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Introduction: There is a dispute as to whether patients with psoriasis have impaired kidney function. We aimed to assess several recognized
and experimental markers of glomerular filtration and tubular function in such patients to find out whether they have decreased kidney function.
Methods: The study involved 60 patients with psoriasis and 30 volunteers without dermatoses. The following molecules were
analyzed by ELISA: serum creatinine, cystatin C, beta-trace protein, albumins, uromodulin; urinary albumins, cystatin C, alpha-
1-microglobulin, beta-2-microglobulin, uromodulin, klotho, and fatty acid-binding protein 1, and nephrin.

Results: The following absolute values of markers concentrations were measured in patients, respectively: serum-1.13 (0.6-1.9)mg/dl,
4.511 (2.356-10.31)mg/l, 19.8 (2.8-48)ng/mL, 4.2 (1.9-8.85)g/dl, 212.3 (32.35-583.9)ng/mL, urine-5 (3-39)g/dl, 24096 (79.94—
99020)ng/mL, 0.9342 (0.2088-6.213)ng/mL, 22.65 (0.85-105.8)ng/mL, 6.388 (0.8960-15.94)ng/mL, 0.08 (0.002—-0.387)ng/mL, 1.773
(1.706-2.146)ng/mL, 0.128 (0.095-0.298)ng/mL. The patients had significantly lower serum albumin concentration (p<0.001) and
higher urinary albumin (p<0.05), significantly higher serum cystatin C (p<0.01), and absolute urinary nephrin (p<0.05). There was no
difference between patients and controls in terms of serum creatinine or beta trace protein concentration (p>0.05). There were no
significant differences in the concentration of the tubular markers (urinary cystatin C, alpha-1-microglobulin, beta-2-microglobulin,
klotho, and fatty acid-binding protein 1) between patients and controls, except for serum and urinary uromodulin, which were
significantly lower in patients (p<0.01, p<0.001, respectively). We found no significant correlations between the investigated markers’
concentration and clinical or demographic parameters (p>0.05).

Discussion: Despite the differences between patients and controls in terms of glomerular filtration markers, the median values of markers’
concentration were within normal limits. Based on the assessment of the markers, it does not seem that impaired glomerular and tubular function
occurs more frequently in patients with psoriasis. Nevertheless, due to the higher prevalence of diabetes mellitus and arterial hypertension in
psoriatics and nephrotoxic properties of antipsoriatic drugs — caution must be exercised and easy screening tools should be considered.
Keywords: psoriasis, glomerular function, tubular function, creatinine, albumin, cystatin C, uromodulin, fatty acid-binding protein 1

Introduction

Psoriasis is a frequent, chronic and incurable skin disease that is an important medical, social, and economic burden.'
Psoriasis is characterized by wide comorbidity, especially associated with arthritis and cardiometabolic disorders, but
there are several other accompanying diseases.” There are many studies investigating a potentially increased risk of
kidney disease in patients with psoriasis and it has been reported that patients with psoriasis have a 4.37 times higher risk
of death due to kidney diseases than controls.> > However, it is a matter of debate whether it is due to psoriasis itself or to

other accompanying factors.
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Patients with psoriasis have been reported to have kidney dysfunction due to several reasons. First, they suffer more
often from diabetes mellitus and arterial hypertension, which are known to exert damage to the kidneys %. Secondly, there
are immunological disturbances in psoriasis that can also affect kidney function; they are especially attributed to IL17A
and TNFa, which are central cytokines in the pathogenesis of psoriasis but also are implicated in diabetic nephropathy,
glomerulonephritis or nephrotic syndrome.® Lastly, some of the systemic antipsoriatic agents can influence kidneys,
such as methotrexate and cyclosporin A.'*!'" In case of methotrexate, it is attributed to its precipitation or its metabolites
in the renal tubules, as well as its direct damage to the tubular cells.'? Cyclosporin A, on the other hand, can trigger either
acute or chronic nephrotoxicity, which is also dose- and therapy duration-dependent. An acute injury is related to the
afferent arteriole constriction and hemodynamic dysfunction, whereas the chronic occurs due to chronic hypoperfusion
and subsequent architectural alterations due to vasoconstriction.'?

We decided to conduct a study on kidney function in patients with psoriasis and we divided our experiment into two
parts: first, regarding glomerular filtration, and the other, regarding tubular function.

