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ABSTRACT

Background: In the past, histological and histochemical stains were useful, but more precise and sensitive
histopathological techniques are now employed to provide accurate diagnoses. These techniques include the use of
immunohistochemical markers for various hepatic tissue components. Immunohistochemistry (IHC) is a useful
diagnostic technique that produces great results for both normal tissues and tissues with various pathological insults
when examining histopathological alterations in various bodily tissues.

Objective: In this study, we will move to examine classic histological and histochemical stains used for hepatic sections
reaching to discussing the many immunohistochemical markers that are often utilized for detection of different
histopathological liver disorders.

Conclusion: The use of two or more immunohistochemical markers improves the accuracy of the liver problem's
detection, and the combination of histochemical stains with immunohistochemistry markers can occasionally be helpful
for confirming diagnosis. There are numerous more instruments and methods used to investigate the pathology of the
liver, even though these stains and markers are helpful for examining hepatic tissue.
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1 INTRODUCTION

Immunohistochemistry (IHC) is an applicable diagnostic procedure used for examination of histopathological changes
in different tissues of the body with an excellent result both for normal tissues and tissues with different pathological
insults [1]. Immunohistochemistry is a method that uses antigen-antibody interactions to identify cellular or tissue
components, antigens (such as proteins, amino acids, infectious organisms, or other cellular populations) [2]. By either
directly identifying the antibody or via a secondary labeling technique, the location of antibody binding was determined

[3].
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In pathological procedures, immunohistochemistry has emerged as a potent tool. By determining the pathway of
differentiation of a particular tumor. Since oncologists require more precise diagnosis, IHC has been shown to be one of
the most significant adjuvant techniques in the characterization of neoplastic disorders in humans [4].

One of the important tissues in the body is the liver. Hepatic tissues are characterized by their specific histological
architecture that routinely examined histologically using hematoxylin and Eosin (H & E) stain, liver is composed of
different histological elements including hepatocytes, sinusoidal capillaries and bile ducts [5]. Many pathological
conditions affect the hepatic elements such as cirrhosis, fatty liver disease, hepatitis, benign and malignant tumors [6].
Traditionally the use of histological and histochemical stains was applicable but recently more specific and sensitive
histopathological methods are used for reaching excellent diagnosis and from these methods is using
immunohistochemical markers for different elements of hepatic tissue [7].

In this review, we will pass to discuss traditional histological and histochemical stains used for hepatic sections reaching
to explaining the different immunohistochemical markers that are commonly used for identification of different
histopathological liver conditions.

1.1 Histological and Histochemical Stains

Hematoxylin and Eosin (H & E) stain are considered a routine stain for most histological sections of tissue in human
body, when it is used in liver section; it will give the routine architecture of liver structure showing hepatocytes
cytoplasm, nuclei and the sinusoidal spaces [8].

Another connective tissue used stain is Masson Trichrome that stains collagen blue or green against red hepatocytes
and this staining method is applied to staging and grading of liver fibrosis and cirrhosis [9]. Gomo6ri / Snook’s Reticulin
stain is also a special connective tissue stain that impregned the reticulin with silver which is considered as collagen
type III protein to mark cell plates, this staining method is of benefit to assess liver structure and crucial in the
diagnosing of hepatocellular carcinoma [10]. Sirius Red stain is also considered as a selective connective tissue stain to
illustrate collagen fibers and mostly correlate strongly with trichrome stain for diagnosis of liver fibrosis [11]. Verhoeff
Van-Gieson stain is a special stain for detection of elastic fibers within blood vessels wall of the large portal tract and
also considered as a special connective tissue stain [12].

Another histochemical stain involved in detection of liver histopathology is the Periodic Acid-Schiff reagent with or
without diastases, this histochemical procedure identifies glycogen content of liver which is digested by diastase
enzyme and illustrate mucin or alpha-1 antitrypsin globules which is resistant to diastases [13]. Perls’ Prussian Blue
histochemical stain is used to detect ferric iron storage of hepatocytes and Kupffer cells that is important in the diagnosis
of hemochromatosis and hemosiderosis [14]. Rhodanine or Orcein stains copper associated proteins and highlight
copper accumulation in hepatic tissue specially seen in Wilson’s disease or chronic cholestatic disease [15]. Oil Red O
or Sudan Black special stains to detect lipid droplets and neutral lipids in cases of steatosis but it is used mainly with
frozen sections of hepatic tissues [16].

