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SIGNIFICANCE OF URINARY AMINOPEPTIDASE N AND
DIPEPTIDYL PEPTIDASE IV IN EARLY DIAGNOSIS OF
KIDNEY DAMAGE IN CHILDREN WITH TYPE 1 DIABETES
MELLITUS IN NORTH-EASTERN REGION OF UKRAINE

Introduction. Compared to adults, diabetes in children and
adolescents follows a more aggressive clinical course. This is
characterized by a reduced response to current treatments, a faster
decline in B-cell function, the rapid progression of insulin resistance, and
an accelerated development of both microvascular and macrovascular
complications. Diabetic nephropathy stands out as one of the most
critical and common complications of diabetes and is the leading cause
of end-stage renal disease. This makes type 1 diabetes mellitus
particularly significant for pediatric nephrologists. While clinical signs
of diabetic nephropathy, such as albuminuria and a decline in glomerular
filtration rate, typically manifest over a longer period (10-25 years),
specific structural changes in the kidneys, such as glomerular basement
membrane thickening and mesangial expansion can occur much earlier,
within 1.5 to 5 years of diabetes onset. Notably, diabetic nephropathy
affects not only the glomeruli but also involves tubular damage.
Tubulointerstitial lesions often precede glomerular injury, suggesting
that tubular biomarkers might be more sensitive for early detection.
Markers with peptidase activity have proven effective in identifying
early tubular injury. Aminopeptidase N, an ectopeptidase widely
expressed in the kidneys, is a recognized urinary marker for proximal
tubule damage. Similarly, Dipeptidyl peptidase IV is expressed in
glomerular visceral epithelial cells, endothelial cells, and the brush
border of proximal tubules. Elevated urinary Dipeptidyl peptidase IV
levels have been detected in diabetic patients with normoalbuminuria,
indicating its potential as an early biomarker for the onset of diabetic
nephropathy.
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Objective. To determine urinary Aminopeptidase N and Dipeptidyl
peptidase IV levels in children from north-eastern region of Ukraine
depending on the diabetes duration.

Materials and methods. A total of 55 participants were included in
the study, comprising 47 children with type 1 diabetes mellitus and 8
children with no history of diabetes and kidney disease. The patients
with type 1 diabetes mellitus were divided into three groups based on
disease duration: less than 1 year (11 participants), 1-5 years (24
participants), and more than 5 years (12 participants). The
chemiluminescence signals of Aminopeptidase N and Dipeptidyl
peptidase 1V in urine were analyzed using the Proteome Profiler Human
Kidney Biomarker Antibody Array (R&D Systems, Minneapolis, USA)
and the Bio-Rad ChemiDoc Touch imaging system. Statistical analysis
was conducted using descriptive statistics and nonparametric methods,
including contingency tables and Spearman’s rank correlation
coefficient (r). Results with p < 0.05 were considered statistically
significant.

Results. Urinary Aminopeptidase N and Dipeptidyl peptidase IV
levels statistically increased in children with the duration of type 1
diabetes mellitus less than one year. Aminopeptidase N showed
moderate correlation with glomerular filtration rate (r=0.589, p=0.044).
While Dipeptidyl peptidase IV was strongly positive correlated with
glomerular filtration rate (r=0.869, p=0.0001) and weaker correlation
with Aminopeptidase N (r=0.467, p=0.126).

Conclusions. Serum creatinine levels rise significantly only 1-5
years after the onset of type 1 diabetes mellitus, making it unsuitable as
an early predictor of kidney damage in children with type 1 diabetes
mellitus. Both Aminopeptidase N and Dipeptidyl peptidase IV are
reliable markers for the early detection of renal injury in children with
type 1 diabetes mellitus in north-eastern region of Ukraine. Among
these, Dipeptidyl peptidase IV is a preferable non-invasive marker for
early kidney damage due to its specific localization in the proximal
tubules and glomerular epithelium, as well as its strong positive
correlation with glomerular filtration rate.

Keywords. Diabetes mellitus, children, diabetic nephropathy,
biomarkers, Aminopeptidase N, DPP IV.
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3HAYEHHSA AMIHOIIENITUIAZU N TA JUIENTUANJI-
NENTUIA3A IV CEYl JJII PAHHBOI JIATHOCTHUKH
YPAXKEHHS HUPOK V JITEH 13 IIYKPOBUM JIIABETOM 1
THUITY Y IIBHIYHO-CXIJTHOMY PEI'TOHI YKPATHH

Beryn. YV piteld Ta mimmiTKiB miabeT Mae OibIl  arpecUBHHI
KJTiHIYHUI mnepeOir mopiBHSHO 3 JopociauMu. lle Xxapakrepusyerbcs
3HIDKCHOIO BIANOBIJII0O HA CydYacHI METOIM JIKyBaHHS, IIBUIIIAM
3HIDKEHHSM  QYHKIII  B-KITHH,  HIBHAKUM
IHCYJIIHOPE3UCTEHTHOCTI Ta MPUCKOPEHUM

MIPOTPECYBaHHAM
PO3BHUTKOM  SIK
MIKpOBACKYJISIPHUX, TaK 1 MAaKpOBAaCKYJISIpHUX YCKIaaHeHb. [liabeTnuna
HedpomaTis € OJHUM 3 HaWBXIMBIIINAX Ta HAWMOIIMPEHIIINX
YCKIagHEeHb JiabeTy i € OCHOBHOIO NPUYMHOI0 TEPMiHAIBHOI CTamii
HUpKOBOi HemoctaTHOCTi. Ilo pobute mykpoBuii miaber 1 tumy
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obaacnoi  paou

