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Abstract 
Renal cell carcinoma (RCC) is the most common type of kidney cancer, accounting for over 90% of adult renal cancers. This review aimed to explore renal cell carcinomas, classifications and histological identifications. Renal cell carcinoma (RCC) is a diverse group of kidney tumors and accounts for most adult kidney cancers. Its development is shaped by a combination of factors, including age, sex, lifestyle, and genetic changes. RCC is subtypes as clear cell, papillary, chromophobe, and the rare collecting duct carcinoma and each with its own unique features. Accurate diagnosis depends on careful examination of tissue samples, both under the microscope and through immunohistochemical testing. Common stains like H&E, PAS, Masson’s trichrome, and Feulgen help highlight key structures and cellular details. Immunohistochemical markers such as CK18, vimentin, PAX2, PAX8, and RCC antigen are critical tools for distinguishing RCC from other tumors. However, because some markers can appear in multiple tumor types, interpretation requires experience and caution, particularly when working with small or difficult biopsy samples.
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1. Introduction 
The kidneys play a vital role in maintaining the body's internal balance by regulating fluids, electrolytes, and hormone levels, filtering the blood, and removing metabolic waste (Ahmed et al., 2025). Structurally, they are situated on either side of the spine, behind the abdominal cavity, and are connected to the bladder via the ureters to facilitate urine transport (Colquhoun, 2023). A protective layer of fat and connective tissue surrounds each kidney, while major blood vessels and nerves, namely the renal artery, vein, and associated nerves, serve them. Blood enters the kidneys through the renal arteries and is directed toward approximately 1.3 million nephrons in each kidney. These nephrons, through specialized structures called glomeruli, filter the blood (Colquhoun, 2023). As the filtered fluid moves through Bowman’s capsule and the renal tubules, essential substances are reabsorbed into the bloodstream, while waste products are eliminated as urine, which is eventually transported to the bladder.
Despite their crucial functions, kidneys are vulnerable to a range of diseases that can impair their performance (Kamri, 2024). These include conditions like polycystic kidney disease, both acute and chronic kidney injuries, and cancers. Some of these disorders may be inherited, while others develop due to lifestyle factors or underlying medical conditions. This discussion focuses specifically on kidney cancers and the histological methods used to identify them. Kidney cancer arises from the abnormal and uncontrolled proliferation of kidney cells, forming malignant tumors. It most frequently affects individuals between the ages of 65 and 74, with men being about twice as likely as women to develop the disease (Meraz-Munoz et al., 2021).
There are multiple forms of kidney cancer, with renal cell carcinoma (RCC) being the most prevalent among adults, accounting for roughly 85% of all cases. RCC generally manifests as a solitary tumor within one kidney, and its most frequent subtype is clear cell renal cell carcinoma (ccRCC) (Bukavina et al., 2022). Transitional cell carcinoma represents 6% to 7% of kidney cancer cases and usually begins in the renal pelvis at the junction between the ureter and the kidney (Mohd et al., 2022). Another rare variant, renal sarcoma, comprises only about 1% of kidney cancers and originates in the kidney's connective tissues, with the potential to spread to nearby organs and bones (Mohd et al., 2022). In pediatric cases, the most common kidney malignancy is Wilms tumor, accounting for about 5% of all kidney cancers.
Accurate histological identification of these cancer types is essential, as it enhances the ability to distinguish among different cellular and tissue structures. Each form of kidney cancer, including ccRCC, transitional cell carcinoma, renal sarcoma, and Wilms tumor, displays unique histological patterns and molecular marker expressions (Argani et al., 2000). Common staining methods such as Hematoxylin and Eosin (H&E) are instrumental in visualizing cellular morphology, while immunohistochemical markers like CAIX, CK7, Vimentin, and WT1 help pinpoint the specific origins of tumor cells (Shidham & Layfield, 2021). Such precise histopathological differentiation is fundamental to delivering accurate diagnoses, guiding prognosis, and formulating effective, personalized treatment strategies, thereby underscoring the indispensable role of histological techniques in the clinical management of kidney cancer.
This review explores the use of histological and immunohistochemical techniques in diagnosing renal cell carcinoma (RCC), focusing on improving diagnostic precision. It evaluates various staining methods and markers, highlighting recent advancements in staining technologies. The review aims to close knowledge gaps and provide guidance for pathologists and oncologists in selecting effective diagnostic tools.
2. Microscopic anatomy of the kidney 
The nephron serves as the kidney’s core functional unit, responsible for filtering blood and producing urine through three essential mechanisms: filtration, reabsorption, and secretion (Schwartz & Rashid, 2021). During filtration, waste products and excess substances are removed from the bloodstream. Reabsorption then allows vital nutrients, water, and ions to be reclaimed into the body, while secretion ensures that additional unwanted substances are added to the filtrate, helping maintain internal balance (Schwartz & Rashid, 2021).
