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ABSTRACT

Aims: We evaluated whether urinary excretion of
type IV collagen (U-COL) may predict an in-
crease in the urinary albumin-to-creatinine ratio
(ACR) and what factors regulate U-COL in 145
normoalbuminuric patients with type 2 diabetes.
Methods: We measured HbAlc, systolic blood
pressure (SBP), urinary 8-hydroxydeoxy-
guanosine (8-OHdG) and monocyte chemoat-
tractant protein (MCP)-1 at start of this study
(Baseline), ACR and U-COL in addition to these
measurements at one year later (Evaluation-1),
and ACR and SBP after two years of the Evalua-
tion-1 (Evaluation-2). The relationships were in-
vestigated between the increase of ACR and the
U-COL. The effect of angiotensin receptor
blockers (ARB) treatment on the correlations
between U-COL and ACR at Evaluation-2 on one
hand, and between U-COL and percent change
of ACR on the other, was also analyzed. Fur-
thermore, we investigated whether the in- crease
in 8-OHdG and in MCP-1 in a year prior to the
Evaluation-1 were risk factors of the rise in
U-COL levels. Results: Both U-COL and SBP at
Evaluation-1, but not ARB treatment, were in-
dependent risk factors for an increased ACR
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after 2 years. ARB treatment significantly sup-
pressed the increase in ACR after 2 years in pa-
tients with higher U-COL excretion. The per-
centage changes in 8-OHdG (%8-OHdG) and
MCP-1 (%MCP-1) in one year prior to Evalua-
tion-1 measurements are independent risk fac-
tors for U-COL. HbAlc and SBP values one year
prior to Evaluation-1 are independent risk fac-
tors not only for %8-OHdG but also, for baseline
U-COL. The %8-OHdG is an independent risk
factor for %MCP-1. Conclusions: U-COL may pre-
dict an increase in the ACR. The U-COL seems
to be increased with oxidative stress and inflam-
mation induced by past hyperglycemia.

Keywords: Type IV Collagen; Diabetic
Nephropathy; Oxidative Stress; Monocyte
Chemoattractant Protein-1

1. INTRODUCTION

Preventing the progression of diabetic nephropathy
(DN) is a fundamental issue in the treatment of diabetes
mellitus (DM) and as in many diseases, early detection
and intervention is very important. Urinary albumin ex-
cretion measured through the albumin-to-creatinine ratio
(ACR) is commonly used as an early-stage marker of
nephropathy. However, even at the microalbuminuric
stage, functional and morphological alterations of the
diabetic kidney have already occurred [1,2]. Therefore, a
more sensitive marker for earlier stages of nephropathy
would be extremely useful.

Histologically, incipient DN is characterized by thick-
ening of the glomerular basement membrane (GBM) and
increases in the mesangial matrix, which both precede
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the appearance of microalbuminuria [1,2]. Type IV col-
lagen (COL) is the primary component of the GBM and
mesangial matrix, and a small amount of COL is ex-
ncreted into the urine in healthy subjects, although its
main origin is not fully clear [3-6]. Moreover, urinary
type IV collagen (U-COL) excretion is less susceptible to
physiological changes than urinary albumin (Alb) is [4,7].

Hyperglycemia activates various inflammatory path-
nways both directly and via gene transcription to induce
oxidative stress (reactive oxygen species: ROS), trans-
forming growth factor (TGF)-f, renin-angiotensin sys-
tem (RAS), and monocyte chemoattractant protein (MCP)-
1, leading collectively to podocyte injury, malfunction,
apoptosis, and protein deposition in extracellular matrix
of the nephron with albumin leak [8-10].

The activation of RAS induced by ROS contributes to
a further increase of ROS in tubuloglomerular cells,
again increasing the ACR [11]. Nevertheless, treatment
with angiotensin II receptor blockers (ARBs) is known to
suppress the ROS and to decrease both the ACR and
U-COL excretion [12]. Based on these facts, we pro-
posed that 1) U-COL value may be used to predict the
subsequent development of microalbuminuria in nor-
moalbuminuric patients; 2) an increase of MCP-1 may
associate with increase COL production; 3) ROS produc-
tion leads to U-COL excretion; and that 4) ARB may be
effective in preventing the development of albuminuria
in normoalbuminuric patients with higher U-COL excre-
tion. These hypotheses were tested in the observational
clinical study carried out here.

