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background

 

The mutational status of immunoglobulin heavy-chain variable-region (

 

IgV

 

H

 

) genes in
the leukemic cells of chronic lymphocytic leukemia (CLL) is an important prognostic
factor in the disease. We investigated whether the expression of ZAP-70 by CLL cells
correlated with the 

 

IgV

 

H

 

 mutational status, disease progression, and survival.

 

methods

 

The expression of ZAP-70 was analyzed in T-cell and B-cell lines and in peripheral-blood
samples from 56 patients with CLL with the use of flow cytometry, Western blotting, and
immunohistochemistry. The results were correlated with the 

 

IgV

 

H

 

 mutational status and
clinical outcome.

 

results

 

ZAP-70 was detected by flow-cytometric analysis in cells of T-cell lineage and in leu-
kemic cells from 32 of 56 patients with CLL. In all patients in whom at least 20 percent
of the leukemic cells were positive for ZAP-70, 

 

IgV

 

H

 

 was unmutated, whereas 

 

IgV

 

H

 

 muta-
tions were found in 21 of 24 patients in whom less than 20 percent of the leukemic cells
were positive for ZAP-70 (P<0.001). Concordant results were obtained when ZAP-70
expression was assessed by immunohistochemistry or Western blotting. The level of
ZAP-70 expression did not change over time (median, 37 months) in sequential samples
from 30 patients with CLL. Patients with Binet stage A CLL who had at least 20 percent
ZAP-70–positive leukemic cells had more rapid progression and poorer survival than
those with less than 20 percent ZAP-70–positive cells.

 

conclusions

 

Among patients with CLL, expression of ZAP-70, as detected by flow-cytometric analy-
sis, correlated with 

 

IgV

 

H

 

 mutational status, disease progression, and survival.
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he staging systems developed by

 

Rai et al.

 

1

 

 and Binet et al.

 

2

 

 are standard
methods of assessing prognosis in chron-

ic lymphocytic leukemia (CLL). However, since
these systems cannot identify stable or progressive
forms of the disease, there has been a continual ef-
fort to identify other prognostic factors in CLL.

 

3-6

 

About 50 to 70 percent of patients with CLL have
evidence of somatic hypermutation in the immuno-
globulin heavy-chain variable-region (

 

IgV

 

H

 

) genes
of the leukemic cells.

 

7-11

 

 These patients probably
constitute a subgroup in whom the leukemic cells
have passed through the germinal center, the site of

 

IgV

 

H

 

 hypermutation.

 

12

 

 It is important to note that
patients with unmutated 

 

IgV

 

H

 

 genes usually have an
advanced stage of CLL and unfavorable cytogenetic
features, require therapy, and have a short survival.
In contrast, patients with leukemic cells that have
mutant 

 

IgV

 

H

 

 genes usually present in an early clini-
cal stage, frequently have 13q14 chromosomal dele-
tions, do not have alterations of p53, do not require
therapy, and have a long survival.

 

11,13,14

 

 For these
reasons, knowledge of the mutational status of 

 

IgV

 

H

 

is of considerable value in assessing the prognosis
in CLL. Most general laboratories, however, are un-
able to determine 

 

IgV

 

H

 

 sequences. Moreover, even
when the technique is available, it is too costly and
time consuming to include in the standard workup
of CLL. These considerations have made finding a
surrogate for 

 

IgV

 

H

 

 mutational status in CLL an im-
portant priority.

Investigations using DNA microarrays

 

15,16

 

 have
shown that CLL cells exhibit a characteristic gene-
expression profile in which the expression of a
small subgroup of genes, including those encoding
ZAP-70, IM1286077, and C-type lectin, correlates
with the mutational status of 

 

IgV

 

H

 

 genes.

 

16,17

 

ZAP-70, a member of the Syk–ZAP-70 protein tyro-
sine kinase family, is normally expressed in T cells
and natural killer cells and has a critical role in the
initiation of T-cell signaling.

 

18-22

 

 This finding led us
to hypothesize that the expression of ZAP-70 could
not only predict 

 

IgV

 

H

 

 mutational status but also
serve as a prognostic factor in CLL. We therefore
analyzed ZAP-70 protein in CLL cells from a series
of patients using Western blotting, immunohisto-
chemistry, and flow cytometry and correlated the
results with the mutational status of the 

 

IgV

 

H

 

 genes
and the clinical outcome.

 

patients and sample collection

 

Fifty-six patients who had received a diagnosis of
CLL at our institution were selected on the basis of
the availability of frozen samples for biologic stud-
ies. Lymph-node–biopsy specimens were available
from eight patients. Progression was defined as a
change to a more advanced clinical stage or the need
for treatment. The time to progression and surviv-
al were calculated from the time of diagnosis. The
median age was 60 years (range, 37 to 81), and the
median duration of follow-up (from diagnosis) was
63 months.

Mononuclear cells from peripheral-blood sam-
ples were isolated on a Ficoll–Hypaque gradient
(Seromed).

 

23

 

 In three samples, CD19+ cells were
isolated with use of anti-CD19 fluorescein isothio-
cyanate, followed by separation with anti–fluores-
cein isothiocyanate Microbeads (Miltenyi Biotec).
Lymph-node–biopsy specimens from six addition-
al patients who had received a diagnosis of mantle-
cell lymphoma according to the criteria of the World
Health Organization

 

24

 

 were included in the analysis.

 

preparation of rna, complementary dna, 
and genomic dna

 

Total RNA was isolated with use of Ultraspec RNA
(Biotecx Laboratories) according to the manufactur-
er’s instructions. Complementary DNA (cDNA) was
synthesized from 1 µg of RNA with the use of Molo-
ney–murine leukemia virus reverse transcriptase
(Invitrogen, Life Technologies). High-molecular-
weight DNA was extracted from mononuclear cells
isolated on a Ficoll gradient with use of a salting-
out procedure.

 

25

 

amplification of 

 

i

 

g

 

v

 

h

 

 genes

 

We amplified cDNA using a set of six heavy-chain
variable-region (V

 

H

 

) family-specific primers (V

 

H

 

1
through V

 

H

 

6) that anneal to sequences in the leader
region

 

26

 

 along with primers complementary to the
constant region (IgM and IgG).

 

7

 

 When amplifica-
tion with these primers failed, an alternative set of
primers specific to framework I region and the
heavy-chain joining (J

 

H

 

) region was used.

 

27

 

 For the
amplification of genomic DNA, approximately
100 ng of DNA was used in a total volume of 50 µl.

 

11

 

i

 

g

 

v

 

h

 

 mutational status

 

Polymerase-chain-reaction (PCR) products were
purified either directly with use of the Concert rap-

t
methods
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