Each nephron begins with the renal corpuscle, which includes the glomerulus 	and Bowman’s capsule. The filtration process is governed by a selective membrane composed of three layers: the fenestrated endothelium, which prevents large molecules and blood cells from passing through; the basement membrane, which blocks medium-to-large proteins; and podocytes, whose filtration slits regulate substance passage based on molecular size and charge (Mangan et al., 2018). This multi-layered system ensures that only specific substances are filtered while essential proteins and cells remain in the bloodstream.
Adjacent to the glomerulus lies the juxtaglomerular apparatus (JGA), which plays a critical role in renal autoregulation. It features macula densa cells that detect sodium concentrations in the distal convoluted tubule (DCT), signaling juxtaglomerular cells to either constrict or dilate the afferent arteriole to adjust blood flow into the glomerulus (Gallardo & Vio, 2022; Goligorsky, 2023). These juxtaglomerular cells also secrete renin, a hormone that activates the renin-angiotensin-aldosterone system (RAAS), thereby influencing blood pressure regulation.
The proximal convoluted tubule (PCT) is lined with cuboidal epithelial cells equipped with microvilli, which greatly expand the surface area for absorption. This section of the nephron is primarily responsible for the active reabsorption of sodium, chloride, glucose, and other essential nutrients using ATP, making it a key site for salvaging valuable substances from the filtrate (Alabdallah et al., 2021). The loop of Henle continues this function, with its descending limb being highly permeable to water, allowing for its reabsorption and leading to a more concentrated filtrate. In contrast, the ascending limb is impermeable to water but actively transports sodium and chloride out of the filtrate, helping maintain the kidney’s internal osmotic gradient (Alabdallah et al., 2021).
Following this, the distal convoluted tubule (DCT), also lined with cuboidal cells but with fewer microvilli, further regulates electrolyte balance, particularly sodium and potassium levels. Its activity is modulated by hormones such as aldosterone and antidiuretic hormone (ADH), which adjust water and ion reabsorption according to the body's needs (Alabdallah et al., 2021; Bernal et al., 2023). The collecting duct receives processed filtrate from several nephrons and is the final site for fine-tuning urine concentration. This segment contains water channels that respond to ADH. When ADH is present, these channels open, permitting water reabsorption into surrounding tissues. Without ADH, the channels remain closed, resulting in the excretion of more dilute urine, thus enabling the body to adapt urine concentration based on hydration status (Gade & Robinson, 2006).
Beyond its role in filtration and fluid balance, the kidney also contributes significantly to systemic regulation. Through the RAAS, it helps control blood volume and vascular resistance, thereby influencing blood pressure (Wadei & Textor, 2012). Additionally, the kidney produces erythropoietin (EPO), which stimulates red blood cell production when oxygen levels drop. It also supports calcium homeostasis by converting calcidiol to calcitriol, the active form of vitamin D, enhancing calcium absorption in the intestines (Wadei & Textor, 2012).
3. Macromolecules in the kidney and their histological stains  
The kidney contains a variety of macromolecules, including proteins, lipids, carbohydrates, and nucleic acids, which are essential for its structural integrity and functional processes (Dhara and Nayak, 2022). Identifying these macromolecules using histological stains is crucial for diagnosing and understanding various kidney diseases. Different stains work based on distinct chemical and physical interactions with the target macromolecule, allowing for selective visualization under the microscope (Frank, 2006). This is particularly important in clinical pathology, where staining helps identify pathological changes such as glomerular damage, proteinuria, lipid accumulation, and basement membrane thickening (Frank, 2006).
3.1. Proteins
Proteins are abundant in the kidney and are vital for structural support, enzymatic activity, and transport mechanisms (Scholz et al., 2021). Key proteins in the kidney include collagen in the basement membrane and extracellular matrix, actin and myosin in podocytes and smooth muscle cells, albumin in blood and filtrate, and various enzymes involved in active transport and filtration (Rayego-Mateos et al., 2021).
3.1.1	Hematoxylin and Eosin (H&E): 
The most popular histological stains are hematoxylin and eosin (H&E), which are easy to use, automate, and clearly show different tissue structures (Tosta et al., 2019). It is the most widely used stain in medical diagnosis and is often the gold standard. For example, when a pathologist looks at a biopsy of a suspected cancer, the histological section is likely to be stained with H&E. Eosin stains cell cytoplasm and most connective tissue fibers in a variety of pink, orange, and red hues, while hematoxylin stains cell nuclei blue-black, displaying clear intranuclear detail (Raskin et al., 2021). The  H&E provides a general overview of kidney architecture and cellular structure (see figure 1).  
3.1.2	Masson's Trichrome 
This stain differentiates muscle, collagen, and cytoplasm. Acid Fuchsin stains muscle fibers and cytoplasm red, while aniline blue stains collagen blue (Dey, 2023). It helps assess glomerular basement membrane thickening and fibrosis in diseases such as glomerulonephritis (see figure 2).
3.1.4	Silver Stain: 
This stain highlights basement membrane proteins, particularly collagen type IV, by impregnating tissue with silver, which reduces to form a black deposit. It is useful in detecting glomerular damage and basement membrane irregularities in membranous nephropathy (Edakabasi et al., 2024).