2. MATERIALS AND METHODS

This observational study was carried out over three

Enrollment
|

years following the protocol shown in Figure 1. All 276
subjects were patients with type 2 diabetes undergoing
outpatient treatment at our hospital. Their National Gly-
cohemoglobin Standardization Program (NGSP) Hemo-
globin Alc (HbAlc), systolic blood pressure (SBP), uri-
nary 8-hydroxydeoxyguanosine (8-OHdG) and MCP-1
excretions have been measured at Baseline (on enroll-
ment into this study) and one year later (Evaluation-1)
[11,12]. The U-COL levels and ACR were measured in
all 276 patients at Evaluation-1. In addition, ACR and
SBP were measured two years after Evaluation-1 (Evalu-
ation-2). Of the 276 patients, 145 had normoalbuminuria
at the Evaluation-1. We focused only on 145 normoal-
buminuria patients to examine whether individuals who
cannot be evaluated by ACR can be evaluated by U-COL.
(Supplementary Figure S1) These 145 normoalbuminu-
ric patients were selected as the analytical subjects in this
study (their characteristics at the Evaluation-1 are shown
in Table 1) and as some normoalbuminuric patients had
high U-COL values (Figure S1(b)), they were divided
into two groups: those with high U-COL values (H-COL,
n = 39) and those with normal U-COL values (N-COL, n
= 106). The benchmark values were set as “U-COL = 4.9
ug/g Cre” for subjects aged 40 or older (n = 132), and
“U-COL = 4.0 ug/g Cre” for subjects younger than 40
years old (n = 13). (These benchmark values are as set in
commercial ELISA kit used for the measurement). Sub-
jects whose values exceeded these levels were included
in the H-COL group.

The correlation between U-COL at Evaluation-1 and
ACR at Evaluation-2 was studied. In addition, we em-
ployed a multiple regression analysis to identify whether
U-COL at Evaluation-1 was an independent risk factor
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Figure 1. Protocal of the study. The protocol used in our study is shown in Figure 1. HbAlc, systolic
blood pressure (SBP), urinary 8-hydroxydeoxyguanodine (8-OHdG) excretion, and urinary monocyte
chemoattractant protein (MCP)-1 excretion were measured at the baseline of the study and after the 1-year
(Evaluation-1). At the Evaluation-1, urinary albumin excretion (albumin-to-creatinine ratio: ACR), urinary
type IV collagen (U-COL) excretion, HbAlc and SBP were also measured. The ACR and SBP were meas-
ured after the 3-year of the Baseline (Evaluation-2). After two years from the Evaluation-1, Evaluation-2

was done.
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Table 1. Clinical characteristics of the 145 normoalbuminuric study subjects at Evaluation-1.

group total N-1V H-IV p
n 145 106 39
male/female 70/75 52/54 19/20
Age (years) 583+1.2 57.1+1.3 61.5+2.4 n.s.
Duration (years) 13.0+£0.8 124+09 145+1.6 n.s.
BMI (kg/m?) 247404 24.6+0.4 25205 0.03
SBP (mmHg) 1295+ 1.6 1283 +2.0 1329+3.0 <0.01
DBP (mmHg) 77.8+0.9 774+ 1.1 789+ 1.6 0.04
Creatinine (uM) 61.9+1.8 61.9+1.8 61.9+2.7 n.s.
eGFR (ml/min) 88.0+2.3 86.4+2.4 92.6+5.5 n.s.
TG (mM) 1.3+0.1 1.3+0.1 1.3+.1 n.s.
TC (mM) 49+0.1 49+0.1 49402 n.s.
HDL-C (mM) 1.4+0.03 1.4£0.04 1.3£0.05 n.s.
NGSP-HbAlc (%) 7.1£0.1 7.1+0.1 72+02 n.s.
Max IMT (mm) 1.2+0.1 1.2+0.1 1.4+0.1 <0.01
PWYV (right) (cm/s) 1594 +30.8 1542 £ 32.6 1736 + 68.4 <0.01
(left) (cm/s) 1596 +30.4 1549 +32.8 1726 + 65.7 <0.01
DR (%) 17.2 16.0 20.5 0.04

Mean + SEM. N-IV: normal urinary type IV collagen group; H-IV: high urinary type IV collagen group; n: numbers; Duration: diabetic duration; BMI: body
mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: serum triglyceride; TC: serum total cholesterol; HDL-C: serum high density
lipoprotein cholesterol; Max IMT: maximum intima-media thickness; PWV: pulse wave velocity; DR: diabetic retinopathy.

