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The place of molecular analysis in lymphoma diaghostics

Clinical feature Morphology Phenotype
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The role of molecular analysis in lymphoma
diaghostics

+ Determine clonality of the lymphoid cells

+ Determine subtype of lymphoma

+ Determine prognosis of lymphoma

- Determine effectiveness of treatment (MRD)
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The role of molecular analysis in lymphoma
diaghostics

- Determine clonality of the lymphoid cells

+ Determine subtype of lymphoma

+ Determine prognosis of lymphoma

- Determine effectiveness of treatment (MRD)



S 'l'ﬂ."\...'._
fﬁ\ T f,.-'""" A
= e : ‘_t Semmelaeis University
: R % f 14 DEPRETALHT O FATHELOS 843 DHPCRINEH TAL CANGES RESEARG | BUOSPEST, HLEART
= e
'I'-ia-\,.-- - T -
g

Immunoglobulin heavy chain (IgH) gene rearrangement

Vi
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Germline IgH gene (14q32)

A ]

Leader

FR1

Rearranged IgH gene

t T FR2T % FR3
CDR1 CDR2




Semmelweis University

18 DERAR AT S PATHEALD S sof s DR W EHTAL Gl 25 R En R L DS EGT, sk

VH-FR1 primers

PCR analysis of IgH gene rearrangement

(BIOMED 2)

VH

VH-FRZ primers

DH JH

~- |

JH primer

VH-FR3 primers

IGH tube A

VH1-FR1 (1-2) (-252)
VH2-FR1 (2-5) (-284)
VH3-FR1 (3-7) (-256)
VHA-FR1 (4-4) (-256)
VHS-FR1 (5-51)(-255)
VHE-FR1 (B-1) (-263)

IGH tube B

VH1-FR2 (1-2) (-192)
VHZ-FR2 (2-5) (-190)
VH3-FR2 (3-7) (-189)
VHA-FR2 (4-4) (-188)
VH5-FR2 (5-51)(-190)
VHE-FR2 (6-1) (-194)
VWHT-FR2 (7) (-192)

IGH tube C

VH1-FR3 (1-2) (-55)
VHZ-FR3 (2-5) (-54)
VHAFR3 (3-7) (-57)
VHA-FR3 (4-4) (-48)
VHE-FR3 (5-51)(-69)
VHE-FR3 (B-1) (-63)
VHT-FR3 (7) (=69)

VH family primers

/

GGCCTCAGTGAAGGTCTCCTGCAAL
GTCTGGTCCTACGCTGGETGAAACCC
CTGEGEGEGETCCCTGAGACTCTCCTG
CTTCGGAGACCCTGTCCCTCACCTG
CGGGGAGTCTCTGAAGATCTCCTGT
TCGCAGACCCTCTCACTCACCTGTG

CTGGGTGCGACAGGCCCCTGGACAA
TGGATCCGTCAGCCCCCAGGGAAGG
GETCCGCCAGGCTCCAGGGEAA
TGGATCCGCCAGCCCCCAGGGAAGT
GGGTGCGCCAGATGCCCGGGAAAGG
TGEGATCAGGCAGTCCCCATCGAGAG
TTGGGTGCGACAGGCCCCTGGACAM

TGGAGCTGAGCAGCCTGAGATCTGA
CAATGACCAACATGGACCCTGTGGA
TCTGCAMAATGAACAGCCTGAGAGCC
GAGCTCTGTGACCGCCGCGGACACG
CAGCACCGCCTACCTGCAGTGGAGC
GTTCTCCCTGCAGUTGAACTCTGTG
CAGCACGGCATATCTGCAGATCAG

- IGHtubes A, B, and C
(+57)

