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ABSTRACT 

The correlation of insulin-like growth factor binding protein-3 proteolysis with 

insulin resistance in obese adolescents 

 

Ki Eun Kim 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Thesis Supervisor: Professor Ho-Seong Kim) 

 

Purpose: The prevalence of adolescent obesity is increasing, thereby causing an 

increase of metabolic syndrome in adolescents. Recently, the metabolic roles of 

insulin-like growth factor binding protein-3 (IGFBP-3) in human adipocytes and 

animals have been revealed. This study was performed to investigate the role of 

IGFBP-3 proteolysis in insulin resistance in obese adolescents. 

Methods: A total of 197 adolescents aged 12 to 13years were included in this study. 

They were classified into the obesity group (n=56, M:F=25:31), the overweight group 

(n=41, M:F=19:22), and the control group (n=100, M:F=49:51) according to body 

mass index (BMI) for age and gender. Measurements for anthropometric profiles 



 2

(height, weight, and waist circumference) and blood pressure (BP) were taken. Lipid 

profiles, and levels of aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), high sensitivity C-reactive protein, fasting glucose and fasting insulin were 

measured. Homeostatic model assessment-insulin resistance (HOMA-IR) was 

calculated. IGFBP-3 proteolytic fragments were obtained by Western immunoblot 

assay. 

Results: Weight, height, waist circumference, BMI, systolic BP, and diastolic BP 

were higher in the overweight and obesity groups than in the control group (P < 0.01). 

The levels of triglycerides, low-density lipoprotein cholesterol, ALT, fasting glucose, 

and fasting insulin were increased in the overweight and obesity groups compared to 

the control group (P < 0.01), while the level of high-density lipoprotein cholesterol 

was decreased in the obesity group compared to the overweight and control groups (P 

< 0.01). HOMA-IR was significantly increased in the overweight and obesity groups 

compared to the control group (control vs. overweight, 1.5±0.8 vs. 2.9±3.2, P < 0.001; 

control vs. obesity, 1.5±0.8 vs. 3.6±2.2, P < 0.001). The optical densities of the 

IGFBP-3 proteolytic fragments were significantly increased in the overweight and 

obesity groups compared to controls (control vs. overweight, 2.09 ± 1.32 (100%) vs. 

3.83 ± 0.37 (183%), P < 0.001; control vs. obesity, 2.09 ± 1.32 (100%) vs. 3.85 ± 0.63 

(184%), P < 0.001). The degree of IGFBP-3 proteolysis was correlated with weight (r 

= 0.599, P < 0.001), height (r = 0.241, P < 0.001), ALT (r = 0.220, P < 0.05), fasting 

glucose (r = 0.295, P = 0.001), fasting insulin (r = 0.307, P = 0.001), BMI (r = 0.651, 
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P < 0.001), waist circumference (r = 0.608, P= 0.001), and HOMA-IR (r = 0.313, P 

<0.001). 

Conclusion: The degree of IGFBP-3 proteolysis was increased in overweight and 

obese subjects and positively correlated with parameters associated with insulin 

resistance. These results suggest that the proteolysis of IGFBP-3 may be involved in 

the pathogenesis of insulin resistance and IGFBP-3 fragments could be considered as 

surrogate markers of insulin resistance in obesity. 

 

………………………………………………………………………………………….. 

Keywords: obesity, IGFBP-3, proteolytic fragment, insulin resistance, adolescents 
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The correlation of insulin-like growth factor binding protein-3 

proteolysis with insulin resistance in obese adolescents 

 

Ki Eun Kim 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Thesis Supervisor: Professor Ho-Seong Kim) 

 

I. INTRODUCTION 

Obesity is now accepted as a major health problem worldwide. In particular, the 

prevalence of obesity in children and adolescents is significantly increasing at a rapid 

rate1-2. In adults, metabolic syndrome, defined by the clustering of cardiovascular risk 

factors, including obesity, insulin resistance, dyslipidemia, and hypertension, is 

associated with an increased risk for cardiovascular disease and type 2 diabetes. 

