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ABSTRACT

Background: Diabetic nephropathy (DN) is the most prevalent complication of diabetes. Timely
diagnosis of DN is important to prevent long-term renal damage and to assess the prognosis of DN
patients.

Objectives: To investigate the levels of newly circulating Src homology 3 (SH3) domain-containing
Ysc84-like 1 protein (SH3YL1) in various stages of DN among type 2 diabetes mellitus (T2DM)
patients and to determine the relationship between SH3YL1 levels and DN by comparing them
with traditional diagnostic biomarkers.

Materials and methods: This case-control study included 108 participants, comprising 81
patients with T2DM divided into three subgroups based on the albumin creatinine ratio (ACR):
G1 only (27 T2DM with normoalbuminuria), G2 (27 T2DM with microalbuminuria), and G3
(27 T2DM with macroalbuminuria) compared with G4 [27 healthy subjects’ group (HS)]. All
participants underwent a comprehensive history, examination, routine laboratory analysis, and
SH3YL1 measurement via enzyme-linked immune sorbent assay. Furthermore, the ROC curve
comparison of SH3YL1 with traditional biomarkers was conducted using the Del.ong’s test.
Results: A significant increase in serum SH3YL1 levels was shown in G2 and G3 compared to the
G4 group. SH3YL1 levels were positively correlated with blood urea and creatinine, while they
were negatively correlated with estimated glomerular filtration rate (eGFR) (P-value < 0.0001).
Additionally, in multivariate regression analysis, SH3YL1 was found to be significantly independent
of blood urea and eGFR (P-value < 0.05). The receiver operating characteristic curve analysis
indicated that SH3YL1 effectively discriminates T2DM and DN patients from HS, with an area
under the curve of 0.98 and a cut-off value of > 1.1.

Conclusion: SH3YL1 protein may serve as a biomarker for T2DM with different stages of DN,
particularly in cases of macroalbuminuria, potentially aiding in early detection and treatment.
SH3YL1 and routine biomarkers of DN patients may enhance and improve the diagnostic ability.
Keywords: Albumin creatinine ratio; Diabetic nephropathy; estimated glomerular filtration rate;
SH3YL1; Type 2 diabetes mellitus.
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INTRODUCTION

iabetic nephropathy (DN), is the leading cause

of end-stage kidney disease, characterised by al-

bumin excretion and a gradual decline in the

* Corresponding author:E-mail:noorulhuda.g@csw.uobaghdad.edu.iq glomerular filtration rate [1, 2]. Albuminuria is
This is an open-access article under the CC BY 4.0 license commonly used to indicate the early stages of DN though it
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is limited by the fact that structural damage may precede al-
bumin excretion [3, 4]. The accuracy and specificity of these
indicators are not optimal, with around 20-30% of patients
with DN exhibiting renal failure without albuminuria [5, 6].
Moreover, the albumin creatinine ratio (ACR) is considered a
standard diagnostic and prognostic marker for DN, but when
ACR is less than 300 mg/24 hours, its sensitivity for DN is re-
duced [7]. Consequently, it cannot be entirely relied upon for
diagnosing and monitoring the progression of diabetic renal
disease. Studies have also indicated that microalbuminuria
may progress in patients with chronic kidney disease without
diabetes [8, 9]. Therefore, there is a pressing need for early di-
agnostic biomarkers to predict and monitor the various stages
of DN.

