Open — Access Research Article

https://doi.org/10.32007/ifacmedbaghdad2504

Circulating B-cell activating Factor in Multiple Myeloma Patients
and its Correlations with Serum Levels of p2-Microglobulin and
Interleukin-6

Wafaa F. Sahib* | Haithem A. Al-Rubaie?

!Al-Diwaniyah Teaching Hospital, Al-Diwaniyah Health Directorate, Ministry of Health, Al-Diwaniyah, Irag.
2Department of Pathology and Forensic Medicine, College of Medicine, University of Baghdad, Baghdad, Iraq.

©2025The Author(s). Published by College of Medicine, University of Baghdad. This open-access
article is distributed under the terms of the Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly

cited.
Abstract
Background: Multiple myeloma (MM) is characterized by clonal proliferation of malignant plasma
cells within the bone marrow. In most patients, monoclonal immunoglobulin heavy chains or light
chains are produced and are associated with organ dysfunction. The growth factor B-cell activating
factor (BAFF) plays an important role in the pathogenesis of multiple myeloma due to its ability to
Received: Sept. 2024 promote B-cell survival, expansion, and differentiation.
Revised: Aug. 2025 Objective: to measure the circulatory level of B-cell activating factor in multiple myeloma patients in
Accepted: Dec. 2025 relapsed and remission states and explore its possible correlations with the clinical staging, p2-
Published Online: Dec. 2025

microglobulin, and interleukin-6.

Methods: This cross-sectional study was performed on 60 multiple myeloma patients with 30 in
remission and 30 in relapse, as well as 20 healthy individuals serving as a control group. The study was
conducted in the Hematology department of Baghdad Teaching Hospital in the Medical City Complex
from January to September 2020. The enzyme-linked immunosorbent assay technique was used to
measure plasma levels of B-cell activating factor, 2-microglobulin, and interleukin-6.

Results: The B-cell activating factor levels were significantly higher in multiple myeloma patients
compared to the control, and in relapsed patients compared to those in remission. The level of B-cell
activating factor increased with advanced disease, in both remission and relapsed states. There are
positive correlations with B2-microglobulin and interleukin-6 levels in both relapsed and remission
states, respectively.

Conclusion: Increased B-cell activating factor level in relapse more than remission states is a useful
biomarker of disease activity in multiple myeloma and has positive correlations with B2-microglobulin
and interleukin-6 levels.

Keywords: B-cell activating factor; p2-microglobulin; Clinical stage; Interleukin -6; Multiple
myeloma.
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Introduction:

Multiple myeloma (MM) is a hematologic
malignancy that almost always produces a

the TNF family (3). The BAFF and its receptors
(BAFF-R, TACI, and BCMA) play an important role

monoclonal immunoglobulin detected in the serum
and/or urine. Interaction between neoplastic plasma
cells and the microenvironment components is
essential in the pathogenesis of MM. Cytokines,
adhesion molecules, and the extracellular matrix
play a crucial role in the interplay between clonal
plasma cells and the microenvironment stromal
cells, leading to the proliferation, progression, and
survival of neoplastic cells (1).

Advancements in novel therapies, such as targeted
agents and combination therapies, have contributed
to an increase in survival rates for patients with MM
and led to improved treatment outcomes. However,
most patients eventually relapse, even those who
achieve remission (2). B-cell activating factor
(BAFF) is a 285-amino-acid cytokine, a member of
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in the development and survival of B lymphocytes
(4.5). BAFF is one of the main survival factors for
healthy and MM plasma cells through direct
activation of the NF-kB pathway (6). The low
baseline BAFF expression in MM patients is
associated with longer median progression-free
survival than those with high BAFF expression (7).

The B2-microglobulin (B2M) is a valid independent
predictor of survival in patients with MM; its level is
directly correlated with tumor burden (8). Increased
levels indicate a higher intrinsic kinetic activity of
tumor cells, including DNA and RNA. This
information is crucial for staging, assessing disease
severity, evaluating response to chemotherapy, and
determining prognosis. Interleukin-6 (IL-6), via
activating the JAK-STAT signalling pathway,
promotes the angiogenesis, survival, and
proliferation of MM cells. Consequently, it can take
part in the development of drug resistance in MM
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(20). 1L-6 is elevated in MM patients with advanced
disease 11.

The study aimed to measure BAFF plasma levels in
MM patients in relapse and remission states and
explore possible correlations with clinical staging,
B2M, and IL-6.

Patients, materials, and methods

This cross-sectional study involved 60 treated
patients diagnosed with MM and 20 age- and sex-
matched healthy controls. Thirty MM patients were
in remission, defined by achieving either complete
remission (which is indicated by negative
immunofixation in both serum and urine and having
fewer than 5% bone marrow plasma cells) or a very
good partial response (characterized by at least 90%
decrease in serum M-protein, and urine M-protein
levels being less than 100 mg per 24 hours). Thirty
patients were in a relapse state (indicated by the
reappearance of M-protein by immunofixation in
patients who had previously achieved complete
remission or progressed from partial remission and
minimal response) (12).