There are several molecules that could serve as the markers of glomeruli function, and the ideal marker should be only filtered
but not secreted or reabsorbed by the tubules;'* or these could be molecules associated with the podocyte membrane integrity.'*

Serum creatinine is probably the most widely used glomerular filtration rate (GFR) marker.'> Creatinine originates
from creatine, which is the product of muscle metabolism.'® Creatinine serum level depends on several factors, such as
sex, muscle mass, diet, and hydration of a subject.'”"'® There are several mathematical formulas allowing for counting the
GFR based on serum creatinine concentration. One of the disadvantages of the use of creatinine for GFR assessment is
that its significant, measurable elevation occurs only when more than half of the active nephrons are damaged.'®

Serum cystatin C (Cys-C) is another known marker of GFR, considered more reliable than creatinine,'” however less
widely used due to its higher price.'® Cys-C is secreted by nucleated cells,'® and it undergoes filtration in glomeruli.'”
Contrary to creatinine, Cys-C is more sensitive and is not dependent on gender, age, or muscle mass.'®

Serum beta-trace protein (BTP; lipocalin prostaglandin D2 synthase, L-PDS) is a new suggested marker of GFR."’
Due to its large molecule, it is only filtered in glomeruli, catabolized in tubules, and not secreted.'>'? It seems to be more
sensitive than creatinine, however with regard to Cys-C, the scientists argue which one is a more reliable marker.*

Nephrin is a podocyte-specific marker. Its content becomes elevated in the urine when the integrity of the glomerular
barrier is compromised.?' Nephrinuria is positively correlated with proteinuria and the severity of podocyte injury.”!

Albuminuria is the content of albumin in the urine. Under normal circumstances, the daily excretion of albumins is
less than 30 mg, whereas the albumin-to-creatinine ratio (ACR) is less than 30 mg/g.*!

There have also been several markers of renal tubular function described. Their assessment in urine may contribute to
the diagnosis of reabsorption impairment.

Cystatin C, as mentioned, is filtered in glomeruli, and then reabsorbed and catabolized, so normally only small
amounts are found in urine.*> Urinary concentration of Cys-C may mirror the reabsorption in the proximal tubules.”
Increased urinary Cys-C suggests decreased reabsorption.”?

Serum and urinary uromodulin (Tamm-Horsfall protein) are the markers of the remaining nephron number.****
Uromodulin is a glycoprotein that is synthesized in the tubular cells.?* Studies have shown that a decreased concentration
of uromodulin, both in serum and urine, indicates a reduced number of nephrons.>* Plasma uromodulin concentrations
are much lower than those in the urine.”

Alpha-1-microglobulin (AIM) is a glycoprotein from the lipocalin superfamily, produced in the liver.>® Similar to
cystatin C, it is a marker of proximal tubules dysfunction and its levels increase in the urine of such patients.”

Beta-2-microglobulin (B2M) is the product of the cellular membrane turnover and is filtered in the glomeruli and then
reabsorbed in the proximal tubules, hence, an increase in urinary B2M may indicate tubular abnormalities.*

Fatty acid-binding protein 1 (FABP1), also known as liver FABP (L-FABP), plays a role in synthesizing, binding, and
transporting long-chain fatty acids, and it also has antioxidant properties. While primarily found in hepatocytes, it can
also be present in the intestines and kidneys. Elevated levels of FABP-1 may indicate kidney or lung injury, and it can
serve as a predictor for nonalcoholic fatty liver disease (NAFLD).?’

Klotho is a protein synthesized by the epithelial cells of renal tubules. It has been shown that decreased concentrations
of Klotho in serum or urine are associated with tubular injury and chronic kidney disease development.?®
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Table | The Summary of the Analyzed Markers

Glomerular Function Markers

Tubular Function Markers

Serum creatinine

Urinary cystatin C

Serum cystatin C

Urinary alpha- |-microglobulin,

Serum beta-trace protein

Urinary fatty acid-binding protein |

Urinary albumins

Urinary klotho

Urinary nephrin

Urinary beta-2-microglobulin

Serum uromodulin

Urinary uromodulin

Our aim was to assess the glomeruli and tubular function in patients with psoriasis based on the measurement of glomeruli and
tubular function biomarkers, both already recognized, and experimental, in the serum or urine of patients with psoriasis (Table 1).

