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Abstract. To investigate urinary thrombin levels in patients with glomerulonephritis
(GN), evaluate their relationship with the morphological type of GN, disease activity,
and assess the diagnostic value of thrombinuria.

Methods. A cross-sectional study was conducted in 72 patients with biopsy-proven GN
and 40 healthy controls. Serum and urinary concentrations of thrombin, IL-6, TNF-a,
and TGF-f 1 were measured using ELISA. Clinical data and renal biopsy findings were
analyzed. Statistical methods included correlation and group comparison tests.

Results. Urinary thrombin was markedly elevated in GN patients compared with controls

(median 9.4 vs. 0.38 ng/ml; p = 0.013), while serum thrombin showed no significant

difference. Thrombinuria was detected in 80.6% of patients and correlated positively

with daily proteinuria (r = 0.514), urinary IL-6 (r = 0.438), and urinary TNF-a

(r=0.372). An inverse correlation was observed with urinary TGF-f 1 (r =—0.534) and

the chronicity index (r = —0.783), suggesting that thrombinuria characterizes active

inflammatory phases, while its decline accompanies fibrotic remodeling. No significant

associations were found between serum thrombin and systemic inflammatory markers.

Conclusions. Thrombinuria may reflect local activation of coagulation—inflammation

pathways. It demonstrates associations with proteinuria, pro-inflammatory cytokines.

These results suggest that thrombinuria could serve as a potential non-invasive

Article history: biomarker of disease activity in GN; however, due to the cross-sectional design and

Received August 26, 2025  limited sample size, the findings should be interpreted with caution and confirmed in
Received in revised form  larger longitudinal studies.

CER TR Eh A Keywords: glomerulonephritis, thrombinuria, IL-6, TNF-a, TGF-B1, biomarkers,

Accepted October14, 2025 . . .

inflammation, coagulation.

Conlflict of interest statement. The authors declare no competing interests.
© 1. Mykhaloiko, R. Yatsyshyn, 1. Dudar, 2025.

Correspondence should be addressed to Iryna Mykhaloiko: iralisn@gmail.com

(o) T

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N24 (88) 2025 OpUriHOABHI HOYKOBI POBOTU 21


https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/
https://orcid.org/0000-0002-7943-9029
https://orcid.org/0000-0003-1262-5609
https://orcid.org/0000-0002-4372-8240
doi:%2010.31450/ukrjnd.4(88).2025.03
https://www.ifnmu.com/
https://nmuofficial.com/en/
https://lutfikirdareah.saglik.gov.tr/EN,194978/our-vision-and-mission.html

Original Papers Ukrainian Journal of Nephrology and Dialysis, 4 (88)’2025

© Muxanoiiko 1. C., duumun P. 1., Oymap 1. O., 2025
VIK: 616.611-002:[612.115.12+616.151.5]

I.C. Muxanoiiko!, P.I. Suumun!, 1.0. dyxap?

TpomOiHypis AK JaHKA MiXK iHTpapeHaJIbHOI0 KOATYJISIEI0 Ta 3anaJJeHHAM
Y XBOPHUX Ha rjioMepyJioHepuT

IIBaHo-MpaHKiBCbKMIT HALIOHAIBHUM MeIUYHUI YHiBepcuTeT, M. IBano-PpaHKiBebK, YKpaiHa
2HauioHanbHuii MeauuHuil yHiBepeuteT imeHi O.0. Boromonbus, M. Kuis, Ykpaina

Pestome. Memoro uiei pobomu 6yno docaidumu pieernb mpomoOiny ceui nayicHmie i3 enomepyioHeppumom
(T'H), ouinumu iioeo 83ae€m036’930K i3 0i0XiMIMHUMU MaA MOPHOA0IHHUMY hopMaMU, AKMUBHICMb X80poOU ma 6u-
3Hauumu 0iazHoCMU4HY YiHHICIMb MPOMOIHYPII.

