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Somatic Mutations Within the Untranslated Regions of Rearranged Ig Genes
in a Case of Classical Hodgkin’s Disease as a Potential Cause
for the Absence of Ig in the Lymphoma Cells

By Andrea Jox, Thomas Zander, Ralf Kuppers, Johannes Irsch, Holger Kanzler, Martin Kornacker,
Heribert Bohlen, Volker Diehl, and Jurgen Wolf

Hodgkin-Reed-Sternberg (H-RS) cells are clonal B cells carry-
ing Ig gene rearrangements. However, in situ hybridization
methods failed to demonstrate Ig gene expression in H-RS
cells of classical Hodgkin’s disease (HD). Because somatic
mutations rendering potentially functional Ig gene rearrange-
ments nonfunctional were detected in some cases of the
disease, it was speculated that H-RS cells in classical HD may
have lost the ability to express antigen receptor as a rule.
Recently, we established a novel cell line (L1236) from H-RS
cells of a patient with mixed cellularity subtype of HD. L1236
cells harbor a potentially functional V1 and a potentially
functional V3 gene rearrangement. However, no antibody
expression was detected. To show potential reasons for this
lack of Ig expression, we analyzed the genomic organization
of the Ig genes and their transcription in the primary and
cultivated H-RS cells of this patient. The H-RS cells were
found to have switched their isotype to 1gG4, confirming
their mature B-cell nature. By amplifying cDNA from L1236

cells as well as from frozen biopsy material transcripts of the
V.3 and the V1 gene rearrangement were detected for both
sources of cDNA. However, Northern blot hybridization of
L1236 RNA failed to demonstrate Vyl and V,3 transcripts,
indicating only a low level of transcription. Sequence analy-
sis of the promoter and leader regions of the Vyl gene
rearrangement from L1236 cells as well as from lymphoma-
affected tissue showed a somatic mutation in the conserved
octamer motif of the promoter region. Somatic mutations
were also detected within the 3’ splice site of the leader
intron and adjacent nucleotides in the rearranged V, light
chain gene, leading to aberrant splicing. These mutations
might prevent the generation of adequate amounts of func-
tional Ig gene transcripts as template for translation into
protein. Thus, mutations in H-RS cells that prevent Ig gene
expression might also be located outside the coding region
of the Ig genes.

© 1999 by The American Society of Hematology.

N HODGKIN'S DISEASE (HD), the malignant Hodgkin— hybridization on HD-derived cell suspensions Witmd with-
Reed-Sternberg (H-RS) cells represent only a minority ofout'® simultaneous immunophenotyping. Thus, H-RS cells arise
0.1% to 1% of all cells in affected tissue. They are surroundedrom a single B-cell clone in most if not all cases. The presence
by T lymphocytes, histiocytes, fibroblasts, eosinophils, andof somatic mutations within the rearranged Ig genes of H-RS
other nonmalignant cells. Because of the scarcity of H-RS cellgells implied their derivation from germinal center (GC) B cells
in tumor tissue, their genetic characterization has been a majagr their descendants’.8
problem in the past. Until recently, clonality and cellular origin  In 4 of 13 cases of classical HD analyzed byl{$,stop
of these cells has remained an open question. codons were introduced by somatic mutation into originally
The isolation of single H-RS cells from frozen tissue functional V gene rearrangements, rendering them nonfunc-
section$ or cytospind by micromanipulation followed by tional. Such crippling mutations physiologically occur in mutat-
polymerase chain reaction (PCR) analysis now allows molecuing GC B cells. However, GC B cells harboring crippling
lar analysis of single H-RS cells. Using these methods, detecmytations are usually eliminated by apoptosis and do not leave
tion of Ig gene rearrangements in single H-RS cells of classicalhe GC microenvironment. Only GC B cells that acquired
HD (ie, nodular sclerosis, mixed cellularity [mc], lymphocyte fayorable mutations resulting in increased affinity to the respec-
depleted) has shown their B-cell origfift*In most of the cases,  tjye antigen can leave the GC as memory B cells or plasma cell
lg gene rearrangements amplified from multiple H-RS cellsprecursord! Thus, the finding of crippling mutations in some
showed a clonal relationship. Evidence for clonality of H-RS 55es of classical HD identified GC B cells that escaped
cells in classical HD has also been provided by detection ofyoni0sis as the precursors of the tumor clone, at least in these
clonal chromosomal aberrations using fluorescence in Sitygses. It has been speculated that H-RS cells in classical HD
might be derived from crippled GC B cells as a réile.
In 1 of the 13 cases, potentially functional Ig gene rearrange-
ments for both heavy and light chain genes were amplified
Submitted June 8, 1998; accepted January 28, 1999. from single H-RS cellg.Thus, H-RS cells of this case might
A.J. and T.Z. contributed equally to this work. have retained the ability to express antigen receptor. Fortu-
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tisement”in accordance with 18 U.S.C. section 1734 solely to indicate organization of the Ig genes and their transcription and transla-
this fact. tion. Class switch recombination toy@ was demonstrated in
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no protein was found at all. Somatic mutations within their ~PCR-oligonucleotides. Sequences of theM oligonucleotides were

