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ABSTRACT:

Background:

Cystic kidney disease (CKD) refers to a group of genetic disorders characterized by the formation of fluid-filled cysts in the kidneys, which can lead to progressive
renal dysfunction. The most common types are autosomal dominant polycystic kidney disease (ADPKD) and autosomal recessive polycystic kidney disease
(ARPKD). Despite advancements in understanding these diseases, early diagnosis and effective treatment remain challenges.

Methods:
This study reviews recent literature on the genetic mechanisms, clinical features, and treatment strategies for CKD. We analyzed data from clinical trials, cohort
studies, and advancements in genetic diagnostics and imaging techniques to assess current management approaches.

Results:

Diagnostic methods such as genetic testing and imaging (ultrasound, MRI) have improved early detection, though many cases are still identified late, particularly
in ADPKD. Pharmacological treatments, including tolvaptan for ADPKD, have shown promise in slowing disease progression, though options for ARPKD remain
limited. Management primarily focuses on controlling hypertension and managing symptoms, while newer therapies such as gene therapy and molecular treatments
are in early research stages.

Conclusion:

Cystic kidney diseases pose significant diagnostic and therapeutic challenges. While genetic testing and emerging treatments like tolvaptan offer new hope, there
is a need for earlier detection and more effective therapies, particularly for ARPKD. Continued research into the molecular pathways of CKD is crucial for
developing targeted therapies and improving patient outcomes.

1. INTRODUCTION :

Cystic kidney diseases (CKD) are a group of genetic disorders characterized by the formation of fluid-filled cysts in the kidneys, leading to progressive
renal dysfunction. The most common types are autosomal dominant polycystic kidneydisease (ADPKD) and autosomal recessive polycystic kidney
disease (ARPKD). ADPKD is the more prevalent form, affecting 1 in 400 to 1,000 individuals and typically diagnosed in adulthood. In contrast, ARPKD
is rarer, often presenting in infancy with more severe clinical outcomes.

Both conditions are caused by mutations in specific genes—PKD1 and PKD2 in ADPKD, and PKHD1 in ARPKD. Symptoms of CKD include
hypertension, abdominal pain, hematuria, and renal insufficiency, with complications such as liver cysts, cardiovascular issues, and aneurysms. Despite
advances in genetic testing and imaging techniques, early diagnosis remains challenging.

Current management focuses on symptom control, particularly blood pressure regulation, and pain relief. In ADPKD, the drug tolvaptan has shown
promise in slowing disease progression. However, effective treatments for ARPKD remain limited. This article reviews the pathophysiology, diagnostic
approaches, and emerging therapeutic strategies for cystic kidney diseases.

2.Causes of CKD :
2.1. Genetic Causes:

. Polycystic Kidney Disease (PKD): A genetic disorder where cysts form in the kidneys, impairing kidney function over time. The most
common form is autosomal dominant PKD (ADPKD), caused by mutations in the PKD1 or PKD2 genes.

e  Alport Syndrome: A genetic disorder that affects the glomerular basement membrane, leading to progressive kidney failure.
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2.2. Chronic Conditions:

e  Hypertension: High blood pressure can damage the blood vessels in the kidneys, leading to chronic kidney disease (CKD).

e  Diabetes: Both Type 1 and Type 2 diabetes can cause diabetic nephropathy, a condition where high blood sugar damages kidney blood vessel

2.3. Autoimmune Diseases:

e  Lupus Nephritis: An autoimmune condition where the body's immune system attacks the kidneys, causing inflammation and damage.

e IgA Nephropathy: A condition where an antibody called IgA builds up in the kidneys, leading to inflammation and potential kidney damage.
2.4. Toxins and Medications:

e  Nephrotoxic Drugs: Certain medications (e.g., NSAIDs, antibiotics, and chemotherapeutic agents) can damage kidney tissue.

e  Environmental Toxins: Long-term exposure to toxins like heavy metals can lead to kidney damage.

3.Development of CKD :

Cystic kidney diseases (CKD) involve the growth of fluid-filled cysts within the kidneys, which can progressively impair kidney function over time. The
two most common types are autosomal dominant polycystic kidney disease (ADPKD) and autosomal recessive polycystic kidney disease (ARPKD).
The development of cystic kidney disease occurs in stages, often beginning with genetic mutations and progressing to kidney dysfunction

3.1. Genetic Mutation and Early Cyst Formation :

Cystic kidney disease usually begins with a genetic mutation in specific genes:
e  ADPKD is most commonly caused by mutations in the PKD1 or PKD2 genes.
e  ARPKD is caused by mutations in the PKHD1 gene.

