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ARTICLEINFO ABSTRACT
Keywords: Chronic kidney disease (CKD) is a worldwide epidemic that impacts about 10% of the population globally. CKD is
Chronic kidney disease associated with high levels of blood inflammatory markers. This study aimed to examine the role of inflammation in

Proinflammatory cytokines CKD patients by monitoring changes in inflammatory biomarkers. The samples were taken from 30 CKD individuals and

30 healthy individuals. Kidney function parameters, haemoglobin (Hb) content, electrolytes, and ferritin levels were
colourimetrically assessed in serum using a spectrophotometer. Nuclear factor- kappa B (NF-kB), tumour necrosis
factor (TNF)-a, interleukin (IL)-6, kidney injury marker (KIM)-1, and monocyte chemoattractant protein (MCP)-1 were
measured using enzyme-linked immunosorbent assay. Creatinine, urea, ferritin, KIM-1, NF-kB, TNF-q, IL-6, and MCP-1
increased significantly in the serum of CKD patients compared to healthy individuals. Hb content and estimated
glomerular filtration rate declined remarkably in CKD individuals compared to normal subjects. In conclusion, the
current study confirmed the role of inflammation in CKD and hence, targeting certain inflammatory pathways may
improve the health outcomes.

Inflammation
Innate immune system

1. Introduction

Kidney failure is a case where one kidney or the two cannot work efficiently. This case is called renal failure. Kidney diseases are commonly
classified as chronic or acute disorders. Treatments for chronic kidney disease (CKD) are dialysis or kidney transplantation. CKD is usually attributed
to diabetes, hypertension, cardiovascular disease (CVD), bone disorders, metabolic syndrome, and autoimmune disorders [1]. Continuous kidney
damage for about three months is usually followed by CKD [2]. It has been estimated that 10%-15% of individuals are CKD patients’ worldwide [3].

The immune system has a crucial role in the stimulation and development of the disease by stimulating systemic inflammation [1]. People with
kidney failure have an immune dysfunction thatis responsible for about 30% of CKD deaths. Moreover, the remaining 70% of patients with CKD continue
their life with haemodialysis [4] which stimulates an increase in the inflammatory and immune responses with elevated secretion of pro-inflammatory
cytokines [5]. The first line of defense against pathogens is the innate immune system, which is rapidly stimulated before the adaptive immune system.
The innate immune system makes responses against pathogen-associated molecular patterns, like high-mobility group box1 and adenosine triphosphate
[6]. In CKD, renal necrotic or apoptotic cells release chemotactic factors and damage associated molecular patterns (DAMPs) in the extracellular space,
where PRRs such as toll like receptors (TLRs) and nucleotide-binding and oligomerization domain (NOD)-like receptors (NLRs) on innate immune cells
recognize them. Subsequently, inflammatory mediators are released and more immune cells are activated with subsequent kidney pathogenesis [7].
The principal elements of the innate immunity that participate in kidney disease development are TLRs, dendritic cells, polymorphonuclear leukocytes,
complement system, macrophages, monocytes, natural killer cells, and leukocytes [1].

It has been reported that the relationship between the immune system and kidney function is a reciprocal relationship, which means that immune
system disorder leads to many kidney diseases and in turn renal deterioration can affect the immune system. As a result of CKD, kidney structure is
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damaged leading to protein excretion from the patient's body, which has a pivotal role in immune function. Subsequently, the excretion of proteins
limits the active ingredients for making enzymes and antibodies involved in the immune system. In addition to the loss of proteins, the increase of toxins
in the body ascribed with kidney damage was proven in many cases [1]. These substances harm body organs and can affect the immune system. For
instance, these toxins can interfere with bone marrow proliferation, a vital organ in the immune system [8]. Moreover, anaemia, which is a conjoint
problem of CKD, is due to bone marrow deterioration [9].

