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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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URINARY EXCRETION OF ALPHA-ACTININ-4 AND TIGHT JUNCTION PROTEIN 1
IN PATIENTS WITH TYPE 2 DIABETES AND DIFFERENT PATTERNS OF CHRONIC
KIDNEY DISEASE
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Abstract.

Background and Aims: Abnormalities of the cytoskeleton and
the slit diaphragm of podocytes have been attributed to diabetic
nephropathy. Inthis study, we assessed urinary excretion ofalpha-
actinin-4 (ACTN-4), a cytoskeleton protein and a component of
the slit diaphragm, and tight junction protein 1 (TJP-1, or ZO-1),
a peripheral membrane protein that forms molecular complexes
with actin filaments, in patients with type 2 diabetes (T2D) and
albuminuric or non-albuminuric chronic kidney disease (CKD).
Material and Methods: The study included 140 patients with
long-term T2D (=10 years) and 20 healthy subjects as control.
Patterns of CKD wereidentified based onthe estimated glomerular
filtration rate (eGFR) and urinary albumin-to-creatinine ratio
(UACR). Urinary ACTN-4 and TJP-1 were assessed by ELISA.
Results. Patients with T2D had increased urinary excretion of
ACTN-4 (p=0.03) and TJP-1 (p=0.006). In logistic regression
models, both ACTN-4 and TJP-1 demonstrated associations
with albuminuric CKD (UACR >3.0 mg/mmol and eGFR <60
mL/minx1.73 m?) after adjusting to age, sex, diabetes duration,
HbAlc, and smoking. In ROC-analysis, TJP-1 excretion >70
pg/mmol was associated with albuminuric CKD (OR 5.45,
95% CI 1.96-15.18, p=0.001). Conclusions: The results
demonstrate that elevated urinary ACTN-4 and TJP-1 are
associated specifically with albuminuric CKD, but not with
non-albuminuric CKD, in T2D patients.

Key words. Type 2 diabetes, chronic kidney disease,
albuminuria, glomerular filtration rate, alpha-actinin-4, tight
junction protein 1.

Introduction.

About 20-40% of patients with type 2 diabetes (T2D) are
estimated to have chronic kidney disease (CKD) [1,2]. Recent
data indicate increasing proportion of non-albuminuric CKD
phenotype in these subjects [3-5]. The prevalence of non-
albuminuric CKD varies from 8 up to 28%. Among patients
with reduced renal function, the prevalence of this pattern is
even higher [5,6]. Non-albuminuric and albuminuric CKD differ
in their risk factors and pathogenic mechanisms [5-8]. While
tubulointerstitial and vascular lesions are supposed to be more
advanced in non-albuminuric CKD, an increase in albuminuria
is associated primarily with glomerular injury [9,10] and,
especially, with the damage and loss of podocytes [11,12].

Podocytopathy in diabetic kidney disease is characterized by
the effacement of the foot processes and disruption of the slit
diaphragm, resulting in podocyteuria and elevated permeability
for albumin [13,14]. Patients with diabetes demonstrate
elevated urinary excretion of nephrin and podocin, two
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principal components of the slit diaphragm [15]. In this study,
we assessed urinary excretion of alpha-actinin-4 (ACTN-4)
and tight junction protein 1 (TJP-1), the molecules essential
for podocyte physiology, in patients with T2D and different
patterns of CKD.

ACTN-4 is a 100 kDa rod shaped protein. This is a minor
component of the slit diaphragm and a part of the nephrin
multiprotein complexes [16,17]. It was demonstrated that
ACNT-4 plays an important role in the integrity of the podocyte
foot processes by the filamentous actin crosslinking and
providing structural support for podocytes [17-19]. Mutations
in ACTN-4 gene and disrupted phosphorylation of ACTN-4 are
associated with proteinuria [20,21].

Tight junction proteins were recognized to be a structural
component of the slit diaphragm [22]. These proteins are
essential for the interdigitation of the foot processes [23].
It was postulated that abnormalities of the tight junction
protein synthesis contribute to the development of diabetic
podocytopathy [24]. TJP-1, also known as ZO-1, is a 225 kD
protein localized exclusively on the cytoplasmic surface of
the tight junctions [22,25]. Apart from being responsible for
organizing components of the tight junctions by linking them to
the cortical actin cytoskeleton, ACTN-4 regulates structural and
functional organization of the slit diaphragm [23]. Similar to
ACTN-4, genetic disruption or decreased glomerular expression
of TJP-1 can lead to the development of podocytopathy and
proteinuria [23,26,27].