promoter and leader regions were identified as the most likelygs follows: 21-2UIS: gaggtatgaaataatctgtc; VH1LAs: gaatgacagtcttc-

mechanism for downregulation of Ig gene expression. taaactgg; 5-1CDR2: ccggtgttggctcgacaatg; 3H1: gtggccattgtagttcceac;
GIn5: aggaccctgcccctgacctaag; and GC23: ggggtcttcgtggctcacgte. Se-

quences of the M3 oligonucleotides were as follows: VK3P: tggtctttg-
MATERIALS AND METHODS cagctgaaagct; VK3L: atggaagccccagcgcagctt; VK3As: getaagttggtgccaat-
gctgtc; 3K3: aacgtcaccggaggccactta; afid caactgctcatcagatggaggg.
Amplification of DNA and cDNA fragmentsAmplification of the 8
untranslated region of thel gene rearrangement of L1236 cells was
performed by single-step PCR’(Bligonucleotide: 21-2UIS; ‘3oligo-
. ‘nucleotide: 3H1; 2.5 mmol/L MgG] annealing at 58°C for 1 minute
marrow were used to analyze Ig gene expression and structure iy extension at 72°C for 3 minutes for 35 cycles: length of the product:
primary H-RS cells. L1309 is an EBV-immortalized lymphoblastoid g4¢ bp). Amplification of the Suntranslated region of thed gene
cell line (LCL) that has been established in our laboratory from the rearrangement of primary H-RS cells from the bone marrow specimen
peripheral blood of a healthy donor by superinfection of B lymphocytes,, ¢ performed by PCR (®ligonucleotide: 21-2U1S; ‘3oligonucleotide:
with the EBV strain B95-8. L1309 was used as positive control for 3H1; 2.5 mmol/L MgC}; annealing at 58°C for 1 minute and extension at
analyzing expression of rearranged Ig genes. CO is an HD-derived celyooc for 3 minutes for 40 cycles: length: 616 bp; sequence oligonucleotide
line with T-cell receptor gene rearrangemétand was used as @ yH1LAS). Amplification of the 5 untranslated region of the \Vgene
negative control. In addition, U937, a cell line of myeloid oridivas rearrangement of L1236 cells was performed by single-step PCR (5
used as a negative control for the detection of Ig gene transcripts b)bligonucleotide: VK3P; 3 oligonucleotide: 3K3; 2.5 mmol/L MgGl
Northern blot analysis. All cell lines were grown in suspension at 37°C gnnealing at 61°C for 1 minute and extension at 72°C for 90 seconds for 35
in RPMI 1640 medium (Life Technologies, Eggenstein, Germany) cycles; length: 665 bp). Amplification of thé Bntranslated region of the.V
supplemented with 10% fetal calf serum, 100 U/mL penicillin, 100 gene rearrangement of primary H-RS cells from the bone marrow specimen
Hg/mL streptomycin, and 2 mmol/L glutamine in an atmosphere yas performed by a two-step PCR (first rounicoigonucleotide: VK3P; 3
containing 5% CQ@ oligonucleotide: 3K3; 2.5 mmol/L Mg@l annealing at 61°C for 1 minute
DNA extraction and Southern blot analysisHigh molecular weight  and extension at 72°C for 90 seconds for 35 cycles; length: 665 bp;
DNAwas extracted from cell lines using standard protoédBNAwas  second round: Soligonucleotide: VK3P; 3oligonucleotide: VK3As;
extracted from frozen tissue sections using the trizol reagent according 5 mmol/L MgCh; annealing at 58°C for 1 minute and extension at
to the manufacturer’s instructions (Life Technologies). Ten micrograms72°C for 90 seconds for 35 cycles; length: 470 bp). A single-step
of cellular DNA extracted from cell lines was cleaved with the RT-PCR was performed to detect;V transcripts in L1236 cells and
restriction enzym@ant|, separated by electrophoresis for 36 hours at primary H-RS cells (5oligonucleotide: 5-1CDR2; ‘ligonucleotide:
1 V/icm on a 0.8% agarose gel, and transferred onto a nylon filterGC23; 1.5 mmol/L MgGJ; annealing at 59°C for 1 minute and
(Hybond N; Schleicher und Schuell, Dassel, Germany). For detection oéxtension at 72°C for 90 seconds for 40 cycles; length: 661 bp).
the Cy genes, a §4 DNA probe covering all §4 exons and  Detection of \, transcripts in L1236 and primary H-RS cells was
hybridizing to all Gy gene&®was used. The probes wef®-labeled and  performed by single-step RT-PCR ' (®ligonucleotide: VK3L; 3
hybridized using standard conditiots. oligonucleotide: 3K3; 1.5 mmol/L MgG] annealing at 60°C for 1
RNA extraction and Northern blot hybridizationTotal cellular ~ minute and extension at 72°C for 90 seconds for 40 cycles; length: 356
RNA was extracted from cell lines by the guanidinium isothiocyanate bp). V,/C, transcripts in L1236 cells were detected by RT-PCR (5
method!” From frozen tissue sections RNA was extracted using theoligonucleotide: VK3L; 3 oligonucleotide: CK; 2.5 mmol/L MgGJ
trizol reagent according to the manufacturer’s instructions (Life Tech-annealing at 58°C for 1 minute and extension at 72°C for 90 seconds for
nologies). Poly A~ RNA was separated from total RNA according to 40 cycles; length: 440 bp). They@ gene in L1236 cells was amplified
the protocol for the Oligotex mMRNA midi kit (Qiagen, Hilden, by a single-step PCR (%oligonucleotide: GIn5; 3oligonucleotide:
Germany). Ten micrograms of total RNA or 5 pg of poly-ARNA was GC23; 2.5 mmol/L MgC}; annealing at 58°C for 1 minute and
separated on a 1% agarose gel, transferred onto a nylon filter (Biotectextension at 72°C for 90 seconds for 35 cycles; lengtj#:@34 bp).
nology Systems, NEN, Research Products, Boston, MA), and hybrid- Sequence analysis.PCR products were separated on a 1% agarose
ized with a3?P-labeled DNA probe under standard conditi&h&or gel and extracted from the gel using a gel extraction kit (Qiagen, Hilden,
detection of Igy heavy chain transcripts, they@ probe was uséél(see Germany). PCR products were directly sequenced using either the
also Southern blot analysis). For the detection ofxldight chain Ready Reaction DyeDeoxyTerminator cycle sequencing kit (Applied
transcripts, a 2.1-kBacl/EcoR| fragment of the human Ig light chain Biosystems, Weiterstadt, Germany) or using a cycle sequencing kit
constant region gene was uséd. (Life Technologies). Sequencing reactions were performed according to
Reverse transcription-PCR (RT-PCR) for amplification of Ig gene the manufacturers’ protocols. Sequence reaction products were sepa-
transcripts. cDNA was generated using an adapter oligonucleotide rated on an 8% polyacrylamide gel under denaturing conditions. Results
(AP2) AAG GAT CCG TCG ACA TC (T)7 and Moloney murine  were obtained by either autoradiography or using an automated
leukemia virus (M-MLV) reverse transcriptase (Pharmacia, Freiburg,sequencer (ABI377; Applied Biosystems).
Germany). For amplification of Ig gene transcripts and Ig constant
region genes, several oligonucleotides were used (see below). PCR was RESULTS
performed in a 50 pL reaction mixture containing 50 mmol/L KCI, 2.5