Metabolic syndrome can occur in childhood and is associated with the severity of 

obesity in varying levels3-4. Furthermore, the cluster of cardiovascular risk factors 

related to metabolic syndrome persists from childhood to young adulthood5. Among 

risk factors, insulin resistance plays a major role in the pathogenesis of metabolic 
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syndrome and type 2 diabetes6. The mechanisms responsible for insulin resistance in 

obesity can be explained by a number of hypotheses proposing the following causes: 

defects in insulin-stimulated glucose transport in skeletal muscle by elevated free 

fatty acids; increased intramyocellular/intrahepatic fatty acid metabolites; increased 

fat delivery to muscle/liver; defects in mitochondrial fatty acid oxidation; and variable 

cytokines secreted by adipocytes that affect insulin sensitivity and lead to generalized 

inflammation7. However, the exact mechanisms responsible for insulin resistance in 

obesity have yet to be elucidated.  

Insulin-like growth factor binding proteins (IGFBPs) are components of the 

insulin-like growth factor (IGF) signaling system, which is comprised of the IGF-I, 

IGF-II, and insulin ligands, and a family of transmembrane receptors including the 

insulin, IGF-I, and IGF-II receptors. The six classical IGFBPs (IGFBP-1 to -6) bind 

IGF-I and IGF-II, but not insulin, with high affinity. The major functions of IGFBPs 

are to transport IGFs, prolong their half-lives and regulate the availability of free 

IGFs for interactions with IGF receptors, thereby modulating the effects of IGFs on 

cell proliferation, differentiation, metabolic activity increase, and cell survival8. 

Additionally, six IGFBPs have been reported to exert IGF/IGF-I receptor-independent 

actions9. Recently, the metabolic-related roles of IGFBPs to regulate the glucose 

homeostasis by modulating the insulin and IGF systems have been proposed10, 11. 

IGFBP-3 inhibits insulin-stimulated glucose uptake in adipocytes, human omental 

adipose tissue, and in Sprague-Dawley rats12, 13. In addition, transgenic mice 
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overexpressing IGFBP-3 developed insulin resistance, showing fasting 

hyperglycemia, impaired glucose tolerance, and reduced glucose uptake in muscle 

and liver14. These findings suggest that IGFBP-3 acts as an insulin antagonist. The 

possibility of the effect of IGFBP-3 on insulin action that mediated through central 

nervous system has been proposed, showing that intracerebroventricular infusion of 

IGFBP-3 significantly impairs insulin action in the rat liver15. However, the 

mechanisms responsible for insulin resistance by IGFBP-3 remain poorly understood. 

One possible mechanism in insulin resistance by IGFBPs focused on defects in 

insulin binding to its receptors, thereby resulting in defects of the post-receptor signal 

processing can be addressed. Yamanaka et al.16 demonstrated that IGFBP-7/mac25, a 

member of the IGFBP superfamily that binds to IGFs specifically with low affinity, is 

a high-affinity insulin-binding protein, showing that IGFBP-7 blocks insulin binding 

to the insulin receptor and thereby inhibits insulin actions such as the 

autophosphorylation of the insulin receptor  subunit and the phosphorylation of 

insulin receptor substrate (IRS). Another study reported that IGFBP-3 fragments 

derived from proteolysis retain weak IGF binding, show specific insulin binding and 

inhibition of insulin receptor autophosphorylation17. These studies suggest that 

proteolytic fragments of IGFBP-3 or low-affinity binding IGFBPs induce insulin 

resistance by increasing the affinity of IGFBP-3 for insulin, thereby inhibiting 

binding to insulin receptor. Alterations in proteolytic cleavage of IGFBP-3 have been 

reported in several physiological and pathological conditions, including cancer, type 1 
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and 2 diabetes, burn injuries, and surgery, suggesting that catabolic states increase 

degradation of circulating IGFBP-318-23. In this study, we hypothesized that protelytic 

fragments of IGFBP-3 observed in obesity induces insulin resistance. Herein, we have 

evaluated the degree of IGFBP-3 proteolysis in the sera of obese adolescents and have 

demonstrated that the degree of IGFBP-3 proteolysis correlates with variables 

associated with insulin resistance. 

