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Abstract

Background: Diabetic nephropathy (DN) is one of the major complications of diabetes mellitus
(DM) that leads to end stage renal disease (ESRD). There is a need for novel biomarkers for ear-
ly detection and follow up of patients with DN. TNF-like weak inducer of apoptosis (TWEAK) is
thought to be involved in the progression of DN through the fibroblast growth factor inducible-
14 (Fn14) pathway. Accordingly, blood soluble form of TWEAK (sTWEAK) could be a marker for
the progression of and degree of DN. Aim: To assess the relationship between circulating
sTWEAK levels and DN in type 2 diabetic patients as it could be a good potential biomarker for
detection and follow up of DN patients. Patients and Methods: Sixty type 2 DM patients were
selected to be 30 with DN and 30 without DN. DN patients were further divided into 20 microal-
buminuric and 10 macro-albuminuric patients. Twenty normal subjects served as a control
group. Patients were tested for serum creatinine, lipid prolife, glycated hemoglobin, urinary
albumin creatinine ratio (ACR), estimated glomerular filtration rate (eGFR) and serum sTWEAK.
Results: Serum sTWEAK was found to change significantly with the level of albuminuria with its
lowest level in the macro-albuminuric group (P <0.0001). There was a significant positive corre-
lation between serum sTWEAK and eGFR (r =0.315, p- value =0.014). Furthermore, sTWEAK
showed good diagnostic value for detection of macro-albuminuria, with 90% sensitivity and 70%
Specificity. Conclusion: Serum sTWEAK could be a good biomarker for detection and follow up
of DN.
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sequelae. Among the microvascular se-
quelae, diabetic nephropathy (DN) is con-
sidered one of the prevalent and serious
complications with a significant impact on
morbidity, mortality and quality of life (),
It is estimated that DN develops in about

Introduction

Diabetes mellitus (DM) is a global health
problem and a major cause of morbidity
and mortality around world. It is estimat-
ed that the prevalence of diabetes would

rise from 6.4% (285 million) in 2010 to 7.7%
(439 million) in 2030(. DM is character-
ized by microvascular and macrovascular

one-third of all patients with diabetes dur-
ing the disease course. Actually, DN is the
leading cause of renal failure (RF) in de-
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veloped and developing countries®). Dia-
betic nephropathy is characterized mainly
by persistent albuminuria, elevated arteri-
al blood pressure (BP), and progressive
decline in the glomerular filtration rate
(GFR). This could lead to an eventual pro-
gression to RF in considerable portion of
patients ). Usually, DN starts by micro-
albuminuria which is considered a sign of
early DN while macro-albuminuria indi-
cates progression of the disease with irre-
versible kidney damage ©). The micro-
albuminuria is considered to be the first
sign to predict progression towards the
end stage renal disease (ESRD)®). Howev-
er, it’s possible that some diabetics devel-
op DN with normal albuminuria @). More-
over since the micro-albuminuria is no-
ticed when significant damage to glomer-
ular function has occurred®), so more sen-
sitive marker is required to predict the DN
at earlier stages. Tumor necrosis factor
(TNF)-like weak inducer of apoptosis
(TWEAK) also known as (Apo3L, TNFSF12)
is @ member of the TNF superfamily
(TNFSF)®). Members of the TNFSF are ex-
pressed widely in various tissue types and
play essential roles in immune responses,
cell homeostasis, tissue repair, and in-
flammation("®).TWEAK is type Il trans-
membrane protein, but a smaller biologi-
cally active form can also be shed into the
circulation as a soluble form (sTWEAK)(,
TWEAK is ubiquitously expressed in a vari-
ety of organs, tissues and cell types such
as heart, brain, pancreas, liver, kidney,
skeletal muscles and adipose tissues (2,
TWEAK has multiple functions with poten-
tial pathophysiological relevance that de-
pend on the microenvironment, the cell
type, and the cell state of activation.
TWEAK can regulate cell proliferation, cell
death, cell migration, cell differentiation,
tissue regeneration, neo-angiogenesis and
inflammation(3). TWEAK has a role in inju-
ry of different organs including liver,
heart, the central nervous system, gut,

