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Well-differentiated hepatocellular carcinoma can mimic high-grade dysplastic nodule in cirrhotic liver and
hepatocellular adenoma in non-cirrhotic liver. This study evaluates the efficacy of combined use of heat-shock
protein 70 (HSP70), glutamine synthetase (GS) and glypican-3 in this setting. Immunohistochemistry for these
three markers was done in 17 typical hepatocellular adenoma, 15 high-grade dysplastic nodules, 20 atypical
hepatocellular neoplasms (14 clinically atypical and 6 pathologically atypical), 14 very well-differentiated
hepatocellular carcinoma, and 43 well-differentiated hepatocellular carcinoma. All three markers were negative in
typical adenomas. HSP70 was positive in 10, 71, and 67% of atypical neoplasms, very well-differentiated and
well-differentiated HCC, respectively, while GS was positive in 60, 50, and 60% of atypical neoplasms, very
well-differentiated and well-differentiated hepatocellular carcinoma, respectively. Glypican-3 was negative in all
atypical neoplasms and very well-differentiated hepatocellular carcinoma, and was positive in 27% of
well-differentiated hepatocellular carcinoma. Positive staining with at least one marker (HSP70 and/or GS) was
seen in 85% of very well-differentiated hepatocellular carcinoma, which was similar to well-differentiated
hepatocellular carcinoma (78%, P= 0.4), and pathologically atypical cases (100%, P= 0.5), but significantly higher
compared with clinically atypical cases (43%. P= 0.03) and none of typical adenomas (Po0.001). Positive
staining with both GS and HSP70 was seen significantly more often in hepatocellular carcinoma compared
with atypical neoplasms (45 vs 10%, P= 0.004). Both these markers were also more often expressed in very
well-differentiated hepatocellular carcinoma compared with atypical cases (38 vs 10%, P= 0.06). In conclusion,
the combined use of GS and HSP70 can be useful in the diagnosis of very well-differentiated hepatocellular
carcinoma. These stains can also help in the distinction of typical adenoma from atypical hepatocellular
neoplasms. Glypican-3 has low sensitivity and is not useful in this setting.
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It can be challenging to differentiate well-differentiated
hepatocellular carcinoma from high-grade dysplastic
nodules in cirrhotic liver and hepatocellular adenoma
(hepatocellular adenoma) in non-cirrhotic liver, espe-
cially when limited tissue is available for evaluation.

The histologic features that favor hepatocellular
carcinoma include wide cell plates (43 cells thick),
loss of the reticulin framework, pseudoacinar
architecture, small cell change, cytologic atypia,
mitotic activity, stromal invasion, and vascular
invasion.1 However, many of these features may be
absent in well-differentiated hepatocellular carcinoma
and some features such as pseudoacinar architecture,
mild nuclear atypia, and focally thick cell plates can be
seen in hepatocellular adenoma as well as in
high-grade dysplastic nodules.2 Loss and fragmenta-
tion of reticulin network on reticulin stain3
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and diffuse sinusoidal CD34 staining on immuno-
histochemistry4 can be helpful, but the overlapping
findings between well-differentiated hepatocellular
carcinoma and other hepatocellular lesions are not
uncommon.

Heat-shock proteins are highly conserved proteins
that have a critical role in protecting the cells during
stress by acting as chaperones for proteins.
Heat-shock protein 70 (HSP70) can block apoptosis
at several levels, and is thought to have a carcino-
genic role related to its antiapoptotic activity.5,6
Antisense constructs of HSP70 have been shown to
sensitize cancer cells to apoptosis and to eradicate
tumors like glioma, breast carcinomas, and colon
carcinomas in several models.7,8 Elevated gene
expression of HSP70 has been demonstrated in
hepatocellular carcinoma in several studies9–11 and
is the most upregulated gene in early hepatocellular
carcinoma compared with non-neoplastic liver.10
Immunohistochemical overexpression of HSP70 has
been reported in hepatocellular carcinoma in
several studies,12,13 and has been related to relapse
as well as aggressive histologic features such
as vascular invasion, high Edmondson grade, high
stage, and high Ki-67 index in hepatocellular
carcinoma.13–15

