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Application of Gene Rearrangement Analysis for
Diagnosis of Malignant Lymphoma

Kyung Soo Kim, M.D. and Chan Choi M.D."

Department of Pathology, Chonnam University Medical School;
Laboratory of Molecular Carcinogenesis, National Institute of
Environmental Health Science, North Carolina, USA

To evaluate the utility of gene rearrangement analysis, eight cases of malignant lymphoma,
one case of Hodgkin's disease, two cases of angioimmunoblastic lymphadenopathy(AILD) and
two cases of non-specific lymphadenitis were smdied by immunohistochemical and genetic
analysis. Southern blot analysis was performed by a using vacuum transfer system and a biotin-
labelled probe, This method was faster, safer, and more convenient than conventional methods.

Gene rearrangement study showed rearranged novel bands in five of six cases of B cell
lymphoma, in all cases of T cell lymphoma, and in all cases of AILD. No rearrangement of
the B cell receptor(BCR) or of the T cell receptor(TCR) was seen in Hodgkin's disease or in
nonspecific lymphadenitis,

These results suggest that gene rearrangement analysis of BCR and TCR is a recommended
method for the diagnosis of clonality in lymphoproliferative disorders. It would allow pathologists
to differentiate lymphoma from polyclonal lvmphoid proliferation and to provide information for
cell lineage. (Korean J Pathol 1995; 29: 415 ~422)

Key Words: Gene rearrangement analysis, Malignant lymphoma, B cell receptor, T cell recep-
tor

AEEolA] Sk EHd9E o83 whe g

M = o AlY(lineage)®} FI,FE Svlebn, b4 Eoka

F4AgTte] ol HEe EFE Fo| gt

HEFAY T A 9 PRele J=7 £9Y e o4 PxFe] AckelAlE  SHE4 mon.
W(lymphocyte surface antigen)§ o] §ah= o] o]l  oclonaliy)d &}ola}i Fpao] Y=o} 2=z 7
Hah S o] Yt wyaI et oy Azl B

A S1994d 129 239, AlR$<1995d 39 29 4% F571 glek
FAHFA T 8 1E 5 SHWE 501757 YAHoZ F4 PEZALE BAESY THER 25
Heboiehar o)steie) wWalstady, A+ ¥, BA|EoA M= WY F 252 (immunoglobulin, B
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cell receptor, ©|3t BCR) F#=l7}, THEZ M= T
A|E AT cell receptor, ¢]s} TCR) HH A7} &£
stobad 4k chokaba] Ajeld gl FEEe] FoE
= ofAs SgEdeza A2 Audde] F
U#tg Helch mpely 4ld =2 o 2 RE DNAE F
25lo] A&k A(resimiction enzyme) s A ghebAl =1l
%%t =72 DNARHo| vla¥ cger 4o
i, o|& Ar|dEde] DNA =7|HE Ll
BCR 3 TCRel| 5Seol4e] 9l w4k pobe)E &
s, Y EZEckl| e A2 Aujd 2] of(rearranged
band, novel band)& ¥ 4 YA e

# A e YEE Eoke] Fgkd W4 FAU /4
A el A4S QYA Agde A
WEoh sk el #-2H o] (vacuum transfer)] 7
HlaFAA gzl o] Balke] ohekg F5e] ©HEW
ol 4 ol2] 4H F&43 2felE A} 3
o}

ME ¥ 2

LM =

AT A2y obd FEEe 23 slz2g =
= AdzHe] Sy =L didez sed 7
Ze= AA B4 Agk gl slelFAl-eled
ol u wie|z=FeE o Fgksie] b4
FEZE o, Hodgkin 1], " wdol74 gz
Z(angicimmunoblastic lymphadenopathy) 2o, Ze|iL
Wl Ee| ¥ e 20l HAsgc HEaLToRe
£47) 234 98 5 Y A4 dyt =3 E o F
#hedot.

