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Summary

Background: To examine the levels and significance of
soluble triggering recetor expressed on myeloid cells-1
(s TREM-1), Cold-induced autoinflammatory syndrome
1 (CIAS1), and serum uric acid (UA) in individuals with
chronic glomerulonephritis (CGN).

Methods: The CGN group consisted of 192 patients ad-
mitted to the hospital between January 2023 and August
2025, whereas the control group consisted of 192 volun-
teers who underwent physical tests at the same hospital
during the same period. Based on their glomerular filtra-
tion rate (GFR), patients with CGN were classified into
three stages: |, I, and lll. The serum uric acid, CIAS1,
and TREM-1 levels in the two groups and patients with
different stages of CGN were compared; Multivariate lo-
gistic regression analysis was used to look at the factors
influencing the occurrence of CGN, and receiver operat-
ing characteristic (ROC) curves were used to look at the
diagnostic value of serum uric acid, CIAS1, and TREM-1
for CGN.

Results: In addition to having higher levels of blood urea
nitrogen (BUN), blood creatinine (Scr), 24-hour urine
protein (24 h Upro), serum uric acid, CIAS1, and TREM-
1, the CGN group exhibited a worse glomerular filtration
rate (GFR) than the control group (P<0.05). 52 patients
were in stage |, 96 were in stage ll, and 44 were in stage
Il. Blood uric acid, CIAS1, and TREM-1 levels were higher
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Kratak sadrzaj

Uvod: Ispitati koncentracije i znadaj solubilnog recep-
tora okidaca eksprimiranog na mijeloidnim celijama 1
(STREM-1), proteina povezanog sa hladno indukovanim
autoinflamatornim sindromom 1 (CIAS1) i mokraéne
kiseline u serumu (UA) kod osoba sa hroni¢nim glomeru-
lonefritisom (CGN).

Metode: Grupu sa CGN su ¢inila 192 pacijenta hospita-
lizovana u periodu od januara 2023. do avgusta 2025.
godine, dok su kontrolnu grupu ¢inila 192 dobrovoljca
podvrgnuta sistematskom pregledu u istoj bolnici tokom
istog perioda. Na osnovu brzine glomerularne filtracije
(GFR), pacijenti sa CGN razvrstani su u tri stadijuma: |,
II'i Ill. Uporedene su koncentracije mokracéne kiseline u
serumu, CIAS1 i TREM-1 izmedu dve grupe, kao i medu
pacijentima u razli¢itim stadijumima CGN. Multivarijan-
tna logisti¢ka regresiona analiza primenjena je radi ispi-
tivanja faktora povezanih sa pojavom CGN, dok su krive
operativnih karakteristika primaoca (ROC) kori$¢ene za
procenu dijagnosti¢ke vrednosti mokracne kiseline u se-
rumu, CIAS1 i TREM-1 za CGN.

Rezultati: U poredenju sa kontrolnom grupom, grupa sa
CGN je imala vise koncentracije azota uree u krvi (BUN),
kreatinina u serumu (Scr), proteina u 24-¢asovnom urinu
(24 h Upro), mokraéne kiseline u serumu, CIAS1 i TREM-
1, kao i nizu GFR (P<0,05). U stadijumu | bila su 52
pacijenta, u stadijumu Il njih 96, a u stadijumu Il njih
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in stage Ill patients compared to both stage | and stage Il
patients (P<0.05). Still, these substances were higher in
stage Il patients compared to stage | patients (P<0.05).
The findings of the correlation study showed a positive
association between the stage of CGN and the levels of
serum uric acid, CIAS1, and TREM-1 (rs=0.281, 0.275,
and 0.658, respectively; all P<0.05). A multivariate logis-
tic regression study revealed that elevated blood uric acid,
CIAS1, TREM-1, and BUN levels were risk factors for the
development of CGN (P<0.05). The ROC curve analy-
sis results showed that the AUCs for the single diagnosis
of CGN by serum uric acid, CIAS1, and sTREM-1, and
their combination, were 0.809, 0.794, 0.840, and 0.948,
respectively. The AUC of the combination diagnosis was
higher than that of the single diagnosis of serum uric acid,
CIAS1, and s TREM-1 (Z=4.577, 3.966, and 3.727, re-
spectively; all P<0.001).