According to results of bioinformatics studies, both ACTN-
4 and TJP-1 may be involved in the progression of diabetic
kidney disease [28-30]. We hypothesized that urinary excretion
of these molecules may change differentially in people with
T2D depending on the CKD patterns.

The aim of our study was to assess the urinary excretion of
ACTN-4 and TJP-1 in patients with long-term T2D depending
on the presence of albuminuric or non-albuminuric CKD.

Materials and Methods.

Design: We performed observational single-center cross-
sectional study. Adult patients with T2D duration more than 10
years since the diagnosis were selected from the institutional
database. Verified non-diabetic CKD, renal replacement
therapy or kidney transplantation in anamnesis, congestive
heart failure (class IV by NYHA), acute kidney injury, severe
disease or trauma required hospitalization within the last 3
months, cancer, chronic autoimmune or inflammatory diseases
in medical history were used as exclusion criteria. We also did
not include individuals with body mass index (BMI) >40 kg/m?
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or <18.5 kg/m?, and those with major amputations or bariatric
surgery in anamnesis.

Based on the matching of estimated glomerular filtration
rate (¢GFR) and urinary albumin/creatinine ratio (UACR),
four groups of patients were formed. Each group included 35
subjects. Those with eGFR >60 mL/minx1.73 m? and UACR
<3.0 mg/mmol were referred as a normal renal function /
normal albuminuria (NF/NA) group. Participants with eGFR
<60 mL/minx1.73 m? and UACR <3.0 mg/mmol formed the
declined renal function / normal albuminuria (DF/NA) group.
Patients with eGFR >60 mL/minx1.73 m? and UACR >3.0 mg/
mmol were assigned into the normal renal function / elevated
albuminuria (NF/EA) group. Finally, individuals with eGFR
<60 mL/minx1.73 m? and UACR >3.0 mg/mmol were included
in the declined renal function / elevated albuminuria (DF/NA)
group.

Subjects without diabetes, obesity, and CKD, matched by sex
and age with diabetic group, were considered as control.

Laboratory measurements: Hemoglobin Alc (HbAlc),
serum creatinine and UACR were assessed with AU680
Chemistry Analyzer (Beckman Coulter, USA). eGFR was
calculated according to CKD-EPI formula (2012). The urine
samples were stored at —20°C without melt-freeze cycles for
following research. The concentrations of ACTN-4 and TJP-
1 were assessed with the use of commercially available kits
(SEC223Hu and SEC262Hu, respectively, Cloud Clone Corp.,
China) according to the manufacturer's manuals. Raw data were
adjusted to the urinary creatinine concentrations.

Statistical analysis: The continuous variables were tested for
normal distribution with Shapiro—Wilk test (SPSS Statistics,

Table 1. Clinical characteristics of T2D groups.

IBM, USA). As most of the studied parameters were not
distributed normally, the data are presented as medians and
interquartile ranges (IQRs), unless stated otherwise. The
statistical significance of differences between groups was tested
with Mann—Whitney U-tests for comparison of two groups. We
used Kruskal-Wallis H-test for multiple group comparisons.
Multiple comparisons of mean ranks for groups were applied
for post-hoc analysis with a Bonferroni adjustment. The y? test
was applied for categorical data (Statistica, Dell, USA). The
differences were noted as significant with two-sided p-value
below 0.05.

The associations between continuous parameters were assessed
with Spearman correlation analysis (Statistica, Dell, USA). The
associations of urinary excretion of ACNT-4 and TJP-1 with
declined renal function and elevated albuminuria were tested
in ROC-analysis (SPSS Statistics, IBM, USA) and in multiple
logistic regression models (Statistica, Dell, USA).

Ethical issues: The study was approved by the Ethical
Committee of RICEL — Branch of IC&G SB RAS (Protocol
88, 22 November 2012; Protocol 166, 24 June 2021). Informed
consent was obtained from all subjects involved in the study.

Results.

