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Citation: Al-Yousif Al, Al-Darwish SA, Fawzi F, Ahmed AG. Comparison of
ethanolic and ethyl acetate fractions of Iragi Medicago sativa for the
freatment of urinary fract infection. Ukr J Nephrol Dialys. 2025;2(86):
3-13. doi: 10.31450/ukrind.2(86).2025.01.

Abstract. Urinary tract infections (UTIs), predominantly caused by uropathogenic
Escherichia coli (UPEC), affect over 100 million people annually and are a leading cause
of morbidity due to rising antibiotic resistance. Medicago sativa (alfalfa), a medicinal plant
rich in phytochemicals, has shown antibacterial potential, yet its efficacy against UPEC
in Iraq remains unexplored. This study investigates the antibacterial effects of M. sativa
ethanolic and ethyl acetate fractions as potential alternatives to conventional antibiotics
for UTI treatment.
Methods. M. sativa was collected in Kirkuk, defatted with hexane, extracted with 85%
ethanol, and fractionated into petroleum ether, chloroform, ethyl acetate, and ethanolic
fractions. Phytochemical analyses, including Dragendorff’s, Mayer’s, and ppigh-
performance liquid chromatography were performed. Urine samples from 85 UTI patients
were cultured, yielding 30 UPEC isolates. Antibacterial activity was evaluated using the
Article history: agar well diffusion method, with minimal inhibitory concentrations (MICs) determined via
Received January 11, 2025 microplate serial dilution. Antibiotic susceptibility was tested using the Kirby-Bauer method
TS against eight antibiotics. Data were analyzed using SPSS v26 (ANOVA, LSD).
Rece"ﬁiz;evg;dg’ogg Results. Most participants (56.7%) were under 40 years old, with females more affected.
Accepted Marz 03’ 2025 The ethanolic fraction demonstrated superior antibacterial activity, with a mean inhibition
’ zone of 21.96 £ 1.9 mm at 75 mg/ml (p=0.001), compared to 17.32 £ 1.5 mm for the
ethyl acetate fraction. High-performance liquid chromatography confirmed bioactive
compounds, including gallic acid, quercetin, and myricetin. Meropenem exhibited 100%
sensitivity, while cephalothin showed complete resistance.
Conclusions. M. sativa extracts, particularly the ethanolic fraction, exhibit significant
antibacterial activity against UPEC, offering a promising alternative to antibiotics. Larger,
multicenter studies are needed to validate these findings and explore clinical applications.
Keywords: urinary tract infection, antibiotic, ethyl acetate fraction, M. sativa extract,
ethanolic fraction.
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IIopiBHSHHS €TaHOJIbHOI TA eTHJIANETATHOI (ppaKiiii ipakcbkoi Medicago sativa
JUJIS JTIKYBaHHA iH(eKuii Ce4OBUBITHUX HLIAXIB

lapmanesrnunmit Konemk, YHiBepcureT Auryp, Barnan, Ipax
2YHiBepcuTeTChKUi Koemk Anb-Panmmn, Barnan, Ipax
3@apmaneBTUuHM Kosemk, YHiBepcuteT Anb-bagH, Barnan, Ipax
4Heitponaykosa jikapHs gokropa Caana Anb-Bitpi, bargan, Ipak

Pestome. Inghexuii cewosoi cucmemu (ICC), nepesaxcro cnpuuuneni yponamoeennum Escherichia coli (UPEC),
wopoky epaxcaroms nonad 100 minviionie ato0eil i € 0CHOBHOI0 NPUYUHOIO 3AXB80PI0GAHOCTI Yepe3 3POCMAHHs AHMUbIo-
mukopesucmernmuocmi. Medicago sativa (ntoyepra), aikapcvka pocauna, 6aeama Ha imoximiuti cnoayku, 0eMoHCmpYye
aHmubakmepianvruii nomenyian, ane i egpexmuenicmo npomu UPEC ¢ Ipaky doci He docnidxucena. Ile docridncenus
CHPAMOBAHe HA 8UGHEeHHS aHmubakmepialrbHux eghekmie emarnonavHoi ma emunrayemamuoi gpakyiti M. Sativa, sk no-
meHUiliHuX arbmeprHamue mpaduyiiHum anmuodiomukxam oas aikyeanns 1CC.

Memodu. M. sativa byaa 3i6pana ¢ Kipkyky, snexcupena eexcanom, excmpazosana 85% emanonom i gppaxuio-
HoeaHa Ha gpakyii nemponeiinozo eghipy, xaopogopmy, emunrayemamy ma emarony. Ilposoduau pimoximiunuii ananis,
eKarouHO 3 mecmamu Jlpazondopgpa, Maiicpa ma sucokoegekmugHor pidurHorw xpomamoepaghicro. 3pasku ceui 85 na-
yienmie 3 ICC Oyau KyavmueosaHi, wjo 0o36oauno susnavyumu 30 izonamie UPEC. Anmubaxmepiarsiy akmueHicmo
ouiHto8anu memodom ouysii 6 azapi, a minimanvHi ineioyroui konyenmpauii (MIK) euznauanu wasxom cepiiinoeo po3-
6edeHHs 8 Mikponaanuiemax. Yymausicmo 0o aHmubiomuxkie mecmyesaiu memodom Kipoi- bayepa npomu éocomu anmu-
biomuxis. [ani ananizysanu 3a donomoeoro SPSSv26 (ANOVA, LSD).

Pezyavmamu. binvwicms yuacnuxie (56,7%) 6yau monrodwe 40 poxie ma nepesascanu yxcinku. Emanonsna gppax-
yis nokasana euwly aHmMubaKmepianbHy aKmueHicms i3 cepedHbor 30Hoi0 iHeibyeanus 21,96 £ 1,9 mm npu 75 me/ma
(p=0,001) nopisnauo 3 17,32 £ 1,5 mm 0aa emusayemamnoi ¢ppakuii. Bucoxoeppexmuena pidunna xpomamoepaghis
niomeepouna HaseHicmb 6I0AKMUBHUX CNOAYK, 30KpeMa 2aN08060i KUCAomuU, keepyemuny ma mipuyemuny. Meponenem
mag 100% wymaugicms, moodi sik yegharomuH noKa3aé noGHy pe3uUcmeHmHicme.

Bucnosku. Excmpakmu M. sativa, ocobauso emanoavHa paxyis, 0eMOHCMPYIOMbs 3HAYHY AHMUOAKMePiaabHy
akmuenicmos npomu UPEC, nponoHyrouu nepcnekmugHy aromepHamugy anmuobiomukam. Jis niomeepoicents pesynb-
mamie i 6u4eHHs KAIHIYHO20 3aCMOCY8aHHA He00XiOHI Oinbuli 6aeamoueHmposi 00CAI0NCeHHS.

KaouoBi cioBa: inghexuin cenosoi cucmemu, anmubiomuk, emusayemamua pakuis, excmpakm M. sativa,
emaHoNbHA PPAKYisL.

Introduction. Urinary tract infections (UTIs) are
among the most common bacterial infections, signifi-
cantly contributing to morbidity and mortality, second
only to respiratory tract infections (RTIs). UTIs can
affect individuals of any age but are more prevalent in
women, with over 50% of women and approximately
12% of men experiencing a UTI in their lifetime [1].
Uropathogenic Escherichia coli (UPEC) is the primary
cause of UTIs [2]. Asymptomatic bacteriuria, defined
as bacterial proliferation in urine without urinary symp-
toms, is commonly due to commensal colonization [3].
It occurs in 1—-5% of healthy premenopausal women,
4—19% of healthy older adults, and 15—50% of institu-
tionalized elderly individuals [4].

Ahmed Ibrahim Al-Yousif
ahmed.ibrahim@au.edu.iq

Medicinal plants play a critical role in developing
innovative medications. In many rural communities,
natural remedies remain preferred due to the efficacy of
plant-derived drugs and concerns about the adverse ef-
fects of synthetic medications. Plants are a vital source
of commercially used pharmaceuticals, with many syn-
thetic drugs originating from natural plant compounds
[5]. Antibiotics such as ciprofloxacin, trimethoprim,
and sulfamethoxazole are commonly prescribed for
UTlIs, but high recurrence rates and increasing antibi-
otic resistance pose significant challenges [6]. Identify-
ing novel antimicrobial agents is a global priority [7].
Pharmacological and phytochemical research supports
the traditional use of herbs, offering the potential for
clinical research and the development of new medica-
tions [5].

Medicago sativa (alfalfa), a perennial legume
from the Leguminosae family, exhibits antibacterial
properties due to its phytochemical constituents [8].
Multidrug-resistant pathogens, including E. coli, are
a growing global threat, necessitating the development
of new antimicrobial drugs [9]. This study investigates
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the antibacterial efficacy of M. sativa extracts against

UPEC in urine samples from Iraqi patients, highlight-

ing its potential as a superior alternative to conventional

antibiotics.

Materials and methods. Plant Material. The entire
Medicago sativa plant, belonging to the Fabaceae fam-
ily, was collected near Kirkuk, Iraq. The Pharmacog-
nosy Department at the College of Pharmacy, Ashur
University, verified the plant’s identity. The study was
approved by the local ethics committee of the Pharma-
cology Department at Baghdad College of Medicine
(approval code: 178, dated 20/10/2021). In Novem-
ber 2021, during full bloom, the plant was harvested,
cleaned, air-dried at room temperature in the shade,
coarsely crushed, and weighed.

Extraction and fractionation. A 350-gram sample
of powdered plant material was defatted with hexane,
dried, and extracted using 85% ethanol. The resulting
extract was fractionated into four fractions—petroleum
ether, chloroform, ethyl acetate, and ethanolic—and
dried using anhydrous sodium sulfate [10].

Preliminary qualitative phytochemical analysis.
Chemical analyses were conducted on crude and frac-
tionated M. sativa extracts to identify active constitu-
ents, including alkaloids, flavonoids, terpenoids, and
steroids, following established methods [11].

Chemical tests:

o Dragendorff’s test (alkaloids): A solution of
potassium bismuth iodide, containing basic
bismuth nitrate (Bi(NO,),), tartaric acid, and
potassium iodide (KI), produces an orange or
reddish-brown precipitate upon contact with
alkaloids, confirming their presence.

o Mayer’s test (alkaloids): Two milliliters of alcoholic
extract were mixed with 1-2 drops of Mayer’s
reagent (potassium mercury iodide in water). A
white or creamy precipitate indicated alkaloids.

o  Lead acetate test (flavonoids): One milliliter of
10% lead acetate solution was mixed with 2 ml of
alcoholic extract. A yellowish-white precipitate
confirmed flavonoids.

o Salkowski test (terpenoids): Two milliliters of
organic extract or fractions were mixed with 2 ml
of chloroform, evaporated to dryness, and treated
with 2 ml of concentrated sulfuric acid. After
heating for 2 minutes, a reddish-brown layer at the
interface indicated terpenoids.

o Liebermann-Burchard test (steroids): Two milliliters
of crude extract or fractions were mixed with 1 ml
of chloroform, 2—3 ml of acetic anhydride, and 2
drops of concentrated sulfuric acid. A dark green
color confirmed steroids.

e H,S50, test (steroids): Two milliliters of extract
or fractions treated with sulfuric and acetic acids
developed a greenish color, indicating steroids.

High-performance liquid chromatography analysis of
phenols and flavonoids in M. sativa extract. Phenols and
flavonoids were analyzed using high-performance liquid
chromatography (HPLC), not fast-liquid chromatogra-

phy (FLC). A Nucleodur C18-DB column (50 x 4.6 mm,
3 um particle size) was used under optimized conditions.
The mobile phase consisted of a linear gradient of 0.05%
trifluoroacetic acid (TFA) in deionized water (solvent A)
and 0.05% TFA in methanol (solvent B).

Urine sample collection and culture. Urine samples
were collected in sterile containers from 85 UTI pa-
tients at Medical City Hospitals, Iraq. After bacterial
isolation, 30 samples were confirmed to contain Esch-
erichia coli. The urine was inoculated onto agar plates
and incubated aerobically at 37°C for 24 hours to isolate
E. coli.

Antibiotic susceptibility testing. The susceptibil-
ity of bacterial isolates to six antibiotics — meropenem
(10 pg), ceftriaxone (10 pg), levofloxacin (5 pg), cipro-
floxacin (10 pg), nitrofurantoin (100 pg), and amikacin
— was tested using the modified Kirby-Bauer disk diffu-
sion method, following Clinical and Laboratory Stan-
dards Institute (CLSI) guidelines. Isolates resistant to
three or more antibiotics were classified as multidrug-
resistant [12].

Evaluation of antibacterial activity. The ethanolic
and ethyl acetate fractions of M. sativa were tested for
their ability to inhibit Gram-negative bacteria, such as
E. coli, using the agar well diffusion method [13, 14].
Pure E. coli colonies were grown on Mueller-Hinton
Agar (MHA) at 37°C for 24 hours, suspended in ster-
ile saline, and spread onto MHA plates. Three concen-
trations of plant extract were added to wells, with a 10
ug meropenem disk as a positive control and dimethyl
sulfoxide as a negative control. Inhibition zones were
measured after 24 hours at 37°C.

Minimal inhibitory concentration (MIC) determina-
tion. MICs were determined using a 96-well microplate.
Each well received 100 pl of MHA, followed by 100 pl
of plant extract in the first column. Serial dilutions were
performed, discarding the final volume. A 50 pl bacte-
rial suspension was added, and MIC was determined by
the absence of turbidity [13].

Data analysis. Data were analyzed using IBM SPSS
Statistics version 26. Descriptive statistics (means +
standard deviations, ranges, percentages, frequencies)
were calculated for participant demographics, antibiot-
ic susceptibility, inhibition zones, and HPLC retention
times. One-way analysis of variance (ANOVA) with
post-hoc least significant difference (LSD) tests was
used to compare mean inhibition zones across Medi-
cago sativa extract concentrations (25, 50, 75 mg/ml)
and meropenem, with a significance level of p=0.001.

Results. Bacterial development patterns in patients
with UTI. This study analyzed 85 urine samples from
patients with UTI at hospitals in Baghdad, Iraq. Of
these, 30 samples were confirmed to contain uropatho-
genic Escherichia coli (UPEC). The study participants,
with a mean age of 38.0 £ 19.4 years, ranged from 20 to
72 years. The majority (56.7%) were under 40 years old,
with 17 participants aged 20—39, 7 aged 40—59, and
6 aged 60—72. Females were more frequently affected
than males.
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Antibiotics susceptibility testing of UPEC iso-
lates. Thirty UPEC isolates were tested against eight
antibiotics: meropenem, amikacin, ceftriaxone, cipro-
floxacin, levofloxacin, nitrofurantoin, trimethoprim,
and cephalothin. Meropenem exhibited the highest
sensitivity (100%), followed by amikacin (83.3%) and

nitrofurantoin (80.0%). Ceftriaxone, ciprofloxacin,
levofloxacin, and trimethoprim showed moderate sen-
sitivity, while cephalothin was completely resistant
(100%) (Table 1). These findings underscore the im-
portance of antibiotic susceptibility testing for effec-
tive UPEC treatment.

Table 1
Antibiotic Susceptibility of UPEC Isolates
Drug Sensitive, n (%) Intermediate, n (%) Resistant, n (%)
Meropenem 30 (100.0) 0(0.0) 0(0.0)
Amikacin 25 (83.3) 3 (10.0) 2(6.7)
Ceftriaxone 10 (33.3) 1(3.3) 19 (63.4)
Ciprofloxacin 14 (46.7) 0(0.0) 16 (53.3)
Levofloxacin 14 (46.7) 0(0.0) 16 (53.3)
Trimethoprim 16 (53.3) 0(0.0) 14 (46.7)
Nitrofurantoin 24 (80.0) 3(10.0) 3(10.0)
Cephalothin 0 (0.0) 0(0.0) 30 (100.0)

Phytochemical analysis of Medicago sativa extract.
The crude extract of M. sativa contained alkaloids, fla-
vonoids, terpenoids, and steroids, while the ethyl ac-

etate fraction solely contained flavonoids, as indicated
by the pre-eliminatory phytochemical study as shown
in (Table 2).

Table 2
Phytochemical screening of crude extract and different fractions
Crude and fractions Alkaloids Flavonoids Steroids Terpenoids
Crude + + + +
F1 4F - I +
F2 + - + +
F3 - I - -

HPLC analysis. HPLC is a sensitive instrument
for detecting low concentrations of phytochemicals
in extracts. It allows for qualitative identifications
by comparing retention periods with reference

standards. HPLC analysis detects gallic acid, salicylic
acid, caffeic acid, pyrogallol, quercetin, myricetin,
naringin, and apigenin, as shown in Tables 3, 4, and
Fig. 1 and 2.

Table 3
Standard HPLC results

Components Retention Time Area UV
Gallic Acid 2.33 32274
Pyrogallol 3.01 39079
Caffeic Acid 4.09 41169
Salicylic Acid 5.18 52672
Naringin 6.26 45870
Myrecetin 7.02 71387
Quercetin 7.92 47835
Apigenin 8.84 45761
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Table 4
HPLC results of analyzed fractions with their retention

Fraction Components Retention Time Area UV
Gallic Acid 2.363 24865
Pyrogallol 3.04 25753
Caffeic Acid 4.107 18919
Ethanol Salicylic Acid 5.183 20115
Naringin 6.268 18261
Myricetin 7.017 20899
Quercetin 7.93 29338
Apigenin 8.852 23199
Gallic Acid 2.007 33379
Pyrogallol 4.09 46455
Caffeic Acid 5.163 25141
Ethyl acetate Salicylic Acid 6.252 23256
Naringin 6.992 16266
Myricetin 7.902 43078
Quercetin 8.828 25338

Fig. 1. HPLC chromatogram of the ethanolic fraction of Medicago sativa extract. (A) Sample; (B) Standards.
Observed peaks and their retention times (min): Gallic Acid (2.363), Naringin (6.268), Myricetin (7.017),
Quercetin (7.930), Apigenin (8.852).
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Fig. 2. HPLC chromatogram of ethyl acetate fraction: A.Sample, B. Standard. Peaks that were observed, Naringin= 6.992,
Myricetin= 7.902, Quercetin= 8.828, and Gallic Acid, 2.007.

Antibacterial activity of different concentrations of the agar well diffusion method. Both ethanolic and eth-
M. sativa extracts against E. coli in comparison to me- yl acetate fractions exhibited growth inhibition zones,
ropenem. The sensitivity of uropathogenic Escherichia with higher concentrations of M. sativa extract demon-
coli (UPEC) to Medicago sativa extracts, meropenem, strating greater antibacterial activity (Fig. 3).
and dimethyl sulfoxide (DMSQO) was determined using

Fig. 3. Sensitivity of Escherichia coli to varying concentrations of Medicago sativa extracts. (A) Ethanolic fraction;
(B) Ethyl acetate fraction. Treatments: (1) DMSO (negative control); (2) Meropenem (10 pg, positive control);
(3) 25 mg/ml; (4) 50 mg/ml; (5) 75 mg/ml.
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Meropenem produced a significantly larger mean inhibition zone compared to both the ethanolic and ethyl
acetate fractions (p=0.001), as shown in Table 5 and Figure 4.

Table 5
Comparison of mean inhibition zones for Medicago sativa fractions and meropenem
Fraction/control, concentration (mg/ml) 1\2[;?: IR}[":::TSZ;))I;" P-value

Ethanol fraction

32.85+2.7 0.001
Meropenem
Ethyl acetate fraction

3296 £2.6 0.001
Meropenem

Fig. 4. Comparison of mean inhibition zones across varying concentrations of ethanolic and ethyl acetate fractions
of Medicago sativa extracts.

Discussion. UTIs, affecting over 100 million peo-
ple annually, are increasingly prevalent due to the rise
of multidrug-resistant pathogens, leading to treatment
challenges and higher mortality rates [15]. The overuse
of antibiotics has driven the emergence of drug-resis-
tant bacteria, necessitating novel antimicrobial agents
[5]. Previous studies have identified diverse chemical
constituents in Medicago sativa, with bioactive com-
pounds contributing to its beneficial properties [16].

Phytochemical analyses revealed alkaloids, flavo-
noids, terpenoids, and steroids in the crude M. sativa ex-
tract, with only flavonoids detected in the ethyl acetate
fraction, consistent with prior findings [16]. The etha-
nolic fraction also contained flavonoids, aligning with
Grechana et al. [17]. High-performance liquid chroma-
tography (HPLC) confirmed the presence of phenolic
compounds, including gallic acid, caffeic acid, pyrogal-
lol, salicylic acid, naringin, myricetin, quercetin, and
apigenin, supporting previous research [18].

Flavonoids, a class of plant phenolic compounds,
exhibit antibacterial properties by increasing bacterial
membrane permeability, leading to leakage of intracellu-
lar contents and cell death. They also inhibit nucleic acid
synthesis by interfering with DNA and RNA transcrip-
tion, disrupt bacterial energy pathways by reducing ATP
production, and prevent quorum sensing and biofilm
formation, thereby reducing pathogenicity [19—22].

Quercetin exerts antibacterial effects by binding to
DNA, causing strand cleavage, inhibiting DNA gyrase,
and disrupting DNA replication. It also downregulates
virulence genes, inhibits single-stranded DNA-binding
proteins, and prevents biofilm formation by interfer-
ing with quorum sensing pathways, reducing bacterial
adhesion and colonization [11, 23, 24]. Gallic acid
inhibits bacterial growth by disrupting metabolic path-
ways and compromising membrane integrity, leading to
intracellular leakage and cell death. It also prevents bio-
film formation, reducing bacterial colonization in the
urinary tract [25, 26].

Myricetin inhibits nucleic acid synthesis, cell en-
velope synthesis, and bacterial toxin production [27].
Apigenin disrupts bacterial membranes and inhibits
cellular processes, including nucleic acid synthesis, cell
envelope synthesis, biofilm formation, quorum sensing,
and Ala-Ala synthetase. Naringin acts as a quorum-
sensing inhibitor [27].

This study confirmed that females are more
susceptible to UPEC infections due to their shorter
and wider urethra, facilitating bacterial access to the
bladder. Consistent with our findings, the highest
UTI prevalence was observed in individuals aged <50
years (49.2%) and 50—69 years (57.3%) [28]. Women
(77.3%) were more prone to UTIs than men (22.6%)
[29].
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Antibiotic susceptibility testing aligned with prior
studies, showing high sensitivity to amikacin (83.3%)
and nitrofurantoin (91.7%) for UTI treatment [30].
Previous research reported UPEC isolates were most
susceptible to ciprofloxacin (86.5%), ofloxacin (75%),
and nitrofurantoin (84.6%), supporting our results [31].
Gharavi et al. noted high sensitivity to nitrofurantoin
(92.8%), imipenem (99.2%), amikacin (97.9%), and
meropenem (97.2%) [32].

Medicago sativa (alfalfa) extract was found to in-
hibit E. coli papC and rcsA gene expression, reducing
biofilm formation, consistent with our findings [33].
Meropenem, a broad-spectrum antibiotic, exerts its
activity by covalently inhibiting penicillin-binding pro-
teins (PBPs), which are peptidoglycan transpeptidases
essential for bacterial cell wall integrity [34].

Prior studies reported resistance to cephalosporins
and fluoroquinolones, with the highest susceptibility to
tigecycline (100%), colistin (96.2%), amikacin (90.5%),
fosfomycin (86.7%), and nitrofurantoin (84.9%), align-
ing with our results [29]. E. coli isolates exhibited com-
plete resistance to cephalothin (100%), consistent with
a reported resistance rate of 85.8% [35].

Medicago sativa extracts demonstrated significant
antibacterial activity against E. coli at varying concen-
trations, with larger inhibition zones at higher concen-
trations (p=0.001) [36]. The ethanolic fraction showed
the highest mean inhibition zones at 75 mg/ml (21.96
+ 1.9 mm), 50 mg/ml (20.07 = 1.8 mm), and 25 mg/
ml (17.21 £ 2.2 mm), with significant differences
(p=0.001). The ethyl acetate fraction exhibited lower
inhibition zones at 75 mg/ml (17.32 £ 1.5 mm), 50 mg/
ml (15.39 + 1.3 mm), and 25 mg/ml (12.92 + 1.6 mm)
(p=0.001). The ethanolic fraction’s superior activity is
likely due to its potent extraction solvent, consistent
with Khan et al. [37].

The ethanolic extract of M. sativa also showed an-
tibacterial activity against Gram-negative bacteria, in-
cluding Pseudomonas aeruginosa and E. coli, at various
concentrations, supporting its efficacy in UTI treat-
ment [38, 39]. Additionally, M. sativa extract inhibited
Klebsiella pneumoniae, Pseudomonas aeruginosa, Bacil-
lus cereus, Lactococcus lactis, and Bacillus licheniformis,
confirming its broad antibacterial properties [40].

In vitro tests demonstrated that M. sativa extracts
exhibited significant antibacterial activity compared to
meropenem (ethanolic fraction: 32.85 £ 2.7 mm; ethyl
acetate fraction: 32.96 + 2.6 mm; p=0.001). At 25 mg/
ml, the ethanolic extract completely inhibited E. coli
growth in broth media, with no growth observed on
Mueller-Hinton agar. The ethyl acetate extract at 30
mg/ml exhibited bacteriostatic and bactericidal effects,
as evidenced by no growth on Mueller-Hinton agar.

A recent study in India identified E. coli, Entero-
coccus faecalis, Staphylococcus aureus, and Klebsiella
pneumoniae as primary UTI pathogens, with E. coli
being the most common. Tamarindus indica and Cli-
toria ternatea outperformed ceftriaxone and piperacil-
lin, reinforcing the potential of plant-based treatments

[41]. Another study highlighted the efficacy of Punica
granatum, Aronia melanocarpa, and Cornus mas for UTI
prevention or combined antibiotic therapy, attributed
to their tannins, steroids, terpenes, coumarins, flavo-
noids, and polyphenols [42].

The study has several limitations. First, the small
sample size (85 urine samples) limits the generaliz-
ability of the findings to broader populations. Second,
the study was conducted at a single center in Baghdad,
Iraq, which may introduce regional bias and fail to ac-
count for geographic variations in UPEC strains or pa-
tient demographics. Third, the lack of in vivo testing re-
stricts conclusions about the clinical efficacy and safety
of Medicago sativa extracts for UTI treatment. Fourth,
the study did not assess the potential synergistic effects
between M. sativa extracts and conventional antibiot-
ics, which could enhance therapeutic outcomes. Fifth,
variability in plant material (e.g., differences in growth
conditions or harvest timing) may affect the consisten-
cy of phytochemical profiles and antibacterial activity.
Finally, the absence of long-term follow-up data limits
understanding of the extracts’ impact on UTI recur-
rence or resistance development. Larger, multicenter
studies with in vivo models and diverse populations are
needed to address these limitations and validate the
findings.

Conclusions. This study demonstrates that Medi-
cago sativa extracts, particularly the ethanolic frac-
tion, exhibit significant antibacterial activity against
UPEC, offering a promising alternative to conven-
tional antibiotics for UTI treatment. The ethanolic
fraction’s superior efficacy, with inhibition zones of
21.96 £ 1.9 mm at 75 mg/ml (p=0.001), is attributed
to bioactive compounds such as gallic acid, quercetin,
and myricetin, which disrupt bacterial membranes,
inhibit nucleic acid synthesis, and prevent biofilm for-
mation. High resistance to cephalothin (100%) and
moderate sensitivity to ciprofloxacin and levofloxacin
underscore the need for novel treatments. Our results
support the potential of M. sativa as a natural antimi-
crobial agent. Future research should focus on larger,
multicenter trials to validate these findings and explore
clinical applications, including synergistic effects with
existing antibiotics.
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Abstract. Fungal toxins are a prevalent cause of food contamination and can induce
pathological changes in various organs of both humans and animals. This study aimed
to investigate the histomorphological changes and immune response in rat kidneys
exposed to aflatoxin B1, ochratoxin A, and T-2 toxin.

Methods. A total of 44 albino rats were used, divided into four groups: three groups
receiving different doses of toxins (24 mg/kg of aflatoxin Bl, 64 mg/kg of ochratoxin A,
and 25 mg/kg of T-2 toxin) for 20 days. Kidney samples were stained with hematoxylin-
eosin, and picrofuchsin along with the Giemsa and May-Griinwald solutions.

Results. Histopathological analysis revealed specific changes, including vacuolization,
necrosis with hemorrhagic foci, pyknosis, and inflammation in the renal tissue. A
significant increase in mast cells and degenerative changes in renal tubular epithelial
cells were also observed.

Conclusions. These findings suggest that ochratoxin A and aflatoxin Bl are potent
nephrotoxins, causing severe damage to renal epithelial cells and their nuclei, while the
T-2 toxin had a relatively less pronounced effect. This study highlights the detrimental
effects of mycotoxins on kidney tissue, underscoring the need for further research on
their prevention and mitigation to ensure food safety.

Keywords: aflatoxin Bl, ochratoxin A, T-2 toxin, mast cells, nephrotoxicity, food
contamination.
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I'icromopdoJioriuna oniHKa NOMKOIKEeHHs HUPOK, cipuunHeHnoro T-2
TOKCHHOM, OXpPaTOKCMHOM A Ta adiaTokcuHom B1 y mozeti mypiB

IKadenpa dizionoril moauHu Ta TBapuH, €peBaHCHKUIA AepKaBHUI yHiBepcuTeT, EpeBad, BipmeHis
2HayKoBO-IOCIIIHUI IHCTUTYT 0ioJoril, €peBaHCHKUI NepxXaBHUI yHiBepcuTeT, EpeBaH, BipmeHia
3Kadenpa 60oTaniku Ta Mikosnorii, EpeBaHCbKMII IepXaBHUIA yHIBepcUTET, €peBaH, BipmeHisa

Pe3stome. [pubkosi mokcunu € nowupero npuvuHo0 3a6pyOHeHHs Xap4o8ux npooyKmie i Mojcymo 8UKAUKAMU
namonoeziuHi 3MiHU 8 pi3HUX opeanax arduru ma meaput. Lle docaidxcenns manro Ha memi gusuumu 2icmomopghonoeiuHi
3MIHU ma IMYHHY 8i0n08idb y HUpKax wypie, niooanux enaugy agaamoxcury Bl, oxpamokcuny A ma T-2 mokcuny.

Memoou. Jlocaioxcenns nposkdero Ha 44 arvOiHOCHUX Wypax, NOOJineHUX HA YOMUPU ePYRU: MPU 2PYNU OMPUMY -
eanu pizui do3u mokcunie (24 me/xe agnamoxcuny Bl, 64 me/xe oxpamorcuny A ma 25 me/ke T-2 mokcuny) npomseom
20 oHie. 3pasku HUPOK apdysaiu eeMamoKCUAUH-e03UHOM, RIKPOQYKcUuHOM, a makodc pozuunamu Iimzu ma Maii-
Ipronsanvoa.

Pezyaomamu. Ticmonamoanoeiunuii ananiz eus8ue cneyudiuni 3Minu, 8KAHAYYU 8AKYO0NI3ALII0, HEKDPO3 i3 2eMO-
PpacitHuMu ocepedkamu, NIKHO3 ma 3ananeHHs 6 HUpKoeiil mxkaHuHi. Takoxc cnocmepieanrocs 3HauHe 30inbUleHHs Kinb-
KoCcmi myuHUX KAimuH i OeeeHepamueHi 3MiHU 8 enimenianbHux KAIMUHax HUPKOBUX KAHAAbUIE.

Bucnosku. 1li pesyabmamu ceiduames, wo oxpamoxcun A ma agpaamoxcur Bl € nomyscnumu Hegppomoxcunamu,
SAKI CNPUMUHSIOMb Ceplio3He NOWKOONCeHHS enimeniaibHux KAimuH HUpok ma ix adep, modi sk T-2 mokcun mag 8i0HOCHO
MeHuw eupaxcenutl echekm. Lle docaioxncenns nidkpecaroe wKioausuii 6naU8 MiKOmoKCUHIE Ha HUPKO8Y MKAHUHY, HA2040-
wyroyu Ha HeobXiOHOCMi nOOArbUUX 00CAiONCeHb w000 iX NPoGinaKmuku ma nom sKueHHs 045 3a0e3neueHHs be3nexku

Xap4oeux npooyKmie.

Kmouosi cioBa: agramorxcun Bl, oxpamokcun A, T-2 mokcun, myuni KaimuHu, Heghpomokcuunicms, 3a6pyo-

HEHHs Xap4o8ux npooyKmie.

Introduction. Ensuring food safety is a paramount
concern for both individuals and entities on a global
scale. The growing importance of food supply avail-
ability and safety has become a significant issue for
many countries, which are increasingly dependent on
one another [1]. However, the health of both humans
and animals is at risk due to the presence of mycotox-
ins—chemical toxins produced by fungi. These toxic
fungal metabolites are naturally occurring in numer-
ous foods and feed, and they can cause severe harm to
public health, resulting in economic losses and safety
issues worldwide due to the fungal contamination of
agricultural commodities [2-7]. Approximately 25%
of wheat worldwide is contaminated with mycotoxins,
which have not been adequately studied for their com-
plex structures and properties [8].

Mycotoxins, including aflatoxins, ochratoxins,
and trichothecenes, are produced by various mold fungi
such as Aspergillus, Fusarium, Penicillium, Claviceps,
and Alternaria. These toxins can cause a range of acute
and chronic health issues when ingested, including liver

Anna Karapetyan
annakarapetyan@ysu.am

toxicity, nephrotoxicity, and immunosuppressive ef-
fects [9-14]. Of particular concern is the impact on kid-
ney function, as mycotoxins have been shown to induce
nephropathy in both animals and humans, though the
specific renal effects of these toxins are not fully under-
stood [2, 10, 14].

Research has primarily focused on the general tox-
icological effects of mycotoxins, but studies specifically
addressing their renal-specific impacts remain limited.
While the effects of aflatoxins, ochratoxins, and tricho-
thecenes on other organs have been studied in detail,
fewer studies have investigated the histological and im-
munological responses of kidney tissues to these toxins.
This gap in renal-specific research is particularly criti-
cal given the kidney’s role in detoxifying harmful sub-
stances and its susceptibility to toxin-induced damage.

This study aims to address this gap by investigating
the histomorphological and immunological response
in rat kidneys following exposure to aflatoxin B1, och-
ratoxin A, and T-2 toxin. By examining these toxins’
specific impacts on kidney structure and immune re-
actions, this study provides valuable insights into the
renal toxicity of mycotoxins, contributing to a deeper
understanding of their effects on kidney function and
structure.

Materials and methods. Experimental design. Our
study aimed to evaluate histomorphological changes in
rat kidneys under the influence of specific mycotoxins,
namely aflatoxin B1, ochratoxin A, and T-2 toxin. We
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utilized a sample of 44 albino rats, aged between 3-4
months, with a body weight range of 150-200g. The
animals were randomly divided into four groups (n=11
in each). The rats were subjected to a constant 12-hour
light/dark cycle with 45—55% humidity conditions and
were given a standard pellet diet and tap water ab libi-
tum. The first group that served as a control group re-
ceived a standard diet. While the second experimental
group was fed a diet containing 24mg/kg of aflatoxin
B1 for 20 days, the third group received a diet contain-
ing 64mg/kg of ochratoxin A for 20 days. Finally, the
fourth third group was fed with T-2 toxin at 25mg/kg
for 20 days. The doses were determined based on lit-
erature data, considering the concentrations of toxins
commonly appearing in natural food crops and food-
stuffs [15].

Each mycotoxin was first weighed using a high-
precision balance. The powdered feed was thoroughly
mixed with the prepared mycotoxins to provide its ho-
mogeneity. The toxins were dissolved in a small vol-
ume of solvent before mixing into the powdered feed.
The size and weight of the pellets were standardized to
ensure consistent dosing for each animal. After pellet
preparation, the toxin concentrations in the final pel-
lets were maintained consistent with the target doses.
The number of pellets given to each rat was adjusted so
that the total amount of toxin administered matched
the calculated dose based on the animal’s weight. This
process was designed to minimize any potential vari-
ability in toxin exposure among the animals, ensuring
consistent delivery to all subjects.

All experimental procedures have been performed
according to the principles of the “International Rec-
ommendations on Carrying out of Biomedical Re-
search with Use of Animals” (CIOMS, 2016), the
European Convention for the Protection of Vertebral
Animals Used for Experimental and Other Scientific
Purposes (CE, 2005), the guidelines outlined in Direc-
tive 2010/63/EU [16], and approved by the National
Center of Bioethics (Armenia).

Histological examination. During the experiment,
the rats were euthanized using an intraperitoneal injec-
tion of ketamine hydrochloride (37 mg/kg) [17] imme-
diately after the final doses of toxins were administered

in the third week of the study. The kidneys were then
removed and fixed using Bouin’s solution and 10% for-
malin. The fixed tissues underwent standard histologi-
cal processing, which included sequential dehydration
with 70%, 80%, 90%, and 96% ethyl alcohol. Following
dehydration, the tissues were cleared with xylene, em-
bedded in paraffin, and coverslipped with DPX.

Paraffin sections approximately 5-6 um thick were
cut and stained using hematoxylin-eosin, picrofuch-
sin by Van Giesen, and Giemsa and May-Griinwald
by Pappenheim [18]. The hematoxylin-eosin and pic-
rofuchsin-stained preparations were utilized to exam-
ine the morphological changes in the rat kidneys due
to mycotoxin exposure, including the sizes of the renal
epithelial cell nuclei. Additionally, to assess the inflam-
matory responses to the mycotoxins, the number of
mast cells within a standardized section area was count-
ed across 50 fields of view. Cell counts were conducted
on all sections from the studied animals and processed
for microscopic reporting using magnifications of 200x,
400x, 600x, and 1000x. The microscope used was a
B-293, equipped with an Optikam B5 Digital Camera
(Model M-114, Italy). Images were recorded and ana-
lyzed using Optika Liteview software.

Data analysis. The numerical data obtained were
analyzed using statistical methods to calculate the mean
values, expressed as the mean * standard deviation,
with the assistance of Statistica 11 software. The signifi-
cance of the differences between the mean values was
determined using the Student’s t-test (unpaired, two-
tailed), with a p-value less than 0.05 considered statisti-
cally significant.

Results. Histopathological analysis. The present
study aimed to investigate the effects of exposure to
different mycotoxins on the kidneys in a rat model. It
should be mentioned that the animals did not receive
a high-fat diet to increase their weight, and as such, no
weight data were collected. As a result, the toxin doses
were not adjusted based on body weight.

The histomorphological examination of the afla-
toxin Bl-exposed rats revealed significant differences
in both the ventromedial and dorsolateral zones of the
kidneys compared to the control group (Fig. 1A-D).

Fig. 1. Histological sections of the control rat kidneys
(A-D). Glomerulus with proximal and distal convoluted
tubules (A-ventromedial zone, B-dorsolateral zone), H&E
(magnifications x200 and x400, scale bar = 50um). Blood
vessels next to the renal corpuscle and tubular structures
within the ventromedial zone (C). Cross-sectional view of
connective tissue surrounding blood vessels in the dorsolateral
zone, (D), picrofuxin, (magnifications x200, scale bar =
75um, 400, scale bar = 50um).
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Most of the cells in the kidneys of aflatoxin B1-
exposed rats underwent pyknotic changes, and the
proximal and distal tubes became more tightly spaced.
Hemorrhagic foci were also observed, indicating func-
tional inactivity of the kidneys after the daily intake of
aflatoxin B1 (Fig. 2A-D).

Fig. 2. Histological section of the kidney of a rat exposed
with aflatoxin B1 (A), picrofuxin (magnifications x400, scale
bar = 50um, (B), (magnification x200, scale bar = 100pm).
Hemorrhagic foci in the kidney of an aflatoxin B1-exposed rat
(C, D), H&E (magnification x400, scale bar = 50um),
(E), (picrofuxin, magnification x200, scale bar = 100pum),
(F), (H&E, magnification x200, scale bar = 100pum).

Degenerative alterations were also evident in the
kidneys of T-2 toxin-exposed rats, particularly in the
renal tubules, where cells displayed widened margins,
flattened structures, pyknotic changes, and cytoplas-
mic vacuolization (Fig. 4 A-D). Furthermore, a layer of
heterochromatin was present in both the proximal and
distal tubular cell nuclei, indicating decreased func-
tional activity of the kidneys.

Similarly, the kidneys of rats exposed to ochratoxin
A showed severe changes. These changes were charac-
terized by degeneration of the epithelial cells in the re-
nal tubules, including swelling and vacuolization, along
with the accumulation of connective tissue around the
affected areas. In some regions, necrosis of the tubules
and atrophy of the glomerular capillaries were also ob-
served (Fig. 3 A-D).

Fig. 3. Histological section of the kidney of an ochratoxin
A-exposed rats. Pyknotic cells (arrows) of renal tubules and
atrophy of glomerular capillaries. The swelling areas (asterisks)
between the epithelial tubules and accumulated connective
tissue elements, (A) (magnification x100),

(B,C,D) (H&E, magnification x400, scale bar = 50um),
(E) (magnification x40), (F) kidney of control group rats
(H&E, magnification x40).

Fig. 4. Photomicrograph of T-2-toxin-exposed kidneys tissue
sections. Degenerated renal corpuscles with pyknotic cells
(arrows) and vacuolated cytoplasm (asterisk) (A).
Proximal renal tubules have defected; cells are characterized
by a vacuolated cytoplasm (asterisk) (B,C,D)

(H&E, magnification x400, scale bar = 50pum).

YKPATHCBKUI XXYPHOA HEPPOAOTT TO Alaaidy N22 (86) 2025

OpUriHOABHI HOYKOBI POBOTU 17



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 2 (86)’2025

To assess the kidney’s response to mycotoxin expo-
sure, we examined the epithelial cells and their nuclei.
Nuclear size was evaluated according to established crite-
ria [19]. The results showed significant differences in the
size of the epithelial cell nuclei in rats exposed to aflatoxin
B1 and ochratoxin A, compared to the control group.

The diameter of cell nuclei was smaller in afla-
toxin B1 and ochratoxin A-exposed groups compared
to the control animals (p=0.001), whereas no signifi-
cant alterations were observed in T-2 toxin-exposed
rats (Table 1).

Table 1

Changes of epithelial cell nuclei in renal tubules
of the rat kidneys with a daily intake of mycotoxins

(n=11/group)

Experimental The diameter of the cell nuclei (um)
groups / meantSD
Control 31.420.75
Aflatoxin Bl 25.05+0.26*
Ochratoxin A 16.77£0.46*
T-2 toxin 33.21£0.63*

Significant difference (*p< 0.05) vs the control group

Consequently, the most remarkable changes were
observed in ochratoxin A-exposed kidneys. Notably,
the diameter of cell nuclei is smaller in aflatoxin B1-
exposed and ochratoxin A-exposed groups compared to
the control animals (Fig. 5).
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Fig. 5. Changes in sizes of the epithelial cell nuclei in aflatoxin
B1, ochratoxin A, and T-2-toxin exposed rats’ kidneys.

Based on the measurements obtained, it was ob-
served that the average size of the renal epithelial nuclei
decreased in animals that were exposed to aflatoxin Bl
and ochratoxin A. This can be attributed to degenera-
tive changes in the nuclei after the intake of these tox-
ins, which testifies to their severe nephrotoxic effects.

Effects of mycotoxins on mast cells. Mast cells are
a type of cell found in tissues that play an important
role in maintaining local homeostasis by participating
in inflammation, immunogenesis, blood coagulation,
and circulation [20]. Exposure to mycotoxins has been
linked to the activation of mast cells, and IgE antibod-
ies to mycotoxins stimulate mast cells to release hepa-
rin, histamine, and pro-inflammatory cytokines [21].
The number of mast cells was counted to evaluate the
immune responses of kidneys under exposure to myco-
toxins. The quantitative changes in the number of these
cells were compared between the control group and the
mycotoxins-exposed animals.

Table 2 shows the number of mast cells in the kid-
neys of rats exposed to aflatoxin Bl and ochratoxin A
significantly differs from the control group showing an
increased number of mast cells. However, in animals
exposed to T-2 toxin, the number of these cells did not
demonstrate significant changes.

Table 2

Changes in the number of mast cells in control and
mycotoxins-exposed rat kidneys (n = 11/group)

Tt Number of mast cells in each
group/ (M = SD)
Control 16.75+2.3
Aflatoxin B1 17.75 £ 1.38*
Ochratoxin A 17.56 + 0.26*
T-2 toxin 16.92 +£0.33

Significant difference (*p< 0.05) vs the control group

The examination of animals that were exposed to
mycotoxins revealed a considerable presence of de-
granulated mast cells, particularly around basement
membranes (Fig. 6). These cells displayed a significant
polymorphism, characterized by diverse granule sizes
and densities in the cytoplasm, suggesting the presence
of inflammatory reactions in the kidneys of mycotoxin-
exposed rats. This reaction resulted in the destruction of
the basal plates of the renal tubule walls.

Discussion. Recent medical literature suggests that
the inhalation of mycotoxins may pose risks to human
health. In animals, the ingestion of ochratoxin can lead
to severe lesions, including glycogen accumulation,
mitochondrial alterations, and extensive liver necrosis.
Kidney damage is characterized by thickening of the
glomerular basal membrane, lymphocytic infiltration of
the interstitium, and IgG deposits in the glomeruli [22].
While most absorbed mycotoxins are excreted through
urine, residues can accumulate in the liver, kidneys,
and muscles, presenting a threat to both animal and hu-
man health [23].
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Fig. 6. Granulated mast cells in T-2 (A, B) and ochratoxin A (C) exposed rat kidneys. Degranulated mast cells (D, E) in
aflatoxin B1 exposed rat kidneys (red arrows), Giemsa and May-Gr nwald staining (magnifications 400, scale bar = 50um and
x600, scale bar = 25um). Mast cells in the control group (F), (magnifications 400, scale bar = 50um).

The kidney is particularly susceptible to nephro-
toxic attack, owing to its high blood flow and special-
ized metabolism. Environmental pollutants that target
the kidney including mycotoxins can target the renal
tissue as the majority of nephrotoxic compounds or
their derivatives occur via the renal glomeruli and the
proximal tubules [24]. The kidney and liver are pre-
dominantly affected, while immune cells in the thymus,
spleen, and lymph nodes undergo structural and func-
tional alterations, thereby influencing the function of
immune organs. However, understanding of the mech-
anisms underlying ochratoxin A-induced immunotox-
icity remains limited, particularly within the context of
innate immunity [25]. The nephrotoxicity mechanism
of mycotoxins involves multiple factors including oxi-
dative stress, endoplasmic reticulum stress, mitophagy,
inflammatory responses, and apoptosis, which are in-
tertwined and interdependent [26]. This, in turn, can
upregulate the proline dehydrogenase (PRODH) and
pro-apoptotic factors (Bax, Caspase-3), and downregu-
late the apoptosis inhibitor Bcl-2 in mRNA and protein
expression. Particularly, the ocharatoxin A may disrupt
several cell functions, including cell proliferation, divi-
sion, and signaling pathways. It also has a synergistic ef-
fect on other co-occurring mycotoxins [27]. Inflamma-
tion is one of the most important risk factors influencing
the development of kidney disease. It has been reported
that exposure to mycotoxins affects the transcription of
the pro-inflammatory factor TNF-a and the produc-
tion of the pro-inflammatory mediators [28-30]. This
can contribute to the accumulation of inflammatory
cells in the renal interstitium, thus creating an inflam-
matory infiltration composed of diverse immune cells.
Prolonged inflammation eventually leads to chronic

interstitial inflammation, tubular atrophy, and promi-
nent fibrosis [31]. Mast cells in this case can contribute
to the immune response as mycotoxins stimulate them
to secrete pro-inflammatory cytokines and chemokines
that activate the immune system leading to the stimula-
tion of chronic neuroinflammatory symptoms [32-33].