Conclusion: The serum uric acid, CIAS1 and TREM-1 lev-
els were elevated in patients with CGN and closely related
to the stage of CGN. Moreover, the combination of these
three indicators had relatively high diagnostic value for
CGN.

Keywords: uric acid, soluble myeloid cell triggering
receptor-1, cold-induced autoinflammatory syndrome 1,
chronic glomerulonephritis, diagnostic value

Introduction

A primary glomerular illness, chronic glomeru-
lonephritis (CGN) has a wide range of complicated
causes, including bacterial or viral infections, severe
tiredness, an imbalance in the metabolism of wa-
ter and electrolytes, and medication toxicity. Typical
symptoms include hematuria, proteinuria, and hy-
pertension (1). The development of CGN is gradual
and often concealed, and it is often accompanied
by varying degrees of decline in renal function and a
trend toward deterioration. If appropriate treatment
measures are not taken in time, this disease is high-
ly likely to lead to renal failure, which can seriously
threaten a patient’s life and health (2-3). Therefore,
identifying biomarkers that enable early and effec-
tive diagnosis of CGN is particularly important. The
result of purine metabolism is uric acid. When the
blood uric acid level increases, vascular endothelial
cells can quickly take up uric acid, causing a tem-
porary increase in its intracellular level and inducing
oxidative stress, whereas the overall change in the
concentration of blood uric acid depends mainly
on renal excretion function. According to studies,
aberrant elevations in uric acid levels can acceler-
ate the progression of kidney disorders by promot-
ing glomerular basement membrane thickening
and glomerular microvascular wall thickening (4).
A crucial inflammatory regulatory factor, Cold-in-
duced autoinflammatory syndrome 1 (CIA$1), can
release proinflammatory cytokines and encourage
inflammatory cells to gather at inflammatory sites,
hastening disease progression. CIAS1 may be impli-

44. Koncentracije mokraéne kiseline u serumu, CIAST i
TREM-1 bile su vise kod pacijenata u stadijumu lll nego
kod pacijenata u stadijumima | i Il (P<0,05), dok su kod
pacijenata u stadijumu Il bile vise nego kod pacijenata
u stadijumu | (P<0,05). Rezultati korelacione analize po-
kazali su pozitivnu povezanost izmedu stadijuma CGN
i koncentracija mokra¢ne kiseline u serumu, CIAST i
TREM-1 (rs=0,281, 0,275 i 0,658; za sve P<0,05). Mul-
tivarijantna logisticka regresiona analiza pokazala je da
su poviSene koncentracije mokrac¢ne kiseline u serumu,
CIAS1, TREM-1 i BUN predstavljale faktore rizika za raz-
voj CGN (P<0,05). Analiza ROC krivih je pokazala da su
povrsine ispod krive (AUC) za pojedinaénu dijagnosti¢ku
primenu mokracne kiseline u serumu, CIAS1 i sSTREM-1,
kao i za njihovu kombinovanu primenu, iznosile 0,809,
0,794, 0,840 i 0,948. AUC kombinovane dijagnosticke
primene bio je veéi od AUC pojedina¢ne primene mokraé-
ne kiseline u serumu, CIAS1 i sSTREM-1 (Z=4,577, 3,966
i 3,727, za sve P<0,001).

Zaklju€ak: Koncentracije mokraéne kiseline u serumu,
CIAS1 i TREM-1 bile su poviSene kod pacijenata sa CGN i
blisko povezane sa stadijumom bolesti. Pored toga, kom-
binacija ova tri pokazatelja imala je relativno visoku dijag-
nosticku vrednost za CGN.

