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A B S T R A C T

Fc receptor-like 1 (FCRL1) positively regulates B-cell responses and may involve in the pathogenesis of B-cell
malignancies. This study examined the expression pattern of FCRL1 in B-cell non-Hodgkin's lymphoma patients
using real-time PCR and flow cytometry. The results revealed higher levels of FCRL1 expression in diffuse large
B-cell lymphoma, hairy cell leukemia, and Burkitt lymphoma patients compared with control groups. There was
a significant reduction in the levels of FCRL1 expression in chronic lymphocytic leukemia and mantle cell
lymphoma patients compared with healthy individuals. These findings suggest FCRL1 as an excellent marker for
the prognosis or immunotherapy of B-cell malignancies.

1. Introduction

B-cell non-Hodgkin's lymphoma (B-NHL) represents a wide spec-
trum of malignancies with different clinical outcomes [1]. To date,
various studies have been conducted to understand the biology and
causes of these B-cell malignancies and their results have improved the
prognosis and treatment of patients suffering from these diseases. Pre-
vious studies have also demonstrated that the majority of patients with
distinct subtypes of B-NHL respond well to current therapeutic strate-
gies. However, there is still no suitable therapy for aggressive types of
B-cell leukemia and lymphomas [2,3]. More research is needed to find
new diagnostic biomarkers and appropriate therapies for B-NHL dis-
orders. Molecular analysis and gene profiling studies have recently
demonstrated the involvement of Fc receptor-like (FCRL) molecules in
several disorders such as B-cell–derived hematological malignancies
[4–9].

FCRL molecules are an interesting group of lymphocyte receptors
that have been suggested as useful targets for the classification or im-
munotherapy of different B-cell–related disorders [4–14]. They are also
known as Fc receptor homologs (FcRH), IgSF receptor translocation-
associated genes (IRTA), Src homology 2 domain–containing phos-
phatase anchor proteins (SPAP), B-cell cross-linked by anti-im-
munoglobulin M–activating sequences (BXMAS), and immunoglobulin-
FcR-gp42–related genes (IFGP) [12,13,15–20]. However, the unified

nomenclature FCRL was selected to describe these molecules by the
Mouse Genomic Nomenclature Committee and the Human Genome
Organization Gene Nomenclature Committee [21]. Moreover, the Ninth
HLDA Workshop assigned CD307a-e to characterize FCRL1-5 molecules
[22]. The FCRL genes are located in close proximity on human chro-
mosome 1q21–23, and they encode two intracellular receptors (FCRL A
and B) and six transmembrane glycoproteins type I (FCRL1-6) con-
sisting of three to nine immunoglobulin (Ig)-like domains in the ex-
tracellular region and immunoreceptor tyrosine-based activation
(ITAM)/inhibition (ITIM) motifs in their cytoplasmic domain
[11,20,23–25]. FCRL1-5 molecules are preferentially expressed in B-
lineage cells, although expression of FCRL3 is also recognized in natural
killer (NK) cells and different subsets of T lymphocytes, including
CD8+, CD4+, and regulatory T cells [26–29]. In contrast to FCRL1-5
molecules, the human FCRL6 gene is located in the proximity of high-
affinity IgE receptor genes and extensively expressed by mature NK
cells (CD16+, CD56dim), NKT cells, cytotoxic CD4+ T cells, cytotoxic
CD8+ γδ T cells, and effector and memory subtypes of CD8+ T cells
[19,30–33]. Differential expression of FCRL1-5 molecules by lympho-
cyte cells and the presence of ITAM/ITIM motifs in their cytoplasmic
domains suggest some immunoregulatory roles to these molecules,
which affect the development and regulation of human B cell responses
[12,20,23,24]. Recent studies have evaluated the expression profile of
FCRL molecules in various B-cell malignancies to determine whether
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these molecules have the potential to be used as good markers for the
prognosis or immunotherapeutic interventions of cancers. Findings
showed aberrant expression of some members of the FCRL family mo-
lecules in several types of B-cell–related leukemia and lymphomas, such

as FCRL1-5 molecules in acute lymphoblastic leukemia (ALL) [34] and
chronic lymphocytic leukemia (CLL) patients [7,8,35], FCRL4 in diffuse
large B-cell lymphoma (DLBCL) subjects [36], and FCRL5 in the pa-
tients with multiple myeloma (MM), CLL, mantle cell lymphoma (MCL)
and hairy cell leukemia (HCL) [4,7,35,37,38].

