TR ¥ (Sigma
Chemical Co.) Wiz, HPBIZ~< P+ ) VRETH -
fo. BARIL YY) £ — ¥ 55 (Sigma Chemical Co.) %4
Rl BEIHMERNY LY v X100E% HCTT-T.

. NHL UL NSO I LA L Hkic LB Rt

Ha9%ta & AgNORs %68

1. N&BEE

1985%F 1 AH»H19924F | H ¥ TOMICSIRAETY v A_Fitk
Bk b NHL E2H3h, » o+ S BOBBERNRESI R
T I220BDRIEH NHL BE (ZHEBI13, BYTH) 225H0
VAR D E R R IT o 7. MEEBWRSD BE OERITU
FINLTEF ETT, FRIEITST TH -1, FHELZHIT HE 1
BEAR LD I—F VI T 4 -3 21— g v (Working
Formulation) 48 e &S\ Tl Ehi. 7ok, BRI
Ann Arbor @4 g - 7.

2. AgNORs 368 & T OB FH ik
FREZEWER L b0 LR LERBREO—E054, Tk
FRELTESPHICHEEL, —T0CTHRE LY. HEE i
Sum DEITIEEIL, 4 CORET = b VA=) VEB T30
MEER L, fHloHikT AgNORs ek 7 - 7. HE BT
BEREMEEHE LD, AgNORs REEATCIZ200ED Y v
SEMRCOWT, MRS L v R 10065 % BV CIEC B
L7z, AgNORs DB OEEIZ 2 TIL, Crocker & DIRIE L7
51N, BIMEORAOHEE T OWTEADEKEYEEL, —D
DIEYI H DFEHD AgNORs DRAEE L.

3. iR VA Y vHEEYRAGC SRR LSRG L F 0
BEH®

R CEA L DIER LB —20C D% 7 ¢ + v T204%
MEZL, fix2 viV viEeBEWCiii® APAAP Bir
&b, REEERENREET . X2 vd Y ViR e
Rk, HE 3@ CEEHEREHE L%, 500 DY v

HNEMRIC OV TSR L v X100 % B O, R EE
Lz, iR 7 v U vHGREERTIE, BANFECRS 2
MR CxBM & L, S00EDOMIICR T BMELEE L.

V. FEtepdonsg

LBOBY H DFHD AgNORs K E 27 LA ) vigkx
T x DIEFCOWTHEL, £OMBEEGEY 7 Y v oMM
FREE HCTORD . EEBERROBER IS VWTIZY 4
YVr—Dr Dz BREBACTRELL.

K ]

I. HL60 #REDMEICE BRI X I LA UL ORBOTL
#&4£0° AgNORs DZE{t

1. HL60 #ERaD 4k

DMSO # 0% CT285AIE% Ui HLE0 MR I3 BB Bk B e
SEL, Ol EHEHERCEREEROZ SR Mm L. —
Ji, DMSO %¥ie $IcT2RE RS2 Lol T, FREOM
JaWRER 2L, BB /MES L 7o L 2 R 5 hk (]
4A, D).

2. X7 VvF Y VERHOE(L

DMSO iz & h ML OFEE hi- HLBO MBI T2, % 7 LA Y
VIZR 4B WRT LS BRERANC IR AL LTED L

A D
B E
¢ F

Fig.4. AgNORs staining and anti-nucleolin staining of
DMSO-treated and untreated HL60 cells. (A) Giemsa
staining, (B) anti-nucleolin staining, (C) AgNORs staining
of DMSO-treated cells (X 1000 magnification). (D) Giemsa
staining, (E) anti-nucleolin staining, (F) AgNORs staining
of DMSO-untreated HL60 cells (Xx1000 magnification).
The DMSO-treated HL60 cells differentiate into mature
granulocytes, and the proportions of metamyelocytes and
band form neutrophils increase. Nucleolin expression is
observed as small dots, mostly in nucleus, with a few
small dots being observed in the cytoplasm. AgNORs is
observed as small brownish dots in the nucleus. DMSO-
untreated HLG60 cells show a blast-like feature. Coarse
staining in their nuclei and sometimes homogeneous
staining in their cytoplasms with anti-nucleolin antibody
are observed. The AgNORs of the untreated HL60 cells
are observed as several small brownish dots in large
nucleolus.




