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ABSTRACT

Background and Objective. Recent studies have
shown that expression of adhesion molecules of the
Ig superfamily, of integrins and of selectins allows
definition of high vs low risk B-cell chronic lympho-
cytic leukemia (B-CLL). The proteoglycan CD44 is an
adhesion molecule that may be expressed as a stan-
dardform of 85-95 KD or as several variantisoforms.
The presence of certain CD44 variant (v) isoforms on
neoplastic cells indicates poor prognosis in epithelial
and lymphoid malignancies, as it is associated with
tumor progression and metastasis.

Design and Methods. The expression of CD44 v3, 4,
5, 6, 7, 9 and 10 was analyzed in cells from 85 B-CLL
patients. Indirect immunofluorescence and flow
cytometry were used to identify CD44v. Functional
studies were performed by analysis of adhesion to
hyaluronate (HA), one CD44 ligand, and HA-induced
Ca?* influx. A variety of statistical methods were used
to define phenotypic and functional differences
between the various clones, to calculate survival
curves, and for multivariate analyses.

Results. In 17/85 B-CLL (20%), one or more CD44v
were detectable by indirect immunofluorescence,
whereas in 68/85 cases (80%) this technique yield-
ed negative results. However, moAb “mixes” against
CD44v and patching of surface molecules on B-CLL
cells have shown that all B-CLL clones express
CD44v. This has been confirmed by Western blot in
a number of cases. Thus, two groups of patients
whose cells bear CD44v at high or low density, are
distinguished. Functions of the two clonotypes were
investigated, namely their adhesion to a CD44 lig-
and and hyaluronate (HA), and effect on HA-induced
Ca?* influx. Cells expressing high density CD44v
adhere to HA-coated substrates more efficiently than
cells with low density CD44v. In all clones, HA-sig-
naling via CD44 yields Ca?* influx. This indicates that
CD44 mediates activatory signals following interac-
tion with the ligand.

Interpretation and Conclusions. The clinical rele-
vance of these findings has been ascertained. The
17/85 cases whose cells bore high density CD44v
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had significantly worse prognostic features than
those of patients with low density CD44v, namely
more advanced disease stage, LDT <12 months and
therapy requirement. Moreover, the median survival
in the former group of patients was <5 years as
opposed to >12 years in the latter. Therefore, analy-
sis of CD44v expression provides indications of bio-
logical and clinical relevance also in low grade lym-
phoproliferative disorders.
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e CD44 proteoglycan is a multistructural and

I multifunctional adhesion molecule that recog-

nizes hyaluronic acid (HA) and other extracel-
lular matrix (ECM) components, such as collagens,
fibronectin and laminin, and is capable of mediating
activatory signals via cytoskeletal rearrangements.’s
The CD44 surface receptor is expressed on a variety
of hematopoietic and non-hematopoietic normal
and malignant cells in which it plays a role both in
cell function regulation and in the pathophysiology
of neoplastic disorders.®”

CD44 is found on lymphocytes of Band T lineage,
with the exception of sessile cells such as cortical thy-
mocytes and germinal center B cells.® This indicates
that all trafficking lymphocytes bear CD44, also
termed the lymphocyte homing receptor.’ Interestingly,
co-capping experiments have shown that, on both T
and B cells, CD44 is physically associated with the
antigen receptor complex, and it has been suggest-
ed that it may deliver co-activatory signals following
antigen recognition (Dianzani U., personal commu-
nication, and ref. #10).

In addition to the standard form of 85-95 KD
(CD44st), several variant isoforms (CD44v) are gen-
erated by pre-mRNA alternative splicing of at least
20 different exons.3 These variants differ from the
standard form in that they contain additional pep-
tide domains inserted into the membrane-proximal
extracellular portion of the molecule, and therefore
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display a higher molecular weight.'* The CD44st and
CD44v repertoire is further enriched by N- and O-
glycosylation and by glycosaminoglycanation (by
heparan sulfate and chondroitin sulfate).”'s

CD44v isoforms are not detected on resting B and
T lymphocytes. However, CD44v6 and v9 are tran-
siently expressed on activated T cells.’>® Their pres-
ence is necessary for HA adhesion, and these iso-
forms possess signaling and effector function activa-
tion capabilities.’" In addition, HA-mediated sig-
naling appears to be required for variant-dependent
adhesion to HA." This indicates that CD44v iso-
forms play a functional role in T lymphocytes.

Splice variants carrying sequences encoded by exon
v6 are selectively detected in metastatic animal can-
cer cell lines, and they confer metastatic behavior to
non-metastatic tumor cells.2%2" In some cancers,
expression of CD44v5 and v6 is associated with dis-
ease progression and with metastatic potential.?2?7 In
certain malignancies, such as melanoma, tumor pro-
gression is accompanied by up-regulation of v5 and
down-regulation of v10.2¢ Overexpression of CD44v6
has also been described in high grade, but not in low
grade non-Hodgkin’s lymphomas.'62%30 Although the
significance of CD44v in lymphoproliferative disor-
ders as well as in other malignancies has been chal-
lenged recently,' it is generally agreed that they may
help define neoplastic clones in more or less aggres-
sive disease settings.

