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Osteoinductive factor is a novel biomarker for the
diagnosis of early diabetic nephropathy
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Abstract: Background: Microalbuminuria is the earliest clinical sign of diabetic nephropathy (DN). However, earlier
markers as a diagnostic tool for DN was required for the invalid of microalbuminuria in some cases. Osteoinductive
factor (OIF) was known to be an essential component of the normal vascular matrix. We aimed to research the
relationship between DN and OIF, and discussed the availability of the serological markers for earlier stage of DN.
Method: One hundred twenty Chinese subjects, who included patients with type 2 diabetes mellitus (T2DM), DN
with microalbuminuria, and DN with macroalbuminuria, as well as healthy controls, were enrolled in this study.
Serum OIF levels were examined by ELISA and other clinical biochemical parameters were tested based on standard
methods. Results: Our results indicated that, serum OIF levels were significantly increased in DN subjects com-
pared with healthy and T2DM subjects (P < 0.05 respectively). However, no significant changes in serum OIF levels
were found between T2DM and healthy subjects. Furthermore, serum OIF had negative correlation with estimated
glomerular filtration rate (eGFR) and positive correlation with blood urea nitrogen(BUN) and creatinine. ROC curve
analysis showed that serum OIF level was a good sensitive and specificity marker for microalbuminuria and early re-
nal damage with sensitivity of 86.7% and specificity of 95%, as well as for macroalbuminuria and damage progress
with sensitivity of 90% and specificity of 95%. Conclusion: OIF may be an indicator of the earlier-stage DN in subjects
with T2DM. Understanding the exact mechanism of up-regulated OIF in subjects with DN requires further study.
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Introduction

Diabetic nephropathy (DN) is a diabetic syn-
drome called chronic capillaries pathological
change and has become the leading cause of
end stage renal diseases in diabetic patients
from Asia, Europe and United States [1, 2].
According to the present diabetic nephropathy
definition with the presence of proteinuria >
0.5 g/24 h, it was commonly so late that
patients already has overt nephropathy, clinical
nephropathy, proteinuria, or macroalbuminuria
at this time [3]. Therefore, diagnosis earlier and
reasonable treatments for patients at risk are
of extremely concernment and in urgent need.
To date, diabetic nephropathy has been catego-
rized into microalbuminuria and macroalbumin-
uria stages based on the values of urinary albu-
min excretion [3]. Accumulating reports sug-
gested that the risk of patients with type 2 dia-
betes and microalbuminuria developing to dia-

betic nephropathy was 10 to 20 times than that
of patients with normoalbuminuria [4, 5].
Although microalbuminuria has been globally
considered as a risk factor for macroalbumin-
uria and widely used for diagnosing diabetic
nephropathy, not all patients progress to this
stage and some may regress to normoalbumin-
uria [6]. Thus, an earlier and more sensitive
marker was demanded to predict the develop-
ment of diabetic nephropathy and help us
screen the patients with more advanced stages
of diabetic nephropathy.

Osteoinductive factor (OIF) belongs to the small
leucine-rich repeat proteoglycan (SLRP) family
and is a secretory protein [7]. Because osteoin-
ductive factor was initially isolated and found to
induce ectopic bone formation, it was also
named osteoglycin [8, 9]. It has been reported
that osteoinductive factor exerted this function
through associating with TGFB-like bone mor-
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Table 1. Characteristics of patients and controls

