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Abstract

The malignant B cells in chronic lymphocytic leukemia
(CLL) typically express low-density membrane IgM or IgM/
IgD. In vitro experiments have shown that the CLL cells
can be induced to differentiate into cells that secrete immu-
noglobulin (Ig) and can occasionally undergo heavy (H)
chain class switching. We now show that the CLL cells also
undergo isotype-switching in vivo, since 'y and/or o H chain
transcripts with identical FW3/CDR3/FW4 regions as the
CLL transcripts were detected in all of the 13 investigated
patients with IgM* CLL. In most cases switching had oc-
curred to ol and 3, but CLL transcripts corresponding to
the other y chain isotypes were also detected. In one case
both the productively and nonproductively rearranged al-
lele were found to undergo H chain class switching. CLL vy
transcripts were also present in surface IgG* sorted B cells,
demonstrating that a small subset of the CLL cells express
membrane IgG. In addition, transcripts encoding secretory
v2 and y3 H chains were detected in two cases, which sug-
gests that some serum IgG could be produced by the leuke-
mic clone. Analysis of sorted PBL showed that isotype-
switching occurs in CLL cells that express the CDS5 antigen.
Finally, nucleotide sequence analysis showed that the ., o,
and y CLL transcripts are identical, demonstrating that the
CLL cells do not accumulate somatic mutations in their
variable region genes after the H chain class switching.
These data provide in vivo evidence that isotype-switching
is a frequent phenomenon in CLL, and indicate that a sub-
set of the CLL lymphocytes progress to later stages of B cell
differentiation. (J. Clin. Invest. 98:290-298.) Key words: B
cell leukemia « immunoglobulin variable region « heavy
chain . class switching « CD5 antigen

Introduction

B cell chronic lymphocytic leukemia results from an accumula-
tion of monoclonal CD5* B lymphocytes that express low-den-
sity membrane Ig, most often of the IgM or IgM/IgD isotype
(1, 2). In a small proportion of cases the chronic lymphocytic
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leukemia (CLL)! cells express IgG or IgA on their surface, indica-
ting that more differentiated CLL variants also exist (3, 4). In vitro
experiments further suggest that the CLL cells can progress to the
final stages of B cell maturation. In particular, incubation of CLL
cells with polyclonal B cell activators or T cells can induce them
to differentiate into plasmacytoid cells that produce secretory
IgM (5-7). Mitogen-induced class-switching from cell-surface
IgM to secretory IgG or IgE has also been reported (8, 9).

Less well documented is the capacity of the CLL cells to
terminally differentiate in vivo. In one study a small propor-
tion of plasmacytoid cells expressed the same Ig idiotype as the
CLL lymphocytes, indicating that these two B cell populations
were clonally related (10). The presence of low levels of circu-
lating monoclonal Igs in the majority of CLL patients also sug-
gests that some of the CLL lymphocytes differentiate in vivo
into Ig secreting cells (11-15). Some of these studies have
shown that the monoclonal serum Ig and the surface Ig of the
CLL cells frequently express the same light chain class and id-
iotype (14, 15), but this has not been confirmed in other re-
ports (16). Furthermore, in most cases the monoclonal serum
Ig differs from the CLL Ig in H chain isotype, indicating that
either these Igs are not related or that a subset of the CLL cells
has undergone isotype-switching (15, 16).

Using an isotype-specific Ig gene fingerprinting assay, we
now show that isotype-switched CLL cells exist in the periph-
eral blood of all investigated patients with IgM*™ CLL. A sub-
set of these cells express <y transcripts that can encode secre-
tory H chains, indicating that some of the monoclonal serum
Igs could be produced by the leukemic clones.