glri L5 mmOI/.L MgC#, 200 umol/L of each dNTP.‘ and 25. umol/L of each hybridization ofBanHI-digested L1236 DNA with a § probe
gonucleotide. PCR was performed according to different protocols .
showed only one rearranged fragment and none of the germline

(see below). Denaturation was always performed for 1 minute at 95°C;

One unit of Tag DNA polymerase (Promega, Mannheim, Germany) wasCV fragments (Fig 1). This suggests that aly genes on one

added during the first denaturation step. All amplifications were Chromosome were deleted and that on the other chromosome
performed in a Trio Thermoblock (Biometra, @ogen, Germany). ~ Class switch recombination was targeted to the mogy3yene,
When a two-step PCR was performed, 1 uL of the first round was usede, Cy4. To confirm this, PCR was performed with genomic
as template in the second round. DNA of L1236 cells using oligonucleotides suitable to amplify

Tissue samples and cell linesL1236 is an Epstein-Barr virus
(EBV)-negative H-RS cell line established from the peripheral blood of
a patient suffering from a relapse of mc HD with extensive bone marrow
involvement!? Sections from fresh frozen tissue of the patient’s bone

L1236 cells have performed class switchingouthern blot
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Fig1l. Southern blotanalysis to detect class switch recombination
in L1236 cells. (Upper part) After digestion of genomic DNA with
BamH]I, the organization of the Cy genes was analyzed in L1236 cells
(lane 1) in comparison with the HD-derived cell line Co (lane 2) known
to have germline configuration of the Cy genes.2° The Cy probe used
in the analysis recognizes all Cy genes and the ¥y gene. As expected,
the DNA of Co shows all germline fragments for the IgG subclasses.
The two IgH loci located on the two chromosomes 14 show a
polymorphism for the pseudo Cy (Ysy), the Cy2, and the Cy4 genes
resulting in two fragments for these (indicated as /2), whereas only
one fragment appears for Cyl and Cy3 each. This pattern is in
accordance with the results described by Linsley et al.2* For L1236
DNA, only one fragment is detectable, indicating that on one allele
class switch recombination was targeted to the most 3’ y gene (ie,
Cv4), whereas on the other allele all Cy genes were deleted. (Lower
part) Map of the human IgH locus. This map does not take into
account the different haplotypes for the dsy, the Cy2, and the Cy4
genes and is not to scale. B, BamHI; E, EcoRl.
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genes. For the detection and quantification of Ig gene transcrip-
tion in L1236 cells, Northern blot analysis was performed.
Hybridization of total cellular L1236 RNA with specific probes
for the Cy or the G genes showed neither@or C, transcripts
(Fig 2). By comparison, hybridization of RNA extracted
from the B-cell-derived cell line L1309 showed the expected
transcripts. The T-cell-derived cell line CO and the myeloid
cell line U937, both used as controls, gave the expected
negative results. To increase the sensitivity of the method, poly
A" RNA was extracted to detect,QGranscripts. Again, no
transcripts were detected in L1236 by hybridization of the C
probe (Fig 2). Hybridization with a glyceraldehyde phosphate
dehydrogenase (GAPDH) probe to check the quality and
amount of MRNA showed that approximately equal amounts of
intact RNA were loaded on the gel for the various cell lines. The
Northern blot hybridization experiments thus showed that Ig
gene transcription in L1236 was below the sensitivity of the
method.