These genetic mutations lead to abnormal growth of kidney cells, which form cysts. In ADPKD, cysts initially develop in the proximal tubules and
collecting ducts, while in ARPKD, cysts tend to form in the collecting ducts and renal tubules.

3.2. Cyst Expansion and Kidney Enlargement:

As cysts multiply, they expand over time, causing kidney enlargement. This leads to:
e  Compression of surrounding renal tissue, impairing normal kidney function.
e  Loss of nephrons (functional kidney units), as cysts take up space in the renal parenchyma.

In ADPKD, cysts grow slowly over decades, and kidney size increases significantly, often becoming palpable in advanced stages.
3.3. Progressive Decline in Kidney Function

The expansion of cysts disrupts the architecture of the kidney and impairs its ability to filter blood effectively. Key consequences include:

e  Decreased glomerular filtration rate (GFR) as nephrons are lost.

e  Hypertension due to cyst-induced changes in kidney structure and function.

e  Proteinuria, a sign of kidney damage, may develop as cysts press on the renal tubules.
In ADPKD, kidney function often remains stable until middle age, at which point there is a rapid decline toward end-stage renal disease (ESRD),
typically by the 5th or 6th decade of life. In ARPKD, kidney failure can occur earlier in childhood, often presenting in infants or young children.

3.4. Complications and Systemic Effects

e  Pain: As cysts grow, they can cause abdominal or flank pain from cyst expansion or kidney hemorrhage.
e  Liver involvement: In ADPKD, cysts can also form in the liver, leading to liver cysts and, in some cases, liver dysfunction or fibrosis.

e  Urinary tract infections: Enlarged kidneys and cysts can increase the risk of infections or obstruct urine flow.
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3.5. End-Stage Renal Disease (ESRD)

If cystic kidney disease progresses unchecked, kidney function declines to the point where the kidneys can no longer effectively filter waste. This leads
to ESRD, requiring dialysis or a kidney transplant for survival. In ADPKD, this occurs when kidney function falls to around 10-15% of normal capacity.
Factors Influencing Disease Progression:

e  Gene mutation severity: In ADPKD, the mutation in PKD1 is typically more severe and leads to faster progression compared to mutations
in PKD2.

e  Age of onset: Symptoms often develop later in life for ADPKD, while ARPKD presents much earlier, sometimes at birth.

e Hypertension: High blood pressure accelerates the decline in kidney function and is a common complication in both ADPKD and ARPKD.
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4.CKD types and Composition
4.1.Types of CKD

1. Autosomal Dominant Polycystic  Kidney Disease (ADPKD)
Characteristics: Caused by mutations in PKD1 or PKD2; cysts form in kidney tubules.
Behavior: Gradual cyst growth leads to kidney enlargement, often asymptomatic until middle age.

Consequences: Progresses to chronic kidney disease (CKD) and end-stage renal disease (ESRD) by age 50-60. Complications include hypertension,
pain, and liver cysts.

2.Autosomal Recessive Polycystic Kidney Disease (ARPKD)
Characteristics: Caused by PKHD1 mutations; cysts primarily in collecting ducts.
Behavior: Often diagnosed in infancy or childhood with rapid disease progression.

Consequences: Causes kidney failure and liver fibrosis; can lead to early mortality if untreated.
4.2 Components of cyst in CKD:

Cyst Wall:

e  The cyst is surrounded by a thin, epithelial-lined wall made of tubular cells, similar to the cells lining the renal tubules. In autosomal
dominant polycystic kidney disease (ADPKD), the cyst wall is often thicker as it expands over time.

Fluid:

e  Theinterior of the cyst is filled with a serous fluid, which is typically low in protein and may contain electrolytes, creatinine, and urea. The
fluid accumulation is due to abnormal tubular secretion and fluid retention within the cyst.

Extracellular Matrix (ECM):
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e  The cysts often have an underlying extracellular matrix, which may include components like collagen and fibronectin, contributing to cyst
growth and fibrosis in the kidney tissue surrounding the cyst.

Inflammatory Cells:

e In some cases, especially during infection or progression, inflammatory cells like macrophages or lymphocytes may be present within the
cyst or its surrounding tissue.