Active mononuclear phagocyte cells associated with kidney injury secret free radicals and inflammatory mediators such as interferon (IFN)-y and
interleukin (IL)-6. The previous mediators were proven to accelerate inflammation by activating other immune cells at the site of injury [10]. Nuclear
factor- kappa B (NF-kB) was documented to be found in the cytoplasm of all cell types as a transcription factor. After activation, NF-kB is transported to
the nucleus and exerts a vital effect in regulating of the gene expression of cytokines and adhesion molecules. Moreover, it can control adaptive immunity,
cell growth, cell apoptosis, and ageing [11, 12]. NF-KkB is stimulated by pro-inflammatory cytokines as TNF-a and IL-1 and participates in the formation
of genes of adhesion molecules, chemokines, and cytokines along with promoting B lymphocyte maturation. Furthermore, NF-kB was recognized as a
marker of the inflammatory response [11, 12].

Kidney injury molecule-1 (KIM-1) is a type 1 transmembrane glycoprotein powerfully stimulated by toxic insults and ischemic to the kidney [13,
14]. Studies on animal models suggest that after kidney injury, the acute upregulation of the KIM-1 reveals to be protective, while its chronic
upregulation may cause kidney fibrosis progression [15, 16]. Monocyte chemoattractant protein (MCP)-1, is also considered to be a chemokine ligand
2 (CCL2),which belongs to the extended chemokine family that plays a pivotal role in the mediation of tissue inflammation and innate immune response.
It possesses a remarkable role in kidney-induced inflammation. When it binds to its receptor, it can activate the lymphocytes and the NK cells’ activation,
differentiation, migration, homing, and development, whereas stimulating macrophages’ and monocytes’ infiltration, herewith facilitating the kidney
disease-associated to the inflammation. MCP-1 has made a notable progression in kidney diseases of the primary stage like chronic glomerulonephritis
and secondary renal diseases including; lupus nephritis and diabetic nephropathy [17]. IL-6 is a pro-inflammatory cytokine that has varied physiological
effects so it is recognized as a hormone-like cytokine [18]. In CKD patients, high levels of plasma IL-6 concentrations were observed [5], which is largely
due to chronic inflammation, fluid overload, and oxidative stress. Moreover, the reduced removal of IL-6 due to kidney function defect also contributes
to its accumulation.

TNF-a is an essential player in the innate immune system. Its pro-inflammatory influence leads to stimulation and induction of inflammatory cells
to the injury niche. Although macrophages and monocytes are considered the basic source of TNF-a, the main production of TNF-a via motivated
intrinsic kidney cells seems to be more correlated to renal inflammation [19]. The current study aims to identify the role of immunity in kidney failure
through investigating alterations of some immunological parameters in CKD patients by detecting some inflammatory cytokines and chemokines such
as; TNF-q, IL-6, KIM - 1, and MCP-1. It also investigated proinflammatory transcription factor NF-kB. Changes in Hb content, kidney function biomarkers,
and ions’ balance in relation to immunological deterioration in CKD patients were also investigated.

2. Materials and Methods
2.1. Subjects

The present investigation included 30 healthy people (28 males & 2 females), with a mean age of 43.08+16.60 (20-72 years), 30 kidney disease
patients (19 males & 11 females), with a mean age of 50.92+11.78 (20-66 years). The subjects were collected at Fayoum University Hospital in Fayoum
after obtaining their informed consent. The current research was approved by Fayoum University Supreme Committee for Scientific Research Ethics
(FU-SCSRE) with the approval number (EC 2403). All procedures were carried out using commercially available kits following the instructions provided

by the manufacturer.
2.2. Laboratory examinations

Venous blood samples were acquired and left to clot for 30 min at room temperature before being centrifuged at a speed of 2000 revolutions per
minute at 4°C for 15 minutes. Subsequently, the upper yellowish layer (serum) was stored at -80°C.