3.2. Lipids molecules 
Lipids play a key role in cell membrane integrity and energy storage within the kidney. They are found in podocyte membranes, endothelial cells, and tubular epithelial cells. Lipid accumulation in the kidney can result from metabolic disorders or glomerular dysfunction (Ren et al., 2023).
3.2.1	Oil Red O
Oil Red O is a lipophilic (fat-loving) diazo dye that dissolves in lipids and selectively stains neutral lipids, such as triglycerides and lipid droplets, red (Du et al., 2023). This makes it ideal for identifying fat accumulation in tissues. The staining process involves dissolving Oil Red O in an organic solvent like isopropanol (Du et al., 2023). The dye then diffuses into the lipid components of the tissue (Horobin et al,, 2010). Lipids retain the dye, which makes them visible as red-stained structures under a light microscope. Oil Red O is commonly used to detect fat accumulation in tissues and is especially useful for diagnosing metabolic diseases like fatty liver disease and atherosclerosis (Levene et al., 2010). However, it cannot be used with paraffin-embedded tissues since lipids are removed during processing. Therefore, frozen tissue sections are required to retain lipid content.
3.2.3	Sudan Black B
Sudan Black B is another lipophilic dye that binds to both neutral lipids and phospholipids, staining them black (Beynon, 1976). It is particularly useful for identifying lipid-rich areas in frozen tissue sections. The dye is prepared in an organic solvent, such as ethanol, which allows it to penetrate tissue sections (Jones et al., 2008). Sudan Black B has a strong affinity for lipid components in the tissue (Frederiks, 1977). Once bound, the stained lipids appear black under a microscope, providing a clear contrast. Sudan Black B is widely used for staining lipofuscin, a pigment linked to aging and oxidative stress. It also helps in studying fat metabolism and lipid storage disorders. Like Oil Red O, Sudan Black B is unsuitable for paraffin sections because the lipids are lost during processing (Frederiks, 1977).
3.2.4	Nile Red
Nile Red is a fluorescent dye that binds to both neutral lipids (like triglycerides) and polar lipids (like phospholipids) (Rumin et al., 2015). When exposed to UV light, Nile Red shows red fluorescence for neutral lipids and yellow fluorescence for polar lipids, making it a versatile tool for visualizing lipid content. The staining process involves dissolving Nile Red in an organic solvent, which allows it to diffuse into the lipid components of the tissue. Under UV light, the dye emits fluorescence based on the type of lipid present, providing a high-contrast image. Nile Red is commonly used in fluorescence microscopy for studying lipid droplets, membranes, and lipid metabolism at a cellular level. Its high sensitivity makes it useful for detailed imaging of lipid-rich structures (Kiernan, 2007). However, it requires a fluorescence microscope and careful handling to prevent photobleaching, which can reduce fluorescence intensity over time.
3.3 Carbohydrates
Carbohydrates in the kidney are mainly present as glycoproteins and glycogen. Glycoproteins are structural components of the glomerular basement membrane and brush border, while glycogen is stored in renal tubular epithelial cells (Massoud et al., 2024). However, The Periodic Acid-Schiff (PAS) stain identifies carbohydrates by oxidizing hydroxyl groups to aldehydes, which then react with Schiff reagent to produce a magenta color. It highlights glycogen, basement membranes, and brush border glycoproteins. Alcian Blue binds to acidic mucopolysaccharides, staining them blue at an acidic pH, making it useful for identifying mucins and other acidic tissue components. Best Carmine stains glycogen red by forming a complex with glycogen molecules, providing a specific and contrasting visualization of glycogen in tissue samples (Javaeed et al., 2021).
3.3.1	Periodic Acid-Schiff (PAS): 
Periodic acid–Schiff (PAS) staining is used to identify polysaccharides (e.g., glycogen) and mucosubstances (e.g., glycoproteins, glycolipids, and mucins) in tissues (Szczubiał et al., 2022). The process involves the oxidation of vicinal diols (adjacent hydroxyl groups) in sugars by periodic acid, breaking the bond between two carbons in the monosaccharide ring (Simon et al., 2023). This creates two aldehyde groups at the ends of the broken ring.
The aldehydes then react with the Schiff reagent, producing a purple-magenta color. Careful control of the oxidation step is necessary to avoid over-oxidation of the aldehydes (Giardino et al., 2023). A counterstain is often used to enhance contrast and provide additional tissue detail (Mukhamadiyarov et al., 2021). PAS staining is particularly useful in histology for visualizing basement membranes, glycogen deposits, and mucin-rich structures (see figure 3).
3.4. Nucleic Acids
Nucleic acids are present in the nuclei and cytoplasm of all renal cells. DNA and RNA play essential roles in cellular function, including protein synthesis and cell division. In the identification of renal diseases (Askari et al., 2022). Hematoxylin (in H&E staining) is a basic dye that binds to negatively charged nucleic acids (DNA and RNA), staining cell nuclei blue, which helps in assessing nuclear detail and cellular architecture. Methyl Green-Pyronin differentiates between DNA and RNA, with methyl green binding to DNA and staining it green, while pyronin binds to RNA, staining it red, making it useful for identifying changes in nucleic acid content in renal cells (Zhou et al., 2024). Feulgen stain specifically reacts with aldehyde groups produced by acid hydrolysis of DNA, resulting in a reddish-purple color, allowing for precise identification and quantification of DNA, which is valuable in detecting nuclear abnormalities in renal tissue (Zhou et al., 2024).
