Ang Il and Src/Smad? in diabetic nephropathy
A Mima et al

936

a Anglt -  + + -
DNSc - - 4+ =

pSmadl i S e s
Col4 =
B-actin ==
b
10 E 1‘2 -
£ 08+ 1.0
(5]
=
g 0.6 § 0.8
T & 0.6
g 0.4 - <
a os 804+
7 0.2 -
0
Ang Il -+ e - Ang il -+ -
DN Src R DN Src - -4+

Figure 7 Effects of dominant negative Src on Ang ll-mediated
signaling in mesangial cells. (a) Effect of dominant negative Src
on pSmad1 and Col4 in mesangial cells. After mesangial cells
were transfected with dominant negative Src or mock vector, cells
were starved and stimulated with Ang II (0.1uM, 15min). A
representative data from three independent experiments is
shown. (b) Optical densitometry of pSmad1 and Col4 in Western
blotting. *P<0.05 vs mock vector with Ang II stimulation.

the inhibition of the Smad1- and Src-mediated path-
way. We also demonsirated that Ang II could
stimulate Col4 production and induce a mesangial
phenotypic change through Src and Smad1. This
is the first demonstration showing the molecular
mechanism of Ang Il and AT1 through the Src/
Smad1 pathway on mesangial matrix expansion in
diabetic nephropathy.

In mesangial matrix expansion, mesangial cells
undergo a phenotypic change with markedly upre-
gulated expression of Col4 and «-SMA.**?" It is well
known that Ang II plays an important role in the
development of mesangial matrix expansion.'**
Previous studies have reported that transforming
growth factor-f (TGF-pB) and its downstream signal-
ing as a critical factor in mediating mesangial matrix
expansion in diabetes and that one mechanism
whereby Ang Il promotes diabetic mesangial matrix
expansion is by stimulating TGF-$ production.***°
However, TGF-B is not sufficient for the induction of
mesangial matrix expansion.*’ Therefore, another
signaling pathway might present to activate Smad1,
inducing mesangial matrix expansion in the early
phase of diabetic nephropathy. In this regard, we
propose here that Ang II can also activate Smad1 via
an Src-dependent pathway in the development of
mesangial matrix expansion in the early phase of
diabetic nephropathy. Therefore, we tried to dissect
the role of RAS in the development of mesangial
matrix expansion in the early phase of diabetic
nephropathy in STZ diabetic models. These models
are acceptable, because they can mimic those
occurred in the early phase of human diabetic
nephropathy, in terms of the association between
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Figure 8 Effects of siRNA against Src on of Ang Il-mediated
signaling in mesangial cells. (a) Effect of siRNA knockdown of Src
on Src, pSrc, pSmadl, and Col4 in mesangial cells. After
mesangial cells were transfected with control siRNA or Src-
specific siRNA, cells were starved and stimulated with Ang Il
(0.1 M, 15min). A representative data from three independent
experiments is shown. (b) Optical densitometry of Src, pSic,
pSmad1, and Col4 in Western blotting. *P<0.05 vs control siRNA
with Ang II stimulation,

functional and structural changes. However, they
show only minimal glomerular structural changes
even after 1 year of diabetes,*” and STZ itself has
virulence and carciogenecity. In this study, we
demonstrated that one of the mechanisms of AT1
aritagonists to improve in the early phase of diabetic
nephropathy is mesangial matrix expansion through
the inhibitory effect on the expression of Col4 and «-
SMA possibly through the Src/Smad1 pathway in
STZ rats. This conclusion is based on our following
observations. Our in vitro study demonstrated that
Ang II could induce rapid phosphorylation of
Smad1 and Src in cultured mesangial cells and this
phosphorylation was blocked by AT1 antagonists.
We also showed that Ang II induced Col4 expres-
sion, which was also blocked by AT1 antagonists.
Further, PP2% significantly inhibited not only Ang



Il-induced phosphorylation of Src, but also of
Smadi1. The experiments by dominant negative
and siRNA also confirmed the presence of interac-
tion of Src and Smad1. Treatment of STZ rats with
olmesartan clearly inhibited the phosphorylation of
Src and Smad1 in the glomerulus. Thus our data
indicate a novel interaction of Ang II, Src, and
Smad1. So far, there is one report showing the
possibility of interaction between Ang Il and Smad7
in diabetic mouse.** To our knowledge, however,
there is no report showing that Src is involved in
diabetic nephropathy. Therefore, our study high-
lights the importance of Src in diabetic nephro-
pathy. However, a direct molecular mechanism
between Src and Smad1 is still unclear. Therefore,
further study is needed to delineate the signaling
mechanism in details.

In this study, we treated rats with a low dose of
olmesartan and found no significant difference in
systolic blood pressure among the four groups
studied. In addition, olmesartan attenuated diabetic
mesangial matrix expansion, independent of its
effects on glucose metabolism. Indeed, in this study,
olmesartan-treated rats showed a slight decline in
creatinine clearance and albuminuria. There was a
statistical difference between the groups, but are not
so large. Therefore, the effect of AT1 antagonists in
this study might be relatively small. Previous
studies show that cyclic stretching of cultured
mesangial cells that may occur in response to
glomerular hypertension leads to increased synth-
esis of matrix proteins and TGF-f.*>*°

Recently, mesangial cells have been shown to
produce TGF-f when exposed to advanced glycation
end products (AGEs).*” We also showed that chronic
exposure of AGEs induces the increase of Smad1
gene activation and expression, leading to Col4
overproduction via a TGF-f-dependent pathway.'®
Fukami et al*®* showed that AGEs can induce
reactive oxygen species generation, which activates
TGF-$-Smad2 signaling and subsequently induces
mesangial cell hypertrophy and fibronectin syn-
thesis by autocrine production of Ang II. Others
indicate that intrarenal generation of Ang II is
elevated in diabetes, which subsequently leads to
TGF-f secretion.****3° These studies explained the
interaction between Ang II and TGF-§ in diabetic
nephropathy. Therefore, it is intriguing whether
these effects of Ang II in our study are mediated
through TGF-B. However, the phosphorylation of
Smad1 occurred very rapidly in mesangial cells.
Further, TGF-f-neutralizing antibody did not affect
the phosphorylation of Smad1 induced by Ang II
(data not shown). Thus, our data indicate that the
Ang II-Src/Smad1 pathway is independent of TGF-§
activation in mesangial cells, supported by the
observation that TGF-f is not sufficient for the
induction of mesangial matrix expansion.*!

Therapeutic approaches to downregulate TGF-f
signaling under diabetic conditions provide one
strategy for the treatment of diabetic nephropathy. In
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experimental animals, the endogeneous proteogly-
can decorin, a natural inhibitor of TGF-$,°** and
the use of a neutralizing TGF-§ antibody®*** have
been shown to prevent the development of diabetic
nephropathy. Our study indicates that the inhibition
of Src may be a useful treatment for diabetic
nephropathy. However, these experimental thera-
peutic approaches have not been practical in
diabetic patients yet. Therefore, the administration
of AT1 antagonists, which can downregulate the
signaling of Src/Smad1 should be a first-line therapy
for diabetic nephropathy.

Ang II binding to AT1 receptor triggers the
activation of Ca®* signaling and protein kinase C.
The signal is then transmitted to tyrosine ({Src)
phosphorylation, mitogen-activated protein kinase
leading to proliferation.® In this study, we have
shown the direct link between Src and Smad1
activation, and subsequent increase of Col4 synth-
esis in mesangial cells. However, the phosphoryla-
tion of Smad1 is independent of p44/42 MAP kinase
activation in mesangial cells. Therefore, the Ang II-
dependent Src-Smad1 pathway is specifically re-
sponsible for the development of diabetic mesangial
matrix expansion.

In conclusion, our study indicates that Ang II can
modulate Smadl-mediated signaling in diabetic
mesangial matrix expansion via an Src-dependent
pathway. Our study also implies that AT1 antago-
nists can prevent the glomerular structural changes
in the early phase of diabetic nephropathy through
the inhibition of Src and Smad1.
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Gender Difference in Coronary Events in Relation to
Risk Factors in Japanese Hypercholesterolemic
Patients Treated With Low-Dose Simvastatin

Jun Sasaki, MD; Toru Kita, MD*; Hiroshi Mabuchi, MD**; Masunori Matsuzaki, MD?;
Yuji Matsuzawa, MD*"; Noriaki Nakaya, MD#¥; Shinichi Oikawa, MD#%;
Yasushi Saito, MD?$; Kazuaki Shimamoto, MD3$$; Suminori Kono, MD{;

Hiroshige Itakura, MD1i2; the J-LIT Study Group

Background Gender differences between the risk factors for coronary heart disease and coronary events were
examined in the Japan Lipid Intervention Trial, a 6-year observational study.