Clinical characteristics of the study participants: One
hundred and forty subjects with T2D, 70 men and 70 women,
aged from 44 to 83 years (median 65 years), were enrolled.
Diabetes duration since the diagnosis varied from 10 to 48 years
(median 15 years). Median HbAlc was 8.28%, or 67 mmol/
mol (from 5.19%, or 33.2 mmol/mol to 15.8%, or 149 mmol/
mol). Clinical characteristics of patient groups are presented

Parameter NF/NA (N=35) DF/NA (N=35) NF/EA (N=35) DF/EA (N=35)

Age, years 62 (56 — 66) 71 (65 — 75" 63 (58 — 68)* 68 (61 —71)

Sex (F/M), n 18/17 17/18 18/17 70/18

BMI, kg/m? 31.6(29.0-35.7)* 31.4(279-357)* 31.9(28.7-35.7) 32.4(27.5-35.7)

Smoking, n 7 (20.0) 10 (28.6) 7 (20.0) 3(8.6)

Duration of T2D, years 13 (10— 15) 15 (11 -20) 16 (12 -21) 18 (12 -23)"

HbAlc, % 8.0(7.3-9.3) 7.8 (6.8 —8.8) 9.2 (8.0 —10.9)"* 8.6 (8.0-9.9)

Insulin, n (%) 21 (60) 22 (62.9) 24 (68.6) 29 (82.9)

Metformin, n (%) 34 (97.1) 24 (68.6) 31 (88.6) 16 (45.7)"*

Sulfonylurea, n (%) 16 (45.7) 15 (42.9) 15 (42.9) 9 (25.7)

DPP-4 inhibitors, n (%) 8(22.9) 4(11.4) 3 (8.6) 3(8.6)

GLP-1 analogues, n (%) 1(2.86) 1(2.86) 0(0) 0(0)

SGLT-2 inhibitors, n (%) 7 (20) 11 (31.4) 13 (37.1) 4(11.4)

Arterial hypertension, n (%) 35 (100) 35 (100) 35(100) 35 (100)

ACE inhibitor / ARB, n (%) 12/16 (34.3/45.7) 11/19 (31.4/54.3) 9/17 (25.7/48.6) 14/17 (40/48.6)

Beta-blockers, n (%) 15 (42.9) 24 (68.6) 25 (71.4) 24 (68.6)

Calcium channel blockers, n (%) 8(22.9) 16 (45.7) 14 (40) 20 (57.0)"

Diuretics, n (%) 16 (45.7) 19 (54.3) 14 (40) 24 (68.6)

Statins, n (%) 23 (65.7) 22 (62.9) 21 (60.0) 24 (68.6)

Creatinine, pmol/L 81 (70 - 89) 113 (98 — 122~ 84(70-97) 114 (101 — 149"

eGFR, mL/minx1.73 m2 78 (72 —90) 52 (46-58)"MN 75 (66 — 88) 50 (40 — 56)"
7/28/0/0/0 0/0/27/8/0 7/28/0/0/0 0/0/22/11/2

CKD GI/G2/G3/G3b/GA. n (%) 580/0/0/0) (0/0/80/20/0) (20/80/0/0/0) (0/0/62.9/31.4/5.71)

UACR, mg/mmol 0.3(0.2-0.4) 0.4 (0.3-0.6) 21.1 (7.3 = 57. 7)™ 43.6 (9.9 — 99.7) M ##

CKD A3, n (%) 0 (0) 0 (0) 15 (42.8) 18 (51.4)

Data are presented as medians and IQRs. ~ p<0.05, ™" p<0.001 vs. NF/NA, ## p<0.01, ### p<0.001 vs. DF/NA, * p<0.05 vs. NF/EA.
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in Table 1. Mean age was the highest in DF/NA group, while
DF/EA patients had the longest diabetes duration, and NF/EA
individuals had the highest HbAlc levels.

All patients received antihyperglycemic agents, including
metformin (n=105), sulfonylurea (n=55), DPP-4 inhibitors
(n=18), GPL-1 analogues (n=2), SGLT2 inhibitors (n=35)
and insulin (n=96). Most patients (n=115) were treated by the
renin-angiotensin system blockers. Compared to other groups,
lower proportion of DF/EA patients received metformin, while
calcium channel blockers were used more frequently in this
group. There were no significant differences in other treatment
modalities between diabetic groups.

