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Abstract

Background: Chronic kidney disease (CKD) is a complex, multifactorial disease characterized by the
overlapping pathways of apoptosis, immune regulation, and fibrosis, which play a pivotal role in disease
progression. However, the molecular integration of these pathways remains incompletely understood,
particularly regarding their combined impact on the deterioration of renal function.

Methods: The study included 60 participants: 30 patients with CKD and 30 healthy individuals as a
control group. Hematological and biochemical parameters, including hemoglobin, hematocrit, urea,
creatinine, and glucose, were assessed. Gene expression of CASP8, CASP9, PDCD1, CTLA4, and TGFB3
was analyzed using RT-gPCR, with the 2-AACt method employed to calculate relative variability.
Statistical analyses were performed using comparison tests and correlation analysis.

Results: a significant decrease in hemoglobin levels (9.37+0.50 vs. 14.18+0.64 g/dL) and hematocrit
(28.63+1.40 vs. 40.69%1.91), compared to a significant increase in urea (124.38+17.39 vs. 29.6442.25
mg/dL) and creatinine (8.160.63 vs. 0.75+0.03 mg/dL) (p<0.001). At the molecular level, significant
increases in the gene expression of CASP8 (46.0946.70 folds) and CASP9 (13.59+1.51 folds) were
observed, along with elevated levels of PDCD1 (25.66+4.19), CTLA4 (34.69+8.43), and TGFB3
(15.2942.83).

Conclusion: These findings suggest a complex regulatory network involving apoptosis activation,
immunosuppression, and fibrosis in patients with renal failure. These results highlight an integrated
molecular axis that may represent a promising target for future therapeutic interventions and provide a
foundation for a deeper understanding of the pathogenic mechanisms underlying disease progression.

Introduction

Chronic kidney disease (CKD) represents one of the most significant contemporary global health
challenges due to its high prevalence and profound impact on morbidity and mortality rates. Recent
estimates indicate that more than 850 million people worldwide suffer from kidney disease at various
stages, with a particularly high disease burden in low- and middle-income countries [1]. CKD is
characterized by a progressive and irreversible decline in kidney function, leading in its final stages to
end-stage renal disease (ESRD), which requires costly treatment interventions such as dialysis or kidney
transplantation [2]. At the molecular level, disruption of the balance between cell survival and death is a
key driver of CKD progression. Programmed cell death (apoptosis) plays a pivotal role in renal cell loss,
with its intrinsic and extrinsic pathways activated by caspases, particularly CASP8 and CASP9. Recent
studies have shown that the over activation of these molecules is directly associated with renal epithelial
cell damage and increased renal injury severity, as well as promoting local inflammation [3, 4].
Furthermore, continued activation of apoptosis pathways contributes to the loss of renal tissue integrity
and accelerates disease progression. Furthermore, CKD patients are characterized by profound immune
system dysregulation, leading to a state of chronic immunosuppression known as T-cell exhaustion.
Immune checkpoint molecules such as PD-1 (PDCD1) and CTLA-4 are among the most important
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negative regulators of the immune response, and their elevated expression in CKD patients has been
shown to be associated with impaired immune response and an increased risk of infection and chronic
inflammation [5]. Recent evidence suggests that these molecules not only regulate immunity but also
contribute to the remodeling of the tissue environment and promote pathological processes such as
fibrosis [6]. Renal fibrosis is the common end stage of most chronic kidney diseases, characterized by
the accumulation of extracellular matrix and loss of kidney function. Transforming growth factor-beta
(TGF-B), particularly TGF-B3, is a key molecular driver of this process, inducing epithelial-stromal
transformation (EMT) and fibroblast activation, leading to collagen deposition and renal tissue
destruction [7]. Activation of the TGF-B pathway is also linked to Smad signaling, which controls gene
expression associated with fibrosis and kidney dysfunction [8]. Recent evidence points to a complex
dynamic interplay between cell death pathways, immune checkpoints, and fibrosis. Studies have shown
that caspase activation can enhance PD-1 expression, creating a feedback loop that exacerbates
immunosuppression and increases tissue damage [9]. Chronic inflammation and activation of pathways
such as the NLRP3 inflammasome also link apoptosis and fibrosis by stimulating the release of fibrotic
cytokines such as TGF-B [10]. This multi-layered interplay reflects the complex nature of CKD
progression and underscores the importance of studying these pathways in an integrated rather than
isolated manner.