Cystic Epithelium:

e  The lining of the cyst is composed of epithelial cells, which are often abnormal in cystic kidney diseases due to genetic mutations (e.g.,
PKD1, PKD2, or PKHD1) that lead to impaired cell growth and differentiation.
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5. Progression of CKD After Cyst Formation

e  Cyst Expansion

Cysts gradually expand as fluid accumulates within them due to abnormal secretion by the epithelial cells lining the cyst walls. Over time, this
leads to kidney enlargement.

e  Compression of Renal Tissue

The growing cysts exert pressure on the surrounding healthy kidney tissue, leading to loss of nephrons. This compression reduces the kidney's
ability to filter blood effectively.

e  Distortion of Kidney Architecture

As cysts multiply and grow larger, they distort the kidney’s normal architecture. This disruption affects the renal tubules, glomeruli, and blood
vessels, resulting in fibrosis (scarring) of the kidney tissue and progressive loss of function.

° Progressive Kidney Dysfunction

The damage to the kidney’s structure leads to a decline in glomerular filtration rate (GFR), resulting in chronic kidney disease (CKD).
Symptoms like hypertension, proteinuria, and fluid imbalances develop as kidney function worsens.

° Systemic Complications

Complications such as liver cysts (especially in ADPKD), cardiovascular issues, pain from cyst rupture or infection, and urinary tract
obstruction may arise, further accelerating renal decline.
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° End-Stage Renal Disease (ESRD)

As kidney function continues to deteriorate, the disease progresses to end-stage renal disease (ESRD), at which point dialysis or a kidney
transplant is necessary for survival.

6. Microscopic and Gross Pathological Findings in Cystic Kidney Disease (CKD)

6.1 Microscopic Findings

6.1.1 Cystic Formation

At the microscopic level, cysts are composed of a single layer of epithelial cells that line the cyst walls. These cysts can vary in size and are filled with a
clear, watery fluid. The cysts may be located in the proximal tubules or collecting ducts, depending on the type of cystic kidney disease (e.g., ADPKD
or ARPKD).

6.1.2 Tubulointerstitial Changes

In advanced stages, there is significant tubular atrophy and interstitial fibrosis around the cysts. The renal tubules become damaged, and the interstitial
space fills with fibrotic tissue, leading to a decline in kidney function. These changes are particularly prominent in ADPKD and ARPKD as the disease
progresses.

6.1.3 Glomerular Changes

In some forms of cystic kidney disease, glomerular changes may include glomerulosclerosis (scarring of glomeruli), which occurs due to the compression
of glomeruli by expanding cysts. This can lead to proteinuria and a further decline in kidney function.

6.1.4 Inflammation

Chronic inflammation may be observed in the interstitial spaces surrounding the cysts, characterized by the presence of lymphocytes, macrophages, and
neutrophils, especially in cases complicated by infection or cyst rupture.
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6.2 Gross Pathological Findings
6.2.1 Kidney Enlargement

One of the most prominent gross findings is kidney enlargement, as cysts grow and multiply, causing the kidneys to become abnormally large. In
ADPKD, the kidneys may appear significantly larger than normal, with multiple cysts scattered throughout the renal parenchyma.

6.2.2 Cystic Lesions
The kidneys often exhibit numerous fluid-filled cysts visible on the surface or within the renal parenchyma. In ADPKD, cysts may range in size, and the

kidneys can be covered by cysts on both the outer cortex and inner medulla. These cysts can be round, multilocular (containing multiple chambers), and
vary in size.
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6.2.3 Cyst Rupture or Hemorrhage

Large cysts may rupture, leading to hemorrhage (blood within the cyst) or perirenal hematomas. The kidneys may show evidence of bruising,
hemorrhage, or clot formation around the ruptured cysts. This can cause acute pain and contribute to kidney dysfunction.

6.2.4 Liver Cysts

In ADPKD, liver cysts are commonly present and can be observed grossly as multiple, fluid-filled sacs. They may cause liver enlargement and
dysfunction, contributing to systemic symptoms.

6.2.5 Fibrosis and Scar Tissue

With disease progression, fibrotic tissue can be seen, particularly in the renal capsule or surrounding areas, where the cysts compress kidney tissue. The
kidneys may show signs of scarring (renal fibrosis), leading to a firm, fibrotic texture.

