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Diagnosis of Orbital Lymphoma by Molecular Genetic Analysis

Kiyoshi Kawamoto and Yoshitaka Miyanaga
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Abstract

Recent advances in molecular genetics have made
a great contribution to the investigation of lym-
phoid malignancies. We diagnosed orbital malignant
lymphomas by molecular genetic analysis. Molecular
genetic analysis elucidates gene rearrangements
within lymphocytes that are responsible for im-
munoglobulin produced by B-lymphocytes, or the
expression of cell surface antigen recognition rece-
ptors in T-lymphocytes. The cells of most malignant
tumors are considered to be genetically homogene-
ous because they are assumed to represent a single
clone descended from one abnormal cell. The deter-
mination that a malignancy is of clonal origin has
been used as a diagnostic aid to distinguish benign
from malignant proliferations. Analysis of the im-
munoglobulin genes and the T-cell antigen receptor
genes using DNA from biopsied specimens is very
useful, as it can reveal the origin of tumor cells and
clonality of tumor cell characteristics which cannot
be distinguished by morphological analysis. Genetic

analysis was found to be superior to immuno-
phenotyping for identifying the monoclonality of
tumor cells in instances when there were no
definitive cell-lineage specific markers, or when
there was a preponderance of normal counterparts
with mixed appearance of neoplastic and non-
neoplastic cells in malignant lymphoma. Molecular
genetic analysis is used to 1) distinguish clonal from
polyclonal lymphoproliferations, 2) determine the
B-cell or T-cell identity of malignancies with admix-
ed normal cells, 3) determine the genetic lineage of
neoplasms lacking definitive surface antigens, and
4) determine the developmental stage of early B-cell
or T-cell precursors. (J Jpn Ophthalmol Soe 101 : 141
—147, 1997)

Key words: Orbital malignant lymphoma, Molecu-
lar genetic analysis, Gene rearrange-
ment

I ##
) oS, Y o ER O BRI X B TR

il

L7z o 8BROBEG L B % R BRI L T 2B T
H5H,EWD o EOMBEEN, oI, A=) S EE
EAZHAWEBEEZ> IR LTiITbhTtEl. Ly

RIS RSE @ 116 HEEAIIXKEEA 2
(FRE 84 6 H 1 H=1{T, ¥hk 8 45 8 H 2 HokdT52#)
Reprint requests to: Kiyoshi Kawamoto, M.D.

1—10 WL FERKERBER ZMERE & &

Department of Ophthalmology, Tokyo Women's Medical College,

Daini Hospital. 2-1-10 Nishiogu, Arakawa-ku, Tokyo 116, Japan.
(Received June 1, 1996 and accepted in revised form August 2, 1996)



142

P. i DNAZ7o—7

I (JH,C«,C4, and TCR;)

ENATY T4 BT
= fivg

=45 F DNA

HiRE5E 101% 25

DNA 7 H
N &,
%,

M| L 5 Gl Qe/ Qz@

(BamH I, Hind 1T, EcoR 1)

FHI— A4 )
EARE

-« @

Zhoko—AfE

ICIEE

M1 YH¥r7ovs o I EOHHAR,

L, U RO BB TH 2 B U v/ & RS
BETH B0 N EOER) I, BRI L &
T, R O A5 S TR Y RO LR % EHE
CiEET 2 i TERn I REOESE) > o ET
&, U AR/ MBI B R Z L <, B Y
YN E OEERNCER T 506, BET e — 72
e ¥y 74 v FHBIC X BBETF VAL OB
DT S, BE TR S OB E 7 o— >
MDA ATRE & 7 o 7209, oz 1k, IR Y > /3
WBWTHH 7oy 74> ki L 328G 1%
ol B B W T REEMEY > EOEE 75T O
BN ETHE O 2 FHM G LA S L LD THE:
T 5.