Among the FCRL molecules, FCRL1 has two ITAM-like components
in its intracellular tail and preferentially expressed on B lineage cells
[7,14]. Previous studies have indicated the potential of FCRL1 molecule
to amplify B-cell activation and showed a positive correlation between
overexpression of this molecule and up-regulation of various activation
co-receptors, including CD80, CD86, and CD69 in human B cells
[39,40]. Abnormal expression of this molecule was also reported in
different Burkitt lymphoma (BL) and DLBCL cell lines [8,12] as well as
some diseases, including CLL, MCL, HCL, MM, and follicular lymphoma
(FL) [7,8,35]. These data suggest an essential role for FCRL1 in the
pathogenesis or development of B-cell malignancies. However, these
results were derived from studies performed on Western populations.

The aim of the current study was to investigate the extent of FCRL1

Fig. 1. Gating strategy and flow cytometric dot-plots data of FCRL1 expression in the blood cells. (A) The live cells were first gated based on the forward scatter/side
scatter (FSC/SSC) signals. (B) Then, total lymphocytes were selected. (C) The lymphocyte gate was further analyzed for CD19, and (D) Fc receptor-like 1 (FCRL1)
expression (%) in CD19+ B cells of healthy controls (HC) and patients with chronic lymphocytic leukemia (CLL), diffuse large B-cell lymphoma (DLBCL), hairy cell
leukemia (HCL), mantle cell lymphoma (MCL), and Burkitt lymphoma (BL).

Table 1
FCRL1 expression in patients with various B-cells non-Hodgkin's lymphoma and
healthy individuals: summary of the results.

Groups No. of samples Expression levels of FCRL1molecule
Total Male/

Female
FCRL1 positive
(%)

Protein (MFI) mRNA (fold)
Mean ± SD Mean ± SD

Normal 27 17/10 127.37 ± 7.6 2.82 ± 0.71
CLL 13 7/6 2(15.3) 97.17 ± 26.7 1.6 ± 1.07
DLBCL 26 15/11 21(80.7) 163.21 ± 38 6 ± 3.18
HCL 10 9/1 9(90) 172.174 ± 29.09 6.9 ± 2.6
MCL 6 6/0 0(0) 88.05 ± 22.9 1.08 ± 0.3
BL 3 3/0 3(100) 186.5 ± 6.5 8.5 ± 0.6

Z. Yousefi and N. Eskandari Leukemia Research Reports 12 (2019) 100181

2



protein and mRNA expression in Iranian patients with DLBCL, CLL,
MCL, HCL, and BL compared with healthy individuals to determine
whether FCRL1 is a suitable target for prognostic or antibody-based
therapies for these B-cell malignancies in Iranian patients.

2. Patients and methods

2.1. Patients

Fifty-eight Iranian patients with distinct subtypes of B-NHL were
included in the study. Diagnosis of B-NHL was confirmed based on
clinical examinations, diagnostic criteria, and tumor-specific im-
munophenotyping [41,42]. Included samples consisted of 26 patients
with DLBCL (38–79 years old; with a mean age of 65.6 ± 12.8 years;
57.6% male), 13 patients with CLL (54–79 years old; with a mean age of
70.46 ± 7.9 years; 53.8% male), 10 patients with HCL (28–71 years
old; with a mean age of 56.2 ± 13.05 years; 90% male), 6 patients
with MCL (51–77 years old; with a mean age of 71.3 ± 10.1 years;
100% male), and 3 patients with BL (20–32 years old; with a mean age
of 25.6 ± 6.02 years; 100% male). They had not received any treat-
ments at the time of the blood sampling.

To determine the normal cut-off value of FCRL1 expression, twenty-
seven age and sex-matched healthy individuals (20–79 years old; with a
mean age of 55.5 ± 19.2 years; 62% male) without any history of
cancer were also included in this study. All procedures were performed
in accordance with the declarations of Helsinki and approved by the
Ethics Committee of Isfahan University of Medical Sciences (reference
number: 394608). Informed consent was taken from all individuals
before taking a blood sample.

