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Abstract Recent studies have demonstrated expression of
Fc receptor-like (FCRL) molecules, a newly identified fam-
ily with preferential B-cell lineage expression, in some
chronic B-cell leukemias with possible implication for clas-
sification and/or targeted immunotherapy. In this study, the
expression pattern of FCRL1-5 genes was studied in 73
Iranian ALL patients and 35 normal subjects using semi-
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quantitative RT-PCR method. FCRL protein expression
was also investigated by flow cytometry. Our results indi-
cate significant down-regulation of all FCRL genes in ALL
compared to normal subjects. Although, FCRL mRNA
expression was almost exclusively confined to normal iso-
lated B-cells compared to T-cells, but these genes were
similarly expressed in B-ALL, T-ALL and different B-ALL
immunophenotypic subtypes. Surface protein expression of
FCRLI1, 2, 4, and 5 molecules in 10 ALL and 5 normal
samples confirmed the PCR results. Expression profile of
FCRL molecules in different subtypes of ALL argues
against their potential implication as suitable targets for
classification and/or immunotherapy of ALL.

Keywords FCRL - Acute lymphoblastic leukemia -
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Introduction

Acute lymphoblastic leukemia (ALL) consists of distinct
subtypes which display characteristic clinical, biologic and
prognostic features [12]. Based on morphologic features
(FAB criteria), CD markers expression (immunophenotyp-
ing) and also molecular and cytogenetic findings, leukemic
cells of ALL can be classified in different subgroups with
different clinical outcomes [11].

Gene profiling studies conducted in a variety of chronic
and acute leukemias and lymphomas have helped to further
categorize these malignancies and to establish new classifi-
cations. Gene profiling of malignant B-cells of chronic lym-
phocytic leukemia (CLL) has shown overexpression of
some members of the Fc receptor-like (FCRL) family in
this malignancy [1]. Subsequent molecular and immuno-
cytochemical analyses have supported and extended these
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findings in B-CLL and some other chronic B-cell type leu-
kemias [7, 8, 15-17, 23, 26, 29, 30]. Similar studies are
lacking in ALL.

Fc receptor-like (FCRL) molecules are a family of Fc
receptor homologue molecules comprising of eight structur-
ally related members [4, 24]. Residing on chromosome 1q21-
23, FCRLI-6 encode type I transmembrane glycoproteins
consisting of three to nine Ig-like domains and a cytoplasmic
tail containing immunoreceptor tyrosine-based activating
(ITAM) and/or inhibitory (ITIM) motifs [5]. FCRL1-5 are all
exclusively expressed in B cells, with the exception of
FCRL3 which is also found on NK and T cells [6].

In a survey of potential roles for these molecules, it has
been shown that FCRL1 might act as activating coreceptor
on B cells [22], and because of presence of three ITIMs in
its cytoplasmic region, FCRL4 can abrogate activating sig-
nals form B cell receptor potently than FcyRIIB [9]. FCRL3
has ITAM-like and ITIM motifs, so it might have both acti-
vating and inhibitory functions [7]. FCRLS5 has the func-
tional potential to serve as an inhibitory coreceptor on
mature B cells in humans [13]. Genomic instability of
1g21-23 region and association with B cell lineage malig-
nancies suggest that genes located in this region may have
been involved in tumorigenesis [18, 27]. Differential
expression of FCRL1-5 has recently been shown in various
B cell malignancies, such as B-CLL [23, 29], hairy cell
leukemia [16], mantle cell lymphoma (MCL) [17, 30],
Burkitt’s lymphoma (BL) [7, 26] and multiple myeloma [15].

In the present study, expression of FCRL1-5 molecules
has been investigated for the first time both at mRNA and
protein levels in fresh leukemic cells from different sub-
types of ALL to find out whether these molecules are suit-
able targets for classification and/or immunotherapy in this
malignancy.