2. I ENBIEN 4

AAlg =2 B4 uwog 10% T4 $F
zaggld 2y § dtebdl EefE hEel 4um
=2 ubAsls Probe-On Plus Slide{Fisher Scientific
Cojell K2hal# 7zale] o Aol A-gsidict. 4
o] ##}AE capillary gap actions] H2lF FEI
Microprobe ImmunoyDNA stainer(Fisher Co)5 o] #-3}

of Al#alglch LabghA|(primary Ab)E< #human T
cell &haf(DAKO-CD45RO, UCHLDI)#F ¥ human B

cell EA(DAKO-CD20, L26)E #8391, biotino]
Hatgl o] Zlgha|(universial secondary antibody, Bio-
meda)S  WF24)F] F  sirepavidin-alkaline phospha-
tase(Biomeda) 3 ©]-B#}e] Fast Red TR salti® M2
#ct.

3. FEA THEREZAL

1) DNAS| =& —70Cel Eats A4 yE=z
ok 200mgS glass homogenizerZ FH3le] o 7]«
proteinase K Img& @3 37CellA 1447 4hEAT
3 phenold ©]8&8 organic DNA  exmaction'] 2%
DNAS =3sledct 2235 DNAE TE buffer(IM
Tris HCl, 0.5M EDTA (pH 3.0)0 B2{4]# 4Tl
B el

2) AgtEAME: B35 DNAE 10pgd 58
T o]7|ell 2} Eco RI, Bam HI, Hind I 20002}
restriction enryme buffer 4 415 Wi FHTE FAl
S8 40ul2 TS| 37Tl 547 WA o)

3) ®H7|9E Y YFO|(Membrane ransfer): #7]
%23} up#lo]i= Pobe Tech' 2(Oncor, Gaithersburg)d o]
fabe] A#Melglx, A DNAES Hind M5 #xhsle]
size marker®= AF-Rabsich. 0.8% agarose gelof| 4] #|Zh
Az #els DNAS 20 volell4 144 7F etk #
7|ed Bele] z=7]ol] wle} DNAES Halalgch el
5l hybridizationS <JA8t7] $18}o] agarose gelE of
& 7+4+e) depurination £94{025 N HChell4 1587,
<E|w zelzla] £e§el  denaturation 2905 M
NaOH, 1.5 M NaClhell4 30387+ 2j2lsle] Probe
Tech ™2 Well4] nylon membraneel] #1-3%e]|slslc}.
1% nylon membranes 80T 2] dry ovenell4] 1A}
EqF Haxslo] wtHo gl d4E s Al
. 4) ZAHX} Hybridization: @4=}2] v]5e]d 2
2 A% ZHeZ nylon membranes membrane
blocking solution(Oncor, $4200- 12)of] o] 45T el 4]
087 B2xAzc A9 S| whet 4T immu-
noglobulin  heavy chain gene®] EZ|ZHQ! Ju(Oneor,
P1010-BIO), immunoglobulin kappa light chain gene2]
FA) A2l Je(Oncor, PI030-BIO), £+ TCR g -chain
gene2] FEA|AF]  JxI(Oncor, P1060- BIO)2} Jall
(Omcor, 1065-BIOY?} Zbzb 12.5ngiml¥ Fefqls= hy-
bridization solution{Oncor, Hybrisol I} 10ml2} nylon
membraneS- B ulel] Yol 45T 2fofl4] 1447
hybridization®}3] t}.

5 A & TAel 2o 2lE bioing FHEE7]
2)#le] smeptavidin®}  alkaline phosphatase® ZHZF H
§4]7] % NBT/BCIP(nitroblue tetrazolium/5-bromo-4-
chloro-3-indolyl  phosphate)s  o]-&ale] Wit
oluf z} whAlmict vl HolH AgHE AAlsl7] $lated
membrane blocking 9 4| % (washing)Zh4 & b8 A
shelgdeh. elubell4] PAEkEE germline ]2} cross
hybrydizationel] ©]%F =& allod Hz§ o7} P
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v 5ol Aeide] o2 Fgs A7) Ju @42k probeyell istel Sell, Jx Az}l
4 4el|7t RHA AulgdE BglclTable 1, 2). Ju
& n} Probeg} Eco Rl A8 #AS A&% 72050 Bl gx

T8 94kb XY 2702 Aeld & Hgla, B2

Hegzz| st PA4g By gzfoz gy 6 HIEEE 5kb A ellA] 17, B3 F=F2 8kb
ol T Seflell4] BME {3l afufd g Aell4] A2g ol4] 27, B4 fEZFH3 6.6kb 2eil4 17, BS §=
Az el o5 FEE = qleick B X9 A F- 94kb TH el 1702] Aeid ufEF HsckFig 1.