0cO0JIMBO aKTyaJIbHOIO MPOOIIEMOI0 1y1st ANTsuux HedpostoriB. KitiHiuHi
MPOsIBH iabeTHIHO1 HedpomaTii, Taki K albOyMiHYpisS Ta 3HUKCHHS
MIBUIIKOCTI KITyOOUKOBOI (inbTparii, 3a3BH4ail pO3BUBAIOTHCS MIPOTITOM
TpuBasnoro nepioxy (10-25 pokis). BogHowac cmemugidni CTpyKTypHI
3MiHH B HUPKaX, TaKi K MOTOBIIECHHA 0a3aibHOI MEMOpaHH KITyOOUKiB i
ME3aHTi1albHE PO3IINPEHHS, MOXYTh BUHHKATH 3HAYHO paHiIIe — Yepes
1,5-5 pokiB micias mouarky aiabery. BaknnmBo 3a3HauMTH, IO TPH
niabetnuHiil HedpomaTii BpakaroTbCs HE JIMIIE KIYOOYKH, a TaKOX
KaHaJbli. TyOyJIOIHTepCTUIIANbHI ypakeHHsI BUHUKAIOTh paHille, Hix
YIIKO/DKEHHST KTyOOUKiB, IO BKasye Ha Te, IO TyOyJsipHI OioMapkepu
MOXYTb OyTH OUTBII YyTJIMBUMH JJIsl PAHHBOTO BUSIBIECHHS. MapkepH i3
MENTHIA3HOI0  aKTHBHICTIO  OyJio e(peKTHBHUMH LIS
JIarHOCTUKH paHHIX ITOIKOIKEHb KaHAIbLIB. AMiHOTIeITHAa3a N, AKa €
EKTONENTHIAa3010, IIMPOKO EKCIIPECYEThCS B HUPKAX 1 € BH3HAHUM
YpUHApHUM MapKepOM TIIOIIKO/PKCHHS IPOKCHMAIbHUX KaHaJbIIB.
Amnarnoriuro, Junentununmnentraasa [V ekcnpecyeTbes y BicepaabHIX

BHU3HAHO

emiTeNiaIbHUX KJIITUHAX KIyOOUKiB, E€HIOTeNiaJbHUX KIITHHAX Ta
IITKOBI OOJAMIBII MPOKCUMAIbHUX KaHAIBIB. [limBUIIEHI piBHI
Junentummwinentugazd IV y ceui BiaMivamucs y  JiaOeTHYHHX
MALi€HTIB 13 HOPMOAIBLOYMIHYpi€0, IO CBIAYUTH NPO 1i MOTEHIIaN K
paHHBOTO OioMapKepa Movarky AiadeTHyHol HedpomarTii.

Mera. Busznauntu piBeHB AMiHOIIENITHAA3H N Ta
Junentununmentugasu [V y ceui miTel 3 MiBHIYHO-CXiTHOTO pPETioHY
Ykpaiau 3a1e)HO BiJl TPUBAJIOCTI miadeTy.

Marepianu ta merogu. OOctexkeHO 55 ocib, 3 HuX 47 nitei 3
IYKPOBUM [iabeToM 1-Tro THIy Ta 8 MPaKTUYHO 3IOpOBHX [iTel Oe3
nmiabery Ta matosiorii Hupok. IlamieHTiB Oyyio moaiieHO Ha 3 rpynu
3aJI)KHO BiJl TPUBAJIOCTI 3aXBOPIOBAHHS: 3 BIICPIIIC BHUSBICHUM Jia0eTOM
JI0 OJTHOTO POKy — 11 0cib, 3 mepebiroM 3axBoproBaHHs Bix 1 10 5 pokiB —
24 nmuTHHM, i3 TpPUBAIICTIO XBOpoOM moHax 5 pokiB — 12 oci6. s
BU3HAYCHHS IHTEHCHBHOCTI XEMUTIOMiHECHEHINT AMiHonenTiaasd N Ta
Jumentuamientunazu [V BukopuctoByBamu Proteome Profiler Human
Kidney Biomarker Antibody Array (R&D Systems, Minneapolis, USA) Ta
cucteMy Bidyamizamii curHamy Bio-Rad ChemiDoc Touch. s
aHaJ i3y OTPUMaHHX  JaHUX  BHKOPHCTOBYBAIU
JIECKPHUIITHBHY CTATUCTUKY Ta HEMapaMeTPUUIHI METOIH, 30KpeMa TaOIIHIIi

CTaTUCTHUYHOI'O

crpsbkeHOCTi Ta KoediumieHT paHroBoi kopemwsiuii CripmeHa ().
PesynbraTtn 3 p < 0.05 BBaXkanmcsi CTATUCTUIHO 3HAUYIITUMH.
PesyabtaTn. PiBHi Aminonentuaazu N ta Junentuauanentuaasu
IV y ceul Oynum CTaTUCTHYHO WiJBHUILIEHI Yy MAiTel 3 TPHUBAIICTIO
IyKpoBoro naiabery 1 Tumy MeHiie oJHOTO pokKy. AMiHonenTtuaaza N
MoKasajia TOMIpHY KOPEJAIilo 31 MBHIKICTIO KITyOOUKoBOi (himbTpamii
(r=0.589, p=0.044). Haromicts dunentuannnentuaasa [V mMana cuiabHy
MO3UTHBHY KOPEJISLiIO 31 MBHUIKICTIO KiIy0oukoBoi ¢inbrpanii (r=0.869,
p=0.0001) Ta nomipHy kopemiuito 3 Aminonentuaazor N (r=0.467,
p=0.126).
BucHoBku. PiBeHb  CHPOBATKOBOTO  KpeaTHHIHY  3HAYHO
MiIBUIIYETHCS JIMIIE 4Yepe3 1—5 poKiB Mmicias TOYaTKy I[YKpOBOTO
miabery 1 Tmmy, mo poOWTe HWOro HE MPHUIOATHUM Ui PaHHBOTO
BUSBIICHHSI TIOIIKO/DKEHHS HHUPOK y niTed. Ha BiamiHy Bim HbOTO,
Awminonentuaaza N Tta [Qunentuaunnentugaza IV € HagidHUMUA
NPENKTOPaMH ypaXKeHHsSI HUPOK y AiTeH 3 yKpoBUM JiaberoM 1 Tumy
y MiBHIYHO-CXIZTHOMY perioHi VYkpainn. Cepen HUX

Junentunminentugasza IV BHIUIAEThCS SK Kpamuil HEiHBa3HMBHUI
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MapKep 3aBAsSKU crienqudiyHil JIoKai3anii B IPOKCUMAIBHUX KaHAIBISIX

Ta emiTenil KiIyOOUKiB, a TaKOXX BHPaKCHIM TO3MTHUBHIA KOPEJAIii 31
MIBUJIKICTIO KITyOOUKOBOI (IBTparii.