 

II. MATERIALS AND METHODS 

1. Subjects  

197 study subjects aged 12 to 13 years old were selected among adolescents living 

in Seoul who visited a health-screening center (The National Medical Center, Seoul, 

Korea) for medical examinations. The 93 boys and 104 girls were classified into the 

following three groups by Body Mass Index (BMI): obesity group (BMI ≥ 95th), 

overweight group (85th ≤ BMI < 95th), and control group (BMI < 85th). The BMI 

percentiles for age and gender according to 2007 Korea Growth Charts for assessment 

of obesity were utilized. At the time of study enrollment no subject had either a 

chronic disease or acute illness, was taking medications for any condition, or had a 

history of smoking. The Hospital Ethnics Committee reviewed and approved the 

study, and written informed consent was obtained from guardians and study subjects. 
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2. Anthropometric Measurements 

Clinical and physical examinations were performed by the same physician. For 

anthropometric measurements, all subjects were dressed in light clothing without 

shoes. Weight was measured to the nearest 0.1 kg, and height was measured to the 

nearest 0.1 cm using an automatic height-weight scale. Blood pressure (BP) was 

measured three times in the sitting position on the right arm using an automatic BP 

recorder. BMI was calculated as the weight in kilograms divided by the height in 

meters squared. Waist circumference was measured at the midpoint between the iliac 

crest and the lower border of the rib cage24. 

3. Blood Samples Analyses 

All subjects were fasted for more than 12 hours. Whole blood samples were 

obtained by venipuncture, and the blood was collected in glass tubes. All blood 

samples were centrifuged at 4000 rpm for 4 minutes at room temperature, and 

extracted sera were used for biochemical and hormonal assay within 8 hours, as 

described below. The remaining sera were immediately stored at -80℃ until analysis. 

Western immunoblot assay was performed as described below. 

 A. Biochemical and hormonal analyses 

Level of fasting serum glucose, insulin, total cholesterol, triglycerides, and 

high-density lipoprotein (HDL) cholesterol were measured, and levels of low-density 
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lipoprotein (LDL) cholesterol were calculated using the following formula: 

LDL-cholesterol = total cholesterol – HDL-cholesterol – (triglyceride/5). Aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT) levels were also 

measured. High sensitivity C-reactive protein (hs-CRP) concentrations were 

measured by IMMAGE assay (IMMAGE CRPH, Beckman Coulter, CA, USA), and 

fasting insulin levels were measured by electroluminescence immunoassay (Roche, 

Indianapolis, IN, USA). Insulin resistance was estimated using the homeostatic model 

assessment of insulin resistance (HOMA-IR) and calculated using the following 

formula: HOMA-IR =[fasting insulin (μIU/mL) x fasting glucose (mg/dL)/18]/22.525. 

B. Western immunoblotting analyses 

Sera were size-fractionated by 12% sodium dodecyl sulfate (SDS)-polyacrylamide 

gel electrophoresis under non-reducing condition. Size-fractionated proteins were 

electrotransferred onto Hybond-ECL nitrocellulose membranes (Amersham 

Pharmacia, Arlington, VA). Membranes were blocked in 5% nonfat dry milk in 

tris-buffered saline tween20 (TBST), and incubated with primary antibodies (goat 

anti-IGFBP-3 antibody) diluted in TBST for 2 hours at room temperature or overnight 

at 4oC. Membranes were washed in TBST and then incubated with horseradish 

peroxidase-conjugated secondary antibodies (Southern Biotechnology Associates, 

Birmingham, AL, USA), diluted 1:3000, for 1 hour at room temperature. 

Immunoreactive proteins were detected using Renaissance Western Blot 

Chemiluminescence reagents (New England Nuclear, Boston, MA, USA). The optical 
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densities of the IGFBP-3 fragments were measured using the Bio-Rad XR Plus 

imaging densitometer (Bio-Rad, Melville, NY, USA). The intact form of IGFBP-3 is 

represented by a 41-39 kDa doublet band. IGFBP-3 proteolysis was defined as the 

absorbance of the sum of IGFBP-3 fragments with molecular weights lower than the 

intact form, relative to the total density in the lane. All analyses were performed in 

duplicate.  