Table 1. Resulis of immunochistochemical and genetic analysis for lymphoproliferative disease

Gene rearrangement studies

Mo, Diagnosis  Age Sex Site Immunostain
Tu ke Izl I:11

1(B1) NHL 54 M CERVICAL LN B | - - _
2(B2) NHL 2 M STOMACH B + + -

i(B3) MHL 71 M CERVICAL LN B i . — —
4(B4) NHL 29 M ILEUM B + + -
5(B5) MHL 18 M CERVICAL LN B + -
6(B4A) MNHL 36 M ILEUM B - —
T(Tl) NHL 20 M CERVICAL LN T - - -

8(T2) NHL 54 M STOMACH T - — +
(ALY AILD T0 F CERVICAL LN B - - - +
10(A2) AILD 59 M CERVICAL LN B - +
11(H1}) HD 12 M SPLEEN ? - - - -
12(N1) LA 32 M CERVICAL LN N - - -
13(N2) LA 32 M CERVICAL LN M - - - -
NHL: Non-Hodgkin's lymphoma AILD: Angioimmunoblastic lymphadenopathy

HD: Hodgkin's disease LA: lymphadenitis LN: Lymph node

B: predominant B-cell population  T: predominant T-cell population

N: no dominant pattern T unknown

+: rearranged band —: no rearranged band

Table 2. Summary of gene rearrangement study in lylnphn}'ﬂ‘cﬁlifdr‘a:tjw disease

BCR TCR
Diagnosis No. of patient e
Ty Ik 1:1 1411

NHL, B cell type 6 5 4 0 0
NHL, T cell type 2 0 ] 0 2
Hodgkin's disease 1 0 0 0 0
"AILD-like

T cell lymphoma 2 1] ] 0 2
Lymphadenitis 2 0 0 0 0

NHL: Non-Hodgkin's lymphoma AILD: Angioimmunoblastic lyvmphadenopathy
*: Revised diagnosis by gene rearrangement studies
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Jp BlAlxbe} Feo RI #H|FHEAS 4498 4 5]= Bl
W E A A wi] gle] gomm line wlab 3
vk, oy B2 YE el bsekh ey |
A1, B3 €l Eof 4= f6kh TH oA 17, B4 <17
ol 4] 3= 23kbe] 9.4kb Aelel]4] 1A, BS y1TellA
Thb 3 ellA 1742 =Hajde] o] LEvhFg 20
St TCRE EA 49 Il Sl EBoe RIS
Hind [ #¥E45 483 45 B 3 Tdeld
25 AslEe) wrt dasa) ekl

o] a3 ohA 7] Aol TARE 7 fog Aghyl

Fig, 1. Tmmmunoglobulin heavy
chaind Tyrd penotvpe analysis, BEoco
BRI rosmiction codonuclease  di-
gostion showing the germ-line
band( 18K} and rearranged hands
LS

Fig. 2. Immunoglobulin kappa
light chain{ly) penctype analvsis.
Eco RI resttiction emdonuclesse
digestion showing bee mero-line
bard® 4 Kb mwd nesmanged bonds
(*

o= Jgl Tl Al o] B3 TCR #3434k 2ful
a7l A 1z WAlel ojEl ATt 2e] VT Ao
wE REoivhTeble 1, 2 M0 5H4p8l Leo Ris
Hind 11 =33 4o A8 g8 T1 gl 588
“F Skh 22 04kb T AelA aiufed w]F AR
T oalald, T2 HEZoHE ] eokb (t2aly 2
7, 8kb TElA 1779 Skb A 1] Al
9 wl-F st o gled chiFe 4, .
o] 2T A of el B ocell 3R 2hall obA 4
Frpoplgldd ot midoltAl 3 A Sl TCOR
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Kig. 3. T-cell receptorilpll gene-
type analysis, Gerni-line hands in
11kb (Eco RIy and 4.1kbiHind
) and rcarranged bunds( w .