Im Jj i

LT VSNV TORNO I, b Tavw s 4 7
B &0 EEHR O FIRERR N > K MRS L 7z, AR &
D15 & 4172 i 35 4L % % Proteinase K TALPHE#, 7 =
S BIUVZY LB IS5 d EST
DNA %flith U7z, 2 O &4 T DNA % HfE ## % Hind
III, BamH I, 5 & tf EcoR I TYIMALE, 74 o — 2 EBE
Wik, A0 74NV — TR L, B4 F AR LT
wE 77 v ESEOJH Fuo—7, B8 Cx,CL 7
D—7BIUPTCRE Fu—Fend 7YX 4 ¥—v 3
Y &{To 7z, Germ-line DX &R * LT, BEERHRADY >~
7SER & Ve 7z, Germ-line & H7c 2 F#K /> F 238
SR &L, ZOWMNTOR 7 o— > SBIENH %
UCHEE) R EEmLz (1),

X2 £EFL,49 5%, B,
e AR N e (S2ED), BRI & 2 HEHO 72 s IR
AR MEL TWw 5,

I 5 #

FEF 1 - 49 i, Tk,

10 Bl 2 & 2 HE R o IR (@ S < & JE, o H i
25 JECHEE LR EZ2, HEEMCSRHEN L ko
Tz, VIR, S 13 45HR 0.3(0.8), Z2HR 0.5(0.8) ., I 2415
AR e R ME L, 22 BRI BHEEE A O
JEEHE % i U 7z (4 2 ), o 3 e dd, IR VX IE S ¢, i
B L Ay C BF £ ® % oo 72, Magnetic
rosonance imaging (MRI)## TR HI & FHRIG
WIES R S (K 3), R 21T (4). ~~
FEYY ezt YV (HE) RO T/NUOESREEH
T2V RO U ANEEAZROE 7~ F
EPPHICAM L, REMRBEETH -7 (M 5a,b). &
0 TR (L BT B Mifa ik L-26 Yt AR



9 42 H10H

3  MRI(magnetic resonance imaging) ff&.
AHRER N2 & AR R 2 30 5 (RED).

4 HBRAREWTRATR.

BT R A L, o Betafett, A et 51 T bt
UCHL-1 a2t Th -7 (K6 ), EE#ido 7 o—
A APV IZMBEEM~~—AI—DMETIZ
CD 19,20 38 & U HLA-DR T2 E <, B {5
OHMARI N (M7 B FRECEVWTJHB XL
UCx 7u—7THER N> F2FH(KS, 9), B
FERICIERBMECZ LW 00, #BETFR THEEMC
Bffifd @it 7 o — AR &, UV E AR/
Mo BMif@BERY »NEE2l L. BT, 28
computed tomography(CT), ZF ) 7 A > FIZ L B2
SRR CIRE LA ) v iR IZFES & 3, fwi i
Ann-Arber 43+48" Stage | ThH - 7z,

EM 2 65 g, Bk,

B Ao & AR O SYRE, FEEFE il % 3 5 U R %
2%, THREENENLC /IMEEER ORERE 2380, HEENTY
BN E B Y12 RN I AR 4(1.2), £ R
0.7(0.9) . ZE AR A & T RRRR 1 20 0 CTHE O /NEIH
R DB % il U, B O Fe I, T AR AR o AR % 38 7
(4 10), HEZENES & CIRE I IER, IREREHE H) 5 R i3
% {,Hertel IRERZE L THELZRRKEH T A 6
oz, M, EbSFfE TEL A {, RN 2E
OHRETD -7, CT B L UF MRI fafr CHRE A H]

MREENE Y > OB AW IC X 2320 - 1144 143

5a HE (hematoxylin eosin)#t & (35 3% X 18).
23— 100 gm

5b HE #& GaiiKE).
BruvF 3T, L3S uBuMEE A 5 B
HEIZZ L wNBID Y /S ERERIFA O O & ARG 5 % 32
&7z, 78—1% 30 um

