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ABSTRACT
Diabetic nephropathy is a disease characterized by pathological changes in glomeruli that lead to the development of albuminuria,
hypertension, and a decline in renal function. Prominent changes detected in apoptosis controlling factors, i.e. BcL-xL and caspase-3
and require a search for additional non-toxic therapeutic interventions, i.e. antioxidants, anti-apoptotic effectors in addition to glycemic
control, hypertension management, as well as albuminuria. The present study included forty-four children (24 boys, 20 girls) diagnosed
with T1D and DN around the ages of five-seventeen. Clinical data (age, gender, disease duration, blood pressure), conventional
laboratory markers (complete blood count, serum cholesterol, Hb1Ac, GFR, MAU), and apoptosis markers (BcL-xL, caspase-3) were
analyzed. We show that apoptosis-induced disorders in children with DN evaluated by dysbalance occurring in the cell death controlling
system may be attenuated by the advanced scheme which includes conventional treatment and Vitamin D; the applied scheme has a longterm therapeutic effect on macroalbuminuria development.
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Introduction
It is expected that more than 1 million patients below twenty
years can be affected by type 1 diabetes (T1D) [1, 2]. T1D is an
epidemic disease that resulted in an increase in diabetic
nephropathy (DN) incidence worldwide [1-5]. It was seen that
Hyperglycemia is the major biochemical disorder in diabetes and
DN. This in turn leads to a toxic reaction via activation of
inflammation, oxidative stress, and apoptosis [1]. The diagnosis
of DN is based on the measurement of abnormal urinary albumin
levels in T1D patients after excluding other causes of
albuminuria. The gold standard in diagnostics of DN includes
two out of three urine samples within the range of
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microalbuminuria (30 to 300 mg of albumin/24 h) or
macroalbuminuria (more than 300 mg of albumin/24 h) [6-9].
Vitamin D is a lipid-soluble, secosteroid hormone substance.
Vitamin D is a prehormone. In humans, it is obtained in 2 ways the diet or via skin synthesis. It is subsequently activated in a 2stage process of hydroxylation [10].
Vitamin D has a vital role in various physiological functions.
Disorders in Vitamin D metabolism lead to many acute and
chronic diseases – changes in calcium metabolism, autoimmune
diseases, cancers, types 1 and 2 diabetes mellitus, cardiovascular
disease, etc. Vitamin D deficiency is now concerned as a global
pandemic. The major cause of vitamin D deficiency is the
inadequacy of sun exposure [11-13]. We have previously shown
that the majority of patients from the T1D group have a normal
value of Vitamin D, only 27,7% of children have Vitamin D
insufficiency. In contrast, in children from the DN group, only
16,7% of children have Vitamin D insufficiency and 83,3% have
Vitamin D deficiency [14].
BCl-2 family is a well-known group of proteins known for the
position it plays in cell death regulation. An in vivo model [15]
showed their protective effect. It is known that Puromycininduced podocyte apoptosis is p53-dependent and is associated
with changes in Bcl-2-related proteins and AIF translocations.
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The protective effect of dexamethasone on this model of
apoptosis has a relation to a decrease in p53, an increase in BclxL, and inhibition of AIF translocation [16].
Children with early DN have disturbances in the apoptosis
controlling system, i.e. down-regulation of anti-apoptotic agent
BcL-xL and up-regulation of apoptosis factor caspase-3 were
previously shown [17].
This research aim at evaluating whether Vitamin D
administration together with conventional treatment of DN may
treat apoptosis disorders in children with DN.

