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Abstract
Leptin plays an important role as a modulator of immune response and hematopoiesis being engaged

equally in innate and acquired immune response and influenced stem cells differentiation in bone mar-
row. The effective leptin action requires the expression of specific receptors on the surface of cells. In
this study we examined leptin concentration in 42 samples of bone marrow and 83 samples of periph-
eral blood plasma. Leptin receptor expression on bone marrow nucleated cells and mature peripheral
blood leukocytes were studied using flow cytometric method. Cell phenotyping was performed in a group
of 39 healthy children who were free from hematological malignancies and immunological disorders.
OB-R was identified on membrane of stem cells (CD34+), T (CD2+, CD5+, CD7+, CD4+, CD8+) and
B (CD19+, CD22+) cells, monocytes (CD4+, CD14+) and granulocytes (CD13+, CD33+).

The percentage of stem cells with OB-R expression was lower than cells CD33/CD13/OB-R posi-
tive in bone marrow. The percentage of OB-R+ granulocytes was significantly lower in comparison to
OB-R+ monocytes. However, in bone marrow and peripheral blood, the percentages of monocytes and
granulocytes were higher than OB-R positive T and B-lymphocytes. In bone marrow and peripheral
blood significantly more CD2CD8 cells expressing leptin receptor in comparison to CD2CD4 was
observed. Almost 2.5-fold higher concentration of leptin was observed in blood plasma in comparison
to bone marrow.

The percentage of OB-R+ monocytes and granulocytes in bone marrow and peripheral blood were
on comparable level. In this two tissues differ OB-R distribution was observed on T and B cells. Pre-
sented results may suggest the existence of some regulator influence of leptin concentration on expres-
sion of leptin receptor on lymphocytes in studied compartments.
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Introduction
Leptin is the most abundant adipocytokine produced by

adipocytes in white adipose tissue cells, endothelial cells,
T lymphocytes, bone marrow stromal cells and even
platelets [1]. Discovered by Fredmann [2] in the early 90’s,
leptin has been recognized as an important regulator of
energetic balance and body mass [3]. Recently published
studies identified an important feedback between metabo-
lism and immune system. Now, it is generally agreed that
leptin plays an important role as a modulator of immune

response and hematopoiesis [1, 4, 5]. It was documented
that leptin in combination with another cytokines is able to
induce development of myeloid and erythroid cell lineag-
es. This influence is determined by anatomical relationship
between adipose and lymphoid tissues [1, 6]. Lymphoid
cells remain in intimate contact with adipose tissue in var-
ious anatomical locations such as mesenteric and omental
fat tissue, lymph nodes surrounded by adipose tissue as well
as in bone marrow where lymphoid cells may come in con-
tact with adipocytes that supply fatty acids for lymphocytes
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proliferation. Moreover, the cells involved in the develop-
ment of inflammatory response such as monocytes and
macrophages were found in white adipose tissue along with
NK cells and T and B cells [6].

The effective leptin action on hematopoietic and
immune systems requires the expression of specific recep-
tors on the surface of cells of both systems as well as the
appropriated interaction between the ligand and the recep-
tor [5, 7, 8]. Immediate vicinity of leptin-synthetizing cells
and cells expressing leptin receptors creates substantial
microenvironment necessary for development and matura-
tion of blood cells [6, 8, 9]. The leptin receptor (OB-R)
shares a homology with class I cytokine receptors and pos-
sesses the common signal transducing components for inter-
leukin 6 (IL-6)-related family of cytokines [10]. Therefore,
leptin after receptor ligation is able to modulate function of
cells involved in the immune response. However, only one
of the six recognized isoforms of the receptor (OB-Ra-f)
exerts biological effects in immune and hematopoietic sys-
tems. These effects are mediated through the full-length
transmembrane domain of the OB-R (OB-Rb). Signal
released after binding of leptin to OB-Rb stimulates the
JAK/STAT-pathway and evokes intracellular phosphoryla-
tion processes. It is the main signaling pathways utilized by
leptin to exert its cellular effects [11, 12].

In contrast to the studies of serum leptin concentration
that are performed as routine diagnostics in patients with
metabolic disorders, the assessment of leptin receptors on
cells belonging to immune system are performed very sel-
dom. In research reports, leptin receptor was evaluated on
cell lines using histological or molecular methods and
results obtained from studies of human blood cells were
equivocal by reason of different methods applied [13-15].