Kijuéne reéi: mokra¢na kiselina, solubilni receptor
okida¢ eksprimiran na mijeloidnim ¢elijama 1, hladno in-
dukovani autoinflamatorni sindrom 1, hroniéni glomeru-
lonefritis, dijagnosti¢ka vrednost

cated in the pathological process of CGN because
it is highly expressed in several kidney illnesses and
is strongly associated with impaired renal function
(5). A member of the immunoglobulin superfamily,
soluble myeloid cell triggering receptor-1 (CD354) is
mostly expressed on the surface of myeloid cells and
possesses immunomodulatory properties. Patients
with nephrotic syndrome have a markedly higher
level of it (6-8).

It is still unknown how useful CD354, CIAS1,
and uric acid are for diagnosing CGN. In order to
provide a reference for the clinical diagnosis of

CGN, this study examined the blood levels of uric
acid, CIAS1, and CD354 in CGN patients.

Materials and Methods
Research subjects and grouping

CGN group: 192 patients with chronic glomer-
ulonephritis (CGN) who were admitted to a certain
hospital from January 2023 to August 2025 were
selected.

Control group: 192 volunteers who underwent
health check-ups at the same hospital during the
same period were selected.

CGN staging criteria: Based on the glomerular
filtration rate (GFR) level, the CGN patients were di-
vided into three stages: Stage | (52 cases); Stage |l
(96 cases); Stage Il (44 cases).
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Specimen collection and processing

Blood collection requirements: All subjects
should collect about 5 mL of blood from the elbow
vein on the morning after admission (or on the day
of the physical examination), while fasting.

After collection, leave the blood at room tem-
perature for 30 minutes, then centrifuge at 3000
r/min for 15 minutes to separate the serum. The
serum should be aliquoted and stored in a -80 °C
refrigerator for testing, avoiding repeated freezing
and thawing.

Urine sample: Collect 24-hour urine, record
the total urine volume, mix well, and take 10 mL
for submission for testing to detect 24-hour urine
protein quantification (24 h Upro).

Renal function indicators and detection of se-
rum CIAS1 and CD354

Five millilitres of fasting venous blood were
drawn on the day of the patient’s visit to the CGN
group and the day of the physical examination for
the control group. Following natural coagulation,
the sample was centrifuged for 10 minutes at 3,500
r/min (radius 8 cm) to extract the serum, which was
then refrigerated at -80 °C for testing. Every par-
ticipant’s 24-hour urine was gathered, and the vol-
ume of all the urine was noted. After centrifuging
three millilitres of urine for ten minutes at 3,500 r/
min (radius 8 cm), the supernatant was kept at a low
temperature for analysis.

Serum and urine samples were removed and
stored at room temperature. Renal function indica-
tors [serum uric acid, blood urea nitrogen (BUN),
serum creatinine (Scr), 24-hour urine protein quan-
tification (24 h Upro), and glomerular filtration rate
(GFR)] were detected using a BS-1000 M automatic
biochemical analyser (Shenzhen Meirui Biomed-
ical Electronics Co., Ltd.). Serum levels of CIAS1
and CD354 were measured by enzyme-linked im-
munosorbent assay (ELISA). ELISA kits for CIAS]
and CD354 were purchased from Shanghai Keai-
bo Biotechnology Co., Ltd., with the item numbers
CB20041-Hu and CB10949-Hu, respectively. First,
50 ulL of each sample and standard were put into a
96-well microplate. The mixture was then incubat-
ed at 37 °C for 60 minutes after 100 pL of detec-
tion antibody labelled with horseradish peroxidase
was added. The sample was washed five times, and
50 pL of substrate was added after the solvent was
discarded. For fifteen minutes, the samples were
stored at 37 °C in the dark. The absorbance of each
well was measured at 450 nm using an enzyme
analyser after the stop solution was added.CIAS1
and CD354 serum levels were determined using a
standard curve.

Stages of chronic glomerulonephritis

According to GFR, CGN patients were divid-
ed into stage | [GFR>90 mL/(min-1.73 m?)], stage
Il [GFR=60-90 mL/(min‘1.73 m?)] and stage llI
[GFR<60 mL/(min1.73 m?)].