Kurouosi cioBa. Lykposwuii giaber, niTu, miabetnana Hepomaris,
6iomapkepu, Aminonenruaaza N, DPP IV.

Aemop, sionosidanvhuii 3a nucmyeanna: Ipuna Onexcanopisua Bixposa, kagedpa nediampii, CymcoKuii 0epicasHuil

yuisepcumem, m. Cymu, Yrpaina
e-mail: i.shandyba@med.sumdu.edu.ua

ABBREVIATIONS: type 1 diabetes mellitus — T1DM, advanced glycation end products — AGEs, diabetic
nephropathy — DN, end-stage renal disease — ESRD, albumin excretion rate — AER, glomerular filtration rate — GFR,
Aminopeptidase N — ANPEP, renin angiotensin system — RAS, angiotensin II1 — Ang Ill, angiotensin IV — Ang 1V,
Dipeptidyl peptidase IV — DPP 1V, body mass index — BMI, enzyme-linked immunosorbent assay — ELISA, type 2
diabetes mellitus — T2DM, insulin-like growth factor-1 — IGF-1, nitric oxide — NO, vascular endothelial growth factor —
VEGF, sodium-glucose transport protein 2 — SGLTZ2, nicotinamide adenine dinucleotide phosphate — NADPH,
transforming growth factor-f1 — TGF-B1, reactive oxygen species — ROS, reactive nitrogen species — RNS, protein kinase
C - PKC, mitogen-activated protein — MAP, nuclear factor-kB — Nf-kB, extracellular matrix proteins — ECM, mannose-6-
phosphate/insulin-like growth factor 2 receptor — M6P/IGF2-R, glucagon-like peptide — GLP-1, microRNA-29 —miR29,
vascular endothelial growth factor receptor type 1 — VEGFRL1, endothelial-mesenchymal transition — EndMT

INTRODUCTION

Diabetes mellitus remains a significant global health
concern. According International Diabetes Federation in
2021, approximately 537 million people worldwide are
living with diabetes, a number expected to increase to
643 million by 2030 and 783 million by 2045. The
prevalence of diabetes among children and adolescents
(under 19 years old) is also steadily rising, with more
than 1.2 million affected by type 1 diabetes mellitus
(TADM). The European Region has the highest number
of children and adolescents with T1DM, totaling
295,000 [1].

In children and adolescents, diabetes tends to
progress more aggressively than in adults. It is
characterized by a weaker response to current
treatments, rapid decline in B-cell function, accelerated
insulin  resistance, and early development of
microvascular and macrovascular complications.
Elevated levels of advanced glycation end products
(AGEs) contribute to the activation of several
pathological processes, such as inflammation, oxidative
stress, endothelial dysfunction, and fibrosis. These
mechanisms lead to structural changes in the glomeruli
and renal tubules, negatively impacting kidney function
[2, 3].

Diabetic nephropathy (DN) is one of the most
common and severe complications of diabetes, as well
as a leading cause of end-stage renal disease (ESRD).
This makes the management of T1DM especially
critical for pediatric nephrologists. Structural kidney
changes associated with DN, such as thickening of the
glomerular basement membrane and mesangial
expansion, may appear within the first few years after

the onset of diabetes. However, clinical symptoms of
DN often remain absent for 10-15 years. The gold
standard for DN diagnosis includes measuring urinary
albumin excretion rate (AER) and glomerular filtration
rate (GFR). Microalbuminuria (AER 30-300 mg/24 hr)
occurs in 26% of children after 10 years of diabetes and
in 51% of adolescents after 19 years of diabetes, while
macroalbuminuria (AER >300 mg/24 hr) is observed in
14% of children with T1IDM after a median duration of
10 years. Hyperfiltration (GFR 120-150 mL/min/1.73
m?) is detected in 25-40% of young individuals with
diabetes and is considered a strong predictor of GFR
decline and DN progression [4]. Clinical manifestations,
albuminuria and decrease GFR, usually emerge over a
prolonged period of 10 to 25 years. While specific
structural changes in the kidney in DM patients, namely
thickening of the glomerular basement membrane and
mesangial expansion are often detected earlier, typically
within 1.5 to 5 years of diabetes onset [3].

So, traditional laboratory panels based on markers
that  describe  glomerular  structure  damage
(measurement of albuminuria and GFR) cannot be
considered a standard for the early detection of DN. DN
is not only a disease of the glomeruli but also involves
damage to the tubules, and tubulointerstitial lesions
occur earlier than glomerular injury, so tubular
biomarkers may be more sensitive. Early tubular injury
can be detected using the following markers with
peptidase activity.

Aminopeptidase N (ANPEP) is an ectopeptidase,
widely expressed in the Kidneys, and urinary ANPEP is
a determined marker of the proximal tubule damage.
ANPEP is involved in the regulation of tissue and
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systemic renin angiotensin system (RAS) through
hydrolysis of the N-terminal arginine angiotensin Il
(Ang I1I) to form angiotensin IV (Ang V). ANPEP
takes part in the process of regulating sodium excretion
and, therefore, salt sensitivity and protection against
hypertension [5-7].

Dipeptidyl peptidase 1V (DPP 1V) is a glycoprotein
with serine exopeptidase activity. Its involved in
immune system modulation, activation of intracellular
signal transduction pathways, natriuresis, cell—cell
interactions, and cellular interactions with the
extracellular matrix. In the kidney, DPP IV is expressed
by glomerular visceral epithelial cells, endothelial cells
and the brush border of proximal tubule. Increased
urinary DPP IV was observed in diabetic patients with
normoalbuminuria, suggesting that urinary DPP IV
levels may serve as a biomarker for early onset DN
[5,8-10]. There aren’t publications on PubMed Central®
which are associated with combination of the such three
phrases: peptidase, diabetic nephropathy, children. Only
DPP IV inhibitors were mentioned in diabetic
guidelines for adults [11,12].

