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Clinical significance of soluble p53 protein in
B-cell chronic lymphocytic leukemia

A B S T R A C T

Background and Objectives. p53 status and CD38 antigen are biological factors influ-
encing response to therapy and clinical course in B-cell chronic lymphocytic leukemia (B-
CLL). This study tests the hypothesis that soluble p53 alone and in association with CD38
can enucleate B-CLL subsets at worse prognosis.

Design and Methods. Wild and mutant forms of p53 protein were evaluated in 197 B-
CLL patients at diagnosis or before progression by an immunoenzymatic method in plas-
ma using an anti-p53 monoclonal antibody. CD38 expression was analyzed by a multi-
color flow cytometric assay.

Results. Higher levels of both soluble p53 (sp53) and CD38 were significantly correlat-
ed with intermediate and high Rai stages, with higher $2-microglobulin and soluble CD23
values, determined at diagnosis. Shorter overall survival (0S) and progression-free sur-
vival (PFS) were both observed in sp53* and CD38* patients (p<0.0001). Simultaneous pos-
itivity or negativity for sp53 and CD38 identified two subsets of patients, the former with
a worse prognosis and the latter with a better prognosis with regard to PFS (p<0.0001)
and 0S (p<0.0001). The predictive value of sp53 and CD38 was retained among the
patients within the intermediate Rai risk group.

Interpretation and Conclusions. sp53 and CD38 together with ZAP-70 were confirmed
to be independent prognostic factors in multivariate analysis. With regard to PFS, ZAP-
70, sp53 and CD38 were confirmed to be independent prognostic factors. Concerning OS,
ZAP-70, CD38 and age (< or > 60 years) were independent prognostic factors whereas

sp53 showed only a tendency towards statistical significance.
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CLL) is a heterogeneous disease with a
variable outcome. There is a compelling
need for novel prognostic parameters in
addition to the current prognostic features
including classification in the Rai' or Binet?
staging system, lymphocyte doubling time
(LDT),* serum levels of $2-microglobulin,* sol-
uble CD23,° bone marrow infiltration pat-
terns® and cytogenetic abnormalities.’
Genetic studies using chromosome analy-
sis or fluorescence in situ hybridization (FISH)
have identified recurring abnormalities with
prognostic significance: patients with a nor-
mal karyotype or deletion of 13q14 have a
better prognosis than those with a complex
karyotype or deletion of 11923 or 17p13.:¢
Structural abnormalities of 17p13 result in
loss or mutation of the p53 gene and corre-
late with resistance to purine analogs.” In
325 patients with CLL, multivariate analysis

B—cell chronic lymphocytic leukemia (B-

1468

identified 17p- and 11g- abnormalities as
variables associated with shorter overall sur-
vival (0S)." Moreover, both the groups with
unmutated immunoglobulin (lg) status and
more than 30% CD38 cells were character-
ized by a poor response to chemotherapy and
a shorter survival.’>" Besides, there were sig-
nificant correlations between ZAP-70 tyro-
sine kinase protein expression and unmutat-
ed IgVH genes and between ZAP-70 nega-
tivity and mutated /gVH genes.””

p53 gene defects are associated with
large-cell transformation,” resistance to
therapy with purine analogs and shortened
survival of the patients.”* After DNA dam-
age, the half-life of p53 becomes prolonged
and the protein accumulates in the nucleus®
where it regulates the transcription of the
pro-apoptotic protein Bax® and the anti-
apoptotic protein Bcl-2.%# The overexpres-
sion of p53 protein, analyzed by immunocy-
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tochemistry, was found to be correlated with p53 gene
mutations, progressive disease and short survival.® The
analysis of p53 status by ELISA demonstrated that 60%
of progressive cases of B-CLL were positive, whereas
none of the non-progressive ones was positive.” The aim
of the present study was to analyze the clinical predic-
tive value of soluble p53 (sp53) plasma levels, alone and
in combination with other parameters, such as CD38
antigen, ZAP-70 and cytogenetics, in B-CLL.