for 2-year changes from the Evaluation-1 to the ACR
(%ACR) at Evaluation-2. Similarly, we studied the ef-
fect of SBP at Evaluation-1 or of ARBs on the %ACR.
Specifically, multiple regression analyses were performed
using U-COL, body mass index (BMI), SBP, HbAlc,
intima-media thickness (IMT), pulse wave velocity (PWV),
age at Evaluation-1 and ARB administration at Evalua-
tion-2 as independent variables, and the %ACR as the
dependent variable. Furthermore, we also tried to clarify
Baseline factors that influenced U-COL at Evaluation-1.
To clarify our hypotheses, correlations of the U-COL
with factors such as the percent changes from Baseline to
Evaluation-1 in urinary 8-OHdG excretion (%8-OHdG),
in urinary MCP-1 excretion (%MCP-1), and clinical pa-
rameters such as BMI, HbAlc and SBP at Baseline or at

Evaluation-1 were assessed by single regression analyses.

We also examined the correlation between %8-OHAG,
%MCP-1 and %ACR, respectively, and these clinical
factors. Moreover, multiple regression analyses were per-
formed, using the U-COL value at Evaluation-1, %MCP-

Copyright © 2012 SciRes.

1, and %8-OHdG as dependent or objective variables,
and factors such as %8-OHdG, %MCP-1, HbAlc, SBP at
Baseline or at Evaluation-1, BMI and diabetic duration at
Evaluation-1 as independent variables. The samples dur-
ing fasting blood and early morning urine were collected.
Levels of COL, 8-OHdG and MCP-1 in urine were de-
termined using a Urinary Type IV collagen EIA kit
(DAIICHI FINE CHEMICAL CO., LTD., Japan) [13],
New 8-OHdG Check ELISA kit (Japan Institute for the
Control of Aging, Shizuoka, Japan) and MCP-1 ELISA
kit (R&D Systems, Minneapolis, MN), respectively [11,
12]. The PWV was measured using Form PWV/ABI,
version 112 (Colin Electronics Co., Ltd., Komaki City,
Japan), and IMT, by the ATL Ultramark HDI 5000 Ul-
trasound System (Bothell, Washington DC). Diabetic
retinopathy was diagnosed by the ophthalmology depart-
ment specialist.

We investigated taking ARBs and calcium channel
blockers (CCBs) in all the points. During this observa-
tional study, ARBs and CCBs were administered in ac-
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cordance with the 2004 Japanese Society of Hyperten-
sion (JSH) Guidelines.

The present study was carried out in accordance with
the Helsinki Declaration and after obtaining the written
informed consent from all subjects. The study protocol
was approved by the ethics committee of Tohoku Uni-
versity Hospital.

3. STATISTICAL ANALYSES

All statistical analyses were carried out using Statview
5.0 (SAS Institute, Cary, USA) and STATA 11 (StataCorp
LP, TX, USA). Measurements that showed a normal dis-
tribution are presented as the mean + standard error of
the mean (SEM), and those that did not at some point
had their median value (range) noted in addition. To
compare the numerical values between the H-COL and
N-COL groups (Table 1), we used the Student #-test for
parametric values and the Mann-Whitney U-test for
non-parametric values. The prevalence rates of diabetic
retinopathy (DR) were compared between the two groups
using the #* test. Correlations were determined using
Spearman’s rank correlation test. To determine if the
gradients of the two lines [ARB (-) or (+)] differed or
not, we performed an analysis of covariance (ANO-
COVA) and checked if the interaction term was signify-
cant or not (Table 2). P < 0.05 was regarded as statisti-
cally significant.

4. RESULTS

A significant correlation existed between the U-COL
value and ACR at Evaluation-1 when all 276 patients
with diabetes included in the analysis were studied (r =

0.3354, P =0.001) (Supplementary Figure S1(a)). How-
ever, this correlation disappeared when only the 145 pa-
tients with normoalbuminuria were assessed (r = 0.0981,
P =0.652) (Figure S1(b)).

From Baseline to Evaluation-1, 8-OHdG (ng/mg Cre)
and MCP-1 (pg/mg Cre) increased from 344 (35.8 - 3170)
to 433 (37.9 - 3810) and from 8.1 £ 0.4 to 9.0 £ 0.5 re-
spectively. The value of U-COL (ug/g Cre) was 3.4
(0.9-28.5) at Evaluation-1. From Evaluation-1 to Evalua-
tion-2, ACR (ng/mg Cre) was increased from 11.5 (2.7 -
29.8) to 14.8 (1.2 - 437.6). The value was expressed with
mean + SEM or median (range).

