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Moleculaire diagnostiek bij leukemieén en lymfomen

= Diagnose : tumor (= kloon van cellen) of reactie op infectie ?

op basis van Ig/TCR herschikkingen

Dept. of Immunology, Erasmus MC
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B- en T-celreceptoren 2ot

Antigen binding

TCRa TCRp

B-lymphocyte T-lymphocyte T-lymphocyte
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TCRB genherschikking 2ol

TcR=p gene rearrangement
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I6H genherschikking 2 Gl

1234 27 123456

—I—.—I—.—.—F@%ﬂ—ﬂ%—%llll—

DH — JH joining
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| transcription

RNA splicing

translatic:i
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nature IGH mRNA
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Meer diversiteit - junctional region e

VH3-21 DH3-3 JH4-1 Cu

junctional region

VH3-21 (germline) insertion DH3-3 (germline) insertion JH4-1 (germline)
S TGTATTACTGTGCGAGA| GTATTACGATTTTTGGAGTGGTTATTATACC [ ACTACTTTGACTACT
TGTATTACTGT AGGC CGATTTTTGGAGTGGTTATTATA GTCCA TGACTACT
TGTATTACTGTGCG TATCCGGA  TTACGATTTTTGGAGTGGTTATTATAC  CGATCG CTTTGACTACT
TGTATTACTGTGC CCGGACTG TTTTGGAGTGGTTATTATACC  GGT  ACTACTTTGACTACT
TGTATTACTGTGCGAG  CTGAGTC TATTACGATTTTTGGAGTGGTTAT CGTAGCGTA TTTGACTACT
TGTATTACTG ACATCGA CGATTTTTGGAGTGGTTATTATA CGTAG ACTTTGACTACT
TGTATTACTGTGCG CGT TACGATTTTTGGAGTGGTTATTAT GGCTAAGG TGACTACT
TGTATTACTGTGCGA CCGG TTACGATTTTTGGAGTGGTTATTATACC CGGAGC TACTTTGACTACT
TGTATTACT GATG GATTTTTGGAGTGGT GGTTC ACTACTTTGACTACT
TGTATTACTGTGCG TTCA ATTACGATTTTTGGAGTGGTTATTATA  CGATCGA CTTTGACTACT
TGTATTACTGTGC TTTGGAGTGGTTATTATA cc ACTTTGACTACT
TGTATTACTGTGCGAGA GGCTAG ~ ATTACGATTTTTGGAGTGGTTATTATACC  GTCG GACTACT
TGTATTACTGTG GTCCAG TATTACGATTTTTGGAGTG CCGTAG ~ CTACTTTGACTACT
TGTATTA CCGGA CGATTTTTGGAGTGGTTATTATA C ACT
TGTATTACTGTGC ACGC  ATTACGATTTTTGGAGTGG GTACG TTTGACTACT
TGTATTACTGTGCGA CGTA GTATTACGATTTTTGGAGTGGTTATTATACC  GGCA ACTTTGACTACT

Dept. of Immunology, Erasmus MC



Schatting van potentiele primaire repertoire
van humane Ig en TCR moleculen

Eras sSMC
XYY

Aantal genen
- V genen
- D genen
- J genen

Combinatie
diversiteit

Junctional region
diversiteit

Schatting van totale
primaire receptor
repertoire

> 100
27
6

++

> b0

5

>5 x 106

-+

> 1012

> 40

-+

> 50 >70

55 13

> 5 x 106

> 1012

6 6
- 3
5 4
30100[0)
++ ++++
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Leukemieen en lymfomen vs. lymfocyten 2o
Myeloide -
ye ol leukemie lymfoom
‘ acuut chmm'sch“
St | B-lymfocyt
N 00O O10O
Precursor cellen
\
ymfoide ~ @ @ * » »
stamcel T-lymfpcyt
Beenmerg Thymus Bloed Lymfe-
klier
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Rationale PCR-gebaseerde analyse 2t

W DH JH Cu
1234 27 123456

*m%%m

" DH — JH joining

niet-hemopoietisch : Ig /TCR segmenten uiteen > geen PCR product

Dept. of Immunology, Erasmus MC
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Rationale PCR-gebaseerde analyse 2o