IgH and Igk transcripts can be detected by RT-PCR in cell
line L1236 and primary H-RS cells.To increase the sensitivity
for the detection of Ig gene transcripts in L1236, RT-PCR was
performed using two different oligonucleotide sets. To amplify
transcripts from the IgH gene, an oligonucleotide chosen from
the CDRII was combined with a consensus oligonucleotide
hybridizing to the second exon of aly@enes. Because of the
large intron between theVWregion genes and the first exon of
the constant region gene, a product can be only amplified from
spliced RNA. Thus, the selected oligonucleotides were suitable
for specific amplification of transcripts. A product of the
expected length was generated by amplification of L1236
cDNA (Fig 3). Sequence analysis showed an identical sequence
of the VyDuJy region gene compared with the sequence
previously amplified from genomic DNA of L1236 cells,
providing evidence that the rearrangegi\Myene is transcribed.
Sequence analysis of the constant region confirmed that
class switching to 4 had occurred on the respective
allele harboring the potentially functional rearrangement and
that the J segment was correctly spliced to the first exon of
Cv4. lIgk transcripts were amplified using oligonucleotides
hybridizing to a sequence in the leader region of the rearranged
V.3 gene and to the Qyene or to the CDRIII, respectively (Fig
4). Again, sequencing of the resulting PCR product obtained
from L1236 cDNA showed an identical sequence compared
with the V,3 sequence amplified from genomic DNA of L1236
cells” The Xk gene is correctly spliced to the,@ene (see
Fig 7).

all Cy genes. Sequence analysis of the resulting PCR product The transcription of the IgH and kgchain genes in L1236
confirmed that only §4 was retained in L1236 cells (data not cells as demonstrated by PCR could reflect an in vitro effect
shown). Further studies showed that class switch recombinationbserved after culturing of L1236 cells. Thgd/gene rearrange-
to Cy4 had occurred on the allele harboring the potentially ment obtained from L1236 cells was already used as an H-RS

functional \{;1 gene rearrangement (see below and Fig 5).

cell-specific marker gene to detect these cells during the course

Ig transcripts in L1236 cells are undetectable by Northern of the disease in various affected tissues obtained from the

blot analysis. Using various antibodies against human

patient from whom the cell line was establisi#éd Therefore,

heavy as well ag light chain protein, no staining was observed H-RS cell-specific oligonucleotides could be generated for

in the L1236 cell line when flow cytometry (kdight chairt?) or

immunocytochemistry (IgG heavy chainldight chain; data

specific amplification of Ig gene transcripts from the H-RS cells
in the affected bone marrow specimen of this patient. Because