2.2. Flow cytometry

Anti-coagulated peripheral blood samples were taken from the
participants. About 100 µl of whole blood from each sample of the
patients with DLBCL, MCL, CLL, HCL, BL, and the healthy individuals
was stained with a mixture of fluorescein isothiocyanate (FITC)-con-
jugated anti-CD19 (clone: HIB19) (BD Biosciences, San Jose, CA, USA),

Phycoerythrin (PE)-conjugated anti-FCRL1 (clone: REA440) (Miltenyi
Biotec, Auburn, CA, USA), and other tumor-specific antibodies as pre-
viously described [41,42]. Then, the red blood cells (RBCs) were re-
moved by BD Pharm LyseTM lysing buffer x10 according to the kit
instructions (BD Biosciences). Afterwards, the cells were washed twice
with phosphate-buffered saline (PBS), and the single cells were sus-
pended in 500 µl PBS/1% bovine serum albumin (BSA). 1× 105 cells
were gained for each sample and debris excluded based on the side
scatter (SSC) vs. forward scatter (FSC) signals, representing granularity
and size of the cells, respectively. All dead cells with damaged mem-
branes were also excluded by DNA-binding dye propidium iodide (PI).
Lymphocyte cells were selected and CD19+ B cells isolated from the
lymphocyte population. Finally, the mean fluorescence intensity (MFI)
of the FCRL1 expression was determined on CD19+ B lymphocytes
using FACSCalibur flow cytometry (Becton Dickinson Biosciences, San
Jose, CA, USA) and then analyzed by FlowJo software (v10.1, FlowJo,
Ashland, OR, USA). The matched isotype control antibodies and Burkitt
lymphoma cell line Ramos were used as negative and positive controls,
respectively. The Fluorescence Minus One (FMO) controls were also
used for the proper gating of cell population and determination of
fluorescence spread.

2.3. Isolation of peripheral blood mononuclear cells

Ten milliliters of peripheral blood containing ethylenediaminete-
traacetic acid (EDTA) was collected from both patients and healthy
volunteers. Peripheral blood mononuclear cells (PBMCs) were isolated
from each peripheral blood sample using Ficoll density-gradient cen-
trifugation (Amersham Biosciences, Uppsala, Sweden). After cen-
trifugation, the PBMCs were collected and washed three times in PBS.
The percentage of cell viability was determined using the Trypan blue
dye exclusion method, and cells were stored at −80 °C for further
analysis.

Fig. 2. Expression levels of Fc receptor-like 1 (FCRL1) protein in peripheral blood cells from B-NHL patients compared with healthy controls assessed by flow
cytometry and data are presented as mean fluorescent intensity (MFI) in protein levels. (B) Expression levels of FCRL1 mRNA in peripheral blood mononuclear cells
(PBMCs) from patient groups compared with healthy controls measured by quantitative real-time PCR and the results are reported as median fold changes in mRNA
levels. Data show mean ± standard deviation (SD), and horizontal bars represent mean values. CLL, chronic lymphocytic leukemia; DLBCL, diffuse large B-cell
lymphoma; HCL, hairy cell leukemia; MCL, mantle cell lymphoma; BL, Burkitt lymphoma.
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2.4. RNA extraction, cDNA synthesis, and quantitative real-time
polymerase chain reaction

The total RNA was extracted from about 2×106 PBMCs using the
RNAx plus solution (Cinagen Company, Tehran, Iran) according to the
manufacturer's guidelines. Afterwards, the quality and concentration of
the extracted RNAs were determined using a NanoDrop 1000 spectro-
photometer (Thermo Scientific, Waltham, MA, USA) in the 260/280 nm
absorbance ratio. Synthesis of the first strand of complementary DNA
(cDNA) was conducted using the one-step SYBR PrimeScript RT
Reagent Kit (Takara Bio Inc., Otsu, Shiga, Japan) according to the fol-
lowing program: 37 °C for 15min, 85 °C for 5 s, and 20 °C for 5min. The
synthesized cDNA was stored at −20 °C for further real-time poly-
merase chain reaction (PCR) analysis.

Quantitative real-time PCR was performed using SYBR Green PCR
master mix (Takara Bio Inc.) on the cDNA samples by a Rotor-gene
6000 instrument (Qiagen, Hilden, Germany) to evaluate the relative
expression levels of FCRL1 mRNA in the patient groups and healthy
individuals. The human β-actin gene was included as the internal
control to normalize the results.

