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ABSTRACT

Up-regulation of immune checkpoint ligands and secretion of soluble factors in the tumor
microenvironment led to the survival of cancerous plasma cells in the bone marrow milicu.
Therefore, we investigate the relationship between the inhibition of c-Kit receptor, AKT, and NF-
»B signaling pathways and the regulation of immune escape mechanisms in multiple myeloma.

The U266B1 cell line was treated with Masitinib as a c-Kit receptor inhibitor, Perifosine as AKT
inhibitor, and Bortezomib as NF-»B inhibitor either in single or combined form. Apoptosis and cell
viability were evaluated using flow cytometry and MTT assays, respectively. The relative expression
of programmed death-ligand 1 (PD-L7), poliovirus receptor (PL'R), and intetleukin 6 (IL.-6) were
determined by real-time PCR. Also, the secretion of 11.-6 was measured by ELISA.

Our findings demonstrated decreased proliferation of U266B1 cells after co-treatment with
Masitinib, Perifosine, and Bortezomib. An increase in apoptosis was observed in the co-treatment
of Masitinib and Perifosine. Furthermore, results elucidated that the expression of PD-L.7 and IL.-6
decreased after treatment with Masitinib, Perifosine, and Bortezomib in both single and co-
treatments. Regarding PI”R, combined treatment of U266B1 cells with Masitinib, Perifosine, and
Bortezomib decreased the expression level of PI/R.

We showed that c-Kit receptor, AKT, and NF-»B pathway inhibitors not only serve as cytotoxic
drugs but also inhibit the immune escape mechanisms of malignant plasma cells by disrupting
signaling pathways.

Keywords: Immune evasion; Immune checkpoint; Multiple myeloma; Signaling pathways; Small

molecule inhibitor

INTRODUCTION malignancies in the final stages of differentiation,

derived from post-germinal-center B cells.! Clonal

Multiple myeloma (MM) is a group of plasma cell proliferation and the accumulation of malignant plasma

Corresponding Author: Hossein Asgarian-Omran, PhD; Fax: (+98 11) 3354 3249, Email: asgarianhossein@yahoo.com,
Department of Immunology, School of Medicine, Mazandaran hasgarian@mazums.ac.ir

University of Medical Sciences, Sari, Iran. Tel: (+98 11) 3354 3091,

Copyright © 2025 Ranjbar et al. Published by Tehran University of Medical Sciences. 89
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/
by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited.


http://doi.org/10.18502/ijaai.v24i1.18024

A. Ranjbar, et al.

cells in the bone marrow result in anemia, bone lesions,
hypercalcemia, and renal failure, collectively known as
CRAB features.2 The current general treatment for MM
is hematopoietic stem cell transplantation accompanied
by chemotherapy drugs and proteasome inhibitors.®
Moreover, the 5-year survival rate for transplant-eligible
patients is over 70%, while it is about 50% for elderly
transplant-ineligible patients.* Nevertheless, MM remains
an incurable disease due to evolving genetic and epigenetic
alterations, the immunosuppressive microenvironment in
the bone marrow, and deregulated signaling pathways.>®

Recent advances have demonstrated aberrant
intracellular signaling in multiple myeloma patients due
to genetic instabilities, physical interactions with
cellular components, and the secretion of numerous
soluble factors in the bone marrow.” C-Kit, a critical
member of the receptor tyrosine kinase family, is
involved in intracellular signaling and plays a crucial
role in the development of some cancers.? Prior studies
have indicated that growth factors such as stem cell
factor, binding to the c-Kit receptor (CD117) or the
mutated form of c-Kit, activate several signaling
pathways such as RAS/MAPK, PI3K/AKT, and JAK-
STAT in multiple myeloma cells resulting in expression
of genes which regulate cell differentiation,
proliferation, and resistance to apoptosis.® Furthermore,
AKT, the central node of the PI3K/AKT/mTOR
pathway, contributes to multiple oncogenic functions in
multiple myeloma cells, ultimately leading to protein
synthesis,  resistance to  apoptosis, increased
proliferation, and survival in MM.X® NF-«xB is another
known transcription factor activated by many cytokines
with identified mutations in MM patients, which
activates without ligands in both canonical and non-
canonical pathways.'* Previous investigations showed
that NF-xkB plays a vital role in controlling the
expression of cytokines, cell adhesion molecules, and
molecules involved in resistance to cell death in cancers,
including MM.*? In recent years, several small molecule
inhibitors (SMI) such as c-Kit receptor and AKT
inhibitors have been used in various studies and clinical
trials in combination with other drugs such as NF-xB
inhibitors, to inhibit the signaling pathways in MM.*®
Furthermore, many investigations have revealed a link
between cancer cell immune evasion and the aberrant
activation of these signaling pathways.

