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Immunoglobulin light chain gene rearrangements
in precursor-B-acute lymphoblastic leukemia:
characteristics and applicability for the detection
of minimal residual disease
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We analyzed the frequency and characteristics of Vk-Jk and VA-JA rearrangements in
patients with precursor-B-acute lymphoblastic leukemia (ALL) and evaluated the appli-
cability of these rearrangements as targets for minimal residual disease (MRD) detec-
tion. Using the BIOMED-2 primer sets, Vk-Jk and VA-JA rearrangements were detected
in 30% and 17% of patients, respectively. Vk-Jx rearrangements were particularly fre-
quent in common-ALL, children between 5-10 years, and TEL-AML1-positive patients.
Vk-Jx and VA-JA rearrangements showed a good stability between diagnosis and
relapse and reached good sensitivities in real-time quantitative polymerase chain reac-
tion analysis. Our data show that Vk-Jk and VA-JA rearrangements can be successful-

ly applied for MRD detection in a subset of patients with precursor-B-ALL.
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mias (ALL) can be considered as malig-

nant counterparts of normal precursor B
cells arrested in a particular stage of develop-
ment. So far, most studies on immunoglobulin
(g) light chain gene rearrangements have
focused on IGK-Kde rearrangements,"” and
studies on Vk-Jk and VA-JA rearrangements
mainly used Southern blot analysis and/or
included only small series of precursor-B-ALL
patients.”® These studies have shown that also
in precursor-B-ALL the Ig gene rearrange-
ments display hierarchy, starting with IGH
rearrangements, followed by IGK rearrange-
ments, /GK deletions and/or IGL rearrange-
ments.* However, little is known about the
characteristics of Vk-Jk and VA-Jh rearrange-
ments and whether their frequency is related
to age and/or the presence of fusion gene tran-
scripts, as has been shown for other gene
rearrangements.”® The recent design of multi-
plex polymerase chain reaction (PCR)
approaches for detection of Vk-Jk and VA-JA
rearrangements® allows easy and rapid identi-
fication of Ig light chain gene rearrangements
and may, therefore, provide more insight into
the occurrence and regulation of these
rearrangements in precursor-B-ALL. In addi-
tion, Vk-Jk and VA-J\ rearrangements may be
used as new targets for the detection of mini-
mal residual disease (MRD) in precursor-B-
ALL.

Precursor B-acute lymphoblastic leuke-

DCOG-ALL9 protocol. From six patients,
bone marrow samples were also obtained dur-
ing follow-up. In addition, 56 relapsed precur-
sor-B-ALL patients were included, based on
the availability of sufficient DNA both at diag-
nosis and relapse.”

Detection and identification of Vi-Jx and
VA-JA rearrangements

PCR analysis of Vk-Jk and VA-JA rearrange-
ments was performed using the BIOMED-2
multiplex primer-sets (IVS Technologies, San
Diego, CA, USA).® Detection of other Ig/TCR
rearrangements and sequencing was per-
formed as described previously."*’" To evalu-
ate the stability of Ig/TCR gene rearrange-
ments between diagnosis and relapse, mixed
PCR-heteroduplex analyses were performed.”
In a subset of patients (including all 56
relapsed patients), Southern blot analysis was
performed using the IGKDE and/or IGKJ5
probe.' Part of these IGK-Kde data have been
published previously."™

Real-time quantitative PCR (RQ-PCR)
analysis

RQ-PCR analysis was performed using
newly designed primer and probe sets
(Figure 1A)." Data were interpreted accord-
ing to the guidelines of the European Study
Group on MRD in ALL (manuscript in prepa-

ration).”

Design and Methods

Patients’ samples

Bone marrow samples were obtained at
diagnosis from 100 consecutive pediatric pre-
cursor-B-ALL patients enrolled into the

Results and Discussion

Frequency of VA-JA and Vi-Jx
rearrangements

Vk-Jk and/or VA-JA rearrangements were
detected in 40 out of the 100 consecutive
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Figure 1. A. Primers and probes used for RQ-PCR analysis of Vi-
Jk and VA-JA rearrangements. The position of the first 5’
nucleotide of each primer/probe downstream (+) relative to the
RSS of the gene segment is indicated as well as the oligonu-
cleotide sequence of each primer and probe. B. RQ-PCR analysis
of precursor-B-ALL patients using Vk-Jx or VA-JA rearrangements.
For comparison, also MRD data obtained with another Ig/TCR
gene rearrangement as the MRD-PCR target is shown. The light
gray area indicates the non-reproducible range (below the quanti-
tative range of the RQ-PCR assay), in which low MRD levels could
be detected but not quantified. The dark gray area indicates MRD
negativity (below the detection limit of the RQ-PCR method).

precursor-B-ALL patients. Vk-Jk rearrangements were
observed in 30 patients and VA-JA rearrangements in 17
patients. Non-conventional Vk-Jk rearrangements,
mainly involving the most downstream located and
inversely oriented Vi4.1 and Vi5.2 gene segments,
occurred at low frequency. The frequency of Vk-Jk, but
not of VA-JA rearrangements, was significantly related
to immunophenotype, age at diagnosis and the pres-
ence of TEL-ANL1 (Table 1).