Amplification of FCRL1 and β-actin genes were performed using
specific primers including FCRL1: forward, 5′- CAGAGTTCAGATGCCC
AGTT-3′, and reverse, 5′-TCACATCAGCAGGGAC-3′; β-actin: forward,
5′-GGACTTCGAGCAAGAGATGG-3′, and reverse, 5′-AGCACTGTGTTG
GCGTACAG -3′. A final volume of 20 µl reaction mixture including 2 µl

template cDNA, 10 µl SYBR Green PCR master-mix, and appropriate
amounts of each primer, dH2O, and ROX reference Dye II was prepared
for each sample.

A mixture reaction including 2 µl of distilled water instead of tem-
plate cDNA was also prepared for each set of primers as a no-template
negative control (NTC). The real-time PCR program was optimized with
denaturation at 95 °C for 5 s, followed by 40 cycles as annealing at 60 °C
for 30 s and extension at 70 °C for 30 s. To obtain specific amplification,
the melting curves of each reaction were checked, and each reaction
was repeated three times. The Relative Expression Software Tool 2009
(REST 2009) and 2−ΔΔCt formula were utilized to measure the relative
fold changes of FCRL1 mRNA expression in patients and healthy in-
dividuals [43,44].

2.5. Statistical analysis

Data were analyzed using SPSS version 17 (SPSS Inc, Chicago, IL)
and GraphPad Prism software (version 6.04, GraphPad Software, CA).
Differences in the FCRL1 expression levels between the two groups with
normal or non-normal distribution were determined using Student's t-
test and Mann–Whitney U test, respectively. The Spearman Correlation
test was also used to examine the probable association between FCRL1
expression levels and both gender and age of the patient groups and
healthy individuals. Data are shown as mean ± standard deviation
(SD). A p-value <0.05 was considered as statistically significant.

Fig. 3. Correlation between Fc receptor-like 1 (FCRL1) protein expression and age in B-NHL patients and healthy individuals. There was a positive but not significant
correlation between FCRL1 protein expression and age in diffuse large B-cell lymphoma (DLBCL), chronic lymphocytic leukemia (CLL), mantle cell lymphoma (MCL),
and Burkitt lymphoma (BL) patients. FCRL1 protein expression showed a significant positive correlation with age in hairy cell leukemia (HCL) patients and healthy
controls. R, correlation coefficient.
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3. Results

3.1. Expression level of FCRL1 protein

The expression level of FCRL1 protein in the blood cells of patients
diagnosed with various B-NHL and healthy individuals was examined
using the flow cytometry assay. Based on the initial analysis of the MFI
values, the FCRL1 protein expression was detectable in all patients and
control samples. The flow cytometry results revealed a wide spectrum
of FCRL1 positive cells in each group with a variety of MFI values
ranging from low levels to high levels, without a distinct cut-off value.
Gating strategy for flow cytometry analysis of FCRL1 protein expression
in the blood cells is illustrated in Fig. 1A–C. The extent of the expression
of FCRL1 protein in the CD19+ B cells of a healthy individual and a
number of patients diagnosed with CLL, DLBCL, HCL, MCL, and BL are
shown in Fig. 1D.

The results of flow cytometry analysis showed that 15.3% of pa-
tients diagnosed with CLL (2/13), 80.7% of DLBCL patients (21/26),
90% of HCL patients (9/10), 0% of MCL patients (0/6), and 100% of
patients with BL (3/3) expressed higher levels of FCRL1 protein when
compared with age and sex-matched healthy controls (Table 1). There
was a significant increase in the expression levels of FCRL1 protein in
DLBCL (P < 0.0001) and HCL (P=0.0009) patients compared with
healthy subjects. This study also revealed a significant reduction in the
expression levels of FCRL1 protein in CLL (P=0.0006) and MCL
(P=0.0021) patients compared with the healthy subjects. In addition,
the results showed higher levels of FCRL1 protein expression in BL
patients compared with healthy individuals, although it was not sig-
nificant due to the small number of BL patients in this study (Fig. 2A).