Memodu. Ilpogedero nonepeurne 0ocrioncenHs 3a yuacmio 72 nauicHmis i3 Mopgoaoeiuno niomeepoycenum
T'H ma 40 npakmuuno 3doposux ocio konmpoaonoi epynu. Konyenmpayii mpomoiny, I1L-6, TNF-a ma TGF-$, y
cuposamuyi kposi ma ceui uznauanru memodom 1DPA. Ilpoananizosarno kainiuni dani ma pesysvmamu 6ioncii HUPOK.
s cmamucmuunoi 06poOKU 3acmMOCO8Y8aNU KOPEAAUIUHUN AHANI3 | MemOoOu NOPIBHAHHS 2PYH.

Pesyavmamu. Pieenv mpom6iny 6 ceui 6y6 3Hauno niosuuwienuil y nayicumie iz I'H nopiensno 3 KOHmpoavHow
epynoro (mediana 9.4 npomu 0.38 ne/ma; p = 0.013). Tpombinypito suseaeno y 80,6% nayicumis; 60Ha NO3UMUBHO
Kopearosana 3 00606orw npomeinypiero (r = 0.514), pienem IL-6 (r = 0.438) ma TNF-a (r = 0.372) y ceui. Boonouac
8CMAH08AeHO 360pomHY Kopeasyiro 3 pisnem TGF-B1 ceui (r = —0.534) ma indexcom xponiunocmi (r = —0.783), wo
ceiduums: mpomoOinypisn 8i00bpaxicae aKkmusHicMob 3anaAbHO-KOACYAAUIUHUX NPOUeCis.

Bucnoeku. Tpombinypis y xeopux na I'H € Hacaiokom aokarvuoi akmueayii koa2yasayii 6Hacaidok 3ananexHs.
[T 6enununa acoyitoemoca 3 pienamu npomeinypii, npo3ananbHux YUMoKinie i 3arescums 8id mMopponoeiunoi op-
mu TH. Ompumani pesysomamu ceiouamo, uio mpomoiHypis mMoxce po3eai0amucs K NOMeHYiuUHUi HeiH8a3U8HUL
biomapkep akmugeHocmi enomepyaoHeppumy; 00HaK, 3 02410y HA NONepe*Hull OU3aiiH 00CAIONCeHHS MA 0OMENHCeHY
8ubipky, yi pesyabmamu caid inmepnpemyeamu 3 obepedycHicmio ma niomeepoumu y Giabux nPocReKmugHuUx 0o-

CNIONCEHHSX.

Kmouosi cioBa: eromepynonegppum, mpombinypis, IJ1-6, ®HII-c, TOP-L,, biomapkepu, 3anarenns, Koazyiayis.

Introduction. Glomerulonephritis (GN) com-
prises a heterogeneous group of renal disorders char-
acterized by inflammatory injury of the glomerular
apparatus. Despite the diversity of etiological triggers
and morphological presentations, most forms of GN
converge on common pathogenetic mechanisms. These
include immune-mediated damage of the glomerular
filtration barrier, activation of complement cascades,
recruitment of leukocytes into the glomerular compart-
ment, and stimulation of intraglomerular coagulation
pathways [1]. The interplay of these mechanisms results
in a self-perpetuating cycle, whereby inflammation am-
plifies coagulation, and coagulation, in turn, sustains
inflammation, accelerating the progression of glomeru-
lar injury [2].

Within this context, thrombin emerges as a central
player. Formed by proteolytic cleavage of prothrombin
by activated factor X (Xa) in the presence of calcium,
phospholipids, and cofactor V, thrombin is classically
regarded as the terminal enzyme of the coagulation
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cascade, responsible for the conversion of fibrinogen
to fibrin and clot formation. However, increasing evi-
dence demonstrates that thrombin is not limited to he-
mostasis; rather, it acts as a potent signaling mediator
at the interface of coagulation and inflammation [3].
By binding to and activating protease-activated recep-
tors (PAR) expressed on endothelial cells, mesangial
cells, macrophages, and platelets, thrombin induces a
cascade of pro-inflammatory events. These include en-
dothelial activation and dysfunction, increased perme-
ability of the glomerular basement membrane, stimu-
lation of leukocyte recruitment, and secretion of cyto-
kines such as interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a). Moreover, thrombin-mediated sig-
naling has been implicated in the upregulation of trans-
forming growth factor-B1 (TGF-B1), a key profibrotic
cytokine that promotes extracellular matrix accumula-
tion, mesangial expansion, and progressive glomeru-
losclerosis. Collectively, these processes contribute to
fibrin deposition, disruption of the glomerular barrier,
and advancement of both inflammatory and fibrotic in-
jury within the kidney [4].