The aim of this study is to explore the characteristics
of ANPEP and DPP 1V levels in the urine of children
from north-eastern region of Ukraine, in relation to the
duration of TLDM.

MATERIALS AND METHODS

A total of 55 participants (22 girls and 33 boys),
aged 7 to 17 years, with a mean age of 13.7+£0.4 years.
Among them, 47 children had type 1 diabetes mellitus
(T1DM), and they were divided into three groups based
on the duration of the disease: less than 1 year (11
participants), 1-5 years (24 participants), and more than
5 years (12 participants). The comparison group
consisted of eight children without TIDM and kidney
disease. The study was conducted in compliance with
the ethical principles outlined in the Declaration of
Helsinki, adopted at the 18th WMA General Assembly
in Helsinki, Finland, in June 1964, and amended at the
52nd WMA General Assembly in Edinburgh, Scotland,
in October 2000. The research received approval from
the Ethics Committee of Sumy State University[13].

Parents and children were informed about the study's
purpose and provided written consent to participate. At
the time of the study the diagnosis of TIDM was
determined according to the Ministry of Health of
Ukraine's Order No. 254 (dated April 27, 2006) on
medical care provision in the field of “Pediatric
Endocrinology” [14]. The “Bedside Schwartz” formula
based on creatinine was used to estimate GFR, which,
according to the National Kidney Foundation (USA), is
considered the best method of assessing GFR in children
(https://www.Kkidney.org/professionals/kdoqi/gfr_calcul

atorPed). Body mass index (BMI) was determined to
detect obesity in children
(https://kidshealth.org/en/parents/bmi-charts.html).

The urine sample from involved children was carried
out in the Communal non-profit enterprise of Sumy
Regional Council “Regional Children’s Clinical
Hospital”. The samples were centrifuged, frizzed and
stored at —20°C until providing an analysis. We
analyzed intensity of the chemiluminescence of ANPEP
and DPP IV in the urine of children depending on the
T1DM duration using a Proteome Profiler Human
Kidney Biomarker Antibody Array (R&D Systems,
Minneapolis, USA). This assay is similar to an enzyme-
linked immunosorbent assay (ELISA), but uses a
membrane instead of a plate. The analysis procedure
involved diluting urine samples, mixing with
biotinylated detection antibodies, and incubating with
the membranes overnight. Streptavidin-Horseradish
Peroxidase and chemiluminescent detection reagents
were then applied, generating a signal at each capture
sport. The capture antibodies were immobilized on the
membrane in duplicate spots for each biomarker.
Chemiluminescence signals from each spot of the
membranes were detected with BioRad ChemiDoc Touch
system (https://www.bio-rad.com/) and analyzed semi-
quantitatively using BioRad Image Lab Software. We
pooled urine samples from each group based on T1DM
duration (< 1 year, 1-5 years, > 5 years) and comparison
(control) group. The resulting data were processed using
GraphPad Prism 7.04 (https://www.graphpad.com/) and
Microsoft Excel 2016 software package.

Statistical analysis included descriptive statistics
(mean (M), the mean error (m), confidence interval
(CI)) and non-parametric methods (contingency tables
for difference between the comparison group and
patients with T1DM). The statistical relationship
between the rankings of two variables was evaluated
using Spearman’s rank correlation coefficient (r).
Statistically significant differences were indicated by p
values <0.05.

RESULTS

Table 1 summarizes the clinical and demographic
characteristics of the studied population [15]. The
findings revealed a predominance of males with TIDM
across all groups, with an overall male-to-female ratio
of 1.76:1. The mean age of the patients with TLDM was
13.734£0.41 years.

Serum creatinine is the most widely used marker of
the GFR for assessing renal function, but his levels can
be influenced by age, sex, muscle mass, diet and chronic
illness [16]. Serum creatinine levels were significantly
elevated in two groups of children with TIDM (1-5
years and more 5 years of diabetes duration).
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Table 1 — Clinical and demographic characteristics of studied groups (M + m, CI)

; Duration of TIDM
Variables Comparison
group <1 year 1-5 years > 5 years
Number of subjects, n
8 (3/5 11 (6/5 24 (17/7 12 (7/5
(male/female) (3/5) (6/5) (777) (7/%)
Age (years 12.5040.76 12.27+1.02 13.63£0.65 16.0840.38
gely 10.71-14.29 10.00-14.54 12.28-14.97 15.25-16.92
. 0.820.06 3.6:0.25 11.940.97
Duration of DM (years) ) 0.7-0.9 3.08-4.12 9.76-14.04
97.5246.26 96.3616.18
2444, 2213,
Creatinine (umol/I) 68362;_9‘:)‘% ?76552_9‘;90% 84.57-110.47 75.90-116.82
085 99790 p=0.032 p=0.049
108.49+15.75 88.3847.58 97.5316.84 96.46+10.42
H 2
GFR (ml/min/1.73m") 71.25-145.74 71.49-105.26 83.38-111.68 73.51-119.40
- 19.07+1.04 174513 19.0840.6 19.8340.86
17.03-21.11 14.85-20.01 18.62-20.26 18.14-21.52

Notes: p — statistical significance relative to the comparison group

GFR, calculated using the Schwartz creatinine-based

of hyperfiltration in children with TLDM.

formula showed no significant changes among patients
with varying T1DM duration relative to the comparison
group. Consequently, serum creatinine and creatinine-
based GFR were not effective to predict the occurrence

The analysis of pixel density (Table 2) showed that
urinary levels of ANPEP and DPP IV were statistically
increased in the very first year of diabetes onset in
children (Figure 1).

Table 2 — Pixel density of the markers depending on the duration of TIDM in children (M, SD)

ANPEP DPP IV
mean (M) standard deviation (SD) mean (M) standard deviation (SD)
Control 169173 14013.44 73854 9584.125
Less 1 year 441142* 29144.11 257674.5* 8864.998
1-5 year 544086* 11811.51 274522.5* 6866.714
More 5 year 468958.5* 26531.35 342810* 20924.7

Notes: *— statistical significance relative to the comparison group, p <0.05

600000 A
Hl non diabetes
T
. T less 1
= 400000 Bl 1-5years
f=
[3) more 5 years
©
_ -
Q
X 200000
Q_ ]
0= T i T
Q Q
Q¥ Q
Q Q

Figure 1 — The intensity of the chemiluminescence signal of the markers
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The comparison of the two markers ANPEP and
DPP IV (Table 3) reveals that DPP IV increase
relatively early — already during 1st year of onset of
T1DM - but also to a greater extent throughout the
entire observation period.