Methods

Samples. Peripheral blood mononuclear cells (PBMC) from 13 pa-
tients with surface IgM™* B-CLL were isolated from fresh whole blood
by density gradient centrifugation with Lymphoprep (Nycomed
Pharma, Oslo, Norway). The cells were washed with PBS and in some
cases aliquots were taken for magnetic bead separation while the re-
maining cells were used directly for RNA extraction. Positive selec-
tion of CD5" or CD38" cells was done by incubating 1-5 X 107 cells
with a monoclonal mouse anti-human CD5 Ab (Biosource, Cama-
rillo, CA) or a monoclonal mouse anti-human CD38 Ab (Monosan,
Uden, The Netherlands), respectively. After washing, the cells were
incubated with magnetic beads coated with sheep anti-mouse IgG
(Dynabeads M-450; Dynal, Oslo, Norway) at a 3:1 ratio, washed five
times to remove any non-specifically bound cells and collected with a
Dynal MPC magnetic stand. Positive selection of surface IgG* or sur-
face IgA* cells was done in the same manner as above, except that
Rabbit anti-human IgG or Rabbit anti-human IgA immunoglobulins
(both from DAKO, Glostrup, Denmark) were used with magnetic
beads coated with sheep anti-rabbit IgG (Dynabeads M-280, Dynal).

1. Abbreviations used in this paper: CLL, chronic lymphocytic leuke-
mia; CH, constant heavy; H-chain, heavy-chain; PBL, peripheral
blood lymphocytes; RT, reverse transcription.



The number of surface IgM*, IgG* and IgA* cells was determined by
flow-cytometry (FACStar® Plus, Becton Dickinson, Mountain View,
CA) and immunofluorescence analysis with fluorescein-conjugated
goat anti-human IgM, anti-human IgG and anti-human IgA F(ab’),
fragments (Jackson Immunoresearch Laboratories, West Grove, PA).

Isotype-specific Ig gene fingerprinting analysis of H chain tran-
scripts. Total cellular RNA was isolated from PBMC by the proce-
dure of Chomczynski and Sacchi (17). 1 wg of RNA was reverse tran-
scribed (RT) using oligo-dT and the GeneAmp RNA/PCR kit (Perkin
Elmer Cetus, Norwalk, CT), following the procedure recommended
by the manufacturer. The cDNA from each patient was amplified in
six separate PCR reactions using the consensus Vy-specific oligonu-
cleotide primer hV2 (5" CTGAGGACACGGCCGTGTATTACTG
3’, codons 84 to 92 in FW3) and one of the six isotype-specific primers
from the Cy1, hinge or C2 exons of the constant region genes (hM 5’
GTCCTGTGCGAGGCAGCCAA 3', codons 140 to 146; hA 5" AGT-
CGGGGGTGGCAGCATG 3', codons 250 to 254; hG1 5' CAT-
GTGTGAGTTTTGTCACAAGA 3, codons 229 to 239; hG2 5’
GGTGGGCACTCGACACAACA 3', codons 232 to 241; hG3 5" AGT-
TGTGTCACCAAGTGGGGT 3’, codons 229 to 236; and hG4 5’
TGATGGGCATGGGGGACCAT 3’, codons 229 to 241; codon num-
bers according to ref 18) (see scheme in Fig. 1). The PCRs were done
with 50 pmol of each primer using 35 cycles of denaturation at 95°C
for 1 minute, annealing at 64°C for 1 min and synthesis at 72°C for 1
min and 30 s. 20-ul aliquots of each PCR reaction were next labeled
by primer extension with the corresponding internal 3?P-labeled oli-
gonucleotides hMi (5" GGAAAAGGGTTGGGGCGGAT 3’), hAi
(5" CGAAGACCTTGGGGCTGGTC 3') and hGe (5" GGAAGA-
CCGATGGGCCCTTG 3'), all of which are located 8 nucleotides
downstream from the beginning of the Cyl exons. The reaction mix-
tures (20 pl of the PCR sample, 10 pM of ¥*P end-labeled primer, 200

M dNTP, 0.5 pl of GeneAmp 10xPCR Buffer and 1.25 U of Taq
polymerase [both from Perkin Elmer Cetus], in a final volume of 25
wl) were subjected to denaturation at 95°C for 8 min, annealing at
64°C for 1 min, and extension at 72°C for 15 min. 2 pl of each reaction
were analyzed on denaturing 6 M urea 6% polyacrylamide sequenc-
ing gels, with sequencing reactions used as size markers (19). Primer
extensions with oligonucleotides specific for the CDR3 regions of the
leukemic clones were done as described for the hMi, hAi, and hGce
primers, except that the annealing temperatures were adjusted according
to the melting temperature of each CDR3-specific oligonucleotide.

