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Abstract

Phosphatidylinositol 4,5-bisphosphate (PIP2) is an essential lipid involved in
metabolic processes. It is integral to the cell membrane of all animal and plant cells
and acts as a second messenger in various signaling pathways. Still, its hydrolysis
can lead to increased calcium levels and kidney stones. The study aims to investigate
the role of PIP2 enzyme levels in patients with renal failure and kidney stones. The
enzyme-produced amount was measured by enzyme-linked immunosorbent assay
(ELISA). Peripheral whole-blood samples were collected in gel tubes from eighty
patients (40 with kidney stones and 40 with renal failure), and 40 were healthy
individuals. The results of urea, creatinine, and uric acid levels were significantly
different between renal failure patients (140.35+41.45, 8.70+3.22, 8.43+1.47) and
the control group (27.07+7.21, 0.70+0.26, 4.534+0.94), with a p-value of 0.001. Uric
acid levels in kidney stone patients were also significant (6.30+1.39) with a p-value
of 0.001. The findings revealed significant differences in PIP2 levels among patients
with kidney stones (6.63+1.40) and renal failure (9.13+1.76) compared to the control
group (1.87+0.94), with p-values of 0.001 and 0.02, respectively. Serum Ca?* levels
also showed significant differences (9.55+1.63, 8.19+1.11) compared to the control
group (9.47+0.28) with p-values of 0.94 and 0.001, respectively. To confirm the
results of the p-value. Effect Size (Cohen's d) was conducted, and confidence
intervals (95% CI) were calculated for all parameters, and the results were consistent
with the p-value. This study demonstrated that PIP2 and vitamin D3 play distinct
roles in Ca?" homeostasis, underscoring their potential role in disease pathology.
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1. Introduction

Phosphatidylinositol  (4,5)-bisphosphate (PIP2) and phosphatidylinositol (3,4,5)-
trisphosphate (PIP3) constitute less than 1% of membrane phospholipids. They regulate a
broad spectrum of biological processes, including membrane signal transduction, endocytosis,
exocytosis, remodeling of the cytoskeleton, and ion channel regulation [1]. The IP3 and its
receptors (IP3Rs) are expressed in nearly all animal cells in a tissue-specific manner to
regulate intracellular calcium (Ca®") release from the endoplasmic reticulum, governing
specific cell functions such as muscle contraction, neurotransmitter release, and glucose
metabolism [2,3].
Kidney Disease: Improving Global Outcomes (KDIGO) defines chronic kidney disease
(CKD) as abnormalities in kidney structure or function that have been present for at least
three months and impact a person's health. CKD is categorized according to its cause:
Albuminuria is classified as (A1-A3), and glomerular filtration rate (GFR) is classified as
(G1-G5) and abbreviated as (CGA) [4]. Prolonged CKD is marked by impaired kidney
function, leads to the accumulation of toxic substances in the body, and poses significant
global health challenges. Contributing factors include hypertension, diabetes mellitus [5-7],
and obstructive kidney stones, which may progress to renal failure if untreated [8]. Beyond
their filtration role, kidneys are integral to vitamin D3 metabolism, converting it to its active
form, calcitriol, essential for Ca?" absorption [9]. Insufficient vitamin D; impairs Ca®"
absorption, leading to low serum Ca?* levels and increased urinary Ca®" salt supersaturation,
predisposing individuals to kidney stone formation. The resulting secondary
hyperparathyroidism, driven by elevated parathyroid hormone (PTH) levels, exacerbates bone
demineralization and associated bone disorders in renal failure patients.
Central to the regulation of Ca®" homeostasis is the Phosphoinositide 3-Kinase (PI3K)/Akt
cascade, involving the enzyme Phosphatidylinositol (4,5)-Bisphosphate 5-Phosphatase (PIP2),
encoded by the Oculocerebrorenal syndrome of Lowe (OCRL) gene [10,11]. Mutations in this
gene, initially linked to Lowe syndrome, affect ocular, neurological, and renal systems [12].
PIP2, the most abundant member of the phosphoinositide family, is characterized by a
distinctive inositol head group enabling reversible phosphorylation, generating seven unique
phosphorylated derivatives [13].
PIP2's critical cellular roles include modulating adhesion, motility, membrane fluidity, and
ion channel regulation, particularly in Ca** signaling [14,15]. Hydrolyzed by phospholipase C
(PLC), PIP2 generates diacylglycerol (DAG) and inositol triphosphate (IP3), the latter
elevating cytosolic Ca®" levels via endoplasmic reticulum release. If inadequately regulated,
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persistent Ca®>* elevation may lead to urinary supersaturation and kidney stone formation [15].
Dysregulation of this pathway contributes to metabolic and cellular dysfunctions
characteristic of renal failure. This study aims to investigate the PIP2 levels and their
influence on vitamin D3 and Ca*" balance in patients with recurrent kidney stones and end-
stage chronic kidney disease (ESCKD).