Design and Methods

Patients

Approval for this study was obtained from the insti-
tutional review board. Informed consent was provided
according to the Declaration of Helsinki. One hundred
and ninety-seven consecutive B-CLL patients were
admitted to this study. There were 104 men and 93
women with a median age of 65 years (range, 37 to 84).
Clinical follow-up for all patients ranged from 13 to 157
months, with a median follow-up of 55 months. Patients
were considered to have progressive disease if they had
at least one of the following parameters: a lymphocyte
doubling time of less than 1 year, progression to a more
advanced Rai modified stage, development of systemic
symptoms or Richter's syndrome. Fresh or cryopreserved
B-CLL cells were obtained for CD38 marker analysis in
197 patients. Plasma samples were available for sp53
analysis in 197 patients. All these samples were collect-
ed on a single day for each patient and were evaluated
at initial diagnosis in 102 cases and during an indolent
follow-up before progression in 95 patients. All these
determinations were performed in triplicate and at least
three times along the course of the disease at diagno-
sis or before disease progression. No particular variation
was seen during the course of the follow-up and there-
fore the reported results derived from the value at diag-
nosis or during indolent follow-up. We tried empirical-
ly to set various cut-off points for each biological vari-
able (sp53, CD38) and the selected thresholds were suf-
ficient to identify accurately patients at poor prognosis
based on differences in progression and survival. More-
over, we applied a discriminant function analysis based
on the squared Mahalanobis distances of each case from
its group centroids (sp53, CD38) to verify the selected
cut points. The percentage correct (observed classifica-
tion versus predicted classification) was 84% for sp53
and 999% for CD38.

Fifty-three patients had a low modified Rai stage, 138
had an intermediate stage and 6 had a high stage. The
stage of the disease was defined at diagnosis. One hun-
dred and ten of 197 patients underwent chemotherapy
for their disease. Of the 110 treated patients, 50 were
intermittently treated with chlorambucil at convention-
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al doses often combined with prednisone. The other 60
patients received and completed 6 courses of fludara-
bine monophosphate (Fludara, Schering AG, Berlin, Ger-
many) at 25 mg/m?/day for 5 days.

Diagnostics
Enzyme-linked immunosorbent assays

Wild and mutant forms of human p53 were detected
and quantified by ELISA carried out according to the
manufacturer's instructions (Bender MedSystems, Vien-
na, Austria). An anti-p53 monoclonal coating antibody
(clone B-F 34) was absorbed onto microwells and p53
present in the plasma of patients bound to antibodies
adsorbed to the microwells; a biotin-conjugated mon-
oclonal anti-p53 antibody (clone BP-3) was added and
bound to the p53 captured by the first antibody. Strep-
tavidin-horseradish-peroxidase (HRP) was added and
bound to the biotin-conjugated anti-p53. Following
incubation unbound streptavidin-HRP was removed by
washing, and substrate solution (tetramethyl-benzidine
plus 0.02% buffered hydrogen peroxide) reactive with
HRP was added to the wells. A colored product was
formed in proportion to the amount of p53 present in
the sample. The reaction was terminated by addition of
phosphoric acid and absorbance was measured at 450
nm. For reference, the mean of 65 normal plasma sam-
ples was 1.8 U/mL (SD=0.7), the range being between
0.02 and 3.0 U/mL. The threshold of positivity was set at
the sp53 value of more than 3.5 U/mL.

The immunoenzymometric assay for soluble CD23 was
performed as described elsewhere.® The threshold of pos-
itivity was set at the sCD23 value of more than 60 U/mL
and the reported results derived from the value at diag-
nosis.

Cellular immunophenotypic analysis

The following antibody conjugates were used: anti-
CD23-PE, anti-CD5-FITC, anti-CD38-PE, anti-CD19-APC,
anti-CD45-FITC, anti-CD14-PE, anti-CD95-PE, and anti-
CD10-FITC (Becton Dickinson Immunocytometry Sys-
tems, San Jose, CA, USA). Peripheral blood mononuclear
cells were analyzed for surface expression of CD19/CD5/
CD38 and CD19/CD5/CD23 by triple color immunofluo-
rescence. ZAP-70 protein determination was also per-
formed by flow cytometry, as described elsewhere.” Flow
cytometric analyses were performed on a FACS Calibur
flow cytometer (Becton Dickinson Immunocytometry
Systems) and CellQuest software was used to acquire
and analyze data.