6.2.6 Vascular Changes

In severe cases, vascular changes such as aneurysms and vascular malformations can be observed, particularly in ADPKD. These may involve renal
arteries or, less commonly, the brain (intracranial aneurysms).

(a) Gross-Adult polycystic kidney disease. (b) Microscopy adult polycystic kidney disease (H and E x100).

7. Genetic Impact and Research on (CKD)

7.1 Genetic Mutations in Cystic Kidney Disease

7.1.1 Autosomal Dominant Polycystic Kidney Disease (ADPKD)
ADPKD is primarily caused by mutations in the PKD1 gene (85%) and PKD2 gene (15%). These mutations lead to the formation of fluid-
filled cysts that disrupt normal kidney function. PKD1 mutations typically result in more severe disease progression compared to PKD2
mutations.

7.1.2 Autosomal Recessive Polycystic Kidney Disease (ARPKD)

ARPKD is caused by mutations in the PKHD1 gene. These mutations impair the function of fibrocystin, a protein important for kidney and
liver development, leading to cyst formation in the kidneys and liver fibrosis.

7.2 Molecular Pathophysiology

e  7.2.1 Ciliary Dysfunction in Polycystic Kidney Diseases
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Many of the genes involved in cystic kidney diseases, including PKD1, PKD2, and PKHD1, encode proteins that localize to the primary
cilium of kidney cells. Mutations in these genes lead to ciliary dysfunction, impairing cellular signaling pathways like calcium influx, and
disrupting kidney development and function.

e  7.2.2 The Role of Autophagy and Fibrosis

Autophagy, the process by which cells degrade and recycle components, is disrupted in cystic kidney diseases. Recent studies suggest that
impaired autophagy accelerates kidney fibrosis and cyst growth, providing insights for potential therapeutic targets.

7.3 Genetic Heterogeneity and Disease Progression
7.3.1 Variability in Disease Severity

Research indicates significant variability in the severity and progression of ADPKD and ARPKD, even among individuals with the same
genetic mutations. Factors such as modifying genes, environmental influences, and epigenetic changes contribute to this variability.

7.3.2 Epigenetics in CKD
The role of epigenetic modifications (such as DNA methylation, histone modifications, and non-coding RNA) in the progression of cystic
kidney disease is an emerging area of research. Epigenetic changes could contribute to disease progression and provide new avenues for
therapeutic strategies.

7.4 Genetic Testing and Diagnosis

e  7.4.1 Diagnostic Advances in Genetic Testing

Advances in next-generation sequencing (NGS) have enabled comprehensive genetic testing for polycystic kidney diseases. Testing can
now identify mutations in PKD1, PKD2, and PKHD1 with high accuracy, aiding in early diagnosis, carrier screening, and prenatal testing.

7.4.2 Genetic Counseling and Family Planning

Genetic testing has major implications for genetic counseling. Families with a history of ADPKD or ARPKD can receive counseling
regarding inheritance patterns, reproductive options, and the risk of passing the disease on to offspring.

7.5 Emerging Genetic Therapies
7.5.1 Gene Editing and CRISPR Technology

The use of CRISPR/Cas9 gene editing technology holds promise for treating genetic kidney diseases by directly correcting mutations in
genes like PKD1 or PKHD1. Research is ongoing into the feasibility of in vivo gene editing to slow or reverse cyst formation.

7.5.2 Targeting Molecular Pathways
Research into molecular inhibitors that target pathways affected by genetic mutations, such as the mTOR signaling pathway, has opened up
potential therapeutic strategies. Clinical trials are evaluating rapamycin and other mTOR inhibitors to slow cyst growth and preserve kidney
function.

7.6 Next-Generation Approaches in CKD Research

7.6.1 Multi-Omics Approaches

Advances in proteomics, metabolomics, and transcriptomics are being used to investigate the molecular landscape of cystic kidney diseases.
These multi-omics approaches help identify novel biomarkers for early detection and prognostic evaluation.

7.6.2 Personalized Medicine
Precision medicine, tailored to an individual’s genetic and molecular profile, is becoming a promising approach for managing cystic kidney

diseases. By integrating genetic, clinical, and lifestyle data, researchers aim to develop personalized treatments that can slow disease
progression.
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8. Recent Research in Cystic Kidney Disease
8.1 Gene Editing and Organoid Models

e  Summary: Recent studies have used 3D kidney organoids to model cystic kidney disease. Researchers at the University of Washington applied
gene-editing techniques like base editing on PKD1 and PKD2 genes in organoids derived from human stem cells. The study demonstrated that
a single corrected gene copy could prevent cyst formation, suggesting a potential gene therapy approach.

