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ABSTRACT

BACKGROUND: Human B-cell responses are regulated through synergy between a collection of activation and inhibitory receptors. Fc
receptor-like (FCRL) molecules have recently been identified as co-receptors that are preferentially expressed in human B-cells, which may
also play an important role in the regulation of human B-cell responses. FCRL1 is a member of the FCRL family molecules with 2 immunore-
ceptor tyrosine-based activation motifs (ITAMs) in its cytoplasmic tail. This study aimed to investigate the regulatory roles of FCRL1 in human
B-cell responses.

MATERIALS AND METHODS: The regulatory potential of FCRL1 in human B-cell through knockdown of FCRL1 expression in the Ramos
and Daudi Burkitt ymphoma (BL) cell lines by using the retroviral-based short hairpin ribonucleic acid (shRNA) delivery method. The func-
tional consequences of FCRL1 knockdown were assessed by measuring the proliferation, apoptosis, and the expression levels of Bcl-2, Bid,
and Bax genes as well as phosphoinositide-3 kinase/-serine-threonine kinase AKT (PI3K/p-AKT) pathway in the BL cells, using the quanti-
tative real-time polymerase chain reaction (PCR) and flow cytometry analysis. The NF-«xB activity was also measured by the enzyme-linked
immunosorbent assay (ELISA).

RESULTS: FCRL1 knockdown significantly decreased cell proliferation and increased apoptotic cell death in the BL cells. There was a sig-
nificant reduction in the extent of the Bcl-2 gene expression in the treated BL cells compared with control cells. On the contrary, FCRL1
knockdown increased the expression levels of Bid and Bax genes in the treated BL cells when compared with control cells. In addition, the
extent of the PI3K/p-AKT expression and phosphorylated-p65 NF-«xB activity was significantly decreased in the treated BL cells compared
with control cells.

CONCLUSIONS: These results suggest that FCRL1 can play a key role in the activation of human B-cell responses and has the potential to
serve as a target for immunotherapy of FCRL1 positive B-cell-related disorders.
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Introduction

Immune response modulation is critical to maintaining
hemostasis and preventing any destructive responses in the
host.! To date, a collection of activating and inhibitory
co-receptors were identified, which coordinated together to
regulate cellular and humoral immune responses.?

A large number of known immune co-receptors lack the
innate enzymatic activity, and they regulated immune
responses through correlation with other adaptor proteins
containing immunoreceptor tyrosine-based activation (ITAM)
and/or immunoreceptor tyrosine-based inhibition (ITIM)
motifs in their cytoplasmic domains. This co-engagement
leads to the recruitment of various tyrosine kinases or tyrosine

phosphatases, which have modulated downstream signaling
mediators and regulated immune responses.’~

An interesting group of Fc receptor (FcR) related molecules
with ITAM/ITIM-like components in their cytoplasmic
domains has recently been identified, known as Fc receptor-like
(FCRL) molecules, IgSF receptor translocation—associated
genes (IRTA), Fc receptor homologs (FcRH), B-cell cross-
linked by anti-immunoglobulin M-activating sequences
(BXMAS), Src homology 2 domain—containing phosphatase
anchor proteins (SPAP), and immunoglobulin FcR-gp42—
related genes (IFGP).13 However, the unified nomenclature
FCRL was chosen to describe these receptors.’* The FCRL
genes are located on chromosome 1q21-23 and encode 2

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
mailto:neskandari@med.mui.ac.ir

Biomarker Insights

intracellular proteins (FCRL-A and B) and 6 transmembrane
receptors with 3-9 immunoglobulin (Ig-like domains-in extra-
cellular region (FCRL1-6).7111517 FCRL1-5 molecules are
selectively expressed in the different lineages of human B cell,
while the expression of FCRL3 and FCRL6 was also detected in
the natural killer (NK) cells and human T-cells.12:18-25 Preferential
expression of FCRL molecules in the different subsets of human
B-cell and presence of ITAM/ITIM-like motifs in their cyto-
plasmic domains suggest that these molecules may be involved
in the regulation of human B-cells.'”

Among the FCRL receptors, FCRL1 has 2 ITAM-like
components in the cytoplasmic tail and residual glutamic acids
with negative charges its transmembrane region. The expres-
sion of FCRL1 started in the pre-B cells changed during B-cell
development. Higher levels of FCRL1 expression have been
detected in the subpopulations of naive and memory B cells,
although very low levels or negative expression of this molecule
isidentified in the germinal center B-cells and plasma cells.”2627
In addition, numerous studies have reported the aberrant
expression of this molecule in the various B-cell-related disor-
ders, including hematological malignancies,!>*”-3! disorders,3>-34
infection diseases.3%3¢

The structural features and expression pattern of FCRL1 in
B-lineage cells suggest that it may act as an activation receptor
in human B cell or plays a significant role in the pathogenesis
of B-cell-related disorders. To date, a great number of studies
have been performed about the expression profile of FCRL1 in
normal and neoplastic B-cells, whereas few data are available
on the functional roles of this molecule in human B-cell.26-31
This study aimed to investigate the potential roles of FCRL1

in human B-cell responses.