Table 3 — Increase in the intensity of signal/pixel
density depending on the duration of T1DM in
children

Duration of TIDM
<1year 1-5 years > 5 years
ANPEP 2.6 times* 3.2 times* 2.7 times*
DPP IV 3.5 times* 3.7 times* 4.6 times*

Notes: * - statistical significance relative to the
comparison group, p <0.05

DPP IV shows a strong positive correlation with GFR
(r=0.869, p=0.0001), in contrast to ANPEP, where the
correlation is moderate (Table 4). Thus, both indicators
increase with rising GFR and may use as markers of
hyperfiltration as an early sign of kidney damage. The
stronger correlation of GFR with DPP 1V may be due to
the fact that this exopeptidase is located not only in the
brush border of the proximal tubule but also in
glomerular visceral epithelial cells. As a result, DPP IV
may have a weaker correlation with ANPEP, which is
predominantly localized in the proximal tubule. So, DPP
IV is a preferable non-invasive marker of early kidney
damage in children with TIDM.

Table 4 — Spearman’s rank correlation coefficient
(r) between GFR and urinary markers in children
with TIDM

r
0.467
ANPEP: DPP IV 120126
_ 0.589*
GFR: ANPEP 90044
_ 0.869*
GFR: DPP IV 1200001

Notes: * — statistical significance between parameters

DISCUSSION

DN is increasingly encountered in children and
requires earlier identification of the disease process to
allow more intensive intervention and improved
treatment [1]. Microalbuminuria and decreased GFR are
considered the first markers of renal failure in diabetic
patients. But, it is necessary to take into account the
growing prevalence of the nonalbuminiric phenotype

among people with TIDM and type 2 diabetes mellitus
(T2DM). Several biomarkers of kidney injury are
present early and precede the onset of albuminuria in
diabetic patients [17-19].

Hyperglycemia activates metabolic and hemodynamic
pathological processes that contribute to the proliferation
and hypertrophy of renal cells. Diabetic condition triggers
release of insulin-like growth factor-1 (IGF-1), glucagon,
nitric oxide (NO), prostaglandin, and vascular endothelial
growth factor (VEGF), which cause vasodilatory effect in
the afferent arterioles of the glomeruli. Increases of the
endothelin-1 secretion leading to glomerular basement
membrane thickening, glomerular endothelial cell
dysfunction, podocyte foot process effacement, loss of
glycocalyx and mesangial expansion. In tubular epithelial
cells hyperglycemia induces upregulation of sodium-
glucose transport protein 2 (SGLT2), leading to increased
reabsorption glucose, hypoxic injury and causes AGE
production.  Activation of nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase causing
increased intracellular oxidative stress, mitochondrial
dysfunction, endothelial injury and RAS activation. RAS
hyperactivity promotes renal tissue fibrosis through
mediators such as transforming growth factor-f1
(TGF-p1), angiotensin 1L, and  aldosterone.
Overproduction of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) activates protein kinase
C (PKC), mitogen-activated protein (MAP) kinase, and
nuclear factor-kB (Nf-kB) which eventually results in
overproduction of extracellular matrix proteins (ECM)
[2, 20-22].

The renal tubule and interstitium are crucial in the
pathogenesis of DN and are closely linked to the
progressive decline in renal function [23]. Accompanied
by inflammation, oxidative stress, and disturbance in
blood flow, renal tubular epithelial cells demonstrate
proliferation with subsequent hypertrophy and finally cell
death [24, 25].

Tubular damage appears in the early stages of DN and
some markers of proximal tubular cell injury can be
detected in the urine of early diabetic patients. ANPEP is
a renal tubular brush border enzyme, its participate in the
regulation of RAS. Renal ANPEP generates Ang IV,
which reduces basolateral tubular Na*/K*-ATPase
activity, hence increasing sodium excretion. Urinary
excretion of ANPEP is a potential biomarker for the early
diagnosis of proximal tubule brush border injury [7, 23].
Mitic B. et al. have found that urinary ANPEP activity
was significantly (p< 0.01) higher in both type 1 and type
2 diabetic patients compared to healthy controls [26]. In
the kidney, ANPEP contributes to the extracellular
catabolism of glutathione [27], so may influence on
oxidative stress activity and progression of DN. ANPEP
is an indicator of the development of diabetic vascular
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complications, i.e. retinopathy, among patients without
proteinuria [28].

We found a moderate correlation between GFR,
measured by creatinine clearance, and increased urinary
excretion of ANPEP was observed. The data could
suggest that increased urinary ANPEP activity early
represent renal injury despite normal or increased GFR.
In the kidney, ANPEP represents approximately 8% of
the brush border membrane protein [27], that’s why we
should mention that no less than this percentage is
affected in case of enzyme increasing. Since ANPEP is a
zinc-dependent metalloproteinase, studying zinc levels
and related trace elements is essential for understanding
the pathogenesis of DN.

DPP IV is involved in immune system modulation,
cellular interactions with the extracellular matrix,
natriuresis and activation of intracellular signal
transduction pathways. The urinary DPP IV activity was
significantly higher in patients with T2DM and
albuminuria compared to patients with non-albuminuric
diabetes or healthy people [8]. It is expressed
predominantly in the glomeruli and S1 to S3 segments of
the proximal tubules where regulates the absorption of
cleaved dipeptides. In the proximal tubules DPP IV
facilitates the function of sodium/hydrogen exchanger-3
[29]. So, strong positive correlation between urinary DPP
IV and GFR indicates possible affection of
abovementioned kidney areas in case of elevation DPP
IV in the early stage of T1DM despite normal or
increased GFR. Unlike ANPEP, which is localized only
in the proximal tubules, increased urinary excretion of
DPP 1V, which is found on the brush border of the
proximal tubule and in glomerular visceral epithelial
cells, may indicate not only damage to the proximal
tubule epithelium but also injury of glomerular cells,
thereby increasing the informational value of its
measurement in urine. Enzyme binds to the mannose-6-
phosphate/insulin-like  growth  factor 2  receptor
(M6P/IGF2-R) to initiate signal transduction. DPP IV
cleaves glucagon-like peptide (GLP-1) and glucose-

PROSPECTS FOR FUTURE RESEARCH

dependent insulinotropic peptide, which are responsible
for the enhancing of insulin secretion. This data describes
direct influence of DPP IV on insulin metabolism. This is
the basis for the usage of DPP IV inhibitors in case of
diabetes [9].