Analysis of statistics

To analyse the data, SPSS 27.0 software was uti-
lised. Measurement data with a normal distribution
are expressed as x=xs, and the independent-samples
t test was used to compare two groups. Count data
are expressed as the number of cases and percent-
age, and the y? test was used to compare multiple
groups. The factors influencing the occurrence of
CGN were examined using multivariate logistic re-
gression analysis. The diagnostic value of serum uric
acid, CIA$1, and CD354 for CGN was examined us-
ing receiver operating characteristic (ROC) curves,
and the Delong test was used to compare the area
under the curve (AUC). The significance criterion a.
was set at 0.05, and differences were considered
statistically significant if P < 0.05.

Results

Baseline information and markers of renal
function were compared between the CGN
and control groups

The CGN group and the control group did not
differ statistically significantly (P>0.05) in terms of
sex, age, BMI, history of hypertension, alcohol use,
or smoking; however, the CGN group had higher
levels of serum uric acid, BUN, Scr, and 24-hour
Upro (P<0.05) and a lower glomerular filtration rate
(GFR) (P<0.05). Refer to Table I.

Comparison of serum CIAST and CD354 levels
between the CGN group and the control group

Serum CIAS1 and CD354 levels were signifi-
cantly higher in the CGN group than in the control
group (P<0.05). See Table II.

Comparison of serum uric acid, CIAST and
CD354 levels in patients with different stages
of CGN

Twenty-six patients had stage | disease, 48 had
stage Il disease, and 22 had stage lll disease. Se-
rum uric acid, CIAS1, and CD354 levels were higher
in stage Il patients than in stage | and Il patients
(P<0.05); serum uric acid, CIAS1, and CD354 levels
were higher in stage Il patients than in stage | pa-
tients (P<0.05); see Table Ill.



4 Hu et al.: Serum uric acid, CIAS1 and CD354 in chronic glomerulonephritis

Table | Comparison of baseline data and renal function indicators between the CGN Group and the control group [n(%),

or x=*s].
Gender Age BM| Hypertension Drinking history
Group | N (years) (kg/m?)
Male Female Yes No Yes No
CGN 126 66 40 | 152
aoue | 192 | (6562 | (sa3g) | 4564024 | 25155236 | 62(5229) | 1306771 | x0a3) | (7917)
Control 120 72 36 156
aoun 1192 (6250) | (37.50) | 4632056 | 2354248 | 46 (25.96) | 146 (76.08) | (15 -c | (g1 5)
X/t 0.207 -0.570 1133 1.642 0134
P 0.655 0.568 0.263 0192 0.710
Smoking hist:
Group N moking history BUN 24h Upro Scr [mLG/F:?nin Uric acid
Yes No (mmol/L) (mmol/L) (mg/24h) 1.73m?)] (mmol/L)
CGN 124
192 |68 (35.42) 4.60+2.31 |129.06+13.33 | 316.46+37.65 | 82.97+10.60 | 346.35+38.89
group (64.58)
Control | 195 160 (31.25)| 132 | 5012124 | 8345+8.59 |12016=1515 | 98.80+2.88 | 304.64+33.77
group (68.75)
X/t 0.378 31.823 28.443 47.430 -9.348 7.944
P 0.543 <0.001 <0.001 <0.001 <0.001 <0.001

Correlation analysis of serum uric acid, CIAS 1,
and CD 354 levels with the stage of CGN
patients

Table Il Serum CIAS1 and CD354 levels were compared
between the CGN and control group (x=s).

Group n CIAST (pg/mlL) | CD354 (ng/L) Serum uric acid, CIAS1, and CD354 levels
CGN were favourably connected with the stage of CGN
group 192 272.46+51.55 2715%4.88 patients, according to the correlation analysis re-
Control sults (r s=0.282, 0.275, and 0.658, respectively; all
ooup | 192 | 23824x2677 | 21.71824.00 P<0.05).

