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Background: Type 1 diabetes mellitus (T1DM) is one of the most common chronic diseases
in children that may be due to micro or macrovascular complications. Diabetic renal disease
or nephropathy is a common complication of DM, clinically silent and the only detectable
abnormality due to the presence of microalbuminuria.

Subjects and methods: This study was a case—control study. Participants were classified into
two groups. The first group included 40 children with TIDM and the second group included
30 matched healthy controls. Serum apelin (APLN), chemerin, cholesterol, and triglycerides
(TG) levels were measured for each case. Also, albumin/creatinine ratio was analyzed in random
urine sample.

Results: Comparison between T1DM patients and controls revealed that serum apelin, chemerin,
cholesterol, TG levels, and albuminuria were significantly increased in cases compared to their
controls. Significant positive correlations were found between HbA1¢% and albuminuria for
APLN and chemerin in the diabetic group. Whereas significant negative correlations were found
between apelin and glomerular filtration rate (GFR).

Conclusion: Increased levels of serum apelin and chemerin in T1DM patients may be considered
as promising adipokines for the development of diabetic complication.
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Introduction
Type 1 diabetes mellitus (T1DM) is a common, chronic and metabolic disease character-
ized by hyperglycemia as a cardinal metabolic feature.! Long-term damage, dysfunction
and failure of various organs especially eyes, kidneys, nerves, heart and blood vessels are
caused by chronic hyperglycemia of diabetes.? Diabetic nephropathy (DN) is an insidious
and a common complication of diabetes mellitus (DM). At its onset, DN is clinically
silent, and the only detectable abnormality due to the presence of microalbuminuria,
which is defined as urine albumin of 30-300 g/day (or also known as albuminuria).’

DN is believed to be the consequence of poorly controlled hyperglycemia. The
mechanisms leading to renal injury in diabetes mellitus is evolving, may be caused
by accumulation of injurious metabolic products, such as glycosylated compounds,
involvement of the renin—angiotensin system, and endothelial and podocyte injury
being involved in the pathogenesis of DN.3

Glomerular hypertrophy, thickening of glomerular basement membrane and mesan-
gial expansion with the formation of Kimmelstiel-Wilson nodules are the classical
changes that are seen in the glomerular compartment that are usually accompanied
with glomerular lesions including tubulo-interstitium undergoing fibrosis, as well
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as arteriolar thickening and hyalinization in the vascular
compartment of the kidney. There is an imbalance of extra-
cellular matrix (ECM) synthesis and degradation, which is
most likely responsible for the accumulation of excessive
matrices in various compartments of the kidney. Thus, the
genesis of Kimmelstiel-Wilson lesion, a diagnostic feature
of DN, is not only due to the excessive synthesis of ECM
glycoproteins but also due to a decreased degradation by
matrix metalloproteinases.*

Hyperglycemia-induced hyperfiltration is an early observ-
able abnormality in DM. At this stage, patients are asymp-
tomatic, blood pressure is normal, there is no detectable
microalbuminuria, and therefore it is considered as a latent
stage of diabetic nephropathy. Presence of microalbuminuria
(also known as albuminuria) in patients with DM1 or DM2
is recognized as an early marker of DN.?

Chemerin, a discovered adipocytokine, is a chemoattrac-
tant protein that acts as a ligand for the G-protein-coupled
receptor CMKLRI1 (also known as ChemR23). Chemerin is
a 14 kDa protein secreted in an inactive form as prochemerin
and is activated through cleavage of the C-terminus by inflam-
matory and coagulation serine proteases. It is involved in
glucose and lipid metabolism. Elevated levels of this peptide
have been associated with insulin resistance and systemic
inflammation.®

Apelin (APLN), adipocytokine, is a peptide known as
the endogenous ligand of the G-protein-coupled receptor
Apelin. Apelin-13, the most active member of the APLN
group, is expressed in a variety of tissues, including kidney
and endothelial cells. In addition, increased body mass in
type 2 diabetic patients might contribute to increase APLN
levels in the blood.”