DN is associated with increased expression of surface
DPP 1V on endothelial and tubular epithelial cells,
through decreased levels of microRNA-29 (miR29) in
hyperglycemic environment. Activated DPP IV interacts
with integrin Bl and induces its phosphorylation. The
resulted complex stimulates the activation vascular
endothelial growth factor receptor type 1 (VEGFR1) and
dimerization of the TGFP receptor, which eventually
stimulates endothelial-mesenchymal transition (EndMT)
and the development of diabetic vascular complications
[20, 30, 31].

According to the Diabetes Control and Complications
Trial in TIDM patients, 12.9% of patients did not have
diabetic  retinopathy  progression, but had DN
development; 10.7% showed progression of retinopathy,
without developing DN, and 7.3% of patients
experienced both diabetic retinopathy progression and
DN development [32]. So, urinary DPP IV monitoring on
the early stage of TADM in children can avoid such
complication as diabetic retinopathy and DN.

Our study has showed elevated urinary DPP IV
levels, which may indicate kidney damage (proximal
tubule and glomerular epithelium) in children with
T1DM.

CONCLUSIONS

Serum creatinine cannot serve as an early predictor of
DN because its level showed significant elevation only
between 1 to 5 years compared to the initial manifestation
of TIDM in the children from north-eastern region of
Ukraine. Both investigated peptidases are suitable for
early detection of kidney damage in the children with
T1DM. DPP IV is a preferable non-invasive marker of
early kidney damage in children with TIDM due to its
localization (proximal tubule and glomerular epithelium)
and strong positive correlation with GFR.

We would like to evaluate the levels of kidney damage biomarkers in the urine of each patient with TIDM on an

individual basis.

AUTHOR CONTRIBUTIONS

Concept and design of research — AL, writing the first version — 1V, 1Z, final approval of the version for publication
— AL, agree to be responsible for all aspects of the work — V.

FUNDING

The authors express their gratitude to the research group of Thomas Boren (Department of Medical Biochemistry
and Biophysics/MIMS, Umea University) for providing the opportunity to conduct research as part of the Erasmus+

(KA1) program in 2018/2019.

815



Eastern Ukrainian Medical Journal. 2024;12(4):808-817

10.

11.

The work is part of the research theme of the Department of Pediatrics at the Academic and Research Medical
Institute of Sumy State University, titled "Infectious and Somatic Diseases in Children: Features of Their Course at the
Present Stage and Ways to Improve Treatment™ (Registration No. 0120U102150).

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

International Diabetes Federation. IDF Diabetes Atlas
Tenth edition 2021 [Internet]. IDF Diabetes Atlas, 10th
edn. Brussels, Belgium: 2021. 2021. Available from:
https://www.nchi.nlm.nih.gov/books/NBK581940/
Swaminathan SM, Rao IR, Shenoy SV, Prabhu AR,

Mohan PB, Rangaswamy D, et al. Novel biomarkers for 12.

prognosticating diabetic kidney disease progression. Int
Urol Nephrol. 2022 Oct 22;55(4):913-28.
https://doi.org/10.1007/s11255-022-03354-7

Muntean C, Starcea IM, Banescu C. Diabetic kidney
disease in pediatric patients: A current review. World J

Diabetes. 2022;13(8):587-99. 13.

https://doi.org/10.4239/wjd.v13.i8.587

Lopez LN, Wang W, Loomba L, Afkarian M, Butani L.
Diabetic kidney disease in children and adolescents: an
update. Vol. 37, Pediatric Nephrology. 2022. p. 2583-97.

https://doi.org/10.1007/s00467-021-05347-7 14.

Miti¢ B, Cvetkovi¢ T, Vlahovi¢ P, Velickovié-
Radovanovi¢ R. Biomarkers of early kidney cell
dysfunction in patients with membranous nephropathy.
Srp Arh Celok Lek. 2018;146(1-2):38-42.
https://doi.org/10.2298/SARH170221072M

Kim JH, Afridi R, Cho E, Yoon JH, Lim YH, Lee HW, et 15.

al. Soluble ANPEP Released From Human Astrocytes as
a Positive Regulator of Microglial Activation and
Neuroinflammation: Brain Renin—Angiotensin System in
Astrocyte—Microglia Crosstalk. Mol Cell Proteomics.
2022 Nov;21(11):100424.

https://doi.org/10.1016/j.mcpro.2022.100424 16.

Vargas F, Wangesteen R, Rodriguez-Gomez I, Garcia-
Estafl J. Aminopeptidases in Cardiovascular and Renal
Function. Role as Predictive Renal Injury Biomarkers. Int
J Mol Sci. 2020 Aug 5;21(16):5615.
https://doi.org/10.3390/ijms21165615

Kanasaki K. The role of renal dipeptidyl peptidase-4 in

kidney disease: renal effects of dipeptidyl peptidase-4 17.

inhibitors with a focus on linagliptin. Clin Sci. 2018 Feb
28;132(4):489-507. https://doi.org/10.1042/CS20180031
Cho EH, Kim SW. Soluble Dipeptidyl Peptidase-4 Levels
Are Associated with Decreased Renal Function in Patients
with Type 2 Diabetes Mellitus. Diabetes Metab J.
2019;43(1):97. https://doi.org/10.4093/dmj.2018.0030
Khan NU, Lin J, Liu X, Li H, Lu W, Zhong Z, et al.
Insights into predicting diabetic nephropathy using

urinary biomarkers. Biochim Biophys Acta - Proteins 18.

