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Abstract 
Immunohistochemistry often plays an important role in 
the evaluation of liver tumors. Recent advances have 
established a classification system for hepatocellular 
adenomas (HCAs) based on morphology, molecular 
alterations, and immunohistochemistry. Specifically, 
loss of liver fatty acid binding protein is seen in HNF1α-
inactivated HCA, staining with serum amyloid A is 

seen in inflammatory HCA, and diffuse staining with 
glutamine synthetase (GS) is seen in β-catenin activated 
HCA. A panel of immunohistochemical stains including 
glypican-3 (GPC-3), heat shock protein 70, and GS 
are useful in distinguishing HCC from non-malignant 
dysplastic nodules. Immunohistochemistry is also 
useful to determine whether a liver tumor is of primary 
hepatocellular or metastatic origin. Recently described 
markers useful for this purpose include arginase-1, 
GPC-3, and bile salt export pump. These newer markers 
may offer superior utility when compared to traditional 
markers of hepatocellular differentiation such as 
alpha-fetoprotein, hepatocyte paraffin-1, polyclonal 
carcinoembryonic antigen, and CD10. This paper will 
review recent advances in the immunohistochemical 
evaluation of liver tumors.
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Core tip: Immunohistochemical stains may be an 
important complement to morphology in the chara-
cterization of liver tumors. Immunohistochemical stains 
can now be used to subtype hepatocellular adenomas. 
A panel of immunohistochemical stains can help 
distinguish hepatocellular carcinoma from dysplastic 
nodules and hepatocellular adenomas. Several new 
markers of hepatocellular differentiation have been 
described. These advances are reviewed.
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INTRODUCTION
Although the global incidence of hepatocellular car
cinoma (HCC) varies from region to region, incidence in 
Europe and North America has been increasing[1]. The 
majority of these cancers arise in the setting of chronic 
liver disease, especially chronic infection by hepatitis B 
virus (HBV) and HCV or cirrhosis of any cause. There 
is a male predominance of approximately 3:1[1]. With 
improvements in imaging, specifically four phase multi-
detector commuted tomography and dynamic, contrast
enhanced magnetic resonance imaging, there has been 
a concomitant increase in the detection of small liver 
nodules. While many of these lesions can be diagnosed 
on imaging, histologic diagnosis remains the gold 
standard, especially for small nodules (< 12 cm), with 
the goal of diagnosing cancers at an early stage where 
treatment may be curative. Nonetheless, it can be 
challenging to distinguish HCC from other hepatocellular 
proliferations, such as focal nodular hyperplasia (FNH), 
hepatocellular adenoma (HCA), and dysplastic nodules, 
particularly when presented with small samples (e.g., 
needle biopsy). Other primary tumors (e.g., cholan
giocarcinoma) and metastases may also enter the 
differential depending on morphology and history. In 
recent years, there have been a number of advances 
reported employing immunohistochemistry to answer 
such questions. These advances are reviewed herein. 

FNH 
FNH is a benign hepatocellular lesion thought to develop 
in response to localized hyperperfusion relating to the 
presence of an anomalous artery[2,3] with a female 
predominance of 8:1 and a median age of 38[4]. Histolo
gically, the classical type is a hyperplastic nodular lesion 
with a central scar containing the anomalous vessel, 
and a ductular reaction. Most cases are asymptomatic 
and are often incidentally discovered[4]. Frequently, this 
entity can be reliably diagnosed on imaging and no 
treatment is required; however, some cases may be 
difficult to confirm with imaging, and may require biopsy 
to rule out HCA and HCC which could require surgical 
excision. In challenging cases, immunohistochemistry 
for glutamine synthetase (GS, an enzyme that catalyzes 
the synthesis of glutamine from glutamate and ammonia, 
important in nitrogen metabolism) is useful and shows a 
characteristic geographic “maplike” pattern of staining[5] 
(Figure 1). 

HCA 
In contrast to FNH, HCAs are neoplastic clonal pro
liferations. Resection of adenomas larger than 5 cm 
is recommended due to the risk of hemorrhage and 
potential malignant transformation in up to 7% of cases[6]. 
Risk factors for HCA are female gender, steroid sex 
hormone exposure (oral contraceptives, anabolic steroids, 
pregnancy), glycogen storage disease types Ⅰ and Ⅲ, 
maturity onset diabetes of the young type 3 (MODY3), 

and familial adenomatosis coli[7,8]. Adenomas can often 
be diagnosed on imaging, but if the differential diagnosis 
includes FNH or HCC, the lesion may be biopsied. Based 
on molecular and immunohistochemical studies, Bioulac
Sage et al[8] have identified 4 types of hepatocellular 
adenomas, now recognized by the World Health Organi
zation. Immunohistochemical stains are therefore useful 
for both diagnosis and sub-classification.