Physiologically, the relatively high molecular
weight of thrombin (~36 kDa) prevents its filtration
across an intact glomerular barrier. The detection of
thrombin in urine (thrombinuria) is therefore consid-
ered an abnormal phenomenon that may reflect either
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structural disruption of the glomerular filtration barrier
or intraglomerular generation of thrombin with sub-
sequent excretion into the urine [5]. This concept has
been supported by several clinical investigations. Kita-
moto et al. (2004) demonstrated the presence of urinary
thrombin in approximately two-thirds of patients with
GN, while it remained undetectable in healthy con-
trols and in individuals with systemic disseminated in-
travascular coagulation [6]. A subsequent study by the
same group (2015) highlighted the diagnostic utility of
thrombinuria, reporting sensitivity of 70.6% and speci-
ficity of 90.1% for rapidly progressive forms of GN [7].
Furthermore, in patients with diabetic nephropathy,
urinary thrombin was found with increasing frequency
at advanced stages of chronic kidney disease (CKD
stages [I1-1V), where it correlated with decreased glo-
merular filtration rate (GFR) and more pronounced
proteinuria, thus suggesting its potential role as a mark-
er of disease progression [8].

Nevertheless, despite accumulating evidence, the
clinical role of thrombinuria remains insufficiently es-
tablished. Most published studies are small in scale,
cross-sectional in design, and descriptive in nature,
while standardized laboratory methods for urinary
thrombin detection have not been widely implemented.
Several key questions remain unresolved: does urinary
thrombin simply mirror structural barrier damage, or
does it signify active intraglomerular coagulation-in-
flammation? How consistently does it correlate with
traditional clinical parameters such as proteinuria,
eGFR, and histological markers? Could it serve as a
predictor of therapeutic response to immunosuppres-
sive regimens or as a potential indication for anticoagu-
lant interventions? Addressing these questions is essen-
tial for translating thrombinuria from an intriguing lab-
oratory finding into a clinically meaningful biomarker.

In this regard, systematic evaluation of urinary
thrombin in patients with GN, along with its asso-
ciation with clinical, biochemical, and morphological
indicators of disease activity, is highly relevant. Such
studies have the potential to refine our understanding
of the pathophysiological crosstalk between coagula-
tion and inflammation in glomerular disorders and may
pave the way for novel diagnostic approaches and thera-
peutic strategies that target this critical interface.

The objective of this study was to investigate uri-
nary thrombin levels in patients with GN and to deter-
mine their correlations with clinical, laboratory, and
morphological markers of disease activity, with the aim
of evaluating the diagnostic and prognostic value of
thrombinuria as a biomarker of glomerular injury.

Materials and methods. In this cross-sectional
observational study, we included 72 patients with pri-
mary GN admitted to the Ivano-Frankivsk Regional
Clinical Hospital during 2022—2024.

This research was conducted in accordance with
internationally accepted ethical standards for studies
involving human subjects, including the principles of
bioethics and biospecimen collection established by the

World Medical Association’s Declaration of Helsinki
and the UNESCO Universal Declaration on Bioethics
and Human Rights.

The control group consisted of 40 practically
healthy individuals matched to the study cohort by key
characteristics.

Of the 72 enrolled patients, the majority were
male—58 individuals (80.6%; 95% CI: 69.3—88.4)—
while 14 were female (19.4%; 95% CI: 11.6—30.7). The
average age of the study population was 45 years, with
an interquartile range of 40—49 years.

Inclusion criteria comprised age >18 years, a mor-
phologically verified diagnosis of glomerulonephritis,
and an estimated glomerular filtration rate (eGFR)
above 45 ml/min/1.73 m2. Exclusion criteria included
age <18 years, refusal to participate, systemic connec-
tive tissue disorders, systemic vasculitis, diabetes melli-
tus (type 1 or 2), prior thromboembolic or cardiovascu-
lar events, chronic heart failure (NYHA class I11-1V),
acute infections of any origin, malignancies, acute or
chronic hepatic failure, and psychiatric illnesses.