4. Statistical Analyses  

To determine the statistical differences in clinical characteristics among the three 

groups, we used one-way analysis of variance (ANOVA). Pearson’s correlation 

coefficients were calculated to evaluate the relationship between the degree of 

IGFBP-3 proteolysis and clinical features, insulin resistance (HOMA-IR), adiposity 

parameters (e.g., BMI and waist circumference), fasting insulin levels, fasting glucose 

levels and insulin resistance. Results were expressed as the mean ± SD. Results 

were considered significant when P < 0.05. All statistical analyses were performed 

with SAS 9.13 service pack3 (SAS Institute, Cary, NC, USA).  
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III. RESULTS 

1. Clinical Characteristics of Subjects 

Comparisons of clinical features in all groups are given in Table 1. Mean 

chronological age was 12.2 ± 0.36 years old in all subjects. Gender ratio did not differ 

among the three groups. Height was significantly increased in the obesity group 

(control vs. overweight, 156.9 ± 7.1 vs. 157.9 ± 7.2, P = NS; overweight vs. obesity, 

157.9 ± 7.2 vs. 160 ± 5.7, P < 0.01; control vs. obesity, 156.9 ± 7.1 vs. 160 ± 5.7, P < 

0.01). The obesity group also had significantly higher weight, BMI, waist 

circumference, systolic BP, and diastolic BP than controls (respectively, P < 0.01). 
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Table 1. Clinical and anthropometric characteristics of subjects 

 Control Overweight Obesity P value 

n (M:F) 100 (49:51) 41 (19:21) 56 (25:31) NS 

Age (years) 12.2 ± 0.4 12.2 ± 0.4 12.2 ± 0.3 NS 

Weight (kg) 47.2 ± 6.9 61.0 ± 6.9 69.7 ± 7.7 a 

Height (cm) 156.9 ± 7.1 157.9 ± 7.2 160 ± 5.7 b 

BMI (kg/m2) 19.1 ± 1.9 24.4 ± 1.0 27.2 ± 1.8 a 

Waist circumference (cm) 68.5 ± 6.2 80.8 ± 5.6 87.9 ± 7.0 a 

Systolic BP (mmHg) 101.2 ± 10.8 107.9 ± 10.6 114.8 ± 10.7 a 

Diastolic BP (mmHg) 63.6 ± 6.4 65.6 ± 7.5 69.9 ± 7.8 c 

Abbreviations: NS, not significant; BMI, body mass index; BP, blood pressure. 

Values are expressed as mean ± SD. Each group was classified by the BMI percentile 

according to 2007 Korea Growth Charts. a, control vs. overweight; overweight vs. 

obesity; control vs. obesity; respectively, P < 0.01. b, control vs. obesity (P < 0.01), 

and overweight vs. obesity (P < 0.01). c, control vs. overweight (P < 0.01), and 

control vs. obesity (P < 0.01). 
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2. Biochemical and Hormonal Assays 

Biochemical and hormonal variables are summarized in Table 2. There was no 

significant difference in the total cholesterol levels among the groups. However, 

HDL-cholesterol levels were markedly decreased in the obesity group (control vs. 

overweight, 53.1 ± 13.3 mg/dL vs. 53.6 ± 11.4 mg/ dL, P = NS; control vs. obesity, 

53.1 ± 13.3 mg/dL vs. 46.5 ± 10.6 mg/dL, P < 0.01; overweight vs. obesity, 53.6 ± 

11.4 mg/ dL vs. 46.5 ± 10.6 mg/dL, P < 0.01). The obesity group had much higher 

levels of triglycerides (control vs. obesity, 82.9 ± 37.6 mg/dL vs. 103.2 ± 36.8 mg/dL, 

P < 0.01), LDL-cholesterol (control vs. obesity, 75.9 ± 24.2 mg/dL vs. 84.7 ± 26.5 

mg/dL, P < 0.05), and ALT (control vs. obesity, 11.4 ± 21.4 IU/L vs. 20.9 ± 20.8 IU/L, 

P < 0.01) than the control group. However, hs-CRP levels were not significantly 

different in this study (control vs. obesity, 0.07 ± 0.13 mg/dL vs. 0.11 ± 0.11 mg/dL, 

P = 0.059).  

