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Abstract

Background: Diabetic nephropathy is a serious complication of both type 1 and type 2 diabetes. It's also called
diabetic kidney disease (DKD). In the United States, about 1 in 3 people with diabetes have diabetic nephropathy.
This necessitates identifying better biomarkers that diagnose diabetic nephropathy. The study aimed to evaluate
tumor necrosis factor a (TNFa) and type IV collagen as potential biomarkers for the detection of diabetic
nephropathy and its progression in patients with type 2 diabetes. Materials and Methods: A total of 88 subjects
were included in this cross-sectional study. Patients were classified into three major groups; diabetics with DKD
group (n=50), diabetics without DKD group (n=28), and healthy control group (n=10). TNFoe and type IV collagen
levels were measured in all subjects. The diagnostic value of single and combined TNFa and type IV collagen
was assessed by the area under the receiver operating characteristic (AUC). Results: For discrimination between
diabetics with DKD from healthy individuals, the most efficient marker was TNF-o (AUC=0.81, 70% sensitivity,
and 70% specificity. For discriminant between DM patients with DKD from DM patients without DKD, the most
efficient marker was type IV collagen (AUC= 0.77, 69% sensitivity, and 73% specificity. Interestingly, we
developed a new index for differentiating between DM and DM-DKD based on two blood markers (TNF-a and
type 1V collagen). The AUC of the developed index was 0.93; 0.79 for discriminated DM with DKD from DM
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without DKD. The AUC of the developed index was 0.90 for discriminated early DKD from healthy individuals.
Also, The AUC of the developed index was 0.83 for discrimination early from late DKD among DM patients.

Conclusions: TNFa and type 1V collagen may be potentially useful for early detection and to discriminate

diabetics with DKD from DM without DKD.

Abbreviations: DKD; diabetic kidney disease- TNFa; Tumor necrosis factor-alpha.

Keywords: Type 2 diabetes mellitus; diabetic nephropathy; diagnosis; Tumor necrosis factor-alpha, type IV

collagen.

INTRODUCTION:

The epidemiology of DM around the world has
reached epidemic proportions of about 350 million
people and is predictable to grow to about 550 million
people by 2035. In Egypt, the prevalence of DM is
about 20% and about 42% of diabetic patients had
(Gheith et al., 2015). Diabetic
nephropathy (DN) is a chronic complication of both

nephropathy

types of DM. More than 40% of diabetics will develop
chronic kidney disease (CKD), with a significant
number who will develop end-stage kidney disease
(ESKD) requiring renal replacement therapies (dialysis
and/or transplantation). DN is a frequent and severe
complication of diabetes mellitus (DM). Its diagnosis
in incipient stages may allow prompt interventions and
an improved prognosis. Towards this aim, biomarkers
for detecting early DN can be used (Alicic et al., 2017,
Hung et al., 2021; Pugliese et al., 2020). Tumor
(TNF-a) is a
that
described as antitumorigenic and produced by immune

necrosis factor-a

proinflammatory cytokine was  originally
cells like macrophages and lymphocytes; however,
further studies revealed it is also produced by
endothelial and epithelial cells (Ramseyer et al., 2013).
TNF-a is elevated in chronic inflammatory states such
as diabetes. There now are convincing data regarding
the role of inflammation in the pathogenesis of renal
damage in DM and the implication of TNF-a in the

initiation of inflammatory cascade. Indeed, inhibition

of inflammatory cell recruitment into the kidney is
protective in experimental diabetic nephropathy
(Navarro et al., 2006; Kong et al., 2022). Many clinical
studies in patients with DN have reported that the
urinary concentration of TNF-a is elevated in diabetic
subjects as compared with non-diabetic individuals
also with diabetic subjects with DN and these
concentrations increase concomitantly with the
progression of DN. These findings indicate a potential
relationship between the elevated levels of this
inflammatory cytokine and the development and
progression of renal injury in DM (Chen et al., 2017;
Donate-Correa et al., 2015).