4. Renal Cell Carcinoma 
Renal cell carcinoma (RCC) is the most common type of kidney cancer, accounting for over 90% of adult renal cancers (Bahadoram et al., 2022). Other types include transitional cell carcinomas of the renal pelvis and renal sarcomas, which are rare. RCC makes up over 3% of all adult malignancies and has several histological subtypes. It typically occurs between the ages of 50 and 70 years, with a male-to-female ratio of approximately 2:1. According to Kumar et al., (2023), though its etiology has been emphasized and reported that Smoking is the strongest risk factor for RCC, including cigarette, pipe, and cigar smoking. Obesity, especially in women, also increases the risk. High blood pressure, chronic renal failure, and exposure to chemicals like trichloroethylene further elevate the risk. In contrast, moderate alcohol consumption, a diet rich in fruits and vegetables, and long-term fatty fish consumption reduce the risk. Genetic mutations in the VHL gene are implicated in both sporadic and familial clear cell RCC (CCRCC), while MET gene mutations are linked to papillary RCC (PRCC) (Cinque et al., 2022). About 4% of RCC cases result from rare hereditary conditions, including Von Hippel-Lindau Syndrome, Hereditary Leiomyomatosis and Aggressive Papillary Carcinoma Syndrome, Hereditary Papillary Carcinoma, Birt-Hogg-Dubé syndrome, and Tuberous Sclerosis Syndrome (Cinque et al., 2022).
However, the incidence of RCC has steadily increased since 1975 due to improved detection through imaging techniques, with over half of the cases found incidentally (Bukavina et al., 2022). In 2020, approximately 73,750 new cases of renal cancer were projected, accounting for 5% of all cancers in males and 3% in females, with 14,830 deaths expected. RCC primarily affects individuals between 60 and 70 years, with a 2:1 male-to-female ratio. The overall 5-year survival rate for early-stage cases is 93%, while the survival rate for kidney and renal pelvis cancers is 75% (Bukavina et al., 2022).
The RCCs are thought to arise from epithelial cells of the nephron. CCRCC is linked to the proximal tubular epithelium, PRCC to the distal tubular epithelium, and chromophobe RCC (ChRCC) to the intercalated cells of the collecting duct (Lasorsa et al., 2023). Most CCRCC cases show loss of the short arm of chromosome 3 (3p), where the VHL gene is located. PRCC is associated with trisomy of chromosomes 3, 7, 12, 16, 17, and 20, MET mutations, and loss of the Y chromosome. Type 2 PRCC shows more aggressive genetic alterations, including activation of the NRF2-ARE pathway and SETD2 mutations. ChRCC exhibits loss of multiple chromosomes, such as 1, 2, 6, 10, 13, 17, and 21 (Lasorsa et al., 2023).
4.1	Classification of renal cell carcinomas 
In 2016, the World Health Organization (WHO) classified renal cell carcinoma (RCC) into over 14 different types. Some of the main types are clear cell RCC, papillary RCC, chromophobe RCC, and collecting duct carcinoma. Other types include multilocular cystic renal neoplasm with low malignant potential, hereditary leiomyomatosis RCC, renal medullary carcinoma, MiT family translocation carcinomas, and succinate dehydrogenase (SDH) deficient RCC. Also included are mucinous tubular and spindle cell carcinoma, tubulocystic RCC, acquired cystic disease-associated RCC, clear cell papillary RCC, and unclassified RCC. However, this review emphasizes the major subclasses, including clear cell RCC (CCRCC), papillary RCC (PRCC), chromophobe RCC, collecting duct, and unclassified RCC (Bahadoram et al., 2022). 
1. Clear Cell Carcinoma (CCRCC): This is the most common type of renal cell carcinoma (RCC), accounting for about 70–80% of cases (Bukavina et al., 2022). Sporadic cases usually appear as a single tumor on one side of the kidney, while familial cases tend to present with multiple tumors on both sides. On examination, the tumor’s cut surface is typically yellow due to high lipid content in the cells, with noticeable areas of necrosis and bleeding (Nezami and MacLennan, 2024). The tumor contains delicate blood vessels and both solid and cystic areas. Under a microscope, the tumor cells are arranged in solid, trabecular (cord-like), or tubular patterns, occasionally forming cysts. The cells are usually round or polygonal with clear cytoplasm (due to glycogen and lipids) or pink granular cytoplasm (indicating high mitochondrial content).
