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Figure 4. Effects of down-regulation of NGALR in HMC. A. Based on the
expression of NGALR and NGAL in HMC, siRNA2 was the best to down-regu-

MAPK and Smad signaling
pathways were examined by
determining the changes of the
related protein expression lev-
els. The expression of ERK,
p-ERK, JNK, p-JNK, p38, and
p-p38 were determined by
western blotting. These pro-
teins in HMC stimulated by
NGAL do not change obviously
compared with control HMC
(P>0.05) (Figure 3A). The lev-
els of Smad2/3, p-Smad2/3,
and Smad7 were also deter-
mined by western blotting. The
activation of Smad2/3 was
induced by NGAL, while Smad7
was not. pSmad2/3 was up-
regulated at 1 h after NGAL
stimulation, peaked at 12 h,
and fell back to normal at 24 h
(P<0.05) (Figure 3B). We con-
clude that this may be related
to feedback inhibition and that
when the amount of Smad2/3
in the cell is sufficient, it is reg-
ulated by the negative feed-
back of the organism.

Down-regulation of NGALR
related to the induction de-
creased of NGAL in HMC

late NGALR expression. Control, transfected with control siRNA; +, cultured

with exogenous NGAL (50 ng/ml). B. HMC transfected with NGALR siRNA
were exposed to 50 ng/ml NGAL for 48 and 72 h, using the administration
of exogenous recombinant NGAL (50 ng/ml) in cells as positive control and
normal cells as negative control. si+NGAL, transfected with NGALR siRNA
and cultured with exogenous NGAL (50 ng/ml). The increased protein ex-
pression of collagen IV and CTGF by cultured HMCs with NGAL is attenuated

by siRNA NGALR.

and CTGF were increased in a time-dependent
manner in HMC stimulated by NGAL. The expres-
sion of fibronectin, collagen IV, and CTGF re-
ached a peak at 12 h (P<0.05) (Figure 2).

NGAL induced the activation of Smad2/3

Studies showed that MAPK and Smad signaling
pathways are involved in the metabolic process
of ECM [22-25]. To further understand the sig-
naling pathways involved in NGAL playing its
biological role in HMC, We carried out the fol-
lowing experiments: Cells were stimulated with
NGAL (50 ng/ml) for 1, 3, 6, 8, and 12 h. The
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As a specific receptor, NGALR
plays a key role in the biologi-
cal effects of NGAL on HMC.
When the two are combined,
the NGAL can move into HMC
and work further. Therefore,
when the expression of NGALR
is inhibited, the binding between the two is
bound to decrease, which leads to the fact that
NGAL cannot effectively enter HMC, and its bio-
logical effects will be affected. In order to prove
our inference, we carried out the following
experiments: the two types of siRNA were used
to down regulate NGALR in HMC for 48 h, then
these cells were exposed to NGAL (50 ng/ml)
for 24 h. These results of western blot showed
that compared with siRNA1, the interference
effects of sSiRNA2 on NGALR protein expression
of HMC had a higher level. The amount of NGAL
entering HMC decreased significantly was
associated with the down regulation of expres-
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vested after 24 h, treated for
24 or 48 h with 50 ng/ml
NGAL, and analyzed by flow
cytometry. Incubation of HMC
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phase cells decreased from
30.1+3.0% to 13.1+6.3% at
24 h and 8.5+2.3% at 48 h
(P<0.05), while the proportion
of G2/M cells remained
unchanged (Figure 5A, 5B).
There was no increased apop-
tosis in HMC cultured with 50
ng/ml NGAL for different times
(Figure 5C). NGAL decreased
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HMC proliferation as deter-
mined by CCK8 assay. The
cells were cultured with 50 ng/
ml NGAL for 12, 24, or 48 h.
The OD450 values were down
to 0.38+£0.01, 0.40+0.03, and
0.47+£0.02, respectively, from

Figure 5. Changes of cell cycle distribution in HMC treated with NGAL. A.
Cells were harvested after 24 h, and treated for 24 or 48 h with 50 ng/ml

@ et 0 12 24

0.43+0.01, 0.50+0.02, and
0.52+0.01 at 12, 24,and 48 h,
respectively (Figure 5D).
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Impact of NGAL on cyclin pro-