American Kidney Fund

Nati wasonal Institutes of Health

e Importance: These organoid models provide a way to simulate and observe PKD cyst formation in a controlled environment, accelerating
research by bypassing the years typically needed to observe cyst development.

8.2 Drug Development and New Therapeutic Targets

e  Summary: A new compound, 11beta, developed at MIT, shows promise in reducing cyst size by increasing oxidative stress selectively in
cyst cells while sparing healthy ones. This compound has been shown to decrease cyst volume significantly with fewer doses, offering a less
invasive alternative for managing CKD symptoms

MIT News
National Institutes of Health

e  Significance: This drug could offer a low-frequency, targeted treatment option, potentially delaying disease progression with minimal side
effects.

8.3 Glycoside Drugs for PKD

e  Summary: NIH-funded research found that glycoside drugs might counteract the effects of defective genes in polycystic kidney disease. By
targeting disrupted protein functions caused by mutations in PKD genes, these drugs could help slow cyst development. This approach offers
a personalized pathway for managing PKD based on specific genetic deficiencies

National Institutes of Health.

e  Significance: This drug class offers a potential treatment path that may provide relief and slow progression without invasive procedures,
particularly in cases where gene therapy might not be feasible.

8.4 Role of Inflammation and Immunity in CKD Progression

e  Summary: Recent studies highlight inflammation's role in cystic kidney disease progression. Research suggests that anti-inflammatory
therapies targeting specific pathways could reduce cyst formation and improve patient outcomes. Investigating inflammation’s role may lead
to novel therapeutic approaches

American Kidney Fund.

e  Relevance: Understanding and managing inflammation could mitigate CKD's effects, potentially extending kidney function in affected
patients.

8.5 Advances in Imaging for Early Detection

e  Summary: Innovations in MRI and high-resolution ultrasound imaging now allow for more precise detection of kidney cysts at early stages.
New imaging techniques can track cyst growth and assess kidney health over time, providing a valuable tool for early intervention and
monitoring

National Institutes of Health.

e  Relevance: Improved imaging facilitates early diagnosis and personalized treatment planning, enabling better patient management from early
stages of the disease.
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8.6 Research on Dietary and Lifestyle Interventions

e  Summary: Studies continue to examine the role of diet and hydration in managing cystic kidney disease. Restricting certain dietary elements
has shown potential benefits in slowing disease progression, with new research focusing on specific nutritional interventions
MIT News

American Kidney Fund.

e Importance: Dietary and lifestyle modifications offer non-invasive management strategies, which can complement other treatments and
improve quality of life for CKD patients.

9. Recent Research Findings in Chronic Kidney Disease (CKD)
9.1 Genetic Insights in CKD Progression

e  Summary: Recent genetic studies have identified various risk factors associated with CKD progression. Large-scale genome-wide association
studies (GWAS) are revealing new genetic variants linked to CKD, particularly related to genes impacting kidney function and susceptibility
to damage. For instance, variants in genes such as UMOD and APOL1 have shown associations with CKD susceptibility in specific populations

National Institutes of Health.

e Implications: These insights allow for more personalized approaches to CKD treatment, as genetic predispositions can guide early
interventions and lifestyle changes.

9.2 Novel Biomarkers for Early Detection
e  Summary: Researchers are identifying biomarkers in blood and urine that can signal early CKD stages before noticeable symptoms appear.

Recent studies highlight markers such as serum creatinine, cystatin C, and albuminuria as reliable indicators of early kidney dysfunction
American Kidney Fund

National Institutes of Health.

e  Relevance: Early detection of CKD through biomarkers could lead to more effective management and slower disease progression.
9.3 Advances in CKD Pharmacotherapy

e  Summary: Recent clinical trials have evaluated new classes of drugs for CKD, including SGLT2 inhibitors like empagliflozin and
canagliflozin. These drugs, initially used for diabetes management, have shown significant benefits in slowing CKD progression, reducing
cardiovascular risks, and preserving kidney function in CKD patients

MIT News

National Institutes of Health.

e  Significance: This pharmacological advancement offers a dual benefit for CKD patients, particularly those with comorbid diabetes, by
addressing both glucose levels and kidney health.