Interphase FISH

Separate hybridizations were carried out for loci on
chromosomes 11, 12, 13 and 17. For chromosomes 11
(g23), 13 and 17 commercial probes (ATM-2, Rb-1 and
p53, respectively) were used (Vysis, Inc, London, UK). An
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o satellite DNA probe CEP12, directly labeled with Spec-
trumGreen, was used to detect aneuploidy of chromo-
some 12. LSIp53, labeled with SpectrumOrange (Vysis),
was used to evaluate chromosome deletion at 17p13.1.
We used peripheral blood lymphocytes, which were sep-
arated by density gradient centrifugation, treated with
hypotonic solution (KCI) and fixed with methanol-acetic
acid. The slides were then aged for 20 min at 80°Con a
hot plate and dehydrated for 2 min in 70%, 80% and
100% ethanol and air dried. Gene frames were applied
to dried slides in order to mark and separate the
hybridization areas of single probes. Slides were placed
on a hot plate at 37°C and 5 ul of each probe buffer
solution were applied inside the area of the slides delin-
eated by the frame. The slides were then sealed with a
22x22 mm gene-frame plastic coverslip and placed in
the Vysis Hybrite™ machine. Co-denaturation was car-
ried out at 68°C for 5 min and hybridization at 37°C
over-night. The slides were washed in 0.4xSSC/0.3% NP-
40 for 2 min at 71°C, followed by 1 min washing in
2xSSC at room temperature. Finally, the nuclei were
counterstained with 4', 6'-diamidino-2-phenylindole
(DAPI) and signals were visualized using an Olympus
BX51 microscope (Olympus Italia, Milan, Italy). Two hun-
dred interphase cells with well-delineated fluorescent
spots were examined.

IgV«: mutation analysis

Total RNA was extracted and reverse-transcribed as
previously reported.® The resulting cDNA, checked for
first strand synthesis,”” was amplified using a mixture of
sense primers annealing either to the Vi1 through Vi6
leader sequences or to the 5' end of Vu1-Vi6 FR1, as
reported.** These primers were used in conjunction
with a mixture of antisense primers complementary to
the germ line JH regions. The purified amplified prod-
ucts, inserted into the PCR2.1-TOPO vector (Invitrogen,
Milan, Italy) were expanded in TOP10 One Shot™ com-
petent cells (Invitrogen) and cloned. Plasmid DNA was
isolated from overnight cultures of randomly selected
colonies and sequenced using an automatic DNA
sequencer (Beckman CEQ2000XL, Beckman Coulter,
Hialeah, FL, USA). Comparisons between the obtained
sequences and those of the various germ line IgV genes
were performed with the IgBLAST directory
(http://www.ncbi.nlm.nih.gov/igblast) using the Mac
Vector 7.1 sequence analysis software (Accelerys,
Symantec Co., San Diego, CA, USA). Only when the same
VuDJu rearrangement was identified in at least 5-10
clones, was a given IgVu sequence further analyzed.
Alignment of the IgV« sequences available for each
patient often revealed, along with mutations shared by
all the transcripts analysed, a number of unique or par-
tially shared mutations. For this reason, all mutational
analyses were carried out in each IgVx transcript sepa-

1470

rately, and the percent mutation assigned to a given B-
CLL was the mean value of the percent mutations found
in each transcript. Vv gene sequences deviating more
than 2% from the corresponding germline gene were
defined as mutated.

p53 expression by flow cytometry

Mononuclear cells, prefixed with a 0.5% paraform-
aldeyde, were incubated with a mouse anti-human p53
IgG2b monoclonal antibody (clone DO-7, Dako, Glostrup,
Denmark) recognizing both mutated and wild-type
forms, diluted in a 0.1% saponin solution and then incu-
bated with 100 ul of RPE-conjugated rabbit anti-mouse
F(ab'). fragment antibody (Dako). Finally, the cells were
analyzed on an Epics XL flow cytometer (Beckman Coul-
ter). An isotype-matched IgG2b monoclonal antibody
was used as the negative control. The cut-off value
based on ten patients who had no mutations on
sequencing (data not shown) was 20% and values high-
er than 20% were considered to be positive (Figure 1).