This study aims to analyze the gene expression patterns of genes associated with cell death pathways
(CASP8 and CASP9), immune checkpoints (PDCD1 and CTLA4), and fibrosis (TGFB3) in kidney failure
patients, while assessing the correlational relationships between them and clinical and biochemical
indicators, in order to understand the molecular interaction between these pathways and their role in
disease progression.

Material and Methods
Subject collection

The study recruited a total of 60 participants between March 2024 and February 2025. medical city
dialysis center 30 patients diagnosed with Renal failure, while 30 person served as healthy controls.

Inclusion Criteria

For Patients with Renal Failure (Case Group) Age between 22 and 57 years. Diagnosed with end-stage
renal disease (ESRD) or chronic renal failure, confirmed by specialized nephrologists based on clinical
and laboratory findings. Undergoing regular hemodialysis at the Medical City Dialysis Center. Blood
samples were collected prior to dialysis sessions and from patients scheduled for their first kidney
transplant from a living donor, one week before transplantation. Stable clinical condition for at least 1
month prior to enrollment. Willing and able to provide informed consent.
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For Healthy Controls: Age between 25 and 55 years. No history of kidney disease or any chronic
systemic illness. Normal renal function tests (serum creatinine and urea within normal limits). Not
currently taking any immunosuppressive or anti-inflammatory medications. Willing and able to provide
informed consent.

Exclusion Criteria (Both Groups)

History of autoimmune disorders (e.g., lupus, rheumatoid arthritis). Recent infections or active
inflammatory conditions (within the past 4 weeks). Diagnosed malignancy or receiving chemotherapy or
radiotherapy. History of organ transplantation. Pregnant or breastfeeding women. Inability or
unwillingness to provide informed consent. Any mental or cognitive disorder that could interfere with
participation in the study.

Blood Collection and Processing

Approximately 5—-7 mL of venous blood was collected from each participant using sterile disposable
syringes under aseptic conditions. For renal failure patients, samples were collected prior to dialysis
sessions and from patients scheduled for their first kidney transplant one week before surgery. Fasting
blood was divided into:

e + EDTA tubes for hematological tests (Hemoglobin and Hematocrit).

- Plain tubes for serum separation. Serum was obtained by centrifugation at 3000 rpm for 10
minutes and stored at - 20°C until biochemical analysis.

e + Two hundred fifty microliters (0.25 mL) of whole blood were combined from each participant
(patients and controls) with 0.5 mL of TRIzol reagent within a 1.5 mL Eppendorf tube for molecular
study. This mixture was stored at -20°C for further molecular analysis.

Hematological Tests

Hemoglobin (Hb) and Hematocrit (HCT) were measured using the Mindray Hematology Analyzer based
on automated electrical impedance and photometric analysis. These parameters help assess anemia in
renal failure patients. Normal ranges: Hb (13.5-17.5 g/dL males, 12.0-15.5 g/dL females), HCT (38.8—

50.0% males, 34.9-44.5% females).

Biochemical Tests

Biochemical analyses including blood urea, serum creatinine, and serum glucose were conducted using
the Cobas C311 Autoanalyzer (Roche Diagnostics). Blood urea with a normal range of 16.60-48.50
mg/dL. Serum creatinine with a reference range of 0.50—0.90 mg/dL. Serum glucose normal fasting
range was 90-120 mg/dL.
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Molecular Study
The primers of Real-time polymerase chain reaction (RT-PCR)

Macrogen Company provided lyophilized primers BECN1 and PDCD1 genes and GAPDH (housekeeping
gene used as control). The primers were reconstituted in nuclease-free water to create a 100 pmol/pL
stock solution. Dilute 10 pyL of primer stock solution with 90 pL of nuclease-free water to reach a final
concentration of 10 pmol/pL for working solutions. All dilutions were nuclease-free to reduce primer
degradation. For later usage, stock solutions were stored at -20°C.