B-cell chronic lymphocytic leukemia (B-CLL) is
regarded as a low grade lymphoproliferative disor-
der. However, a high degree of phenotypic hetero-
geneity has been observed among B-CLL clones.3%33
On clinical grounds, the course of the disease is also
quite variable, with cases that remain stable for long
periods of time and others that are rapidly progres-
sive.>* Most often this is not paralleled by significant
phenotypic differences. We and others have shown
that expression of adhesion molecules of the immu-
noglobulin superfamily, of integrins and of selectins,
allows definition of high vs low risk B-CLL
patients.’33539 As for CD44st expression, two groups
of B-CLL clones can be distinguished that bear the
receptor at low (CD44'°%) or at high (CD44hie") den-
sity. The two groups of patients have a significantly
different survival.** We have also shown that the lev-
els of serum CD44st, but not those of CD44v5 and
v6, provide useful information for tumor bulk assess-
ment, for detection of high risk cases and for moni-
toring disease progression.'

In this study we analyzed the expression of CD44v
isoforms on B-CLL cells. All the leukemic clones
express CD44v, which are detected at high density in
20% of the cases and at low density in the remaining
80%. We also ascertained the functional relevance of
CD44v expression for substrate adhesion of, and sig-
naling to B-CLL cells. Finally, we showed that the den-
sity of CD44v expression allows significant clinical
correlations between B-CLL phenotype, disease stage
and survival.

Materials and Methods

Patients

Eighty-five patients were enrolled in this study after
informed consent. The mean age of the patients was
57.6 years, and the male to female ratio was 50:35.
Diagnosis of B-CLL according to generally accepted
criteria*> was confirmed by immunophenotypic
analysis of IgH and L chains, CDS5, CD19 and HLA-
DR expression. The pattern of bone marrow infiltra-
tion*? was evaluated in bone marrow biopsies from
71/85 patients. Biopsy was not performed in 14
patients due to advanced age, cardiovascular risk fac-
tors, or refusal of informed consent. The clinical eval-
uation included assessment of peripheral blood lym-
phocytosis, liver, spleen and lymph node enlarge-
ment, lymphocyte doubling time (LDT),* and stag-
ing according to Binet et al.*> At the time of study, 62
patients were in Binet stage A, 12 were in stage B and
11 were in stage C of disease. For an evaluation of
survival and for the construction of survival curves,
none of the above patients was censored because of
disease-unrelated death. Not all of the patients were
studied at diagnosis. Therefore our study is not
prospective.

Surface phenotype of B-CLL cells and expression
of CD44st and of CD44v isoforms

Peripheral blood mononuclear cells were isolated
by Ficoll-Hypaque density gradient centrifugation.
Freshly isolated cells or cells stored in liquid nitrogen
were used in all of the studies without appreciable
differences.

In addition to mouse moAb to IgH and L chains,
CDS5, CD19 and HLA-DR, that allowed evaluation of
the bulk of B-CLL cells, moAb to CD3 and CD16 were
used to enumerate residual T cells and NK cells. All of
the above moAb were from Becton Dickinson (San
José, CA, USA). We also used moAb to CD44st
(Immunotech, Luminy-Marseille, France) and to the
variant isoforms v3 (R&D Systems, Abingdon, UK),
v5,v6,v7,v10 (Bender MedSystems, Vienna, Austria),
v4 and v9 (a kind gift of C.R. Mackay, the Basel Insti-
tute for Immunology, Switzerland). In some experi-
ments, anti-CD44v moAb were used as the primary
reagent in the following combinations or mixes:
v3+v4+v5, v5+v6+v7, v7+v9+v10. The secondary
reagents used in the indirect immunofluorescence
assays were FITC-conjugated goat anti-mouse |g anti-
bodies (Southern Biotechnology Associates, Birm-
ingham, AL, USA). Cells were subsequently analyzed
by flow cytometry (FACScalibur, Becton Dickinson).
Controls were provided by use of unrelated primary
moADb of the same isotype, followed by the secondary
reagent, and by use of the latter reagent alone.

In 10 selected patients the phenotype of leukemic
cells was re-assessed, within 6 months after the first
analysis.

Modulation of B-CLL cell surface molecules
To determine the redistribution of cross-linked sur-
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face molecules, cells were incubated with the prima-
ry moAb for 30 min on ice. The secondary labeled
reagent was then added, and cells were incubated at
37°Cfor 4 hours. Analyses of surface molecule redis-
tribution were performed by both fluorescence
microscopy and flow cytometry. In addition to moAb
to CD44st and variant isoforms (used one by one or
in mixes, see preceding section), we used moAb to
IgM (Becton Dickinson) as a control for the modu-
lation experiments.