3.2. Expression level of FCRL1 mRNA

The relative expression of FCRL1 mRNA was investigated in PBMCs
derived from the patients and controls using the quantitative real-time
PCR method. Data showed expression of FCRL1 mRNA in the majority
of patients and healthy individuals. There were higher levels of FCRL1
mRNA expression in DLBCL (P < 0.0001), HCL (P=0.0002), and BL
patients compared with healthy individuals. However, compared with
healthy controls, a significant reduction in FCRL1 mRNA expression
was observed in both CLL (P=0.0005) and MCL (P=0.01) patients.
Representative data for all samples are shown in Fig. 2B.

3.3. FCRL1 expression levels in relation to age and gender

The association between expression levels of FCRL1 protein and age
in patients and healthy individuals were also investigated. The results
showed a positive but not significant correlation between FCRL1 ex-
pression levels and age in CLL, DLBCL, MCL, and BL patients. However,
a significant positive association was observed between FCRL1 ex-
pression levels and age in both HCL patients (P=0.02) and healthy
individuals (P=0.03) (Fig. 3). The results also showed no significant
differences in FCRL1 expression levels between males and females in
any of the evaluated groups (data not shown).

4. Discussion

FCRL1 is a member of the FCRL family molecules that has positive
signaling potential and is encoded by genes on human chromosomal
bands 1q21-23, where they are associated with chromosomal abnorm-
alities in various B-NHL and multiple myeloma [25,33,45–47]. The
structural features and signaling potential of the FCRL1 suggest that
this human B cell receptor plays a crucial role in the pathogenesis or
development of B-NHL [16,48]. The investigation of the FCRL1 ex-
pression pattern is a significant first step toward understanding the
functional roles of this molecule in B-NHL disorders and its possible
implications in the clinic as a suitable target for prognosis or treatment

of FCRL1-positive B-cell malignancies. This study investigated the ex-
tent of FCRL1 protein and FCRL1 mRNA expression in the blood cells of
Iranian patients with various B-cell leukemia and lymphomas compared
with healthy individuals. The data revealed the extensive expression of
FCRL1 in the majority of the patients. This study showed that FCRL1
expression levels were higher in blood cells derived from patients with
DLBCL, HCL, and BL compared with healthy individuals. These findings
are consistent with the results of a previous study which showed the
wide expression of FCRL1 protein on leukemic cells from patients with
HCL and different DLBCL and BL cell lines using flow cytometry assay
[8,12]. Nevertheless, little data has been reported on the expression
pattern of FCRL1 in DLBCL and BL patients.

This study also revealed a significant reduction in the extent of the
expression of FCRL1 protein and FCRL1 mRNA in both MCL and CLL
patients compared with healthy subjects. These findings were in con-
trast to other relevant studies, in which the investigators reported
higher levels of protein and mRNA expression for the FCRL1 molecule
in MCL and CLL patients compared with the healthy controls
[6–8,35,49]. This observed discrepancy could be due to a technical
shortcoming or probable differences in the sensitivity of the applied
methods. However, further studies are needed to evaluate this event. In
addition, these differences in the expression pattern of FCRL1 in various
B cell malignancies may be related to the different roles of this molecule
in these diseases. Additional investigations are required to explore the
biology and functional roles of FCRL1 in various B-NHL, which might
be helpful for the immunotherapy of these malignancies.

The small number of samples examined could be considered as a
limitation of the present study. In addition, blood cells and PBMCs were
used to evaluate the extent of FCRL1 protein and mRNA expression in
various B-NHL patients and healthy controls, respectively. The results
would have been more reliable if purified B cells had been used for the
assessment of FCRL1 expression patterns.

In summary, the current results revealed the differential expression
of FCRL1 molecule in various B-NHL patients compared with healthy
individuals and suggest this molecule as a suitable marker for the
prognosis or treatment of FCRL1-positive B-cell–related leukemia and
lymphomas such as DLBCL, HCL, and BL.

Funding

This work was supported by Isfahan University of Medical Sciences
(grant no. 394608).

Declaration of Competing Interest

The authors declare no conflict of interest.

Acknowledgments

Authors would like to thank all individuals who participated in this
study.

References

[1] J.O. Armitage, R.D. Gascoyne, M.A. Lunning, F. Cavalli, Non-Hodgkin lymphoma,
Lancet 390 (2017) 298–310.

[2] M.P. Chao, Treatment challenges in the management of relapsed or refractory non-
Hodgkin's lymphoma–novel and emerging therapies, Cancer Manag. Res. 5 (2013)
251.