Parameter Control Normoalbuminuric Microalbuminuric Macroalbuminuric
(n=30) (n=30) (n=30) (n=230)
Age (years) 50.1+2.1 49.8+2.0 50.3+1.9 51.2+2.1
Gender, male (%) 60% 70% 65% 63%
BMI (kg/m?) 22.9+2.7 23.6+3.3 24.1+3.5 23.7+2.9
SBP (mmHg) 120.5+3.8 123.4+4.2 138.1+5.1* # 142.345.3* #
DBP (mmHg) 83.2+2.7 85.4+3.3 90.1+3.5* 94.3+3.6* ,#
TC (mmol/L) 4.9+0.32 5.3+0.35 5.7+0.41* 5.9+0.46*,#
HDL-C (mmol/L) 1.33+0.08 1.25+0.06 1.11+0.06* 1.02+0.04* #
LDL-C (mmol/L) 2.55+0.12 2.59+0.18 2.63+0.17 2.91+0.19* #
TGs (mmol/L) 1.35+0.13 1.83+0.25* 2.01+0.24* 2.18+0.27*
FBG (mmol/L) 5.03+0.11 9.57+0.54* 10.31+0.71* 10.78+0.85*
HbA, (%) 5.25+0.5 7.8+0.72% 8.12+0.78%* 8.2+0.81*
BUN (mmol/L) 4.18+0.39 6.14+1.2% 6.47+£1.98* 10.58+4.1* #,&
Creatinine (mg/dL) 62.3+4.2 65.7+5.97 67.3+8.5 150.4+23.1%,#,&
eGFR 112.4+4.7 138.3+5.9* 134.6+6.7* 75.7+5.3* #,&

Notes: Data are presented as mean + SD. *P < 0.05 versus control, #P < 0.05 versus Normoalbuminuric, &P < 0.05 versus
Microalbuminuric. Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total
cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TGs, triglycerides; FBG, fast-
ing blood glucose; HbA, , glycated hemoglobin; BUN, blood urea nitrogen; eGFR, Estimated glomerular filtration rate.
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to the attack and development of DN from the
early stages of diabetes is still unclear.

Therefore, we undertook studies to identify the
osteoinductive factor in patients with type 2
diabetes with different stages of nephropathy
in order to assess their significance as markers
of early renal dysfunction.

Serum OIF concentration
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Figure 1. Serum concentration of osteoinductive fac-
tor (OIF) among Normoalbuminuric patients, Microal-
buminuric patients, Macroalbuminuric patients and

healthy subjects.

Subjects

This study included a total of 120 Chinese sub-
jects contained those with type 2 diabetic mel-
litus (T2DM, n = 90), and their respective age
phogenetic proteins [10]. In addition, osteoin- and sex-matched controls (n = 30), and they
ductive factor was known to be an essential were recruited from the Henan Provincial
component of the normal vascular matrix. People’s Hospital of Zhengzhou University.

Catherine M. Shanahan demonstrated that
osteoinductive factor was highly expressed in
differentiated adult rat vascular smooth mus-
cle cells (VSMCs) but downregulated in VSMCs
that had undergone proliferation in vitro, which
indicated that osteoinductive factor may be a
new marker of differentiated VSMCs [11].
Except for the important roles in regulation of
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T2DM was diagnosed according to American
Diabetic Association criteria. All healthy sub-
jects were selected based on the results of a
physician’s questionnaire and laboratory tests.
The study was approved by the local ethical
committee of Henan Provincial People’s
Hospital of Zhengzhou University and informed
consent was obtained from every subject.
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Table 2. Univariate correlations with serum
OIF levels concentrations

Parameter r P
Age 0.15 NS
Gender -0.17 NS
BMI 0.11 NS
SBP 0.371 0.011
DBP 0.352 0.017
TC 0.291 0.032
HDL-C -0.307 0.03
LDL-C 0.267 0.041
TGs 0.205 0.09
FBG 0.2 0.092
HbA, 0.231 0.076
BUN 0.524 <0.001
Creatinine 0.54 <0.001
eGFR -0.471 < 0.005

Clinical data and laboratory test

Clinical examination and assessment of body
mass index (BMI) were performed. Blood pres-
sure was measured 3 times, and the average
value was considered for data analysis. Serum
and early morning urine samples were collect-
ed, centrifuged, aliquoted and stored at -80°C
until various routine laboratory test and quanti-
fication by ELISA.