Statistical analysis

Data were analyzed using Statistica® for Windows
Version 6.0. All statistical evaluations were performed at
the end of data collection. Associations between the
sp53 plasma levels or CD38 and clinical variables, such
as modified Rai stages and response to fludarabine, were
assessed by the Mann-Whitney test. To quantify the
degree of association between sp53 values and other
biological variables, such as 32-microglobulin and CD38
percentages, Spearman's coefficient was calculated.
Correlations between lymphadenopathy/splenomegaly
and the sp53 values, CD38 or ZAP-70 expression, were
based on the two-tailed Fisher's exact test. Response
was assessed based on the National Cancer Institute
Working Group criteria.** Progression-free survival and
overall survival, measured from diagnosis, were esti-
mated by the Kaplan-Meier method and compared by
the log-rank test. Cox proportional hazards regression
model was used to assess the independent effect of co-
variables, treated as dichotomous, both on progression-
free survival and on overall survival.

Results

Profiles of soluble p53 protein, CD38, ZAP-70, IgVx
mutation and FISH

The proportion of B cells expressing CD38 varied from
0 to 87% and the threshold was set at 30%. The asso-
ciation between CD38 percentages and the modified Rai
stages was statistically significant (Figure 2A, p=0.0002).
Fifty-six patients (28.4%) were found to have sp53 plas-
ma levels higher than 3.5 U/mL (range 0-23.7). When the
levels of sp53 and the modified Rai stages were repre-
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sented as a biparametric dot-plot, two sets could be
separated, one with more than 3.5 U/mL sp53 (sp53°)
and the other with less than 3.5 U/mL sp53 (sp53-). The
comparisons between low, intermediate, high modified
Rai stage and sp53 were very significant (Figure 2B,
p<0.0001). The threshold of positivity for ZAP-70 was set
at 20% of CD19+CD5* B cells and a significant correla-
tion was found between ZAP-70 expression and the
modified Rai stages (p=0.00001).

There was a very significant correlation between sp53
values and p53 percentages (66 patients), calculated by
flow cytometry (r= 0.68, p<0.0001). Spearman's correla-
tion between the plasma levels of sp53 and the per-
centages of CD38* cells was r=0.27 (p=0.0001), indicat-
ing a moderate direct relationship. The level of ZAP-70
protein, determined in 188 patients, was significantly
correlated with sp53 values: 100/141 patients with low-
er ZAP-70 values also showed lower sp53 values
(p=0.00005). Important correlations were found between
sp53 levels and the serum levels of $2-microglobulin,
calculated at diagnosis, (r=0.33, p<0.0001) or soluble
CD23 (sCD23) levels (r=0.37, p<0.0001). Moreover, in 79
patients analyzed both for IgVH mutations and sp53 lev-
els, 48/61 patients with lower sp53 levels had IgVH
mutations >2% (p=0.05). Finally, the close relationship
between CD38 and /gVH mutational status was con-
firmed (54/65 patients with CD38 <30% showed /gVH
mutations >2%, p=0.003).

One hundred and thirty-eight patients were analyzed
by interphase FISH in order to evaluate deletions in chro-
mosome bands 17p13, 11923, 13q14 and trisomy of
band 12q13. With regard to cytogenetic groups, 73
patients (52.9%) had a normal karyotype and 35 (25.4%)
had 13q-. Thirty (21.7%) patients had trisomy 12 (n=14),
11g- (n=9) and 17p- (n=4) or other rare abnormalities
(IgH gene rearrangement, n=2 and 6p- deletion, n=1).
There was only a trend towards correlation between poor
risk cytogenetic groups, such as trisomy 12, 11g- and
17p- and higher p53 values (12/37, p=0.16).

Clinical course and outcome

With regard to the clinical course, the presence of
three or more important intrathoracic/abdominal lymph-
adenopathies (>3 cm in diameter) and/or splenomegaly
was found in 60.7% of patients with sp53* B-CLL
(p=0.00001). Likewise, higher CD38 percentages and
higher ZAP-70 expression were significantly more fre-
quent among patients with a large tumor burden (data
not shown).

We also investigated sp53 as a predictor of clinical
outcome. Sixty patients underwent 6 monthly courses of
fludarabine monophosphate at 25 mg/m? for 5 days as
their first-line chemotherapy; the global complete
remission (CR) rate was 40% (24 of 60 patients). A high-
er CR rate was found both in sp53- patients (59% vs
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Figure 1. Flow cytometric analysis of p53 expression.
(A) p53 negative case; (B) p53 positive case. In order to
detect p53 expression we used an indirect staining pro-
tocol with a monoclonal antibody (clone DO-7) against an
epitope comprising amino acids 20-25 of the p53 mole-
cule. An isotypic control was used as the first layer fol-
lowed by a second layer of RPE-conjugated rabbit anti-
mouse F(ab')2 fragment antibody.