To assess whether or not the CD44 ligand HA
could induce a redistribution of CD44 molecules sim-
ilar to that obtained by moAb cross-linking, B-CLL
cells were incubated overnight at 37°C on plastic sur-
faces coated with human umbilical cord HA (Cal-
biochem, San Diego, CA, USA) at 1 mg/mL. Cells
were subsequently harvested by vigorous pipetting,
stained with moAb to CD44st followed by the sec-
ondary labeled reagent, and analyzed by flow cytom-
etry and fluorescence microscopy.

Analysis of CD44 by immunoprecipitation and
immunoblotting

Immunoprecipitation/blotting experiments were
performed on peripheral blood mononuclear cells
from three patients whose cells expressed CD44v
detectable by indirect immunofluorescence, and
from three patients whose cells were negative by this
assay. In all of the cases, HLA-DR* cells exceeded
90%.

Tenx 106 cells were washed with phosphate-buffer-
ed saline (PBS) and lysed with RIPA buffer contain-
ing 1% Triton X 100 and 0.15M NacCl, for 1 hour in
the cold. Cell lysates were centrifuged for 1 hour at
10,000 rpm and supernatants were analyzed. Cell
supernatants were precleared using protein A-Se-
pharose (Pharmacia, Uppsala, Sweden), and immu-
noprecipitated with anti-CD44st moAb (clone] 173,
Immunotech). As a control moAb for immunopre-
cipitation we used an anti-CD4 moAb (Serotech,
Oxford, England). An additional control was provid-
ed by the A-549 lung adenocarcinoma cell line which
expresses the standard form of CD44, but no variant
isoforms (see ref. #41). After several washings,
immunoprecipitates were eluted by boiling in non-
reducing running buffer, and separated in 7.5% SDS-
PAGE. Proteins were blotted onto nitrocellulose
membranes (Amersham, Arlington Heights, IL, USA).
Membranes were saturated overnight with non-fat
dry milk (Merck, Darmstad, Germany) in PBS, and
subsequently incubated with 10 pg anti-CD44st
moAb in PBS, supplemented with 1% non-fat dry
milk, for 1 hour under continuous stirring. After
exhaustive rinsing with PBS containing 0.5% Tween
20, membranes were incubated with affinity-purified,
peroxidase-conjugated rabbit anti-mouse Ig (Dako,
Glostrup, Denmark). Protein bands were revealed
using the ECL system (Amersham). Molecular weight
markers were from Biorad (Richmond, VA, USA).

Cell adhesion assays

Cell adhesion to HA-coated surfaces was evaluat-
ed using the technique described by Miyake et al.,?
with modifications.” Cells were labeled with 'Cr
(Amersham) and added (2x10° cells/well) to 96-well
plates (Costar, Cambridge, MA, USA) precoated with
1 mg/mL HA. Control wells as well as non-specific
binding sites of HA-coated wells were blocked with
10% fetal calf serum (FCS) in PBS.™ Plates were cen-
trifuged at 600 rpm for 5 min, incubated at 37°C for
5 min, and unbound cells were removed by 5 wash-
ing cycles in pre-warmed medium. Bound cells were
lysed with TN HCl and %'Cr was measured in a gam-
ma counter. Percentages of bound cells were deter-
mined as: percent bound=[(cpm from bound
cells)/(input cell associated cpm - spontaneously
released cpm)] x 100.

Measurement of intracellular Ca®* mobilization

Five x 106 B-CLL cell aliquots (10%/mL) were incu-
bated with 5 mM Fura 2-AM (Sigma, St. Louis, MO,
USA) for 30 min at room temperature in a standard
loading buffer,* washed and resuspended in a 0.7
mL volume of the same buffer, and dispensed in a
quartz cuvette alternatively illuminated by 340 and
380 nm light using a Hitachi 2000 fluorescence spec-
trophotometer. The intracellular Ca?* concentration
was calculated according to Tsien and Poenie.” The
Fura 2/Ca?" signal was calibrated by adding 125 pM
digitonin followed by 2.5 mM EGTA (Sigma). To
evaluate the effect of the CD44 ligand, HA was added
at 100 pg/mL final dilution. A control to this experi-
ment was provided by treatment of the cells with anti-
CD44 moAb (clone J-173, Immunotech) prior to
incubation with HA (see ref. #19). The total intra-
cellular Ca?" was determined by addition of 0.5 pM
ionomycin (Sigma).