All 72 cases of GN included in the study were mor-
phologically confirmed. The most frequent subtype was
mesangioproliferative glomerulonephritis, diagnosed
in 19 patients (26.4%; 95% CI: 17.1-37.8). Membra-
nous nephropathy accounted for 17 cases (23.6%; 95%
CI: 14.9-34.8), focal segmental glomerulosclerosis was
observed in 16 patients (22.2%; 95% CI: 13.5-33.9),
minimal change disease in 13 cases (18.1%; 95% CI:
10.3—28.9), and membranoproliferative (mesangiocap-
illary) glomerulonephritis in 7 patients (9.7%; 95% CI.:
4.4—-19.0).

At baseline, nephrotic syndrome was documented
in 38 patients (52.8%; 95% CI: 41.2—64.2), whereas
isolated urinary syndrome was observed in 34 individu-
als (47.2%; 95% CI: 35.8—58.8).

According to the histological subtype of GN and
the clinical course, patients received pathogenetic ther-
apy consisting of glucocorticosteroids and cytotoxic
agents. All participants were prescribed either angio-
tensin-converting enzyme inhibitors or angiotensin II
receptor blockers. In addition, 63 patients (87.5%; 95%
CI: 77.6—93.6) were treated with sodium—glucose co-
transporter 2 (SGLT2) inhibitors.

The clinical diagnosis of GN was established in
accordance with standard diagnostic protocols and
the Kidney Disease Classification, as well as cur-
rent clinical practice guidelines for the management
of glomerular disorders [9]. All patients underwent a
comprehensive baseline assessment that incorporated
general clinical evaluation, biochemical profiling,
and instrumental investigations. Biochemical analyses
were performed in the certified clinical laboratory of
the Ivano-Frankivsk Regional Clinical Hospital, using
standardized methodologies to ensure accuracy and re-
producibility of results.

Quantitative determination of thrombin concen-
trations in blood serum and urine was performed using
enzyme-linked immunosorbent assay (ELISA) with
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commercial reagent kits (MyBioSource, USA). Morn-
ing urine specimens were collected, centrifuged at 1500
rpm for 10 minutes, and 1—-2 ml of the supernatant
was subjected to analysis. Aliquots of supernatant were
stored at —20 °C until further processing. The assay had
a detection range of 0.312—20 ng/ml and an analytical
sensitivity of 0.06 ng/ml.

Inflammatory markers were assessed in both serum
and urine samples. The cytokines analyzed included in-
terleukin-6 (IL-6), tumor necrosis factor-o (TNF-a),
and transforming growth factor-p1 (TGF-p1). 1L-6
concentrations were measured using a sandwich ELI-
SA kit (MyBioSource, USA) with a detection range of
7.8—500 pg/ml and sensitivity <2.9 pg/ml. TNF-a lev-
els were determined by an analogous method using a kit
from the same manufacturer, with a detection range of
15.6—1000 pg/ml and sensitivity <7 pg/ml. TGF-1 was
quantified using a sandwich ELISA kit (MyBioSource,
USA) with a detection range of 31.25—2000 pg/ml and
an analytical sensitivity of 18.75 pg/ml.

Statistical analysis was performed using STA-
TISTICA 8 software (StatSoft, serial number
STA862D175437Q). Qualitative variables were ex-

pressed as absolute numbers (n) and percentages (%)
with 95% confidence intervals (CI). Quantitative data
were tested for normality using the Shapiro—Wilk test.
Normally distributed variables were presented as mean
* standard deviation (M*SD), while non-normally
distributed data were expressed as median and inter-
quartile range (Me (Q25—Q75)).

Comparisons between groups were carried out us-
ing Student’s t-test for normally distributed variables,
the Mann—Whitney U test for non-normal data, and
Fisher’s exact test for categorical variables. Correla-
tions were assessed using Pearson’s coefficient for nor-
mally distributed data and Spearman’s coefficient for
non-normally distributed data. All statistical tests were
two-tailed. Given the exploratory nature of the study,
no formal correction for multiple comparisons was ap-
plied. A p-value <0.05 was considered statistically sig-
nificant.