Congo Red is one of special staining used for liver sections which highlights amyloid deposits as apple- green
birefringence by using of polarized light [17]. Lastly, we consider Orcein / Victoria Blue stain that visualizes elastic
fibers and copper protein over-accumulation and hepatitis B surface antigen in ground glass hepatocytes [18].

All the above-mentioned stains were commonly used in the diagnosis of many pathological conditions in liver but with
the revolution in the diagnostic procedures that applied in the last decades, the use of only special and histochemical
stains became diminished when it is compared to more sensitive and specific immunohistochemical techniques. Even
so, the diagnosis of hepatic pathologies needs to combine the routine stain H & E with selected IHC antibody markers.

1.2 Immunohistochemistry

The selection of antibodies for immunohistochemical testing, which is based on their tissue specificity and the
probability that they would react with the tissue under examination, is one of the key concepts of applying this approach
[19]. One of several detection techniques is used to identify positive reactions (tissue antigen-antibody binding)
following the incubation of tissue sections with the potential antibodies [20]. The most sensitive ones employ a
secondary antibody that reacts with the primary antibody that is conjugated or connected to an enzyme marker [21].
Because it permits a comparatively large number of enzyme molecules, including peroxides, to attach at the antigen site,
this system is typically particularly sensitive. The choice of precipitating chromogen determines the color of the reaction
[22].

Here we will illustrate and discuss the most commonly used primary antibodies for detection of histological and
pathological conditions related to hepatic sections.

80



GSC Biological and Pharmaceutical Sciences, 2026, 36(02), 079-087

2 HEPATOCYTE MARKERS

21 HepPar1l

A mouse monoclonal antibody called Hepatocyte paraffin 1 (Hep Par 1) is frequently utilized in surgical pathology
practice to identify the hepatic origin of tumors [23]. The target antigen is called Carbamoyl Phosphate Synthetase 1,
this enzyme is located in the mitochondria of the hepatocytes [24]. This immunohistochemical marker is of benefit in
distinguishing between primary liver carcinoma from metastatic secondary adenocarcinoma that its primary in colon,
breast or lung and from bile duct cancer (cholangiocarcinoma) and also help in the differential diagnosis of primary
liver carcinoma and clear cell renal cell carcinoma [25]. It is sensitive marker for diagnosis of hepatocellular carcinoma,
hepatic adenomas and hepatoblastomas. However, it also gives positive results in normal liver tissue [26]. The positive
results are determined by appearance of strong and coarse cytoplasmic staining due to reaction with mitochondrial
enzyme Carbamoyl Phosphate Synthetase 1, but its sensitivity is decrease in a poorly differentiated hepatocellular
carcinoma, therefore it is used with other markers like Arginase-1 and Glypican-3 [27].

2.2  Arginase-1 (ARG-1)

It is the enzyme in the final step of urea cycle which is regarded as a key cytosolic enzyme which converts L-arginine to
urea and L-ornithine [28]. It is considered the most sensitive and specific marker for diagnosing hepatocellular tumors.
ARG-1 is superior to Hep Par 1 and Glypican-3 in diagnosing hepatocellular carcinoma by 96% sensitivity reaction
specially in well and moderately differentiated tumors [29]. This sensitivity is also higher in poorly differentiated
tumors and those of high-grade hepatocellular carcinoma [30]. It is used in the differential diagnosis of hepatocellular
carcinoma and hepatic adenomas from secondary metastatic adenocarcinoma of liver, intrahepatic cholangiocarcinoma
and metastatic neuroendocrine tumors. Positive findings obtained when there were both cytoplasmic and nuclear
staining of hepatocytes. It is expressed also in normal hepatocytes like Hep Par 1 antibody [31].

2.3 Glypican-3 (GPC3)

It is a cell surface heparan sulfate proteoglycan which is crucial for cellular growth, differentiation and morphogenesis
[32]. GPC3 is considered an oncofetal protein because it is expressed in hepatic malignant tumors in fetal liver tissues
and therefore it is unlike Hep Par 1 and ARG-1 antibodies that express positively in both normal and malignant hepatic
tissues [33]. GPC3 is essential in distinguishing between hepatocellular carcinoma and benign hepatic diseases such as
hepatic adenoma, dysplastic cirrhotic nodules and focal nodular hyperplasia. It is very sensitive in poorly differentiated
hepatocellular carcinoma and to high-grade types [34]. In other hand, it is also expressed in non-hepatic neoplasia such
as yolk sac tumor and choriocarcinoma. The antibody considered positive when there is cytoplasmic and rim like
membranous staining appeared and sometime perinuclear canalicular staining confirms the positivity of the marker.70-
90% sensitive in detecting hepatocellular carcinoma and mainly in high-grade types rather than well differentiated
tumors [35].

