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TRAIL receptors in the serum of patients with B-cell chronic
lymphocytic leukemia
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Great importance in the course of chronic B-cell lymphocytic leukemia (B-CLL) has been ascribed to cytokines belonging
to the superfamily of the tumor necrosis factor (TNF), including TRAIL (TNF-related apoptosis inducing ligand) and its
specific receptors: TRAIL receptor 1 (TRAIL-R1), TRAIL receptor 2 (TRAIL-R2), TRAIL receptor 3 (TRAIL-R3), TRAIL
receptor 4 (TRAIL-R4) and osteoprotegerin (OPG). Both the molecule and the receptors may occur in membrane and
soluble forms, except for OPG which has only a soluble form. The aim of the study was to assess the levels of sTRAIL
molecule and soluble TRAIL receptors – sTRAIL-R2 and OPG in the serum of patients with B-CLL. The findings revealed
reduced concentrations of sTRAIL both before and after treatment and elevated levels of sTRAIL-R2 and OPG in patients
before treatment. After treatment with CC (2CdA/Cladrybin and Cyklofosfamid) and FC (Fludarabin and Cyklofosfamid)
we observed an increase in sTRAIL and a decrease in sTRAIL-R2. OPG levels were found to increase after treatment with
CHOP (Vincristini, Cyklofosfamid, Adriamycin and Prednisol) and they decreased after administration of Leukeran
(Chlorambucyl) and CMC (2CdA/Cladrybin, Mitoxanton and Cyklofosfamid).

The relationships between TRAIL and its natural regulators in the serum of BCLL patients prior to treatment may impair
apoptosis of leukemic B cells. Changes in these relationships after treatment with CC and FC seem to promote enhancement
of apoptosis in these cells.
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B-cell chronic lymphocytic leukemia (BCLL) is the most
common form of all lymphocytic leukemias in the 50-60 year-
old population, characterized by an increased absolute count
of lymphocytes in the peripheral blood and bone marrow, en-
largement of lymph nodes and spleen, impairment of cellular
and humoral type immunity [1].

Leukemic B cells have a prolonged survival time associ-
ated with apoptotic disturbances, which in consequence leads
to their accumulation [1, 2].

An important role in the course of chronic B-cell lympho-
cytic leukemia has been ascribed to cytokines belonging to
the superfamily of the tumor necrosis factor (TNF), such as
TNF-related apoptosis-inducing ligand (TRAIL/Apo-2L) [3,
4, 5]. TRAIL molecule is in 28% of the amino acid sequence

homologous with FasL/CD95L molecule [5, 6]. Studies have
shown that 60% of various neoplastic cell lines are sensitive
to TRAIL-induced apoptosis, while non-transformable cells
are resistant to it [6, 7].

Five receptors have been identified for TRAIL: TRAIL-
R1 (DR4), TRAIL-R2 (DR5), TRAIL-R3 (Dc1), TRAIL-R4
(Dc2) and osteoprotegerin (OPG). TRAIL-R1 and TRAIL-
R2 receptors have an intracellular region with a complete death
domain (DD)[5, 8].

TRAIL-R3, TRAIL-R4 and OPG belong to the so called
decoy receptors. TRAIL-R3 does not have a cytoplasmic DD
and TRAIL-R4 has an incomplete DD [5]. Osteoprotegerin
(OPG) occurs only in a soluble form and its gene is located
on chromosome 8q23-24 [9]. OPG has been found to affect
the development and growth of B cells [9, 10].

These decoy receptors bind TRAIL molecule but are not
able to induce apoptosis. Their high expression is the likely
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cause of resistance of healthy cells to the apoptotic action of
TRAIL [10, 11]. Recent reports seem to confirm a significant
role of OPG in TRAIL binding and inhibition of apoptosis
induction in the Jurkat line cell [9].