2.3. Estimation of kidney function parameters

The concentration of serum creatinine and urea was determined using a quantitative colourimetric method by a Roche modular auto-analyzer
(Tokyo, Japan). The estimated glomerular filteration rate (eGFR) is a derived parameter dependent on serum level of creatinine, age, gender and race,
and is considered as a measure of kidney function. eGFR was calculated based on the following formula (Hsu and Bansal, 2011):

eGFR =175 x (SCr)-1.154 x (age)-0.203 x (0.742 if female) x (1.212 if Black), where SCr = serum creatinine in mg/dL

2.4. Measurement of immunological parameters

Human NF-xB, Human KIM-1, Human MCP-1 were assessed using commercial ELISA Kits (Fine Test, Wuhan Fine Biotech Co., Ltd.; Catalogue No.:
EH3423, EH0210, EH0222 respectively) following the manufacturer's instructions. (IL-6) (Catalogue No.: SEA079Hu) and TNFa (Catalogue No.:
SEA133Hu), were also investigated using ELISA kits (Cloud-Clone Corp.) as per the manufacturer's instructions. The samples’ absorbance was detected
at 450 nm wavelength by using ELISA reader (Awareness Technology Chromate Microplate Reader).
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2.5. Colourimetric assessment of haemoglobin

The colourimetric endpoint cyanmethaemoglobin method [20] was used to assess Hb concentration at 520 - 560 nm wavelength. The whole blood
sample was mixed with EDTA as an anticoagulant. 10 pL of the blood sample was added to 2.5 mL of the working solution. Slight shaking of the mix was
performed to avoid clumping of the erythrocytes. After incubation for 5 minutes at room temperature, the absorbance was measured against the reagent
blank. The following formulae were used to calculate the Hb concentration:

Hb Concentration (g/dl) = Specimen absorbance x 36.7

2.6. Colourimetric assessment of Calcium

A photometric method was used to measure Calcium in serum at 570 nm [21]. Samples were prepared by adding 20 pL of serum sample or standard
to 1.0 mL of reagent blank, mixed, and the standard and samples’ absorbance was measured as regard to the reagent blank from 5 to 30 minutes.
Concentration was calculated according to the following equation: C = (A sample / A standard) x 8 mg/dl

2.7. Assessment of phosphorus using UV - phosphomolybdate method

To measure phosphorus, UV - phosphomolybdate method was used at 340 nm wavelength [22]. 10 pL from each sample, standard and distilled
water was added to 1.0 mL of the reagent, mixed and incubated for 10 minutes at 15 - 25 ° C or 5 minutes at 37° C, then the absorbance of specimen (A
specimen) and standard (A standard) was measured against reagent blank within 30 minutes. Serum phosphorus conc. (mg/dl) = (A specimen/A
standard) x 5

2.8. Colourimetric assessment of Potassium

Potassium concentration was measured using the spectrophotometry method at 380 nm wavelength [23]. Three labelled cuvettes were used
(sample, Calibrator and blank). 1.0 mL of R1 reagent was added to each of them. Then, 25 uL of the sample and Calibrator were added to their respective
cuvettes. All cuvettes were mixed and incubated for 5 minutes at 372C, then 250 pL of R2 reagent was added in each one, mixed, and incubated for 1
minute at 372C and read (A1), mixed again, and incubated for 3 minutes at 372C and read (A2). By using the following formulae Potassium concentration
was calculated.

mmol/L Potassium = ((A2 - A1) Sample/(A2 - A1) Calibrator) x C Calibrator.

2.9. Colourimetric assessment of sodium

Colourimetric method was used for measuring sodium concentration in serum, at the wavelength of 630 nm [24]. 1.0 mL of R2 reagent was added
to 10 uL of the blank, standard, and sample, mixed, and incubated for 5 minutes at room temperature, then the absorbance of the specimen (A specimen)
and standard (A standard) was measured against the blank. Serum sodium conc. = (Absorbance of sample/Absorbance of Standard) x Standard value.