not shown) was performed. We thus wanted to know if theof the low amount of H-RS cells in the biopsy specimen, the
failure to detect Ig in L1236 cells was caused by a lack of orsensitivity of PCR was increased by performing 40 cycles of
downregulation of either translation or transcription of the Ig PCR in one round of amplification. H-RS cell-specific
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Fig 2. Northern blot analysis for IgH and Igk
transcription in L1236 cells. Total cellular RNA of the
cell lines was separated on an agarose gel, trans-
ferred to a nylon filter, and probed with cDNA clones
for Cy (A, right) and Ck (B, top, left), respectively.
Although the LCL L1309 does express the membrane
bound Cvy heavy chain transcript and the secreted Cy
heavy chain transcript (A) as well as the k light chain
transcript (B), neither IgG nor Igk transcripts are
detected in L1236 cells (A, right: ethidium bromide
staining of the gel before blotting; B, bottom: hybrid-
ization for GAPDH transcripts to control quality of
total RNA). The cell lines U937 and CO serve as
negative controls for Ig gene transcripts. To increase :
the sensitivity of Northern blot analysis for Ck, - 18s
mMRNA was separated on an agarose gel, transferred . . ”
to a nylon filter, and probed with a cDNA clone (B,
left, top). Again, no hybridization signal was ob- <+ 18
tained in L1236 mRNA. L1309 cells serve as positive
control. CO cells serve as negative control. Hybridiza- '
tion with a GAPDH probe to check quality and
amount of MRNA showed that approximately equal
amounts of intact RNA were loaded on the gel for the A ol RNA A B
various cell lines (B, bottom).
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transcripts (Fig 3) as well astranscripts (Fig 4) were amplified translation of the rearranged ¥ gene, a fragment spanning part
from the bone marrow specimen, indicating that Ig genes weref the V, promoter, the leader region and part of the framework
also transcribed in vivo. Furthermore, this result confirmed thategion | (FRI) were amplified by PCR and sequenced. Oligo-
class switching to €4 had occurred in the H-RS cells in the nucleotides were selected from the germline sequé&hicethe
lymphoma tissue. amplified fragment, a total of 32 somatic mutations was
The upstream octamer element in thgl\bromoter region is  detected, 2 within the'Suntranslated region, 1 within the first
affected by somatic mutationBecause it had recently been leader exon, 22 within the leader intron, 6 within the second
shown in the mouse that somatic hypermutation can extend teader exon, and 1 within the first 27 bp of the FRI. The two
the promoter region of VV genééywe wondered whether the low mutations within the Suntranslated region did not affect any of
amount of Ig gene transcripts in L1236 cells might be due tothe conserved promoter elements. The seven mutations within
somatic mutations in this region. Three regulatory elementghe leader exons result in five amino acid replacements, four of
within the Vi promoter region are known to be involved in the which are located within the five C-terminal amino acids of the
regulation of Ig gene transcriptidi.Of these, the conserved leader protein (Fig 7). One of the mutations within the leader
octanucleotide 5ATGCAAAT-3'29:30is considered to exhibita intron affects the 3splice site. In eukaryotic cells the sequence
dominant effect, both with regard to transcription efficiency andat the 3 end of introns has a common structural motif consisting
B-cell specificity of Ig gene transcription. This sequence of 4 bp 3(A/T/G)CAG3'. The germline sequence of the leader
represents a binding site for specific transcription faétasd intron of the /.3 gene ends with TCAG. In L1236 cells, the G is
is present within all known ) promoter sequences. In vitro mutated, destroying the splice site. However, due to somatic
mutation of the octamer causes transcriptionally silent IgHmutations 6 bp upstream, a new potential splice site consisting
construct$%32 To analyze the promoter region of the of the consensus sequence TCAG was created by two point
rearrangement, a’'5oligonucleotide was selected from the mutations changing CCAA into TCAG (Fig 7). Aberrant
promoter region of the germline sequence HV1¥16 which splicing at this new splicing site leading to the insertion of two
the rearranged Y1 gene shows the highest homology and amino acids into the leader peptide was indeed demonstrated by
combined with oligonucleotides hybridizing specifically to the amplifying and sequencing a cDNA fragment encompassing the
mutated rearranged X gene. A total of 128 bases 5f the leader and FR1 sequence (Fig 7). The aberrant spliced transcript
leader sequence were amplified from L1236 DNA. In compari-was also amplified and sequenced from the affected bone
son with the germline sequence, two mutations and onemarrow tissue, thus excluding an in vitro artifact.
nucleotide deletion were detected upstream of the leader exon
(Fig 5). One of the mutations affects the first nucleotide of the
octamer sequence that probably leads to loss of octamer DISCUSSION
function (Fig 6 and see below). This mutation was also found in H-RS cells in classical HD represent clonal populations of
the octamer of the rearranged H-RS cell-specifigl\gene  B-cell-derived lymphoma celf§. Sequence analysis of rear-
amplified from the patients’ bone marrow. ranged Ig genes obtained from micromanipulated H-RS cells
The 3 splice site of the leader intron of the potentially showed the occurrence of somatic mutations within the rear-
functional \[3 gene rearrangement is mutated in L1236 cellsranged Ig genes of H-RS cells in all informative cases,
and in primary H-RS cells of the same donom search for  indicating their derivation from GC or memory B cell$®
somatic mutations that might impair the transcription andBased on the finding of crippling mutations in some of the
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1 2 3 4 5

cases, it was suggested that H-RS cells in classical HD as a ru
are derived from crippled GC B cells that lost the capacity to
express (high-affinity) antigen receptor due to somatic muta-
tions 836

One of the HD cases analyzed in these studies appeared to
an exception to this rule, because in this case both a potentiall
functional \{; and \{ chain gene rearrangement were detected
in H-RS cells’ The establishment of a cell line (L1236)
permitted further detailed analysis of Ig gene structure and
expression in the H-RS cells of this case. Ig gene expressio
measured by fluorescence-activated cell sorting (FACS) anal
sis (Igc light chairt?) or immunostaining on cytospins (IgG
heavy chain, Ig light chain) was undetectable in L1236 cells.
An analysis of Ig gene expression in these cells at the RNA leve
was performed to determine at which stage (transcription and/a
translation) antibody expression was blocked. In addition, we
wanted to find out whether the potentially functional V gene

1 2 3 4 5

Fig 3. PCR analysis to detect IgH transcripts in L1236 cells as well
as in H-RS cells of the patient’s affected bone marrow. Lane 1, L1236
cDNA; lane 2, L1309 cDNA,; lane 3, section of the HD-affected bone
marrow, cDNA; lane 4, no template; lane 5, 100-bp ladder. Using an
oligonucleotide hybridizing to the CDRII of the V1 gene rearrange-
ment in L1236 cells in combination with an oligonucleotide hybridiz-
ing to the second exon of all the 4 y genes, a specific product was
amplified from cDNA obtained from L1236 cells as well as from cDNA
obtained from the patient’s bone marrow. No product was amplified
from the cDNA obtained from L1309 cells, indicating the specificity of
the product. Sequence analysis of the PCR product showed the
sequence of the V1 gene rearrangement switched to Cy4.