Therefore, in this study we examined leptin receptor
expression on immature and mature bone marrow nucleat-
ed cells and mature peripheral blood leukocytes. We want
to check if passing of cells from bone marrow to periphery
changes surface expression of OB-R and to evaluate OB-R
expression in relation to leptin level in bone marrow and
blood plasma. Our study was performed using flow cyto-
metric technique and monoclonal antibodies against T and
B cells, monocytes, granulocytes, stem cells and OB-R.

Material and methods

Patients

Phenotype of nuclear cells in bone marrow and periph-
eral blood was determined in a group of 39 healthy children
(16 boys, 13 girls) aged 1.5-17. These children were referred
to the Hematology Department and diagnosed to have
benign hematological disorders (anemia, trombocytopenia).
They were free from hematological malignancies and
immunological disorders. Samples of bone marrow were
taken after ilium puncture and transferred into tubes with

Parker medium supplemented with EDTA. Peripheral blood
(1-2 ml) was drawn from cubital vein into tubes with EDTA.
Samples of the bone marrow and peripheral blood remain-
ing after routine laboratory examinations were used to iso-
late plasma and nuclear cells.

The assessment of leptin concentration was performed
in 42 samples of bone marrow plasma and 83 samples of
peripheral blood plasma. Body mass index of the studied
patients was within normal range (15.2-18.4 kg/m2).

ELISA test

A commercial immunoenzymatic kit to detect leptin
(Quantikine Human Leptin, R&D, Minneapolis, USA) was
used. The test is based on a solid double antibody sandwich
ELISA. Serum and bone marrow supernatants were added
to microwells precoated with antibodies against leptin. All
samples were assayed in duplicates. In the positive cases,
antigen-antibody complex reacted with peroxidase-labeled
antihuman IgG conjugate. Using H2O2/TMB as a substrate,
the enzymatic activity of peroxidase was measured at
450 nm with the use of automated reading system Stat Fax
2100 (ALAB, Warsaw, Poland). Standards were provided
for the generation of a semi-logarithmic reference curve,
which all the results were referred to.

Cell phenotyping

The assessments of membrane expression of OB-R and
the determination of bone marrow cells phenotype were per-
formed using flow cytometry method (Cytometer FC 500,
Beckman Coulter, USA). Granulocytes and lymphocytes
from bone marrow cells and peripheral blood were isolat-
ed on density gradient. 2 ml Histopaque® (Sigma Aldrich,
CO, USA) with relative density d = 1.077 ±0.001 g/cm3 was
put on 3 ml Histopaque® with d = 1.115 ±0.002 g/cm3 and
then 5 ml of appropriate tissue diluted with 0.9% NaCl
(2 : 1) was carefully added. Tubes were centrifuged 25 min
at 2700 rpm and two layers of the cells (granulocytes and
lymphocytes) were collected separately and washed with
0.9% NaCl three times. OB-R receptor was stained accord-
ing to indirect immunofluorescence method using murine
monoclonal IgG2A antibody against human leptin receptor
manufactured by R&D Systems and secondary FITC-con-
jugated AffiniPure Goat Anti-Mouse IgG manufactured by
Jackson ImmunoResearch Laboratories, Inc. Monocytic
cells lineage was identified using anti CD4 and CD14 anti-
bodies, while granulocytic lineage was identified with anti
CD13 and CD33 antibodies. Stem cells were identified with
anti-CD34 monoclonal antibody. Always as first was per-
formed procedure of OB-R staining. After washing, stain-
ing with monoclonal antibodies anti-CD2, CD5, CD7, CD4
and CD8 for T cells and anti CD19 and CD22 for B cells
were carrying out. The antibodies were conjugated with
FITC or PE that allow double staining. All tests were
accompanied with suitable isotype controls.
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Statistical analysis

Statistical analysis was performed using Statistica v. 7.1
and Excel 2007 (Microsoft) software. As distributions of
the studied parameters were not normal, nonparametric tests
for independent samples were performed. The results were
shown for median values (Q1 – first quartile, Q3 – third
quartile). Mann-Whitney U test was used to calculate sig-
nificance of differences between two groups. The value was
considered statistically significant when p ≤ 0.05.

