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Abstract. – OBJECTIVE: To study the link be-
tween hepatic interleukin-6 (IL-6) and osteopon-
tin (OPN) gene expression and vitamin D3 status
associated with type 1 diabetes in mice; and to
evaluate the effects of vitamin D3 treatment (800
IU/kg of body weight for 6 weeks) on diabetes-in-
duced impairments.

MATERIALS AND METHODS: mRNA levels of
IL-6 and OPN were measured by quantitative RT-
PCR. Blood serum 25OHD3 was assayed by
ELISA.

RESULTS: It was shown that induction of IL-6
in diabetic liver is accompanied by increased ex-
pression of OPN. Changes in OPN and IL-6 RNA
levels correlated with a lack of 25OHD3 in serum.
Vitamin D3 treatment restored 25OHD3 that led to
a substantial reduction of OPN and IL-6 mRNA
levels.

CONCLUSIONS: Diabetes-induced vitamin D3

deficiency was associated with increased hepat-
ic levels of IL-6 and OPN mRNA and these
changes were countered by vitamin D3 adminis-
tration.
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Introduction

Type 1 diabetes mellitus (DM1) is a multifac-
torial autoimmune disease characterized by a
genetic predisposition and progressive loss of
insulin-producing pancreatic beta cells1. The de-
velopment of chronic hyperglycemia together
with oxidative stress and immune disorders are
implicated in the pathogenesis of common and
devastating complications of DM1, including
liver disease2.

Inflammation is one of the mechanisms of liv-
er injury in diabetes3. The rise in proinflammato-
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ry cytokines favours diabetes-related glucose tox-
icity, leading to mitochondrial dysfunction, ox-
idative stress and hepatocellular death. Growing
body of epidemiological, genetic and experimen-
tal evidence demonstrated a significant role of in-
terleukin-6 (IL-6) in the pathogenesis of inflam-
mation, insulin resistance, diabetes and its com-
plications4,5.

More recently it was shown, that osteopontin
(OPN), a matrix extracellular glyco-phosphopro-
tein and a known regulator of bone formation/re-
sorption, also plays a role in immune system sig-
naling and inflammatory process. In particular,
one of the biochemical effects of OPN interac-
tion with the integrin receptors αvβ3 is to induce
IL-6 expression6. It is known that OPN gene pro-
moter contains specific binding areas, including
those for glucocorticoid and vitamin D3 receptors
(VDR). The presence of such gene promoter loci
can open prospects for regulation of OPN-depen-
dent genes by these biologically active com-
pounds.

Observational studies have demonstrated asso-
ciation between decreased vitamin D3 level and
increased susceptibility to DM. In addition to the
involvement of vitamin D3 in the regulation of
mineral metabolism, mineralization and remodel-
ing of bone tissue, its normally active form –
1,25(OH)2D3 – was shown to exhibit im-
munomodulatory, anti-inflammatory and anti-
proliferative effects that may have potential in
the prevention of autoimmune diseases7,8. The
vast majority of molecular effects that provide
cytoprotective properties of vitamin D3 are real-
ized through VDR and genomic regulation that,
in whole, corresponds to the mechanism of ac-
tion of steroid hormones.

The study was designed to assess how the im-
pairment of IL-6 and OPN gene expression in di-
abetic liver is associated with the bioavailability
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Experimental groups 25OHD3 concentration, nmol/L Glucose concentration, mmol/L

Control 81.7 ± 4.13 5.7 ± 0.5
Diabetes 37.9 ± 2.12* 22.1 ± 4.4*
Diabetes + D3 77.3 ± 5.48# 15.2 ± 3.3

Table I. Whole blood glucose and blood serum 25OHD3, M ± m, n = 8.

*p < 0.05 vs. control; #p < 0.05 vs. diabetes.

of vitamin D3 and to establish whether DM1-in-
duced changes are regulated by vitamin D3 ad-
ministration.

Materials and Methods

Experimental Animals
DM1 was induced in male C56Bl/J6 mice (21

± 3 g) by intraperitoneal injection of streptozo-
tocin (Sigma-Aldrich, St. Louis, MO, USA) at
dose 150 mg/kg of body weight. After develop-
ment of a stable hyperglycemia (2 weeks) the an-
imals were treated daily with or without an aque-
ous suspension of vitamin D3 (DSM, Heerlen,
Netherlands) for 6 weeks at dose 800 IU/kg of
body weight (per os). All animals received care
in accordance to the guidelines approved by in-
stitutional Committee for Care and Use of Labo-
ratory Animals in Research.

Immunoenzyme Assay
Vitamin D3 bioavailability was estimated by

the level of blood serum 25OHD3, which was de-
termined by immunoenzyme technique (ELISA
kit, Immunodiagnostic Systems Ltd., USA) ac-
cording to the manufacturer’s instructions.

Quantitative RT-PCR Analysis
Total RNA was extracted from the tissues us-

ing TRIzol reagent (Sigma-Aldrich, St. Louis,
MO, USA). The cDNA was synthesized from 1
µg of total RNA using random primers and
Moloney murine leukemia virus reverse tran-
scriptase (both from Life Technologies, Carlsbad,
CA, USA) as previously described9. The primer
sequences used for IL-6 were forward, 5′-
AGAAGTCGGAGGCTTAATTACACAT-3′ and
reverse, 5′-TTGCCATTGCACAACTCTTTTC-
3′. The primer sequences used for OPN were for-
ward, 5’-CTTTCACTCCAATCGTCCCTAC-3’
and reverse, 5′-GCTCTCTTTGGAATGCT-
CAAGT-3′. Quantitative RT-PCR analysis was
performed using the Mx3005P Real-Time PCR

System (Stratagene, La Jolla, CA, USA). For
each condition, expression was quantified in trip-
licate, and 18S rRNA was used as the endoge-
nous control in the comparative cycle threshold
(CT) method. Data were expressed as relative ex-
pression ratio.

