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Abstract: Background and Objectives: Zonulin (Zo) is a molecule that has been identified as an intestinal
permeability marker in recent years. It has been previously linked to type 2 diabetes mellitus, obesity, and
cardiovascular disease, but its role in chronic kidney disease (CKD) remains unclear. This study aimed to
investigate the relationship between Zo and systemic inflammation (SI), endothelial dysfunction (ED), and
especially renal functions, in patients with CKD. Materials and Methods: One hundred sixty-three participants
were enrolled in this study and were divided into two groups (patient and control), according to the presence
of CKD. Results: A total of 104 patients with CKD (mean age: 58.9 +1.4) and 59 control subjects (mean age: 59.0
*1.1) were included, with similar age (p = 0.934) and gender (p = 0.196) between the groups. In the comparison
analysis, plasma Zo levels in the CKD group (166.16 + 53.54) were significantly higher than those in the control
group (143.30 + 60.92) (p < 0.001). In the correlation analysis, the serum Zo level showed a positive correlation
with claudin-3 (r=0.612, p <0.001), IL-6 (r = 0.307, p <0.001), and creatinine (r = 0.313, p <0.001) and a negative
correlation with glomerular filtration rate (GFR) (r=-0.320, p <0.001) and TC (r=-0.074, p =0.047). Additionally,
according to a linear regression analysis, the Zo level was significantly associated with GFR after adjusting for
age and SBP (3 value = -0.918, p = 0.012). Conclusion: High serum Zo levels in patients with CKD reflected
increased intestinal permeability and were associated with impaired renal function. Moreover, it was thought
that Zo level could be associated with SI, but novel clinical studies are needed to elucidate its relationship with
ED.
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1. Introduction

Chronic kidney disease (CKD) is a public health problem with increasing incidence in the global
population and a high mortality rate that is a risk factor for cardiovascular diseases (CVDs) [1].
Although type 2 diabetes mellitus (T2DM) and hypertension (HT) are the primary causes of CKD,
studies have appeared in recent years that suggest that changes in intestinal microbiota and
permeability may be related to this disease. As a result of impaired intestinal permeability due to
various reasons (tight junction downregulation, viral intestinal infections, environmental toxins, toxic
food, etc.), pathogens and toxins originating from the intestine pass into the systemic blood
circulation [2]. As a matter of fact, impaired intestinal permeability, together with an increased toxin
load in the circulation, paves the way for the formation of T2DM, HT, and eventually CKD [2,3].

Endothelial dysfunction (ED) is the initial stage of the pathological process leading to CVD and
adversely affects the prognosis of patients with CKD [4]. VCAM-1, demonstrated as a marker of ED,
plays a role in the pathogenesis of many different metabolic disorders including CKD [5]. In addition,
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systemic inflammation (SI) is another important paradigm that occurs as a result of renal function
deterioration in CKD patients and negatively affects the prognosis of the disease. IL-6 is strongly
associated with SI and has shown importance in clinical progression in patients with CKD [6].

Zo, identified for the first time by Fasano et al., is remarkable among the molecules that are
indicators of intestinal permeability [7]. Dysbiosis in the intestinal system and decreased mucosal
permeability pave the way for an increase in plasma Zo levels. Zo, which is associated with many
clinical pathologies, especially celiac disease, is in the spotlight as a marker of increased intestinal
permeability [8]. Additionally, a few studies conducted in recent years emphasize that serum Zo level
may play a role in the pathogenesis of CKD. However, plasma Zo levels in patients with CKD vary
in the literature. Indeed, Karatas et al. observed that Zo levels in hemodialysis patients were higher
compared to the control group [9]. On the other hand, Lukaszyk et al. showed that Zo was
significantly lower in patients with CKD than in the control group [10]. In light of these data, although
a few studies in the literature remark that Zo may be associated with CKD, the pathophysiology of
this relationship and the role of the molecule in the disease process are unclear [11,12].

Today, we know that in CKD patients, disease prognosis is negatively affected by ED, SI,
impaired metabolic regulation, and increased toxic load, especially impaired renal functions. On the
other hand, the role of Zo with pathogenetic processes in patients with CKD has not been fully
elucidated. In this study, we aimed to examine the relationship between plasma Zo level and ED, SI,
metabolic components, and especially renal functions in patients with CKD.

