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Abstract

Introduction. Graft-versus-host disease (GVHD) is a serious complication after allogeneic haematopoietic stem cell
transplantation (HSCT). Osteopontin (OPN) is a pleiotropic glycoprotein, which plays a significant role in the regulation of
biomineralization, wound healing, and cellular immunity. Numerous studies have demonstrated that elevated OPN levels
are associated with the pathogenesis of multiple autoimmune and inflammatory conditions. However, its role in GVHD and
transplant immunology is poorly understood.
Objective. The the aim of the study was to investigate the effects of OPN on human peripheral blood mononuclear cells
(PBMCs) proliferation in a mixed lymphocyte reaction (MLR).
Materials and method. PBMCs were isolated from the venous blood of 20 participants. Cell proliferation was examined
at the DNA synthesis level by measurements of 3H-thymidine incorporation. Radioactivity was used to calculate the MLR
stimulation index (SI). Cell viability was determined using the trypan blue exclusion method. 
Results. OPN enhanced the proliferative response of human alloactivated PBMCs in MLR. Statistically significant results
were observed for OPN of 100, 200, 300 and 400 ng/mL (P = 0.013, P = 0.009; P = 0.003 and P < 0.001, respectively). Moreover,
OPN increased SI in a dose-dependent way (P = 0.011, P = 0.007; P = 0.002 and P < 0.001, respectively). In addition, this protein
did not affect cells viability.
Conclusions. The results confirm the assumption that OPN may affect the outcome after HSCT; however, future investigation
is needed to verify whether it may serve as a valuable predictive and prognostic marker of GVHD.
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INTRODUCTION
Graft-versus-host disease (GVHD) is an immune-mediated
complication after allogeneic haematopoietic stem cell
transplantation (HSCT), which affects up to 60% of patients
and is a major cause of their mortality [1]. GVHD occurs when
donor T lymphocytes, in response to recipient mismatched
Human Leukocyte Antigens (HLA), differentiate into
alloreactive T cells, which migrate to the skin, liver and
gastrointestinal tract, causing tissue damage [2]. Previous
studies demonstrated that pro-inflammatory cytokines
and chemokines are critical for GVHD pathogenesis and
progression [1, 3].
Osteopontin (OPN) is a pleiotropic glycoprotein, produced
by various cells, including bone, skin, smooth muscle,
intestinal epithelial cells, T lymphocytes, natural killer cells,
macrophages, neutrophils, dendritic cells, and many others
[4,5]. Numerous studies showed that OPN plays a significant
role in the regulation of biomineralization, wound healing,
and cellular immunity [5–7]. In addition, elevated OPN levels
have been found in multiple autoimmune diseases, cancer,
diabetes, infections and coronary artery disease [8–14].
Moreover, it was demonstrated that OPN concentration in
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the plasma and urine of patients after kidney transplantation
correlates with acute cellular renal allograft rejection [15].
However, the effects of OPN on the proliferation of human
alloantigen-activated lymphocytes have not been examined
to-date, and its role in GVHD is not fully understood.
OBJECTIVES
The aim of the study was to investigate the influence of OPN
on human peripheral blood mononuclear cells (PBMCs)
proliferation in a mixed lymphocyte reaction (MLR). MLR is
one of the predictive tests before HSCT, used for assessing the
GVHD risk. The stimulation index (SI) is one of the formulas
of the MLR, used for evaluation of matching between donor
and recipient [16].
MATERIALS AND METHOD
Isolation of peripheral blood mononuclear cells and mixed
lymphocyte reaction. 20 healthy blood donors (10 women
and 10 men, mean age 37 years ± 9) participated in the
study. Brief characteristics of the study group are presented
in Table 1. PBMCs were isolated from heparinized blood by
centrifugation on Histopaque-1077 (Sigma, St. Louis, USA)
and resuspended in RPMI 1640 medium (Gibco, Darmstadt,
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Table 1. General characteristics of participants
Number
Range of age (mean)

Male

Female

Total

10

10

20

28 – 43 (36)

31 – 46 (38)

28 – 46 (37)