VH DH JH Cu
1234 27 123456

*m%%m

" DH—JH joining

niet-hemopoietisch : Ig /TCR segmenten uiteen > geen PCR product
normal BM, PB, LK : Ig/TCR segmenten gekoppeld - PCR product

Dept. of Immunology, Erasmus MC
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PCR-gebaseerde klonaliteitsanalyse - valkuilen + oplossingen

vals-positiviteit
t.g.v. slecht onderscheid tussen monoklonale (identieke) en polyklonale
(variabele) PCR producten

—_— PCR amplificatie gevolgd door GeneScan analyse
en/of heteroduplex analyse

Dept. of Immunology, Erasmus MC
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Klonaliteitsanalyse : GeneScan Czetons

VH DH JH
D

6 VH-FR1 primers JH primer *
(\VH family primers)

CTGTGCAAGAGceecCTATGGTTCAGGGAGTTATccCTACTACGGTATGGACGTCTGG
CTGTGCAAGAGGeAceAmaACAGTAACTccCTACTACTACTACGGTATGGACGTCTGG

h (O] AV A I h el d CTGTGCAAGAGAcATAGTATAGCAGCTCGTACAACTGGTTCGACTCCTGG
CTGTGCAAGAGATcceeecAGCTCGTTTTGCTTTTGATATCTGG

f I u o r' es C e n 1- CTGTGCAAGAGccTcteTeeacTeeeaTeeGeGGC TACTGG
CTGTGCAAGAGcaceacetceeecccCTTTGACTACTGG

p ro d uc '|' CTGTGCAAGAGGeAcTTTcGATGCTTTTGATATCTGG

CTGTGCAAGAG:GTGGGAGCTACTAGACTACTGG
CTGTGCAAG:GTAGCTAAACCTTTGACTACTGG
CTGTGCAATATCTACTTTGACTACTGG

—

lengte van DNA fragmenten
Dept. of Immunology, Erasmus MC
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Klonaliteitsanalyse : heterogeen of identiek? -zt

VH DH JH

- ——

6 VH-FR1 primers JH primer *
(\VH family primers)

CTGTGCAAGAGceecCTATGGTTCAGGGAGTTATccCTACTACGGTATGGACGTCTGG
CTGTGCAAGAGGeAceAmaACAGTAACTccCTACTACTACTACGGTATGGACGTCTGG

h (O] AV A I h el d CTGTGCAAGAGAcATAGTATAGCAGCTCGTACAACTGGTTCGACTCCTGG
CTGTGCAAGAGATcceeecAGCTCGTTTTGCTTTTGATATCTGG

f I u o r' es C e n 1- CTGTGCAAGAGccTcteTeeacTeeeaTeeGeGGC TACTGG
CTGTGCAAGAGcaceacetceeecccCTTTGACTACTGG

p ro d uc '|' CTGTGCAAGAGGeAcTTTcGATGCTTTTGATATCTGG

CTGTGCAAGAG:GTGGGAGCTACTAGACTACTGG
CTGTGCAAG:GTAGCTAAACCTTTGACTACTGG
CTGTGCAATATCTACTTTGACTACTGG

" AA/\MWML

MMAHHAH
—
lengte van DNA fragmenten

dominante piek = kloon
Dept. of Immunology, Erasmus MC
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Heteroduplex analyse : band of smeer ?  eorew

monoclonal cells monoclonal cells in polyclonal cells
polyclonal background

- - . - . - 1 2 3
. - - . -
- - — e
(, — —
- - D . e U
. - . o . o @)
==
denaturation / renaturation .
heteroduplexes | ' ‘
—a—— M MW
)
homoduplex

-H 1
K

“ PP P

Langerak et al., Leukemia 1997
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PCR-gebaseerde klonaliteitsanalyse - valkuilen + oplossingen

vals-positiviteit
t.g.v. slecht onderscheid tussen monoklonale (identieke) en polyklonale
(variabele) PCR producten

—_— PCR amplificatie gevolgd door GeneScan analyse
en/of heteroduplex analyse

vals-negativiteit
t.g.v. slechte aanhechting primers (10-30%)

—_— meerdere primers per reactie (= multiplexing)

—— meerdere primersets per target (IGH)