Results. The levels of thrombin, pro-inflammatory
cytokines, and the profibrotic marker were analyzed in
both blood serum and urine of patients with GN, and
the results are presented in Table 1.

Table 1
Thrombin, inflammatory, and fibrotic biomarkers in serum and urine of patients with glomerulonephriti(; i

Parameter Control cohort (n=40) Patient cohort (n=72) p-value
Thromtl\)/liz |[r[1J 2stse-r8;2] ng/ml 0.6 (04-0.8) 0.8 (0.6-10) p=0623
Thromhsien[glzgiig%]ng/ml 03 (03-04) 94 (6.6-14.2) p=0013
'L'ﬁh;”es[%;‘g‘_“é?%/ m 253 (19.6-275) 678 (33.2-934) p=0.045
-6 Ft?z%ear;%{ mi 83 (71-95) 132 (285-715) p=0.018
TNF‘?A ;”[8‘3%“7'59/ m 218 (253-297) 544 ( 33.6-70.5) p=0.039
TNF‘ﬁe‘f[‘Q“ng_‘% g]g/ il 166 (151-19.3) 324 (237-435) p=0.023
TGFB&E[Z%;%E]Q/ ml 684 (517-75.9) 1254 (65.2-158.5) p=0.005
TGFEA;"[S%”%%?/ mi 35.8 (315-384) 4575 (325.3-656.2) p<0.001

Abbreviations: IL-6 — interleukin-6; TNF-a — tumor necrosis factor-alpha; TGF-p, — transforming growth factor-beta 1;
Me (Q25—Q75) — median and interquartile range.

Notes:

In this study, serum thrombin concentrations did
not differ significantly between patients with glomeru-
lonephritis and healthy controls (p = 0.623). In con-
trast, urinary thrombin levels were markedly elevated in
the patient cohort (p = 0.013), suggesting its diagnostic
relevance as a marker of glomerular injury.

p - statistical difference between the study group and the control group.

Pro-inflammatory cytokine levels were consistent-
ly higher among patients. Serum IL-6 was more than
doubled compared with the control group (p = 0.045),
while urinary IL-6 showed an even greater increase
(p = 0.018). TNF-a concentrations demonstrated a
similar trend: serum levels were significantly higher in
patients (p = 0.039), as were urinary levels (p = 0.023).
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The most pronounced differences were observed
for the profibrotic mediator TGF-B1. Serum concen-
trations were significantly elevated in the GN group
compared to controls (p = 0.005). Urinary TGF-p1
levels showed an over tenfold increase in patients rela-
tive to healthy individuals ( p < 0.001).

Collectively, these findings highlight a clear dys-
regulation of the coagulation—inflammation axis in glo-
merulonephritis, characterized by elevated thrombin-
uria, activation of systemic and local pro-inflammatory
cytokines, and strong upregulation of fibrotic signaling
through TGF-B1.

In healthy individuals, urinary thrombin concen-
trations did not exceed 1 ng/ml; therefore, values below
this threshold were interpreted as the absence of throm-

binuria. The threshold of 1 ng/ml was selected as the
upper limit of urinary thrombin concentration among
healthy controls and in line with previous studies [6].
Among patients with GN, thrombinuria was absent in
14 of 72 cases (19.4%; 95% C1: 10.9—29.6). Conversely,
elevated urinary thrombin (>1 ng/ml) was detected in
58 patients (80.6%; 95% CI: 70.4—89.1), with a me-
dian concentration of 9.4 ng/ml (interquartile range:
6.6—14.2).

On this basis, the study cohort was stratified into
two groups: Group I — patients without thrombinuria
(<1 ng/ml), and Group II — patients with thrombin-
uria (>1 ng/ml). The principal demographic, clinical,
and laboratory characteristics of both groups are sum-
marized in Table 2.