The normoalbuminuric patients were divided into two
groups: patients with high and normal U-COL. The pa-
tients’ profiles and clinical parameters at Evaluation-1 in
this study are shown in Table 1. The H-COL group had
significantly greater BMI (P < 0.05), BP (P < 0.01) and
IMT (P < 0.05) than in the N-COL group. The prevalence
of retinopathy was also significantly higher in the
H-COL group (P < 0.05) as was the PWV. When the
ACR was followed for two years in the 145 normoalbu-
minuric patients, 76.8% (30/39) of the H-COL group
developed albuminuria (ACR > 30 mg/g Cr) as opposed
to 22.6% (24/106) patients in the N-COL group. With
respect to anti-hypertensive treatment, none of the pa-
tients was undergoing hypotensive treatment at Baseline,
at Evaluation-1 46.2% (18/39) of the H-COL group and
3.8% (4/106) of the N-COL group (P < 0.05) were taking
ARBs, whereas 18.0% (7/39) of the H-COL group and
18.9% (20/106) of the N-COL group were receiving
CCB:s. By contrast, at Evaluation-2 66.7% (26/39) of the
H-COL group and 5.7% (6/106) of the N-COL group (P
< 0.05) were taking ARBs, while 38.5% (15/39) of the

Table 2. Multiple regression analyses, using the percent change in ACR during a 2-year period (from Evaluation-1 to Evaluation-2)
as a dependent variable and some parameters at Evaluation-1 as independent variables.

Dependent variable

Percent change of the 2 years in ACR

Independent variables p

Type IV collagen 99.51796

Body Mass Index 15.94191

Systolic BP 22.30337

IMT 86.15158

t PWV 0.2057501

HbAlc —25.65143
Age —3.558594

presence/absence of ARB treatment 502.6632
Interaction term of U-COL/ARB treatment —73.20806

P 95% Conf. Interval
0.000 56.95981 142.0761
0.346 —17.36281 49.24663
0.000 14.94092 29.66581
0.438 —132.6452 304.9483
0.363 —0.2403846 0.6518849
0.640 —-133.7704 82.46752
0.587 —16.47648 9.359288
0.067 —35.23431 1040.561
0.029 —138.7235 —7.692575

Systolic BP: systolic blood pressure; IMT: intima-media thickness; PWV: pulse wave velocity; ARB: angiotensin II receptor blocker.

Copyright © 2012 SciRes.
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H-COL group and 23.6% (25/106) of the N-COL group
were receiving CCBs. Clearly, more patients in the
H-COL group took ARBs than in the N-COL group dur-
ing the study, whereas there were no significant differ-
ences in CCBs administered to the two groups. Of the
145 patients, 22 were given ARBs at Evaluation-1 (18
patients in the H-COL group, and 4 patients in the
N-COL group). Moreover, 32 patients were given ARBs
at Evaluation-2, 10 patients newly started to receive
ARBs during a period between Evaluations 1 and 2. (8
patients were in the H-COL group and 2 patients were in
the N-COL group). In the H-COL group, no differences
in the rate of change of ACR were seen between the 18
patients given ARBs at Evaluation-1 and the 8 patients
who began treatment with ARBs from Evaluation-1 to
Evaluation-2. There were no subjects of taking angio-
tensin converting enzyme inhibitors.

At Evaluation-1, BP control was poorer in the H-COL
group as 69.2% (27/39) had high BP (SBP > 130 mmHg)
as opposed to 46.2% (49/106) of the N-COL group. After
patients in the H-COL group received intensive anti-
hypertensive treatment for two years, the two groups
displayed similar BP at Evaluation-2: 43.6% (17/39) in
the H-COL group and 42.5% (45/106) in the N-COL
group had high BP.