β-Catenin is a key component of the Wnt-signaling
pathway and has an important role in cell adhesion
and proliferation. Mutations in exon 3 of the β-
catenin gene are seen in approximately 20% of
hepatocellular carcinomas, and in up to 40% of
hepatocellular carcinomas arising in the setting of
hepatitis C.16 Exon 3 mutations lead to nuclear
translocation of β-catenin with resultant transcrip-
tional upregulation of glutamine synthetase (GS), an
enzyme that catalyzes the synthesis of glutamine
from glutamate and ammonia. In normal liver, GS is
expressed in 1–3 rims of hepatocytes in the centri-
zonal region.17 GS is one of the target genes that are
overexpressed by nuclear translocation of β-catenin
as a result of exon 3 β-catenin mutation, and possibly
by mutations in other genes involved in the Wnt-
signaling pathway. Diffuse expression of GS shows
high concordance with the presence of β-catenin
mutation in hepatocellular tumors, and is a more
sensitive marker for β-catenin activation than
nuclear staining with β-catenin.18,19

Diffuse GS expression has been reported in 13–70%
of early hepatocellular carcinoma and 10–15% of
high-grade dysplastic nodules. GS expression in high-
grade dysplastic nodules is typically focal.20,21 Diffuse
GS staining in hepatocellular adenoma is often due to
β-catenin activation, and many of these cases show
cytologic abnormalities and frequent association with
hepatocellular carcinoma.18,19 It has been suggested
that most hepatocellular adenomas with diffuse GS
staining may represent extremely well-differentiated
variant of hepatocellular carcinoma.19,22

Glypican-3 is an oncofetal protein that is
expressed in hepatocellular carcinoma but not in
normal liver or hepatocellular adenoma.23–26

Glypican-3 has high sensitivity for poorly-
differentiated hepatocellular carcinoma, but the
sensitivity is low (~50%) in well-differentiated
hepatocellular carcinoma.27 Glypican-3 expression
in high-grade dysplastic nodule has been variously
reported in the literature with a range of 7–43%.23,26

Two studies by Di Tommaso et al20,28 have
demonstrated the utility of the combined use of
HSP70, glypican-3, and GS to distinguish hepatocel-
lular carcinoma from high-grade dysplastic nodule
in biopsy and resection specimens,20,28 and these
observations were corroborated by another group.29
A recent study used this combination of stains to
distinguish hepatocellular carcinoma and hepatocel-
lular adenoma, and concluded that glypican-3 and
HSP70 are useful in this regard, while GS was not
found to be useful.30 However, this study comprised
typical cases of hepatocellular adenoma and
hepatocellular carcinoma, which do not pose
diagnostic problems in practice. In this study, we
evaluated the utility of HSP70, glypican-3, and GS
in distinguishing hepatocellular adenoma and
hepatocellular carcinoma in a case cohort enriched
for borderline cases and extremely well-differentiated
variants of hepatocellular carcinoma.

Materials and methods

Cases

The study population comprises 107 formalin-fixed,
paraffin-embedded resection cases of hepatocellular
lesions obtained from the files of University
of California San Francisco Medical Center.
The slides were reviewed to confirm the diagnosis
in all cases, which were assigned to the categories
enumerated below:

(1) Clinicopathologically typical hepatocellular
adenoma (n=17): tumors that occurred in
women of 15–50 years of age and showed typical
histologic features of hepatocellular adenoma
with no morphologic atypia.

(2) Clinically atypical hepatocellular neoplasm
(n=14): tumors that occurred in men (any age)
or women of 450 years and showed typical
histologic features of hepatocellular adenoma
with no morphologic atypia.

(3) Pathologically atypical hepatocellular neoplasm
(atypical hepatocellular neoplasm) (n=6):
tumors (any age or gender) that showed histolo-
gic features largely resembling hepatocellular
adenoma but with focal atypical morphological
features (o5% of the tumor) such as small cell
change, pseudoacinar architecture, and thick cell
plates that were insufficient for definite diagno-
sis of hepatocellular carcinoma.

(4) Very well-differentiated hepatocellular carcinoma
(n=13): tumors with close resemblance to
hepatocellular adenoma in many areas, but
sufficient cytologic/architectural atypia and/or
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multifocal reticulin loss to support the diagnosis
of hepatocellular carcinoma.

(5) High-grade dysplastic nodule (n=15): nodular
lesions in cirrhotic liver showing cytologic/
architectural atypia (small cell change, unpaired
arterioles, focally thick cell plates, and/or focal
reticulin loss, no stromal invasion) that was
insufficient for definite diagnosis of hepatocellu-
lar carcinoma.