Fig 4. PCR analysis to detect Igk transcripts in L1236 cells as well
as in H-RS cells of the patient’s affected bone marrow. Lane 1, L1236,
DNA; lane 2, L1236 cDNA,; lane 3, section of the patient’s affected
bone marrow, cDNA; lane 4, no template; lane 5, 100-bp ladder. Using
an oligonucleotide hybridizing to the V, leader sequence and an
oligonucleotide hybridizing to the CDRIII of the rearranged V,. genes,
a specific product was amplified from DNA as well as cDNA. The
products differ in length due to splicing of the leader intron. V,
transcripts were amplified and sequenced from L1236 cells as well as
from the bone marrow section. The cDNA of the bone marrow section
showed a slight contamination with DNA, resulting in an additional
band.

rearrangements in L1236 cells carry crippling mutations outside
the regions of the V genes sequenced previolllgreover, the
availability of the cell line L1236 offered the opportunity to
investigate whether the Ig genes in these H-RS cells not only
accumulated somatic mutations, but also performed class
switch recombination.

Class switch recombination in L1236 cells was studied by
Southern blot analysis. Hybridization of L1236 DNA with
probes detecting the various constant region genes showed that
class switch recombination toy@ had occurred on one allele.
Whether class switch recombination toy£ leads to the
expression of 1gG transcripts in L1236 cells was analyzed by
RT-PCR using a € oligonucleotide and a y1 oligonucleotide.

A PCR product encoding the potentially functionalgene
rearrangement correctly spliced ty€was amplified, showing
that class switch recombination toy€ had taken place on the
allele carrying the potentially functional heavy chain gene and
had led to the expression of the respective RNA. Thé-Cy4
transcript was also amplified from the bone marrow biopsy
specimen, showing that this class switch recombination had
already occurred in the primary H-RS cells. This is the first
demonstration of isotype switching in primary H-RS cells.
Interestingly, class switch recombination toy4; which is
rarely used by normal B cefflsand can be induced by cytokines
preferentially released fromy} cells, was also described for the
HD-derived cell line L428° Whether class switch recombina-
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T R polymorphism at position 2, 4, 0f8*is sometimes observed
180 within the octamer sequence of human and murine heavy chain
P promoter regions, sequence variation at the first position was
never observed in functionalMjenes’244When comparing the
i inverted octamer sequence (ATTTGCAT) of human and murine
fl V. genes, a polymorphism was sometimes observed for posi-
tions 1 and 7 of the converted octamer sequéhdeain, a
polymorphism at the last position (corresponding to the first
position of the octamer of Ygenes) was never observed in any
of the mouse or human Moctamer sequences analyzed so
far4546 This indicates that sequence variations at distinct
positions in the octamer motif occurred during evolution and
are at these positions compatible with functionality. However,
the absence of polymorphisms at position one of the heavy
chain octamer motif further supports the critical role of this
Fig 5. Primary sequence data obtained from the 5’ untranslated pOSition for the fUnCtionality of the octamer. ThUS, the low level
region of the V1 gene rearrangement of L1236 cells. The V1 gene of IgH chain gene transcription in L1236 cells (and presumably
rearrangement was amplified using the oligonucleotide 21-2UIS alsoin primary H-RS ceIIs) of this particular case is most Iikely

hybridizing to the 5’ region of the V1 gene rearrangement and the . . . . "
oligonucleotide 3H1 hybridizing to the CDRIII of the Vi1 gene rear- caused by the somatic mutation affecting the first position of the