Fig. 4. T-cell receptor(lll) geno-
type amalysis. Germ-line bands in
4 2kh(Ecn RI) and 7.7kbiHind
Y and rearmanged bands( w ).

A2 A YA 20l Mol afefed oiFh B 2ol 4] SoAa] geled HAelA] el wop sk
Hulgleh 1.1 SRS 489 B Al LxZTol 7] ghgho
A Hind M AFHEL 2[214] 8kb T el afuid Hidl o &5 vl Ao alnlEs) EojwE =
W R ¢ Usia A2 ] FEe 4 Eeo RI A 7l B2 Mol gl e afeld ?:lﬂ]-?I Wl ==
HEAS HelA] ookheb 44dkh Aololl4] 2Ae) Al B2Eu el S| m 100% 12 0] ¢ ok,
o5 A e gdvhFig. 4,

Hodgkint oll 4] @ =458 H o Yo+ g ) &
Aol QA=A ghsked. BCR & TCR &#7 :ﬂlvﬂ
DHAAHME FEEHe] 154 ggdel #ulsE dubmel glmes Zeoke] At g Rieln #n)
Ael-oflesl eda) ulSe]d geEdugos scky  Bdeloen ‘?'.H W A= Enigyl-g o] &3t
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wef 2 813 o ae] o] £x]o] Fheb §l el
o] =2 sheba] o dlo]| 2lale] M|E=] 7|8 9 £
o] =S Fetslwal & of o4 = HE e of
A FEF HEAR Ao e Ad EE0F FA %
e Aol PEF THgs] wde] FA fol
B=e| o ge] Bl 2y HEF FH= A5
He GHz pEedld dEEHE FETLE oY
g 2APe IHY + ok FA AgE e
sha] Aehkopell 4 1) sHFEAR FEY FJEA
ZF44 7Y 5 glen, 2) W3 5EH ]
o)t gESre] FHEE LS(immunophenotyping)s K
shate] cell lineage® < 5 glat, 3) »|38 w[gl=
FA4 Foka JEEE FEE F A, 4 2VAH
o} At Agkg F glo]’ PEFe] Al
&gk el

BAE2] Ig 42} THES TCR §3HA+= 42
Ig heavy, lg kappa, Ig lambdag} T alpha/delta, T beia,
T gamma® F4=le] qlx, o]52] DNA i vl
M) E A (germline) AVelel]4]  7hH 9| (variable region,
o|s} V), t}ekAl E2|(diversity region, o|a} D), g
B 2l (joining region, o]sk I B EHXL{constant re-
gion, ¢|3} C)52s 45 sHE DNAS Fis
o] Befog djdre] o|Fei ik ol E B
i THAEZE ¥3te #4364 v, D, 18] HE
(segment) 52| AM=Hlo] o] Folx| clokdl gloll o
shod abgl FEH SAA wbEe] Al A P

Southern blot el 218k fdap =g HA= A
iAol olsted #AelF DNA HHF Hesehaiat
e AHE gz HEsts wleldh wglEF
A AEY o|iE =9 DNAF AMfrasa= A
ghalm cjokgl a7 FHe g rEojA|Y, olEF
gzt A AYRE PE AHE i =2
7lelela]l HrldEez R YHEH EelA
% o] hybridization t©(germline band)S #EY F 3l
b 2y $Ha} HufdE de?l AY HIEFS
£ g7t Adsle AEH#e] DNA =jfe] o

cksbe] AlghA AR Acha] ook 272 HHE g

EA =, #MrjedEa] sekslejd Robd Hele
hybridization =& g+5# Fdbch ob4 I=HE ©
o FEY 4L ot Hgle|ng APHLE HD
A Eelg 37]2] DNA #AHe| ghSe|zat, &4z}
2 &N FY Ao o3 2obF HEF HE T
£ %ok web4 Southern blottfell 2j#F fH 2} |
e Hae FH2 +32 HFEALAE FHEe W
oz fzg Auds] ozl #EE el HEE
A ZzAe] gletn MY F ok