Aim of the study

The aim of the current study was to evaluate the level of
serum chemerin and apelin in type 1 diabetic children and
their correlation with glycated hemoglobin and proteinuria.

Materials and methods

Participants
Seventy children of both genders were enrolled for this study
and divided into two groups.
Study group: included 40 patients with TIDM were
randomly selected from the outpatient pediatric clinic.
Control group: included 30 apparently healthy children.
The study was carried out in Alzhraa University Hospital,
Faculty of Medicine for Girls, Al-Azhar University, Cairo,
Egypt: Pediatric and Biochemistry Departments.

Design

Participants were evaluated during a hospital visit to deter-
mine family medical history, current medical conditions,
medication use, self-report of the presence of any smokers
in the household and demographic information.

In addition, physical examinations, including height and
weight measurements and laboratory testing using blood
samples for lipid profile, were performed. Children with renal
diseases or urological problems, presence of urinary tract infec-
tion or taking any medication rather than insulin or those with
chronic devastating diseases were excluded from this study.

The body weight was measured using Seca scale to the
nearest 0.1 kg barefoot and in light clothes, after emptying
the urinary and gastrointestinal apparatuses (Seca Model
770, Hamburg, Germany).

Investigations

In the morning, after 12—14 hours fasting, 7 mL of blood was
collected from all participants and divided into two: one half
was taken in a plain tube to separate serum and another half
was taken in a tube containing EDTA. Serum was separated
to determine fasting blood glucose, urea, and creatinine levels
and with the another half of blood sample following analysis
were performed.

1. Glycosylated hemoglobin (HbA1c%)

HbA1c% was measured using a spectrophotometer (Clini-
cal Chemistry Analyzer 7; Germany).

2. Lipid profile and serum creatinine
Lipid profile was measured using an autoanalyzer (Beck-
man Coulter Synchron CX 9; Beckman Coulter Inc., Brea,
CA, USA). For cholesterol measurements, serum total cho-
lesterol was determined by a commercial kit (Boehringer-
Mannheim, Germany).® The concentration of triglycerides
(TG) was measured using a TechnoCon AutoAnalyzer 11
(TechnoCon Instruments, Tarrytown, NY, USA).

3. Albumin/creatinine ratio (ACR) screening for microalbu-
minuria was assessed for fresh morning urine samples by
measuring ACR using ELISA kit provided by Orgentec
Diagnostika, GmbH (Mainz, Germany).’

4. Serum APLN and chemerin

Serum apelin and chemerin were assayed using human
ELISA kit (Cusabio, Wuhan, Hubei Province, China).

Serum chemerin

The human chemerin ELISA, standards and samples were
incubated in microtitration wells pre-coated with polyclonal
antihuman chemerin antibody. Incubation was followed
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by washing, and then biotin-labeled polyclonal antihuman
chemerin antibody was added and incubated with the
captured chemerin. After another washing, streptavidin-HRP
conjugate was added. After the last washing step, the remain-
ing conjugate was allowed to react with the substrate solution.
The reaction was stopped by addition of acidic solution, and
absorbance of the resulting yellow product was measured.
The absorbance was proportional to the concentration of
chemerin. A standard curve was constructed by plotting
absorbance values against chemerin.'!!

Serum APLN

This assay employs the competitive inhibition enzyme immu-
noassay technique. A monoclonal antibody specific to apelin
has been pre-coated into a microplate. A competitive inhibition
reaction was launched between biotin-labeled APLN and biotin-
unlabeled APLN (standards or samples) with the pre-coated
antibody specific to APLN. After incubation the unbound
conjugate was washed off, avidin conjugated to horseradish
peroxidase (HRP) was added to each microplate well and

incubated. The amount of bound HRP conjugate was inversely
proportional to the concentration of APLN in the sample.
After addition of the substrate solution, the intensity of color
developed was inversely proportional to the concentration of
APLN in the sample. Detection range was 0.1-1000 ng/mL.'>13

Statistics

Data were collected, revised, coded, and entered on the Sta-
tistical Package for Social Science (IBM SPSS) version 20
statistical analysis software (IBM Corporation, Armonk, NY,
USA). The statistical tools used include mean, SD, and #-test.