2.10. Colourimetric assessment of Ferritin

Ferritin values were determined photometrically at 540 nm (530 - 550 nm) wavelength [25]. The reagent and spectrophotometer were brought
to 37°C. The instrument was adjusted to zero using distilled water. 400 pL of diluent (R1), 100 pL of latex (R), and 45 pL of calibrator or sample were
added to each cuvette. After mixing, absorbance was measured immediately (A1) and another read was taken 5 minutes later (A2). The absorbance
difference (A2-A1) was calculated for each point of the calibration curve, and the concentration of ferritin in the sample was calculated by the

interpolation of its (A2-A1) in the calibration curve.
2.11. Statistical analyses

Statistical analyses were done using GraphPad PRISM software (version 6.01, USA) using unpaired t test. The results were expressed as mean *
standard deviation (SD) and statistical significance was set at a p-value of less than 0.05 (P < 0.05).

3. Results

Results demonstrating the involvement of immunity in individuals with chronic renal failure are shown by comparing immunological parameters
of CKD patients with control subjects. Table 1 shows the age difference between the subjects of the CKD group and the control group. There was no

remarkable age variation between different groups as shown in Table 1.

Table 1: Age difference between control and CKD groups

Parameter Control (n=30) CKD (n=30) Statistical significance
Age (Mean+SD); Range 43.08+16.60; (20-72) 50.92+11.78; (20-66) Not significant (P > 0.05)
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Kidney patients showed impaired kidney function, as evidenced by a substantial elevation (P < 0.0001) in serum creatinine (Fig. 1-A) and urea

levels (Fig. 1-B) compared to the control group. eGFR (Fig. 1-C) was found to be less than 15 Ml/min/1.73 m2 in CKD groups, while the control group

showed a normal eGFR.
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Fig. 1. Serum levels of creatinine (A) and Urea (B), and eGFR (C) in the healthy group (control) and CKD patients expressed as mean * SD. ****: P <

3.2. Concentration of Calcium and key ions in serum

0.0001 compared to control group.

Differences between control and CKD subjects regarding serum concentrations of Calcium and key ions (Na*, K*, and PO,*") are revealed in Table

).

Table 2: Serum concentrations of Calcium and key ions (Na*, K*, and PO,37) in control and CKD subjects

Parameter Control (n=30) CKD (n=30) Statistical significance
Ca 9.057 £ 0.1092 9.303 £ 0.1882 Not significant
Na* 138.7 £0.3113 132.2+0.4213 oK
K* 3.990 + 0.04324 4518 +£0.1279 ok
P043" 3.573 +0.09588 5.517 £0.3295 ok

Serum concentrations of different ions in control and CKD individuals expressed as mean * SD. ***: P < 0.001 ****: P < 0.0001 compared to the control

group.

3.3. Hb, Ferritin, and KIM-1 levels in CKD patients

Hb content is inversely proportional to renal function impairment. In our study, CKD patients revealed a significant reduction (P < 0.0001) in Hb

content relevant to the control group (Fig. 2A). CKD patients showed a significant elevation (P < 0.0001) in serum ferritin and KIM-1 levels in comparison
with the control group (Fig. 2B, 2C).
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Fig. 2. Hb content (A), Ferritin level (B), and KIM-1 (C) in the healthy group (control) and CKD patients expressed as mean * SD. ****: P < 0.0001
compared to control group.
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3.4. Immunological parameters changes in CKD patients

Serum level of NF-kB, TNF-q, IL-6, and MCP-1 elevated remarkably (P< 0.0001) in CKD compared to the control group (Fig. 3A-D).
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Fig. 3. Serum levels of NF-kB (A), TNF-q«, IL-6 (C), and MCP-1 (D) in the healthy group (control) and CKD patients expressed as mean * SD. **: P<0.01,
and ****: P < 0.0001 compared to control group.