S —— meerdere loci analyseren (e.g., IGH+IGK, TCRB+

TCRG) > complementariteit van targets
Dept. of Immunology, Erasmus MC
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GeneScan analyse van TCRG genherschikkingen 2+t

Wy Jy
L — —y —
i V9 W10 Wil FH1.323 K1.1/2.1
Vy family primers Jy primers

TCRG tube A

pos ctrl

Dept. of Immunology, Erasmus MC
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IGH : meerdere primer sets per target <=

VH DH JH
N =—— == | N
VI?-FRl primers VH-FR2 primers VH-FR3 primer§ JH primer

VH family primers

IGH tube A ' ‘

VH1-FR1 (1-2) (-252) GGCCTCAGTGAAGGTCTCCTGCAAG
VH2-FR1 (2-5) (-284) GTCTGGTCCTACGCTGGTGAAACCC
VH3-FR1 (3-7) (-256) CTGGGGGGTCCCTGAGACTCTCCTG
VH4-FR1 (4-4) (-256) CTTCGGAGACCCTGTCCCTCACCTG
VH5-FR1 (5-51)(-255) CGGGGAGTCTCTGAAGATCTCCTGT
VH6-FR1 (6) (-263) TCGCAGACCCTCTCACTCACCTGTG

IGH tube B

VH1-FR2 (1-2) (-192) CTGGGTGCGACAGGCCCCTGGACAA
VH2-FR2 (2-5) (-190) TGGATCCGTCAGCCCCCAGGGAAGG
VH3-FR2 (3-7) (-189) GGTCCGCCAGGCTCCAGGGAA

VH4-FR2 (4-4) (-188) TGGATCCGCCAGCCCCCAGGGAAGG
VH5-FR2 (5-51)(-190) GGGTGCGCCAGATGCCCGGGAAAGG
VH6-FR2 (6) (-194) TGGATCAGGCAGTCCCCATCGAGAG
VH7-FR2 (7) (-192) TTGGGTGCGACAGGCCCCTGGACAA

IGH tube C

VH1-FR3 (1-2) (-55) TGGAGCTGAGCAGCCTGAGATCTGA
VH2-FR3 (2-5) (-54) CAATGACCAACATGGACCCTGTGGA
VH3-FR3 (3-7) (-57) TCTGCAAATGAACAGCCTGAGAGCC
VH4-FR3 (4-4) (-48) GAGCTCTGTGACCGCCGCGGACACG
VH5-FR3 (5-51)(-69) CAGCACCGCCTACCTGCAGTGGAGC
VH6-FR3 (6) (-63) GTTCTCCCTGCAGCTGAACTCTGTG
VH7-FR3 (7) (-69) CAGCACGGCATATCTGCAGATCAG

e

IGI—! tubes A, B, and C

3 5
CCAGTGGCAGAGGAGTCCATTC (+57) JH consensus

"BTOMED 2\ letikemia"2003



Eras SMC

BIOMED-2 mul’riplex PCR - 2 afvrny
complementariteit van Ig targets

BIOMED-2, Leukemia 2007
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Eras

Humaan IGK locus (#2p11.2)

25 kb

tel >
51

L-ag []

8-at []

er-at []

Zv-at [
0T-ac H
T1-ae

c1-dat M
€T-art

v1-dac H
ST-dae
91-aT [

LT-aT []

T7-a9 [

v §¢-de

' J2-dT

. gz-az

T¢-a9

¢c-at

© ez

¥¢-dc

9¢-ac

6¢-d¢

0c-dc

TE-ae
ce-at

€e-at

a1

ve-ac

ge-art

9e-ac
LE-AT

8¢-dc

6€-dT

ov-ac

8T-¢
61-¢
0c-€

T¢-9

¢cT
€¢-¢
vé-¢

G9¢-€ “
9¢-¢

LT[

8c¢ [

0c-¢

TE-€
ceT

€T H
veE-€

0 008~

el |

8T []
6T []
01-2 H
1€
ZT-1
€1-1 m

vi-¢ H
ST-€

91-T []

T-v [

¢s

o |

|

 sTH

V/4

(D)
©
X

)

S

(&}

(&S]

c

@©

<

Sl N

: Q

: L

. O

C

: o)