One promising biomarker is the Src homology 3 (SH3)
domain-containing Ysc84-like 1 (SH3YL1), which has been
reported to regulate nicotinamide adenine dinucleotide phos-
phate oxidases (NOX4) [10]. The development of DN is in-
fluenced by numerous factors, with oxidative stress closely
associated with renal inflammation and fibrosis. The action
of NOXs plays a critical role in generating reactive oxygen
species (ROS) [11]. NOX4 is one of the seven NOX iso-
forms [12]. A recent study demonstrated that SH3YL1 pro-
tein is synthesised by kidney cells, including mesangial cells,
podocytes, and proximal tubular cells, in response to glu-
cose stimulation, implicating it in oxidative stress-induced in-
flammation [13]. Additionally, another study indicated that
SH3YL1 expression was elevated in patients with DN [14].
These findings suggest a significant role for SH3YL1 in DN. It
is also essential to recognise that various metabolic, molecular,
and hemodynamic factors influence DN. Given the scarcity of
clinical studies on this biomarker and its role in kidney in-
jury, hence the study was conducted to analyse the prognos-
tic value of serum SH3YL1 across different stages of DN and
determine the relationship between SH3YL1 levels and DN
by comparing them with traditional diagnostic biomarkers.

MATERIALS AND METHODS
Study design

This case-control, single-centre study was conducted among
DN patients. Patients with T2DM aged between 40-60 years,
with a diabetes duration of approximately 8 to 15 years, and
a BMI less than 33 Kg/m? were recruited from the National
Diabetes Centre according to the American Diabetes Associ-
ation criteria [15], from February to May 2024.

Participants in the study

A total of 108 participants, comprising 81 patients with
T2DM who visited the centre for renal injury assessment were
enrolled in this study along with 27 healthy subjects (HS).
Patients were divided into three groups based on albumin-
uria, determined by the ACR: G1 (27 patients with normal
albuminuria, ACR < 30 mg/g), G2 (27 patients with microal-
buminuria, ACR = 30-300 mg/g), and G3 (27 patients with
macroalbuminuria, ACR > 300). Additionally, G4 included
27 HS who came to the center included their relatives and
had no history of previous diseases were also enrolled in this
study. All vital clinical signs of diabetes and DN, such as
HbAlc, fasting blood glucose (FBS), and renal function test
were measured in HS.

Exclusion criteria included pregnancy, current smoking, ac-
tive infection, diabetic ketoacidosis, hyperglycaemia, pres-
sure syndrome, congestive heart failure, liver dysfunction, and
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other causes of renal injury. The participants who declined
to participate were also excluded.

Demographic (age and sex) and clinical (such as history of
T2DM and its duration) characteristics from each participant
were obtained.

Sample collection

Venous blood samples were collected after overnight fasting
from participants and divided into two aliquots: The first was
placed in an EDTA tube for HbAlc analysis, while the second
was placed in a gel tube and allowed to clot at room tempera-
ture to obtain serum for measuring (FBG) fasting blood glu-
cose (Reference range 70-110 mg/dl), (BU) blood urea (Ref-
erence range 20-45 mg/dl), (SC) serum creatinine (Reference
range 0.3-1 mg/dl), lipid profile: (TGQG) triglyceride (Refer-
ence range 60-160 mg/dl), (TC) total cholesterol (Reference
range 150-200 mg/dl), (HDL) high-density lipoprotein (35—
55 mg/dl), (LDL) low-density lipoprotein (Reference range
0-130 mg/dl), (VLDL) very low-density lipoprotein (Refer-
ence range 0-32 mg/dl), and SH3YL1 protein.

Biomarkers and metabolic analysis

All parameters were analysed at the National Diabetes
Centre using Cobas C111 instruments. VLDL was calculated
using the formula (VLDL = TG/2.2), while LDL-C was calcu-
lated using the Friedewald formula. The estimated glomeru-
lar filtration rate (eGFR) was calculated using the simplified
modification of diet in renal disease [16]. ACR was assessed
by dividing the value of urine microalbumin by urine crea-
tinine [17]. SH3YL1 levels were measured using a commer-
cially available enzyme-linked immunosorbent assay (ELISA)
kit (Mybiosource, USA) according to the manufacturer’s in-
structions.

Anthropometries measurements

Weight and height were measured. The body mass in-
dex (BMI) was calculated by formula (weight divided by the
square of height) [18].

Ethical consideration

The study complies with the Helsinki Declaration and was
approved by the local ethics committee of the National Di-
abetes Centre (October 20, 2023, Reference number: ND-
SEC/15/345). All participants provided informed consent.