RT/PCR analysis of secretory vy chain transcripts. To investigate the
relative amounts of secretory 1, vy2, y3 and y4 H chain transcripts in
normal and CLL cells, cDNA obtained by reverse transcription of
PBMC mRNA was amplified with the FW3 primer hV2 and a con-
sensus oligonucleotide from the 3’ untranslated regions of the secre-
tory vy transcripts (hGs 5" GGGGTACGTGCCAAGCAT 3 ') (see
Fig. 5). To analyze only CLL transcripts, the cDNA was separately
amplified with a CDR3-specific oligonucleotide instead of the hV2
primer. Aliquots of each PCR were *?P-labeled by primer extension
with each of the four isotype-specific Cy primers (hG1, hG2, hG3,
and hG4) and analyzed by denaturing-PAGE as described above.

Cloning and sequencing of isotype-switched CLL H chain tran-
scripts. PCR fragments amplified with the consensus Vy specific
primer hV2 and the isotype-specific primers hA, hG1, hG2, hG3, and
hG4 were purified by electroelution from 1.2% agarose gels. The re-
covered DNA fragments were ligated in the Smal site of pUCI1S8
(Pharmacia LKB, Uppsala, Sw) and were used to transform E. coli
strain DH5a. Clones containing isotype-switched CLL sequences
were identified by colony hybridization with CDR3-specific oligonu-
cleotides, and double-stranded DNA template was sequenced using
the T7 Sequencing Kit (Pharmacia LKB).

Table 1. Isotype-switched CLL H-chain Transcripts Detected in 13 IgM* CLL Patients

Isotype-switched CLL H-chain transcripts*

CLL
patient Vy gene Dy gene Jy gene Sampling @ vl v2 v3 v4

HA-1 51pl DXP4 Ji6b Ist ++ + + ++ +

2nd ++ - - + +
CL-P Vp4.21 D4 Ju6b 1st + + ++ ++ -

2nd ++ + ++ ++

3rd + + +++ ++ n.a
HA-5 51pl DXP4 Ju6b Ist F4+ - n "

2nd +++ - + ++ +

3rd +++ + + ++ +

4th ++ + + ++ n.a.
HA-2 S1pl DXP4 Judb + — - ++ +
CL-J DP-50 D6-D3 Ju5b + — + - +++
HA-8 DP-46 DXP4 Ju6b + + ++ + —
HA-11 DP-47 DXP1 Judb + — + + _
HA-4 DP-50 DXP1 Ju6b ++ ++ 4 ++ -
HA-6 DP-47 DN1 Ju5b +++ + - ++ _
GP-1 DP-8 D2 Ju3b - + + + _
HA-7 DP-50 DN4 Judb ++ + ++ ++ —
HA-RI DP-50 DLRI1 Ju6b + — — + _
HA-Idr p.f 51P1 DN2-DLR4 Ji3b + + ++ ++ -
HA-Idr n.p. DP-59 DXP4 Ju5b + + ++ ++ -

*The amount of CLL transcripts vs normal B-cell transcripts was estimated by comparing the intensities of the bands from the isotype-specific Ig gene
fingerprints done with the consensus Vy primer: “+ ++” indicates that the band corresponding to the isotype-switched CLL transcripts was unique in
the fingerprint; “++” indicates that the band corresponding to the isotype-switched CLL transcripts was dominant in a background of normal B-cell
transcripts; “+” was assigned when the CLL band was of the same or less intensity than the majority of bands corresponding to normal B-cells. Sam-
ples were considered positive only when the specificity of the band corresponding to the isotype-switched CLL transcripts was confirmed with CDR3-
specific oligonucleotides. n.a., not analyzed; *p, productive allele; n.p., nonproductive allele.

Immunoglobulin Isotype-switching in Chronic Lymphocytic Leukemia

291



Results

Detection of clonally related isotype-switched CLL H-chain
transcripts. The Vy, Dy, and Jy gene segments expressed by
the leukemic clones of the 13 IgM* CLL patients were deter-
mined in a parallel study of Vy gene usage in CLL (20). As
shown in Table I, five patients had rearranged Vi1 family genes
(51p1 in four and DP-8 in one case), seven patients had rear-
ranged V3 family genes (DP-50 in four, DP-47 in two and DP-46
in one case), and one patient had rearranged the V4 family gene
Vy4.21. Except for the Vi gene segments of CLJ and HA-RI
which were 93.5% and 92.1% homologous to DP-50, respec-
tively, all other Vy; sequences were 100% homologous to germ-
line Vi genes (21). Also, the sequences of the Dy and Jy; gene seg-
ments were identical to the assigned germ-line counterparts.