Fasting insulin levels were differed significantly in the obesity group compared 

with other groups (control vs. overweight, 8.0 ± 4.0 μIU/mL vs. 12.9 ± 8.7 μIU/mL, P 

< 0.001; overweight vs. obesity, 12.9 ± 8.7 μIU/mL vs. 16.9 ± 9.5 μIU/mL, P < 0.001; 

control vs. obesity, 8.0 ± 4.0 μIU/mL vs. 16.9 ± 9.5 μIU/mL, P < 0.001). The levels of 

fasting glucose were increased in the overweight and obesity groups compared to 

controls (P < 0.001) but were not significantly different between each other. 

HOMA-IR was increased similarly (control vs. overweight, 1.5 ± 0.8 vs. 2.9 ± 3.2,P < 

0.001; control vs. obesity, 1.5 ± 0.8 vs. 3.6±2.2; P < 0.001) as shown in Table 3. 
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Table 2. Biochemical characteristics of subjects 

 Control Overweight Obesity P value 

Total cholesterol (mg/dL) 145.4 ± 32.3 158.6 ± 29.0 150.3 ± 34.0 NS 

HDL-cholesterol (mg/dL) 53.1 ± 13.3 53.6 ± 11.4 46.5 ± 10.6 d 

Triglycerides (mg/dL) 82.9 ± 37.6 110.9 ± 47.7 103.2 ± 36.8 e 

LDL-cholesterol (mg/dL) 75.9 ± 24.2 82.9 ± 23.3 84.7 ± 26.5 f 

AST (IU/L) 21.8 ± 12.6 22.9 ± 10.3 26.0 ± 17.6 NS 

ALT (IU/L) 11.4 ± 21.4 17.2 ± 2.7 20.9 ± 20.8 d 

hs-CRP (mg/dL) 0.07 ± 0.13 0.07 ± 0.13 0.11 ± 0.11 NS 

Abbreviations: HDL, high-density lipoprotein; LDL; low-density lipoprotein; AST, 

aspartate aminotransferase; ALT, alanine aminotransferase; hs-CRP, high sensitivity 

C-reactive protein. Values are expressed as mean ± SD. d, control vs. obesity (P < 

0.01), and overweight vs. obesity (P < 0.01).  e, control vs. overweight (P < 0.01), 

and control vs. obesity (P < 0.01). f, control vs. overweright (P < 0.05), and control vs. 

obesity (P < 0.05). P values were calculated by one-way ANOVA. 
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Table 3. Insulin resistance of subjects 

 Control Overweight Obesity P value 

Fasting glucose (mg/dL) 75.8 ± 11.3 86.3 ± 12.5 85.3 ± 7.2 g 

Fasting insulin (μIU/Ml) 8.0 ± 4.0 12.9 ± 8.7 16.9 ± 9.5 h 

HOMA-IR 1.5 ± 0.8 2.9 ± 3.2 3.6 ± 2.2 g 

Abbreviations: HOMA-IR, homeostatic model assessment of insulin resistance. 

HOMA-IR was calculated using the following formula: HOMA-IR = [fasting insulin 

(μIU/mL) x fasting glucose (mg/dL)/18]/22.5. g, control vs. overweight (P < 0.001), 

and control vs. obesity (P < 0.001). h, control vs. overweight, overweight vs. obesity, 

and control vs. obesity, respectively; P < 0.001.  

3. Western Blot Analyses 

There were predominant expressions of the IGFBP-3 proteolytic fragmented forms 

(29-kDa, 18-kDa) in the obesity and overweight groups, but non-expression or timid 

fragments were shown in controls (Fig. 1A.). The proteolytic densities of the 

IGFBP-3 fragments were significantly increased in the obesity and overweight groups 

(control vs. overweight, 2.09 ± 1.32 vs. 3.83 ± 0.37, P < 0.001; control vs. obesity, 

2.09 ± 1.32 vs. 3.85 ± 0.63, P < 0.001) (Fig. 1B). P values were calculated by 

one-way ANOVA. 
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A. 