Materials and Methods

Patients
54 children (34 males, 20 females) diagnosed with an early stage
of DN were included in the analysis. Subsequently, a follow-up
session was performed in the Endocrinology ward at Clinical
Pediatric Hospital №6 (Kyiv, Ukraine). The approval of this
research was attained from the ethics committee of the
Bogomolets National Medical University (approval № 142). The
informed consents were signed by the children between twelve
or above years and/or also their parents and then documented
medical records. Records data were analyzed in all patients. All
diabetic patients with an early DN were followed-up every three
months. The patients were put under multiple flexible intervals
of dosage of management with insulin. Abiding by the parameters
which are; weight, chronological age, diabetes duration, height,
body mass index (, BP, Hb1Ac, serum cholesterol, CBC,
urinalysis, and urine albumin excretion measured and fixed at
each visit.
All patients with early DN were treated accordingly to local
protocols. TREATMENT INCLUDED ACE inhibitors,
antioxidants (Vitamin E) (main group, named “Before treatment
I”, after treatment I”). Vitamin D (Aquadetrim, POLPHARMA)
in a dose of 500 IU/day was administered to patients from the
experimental group for 3 months (experimental groups named
below “Before treatment II”, after treatment II”).
Patients with an early DN were those with T1D studied for one
year following the initially registered episode of albuminuria.
Other reasons for albuminuria were excluded in all patients.
Two out of three urine samples of microalbuminuria (30-300 mg
albumin / 24 hours) or macroalbuminuria (300 mg albumin / 24
hours or more) confirm DN. Severe chronic and acute diseases,
i.e. chronic inflammatory diseases, autoimmune diseases,
transplantation, Viral Hepatitis B or C, liver cirrhosis, or other
severe liver diseases, acute and chronic gastrointestinal diseases,
previous Acute Kidney Injury, Chronic Kidney Disease, major
surgery 12 months before the study, heart disease, cancer AIDS
selected as patient exclusion criteria from the included study.

Measurements
Complex examination of all patients included conventional
methods, i.e. blood pressure measurement, blood tests,
urinalysis, renal ultrasound, ECG, etc. Urinary

microalbumin/albumin excretion was measured with 24-hour
urine collection samples. Bcl-xL levels were measured using
ELISA assay and kit Human BCL2L1 / BCL-XL (LSBio, USA).
Caspase-3 levels were measured using an ELISA assay and a
commercially available Caspase 3(Cleaved) Human ELISA Kit
(Invitrogen, USA).

Statistics
The data is represented as means ± SEM. ANOVA followed by
the post hoc Kruskal-Wallis test for multiple comparisons
employed in testing the significance of differences. Main
demographic and clinical data were compared using Pearson chisquared test. Data were analyzed using GraphPad Prism 9.0
Software for Windows (USA, San Diego, CA). P values <0,05
are considered as those statistically significant.

Results and Discussion

Clinical characteristics of patients
Table 1 shows the demographic and clinical features of the
individuals who participated in this research. The DN group (n
= 44) consisted of children who received DN follow-up care for
1 year after the first recorded albuminuria. The duration of TID
in this group was shown to be 6.0±0.51 years on averagely. The
distribution of the individuals’ gender is as follows: 24 males and
20 females. The average age of children is 12.95±0.56 years. The
average age of the males was 12.12±0.76 years, and the average
age for was girls – 13.2±0.56 years. Body mass index (BMI) was
analyzed in all children. Average BMI in DN group –
19.72±0.55. BP was measured at a visit before inclusion in the
study. Systolic PB in DN group - 127,4±1,34 mmHg (p<0,001).
Diastolic BP value 71,8±1,11 mmHg. GFR is a direct marker of
kidney function measured in all children. GFR level was
evaluated at level 85.89±2.9 mL/min/1.73 m2. The mean
Hb1Ac value was 10.22±9.55 %. The Control group included
44 healthy children matched by age and sex (Table 1).
Table 1. Basic clinical characteristics of patients
Data
Mean±SEM

DN group (T1D with
diabetic nephropathy)
(n=44)

Control
group
(n=44)

Age, years

12.95±0.5

12.75±0.7

Boys/girls

34/20

34/20

Boys, age, years

12.12±0.76

12.5±0.7

Girls, age, years

13.2±0.56

12.95±0.5

Duration of T1D

6.0±0,51

6.15±0,8

BMI, kg/m2

19.72±0.55

19.22±0.98

Systolic blood pressure, mmHg

127,4±1,34

122,5±1,4

Diastolic blood pressure, mmHg

71,8±1,11

70,4±1,16

85.89±2.9

95.19±2.01

10.22±9.55

1.22±0.13

GFR, mL/min/1.73 m
Hb1Ac, %
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Therapeutic correction of apoptosis-induced
disorders in patients with diabetic
Nephropathy

Both apoptotic markers – BcL-xL and caspase-3 changes under
the treatment with Vitamin V in addition to conventional
treatment show more prominent changes as compared to the
effect of conventional treatment only.