35%; p=0.005) and in CD38" patients (78% vs 22%);
p=0.004).

A shorter PFS was observed both in sp53* patients (5%
Vs 67% at 9 years; p<0.0001, Figure 3A) and in CD38*
patients (13% vs 51% at 9 years; p<0.0001, Figure 3B).
Likewise, a shorter OS was found both in sp53* patients
(15% vs 97% at 11 years; p<0.0001, Figure 4A) and in
CD38* patients (28% vs 81% at 11 years; p=0.00001,
Figure 4B). Interestingly, the simultaneous positivity or
negativity for sp53 and CD38 identified two subsets of
patients, the former with a worse prognosis and the lat-
ter with a better prognosis with regard to both PFS (5%
vs 84% at 4 years, p<0.0001, Figure 5A) and OS (0% vs
98% at 10 years, p<0.0001, Figure 5B). The subgroup
with mixed positivity and negativity [CD38*sp537]/
[CD38sp53*] showed an intermediate outcome
(PFS=60% at 4 years, Figure 5A; 0S=55% at 10 years,
Figure 5B). ZAP-70 positivity also allowed us to identi-
fy a subset of patients with a poor prognosis with regard
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Figure 2. CD38 expression and soluble p53 (sp53) levels in B-CLL patients among the modified Rai stages. There
was a significant association between CD38 percentages and the modified Rai stages (A). Although there was not
a clear cut between the cases with sp53 > 3.5 U/mL and those expressing lower than 3.5 U/mL within each modi-
fied Rai stage, these comparisons were statistically very significant (B).

to PFS (36% vs 78% at 5 years, p<0.0001) and OS (58%
vs 92% at 10 years, p=0.00002). Furthermore, within
the low Rai stage, sp53~ patients showed a better out-
come with regard to PFS (84% vs 33% at 5 years,
p=0.0004) and 0S (97% vs 50% at 8 years, p=0.0001).
The predictive value of sp53 levels and CD38 with regard
to both PFS and OS was maintained among the patients
within the intermediate Rai risk group (Figures 6A-D).
We performed multivariate Cox regression analysis of
PFS and OS including, as co-variates, age, modified Rai
stage, lymphocyte cell counts, f2-microglobulin, sCD23,
ZAP-70, sp53 and CD38. With regard to PFS, ZAP-70,
sp53 and CD38 were confirmed to be independent prog-
nostic factors (Table 1). Concerning 0S, ZAP-70, CD38
and age (< or > 60 years) were independent prognostic
factors, while sp53 showed only a trend towards statis-
tical significance (Table 2).

Discussion

Two aims of the present study were to validate an
immunoenzymatic test for sp53 and to explore how
sp53 plasma levels and CD38 expression affect progno-
sis. A particular subset of B-CLL with higher sp53 val-
ues was identified and was characterized by advanced
Rai stage, higher $2-microglobulin and higher sCD23
concentrations.

p53 overexpression may be more reliable and sensitive
than a mutational study for predicting the risk of pro-
gression or survival in B-CLL** We noted that no par-
ticular variation in the level of sp53 occurred during the
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course of follow-up, before any sign of progression, indi-
cating the stability of this marker. Among the various
possible mechanisms by which p53 overexpression could
have occurred in our patients, we should consider the
higher frequency of patients with poor risk cytogenetic
abnormalities, such as trisomy 12, 11g- and 17p-, with-
in the sp53* subgroup, and inactivation by regulator
genes, some of which reside on chromosome 11g.7 As a
matter of fact, a simple screening test that detects p53
dysfunction due to mutation of the genes encoding
either p53 or ATM, a kinase that requlates p53, has been
developed.® This dysfunction was characterized by
increased baseline levels of p53, determined by Western
blot, and there was a close relationship between p53
dysfunction and /gVH mutation. Similarly, in our study,
many patients with lower sp53 levels presented /gVH
mutations >2% (p=0.05).