the vasculature, skeletal muscles, and kid-
ney(). sTWEAK concentration decreases
progressively with increasing chronic kid-
ney disease (CKD) stage and are lowest in
patients with ESRD on chronic hemodialy-
sis (510), There are multiple inflammatory
pathways associated with glucose metab-
olism, insulin sensitivity and type 2 DM
(T2DM). One of these pathways could be
mediated by the TWEAK. Previous studies
have shown decreased serum sTWEAK
concentrations in type 1 diabetes (T1IDM)
and T2DM patients. Furthermore, it has
been reported that there was an inverse
association between sTWEAK concentra-
tions and fasting glucose and homeostasis
model of assessment for insulin resistance
(HOMA-IR) in T2DM patients on chronic
hemodia-lysis(7). Some studies suggest
that kidney disease and diabetes have an
additive effect on decreasing sTWEAK
levels(®). Accumulating evidence from dif-
ferent studies has suggested a role for
TWEAK pathway activation in the devel-
opment of acute and chronic kidney dis-
ease. This activation contributes to both
glomerular and tubulointerstitial injury in
non-immune and immune mediated kid-
ney diseases(®2°). Fibroblast growth fac-
tor- inducible-14 (Fn14) is a famous ligand
for TWEAK that mediates its function. Up-
regulation of the TWEAK/Fn14 pathway in
DN with high levels of Fn14 in the urine of
DN patients and decreased levels of
TWEAK has been reported suggest
dysregulation of this pathway in DN. Up to
our knowledge there are no sufficient
studies showing the relationship between
sTWEAK levels and DN, so we conducted
this research to assess if there is relation-
ship between them or not.

Subjects and Methods

Study design and participants:

A cross sectional descriptive study that
included 60 type 2 diabetic patients and
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20 normal control subjects with normal
HbA1c and albumin creatinine ratio (ACR).
Patients were recruited from the outpa-
tient diabetes and family medicine clinics
of the Suez Canal University hospitals, Is-
mailia. Patients with type 2 diabetes for at
least 5 years were included in our study
and they were selected according to ACR
and divided into two groups; 30 patients
with ACR > 30 mg/g (DN group), and 30
patients with ACR <30 mg/g (Diabetic
without DN group). Patients with other
chronic illnesses, kidney disease due to
other causes, current fever or infection
were excluded from our study.

Data and laboratory tests:

All the study population were subjected
to; interview to obtain demographic data,
present illness history, history of previous
investigations; measurement of blood
pressure and calculation of body mass in-
dex (BMI). Five milliliters of early morning
fasting venous blood were withdrawn
from each participant. Three milliliters
were collected in a sterile plain tube and
two milliliters were collected into a sterile
(EDTA) tube. A spot urine sample was
taken from each participant for measure-
ment of ACR. Blood creatinine, total cho-
lesterol, triglycerides, high density lipo-
protein (HDL), low density lipoprotein
(LDL), HbA1c and urine ACR were meas-
ured using the fully automated auto-
analyzer (Cobas c 501, Roche Diagnostics,
Mannheim, Germany). Serum sTWEAK con-
centrations were assessed using (Human
TNFSF12 PicoKine™ ELISA Kit). Calculation of
estimated glomerular filtration rate
(eGFR) using the MDRD equation:

=175 x

[plasma creatinine (%)] —L154

[age] %293 x [0.742 if female ]
x [1.212 if black] @

Statistical analysis

Data was analyzed using SPSS software
version 22.0.0.0. (SPSS, Inc., Chicago, IL,
USA). Quantitative data was expressed as
mean and standard deviation, while quali-
tative data was expressed as number and
percentage. Comparisons were per-
formed using T test (for quantitative data)
and chi-squared-test (x?) or Fisher’s Exact
test was used (for qualitative data). One-
way analysis of variance (ANOVA) was
used for parametric variables and Kruskal-
Wallis test was used for non-parametric
variables. The correlation between
sTWEAK and other variables was per-
formed using Pearson (r) correlation coef-
ficient. Diagnostic value was analyzed by
Receiver operating characteristic (ROC)
curve. Significance is considered at p value
of < 0.05.