Histopathological observations in visceral organs
have highlighted the toxic effects of aflatoxin. Aflatoxin
is primarily eliminated through the kidneys, and the ac-
cumulation of high concentrations of the toxin impairs
excretory function, leading to congestion and patho-
logical alterations. Aflatoxin-induced nephrotoxicity
is believed to result from interference with the trans-
port function in collecting tubular cells, along with dif-
fuse impairment of proximal tubular function [34-36].
Most toxicological studies on mycotoxins have focused
on exposure to a single toxin, without considering the
potential interactions and combined effects—synergis-
tic or antagonistic—that can occur in nature. Data on
the toxic effects of mycotoxin mixtures are limited, and
thus, the risks of exposure to multiple toxins remain un-
certain [37].

In the present study, a significant decrease in the
severity of histopathological and morphometric chang-
es was observed in animals exposed to mycotoxins.
Chronic administration of low doses of ochratoxin led
to morphological and functional changes in the renal
tubules, resulting in tubule tissue damage [38]. These
findings suggest that simultaneous exposure to these
toxins is likely, though the combined effects on human
and animal toxicity remain unclear [39].

Among the mycotoxins studied, ochratoxin A ex-
hibited the most pronounced nephrotoxic effects on the
kidneys, while the effects of T-2 toxin were relatively
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mild. In the kidneys of rats exposed to aflatoxin Bl,
the number of cells in the renal tubules was reduced. In
contrast, in the kidneys of rats exposed to ochratoxin A,
there were significant degenerative processes, marked
by changes in renal tubule cells, the presence of numer-
ous pyknotic cells, and cytoplasmic vacuolization. The
number of cells in the kidneys of rats with various path-
ological alterations of the nuclei significantly increased
following exposure to these mycotoxins. Additionally,
the toxic effects of aflatoxin B1, ochratoxin A, and T-2
toxins were evident in changes in mast cells, which indi-
cate an inflammatory response in the kidneys. The most
pronounced immune responses were observed in rats
exposed to ochratoxin A. These findings suggest that
mycotoxins contribute to the progression of inflamma-
tion and cellular damage in kidney tissue [40-42].

Given the harmful effects of the studied mycotox-
ins, possible mitigation strategies, such as the use of di-
etary binders or detoxifying agents, are suggested. These
agents could help alleviate the harmful effects of fungal
metabolites and protect cells. Several studies have dem-
onstrated that nutritional binders, such as bentonite
clay, activated charcoal [43-45], and silymarin [46],
can effectively adsorb aflatoxins and ochratoxins in the
gastrointestinal tract, preventing their absorption and
reducing systemic toxicity. These binders could be con-
sidered a preventive measure for individuals or animals
at risk of exposure to contaminated food. Additionally,
the application of certain antioxidants, such as vitamin
C and E, and curcumin, may have potential protective
effects against aflatoxicosis and ochratoxicosis. Evi-
dence suggests that curcumin offers protective potential
against tissue injury caused by certain drugs and envi-
ronmental toxins. It has been shown to ameliorate afla-
toxin Bl-induced duodenal toxicity and liver injury by
downregulating CYP450 enzyme activity and regulat-
ing hepatic long non-coding RNAs [47-49]. One of the
most effective biological strategies to reduce the harm-
ful effects of fungal toxins is the inclusion of probiotic
yeasts and bacteria in the diet. Since probiotics can bind
to toxins in the gastrointestinal tract, they can prevent
toxin absorption and mitigate the effects on animal and
human health [50-52].

Study limitations. This study has several limita-
tions concerning the investigation of specific molecular
biomarkers to further clarify the mechanisms of neph-
rotoxicity. The 20-day exposure period may not capture
the long-term or chronic effects of mycotoxins on kid-
ney health, which warrants further investigation over
extended periods. The use of a rat model may not fully
replicate human kidney toxicity, limiting the direct ap-
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plicability of the findings to human health. Addition-
ally, the study is restricted by the separate investiga-
tion of the mycotoxins instead of the combined version
which should enhance our insights about the synergistic
effects of those fungal toxins. Another key limitation
is the variability in toxin administration. Despite our
effort to provide the toxin’s homogeneity in the feed,
nevertheless, possible uneven mixing could have led to
inconsistencies in exposure levels across animals. Al-
beit, these limitations may impact the reliability of the
results, therefore future studies should provide more
compelling findings into the interactions between mul-
tiple mycotoxins and warrant a better understanding of
the collective effects of these toxins.

Conclusions. The present study reveals that pro-
longed exposure to mycotoxins results in nephrotoxic
effects on the kidneys, causing cellular and histomor-
phological changes in the renal tubule walls. In cases
of ochratoxicosis and aflatoxicosis, an elevated num-
ber of mast cells indicates inflammation in the kid-
neys. However, exposure to T-2 toxin produced only
minor effects on kidney tissue and immune responses.
The histopathological findings suggest that ochratoxin
A and aflatoxin B1 are potent nephrotoxins, causing
significant damage to epithelial cells and their nuclei,
while the T-2 toxin had a less deleterious effect on kid-
ney tissue. These findings contribute to a more pre-
cise understanding of the pathological effects of fungal
toxins on renal histomorphology and their varied im-
pact on kidney tissue.
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Abstract. Arteriovenous fistula (AVF) thrombosis is a major vascular access complication in
hemodialysis (HD) patients, contributing to increased morbidity. Statins, known for their
pleiotropic effects, may reduce AVF thrombosis risk, but evidence on dose-dependent effects
is limited. This study evaluated the association between statin use, dose intensity, and AVF
thrombosis in HD patients.

Methods. Amulticenter, retrospective cohort study was conducted using data from 562 HD patients
with native AVFs across 10 dialysis clinics (May 2021—April 2025). Patients were categorized
by statin use (users vs. non-users) and dose intensity (moderate vs. high vs. none). The primary
outcome was AVF thrombosis; death was treated as a competing event. Kaplan-Meier survival
curves and Fine and Gray subdistribution hazard models, adjusted for age, diabetes, dialysis
vintage, Kt/V, glucose, calcium, blood flow, and pre-HD cardiovascular disease, were used to
assess thrombosis risk.

Results. Of 562 patients (median follow-up 59 months), 212 (37.7%) were statin users. AVF
thrombosis occurred in 54 (9.6%) patients, with 11 (7.1%) in statin users vs. 43 (10.6%) in
non-users (p = 0.006). Kaplan-Meier analysis showed lower thrombosis probability in statin
users (log-rank p = 0.001), with high-intensity users having the lowest risk (p = 0.004). In the
unadjusted Fine and Gray model, high-intensity statins were associated with reduced thrombosis
risk (sHR 0.61, 95% CI 0.59—0.97, p = 0.03), with a significant dose-dependent trend (p =
0.018). The adjusted model showed no significant association (moderate: sHR 0.67, p = 0.16;
high: sHR 0.57, p = 0.26).

Conclusions. Statin use, particularly high-intensity, may reduce AVF thrombosis risk in HD
patients, with a dose-dependent trend in unadjusted analyses. However, adjusted results were
non-significant, possibly due to limited events. Larger prospective studies are needed to confirm
these findings and optimize statin therapy for vascular access preservation.

Key words: hemodialysis, arteriovenous fistula, thrombosis, statins, risk, treatment.
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PerpocnekTuBHMi aHAJI3 3aCTOCYBAHHS CTATHHIB Ta TPOMOO3Y
apTepioBeH03HOI (hicTy/ M y NALIEHTIB, SKi JIKYIOTbCA reMOAia i30M: YH iCHY€
10303aJ1eKHuil eekT?

1TV «HanioHaJbHM HayKOBUIA LIEHTp Xipyprii Ta TpancruiadTosorii iM. O.0. 1llanximosa HAMH Yxpainu»,
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Pestome. Tpombos apmepiosenosnoi gicmyau (ABD) € ocHosHuM YCKAAOHEHHAM CYOUHHO20 00CMYRY V naui-
enmis, aKi AiKyromocs memodom eemoodianizy (I'71). Cmamunu, 8idomi c60€0 nAeioMpPONnHOH 0i€0, MOICYMb 3MEHULU -
mu pusux mpom6o3zy ABD, ane dokazu wodo dozozanexncuux egpexmie oomedxnceni. Memoro 0ocaioncenns 6y10 oyiHumu
36 930K MIJIC 3ACMOCYBAHHAM CMAMUHIB, iHmeHcUusHicmI npusnavenoi dozu ma mpombozom ABD@ y I'll nayicumis.

Memodu. J[o yboeo 6aeamoyeHmpo8o2o pempocneKmueHo20 K020pMHo20 00CAIONCeHHs 3aayueHo 0ari 562 nayi-
E€HMIB 3 XPOHIUHOI0 X80p060t0 HUPOK V cmadii ma namuernorw ABD, axi nikysanuce memodom Il y 10 dianiznux uenmpax
3 mpaeHsa 2021—no keimenv 2025. Ilayicumie kaacugiKyeanru 3a npuilomMom Cmamunie (epyna cmamuHis i epyna 6e3
cmamunie) ma I[HMeHCUBHICMI0 NPpU3Ha4eHoi do3u (nomipHa npomu 6uUcokoi npomu xHcoonoi). Ilepsunnoro Kinyegor
moukoio 6ye mpom6o3 ABD; remanvruili 6unadox po3ensidascs sk KOHKypyrua nodis. Jlns ouinKu pusuxy mpomoosy
sukKopucmosysaiu kpuei suxcusanocmi Kanaau-Meiiepa ma moodeni cyoposnodiny puszukie Paiina-Ipes, ckopueosati 3
YpaxyeanHsam 6iky, diabemy, mpuseansocmi dianizy, Kt/V, piens enoko3u, Kaivyiro, weuoKocmi Kpogomoky ma Hasi6HOCMI
cepuyeso-cyOuHHux nodii neped nouamiom /1.

Peszyaomamu. Ceped 562 exarouenux y docaioxncenns Il nauicumie 212 (37,7%) npuiimanu cmamunu. IIpoms-
wom 5 pokie cnocmepedcennsi, mpom6o3z ABD diaenocmosaro y 54 (9,6%) nauicumis, ceped axux 11 (7,1%) y nauienmis
epynu cmamunie may 43 (10,6%) xeopux b6e3 mepanii cmamunamu (p = 0,006). Ananiz Kanaana-Meiiepa npodemon-
Cmpy8as HUiCHy UMOoGIpHicmb mpom603y y nauienmie, axi ompumyearu cmamunu (log-rank p = 0,001), 3 Hatinuxcuum
pusuKom 3a npuitomy inmencueroi dozu (p = 0,004). Y neckopueosaniit modeni Paiina ma Ipes npuiiom eucokoi 0o3u
CMAmMUHI8 acoyitoeascs 3i 3HUNCEHUM pusukom mpombo3sy (sHR 0,61, 95% CI 0,59—0,97, p = 0,03), 3i 3naurorw 0030-
3anexcHoro mendenyicio (p = 0,018). Ckopueosana moodensv He BUABUAA CYMMEBOSO 38 A3KY MIidC 003010 CIMAMUHIE ma
pusuxom mpom6o3y AB® (nomipna dosa: sHR 0,67, p = 0,16, sucoxa: sHR 0,57, p = 0,26).

Bucnosku. 3acmocysanus cmamunis, 30kKpema y 8Ucokux 003ax, acoyililo8ano 3i 3HUNCCHHAM PUSUKY MPOMOO3Y
AB® y I'Jl nayienmis i3 00303a1eCHOI0 MEeHOCHUIEN 3a pe3yabmamamu Heckopueoeanoo ananizy. Ilpome, nicas xo-
PURYBAHHS HA CYNYMHI pakmopu yi pe3yabmamuy empamuiu CMamucmu4ty 3Ha4yWicme, o modxce Oymu 3yM081AeHO
00MmediceHor0 Kinvkicmro nodiil. /s niomeepoxceHHs yux 0QHUX Ma 8U3HAHEHHS ONMUMAAbHOI cmpamezii 3acmocy8anHs
CMamuHie 3 Memoro 30epexceHts CyOUHH020 00Cmyny Heo0XioOHi NPOCNeKMUBHI 00CAI0NCEHHS 3 3aAYHeHHAM Oinbulol KO-
2opmu nayieHmia.

Kmouosi ciioBa: eemodianis, apmepiosenosna icmyna, mpom6os, cmamuHu, pusuK, AiKy6aHHs.

Introduction. Arteriovenous fistulas (AVF) is the

gold standard for vascular access in patients undergo-

Natalia Stepanova ing maintenance hemodialysis (HD), offering superior
long-term patency and lower infection and complica-
tion rates compared to grafts and central venous cath-
eters [1]. However, AVF thrombosis remains a major

nmstep@ukr.net
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clinical challenge, causing access failure, hospitaliza-
tions, the need for repeated interventions or surgical
revisions, and contributing to increased all-cause and
cardiovascular mortality [1, 2]. The identification of
modifiable risk factors and prevention strategies to re-
duce the incidence of AVF thrombosis is, therefore, of
critical importance to improving dialysis outcomes and
preserving vascular access longevity.

Statins, widely prescribed for their lipid-lowering
effects in cardiovascular disease (CVD) prevention [3-
5], have also been shown to exert various pleiotropic
effects, including anti-inflammatory, antithrombotic,
and endothelial-stabilizing properties [6-8]. These
mechanisms suggest a theoretical benefit of statins in
maintaining AVF patency. Despite this biological plau-
sibility, clinical evidence regarding the impact of statins
on vascular access outcomes in HD patients remains
limited and inconclusive [9-11].

Importantly, the role of lipid-lowering therapy in
patients undergoing HD remains controversial. Major
randomized controlled trials, such as 4D, AURORA,
and SHARP, have demonstrated either modest or non-
significant cardiovascular benefits of statin therapy in
patients with end-stage kidney disease (ESKD) [12-
14]. As a result, guidelines recommend selective and
cautious statin use in this population, especially when
initiated after the start of dialysis [15]. Although some
recent large-scale observational studies have reported
improved survival in statin users [16, 17], these find-
ings do not specifically address vascular access out-
comes and there is a general lack of data on the asso-
ciation between lipid-lowering therapy and the risk of
AVF thrombosis in patients undergoing HD. Moreover,
most available studies do not stratify results by statin
dose and no consensus exists regarding whether higher-
intensity statin therapy offers additional vascular access
protection in HD patients.

Therefore, the present study aimed to evaluate
the association between statin use and the risk of AVF
thrombosis among patients receiving maintenance HD.
Specifically, we sought to investigate whether higher
statin doses are associated with a lower incidence of AVF
thrombosis, independent of other known risk factors.

Methods. Study design and setting. This was a mul-
ticenter, retrospective cohort study conducted using
data from a network of «Nephrocenter» dialysis clin-
ics across six regions of Ukraine. The study included all
patients receiving maintenance HD at 10 clinics, rep-
resenting both urban and rural centers located in the
Kyiv, Lviv, Odesa, Zaporizhzhia, Rivne, and Khmel-
nytskyi regions. The study period spanned from May
2021 to April 2025. Due to the retrospective design and
use of de-identified patient data, the requirement for
informed consent was waived by the institutional review
board.

Study population. Adult patients (>18 years) with
ESKD receiving maintenance HD via AVF were eligi-
ble for inclusion. Patients were required to have been on
HD for at least 3 months and to have complete medi-

cal records regarding medication history, vascular ac-
cess events, and relevant clinical data. Other inclusion
criteria were:

e Patients with a documented native AVF as the
primary vascular access, used for at least 3 months,
with no prior history of AVF failure or thrombosis
before the start of follow-up.

e Availability of lipid profile data.

e Recorded information on statin use, including
type, dose, and prescribing time (before or after
HD initiation).

e  Useofheparin anticoagulation during HD sessions,
either as unfractionated heparin or low-molecular-
weight heparin.

Exclusion criteria included:

e Use of arteriovenous grafts or central venous
catheters as the primary vascular access.

e History of kidney transplantation during the study
period.

¢ Incomplete records for statin use or lipid profiles.

e Known hypercoagulable disorders, active
malignancy, use of antiplatelet or anticoagulant
therapy on non-dialysis days, or the use of non-
standard anticoagulation protocols during HD
sessions (e.g., citrate anticoagulation or sessions
without anticoagulation).

HD was performed using Fresenius 5008 dialysis
machines, with high-flux dialyzers and bicarbonate-
based dialysate. Standard treatment prescriptions in-
volved three sessions per week, each lasting 4 hours,
with blood flow rates typically ranging from 300 to 350
mL/min, adjusted individually based on vascular access
function. The primary treatment goal was to achieve
dialysis adequacy following international guidelines,
targeting a single-pool Kt/V of >1.2. Dialysis adequacy
and vascular access performance were regularly moni-
tored as part of routine care.

Data collection. Data were extracted from elec-
tronic medical records across participating centers and
included the following categories:

e Demographic and clinical variables: Age, sex,
dialysis vintage at study enrollment, smoking and
alcohol use status, presence of diabetes mellitus,
history of cardiovascular disease (CVD) before HD
initiation and during the dialysis period, CVD-
related and non-CVD-related hospitalizations.

e Dialysis treatment parameters: Blood flow rate,
ultrafiltration rate, and single-pool Kt/V values.

e  Laboratory markers: Hemoglobin (Hb), C-reactive
protein (CRP), serum calcium, phosphate, intact
parathyroid hormone (iPTH), ferritin, and serum
albumin levels.

e Lipid profile: Total cholesterol, low-density
lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), triglycerides,
and the atherogenic index of plasma (AIP).
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e  Statinuse: Documented at the time of HD initiation
or during follow-up, including the specific statin
type and dosage.

Pre-HD CVD history was defined as any diag-
nosed non-fatal CVD event (e.g., myocardial infarc-
tion, stroke, heart failure, or coronary artery disease)
recorded in the patient’s medical history before HD ini-
tiation. Post-HD initiation CVD history was identified
through medical records during the follow-up period
and included new or recurrent events such as myocar-
dial infarction, stroke, or heart failure. CVD-related
hospitalization was defined as any admission with a pri-
mary diagnosis of a CVD condition, while non-CVD-
related hospitalizations encompassed admissions for
non-CVD causes (e.g., infections, gastrointestinal is-
sues), as documented in hospital records.

To ensure data accuracy and completeness, patient
records were cross-checked, and duplicate entries were
removed. Patients with more than 5% missing data were
excluded from the analysis. Data were collected at two
time points: at the baseline and the last available follow-
up before the study endpoint or completion.

Statin dosage classification. Statin use was deter-
mined based on electronic prescription records and
confirmed by chart review. For baseline characteristics,
the patients were classified into statins users and non-
users. For dose-dependent analysis, the patients were
divided into three groups: non-users, moderate-inten-
sity-dose statin users, and high-intensity dose statin us-
ers. Statin intensity classification followed guidelines
from the American College of Cardiology/American
Heart Association (Table 1) [18].

Table 1

Statin Dosing and ACC/AHA Classification of Intensity

Statin Moderate-intensity dosage High-intensity dosage
Atorvastatin 10 to 20 mg 40 to 80 mg
Rosuvastatin 5to 10 mg 20 to 40 mg
Simvastatin 20 to 40 mg NA

Primary and secondary endpoints. The primary
outcome was the incidence of primary AVF thrombosis
in HD patients receiving statin therapy compared to
those not receiving statins. AVF thrombosis was defined
as a documented event of AVF failure due to clot
formation requiring intervention (e.g., thrombectomy,
angioplasty) or necessitating alternative vascular access.
The secondary endpoint was the association of AVF
thrombosis with statin dosage.

Statistical analysis. All statistical analyses were
performed using MedCalc® Statistical Software
version 23.1.3 (MedCalc Software Ltd, Ostend,
Belgium), except for the Fine and Gray subdistribution
hazard model, which was conducted using XLSTAT
(Lumivero, 2025). Descriptive statistics were used
to summarize patient characteristics across statin
exposure groups. Continuous variables were assessed
for normality using the Shapiro-Wilk test. Variables
with normal distribution are presented as mean and
standard deviation (M = SD) and compared using the
independent t-test or analysis of variance (ANOVA),
as appropriate. Non-normally distributed data are
presented as the median and interquartile range (Me
[Q25—Q75]) and compared using the Kruskal-Wallis
test. Categorical variables are presented as counts and
percentages and compared using the chi-square (x2)
test or Fisher’s exact test, as appropriate.

Kaplan-Meier survival curves estimated the
probability of AVF thrombosis, comparing statin users
versus non-users and across dose intensity groups
(non-users, moderate-intensity,  high-intensity).
Differences in survival distributions were assessed
using the log-rank test, with pairwise comparisons
adjusted for multiple testing (Bonferroni). Patients
who died were censored at the time of death in the
Kaplan-Meier analysis. To account for death as
a competing risk, Fine and Gray subdistribution
hazard models were employed, defining outcomes as
thrombosis, death without thrombosis, or censored.
Results are reported as subdistribution hazard ratios
(sHR) with 95% confidence intervals (CI). Models
were adjusted for age, diabetes, and variables differing
between dose groups in descriptive analyses. A p-value
< 0.05 was considered statistically significant.

Results. Baseline characteristics. A total of 680
patients receiving maintenance HD were initially
screened for eligibility. After applying inclusion and
exclusion criteria, 562 patients were included in
the final analysis. The selection process is detailed
in Fig. 1.
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Fig. 1. The study flowchart.
Abbreviations: AVF, arteriovenous fistula, CVC, central venous catheter; HD, hemodialysis.
Ofthe 562 HD patients included, 212 (37.7%) were

statin users and 306 (54.4%) were non-users at baseline
or during follow-up. The median follow-up duration

was 59 (47-60) months. Baseline demographic, clinical,
and laboratory patients’ characteristics stratified by
lipid-lowering therapy are summarized in Table 2.

Table 2
Baseline characteristics of the study population according to statin use
Variable All p_atients Stati_n users Non_—users p-value
(n=562) (n=212) (n = 350)
Demographics
Age, years 59 (60-66.2) 56.5 (48.4-66) 59 (50-67) 0.29
Male sex, n (%) 305 (54.3%) 104 (49.1%) 201 (57.4%) 0.06
Smoking status, n (%) 101 (17.9%) 33 (15.5%) 63 (18.0%) 0.16
Alcohol use, n (%) 49 (8.7%) 19 (8.9%) 30 (8.6%) 0.87
Clinical characteristics
Diabetes, n (%) 109 (19,4%) 49 (23.1%) 60 (17.4%) 0.09
SBP (mmHg) 137 (130-150) 135 (130-150) 138 (132-150) 0.89
DBP (mmHg) 80 (80-90) 80 (80-90) 81 (78-90) 0.25
Pre-HD CVD history, n (%) 120 (21.3%) 18 (8.5%) 102 (29.1%) <0.0001
CVD-related hospitalization, n (%) 99 (17.6%) 31 (14.6%) 68 (19.4%) 0.14
?;’;*CVD iglktizl et i, o 208 (37.0%) 82 (38.7%) 126 (36.0%) 0.68
Dialysis vintage (months) 47 (19.0-96.0) 53.5(23.0-120.0) 43.0 (16.0-86.7) 0.002
Body mass index (BMI), kg/m 25.1 5.1 24.8 £ 5.1 253+5.4 0.28
Blood flow rate (mL,/min) 291.2+22.4 293.9+24.7 289.6 +22.7 0.03
spKt/V 1.30 (1.2-1.43) 1.31 (1.2-1.46) 1.28 (1.13-1.42) 0.009
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Continuation of Table 1

Variable All [Eltients Stati_n users Norl-users p-value
(n=562) (n=212) (n=350)

Total volume UF (mL) 1950 (400-2500) 2000 (350-2600) 1800 (400-2500) 0.27
Laboratory values
Hemoglobin (g/dL) 101 (92-110.5) 103 (94-114) 100 (92-108) 0.01
CRP (mg/L) 5.39 (3.63-17.50) 6.49 (2.41-18.89) 5.24 (3.80-11.61) 0.57
Glucose (mmol/L) 5.20 (4.61-6.12) 5.06 (4.37-5.71) 5.34 (4.70-6.41) 0.008
Albumin (g/L) 39.6 (37.0-42.0) 39.7 (39.0-42.4) 39.0 (36.8-42.0) 0.15
Ferritin (ng/mL) 235 (84.5-545) 227.0 (78.2-550) 240.0 (86.1-542.0) 0.89
Calcium (mmol/L) 2.30 (2.19-2.42) 2.33 (2.23-2.46) 2.29 (2.17-2.41) 0.007
Phosphate (mmol/L) 1.62 (1.33-2.01) 1.67 (1.32-2.0) 1.60 (1.25-2.02) 0.32
iPTH (pg/mL) 320.7 (153.3-608.6) | 314.9 (161.2-659.7) 331.6 (150.1-596.0) 0.53
Medications
fghr"p"i‘*is‘mmulaﬁng g 548 (97.5%) 206 (97.2%) 342 (97.7%) 0.17
Tron therapy, n (%) 330 (58.7%) 125 (58.9%) 205 (58.6%) 0.73
Antihypertensives, n (%) 448 (79.7%) 174 (82.1%) 274 (78.3%) 0.28
ACEISs or ARBs, n (%) 260 (46.3%) 99 (46.7%) 181 (46.0%) 0.87
Calcium channel blockers, n (%) 245 (43.6%) 96 (45.3%) 149 (42.6%) 0.53
Beta-blockers, n (%) 197 (35.1%) 67 (31.6%) 130 (37.1%) 0.18
Alpha-blockers, n (%) 215 (38.3%) 87 (41.1%) 128 (36.6%) 0.31
(C%Ci“m'based phosphate binders, n 221 (39.3%) 76 (35.8%) 145 (41.4%) 0.19

Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; BMI, body mass
index; CRP, C-reactive protein; CVD, cardiovascular disease; DBP, diastolic blood pressure; HD, hemodialysis;
iPTH, intact parathyroid hormone; SBP, systolic blood pressure; spKt/V, single-pool Kt/V; UF, ultrafiltration.

As shown in Table 1, there was no difference in
the prevalence of diabetes mellitus between statin users
and non-users in our cohort. However, statin users had
a significantly lower prevalence of established CVD
before HD initiation compared to non-users. They also
exhibited a longer dialysis vintage, higher blood flow
rate during HD sessions, higher dialysis adequacy, and
higher hemoglobin and calcium levels. No significant
differences were observed in other clinical markers or
medication prescribing patterns between the groups.

Before HD initiation, only 62 of the 212 patients
in the statin user group were taking statins, with the

rest beginning treatment after HD initiation. Among
statin users, rosuvastatin was the most common
(56.1%), followed by atorvastatin (41.5%) and
simvastatin (2.4%), with 82.1% receiving moderate-
intensity doses and 17.9% high-intensity doses. At
baseline, total cholesterol was lower in statin users,
with no significant differences in LDL-C, HDL-C,
triglycerides, or AIP. By the end of follow-up, statin
users showed significantly lower total cholesterol,
LDL-C, triglycerides, and AIP, and higher HDL-C
compared to non-users, indicating more favorable
lipid profile changes over time (Table 3).

Table 3
Statin types, doses, and lipid profile dynamics in statin users and non-users
Variable Statin users Non-users _value
n=212) (n = 350) P

Statin use characteristics

Atorvastatin, n (%) 88 (41.5%)
Rosuvastatin, n (%) 119 (56.1%)
Simvastatin, n (%) 5(2.4%)

Moderate-intensity dosage, n (%) 174 (82.1%)
High-intensity dosage, n (%) 38 (17.9%)
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Continuation of Table 1

Variable Stati_n users Norl-users p-value
(n=212) (n = 350)
Lipid profile dynamics

Total cholesterol (mmol/L)
Baseline 4.67 (3.78—5.39) 4.93 (4.14-5.77) 0.009
End of follow-up 4.43 (3.9-5.08) 5.07 (4.18—5.08) <0.0001
LDL-C (mmol/L)
Baseline 2.85(2.23-3.56) 2.96 (2.31-3.86) 0.32
End of follow-up 2.68 (2.19-3.20) 3.10 (2.47-3.81) <0.0001
HDL-C (mmol/L)
Baseline 1.16 (0.89—1.41) 1.11 (0.91-1.37) 0.45
End of Follow-Up 1.21 (1.0—1.49) 1.05 (0.88—1.29) <0.0001
Triglycerides (mmol/L)
Baseline 1.8 (1.4-2.3) 1.9 (1.5-2.4) 0.22
End of follow-up 1.6 (1.2-2.1) 1.9 (1.4-2.5) 0.01
Atherogenic index of plasma
Baseline 3.12 (2.50-4.08) 3.45 (2.45-4.54) 0.23
End of follow-up 3.23 (2.44-4.08) 3.56 (2.62-5.15) 0.01

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

follow-up period, a total of 54 (9.6%) HD patients
experienced AVF thrombosis events with 11 events
(7.1%) in the statin user group and 43 events (10.6%) in
the non-user group (2 = 6.4, p = 0.006). Additionally,

Statin use and AVF thrombosis. During the 5-year

88 (15.7%) patients died with 27 (12.7%) in the statin

Fig. 2. Kaplan-Meier survival curves for time to AVF thrombosis in statin users vs. non-users.

Kaplan-Meier survival analysis stratified by statin
dose intensity also revealed differences in AVF throm-

bosis-free survival (Fig. 3). Patients receiving high-in- p =0.004).
tensity statins had the highest thrombosis-free survival,

survival analysis
significantly lower primary AVF thrombosis probability
in statin users compared to non-users (Fig. 2).

revealed

user group, and 61 (17.4%) in the non-user group ( 2 =
2.1, p=0.15).
Kaplan-Meier

a

followed by those on moderate-intensity statins, with
non-users showing the lowest survival (log-rank 10.90,
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Fig. 3. Kaplan-Meier survival curves for time to primary AVF thrombosis by statin dose intensity.

Pairwise comparisons indicated lower thrombo-
sis probabilities for moderate-intensity (p = 0.01) and
high-intensity (p = 0.03) groups versus non-users, with
no difference between high- and moderate-intensity
(p =0.52).

However, the Kaplan-Meier method does not ac-
count for death as a competing event, which occurred
in 88 patients and may bias thrombosis risk. To address
this, we employed the Fine and Gray subdistribution
hazard model to estimate the effect of statin dose in-
tensity on AVF thrombosis, accounting for competing
mortality. In the Fine and Gray model, outcomes were
defined as thrombosis, death without thrombosis, or
censored. The unadjusted model showed a trend toward

reduced thrombosis risk with increasing statin dose:
moderate-intensity users had a subdistribution HR
(sHR) 0f 0.87 (95% C10.72—1.18, p = 0.10), and high-
intensity users had an sHR of 0.61 (95% CI 0.59—0.97,
p = 0.03) compared to non-users. The overall associa-
tion was significant (y2 = 8.01, df =2, p = 0.018), sup-
porting a dose-dependent effect.

Adjusting for age and diabetes, in addition to vari-
ables that differed significantly between groups in de-
scriptive analyses (dialysis vintage, Kt/V, glucose, cal-
cium, blood flow, and pre-HD CVD history), the Fine
and Gray model did not determine statistically sig-
nificant results for both moderate-intensity and high-
intensity statin users compared to non-users (Table 4).

Table 4
Fine and Gray Subdistribution Hazard Models for AVF Thrombosis
Model Exposure HR (95% CI) p-value

Unadjusted

Moderate vs. Non-users 0.62 (0.30—1.08) 0.07
Dose Intensity High vs. Non-users 0.61 (0.59—0.97) 0.03

Overall test 2=8.01,df=2 0.018
Adjusted

Moderate vs. Non-users 0.67 (0.32—1.40) 0.16
Dose Intensity High vs. Non-users 0.57 (0.14—2.30) 0.26

Overall test 2=3.1,df=2 0.21

Adjusted for age, diabetes, dialysis vintage, Kt/V, glucose, calcium, blood flow, and pre-HD CVD history.

HR = subdistribution hazard ratio; CI = confidence interval.
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Discussion. This multicenter, retrospective cohort
study evaluated the relationship between statin therapy
and the risk of AVF thrombosis in patients undergoing
HD, with a focus on the effect of statin dose intensity.
Our findings suggest a dose-dependent protective ef-
fect, with Kaplan-Meier analysis showing a reduced
probability of AVF thrombosis among statin users com-
pared to non-users, and the lowest incidence in the
high-intensity group. The unadjusted Fine and Gray
model, accounting for the competing risk of death,
further supported this trend, with a significant overall
association driven by the high-intensity group. How-
ever, this association was attenuated after adjusting for
confounders such as dialysis adequacy and pre-existing
CVD, possibly due to limited events and unmeasured
confounders.

The observed dose-dependent trend aligns with the
biological mechanisms of statins, which extend beyond
their lipid-lowering effects. Statins reduce vascular
inflammation by decreasing C-reactive protein levels
[19], inhibit platelet aggregation through antithrom-
botic pathways [7, 8], and improve endothelial func-
tion by upregulating nitric oxide production [8, 19, 20].
These mechanisms may mitigate the pro-thrombotic
and inflammatory milieu often present in HD patients,
where AVF thrombosis is driven by intimal hyperplasia,
shear stress, and endothelial dysfunction [21, 22]. The
more pronounced effect in the high-intensity group
could reflect a greater suppression of these pathways,
as higher doses achieve more significant reductions in
inflammatory markers [19]. This suggests that the vas-
cular benefits of statins in HD patients may be dose-
dependent for maintaining AVF patency, a hypothesis
that warrants further mechanistic studies.

Our findings are consistent with prior observation-
al studies demonstrating a beneficial role of statins in
AVF outcomes. Chang et al. [9] and Marinez et al. [23]
reported improved AVF patency with statin use. Suh
et al. specifically noted a reduction in AVF thrombosis
in diabetic HD patients [24], aligning with our unad-
justed results. In a recent meta-analysis, Bo-Jiang et al.
found that AVF patency rates were significantly higher
among statin-treated hemodialysis patients in the Asian
population compared to controls [25]. Furthermore,
consistent with our findings, Yamazaki et al. identified
elevated LDL-C levels as an independent risk factor for
reduced AVF primary patency [26]. In contrast, larger
post hoc analyses [12] and a meta-analysis [10] have
not demonstrated a significant association between
statin use and AVF patency. This discrepancy may stem
from methodological limitations in prior work, includ-
ing a lack of dose stratification. When studies group
all statins together without stratifying by type or dose,
these specific benefits may be diluted, especially if low-
intensity or less effective statins predominate in the
study population [10, 23].

The clinical implications of our findings are two-
fold. First, the dose-dependent trend suggests that high-
intensity statins could offer a targeted strategy to reduce

AVF thrombosis. Clinicians might consider dose esca-
lation in patients at high risk for AVF failure, balancing
this against potential risks such as myopathy, which is
more common in HD patients due to altered drug me-
tabolism [27]. Second, the non-significant adjusted re-
sults highlight the need for personalized approaches, as
the benefits of statins may vary based on patient-specific
factors like dialysis adequacy or cardiovascular burden.
Future studies should explore these interactions, poten-
tially using machine learning to identify subgroups most
likely to benefit from statin therapy. Moreover, larger
prospective studies or RCTs are needed to confirm the
dose-dependent effect, stratifying by individual statin
types and doses to address the methodological limita-
tions of prior works. Therefore, the negative or neutral
findings in larger studies may reflect these methodolog-
ical limitations, rather than a true absence of effect.

A key strength of our study is the use of the Fine
and Gray models to account for competing risks, which
is critical in HD populations with high mortality rates
(15.7% in our cohort). However, our adjusted model’s
loss of significance underscores challenges in isolating
statin effects in HD patients. This attenuation likely re-
flects the low number of events (54 total), reducing sta-
tistical power and widening confidence intervals. Ad-
ditionally, HD patients have altered lipid metabolism
[28] and a predominance of non-traditional risk factors
such as chronic inflammation and oxidative stress [29],
which may modify statins’ effectiveness and were not
fully captured in our dataset.

Several limitations must be considered when in-
terpreting our findings. First, the retrospective design
introduces potential selection bias and confounding.
Although we adjusted for several variables that differed
significantly between statin users and non-users, the
influence of residual or unmeasured confounding can-
not be completely ruled out. Second, the low number of
events limited statistical power, particularly in the ad-
justed Fine and Gray model. Third, selection bias may
have influenced the results. Patients prescribed statins
may have been more likely to receive comprehensive
cardiovascular care or closer monitoring, which could
have contributed to better vascular access outcomes in-
dependent of statin therapy itself. Additionally, statin
users had a significantly lower prevalence of pre-existing
CVD in our cohort, which may reflect prescribing pat-
terns not entirely accounted for in our adjusted models.
Fourth, the majority of statin users received moderate-
intensity therapy, limiting our power to detect a dose-
response relationship between high-intensity statin use
and AVF thrombosis risk. Moreover, simvastatin use
was minimal, and no patients received combination
lipid-lowering therapy, further narrowing the scope of
our analysis. Finally, the study population was limited
to patients from a single dialysis network in Ukraine,
which may affect the generalizability of our findings
to other regions or healthcare systems with different
patient demographics, statin prescribing patterns, or
dialysis practices. Future prospective studies and ran-
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domized controlled trials are needed to validate these
findings and clarify the potential role of statin therapy
intensity in preserving AVF patency among patients un-
dergoing HD.

Conclusions. Our study suggests a dose-dependent
protective effect of statins against AVF thrombosis in
HD patients, with high-intensity statins showing a sig-
nificant unadjusted association. However, the loss of
significance after adjustment and the limited number of
events underscore the need for larger, prospective stud-
ies. Future research should focus on optimizing statin
dosing and incorporating broader clinical variables to
better understand the role of statins in improving vascu-
lar access outcomes in patients undergoing HD.
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Abstract. Urinary tract infections (UTIs) are among the most prevalent bacterial infections
worldwide, occurring in both community and healthcare settings. Pseudomonas aeruginosa, a
Gram-negative opportunistic pathogen, is one of the five most significant nosocomial bacteria
and a major contributor to UTIs. This study aimed to quantify the expression levels of efflux
pump genes mexA and mexB in response to the efflux pump inhibitor phenylalanine-arginine
B-naphthylamide (PABN) in ciprofloxacin-resistant P. aeruginosa isolates.

Methods. Fifty urine specimens were collected from UTI patients at various hospitals in Baghdad.
Specimens were directly cultured by streaking on differential media. Five ciprofloxacin-resistant
P. aeruginosa isolates were identified, with resistance confirmed using the disk diffusion method
for antibiotic susceptibility. The broth microdilution method was employed to determine the
minimum inhibitory concentration (MIC) of ciprofloxacin (CIP) alone and in combination with
PABN to assess PABN'’s inhibitory activity. RNA was extracted and purified from the bacterial
isolates, followed by reverse transcription and quantitative PCR to evaluate the expression
of efflux pump-related genes. The expression levels of mexA and mexB were measured in the
presence of the tested compounds using quantitative PCR.

Results. Antibiotic susceptibility testing revealed that the isolates were resistant to nearly all
antibiotics tested, except piperacillin-tazobactam, which was effective against 64% of the
isolates. None of the five selected isolates showed sensitivity to ciprofloxacin. The MIC for
ciprofloxacin ranged from 31.25 to 62.5 mg/L, while the sub-MIC in the presence of PABN was
significantly reduced, ranging from 7.81to 15.62 mg/L. The expression levels of mexA and mexB
genes decreased significantly in three of the five isolates when exposed to PAB N and ciprofloxacin
compared to ciprofloxacin alone, with expression levels reduced from 1.319 to 0.574, 0.159 to
0.008, and 194.0 to 4.9, respectively. However, two isolates exhibited overexpression of these
genes.

Conclusions. The presence of PABN significantly reduced ciprofloxacin MICs in most
ciprofloxacin-resistant P. aeruginosa isolates in vitro. The expression levels of mexA and mexB
genes decreased in most isolates when PABN was used in combination with ciprofloxacin,
suggesting that PABN could enhance the efficacy of ciprofloxacin. These findings indicate that
PABN may be a promising adjunctive antimicrobial agent for treating UTIs caused by resistant
P. aeruginosa.

Keywords: Pseudomonas aeruginosa, efflux pumps, mexA gene, mexB gene, phenylalanine-
arginine 3-naphthylamide, multidrug resistance, urinary tract infections.
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CanBa A. A6aya Xyceiin, Aogyaamip M. I'apio

KinbKicHe BU3HAYEHHS PiBHIB eKcnpecii reHiB mexA ta mexB'y Bianosiab
Ha iHrioiTop edumokcHux HacociB PABN y nunpodJiokcanuH-pe3uCTEHTHUX
i3onarax Pseudomonas aeruginosa, BUijileHUX y NALIEHTIB

3 IH(PEKI€I0 CeY0BOI CHCTEMHU
IHCTUTYT reHeTUYHOI iHXXeHepii Ta 6i0TeXHOJI0Til MiCASIAUIIIIOMHOI OCBITH, YHiBepcuTeT barnana, barnan, Ipak

Pestome. [ugpexuii cewosoi cucmemu (ICC) € oouicio 3 Hatinowupeniuux 6axmepiarvHux iHgexyii y ceimi.
Pseudomonas aeruginosa, epammnecamugnuii OnoOpmMyHICMUMHUL NAMO2eH, € 0OHUM i3 N’AMU HAU3HAYHIWUX HO30KOMI-
anvuux 6axkmepiil i ocnosnum yunnuxom 1CC. Lle docaioncenns mano Ha memi KinbKiCHO OuiHumu pigHi eKcnpecii eeHie
earokcrux Hacocie mexA ma mexB y 6i0nogios Ha ineibimop egarokcHUX Hacocie geninaranin-apeinin B-Hagpmusamin
(PABN) y yunpogrokcayun-pezucmenmuux izonsmax P. aeruginosa.

Memoou. IT’smdecam 3paskie ceui Oyno0 3ibparno 6id nayicumie 3 ICC y piznux aikapuax baedada. 3pasku 6e3-
nocepedHb0 Kyabmueyeanu Wasxom HaHeceHHs Ha oughepenyiiini cepedosuuia. byno idenmugixosarno n’amo yunpog-
JNOKcayun-pesucmenmuux izonamise P. aeruginosa, pezucmenmHicme AKux niomeepoxceHa memooom Ouckosoi ougysii
ons eusHaveHHs wymaueocmi 0o anmubiomuxie. Memod mikpoountoyii 6 OyAbloOHI BUKOPUCMOBYBANU 0N U3HAUEHHS
Minimanvroi ineioyrouoi konuenmpauii (MIK) yunpoghroxcayuny (CIP) okpemo ma 6 kombinayii 3 PABN 0as oyinku
ineioyrouoi akmugnocmi PABN. PHK excmpacyseasu ma ouuujasu 3 6aKmepiansbhux iz04mig, Nicas 4020 npoeooun
360pomHy mpauckpunuyiro ma xinvkicny IIJIP 0as oyinku excnpecii eenig, nog’a3anux iz egaroxcHumu Hacocamu. Pieni
excnpecii mexA ma mexB sumiprosaru 6 npucymuocmi 00CAi0HCYBaAHUX CNOAYK 3a AoNOM020i0 KinbkicHoi TTJIP.

Pesyromamu. Tecmyeanns na yymausicmes 00 aHmubiomuKie nOKA3an0, wo 304amu 6yau pe3ucmeHmHumu 0o
maiijce 6Cix npomecmoganux aHmMubiomuKie, 3a 6UHAMKOM NINEPayUliHy-mazobakmamy, aKuii 6ye echekmusHum npo-
mu 64% izonsmie. XKodern i3 n’amu 6idibpanux izo1amie He useus yymausocmi 0o yunpogaoxcauury. MIK das yunpogp-
AoKcayuny eapirogana 8io 31,25 do 62,5 me/n, modi sk cy6-MIK y npucymnocmi PAS N 3nauno 3uusicysanacs, eapiorouu
6i0 7,81 00 15,62 me/n. Pieni excnpecii eenie mexA ma mexB 3nauno 3nusuaucs ¢ mpvox iz n’amu izonamie npu 0ii PABN
i yunpogaokcayury nopigHAHO 3 YUNPOPDAOKCAUUHOM OKPEMO, 3i 3HUNICEHHAM pigHieé excnpecii 3 1,319 do 0,574, 3 0,159
do 0,008 ma 3 194,0 do 4,9 sionosiono. Odunax dea i3043mu nOKA3aAU HAOMIPHY eKCAPeCito YUX 2eHis.

Bucnoexu. Ilpucymuicme PABN 3uauno 3nusuna MIK yunpogaokcayuny 6 binvuiocmi yunpoghrokcayum-pe-
3ucmenmuux izonamie P. aeruginosa in vitro. Pieni excnpecii eenie mexA ma mexB 3nusuauce 6 dinouiocmi izonamie
npu komoinoearomy suxopucmanti PABN i3 yunpoghroxcayumnom, wo cgiduums npo me, ujo PASN mooce nidsuuyeamu
epexmugnicms yunpogaokcayury. Li pesyaomamu exazyroms na me, ujo PABN mooice 6ymu nepcnekmugrum 0onomixc-
HUM aHmMUMIKpoOHUM aeenmom 0as nikyeanus ICIII, cnpuuunenux pesucmenmuumu P. aeruginosa.

KmouoBi cioBa: Pseudomonas aeruginosa, egaricui nacocu, een mexA, een mexB, ¢eninaranin-apeinin
[-Hagpmunamin, MHOJCUHHA pe3UucmeHmHicCmb, iHgeKyil ceuo8UBIOHUX WASIXIE.

Introduction. Urinary tract infections (UTIs) rank
among the most prevalent bacterial infections world-
wide, occurring in both community and healthcare set-
tings. The primary microorganisms implicated in UTIs
include Escherichia coli, Pseudomonas aeruginosa, Pro-
teus mirabilis, Klebsiella pneumoniae, and Streptococcus
faecalis, alongside various other microorganisms, in-
cluding fungi and certain viruses [1, 2].

Pseudomonas aeruginosa is a gram-negative, op-
portunistic pathogen and is recognized as one of the
five most significant nosocomial bacteria globally. It is a
rod-shaped bacterium measuring 1—5 pm in length and

Salwa A. Abdul Hussein
salwa.ali2300m@gmail.com

0.5—1.0 um in width, non-spore-forming, and motile
via one or two polar flagella [3]. This aerobic bacterium
thrives in diverse environments, including soil, plants,
and mammalian tissues. It can persist on medical de-
vices and various surfaces by utilizing essential adhesion
components such as flagella, pili, and biofilms.

P. aeruginosa is a major contributor to antibiotic
resistance and hospital-acquired infections, commonly
found on hospital floors, in operating rooms, and on
surgical instruments. It is capable of surviving disin-
fectants and certain sterilization processes [4, 5]. This
pathogen is often associated with healthcare-related
infections such as ventilator-associated pneumonia
(VAP), intensive care unit infections, central line-asso-
ciated bloodstream infections, surgical site infections,
urinary tract infections, burn wound infections, kerati-
tis, and otitis media [6].

The increased mortality rate among patients suf-
fering from these infections is largely attributed to P.
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aeruginosa’s adaptability to environmental changes
and its ability to rapidly develop resistance to antibiot-
ics [7, 8]. The growing incidence of nosocomial infec-
tions caused by multidrug-resistant (MDR), extensively
drug-resistant (XDR), and pan-drug-resistant (PDR)
strains of P. aeruginosa poses a significant challenge to
antimicrobial therapy [9, 10].