Tumor cells recruit various strategies to circumvent
the immune system, including immunoediting of tumor
cells, and the suppression of the immune responses,
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which contributes to immune escape.'® Malignant
plasma cells in MM can exploit these mechanisms to
induce exhaustion in immune cells, particularly CD8* T
cells, through the up-regulation of ligands such as
programmed death-ligand 1 (PD-L1), PD-L2, poliovirus
receptor (PVR), which are known as the immune
checkpoint molecules.’®"  Furthermore, cancerous
plasma cells could create favorable conditions for
survival and proliferation and even downregulating
immune function through the secretion of soluble factors
such as interleukin 6 (IL-6).23%° Hence, there has been
widespread interest in studying signaling pathways
associated with tumorigenesis and immune escape
mechanisms, we have investigated the relationship
between c-Kit receptor, AKT, and NF-kB signaling
pathway inhibitors with immunological escape
mechanisms in multiple myeloma cells.

MATERIALS AND METHODS

Chemical Compounds and Reagents

Two SMls, including Masitinib (c-Kit Receptor
inhibitor) and Perifosine (AKT inhibitor), were supplied
from the Cayman chemical company (Michigan, USA).
Bortezomib (proteasome inhibitor) and Doxil (pegylated
liposomal  doxorubicin) as the conventional
chemotherapies' agents, were obtained from the Sobhan
Oncology company (Rasht, Iran). Masitinib and
Bortezomib were dissolved in cell culture grade
dimethyl sulfoxide (DMSO), while Perifosine was
dissolved in ethanol and stored frozen in aliquots.

Cell Line and Culture

U266B1, a human myeloma cell line, was purchased
from the Iranian Biological Resource Center (IRBC
code: C10148). Cells were cultured in RPMI-1640
medium (Biowest, Nuaille, France) supplemented with
10% heat-inactivated fetal bovine serum (Biowest,
Nuaille, France), 100 U/mL penicillin G, 100 pg/mL
streptomycin, and maintained at an atmosphere of 5%
carbon dioxide at 37°C.

Colorimetric Cytotoxic Assay

MTT assay was conducted to determine the half-
maximal inhibitory concentration (ICsg) of the drugs
mentioned above. Briefly, U266B1 cells were seeded in 96-
well at a density of 30x10° cells/well and treated with
increasing concentrations of Masitinib (0 to 100 uM),
Perifosine (0 to 100 uM), Bortezomib (0 to 200 nM), and
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Doxil (0 to 25 uM) for 24, 48, and 72 hours. Based on the
results, the 72-hour time point was selected for further
analysis. After treatments, 20 pL of MTT reagent
(5mg/mL) was added to each well, and the cells were
incubated for an additional 4 hours at 37°C. The microplate
was then centrifuged (300 g for 10 min), and the
supernatant was discarded. Subsequently, 150 uL DMSO
was added to each well and shaked for 20 min. Each well's
optical density (OD) was measured at 570 and 720 nm
using an ELISA plate reader (Synergy H1 BioTek,
Winooski, USA). The ICs values were calculated to
demonstrate the potency of each agent in inhibiting cell
growth. The proliferation of U266B1 cells was evaluated
via MTT assay following treatment with Masitinib,
Perifosine, and Bortezomib, both individually and in
combination. Also, cells without treatment and treated
those with Doxil were used as negative and positive
control, respectively. All experiments were conducted in
triplicates. Finally, the mean OD values for each group
were divided by the OD values obtained from the control
group to determine the relative cell proliferation.