[3] L.H. Sehn, Introduction to a Review Series: The Paradox of Indolent B-Cell
Lymphoma, (2016).

[4] T. Ise, S. Nagata, R.J. Kreitman, W.H. Wilson, A.S. Wayne, M. Stetler-Stevenson,
M.R. Bishop, D.A. Scheinberg, L. Rassenti, T.J. Kipps, Elevation of soluble CD307
(IRTA2/FcRH5) protein in the blood and expression on malignant cells of patients
with multiple myeloma, chronic lymphocytic leukemia, and mantle cell lymphoma,
Leukemia 21 (2007) 169.

[5] B. Falini, C. Agostinelli, B. Bigerna, A. Pucciarini, R. Pacini, A. Tabarrini,
F. Falcinelli, M. Piccioli, M. Paulli, M. Gambacorta, IRTA1 is selectively expressed in
nodal and extranodal marginal zone lymphomas, Histopathology 61 (2012)

Z. Yousefi and N. Eskandari Leukemia Research Reports 12 (2019) 100181

5

http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0001
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0001
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0002
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0002
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0002
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0003
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0003
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0004
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0004
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0004
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0004
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0004
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0005
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0005
http://refhub.elsevier.com/S2213-0489(19)30044-5/sbref0005


930–941.
[6] F.J. Li, S. Ding, J. Pan, M.A. Shakhmatov, E. Kashentseva, J. Wu, Y. Li, S. Soong,

N. Chiorazzi, R.S. Davis, FCRL2 expression predicts IGHV mutation status and
clinical progression in chronic lymphocytic leukemia, Blood 112 (2008) 179–187,
https://doi.org/10.1182/blood-2008-01-131359.The.

[7] A.G. Polson, B. Zheng, K. Elkins, W. Chang, C. Du, P. Dowd, L. Yen, C. Tan,
J.-.A. Hongo, H. Koeppen, Expression pattern of the human FCRH/IRTA receptors in
normal tissue and in B-chronic lymphocytic leukemia, Int. Immunol. 18 (2006)
1363–1373.

[8] X. Du, S. Nagata, T. Ise, M. Stetler-Stevenson, I. Pastan, FCRL1 on chronic lym-
phocytic leukemia, hairy cell leukemia, and B-cell non-Hodgkin lymphoma as a
target of immunotoxins, Blood 111 (2008) 338–343.

[9] N. Masir, M. Jones, M. Pozzobon, T. Marafioti, O.Y. Volkova, L.V. Mechetina,
M. Hansmann, Y. Natkunam, A.V. Taranin, D.Y. Mason, Expression pattern of FCRL
(FREB, FCRX) in normal and neoplastic human B cells, Br. J. Haematol. 127 (2004)
335–343.

[10] J.B. Imboden, E.C. Eriksson, M. McCutcheon, C.W. Reynolds, W.E. Seaman,
Identification and characterization of a cell-surface molecule that is selectively in-
duced on rat lymphokine-activated killer cells, J. Immunol. 143 (1989) 3100–3103.

[11] G. Hatzivassiliou, I. Miller, J. Takizawa, N. Palanisamy, P.H. Rao, S. Iida,
S. Tagawa, M. Taniwaki, J. Russo, A. Neri, G. Cattoretti, R. Clynes, C. Mendelsohn,
R.S.K. Chaganti, R. Dalla-Favera, IRTA1 and IRTA2, novel immunoglobulin super-
family receptors expressed in B cells and involved in chromosome 1q21 abnorm-
alities in B cell malignancy, Immunity 14 (2001) 277–289, https://doi.org/10.
1016/S1074-7613(01)00109-1.

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

[13] R.S. Davis, Y.H. Wang, H. Kubagawa, M.D. Cooper, Identification of a family of Fc
receptor homologs with preferential B cell expression, Proc. Natl. Acad. Sci. U. S. A.
98 (2001) 9772–9777, https://doi.org/10.1073/pnas.171308498.

[14] R.S. Davis, Fc receptor-like molecules, Annu. Rev. Immunol. 25 (2007) 525–560,
https://doi.org/10.1146/annurev.immunol.25.022106.141541.

[15] M. Xu, R. Zhao, Z.J. Zhao, Molecular cloning and characterization of SPAP1, an
inhibitory receptor, Biochem. Biophys. Res. Commun. 280 (2001) 768–775.