Statistical analyses

Each single clinical and phenotypic parameter was
matched with all of the others using the statistical
technique of cross tabs. We used the Pearson x? test
(SPSS/PC) to define the significance of each cross
and analyzed the percentages in each tab. When the
probability value was less than 0.05, the hypothesis
that the two examined variables were independent
was rejected. The Student t-test was used to evaluate
statistical differences in the mean values of percent-
age HA adhesion. Survival curves were calculated
according to the Kaplan-Meier method and the sta-
tistical difference was evaluated using the log-rank
test. For a multivariate analysis we used the propor-
tional Cox’s hazard regression model (see Biomedical
Package BMPD, 1981). The model is in keeping with
the partial likelihood theory. Estimates of the regres-
sion coefficients are provided together with the stan-
dard measures of the significance of covariates (prog-
nostic factors). The set of variables analyzed in the
Cox’s model was: bone marrow histologic pattern
(non-diffuse vs. diffuse); Binet stage (A vs. B+C);
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splenomegaly (no vs. = 3 cm below the costal mar-
gin); LDT (= 1yrvs. < 1yr); therapy requirement (no
vs. yes); lymphocytosis (< 60,000 vs > 60,000/pL);
CD44v expression (high vs. low).

Results

Detection of CD44v on B-CLL cells by indirect
immunofluorescence

Expression of CD44v3, v4, v5,v6,v7,v9 and v10 on
B-CLL cells from 85 patients was analyzed. One or
more isoforms in various combinations were readily
detectable in 17/85 cases (20%) and this phenotype,
reassessed within six months, remained stable in a
group of 10 patients selected from among both pos-
itive and negative cases. Flow cytometric profiles of
one negative and one positive representative case are
shown in Figure 1. In Table 1 we report percentages
of CD44v* cells, of residual CD3* T cells and of
CD19*-HLA-DR* cells, providing a rough indication of
the proportion of leukemic B cells in the 17 cases
whose cells expressed CD44v isoforms detectable by
indirect immunofluorescence. The data show that
variable numbers of CD44v isoforms, from 1to 6, are
detected in each case. CD44v4 is most frequently
expressed (14/17 cases), whereas CD44v9 was not
found in any case. It should be noted that moAb
against CD44st reacted with nearly 100% of the cells
in cases that expressed CD44v, as well as in cases that
were CD44v-negative by indirect immunofluorescence
(not shown).

All B-CLL cell clones express CD44yv isoforms
The finding that in 20% of the B-CLL cases the
malignant cells bear CD44v at levels detectable by
indirect immunofluorescence raises the possibility
that, in the remaining negative cases, cells might
express the variant isoforms at a very low density,
which is not be detectable by this technique. In order
to prove this hypothesis, we set up two types of exper-
iments. B-CLL cells that were negative for each indi-
vidual moAb were stained with mixes of moAb to
v3+v4+v5 v5+v6+v7 and v7+v9+v10. Data in Table 2
show that in some cases this approach was success-
ful in detecting CD44v. In many cases, however, the
results were negative (see e.g. patients 1, 3, 6 etc. in
Table 2). Therefore, in a second set of experiments,
modulation of surface molecules was performed as
described in the Materials and Methods section. The
rationale behind these experiments is that, due to
cytoskeletal defects, B-CLL cells, at variance to normal
B cells, remain arrested at the patching phase of surface
molecule modulation.* Patching of surface membrane
molecules should increase the fluorescence signal,
thus allowing detection of molecules expressed at very
low density that would be otherwise undetectable.
The comparison of fluorescence micrographs with
flow cytometric profiles of modulated B-CLL cells
shows that patching of cross-linked surface molecules
is indeed paralleled by a definite increase in the fluo-
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Figure 1. Flow cytometric analysis of CD44v expression on
B-CLL cells from two representative cases. A) Cells are neg-
ative for all of the variant isoforms analyzed. B) Several vari-
ant isoforms are detected in variable percentages of B-CLL
cells. CD44st is expressed on all of the cells. HLA-DR and
CD3 provide a rough estimate of B-CLL cells and of residual
T cells, respectively.

rescence signal (Figure 2), and data in Table 2 demon-
strate that CD44v is expressed on all the B-CLL clones
tested. Additional modulation experiments in the
remaining 80% of the B-CLL cases that were negative
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Table 1. Expression of CD44v on B-CLL cells from 17 (out
of 85) patients.*

Pt. HLA-DR® CD3 CD44 v3 v4 v5 v6 v7 v9 v10
1 97 1 99 30* 87 61 51 48 3 16
2 88 7 100 12 54 25 23 11 0O 2
3 82 2 97 3 2 22 1 29 1 1
4 72 20 100 12 29 5 3 5 1 2
5 94 8 100 18 12 3 1 1 1 1
6 99 2 98 19 43 31 33 30 4 10
779 5 99 6 38 17 35 25 0 6
8 93 5 100 2 21 2 4 0o 1 3
9 9 4 99 1 33 10 5 5 0 0

10 95 5 100 1 26 2 2 2 1 0

1 8 10 100 4 28 14 19 11 1 2

12 97 2 100 33 52 40 30 24 1 4

13 98 0 100 3 17 14 25 10 0 5

14 62 7 93 2 21 4 10 7 0 1

15 9 11 100 3 49 4 5 21 1 1

16 77 8 100 99 12 2 1 2 1 0

17 93 5 100 33 8 74 15 57 3 24

*Percentages of positive cells determined by indirect immunofluorescence
and flow cytometric analyses. °Percentages of CD19* cells were virtually
superimposable to those provided by HLA-DR determination. *Underlined
numbers indicate significant percentages of CD44v* cells. Percentages low-
er than 15% were considered negative.

in the straight indirect immunofluorescence assay
yielded similar results (not shown).