TRAIL molecules were found to play a role in the survival
of B cells in BCLL. Olsson et al.2001 [12] observed the ex-
pression of TRAIL receptors (TRAIL-R1, TRAIL –R2,
TRAIL-R3 and TRAIL –R4) on most leukemic cells. Even in
the presence of death domain-containing receptors, B cells
are relatively resistant to the induction of apoptosis by re-
combinant human TRAIL molecule (rhTRAIL). In spite of
the majority of B-CLL lymphocytes expressed variable sur-
face levels of “death receptors” TRAIL-R1 and TRAIL-R2,
the presence of mTRAIL in culture increased leukemic cell
survival in 11/44 of the B-CLL samples [12].This may be
caused by soluble forms of TRAIL receptors (sTRAIL-R) such
as sDR5 and OPG in the microenvironment of B-CLL. Soluble
TRAILs receptors like the “decoy receptors” can block bio-
logical availability of the TRAIL molecule and thus inhibit
its activity [6, 13, 14].

The study objective was to assess the levels of the soluble
receptors sTRAIL-R2 (sDR5) and OPG in comparison to
sTRAIL ligand in the serum of patients with chronic B-cell
lymphocytic leukemia. The knowledge of the relationships
between these molecules may help elucidate one of the mecha-
nisms responsible for impaired apoptosis of B cells in the
course of BCLL

Methods

Patient group. Serum samples were collected from 40 pa-
tients with BCLL in stage I, II, III and IV according to the
RAI classification, hospitalized in the Department of Hema-
tology, Medical University of Bialystok (aged 40-75 years,
mean 62.1). The samples were investigated before and after
treatment.

The diagnosis of leukemia was based on clinical observa-
tion, morphological composition of the peripheral blood, bone
marrow puncture, trepanobiopsy, lymph node biopsy and cy-
tochemical examinations. A flow cytometer EPIX XL
(Coulter, USA) was used to identify immunophenotypes of
leukemic cells. The monoclonal antibody panels of CD19 and
CD20 for B cells and CD3, CD7 and CD8 for T cells were
applied to differentiate between these cells.

Patients were graded according to Rai’s staging system as
follows: stage I, stage II, stage III, stage IV. Patients with ac-
companying acute inflammatory bacterial, viral, mycotic or
allergic states were excluded from the study.

All patients with clinical stage III and IV disease were eli-
gible for treatment. The treatment course consisted of 2CdA
(Biodrybin) given at dose of 0.12 mg/kg/d in a 2-h intrave-
nous infusion (i.v.) for 5 days; 2CdA 0.12 mg/kg/d in a 2-hour
i.v. for 3 days and mitoxantrone 10 mg/m2 on 1st day and cy-
clophosphamide 650 mg/m2 i.v. on 1st day (CMC);
cyclophosphamide 650 mg/m2 i.v. on 1st day (CC), fludarabine
25 mg/m2 i.v. for 3rd day and cyclophosphamide 650 mg/m2

i.v. for 3rd day (FC); vincristini 2 mg i.v. on 1st day, cyclophos-
phamide 750 mg/m2 i.v. on 1st day, adriamycin 50 mg/m2 i.v.
on 1st day, prednisone 100 mg p.o. for 5 days (CHOP); chloram-
bucil (Leukeran) 4 mg p.o. 3 times every 4 days for a maximum
6 cycles.

Control group. The control group consisted of 15
healthy subjects (10 women and 5 men) of the same age
(workers of Medical University of Bialystok)

Methods. Five ml samples of venous blood were collected
once to obtain serum, which was stored at –25o C. Serum con-
centrations of sTRAIL, sTRAIL-R2 (sDR5) and OPG
molecules were determined by commercially available ELISA
kits (R&D Systems, Minneapolis, USA).

Results were subjected to statistical analysis using a non-
parametric U-Mann-Whitney test. Pearson’s test was applied
for the analysis of correlations.

Results

The results obtained in patients with BCLL before and af-
ter treatment were analyzed with regard to the RAI
classification and type of treatment.

Prior to treatment (at baseline), serum sTRAIL concentra-
tions were lower in patients as compared to controls (Table
1). The levels of sTRAIL-R2 (sDR5) were higher in BCLL
patients, being the highest in stage I patients. In stage I and
III patients, OPG levels were also increased in comparison to
the control group (Table 1).