Germany), supplemented with 2 mM L-glutamine (Sigma,
St. Louis, USA), antibiotic–antimycotic solution (1.5%
penicillin-streptomycin-amfoterycin, Invitrogen, Carlsbad,
USA), β-mercaptoethanol (Sigma, St. Louis, USA), 0.23%
Hepes (Sigma, St. Louis, USA) and 10% foetal bovine serum
(FBS, Gibco Darmstadt, Germany). PBMCs were divided
into two groups: 1) responding cells and 2) stimulatory cells,
which were inactivated by gamma-irradiation for 90 min.
For the one-way MLR, 2 × 105 PBMCs (1 × 105 cells/well from
the first donor and 1 × 105 cells/well from the second donor)
were co-cultured with OPN at concentrations of 10, 20, 50,
100, 200, 300 and 400 ng/mL in the following combinations:
XYir and YXir (X – first donor’s responding PBMCs, Yir –
irradiated second donor’s stimulatory PBMCs, Y – second
donor’s responding PBMCs, Xir – irradiated first donor’s
stimlatory PBMCs).
For the experiments, human recombinant endotoxin-free
OPN was used (R&D Systems, Minneapolis, USA). Control
cultures contained equivalent volumes of medium. After
incubation for 72 h (at 37 °C in a humidified atmosphere with
5% CO2.), the dividing cells were labelled with 1 μCi/well of
3
H-thymidine (113 Ci/nmol, NEN, Boston, USA) for the last
18 h of the incubation and harvested. Radiocativity (‘counts
per minute’, cpm) was quantified in a scintillation counter
(Wallac PerkinElmer, Boston, USA). Radioactivity was used
to calculate the MLR stimulation index: SI = (average cpm of
the mixed responder and stimulator − average cpm of the
responder)/average cpm of the responder. All experiments
were performed in triplicates.
Cell viability assay. PBMCs viability was examined using
trypan blue staining. After 3 days of culture, PBMCs were
collected and stained with 0.4% trypan blue. The number of
total and dead cells was counted using a haemocytometer.
Values were expressed as a percentage of control culture
viability (100%).
Statistical analysis. All analyses were performed with
Statistica version 13.0. Results were expressed as mean
± standard deviation (SD). After testing all the data for
normality (Shapiro-Wilk test), one-way ANOVA was used to
compare values obtained with or without OPN treatment. A
probability value of P < 0.05 with a 95% confidence interval
was considered to indicate a statistically significant difference.
The study was approved by the Ethics Committee of
Medical University of Warsaw (No. KB/164/2017) and all
subjects provided written informed consent. The procedures
followed were in accordance with the Helsinki Declaration
of 1975, as revised in 2000.
RESULTS
In the present preliminary study, the proliferation was
assessed of alloantigen-activated PBMCs in the presence
of different concentrations of OPN. It was demonstrated
that OPN enhances the proliferative response in MLR

Figure 1. Effects of osteopontin (OPN) on allogenic peripheral blood mononuclear
cells (PBMCs) proliferation in one-way mixed lymphocyte reaction (MLR). The results
are presented as mean ± standard deviation (SD) of 20 experiments performed
in triplicates

Figure 2. Effects of osteopontin (OPN) on stimulation index (SI) of allogeneic
mixed lymphocyte reaction (MLR). Data are expressed as the mean SI ± standard
deviation (SD) of 20 experiments performed in triplicates