Two principal markers of apoptosis – BcL-xL, and caspase-3
were measured and compared in children from the main and
experimental groups.
After a course of therapy, all children were checked for serum
levels of anti-apoptotic marker BcL-xL. In the group named
Before treatment, the level of BcL-xL was down-regulated and
lower in comparison to the control group by 63,25 ± 0,36%
(p<0.001). After the course of treatment BcL-xL value in this
group (After treatment I) appeared lower than the control rate
down to 74,2 ± 0,55% (p<0.05 as compared to the level before
treatment). In the group named Before treatment II BcL-xL level
is lower in comparison to the control group by 63,88 ± 0,3%
(p<0.001). After the treatment, the level of BcL-xL was
measured at a level close to the level of the control group (p
<0.001 in comparison to the level before treatment) (Figure
1).
Figure 2. Levels of anti-apoptotic factor caspase-3 in children
with an early DN before and after the treatment. Histograms
represent means ± SEM. Statistical analysis was done using
the post hoc Kruskal-Wallis test. - P <0.05, ** - P <0.01, ****
- P <0.001.

Interestingly, more children from the group of DN treated with
the concentional scheme (67%) show episodes of
macroalbuminuria within 3 years as compared to the group
treated with Vitamin D in addition to the conventional scheme
(33%, p<0.05) (Figure 3).

Figure 1. Levels of anti-apoptotic agent BcL-xL measured in
children diagnosed with an early DN before and after the
treatment. Histograms are presenting means ± SEM.
Statistical analysis was performed using the post hoc KruskalWallis test. * - P <0.05, **** - P <0.001.

All children were examined for serum levels of proapoptotic
factor caspase-3 after the course of therapy. In children from the
group named Before treatment II, the caspase-3 concentration
was increased up to 139,4 ± 0,69% (p<0.001) in comparison to
control. Value of control group assumed as 100%. After
treatment, caspase-3 levels decreased to 115.3 ± 0.44% (p
<0.05) compared to pretreatment levels. Children in the
experimental group designated as Pretreatment II have 139.9 ±
0.83% (p <0.001) caspase-3 levels in comparison to the control
group.. After the administered treatment caspase-3 was downregulated to 103 ± 0,6% (p<0.001, in comparison to the level
before treatment) (Figure 2).
106

Figure 3. Distribution of children treated with concentional
scheme and with Vitamin D in addition to the conventional
scheme in terms of macroalbuminuria progression.

