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Abstract As chronic lymphocytic leukemia (CLL) has a
variable disease course, novel prognostic markers and risk
assessment models are being developed in order to identify
high-risk patients who may need early treatment. The two
tumor necrosis factor family proteins BAFF and APRIL
and their receptors BAFF-R, TACI and BCMA are con-
sidered to play a critical role in the survival of normal B
cells. In order to highlight the pathophysiological role of
this complicated biological network, we aimed to analyze
the potential prognostic effects of BAFF, APRIL, TACI
and BCMA in CLL patients. We investigated the prog-
nostic impact of serum BCMA, TACI, BAFF and APRIL
levels in 129 newly diagnosed CLL patients [median age:
64 (39-88) years; male/female: 85/44]. Serum BAFF,
TACI and BCMA levels were significantly lower in the
patient group compared to the control group (p < 0.001),
while serum APRIL level did not differ significantly
between two groups (p > 0.05). Serum BCMA
[(» =0.029; r=0.208)] and TACI levels [(p =0.011;
r = 0.241)] were positively correlated with serum free light
chain ratio. Serum BAFF [(p = 0.008; r = — 0.236)] and
BCMA [(p = 0.042; r = — 0.183)] levels were negatively
correlated with Rai stage. Overall survival (OS) was rela-
tively better in patients with low serum BAFF levels [60
(1-187) months vs 39.5 (0-256) months; p = 0.063].
Probability of OS was higher in patients with low BAFF
levels when compared to patients with normal levels,
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without statistical significance (53.6% vs 23.6%;
p > 0.05). Large prospective studies are needed to validate
the prognostic role of this essential biological pathway in
CLL.
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Introduction

Chronic lymphocytic leukemia (CLL), which is considered
to be one of the most common leukemias in Western
countries, has a variable clinical course based on several
prognostic parameters. Novel prognostic markers and risk
assessment models are being developed in order to identify
high-risk patients who may need early treatment [1-3].
Clinical stage, expression of zeta chain related protein 70
(ZAP70) and CD38, immunoglobulin variable region
heavy chain (IGHV) mutational status and several cyto-
genetic/molecular abnormalities, particularly delllql2,
dell7p, del13ql14 and trisomy 12, are the most pronounced
adverse prognostic factors [2, 4].

B cell activator factor (BAFF; B-Lys; TNFSF13B), a
tumor necrosis factor (TNF) family protein, has been
shown to play a critical role in B cell survival, proliferation
and differentiation. BAFF activates B cells through a group
of receptors which are defined as B-cell maturation antigen
(BCMA; TNFRSF17), transmembrane activator and cal-
cium-modulator and cyclophilin ligand interactor (TACI;
TNFRSF13B) and BAFF  receptor (BAFF-R;
TNFRSF13C). BAFF-R is mainly expressed on B cells and
BAFF/BAFF-R signaling plays a central role in the sur-
vival and growth of normal and neoplastic B lymphocytes
[3, 5]. High serum levels of BAFF were found to be
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associated with poor prognosis in follicular lymphoma (FL)
and multiple myeloma (MM) patients [6—8]. On the other
hand, there is substantial data regarding the potential role
of BCMA expression in lymphoma, MM, autoimmune and
infectious diseases and TACI expression in immune defi-
ciency syndromes [9-14]. Furthermore, APRIL, a prolif-
eration-inducing ligand, also functions along with this
cytokine network. APRIL and BAFF support CLL cell
survival through the up-regulation of CD40 ligands.
Patients with lower APRIL/BAFF expression were shown
to have longer survival when compared to patients who had
high expression of APRIL/BAFF [1]. Activation of BAFF/
APRIL receptors was reported to be associated with cell
survival and growth in B-cell lymphomas [5, 15-19]. High
APRIL expression was also indicated to be a predictor of
aggressive disease in T-cell leukemia/lymphoma 1A CLL
mice models [20]. Solid tumors including ovarian, bladder,
head and neck, lung, colorectal, renal cell and pancreas
cancer represented a higher expression of APRIL which
was associated with worse prognosis [21-27].