Cell Apoptosis Assay

U266B1 cells were seeded in 24-well plates at a
density of 150x10° cells per well and treated with an
optimal concentration of Masitinib (5.14 uM),
Perifosine (9.3 uM), and Bortezomib (0.9 nM) for 72
hours. Subsequently, programmed cell death (PCD) was
examined by dual-color FITC-labeled Annexin
V/Propidium lodide (PI) detection kit (IQ products,
Groningen, The Netherlands). Briefly, untreated and
treated cells were harvested by centrifugation (400 g for
5 min) followed by washing with calcium buffer. Next,
5 puL Annexin V/FITC was added to the cell suspension
and incubated for 20 minutes at 4°C. Following
incubation, cells were washed again with calcium buffer
and incubated with 2 pL PI for an additional 10 minutes
at 4°C. Finally, the presence of phosphatidylserine on
the external layer of the cell membrane and the
permeability to Pl were analyzed using a Partec PAS
flow cytometer system (Partec GmBH, Germany).
Unstained cells were processed separately to remove
background staining and establish appropriate gating.
Additionally, cells treated with Doxil served as the
positive control.

RNA Isolation, cDNA Synthesis, and Semi-

Quantitative Real-Time PCR
U266B1 cells were seeded in 6-well plates ata
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density of 450103 cells per well and treated with an
optimal concentration of Masitinib (5.14 pM),
Perifosine (9.3 uM), and Bortezomib (0.9 nM) for 72
hours. To measure the expression level of genes of
interest, total RNA was isolated using the Denazist kit
(Mashhad, Iran). Subsequently, complementary DNA
(cDNA) was synthesized from total RNA using the
Yekta-Tajhiz cDNA synthesis kit (Tehran, Iran). To
assess the relative expression level of PD-L1, PVR, and
IL-6, semi-quantitative Real-Time PCR was performed
by the Amplicon (Copenhagen, Denmark) SYBER
Green PCR Master Mix Reagents on a Step One Real-
Time PCR System (Applied Biosystems, Foster City,
CA, USA). All primers were designed by AllellD
software, and obtained from metabion international AG
(Planegg, Germany) (Supplementary Table 1). A
melting curve analysis was performed after each run to
validate that there were no primer dimers and that the
amplification was selective. The cycles were set at 95°C
for 5 minutes as initial denaturation, followed by 40
cycles at 94°C for 30 seconds, 57°C (B-actin), 61°C (PD-
L1), 62°C (IL-6), and 60°C (PVR) for 30 seconds, and
extension at 72°C for 30 seconds. Finally, the transcript
levels of PD-L1, PVR, and IL-6 were normalized to B-
actin, and the relative expression of each molecule was
calculated using the Pffafl method. The primer
sequences are shown in Supplementary Table 1.

Cytokine Measurement

The level of IL-6 cytokine was measured in the
supernatant of U266B1 cells. For this purpose, cells
were seeded in 6-well plates at a density of 450102 cells
per well and treated with an optimal concentration of
Masitinib  (5.14 pM), Perifosine (9.3 pM), and
Bortezomib (0.9 nM) for 72 hours. The IL-6 level was
measured by ELISA according to the manufacturer's
instruction (Sanquin, Amsterdam, The Netherlands).
Finally, the absorbance of the samples was recorded at
450 nm, with 630 nm used as a reference wavelength
with a multi-scan plate reader (Synergy H1 BioTek,
Winooski, USA).

