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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background and Aims: Abnormalities of the cytoskeleton and 

the slit diaphragm of podocytes have been attributed to diabetic 
nephropathy. In this study, we assessed urinary excretion of alpha-
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 were identified based on the 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/min×1.73 m2) after adjusting to age, sex, diabetes duration, 
HbA1c, 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 

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/m2 
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or <18.5 kg/m2, and those with major amputations or bariatric 
surgery in anamnesis.

Based on the matching of estimated glomerular filtration 
rate (eGFR) and urinary albumin/creatinine ratio (UACR), 
four groups of patients were formed. Each group included 35 
subjects. Those with eGFR ≥60 mL/min×1.73 m2 and UACR 
<3.0 mg/mmol were referred as a normal renal function / 
normal albuminuria (NF/NA) group. Participants with eGFR 
<60 mL/min×1.73 m2 and UACR <3.0 mg/mmol formed the 
declined renal function / normal albuminuria (DF/NA) group. 
Patients with eGFR ≥60 mL/min×1.73 m2 and UACR ≥3.0 mg/
mmol were assigned into the normal renal function / elevated 
albuminuria (NF/EA) group. Finally, individuals with eGFR 
<60 mL/min×1.73 m2 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 A1c (HbA1c), 
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, 

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 χ2 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 HbA1c 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/m2 31.6 (29.0 – 35.7)* 31.4 (27.9 – 35.7)* 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)^
HbA1c, % 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 (57.1)^
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, μmol/L 81 (70 – 89) 113 (98 – 122)^^^ 84 (70 – 97) 114 (101 – 149)^^^
eGFR, mL/min×1.73 m2 78 (72 – 90) 52 (46–58)^^^ 75 (66 – 88) 50 (40 – 56)^^^

CKD G1/G2/G3a/G3b/G4, n (%) 7/28/0/0/0
(20/80/0/0/0)

0/0/27/8/0
(0/0/80/20/0)

7/28/0/0/0
(20/80/0/0/0)

0/0/22/11/2
(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)^^^###

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.

Table 1. Clinical characteristics of T2D groups.
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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 HbA1c 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/m2 (from 23.1 kg/m2 to 29.7 kg/m2, 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/min×1.73 m2 and urinary albumin-to-creatinine 
ratio (UACR) <3.0 mg/mmol; DF/NA group: eGFR <60 mL/
min×1.73 m2 and UACR <3.0 mg/mmol; NF/EA group: eGFR 
≥60 mL/min×1.73 m2 and UACR ≥3.0 mg/mmol; DF/EA group: 
eGFR <60 mL/min×1.73 m2 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: r=–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/
min×1.73 m2, 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/min×1.73 m2.

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, HbA1c, 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: 1Intercept (constant, β0) –3.15; β 
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=0.06), 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 (LP) 0.49;

2β0 = –7.42; β 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 HbA1c 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, Sp=0.71 for LP=0.47.

3β0 = –7.03; β 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 HbA1c 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, Sp=0.71 for LP=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 albuminuriс 
СKD. Urinary TJP-1 was associated with albuminuria more 
closely. At the same time, both molecules demonstrated no 
associations with non-albuminuric CKD pattern.

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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Some literature data indicate changes in the renal expression 
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/min×1.73 m2) in individuals with T2D. The 
association was significant after adjustment to age, sex, diabetes 
duration, HbA1c, 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 

mL/min×1.73 m2). These associations were significant after 
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-β 
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 

Parameter Crude OR, 95% CI, p-value Adjusted OR, 95% CI, p-value
eGFR <60 mL/min×1.73 m2

ACNT-4, each 0.1 ng/mmol 1.06 (0.97 – 1.15), p=0.21 1.03 (0.96 – 1.10), p=0.41
TJP-1, each 10 pg/mmol 1.04 (0.97 – 1.11), p=0.26 1.00 (0.93 – 1.08), p=0.99
UACR ≥3.0 mg/mmol
ACNT-4, each 0.1 ng/mmol 1.07 (0.98 – 1.17), p=0.16 1.06 (0.97 – 1.17), p=0.22
TJP-1, each 10 pg/mmol 1.11 (1.03 – 1.20), p=0.008 1.13 (1.04 – 1.24), p=0.0061

DF/NA pattern
ACNT-4, each 0.1 ng/mmol 1.15 (0.98 – 1.35), p=0.09 1.10 (0.89 – 1.37), p=0.39
TJP-1, each 10 pg/mmol 1.10 (0.96 – 1.26), p=0.17 0.99 (0.82 – 1.19), p=0.90
NF/EA pattern
ACNT-4, each 0.1 ng/mmol 1.18 (1.004 – 1.39), p=0.04 1.14 (0.95 – 1.36), p=0.16
TJP-1, each 10 pg/mmol 1.13 (1.005 – 1.27), p=0.04 1.11 (0.97 – 1.26), p=0.13
DF/EA pattern
ACTN-4, each 0.1 ng/mmol 1.24 (1.02 – 1.51), p=0.03 1.33 (1.04 – 1.71), p=0.022

TJP-1, each 10 pg/mmol 1.19 (1.04 – 1.35), p=0.008 1.26 (1.06 – 1.50), p=0.0093

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

Parameter Cut-off 
point AUC ± SE, 95% CI, p-value OR, 95% CI, p-value Se Sp

eGFR <60 mL/min×1.73 m2

ACNT-4, ng/mmol ≥ 0.48 0.58±0.05 (0.48 – 0.67), p=0.12 1.41 (0.73 – 2.74), p=0.31 0.54 0.54
TJP-1, pg/mmol ≥ 70.0 0.58±0.05 (0.49 – 0.68), p=0.10 2.00 (1.02 – 3.92), p=0.04 0.59 0.59
UACR ≥3.0 mg/mmol
ACNT-4, ng/mmol ≥ 0.48 0.59±0.05 (0.50 – 0.69), p=0.06 1.41 (0.73 – 2.74), p=0.31 0.54 0.54
TJP-1, pg/mmol ≥ 70.0 0.61±0.05 (0.52 – 0.71), p=0.02 2.54 (1.28 – 5.01), p=0.007 0.61 0.61
DF/NA pattern
ACNT-4, ng/mmol ≥ 0.41 0.61±0.07 (0.47 – 0.74), p=0.13 1.41 (0.55 – 3.62), p=0.47 0.57 0.54
TJP-1, pg/mmol ≥ 56.9 0.61±0.07 (0.47 – 0.74), p=0.13 2.88 (1.09 – 7.60), p=0.03 0.66 0.60
NF/EA pattern
ACNT-4, ng/mmol ≥ 0.41 0.62±0.07 (0.49 – 0.75), p=0.08 1.41 (0.55 – 3.62), p=0.47 0.54 0.51
TJP-1, pg/mmol ≥ 58.0 0.62±0.07 (0.49 – 0.75), p=0.08 2.54 (0.97 – 6.65), p=0.06 0.63 0.63
DF/EA pattern
ACNT-4, ng/mmol ≥ 0.488 0.67±0.06 (0.54 – 0.79), p=0.02 2.25 (0.86 – 5.85); p=0.10 0.60 0.60
TJP-1, pg/mmol ≥ 70.0 0.69±0.06 (0.56 – 0.81), p=0.006 5.45 (1.96 – 15.18), p=0.001 0.71 0.69

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