The primer sequences used for quantitative re-al-time PCR (qRT-PCR) analysis are summarized as
follows. For CASPS8, the forward primer se-quence was 5-CTTGGATGCAGGGGCTTTGACC-3' and the
reverse primer sequence was 5-GTTCACTTCAGTCAGGATGG-3/, generating a 123 bp amplicon at an
annealing temperature of 60°C [11]. For CASP9, the forward primer sequence was 5-
ACAGGGTCTGCTCTTTCT-3' and the reverse primer sequence was 5-GCATTCATCTGTCCCTCTTC-3/,
producing a 132 bp PCR product at an annealing temperature of 60°C [12]. For PDCD1, the forward
primer se-quence was 5-TAGAGAAGTTTCAGGGAAGG-3' and the reverse primer sequence was 5'-
ATGTGTAAAGGTGGAGGG-3', generating a 77 bp amplicon at 60°C [13]. For CTLA4, the forward primer
sequence was 5-CTTCAGTCACCTGGCTGTCA-3' and the re-verse primer sequence was 5-
CTCAGCTGAACCTGGCTACC-3', producing a 219 bp PCR product at an annealing temperature of 60°C
[14]. For TGFB3, the forward primer se-quence was 5-CTGGATTGTGGTTCCATGCA-3' and the reverse
primer sequence was 5-TCCCCGAATGCCTCACAT-3', generating a 122 bp amplicon at 60°C [14]. GAPDH
was used as the housekeeping gene, with a forward primer sequence of 5'-
TGATGACATCAAGAAGGTGGTGAAG-3' and a reverse primer sequence of 5
TCCTTGGAGGCCATGTAGGCCAT-3'. The ex-pected product size was 226 bp, and the annealing
temperature was 65°C [15].

Extraction and determination of RNA

Total RNA, including small RNA fractions (miRNAs), was extracted from peripheral blood using TRIzol™
LS reagent (Thermo Fisher Scientific, USA) with slight modifications to optimize miRNA recovery.
Procedures were performed using RNase-free consumables and, where applicable, under cold
conditions. About 250 pL of chloroform was incubated and shaken vigorously then separated into
organic and aqueous phases (12,000x g, 15 min, 4°C). RNA was precipitated with isopropanol, washed
with 75% ethanol, air-dried, and dissolved in nuclease-free water. RNA purity and concentration were
evaluated using NanoDrop™ 2000 (acceptable A260/A280 = 1.8-2.1), and integrity was assessed on
1.5% agarose gel electrophoresis. RNA was stored at - 80°C until analysis.

Reverse transcription (cDNA synthesis)
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For mRNA targets, cDNA was synthesized using the GoScript™ Reverse Transcription System (Promega,
USA) according to the manufacturer’s instructions.

Quantitative real-time PCR (qPCR)

Quantitative real-time PCR was performed using SYBR™ Green Master Mix (Applied Biosystems, USA) on
a qTOWER? G instrument (Analytik Jena, Germany). Each 20 pL reaction contained 10 pL 2x SYBR mix, 1
uL forward primer (10 uM), 1 pL reverse primer (10 uM), 2 uL cDNA, and 6 pL nuclease-free water.
Cycling conditions were: 95°C for 10 min; 40 cycles of 95°C for 15 s and 60°C for 30 s; followed by melt-
curve analysis (65-95°C, 0.5°C increments). All reactions were run in duplicate with non-template
controls.

Normalization and relative quantification

Expression data were normalized using GAPDH for mRNA targets and relative expression was calculated
using the 2*-AACt method [16].

Gene Expression Quantification
Relative gene expression levels were calculated using the Livak method (2 - AACT):

e « ACT: Calculated as the difference between the CT value of the target gene and the housekeeping
gene (GAPDH).

e + AACT: Calculated as the difference between the ACT of the sample (treated or experimental) and
the ACT of the control group.

The housekeeping gene GAPDH was selected as an internal control due to its stable expression across
the studied samples. This method allowed accurate quantification of the relative expression levels of
CASP8, CASP9, PDCD1, CTLA4 and TGFB3, ensuring reproducibility and reliability of the results.