Infections caused by P. aeruginosa are difficult
to treat due to both intrinsic and acquired resistance
mechanisms. Intrinsic resistance mechanisms include
reduced outer membrane permeability, inducible
B-lactamase production, and the activity of multidrug
efflux systems [11]. P. aeruginosa possesses several mul-
tidrug efflux systems—MexAB-OprM, MexCD-Opr],
MexEF-OprN, and MexXY-OprM—which are major
contributors to drug resistance in clinical isolates [12].
Based on this, the current study focuses particularly on
these systems.

Among these, MexAB-OprM is regarded as the
most crucial efflux pump due to its ability to expel a
wide range of antibiotics, including fluoroquinolones,
chloramphenicol, and certain B-lactams [13, 14].

Numerous natural compounds have shown the
ability to inhibit efflux pumps, notably Phenylalanine-
Arginine -Naphthylamide (PABN), a peptidomimet-
ic compound recognized as a potent inhibitor of RND
efflux pumps in gram-negative bacteria [15]. PABN
works through competitive inhibition, being preferen-
tially expelled by efflux pumps instead of antibiotics,
thus allowing antibiotics to accumulate inside bac-
terial cells. Additionally, PABN diminishes quorum
sensing (QS) signaling molecules without affecting
bacterial viability and effectively inactivates virulence
factors such as elastase, protease, pyocyanin, and bac-
terial motility [16].

The rise of antibiotic-resistant microorganisms has
spurred research into novel therapeutic combinations
that protect antibiotics from degradation by resistant
bacterial enzymes [17]. Therefore, the present study
aims to inhibit efflux pumps using chemical agents
known as efflux pump inhibitors (EPIs), such as PABN,
to enhance the efficacy of antibiotics and increase the
susceptibility of MDR isolates.

Material and methods. Isolation and identifica-
tion of Pseudomonas aeruginosa. Fifty urine specimens
were collected from UTI patients at various hospitals
in Baghdad. The specimens were streaked onto blood
agar, MacConkey agar, and cetrimide agar, and incu-
bated aerobically at 37°C for 24 hours.

Morphological identification was conducted by
gram staining and macroscopic examination. Confir-
mation of P. aeruginosa was achieved using the VITEK
2 Compact system and molecular detection methods
[18].

Antibiotic _susceptibility testing (Disc _diffusion
method). The Kirby-Bauer disc diffusion method
was employed to assess the antibiotic susceptibility
of bacterial isolates [19]. The inhibition zones were
measured in millimeters and interpreted following the

Clinical and Laboratory Standards Institute (CLSI,

2023) guidelines. The antibiotics tested included:

Piperacillin (100 pg), Ceftazidime (30 pg), Cefepime

(30 pg), Ticarcillin-clavulanate (75/10 pg), Piper-

acillin-tazobactam (100/10 pg), Aztreonam (30 pg),

Imipenem (10 pg), Meropenem (10 pg), Gentamicin

(10 pg), Amikacin (30 pg), Levofloxacin (5 pg), and

Ciprofloxacin (5 pg).

Estimation of Minimal Inhibitory Concentration
(MIC) by broth microdilution method. The MIC of cip-
rofloxacin against P. aeruginosa was determined using
the microtiter broth dilution method with resazurin
dye, following CLSI guidelines [20].

e Bacterial suspensions were adjusted to 0.5
McFarland standard, then diluted in Mueller-
Hinton broth to achieve an inoculum of
approximately 1.5 x 105 CFU/ml.

e Ciprofloxacin solutions (1-512 pg/ml) were
prepared from a 1024 pug/ml stock solution.

¢  Following 24 hours of incubation, 20 pl of resazurin
dye was added to each well and incubated for 30
minutes.

e  MIC values were visually determined as the lowest
concentration where no color change (from blue to
pink) was observed.

Assessment of the synergistic effect of the efflux pump
inhibitor PaN. The synergistic effects of PABN and
ciprofloxacin were evaluated by broth microdilution.
Bacterial suspensions were incubated with ciprofloxa-
cin in the presence and absence of 50 pg/ml PABN. A
2 uL aliquot of the 5 mg/mL PABN stock was added to
each well simultaneously with the antibiotic.

MexA and MexB genes expression. Five P. aerugi-
nosa isolates (PA8, PA20, PA44, PA45, and PA50) were
selected based on their source (UTI patients), efflux
pump activity, strong biofilm formation, and resistance
to ciprofloxacin.

e Planktonic cells were cultured overnight in

Mueller-Hinton broth at 37°C.

e  Theeffects of ciprofloxacin alone and ciprofloxacin
+ PABN on MexA and MexB expression were
assessed at sub-MIC concentrations.

e RNA was extracted using the Direct-zol™ RNA
MiniPrep Kit (ZYMO RESEARCH, USA)
following the manufacturer’s protocol.

e Gene expression was quantified by qPCR using
16S rRNA as the housekeeping gene.

e Reactions and thermocycler conditions

detailed in Tables 1 and 2.

e Fold changes in gene expression were calculated
using the AACT method [21].

Molecular methods such as PCR are powerful
tools for diagnosing most pathogenic microorganisms
responsible for urinary tract infections [22—26].

are
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Table 1
Components of qRT-PCR used in MexA and MexB gene expression analysis
Component Yolume (uL) Final Concentration
TAKARA gPCR Master Mix (2X) Universal 10.0 2X
Forward Primer 0.4 0.2 uM
Reverse Primer 0.4 0.2uM
Nuclease-Free Water Up to 20.0 —
Template DNA — 1 pg— 100 ng
Table 2
qRT-PCR thermocycling conditions used in this study
Step Temperature (°C) Time Cycle(s)
Enzyme Activation 95 5 min 1
Denaturation 95 20 sec 40
Annealing 60 20 sec
Extension 72 20 sec

Result. Isolation of Pseudomonas aeruginosa.
Among the urine samples collected, Pseudomonas
aeruginosa was isolated from 28% of the samples,
while the remaining 72% were negative for this
bacterium.

Antibiotic sensitivity of Pseudomonas aeruginosa.
The antibiotic susceptibility of P. acruginosa to selected
antibiotics is shown in Table 3. In general, the isolates
exhibited resistance to most antibiotics tested, with the
exception of piperacillin-tazobactam (TZP), which was
effective against 64% of the isolates.

Table 3
Antibiotic sensitivity of Pseudomonas aeruginosa to selected antibiotics

Antibiotic Resistant Intermediate Sensitive
Piperacillin 44 (88%) 4 (8%) 2 (4%)
Piperacillin-tazobactam 10 (20%) 8 (16%) 32 (64%)
Ticarcillin-clavulanate 46 (92%) 4 (8%) 0(0%)
Amikacin 23 (46%) 0(0%) 27 (54%)
Gentamicin 26 (52%) 1(2%) 23 (46%)
Aztreonam 24 (48%) 5(10%) 21 (42%)
Cefepime 28 (56%) 0(0%) 22 (44%)
Ceftazidime 29 (58%) 2 (4%) 19 (38%)
Ciprofloxacin 27 (54%) 2(4%) 21 (42%)
Levofloxacin 29 (58%) 2 (4%) 19 (38%)
Imipenem 25 (50%) 1(2%) 24 (48%)
Meropenem 26 (52%) 0(0%) 24 (48%)

Determination of ciprofloxacin MIC. The MIC of
ciprofloxacin against P. aeruginosa was determined
using the 96-well microtiter plate method. The MIC
ranged from 62.5 mg/L to 125 mg/L, while sub-MIC
values ranged from 31.25 mg/L to 62.5 mg/L.

Determination _of Ciprofloxacin _+ PASN MIC.
When combined with the efflux pump inhibitor
PABN, the MIC of ciprofloxacin was significantly
reduced, ranging from 31.25 mg/L to 15.62 mg/L.
The sub-MIC concentrations were between 15.62 mg/L
and 7.81 mg/L. These results are summarized in Table 4.
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Table 4
MIC and sub-MIC of ciprofloxacin alone and in combination with PABN
Isolate No. | ID C“’“"zgl"ga/cL“)‘ MIC | qup-mic mg/ry | ©F Jr(;gAfg MIC | gup-MIC (mg/L)

1 8 125 62.5 31.25 15.62
2 20 125 62.5 31.25 15.62
3 44 125 62.5 31.25 15.62
4 45 125 62.5 31.25 15.62
5 50 125 62.5 15.62 7.81

MexA and MexB gene expression following treatment

with ciprofloxacin and ciprofloxacin + PaBN. Five iso-

lates were used to evaluate the expression of Mex4 and presented in Tables 5 and 6, respectively.

MexB genes under treatment with ciprofloxacin alone
and in combination with PABN. Expression levels are

Table 5
Expression levels of MexA gene following ciprofloxacin and ciprofloxacin + PABN treatment
No Isolate | Sub-MIC Sub-MIC Control | Fold Change | AACt C}:;):ld e AACt Fold Change
: ID CIP CIP+PABN | AACt (Control) CIP CIPg CIP+PABN | CIP+PABN
1 8 62.5 15.62 0 1.0 -0.4 1.32 0.8 0.57
2 20 62.5 15.62 0 1.0 -1.5 2.8 -4.4 21.1
3 44 62.5 15.62 0 1.0 2.65 0.16 6.85 0.008
4 45 62.5 15.62 0 1.0 -7.6 194.0 -2.3 4.9
5 50 62.5 7.81 0 1.0 0.19 0.9 -0.87 1.8
Table 6
Expression levels of MexB gene following ciprofloxacin and ciprofloxacin + PABN treatment
No. | Tsolate | Sub-MIC | Sub-MIC | Control | Fold Change | aaCt | o0 AACt Fold Change
: ID CIP CIP+PABN AACt (Control) CIP CIPg CIP+PABN CIP+PABN
1 8 62.5 15.62 0 1.0 -5.55 46.85 -3.35 10.20
2 20 62.5 15.62 0 1.0 -1.0 2.0 -1.6 3.0
3 44 62.5 15.62 0 1.0 2.95 0.13 4.8 0.036
4 45 62.5 15.62 0 1.0 -6.5 90.5 1.5 0.3
5 50 62.5 7.81 0 1.0 0.67 0.6 -0.96 1.9

Figure 1 shows PCR results for 16S rRNA, MexA, and MexB.

Fig. 1. Agarose gel electrophoresis of PCR products
from Pseudomonas aeruginosa isolates. (A) PCR
products for 16S rRNA. (B) PCR products for MexA.
(C) PCR products for MexB. Lane (L): DNA Ladder;
Lanes (3—50): Samples of P. aeruginosa isolates (1%
agarose gel at 70V for 1 hour).
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Discussion. Isolation and identification of Pseudo-
monas aeruginosa. The result of the isolation of P. aeru-
ginosa showed that 28% of the total samples were posi-
tive. This finding aligns with several other studies that
reported similar percentages of positive isolates, such as
Mohamed et al. (2019) [27], who recorded 27%. How-
ever, our findings differ from those of Boushra et al.
(2024) [28], who reported a higher percentage of 40%.
This variation may be attributed to geographic, climat-
ic, hygienic, and social factors [29].

Antibiotic sensitivity. Antibiotic sensitivity testing
was performed using the Kirby-Bauer method. Our
isolates appeared to be resistant to nearly all antibiot-
ics tested, except Piperacillin-tazobactam, which was
effective against 64% of the isolates. Notably, none of
the five selected isolates in our study showed any sen-
sitivity to ciprofloxacin, as shown in Table (3). The
results were compared with other studies conducted
both within and outside Iraq. These studies showed
inconsistent results, which may be attributed to dif-
ferences in clinical specimens, population-related
social factors, and levels of exposure to antimicrobial
agents, as reported by Ahmed Hasan et al. (2020) [30,
31].

Determination of MIC and sub-MIC. MIC deter-
mination was performed using the 96-well microtiter
plate method for ciprofloxacin and its combination
with PaBN. The MIC for ciprofloxacin alone ranged
from 62.5 mg/L to 125 mg/L, indicating complete re-
sistance of the isolates to ciprofloxacin. The sub-MIC
values ranged from 31.25 mg/L to 62.5 mg/L, repre-
senting concentrations at which the bacteria could
still grow [32, 33].

When ciprofloxacin was combined with PaN,
both the MIC and sub-MIC values decreased signifi-
cantly. MIC values ranged from 31.25 mg/L to 15.62
mg/L, while sub-MIC values ranged from 15.62 mg/L
to 7.81 mg/L. This suggests that the combination was
more effective at inhibiting bacterial growth. These
findings indicate that PaBN can suppress virulence
factors, especially efflux pumps, in resistant P. aerugi-
nosa strains, thereby reducing resistance and enhanc-
ing the effectiveness of ciprofloxacin [15, 16].

MexA and MexB gene expression. Gene expres-
sion data presented in Tables (5) and (6) showed that
PaBN significantly reduced the expression levels of
MexA and MexB genes in most isolates (P < 0.05).
This supports the idea that combining ciprofloxacin
with PaBN can reduce bacterial resistance and con-
firms the relationship between the overexpression of
these genes and resistance to ciprofloxacin alone [16].

Our findings showed generally low MexA and
MexB expression among the resistant isolates, which
contrasts with the results of Abdolhosseini et al. [34],
who did not use an efflux pump inhibitor. The reduc-
tion in gene expression in our study may support the
hypothesis of synergism between PafN and ciproflox-
acin [35], indicating a potential bactericidal effect of
the combination against P. aeruginosa [36].

Interestingly, isolates 2 and 5 exhibited differ-
ent patterns in gene expression fold changes, suggest-
ing possible mutations in regulatory genes that affect
efflux pump expression, as suggested by Hadir et al.
[37]. Due to a lack of references regarding such muta-
tions, we recommend further research on isolates with
this behavior.

Many recent studies have explored alternative
antimicrobial strategies using chemical, biological,
and physical approaches. Examples include the use of
methanolic extracts of Cladophora glomerata and Spi-
rulina platensis as antimicrobial agents [38, 39], Lac-
tobacillus acidophilus supernatants against P. aerugi-
nosa [26], essential oils of Mentha spicata to inhibit
Proteus mirabilis biofilms [40], nickel oxide nanopar-
ticles [41], nano-zirconium oxide particles com-
bined with selected antibiotics against E. coli and K.
pneumoniae [42], and even the application of audible
sounds and magnetic fields on methicillin-resistant
Staphylococcus aureus [43].

This study faced several limitations. First, the
time constraints for sample collection affected the
outcomes. Second, there were delays in receiving the
PaBN compound from the supplier. Third, although
real-time PCR was used to analyze gene expression,
the reliance on conventional PCR and electrophore-
sis for some procedures limited precision.

Conclusions. In conclusion, the addition of
PaBN led to a significant reduction in ciprofloxacin
MICs in most ciprofloxacin-resistant P. aeruginosa
isolates in vitro, indicating its potential as a promising
antimicrobial adjuvant. The gene expression analysis
revealed a clear decrease in MexA and MexB expres-
sion when ciprofloxacin was combined with PagN
in most tested isolates. This suggests that additional
regulatory factors, such as mutations or plasmid loss,
may influence gene expression in the presence of
PapN. Our study raises important questions about an-
tibiotic combination therapies and highlights the need
for further research to enhance antimicrobial strate-
gies.
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Abstract. Fibroblast growth factor 23 (FGF23) is a phosphotropic hormone secreted by osteoblasts
and osteocytes into the systemic circulation. It exerts its effects on the kidneys, parathyroid glands,
heart, and bones. FGF23 is a critical phosphaturic hormone that, alongside parathyroid hormone
(PTH), regulates phosphate reabsorption and calcitriol (1,25(0OH),D) synthesis in the kidneys.
The present study aimed to evaluate the diagnostic and prognostic significance of fibroblast growth
factor 23 in patients undergoing hemodialysis.

Methods. A total of 88 patients were examined in this cross-sectional study. The cohort comprised
36 women (40.9%; 95% CI 30.64—51.18) and 52 men (59.1%; 95% CI 48.82—69.36), with a
mean age of 55.81 £ 13.14 years. Group 1 consisted of 69 patients with stage 5 chronic kidney
disease (CKD) receiving renal replacement therapy via hemodialysis, while Group 2 included 19
patients with stage 3 CKD.

Results. FGF23 levels were elevated in 67 patients (97.1%; 95% CI 91.87—99.72) in Group 1, with
a median (Me) of 1258.32 pg/mL (interquartile range [IQR] 169.46—1338.46). In Group 2, FGF23
levels were elevated in 18 patients (94.7%; 95% CI 80.58— 100), with a median of 150.5 pg/mL (IQR
74.22—929.12). A significant difference was observed between the groups (p < 0.05). The median
duration of hemodialysis in Group 1 was 15 months (IQR §—36). In Group 1, correlation analysis
revealed weak associations between FGF23 and phosphorus (r = 0.13; p > 0.05), total calcium
(r=20.04; p < 0.05), ionized calcium (r = 0.02; p < 0.05), and parathyroid hormone (r = 0.08;
p > 0.05). Significant correlations were found between FGF23 and creatinine (r = 0.41; p <
0.005), urea (r = 0.33; p < 0.005), urine volume (r =-0.75; p < 0.005), and hemodialysis duration
(r=0.57; p < 0.005). Regression analysis for predicting residual urine volume based on FGF23,
creatinine, urea, and hemodialysis duration yielded an R? of 0.7369, F-statistic of 92.45
(p < 0.0001), standard error of residuals of 5.843, and residual degrees of freedom of 66.
Conclusions. The weak correlations between FGF23 and calcium-phosphorus metabolism
indicate that FGF23 is not a suitable diagnostic marker for mineral and bone disorders (CKD-
MBD) in patients undergoing hemodialysis. However, FGF23 is a significant predictor of residual
urine volume in hemodialysis patients, as demonstrated by the regression analysis. The model,
incorporating FGF23 and hemodialysis duration, explains 73.7% of the variation in urine volume,
highlighting its strong prognostic capability. These findings underscore the clinical significance of
FGF23 as a biomarker for assessing residual renal function in dialysis patients.

Keywords: fibroblast growth factor 23, chronic kidney disease, hemodialysis, calcium-phosphate
metabolism, diuresis.
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Baanucaas bapnam, Terana Makcumenp, €Bren CkisipoB

IIpornocTiyHa Ta AiarHOCTHYHA 3HAYMMICTDb (hakTopa pocty (¢iopoodaacTis 23 y
MAIIEHTIB, SKi JIKYIOTbCA METOAOM reMoaiaidy
JIbBiBCHKMIA HAllIOHAJILHUI MeIMYHUN YHiBepcuTeT iMeHi Jlanuna [anunekoro, JIbBiB, YKkpaiHa

Pestome. @axmop pocmy gibpobnacmie 23 (PPD23) € gpocpomponnum eopmornom. Bin cexpemyemocs ocmeo-
baacmamu ma oCmeoyuUmam 8 CUCMeMHULl Kpoeoooie i peanizye ceiii 6nau8 y HUPKaAx, napaujumosuoHux 3a103ax, cepyi
ma kicmkax. DPD23 ¢ kpumuunum ocpamypusHum c0pmMoHOM, AKUL, pazom 3 napamupeoionum eopmonom (ITI),
pe2yioe peyupkyasayiro gocgpamie ma cunmes kanvyumpiony (1,25(0OH)2D) 6 nupkax. Memoro yici pobomu 6ya0 écma-
Hoeumu 0iazHOCMUYHY Ma NPOSHOCMUYHY 3HauuMicms hakmopa pocmy giopobaacmie 23 y nauienmie, aKi AiKyHomscs
2emodianizom.

Memoou. Jlo yboeo o0HoMOMeHmHO020 DocaidxncenHs 6ya0 3aayuerno 88 nayieumis. Ceped o6cmedceHux Xeopux 6y10
36 (40.9%, 95% /1 30.64-51.18) acinok ma 52 (59.09%, 95% I 48.82-69.36) uwonosikie, cepeoniii ik — 55.81+13.14
poxkis. 1 epyny ckaaau 69 nayienmie 3 XXH 5 cmadii, axi 3uaxooamucs Ha 3amicHiil HUpKo8iii mepanii memodom eemodi-
anizy, 2 epyny 19 nayieumie 3 XXH 3cm.

Pezynomamu. Pigni ®PP23 oyau nidsuweni y 67 (97.1%; 95% A1 91.87-99.72) 6 1 epyni Me 1258.32 (169.46;
1338.46) ne/ma, y moii uacy epyni 2 pieeno @DPD23 6ys suue nopmu 'y 18 xeopux (94.74%, 95% 1 80.58-100) Me 150.5
(74.22; 929.12). byno euseaeno docmosipry pizruyto misc epynamu (p<0.05). Tpusasricmo nposedenns cemodianiszy cma-
Hogunaa (micauysax) Me 15 (8; 36). B 1 epyni 6yn0 nposedeno kopeasuiiinuii ananiz mise PPD23 ma gocgopom(r=0.13;
p>0,05), Ca (3ae2)(r=0.04; p<0.05), Ca (ion)(r=0.02; p<0.05), napameopmorom(r=0.08; p>0.05). Taxoxc ¢ 1 epyni
6CcMarn06AeHo Kopeaayitini 36 ’a3ku mine DPD23 ma kpeamuninom(r=0.41; p<0.005), cewosunoro(r=0.33; p<0.005),
06°emom Oiypesy(r=-0.75; p<0.005), mpuseanricmro eemodianizy(r=0.57; p<0.005). Pezyasvmamu peepeciiinoco ananizy
0151 NPOCHO3YBAHHS KIAbKOCMI 3AAUUK08020 diype3y 6 3arexucrocmi 6id DPD23, kpeamuniny, cewosunu, mpueaiocmi
eemodianizy: R?=0.7369. F-cmamucmuka: 92.45 (p<0.0001). Cmandapmua nomuaxa 3asumwxie: 5.843. Cmyneni ceo-
000u 3aauwikie: 60.

Bucnoexu. Cnabki kopeasuyii ®PD23 3 kanrvuieso-ghocgoprum oOMiHOM pobasmb {020 HenpudamHum diaeHoc-
muunum mapiepom nopyuenb KOO y nayicumie na npoepamnomy eemoodianizi. DPDP23 € 3nauywum npeduxmopom
00°emy diype3y y nauienmie Ha eeMmo0dianizi 32i0H0 3 pe3ysvmamamu peepeciitnoeo ananizy. Modeaw, axa exaouae DPPD23
ma mpueanicms eemodianizy, noscrioe 73.7% eapiauii diypesy, wio ceiouums npo ii 8UCOKY NPOSHOCMUYHY 30AMHICMb.
1le niokpecaioe kainiuny snauumicmo PPD23 sk biomapkepa 045 OUIHKU 3aAUMKO080T (DYHKYII HUPOK Yy nayieHmie Ha
dianisi.

Kmouogi ciioBa. Qaxmop pocmy gibpobaacmis 23, xporiuna xeopoba HUpoK, eemodianis, Kasvlyico-gocghopruii
006MmiH, diypes.

Introduction. Fibroblast growth factor 23 (FGF23)
is a phosphotropic hormone. It is secreted by osteoblasts
and osteocytes into the systemic circulation and exerts
its effects on the kidneys, parathyroid glands, heart,
and bones. FGF23 is a critical phosphaturic hormone
that, along with parathyroid hormone (PTH), regulates
phosphate recirculation and calcitriol (1,25(OH)2D)
synthesis in the kidneys [1]. In the parathyroid gland
and kidneys, FGF23 suppresses PTH secretion and re-
duces the production of active vitamin D. By acting on
the epithelial cells of the proximal tubules, FGF23 re-
duces the surface expression of sodium/phosphate co-
transporters, thereby decreasing renal phosphate reab-
sorption. The cumulative physiological effect of FGF23

Vladyslav Bardash:
bardashvlad123@gmail.com

is to increase renal phosphate excretion and decrease
systemic phosphate levels. However, in chronic kidney
disease (CKD), phosphate excretion and the renal ef-
fects of FGF23 are reduced due to the loss of functional
renal mass and decreased a-Klotho expression, lead-
ing to high serum phosphate and FGF23 levels. Start-
ing from the early stages of CKD, serum FGF23 levels
progressively increase to maintain normal phosphate
levels, but cannot promote renal phosphate excretion
as nephron function and sensitivity to FGF23 decrease.
In patients with end-stage renal disease (ESRD) who
are dependent on renal replacement therapy, FGF23
levels can reach 1000 times the normal range. Elevated
FGF23 levels are associated with various pathological
conditions, including secondary hyperparathyroidism,
osteoporosis, cardiac remodeling, and increased risk of
cardiovascular mortality in CKD patients [2].

FGF23 contributes to maintaining phosphate, cal-
cium, 1,25(0OH)2D, and PTH homeostasis. Addition-
ally, factors such as iron deficiency, erythropoietin, and
inflammation play a significant role in FGF23 synthesis
and degradation [3].
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In patients with CKD, a strong association is ob-
served between elevated FGF23 levels and an increased
risk and progression of vascular calcification [4].
FGF23 is considered a potential prognostic biomarker
for vascular calcification and cardiovascular events in
this population [5]. The consistent correlation between
high FGF23 levels and the risk of vascular calcification
in CKD underscores the need to understand the under-
lying mechanisms in this high-risk group.

Currently, the use of FGF23 for assessing calcium-
phosphate metabolism in hemodialysis patients is not
standard practice due to methodological limitations.
The lack of standardized measurement methods and es-
tablished reference values significantly complicates the
interpretation of FGF23 levels. Furthermore, the util-
ity of FGF23 for assessing residual kidney function in
this patient category remains insufficiently studied and
warrants further investigation. Therefore, the present
study aimed to determine the diagnostic and prognostic
significance of fibroblast growth factor-23 in patients
undergoing hemodialysis.

Materials and Methods. This cross-sectional
study involved 88 patients with chronic kidney dis-
ease (CKD), including 69 patients with stage 5 CKD
undergoing renal replacement therapy with hemodi-
alysis (Group 1). A comparison group of 19 hospi-
talized patients with stage 3 CKD was also selected
(Group 2). The study was conducted in accordance
with international standards regarding the coordi-
nated participation of respondents, the ethical com-
ponent of research, and the collection of biomaterial
(Helsinki Declaration of the World Medical Asso-
ciation — «Ethical Principles for Medical Research
Involving Human Subjects» and «Universal Declara-
tion on Bioethics and Human Rights» (UNESCO)).
The study protocol was approved by the local ethics
committee of Danylo Halytsky Lviv National Medi-
cal University (protocol number 3 dated March 18,
2024). All patients signed a written informed consent
to participate in the study.

Among the examined patients, there were 36
(40.9%; 95% CI 30.64-51.18) women and 52 (59.09%;
95% CI 48.82-69.36) men, with mean age 55.81+13.14
years. The inclusion criteria for patients in the study
were: being on renal replacement therapy with hemo-
dialysis for at least 6 months, age from 18 to 85 years,
patient consent to participate in the study, and ability
to adequately cooperate during the study. Exclusion
criteria: patient refusal to participate in the study, age
<18 years, information about acute infectious processes
of any etiology, oncological diseases, and mental dis-
orders.

Inall patients, the diagnosis of CKD was established
in accordance with the order of the Ministry of Health
of Ukraine No. 593 dated 02.12.2004 (as amended by
the order of the Ministry of Health of Ukraine No. 384
dated 24.05.2012) [6] and according to the recommen-
dations of the Kidney Disease: Improving Global Out-
comes (KDIGO) CKD Work Group 2024 [7].

All patients underwent a standard examination,
which included general clinical, biochemical, and
instrumental methods of examination. Biochemical
parameters were determined in the laboratory of St.
Panteleimon Hospital ITMU in Lviv. The glomerular
filtration rate (GFR) was calculated using the CKD-
EPI (2021) formula to identify and select individuals
with stage 3 chronic kidney disease (CKD) for the
comparison group. PTH and FGF23 levels were de-
termined by enzyme-linked immunosorbent assay
(ELISA). To determine FGF23, a reagent kit from Fi-
neTest (China) was used. Reference values were 0-25
pg/mL for healthy serum. The assay demonstrated a
sensitivity of 9.375 pg/mL, indicating its capacity to
detect low concentrations of FGF23. The specificity
of the assay was confirmed by its ability to specifically
recognize FGF23, with no observed cross-reactivity
with other analogous molecules. This high specificity
ensures the accurate quantification of FGF23 without
interference from related substances.

The «RStudio» program was used to calculate sta-
tistical indicators. General statistical indicators were
calculated in «Microsoft Excel» using built-in formu-
las. The frequency of qualitative indicators was pre-
sented as absolute (n) and relative (%) values, as well
as a 95% confidence interval (CI) in the form «n (%;
95% CI)». When analyzing quantitative data, the dis-
tribution of values was determined using the Shapiro-
Wilk test. For quantitative data with a normal distribu-
tion, the results were presented as mean and standard
deviation (M*SD). For quantitative data with a non-
normal distribution, the median and 25-75 quartiles
(Me (Q25-Q75)) were used. To compare two indepen-
dent samples, the non-parametric Mann-Whitney U
test was used. Spearman’s rank correlation coefficient
was used to analyze the correlation between quanti-
tative indicators. The backward stepwise regression
method was used to determine the prognostic signifi-
cance. The statistical significance of the correlation
coefficients was established. The critical significance
level (p) for testing statistical hypotheses in this study
was set at 0.05.

Results. The results of the study yielded the fol-
lowing data. FGF23 levels were elevated in 67 (97.1%;
95% CI 91.87-99.72) patients in Group 1, with a me-
dian (Me) of 1258.32 (169.46; 1338.46) pg/mL, while
in Group 2, FGF23 levels were above normal in 18 pa-
tients (94.74%; 95% CI 80.58-100), with a Me of 150.5
(74.22; 929.12). A significant difference was found be-
tween the groups (p<0.05).

Since the primary function of FGF23 is to main-
tain phosphate, calcium, and parathyroid hormone
metabolism, all patients underwent an assessment of
calcium-phosphate metabolism (CPM) parameters.
To determine renal excretory function, creatinine
and urea levels, as well as urine output, were analyzed
(Table 1).
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Table 1
CPM and Renal Function Parameters in CKD Patients
Parameter Group 1 Group 2 p
Phosphorus, mmol/L 1.61(1.22;2.11) 1.06 (0.87; 1.17) <0.0001
Total Calcium, mmol/L 2.6 (2.44;2.78) 2.37 (2.27;2.45) <0.0001
Ionized Calcium, mmol/L 1.31(1.2; 1.39) 1.17 (1.13; 1.24) 0.0001
Parathyroid Hormone, pg/mL 201 (118; 314) 56 (44; 133) 0.0001
Creatinine, pmol/L 783 (540; 971) 158 (150; 169) <0.0001
Urea, mmol/L 22.6 (18.8;27.4) 11.1 (10; 11.95) <0.0001
Diuresis, mL/kg/day 9.1(2.6;20.77) 30.6 (28.3; 33.85) <0.0001

The duration of hemodialysis was (in months)
Me 15 (8; 36). To assess the effect of FGF23 on CPM
in Group 1, a correlation analysis was performed be-
tween FGF23 and phosphorus (r=0.13; p>0.05), total
Ca (r=0.04; p<0.05), ionized Ca (r=0.02; p<0.05), and
parathyroid hormone (r=0.08; p>0.05). Post-hoc pow-
er analysis for the non-significant correlations indicat-
ed insufficient power (power = 0.1892 for phosphorus;

power = 0.1101 for PTH). The estimated sample sizes
required to detect such weak associations with 80%
power at an alpha of 0.05 were 456 and 1027 observa-
tions, respectively.

Further, to clarify the effect of FGF23 on renal ex-
cretory function, a correlation analysis was performed
between FGF23 and creatinine, urea, urine output, and
hemodialysis duration in Group 1 (Fig. 1-4).

Fig. 1. Correlation between FGF23 and creatinine levels.
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Fig. 2. Correlation between FGF23 and urea levels.
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Fig. 3. Correlation between FGF23 and urine volume levels

Fig. 4. Correlation between FGF23 levels and hemodialysis treatment duration.

Subsequently, a backward stepwise multiple linear
regression analysis was conducted to develop a model
predicting urine output (mL/kg/day) using initial can-
didate predictors: FGF23, creatinine, urea, and hemo-

dialysis duration. The final model, after the removal of
non-significant predictors (creatinine, p=0.7991; urea,
p=0.9156), included FGF23 and hemodialysis duration
(Table 2).

Table 2

Final Model from Backward Stepwise Regression Predicting Urine Output

Variable Estimate Standard Error t-value P-value
(Intercept) 29.306665 1.436711 20.398 <0.0001
FGF23 -0.015690 0.001562 -10.044 <0.0001
Dialysis Duration -0.101998 0.036838 -2.769 0.0073

R2=0.7369, indicating that the model can predict
73.7% of urine output variations. F-statistic: 92.45 tests
the overall significance of the model. The p-value of
the F-statistic is <0.0001, indicating that the model is
statistically significant. Residual standard error: 5.843.
Residual degrees of freedom: 66. From these data, we
can draw the following conclusions:

1. The model is statistically significant for predicting
urine output.

2. FGF23 has a significant negative impact on urine
output.

3. The amount of time on dialysis has a significant
impact on urine output.

4. Creatinine and urea do not have a significant
impact on urine output, so they were excluded
from the model.

5. The model explains 73.7% of the variance in
urine output. Thus, we can conclude that the
model is adequate for explaining the influence
of FGF23 and dialysis duration on urine output
(Fig. 5, 6).
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Fig. 5. Effect of FGF23 on urine output.
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Fig. 6. Effect of hemodialysis duration on urine output.

Discussion. Fibroblast growth factor 23 is a key
hormone in the regulation of phosphate homeostasis.
Over the past decades, FGF23 has been the subject of
intensive research in nephrology and cardiology. The
uniqueness of FGF23 lies in its early appearance at the
preclinical stages of CKD. In a study by Fauconnier C.,
the authors report high sensitivity and specificity of
the FGF23 assay for the diagnosis of mild to moder-
ate CKD, compared to the use of eGFR and creatinine
[10]. Some scientific papers show that FGF23 can be
a marker of hypophosphatemia [8], while others point
to its potential as an early marker of calcium-phos-
phorus disturbances in the early stages of CKD [9]. In
a Chinese study, the authors show that FGF23 can be
a marker of vascular calcification, especially in stage 5
renal failure. They state that eGFR, serum creatinine,
and FGF23 are independent risk factors for heart valve
calcification in patients with CKD [11].

Our findings in patients undergoing maintenance
hemodialysis, however, revealed no significant associa-
tions between FGF23 and phosphorus or parathyroid
hormone, and only very weak significant associations
with total and ionized calcium. These results suggest
that FGF23 may not be a reliable diagnostic marker for

assessing ongoing mineral metabolism disturbances in
this specific patient population. Interpreting FGF23
levels is further complicated by its dual role reflecting
not only mineral metabolism but also the degree of re-
sidual renal function (RRF). This dual role should be
considered.

While literature supports FGF23’s utility in early
CKD or for vascular calcification risk assessment, our
results do not confirm its diagnostic effectiveness for
routine CPM monitoring in maintenance hemodialysis
patients. Conversely, consistent with studies highlighting
FGF23’s potential for assessing renal function [12, 13],
possibly with advantages over eGFR in certain contexts,
our study found strong associations related to RRF.

We observed a strong, statistically significant nega-
tive correlation between FGF23 concentration and
urine output (an indicator of RRF). This underscores
the potential value of FGF23 as a biomarker reflecting
RRF in patients with advanced kidney disease.

The interpretation of this negative association
(higher FGF23, lower urine output) involves complex
physiology. Potential mechanisms contributing to low-
er urine output with higher FGF23 could include direct
hormonal effects, such as suggested activation of the
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renin-angiotensin-aldosterone system (RAAS) [17] or
upregulation of the Na-Cl cotransporter (NCC) [18],
both promoting sodium and water retention. Alterna-
tively, and perhaps more likely in this population, the
markedly elevated FGF23 levels primarily serve as a
sensitive marker of the severity of underlying renal dys-
function and loss of nephron mass, which is the prin-
cipal determinant of reduced urine output. The phos-
phaturic effect of FGF23 [15], while physiologically
important, is unlikely to be the dominant factor driving
the negative correlation with overall urine volume ob-
served in our stage 5 CKD cohort.

Further complicating the picture are these poten-
tial non-phosphaturic effects of FGF23. Evidence sug-
gests possible activation of the RAAS [17] and regula-
tion of NCC expression in the distal tubules [18], both
of which typically lead to sodium and water retention
(an antidiuretic effect) and increased blood pressure.
While seemingly counterintuitive given FGF23’s pri-
mary phosphaturic role [19], these fluid-retaining
mechanisms [17] could potentially contribute to, rather
than contrast with, the observed overall negative asso-
ciation between markedly elevated FGF23 levels and
reduced urine output in our cohort with severe renal
failure. This highlights the complex, multifactorial in-
fluence of FGF23 on water and salt balance in CKD,
where its role extends beyond phosphate regulation and
likely reflects the profound loss of renal function.

We also observed increased FGF23 levels with a
longer duration of dialysis treatment, although this cor-
relation was less significant for predicting urine output.
This aligns with literature data indicating a progressive
decline in residual renal function in patients on chronic
dialysis [19]. Decreased RRF leads to impaired phos-
phate excretion and the development of hyperphos-
phatemia, which is a potent stimulus for compensatory
FGF23 hypersecretion by osteocytes [20]. Therefore,
high FGF23 levels in patients with a long history of di-
alysis primarily reflect the loss of RRF and the body’s
attempt to maintain phosphate homeostasis [20]. This
explains why FGF23 level, rather than dialysis dura-
tion, correlates more closely with urine output as an
indicator of preserved renal function.

The results of the regression analysis demonstrate
that FGF23 is a significant predictor of changes in
urine output in patients on hemodialysis, surpassing
traditional markers such as creatinine and urea in its
predictive value. Backward stepwise regression analysis
revealed a statistically significant negative correlation
between FGF23 levels and urine output, confirming the
hypothesis of its effect on renal excretory function. The
model, which includes FGF23 and hemodialysis dura-
tion, explains 73.7% of the variation in urine output,
indicating its high predictive ability. This underscores
the clinical significance of FGF23 as a biomarker for
assessing residual renal function in dialysis patients.
When interpreting the regression analysis model, it is
necessary to note factors that were not included in the
model but could potentially influence its results. These

factors include: the etiology CKD, patient age, the
presence and severity of comorbidities (especially car-
diovascular disease), dialysis therapy parameters other
than duration (specifically, modality [HD/HDF], and
the ultrafiltration strategy and rate, which affect intra-
dialytic hemodynamics), individual fluid and sodium
intake, nutritional status, the degree of systemic in-
flammation, as well as the use of certain medications,
particularly diuretics or renin-angiotensin system in-
hibitors. Potentially accounting for these factors could
enhance the model’s predictive performance.

We found a negative correlation between hemodi-
alysis duration and urine output, which is consistent with
known data on the progressive decline in residual renal
function in patients on long-term dialysis [14]. The lack
of significant correlation between urine output and creat-
inine and urea may be due to limitations of these markers
in assessing residual renal function, especially in dialysis
patients, but this issue requires further study. A deeper
understanding of the role of FGF23 in the pathogenesis
of CKD and calcium-phosphorus disorders should ex-
pand the clinical indications for its use as a diagnostic
and prognostic marker and identify new therapeutic tar-
gets for the treatment of CKD and heart failure.

Limitations. Firstly, the cross-sectional design
precludes establishing causality or tracking changes
over time. Secondly, the sample size provided insuf-
ficient statistical power to definitively assess correla-
tions between FGF23 and phosphorus/PTH, limiting
conclusions about FGF23’s diagnostic role for specific
CPM parameters in this group, despite non-significant
findings. Thirdly, focusing on stage 5 CKD patients on
maintenance hemodialysis limits the generalizability of
findings, particularly regarding FGF23 and RRF as-
sessment, to patients with earlier CKD stages or on dif-
ferent RRT modalities. Fourthly, the regression model
did not include several potential confounders, which
could influence the observed associations.

Conclusions:

1. FGF23 is unsuitable as a diagnostic marker
for calcium-phosphorus disorders in patients
undergoing programmed hemodialysis, not only
because of its weak correlations with calcium-
phosphorus metabolism parameters but also due to
its strong negative correlation with residual kidney
function.

FGF23 is a significant predictor of urine output in

hemodialysis patients according to the results of the

regression analysis.

3.  Themodel, whichincludes FGF23 and hemodialysis
duration, explains 73.7% of the variation in urine
output, indicating its high predictive ability. This
underscores the clinical significance of FGF23 as
a biomarker for assessing residual renal function
in dialysis patients. A model integrating these
parameters shows promise as a tool for identifying
patients with lower residual urine output, reflecting
reduced RRF among those on maintenance
hemodialysis.
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Future research should focus on elucidating the
mechanisms behind the strong negative association be-
tween FGF23 and residual diuresis in hemodialysis pa-
tients. Investigating the impact of different therapeutic
interventions on FGF23 levels and subsequent preser-
vation of RRF is warranted. Additionally, developing
standardized FGF23 assays remains crucial for facili-
tating its broader clinical application.
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Abstract. Background: Partial nephrectomy (PN) is the standard treatment for managing
clinical T1 renal masses. The “trifecta” and “pentafecta” metrics are commonly used to
assess the complexity and success of PN procedures. The present study aimed to identify
predictive factors associated with the achievement of pentafecta outcomes following PN.
Methods. A prospective randomized study was conducted between May 2022 and May
2024, involving 70 patients with clinical T1—T2a NOMO renal tumors suitable for partial
nephrectomy. Participants were randomly assigned into two groups: Group A (n = 38)
underwent open partial nephrectomy (OPN), and Group B (n = 32) underwent laparoscopic
partial nephrectomy (LPN). Preoperative assessment included lab tests and imaging. All
surgeries were performed via a transperitoneal approach under general anesthesia. OPN
and LPN techniques followed standardized protocols, each performed by an experienced
surgeon. Postoperative follow-up included clinical, laboratory, and imaging assessments at
set intervals. Primary outcomes focused on predictors of pentafecta achievement; secondary
outcomes included blood loss, operative time, hospital stay, pain scores, complications,
recurrence, and renal function. Statistical analysis was performed using SPSS v26.0, with
significance set at p < 0.05. The study was registered at ClinicalTrials.gov (Identifier:
NCT06960135).

Results. Both surgical approaches yielded comparable oncological outcomes. However,
patients in the LPN group experienced significantly lower intraoperative blood loss, shorter
operative times, reduced opioid requirements, and lower postoperative pain scores (p <
0.05) compared to the OPN group. Additionally, the length of hospital stay was significantly
shorter in the LPN group (p < 0.0001). A significant positive association was observed
between glomerular filtration rate and the use of tumor enucleation (p = 0.0073), as well as
between PADUA score and body mass index (p = 0.0004).

Conclusions. While LPN is associated with longer ischemia time, it offers significant
benefits over OPN, including reduced blood loss, lower analgesia requirements, and shorter
hospital stays.

Keywords: laparoscopic, partial nephrectomy, trifecta, pentafecta achievement, renal
tumors.
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Ani M. Aonean-Kapim!, Omap A. BakxirZ, T'amanb Asb-Carxip?, Mycrada AonennPazek?

CyuacHa poJib NOKa3HMKIB “neHTadeKTH” K KpUTepiiB e(peKTUBHOCTI
BIIKpHUTOI Ta JIANAPOCKOMIYHOI YaCTKOBOI He()peKTOMil Yy NALIEHTIB 3
JIOKAJTi30BAaHUMH MMYXJIMHAMH HUPOK

IKadenpa yposnorii, Mennunmii ¢pakyisret, OnekcaHapiiicbkuil yHiBepcutet, Onekcanapis, €rurmer
2Kadenpa ypouorii, Meanunuii ¢paxynsret, Yuaisepcurer Ilisaennoi Jonmunu, Kena, €rumner

Pestome. Yacmkosa neppexmonmisn (4H) € cmandapmom aikysanus nayienmie iz kainivnumu T 1-nyxaunamu Hu-
pok. Tloka3nuxku «<mpugexma» ma «<neHmaghexma» wupoKo 3acmoco8yromscs 04s OYIHKU CKAAOHOCMI ma eheKkmueHoc-
mi nposedenns YH. Memoro yboeo docaiddicenHs 6y10 BUBHAUEHHS NPOSHOCMUYHUX (haKmopie docseHeHHs nenmagpexmu
nicas uacmio6oi Hegppexmomii.

Memoou. Y nepiod 3 mpaeus 2022 do mpasnsa 2024 poky npoeedero npocnekmugHe paHoomizoeare 00CAI0NCeHHs
3a yuacmio 70 nayienmis i3 nyxaunamu Hupxu cmadii T1—T2a NOMO, npudamuumu 0aa uacmkoeoi Heghpexmomii. Ila-
YicHmie 6uUNAOK0BUM YUHOM PO3N00ineHo Ha 06i epynu: epyna A (n = 38) — eidkpuma wacmkoea negppexmomia (O4H),
epyna B (n = 32) — aanapockoniuna wacmkosa negppexmomia (JIYH). Ilepedonepauiiine obcmediceHHs 6xa04ano 1a60-
pamopui ananizu ma eizyanizayiro. Yci onepayii uKoHy8aiucs mpancnepumoHealbhum 00Cmynom nio 3a2anibHum Hap-
K030M 3a cmandapmu3oearHumu memoouxkamu. Ilepsunna Kinyeea mouxa — npeouKmopu 00CseHeHHs neHmagexmu,
8MOPUHHI — Kpo8oempama, mpueanicme onepauii, eocnimanizayis, 604b08Uil CUHOPOM, YCKAAOHEHHS, peuuousy ma
@yuruis Hupok. Cmamucmuunuil ananiz euxoraro 6 SPSS v26.0; pisens suauyuwocmi — p < 0,05. Hocaioxcenns 3apee-
cmpogano 6 ClinicalTrials.gov (idenmugbixamop: NCT06960135).

Pezyaomamu. Obudea xipypeiuni nioxoou 3abe3neuusu NOpieHAHHI OHKo0A02IuHI pe3yasbmamu. OOHaK nayienmu
epynu JIYH maau docmosipno menuty inmpaonepauitiny Kpoeosmpamy, Kopomuiuii onepayiiiHuil yac, Huxicuy nompeoy
6 OnioiOHUX aHaNbeemMuKax ma Hudxcul NOKAa3HuKu nicasonepayiinozo 6oato (p < 0,05) y nopiguanui 3 epynoro BYH.

Tpusanicms eocnimanizauii makosc 6yaa 3nauno kopomuioro 6 epyni JI9YH (p < 0,0001). byao ecmanoéreno docmogipHo
NO3UMUBHY Acouiayiio Mixc weuoKicmro Kayboukoeoi inempayii ma 3acmocysanuam enykaeayii nyxaunu (p = 0,0073),

a maxooic mine 6arom PADUA i indexcom macu mina (p = 0,0004).

Bucnosxu. Ilonpu doswuii wac iwemii JI9H, yeii memod mae nepegaeu nao giokpumoro YH, 30kpema menuty Kpo-
6806MPAMY, HUMCHI AHANbZEIMUYHI NOMPEOU MAa CKOPOUeHY MPUaricmo nepeby8ants 6 CMayioHapi.

KmouoBi ciioBa: sanapockonis, wacmkosa neghpexmomis, mpugexma, nenmagpexma, nyxXauHu HUpKU.