Results

The descriptive statistics of the study groups are shown in
Table 1. Patients and healthy volunteers were matched for the
mean of both age and gender. Significant increase in blood
level of urea, creatinine, fasting blood sugar, cholesterol, TG
and HbA 1¢% was shown in diabetic children in comparison
to the control. Increased ACR and GFR in diabetic children
was shown in comparison to healthy controls.

Table | Demographic, anthropometric, and chemical data of the studied groups

Control group Diabetic group Test value P-value

Agelyear Mean + SD 10.90+1.51 10.73£1.90 0416 0.679
Range 8.5-14 8-13.5

BMI Mean + SD 20.24+0.98 26.63+4.02 -8.519 0.000
Range 18.43-21.74 21.65-39.06

Z-score (BMI) Median (IQR) -1.01 (-1.19—0.88) 0.36 (—0.22-0.76) -7.026 0.000
Range —1.43 to -0.70 -0.72-3.12

Duration of disease/year Mean + SD - 4.18£0.74 NA NA
Range - 3-5.5

Urea (mg/dL) Mean + SD 19.4543.69 28.28+7.86 -5.689 0.000
Range 13.5-25 14.5-42

Creatinine (mg/dL) Mean + SD 0.6120.10 1.0520.11 —17.585 0.000
Range 0.44-0.83 0.82—-1.25

FBS (mg/dL) Mean + SD 77.87£5.99 147.73+40.82 -9.283 0.000
Range 69-89 89-243

Cholesterol (mg/dL) Mean + SD 112.00£10.47 174.20+£32.22 —10.163 0.000
Range 94-128 125-244

Triglycerides (mg/dL) Mean + SD 72.80+6.05 94.05+21.40 -5.274 0.000
Range 62.9-82.1 71.3-156

HbAIc% Mean + SD 4.7210.41 7.35+0.90 -14.826 0.000
Range 3.79-5.43 5.69-8.87

APLN (pg/mL) Mean + SD 114.1847.05 767.31495.42 -37.345 0.000
Range 100.57—-126.45 604.94-869.34

Chemerin (pg/mL) Mean + SD 83.33£5.51 117.12+25.79 -7.044 0.000
Range 72.04-92.18 83.16-180

Albumin/creatinine Mean + SD 2.35+0.99 20.60+18.21 —5.475 0.000
Range 1-4.5 0.7-114.2

GFR, mL/min/1.73 m? Mean + SD 184.20+51.89 95.50+21.47 9.770 0.000
Range 102-295 63-148

Abbreviations: BMI, body mass index; HbAlc%, glycosylated hemoglobin; APLN, apelin; GFR, glomerular filtration rate.
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Both APLN and chemerin showed a statistically signifi-
cant increase in diabetic children when compared to their
healthy counterparts (Table 1). Both APLN and chemerin
showed a statistically significant increase in non-controlled
diabetic children (Table 2).

The cutoff point for APLN and chemerin was >126.45
and 92.18, respectively, with 100% sensitivity and specificity
for APLN, and 74% and 100% for chemerin in the prediction
of nephropathy in diabetic children (Table 3).

We found a positive correlation of APLN and chemerin
with BMI, urea, fasting blood glucose, glycosylated hemoglo-
bin and ACR. In addition, we also found a positive correlation
of APLN with cholesterol and triglyceride as shown in Table 4.

Correlation analysis between GFR in diabetic children
and the laboratory data revealed that there were negative
correlations between GFR and fasting blood sugar, urea, creati-
nine, cholesterol, triglycerides, HbA1c%, and APLN (Table 5).

Discussion
The present study was a controlled study that was carried out
on 70 children of both genders and divided into two groups.
The diabetic group included 40 children with TIDM who
were randomly selected from the outpatient pediatric clinic;
there were 21 (52.5%) females and 19 (47.5%) males, with
age ranging from 8 to 13.5 years. The control group included
30 apparently healthy children including 12 (40%) females
and 18 (60%) males with age ranging from 8.5 to 14 years.