To determine if a subset of the IgM* CLL cells in these pa-
tients undergoes isotype-switching, we used an isotype-specific
Ig gene fingerprinting assay to compare the CDR3 lengths of
the p, o, y1,v2,v3, and v4 PBL mRNAs (19, 22, 23). The assay
was based on specific amplification of cDNAs belonging to a
particular H chain isotype, followed by radioactive labeling of
the PCR products by primer-extension with internal isotype-
specific oligonucleotides. Since these oligonucleotides were lo-
cated at an equal distance from the FW4 region, bands corre-
sponding to a particular CDR3 region would be of the same
length regardless of the isotype (Fig. 1).

The analysis of a normal control and four CLL patients is
shown in Fig. 2. A polyclonal pattern can be seen in all iso-
types of the normal control, whereas a unique band, corre-

region of size heterogeneity
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Figure 1. Schematic representation of isotype-specific Ig gene finger-
print analysis of H chain transcripts. Total cellular mRNA from pe-
ripheral blood lymphocytes (PBL) was reverse-transcribed and am-
plified in six separate PCR reactions with a consensus Vy-specific
primer (hV2) and one of the six isotype-specific primers (hM, hA,
hG1, hG2, hG3, and hG4) (step 1). The PCR fragments were radioac-
tively labeled by primer-extension with the corresponding internal Cy
oligonucleotides hMi, hAi and hGc or with oligonucleotides specific
for the CDR3 regions of the CLL clones (step 2). The radioactive
fragments were separated on denaturing-PAGE to obtain codon lad-
ders representing the size heterogeneity of the CDR3/FW4 regions

(step 3).

292 Efremov et al.

sponding to the CDR3/FW4 region of the leukemic clone, is
present in the w fingerprint of each CLL patient. In all cases
with CLL, bands of the same size can be seen in some or all of
the o and vy fingerprints, indicating that some of the CLL cells
have undergone isotype-switching. To confirm the specificity
of these bands, the same PCR reactions were labeled by
primer-extension with oligonucleotides complementary to the
CDR3 regions of the leukemic clones. As shown in the lower
panels of Fig. 2, single bands with the expected sizes for the
CDR3 regions of the CLL clones were obtained in all cases.

Two bands were detected in the p fingerprint of patient
HA-Idr, which by nucleotide sequencing were found to repre-
sent productive and non-productive CLL w transcripts. As
judged by the intensity of the bands in the p fingerprint, the
productively and nonproductively rearranged allele were ex-
pressed at a similar level by the IgM* CLL cells (Fig. 3, top).
This finding is interesting since it is generally believed that the
expression of nonproductively rearranged Ig genes is substan-
tially downregulated by posttranscriptional mechanisms (24,
25). To investigate if both alleles undergo isotype-switching,
we performed primer extensions of the PCR amplified « and vy
transcripts with oligonucleotides specific for the CDR3 regions
of the productive and non-productive allele. The primer-exten-
sion reactions were done with an equimolar mixture of the two
oligonucleotides which had previously been labeled to the
same specific activity. As shown in the bottom panel of Fig. 3,
both the productively and nonproductively rearranged alleles
underwent isotype-switching to «, y1, vy2, and y3. The ratio of
productive vs non-productive CLL transcripts was similar in all
isotypes except a, where the productive allele was expressed at
substantially higher levels.

An estimation of the relative amounts of isotype-switched
CLL H-chain transcripts vs normal PBL transcripts is shown in
Table I. In some cases, the isotype-switched CLL transcripts
were the only transcripts that were detected, indicating that
virtually all PBL expressing that isotype belonged to the leuke-
mic clone (examples are the « transcripts in patients HAS and
HAG, and the y1 and 2 transcripts in patient HA4). In other
cases, the CLL transcripts were present at lower levels than
the transcripts expressed by the normal B cells. In three cases,
repeated samplings over a two year interval showed a rela-
tively constant ratio of CLL vs normal B cell transcripts, indi-
cating that the isotype-switched CLL cells do not have the pro-
liferative and/or survival capacity of their IgM-expressing
progenitors (Table I and Figs. 2, 4, 5 and 6).

