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Epidermal growth factor receptor (EGFR) is overexpressed in a significant proportion of hepatocellular
carcinomas. Recent studies of EGFR inhibitors to treat hepatocellular carcinoma have been encouraging and
better understanding of EGFR signaling may lead to more effective strategies for inhibiting this key pathway.
The EGFR can be phosphorylated at different tyrosine sites, leading to subsequent activation of different
pathways. Cell line and animal studies have shown that MAPK and STAT-3 are important mediators of the EGFR
signal in liver cells. However, little is known about EGFR phosphorylation and subsequent signaling in primary
hepatocellular carcinoma. We investigated the site of EGFR phosphorylation by Western blot in 18
hepatocellular carcinomas. Fourteen of 18 hepatocellular carcinomas had detectable EGFR by Western
blotting and 13 of 14 showed phosphorylation at tyrosine 845. In contrast, no EGFR phosphorylation was
detected at tyrosine 998, tyrosine 1045, or tyrosine 1068, which signal through other pathways including STAT-3
and MAPK. These findings were further explored by examination of EGFR expression and signaling pathway
activation in tissue arrays comprised of 73 hepatocellular carcinomas using antibodies that recognize
phosphorylated (or activated) proteins. Tissue array studies also found no correlation between EGFR
expression (29% of cases) and STAT-3 nuclear positivity (16%), AKT (4%), MAPK (3%), or STAT-5 (3%) positivity,
all P40.05. EGFR expression was correlated with hepatitis B infection, but not with tumor size, nuclear grade,
or proliferative rate. We conclude that EGFR is phosphorylated at tyrosine 845 in most hepatocellular
carcinomas and that EGFR expression by immunohistochemistry does not correlate well with STAT-3, STAT-5,
MAPK, or AKT immunostaining.
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Epidermal growth factor receptor (EGFR) is a
member of a proto-oncogene family of receptors
important in cell proliferation. EGFR overexpression
has been demonstrated in many human carcinomas
including breast, stomach, esophageal squamous
carcinoma, and hepatocellular carcinoma.1 Because
of the high prevalence of EGFR overexpression in
carcinomas, inhibitors of epidermal growth factor
(EGF) signaling are potential therapeutic agents. In
hepatocellular carcinomas, overexpression of EGFR
has been associated with late-stage disease,2 in-
creased cell proliferation,2 and the degree of tumor
differentiation.2,3 Early studies of EGFR inhibitors in
hepatocellular carcinoma cell lines4–6 and phase II
studies in human hepatocellular carcinomas7 have
been encouraging, and better understanding of the

EGFR signaling in hepatocellular carcinoma will
likely enhance the use of these inhibitors.

In normal hepatocytes, ligand binding to EGFR
results in receptor dimerization and activation of
several possible pathways that transmit signals to
the nucleus including STAT-1,8 STAT-3,9 STAT-5,8

and MAPK.10 EGFR also signals through AKT in
some cases.11 EGFR can be phosphorylated at multi-
ple sites and the site of phosphorylation correlates
with the subsequently activated signaling pathway.
EGFR signals through STAT-1, STAT-3, and STAT-5
along with MAPK10 in non-neoplastic hepatocytes,
but the signaling routes are largely unknown in
hepatocellular carcinoma. Thus, we determined the
site of EGFR phosphorylation in primary hepatocel-
lular carcinoma and also examined key signaling
pathways potentially activated by EGFR.

Materials and methods

Tissue Arrays

Tissue arrays were constructed from formalin-fixed,
paraffin-embedded tissues using 73 hepatocellular
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carcinomas, 13 fibrolamellar carcinomas, and 15
hepatic adenomas. Each case was represented by at
least four 1.5mm cores of neoplastic and paired
non-neoplastic liver tissues. In addition, four cases
were included on the arrays twice on two different
blocks to serve as internal controls for reproduci-
bility of staining.

