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Summary 
This review will focus on the molecular biology of Iympho-
proliferative disorders with emphasis on lymphomas. The 
spectrum of known recurrent gene rearrangements found in 
lymphomas will be outlined and their relevance to diagnosis 
and subclassification of disease will be discussed. Finally, a 
sUNey of the current trends in gene expression profiling of 
lymphomas by microarray technology will be presented with 
reference to implications for diagnosis, classification , prog-
nosis and treatment. 
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INTRODUCTION 
The classifi catio n of lymphopro lifera ti ve di so rd ers, perhaps 
mo re tha n any o ther a rea of huma n maligna ncy, has been 
p lagued by co nfusio n. A pletho ra of competin g and often 
incompatible class ifica ti on chemes emerged d uring the 
20th cent ury, a nd until recently foc used prima ril y o n 
histopa tho logica l features. Over the last 10 years, the 
approach to class ifica ti on has shi fted a nd broadened 
considerably. The most recent Wo rld H ea lth 
Orga niza ti o n (WHO) classifica ti o n,1.2 a refin ement o f the 
earlier R evised E uropea n-A merica n Classifica ti o n of 
Lym phoid Neoplasms,} provides the most comprebens ive 
app roach to Iympho pro li fe ra ti ve d iso rder cla ssificatio n yet 
devised , by inco rporating clinical, pa thological, immuno-
logica l, cytogenetic and molecul ar genetic pa ram eters. The 
benefits of precise classificati o n include imp roved commu-
nica tion a mo ngst clinicians, pa thologists a nd scienti sts, 
improved identification of optimal therapeutic stra tegies, 
a nd tbe p oten tia l to facili tate the development of lesio n-
specific ta rgeted therapy to fur ther improve o utcomes a nd 
to reduce tox icity. 

The im porta nce o f a ny pa tho logica l classificati o n of 
ma li gnancies is to d ivide a la rge a nd di verse gro up o f 
d iseases into smaller, mo re ho mogeneo us a nd cl inicall y 
relevant subgroups. Within a nyone of these subgro ups, 

pa tients sho uld ideall y have a simila r prognosis a nd disease 
biology. Novel therapeutic approacbes to a m alignan t 
d isease a re o ften ta rgeted to the bio logical ca usati ve 
factors. Incorporation o f cytogenetic a nd molecul a r genetic 
characteri stics into new classifica ti ons of haematological 
maligna ncies4 may be the first step in developing classifica-
ti o ns based so lely on m olecular cha racteristics of the 
disease. U ltimately, the genes exp ressed , whether no rmal 
or mutated , determine the phenotype of a tumour . T be 
current WHO classi fi ca ti o n of haematopoietic a nd lym-
pho id tumo urs recogni ses that the bio logica l feat ures of 
some lymp homas a nd lymphoblast ic leukaemias, with 
simila r morpho logica l a nd genetic p roperties, a ll ow them 
to be class ified as single d iseases. t .2 ,4 C urrent class ifi cati o ns 
of haemato logica l ma li gnancies include mu tations a nd 
specific gene rea rra ngements which a re characteri stic of 
particul a r cl inica ll y a nd mo rp ho logica ll y distinct d iseases. 

In addi tion, tbere a re now seve ra l examples of DNA 
microarray tecbniq ues being used to examine the gene 
ex pression pro fil es o f lymphomas. U lt imately, gene expres-
sio n pro fil es may be used to better classify tumo urs from 
pa ti ents into mo re biologica ll y a nd clinica lly releva nt 
gro upings. 5 

Using the W H O classifica ti on as a framework, the first 
pa rt of thi s review will focus on the m olecul ar lesions tha t 
contribu te most to the recognitio n of distinct clinica l 
enti t ies within the Iymph opro liferative disorders. In the 
second part, we will a ttempt to summa ri se the role that 
microa rray-based techno logy is beginning to play in 
increasing o ur understand ing o f Iymphoproli fe ra ti ve d is-
order pa tho bio logy, a nd the potenti a l it has fo r definin g 
criti ca l therapeutic ta rgets. 

1. MOLECULAR PATHOLOGY OF 
LYMPHOPROLlFERATIVE DISORDERS 
Clonality and Iymphopro lijerat ive disorders 
In order to genera te significant di ve rsity in the Immune 
system's a ntige n recognition repertoire, no rmal B Iympho-
cytes a nd T Iym phocytes undergo a uniq ue process of 
sequentia l antigen receptor gene rea rrangement involving 
the immunoglo bulin (IG) a nd T-cell recepto r (T CR) genes, 
res pectively. T he p rocess of gene rea rra ngement occurs 
ea rl y in 8-ce\1 and T-cell development, and is initi a lly 
a nti gen-independent. T bere a re fOLlr TCR loci (TR A, TRB, 
T RG a nd TRD) a nd three IG loci (IG H, IGK a nd IG L) 
located on va ri o us chromosomes (see Table 1). 