2. Subjects and Methods
2.1 Sampling

The study aimed to evaluate the PIP2, vitamin D3, and calcium levels in patients suffering
from recurrent kidney stones and end-stage kidney failure (G5) and with a GFR of less than
15 ml/min per 1.73 m?. To minimize the variation among patients [3]. Samples were obtained
from 80 patients 40 were diagnosed with recurrent kidney stones, distributed among 24 males
and 16 females (20-66) years old, and 40 patients were diagnosed with end-stage kidney
failure, also distributed among 28 males and 12 females between (5-66) years old, and 40
healthy individuals (20 males and 20 females) between (5-67) years old. These samples were
taken from patients who visit the following hospitals in Baghdad: Baghdad Teaching
Hospital-Iraqi Dialysis Center, Abu Ghraib General Hospital/Al-Mustafa Kidney Dialysis
Center, Al Karama Teaching Hospital, Al-Imam Al-Kazemin Medical City Hospital/ Al-
Jawadin Dialysis Center, Yarmouk Teaching Hospital/ Al-Shifa Dialysis Center. The
diagnosis was performed by specialist physicians in the Dialysis Unit in the hospitals
mentioned above. The control group comprised 40 healthy individuals, 20 males and 20
females aged 5 to 67. The data collection period spanned from November 2023 to March
2024. Both patients and control participants were subjected to kidney ultrasound and X-ray to
confirm the presence or absence of kidney stones. General urine examination and biochemical
analysis for renal function investigation were performed for patients and control participants
as a routine hospital investigation. The kidney stones were collected from the patients and
subjected to semi-quantitative colorimetric analysis [16]. Data not shown in this study.

2.2 Excluded Criteria

The exclusion criteria were patients who were diagnosed with autoimmune disorders,
diabetes, hypertension, thalassemia, hemophilia, HIV, hepatitis B and C, or coronavirus, and
none of the participants had cancer or underwent radiation therapy or chemotherapy.
Individuals who experienced severe bleeding, kidney-related accidents, or kidney impairment
as a result of receiving lengthy treatment were also excluded. The participants provided
consent through a questionnaire and were registered with the Iraqi Ministry of Health. The
questionnaire included age, sex, diet, smoking, and family history.

2.3 General urine examinations

Urine samples (10-30 mL) were collected from patients and control participants. The
samples were subjected to macroscopic examination including (the color, oder, specific
gravity, pH, albumin, and glucose), then 10 mL was centrifuged at 1500 rpm for 10 minutes
of each, were subjected to microscopic examination including (lymphocyte count, RBC count,
epithelial cells count, crystals types and cast), [17], the results are not shown in this study.

2.4 Blood Sample Processing

Peripheral whole-blood samples were collected in gel tubes and allowed to clot for 15-20
minutes. The samples were centrifuged at 4000 rpm for 10 minutes to separate the serum. The
serum was transferred to clean, sterile Eppendorf tubes and stored at -20 °C until analysis.
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2.5 Enzyme Assay

The concentration of the Phosphatidylinositol (4,5) Bisphosphate, 5-phosphatase (PIP2)
enzyme was quantified using the Enzyme-Linked Immunosorbent Assay (ELISA) technique,
following the manufacturer’s instructions (Sun Long, China). Absorbance (O.D.) was
measured at 450 nm using a Microtiter Plate Reader (Human, USA) with a sensitivity of 0.06
ng/mL and a detection range of 0.3—20 ng/mL.