Five micron sections from paraffin-embedded
tissue arrays were immunostained following heat
antigen retrieval. The STAT-3, STAT-5, MAPK, and
AKT antibodies recognize only phosphorylated (or
activated) protein, allowing separation from pools
of inactive proteins. The distribution of staining of
the neoplastic cells was scored as negative (0), 1–25%
(1þ ), 26–50% (2þ ), 51–75% (3þ ), and greater
than 75% (4þ ). Intensity of staining was scored on
a scale of 0–3þ .

EGFR immunostain results were also correlated
with tumor size and nuclear grade using the
modified Edmondson nuclear grade, which has a
scale of 1–4. Cell proliferation was studied using
Ki-67 and 200 neoplastic cells were counted to
determine the percent of positive nuclei.

Cell Lines

HepG2, Hep3B, and A431 cell lines were purchased
from ATCC and propagated in minimum essential
medium (Eagle) as per ATCC instructions. HepG2
served as a negative control for EGFR expression,10

whereas Hep3B and A431 served as positive
controls. EGF was obtained from Invitrogen (Carls-
bad, CA, USA) and used at a concentration of
100ng/ml. Cells were harvested at baseline and
20min after EGF exposure.

Protein Expression in Cell Lines and Primary Liver
Tumors by Western Blot

After obtaining appropriate Institutional Review
Board approval, fresh tissues were collected at the
time of surgery from primary liver neoplasms and
adjacent non-neoplastic liver tissues. These tissues
were different from the archival tissues used to
construct the tissue arrays. Tissue was harvested,
snap frozen in liquid nitrogen, and stored at �801C
before use. Each case had paired non-neoplastic
liver tissues. The tissue diagnoses were confirmed
in all cases by routine light microscopy.

Total protein was extracted as per the manufac-
turer’s instructions using the M-PER mammalian
protein extraction reagent (Pierce, Rockford, IL,
USA). Protein concentrations were demonstrated
by a dye-binding assay according to the manufac-
turer’s instructions (Pierce Chemical Co, Rockford,
IL, USA). For immunoblot assays, liver proteins
(60 mg/lane) in Lamelli buffer were separated by
polyacrylamide gel electrophoresis and transferred
to nylon membranes. A brief incubation in 5% low-
fat milk was used to block nonspecific binding and

membranes were incubated for 4h, washed, and
exposed to secondary antiserum.

Antibodies

Primary antibodies were all from Cell Signaling
Technology (Beverly, MA, USA) and were used
according to the manufacturer’s directions (Table 1).

Results

Demographics

The hepatocellular carcinomas on the tissue arrays
were from 54 male patients and 19 female patients,
with an average age of 54718 years, range 10–85
years. In 44 cases, clinical information regarding
the underlying liver diseases was known: hepatitis
C (N¼ 17), hepatitis B (seven), hepatitis C and
B coinfection (two), ethanol cirrhosis (five), non-
alcoholic fatty liver disease (one), primary scleros-
ing cholangitis (one), autoimmune cirrhosis (one),
cryptogenic cirrhosis or no known liver disease (10).
The average tumor size was 6.474 cm; median
5.0 cm. The fibrolamellar carcinomas were from 10
female patients and three male patients with a
median age of 27 years. Nine of the fibrolamellar
carcinomas were primary tumors, with an average
size of 9.773 cm, whereas the remaining tumors
were from metastatic tumor deposits in lungs or
lymph nodes. The 15 hepatic adenomas were all in
women with histories of excess estrogen exposure
but no other liver disease.12

For the Western blot studies, the hepatocellular
carcinomas were from 18 persons, 12 men and six
women, with a mean age of 5871 years (Table 2).
The average tumor size was 4.873 cm and all were
typical hepatocellular carcinomas. The underlying
liver diseases for those with cirrhosis (N¼ 12) were
mostly chronic hepatitis C infection (N¼ 6) or
cryptogenic cirrhosis (N¼ 4). Six individuals had

Table 1 Antibodies used for immunohistochemistry and Western
blotting

Antibody Immunohistochemistry
dilution

Western blot
dilution

Total EGFR 1:100 1:500
pEGFR (Tyr845) 1:20 1:500
pEGFR (Tyr992) NA 1:500
pEGFR (Tyr1045) NA 1:500
pEGFR (Tyr1068) NA 1:500
pSTAT-3 (Tyr705) 1:10 1:500
pSTAT-5 (Tyr694) 1:20 1:500
p44/42 MAPK
(Thr202/Tyr204)

1:50 1:500

Total AKT 1:100 1:500
PAKT 1:100 1:500

p in the given proteins refers to phosphorylated.
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no fibrosis or only mild liver fibrosis at the time of
partial hepatectomy.