 

 

B.  

    

Fig. 1. Increased IGFBP-3 proteolysis in obese adolescents. (A) The IGFBP-3 

proteolytic fragments were detected by Western blot assay. (B) Optical density was 

significantly increased in the obesity and overweight groups. *, control vs. overweight, 

2.09 ± 1.32 (100%) vs. 3.83 ± 0.37 (183%), P < 0.001; **, control vs. obesity, 2.09 ± 

1.32 (100%) vs. 3.85 ± 0.63 (184%), P < 0.001). 
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4. Correlation of IGFBP-3 proteolysis with Clinical Variables  

The degree of IGFBP-3 proteolytic fragment density was positively correlated with 

adiposity parameters such as waist circumference (r = 0.608, P < 0.001), BMI (r= 

0.4651, P < 0.001) as well as levels of ALT (r = 0.220, P = 0.014), fasting glucose (r 

= 0.295, P = 0.001), fasting insulin (r = 0.307, P = 0.001), and insulin resistance 

index (HOMA-IR) (r = 0.313, P < 0.001). P values were calculated by Pearson’s 

correlation coefficient (Fig. 2.). 
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Table 4. Correlation of the degree of IGFBP-3 proteolysis with clinical variables 

 OD of IGFBP-3 Proteolysis P value 

 Pearson’s correlation coefficient(r)  

Height 0.241  0.007 

Weight 0.599 < 0.001 

Waist circumference 0.608 < 0.001 

BMI 0.651 < 0.001 

ALT 0.220 0.145 

Fasting glucose 0.295 0.001 

Fasting insulin 0.307 0.001 

HOMA-IR 0.313 < 0.001 
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A.                                 B.  

        

C.                                  D. 

       

Fig. 2. Relationship between IGFBP-3 proteolysis and (A) waist circumference (r = 

0.608, P < 0.001), (B) BMI (r= 0.4651, P < 0.001), (C) fasting insulin (r = 0.307, P 

= 0.001), and (D) HOMA-IR (r = 0.313, P < 0.001) were calculated by Pearson’s 

correlation coefficient.  
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IV. DISCUSSION  

In this study, we have demonstrated that IGFBP-3 proteolysis is increased in 

subjects with overweight and obesity compared to normal control. The first 

identification of protease for IGFBP-3 has been reported in pregnancy sera18, 19. After 

then, the proteolytic degradation of IGFBP-3 has been reported in several catabolic 

conditions, including cancer, type 1 and type 2 diabetes, Turner syndrome, burn 

injury, surgery, and arthritis20-23. Proteolytic cleavage of IGFBPs has been accepted as 

the predominant mechanism for the regulation of IGF bioavailability in the serum as 

well as pericellular environment. Proteases found in a variety of biological fluids 

including serum, seminal plasma, urine, cerebrospinal, synovial, interstitial, and 

peritoneal fluids can degrade IGFBP-1-6 into fragments that greatly reduce affinity 

for IGF-I and IGF-II, thereby increasing the concentration of free IGF and allowing 

IGF to bind to and activate the IGF receptor22. Therefore, IGFBP proteolysis directly 

regulates IGF receptor signaling and indirectly modulates cell survival, mitogenesis, 

and differentiation23. The rate of IGFBP proteolysis is most likely regulated by 

multiple mechanisms22. Changes in concentrations of IGFBP-directed proteases, such 

as serine, cysteine, aspartic preoteases, metalloproteases, cathepsins, and/or their 

inhibitors can directly modulate the rate of IGFBP degradation. Structural 

modification of IGFBPs by post-translational modifications, such as phosphorylation 

and glycosylation, can also regulate the rate of IGFBP proteolysis by restricting 

protease access to the midregion of IGFBP-3. In addition, non-covalent modification 
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of IGFBPs, such as ligand binding and interaction with extracellular matrix, has been 

reported to regulate the rate of proteolysis of IGFBPs. Fowlkes et al.26 reported that 

proteolysis of IGFBP-3, -4, and -5 can be inhibited by intact IGFBPs or fragments 

derived from IGFBPs, which contain heparin-binding domains.  

