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Abstract

Objective: The insulin-like growth factor (IGF) axis is essential for the body’s metabolism. The
hepatokine, insulin-like growth factor-binding protein 2 (IGFBP-2), acts as a major regulator of
this metabolism. We aimed to evaluate the role of serum IGFBP-2 in the incidence of non-
alcoholic fatty liver disease (NAFLD).

Methods: This hospital-based prospective cohort study recruited residents from a health pro-
gram from January to November 2013, and re-invited them for follow-up in 2016. The occur-
rence of NAFLD was noted and IGFBP-2 levels were evaluated by enzyme-linked immunosorbent
assay at both visits.

Results: Of 763 participants at baseline, 296 completed the re-evaluation. Baseline serum
IGFBP-2 levels were significantly lower in subjects with NAFLD compared with those without
NAFLD. Circulating IGFBP-2 levels were negatively correlated with body mass index, waist-to-hip
ratio, alanine transaminase, triglycerides, fasting glucose, and insulin. IGFBP-2 levels at follow-up
decreased in subjects who developed NAFLD compared with those who did not. Higher circu-
lating levels of IGFBP-2 at baseline were negatively associated with the incidence of NAFLD.
Conclusion: These results indicate that IGFBP-2 levels are inversely associated with the risk of
NAFLD. This offers new insights into the role of circulating IGFBP-2, as an IGF-axis hepatokine,
in the pathogenesis of hepatic steatosis.
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Introduction

Nonalcoholic fatty liver disease (NAFLD)
is closely associated with obesity and diabe-
tes, and is considered as a hepatic manifes-
tation of metabolic syndrome (MetS)." The
liver plays a key role in the regulation of
energy metabolism and insulin sensitivity,
and consequently in the pathogenesis of
metabolic disorders.?

The insulin-like growth factor (IGF) axis
is an essential part of the body’s metabo-
lism, and evidence supports a link between
the IGF axis and metabolic diseases such as
obesity and diabetes.** Insulin-like growth
factor-binding protein 2 (IGFBP-2) is a
34-kDa hepatokine secreted by the liver,’
originally identified through its binding to
IGF-1 and IGF-2, and is one of six IGFBPs
circulating in the plasma.®

Recent studies have revealed a beneficial
effect of IGFBP-2 on metabolism. IGFBP-
2 has been shown to improve insulin sensi-
tivity and down-regulate adipogenesis,’
depending on IGF-1 signaling. IGFBP-2,
as a liver-secreted protein,® has also been
shown to activate the phosphatidylinositol
3-kinase (PI3K) and protein kinase B sig-
naling pathway, via binding to «5f1-integ-
rin receptors on the cell surface, leading to
intracellular translocation of glucose trans-
porter type 4 and promotion of glucose
uptake.>>! Allen et al.!' found that older
women had higher IGFBP-2 levels than
younger women, and obese women had
lower levels than lean women. Heald
et al.'? found lower IGFBP-2 levels in sub-
jects with MetS, based on a cohort study of

163 patients with type 2 diabetes, and low
circulating levels of IGFBP-2 correlated
with increased glucose, triglycerides, and
low-density lipoprotein cholesterol, and
were positively correlated with insulin sen-
sitivity, suggesting that IGFBP-2 was nega-
tively associated with MetS risk. Rajpathak
et al.® reported that subjects with type 2
diabetes had lower circulating IGFBP-2
levels, and IGFBP-2 levels were negatively
correlated with body mass index (BMI),
waist circumference, C-reactive protein,
and insulin, and were inversely associated
with type 2 diabetes risk. A cross-sectional
study of 379 Caucasian men indicated that
subjects with low IGFBP-2 levels had
increased fat mass, high triglycerides, and
impaired insulin sensitivity,” while van den
Beld and colleagues'® found that IGFBP-2
concentrations were negatively correlated
with BMI and positively with insulin
sensitivity and age. Wittenbecher et al.'
reported that higher circulating IGFBP-2
levels were associated with lower BMI,
waist circumference, fatty liver index, trigly-
cerides, fetuin A, alanine transaminase
(ALT), and y-glutamyltransferase, and a
lower incidence of type 2 diabetes, while
IGFBP-2 gene methylation levels were
also associated with the incidence of type
2 diabetes.

A better understanding of the link between
hepatokines and metabolism may promote
the effective management of metabolic dis-
eases. We therefore conducted a hospital-
based prospective cohort study to evaluate
the role of circulating IGFBP-2, as a novel
hepatokine, in the incidence of NAFLD.
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Methods

Study design and patients

This hospital-based cohort study recruited
participants from a health program at the
First Affiliated Hospital of Zhejiang
University from January to November
2013. The participants were then re-invited
for follow-up in 2016. Patients were exclud-
ed if they met any of the following criteria:
malignant tumor, severe cardiopulmonary
disorder, renal dysfunction, liver discase
(other than NAFLD), pregnancy, endo-
crine disease, therapy history of estrogens
or steroids, and excessive alcoholic con-
sumption (>140g/week men, >70g/week
women).