Methods and Results Men (12,575) and women (27,013) were analyzed for risk of coronary events (acute
myocardial infarction and sudden cardiac death). Simvastatin reduced serum low-density lipoprotein cholesterol
(LDL-C) by 27% in both genders, and increased serum high-density lipoprotein cholesterol (HDL-C) in men
(5%} and women (4%). The incidence of coronary events was lower in women (0.64/1,000 patient-years) than in
men (1.57/1,000 patient-years). The risk of coronary events increased by 18% in men and 21% in women with
each 10mg/d! elevation of LDL-C, and decreased by 39% in men and 33% in women with each 10mg/dl eleva-
tion of HDL-C. The risk increased proportionally with aging in women, but not in men. Diabetes mellitus (DM)
was more strongly related to the risk of coronary events for women (relative risk 3.07) than for men (relative risk
1.58).

Conclusions The incidence of coronary events is lower in women. Serum LDL-C is related to an increased risk
of coronary events to the same extent in both genders. DM seems to be a more important risk factor in women,

trading off the lower risk of coronary events among them.

(Cire J 2006; 70: 810-814)

Key Words: Coronary events; Hyperlipidemia; Risk factors; Serum cholesterol; Sex differences

{4 oronary heart disease (CHD), including myocardial
infarction and cardiac sudden death, is one of the
/ leading causes of death in Japan! The risk of de-
veloping CHD is known to be markedly different between
men and women:23 CHD incidence is 2 to 5 times higher
among middle-aged men than women. In the Japan Lipid
Intervention Trial (J-LIT)+7 we previously reported that
serum total cholesterol (TC) and low-density lipoprotein
cholesterol (LDL-C) concentrations were positively and
serum high-density lipoprotein cholesterol (HDL-C) con-
centration was inversely related to CHD or cerebrovascular
disease risk in patients under treatment for hypercholester-
olemia. The role of coronary risk factors in the develop-
ment of CHD has been studied extensively in men$-10 but
relatively few studies have investigated women211
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This study aimed to assess gender differences in the
association of risk factors with CHD in the J-LIT data. The
J-LIT is a nationwide cohort study of 52,421 hypercho-
lesterolemic patients treated with open-labeled low-dose
simvastatin (5-10mg/day)*> The J-LIT included a large
number of female patients, and we were able to investigate
the gender difference in the role of risk factors in the occur-
rence of coronary events.

Methods

Study Design

The design of the J-LIT study has been previously de-
scribed!? Briefly, study patients with serum TC concentra-
tion 2220mg/dl, men aged 35-70 years and postmeno-
pausal women aged 70 years or less, were treated with
5-10mg/day of simvastatin. Body weight, serum lipid con-
centrations (TC, LDL-C, HDL-C, and triglyceride (TG))
were measured at baseline, and patients were interviewed
as regards family history of CHD, number of cigarettes
smoked, and the amount of alcohol ingestion. Serum lipid
concentrations and CHD-related events (acute myocardial
infarction and cardiac sudden death) were monitored every
6 months for 6 years in all patients, including those who
discontinued simvastatin. Serum lipid concentrations were
determined in each study institution, and the serum LDL-C
concentration was calculated using the Friedewald formula
for patients with TG concentration <400mg/dl!? Study
physicians recommended dietary and exercise-therapy for
hyperlipidemia to all patients. Additional lipid-lowering
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agents were allowed only when an adequate response in
serum TC concentration was not gained by simvastatin
monotherapy. Each patient was informed of the purpose
and method of the study, drug efficacy and the need for
long-term treatment and they gave verbal, not written,
informed consent.

Subjects

Patients who had been previously treated with a lipid-
lowering agent were screened for eligibility after a washout
period of at least 4 weeks. For patients previously treated
with probucol, the washout period was at least 12 weeks.
The exclusion criteria were the occurrence of acute myo-
cardial infarction or stroke within the past month, concur-
rent uncontrolled diabetes mellitus (DM), serious hepatic
or renal disease, secondary hypercholesterolemia, cancer or
any other illness with potentially poor survival.

Of the 52,421 patients enrolled, 5,127 were excluded be-
cause of a history of CHD, 4,934 for lack of follow-up data,
and 2,772 for missing data of the covariates. Therefore,
data from 39,588 patients (12,575 men, 27,013 women)
were used in the present study.

Endpoints

The primary endpoints were major coronary events,
defined as nonfatal and fatal myocardial infarction and
sudden cardiac death. Incidence of myocardial infarction or
death was counted once for each patient during the treat-
ment, and the follow-up data thereafter were excluded from
the analysis. The events were reviewed and determined by
the Endpoint Classification Committee.

Statistical Analysis

The mean lipid concentrations were calculated using
data available at the follow-up points in time during the
treatment period. The data of lipid concentrations after the
onset of events were excluded. Data during the treatment
period after discontinuation of simvastatin were also
included for analysis. Mean values for serum lipid concen-
trations and age were tested with unpaired t-test, and the
prevalence of baseline characteristics were tested with the
chi-square test for comparison between men and women.
Patients in each sex were categorized into 5-6 groups
according to the mean lipid concentrations of treatment
period for TC, TG, LDL-C and HDL-C with intervals of
20,50,20, 10mg/dl, respectively, and for the LDL-C/HDL-
C ratio with an interval of 0.5. The reference category for
the relative risk was set on the group with the lowest lipid
concentrations and the lowest value of LDL-C/HDL-C
ratio. Relative risks and the 95% confidence intervals (CI)
were calculated using the Cox proportional hazards model
with adjustment for baseline characteristics such as sex,
age, hypertension, DM, body mass index (BMI), ECG
abnormality, family history of CHD, alcohol ingestion and
cigarette smoking. Heterogeneity between men and women
was evaluated by the likelihood ratio test. Two-sided p-
value <0.05 was considered statistically significant. All the
statistical calculations were performed using SAS software
(version 8.02, SAS Institute, Inc, Cary, NC, USA).

Results

Serum Lipids and Other Risk Factors
There were no significant difference as regards the preva-
lence of obesity (BMI 225.0kg/m2), hypertension, ECG
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Table 1 Baseline Characteristics of the Subjects
Men Women
(n=12,575) (n=27.013)
Age (vears) 54.0(9.1) 59.5(6.5)
Obesity (%) 36.7 322
Hypertension (%)" 454 46.3
Diabetes mellitus (%)¢ 20.0 13.9
ECG abnormality (%) 134 12.9
Fumily history of CHD (%)’ 5.1 4.8
Cigarette smoking (%) 438 4.1
Alcohol use (%)° 73.4 8.7
Lipid profiles
Baseline (mg/dl)
TC 2068 (41) 271(31)
LDL-C 178 (34) 184 (33)
TG 250 (241) 169 (111)
HDL-C 49(15) 55(15)
During the treatment (mg/dl)
TC 218(31) 221(29)
LDL-C 130(31) 135(28)
TG 198 (133) 148(77)
HDL-C 51(13) 57(14)

Figs are mean*SD unless otherwise specified.

CHD, coronary heart disease; TC, total cholesterol; LDL-C, low-density
lipoprotein-cholesterol; TG. triglyceride; HDL-C, high-density lipoprotein-
cholesterol.

@ Body mass index 225 kg/m?. ¥ Systolic blood pressure 2160 mmHg and/or
diastolic blood pressure 295 mmHg or medication for hypertension. </ Fust-
ing plasmua glucose 2140 mg/dl or medication. ¥ Study physician’s diagno-
sis. “'Self-reported information.

abnormality, and family history of CHD between men and
women (Table 1). In men, the prevalence of DM was higher
(p<0.001), and cigarette smoking and alcohol ingestion
were much more frequent (p<0.001).

Lipid profiles at baseline and during the treatment period
are shown for men and women in Table 1. Men had higher
concentrations of serum TG and lower concentrations of
serum HDL-C at baseline and during the treatment in
comparison with women. Mean percent changes in the TC,
LDL-C, TG, and HDL-C concentrations from baseline to
during the treatment in men were ~18.8% (p<0.001), -27.2%
(p<0.001), ~20.9% (p<0.001), and +4.7% (p<0.001), re-
spectively, and the corresponding values in women were
~18.2% (p<0.001), -26.6% (p<0.001), ~12.8% (p<0.001)
and +4.4% (p<0.001), respectively.