2.6 Biochemical Analysis for kidney functions, calcium, and vitamin D3

This included investigating serum uric acid, urea, and creatinine in hospital laboratories
for both patient and control participants. Additionally, serum vitamin D3 (Elecsys® Vitamin
D total III, Roche Diagnostic, Ref. Code: 09038116190, Germany) and Ca** (Calcium Gen.2,
Roche Diagnostic, Ref. Code: 05061504190, Germany) levels were measured using a
biochemical automated analyzer (Cobas e411, Roch Diagnostics, Germany) according to the
manufacturer’s instructions.

2.7 Statistical analysis

Statistical analyses were conducted using OriginPro (2024, USA) software. The effect of
various factors on study parameters was assessed through descriptive statistics, tests of
normality (Shapiro-Wilk), and tests of equality of variances (Levene's), within the framework
of Analysis of Variance (ANOVA), to determine statistical differences. A chi-square test was
applied to compare percentages between groups. Statistically significant differences were
determined at p-values < 0.05 and 0.01.

3. Results:

The distribution of samples according to sex was studied in the control and patient groups.
The kidney stone patients group included 24 (60%) males and 16 (40%) females, and the
renal failure patients group also included 28 (70%) males and 12 (30%) females. The healthy
group registered in this study was 20 (50%) males and 20 (50%) females, as shown in Figure
1.
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Figure 1: The sex on individuals in the studied groups.
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The distribution of samples according to age was divided into 4 age groups: 1-19, 20-39,
40-59, and 60-79 years old. The highest prevalence of kidney stones was 19 patients (47.5%)
in the age group (40-59) years old, while the highest prevalence of renal failure was 21
(52.5%) in the age group (1-19) years old, compared with the ages of the control group, as
explained in Figure 2.
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Figure 2: The age of the individuals in the studied groups.

3.1 Kidney function tests

The results show no significant difference in serum urea and creatinine levels between
kidney stone patients (33.04+11.42, 0.99+0.61) and the control group (27.07+£7.21,
0.70+0.26), with p-values of 0.54 and 0.77, respectively. Still, as Table 1 shows, uric acid
levels significantly increased in kidney stone patients (6.30 = 1.39) compared to the control
group (4.53+£0.94) (p = 0.001).

There were significant increases in serum urea, creatinine, and uric acid levels in the renal
failure patient group (140.35+41.45, 8.70+3.22, 8.43+1.47) when compared to the control
group (27.07£7.21, 0.70+0.26, 4.53+0.94), with p = 0.001, as shown in Figures 3.4, and 5,
respectively.

To confirm the results of the P-value, Cohen's difference test was conducted, and

confidence intervals (95% CI) were calculated for these tests, and the results were consistent
with the P-value, as shown in Table 1.
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Table 1: Comparison of renal function tests (mg/dL) among the study groups.
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Figure 3: Comparison of serum urea levels (mg/dl) among the study groups.
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Figure 4: Comparison of serum creatinine levels (mg/dl) among the study groups.
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Figure 5: Comparison of serum uric acid levels (mg/dl) among the study groups.

3.2 Measurement of calcium, vitamin D3, and PIP2 enzyme concentration in patients' serum

There was a significant increase in serum Ca?" levels in kidney stone patients (9.55+1.63)
and renal failure patients (8.19+£1.11) compared to the control group (9.47+0.28), with p-
values of 0.94 and 0.001, respectively.

It was found that serum vitamin D3 decreased more in renal failure patients (12.65+5.56)

than in kidney stone patients (16.88+5.15) and the control group (19.69+£5.72); however, this
was not significant, as shown in Table 2.
Additionally, serum PIP2 levels in kidney stone patients (6.63+1.40) and renal failure patients
(9.13+1.76) were significantly higher than those in the control group (1.87+0.94), with p-
values of 0.001, as shown in Figures 6,7, and 8, respectively. Cohen's test also confirmed the
results of the p-value, as shown in Table 2.
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Table 2: Comparison of serum calcium, vitamin D3, and PIP2 enzyme levels (mg/dl) among

the study groups
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Figure 6: Comparison of serum calcium (Ca*") levels (mg/dl) among the study groups.
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Figure 7: Comparison of serum vitamin D3 levels (mg/dl) among the study groups.
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Figure 8: Comparison of serum PIP2 enzyme levels (mg/dl) among the study groups.