Materials and Methods
Cell culture

Burkitt lymphoma (BL) cell lines Ramos and Daudi were
obtained from the Stem Cell Technology Research Center
(Tehran, Iran) and grown in the Roswell Park Memorial
Institute (RPMI) 1640 culture media (Gibco; Grand Island,
NY, USA) supplemented with 100 U/ml penicillin-streptomy-
cin (Sigma-Aldrich; St Louis, MO, USA) and 10% fetal bovine
serum (FBS) (Gibco). Platinum-A (Plat-A) cell, a retroviral
packaging cell line, was also purchased from the Cell Biolabs
(San Diego, CA, USA) and cultured in the Dulbecco’s modi-
fied Eagle medium (DMEM-high glucose medium (Gibco)
containing 2mM L-Glutamine (Life Technologies; Grand
Island, NY, USA), 1X non-essential amino acids (Gibco),
antibiotics, 10% FBS, and 10pg/ml Blasticidin S (Life
Technologies). The cells were maintained in the humidified

incubator with 5% CO, atmosphere at 37°C.

FCRL1 knockdown

FCRL1 knockdown was performed by using the retrovirus-
mediated short hairpin RNA (shRNA) delivery method. For

this purpose, FCRL1 Human shRNA Plasmid Kit (Locus ID
115350), including 4 unique 29mer shRNA constructs in the
retroviral GFP vector pGFP-V-RS against different splice
variants of FCRL1 gene, and a scrambled nontargeting stRNA
as control were purchased from the OriGene Technologies
company (Madison, Alabama, USA). After the chemical trans-
formation of shRNA constructs in the Escherichia coli DH5a
strain,?” AccuPrep Plasmid Maxi-Prep DNA Extraction Kit
(Bioneer; Daejeon, Korea) was used for the large-scale extrac-
tion of each plasmid.

The retrovirus particles were generated following the of
Plat-A cells with 80 pg of each FCRL1-targeting DNA or
scrambled control DNA in T75-cell culture flasks, using the
calcium phosphate (CaPO4) precipitation method.38 The effi-
ciency of was evaluated based on the GFP signals under the
fluorescence microscopy. Afterward, the supernatants were col-
lected after 2 and 3 days of infection procedure, centrifuged
(for 10min at 1000g) to remove cell debris, sterile filtrated
using a 0.45pm syringe filter (Millipore; Billerica, MA,
USA), and stored at -80°C till for infection of the target
cells. About 1X10° target cells were infected with a com-
bination of 1ml, 10ug/ml goat £2 anti-human IgG/IgM
(Jackson ImmunoResearch Laboratories, Inc.; West Grove,
PA), and 10pg/ml Polybrene (Santa Cruz Biotechnology;
Dallas, TX) in 24-well tissue culture plates (Nunc- Nalgene;
Rochester, New York USA). Afterward, plates were centrifuged
at 2500 90 min at 30 °C and incubated in a CO, for 2 to 3 days.
The FCRL1 knockdown was determined by using the quanti-
tative real time-polymerase chain reaction (PCR) and flow
cytometry assays, after 2 and 3 days of the infection procedure
(data are not shown).

Here, the phrases of treated and control cells are used to
describe the BL cells that are infected with the retroviral par-
ticles harboring FCRL1-targeting DNA or the retroviral
particles containing control vector DNA, respectively.

extraction, cDINA synthesis, and quantitative real~
time PCR

The total RNA was extracted from the 1X10° cells/ml by
using the 1 ml RNX-Plus solution (CinnaGen; Tehran, Iran),
according to the manufacturer’s protocol. The purity and con-
centration of the extracted RNAs were assessed by the ratio of
absorbance at 260/280nm using a NanoDrop spectrophotom-
eter (Thermo Scientific; Waltham, MA, USA). Afterward,
synthesis of the first strand of complementary DNA (¢cDNA)
was conducted by using the one-step SYBR PrimeScript RT
Reagent Kit (Takara Bio Inc; Otsu, Shiga, Japan) according to
the kit instructions. Then, amplification of the target genes was
performed by a Rotor-gene 6000 instrument (Qiagen; Hilden,
Germany) and SYBR Green PCR Master Mix (Takara) on the
cDNA samples.

Each reaction underwent 45 cycles (FCRL1I), 30 cycles (Bc/-
2, Bid), and 35 cycles (Bax, phosphoinositide-3 kinase [ PI3K])
with denaturation at 95°C for 5's, annealing at 60°C (FCRLI,
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Table 1. Sequences of specific primers used in quantitative real-time
polymerase chain reaction approach.