Materials and Methods
Ethical Approval

The study was conducted in accordance with the principles of the Helsinki Declaration and approved by the Ethics
Committee of the Medical University of Bialystok, Poland, no APK.002.19.2020. All participants gave informed written
consent before they were enrolled in the study.

Samples Collection

The study group was composed of 60 patients with psoriasis vulgaris, plaque subtype, diagnosed by a dermatologist, whereas the
control group consisted of 30 volunteers without dermatoses, who claimed a negative family history of psoriasis, matched with
the study group by sex, age, and body mass index (BMI). All subjects denied a history of any kidney function disorders. They all
were of the same ethnicity (Caucasian) and came from a similar geographical area. Individuals who were under the age of 18
years, pregnant, breastfeeding, who had other variants of psoriasis, malignant neoplasms, diabetes mellitus, arterial hypertension,
and who received systemic antipsoriatic drugs or other agents of recognized nephrotoxic potential for 3 months prior to
enrollment, were excluded from the experiment. Only a few subjects used to take diuretics ad hoc. Other patients did not take
any drugs that could influence kidney function. The Psoriasis Activity and Severity Index (PASI) was used to assess the skin
lesions’ severity; every patient was evaluated by the same doctor. At the beginning of the study, participants’ fasting venous blood
samples and first morning mid-stream urine samples were collected. Blood was centrifuged for 15 minutes at 1000g to obtain
serum. Urine was centrifuged for 10 minutes at 2000g. The biological material was stored at —80°C until tested. Biomarkers of
glomeruli and tubular function were analyzed in serum or urine by the enzyme-linked immunosorbent assay (ELISA) every time
by the same person in the same laboratory. The following molecules were analyzed in serum using the kits provided by the
CloudClone®: creatinine (CEV806Ge), cystatin C (SEA896Hu), beta-trace protein (SEA724Hu), albumins (CEB028Hu), and
uromodulin (SEG918Hu). The analyzed urinary biomarkers included albumins, nephrin (AEA937Hu), creatinine, cystatin C,
alpha-1-microglobulin (SEA217Hu), beta-2-microglobulin (SEA260Hu), uromodulin, klotho (SEH757Hu), and fatty acid-
binding protein 1 (SEBS66Hu).

First, we examined the GFR classically with the creatinine concentration using the Cockcroft-Gault formula,
subsequently, we presented the data on less commonly used glomerular function markers. In the Cockroft-Gault formula,
the following parameters are taken into consideration: sex, age, creatinine concentration, and weight. It provides a better
insight into subjects who take medications whose dosing depends on kidney function. However, it is not recommended in
children, patients with abnormal (too low or too high) muscle mass, or in pregnant women.*

Patients were divided into subgroups based on several clinical parameters, including psoriasis severity, sex, and disease
duration. Mild psoriasis was defined as PASI<10 (PASI I), moderate — PASI 10-20 (PASI II), severe psoriasis — PASI>20
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(PASI III). Short-lasting psoriasis was defined as less than 15 years, long-lasting as longer than 15 years. Correlations between
the concentrations of all markers and the aforementioned clinical parameters.

Statistical Analysis

The data following a normal distribution were expressed as the mean = standard deviation (SD) and evaluated through one-
way analysis of variance (ANOVA). Tukey’s HSD test was applied to determine the significance between specific groups.
Non-normally distributed data were presented as the median (range) and analyzed using the non-parametric Kruskal—Wallis
test. Comparisons between patients with psoriasis and the control group were performed with either the Student’s #-test or the
non-parametric Mann—Whitney test. Correlations between the studied parameters were assessed using Spearman’s rank
correlation test. Statistical significance was defined as a p-value below 0.05. All analyses were conducted using GraphPad
Prism version 9.4 (LaJolla, California, USA).

Results
60 patients with psoriasis and 30 controls were compared. There was no statistically significant difference between

patients and controls in terms of age, gender, or BMI (Table 2). The table also shows the median concentrations of
markers (Table 2).