Western Blot Findings

Hep3B was positive for EGFR expression as was
A431 (positive controls), whereas HepG2 was
negative (negative control) (Figure 1). Following
EGF stimulation, Hep3B showed expression of total
EGFR and demonstrated phosphorylation at Tyr845
(Figure 1). HepG2 was negative for EGFR both
before and after EGF stimulation, whereas A431
cells, which are known to overexpress EGFR, were
positive for all phosphorylation sites after stimula-
tion.

In the patient samples, EGFR expression was
detectable in 8/18 (44%) of non-neoplastic livers
and in 14/18 (78%) of hepatocellular carcinomas
(Figure 2a; Table 3). Additional Western blots
using antibodies to different phosphorylation sites
on EGFR found phosphorylation only at Tyr845
(Figure 2b).

Immunostaining Results

By immunohistochemistry, total EGFR was over-
expressed in 21/73 (29%) of typical hepatocellular
carcinomas and 7/13 (54%) of fibrolamellar carci-
nomas (Table 2). EGFR staining showed a membra-
nous pattern in all cases with no cytoplasmic or
nuclear positivity (Figure 3a). The non-neoplastic
tissues were negative with rare exception when
focal positivity was present. The intensity of
staining in the hepatocellular carcinomas and fibro-

lamellar carcinomas was 1þ (N¼ 18 cases), 2þ (6),
and 3þ (4). All but one of the cases showed diffuse
distribution (3þ to 4þ ). Interestingly, EGFR posi-
tivity was more common in cases with hepatitis B
viral infection, P¼ 0.029. However, EGFR positivity
did not correlate with nuclear grade, Ki-67 labeling
index, or tumor size, P¼ 0.4, 0.3, and 0.6, respec-
tively.

Additional staining for phospho-STAT3, phos-
pho-STAT5, phospho-MAPK, and for total and
phospho-AKT showed variable positivity in hepato-
cellular carcinomas and fibrolamellar carcinomas,
but no correlation with EGFR positivity, all P40.05.
Phospho-STAT-3 nuclear accumulation (Figure 3b)
was most common and was present in 12/73 (16%)
of hepatocellular carcinomas and 4/13 (31%) of
fibrolamellar carcinomas. Phospho-STAT-5 showed
nuclear positivity in 2/73 hepatocellular carcinomas
(3%). One hepatocellular carcinoma showed over-
expression of cytoplasmic MAPK and a single,
separate case showed nuclear accumulation. Total
AKT was overexpressed in 10/73 hepatocellular
carcinomas (14%) and one fibrolamellar carcinomas
(8%), whereas phospho-AKT was found in 3/10
hepatocellular carcinomas and the single fibro-
lamellar carcinoma that showed total AKT over-
expression.

Four (22%) hepatic adenomas were EGFR positive
and one of these also showed overexpression of
cytoplasmic phospho-STAT5.

Table 2 Immunostaining results

Immunostain Total
positive

Hepatocellular
carcinoma, N¼73

Fibrolamellar
carcinoma, N¼ 13

Hepatic adenoma,
N¼ 15

Total EGFR 32 21 (29%) 7 (54%) 4 (22%)
Phospho-STAT-3 16 12 (16%) 4 (31%) 0
Phospho-STAT-5 3 2 (3%) 0 1 (7%)
Phospho-MAPK (ERK1/2) 2 2 (3%) 0 0
Total AKT 11 10 (14%) 1 (8%) 0
Phospho-AKT 4 3 (4%) 1 (8%) 0

Total EGFR

U
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Figure 1 A431 and Hep3B cell lines are positive for total EGFR
both before and after stimulation by EGF. HepG2 is negative.
Phosphorylation at Tyr-845 is seen in A431 cells before and after
stimulation, whereas phosphorylation at this site is seen in
Hep3B only after EGF stimulation.