Table 2
Baseline characteristics of patients with glomerulonephritis stratified by thrombinuria status
Group | (n=14) Group Il (n = 58) p-value
Age, years
Me (025-075) 43 (37-48) 46 (40-5) 0378
Sex, male
(% 95% Cl) T4 (447-883) 828 (731-924) 0451
Sex, female
(%: 95% Cl) 28.6(11.7-55.3) 172 (75-269) 0451
Mesangioprolifera-tive GN ) i
(% 95% Cl) 286 (47 - 524) 259 (145-372 ) 071
Membranous nephropathy ) i
(% 95% Cl) 214(0-429) 241 (13.0-35.3) 0.569
FSGS
(% 95% Cl) 214 (0-429) 224 (115-33.3) 0.623
Minimal change GN (%; 95% Cl) 143 (0-327) 19.0(87-29.2) 0512
Mesangiocapillary GN (%; 95% Cl) 14.3 (0 - 32.7) 8.6 (14-15.8) 0615
Creatinine, umol/L Me (Q25-Q75) 1264 (74.5-1576) 12.3 (11-141.7) 0.665
Urea, mmol/L
Me (025-075) 87(6.8-97) 8.2 (69-95) 0.856
Serum albumin, g/L
Me (Q25-075) 32 (26-36) 24 (19-28) 0.046
eGFR, ml/min/1.73 m?
Me (025-075) 55 (47-65) 58 (45-75) 0,65
Daily proteinuria, g/day 18(08-29) 49 32.58) o
Me (025-Q75) e -9 19.£-9. )
D-dimer, mg/L
Me (025-075) 05(02-12) 0.8 (05-14) 0248
Fibrinogen, g/L
Me (Q25-Q75) 38(29-4.8) 41(39-49) 0412

Abbreviations: CI — confidence interval; eGFR — estimated glomerular filtration rate; GN — glomerulonephritis; FSGS — focal
segmental glomerulosclerosis; Me (Q25—Q75) — median and interquartile range.

When comparing baseline characteristics between
the groups, no significant differences were observed in
age, sex, morphological variants of GN, or laboratory
measures, including creatinine, urea, estimated GFR,
D-dimer, and fibrinogen (p > 0.05).

However, Group II demonstrated a markedly
lower serum albumin level (p = 0.046) and substan-
tially higher daily proteinuria (p = 0.001), suggest-
ing more severe glomerular damage in patients with
thrombinuria.
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The correlation analysis highlighted distinct pat-
terns linking urinary thrombin concentrations with
daily proteinuria and biomarkers of inflammation and
fibrosis in patients with GN.

In patients with GN, a moderate positive correla-
tion was observed between urinary thrombin levels and
daily proteinuria (r = 0.514; p = 0.013) (Fig. 1).

Significant correlations were also established be-
tween thrombinuria and pro-inflammatory cytokines,
including 1L-6 (r = 0.438; (p = 0.021) and TNF-a
(r=10.372; p = 0.037) (Figs. 2, 3). These findings in-
dicate that thrombin may act not only as a marker of

structural glomerular injury but also as an active media-
tor of inflammatory responses, enhancing cytokine pro-
duction and promoting immune-inflammatory damage
to renal tissue.

Of particular importance is the inverse correlation
identified between urinary thrombin levels and uri-
nary TGF-f3, concentrations (r = —0.534; p = 0.028)
(Fig. 4). Elevated TGF-p,, a key profibrotic cytokine,
was associated with reduced thrombin excretion, sug-
gesting a pathogenetic shift from predominant inflam-
matory—coagulatory activity toward fibrotic remodel-
ing processes.
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Fig. 1. Correlation between daily proteinuria (g/day) and urinary thrombin concentration (ng/ml)
in patients with glomerulonephritis (p = 0.013).
100
90 | =
g
=
=¥
"
R=
=
.g
o
=
20
4 6 8 10 12 14

Thrombin in urine, ng/ml

Fig. 2. Correlation between urinary interleukin-6 (pg/ml) and urinary thrombin concentration (ng/ml)
in patients with glomerulonephritis (p = 0.021).
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Fig. 3. Correlation between urinary tumor necrosis factor-alpha (pg/ml) and urinary thrombin concentration (ng/ml)
in patients with glomerulonephritis (p = 0.037).
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Fig. 4. Correlation between urinary transforming growth factor-beta 1 (pg/ml) and urinary thrombin concentration (ng/ml)
in patients with glomerulonephritis (p = 0.028).