2. Papillary Carcinoma (PRCC): This type accounts for about 10–15% of renal cancers. Smaller tumors are often discovered incidentally during autopsy (Bukavina et al., 2022). Unlike CCRCC, even non-hereditary PRCC tumors can appear in multiple areas and affect both kidneys. The tumor is well-defined with a grayish-white color, frequently showing central necrosis and bleeding. Histologically, PRCC has two subtypes: Type 1 features small, uniform cells with basophilic cytoplasm and oval nuclei, forming papillary and tubular structures (Yang et al., 2022). Type 2 shows larger cells with eosinophilic cytoplasm and prominent nucleoli, suggesting a more aggressive nature.
3. Chromophobe Carcinoma (ChRCC): This type represents about 5% of RCC cases and originates from the intercalated cells of the collecting ducts (Alaghehbandan et al., 2022). It usually appears as a single or multiple nodules with a lobulated surface. The cut surface is orange, turning grayish-white when preserved in formalin. The tumor mostly has a solid structure, sometimes showing a cribriform pattern with occasional calcifications. Microscopically, the tumor consists of large polygonal cells with a translucent, reticulated cytoplasm and distinct perinuclear halos. The thick-walled vasculature is a notable feature. Chromophobe carcinoma can be challenging to differentiate from oncocytoma (Alaghehbandan et al., 2022).
4. Collecting Duct Carcinoma (Bellini Duct Carcinoma): This rare type makes up about 1% or less of RCC cases. It arises from the cells in the medullary part of the collecting ducts (Cabanillas et al., 2022). No specific molecular or genetic markers have been identified. Microscopically, the tumor forms irregular channels lined by highly atypical epithelial cells with a hobnail pattern, arranged in glandular structures surrounded by a dense fibrotic stroma. It is important to distinguish Bellini duct carcinoma from medullary carcinoma, which is linked to sickle cell trait (Cabanillas et al., 2022).


5. Histological identification of renal carcinomas 
5.1	Periodic Acid-Schiff (PAS): 
Periodic acid–Schiff (PAS) staining is a valuable tool for diagnosing and evaluating renal carcinomas because it highlights important structural and chemical features of kidney tissue. It helps identify glycogen, glycoproteins, and basement membrane integrity, which are key markers for different types of kidney cancer. In clear cell renal cell carcinoma (ccRCC), PAS staining makes glycogen and lipid droplets inside the cancer cells stand out by staining them magenta. This helps distinguish clear cell carcinoma from other kidney tumors. PAS staining can also show if the basement membrane is damaged, which may indicate that the tumor is becoming more aggressive and invasive.
In papillary renal cell carcinoma (pRCC), PAS staining highlights the glycoprotein-rich basement membranes that surround the papillary structures (Elayat et al., 2023). This helps confirm the papillary structure and sets it apart from other kidney cancer types. For renal oncocytomas, PAS staining typically produces a weak or negative reaction because these tumors have lower levels of glycogen and mucosubstances. This difference helps pathologists distinguish benign oncocytomas from malignant renal cell carcinomas (Trevisani et al., 2022). PAS staining gives pathologists a clearer view of glycogen, glycoproteins, and basement membranes in kidney cancer, making it easier to classify tumors, determine their severity, and assess how invasive they are.
5.2	Masson trichrome Stains
Masson's Trichrome stain is a helpful tool in diagnosing renal carcinomas by revealing changes in the tissue structure caused by tumor growth and spread (Pavić et al., 2007). In renal carcinomas, the amount of fibrosis (scarring) and basement membrane thickening can provide important clues about the severity and behavior of the disease. Acid Fuchsin stains muscle fibers and the cell body red, making it easier to see the structure of tumor cells (Veuthey et al., 2014). This distinguishes cancerous tissue from normal kidney tissue and identifies any unusual cell patterns and Aniline Blue stains collagen blue, making it easy to spot areas of increased collagen buildup, which is often seen in more aggressive forms of renal cell carcinoma (RCC) (Veuthey et al., 2014). The amount of collagen can give insight into how fast the tumor is growing and how invasive it might be.
Clear cell RCC, Masson's Trichrome highlights delicate blood vessel structures, which helps differentiate it from other types of kidney tumors (Cathro et al., 2018). This distinction is important because clear cell RCC has unique growth patterns that can affect treatment options and outcomes while in papillary RCC, the stain reveals areas of fibrosis and thickened basement membranes. This helps confirm the diagnosis and assess how much of the kidney tissue is affected while in more aggressive types like collecting duct carcinoma and sarcomatoid RCC, Masson's Trichrome shows significant scarring and increased collagen production (Cathro et al., 2018). This provides valuable information about how invasive the tumor is and how it might behave clinically. By clearly showing the differences between muscle, collagen, and other cellular components.
5.3	Feulgen stain
The Feulgen stain is a helpful and insightful tool in diagnosing renal cell carcinomas (RCC), as it allows us to see and measure the DNA inside tumor cells (Sharma, 2021). When examining tissue under the microscope, it’s not always easy to tell RCC apart from other types of kidney tumors or even non-cancerous conditions. This is where the Feulgen stain comes in by highlighting and quantifying DNA, it helps pathologists distinguish between different cell types and better understand the genetic makeup of the tumor. Many renal cell carcinomas show abnormal amounts of DNA, a condition known as aneuploidy and the Feulgen stain can reveal these irregularities (Wang and Zheng, 2024). Tumors that have more DNA than normal often tend to be more aggressive and are linked to a worse prognosis. The stain’s ability to show whether cells have the normal two copies of DNA (diploid) or doubled amounts (tetraploid) can be an important clue in identifying how far the disease has progressed and how aggressive it might be (Wang and Zheng, 2024).