After treatment, no significant changes were observed in
the mean serum concentrations of sTRAIL and OPG in com-
parison to the baseline values. Concentrations of sTRAIL were
lower in stage II and III patients than in healthy subjects.

Table 1. The mean value of evaluated parameters in the serum of patients with B-CLL according to Rai‘ classification.

Patients before treatment
Control All patients before Patients  in stage I Patients  in stage II Patients  in stage III Patients  in stage IV

n =15 x± SD treatment n =24 x± SD n=6 x± SD n=6 x± SD n=6 x± SD n=6 x± SD

sTRAIL pg/ml 88.38 ±16.20 52.4 ± 26.22 53.75*±12.20 54.5*±15.19 42.4*±16.33 39.5*±28.39
sDR5 pg/ml 31.11 ±15.36 83.41 ± 36.67 105.81*±23.45 77.5 *±18.92 70* ±14.14 62.5*±15
OPG pg/ml 75.66 ±15.51 141.5 ± 97.28 158*± 50.42 76.66 ± 28.96 113*±18.93 76.66 ±30.74

*statistical difference with control (p< 0.05)
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However, OPG levels in all the patients were still lower as
compared to the control group (Table 2). Statistically lower
were also the levels of sTRAIL-R2 as compared to those found
at baseline, although still higher in stage II and III patients
than in the control group.

The analysis of TRAIL concentrations in BCLL patients
revealed differences with respect to the type of treatment. In
patients treated with CC and FC, sTRAIL concentration in-
creased after treatment (Table 3). Administration of Leukeran,
2CdA, CMC and CHOP did not cause any significant changes.
However, sTRAIL-R2 (concentrations were reduced irrespec-
tive of the therapy applied (Table 3).

Administration of CHOP resulted in a significant increase,
while treatment with Leukeran and CMC caused a decrease
in OPG levels as compared to the values obtained at baseline
(Table 3).

No significant correlation was found between sTRAIL and
its soluble receptors – sTRAIL-R2 and OPG.

Discussion

There are many literature reports describing changes in
the expression and secretion of TNF superfamily cytokines
in the course of chronic B-cell lymphocytic leukemia (BCLL),
which may lead to disturbances in the process of apoptosis of
leukemic B cells [4, 15].

Low serum concentrations of sTRAIL observed in the cur-
rent study in BCLL patients both at baseline and after treatment
are a likely cause of impaired apoptosis of neoplastic B cells.
It has been shown that both the membranous and soluble form
of TRAIL are capable of initiating apoptosis [6, 16]. The re-
sults seem to be especially significant, most of all in the light

of the data reported by Kim et al., who have demonstrated
that sTRAIL exceeds other molecules of this superfamily in
its ability to induce apoptosis of many neoplastic cell types
[17].

Impairment of apoptosis of the leukemic B cells in BCLL
patients before treatment can also be caused by the presence
of sTRAIL-R2, which occurs in their serum in high concen-
trations. Additionally, the resistance of leukemic cells to
apoptosis may be enhanced by the reduced expression of the
membrane receptor TRAIL-R2 associated with a release of
its soluble form. This has been suggested by the findings of
Ma et al., who observed that apoptosis induced by TRAIL
molecule is proportional to the level of TRAIL-R2 expres-
sion on neoplastic cells [18]. Also McFarlane et al., reported
a correlation between low expression of TRAIL-R2 and re-
sistance of B cells to TRAIL action [4].

High serum OPG level can be another cause of apoptotic
disturbances in leukemic B cells in BCLL patients before treat-
ment. It has been shown that OPG through the competitive
binding to TRAIL molecule prevents apoptosis induction in
the TRAIL-R1 and TRAIL-R2 dependent pathway [9].

As the modulation of neoplastic B cell apoptosis distur-
bances is the major aspect of BCLL therapy, we have
undertaken also to assess the effect of chemotherapy on
TRAIL family molecules. At the same time, evaluation of the
behavior of TRAIL molecules and their natural regulators after
therapy may reveal the causes of changes in the process of
TRAIL-dependent apoptosis of B cells [19].