Proteomics. 2020 Oct;1868(10):140475.
https://doi.org/10.1016/j.bbapap.2020.140475
Liu D, Jin B, Chen W, Yun P. Dipeptidy! peptidase 4

(DPP-4) inhibitors and cardiovascular outcomes in 19.

patients with type 2 diabetes mellitus (T2DM): a

systematic review and meta-analysis. BMC Pharmacol
Toxicol [Internet]. 2019 Dec 4;20(1):15. Available from:
https://bmcpharmacoltoxicol.biomedcentral.com/articles/1
0.1186/s40360-019-0293-y
https://doi.org/10.1186/s40360-019-0293-y

Moon JS, Kang S, Choi JH, Lee KA, Moon JH, Chon S,
et al. 2023 Clinical Practice Guidelines for Diabetes
Management in Korea: Full Version Recommendation of
the Korean Diabetes Association. Diabetes Metab J
[Internet]. 2024 Jul 31;48(4):546-708.
https://doi.org/10.4093/dmj.2024.0249

World Medical Association. Declaration of Helsinki —
Ethical Principles for Medical Research Involving Human
Participants [Internet]. 2024. Available from:
https://www.wma.net/policies-post/wma-declaration-of-
helsinki/

Ministry of Health of Ukraine. Pro zatverdzhennia
protokoliv nadannia medychnoi dopomohy ditiam za
spetsialnistiu “Dytiacha endokrynolohiia” [About the
statement of protocols of providing medical care to
children on a specialty “Children’s endocrinology” (No.
254)]. 254 Ukraine; Apr 27, 2006.

Vikhrova 10, Loboda AM. Value of urinary adiponectin,
VCAM-1 and RBP 4 in early diagnosis of kidney damage
in children with type 1 diabetes mellitus. Zaporozhye Med
J [Internet]. 2021 Apr 7;23(1):72—6. Available from:
http://zmj.zsmu.edu.ua/article/view/224886
https://doi.org/10.14739/2310-1210.2021.1.224886
Chuang GT, Tsai IJ, Tsau YK. Serum Creatinine
Reference Limits in Pediatric Population—A Single
Center Electronic Health Record-Based Database in
Taiwan. Front Pediatr [Internet]. 2021 Dec 30;9.
Auvailable from:
https://www.frontiersin.org/articles/10.3389/fped.2021.79
3446/full, https://doi.org/10.3389/fped.2021.793446
Pugliese G, Penno G, Natali A, Barutta F, Di Paolo S,
Reboldi G, et al. Diabetic kidney disease: new clinical and
therapeutic issues. Joint position statement of the Italian
Diabetes Society and the Italian Society of Nephrology on
“The natural history of diabetic kidney disease and
treatment of hyperglycemia in patients with type 2
diabetes and impaired renal function.” J Nephrol. 2020
Feb 2;33(1):9-35. https://doi.org/10.1007/s40620-019-
00650-x

Tepus M, Tonoli E, Verderio EAM. Molecular profiling
of urinary extracellular vesicles in chronic kidney disease
and renal fibrosis. Front Pharmacol. 2023 Jan 12;13.
https://doi.org/10.3389/fphar.2022.1041327

Khanijou V, Zafari N, Coughlan MT, Maclsaac RJ,
Ekinci El. Review of potential biomarkers of

816


https://www.ncbi.nlm.nih.gov/books/NBK581940/
https://doi.org/10.1007/s11255-022-03354-7
https://doi.org/10.4239/wjd.v13.i8.587
https://doi.org/10.1007/s00467-021-05347-7
https://doi.org/10.2298/SARH170221072M
https://doi.org/10.1016/j.mcpro.2022.100424
https://doi.org/10.3390/ijms21165615
https://doi.org/10.1042/CS20180031
https://doi.org/10.4093/dmj.2018.0030
https://doi.org/10.1016/j.bbapap.2020.140475
https://bmcpharmacoltoxicol.biomedcentral.com/articles/10.1186/s40360-019-0293-y
https://bmcpharmacoltoxicol.biomedcentral.com/articles/10.1186/s40360-019-0293-y
https://doi.org/10.1186/s40360-019-0293-y
https://doi.org/10.4093/dmj.2024.0249
https://www.wma.net/policies-post/wma-declaration-of-helsinki/
https://www.wma.net/policies-post/wma-declaration-of-helsinki/
http://zmj.zsmu.edu.ua/article/view/224886
https://doi.org/10.14739/2310-1210.2021.1.224886
https://www.frontiersin.org/articles/10.3389/fped.2021.793446/full
https://www.frontiersin.org/articles/10.3389/fped.2021.793446/full
https://doi.org/10.3389/fped.2021.793446
https://doi.org/10.1007/s40620-019-00650-x
https://doi.org/10.1007/s40620-019-00650-x
https://doi.org/10.3389/fphar.2022.1041327

Eastern Ukrainian Medical Journal. 2024;12(4):808-817

20.

21.

22.

23.

24.

25.

26.

inflammation and kidney injury in diabetic kidney
disease. Diabetes Metab Res Rev. 2022 Sep 11;38(6).
https://doi.org/10.1002/dmrr.3556

Sharaf El Din UAA, Salem MM, Abdulazim DO.
Diabetic nephropathy: Time to withhold development and
progression - A review. J Adv Res. 2017 Jul;8(4):363-73.
https://doi.org/10.1016/j.jare.2017.04.004

Piani F, Reinicke T, Borghi C, Tommerdahl KL, Cara-
Fuentes G, Johnson RJ, et al. Acute Kidney Injury in
Pediatric Diabetic Kidney Disease. Front Pediatr. 2021
Jun 15;9. https://doi.org/10.3389/fped.2021.668033
Uwaezuoke SN, Ayuk AC. Diabetic Kidney Disease in
Childhood and Adolescence: Conventional and Novel
Renoprotective Strategies. EMJ Nephrol. 2020 Jul 23;68—
77. https://doi.org/10.33590/emjnephrol/20-00077

Liu H, Feng J, Tang L. Early renal structural changes and
potential biomarkers in diabetic nephropathy. Front
Physiol. 2022 Nov 8;13.
https://doi.org/10.3389/fphys.2022.1020443