Incidence of Coronary Events

The incidence of coronary events was greater (105/
12,575) in men than in women (93/27,013) during the treat-
ment period. Incidence rates of coronary events per 1,000
patient-years were 1.57 in men and 0.64 in women. The
age-adjusted relative risk of coronary events for men vs
women was 2.81 (95% CI 2.10-3.76, p<0.001).

Serwm Lipid Concentrations During the Treatinent Period
and Risk of Coronary Events

The risk of coronary events in relation to serum lipid
concentrations is shown in Table 2. Increased risk for coro-
nary events was evident at TC 2240mg/dl and LDL-C
>160mg/dl in both men and women. An increased risk
of CHD associated with elevated concentration of TG
(2250 mg/dl) was noted in women but npot in men. In men,
the relationship between TG and CHD risk was not mea-
surable. A lower risk of coronary events associated with
elevation in HDL-C was seen in both sexes, but the protec-
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Table 2 Relative Risk of Coronary Events According to Serum Lipid Concentrations During Treatment®

Men Women
N Event RR 95%CI p value N Event RR 95%CI p value

TC (mg/dl)

<200 3,442 24 1.00 (Referent) 5833 22 1.00 (Referent)

200-219 3,643 23 0.99 (0.56-1.77) 0.984 8,194 14 0.52 (0.27-1.02) 0.057

220-239 3,029 25 1.46 (0.83-2.56) 0.192 7.070 18 0.88 (0.47-1.64) 0.687

240-259 1,431 15 201 (1.05-3.88) 0.036 3,668 22 2.19 (1.21-3.98) 0.010

260~ 1,030 18 348 (1.86-6.52)  <0.001 2,248 17 2.82 (1.48--5.36) 0.002
LDL-C (mg/dl}

<20 4,680 27 1.00 (Referent) 8.050 22 1.00 (Referent)

120-139 3,542 23 1.24 (0.71-2.16) 0.456 8418 17 0.83 (0.44-1.57) 0.566

140-159 2,406 21 1.84 (1.03-3.26) 0.038 6,185 19 142 (0.77-2.64) 0.263

160179 1.057 12 2.60 (1.31-5.17) 0.006 2,673 17 3.29 (1.74-6.23)  <0.001

180- 648 17 6.58 (3.53-12.25) <0.001 1,564 17 578 (3.03-11.00) <0.001
TG (mg/dl)

<100 1,521 11 1.00 (Referent) 6,337 18 1.00 (Referent)

100-149 3,663 22 0.84 (0.41-1.74) 0.634 10,444 32 0.98 (0.55-1.76) 0.946

150-199 3,127 33 1.51 (0.76--3.02) 0.243 5861 17 0.87 (0.44-1.71) 0.684

200-249 1,768 18 1.46 (0.68-3.15) 0.330 2,429 9 1.12 (0.50-2.53) 0.783

250~ 2,494 2] 1.24 (0.58-2.65) 0.572 1,921 17 2.62 (1.32-5.21) 0.006
HDL-C (mg/dl)

<40 2,198 36 1.00 (Referent) 1.758 10 1.00 (Referent)

4044 2,133 23 0.64 (0.38-1.09) 0.099 2,794 17 1.12 (0.51-2.45) 0.776

45-49 2,207 17 0.44 (0.25-0.80) 0.006 4,101 24 1.09 {0.52-2.28) 0.819

50-54 1,956 13 0.39 (0.21-0.74) 0.004 4,440 13 0.57 (0.25-1.30) 0.179

55-59 1,402 8 0.33 (0.15-0.72) 0.005 4,053 13 0.66 (0.29-1.51) 0.324

60~ 2,679 8 0.17 (0.08-0.36)  <0.001 9,867 16 0.33 (0.15-0.73) 0.006
LDL-C/HDL-C

<2.0 2,851 11 1.00 {Referent) 7,426 1 1.00 (Referent)

2.0-2.4 2,719 11 1.10 (0.48-2.55) 0.817 6.909 19 1.95 (0.924.10) 0.080

2.5-2.9 2,598 17 1.91 (0.89-4.10) 0.095 5,884 14 1.68 (0.76-3.72) 0.199

3.0-34 1,889 20 3.21 (1.53-6.74) 0.002 3,545 21 4.57 (2.19-9.54) <0.001

3.5-4.0 1,082 13 387 (1.72-8.72) 0.001 1,728 12 5.04 (2.21-11.49) <0.001

4.0- 1,194 28 8.06 (3.95-16.44) <0.00] 1,398 15 8.56 (3.88-18.88) <0.001

RR, relutive risk; CI, confidence interval. Other abbreviations see in Table 1.
9 Coronary events included acute myocardial infurction and sudden cardiac death. Adjustment for age, hypertension, diabetes mellitus, body muss index, ECG

abnormality, family history of CHD, cigarette smoking. and alcohol use.

Table 3 Relative Risk of Coronary Events and Baseline Characteristics®

Men Women Heterogeneity
N Event RR 95%CI p value N Event RR 95%CI p value pvalue”

Age (years)

<55 6,281 49 1.00  (Referent) 6,137 8 1.00  (Referent) 0.008

55-59 2,182 4 0.74 (041-1.34) 0.320 6,488 15 1.82  (0.77-4.29) 0.174

60-64 2,164 17 087 (0.50-1.53) 0.627 7,412 29 3.02 (1.38-6.62) 0.006

265 1,948 25 142 (0.86-2.34) 0.168 7276 4] 411 (1.92-882) <0.001
Obesity*! 4,621 40 099 (0.66-1.48) 0.956 8,700 32 091  (0.59-1.40) 0.663 0.676
Hypertension 5705 68 2,15 (1.42-3.26) <0.001 12511 62 205 (1.32-3.18) 0.001 0.864
Diabetes mellitus®’ 2,513 29 1.58 (1.03-2.43) 0.037 3,747 31 3.07  (1.99-4.74) <0.001 0.019
ECG abnormality” 1,681 26 1.86 (1.18-2.91} 0.007 3473 23 1.67  (1.04-2.70) 0.035 0.972
Family history of CHD#/ 637 10 2.00 (1.04-3.84) 0.038 1289 13 334 (1.85-6.04) <0.001 0.317
Cigarette smoking®! 5,506 52 146 (0.98-2.17) 0.063 1,105 9 294 (1.43-6.02) 0.003 0.148
Alcohol use® 9,224 70 0.63 (041-0.96) 0.031 2,337 6 0.6/ (0.26-1.45) 0.266 0.933

Abbreviations see in Tubles 1,2.

W Coronary events included acute myocardial infarction and sudden cardiac death. Adjusiment for age, hypertension, diabetes mellitus, body mass index, ECG
abnormality, family history of CHD, cigarette smoking, and alcohol use. ¥ Heterogeneity between men and women, based on the likeliood ratio test. <! Body
ntuss index 225 kg/mis. ¥ Systolic blood pressure 2160 mmHg and/or diastolic blood pressure 295 mmHg or medication for hypertension. ' Fusting plasma
glucose 2140 mg/dl or medication. ) Study physician’s diagnosis. Y Self-reporied information.

tive association was more evident in men. The relative risk
for coronary events was substantially increased in patients
with LDL-C/HDL-C 23.0 in both men and women.

The increase in the risk of coronary events for each
10mg/dl elevation of LDL-C concentration during the
treatment period was 18% (95%Cl 12-24%) in men and
21% (95% CI 15-27%) in women, and the decrease in CHD

risk associated with each [0mg/dl elevation of HDL-C
concentration was 39% in men and 33% in women. The
relationships of coronary events with baseline LDL-C and
HDL-C concentrations were also examined, but were much
weaker than those observed during the treatment period.
With each 10mg/dl elevation of LDL-C concentration at
baseline, the increase in the relative risk was 7% for men
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Gender Difference in Coronary Events
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Figl. Estimated rates of coronary events accord-
ing to age in men and women with and without dia-
betes mellitus (DM). Incidence rates were calculated
from coronary heart disease (CHD) relative risks
and the proportion of patients in each age category,
for men and women separately, using Cox propor-
tional hazards model, in which adjustment was

<55 55-59 60-64 6570 <55 55-59

and 9% for women and the decrease in risk with each
10mg/dl elevation of HDL-C at baseline was 20% in both
men and women.