We, therefore, demonstrated that two groups of
B-CLL cell clones exist. In the first, that accounts for
20% of the cases, CD44v isoforms are expressed at
high density on B-CLL cells and are readily detectable
by indirect immunofluorescence. In the second
group, CD44v isoforms are undetectable because
they are expressed on the cell surface at a very low
density. They can, however, be demonstrated using
moAb mixes or by modulating the surface molecules
into patches.

That B-CLL clones express CD44v was further con-
firmed by immunoprecipitation/blotting experiments
on B-CLL cell lysates belonging to the two groups
described above. In both CD44v* and CD44v- cells
defined by indirect immunofluorescence, moAb to
CD44st detect the 85 KD hematopoietic form,
together with several thicker bands of higher molec-
ular weight (Figure 3). At least five bands of molecu-
lar weight comprised between 94 KD and 224 KD are
demonstrated in both types of B-CLL cells. Increased
glycosylation, glycanation and insertion of peptide
domains (i.e. variant isoforms) may account for the
high molecular weight forms of CD44. No high mol-
ecular weight bands were detected in A-549 cell
lysates (not shown, but see Figure 3 in our ref. #41).

HA induces patching of surface CD44
To determine whether or not the CD44 natural lig-

Table 2. Effect of moAb “mixes” and of their modulation on
the detection of CD44v isoforms.

Pt.*  v3+v4+v5 MOD.° v5+v6+v7 MOD. v7+v9+v10 MOD.

1 1# 81# 0 72 3 68
2 47 98 20 99 9 96
3 0 49 0 49 0 10
4 22 73 10 58 13 47
5 21 75 19 7 20 67
6 3 50 2 49 2 48
7 7 7 2 81 1 67
8 7 7 6 7 5 66
9 10 78 6 7 5 62
10 2 69 2 64 1 54
11 2 62 1 48 1 44
12 16 88 13 87 8 83
13 1 95 4 91 2 82
14 0 42 0 51 0 12
15 0 48 0 38 0 25
16 3 78 2 72 1 52

*In all of these patients, staining with single moAb to CD44v had yielded
negative results. °Mod = Modulation performed at 37°C after staining with
primary and secondary antibodies (see Materials and Methods). *Percent-
ages of positive cells, before and after modulation, as determined by indi-
rect immunofluorescence and flow cytometric analysis.

and, HA, induced the same CD44 redistribution pat-
tern observed in modulation experiments using moAb
to CD44, B-CLL cells were incubated on HA-coated
plastic surfaces and subsequently stained with anti-
CD44st moAb. An increased fluorescence signal was
observed following incubation on HA-coated sur-
faces in comparison with that from control B-CLL
cells which were incubated on uncoated surfaces
(Figure 4A). The occurrence of patching was con-
firmed by fluorescence microscopy observation (not
shown).

As a control for these experiments and for those
described in the preceding section, B-CLL cells were
stained for surface IgM and subsequently modulated.
Patching, shown by an increased fluorescence signal
was again observed (Figure 4B). This indicates that,
due to an intrinsic cytoskeletal defect of B-CLL cells,
all surface molecules undergo incomplete redistribu-
tion following cross-linking and modulation.

HA adhesion of B-CLL cells expressing CD44v
at high or low density

HA adhesion was tested in 26 B-CLL cases. In 12
of these, CD44v isoforms were readily detectable by
indirect immunofluorescence (high density CD44v*)
whereas, in the remaining 14, cells were negative by
this assay (low density CD44v"). Percent adhesion
was widely variable in the two groups (range 15% to
44%, and 3% to 25%, respectively). However, when
the mean values in the two groups were compared
(35.8+21.0 and 13.6+6.7, respectively), a signifi-
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Figure 2. Fluorescence microscopic and flow cytometric
analysis of B-CLL cells stained by indirect immunofluores-
cence for CD44st (A,B) and CD44v6 (E,F). The effect of
modulation is shown in C, D for CD44st and in G, H for
CD44v6. In C and G it is evident that modulation induces a
redistribution of surface molecules in the form of patches.
A comparison between B and D, and F and H demonstrates
that patching of surface molecules results in a distinct
increase of the fluorescence signal measured by flow cytom-
etry. A, C, E, G, x250.

cantly higher HA adhesion was found for B-CLL cells
that expressed CD44v isoforms at high density vs B-
CLL cells that were negative by indirect immunofluo-
rescence (p<0.006).