Calculation of sample size

The sample size was calculated using two mean formulae
[19]. Tt was 28 for each group, in equal sample size of (1:1)
with 80% statistical power of 5% level significance.

Statistical analysis

Statistical analyses were performed using the statistical
package for social sciences (SPSS), version 25 (IBM com-
pany, New York, USA) and MedCalc (version 20.027). The
Kolmogorov-Smirnov test was employed to check the normal-
ity of variables. Data were expressed for continuous variables
as median with interquartile range (IQR) or mean with stan-
dard deviation (SD) when skewed and normally distributed,
respectively. Differences between study groups were assessed
using one-way ANOVA or the Kruskal-Wallis test for normal
and skewed variables. Correlation analyses were conducted
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Table 1. Baseline demographic, clinical, and laboratory characteristics of the study groups.”

Parameters G1 (n=27) G2 (n=27) G3 (n=27) G4 (n=27) P-value
Age (years) 55.33 £ 5.82 52.96 £ 7.51 53.37 £ 5.63 52.59 £ 8.51 0.481
Sex [number (%)]

Male 8 (29.6) 11 (40.7) 13 (48.1) 8 (29.6) 0414
Female 19 (70.4) 16 (59.3) 14 (51.9) 19 (70.4) '
Duration 4.11 £ 1.25 8.70 £ 3.10 12.78 £ 0.97 - 0.0001**
BMI (Kg/m?) 30.09 £ 7.16 28.87 + 4.37 30.62 £ 4.27 23.39 + 2.69 0.0001%
Glycaemic marker

FBG (mg/dl) 180 (144-201) 181 (151-211) 194 (147-293) 104.98 (98.06-109.29) 0.0001**
HbA1C 7.40 (6.9-8.3) 8.90 (7.2-9.9) 8.70 (7.9-9.5) 5.20 (5.4-5.05) 0.0001**
Renal function test

BU (mg/dl) 19 (17-21) 43 (34-49) 71 (58-85) 16.90 (19.4-13.75) 0.0001**
SC (mg/dl) 0.74(67-91) 1.50(1.4-1.6) 1.90(1.8-2.3) 0.70(0.75-0.5) 0.0001%*
ACR (mg/g) 18.90(12.6-18.9) 94.70(94.7-189.4)  493.80(493.8-925.9) - 0.0001**
eGFR (ml/min/1.73m?) 94.17(88.05-96.93) 45.26(42.88-0.95)  25.22(20.68-29.79)  106.24(111.83-103.3) 0.0001**
Lipid test

TC (mg/dl) 167 (159-180) 169 (158-187) 183 (169-209) 130 (144-117.5) 0.0001%**
TGs (mg/dl) 174 (154-185) 169 (164-184) 187 (165-215) 91 (112.1-86.45) 0.0001%*
HDL (mg/dl) 43 (34-46) 41 (35-44) 37 (30-42) 55 (60-52.5) 0.0001**
LDL (mg/dl) 86 (59-103) 84 (70-100) 107 (76-125) 59 (61.5-49.5) 0.0001%**
VLDL (mg/dl) 39 (34-43) 40 (36-46) 38 (33-50) 23.60 (26.29-17.1) 0.0001**

* Data are presented as (mean £ SD) or median (IQR).

Comparisons were performed using one-way ANOVA or the Kruskal-Wallis test.

** P-value <0.001 is high significant.

G1: T2DM only patients, G2: Microalbuminuria, G3: Macroalbuminuria ,G4: HS.

BMI: Body Mass Index. FBG: Fasting blood glucose. HbA1C: Glycosylated haemoglobin, BU: Blood urea, SC: Serum creatinine,
ACR: Albumin creatinine ratio, eGFR: Estimated glomerular filtration rate, TC: Total cholesterol, TGs: Total glycerides, HDL:
High-density lipoprotein, LDL: Low-density lipoprotein, VLDL: Very density lipoprotein.