Patient Baseline Characteristics and Risk of Coronary
Events

The effect of age on the risk of coronary events was seen
in women, but not in men (Table3). Hypertension, DM,
ECG abnormalities and a family history of CHD were also
risk factors for coronary events in both men and women,
but increased risks associated with DM and a family his-
tory of CHD were more marked for women than for men;
the relative risk with DM was 1.58 in men and 3.07 in
women, and the corresponding values for a family history
of CHD were 2.00 in men and 3.34 in women. Obesity was
unrelated to coronary events in either men or women.
Although alcohol ingestion was protective in both men and
women to the same extent, cigarette smoking was more
strongly related to an increased risk of coronary events in
women.

Discussion

This report addresses the gender differences in the rela-
tionship of serum lipid concentrations and other risk factors
to CHD risk in Japanese patients under long-term treatment
for hypercholesterolemia. Although serum TC and LDL-C
concentrations were very similarly related to CHD risk in
men and women, there was a difference between men and
women in the relationship to serum TG and HDL-C con-
centrations. An inverse relationship of HDL-C to CHD risk
was seen in men and women, but the HDL-C concentration
showing a decreased risk of CHD differed by sex. The risk
was significantly decreased at HDL-C 245 mg/dl in men and
at HDL-C 260mg/dl in women. The findings agree with
observations published in the United States and Europe?-3
and further indicate that the criterion of “jow HDL-C” must
be differential for men and women. An increased risk was
observed only in women with an extremely high concentra-
tion of TG (=250 mg/dl). Interpretation of this finding is
difficult, and we do not have a clear idea about the implica-
tion of the present finding on serum TG.

In the present study, men did not show a clear increase in
the risk of coronary events with increasing age, whereas
there was a progressive increase in the risk with advancing
age in women. The latter finding could be a reflection of
the increase in serum TC and LDL-C concentrations with
increasing age after menopause. The lack of an increasing
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Age (years) smoking, and alcohol use.

trend in the association between age and coronary events in
men is an unexpected finding, and may have been due to
unknown characteristics of the male participants in the
present study.

Whereas DM was related to increased CHD risk in both
men and women, the increased risk was much greater in
women, as indicated by a statistically significant interaction
(p=0.019). These results did not change when further
adjusted for TC or LDL-C. However, the risk difference
between men and women for DM was not unique to the
J-LIT patients. In a meta-analysis of 10 prospective studies,
Lee et al showed that the effect of DM on the CHD risk
was greater in women than in men!* They showed that the
relative risk of coronary death for DM patients vs non-DM
patients was 2.58 (95% CI 2.05-3.26) in women and 1.85
(95%C1 1.47-2.33) in men (interaction p=0.045)!¢ It was
further noted in a later study that DM diminished the
female advantage for lower CHD incidence!> That DM is a
stronger CHD risk factor in women may be related to the
lower concentrations of HDL-C. Walden suggested that
Jower HDL-C concentrations in diabetic women as com-
pared with men might be relevant to a stronger association
between DM and CHD in women!® In the present study,
mean HDL-C concentrations in female diabetic patients
were lower than those of non-diabetic patients (55.5 vs
57.5mg/dl, p<0.001), but there was no difference in the
HDL-C concentrations between the 2 groups in men (50.8
vs 51.3mg/d}, p=0.09). The relative risk for DM was un-
changed with adjustment for HDL-C. When the predicted
rates of CHD incidence according to age were examined in
men and women with and without DM (Fig 1), the increase
in CHD incidence with aging was augmented in the pres-
ence of DM. Notably, DM diminished the women’s advan-
tage of having a lower CHD incidence in older patients.

Both cigarette smoking and family history of CHD were
related to a greater increase in the risk of coronary events in
women than in men. These differential increases in men
and women may have been caused by random variation, as
indicated by the lack of statistical significance for the inter-
action. As regards the effect of cigarette smoking, some
studies suggest that smoking is a stronger risk factor in
women than in men217 but others have failed to find such a
finding!8

Finally, the present study results indicated that hyperten-
sion was an important risk factor in men and women equal-
ly, and that alcohol ingestion was protective in both sexes.
These findings are in agreement with observations reported
elsewhere!9-21
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In conclusion, the incidence of coronary events was 60%
lower in women than in men among the J-LIT participants.
Although the relationship of serum TC and LDL-C concen-
trations to coronary events was similar in men and women,
the HDL-C concentration associated with a decreased risk
of coronary events was slightly higher in women. DM was
a stronger risk factor in women, and traded off the women’s
advantage of having a lower risk of coronary events, espe-
cially in aged patients.
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Word List Recall in the current study was the presence of
neuropathy or nephropathy. Several mechanisms are
involved in the pathogenesis of diabetic neuropathy,
including vascular dysfunction, polyol pathway, and
advanced glycation end-product accumulations.'® A com-
mon mechanism may be involved in DM-related central
nervous system dysfunction and peripheral neuropathy.

The current analysis demonstrates that the specific
factors associated with decline were different in two
different tests, suggesting that multiple factors may cause
diabetes-related cognitive decline.
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AGE, SOCIAL STRATUM, AND OBESITY IN LATIN
AMERICA: SIMILARITIES IN THE INEQUALITIES
FOR OLDER PEOPLE

To the Editor: In the recent years, there has been accumu-
lating evidence about the increasing prevalence of obesity in
developing countries—in children and adults.!?

29.5
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P = 045"
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g
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Figure 1. Mean body mass index (kg/m?) according to the social
stratum. Analysis of variance, P =.01. *Post hoc analysis. 'In-
ternational dollars.

In a recent Lancet article, Silveira argues that “it is
intriguing that in these social layers (poor and rich), low
birthweight and obesity are becoming more frequent.”3 In
addition, she makes some interesting considerations about
the importance of this phenomenon to pediatrics.

Whereas increasing prevalence of obesity among the
poor is being reported in Brazil, as well as in many other
developing regions of the world,! it does not seem to be the
case for the upper social stratum, at least in Brazil. Indeed,
some Brazilian studies have demonstrated that the preva-
lence of obesity in the upper class, although high, is stabi-
lizing or declining.* This phenomenon might also be the
case in older people.

In a recent community research, in which 421 older
people living in the medium-sized city of Porto Alegre, Bra-
zil, were evaluated, an intriguing significantly (P =.01)
higher body mass index (29.2) was found in the middle class
(monthly income $300~500) than in the poor {26.7) or rich
(27.7) strata (Figure 1).

In addition, education was lower in the middle than the
upper class (P =.002), and the former tended to eat more
beef (P =.03) than the other two social strata.

The Bambui project, a Brazilian longitudinal study on
aging, has also found obesity to be more common in nonpoor
than in poor older people.® In this Brazilian sample, malnu-
trition was found to be associated with lower family income
(P =.05). The Bambui study also reported that underweight
in older people increased inversely with family income.

Malnutrition may lead to immunodeficient status,
which in the tropical developing countries, means a high-
er risk of developing tropical diseases. Indeed, the same
study reported higher prevalence of Trypanosoma cruzi in
undernourished older people.®

Here is where pediatrics and geriatrics come together,
because the two opposite extremes of age are more de-
pendent upon the environment. The possibility that devel-
oping economies have been affecting the prevalence of
obesity and malnutrition in children and older people in a
different fashion is puzzling. It is possible that an increasing
prevalence of obesity in the less-privileged stratum and de-
creasing frequency in the richer class may help to explain
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the higher mean body mass index found in this sample’s
middle class.

In the last decade, Brazilian economic policies have re-
duced the once 100% retirement pensions for the middle
class. This study also found that the middle class tended to
keep working more after retirement (P =.002) and to ex-
ercise less than the other two strata (P =.001). It is possible
that a combination of actively working after retirement,
having less time to exercise, being sedentary, and being un-
der stress may create a milieu for obesity.

Whereas redistributive economic policies in Latin
America are mandatory, governments should not put the
onus excessively upon the middle-class aged.
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PURPLE URINE BAG SYNDROME IN GERIATRIC
PATIENTS

To the Editor: Purple urine bag syndrome (PUBS) is an un-
common but interesting condition that has been encoun-
tered in geriatric wards. Two patients with PUBS are
described below, followed by a brief discussion of this con-
dition.