4. Discussion

In the current study, it was observed that reduced levels of Hb concentration were attributed to the impairment of renal function. In agreement
with our findings, other studies published on CKD patients showed that the average RBCs count is lower than that in non-CKD patients, and low levels
of blood cells are indicative of anaemia [26]. Moreover, the obtained results were also in accordance with [27], showing a decreased RBCs count and a
low Hb concentration in patients. The previous outcome might be attributed to the removal of blood during dialysis in CKD, which led to a low Hb level
and then the development of anaemia [28]. The kidneys are the key organ for the elimination of the waste products of metabolism, such as creatinine
(from the muscle creatine), urea (from amino acid metabolism), and other products. Creatinine level is regulated by the kidneys, which make the balance
between creatinine generation and excretion [29]. In the present investigation, the levels of serum urea and creatinine elevated significantly in CKD
patients compared with healthy controls, concurrent with previous studies [30].

Calcium, potassium, sodium, chloride, phosphorus, and magnesium are included among the major ions, and they contribute to osmotic balance
regulating enzymatic reactions, mineralization of the bone, impulse conduction of the nerve, and muscle contraction [31]. The normal concentrations
are essential for the smooth function of the body. Furthermore, electrolyte disorders are convenient serum biochemical parameters that can be used to
evaluate kidney physiology [32]. These severe biochemical derangements in CRF patients can be corrected by regular dialysis and renal transplantation
[33]. Notably, potassium and sodium are necessary mineral salts needed for our bodies. However, it is possible to exceed the daily limit intake, as with
water. The excess fluids and salts are removed regularly by the kidneys, but the problem appears when impairment in kidney function is manifested.
This leads to build-up of the fluid in the bloodstream and tissues, causing hypertension, fatigue, queasiness, and abnormality of the heart rhythms [34].
Agreeing with previous results [27], serum sodium levels showed a significant decrease in CKD patients in comparison with healthy individuals, which
may be due to the impaired kidney ability to excrete solute-free water. However, a different study on 120 patients revealed that 71 patients had normal
serum sodium levels, 48 patients had declined levels, whereas only one patient showed an increased level of sodium [35]. Moreover, serum calcium
levels in patients with CKD who undergo dialysis were in normal ranges. Similarly, a previous result exhibited that the calcium concentration of 90 out
of 120 patients showed normal serum levels, 28 patients had decreased serum calcium, and 2 had increased levels [35]. On the contrary, the levels of

potassium were remarkably higher in CKD patients than in normal individuals. In agreement with our results, a previous study recorded that potassium



S. A. Mosaad et al. Labyrinth: Fayoum Journal of Science and Interdisciplinary Studies 3 (2025 2) in press
increased significantly in CKD in pre-haemodialysis compared with controls [30]. Phosphorus in the present study demonstrated upregulated levels in
most patients.

It was hypothesised that in patients with CKD, serum ferritin levels are always elevated compared to normal persons and this elevation was
attributed to inflammation [36, 37]. In the current study, the CKD patients showed high serum ferritin levels compared to non-CKD patients, which can
be due to inflammation. These findings were consistent with research assessing ferritin level changes in patients with CKD [36, 37]. Noteworthy, CKD
was characterised by increasing pro-inflammatory cytokine levels, such as TNF-a and IL-6 [38, 39], which are inversely correlated with the eGFR decline
[40, 41]. These outcomes were confirmed by our results. KIM-1 was revealed to be expressed on the renal proximal tubule epithelial cells at a very little
amount in the normal kidney. Meanwhile, it was elevated in different primary and secondary renal disorders. The extracellular part of KIM-1 can split
and enter tubule lumens. It is known to be a delicate and specific marker for nephron proximal tubule deterioration [42]. Moreover, it is upregulated in
undifferentiated proximal tubule epithelial cells following ischemic or toxic insult [43, 44]. Despite the KIM-1 expression may impact the regenerating
process of tubule epithelial cells in normal people, it was associated with inflammation in CKD and renal fibrosis [42, 45]. In our study, the high
expression level of KIM-1 in CKD patients was demonstrated as a progressive consequence of inflammation. Noteworthy, KIM-1 expression in CKD was
confirmed to induce inflammation and tubule interstitial fibrosis, which is characterised by elevation of MCP-1 levels and induction of MCP-1-dependent
macrophage chemotaxis [15]. Similarly, the MCP-1 level significantly increased in CKD of the present investigated CKD patients.