GENES PRIMERS SEQUENCES (5'-3)

FCRL1 Forward CAGAGTTCAGATGCCCAGTTC
Reverse TCACATCAGCGACAGGGAC

Bcl2 Forward GGGATGCGGGAGATGTGG
Reverse GTAGCGGCGGGAGAAGTC

Bid Forward CATCCGGAATATTGCCAGGC
Reverse CCATGTCTCTAGGGTAGGCC

Bax Forward AACAAGCTGAGCGAGTGTCT
Reverse GTTCTGATCAGTTCCGGCAC

PI3K Forward CTTCCTCCACCTCTTTGCCCTG
Reverse AGCCACTACTGCCTGTTGTCTTG

B-actin Forward GGACTTCGAGCAAGAGATGG
Reverse AGCACTGTGTTGGCGTACAG

Bc/-2, and Bid) and 61°C (PI3K and Bax) for 30s, and exten-
sion at 70°C for 30s. All reactions were performed in triplicate
and the human B-actin gene expression level was used to nor-
malize the results. The relative expression of target genes was
measured by the ratio of threshold cycle (Ct) values of the tar-
get genes to the B-actin gene, using the Relative Expression
Software Tool 2009 (REST 2009).3? In addition, the statistical
significance and relative fold changes of gene expression were
calculated by bootstrapping methods and 2724t formula.®
Primers are listed in Table 1.

Flow cytometry assay

The BL cells were collected and washed twice with phos-
phate-buffered saline (PBS)/1% bovine serum albumin (BSA)
for the flow cytometry analysis. The cells were then stained
with the Phycoerythrin (PE)-conjugated recombinant IgG1
to human antigen FCRL1 (CD307a) (clone: REA440; Entrez
Gene ID 115350) from the Miltenyi Biotec company (catalog
number: 130-106-448) or PE-conjugated REA control mon-
oclonal antibody (clone: REA 239) from the Miltenyi Biotec
company (catalog number: 130-104-612) and incubated for
30 min at 4°C.

In addition, intracellular staining of the cells was performed
with the fluorescein isothiocyanate (FITC)-conjugated mouse
monoclonal antibody to human antigen Phospho-Akt1 (5473)
(clone: SDRNR) from the eBioscience company (catalog
number: 11-9715-42) or matched Isotype antibody, after fixa-
tion and permeabilization of the cells by the BD Cytofix/
Cytoperm Kit (BD Biosciences; San Jose, CA, USA). The
Fluorescence Minus One (FMO) controls were also used for
proper gating of the cells and determination of fluorescence

spread. Data were assessed using the FACSCalibur flow

cytometry (BD Biosciences) and analyzed by the FlowJo soft-
ware (Tree Star Inc; Ashland, OR, USA).

Apoptosis and cell proliferation assay

To investigate the possible effects of FCRL1 on B-cell apopto-
sis, the extent of the expression of pro-apoptotic Bc/-2 gene and
anti-apoptotic Bid and Bax genes was evaluated in the BL cells
by using the real-time PCR approach, following the knock-
down of FCRL1 expression. The percentage of the apoptotic
cell death was also measured by using the PE Annexin V apop-
tosis detection Kit with 7-AAD (BD Biosciences) and ana-
lyzed by FACSCalibur flow cytometry (BD Biosciences) on
days 2, 3, and 4 of infection procedure.

To determine the effects of FCRL1 knockdown in B-cell
proliferation, the BL cells were labeled with cell division
tracking dye carboxyfluorescein diacetate succinimidyl ester
(CFSE) (Biolegend; San Diego, CA, USA) according to the
manufacturer’s instructions. Briefly, BL cells (1 X 10 cells/
mL) were resuspended in PBS and incubated with 0.5 pM
CFSE dye (Biolegend) in the dark at room temperature for
8min. The CFSE-labeled cells were washed 3 times with
complete RPMI 1640 medium, infected with appropriate
retroviral particles according to the method described above,
and cultured in the 24-well cell culture plates (Nunc-
Nalgene) for 3 to 5 days. The percentage of cell proliferation
was evaluated via fluorescent intensity measurement of
CFSE by the FACSCalibur flow cytometry and analyzed
using FlowJo software. The labeled cells without any treat-
ment served as negative controls. The non-labeled cells were
also used to exclude the auto-fluorescent of the cells. All
experiments were performed in triplicate.

Measuring the NF-xB activity
To evaluate FCRL1 knockdown effects on p65 NF-kB

activity of B cells, the cells were collected and washed with
PBS on day 4 of infection procedure. They were resuspended
in the culture media with 0.5% FBS and incubated at 37°C
in the presence or absence of 20ng/mL of tumor necrosis
factor-a (TNF-a) for 30 min. Then, the cells were collected
and analysis of p65 NF-«xB activity was performed by the
NF-kB p65 (Total) Multispecies Instant One ELISA Kit
(eBioscience; San Diego, CA, USA) based on the kit’s

protocol.

