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Abstract

The current clinical practice is based on the assumption of strong correlation between diffuse
glutamine synthetase expression and B-catenin activation in hepatocellular adenoma and
hepatocellular carcinoma. This high correlation is based on limited data, and may represent an
oversimplification as glutamine synthetase staining patterns show wide variability in clinical
practice. Standardized criteria for interpreting diverse glutamine synthetase patterns, and the
association between each pattern and B-catenin mutations is not clearly established. This study
examines the correlation between glutamine synthetase staining patterns and p-catenin mutations
in 15 typical hepatocellular adenomas, 5 atypical hepatocellular neoplasms and 60 hepatocellular
carcinomas. Glutamine synthetase staining was classified into one of three patterns: (a) diffuse
homogeneous: moderate to strong cytoplasmic staining in more than 90% of lesional cells, without
a map-like pattern, (b) diffuse heterogeneous: moderate to strong staining in 50-90% of lesional
cells, without a map-like pattern, and (c) patchy: moderate to strong staining in <50% of lesional
cells (often perivascular), or weak staining irrespective of extent, and all other staining patterns
(including negative cases). Sanger sequencing of C7TNNBI exon 3 was performed in all cases. Of
hepatocellular tumors with diffuse glutamine synthetase staining (homogeneous or
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heterogeneous), an exon 3 B-catenin mutation was detected in 33% (2/6) of typical hepatocellular
adenoma, 75% (3/4) of atypical hepatocellular neoplasm and 17% (8/47) of hepatocellular
carcinomas. An exon 3 mutation was also observed in 15% (2/13) of hepatocellular carcinomas
with patchy glutamine synthetase staining. The results show a modest correlation between diffuse
glutamine synthetase immunostaining and exon 3 p-catenin mutations in hepatocellular adenoma
and hepatocellular carcinoma with discrepancy rates exceeding 50% in both hepatocellular
adenoma and hepatocellular carcinoma. The interpretation of f-catenin activation based on
glutamine synthetase staining should be done with caution, and the undetermined significance of
various glutamine synthetase patterns should be highlighted in pathology reports.

Introduction

[B-catenin activation in hepatocellular tumors is generally due to missense mutation or small
in-frame insertion or deletions in exon 3 of the CTNNBI gene, which results in cytoplasmic
and nuclear accumulation of -catenin. Nuclear p-catenin accumulation leads to
transcriptional activation of several downstream target genes, one of which is GLUL, which
codes for glutamine synthetase (1, 2). In normal liver, glutamine synthetase expression is
confined to hepatocytes surrounding terminal hepatic venules (3), whereas the majority of
neoplastic hepatocytes express glutamine synthetase in B-catenin activated tumors (4).
Nuclear p-catenin staining is often focal in hepatocellular adenoma and is an unreliable
marker in detecting p-catenin activation, whereas diffuse glutamine synthetase staining has
greater sensitivity and better correlation with p-catenin activation (4).

The 2010 World Health Organization classification subdivides hepatocellular adenomas into
four categories: p-catenin activated, hepatocyte nuclear factor 1a inactivated, inflammatory,
and unclassified (4-6). The p-catenin activated hepatocellular adenoma subset poses a major
diagnostic challenge as these tumors often show overlapping features with well-
differentiated hepatocellular carcinoma and are frequently associated with hepatocellular
carcinoma at the time of initial diagnosis or on follow-up (4, 7, 8). In initial studies, the p-
catenin activated subtype accounted for 10-15% of total hepatocellular adenomas (4, 6, 7).

Aberrant activation of the Wnt signaling pathway also occurs in hepatocellular carcinoma
with a frequency varying from 8-42% (9-17). Hepatocellular carcinoma with p-catenin
mutations are typically more well-differentiated, occur in non-cirrhotic liver, infrequently
have 7P53 mutations, have a lower level of chromosomal instability and a relatively better
prognosis (15, 18, 19). A higher association of p-catenin mutations with hepatocellular
carcinoma arising in hepatitis has also been reported (14, 20).