(6) Well-differentiated hepatocellular carcinoma
(n=43): well-differentiated tumors arising in
non-cirrhotic liver (n=20) or cirrhotic liver
(n=23) with obvious features of hepatocellular
carcinoma such as thick cell plates, small cell
change, stromal invasion, and/or reticulin loss in
most areas of the tumor.

Immunohistochemistry

Formalin-fixed and paraffin-embedded tissue was
used to perform immunohistochemistry for glypican-3,
GS, and HSP70 (Table 1). Briefly, tissue sections
were deparaffinized, rehydrated, and antigen retrie-
val was performed using heat-induced epitope
retrieval in a 10mmol/l citrate buffer, pH 6.0.
Following peroxidase block and incubation with
primary antibody for 30min, the sections were
incubated with horseradish peroxidase-labeled
secondary antibody, substrate chromagen for
10min, and counterstained with hematoxylin.

Scoring

The staining intensity was assigned a score of 0–3
(0—absent, 1—weak, 2—moderate, and 3—strong).
HSP70 was scored positive if moderate to strong
nuclear staining was seen in ≥10% of tumor cells.
Glypican-3 was considered as positive when
moderate to strong nuclear, cytoplasmic and/or
membranous staining was seen in ≥ 10% of tumor
cells. GS was considered as diffuse positive if
moderate to strong staining was observed in ≥ 50%
of tumor cells. Tumors with diffuse GS staining
were considered as β-Catenin activated. Two
patterns of staining were observed in diffuse
positive cases: (a) Diffuse homogeneous: moderate
to strong staining in nearly all the tumor cells
(490%), (b) Diffuse heterogeneous: moderate to
strong staining in majority but not in all the tumor
cells (50–90%). All other GS staining patterns were
scored as negative.

Statistics

The immunohistochemical expression of different
markers in the individual diagnostic categories was
compared using the Fisher's exact test and the
Chi-square test.

Results

The clinical and pathologic characteristics of the
study cases are summarized in Table 2. Subtyping of
hepatocellular adenomas was not specifically done
as part of this study, and the subtypes stated in the
table are based on the available information. The
immunohistochemical findings are summarized in
Table 3. Typical hepatocellular adenomas were
negative for all three markers. β-Catenin activation
as evidenced by diffuse GS staining was seen in 43%
of atypical hepatocellular neoplasms occurring in an

Table 1 Details of antibodies used for immunohistochemistry in
the study

Antibody Clone Vendor Dilution

Glypican-3 1G12 BioMosaics, Burlington, VT, USA 1:2
Glutamine
synthetase

Mab302 Chemicon/Millipore, Billierica,
MA, USA

1:250

Heat-shock
protein 70

SC-24 Santa Cruz Biotechnology,
Santa Cruz, CA, USA

1:200

Table 2 Clinical and pathologic characteristics of study cases

Typical hepatocellular
adenoma (n=17)

Clinically atypical
hepatocellular

neoplasm (n=14)

Pathologically atypical
hepatocellular
neoplasm (n=6)

Very well-
differentiated
HCC (n=13)

HCC, cirrhotic
liver (n=20)

HCC non-cirrhotic
liver (n=23)

High-grade
dysplastic nodule

(n=15)

Oral
contraceptives

5 0 0 2 0 1 0

Additional
info

Inflammatory: 8
HNF1α inactivated: 4
β-Catenin activated: 0

Not classified: 5

Inflammatory: 7
HNF1α inactivated: 2
β-Catenin activated: 6

Not classified: 5

β-Catenin activated,
inflammatory: 4

β-Catenin activated, non-
inflammatory: 2

Fatty liver: 2
(15%)

Steatohepatitis:
2 (15%)

Cirrhosis: none

Hepatitis C 5
(25%)

Hepatitis B 3
(15%)

Steatohepatitis: 3
(15%)

Biliary atresia: 1
(5%)

Not known: 8
(40%)

All non-cirrhotic
liver

Fatty liver: 3 (13%)
Steatohepatitis: 4

(17%)

Hepatic C: 6
Hepatic B: 3
α1-antitrypsin
deficiency: 1

Congenital hepatic
fibrosis: 1

Not known: 4

Mean age
(years)

39 45 46 48 52 48 50

Age range
(years)

23–49 20–65 24–57 8–62 10–75 19–80 32–62

Female
gender

17 (100%) 7 (50%) 3 (50%) 1 (7%) 6 (33%) 13 (56%) 1 (7%)
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atypical clinical setting and all atypical hepatocellular
neoplasms with focal atypical morphologic features.
Map-like pattern of GS staining, characteristic of
focal nodular hyperplasia, was not observed in any
case. HSP70 was positive in one case each in both
categories.