Statistical analysis

The statistical studies were done in GraphPad Prism v10.0 and SPSS v26.0. Data normality was checked
before choosing statistical tests. Using normally distributed data, independent t-test and One-way
analysis of variance (ANOVA) were used as appropriate were used to compare renal failure patients with
control. Then, post-hoc testing with multiple comparison corrections was carried out to identify group
differences. Person correlation coefficient test was used to find out the correlation between the studied
parameters. All data were presented as mean + standard error (SE), and p < 0.05, was considered as
significant difference.

Results

Clinical Parameters
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The comparison between renal failure patients and health controls, based on hematological and
biochemical profiles demonstrated significant differences across all measureable parameters (Fig. 1;
panel A-E). Hemoglobin levels in renal patients were significantly decreased (9.37 + 0.50; p < 0.001) g/dL,
compared to controls (14.18 + 0.64) g/dL. Similarly, the hematocrit (HCT) values. A marked significant
reduced HCT demonstrated in renal failure patients (28.63 + 1.40; p < 0.001) than controls (40.69 +1.91).
In contrast, blood urea and serum creatinine as renal function markers, significantly elevated in renal
failure patients group compared to controls (p < 0.001). Blood urea levels were substantially higher
(124.38 +17.39 mg/dL; p < 0.001) in renal failure patients vice versa control (29.64 + 2.25) mg/dL. In the
same line, serum creatinine levels recorded pronounced elevation (8.16 + 0.63 mg/dL; p <0.001) versus
healthy controls (0.75 + 0.03) mg/dL. In addition, glucose levels in renal failure patients were significantly
higher than controls (154.201 + 21.66 vs. 99.45 + 1.72 mg/dL; p = 0.03).

Relative gene expression analysis

Apoptotic gene expression

The levels of apoptosis-related genes expression revealed significant upregulation in renal failure
patients compared to healthy controls as presented in (Fig. 2; panel A and B). The expression of CASP8
markedly increased in renal failure patients (38.80 + 3.26 fold) compared with controls (1.92 £+ 0.61 fold),
corresponding to an overall fold change of 20.25 (p < 0.0001). Similarly, CASP9 expression were
significantly elevated in renal failure patients 19.71  3.94 fold) relative to healthy controls (1.45 + 0.44
fold), corresponding to an overall fold change of 13.59 (p < 0.0001).

Immune Checkpoint Gene Expression

Immune checkpoint-related genes analysis also demonstrated significant upregulation in renal failure
patients (Fig. 2; panel C and D). The relative PDCD1 expression was significantly higher in renal failure
patients (35.40 + 7.18 fold) compared with controls (1.90 £ 0.60 fold), corresponding to an overall fold
change of 18.63 (p < 0.0001). Likewise, the relative CTLA4 expression showed a pronounced increase in
the folding of renal failure patients (28.79 + 7.65 fold) relative to healthy controls (2.21 £ 0.70 fold),
corresponding to an overall fold change of 13.03 (p < 0.0001).

Fibrosis-Associated Gene Expression

Fibrosis-related gene TGFB3 relative expression significantly increased in renal failure patients (Fig. 2;
panel E). The renal failure patients exhibited higher TGFB3 expression levels (25.15 + 5.13 fold)
compared with controls (2.11 = 0.89 fold), corresponding to an overall fold change of 11.92 (p < 0.0001).

Correlation analysis

Pearson correlation analysis revealed that, significant associations among apoptosis-related, immune
checkpoint, and fibrosis-related genes in renal failure patients (Fig. 3). Strong positive correlations
between CASP8 and CASP9 (r=0.711,P =0.001), PDCD1 (r=0.597, P =0.005), TGFB3 (r=0.684, P =
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0.001), and CTLAA4 (r = 0.465, P =0.039). Additionally, strongly correlated analysis between CASP9 with
CTLA4 (r=0.792,P=0.001), PDCD1 (r = 0.485, P =0.030), and TGFB3 (r = 0.573, P =0.008). CTLA4
expression was significant correlated with PDCD1 (r = 0.373, P =0.003) and TGFB3 (r =0.510, P =0.021),
while PDCD1 also correlated with TGFB3 (r =0.607, P = 0.005). All studied genes exhibited negative
correlations with hematological profile, specifically HGb. and HCT. Notably, CASP9 showed strong
negative correlations with HGb. and HCT (r=-0.813, P =0.001,r=-0.724, P = 0.001) respectively.
Furthermore, gene expression levels correlated to RFT. Strong correlation recorded between CASP8 and
serum creatinine (r =0.849, P =0.001), while TGFB3 was correlated to blood urea levels (r=0.736, P =
0.001). Moderate correlations between CASP9, CTLA4, and glucose levels (r=0.579, P =0.007; r = 0.518,
P =0.019) respectively, while non-significant correlation recorded with CASP8, PDCD1 and TGFB3.