T 8145 8.267

P <0.001 <0.001

Table Il Comparison of CD354, CIAS1, and serum uric acid levels in CGN patients at various phases ( x=s).

Instalment n Uric acid (mmol/L) CIAS1 (pg/mL) CD354 (ng/L)
Phase | 52 330.54+36.24 259.57+29.67 21.28+4.09

Phase I 96 34711+38.35 273.43+31.30 27.34+4.67

Phase Il 44 363.15+40.44 285.59+32.24 33.67+5.35

F 4.357 4.218 42.220

P 0.019 0.0M <0.001
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Table IV Factors influencing CGN occurrence analysed by multiple logistic regression analysis.

Factor B SE Wald % P OR OR 95%Cl

Uric acid 0.980 0.298 11.204 0.001 2.686 1.508~4.788
CIAS 0.756 0.279 7.442 0.006 2126 1.230~3.641
CD354 0.631 0.224 8.328 0.004 1.896 1.220~2.911
BUN 1161 0191 34.809 <0.001 3.219 2185~4.744

Table V Diagnostic efficacy of serum uric acid, CIAS1, CD354 alone and in combination for CGN.
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Figure 1 ROC curve of serum uric acid, CIAS1 and
CD354 for the diagnosis of CGN.

Investigation of the factors influencing the
prevalence of CGN using multivariate logistic
regression

To determine whether CGN occurred (no = 0,
yes = 1) as the dependent variable and whether uric
acid, CIAS1, CD354, and BUN were independent
variables (all inputs as original values), a multivari-
ate logistic regression analysis was conducted. Scr,
24 h Upro, and the GFR are diagnostic indicators

Indicator Sen(iz)ivity Spe(c%:‘)icity Optimal truncation value | AUC | AUC 95%CI | Youden index P
Uric acid 73.99 84.30 32519 mmol/L 0.809 | 0.745~0.862 0.586 <0.05
CIAST 77.01 85.45 260.97 pg/mL 0.794 | 0.727~0.850 0.628 <0.05
Cb354 75.03 89.51 24.46 ng/L 0.840 | 0.793~0.906 0.649 <0.05
f,ri‘j’;’gs 93.78 95.86 0948 | 0.908~0.988 | 0899 | <0.05
10T of CGN; thus, they were not included as indepen-

dent variables for analysis. Elevated serum uric acid,
CIAS1, CD354, and BUN levels were risk factors for
the occurrence of CGN (P<0.05), see Table IV.

Diagnostic value of serum uric acid, CIAS7, and
CD354 for CGN

A receiver operating characteristic (ROC)
curve was created by using serum uric acid, CIAS1,
and CD354 levels as the independent variables and
whether CGN occurred (yes = 1, no = 0) as the
dependent variable. The findings showed that the
AUCs for the individual diagnosis of CGN by serum
uric acid, CIAS1, and CD354 were 0.809, 0.794,
and 0.840, respectively; the AUC for the three di-
agnoses taken together was 0.945. Serum uric
acid, CIAS1, and CD354 single diagnoses had low-
er AUCs than the combination diagnosis (Z=4.577,
3.966, and 3.727, respectively; all P<0.001); refer
to Figure 1 and Table V.

Discussion

In clinical practice, CGN is a prevalent chron-
ic kidney disease. In recent years, owing to lifestyle
changes and increased work pressure, its incidence
has shown a year-on-year upward trend, especially
in the middle-aged and young male population (9).
Early screening and prompt care can slow disease
progression and lower the risk of developing end-
stage renal disease, according to studies (10). How-
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ever, since the onset of CGN is relatively insidious,
most patients already experience varying degrees of
renal function impairment at the time of diagnosis,
posing severe challenges for clinical treatment and
patient prognosis (11). Currently, the main diagnos-
tic method for CGN is routine urine testing, which
assesses the degree of renal function impairment by
detecting relevant clinical indicators (BUN, Scr, 24
h Upro, and GFR). This study revealed significant
differences in renal function indicators between the
CGN group and the control group, which is similar
to previous findings (12). Although these indicators
can provide certain reference values for clinical di-
agnosis, in the early stage of the disease, their spec-
ificity, sensitivity, and accuracy are lacking, making
accurate diagnosis of CGN difficult and affecting
patient treatment and prognosis (13). Therefore, ex-
ploring reliable and efficient biomarkers to achieve
early and accurate diagnosis of CGN is highly im-
portant for improving patient prognosis.