Table 2. S.SH3YL1 levels in study groups.”

Protein Biomarker Gl (n=27)

G2 (n=27)

G3 (n=27) HS (n=27) P-value

SH3YL1(ng/ml) 1.80 (1.63-1.94)*

4.13(3.52-4.37)™"

4.64 (4.33-4.91)>" 0.88 (0.98-0.64) 0.0001**

* Data are presented as median (IQR).

Comparisons were performed using the Kruskal-Wallis test and Mann-Whitney test.

** P-value <0.001 is high significant.

G1: T2DM only patients, G2: Microalbuminuria, G3: Macroalbuminuria, G4: Healthy subjects.
a indicates difference between the healthy subjects and patients’ groups.
b indicates difference between the type 2 diabetes mellitus and nephropathy groups.

using Spearman’s correlation coefficient for continuous vari-
ables. Multivariate linear regression analysis was performed
to identify independent relationships. To determine the prog-
nostic ability of SH3YL1, receiver operating characteristic
curves (ROC) were plotted, and the cut-off value was de-
termined based on the Youden index. The effect sample size
was 0.886 at a P-value of < 0.0001, indicating that the de-
pendent variable SH3YL1 has a high chance of detecting the
true difference between T2DM and stage 2 diabetic kidney
disease.

RESULTS

The mean age and sex showed no significant difference
among the four groups. However, patients with DN were
significantly older with a longer duration of diabetes than
non-DN patients. Additionally, BMI was significantly differ-
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ent among the four groups (P-value = 0.0001). Comparison
of glycaemic markers among the studied groups revealed a
significant increase (P-value=0.0001). Blood urea (BU), cre-
atinine, and ACR were highest in the G3 group, while eGFR
was lowest in the G2 compared to the HS group. Renal func-
tion tests showed statistically significant differences between
groups (P-value=0.0001). The lipid profiles were highest in
the patient groups compared to HS, except HDL was low-
est in patients compared to HS, with statistical significance
(P-value=0.0001) as shown in Table 1.

Serum SH3YL1 levels were significantly higher in patients’
groups compared to HS (P-value = 0.0001). SH3YL1 lev-
els were highest in the G2 and G3 groups compared to G1
and HS (P-value = 0.0001). The differences were statistically
significant (P-value=0.0001) among the groups (Table 2).
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Table 3. Univariate correlations of the variable with serum SH3YL1 in patients’ groups.

Variables G1 G2 G3
BU R 0.604 ** 0.492 ** 0.591 **
p (0.001) (0.009) (0.001)
5C R 0.579 ** 0.545 ** 0.252
p (0.002) (0.003) (0.204)
DL R 0.078 ~0.066 0.387 *
p (0.698) (0.743) (0.046)
R ~0.504 ** 0.552 ** 0.134 *
ACR (mg/g) p (0.007) (0.003) (0.025)
. ) R ~0.55 ** ~0.558 ** 0.539 **
eGFR (ml/min/1.73m") p (0.003) (0.003) (0.004)

—

R: Correlation Coefficient.
*P-value < 0.05 is a significant correlation.
**P-value < 0.001 is high significant Correlation.

Units of FBG, renal function tests, and lipid profile represented as (mg/dl).
G1: T2DM only patients, G2: Type 2 diabetes mellitus with microalbuminuria, G3: Type 2 diabetes mellitus with macroalbuminuria
BU: Blood urea, SC: Serum creatinine, ACR: Albumin creatinine ratio, eGFR: Estimated glomerular filtration rate, LDL: Low-density

lipoprotein.