Materials and methods
Patients and controls

Heparinized peripheral blood (PB) and/or bone marrow
(BM) samples were collected from 73 Iranian ALL patients
(PB =24 and BM =49) attending the Hematology and
Oncology Clinics of Vali-Asr and Ali-Asghar hospitals,
affiliated to Tehran University of Medical Sciences and Iran
University of Medical Sciences, respectively. A consent
letter was taken from all patients or their parents and the
study was approved by the Ethical Committee of Tehran
University of Medical Sciences. Disease diagnosis was
based on clinical, cytomorphologic and immunophenotypic
features of BM leukemic cells [14]. Demographic features
of ALL cases have been shown in Table 1. According to
flow cytometric analyses of samples based on defined clus-
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ter of differentiation (CD) markers, they were classified into
B-ALL (n=54) and T-ALL (n = 16) groups, and the B-
ALL group was further subdivided into Pro-B, Pre-B I, Pre-
B II, and immature/mature subtypes [2]. One patient was
diagnosed as mixed ALL and immunophenotypic data was
not available for two more patients. Thirty-five normal sub-
jects (16 children and 19 adults) were also included in this
study. Burkitt’s lymphoma cell lines were used as positive
controls for amplification of FCRLI, 3, and 5 (Ramos),
FCRL2 (BL41) and FCRL4 (Raji). All cell lines were
obtained from the National Cell Bank of Iran (NCBI,
Pasteur Institute of Iran, Tehran, Iran).

Isolation of B- and T-cells from PBMC by magnetic bead
separation

Peripheral blood mononuclear cells (PBMC) were isolated
by density gradient centrifugation using Histopaque
(Sigma, St Louis, MO, USA). B- and T-cells were isolated
from peripheral blood of 5 normal subjects using MACS
negative selection kits (Miltenyi Biotec, Bergisch Glad-
bach, Germany) according to the manufacturer’s instruc-
tion. Briefly, PBMC were isolated and CD19* and CD3*
cells were enriched by positive and negative selection
methods, respectively, using MACS microbeads and midi-
MACS columns. The purity was >95% for B-cells and
>90% for T-cells, as determined by flow cytometry.

RNA extraction and cDNA synthesis

Total RNA was extracted from PBMC and isolated B- and
T-cells using RNA-Bee (TEL test Inc, USA) according to
the manufacturer’s instruction. First-strand cDNA was syn-
thesized as described [31].

Polymerase chain reaction (PCR)

Amplification of FCRLI-5 and f-actin genes was per-
formed using specific primers [3, 7]. A total of 25 pul reac-
tion mixture of PCR was prepared using 2.5 pl 10 x PCR
buffer, 3.5 pl (for f-actin) or 1 ul (for FCRLI and 4) or
1.5 pl (for FCRL2, 3, and 5) 25 mM MgCl,, 1.5 I 10 mM
dNTPs, 1 pul each primer (10 pmol/ul), 0.2 ul Tag-DNA
polymerase (10 U/ul) (CinnaGen, Tehran, Iran) and 1 pl
template cDNA. Each amplification reaction underwent 37
cycles (FCRLI, 3, 4 and 5), 38 cycles (FCRL2) and 29
cycles (f-actin) consisting of denaturation at 94°C for 30 s,
annealing at 61.5°C (FCRLI, 3, 4 and 5), 60°C (FCRL2)
and 55°C (f-actin) for 30 s, extension at 72°C for 1 min,
and final extension at 72°C for 10 min. At these conditions
and after adjustment of template cDNA dilution for each
sample and analysis with LabWorks software, the results
showed that PCR products of FCRL and f-actin were not in
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Table 1 Major laboratory findings in Iranian ALL patients

No. Patient Specimen WBC x 10° Blast Immunophenotype No. Patient Specimen WBC x 10° Blast Immunophenotype
code cell/ml (%) code cell/ml (%)