Statistical Analysis

Results were analyzed using GraphPad Prism 8
software. All data are presented as the mean£SD. The
Shapiro-Wilk test was conducted to assess the normality
of the data distribution. One-way Analysis of variance
(ANOVA) was performed, followed by the proper post
hoc test for multiple comparisons between the treated
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and untreated groups. A p-value of less than 0.05
(p<0.05) was considered statistically significant
difference, with the following designations: as follows:
*p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001.

RESULTS

Cell Viability of U266B1 Cells Following Treatment
with Masitinib, Perifosine, Bortezomib, and Doxil
The effects of Masitinib, Perifosine, and Bortezomib
on growth inhibition were measured in U266B1 Cells.
Initially, the ICso values of the Masitinib, Perifosine,
Bortezomib, and Doxil were determined using the MTT
Assay following 72 hours of exposure to increasing drug
concentrations (Figure 1A). Next, the anti-proliferative
activity of single or combined compounds against
U266B1 cells was measured based on the 1Cs results. The
relative cell proliferation index was calculated for all
samples. Our experiment revealed that the proliferation of
U266BL1 cells decreased significantly following treatment
with Masitinib, Perifosine, and Bortezomib (Figure 1B).
Moreover, co-treatment with compounds resulted in more
growth inhibition than a single treatment compared to the
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50

Relative Cell Proliferation (%)

Concenteration(nh)
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control group. However, there was no significant
difference in growth inhibition between combined
treatments of two or three compounds, except for the
Masitinib/Perifosine  co-treatment, which displayed
enhanced effects (Figure 1B).

The Combination of Masitinib, Perifosine, and
Bortezomib Induces Significant Apoptosis

To measure the levels of apoptosis resulting from the
inhibitory  effects of Masitinib, Perifosine, and
Bortezomib, U266B1 cells were treated with these
compounds in both single and combined groups.
Following treatment, the U266B1 cells were stained with
Annexin V-FITC/PI for flow cytometric assay (Figure
2A). The results showed that only treatment with
Bortezomib in the single groups resulted in significant
apoptosis. Furthermore, the combination of compounds
led to a significantly higher level of apoptosis compared
to the control group (Figure 2B). However, there was no
significant difference between a single treatment with
Bortezomib and the combination treatment of Bortezomib
with either Masitinib or Perifosine (Figure 2B).

Perifosine
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Figure 1. Determination of half-maximal inhibitory concentration (IC50) values and proliferation levels of U266B1 cells
following treatment with Masitinib, Perifosine, Bortezomib, and Doxil. A) U266B1 cells were treated with various
concentrations Masitinib (0 to 100 uM), Perifosine (0 to 100 pM), Bortezomib (0 to 200 nM), and Doxil (0 to 25 uM) for 72
hours. Cell viability was measured using MTT assay. The calculated 1C50 values of Masitinib, Perifosine, Bortezomib and
Doxil were 5.14 (3.86-6.74) pM, 9.32 (7.36-11.86) pM, 0.9 (0.51-1.32) nM and 3.5 (2.95-4.16) pM, respectively. B) U266B1 cells
were cultured in the absence or presence of Masitinib, Perifosine, and Bortezomib for 72 hours either in single or combined
treatments. Cell proliferation was determined using MTT assay. The results are expressed as the meantSD of three
independent experiments. One-way ANOVA with Dunnett’s post hoc test was used for multiple comparisons between treated
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groups and untreated group, with significance indicated as****p<0.0001.
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Figure 2. Effects of c-Kit receptor, AKT, and NF-kB inhibitors and Doxil on apoptosis of U266B1cells. U266B1 cells were
cultured in the absence or presence of Masitinib, Perifosine, and Bortezomib for 72 hours either in single or combined
treatment. Apoptotic cells were then detected by Annexin-V/PI staining assay via flow cytometry. A) A representative flow
cytometric dot plot is shown. B) The percentage of apoptotic U266B1 cells is presented. Annexin V positive cells were considered
as percentage of apoptotic cells. The results are expressed as the mean+SD of three independent experiments. One-way ANOVA
with Dunnett’s post hoc test was used for multiple comparisons between treated groups and the untreated group. *p<0.05;

*#x%0<0.0001.