HNF1α-inactivated HCA 
In HNF1αinactivated HCA (HHCA), inactivation of both 
alleles of the HNF1α gene, which encodes hepatocyte 
nuclear factor 1 (a transcription factor related to 
hepatocyte differentiation), results in increased production 
of fatty acids, steatosis in hepatocytes, and loss of liver 
fatty acid binding protein expression, which can be 
appreciated by a negative immunohistochemical stain 
(Figure 2A and B). HHCA accounts for 35%40% of HCAs 
and is associated with MODY3 and adenomatosis[2,6,9], 
but is not thought to be associated with higher risk of 
transformation to HCC. 

Inflammatory HCA
In inflammatory HCA (IHCA), activating mutations in 
genes (IL6ST, STAT3, GNAS, FRK) along the JAKSTAT 
pathway result in increased expression of inflammatory 
markers including serum amyloid A (SAA)[9,10]. Histolo
gically, IHCA are characterized by an inflammatory 
infiltrate, vascular anomalies, and may exhibit a ductular
reaction. In the past, this lesion was known as “telangiec
tatic FNH,” but has now been shown by molecular and 
immunohistochemical analysis to be IHCA[11]. They stain 
with SAA and C reactive protein by immunohistochemistry 
(Figure 2C and D) and account for 40%55% of 
HCAs[6,9,10]. 

β-catenin-activated HCA
βcateninactivated HCAs (βHCAs) are the subtype of 
HCA with the highest risk (4%)[12] for transformation to 
HCC, and account for 10%15% of HCAs. Histologically, 
βHCAs may show cholestasis and both architectural 
and cytologic atypia including pseudoacinar structures. 
In βHCA, activating mutations (predominantly in exons 
3, 7, or 8) in the CTNNB1 gene, which encodes βcatenin, 
cause activation of the WNT/βcatenin pathway. This is 
the most commonly mutated pathway in HCC[13]. The 
mutations may lead to upregulation of the gene coding 
for GS; consequently, this subtype is expected to exhibit 
abnormal nuclear staining with βcatenin and diffuse 
GS staining by immunohistochemistry (Figure 2E and 
F). Staining for βcatenin is less sensitive than staining 
for GS, though GS is much less specific than nuclear 
betacatenin. The purported sensitivity and specificity 
of GS in this setting is 100% and 89%[8]. However, 
in our experience, GS may diffusely stain many 
adenomas which do not exhibit atypical morphologic or 
clinical signs of atypia[14]. Furthermore, when our group 
sequenced GS overexpressing HCA, we could identify 
βcatenin mutations in only 1 OF 8 HCAs (unpublished 

1404 June 8, 2015|Volume 7|Issue 10|WJH|www.wjgnet.com

Koehne de Gonzalez AK et al . Current concepts in the immunohistochemical evaluation of liver tumors



data). In our opinion, GS overexpression is an imperfect 
surrogate for β catenin mutation, and should not be a 
definitional characteristic. 

Unclassified HCA
Unclassified HCAs represent the remaining 10% of HCAs, 
and lack characteristic histology, immunohistochemistry, 

or molecular changes.

DYSPLASTIC NODULES
The pathogenesis of HCC is thought to be a stepwise 
accumulation of mutations arising in a small clonal 
population (dysplastic nodules and a small proportion 
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Figure 1  Focal nodular hyperplasia. A: On low-power, focal nodular hyperplasia (FNH) is characterized by nodular hepatocellular proliferation with central 
scar (hematoxilin and eosin stain, × 1); B: FNH showing typical map-like pattern on glutamine synthetase immunohistochemistry (anti-glutamine synthetase/
diaminobenzidine chromogen, × 2).