[16] R.S. Davis, G. Dennis, M.R. Odom, A.W. Gibson, R.P. Kimberly, P.D. Burrows,
M.D. Cooper, Fc receptor homologs: newest members of a remarkably diverse Fc
receptor gene family, Immunol. Rev. 190 (2002) 123–136, https://doi.org/10.
1034/j.1600-065X.2002.19009.x.

[17] M. Xu, R. Zhao, H. Cao, Z.J. Zhao, SPAP2, an Ig family receptor containing both
ITIMs and ITAMs, Biochem. Biophys. Res. Commun. 293 (2002) 1037–1046.

[18] Y. Nakayama, S.M. Weissman, A.L.M. Bothwell, BXMAS1 identifies a cluster of
homologous genes differentially expressed in B cells, Biochem. Biophys. Res.
Commun. 285 (2001) 830–837.

[19] S.A. Ershova, A.M. Najakshin, L.V. Mechetina, M.M. Peklo, A.Y. Shevelev,
T.N. Vlasik, N.A. Chikaev, A.V. Taranin, Expression patterns of the human and
mouse IFGP family genes, Mol. Biol. 39 (2005) 675–683.

[20] S.V. Guselnikov, S.A. Ershova, L.V. Mechetina, A.M. Najakshin, O.Y. Volkova,
B.Y. Alabyev, A.V. Taranin, A family of highly diverse human and mouse genes
structurally links leukocyte FcR, gp42 and PECAM-1, Immunogenetics 54 (2002)
87–95.

[21] L.J. Maltais, R.C. Lovering, A.V. Taranin, M. Colonna, J.V. Ravetch, R. Dalla-Favera,
P.D. Burrows, M.D. Cooper, R.S. Davis, New nomenclature for Fc receptor–like
molecules, Nat. Immunol. 7 (2006) 431.

[22] J. Matesanz-Isabel, J. Sintes, L. Llinàs, J. de Salort, A. Lázaro, P. Engel, New B-cell
CD molecules, Immunol. Lett. 134 (2011) 104–112.

[23] G.R.A. Ehrhardt, M.D. Cooper, Immunoregulatory roles for Fc receptor-like mole-
cules, Negat. Co-Receptors Ligands, Springer, 2010, pp. 89–104.

[24] G.R.A. Ehrhardt, C. Leu, S. Zhang, G. Aksu, T. Jackson, C. Haga, J.T. Hsu,
D.M. Schreeder, R.S. Davis, M.D. Cooper, Fc receptor – like proteins of B cell
function, Cell (2007) 155–162.

[25] D. Rostamzadeh, T. Kazemi, Z. Amirghofran, M. Shabani, Update on Fc receptor-
like (FCRL) family: new immunoregulatory players in health and diseases, Expert
Opin. Ther. Targets. 22 (2018) 487–502.

[26] F.J. Li, D.M. Schreeder, R. Li, J. Wu, R.S. Davis, FCRL 3 promotes TLR 9‐induced
B‐cell activation and suppresses plasma cell differentiation, Eur. J. Immunol. 43
(2013) 2980–2992.

[27] S. Nagata, T. Ise, I. Pastan, Fc receptor-like 3 protein expressed on IL-2 non-
responsive subset of human regulatory T cells, J. Immunol. 182 (2009) 7518–7526.

[28] L.A. Swainson, J.E. Mold, U.D. Bajpai, J.M. McCune, 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) ji_0903943.

[29] K. Bin Dhuban, E. d'Hennezel, E. Nashi, A. Bar-Or, S. Rieder, E.M. Shevach,
S. Nagata, C.A. Piccirillo, Coexpression of tigit and FCRL3 identifies Helios+
human memory regulatory T cells, J. Immunol. (2015) 1401803.

[30] T.J. Wilson, R.M. Presti, I. Tassi, E.T. Overton, M. Cella, M. Colonna, FcRL6, a new
ITIM-bearing receptor on cytolytic cells, is broadly expressed by lymphocytes fol-
lowing HIV-1 infection, Blood 109 (2007) 3786–3793.

[31] D.M. Schreeder, J. Pan, F.J. Li, E. Vivier, R.S. Davis, FCRL6 distinguishes mature
cytotoxic lymphocytes and is upregulated in patients with B‐cell chronic lympho-
cytic leukemia, Eur. J. Immunol. 38 (2008) 3159–3166.