The control group comprised of 20 subjects, 10 men and 10
women. The median age of these subjects was 62.5 years (from
45 years to 78 years, IQR 59.5-67.4), and median BMI was 25.7
kg/m? (from 23.1 kg/m? to 29.7 kg/m?, IQR 24.7-28.6).

Urinary excretion of ACTN-4 and TJP-1: Patients with
T2D had elevated urinary excretion of ACTN-4 and TJP-
1 as compared to control (Figure 1). Specifically, ACTN-4
excretion was increased by 1.64-fold (p=0.03) and excretion
of TJP-1 was elevated by 1.81-fold (p=0.006). We found
no significant differences in the urinary ACNT-4 excretion
between the diabetic groups (all p>0.05). Excretion of TJP-1
was significantly elevated in DF/EA patients as compared to
control (p=0.008).

NF/NA group: Estimated glomerular filtration rate (eGFR)
>60 mL/minx1.73 m? and urinary albumin-to-creatinine
ratio (UACR) <3.0 mg/mmol; DF/NA group: eGFR <60 mL/
minx1.73 m? and UACR <3.0 mg/mmol; NF/EA group: eGFR
>60 mL/minx1.73 m? and UACR >3.0 mg/mmol; DF/EA group:
eGFR <60 mL/minx1.73 m? and UACR >3.0 mg/mmol.

Data are presented as medians and IQRs. * p<0.05, ** p<0.01
vs. control.

Both molecules demonstrated week correlations with diabetes
duration (ACTN-4: r=0.3, p<0.001; TJP-1: r=0.29, p<0.001),
eGFR (ACTN-4: r=0.21, p=0.02; TJP-1: =0.17, p=0.04) and
UACR (ACTN-4: r=0.24, p=0.005; TJP-1: r=0.3, p<0.001).

In ROC-analysis, urinary TJP-1 concentration >70.0 pg/mmol

was associated with UACR >3.0 mg/mmol, eGFR <60 mL/
minx1.73 m? and combination of these parameters (Table 2).
We found no significant cut-off point for ACNT-4 as a factor
associated with albuminuria or eGFR <60 mL/minx1.73 m?

In univariate logistic regression models, ACTN-4 and TJP-1
demonstrated associations with albuminuric CKD patterns with
normal or declined renal function (Table 3). After adjusting to
age, sex, diabetes duration, HbAlc, and smoking, we found
an association between TJP-1 and UACR >3.0 mg/mmol. In
multivariate models, both ACTN-4 and TJP-1 were associated
with DF/EA phenotype.

Parameters of the models: 'Intercept (constant, f0) —3.15; B
regression coefficients for age —0.036 (p=0.166), male sex 0.32
(p=0.12), for BMI 0.006 (p=0.89), for diabetes duration 0.055
(p=0.006), for HbA1c 0.36 (p=0.002), for smoking 0.45 (p=0.09),
for TJP-1 excretion 0.013 (p=0.006); KS p-level <0.001, area
under ROC (AUC) 0.75, sensitivity (Se) 0.69, specificity (Sp)
0.69 for cut-off point of logistic function (L) 0.49;

2B0 = —7.42; B regression coefficients for age 0.035 (p=0.38),
for female sex 0.69 (p=0.046), for BMI —0.088 (p=0.20), for
diabetes duration 0.12 (p=0.02), for HbAlc 0.46 (p=0.008), for
smoking 0.59 (p=0.23), for ACTN-4 excretion 2.877 (p=0.022);
KS p-level <0.001, AUC=0.81, Se=0.71, S =0.71 for L, =0.47.

380 = —7.03; B regression coefficients for age 0.026 (p=0.52),
for female sex 0.76 (p=0.04), for BMI —0.09 (p=0.20), for
diabetes duration 0.12 (p=0.02), for HbAlc 0.46 (p=0.009), for
smoking 0.55 (p=0.25), for TJP-1 excretion 0.023 (p=0.009);
KS p-level <0.001, AUC=0.83, Se=0.71, S =0.71 for L,=0.50.

Discussion.