NGAL. Cell cycle distribution was analyzed by flow cytometry. B. The per- teins in HMC

centage of cells present in GO/G1, S, and G2/M phases. C. Fluorescence- )
activated cell sorting shows no increased apoptosis in HMC cultured with NGAL regulated the protein
50 ng/ml NGAL for different durations. D. NGAL decreases HMC prolifera- expression of G1 phase cyclins
tion as determined by the CCK8 assay. The cells were cultured with 50 ng/ andcyclin-dependentkinasein-
ml NGAL for 12, 24, or 48 h. Data are shown as the mean + SD of three hibitors (CDKI) in HMC. Using

independent experiments. *P<0.05, versus O hour.

sion of NGALR induced by siRNA2 (Figure 4A).
Following, after NGALR was down-regulated by
siRNA2 for 24 h, HMCs were exposed to NGAL
(50 ng/ml) for 48 and 72 h. The increased pro-
tein expression of collagen IV and CTGF by
NGAL was attenuated by siRNA against NGALR,
according to western blot (Figure 4B).

Cell cycle distribution of HMC treated with
NGAL

In chronic kidney disease, there is usually a

change in the MC cell cycle, so we also carried
out a preliminary study on this. HMC were har-
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western blotting, cyclin D1,

p21, and p27 were increased,
whereas CDK2 was decreased in HMCs treated
with50ng/mINGAL.CDK4didnotchange.Expres-
sion of B-actin protein was examined as a quan-
tity loading control (Figure 6A). Cells were stim-
ulated with 50 ng/ml NGAL for 1, 3, and 6 h,
respectively. The PIBK/Akt kinase pathway was
inactivated in the progression and peaked at 6
h (P<0.05) (Figure 6B).

Discussion

The mechanisms of progression of CKD are
poorly understood. Viau et al. [18] used two
mouse strains that react differently to nephron
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Figure 6. Impact of NGAL on cyclin proteins in HMC. A. NGAL regulates protein expression of the G1 phase cyclins
and cyclin-dependent kinase inhibitors (CDKI) in HMC. Using western blotting, cyclin D1, p21 and p27 were shown
to be increased, whereas CDK2 was decreased in HMCs treated with 50 ng/ml NGAL. There was no change in CDK4
levels. B-actin was used as a quantity loading control. B. Inactivation of the AKT kinase pathway by NGAL. Cells were
stimulated with 50 ng/ml NGAL for 1, 3, and 6 h. Data are shown as the mean + SD of three independent experi-

ments. *P<0.05, versus O hour.

reduction (the FVB/N mice, which develop se-
vere renal lesions, and the B6D2F1 mice, which
are resistant to early deterioration) coupled
with genome-wide expression to explore the mo-
lecular nature of CKD progression. The results
showed that NGAL, the most highly upregulated
gene in the FVB/N strain, was not simply a
marker of renal lesions, but an active player in
disease progression. In addition, NGAL is invo-
Ived in the pathophysiolog ical process of poly-
cystic kidney disease and glomerulonephritis
[26]. Therefore, this study aimed to examine
the effects of NGAL on ECM secretion and cell
cycle of HMC, and to investigate the possible
roles of NGAL in the progression of renal fibro-
sis. Results showed that NGAL induced the
mRNA and protein expression of fibronectin,
collagen 1V, and CTGF by activating Smad2/3.
NGAL caused GO/G1 stagnation through in-
creased cyclin D1, p21, and p27 and decreased
CDK2.

Glomerular mesangial cells are the source of a
variety of cytokines, are a target for a variety of
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cytokines, and play many important physiologi-
cal functions such as ECM secretion. Throu-
gh contraction and expansion, they are involved
in the regulation of glomerular hemodyna-
mics. In pathological conditions, mesangial
cells release a variety of ECM components,
which themselves promote the proliferation of
mesangial cells, thus increasing renal damage.
ECM components are closely associated with
renal fibrosis and mainly included fibronectin
and collagen IV. Excess ECM is detected in vari-
ous glomerular diseases [27, 28]. CTGF is also
a very important cytokine in the process of
fibrosis. In the present study, HMC were stimu-
lated with NGAL and the protein levels of fibro-
nectin, collagen IV, and CTGF were up-regulated
in a time-dependent manner. Silencing of
NGALR attenuated the upregulation of these
proteins when HMC are submitted to NGAL.

MAPK and Smad signaling pathways are in-
volved in ECM metabolism [22-25]. In the pres-
ent study, Smad2/3 was activated, while the
MAPK pathway showed no reaction to NGAL
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