Statistical analysis

Data analysis was conducted using the SPSS 20 software
(SPSS; Chicago, 1L, USA) and shown as mean * standard
deviation. The unpaired Student # test and Mann-Whitney
U test were used to compare the groups with normal and
nonnormal distribution, respectively. A P value <.05 was
considered statistically significant. OriginPro v8.6 software
(OriginLab Corporation) was used to create the artworks.
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Figure 1. The effect of FCRL1 knockdown on the proliferation of Ramos and Daudi cells. The cells were collected and the proliferation of the CFSE-
labeled BL cells was assessed by (A and B) flow cytometry assay and then analyzed by (C and D) FlowJo software, after 3 and 5days of infection

procedure. Data represented as mean * standard deviation.

BL indicates Burkitt ymphoma; CFSE, carboxyfluorescein diacetate succinimidyl ester; FCRL, Fc receptor-like.

Results

The effect of FCRLI knockdown on the
proliferation of the BL cell lines

Since the B-cell receptor (BCR) signaling plays a critical
role in driving proliferation, the effect of FCRL1 knock-
down was investigated in the proliferation of the BL cell
lines by a CFSE labeling assay. The CFSE assay is a supe-
rior tool for the quantitative analysis of cell proliferation
ability and could be detected about 8 rounds of cell prolif-
eration.*1* QOur flow cytometry results revealed that
FCRL1 knockdown significantly decreased the prolifera-
tion of treated Ramos (Figure 1) and Daudi (Figure 1) cells

compared with control cells on day 3 of infection procedure
(P < .01-.05). The same results were also observed after
5 days of incubation (P < .01, Figure 1a).

The effect of FCRLI knockdown on the extent
of the Bcl-2, Bid and Bax of BL cell lines

The regulation of human B-cell apoptosis is critical to main-
taining hemostasis and cell tolerance. Previous studies have
reported that the Bcl-2 family proteins play a fundamental role
in the regulation of apoptotic cell death. They contain various
numbers of anti-apoptotic and pro-apoptotic proteins.* To
investigate the effect of FCRL1 knockdown on the B-cell
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Figure 2. The effect of FCRL1 knockdown on the extent of the expression of anti-apoptotic Bc/-2 and pro-apoptotic Bid and Bax genes in the (a) Ramos
and (b) Daudi cells after 2days of infection procedure. All data show mean * standard deviation.

FCRL indicates Fc receptor-like.

apoptosis, the extent of the expression of anti-apoptotic Be/-2
and pro-apoptotic Bid and Bax genes was measured in the BL
cells by using the real-time PCR on day 2 of infection proce-
dure. The results showed that the Bc/-2 mRNA level signifi-
cantly decreased in the treated Ramos cells (median 2.5-fold
change, P<<.01) and treated Daudi cells (median 5-fold change,
P<001) compared with control cells. There was a significant
increase in the extent of the Bid gene expression in the treated
Ramos (median 1.5-fold change, P<<.05) and Daudi cells
(median 2.21-fold change, P<<.001) compared with control
cells. However, no significant difference was observed in the
extent of the Bax gene expression in both treated Ramos and
Daudi cells compared with control cells (Figure 2a and b).

Staining of the BL cells with a combination of PE Annexin
V and 7-AAD and flow cytometry analysis were then per-
formed to further confirm the effect of FCRL1 knockdown
in B-cell apoptosis. The results revealed that FCRL1 knock-
down significantly increased the apoptosis of treated Ramos
(P<.05) and Daudi cells (P<.01) compared with control
cells, after 2 days of infection procedure. Also, the percentage
of apoptotic cells increased over time in both treated Ramos
and Daudi cells compared with control cells (P<.001-.05)
(Figure 3a).

The effect of FCRLI knockdown on the PI3K/p-AKT
expression and p65 NF-xB activation of BL cells

These data suggest that FCRL1 may be involved in the
regulation of human B-cell responses. Thus, the understanding
of the FCRL1 signaling pathways might be helpful to clarify
the mechanisms underlying FCRL1 during B-cell activation
and its relation to the various B-cell-related disorders.
Phosphoinositide-3 kinase signaling plays an important role in
the proliferation of human B cell. In addition, PI3K signaling
activated different serine/threonine kinases, including AKT.#4+-46
Previous studies have also indicated that PI3K/p-AKT path-
way is a fundamental mediator of TNF-o-mediated NF-xB

activation in human B cell. AKT phosphorylated and activated
p65 subunit of NF-«B after degradation of IkB inhibitor.#48
The cross-talk between key transcription factor NF-kB and
PI3K/phospho-serine-threonine kinase AKT (p-AKT) led to
the activation of several cell survival mediators and apoptosis
regulating genes such as Bc/-2 family genes.* Given this evi-
dence, we tested the possible effects of FCRL1 knockdown on
the PI3K/p-AKT expression and p65 NF-«B activation in the
BL cells. There was a significant reduction in the extent of the
expression of PI3K gene in the treated Ramos (median 2.28-
fold change, P<<01) treated Daudi cells (median 2.07-fold
change, P<01) with control cells, after 3 days of cell infection
(Figure 4a). Our flow cytometry results also revealed that the
expression level of p-AKT (S473) protein was significantly
decreased in both treated Ramos (P<<.001) and Daudi cells
(P<.01) compared with control cells on day 4 of the infection
procedure (Figure 4b and ¢).