6 #iB#BaHE L-26 £/ 2 O—F Uik,
FHRANC BT R A2 72, 25 —13 100 gm

I BESSRA R 2 0, B AR O MRk A 2 1T - 72, HE 3t
EBT/INEID ) > SERERIR O U % AR % R 7225,
EEME~OMed a {MllOREYIRE TH-7:
(B 11a,b). % 7z, %1 B Ml f@ fi f4 L-26 H 1, », A J R,
B XU T #ldik UCHL-1 #e iz & 2 stk
RETHHE7 - EEEET LB TE T, B



144 HHREEE 101% 2

i

NEGATIVE

CONTROL CD 1 CcD2 CD3 CD4 ES CD: - CD8
01%  02% 10.6% 10.9% 9.1% 10.8% 6.4% 1.8%
CD 10 . CD 19 CD 20 CDh 13 CD 14 : CD 33 HLA-DR
04%  78.1%  814%  04% 02%  03% 81.6%
% T Lineage B Lineage =M Lincage
100 | }
50
NC  CD2 CD7 CDI10 CD20 CD33 HLA-DR
CD1 CD2 CD5 CD8 CDI9 CDI3 CDS§
X7 MEEABEo7O0—tA1 AN —,
CD-19,CD-20, HLA-DR TEH:2055 <, B s s o4 8o 72,
JH Probe C « Probe C. Probe
EcoR 1 EcoR 1

BamH I+Hind [l  Hind [l BamH I+Hind [l  Hind Il B?mH I B%I'I_]H 1

— ——
j B - o

11.0kb

Sample Negative Control Sample Nt;_gativ-‘e

Sample Negative

Control Control
-<— : Germ line - : Rearranged band

F9 fER 1o LE#EETFG, )Y YT onyTg
T ERER.

R Y F(RUD) 2Dz, BamH [T12.5
Kb iZ,EcoR 1T 19.0Kb,16.5Kb & X 189.0Kb
IZIEH Germ line (%&H0) 2R 1,

<— : Germ line - : Rearranged band

8 fEfl 1o HEEERTF Y - TnyvTar7&
HER.
B > F(EUD) 2D, BMiliOE 2 o—>
R IR A% U7z, Hind 111 ¢ 11.0 Kb 12, Hind 111+
BamH I ©5.6 Kb ic H #@1E% Germ line (%)
I

SR KA AEIARE B IS ) N HERE SR & 4, fEiH I
Ann-Arber 4338 Stage 11l ThH - 7.

v % %

YSHEEREED OO, MEEZMICIZES Lo Iz, BET
BMEBECBWT,JH 70 —7 THER Y F 27385,Cx
BLEUCAL Z7ue—7TREERE Y F2Rdkhol

(B4 12, 13) . Ml 0 BAVE I REFERNC 12/ S o 7228,
BETFHENTHZ o— U MEHS A, BRRICTE A
/N O B BT ) R fE L Rl L B
2B CT, ) YAV Y FICL2L9METCERE,

E) yREORZKICB VLT, % OREGIZEBREE
EW, RS L FRE TP TE RS, Ch s ORET
TR ) oSl EEZK S NS L ORBERNRIEE
oitn, LbL, L Dh0ERICB W T IZERICER



9 4 2 H10H

W

10 JER) 2. 65 ik, Bl
THRERES SO B & FEM & TR 7 (5RED).

11a HE 36 (G5InKE).
¥ —1E 100 gm

H11b HE %6 (Gaink).
FRMDZ LY oo SEREERL O U % AR %
PR fz, 8 —iF 30 pm

THEENHY, B oSl ET 5, KIGHEREE T
PR EDLOTEANCHMETH 2, IBBHEFEOENEY ~
SR, D o ic R AT S EIME OB o E I3
BENEL L ZEHH W, LR CHKET LMY
RMEIZ BT, 7 OO SRR IC BT 3 £k
PHfEEERE » BECBIE L 72 ) oS8R, B B Wik F Ol %
BT HHOCHEEBCHBWLTHEET S ) >3k L FE