Patient 1 was a 70-year-old bedridden man who suf-
fered from progressive paraplegia as a result of tuberculous
meningitis and arachnoiditis. He required long-term urinary
catheterization for urinary retention and had repeated uri-
nary tract infections. Patient’s condition was further com-
plicated with a urethrocutaneous fistula that healed poorly,
because he refused suprapubic catheterization to facilitate
healing. He was chronically constipated and required ha-
bitual use of laxatives. After staying in a chronic care ward
for 4 years, his urine bag, together with the drainage cath-
eter, was noted to have purple discoloration for the first time
(Figure 1). Patient was afebrile, and all vital signs were sta-
ble. His indwelling urinary catheter and drainage bag were
changed, but the purple color appeared again shortly after-
ward. He developed fever 3 days later, and a sepsis exam-
ination was performed. Bedside urine Multistix revealed
urine pH of 8.5, protein of 100 mg/dL, and was negative for
leukocyte, red cells, nitrite, and glucose. Urine microscopy
revealed moderate numbers (10,000-100,000 cells/mL) of
leukocytes and grew Providencia species (> 100, 000 col-
ony forming units (CFU)/mL), whereas blood culture per-
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Diabetic nephropathy is the leading cause of end-siage renal disease, and glomerular mesangial matrix
expansion is the halimark in diabetic nephropathy. However, the precise mechanism for the development of
mesangial matrix expansion has remained unknown. The key component involved in mesangial matrix
expansion is type IV collagen (Cold). Recenily, we have reported that Smadl transcriptionally regulates
expression of Col4 under diabetic conditions in vitro. Here we show that this direct regulator of Col4 also plays
a crucial role for mesangial mairix expansion in vivo. Streptozotocin-induced diabetic rats are the model of
incipient diabetic nephropathy, and showed various levels of mesangial matrix expansion at 24 weeks. The
glomerular expression of Smadl was significantly increased in diabetic rats with more mesangial matrix
expansion by Western blot and immunohistochemical analysis. Furthermore, the glomerular expression of
Smad1 was closely correlated with the glomerular expression of Col4 and smooth muscle alpha actin («-SMA),
while albuminuria or glomerular filtration rate was not correlated with mesangial matrix expansion. We also
found that urinary excretion of Smad1 was closely associated with the severity of mesangial matrix expansion.
In cultured mesangial cells expression of Smad1 upregulated the transcriptional activity of key molecules in
mesangial matrix expansion, such as Col4 and «-SMA. These data indicate the critical involvement of Smad1 in
mesangial matrix expansion in the early phase of diabetic nephropathy. Our data imply that urinary Smad1
might be a representative diagnostic marker for mesangial matrix expansion in diabetic nephropathy.
Laboratory Investigation (2006) 86, 357—368. doi:10.1038/labinvest.3700400; published online 13 February 2006
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Diabetic nephropathy is the leading cause of end-
stage renal disease in the United States, Japan, and
so on. The major morphological changes are charac-
terized by thickening of glomerular basement mem-
brane (GBM) and mesangial matrix expansion. The
latter is more important, because there is wide-
spread agreement that they are generally accompa-
nied by various tubulointerstitial damages followed
by nephron loss to end-stage renal failure.’® The
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decline of glomerular filtration rate (GFR) is asso-
ciated with the increasing number of obsolescent
glomeruli® and the severity of mesangial matrix
expansion in type I diabetes. On the other hand, the
thickening of GBM has little or no correlation with
the decline of GFR.* Therefore, mesangial matrix
expansion is the hallmark from the point of
pathological and clinical events in diabetic nephro-
pathy. Glomerulosclerosis is defined as the segmen-
tal or global collapse or closure of capillary loops
with associated mesangial matrix expansion. How-
ever, the early stage of diabetic nephropathy is
associated with glomerular hyperfiltration and glo-
merular hypertrophy, but not collapse of glomerular
capillaries. Therefore, mesangial matrix expansion
is one of the most important pathological findings in
the early phase of diabetic nephropathy.

— 743 —



Smad1 in diabetic nephropathy
T Matsubara et al

358

Albuminuria is one of the most characteristic
functional changes in the early phase of diabetic
nephropathy. Recent study suggests that the per-
centage of microalbuminuric patients progressing
to proteinuria over ~10 years is only 30-45%.°
Furthermore, extensive studies of the glomerular
structure in diabetic patients with or without
microalbuminuria failed to find a significant differ-
ence in the glomerular structural changes such as
mesangial matrix expansion between the two groups
in the absence of a raised blood pressure or reduced
creatinine (Cre) clearance.®” These reports show that
albuminuria might not be a definite marker for
mesangial matrix expansion in the early phase of
diabetic nephropathy, although albuminuria corre-
lates with and predicts the late development of
diabetic nephropathy with decreased GFR and
glomerulosclerosis.

Mesangial matrix expansion is characterized by
increased amounts of extracellular matrix (ECM),
including alpha 1/alpha 2 type IV collagen (Col4),
laminin, type I and III collagens, heparan sulfate
proteoglycan, and fibronectin.® One of the key
components in the pathophysiology is Col4. Various
peptides of growth factors are shown to mediate the
regulation of this key component.® However, the
direct regulation of Col4 had not been proved until
our recent report that Smad1 can directly bind to the
promoter of Gol4, and can upregulate its transcrip-
tional activity.’® We also found that advanced
glycation endproducts (AGE) can induce the phos-
phorylation of Smad1 in cultured mesangial cells,
and that Smad1 is highly expressed in human
advanced diabetic nephropathy.’® Thus, Smad1 is
the first molecule shown to regulate the expression
of Col4 directly under diabetic condition in vitro.
However, these findings are obtained only in
cultured mesangial cells, and the precise mechan-
ism for the development of mesangial matrix expan-
sion in vivo remains unknown. Therefore, the aim
of this study is to investigate the role of Smad1 in
diabetic nephropathy in vivo using experimental
diabetic animals.

The streptozotocin-induced diabetic {STZ) rat, a
type I diabetic model, is known to have glomerular
functional changes including albuminuria and the
increasing of GFR as seen in the early phase of
diabetic nephropathy.’ However, STZ rats show
only minimal glomerular structural changes even
after 1 year of diabetes.’ We have induced various
levels of mesangial matrix expansion in this model
at 24 weeks by feeding special breeding chows. The
glomerular structural characteristics in these rats
were similar to human early glomerular structural
changes, which are a useful model for analyzing
mesangial matrix expansion in the early phase of
diabetic nephropathy.

In this study, we have examined the role of Smad1
for the development of mesangial matrix expansion
in vivo, and also studied whether urinary excretion
of Smad1 could be a new representative maker for
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detecting severity of mesangial matrix expansion.
In vitro, we examined whether Smad1 can regulate
the transcriptional activity of Col4 and smooth
muscle alpha actin («-SMA) in mesangial cells.

Materials and methods
Animals and Cell Culture

Male Sprague-Dawley rats were purchased from
Shimizu Laboratory Animal center (Hamamatsu,
Japan). All of animal experiments were performed
in accordance with institutional guidelines, and the
Review Board of Kyoto University granted ethical
permission to this study. The glomerular mesangial
primary culture was established and maintained
according to the method previously described.*®
Male rats weighing 170-200 g were made diabetic
by a single intravenous injection of STZ (Wako,
Osaka, Japan) (55mg/kg body weight (BW)) in
0.05 mol/l citrate buffer (pH 4.5). Rats receiving an
injection of citrate buffer were used as controls. The
levels of blood glucose were determined 2 days after
injection of STZ or vehicle, and rats with blood
glucose levels more than >16.7 mmol/l were used.
To develop various severities of mesangial matrix
expansion in these rats, we used special chows
suitable for breeding, containing slightly more
protein, and less fat. (LABO H STANDARD, Nosan
Corporation, Yokohama, Japan) At 24 weeks after
STZ injection, the rats were weighted and killed.

Renal Histology and Merphometric Analyses

Renal tissue blocks were fixed in ethyl Carnoy’s
solution, and embedded in paraffin. Sections (2 ym)
were stained with periodic acid-Schiff methen-
amine (PASM). To study the severity of mesangial
matrix expansion, we quantified mesangial matrix
area by measuring mesangial PASM-positive area
using an image analyzer with a microscope (Image
Processor of Analytical Pathology; IPAP: Sumitomo
Chemical Co., Tokyo, Japan).'*'* The mesangial
matrix fraction (Mes Fx) was determined as percen-
tage of mesangial PASM-positive area per total glo-
merular surface area. For each animal, 50 glomeruli
were analyzed.