It has been proposed that hepatocellular neoplasms with diffuse glutamine synthetase
expression are p-catenin activated, irrespective of whether nuclear p-catenin staining is
present (4), and this has become standard practice in the diagnosis of hepatocellular tumors.
However, the proposed strong correlation between diffuse glutamine synthetase staining and
[B-catenin activation is based on a limited number of studies (4, 21, 22), likely represents an
oversimplification of a more complex relationship. Further, the immunohistochemical
patterns of glutamine synthetase expression show wide variability leading to interobserver
variability, even among experienced pathologists (23). Standardized criteria for
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interpretation of these diverse patterns and the relationship of each pattern with -catenin
mutations have not been established. The current study examines the correlation between
different staining patterns of glutamine synthetase and p-catenin mutations in hepatocellular
adenoma and hepatocellular carcinoma.

Materials and Methods

Study cases

The institutional review board of the University of California, San Francisco, approved this
study. Study cases were selected from the pathology files of the University of California,
San Francisco and from the Southern California Permanente Medical Group. The majority
of the hepatocellular adenoma and atypical hepatocellular neoplasm cases included in this
study had previously been classified by immunohistochemistry according to the 2010 World
Health Organization guidelines (24). Case selection was aimed at including cases with a
range of glutamine synthetase staining patterns. Hematoxylin and eosin stained sections and
reticulin stains were reviewed in all cases, which were assigned to the categories enumerated
below:

1 Typical hepatocellular adenoma (n=15; 12 resections, 3 biopsies): Tumors
that occurred in women 15-50 years of age and showed typical histologic
features of hepatocellular adenoma with no morphologic atypia.

2. Atypical hepatocellular neoplasm (n=5; 4 resections, 1 biopsy): Tumors
that occurred in men (any age), women >50 years and/or showed focal
atypical morphological features (<5% of the tumor) such as small cell
change, pseudoacinar architecture and thick cell plates that were
insufficient for definite diagnosis of hepatocellular carcinoma (25).

3. Hepatocellular carcinoma (n=60; 59 resections, 1 biopsy): Tumors with
obvious cytoarchitectural features of hepatocellular carcinoma such as
thick cell plates, small cell change and reticulin loss in most areas of the
tumor.

Hepatocellular carcinomas were graded as well, moderate and poorly differentiated tumors
according to the 2010 World Health Organization classification (26), and clinical data on
background liver disease and degree of fibrosis was obtained for each case.

Immunohistochemistry

Using formalin-fixed paraffin-embedded tissue, immunohistochemistry was performed for
[B-catenin and glutamine synthetase on all hepatocellular carcinomas and hepatocellular
lesions. Serum amyloid A and liver fatty acid binding protein had previously been performed
on all hepatocellular adenomas and atypical hepatocellular neoplasms as previously
described (24). The sections obtained on Superfrost Plus slides were heated at 65-70°C for
60 minutes, deparaffinized and hydrated to distilled water. Slides were washed in running
distilled water, and then incubated with blocking solution (3% hydrogen peroxide, 0.05%
Tween-20, 0.1% sodium azide in calcium-magnesium-free phosphate-buffered saline) for 10
minutes. Following two washes in deionized water and washing with 0.2% Tween-20 in
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phosphate-buffered saline, antigen retrieval was performed by incubating slides with the
ENVISION+ system (DAKO) for 15 minutes (B-catenin, glutamine synthetase), 30 minutes
(serum amyloid A) or by using Bond Epitope Retrieval (Leica) for 20 minutes (liver fatty
acid binding protein, C-reactive protein), followed by incubation with the primary antibodies
for 30 minutes at room temperature. The slides were washed again with 0.2% Tween-20 in
phosphate-buffered saline, incubated for 10 minutes at room temperature in DAB+ liquid
(DAKO), and washed in water. Slides were counterstained with hematoxylin for 10 seconds,
washed in tap water, incubated in phosphate-buffered saline for 30 seconds, washed in tap
water, dehydrated in graded ethanols, cleared in xylene, and cover-slipped.