The study was conducted in the hematology
department of Baghdad Teaching Hospital in The
Medical City Complex from January to September
2020. Patients were classified into three stages
according to the International Staging System, a
simple and reliable risk stratification system that
utilizes serum B2M and albumin levels (13). The
enzyme-linked immunosorbent assay (ELISA)
sandwich technique was applied to measure plasma
levels of BAFF using a human
BAFF/BLYS/TNFSF13B immunoassay kit (R&D,
Quantikine, USA) and B2M using a human p2M
ELISA kit (AESKULISA, Germany), and IL-6 using
a human IL-6 immunoassay kit (R&D, Quantikine,
USA).

Research approval was granted by the IRB of the
Iragi Board for Medical Specializations (Path73 on
18/12/2019). The research was conducted in
accordance with the Declaration of Helsinki.
Informed consent was obtained from all study
participants.

Statistical analysis. Data were analyzed using the
Statistical Package for Social Sciences (SPSS
version 23) computer software program. The
descriptive variables were presented as frequencies
and tables. Continuous variables were expressed as

mean + standard deviation, and categorical variables
as numbers and percentages. Student-t test and
ANOVA test were used to examine the association
between categorical variables. The Pearson
correlation (r) test was used to assess the association
between two continuous variables. An r value
between 0-0.19 is considered “very weak”, 0.20-
0.39 “weak”, 0.40-0.59 “moderate”, 0.60-0.79
“strong”, and 0.80-1.0 “very strong. A P-value
below or equal to 0.05 was considered to be
statistically significant.

Results

The mean age (£SD) was 58.10 + 8.57 years for MM
patients and 58.7 + 9.17 years for controls. The
study comprised 34 male patients (56.7%) and 26
female patients (43.3%), resulting in a male-to-
female ratio of 1.3:1. The control group consisted of
50% females and 50% males.

The mean BAFF level in MM patients is
significantly higher than in the control group, with a
P-value of 0.001 (Table 1). The BAFF levels were
found to be significantly higher in patients
experiencing relapse compared to those with
remission, as well as in comparison to the control
group (p = 0.004 and <0.001, respectively).
Additionally, BAFF levels in remission patients
were significantly higher than in the control group,
with a p-value of 0.008 (Table 2). The mean BAFF
level significantly increases with disease progression
in patients experiencing relapse or remission, with p-
values of 0.0001 for each (Table 3).

The mean P2M level is significantly higher in
patients with MM during both relapse and remission
compared to control subjects (p-values of <0.001
and 0.003, respectively). Furthermore, it is higher in
patients during relapse than in remission, with a p-
value of 0.005 (Table 4).

The mean IL-6 level is statistically higher in patients
in relapse and remission than in the controls (p
<0.001 and 0.003, respectively). It is
significantly higher in patients during relapse than
remission, with a p-value of <0.001 (Table 5).

The BAFF level shows very strong positive
correlations with p2M and IL-6 in relapse patients (r
= 0.86 and 0.83, respectively). In patients during
remission, a weak positive correlation with f2M and
a moderate positive correlation with 1L-6 were
demonstrated (r = 0.39 and 0.44, respectively) (Table
6).

Table 1: BAFF level in treated MM patients and the control group

Parameter Patients Control P-value*
N= 60 N=20
Mean+SD 1618+921.5 872.9+205.8 0.001
BAFF (pg/mL) Minimum-maximum 400-4400 6351400

*Student t-test
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Table 2: BAFF level in MM patients during relapse and remission, and the control group

Parameter Relapse Remission Control
N= 30 N=30 N=20
Mean+SD 1955+1045 12814632 872.9+205.8
BAFF (pg/mL)
Minimum-maximum 713-4400 400-2764 635-1400
P-value*
Relapse-Remission Relapse-Control Remission-Control
0.004 <0.001 0.008
*Student t-test.
Table 3: BAFF level according to the stage in relapse and remission MM patients
BAFF (pg/mL) Stages of MM P-value*
Stage | Stage 11 Stage 111
Relapse Mean+SD 919.8+162 1428.9+346.3 3000.4+818.5 0.0001
Remission Mean+SD 791.4+230.5 1070.1+498.3 2021.2+222.7 0.0001
*ANOVA test
Table 4: p2M level in MM patients during relapse and remission, and the control group
Parameter Relapse Remission Control
N=30 N=30 N=20
Mean+SD 7.66.9 3.73+2.6 2.05+0.38
P2M (ng/mL) Minimum-maximum 2.19-24.7 1.8-14.2 15-2.8
P-values*
Relapse-Remission Relapse-Control Remission-Control
0.005 <0.001 0.003
*Student t-test.
Table 5: IL-6 level in MM patients during relapse and remission, and the control group
Parameter Relapse Remission Control
N=30 N=30 N=20
Mean+SD 17.7+£17 42441 2.2+0.84
IL-6 (pg/mL)
Minimum-maximum 1.43-51.7 0.49-19.37 1.3-45
P-value*
Relapse-Remission Relapse-Control Remission-Control
<0.001 <0.001 0.025

*Student t-test.