Interestingly, the U-COL was significantly correlated
with the ACR at Evaluation-2 (r = 0.5785, P < 0.005), as
well as with %ACR (r = 0.4585, P = 0.006). (Supple-
mentary Figure S2.) Significant correlations also existed
between SBP at Evaluation-1 and U-COL (r = 0.2742, P
< 0.05), between SBP and ACR at Evaluation-1 (r =
0.3458, P < 0.05), between SBP at Evaluation-1 and
ACR at Evaluation-2 (r = 0.6108, P < 0.01), as well as
between SBP at Evaluation-1 and %ACR (r = 0.5259, P
< 0.01). (Supplementary Figure S3) The effect of ARB
treatment on the correlations between U-COL and ACR
at Evaluation-2 on one hand, and between U-COL and
%ACR on the other, was also analyzed. The higher the
U-COL level is, the greater the effects of the ARBs on
ACR suppression at Evaluation-2 [ARB (-); y = 13.803x
—8.2944, r = 0.6460, P < 0.01, ARB (+); y = 4.7133x +
47.33, r = 0.3539, P < 0.05]. (Supplementary Figure S4
panel (a)) The higher the U-COL level the more strongly
the %ACR was suppressed by ARB treatment [ARB (-);
y=136.03x — 185.39, r =0.4874, P < 0.01, ARB (+); y =
50.274x + 317.7, r = 0.3520, P < 0.05] (S4 panel (b)).
Such effects of ARB were not evident on the correlations
regarding values associated with SBP (such as SBP at
Evaluation-1, SBP at Evaluation-2 and %SBP) (S4 panels
(c), (d)).

Multiple regression analyses were performed using
%ACR as dependent variable and certain parameters as
independent variables (U-COL, BMI, SBP, IMT, PWYV,
HbAlc, age at Evaluation-1, presence/absence of ARB

Copyright © 2012 SciRes.

treatment at Evaluation-2, and interaction term of U-
COL/ARB treatment: Table 2). Both U-COL and SBP at
Evaluation-1 were independent risk factors for %ACR
after two years.

Changes from the Baseline to Evaluation-1 value
were calculated in some parameters. Urinary MCP-1 and
8-OHdG excretions increased from Baseline to Evalua-
tion-1. Conversely, HbAlc and SBP decreased from Base-
line to Evaluation-1 (Supplementary Figure S5).

Correlation coefficients were calculated between each
parameter by single regression analysis (Table 3). HbAlc
at Baseline, %8-OHdG, SBP at Baseline and at Evalua-
tion-1, and the %MCP-1 were correlated to U-COL. The
%MCP-1 was the factor very strongly correlated with U-
COL. (Supplementary Figure S6) The HbAlc at Base-
line, 8-OHdG at Evaluation-1 and the %8-OHdG were
correlated with %MCP-1, of which the %8-OHdG was
the factor very strongly correlated to %MCP-1. (Sup-
plementary Figure S7) HbAlc and SBP at Baseline, SBP
at Evaluation-1, and %MCP-1 were correlated to %
8-OHdG. (Supplementary Figure S8) SBP (S3 B, C),
Urinary 8-OHdG excretion at Evaluation-1, %8-OHdG
and %MCP-1 were correlated to %ACR (Supplementary
Figure S9).

Multiple regression analyses were carried out using
the U-COL, %MCP-1, and %8-OHdG as objective vari-
ables and certain parameters as independent variables
(Table 4). The multiple regression analyses revealed
that %MCP-1, %8-OHdG, SBP at Baseline, and SBP at
Evaluation-1 were independent risk factors for U-COL.
HbA1lc at Baseline and at Evaluation-1, %8-OHdG, and
SBP at Evaluation-1 were independent risk factors for
%MCP-1. HbAlc and SBP at Baseline, and Diabetic
duration were independent risk factors for %8-OHdG.
However, HbAlc, SBP, and BMI at Evaluation-1 were
not independent risk factors for %8-OHdG.

There was no difference between the value of eGFR of
Evaluation-1 (88.0 &+ 2.3) and that of Evaluation-2 (87.5
+ 2.3). Moreover, the eGFR had not been changed in
either of N-COL (from 86.4 + 2.4 to 85.7 £ 2.5) or
H-COL (from 92.6 £ 5.5 to 92.4 + 5.4). The decline of
eGFR of two years did not correlate to the level of
U-COL (r=0.18, p =0.37).

5. DISCUSSION

Although an appearance of albuminuria in diabetic pa-
tients was traditionally considered to cause primarily
glomerular injury, it is now widely accepted that the ap-
pearance of albuminuria also correlates with the degree
of tubulointerstitial injury [14]. The high level of U-COL
in a normoalbuminuric patient indicates that if U-COL is
derived from glomerulus, a high U-COL level is likely to
indicate a glomerular injury in which albumin leakage
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Table 3. Simple correlations of each parameter in this study.