A B

A B

C D

E F

Figure 2  Hepatocellular adenoma. A and B: HNF1α-inactivated hepatocellular adenoma (HCA) with marked steatosis [A, hematoxylin and eosin (HE) stain, × 
20] and loss of liver fatty acid binding protein (LFABP) expression by immunohistochemistry (left) in comparison to non-neoplastic liver (right) [B, anti-LFABP/3,3’-
diaminobenzidine (DAB), × 1]; C and D: Inflammatory HCA with dilated sinusoids (telangiectasia, black arrowheads) and patchy inflammation (blue arrowheads)  (C, 
HE stain, × 5) and diffuse serum amyloid A staining by immunohistochemistry (D, anti-serum amyloid A/DAB, × 5); E and F: β-catenin-activated HCA with strong diffuse 
staining for glutamine synthetase (upper left), in comparison to centrilobular staining of normal liver (lower right) (E, HE stain, × 20; F, anti-glutamine synthetase/DAB, × 1).

Koehne de Gonzalez AK et al . Current concepts in the immunohistochemical evaluation of liver tumors
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57% on biopsy specimens) and 100% specific in 
distinguishing early HCC from dysplastic nodules. 
Overall, it was found that positive staining in at least 
2/3 markers supported a diagnosis of HCC, but lack of 
staining was not sufficient to rule out HCC especially on 
biopsy specimens. 

GPC-3
GPC3 is a heparansulfate cell surface oncofetal pro
teoglycan noted to be expressed in HCC, but generally 
not in benign liver (normal or cirrhotic) or in metastatic 
carcinomas[24,25]. Immunostaining with GPC3 in HCC 
may be cytoplasmic and/or membranous. Some authors 
have found that the sensitivity increases as the tumor 
becomes less differentiated[25,26]. Other studies have not 
found higher GPC3 expression in poorly differentiated 
tumors, however, so confirmation in additional studies 
would be helpful[27]. GPC3 is also useful in distin
guishing HCC from HCA[14]. Anecdotally, we have seen 
strong positivity in a case of scirrhous variant HCC 
which could easily have been mistaken for metastatic 
adenocarcinoma (Figure 3). On the other hand, GPC3 
may be less helpful in the fibrolamellar variant of HCC[28]. 
GPC3 is known to stain a few other malignancies, such 
as yolk sac tumor and melanoma[29]. Another caveat is 
the reported expression of GPC3 in cirrhotic nodules in 
cases of hepatitis C infection[30]. 

HSP70
HSP70 is an antiapoptotic regulator promoting cell 
survival and has been implicated in tumorigenesis. 
HSP70 expression increases stepwise as a lesion 
progresses from precancerous to advanced HCC[31]. 
Immunohistochemistry marks HCC, but not dysplastic 
nodules or HCA[14,23]. Staining is nucleocytoplasmic and 
may be focal or diffuse, and is 74% sensitive and 98% 
specific for HCC on resection specimens, and 48% and 
94% on biopsy specimens, respectively when evaluating 
HCC vs dysplastic nodule[22,23]. However, a potential pitfall 
of HSP70 is that it reacts commonly with metastatic 
adenocarcinomas and cholangiocarcinomas[14]. Therefore, 

of adenomas)[13,15]. The background liver is most often 
cirrhotic, with HBV as the most common underlying 
cause worldwide, especially in SubSaharan Africa and 
Asia where HBV is endemic, and HCV and the most 
common underlying cause in the United States[16]. In 
the cirrhotic liver, it is important to distinguish large 
regenerative nodules, which are benign, from low and 
highgrade dysplastic nodules (HDN), which precede 
HCC in a stepwise fashion, and to distinguish these 
from early and progressed HCC itself. Histologic criteria 
were established by the International Consensus Group 
for Hepatocellular Neoplasia in 2009, but the differences 
between these entities may be subtle as they lie on 
a continuum. The best criteria to distinguish HDN 
from early HCC is the presence of invasion into portal 
tracts[17]. This feature may not be identifiable on biopsy 
material, however. Historically, thickened portal plates 
and subsequently a diminished reticulin framework 
were noted to be markers of progression from HDN to 
early HCC, although an intact reticulin framework could 
not exclude HCC[18]. In this case, immunostains are a 
useful aid to histomorphology. 

CD34
Normal sinusoidal endothelium does not express CD34. 
However, since capillarization of sinusoidal endothelium 
occurs during the progression of dysplastic nodules 
to HCC (which corresponds to the enhancement seen 
in HCC on the arterial phase of dynamic imaging 
modalities), immunostaining for the vascular marker 
CD34 has been found to be a useful marker of malignant 
transformation (since it does mark capillarized endothelial 
cells) . However, while increased to diffuse vascular 
markings with CD34 is a suspicious finding in a liver 
tumor, no specific cutoff has yet been established in 
distinguishing between HDN and early HCC[1821].