1 ND2 BM 9.9 40 Pre-B 1 38 ND60 PB 38.9 50 Pre-B II

2 ND3 BM 8.4 60 Pre-B 1 39 ND61 BM 345 40 Pre-B 1

3 ND4 PB 4.5 70 Immature/mature B 40 ND65 BM 4.1 NI Pre-B 1

4 ND6 BM 5.4 NI Pre-B II 41 ND67 BM 245 90 Pro-B

5 ND7 BM 90 50 Pre-B 1 42 ND68 BM 91.7 90 T

6 ND8 PB 7.9 70 Pre-B 1 43 ND69 BM 23.2 93 Pre-B 1

7 ND9 PB 222 60 T 44 ND71 BM 27.9 35 Pre-B II

8 ND10 BM 14.2 32 Pre-B 1 45 ND73 BM 2.5 NI Immature/mature B

9 ND14 BM 53.7 80 Pre-B 1 46 ND74 BM 10.1 NI Pre-B II

10 NDI15 BM 3.0 NI Pre-B 1 47 ND75 PB 24.8 40 Pre-B II

11 ND17 BM 53 90 T 48 ND76 BM 46.1 >95 T

12 ND19 PB 4.8 80 T 49 ND78 PB 7.7 35 Pre-B 1

13 ND21 BM 70.2 40 Pre-B 1 50 ND81 PB 19.4 30 Pre-B 1

14 ND22 BM 45.7 60 Pro-B 51 ND8& BM 39.2 89 Pre-B II

15 ND24 BM 14.8 98 Pre-B 1 52 ND85 BM 449 91 T

16 ND25 PB 6.4 80 Pre-B 1 53 ND8 BM 72.4 69 Pre-B II

17 ND26 PB 9.6 65 Pre-B 1 54 ND87 BM 2.8 NI Pre-B 1

18 ND28 BM 8.4 90 Pre-B 1 55 ND88 BM NI NI Pre-B 1

19 ND31 PB 6.8 NI Pre-B 1 56 ND89 BM 9.6 70 Pre-B 1

20 ND32 BM 20.4 75 Immature/mature B 57 ND91 BM 15.7 60 Pre-B 1

21 ND35 PB 3.1 52 Pro-B 58 ND92 BM 7.9 85 T

22 ND36 BM 8.6 65 Pre-B I 59 ND93 PB 187.2 82 T

23 ND39 PB 4 NI Pro-B 60 ND95 PB 54 50 Pre-B II

24 ND40 BM 482 90 Mixed lineage 61 ND9% BM NI NI NI

25 ND42 BM 63.5 70 Pre-B 1 62 ND97 BM 7 NI T

26 ND43 BM 23.1 90 Pre-B 1 63 ND98 BM 295 84 T

27 ND46 PB 20.6 90 Pro-B 64 ND99 BM 102 89 Pre-B 1

28 ND48 BM 47.6 NI Pro-B 65 ND100 BM 141.7 71 Pre-B 1

29 ND49 BM 11.9 80 Pre-B II 66 ND101 BM 12.9 NI Pre-B II

30 ND50 PB 5.8 60 Pre-B 1 67 NDI102 PB 109.5 72 T

31 ND51 PB 332 95 T 68 NDI103 PB 34 NI Pre-B 1

32 ND52 BM 31.1 55 Pre-B II 69 ND104 BM 6.9 67 Pre-B I

33 ND53 PB 4.4 NI NI 70 ND105 BM 19.1 NI Pre-B II

34 ND54 BM 145 60 T 71 ND106 PB 41.5 33 Pre-B II

35 ND55 PB 3.1 >90  Pre-B1 72  ND107 BM 125.4 92 Pre-B II

36 ND56 BM 13.7 80 T 73 ND108 BM 96 96 T

37 ND57 PB 16.7 30 T

ND newly diagnosed ALL patients, WBC white blood cell count, BM bone marrow, PB peripheral blood, NI not identified

saturated phase. Amplified products were visualized in 1.5%
agarose gel containing ethidium bromide and documented
with gel documentation system (UVP, CA, USA). Ampli-
con sizes were 793, 430, 890, 686, 768 and 203 base pairs
for FCRL1 to 5 and f-actin, respectively. The densities of
FCRLs and f-actin PCR product bands were determined by
Labworks 4.0 software (UVP, CA, USA), and the ratio of
the two bands was calculated for each sample, as follows:
(density of FCRL band/f-actin density band) x 100.

Indirect immunoflourescence

The staining was performed on leukemic B-cells from 10
ALL patients and PBMC of 5 normal subjects at surface
level. After separation of the mononuclear cells and twice
washing with washing buffer (PBS 0.15M, 0.5% BSA,
0.1% NaNy), 10° cells were incubated with 2.5 pg/ml of
biotinylated goat anti-human FCRL1, FCRL2, FCRL4 and
FCRLS antibodies (R&D Systems, Minneapolis, MN,

@ Springer



992

Cancer Immunol Immunother (2009) 58:989-996

USA) as primary antibodies for 45 min. Biotinylated
unimmunized goat IgG (prepared in our laboratory) was
included as negative control. After incubation, the cells
were washed twice with washing buffer and then incubated
with RPE-conjugated streptavidin (DAKO, Glostrup, Den-
mark) as detector, for 45 min. Cells were then washed
twice before scanning by a flow cytometer (Partec, Nurem-
berg, Germany). Double staining of B cells from five nor-
mal subjects was performed using FITC-CD19 monoclonal
antibody (clone HD37, Cytomation; DAKO, Glostrup,
Denmark) and biotinylated anti-FCRL Abs to determine the
frequency of FCRL expressing B cells. FITC-labelled IgG1
monoclonal antibody with irrelevant specificity (DAKO)
and biotinylated unimmunized goat IgG served as negative
controls to eliminate the background non-specific binding.
Data analysis was performed using Flomax flow cytometry
analysis software (Partec, Nuremberg, Germany).