Table 2 Basic Characteristics of Patients and Controls

Parameter Controls (n=30) Patients (n=60) p value
Sex (M/F) 20/10 41/19 >0.05
Age [years] 48+2.4 50+2 >0.05
BMI 25.8+0.78 27.5.£0.4 >0.05
PASI N/A 14.55 (3.0-53.7) N/A
Serum creatinine [mg/dl] I.11 (0.65-1.67) 1.13 (0.6-1.9) >0.05
GFR [mL/min] 86.51 103.53 <0.05
Cystatin C serum [mg/I] 3.872 (2.385-5.743) 4511 (2.356-10.31) <0.01
Beta trace protein [ng/mL] 24.5 (2.2-37.5) 19.8 (2.8-48) >0.05
Albumin serum [g/dl] 4.94 (3.4-9.12) 4.2 (1.9-8.85) <0.001
Albumin urine [g/dl] 4 (2-16) 5(3-39) <0.05
ACR 5.472 (1.471-42.86) 6.616 (1.63-52.73) >0.05
Nephrin urine [ng/mL] 0.127 (0.017-0.17) 0.128 (0.095-0.298) <0.05
Nephrin/creatinine urine [ng/mL] x107® 5.095 (1.03-94.3) 2.35 (1.02-92.5) >0.05
Cystatin C urine [ng/mL] 23392 (1372-78,520) | 24,096 (79.94-99,020) | >0.05
Uromodulin urine [ng/mL] 8746 (1804-29,138) | 6.388 (0.8960-15.94) | <0.00I
Uromodulin serum [ng/mL] 323.5 (78.35-512.2) 212.3 (32.35-583.9) <0.01
Klotho urine [ng/mL] 0.064 (0.006-0.258) 0.08 (0.002-0.387) >0.05
FABP-1 urine [ng/mL] 1.884 (0.753-2.767) 1.773 (1.706-2.146) >0.05
Beta-2-microglobulin urine [ng/mL] 35.4 (7.1-98.15) 22.65 (0.85-105.8) >0.05
Alpha-|-microglobulin urine [ng/mL] 2.013 (0.0215-4.923) | 0.9342 (0.2088-6.213) | >0.05

Abbreviations: GFR, glomerular filtration rate, ACR, albumin/creatinine ratio.
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Albumin

Patients with psoriasis had significantly lower serum concentration of albumins (p<0.001) and significantly higher
urinary concentration of albumins (p<0.05) compared to controls (Figure 1A and B). Albumin to creatinine ratio
(ACR) was higher, although statistically insignificantly, among patients (Figure 1C). Nevertheless, according to the
usual normal limits used (3.5-5 g/dl for serum albumin, <30 mg/g for ACR), both patients and controls had normal
median serum albumins and ACR. We did not find any correlations between serum or urinary albumin and psoriasis
severity or duration (Figure 1D).

Cystatin C

Median serum Cys-C concentration was significantly higher in patients compared to controls (p<0.01) (Figure 2a).
According to the normal limits of serum Cys-C (0.53-0.95 mg/l), both patients and controls had increased Cys-C
concentration. The higher the psoriasis severity in PASI, the higher serum Cys-C concentration, however there were no
clear significant differences between the groups (Figure 2b). In patients who have suffered from psoriasis for more than
15 years, the median serum Cys-C concentration was higher, although statistically insignificantly, than in patients with
a shorter history of psoriasis (Figure 2¢). Based on Spearman correlations, there was no direct correlation between Cys-C
concentration and age, BMI, psoriasis severity or duration (Figure 2d).
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Figure 1 Albumins concentration in patients compared to controls in serum (A), and urine (B); albumin to creatinine ratio — ACR in patients compared to controls (C);
correlations between urinary albumins and clinical demographic parameters (D). */*** means a statistically significant difference between patients and controls with p<0.05/0.001.
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Figure 2 Cystatin C concentration in serum of patients compared to controls (a), based on PASI division (b) and based on duration division (c); correlations between serum
cystatin C and clinical and demographic parameters (d). **/*** means a statistically significant difference between patients and controls with p<0.01/0.001.
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Beta-Trace Protein

There was no statistically significant difference in median BTP serum concentration between patients and controls
(Figure 3a, p>0.05). Taking into account the normal range of BTP in serum (0.37-0.7 mg/l), both patients and controls
had decreased median BTP concentration. Moreover, there was no statistically significant difference in BTP serum
concentration after the division of patients based on psoriasis severity or duration (Figure 3b and c; p>0.05). There was
also no direct correlation between BTP concentration and age, BMI, psoriasis severity, or duration (Figure 3d).