This study was approved by the Ethics
Committee of the First Affiliated Hospital
of Zhejiang University, in accordance with
the Helsinki Declaration. Written informed
consent was obtained from all subjects
before participation.

Examinations

Fasting blood samples were obtained from
all participants and stored for further eval-
uation, as reported  previously.'>'¢
Circulating IGFBP-2 levels were measured
by enzyme-linked immunosorbent assay
(ELISA) (catalog no. CSB-E04588h;
CUSABIO Corp., Wuhan, China). The
intra- and interassay variations in circulat-
ing IGFBP-2 measurements were 4.9% and
10.2%, respectively. The IGFBP-2 ELISA
results were validated in eight randomly
selected serum samples by western blotting.
Proteins were extracted using RIPA buffer
with added protein and phosphatase
inhibitor (Sigma, Darmstadt, Germany),
separated by sodium dodecyl sulfate-
polyacrylamide gel -electrophoresis, and
transferred to polyvinylidine difluoride
membranes. Membranes were

immunoblotted with anti-IGFBP-2 (catalog
no. 3922; Cell Signaling Technology,
Danvers, MA, USA) (1:1000) and rabbit

monoclonal glyceraldehyde 3-phosphate
dehydrogenase (catalog no. abl28915,
Abcam Inc., Cambridge, MA, USA)

(1:2000) for 12 hours at 4°C. NAFLD was
diagnosed according to the guidelines for
the diagnosis and treatment of NAFLD
issued by the Fatty Liver and Alcoholic
Liver Disease Study Group of the Chinese
Liver Disease Association.'” !

Statistical methods

Variables were compared between groups
using Student’s #-test or Mann—Whitney
U test for continuous variables, and
test for categorical variables. Differences
in NAFLD according to quartiles of
serum IGFBP-2 were analyzed by ;* test.
Baseline and follow-up values were com-
pared by Wilcoxon’s matched-pairs signed
rank test. The relationship between baseline
IGFBP-2 levels and the incidence of
NAFLD at follow-up was analyzed by
adjusted odds ratios (ORs) and 95% confi-
dence intervals (ClIs) obtained by multivar-
iate binary logistic regression. Correlations
between serum IGFBP-2 levels and anthro-
pometric/biomedical variables were deter-
mined by partial correlation coefficients.
The performance of the ELISA kits was val-
idated by Cronbach’s Alpha test. All analy-
ses were performed using SPSS Statistics for
Windows, Version 21.0 (SPSS Inc., Chicago,
IL, USA). The sample size power (post hoc)
was calculated using G*Power (version 3.1,
Heinrich-Heine-Universitat Diisseldorf,
Germany).”’ A two-sided value of P < 0.05
was considered significant.

Results

A total of 763 participants were included
at Dbaseline, of whom 296 completed
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re-evaluation (Figure 1). The subjects’ base-
line characteristics according to the pres-
ence/absence of NAFLD are shown in
Table 1. The ELISA results for IGFBP-1
showed excellent consistency with the
quantified densitometry of the IGFBP-2/
GAPDH ratio in western blotting
(Cronbach’s Alpha based on standardized
items = 0.850) (Figure S1). Serum IGFBP-
2 levels (median [interquartile range]) were
significantly lower in subjects with NAFLD
(50.6 [17.6-100.4] ng/mL) compared with
controls without NAFLD (60.2 [24.0-
107.8] ng/mL) (P=0.004) (Figure 2a).
Given the circulating IGFBP-2 levels and
numbers of subjects, the power of the
sample size at baseline was 0.784 (effect
size d=0.211).

Baseline IGFBP-2 levels were significantly
negatively correlated with BMI, waist-to-
hip ratio (WHR), ALT, triglycerides,
fasting plasma glucose (FPG), and insulin
(Table 2).

Subjects in health exam
2013

After follow-up
Participants 2016

n =296

n=3,107 Exclusion because:
Declined invitation, n = 961
[
) Medical conditions, n = 1,332
Participants in baseline Inadequate sample, n = 51
2013
n=763 Subjects with NAFLD
[ 2013
l n=253
Subjects without NAFLD
2013
n=510 Exclusion because:
-ll Lost in follow-up, n = 86

Medical conditions, n= 126
Inadequate sample, n= 2

l

n=48

Subjects not developed
NAFLD
n =248

Subjects developed NAFLD

Figure |. Flow chart of the study population.

IGFBP-2 levels were significantly lower
in subjects who developed NAFLD (22.9
[9.5-64.0] ng/mL) compared with those
without NAFLD at follow-up (71.7 [29.2—
116.1] ng/mL (P<0.001) (Figure 2b).
IGFBP-2 levels fell significantly between
baseline and follow-up in subjects who
developed NAFLD (P <0.001) (Figure 2c).

