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ABSTRACT

CD40 ligation provides signals central to chronic lymphocytic leukemia (CLL) cell survival and proliferation. The re-
lease of soluble CD40 (sCD40) may impact on both these signals and CD40 targeted therapies. In this study we inves-
tigated the prognostic significance of plasma sCD40 in untreated CLL patients (n = 34). We report that 56% had levels
higher than those of normal donors and that elevated levels were associated with significantly shorter treatment free
(TFS) and overall survival. In bivariate analysis sCD40 remained a significant marker of TFS independent of Binet
staging, CD38 positivity and lymphocyte count. RT-PCR analysis demonstrated that CLL cells expressed transcripts
encoding putative sSCD40. These results suggest sCD40 may play a role in CLL progression and that its function, prog-
nostic significance and potential impact on antibody based therapies should be further investigated.
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1. Introduction

The trans-membrane molecule CD40 has attracted atten-
tion as a therapeutic target in CLL [1]. Within the haema-
topoietic system the CD40-CD40 ligand (CD40L) inter-
action plays a central role in immune regulation [2]. The
majority of CLL cells strongly express membrane CD40
(mCDA40), and mCD40-CD40L engagement within the
lymph node microenvironment is thought to provide
signals critical for their proliferation and survival [1].
Ligation of mCD40 on CLL cells has been reported to
markedly modify their phenotype, function, proliferation,
apoptosis and sensitivity to chemotherapy/antibody the-
rapy. These effects have stimulated the clinical inves-
tigation of novel CD40 therapies such as CD40 anti-
bodies and CD40L transduced CLL cells [1,3,4]. These
studies have yielded promising results, but it is clear that
a better understanding of the complex regulation of CD40
signalling is required.

The release of soluble forms of membrane molecules
which can enhance or inhibit the signaling of their
membrane bound counterpart provides a potentially
powerful immunoregulatory mechanism. Soluble forms
of CD40 (sCD40) can potentially be generated by either
proteolytic cleavage or alternative splicing although little
is known of the expression of sCD40 transcripts by
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normal leucocyte subsets or CLL populations [5-8]. Cir-
culating sCD40 has been detected in human plasma [9-12]
and elevated circulating levels have been associated with
decreased immune responses [10]. Studies using B cell
derived and recombinant forms of sCD40 indicate that it
can block mCD40-CD40L interaction and is a potent
inhibitor of both in vivo and in vitro immune responses
[2,7]. We have previously established that the plasma
levels of sCD40 are elevated in a proportion of CLL
patients and that activated CLL cells release sCD40 [12].
The functional impact of sCD40 in CLL is unknown but
may potentially modulate CLL directed immunity and/or
CLL survival. In addition because sCD40 provides an
alternative, non-cellular, target for CD40 directed thera-
peutics it may reduce the effectiveness of CD40 specific
therapies, particularly if sSCD40 levels are higher in pa-
tients with more aggressive disease.

In order to better understand the potential role of
sCD40 in CLL we have analysed both the prognostic
significance of sCD40 in a group of previously untreated
CLL patients and the expression of sCD40 transcripts by
CLL cells.

2. Methods

Blood was collected from donors with appropriate
informed consent according to Upper South B Ethical
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Committee (NZ) guidelines, into EDTA tubes and the
plasma fraction recovered by centrifugation (400 xg, 5
min). Following further centrifugation (10,000 g, 30 min)
non sedimented material was stored at —70°C prior to
analysis. Normal blood was obtained from healthy vo-
lunteer donors (age 16 - 60, 52% male) to the New
Zealand Blood Transfusion Service and had undergone
comprehensive disease/infection screening. CLL patient
blood was obtained from previously untreated patients
attending the Christchurch Hospital Haematology De-
partment. Diagnosis was based on standard morpho-
logical criteria and all patients were positive for CDS5,
CD19 and CD23. Patient clinical notes were reviewed for
the date of first treatment for CLL. Therapies included
chlorambucil, fludarabine, cyclophosphamide and CHOP
therapy (cyclophosphamide, doxorubicin, vincristine and
prednisone).

Human peripheral blood mononuclear cells (PBMC)
were isolated from blood (EDTA) by centrifugation over
Ficoll/Paque (Amersham Pharmacia Biotech, Uppsala,
Sweden). T cells, NK cells, B cells and monocytes were
prepared from normal donor (ND) PBMC by imuno-
magnetic selection as previously described [13] and
dendritic cells generated from PBMC using GM-CSF +
IL-4 + LPS [14]. PBMC from CLL patients were >95%
CD19+, CD5+ and were not purified further.

sCD40 levels in stored plasma were measured by
sandwich ELISA and membrane CD40 by flow cy-
tometry as previously described [12].