Nephrin

The median absolute urinary concentration of nephrin was significantly higher in patients than in controls (p<0.05,
Figure 4a), but to obtain objectivity of the assessment, we also counted the urinary nephrin to creatinine ratio, which was
similar in both groups (p>0.05)(Figure 4b). There was no statistically significant difference between particular psoriasis
severity subgroups (Figure 4c), as well as no correlation between clinical parameters and demographic (Figure 4d and e).

Urinary Cystatin C
Urinary Cys-C concentration was insignificantly different between patients and controls (p>0.05, Figure 5a). After the division of
patients into subgroups according to PASI, there were no statistically significant differences in Cys-C concentrations in each
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Figure 3 Beta-trace protein concentration in

serum of patients compared to controls (a), based on PASI division (b) and based on duration division (c); correlations
between serum beta-trace protein and clinical and demographic parameters (d).
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Figure 4 Nephrin urinary concentration in patients compared to controls: absolute (a), nephrin to urinary creatinine ratio (b), based on PASI division (c), and based on
duration division (d); correlations between urinary nephrin and clinical and demographic parameters (e). * means a statistically significant difference between patients and
controls with p<0.05.
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Figure 5 Urinary cystatin C and FABPI concentrations: (a and d) - absolute concentration in patients compared to controls, (b and e) - concentrations after the division of
patients into subgroups according to PASI, (c and f) — correlations between markers’ concentration and several clinical and demographic parameters.

subgroup (Figure 5b), nor when patients were divided into subgroups who suffered from psoriasis more or less than 15 years
(data not shown). We found no significant correlations between urinary Cys-C concentration and clinical parameters (Figure 5c).

Fatty Acid-Binding Protein |

FABP1 urinary concentration was insignificantly different between patients and controls (p>0.05, Figure 5d). After the
division of patients into subgroups according to PASI, there were no differences in FABP1 concentrations (Figure 5e),
neither when patients were divided into subgroups who suffered from psoriasis more or less than 15 years (data not

shown). We found no significant correlations between urinary FABP1 concentration and clinical or demographic
parameters (Figure 51).

Serum and Urinary Uromodulin

Serum uromodulin concentration was significantly lower in patients than in controls (p<0.01, Figure 6a), similar to
urinary concentration (p<0.001, Figure 6d). After the division of patients into subgroups according to PASI, there were
no significant differences in serum or urinary uromodulin concentrations between each subgroup (Figure 6b and e),
neither when patients were divided into subgroups who suffered from psoriasis more or less than 15 years (data not

shown). We found no significant correlations between urinary or serum uromodulin concentration and clinical or
demographic parameters (Figure 6¢ and f).
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Figure 6 Serum (a-c) and urinary (d-f) uromodulin concentrations in patients compared to controls: (a and d) - absolute concentration in patients compared to controls,
(b and e) - concentrations after the division of patients into subgroups according to PASI, (c and f) — correlations between markers’ concentration and several clinical and
demographic parameters. */**/*** means statistically significant difference with p<0.05/0.01/0.001, respectively.

Alpha- | -Microglobulin

A1IM urinary concentration was insignificantly different between patients and controls (p>0.05, Figure 7a). After the
division of patients into subgroups according to PASI, there were no differences in A1M concentrations (Figure 7b),
neither when patients were divided into subgroups who suffered from psoriasis more or less than 15 years (data not
shown). We found no significant correlations between A1M concentration and clinical parameters (Figure 7c¢).

Beta-2-Microglobulin

B2M urinary concentration was insignificantly different between patients and controls (p>0.05, Figure 7d). After the
division of patients into subgroups according to PASI, there were no significant differences in B2M concentrations
between the subgroups (Figure 7e), neither when patients were divided into subgroups who suffered from psoriasis more

or less than 15 years (data not shown). We found no significant correlations between urinary B2M concentration and
clinical and demographic parameters (Figure 7f).

