Fig. 6. Quantitative morphometry of PCNA- (A-C) or TUNEL-positive (D-F) cells in renal glomeruli or tubules
of db/db mice treated with LacZ or HGF gene. Percent PCNA-positive cells in renal glomeruli (A) and in tubules
(C). Percent TUNEL-positive cells in glomeruli (D) and in tubules (F). Percent PCNA-positive (B) or percent TU-
NEL-positive (E) glomerular endothelial cells assessed in double immunohistochemical preparations.

Fig. 7. Western blot for TGF-B1 in kidneys
(A), and its densitometric analysis (B). Y-
axis indicates arbitrary unit of densities.
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Fig. 8. Survival curve for the HGF- and LacZ-treated db/db mice.
The mice were treated with HGF gene (n = 15) or LacZ gene n=
15) at the age of 12 weeks and followed for 25 weeks. There was a
significant difference (p = 0.0282) in the survival rate between the
groups. »

treated with the LacZ gene survived within the interval.
Comparison of survival curves by the Kaplan and Meier
method showed a significant difference between the
HGF- and LacZ-treated groups (log-rank 4.814, p =
0.0282) (fig. 8).

Discussion

In general, diabetic nephropathy progresses from the
glomerular hyperfiltration stage into the glomerular scle-
rotic stage with reduced glomerular filtration [30~32]. The
diabetic db/db mice displayed far greater urine volume
and Cer than the nondiabetic db/+m mice, suggesting that
the db/db mice at the beginning of the experiment were
already suffering from the glomerular hyperfiltration stage
of diabetic nephropathy. The db/db mice treated with the
LacZ gene in the present study showed this progression
into the glomerular sclerotic stage during the observation
period, i.e. progressive reduction in urine volume and Cer.
However, the present study revealed that the HGF gene
therapy markedly prevented this progression. Pathologi-
cally, the HGF gene therapy resulted in a significant pre-
vention of formation of glomerular sclerotic lesions and
of glomerular and tubular fibrosis that was marked in the
LacZ-treated db/db mice. The glomerular cell population
of the HGF-treated mice was also significantly greater
than that of the LacZ-treated mice. Overall, it is apparent
that the HGF gene therapy slowed down the progressive

pl00 Nephron Physiol 2006;102:p92~p102

deterioration in functional and pathological aspects of di-
abetic nephropathy in the db/db mice. More importantly,
this therapy improved survival of these mice. It was ap-
parent that the beneficial effect of HGF on diabetic ne-
phropathy was irrelevant to glucose metabolism since lev-
els of blood glucose and HbAlc were similar between the
HGF-untreated and -treated db/db mice. The present
study also confirmed that such effects of the HGF gene
therapy were not observed in nondiabetic db/+m mice.

The glomerular cell population, endothelial cell popu-
lation in particular, was significantly greater in the HGF
gene-treated db/db mice. According to immunohisto-
chemistry for Flk-1 combined with TUNEL assay, the
HGEF gene therapy suppressed glomerular endothelial cell
and tubular epithelial cell apoptosis in db/db mice. Thus,
the present study demonstrated an anti-apoptotic effect
of HGF on those cells. In particular, preservation of the
glomerular endothelial cell population by such mecha-
nism might have greatly contributed to the functional
maintenance of glomerulafﬁltration, because the endo-
thelial cells secure the area for glomerular filtration. Al-
though the thickness of the glomerular basement mem-
brane was also an important regulator of glomerular fil-
tration, the ultrastructural morphometry of the present
study did not confirm this contribution.

Previous studies reported an anti-fibrotic effect of
HGF in the renal tubulointerstitium of animals with
chronic renal diseases including experimentally induced
diabetic nephropathy[17-20]. Consistent with these find-
ings, the present HGF gene therapy resulted in suppres-
sion of fibrosis not only in the glomerulus but also in the
tubulointerstitium of the db/db mice. Moreover, similar
to the capillary endothelial cells, tubular epithelial cells
showed decreased apoptosis. Thus, HGF exerted benefi-
cial effects by affecting both glomerular and tubulointer-
stitial lesions of djabetic nephropathy. The HGF gene
therapy resulted in a smaller glomerular sclerotic index
and a more reduced fibrotic area in glomeruli of diabetic
nephropathy, compared with the LacZ gene treatment.
Thus, the HGF gene therapy alleviated the progression to
glomerular obsolescence in diabetic nephropathy through
areduction in the mesangial matrix and fibrosis and also
through maintenance of the glomerular cell component,
endothelial cells in particular. An opposite effect of HGF
against TGF-B was reported previously [15, 33, 34]. In
the present study, the Western blot analysis actually dem-
onstrated greatly attenuated expression of TGF-B1 in the
HGPF-treated kidneys of db/db mice. Since TGF-B, in ad-
dition to platelet-derived growth factor (PDGF), acceler-
ates transformation of mesangial cells into myofibroblasts
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that potentially produce collagen fibers [35, 36], such an
anti-TGE-B effect of HGF may be important for attenu-
ation of glomerulosclerosis in diabetic nephropathy. Al-
ternatively, as Mizuno et al. [17] previously suggested, an
endothelial protective effect of HGF may play an impor-
tant role for the prevention of glomerulosclerosis.

Mizuno et al. [19] recently reported beneficial effect of
injection of recombinant human HGF on streptozotocin-
induced diabetic nephropathy in mice. Although our
findings were mostly consistent with theirs, there are
some discrepancies in some aspects. They found that
HGF treatment reduced glomerular area and suppressed
glomerular hyperfiltration, which were opposite to our
findings. It may be most likely that the discrepancy was
caused by the difference of animal models with different
stage and progression of diabetic nephropathy; our mod-
el might be at the later stage than that of Mizuno et al. as
it was already at the hyperfiltration stage at the beginning
of the experiments. Laping et al. [37] reported that dia-
betic nephropathy in db/db mice was aggravated by an
HGF supplement. However, the dose of HGF used in the
study seemed to be too low to attain and sustain physio-
logical HGF level as Mizuno et al. [19] pointed out. In
our study, the plasma HGF levels were considered suffi-
ciently high because the level was greater at any time
point measured than that produced by the plasmid DNA
injection in another study [38], which effectively prevent-
ed progression of liver cirrhosis in an animal model. The
way in which the very low dose of HGF has different ef-
fects awaits results from additional studies.
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