Patients with Vk-Jk and/or VA-JA rearrangements
showed higher frequencies of IGK-Kde, TCRG, V§2-]a,
and/or TCRB rearrangements than did the Vik-Jk/VA-JA-
negative patients (Table 2). In contrast, incomplete IGH
rearrangements were virtually absent. In all Vk-Jk
and/or VA-Jh-positive patients, at least two other
Ig/TCR gene rearrangements were detected.

Characteristics of Vic-Jx and VA-JA rearrangements

Sequence analysis was successful for 27 Vk-Jk
rearrangements and showed that VkI, VkII, VkIII and
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Table 1. Frequency of Vk-Jk and VA-JA in 100 consecutive pediatric
precursor-B-ALL patients.

Vi-Jk VA-JA

Overall (=100) 30% 17%
Age at diagnosis
Age at diagnosis 0-1.5 (n=8) 25% 25%
Age at diagnosis 1.5-5 (n=50) 28% . 12%
Age at diagnosis 5-10 (n=25) 52% 24%
Age at diagnosis 10-15 (n=17) 6% 18%
Fusion gene transcripts
Negative® (n=72) 26% :l . 13%
TEL-AML1 (n=20) 55% 20%
BCR-ABL (n=4) 0% 25%

11923 aberrations’ (n=4) 0% 75%
Immunophenotype
Common-ALL (n=67) 40% N 16%
Pre-B-ALL (n=32) 9% 16%

“Negative’ refers to patients without specific chromosome aberrations
(TEL-AMLI, BCR-ABL, and MLL rearrangements) as determined by PCR
analysis and/or routine cytogenetic analysis; "the four patients with 11923
abnormalities included one patient with t(4;11), one patient with t(5;11), and
two patients with an MLL rearrangements involving an unknown partner gene.
*p<0.05 by the  test.

VkIV were used in 70%, 7%, 7% and 15% of Vk-Jk-
positive patients, respectively. Interestingly, Vk2.30 was
never used, whereas this gene segment is frequently
involved in Vk-Kde rearrangements.™ Jk1, Jk2, J«3, Jk4
and Jk5 were used in 19%, 30%, 7%, 33% and 11%,
respectively. The mean number (range) of 3’ deletions,
insertions, and 3’ deletions were 5.1 (0-17), 5.9 (0-20),
and 3.0 (0-11), respectively. Vk-Jk rearrangements gen-
erally used the more proximally located Vk segments,
whereas more distally located Vk segments were more
frequently used in Vk-Kde rearrangements (data not
shown).

Sequence analysis of the 17 VA-JA rearrangements
showed that VA1, VA2 and VA3 were used in 18%, 35%
and 47 % of cases, respectively. JA2 or JA3 was used in all
sequences analyzed, confirming previous data.* Given
the high homology between JA2 and JA3 and the posi-
tion of the JA consensus primer, no distinction could be
made between these two segments. The mean number
(range) of 3’ deletions, insertions, and 3’ deletions were
4.8 (0-18), 5.0 (0-11), and 3.1 (0-9), respectively.

Stability of Vk-Jx and VA-JA rearrangements

At diagnosis, Vk-Jk rearrangements were identified in
25 out of 56 relapsed precursor-B-ALL patients (27 V-
Jk rearrangements); VA-JA rearrangements were detect-
ed in 13 patients. At relapse, in 22 out of 25 Vk-Jk -pos-
itive patients (88%) all Vk-Jk rearrangements remained
stable, whereas in three patients the mono-allelic Vk-Jk
rearrangements were lost. Thus, 24 out of 27 Vk-Jk
rearrangements (89%) were stable. Notably, all Vi-Jk
rearrangements accompanied by an intron-Kde
rearrangement on the same allele (n=12) remained sta-
ble. The three patients in whom the Vk-Jk rearrange-
ment was lost at relapse, all appeared to have subclonal
Vk-Jk rearrangements at diagnosis, as determined by
combined Southern blot and PCR analysis. Ten out of
13 VA-JA rearrangements remained stable at relapse



IGK and IGL rearrangements in precursor-B-ALL

Table 2. 1g/TCR rearrangements in precursor-B-ALL patients with or without Vk-Jk and/or VA-JA rearrangements.

IGH 1GK TCRD/A TCRG TCRB Total number
DH-JH  VH-JH Vi-Jic  intron-Kde ~ Vi-Kde  TCRD* Vé2-Jaw DBIB VBB of Ig/TCR
rearrangements’

Vic-Jic/VA-JA-
(n=60) 30% 87% 0% 5% 38% 49% 35% 50% 10% 13% 44
Vic-Jic+e
(n=30) 3%" 87% 100% 23%° 47% 48% 53% 80%* 20% 40%* 6.7
VA-JA+
(n=17) 0%" 76% 41% 24%¢ 59%" 41% 65%" 65% 6% A7%" 6.8

“TCRD: V82-Dd3/Dd2-DJ3; *Total number of Ig/TCR gene rearrangements (mean); ‘Note: seven patients had both Vi-Jk and VA-JA rearrangements; p<0.0S by the

X test as compared to Vi-Jk/VA-JA-negative patients.