Klotho

Klotho urinary concentration was insignificantly different between patients and controls (p>0.05, Figure 8a). After the
division of patients into subgroups according to PASI, there were no significant differences in klotho concentrations
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Figure 7 Urinary alpha-I-microglobulin (a-c) and beta-2-microglobulin (d-f) concentration: (a and d) - absolute concentration in patients compared to controls, (b and e) -
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between the subgroups (Figure 8b), neither when patients were divided into subgroups who suffered from psoriasis more
or less than 15 years (data not shown). We found no significant correlations between urinary klotho concentration and
clinical or demographic parameters (Figure 8c).

All the investigated markers have also not been associated with patients’ sex (p>0.05).

Discussion

We aimed to assess the glomerular filtration and tubular function in patients with psoriasis and managed to find that
patients with psoriasis had significantly different results regarding the glomerular function compared to the controls,
nevertheless, in some instances, markers’ concentrations remained within normal limits adjusted to our population and
geographical location. We also studied seven markers of tubular function and, to the best of our knowledge, we were the
first to analyze all of them in serum and urine in this specific group of patients. Based on the presented results, psoriasis
itself does not seem to promote renal tubular dysfunction more frequently compared to subjects without dermatoses.

The association between kidney disease and psoriasis still remains uncertain and studies bring inconsistent results.>*' The
difficulty in the discussion of our findings in comparison with others is that not enough studies focus on particular laboratory
abnormalities, presenting only the incidence or risk of chronic kidney disease instead.’®*' As for the reports on particular
markers, probably the most investigated marker of glomeruli function among psoriasis is creatinine, but there are also reports
about albuminuria. The results of available studies are somewhat contradictory. In several experiments, there were no major
differences between patients with psoriasis and controls that could indicate kidney impairment independently of the
comorbidities.** >* In several other studies, if any abnormality was found, it was microalbuminuria.>> >’

In this experiment, we used recognized, as well as less commonly used markers of glomerular filtration, in order to
see if patients with psoriasis are at risk of glomerular dysfunction.

In our study, the serum creatinine concentration was within normal limits, both in patients, and controls, and did not
differ significantly between the groups. Moreover, the GFR counted based on serum creatinine concentration was even
higher in patients than controls — contrary to the creatinine levels. Cassano et al found significantly higher serum
creatinine concentration in patients than in controls but without difference when it came to GFR; moreover, both in
patients and controls, these concentrations were still within normal limits.>! Nevertheless, scientists and doctors under-
line that creatinine clearance is not a perfect tool for GFR assessment due to many variables influencing its concentration.
The choice of a particular substance and algorithm for calculations may explain these discrepancies then. This is why
newer markers have been suggested however, their use in daily clinical practice is limited due to financial reasons.

Another GFR marker, which is considered more reliable and not confounded by many factors, namely Cys-C, was elevated
both in patients and controls, but significantly higher in patients compared to controls, which could indicate more probable
glomerular dysfunction in patients with psoriasis. However the concentrations of Cys-C tended to be higher in more severe
psoriasis and longer duration of the disease, there were no significant differences between the subgroups to draw clear
conclusions. Cys-C had been assessed in patients with psoriasis earlier but only in one study and in terms of the atherosclerosis
risk, not the glomerular filtration. Its concentration was higher in patients than controls.*® Nevertheless, atherosclerosis is
associated with diabetes mellitus and arterial hypertension, which are obviously risk factors for kidney damage.

Another molecule suggested as GFR marker is BTP. In our study, there was no statistically significant difference between
patients and controls in terms of its concentration, also with regard to psoriasis severity. To the best of our knowledge, BTP had
never been assessed in the serum of patients with psoriasis before, so we have no data for comparison.

We also investigated the albumins in serum, as well as in urine. We observed normal serum albumin concentration,
however much lower in patients with psoriasis. Patients had also higher albuminuria but ACR was within normal limits.
In the study by Kaftan et al skin lesions severity and dissemination were associated with microalbuminuria,*? however
we did not share this finding. Three other studies documented increased albuminuria in patients with psoriasis than
controls.*> 7 On the other hand, Cassano et al did not notice significantly higher urinary albumin excretion in patients.>*