IR U SO FRRTIC & 2380 - 1114 145

JH Probe

BamH 1+Hind I Hind [ BamH I+Hind [ Hind [II

A A

Sample Negative Control
<— : Germ line

X12 fEf2 0 HERIEF Y T 0yT1 7%
R,
BN F(RLD) 2D,

-« : Rearranged band

C« Probe C . Probe

BamH 1 BamH 1 EcoR 1 EcoR 1

9.0kb

Sa“mple Negative Sample  Negative
Control Control
<— : Germ line < : Rearranged band

X 13 fEM 2 0 LERET G, Y7oy g
v IERER.
R > FEFHD o T,

ROV > oSER D & B 2 [HE S EE 12 % 0, Jiab Y
VARED D b, FM, RETIZ T ) > Bk ko s
AT HOIIZH L, FOMOERLITIE B Y >/ EREkOD
LOMBHEWI EDBEHLM IR > T WA, IREEEOEMS
D) v EORES UL, (EEMEE O B fifaR Y >N E EF
26N TWw B RBEFEO B HIfLR Y > < f T i3l
D FERIMMEH A A BRI AN B 1N ) o SERBRSI 0
140 & B % FEE B, BER R O N2 T, MR R
I RGEEETH 25 > E & OERICEET S
ZEHH B, i, RIEENRE T L BB Y 8
BRMBKMETH 358, V > SEBRIZ#F OF0 I B 2
PR 24 L Cuninic o, SRS IHE R {, B
KU L 220 HEET, RIE7 07 ) HEEH S
nEWZ EnH s, BRI Y > ETEE% DEFIC
pan-BHIFEOHENRE SR TED, Zh s OME TR
fEs 0T EELE LGS HEERICH D s,
Era7) UNEETERWIRENEZ SR TW5EY,



146

& 50, et T Mg owsiEss % <, @it B fifao 4
#us T cell rich B cell lymphoma 2 S5 00 #340
2 <, JEEEMIE S % CRET 2581 LI LIERE
T 5004, S TFEPERTFEEROERET LR
VT ORRFTHIATRE & 72 D, FER ORI RE LR, i b
A5 2 BRE U T b IR O §1 7 o — 50l & FIE
BT holcBETbBETRIC L 2206 &
otz KEFFICBWTH,HSICc LD ) v RRIEE
B THRIFENTR L & b GG TN TSN O
BIFERELTHOSREEMYZI ATV,

) BROBE T HMUOREEE T L Bl 2 KO
B, BETHFE SN 2 B2 ORBUICHELE
HThHsZLThs. BiifnixzoH@ERIcB TR
a7 o (BUTF, Ig) @5 T O BSR4y, T fildix
T a5z 754k (LU, TCR)#{z T- O TR % £ 5 . g it
R I EEHAYEE 14 Pefafk (14 p 32), B8 » B T35
2 eafk2pll), B A E T 4% 55 22 3t 0 fK (22
p11), TCR #EF I 7T REE (T q3b) L GFET 5. 1g
P TCR OWZEHEGEE T X E W Ic#nz v 2
DG T8, 47 b Vvariable), J Goining), 8 X 8D
(diversity) ¥ S HE S LT w2, IS L Y >
NERICHEL T BT, Ig B XU TCR B FOH
R EZ@EYEST Z L2k, #nFh B, T Mk
SERBL T 2, Z O, ) >R CIEE 7 OBk
FRCEETFHO V,,DERTOHMHASHLEIC L D A
PERREESRESNS BETHE, FhEho ) v
B, V, I, D HToffladbeic L SR s Bk
F—rEBHLTHWAIEICRDL EED Ig 3EHOHIE
ERIGT D7:0% 70—, BREANLEETF 7 o—
TENA TN IFA ¥ —var L THEEEAY 2R
THILETERL, Y UAREBECBWT,Ig#ET
DFHHERE B VU > BRICR R S 72 0, & 2 S b
WTH 7 o— i [gEETFORBEESTbRTwih
i, FOMERS I BV > BRER TH B 2 EHIFH S R
%, [Alfkic TCR @z FOmE#ERE: T Ml BENTh
5. 2O, WS R L U 38 B A S
T, E o7 o — R X 2 R bR TR
e s g &b, [glfET, 7213 TCR Ml FH1H
MR S 258, ThFh B, T MY >
ThadIEVEEHS N, EEY N BEORELKEE L
TERTH3. 801, BEFVYINVIC X SBITTIE, Y
RO IEFL OB OB ATRE L > T E T
3 W1 TRESOJH 7o —78 X UB#EO Cx 7
O — 7 T FHEED & 208, ER 2 Tl EH
TOAHFREK /N> FRH SRz, 2 MK S
B M 2 ERBE I B WL TRl B OB H D,
ZORBETHBEOZEEBELC S L« #P 1 #HOKE
PABEORESECDLESNTEINEFRL 21 %
DM D e - 12 BEEIC B W TEBME B U