Heodfoll = &4 2Hprobe) 241 Ju, T, Tyl Z2E|A g
g o) 831dd®. Juk 149 2] gheh32)e]
Zase, Z7]1E 5.6kbo|i, heavy chain -F73 A2}
A%tsle] 13, Eco Rl 3} Bam HI —12]3t Hind 111
AHse HAoksl= A5 ZHzh 18kb, 11.5kb, 1lkb
of ] germ line w] & Helch kg 2 d4fae] o
2le]] FEasb, =7+ 1.8kbo|al, kappa light chain
s zle} 7z gsle], Eco RI 2} Bam HI 2|3 Hind
m afshiis2 Agha] ZH2h 9.4kb, 12kb, 5.4kbel] 4
germ line w]} #hEs|w] Iy 2} JeellA] A 2-F 2Hud
o ol & A4 B AME Y=Foz HAsA =l
ol 3} Il Zhzh TH odfae] hel32, 36)el &
Asbe, TCR2 B chain 3 =bell H2Gch Ja08
Eco RI(11kb), Bam HI(24kb), t2]i Hind III{4.1kb)
o4 Izl Eco RI(4.2kb), Bam HI(24kb) —22|it
Hind T(7.7kbjed]- 4 2}2} germ line W& Keo|oi ofuj
AEF Aeld o7t S TAE IZ2F2=2 7
b3 4 gl

Hoal el wez=HaHE 44 B JEFL
7 Aeks] 6ol sellB3melH, T J=F=22 Fisgl
g 2ef]E 260(100%) BFelY cHEEA F4e] gl
Helct, el v 5o)4 PEHddes Fgd 2d
ol B =g Auid «F Bdd 5 gl
F#2 QFEEI%)Y F& SolE(100%)E ERH
o} HEEA Z4)9 #ele] ¢¥ B HIF ldle
#abe AWe Ae2 A4 "ol S35l o4 §
Z3e] Ffe] [Em Feleldon), A4z e] A
Hy e ofd J=2 HHe] HE B2 S
Aol o] oldl olF wiFell wHFFHe] #Hele] H
2] gke Aoz A7E|gic) o]yt SEFHE EHY
& 4+ 9 dwyes PCR¥'e| gk PCRYEE
Southern blotflel]l H]ale] olvl®rl ®d Fm, 48
2] DNAX PCRE FZ3le] HPFo] 7h5sle] HHT
o] gEFAT 324, stebd Eof z= e 47
A #AA7 7Hsstch. el Southem  blordE
PCRY 2] gh3el $jakd & ey 4 gly whyes
P Foko] chFEAey] #HAdyern dal el
ek

Hodgkin®l & Reed-Sternberg 4| L7} ob4d FoFHE
2 orgia] i, Reed-Sternberg HES] 7]§12] &gl
o] Wal7)Me] olsfell HFHeo|r}". Reed-Sterberg
HEe thEr 7Yl HelHE B g2, T gl
dendritic cell, ™44 %, myelomonocytic precusors ©F
o}sl shigadel AA)"VEe] st v} Hodgkin'
o] A=A Auwd HANH B FL T H£9 &F
24 Z4e] gidke Ean" E g, A g
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24 4ol qlcka 2 57 9}
2dfell4] Hodgkin-2 B|2-2 W3 nodular
sclerosis Ho® wed=A#ehH ooy Reed-
Sternberg M7} leukocyte common antigenel] 9k4 o]
b B b T cell markers] ¥]50]3 <495 ehile]
FEE B5o] oAU FHANE k4] BY =
+ TH JEZFFe] FAssct. 442 Auld P4
o4l BCR 3 TCRel|] tfale] 240z BAsglo
b, # A= Reed-Sternberg 4| E2] 71 #Hol giFe
AE deles] E4 Hog Azlsle] Fr) ulizd
ez 744 #ele] 7sd Hew gPrhigich

