











Paricalcitol protects podocyte

Figure 2. Effects of Paricalcitol on MPC5 cell apoptosis and cell cycle. Cell apoptosis and cell cycle of MPC5 cells treated by different drugs by flow cytometry.
**P<0.01.
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Figure 3. Paricalcitol effects on expression of relative mark-
ers. A. The protein level of nephrin, WT1, and VDR in different
conditions; B. The mRNA levels of nephrin and VDR in differ-
ent conditions. **P<0.01.

Relative Expression

B Nepherin gl
®% .

g 1.4

§ L2 i

S - e |

R | |

o | |

30 = | | -
30 | | mm

L L+D H H+P H+Losar H+20Licl

markers such as nephrin and WT1. As shown
in Figure 3A, western blot demonstrated that
both nephrin and WT1 protein levels were
decreased in high-glucose treated MPC5 cells,
and Paricalcitol significantly abrogated their
induction. As know that Paricalcitol, a vitamin D
analog, can bring the vitamin D receptor (VDR)
translocates to the nucleus, therefore we ana-
lyzed the expression of VDR in nucleic. High glu-
cose resulted in the low expression of VDR, and
Parcalcitol can reverse the effect and elevate
significantly expression of VDR. Meanwhile,
Losartan and Licl also can increase the VDR
induced by high-glucose injury. The mRNA
expression of nephrin and VDR was just similar
with protein expression rules (Figure 3A). Taken
these, Paricalcitol can ameliorate significantly
the glucose injury through promoting expres-
sion of VDR.

Paricalcitol suppresses expression of Wnts
and B-catenin nuclear translocation

Because of the decreased expression of VDR in
case of high glucose, which can inactivate the
Wnt/B-catenin signaling, we next investigated
the important markers involved in Wnt/[3-
catenin signaling, including Wnts and B-catenin.
A comprehensive analysis of 5 Wnt genes has
demonstrated that numerous Wnts were up-
regulated in the podocyte injury caused by high
glucose. We found that paricalcitol could spe-
cifically inhibit expression of multiple Wnts,
including Wnt4, Wnt7a and Wnt7b (Figure 4A).
However, paricalcitol seemed not to suppress
Wnt10a and wnt10b expression. We also inves-
tigated the expression of downstream genes
B-catenin, TGF-B, Col IV. It was found that the
high expression of 3-catenin and Col IV induced
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by high glucose was inhibited by Paricalcitol at
protein level (Figure 4B). These results sug-
gested that paricalcitol was able to selectively
suppress some WNTs expression induced by
high glucose. Paricalcitol induces up-regulated
VDR expression to activate Wnt/B-catenin
pathway and prevents podocyte damage in cell
culture.

Discussion

Proteinuria, the clinical manifestation of defec-
tive glomerular filtration, is an early pathologic
feature of CKDs. It not only serves as an alter-
native marker for the progression and progno-
sis of kidney injury but also is an important
pathogenic mediator triggering subsequent
inflammatory and fibrotic responses in renal
parenchyma [21, 22]. The results presented in
this study proves that Paricalcitol, a synthetic,
vitamin D analog, possesses a satisfied renal
protective efficacy in podocyte injury induced
by high glucose. The beneficial effects of
Paricalcitol are likely mediated by its ability to
inhibit Wnt expression and to block B-catenin-
mediated downstream gene. These studies
underscore that vitamin D is a potent endoge-
nous, natural antagonist of Wnt/B3-catenin sig-
naling. Our results also indicate that targeting
this signaling could be an effective way to miti-
gate podocyte injury in high glucose stimu-
lation.

Diabetes-associated kidney injury is character-
ized by hypertrophy and accumulation of matrix
proteins culminating in kidney fibrosis [5]. The
mechanisms leading to increment in matrix pro-
tein content include an increase in synthesis

Int J Clin Exp Med 2017;10(7):10481-10489



Paricalcitol protects podocyte

A *% T
Wnt 4 ** Wht 7a ET
7.0 ** 5.0 *k
6.0 0o
5.0
4.0 3.0
3.0 20
2.0
L0 Lo
0.0 0.0
L L+D H H+P H+Losar H+20Licl L L+D H H+P H+Losar H+20Licl
Wnt 7b Wnt 10a
4.0 1.4
1.2
3.0 Lo
0.8
oy 0.6
Lo 0.4
0.2
0.0 0.0
L L+D H H+P H+Losar H+20Licl L L+D H H+P H+Losar H+20Licl
Wnt 10b **
1.2 %k %k
1.0 B-catenin o
0.8 8.0
0.6 6.0
0.4
02 4.0
0.0 20
L L+D H H+P H+Losar H+20Licl
0.0
B L L+D H H+P H+Losar H+20Licl L L+D H H+P H+Losar H+20Licl