Thomas MC. Targeting the Pathobiology of Diabetic
Kidney Disease. Adv Chronic Kidney Dis [Internet]. 2021
Jul;28(4):282-9. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S154855952
1000501 https://doi.org/10.1053/j.ackd.2021.07.001
Uehara-Watanabe N, Okuno-Ozeki N, Minamida A,
Nakamura |, Nakata T, Nakai K, et al. Direct evidence of
proximal tubular proliferation in early diabetic
nephropathy. Sci Rep [Internet]. 2022 Jan 17;12(1):778.
Available from: https://www.nature.com/articles/s41598-
022-04880-1 https://doi.org/10.1038/s41598-022-04880-1
Mitic B, Lazarevic G, Vlahovic P, Rajic M, Stefanovic V.
Diagnostic Value of the Aminopeptidase N, N-Acetyl-p-
D-Glucosaminidase and Dipeptidylpeptidase IV in
Evaluating Tubular Dysfunction in Patients with
Glomerulopathies. Ren Fail [Internet]. 2008 Jan
7,30(9):896-903. Available from:
http://www.tandfonline.com/doi/full/10.1080/08860220
802359048 https://doi.org/10.1080/08860220802359048

Received 19.11.2024
Accepted 12.12.2024

INFORMATION ABOUT THE AUTHORS

Iryna O. Vikhrova

27.

28.

29.

30.

3L

32.

Turner AJ. Aminopeptidase N. In: Handbook of
Proteolytic Enzymes [Internet]. Elsevier; 2013. p. 397—
403. Available from:
https://linkinghub.elsevier.com/retrieve/pii/B9780123822
19200079X, https://doi.org/10.1016/B978-0-12-382219-
2.00079-X

Shimojo N, Kitahashi S, Naka K, Fujii A, Okuda K,
Tanaka S, et al. Comparison of n-acetyl-p-d-
glucosaminidase and alanine aminopeptidase activities for
evaluation of microangiopathy in diabetes mellitus.
Metabolism [Internet]. 1987 Mar;36(3):277-80. Available
from:
https://linkinghub.elsevier.com/retrieve/pii/0026049587
901880 https://doi.org/10.1016/0026-0495(87)90188-0
Nistala R, Savin V. Diabetes, hypertension, and chronic
kidney disease progression: role of DPP4. Am J Physiol
Physiol [Internet]. 2017 Apr 1;312(4):F661-70. Available
from:
https://www.physiology.org/doi/10.1152/ajprenal.00316.
2016 https://doi.org/10.1152/ajprenal.00316.2016
Yamagishi A, Nishida H, Ito H, Fukuhara H, Tsuchiya N.
Urinary dipeptidy| peptidase-4 is a useful marker for
tubulitis, and it is released from the tubular cells of kidney
transplant recipients. Ren Replace Ther. 2022 Dec
22;8(1):31. https://doi.org/10.1186/s41100-022-00421-8
Piwkowska A, Zdrojewski L, Heleniak Z, Debska-Slizien
A. Novel Markers in Diabetic Kidney Disease—Current
State and Perspectives. Diagnostics. 2022 May
11;12(5):1205.
https://doi.org/10.3390/diagnostics12051205

Song K, Jeong J, Kim MK, Kwon H, Baek K, Ko S, et al.
Discordance in risk factors for the progression of diabetic
retinopathy and diabetic nephropathy in patients with type
2 diabetes mellitus. J Diabetes Investig [Internet]. 2019
May 7;10(3):745-52. Available from:
https://onlinelibrary.wiley.com/doi/10.1111/jdi.12953
https://doi.org/10.1111/jdi.12953

QOoeporcano 19.11.2024
3ameepoceno oo opyky 12.12.2024

PhD student, Department of Pediatrics, Sumy State University, Sumy, Ukraine

i.shandyba@med.sumdu.edu.ua; +380997414558

Andrii M. Loboda
a.loboda@med.sumdu.edu.ua; +380542660950
D.Med. Sci., Professor Department of Pediatrics

Director of the Academic and Research Medical Institute, Sumy State University, Sumy, Ukraine

Igor F. Zmyslia
igorzmyslia@gmail.com; +38054780901

MD, Director of the Communal Non-Profit Enterprise of Sumy Regional Council “Regional Children’s Clinical
Hospital”, Sumy, Ukraine; PhD student, Department of Pediatrics, Sumy State University, Sumy, Ukraine

817


https://doi.org/10.1002/dmrr.3556
https://doi.org/10.1016/j.jare.2017.04.004
https://doi.org/10.3389/fped.2021.668033
https://doi.org/10.33590/emjnephrol/20-00077
https://doi.org/10.3389/fphys.2022.1020443
https://linkinghub.elsevier.com/retrieve/pii/S154855952
https://doi.org/10.1053/j.ackd.2021.07.001
https://www.nature.com/articles/s41598-022-04880-1
https://www.nature.com/articles/s41598-022-04880-1
https://doi.org/10.1038/s41598-022-04880-1
http://www.tandfonline.com/doi/full/10.1080/08860220
https://doi.org/10.1080/08860220802359048
https://linkinghub.elsevier.com/retrieve/pii/B978012382219200079X
https://linkinghub.elsevier.com/retrieve/pii/B978012382219200079X
https://doi.org/10.1016/B978-0-12-382219-2.00079-X
https://doi.org/10.1016/B978-0-12-382219-2.00079-X
https://linkinghub.elsevier.com/retrieve/pii/0026049587
https://doi.org/10.1016/0026-0495(87)90188-0
https://www.physiology.org/doi/10.1152/ajprenal.00316
https://doi.org/10.1152/ajprenal.00316.2016
https://doi.org/10.1186/s41100-022-00421-8
https://doi.org/10.3390/diagnostics12051205
https://onlinelibrary.wiley.com/doi/10.1111/jdi.12953
https://doi.org/10.1111/jdi.12953
mailto:i.shandyba@med.sumdu.edu.ua
mailto:a.loboda@med.sumdu.edu.ua
mailto:igorzmyslia@gmail.com