Hadol 4 {24 F(angicimmunoblastic lym-
phadenopathy) 2ef] 2% TCR §#=he] afjuljsde] =
HERc) dogaxz ooy B2 B AT
Fol EAlsln 4£52 T AMEESe] ZEafelelor},
DNA Fo] fFHz}k afu]d el 4= T 4 E2
Foer A=A g giel mEE e
Firell wtzk FE FF7F DelAls HnE Hol A
g g e 7lsd 3 RE FAS AR
Aefste Hol F& Hog A7Egich A=
o] Hite] B LT} Hue] Eof gun PYEEe
g WErE 2 Aslez H2TUR|gl e}, §4
Z el HA7E el whal o] Adle] T L FE
o 9F22 T HEe] B HAE =375 44z
Usle] WA= B gP=22] Z4le] wgtten
# choktt B RlEge] Z4Alab s @ el 4] e}
4 o Spolyclonal gammopathy)e] L}ERL} 7|
e},

HEZFe] Fcholly FHA el HAe) s F
8% 2ol o4 A 27 Ago|} =7|AuS ul
HE & o Helh 272 Ao e )
i oW e de] 57071 By o A Es)
Ae A A57F wol, B4 #npEAaloled
A4zt g =g g4 ghdel ol ge] @
23 7hg4de] Erh elg} o] HAM|EFE phel
Ao GFE24E HUE + e HAAL] wwHgl

Aol 7h4 | & (pseudo-lymphoma)L} v| A& @)

F(atypical lymphoma) 322 /a7 % #glc)’. o
d AL FF of4 Q=T og AYHAY 45
=l o|f HFell Helde] 2 Falal Alujd A
A& APtk Fgsian AN His olg $
el A ghate] x 8o He £8F T4 9 He|oh

Southern blot {5 =} o] (membrane transfer) ]
o= ZH# H4E o B3l A wy, #H7)
F o] &4t electrophoretic transfer Wb, —1a|m 2T
Aol o] st HFubHel glolAx w44 E9

HEF ol Bet= sl v A4 wlel biotino] L}
digoxigening o] &8} o] gl 24 "4
o] 4% nHAHQ whHo] Wb E Meo| FEL Fou}
W Aballzh WA F 2 g Al 7ZHovemnigh)e) 445
© wHe] glon, whad gzl o) nizkye
o} whaAbd ESglae] Afe] oE A g, 4
£717k2] AefEe] ol BAAHeln HA wIE
7t HE ddel M HAMez s g o
A 2 dAollde 7HEE T whE A kol whH o]
7t 7Hes AFHAIHE ol Belglxn, 24 akprobe)
© A8 fel4de] A gl 23 o]uah) AR
o] 7Hg#¥ biotine] E-2 @S ALslgdy. Bod
Tell A= A Fat AFHe) ) A HolA ds
He g o] Folz = A2 F o|fele] 7Ue] £a5E
AAHEQ] Southemn bloit]-& 4UE w347 94 H
+5& Svhzla, P44 o4 F2 nizpes
=T FelEF viehle], &4 e g4 4y
22 AR 74 gosg.

2l o] 8% fHa) Aeld 4= DNA
TollMq sHEEY F4E FH6= der, gog
WelFlgk okolld fHak A} (genomic biopsy)
del 4§ ez AdHAd oY FHA 2
2 AAHES A¥4 dAsta godadse] =xA
chEoll o] &xar glon] o HEWHE oE Hela
7+ Aelep

e =

HEZEoke] Fckel] glolA FHA el e
a4 AR 2loE Helslr] flste] ehdg=
% B8oll, Hodgkin ¥ 1o, 8§13 wejoltd] Y 4%
{Angioimmunoblastic lymphadenopathy) 2od], 18] W]
So)H fZHdd 26F dF d4ez s FHA
Hegd HAE Algal)

BAEZ FHA Aud A ellA el Selfloll 4] 4N
Z2E 34 Auid «F5 #AF 5 glslz, TCR
A Aeld HAsA 2l 2] EFollA FHA}
Aufede] Haslgich g1t wojolpa g x4 Eo
M 2¢d] 25 TCR §#2 afjwide] Habs)g]on)
Hodgkin's Wofl 4= BCR I} TCR 2% 24o|¢ic},
a3 v 5e|¥ FEZ A o4 BE S£40]
i}

ol4te] Aell4 ob4 FZEaks] 11a]F ool 4
el FEAE Sy 81%e RIAEE Hya, v
SelH x4y S5y S4e2 dse] 100%
2] Heo|4dE vehdigicl azla AFHe|ySe 4
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