The last glomerular function marker that we analyzed was nephrin. Inflammatory cytokines (whose concentration is
known to be increased in psoriasis) have been found to induce podocyte injury,'* so it seems probable that the podocyte
membrane in psoriatic subjects could be compromised. Although in our experiment the absolute urinary concentration of
nephrin was significantly higher in patients than in controls, when calculated per urinary creatinine, it was not significantly
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different. Nephrin was also not associated with psoriasis severity or duration Based on our results, the integrity of the podocyte
membrane in patients with psoriasis seems to be intact. We are not aware of any other reports of nephrin assessed in the group
of patients with psoriasis, however Ren et al conducted an experiment on mice with induced psoriasis and studied another
podocyte marker — podocin. Its expression was decreased in glomeruli after the induction of psoriasis.'*

Uromodulin plays a multifaceted role in kidney health and disease. Besides renal disease, it is involved in urinary
tract defense, blood pressure regulation, and salt handling.**° Its levels reflect kidney function and tubular integrity, and
it has potential as an early marker for kidney injury in both kidney diseases and systemic inflammatory conditions.
Uromodulin has never been studied in patients with psoriasis before, neither in serum nor in urine. In our experiment, we
noticed significantly lower uromodulin concentration in both fluids, which may indicate a decreased nephron number.
Psoriasis severity or duration did not affect uromodulin concentration, hence not the alleged tubular dysfunction.

Albeit there were significant differences in uromodulin concentrations between patients and controls, all other
investigated markers indicate otherwise — no influence of psoriasis on tubular function. Hence, this matter requires
future investigations. Decreased concentrations of uromodulin could also be potentially affected by the salt and protein
intake or levels of antidiuretic hormone.>> Moreover, the fact that urinary excretion of uromodulin is known to fluctuate
and be highly variable between subjects,” makes the results difficult to interpret.

Cys-C concentration in serum is considered a reliable marker of GFR, and in urine — a marker of tubular injury.'”*
Besides, Cys-C has been studied in metabolic disorders, such as diabetes mellitus, obesity, or NAFLD,*' ™ and in the field of
oncology and neurodegenerative disorders.**** In our study, we did not notice any significant differences in urinary Cys-C
concentration between patients with psoriasis and controls, also with regard to clinical and demographic parameters.

FABP-1 plays a significant role in lipid metabolism, cellular signaling, and the regulation of energy homeostasis. It
has been implicated in a variety of diseases, including metabolic disorders (such as NAFLD and insulin resistance),

4647 EABP-1 has never been studied in psoriatic

cardiovascular diseases, renal dysfunction, and inflammatory diseases.
urine, but it had been analyzed earlier in psoriatic sera by the members of our team. Its serum concentration was
significantly elevated compared to subjects without dermatoses, however there was no correlation with PASL.*® Increased
serum FABP-1 in patients with psoriasis has been linked rather with metabolic syndrome, however we must take into
account that patients suffering from its components (especially diabetes mellitus and arterial hypertension) are at risk of
renal complications. In this experiment, there were no significant differences in urinary FABP-1 concentrations between
patients with psoriasis and controls.

A1M is used as a biomarker in the field of renal, cardiovascular, autoimmune, and oncologic diseases. Besides kidney
dysfunction, it has been explored as a marker for cancer progression and cardiovascular diseases.*”>° Currently, there
appears to be limited or no direct research specifically connecting urinary A1M to psoriasis. A1M has never been directly
studied in this dermatosis however, A1M gene has been documented to be upregulated in the non-lesional skin of such
patients, hence thought to be associated with apoptosis and decreased proliferation®"* but no reflections with regards to
kidney impairment were made. In our experiment, there were no significant differences in A1M concentrations in urine
between patients with psoriasis and controls, nor correlations with clinical parameters, such as psoriasis severity or
duration, and demographics.

B2M is a versatile biomarker with roles in kidney disease, hematologic malignancies, inflammatory conditions,
infections, and neurological diseases.”®>° Its levels are often reflective of disease activity, immune system activation, and
organ dysfunction. Elevated B2M levels can provide important insights into disease prognosis, particularly in renal
diseases, autoimmune disorders, and certain cancers. It is especially valuable in monitoring chronic kidney disease,
dialysis-related amyloidosis,”” multiple myeloma,> and HIV infection.> B2M has already been studied in patients with
psoriasis, but only in the blood.>® Its concentration was higher among patients with more severe psoriasis (PASI>10) and
correlated with this index.”® We did not observe an analogous finding in psoriatic patients’ urine, since there were no
significant differences in B2M concentrations in urine between patients and controls, nor a correlation with psoriasis
characteristics. However classic markers, both A1M and B2M may be considered to underestimate tubular dysfunction.?