Immunohistochemistry

Kidney sections were processed for immunohisto-
chemistry following standard procedures. Ethyl
Carnoy’s solution-fixed and paraffin-embedded tis-
sue blocks were used. Kidney sections were rehy-
drated and treated with 0.3% H,O, in methanol for
30 min. Sections were blocked with the appropriate
preimmune serum, and then incubated with
AvidinD and Biotin blocking solutions (Vector, CA,
USA). Sections were incubated with the anti-Col4
antibody (PROGEN, Heidelberg, Germany), and



anti-Smad1 antibody (Santa Cruz, CA, USA) over-
night at 4°C and then incubated with the appropriate
biotinylated secondary antibodies followed by incu-
bation with the avidin~biotin peroxidase complex
(Vector). Peroxidase conjugates were subsequently
localized using diamino-benzidine. To study «-SMA
and AGE, the tissues were snap frozen in OCT
compound (Sakura Finetechnical, Tokyo, Japan),
and then cut in 4 um-thick sections and fixed in
acetone for 10 min, and treated with 0.3% H,0, in
methanol for 30min. Sections were treated with
anti-o-SMA antibody (clone 1A4, SIGMA), and anti-
AGE antibody (clone 6D12, Transgenic Co. Ltd.,
Kumamoto, Japan). Sections were counterstained
with hematoxylin solution.

Immunofluorescence Staining and Morphomeiric
Analyses of Glomerular Col4 Expression

Immunofluorescence staining for Col4 was per-
formed wusing frozen kidney sections. Sections
(4 pum) were fixed in acetone, blocked with 10%
donkey serum, and incubated with anti-Col4 anti-
body followed by incubation with FITC labeled
secondary antibody. The immunoreactivity of Col4
was quantified by measuring Col4-positive area in
glomeruli using Image-Pro PLUS (Media Cyber-
netics). The glomerular expression of Col4 was
determined as percentage of Col4-positive area per
total glomerular surface area. For each animal, 50
glomeruli were analyzed.

Isolation of Glomeruli

Glomeruli were isolated from renal cortices of rats
using the differential sieving method.*®*’

Western Blotting

Isolated glomeruli were suspended in RIPA buffer
(50 mM Tris, pH 7.5, 150mM NaCl, 1% Nonidet
P-40, 0.25% SDS, 1 mM Na,;VO,, 2mM EDTA, 1 mM
phenylmethylsulfony!l fluoride, 10 mg/ml of aproti-
nin) for 1h at 4°C. After centrifugation, the super-
natants were used as total glomerular lysates. Of
each sample (40 ug) was applied to SDS-PAGE. After
electrophoresis, the proteins were transferred to
nitrocellulose filters (Schleicher & Schuell). The
blots were subsequently incubated with rabbit anti-
Smad1l (Upstate Biotechnology), anti-phospho
Smad1/5/8 (Cell Signaling Technology), ALK-1
{Santa Cruz), TGF-$ {Santa Cruz), and 2-SMA anti-
body, following by incubation with horseradish
peroxidase-conjugated secondary antibody (Amer-
sham Biosciences). The immunoreactive bands were
visualized using the enhanced chemiluminescent
system {Amersham Biosciences). Quantitative ana-
lysis of the band density was performed using Image
Gauge (Fuji Photo Film Co., Ltd).

Smad1 in diabetic nephropathy
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AGE Preparation

AGE-bovine serum albumin (BSA) was prepared by
the regular methods as described previously.®
Unmodified BSA was incubated under the same
conditions without glucose 6-phosphate for control.
Protein concentration was determined by the Brad-
ford method using BSA as a standard. All AGE-
protein-specific fluorescence determinations were
performed by measuring emission at 440nm upon
excitation at 370nm using a fluorescence spectro-
meter (Hitachi). AGE content was estimated by
fluorescence intensity at a protein concentration of
1mg/ml. AGE-BSA contained 89.9 AGE units per
mg of protein, and unmodified BSA contained 3.71
AGE units per mg of protein.

Dot Blot Immunoassay

Dot blots were performed by applying 5 pg of glome-
rular lysates onto a nitrocellulose transfer membrane
(PROTRAN). Standard solutions of AGE prepared at
concentrations ranging from 0.5 to 32 arbitrary
units/5 ug total protein with the dilution buffer,
were also applied to the membrane, which was then
blocked with 5% skim milk for 1h. The membrane
was then incubated with anti-AGE monoclonal
antibody followed by incubation with horseradish
peroxidase-conjugated secondary antibody (Amer-
sham Biosciences). The immunoreactive dots were
visualized and quantitatively analyzed as described
in Western blotting and ELISA procedure.

Blood and Urine Examination

Blood was collected at killing. Serum Cre, urinary
Cre, and blood urea nitrogen were determined with
a Hitachi Model 736 autoanalyzer.’® HbAlc was
measured using DCA 2000 analyzer (Bayer Medical,
Tokyo, Japan). Urine volume was measured at 24
weeks by 24 h urine collection from rats housed in
individual metabolic cages. The Cre clearance was
calculated and normalized to BW. The urinary
albumin concentration was measured by Nephrat
(Exocell Inc.), and adjusted by urinary Cre concen-
tration.

Urine Preparation

Urine samples were centrifuged for 15min. The
supernatants were stored at —80°C and rapidly
thawed and centrifuged to remove any urates or
phosphates before use in assays. Because Smad1
concentrations in urine are below the detection
limits of our assays, the following methods for
concentration were developed and tested.

A 2-ml urine sample was placed in a Centricon-10
filter (Amicon) pretreated with 0.1% Tween-20 used
to limit adsorption to its polypropylene compo-
nents. The extent of concentration achieved was
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calculated from the exact retenate volume measured
with a Hamilton pipet. This ranged from 25- to 60-
fold, with a median of 55-fold concentration. This
prepared urine concentrate was diluted to total
volume of 110l with the dilution buffer as des-
cribed below. Subsequently, 100 ul of the 110 ul total
volumes was utilized in the following assays. The
final urine concentration was 18-fold higher than
the original sample. This was taken into considera-
tion in the final calculation of the concentration of
Smad1 in each urine sample.

ELISA Procedure

The following buffers were prepared with deionized
water and used in ELISA. Coating buffer: 0.1 mol/l
phosphate buffer, pH 7.4 (PB) containing 3% BSA
(SIGMA). Dilution buffer: PB containing 3% BSA
and 0.1% Tween-20. Washing buffer: PB containing
0.1% Tween-20.

All the ELISA assays were performed in 96-well
microtiter plates (Nunc). Anti-Smad1 monoclonal
antibody (Santa Cruz) was diluted with the coating
buffer to obtain a final concentration of 2.5 ug/ml.
Aliquots (250 ng/100 ul) were added to each well,
and the plate was incubated overnight at 4°C.
The wells were washed three times. In all 50 pl of
the prepared urine samples and standard solutions
of recombinant Smad1 prepared at concentrations
ranging from 0.125 to 512ng/ml with the dilution
buffer were added to the plate and incubated
overnight at 4°C. The plates were then washed three
times. Of rabbit anti-Smad1l polyclonal antibody
(Upstate), 100 ul was diluted with the diluting buffer
to obtain a final concentration of 2.5 ug/ml, added to
each well, and incubated overnight at 4°C. Horse-
radish peroxidase-conjugated anti-rabbit IgG poly-
clonal antibody (Amersham) was diluted 500-fold
with the dilution buffer, and 50ul were then
dispensed into each well and the plate was further
incubated at room temperature for 120min. The
plates were washed three times.

Of freshly prepared peroxidase substrate solution
(DAKO), 50 ul were added to each well. The plates
were kept at room temperature in the dark for
30 min, and the enzyme reaction was then stopped
by adding 50ul of 2N H,SO, to each well. The
optical density was measured at 492nm using a
microplate reader SPECTRA (TECAN, Austria),
Each Smad1 determination was carried out in dupli-
cate. Delta SOFT3™ (Biometallics) was used to
obtain the calibration curve and the polynomial
equation. The optical densities of all urine samples
were then inserted in the equation in order to
calculate the corresponding Smad1 concentration.

Plasmid Construcis

The wild-type Col4 promoter reporter plasmid
(Col4-LacZ) was constructed as follows: A 0.8Kb
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Srfl-Xbal fragment of the 5 flanking region of
Col4a2 gene was subcloned into the f-gal Reporter
Vector, pNASSf (Clontech). The «-SMA promoter
reporter plasmid (SMA-Luc) contains 1074 bp of the
proximal 5'-flanking region plus 43bp 5'-untrans-
lated region of the a-SMA gene'® that is subcloned
into the luciferase reporter vector (Promega).