Introduction. PN is widely considered the pre-
ferred treatment for clinical T1 (cT1) renal masses, pri-
marily due to its superior preservation of kidney func-
tion compared to radical nephrectomy [1].

The trifecta metric includes three components:
warm ischemia time (WIT) of < 25 minutes or cold
ischemia time (CIT) of < 60 minutes, negative surgical
margins, and the absence of perioperative major com-
plications. The pentafecta expands upon these criteria
by adding two additional parameters: preservation of >
90% of the estimated glomerular filtration rate (¢GFR)
and no progression in the chronic kidney disease (CKD)
stage within 12 months postoperatively [2].

Over the past decade, advances in surgical tech-
niques and technology have positioned LPN as a viable
alternative to OPN demonstrating comparable out-
comes in terms of perioperative complications, onco-
logical efficacy, and kidney function preservation [3].

Omar Ahmad Bakheet
dr.omar.urology@gmail.com

A critical determinant of postoperative kidney
function is the extent of preserved parenchymal mass,
assuming that ischemia duration is minimized [4]. In
this context, tumor enucleation (TE) — a surgical tech-
nique involving blunt dissection along the tumor pseu-
docapsule — has gained attention. TE is thought to pre-
serve more healthy renal parenchyma than convention-
al sharp dissection techniques, which typically remove
tissue within a 2—5 mm margin around the tumor [5].

This study aims to evaluate pentafecta outcomes in
patients undergoing OPN and LPN for localized renal
tumors. Additionally, it seeks to identify clinical, surgi-
cal, and pathological factors that predict the likelihood
of achieving pentafecta status.

Methods. A prospective, randomized study was
conducted between May 2022 and May 2024, involv-
ing 70 patients of both sexes diagnosed with clinical T1
or T2a NOMO renal tumors who were eligible candi-
dates for partial nephrectomy. The study was approved
by the Local Ethics Committee of South Valley Uni-
versity, Egypt (Ethical Approval Code: SVU-MED-
URO016-2-22-5-400). Written informed consent was
obtained from all participants or, when applicable,
from their parent, legal guardian, or next of kin, for
both participation in the study and publication of medi-
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cal data and related images. The study was registered at
ClinicalTrials.gov (Identifier: NCT06960135). Inclu-
sion criteria required patients to have localized renal
tumors suitable for nephron-sparing surgery. Exclusion
criteria included: severe and irreversible coagulopathy,
anatomically unfavorable tumor location, extensive en-
casement of the renal pedicle, diffuse invasion of the
renal vein or central collecting system, adjacent organ

invasion consistent with stage cT4 disease, regional
lymphadenopathy (stage cTxN1), or anticipated pres-
ervation of less than 20% of total nephron mass.
Randomization. Random allocation of the cases
into two groups was performed using a block random-
ization method in Stata, version 13.1, Stata Corp, for
Microsoft Windows: group A (OPN) and group B (LPN

group) (Fig. 1).

Fig. 1. CONSORT diagram for patient flow throughout the research

Participants were randomly assigned into two
groups using block randomization: Group A (n = 38)
underwent OPN, while Group B (n = 32) underwent
LPN, with all procedures performed under general
anesthesia. A transperitoneal approach was used in all
cases.

Preoperative _assessment. Physical examination,
medical history, and laboratory investigations. Labora-
tory tests included complete blood count (CBC), serum
creatinine, glomerular filtration rate (GFR), liver func-
tion tests, random blood glucose, blood grouping, coag-
ulation profile, and urinalysis. Radiological evaluation
included ultrasonography (US), computed tomography
(CT), chest X-ray, and magnetic resonance imaging
(MRI).

Surgical techniques. Group A — Open Partial Ne-
phrectomy (OPN). An extraperitoneal flank incision
was made over the 11th or 12th rib. In some patients,
a transperitoneal Chevron incision was performed. The
renal hilum was exposed, and the renal artery was oc-
cluded using a bulldog clamp. Tumor excision was then
performed using cold scissors in a nearly bloodless field,
followed by renal parenchymal repair using interrupted
horizontal mattress sutures (0-polyglactin). The bull-

dog clamp was removed following repair, and warm
ischemia time was recorded in minutes. Operative time
was calculated from skin incision to skin closure.

Surgical techniques. Group B — Laparoscopic Par-
tial Nephrectomy (LPN). Patients were positioned in
a 45-degree modified lateral decubitus position with
mild table flexion. A Veress needle was inserted peri-
umbilically to establish pneumoperitoneum with car-
bon dioxide. After removal of the needle, a 12-mm tro-
car was inserted at the same site, and intra-abdominal
pressure was maintained at 12—15 mmHg. A 30-degree
endoscopic camera was used. Under direct vision, two
additional trocars were placed: a 12-mm trocar in the
ipsilateral midclavicular line (one finger breadth cau-
dal to the camera port) and a 5-mm trocar (one finger
breadth cephalic). Operative time was calculated from
port entry to port exit.

The colon was mobilized along Toldt’s fascia to
fully expose the retroperitoneum. Dissection proceeded
until the psoas muscle was visualized, revealing the ure-
ter dorsal to the gonadal vein. The lower pole of the kid-
ney was elevated and mobilized. The renal hilum was
identified, and the arteries were meticulously dissected.
The kidney was mobilized within Gerota’s fascia and
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defatted, preserving peritumoral fat. Tumor excision or
enucleation was performed using cold scissors. Renal
parenchymal repair was completed with V-Loc sutures,
and warm ischemia time was recorded.

To minimize the variability in surgical expertise
and enhance the reliability of the findings, all OPNs
were performed by a single surgeon, and all LPNs were
performed by another single surgeon. Each surgeon had
independently performed over 100 procedures using
their respective approach prior to the start of this study.
This standardization aimed to control for operator-de-
pendent variability and reduce potential bias related to
differences in surgical experience.

Follow-up. This included physical examination and
laboratory testing, along with radiological imaging at
3, 6, and 12 months postoperatively, and annually for
three years. Imaging included abdominal CT or MRI,
and chest X-ray annually, with chest CT performed
when clinically indicated. These imaging procedures
were mainly performed to assess renal tumor recurrence
or local metastases.

Outcome measures. The primary outcomes include
predictors of pentafecta achievement among variables.
The secondary outcomes included blood loss, surgery
duration, length of hospital stay, intraoperative com-
plications, VAS, analgesic requirements, complications
following surgery, local recurrence, kidney function,
distant metastases, contralateral kidney recurrence,
and cardiovascular events, all of which have been docu-
mented, with monitoring based on the Clavien-Dindo
grading system [6, 7].

Statistical analysis. All statistical analyses were per-
formed using IBM SPSS Statistics for Windows, Ver-
sion 26.0 (IBM Corp., Armonk, NY, USA). Quanti-
tative variables were presented as means and standard
deviations (SD) and compared between the two groups
using the unpaired Student’s t-test. Categorical vari-
ables were summarized as frequencies and percentages
and analyzed using the Chi-square test or Fisher’s exact
test, depending on the expected cell counts. Receiver
operating characteristic (ROC) curve analysis was em-
ployed to evaluate diagnostic performance, including
sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV). A two-tailed p-
value < 0.05 was considered statistically significant.

Results. The patients’ characteristics. A total of
70 patients were enrolled between May 2022 and May
2024, with 38 undergoing OPN and 32 undergoing
LPN. The two groups were comparable across preop-
erative demographic, clinical, and tumor-related vari-
ables.

As shown in Table 1, there were no statistically sig-
nificant differences between groups in terms of age, sex
distribution, smoking index, body mass index (BMI),
Eastern Cooperative Oncology Group (ECOG) per-
formance status, comorbidities (hypertension [HTN],
diabetes mellitus [DM], chronic kidney disease [CKD],
ischemic heart disease [IHD]), or baseline laboratory
values. Tumor characteristics, including laterality, lo-
cation, size, PADUA score, and clinical stage (Tla,
T1b, T2a), were also not significantly different between
the two groups.

Table 1
Preoperative demographic, disease history and laboratory data of the studied patients
Open surgery Lap. approach P
(n=38) (n=32)
Age (years) 61.63 +10.96 58.28 + 16.03 0.098
o Male 28 (73.68%) 18 (56.25%) 0.2928
Female 10 (26.32%) 14 (43.75%)
Smoking index 0.47 £ 0.5 0.48 £ 0.56 0.94
BMI 28.99 £ 3.98 30.91 +4.39 0.2036
ECOG score 0.21 £0.69 1(6.25%) 0.6575
Disease history data
CKD 8 (21.05%) 2(6.25%) 0.2243
IHD 0 2(6.25%) 0.2824
HTN 12 (31.58%) 12 (37.5%) 0.7229
DM 6 (15.79%) 16 (50.0%) 0.1586
Laboratory data
Hb (g/dl) 12.84+1.37 13.39 + 1.66 0.7274
Creatinine 1.15+0.28 1.07 = 0.42 0.1104
GFR (CKD-EPI) 67.69 £ 13.61 77.2 £ 33.57 0.3328
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Continuation of Table 1

Open surgery Lap. approach P
(n =38) (n=32)
Tumor data
) Left 20 (52.63%) 16 (50.0%) 0.8811
Side Right 18 (47.37%) 16 (50.0%) 0.8811
Lower polar 20 (52.63%) 10 (31.25%) 0.2143
Site Mid polar 8 (21.05%) 14 (43.75%) 0.1586
Upper polar 10 (26.32%) 8 (25.0%) 0.9319
Size (mm) 44.05 £ 23.13 38.38 + 14.67 0.7525
PADUA score 7.47 £ 1.09 7.25+1.09 0.5605
Clinical staging data
tla 22 (57.89%) 24 (75.0%) 0.2882
tlb 12 (31.58%) 6 (18.75%) 0.387
t2a 4 (10.52%) 2(6.25%) 0.9039

Intraoperative outcomes and histopathological findings. Intraoperative parameters are summarized in

Table 2.
Table 2
Intraoperative evaluation and histopathology data of the studied patients
Open surgery Lap. approach P
(n=38) (n=32)

Operative data
Tumor Resection Enucleation 0(0.0%) 28(87.5%) 0.0001

Excision 38(100.0%) 4(12.5%) 0.0001
Ischemia time (min.) 8.17£7.05 16.94+3.8 0.0005
Pelvicalyceal injury 2(5.26%) 4(12.5%) 0.4609
Pleural injury 6(15.79%) 0(0.0%) 0.102
Blood loss (cc) 365.79+167.06 171.88+72.82 0.0001
Operative time (min.) 153.89+39.12 126.88+20.22 0.0179
Histopathology data
Clear Cell RCC 24(63.16%) 32(100.0%) 0.0056
Chromophobe 6(15.79%) 0(0.0%) 0.102
Papillary RCC 8(21.05%) 0(0.0%) 0.0531
Surgical margin free 38(100%) 32(100%)

Enucleation was performed significantly more
often in the LPN group (87.5%) compared to none in
the OPN group (P < 0.0001). Conversely, tumor exci-
sion was performed in all OPN cases and only 12.5% of
LPN cases. Mean ischemia time was significantly lon-
ger in the LPN group (16.94 + 3.8 minutes) compared
to the OPN group (8.17 £ 7.05 minutes; P = 0.0005).
The LPN group also had significantly lower estimated
blood loss (171.88 £ 72.82 mL vs. 365.79 = 167.06 mL,
P < 0.0001) and shorter operative time (126.88 + 20.22
minutes vs. 153.89 *+ 39.12 minutes, P = 0.0179). Rates

of pelvicalyceal and pleural injuries were not signifi-
cantly different.

Histopathological evaluation showed clear cell
renal cell carcinoma (CCRCC) as the most common
subtype, with significantly more cases in the LPN group
(100%) than in the OPN group (63.16%, P = 0.0056).
All patients in both groups had negative surgical mar-
gins.

Postoperative outcomes. Postoperative clinical and
laboratory outcomes are detailed in Table 3.
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Table 3
Postoperative evaluation and lab. Investigations of the studied patients
Postoperative data

Paracetamol 38(100.0%) 32(100.0%) -
i‘ﬁfﬂa NSAID 38(100.0%) 0(0.0%) _

Opioid 24(63.16%) 0(0.0%) 0.0001
Clavien Dindo 1.0540.22 32(100.0%) 0.3896
1 36(94.74%) 32(100.0%) 0.3666
2 2(5.26%) 0(0.0%) =
VAS 8.16£0.67 3.94+0.83 0.0001
Hospital stays (day) 7.47+2.37 1.94+0.66 0.0001

Post operative investigations

Post operative Hb (g/dl) 10.92+0.56 12.59%1.69 0.0272
Post. Week1 Creatinine 1.170.35 1.130.35 0.64
Post. Weekl GFR 71.116.3 70.317.5 0.85
Post. 3 months Creatinine 1.190.29 1.170.3 0.78
Post. 3 months GFR 68.912.5 69.113.2 0.95
Post. Year 1 Creatinine 1.22+0.3 1.221+0.44 0.7776
Post. Year 1 GFR 63.57£13.98 67.56£16.21 0.2732
GFR deficit>10% 13 (34.21%) 18(56.25%) 0.06
Pentafecta achievement 28(73.68%) 16(50.0%) 0.1575

Pain scores (VAS) and opioid analgesia require-
ments were significantly lower in the LPN group com-
pared to the OPN group (VAS: 3.94 &+ 0.83 vs. 8.16 +
0.67; P < 0.0001; opioids: 0% vs. 63.16%; P < 0.0001).
The length of hospital stay was significantly shorter in
the LPN group (1.94 & 0.66 days vs. 7.47 &+ 2.37 days;
P <0.0001).

No statistically significant differences were ob-
served in postoperative creatinine levels or GFR at
one week, three months, or one year. The rate of GFR
decline >10% was higher in the LPN group (56.25%)
than in the OPN group (34.21%), but this difference did
not reach statistical significance (P = 0.06). Pentafecta
achievement rates were 73.68% in the OPN group and
50.0% in the LPN group (P = 0.1575).

Predictors of pentafecta achievement. As presented
in Table 4, comparisons between patients who achieved
pentafecta (n = 44) and those who did not (n = 26)
revealed that patients in the failure group had signifi-
cantly higher BMI (31.64 + 3.42 vs. 28.82 + 4.39; P =
0.0496), smoking index (P = 0.04), and higher preva-
lence of HTN (76.92% vs. 9.09%; P = 0.0004) and DM
(69.23% vs. 9.09%; P = 0.0002). Postoperative kidney
function measures (GFR at one week, three months,
and one year; creatinine levels at three months and one
year; and GFR deficit >10%) were significantly worse
in the pentafecta failure group (Fig. 2, 3).

Operative approach, ischemia time, intraoperative
blood loss, complications, and hospital stay were not
significantly associated with pentafecta achievement.

Table 4
Analysis of variables among success and failure of pentafecta achievement groups
Pentafecta achievement | Pentafecta failure P
(n=44) (n=26)

Age (years) 54.32+15.33 61.23+11.66 0.1555
Sex Male 30(68.18%) 16(61.54%) 0.6995

Female 14(31.82%) 10(38.46%) 0.6995
Smoking index 0.39 £0.69 0.52 £0.1 0.04
BMI 28.82+4.39 31.64+3.42 0.0496
Disease history data
CKD 6(13.64%) 4(15.38%) 0.8905
IHD 0(0.0%) 2(7.69%) 0.1977
HTN 4(9.09%) 20(76.92%) 0.0004
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Continuation of Table 3

Pentafecta achievement | Pentafecta failure P
(n=44) (n=26)
DM 4(9.09%) 18(69.23%) 0.0002
PADUA score 7.36%£1.07 7.38%1.15 0.9859
Operative data
. Enucleation 14(31.82%) 14(53.85%) 0.21
Tumor Resection —
Excision 30(68.18%) 12(46.15%) 0.21
Ischemia time (min.) 11.1£6.86 14.23£7.39 0.1926
Intraoperative complication 2(4.55%) 4(15.38%) 0.3029
Blood loss (cc) 304.55+189.44 230.77%£91.02 0.2259
Operative time (min.) 136.82+37.06 158+27.88 0.0501
Histopathology data
CCRCC 32(72.73%) 24(92.31%) 0.1713
Chromophobe 4(9.09%) 2(7.69%) 0.8905
Papillary RCC 8(18.18%) 0(0.0%) 0.1083
Post operative data
Analgesia required —
Paracetamol 44(100.0%) 26(100.0%) —
NSAID 28(63.64%) 10(38.46%) 0.1575
Opioid 18(40.91%) 6(23.08%) 0.2967
. . 1 44(100.0%) 24(92.31%) 0.1977
Clavien Dindo
2 0(0.0%) 2(7.69%) --
VAS 6.681+2.18 5.46%2.1 0.1131
Post operative Hb (g/dl) 11.48%1.15 12.03£1.85 0.5838
Post. Week1 Creatinine 1.08+0.3 1.19£0.5 0.25
Post. Weekl GFR 74.8+22.7 59.15+11.8 0.001
Post. 3 months Creatinine 1.09 £0.3 1.34£0.6 0.02
Post. 3 months GFR 74.9 £22.8 56.6+11.5 <0.0001
Post. Year 1 Creatinine 1.1£0.3 1.42+0.4 0.001
Post. Year 1 GFR 75.1£22.82 54.15%12.11 0.0012
GFR deficit>10% 0.45+1.88 24(92.31%) <0.0001
Hospital stays (day) 5.36+3.13 4.23+3.45 0.2261
3
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Fig. 2. Creatinine level during the follow-up period.
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Fig. 3. eGFR changes during the follow-up period.

There was a significant negative correlation be-
tween pentafecta achievement and HTN and DM
(P<0.05). There was a significant positive correlation
between GFR and the performance of enucleation
(P = 0.0073), indicating that enucleation preserves

kidney function. There was a significant positive cor-
relation between Padua score and BMI (P = 0.0004);
however, non-significant associations were found with
other parameters as seen in Table 5.

Table 5
Association between BMI, HTN, DM, enucleation, GFR, padua score and comorbidities
with pentafecta achievement
Unstandardized Coef-
95.0% CI for B
ficients
OR T P
Lower Upper
B Std. Error
bound bound
BMI -0.01681 0.012565 0.983331 -1.3378 0.1907 -0.0424 0.00881
HTN -0.50474 0.122878 0.603664 -4.1076 0.0003 -0.7553 -0.25413
DM -0.40863 0.124896 0.664562 -3.2717 0.0026 -0.6633 -0.1539
GFR 0.01004 0.003162 1.010091 3.175 0.0073 0.00320 0.01687
pentafecta
-0.3602 0.178398 0.697537 -2.0190 0.0646 -0.7456 0.02520
achieved
HTN 0.355945 0.319216 1.427529 1.11506 0.2737 -0.2959 1.00787
DM 0.000769 0.3155 1.000769 0.00243 0.9981 -0.6435 0.64510
BMI 0.1884 0.047038 1.207317 4.00529 0.0004 0.09233 0.28446

Results of all follow-up imaging procedures re-
vealed no local recurrence or metastases.

Discussion. Renal tumors are among the most
common neoplasms of the urinary system, second only
to bladder cancer in prevalence. Due to their relatively
low biological aggressiveness, these tumors typically
demonstrate a subdued malignant potential [8].

In the present study, the preoperative characteris-
tics — including age, sex, smoking index, BMI, ECOG
score, comorbidities, and laboratory parameters — did

not differ significantly between OPN and LPN groups.
These findings align with Kang et al. [9]. who examined
outcomes following robot-assisted partial nephrecto-
my (RAPN) for localized renal cell carcinoma (RCC).
Their cohort had a median age of 50 years, a male pre-
dominance (70.7%), and notable rates of hypertension
(29.3%) and diabetes mellitus (13.5%), with a median
BMI of 25 kg/m2. Similarly, Deka et al. [2] compared
trifecta and pentafecta outcomes across OPN, LPN, and
RAPN and reported comparable baseline characteristics.
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While LPN is associated with a longer ischemia
time, it is important to note that the mean ischemia
duration in our study remained below the commonly
accepted threshold of 30 minutes [1], which is used in
defining favorable trifecta outcomes. Therefore, the
prolonged ischemia observed in the LPN group may
not have had a significant impact on Pentafecta out-
comes. Nevertheless, a more detailed analysis with a
larger sample size or a multi-institutional cohort would
provide greater clarity on the potential influence of
ischemia time on long-term functional outcomes and
overall Pentafecta achievement.

Tumor-related variables, including tumor side,
site, and size, also showed no statistically significant
differences between the surgical groups or between
cases achieving versus failing to achieve pentafecta out-
comes. This is consistent with Porpiglia et al. [10] who
reported no significant differences in tumor location or
diameter between OPN and LPN groups.

Evaluation of disease complexity using the PADUA
score similarly demonstrated no significant differences
between the groups or between pentafecta achievers and
non-achievers. Although Abdelhafez et al. [11]. found
PADUA score differences to be significant across their
study groups, our findings may reflect the inclusion of
a broader clinical spectrum (cT1 and T2a tumors) with
low complexity scores.

Clinical staging analysis revealed a nonsignifi-
cant increase in Tla and T1b tumors in the LPN
group compared to the OPN group. T2a tumors were
evenly distributed between groups. These results are
consistent with Chang et al. [12] who observed no sig-
nificant differences in clinical staging across surgical
approaches.

In agreement with our result about operative data,
Mehra et al. [13], reviewed fifty-five PN procedures: 28
OPN, 14 LPN, and 13 RAPN. OPN, LPN, and RAPN
had similar median tumor size, nephrometry score,
and preoperative creatinine. Blood loss was higher for
OPNs than for LPNs. Our study disagrees with Sois-
rithong, Sirisreetreerux, et al. [14], which reported that
the operative time was significantly shorter in the OPN
group compared to the LPN and RPN groups.

Postoperative outcomes further supported the
advantages of LPN. Patients undergoing LPN re-
quired significantly less analgesia — especially opioids
and NSAIDs — and reported lower visual analog scale
scores and decreased blood loss. No significant differ-
ences were observed between groups in terms of blood
transfusion requirements, Clavien-Dindo complica-
tions, postoperative creatinine or GFR levels, or GFR
deficit >10%.

Among patients failing to achieve pentafecta, sig-
nificantly higher postoperative creatinine, lower GFR,
and increased GFR deficit were observed. These find-
ings are consistent with those of Ghavimi et al. [15]
who reported similar eGFR trends across surgical mo-
dalities, with >10% GFR reductions observed in 59% of
LPN and OPN cases and 52% of RAPN cases.

Histopathological comparisons revealed no sig-
nificant differences in tumor subtype or margin status
between surgical groups or pentafecta achievement
groups. These results are in line with Mehra et al. [13]
who found no significant difference in histologic sub-
types (e.g., papillary RCC) across surgical modalities.
It is worth noting that all cases included in the study
were consecutively enrolled and randomized without
any selection bias. The observed difference in CCRCC
rates (100% in LPN vs. 63.16% in OPN) likely reflects
random variation due to the small sample size, rather
than a systematic bias in patient selection or treatment
assignment. Histopathological outcomes were deter-
mined independently and postoperatively, thus not in-
fluencing surgical decision-making.

Hospital stay duration was significantly shorter
in the LPN group, a finding supported by Mehra et al.
[13] who reported median postoperative durations of 5,
6.5, and 10 days for OPN, LPN, and RAPN, respec-
tively. However, pentafecta achievement rates did not
differ significantly between groups, consistent with re-
sults from both Mehra et al. [13] and Deka et al. [2]
who reported pentafecta rates of 71.6% for OPN, 82.6%
for LPN, and 62.6% for RAPN.

In our study, there was a significant negative as-
sociation between pentafecta achievement and HTN
and DM. Also, there was a significant positive associa-
tion between GFR and the performance of enucleation,
indicating that enucleation preserves kidney function.
Our study can be supported by Xu et al. [16] who found
that TE was not only less traumatizing and beneficial
for recovery but also better for kidney function protec-
tion.

Strengths and limitations of the study. This study
provides valuable insights into the comparative per-
formance of OPN and LPN regarding pentafecta out-
comes. However, several limitations should be noted.
While our analysis revealed a numerical trend favoring
OPN descriptively, these differences did not reach sta-
tistical significance, due mainly to the limited sample
size, which may have limited the ability to detect small
but potentially meaningful differences between groups.
Accordingly, future studies with larger sample sizes may
help clarify whether the trend observed reflects a true
clinical benefit of OPN. Specifically, based on a post-
hoc power analysis with a medium effect size, a sample
size of 51 in each group is needed to potentially detect
the existing effect. Additionally, the follow-up period
was limited, which necessitates making it longer in fu-
ture research. Moreover, variations in surgeon expertise
and technique could have influenced both operative
outcomes and the achievement of pentafecta.

Conclusions. Both approaches show similar rates
of pentafecta achievement, BMI and comorbidities
such as HTN and DM negatively impact pentafecta
outcomes, while the enucleation technique appears
beneficial for preserving kidney function. These find-
ings highlight the need for tailored surgical approaches
to optimize outcomes in PN for localized renal tumors.
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Abstract. Standard immunosuppressive therapy (SIST) remains the cornerstone in preventing
early rejection episodes in kidney transplantation. However, long-term graft survival rates have seen
limited improvement over the past three decades. Recent research suggests that stem cells possess
immunomodulatory properties, contribute to the reduction of ischemia-reperfusion injury, and
enhance graft function.

The present study aimed to evaluate the effect of cord blood stem cell (CBSC)-enhanced
induction immunosuppression on the functional outcomes of kidney allografts during the first post-
transplantation year.

Methods. This prospective study included 45 recipients of living-donor kidney transplants, who were
divided into two groups: Group I (n = 20) received CBSC in combination with SIST, while Group 11
(n =25) received SIST alone. Graft function was assessed over three post-transplant periods: Period
I (days 1-7), Period 11 (days §—89), and Period 111 (days 90—360).

Parameters assessed included serum creatinine levels, estimated glomerular filtration rate (eGFR),
daily urine output, urinary neutrophil gelatinase-associated lipocalin (NGAL) levels, and protocol
biopsies at 3 and 12 months post-transplantation.

Results. CBSC administration in Group I was well tolerated without adverse events. During the first
week, daily urine output in Group [ was significantly higher (9,400 = 950 mL) compared to Group 11
(7,545 £ 750mL; p < 0.01). Normalization of serum creatinine occurred within 2—3 days in Group
1, whereas in Group 11 it occurred by days 5—7. At 12 months, the mean eGFR was significantly
better in Group I (98.2 mL/min/1.73 m?) compared to Group II (61.4 mL/min/1.73 m?; p < 0.01).
Urinary NGAL levels on days 1 and 3 post-transplant were substantially lower in Group I (79.4
and 28.4 pg/mL, respectively) versus Group 11 (375 and 121 pg/mL; p < 0.01), indicating reduced
tubular injury. No opportunistic infections were recorded in Group I during the 12-month follow-up.
In contrast, two cases of cytomegalovirus infection were documented in Group 1.

Protocol biopsies at 3 and 12 months showed no pathological findings in Group 1. In Group II, 10%
of biopsies revealed glomerulitis and peritubular capillaritis with C4d deposition, and one patient
exhibited lymphocytic tubulitis.

Conclusions. The addition of CBSC to SIST appears to mitigate ischemia-reperfusion injury
and accelerates early recovery of graft function, with improved eGFR and reduced tubular injury
markers observed within the first year post-transplant. These findings support the potential of CBSC
in enhancing transplant outcomes. Further research is warranted to define optimal dosing strategies,
administration frequency, and long-term immunological impacts.

Key words: kidney transplantation, standard immunosuppressive therapy, cord blood stem cells,
induction immunosuppressive therapy, glomerular filtration rate.
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BB TpancnianTanii cToBOypoBHX KJIiTHH KOPJ0OBOI KPOBi Ha (hyHKIIiI0
TPAHCIJIAHTOBAHOI HUPKHM BiJl POJMHHOTO JIOHOPA.

NV «Hamionanbauit 1eHTp Xipyprii Ta TpancrnanTonorii iMeHi O.0. HlanimoBa HAMH VYkpainn»,
Kwuis, Ykpaina

Pestome. Cmandapmna imynocynpecusna mepanis (CICT) 3abe3neuye npoginakmuky paniboeo 8i0mopeHeHHs
HUpko6ozo mpancnaaumama. Ilpome eidoaneni pesyssmamu mpancnaanmayii hupxu (TH) e 3a3Haiu cymmesux 3miH
npomseom ocmantix 30 pokie. Jlexinbka docaiddcensb naugy 3acmocy8ants cmogoyposux KAimuH npooemMoHcmpyeanu
ix imyHOCynpecusHuil 6naue, 3mMeHuleHHs iuemiuHo-penep@y3iiiHoe0 NOUKOOICeHHHS MA NOKPAaueHHs (DYHKUIOHANbHO20
cmany mpaucnaaumama. Memoro yiei pobomu 0yno oyinumu eaue indykuiiinoi imynocynpecii (IIC) noednanoi 3 3a-
cmocygeanHam cmoedyposux kaimut kopdoeoi kposi (CKKK) Ha ¢pynKyioHanrbHUuii cman HUPKOBUX MPAHCHAGHMAMIG
npoms2coM nepuio2o poKy NOCMMpAaHCHAAHMAYIHO20 Nepiody.

Memoou. IIposedeno npocnexkmughe nopieusnus pezyromamie enaugy CICT mepanii noeonarHoi 3 3acmocyean-
Ham CKKK y peyunienmie nupxosux mpancnaanmamis (I epyna, n = 20) ma CICT (1l epyna, n = 25) npomseom nepuio-
20 pOKy nocmmpaucnaaumayitinoeo nepiody (I nepioo 1-70uis; 11 nepiod 8-890uie; 111 nepiod 90-360 onis), 3a danumu
KOHUenmpauyii Kpeamuniny cupoeamxu Kpogi, weuokocmi kayoouxoeoi ginompauii (ILIKD), 06’emy do6osoeo diype3sy,
nokasruxie NGAL ceui ma npomokoavHux 6ionciii, eukonanux na 3-iit ma 12-uii micsaysb nicas TH.

Pezyaomamu. Bci peyunienmu nepuioi epynu nepenecau éeedenns CKKK 6e3 yckaaounens. Jiype3 y peyunicumie I
epynu npoms20M nepuiozo nepiody cnocmepedicerts ckaaoas 9400+950 ma na 006y, a y xeopux Il epynu - 7545750 ma
Ha doby (p < 0,01). Y peyunicumie I epynu giomiuanru weudury (yepes 2-3 dobu) Hopmanizayito KpeamuHinemii NOPi6HAHO
3 epynoro peyunieumis 11 epynu, de Hopmanizayis KOHYeHMPAyii piGHs KpeamuHiHy 6 Kposi maia micye Ha 5-7 000y nicas
TH. Yepes 1 pix cnocmepexcenna HIK®D y peyunienmis I epynu cknadana 98.2ma/xe/1,73 m2, a 11 epynu - 61.4 ma/
x6/1,73 M2 (p < 0,01).

Konuyenmpauis NGAL 6 ceui na I ma 111 006y y I epyni cknadae 79.4 ma 28.4ne/ma, y 11 epyni - 375 ma 121 ne/
M 8ionogiono (p < 0,01). Y xeopux nepuioi epynu He cnocmepieanu OnypmyHiCMUYHUX iH(peKyiil nayienmie y mepmin
cnocmepedcents do 12 micsayie cnocmepedicenrs, mooi ax 'y 1l epyni y 2 nayienmie 6y10 diaeHOCMU8HoO YumMome2anogi-
DYCHY iHgeKuiro.

IIpomoxkoavHi Gioncii na mpemiii ma 12 micaup nicas TH y xeopux I epynu He sussuiu namonoeiuHux 3min, y
nayienmie 11 epynu enomepynim ma nepumybyaapruii kaniaapum 3 excnpecieto C4d cnocmepieanacsy 10% eunadkis, a
3ananvra aimgoyumapHa iHginempauyis KaHaibyie y 00H020 nayiema.

Bucnosku. Iloednanns CICT 3 eéedennsm CKKK peanizyemocs uepes smeHuieHHs iemMiuHo-penepghy3iiHux no-
WKoONceHb cmpyKkmyp mpancnaaumamy, eionosniorouu HIK® npomseom 2-3 dobu nicas TH, nopiensano 3 5-7 doboro y
xeopux 6e3 3acmocysantuss CKKK. /l1sa nodanrvuwoeo eusuenus mexauizmie enauey CKKK ma cmeopenus memoouku ix
3acmocyseanHs (003a, yacmoma, 00 €M MOHIMOPUHeEY) HeoOXiOHUM € npogederHs nodaavuiozo eueuenns enaugy CICT
noeonanoi 3 3acmocysanuam CKKK na gpynxyionanvuuii cman TH.

KnrouoBi cinoBa: mpancnianmayis Hupku, cmanoapmua iMyHoCynpecuena mepanis, cmoedyposi KaimuHu Kop-
00601 Kposi, iHdyKuyiiiHa IMyHOCYnpecusHa meapnis, WeuoKicms Kay604ko8oi girbmpauii.

Beryn. Kpammm meTomoM JTiKyBaHHSI XBOPUX Ha
XpoHiYHY XBOopoOy HUpoK Vcr. (XXH Vcr.) € TpaH-
crutaHTanig Hupku [1]. CraHmaptHa iMyHOCYIIPECUB-
Ha tepamnia (CICT) 3amobirae paHHROMY Ta CITOBiJIb-
HIOE BUHUKHEHHS Ta IIPOTPECYBaHHS XPOHIYHOTO Bifl-
topraeHHsT (XPBT) HupkoBoro TpancmianTata (HT)
[2, 3], sIKe € OCHOBHOIO IPUYMHOIO BTPATU Oro GyHK-
wii y misupoMy nepioai [4].

Ounekciii Boponsik
dr.voroniak@gmail.com

ITo6iyHnMM epeKTaMu MOCTIMHOTO 3aCTOCYBAHHS
CICT y peuunientiB HT € BUHUKHEHHS OITypTYHic-
TUIHMX iHGEKIIi, eHIOKPUHHUX IMOPYIIeHb, OHKOJIO-
TYHMX, CepIeBO-CYIMHHUX 3aXBOPIOBAHB, SIKi MOXYTh
HAaBiTh 3aKiHUyBaTHCs (paTajJbHO 3a HAIBHOCTI (PyHK-
LIIOHYIOYOro TpaHCcILIaHTaTta [5-7].

TpaHcmiaHTOIOTaM BHAIOCS TOCSITHYTH 3HAYHMX
YCHiXiB 0A0 NPpodiJaKTUKN PaHHBOTO BiITOPHEHHS,
npore Coemans et. al [8] mporeMoHCcTpyBaiu, ILIO 3a
ocrtanHi 30 pokiB BimmaneHi pe3yiabratu TH cyTTeBO He
nokparuincs. OTxe HeOOXiTIHIM € TTOIIYK HOBUX M-
TOIiB 3amobiraHHs nporpycyBanHss XPBT, ta yactoru
0B’ I3aHUX 3 HEIO YCKIIagHeHb [3].

Hafeez et al. [9] noka3saju nmepeBaru 3acTOCyBaH-
Hg9 ATID ang iHgykuiioi iMyHOCYHIpecHBHOI Teparmii
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(IIT) y pasi TH Bim moMepsoro JoHOpa, MOBTOPHOI
TH, ocobnuBo, y pa3i paHHbOTO BiATOPTHEHHS, BUKO-
PUCTaHHI HUPOK Bifl MapriHaJbHUX JOHOPIB, TPUBAJIO-
My 4aci xosomoBoi imemii HT [10].

HoseneHo, 1o 6e3 3actocyBanHs I1C pesynbraTu
TH € 3HauHo ripummu [11].

Otxe, ynockoHaineHHs1 [IC e HarajibHOI0O HeoO-
XiIHICTIO CbOTOJIEHHSI.

B nonepeaHix nociigXeHHsIX HaMu Oyau mpoje-
MOHCTPOBaHiI OOHaNilIMBI pe3yJbTaTu 3aCTOCYBAHHS
CKKK noennanux 3 I1C.

Ony6nikoBaHi pobOTH MoKa3anu ix Oe3meKy B
ekcriepuMeHTax [12] Ta epeKTUBHICTh B IPOBEACHUX
KaiHiuHux pociimxkenHsx [13, 14]. Jana poGora €
MPOJOBXEHHSIM HallIMX MOMEePEeAHIX JOCTiIXEHb.

Meta podorn — ouinutu BauB IIC moegHaHol
3 3actocyBaHHsIM CKKK Ha dyHKUIiOHanbHUI CTaH
HUPKOBUX TPAHCIUIAHTATIB MPOTSATOM MEPILIOTO POKY
MOCTTPaHCIIaHTAaLlii{HOTO Tepiony.

Marepianau Ta MeToau. /10 IbOTO MPOCTIEKTUBHO-
ro JoCiaXeHHs 0yJio BKJIIoUeHo 45 nauieHTiB 3 XXH
Ver., skum y 2020 — 2023 pp. B HanioHasibHOMY Ha-
YKOBOMY LIEHTPI Xipyprii Ta TpaHcmiaHTojorii im. 0.0.
MTanimoBa HAMH VYkpainu Oyina BUKOHaHa mepuia

aJOTpaHCIJIaHTallisl HUPKU Bifl >XKUBOTO POIMHHOIO
noHopa. Bei manieHTu Oyiu nofiiieHi Ha 2 TpyIu: Tpy-
na I — nocninna (n = 20) Ta rpyna Il — nopiBHSIHHS
(n = 25). O6ungi rpynu otpumyBaiu ICT ATT B nosi
3MT/Kr Macu Ta iHTiOITOp KaJbIIMHEBPUHY (TaKpoJIi-
Myc abo LMKIIOCIIOpPUH), MpernapaTr MiKo(heHOJOBOi
KUCJIOTU Ta METWIINPEAHI30JI0H, SIKy PO3MOYMHAIU 32
5-7 nHiB mo miaHoBaHoi onepauii. Kpim Toro, I rpyna
peunumnieHTiB 32 3-4 TOAMHU 00 TPAaHCIUTAHTALlil HUP-
KU, Ticag mpeMeauKalii 1eKCaMeTa30HOM B 103i § Mr
OTpUMYBaJIa JOAATKOBO BHYTPIIIHBOBEHHE BBEIECHHS
dpakiii SAPOBMiICHUX KJIITUH MYMOBUHHOI KPOBi JIIO-
auau (OAKITKIT) B 1o3i 2-3x106/kr (Taba. 1).

MOHITOpUHT JTabOpaTOPHUX TMOKA3HUKIB 3Hilt-
CHIOBaJIM y Tpu nepioau: | mepion BkaouaB 1-7neHb;
II nepion — 8-89nensp; 111 nepiog — 90-360aeHb, KOH-
LeHTpallii iHrioiTopiB KanbuuHeBpuHy (CO0), KIiHiKO-
JJabopaTOpHUX MOKAa3HUKIB KPOBi Ta ceui 3AiliCHIOBaIU
TpUYi Ha TUXAEHb MPOTIArOM MEPIIOro Micsus, ABidvi
Ha Micsillb TPOTATOM 2-3 MicsLiB Ta 1 pa3 Ha MicsSlb 10
KiHusg poky. BuznaueHHs NGAL ceui 3aificHIOBanu y
BCiX peuuIieHTiB B I mepiofi Ha mepliy Ta TpeTio 100y
MiCJIs1 TPAHCITAHTALIiT HUPKMU.

Tabauys 1
XapakTepuCTHKH PelUIi€HTIB HUPKOBOI'O TPAHCILUIAHTATA
ITapameTpu I rpyna (n=20) II rpyma (n=25)
BiK, poku, ME*m 25,50%4,55 31,58+3,55
CTaTh:
— yoJIoBiKkH, n (%) 11 (55%) 14 (56%)
— XiHKH, n (%) 9 (45%) 11 (44%)
IMT (iHzekc Macy Tina) 20,4 £0,55 20,8 £0,64
Innykuitina ICT:
— ATT 20 (100%) 25 (100%)
Beenenns ®AKITKIT 20 (100%) 0
Iinrpumytoua ICT:
Cyclosporin, n (%) 4(20 %) 5(20%)
Tacrolimus, n (%) 16 (80%) 20 (80%)
Mycophenolate, n (%) 20 (100%) 25 (100%)
Methylprednisolone 20 (100%) 25 (100%)
Cross-match HeraTUBHUI 20 (100%) 25 (100%)
LIMB cratyc periumnieHTa
— MO3UTUBHUA 15 (75%) 19 (76%)
— HeraTUBHUI 5(25%) 6 (24%)

Mg mpodinaktTuku po3Butky LIMB iHdexitii Bci
MalliEHTV OTPUMYBAJIN BaJTaHIMKIOBIp 450 Mr/mo0y,
U1 podUTaKTUKKA MHEBMOLIMCTOI iHMEKIii — Ko-
TpuMokca3zosn 480 Mr/mo0y TepMiHOM 10 3-5 MicsIIiB.

ITynkuiitHa Giomncis TH mpoBoaunack BciM maili-
€HTaM 3TiJHO MPOTOKOJy 4epe3 3 Ta 12 micAuiB mic-
JIsl TpaHCIUIaHTallii, MOp(OJOTiuHi 3MiHU BU3HAYAIU
srinHo Banff-kmacudikanii [15].

CratuctTuuHy oOpoOKYy pe3yJbTaTiB MOCTiAXEHb
MPOBOAWIN 3a HOIMOMOTOI0 CTAaTUCTUYHOTO TaKeTy
StatSoft (2010) STATISTICA 9.1 for Windows StatSoft
Inc, Tusla. [IpoBoauBCS AeCKPUNITUBHUM aHAITi3 KOX-
HOi BUOIpKM 3 PO3paxyHKOM CEpeaHbOro 3HAYEHHS
(M) Ta crannaptHoro BinxuneHHs (SD). [1opiBHIHHS
JIBOX HE3JIEXKHUX CYKYITHOCTE MpPOBOAWIOCH 3a He-
napaMeTpuaHuM TectoM — U-TecT ManHa—YitHi (U—
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testMann—Whitney). Po36i>kHOCTi MiX CyKyIMHOCTIMU
BBaXAaJINUCh CTAaTUCTUYHO 3HAYMMUMHU TPU 3HAYEH-
HsX koediuieHTa goctoBipHocTi p < 0,05. Xapakrep
3B’SI3Ky MiXX 3MiHHUMM MOKa3HUKAMM OLiHIOBABCS 3a
piBHeM KoedillieHTa Kopesuii Pearson (rp) npu 3Ha-
YeHHsX KoedilieHTa foctoBipHocTi p < 0,05.
PesyabTatn. CamomouyTTss TALi€HTIB  OLi-
HioBajocsgd 3a 10-Tu OajpbHOIO IIKAJOK Ha OCHOBI
Ccy0’€eKTUBHUX BiTUYTTiB (3arajbHa cJIabKiCTh, 32U~

Ka), piBeHb apTepiaiIbHOIO TUCKY, YaCTOTU IIYJbCY,
TeMIlepaTypu Tijla Ta iHIIMX cKapr. BimmoBigHO o0
orepallii 1ei MOKa3HUK CKJIaaaB 6-7 6ajliB y XBOPUX
000x rpymn, a Bxe yepe3 ABa TvxHi micag TH BiH Big-
mosigaB 10 6amam y Bcix manienTis I rpymnu, Ta 9,8-9,9
y NALi€HTIB IPyNU MOPiBHSIHHS.

HaHi 06’eMy n1000BOTO Hiype3y y pi3Hi mepioau
nicag TH (ta6n.2):

Tabauys 2
JIunamika aiypesy, M
Tepmin I nepion II nepoin 111 nepoin
Tpymm IIpu (1-7neHb) (8-90 nenn) (91-360 nenn)
peummienTis f,ﬁ:,fﬂ 1 7 14 30 90 180 360
IToKa3HUK JeHb JHiB JHiB JHiB JHiB JHiB ZiHiB
800+ 9400+ 3750+ 2850+ 2440+ 2350+
+ +
Hiypes, ! 370 950 350 100 121 A 90 2341+ 50
(M) 740+ 7545+ 3130+ 2978+ 2543+ 2450+
. . . . . + - +
1 430 750 455 225 109 2243170 70 2437+ 40

I mepion: y rpymi moclimXeHHS BigMmidaBcs J0-
CTOBipHO OinbplIMII piBeHb TMoOJiypii Ha 1-y #oOy
(9400%950 M) Ta Ha 7-my gody (3750350 mur), mo-
piBHsiHO 3 Il Tpymoroo peummieHTiB, e JOOOBUI1 [i-
ype3 Ha 1-y ta 7-My moOy cknagaB 7545+750 mn ta
31304455 mn BigmoBigHO .

IT mepoin, III nepion — mocroBipHOi pi3HULI 3a
piBHEM Jiype3y He CIocTeparauocs.

JAnHaMika TOKa3HUKIB KOHIEHTpaIii cupoBaT-
koBoro kpearuHiny ta IIIK® y I mepioai cBigunia

npo mBuIKe BinHoBIeHHS yHKUiT HT B 060X rpy-
nax mnauieHTiB. I[Ipuyomy B Mepuriii rpymi MM CIIO-
cTepiraay HopMmallizalilo piBHSI KpeaTHMHiHeMil de-
pe3 48-72 ronuHu micasg omepailii, Toai 1k B I1 rpymi
HopMaJi3allisl piBHS KpeaTUHiHY CHUPOBATKMU KpPOBi
criocTeparajocs Juile Ha 5-7 JeHb Micasg olepalrii.
(puc. 1, 2). B Il nepioxi, Ha 14 micasonepauiiiHui
JIeHb, KOHLIEHTap1Iisl KpeaTUHiHY KpoBi xBopux I rpy-
1 OyJ1a TaKOX JOCTOBIPHO HUXKYOIO, HiXK Y MAIli€HTIB
II rpynua.

Puc. 1. lunamika piBHSI KOHIIEHTpaIlil CHPOBaTKOBOTO KPeaTHHiHY y maiieHTiB miciast TH, MKkMoitb/1.

Pospaxynkosy IIK® (CKD-EPI, mi/x8/1,73 M2)
BusHayanu B Il mocTTpaHcraHTaliiHOMY mepiomi

(puc. 2). 3 90 mo 360 meun y I rpymi HIK®D Gyna
JIOCTOBIpHO BUILOIO, TTOpiBHSHO 3 II rpymnoro.
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Puc. 2. IlIBuakocTs Kiy60ukoBoi dinsrpauii y nauientis micas TH, CKD-EPI, mu/xs/1,73 M2
B III mocTTpaHcnIaHTaLliiHOMY TepPioi.

HocnimxyBanu koH1eHTpaniro NGAL ceui B mepiromy nepoji miciast TpaHCcIIaHTallii Hupku (puc. 3).
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Puc. 3. Jlunamika koHueHtpailii NGAL ceui y nauienTiB miciss TH Ha 1-nii Ta 3-iit neHb
TTiCJIsT TPAHCTUIAHTATli T HUPKU, TIT/MIT.