Glycosylated haemoglobin (HbA, ) was quanti-
tatively detected by ion exchange chromatogra-
phy (Stanbio Laboratory). Fasting plasma glu-
cose (FBG) was estimated using glucose oxi-
dase enzymatic assay (Bio Merieux). Creatinine
in urine and lipid profile (total cholesterol, tri-
glycerides, HDL-C, and LDL-C) were calculated
by enzymatic colorimetry using Olympus AU
400 auto analyzer (Olympus Diagnostics,
GmbH, Germany). Albumin in urine was mea-
sured by immunoturbidimetric method using
Boerhinger reagents (Germany). Albumin/cre-
atinine ratio was calculated through comparing
the albumin in the sample against its creatinine
concentration.

ELISA

The concentration of OIF in serum was mea-
sured with an ELISA kit (Zymed Laboratories
Inc, USA) using ab126749 (Abcom, China) as
the OIF-specific antibody. The standard curve
was created using the suppliers’ OIF. And the
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assay was performed according to the manu-
facturer’s specifications.

Statistical analysis

Data were described as mean + standard devi-
ation. Comparison between the two groups was
performed using the Student’s unpaired t-test.
A receiver operating characteristics (ROC) anal-
ysis was performed to calculate the area under
the curve (AUC) to find the best cutoff values
providing the highest diagnostic specificity fol-
lowed by the best sensitivity. All analyses were
performed with Statistical Package for Social
Sciences version 13.0 (SPSS, Chicago, IL). In all
statistical tests, differences with P-values <
0.05 were considered as significant.

Results
Characteristics of study subjects

Based on the albumin/creatinine ratio, diabetic
mellitus group was classified to Normoal-
buminuric (albumin/creatinine ratio < 30 ug/
mg, n = 30), Microalbuminuric (male: albumin/
creatinine ratio 30-300 pg/mg, female: 400
pg/mg, n = 30) and Macroalbuminuric (male:
albumin/creatinine ratio > 300 pg/mg, female:
> 400 pg/mg, n = 30). Characteristics and lab-
oratory data of patients and controls were
described in Table 1.

Compared to the health control and Normoal-
buminuric, the other two DN patients group had
significantly higher systolic pressure and dia-
stolic blood pressure. While, higher fasting
blood glucose, HbA, and blood urea nitrogen
were observed among T2DM patients compar-
ing to the healthy. For lipid profiles, plasma con-
centrations of total cholesterol, low density
lipoprotein cholesterol and triglycerides were a
little higher in T2DM patients than in health
controls; whereas HDL cholesterol levels were
clearly lower in DN patients than that in healthy
(Table 1). Notably, creatinine in Macroal-
buminuric group was exactly significantly higher
than the other three groups, but with the eGFR
the opposite was the case.

OIF levels are increased in patients with DN,
but not in T2DM

ELISA was performed to identify the serum con-
centration of osteoinductive factor among all
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Figure 2. Receiver operating characteristic (ROC) curve analysis of OIF concentrations for prediction of microalbu-
minuria (A) and macroalbuminuria (B) in T2DM patients.

subjects, and we found that OIF concentration Discussion
in  Microalbuminuric patients and Macroa-
Ibuminuric patients were significantly increased To date, microalbuminuric has been an interna-
than that in Normoalbuminuric patients and tionally admitted standard for DN and was
healthy subjects (Figure 1). excessively used on clinical [12]. Unfortunately,
this standard easily interfered by excretion,
OIF levels were strongly associated with renal sports, urinary tract infection, hypertension,
function in subjects with DN heart function failure, urgent fever and so on
[13]. Based on local community’s syndromes of
Correlation studies revealed that OIF negative diabetic patients, the former epidemiological
correlated with eGFP and here was positive cor- investigation showed 44.3% of patients who
relation between OIF and creatinine, which got kidney functional failure (glomerular filtra-
were conventional biomarkers reflecting the tion rate < 60 ml/min/1.73 m?) were normoal-
decline of renal function in chronic kidney dis- buminuric [6]. Thus, microalbuminuric still can-
ease patients (Table 2). not completely demonstrate whether patients

may get the risk of DN or not. It was strongly

OIF in T2DM patients may be a good predictor recommended for a more sensitive marker to

for DM predict DN in order to help us screen earlier
) ) ) ) ) ) stage DN.