performed with human allogenic PBMCs. MLR enhancement
was induced by OPN in all tested concentrations; however,
statistically significant results were observed for OPN of
100, 200, 300 and 400 ng/mL (P = 0.013, P = 0.009, P = 0.003
and P < 0.001, respectively) (Fig. 1). Moreover, evaluation
of the MLR revealed that the OPN in concentations of 100,
200, 300 and 400 ng/mL increased SI in a dose-dependent
way (P = 0.011; P = 0.007; P = 0.002 and P < 0.001, respectively)
(Fig. 2).
The trypan blue exclusion test showed that cell viability
did not significantly differ between the OPN-co-cultured
variants (in all tested concentrations) and the control group.
The mean percentage of viable cells was 96.6% ± 0.9% (range:
94% – 98%) (data not shown).
DISCUSSION
The study demonstrated that OPN dose-dependently
enhances the proliferative response in MLR performed with
allogeneic PBMCs. The results confirm the assumption that
this glycoprotein may be a factor which affects the outcome
after HSCT.
As mentioned before, OPN is expressed by numerous
immune cells [4, 5]. Multiple studies have revealed that this
protein plays an important role in immunomodulation. It
was shown that OPN regulates migration and activation
of macrophages, as well as synthesis of nitric oxide and
proinflammatory cytokines [5, 6]. Moreover, OPN is a
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chemoattractant for neutrophils, regulates dendritic cells
maturation and migration, and affects immunoglobulin
production by B cells [5–9]. Recent evidence indicates that
OPN promotes the T hepler (Th)1 and Th17 response and
regulates the Th1/Th2 balance [8–10].
Although numerous studies revealed the role of OPN
in the regulation of immunity and inflammation, it is not
fully known whether OPN participates in the pathogenesis
and course of GVHD. Two studies conducted to evaluate
the role of OPN in mouse models of GVHD gave opposite
results. Kawakami et al. [17] showed that in OPN knockout
(KO) mice, the gastrointestinal GVHD score was elevated.
Moreover, the infiltration of CD4+ and CD8+ T cells in the
colon and small intestine of GVHD mice was increased
when the donor was OPN-KO. In addition, the expression
of pro-inflammatory cytokines (interleukin (IL)-17A, IL18, interferon (IFN)-γ, tumour necrosis factor (TNF)-α), as
well as the number of apoptic epithelial cells was higher in
donor cells lacking OPN. These findings suggest that OPN
plays a significant role in the GVHD attenuation. However,
different results were obtained in a study of Zhao et al. [18]
who showed that in mice with GVHD, OPN concentration
was elevated and associated with higher migration and
infiltration of donor CD8+ T cells into recipient organs. It was
also demonstrated that during GVHD, anti-OPN treatment
supressed donors CD8+ T cells viability and activation. This
suggests that OPN plays a role in GVHD and thus may serve
as a potential target in disease prevention. The results of the
current study likewise confirm the hypothesis that OPN may
be associated with GVHD pathogenesis; however, the exact
mechanisms are not fully elucidated.
Previous reports demonstrated that OPN regulates T
cells survival and activation. It was shown that OPN via
interactions with CD44 receptor activates intracellular
phosphatidylinositol 3-kinase (PI3K) and Akt/protein kinase
B pathway, which is important in regulating the cell cycle
[18, 19]. Moreover, binding OPN to αV integrin induces
PI3K/Akt-dependent nuclear factor-ĸB activation [20]. In
addition, OPN participates in the recruitment of CD8+ T cells
[17, 18], as well as regulating cell polarization [18]. Despite
this knowledge, further investigations are necessary to fully
understood the role of OPN in GVHD pathogeneis and
progression.
A few recent studies have evaluated OPN in patients after
transplantation. Alchi et al. [15] found that OPN mRNA
and protein expression in renal transplant biopsies from
patients with acute allograft rejection (AAR) was higher than
in non-rejection patients and healthy controls. Moreover,
the expression correlated with the degree of intestinal
inflammation and monocyte infiltration. In another study,
higher levels of OPN in serum of patients after kidney
transplantation were associated with the lower probability
of rejection-free survival [21]. Rouschop et al. [22] analyzed
OPN level and its CD44 receptor in renal biopsies and in
plasma of patients with ARR. It was showed that during
ARR, OPN and CD44 were upregulated in the renal allograft.
However, no differences were found between the different
pathologic grades of rejection and OPN/CD44 expression.
Similar results were obtained in a study by Ouyang et al.
[23], conducted in a rat renal transplantation model. It was
found that during the early stage of AR, the expression of
OPN mRNA was upregulated.

CONCLUSIONS
To the best of the author’s knowledge, the presented study is
the first to be conducted in humans and suggests that OPN
may contribute to GVHD pathogenesis and progression.
The study demonstrated that OPN in a dose-dependent way
enhances the proliferation of alloactivated cells. Thus, it is
suggest that OPN may be useful in predicting GVHD in
HSCT patients. It may also lead to the hypothesis that in
GVHD patients, anti-OPN treatment may be used for disease
treantment. However, future investigation is needed to verify
if OPN may serve as avaluable predictive and prognostic
marker of GVHD after HSCT.
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