Konmentpamisi NGAL ceui y penumieHTiB 1
rpymu Ha 1-mii Ta 3-iit nens micaa TH ckmamana 79.4 Ta
28.4 rir/mut Ta Oyna TOCTOBIPHO HMXKYOIO, TIOPIBHSTHO 3
penumnieaTamu 11 rpyrm — 375 ta 121 iir/mo1 Ha 1-mii Ta
3-iif mens BigmmoimHo (p < 0,05).

biorcii BciM matiieHTaM 060X TpyIt BUKOHYBaJIMCS
yepe3 3 Micsami micaa TpaHcimiaHTamii. Y [ rpymi
Kinybouku Oyau 0e3 O03HaK CKJIepo3yBaHHs, 0e3
CeTMEHTOSIEPHUX HEUTPOMiNiB y IIPOCBITI IIeTENh
KaniisipiB KJ1yOOUKiB, 6€3 03HaK MOJBOEHHS 0a3a1bHOI
MeMOpaHU Ta PO3LIMPEHHS ME3aHTialbHOTO MaTPUKCY
(g0, mmO0, cg0 ). Kanampii wMamm 30epexeHHi
emirenii, y 20% nauieHTiB Oyiu MiHIMalbHi OIISIHKA
TyOymsipHoi  atpodii  (ctl), iHTpaemiTemiaTbHUX
nmimponuTiBe BusiBieHo He Oymo (t0). ¥V mpocsiTi
KaHaJIbliB MaTOJOriYHOTO BMIiCTYy BUSIBJIEHO He OyIo,
y iHTepcTHlIil 03HaK (idpo3y, 3amanbHOI iHPiLIBTpalii
BuUsIBIIeHO He 0yi10 (¢i0, i0, i-IFTAOQ, y meputyoynsipHUX
Kaminsgpax HeuTpodiniB BusiBieHo He Oyno (ptc0),
CTiHKH apTepiit 6e3 marojorigaux 3miH (v0, c¢v0, ah0),
O3HaKWM 3amnajeHHs 0ynu BincyTHi (ti0) (puc. 4-7).

Puc. 4. Marepian Giorcii HUpKOBOTO TpaHCILIaHTaTy 6e3
iCTOTHUX MOP(OIOTiYHMX 3MiH, 3a0apBJACHHS reM-C03UH,
30inbeHHs x100.
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BincyTHi icToTHi MOopdoJIoTiuHi 3MiHM Y KOPKOBOMY II1api

Puc. 6. 3a6apsinenns Macon-Tpuxpom, 36iabinerHs x100.

Puc. 5. 3a6apsrenns LLINK-peakitist, 36inpmenHs x200.

HUPKOBOI'O TPAHCILJIAHTATY.

BincyTHi icTOTHI 03HaKU CKJIEPO3yBaHHS iHTEPCTUILLIIO.

Puc. 7. 3abapBiieHHSs reM-e031H, 30iabiieHHs x100.
BincytHe niHiitHa excripecis C4d y neputyOyasipHUX
Kaminsipax.

PesyabTaT iMYHOTICTOXiMiUHOIO JOCIiIXKEHHS
peuunienTiB I rpynu: CD3 (Polyclonal) — no3utuBHa
peakiis B T-niMmpountax, C4d mo3uTuBHA peakilisi B
NepUTYOYJISIpHUX Kamijisgpax Ta KJIyOOUKOBUX Kallijisi-
paxy 5% XBoOpuXx .

Banff score: g0, mmO0, cg0, ctl, ci0, t0, ptcO,
i-IFTAO, i0, ti0, v0, cv0, ah0, c4d1 (5%).

VY II rpyni BCTaHOBJIEHO O3HAKW aKTUBHOTO aHTU-
TiJIO-OMOCEPEIKOBAHOTO BiATOPTHEHHS (TJIOMEPYJIT
Ta NEPUTYOYJISIPHUN KaMiJsApiT i3 HAABHICTIO JiHilAHOL
ekcrpecii C4d y kaninspax) y 8% xsopux (puc. 8).

Puc. 8. ImyHoricToximist 6ionrata HUpKH,
30inbeHHs x400. JliniiiHa excripecis C4d
y MIepUTYOYJISIPHUX Karijisgpax.

I'momMepyniT XxapakTepu3yBaBCsl HasIBHICTIO cCer-
MCHTOSIIEPHUX HEHUTPODIIiB y MPOCBITI METEIb Karli-
JISIpiB YaCTWMHM KJIyOOUKiB Ha piBHi gl-2. Ileputy0Oy-
JISIPHUI KAaIliJISIpUT TPOSIBISIBCS HASIBHICTIO KIIITUH
3amnajeHHs y MPOCBITi KaliJispiB iHTEPCTULIIIO HA PiBHI
ptcl-2. ¥V ogHOMY 3 BUITQAKiB BHSIBICHO PO3IIMPECH-
Hs TIEpUTYOYJISIpHUX KamijsapiB. Y BCiX BUMagkKax ak-
THBHOTO aHTHTiIIO-OIIOCEPEIKOBAHOTO BiITOPTHEHHS
crocTepiraiucsl sBulilla TOCTPOTO KaHAJbLEBOTO He-
Kpo3y. He Oyyo BUsBIIeHO BUMAJKIB 3 ypaXXeHHSIM ap-
TepiaJbHUX CYIUH.

Y ogHoro nauiexra I1 rpynu 6y10 BUsSIBIIEHO O3HA-
KU TocTporo T-KIIITUHHOTO BiATOPTHEHHS 3 TyOyJIiTOM
Ta 3alfaJbHOI0 JiMdounuTapHOo iHMIIBTpaIi€o v He-
CKJIEPO30BaHOMY iHTEPCTHILIl.

ImyHoricToXiMiuHe HOCHIIXEHHSI TPOAEMOHM-
TpyBajio ekcnpecito CD3 nimponurtis (puc. 9). TyOy-
JIIT XapaKTepu3yBaBCs HasIBHICIO JiM(OLIMTIB y eriTe-
JTii KaHAJIBIIIB Ha piBHI t2.
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Puc. 9. ImyHorictoxiMis, 30inbiieHHs x400
Excnpecist CD3 y T-nimdornurax y iHTepcTUllii Ta B emiTeltii
OKpPEMMX KaHaJIbLIiB.

OOroBopeHHd. 3a JaHMMM JITEPATypH, BBEIEHHS
TEMOITOETUYHUX CTOBOYPOBUX KJIITUH MOXE CYIPOBO-
JUKYBATHUCS PI3HUMU YCKIaTHEHHSIMU, BKJIIOYAIOUU IO-
CTpe MOIIKOIXKEHHSI HUPOK, HEDPOTUYHUI CUHIPOM,
XpOHiYHE 3aXBOPIOBAaHHS HUPOK, iH(PEeKUiliHi yCKIa-
HeHHs1 [16]. TIpoTe B HaIIOMy AOCTIIKEHHI Mig yac Ta
nicng BBeneHHd CKKK ycknagHeHb He criocTepiraiu,
3a BUHSATKOM HE3HAYHOTO MiJABUILIEHHS apTepiaJlbHOTO
TUCKY B OKPEMUX MAlli€EHTIB, 1110 MOXe OYTH MOB’I3aHO
3 TIpeMeAUKAIIi€I0 JeKCaMETa30HOM, a TaKOX €MOIIiii-
HUMM TEPEeXUBAHHSIMU, OCKIJIBKU iX BBEIEHHS MpO-
BOJWJIOCS B YMOBOX BiJJIJIEHHS iHTEHCUBHOI Tepartii.
AHabiITaKTUYHUX YU TiMEepTePMIYHUX peaklliii Ha BBe-
nenHs Tipermapaty @SKIIKII He Oymo. Bimcrpouenoi
dynkuii HAT Takox He 6yJ10 y )KomHOMY BUMAKY.

3MEHIIIeHHSI KpeaTHHiHeMii y malieHTiB I rpynu
BUHUKAJIO paHile (4epe3 48-72 ronvHu), Ha BiIMiHY
Bin peuurmieHTiB II rpynu, e Hopmarisaliist piBHS Kpe-
aTUHiHY HacTymnaja Ha 5-7-uii AeHb, 110 MOXe OyTu
TOB’S13aHO 3 IOCTOBIPHO OibIIOI0 MoJiypieto B I mepi-
OJli y MepIiil TpyIi PEUMITIEHTIB Ta MOXJIUBUMM illle-
MidyHO-penepdy3iiiHuMu noinkomkeHHamMu HT, 1o
minTBepaxeHo Huxx4yuM piBHeM NGAL B ceui y peuu-
nieHTiB [ rpynu Ha I Ta I11 o0y micas TpaHCIIaHTAali1
HupkH (p < 0,05).

CepenHiit yac nepedyBaHHs MAali€HTIB B cTallio-
Hapi perunieHTiB I rpynu 6yBs 10 guiB, Il rpynmu — 14
IHiB. HecmpOMOXHOCTI UM CTPUKTYP CEYOBUX aHACTO-
MO3iB y IpYITi TOCTiIKEHHS i MOPiBHSHHS HE BiaMiva-
Jlocs. 3arO€HHS MicasomnepalifHuX paH y Malli€HTIiB
nepuIoi rpynu 0yao 6e3 ycKJianiHeHb. Y IBOX Malli€HTiB
Il rpynu 3 HAAJTMIIIKOBOIO MAcOI0 Tijla BAHUKJIA CEPO-
MU MicasonepaliiHuX paH, a Takox y 4 i3 30 maiieH-
TiB — enizonu mieaoHedputiB HAT, mo norpedysaio
Jemo OinblIoro yacy nepedyBaHHsS TAlliEHTIB B CTa-
1ioHapi.

Mu He crocTepirajii po3BUTKY OMYPTYHICTUIHUX
iHdexkuiit y mauientiB 1 rpynu, Ha Binminy Big I rpy-
v, y 1 mamienra oyna [IMB indekuis ta COVID-19
y 1 nmamieHTa.

ITatoMopdooriHi fochigxkeHHs Oiomnciit rpadTiB
y | rpyni He BUSIBIUJIM O3HAK CYTTEBUX MATOJOTIUHUX
3MiH.

3arasiom MopdosoriyHa KapThHa OiomnTaTiB Oyna
0e3 3HaYHUX MaTOJOTiYHMX 3MiH, 1110 BilMOBiIaJI0 HOP-
MaJIbHUM TToKa3HuKaM dyHkii Bcix HT. JIunie excripe-
cis C4d y neputyOyasipHUX Karijasgpax 6e3 KIiHiYHUX Ta
MOPQOJIOTIYHUX MPOSIBIB  aHTUTIIO-OMOCEAKOBAHOTO
BiITOPTHEHHS, SIKa CTIOCTepirajacs y 2 pelMITiEHTIB, HE
MaJia IOCTOBipHOTO AiarHOCTUYHOTO 3HAYEHHSI.

VYV II rpyni BUSIBJEHO 2 BUMAAKW aHTUTIIO-OMO-
cepeakoBaHoro BinroprueHHs (10%) 3 riomepyiiTom
Ta TIEPUTYOYJISIPHUM KAIiJISIPITOM Ta JIiHIHOIO €eKcC-
npeciero C4d y kaminsipax, a TAKOX O3HAaKU TOCTPO-
0 KaHaJIbLIEBOTO HEKPO3Yy Ta OJWH BUIMAAOK TOCTPO-
ro T-KJIiITUHHOrO BiATOPTHEHHS, 110 OYJW YCHILIHO
KOHCEPBATUBHO MPOJiKOBaHI 3 3aCTOCYBAHHSIM ITYJIbC
Teparlil METWIIPeIHi30JI0HY, ceaHCiB miaa3Mmadepesy,
BBEACHHSIM BHYTPUIIHBOBEHHOIO iMyHOIJIOOYJIiHY,
puTyKcrMaby Ta MiABUILIEHHSM KOHLEHTpaLii iHribi-
TOpa KaJblIiHEBPUHY.

Zhao L. et al. [17] cTBepmXyBaau, 110 iHAYKILiii-
Ha Teparnis 3 BukopuctaHHsaMm CKKK e 6e3neyHoro y
peuunientis HT, a B BinganeHoMy NOCTTpaHCILJIaHTA-
LiiHOMY TiepioAi Majla HUXYUIA piBeHb iH(PEKIIHHUX
3aXBOPIOBaHb, MOPiBHSHO 3 MalliEHTAMU, SIKi OTPUMY-
Bayu CICT (RR = 0,65, 95% Al: 0,46—0,9, P = 0,01),
1110 TAKOX BiAIOBifa€e pe3yabTaTaM MPOBEAHOTO HAMU
JOCTiIKEHHS.

Bucnosku. IToenunanng CICT 3 BBeIeHHAM
CKKK peanizyeTbcst yepe3 3MEHIIEHHS illeMiuYHO-pe-
nepdy3iiHUX MOIKOAXEHb CTPYKTYP TPaHCILJIAHTATY,
BimHoBmooun LIIK® mpotsarom 2-3 modu miciasa TH,
nopiBHSAHO 3 5-7 mo0OoO10 y XBOpuX 0€3 3aCTOCYyBaH-
Hg CKKK. [Ins1 mogajabllioro BUBUEHHSI MeXaHi3MiB
BrinBy CKKK Ta cTBOpeHHS METOAMKM iX 3aCTOCYy-
BaHH4A (032, yacToTa, 00’€M MOHITOPUHTY) HEOOXif-
HUM € TIPOBENEHHS MOJANbIIOr0 BUBYEHHS BIUIMBY
CICT noenHanoi 3 3actocyBaHHIM CKKK Ha ¢yHK-
nioHanbHu# ctan TH.

JI:kepena dinancyBannga. PoGora BHMKOHaHa B
pamkax HIP «BusHauuTy iMyHOJIOTiYHi, 3anajibHi Ta
MeTaboJIiYHi AETEPMiHAHTU TPUBAJIOCTI (YHKIIOHY-
BaHHS HUPKOBOTO TpaHCIJIaHTaTa Ta 3alpONOHYBaTU
CcnocoOu MOoro MOAOBXEHHS» (HOMEp AepXpeecTpalil
01240U003704).

Kondaikr inTepeciB. ABTop 3asBisi€e PO BiACYT-
HiCTb KOHMJTIKTY iHTEPECIB.

BHecok aBTopa.

Boponak 0.C.: 36upanHs Ta 06po6Ka KJIiHIYHOTO
MaTepiany, aHali3 OTPUMAaHUX Pe3yJIbTaTiB, HAMTMCAH-
HSI TEKCTY PYKOMUCY.

Iloasika. ABTOp BUCIIOBIIOE IIUPY TOASKY KO-
JICKTUBY BiAIUly TpaHCIUIaHTallii HUpKU JlepxXaBHOI
yctaHoBU «HallioHanbHUII HayKOBUI LIEHTP Xipypril
Ta TpaHcmiaHTosorii imeHi O.0. IlanimoBa» HAMH
Vkpainu, a takox mnpogecopy M.O. KosnecHuky 3a
npodeciiiHy AONMOMOry, MiATPUMKY Ta ILiHHI MOpaanu
i1 Yac MPOBENEeHHS JOCTiIKEHHS.
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Abstract. Anemia following kidney transplantation (KTx) is a prevalent complication
that adversely affects allograft function, graft survival, and patient survival. Its etiology is
multifactorial, encompassing general causes of anemia and KTx-specific factors, such as
immunosuppression and reduced erythropoietin production. Management primarily involves
iron supplementation and erythropoiesis-stimulating agents (ESAs); however, specific guidelines
Jfor post-KTx anemia are lacking, and the optimal methods for treating iron deficiency in KTx
recipients remain undefined. Emerging evidence suggests that sodium-glucose cotransporter-2
inhibitors may improve hemoglobin and hematocrit levels in patients with chronic kidney disease
and KTx recipients.

To review recent advances in the pathogenesis, epidemiology, treatment, and outcomes of post-
KTx anemia, we conducted a literature search using PubMed, Google Scholar, and Google, with
keywords including “anemia in kidney transplantation,” “anemia etiology in KTx recipients,”
“iron deficiency in renal transplantation,” and “short- and long-term effects of anemia in KTx
recipients.”

This review synthesizes evidence indicating that effective management of post-KTx anemia,
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AHeMis y pelMIi€HTIiB HUPKOBOIO TPAHCILUIAHTATY: eMieMioJoris,
naTodi3ioJioria Ta miaXoaM 10 JiKyBaHHSA
13aranbHa nikapaa Xaman, Binkpuruit JTisilicekuii yHisepcurert, Joxa, Karap
2[Tutsava nikapHsa Tpunodi, YHiBepcuret Tpunoni, Tpunoni, JliBia
3Teniarpuyna sikapHs Tpunosi, Binkpuruii JliBilicekuii yHiepcuret, Tpunoai, JTisis
43aranbHa JikapHa XaMan, YHisepcurer Karapy, Joxa, Katap
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Pestome. Anemia y peuinicumis nupkoeoeo mucnsanmama (HT) necamusno eénausae Ha QyHKUi0 arompam-
cnaanmama, @uICUBAHICMy mpancnaanmama ma nayicumis. Ii emionoeiss € myasmugakmopHor, 0XonaH4u 3a2anbHi
npuyunu anemii i cneyuiuni ons HT pakmopu, maki sk imynocynpecis ma 3HUMNCeHHs NPOOYKYB8AHHS epUmMPONOemuny.
JlikyeanHs nepesajicHo 8KAIOYAE 3ACMOCY8AHHA 3acobie 3aniza ma epumponoez-cmumyatoioui aeenmu (ECA); oonak
cneyughiuni pekomeHoauii w000 MeHeoNCMeHmy noCm-mpaHCcNAGHMAYIUHOI anemii 8idcymui, a onmumansii memoou
AiKyeanHs degiyumy 3aniza y peyunienmie HT 3aruwmaromocs neeusnauenumu. Hogi dani ceiduame, wo ineibimopu xo-
mpauHcnopmepa Hampir-2AKo3uU 2 MOJICYMb NOKPAULy8amu pieHi eemo2no0iny ma eemamokpumy y peuunicumie HT 3
XPOHIYHOI0 X80pP00OOI0 HUDOK.

s oensady ocmawumix OdocsieHeHb y ueueHHI namoeene3y, enidemionoeii, NIKYyeaHHs ma Hacniokie nocm-
mpancnaaumayiitol anemii Mu nposeau nowtyk aimepamypu 3a donomoeoro PubMed, Google Scholar i Google, suxo-
PUCMOBYIOYU KAIOH08I CA08A, 30KPeMa «aHeMisi 34 MPAHCNAGHMAuii HUpKu», «emionoeis anemii y peyunienmie HT»,
«Oeghiyum 3aniza y peyinienmie HT» ma «xopomko- i doseocmpokosi epexmu anemii y peyunicumie HT».

Leii 02ns0 y3aeanvhioe 0okasu, ki 8Ka3yroms Ha me, wjo epeKMUGHUIL MeHeOICMeHm NOCH -MPAHCHAGHMAUITHOT
anemii 3a donomoeoro ECA ma neobxionux ons epumponoesy Komnonenmie (3anizo, gponamu, éimamin B12) € 6ezneurnum
i Moxce 3abe3neuysamu HeghponpomexmopHi nepesaeu. Llinecnpsmosana Kopexkyisi anemii NOKpauye aKicmo icumms,
SHUNICYE CMEPMHICMb, CNPUSE KPauiiil (YHKYII MPAHCHAGHMOBAHOI HUPDKU MA 3MEHUYE PU3UK GIOMOpPSHEeHHsT MpaH-

cnaaHmama, nioKpecao4u HeoOXiOHicmb po3pooKU CMAaHOAPMU308aHUX NPOMOKONIE AIKY8AHHA.

KimouoBi ciioBa: anemin, mpancnianmayis Hupku,

epumponoemun, deiyum 3aniza, iHeibimopu KOMpaHcnop-

mepa Hampiio—eﬂiOKOS’Lt 2, eidmopeHeHHﬂ mpaxcniaumama, BUIICUBAHICMb mpancniaemama, AKICMb Jcummsi.

Introduction. Kidney failure is a major public
health problem, and its impact is expected to escalate
significantly because of the aging population and the
increasing rates of diabetes (DM) and hypertension
(HTN) [1]. The commonest cause of renal failure that
requires regular dialysis and kidney transplantation
(KTx) is chronic kidney disease (CKD). CKD’s overall
prevalence is almost 14% [2]. Globally, DM and HTN
are the prevalent etiologies of CKD [3, 4]. Although di-
alysis is widely used globally for kidney failure, research
has shown that KTx is more cost-effective.

KTx is linked with improved quality of life, greater
survival rates, and higher economic productivity [5].
The framework established by the International Society

Elmukhtar Habas
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of Nephrology (ISN) prioritizes KTx as the preferred
method of kidney replacement treatment (RRT) [6].
However, the use of KTx is limited by many reasons,
such as patient eligibility, the availability of donors,
cultural prejudice against organs from dead donors, lo-
cal or regional proficiency, and the expenses associated
with KTx surgery and immunosuppressive drugs [7].
While it is probable that low-income nations have more
challenges in accessing KTx, there is a lack of recorded
data on the availability, accessibility, and quality of KTx
care compared to countries with good economic levels.
A survey was conducted in 182 nations, with 155
responding to inquiries related to KTx. Approximately
74% reported the availability of KTx, with a median oc-
currence rate of 14/million and a median prevalence
rate of 255/million. The accessibility of knowledge
about KTx has shown significant disparities, with even
high-income nations demonstrating significantly worse
accessibility for ethnic minorities. Around 31% of in-
dividuals had access to universal health coverage for all
KTx treatment expenses, whereas 57% maintained kid-
ney transplant registries [8], affecting the rate of KTx.
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The American Society of Transplantation and
the World Health Organization (WHO) define anemia
as Hb levels < 12 g/dL for females and < 13 g/dL for
males [9, 10]. Normocytic normochromic anemia is a
common CKD anemia linked to many negative clinical
consequences [11]. A successful KTx can rectify ane-
mia. Nevertheless, a significant proportion of KTx indi-
viduals, ranging between 20% and 51%, have anemia at
different stages after KTx [12, 13]. Post-KTx (PKTx)
anemia is often subdivided into early and late. Early
anemia usually develops within 6 months of PKTx, af-
fecting around 50% of patients, while Late anemia oc-
curs in 23%-35% of KTx individuals after 6 months
[13, 14].

PKTx anemia is connected with decreased physi-
cal ability, persistent tiredness, cognitive deterioration,
and worsening life quality [15]. Furthermore, increas-
ing evidence suggests that anemia might have an ad-
verse correlation with long-term clinical results after
KTX, including graft failure, death, and progression
of kidney dysfunction. Therefore, addressing anemia
in KTx recipients (KTRs) is justifiable, preferably ini-
tiating treatment promptly after transplantation. How-
ever, the guidelines need more appropriate or precise
recommendations for managing anemia in KTxRs [16].
The KDIGO recommendations for KTRs and the posi-
tion statement from the European Renal Best Practice
Group both recommend managing anemia in KTxRs
by adhering to the treatment guidelines for anemia in
CKD. However, these recommendations have some
drawbacks, as will be discussed later.

Epidemiology of post-kidney transplantation
anemia. PKTx anemia prevalence was reported as
20—51% at different points in time after transplanta-
tion [12, 13]. The prevalence of early anemia in PK-
TxRs was about 50% in various studies [17, 18], and
the prevalence decreased to approximately 23—35%
during the eight-year follow-up [17, 18]. The preva-
lence rates of PKTx anemia at 1, 3, 6 months, and 1
year were 84.3%, 39.5%, 26.2%, and 21.6%, respec-
tively [19]. Subsequent research indicates that the
prevalence of PKTx anemia varies between 25% and
41.4% [20, 21], with a 2-year prevalence of 36.6%.
The anemia incidence at 3, 5, and 10 years PKTx has
been reported as 41.5%, 35.3%, and 93.2%, respec-
tively [22]. Another study reported that anemia rates
vary by definition and transplantation time. Research
indicates that 50% of KTxRs are anemic at 6 months,
40% at 1 year, and 30% at 5 years of PKTx, with 12%-
15% experiencing severe PKTx anemia (Hb <11 g/dL)
[23]. PKTx anemia has a high prevalence, and its se-
verity increases the risk of graft failure [24], mortality
rate [12, 13], left ventricular hypertrophy [25], con-
gestive heart failure [26], and the estimated glomeru-
lar filtration rate (¢GFR) reduction [17]. The varia-
tion in PKTx anemia prevalence and anemia-related
death rate may be due to heterogeneity in anemia defi-
nitions, patient characteristics, graft function, immu-
nosuppression, inclusion criteria, and study method-

ologies. Standardized reporting and longer follow-ups
could improve comparability.

Post-kidney transplantation anemia etiology and
pathophysiology. Anemia incidence and severity are
linked to kidney transplant graft dysfunction [27]. KTx
causes folate, iron, and vitamin B12 deficits, causing
anemia [28]. The graft secretes erythropoietin (EPO),
which rises to 100% by 16 weeks PKTx, improving
erythropoiesis and anemia. Second plasma EPO peaks
depend on renal function recovery [29]. Serum EPO
levels may vary with renal function in KTxRs [30].
As the transplanted kidney’s glomerular filtration rate
(GFR) drops, EPO production diminishes [30]. Acute
rejection can rapidly lower serum EPO [31]. PKTx
anemia patients may have high serum EPO or insuffi-
ciency and may develop intolerance to high EPO levels.
Chronic allograft rejection, inflammation, iron insuf-
ficiency, hyperparathyroidism, infections, and immu-
nosuppressive medication misuse increase resistance to
the EPO effect [30].

Iron deficiency PKTx can cause early or late-stage
anemia. Increased iron consumption due to allograft-
induced serum EPO generation, hemorrhage during or
after surgery, frequent sampling, anticoagulant usage,
commencement of heavy menstrual cycles, and malig-
nancies can cause an absolute iron deficiency [32]. In-
flammation and mTOR inhibitors raise hepcidin levels,
lowering blood iron and affecting erythropoiesis [32].

Chronic bacterial or viral infections impair eryth-
ropoiesis by directly impacting the bone marrow, in-
creasing the risk of PKTx anemia [33]. In the early
months after transplantation, immunosuppressive
medication increases the risk of infectious diseases [34].
Due to bone marrow suppression by parvovirus B19, re-
ticulocyte counts might drop below 1% within 2 weeks
of kidney transplantation, causing anemia [37].

Anemia caused by medication may be investigated
when no other causes are found [20]. Calcineurin in-
hibitors, anti-thymocyte globulin, mTOR inhibitors,
and antimetabolites can cause anemia. Anemia can be
caused by toxic antivirals such as ganciclovir and val-
ganciclovir. Antibacterials such as trimethoprim-sul-
famethoxazole can impact bone marrow, and immune-
mediated hemolysis can cause anemia [14, 35]. Azathi-
oprine and mycophenolate mofetil can cause hemolytic
or megaloblastic anemia in kidney transplant recipients
[36, 37]. Long-term proton pump inhibitor use may
impede intestinal iron absorption, causing iron-defi-
ciency anemia [38]. PKTx anemia is linked to RAAS
inhibitors [27]. The RAAS increases serum angiotensin
11, which boosts erythropoiesis by increasing EPO syn-
thesis in response to hypoxia and decreasing renal blood
flow [16]. It also decreases hepcidin and stimulates red
blood cell precursor production. The effect of RAAS
on erythropoiesis may be minor in the general popula-
tion, but blocking RAAS receptors decreases hemato-
crit in immunosuppressed individuals. RAAS inhibitors
in PKTx may affect erythropoiesis, causing anemia [20,
39]. Delayed graft function delays EPO synthesis by
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the transplanted kidney, causing PKTx anemia. Inter-
stitial fibrosis and tubular atrophy are independently
related to 12-month post-PKTx anemia [40].

Pathophysiologically, PKTx anemia has many
causes. Iron deficiency, sometimes caused by preexist-
ing deficits, causes anemia in PKTxRs. Vitamin B12 and
folate deficits, albeit less common than iron deficiency,
can cause anemia and impair erythropoiesis since they
are essential for erythropoiesis. Rejection of transplant-
ed kidneys, especially in situations of chronic injury, can
cause interstitial fibrosis and tubular atrophy, limiting
kidney function and erythropoietin synthesis.

Early kidney impairment often coincides with
donor kidney health. Late dysfunction can arise from
cumulative damage or rejection, affecting EPO pro-
duction over time. Hepcidin, ferritin, and HIF dys-
regulation affect iron availability and EPO response.
Hepcidin, an iron-regulatory hormone, is raised during
inflammation, especially in transplant recipients, limit-
ing iron availability. Erythropoietin synthesis and iron
metabolism depend on hypoxia-inducible factors [41].
The primary causes and pathogenesis of PKTx anemia
are shown in Table 1 and Fig. 1.

Table 1
Etiologies of post-kidney transplant early and late anemia
Early Anemia Etiology Late Anemia Etiology
Iron deficiency Allograft Dysfunction

Infections
— Viruses causing aplastic anemia (parvovirus B19,
Epstein-Barr virus, cytomegalovirus, adenovirus,
BK virus, herpesviruses, and varicella-zoster
virus)
— Indolent infections (bacterial, fungal, viral, and
parasitic)

Infections: Late-viral (cytomegalovirus, hepatitis B
virus, and hepatitis C virus)
Community-acquired pathogens

Allograft Quality

Immunosuppressive Treatment

Immunosuppression induction

Iron Deficiency

Extended donor criteria

Vitamin B12 and Folic acid deficiency

Acute Rejection

Acute rejection

Delayed graft function

Antimicrobials

Ischemia time

Drugs
Renin-angiotensin system inhibitors
Proton-pump inhibitors

Aggressive Hydration (dilutionary effect)

Transplanted kidney

Transplanted kidney

Fig. 1. Pathogenesis, etiology, and treatment of Post-kidney Transplantation Anemia.

Predictors of post-kidney transplant anemia.
Multiple studies have sought to identify factors that
might predict the occurrence of PKTx anemia. In ret-
rospective research, 266 KTxRs between 2008 and 2011

were included [17]. Female sex, lower eGFR, and
presence of hypochromic red blood cells were identi-
fied as variables linked with early PKTx anemia in a
multivariate analysis. Early PKTx anemia and receiv-
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ing a live donor kidney were identified as important
factors related to late PKTx anemia occurring 2 years
after transplantation. The latter factor, having a living
donor as the source of transplantation, was shown to
have a protective effect for late PKTx anemia [17]. The
Transplant European Survey on Anemia Management
(TRESAM) gathered figures from 72 transplant facili-
ties in 16 countries, which included 4,263 KTxRs [20].
An evident correlation was seen between graft perfor-
mance and Hb levels. In 904 KTx individuals with se-
rum creatinine > 176.8 mmol/dL, 60.1% were anemic,
compared to 29.0% of serum creatinine < 176.8 mmol/
dL individuals, with a significant difference, P < 0.01.
High serum creatinine levels (over 176.8 mmol/dL)
were related to anemia occurrence in PKTx. Addition-
al variables linked to PKTx anemia included donor age
(especially over 60 years), the administration of ACE
inhibitors, immunosuppressives such as mycophenolate
mofetil and azathioprine, angiotensin receptor block-
ers, and infections.

In a study involving 626 patients who received
transplantation at a single center in Pennsylvania, sever-
al factors were significantly linked to anemia 12 months
after PKTx. These factors include anemia occurring 3
months after PKTx, the donor’s age, creatinine levels at
3 months, and being female [42]. It has been concluded
that after 12 months of PKTx, the occurrence of PKTx
anemia has led to a higher risk of patient mortality. The
presence of anemia 3 months after the transplantation
is a significant factor in determining the occurrence of
12-month PKTx anemia [42]. Furthermore, a separate
study conducted in Michigan, which included 192 kid-
ney transplant patients, found that being female and
having higher creatinine levels at the 3-month mark
are indicators of late post-transplant allograft dysfunc-
tion [43]. The finding that anemia shortly after PKTx
indicates that anemia will occur later [17] implies that
improved measures to avoid and manage anemia in the
early stages of PKTx might avert late PKTx anemia and
graft failure, especially in severe and moderate anemia
[12].

Approach to post-kidney transplant anemia. The
diagnosis and the investigatory scheme of PKTx anemia
include a good history and a physical examination. The
important parts of the history are the history of bleed-
ing, stool color, urine color, drug history, gastrointes-
tinal chronic diseases, and previous surgical history.
A history of anticoagulation and the type of immuno-
suppressive medication used are essential. Moreover,
the history of when the anemia started after KTx is
important to recognize the type of PKTx anemia and
the history of anemia pre-KTx. Furthermore, careful,
thorough clinical examination for signs of bleeding,
anemia, and chronic kidney, liver, and cardiac diseases.
A thorough general and systematic clinical examination
is necessary to look for any causes of anemia. Complete
laboratory workup, including complete blood count,
differential count, urine examination, serum vitamin
B12, folate, iron status (serum iron, ferritin, total iron

binding capacity), serum thyroid, and parathyroid hor-
mone levels, is all needed. In some instances, invasive
investigations, such as endoscopies, bone marrow aspi-
ration, and biopsy, might be required.

Post-kidney transplantation anemia and graft
failure. Previous studies reported that KTx is linked to
the combined occurrence of death from any cause and
loss of the transplanted organ. Nevertheless, whereas
most research has shown a noteworthy link with graft
failure, findings addressing the connection between
anemia and death are inconclusive. An investigation
of 4,217 French PKTx individuals revealed that both
death and graft failure were linked to PKTx anemia at 12
months [21]. Research conducted in Hungary followed
938 KTx patients and found that anemia was linked to
increased death and graft failure after 4 years [44] and 8
years of follow-up [45]. An Austrian study on 2,031 KTx
individuals revealed a substantial correlation between
anemia and graft failure and mortality over a median
period of 6 years [46]. A study conducted in Pennsyl-
vania, including 626 KTx recipients, found that anemia
at the 12-month mark had a higher mortality risk [42].
A study of 1,023 KTx recipients found that anemia after
3 months of PKTx was linked to increased graft failure
and mortality [47]. A study of 170 KTxRs concluded
that PKTx anemia during the first 30 days indicates
poor graft outcome [48]. Another research, including
266 transplant patients, found that anemia occurring
after PKTx at 2 years was also linked to higher death
rates [44] and even during 8 years of follow-up [45].
An Austrian study of 2,031 KTx individuals revealed a
substantial correlation between anemia and graft failure
and mortality over a median period of 6 years [46]. A
study of 1,023 KTx recipients found that anemia after
3 months of PKTx was linked to increased graft failure
and mortality [47]. A study of 170 KTxRs concluded
that PKTx anemia during the first 30 days indicates
poor graft outcome [48]. Another research, including
266 transplant patients, found that PKTx anemia is sig-
nificantly related to late mortality, graft dysfunction,
and a rise in graft failure rate [12]. Another trial, in-
cluding 1,139 patients, showed that anemia occurring
between 6 and 18 months after PKTx is common and
linked to graft failure and mortality [13]. A Japanese
[51] and a Slovakian [52] study had comparable find-
ings. A recent systematic review concluded that therapy
with RAAS inhibitors can decrease death and graft loss
in PKTx [53], although they may precipitate PKTx
anemia [16]. However, further well-designed prospec-
tive trials are mandatory to validate these conclusions.
A retrospective study that included 145 KTx recipients
recently concluded that PKTx anemia significantly en-
hances graft failure, loss, and mortality [45].

On the contrary, subsequent research has shown
contradictory findings concerning long-term fatality.
In a retrospective analysis of 825 KTxRs in Europe dur-
ing a follow-up period of 8 years, anemia was not shown
to be correlated with all-cause mortality [49]. Accord-
ing to a study conducted on 2,102 Danish KTxRs, there
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was no observed correlation between Hb levels and CV
morbidity or death over 5 to 6 years [50]. China’s ret-
rospective research, examining 887 PKTx individuals,
concluded that 12 months of PKTx anemia was not sig-
nificantly linked to death [19]. On the contrary, subse-
quent research has shown contradictory findings con-
cerning long-term fatality. Anemia was not shown to
be correlated with all-cause mortality in a retrospective
analysis of 825 KTxRs in Europe during a follow-up pe-
riod of 8 years [49]. According to a study conducted on
2,102 Danish KTxRs, there was no observed correlation
between Hb levels and CV morbidity or death over 5
to 6 years [50]. China’s retrospective research examin-
ing 887 PKTx individuals concluded that 12 months of
PKTx anemia was not linked significantly to death [19].

Regarding graft survival, anemia was consistently
shown to be substantially correlated with graft loss in
different studies. However, other studies did not find
a connection with overall mortality, but a substantial
link was noted between anemia and graft loss [13, 51].
However, other studies did not find a connection with
overall mortality, but a substantial link was noted be-
tween anemia and graft loss [13, 51, 52]. Regarding
graft survival, anemia was consistently shown to be sub-
stantially correlated with graft loss in different studies.
However, other studies did not find a connection with
overall mortality, but a substantial link was noted be-
tween anemia and graft loss [13, 51].

A study reported an established correlation be-
tween anemia and mortality, which was detected to de-
pend on the degree of severity [13]. The presence of se-
vere anemia (Hb < 11 g/dL) was continuously linked to
a higher death risk. However, moderate anemia has not
been reported to correlate significantly with mortality.
Moreover, iron deficiency triggers the activation and si-
multaneous splitting of fibroblast growth factor (FGF)
23 [53]. High levels of FGF23 have been observed as
an independent predictor for graft loss, cardiovascular
disease (CVD), and death in KTxRs. This is likely due
to the unintended effects of FGF23 in non-target sites
[32]. It is yet unknown if FGF23 might serve as a link
between iron deficiency and negative consequences in
KTx anemia cases, necessitating further research.

Research indicates that high serum ferritin in the
absence of infection is linked to improved graft perfor-
mance and survival [54]. In contrast, the study con-
ducted on 438 KTx recipients did not find any connec-
tion between graft failure and the proportion of hypo-
chromic anemia [49]. Nevertheless, one study found a
significant correlation between the proportion of hy-
pochromic anemia and overall mortality [49]. Another
study concluded that iron deficiency was also shown to
be significantly linked to overall mortality, even with-
out concurrent anemia, by promoting intact FGF23
production and cleavage, forming C-terminal GF23.
A high level of C-terminal GF23 is significantly pro-
spectively related to patient survival [55]. The possible
pathways include direct impacts on the metabolism of
cardiac and skeletal muscles [54]. In contrast, the study

conducted on 438 KTx recipients did not find any con-
nection between graft failure and the proportion of hy-
pochromic anemia [49].

Nevertheless, one study found a significant corre-
lation between the proportion of hypochromic anemia
and overall mortality [49]. The possible pathways in-
clude direct impacts on the metabolism of cardiac and
skeletal muscles [55]. Iron deficiency may weaken the
functioning of cardiac and skeletal muscle cells by re-
ducing the amount of oxygen available inside the cells
and hindering the Krebs cycle [32]. These findings may
explain the inconsistency in research that demonstrated
a correlation between death and anemia compared to
those that did not report a relationship. Hence, further
research is required to clarify this subject.

Post-kidney transplantation anemia effcts on
the cardiovascular system. Canadian retrospective re-
search of 473 KTxRs revealed that anemia is a recog-
nized independent factor for LVH, which was detect-
able in electrocardiography for 1 to 5 years [56]. The
presence of LVH and anemia was shown to be strongly
correlated with a substantial risk of mortality. LVH be-
fore KTx is linked to a higher incidence of CVD among
KTx patients [57]. A study involving 1063 individuals
who underwent pretransplant echocardiography re-
vealed a significant occurrence of LVH and increased
wall thickness. In a multivariable survival regression
analysis, these were statistically significant (P=0.02
and 0.04) and were independent factors associated with
CVD events. This association remained significant even
after accounting for common pretransplant CVD risk
factors [58]. KTx results in regression of LVH, as shown
by research that demonstrated a substantial reduction
in LV mass index (P<0.001), together with a significant
improvement in ejection fraction (P = 0.009) over a
24-month follow-up period [59]. Paoletti et al. demon-
strated that enhancing LVH improved post-transplant
outcomes [60]. A retrospective analysis was undertaken
at two Canadian institutions, including 638 consecutive
KTx recipients who were clear of cardiac illness one
year after the transplantation. Moreover, they reported
that anemia was an independent risk factor for conges-
tive heart failure (CHF) in anemic KTxRs. The pres-
ence of LVH and anemia was shown to be strongly cor-
related with a substantial risk of mortality. LVH before
KTx is linked to a higher incidence of CVD among KTx
patients [57].

KTx generally leads to an increase in ejection frac-
tion over time for most recipients. Following KTx,
there is a significant occurrence of new-onset CHF,
ranging from 10% to 18% at 12 and 36 months, which
is linked to more graft function loss and death rates
[61,62]. While KTx leads to improvements in LV vol-
umes during systole and diastole, as well as a reduction
in LV muscular masses, it is important to note that the
dysfunction of the cardiorenal axis before and after the
KTx can still contribute to ongoing LV dilation, myo-
cardial infarction, CHF, and arrhythmia in recipients
[62]. The exact prevalence of CHF with preserved ejec-
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tion fraction (HFpEF) in KTxRs has yet to be fully
understood [61, 62]. However, data obtained from
echocardiographic strain measurements indicate that
even individuals with normal LVEF may exhibit sub-
tle abnormalities in global longitudinal strain, a highly
sensitive measure of LV function. These abnormalities
were observed in KTx recipients during a mean follow-
up period of 11 months. A decrease in global longitudi-
nal strain during the peri-transplant period may also be
linked to an increased likelihood of CV disease events
or mortality after kidney transplant [63]. Although it
appears that KTx improves most, if not all, CKD CVS
complications after KTx, there are some controversies
regarding the reported evidence. Hence, further larger
studies are required to clarify these controversies.
Post-kidney transplantation anemia effect on
glomerular filtration rate. A study reported a decline
of eGFR with time in patients with anemia and vice
versa. There was more reduction of the eGFR at 2 years
compared to 6 months in anemic recipients, while the
eGFR improved in nonanemic recipients [17]. In the
Correction of Anemia and Progression of Renal Insuffi-
ciency in Transplant Patients (CAPRIT) trial, normal-
ization of Hb (13—15 g/dL), PKTx reduced the eGFR,
progression to ESRD, improved creatinine clearance,
and death-censored graft survival rates [64]. Another
prospective study suggested that anemia correction
(12.5-13.5 g/dL) delayed dysfunction of the transplant-
ed kidney by >3 years in chronic allograft nephropathy
[65]. This suggests that severe PKTx anemia signifi-
cantly causes an eGFR decline, and anemia correction
can reduce the eGFR decline rate, improving allograft
survival, function, and KTxRs’ life quality [64]. An-
other prospective study suggested that full anemia cor-
rection (12.5-13.5 g/dL) delayed Tx kidney dysfunction
by >3 years in chronic allograft nephropathy [65]. This
suggests that severe PKTx anemia significantly causes

an eGFR decline, and anemia correction can minimize
the eGFR decline rate, improving allograft survival,
function, and KTxRs’ life quality. Despite these re-
ported negative effects of PKTx anemia, further longer
follow-up studies are required.

Post-kidney transplant anemia and mortality.
Despite the advancement in PKTx anemia therapy,
there are conflicting reported data about the effect of
anemia on mortality in KTxRs [16]. Studies on PKTx
anemia and death showed inconsistent findings. A pro-
spective cohort study found that anemia increased the
risk of mortality after 4 years [66]. A Retrospective in-
vestigation indicated that every 1 g/dL rise in Hb re-
duced mortality by 18% [46]. Another retrospective
study linked 12-month posttransplant anemia to death
[42]. Anemia PKTx (3-12 months) was related to a
higher risk of death up to 10 years, regardless of kidney
function [67]. Early and late PKTx increased 4-year
mortality [12]. However, other research has found no
link between PKTx and death. These include two ret-
rospective investigations, one with an 8-year follow-
up [49]. Another study for 887 KTRs examined at 12
months [19], and a 5-6-year prospective cohort study
[50].

In studies indicating no link between PKTx ane-
mia and death rate, most patients had moderate ane-
mia (mean Hb concentration >11 g/dL) with differ-
ent Hb values in different studies, which may explain
the inconsistencies. Severity of anemia correlated with
death in a cohort analysis of 1,139 KTRs. Anemia (Hb
concentration <11 g/dL) was closely linked to death
[13]. In summary, most studies associate PKTx anemia
with mortality; the relationship appears to be dose-de-
pendent (stronger with severe anemia), time-sensitive
(strongest early post-transplant), and potentially medi-
ated through cardiovascular effects. Table 2 summariz-
es the effects of PKTx anemia on mortality.

Table 2
Summary of the effects of post-kidney transplant anemia on mortality
Study Study Design Follow-up Key Findings Reference
Population

4217 PKTxRs | Retrospective 12months | /\nemia associated with mortality & [21]
graft failure

938 PKTxRs Retrospective 4-8years | Anemialinkedto mortality & graft 145, 46]
failure

2,031 PKTxRs Retrospective | 6 years (median) Slgmﬁcgnt mortality/graft failure [46]
correlation

626 PKTxRs Retrospective 12 months 12-month anemia mortality risk [42]

1,023 PKTxRs Retrospective 3 months Anemlg linked to- graft failure & [47]
mortality

170 PKTxRs Retrospective 30 days Early anemia predicted poor outcomes [49, 48]

266 PKTxRs Retrospective 2-8 years Late mortality association [12, 44, 45]
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Continuation of Table 2

Poﬁltllll:t);on Study Design Follow-up Key Findings Reference
1,139 PKTxRs Retrospective 6-18 months | Graft failure & mortality link [13]
145 PKTxRs Retrospective - Graft failure & mortality [45]
825 PKTxRs Retrospective 8 years No mortality association [49]
2,102 PKTxRs Retrospective 5-6 years No Hb-CV mortality correlation [50]
887 PKTxRs Retrospective 12 months No mortality link [19]

Legend: PKTxRs (post-kidney transplant recipients).

The summary of the table and the texts above are: 1. Mortality: 8/12 studies (67%) reported a significant association, strongest
for severe anemia (Hb <11 g/dL) [13], most consistent in the first 3 years post-transplant. 2. Graft Failure: More consistently
associated (10/12 studies), present even when mortality link absent [13, 51]. 3. Negative Findings: 3 large studies found no
association [19, 49, 50], all examined moderate anemia (Hb >11 g/dL). 4. Cardiac Impact: Anemia~+LVH T mortality risk

[56-58], may explain some mortality associations.

Although there is reasonable evidence about the
negative effects of PKTx anemia and the beneficial ef-
fects of normalizing the Hb PKTX, the existing research
data about PKTx anemia exhibit limitations. Compar-
ing transplant recipients to individuals still on dialysis
may present challenges, as the former generally exhibit
better health status, causing bias in the results and com-
parisons between patients. The other limitation is het-
erogeneity. The outcomes of studies are significantly
influenced by variability in research demographics,
follow-up duration, immunosuppressive regimens, and
healthcare systems. Access to care, socioeconomic sta-
tus, and comorbidities remain inadequately addressed.
Some authors consider the observational characteristics
of the available studies to be a limitation. Due to the
predominance of non-randomized research, establish-
ing causality presents significant challenges. The avail-
able data insufficiently provide the follow-up necessary
for assessing long-term mortality outcomes, which is
another limitation. Restrictions on reporting and reg-
istration data may contain absent variables or incon-
sistencies. Finally, the different definitions of anemia
employed can affect the results of studies and should be
carefully considered, as they may be a limitation.