Statistical Analysis
The data were expressed as mean ± SEM devi-

ation of at least three independent experiments.
Statistical differences between the various groups
were compared by using Student’s t-test and one-
way ANOVA. A value of p < 0.05 was consid-
ered statistically significant.

Results

It was shown that mean glucose level in mice
with experimental DM1 reached 22.1 ± 4.4
mmol/L compared with 5.7 ± 0.5 mmol/L in con-
trol group (Table I). Chronic hyperglycemia was
associated with a significant (2.9-fold) increase in
IL-6 mRNA expression in liver tissue compared to
control animals (p < 0.05) that can both reflect and
contribute to inflammation and liver injury caused
by DM1, Figure 1 (A). Overexpression of IL-6
mRNA correlated with 1.8-fold enhancement of
osteopontin mRNA expression in liver compared
with controls (Figure 1 (B); p < 0.05). Diabetes
was accompanied by a severe deficiency of vita-
min D3 as is evident from 2.2-fold decrease in
blood serum level of 25OHD3 in diabetic mice
compared with controls animals (Table I; p <
0.05). A shift of serum 25OHD3 towards control
values in diabetic mice was observed after chronic
administration of vitamin D3 (p < 0.05). On the
background of 25OHD3 restoration in blood
serum, it was revealed a 1.4-fold lowering of he-
patic OPN mRNA expression in vitamin D3 treat-
ed animals compared with DM1 (p < 0.05). The
level of IL-6 mRNA was also shown to be signifi-
cantly decreased (1.6-fold) in liver tissue com-
pared with the values of diabetic group (p < 0.05).
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Figure 1. The levels of IL-6 (A) and OPN (B) mRNA in diabetic mice with or without vitamin D3 administration. Data are
presented as mean ± SEM of triplicate measurements (n = 8); *p < 0.05 vs. control, #p < 0.05 vs. diabetes

regulatory effect on OPN gene. Several stud-
ies6,12 have reported the involvement of
1,25(OH)2D3 in the transcriptional regulation of
various osteokines, including OPN, in different
cell types of bone tissue. In addition to the stud-
ies on bone tissue, there are reliable data con-
cerning regulatory OPN-mediated influence of
vitamin D3 on metabolic and signaling process-
es in other tissues that might be promising in
the developing of new therapeutic approaches
for the treatment of a variety of chronic
diseases13. The underlying mechanism of such
regulation involves the binding of 1,25(OH)2D3

to VDR receptor, followed by translocation of
the active 1,25(OH)2D3/VDR complex to the nu-
cleus. Within the nucleus, the complex interacts
with VDR-binding locus of OPN gene promot-
er, providing regulatory impact on the function-
ing of this gene14.

In summary, the beneficial effects of vitamin
D3 on livers of diabetic mice indicate the impor-
tance of vitamin D3 sufficiency in the down-regu-
lation of IL-6 expression, which is most likely
OPN-mediated, with a consequent inhibition of
inflammation involved in DM1-induced liver in-
jury.

Conclusions

Vitamin D3 deficiency and liver damage occur-
ring in DM1 are linked to hepatic inflammation,
at least in part, due to interleukin-6 and osteo-
pontin overexpression. Administration of vitamin
D3 causes normalization of serum 25OHD3 level,
as a marker of optimal vitamin D3 availability,

Discussion

Emerging evidence suggests that proinflam-
matory cytokines contribute to the development
of hepatic disease in both type 1 and 2 DM3,4.
OPN-mediated gene expression of interleukin-6
has recently attracted attention in inflammation
research field6. The data reported here demon-
strate a simultaneous increase in gene expression
of IL-6 and OPN in diabetic liver that can pro-
mote hepatic inflammation. DM1 may induce IL-
6 expression and liver damage in a way that re-
sembles the mechanism described previously in
the study on primary culture of chondrocytes ob-
tained from patients with osteoarthritis10. It was
shown that incubation of chondrocytes with re-
combinant OPN results in dose-dependent IL-6
mRNA overexpression. OPN action in liver is
probably related to its binding to integrin recep-
tor αvβ3 located on hepatic macrophages and
other leukocytes, followed by stimulation of
proinflammatory signaling transduction in these
cells and subsequent expression of proinflamma-
tory cytokines, including IL-66.

In accordance with previous studies11, we fur-
ther confirmed that vitamin D3 exerts anti-inflam-
matory effects in experimental DM1. Our results
have shown the effectiveness of vitamin D3 in re-
ducing RNA levels of the proinflammatory media-
tors, IL-6 and OPN, in liver tissue of diabetic
mice. Moreover, as repletion of serum 25OHD3

down-regulated OPN and IL-6 expression, we can
speculate that vitamin D3 deficiency may facilitate
the activity of these proinflammatory factors.

It can be suggested that vitamin D3 action on
IL-6 mRNA expression is mediated through its
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and down-regulates gene expression of both
proinflammatory factors. Thus, our results fur-
ther confirm a significant role of vitamin D3 in
the regulation of liver inflammation related to
type 1 diabetes.
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