Additionally, the study analyzed the relationship
between thrombinuria and morphological features of
renal tissue injury. A strong inverse correlation was
found between urinary thrombin levels and the over-
all chronicity score (r = —0.783; (p = 0.006), which
encompassed the degree of interstitial fibrosis, tubular

atrophy, and global glomerulosclerosis (Fig. 5). This
indicates that lower thrombinuria levels are charac-
teristic of advanced and chronic morphological le-
sions, whereas elevated thrombinuria may reflect ac-
tive inflammatory—coagulatory processes in earlier
disease stages.
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Fig. 5. Correlation between renal chronicity score and urinary thrombin concentration (ng/ml)
in patients with glomerulonephritis (p = 0.006).

Taken together, these findings highlight the patho-
genetic interplay between immune-inflammatory me-
diators, urinary thrombin generation, and structural
fibrotic remodeling of the kidney. This underscores the
potential of thrombinuria to serve as an integrated bio-
marker of both disease activity and stage in glomerular
injury.

At the same time, serum analysis did not reveal
statistically significant correlations between throm-
bin concentration and systemic inflammatory markers
(IL-6, TNF-a). This result may indicate the local
nature of pathological changes in renal tissue, where
thrombin production and cytokine activation occur
predominantly at the level of the glomeruli and tubu-
lointerstitium, rather than being reflected in the sys-
temic circulation.

The obtained data emphasize the importance of as-
sessing urinary markers for studying the pathogenesis of
GN, since they reflect the local activity of inflamma-
tory and coagulation cascades, whereas plasma analysis
may underestimate these changes.

Discussion. In the present study, we demonstrated
a significant increase in urinary thrombin levels in pa-
tients with GN, while serum thrombin concentrations
did not differ significantly from those of the control co-
hort. Thrombinuria was detected in over 80% of patients,
underscoring its potential role as a local marker of glo-
merular injury. These findings align with earlier reports
by Kitamoto et al. (2004, 2015), who highlighted the
diagnostic value of thrombinuria in rapidly progressive
forms of GN, with high sensitivity and specificity [6, 7].
Our findings are consistent with more recent evidence in
diabetic nephropathy, where the presence of thrombin
in urine was associated with both proteinuria and a de-
cline in GFR, indicating that this biomarker may have
wider relevance across various renal diseases [8].

The correlations identified in our study further
strengthen the pathogenetic link between thrombin
generation and disease activity. Urinary thrombin lev-
els were positively associated with daily proteinuria and
urinary concentrations of IL-6 and TNF-a, two key
pro-inflammatory cytokines. This observation is in line
with experimental studies demonstrating that thrombin,
through activation of protease-activated receptors, in-
duces cytokine secretion and endothelial dysfunction,
thereby sustaining renal inflammation [3]. Comparable
associations were described in lupus nephritis, where
thrombin activity was linked to intrarenal inflammatory
burden and histological severity [10]. Such cross-disease
consistency supports the hypothesis that thrombinuria
reflects not merely passive leakage but active local intra-
glomerular coagulation and immune activation.