Reporter Assay

Mesangial cells (1.0 x 10°) were seeded into 12-well
plates (Nunc). After 6h, the cells were transfected
with 500 ng of mouse Col4-LacZ reporter construct,
or 500ng of mouse SMA-Luc along with either
500ng of vector encoding wild type of Smad1 or
the mock vector. Transfection was performed with
FuGENES transfection reagent (Roche) according to
the manufacture’s instructions. After 48h, the cells
were harvested in reporter lysis buffer. f-Galactosi-
dase and luciferase activity were measured using the
luminescent f-galactosidase reporter system (BD
Bioscience) and the luciferase reporter system from
Promega. f-Galactosidase and luciferase activities
were normalized to total protein (RC DC Protein
Assay, Bio-Rad). Transfection experiments were
quadruplicated, and repeated at least three times.
The p-galactosidase and luciferase activity data were
expressed as means +s.d.

Statistical Analysis

Correlation was determined by Spearman’s corre-
lation analysis. Regression formulations were
obtained by linear regression analysis. As a result
of their skewed distribution, glomerular expression
of a-SMA, and Smad1, and urinary excretion of
Smad1l were logarithmically transformed before
statistical analysis. All analyses were performed
using StatView (SAS Institute, Cary, CA, USA). A
P-value <0.05 was considered statistically signi-
ficant. All values were expressed as the mean +s.d.,
except for glomerular expression of «-SMA, and
Smadi, and urinary excretion of Smad1l, where
geometric means were given, and analyzed by
Mann-Whitney nonparametric analysis, or one-
way analysis of variance with a modified i-test.
Statistical significance was defined as P<0.05.
Quantitation of immunohistochemistry was ana-
lyzed by one-way ANOVA followed by the post
hoc test. P-values <0.05 were considered signifi-
cant. Data are expressed as means+s.d.

Resulis

8§TZ-Induced Diabetic Rats Show Various Severities
of Mesangial Matrix Expansion

We first analyzed mesangial matrix expansion in
rats after 24 weeks of STZ injection by measuring
the Mes Fx (Figure 1). The Mes Fx was significantly
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Figure 1 Mesangial matrix fraction in the study groups. (A) Representative glomerulus was shown whose glomerular surface area
and mesangial PASM-positive area was determined by IPAP as described in Materials and methods. (a) Image of the PASM
stained glomerulus. (b) The assessed glomerular area expressed in red color. (¢) Image of the same glomerulus showing the PASM positive
area in green color. Note that mesangial PASM-positive area was mainly detected by IPAP. (B) The mesangial matrix fraction was
determined as percentage of mesangial matrix area per total glomerular surface area. The distribution of mesangial matrix area (left) and
matrix fraction (right) in control and diabetic rats were shown. Each spot represents one rat. The area between two broken lines
represents +2 s.d. in control. (C) Representative light microscopic appearance of glomeruli (PASM staining, x400 original
magnification) for control rats {a), diabetic rats with more mesangial matrix expansion (b), and diabetic rats with less mesangial
matrix expansion {c). Glomerular hypertrophy and mesangial sclerosis were noted in a glomerulus from a diabetic rat with more

mesangial matrix expansion.

increased in diabetic rats (4.0+1.1% in control
rats vs 7.0+2.9% in diabetic rats, P<0.05). We
also noticed that the wvalue of Mes Fx was
widely distributed in diabetic rats, and that the
values in diabetic rats were overlapped with those
in control rats. We then analyzed their physiological
characteristics, and examined the relationship bet-
ween these variables and mesangial matrix expan-
sion. There was no difference in blood pressure
between control rats and diabetic rats, or the
correlation between blood pressure and the severity
of mesangial matrix expansion. HbAlc and blood
sugar were increased, and BW was decreased in
diabetic rats compared with those in control rats.
Serum Cre was decreased in diabetic rats compared
with that in control rats (Table 1), reflecting the
decrease of BW and the increase of GFR described
below. However, all these variables were not
correlated with the severity of Mes Fx (data not
shown).

Functional Changes do not Correlate with the
Glomerular Structural Changes in Diabetic Rats

In the early phase of diabetic nephropathy, two
major functional changes, albuminuria and in-
creased GFR are observed. Therefore, we next mea-

Table 1 Physiological characteristics in this study

Control Diabetes
N 6 16
Body weight (g) 668+97 305+72*
Blood pressure (mmHg) 131+8 136+6
Blood glucose (mg/dl) 112+7.7 479+ 78*
HbA1c (%) 2.84+0.22 6.6+1.0%
Cre (mg/dl) 0.354+0.034 0.244+0.051%

After 24 weeks of STZ injection, blood pressure (BP) was measured by
the cuff-tailed method, and the rats were weighed (BW) and killed.
Blood was taken to evaluate blood sugar, HbA1c, and creatinine (Cre).
Data were represented as mean+s.d.

*P<0.05 vs control rats.

sured albuminuria and GFR and examined the
association of glomerular structural changes with
these functional changes. Albuminuria and GFR
were significantly increased in both diabetic rats
compared with the control rats (control 0.039+
0.015 vs diabetes 0.33 4+ 0.14 mg/mg - Cre for albumi-
nuria, and control 8.5+1.4 vs diabetes 21+5.2ml/
day/100 gBW for GFR), but either was not correlated
with the severity of mesangial matrix expansion
(Figure 2). These data indicate that although
albuminuria or GFR could be a sensitive indicator
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of incipient diabetic nephropathy, either of them
may not accurately reflect the severity of mesangial
matrix expansion in STZ rats.
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Figure 2 Functional changes in this experiment. The correlations
between albuminuria (Ualb; a), or creatinine clearance (CCr; b),
and mesangial matrix fraction, or mesangial matrix area were
shown. There were no correlations between the two variables and
mesangial matrix fraction (upper column) and mesangial matrix
area (lower column). Albuminuria was measured by Nephrat, and
creatinine clearance was calculated and normalized as described
in Materials and methods. Open circles; control rats, filled circles;
diabetic rats.

Glomerular Structural Changes are Closely Correlated
with the Major Histological Changes in Diabetic Rats

In diabetic nephropathy, two major histological
changes can be found in diabetic glomeruli with
mesangial matrix expansion; one is an increase of
Col4 in the mesangial area, and the other is an
increase of x-SMA in mesangial cells. Therefore, to
investigate these histological changes in STZ rats,
we examined the expression of Col4 (Figure 3) and
a-SMA (Figure 4) in control and diabetic rats.
In diabetic rats, the glomerular expression of Col4
was increased (control 5.8+1.1% vs diabetes 8.8+
2.9%), and was mostly localized in the mesangial
area by immunohistochemical analysis. We then
examined glomerular expression of «-SMA by
Western blotting. The glomerular expression of
«-SMA was almost undetectable in control rats. On
the other hand, the glomerular expression of a-SMA
was significantly increased in diabetic rats with
various severities, and its expression was also
localized in the mesangial area by immunohistochem-
ical analysis. Furthermore, both histological findings
were significantly correlated with the severity of
mesangial matrix expansion (Figures 3A and 4B).

Glomerular Expression of Smad1 and Phosphorylated
Smads is Increased in Diabetic Rats with Greater
Mesangial Matrix Expansion

We previously reported that Smadl is a direct
regulatory factor of Col4 under diabetic conditions
in vitro. Therefore, to investigate the role of Smad1 in
mesangial matrix expansion in diabetic nephropathy
in vivo, we examined the glomerular expression of
Smad1 along with phosphorylated Smads by Western
blotting and immunohistochemistry (Figure 5). The
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Figure 3 Glomerular expression of Col4. (A) The correlation between glomerular expression of Col4 and mesangial matrix fraction (left),
or mesangial matrix area (right) was shown. r=0.826, P<0.0001, and r=0.842, P<0.0001, respectively. Open circles; control rats, filled
circles; diabetic rats. Morphometric analysis of the glomerular expression of Col4 was performed as described in Materials and methods.
(B) Immunohistochemistry of Col4 in control rats (a), diabetic rats with more mesangial matrix expansion (b), and diabetic rats with less
mesangial matrix expansion (c). The original magnification was x 400,
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Figure 4 Glomerular expression of x-SMA. (A) Immunoblots for glomerular expression of 2-SMA in control and diabetic rats are shown.
Protein (40 ug) obtained from each glomerular lysates was loaded. Each lane represents a representative Western blot for the glomerular
lysates from each rat. (B) The correlation between glomerular expression of »-SMA and mesangial matrix fraction (left) and mesangial
matrix area (right} in this study. r=0.843, P<0.0001, and r=0.862, P<0.0001, respectively. Open circles; control rats, filled circles;
diabetic rats. Optical densitometry of a-SMA was performed as described. (C) Immunohistochemistry of «-SMA in control rats (a),
diabetic rats with more mesangial matrix expansion (b}, and diabetic rats with less mesangial matrix expansion (c). Sections were
counterstained with hematoxylin solution. Representative light microscopic appearance of glomerulus is shown. The original

magnification was x400.