Results
As shown in Fig. 1A and B bone marrow and peripher-

al blood before nuclear isolation contained electronically
differentiated populations of polymorphonuclear cells and
mononuclear cells. Figure 1C illustrated assessment of
OB-R expression on blood granulocytes.

In bone marrow and peripheral blood taken from chil-
dren without neoplastic disease in hematopoietic and lym-
phoid systems, the percentages of nuclear cell distribution

in the both tissue are shown in Table 1. Percentages of cells
CD33+CD13+ and CD14+CD4+ was found very similar in
the both tissue but significant differences were distributed
among T and B lymphocytes. Peripheral blood contain 2.5
times more T than B cells, in contrast in bone marrow per-
centage of B cells is significantly higher. These results were
obtained on the basis of flow cytometric assessment of these
four populations before nuclear cell isolation (Table 1). Total
number of cells expressing OB-R was comparable in the
both tissues as well as is similar high percentages of OB-R
positive granulocytes (CD33+CD13+) and monocytes
(CD14+CD4+) and CD2CD4 T cells (Table 2). In bone
marrow were higher percentages of lymphocytes T
(CD2+CD5+CD7+OB-R+) and subpopulations CD2+
CD8+OB-R+ than in peripheral blood, in contrast to lym-
phocytes B (CD19+CD22OB-R+) presented in higher per-
centage in peripheral blood (Table 2).

The highest percentage of OB-R+ cells was found in
population of monocytes. In the both tissue they were on
comparable level like as OB-R+ granulocytes (Table 2).

Fig. 1. Electronically differentiation according forward scat-
ter (FS) vs. side scatter (SS) population of bone marrow cells
(A) and peripheral blood leukocytes (B). Percentage of
mononuclear cells (lymphocytes – gate A and monocytes –
gate B) and granulocytes (gate C) are given in cytograms.
Cytogram C shows granulocytes isolated from peripheral blood
and stained with anti-CD13/CD33 (FL2) and mouse anti OB-R
monoclonal antibodies. Goat antibody against mouse IgG con-
jugated with fluoresceine (FL1) was used as the secondary anti-
body. Area U1 contained CD13/33+Ob-R-cells; area U2 con-
tained double positive cells: CD13/33+OB-R+ and in U3 area
are cells double negative. In U4 area are another cells presented
after isolation that are Ob-R+
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However, about 50% of stem cells in bone marrow
expressed leptin receptor but this percentage was signifi-
cantly lower in comparison to OB-R positive monocytes
and granulocytes (Table 3).

Moreover, in bone marrow and peripheral blood, per-
centages of T and B cells OB-R+ were significantly lower
than CD33+/CD13+Ob-R+ and CD14+/CD4+ Ob-R+cells
(Tables 2 and 3).

In bone marrow and peripheral blood significantly more
CD2CD8 cells expressing leptin receptor in comparison to
CD2CD4 (Tables 2 and 3) was observed. Statistical analy-
sis of OB-R+ T lymphocytes subpopulation demonstrated
that in peripheral blood the number of CD2+CD8+OB-R+
falls down significantly (Table 2) and the population of OB-
R+ B lymphocytes increased (Table 2) in comparison to
bone marrow.

Leptin concentration in bone marrow and peripheral
blood plasma is shown in Table 4. Almost 2.5-fold higher
concentration of leptin was in blood plasma in comparison
to bone marrow. The difference was statistically significant
(p < 0.0001).

Discussion
Leptin, a major adipocytokine, functions simultaneously

as a hormone and cytokine. It is produced in the adipose tis-
sue in response to nutritional status and acts by binding to
specific OB-R receptor. OB-R expression was found on
cells belonging to innate and adaptive immune system [16]

including human NK cell lineage [8], immature and mature
dendritic cells [17, 18] and peripheral blood leukocytes
[7, 8, 19, 20]. We have found high total number of OB-R
positive cells that were on comparable level in cells derived
from bone marrow and peripheral blood but OB receptor
distribution between different populations was different. In
both studied tissues, the highest number of OB-R express-
ing cells was found in monocytes and granulocytes popu-
lations. Additionally, in the bone marrow above 50% of
stem cells expressed OB-R (Table 2). Our results concern-