(77 %); three VA-JA rearrangements were lost, probably
due to clonal selection (one patient) or secondary
rearrangements (two patients).

Applicability of Vi-Jx and VA-JA rearrangements as
targets in RQ-PCR analysis

RQ-PCR analysis of 11 Vk-Jk rearrangements resulted
in a quantitative range of <10* in 45%; a sensitivity of
<10" was reached in 82%. In the ten VA-JA rearrange-
ments analyzed, a quantitative range of <10* was
obtained in 50%; a sensitivity of =10*was reached in
80%. Non-specific amplification was observed in 6/11
(Vk-Jx) and 6/10 (VA-JA) cases. There was no straightfor-
ward relation between the obtained sensitivity and the
number of inserted/deleted nucleotides. In six patients,
MRD was evaluated using Vk-Jk or VA-JA RQ-PCR analy-
sis. MRD results were comparable to MRD data obtained
by other Ig/TCR gene rearrangements and only in the
non-reproducible part of the assay (<10*) were some
minor discrepancies observed (Figure 1B and data not
shown).

Using the BIOMED-2 primers, Vk-Jk rearrangements
were detected in 30% of childhood precursor-B-ALL
patients, consistent with previously reported Southern
blot-based data.**™ The frequency for VA-JA (17 %) was
slightly lower than previously reported,** probably
because the BIOMED-2 primer set does not contain a
primer for JA6° which is found in about 20% of VA-JA
rearrangements in precursor-B-ALL.*

Like other Ig/TCR rearrangements, Vk-Jk rearrange-
ments in precursor-B-ALL were influenced by age at
diagnosis and the presence of fusion transcripts, partic-
ularly TEL-AMNL1.*'" Multivariate analysis indicated
that the presence of TEL-AML1 is the most important
factor for the presence of Vk-Jk rearrangements and this
is probably related to the latency period of the TEL-
AML1-positive (pre)leukemic cell.”® VA-Jh rearrange-
ments showed no significant relation with age or fusion
transcripts. However, the presence of VA-JA rearrange-
ments in three out of four patients with 11g23
rearrangements is surprising, as the presence of AVLL
rearrangements is generally associated with an imma-
ture Jg/TCR rearrangement pattern.® The presence of
VA-J\ rearrangements in a BCR-ABL-positive precursor-
B-ALL patient also deserves further investigation, as

recent reports suggested that BCR-ABL blocks B-cell dif-

ferentiation at the pre-B-cell stage and hence also blocks
rearrangements of the /GK and IGL loci.”

Virtually all patients with /GK or IGL rearrangements
had VH-JH rearrangements and lacked DH-JH
rearrangements, suggesting that, as in normal precursor-
B-cell differentiation, the light chain genes are only
rearranged if the /GH rearrangements are completed.
Nevertheless, sequence analysis showed that in-frame
IGH rearrangements are not necessarily present in all
patients with Ig light chain gene rearrangements (data
not shown). This may indicate that, under the high pres-
sure of RAG activity, pre-B-cell receptor signaling is not
a strict requirement for induction of Ig light chain gene
rearrangements in precursor-B-ALL. Also, aberrant sig-
naling molecules (such as truncated BTK in BCR-ABL-
positive ALL) may mimic a constitutively active pre-B-
cell receptor.” Alternatively, after successful rearrange-
ment of the /GH locus, pre-B-cell receptor signaling, and
induction of light chain gene rearrangements, ongoing
rearrangements of the /GH loci may result in the loss of
the functional /GH rearrangement. In accordance with
Southern blot-based data from Van der Burg et al.,* no
IGK-Kde deletions were observed in about 40% of
patients with /GL rearrangements. Furthermore, IGL
rearrangements were detected irrespectively of whether
accompanying VA-JA rearrangements were in-frame or
not (data not shown). Apparently, the hierarchy of IGK
and /GL rearrangements is less strict than in normal B-
cell development, which again may at least in part be
explained by the high RAG activity in precursor-B-
ALL."®

Finally, our data indicate that Vx-Jx and VA-JA
rearrangements can be used for MRD detection.
Addition of Vk-Jk and VA-JA tubes to the PCR panel
used for target identification will not increase the num-
ber of patients with at least two Ig/TCR targets.
However, Vk-Jk and VA-JA rearrangements show a high
stability between diagnosis and relapse and do relative-
ly well in RQ-PCR analyses. Therefore, Ig light chain
gene rearrangements may replace TCRG gene
rearrangements (which reach good sensitivities in only
a minority of cases)” and may, besides complete /GH
and complete TCRB gene rearrangements, be preferred
targets for RQ-PCR-based MRD analysis in childhood
precursor-B-ALL.
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