In our study, an elevated level of MCP-1 in patients with the late stage of CKD was detected. The previous findings were in agreement with [46],
where an association between CKD and inflammatory markers, as MCP-1, and TNF-a receptor-1 and -2 (TNFR1 and TNFR2) was also demonstrated.
Further studies have confirmed that MCP-1 is an effective chemokine produced by the kidney cells and acts as a mediator in acute ischaemic and toxic
renal injury [47]. Besides, many studies have shown that polycystic kidneys have abnormally large numbers of macrophages [48]. Another study
identified the tubular cells of aged kidneys as the predominant source of MCP-1 [49].

Other cytokines were also tested to investigate the involvement of inflammatory cytokines in CKD including TNF-a and IL-6. TNF-« is essentialy
produced by the macrophages and monocytes and is considered as a multifunctional pro-inflammatory cytokine. It reveals a wide range of pathological
and normal physiologic outcomes, besides being a master switch for initiating and perpetuating inflammatory responses [50, 51]. Some observations
showed that TNF-a is a cell-signalling cytokine exhibiting an effect in mediating inflammation. When TNF-a binds to TNF-R1, it stimulates the
transcription of NF-kB, combined with an increase of adhesion molecules expression, such as VCAM-1 and MCP-1 in endothelial cells [52, 53].

It was shown that high expression levels of TNF-a and IL-6 were independent predictors of the decline of eGFR [40]. In the current study, both pro-
inflammatory cytokines; TNF-aand IL-6 expression levels are upregulated remarkably in CKD patients. This prominent outcome was confirmed
previously by other researchers who demonstrated that several inflammatory markers such as TNF-a and IL-6 were correlated with increasing renal
function impairment and they were sensitive markers of inflammation in CKD patients [54- 56]. This association between biomarkers of inflammation
and kidney function was further verified in numerous cases of CKD patients, and it was shown that plasma levels of fibrinogen, IL-6, and TNF-a were
elevated in individuals with lower levels of eGFR [57].

In CKD, NF-KB is considered the master regulator of pro-inflammatory cytokines, playing an important role in augmenting pro-inflammatory
cytokines including IL-6 and TNF-a, compared with healthy controls [40, 58]. In this study, high concentrations of NF-kB in CKD patients were
demonstrated. The signalling pathway of NF-kB plays a pivotal role in promoting inflammation, and accumulated evidence advocates that NF-kB plays
a role in the pathogenesis of kidney inflammation caused by autoimmune factors, infection, or injury [59]. NF-kB is considered the key transcription
factor in several cells as M1 macrophages and is important in the expression of many inflammatory genes, such as those encoding for IL-6 and TNF-a
[60, 61]. Moreover, NF-kB was known to be responsible for cytokines’ gene production and B lymphocyte stimulation [62, 63]. Besides, two isoforms of
ferritin were documented: the heavy chain (FtH) and the light chain (FtL). Both isoform syntheses were shown to be induced by pro-inflammatory
cytokines such as TNF-a and IL- [64, 65] through the NF-kB pathway [66].

5. Conclusions

This study highlights the strong association of chronic kidney disease (CKD) with systemic inflammation, biochemical imbalances, and impaired
haematological profiles. This was revealed by the significantly elevated levels of serum creatinine, urea, phosphorus, potassium, ferritin, and
inflammatory cytokines (TNF-a, IL-6, and MCP-1), along with reduced haemoglobin content in CKD. Notably, the activation of NF-«kB and its downstream
pro-inflammatory cascade appears to exhibits a pivotal effect in CKD progression. Monitoring these biomarkers may contribute to disease management
and evaluation of therapeutic interventions in CKD patients.
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