Interpretation of immunohistochemistry

In all tumors, the glutamine synthetase staining pattern was classified into one of the
following three patterns: (a) diffuse homogeneous: moderate to strong cytoplasmic staining
in more than 90% of lesional cells, without a map-like pattern, (b) diffuse heterogeneous:
moderate to strong staining in 50-90% of lesional cells, without a map-like pattern, and (c)
patchy: moderate to strong staining in <50% of lesional cells (often in a perivascular
distribution), or weak staining irrespective of extent, and all other staining patterns
(including negative cases). Hepatocellular adenomas with diffuse homogeneous or
heterogeneous glutamine synthetase staining were considered p-catenin activated,
irrespective of mutation status or nuclear p-catenin immunohistochemical staining as per
2010 World Health Organization recommendations and studies by Bioulac-Sage et al (4, 6).
Based on immunohistochemistry that has been performed as part of the diagnostic work-up,
hepatocellular adenomas with loss of liver fatty acid binding protein were considered as
hepatocyte nuclear factor 1a inactivated, while adenomas were classified as inflammatory
when serum amyloid A and/or C-reactive protein was positive — even in the absence of
typical inflammatory adenoma morphologic features (i.e., inflammation and sinusoidal
dilatation). Nuclear p-catenin immunohistochemical staining was interpreted as positive
irrespective of number of positive cells. Membranous and/or cytoplasmic staining was not
considered positive.

DNA extraction, polymerase chain reaction and sequencing analysis

Sanger sequencing analysis of exon 3 of the CTAVNBI gene was performed in all cases.
Formalin-fixed paraffin-embedded tumor tissue was scraped from unstained sections and
deparaffinized in xylene. Then genomic DNA was purified using the QlAamp DNA FFPE
Tissue Kit (Cat. No. 56404), according to the manufacturer’s instructions (Qiagen, Valencia,
CA, USA).

Exon 3 of CTNNBI was amplified using the following primers: forward 5’-
TCCAATCTACTAATGCTAATACTGTTTCGTA-3’; reverse 5’-
CATTCTGACTTTCAGTAAGGCAATG-3’ (27). Approximately 50 ng of genomic DNA
from tumor samples was denatured at 95°C for 5 min and then cycled 40x at 95°C for 30
seconds, 62°C for 45 seconds, 72°C for 45 seconds, with a final extension at 72°C for 20
min. Sanger sequencing of polymerase chain reaction products was performed using BigDye
v3.1 (Applied Biosystems, Foster City, CA, USA) and the same primers used for
amplification. Sequencing reactions were run on an ABI Prism 310 Genetic Analyzer
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(Applied Biosystems). Traces were analyzed using Mutation Surveyor (Softgenetics, State
College, PA, USA) with NM_001098209 as a reference.

In select cases where a small insertion/deletion was suspected based on this analysis,
polymerase chain reaction products were purified and cloned into a pDrive cloning vector
(Qiagen polymerase chain reaction Cloning Kit, Cat. No. 23112) according to the
manufacturer’s protocol. An individual clone was isolated, and the insert was subsequently
sequenced using an M13F primer.

Clinical features

The clinical features of hepatocellular adenoma and atypical hepatocellular neoplasm are
summarized in Table 1. A history of oral contraceptive use was noted in 2 hepatocellular
adenoma cases. Each hepatocellular adenoma and atypical hepatocellular neoplasm was
further subclassified based on the 2010 World Health Organization classification (6), as
previously described (Table 1) (24). Of the 60 hepatocellular carcinomas, there were 16
well-differentiated, 32 moderately differentiated, and 12 poorly differentiated cases. A
background of cirrhosis was present in 31 (52%) hepatocellular carcinoma cases. The
underlying etiology for cirrhosis was hepatitis C (n=19), hepatitis B (h=5) and non-alcoholic
steatohepatitis (n=2); the etiology was not known in 5 cases. Of the hepatocellular
carcinomas in noncirrhotic liver, 4 patients had hepatitis C and 3 patients had hepatitis B.

Glutamine synthetase and p-catenin staining

Diffuse glutamine synthetase staining (homogeneous or heterogeneous) was seen in 6/15
(40%) of typical hepatocellular adenoma cases and therefore all of these cases were
considered pB-catenin activated. Four hepatocellular adenomas had diffuse heterogeneous
glutamine synthetase staining: inflammatory hepatocellular adenoma with p-catenin
activation (n=1), hepatocyte nuclear factor 1a inactivated with -catenin activation (n=1), p-
catenin activated hepatocellular adenoma without expression or loss of other adenoma
markers (n=2). The two hepatocellular adenomas with diffuse homogeneous staining also
expressed inflammatory markers. Nuclear -catenin staining was present in 2/15 (13%)
typical hepatocellular adenoma cases, both of which showed diffuse heterogeneous
glutamine synthetase staining.