Dependent variable U-COL %MCP-1 %8-OHdG %ACR
Independent variables r r r r
HbA ¢ at Baseline 037 0.417 0.42" 0.24
HbA 1c at Evaluation-1 -0.01 -0.08 0.03 0.01
8-OHdG at Baseline —0.44 -0.15 -0.24
8-OHdG at Evaluation-1 0.24 -0.39" 0.39™
%8-OHdG 0.64" 0.45" 0.43"
SBP at Baseline 0.39" 0.18 0.34" 0.28
SBP at Evaluation-1 0.27" 0.27 0.30” 0.53"
Diabetic duration 0.17 0.11 0.19 0.04
BMI at Evaluation-1 0.06 0.08 0.10 0.10
%MCP-1 0.74" 0.45" 0.45"

P < 0.01. P < 0.05. No sign: not significant. 8-OHdG: 8-hydroxydeoxyguanodine, SBP: systolic blood pressure; BMI: body mass index; MCP-1: monocyte
chemoattractant protein-1; %8-OHdG: percent change during the 1-year (from Baseline to Evaluation-1) in urinary 8-OHdG; %MCP-1: percent change during
the 1-year (from Baseline to Evaluation-1) in urinary MCP-1; %ACR: percent change in urinary albumin-to-creatinine ratio during the 2-year period (from

Evaluation-1 to Evaluation-2).

Table 4. Results of multiple regression analyses, using the U-COL at Evaluation-1, %MCP-1, and %8-OHdG as objective variables
and some parameters at Baseline or at Evaluation-1 as independent variables.

Dependent variables IV collagen % change of MCP-1 % change of 8-OHdG
Independent variables p P s P p P
HbAlc at Baseline —0.09 0.58 50.25 0.00 31.13 0.00
HbAlc at Evaluation-1 0.17 0.36 -33.17 0.02 -7.14 0.29
%8-OHdG 0.01 0.00 0.51 0.00
SBP at Baseline 0.06 0.00 -0.56 0.61 1.47 0.01
SBP at Evaluation-1 —-0.03 0.03 2.52 0.02 0.76 0.16
Diabetic duration 0.02 0.39 0.92 0.62 2.17 0.02
BMI at Evaluation-1 —-0.02 0.78 2.94 0.48 2.86 0.17
%MCP-1 0.01 0.00

P < 0.05: significant. HbAlc: glycated hemoglobin Alc; SBP: systolic blood pressure; BMI: body mass index; %8-OHdG: percent change in urinary
8-hydroxydeoxyguanodine; %MCP-1: percent change in urinary monocyte chemoattractant protein-1; U-COL: urinary type IV collagen excretion.

has already occurred, and albumin is not being excreted
because of compensatory renal tubular reabsorption, on
the other hand, that if U-COL is derived from the tubu-
lointerstitium, a high level of U-COL indicates a decline
in albumin reabsorption due to progression of tubu-

Copyright © 2012 SciRes.

lointerstitial injury. S Araki et al reported that the level of
U-COL was correlated with not only BP and ACR but
also the level of urinary f2-microglobulin which is a
marker of renal tubulointerstitial injury [13-15]. The in-
crease of urinary MCP-1 which is considered to be a
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marker of renal tubulointerstitial injury is also correlated
with the level of U-COL in our study [16]. On the other
hand, N Banba et al. reported that hyperglycemia stimu-
lated MCP-1 expression and the facilitated MCP-1 pro-
duction by glomerular mesangial cells contributes to the
initiation and increase of ACR, and urinary MCP-1 actu-
ally increased in accordance with the extent of albu-
minuria [17]. Anyway, it is highly likely that increases in
U-COL as well as MCP-1 in normoalbuminuria patients
indicate earlier tubuloglomerular disorder, prior to the
onset of albuminuria.

Based on our results, it is proposed that U-COL is a
useful predictive marker for the development of ACR of
normoalbuminuric diabetic nephropathy. However, S
Araki et al. reported that the predictive role of U-COL
was not shown in the increase of ACR and that the large
annual decline in eGFR of patients with increased
U-COL was observed regardless of the stage of diabetic
nephropathy 13). In our study, the eGFR was not
changed during the study period and U-COL did not cor-
relate to the decline rate in the eGFR. The difference in
the relation between the U-COL and the decline in eGFR
in our study may be explained by differences in the dura-
tion of follow-up. Although the period of our study is
relatively short (2 years) to estimate the decline rate of
the eGFR in normoalbuminuric patients, another studies
period was so long (mean 8 years) enough to estimate the
decline of eGFR.

It has been reported that SBP influenced the decrease
in eGFR in patients with albuminuria, but not in patients
with normoalbuminuria [18]. Kotajima et al. reported
that U-COL was increased in hypertensive diabetic pa-
tients, but did not increase in those without hypertension
[19]. Our data showed that SBP was correlated to U-COL
by single regression analysis and by multiple regression
analyses. An explanation for this relationship remains
elusive, but it may suggest the existence of a common
pathway leading to kidney injury and to hypertension in
patients with high U-COL (e.g., RAS activation) [20].