Table 6: Pearson correlation of BAFF level with the disease activity markers, $2M and IL-6, in MM

patients during relapse and remission

Relapse Remission
BAFF (pg/m L) r* P-value r* P-value
B2M (ug/mL) 0.86 0.00001 0.39 0.031
IL-6 (pg/mL) 0.83 0.0001 0.44 0.014

*r, correlation coefficient.

Discussion

The clonal expansion of plasma cells in the bone
marrow, accompanied by the production of
monoclonal immunoglobulins, leads to organ
dysfunction, suppression of normal hematopoietic
cell formation, and bone lesions (4,15).

In this study, the mean age of MM patients was
58.10 +8.57 years, and slightly higher in males; this
result agreed with another Iragi study (9).

In treated MM patients, plasma levels of BAFF were
found to be significantly higher compared to those in
the control group. This finding was further
supported by a study done in China (16), showing
that BAFF mRNA expression was significantly
elevated in patients in the initial treatment group,
non-remission group, and remission group compared
to the control group. The BAFF levels in relapsed

MM patients were significantly higher than in the
control group. Similar findings were reported by
other studies done in New Delhi (17,18). However,
BAFF levels decreased in MM patients in a
remission state. Comparable findings were reported
by studies done in Greece3 and Poland6, where
BAFF levels decreased significantly after treatment.
The comparison of BAFF levels in relapse MM
patients with patients in remission state showed a
significant difference. This result was supported by a
Chinese study (19) reporting that BAFF mRNA
expression in relapsed/refractory patients was higher
than that in patients after treatment in the plateau
stage and control. Further studies done in New Delhi
(17,18) reported that the BAFF level was higher in
relapse than in the newly diagnosed MM patients;
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this may reflect different biological mechanisms in
relapse (more aggressive disease). However, other
studies reported that BAFF levels increased in
newly-diagnosed MM patients and decreased after
effective treatment, such as that reported by studies
done in Poland (20) and Greece "(21).

In this study, MM patients were found to have
higher levels of BAFF in advanced disease stages.
This finding agreed with two studies done in Greece
(3,21). The elevated BAFF level in advanced MM
disease may be attributed to the expansion of the
myeloma clone.

The p2M level is a useful marker in MM and reflects
tumor burden. In this study, the level of 2M in MM
patients was statistically higher than in the control
group. Similar results were reported by other Iraqi
studies (15). This study showed that p2M levels
decreased in response to chemotherapy, aligning
with findings found in studies done in Egypt (22)
and Greece (21), and the level of f2M increased in
the relapsed state. These observations are
comparable to a study conducted in the United
States (23). There was a significant difference in
B2M levels between relapsed and remission MM
patients in this study, which agreed with the study
performed in Sweden (24).

IL-6 is a principal cytokine responsible for the
growth of myeloma cells. The IL-6 level in this
study was significantly higher in patients than in the
controls; this finding is comparable to other studies
conducted in Greece2l and Poland (20). However,
these studies included patients who were newly
diagnosed with MM. The IL-6 was found to be
significantly higher in relapsed MM patients
compared to the control group. This finding agreed
with the results reported by studies done in New
Delhi (17,18).

In this study, despite high plasma levels of IL-6
being observed in patients during a remission state
compared to the controls, the levels are much lower
than those in patients during relapse. Similar results
were reported by studies done in Greece (25).
Plasma levels of BAFF have a positive correlation
with p2M. A finding consistent with a study done by
Greece (21). This positive correlation may indicate
that BAFF is associated with tumor burden. Plasma
levels of BAFF have correlated very strongly with
IL-6 in relapsed patients, a similar result reported by
Poland (20), who stated a positive correlation
between BAFF and IL6 concentration, and also
agreed with other studies conducted in Greece
(3,21), and Poland6. However, these studies were
done on newly diagnosed MM patients. This may be
explained by the fact that IL-6 can induce the BAFF
gene and enhance its protein expression level (26).

Conclusion

Higher plasma BAFF levels were observed in MM
patients compared to control subjects, and these
levels were even higher in relapsed patients than in
remission. This suggested that elevated BAFF levels
indicate disease activity and progression as the
condition advances. BAFF levels correlate positively

with B2M and IL-6 levels, which were also elevated
in MM patients, particularly in those who had
relapse compared to those in remission. Future
studies on MM patients may explore the impact of
BAFF on their survival and evaluate the potential
therapeutic use of BAFF inhibitors, which could
lead to new insights into the treatment of these
patients.
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