HiRE5E 101% 25

EHFZOND, ZO, HlEEARNICEF—DUEA
PE/ANREAY D B MR BYFERE ) N T H B B8, ER 1 i
R U 7: B e fEE AL TH v, fiEF 2 12ET B Mifao B
& < D NEEAL T, fEF 2 1R 1 i b~ b EERE T
DIHMEESRZ D IGRDR, FRICEVWHEL 3D T
RuhrkFEZ oS, EBEY BBV T, TS
FRNCFE—TH > THHEET VI TORN TRIEEO
7 a— RSB 5 T N H D, BT IR
TOEEED RG> OFEH & & b I HEERE OB %
7o, HEEERE CHERA T E T 2 L vwo k@
ENEE LWOTIR it EBEbh s,

AT, Burkitt U >V N EORFED )
YAEI B THROEREOFEESHS hIC R D D0
210718 b B A TR R T L EER S b
DT, R E DR R IR D3REE OIS &S TR S
L, TOREVBEFELORELEZ>TWE D TR VH
EHEHI S AT v B, Burkitt U > 28 i 12, EB(Epstein-
Barr) v A MV ABSO BH#ifEY > s L THISR T
505, EB 4 MV ADQBRZEb Y 2 {, 5 8 FHillfs T (8
Q20 W HFET @B EF comye 285 14 Fl R T (14
q32), FRFHRET(22q1D),F 2 FH/ETCpll) &
MARAE L T cmyc #EEFAEEL S L TEELL
TWwaEHFZHNTWS, &1, AkCliat: ) > @i
B TIE, 5 18 Fil a1 (18  21) D bel-2 G T 12 58
14 FH#{ET (14 q 32) & OMICHRIELI A & 4 5, BRI
1 c-myc, bel-2 WETFO 70— 7 % fn - > F
ORI L 222 EETH 5, HlfE, V o H 2,
SENIHBIEEFE D FE E 2> T 25, @R T
X0 ORI OMBENEEE 2 D, EEAIC T
B BRI A D 3 WIBRBFWZE b S F 8N, G
RS, B T TIC L 22k D oo H B, &
51T, R T L~V T ORENTIC & D ES i OdzET R
WS W5 I DN, BiE TR 258 L oA 7R
SELLBELZOTIE RV EFZ TS, 5, Bz 3R
R A BB WTH T TowT 4 Y ERICE S
B TFIRITZH 21T - 72 8B N EOBEF LV~
T O X, SRR E L RIS L ERE TR S
nNwiFRE2E2 2 L8 TE 5, REL EREFER
2t ROMAMELASF oI L WEBETH,DNA
Bt 5 pg &R T A & O MRS A & 5 A o i
Za— M, SEEFEORENTRETH D, S T & E o0
fEfF7u—70%IC LD FBPEOTREEOKR S WERA
WEEEFZONT:,

X
1) Southern EM : Detection of specific sequences
among DNA fragments separated by gel electro-
phoresis. J] Mol Biol 98 : 503—517, 1975.
2) TEES—, BILER, IR, FEEE, AORT

RLH & L T 4 4 8 & B0 RE\E b 57
FHTEWL 2B MALT ) "B 14, §eig



FEE 92 H10H

o

6)

7)

8)

9)

10)

11)

28: 1101—1107, 1993.