In this study, we assessed the urinary excretion of ACTN-4 and
TJP-1, two molecules that are necessary for the interaction of the
cytoskeleton and the slit diaphragm, in patients with long-term
T2D depending on CKD phenotypes. We found an association
between elevated excretion of both molecules and albuminuric
CKD. Urinary TJP-1 was associated with albuminuria more
closely. At the same time, both molecules demonstrated no
associations with non-albuminuric CKD pattern.
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Figure 1. Urinary excretion of alpha-actinin-4 (ACTN-4, ng/mmol) and tight junction protein 1 (TJP-1, pg/mmol) in patients with type 2 diabetes

(T2D).
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Table 2. Associations of urinary ACTN-4 and TJP-1 with CKD signs and patterns in ROC-analysis.

Parameter Cu.t—off AUC = SE, 95% CI, p-value
point

eGFR <60 mL/minx1.73 m?

ACNT-4, ng/mmol >0.48 0.58+0.05 (0.48 — 0.67), p=0.12

TJP-1, pg/mmol >70.0 0.58+0.05 (0.49 — 0.68), p=0.10

UACR >3.0 mg/mmol

ACNT-4, ng/mmol >0.48 0.59+0.05 (0.50 — 0.69), p=0.06

TJP-1, pg/mmol >70.0 0.61+0.05 (0.52 - 0.71), p=0.02

DF/NA pattern

ACNT-4, ng/mmol >0.41 0.61+0.07 (0.47 — 0.74), p=0.13

TJP-1, pg/mmol >56.9 0.61+0.07 (0.47 — 0.74), p=0.13

NF/EA pattern

ACNT-4, ng/mmol >0.41 0.62+0.07 (0.49 — 0.75), p=0.08

TJP-1, pg/mmol >58.0 0.62+0.07 (0.49 — 0.75), p=0.08

DF/EA pattern

ACNT-4, ng/mmol >0.488 0.67+0.06 (0.54 — 0.79), p=0.02

TJP-1, pg/mmol >70.0 0.69+0.06 (0.56 — 0.81), p=0.006

OR, 95% CI, p-value Se Sp

1.41 (0.73 — 2.74), p=0.31 0.54 0.54
2.00 (1.02 —3.92), p=0.04 0.59 0.59
1.41 (0.73 —2.74), p=0.31 0.54 0.54
2.54 (1.28 - 5.01), p=0.007 0.61 0.61
1.41 (0.55 - 3.62), p=0.47 0.57 0.54
2.88 (1.09 — 7.60), p=0.03 0.66 0.60
1.41 (0.55 - 3.62), p=0.47 0.54 0.51
2.54 (0.97 - 6.65), p=0.06 0.63 0.63
2.25(0.86 — 5.85); p=0.10 0.60 0.60
5.45(1.96 — 15.18), p=0.001 0.71 0.69

Table 3. Associations of urinary ACTN-4 and TJP-1 with CKD signs and patterns in logistic regression models.

Parameter
eGFR <60 mL/minx1.73 m?

Crude OR, 95% CI, p-value

Adjusted OR, 95% CI, p-value

ACNT-4, each 0.1 ng/mmol
TJP-1, each 10 pg/mmol
UACR >3.0 mg/mmol
ACNT-4, each 0.1 ng/mmol
TJP-1, each 10 pg/mmol
DF/NA pattern

ACNT-4, each 0.1 ng/mmol
TJP-1, each 10 pg/mmol
NF/EA pattern

ACNT-4, each 0.1 ng/mmol
TJP-1, each 10 pg/mmol
DF/EA pattern

ACTN-4, each 0.1 ng/mmol
TJP-1, each 10 pg/mmol

Some literature data indicate changes in the renal expression

1.06 (0.97 — 1.15), p=0.21
1.04 (0.97 — 1.11), p=0.26

1.07 (0.98 — 1.17), p=0.16
1.11 (1.03 — 1.20), p=0.008

1.15 (0.98 — 1.35), p=0.09
1.10 (0.96 — 1.26), p=0.17

1.18 (1.004 — 1.39), p=0.04
1.13 (1.005 — 1.27), p=0.04

1.24 (1.02 - 1.51), p=0.03
1.19 (1.04 — 1.35), p=0.008

1.03 (0.96 — 1.10), p=0.41
1.00 (0.93 —1.08), p=0.99

1.06 (0.97 — 1.17), p=0.22
1.13 (1.04 — 1.24), p=0.006"'