9.4 Dietary Interventions and CKD Management

e  Summary: Recent research supports low-protein diets and reduced sodium intake as effective measures to slow CKD progression. High-fiber
diets are also being studied for their potential to improve gut-kidney axis health, which may positively impact CKD outcomes
MIT News

National Institutes of Health.

° Importance: Dietary changes represent a non-invasive intervention that can significantly improve CKD prognosis and patient quality of life.
9.5 Technological Advances in CKD Monitoring

e  Summary: Innovations in wearable technology are now allowing CKD patients to monitor critical health metrics, including blood pressure
and hydration levels, in real time. New home-based monitoring tools for creatinine and other markers also enable patients to track their kidney
function more closely between clinical visits

National Institutes of Health.
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e  Application: Enhanced monitoring enables proactive management, potentially slowing disease progression through timely intervention.
9.6 Environmental and Lifestyle Risk Factors

e  Summary: Research has increasingly focused on the role of environmental exposures—such as air pollution, heavy metals, and high heat—
in exacerbating CKD. Studies show that these factors can accelerate kidney damage, especially in vulnerable populations

American Kidney Fund.

e Implications: Understanding these risk factors is vital for developing preventive strategies in high-risk regions, which can involve lifestyle
adjustments or community-level interventions.

9.7 Inflammation and Immunology in CKD

e  Summary: Emerging studies highlight the role of inflammation in CKD progression. Inflammatory pathways and immune responses are now
understood to exacerbate kidney tissue damage, leading to faster disease advancement. Researchers are exploring anti-inflammatory agents as
potential adjunct therapies for CKD

American Kidney Fund

National Institutes of Health.

e  Relevance: Targeting inflammation could represent a new therapeutic approach, offering additional protection for kidney tissues beyond
standard treatments.

10. Conclusion: Genetic Impact on Cystic Kidney Disease

Cystic Kidney Disease (CKD), particularly Polycystic Kidney Disease (PKD), is fundamentally caused by genetic mutations that lead to the formation
of cysts in the kidneys. These mutations, most commonly found in the PKD1 and PKD2 genes, play a pivotal role in disease progression, influencing
both the onset and severity of kidney damage.

10.1 Genetic Mutations and Inheritance

e  Key Mutations: Mutations in the PKD1 and PKD2 genes are the primary causes of PKD. These genetic changes result in abnormal cell
growth in the kidneys, leading to the development of cysts. PKD1 mutations generally lead to more severe and rapid disease progression than
PKD2 mutations.

e Inheritance Patterns: PKD is most commonly inherited in an autosomal dominant pattern, meaning that a single copy of the mutated gene
from one parent can cause the disease. There is also a rarer autosomal recessive form of PKD, which requires mutations in both copies of the
gene

American Kidney Fund

National Institutes of Health.

10.2 Disease Progression and Impact

e  Disease Development: The progression of PKD is influenced by the specific genetic mutation. PKD1 mutations typically result in earlier
onset and more severe kidney involvement. Environmental factors such as high blood pressure and kidney infections can exacerbate the genetic
predisposition, leading to faster kidney deterioration.

e  Complications: Over time, the cysts grow larger, leading to kidney enlargement, dysfunction, and ultimately kidney failure. The age at which
these complications develop depends on the type of genetic mutation, with PKD1 patients often experiencing kidney failure earlier in life.

10.3 Advances in Genetic Research and Potential Therapies

e  Gene Therapy: Recent advancements in gene-editing technologies, such as CRISPR and base editing, show promise in correcting genetic
mutations that lead to PKD. These therapies aim to prevent cyst formation by directly targeting the underlying genetic causes of the disease,
providing hope for more effective treatments in the future.

e  Drug Development: In addition to gene therapies, research is focused on developing drugs that can slow cyst growth and prevent kidney
damage. These treatments target specific cellular mechanisms involved in cyst formation and kidney fibrosis, offering new options for
managing PKD and improving patient outcomes.
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In conclusion, genetic mutations are the root cause of cystic kidney disease, shaping its onset, progression, and severity. Ongoing research into genetic
therapies and pharmacological treatments is critical in offering more effective management strategies and, potentially, cures for PKD, providing hope for
better patient care and outcomes in the future.
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