=)

. cx

L w0
i
¥
=

Adapted from IMGT database, M.P. Lefranc, Leukemia 2003; 17: 260-266
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IGK locus : V-J en Kde herschikkingen < et

intron
g IEx

Vi to Kde

rearrangement i . S 5 intronRSS to Kde

Vi Vi Vi rearrangement

Kde

|

intron-Kde

Langerak, Crit Rev Immunol 2006;26:23
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IGK locus : V-J en Kde herschikkingen < et

Jw intron Cx

————— RSS Ex 3" Ex Kde
N3 0 T o e

-

Vi to Jk
rearrangement

intronRSS to Kde
rearrangement

Kde

|

intron-Kde

Langerak, Crit Rev Immunol 2006;26:23
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IGK locus : V-J en Kde herschikkingen < et

Jk intron Cik

Taaoa_Rss iEx 3" Ex Kde
A

-

Vi to Jk
rearrangement

Wi Vi

Vi to Kde | .
rearrangement | . intronRSS to Kde
Vi Vi Vil ok rearrangemen
< < < Kde

|

intron-Kde

Langerak, Crit Rev Immunol 2006;26:23
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BIOMED-2 multiplex IGK tube A: Vk-Jk <z

V2f Vx4 Vk5

bp

800 -

700 -

600 -
500 -

400 -

300 -

200 -

@)
Z
g?% © 0o
m <
£85 = @&
v SS|
-
®
-
ss [
o ho-|ee
he[
ho

IGK tube A Vic-Ji

IBS

1he

ho

Vk Jx
Vic3f Vklf/6 V7 Jk primers
100 . 200 . . 300
PB-MNC
Vi 1f/6/V7-Jx Vi 3f-Jx Vi 2f/Vcd/NV5-Jx
120-160 nt 190-210 nt 260-300 nt
3000_ |—| '_| : :
200 A
0 .,
1Q0 ‘ ‘ ‘ 290 ‘ ‘ ‘ ‘ 300
3000 4 tonsil
e A
0 M,
100 . . . N . . 300
4500 { NL-6
3000 -
1500 4 A A
° 100 200 . 300
37504 ES-3 A
2500 -
1250 -
0 A,
100 200 . . 300
3750 { FR-2
2500 - 1 A
1250 4
0 o

BIOMED-2 report: Leukemia 2003; 17: 2257-2317



BIOMED-2 multiplex IGK tube B: Vk/inTron-Kg?:SMC

a\/v!&ﬂ
Vk Kde
=1
Vk2f Vx4 V5 Vi 3f Vkl1f/l6 Vx7
Kde primer
Jk-Cx Intron Kde
— I e
INTR primer
@)
< (@)
S El % — I~ 0 . . 200 . . . . 300 . . . . 400
;E gzl'nn—'_ |D—'_ PB-MNC Vkl1fl6/Vk7-Kde Vk3/intron-Kde Vi2f/Vic4/Vi5-Kde
L el 210-250 0t 270-300 nt 350-390 nt
200 -
100 -
l 0-
- SS i
a00-|u all 525
700 - | |ss 178 __,A
260 |& ]he 200 300 400
3750 -
400 - | J e e NL-10 A l
1250 -
0
300 - [ 200 300 400
Jno
. 2250 { PT-7
1500 - L
200 - | = 758' ~ A
‘ ‘ 200 ‘ ‘ ‘ ‘ 300 ‘ ‘ ‘ . 400
45001 PT-8
B
IGK tube B V«k/intron-Kde 0

BIOMED-2 report: Leukemia 2003; 17: 2257-2317



Aantal IGK recombinaties in 1 kloon

Eras sSMC
XYY

Dept. of Immunology, Erasmus MC, Rotterdam
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XYY

BIOMED-2 multiplex PCR -
complementariteit van TCR targets

- TCRB : goed target, toegevoegde waarde in combinatie met TCRG

BIOMED-2, Leukemia 2007
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BIOMED-2 : TCRB analyse 2 ofns