Discussion

The results of this study demonstrate clear molecular imbalances in apoptosis pathways, immune
checkpoints, and fibrosis in patients with renal failure, reflecting the complex interplay between chronic
inflammation, oxidative stress, and impaired immune response in disease progression.

The significantly elevated gene expression of both CASP8 and CASP9 and strong correlation between
them, underscores the central role of programmed cell death in the development of renal failure, as
these genes are key switches for both the extrinsic and intrinsic pathways of apoptosis. CASP8 is
primarily activated through death receptor signaling, including TNF-a and Fas/FasL pathways, whereas
CASP9 is activated through mitochondrial dysfunction and oxidative stress [17, 18]. Chronic kidney
disease is characterized by persistent inflammation, uremic toxin accumulation, and excessive reactive
oxygen species (ROS) generation, all of which promote activation of these apoptotic cascades [19].
Renal and hematopoietic cells are subjected to continuous stress, leading to the induction of apoptosis
[20]. These findings reflect a multidimensional molecular disorder in patients with renal failure,
characterized by the simultaneous activation of apoptosis pathways, immunosuppression, and fibrosis.
Recent studies have shown that regulated cell death patterns play a crucial role in kidney diseases,
including chronic kidney disease, by promoting renal cell loss and increasing tissue inflammation [21].
Other research has indicated that caspase activation is associated with worsening kidney damage and a
poor prognosis, especially when combined with oxidative stress and metabolic homeostasis [22]. Recent
studies have shown that dysregulated cell death is a key mechanism for nephron loss and chronic kidney
disease progression [4].

The strong positive correlation between CASP8/9 and creatinine and urea levels in this study reflects the
close relationship between cell death and deteriorating kidney function. Recent studies have shown that
increased caspase activity is associated with poor prognostic indicators in CKD and contributes to the
loss of renal tissue integrity through the destruction of epithelial cells [21]. In addition, the inverse
relationship with hemoglobin and hematocrit may indicate a role for apoptosis in the exacerbation of
anemia associated with renal failure, which has recently been documented in the context of chronic
inflammation and erythropoietin deficiency. On the other hand, the study showed a marked increase in
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the gene expression of both PDCD1 (PD-1) and CTLAA4, indicating a state of chronic immunosuppression
or T-cell exhaustion. Recent studies support this concept, showing that CKD patients suffer from
immune system dysfunction characterized by increased expression of PD-1 and PD-L1, leading to
suppression of the immune response and an increased risk of infection [23]. Furthermore, elevated PD-1
is not only an immunological marker but is also associated with the progression of renal fibrosis, having
been found to be an independent risk factor for fibrosis progression in patients with nephropathy [24].

CTLAA4 is a key early regulator of T cell activation, and recent studies have shown that its increase is
associated with immunosuppression and altered inflammatory environments in the kidneys, contributing
to disease progression. The positive correlation between PD-1 and CTLA4 in this study reflects an
integrated immunosuppression axis, consistent with recent models suggesting that these pathways
work synergistically to regulate the immune response [25, 26]. Most importantly, the correlation results
demonstrated a strong relationship between apoptosis genes and immune checkpoints, suggesting a
functional overlap between cell death and immune regulation. Recent studies have shown that chronic
inflammatory signaling can link these pathways, with caspase activation promoting PD-1 expression,
creating a feedback loop that perpetuates tissue damage. Furthermore, some studies suggest that PD-1
pathways may directly influence cell survival and apoptosis regulation, further reinforcing this correlation
[23, 27]. CTLA4 is a key early regulator of T cell activation, and recent studies have shown that its
increase is associated with immunosuppression and altered inflammatory environments in the kidneys,
contributing to disease progression. The positive correlation between PD-1 and CTLA4 in this study
reflects an integrated immunosuppression axis, consistent with recent models suggesting that these
pathways work synergistically to regulate the immune response [28, 29].