Expression of Immune Evasion Molecules Following
Exposure to Masitinib, Perifosine, and Bortezomib
To further elucidate the role of signaling pathways in
the expression of immune evasion molecules, the effects
of Masitinib, Perifosine, and Bortezomib on the
expression of PD-L1, PVR, and IL-6 were evaluated in
U266B1 cells. The relative expression of these
molecules on U266B1 cells were determined 72 hours
after exposure with Masitinib, Perifosine, and
Bortezomib by Semi-Quantitative Real-Time PCR using
B-actin as a housekeeping internal control. The results
showed that expression of PD-L1 was significantly
reduced after treatment with Masitinib, Perifosine, and
Bortezomib, both individually and in combination
compared to the control group (p<0.0001; Figure 3A).
The most substantial decrease in PD-L1 expression
occurred with the combination of all three drugs.
Additionally, U266B1 cells treated with Masitinib and
Perifosine exhibited a greater reduction in PD-L1
expression than those treated with Bortezomib alone
(p<0.01; Figure 3A). Moreover, obtained data
demonstrated that combining two drugs, Masitinib and
Perifosine, Masitinib and Bortezomib, and all three
drugs, resulted in a significant reduction in PD-L1

94/ Iran J Allergy Asthma Immunol

expression compared to Bortezomib treatment alone
(p<0.01; Figure 3A). As another gene involved in
immune evasion, PVR demonstrated considerable
downregulation in a single treatment of U266B1 cells
with Masitinib and Perifosine (p<0.01; Figure 3B).
Furthermore, only treatment with Perifosine and
Bortezomib and a combination of three drugs indicated
a significant decrease (p<0.01; Figure 3B). However, no
significant differences were observed among other
treatment groups.

IL-6, as a pleiotropic cytokine, is essential for the
growth and survival of malignant plasma cells and also
showed immune suppression characteristics in the tumor
microenvironment. The data demonstrated a significant
reduction in all groups following exposure to Masitinib,
Perifosine, and Bortezomib except for the group treated
individually with Masitinib compared to control group
(p<0.0001; Figure 3C). Regarding the results, most
reductions in the IL-6 expression were observed in the
combination of Perifosine and Bortezomib and using the
three drugs altogether. However, no significant
differences were noted among the groups that exhibited
reduced IL-6 expression (Figure 3C).
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Following Treatment whit Masitinib, Perifosine, and
Bortezomib

Certain growth-promoting factors, including IL-6,
are vital for the survival of multiple myeloma cells such
as U266B1, which can produce this cytokine. IL-6
concentrations in the supernatant of U266B1 cells were
measured 72 hours after exposure to Masitinib,
Perifosine, and Bortezomib using ELISA. The results

p value <0.0001
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mirrored those from the mRNA expression analysis,
showing a significant reduction in all groups, except for
the Masitinib-only treatment in comparison to the
control group (p<0.0001; Figure 4). Nonetheless, there
were no significant differences observed between the
groups in which the reduction of IL-6 concentration was
demonstrated. (Figure 4).
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Figure 3. Effects of c-Kit receptor, AKT, and NF-kB inhibitors on the expression of programmed death-ligand 1 (PD-L1),
poliovirus receptor (PVR) and interleukin 6 (IL-6). U266B1 cells were cultured in the absence or presence of Masitinib,
Perifosine, and Bortezomib for 72 hours either in single or combined treatment. After that, total RNA was extracted, and
single-stranded cDNA was synthesized. Real-time PCR was performed with specific primers for PD-L1, PVR, and IL-6. A)
Relative mRNA transcript levels of PDL1. B) Relative mRNA transcript levels of PVR. C) Relative mRNA transcript levels of
IL-6. Gene expression results are represented as mean+SD of the Pfaffl method after normalization with B-actin as an internal
control. One-way ANOVA with Dunnett’s post hoc test was used for multiple comparisons between treated groups and the

untreated group. * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.
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Figure 4. Effects of c-Kit receptor, AKT, and NF-kB inhibitors on interleukin (IL-6) concentration of U266B1 culture media.
U266B1 cells were cultured in the absence or presence of Masitinib, Perifosine, and Bortezomib for 72 hours either in single or
combined treatment. The concentration of IL-6 was measured by ELISA. The results are expressed as the Mean + SD. One-
way ANOVA with Dunnett’s post hoc test was used for multiple comparisons between treated groups and the untreated group.