Uric acid is not only an indicator of renal func-
tion but also among the abundant antioxidants in
the human body. It plays a crucial role in main-
taining blood pressure stability and protecting the
nervous system (14). However, other research has
demonstrated that excessively high uric acid levels
lead to the accumulation of crystalline materials
in tissues and activate the CIAS1 inflammasome,
which in turn contributes to the onset and progres-
sion of several diseases, including kidney, liver, and
cardiovascular disorders (15). Patients with diabet-
ic nephropathy have greater serum uric acid levels
than those with uncomplicated diabetes. CGN pa-
tients have significantly higher serum uric acid levels
than healthy individuals, which is a risk factor for
ineffective diabetic nephropathy treatment (16-17).
Serum uric acid levels are much higher in CGN pa-
tients than in healthy individuals, and they are high-
er in patients with poor prognoses than in those with
good prognoses. These findings imply that the de-
velopment and occurrence of CGN may be related
to serum uric acid (18). In line with the aforemen-
tioned findings, the study’s findings showed that the
CGN group’s serum uric acid level was considerably
higher than the control group’s. Additionally, this
study showed that serum uric acid levels steadily rise
as the disease advances, which is positively connect-
ed with the stage of CGN patients and influences
the occurrence of CGN. These findings further con-
firm that serum uric acid may play an important role
in the occurrence and development of CGN.

CIAST is a pattern recognition receptor that
was discovered earlier. It can create the CIAST in-
flammasome and trigger caspase-1 to regulate the
production and release of inflammatory proteins,
such as IL-1B/IL-18, after recognising danger sig-

nals. It is intimately linked to the onset and develop-
ment of certain kidney disorders. It plays significant
regulatory functions in the occurrence and course
of inflammatory reactions (19). CIAST levels were
markedly elevated in animals with diabetic kidney
disease in a mouse model of the condition. The
body’s inflammatory response and damage can be
lessened by blocking the CIAS1 pathway, which also
lessens the severity of kidney tissue damage and
the quantity of fibrotic lesions (20-22). TREM-1
is a single transmembrane receptor protein locat-
ed in the 211 region of human chromosome 6. It
is a key trigger of the inflammatory response and
directly participates in and exacerbates the inflam-
matory process (23). Current research has revealed
that TREM-1 plays important roles in various inflam-
matory diseases, such as acute lung injury and sep-
sis. The soluble form of TREM-1 is called CD354.
TREM-1 is released into the bloodstream as CD354
during the initial phase of the inflammatory reaction
(24-26).

This study further explored the diagnostic ef-
ficacy of serum uric acid, CIAS1, and CD354 for
CGN. The AUC values were 0.806, 0.791, 0.847,
and 0.945 for the individual diagnosis of CGN us-
ing serum uric acid, CIAS1, and CD354 levels, as
well as for the combination diagnosis of the three
indications. The combined diagnosis of the three
signs had a higher AUC than the individual diagno-
ses, indicating that it might be a helpful additional
method for CGN diagnosis. In particular, when the
serum uric acid, CIAS1, and CD354 concentrations
exceeded the optimal cutoff values, that is, when
serum uric acid >32516 umol/L, CIAS1>260.94
pg/mL, and CD354>24.43 ng/L occurred simulta-
neously, this may indicate the occurrence of CGN.

Conclusion

Serum uric acid, CIAS1T and CD354 levels were
elevated in patients with CGN and were related to
the stage of CGN. Moreover, the combination of
these three indicators was highly valuable for the
diagnosis of CGN. It could be used as an auxiliary
method for the clinical diagnosis of CGN.
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