Statistical analysis

Statistical analyses of the results were performed using
Chi-Square, student’s 7, and Mann—Whitney U tests, as
appropriate. Analyses were conducted using the SPSS sta-
tistical package (SPSS Inc, Chicago, IL, USA). P values of
less than 0.05 were considered significant.

Results and discussion

Expression profile of FCRL mRNA in ALL and normal
subjects

In the present study, we investigated for the first time
FCRLI1-5 expression profile both at mRNA and protein

Fig. 1 Representative RT-PCR
results of FCRL1-5 genes
expression in ALL patients and
normal subjects. Results show
FCRL1-5 expression in PBMC

from 2 ALL patients (ND93 and ND33
ND 96) and one normal subject
(N7) as well as purified B- and

ND3%6

T-cells of one normal subject
(N6). Control denotes FCRL
positive cell lines described
in “Materials and methods”. N7
ND newly-diagnosed ALL

B-cells

Né
T-cells

Control

nlnnnl}?cm-’l
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levels in fresh leukemic cells from patients with ALL.
Using a semi-quantitative RT-PCR method relative expres-
sion of FCRL1-5 mRNA levels in BM mononuclear cells or
PBMC from ALL patients (n = 73) and PBMC from normal
subjects (n = 35) was determined by calculation of the ratio
of FCRLs PCR amplicon band densities to that of S-actin.
Representative results obtained for a number of patients are
illustrated in Fig. 1. All FCRL genes were found to be sig-
nificantly down-regulated in ALL patients compared to
normal subjects (Fig. 2a). A similar pattern was observed
both in child and adult ALL patients when compared to
age-matched normal subjects, with the exception of FCRL4
expression in adult patients which was statistically not
different compared to normal adult subjects (Fig. 2b). There
were also no significant differences for expression of any of
the FCRL1-5 genes between B-ALL (n =54) and T-ALL
(n=16) patients. Given the exclusive constitutive expres-
sion of these molecules in B-cells, lack of significant differ-
ences between these two subtypes seems to be unexpected.
FCRL1 and 5, as opposed to FCRL2, 3 and 4, were positive
in most cases of either B- or T-ALL with a similar mRNA
expression levels. It seems that the amplified PCR products
detected for FCRL1 and 5 and to a lesser extent FCRL2, 3
and 4 in PBMC or bone marrow cells of the ALL patients,
irrespective of their B- or T-lineage, are largely derived
from the normal residual contaminating B-cells.

There are some important methodological issues
regarding our semi-quantitative RT-PCR assay. In this
study representation of FCRL expression as a ratio to the
housekeeping gene f-actin was intended to normalize the
data and avoid variations due to differences in cDNA con-
centration or loading different amounts of PCR product on
the electrophoresis gel. Further caution was exercised by
simultaneous electrophoresis of FCRL and f-actin PCR
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Fig. 2 Distribution of FCRL1-5 mRNA levels in bone marrow mono-
nuclear cells or PBMC from different groups of ALL patients and nor-
mal subjects. The results are expressed as the ratio of FCRL to f-actin
PCR product band density in (a) all ALL patients and normal subjects
and (b) different age groups of ALL patients and counterpart normal
subjects. Statistically significant results are presented as: * (P values
less than 0.05-0.01), ** (P values 0.01-0.001) and *** (P values less
than 0.0001); NS not significant, PBMC peripheral blood mononuclear
cells, horizontal bars represent mean values

products for each subject on the same gel. This would min-
imize variations due to technical shortcomings. Although
real-time PCR is more demanding and preferable for quan-
titative measurement of FCRL mRNA expression, how-
ever, our semi-quantitative RT-PCR method has been
shown to be a reliable and sensitive method for detection of
a variety of tumor-associated markers [25, 28, 31]. Unfortu-
nately, we have not been able to employ real-time PCR in
this study due to some instrumental limitations.