3'
CCAGTGGECAGAGGAGTCCATTC JH consensus

300 400

300
200 A
100 4

300 400

4500 { FS6
3000

1500

Van Dongen et al. Leukemia 2003, 17:2257
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PCR analysis of TCR gene rearrangement
(BIOMED 2)

o Jy2
L ! .
«— cen Wyl Wyl Wyl Wiyl oo= ey tel —
: ! 10 kb = — =2 :
L = - . = _ = = - L
5 = = = = = = = e s =5 Gyl 55 Cy2 /enhancer3=
— { il {it {} {1 e | i — o
-y

silencers

S e =

i Woyplf WS W10 Wy . IJ:r1 CE2.3 Jy1 2 "II

W family primers Jy primers
_,_,—'-"'_'_'_F-'_'_F

J

TCRG tube A TCRG tubes A and B

ol f 78} GGEAAGGCCCCACAGCRTCTT 3 3£:GﬂGTﬂTC.&1TGMGCGGﬁCCAﬁ5F (+64) Jv1.1/2.1 (JP1/2)
W 10 (126} AGCATGGETAMAGACAAGTAN GAGAAACCGTCACCTITIGTIGTSG (+38) S BP2,3 (D 152)
TCRG tube B
WS (141} CEGCACTGTOCAGAAAGGAMATC
AT | —58) CTTCOCACTTOCCACTT THEASS
[l |
= = = - 4 =
E E 'E E‘ % % 1 qD L L L L E*I]D L L L L EQD L
e 1500 tonsil
1000 ] AI'!
338° 00 A
0 -
100 200 300
%EE = 1 1 1 1 1 1
45004 NL-3
3000 1
15004 |
04 M

Van Dongen et al. Leukemia 2003, 17:2257
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Application of clonality analysis in lymphoma diagnostics

Targeted genes for clonality analysis
IgH, Igk, IgA
TCRB, TCRy TCR3

Application of Ig/TCR clonality analysis

Tumor versus reactive lesions
Lineage (B- versus T-cell) determination (ambiguous lineage)
Clonal relationship between different lesions
Clonal relationship between original and relapsed disease
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Clonality analysis of lymphoma with ambiguous lineage

L




é‘ . 5"-(.. A R F ORI CHTAL CANG 25 PESEARCH, D0SELT, ks RY
g

Clonality analysis on progressed CL

a1, Sy s St o o Lt

1__|“=‘ ;i." u.'_.'i'._"'I‘; 'f.'-

E,

#
_-I'J'.ﬂ 'l"'g f:" ‘:'!\l

T s |




Semmelaers Unversity

18 DERAR AT S PATHEALD S sof s DR W EHTAL Gl 25 R En R L DS EGT, sk

Pitfalls of Ig/TCR clonality analysis

- Fals negativity: Few neoplastic B- or T-cells in sample
Poor DNA quality
Somatic hypermutation in antigen receptors of neoplastic cells

- Fals positivity: Oligoclonality in reactive lesions
Selective amplification of a reactive subclone
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The role of molecular analysis in lymphoma
diaghostics

+ Determine clonality of the lymphoid cells

* Determine subtype of lymphoma

+ Determine prognosis of lymphoma

- Determine effectiveness of treatment (MRD)
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GENOTYPE
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t(14;18)(g21;932)
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Reccurent genetic lesions in dif ferent lymphomas

Lymphoma
Follicular lymphoma
Mantle cell lymphoma
Burkitt lymphoma

Anaplastic large cell lymphoma

Gastric MALT lymphoma
Diffuse large B-cell lymphoma

Hairy cell leukaemia

Translocation/mutation

t(14;18)(921;932)
t(11;14)q13;q32)
t(8;14)(q24;932)
t(2;8)(p11;q24)
t(8;22)(q24;q11)
t(2;5)(p23;935)
t(1,2)(q25;p23)
inv(2)(p23;935)
t(2;3)(p23;921)
t(2;17)(p23;923)
t(2;X)(p23;911)
t(2;19)(p23;p13)
t(11;18)(g21;922)
t(14;18)(g21;932)
t(8;14)(q24;932)
3927
7q34