The isotype-switched transcripts are expressed as membrane
Ig. To determine if the isotype-switched CLL H-chain tran-
scripts are expressed as membrane Ig by a subset of the CLL
cells, we analyzed the transcripts produced by surface IgG*" and
surface IgA™ cells selected from PBL of patients CLP and
HAS. As can be seen from the experiment shown in Fig. 4, the
CLL bands in the y1, y2, and y3 fingerprints became clearly visi-
ble in the analysis of sorted cells, whereas they were hardly de-
tectable in some isotypes of the total PBL samples (examples
are y3 in CLP and y1 and y2 in HAS). This result clearly dem-
onstrated that surface IgG*™ CLL cells are present in the pe-
ripheral blood of both patients. A weak CLL band was also de-
tected in the a fingerprint of the IgA™ cells from patient CLP,
indicating that some membrane IgA reaches the surface of the
CLL cells. However, no CLL « transcripts were detected in the
surface IgA* B cells from patient HAS (although such tran-
scripts were present in the total PBL sample) suggesting that
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they were produced by more differentiated cells that lack or ex-
press lower levels of surface IgA. This possibility could also ex-
plain the disappearance of some bands corresponding to nor-
mal B cells in the y1- and y3-fingerprints of the sorted IgG* cells
from patient CLP. It should be noted here, however, that the
frequency of surface IgG™" or surface IgA* CLL cells in these
two patients was very low, since < 2% of their PBMC were
positive by flow cytometry and immunofluorescence analysis.
The isotype-switched CLL cells produce secretory vy H chain
transcripts. To investigate whether the isotype-switched CLL
cells have the capacity to produce serum IgG molecules, we se-
lectively amplified the secretory y H chain transcripts using a
primer located immediately downstream of the stop codon
from the Cy3 exon (primer hGs in Fig. 5). This primer is com-
plementary to a conserved sequence in the 3’ untranslated re-
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; .z hMi
bt -~ & hAi
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R
Eend

-
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oligonucleotides:

hGce Figure 2. Tsotype-specific Ig gene finger-
printing analysis of PBL mRNA from a
normal individual and four CLL patients.
The investigated H chain isotype is indi-
cated above each lane with the symbols p,
a,v1, v2, v3, and vy4. Primer extension reac-
tions of the PCR fragments were done with
E the internal Cy; primers hMi, hAi, or hGe
(shown in the top panels) or with the
CDR3-specific primers (shown in the bot-
tom panels). Arrows indicate the bands that
3 correspond to the CLL clones. Sequencing
reactions were used as size markers.

CDR3 - specific

gions of the secretory <y transcripts and therefore is expected to
prime equally efficiently all four types of y cDNA, allowing es-
timation of their relative amounts after the PCR. Both normal
and CLL transcripts were amplified when the FW3 primer
hV2 was used with the common secretory -y primer hGs, while
only CLL transcripts were amplified when the hV2 oligonucle-
otide was substituted with a CDR3-specific primer. Aliquots of
each PCR reaction were separately labeled by primer exten-
sion with the isotype-specific oligonucleotides from the hinge
regions and analyzed by denaturing PAGE. The analysis of
three different PBL samples from patient HAS is shown in Fig.
5. A polyclonal pattern of secretory <y transcripts belonging to
the v1, y2, and y3 H-chain isotypes was present in all samples
amplified with the hV2/hGs primer pair. No y4 transcripts
were detected with this assay, which was expected considering
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the low number of PBL that produce this isotype. Strong
bands corresponding in size to the CLL clone were present in
the y2 and 3 fingerprints. Their specificity was established by
the analysis with the CDR3 specific primer, which confirmed
that secretory CLL transcripts are present only in the y2 and
v3 isotypes (Fig. 5, bottom) Secretory CLL H-chain transcripts
belonging to the y2 and 3 isotypes were also detected in pa-
tient HA1 (data not shown).