collagen is the main constituent of both glomerular and

In the kidney, type IV

tubular basement membranes as well as the mesangial
matrix. It is critical for establishing and maintaining the
glomerular filtration barrier to albumin. Urinary type
IV collagen was significantly increased in both
normoalbuminuric and microalbuminuric patients of
type 2 DM compared with healthy controls, and urinary
type IV collagen significantly correlated with the
amount of albuminuria (Cosgrove et al., 2017; Miner et
al., 2020; Mahendran et al., 2016). We aimed to
determine the potential of TNF-a and type IV collagen
biomarkers for the detection of diabetic nephropathy
and its progression in patients with type 2 diabetes.
PATIENTS AND METHODS

Patients: Overall, 88 coherent Egyptian diabetic
patients who were operated on between January 2018
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to May 2020 from Al-Azhar teaching Hospital,
Damietta, Egypt
prospectively. Patients were classified into three major
groups; the DM with DKD group (n=50), DM without
DKD group (n=28), and the healthy control group

were enrolled in this study

(n=10). The diagnosis of DM was done based on
American Association criteria. We calculated the eGFR
value by using MDRD GFR Equation. Our excluded
criteria involved type 1 diabetes mellitus, non-diabetic
kidney disease, and other causes of proteinuria (urinary
tract infection, severe hypertension, and hematuria).
The study was approved by the Ethics Committee of
the Faculty of Medicine, Al- Azhar University, New
Damietta (Code IRB 00012367). Informed written
consent was signed by all patients in compliance with
the ethical guidelines of the 1975 Helsinki Declaration.
Blood samples:

Blood was obtained from each subject and collected in
the morning after fasting overnight and another sample
was collected two hours after breakfast. Part of the
samples was collected on K-EDTA as an anti-coagulant
and analyzed directly for complete blood count (CBC)
and glycated hemoglobin (HbALc) test. The other part
of the samples is allowed to clot at room temperature
before centrifugation at 3000 rpm for 10 minutes and
aliquoted into two micro-centrifuge tubes. The first
aliquot was used for routine investigations but the
second one was stored at —20 °C and thawed only at the
time of the assay. The severity of DKD has been
categorized into five stages according to eGFR where
Gl, GFR >90 mL/min/1.37m2; G2, 60 to &89
mL/min/1.37m2; G3, 30 to 59 mL/min/1.37m2; G4, 15
to 29 mL/min/1.37m2; and G5 < 15 mL/min/1.37m2.
Diabetic patients have DM- DKD (group Il1) were
divided into two subgroups: early (G1-G2) and late
(G3-G4) stages.

Biochemical analysis:
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Fasting blood sugar, postprandial blood sugar, liver
function tests, kidney function tests, and albumin to
creatinine ratio were measured on an automated
biochemistry  analyzer  (Hitachi 917; Roche
Diagnostics). HbAlc was measured by (MISPA-i2,
Agappe, India) automated analyzer.). Based on the
Sandwich-ELISA technique; Serum Tumor necrosis
factor-a (TNF-a) and Human type 1V collagen (H Col
V)
manufacturers’ instructions of (SinoGeneClon Biotech
Co., Ltd; Catalog No: SG-00425; Hongkong, China)
and the
spectrophotometric plate reader at a wavelength of 450

levels were analyzed according to the

resulted color was measured using a

nm where it is proportionally related to the
concentrations by an absorbance reader (Tecan Austria
GmbH, Sunrise — Basic TECAN).