2.4 Alpha-fetoprotein (AFP)

It is an oncofetal biomarker, a major plasma glycoprotein produced by the yolk sac and fetal liver tissue during
embryonic period and its serum level drops down in adult and become neglectable [36]. It is specific marker for
hepatocellular carcinoma but 30-50% sensitive to this tumor type so, negative expression of biomarker dose not exclude
cancer. Positive expression is also obtained in hepatoblastoma. The mode of positive expression is heterogenous
cytoplasmic within the tumor area [37].

2.5 Glutamine synthetase

The hepatic conversion of ammonia and glutamate to glutamine for nitrogen metabolism is catalyzed by glutamine
synthetase [38]. Hepatocytes around the principal veins of a healthy liver express glutamine synthetase. 3-catenin
targets the gene glutamine synthetase, and activation of B-catenin is indicated by significant diffuse glutamine
synthetase staining [39]. From precancerous lesions to early and advanced hepatocellular carcinoma, glutamine
synthetase immunostaining progressively increases. About 13% of cases of early hepatocellular carcinoma and 39% of
cases of advanced hepatocellular carcinoma express glutamine synthetase [40].

3 BILIARY AND DUCT MARKERS

3.1 Cytokeratin 7 (CK7)

It is a low molecular weight intermediate filament expressed primarily in simple glandular epithelium, ductal
epithelium in transitional epithelium [41]. It is considered an important marker in detection of the primary origin of
secondary cancers therefore it is used for subtyping of carcinomas of unknown primary alongside Cytokeratin 20
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(CK20), it is positively expressed in pancreatobiliary adenocarcinoma and cholangiocarcinoma and negative in
hepatocellular carcinoma and in normal hepatocytes. Positive reactions appeared as diffuse cytoplasmic and
membranous expressions [42].

3.2 Cytokeratin 19 (CK19)

It is an intermediate filament of smallest known acidic (type 1) cytokeratin [43]. It is specifically expressed in simple,
pseudostratified and ductal epithelial tissue and therefore it is considered an important biomarker for ductal
differentiation especially in liver and pancreatobiliary tract. It is used to distinguish between cholangiocarcinoma of
bile duct (which is CK19+) and hepatocellular carcinoma (CK19-), but 10-20% of hepatocellular carcinoma give CK19+,
and this indicates an aggressive behavior with a high recurrence rate and therapy resistance progenitor cell phenotype
tumor [44]. In histological section, a diffuse cytoplasmic and membranous expression of the marker is considered
positive results. In normal liver tissue, it is positive in bile ducts and negative in hepatocytes [45].

3.3 Carbohydrate Antigen 19-9 (CA19-9)

It targets sialyl-Lewis A which is a mucinous glycoprotein present in the surface of epithelial cells. It is a tumor marker
used both in serology and immunohistochemistry for gastrointestinal and pancreatobiliary tumors [46]. CA19-9 is
expressed in intrahepatic and extrahepatic cholangiocarcinoma. Serum level of CA19-9 will be obviously raised in
benign conditions associated with biliary system like cholangitis, choledocholithiasis and in cases of cirrhosis.
Immunohistochemical positive expressions appeared as cytoplasmic and apical/luminal membranous staining [47].

3.4 CDX2

It is caudal-type homebox transcription factor-2. Primarily, it is a sensitive antibody for diagnosing adenocarcinoma of
intestinal origin, but it is essential biomarker in distinguishing secondary metastatic tumors in distant body tissue like
hepatic tissue to determine its gastrointestinal primary origin. Positive results obtained as a strong nuclear pattern, so
the cytoplasmic distribution considered nonspecific result [48].

4 STELLATE CELLS AND FIBROSIS MARKERS

4.1 Alpha-Smooth Muscle Actin

It is an actin isoform present in vascular smooth muscle cells, myofibroblasts and pericytes. In liver, it is considered as
biomarker of hepatic stellate cells activation and liver fibrogenesis [49]. In healthy liver, the hepatic stellate cells showed
minimal expression of Alpha-Smooth Muscle Actin biomarker due to presence of vitamin A in these cells, in chronic
hepatic injury due to alcohol consumption or by viral hepatitis, the expression of Alpha-Smooth Muscle Actin become
strong positive in stellate cells [50]. In cases of fibrosis, different degrees of Alpha-Smooth Muscle Actin biomarker
expression are detected, and this depends on the degree of collagen fibers deposited in extracellular matrix [51]. Portal
hypertension could be detected by positive staining of Alpha-Smooth Muscle Actin marker in the area surrounding
sinusoids. In cases of intrahepatic cholangiocarcinoma and hepatocellular carcinoma, Alpha-Smooth Muscle Actin stains
the fibroblast in the stroma surrounding the tumor [52].