Diabetic nephropathy is one of the crucial causes of mortality in
type 1 diabetes patients [12, 13]. It is known that above ¼ of T1D
suffering from DN develop ESRD. Likewise, DN is an important
risk factor for heart disease, i.e. coronary artery disease (CAD).
The development of DN in most of the scenarios is categorized
through a long silent period that lacks any clinical signs of
nephropathy. This leads to under-treatment in adolescents with
T1D and early complications. Interestingly, only a 1/3 of
patients aged <20 years with a diagnosis of microalbuminuria
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received necessary renoprotective treatment - ACE inhibitors
(ACEi)/angiotensin-receptor blockers (ARB) [6-8].
By the time when GFR reduced down to <60mL/min/1.73m2,
renal function dramatically declined due to irreversible renal
structural changes. This is a direct cause of subsequent ineffective
therapeutic interventions including blood pressure and glycemic
control [18].
Vitamin D is an important regulator of calcium and bone
metabolism. The classical functions of vitamin D are dealing
with mineral metabolism and skeletal balance. Recently, the
non-classical functions of vitamin D were discovered. They are
dealing with the regulation of the cell cycle, differentiation,
apoptosis, and inflammation.
The extremely wide tissue distribution of VDR is the main
background for Vitamin D's additional, non-classical functions.
Mitri et al. show that T1D has prevalence higher incidence rate
in countries with low ultraviolet exposure [19].
It was shown in vivo that 1,25(OH)2D or its analogues can reduce
the levels of proteinuria via preserved glomerular podocyte
structure, and decreased levels of TGF-β1. The inverse
association of circulating vitamin D levels with BP is a wellknown fact [20].
In an animal model study, the potential renoprotective effects
of active vitamin D and its counterparts were shown. Vitamin
D decreases kidney injury by suppressing fibrosis,
inflammation, and apoptosis. Also, Vitamin D can provide
protective effects by inhibiting multiple pathways, including
the renin-angiotensin-aldosterone system (RAAS) [21, 22], the
nuclear factor-κB (NF-κB) [23, 24], the transforming growth
factor-β (TGF-β)/Smad, and the Wnt/β-catenin pathways
[25].
Moreover, paricalcitol weakens the increasing expression of
phospho-p53 and p21, which are known to be crucial agents in
apoptosis activation in a cisplatin-induced rat model. Increased
Bax/Bcl-2 ratio and the cleaved form of caspase-3 can be
reversed by paricalcitol in kidney damage induced by
gentamicin. 1,25(OH)2D3 prevents apoptosis of podocytes
induced by aminonucleoside [26, 27].
The current study aimed to evaluate whether Vitamin
supplementation besides conventional management can reverse
the dysbalance in factors controlling apoptosis in children with
DN.
Tocopherol is a fat-soluble antioxidant that can scavenge free
radicals in the plasma membrane. This in turn can assist in
stopping the oxidative damages. Individuals with DN possess a
decreased amount of tocopherol in plasma. This is a direct
indication of its use in therapies [28, 29]. It was shown that
prescribing tocopherol in those suffering from DN assisted in
reducing cardiovascular complications, and improved the activity
of internal antioxidant systems - GPX, and catalase [30].
Management with an antioxidant substantially reduced the
hypoxia-induced cellular apoptosis and elevation of HIF-1alpha
in vitro [31]. Regarding local protocols established in our hospital
antioxidants are included in conventional schemes of DN
treatment in children. In order to eliminate negative effects

induced by HIF-1alfa which level is increased in children with
DN.
In our previous study, we show the presence of Vitamin D3
deficiency, activation of the apoptotic effector caspase-3, and a
high level of cellular hypoxia in children with DN [13, 16].
Moreover, we have previously demonstrated that tocopherol
prescription has a positive protective effect on hypoxia-induced
apoptosis in children diagnosed with nephrotic syndrome. This
in turn provided subsequent restoration of the proapoptotic
factor Bax activation. We speculate that this effect has a place in
DN as well [32].
Previously, it showed a gradual increase in the marker of
apoptosis (caspase-3) in children with T1D and DN. In addition,
all diabetic patients had decreased vitamin D levels. Insufficient
anger was exhibited in the group of T1D vitamin D levels found
in patients with DN vitamin D deficiency [14]. Thus, we can’t
exclude the fact that the leak of Vitamin D protective functions
on blood vessels, endothelium, and kidney cells [27, 29] may
have a case in diabetic children and children with DN.
There are in vivo and in vitro data showing that Vitamin D3
deficiency and apoptosis activation may have a role in
microvascular, vascular, and direct nephron damages in T1D. In
our previous study [33, 34] we show that children with T1D and
DN have decreased levels of Vitamin D and apoptosis activation.
Here in this study, we evaluated that administration of Vitamin
D in children with an early DN in addition to conventional
treatment has a potent effect on changes in BcL-xL level which
is a key molecule in the Bcl family. Moreover, we have found
that under this treatment the level of caspase-3 has been
substantially reduced. These antiapoptotic effects were more
prominent in juveniles with an early DN treatment with
Vitamin D in addition to the conventional scheme including
(ACEi, antioxidants, i.e. Vitamin E). Interestingly, more
children from the group of DN treated with concentional
scheme show episodes of macroalbuminuria within 3 years.

Conclusion
•

Administration of Vitamin D in children with an early DN
in addition to conventional treatment has a potent effect
on changes in BcL-xL level which is a key molecule in the
Bcl family.

•

Under applied treatment, the level of caspase-3 has been
substantially reduced. These antiapoptotic effects were
more prominent in children with an early DN treatment
with Vitamin D in addition to the conventional scheme
including (ACEi, antioxidants, i.e. Vitamin E).
More children from the group of DN treated with
concentional scheme show episodes of macroalbuminuria
within 3 years.

•
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