Post-kidney transplant anemia therapy. PKTx
anemia is frequent in KTxRs. Anemia occurring up
to 6 months after transplantation is called early PKTx
anemia, whereas anemia occurring beyond 6 months
is called late PKTx anemia. Early PKTx anemia pre-
dicts late PKTx anemia. PKTx anemia, especially late-
onset anemia, lowers GFR and graft survival rates and
increases death [68]. The severity and cause of anemia
affect mortality significantly. Urgent PKTx anemia
treatment following kidney transplantation is advisable.
Renal transplant patients with anemia should aim for
12.5-13 g/dL, which is greater than the recommended
value for CKD patients. ESA and iron therapies are
needed to reach this goal

Iron therapy. A study noted that high serum ferri-
tin is linked to improved graft performance and survival
[54]. In contrast, other studies conducted for KTxRs

found no connection between graft failure and the pro-
portion of hypochromic anemia [16, 69]. Nevertheless,
the latter study found a significant correlation between
the proportion of hypochromic anemia and overall
mortality [69]. Another study concluded that iron defi-
ciency was also shown to be significantly linked to over-
all mortality, even without concurrent anemia, by pro-
moting intact FGF23 production and cleavage, forming
C-terminal GF23. A high level of C-terminal GF23 is
significantly and prospectively related to mortality [S5].
The possible pathways include direct impacts on the
metabolism of cardiac and skeletal muscles [54]. Iron
deficiency may weaken the functioning of cardiac and
skeletal muscle cells by reducing the amount of oxygen
available inside the cells and hindering the Krebs cy-
cle’s normal progress [32].

Adequate research is needed on the use of iron sup-
plements in KTx recipients, and it is still being deter-
mined whether intravenous (IV) iron is more effective
than oral iron [16]. Furthermore, more study needs to
investigate the best preparation of iron that is more ben-
eficial in reducing FGF23 levels and correcting anemia.
Oral iron treatments are often favored because of their
affordable price and convenient administration. Never-
theless, the gastrointestinal adverse effects of oral iron
preparations hamper iron absorption in the small in-
testines, and low patient compliance limits the efficacy
of oral iron. The efficacy and tolerability of newer oral
iron treatments such as ferric maltol, ferric citrate, and
Sucrosomial® Iron, which are superior to conventional
iron salts, have yet to be assessed in KTxRs. Neverthe-
less, oral iron has detrimental effects on the gut micro-
biota [70], which has a significant role in determining
the success of the allograft [71].

Comparing oral preparations to IV iron, it is found
that IV iron is more effective in correcting iron defi-
ciency and increasing Hb levels in CKD undergoing
dialysis or with non-dialysis-dependent CKD. Addi-
tionally, IV iron’s safety profile is comparable to oral
preparations in CKDs [72]. Administration of IV iron
sucrose for KTx recipients resulted in a notable rise in
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Hb levels and a decrease in the rate of decline in the
eGFR in 48 recipients [73]. There was no elevated risk
of infection seen with intravenous iron (polymaltose)
compared to oral therapy (ferrous sulfate) [74]. Intra-
venous iron treatments, such as ferric carboxymaltose
and ferric derisomaltose, must be infused at slower
rates to reduce the likelihood of severe hypersensitiv-
ity events [75]. IV ferric carboxymaltose has excellent
tolerability and safety [76].

An important clinical issue to consider while ad-
ministering IV iron polymaltose and ferric carboxy-
maltose is worsening preexisting hypophosphatemia
due to a sudden increase in FGF23 metabolism [77].
The resulting hypophosphatemia is most prevalent in
KTxRs, who usually have high FGF23 levels. However,
out of the 23 KTx recipients given a maximum dose of
ferric carboxymaltose, only 1 patient needed temporary
phosphate supplementation [78]. Further inquiries are
needed to comprehend the clinical impact on KTxRs
caused by hypophosphatemia generated by IV iron
[79]. Individualized Hb level goals were advisable in
PKTx anemia. In this scenario, IV iron treatment is un-
derutilized, and iron deficiency and antecedent events
(blood transfusion or hospital stay) explain most ESA
hypo-responsiveness. This suggests that post-transplant
anemia patients require better treatment techniques
due to missed prescriptions, targeting, and guideline
adherence [80].

Iron supplementation might be advantageous in
KTx, and intravenous delivery may be a sensible option
[12]. Nevertheless, several matters remain unsettled.
The extent to which iron depletion or administration
impacts long-term clinically important consequences
has yet to be firmly determined in KTxRs [81]. Further
elucidation is required about IV iron in combination
with ESA delivery [81]. Furthermore, no successful
treatment plan is available to address disruptions in iron
metabolism in KTxRs. Recent research showed that a
proactive high-dose intravenous iron treatment was safe
and more effective than a low-dose IV iron treatment
in hemodialysis-dependent ESRD patients. However,
such therapeutic approaches have yet to be studied in
large studies on KTxRs. Therefore, it is necessary to
conduct prospective studies to assess the most effective
therapeutic method for iron deficiency in KTxRs.

Erythropoietin or erythropoietin-stimulating
agents therapy. ESA treatment stimulates the produc-
tion of erythrocytes. It has significantly transformed the
treatment of anemia in CKD [11]. However, it is pres-
ently considered that ESA therapy needs to be used to
its full potential in KTxRs with certain cautions [81].

The earliest randomized control trial (RCT) for
KTx recipients with an Hb of < 12 g/dL was randomly
distributed to receive subcutaneous beta-epoetin thrice/
week to achieve an Hb > 12.5 g/dL, and a control group
received a placebo. The groups had no observable dif-
ferences regarding Hb levels or allograft function dur-
ing the first 3 months. However, the group receiving
ESAs achieved the goal of Hb level more quickly and

needed fewer blood transfusions [82]. An RCT involved
patients with Hb levels ranging from 8 to 10 g/dL dur-
ing the first week of PKTx. The patients were randomly
injected with EPO biosimilar three times weekly subcu-
taneously or placebo. The results of this trial revealed
that after six months, while the Hb levels were similar
in both groups, the intervention group exhibited lower
serum creatinine levels and higher creatinine clearance
[83]. In contrast, in another study, KTx recipients who
had anemia within 3 months after KTx were divided
into two groups; one group received beta-epoetin to
maintain Hb levels between 11.5 and 13.5 g/dL, while
the placebo group received no medication [84]. After 2
years, the group that received ESA had a notably elevat-
ed Hb level [83]. However, no discernible differences
between the groups regarding eGFR receiving ESA had
enhanced quality of life [84].

The CAPRIT study investigated the impact of nor-
malizing Hb (13-15 g/dL) versus partially corrected
Hb (10.5-11.5 g/dL) using subcutaneous beta-epoetin
on graft survival and life quality in KTx recipients who
had late PKTx anemia for over 2 years [64]. The Hb
normalized group had a decline in estimated creatinine
clearance, a lower risk of progression to renal failure,
superior graft survival without death-related causes,
and substantially improved life quality [64]. Tsujita et
al. conducted a 3-year study on KTx recipients treated
with either darbepoetin alpha or beta-epoetin, admin-
istered subcutaneously or intravenously. Hb correction
(12.5-13.5 g/dL) versus low Hb levels (10.5-11.5 g/dL)
effect on the graft function decline rate was studied as
a primary measure of effectiveness [65]. The decrease
in the eGFR was substantially more pronounced in the
group with low Hb levels compared to the group with
higher Hb [65]. The decrease in the eGFR was substan-
tially more pronounced in the group with low Hb levels
compared to the group with higher Hb [65].

Another study investigated a total of 153 KTx re-
cipients who were randomly allocated to two groups:
one with a high goal level of Hb (>12.5 g/dL) and the
other with a low target level (<10.5 g/dL). Addition-
ally, the participants were divided into two subgroups:
one receiving cholecalciferol and the other serving as
a control group. All participants received subcutaneous
beta-epoetin [85]. The main endpoint of the research
was the alterations in the eGFR based on creatinine
levels during two years [85]. Patients with high Hb had
a lesser decrease in kidney function than those with low
Hb (P < 0.05), and there was no significant change in
the drop in kidney function between the cholecalciferol
and control groups [85].

The findings of these cited studies indicate that in
KTx, anemia is linked to the eGFR decline, and ad-
dressing anemia correction may effectively slow down
the graft function decline rate and time. This contra-
dicts a recent meta-analysis that found no evidence of
the renoprotective benefits of ESA in PKTx recipients
[86]. Nevertheless, heterogeneity and disparate main
outcomes were noted as limitations of this study [81].
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In KTx animal models, the administration of EPO
effectively reduced the development of chronic allograft
nephropathy by regulating antioxidant expression and
antiapoptotic and angiogenic characteristics inside the
transplanted kidney tissue [87]. Nevertheless, studies
noted that blood transfusions, which restore normal HB
values after a transplant, do not have any impact on the
damage to the transplanted kidney. This suggests that
the protective effect of EPO on the kidney outweighs
the benefits of correcting anemia alone [87]. It was re-
ported that EPO demonstrated the immunomodulatory
effects required for the natural acceptance of foreign
kidneys in both laboratory models using mouse cells and
clinical research involving patients with stage 4 CKD
who were treated with ESAs [88]. Nevertheless, the first
clinical trials failed to reveal any tissue-preserving ad-
vantage of using ESA in the post-transplant period.[86]
Nonetheless, more studies are needed to accurately de-
termine the potential of ESA in protecting the kidneys
after KTx [86]. However, more studies are needed to
accurately determine the potential of ESA in protecting
the transplanted kidney.

ESA early administration for treating PKTx ane-
mia should be considered on a case-by-case basis.
However, ESA must be cast in late PKTx anemia to im-
prove graft survival and normalize the Hb (12.5-13.5 g/
dL), though caution is needed in high malignancy-risk
KTx recipients [81]. EPO is prescribed for cancer- and
chemotherapy-associated anemia. Paradoxically, EPO
might promote tumor growth and jeopardize patient
survival in cancer [89]. The current Hb goal level is
comparable to the previously proposed Hb target level
of 12-13 g/dL [14]. The recommended goal level for
Hb in KTx recipients is higher than the recommended
levels advised for the CKD population by the KDIGO
(Hb 11.5 g/dL) and KDOQI (Hb 11 g/dL) recommen-
dations [90]. ESA medication for hemoglobin normal-
ization may protect the kidneys and minimize mortal-
ity, according to a systematic review of 38,233 partici-
pants from 85 studies [91].

The decision to focus on lower Hb in CKD was
based on the unfavorable outcomes seen in extensive
trials that evaluated the safety and success of ESA treat-
ment aiming at higher Hb levels in CKD patients [92].
Current research indicates that using ESA in anemic
KTxRs is secure and linked to a potentially positive
result. However, high Hb levels can lead to hemocon-
centration, which can cause thrombosis [93]. Various
forms of ESAs have shown similar effectiveness in man-
aging PKTx anemia. Long-acting ESAs are more con-
venient for controlling PKTx anemia; however, there is
no preferred method (subcutaneous or intravenous) for
administering ESAs. Further clarity about the best use
of ESA regarding dose and goal level of Hb in KTxRs is
required.

Blood transfusion. KTxRs often receive packed
red blood cell transfusions (PRBCT), especially during
the first month after the transplant [94]. A study that in-
cluded 12,000 KTxRs found a link between early trans-

fusion and transplant failure (defined as graft loss or
death with a functioning graft) [94]. Transfusion within
1 month after KT decreased graft survival and increased
antibody-mediated rejection and infections at 1 year
[95]. Transfusion may also cause venous thromboem-
bolism [96]. A new retrospective cohort study found
that venous thromboembolism increased with transfu-
sions following transplantation [97]. In KTxR, venous
thromboembolic events increase graft loss and mortal-
ity risks [25, 98]. Considering the mentioned compli-
cations, volatility in Hb levels, and limited availability,
PRBCT cannot be seen as a viable alternative for con-
trolling PKTx anemia [11]. Transfusions are risky, ex-
pose patients to substantial Hb-level variations, and are
limited in availability. Thus, they cannot be used to treat
posttransplant anemia [11]. The existing data under-
scores the necessity of cautiously using PRBCT in KTx,
considering the balance between risks and benefits, and
exploring other approaches to correcting anemia, such
as managing iron levels or using ESAs [97]. New re-
search emphasizes the necessity for careful transfusion
usage for KTxR, balancing the risk-benefit ratio, and
investigating alternate anemia correction techniques,
including optimizing iron reserves or ESA use [97].

Hypoxia-inducible factor-prolyl hydroxylase in-
hibitors. Recently, there have been oral medications
called hypoxia-inducible factor-prolyl hydroxylase
(HIF-PH) inhibitors that may be used to treat CKD-
induced anemia. This new category of medications rais-
es the natural levels of EPO in the blood, activates the
process of copying the EPO gene in the kidneys and liv-
er, and seems to decrease hepcidin levels and enhance
iron balance in the body [99]. Therefore, suppressing
HIF-PH may effectively and via different mechanisms
control the pathogenic variables linked to CKD-relat-
ed anemia. Roxadustat, a HIF-PH inhibitor, received
authorization from the European Medicines Agency
in 2021 to treat CKD-induced anemia, regardless of
whether they are dialysis-related or not. On the other
hand, daprodustat was recently licensed by the USA
Food and Drug Administration specifically for patients
on dialysis for a minimum of 4 months [16].

Data on the use of HIF-PH inhibitors in KTx re-
cipients is scarce. The primary reason for this is likely
due to a theoretically heightened susceptibility to
cancer (such as the elevation of vascular endothelial
growth factor and angiogenesis) in an immunocom-
promised population that is already predisposed to
acquiring malignancies [81]. An observational study
was conducted on KTx recipients with Hb values < 11
g/dL to assess the impact of administering roxadustat
(20-100 mg) thrice a week [100]. The goal level for
Hb was set at 11-13 g/dL, and ESAs were adminis-
tered if Hb levels diminished below 10 g/dL. Out of
the 31 patients that were registered, 25 individuals
successfully finished the 20-week study, whereas 6
patients had early postoperative transient atrial fibril-
lation. The average Hb levels gradually rose from 9.8
g/dL at the beginning, reaching a stable value of 12.4
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g/dL after 20 weeks. Iron insufficiency necessitating
iron supplementation was noted at 8§ weeks in 12 pa-
tients receiving ESAs. The study was terminated be-
cause three patients had a severe drop in Hb levels, two
patients had gastrointestinal complications, and one
patient suffered from a myocardial infarction [100].
Li et al. conducted a study on 21 KTx recipients, 6
of whom were treated with ESA. These patients were
hospitalized due to difficulties following the kidney
transplantation, and their Hb was below 10 g/dL. The
researchers closely observed the impact of Roxadustat,
administered thrice a week, depending on the patient’s
weight [101]. Eleven patients were excluded from the
trial with roxadustat before its completion (after 10
weeks) due to either an initial or subsequent lack of re-
sponse or upon attaining the desired Hb level. Among
the participants who finished the trial, there was a no-
table rise in Hb concentration from 6.9 to 10.4 g/dL.

Additionally, the treatment response rate was ob-
served in 71.4% of participants, without discernible ad-
verse responses observed [101]. Among 5 KTx recipients
with late PKTx anemia who transitioned from using ep-
oetin beta I to roxadustat thrice a week for 9 months, all
patients had a rise in their Hb after just 1 month. Fur-
thermore, a good improvement in anemia was consis-
tently maintained throughout the period. Nevertheless,
excessive improvement in Hb levels occurred, leading
to one patient discontinuing roxadustat after one month
and three patients requiring a reduction in medication
dose; however, none noted significant adverse effects
[102]. Roxadustat is a safe medication in KTxRs, and
possible side effects of roxadustat include an increased
risk of thromboembolism and hypertension. There are
no reported data about the increased risk of malignancy
in KTXR [103].

Post-organ transplantation, cancer risk increases
due to various reasons, such as immunosuppression,
viral infections, and prior cancer, which are major risk
drivers. The common post-transplant malignancies
are non-melanoma skin cancer (~50% of cases), post-
transplant lymphoproliferative disorder (PTLD) due to
EBV-driven B-cell proliferation, Kaposi sarcoma, liver
cancer, and native renal cell carcinoma [104].

HIF-PH inhibitors’ role as a cause of malignancy
remains investigational. In KTxRs, the use of HIF-PH
inhibitors data is limited [16]. In immunocompromised
people already prone to cancer, elevation of vascular
endothelial growth factor and angiogenesis may en-
hance cancer risk [81]. It is documented that Hypoxia-
Inducible Factor 1-Alpha has pro-tumorigenic effects,
increasing angiogenesis and driving immune evasion
[105]. Preclinical evidence links HIF-1-alpha to clear
cell renal carcinoma [106]. However, limited safety
data in KTxRs. KDIGO 2023 Guideline avoids rec-
ommendations due to a lack of transplant data [107].
Until confirmed data is available, practical approaches
include avoiding high-risk KTxRs (prior malignan-
cy, EBV+), monitoring aggressively for skin cancer,
PTLD, and BK virus, and preferentially using ESAs.

More observational research projects are required to
elucidate the long-term malignant side effects of these
medications and other immunosuppressive agents used
to prevent allograft dysfunction and rejection.

Based on the existing information regarding using
HIF-PH inhibitors for PKTx anemia therapy, it is rec-
ommended to begin treatment with a small dosage and
gradually increase the titration while providing more
iron due to the increased iron utilization [33]. Further
RCTs are necessary to elucidate the extended effective-
ness and safety of HIF-PH inhibitors for treating PKTx
anemia.

Sodium-glucose co-transporter 2 inhibitors use
for post-kidney transplantation anemia therapy. Dia-
betes prevalence is predicted to rise to 10.2%, reach-
ing 578 million by 2030, and by 2045, it is predicted to
increase by 10.9%, reaching 700 million people [108].
Glucose reabsorption by the nephrons ends at the end
of the proximal convoluted tubule (PCT). PCT is di-
vided into three segments. Both segments one and two
reabsorb almost 90% of the filtered glucose mediated by
SGLT?2 receptors. In contrast, SGLTI, located in the
straight segment of the proximal tubule (segment 3),
accounts for roughly a tenth of total glucose reabsorp-
tion [109]. Blockage of glucose receptors in these sites
will decrease glucose reabsorption by the brush border
cells of the PCT, increasing the osmotic diuresis and
urine excretion.

Seven SGLT?2 inhibitors are currently in clinical
use: empagliflozin, dapagliflozin, ipragliflozin, tofogli-
flozin, luseogliflozin, and canagliflozin. In addition to
cardio- and renoprotection, SGLT2 inhibitors exhibit
hematopoietic effects [110, 111]. Although SGLT2i
shows unforeseen renal-protective properties in dia-
betes mellitus type 2 (DM2) and those without DM?2
with and without CKD, doubts about their usage in
KTx remain owing to worries about an elevated risk of
genital mycotic and urinary tract infections. There is
substantial evidence of Fournier gangrene and vaginal
mycotic, and other chronic infections in SLGT2 inhib-
itors treated individuals [112], potentially elevating the
incidence of anemia, which might appear more in KTx
recipients with impaired immune systems. However,
a review article concluded that SGLT2i can be prac-
ticed in diabetic KTx recipients safely and effectively
in selected recipients [113]. A 2022 study of 323 PKTx
recipients reported that empagliflozin, dapagliflozin,
and canagliflozin are safe [114]. Research conducted
for 24 weeks examined the empagliflozin effect in dia-
betic KTxRs. The study found a substantial decrease in
HbA1C levels and body weight among recipients treat-
ed with empagliflozin. However, no significant change
was seen in the eGFR [115]. Another study noted no
change in the eGFR in diabetic KTxRs on SGLT?2 in-
hibitors [113]. The lack of considerable improvement
in the eGFR was attributed to the vasoconstriction of
the afferent arterioles caused by SGLT?2 inhibitors. The
natriuretic impact of SGLT2 inhibitors is believed to
cause an increase in tubule-glomerular feedback and
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constriction of the afferent arteriole, even in a KTx that
has lost its nerve supply.

SGLT2i, such as empagliflozin, increased Hb and
hematocrit in 3726 heart-disease patients [116]. Im-
proving Hb and hematocrit levels in PKTx recipients
could also be due to the diuretic effect of SLGT2i that
masks anemia [117] or the eGFR improvement [118].
Although SLGT?2 inhibitor usage appears promis-
ing, further larger studies in diabetic and non-diabetic
KTxRs are required to assess this thought further. It was
reported that SGLT?2 inhibitors improve PKTx anemia,
possibly by improving the effectiveness of EPAs [119].
Improving Hb and hematocrit levels in PKTx recipients
could also be due to the diuretic effect of SLGT2i that
masks anemia [117] or the eGFR improvement [118].
Although SLGT?2 inhibitor usage appears promising,
larger studies in diabetics and diabetic KTxRs are re-
quired to assess this hypothesis further.

SGLT2i boosts EPO synthesis, decreasing kid-
ney hypoxia. However, the precise process is unknown
[120,121]. SGLT?2 inhibitors improved Hb and in-
creased hematocrit in T2D and CKD patients [122].
However, it was unclear whether the increase in he-
matocrit was because of fluid volume reduction or an
improved primary erythropoietic response [123].
Recent human investigations have further shown the
stimulatory impact of empagliflozin and dapagliflozin
on erythropoietin synthesis in individuals with native
kidneys [124]. Anemia is estimated to affect 30-40%
of kidney transplant recipients and is recognized as a
prevalent risk factor for graft failure and death during
the first three years post-transplantation [13, 125]. The
etiology of anemia in kidney transplant recipients is of-
ten complicated, potentially including iron deficiency,
compromised renal function, bone marrow suppression
due to immunosuppression, antiviral prophylaxis, or
infection [125]. SGLT?2 inhibitors may mitigate anemia
in kidney transplant recipients and enhance allograft
outcomes [123].

Two post hoc analyses of the CREDENCE (Cana-
gliflozin and Renal Events in Diabetes With Established
Nephropathy Clinical Evaluation) and DAPA-CKD
trials suggest additional anemia-related benefits from
canagliflozin and dapagliflozin treatment [126]. De-
spite these encouraging post hoc analysis results, CRE-
DENCE and DAPA-CKD trial design may have limited
their therapeutic significance. A cohort study compar-
ing SGLT2i and SGLP receptor antagonists concluded
that SGLT?2i could be deemed an adjunct treatment to
diminish the anemia rate by 19% in 13,799 CKD-DM2
patients [121]. A study showed a significant difference in
Hb concentrations between DM?2 patients with coronary
artery disease treated with 10 mg empagliflozin and pla-
cebo at six months: 13.9 (g/dl) in the placebo group and
14.6 in the empagliflozin group [124]. Empagliflozin in-
creased Hb and hematocrit in 3726 heart failure patients
[116]. The mechanism by which SGLT2 inhibitors de-
crease anemia is unknown, although increasing EPO
synthesis could be a mechanism.

Post-kidney transplantation anemia correction
effects on the cardiovascular system. The data from
KTx recipients managed with ESA agents do not indi-
cate an elevated risk of cardiovascular (CV) complica-
tions reported [16]. The CAPRIT research found that
there were no instances of cardiac diseases, stroke, HF,
arrhythmia, or myocardial infarction in the full correc-
tion Hb levels group. However, certain CV events oc-
curred in a lower Hb level group [64]. No CV events
were noted in the trial conducted by Tsujita et al. [65],
and research conducted by Obi et al. [64] did not prove
a higher occurrence of stroke among KTx recipients
who were assigned to the arm with a higher goal level of
Hb [85]. Additionally, a 2-year trial on KTx recipients
who were administered epoetin beta with a target Hb
concentration of 11.5-13.5 g/dL showed no negative
effects on the CV system or blood clotting events [84].
The observed disparities in population sizes between
individuals with non-transplant CKD and KTx recipi-
ents may be credited to variations in the environments
or circumstances in which these populations were stud-
ied. Chronic allograft nephropathy and CKD vary sig-
nificantly regarding their underlying mechanisms and
eventual results [64]. Furthermore, a long-term KTx
effectiveness may demonstrate greater effectiveness
than a kidney from a patient with CKD who does not
need dialysis regarding histology, hemodynamics, and
immune biology [65]. However, further studies are re-
quired to explore these issues in KTxRs.

Guidelines: Challenges in post-kidney transplant
anemia. Various pathophysiological mechanisms, iron
metabolism dynamics, immunosuppressive effects, and
the lack of convincing evidence in transplant-specific
cohorts limit the applicability of the KDIGO and other
CKD-induced anemia guidelines to managing PKTx
anemia. KDIGO (2012, with updates in 2023) and oth-
er guidelines, including the ERA and the NKF-KDO-
QI, provide recommendations for anemia management
in CKD. The application of these recommendations
to the treatment of anemia in KTxRs is a subject of
controversy. Transplant-specific factors, such as im-
munosuppression-induced bone marrow suppression,
altered iron metabolism post-kidney transplantation,
varying responsiveness to ESA, and the absence of large
RCTs in KTxRs, restrict their applicability to managing
anemia in PKTx. Given these limitations, the existing
anemia guidelines may not be ideal for treating anemia
post-kidney transplantation. Although immunosup-
pressant agents have been shown to suppress bone mar-
row function, some studies have suggested no correla-
tion between immunosuppression and post-transplant
anemia.

Chronic inflammation and viral-induced hemo-
lysis (BK virus nephropathy and parvovirus B19 infec-
tion) reduce EPO sensitivity. Furthermore, KTRs ex-
hibit distinct iron metabolism and hepcidin dynamics.
ESO agents’ hyporesponsiveness has also been docu-
mented in KTRs [127]. KDIGO recommends ESA
therapy for hemoglobin levels below 10 g/dL in CKD
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patients; however, KTRs may exhibit resistance to this
treatment due to factors such as chronic inflammation,
the use of ACE inhibitors or ARBs, suppressed endog-
enous EPO synthesis, and iron-restricted erythropoiesis
despite normal ferritin levels. The absence of available
RCTs demonstrating the efficacy and safety of ESA in
KTRs leads guidelines to extrapolate from CKD data.

Managing PKTx anemia as CKD-induced anemia
may result in an overcorrection of Hb levels exceeding
11 g/dL, thereby increasing the risk of thrombosis. The
KDIGO guideline advises against allowing Hb levels to
exceed 11.5 g/dL in CKD patients due to the height-
ened risk of stroke and thrombosis. Elevated Hb levels
may be tolerated in KTxRs; however, the current guide-
lines do not specify Hb targets for these recipients.

The existing KDIGO, ERA, and KDOQI anemia
guidelines are not transplant-specific. This may lead to
abuse of ESAs without demonstrated benefit, improper
iron supplementation levels, and missing secondary
causes of PKTx anemia. Using transplant RCT data,
new guidelines address Hb targets, and immunosup-
pressant-ESA interactions are needed.

Conclusions and prospects for further research.
PKTx anemia is a multifaceted condition that signifi-
cantly impacts patient outcomes and quality of life.
PKTx anemia is mainly caused by iron deficiency. De-
creased graft function has been linked to an increased
incidence of late PKTx, and early PKTx anemia is a
good predictor of late PKTx anemia. Decreased graft
survival, increased mortality, and a drop in GFR are
linked to PKTx anemia. The anemia’s underlying cause
and severity have a strong correlation with death.
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Abstract. Interleukin-37 (IL-37) is a newly discovered anti-inflammatory cytokine
from the IL-1 family that plays a key role in regulating both innate and adaptive
immune responses. It is secreted in healthy tissues, reflecting a homeostatic function.
Intracellularly, IL-37 suppresses diverse inflammatory signals in various cells,
including dendritic cells, macrophages, epithelial cells, and endothelial cells. Although
it has been studied in many conditions, such as autoimmune disorders, cancer,
and cardiovascular disease, its specific role in kidney diseases remains relatively
understudied.

In this mini-review, we summarize current evidence on the biology of IL-37, with a
Jfocus on its relevance to kidney disease. We explore its molecular structure, patterns
of expression, and the immunomodulatory mechanisms that may influence kidney
diseases, including acute kidney injury, diabetic nephropathy, and autosomal dominant
polycystic kidney disease. We also discuss the challenges of translating IL-37-based
therapies into clinical practice and highlight key areas for future research aimed at
unlocking its potential in the treatment of kidney diseases.

Key words: interleukin-37, kidney diseases, acute kidney injury, diabetic nephropathy,
autosomal dominant polycystic kidney disease, immunomodulatory mechanisms,
interleukin-based therapy.
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ITorenuian inTepaelikiny-37 B AiarHocTHIIi TA JIKYBaHHi
3aXBOPIOBAHb HUPOK: MiHi-OIJIsx

ITayuliHHCBHKUMI TexHONOrIYHUI yHiBepeuTeT, Tayuting, EcToHig
2CyMcbKUii fepxaBHuii yHiBepcuret, Cymu, Ykpaina
3ECTOHCHKMIA yHIBEPCUTET NIPUPOAHNYUX HayK, Tapry, EcToHis
4XapkiBcbKuil HauioHanbHUI yHiBepcuTeT imeni B.H. Kapasina, Xapkis, Ykpaina

AHorauis. mmepaeiikin-37 (IJI-37) — ye 6i0HOCHO Hewj00a6HO GIOKPUMUL NPOMUANAALHUL UUMOKIH i3
cimeticmea IJI-1, axuii gidiepae Kaw0408y poav y peeyasuyii AK 6pooxceHoi, maxk i adanmueHoi iMyHHOI 6i0noegidi.
1J1-37 cekpemyemucs 6 300p08UX MKAHUHAX, W0 8i000palicac ilo2o eomeocmamu4ty ynkyiro. Bhympiunvoxaimun-
Ho, 1JI-37 npueniuye 3ananvii cueHanu 8 pisHUX KAIMUHAX, BKAOYAI0YU OeHOPUMHI KAIMUHU, MaKpogaeu, enimeni-
anvHi Kaimunu ma endomenianvhi Knimunu. Xoua 1J1-37 pemenvHo docaioxcysascsa npu aymoiMyHHux po3nadax, OHKo-
A0TUHUX [ cepueso-cyOUHHUX 3aX80PHBAHHAX, 020 CReyUpiMHa poab Y NAMOA02I] HUPOK 3AAUMAEMbCS HeDOCMAMHbBO
BUBHEHOIO.

Y uyvomy mini-oenndi mu y3aeasvuroemo cyuacui daui ujodo oionoeii 1JI-37, 30cepedncyrouucs Ha i0eo 3Ha4eHHI
0ns 3axeoprogans Hupok. Oens0 poseandace iioeo MOAEKYAAPHY CIMPYKMYPY, 3aKOHOMIDHOCII eKxcnpecii ma iMyHOMO-
OyAsIMOpHI MeXAHI3MU, SKI MOJCYMb GNAUBAMU HA 3AX60PI0BAHHS HUPOK, 30KpeMa 20cmpe ypaxdcehHs HUpokK, diabe-
Mu4Hy Heghponamiio ma aymocoMHO-00MIHAHMHY HOAIKICMO3HY X80po0y Hupok. Poboma makoic 062060pioe suKAUKU
enposadiicenns mepanii Ha ocnogi IJ1-37 y KaiHiuny npakmuky ma eudinsne Kao4oei Hanpamu 045 MaubymHix 0ocai-

doiceHb, CNPAMOBAHUX HA po3kpumms nomeHuyiany IJ1-37 6 AikyeanHi 3ax80po6ans HUPOK.
KiiouoBi ciioBa: inmepaeiixin-37, 3axX60pr68ants HUPOK, 20Cmpe YPAdCeHHs HUPOK, diabemuuna Hegponamis,
aymocoMHO-00MIiHAHMHA NOAIKICMO3HA X80p00OA HUPOK, IMYHOMOOYASIMOPHI MEXAHI3MU, mepanis Ha OCHOGI iHmep-

NeUKIHY.

Introduction. Kidney diseases, encompassing
both acute kidney injury (AKI) and chronic kidney
disease (CKD), represent a growing global health
burden with significant morbidity, mortality, and so-
cioeconomic impact [1]. Despite advances in under-
standing the molecular mechanisms underpinning re-
nal pathology, therapeutic options remain largely sup-
portive, and effective biomarkers for early diagnosis
and progression monitoring are still limited [2, 3]. In
recent years, the role of inflammation in the initiation
and progression of kidney diseases has gained increas-
ing attention, opening new avenues for targeted inter-
ventions [4, 5]. For example, inflammatory cytokines
play a central role in mediating the interplay between
metabolic disturbances, such as dyslipidemia, and vas-
cular injury in systemic diseases like diabetes mellitus.
A recent study demonstrated that structural changes in
the vascular wall and alterations in lipid metabolism
are closely linked in diabetic patients, underscoring
the importance of inflammatory regulation in cardio-
renal pathophysiology [6, 7].

Interleukin-37 (IL-37), a relatively novel member
of the IL-1 cytokine family, has emerged as a potent

Nadiia Demikhova
n.demyhova@med.sumdu.edu.ua

anti-inflammatory and immunomodulatory factor.
Unlike classical pro-inflammatory interleukins, 1L-37
functions as a natural suppressor of innate and adap-
tive immune responses [8, 9]. Its expression is elevated
in various inflammatory and autoimmune diseases, and
preclinical studies suggest a protective role in tissue in-
jury, including renal damage [10, 11]. Moreover, IL-
37’s dual function, as a secreted cytokine and an intra-
cellular regulator, highlights its unique therapeutic and
diagnostic promise [8].

This review aims to synthesize current knowledge
on the biology of IL-37, its regulation, and its mecha-
nistic involvement in kidney disease pathophysiology.
We explore the potential of IL-37 as a biomarker for
disease activity and progression and evaluate emerging
evidence supporting its use as a therapeutic agent.

Interleukin-37: structure and function. IL-37
is a unique cytokine encoded by the IL1F7 gene on
chromosome 2. It is produced in five isoforms (a—
e) through alternative splicing, with IL-37b being
the most active and extensively investigated in both
healthy and disease states [8, 10]. IL-37 is expressed
in a variety of tissues and cell types, including the
Ilymph nodes, thymus, lung, colon, uterus, and bone
marrow, as well as in monocytes, epithelial cells,
breast carcinoma cells, and endothelial cells. Expres-
sion patterns of IL-37 isoforms are tissue-specific and
linked to distinct exon usage and protein lengths are
presented in Table 1.
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Table 1
Tissue distribution, exon composition, and amino acid lengths of IL-37 isoforms
Isoform Tissue Distribution Exons Included Length (Amino Acids)
IL-37a Brain 3,4,5,6 192
1L-37b Kldney., bone marrow, blood, skin, respiratory and 1,2,4.5.6 718
urogenital tract
IL-37¢ Heart 1,2,5,6 197
1L.-37d Bone marrow 1,4,5,6 197
IL-37¢ Testis 1,5,6 157
Abbreviations: IL, interleukin.

Genetic studies indicate that common variants of
the IL-37 gene are maintained through balanced selec-
tion, though the functional significance of this vari-
ability remains to be fully elucidated [11, 12]. Notably,
some of these variants influence IL-37 protein stability
and, consequently, its immune-inhibitory potency [13,
14]. These findings suggest a potential link between
1137 genetic variation and susceptibility to various in-
flammatory or autoimmune conditions.

Structurally, IL-37 adopts the typical B-trefoil fold
seen in the IL-1 family but is distinct in its potent anti-
inflammatory properties. It functions in both extracel-
lular and intracellular compartments [10, 12]. On the
cell surface, IL-37 binds to IL-18 receptor a (IL-18Ra)
and recruits the co-receptor SIGIRR (also known as
IL-1R8), an inhibitor of pro-inflammatory signaling
cascades. Intracellularly, IL-37 forms a complex with
Smad3, enabling its translocation to the nucleus where
it modulates transcriptional programs that attenuate
immune responses [10, 12, 13].

Functionally, IL-37 downregulates a wide range
of pro-inflammatory cytokines, including IL-1f, IL-6,
TNF-a, and IFN-y, while enhancing regulatory T cell
activity and promoting immune tolerance [8, 10, 13].
These properties have been demonstrated across nu-
merous models of inflammation, including gastrointes-
tinal, cardiovascular, autoimmune, and kidney disease
(8, 13].

1L-37 in acute kidney injury (AKI). IL-37 has
shown significant promise as a protective, anti-inflam-
matory cytokine in the context of AKI, particularly in
models of renal ischemia-reperfusion injury (IRI). It
reduces the production of key pro-inflammatory cy-
tokines such as tumor necrosis factor-alpha (TNF-a),
IL-1B, and IL-6 in response to renal injury [13, 14].
These effects are mediated through I1L-37’s interaction
with the interleukin-18 receptor alpha (IL-18Ra) and
the co-receptor single immunoglobulin IL-1 receptor-
related molecule (SIGIRR/IL-1R8), which collec-
tively inhibit downstream inflammatory signaling [13,
14]. Furthermore, 1L-37 exerts intracellular effects by
binding to Smad3, facilitating its translocation into the
nucleus where it modulates transcriptional responses,

leading to the suppression of nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kxB) and
mitogen-activated protein kinase (MAPK) pathways
[15].

In mouse models of renal IRI, overexpression
of IL-37 or administration of recombinant IL-37 re-
sults in significant reductions in oxidative stress, as
evidenced by decreased levels of malondialdehyde
(MDA), and in apoptotic signaling, reflected by lower
caspase-3 activity [14]. These molecular changes cor-
respond with improved histological preservation of re-
nal tissue and enhanced renal function, as indicated
by reduced serum creatinine and blood urea nitrogen
levels [14].

Beyond its role in modulating inflammation and
oxidative stress, IL-37 also influences the phenotype
of immune cells in the renal microenvironment. It pro-
motes the polarization of macrophages toward the anti-
inflammatory M2 phenotype and enhances the activity
of tolerogenic dendritic cells, further supporting an im-
munosuppressive milieu. Additionally, innovative de-
livery systems such as neutrophil-derived nanovesicles
carrying IL-37 have demonstrated the ability to target
injured renal endothelial cells [15]. This targeted ap-
proach reduces leukocyte adhesion and transmigration,
promotes angiogenesis, and helps preserve microvascu-
lar integrity during IRI.

Transgenic mouse models expressing human IL-
37, as well as studies utilizing exogenous 1L-37 admin-
istration, consistently report improved renal outcomes
following AKI. These include diminished inflammatory
cytokine levels, reduced cellular injury, and better pres-
ervation of renal architecture and function [14, 16, 17].
While these findings are currently limited to preclini-
cal studies, they collectively underscore the therapeu-
tic potential of IL-37 in managing AKI, particularly in
conditions driven by immune activation and cytokine-
mediated damage. A summary of IL-37’s effects in AKI
models is provided in Table 2.
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Table 2

Summary of IL-37’s actions in experimental models of AKI [13,15,16]

Mechanism Effect in AKI models
Suppresses pro-inflammatory cytokines | ¥ TNF-a, IL-1p, IL-6, HMGB1
Reduces oxidative stress { Malondialdehyde

Limits apoptosis

J Caspase-3 activity

Modulates immune cell phenotypes

T M2 macrophages, T tolerogenic dendritic cells

Protects renal endothelium

4 Leukocyte infiltration, T angiogenesis

Improves renal function
integrity

4 Serum creatinine and BUN; improved tubular structure and histological

Abbreviations: BUN, blood urea nitrogen; IL, interleukin; HMGB1, high mobility group box 1; TNF-a, tumor necrosis factor alpha.

In conclusion, IL-37 serves as a critical modulator
of the inflammatory and immune responses implicated
in AKI. Its multifaceted mechanisms, including sup-
pression of pro-inflammatory signaling, reduction of
oxidative stress, modulation of immune cell behavior,
and support of vascular integrity, position it as a prom-
ising therapeutic candidate.

IL-37 in diabetic kidney disease (DKD). Recent
evidence indicates that IL-37 plays a protective role in
DKD through multiple molecular and cellular mecha-
nisms. Its expression is markedly reduced in the serum
and kidney tissues of patients with DKD [16, 18]. This
downregulation correlates strongly with markers of dis-
ease severity, including increased proteinuria, elevated
serum creatinine, reduced estimated glomerular filtra-
tion rate (¢GFR), and more extensive interstitial fibro-
sis [16, 18]. One of the key protective mechanisms of
IL-37 in DKD involves the inhibition of renal fibrosis.
In diabetic mouse models, both transgenic overexpres-
sion and treatment with recombinant IL-37 significant-
ly attenuate fibrotic remodeling [16]. IL-37 achieves
this by restoring fatty acid oxidation (FAO) in tubular
epithelial cells, primarily through upregulation of car-

nitine palmitoyl-transferase 1A (CPT1A), an essential
enzyme in FAO. Improved FAO prevents lipid accu-
mulation in renal tissues, thereby reducing the activa-
tion of fibrotic pathways [16]. Transgenic DKD mice
expressing human IL-37 exhibit lower levels of protein-
uria, serum creatinine, and blood urea nitrogen, along-
side reduced expression of tubular injury markers such
as kidney injury molecule-1 (KIM-1) and neutrophil
gelatinase-associated lipocalin (NGAL) [16].

Furthermore, IL-37 exerts potent anti-inflamma-
tory and anti-oxidative effects in the diabetic kidney.
It downregulates the expression of pro-inflammatory
cytokines such as TNF-a, IL-1pB, and IL-6, while also
suppressing MDA [18]. Simultaneously, it enhances the
activity of protective molecules including superoxide
dismutase (SOD) and Bcl-2, thereby limiting apoptosis
in podocytes and tubular epithelial cells [18]. In addi-
tion to these effects, IL-37 has been shown to inhibit
the STAT3—cyclophilin A (CypA) signaling pathway
in podocytes, which is activated under hyperglycemic
conditions and contributes to inflammatory and oxida-
tive damage [18]. These multifaceted actions of I1L-37
in DKD are summarized in Table 3.

Table 3

IL-37 mechanisms of action in diabetic kidney disease

Mechanism

Effect in DKD

Reduced expression in DKD

Correlates with 1 fibrosis, 1 serum creatinine, 1 proteinuria, | eGFR

Anti-fibrotic activity

Restores FAO via 1 CPT1A; | lipid accumulation and fibrotic signaling

Improvement of renal function

| Proteinuria, | serum creatinine, | BUN, | KIM-1, | NGAL

Anti-inflammatory and antioxidant roles

| TNF-a, IL-1B, IL-6, MDA; 1 SOD, Bcl-2; | apoptosis in renal cells

Inhibition of STAT3—CypA signaling

Prevents high glucose-induced podocyte injury

Abbreviations:

Bcl-2 — B-cell lymphoma; BUN, blood urea nitrogen; CPT1A, carnitine palmitoyltransferase 14; CypA, cyclophilin

A; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; FAO, fatty acid oxidation; IL,
interleukin; KIM- 1, kidney injury molecule- 1; MDA, malondialdehyde; NGAL, neutrophil gelatinase-associated
lipocalin; SOD, superoxide dismutase; STAT3, signal transducer and activator of transcription 3; TNF-a, tumor

necrosis factor alpha.
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In summary, 1L-37 is significantly downregulated
in DKD, and its restoration confers protection against
inflammation, oxidative stress, fibrosis, and functional
deterioration.

IL-37 in autosomal dominant polycystic kidney
disease (ADPKD). Experimental models of ADPKD
have demonstrated that transgenic expression of hu-
man IL-37b significantly suppresses cyst development
in the collecting ducts [19]. This protective effect is
observed in both early-onset and adult-onset forms of
the disease. Furthermore, exogenous administration of
recombinant IL-37b also reduces cyst burden in early-
stage models, suggesting that I1L-37 may be effective
both prophylactically and therapeutically. Mechanisti-
cally, IL-37b mediates its effects through the modula-
tion of innate immune signaling pathways. Specifically,
IL-37b enhances type I interferon responses in kidney-

resident macrophages [19]. Activation of this pathway
leads to suppression of cyst initiation and limits cyst ex-
pansion. Importantly, the therapeutic effect of IL-37b
is abrogated when type I interferon signaling is blocked,
confirming the central role of this pathway in mediat-
ing IL-37’s action. Interestingly, the reduction in cyst
formation is not associated with a decrease in the total
number of macrophages within the kidney. Instead, IL-
37b appears to reprogram macrophage function toward
a protective, anti-cytogenic phenotype, rather than re-
ducing macrophage infiltration or presence. This func-
tional modulation underscores the precision of IL-37’s
immunoregulatory effects in the renal microenviron-
ment. These findings suggest that 1L-37 represents a
promising immunotherapeutic candidate for ADPKD.
The main mechanisms by which 1L-37 exerts its effects
in ADPKD are summarized in Table 4

Table 4

IL-37 mechanisms of action in polycystic kidney disease

Mechanism

Effect in ADPKD models

Suppression of cyst initiation

4 Cyst burden in collecting ducts (early- and adult-onset disease)

Activation of type I interferon signaling

T IFN response in renal macrophages; essential for anti-cyst effect

Functional reprogramming of macrophages

No change in macrophage numbers; shift toward anti-cystogenic
phenotype

Therapeutic impact

4 Cyst growth with transgenic or recombinant IL-37b; potential
therapeutic use

Abbreviations: IFN, interferon; IL, interleukin.

Therapeutic applications and delivery strategies.
Although IL-37’s contribution has been well-docu-
mented in preclinical models of kidney disease, the
translation of these findings into viable therapeutic in-
terventions requires the development of effective deliv-
ery strategies and rigorous validation in clinical settings.

Recombinant IL-37 protein therapy. As discussed
above, the administration of recombinant human IL-
37 (rhIL-37) has demonstrated therapeutic benefits in
experimental nephropathies. For example, in diabetic
kidney disease (DKD) models, rh1L-37 reduces inflam-
matory cytokines (such as TNF-a, 1L-6, and 1L-1B),
mitigates oxidative stress, and improves renal function,
including reductions in proteinuria and renal fibrosis
[16]. However, protein-based therapies face challenges
including short half-life, limited tissue penetration, po-
tential immunogenicity, and the need for repeated ad-
ministration [20]. Optimization of protein stability and
formulation will be key for clinical viability.

Gene therapy approaches. Gene delivery methods,
such as plasmid or viral vector-mediated transfection,
enable sustained expression of IL-37 in target tissues.
Transgenic mouse models expressing human IL-37 have
been instrumental in demonstrating long-term protec-
tive effects, particularly in models of AKI, CKD, and
DKD [16, 19]. AAV (adeno-associated virus)-based
vectors targeting renal parenchyma represent a prom-
ising avenue for organ-specific gene therapy, although

safety, dose control, and regulatory barriers remain sig-
nificant hurdles [8].

Cell-based _and _nanocarrier _delivery _systems.
Emerging strategies leverage cell-derived vesicles and
nanoparticles for targeted I1L-37 delivery. Neutrophil-
derived nanovesicles loaded with IL-37 have shown ef-
ficacy in localizing treatment to injured renal endothe-
lial cells, reducing inflammation and preserving micro-
vascular integrity during ischemia-reperfusion injury
[17]. Similarly, liposome or polymer-based nanoparti-
cles may enhance delivery specificity and protect [L-37
from degradation in circulation [21].

Combination therapies. 11.-37’s broad anti-inflam-
matory effects suggest potential synergy with existing
therapies. Co-administration with immunosuppres-
sants (corticosteroids, calcineurin inhibitors), antifi-
brotic agents (pirfenidone, ACE inhibitors), or meta-
bolic modulators (SGLT2 inhibitors) may enhance
therapeutic outcomes in multifactorial kidney diseases
such as DKD or lupus nephritis [10, 15, 22]. However,
such approaches warrant systematic evaluation in con-
trolled studies.

Challenges and clinical translation. Key transla-
tional obstacles include defining optimal therapeutic
windows, establishing dosing regimens, and monitoring
potential off-target effects, particularly given 1L-37’s
broad immunosuppressive capabilities [8, 10]. Impor-
tantly, isoform-specific functions and tissue distribu-
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tion may influence treatment outcomes and need to be
considered in therapy design.