Regarding the TGFB3 gene, the results showed a significant increase, consistent with its known role in
renal fibrosis. TGF-B is one of the most important fibrosis-promoting cytokines, as it promotes
extracellular matrix deposition and induces epithelial-stromal transformation (EMT), leading to loss of
kidney structure and function [30]. Furthermore, activation of the TGF-B pathway is associated with the
activation of Smad proteins, which regulate gene expression related to fibrosis [31]. Recent studies
indicate that renal fibrosis is the end result of most chronic kidney diseases, characterized by collagen
buildup and fibroblast proliferation, which leads to the destruction of the kidney's tissue structure [32].
Immune cells, particularly macrophages, also play a significant role in this context by secreting fibrotic
factors such as TGF-B, which promotes disease progression [21].

The positive correlation between TGFB3 and CASP8, PDCD1, and CTLA4 in this study reflects a complex
regulatory network linking fibrosis, apoptosis, and immunity. Recent studies have shown that
inflammatory pathways such as the NLRP3 inflammasome can connect these processes, with their
activation inducing both apoptosis and fibrosis [33]. Pyroptosis, another form of cell death, also
contributes to increased TGF-B secretion and thus accelerates fibrosis [34]. Clinically, these findings
suggest that chronic kidney disease is a complex condition involving an ongoing interplay between
inflammation, immunity, and cell death. Recent studies have shown that targeting these pathways may
offer promising therapeutic opportunities, such as inhibiting cell death pathways or modulating immune
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checkpoint activity. However, these strategies remain in the research phase due to the complexity of the
immune homeostasis in the kidney and the risk of side effects. Despite the importance of these findings,
some limitations must be considered, such as the small sample size, which may affect statistical power.
Furthermore, the study relied solely on gene expression analysis without protein analysis, which may not
reflect the full functional activity. Therefore, recent research recommends using multiple techniques,
such as proteomics and single-cell sequencing, for a deeper understanding of these pathways.

Conclusion

In this study, we observed that the genes associated with apoptosis (CASP8 and CASP9), immune
checkpoint molecules (PDCD1 and CTLA4) and the fibrosis-related gene TGFB3 were significantly
upregulated in the patients with renal failure compared with the healthy controls. The observed positive
correlations of these genes and their association with markers of renal dysfunction suggest a highly
interconnected molecular network linking apoptosis, immune dysregulation, and fibrotic remodelling
during disease progression. These findings suggest that renal failure is due to a complex pathogenic
axis rather than isolated molecular events. Hence, CASP8, CASP9, PDCD1, CTLA4 and TGFB3 could be
potential biomarkers for monitoring the disease and potential therapeutic targets.
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Hematological and biochemical parameters Comparison between RFPs and healthy controls. Bar

graphs data represent (mean t SE.) values of hematological parameters and biochemical parameters,

including panel (A): hemoglobin, panel (B): hematocrit, panel (C): blood urea, panel (D): serum

creatinine, and panel (E): glucose levels. Renal failure patients exhibited significantly (p< 0.001) lower

HGb and HCT levels, alongside significantly elevated (urea, and creatinine; p < 0.001), and glucose
levels (p = 0.03) relative to controls. ***p < 0.001. RFPs= Renal failure patients.
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Figure 2

Upregulation of apoptosis, immune checkpoint, and fibrosis-associated gene expression in RFTs. Data
of bar graph represent (mean * SE.) of renal failure patients related gene expression compared to
healthy controls. Panels (A): CASP8, (B): CASP9, (C): PDCD1, (D): CTLA4, and (E): TGFB3 represent
target genes. All genes exhibited significant relative upregulation (p < 0.05) in renal failure patients to
health controls. ***p < 0.001. RFPs= Renal failure patients.
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Figure 3

Correlation matrix heatmap of various biomarkers in the renal failure patients (blue color indicates
direct correlation, while red color indicates inverse correlation; value represents correlation coefficient,
and value above 0.25 indicates significant correlation.

Page 17/17