RCC tumors can also be quite diverse in their cell populations, with some cells having normal DNA amounts and others showing abnormalities (Jonasch et al., 2021). The Feulgen stain helps uncover this complexity, offering additional insight into how mixed or uniform the tumor is, which can help in classifying the cancer and predicting how it might behave. Another key use of the Feulgen stain is in grading the tumor. By assessing how much DNA is present in the nuclei, it becomes easier to differentiate between lower-grade, less aggressive tumors and higher-grade ones that tend to grow and spread more rapidly. Generally, tumors with higher DNA content signal a more serious and aggressive form of cancer. Chromosomal abnormalities such as missing or extra pieces of DNA   are common in RCC and often show up as changes in DNA quantity and structure. The Feulgen stain allows these changes to be seen and measured, giving us a glimpse into the genetic instability within the tumor (Jonasch et al., 2021).
5.4	Immunohistochemical Stains 
5.4.1	Cytokeratins 
All primary categories of renal tumors typically show expression of cytokeratin 18 (CK18), while cytokeratin 20 (CK20) remains consistently absent across these tumor types (Rogala, 2023). Other key diagnostic findings include: (1) CK5/6 is present in around 75% of urothelial carcinomas and in about 15% of collecting duct renal cell carcinomas (RCC), but not in other renal tumors; (2) CK7 expression is commonly found in papillary RCC, collecting duct RCC, and urothelial carcinoma (ranging from 87% to 100%), though it also appears in various other tumor types; (3) High–molecular-weight cytokeratins, identified by the 34βE12 antibody, are observed in most collecting duct RCCs (67%) and all urothelial carcinomas, but are rarely found in other renal tumors. Notably, the expression patterns of cytokeratins detected by the frequently used AE1/AE3 antibody in renal tumors have not been comprehensively documented. The inconsistency in the expression of other cytokeratins limits their usefulness in diagnosis. These findings highlight certain challenges in relying on cytokeratins for diagnosing renal tumors (Rogala, 2023). Often, the priority is to establish whether the tumor is a carcinoma before narrowing down to RCC, especially when dealing with limited tissue samples, such as those obtained from fine-needle aspiration (FNA). Broad-spectrum cytokeratin antibodies, like AE1/AE3, are commonly employed for this purpose, but they lack the specificity offered by CK18, which is a low–molecular-weight cytokeratin expressed in nearly all RCCs. This lack of specificity may explain why RCCs, both primary and metastatic, often yield negative results with AE1/AE3; for example, only 25% of Xp11 translocation RCCs showed positivity for AE1/AE3. In such cases, CK18-specific antibodies should be part of the diagnostic panel. Although the CAM 5.2 antibody is frequently used alongside broad-spectrum cytokeratin antibodies, it targets CK8, which is expressed in a large portion (40%–100%) but not all RCCs, and it does not specifically detect CK18. This need for precise confirmation is especially important when diagnosing sarcomatoid RCC, yet its cytokeratin expression pattern has yet to be thoroughly analyzed
5.4.2 Vimentin 
Vimentin, a well-known marker of mesenchymal origin, is commonly found in various subtypes of renal cell carcinoma (RCC), typically showing widespread expression (Feng et al., 2022). While few other carcinomas such as those arising from the endometrium, thyroid, and adrenal cortex, also exhibit vimentin expression, its presence can assist in narrowing the differential diagnosis when evaluating potential metastatic RCC (Nezami and MacLennan, 2024). Within primary kidney tumors, differences in vimentin staining patterns can help distinguish between subtypes: clear cell and papillary RCCs frequently show strong positivity (in about 87% to 100% of cases), whereas chromophobe RCC and oncocytomas rarely do. Nonetheless, research by Hes et al., (2007), examining 234 oncocytoma cases, revealed that 73% demonstrated focal vimentin staining, often with a distinctive pattern compared to other renal tumors. This indicates that although vimentin is a valuable tool in identifying renal tumors, its presence does not entirely rule out oncocytoma, particularly in limited biopsy samples (Hes et al., 2007) .
5.4.3 PAX2 and PAX8
PAX2 is a nuclear transcription factor critical for the embryonic development of organs such as the kidneys, Müllerian structures, brain, and eyes (Winyard et al., 1996). Under normal conditions, it is found in kidney tissues, Müllerian epithelium, and certain lymphoid cells. In healthy kidneys, PAX2 expression is limited to podocytes and distal tubule cells, but it can become re-expressed in other nephron areas when injury occurs. Recently, PAX2 has proven to be a helpful marker in identifying renal tumors. It offers multiple diagnostic benefits which includes: (1) its nuclear staining pattern complements the cytoplasmic staining seen with traditional renal tumor markers like CD10 and RCC antigen; (2) it is present in a large percentage of renal tumors across different histologic types; and (3) when positive, it typically highlights a substantial portion of tumor cells in both primary and metastatic sites. Importantly, only nuclear positivity should be considered a reliable indicator of PAX2 presence (Winyard et al., 1996).