VB DB JB

VB family primers JB primers
TCRB tubes Aand B l ., TCRB tubes Aand C: JB A primers l
3 5
VB2 (-204) AACTATGTTTTGGTATCGTCA
VB4 (-201) CACGATGTTCTGGTACCGTCAGCA CIREENCAL S SENETASACS NS (G) i
VBL/5 (-197) CAGTGTGTCCTGGTACCAACAG CTGGTCCAATTGGCAACATCCATTC (+53) Jp12
VB6a/11 (-201) AACCCTTTATTGGTACCGACA TTCAACCGAGTGACAACATCCATTC (#55) JpL3
xgg'g/% 2281; ATC%%' TTT1 'ggTACCAACAg CTTGGGTCGAGAGACAGAACCCATIAC  (+56)  Jpl.4
- AACCCTTTATTGGTATCAACA(
VB7 (-198) CCCTATGTATTGGTACAAGCA CTGAGCTGAGAGGTAGGATCCATTC ~ (+55)  JB1.5
VB8a (-201) CTCCCGTTTTCTGGTACAGACAGAC GTCCGAGTGACACTGTCCATAC (+58) JpL6
VB9 (QEL) CGCTATGTATTGGTATAAACAG TCCGACTGGCATGACCCATTC (+56) Jp2.2
VB10 (-201) TTATGTTTACTGGTATCGTAAGAAGC T
VP11 (198} CTACT G TATCAA CCGACTGGCACGACCCGCTC (+58)  Jp2.6
VB3/12a/13a/15  (-198) ATACATGTACTGGTATCGACAAGAC GTCCGAGTGCCAATGTCCATTC (+52) P27 |
VB13b (-198) GGCCATGTACTGGTATAGACAAG T
VB12b/13c/14  (-198) GTATATGTCCTGGTATCGACAAGA .
VEILS (-201) TAACCTTTATTGGTATCGACGTGT TCRB tubes B and C: JB B primers
VB17 (-198) GGCCATGTACTGGTACCGACA . 5
Vp18 (-201) TCATGTTTACTGGTATCGGCAG
VB19 (-201) TTATGTTTATTGGTATCAACAGAATCA AL CLRE L I ATE T (+59) | Jp21
VB20 (-?22) CAACCTATACTGGTACCGACA ACTGTCACGAGCCATTCGCCC (+58) | Jp23
xgg (-201) TACCCTTTACTGGTACCGGCAG AGAGTCACGACCCATTCGACC (+59) | 24
(-201) ATACTTCTATTGGTACAGACAAATCT
Vp8b/23 (201) SGTCTACTOGTACCAGEA CACGAGCCACACGCGC @57) | 25
Vp24 (-197) CGTCATGTACTGGTACCAGCA T

DB JB

DB 1 primer DB2 primer JB primers
TCRB tubé C l

5 3
DL (-252) ACAAAGAC DB2 (-137) TTTCCAAGCCCCACACAGTC _
BIOMED-2 report: Leukemia 2003; 17: 2257-2317
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BIOMED-2 multiplex TCRB tube B: Vb-Jb « Tz

VB DB JB

P =

VB family primers JB B primers
o
L]
i | 200 | | 300 | | 400
2 9 2 PB-MNC 240-285 nt
= —_
TZE=2¢ 750
n > o0 0 u 500 -
=0 S O wuw
250
soo-[: . . 200 . . . 300 . . 400
. = - W|SS 1350 1 cell line PEER
- 900
450 -
400-|w “ w|lne o
1 1 2(I)O 1 1 1 1 390 1 1 1 1 400
2100 1 ES-9
1400 -
w s - ]hO 700 -
0
200 300 400
200 - [ ' ' ' ' ' ' ' ' ' ' ' '
2000 1 ES-6
1200 - I
800
400 -
O——

TCRB tube B Vp-JB

BIOMED-2 report: Leukemia 2003; 17: 2257-2317
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BIOMED-2 multiplex TCRB tube C: Db-Jb <z

Df3 Jp
DB1 primer DB2 primer JB A and B primers
I
29z 5
$ZEL L 9 PB-MNC _ DPB2-Jp DB1-Jp
— g £ g CCLU o igggz 170-210 nt 285-325 nt
2l 500 A
800-‘ 0 f\
200 300
ss — : : ' ' ' ; : :
+ 3000 4 patient BL
2000 -
400 - | = . |lhe 1000 -
- = w/|1ho 0
Dp1-Dp2 N L
w(lho 1200 + patient BU
800
Dp1 400 - L
0
200 300
200 -| - 1200 - L L L L L L I I L I L L
o |lho 800 | GBS-17 DB1-DP2 not identified
D2 400 4 (unlabeled PCR product)
O_