Results

Females were 48 subjects representing
60% of the study population while males
were 32 subjects forming 40% of the study
population. There was no significant
difference in sex distribution between
study groups (Table 1). Of the DN group
20 patients had ACR <300 while 10
patients had ACR >300. Accordingly, we
further analysed them as 2 groups; the
micro-albumiuria and macroalbuminuria
groups, respective-ly. There was no statis-
tically significant difference among diabet-
ic groups for age, blood pressure both
systolic and diastolic and for BMI (Table
2). Mean of age of healthy control group
was 56+4.8. There was a statistical signifi-
cance between diabetic groups regarding
serum creatinine (p<0.0001). In normo-
albuminuric  group, creatinine  was
0.62+0.16 mg/dl while in the micro-
albuminuric group it was 0.73+0.28 mg/dl.
The macro-albuminuric group had the
highest serum creatinine (2.68%2.45
mg/dl).
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Table1: Sex distribution across study groups and for the whole study population

Parameters Female Male Total

Group n (%) n (%) n (%)
Diabetic normo-albuminoric 18 (60) 12 (40) 30 (100)
DN 17(57) | 13(43) | 30(100)
Control 13 (65) 7 (35) 20 (100)
Total 48 (60) 32(40) 80 (100)

Fisher’s Exact value = 0.417, p-value = 0.937

Table 2. Descriptive statistics for history and examination among diabetic groups.

Normo- Micro- Macro-
albuminuria albuminuria albuminuria Fvalue | p-value

Mean = SD Mean = SD Mean = SD
Age (years) 56 *9.02 53 +11.31 60 * 6.01 1.780 0.178
Systolic BP
(mmHg) 130.8 +17.37 138.3 £ 20.54 132.9 + 17.63 1.389 0.258
Diastolic BP
(mmHg) 82.5+11.43 86.8 £14.17 79 £12.87 1.386 0.258
BMI (kg/m?) 33.85 +7.08 34.19 + 6.26 33+9.84 0.087 0.916

Significance at p-value <0.05, ANOVA test.

The eGFR had a statistical significance be-
tween diabetic groups with P-value
<0.0001. The normo-albuminuric group
had the highest eGFR with 114.83% 23.84
ml/min/1.73 m? and slightly decreased to
105.17 + 27.11 ml/min/1.73 m? in the micro-
albuminuric group (Table 3). Serum
STWEAK levels showed significant differ-
ence between study groups (Table 4 and
figure 1). In normo-albuminuric group se-
rum sTWEAK was 1064 * 579.66 pg/mL
while in the micro-albuminuric group se-
rum sTWEAK was 1407 * 725.97 pg/mL.
The macro-albuminuric group had the
lowest serum sTWEAK which was 420 +
378.82 pg/mL while healthy control had
the highest level which was 1434 + 562.62
pg/mL. Levels was around the same values
for both males and females in the same
group (Figure 2). Correlations of sSTWEAK
with other variables showed a moderate
positive correlation between sTWEAK and
eGFR (Table 5 and figure 3). Receiver op-
erating characteristic (ROC) curve analysis
for sSTWEAK as an indicator of albuminuria

in the whole population (Figure 4)
showed that the area under the curve was
33.2%. The sensitivity and specificity are
40% and 35% at a cut-off point of 1202
pg/mL of sTWEAK. We also applied ROC
curve analysis for sSTWEAK as an indicator
of macro-albuminuria in diabetic patients
(Figure 5). In this situation, the area under
the curve was 85% with a highly significant
p-value of <0.001. The sensitivity and spec-
ificity reached 90% and 70%, respectively,
at a cut-off point of 852pg/mL of STWEAK.