Most forms of RCC show PAX2 expression, though high-grade tumors particularly aggressive clear cell RCC tend to exhibit significantly reduced levels compared to their lower-grade counterparts. The prevalence of PAX2 staining varies in oncocytoma, chromophobe RCC, and collecting duct carcinoma depending on the study (Ozcan et al., 2009). For instance, Gupta et al. reported that none of the Xp11 translocation RCCs expressed PAX2, whereas Ross et al. found all tumors of this subtype were positive. In contrast, sarcomatoid RCC consistently lacks PAX2 expression. Other tumor types, such as lymphomas, nephrogenic adenomas, parathyroid neoplasms, and tumors derived from Müllerian tissue, may also express PAX2.
PAX8, another transcription factor from the same family as PAX2, also plays a key role in the embryologic development of the kidneys, Müllerian system, brain, eyes, and thyroid (Kakun et al., 2022). Its expression pattern is similar to that of PAX2 but is more pronounced in thyroid follicular cells. Like PAX2, PAX8 has recently been recognized as a valuable marker for diagnosing renal tumors, offering the same advantages, especially nuclear localization for specificity (Ozcan et al., 2009).
Comparatively, considering the overlap between PAX2 and PAX8 expression patterns in renal tumors. Nearly all RCCs exhibit PAX8 positivity, and even tumors that are often negative or inconsistently positive for PAX2 such as chromophobe RCC, oncocytoma, and sarcomatoid RCC frequently show clear PAX8 staining. Xp11 translocation RCCs test positive for PAX8. Beyond renal tumors, PAX8 is commonly expressed in lymphoma, nephrogenic adenoma, parathyroid tumors, thyroid cancers, and Müllerian-derived neoplasms, with high positivity rates across these categories (see figure 4).
5.4.4	RCC Marker
The RCC marker is a commercially available monoclonal antibody  that targets a glycoprotein found in the brush border of normal renal proximal tubule cells (McGregor et al., 2001). This marker is typically positive in the majority of papillary and clear cell renal cell carcinomas but consistently negative in collecting duct RCC and oncocytoma This staining pattern aligns with the believed origin of these tumors proximal tubules for papillary and clear cell RCC, and collecting ducts for oncocytoma and collecting duct carcinoma (Karatrasoglou et al., 2018).
In other types of renal tumors, RCC marker staining can vary greatly, which may reflect either differing diagnostic interpretations or the presence of mixed differentiation from various parts of the renal tubular system while earlier research identified RCC marker positivity in a small number of non-renal cancers, such as breast cancer, testicular embryonal carcinoma, and parathyroid tumors, more recent findings have shown its expression in a broader range of malignancies (Truong and  Shen, 2011). These include tumors originating from the adrenal cortex, colon, breast, prostate, ovary, lung, melanoma, parathyroid, and even malignant mesothelioma, with reported expression rates between 17% and 100%. This unexpected finding raises concerns and highlights the need for further validation (see figure 5).
Gaps in Renal Carcinoma Identification
While histochemical and immunohistochemical stains have become indispensable tools in diagnosing renal carcinomas, neither can be relied upon as a perfect standalone solution. Take PAS staining, for example, it’s excellent for highlighting glycogen and basement membranes, making it a useful aid in spotting clear cell RCC. But that same pattern can also appear in other conditions that store glycogen or affect basement membranes, which means it’s not unique to one diagnosis. Likewise, Masson’s trichrome beautifully highlights fibrosis and collagen, yet those features may simply reflect the body’s general healing or injury response, not something specific to a tumor. Even Feulgen staining, which focuses on DNA content to detect abnormal ploidy, can be misleading, as such changes are not confined to one tumor type and may even be altered by technical issues. Even the widely trusted immunomarkers (cytokeratins, vimentin, PAX2, PAX8, and the RCC marker) are far from flawless. They can appear in non-renal cancers, show inconsistent results within the same tumor, or fail to appear in certain aggressive forms, leaving room for error in interpretation.
One of the most complex challenges in renal histopathology is the fact that a single tumor can display a blend of different growth patterns (clear cell, papillary, sarcomatoid, or oncocytic) all within the same mass. If only a small biopsy sample is taken, it may not capture the full spectrum of changes, leading to an incomplete or even misleading immunohistochemical profile. Adding to the difficulty, issues such as poor tissue preservation, mechanical damage during handling, or delays in processing can alter how antigens appear under staining, affecting the quality and reliability of results.
To make matters more complicated, there’s no global standard for how these stains and markers should be used or interpreted. Laboratories may use different marker panels or apply varying reporting criteria, which means the same tumor could receive different diagnoses depending on where it’s examined. This lack of consistency becomes even more problematic with rare subtypes like MiT family translocation RCC, FH-deficient RCC, and collecting duct carcinoma, which often don’t fit neatly into the usual diagnostic categories. Without a careful, multifaceted approach, these tumors can easily escape accurate classification.