Diagnostic and biomarker potential of IL-37 in
kidney disease. 11L-37 has emerged not only as a cyto-
kine with therapeutic relevance but also as a potential
biomarker reflecting disease severity and inflammatory
activity in various kidney disorders. Its expression pat-
terns in both circulating blood and renal tissue correlate
with pathological features of kidney injury, offering po-
tential diagnostic and prognostic utility. In AKI, elevat-
ed IL-37 levels correspond with reduced inflammation
and oxidative stress [14, 17]. Similarly, in DKD, serum
and renal IL-37 levels are significantly reduced, with
lower expression strongly associated with increased
proteinuria, elevated serum creatinine, reduced eGFR,
and greater interstitial fibrosis [16]. In contrast, clini-
cal studies focusing on broader CKD populations have
reported a different pattern. Li et al investigated plasma
IL-37 levels in patients with CKD and nephrotic syn-
drome (NS) compared to healthy controls [23]. The
researchers enrolled 57 CKD patients, 13 NS patients,
and 22 healthy individuals, further stratifying the CKD
group by disease stage (stages 1, 3, and 5). Using ELISA,
they found that plasma IL-37 levels were significantly
higher in both CKD and NS patients than in healthy
controls. Interestingly, IL-37 levels did not differ sig-
nificantly among the different CKD stages, suggesting
that its elevation is a general feature of CKD rather than
stage-specific. After treatment, IL-37 levels decreased
in both CKD and NS groups, and in CKD patients,
IL-37 levels positively correlated with white blood cell
and lymphocyte counts [23]. In line with these findings,
another observational study found that serum IL-37
levels were significantly higher in patients undergoing
hemodialysis (HD), especially in those with subclinical
or overt hypothyroidism, compared to healthy controls
[24]. In addition, IL-37 levels have been shown to be
significantly elevated in patients with systemic lupus
erythematosus compared to healthy controls and were
correlated with high disease activity, mucocutaneous
involvement, and renal involvement [22].

These findings suggest that elevated plasma IL-37
may serve as an auxiliary diagnostic marker for CKD,
potentially reflecting an ongoing inflammatory or im-
mune response. Because IL-37 levels inversely correlate
with pro-inflammatory cytokines (e.g., TNF-a, 1L-6,
IL-1pB), particularly in cardiovascular diseases [25],
measuring IL-37 alongside traditional markers may
improve diagnostic accuracy. Specifically, a combined
cytokine profile (high IL-6/1L-1p and low 1L-37) may
better distinguish inflammatory from non-inflamma-
tory conditions, addressing the limitations of current
markers in clinical practice [26, 27].

Limitations and future directions. Despite com-
pelling preclinical evidence supporting the anti-in-
flammatory and tissue-protective functions of IL-37 in
kidney diseases, several important limitations must be
addressed before translating these findings into clinical
applications. One of the fundamental biological chal-

lenges lies in the species-specific nature of IL-37. Mice,
commonly used in preclinical research, lack an endog-
enous IL-37 gene, necessitating the use of human IL-37
transgenic models or recombinant protein administra-
tion [16, 19]. While informative, these approaches do
not fully recapitulate the endogenous regulation, iso-
form dynamics, or receptor interactions that might oc-
cur in humans. Furthermore, the distinct roles of IL-37
isoforms (a—e), including their tissue-specific expres-
sion and functional relevance in renal physiology and
pathology, remain poorly understood [12, 13].

From a therapeutic development perspective, op-
timal dosing strategies, routes of administration, and
pharmacokinetic profiles for IL-37-based therapies
are not yet established. Most available data stem from
short-term animal studies, and there is limited insight
into the long-term safety of exogenous I1L-37, particu-
larly regarding its immunosuppressive capacity and po-
tential to interfere with host defense mechanisms [10,
12]. The development of targeted delivery platforms,
such as nanoparticle systems or gene therapy vectors,
offers promise but also introduces additional regulatory
and safety considerations.

Emerging applications of IL-37 in clinical ne-
phrology offer exciting but as yet untested possibilities.
For instance, chronic inflammation is a key contributor
to adverse outcomes in patients undergoing peritoneal
dialysis (PD) or HD. Peritoneal inflammation and fi-
brosis are major complications in PD, often driven by
recurrent peritonitis and exposure to bioincompatible
dialysis fluids, leading to increased levels of inflamma-
tory cytokines such as IL-1B and IL-6, and activation
of profibrotic pathways such as TGF-B1 [28, 29]. Giv-
en IL-37’s broad anti-inflammatory and anti-fibrotic
properties, suppression of pro-inflammatory cytokines,
inhibition of immune cell activation, and attenuation of
fibrosis in various tissues-it is plausible that IL-37 could
counteract the inflammatory and fibrotic processes in
the peritoneum. Although direct studies in PD are lack-
ing, the mechanistic rationale is strong, and IL-37’s
efficacy in other models of tissue fibrosis and inflam-
mation supports this hypothesis. However, the findings
that 1L-37 is already elevated in the HD population
complicate the rationale for further enhancing its activ-
ity [24]. The increased IL-37 may represent the body’s
attempt to counteract ongoing inflammation, but it may
be insufficient to fully control the inflammatory bur-
den, or it may indicate a state of cytokine resistance or
immune dysregulation. Rather than simply increasing
I1L-37 levels, strategies may need to focus on enhancing
its functional activity or overcoming possible resistance
mechanisms. Additionally, the immunosuppressive ef-
fects of IL-37 raise concerns about infection risk in an
already immunocompromised population.

To advance IL-37 toward clinical utility, several
key research priorities should be addressed. First, ear-
ly-phase clinical trials are needed to evaluate safety,
tolerability, and pharmacodynamics in both acute and
chronic kidney disease populations. Second, the devel-
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opment of isoform-specific recombinant proteins or
gene constructs will facilitate more precise therapeutic
strategies. Third, IL-37 should be explored not only as
a therapeutic agent but also as a biomarker for inflam-
mation, fibrosis, and disease progression. Finally, com-
bination approaches integrating IL-37 with existing
immunosuppressants, antifibrotics, or metabolic agents
may offer synergistic benefits and should be explored in
preclinical models and trial settings.

Conclusions. The review provides an updated per-
spective on the immunobiological functions and po-
tential clinical applications of 1L-37, with a particular
focus on its relevance to kidney disease. IL-37 is rec-
ognized for its broad immunomodulatory roles, includ-
ing suppression of inflammatory responses, anti-tumor
activity, and enhancement of antimicrobial defenses.
These properties have positioned 1L-37 as a promis-
ing candidate in emerging cytokine-based immuno-
therapeutic strategies. Although its functions have been
explored across a wide spectrum of pathological con-
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Abstract. This article analyzes current research on the mechanisms underlying
acute and chronic rejection of kidney transplants (KT) to identify key immunological
determinants of long-term graft survival.

According to contemporary understanding, both forms of allograft rejection
are mediated by effector responses of the innate and adaptive immune systems.
Immune-mediated damage to the graft remains the leading cause of transplant loss,
regardless of the post-transplantation period.

Advancements in methodology, including the use of novel biomarkers, allow for earlier
diagnosis of rejection mechanisms, while artificial intelligence and genome/proteome-
based monitoring provide tools for predicting the progression of alloimmune responses.
Several immunological determinants influencing kidney graft longevity have been
identified as potential therapeutic targets to enhance transplant survival.
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antibodies, graft rejection, acute rejection, chronic rejection, complement system
proteins, biomarkers, artificial intelligence.
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ImMyHoOJI0TIYHI J€TEPMIHAHTH TPUBAJIOr0 (DYHKIIOHYBAHHA TPAHCILIAHTOBAHOIL
HUPKM SIK TepaneBTHYHI MillleHi

IV «HauioHansHMii eHTp Xipypril Ta TpaHcuianTosorii imeni O.0. Mlanimosa HAMH Vkpainw»,
KuiB, Ykpaina

2KuiBchbKuii HallioHanbHUI yHiBepcuteT iMeHi Tapaca Illesuenka, Kuis, Ykpaina

Pestome. YV cmammi npoananizosani 00caiodiceHHs, NPUCEAUEHI MEXAHIZMAM 20CMPO20 AD0 XPOHIUHO20 8i0mMop-
eHenHs mpancnaanmosanoi wupku (TH), 015 6cmanoeaeHHS IMYHON0IYHUX OemepMIHaHm MPUBAAOCMI iT BUNCUBAHHSL.

Bionogiono do menepiuinboeo posyminnsa yiei npobaemu, 06udsa eapianmu asi02eHHO20 8I0MOPSHEHHS peanizy-
oMb uepes egpeKMopHi peaxyii 6po0xceH020 ma adanmueno2o iMyHimemy.

Came imynoonocepedxosani noukooxcernns TH e npogionumu 6 cmpyxmypi npuuur ii 6i0mopeHeHHs He3aAeHCHO

810 mpusanocmi nicasonepayiinozo nepiooy.

Miaenocmyeamu npuvuHu 8i0MOpPeHeHHs HA HOBOMY MEMOO0AOIMHOMY PIGHI 0038045€ BUKOPUCMAHHS 8I0N08I0-
Hux 6iomapkepies, | npoeHo3yeamu no0arbuiull nepediz aln0iMyHHO20 KOHGPAIKMY, - 3ACMOCYBAHHS WMYYHO20 IHMEAeKMY

ma 2aHOMHO-NPOMEOMHO20 MOHIMOPUHEY.

Busnaueni imynonoeiuni demepminanmu mpusansocmi euxcuseanns TH, axi moxcyms 6ymu mepaneemu4Humu Mi-

WeHAMU 0151 1020 NOOOBNCEHHS.

KimouoBi ciioBa: mpancnaanmauyis Hupku, 8UNCUBAHHA MPAHCNAGHMAMA, IMYHHA 8i0N06i0b, aHMUmMing 0oHop-
cneyuchiuni, 8i0mopeHeHHs MPanHcnAaHmama, 20cmpe 8i0mopeHeHHs, XPOHiuHe 8i0MOPeHeHHS, CUCeMA KOMNAeMeHmd,

biomapkepu, WmMyvHUIl iIHmMeeKm.

Beryn. XponiuHa xBopo6a Hupok (XXH) € 3Ha-
YHOI0 MEAUKO-COLiaJbHOIO MPOOJIEMOIO CbOTOIECHHS
[1]. OcobauBOi aKkTyabHOCTI 1 MpobJjieMa HaOyBae€
3 omIsALy Ha crabinpHe mopiuyHe 2,3% 30inblIeHHS
KinbkocTi xBopux Ha XXH 5 cr., gKi morpedyoTh
JIIKyBaHHSI MeTOoJaMM HMPKOBOI 3aMicHOI Tepamii
(H3T) [1, 2].

Ha crorogHimHiii neHb Kpall¥uM METOIOM Ji-
KyBaHHS 1Ii€l KaTeropii Mali€HTIB € TpaHCIUIaHTAaLlis
nupku [3]. 3a manumu European Renal Association
(ERA) Registry 2022 poky nuTaMma Bara TpaHCIUIaH-
tauii Hupku (TH) B ctpykTypi H3T ckiamana 39%.
Pemra 56% nauieHTiB JiKyBaJIMCh METOIOM reMoOia-
i3y (1), a mwe 5% nauieHTiB — METOIOM IEPUTOHE-
anmpHoro mianidy. Yacrtora TH y 2022 poui B KpaiHax
€C ckmagana 40,0 Ha 1 MiTbIIOH HaceJIeHHs, Tiepe-
BaXXHa OiNbIIiCTh AKUX (66%) — TpaHCIUTaHTAllii Bix
[IOCMEPTHOTO noHOpa [4].

Yactka TH y ctpyktypi H3T 3Ha4YHO KOTUBAETH-
Cs1 3aJIEXKHO BiJl EKOHOMIYHOTO PO3BUTKY KOHKPETHOIL
KpaiHu (3a Bucokoro piBHs BBII - BoHa Bimmosin-
HO BHUILA).Y KpaiHaxX 3 HU3bKUM Ta CepelHiM piBHEeM
BBII metrogu amiamizHOI HMPKOBOI 3aMiCcHOI Tepariii

Mukonaa KogecHuk
director@inephrology.kiev.ua

(AH3T) 3anummamTbcsl TPeBaTOIOYUMHI MOIAIBHOC-
TIMMU JiKyBaHHs xBopux Ha XXH 5 cr. [5].

IIpoTsirom ocTaHHIX AECSATUIITh CIIOCTEPIra€ThCS
ITOIOBXXEHHS BUKMBAHHSI aJIOTPAHCILUIAHTOBAHUX HU -
pok (ATH) 3aBnsiKy BHOCKOHAJIEHHIO YCiX CKIIaJOBUX
TH Ta 0co6a1BO 3aBASIKM JOCSITHEHHSIM Yy BUBUEHHI
TpaHCIJIAHTALiIMHOrO IMYHITETY, CTBOPEHHIO HOBMX
JIiKapCchbKUX 3ac00iB i1 iMyHOCYIIPECUMBHOI Tepamii
(ICT) [6, 7]. 5-piyHe BUXMUBAHHHS DPELUIICHTIB
ATH cknanae 95% ta 92%, a TpaHcmiaHTatiB — 87%
Ta 81% Big XMBHUX Ta TPYIHUX JOHOPIB BilMOBiAHO
[8,9].

HocaruenHsa ICT po3Boauian 3MEHIIUTHA 4acToO-
Ty Ta JOCSATaTA 3BOPOTHOCTI TOCTPOrO BiATOPTHEH-
Ha tpaHciutantata (I'BT) mpotsirom mepmroro poky
micinst TH no 8,4% y pasi 3acTocyBaHHSI aHTUTLI 10
IL-2 a6o 6,6% — xonu 3actocyBanHs ICT crpsimMo-
BaHe Ha cympecito ¢yHkuioHyBaHHs T-nimdouuris
[10, 11]. 3rizHo 3 manumu Organ Procurement and
Transplantation Network (OPTN), 10-piuHa BUXMH-
BaHicTh ATH ckianae 55%-40% Bin kuux a6o mo-
CMePTHUX IOHOpiB BimmosigHo [12]. JdocmimkeHHsS
CTPYKTYPH IIPUYMH BiITOPTHEHHS MPOAEMOHCTPYBa-
JIM, 110 caMe aJiJIoiMyHHIi (paKTopH € BU3HAYAJTbHUMU
st TpuBaocTi BuxkubaHocTi ATH (ta6u. 1) [13].
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Tabauys 1
ITpuynnu cMepTi - BiATOPrHEeHHS TPAHCIIAHTATA Yy NALIEHTIB,
SKHM TPAaHCILIAHTOBaHO HUPKH 3 2006 mo 2018 pik
Yac micas TH
ITpuunnn 3arajbHi Menme 1 p 1-5p Biabme 5 p
3arajbHi 553 131 235 188
AutoiMyHHi 38,7% 12,2% 49,8% 43,3%
[1oMepysapHi XBopoou 18,6% 13,7% 17,4% 23.5%
VpaxkeHHsI HUPKOBHX KaHANbLIiB 13,9% 9,2% 17,4% 12,8%
IMepBuHHA IUCHYHKIIISA 14,3% 60,3% 0% 0%
BK Hedpomnaris 4,3% 3,1% 4,3% 5,3%
Hesinomo/iH1e 10,1% 1,5% 11,1% 15,0%

Ak roctpe, Tak i XxpoHiuHe BinTopraueHHss ATH peanizyloTbecsl uepes eeKTOpHI MexaHi3MM aKTUBALIil KJTi-
TUHHO- Ta aHTUTUIOOITOCEPENKOBAHUX peakLii iMyHHOI cuctemu [14, 15].

Puc. 1. EdpexTopHi MexaHi3MU BpOIKEHOTO Ta afanTUBHOTO iMyHiTeTry miciast TH [16].

Twemiuno-penepghysiiine yukooxuceHHss MKaHuH 00OHOPA 3GNYCKAE AKMUBAYIIO KAIMUH 8po0dceno2o imyrnimemy uepe3 DAMPs/
PRR-cuenanine. Jlenopumni kaimunu do3piearoms i micpyroms 0o Aimgpamuunux eysaie, de npezenmyromos anmueeru (HLA 1/11)
Haienum T-aimpoyumam. CDE' T-kaimunu npodyxytome IFN-y, CD4% Thl-kaimunu akmugyroms Maxpogaeu ma cnpusoms
cunme3sy yumokinig. Y nooanvuwomy B-kaimunu gopmyroms JJCA, ski e3aemoditoms 3 NK-kaimunamu ma 3anyckaroms ADCC.
Axmueayis komnaemenmy (C3a, CSa) nidcuntoe 3ananenus.

Ckopouenns: DAM Ps — monexyaspri namepuu, nos ’azati 3 yuikooxcennsm; DC — denopumni kaimunu; A — anmuezenu 20106H020
xomnaexcy eicmocymichocmi; IFN-y — inmepgepon-eamma; ADCC — anmuminosaneicHa KAiMUHHA YUMOMOKCUYHICIb;

NK — npupooni xinepui kaimunu; MAC — Komnaekc MeMOpanHoi amaxu.
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HesanexxHuMu mnOpeauKTOpaMu TPUBAJIIOTO BU-
xkuBaHHs1 ATH € iioro 6a3oBa MBUAKICTb KJIyOOUKO-
Boi dinbrpauii (e€GFR), BennuuHa npoTteiHypii, Ha-
SBHICTh (hiOpO3y iHTepcTUllito, TyOyasspHOi aTpodii,
TJIOMEPYJITY, MEePUTYOYISIPHOrO KaIuISpUTy, iHTEP-
CTULiaJIbHOTO 3aMajeHHs, TyOy JIiTy Ta IIMOOKOro Imo-
LIKOMXKEHHS KTyOoouKoBUX CTpyKTyp [17, 18].

MerTo10 11i€i poGOTH € BCTAHOBJICHHS iIMyHOJIOTiY-
HUX ETePMiHAHT SIK TepAaneBTUYHUX MillleHeil TpuBa-
JIOTO BUKMBAaHHSI HUPKOBOTO TPAHCIIAHTATA.

T'octpe BiATOPrHEHHS TPAHCTIIAHTOBAHOT HUPKU.
Ha crorogni I'BT € OCHOBHOIO MPUYMHOKO PaHHbBOL
BTpatu ATH. Lleit Tun BiATOPTHEHHS PO3BUBAETHCS
BIIPOAOBX MEPIINX JEKITbKOX THUXHIB Ta peali3yeThb-
cs1 yepe3 T-kJiTuHHI MexaHi3Mu. [TomkomkeHHi ATH
BUKJIMKAIOTh peakllil sK 3ajexHi Bim T-xenmepHux
KJIiTUH (3a yyacTio T-kinepis, Mmakpodaris, eo3nuHodi-
JIiB), TaK i aHTUTINIO3aIeXXHi (AaKTUBALLiSI KOMILJIEMEH-
Ta) [19-22]. IMyHHi MexaHi3MH, 1110 JieXaThb B OCHOBI
I'BT, npencraBieHi Ha puc. 2.

Puc. 2. ImyHomaroreHe3 rocTporo BilTOpTHEHHS TPaHCIIJIAHTOBAHOI HUPKU (CTBOpPEHO 3a nonomoroto BioRender.com).

Cxemamuune 300pajicenHss MeXAawi3mis, w0 3anycKaromocs y 8i0nogiov Ha iwemiuHo-penepghysiiine YWKoOMdCeHHs abo
mpaemy mpaucnaaumama. Bueinenenns DAMPs akmugye Kaimunu 8po0iceno2o iMyHimemy ma cucmemy KoMNAeMeHmY,
CRPUMUHAIOUU NPOOYKUII0 NPO3ANAAbHUX UUMOKIHIE | npesenmauyito HLA-anmueenis. Ile npuzeodums 0o axkmueayii CD4™ ma
CD8* T-nimpoyumie, a maroxc B-kaimun i3 nodasvuum ymeopennsim donopcneyugiunux anmumin (DSA). B pezyaomami
dopmyemocsi T-kaimunno- ma anmuminosanedcHe eocmpe @i0MOPeHeHHs i3 3AAYUeHHAM UUMOMOKCUMHUX KAIMUH, cucmemu
KOMNAeMeHmYy ma eqheKmopHUX MeXarizmie 2yMOpaIbHO0 IMYHImemy.

Ckopouenns: HAT — nupkosuii arompancnianmam, DAMPs — monexyau, acoyiiiosani 3 yuikooxucenusam xaimuu, DC —
dendpummui kaimunu, IL — inmepaeiikin, HLA — anmueen neiikoyumie atodunu, MBL — marno3036’a3yeanvuuii sexkmun, NK-
KAImuHu — npupooui kaimunu kinepu, TNF-a — chakmop nexpo3y nyxaunu arvga.

T'onoBHum innyktopom I'BT Ta iforo iHTeHCUB-
HOCTi € CTyMHiHb BiAMiHHOCTel AOHOpa i peuuIieHTa
3a antureHamu HLA. [JoHopcneuudiyHi aHTUTIIA
(ACA) € bGiomapkepoM MPOTHO3Y aHTUTIIOOTIOCEPET -
koBaHoro BixTroprHeHHsT (AOB) [23, 24]. IcHye Kinbka

denotumis AOB, aKi BM3HAYAIOTBCS YaCOM BHHMK-
HEHHS TYMOPAJIbHOI BiMOBiAi Ta XapaKTepUCTUKAMU
JCA (cnenucdivHicTh, cuia aHTUTIN, migknacu IgG ta
3MATHICTH 0 3B’s13yBaHHS KoMruieMeHTy). JICA y ceH-
CcubiNi30BaHUX PELUIMIEHTIB BUKIMKAIOTb HAJArOCTpe
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BiATOPTHEHHSI, TPUCKOPEHE TOCTPE BiATOPTHEHHS Ta
roctpe BintoprHeHHs1. De novo JICA nor’s3aHi 3 mi3-
HiMm roctpuM AOB, xpoHiunuM AOB, rnomepyionari-
€10 TPAHCIUIAHTaTa Ta 3HWXXEHHSIM HOro BUXUBAHOCTI
[25, 26]. ICA 3 Clq, noB’s13aHi 3 GOpMyBaHHSIM TIO-
ctporo AOB, toai sik Clg-He3B’a3ytoui JICA cripuuu-
HYI0Th XpoHiuHe AOB Ta mi3HIO BTpaTy TpaHCIJIaHTa-
ta. [linknacu IgG mMaloTh pi3HY 30aTHICTh aKTUBYBATU
KOMIUJIEMEHT Ta 3ajyvyaTyd e(heKTOpHi KIITUHU 4epe3
Fc-peuentop, JCA IgG3, 110 3B’53y10Th KOMITJIEMEHT,
noB’s3aHi 3 roctpuMm AOB, Toni sk He3B’ga3ywoui JJCA
IgG4 BuknukawoTh xpoHiune AOB [27, 28].

BusnaueHHs cknagHux xapakrepuctuk [JCA no-
TMOMOXYTb CTpaTU(hiKyBaTU iMyHOJIOTIYHUI PU3UK Ma-
1ieHTa, NepeadayuTu BUHUKHEHHS (peHoTumiB AOB i,
TaKUM YAHOM, CHOPUSITUMYTh MOKPAIIEHHIO BUXKUBA-
HocTi TpaHcmaHTata OnHak, JICA no HLA BusiBisi-
I0ThCS JIMIIIE y 10J10BMHI Bunmankis AOB [29].

besknitunna JHK noHopa y nepudepruyHoi Kpo-
Bi pelMMieHTa, € HEiHBa3MBHUM MapKEpOM JiarHOC-
tuku BigroprHenHst ATH [30]. OuiHroroun miarHoc-
TUYHY eheKTUBHICTh Oe3kniTuHHOI JJHK mma3mu no-
Hopa (cfDNA) y pospiznenni AOB, a6o de novo ICA
0e3 ricTosoriyHux ypaxeHsb y peuurnieHtiB ATH 6ynio
BCTaHOBJIEHO, 0 (pakuis 6e3knitTuHHOI JJHK mnas-
MU AoHoOpa cnpusie BuzHauyeHHI0 AOB abo cTabinbHOL
dynkuii ATH [31], ans MoHiTOpUHTY eeKTUBHOC-
Ti micast mikyBaHHa AOB [32]. TakuM 4rHOM, MOHi-
topuHr de novo JICA Tta 6e3kiituHHoi JHK rmrazmu
JIOHOpPA € TePCNEKTUBHUM HEiHBa3UBHUM CHOCOOOM
OLIHKM MOIIKOXKEeHHS TpaHcIiaHTarta [33].

Puc. 3. ImyHomaToreHe3 XpoOHiYHOTO BiITOPTHEHHS TPaHCIIJIAHTOBAHOL

HUpPKHU (CTBOpEeHO 3a Joromorolo BioRender.com).

Otxe, I'BT € pesyabratoM cKJaIHOI B3aEMOAii
MiX IMyYHHUMHU KJIiTUHaAMW, PO3YMHHUMMU MOJIEKY-
JaMy Ta KJiTuHaMu HUpoK [34] Ta KiacudikyeThb-
ca gk T-KJIITMHHO-OMOCEpPEeAKOBaHE BiATOPTHEHHS
(TKBO), gke xapaKTepuU3yeTbCS TYOYJIOiHTEPCTULIi-
aJIbHUAM 3alaJIeHHSIM a00 apTepiiTOM BHACHIIOK aKTU-
Bauii T-niMmpouuTiB, i AOB, 1110 MPOSIBASIETHCS MiKpPO-
CYIUHHUM 3anaj€HHSIM BUKJIWKAHHUM aKTUBALIi€0
KOMIUJIEMEHTY, iHAYKOBaHOro 3B’s3yBaHHsM ICA 3
JOHOPCHKUM eHpoTeniem [15, 16, 35].

V nocnimxenHi O’Leary et al. Oyjao mokaszaHo,
mo AOB 4yacTKOBO OIOCEPEeNKOBYETHCS AKTHUBALli-
€10 KOMIUIEMEHTY Ta aHTUTLIO3aJIEXHOIO KIITUHHOIO
LIUTOTOKCUYHICTIO, 3Ae0iabiioro iHaykoBaHow JJICA
migknaciB IgG1 ta 1Gg3 [36]. B iHmomy mocmimkeHHi
Lefaucheur et al. BctaHoBuIM, 110 BUCOKi piBHI 1gG3
HCAs oynu BussneHi y nauieHTtiB 3 ATH i I'BT nopis-
HsHO 3 nauieHTamu 6e3 I'BT, i BBaxatoTsb, 1o IgG3 ta
Clg+ iICAs € edbexktopamu Brpat ATH [37].

XpOHiuHE BiATOPTHEHHS TPAHCIUIAHTOBAHOI HUP-
ku. B ymoBax ICT Ta 3a HassBHOCTi BiAMiHHOCTE MixX
JIOHOPOM i PEUMITIEHTOM 3a CIa0KUMU (MiHOPHUMM)
antureHaMu HLA npouec BinToprHeHHS ATH moxe
3aTATYBATUCS Ha OaraTo MicsiliB i HaBiTh pokiB. BoHO
XapaKTepPU3YEThCS MOCTYMOBOIO BTPaTOl0 (DYHKIINA
ATH uepe3 xpoHiuHe 3anajneHHs, ¢iOpo3 i CymuHHi
3MiHu. Take xpoHiuHe BinToprHeHHs (XBT) Buxkivka-
€ThCS IK TYMOPaJIbHUMM, TaK i KJIITUHOOIOCEPEIKOBa-
HUMM peakiisiMiU HU3bKOI iIHTEHCUBHOCTI [25, 26, 38]
(puc. 3).

lwemiuno-penepysiiine  ywikooiucenHs abo
mpaema ai0mpawcnaaumama  aKmueyiomo
8po0iceHull imMyHimem ma cucmemy
KoMnAeMeHmy, IHIYiloo4uU XPOHIYHY 3ANANbHY
6ionosios.  Ilpezenmauins ~ HLA-anmueenie
aHmueeHnpe3eHmy8aNbHUMU Kaimunamu
npuzeodums 0o axmueauii CD4t [ CD8*
T-nimgpoyumie, a maxoxc B-xkaimun, wo
cunmesyioms  0OHOpcneuugiuHi  aHmumina
(DSA). Tpusana dis DSA cnpuuunse
aKmueauyiro KAACU4HO20 WAAXY KOMHAEMEHMY,
eHdomenianvhe  YWKOOXNCEHHs, — AKMUBAUIIO
gibpoonacmie i gopmysanns giopozy. YV
pesynbmami - po36UBAOMbCsA  8ACKyAonamis,
inmepcmuyianvruti - Qibpoz ma  ampoghis
KaHanoyie — mMopghonoeiumi 03HAKU XPOHIUHO20
8i0MopeHenHs: MPAHCHAGHMAMA.

CkopouenHs: HAT
anompaucnaaumam, DAMPs MOAeKyau,
acoyiliogani 3 VWKOOMNCEHHAM  KAIMUH,
DC — oOenopummni kaimunu, DSA — donop-
cneyuiuni  awmumina, IL — inmepaeiikin,
HLA — anmueen neiikoyumie noounu, MAC —
MembpanoamakysanvHuili komnaekce, TNF-o —
gaxmop Hekpo3y nyxauHu ansga.

HUpKoeut
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IMowmkonxenHss ATH noB’sg3aHe 3 iHGUIbTpaLli€ero
CyIMH Ta TKAHWUH MakpodaraMu, 1110 Ha paHHil cTa-
Iii 3ayyyatotbes (y popMi MOHOUUTIB) 32 TOMOMOTOI0
xeMoKiHiB (CCL5-RANTES Ta iH.) alopeakTUBHUMU
CDA4T-nimpountamu (Tx1) Ta aKTUBYIOTBCS CEKpe-
ToBaHUMM HUMU 1uToKiHamMu (IDH-y), a mizHime ix
PEKPYTYBaHHSI MOCWIIOETHCS Mil BILIMBOM MPOIYKTiB
makpodaranpunx KmituH (IJI-1, I®H-o, xemokiHy
CCL2-MCP-1) [39]. XpoHiuHe 3amajeHHs Hazmaji
MNPU3BOAUTH A0 PO3BUTKY aTEPOCKIIEPO3Y KPOBOHOC-
Hux cynuH ATH - xapakrepHoi o3Haku XBT. IToka3a-
Ho, 1110 B [OH-y-nediunTHUX pelnITiEHTIB aTepOCKIIe-
pO3 CyAuH He po3BUBAEThCs. KiliTUHHA iHGUIbTpaLLis
3a yMmoB XBT, Ha BimMiHy BiA rocTporo, BUpaxeHa
cinabko. IMyHHi peaxilii CympOBOIXYIOTbCS aKTUBA-
1i€l0 i MOIIKOAXEHHSM EHIOTENil0 Ta 3BUIbHEHHSIM
pizHux dakropiB pocty (TOP-B), 3 skumMu 1oB’s13aHi
PO3BUTOK i peryisiiisg ABOX OCHOBHMX o3Hak XBT:
pyOLIOBaHHS TKaHUHU ((hiOp03) Ta 3aKPUTTS MPOCBi-
Ty cynuH (oGJiTepauisi) TpaHcriaHTata. Oo0Jitepaliis
KPOBOHOCHUX CYAWH BiI0YyBa€ThCS BHACTINOK PO3MHO-
XKEHHS [JIAAKOM SI30BUX KJIITUH iHTUMMU, 110 MirpyBa-
JIU B CYIMHHY CTiHKY, Ta BigKJaJaHHS KOMIOHEHTIB
maTtpukcy. [TocTynoBe 3MeHIIEHHS] KPOBOMOCTAYaHHS
i 3aMillleHHs1 mapeHXiMUu (HiOPO3HOI0 TKAHWHOIO MPU-
3BOIUTH 10 MOBHOI BTpath ¢pyHKIii ATH [40-42].

Ha nymky Berger M. et al. xpoHiuHe AOB € Haii-
BaXJIMBIIIOK TMPUYMHOIO TMi3HbOI BTpatu ATH Ta
BKJIt0Ya€ T-KJTITUHU, KOMITJIEMEHT, MOJIEKYJIA €H0Te -
JianbHOI aaresii, HeiTpodinu, MoOHOIIUTH/Makpodaru
Ta ctumMmyiaboBaHy IgG aHTUTINO3aleXHY KIITUHHY
LIMTOTOKCUYHICTh MPUPOJHUMU KIITUHAMU-KiJIEpaMu
[43]. do Toro x, HeobOxigHO BpaxoByBaTu, 1o IL-6
crnpusie akTuBauii T-KJIiTUH, 3HUXEeHHIO Treg, CTUMY-
Jsuii T-doikyIsIpHUX KJIIITUH-XENepiB i 3apOAKOBUX
ueHTpiB [44], a TaKOX Bimirpae poJib y KepyBaHHi Ipo-
Jidepalliero, O03piBaHHSIM 1 MepeMUKAHHSIM KJIaciB
B-knitun [45]. Kpim toro, 1L-6 3naTHuUii iHAyKyBaTH
peareHTu roctpoi (a3, eHaoTediajlbHi KJIITUHU Ta
CMpUsE TMOLIKOMKEHHIO CYAUH, a MOJdiMOp(di3M reHa
IL- 6 xopentoe 3 I'BT Ta 3 BuxuBanictio HAT [46].

3arajioM, iMyHOJIOTIYHi Me€XaHi3MU € KJIIOUYOBUM
dakropom BTpatn ATH. Lli MexaHi3Mu y peLumieH-
TiB pealli3yloThCS  ILLISIXOM aKTUBallii BPOIAXEHOTO
imyHitetry uepe3 Toll-like peuentopu, NK xiitu-
HU, CHUCTEeMYy KOMIUIeMeHTa; akTuBalii T-KIiTUHHO
ornocepeaKkoBaHMX peakuiil 3a yyacti CD4+ i CD8+
T-xnituH; iHiUiawii iMyHHOI BiIMIOBii i YTBOPEHHSIM
HCA- npeaukropa ABO; JICA 3B’43y10ThCS 3 €HI0-
TeJiEM CYAWH TPAHCIUIAHTaTa, AaKTUBYIOTb CHUCTEMY
KOMIUIEMEHTA i BUKJIMKAIOTh YINKOMXEHHS €HIOTeNi-
anpHUX KIiTUH [34]. KpiMm Toro, 11e cynpoBOIXKYEThCS
PO3BUTKOM 3aMaJIeHHsI i MPOAYKIEI MpOo3anabHUX
uuToKiHiB (IFN-y, TNF-0) Ta 3amajJbHUX XeMOKiHiB
CXCL9, CXCL10, mwo copusie ¢idbpo3y Ta TyOya0iH-
TepCTULIIAIbHOMY TMOIIKO/KEHHIO TPaHCIUIAHTaTa, a
TakoX (HOpMYyBaHHIO iIMyHHOI MaM’sITi 3 YTBOPEHHSIM
nepexpectHo peakTuBHux kiituH [47]. ITocriiiHa ak-
THUBalligd iIMyHHOI CUCTEMM MPU3BOAUTH OO Mpodide-
pauii ¢iépobaacTiB i HaAMipHOIO BiAKJIaAeHHS I03a-
KJIITMHHOTO MaTPUKCY, 1110, B CBOIO YePTy, BUKIUKAE
pyOILIOBaHHS TKAHUHU, 3BYXKEHHS CY[IMH i MOPYIIIEHHS
KpoBonocTtadyaHHs [14].

Takum unHoM, TH moxke OyTu ycmiliHoO i 3a-
ne3nevyyBaTu JOBrocTpokoBe (GyHKIioHyBaHHSA AHT
3a YMOBH aJ€KBaTHOTO iMyHOJIOTIYHOTO MOHITOPUHTY
3 MeTol0 36epexeHHs pyHkuionyBaHHS HAT B qoBro-
CTPOKOBiil MEPCIEKTHUBI.

biomapkepu yIIKOAXEHHSI TpaHCIJIaHTOBaHOI
Hupku. Ha cporogHi B MpakTUlli TpaHCTJIaHTALliil-
HUX LIEHTPiB IIIMPOKO 3aCTOCOBYETHCI HU3KA Jabopa-
TOPHUX MapKepiB JJIs iMyHOJOTIYHOTO MOHITOPUHTY
dbynkuii ATH, 110 BUKOPUCTOBYIOTBCS 151 IPOTHO3Y-
BaHHS 3aTpuUMKHU GyHKIi TpancianTara (3DT); s
OLIiHKH, ifeHTU(iKallii Ta xapaktepuctuku ['BT; nis
IudepeHLiaibHOT AiarHOCTUKW MiX XPOHIYHUM Bif-
ToprHeHHsM Ta aucohyHkiiero ATH; nis nosroctpo-
KOBOTO MOHITOPUHTY Ta IPOTHO3YBAHHSI BUHUKHEHHS
nowmkoakeHHss ATH. Hait6inbin nociiakyBaHi cydyac-
Hi iMyHosioriuni gmerepminantu [16, 22, 48-55], gax
MapKepu BiATOPTHEHHS MOAaHi y Tadauili 1.

Tabauys 1
ImyHoJI0OTiUHi TeTepMiHAHTH K MapKepH BinToprueHns ATH
JeTtepMiHaHTa Bioaoriuna poan Kniniyne 3HaYeHHs
CXCL9 XeMOKiH, iIHTyKOBaHU M PanHilt MapKep KJIITUHHOTO
IFN-y BiITOpPrHEHHs. Y cedi Moxe
nepeadavaTy rocTpe KIiTUHHE
BinToprueHHs 3a 3—30 mHIB 10
KJIiHiYHUX MposiBiB. PiBHi CXCL9/
CXCL10y ceui MatoTh BUCOKY
nmiarHocTyHy TouHicTh, AUC 10 0.84.
CXCL10 XeMOKiH, iHTyKOBaHUiA Mapxkep aHTUTII03aIEXKHOTO
IFN-y BinToprHeHHs. [ligBuilieHi piBHi B cevi
Ta KpoBi 1MoB’si3aHi 3 puzukom AOB.
DSA (IgG3) AHTUTISIA TPOTU Mapxkep XpOHiYHOTO BiITOPTHEHHSI.
IOHOPCHKUX aHTUTEHIB Hassnicts [gG3-DSA acouiroeTbes 3
BHUCOKHMM PU3UKOM.
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IIpodosxcenns mabauyi 1

JeTtepminanTa BioJaoriuna poan Kniniyne 3HayeHHs

dd-cfDNA ®parmenTn JIHK noHopa | Mapkep NOIIKOIKEHHS TPAaHCIUIAHTATA.
B KpOBi

TruGraf / AlloMap TeneTnuni mpodini Mapkep CyOKJIiHIYHOTO BiITOPrHEHHS.

sCD30 Po3unHHMit perientop Mapkep pu3UKy BiTTOPTHEHHSI.
CD30

TLR4, ICAM-1 Monexkynu akTuBarlii Mapkep eHIoTeTiaIbHOI aKTUBALlii.
BPOKEHOT0 iMyHITETY

CIRBP XoJ1oI-iHIyKOBaHUIA IIporHo3 3®T.

PHK-3B’s13y10umii 610K

Interpunu (LFA-1, a4B1) TpancmeMOpaHHi Mapkepy pU3UKy BiITOPTHEHHSI.
[JTKOIIPOTEIHN

Ex3ocomu Ta PHK Ex3ocomHi 6iomoniekynu | BusHaueHHsI TUITY BiITOPTHEHHSI.

MiPHK (miR-182-5p, miR-21-3p, miR-25, | HekonyBansni PHK IMpornosysanusa 'BT, TKOB, 3DT.

miR-181a, miR-204, miR-192, miR-10b,
miR-142-3p, miR-215, miR-342-3p, miR-
615-3p, miR-210, miR-99)

Tenni curnarypu (CXCL9, CD3g, LCK,
Foxp3, ... iHIIIi CIMCKK TeHiB)

Tenna ekcrpecist

Panns miarnoctuka, mporao3 TKOB,
AOB, I'BT.

SLPI [HribiTop nefikoutapHoi | MapKep rocTporo yirkomkKeHHSI.
TeTTUAa3u

GZMB, PRF1 LluToToKCHYHI OLTKK Mapkepu roctporo TKOB.

FASLG Fas-nirann Mapxkep I'BT.

TNFR2 Penienirop 1o TNF Ipeaukrop 3OT.

CCR2, MCP-1 Penrenrropu xeMoKiHiB Mapkepu niporaosy 3OT.

BCL-2, BCL-xL [Hri6iTopu anonTosy Mapkepu BUKMBAHOCTI.

TNF-a, IL-6, TGF-B Tenu crpecy/3ananeHHs IIporHo3 rocTporo/XpoHiyHOTO

BiITOPTHEHHSI.
IL-6, IL-18, sIL-6R, gp130 LuTokinu Mapkepu 3OT.

Pini MPHK CXCL9 ceui nicigs TH BusiBuiu-
csg npenuktopaMu noiukomxkeHHss HAT. Kinbka 6io-
MapKepiB ceui KopeloBaiu 3 TnolukomkeHHsIM ATH,
praovatoun CXCL9, CXCL10, niraHn xeMoKiHy 2
motuBy CC (CCL2), NGAL, IL-18, CYC, KIM-1 Ta
0i0oK 3, IO MIiCTUTh IMYHOINIOOYJiH/MYLMHOBI 10-
MeHu T-kiituH. Penentop xemMokiHy CXCR3 ceui €
MEepCIeKTUBHUM KaHAUAATOM JUISl BUSIBJIEHHST CYOKITi-
HiuHoro 3anajeHHs [48, 49]. Busnauenns: dd-cfDNA
KPOBi [03BOJSIE paHille ineHTUdiKyBaTU PO3BUTOK
I'BT Ta KOHTpOJIOBATHM BiAIoBiAb Ha JikyBaHHs [31,
32].

IIpodintoBaHHS TpaHCKpUNTOMAa r€eHOMa BUSIBU-
JIO YHiKaJIbHi Ta CIJIbHI 03HaKu reHiB roctporo TKOB
Ta AOB. Ilpodini MPHK kiTuH ceui € 1iarHOCTUYHU -
MM Ta MPOTHOCTUYHUMMU MokKa3zHuKamMu ['BT Ta MoxXyTh
CIYXXUTHU KPUTEPiSIMU IMYHHOTO cTatycy in vivo [52].
CekBenyBaHHg PHK nae 3Mory 3po3ymiTu MexaHi3Mu
BiITOPrHEHHSI Ta JOIMOMAara€e BU3HAUYUTU MPiOPUTETU
TepaneBTUYHMUX 1inei. CekBeHyBaHHs PHK, peso-
JIIOLIMHUI iIHCTPYMEHT MOJIEKYJIIpHOro npodiitoBaH-
Hs, JDoIroMoxe BM3HauyuTHU Jokanizauiro MPHK TI'BT
B ATH 3 6e3npeneaeHTHUM piBHeM TouHOCTi. ['ocTpe

TKOB B AHT nepen6auaoTs piBHi MPHK nepdopuny
ta MPHK rpan3umy B y kiiTuHax ceui, iHribitopa ce-
puHoBoOi1 npoteiHasu-9 (PI-9), npuponHuit aHTaroHicT
rpansumy B; pisenb MPHK CD103, piBni MPHK IP-
10, MPHK CXCR3 MPHK CD3e B kiiTUHax cedi, pi-
BeHb FOXP3 B KJliTUHaxX cedi OMHO3HAYHO MPOTHO3YE
peBepcito rocrporo TKOB [56, 57].

Y GaraTolieHTPOBOMY MOCHiIXEHHI PO3IJISTHYTO
koropty peuunieHTiB HAT 3 MmeTolo BU3HaUeHHS He3a-
JIEXXHOI BiJl iMyHOCYTIpecii TeHHOI CUTHATYpU JUIsI PO~
THO3yBaHHS ToJepaHTHOCTi. BoHu imeHTHUbiKyBaIM
JIeB’SITh TeHiB, BKJItoyaroyu atakcuH 3 (ATXN3), 6inok
Al, nor’s3anuit 3 BCL2 (BCLA1), dakTop enoHraiii
eykapiotuyHoi TpaHcisii 1 ansda 1 (EEF1A1), 6inok
9, nop’s3aHuit 3 Gem (GEMIN7), KoHcTaHTy J19M0-
na 1 imyHornooyniny (IGLC1), meMOpaHHuii 4-10MeH
A4A (MS4A4A), reH-eHxaHcep MOTINENTULY SAEPHO-
ro ¢axkropa kamrmna-jerkoro B B-kjiTuHax, iHTriGiTOp
anbda (NFxBIA), RAB40C, uieH poaHU OHKOTEHiB
RAS, Ta 6inok 3, inaykoBanuii TNF, o (TNFAIP3).
Kpim Toro, nmporpaMa TecTy CIOHTaHHOI oIepauiiHoi
tosepaHTHOCTi HUpoK (KSPOT) imentudikysama 21
reH, 3anisHuii B OT. Cepen HUX, 11T pO3POOKU TPU-
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TEHHOTO aHaJli3y 3 BUCOKOIO TOUHICTIO IJISI BUSIBJIEHHS
OT 6ynu Bukopuctani Kruppel-Like Factor 6 (KLF6),
Basonuclin 2 (BNC2) ta Cytochrome P450 Family 1
Subrodina B Member 1 (CYP1B1) [48].

MixHapoaHe nociigxeHHs1 «['eHOoMika XpoOHiu-
HOro BiATOprHeHHs anoTpaHcmiaHTaTta» (GoCAR),
MPOCHEKTUBHUMN MiKpOYMTIOBUI aHaTi3 MPOodiJliB €KC-
Mnpecii reHiB y 3pa3kax TKAaHWHU aJloTpaHCIIaHTaTa Bijl
159 peuumnieHTiB mpoMeHeBOI Tepamii 3i CTabiTbHOIO
dyHKIIi€0 TpaHcIiaHTaTta yepe3 3 micaui micasg TH,
BUSIBUJIO Habip 3 13 reHis, sIKi He3aexXHO nepeadaya-
Ju Gidpo3 ajoTpaHCIUIaHTaTa yepe3 12 MicsiB micias
TH. L5 reHHa curHatypa, TOOTO aHKipMHOBMIA TOBTOP
ta SOCS-60kc, 1o mictuth 15 (ASB15), nomeH cmi-
paibHa chipajb-CIipajbHa cHipajib, 110 MicTUTh 10
(CHCHDI10), yotupusz’eagnanuit 6oxkc 1 (FJX1), unen
ponuHu Kelch-nmoxgionux 13 (KLHLI13), aHTturen,
acouirioBanuii 3 Hupkamu 1 (KAAG1), npoTOOHKOTeH
Met (MET), peuentop petunoiny X anbda (RXRA),
6inok OeskiHeyHoro manbeus 149 (RNF149), inkop-
nopatop cepuHy 5 (SERINCS), romonor Sprouty 4
(SPRY4), cynpecop myximHoreHHocti 5 (STS5), ro-
Meobokc 1 dakropa, innykoBanoro TGF-B (TGIF1),
Ta 4YJIeH pOAWHU caiTiB iHTerpauii MMTV Ttumy 9A
(WNT9A), Masia BULLy MPOTHOCTUYHY LIiHHICTh IS
po3BUTKY i6po3y AHT, mepesepiirytour KJIiHiYHI Ta
maTojoriyHi 3mMiHHi [58].

HocnigxenHs1 Leng Q, Ta crmiBaTopiB Mnokasajo,
o minBuineHuit piseHb CIRBP y mia3mi goHopa ne-
pel TPAaHCIUIAHTALIEI0 € HE3aJIEXHUM MPEeIUKTOPOM
po3Butky 3@T y mia3Mi ToHOpa nepe TpaHCTUIaHTa-
€0 € He3aJIEXXHUM IpeAuKTopoM po3BuTKy 3DT. Lle
BinkpuBae MoxuBicTh BukopuctanHsd CIRBP sk Ho-
Boro 6ioMapkepa sl OlliHKM (PyHKILIi TpaHCIIaHTaTa
[59]. B iHioMy gocmigkeHHi 6yj0 MpOAeMOHCTPOBA-
Ho, 10 BMicT [IpoeHkedaniny A B T1a3Mi pelUItieHTa
B neHb TH moxe nepenbayatu po3sutok 3T [60].