In order to highlight the pathophysiological role of this
complicated biological network, we aimed to analyze the
potential prognostic effects of BAFF, APRIL, TACI and
BCMA in CLL patients [16, 18, 28-36].

Materials and Methods

A total of 129 newly diagnosed CLL patients [median age:
64 (39-88) years; male/female: 85/44] with a median fol-
low-up of 48 (0-256) months and 26 healthy volunteers
were included in this study.

Serum BAFF (Human BAFF ELISA Kit 96 wells Bos-
ter/USA-EK0063), TACI (Human TNFRSFI3B/TACI
ELISA Kit 96 wells Boster/USA-EK0986), BCMA (Hu-
man TNFRSF17/BCMA ELISA Kit 96 wells Boster/USA-
EKO0661) and APRIL (Human TNFSF13/APRIL ELISA
Kit 96 wells Boster/USA-EK0921) levels were measured at
diagnosis by Enzyme Linked Immunosorbent Assay
(ELISA) method.

Diagnosis of CLL was based on the updated criteria of
International Workshop on CLL (IWCLL) [2]. Rai and
modified Rai staging systems were used for clinical staging
and risk assessment. Expressions of ZAP70 and CD38,
with a threshold of 20% for positivity, were quantified by
flow cytometry. Cytogenetic/molecular risk profile,
including delllq, dell3q, trisomy 12 and dell7p, was
determined by intephase fluorescence in situ hybridization
(FISH) on peripheral blood. Clinical and laboratory data
was obtained from medical records of the patients.
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Statistical Analysis

Continuous variables were compared using Mann—Whitney
U and Kruskal-Wallis tests while Chi square test was used
for categorical variables. Correlation analysis was per-
formed using Pearson and Spearman tests. Kaplan—-Meier
test was used for survival analysis. Risk factors for survival
were determined by Cox regression and log rank tests.
SPSS 16.0 (SPSS Inc, Chicago, IL, USA) programme was
used for statistical analysis and p < 0.05 was considered as
statistically significant.

The study was approved by the Ethical Commitee of
Gazi Medical School.

Results
Patient and Disease Characteristics

A total of 124 patients were staged clinically at diagnosis
according to Rai and modified Rai systems. Sixty patients
(48.4%) were evaluated as stage 0, 25 patients (20.2%)
stage I, 26 patients (21%) stage II, 7 patients (5.6%) stage
IIT and 6 patients (4.8%) stage IV disease according to Rai
staging system. A total of 60 patients (48.4%) were low-
risk, 51 patients (41.2%) intermediate-risk and 13 patients
(10.4%) high-risk according to modified Rai risk stratifi-
cation. Cytogenetic/molecular risk assessment was per-
formed by FISH in 91 patients. A total of 28 patients
(30.8%) had low-risk, 13 patients (14.3%) intermediate-
risk and 21 patients (23.1%) high-risk profile. Patient and
disease characteristics are represented in Table 1.

Study Parameters

Normal levels of serum BCMA, TACI and APRIL were
reported in all patients. Nevertheless, serum BAFF levels
were below the normal range in a total of 40 patients,
whereas 89 CLL patients represented normal levels.
Besides, median serum levels of BAFF [0.08 (0.05-2.08)
ng/ml vs 1.46 (0.24-2.95) ng/ml, p < 0.001], BCMA [0.16
(0.12-1.93) ng/ml vs 1.43 (0.87-3.03) ng/ml, p < 0.001]
and TACI [0.14 (0.1-1.07) ng/ml vs 0.28 (0.24-0.87) ng/
ml, p <0.001] were significantly lower in the patient
group compared to controls. However, median APRIL
levels were not statistically different between patient and
control groups [0.28 (0.2-5.44) ng/ml vs 0.26 (0.24-0.65)
ng/ml, p > 0.05] (Table 2).