Total RNA was extracted (RNeasy, Qiagen), cDNA
generated (SuperScript” IIT First-Strand Synthesis Sys-
tem, Invitrogen) and RT-PCR performed as described
previously [13]. The primers used for amplifying all
CDA40 transcripts present were
5’-TGGTCCTGCCGCCTGGTCTCACC-3’ and
5’-ATCCTCCTGGGTGACCGGTTGGC-3". Transcripts
encoding soluble CD40 were amplified using the primer
5’-TGCATGCA GAGAAAAACAGTACC-3’ and a
primer spanning the exon 5/7 splice boundary
5’GATCCTGGGGACCTTGTCCAAGGG-3’. Cycling
conditions were 94°C for 4 minutes, followed by 35 cy-
cles of 94°C for 1 minute, 60°C for 30 seconds, 72°C for
1 minute per kilobase of template target with a final 72°C
extension for 7 minutes.

3. Reaults
3.1. Levelsof sSCD40in CLL Patients

All normal donor (ND) and patient plasma samples con-
tained detectable sCD40 (Figure 1(a)). Levels in pa-
tients (n = 34, mean = SD = 1200 + 484 pg/ml, range =
560 - 2791 pg/ml) were significantly higher (P < 0.0001)
than those of ND (n =44, mean + SD =719 + 121 pg/ml,
range = 536 - 1014 pg/ml).
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3.2. Association of sSCD40 L evelswith Clinical
Features

sCD40 levels were not significantly correlated with ei-
ther age or platelet levels but were strongly correlated
with absolute lymphocyte count (ALC) and moderately
correlated with hemoglobin levels (Table 1).

The association of sCD40 with clinical characteristics
was analysed further following sub-division of patients
based on their sCD40 levels. The cut-off level was set at
the upper value detected in ND with patients below this

P <0.0001
|
30001
.
= 25004
£ .
g 20004 H
Q 15001 |
Qo0 “gan”
o 1000 T eT wargun
o o] i i
Normal CLL
Donor
(@
100+
§ 804 —— sCD40-°%
7, (n =15, 5 events)
= 604
[
2
s 404 )
= - sCD. 40H|gh
g 20 (n =19, 16 events)
© P = 0.0001
0 L v LJ LJ LJ L]
0 24 48 72 96 120
TFS (months)
(®)
100+
X 804
n
O 60+ —— scD4g-o"
2 (n =15, 3 events)
& 404
g High
3 204 = —— sCcD40™9
© P =0.049 ( n =19, 10 events)
0 T

T T T 1
24 48 72 9 120
Months

o

(©)

Figure 1. Treatment free and overall survival of CLL pa-
tients stratified according to sCD40 levels. (a) Scatter plot
of sCD40 levels in the plasma of normal donors and CLL
patients. The solid lineindicates the median value in normal
donors (1710 pg/ml) and patients (1122 pg/ml) and signifi-
cance of differencein levels (Mann Whitney) indicated. The
dashed line denotes the upper level observed in normal do-
nors which was used as a cut-point to subdivide CLL pa-
tients into sCD40"'9" and sCD40-™ groups. The (b) treat-
ment free survival and (c) overall survival of the sCD40"'%"
and sCD40-*" groups are shown as Kaplan-Meier survival
curves and the significance of overall survival differencesis
indicated.
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Table 1. Association of sCD40 levels with clinical hemato-
logical featuresin CLL patients.

*Correlation % of patients

Characteristic

with sCD40 with characteristic
C v mEs
Age 0.22 0.203
ALC 0.76  <0.001
Platelet -0.25 0.159
Hemoglobin -0.48  0.005
Age 265 59% 60% vs 48%
Sex = male 71% 67% vs 74%
Lymphocytes > 30 32% 7% vs53% "
CD38+ 36% 27% vs 44%
Binet Stage A 82% 93% vs 72%
Binet Stage C 6% 7% vs 5%

“Spearman correlation; "The significance of differences between sCD40""
and sCD40"¢" patient groups was determined by Chi square statistic. Bold
indicates significant difference (P < 0.05); indicates P <0.01.

level defined as sCD40"" and those above as sCD40™¢",

There was no significant difference between sCD40"
and sCD40™&" groups with respect to the proportion with
male sex, older age, Binet stage C or CD38 positivity
(Table 1). However a significantly higher proportion of
sCD40"¢" patients had elevated ALC.

3.3. Association of SCD40 Levelswith Treatment
Free and Overall Survival

In univariate analysis, sCD40"™" patients had signifi-
cantly shorter Treatment Free Survival (TFS) than
sCD40™" group (Figure 1(b)). Other variables which
were significant predictors of poor TFS were ALC > 30
(P = 0.001), expression of CD38 (P = 0.006) and age >
65 (P =0.031). Binet stage A was a significant marker of
good prognosis (P < 0.001).