Among atypical hepatocellular neoplasms, diffuse glutamine synthetase staining was seen in
4/5 (80%) cases (1 homogeneous, 3 heterogeneous). None of the atypical hepatocellular
neoplasm cases showed nuclear p-catenin staining.

Among hepatocellular carcinomas, diffuse glutamine synthetase staining was seen in 47/60
(78%) cases (19 diffuse homogeneous, 28 diffuse heterogeneous). Nuclear p-catenin
staining was identified in 18 (38%) hepatocellular carcinomas, all of which showed diffuse
glutamine synthetase staining (14 diffuse homogeneous, 4 diffuse heterogeneous).
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p-catenin exon 3 mutation

Exon 3 B-catenin mutations (Table 2) were detected in 2/15 (13%) hepatocellular adenomas;
both mutations were T41A missense mutations. Of the 5 atypical hepatocellular neoplasms,
3 (60%) showed p-catenin mutations: two with T41A missense mutation (Figure 1), and one
with a heterozygous in-frame insertion of AAT at codon 35.

In hepatocellular carcinomas, B-catenin mutations were seen in 10 (17%) cases (Table 2):
T41A (n=6), S45P (n=1), and S33C (n=1), heterozygyous in-frame insertion of ATT at
codon 35 (n=1), and heterozygous in-frame deletion of codons 35-41 (n=1). This last in-
frame deletion was confirmed by cloning the polymerase chain reaction product and
sequencing 10 individual subclones, of which 5 demonstrated this in-frame deletion seen on
initial Sanger sequencing. There was no correlation between B-catenin mutation status and
histologic grade, presence of cirrhosis, or etiology of cirrhosis (data not shown).

Correlation between g-catenin mutation and glutamine synthetase staining

Of the 6 typical hepatocellular adenomas with diffuse staining (2 diffuse homogeneous, 4
diffuse heterogeneous), a p-catenin mutation was detected in 2 (33%) cases (both T41A),
one each with diffuse homogeneous and heterogeneous glutamine synthetase staining.
Nuclear p-catenin staining was seen in one of the mutated cases. Both of these cases also
expressed inflammatory markers. No mutations were detected in the other typical
hepatocellular adenoma with diffuse homogeneous glutamine synthetase staining. Figures 2—
4 demonstrate examples of glutamine synthetase staining patterns in hepatocellular adenoma
and atypical hepatocellular neoplasms, and the correlation with B-catenin mutations. Of the
4 atypical hepatocellular neoplasms with diffuse glutamine synthetase staining, p-catenin
mutation was identified in 3 (75%) cases (1 diffuse homogeneous, 2 diffuse heterogeneous).
[B-catenin point mutations or insertions/deletions were not identified in any hepatocellular
adenoma or atypical hepatocellular neoplasm with patchy glutamine synthetase staining
(Table 3).

Of the 47 hepatocellular carcinoma cases with diffuse glutamine synthetase staining, p-
catenin mutations were identified in 8 (17%) cases (5 diffuse homogeneous, 3 diffuse
heterogeneous) (Table 3). Examples of glutamine synthetase staining patterns in
hepatocellular carcinoma and their correlation with B-catenin mutations are demonstrated in
Figures 5-7. A pB-catenin mutation was not detected in 14 of the 19 hepatocellular carcinoma
cases with diffuse homogeneous staining (Figure 5). All 5 hepatocellular carcinomas with
diffuse homogeneous glutamine synthetase staining and p-catenin mutations also had
nuclear p-catenin staining, while 2 of the 3 cases with diffuse heterogeneous glutamine
synthetase staining and p-catenin mutations had nuclear g-catenin expression. Of the 13
hepatocellular carcinomas with patchy glutamine synthetase staining, 2 (15%) had a p-
catenin mutation. None of the patchy glutamine synthetase staining hepatocellular
carcinomas had nuclear B-catenin staining (Table 3). Of the 18 hepatocellular carcinoma
cases that showed nuclear B-catenin staining, 7 (39%) showed p-catenin mutations (Table 3).