Table 4. Multivariate linear regression analysis of the relation of SH3YL1 to clinical and laboratory variables. '

Variables Unstandardized Coefficients Standardized Coefficients T P-value
B Std. Error Beta
Age (years) -0.004 0.007 -0.017 -0.563 0.575
Sex -.098 0.097 -0.030 -1.015 0.313
BMI (Kg/m?) 0.007 0.010 0.026 0.732 0.466
FBG 0.000 0.001 -0.015 -0.385 0.701
HbA1C 0.037 0.039 0.044 0.968 0.336
BU 0.011 0.005 0.169 2.292 0.024*
SC 0.258 0.145 0.114 1.776 0.079
TC 0.001 0.002 0.032 0.779 0.438
TGs 0.001 0.002 0.041 0.920 0.360
HDL -0.008 0.006 -0.051 -1.250 0.215
LDL -0.001 0.002 -0.020 -0.501 0.618
VLDL 0.007 0.006 0.047 1.130 0.261
ACR (mg/g) -0.001 0.000 -0.098 -1.767 0.080
eGFR (ml/min/1.73m?) -0.031 0.004 -0.655 -8.359 0.0001**

T Units of FBG, renal function test, and lipid profiles are represented as mg/dl.

B: Unstandardised Beta Coefficients.

BMI: Body Mass Index. FBG: Fasting blood glucose. HbA1C: Glycosylated hemoglobin, BU: Blood urea, SC: Serum creatinine, ACR:
Albumin creatinine ratio, eGFR: Estimated glomerular filtration rate, TC: Total cholesterol, TGs: Total glycerides, HDL: High-density
lipoprotein, LDL: Low-density lipoprotein, VLDL: Very low-density lipoprotein.

Serum SH3YL1 levels in all patients’ groups were positively
and significantly correlated with BU and SC. Conversely,
SH3YL1was significantly and negatively correlated with ACR
and eGFR. In the G3 group, SH3YL1 was positively and sig-
nificantly correlated with LDL (Table 3).

Multiple linear regression analysis was conducted to verify
independent relationships. eGFR and BU emerged as inde-
pendent and significant predictors of SH3YL1protein (Table
4).
To assess the discriminative ability of SH3YL1 as a predic-
tor of DN, ROC curves were plotted. SH3YL1 demonstrated
excellent discriminates between T2DM and DN, with an AUC
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of 0.998 (P-value < 0.0001) and cut-off points of >1.1 (ng/ml)
at 0.975 (97.53% sensitivity, 100% specificity) as shown in Ta-
ble 5 and Figure 1A.

Table 6 and Figure 1B show a correlated ROC curve us-
ing the DeLong’s test to determine the discernment power of
each biomarker. There was no significant difference between
SH3YL1 and routine analysis of DN patients.

DISCUSSION

The rapid advancement of proteomics technology has sup-
ported new methods and insights for recognizing early diag-
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Table 5. Area under the ROC curve. Accuracy and cut-
off of SH3YL1 in the differentiation between type 2 diabetes
mellitus from diabetic nephropathy

AUC 0.988
95% Confidence Interval 0.945 to 0.999
P-value < 0.0001
Youden Index 0.9753
Associated Criterion (Cut-off) > 1.1
Sensitivity 97.53
Specificity 100.00
Positive Predictive Value 100.0
Negative Predictive Value 93.1
A B
SH3YL1
100, COOOnEOON000—0 100 e sspmmar=ot

80 H C:im.rio.n.; >1f;;‘ﬂ 801 E
£ w0 g 6o
E I § 40 H
s 40K -
7 H — SH3YL1

20! ACR
204 eGFR
AUC=0.988
OF 1 L 0 20 40 60 80 100
0

20 40 60 80 100
100-Specificity

100-Specificity

Figure 1. A. Receiving operating characteristic curve of the
S.SH3YL1 as a predictor for the diabetic nephropathy (DN)
patients. B. Comparing the ROC curve between S.SH3YL1
and routine analysis of DN patients. AUC: Area under the
curve, SH3YL1: Src homology 3 (SH3) domain-containing
Ysc84-like 1, ACR: Albumin creatinine ratio, eGFR: Esti-
mated Glomerular filtration rate.

Table 6. The comparison between S.SH3YL1 and routine
analysis of diabetic nephropathy patients using the DeLong’s
test for correlated ROC curve®.