In addition, the extent of the expression of p65 NF-«xB was
measured in the BL cells by ELISA method in the presence or
absence of TNF-o.. The level of phosphorylated p65 NF-«xB
was significantly decreased in the treated BL cells compared
with control cells in the presence of TNF-a. after 4 days of cell
infection (P<.05). Also, there was a reduction in the total p65
NF-«B levels in the treated BL cells compared with control
cells in the absence of TNF-q, although it was not significant
(Figure 5a).

Discussion

The regulatory potential of FCRL1 in human B-cell responses
is not completely clear and previous studies have focused on
the expression profile of FCRL1 in normal B cell and various
B-cell-related disorders.67%:27,29-32,34-36:49 T this study, we used
BL cell lines Ramos and Daudi as cell models to investigate the
potential mechanisms underlying FCRL1 in human B cell.
Given the fundamental role of proliferation and apoptosis in
the fate of a cell, we examined the potential effects of FCRL1
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in proliferation and apoptosis of BL cells through knockdown
of FCRL1 expression. The effects of FCRL1 knockdown in
the extent of the expression of key transcription factor NF-«xB
and important survival signaling pathway PI3K/p-AKT were
also investigated in this study.

The FCRL1 knockdown was performed by using the sev-
eral nonviral gene delivery methods, including Lipofectamine
3000, Polyethylenimine (PEI), Ca,PO, precipitation method,
and Electroporation. Regarding nonadherent cells, such as
human B cells are resistant to the prevalent nonviral gene
delivery methods, our results showed a low rate of transfection
efficiency and high levels of cell death in the BL cells. We used
a combination of retroviral-based shRNA transfer technology,
centrifugation, and optimal concentrations of Polybrene to
reduce these limitations and effective knockdown of FCRL1
expression in the BL cells.

This study revealed that blocking of FCRL1 expression
resulted in the decreased proliferation of treated BL cells com-
pared with control cells. This finding is consistent with the
data of a similar research about the regulatory function of
FCRL1 indicating the important role of FCRL1 in B-cell pro-
liferation.?6 Our survey also showed that FCRL1 knockdown
increased the expression levels of pro-apoptotic Bid and Bax
genes and decreased the extent of the expression of anti-apop-
totic Bc/2 gene in treated BL cells compared with the control
cells. In addition, investigation of the effect of FCRL1 knock-
down on the B-cell apoptosis revealed a significant increase in
the percentage of apoptotic cell death in the treated BL cells
compared with control cells. The observed effects of FCRL1
knockdown in human B-cell apoptosis might be mediated by
the different mechanisms involved in the cell cycle progression
and thus regulate apoptotic cell death. A growing body of evi-
dence revealed that Bcl-2 family proteins play an important
role in the regulation of proliferation, apoptosis, and cell cycle
progression. It appears that downregulation of anti-apoptotic

Bcl-2 and upregulation of pro-apoptotic proteins such as Bid
and Bax inhibited cell cycle progression and thereby enhanced
cell apoptosis by induction of mitochondrial membrane
permeabilization.50-53

In addition, in an in vitro study performed by Leu et al,?° it
has been indicated that FCRL1 ligation results in the enhance-
ment of Ca?* flux in human B cell. Ca?* signaling contributes
in the regulation of proliferation and cell apoptosis by control
of the cell cycle progression.”*>> Also, previous studies have
shown that increasing the Ca?* flux induced cell cycle progres-
sion, which in turn inhibited cell apoptosis.®*¢ These findings
may explain the potential effects of FCRL1 knockdown in
human B-cell apoptosis. However, our findings on the FCRL1
knockdown effects on B-cell apoptosis are in contrast with
the above-mentioned study, which was performed by using
the Fab-fragments of anti-FCRL1 monoclonal antibodies to
investigate FCRL1 function in human B-cell responses. It has
been revealed that FCRL1 had no effect on the human B-cell
apoptosis and expression levels of anti-apoptotic proteins Bcl2,
BelxL, Mcl-1, and pro-apoptotic protein Bax.?6 This observed
discrepancy may be due to the differences in the sensitivity of
applied methods in each study. Therefore, additional studies
are required to evaluate the regulatory functions of FCRL1 in
the apoptosis and cell cycle progression of human B cells and
determine the mechanisms involved in these events.