4. Discussion

Kidney diseases, also known as renal diseases, encompass a wide range of conditions that
affect the structure and function of the kidneys and impact various age groups, particularly
adults over 30. However, younger populations can also be affected, especially those with
underlying risk factors such as diabetes, hypertension, or genetic predispositions.
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This study included 120 participants, including 40 healthy individuals, 40 patients with
renal failure, and 40 with kidney stones. According to sex, the males were the highest in both
patients’ groups; in kidney stones, there were 24 (60%) males, and in renal failure, there were
28 (70%) compared with 14 (40%) and 12(30%) females in both groups, respectively.
Globally, it was proved that CKD is more prevalent in females than males, but mortality rates
are higher in males than in females with kidney diseases [18]. In the Middle East, mortality
rates are the highest in women for reasons related to socioeconomic, cultural norms, and
complementary family essentialities [19].

In this study, it was found that the prevalence of renal failure in the age group 1-19 years
was the highest compared with other age groups. In children and adolescents, kidney failure is
related to congenital kidney disease and urinary tract, including large ranges of anomalies
such as cystic/hereditary/congenital disorders, vasculitis, focal segmented glomerulosclerosis,
renal hypoplasia/dysplasia, Wilms tumor, hematological anomalies, congenital obstructive
uropathies, systemic lupus erythematosus and unspecified with renal failure [20].

In adults, it was believed that testosterone worsens CKD in men due to its effect on eGFR
outcomes. Moreover, high serum testosterone induces cellular apoptosis and proinflammation
by producing reactive oxygen species, which may cause cell damage [21]. On the other hand,
estrogen may have a protective role against the deterioration of kidney parenchyma in females
at reproductive age through several mechanisms, including vasodilation of kidney tubes,
production of nitric acid, mitigation of inflammatory responses, and ischemia mediators.
Also, estrogen protects women of reproductive age from kidney stones by increasing citrate
levels and reducing urinary calcium excretion [22]. Lifestyle factors such as diet, physical
activity, and substance use (e.g., smoking and alcohol) may further account for these
differences, as well as genetic factors influencing kidney disease may also be differentially
expressed in males and females [23]. The highest prevalence of kidney stones was detected in
47.5% of 25 patients aged 40-59 years, potentially due to increased metabolic activities that
lead to elevated calcium and oxalate excretion. Age is a risk factor for kidney stones in stone-
former individuals, as it was previously recognized that the incidence of kidney stones is
higher in older men than in women. It’s often associated with cardiovascular, bone fractures,
diabetes, and chronic kidney diseases, and vice versa, and these systemic health conditions
lead to kidney stones as well as metabolic disorders that affect calcium metabolism and
thyroid hormone balance [24].

Blood urea, serum creatinine, and uric acid were significantly elevated compared to
controls in patients with kidney stones and kidney failure, indicating impaired filtration
capacity. Elevated urea levels result from reduced kidney function, while increased creatinine
levels reflect decreased GFR [25,26]. The pathophysiology mechanism of CKD demonstrated
that the injury in proximal tubule epithelial cells (PTECs) and the inflammatory processes due
to elevated oxidative stress may be the reason behind the decline in GFR [27]. Moreover, the
high uric acid levels in recurrent kidney stone patients may indicate systemic metabolism
dysregulation worsened by dietary habits and lifestyle [28,29].

Vitamin D3 deficiency was observed across all groups, with the lowest levels in kidney
failure patients. This deficiency impairs calcium-phosphorus homeostasis, contributing to
bone demineralization and stone formation [30,31]. The PIP2 enzyme plays a crucial role in
the complex network in releasing intracellular Ca** mediated by the activation of vitamin D
receptor (VDR), which may explain the elevated levels of PIP2 and the decline of serum
calcium in the studied patients. Although not directly linked to kidney stone formation, it may
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influence ion channel activity and Ca®" balance, potentially contributing to stone formation
and kidney dysfunction [32,33].

5. Conclusions

This study demonstrated that PIP2 and vitamin D3 play distinct roles in Ca®>" homeostasis.
Significant differences in PIP2 enzyme levels were observed between kidney stone and renal
failure patients compared to the control group, underscoring their potential role in disease
pathology.
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