Isotype-switched CLL transcripts are produced by CD5*
and CD38"% B cells. To investigate if the isotype-switched CLL
cells express the CD5 antigen, we performed isotype specific Ig
gene fingerprinting on CD5™ cells separated from PBL of two
CLL patients (Fig. 6). Cells expressing the CD38 antigen were
also analyzed to investigate if the isotype-switched CLL cells
share some features with more differentiated B-cells. The CD38
marker is characteristically expressed at high levels on lympho-
plasmacytoid and plasma cells (26, 27), and has also been detected
on a proportion of CLL cells with atypical morphology (28).

CLP (3rd. sampling)

As can be seen from the analysis of patient HAS, the poly-
clonal pattern of the unfractionated PBL in the y1, y2, and y3
isotypes almost completely disappeared after the cell-sorting,
indicating that almost all of the CD5" B cells in the peripheral
blood of this patient belonged to the CLL clone (Fig. 6a). Sim-
ilar results were obtained for patient CLP, except that in this
case the number of normal CD5" B cell clones was higher, es-
pecially in the y1 isotype (Fig. 6 b). Interestingly, no CLL 1
transcripts were detected in the CD5* sample, although such
transcripts were present in the unfractionated PBL. On the
other hand, analysis of the CD38" B cell subset in this patient
showed a predominance of yl CLL transcripts, indicating that
some of the isotype-switched CLL cells have differentiated
into CD57/CD38" cells.

The isotype-switched CLL H chain transcripts do not accu-
mulate somatic mutations. In order to determine if the Vi regions
of the CLL cells acquire somatic mutations during H-chain
class switching, we analyzed isotype-switched transcripts from
four CLL patients (Table II). PCR fragments spanning the
FW3-CDR3-FW4-CH1 region of a, 1, v2, and 3 transcripts
were cloned, and positive clones were identified by colony-
hybridization with CDR3-specific oligonucleotides. The <yl
transcripts expressed by the CD38" CLL cells were also ana-
lyzed to see if somatic mutations had accumulated in this CLL
subset. Only three nucleotide substitutions were present in the
FW3-CDR3-FW4 regions of the 48 sequenced clones. This low
frequency of 1 mutation in 1638 nt is the expected frequency
for Taq polymerase errors (29). A similar mutation frequency
of 1/1803 nt was also observed in the CH region sequences (9
mutations in 16234 nt), demonstrating that the CLL cells do
not undergo somatic mutation after H chain class switching.

The sequencing analysis also confirmed the specificity of
our primers and allowed determination of the type of a tran-
scripts produced by the CLL cells (the ol and o2 transcripts
could not be discriminated in the isotype-specific Ig gene fin-
gerprinting assay because the PCR primers were homologous
to both the Cal and Ca2 genes). Interestingly, only the al
transcript was identified in the 12 sequenced a clones (ob-
tained from two different patients), suggesting that the Cal
gene is predominantly expressed by the CLL cells.

HAS (4th. sampling)

total lgG* total IgA+ total IgG* total IgA*
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- - Figure 4. Fingerprinting analysis of sorted
- o surface IgG* and surface IgA* cells. y1, 2,
v3 and « transcripts were analyzed in total
and sorted B cell populations from patients

CLP and HAS. Arrows indicate the posi-
L L__| tion of the CLL transcripts.
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Discussion

Recent molecular studies have confirmed the existence of po-
tentially more differentiated CLL variants which have under-
gone H chain class switching and express membrane IgG or
membrane IgA (4, 30, 31). In the present report, we show that
isotype-switching is a common phenomenon in CLL, since iso-
type-switched CLL H-chain transcripts were detected in all of
our IgM* CLL patients. In some cases, especially those with
more pronounced hypogammaglobulinemia, the CLL bands
were the only bands visible, indicating that in these patients
the isotype-switched CLL cells were predominant among the
peripheral blood B lymphocytes of that particular isotype. This
is most likely to reflect the progressive dilution of normal B
cells rather than a high proliferative and/or survival capacity of
the isotype-switched CLL cells, since a relatively constant ratio
of isotype-switched CLL vs normal B cell H chain transcripts
was observed in the three patients that were followed over a
two year period.