Discussion

DN is one of the micro-vascular complica-
tion of DM that leads to end stage renal
disease. Many lines of evidence show that
inflammatory pathways have an im-
portant role in the development of diabet-
ic complications, such as DN. The relation-
ships between inflammation and the de-
velopment and progression of DN involve
complex molecular networks and pro-
cesses®), Understanding of the roles that
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these inflammatory pathways have in the
context of DN will facilitate the discovery
of new biomarkers and therapeutic tar-
gets. In the current study serum sTWEAK
was found to be the lowest in macro-

albuminuric group, higher in normo- and
micro-albuminuric groups and the highest
in diabetes free group and was statistical-
ly significant (p-value <0.0001) by ANOVA
testing (Table 4).

Table 3. Descriptive statistics of laboratory tests among diabetic groups

Normo- Micro- Macro-
albuminuria albuminuria albuminuria F value p-value
Mean = SD Mean = SD Mean + SD
Creatinine (mg/dL) 0.62 *+0.16 0.73+0.28 2.68 £2.45 22.085 <0.0001
eGFR (mL/min/ 1.73 m?) 114.83 £ 23.84 | 105.17 £27.11 41.27 £ 30.52 21.399 <0.0001
ACR (mg/gm) 11.33 * 11.31 71.59 £ 37.35 | 2280.89 +3008.79 | 14.707 <0.0001
Cholesterol (mg/dL) 194 + 61.4 201+ 49.63 175 + 43.87 0.751 0.477
Triglycerides (mg/dL) 144 + 73.7 167 = 76.53 144 + 63.12 1.466 0.49
HDL (mg/dL) 42 +9.09 40 £12.26 40 *9.56 0.639 0.736
LDL (mg/dL) 128 + 46.64 127 + 43.23 106 * 34.53 1.024 0.366
HbA1C (%) 8.2£2.16 8.6 £2.79 8.4 £1.26 0.215 0.807
Significance at p-value <0.05; ANOVA test.
Table 4. sSTWEAK levels in the study groups
Norl‘ﬂo-‘ MIC.I'O- . Mac.ro- . Control F Value | p-value
albuminuria | albuminuria albuminuria
STWEAK (pg/mL) | 1064 £579.6 | 1407 + 725.9 420 +378.8 1434 £562.6 | 7.922 | <0.0001
Data are presented as Mean = SD, ANOVA test.
Table 5. Correlations of STWEAK with the rest of study variables
STWEAK (pg/mL)
Variable R p-value
Systolic BP (mmHg) 0.017 0.878
Diastolic BP (mmHg) 0.014 0.902
Weight (kg) 0.164 0.147
Height (cm) 0.059 0.600
BMI (kg/m?) 0.129 0.255
Creatinine (mg/dL) -0.235 0.070
eGFR (mL/min 1.73 m?) 0.315 0.014
ACR (mg/gm) -0.200 0.076
Cholesterol (mg/dL) 0.181 0.166
Triglycerides (mg/dL) 0.049 0.709
HDL (mg/dL) 0.111 0.397
LDL (mg/dL) 0.221 0.090
HbA1C (%) -0.134 0.236
Post hoc testing for serum sTWEAK  8Moups:  normo- albuminuric,  micro-

showed that there was a statistically sig-
nificant  difference between macro-
albuminuric group and all of the following

albuminuric and diabetes free group with
p-value 0.003,<0.0001 and <0.0001 re-
spectively (Figure1).
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Figure 1. STWEAK levels in the study groups.
**% P-value <0.0001 vs macro-albuminuric group;
** P-value <0.01 vs macro-albuminuric group.
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Figure 2. Gender clustered sTWEAK levels in the study groups
2red box blot showing sTWEAK levels in each gender cluster in the study groups. T.
test between both clusters in each group was not significant