Genes involved
IgH/BCL2
CCND1/IgH
cMYC/IgH
IgK/cMYC
cMYC/Igl
ALK1/NPM
TPM3/ALK1
ALK1/ATIC
ALK1/TFG
ALK1/CLTC
ALK1/MSN
ALKITPMA4
API2/MLT1
IgH/BCL2
cMYC/IgH
BCL6
BRAF (V600G)
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Detection of reccurent genetic lesions in lymphomas

11q13 14932
(bcl-1/cyclin D1/PRAD1) (IgH)
mTC2 mTC1 MTC l op
e B A, T .
sense antisense 500 -
IgH/BCL-1 o8 -
= N 200 -
— _ 100 -
sense antisense
11913 14932
(bcl-1/cyclin D1/PRAD1) (IgH)
mTC2 mTCl1l MTC l
M. T
| ————— | —————
— e
| ——————

IgH/BCL-1
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FISH strategies for detection of genetic lesions in lymphomas

Lymphoma Translocation/mutation Genes involved
Anaplastic large cell lymphoma t(2;5)(p23;935) ALK1/NPM
t(1;2)(q25;p23) TPM3/ALK1
inv(2)(p23;935) ALK1/ATIC
t(2;3)(p23;921) ALK1/TFG
£(2;17)(p23;923) ALK1/CLTC
t(2;X)(p23;q11) ALK1/MSN
t(2;19)(p23;p13) ALK1/TPM4
2p23 5(q35) 5%?35% NPH
(ALK1) (NPH) (ifﬁ)
v v 1(q25) TPM3
—L —L I e N
| —— [
~ — 2(g35) ATIC
— L — 3(q21) TFG
| — ]
ALK1/NPH

normal translocated normal translocated
Translocation probes Break apart (split) probes
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Reccurent genetic lesions with oncoprotein overexpression

Lymphoma Translocation/mutation Genes involved

Follicular lymphoma t(14;18)(g21;932) IgH/BCL2
Mantle cell lymphoma f{11:141q13:.q32) CCND1/IgH
Burkitt lymphoma t(8;14)(q24;q932) cMYC/IgH
t(2;8)(p11;924) IgK/cMYC

t(8;22)(924;q11) cMYC/IglL

Anaplastic large cell lymphoma t(2;5)(p23;935) ALK1/NPM
t(1.2)(g25p23] TPM3/ALK1

inv(2)(p23;935) Al

1231023421} ALK1/TFG

t(2;17)(p23;G23) ALK1/CLTC

t(2;X)(p23;911) ALK1/MSN

t(2;19)(p23;p13) ALKITPMA4

Gastric MALT lymphoma t(11;18)(g21;922) API2/MLT1
Diffuse large B-cell lymphoma t(14;18)(g21;932) IgH/BCL2
t(8;14)(q24;932) cMYC/IgH

3q27 BCL6

Hairy cell leukaemia 7934 BRAF (V600G)
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Genetic alterations with oncoprotein overexpression

2B

t(14;18)(q21;932)
IgH/BCL2

t(11;14)q13;q32)
CCND1/IgH

t(3927; v)
v/BCL6

t(2;5)(p23;935)
ALK1/NPM
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Patterns of ALK1 positivity in anaplastic large cell lymphoma

Translocation/mutation Genes involved ALK1 positivity
t(2;5)(p23;935) ALK1/NPM nucleus, cytoplasm
t(1;2)(g25;p23) TPM3/ALK1 cytoplasm
inv(2)(p23;935) ALK1/ATIC cytoplasm
t(2;3)(p23;921) ALK1/TFG cytoplasm
t(2;17)(p23;923) ALK1/CLTC cytoplasm (granular)
t(2;X)(p23;911) ALK1/MSN membrane

t(2;19)(p23;p13) ALK1ITPM4 cytoplasm




18 DERAR AT S PATHEALD S sof s DR W EHTAL Gl 25 R En R L DS EGT, sk

Semmelaers Unversity

il |

Q
+—
o
|
Q.
o
O
-
o
S
lm
Q.
S
| -
. Q
>
O

e
-
¥

in different lymphomas

in overexpression

s ..ri 4
o .n_a._a_._f.._r..