Klotho is a multifunctional protein that plays a vital role not only in kidney function but also in cardiovascular diseases,
metabolic regulation, and aging.”® °' Similar to all above-mentioned markers, klotho has never been analyzed in psoriatics as
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well, except for one study in which immunohistochemical staining showed B-klotho to be highly expressed in the macro-
phages infiltrating the dermis of psoriatic plaques,®® and no references to kidney functions were made.

The absence of a correlation between psoriasis severity and all analyzed markers suggests that systemic inflammation
associated with psoriasis may not have a significant impact on renal function. This could imply that, while psoriasis is
a chronic inflammatory disease, it does not necessarily cause or exacerbate renal damage, at least not in a measurable
way by the markers that are commonly used in this indication.

Scientists underline the need for a kidney biopsy to get insight into the origin of kidney dysfunction however it is very
difficult to conduct in a real-life setting. Nevertheless, in one study, a few subjects underwent a kidney biopsy, which
revealed mesangioproliferative glomerulonephritis with IgA nephropathy, focal proliferative glomerulonephritis, or
membranous glomerulonephropathy in the majority of cases.®®

The matter of early screening for kidney disorders is not that common in daily dermatological practice. However,
there are some existing guidelines that cover this area, for instance, the ones created by the National Psoriasis Foundation
and the American Academy of Dermatology. They advise on the assessment of serum creatinine, urea, and albuminuria in
psoriatic patients.” However, in patients who are especially treated with methotrexate and cyclosporin A, it is advised to
measure the creatinine concentration and perform urinalysis before the treatment and during the therapy, at the beginning
usually every month, then every one or two months. The guidelines on these examinations in patients treated with
biologics differ between the drugs and countries.®* In our opinion, simple measures, such as creatinine concentration and
urinalysis, are feasible to perform in routine dermatological practice, for instance, once a year in individuals with yet
unrecognized disease. The cost-effectiveness of several kidney disorders has been studied, especially chronic kidney
disease, considering that such diseases are associated with high morbidity and mortality. Cost-effectiveness has been
proven for subjects with diabetes mellitus and arterial hypertension, however the data regarding other specific groups of
patients are conflicting since their prevalence and costs of screening have to be analyzed.®>¢¢

To conclude, in our experiment, the majority of markers were significantly different between patients and controls,
suggesting glomeruli dysfunction, but, at the same time, they were within normal limits. Hence, we cannot state at this
moment that glomerular filtration disturbances are more prevalent in psoriatics. Similar observations were made by other
scientists but still, we were probably the first to examine BTP, Cys-C and nephrin in patients with psoriasis, so further
studies are needed to obtain deeper insight into this matter. We also did not find meaningful differences regarding the
tubular function markers, which have been studied for the first time in patients with psoriasis.

In this paper, we excluded patients who suffer from diabetes mellitus and arterial hypertension, as well as those
receiving systemic antipsoriatic drugs or analgesics, hence in real life, the number of patients with kidney complications
could actually be higher.

The main limitation is the relatively low number of participants and the lack of kidney imaging tests. Moreover, in
case of the tubular markers, a limitation of our considerations may be the fact that there are no reference values for these
markers, which makes our observation somewhat difficult to interpret. It is also worth noting that normal limits for
laboratory tests may vary between different geographical locations or racial groups.®” Another limitation could be that

several patients used to take diuretics ad hoc.

Conclusions

Based on the measurement of several recognized and experimental glomerular and tubular function markers, patients
with psoriasis do not seem to be at increased risk of kidney complications. However, we must take into account that
patients who take nephrotoxic antipsoriatic drugs, and who suffer from common psoriatic comorbidities, namely diabetes
mellitus and arterial hypertension, are usually not included in studies, whereas these factors can increase the risk of
kidney damage. Therefore, caution must be taken, and perhaps it would be wise to screen psoriatic patients periodically,
at least for serum creatinine, or perform urinalysis, even in those who do not receive systemic treatment. Close
monitoring should be exercised in case of existing comorbidities because the actual number of psoriatic patients with
renal complications may be higher in a real-life setting.
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