There was no correlation between the type of mutation and a specific glutamine synthetase
staining pattern. All three glutamine synthetase staining patterns were observed in the 6
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hepatocellular carcinoma cases with T41A mutation: 2 diffuse homogeneous, 3 diffuse
heterogeneous (Figure 6), 1 patchy (Figure 7). One case each of S45P and S33C mutation
had diffuse homogeneous glutamine synthetase staining. An insertion was identified in one
hepatocellular carcinoma case with diffuse homogeneous staining. The hepatocellular
carcinoma case with a deletion had patchy glutamine synthetase staining. A similar lack of
correlation was also observed in hepatocellular adenoma and atypical hepatocellular
neoplasm.

There was no significant difference between resection specimens and biopsies with respect
to the mutation status in hepatocellular adenoma, atypical hepatocellular neoplasm and
hepatocellular carcinoma cases.

Discussion

Activation of B-catenin is a high-risk feature in hepatocellular adenomas, and these tumors
are frequently associated with hepatocellular carcinoma (4, 28). Our previous studies have
shown that careful morphologic review of these tumors can enable the diagnosis of
hepatocellular carcinoma in most cases (24, 25, 28). It has been recommended that tumors
with B-catenin activation should be classified as atypical hepatocellular neoplasms or
hepatocellular neoplasms with uncertain malignant potential (29, 30). Due to the low
sensitivity of p-catenin immunohistochemistry, diffuse glutamine synthetase staining has
been recommended as a surrogate marker for p-catenin activation (4), and this has become a
standard practice in diagnostic pathology (6). However, the staining patterns observed with
glutamine synthetase immunohistochemistry are diverse, and the correlation between the
various patterns and B-catenin mutations is not well established.

In this study, mutations in exon 3 of the CTNNBI gene were detected in 33% of typical
hepatocellular adenomas and 75% of atypical hepatocellular neoplasms with diffuse
glutamine synthetase staining. This is in contrast to the earlier reported 100% correlation
between diffuse glutamine synthetase staining and p-catenin mutation in hepatocellular
adenomas (4). In our series, exon 3 CTNNBI gene mutations were detected in 21% of
hepatocellular carcinomas with diffuse glutamine synthetase staining. The reported
correlation between diffuse glutamine synthetase staining and p-catenin mutations varies
widely in hepatocellular carcinoma among reported series, ranging from 30-100% (4, 9, 21,
22, 31) (Table 4). The discrepancy in glutamine synthetase staining and p-catenin mutation
in liver neoplasms, especially hepatocellular carcinoma is not surprising. Diffuse glutamine
synthetase staining has been described in 60-70% of hepatocellular carcinoma, while -
catenin mutation occurs in only 15-35% of hepatocellular carcinoma (16, 32, 33). This
indicates that mechanisms other than B-catenin mutation can lead to overexpression of
glutamine synthetase in hepatocellular carcinoma, which may be related to alterations in
blood flow, oxygenation, nutritional status, cholestasis and fibrosis/cirrhosis (34-36).

Other reasons may also contribute to discordance between diffuse glutamine synthetase
staining and B-catenin mutations in hepatocellular adenoma and hepatocellular carcinoma.
Mutation analysis of exon 3 of CTNNBI in our study was performed using paraffin-
embedded tissue, which may have missed large deletions in exon 3. These have been
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reported in 12% of hepatocellular adenomas (7). B-catenin deletions tend to be associated
with diffuse homogeneous glutamine synthetase staining (22). Hence, some of our cases
with diffuse homogeneous glutamine synthetase staining and no evidence of p-catenin
mutation may have deletions that were not detected due to use of paraffin-embedded tissue.
However, this would likely account for only a small number of discrepant cases in our series.
Mutations in other genes involved in the Wnt signaling pathway can also lead to B-catenin
activation and diffuse glutamine synthetase staining in the absence of g-catenin mutation.
Inactivation of the AX/N gene has been reported in 5-15% of hepatocellular carcinoma
(19, 37). Diffuse glutamine synthetase staining has been observed in AX/NI-mutated
hepatocellular carcinoma cases (22), and can account for a small number of discrepant cases.
Mutations in other exons of the CTN/NBI gene such as exons 7 and 8 have recently been
reported in approximately 10% of hepatocellular adenomas (38); however, these cases
typically show weak glutamine synthetase expression and are unlikely to explain the
discrepancy between CTNNBI exon 3 mutations and diffuse glutamine synthetase staining.