** p<0.01; *** p<0.001; **** p<0.0001.

DISCUSSION

A novel and potentially effective strategy for cancer
treatment involves blocking signaling pathways using
small molecule inhibitors. Cancer cells evade immune
elimination through disrupting effector lymphocytes,
recruitment of cells with immunosuppressive
phenotypes, and secreting soluble mediators, all of
which create barriers against the immune system.®
Cancerous plasma cells could disrupt the immune
system by expressing immune checkpoint molecules on
the surface of immune cells and their ligands on multiple
myeloma cells, such as PD-1/PD-L1 and TIGIT/PVR,
and establishing a network of soluble mediators
including IL-6, TGF-B, and I1L-10.2° Given the limited
information on the blockade of signaling pathways and
immune evasion, we investigated the connections
between the inhibitors of c-Kit receptor, AKT, and NF-
kB in regulating immune checkpoint ligand expression
in U266B1, a multiple myeloma cell line. Our data
demonstrate that the proliferation of U266B1 cells was
reduced following combinational treatment with
Masitinib, Perifosine, and Bortezomib as inhibitors of c-
Kit receptor, AKT, and NF-«xB respectively.
Additionally, co-treatment with Masitinib  and
Perifosine resulted in increased apoptosis. Moreover,
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our findings revealed that the expression of PD-L1,
PVR, and IL-6 was diminished after combinational
treatment with Masitinib, Perifosine, and Bortezomib.

Among immune checkpoints, various studies have
reported that PD-L1 is expressed on multiple myeloma
cells but not on normal plasma cells.?* The increased
expression of PD-L1 contributes to immune cells
exhaustion, providing biological advantages to multiple
myeloma cells, such as increased proliferation and
upregulation of proteins that prevent apoptosis and drug
resistance.'6

Studies have shown that JAK2-STAT3 and MEK 1/2
induce PD-L1 expression on the surface of malignant
plasma cells through IL-6 signaling.?? Additionally,
stimulation of plasma cells from multiple myeloma
patients with IFN-y and TLR ligands resulted in the
upregulation of PD-L1 via MEK/ERK and MyD88
pathways,  respectively.?®  Furthermore, PD-L1
expression in multiple myeloma cells was induced
through MEK/ERK pathway following stimulation with
APRIL.> Our results showed that the single or
combined use of inhibitors targeting c-Kit receptor,
AKT, and NF-xB led to downregulation of PD-L1
expression in the U266B1 cell line without prior
stimulation with cytokines. Moreover, other studies
have indicated that aberrant signaling pathways,
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including PI3K/AKT/mTOR, BTK and NF-xB
pathways result in upregulated PD-L1 expression.?27 In
the same direction, PVR on the surface of cancer cells
can bind to various molecules, such as TIGIT on
immune cells in the tumor microenvironment, especially
CD8* T and NK cells.?® The presence of ITIM and
inhibitory motifs in TIGIT leads to the activation of
PI3K and NF-kB signaling pathways, which in turn
reduces the immune response.?® Multiple myeloma cells
also express PVR through multiple signaling pathways.
A study demonstrated that treating myeloma cell lines
with DNA-toxic and DNA-damaging substances led to
increased PVR expression, while the use of PI3K
inhibitor reduced PVR expression.'”3° In another study,
stimulation of fibroblasts with fibroblast growth factor
or the presence of mutations in RAS ultimately led to the
activation of MEK/ERK messengers, eventually
increasing PVR expression.3! Additionally, other reports
indicate that stimulation of dendritic cells, neutrophils,
and macrophages with TLR4 agonists such as LPS
increased the expression of PVR, which can be
accomplished through the activation of NF-xB.233
Furthermore, PVR overexpression was observed in
treating melanoma cell lines with IFN-y.3*