The number of TFS events (n = 21) precluded a full
multivariate analysis. Bivariate analyses were therefore
performed using sCD40 in combination with each of the
other identified prognostic markers (Table 2). sCD40
remained a significant independent marker of TFS when
included with CD38 status, Binet stage A or age >65.

When included in an analysis with ALC > 30, sCD40
but not ALC > 30 remained a significant marker.

In univariate analysis of Overall Survival (OS)
sCD40"¢" patients had significantly shorter survival than
sCD40™" patients (Figure 1(c)). Other significant pre-
dictors of poor OS were CD38 expression (P = 0.006)
and age > 65 (P = 0.031), whilst staging as Binet stage A
was a significant marker of good prognosis (P < 0.001).
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ALC > 30 was not a significant marker of OS. The num-
ber of OS events (n = 13) precluded bivariate analysis.

3.4. Expression of Alternate CD40 Transcripts

It has been reported that B cell lines express four CD40
transcripts, one of which lacks the transmembrane region
and encodes a putative soluble form [6]. RT-PCR with
primers spanning all CD40 exons detected strong expres-
sion of the full length transcript in all normal and CLL
cell populations but did not clearly discriminate between
smaller transcripts (Figure 2(a)). However a second RT-
PCR, utilising a primer specific for the sequence gener-
ated following deletion of the transmembrane region,
clearly detected the sCD40 transcript in B cells, mono-
cytes, DC and all three CLL populations analysed (Fig-
ure 2(b)). All of the CLL samples had strong expression
of membrane CD40 and 2/3 were from patients with ele-
vated sCD40 levels (data not shown).

Table 2. Bivariate analysis of treatment free survival in
CLL patients.

Analysis Variables HR? P value

CD38+ 38 0.007

Model 1
sCD40 8.7 <0.001
Lymphocytes > 30 24 0.070

Model 2
sCD40 47 0.005
Binet Stage A 0.1 0.001

Model 3
sCD40 6.2 0.001
Age >65 42 0.007

Model 4
sCD40 8.0 <0.001

*Hazard Ratio; “Bold indicates significant hazard ratio value (P < 0.05).
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Figure 2. RT-PCR analysis of alternatively spliced CD40
transcripts. Semi quantitative RT-PCR was performed on
purified normal cell populations (T = T lymphocytes, NK =
natural killer cells, B = B lymphocytes, Mo = monocytes,
DC = dendritic cells, Pb = peripheral blood) and CLL cells
from 3 patients using primers that amplify either (a) all
CD40 transcripts; (b) sCD40 transcript; (c) GAPDH. Am-
plified products were visualised by ethidium bromide stain-
ing. A molecular weight ladder is shown on the left side and
the position of bands and base pair indicated. Template
negative (H20) controlsfor each PCR wererun on the same
gel but not shown.
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4. Discussion

In the current study we demonstrate that elevated levels
of sCD40 were a significant marker of shorter TFS and
OS in untreated CLL patients.

Current data suggest that the presence of sCD40 would
inhibit immune responses [2]. The findings of this study,
together with the association between high sCD40 levels
and poor survival previously reported in AML and mye-
loma, provide further evidence to support this hypothe-
sis [12]. However the possibility that sCD40 is not func-
tionally relevant but is merely a marker of more aggres-
sive or chemotherapy resistant malignancies cannot be
discounted. Irrespective of its functional role, the re-
sults of the bivariate prognostic analysis reported in this
study suggest that sCD40 merits further investigation as
a clinically useful prognostic marker. In addition, the
presence of sCD40 may potentially reduce the therapeu-
tic effects of CD40 ligating reagents by providing an
alternative pool of non-cellular targets and thereby re-
ducing the interaction of the ligating reagents with mem-
brane CD40. This type of interaction with the soluble
forms of membrane molecules is thought to reduce the
efficacy of therapeutic antibodies such as Rituximab and
Campath-1H [15,16]. The possibility that elevated
sCD40 levels may also contribute to the progression of
other diseases in these patients must also be considered
[17], particularly in view of the high frequency of co-
morbidities in CLL patients [18].

The finding that CLL cells express a transcript encod-
ing a putative sCD40 indicates that CLL cells can poten-
tially generate sCD40 from both alternate splicing and
proteolytic cleavage of membrane CD40.

The observation, in this study, that the highest levels
of sCD40 are present in patients with the poorest out-
comes together with our previous finding that CD40 liga-
tion can trigger sCD40 release by CLL cells suggests that
the impact of sCD40 on CD40 directed therapies merits
further investigation.
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