Table 1. Comparison of percentage distribution of cell popu-
lations in bone marrow and peripheral blood

Cell phenotype Median [%] p value
(Q1-Q3)

BM PB
n = 11 n = 25

CD33+CD13+ 92.2 82.81 NS
(71.32-95.23) (66.56-90.24)

CD14+CD4+ 4.76 5.31 NS
(3.92-6.43) (3.55-8.03)

CD19+CD22+ 35.61 19.50 0.01
(23.78-51.20) (14.52-27.32)

CD2+CD5+CD7+ 34.50 48.10 0.01
(22.2-46.35) (39.0-55.81)

BM – bone marrow; PB – peripheral blood, Q1-Q3 – first and third quartile,
n – number of patients, NS – non significant

Table 2. Comparison of OB-R+ cells percentage in bone marrow and peripheral blood

Cell population Antigen Median OB-R+ [%]
(Q1-Q3)

Bone marrow PBL p value
n = 11 n = 25

Total 43.93 38.21 NS
(38.80-51.70) (33.20-45.29)

T cells CD2+CD5+ 8.04 3.67 0.01
CD7+ (3.65-12.70) (2.43-5.78)

CD2+CD4+ 11.87 7.93 NS
(7.58-19.40) (5.57 – 11.06)

CD2+CD8+ 37.69 20.74 0.005
(30.30-59.80) (7.97-32.63)

B cells CD19+CD22+ 9.53 15.84 0.001
(5.68-13.80) (11.88-24.4)

Monocytes CD4+CD14+ 90.3 94.23 NS
(84.90-94.50) (85.1-96.30)

Granulocytes CD33+/CD13+ 75.78 75.69 NS
(62.75-86.40) (68.4-88.90)

Stem cells CD34+ 51.47
(46.50-65.10)

PBL – peripheral blood leukocytes; Q1 and Q3 first and third quartile; n – number of patients; NS – non significant
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ing the CD34+OB-R+ cells are in agreement with the infor-
mation published earlier [5, 9, 14, 21]. It was demonstrat-
ed that leptin is a potent regulator of hematopoiesis, because
the addition of leptin to stem cells cultures increased the
number of lymphoid, erythroid and myeloid colonies [9,
16]. High percentage of OB-R positive stem cells unable to
respond to leptin stimulation may be an advantageous solu-
tion for maintenance of proper hematopoiesis.

We have observed the expression of leptin receptors on
B and T cells derived from bone marrow and peripheral
blood. Percentages of OB-R positive lymphocytes in bone
marrow and peripheral blood are significantly lower in com-
parison to respective percentages of monocytes and granu-
locytes. In bone marrow, percentage of OB-R+ T and B cells
was similar whereas in peripheral blood significantly high-
er percentage of B cells were OB-R+ in comparison to T
cells. Zarkesh-Esfahani et al. [19] have reported much
smaller numbers of OB-R positive monocytes and granu-
locytes (12 ±4% and 25 ±5%, respectively) and lack of the
OB-R in T lymphocytes. The discrepancy between these
observations may be caused by two reasons. First of all, dif-
ferent monoclonal antibodies directed specifically against
OB-R were used in these studies. They used antibody
obtained against the recombinant human leptin receptor
extracellular domain, while in our study we have used mon-
oclonal antibody available commercially, that recognizes
long isoform of leptin receptor. Secondly, it is necessary to
consider different age of the studied subjects, children in
our study vs. adults in their group.

In our study the expression of OB-R on T lymphocytes
was analyzed considering the expression of CD4 and CD8
antigens. In the both studied tissues the percentage of sur-
face leptin receptor expressing cells was significantly high-

er in the subpopulation of CD2CD8 in comparison to
CD2CD4 lymphocytes.

Lower percentages of OB-R+ cells in these two T cell
subpopulations in peripheral blood were found in compar-
ison to bone marrow, but significant differences was only
in subpopulations of CD2+CD8+ T cells.