U-COL levels did not correlate with HbAlc levels in
our study. This finding is in agreement with those in pre-
vious reports [13,19,21-23]. The results suggest that
other factors apart from hyperglycemia contribute to the
increase in U-COL. However, U-COL levels correlated
with the past lyear increases of 8-OHdG and of MCP-1
which were related with the level of HbAlc at Baseline
in our study. Thus, these results suggest that U-COL re-
flects not only the degree of hypertension-related renal
injury but also the degree of hyperglycemia-related renal
injury.

A recent study documented that Smad1, which is acti-
vated by stimulation of advanced glycation end products
(AGESs) as a result of hyperglycemia, regulates the pro-
duction of COL and also predicted mesangial matrix ex-
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pansion (MME) [24-27]. There is a close crosstalk in the
inductions of MCP-1 and the activation of Smadl1-COL
pathway [28]. The interaction between MCP-1 and TGFS-
Smadl-COL pathway may contribute to MME and to
podocyte injury in DN [29,30]. TGFf signaling induces
the podocyte expression of MCP-1 that can then alter
albumin permeability characteristics [28]. AGEs induces
intrarenal ROS which upregulates the expressions of
not only Smadl but also MCP-1 [31,32]. This may be a
mechanism that the increases of MCP-1 and 8-OHdG
which were induced by past hyperglycemia closely relate
to the high level of U-COL. In high U-COL state, even if
albuminuria is not appearing, the increases of ROS and
MCP-1 have been already accentuated.

The higher level of U-COL was the larger anti-albu-
minuric effect of ARB was in our study. In the normoal-
buminuric stage, the rise of U-COL levels shows the
overactivity of the RAS which progresses from nor-
moalbuminuria to albuminuria [33]. Therefore, RASIs
seems to lower the ACR. Indeed, RAS inhibition delays
the onset of microalbuminuria in normoalbuminuric dia-
betic patients with hypertension and normal renal func-
tion [34,35]. Recently, it has been reported that a treat-
ment with an ARB could delay or prevent the occurrence
of microalbuminuria in normoalbuminuric patients with
type 2 diabetes [34]. In our study, U-COL was revealed
to be a good predictor for later onset of albuminuria and
to be used to monitor the effect of ARB in normoalbu-
minuric diabetes. Normoalbuminuric patients with dia-
betes who manifest high levels of U-COL should there-
fore be actively administered ARBs.

6. LIMITATION

The sample size of our study was relatively small.
Unfortunately, we did not evaluate glomerular injury or
tubular function in our study, so it is unclear whether
U-COL is derived from the glomerulus or from the tubu-
lointerstitium; it also is not correctly known what injury
a high U-COL level indicates.

In our study, U-COL was not measured at Evalua-
tion-2 and the changes in U-COL from Evaluation-1 to
Evaluation-2 were not evaluated. If we were measuring it,
we might have been able to confirm the increase of the
U-COL in the subjects with development of albuminuria.
Similarly, we did not measure U-COL at the Baseline. If
we were measuring it, we might have been able to con-
firm the increase of the U-COL in the subjects with de-
velopment of oxidative stress and inflammation.