3aBAsKM iIMyHHOMY MOHITOPMHIY 3 BUMipIOBaH-
HSIM €KCIIPeCOBaHUX TeHiB (reHoMmika) abo OiNKiB
(mpoTeoMika), MEHEIXMEHT PEUUIIEHTIB HUPKOBUX
TPAHCIUIAHTATiB MOXE IMOBHICTIO 3MiHUTUCS. X04a B
JaHWI Yac JesiKi HeiHBa3MBHiI IMyHOJIOTiYHI Makepu
00MEXEeHO BUKOPUCTOBYIOThCS B KJIIHIYHIN MpaKTUIL
i mMOTpeOyI0Th Baslifalii, B MalilOyTHbOMY BOHU MOXYTh
CTaTU KOPUCHUMM IS IiaTHOCTUKMU, 111 MOHITOPUHTY
Bianosigi Ha ICT abo craT¥ MOTeHLIiiHOIO TeparneB-
TUYHOIO MillIEHEIO.

Lli aHami3u TaKoX MOXYTb OYTU BUKOPUCTAHI I
pO3pOOKU Ta OLIIHKU HOBUX IMYHOCYMPECUBHUX Ipe-
rnapariB.

VYrpaBiaiHHS 3 KOHTPOJIIO 3a MPOAYKTaMM i Jii-
kamu CIHA cxBammino aHaimiz ImmuKnow st omiH-
KW 3arajbHOTO CTaHy iMyHHOI CUCTEMMU y MAIiEHTIB 3
ociabneHuM iMyHiTeToM. BiH 0a3yeTbcsd Ha 31aTHOCTI
kiaitTiH CD4 BiANoOBimaTu Ha MITOT€HHY CTUMYJISILIIO
diToremarntoTuHiHOM-L in vifro ILTISIXOM KiJbKiCHOTO
BU3HAUYEHHS KiJTbKOCTi afeHo3uHTpUudocdarty, 1o BU-
pPOOJISIETHCS 1 BUBIIBHSAETBCS 3 LIUX KJIITUH MiCJISl CTU-
MyJsuii. OagHak, A0Ci He Ma€ TaHUX PO MPOrHOCTUY -

HY Ta IPOCMEKTUBHY LiHHICTh LIbOTO MEXaHi3My y pe-
LIUTIEHTIB TPAHCIIJIAHTATIB Ta MPO BIJIUB BUKHAYEHHS
JaHUX iIMyHHUX O6ioMapkepiB Ha MPOTrHO3YBaHHS JOB-
roctpokoBoro BuxkubaHHss HAT [61]. Busasnenns ta
Bastimauiss 6ioMapkepiB, sIKi KOPETIOOTh 3 PaHHIM Bif-
TOPTHEHHSIM TpPaHCIJIAaHTaTa, MOXYTb MependauyuTu
Ooro BUHUKHEHHS, a0 CIIPOTHO3YBATU BUXUBAHICTh
TpaHcmuianTara. [Hdbopmaliss mpo GioMapkepu Takox
MOXe€ JOMOMOTTU AU(ePEeHIIiI0BaTU MALliEHTIB 3 BUCO-
KWM Ta HU3bKWM iIMYHOJIOTIYHUM PU3UKOM, CIIPUSIIOUU
innuBinyamizaii ICT.

ITporHo3yBaHHSI BUXKUBAHOCTI TPAHCTIJIAHTOBAHOT
Hupku. Koukoulaki M. et al. mocniaxywouu nerepmi-
HaHTHU BxkuBaHocTi HAT nmoka3zanu, 1110 BUKMBaHICTh
HAT na nepumit, n’gatuii i aecatuii pik micias TH cra-
HoBuaa 89%, 76% i 67%, a BUXUBAHICTh MALi€HTIB
cTaHoBuUJIa BignosinHo 95%, 89% i 83%. ABTopu Bin-
3HAYWJIM, 110 JIUIIIEe BiK JOHOPA BIUIMBAE HA BUKWBaH-
Ha HAT (P < 0,05). Hesinnosinnocti HLA He kope-
JIIOBAJIM 3 BUKMBAaHHSM TpaHcIutaHTata (log rank P =
0,495), ane ineHTUdiKallisl naHe i peaKTUBHUX aHTUTLI
(PRA) I'ta Il xnacy micasa TH Maa cTaTUCTUYHO 3HA-
YyylIuiA BIUIMB Ha TpuBaie BuxuBaHHd HAT (log rank
P <0,0011iP = 0,021, BinnmoBinHo). BuzHaueHss PRA
TMicJ/isl TPaHCIUIAHTALlii HUPKW BIUIMHYB Ha JOBTOCTPO-
KOBe BWXUBaHHS TpaHcIutaHtata. HLA-cymicHicTh
npuHaiimMHi 3 oqHuM HLA-DR acouitoBanacs 3 Tpu-
BaJIM BUXXKMBaHHSM TPaHCILIAHTATa Ta nauieHTa [62].

B iHmomy nociiakeHHi aBTOpU JOCTiAUINA YaCTO-
Ty BUHUKHEHHS, (PaKTOPU PU3UKY, BiANIOBiIb HA JTiKY-
BaHH4 Ta BIUIUB Ha pe3yabTtati AOB cepen 3131 peuu-
nieHTa HUPKU Oyso 3apeecTpoBaHo 194 sunanku AOB
(6,2%) npotsirom (cepeaHe T cTaHAApTHE BiIXWUJICH-
Hs1) 4,85 £ 1,86 pokiB crnocrepexennst. Yac 1o AOB
cranoBuB 0,97 = 1,17 (meniana, 0,48) pokiB. ®akropu
pusuky AOB BkitOYanyM MOJOAIIUIA BiK PEUMITIEHTA,
HEBIAMOBIIHICTh AaHTUTEHIB JEWKOLMTIB JIOAWHU 3a
JjokycoM DR, MO3UTUBHI NaHelb-peakTUBHI aHTUTLIA
(>0%), TO3UTUBHMI TepeXpecHU JTiMOOLMTOTOK-
cuunuii rect (T- a6o B-xiitun) Ta BOT. [MopiBHsHO 3
BincyTHicTio AOB, cKOpuroBaHuii 3aexXHUI Bif 4acy
KoeillieHT pU3UKY JJ1s1 BiATOPrHEHHS TpaHCIUIaHTaTa
3 pusukoM cMmepti craHoBuB 10,1 (95% noBipumii iH-
TepBai, 6,5-15,7) nna Bcix nauientis 3 AOB, 4,0 (2,5,
9,1) mst panaboro AOB (<90 mHIB ITicIsT TpaHCIIaH-
Tauii) Ta 24,0 (14,0-41,1) nns nisueoro AOB (=90 gHiB
miciist TpaHcIuianTauii) [63].

3acToCcyBaHHS LITYYHOTO iHTENEKTy, nepeadavae
CTBOPEHHSI AJITOPUTMIB, SIKi aBTOHOMHO PO3Ii3HAIOTh
3aKOHOMIPHOCTI y BEJTUKUX BUOipKax JaHUX. Y LIbOMY
KOHTEKCTi 1OTr0 3aCTOCYBaHHS y TPAHCIJIAHTOJIOTi1 10-
MOX€ MPOTHO3YBaTU BUHUKHEHHS YCKJIAAHEHb MiCs
TpaHCIUIaHTAalil, aHai3yBaTU CKJAAHi B3a€MOMii MixX
napamMeTpaMHu 3J0POB’sl peLMITiEHTa, JOHOpPA Ta iX iMy-
HOJIOTIYHMMU XapakTepucTukamu [64].

HocnigkeHHs 3aCTOCYBaHHS IITYYHOTO iHTEJIEKTY
y TH nepeBaxxHO 30CepelXeHi Ha TaAKUX TPhOX KJIIO-
YOBUX HaMpPSIMKAaX: MPOTrHO3YBaHHS BUXUBAHHS TPaH-
CIUIaHTaTa, ONTUMi3allisl TO3YBaHHS iIMYHOCYNPECUB-
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HUX JIIKapChbKUX 3aC00iB Ta MiABUILEHHS €(EeKTUBHOC-
Ti nigdOpy napu HJOHOp-peuumieHT [65].

Mopgaeni, siKi po3po0JsIIOThCS Hapa3i, 31e0i1b1Ioro
CIIMPAIOTHCS Ha TaKi 3MiHHI, K BIiK Ta CTaTb TOHOpPa,/
penumnieHTa, HeBimmoBigHicTe HLA, wac XxojomHoi/
TeIIO]1 illeMii, TpUBAJIICTh Aiajli3y A0 TpaHCIUIaHTAllil,
CYNyTHi 3aXBOPIOBaHHS, PiBeHb KPEaTUHiIHY CUPOBAT-
KU KpoBi Ta mpotokony ICT [66]. B ocranHi poku €B-
POTPAHCILUTAHT 3aMpOBAaJAUB BipTyaJbHUN MepeXpeCcHU
aHaJji3 IJ1s po3MOJily HUPOK Ta MiALIIYHKOBOI 3a710-
31 SIK Kpauly aJbTepHATUBY (Di3WMHUM TEepEeXpecHUM
aHaji3aM KOMIUIEMEHT3aJ€XHOI IIUTOTOKCUYHOCTI,
sIKi OyJIM MOB’s13aHi 3 JOBLIMM 4aCOM XOJIO0BOI illIeMii
Ta XUOHOMO3UTUBHUMU peakiigsMu. KpiMm Toro Oyio
BIPOBAI’KEHO PO3PAXyHOK BipTyalbHOI NaHEIbHOI
peakTUBHOI aHTUTLT 3a 11 jokycamu, eleKTpOHHa
nepenaya gaHux HLA-tunyBaHHSI 3 BUKOPHUCTAHHSIM
dopmary ¢aitay MOBM riCTOIMyHOT€HETUUYHOI PO3MIT-
KU Ta HAKTUYHUNA BipTyaJIbHUI MEPEXpPECHUN aHali3
Ha OCHOBi HeonqHO3HaYHOTO HLA-TUyBaHHS ApYyroro
I0JIs1 JOHOpAa 3a Bcima 11 gokycamu [66, 67].

OcTaHHIM YacoM Bce 4YacTillle 3aCTOCOBYIOTh ajl-
TOPUTMU MPOTHO3YBAHHS NTOCTPOOKOI BUXKMBAHOCTI
HAT:

1. Mogenp iBox, BUKOPUCTOBYE IITYYHUI iHTEIEKT
JUIST TIPOTHO3YBaHHSI KOPOTKOCTPOKOBUX, CEpel-
HBOCTPOKOBUX Ta IOBrOCTPOKOBUX pEe3yJbTaTiB
TpaHcIUiaHTauii. el iHCTpyMeHT aHalli3ye eKc-
Mpecito TeHiB y TpaHCIUJIAHTATi Ta iHIII KJiHiYHI
JTlaHi JJIs TOYHOTO MPOTHO3YBAHHS BiITOPTHEHHS
[68].

CyyuacHi J10CTiIXXeHHS 3aCTOCOBYIOTh aJITOPUTMU
MAaIllMHHOTO HaBYaHHS, TaKi SIK BUMAAKOBIi jJicu
(Random Forest), mTyyHi HelipoHHI Mepexi Ta
METOAU TJAUOOKOTO HaBYAHHA i1 MPOTHO3Y-
BaHHS BUXUBAHOCTI TpaHcmiaHTaTta. Lli mopesi
aHaMi3yloTh BEJIMKi OOCSTM NaHUX, BKIIOYAOUU
iH(popMallilo Mpo JOHOpa Ta pELUITiEHTa, IJIs
TOYHOTO TIPOTHO3YBAHHS pPE3YyJbTaTiB TpaH-
crutaHTauii [69].

3. CTBopeHO HOMOIpaMH, $SIKi TMOEIHYIOTh KiJlbKa
KJIiHIYHUX Ta Jab0opaTOpHUX MapaMeTpiB AJIsl ITpo-
rHO3yBaHHS 20-piyHOT BUXKMBAHOCTI TPAHCILIAH-
tara. i Monesi BUKOPUCTOBYIOTh METO/IU, TaKi SIK
LASSO-perpecis Ta BUIagkoBi Jiicu, I Binoopy
MPEeTUKTOPIB i MOOYTOBU TOUHUX MPOrHo3iB [70].
JuHamiyHi Mojesi, Taki siKk Oa€eciBCbKi Mojeli,
BUKOPUCTOBYIOTh Tpaektopii eGFR nmag mpo-
THO3YBaHHS JOBTOCTPOKOBOI BUXKMBAHOCTI TpaH-
cruiaHTara Ta maiieHTa. Lli Momeni q03BONSIOTH
OHOBJIIOBaTH MPOTHO3U B peaIbHOMY 4Yaci Ha
OCHOBI HOBUX naHux [71].

TakuM yrHOM, 1Jis0 3a0e3IedyeHHsl Kpalllux pe-
3yabpTatiB TH HEoOXiniHO BUSHAYUTH iIMYHOJIOTIUHi Ae-
TepMiHaHTU BuxuBaHOCTI HAT 1ioHaiiMeHIIe OoCHO-
BHi: CYMiCHicTbh 3a cuctemoro AB0, maHenbHO-peak-
TUBHIi aHTUTINA pelMnieHTa, aHtuTiia no HLA noHopa
Ta MepexXpecHoi MpodU Ha iHAMBIAYyaIbHY CYMICHICTb 3
MoTeHUiiHUM noHopoM [48, 72, 73].

PeuumnieHTiB 3 BUCOKUM iMyHOJIOTIYHUM PU3UKOM,
sIKi MalOTh B aHaMHe3i reMoTpaHcQy3ii, BariTHiCTb 200
MOMNepeHIO TPAHCIUIAHTALIiI0 OpraHiB Ta, BiAIOBiIHO,
MiABUILEHUII PiBeHb MNaHEIbHO-PEAKTUBHUX AHTUTLI
BIDIHOCSAITh IO BHCOKOCEHCHOUTI30BaHUX KaHIWOATIB
[72], siKi MOXYTb MOTPeOYBaTH MPOBEACHHS IECEHCU-
6imizauii mepen TH Ta iHIMBiAYyaJbHOTO BUOOPY PEXU-
my ICT [73].

OTXe, OCHOBHUMHU iIMYHOJIOTIYHUMU [J€TEPMi-
HAHTaMM, SIKi HETaTUBHO BIUIMBAlOTh Ha TPUBAIICTb
dyukuionyBanHss ATH e€: Bucokuit cryminb HLA-
HecyMicHoOcCTi, HecyMmicHicTh 3a HLA-DR, Bucokuit
piBeHb ICA Ta peaktuBHUX aHTUTLI. Lli hakTopu ciifg
BpaxoByBaTu npu miaHyBaHHi TH Ta minbopi moHopa,
o0 MiHiMi3yBaTU PU3UKU Ta 3a0€3MEUYUTH TOBTOTPU-
Basly (yHkuioHanbHicTh ATH. PesynbTaT BUBYEHHS
IMYyHOJIOTIYHUX IeTepMiHAHT (POPMYBAaHHS Pi3HOMAHIT-
HUX BapiaHTiB BiATOPTHEHHS MO3BOJIWJIN BUOKPEMUTHU
Oinbiie 1 3 HUX, SIKi BIAMIOBIAHO 1O CHOTOAHIIIIHIX MOX-
JINBOCTEN MOKHA PO3TJISIAAMU SIK TEPATeBTUYHI MillleHi
(Tabm. 2).

Tabauysa 2

IMyHoJI0TiYHI AeTepMiHAHTH AK NOTEHIiHI TepaneBTHYHI MileHi

IMpukiaagu qeTepMiHaAHT IIaTorenHa poan

IMoTennian TepaneBTHYHOTO BIIUBY

I'ymopanbHa BiAmoBias DSA, 1gG3-DSA

Brokana kommiementy (e.g. eculizumab), mra3madepes

KiitunHa BifnoBias

TEM, CD4+ Tth

Allo-cienndiuni CD8+ T-kimitunun, CD4+

InaxruBanis mTOR, inriditopu JAK/STAT

3ananbHi XeMOKIHU CXCL9, CXCL10, CCL5

[HTi6imist XeMoKiHIB 200 IX perenTopiB (HaMPHUKIAI,

omokama CXCR3)

Mortexyiu akTABaii ICAM-1, TLR4, CD40/CD40L

Amnraronict ICAM-1 a6o CD40/CD154

T'enni curaarypu IFN-y-acomifioBaHi TPaHCKPHIITH

InenTHdiKamis NamieHTIB I TAPreTHOT Teparmil

TakuM 4MHOM, MOXHa 3pOOMTH BHCHOBOK, IO
aHaJli3 JOCHiIKeHb, TIPUCBIYSCHUX LIl ITpo0ieMi TIpo-
TSITOM OCTaHHBOTO MECSATUPIUYsI, IPOIAEMOHCTPYBaB

3HAYUMICTh SIK KJACMYHHUX, TaK i HOBUX iMYHOJIOTiu-
HUX JETEPMIiHAHT, YaCTMHA SIKUX € TepaleBTUYHUMU
MillleHsIMU Ta/a00 OioMapKepaMH.
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IlepekOHIMBO MPOAEMOHCTPOBAHO, IO AJJIO-
iMyHHUI KOHMIIIKT € OaraTOBUMipHUM i BKJIIOYAE
eMmiTonHe HaBaHTaxeHHs, crekTp non-HLA aHTu-
TiJ, aKTUBALil0 KOMILIEMEHTY, MexaHi3mMu «trained
immunity», g9Ki ineHTUDIKYIOTbCS BUSHAUYEHHSIM Map-
kepiB ymkomkeHHs1 (cfDNA, TpaHCKpPUTITOMiKa).

InTerpanis uux hakTopiB BiAKPUBAE MOXIUBICTh
MEePCOHANI30BAaHOI IMYHOCYIpecii I MpPOaKTUBHOTO
iMYHHOTO MOHITOPUHIY MallieHTa s MiABUILEHHS
BuxkuBaHocTi AHT, 60 cyyacHe «miato» 10- i 15-piu-
Hoi BuxkuBaHOCTi AHT € mpssMuM HacliIKoOM TOro, 1110
KJIiHiYHA MPaKTUKa A0Ci CIUPAETHCS Mailxke BUHSITKO-
BO Ha kiacuyHi HLA-mOKa3HUKHY i eMIipuyHi cxemu
iMmyHocyrnpecii. ToMy B MaliOyTHbOMY HEOOXiTHi KOMII-
JIEKCHi JOCJiIXXKEHHS 3 MOLIYKY HOBUX JE€TEPMiHAHT Ta
ineHTU@diKalisi HOBUX TepaneBTUYHUX MilleHel. HoBi
migxoau ao crpaTtudikalii mauieHTiB Aas rMepcoHai-
30BaHO1 IMYHOCYMpECii, LIJISIXOM 3aCTOCYBaHHS eMli-
Tor-/eplet-matching i Mmy1bTUOiOMapKepHUX MaHeei
JIO3BOJIUTH BUIIJIUTU TPYNU BUCOKOTO PU3BUKY, NI A0~
LIJIbHO TOCWIIOBaTU NECEHCUTM3ALil0 YU A0JaBaTu
koMIuieMeHT- abo AT1R-iHribitopu, a TakoxX rpynu
HU3bKOTO PU3UKY, SIKi MOXHa O€3MEeYHO «IeKOMIIpe-
cyBaTW» BiJl TOKCUYHUX TIpenaparTiB, a TaKOX MoOje-
JIIOBAaHHSI AOBIFOCTPOKOBOIO MPOTHO3Y BUXWBAHOCTI,
MEePCIEeKTUBHUM BUIJISNAE 3alydeHHS MporpaM mMa-
IIWHHOTO HAaBYAHHS Ta IITYYHOTO iHTEJEKTY.

Takum ynHOM, KOMIUIEKCHE BpaxyBaHHS HLA-,
non-HLA- Ta iHdpnramacom-3anexxHux ¢pakTopiB, IMo-
€THAHUX 3 HOBUMMU OiOMapKepaMu Ta iMyHOJOTiYHUMUA
JIeTepMiHAaHTaMU BiIKpPUBA€E LUISAX 1O iCTOTHOTO MOA0-
BxeHHs GyHk1ii AHT i dopmye HanpsiIMKK MaiiOyTHiX
nociigkeHb. KoMIuieKcHe, MyJTbTUOMHE TOCITiIKEHHS
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Indopmanisa npo BHECOK KOKHOr0 YYaCHHUKA.
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CaHHSI OCHOBHOTO TEKCTY;
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BUMOIUN AO POBIT, LLIO NOAAIOTLCA AO NMYBAIKALIT
B “YKPAIHCbKWU XXYPHAA HEOPOAOTII TA AIAAIZY”

VY 3B’I3Ky 3 iHASKCYBaHHSIM >XypHally MiXXHapOIHU-
MU TMOIIYKOBUMM CUCTEMaMH Ta MiABUILEHHSIM BMMOTI 10O
o¢hopMIJIEHHSI HAyKOBOIO MaTepiajy, peakoserist popmaiiszye
BUMOTH 110 BHIAHHS UISI €(PEKTHUBHOIO PO3ITOBCIOIKEHHS
MarepialliB y CBiTOBili Mepexi I[HTEpHeT Ta NMpUeTHaAHHS 10
MiXXHapOIHUX HAYKOBUX 0a3 NaHUX.

[IpaBuna nns aBTOpPiB CKJaAeHi BiAMOBIAHO 10 «Eau-
HUX BUMOT JI0 PYKOIKCiB, 110 MOJAIOTHCS Y OiOMEANYHI Xyp-
Hamm» (Uniform Requirements for Manuscripts Submitted to
Biomedical Journals), siki chopmysnboBaHi MixHaponHUM
KOMITETOM peakTopiB MeAWYHUX XypHaliB (International
Committee of Medical Journal Editors) ta MicTaTbCs Ha pe-
cypci ICMJE.org.

XKYPHAJI CTPYKTYPOBAHO
3A 5 OCHOBHUMMU PO3AVIAMMU:

1. Touxka 30py

2. IlpobiaemMm opranizauii Ta €KOHOMiIKM He(pPOJOTiuHOT
JIOTIOMOTH

3. OpuriHaJabHi HayKOBi poboTH
IlIxona Hedposora

5. Pepmaxuiitna indopmauis, iHdopmatis nmpo HaykoBi ¢o-
pyMHU, KOMEHTapi, peleH3sii, 3HaMeHHi JaTu.

IMepiuwnii po3ain. B ubomy po3aisli ApyKyOTbCS CTATTi,
SIKi BimoOpaxkaloTh TOUKY 30py Ha KOHKPETHY MpolJieMy aB-
TOpa YU aBTOPIB.

Jpyruii po3ais BUCBITIIOE MOXIIMBI IIJISIXU TTOKpaIlleH-
HSI OpTaHi3alliifHOl CKJIagoBOi MisUTbHOCTI He(pPOJIOTidHOI
CJIyX0u B YKpaiHi Ha BCiX eTamax HalaHHs CIelializoBaHi
MEIMYHOI JOMTOMOTH Ta il EKOHOMIYHUWIA aHali3.

Y TpeTboMy pO31IiJli pO3MIILYIOThCS CTATTi, SIKi 3HAOM-
JIATH 3 Pe3yIbTaTaMy OPUTIHAIBHUX JOCIiIKEHb.

Poznin “Illkona Hedpomora” apykye pobOTH, METOIO
SIKUX € MMIBUIIEHHS] HedPOJIOTiYHOI TpaMOTHOCTI YUTAaYiB.

OcraHHiil po3min iHGOpMye MpPO OCHOBHI HAyKOBO-
MpaKTUYHI Mofii, my6ikye peleHsii, penakiiitHy iHdhopMma-
uiro i T.0.

Pykomnuc pa3om 3 103B0JI0M HA i{OT0 BUKOPUCTAHHS HA-
MPaBJISAETHCS A0 PelaKkiii TIbKM B €JIEKTPOHHOMY BapiaHTi
Yyepe3 OH-JIAlH CUCTEMY, SIKA MICTUTbCS HA CaiTi XKypHaTy.
Y penakuii 31iliCHIOETbCSA ABOCTOPOHHE cJine (AHOHIMHICTD
PelleH3€eHTa Ta AaBTOPa) HAYKOBE pPelleH3YBAHHH i JlirepaTyp-
He peJaryBaHHs CTaTeu.

Jl03BiJ1 HA BUKOPHCTAHHS PYKONHCY MOXKHA 3aBAHTA-
2KUTH 32 NOCWJIAHHSM

CratTi, opopMJieHi 0e3 JoAaepKaHHS MpaBUJl HE MPU-
IMalOThCs, aBTOPAaM He MTOBEPTAIOTHCS.

VY pasi HeraTUBHOI HAYKOBOI pelieH3ii, cTaTTi He Iy-
OJIiKYIOTbCSI, aBTOpaM €Jl. TOLUTOK HAaJCUJIAEThCS BiATyK 3
MOXJIMBICTIO JTOOMNpALIOBAHHS CTATTi YM 3aMiHU i1 iHIIUM
MaTepiaJoMm.

Jlo nyO6hikauii mpuiiMalOThCsl OpUTiHANbHI pOOOTH,
OIJISIAM JIiTepaTypu, JeKIlii, KOPOTKi MOBiIOMJIEHHS, PEeKO-
MeHAaLii MpaKTUYHUM JIiKapsiM, OMUMC BUMAAKiB 3 MPAKTUKMU,
iHdopMallis Mpo HayKoBi (hopyMH.

Penakuisi He npuiimMae paHiule omyOGJikoBaHi poOOTHU
a0o0 CcTaTTi, MPUIHATI 10 APYKY B iHIIKMX BUAAHHSIX.

CtaTTi my01iKyl0ThCsl yKPaiHChKOIO, POCifiChKOIO Ta aH-
riiicbkoto MmoBaMu. MDaiin 3i cTaTTero MPEACTABISATH Y pop-
maTti Microsoft Word (po3mupenns *.doc, *.docx, *.rtf).

HHOCJIIAOBHICTD POSMIIIIEHHA
MATEPIAJTY HACTVYIIHA:

1. Iniuianu Ta npi3Builla aBTOPiB aHIJiIICbKOIO MOBOIO;

2. Ha3ssa craTTi aHIJIiiIChKOIO MOBOIO;
3. Ha3zsa ycraHOBU Ta opraHi3ailii, B sIKiil TpalfOlOTh aBTO-
PM aHIIiICbKOIO MOBOIO;

4. Pe3iome cTarTi aHITiICHKOIO MOBOIO;

5. Koouosi cioBa (8-10 ciiB 4M CJIOBOCIIONYYEHb, IO
PO3KpMBAIOTh 3MIiCT CTaTTi) aHIJIIICHKOIO MOBOIO;

6. YIK;

7. IHiuianu Ta mpi3BuIlAa aBTOPiB MOBOIO, SIKOIO HaIlMCa-
Ha CTaTTs;

8. Ha3zsa craTTi (MOBOIO OpHUTiHANY);

9. HasBa yctaHOBM Ta opraHi3zailii, B IKiii TpallOIOTh aB-

TOpH, MiCcTO (MOBOIO CTaTTi);

Kirouosi croBa (8-10 citiB 4M CIOBOCIIONYYEHB, IO

PO3KPMBAIOTh 3MIiCT CTaTTi) MOBOIO CTaTTi;

Pe3tome MoBOIO CTaTTI;

12. Tekcr crarTi;

13. Po3kpuTTS TOTEHIIHUX KOH(IIKTIB iHTEepeciB;

14. InpopMalrist Ipo BHECOK KOKHOI'O YUaCHUKA;

15.Crmmcok  BUKOPMCTAaHMX JKepea Mig  Ha3BOIO

«Jliteparypa (References)», ohopMiIeHUI1 BiAMOBIAHO

[0 cTaHIapTy Vancouver style;

BinoMocTi mpo BigmoBigaapHoro aprtopa: II1Ib, Ha-

YKOBE 3BaHHS, Mocaja Ta Miclie poboTu; e-mail

(000B’s13K0B0O) Ta pobounii TenedoH.

10.

11.

16.

@opMaT TEKCTy PYKOmHCY. TeKCT CTaTTi APyKyeThCS
mpudroMm Times New Roman, po3mip 14 pt, 3 moayTopHUM
MiXpSIIKOBUM iHTepBajioM. BincTynu 3 KOXXHOTO OOKY CTO-
piaku 2 cMm. Ha Bci imocTpaitii, rpadiku i Tabauimi MaioTh
OyTU TTOCUJIAaHHS B TEKCTi.

BunineHHst B TeKCTi MOXXHa poOUTH KypcUBOM abo Ha-
niBxupHuM mpudtoMm, HE minkpecneHHaMm. 3 TeKcTy CItin
BUIAJIUTHU BCi IEpeHECeHHSI, TTOBTOPIOBAaHI MPOIYCKU, 3aiiBi
pO3pUBU PAAKIB (B aBTOMAaTUYHOMY pPEXUMi uepe3 cepBic
Microsoft Word “3Haiiti i 3aMiHUTH ).

®Daiin 3 TEKCTOM CTaTTi MiCTUTh BCIO iH(OpMallito 1st
ny0JtiKallii, y TOMy YMCJIi pPUCYHKHM 1 TaOIULI Micid iX MepIio-
O 3raayBaHHSI.

CTpyKTypa pPYKONHCY Ma€ BiAMOBIiZaTH HABEICHOMY
ma6I0Hy (3aJIeXKHO Bill TUITY pOOOTH).

112 IHOOpPMALa AAS YNTOUIB
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VK po3mililyeTbcst y BEPXHBOMY JIiBOMY KYTi.

Astopu. IIpisBuiie aBTOpiB BKa3yBaTH IIicls iHiLialiB
(0. C. Ipanos, C. I. IlerpoB), xupHuM mIpudTOM, MO-
BOIO OpUTiHAy Ta aHMIiACbKOIO MOBOIO, BUPIBHIOBAHHS 3a
ueHtpoMm. I1Ib aBTOpiB aHIiICbKOIO HEOOXiZHO BKa3yBaTu
BIIMOBIHO 3 3aKOPIOHHUM TAcMOpPTOM, a00 SIK B paHillie
OITy0JIIKOBaHUX 3apyOixKHMX XYypHAJIbHUX CTAaTTSIX. ABTOpH,
SIKi MyOJIIKYIOThCSI BIIEpIe i HE MalOTh 3aKOPAOHHOTO Iac-
nopra, MalTb CKOPUCTATHCS CTAHIApTOM TpaHCIiTepallii
KMY—-2010.

BaxaHo nomatu mocujaHHS Ha BiacHi odiuiiHi iH-
TepHeT cTopiHku aBTopa(iB) (https://....... ), Scopus ID,
Researcher ID a6o0 ORCID ID pjis po3MileHHs rirneprnocu-
JIaHHSI Ha caiiTi XXypHaiy Ta pdf-Bepcii crarri.

Ha3sga cTaTTi aH1iiicbKOI0 MOBOIO Ta MOBOIO OpUTiHA-
JIy PO3MIIIYEThCS 3a LIEHTPOM ITiCJIsI MPi3BUIL aBTOPIB KUP-
HuMm mpudToM («OniHKa pe3uayaibHoi QYHKHii HHPOK y
xpopux Ha XXH V]I CT. Ta nminxoau no ii 30epexkeHHs»).
AHTJIOMOBHA Ha3Ba Ma€ OYTH rPaMOTHOIO 3 TOUKM 30py aH-
IJificbkOi MOBM Ta TOBHICTIO BiAMoBiZaTH yKpaiHO/pociii-
CbKOMOBHIi#1 Ha3Bi 32 3MiCTOM.

YcranoBa. HeoOxinHo HaBoauTu odilliiiHy MOBHY Ha-
3BY ycTaHOBHU (0e3 ckopoueHb). [Ticsist Ha3BU yCTaHOBM Yepe3
KOMY 3a3HaYMTHU HA3BY MicTa Ta KpaiHM. AKILO y H1OCTiIKeH-
Hi OpaJiv y4yacTbh aBTOPU 3 Pi3HUX YCTAHOB, CJIiJl CITiBBiIHECTU
Ha3BM YCTAHOB i Mpi3BHIlla aBTOPiB 3a AOIOMOIol0 Ludpo-
BUX iHAEKCIiB y BepXHboMy perictpi. [1ig Ha3Bo1o HeOOXiTHO
noaatu iHTepHeT aapecy (https://....... ) odiliiHOI CTOPiHKHU
YCTaHOBM.

Pedepar (six1o po6oTa opuriHaabHa) Ma€ GYTH CTPYK-
TypOBaHUM: M€Ta, MaTepiaau i METOIU, Pe3yJIbTaTh, BUCHO-
BKU. Pedepar mMae mMOBHICTIO BiAIoOBigaTU 3MicTy poOOTH,
oo0csar Tekery He menme 1 800 3HakiB (3 mpomyckamu). Pe-
3l0Me 10 MyOJliKalliif, 1110 MOMalThCs B iHI PO3AUIH Xyp-
Hany (1,2,4,5) opopMIsSIETbCS JOBIILHO, ajie 3 TAKUM CaMUM
00CcsroM.

AHTJIOMOBHA BEPCisl pe3loMe CTaTTi 32 3MiCTOM i CTPYK-
Typoto (Aim, Methods, Results, Conclusions) nmoBHicTIo Biz-
MOBia€e yKpaiHo/poCiiicChKOMOBHI.

Kmouogi ciioBa. HeoGxinHo BKa3aTu KJIIOYOBi CJIOBa —
Big 3 po 10 pis iHOeKCyBaHHS CTATTi B MOLIYKOBUX CUCTE-
max. Ki11o4oBi cjioBa MOBHICTIO BifllIOBiIal0Th yKpaiHCbKOIO/
POCiICBKOIO Ta aHIJiICbKOI0 MOBOIO. /111 BUOOPY KITIOUOBUX
CJIiB aHIIiiChKOI0 BUKOPUCTOBYIOTh Te3aypyc HallioHanbHO1
MmenuyHoi 6i6mioreku CILA (Medical Subject Headings —
MeSH).

TekcT cTaTTi (yKpaiHCHKOIO 260 POCiiiChKOI MOBOIO)
CTPYKTYPOBaHUIA 3a pO3[iJlaMU: BCTYM (aKTyaJIbHICTh), META,
Martepiajv i MeToiu, pe3yJbTaTh, OOrOBOPEHHSI, BUCHOBKH.
Po3nin «O0roBopeHns» € 000B’I3KOBMM Ta MAa€ BKIIOYATH
3000-3500 3naKiB 0e3 npooOiiB.

Po3kpurta norenniiiiux KOHQIIKTIB iHTepecin

ABTOpU TMOBUHHI PO3KPUBATU BCi BiAHOCUHU a00 iH-
TepecH, siKi MOXYTb MaTH MPsIMUI a00 MOTEHUINHUI BIIUB
YU HAaTU yIepeIkXeHicTb B poOoTi. Xoua aBTOp, MOXJIUBO,
He BiluyBae, 1110 iCHYE SIKUI-HeOyab KOHQIIKT, PO3KPUTTS
BiIHOCHH i iHTepeciB 3a0e3meuye OiIblI MOBHUIM i Tpo3opuit
TpoIiec, M0 MPU3BOAUTH JO TOYHOI i 00’€KTUBHOI OLIHKYU
poboTu.

YcBinomieHHs1 peaibHOro abo nepeadayyBaHOro KOH-
GbIikTy iHTepeciB — 1l MepCneKTUBa, Ha IKYy MalTh MPaBo
yutaui. Lle He o3Hauae, 110 iHAHCOBI BITHOCUHMU 3 OpTraHi-
3alli€lo, sIKa CIIOHCOpYBaJja J0CIiIXKeHHsT a00 KOMIIEH allilo,
OTpUMaHY 3a KOHCYJIbTAIliIiHY pOOOTY € HEJOPEYHUMH.

[Mpuknanu NOTeHUiMHUX KOHMIIIKTIB iHTepeciB, sKi
npsiMo a60 TOOIYHO TOB’SI3aHi 3 JOCIIIKEHHSIM, MOXYTh
BKJTIOUATH, aJie He OOMEXYIOThCSI HACTYITHUM:

e HaykoBi rpaHTu Big piHaHCOBUX areHTCTB (IIpOXaH-
HS HaJaTu JaHi Mpo CIIOHCOpa MOCTiIXKEHHS Ta HO-
Mep TPaHTY)

e ToHopapu 3a BUCTYIM Ha CUMIIO3iyMax

e  (dDiHaHcoOBa MiATPMMKA y4acTi B CUMITO3iymMax

e dinancoBa miATpMMKa OCBITHIX IMporpam

e 3aifHATICTb a00 KOHCYJIbTaIlii

¢ TliaTpuMka 3 60Ky CIIOHCOpa MPOEKTY

e [locana B KOHCYJIbTaTUBHI pani a00 pali TMPEeKTOPiB
a00 B iHIINMX BiTHOCWMHAX YIIPaBIiHHSI

e Kinbka diniii

e  @DiHaHCOBi BiZTHOCWHM, HANPUKIal, MailoOBY y4acTb
a0o iHBeCTULIiIHUI iHTEpec

e [lpaBa iHTeNeKTyaJllbHOI BJIAaCHOCTi (HampuKiIaid, ma-
TEHTHU, aBTOPCHKIi MTpaBa i pOsIITI BiJl TAKUX MPaB)

*  VrpumaHHS 4oJIOBiKa i / a0 miTel, IKi MOXYTb MaTh
diHaHcoBUI iHTEpeC A0 podboTH

Kpim Toro, ciig po3KpuBaTH iHTEPECH, 1110 BUXOASTH 3a
paMKu (piHaHCOBHMX iHTEepeciB i KoMmIeHcalii (HehiHaHCOBI
iHTepecu), sIKi MOXYTb OyTH BaxJIUBI 17151 yMTadiB. BoHu Mo-
KYTb BKJIIOYATH, ajie He 0OMEXYIOTbCS, 0COOUCTI BiTHOCUHU
ab0 KOHKYpYIoUi iHTepecu, psiMo abo oOiYHO OB’ A3aHi 3
LM JOCIIKEHHIM, a0o rnmpodeciitHi iHTepecu abo 0coOuCTi
TIepeKOHAHHS, SIKi MOXYTb BIUIMHYTHU Ha BaIlle TOCTiIKEHHS.

BinmoBimanbHuii aBTOp 30Mpae GopMu pO3KPUTTSI KOH-
¢maikTy iHTepeciB Bin ycix aBTopiB. B aBTOpCHKIil criBIparii,
JIe IOIyCKaloThes HOopMaTbHi YTOAW MPO MPEeaCTaBHUIITBO,
IIJISI BiAIIOBiMHOTO yYaCHUKA JOCUTD MiAnmucaT Gopmy po3-
KPUTTS Bil iMEHi BCiX aBTOPiB.

IIpuknaam po3kpurts indopmanii

Hocnimxenns pinancyBamocs X (rpaHt Ne X).

KoHuikT iHTepeciB: aBTOp A OTpUMaB IOCHiAHI rpaH-
TH Bin koMmnaHii A. ABTop B orpumaB roHopap morosigaya
Big koMmnanii X i Bojoxie akuissMu B komnaHii Y. Asrop C €
YJIEHOM KOMITeTY Z.

KoHbaikT iHTepeciB: aBTOpU 3asIBJISIIOTD, 1110 Y HUX HE-
Ma€ KOH()IIIKTY iHTepeciB.

Ilonsika. ABTOpY MOXYTh BUCJIOBUTHU IMOMASKY 0COOaM
Ta OopraHizauisiM, 110 CIIPUsIM IyOJiKalii cTaTTi, ajie He €
il aBTOpamu.

IndopMaliss mpo BHECOK KOXHOTO ydyacHuka (i oci0,
3a3HAaYEHUX Y po3aiJi “romsika™).

Ilpukaao: O.C. IBaHOB — KOHLIEITLIisI Ta AU3AH TOCITi-
mxeHHs1, 1.I1. [TeTpoB — aHaji3 oTpuMaHUX JaHUX, 0(pOpM-
JICHHSI TEKCTY POOOTH.

ABtopu BucioBooTh noasky (IlpizBumie 1. B.) 3a
o¢hOpMIJIEHHS iTIoCTpalliii.

Cmucok jirepatypu. VY 6i6iiorpacdii (mpucrareiiHomMy
CIUCKY JliTepaTypy) KOXHE IKepesio 3a3HayaloTb 3 HOBO-
ro psiaka mia nmopsjakoBUM HomepoM. Bumoru go odopm-
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JIEHHsI JiTepaTypHUX IXepesa 3a Vancouver style meTaibHO
MpeAcTaBleHO Ha caiTi XypHainy. Ilicasa KoxHOro mKepeaa
OBOB’SI3KOBHM € nomaBaHHs iHOro iHTEpHET aapecu
(https://ukrjnd.com.ua/index.php/journal/article/view/22).

Ilepen BiaxnmpaBKOO aBTOPU MalOTh 3IiHCHUTU camMone-

PeBipKy TEKCTY HAYKOBOI CTaTi Ha:

1. IlnariaTt. YkpaiHo Ta pocCiliChKOMOBHiI TEKCTH CTaT-
Ti epeBipsI0ThH HA TIJIariaT 3a TOMOMOTO0 TIpOrpamMu
eTXT Antumnnaruar https://www.etxt.ru/antiplagiat,
III0 € HEOOXiTHOIO YMOBOIO IJIs Ilepenadi CTaTTi IS
MOJAJBIIOr0 pelieH3yBaHHsA. PiBeHb iHAMBiTyab-
HOCTi TOCTiIKeHHST Ma€ OyTH He Huxkuuit 80%.
HaykoBuii cTub BUKJIaAeHHS MaTepiany.

3. TaBrtoJOrito — MOBTOPIOBAaHHS Y TEKCTi.
VYHiBepcallbHiCTh BUKJIaJIeHHS MaTepiany (uutabdesib-
HicTb). TekcT cTaTTi Ma€ Jerko Ta MpPOCTO CIPUIi-
MaTHCs, He OyTU MepeoOTsKeHUM abpeBiaTypaMiu,
CIIeLiaJIbHOI0 BY3bKOIPOMIIbHOIO TEPMiHOJOTIEI0
abo Takolo, 110 He HaOyja MiXKHapOIHOI aJarlTallii.
PeyeHHs1 MalOTh OYTU IPOCTUMMU, JIJAKOHIYHUMM i HE-
CTH 3aBEPIICHUI 3MICT.

5. KinbKicTh mocuaaHb Ha CTaTTi Ta HAyKOBi MaTepiaiu
3 imeHTudikaropom DOI (He meHn1ie 80 %).

6. BimnosigHicTh BUMOTaM BUAAHHS.

TMMOMWJIKM, 1110 HAMYACTIIIE BUHUKIOTh
Y IHOJAHUX PYKOIINCAX:

1. BuKOpHCTOBYIOTH y pEUEHHSIX «3aliBi» CJIOBa i BUpa-
31. Ycbhoro 3aiiBoro Tpeda ynukatu. Kepyiitecs mpa-
BUJIOM: «SIKIIIO CJIOBO 3 pEYEHHSI MOXHA BUKUHYTHU
i IpU LIbOMY 3MiCT He BTpPa4eHO — CJIOBO Tpeba BH-
KuHYyTU». Lle caMe cTocyeThes i OinbIIMX 32 00CsTOM
¢parMeHTiB TEeKCTYy.

2. He BipHO BKa3yoTb onuHU1li BUMipy. CUCTeMHi o~
Huii BuMipy cuctemu Cl HaBomsTh 6€3 Kpanku (M, T,
ra, Mojb), a HeCTaHAapPTU30BaHi OMMHUIII — 3a CKO-
POYEHHSIMU.

3. Tpeba po3pi3HATU CUMBOJIU «—», «—» Ta «-». [lepiuit
i3 HUX Y pyKOMnucax He BUKOPUCTOBYIOTb.

4. DBinblIicTh PEIaKTOPCHKUX MPABOK OOYMOBJICHI HEBi-
PHUM BXUBAHHSIM CJIiB «B», «y», «i», «Ta», «3», «i3», «3i».

5. VY crarrsgx He BUKOPUCTOBYIOTh BUPAa3U «Ha MPOTSI-
3i» — 3aMIiHSIEMO <«IIPOTSTOM», «HAWOUIBII MOTYX-
HU» — «HAUTIOTYXHIIINN» , «IIpU» — «y pas3i» i T. II.

6. 3aiiBe BUKOpPUCTAHHS CclIoBa «O0yn0». Tpeba yHUKATH
clioBa «Oyyo»: 6e3 HbOro, 3a3BUYail, 3MiCT peyeHHSs
He 3MiHUTbCS.

7. CKOpOYEHHSI HayKOBUX TEPMiHiB Y CTaTTi Tpeba 3Bec-
TH 10 MiHIMyMy.

8. HasBu Tabnuib i pUCYHKIB (Ta MPUMITKM [0 HHUX)
MMOBUHHI OyTH «BUWYePIHUMU». YUTauy He MOBUHEH
IIOJATKOBO MepeunTyBaTH «Marepiaj i MeToIu qOCi-
IIXXeHb» 200 Ha3By po0OOTH, 1100 po3idpaTHUCs y 3MiCTi
TaOJIMIIi Y1 PUCYHKA.

9. CratrTi HalyacTille BiIXWUJSIOThCSl PEAKOJIETIE0 ye-
pe3 BilCYTHICTh CTAaTUCTUYHOTO OMpAallOBaHHS Tep-
BUHHUX JaHUX (3arajibHi BAMOTH 10 (axoBUX ITyOJTi-
Kallii1).

10. He pexoMeHI0BaHO BXXMBAaTX B TEKCTi MaCUBHMI 3a-

JIOT: «IIpO0H BilOMpaTUCs», 3aMiCTh IIbOTO — «IIPOOK

BigOMpanu»; «I0CHiIXKEHHS 30iCHIOBAIUCS» — «J10-

CITiIXEeHHS 3IiACHIIN.

11. fxio BUHMKAOTh MUTAHHS II0A0 OGOPMICHHS 4K
MpeacTaBJIeHHs NEBHUX JaHUX Y CTATTi — MOXHa Opa-
TH 3pa30K OCTAaHHLOTO HOMEPY XypHay.

12. BincyTHS MOXIUMBICTHD pemaryBaHHS PUCYHKiB, Ta-
Oomuni, dopmyis, HaBeAeHUX y poboti. HeoOximHo
HaJgaTv pemakliiili 3MOry iX pemaryBaTu, TOOTO HE BU-
KOPUCTOBYBAaTU HECTAHAAPTHI MPOrpaMu.

Crartri, opopmiieni 0e3 momepKaHHA NMPABUJI He MPH-
iiMaOTbCS, aBTOPAM He MOBEPTAIOTHCA.

Y pasi HeraTUBHOI HAyYKOBOI peneH3ii, CTaTTi He my-
OJIIKYIOTbCS, ABTOPAM €J1. MOUITOI) HAJCUJIAETHCS BilryK 3
MOXKJIMBICTIO JOONPALMIOBAHHA CTATTI 4M 3aMiHM ii iHIIAM
Marepiajaom.
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