rangement. Sequencing was performed using the VHILAS oligo- octamer motif within the heavy chain promoter.
nucleotide hybridizing to the leader region resulting in the antisense No mutations were found within the promoter elements of the
Seqr’e”t?g- The_t_sequenct‘; is Igi"(lent iﬁoﬁh Nf‘fmtberS_ti_”dicate g‘e potentially functional \3 gene. Therefore, the low amount of
n . . . .
e i 13 B nas sy Vi transcripts could not be attributed to an alteration of the V
for comparison with germline sequence, see also Fig 6). promoter. By analyzing the Vleader intron, several somatic
mutations were detected leading to the destruction of the 3
tion to Cy4 is a frequent event in H-RS cells has to be splice site and to the establishment of a new potential splice site
established. 6 bp upstream. Sequence analysis Qftkanscripts obtained
Neither Ig protein nor mRNA was detectable in L1236 cells from L1236 cells as well as from the affected bone marrow
when immunostaining or Northern blot analysis was performedtissue indeed showed aberrant splicing qre-mRNA without
However, Ig heavy and light chain gene transcripts could bealteration of the reading frame by using the newly introduced 3
amplified from L1236 cells by RT-PCR. These results indicateleader intron splicing site. However, alterations of splice sites
that L1236 cells produce only a very low amount of Ig gene have been described that cause a retarded intron removal due to
transcripts. These transcripts were also detected by RT-PCR ia prolonged binding of spliceosom&sThis delayed splicing
RNA extracted from a section of the affected bone marrowresults in nuclear retention of pre-mRNA. Such a mechanism
tissue, showing that Ig gene transcription likewise took place inmight account for the low amount of VMRNA transcripts in
the H-RS cells in vivo. Ig gene transcription in H-RS cells was the H-RS cells analyzed.
previously analyzed by several groups using in situ hybridiza- The present study shows that the lack of Ig expression by
tion.38-41In only 1 of a total number of 95 cases of classical HD H-RS cells in classical HD can not only be caused by crippling
analyzed for heavy and/or light chain transcription were Ig mutations within the coding sequence of rearranged Ig genes
transcripts detected in H-RS cells. Taking these studies and th@ike those generating stop codéf)s but also by mutations
present work together, it appears that H-RS cells in at least somaffecting regulatory elements. However, in other cases of HD,
cases of classical HD can express Ig transcripts, albeit at a lowl-RS cells may harbor crippling mutations that a priori do not
level and below the sensitivity of current in situ hybridization prevent Ig gene expression, eg, mutations that result in a
methods. Diffuse staining for botk and A light chains was reduced affinity of the antibody to the respective antigen. GC B
frequently observed within H-RS cells using immunohistochem-cells having acquired such mutations also represent crippled GC
istry.30:3842.43 However, this finding was likely caused by B cells, because they are destined to die by apoptosis under
artificial uptake of Ig, particularly because it is now known that physiological conditions. H-RS cells that are derived from this
H-RS cells represent clonal B-cell populations. type of crippled GC B cells could potentially express antigen
Because V gene sequence analysis previously performed ireceptor. However, expression of antibody in H-RS cells has
L1236 cells did not show any obvious crippling mutatidnee never been observed (see above). It may be that, in these cases,
wondered whether the low level of Ig gene transcripts might bethe aberrant B-cell differentiation status of H-RS cells (exempli-
due to mutations within upstream regulatory elements of the \fied by the absence of B-lineage markers in most cases of
region genes. Indeed, a point mutation affecting the firstclassical HD; see DrexI&tfor review) leads to the downregula-
nucleotide of the octamer motif (ATGCAAAT) of the heavy tion of Ig gene expression by a disregulation of B-cell-specific
chain promoter was detected in L1236 cells as well as in thdranscription factors regulating Ig gene expression.
primary H-RS cells of the bone marrow specimen. An in vitro  Taken together, in the H-RS cell line L1236 and the
expression study has shown that a mutation at this position (&orresponding primary H-RS cells of the patient, transcription
into C) drastically reduces Ig gene transcriptiilthough a  of rearranged Ig heavy and light chain genes in H-RS cells was
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octamer TATA box
11236 tgtctca. tgaatttgcaaataacct atet tecett
HVIF10 t
leader ]
L1236 ttetteace atg gac tgg acc tgg agg gtc Lttc tde ttg ctg got gta geb cca g gt aactggtt tttttecag
HVIF10 e e o e e ek e e el e ek e e e e o e R
L1236 met asp trp thr trp arg val phe cys leu leu ala val ala pro
leader
L1236 tttagaagactgteattctetattatagtectetecgeag gt gkt _cac tec caa gta caa ctg gtg caa tet gyg dct gaa att aag agg . cct ggg q
HV1F10 g —= =Q= === === ==g ==g ~=g === —== —=g === -== -== —-g g-g —-- -&- —-= == -—-
11236 gly val his ser gln val gln leu val gln ser gly ala glu ile lys arg pro gly ala
HVIF10 ala val val lys
CDR 1

L1236 tca gtg aag gtt cac tgc aag aca tct gga tac gtc ttc acg agt tat tat att cac tag atg ¢ga cag cct cat gga caa gge ctt gag
HVIF10 e eem el il HQ- —o —om ges mem —ee —es AC— ——= —oC ——C ——C ——= - G —mm mm= —mm = —mm geC —Cm e mmm g e o
11236 ser val lys val his cys lys thr ser gly tyr val phe thr ser tyr tyr ile his trp val arg gln pro arg gly gln gly leu glu
HVIF10 sexr ala thr met ala pro
L1236 2 2
HVIF10 - - o at- --- aa- --t a-- -g- --t agc --- -gc -a- -~- C—— —-- —-— —-— el B B
L1236 trp met gly gly ile gly pro gly val gly ser thr met cys ala glu lys phe gin gly arg leu thr met thr arg asn thr ser thr
HVLIF10 ile asn ser gly ser ser tyr gln

DR III
L1236 act aca gtt tat atg gaa ctqg age aga ctg cga ttt gag gac acg gec gtg tac ttc tat ggg aga ggt gdc agd tgg cgc agt ggg aa
HVIF10 -ge - - € == —-- —- g~ mme G mmm A= —C= —mm —mm —mm = mmm =of —@= mmm Cm mom o o
11236 thr thr val tyr met glu leu ser arg leu arg phe glu asp thr ala val tyr phe cys gly arg gly gly arg trp arg ser gly asn
HVIF10 ser ser ser tyr ala
JH4b -
11236 tac aat gag cag_gga ace €Cg g€ acc gte tce tea toe toc acc aag ggc cca teg gte tte coe ctg geg €cc tge tec
JH4b --- tt- -a- i -l ggt
cyd O
11236 tyr asn gly his trp gly gln gly thr pro val thr val ser ser ser ser thr lys gly pro ser val phe pro leu ala pro cys ser
JH4b phe asp tyr leu gly
L1236 agg age a
Y4 - - -
L1236 arg ser