The aim of this study was to evaluate the level of serum
chemerin and APLN in patients with type 1 diabetes and their
correlation with proteinuria and HbA 1c%.

In the present study there were significant increases in
BMI, blood urea, creatinine, fasting blood sugar, cholesterol,

TG, and HbA1c% in diabetic children in comparison to the
control. Increased ACR was shown in diabetic children in
comparison to heathy controls.

Table 4 Correlation between demographic, anthropometric,
and laboratory data with APLN and chemerin

APLN Chemerin

r P-value
Age 0.297 0.062 -0.023 0.890
BMI 0.563 0.000 0.507 0.001
Duration —-0.005 0.977 -0.052 0.752
Urea 0.600 0.000 0.409 0.009
Creatinine 0.003 0.987 —-0.044 0.787
Fasting blood glucose 0.644 0.000 0.765 0.000
Cholesterol 0.406 0.009 0.205 0.205
Triglycerides 0.364 0.021 -0.138 0.397
HbAIc% 0.710 0.000 0.721 0.000
Albumin/creatinine 0.338 0.033 0.577 0.000
GFR (mL/min/1.73m?) -0.315 0.048 -0.123 0.449

Abbreviations: APLN, apelin; BMI, body mass index; HbAlc%, glycosylated
hemoglobin; GFR, glomerular filtration rate.

Table 5 Correlation between GFR and the laboratory data

GFR (mL/min/1.73 m?)

r P-value
FBS (mg/dL) —0.314 0.048
Urea (mg/dL) —0.633 0.000
Creatinine (mg/dL) —0.630 0.000
Cholesterol (mg/dL) —-0.400 0.011
Triglycerides (mg/dL) -0.319 0.045
HbAIc% -0.392 0.012
APLN (pg/mL) —0.315 0.048
Chemerin (pg/mL) —0.123 0.449

Abbreviations: GFR, glomerular filtration rate; HbAlc%, glycosylated hemoglobin;
APLN, apelin.

Table 2 Chemerin and APLN levels in both controlled and non-controlled diabetic children

Controlled group Uncontrolled group Test value P-value Significance
HbAIc% Mean + SD 6.46+0.27 7.96+0.61 -9.248 0.000 HS
Range 5.79-6.83 7.19-8.92
APLN (pg/mL) Mean + SD 650.33+38.93 836.60+25.49 -18.328 0.000 HS
Range 604-723.56 792-869.57
Chemerin (pg/mL) Mean + SD 89.67+4.85 135.36+15.18 —11.606 0.000 HS
Range 83.19-96 123.66—180

Abbreviations: HbAlc%, glycosylated hemoglobin; APLN, apelin.

Table 3 The cutoff point, sensitivity, specificity of APLN and chemerin as an early marker in detection of diabetic nephropathy

Cutoff point | AUC Sensitivity | Specificity Positive predictive value Negative predictive value
APLN (pg/mL) >126.45 1.000 100.00 100.00 100.0 100.0
Chemerin (pg/mL) | 92.18 0.922 75.00 100.00 100.0 75.0

Abbreviations: APLN, apelin; AUC, area under the curve.
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In our study there was significant increase in serum
chemerin in diabetic children in comparison to the controls,
and this was in agreement with previous studies on T2DM. 413
Moreover, in adolescent type 1 diabetic patients, Abd El
Dayema et al'¢ showed that chemerin was significantly higher
in diabetic group than the controls.

In our study there was a significant increase in serum
APLN in diabetic children in comparison to the controls and
this is in agreement with previous studies of APLN in type
1 diabetic patients.!”2°

In the present study, we reported that serum cholesterol
and TG were significantly increased in TIDM patients than
in healthy controls. From the previous results, we considered
patients with TIDM are at high risk of developing premature
vascular affection because of hyperlipidemia and thus should
be screened well for this serious complication; we found a
positive correlation of APLN with cholesterol and TG. In
support of these results, another study found statistically sig-
nificant differences between diabetic and non-diabetic groups
related to serum levels of TG and cholesterol.?! Few studies
have described the effects of APLN on lipid metabolism; one
stated that APLN was shown to inhibit lipolysis.* This was
ensured by Than et al® who found that APLN increases the sta-
bility of lipid vacuoles making them more resistant to lipases.