In the next step, we investigated the FCRL1 signaling in
BL cells. Interactions between the PI3K/p-AKT signaling
pathway and transcription factor NF-kB have resulted in the
inhibition of apoptosis and increased cell proliferation.*® The
aberrant expression of PI3K/p-AKT and constitutive activa-
tion of NF-«B have been found in a number of hematological
malignancies, including BL and diftuse large B-cell lymphoma.
Several studies have indicated that these activated signaling
pathways play major roles in the pathogenesis and develop-
ment of various cancers.**7>8 Regarding the important effects
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of FCRL1 and signaling pathways PI3K/p-AKT as well as
NF-«B in the B-cell activation and pathogenesis of different
B-cell-derived malignancies, the relation between FCRL1 and
the extent of the expression of PI3K/p-AKT and the p65 subu-
nit of NF-xB was examined in the BL cells. The results revealed
that FCRL1 knockdown led to a significant reduction in the
levels of PI3K/p-AKT pathway and decreased p65 NF-«xB
activity in both treated BL cells compared with control cells.
These findings suggest FCRL1 is a remarkable candidate for
immunotherapeutic interventions of various FCRL1 positive
B-cell-related disorders.

It should be indicated that the presented study had some
limitations: The extent of the PI3K and p-AKT expression was
not evaluated by Western blotting. In addition, the effect of
FCRL1 on the other downstream components involved in the
B-cell responses was not evaluated, which should be examined
in further studies.

Conclusions

This study shows the activation potential of FCRL1 in human
B-cell responses and the correlation between this receptor with
important activated signaling pathways, including PI3K/p-
AKT pathway and NF-kB. However, more studies are required
to understand this correlation and determination of the physi-

ological roles of the FCRL1 in human B cell.

Acknowledgements

The authors are grateful to all staff of Diagnostic Laboratory
Sciences and Technology Research Center, Shiraz University
of Medical Sciences, Shiraz, Iran, for their technical assistance.
They are grateful to Gholamreza Rafiee and Farahnaz Zare for
technical assistance. They also thank Dr Reza Ranjbaran for
help in FACS (fluorescence-activated cell sorting) studies.

Author Contributions

ZY assisted with study design, performed the flow cytometry
and real-time polymerase chain reaction assays, analyzed the
data, interpreted the results, and drafted the article. SSH and
NE conceived and designed the study, and contributed to data
interpretation and drafting of the article. VYA and ARA
helped with study design, performed the enzyme-linked
immunosorbent assay, assisted with data analysis, and critically
reviewed the article. All authors read and approved the final
article. NE supervised and approved the final version.

ORCIDiD

Zahra Yousefi (12) https://orcid.org/0000-0002-2114-0964

REFERENCES

1. Ehrhardt GRA, Cooper MD. Immunoregulatory roles for fc receptor-like mol-
ecules. In: Ahmed R, Honjo T, eds. Negative Co-receptors and Ligands. New York,
NY: Springer; 2010:89-104.

2. Vely F, Vivier E. Conservation of structural features reveals the existence of a
large family of inhibitory cell surface receptors and noninhibitory/activatory
counterparts. J Immunol. 1997;159:2075-2077.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Long EO. Regulation of immune responses through inhibitory receptors. Annu
Rev Immunol. 1999;17:875-904.

Unkeless JC, JinJ. Inhibitory receptors, ITIM sequences and phosphatases. Curr
Opin Immunol. 1997;9:338-343.

Billadeau DD, Leibson PJ. ITAM:s versus ITIMs: striking a balance during cell
regulation. J Clin Invest. 2002;109:161-168.

Miller I, Hatzivassiliou G, Cattoretti G, Mendelsohn C, Dalla-Favera R.
IRTAs: a new family of immunoglobulinlike receptors differentially expressed in
B cells. Blood. 2002;99:2662-2669.

Davis RS, Wang YH, Kubagawa H, Cooper MD. Identification of a family of Fc
receptor homologs with preferential B cell expression. Proc Natl Acad Sci U S A.
2001;98:9772-9777.

XuM, Zhao R, Zhao Z]. Molecular cloning and characterization of SPAP1, an
inhibitory receptor. Biochem Biophys Res Commun. 2001;280:768-775.

Davis RS, Dennis G Jr, Odom MR, et al. Fc receptor homologs: newest members
of a remarkably diverse Fc receptor gene family. Immunol Rev. 2002;190:
123-136. doi:10.1034/§.1600-065x.2002.19009.x.

XuM, Zhao R, Cao H, Zhao Z]. SPAP2, an Ig family receptor containing both
ITIMs and ITAMs. Biochem Biophys Res Commun. 2002;293:1037-1046.
Nakayama Y, Weissman SM, Bothwell ALM. BXMAST identifies a cluster of
homologous genes differentially expressed in B cells. Biochem Biophys Res Commun.
2001;285:830-837.

Ershova SA, Naiakshin AM, Mechetina LV, et al. Expression patterns of the
human and mouse IFGP family genes. Mo/ Biol. 2005;39:776-785.

Guselnikov SV, Ershova SA, Mechetina LV, etal. A family of highly diverse
human and mouse genes structurally links leukocyte FcR, gp42 and PECAM-1.
Immunogenetics. 2002;54:87-95.

Maltais L], Lovering RC, Taranin AV, et al. New nomenclature for Fc receptor—
like molecules. Nat Immunol. 2006;7:431-432.