=

..a.
.Jﬂ_._i.nF

AN ..J....._rmﬁ.,...m 3

s
d_—_r

AT




Semmelaeis University

18 DERAR AT S PATHEALD S sof s DR W EHTAL Gl 25 R En R L DS EGT, sk

Overlaping oncoprotein overexpression in different
neoplasms
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Anaplastic large cell lymphoma
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Clinical feature Morphology Phenotype Genotype




Vi oy &

ol

A iy
F
]
i
oy
uk; gt &

g

e )
™ o - . i
‘o =|: Semmelweis University
b "3_. ¥ 18 DERAR AT S PATHEALD S sof s DR W EHTAL Gl 25 R En R L DS EGT, sk
e

Reccurent genetic lesions in different lymphoma entities

Lymphoma
Follicular lymphoma
Mantle cell mymphoma
Burkitt lymphoma

Anaplastic large cell lymphoma

Gastric MALT lymphoma
Diffuse large B-cell lymphoma

Hairy cell leukaemia

Translocation/mutation

t(14;18)(q21;932)
t(11;14)q13;932)
t(8;14)(q24;932)
t(2;8)(p11;q24)
t(8;22)(q24;q11)
t(2;5)(p23;935)
t(1,2)(q25;p23)
inv(2)(p23;935)
t(2;3)(p23;921)
t(2;17)(p23;023)
t(2;X)(p23;911)
t(2;19)(p23;p13)
t(11;18)(q21;922)
t(14;18)(g21;932)
t(8;14)(q24;0932)
3927
7934

Genes involved
IgH/BCL2
CCND1/IgH
cMYC/IgH
IgK/cMYC
cMYC/IgL
ALK1/NPM
TPM3/ALK1
ALK1/ATIC
ALK1/TFG
ALK1/CLTC
ALK1/MSN
ALKITPMA4
API2/MLT1
IgH/BCL2
cMYC/IgH
BCL6
BRAF (V600G)



ﬂo-.l

09 93&

0&..

Molecular diagnostics of hairy cell leukaemia
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Expressional profile analysis of
primary mediastinal large B-cell lymphomas

PMBL /
Hodgkin
Lymphoma
genes

B
C
8
J. Exp. Med. 2003, 198:851




i
ir
or
=
a7
i
i

B PRI EHTAL CANG S R En R L

1% DERAR AT S PRl Y

Semmelweis University

s LR
F
g

Ef*

Expressional profile analys

-

"::.Jm L

L
oy

s lymphoma
N Engl J Med. 2006; 354:2419

4+
o
4
| -
3
(4]
Y-
o
L

Burkitt's



s
- ;..--”*- y
E Ei q ° -
b T i [ 1] ATHEL Sy ]
8 %
T

--\.-
'-E&-\,.-- -

The role of molecular analysis in lymphoma
diaghostics

+ Determine clonality of the lymphoid cells

+ Determine subtype of lymphoma

- Determine prognosis of lymphoma

- Determine effectiveness of treatment (MRD)
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Prognostic groups of chronic lymphocytic
leukaemia/lymphocytic lymphoma
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gnhostic groups of DLBCL based on expressional
profile analysis
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Diagnostic application of the results of expressional profile
analysis in DLBCL
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Prognostic factors of follicular lymphoma based on
expressional profile analysis

Training Sab o Tunur linrfiaypoige | Sgnetum
- (M AT PEEST ANN TSN
kR =) aTOAz? RN Al s
flikg 17K THrsrt;
L A W3R
Cratl 27 KA1 2R
[atlS: (AL LT
[ 15T
Coani Rt w
GHIes (K R
Rocces b [ T F I T T
wih DA PTn oM AT
Favuralils Fijaeaee TENTA
(TS RGOS
i [LTRG AClasr
GALNT? AR
A T
hiZET T né
hden? TraR!
{8 TRATEal
Irnraune-Responze 2 Sgnaturs
A (T
il M
i I
Benes i TS
Azunciuted cait k]
v Arakmy
:li Cluidf AFETIR
a7 g
e e "
APl
r&
FrGiA
[
hiind
[Berds
[ i T
Belote [ose ot e nsstae
i medtin vl