On the basis of percentages changes in OB-R+ T and
B-lymphocytes it is possible to suggest that mature B-lym-
phocytes after passing from bone marrow to peripheral
blood gain leptin receptor while CD2CD8 cells exert ten-
dency to opposite reaction. May be it is connected with
changes of ratios T : B cells in bone marrow and peripher-
al blood. Because of low number of B cells on periphery in
comparison to bone marrow, more B cells expressed leptin
receptor. It is in opposite to significantly increased on num-
ber of T cells without of this receptor in peripheral blood.

The observed drop in the number of OB-R+ T cells in
peripheral blood limits their ability to respond to increased
leptin concentration in blood. It was documented that lep-
itn is able to induce the activation and the proliferation of
human circulating T cells [22, 23]. Moreover, in vitro exper-
iments shown that leptin enhances Th1 proinflammatory
cytokine production [18] and suppresses the synthesis of
Th2 cytokines. Lower number CD2CD4OB-R+ cells able
to bind leptin may be one of a mechanism to maintain
inflammatory response under additional control. There is
hardly any data on the role of leptin in B-lymphocytes
homeostasis in human subjects. Tanaka et al. showed the
alteration of B cell development in bone marrow in fasted
mice that was characterized by the decrease in pro-B, pre-B
and immature B as well as the increase in mature B devel-
opment [24]. Using B cells isolated from human blood,
Agrawal et al. documented for the first time that leptin trig-
gers B lymphocytes to secrete proinflammatory and
immunoregulatory cytokines such as IL-6, tumor necrosis
factor α (TNF-α) and IL-10 [12]. Moreover, they have
showed that under leptin influence expression of CD25 and
HLA-DR on B cells was increased. Leptin may influence
only on B cells equipped with specific surface leptin recep-
tor. Higher leptin concentration and number of OB-R pos-

Table 3. Comparison of percentages of OB-R positive cells in
populations of nucleated bone marrow cells and peripheral
blood cells

Phenotype of compared population p value

% higher % lower BM PB

CD14+CD4+ CD33+CD13+ 0.01 0.0008

CD2+CD5+CD7+ 0.0004 0.0001

CD19+CD22+ 0.0001 0.0001

CD34+0.0001

CD33+CD13+ CD2+CD5+CD7+ 0.0001 0.0001

CD19+CD22+ 0.0001 0.0001

CD34+0.0001

CD19+CD22+ CD2+CD5+CD7+ NS 0.001

CD2+CD8+ CD2+CD4+ 0.006 0.0001

BM – bone marrow; PB – peripheral blood; NS – non significant

Table 4. Leptin concentration in bone marrow and peripheral
blood plasma

Plasma n BMI range Leptin
concentration

(ng/ml)

BM 42 1.43
(0.99-2.23)

PB 83 3.26
(2.14-3.88)

p value 0.0001

BM – bone marrow; PB – peripheral blood respectively, BMI – body mass index
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itive B cells in peripheral blood in comparison to bone mar-
row created better settings for participation of B cells in
inflammatory response in peripheral tissues. Probably, low-
er number of OB-R+ B cells and lower leptin concentration
in bone marrow in comparison to peripheral blood protect
these cells against leptin-induced apoptosis. In the bone
marrow, where B cells develop and maturate, the balance
between B cell survival and death have to be maintained,
mainly because its disturbances create danger of B cell
immunodeficiency or autoimmunity. Recently, it was well
documented that leptin increases the expression of Bcl-2
and cyclin D1 in human B lymphocytes [4] and in this way
protects of B cells from apoptosis.

Presented results revealed significantly higher leptin
concentration in children’ peripheral blood than in bone
marrow. It is conceivable that low leptin concentration in
bone marrow results from its higher cellular consumption.
The presence of leptin in bone marrow together with high
percentage of stem cells Ob-R+ and myeloid cells line
Ob-R+ as well as higher percentage of two T cell subpop-
ulations Ob-R+ than in peripheral blood enhances cell dif-
ferentiation, proliferation and functional activation [22, 23].

The data presented in this studies revealed that per-
centages of OB-R+ monocytes and granulocytes in bone
marrow and peripheral blood are on comparable level. In
contrast, significant difference between bone marrow and
peripheral blood was observed when one compare OB-R+T
and OB-R+B cell ratios. This may suggest the existence of
some regulatory influence of various leptin concentration
in studied compartments.

The authors declare no conflict of interest.
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