Table I1. Nucleotide Sequence Analysis of Isotype-switched
CLL H-chain Transcripts

No. of No. of mutations in
H-chain sequenced FW3/CDR3/FW4 No. of mutations

Patient isotype clones regions in Cy regions
HAI1 al 6 2 1

v3 4 None None
HA2 v3 6 None 2
HAS al 6 None 1

v3 6 1 None
CLP  ~1(CD38%) 8 None 3

v2 6 None None

v3 6 None 2
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Figure 5. Analysis of secretory v tran-
scripts expressed by PBL from CLL pa-
tient HAS. Three samples were collected
at different intervals over a two year pe-
riod. Each sample was amplified with the
common secretory y primer (hGs) and the
consensus Vy-specific primer (hV2) to de-
tect the secretory <y transcripts produced
by both normal and CLL B-cells (top panel
of autoradiogram). Only CLL transcripts
were amplified when the hGs primer was
used together with an oligonucleotide spe-
cific for the CDR3 region of the CLL clone
(bottom panel of autoradiogram). Ali-
quots of each PCR were *?P-labeled by
primer extension with each of the four iso-
type specific Cy primers (hG1, hG2, hG3
and hG4) and analyzed by denaturing-
PAGE.

PCR primers:

hv2/hGs

CDR3sp/hGs

Except for a2, isotype-switched CLL transcripts belonging
to all investigated H-chain classes were detected. The CLL
cells most frequently produced ol and 3 transcripts, which
appeared as prominent bands in most fingerprints. Transcripts
belonging to the vyl isotype were less frequently detected,
which could be due to a high number of residual normal IgG1-
producing B-lymphocytes in the peripheral blood of these pa-
tients. Preferential expression of the Cy3, Cyl, and Cal genes
was also observed in a study that examined the expression of
germ-line transcripts by in vitro stimulated CLL cells (32). The
absence of germ-line y2 transcripts in that study is interesting,
since we detected significant amounts of productive y2 tran-
scripts in vivo. This difference could eventually reflect an ab-
sence of isotype-regulating signals in the in vitro conditions
which could drive switching to the y2 isotype.

In one patient we found evidence that isotype-switching
had occurred on both the productively and nonproductively
rearranged allele. The ratio of productive and nonproductive
transcripts was similar in all isotypes except o, indicating that
in most of the CLL cells the two Ig H chain loci had switched
to the same Cy genes. This finding is in agreement with investi-
gations in human and mouse B cell lines which have shown
that the VDJ genes in both chromosomes frequently switch to
genes that encode the same Cy isotype (33, 34).

We also provide evidence that the isotype-switched CLL
transcripts can be translated and expressed as membrane Ig
molecules. This was shown in the analysis of sorted surface
IgG™ cells that were selected from the PBL of two CLL pa-
tients. In both cases the CLL vy transcripts were more abun-
dant in the sorted than in the total PBL population, demon-
strating that a subset of the CLL cells express surface IgG.
However, it should be noted that the frequency of surface
IgG*™ CLL cells was apparently very low because only a small
percentage of the PBL in these two patients were positive by
cytofluorimetric analysis and, as shown with the Ig gene finger-
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printing, the isotype-switched CLL cells represented only a
fraction of all surface IgG™ B cells.

Ten of the CLL patients in our study had developed au-
toimmune hemolytic anemia (AIHA) during the course of
their disease (cases HA1, HA2, HA4, HAS, HA6, HA7, HAS,
HA11, HA-RI, and HA-Idr). The detection of isotype-switched
CLL transcripts in all of these patients is especially intriguing
with respect to the pathogenesis of this disorder. AITHA is fre-
quent in CLL but rare in other B cell neoplasms, which impli-
cates the transformed CLL lymphocyte in the development of
this disease. On the other hand, the anti-erythrocyte autoanti-
bodies in these patients are typically polyclonal IgG, and
therefore differ in H chain isotype from the IgM* CLL clone.
We now show that these patients also contain CLL cells capa-
ble of producing secretory IgG antibodies which could be in-
volved in the pathogenesis of the AIHA. In two of the CLL-
AIHA patients we also determined the type of secretory vy
transcripts that were produced by the CLL cells. Analysis of
different samples collected during a two year period from the
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Figure 6. Detection of isotype-switched CLL tran-
scripts in CD5* B cells from patient HAS (a) and
CD5" and CD38* B cells from patient CLP (b). Anal-
ysis of total PBL samples was done in both cases for
comparison. The primer extension reactions were
done with internal Cy; primers (top) or CDR3-specific
primers (bottom). Arrows indicate the bands that cor-
respond to the CLL clones.