TE 3, EREE, WESH, ), EH IR
AR T AT IS X 2 MR ) RS T — N
oo & P —, M 11: 1015—1022, 1992.
Kaplan HS: Clinical standing classification,
Hodgkin’s Disease. Harvard University Press,
Cambridge, 340—364, 1980.

EEFEL, AE E, &RE/NHEY, Bl ZF i
WY o BRI, WE LK 4
475—479, 1986.

BHEsL, R OHEE EMHY 2RSS F R
MRS E E ORI A & TR I & S EREHESL )
oSERGRR RSN A O BT, IRED 300 1437—
1446, 1979.

Medeiros LJ, Harris NL: Lymphoid infiltrates
of the orbit and conjunctiva. Am J Surg Pathol
13 : 459—471, 1989.

TH R BHES D o ENRORY, REE
K 12: 413—418, 1994.

Arnold A, Cossman J, Bakhshi A, Jaffe ES,

Waldmann TA, Korsmeyer SJ: Immunoglobu-

lin-gene rearrangements as unique clonal markers
in human lymphoid neoplasms. N Engl ] Med 309 :
1593—1599, 1983.

Cleary ML, Chao J, Warnke R, Sklar J: Im-

munoglobulin gene rearrangement as a diagnostic
criterion of B-cell lymphoma. Proc Natl Acad Sci
81 : 593—597, 1984.

Korsmeyer SJ, Hieter PA, Ravetch JV, Poplack
DG, Waldmann TA, Leder P: Developmental
hierarchy of immunoglobulin gene rearrange-
ments in human leukemic pre-B-cell. Proc Natle

12)

13)

14)

16)

17)

18)

19)

IREEE Y o HEOBE TR & 520 - 144 147

Acad Sci 78 : 7096—7100, 1981.

Korsmeyer SJ, Arnold A, Bakhshi A, Ravetch
JV, Siebenlist U, Hieter PA, et al:
globulin gene rearrangement and cell surface
antigen expression in acute lymphocytic leu-
kemias of T cell and B cell precursor origins. J
Clin Invest 71 : 301313, 1983.

Korsmeyer SJ: Antigen receptor genes as
molecular markers of lymphoid neoplasms. ] Clin
Invest 79 : 1291—1295, 1987.

RS, TH 15, FERL, —8 B, BHEE
U o SRR IR 0 2 A RERD TR B ATV 7 i
gy, IRAD 44 940945, 1993

EEEx, BER, it . LRAEF, Bl
#h, F HE . HFHE Non Hodgkin’s lymphoma
LW an-GIREEEO 1 EF. R 37:803—
807, 1995.

Amakawa R, Fukuhara S, Ohno H, Doi S,
Ogawa S, Tanabe S, et al: Involvement of bel-2
gene in Japanese follicular lvmphoma. Blood 73 :
787—791, 1989.

Tsujimoto Y, Crossmann J, Jaffe E, Croce CM :
Involvement of the bel-2 gene in human follicular
lymphoma. Science 228 : 1440—1443, 1985.

Weiss L, Warnke RA, Sklar J, Cleary ML:
Molecular analysis of the t (14 ; 18) chromosomal
translocation in malignant lymphomas. N Engl |
Med 317 : 1185—1189, 1987.

2l %, b B, KB, =@WEE B
SEEORM MR, A& b 21: 11401149,
1994.

Immuno-