Our findings showed that inhibition of c-Kit
receptor and AKT alone led to a decreased PVR
expression. Moreover, simultaneous inhibition of AKT
and NF-xB, as well as the combined use of c-Kit
receptor, AKT, and NF-xB inhibitors downregulated
PVR expression. It demonstrated the role of the
signaling pathways in PVR expression. However, we did
not observe a significant reduction in PVR levels with
the sole use of the NF-xB inhibitor or the combination
of c-Kit receptor and AKT or NF-kB inhibitors. This
lack of effectiveness may be attributed to the
interconnected nature of these signaling networks,
which are subject to complex cross-talk and feedback
loops. Further studies are warranted to elucidate the
cross-talk and feedback mechanisms following
treatment with these signaling pathway inhibitors.

On the other hand, cancer plasma cells communicate
with the stromal cells of the bone marrow to create a
network of cytokines, chemokines, and other soluble
molecules that promote growth, survival, and the immune
system suppression.® IL-6 plays a vital role in the bone
marrow microenvironment, acting as a growth factor for
activated B-cells and differentiation towards the plasma
cells.® Some studies have demonstrated an increased
production of IL-6 in many cancers, including multiple
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myeloma.®®3" Previous studies have shown that NF-xB
activation in cancerous plasma cells can lead to the
overexpression of 1L-6.%83% Furthermore, AKT causes the
phosphorylation and degradation of IxBa and activation
of NF-kB as an IL-6 transcription factor.*> Additionally,
inhibiting ERK with in the RAS/MAPK/ERK pathway
has been shown to downregulate 1L-6 expression.** Our
data showed a significant reduction in in both the
expression and secretion of IL-6 by U266B1 cells with
either the single-use or combination of c-Kit receptor,
AKT, and NF-«B inhibitors. However, we did not observe
a significant reduction in IL-6 expression with a sole use
of the c-Kit receptor inhibitor. This suggests that the
downstream signaling pathways leading to the expression
of IL-6 may be activated through the MAPK and AKT
pathways, thereby diminishing the impact of c-Kit
receptor inhibition at an upstream point in these signaling
cascades.

The main advantage of our study was to evaluate the
effects of three approved signaling pathway inhibitors
including Masitinib as a c-Kit receptor inhibitor,
Perifosine as an AKT inhibitor, and Bortezomib as an NF-
kB inhibitor, on the expression of PDL-1, PVR and IL-6
which are key inhibitory molecules applied by plasma
cells. However, it should be noted that investigation on
primary tumoral plasma cells isolated from a number of
patients with multiple myeloma could bring better and
more comprehensive results. Moreover, it would be
informative to apply immunoassay techniques such as
immunoblot and immunofluorescence methods to
monitor the activation of the down-stream adaptor
molecules and to explore the protein expression of the
checkpoint molecules and confirm the mRNA expression
results. Unfortunately, due to our limitations, we were
unable to perform these complementary experiments.

In conclusion, our findings indicate that the
expression of PD-L1, PVR, and IL-6 is significantly
downregulated following either single or co-treatment
with signaling pathways inhibitors, including Masitinib
(c-Kit receptor inhibitor), Perifosine (AKT inhibitor),
and Bortezomib (NF-xB inhibitor). These pathway
inhibitors demonstrated not only cytotoxic effects but
also the potential to disrupt the mechanisms through
which multiple myeloma cells evade the immune
system. However, further investigation is necessary
using different multiple myeloma cell lines to
comprehend the role of signaling pathways in the
immune evasion. Combination treatment approaches to
block these pathways might be a promising therapeutic
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approach for multiple myeloma patients via interfering
with immune evasion mechanisms.
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