HA-mediated signaling to B-CLL cells
Redistribution of surface CD44 molecules induced
by HA suggests that the ligand-receptor interaction
could deliver activatory signals to B-CLL cells. To test
this hypothesis, Ca?* influx was measured following

Figure 3. Immunoprecipitation/blotting of CD44 from two B-
CLL cell lysates (lanes 1 and 2). Arrowhead indicates the
band of 85 KD that corresponds to the hematopoietic form
of CD44. Several bands of molecular weight comprised
between 94 and 224 KD are also evident. Anti-CD44st
moAb have been used for both precipitation and blotting. In
lane 3 a control experiment using moAb to CD4 is shown.
The band of approximately 150 KD is that of the mouse
moAb used.

150

120

Figure 4. Modulation of CD44 by HA is shown in A. B-CLL
cells incubated on plastic (solid line) or on HA-coated sur-
faces (dotted line) were subsequently stained for CD44st in
indirect immunofluorescence and analyzed by flow cytome-
try. An increased fluorescence signal by HA-incubated cells
is due to patching of surface CD44. The controls in B show
staining of B-CLL cells for IgM before (solid line) and after
modulation (dotted line).
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B-CLL cell stimulation with soluble HA, and the
results were compared to those obtained using the
Ca? ionophore, ionomycin.

Data in Table 3 demonstrate that, in all cases test-
ed, HA yielded efficient signals for Ca?* influx to B-
CLL cells. In 3/11 cases, the signal was even more
efficient than that delivered by ionomycin. Two rep-
resentative cases shown in Figure 5 demonstrate,
however, that a large degree of heterogeneity was
observed among the B-CLL clones, as for as con-
cerned the time course and the level of the response
to HA signaling. Pretreatment of cells with an anti-
CD44 moAb directed against the HA-binding
domain of CD44 inhibited HA-induced Ca?* mobi-
lization (not shown, see also ref. #19).

Effects of Ca** mobilization on HA adhesion of
B-CLL cells

Our study on CD44v expression in activated T cells
demonstrated that cytosolic free Ca?* was required
for adhesion to HA, as indicated by the observation
that ionomycin increased and EGTA (a Ca?* chelator)
inhibited HA adhesion.™ The effect of ionomycin and
EGTA on HA adhesion was, therefore, investigated in
26 B-CLL cases. In the presence of ionomycin, HA
adhesion of B-CLL cells was increased (by two- to
five-fold) in 5/26 cases only, and in 16/26 cases
EGTA significantly decreased HA adhesion (by 20%
to 50%). In view of the increased Ca?* influx deter-
mined by both HA and ionomycin (see preceding sec-
tion and Table 2), lack of HA adhesion enhancement
by ionomycin in most B-CLL cases is presumably due
to cytoskeletal defects preventing focal adhesion.

Clinical relevance of CD44v expression on
B-CLL cells

The above phenotypic and functional studies clear-
ly indicate that two groups of patients can be distin-
guished on the basis of phenotypic and functional
characteristics of the malignant cell clones, deter-
mined by CD44 expression and by adhesion to HA.

Some clinical features of the patients whose cells
did or did not express CD44v at high density are
shown in Table 4. Peripheral blood lymphocytosis,
LDT, clinical staging, the bone marrow pattern of
lymphocyte infiltration, spleen enlargement and ther-
apy requirement were considered since they represent
well known prognostic factors for evaluating the clin-
ical course of B-CLL.#**> The expression of high den-
sity CD44v on B-CLL cells correlated significantly with
advanced disease stage (Binet B/C), LDT <12 months
and therapy requirement. As for the correlation with
disease stage, it should be reiterated that expression
of high density CD44v was detected in 9.6%, 25.0%
and 72.7% of the patients in Binet stages A, B and C,
respectively.

These data are further supported by analyses of the
survival curves showing a significantly shorter survival
(p<0.001) in the group of patients whose B-CLL cells
expressed CD44v at high density (Figure 6). It worth

repeating that none of the patients included in this
evaluation was censored because of disease-unrelated
death. Although performed in a limited number of
patients, a multivariate analysis showed that LTD <
12 months and lymphocytosis >60,000/cmm are sig-
nificant and independent prognostic factors (Table
5). Other variables, including high density CD44v only
correlate with the known negative prognostic factors
and with disease activity.

Discussion

CD44 is a proteoglycan expressed on the surface
membrane of a variety of cell types, including most
lymphocytes. This molecule may be present in a stan-
dard form of 85-95 KD (CD44st), or it may contain
polypeptide inserts, the product of at least twenty
exons that may be expressed one by one, or in blocks.
This yields variant isoforms (CD44v) of higher mole-
cular weight.'>'# Variant isoforms are found in certain

Table 3. Effects of HA and ionomycin on Ca?* influx in B-CLL
cells.