All hepatocellular carcinomas in cirrhotic and
non-cirrhotic group were well-differentiated based
on the WHO 2010 classification.31 Among all
hepatocellular carcinomas taken together (very
well-differentiated and well-differentiated), HSP70
was positive in 38 (68%) cases, while GS was
positive in 32 (57%) cases. Glypican-3 was expressed
in 15 (27%) of hepatocellular carcinoma cases. There
was no significant difference in expression of HSP70
and GS among very well-differentiated and
well-differentiated hepatocellular carcinoma (P=0.6
and P=0.2, respectively). Glypican-3 staining tended
to be positive more often in well-differentiated
hepatocellular carcinomas (both cirrhotic and non-
cirrhotic) compared with very well-differentiated
hepatocellular carcinoma (33 vs 7%, P=0.07). There
was no significant difference in staining for any of
the three markers in cirrhotic vs non-cirrhotic liver
(P40.1 for all). All high-grade dysplastic nodules
were negative for glypican-3; positive GS and HSP70
staining in one case each, while none of the cases
were positive for both markers.

When combination of HSP70 and GS was examined,
43% of atypical hepatocellular neoplasms based on

atypical clinical setting and all atypical hepatocel-
lular neoplasms based on morphology were
positive for at least one marker, while both
markers were positive in one case each (Table 4)
(Figure 1). Positive staining with at least one of the
two markers (HSP70 and/or GS) was seen in a
majority of very well-differentiated hepatocellular
carcinomas (11/13, 85%) (Figures 2 and 3), which
was similar to well-differentiated hepatocellular
carcinomas in non-cirrhotic liver (18/20, 90%,
P=0.4) (Figure 4), cirrhotic liver (18/23, 78%,
P=0.5), and atypical hepatocellular neoplasms
based on morphology (6/6, 100%, P=0.5), but
significantly higher compared with atypical hepato-
cellular neoplasms based on clinical setting (6/14,
43%, P=0.03) (Table 4). Positive staining with both
GS and HSP70 was seen significantly more often in
hepatocellular carcinoma (all cases) compared with
all cases of atypical hepatocellular neoplasms (45 vs
10%, P=0.004). Both these markers were also more
often expressed in very well-differentiated hepato-
cellular carcinoma compared with atypical hepato-
cellular neoplasms with borderline statistical
significance (38 vs 10%, P=0.06).

Discussion

The distinction of hepatocellular adenoma and
hepatocellular carcinoma can be challenging on

Table 3 Immunohistochemical results for glypican-3 (GPC-3), heat-shock protein 70 (HSP70), and glutamine synthetase (GS)

GPC-3 HSP70 GS

Typical hepatocellular adenoma (n=17) 0 0 0
Atypical hepatocellular neoplasm, all cases (n=20) 0 2 (10) 12 (60)
Clinically atypical (n=14) 0 1 (7) 6 (43)
Pathologically atypical (n=6) 0 1 (17) 6 (100)
HCC, all cases (n=56) 15 (27) 38 (68) 32 (57)
Very well-differentiated HCC (n=13) 1 (7) 9 (71) 6 (50)
Well-differentiated HCC, non-cirrhotic liver (n=20) 5 (25) 13 (65) 11 (55)
Well-differentiated HCC, cirrhotic liver (n=23) 9 (39) 16 (70) 15 (65)
Well-differentiated HCC, cirrhotic and non-cirrhotic liver (n=43) 14 (33) 29 (67) 26 (60)
High-grade dysplastic nodule (n=15) 0 1 (6) 1 (6)

The broad diagnostic categories are in bold font, while subcategories are in font that is not bold. Figures in parenthesis reflect percentages.

Table 4 Combined immunohistochemistry using heat-shock protein 70 (HSP70) and glutamine synthetase (GS)

Both GS and HSP70 GS and/or HSP70

Hepatocellular adenoma, typical (n=17) 0 0
Atypical hepatocellular neoplasm, all cases (n=20) 2 (10) 12 (60)
Clinically atypical (n=14) 1 (7) 6 (43)
Pathologically atypical (n=6) 1 (17) 6 (100)
HCC, all cases (n=56) 25 (45) 47 (84)
Very well-differentiated HCC (n=13) 5 (38) 11 (85)
Well-differentiated HCC, non-cirrhotic liver (n=20) 7 (35) 18 (90)
Well-differentiated HCC, cirrhotic liver (n=23) 13 (57) 18 (78)
High-grade dysplastic nodule (n=15) 0 2 (13)