glomerular expression of Smadl and phosphory-
lated Smads was significantly increased with dis-
tinct varieties, while in control rats, the expression
of both Smad1l and phosphorylated Smads was
almost undetectable by Western blotting. We also
found that increased Smad1 was localized mostly in
the glomerular mesangial area. Furthermore, the
glomerular expression of Smadl was strongly
correlated with all three major histological findings
involved in diabetic glomeruli; the severity of
mesangial matrix expansion, the extent of glomeru-
lar expression of Col4 and «-SMA (Figure 5C). These
data strongly suggest that the glomerular expression
of Smad1l is closely associated with mesangial
matrix expansion in diabetic nephropathy in vive.
To investigate the factors regulating the glo-
merular expression of Smad1, we then examined
the upstream factors involved in the activation of
Smadl. We have already shown that AGE can
upregulate the expression and induce the phos-
phorylation of Smad1 in cultured mesangial cells.”®
Therefore, first we examined glomerular accumu-
lation of AGE. AGE was detected in expanded
mesangial area and GBM in diabetic rats by
immunohistochemistry. We then quantified the
content of glomerular accumulation of AGE using
dot blot analysis of glomerular lysates. A significant
correlation was found between glomerular deposi-
tion of AGE and glomerular expression of Smadi
{r=0.494, P<0.05). Furthermore, we checked glo-
merular expression of TGF-$ and ALK-1, because
these molecules are known to act as upstream
factors of Smad1, being upregulated by AGE stimu-
lation in cultured mesangial cells.’® Compatible

with our previous reports, the expression of these
molecules was increased in diabetic glomeruli.
However, we could not find the correlation between
glomerular expression of Smadi and that of TGF-f
or ALK-1 (data not shown).

Urinary Excretion of Smad1 is Asseciated with the
Mesangial Mairix Expansion in the Early Phase of
Diabetic Nephropathy

Because the glomerular expression of Smadl was
significantly increased in diabetic rats with mesan-
gial matrix expansion, we examined urinary excre-
tion of Smad1. In our preliminary study, we could
detect urinary Smad1 only in some of the urine
samples from diabetic rats with mesangial matrix
expansion, in proportionate to their glomerular
expression of Smadl, by Western blotting. How-
ever, the concentration of Smad1 in urine samples
was very low, and could not be quantified by
Western blotting. Therefore, we developed ELISA
to measure the concentration of urinary excretion of
Smadl as described in Materials and methods
{Figure 6). In association with an increase of the
glomerular expression of Smad1, urinary excretion
of Smad1 was increased in diabetic rats by ELISA
{(control: 0.042ng/mg-Cre vs diabetic 1.77ng/
mg - Cre). Furthermore, unlike albuminuria or GFR,
urinary excretion of Smadl was closely correlated
with Mes Fx, and mesangial matrix area (Figure 6b
left and right). These data suggest that urinary
excretion of Smad1 is also closely associated with
mesangial matrix expansion in the early phase of
diabetic nephropathy.
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Figure 5 Glomerular expression of Smad1 and phospho-Smads. (A) Immunoblots for Smad1 and phospholylated Smad1/5/8 are shown.
Glomerular lysates were prepared as described in Figure 4. Of each sample, (40 pg) was analyzed. Each lane represents a representative
Western blot for the glomerular lysates from each rat. (B) Immunochistochemistry of Smad1 in control rats {(a), diabetic rats with more
mesangial matrix expansion (b), and diabetic rats with less mesangial matrix expansion (c). Representative light microscopic appearance

of glomerulus is shown. The original magnification was x 400.

(C) The correlation between glomerular expression of Smad1 and

mesangial matrix fraction (a; r=0.850, P<0.0001), glomerular expression of Col4 (b; r=0.871, P< 0.0001), and x-SMA (c; r=20.944,
P<0.0001) in this study, Optical densitometry of glomerular expression of Smad1 in Western blotting was performed as described.

Smad1 is Involved in the Expression not enly of Col4,
but also of a-SMA in Mesangial Cells

As described above, the glomerular expression of
Col4 and o-SMA was significantly increased in
parallel with the glomerular expression of Smad1.
To investigate the relationship among Col4, a-SMA,
and Smad1, we examined whether Smad1 can cause
the increase of Col4 and o-SMA expression in
mesangial cells in vitro (Figure 7). Transfection of a
Smad1 expression vector resulted in an increase in
the transcriptional activity of Col4 and «-SMA about
by two- and four-folds in mouse mesangial cells,
respectively. These data suggest that Smad1l is
involved in the expression of both Col4 and
#-SMA in mouse mesangial cells.
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Discussion

Here we demonstrate that Smad1 is a key transcrip-
tional factor by regulating the expression of Col4
and o-SMA, and plays an important role for the
progression of mesangial matrix expansion in
diabetic nephropathy in vivo. Our study also
indicates that the amount of urinary Smad1 excre-
tion would be a better diagnostic marker than
albuminuria to assess mesangial matrix expansion
in diabetic nephropathy.

This study showed the close relationship between
mesangial matrix expansion and the glomerular
expression of Smad1l in STZ rats. However, we
could not show what causes the variety of mesan-
gial matrix expansion and induces glomerular
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Figure 7 Effects of Smad1l on Col4 and «-SMA transcriptional
activities. Mesangial cells were cotransfected with the mouse
Col4 promoter-LacZ reporter construct, or the mouse x-SMA
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activity for Col4 (a) and luciferase activity for «-SMA (b) were
measured. Both activities were expressed as fold increase over
mock vector cotransfection. Data represent the meanzs.d. of
triplicated samples. *P<0.05.

expression of Smad1l in STZ rats. There are many
factors that can influence the severity of mesangial
matrix expansion in diabetes; duration of diabetes,
glycemic control, blood pressure, diets, and so on. In
our experiment, however, we could not find any
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correlation between these variables and the severity
of mesangial matrix expansion. According to our
data in this and previous reports, the variety of
glomerular structural changes could result from the
variety of glomerular expression of Smadil. How-
ever, there are only a few reports about factors that
could regulate the expression of Smadi, although
many reports were published about the activation of
Smad1.?°2* Consistent with our previous report that
AGE can induce Smadil in vitro, here we have
shown a positive correlation between AGE and
Smad1 in diabetic glomeruli. We also showed that
glomerular expression of TGF-§ and ALK-1 was
increased in diabetic rats. However, the direct corre-
lation between glomerular expression of Smad1 and
that of TGF-f or ALK-1 was not found. These results
raised the possibility that TGF-f is not sufficient
for the induction of glomerulosclerosis,?” or that
another signaling pathway could activate Smadi,
leading to glomerulosclerosis. In this regard, we
have already found that angiotensin II can also
activate Smad1 via a Src-dependent pathway both
in cultured mesangial cells and STZ rats {Mima A,
Matsubara T, et al, unpublished observation). There-
fore, we need further studies to elucidate the
interaction between these two distinct signaling
pathways in the development of mesangial matrix
expansion in the early phase of diabetic nephropathy.

Genetic factors could also influence the severity of
diabetic nephropathy®**** and could regulate the
differential induction of Smad1. In this experiment,
we used Sprague-Dawley rats, which were known
to be one of the common outbred strains, and
therefore each rat seemed to have, to some extent,
a different genetic background. Thus, the variety of
glomerular expression of Smad1 in this experiment
could result from the genetic variety of the factors
that can affect the expression of Smadl under
diabetic conditions.

We have already shown that Smad1 was a direct
transcriptional regulator of Col4 gene in vivo and
in vitro. In this study, we have further extended our
study and showed that overexpression of Smadi
resulted in an increase of a-SMA gene transcription
in vitro. Evidence is accumulating which suggests
that mesangial cells, during the process of glo-
merular injuries, including diabetes mellitus, can
undergo a phenotypic modulation in which they
markedly upregulate their expression of «-SMA, in
addition to upregulating the expression of Col4.?>2¢
Therefore, our report suggests that two major
different events observed in the phenotypic modu-
lation of mesangial cells under diabetic conditions
might occur under the regulation of the common
transcriptional factor, Smad1. There is no putative
direct binding site for Smad1 in the a-SMA promoter
sequence.’® The o-SMA promoter has several con-
sensus DNA sequences, which are involved in
various transcription factors, some of which are
known to interact with, or to be downstream factors
of Smad1. Therefore, Smad1 might regulate «-SMA
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