2. Materials and Methods

This study was conducted at a single center and was cross-sectional, and informed consent was
obtained from all participants before commencement. It was designed in accordance with the
Declaration of Helsinki and local ethics committee approval was obtained from the Local Ethics
Committee of Balikesir University Medical School (date: 19.04.2023, approval number: 2023/51).

Study Design and Population

One hundred sixty-three participants were enrolled in this study and were divided into patient
and control groups, according to the presence of stage 3-5 CKD. Exclusion criteria were active
infection, acute inflammatory diseases (rheumatoid arthritis, inflammatory bowel disease, etc.),
malignancies, pregnancy, abnormal thyroid dysfunction, and receiving renal replacement therapy.

Anthropometric Measurements

All participants provided a medical history and underwent a clinical examination. The height
and weight of all patients were measured using a standard method, and body mass index (BMI) was
calculated by dividing weight (kg) by height squared (m?) (Figure 1). Waist circumference (WC) was
measured using the lower costal margin and the anterior superior iliac crests as the reference. Blood
pressure (BP) was measured three times in the outpatient clinic and the average value was registered.

Figure 1. Body mass index assessment formula. BMI = [weight (kg)] / [height squared (m?)].

Biomarker function

The circulating Zo level was investigated as a marker of intestinal permeability. Additionally,
another intestinal permeability marker, the Claudin-3 molecule, was examined as a control for
possible erroneous results in Zo measurement [13]. Furthermore, VCAM-1 and IL-6 biomarkers were
used for ED and SI assessment, respectively [5,6].

Biochemical Analysis

The complete blood count (CBC) was performed using the DxH 800 (Beckman Coulter Inc., USA)
analyzer. Serum fasting plasma glucose (FPG), creatinine, urea, total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), triglycerides (TGL), sodium, potassium, and albumin levels were
measured with the AU680 (Beckman Coulter Inc., USA) biochemical autoanalyzer. The Friedewald
formula and the Chronic Kidney Disease-Epidemiology Collaboration (CKD-EPI) formula were used
to calculate low-density lipoprotein cholesterol (LDL-C) and glomerular filtration rate (GFR),
respectively [14,15].
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Zo (Cat No: 201-12-5578, SunRed Biological Technology, Shanghai, China), claudin-3 (Cat No:
201-12-2303, SunRed), vascular cell adhesion molecule 1 (VCAM-1) (Cat No: 201-12-0204, SunRed),
and interleukin-6 (IL-6) (Cat No: 201-12-0091, SunRed) levels were analyzed in serum samples using
the ELISA (Enzyme-Linked Immunosorbent Assay) method. The measurement ranges for Zo,
claudin-3, VCAM-1, and IL-6 were 0.25-70 ng/ml, 0.5-60 ng/ml, 0.4-60 ng/ml, and 3-600 ng/L,
respectively. Before the analyses, serum samples were diluted with physiological saline solution at
ratios of 1/10 for Zo analysis and 1/50 for VCAM-1 analysis. No pretreatment was applied to the
serum samples for claudin-3 and IL-6 analyses.

CKD definition

In this clinical study, patients with CKD stages 3-5 not on dialysis were enrolled. CKD was
defined as the patient group whose GFR <60 mL/min/1.73 m? for three months. In our clinic, where
pre-dialysis patients were primarily followed up, this group was excluded from this study because
there were too few stage 1 and 2 patients. On the other hand, the control group was defined as
patients with GFR >60 mL/min/1.73 m? and without any signs of renal damage (albuminuria, urinary
sediment abnormalities, etc.) [16].

Statistical analysis

All participants were divided into two groups and the Kolmogorov-Smirnov test was applied
to determine the suitability of continuous variables for normal distribution among these two groups.
Continuous variables are shown as the mean + standard deviation, while categorical variables are
expressed as the percentage (%). The chi-square test was performed to compare categorical variables.
Continuous variables were compared in pairs using the non-parametric Mann—-Whitney U test when
they were not normally distributed, whereas the parametric independent Student’s t test was used
when they were normally distributed.

The Spearman correlation analysis was performed between Zo levels and other parameters.
Linear regression analysis was performed to show the interaction between GFR and Zo levels. The
relationship between these variables was examined in an adjusted model that included the covariates
identified in the initial univariate analyses. Unadjusted and model 1- and model 2-adjusted (3 values
were calculated. While model 1 was created according to age, model 2 was created according to
systolic (SBP) and diastolic (DBP) blood pressure in addition to model 1.