Just as the correlation between diffuse glutamine synthetase staining and p-catenin mutation
is not perfect, patchy glutamine synthetase staining does not necessarily signify absence of
[B-catenin mutation. We observed an exon 3 C7TNNBI gene mutation in 15% of
hepatocellular carcinomas with patchy glutamine synthetase staining. Exon 3 mutations with
patchy or weak glutamine synthetase staining have been observed in a small number of cases
in other studies (21, 31). There were no cases of hepatocellular adenoma or atypical
hepatocellular neoplasm in our series in which patchy glutamine synthetase staining was
associated with B-catenin mutation. Mutation in exon 45 of C7TNNBI gene has been
reported in hepatocellular adenoma, which was not associated with diffuse glutamine
synthetase staining in many areas of the tumor (39).

The mutations detected in our study (T41A, S33C, S45P) are phosphorylation sites for
glycogen synthase kinase 3p. T41A was the most common mutation in this series,
accounting for two-thirds of the cases. In the study by Zucman-Rossi (22), T41A mutations
were seen in only 11% of cases, while mutations at serine position 45 (33%) and serine at
position 33 (22%) were the most common. The reason for this difference is not clear. It may
be surmised that the different glutamine synthetase staining patterns may result from specific
mutations in exon 3 of the CTANVNBI gene. However, this correlation was not observed in our
study. A similar lack of correlation of diffuse homogeneous or heterogeneous glutamine
synthetase staining and specific p-catenin mutations has been reported in another study (22),
although the deletions tended to be associated with diffuse homogeneous glutamine
synthetase staining.

Similar to other studies (21, 40) we found a low correlation between B-catenin mutations
and nuclear expression using immunohistochemistry. In our study, 70% (7/10) of
hepatocellular carcinomas and 20% (1/5) of hepatocellular adenomas with p-catenin
mutation showed nuclear B-catenin expression by immunohistochemistry. Higher
correlations approximating 100% have been reported in earlier studies, which is likely
related to cytoplasmic staining being considered positive in the absence of nuclear staining
(31). Due to the possibility of nonspecific background cytoplasmic staining, it is
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recommended that p-catenin staining should be considered positive only in the presence of
nuclear staining (4).

Another interesting finding is the detection of a T41A mutation in an atypical hepatocellular
neoplasm with loss of liver fatty acid binding protein staining. Although the French studies
have generally classified hepatocyte nuclear factor 1a inactivated hepatocellular adenomas
as benign neoplasms with very low or negligible risk of transformation to hepatocellular
carcinoma, a recent series demonstrates the loss of liver fatty acid binding protein in
approximately 30% (6/20) hepatocellular carcinomas (41); the series included 2 cases of
hepatocellular carcinoma that arose in an hepatocyte nuclear factor 1la inactivated
hepatocellular adenoma. These findings and our study suggest that these adenomas may not
be considered entirely benign neoplasms.

Our results challenge the near perfect correlation that has been reported between B-catenin
mutation status and diffuse glutamine synthetase staining (4, 42), and suggest that the use of
glutamine synthetase staining pattern for determining the histologic subtype and
management of hepatocellular adenoma needs to be revisited. It is likely that diffuse
homogeneous glutamine synthetase staining has a high correlation with p-catenin mutation
(including deletions). This pattern is relatively easy to recognize and hepatocellular adenoma
with this pattern of staining can be regarded as high-risk tumors. However, the significance
of diffuse heterogeneous or patchy glutamine synthetase staining is less certain. We
recommend that these patterns of glutamine synthetase staining should be considered
indeterminate for B-catenin activation, especially in needle biopsies. Our results show that
analysis of paraffin embedded tissue can demonstrate missense mutations and small
deletions, and hence provide definite evidence of p-catenin activation in a subset of cases
with borderline glutamine synthetase staining results. A negative result obtained by mutation
testing in paraffin-embedded tissue is not informative, as it does not exclude p-catenin
activation due to large deletions, mutations in exons other than exon 3, and mutations in
other genes of the Wnt signaling pathway. Other modalities such as 7TERT promoter
mutations and cytogenetic abnormalities may help to stratify risk in cases with borderline
glutamine synthetase staining patterns. 7ERT promoter mutations are associated with -
catenin mutations (43) and have been reported in 17% of atypical hepatocellular neoplasms
and 56% of hepatocellular adenoma with malignant progression (38). Similarly,
chromosomal abnormalities such as gains of chromosomes 1q, 7q and 8q, have been shown
to occur in a subset of atypical hepatocellular neoplasm and most of hepatocellular
carcinoma cases, but not in typical hepatocellular adenoma, suggesting that these changes
would suggest high-risk behavior and possible malignant potential in tumors with borderline
features (38, 44). Additional work-up with mutation analysis, 7ERT promoter mutation and
cytogenetics may be helpful to determine the risk status in indeterminate cases.