4.2 Desmin

It is class Il intermediate filament which is present in z disc of the three types of muscle in the body. In healthy hepatic
tissue, it is considering a marker of the hepatic stellate cells, so it is positively expressed in the cytoplasm of these cells
located in the perisinusoidal area in the space of Disse [53]. When fibrosis is considered, a strong positive expression of
desmin is obtained which mean an early stage of fibrosis is suggestive. In hepatic leiomyoma and leiomyosarcoma, a
strong positive desmin expression is considered [54].

43 CD34

Endothelial cells contain CD34, a transmembrane phosphoglycoprotein involved in cell-cell adhesion. The sinusoids in
a normal liver are highlighted by CD34, but the lobules are not further highlighted. For CD34, hepatocellular cancer
usually has a prominent diffuse sinusoidal staining pattern [55]. Hepatocellular adenoma and localized nodular
hyperplasia usually exhibit patchy CD34 positivity. Nonetheless, 27% of instances of hepatocellular adenoma have
diffuse CD34 positivity [56].
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5 INFLAMMATION AND IMMUNE MARKERS

5.1 CDé68

It is a transmembrane glycoprotein localized mainly to endosomes and lysosomes (Macrosialin / KP1 clone). In liver, it
is the biomarker of monocyte/macrophage linage represented as Kupffer cells in liver which stains the intrahepatic
Kupffer cells positive by CD68 [57]. In cases of viral hepatitis, positive CD68 expressions are obtained due to
accumulation of foamy macrophages and microgranulomas [58]. It is expressed strongly positively in Gaucher disease
by staining lipid-laden macrophages within sinusoids and primary liver histiocytic neoplasms. Positive results obtained
as granular cytoplasmic expression reflect lysosomal contents. CD68 is negative in normal hepatocytes and bile duct
epithelial cells. It is crucial in diagnosing steatohepatitis and lysosomal storage disease [59].

5.2 CD3and CD20

These markers are regarded as lymphoid markers to distinguish the inflammatory infiltrates and so they are important
in autoimmune liver disease, hepatic lymphomas and in assessing allograph rejection [60]. Regarding CD3, this is
considered as pan T-cell marker which stains T cell receptors on T lymphocytes; therefore, it is positive in normal liver
cells especially in areas of portal tract and sinusoids [61]. On the other hand, CD20 is regarded as pan B cell marker, so
stained B lymphocytes and plasma cells in healthy hepatic tissues [62]. Their diagnostic importance is summarized in
the following conditions: autoimmune hepatitis where CD3 is positively expressed, chronic hepatitis with both CD3 and
CD20 are positively expressed and CD3 positive staining in primary biliary cholangitis [63]. In acute cellular allograph
rejection, T lymphocytes are aggregated around portal vein, bile ducts and endothelium and CD3 positive reaction will
be expected [64]. CD20 is crucial in the differential diagnosis of defuse large B cell lymphoma (positive CD20 expression)
from T cell lymphoma. Both CD3 and CD20 positive reactions are demonstrated as membranous expression of the
biomarker [65].

All above discussed biomarkers are mainly specified for liver lesions diagnosis, but other immunohistochemical
markers can be used as diagnostic tools specially in cases of cancerous hepatic lesions, from these were the cancer stem
cell markers that detect the cancerous transformation as histopathological changes and positive expression of different
types of these markers, CD44, CD24, EpCAM, CD90, CD133, CD56, K19, ALDH1 and many other immunohistochemical
markers can be mentioned regarding this issue [66].

6 CONCLUSION

This review summarizes the available and commonly used different types of histochemical stains related to hepatic
tissue histology and for detection of many pathological conditions either benign, inflammatory, infectious and cancerous
lesions. Combination of histochemical stains with immunohistochemical markers sometimes is of benefit for confirming
diagnosis, also the use of two or more immunohistochemical markers makes the identification of the hepatic problem
more accurate. Although these stains and markers are useful for exploring hepatic tissue, there are many other tools
and techniques used to explore the pathology of liver like in situ hybridization, immunofluorescent stains, electron
microscopy and laser capture microdissection that can be discussed in detail in future studies.
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