development of AIHA showed that the majority of secretory
CLL v transcripts belong to the y2 and y3 subclasses. In one of
the patients almost all of the secretory y3 transcripts were pro-
duced by the CLL clone. Antibodies of the IgG3 subclass seem
to play an important role in the pathogenesis of the hemolytic
anemia because of their high affinity for the FcyRIII which
could promote the initial adherence of sensitized erythrocytes
to macrophages (35). A role for the CLL Ig in the develop-
ment of the hemolytic anemia is also supported by our recent
finding of a restricted H-chain variable region repertoire in
CLL associated with AIHA, which is characterized by prefer-
ential expression of the 51p1 and DP-50 V; gene segments and
Dy genes from the DXP family (20). Studies are in progress to
determine the specificity of these antibodies which should de-
lineate the mechanisms through which the CLL Ig could pro-
mote the development of the hemolytic anemia.

To investigate if there are differences in the cell surface phe-
notypes of the isotype-switched CLL cells and their [gM* pro-
genitors, we performed isotype-specific fingerprinting analysis



of CD5* and CD38" PBL. The CD5 marker seems to be ex-
pressed by the majority but not all CLL cells, and could even-
tually be lost during B-cell differentiation (36, 37). The pres-
ence of isotype-switched CLL H-chain transcripts in the CD5"
B cell population indicated that isotype-switching occurs in cells
that still express the CDS5 antigen. This analysis also showed
that the majority of the a- and y-expressing CD5* B cells in
the peripheral blood of the CLL patients are related to the ma-
lignant clone. Interestingly, the CLL 1 transcripts that were
detected in the unfractionated PBL from one of the patients
could not be detected among the transcripts produced by
CD5* B cells. However, CLL y1 transcripts were predominant
among the y1 transcripts produced by CD38" cells from this
patient, indicating that some of the isotype-switched CLL cells
might differentiate into CD57/CD38™ cells.

In most cases of CLL the leukemic cells express Vy genes
that contain little or no somatic mutations (for review see ref-
erence 38). However, some recent studies have reported muta-
tions in CLL Vy regions, particularly in association with the
V251 and Vy4.21 genes (39, 40) and with CDS5 negative CLL
(41). Mutated Vy genes have also been observed in isotype-
switched CLL variants, indicating that these two processes
might be linked (4, 30, 42). To investigate this possibility we
performed nucleotide sequence analysis of «, y1, y2, and 3
CLL H-chain transcripts from four cases that expressed u. VDJ
transcripts in germ-line configuration. Three of these cases
were chosen because the leukemic cells expressed strikingly
similar Vy regions that were encoded by the 51p1 gene in com-
bination with a single reading frame of the DXP4 gene seg-
ment (20). This similarity in the antigen-binding sites indicated
that these CLL clones have undergone antigen-driven stimula-
tion and selection. The y1 transcripts expressed by CD38"
CLL cells from case CLP were investigated because they were
produced by potentially more differentiated cells and also con-
tained the Vy4.21 gene which is frequently found mutated in
CLL. Sequence analysis of 48 different clones spanning the
FW3-CH2 (or hinge) regions of the isotype-switched CLL
transcripts showed that somatic mutations had not accumu-
lated in the Vy region sequences. The few mutations that were
observed were equally distributed between the variable- and
constant-regions and can therefore be regarded as Taq poly-
merase errors. The absence of mutations in the isotype-switched
CLL transcripts suggests that the processes of class-switching
and somatic mutation are distinct in the CLL lymphocyte.
These data also indicate that the presence of somatic muta-
tions in CLL might not reflect the stage of differentiation of
the transformed cells, but rather the type of antigen stimula-
tion or the capacity of the CLL cells to respond.
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