Hatzivassiliou G, Miller I, Takizawa J, et al. IRTA1 and IRTA2, novel immu-
noglobulin superfamily receptors expressed in B cells and involved in chromo-
some 1q21 abnormalities in B cell malignancy. Immunity. 2001;14:277-289.
Miller I, Hatzivassiliou G, Cattoretti G, Mendelsohn C, Dalla-favera R. Ple-
nary paper IRTAs : a new family of immunoglobulinlike receptors differentially
expressed in B cells. Blood. 2002;99:2662-2670.

Mechetina LV, Najakshin AM, Volkova OY, et al. FCRL, a novel member of the
leukocyte Fc receptor family possesses unique structural features. Eur J Immunol.
2002;32:87-96.

Davis RS, Dennis G Jr, Odom MR, et al. Fc receptor homologs: newest members
of a remarkably diverse Fc receptor gene family. Immunol Rev. 2002;190:123-136.
Polson AG, Zheng B, Elkins K, et al. Expression pattern of the human FcRH/
IRTA receptors in normal tissue and in B-chronic lymphocytic leukemia. In#
Immunol. 2006;18:1363-1373. doi:10.1093/intimm/dx1069.

Li FJ, Schreeder DM, Li R, Wu J, Davis RS. FCRL 3 promotes TLR 9-induced
B-cell activation and suppresses plasma cell differentiation. Eur J Immunol. 2013;
43:2980-2992.

Nagata S, Ise T, Pastan I. Fc receptor-like 3 protein expressed on IL-2 nonre-
sponsive subset of human regulatory T cells. J Immunol. 2009;182:7518-7526.
Swainson LA, Mold JE, Bajpai UD, McCune JM. Expression of the autoimmune
susceptibility gene FcRL3 on human regulatory T cells is associated with dysfunc-
tion and high levels of programmed cell death-1. J Immunol. 2010;184:3639-3647.
Bin Dhuban K, d’Hennezel E, Nashi E, etal. Coexpression of TIGIT and
FCRL3 identifies Helios+ human memory regulatory T cells. J Immunol. 2015;
194:3687-3696.

Wilson TJ, Presti RM, Tassi I, Overton ET, Cella M, Colonna M. FcRL6, a
new ITIM-bearing receptor on cytolytic cells, is broadly expressed by lympho-
cytes following HIV-1 infection. Blood. 2007;109:3786-3793.

Schreeder DM, Pan J, Li FJ, Vivier E, Davis RS. FCRL6 distinguishes mature
cytotoxic lymphocytes and is upregulated in patients with B-cell chronic lym-
phocytic leukemia. Eur J Immunol. 2008;38:3159-3166.

Leu C, Davis RS, Gartland LA, Fine WD, Cooper MD. FcRH1: an activation
coreceptor on human B cells. Blood. 2005;105:1121-1127.

Rostamzadeh D, Kazemi T, Amirghofran Z, Shabani M. Update on Fc receptor-
like (FCRL) family: new immunoregulatory players in health and diseases. Expers
Opin Ther Targets. 2018;22:487-502. doi:10.1080/14728222.2018.1472768.
Falini B, Agostinelli C, Bigerna B, et al. IRTA1 is selectively expressed in nodal
and extranodal marginal zone lymphomas. Histopathology. 2012;61:930-941.
doi:10.1111/5.1365-2559.2012.04289.x.

DuX, Nagata S, Ise T, Stetler-Stevenson M, Pastan I. FCRL1 on chronic lympho-
cytic leukemia, hairy cell leukemia, and B-cell non-Hodgkin lymphoma as a target
of immunotoxins. Blood. 2008;111:338-343. doi:10.1182/blood-2007-07-102350.
Kazemi T, Asgarian-Omran H, Hojjat-Farsangi M, et al. Fc receptor-like 1-5
molecules are similarly expressed in progressive and indolent clinical subtypes of
B-cell chronic lymphocytic leukemia. Inz J Cancer. 2008;123:2113-2119.
Kazemi T, Asgarian-Omran H, Memarian A, et al. Low representation of Fc
receptor-like 1-5 molecules in leukemic cells from Iranian patients with acute
lymphoblastic leukemia. Cancer Immunol Immunother. 2009;58:989-996.


https://orcid.org/0000-0002-2114-0964

Yousefiet al

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

Rostamzadeh D, Dabbaghmanesh MH, Shabani M, Hosseini A, Amirghofran
Z. Expression profile of human Fc receptor-like 1, 2, and 4 molecules in periph-
eral blood mononuclear cells of patients with Hashimoto’s thyroiditis and
Graves’ disease. Horm Metab Res. 2015;47:693-698.

Yeo L, Lom H, Juarez M, et al. Expression of FcRL4 defines a pro-inflamma-
tory, RANKL-producing B cell subset in rheumatoid arthritis. Ann Rheum Dis.
2015;74:928-935.