In studies of biopsy and resection specimens[22,23], a 
panel of 3 immunostains including glypican3 (GPC3), 
heat shock protein 70 (HSP70), and GS was found 
to be useful in distinguishing dysplastic nodules from 
HCC, with a combination of at least any two positive 
stains shown to be 72% sensitive (resection specimens; 

A B

Figure 3  Scirrhous hepatocellular carcinoma. A: Cords and thin trabeculae of neoplastic hepatocytes are embedded in dense, abundant fibrous stroma (hematoxylin 
and eosin stain, × 20); B: By immunohistochemistry, strong glypican-3 positivity is present in tumor cells (anti-glypican-3/3,3’-diaminobenzidine, × 20).

Koehne de Gonzalez AK et al . Current concepts in the immunohistochemical evaluation of liver tumors
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the utility is restricted to tumors which are clearly 
hepatocytic in differentiation.

GS 
GS catalyzes the conversion of glutamate and ammonia 
to glutamine in the liver[32]. As noted in the discussion of 
bHCA, GS is a target of βcatenin, and is upregulated 
when this pathway is constitutively activated. In 
normal liver, GS expression is restricted to perivenular 
hepatocytes. In neoplasms GS expression should be 
strong, homogenous, and diffuse (not maplike), and 
should stain > 50% of the cells in question. Given these 
conditions, on resection specimens, the sensitivity and 
specificity were 70% and 94%, respectively (59% and 
98% on biopsy specimens) when the consideration 
was HCC vs dysplastic nodule[22,23]. GS is frequently 
positive in HCA, however, and therefore not useful 
in the distinction of HCA from HCC[14]. An important 
caveat when using these 3 markers is that GS and 
HSP70 are frequently positive in cholangiocarcinoma 
and metastases, thus highlighting that the utility of 
this panel is restricted to the specific contexts in which 
evidence supports their use. GPC3 is the only one 
of the three markers above which is useful in overtly 
malignant tumors requiring evaluation of differentiation.

ESTABLISHING HEPATOCELLULAR 
ORIGIN
Since poorly differentiated HCC may have histologic 
overlap with poorly differentiated metastatic tumors 
and intrahepatic cholangiocarcinomas, there has 
always been interest in reliable immunohistochemical 
markers of hepatocytic differentiation. At a basic level, 
the cytokeratin profile can be helpful but in most cases 
of ambiguous morphology, not definitive. Hepatocytes 
are generally positive for CK8 and 18 and negative for 
both CK7 and CK20, although HCC may acquire CK7 
and or CK20 positivity in some cases[33]. One caveat 
is fibrolamellar carcinoma, which tends to be found in 
younger patients without cirrhosis, and has been found 
to be positive for CK7[34] (as well as CD68[35]). Some 
HCCs may acquire biliary features (CK19 positivity) by 
immunohistochemistry; in one study, these patients had 
a higher recurrence rate of HCC after transplantation, 
indicating a worse prognosis in these lesions[33]. Therefore, 
it is often necessary to go beyond cytokeratin analysis.

MARKERS OF PRIMARY HCC
Traditionally, the most commonly used markers for this 
purpose include hepatocyte paraffin 1 (HepPar-1), alpha-
fetoprotein (AFP), CD10, and polyclonal carcinoembryonic 
antigen (pCEA)[3639]. Each marker has drawbacks 
including limitations of sensitivity and specificity, as well 
as the requirement of a canalicular staining pattern for 
hepatocellular specificity in CD10 and p-CEA. 

HepPar-1
HepPar1 is an antibody to carbamoyl phosphate 
synthetase 1, a urea cycle enzyme in hepatocellular 
mitochondria, which is expressed predominantly in the 
liver, but also in other organs such as small intestine[40]. 
Developed in 1993 from a failed liver allograft[36], this 
antibody has been found to be relatively sensitive (70%, 
although some authors report higher sensitivity) and 
specific (84%) for hepatocellular differentiation[41], in 
both normal tissue and HCC, as well as hepatoblastoma. 
Caveats with this marker include the reported loss of 
sensitivity as tumors become less differentiated[36,42,43], and 
frequent negativity in the scirrhous variant[44]. Through 
many years of use, many of the pitfalls of HepPar1 have 
been elucidated. For one, it marks hepatoid tumors of 
any organ[4547]. Furthermore, because of the expression 
of carbamoyl phosphate synthetase in small bowel, 
it marks many small intestinal adenocarcinomas, as 
well as adenocarcinomas of the ampulla with intestinal 
morphology[48]. Additionally, a large study by Lugli et 
al[47] suggested that other tumors (notably gastric, lung, 
small intestinal, colonic, and pancreatic adenocarcinomas, 
cholangiocarcinoma, and melanoma) may have low 
(generally less than 15%) rates of positive staining with 
HepPar1. Ovarian and neuroendocrine carcinoma have 
also been reported to show occasional positivity[42]. 
However, staining in nonhepatocellular tissues has 
generally been reported as weak, whereas staining in 
tissues of hepatocellular origin tends to be strong and 
cytoplasmic. Thus, despite these many wellestablished 
pitfalls, HepPar1 remains a very useful marker.