Fig 6. Sequence of the V1 gene rearrangement of L1236 cells including part of the promoter region, the leader intron, and part of the
constant region. The sequence obtained from L1236 cells is compared with germline sequences for the corresponding V,, J,, and Cy4 genes
(HV1F10,% JH4b,3* and Cv4; Chai et al, unpublished data; Genbank Accession No. L23566) -, sequence identity; ., nucleotide deletion. Aminoacid
changes are indicated by the germline amino acids given below the amino acid sequence of L1236. Codons are numbered according to Kabat et
al.®5 Corresponding amino acids are shown below each codon. The leader region, CDRI, CDRII, and CDRIII are indicated. Sequence already
published” is underlined. The sequence of Cy4 and JH4B was obtained from cDNA. Therefore, no sequence is provided for the intron between JH4B and
Cvy4. The RNA is correctly spliced. This sequence is available from the EMBL database under accession no. AJ005570.

detected at a minimal level. Sequence analysis of DNA stronglythe leader intron of the kg light chain gene was mutated,

suggested that downregulation of Ig gene transcription is due toesulting in aberrant splicing. These observations, together with
a mutation in the octamer promoter element of the in-framethe detection of class switch recombination, do not only confirm
heavy chain gene rearrangement. Moreover, thepBce site of  the mature GC B-cell phenotype of H-RS cells, but also show

tata box Lead):
L1236 cctoccagetgecctacett teagagets t a atg gaa gcc cca geg cag ctb
12 g IR
11236 met glu ala pro ala gln leu
L1236 cte tte cte ctg cta ctc tge cte cca g gtgaggggaatgtgacgtggctttgeacatcagtgaaaactcctgecacctotgetcageaagagatgttattaaaacte
L2 B = B a---g----f------ -
L1236 leu phe leu leu leu leu cys leu pro
12 trp
aberrant splicing of leader inmtron Fig 7. Sequence of the V.3
leader 2 . .
11236 aatg ttggetett tgtttgatcttcattacatcactectottcttttttatettcag tt tea aag agt aga gga gac ata gtg gene rearrangement, including
12 e t--g g-g-g-at g t-c g -t -Cc -t --- -- a —-- --- H
L1236 val ser lys ser arg gly asp ile val part of Fhe promoter region, the
L2 9lu  thr thr glu leader intron, and part of the
DRI constant region. Sequence for-
11236 atg acg cag tct cca gac acc ctg tek cta tet cce gga gaa acc gee atc ¢te tac tgc agd gog aght gac agc att gge ace gac tta mat iS the same as in Flg 6 The
12 Som mem sme —om mmm eQe ses ——- === g-= === —-@ —=g -—= —g@ ~==~ =G~ === =C= === -== === -=- C-g --t g-- a-- -g- === --- )
11236 met thr gln ser pro asp thr leu ser leu ser pro gly glu thr ala ile leu tyr cys arg ala ser asp ser ile gly thr asn leu sequence obtained from L1236
L2 ala val arg thr ser gln val ser ser . 5 _
cells is compared with germline
_ CDRII .
L1236 gcc tgg tat caa cag agg cct gge gag tct c ¢gc cte gbc atc thkt ggt gca goc ace aqq gog tet got ti ca ccc agq the agt Sequences fOr the Correspondlng
L2 So= mo- =o€ o--g o cAa mo- oo- oo g - L T i S e e gm- o o= e V., J, and C, genes (L2,22 J, 1,28
L1236 ala trp tyr gln gln arg pro gly gln ser pro arg leu val ile phe ala ala ala thr arg ala ser ala phe pro pro arg phe ser e
L2 lys ala leu tyr gly ser thr gly ile ala and C,2%). The aberrant splicing
of the leader intron is indicated.
L1236 gac_ggt ggg_tct gog act gag tte aca cte tee ata ace agt ctg cag cct gea gat gtt dca gtt tat tac tgt cag cag tat gat aag The Sequence Of JKl and CK was
L2 P e T SR SR [ e obtained from cDNA. Therefore,
L1236 gly gly gly ser gly thr glu phe thr leu ser ile thr ser leu gln pro ala asp val ala val tyr tyr cys gla gln tyr asp lys .
12 ser thr ser ser glu phe aen asn the intron sequence between J, 1
CoRITI and C, is not given. The J, gene
11236 tog cof ccg atd acd tte qdc cag ggg acc aag ctg gag atc aaa cga act gtg get gea cca et is correctly spliced to the Ck
12 - . . .
Tl L - gene. This sequence is available
ck e e o m o
11236 trp pro pro val thr phe gly gln gly thr lys leu glu ile lys arg thr val ala ala pro ser from the EMBL database under

k1 val accession no. AJ005571.
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