The SPSS package program was performed in the statistical analysis and a p-value of <0.05 was
found to be statistically significant.

3. Results

A total of 104 patients with CKD (mean age 58.9 +1.4) and 59 control subjects (mean age 59.0
+1.1) were included. The causes of CKD in the patient group were HT (44.2%), T2DM (33.3%),
glomerulonephritis (12.2%), polycystic kidney disease (6.1%), and unknown (4.2%). Age (p = 0.934)
and gender (p = 0.196) ratios were similar between the groups, and comparisons of the demographic
and the laboratory parameters are given in Table 1.

Table 1. Comparison of clinical and biochemical features of patients with CKD stage 3-5 not on
dialysis and control group.

Patient Group (n =104) Control Group (n=59) p value

d0i:10.20944/preprints202409.2268.v1

Age (years) 589+14 59.0+£1.1 0.934
Gender (Female; %) 51.0 61.7 0.196
BMI (kg/m?) 29.0 +0.64 30.2+0.68 0.077
WC (cm) 102.6 £ 1.44 100.7 £ 1.46 0.193
SBP (mmHg) 144.9 +2.38 134.7 £2.26 0.005
DBP (mmHg) 83.6 +1.51 80.2+1.08 0.071
Smoker n (%) 20.6 13.3 0.293
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Hypertension n (%) 77.5 41.7 <0.001
T2DM n (%) 33.3 31.7 0.864
Hb (g/dL) 11.9+£0.16 13.4+0.21 <0.001
FPG (mg/dL) 108.0 + 3.60 108.5 +3.83 0.200
Blood urea a (mg/dL) 108,5 + 5.87 30.7+1.18 <0.001
Serum creatinine (mg/dL) 444 +0.27 0.89 +0.03 <0.001
GFR (mL/min/1,73 m?) 18.3+1.43 85.3+1.98 <0.001
TC (mg/dL) 202.3+9.21 211.6 +4.78 0.373
LDL-C (mg/dL) 121.7 £7.44 129.9 +4.22 0.324
HDL-C (mg/dL) 525+2.71 55.2+1.26 0.374
TG (mg/dL) 159.8 £ 14.75 132.01 £9.62 0.192
Sodium 137.8 £0.29 138.5+0.20 0.212
Potassium 4.77 £0.05 4.44 +0.046 <0.001
Albumin 4.10 £0.06 427 +0.04 0.025
Zonulin 166.16 + 53.54 143.30 + 60.92 <0.001
Claudin-3 10.11 £9.24 7.69 +6.43 0.002
VCAM-1 611.32 +165.01 758.78 + 354.16 <0.001
IL-6 93.94 + 85.36 95.07 +71.01 0.273

According to the results, in the comparison analysis, plasma Zo levels in the stage 3-5 CKD
group (166.16 + 53.54) were significantly higher than those in the control group (143.30 + 60.92) (p <
0.001). Additionally, plasma claudin-3 levels in the stage 3-5 CKD group (10.11 + 9.24) were
significantly higher than those in the control group (7.69 * 6.43) (p = 0.002). Furthermore, patients
with CKD had higher systolic blood pressure (p = 0.005), blood urea, creatinine, and potassium (p <
0.001 for all) than the controls. On the other hand, hemoglobin, GFR, and VCAM-1 levels (p < 0.001
for all) were lower in patients with stage 3-5 CKD compared to the control groups (Table 1 and Figure
2).

M Patient Group  m Control Group p<0.001

~

758.78

p<0.001
0.002 p=0.273
’_I_‘ p=v.
166.16 143.3 '—I—‘
93.94 95.07

zonulin claudin-3 VCAM-1 IL-6
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Figure 2. Comparison of serum biomarkers between patient and control groups.

In the correlation analysis, serum Zo level showed a positive correlation with claudin-3 (r=0.612,
p <0.001), IL-6 (r = 0.307, p < 0.001), and creatinine (r = 0.313, p < 0.001) and a negative correlation
with GFR (r=-0.320, p <0.001) and TC (r =-0.074, p = 0.047) (Table 2). This result is important in terms
of showing the consistency of circulating levels of Zo, a marker of intestinal permeability.
Additionally, our results show that there was a correlation, albeit weak, between circulating Zo levels
and renal function and IL-6. Moreover, in linear regression analysis, Zo level was significantly
associated with GFR after adjusting for age and SBP (3 value =-0.918, p = 0.012) (Table 3).