1.10 (0.89 — 1.37), p=0.39
0.99 (0.82 — 1.19), p=0.90

1.14 (0.95 — 1.36), p=0.16
1.11 (0.97 — 1.26), p=0.13

1.33 (1.04 — 1.71), p=0.022
1.26 (1.06 — 1.50), p=0.009°

mL/minx1.73 m?). These associations were significant after

of ACTN-4 in hyperglycemic conditions. A decreased
ACTN-4 mRNA expression was found in podocyte cultures
in the presence of high glucose and/or advanced glycation
end products [31,32]. In patients with diabetic nephropathy,
a decreased renal ACTN-4 mRNA and protein expression
correlated inversely with proteinuria [33]. An elevated urinary
excretion of ACTN-4 mRNA was observed in patients with
T2D; the excretion correlated positively with serum creatinine.
In this study, we found an association between urinary ACTN-
4 and albuminuric CKD pattern (UACR <3.0 mg/mmol and
eGFR <60 mL/minx1.73 m?) in individuals with T2D. The
association was significant after adjustment to age, sex, diabetes
duration, HbAlc, and smoking. These data are in agreement
with the results of the aforementioned studies, indicating the
changes in the expression and excretion of ACTN-4 in diabetic
kidney disease.

In our study, urinary excretion of TJP-1 turned out to be
associated with increased albuminuria (UACR >3.0 mg/mmol)
and albuminuric CKD (UACR >3.0 mg/mmol and eGFR <60
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adjustment to traditional risk factors for diabetic nephropathy.
Previously it was demonstrated that decreased TJP-1 expression
elevates permeability of monolayered cultured rat glomerular
epithelial cells [34]. High glucose and advanced glycation end
products decrease phosphorylation and internalization of TJP-1
[35]. The loss of TJP-1 in podocytes contributes to epithelial-
to-mesenchymal transition of these cells [36,37]. Activation
of the signalling pathways of transforming growth factor-f
and connective tissue growth factor decreases expression
of TJP-1 in tubular cells contributing to the epithelial-to-
mesenchymal transition [38]. Loss of TJP-1 in renal tubular
cells can be a consequence of albumin overload [39]. Therefore,
the association we found between the excretion of TJP-1 and
albuminuric CKD may have a pathogenetic basis.

In our study, urinary ACNT-4 and TJP-1 were not associated
independently with DF/NA pattern of CKD in subjects with
T2D. Previously, we did not reveal the elevation of nephrin and
podocin, the components of the slit diaphragm, in patients with
T2D and non-albuminuric CKD [15]. Based on these data, we



can hypothesize that podocyte dysfunction is more pronounced
in the albuminuric than in the non-albuminuric diabetic CKD.
However, abnormalities of the cytoskeleton and tight junction
proteins may be important not only for podocyte dysfunction,
but also for the dysfunction of other types of kidney cells,
including tubular epitheliocytes [39,40]. In this study, we did not
find an association between the urinary excretion of the studied
markers and the non-albuminuric CKD. Apparently, this pattern
of kidney damage has its own pathogenetic features, among
which vascular and tubulointerstitial lesions are discussed [9].

The limitations of our study include cross-sectional design
and single-site recruitment of the patients. Taken into
account the variability in UACR and eGFR, some patients
could be misclassified between the groups. We did not verify
morphological changes in the kidneys in our patients.

At the same time, as far as we know, this is the first study
evaluated the changes in ACTN-4 and TJP-1 excretion in T2D
subjects with different CKD phenotypes. The results provide
further support to notion of differences in the pathogenetic
mechanisms of albuminuric and non-albuminuric CKD in
diabetes.

Conclusion.

In people with long-term T2D, urinary excretion of ACTN-4
and TJP-1 is associated with albuminuric CKD, but not with
non-albuminuric CKD pattern. The results support the role of
the proteins mediating the link between cytoskeleton and the slit
diaphragm in the pathogenesis of diabetic kidney disease. Future
prospective studies are needed to elucidate the value of urinary
ACTN-4 and TJP-1 as possible predictors of albuminuric CKD
development and progression in people with diabetes.
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