6. Conclusion 
Renal Cell Carcinoma (RCC) is a diverse group of kidney tumors, influenced by age, sex, lifestyle, and genetic mutations. Early detection improves patient outcomes, and precise histological and immunohistochemical evaluation is essential for accurate classification and diagnosis. However, careful interpretation is necessary for overlapping marker expression in limited or challenging samples.
7. Future Prospects for Improved Diagnosis
A practical way to improve diagnostic accuracy in renal tumors is to adopt a structured, step-by-step approach to immunohistochemistry. This process can begin with broad renal lineage markers such as PAX8, CAIX, and CD10 to establish the tumor’s origin, followed by more selective markers like CK7, AMACR, KIT, and S100A1 to refine the subtype diagnosis. When this targeted approach still leaves some uncertainty, molecular tools such as FISH or next-generation sequencing (NGS) can provide additional clarity by identifying important genetic alterations. While immunohistochemistry forms a strong foundation, it cannot always deliver the full picture on its own. This is where advanced molecular profiling steps in, offering a level of precision that single stains simply cannot match. DNA methylation analysis and RNA-based expression profiling are particularly valuable for tumors that defy clear classification or fall somewhere between oncocytic and chromophobe categories. Because these techniques can be performed even on archived tissue, they give pathologists a powerful means of tackling complex or ambiguous cases that remain unresolved after standard testing.
Yet even with these methods, one of the most persistent challenges in renal pathology is tumor heterogeneity. A single tumor can harbor multiple architectural and molecular patterns, which means a limited sample may not reveal the whole story. To address this, newer technologies such as multiplex immunohistochemistry and spatial transcriptomics allow multiple markers to be visualized within the same tissue section, revealing intricate patterns of co-expression and tumor organization. Coupled with digital pathology enhanced by artificial intelligence, these approaches can quantify staining, map subtle variations across the tumor, and even predict likely genetic changes from routine H&E slides. The benefits of these detailed tissue analyses are multiplied when paired with imaging. Integrating pathology findings with radiologic features—a practice known as radiomics—creates a more complete diagnostic framework. By correlating imaging patterns with histologic and molecular results, clinicians can target biopsies more effectively, pinpoint aggressive tumor regions, and improve the accuracy of their diagnoses.
In parallel, liquid biopsy technology offers a non-invasive way to extend these insights beyond the tissue sample. By analyzing circulating tumor DNA, clinicians can detect mutations, determine tumor origin in cancers of unknown primary, monitor minimal residual disease, and track histologic or molecular changes over time—providing a dynamic picture of the disease’s behavior. Ultimately, the strongest diagnostic strategy will be one that unites all these elements into a single, coherent process. A multidisciplinary, structured report that combines morphology, immunohistochemistry, molecular profiling, imaging, and liquid biopsy data can present the diagnosis with clear confidence, account for tumor heterogeneity, and provide clinicians with actionable information to guide the most effective treatment decisions.
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Figure 1. Glomerulus;  (red arrow) and tubules (blue arrow) displayed using H&E. The nuclei are stained purple, while the cytoplasmic components are pink.
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Figure 2: Normal renal histology. Masson-trichrome; (stained kidney section, 500x magnification. The glomeruli (g) have normal cellularity and patent capillary loops. The renal tubular epithelium (rte) is intact, with normal cell nuclei and brush borders. The tubules are back-toback, with no intervening fibrosis (Cohen et al., 2019).
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Figure 3. Normal Micrographs of Periodic Acid-Schiff (PAS); (staining of rat kidneys. Light microscopies of sagittal half of kidney sections stained with PAS and counterstained with hematoxylin are shown (Srimaroeng et al., 2015)
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Figure 4 collecting duct renal cell carcinoma (RCC); (micrograph  A, B, and C demonstrate collecting duct renal cell carcinoma (RCC) with strong nuclear positivity for both PAX2 (A and B) and PAX8 (C). The tumor has invaded the liver, where hepatocytes show no staining for either marker (indicated by arrows). Panels D and E show chromophobe RCC with widespread PAX8 positivity, mirroring the staining pattern observed for PAX2 on an adjacent tissue section (not shown). The images are shown at original magnifications of ×200 for panels A through C and ×100 for panels D and E (Truong and Shen, 2011).
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Figure 5. Renal cell carcinoma (RCC) marker: A, Normal kidney The staining is limited to the brush border of the proximal tubules. B, Oncocytoma No staining. C, Clear cell RCC—Diffuse staining predominantly in the luminal side of the cell membrane, replicating the staining pattern of normal renal tubules. D, Papillary RCC Diffuse staining predominantly in the free surface of the cell membrane. E and F, Xp11 translocation RCC Displaying focal membranous staining (original magnifications ×200 [A, B, and D through F] and ×100 [C]) (Truong and  Shen, 2011). 
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