APLN has a role in energy metabolism: it improves sen-
sitivity of insulin in insulin-resistant obese mice, and it is
related to an increase in glucose uptake in skeletal muscle.?
Synthesis of APLN is affected by insulin and plasma APLN
levels is increased in obesity in association with hyper insu-
linemia.? Furthermore, clinical studies demonstrated that
chemerin modulates inflammation. Mechanisms linking
chronic inflammation to the development of diabetes remain
elusive, but it can be assumed that any effects may be exerted
via insulin secretion, insulin resistance, or both.?

In our study both apelin and chemerin levels are more
increased in non controlled diabetic children compared the
controlled one (table 2) and both chemerin and APLN were
positively correlated with fasting blood glucose and glyco-
sylated hemoglobin and this is in agreement with previous
studies that showed a correlation between serum APLN and
HbA1c¢% in children with T1IDM.!7:18.20

ACR is used to screen people with chronic conditions,
such as diabetes that put them at an increased risk of devel-
oping kidney disease. Studies have shown that identifying
individuals in the very early stages of kidney disease helps
people and healthcare providers adjust treatment. Control-
ling diabetes by maintaining tight glycemic control delays
or prevents the progression of kidney disease.?’

Both APLN and chemerin, novel adipocytokines, were
increased in response to inflammation. In vitro studies
have revealed that APLN and the APLN receptor can
induce the sprouting of endothelial cells in an autocrine
or paracrine manner, thus suggesting a role for APLN
in angiogenesis.?® Moreover, it was found that chemerin
induced functional angiogenesis in human endothelial
cells, by promoting migration, capillary tube formation,
activation of endothelial gelatinase (matrix metallopro-
teinases-2/matrix metalloproteinases-9) and activation of
phosphatidylinositol 3-kinase/Akt and MAPKs pathways,
which is a key mechanism for angiogenesis and cell sur-
vival. Therefore, the high level of serum chemerin possibly
promotes the development of diabetic complication and
diabetic nephropathy.?

The activation of the immune system and chronic inflam-
mation are both involved in pathogenesis of DM and its
complications as a result of DN. Some studies have demon-
strated that cytokines, chemokines, growth factors, adhesion
molecules, nuclear factors as well as immune cells such as
monocytes, lymphocytes and macrophages are all involved
in DM pathogenesis and of course play an important role in
DM complications.*

In the present study there were increases in ACRs in
diabetic children in comparison to the healthy controls
and there were positive correlations between APLN and
chemerin blood levels with alp/creatinine ratio. Correlation
of serum APLN with microalbuminuria was confirmed by
another study by Guo et al,*! which reported that APLN
and chemerin may induce glomerular endothelial cell pro-
liferation and then nephropathy, also there was a negative
correlation between serum APLN and GFR, which was
stated in the study on type 2 diabetes.* The cutoff point of
APLN and chemerin was >126.45 and 92.18, respectively,
with 100% sensitivity and specificity for APLN and 74%,
100% for chemerin in the prediction of nephropathy in
diabetic children (Table 3, Figure 1). To our knowledge
this is the first study to mention the cutoff for both mark-
ers in diabetic children. We can state that increased serum
APLN and chemerin in diabetic children may contribute to
development of diabetic complication.

Conclusion

In conclusion, increased levels of serum APLN and chemerin
were increased in T1DM patients, which may be considered as
promising adipokines in diabetic complication development,
and hence measuring serum APLN and chemerin in diabetic
children is of benefit for detection of diabetic complications.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12
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Figure 1 ROC curve demonstrates apelin and chemerin sensitivity and specificity in predicting nephropathy risk in TIDM children.

Limitations

One of the limitations of the study was small sample size
as it was a single-center study and we included all children
only referred to our hospital during the period from January
to June 2018.
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