[32] R.S. Davis, G. Dennis jr, M.R. Odom, A.W. Gibson, R.P. Kimberly, P.D. Burrows,
M.D. Cooper, Fc receptor homologs: newest members of a remarkably diverse Fc
receptor gene family, Immunol. Rev. 190 (2002) 123–136.

[33] R.S. Davis, G.R.A. Ehrhardt, C. Leu, M. Hirano, M.D. Cooper, An extended family of
Fc receptor relatives, Eur. J. Immunol. 35 (2005) 674–680.

[34] T. Kazemi, H. Asgarian-Omran, A. Memarian, M. Shabani, R.A. Sharifian,
P. Vossough, B. Ansaripour, H. Rabbani, F. Shokri, Low representation of Fc re-
ceptor-like 1–5 molecules in leukemic cells from Iranian patients with acute lym-
phoblastic leukemia, Cancer Immunol. Immunother. 58 (2009) 989.

[35] T. Kazemi, H. Asgarian‐Omran, M. Hojjat‐Farsangi, M. Shabani, A. Memarian,
R.A. Sharifian, S.M. Razavi, M. Jeddi‐Tehrani, H. Rabbani, F. Shokri, Fc re-
ceptor‐like 1–5 molecules are similarly expressed in progressive and indolent
clinical subtypes of B‐cell chronic lymphocytic leukemia, Int. J. Cancer 123 (2008)
2113–2119.

[36] P.L. Zinzani, S. Dirnhofer, E. Sabattini, L. Alinari, P.P. Piccaluga, V. Stefoni,
M. Tani, G. Musuraca, E. Marchi, B. Falini, Identification of outcome predictors in
diffuse large B-cell lymphoma. Immunohistochemical profiling of homogeneously
treated de novo tumors with nodal presentation on tissue micro-arrays,
Haematologica 90 (2005) 341–347.

[37] T. Ise, H. Maeda, K. Santora, L. Xiang, R.J. Kreitman, I. Pastan, S. Nagata,
Immunoglobulin superfamily receptor translocation associated 2 protein on lym-
phoma cell lines and hairy cell leukemia cells detected by novel monoclonal anti-
bodies, Clin. Cancer Res. 11 (2005) 87–96.

[38] J. Mohan, J. Dement-Brown, S. Maier, T. Ise, B. Kempkes, M. Tolnay, Epstein-Barr
virus nuclear antigen 2 induces FcRH5 expression through CBF1, Blood 107 (2006)
4433–4439.

[39] C. Leu, R.S. Davis, L.A. Gartland, W.D. Fine, M.D. Cooper, FcRH1: an activation
coreceptor on human B cells, Blood 105 (2017) 1121–1127, https://doi.org/10.
1182/blood-2004-06-2344.Supported.

[40] K. Wang, H. Pei, B. Huang, R.-.L. Yang, H.-.Y. Wu, X. Zhu, L. Zhu, Overexpression of
Fc receptor-like 1 associated with B-cell activation during hepatitis B virus infec-
tion, Braz. J. Med. Biol. Res. 45 (2012) 1112–1118.

[41] E. Ahmad, D.W. Kingma, E.S. Jaffe, J.A. Schrager, J. Janik, W. Wilson,
M. Stetler‐Stevenson, Flow cytometric immunophenotypic profiles of mature
gamma delta T‐cell malignancies involving peripheral blood and bone marrow,
Cytom. Part B Clin. Cytom. J. Int. Soc. Anal. Cytol 67 (2005) 6–12.

[42] M.J. Borowitz, R. Bray, R. Gascoyne, S. Melnick, J.W. Parker, L. Picker,
M. Stetler‐Stevenson, US‐Canadian consensus recommendations on the im-
munophenotypic analysis of hematologic neoplasia by flow cytometry: data ana-
lysis and interpretation, Cytom. J. Int. Soc. Anal. Cytol. 30 (1997) 236–244.

[43] M.W. Pfaffl, G.W. Horgan, L. Dempfle, Relative expression software tool (REST©)
for group-wise comparison and statistical analysis of relative expression results in
real-time PCR, Nucleic Acids Res. 30 (2002) e36–e36.

[44] M. Pfaffl, Rest 2009 Software User Guide, Qiagen, Hilden, Germany, 2009.
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