27 VvF ) vEBE L AgNORs DOEFH M 621

h, BEAEPBAED bRz, DMSO M T EE L
7 HLG0 Ml T, 728 KB CABOBEEL, 27 v
F ) VIIRMEE—H L TRVERO S L LTRD B A (K
4E). EHEB/MEC—E LW SbBDbhtk. BA
BEXBTIZ, ETHCHEIEVEEEGTHD Hl e X+ voD
AY FRBLED LR (K5-A). v vT ey FETIE,
DMSO % fnz 7\ TT2REHEEE % L4 HLB0 il T, % 7 vt
y v Ehich, —F DMSO #inz T2 EL - b
OTIRBH Ehith -7 (K 5-B).

3. AgNORs DZ{L

45k L7- HL60 M Tk, AgNORs XD/ s X BAED
HELT@EDLRI. —J, DMSO ¥ iz Twig®k sl
1, AgNORs 13K X 7eB/MERIC, HHD/N e R e LTHE
ghic (K 4-C, F).

I. NHL B Y @B OS

1. RZVvA YV VORHE

BIRT LI, X7 vA Y vORBIIEKE MRE DS
cRdbhl. X7 vA ) YEBUMROESROFEHEEFO
EREREL 2T.72225% TH-7o (1), EFAEI D29
w, FEBHEMO R 7 Vi Y vBHERDOEIOWCIIHE 22

MW a b a b
kDa

Fig.5.  Nucleolin expression of DMSO-treated and untreated
HL60 cells. (A) Nuclear protein of HL60 cells electrophor-
esed on 7.5% polyacrylamide gel and stained with
Coomassie brilliant blue R250. Hl histone band is
observed at the bottom. (B) Western blot analysis for
detecting nucleolin expression in DMSO-treated (lane a)
and untreated (lane b) HL60 cells. The arrow shows
nucleolin band. The nucleolin band is invisible on lane a.

HEBHITE b ot UV AMKHBRE O NHL cltRsn
&L, UEAMNE L OChilifaflo NHL CRH:RSMEVHA
otz

2. AgNORs

AgNORs 2&BBOEL LTHERERD bhic. % i)
SRREEMENICED, BB METOLOTHEYTHAE
SOEBHIE LTRD LR, 208&H0— O

Fig. 6. Immunohistochemical detection of nucleolin (A) and
AgNORs staining (B) in the NHL patient No.11. AgNORs
are observed clearly as brownish dots. Many small dots
are found within the nucleoli, and sometimes large dots
corresponding to an entire nucleolus are observed.
Nucleolin expression is observed both in the nucleus and
the cytoplasm.

901

80 o
70 A
60 o
50
40 o o
30
20 1

o r=0.4
o (25
w04 ° p=0.07

Nucleolin-positive cell(%)

0 T T T A T ]

1.5 2 2.5 3 3.5 4 4.5

The mean number of AgNORs per nucleus
Fig. 7. A scattered plot of the percentage of nucleolin-
positive cell versus the mean number of AgNORs per
nucleus in 20 cases of NHL. A linear correlation between
these two factors is seen.



622

H Dy AgNORs KD FI5fE & T OERER2L 2831077 T
Hoto (F1). AgNORs BOKNDEIZOWTIE, X7 LA
YV ERBRTHDN, 2000MBE TRV —-F v 574~ 1 2
V=g VOBEHOBENERAED - oo b HELEIAD
Moz,

3. X7 LAY vEBERE AgNORs OO st

AgNORs OEDOPHEE R 7 L+ ) vIBRRICIZEZOF
DHBEBAGRE D IH, MHFNEE L -7 (’T). &
5, AgNORs ORDFPHEL X 7 LA ) v OBHEED K «
D FEE (AgNORs, 2.83; X 7 L A U v, 21.7%) TH I L —F

Table 1. Patient characteristics

il

EHTCEELE (F2). 1074 —712 AgNORs 0¥
FHERTFHEL VEETHOR 7 LA ) VIBNERL EhE L
DIEWE (66)) T, ECHRLHAD 0, TOABEENIOF Al
KRB CTB 7. 82071 —F12 AgNORs DR DRy
DEBELDEETR 2 VA ) VIBHRAEEEL v EGWE
(TH) TEREFEON2FTH oM. BIDIL—T
AgNORs DEDFHENFHEL EJTR 7 V4V vk
REXAPHEL D SEOR (46)) T, BRETHH 24, g
B2 TH 1o, LD IV —T12 AgNORs DD FifE 4,
RZLA Y VBHRL LS THMEL D BECRE (34)) T, &