There are conflicting reports about the effect of obesity on IGFBP-3 proteolysis. In 

contrast to our results, some studies have demonstrated that IGFBP-3 proteolytic 

activity in obese subjects is same as that in lean control27, 28. However, it is evident 

that IGFBP-3 proteolysis is increased in patients with noninsulin-dependent diabetes 

mellitus29, 30. In our study, the major proteolytic fragment was migrated at 18 kDa, 

which is compatible to N-terminal IGFBP-3 fragment observed in urine and serum 

from healthy children21 and type 1 diabetes with microalbuminuria 31. Previous studies 

have demonstrated that recombinant human IGFBP-3, which is an N-terminal 

IGFBP-3 fragment cleaved by plasmin17, and recombinant human IGFBP-316 binds 

insulin with high affinity and blocks insulin action. Taken together, there is a 

possibility that an 18 kDa-IGFBP-3 fragment observed in the obese subjects may 

inhibit insulin action by interfering insulin to bind to its receptor, thereby inducing 

insulin resistance.   

Increased serum IGFBP-3 proteolytic activity has been demonstrated in clinical 

conditions of insulin resistance, including severe illness, after surgery, and 

noninsulin-diabetes mellitus. Bang et al.32 have demonstrated that patients after 

colo-rectal surgery have increased IGFBP-3 proteolytic activity in serum and reduced 
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insulin sensitivity, as determined by hyperinsulinemic, normoglycemic clamps, 

suggesting IGFBP-3 proteolysis may be associated with insulin resistance. Moreover, 

they have demonstrated that insulin infusion result in a further increase in IGFBP-3 

proteolytic activity, suggesting insulin regulates IGFBP-3 proteolytic activity in the 

postoperative state. Zachrisson et al.33 reported that IGFBP-3 proteolytic activity is 

increased in pubertal type 1 diabetic boys, proposing that elevated levels of IGFBP-3 

proteolytic activity in pubertal diabetics are related to deteriorated glucose 

homeostasis and that it may be a compensatory mechanism to attenuate the decrease 

in free IGF-I in order to partly restore insulin sensitivity and glycemic control. In our 

study, the degree of proteolysis, determined by immunoblotting analysis, is positively 

correlated with parameters representing insulin resistance, such as waist 

circumference, body mass index, fasting glucose, fasting insulin, and HOMA-IR. 

These findings suggest that IGFBP-3 proteolysis may be involved in the pathogenesis 

of insulin resistance by obesity. Further, more discrete evidences showing that an 

18-kDa fragment of IGFBP-3 in obesity binds to insulin, thereby inhibiting insulin 

action should be elucidated. It also should be determined whether increased level of 

IGFBP-3 proteolysis induces insulin resistance, or hyperinsulinemia that is a state in 

insulin resistance, results in an increase of IGFBP-3 proteolysis. The limitation of this 

study is that we measured the degree of IGFBP-3 proteolysis by only immunoblotting, 

but not serum IGFBP-3 proteolytic activity assay. Another one is that we did not 

evaluate the pubertal stages in study subjects, so we can not consider the difference of 
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insulin sensitivity as pubertal development. However, this effect may be minimal 

because the study subjects are in same age period.  

Therefore, we suggest that IGFBP-3 proteolytic fragments will be surrogate 

markers for insulin resistance. Further studies and clinical evidences must be obtained 

to confirm these observations. 
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V. CONCLUSION 

In conclusion, IGFBP-3 proteolytic fragments were significantly increased in the 

overweight as well as obesity groups compared to normal controls. The degree of 

IGFBP-3 proteolysis was positively correlated with parameters representing insulin 

resistance, such as waist circumference, body mass index, fasting glucose, fasting 

insulin, and HOMA-IR. These results suggest that proteolysis of IGFBP-3 may be 

involved in the pathogenesis of insulin resistance and IGFBP-3 fragments could be 

considered as surrogate markers of insulin resistance in obesity. 
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ABSTRACT (in Korean) 

비만 청소년에서 인슐린양성장인자 결합단백-3의 단백분해와 

인슐린저항성과의 연관성 

 

<지도교수 김호성> 

 

연세대학교 대학원 의학과 

 