To investigate the diagnostic of microalbumin-

uria and macroalbuminuria in patients with dia- Glomerular hypertrophy, increasing of extracel-
betes, the ROC curve analysis of OIF levels in lular matrix and glomerular sclerosis, were
T2DM patients was performed. As showed in involved in the pathologically change of DN. It
Figure 2A, the area under the curve (AUC) was was usually displayed as high glomerular filtra-
0.869 with a sensitivity of 86.7% and a specific- tion, high injection state and changes in the glo-
ity of 95% for microalbuminuria prediction. merular filtration barrier. Many factors contrib-
Meanwhile, there was an AUC of 0.955 with a uted to the occurring of DN, and the long term
sensitivity of 90% and a specificity of 95% for hyperglycemia caused by insulin metabolism
macroalbuminuria prediction (Figure 2B). Taken disorderwasacrucial reason [14]. Pathologically
together, these data suggested that serum OIF changes in kidney resulted from hyperglycemia
levels of T2DM patients may be a good predic- rendering blood dynamics and abnormal glyco-
tor for DN. metabolism. Moreover, the activation of several
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growth factors and cytokines was the direct
account for the onset of DN. In addition, the
functional abnormal of vascellum was an initi-
ate reason for DN.

Sema Uslu et al reported that tubular involve-
ment may be prior to glomerular involvement in
DN patients, owing to several tubular proteins
and enzymes were detectable even before the
appearance of microalbuminuria or rising in
serum creatinine [15]. In our study, it was
showed that serum OIF levels were significantly
increased in DN subjects compared with
healthy and T2DM subjects (P < 0.05 respec-
tively). However, no significant changes in
serum OIF levels were found between T2DM
and healthy subjects. Recent researches dem-
onstrated that OIF may be one of fundamental
compounds of capillary and plays an important
role in regulation of capillaries. OIF mRNA lev-
els was sufficiently high in lung, skeletal mus-
cle, testis and lipid tissue [16-18]. Some other
studies indicated that OIF have a still vague
function which helped to rebuild capillaries. In
this study, correlation studies revealed that OIF
was positively correlated with BUM, creatinine
and negatively correlated with eGFR. eGFR,
creatinine, and BUN are conventional biomark-
ers reflecting changes in renal function in DN
patients. In fact, GFR was the best parameter
of overall kidney function, and BUN and creati-
nine were conventional biomarkers reflecting
changes in renal function in CKD and DN
patients [19-22]. These results suggested that
OIF levels were strongly associated with renal
function in subjects with DN. Through carrying
out the nonparametric ROC plots, we found
that serum OIF had a high sensitive and speci-
ficity for the prediction of microalbuminuria
(86.7% and 95%, respectively) and macroalbu-
minuria (90% and 95%, respectively). The AUC
of OIF for the prediction of microalbuminuria
reached 0.869. Our results revealed the poten-
tial role of serum OIF levels for the onset and
development of DN among DM subjects.

In conclusion, this study provided clinical evi-
dence revealing that serum concentrations of
OIF were increased in subjects with DN. OIF
was a sensitive marker for early microalbumin-
uria. These data indicated that OIF may be a
potential biomarker for diagnosing and evaluat-
ing the onset and development of DN among
DM subjects. For there were seldom studies
related to OIF all over the world, understanding
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the role of OIF in progression of DN will extend
the application of OIF, which used as a serologi-
cal labeling marker for diagnose earlier stage of
DN. It also provided a new possibility target to
cure early stage of DN. Ulteriorly, understand-
ing the exact mechanism of up-regulated OIF in
subjects with DN requires further study.
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