Serum TACI levels were relatively elevated in CD38"
patients (p = 0.06), while serum BAFF levels were higher
in low-risk patients based on modified Rai staging system
(p = 0.059), without statistical significance. Serum levels
of BAFF, BCMA, TACI and APRIL did not display a
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Table 1 Patient and disease
characteristics; demographics,
baseline laboratory parameters
and CLL risk profile

Age (year) [median (range)]
Gender (male/female) (n)
Performance status (Eastern Cooperative Oncology Group) [median (range)]
White blood cell (/pL) [median (range)]
Hemoglobin (g/dL) [median (range)]
Platelet (/uL) [median (range)]
Lymphocyte (%) [median (range)]
Stage (Rai) (n = 124) [n (%)]
Rai 0
Rai |
Rai I
Rai IIT
Rai IV
Stage (Modified Rai) (n = 124) [n (%)]
Low risk
Intermediate risk
High risk
Immunoglobulin G (mg/dL) [median (range)]
Immunoglobulin A (mg/dL) [median (range)]
Immunoglobulin M (mg/dL) [median (range)]
Free light chain ratio (kappa/lambda) [median (range)]
Bone marrow infiltration (n = 105) [n (%)]
Nodular
Diffuse
Interstitial
Concomittant autoimmune disorder (n = 125) [n (%)]
None
Immune thrombocytopenia
Autoimmune hemolytic anemia
Autoimmune hemolytic anemia + thrombocytopenia
Lactate dehydrogenase (U/L) [median (range)]
B2 microglobulin (mg/L) [median (range)]
CD38 expression (n = 123) (%) [median (range)]
ZAP70 expression (n = 104) (%) [median (range)]
Fluorescence in situ hybridization (FISH) (n = 91) [n (%)]
Negative
13q14 deletion
Trisomy 12
17p13 deletion
11923 deletion
Molecular risk profile (FISH) (n = 62) [n (%)]
Low risk
Intermediate risk
High risk

64 (39-88)
85/44
1 (0-2)

25,000 (3600-404,000)

13.5 (6.3-17.9)

188,100 (7440-429,000)

76.5 (23.6-97.4)

60 (48.4%)
25 (20.2%)
26 (21%)
7 (5.6%)
6 (4.8%)

60 (48.4%)

51 (41.1%)

13 (10.5%)

1030 (288-2880)
126 (17.6-551)
44.9 (4.17-600)
1.395 (0.18-35)

33 (31.4%)
47 (44.8%)
25 (23.8%)

111 (88.8%)

6 (4.8%)

6 (4.8%)

2 (1.6%)

119.5 (115-679)
1.98 (0.1-17.4)
24 (0-92)

19.44 (0-92)

29 (31.8%)
28 (30.8%)
13 (14.3%)
11 (12.1%)
10 (11%)

28 (30.8%)
13 (14.3%)
21 (23.1%)

significant difference based on lactate dehydrogenase
(LDH) levels, ZAP70 expression, Rai stage and cytoge-
netic/molecular risk profile (p > 0.05).

A positive correlation was demonstrated between BAFF
and BCMA (p <0.001; r=0.936), TACI and BAFF

(p < 0.001; r=0.627), BAFF and APRIL (p < 0.001;
r = 0.433), BCMA and TACI (p < 0.001; r = 0.734) and
BCMA and APRIL (p = 0.028; r = 0.282) levels. Fur-
thermore, there was also a positive correlation between
TACI and BAFF (p = 0.009; r = 0.502) and TACI and
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Table 2 Comparative analysis of median BAFF, BCMA, TACI ve
APRIL levels between patient and control groups

Patient group Control group p value
BAFF (ng/mL) 0.08 (0.05-2.08)  1.46 (0.24-2.95) < 0.001
BCMA (ng/mL)  0.16 (0.12-1.93)  1.43 (0.87-3.03) < 0.001
TACI (ng/mL) 0.14 (0.1-1.07) 0.28 (0.24-0.87) < 0.001
APRIL (ng/mL)  0.28 (0.2-0.65) 0.26 (0.24-0.65) 0.089

BCMA levels (p = 0.008; r = 0.509) in healthy individu-
als. Serum BCMA [(p = 0.029; r = 0.208)] and TACI
levels [(p = 0.011; r = 0.241)] were positively correlated
with serum free light chain (FLC) ratio. Additionally,
serum BAFF [(p =0.008; r=— 0.236)] and BCMA
[(p =0.042; r = — 0.183)] levels were negatively corre-
lated with Rai stage.