AFP 
AFP is an oncofetal glycoprotein that has been used 
as a tumor marker both in serum and in tissue by 
immunohistochemistry for some time. Although also 
positive in yolk sac tumors, specificity by immuno
histochemistry is high (97%) with very few metastatic 
adenocarcinomas or cholangiocarcinomas showing 
positive staining. However, sensitivity is low, around 
30%[17], limiting its utility.

p-CEA
In normal liver, pCEA stains a biliary glycoprotein 
similar to CEA (a fetal glycoprotein), present in the bile 
canaliculi and ductal epithelium. The staining pattern is 
characteristic: a delicate branching canalicular pattern, 
which has been reported as 70% sensitive and 100% 
specific for hepatocellular differentiation[43]. However, 
this pattern may be lost as HCC dedifferentiates, and 
in general, the staining pattern may be difficult to 
distinguish from non-specific membranous or cytoplasmic 
staining, which can be seen in some HCC, bile duct 
epithelium, and metastatic adenocarcinoma and cholangio
carcinoma[42,43,49].

CD10 
CD10 is a membrane metalloendopeptidase which

Koehne de Gonzalez AK et al . Current concepts in the immunohistochemical evaluation of liver tumors
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and squamous cell cancer of the lung[25], and more 
recently, in pancreatic acinar cell carcinoma, esophageal 
squamous cell carcinoma and adenocarcinoma[50]. Still, 
most of these are rare in the liver, and so GPC3 is now 
commonly used as part of the immunohistochemical 
panel used to establish the histogenesis of a tumor in 
liver. 

Arginase-1
Another novel marker of hepatocellular differentiation is 
Arginase1 (ARG1). ARG1 is a manganese urea cycle 
metalloenzyme isoform expressed primarily in the liver. 
In two series[41,51], it was been found to be more sensitive 
and specific (84% and 96%, respectively[41]) than 
HepPar1. As with many other markers of hepatocellular 
differentiation, expression decreased as tumor grade 
increased, but ARG1 was more sensitive grade for grade 
than HepPar1 in both series. In terms of specificity, 
ARG1 expression has been reported in a small subset 
of pancreatic, colon, gastric, and pulmonary cancers, 
but when HepPar1 was also positive, specificity rose 
to 100%. ARG1 does not stain nonneoplastic small 
intestinal and ampullary mucosa, and only rarely stains 
adenocarcinomas of these sites[48]. 

Bile salt export pump
Bile salt export pump (BSEP) is another recently 
described immunohistochemical marker for hepato
cellular differentiation[52,53]. BSEP is a membranebound 
ATPbinding cassette transporter expressed only in 
hepatocytes, and functions to transport bile out of the 
hepatocyte. A study by Lagana et al[53] reported 90% 
sensitivity and 100% specificity for HCC. Furthermore, 
since it is expressed exclusively in hepatocytes, there 
is no requirement for a canalicular pattern of staining 
as there is with CD10 and pCEA (though canalicular 
staining was present in 33 of 43 positive cases).

Cholangiocarcinoma
Intrahepatic cholangiocarcinoma is generally unlikely to 
be histologically confused with HCC. The morphology 
can, however, be identical to metastatic carcinomas. In 
the rare cases where a pathologist is entertaining the 
diagnosis of HCC and cholangiocarcinoma, the markers 
listed above, along with the addition of CK7 and CK19, 
should suffice. 

CONCLUSION
Diagnosing liver tumors can be challenging, especially 
on needle biopsy specimens which may only minimally 
sample a lesion. Proper identification and classification 
is essential, as some lesions require no treatment at 
all, whereas in others, resection, chemotherapy, and 
transplantation may be offered. Recent advances in 
immunohistochemistry have furthered our ability to 
accurately characterize these lesions (summarized in 
Table 1).
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