P-catenin

QI = = - -
R

and inhibition of degradation. High glucose-
induced synthesis of matrix proteins can be
independently regulated at the levels of tran-
scription and mRNA translation. Elaborate sig-
naling pathways regulate both transcription
and translation in the kidney in diabetic mice
[24]. High glucose causes glomerular cell injury,
including mesangial cells, podocytes, and en-
dothelial cells, leading to loss of renal function
and eventual development of end-stage renal
disease. Podocyte loss and dysfunction in renal
microenvironments are important features in
the pathogenesis of diabetic nephropathy (DN)
[25, 26].

The studies reported here likely offer signifi-
cant, mechanistic insights into the mechanism
by which vitamin D analogs protect podocytes
from injury. Previously, it was shown that ac-
tivation of the canonical pathway of Wnt/[3-
catenin signaling plays an imperative role in
mediating podocyte dysfunction [6]. Modula-
tion of this signal system in vivo by an array of
genetic and pharmacologic maneuvers evi-
dently influences the development and severity
of podocyte damage and proteinuria. Notably,
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Figure 4. Paricalcitol effects on Wnt/B-catenin effects.

A.

The mRNA expression of Wnts and B-catenin; B.

The protein expression of B-catenin, Col IV and TGF-B.
**P<0.01.

the importance of B-catenin in mediating po-
docyte injury is recently confirmed by an inde-
pendent study [3, 14]. Therefore, it is not sur-
prising that targeting Wnt/B-catenin signaling
by Paricalcitol ameliorates proteinuria. In the
injured podocyte, the expression of several
Wnts is up-regulated. Regardless of what spe-
cific Wnt is induced, however, B-catenin, the
common downstream mediator of the canoni-
cal Wnt signaling, is induced, indicating a
robust activation of the canonical pathway of
Wnt signaling in this model [27, 28]. Interes-
tingly, this Wnt/3-catenin signaling is virtually
blocked after Paricalcitol treatment, underscor-
ing that the vitamin D analog is able to con-
strain the activity of Wnt/B-catenin signaling
in vitro.

Our results indicate that paricalcitol prevents
the development of DN after high glucose inju-
ry. These findings are quite significant and obvi-
ously have clinical relevance. It is conceivable
that Paricalcitol could inhibit cell injury caused
by high glucose by two different mechanisms.
On one hand, Paricalcitol selectively suppress-
es the expression of multiple Wnt genes includ-
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ing Wnt4, Wnt7a, Wnt7b, whose expression is
up-regulated after glucose injury. This action
presumably prevents Wnt induction and [-
catenin activation in the injured podocyte after
glucose addition in cell culture. On the other
hand, paricalcitol apparently has the ability to
inhibit B-catenin-mediated gene transcription
by inducing VDR binding to active, nuclear
B-catenin. This leads to the sequestration of
the B-catenin transcriptional activity in the
nuclei.

The therapeutic efficacy of paricalcitol in DN is
impressive, which could involve multiple mech-
anisms. In addition to modulating Wnt/B-ca-
tenin signaling, we cannot exclude the pos-
sibility that Paricalcitol may elicit its beneficial
activities by other routes as well. In that regard,
Paricalcitol has been shown to promote cell
proliferation and suppress cell apoptosis of
podocytes. Similar to Paricalcitol, Losartan
could treat podocyte injury induced by Ang Il
via downregulation of TRPC6. However, Lo-
sartan can not ameliorate the high-glucose
injury, which suggested that Paricalcitol would
regulate another molecular mechanism for
treatment. The underlying mechanism would
be investigated further.

Conclusion

In summary, our study demonstrated that
high-glucose-induced downregulation of VDR
plays an important role in the reduction of
podocyte injury. The Wnt/B-catenin signaling
pathway mediates the VDR effects. Paricalcitol
can induce up-regulated VDR expression to
activate Wnt/B-catenin pathway and prevents
podocyte damage in cell culture. These findings
may help develop a new therapeutic strategy
for the management of podocyte injury in
diabetes.
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