TCRB tube C DB-Jp

BIOMED-2 report: Leukemia 2003; 17: 2257-2317
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TCR-a and TCR-6 gene complex

Vol Vo2 Vo3 Vo4 Vo5 Von Ca
—i -l IZ —
12 31423
TCR- gene complex
VB1 VB2 VB3 VB4 VB5 VBn # Dp1 Jpl D2 Jp2
—iia - —HHH HHHHH
123456 1234567
~20 kb
TCR-y gene complex
YW1 W2 W3 W4 WS yW5 yWe yw7 V8 YWA VW OyW10yWBy\W1l vgl 1 Gl K2 G2
—— i
123 13

Dept. of Immunology, Erasmus MC, Rotterdam



Aantal TCRB recombinaties in 1 kloon

Dept. of Immunology, Erasmus MC, Rotterdam
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§/«~9

Technische pitfalls in Ig/TCR analyse - productgr

Langerak, Leukemia Res 2008;32:203
Vargas, Leukemia Res 2008;32:335

Langerak, Expert Opin Med Diagn 2007;1:451
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Eras sSMC

TCRB locus : J genen dicht bij elkaar

= /49 49 - a —
aN oM < o) —~ © ~ R~ ~ S =)
AN N N < N M N © o ™
A — — — — - o ~ Bl BZ —
22 3 % @ % 3%z 3 10k ———— 2
9N o - | ™ N ™M o™ < — DJC DJC Y
—EE-a—a = L L - i — l'.—l'“—o"‘!—
"""""""" DRL  Jp1 Cp1 DB2 Jp2 2 kb (of
M2 3 45 6 1234567 : ' N
—H——+H L —HHiH- - —
N BT p2 ,
:Dp1 1 2 3 4 5 6 Dp2 EE 3 4 5 6 7
—3 | < < < E—= B— —i <+—=R HHH+EB—R
137 615 596 272 493 bp 196 285 252119125 211 bp

B TubeA [] Tube B Adapted from IMGT database, M.P. Lefranc, Leukemia 2003; 17: 260-266

Dept. of Immunology, Erasmus MC, Rotterdam
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TCRB : fwee producten van dezelfde hersch&@gmﬂ

VB1 VB2 VB3 VP17 VB18 VB67 Dp1 |—L|1 2‘3 415 4 Cp1 Dp2 |—L|l 3 3‘]45 =7 Cp2

D — J rearrangement

e : V — D-J rearrangement

[VB17-JB1.1JB1.2 JBL.3 JBL.4 JPL5 JBl.la
-

. = B—=—R—
137bp 615bp  596bp 272bp 493bp
Bsa b0t bp two differently sized PCR products from the same
T bp ' VB-JB1 rearrangement (BIOMED-2 TCRB Tube A)
200 240 280 320 360 400 440 480
20001 VB17-JB1.1 VBJB-JBl.Z\ patient
1600- (264nt) (401nt)
1200 \
800 ‘
400
0t — ol SURR
200 240 280 320 360 400 440 480
o] polyclonal
]
e S S Langerak, Leukemia Res 2008;32:203

Langerak, Expert Opin Med Diagn 2007;1:451
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2 o
IGH locus : verlengde PCR producten -
1234 123456

D —J joining

V— D-J joining

! VH3-21  JH3 JH4 JH5

— B E%

~140 bp
~512 bp

—i

~913 bp

~1529 bp

Dept. of Immunology, Erasmus MC, Rotterdam
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Biologische pitfalls in Ig / TCR analyse NV

Langerak, Expert Opin Med Diagn 2007;1:451; Groenen, J Haematopathol 2008;1:97
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Eras sSMC
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clonaliteitsanalyse =
herkenning van moleculair patroon

“moleculaire morfologie"

-~ “"common language” om patronen te scoren

Dept. of Immunology, Erasmus MC, Rotterdam
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