The incidence of NAFLD at the 3-year
follow-up was 27.0% in participants strati-
fied in the first quartile according to base-
line IGFBP-2 levels, decreasing to 18.9% in
the second and 9.5% in the third and fourth
quartiles (P =0.008, linear-by-linear associ-
ation P=0.001) (Figure 3).

Higher circulating levels of IGFBP-2 at
baseline were negatively associated with the
incidence of NAFLD (third quartile:
adjusted OR=0.492, 95% CI [0.282—
0.861], P=0.0013; fourth quartile: adjusted
OR=0.620, 95% CI [0.426-0.902],
p=0.012), compared with the first quartile
(Table 3).

Discussion

This study demonstrated that subjects with
NAFLD had lower levels of circulating
IGFBP-2 than those without NAFLD at
baseline. IGFBP-2 was also correlated neg-
atively with BMI, WHR, ALT, triglycer-
ides, FPG, and fasting insulin.
Furthermore, IGFBP-2 levels were lower
in subjects who developed NAFLD at
follow-up. Interestingly, even among the
subjects who developed NAFLD, their
IGFBP-2 levels decreased after 3-years of
follow-up, compared with their baseline
levels. Notably, circulating IGFBP-2 levels
at baseline were negatively associated with
the incidence of NAFLD at follow-up.
The bioavailability of IGFs is modulated
by a series of binding proteins.*'** IGFBP-
2 has been reported to be a major regulator
of metabolism,** with both stimulatory and
depressive effects on the cellular actions of
IGF-1 and IGF-2.** Hedbacker et al.*
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Table |I. Baseline characteristics of subjects with and without nonalcoholic fatty liver disease.

Parameter Non-NAFLD NAFLD P value
Number of subjects 510 253

Age (years) 53.6+127 540+ 13.3 0.749
Number of men 332 162 0.809
SBP (mmHg) 112.1 £22.5 121.0 £23.1 <0.001
DBP (mmHg) 73.8+16.3 790+ 16.4 <0.001
BMI (kg/m?) 227433 23.4+3.6 0.006
WHR 0.82 +-0.09 0.87 £0.09 <0.001
ALT (U/L) 20.0 [13.0-31.0] 23.0 [15.0-33.0] 0.003
GGT (U/L) 33.0 [23.049.0] 32.0 [23.0-53.0] 0.854
TG (mmol/L) 1.12 [0.82-1.85] 1.40 [1.02-2.10] <0.001
HDL-C (mmol/L) I.11 [0.89-1.39] 1.10 [0.92—1.38] 0.628
LDL-C (mmol/L) 2.27 [1.73-2.83] 2.45 [1.87-3.13] 0.001
FPG (mmol/L) 3.90 [3.05-5.70] 4.43 [3.74-5.92] <0.001
Insulin (mU/L) 9.89 [6.66—14.1] 10.0 [0.76—14.8] 0.288
HbAlc (%) 6.28 [5.20-9.00] 6.20 [5.20-8.85] 0.958
C-peptide (ng/ml) 0.99 [0.65—1.44] 0.99 [0.65—1.46] 0.976
UA (umol/L) 320.0 [260.0-378.8] 313.0 [260.0-360.5] 0.152

Data are mean =+ standard deviation or median (interquartile range) for continuous variables. ALT, alanine transaminase;
BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GGT, y-glutamyltransferase; HbAlc,
hemoglobin AIC; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NAFLD,
nonalcoholic fatty liver disease; SBP, systolic blood pressure; TG, triglycerides; UA, serum uric acid; WHR, waist-to-hip
ratio.
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Figure 2. Comparison of serum insulin-like growth factor-binding protein 2 levels. (a) Baseline in 2013:
control vs. nonalcoholic fatty liver disease (NAFLD) (P = 0.004); (b) follow-up in 2016: developed NAFLD vs.
not developed (P < 0.001); (c) NAFLD developed after 3 years: baseline vs. follow-up (P < 0.001). Data
presented as median (interquartile range). IGFBP-2, insulin-like growth factor-binding protein 2; NAFLD,
nonalcoholic fatty liver disease.

found that IGFBP-2 markedly reduced
hepatic glucose production and down-
regulated hepatic fatty acid synthesis,
which improved hepatic insulin sensitivity.
Wheatcroft et al.” found that IGFBP-2

overexpression protected mice from high-
fat diet-induced obesity, insulin resistance,
and other metabolic consequences in vivo,
while recombinant IGFBP-2 ameliorated
adipogenesis in adipocytes in vitro. Ahrens
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Table 2. Partial correlations between serum
insulin-like growth factor-binding protein 2 and
various parameters at baseline.