Moreover, sp53 levels showed significant correlations
with both CD38 expression (p=0.0001) and ZAP-70
(p=0.00005). All these strong relationships confirm the
role of sp53 expression as an important factor for a nov-
el risk stratification also including CD38, ZAP-70/lgVH
mutational status and FISH data.

sp53 levels and CD38 expression were used to predict
the chemosensitivity of B-CLL patients: infact, complete
response to front-line fludarabine therapy was signifi-
cantly correlated with lower sp53 (p=0.005) and CD38
negativity (p=0.004). That CLL patients with high levels
oof sp53 have a poor response to fludarabine is in keep-
ing with the established importance of the p53 pathway
in maintaining genomic integrity and mediating the
action of certain cytotoxic agents, including purine
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Figure 3. Progression-free survival curves based on sp53
and CD38 expression. Kaplan-Meier plots comparing pro-
gression-free survival in patients with sp53 greater than
3.5 U/mL or less than 3.5 U/mL (A), or more than 30%
or less than 30% CD38* B-CLL cells (B). As shown, pro-
gression-free survival was significantly shorter in
patients with sp53 >3.5 U/mL and in those with >30%
CD38 cells.

Table 1. Cox regression analysis of progression-free sur-
vival.

Variables Hazard ratio p

sp53 4.4 0.034
CD38 4.2 0.040
ZAP-70 6.6 0.010

Table 2. Cox regression analysis of overall survival.

Variables Hazard ratio p

ZAP-70 5.74 0.016
CD38 6.16 0.013
Age 5.43 0.019
sp53 1.24 0.260

analogs.®* sp53* patients progressed more rapidly to
advanced Rai stages (Figure 3A) and had a significant-
ly shorter survival (Figure 4A), confirming the possibili-
ty that sp53 could predict the clinical outcome already
at diagnosis. Moreover, CD38 expression and sp53 lev-

haematologica 2004; 89(12):December 2004

Figure 4. Overall survival curves based on sp53 and
CD38 expression. Kaplan-Meier plots comparing overall
survival in patients with sp53 gretaer or less than 3.5
U/mL (A), or more than 30% or less than 30% CD38"* B-
CLL cells (B). As shown, overall survival was significantly
shorter in patients with sp53 >3.5 U/mL and in those
with >30% CD38 cells.
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Figure 5. Progression-free survival and overall survival curves based
on combined sp53 and CD38 expression. By combining sp53 and
CD38 expression, we were able to identify three classes of patients
with significantly different outcomes: 1) [sp53-(<3.5 U/mL)/CD38"
(<30%)] showing the best outcome; 2) [sp53* (>3.5 U/mL)/CD38*
(>30%)] showing the worst outcome and 3) [(sp53-/CD38*) or
(sp53*/CD38-)] showing an intermediate outcome, with regard to (A)
progression-free survival and (B) overall survival.
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Figure 6. Progression-free survival and overall survival curves based on sp53 and CD38 expression within the inter-
mediate Rai stage (n=138 patients). Within the intermediate Rai risk group, progression-free and overall survival were
significantly shorter in patients with higher sp53 levels (A and C) and CD38 >30% (B and D).

els provided additive prognostic information, since B-CLL
patients with CD38>30% and sp53 >3.5 U/mL pro-
gressed very rapidly (Figure 5A) and had a very short 0S
(Figure 5B). The patients who were sp53*CD38 or sp53-
CD38* had an intermediate outcome. Furthermore, the
prognostic relevance of sp53 and CD38 values with
regard to progression and survival was the same within
the intermediate Rai stage, confirming their independ-
ence from clinical stage (Figure 6). This observation is
important for clinicians who have to choose which
patients in this group need treatment, because they can
show either an indolent course or aggressive disease.
The prognostic relevance of sp53 and CD38 together
with ZAP-70 was also confirmed in multivariate analy-
sis (Tables 1 and 2).

In conclusion, we suggest sp53 determination in B-CLL
as a novel prognostic indicator, which can be obtained
easily with a standard immunoenzymatic procedure.”
This test should be integrated with other important

1474

determinations, such as CD38 and ZAP-70/IgVH, in order
both to delineate a precise biological profile of B-CLL
patients, and to stratify them better in different risk
classes.”” Improved knowledge of B-CLL subgroups with
a predictable, unfavorable outcome could allow us to
include these patients in clinical trials and to use earli-
er experimental targeted approaches.
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