The broad diagnostic categories are in bold font, while subcategories are in font that is not bold. Figures in parenthesis reflect percentages.
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needle biopsies. In some instances, tumors resem-
bling hepatocellular adenoma that occur in men,
older women or have focal atypical features may
represent extremely well-differentiated variants of
hepatocellular carcinoma.2,19,22 The utility of
HSP70, GS, and glypican-3 has been explored for
distinction of dysplastic nodule and hepatocellular
carcinoma.20,28,29 There is limited data about the
utility of these markers in the distinction of hepato-
cellular adenoma and hepatocellular carcinoma.30

In our series, HSP70 was expressed in 68% of
hepatocellular carcinomas. Similar results in hepato-
cellular carcinomas ranging from 46 to 72% have
been reported in other studies.12,15,20,28–30,32 The
very well-differentiated variant of hepatocellular
carcinoma is most likely to be confused with
hepatocellular adenoma. Since a majority of very
well-differentiated hepatocellular carcinomas (71%)
were HSP70 positive compared with none of the
typical hepatocellular adenoma, HSP70 immuno-
histochemistry can be useful in this differential
diagnosis. Two atypical hepatocellular neoplasms

(10%) also showed positive staining. Although outcome
data are not available in this study, this suggests that
HSP70 staining may prove useful in identifying cases
with borderline features between hepatocellular
adenoma and hepatocellular carcinoma.

Diffuse GS staining is considered to be a manifesta-
tion of β-catenin activation, and is commonly used
for the identification of high-risk hepatocellular
adenoma and hepatocellular carcinoma.18 In most
cases, this is due to mutation in the exon 3 of the
β-catenin gene.18,33 Our study shows that diffuse GS
was observed in majority of atypical hepatocellular
neoplasms and hepatocellular carcinomas, but none
of the cases of typical hepatocellular adenoma.
These results as well as earlier studies indicate that
the diagnosis of hepatocellular adenoma with
β-catenin activation should be made with caution
even though it is a recognized WHO subtype31 as
most of these tumors exhibit atypical morphologic
features and focal reticulin loss and a diagnosis of
hepatocellular carcinoma may be possible after
careful evaluation.22,34 Concurrent or subsequent

Figure 1 Atypical hepatocellular neoplasm in a 57-year old woman showing areas with small cell change and focally wide plates (a, H&E,
× 200). Immunohistochemistry for glutamine synthetase shows diffuse heterogeneous staining (b, × 200), and HSP70 shows nuclear
staining (c, × 200).
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hepatocellular carcinoma has been reported in up to
40% of hepatocellular adenoma with β-catenin
activation,18 and most of these cases exhibit cytoge-
netic changes similar to hepatocellular carcinoma,19

further emphasizing that most of the β-catenin
activated hepatocellular neoplasms are likely to be
hepatocellular carcinoma. Hence diffuse GS staining
can help in the diagnosis of hepatocellular carci-
noma and in recognizing the potential high-risk
outcome in atypical hepatocellular neoplasms that
lack diagnostic features of hepatocellular carcinoma.

Our study shows that glypican-3 has limited value
in the distinction of hepatocellular adenoma and
hepatocellular carcinoma. It was positive in one-third
of well-differentiated hepatocellular carcinomas, but
nearly all cases of very well-differentiated hepatocel-
lular carcinoma were negative. The low sensitivity of
glypican-3 in well-differentiated hepatocellular
carcinoma is well recognized.27 Since typical
hepatocellular adenoma, atypical hepatocellular
neoplasm, and very well-differentiated hepatocellular

carcinomas are negative in nearly all cases, this stain
can be omitted from diagnostic use in this setting.