Parameter r value P value
SBP —0.045 0.212
DBP -0.012 0.739
BMI —0.159 <0.001
WHR —-0.120 0.001
ALT —0.145 <0.001
GGT —0.070 0.052
TG —0.164 <0.001
HDL-C 0.009 0.814
LDL-C —0.034 0.348
FPG —-0.170 <0.001
Insulin —0.124 0.001
HbAlc —0.020 0.580
C-peptide —0.048 0.185
UA 0.022 0.548

Correlation coefficients calculated after adjusting for age
and sex. Variables with a skewed distribution underwent
log(x) transformation to achieve a normal distribution
before analysis. ALT, alanine transaminase; BMI, body mass
index; DBP, diastolic blood pressure; FPG, fasting plasma
glucose; GGT, y-glutamyltransferase; HbAlc, hemoglobin
AIC; HDL-C, high-density lipoprotein cholesterol; LDL-
C, low-density lipoprotein cholesterol; SBP, systolic blood
pressure; TG, triglycerides; UA, serum uric acid; WHR,
waist-to-hip ratio.

and colleagues®® reported that the IGFBP2
locus was hypermethylated and its tran-
script levels were significantly downregu-
lated in patients with nonalcoholic
steatohepatitis. Kammel et al.>’ found that
IGFBP-2 expression was inhibited in mice
with diet-induced obesity, associated with
methylation of hepatic IGFBP2, while
genetic depression of IGFBP2 aggravated
high-fat diet-induced hepatic steatosis. The
mechanism of IGFBP-2 in the development
of NAFLD might be attributed to its
involvement in  insulin  pathways.*’
Previous studies revealed that IGFBP-2
influenced insulin-dependent pathways in a
compensatory way in diabetic models.*
Assefa et al.”® found that IGFBP-2 promot-
ed glucose uptake via activation of PI3K,
Akt, and 5 AMP-activated protein kinase

50.0

P=0.008

I s Linear-by-linear association, p = 0.001
5 40.
E
Z 30.0
e 27.0
£20.0
8 18.9
[ =4
2 100
2 9.5 9.5

0.0

(o] Q2 Q3 Q4

Figure 3. Incidence of nonalcoholic fatty liver
disease according to insulin-like growth factor-
binding protein 2 quartile. (P=0.008, linear-
by-linear association, P=0.001). NAFLD,
nonalcoholic fatty liver disease; Q, quartile.

signaling, rather than via insulin or the
IGF-1 receptor.

Previous reports showed lower circulat-
ing IGFBP-2 levels in subjects with obesity,
diabetes, and MetS.>!'!"1314 However, limi-
tations of study design meant that most of
these studies failed to explore the cause-
and-effect relationship. The current cohort
study thus provides the first evidence for an
inverse association between circulating
IGFBP-2 and the incidence of NAFLD.

This study had some limitations. First,
this was a single-center study that enrolled
participants from one urban area, leading
to potential selection bias, and the results
thus need to be interpreted with caution.
Second, the gold standard for the diagnosis
of NAFLD is liver pathological examina-
tion rather than ultrasonography,'®%
though the latter has several advantages
including being more economical, safer,
and repeatable.’® Further investigations
using other non-invasive radiological
tools, such as magnetic resonance imaging,
should therefore be performed to confirm
these results. Finally, this study did not
consider the impacts of variables such as
physical activity, diet, alcohol consump-
tion, and economic status because of a
lack of data.
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Table 3. Baseline serum insulin-like growth factor-binding protein 2 prediction of development of non-

alcoholic fatty liver disease at 3 years.

95% confidence

Reference Adjustment Odds ratio interval P value
Quartile | Quartile 2 (26.7-62.9 ng/mL) Model | 0.630 0.290-1.368 0.243
(4.0-6.7 ng/mL) Model 2 0.543 0.218-1.350 0.189
Quartile 3 (63.3-110.9 ng/mL) Model | 0.531 0.333-0.847 0.008

Model 2 0.492 0.282-0.861 0.013

Quartile 4 (110.29-199.44 ng/mL) Model | 0.656 0.481-0.895  <0.001

Model 2 0.620 0.426-0.902 0.012

Model I: unadjusted; Model 2: adjusted for age, sex, systolic blood pressure, diastolic blood pressure, body mass index,
waist-to-hip ratio, alanine transaminase, y-glutamyltransferase, triglycerides, high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol, hemoglobin AIC, fasting plasma glucose, insulin, C-peptide, and serum uric acid.

In conclusion, the results of this prospec-
tive cohort study support the existence of
an inverse relationship between circulating
IGFBP-2 levels and the risk of NAFLD.
These findings offer new insights into the
role of IGFBP-2, as an IGF-axis hepato-
kine, in the pathogenesis of hepatic steato-
sis, and highlight its potential as a target for
the development of new diagnostic or ther-
apeutic strategies.
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