The genera ti o n o f a nti gen binding di ve rsity in IG genes 
a nd TCR genes invo lves the same mechanism of V(D )J 
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T AilLE I Diversi ty of human ant igen recep to r loci 

Antigen recepLOr 
locus Chromosomal locat io n Functiona l genes l35 138 

IG H 14q32.33 Im m un oglobuli n 38-46 1G H V 
hea vy chain 23 1G H D 

6 1G HJ 
9 1G HC 

IGL 22q l1. 2 Immunoglobulin 2933 1GLV 
lambda light cha in 4 5 I LJ 

4-5 IGLC' 
I K 2p 11.2 Immunoglobulin 3 1 35 1GKV 

lambda light chain 5 I KJ 
II GKC 

TRA 14ql 1.2 T-cell reccpLOr a lpha 44-46 T RAV 
50 T RAJ 
I TRAC 

TRB 7q34 T-cell reccptor beta 40-48 TRBV 
2 TRB D 
12- 13 T RBJ 
2 T RBC 

T RG 7p l4 T-cell reccptor gam ma 4-6 TRGV 
5 TRGJ 
2 TRGC 

T R D 14q l1. 2 T-cell recepto r delta 7- 8 T RDV 
3 T RDD 
4 TRDJ 
I TRDC 

' T here are 4 5 fu nct io nal IG LC ge nes in the seq uenced haplo type. T here 
a re o the r ha plo types with 8, 9, 10 o r II IG LC genes, each o ne p ro bably 
p receded by o ne I G LJ gene. 

recombination between consen us heptamer-nona mer 
recombina ti o n igna l sequences (RSS) Oanking the ma ny 
va ri a ble (V), di versity (D ) and jo ining (1) genes, except th a t 
the IG L, IG K , TRB a nd TRG gene lack D exo ns6 Tn B 
cell s, V(D )J recombina ti on occurs in the bo ne marrow and 
is initi a ted by the recombinatio n acti va ting gene I a nd 2 
pro teins, RAG I a nd RAG27 Once a fun cti ona l immuno-
globulin is generated , the na'ive B-ce ll s mi gra te fro m bo ne 
ma rrow to the germinal centres of second a ry lympho id 
o rgans (lymph nodes, splee n a nd mucosa-associa ted 
lymph oid tiss ue) where the processe o f a ntigen-dep ndent 
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soma tic hype rmu ta ti on a nd class switching occur to 
enha nce the functi o na lity a nd the avidity o f the a ntigen 
recepto r fo r its ta rget a ntigen. In the majo rity of B-cell 
lym phoma, the presence of somatic muta ti ons ind ica tes 
their o ri gin in the germin a l centre o r po t-ge rmin a l centre 
cell s o f lymph nodes. The exception a re ma ntle cell 
lymphomas and some cases of small lymphocytic lym-
phoma (chro nic lym phocytic leukaemia), where unmutated 
V gene a re fo un d . 

1 n T cells, a n a na logo us proce s occurs fo r the genes 
which encode the ex, p, cS a nd y cha ins of the T CR complex. 
Each cell that unde rgoes ant igen receptor gene rearra nge-
ment genera tes a d ist inct D A sequence that ident ifies it 
fro m a ll o th er no rm a l Iymphocy te . 

The progeny of a lympho id cell tha t has und ergo ne thi s 
phys io logica l process o f gene rea rra ngement will sha re a n 
identica l immunoglo bulin o r T CR gene rea rra ngement with 
its pa rent cell . In lympho id ma li gnancies, thi s pheno menon 
can be explo ited by mo lecul a r techniques to demonstra te 
the presence of a monoclona l populat io n of lymphoid cell s 
th at is highl y suggestive (th o ugh not diagnostic) of a 
lympho id ma ligna ncy.s The hypervariable porti o n o f the 
IgH locus, known as CDR3, provide a tumo ur- pecific 
tem plate fo r a mplifi catio n by PC R, a nd consensus pri me rs 
that a re directed a t the V a nd J genes of the IgH locus will 
ge nera te a DNA smear o f va ri a bly sized PCR produc ts 
with po lyclo na l DNA when visua li sed by electro ph o resis in 
low-re o lutio n gels, wh reas a di crete band will be 
seen with mo noclona l D NA. Visua li sati o n with high-
reso lution techniques (fo r example, polyacrylamide ge l 
electropho resis o f flu o rescentl y labelled PCR products) 
provides even better discrimina ti on between monoclona l 
a nd po lyclona l cell popula ti o ns (see F ig. 1) and provides 
accura te sizing of the tumo ur-specific P CR produc t 
th a t facilita tes detecti on o f th e sa me cl one in ano ther ti ssue 
site 9 

[n this way, Iympho pro li fe ra ti ve diso rders (which are 
usua lly monoclo na l) ca n be readil y di tin gui shed fro m 
reacti ve lymphoid ce ll s (which a re usua ll y po lyclo na l) . 

Size (bp) 
301 311 321 331 341 

Fig. I High-reso lu t io n elect ro phores is showing PC R prod ucts of IG H gene rearrangcments; (A) a po lyc1onal popU la ti on of B cell s in peri phera l b lood o f a 
hea lthy do nor, a nd (B) a monoc1ona l pop ul a tio n of B cell s in peri phera l b lood ofa pat ient with B-cell chro nic lymp hocyt ic leukemia (reprod uced fro m Ayling 
a nd lI a nd\ 
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