When the study cohort was divided into two subgroups
based on “low” or “normal” serum BAFF levels, con-
ventional prognostic parameters including white blood cell
count, Rai stage, modified Rai stage, LDH, 2
microglobulin, CD38 and ZAP70 expression and cytoge-
netic/molecular risk groups were found to be similar
between two groups. However, overall survival (OS) was
relatively better in patients with low serum BAFF levels,
without statistical significance [60 (1-187) months vs 39.5
(0-256) months; p = 0.063] (Fig. 1). Probability of OS was
higher in patients with low BAFF levels when compared to
patients with normal BAFF levels, without statistical sig-
nificance (53.6% vs 23.6%; p > 0.05) (Fig. 2).

In univariate analysis; age (p =0.001), Rai stage
(p = 0.001), modified Rai stage (p = 0.015) and perfor-
mance status (p = 0.008) were shown to have significant
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Fig. 1 Overall survival was better in CLL patients with low serum
BAFF levels [60 (1-187) months vs 39.5 (0-256) months; p = 0.063]
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Fig. 2 Probability of overall survival was higher in patients with low
BAFF levels when compared to patients with normal levels (53.6% vs
23.6%; p > 0.05)

impact on OS. In multivariate analysis, age (p = 0.002),
Rai stage (p = 0.005) ve modified Rai stage (p = 0.051)
represented prognostic significance.

Discussion

The current study was planned to indicate the prognostic
role of BAFF, BCMA, TACI and APRIL in the clinical
course of CLL. Although serum levels of BAFF, BCMA
and TACI at diagnosis were found to be significantly lower
with respect to healthy controls, any significant association
with classical prognostic parameters or survival was not
observed.

In recent years, microenvironment has drawn attention
in CLL pathophysiology and various signalling pathways
were considered to play an essential role in the biological
behaviour of the disease which effect the clinical course
indirectly via certain key points. Chronic lymphocytic
leukemia cells interact with different types of stromal cells,
such as mesenchymal stromal cells, nurse like cells (NLC)
and T cells, which are collectively defined as the “mi-
croenvironment”. Nurse like cells protect CLL cells from
spontaneous or drug-induced apoptosis through CXCL12,
BAFF and APRIL and activation of the BCR signaling
cascade. By this way, BAFF and APRIL were shown to
protect CLL cells from spontaneous apoptosis in vitro and
prolong cell survival in vivo, whereas their cellular
receptors BCMA, TACI and BAFF-R play essential roles
in B cell development and microenvironmental balance [5].
Nevertheless, Andersen et al. [1] reported that BAFF and
APRIL levels did not have an impact on physiological
stress in relapsed/refractory CLL patients which was
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considered to be secondary to prior treatment load. Future
attempts dealing with this issue may give rise to new
treatment approaches including novel targeted therapy
modalities.

There are several studies which investigate the prog-
nostic role of these molecules in hematological malignan-
cies, particularly in CLL. In a study by Mamara et al. [28],
BAFF and TACI levels were found to be lower in 94 CLL
patients, however a significant association with clinical or
laboratory risk factors was not demonstrated in concor-
dance with our results. Similar results were reported in two
studies by Planelles et al. and Haiat et al. [30, 31]. In the
latter, APRIL levels were not significantly different
between the patient and control groups [31]. Kreuzaler
et al. [36] showed significantly lower BAFF levels in CLL
patients among a heterogeneous study cohort including
immune deficiency syndromes and autoimmune diseases.
In a study by Jasek et al. [3], single nucleotide polymor-
phisms (SNP) in BAFF and BAFF-R genes were indicated
to be potential risk factors for CLL prognosis, however
when they compared the genotype distribution of SNPs of
BAFF and BAFF-R between CD38% and CD38  and
ZAP70" and ZAP70~ CLL patients, they did not find any
significant difference in their genetic profiles.