A particularly noteworthy observation, consistent
with both our findings and prior reports, is that free
thrombin in the urine may be generated locally within
the glomeruli under the influence of tissue factor re-
leased by mesangial cells in response to pro-inflamma-
tory cytokines. This supports the concept that throm-
binuria should be regarded not only as an indicator of
glomerular barrier disruption but also as a manifesta-
tion of a localized, DIC-like process within the kidneys
[11, 12]. The absence of thrombinuria in patients with
systemic disseminated intravascular coagulation further
underscores this local nature [13]. Importantly, analo-
gous phenomena have been described beyond nephrol-
ogy: thrombin has been identified in bronchoalveolar
lavage fluid of patients with pulmonary fibrosis, as well
as immunohistochemically localized in brain tissue of
individuals with Alzheimer’s disease [14]. Together,
these findings highlight thrombin’s universal role as a
marker of tissue-specific inflammatory—coagulation
activity across multiple organ systems.
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Interestingly, our study also revealed an inverse
relationship between urinary thrombin and urinary
TGF-B1 levels, as well as between thrombinuria and
the chronicity index of renal pathology. The inverse
association between urinary thrombin and TGF-B1/
chronicity index may indicate a transition from active
inflammatory-coagulative processes to fibrotic remod-
eling. In early disease stages, thrombin generation re-
flects active glomerular injury, while in advanced fibro-
sis, its reduction parallels loss of cellular activity and
progressive matrix accumulation. These findings may
indicate a pathogenetic shift: elevated thrombinuria
appears to characterize earlier and more inflammatory
phases of GN, whereas reduced urinary thrombin ac-
companies advanced fibrosis and irreversible structural
remodeling. This interpretation resonates with obser-
vations in chronic kidney disease of various etiologies,
where urinary thrombin levels were shown to decline in
late-stage fibrosis (Kitamoto et al., 2021) [8]. Taken to-
gether, these results position thrombinuria as a dynamic
biomarker reflecting both activity and chronicity of glo-
merular injury.

The absence of correlations between serum throm-
bin and systemic markers of inflammation (IL-6,
TNF-a) further underscores the local nature of these
processes. This is consistent with previous reports dem-
onstrating that plasma-based assays may underestimate
intrarenal activity, whereas urinary biomarkers provide
a more sensitive reflection of localized pathophysiologi-
cal changes [15]. The parallels with other organ systems
where thrombin accumulates locally—without systemic
elevation—reinforce its significance as a marker of lo-
calized coagulation—inflammation interplay.

From a clinical perspective, our findings suggest
that urinary thrombin could be integrated into diag-
nostic algorithms as a non-invasive marker of disease
activity in GN. Elevated thrombinuria may help iden-
tify patients at higher risk of progressive injury, guide
therapeutic decision-making, and potentially serve as
a surrogate marker for treatment response. Moreover,
considering the established profibrotic and pro-inflam-
matory role of thrombin, targeting thrombin-mediated
pathways may open new therapeutic avenues.

Other urinary biomarkers such as neutrophil ge-
latinase-associated lipocalin (NGAL) and monocyte
chemoattractant protein-1 (MCP-1) have also been
extensively investigated as indicators of renal inflam-
mation and tubular injury. NGAL reflects early tubular
stress and neutrophil activation, while MCP-1 is a che-
mokine responsible for monocyte recruitment and in-
terstitial inflammation [16, 17]. In this context, throm-
binuria complements these markers by emphasizing
the coagulation—inflammation axis that characterizes
glomerular injury. However, thrombinuria is not spe-
cific to glomerulonephritis alone—it has also been ob-
served in diabetic nephropathy and lupus nephritis [7,
8]. Therefore, its diagnostic and prognostic significance
should be interpreted in conjunction with clinical find-
ings and histopathological evaluation.

Limitations. The single-center, cross-sectional de-
sign and relatively small cohort limit the generalizability
of the findings. Furthermore, the absence of longitudi-
nal follow-up precluded assessment of thrombinuria dy-
namics under treatment or its predictive value for renal
outcomes. Due to the cross-sectional design, causal re-
lationships between thrombinuria and inflammatory or
fibrotic parameters cannot be established. Despite these
limitations, our results provide compelling evidence that
thrombinuria is a promising biomarker of local renal in-
flammation and coagulation, warranting further valida-
tion in larger, multicenter, prospective studies.

Conclusions:

1. Thrombinuria was observed in a substantial pro-
portion of patients with glomerulonephritis.

2. Urinary thrombin showed positive associations
with proteinuria and local inflammatory cytokines (IL-
6, TNF-a), suggesting a possible link between coagula-
tion activity and intrarenal inflammation.

3. Inverse correlations between urinary thrombin,
TGF-B, levels, and the chronicity index may reflect a
shift from inflammatory to fibrotic processes as glomer-
ular injury advances.

4. Thrombinuria may represent a promising non-
invasive biomarker of renal inflammatory activity;
however, given the cross-sectional design and limited
cohort size, these findings should be interpreted with
caution. Further longitudinal and mechanistic studies
are needed to confirm these preliminary observations.
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