In summary, this study reveals that there is a modest correlation between diffuse glutamine
synthetase immunostaining and mutations in exon 3 of the CTNNBI gene in hepatocellular
adenoma and hepatocellular carcinoma using paraffin-embedded tissue. The interpretation of
[B-catenin activation based on glutamine synthetase staining should be performed with
caution in clinical practice, and the undetermined significance of various staining patterns
should be emphasized in the pathology report. Mutation testing for exon 3 of B-catenin can
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be accomplished from paraffin-embedded tissue and can provide definite evidence of -
catenin activation in a subset of cases.
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Figure 1.
Bidirectional sequence traces over exon 3 of the CTANBI gene in inflammatory atypical

hepatocellular neoplasm, demonstrating an A>G missense mutation causing a threonine to
alanine substitution at amino acid 41.
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Figure 2.
Hepatocellular adenoma with no specific histologic characteristics and no p-catenin

mutation (2A, H&E stain, 4X) showing diffuse homogeneous glutamine synthetase staining
(2B, 4X).
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Figure 3.
Inflammatory atypical hepatocellular neoplasm with heterozygous missense mutation at

codon 41 (T41A) (3A, H&E stain, 10X) and diffuse homogeneous glutamine synthetase
staining (3B, 10X). The inflammatory designation was based on strong serum amyloid A
staining.
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Figure 4.
Atypical hepatocellular neoplasm with diffuse steatosis, liver fatty acid binding protein loss

and heterozygous missense mutation at codon 41 (T41A) (4A, H&E stain, 4X) with diffuse
heterogeneous glutamine synthetase staining (4B, 4X).
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Figureb.
Moderately differentiated hepatocellular carcinoma with no p-catenin mutation (5A, H&E

stain, 4X) and diffuse homogeneous glutamine synthetase staining (5B, 4X).
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Figure®6.
Well-differentiated hepatocellular carcinoma with heterozygous missense mutation at codon

41 (T41A), (6A, H&E stain, 10X) and diffuse heterogeneous glutamine synthetase staining
(6B, 10X).
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H&E stain, 4X) and patchy glutamine synthetase staining (7B, 4X).

Figure7.
differentiated hepatocellular carcinoma with heterozygous missense mutation at codon
41 (T41A) (7A,

Well-
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Clinicopathologic characteristics of typical hepatocellular adenomas and atypical hepatocellular neoplasms.

Diagnosis

Female
gender (%)

Mean Age
(range)

Subtype

Typical hepatocellular
adenoma (n=15)

15 (100)

38 (23-46)

Inflammatory (n=2)

Inflammatory with B-catenin activation (n=3)
Hepatocyte nuclear factorla inactivated (n=4)
Hepatocyte nuclear factorlainactivated with p-catenin
activation (n=1)

B-catenin activated (n=2)

Unclassified (n=3)

Atypical hepatocellular
neoplasm(n=5)

2 (40)

33 (13-53)

Inflammatory with B-catenin activation(n=3)
Hepatocyte nuclear factorla inactivated with B-catenin
activation (n=1)

Unclassified (n=1)
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Correlation between p-catenin mutation and diffuse glutamine synthetase staining in different studies.

Table 4

Total number of

Correlation in hepatocellular

Correlation in hepatocellular

cases carcinoma cases adenoma cases
Bioulac-Sage, 2007 93 not done 100%
Zucman-Rossi, 2007 | 45 100% not done
Audard, 2007Z 190 90% not done
Austinat, 2008 40 25% not done
Cieply, 2009 32 28% not done
Hale, 2015 80 17% 50062

1. . . . -
This study included cases with homogeneous glutamine synthetase staining only.

2 . .
Includes typical adenomas and atypical neoplasms.
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