Table 2. Analysis of the correlation between circulating Zo levels and continuous parameters.

Correlation Coefficient p value
Claudin 0.612 <0.001
VCAM-1 -0.139 0.081
IL-6 0.307 <0.001
Serum creatinine 0.313 <0.001
GFR -0.320 <0.001
FBG -0.123 0.121
TC -0.074 0.047
LDL-C -0.101 0.324
HDL-C -0.055 0.589
TGL -0.022 0.831

Table 3. Linear regression analysis designed to predict GFR from circulating Zo levels.

Model B value P value
Zo Unadjusted -0.917 0.013
Zo with age Model 1-adjusted -0.916 0.014
Zo with age and BP Model 2-adjusted -0.918 0.012

4. Discussion

In the present study, it was found that plasma Zo levels were statistically significantly higher in
patients with CKD compared to the control group. Additionally, plasma Zo levels were statistically
correlated with impaired renal function tests, claudin-3, and IL-6—a marker of SI—but this
relationship was not detected in terms of ED. Furthermore, our results demonstrated that circulating
Zo level was observed to predict GFR independently of age and BP. In light of these data, current
findings suggest that serum Zo levels are negatively correlated with CKD levels and positively
correlated with SI. Therefore, CKD patients may be screened for Zo levels and circulating Zo levels
may be used as an SI marker in this patient group.

Claudin-3 is a key protein used in the assessment of intestinal barrier integrity and is an
important component of tight junctions [17]. In various studies, zonulin and claudin-3 have been
evaluated together as indicators of gastrointestinal integrity [18,19]. In our study, the detection of
elevated claudin-3 levels along with zonulin in CKD supports the notion of increased intestinal
permeability in CKD. Furthermore, by using both intestinal markers together, we aimed to prevent
any misinterpretation that could arise from potential technical errors during the measurement
process. Indeed, the present study, Zo levels were positively correlated with claudin-3 levels, which
have been used as a permeability marker for many years.
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Zo is a haptoglobin protein that can cause an opening in the tight junctions of the intestinal
epithelium and plays a role in regulating permeability in the intestinal mucosa [20,21]. High Zo levels
increase mucosal permeability, and increased mucosal permeability causes endotoxins in the
intestinal lumen to pass into the systemic circulation [22]. Moreover, CKD patients experience an
increased formation of indoles, phenols, and amines as a result of changes in the intestinal microflora
that occur over time. These gut-derived uremic toxins have been associated with the progression of
renal damage, increased SI, and oxidative stress in patients with CKD [23]. Moreover, this condition
suggests that elevated Zo levels may play a role in diseases characterized by SI, especially T2DM and
obesity [24,25]. However, the role of plasma Zo levels is unclear in patients with CKD. In a cross-
sectional study, Sirin et al. investigated serum Zo levels in ninety patients with T2DM and 30 healthy
controls. No difference was found between the groups in terms of serum Zo levels [26]. In another
study, Lukaszyk et al. studied zonulin levels in 88 patients with early stages of CKD and 23 healthy
subjects. The patient group had significantly lower serum Zo levels than the healthy subjects [10]. In
a case—control study, Carpes et al. evaluated zonulin levels in patients with diabetic kidney disease.
T2DM patients (n = 26) had higher zonulin levels than non-T2DM (n = 18) controls and advanced
diabetic kidney disease cases (n = 22). Furthermore, plasma Zo level was correlated positively with
GFR and negatively with albuminuria level [27]. On the other hand, in a prospective cohort study,
Karatas et al. investigated the relationship between Zo level and disease progression in patients with
CKD. In this study, three groups consisting of 37 patients with pre-dialysis, 30 patients with
hemodialysis, and 20 healthy subjects were evaluated. Interestingly, serum Zo levels had been shown
to be lower in the pre-dialysis patient group and higher in the hemodialysis patient group compared
to the control group [9]. In light of these data, we found that plasma Zo levels were higher in patients
with CKD stage 3-5 not on dialysis compared to the control group. In addition, the fact that Zo levels
were correlated negatively with GFR and positively with creatinine levels supported our findings.
Indeed, in the current modeling, Zo predicted the change in GFR independently of age and BP. Our
results showed that Zo, a marker of a damaged intestinal mucosal barrier, was elevated in patients
with CKD and correlates with impaired renal function tests.