Baranov KO, Volkova OY, Mechetina LV, et al. Expression of human B-cell spe-
cific receptor FCRL1 in healthy individuals and in patients with autoimmune
diseases. Mol Biol. 2012;46:450-456.

Wang K, Pei H, Huang B, et al. Overexpression of Fc receptor-like 1 associated
with B-cell activation during hepatitis b virus infection. Braz J Med Biol Res.
2012;45:1112-1118. d0i:10.1590/50100-879x2012007500130.

Portugal S, Tipton CM, Sohn H, et al. Malaria-associated atypical memory B
cells exhibit markedly reduced B cell receptor signaling and effector function.
Elife. 2015;4:¢07218.

Chang AY, Chau VW, Landas JA, Pang Y. Preparation of calcium competent
Escherichia coli and heat-shock transformation. JEMI Methods. 2017;1:
22-25.

Qureshi HY, Ahmad R, Zafarullah M. High-efficiency transfection of nucleic
acids by the modified calcium phosphate precipitation method in chondrocytes.
Anal Biochem. 2008;382:138-140.

Pfafi MW, Horgan GW, Dempfle L. Relative expression software tool
(RESTO) for group-wise comparison and statistical analysis of relative expres-
sion results in real-time PCR. Nucleic Acids Res. 2002;30:¢36-e36.

Pfafl M. Rest 2009 Software User Guide. Hilden, Germany: Qiagen; 2009.
Wallace PK, Tario JD Jr, Fisher JL, Wallace SS, Ernstoff MS, Muirhead KA.
Tracking antigen-driven responses by flow cytometry: monitoring proliferation
by dye dilution. Cyzometry A. 2008;73:1019-1034.

Hawkins ED, Hommel M, Turner ML, Battye FL, Markham JF, Hodgkin PD.
Measuring lymphocyte proliferation, survival and differentiation using CFSE
time-series data. Naz Protoc. 2007;2:2057-2067.

O’Neill KL, Huang K, Zhang J, Chen Y, Luo X. Inactivation of prosurvival
Bel-2 proteins activates Bax/Bak through the outer mitochondrial membrane.
Genes Dev. 2016;30:973-988.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Schatz JH. Targeting the PI3K/AKT/mTOR pathway in non-Hodgkin’s lymphoma:
results, biology, and development strategies. Curr Oncol Rep. 2011;13:398-406.
Donahue AC, Fruman DA. Proliferation and survival of activated B cells
requires sustained antigen receptor engagement and phosphoinositide 3-kinase
activation. J Immunol. 2003;170:5851-5860.

Fruman DA, Cantley LC. Phosphoinositide 3-kinase in immunological systems.
Semin Immunol. 2002;14:7-18.

Bai D, Ueno L, Vogt PK. Akt-mediated regulation of NF«B and the essentialness
of NFkB for the oncogenicity of PI3K and Akt. Inzt J Cancer. 2009;125:
2863-2870.

The PLoS ONE Staff. Correction: cross-talk between NFkB and the PI3-
Kinase/AKT pathway can be targeted in primary effusion lymphoma (PEL) cell
lines for efficient apoptosis. PLoS ONE. 2014;9:¢92484.

Davis RS. Fc receptor-like molecules. Annu Rev Immunol. 2007;25:525-560.
Alenzi FQB. Links between apoptosis, proliferation and the cell cycle. Br J
Biomed Sci. 2004;61:99-102.

Bonnefoy-Berard N, Aouacheria A, Verschelde C, Quemeneur L, Marcais A,
Marvel J. Control of proliferation by Bcl-2 family members. Biochim Biophys Acta.
2004;1644:159-168.

Zinkel S, Gross A, Yang E. BCL2 family in DNA damage and cell cycle control.
Cell Death Differ. 2006;13:1351-1359.

Evan GI, Vousden KH. Proliferation, cell cycle and apoptosis in cancer. Nature.
2001;411:342-348.

Pinto MCX, Kihara AH, Goulart VAM, et al. Calcium signaling and cell pro-
liferation. Cell Signal. 2015;27:2139-2149.

Hajnéczky G, Davies E, Madesh M. Calcium signaling and apoptosis. Biochem
Biophys Res Commun. 2003;304:445-454.

Humeau J, Bravo-San Pedro JM, Vitale I, et al. Calcium signaling and cell cycle:
progression or death. Cel/ Calcium. 2018;70:3-15.

Hussain AR, Ahmed M, Al-Jomah NA, et al. Curcumin suppresses constitutive
activation of nuclear factor-k B and requires functional Bax to induce apoptosis in
Burkitt’s lymphoma cell lines. Mo/ Cancer Ther. 2008;7:3318-3329.

Pavan A, Spina M, Canzonieri V, Sansonno S, Toffoli G, De Re V. Recent prog-
nostic factors in diffuse large B-cell lymphoma indicate NF-kB pathway as a tar-
get for new therapeutic strategies. Leuk Lymphoma. 2008;49:2048-2058.