Elevated serum concentration of sTRAIL after CC and FC
administration and a simultaneous decrease in sTRAIL-R2
levels may lead to the enhancement of leukemic B cell
apoptosis. The observed reduction in sTRAIL-R2 and OPG

Table 2. The mean value of evaluated parameters in the serum of patients with B-CLL according to Rai‘classification.

Patients after treatment
Control All patients after Patients  in stage I Patients  in stage II Patients in stage III Patients  in stage IV

n =15 x± SD treatment n =24 x± SD n=6 x± SD n=6 x± SD n=6 x± SD n=6 x± SD

sTRAIL  pg/ml 88.38 ±16.20 58.31 ± 36.25 70.28 ± 27.94 59.75*±13.52 33.23*±13.32 78.66 ± 10.83
sDR5   pg/ml 31.11±15.36 43.10 ±16.66 35.71 ± 15.11 52*±16.43 43.42*±17.49 42.85 ± 11.12
OPG  pg/ml 75.66 ±15.51 142.52 ±83.47 154* ± 38.62 116.5*±43.2 165* ± 68.26 181.66*±54.33

*statistical difference with control (p< 0,05)

Table 3. The mean value of evaluated parameters in the serum of patients with B-CLL before and after treatment.

n sTRAIL pg/ml x ± SD sDR5 pg/ml x ± SD OPG pg/ml x ± SD

Before treatment 24 52.4 ± 26.31 83.41 ± 35,67 141.67 ± 97.28

After treatment 2CdA 4 53.44 ± 19.44 35.45* ± 12.13 165 ± 57.19
FC 4 76*± 18.19 35*± 19.14 131.33 ± 102.14
CC 4 80*± 28.7 45*± 12.19 127 ± 29.00

Leukeran 4 42 ± 12.16 63.33*± 11.54 92.66* ± 24.19
CMC 4 57.57 ± 24.38 45.8* ± 17.97 102.44* ± 29.33
CHOP 4 46.5 ± 31.81 46* ± 5.47 178*± 59.39

*statistical difference before and after treatment with control (p< 0,05)
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levels after Leukeran and CMC therapy may intensify B cell
apoptosis, although low sTRAIL concentration following this
therapy suggests only minor role of the changes. Lower se-
rum sTRAIL-R2 concentrations observed after treatment are
a likely result of the increased expression of the membrane
receptor TRAIL-R2 on B cells raising their sensitivity to the
action of TRAIL molecule. Kobylinska et al. revealed that
cladribine alone, besides cytotxic effect, affected the events
associated with apoptosis [20].

Johnston et al. observed the effect of standard treatment
with FC enhancing the expression of mRNA and TRAIL-R1
and TRAIL-R2 protein on leukemic lymphocytes in BCLL
patients [19].

CHOP therapy has also a substantial effect on TRAIL-de-
pendent apoptosis. A reduction in sTRAIL-R2 that blocks
apoptosis and a simultaneous increase in OPG that inhibits
this process are likely to suppress apoptosis of leukemic
B cells.

A positive role of changes in the expression of TRAIL-R1
and TRAIL-R2 following therapy has also been reported for
other neoplasms. Younes and Kadin have described an in-
crease in TRAIL activity through elevated expression of
TRAIL-R1 and TRAIL-R2 after chemo-and radiotherapy in
cancers of breast, colon and urinary bladder [21]. Recent stud-
ies have shown that anti-TRAIL-R1 and anti-TRAIL-R2
monoclonal antibodies, similarly to TRAIL, have the poten-
tial to destroy neoplastic but not healthy cells and its promising
novel biotherapeutic agents for cancer therapy [22].

Summing up, the relationships between sTRAIL, sTRAIL-
R2 and OPG in BCLL patients prior to treatment are likely to
impair apoptosis of leukemic B cells. Among different thera-
peutic methods, CC and FC seem to have a beneficial effect
on these relationships and promote apoptosis of B cells in
BCLL patients.
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