This is a prospective observational study and therefore,
it is not adequate to assess the effects of ARBs. We be-
lieve it necessary to carry out a randomized control trial
that randomly administers ARBs or CCBs to normoal-
buminuric patients with high U-COL values, and which
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evaluates the changes in ACR and U-COL over an ex-
tended period. To identify the clinical significance of
U-COL, it is necessary to carry out investigations cover-
ing an even longer period up to the development of renal
failure.
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Figure S1. After one year from Baseline (research beginning), we measured urinary al-
bumin excretion (urinary albumin-to-creatinine ratio: ACR) and urinary type IV collagen
excretion (U-COL). (Evaluation-1) A significant correlation existed between the U-COL)
value and ACR when all 276 patients with diabetes included in the analysis were studied (r
=0.3354, p=0.001). (Panel (a)) However, this correlation disappeared when only the 145
patients with normoalbuminuria were assessed (r = 0.0981, p = 0.652) (Panel (b)).
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Figure S2. The urinary type IV collagen excretion at Evaluation-1 was significantly corre-
lated with urinary albumin-to-creatinine ratio (ACR) at Evaluation-2 (r = 0.5785, P <
0.005), as well as with %changes of ACR for two years (from Evaluation-1 to Evaluation-2)
(r=0.4585, P =0.006).
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Figure S3. Significant correlations also existed between systolic blood pressure (SBP) at Baseline and at Evaluation-1 in urinary
type IV collagen excretion (U-COL) (r = 0.2742, P < 0.05) (shown in the panel (a)), between SBP at Evaluation-1 and urinary
albumin-to-creatinine ratio (ACR) at Evaluation-1 (r = 0.3458, P < 0.05) (closed diamonds in the panel (b)), between SBP at
Evaluation-1 and ACR at Evaluation-2 (r = 0.6108, P < 0.01) (open squares in the panel (b)), as well as between SBP at Evalua-
tion-1 and % changes of ACR for two years (from Evaluation-1 to Evaluation-2) (r = 0.5259, P < 0.01) (shown in the Panel (c)).
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Figure S4. The effect of angiotensin receptor blocker (ARB) treatment on the correlations between urinary type IV collagen excre-
tion (U-COL) at Evaluation-1) and urinary albumin-to-creatinine ratio (ACR) at Evaluation-2 on one hand, and between U-COL at
Evaluation-1 and percent change of ACR for two years (%ACR) (from Evaluation-1 to Evaluation-2) on the other, was also analyzed.
The higher the U-COL level at Evaluation-1 is, the greater the effects of the ARBs on ACR suppression at the Evaluation-2 [ARB (-);
y = 13.803x — 8.2944, r = 0.6460, P < 0.01, ARB (+); y = 4.7133x + 47.33, r = 0.3539, P < 0.05]. (See Supplementary Figure S4
panel (a).) The higher the U-COL level at Evaluation-1 the more strongly the %ACR was suppressed by ARB treatment [ARB (-); y
=136.03x — 185.39, r=0.4874, P < 0.01, ARB (+); y = 50.274x + 317.7, r = 0.3520, P < 0.05]. (See Supplementary Figure S4 panel
(b)). Such effects of ARB were not evident on the correlations regarding values associated with systolic blood pressure (SBP) (such
as SBP at Evaluation-1, SBP at Evaluation-2 and percent change of SBP for two years: %SBP). (See Supplementary Figure S4 pan-

els (¢), (d).)
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Parameters Baseline Evaluation-1 % change (%)
NGSP-HbAlc (%) 79 £ 0.1 71 £ 0.1 —
SBP (mmHg) 1456 =+ 1.6 1295 = 1.6 —

Urinary 8-OHdG (ng/mg Cre) 8.1

I+

0.4 9.0 = 05 44.6

1+

9.9

Urinary MCP-1  (pg/mg Cre) 344 (35.8-3170) 433(37.9-3810) 879 + 196

Values are expressed as mean = SEM or Median (range)

Figure S5. Changes from Baseline to Evaluation-1 value were calculated
in some parameters. Urinary monocyte chemoattractant protein (MCP)-1
and 8-hydroxydeoxyguanosine (8-OHdG) excretions increased from the
Baseline of the study to Evaluation-1 [MCP-1: from 344 (35.8-3170) to
433 (37.9 - 3810) (pg/mg Cre), 8-OHdG: from 8.1 + 0.4 to 9.0 = 0.5
(ng/mg Cre), and systolic blood pressure (SBP) decreased from 145.6 +
1.6 to mmHg]. Conversely, HbAlc decreased from the Baseline of the
study to Evaluation-1 (from 58.0 £ 0.8 to 49.5 £ 0.8 %).
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Figure S6. HbAlc at Baseline ((a), closed diamonds), %8-OHdG, (b) SBP at
Baseline ((c), closed diamonds) and at Evaluation-1 ((c), open squares), and
the %MCP-1 (d) were correlated to U-COL at Evaluation-1. The %MCP-1
was the factor very strongly correlated with U-COL (d).
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Figure S7. The HbAlc at Baseline (a), 8-OHdG at Evaluation-1 (b) and the %8-OHdG (c) were correlated with %MCP-1, of which
the %8-OHdG was the factor very strongly correlated to %MCP-1 (c).
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Figure S8. HbAlc at Baseline ((a), closed diamonds) and SBP at Baseline ((b), closed diamonds), SBP at Evaluation-1 ((b), open
squares), and %MCP-1 (S8 (¢)) were correlated to % 8-OHdG.
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Figure S9. Urinary 8-OHdG excretion at Evaluation-1 (a), %8-OHdG (b) and %MCP-1 (c) were correlated to %ACR.
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