The difference between the source of cells collected from
patients and controls is also an important issue which needs
clarification. The mononuclear cells isolated from BM or
PB of ALL patients were predominantly immature leuke-
mic blast B-cells (Table 1), whereas only 10-20% of the
PBMC isolated from normal subjects are B-cells. There-
fore, comparison of FCRL mRNA expression in these two
groups of subjects may not be appropriate. Although the
proper matched control for our patients’ BM samples is
normal BM, ethically it has not been possible to collect BM
samples, particularly from children. There are two lines of
evidence which substantiate and validate the use of PB
instead of BM samples for some patients in this study. First,

when PB (n=24) and BM (n=49) ALL samples were
independently and separately compared with the normal
control samples, significant down-regulation of all FCRL
molecules was similarly represented in both groups of
patients (data not presented). The second line of evidence
comes from the percent of blasts counted in all samples
which shows comparable results for both groups (Table 1).

Another important issue is the age of patients and control
subjects. ALL is predominantly observed in children,
though adults are also affected. Despite some clinical and
molecular differences reported in these two groups of
patients [19, 20], detailed gene profiling studies failed to
make distinction between them [21]. Nevertheless, we
employed PBMC samples from both adult and child normal
subjects to determine FCRL mRNA expression and com-
pared the results with those of child and adult patients. We
also compared expression levels of FCRL1-5 between the
two groups of patients to find out any age-related differ-
ences. No significant differences were observed for any of
the comparisons, indicating lack of association of FCRL
expression with age between patients and healthy control
subjects.

Expression profile of FCRL mRNA in different subtypes
of ALL and isolated normal B- and T-cells

Investigation of FCRL expression in normal B-lympho-
cytes has shown that they are differentially expressed at
various stages of differentiation. Thus, while FCRLI is
highly expressed in early and naive B-cells, FCRL2 and 3
are predominantly expressed in naive and post-germinal
center cells, FCRL4 is restricted to memory B-cells and
FCRLS is broadly expressed in naive and memory B-cells
as well as plasma cells [4, 6, 10]. This pattern of expression
may suggest differential expression of these molecules in
different subtypes of ALL.

We compared the relative expression levels of FCRL1-5
genes in different immunophenotypic subtypes of our B-
ALL patients (Pro-B, Pre-B I, Pre-B II and immature/
mature-B). None of the FCRL genes were found to be pref-
erentially expressed in any of the B-ALL subtypes
(Table 2).

In a recent report FCRL1 and 5, but not FCRL2, 3 or 4,
were detected in Pro-B and Pre-B cells of normal bone mar-
row samples at protein level [29], indicating the lack of
association of FCRL protein expression in ALL to the
differentiation stage of the leukemic cells.

Relative mRNA expression levels of all FCRL genes
were determined in isolated B-cell and T-cells enriched by
magnetic beads from PBMC of 6 normal subjects. Repre-
sentative results are shown in Fig. 1. Expression of FCRL
molecules was mainly detectable in B-cells, with no or
negligible expression in isolated T-cells (Table 2). Since
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Table 2 Relative expression of FCRL1-5 mRNA levels in immunophenotypic subtypes of ALL and normal isolated B- and T-cells

FCRL1 FCRL2 FCRL3 FCRL4 FCRLS5
Pro-B (n=6) 45.1 (44.3) 1.53.7) 5.9(14.4) 0.0 (0.0) 32.8 (33.9)
Pre-B 1 (n=31) 70.8 (66.2) 2.4(7.9) 15.3 (24.8) 3.1(8.6) 39.5 (35)
Pre-B 1l (n = 14) 95.3 (78.2) 3.8 (10.1) 18.7 (33.7) 2.1(5.1) 34.1(34.1)
Immature/mature-B (n = 3) 31.6 (18.2) 0.0 (0.0) 2.8 (4.9) 0.0 (0.0) 40.6 (32.6)
T-ALL (n = 16) 44.8 (38.9) 1(2.8) 6.3 (10.5) 1(3.9) 31 (34.7)
Normal B-cells (n = 6) 170.5 (46)** 91.2 (68)* 11.7 (10)* 0 41.5 (36)*
Normal T-cells (n = 6) 7.6 (8) 1.9 4) 0 0 0

The results represent the mean (standard deviation) ratio of FCRL PCR product band density to that of f-actin multiplied by 100. Comparison
between immunophenotypic subtypes of B-ALL revealed no significant differences for any of the FCRL molecules. Significant differences between
normal B- and T-cells are expressed as: * P < 0.05, ** P <0.0001. B- and T-cells were isolated form PBMC of six normal subjects by MACS

magnetic beads separation

Table 3 Membrane expression of FCRLI, 2, 4, and 5 molecules in some ALL patients and normal subjects