High-grade dysplastic nodules were not the focus
of this study, but our results were similar to those
reported in the literature. Glypican-3 was negative in
all cases, while GS and HSP70 were positive in
o10% of cases. Combined positivity for GS and
HSP70 was not observed in any high-grade dysplastic
nodule. The results of glypican-3 staining in high-grade
dysplastic nodules vary widely in the literature
(7–75%).25–27,35 Our results are similar to positive
staining seen in o10% of cases in recent studies.20,28
Similarly, GS and HSP70 are positive in a small
minority of high-grade dysplastic nodules.20,28

The combined use of HSP70, GS, and glypican-3
has been shown to be useful in distinguishing
high-grade dysplastic nodule and hepatocellular
carcinoma. Expression of two of these three markers
yields a specificity of 100%, while the sensitivity is
50% for biopsies and 72% for resections.20,28 One of
the main goals of this study was to examine the
utility of this combination in hepatocellular

Figure 2 Very well-differentiated hepatocellular carcinoma in a 37-year old woman with small cell change and focally thick cell plates (a,
H&E, × 200) and fragmentation of reticulin network (b, × 200). Immunohistochemistry for glutamine synthetase shows diffuse
heterogeneous staining (c, × 200), and HSP70 shows nuclear staining (d, × 200).
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adenoma and hepatocellular carcinoma. Since
glypican-3 was negative in nearly all these cases,
its addition did not provide any additional utility.

Our results show that positive staining for both
HSP70 and GS provides support for hepatocellular
carcinoma even though the sensitivity is low (45%).
In contrast, both markers were positive in 10% of
atypical hepatocellular neoplasms and none of the
typical hepatocellular adenoma cases. Positive stain-
ing with both markers was observed in more than a
third of very well-differentiated hepatocellular
carcinoma, and can help in supporting the diagnosis
in these challenging cases. For atypical hepatocel-
lular neoplasms, at least one marker (GS or HSP70)
was positive in 60% of cases compared with none in
typical hepatocellular adenoma, indicating that
positive staining with either marker in a tumor that
resembles hepatocellular adenoma should raise the
flag about potential for high-risk behavior. When
atypical hepatocellular neoplasms with focal atypical
features were considered, one of the two markers
(GS or HSP70) was positive in all cases, further

emphasizing the utility of combined use of GS and
HSP70 in identification of atypical cases. The
relatively small sample size is a limitation of our
study, and further experience with a larger number
of cases will help establish the true sensitivity of
these markers for the diagnosis of atypical cases.

The role of these three markers for the differential
diagnosis of hepatocellular adenoma and hepatocel-
lular carcinoma was explored in a previous study,
but it appears that the chosen cases did not pose
diagnostic problems and borderline cases were not
included.30 Our study includes both typical and
atypical borderline cases, and has demonstrated the
utility of these stains in a subset of borderline
atypical cases, which are likely to pose a challenge
in diagnostic practice. GS was not found to be useful
in the study by Lagana et al.30 There are several
limitations in their study that cast doubt on this
conclusion. The study used 2mm tissue microarray
cores for immunohistochemistry. GS can show a
diverse array of staining patterns in hepatocellular
adenoma, and the results cannot be expressed in

Figure 3 Very well-differentiated hepatocellular carcinoma, steatohepatitic variant, in a 52-year old woman with steatohepatitic features
(a, H&E, × 100, b, H&E, × 200). Immunohistochemistry for glutamine synthetase shows diffuse heterogeneous staining (c, × 200), and
HSP70 shows nuclear staining (d, × 200).
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simple negative or positive terms. Activation of
β-catenin can be associated with diffuse homogeneous
or diffuse heterogeneous patterns of GS staining.36,37

Although the former is easy to interpret, the latter
pattern is difficult to reliable evaluate in 2mm cores.
Of the nine hepatocellular adenomas that were
scored as GS positive in their study, three were male
and some (exact number not specified) were women
of 450 years. It has been shown that adenoma-like
tumors with diffuse GS staining (signifying
β-catenin activation) may represent an extremely
well-differentiated hepatocellular carcinoma as
reflected by cytogenetic changes resembling hepato-
cellular carcinoma in more than half of the cases.19,34

These tumors often occur in men. It has been argued
that careful examination of morphology and reticulin
staining in these cases will enable diagnosis of
hepatocellular carcinoma in most instances.34

Hence, it is possible that at least some of the cases
classified by Lagana et al.30 as hepatocellular
adenoma with diffuse GS represent extremely
well-differentiated hepatocellular carcinoma.

In summary, immunohistochemistry for GS
and HSP70 is positive in majority of very
well-differentiated hepatocellular carcinomas and a
subset of cases that are currently considered as
atypical hepatocellular neoplasms. These stains can
help in the distinction of typical hepatocellular
adenomas from atypical neoplasms and hepatocel-
lular carcinoma. Glypican-3 has low sensitivity and
does not show any clinical utility in this setting.
Future studies involving comparison of GS and
HSP70 staining in paired biopsy and resection
specimens as well as with patient outcome can
further corroborate the utility of this combination.
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