Pt. Basal Ca** HA lonomycin
1 134* 221 (1.6)° 357 (2.6)
2 47 163 (1.8) 652 (13.8)
3 38 175 (4.6) 54 (1.4)
4 55 186 (3.3) 508 (9.2)
5 75 352 (4.7) 155 (2.1)
6 100 310 (3.1) 650 (6.5)
7 110 253 (2.3) 409 (3.7)
8 140 280 (2.0) 300 (2.1)
9 80 250 (3.1) 480 (6.0)

10 150 312 (2.1) 600 (4.0)

11 92 340 (3.7) 322 (3.5)

*Ca?* values are expressed as nM. °Data in parentheses indicate x fold
increase.

Table 4. Clinical features of the B-CLL patients whose cells
expressed CD44v at high density.

Clinical features CD44v+*  CD44v-° Significance
()
Advanced Binet stage (B/C) 11/17 12/68  <0.0001
Splenomegaly 11/17 28/68 n.s.#
PB lymphocytosis (>60,000x10%/mL) ~ 5/17 17/68 n.s.#
Diffuse bone marrow infiltration 4/14e 12/57° n.s.#
LDT < 12 months 9/16° 17/66°  0.018
Therapy requirement 14/17 37/68 0.035

*CD44v+ means that B-CLL cells were positive in an indirect immunofiuores-
cence assay; °CD44v- means that B-CLL cells were positive in an indirect
immunofiluorescence assay; #n.s.= non significant; ©no. of patients available
for evaluation.



CD44v expression in B-CLL 1095

406~ A

200+

[Ca™]; (nM)

T T [
0 100 200 300
Time (sec)

Figure 5. HA-induced cytosolic free Ca2* mobilization in B-
CLL cells. Arrow indicates addition of soluble HA. Patterns
shown in A and B are representative of a slow and of a fast
response observed in two distinct B-CLL clones, cases 5
and 7 reported in Table 3.
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Figure 6. Survival of B-CLL patients according to the expres-
sion of CD44v on leukemic cells. Positive refers to the 17
patients whose cells expressed CD44v readily detectable by
indirect immunofluorescence (high density CD44v*). Nega-
tive indicates the group of 68 patients whose cells were
negative using the above technique (low density CD44*). A
statistically significant difference exists in the median sur-
vival of the two groups of patients.

normal tissues, e.g. epithelia, but are never detected
in resting T or B lymphocytes that express CD44st
and are unable to bind HA, one natural ligand of
CD44."7 However, upon activation, T cells express v6
and v9 and acquire the ability to bind HA."® CD44
does not function solely as an adhesion molecule,
but it is also a mediator of activatory signals upon
recognition of its ligand(s),"”-'® and CD44v isoforms
participate in this activatory pathway.'®

Interest in the CD44 receptor has increased sharply
after the observation that certain CD44v isoforms,
particularly v5 and v6, are expressed on malignant

Table 5. Multivariate analysis of the variables entering the
regression at significant levels.

Regression SE  Wald Ep  pvalue

coefficient (coefficient)
LDT < 12 months 8021 2657 9.1110 22302 .0025
Lymphocytosis > 60,000x10%/L° 5441 .1923 80053 .5803 .0047
BM pattem/ diffuse 1779 2168 6738 8370 4117
Splenomegaly 1246 2076 3602 1.1327 5484
Therapy requirement 0802 .1663 2325 1.0835 .6297
BC Binet stage 1369 3048 2016 8721 .6534
CD44\re 0074 2610 .0008 9926 9773

cells and impart a metastatic behavior to them.202" n
lymphoproliferative diseases, v5 and v6 have been
detected in high grade but not in low grade malig-
nancies, and their expression has been regarded as an
additional diagnostic tool and as a prognostic fac-
tor.16’29’30

B-CLL is generally regarded as a low grade lym-
phoproliferative disorder because of its smouldering
course and generally good response to therapy. How-
ever, there are cases that escape this scenario, being
rapidly progressive and refractory to conventional
treatment. This has prompted the search for novel
disease markers and prognostic factors both in B-
CLL cells and serum.41:49-54

B-CLL cells express CD44st in all cases. This con-
tention is tenable, although a recent immunohisto-
logic study of fixed bone marrow biopsies suggests
that CD44-negative cases may exist.5> Negative cas-
es reported in this study could be due to loss of anti-
genicity of B-CLL cells expressing CD44st at low den-
sity, as our immunofluorescence studies of peripher-
al blood cells in B-CLL (see refs. #33,40 and the pre-
sent study) have not detected any negative cases.

So far, expression of CD44v on B-CLL cells has not
been extensively investigated. In one study of 14 B-
CLL cases,’¢ CD44v6, v7 and v10 were found in vari-
able percentages of the malignant cells. The present
study of 85 B-CLL cases shows that, in 20% of them,
CD44 isoforms v3-v10 are readily detectable on B-
CLL cells by indirect immunofluorescence, indicating
that they are expressed at high density. All isoforms
were found, alone or in combination, on cells from
this group of patients, with the exception of v9 (see
Table 1).