N. Engl. J. Med. 2004, 351:2159



T, =
A -
=3 W H ‘_t Semmelweis University
o i 5‘%. 190 DEFARTACHT 2 PATHELD G &S DOt CHTAL CANG 25 RS EARC ], DS ELT, ks Ry

Prognostic factors of follicular lymphoma based on
expressional profile analysis
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environment
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The role of molecular analysis in lymphoma
diaghostics

+ Determine clonality of the lymphoid cells

+ Determine subtype of lymphoma

+ Determine prognosis of lymphoma

- Determine effectiveness of treatment (MRD)
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Real-time quantitative allele-specific oligonucleofide PCR
(RQ-ASO PCR) for assessing MRD in lymphoma

Chromosome 18 Chromosome 14 WH MN-D-MN JH
BCL-2 igH _ _
- F— - - -
MEBRE MEBREB MBRH [Ror—— FR1 primer
rBRD +M BRI - meori — -
I = W E“‘.i;mwp; m\\m
- -—
JH
consensus ASDO
primar

Vil Vi2 Vi3 V4 V5 V.6

am V,1-6 EEp>

gaggtactagtca

Gene map

|
{1
L 14 i'i r
(U tA T "'i' il i"““nlll
| L L ’ s
DNA sequencing | o e
Serially diluted neoplastic cells
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MRD detection following immunochemotherapy of
different lymphomas
CHOP and Rituximab therapy in FL
(Rambaldi et al. 2002, 99:856)
104 —
_|Lk A w2 @ a L
75— 1_"'1-_“ v J"L PCR NEG
| F Y £
¥ I_I_l_" FLCR POS
D= PCR ncg l: L::'"' _‘_I
N A | |
o 11 ) LE ] 4
Monihs
Alemtuzumab therapy in CLL Immunochemotherapy in MCL
(Moreton et al. J Clin Oncol 2005, 23:2971) (Pott et al. Blood. 2010, 22:3215)
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The future of lymphoma diagnhostics

Cytokine Toll like B-cell Grovwrth Factor
receptor reCaptor recepior receptor

h ¢

dasatindls '

s . e idelatisib

i plctilisib
< PR sartio
fostamatinib 2 buparfisity |
j A :
ag= = = {Brutanib L RAS b-ﬂ..
.._ AR tipifarmib
- / \
o snrastaurin *
m e L SOTrASEINTIN .
- Imbibitor 3. L RAF [
. _"]"' 1 o .

: sarafenib
pracritinib \. : )
ruralitinit _ ’._ “ venmuratenit

i SR
lestaurtinib 2206, 1
% !E : temsirolimus (© papk ¥ b=,
borterzamib 1 = gverolirmus “ .
selumetinik

@ rdaforodirmus

bt carfilzomih ==~ ,l- N‘FK&
= e -

' 1) lenallarmice -—
3 s R MAFH
- . . - ’
mocetireostal .
panchinostat '-..._ imhibitor
warinosial - -
MY . i ¥ - ER¥ surafenits
- — -+ // I"I'- — A
o ) Kl .
A — S wenetoclax, o
: v . s .
. - % 7
s - - .
= Mucleus

call growth, metabalison, motility, proliferation, angiogenasis, survival,
apoprosis, DMA damage reponse, immune regulation, differentiation, etc.
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The effect of molecular analysis in lymphoma
diaghostics

Clinical feature Morphology Phenotype @

Provide evidence
based ,entity
diagnostics”

Predict prognosis
of the disease

Controll the
effectivity of
treatment

Reveal
therapeutic

targets
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