SI is mechanistically related to renal kidney injury and CVD in patients with CKD [28]. The
deterioration in the intestinal microbiota causes an increase in a few different bacterial toxins [29].
Together with impaired intestinal permeability, increased plasma Zo levels cause toxic end products
from the intestinal mucosa to enter the systemic circulation, which may lead to increased SI over time
[30]. Furthermore, this process may lead to progression to renal damage in the background of
inflammation over time. However, the relationship between plasma Zo levels with SI has not been
fully demonstrated in the current literature. In a cross-sectional study, Al-Obaide et al. investigated
the gut microbiota associated with inflammatory biomarkers in patients with T2DM and CKD.
Plasma Zo measurement showed an increased level in twenty patients with T2DM-CKD compared
to twenty healthy subjects. Furthermore, plasma Zo levels were positively correlated with
lipopolysaccharide (LPS) endotoxin levels in the patient group [29]. In a case—control study, Ficek et
al. investigated 150 hemodialysis patients and 30 healthy subjects for intestinal permeability and
inflammation. Interestingly, plasma Zo levels were higher in hemodialysis patients compared to the
control groups, but there was no correlation between Zo levels and plasma IL6, TNFa, LPS, and d-
lactates [31]. Additionally, Lukaszyk et al. showed that plasma Zo levels were similar in CKD patients
with and without inflammation [10]. On the other hand, in the study of $irin et al., there was a
significant positive correlation between plasma Zo levels and IL-6 in patients with diabetic kidney
disease [26]. In light of all these data, in the present study, as acute inflammatory conditions were
excluded, I1-6 levels were similar between the patient and control groups, as expected. However,
plasma Zo level was positively correlated with I1-6 in the whole-group analysis. We believe that this
is important in terms of showing that an increase in Zo levels may lead to inflammatory processes.

The endothelium is a crucial factor that plays a role in maintaining vascular wall tone, integrity,
and structure. ED may occur over time in CKD patients secondary to increased uremic toxins and
proinflammatory cytokines [32]. In the literature, there are a few studies investigating the
relationship between VCAM-1, which can be used as an ED indicator, and circulating Zo. In a cross-
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sectional study conducted by Ntlahla et al., the relationship between gut permeability and ED
markers was evaluated in 151 South African youth. Interestingly, plasma zonulin levels negatively
associated with ADMA but positively associated with NO in males [33]. In a case-control study,
Loffredo et al. investigated the relationship between plasma Zo levels and NADPH oxidase-2
activation in patients with coronary microvascular angina. Plasma Zo level was a significant
predictor of elevated NADPH oxidase-2 activation in multiple linear regression analysis [34]. In light
of these data, we investigated the relationship between plasma Zo level and VCAM-1, which is
considered an ED marker, and there was no significant correlation between these two biomarkers. To
the best of our knowledge, this is the first study to evaluate the relationship between Zo with VCAM-
1 in patients with CKD stage 3-5 not on dialysis. Our findings showed the need to elucidate the
relationship between Zo and ED in patients with CKD.

The strength of this study is that the relationship between plasma Zo levels and many different
paradigms (renal function, SI, and ED) was evaluated together. The present study has several
limitations: First, the results from this study should be generalized with caution, as it was conducted
at a single center. Second, as the design of our study was cross-sectional, it does not allow us to make
a strong causal inference between Zo and CKD. Third, the uremic toxin analysis of the patients could
not be evaluated. Fourth, due to the cross-sectional study design, the mechanistic relationship
between Zo and renal function and between SI and ED cannot be fully assessed. Lastly, ED was
evaluated using biomarkers, and imaging methods showing morphological change could not be
used.

5. Conclusions

In conclusion, our results suggest that a high Zo level is independently associated with impaired
renal function in patients with CKD stage 3-5 not on dialysis. Furthermore, Zo might be associated
with SI but not with ED markers. Therefore, checking the serum Zo levels in patients with CKD stage
3-5 not on dialysis seems to be a useful guide for assessing renal function and inflammation.
However, prospective, randomized controlled trials are needed to improve our findings.
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