Bojarska-Junak et al. [34] found that intracellular BAFF
levels were elevated in CLL patients despite low serum
levels in the same population and intracellular levels were
positively correlated with CD38 and ZAP70 expressions.
Besides, intracellular BAFF levels represented a significant
impact on survival although serum BAFF levels did not.
Nevertheless, BCMA levels were found to be significantly
lower in CLL patients which indicated no clear correlation
with prognostic factors and survival. Diverse effects of
BAFF molecule in different body compartments with dis-
tinctive microenvironmental features may be an appropri-
ate explanation for these contradictory results. As BAFF is
internalized via its receptor on the cell membrane and
shows its main biological effect in the intracellular com-
partment, intracellular protein levels may represent a better
predictor profile with respect to serum levels. A study by
Cols et al. [19] which indicates an activation process of
BAFF and APRIL by an enzymatic reaction induced by
CD40L supports the issue.

In another study by Bojarska-Junak et al. [37], TACI
levels were found to be lower in CLL patients. Further-
more, an adverse correlation was demonstrated between
TACI expression and leukocyte count, Rai stage, CD38 and
ZAP70 expressions. However, in the current study, we
observed relatively higher TACI levels in CD38™" patients
which was statistically insignificant. As CD38 is consid-
ered to be a marker of proliferation in CLL, elevated levels
of TACI may indicate increased apoptosis which may be
secondary to relatively higher cell proliferation in CD38"

patients [38, 39]. Lack of statistical significance may be
explained by small sample size and needs further
confirmation.

Although several studies have represented a higher
expression of TACI in CLL patients [16, 18]. Kyrtsonis
et al. [29] were the first to show elevated serum levels of
TACI in the same population. They reported a significant
impact of TACI levels on survival. Furthermore, serum
TACI levels were positively correlated with [2-mi-
croglobulin levels, while a negative correlation was
demonstrated with anemia, thrombocytopenia, Binet stage
and serum FLC ratio. In contrast, TACI levels were posi-
tively correlated with serum FLC ratio in our study. As a
matter of fact, the potential physiopathological connection
between TACI levels and FLCs should be elucidated with
future attempts.

Ferrer et al. [40] reported increased BCMA levels in
CLL patients which represented a negative correlation with
cytogenetic features and PFS. In concordance, an adverse
relationship was demonstrated between BAFF and BCMA
levels and clinical stage in our study. Nevertheless, BAFF
levels were higher in low-risk patients according to mod-
ified Rai which also requires further confirmation based on
statistical insignificance.

The limitations of the current study may include small
size of the study population and sample preference for
analysis. Intracellular concentrations of the molecules
rather than serum would be more appropriate for the
assessment of their impact on prognosis and survival. As
BAFF has been demonstrated to play an essential role in
CLL cell survival, the contradictory results of the presented
study which represents low serum levels of BAFF in CLL
patients may be explained by its wide and distinct spectrum
of activity in different biological compartments. Therefore,
analysis of intracellular BAFF concentration may be more
feasible to evaluate the biological function of this mole-
cule. This strict dependence to microenvironmental con-
ditions emphasizes the significance of molecular
relationships in this network in order to sustain CLL cell
survival. Statistically insignificant association of low
BAFF levels with better OS, therefore, needs to be con-
firmed with intracellular levels in larger populations.

Based on its heterogeneous biological and clinical
landscape, prognosis of CLL is highly variable which
requires more standardized risk assessment strategies. In
spite of intensive efforts for the discovery of new clinical
and molecular predictors, treatment decision still remains
to be an enigma from different points of view. This study
aimed to comprehend the complicated biological steps of B
cell development in order to evoke targeted therapy
modalities which may improve survival and quality of life,
particularly in high-risk CLL patients. Larger prospective
studies, which mainly focus on the biologically active form
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of these molecules, are essential to acquire a proper
microenvironmental aspect for future projects.
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