This finding is in agreement with Carrero
who found that STWEAK levels were sig-
nificantly lower in hemodialysis patients
compared to healthy control subjects with

(p-< 0.0001)(5). It was reported in a study
carried out on 257 patients with stage 1-5
CKD that sSTWEAK levels were decreased
with advanced stages of CKD. In addition,
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low sTWEAK levels were associated with
endothelial dysfunction and increased
cardiovascular mortality®3. Also there
was a study observed that sSTWEAK plas-
ma levels were diminished and CD163 con-
centrations were increased and CD163/

sTWEAK ratio were increased in patients
with CKD@4). Sharif and colleagues report-
ed an elevation in soluble Fn14 (sFn14)
levels in rodent models of kidney diseases
and in DN patients(25),
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Figure 3. Correlation scatter-plot between sTWEAK and eGFR (P < 0.05)

In this context, decreased serum sTWEAK
levels could be due to the elevation of
sFN14 that acts as a decoy receptor. Taken
together, changes in sSTWEAK and sFN14
levels in DN support the dysregulation of
this pathway in the disease. The mecha-
nisms by which sTWEAK concentrations
are diminished in patients with DN are
poorly understood. As noted already, a
pathological role of TWEAK has been
demonstrated in animal models of kidney
and of atherosclerotic injury®®2®), In this
sense, TWEAK is expressed in several tis-

sues, but the expression of its receptor,
Fn14, is relatively low in the kidney®®) and
undetectable in the arterial wall in normal
situations. However, under pathological
conditions, Fn14 expression is highly up-
regulated in the vascular wall®® favoring
SsTWEAK binding and its retention in the
pathological tissues and, subsequently,
decrease in its blood levels. Moreover, the
diminution of STWEAK could be also relat-
ed to the presence of CD163, a reported
scavenger receptor of STWEAKG?),
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Figure 4. ROC curve for sSTWEAK as an indicator of albuminuria

Moreover, previous data showed that
CD163-expressing macrophages could
bind and internalize sSTWEAK in vitro lead-
ing to low STWEAK levelsGY. So, reduction
in sSTWEAK concentrations could poten-
tially reflect either Fn14 binding or CD163
mediated degradation. We found that
there was a significant moderate positive
correlation between serum sTWEAK and
eGFR , this is in accord with Yilmaz and
Turkmen who found that sTWEAK levels
were significantly decreased when eGFR
values were decreased (16 23:32), Therefore,
the decrease of sTWEAK along with de-
creased eGFR may be associated with on-
going cell infiltration, inflammation, endo-
thelial dysfunction, and kidney injury in DN
patients. To the best of our knowledge,
this is the first study that shows the asso-
ciation between sTWEAK and DN. This as-
sociation proposes the involvement of
TWEAK in the molecular pathway of the
development of DN. The involvement
could be either through its famous ligand,
Fn14, or other molecular factors. Further

studies are needed to elaborate its exact
role and its partners in the pathophysiolo-
gy of DN which may suggest new molecu-
lar targets for treatment of or protection
against DN. To assess the potential diag-
nostic efficiency of sSTWEAK to detect DN,
we performed ROC curve analysis. When
ROC curve was done for serum sTWEAK
for diagnosis of DN determined by albu-
minuria (ACR> 30 mg / gm), The area un-
der the curve was 33.2%. The sensitivity
and specificity were 40% and 35%, respec-
tively, at a cut-off point of 1202pg/mL of
sTWEAK. However, when we performed
ROC curve analysis for sSTWEAK as an indi-
cator of macro-albuminuria  (ACR>
300mg/g), the area under the curve rise to
85% with a significant p-value of <0.001.
The sensitivity and specificity were 90%
and 70% at a cut-off of 852 pg/mL of
STWEAK. This suggests that serum
sTWEAK level may not be helpful for early
detection of DN, however it could be used
alone or in combination with other factors
to assess the severity of the disease.
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ROC Curve
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Figure 5. ROC curve for sSTWEAK as an indicator of macro-albuminuria.
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