The finding of 80% CD44v-negative cases, howev-
er, does not prove that CD44v are absent, since they
could be expressed at a very low density, i.e. below the
sensitivity threshold of the immunofluorescence tech-
nique. This possibility is raised by our previous obser-
vation of activated T cells that transiently express v6
and v9 at a density approximately 10 times lower than
that of CD44st."” To test this hypothesis, we adopt-
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ed two different experimental approaches, i.e. the use
of moAb mixes to several CD44v, and the modulation
of surface CD44v molecules. The first experiment
allows detection of different variants expressed in the
same or in distinct CD44 molecules, thus increasing
fluorescence intensity. The second experiment takes
advantage of a peculiar cytoskeletal defect of B-CLL
cells which does not allow complete modulation of
surface membrane molecules.*®57-58 |n B-CLL cells,
patching of these molecules is not followed by cap-
ping and internalization. We show that patching
yields an increased fluorescence signal that allows
detection of CD44v in otherwise negative cells.

These observations clearly delineate the existence of
two groups of patients whose cells express CD44v at
high (20%) or low (80%) density. In connection with
this, it should be noted that repeated testing over a
period of several months never showed a switch of
patients from one group to the other.

That cells from both groups of patients express
CD44v was also demonstrated by immunoprecipita-
tion/blotting experiments in which, besides the 85
KD form, several bands of higher molecular weight
were detected in all of the B-CLL cases studied. The
latter bands could also represent alternatively glyco-
sylated or glycanated forms of CD44.

A second group of experiments was aimed at deter-
mining the functional significance of CD44 expres-
sion on B-CLL cells. To find out whether or not HA,
a CD44 natural ligand, could mimic the effect of
moAb to CD44 on the redistribution of membrane
molecules, cells were incubated on HA-coated sur-
faces. Increased fluorescence signal and patching of
surface CD44 were observed following HA exposure.

Next, we asked whether HA could mediate signal-
ing to B-CLL cells via CD44. Since Ca?' mobilization
provides a good indication that activatory signals are
in effect,” B-CLL cells were incubated with soluble
HA, or with the Ca?* ionophore, ionomycin, as a pos-
itive control. In all cases tested, HA produced an
increase of cytosolic Ca?* that was abrogated by the
Ca?" chelator, EGTA. This indicates that, upon inter-
action with its ligand, CD44 mediates activatory sig-
nals for B-CLL cells.

Cytosolic free Ca?* is necessary for T cell adhesion
to HA." Since HA induces Ca?* influx in B-CLL cells,
EGTA and ionomycin should reduce or increase HA
adhesion, respectively. However, the expected effect
was not always observed. In particular, ionomycin
enhanced HA adhesion only in approximately 1/5 of
the cases. Cytoskeletal defects of B-CLL cells could
provide an explanation for this result.

In view of the important role of CD44v isoform
expression for T cell adhesion,’®'%' we compared
HA adhesion of B-CLL cells from the two groups of
cases delineated above, i.e. “high” and “low” density
CD44v* cells. Cells expressing CD44v isoforms at high
density adhered to HA significantly more efficiently
than low density CD44v* cells.

All of the above functional studies suggest that B-
CLL cells which bear CD44v isoforms at high density
may be activated more efficiently than cells with low
density isoform expression. In turn, this would mean
that the two groups of clones should differ as to their
trafficking ability and their activation status. If this
were the case, the two groups of patients should pre-
sent with different clinical features. This was indeed
shown by the significant correlation between high
density CD44v expression and advanced disease stage
(Binet B/C), LDT < 12 months and therapy require-
ment. Such correlation was further reinforced by
analyses of the survival curves in the two groups of
cases indicating that of the 85 patients, the 17 whose
cells expressed CD44v at high density had a median
survival of 5 years, vs a median survival of > 12 years
for the 67 patients whose cells expressed CD44v at
low density. Although a multivariate statistical analy-
sis points to a significant prognostic independence
for lymphocytosis and LDT, but not for high density
CD44v expression, it is feasible that the trafficking
ability and the activation level of the latter B-CLL
clones may account for their proliferative activity, and
thus for the reduced LDT, for the advanced clinical
stage and for the therapy requirement. It is, therefore,
conceivable that high density CD44v expression on
B-CLL cells coincides with a number of unfavorable
prognostic factors.

Taking into account the results of multivariate
analyses we cannot suggest aggressive treatment relat-
ed to expression of CD44v. So far, repeated testing of
the clones over several months has failed to show phe-
notypic changes in CD44v expression. This reinforces
our previous observations* on the phenotypic stabil-
ity of CD44st on B-CLL cells. A long-term (years) fol-
low-up study that we are performing will answer a so
far unresolved question, i.e. whether or not high den-
sity CD44v expression in previously negative cases
occurs and correlates with disease progression.
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