Pt. No. Sex (f;ifs) AgNORs®  Nucleolin (%) Histology cs
1 F 59 3.36 79.4 DL \'s
2 F 56 423 63.8 DL il
3 M 64 4,40 59.8 DL il
4 M 72 2.43 482 DM I\
5 F 71 2.30 472 DL I\
6 F 75 2.62 402 DSC if
7 F 43 2.24 39.8 Unclassified I
8 F 65 3.58 27.0 DL j\s
9 F 69 1.85 26.2 DL v
10 F 54 3.71 242 DSC I\
11 M 64 1.76 14.6 DL I
12 F 70 2.94 14.6 DL I\
13 M 16 2.90 14.0 DL 1\
14 M 60 2.36 132 FM il
15 F 72 298 12.8 DSC I\
16 M 67 1.64 12.8 Unclassified m
17 F 69 247 52 DSC \s
18 F 71 3.41 4.4 DM Vs
19 M 61 2.90 3.6 DL j\'s
20 F 24 2.49 2.4 DSC v

Pt. No., patient number ; F, female ; M, male ; CS, clinical stage ; DL, diffuse large cell ; DM, diffuse
mixed cell ; DSC, diffuse small cleaved cell ; FM, follicular mixed cell.

* The mean numbers of AgNORs per nucleus.
® The percentages of nucleolin-positive cells.

Table 2. Patient characteristics devided by the mean values of the mean numbers of AgNORs and the percentages of

nucleolin-positive cell (%)

Rate (%) of AgNORs <2.83 AgNORs =283
nucleolin-
positive cells Pt. No. Histology CS Outcome Pt. No. Histology Cs Outcome
<277 9 DL v Alive 8 DL v Alive
11 DL I Dead 10 DSC v Dead
14 FM I Alive 12 DL v Dead
16 Unclass. I Alive 13 DL 1Y Dead
17 DSC v Alive 15 DSC v Dead
20 DSC )\ Alive 18 DM 1Y Alive
19 DL v Dead
2217 4 DM v Dead 1 DL 1Y% Alive
5 DL I\ Dead 2 DL I Alive
6 DSC I Alive 3 DL il Alive
7 Unclass. I Alive

Pt. No., patient number ; CS, clinical stage ; DL, diffuse large cell ; bM, diffuse mixed cell ; DSC, diffuse small cleaved cell

; FM, follicular mixed cell ; Unclass., unclsslfied.
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The Relationship between Nucleolin Expression and Argyrophilic Nucleolar Organizer Regions — Production of
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Abstract

It is well known that the size and the numbers of argyrophilic nucleolar organizer regions (AgNORs) reflect a
transcriptional activity of rDNA and cell proliferation activity. Nucleolin, a MW 100,000 phosphoprotein, is a most
abundant nucleolar protein in exponentially growing cells and a main nucleolar protein of nucleolar organizer region-
associated proteins. Since AgNORs-associated proteins consist of several different proteins, the size and the number of
AgNORs are affected by those proteins. In the present study, in order to analyze the cell proliferation activity precisely, the
relationship between the change in number and size of AgNORs and the expression of nucleolin was observed. First, a
rabbit polyclonal anti-human nucleolin antibody was produced using the Escherichia coli-expressed MW 24,000 peptide of
the carboxyl-terminal domain of nucleolin as the antigen. To know the change in expression of nucleolin according to cell
differentiation, HL.60 cells were treated with dimethyl sulfoxide (DMSO) and observed by Western blot analysis and
immunohistochemical staining. Furthermore, for clinical study, AgNORs and nucleolin expression of the lymph node cells
obtained from patients with non-Hodgkin’s lymphoma (NHL) were analyzed. DMSO-treated HL60 cells differentiated into
mature granulocytes. The nucleolin expression was observed by Western blot analysis in the DMSO-untreated HL60 cells,
but not in the treated ones. In immunohistochemical staining, the nucleolin expression of the DMSO-untreated HL60 cells
was observed as large dots in the nucleus, but, conversely, as small ones in the nucleus of the treated cells. In the lymph
node sections obtained from 20 patients with NHL, a linear relationship between the mean numbers of AgNORSs per nucleus
and the percentages of nucleolin-positive cells was observed (r=0.40, p=0.07). Dividing into four groups by the mean values
(AgNORs, 2.83; nucleolin, 27.7%) of the mean numbers of AgNORs and the percentages of nucleolin-positive cells, the
group having higher values in both, those considered to have high proliferation activity, and the group having lower ones in
both, considered to have low proliferation activity, show the better prognosis than the other two groups. Based on these
findings, it is concluded that the nucleolin expression is reduced by cellular differentiation, and, clinically, not only
AgNORs but also nucleolin are the reliable markers for presuming the proliferation potential of NHL cells.