Subjects Immunophenotype FCRL1 FCRL2 FCRL4 FCRL5

P mRNA P mRNA P mRNA P mRNA
ND65-BM Pre-B 1 — 20.8 NI 0 — 9.5 — 30.5
ND67-BM Pro-B — 57.6 - 0 — 0 — 37.8
ND74-BM Pre-B 11 +++ 186.6 — 0 — 0 — 0
ND76-BM T - 40.2 — 0 — 0 — 17.8
ND86-BM Pre-B II — 21.5 — 0 — 0 — 45.5
ND93-PB T — 21.7 — 53 — 0 — 20.3
ND98-BM T — 116.1 — 0 — 0 — 72.4
ND99-BM Pre-B 1 - 71.3 — 0 — 0 — 12.5
ND100-BM Pre-B II - 141.1 — 0 - 0 - 8.9
ND107-BM Pre-B 11 — 205.8 — 0 — 0 — 29.6
N1 — ++++ 220.2 ++++ 165.8 + NI +++ 29.8
N2 — ++++ 122.9 ++++ 19.1 + NI ++ 14.5
N3 — ++++ 157.5 +++ 161.4 — NI + 59.6
N4 — ++++ NI ++++ NI ++ NI ++ NI
N5 — ++++ 230.8 ++++ 129.9 ++ NI ++ 107.5

Double staining was

performed on normal PBMC using FITC-CD19 MAb and biotinylated RPE-labelled anti-FCRL antibodies. The flow

cytometry results are presented as: —, 0-10%; +, 10-20%; ++, 20-40%; +++, 40-60%; ++++, >60%

ND newly diagnosed, BM bone marrow, PB peripheral blood, N normal, NI not identified, P protein

constitutive expression of FCRL1-5 molecules is restricted
to B-cells and other blood cells are totally negative [7, 10,
15, 22, 29, 32], with the exception of FCRL3 which is also
expressed in NK and T-cells [22, 29, 32], it appears that
the significant down-regulation of FCRL1, 2, 3, 4 and 5
observed in our ALL patients would have been more mag-
nified if pure B-cells could have been isolated from the
patients and normal subjects.

Expression profile of FCRL protein in leukemic cells
and normal B-cells

Flow cytometric analysis of surface expression of FCRLI,
FCRL2, FCRL4, and FCRL5 molecules was performed in
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leukemic cells from ten ALL patients (Table 3). FCRL3
specific antibody was not available for this study. While
FCRL2, 4 and 5 were totally negative, only one out of 10
samples stained positive for FCRL1. Expression of FCRL
protein was also studied in B-cells of five normal subjects
by double staining of PBMC using FITC-CD19 MAb and
biotinylated FCRL antibodies detected by RPE-streptavi-
din. FCRL1, 2, 4 and 5 molecules were detected at surface
of B-cells from all subjects with the exception of one sam-
ple being negative for FCRL4 (Table 3).

The anti-FCRL antibodies employed in our study are all
polyclonal antibodies with potential cross-reactivity to
other members of the FCRL family. However, as indicated
by the supplier (R&D Co.), apart from the anti-FCRL1 Ab
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which shows minor (25%) cross-reactivity with recombi-
nant human FCRL2 molecule, none of the other Abs cross-
reacts with human FCRL proteins. The cross-reactivity of
the other Abs has been stated to be less than 2—5% which is
essentially negligible.

To our best of knowledge our study is the first to report
FCRL1-5 expression in fresh leukemic cells of ALL at
mRNA and protein levels. Expression of FCRL molecules
has also been studied in a limited number of Pro- and Pre-B
ALL cell lines, but all were found to be negative at mRNA
and/or protein levels [7, 10, 22, 32]. There is only one pub-
lished article regarding FCRL (FCRLS) expression in fresh
leukemic cells from a small number (n = 8) of ALL patients
[17]. In this article, expression of FCRLS was studied at
only protein level by flow cytometry, but all samples were
negative. Therefore, more studies need to be performed in
ALL to compare and extend our findings.

In summary, we observed down-regulation of FCRL1-5
molecules in leukemic cells from Iranian ALL patients at
both mRNA and protein levels. No differences were found
between any of the immunophenotypic subtypes of our B-
ALL patients for any of the FCRL molecules suggesting
lack of association between FCRL expression and the
differentiation stage of B-ALL. Our data may also suggest
unsuitability of these markers for consideration as targets
for immunotherapy of ALL, as opposed to CLL and some
other chronic B-cell leukemias [8, 17, 29].
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