Data analysis:

Statistical analyses were carried out via a statistical
software package SPSS 22.0 for Microsoft Windows,
SPSS Inc.). Frequency and percent distribution were
used to describe categorical variables whereas
quantitative/continuous variables were described as
mean = SD or median and inter-quarter range.
Comparison of categorical factors (across outcomes
groups; i.e., DM- DKD group vs. DM) was set by chi-
square tests while continuous quantitative variables
were analyzed by t-tests or analysis of variance
(ANOVA). The correlation was evaluated by Pearson's
or spearman correlation coefficient.  Statistical
significance was set at a P<0.05 with a 95% confidence
interval. For the multivariate analysis, ROC curve
analysis was established for all combinations to decide
which one was the most accurate in detecting DM-
CKD. The area under the ROC curves (AUC) was
plotted, and then the best cut-off values were
determined for both markers. The diagnostic accuracy
of both type IV collagen and tumor necrosis factor-a

was calculated by sensitivity, specificity, positive
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predictive value (PPV), and negative predictive value
(NPV).

RESULTS:

As illustrated in table 1, DM- DKD showed
significantly increased kidney profile tests (creatinine,
uric acid, urea) and diabetic profile tests (fasting blood
sugar, HbA1C) levels than DM (p-value ranging from
0.024 - <0.0001). There was a significant decrease (p <
0.0001) in albumin levels. The levels of candidate
markers (TNF and type IV collagen) increased by P <
0.001 in DM- DKD than in DM patients. Simple linear
regression analysis was performed to examine the
correlation between tumor necrosis factor-a and type
IV collagen and kidney profile tests. The values of
correlation of candidate markers and corresponding p
values were listed in table 2. The TNF and type IV
collagen negatively correlated with EGFR levels with
significant values of p = 0.001 and p = 0.006;
respectively.

3.7 Diagnostic power of TNF-o and type IV
collagen:

Using the ROC curve, we assessed the diagnostic
powers of TNF-a and type IV collagen to discriminate
among different groups as presented in table 3. For
discriminating between DM- DKD from healthy
individuals, the most efficient marker was TNF-a
(AUC=0.81, 70% sensitivity, and 70% specificity. For
discriminating between DM- DKD from patients with
DM, the most efficient marker was type IV collagen
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(AUC=0.77, 69% sensitivity, and 73% specificity. For
discriminating between diabetics with late DKD from
diabetics with early DKD, the most efficient marker
was type 1V collagen (AUC= 0.76, 69 % sensitivity,
and 73% specificity; table 3. The AUC of the TNF and
type IV collagen were 0.70 and 0.97 for discriminated
late DM- DKD from healthy.
Development of a novel index for DM-DKD

We developed a new index for differentiating
between DM and DM- DKD based on two blood
markers (TNF-o and type IV collagen). It can be
calculated as = 1.22 + 0.54 X TNF + type IV collagen
X 0.148. The mean +SD of the TPN index was
2.1+0.05; 2.3+£0.19; 2.6£0.34 in healthy, DM, and DM-
DKD; respectively. Its level was 2.5+0.40 in males
while 2.4+0.28
differences (p= 0.29). The values of correlation of
with
corresponding p values were listed in table 2. The

in females without significant

developed index other's markers and
diagnostic performances of the developed index were
higher than corresponding single markers; table 3. The
AUC of the developed index was 0.93; 0.79 for
discriminated DM- DKD from healthy and DM. The
AUC of the developed index was 0.83 for discriminated
late DM- DKD from early DM-CKD. The AUC of the
developed index was 0.90 for discriminated early DM-

DKD from healthy.
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Tablel. Laboratory data of the studied groups
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Variable Healthy DM group DM-DKD | Pvalue Post-hoc test

control group Healthy | Healthy vs. DM vs.