N

175 kDA

Loading
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175 kDA

Loading
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Figure 2 (a) Western blot analysis for EGFR of three typical
cases of hepatocellular carcinoma with paired non-neoplastic
tissues. (b) EGFR is overexpressed in the first and third case.
Phosphorylation at Ty-845 is also detectable.
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Discussion

EGFR is an attractive candidate for therapeutic
intervention and several inhibitors have been deve-
loped. In this study, we have demonstrated that
EGFR is detectable by immunohistochemistry in
29% of hepatocellular carcinomas, 54% of fibro-
lamellar carcinomas, and 22% of hepatic adenomas.
These findings underscore the importance of EGFR
signaling in a wide variety of primary hepatic
neoplasms. EGFR expression in a high proportion
of fibrolamellar carcinomas has also recently been
described by another group.13 This is the first report
of EGFR expression in hepatic adenomas to our
knowledge. We have further extended our under-
standing of EGFR expression in primary hepato-
cellular carcinoma by showing that only a small
proportion of EGFR-positive cases demonstrate
activation of AKT or MAPK by immunohistochem-
istry, suggesting that the pathways are not activated.

EGFR signaling following ligand binding is
complex and incompletely understood, but the
signal is transduced via different pathways leading
to broadly different cellular responses. For example,
EGFR signaling through MAPK is mitogenic but
inhibitory to production of acute phase proteins,
whereas EGFR signaling through STAT-3 stimulates

production of acute phase proteins.10 Because of its
role in cell cycling of normal hepatocytes, EGFR
signaling through the MAPK pathway in hepato-
cellular carcinomas would have been anticipated.
However, we found no correlation between EGFR
overexpression and pMAPK positivity, along with
no correlation with phosphorylation of STAT-3,
STAT-5, or AKT. These data raise the possibility
that EGFR signaling in primary hepatocellular
carcinomas may utilize other signaling pathways.
Supporting this notion, EGFR phosphorylation was
not evident at Tyr998, Tyr1045, or Tyr1068, phos-
phorylation sites linked to activation of MAPK,
AKT, and STAT signaling pathways. Instead, phos-
phorylation was found at tyrosine 845, a location
that has been linked to src activity.14 These results
highlight the need for more studies to understand
the mechanisms of EGFR signaling in primary
hepatocellular carcinoma.

The signaling pathway activated by EGFR appears
to have a profound impact on the sensitivity of
tumors to EGFR inhibition. For example, in a
clinical treatment study of non-small-cell lung
cancer patients, gefitinib’s action was dependent
on EGFR activating the AKT pathway, but not the
MAPK pathway.15 Likewise, in hepatocellular carci-
noma cell lines, the effect of gefitinib was pathway

Table 3 Western blot results for EGFR

Case no. Age/sex Surgery Underlying
liver
disease

Fibrosis
stagea

Tumor
size (cm)

EGFR
total N/Tb

EGFR
Tyr845 N/T

EGFR
Tyr998 N/T

EGFR
Tyr1045 N/T

EGFR
Tyr1068 N/T

1 40/M Transplant HCV 6 5.5 �/� �/� �/� �/� �/�
2 67/M Transplant HCV 6 4 +/+ �/� �/� �/� �/�
3 65/M Transplant HCV 6 1 +/+ +/+ �/� �/� �/�
4 61/F Transplant HCV 6 1 +/+ +/+ �/� �/� �/�
5 61/M Resection HCV 6 4.4 �/+ �/+ �/� �/� �/�
6 66/M Resection HCV 1 4.7 �/� �/� �/� �/� �/�
7 59/F Resection HBV 6 2.5 +/+ +/+ �/� �/� �/�
8 60/M Transplant Cryptogenic 6 2 +/+ +/+ �/� �/� �/�
9 54/M Transplant Cryptogenic 6 1.5 +/� +/� �/� �/� �/�
10 54/F Transplant Cryptogenic 6 4 �/+ �/+ �/� �/� �/�
11 53/M Transplant Cryptogenic 6 3.5 +/+ +/+ �/� �/� �/�
12 63/M Resection ETOH 6 5 �/+ �/+ �/� �/� �/�
13 70/M Resection None 1 7.5 �/+ �/+ �/� �/� �/�
14 70/M Resection None 0 6.5 �/+ �/+ �/� �/� �/�
15 25/F Resection None 0 2.5 �/+ �/+ �/� �/� �/�
16 40/F Resection None 0 3.7 �/+ �/+ �/� �/� �/�
17 81/M Resection None 0 8 +/+ +/+ �/� �/� �/�
18 36/F Resection None 0 12 �/� �/� �/� �/� �/�

Cell lines
HepG2c NA NA NA NA NA � � � � �
HepG2d � � � � �
Hep3Bc NA NA NA NA NA + � � � �
Hep3Bd + + � � +
A431c NA NA NA NA NA + + � � �
A431d + + + + +

a
The fibrosis is staged from 0 (no fibrosis) to 6 (cirrhosis).

b
N¼non-neoplastic liver tissue; T¼ tumor.

c
before EGF stimulation.

d
after EGF stimulation.
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dependent.5,16 In fact, the effect of EGFR inhibition
by gefitinib was duplicated by individually blocking
the downstream AKT and MAPK pathways. In
contrast, those EGFR-positive cell lines that did
not activate these pathways were not inhibited.16

Thus, the observation that EGFR protein expression
per se does not predict efficacy of EGFR inhibi-
tion6,17–19 is likely explained by the fact that efficacy
is more dependent on the subsequent signaling
pathway and less on the quantitative expression of
EGFR and has led to the proposal that testing for
other markers, such as pAKT, may be needed to
select patients for EGFR inhibitor therapy.15,19–21

This point is further emphasized by the recent
report of a phase II clinical trial of Erlotinib in
patients with hepatocellular carcinoma.7 Phillip
et al found that 3/38 patients showed a partial
radiological response and 12/38 were progression
free at 6 months. Although these results are very
encouraging, the response rate is not well explained
by EGFR expression in the tumors, which was
present in nearly all (92%) cases. Interestingly,
Phillip et al7 also reported that patients with

hepatitis C-related hepatocellular carcinoma had
the best response to therapy and also noted that
hepatitis C has been associated with MAPK activa-
tion by others, suggesting that signaling pathway
activation may be the feature that best defines
response to therapy.

In this study, a much higher proportion of
hepatocellular carcinomas were EGFR positive by
Western blotting than by immunostaining. This
discrepancy likely represents differences in sensi-
tivity between methods, but a direct comparison
was not possible as the same cases were not used
for both immunostaining and Western blotting. An
additional limit to our findings is that the cell
culture studies are based on EGFR signaling follow-
ing EGF stimulation. However, other ligands, such
as transforming growth factor alpha, also bind to
EGFR and it is unclear if our findings can be
extended to stimulation by ligands other than EGF.

An additional limit to understanding EGFR over-
expression in hepatocellular carcinoma is the
diverse number of protocols used to detect EGFR, a
point underscored by the variable immunopositivity
for EGFR in the non-neoplastic liver tissues, ranging
from 15%2 to none in this study. Nevertheless,
focusing only on those studies in which EGFR
expression in hepatocellular carcinoma was de-
tected by immunohistochemistry, the frequency of
positivity ranges from 3 to 85%.2,22–24 The wide
range of positivity by immunohistochemistry ap-
pears to be explained in part by the underlying
causes of liver disease, as hepatitis B virus infection
was associated with EGFR overexpression in this
and other studies.25,26

In conclusion, 29% of hepatocellular carcinomas
in this series showed expression of EGFR by
immunohistochemistry. Immunostaining for poten-
tial downstream targets of EGFR, including STAT-3,
AKT, and MAPK, did not correlate with EGFR
expression, suggesting that other pathways may be
important in EGFR signaling in hepatocellular
carcinoma. Correlating with these findings, the
EGFR receptor was phosphorylated preferentially
at tyrosine 845 in hepatocellular carcinomas and not
at other locations that have been linked to AKT and
MAPK signaling.
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