김기은 

 

목적: 전세계적으로 소아청소년의 비만이 증가하고 있으며, 이로 인해 

청소년들의 대사증후군에 대한 유병률 증가가 초래되어 사회경제적 문제를 

야기한다. 최근에 비만세포와 동물모델에서 인슐린양성자인자 결합단백-3 

의 대사와 관련된 역할이 밝혀지고 있으나 임상과 관련된 연구는 충분하지 

않은 실정이다. 본 연구는 비만한 청소년에서 인슐린양성장인자 

결합단백-3 단백분절이 인슐린저항성과 관련성이 있는지를 알아보고자 

하였다. 
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대상 및 방법: 건강검진을 위해 병원을 방문한 12-13 세 청소년 197 명을 

대상으로 성별, 연령별 체질량지수에 따라 정상군 100 명 (남아 49 명, 여아 

51명), 과체중군 41명 (남아 19명, 여아 22명), 비만군 56명 (남아 25명, 여아 

31 명)으로 구분하였다. 체중, 키, 허리둘레의 신체계측을 하고 혈압을 

측정하였다. 혈액검사를 통해 공복시 혈당, 인슐린, hs-CRP, AST, ALT, 혈청 

지질대사분석을 시행하고, 저밀도콜레스테롤을 산출하였으며, 

인슐린저항성의 지표로 HOMA-IR 을 산출하였다. 혈청을 전기영동 후 

Western immunoblot 을 시행하여 인슐린양성장인자 결합단백-3 의 29-kDa ,  

18-kDa 분절을 얻었으며, 이에 대한 흡광도를 측정하였다. 

결과: 체중, 키, 허리둘레, 체질량지수, 수축기 혈압, 이완기 혈압, 중성지방, 

저밀도콜레스테롤, ALT, 공복혈당, 공복 인슐린이 정상군에 비해 과체중군 

또는 비만군에서 증가되었다(P < 0.01). 고밀도콜레스테롤은 비만군과 

과체중군에서 감소되었다(P < 0.01). HOMA-IR 은 정상군에 비해 

과체중군과 비만군에서 의미있는 증가를 보였다. (정상군 vs. 과체중군, 

1.5±0.8 vs. 2.9±3.2, P < 0.001; 정상군 vs. 비만군, 1.5±0.8 vs. 3.6 ± 2.2, P < 0.001), 

인슐린양성장인자 결합단백-3 의 단백분절 정도도 정상군에 비해 

과체중군과 비만군에서 증가되었다 (정상군 vs. 과체중군, 2.09 ± 1.32 vs. 3.83 

± 0.37, P < 0.001; 정상군 vs. 비만군, 2.09 ± 1.32 vs. 3.85 ± 0.63, P < 0.001). 
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인슐린양성장인자 결합단백-3 의 단백분절 정도는 체중 (r = 0.599, P < 0.001) 

, 키 (r = 0.241, P < 0.001), ALT (r = 0.220, P < 0.05), 공복혈당 (r = 0.295, P = 

0.001), 공복인슐린 (r = 0.307, P = 0.001), 체질량지수 (r = 0.651, P < 0.001), 

허리둘레 (r = 0.608, P = 0.001) 와 각각 양의 상관관계를 보였다. 

인슐린양성장인자 결합단백-3 의 단백분절 정도가 증가 할수록 

인슐린저항성을 반영하는 HOMA-IR 또한 증가하는 양상을 보였다 (r = 

0.313, P <0.001). 

결론: 본 연구를 통하여 청소년, 비만군과 과체중군에서 혈청 

인슐린양성장인자 결합단백-3 의 단백분해 분절이 증가되어 있었으며, 분절 

정도가 증가 할수록 인슐린저항성이 증가됨을 확인하였다. 이는 

인슐린양성장인자 결합단백-3 의 분절이 비만의 인슐린저항성 발병과정에 

관여함을 시사하며, 인슐린저항성의 표지자로 이용될 수 있을 것으로 

생각된다. 

                                                                      

핵심 되는 말: 비만, 인슐린양성장인자 결합단백-3, 단백분해 분절, 

인슐린저항성, 청소년. 

 