group vs. DM DM- DKD | DM- DKD
Age (Year) 58.0 £7.4 61.3 £8.5 62.2 +10.2 0.43 0.28 0.24 0.81
FBS (mg/dl) 88.2 £12.7 | 211.3 £78 |232.3+71.8 | <0.001 | <0.0001 < 0.0001 < 0.0001
HbA1C (%) 55+ 15 72 £ 25 7.3+£26 0.024 < 0.0001 < 0.0001 0.02
Creatinine (mg/dl) 0.88 £0.11 | 0.95+ 0.26 405+1.7 <0.001 0.95 < 0.0001 < 0.0001
G. F.R. (ml/min) 94.0+£28.9 90.7+20.8 20.1+12.8 | <0.0001 0..96 < 0.0001 < 0.0001
Urea (mg/dl) 28.5+10.4 36.6+10.9 130.8+57.4 | <0.0001 0.91 < 0.0001 < 0.0001
Uric acid (mg/dl) 46+1.3 48x16 8.22+1.8 <0.001 0.93 < 0.0001 < 0.0001
Albumin (g/dI) 4.3+0.26 4.2+0.42 3.2+£0.74 | <0.0001 0.96 < 0.0001 < 0.0001
ACR - 17.8(8-28) | 70 (35-635) | <0.0001 - - <0.0001
TNF-a (pg/ml) 31 (27— 42) | 96 (29-118) | 96 (39-302) | 0.001 0.006 0.02 0.05
Type 1V collagen 615(400 — 400 (300 — 1704(502- 0.001 0.06 0.02 <0.0001

890) 700) 4710)

DKD:diabetic kidney disease FBS: fasting blood sugar, TNFa; Tumer necrosis factor alpha. HbA1C: Hemoglobin Alc,
GFR: Glomerular filtration rate, ACR: Albumin creatinine ratio

Table 2.

Correlations between TNF-a, type 1V collagen with other kidney profile tests
Parameters TNF-a Type 1V collagen
r P r P
Creatinine 0.33 0.02 0.28 0.08
Uric acid 0.44 0.005 0.24 0.33
Urea 0.48 0.001 0.32 0.04
Urea 0.46 0.001 0.41 0.007
TNF - - 0.1 0.35
Type IV collagen 0.1 0.35 - -
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Figure 1. Level of TNF-Type IV collagen in study groups. A. level of TNF-Type IV collagen in healthy, DM,
DM- DKD. B. A. level of TNF- Type IV collagen in early and late DM-DKD.
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Table 3. Diagnostic power of single and combined TNF-a and Type IV collagen.
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collagen

Markers AUC (95% CI) Pvalue | Cutoff | Sen | Spec | PPV | NPV
Healthy vs DM
TNF-a 0.79 (0.64-0.93) 0.007 40 60 90 94 45
Type 1V collagen 0.70 (0.53-0.83) 0.06 630 77 30 77 30
TNF + Type IV 0.74 (0.59 -0.89) 0.02 2.2 70 60 84 40
collagen
Healthy vs DM-DKD
TNF-a 0.81 (0.70-0.90) < 0.0001 40 70 70 92 30
Type 1V collagen 0.73 (0.60-0.83) 0.002 630 67 70 92 29
TNF + Type IV 0.93 (0.86-0.99) < 0.0001 2.2 83 90 92 50
collagen
Diabetes vs DM-DKD
TNF-a 0.60 (0.62-0.54) 0.11 40 67 40 65 39
Type IV collagen 0.77(0.66-0.88) <0.0001 630 69 73 82 58
TNF+ Type IV 0.79 (0.48-0.71) < 0.0001 2.2 86 40 71 63
collagen
Early DM-DKD vs late DM-DKD

TNF-a 0.65 (0.46-0.74) 0.24 40 70 42 80 29
Type 1V collagen 0.67 (0.53-0.80) | <0.0001 630 38 92 93 31
TNF+ Type IV 0.83 (0.74-0.89) | <0.0001 2.2 86 52 70 75
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Figure 2. AUC of single and combined TNF and collagen-1V. A. For discriminated healthy vs DM. B. For
discriminated healthy vs DM-DKD. C. For discriminated DM vs DM-DKD. D. For discriminated early vs late

chronic kidney diseases

DISCUSSION:

Diabetic nephropathy is the main cause of chronic
kidney disease and represents the most common and
serious complication of diabetes (Lim, 2014). DN is
characterized by the progressive accumulation of ECM
and ECM turnover regulation depends on the balance
its synthesis and degradation (Garcia-
Fernandez et al., 2020). There has been an important
achievement in finding associated biomarkers in all
aspects of diabetic nephropathy. Thus, there is now a
focus on novel biomarkers that have higher sensitivity
and specificity for earlier detection of DN and a more
precise prediction of its progression to end stages

between

(Gluhovschi et al., 2016; Uwaezuoke et al., 2017
Thipsawat, 2021; Yan et al., 2021). In the present study,
the levels of candidate markers (TNF and type IV
collagen) increased by P < 0.001 in DM- DKD than in
DM patients. The inflammatory response could be
activated by biochemical, metabolic, or hemodynamic
disorders when a large number of white blood cells
gather in the kidney. Pro-inflammatory cytokine such
as TNF-a was significantly associated with DM. These
results revealed that TNF-o might be an early
biomarker of kidney damage in diabetic patients
(Aghadavod et al., 2016). type IV collagen is the main
component of the glomerular basement membrane and



Journal of Bioscience and Applied Research, 2022, Vol.8, No. 3, P.201-211

extracellular matrix and does not pass through the
glomerular filtration barrier under normal conditions.
Therefore, type IV collagen could be used as a
biomarker of basement membrane injury. type IV
collagen could reflect morphological renal alterations
in patients with type 2 DM (Biilow et al., 2019). High
blood sugar enhances endogenous TGF-b1 production,
which then works in an autocrine fashion on the cell to
induce type IV collagen production. Hyperglycemia
stimulates multiple inflammatory mechanisms directly
and by gene transcription factors, resulting in protein
accumulation in the nephron extracellular matrix with
albumin leakage (Nikolov et al., 2016; Kostov et al.,
2021; Cohen et al., 2001; Ban and Twigg, 2008; Gu et
al., 2020; Cohen-Bucay et al., 2012; Mahendrane et al.,
2016). In the present study, the TNF and type IV
collagen negatively correlated with eGFR levels with
significant p values = 0.001 and p = 0.006; respectively.
The correlation between TNF and eGFR may reflect
reduced renal filtration by the kidney. The levels of
TNF measured in the present study increased overall
with reduced eGFR (Kamei et al., 2018). In the present
study, for discriminant between DM- DKD from DM
patients without DKD, the most efficient marker was
type IV collagen (AUC= 0.77) flowed by TNF-a
(AUC=0.62).

ROC analysis revealed that TNF had better discrimina
tion between patients with nephropathy
healthy controls than the

estimated glomerular filtration rate [0.87 vs 0.76)
(Kamei et al., 2018). Using AUC analysis, type IV
collagen had 0.91 (with 92% sensitivity and 89%
specificity) for the normoalbumin group, 0.96 (with
92% sensitivity and 93% specificity) for microalbumin
patients, and 0.99 (with 96% sensitivity and 94%
specificity) for macroalbumin patients (Hamid et al.,
2021). In the present study, the AUC of the developed
index (TNF and type IV collagen) was 0.93; 0.79; 0.83
for discriminating DM with DKD from healthy, DM

and

PISSN: 2356-9174, eISSN: 2356-9182 209

without DKD, and control. The urinary transferrin (Tf),
immunoglobulin G (1gG), neutrophil gelatinase-
associated lipocalin (NGAL), and TNF-a were
significantly related to the albumin to creatinine ratios
(UACR). The AUC were calculated; urinary 1gG
(0.89), NGAL (0.88), Tf (0.86), TNF-a (0.76), and the
combination of urinary Tf + 1gG + TNF-o + NGAL
(0.92) showed good diagnostic value for early-stage
DN (Zhang et al., 2019). In conclusion: a two-marker
index (TNF-a and type IV collagen) could improve the
diagnosis of diabetics with DKD with high sensitivity

and specificity.
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