Difference SE 95% CI  z Statistic P-value
Between Areas

ACR ~ eGFR 0.00770 - 0.00184- 1.721 0.0852
0.0133 0.0284

ACR ~ SH3YL1 0.00917 - 0.00608— 1.297 0.1947
0.0119 0.0299

eGFR ~ SH3YL1 0.00849 —0.0153— 0.162 0.8716
0.00137 0.0180

* SH3YL1: Src homology 3 (SH3) domain-containing Ysc84-like
1, ACR: Albumin creatinine ratio, eGFR: Estimated
Glomerular filtration rate, SE: Standard error, CI: Confidence
interval.

nostic biomarkers of DN in recent years. The current study
found that serum SH3YL1 levels were significantly elevated in
T2DM and DN patients compared to HS. Notably, levels were
particularly high in microalbuminuria and macroalbuminuria
groups when compared to T2DM only and HS. These findings
agreed with those of a study conducted by Gomaa et al. [20]
on sixteen T2DM compared to 30 HS, who found that the
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SH3YL1 levels were significantly higher in the patients than
in the HS. Additionally, research by Han et al. [21] indicated
that SH3YL1 levels increased with the development of stages
in patients with DN. Yoo et al. [10] showed a study examining
the physiological and pathological events underlying the rela-
tionship between SH3YL1 and DN [10, 20, 21]. Furthermore,
serum SH3YL1 levels were correlated with BU, SC, eGFR,
and ACR, which play a significant role in the pathophysiology
of kidney disease. SH3YL1 is inversely correlated with eGFR,
indicating that higher protein levels are associated with severe
kidney function. Meanwhile, in DN patients SH3YL1 levels
positively correlate with ACR, indicating that an increase in
SH3YL1 also increases albuminuria, a marker of renal dam-
age. Other metabolic parameters such as BU are associated
with elevated SH3YL1 levels, reflecting renal impairment and
these results agree with previous studies [13, 20, 21].

Importantly, the results of the current study demonstrated
that by ROC curve, SH3YL1 levels showed high accuracy for
early discriminates of DN from T2DM at an AUC of 0.98.
This result is consistent with previous findings by Gomaa et
al. [20].

Yoo et al. [10], reported that upon stimulation of human
embryonic renal cells expressing NOX4 cells, overexpression
of SH3YL1 resulted in increased ROS generation compared
to control cells, highlighting the critical role of the SH3YL1-
NOX4 complex in glucose-induced oxidative stress in the renal
system, which contributes to renal inflammation and fibrosis,
ultimately leading to the development of DN [10, 14].

In a significant in vitro study by Choi et al. [13], it was
described that renal affected by diabetes had upregulated ex-
pression of the SH3YL1 gene. This condition was accom-
panied by progressively higher levels of SH3YL1 expression
in diabetic kidneys. SH3YL1 synthesis was increased under
high glucose conditions and angiotensin II stimulation. It may
be hypothesised that chronic hyperglycaemia and activation
of angiotensin II in diabetics persistently stimulate SH3YL1
synthesis [12], and these changes may explain the elevated
SH3YL1 levels observed in patients with DN [20]. There are
some limitations to this study, including its case-control de-
sign, single-centre nature, and relatively small sample size.
Furthermore, certain potential risk factors influencing DN
such as molecular and hemodynamic factors, and waist-to-
hip ratio were not collected through the methodology. Serum
protein levels were not measured in patients with varying
treatment periods. Additionally, none of the inflammatory
markers were evaluated, which could have provided more in-
formation on the link between SH3YL1 protein and DN in
patients.

CONCLUSION

SH3YL1 may serve as a predictor biomarker in DN, partic-
ularly in cases of macroalbuminuria. In addition, the interac-
tion of SH3YL1 with routine biomarkers of DN reflects that
SH3YL1 has emerged as a potential biomarker for renal out-
comes. However, larger studies are required to confirm these
findings. A better understanding of the role of SH3YL1 could
establish it as a therapeutic target for DN.
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