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patients, and through the use of new agents developed
specifically to target autophagy, will the role of autophagy
in human NASH be determined.
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Cell-Type Specific Functions of Epidermal
Growth Factor Receptor Are Involved in
Development of Hepatocellular Carcinoma

The inflammatory microenvironment is regulated by
epidermal growth factor/epidermal growth factor recep-
tor (EGF-EGFR) signaling and is associated with devel-
opment of hepatocellular carcinoma (HCC). Precise
mechanisms by which EGFR-dependent inflammation
causes development of HCC have not been elucidated.
In the recent Nature Cell Biology article, Lanaya et al.!
have shown that EGFR has different functions in
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Kupffer cells (KCs) and in hepatocytes and that the dele-
tion of EGFR in microphages inhibited HCC, whereas
deletion of EGFR in hepatocytes promotes HCC. The
main results of this article are summarized in Fig. 1.
Development of HCC is a multistep process that
involves alterations in a number of signaling pathways
that synergistically contribute to liver cancer. HCC is
usually associated with inflammation and cirrhosis as
preneoplastic stages.” Although the link between inflam-
mation and HCC has been well established, molecular
mechanisms are not completely understood. The EGFR
is a transmembrane protein receptor that might be acti-
vated by EGF and by several additional extracellular
ligands. This activation triggers a variety of signaling
pathways, including signal transducer and activator of
transcription 3, phosphoinositide 3-kinase, Src homol-
ogy and collagen, Src homology 1, and SH2 domain-
containing inositol 5-phosphatase 2 and casitas B-cell
lymphoma E3 ubiquitin ligase.” The growth promotion
activities of EGFR have been initially investigated in a
partial hepatectomy model of liver proliferation/regener-
ation. It has been shown that hepatocyte-specific dele-
tion of EGFRI in mice and rats significantly inhibits
liver proliferation after surgical resections.” In agree-
ment with this growth promotion role of EGFR, further
studies revealed that expression of EGFR and copy
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Fig. 1. EGFR is elevated in KCs and promotes HCC, whereas EGFR
plays different functions in hepatocytes. White arrows show that inter-
action between KCs and hepatocytes is likely to be involved in liver-
specific EGFR functions.



HEPATOLOGY, Vol. 62, No. 1, 2015

numbers are increased in patients with HCC,® suggest-
ing that EGFR plays a critical role in development of
HCC. These observations prompted clinical trials with
inhibitors of EGFR signaling, which, unfortunately, did
not show improvements at advanced stages of HCC.” It
is interesting that further studies of effects of an inhibi-
tor of EGFR, erlotinib, on liver cancer in an orthotopic
rat model of HCC showed no antitumor effect.®

These unsuccessful trials and negative results in animal
models called into question whether our knowledge of
the molecular basis for EGFR inflammation in HCC is
sufficient for the generation of a strategy for treatments of
patients with HCC. To better understand the role of
EGEFR in liver cancer, Lanaya et al. generated several ani-
mal models with a cell-type-specific deletion of EGFR
within the liver and examined the development of liver
cancer under conditions of diethylnitrosoamine (DEN)-
mediated carcinogenesis.'" The response of wild-type
(WT) livers to DEN includes DNA damage, apoptosis to
remove death hepatocytes, followed by proliferation to
replace the dead hepatocytes. The investigators showed
that deletion of EGFR in all liver cells (EGFR*™, mice)
leads to a significant decrease in proliferation and an
increase in apoptosis. These initial studies were consistent
with previous reports showing the tumor-promoting
activities of EGRE. However, subsequent studies of liver
tumor development in mice with deletion of EGFR in
parenchymal cells (hepatocytes and bile duct cells,
EGFR*"*Pmice) provided surprising observations that liv-
ers of EGFR*" mice develop cancer significantly faster
and with bigger sizes. The investigators also found that
proliferation is significantly increased in livers of
EGFR*"P mice during development of HCC. On the
other hand, EGFR*"P mice were characterized by
increased apoptosis, similar to EGFR*M* mice.

The striking differences in development of liver can-
cer between EGFR*™ mice and EGFR™™ mice
prompted the investigators to perform a detailed exami-
nation into development of HCC at different additional
time points after injection of DEN. It has been found
that damaged areas and serum alanine aminotransferase/
aspartate aminotransferase levels are significanty
increased in these two animal models post-DEN injec-
tion and that that necrotic response is also much stron-
ger in EGFR"P and EGFR*™* mice, clearly indicating
that expression of EGFR in hepatocytes is required for
hepatoprotection. Searching for molecular differences
between WT and EGFRA"P/EGFR*™* mice, the inves-
tigators examined levels of several cytokines and found
that expression of interleukin (IL)-1f is significantly
increased post-DEN injections in both EGFR mutant
mouse models.
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The differences in development of HCC between
EGFR*™P and EGFR*™* mice suggested that EGFR
also displays a functional role in non-parenchymal cells
(NPCs). Immunochemical examination of NPCs in
EGFR™ tumors revealed a 4-fold increase of KCs/
liver macrophages. To directly test the role of EGFR in
KCs, the investigators have generated two additional
mouse models that had a deletion of EGFR in both
parenchymal cells and KCs and in KCs only. Examina-
tion of DEN-mediated liver tumor in these mice dem-
onstrated that deletion of EGFR in KCs inhibits
development of HCC. In agreement with these observa-
tions, expression of EGFR is increased in KCs of livers
of WT mice post-DEN-mediated injury. A quite signifi-
cant part of the article is a demonstration that EGFR-
expressing KCs/liver macrophages are abundant in
human HCC with poor prognosis. Examination of two
large cohorts of patients with HCC from China and
Europe showed that there is no relationship between
increased expression of EGFR in hepatocytes to progno-
sis. However, tumor sections of HCC patients revealed
high levels of EGFR in CDG68 (macrophage marker)-
positive cells, whereas adjacent nontumor tissues had no
EGFR in CD68-positive cells. These studies demon-
strated that increase of EGFR-positive macrophages in
human HCC predicts a poor prognosis.

Identification of EGFR-expressing macrophages as the
origin of HCC led to questioning the mechanisms by
which EGFR signaling in macrophages promotes liver
cancer. KCs produce IL-6 in response to IL-1f, which is
derived from damaged hepatocytes. Examination of
plasma of DEN-injected mice revealed a significant
increase of IL-6 in EGFR*"?/EGFR** mice, but not
in mice with macrophages-specific deletion of EGFR.
Consistent with this observation, levels of IL-6 have been
found to be increased in plasma of patients with HCC.
Further studies showed that IL-1f induces IL-6 produc-
tion in WT macrophages, but not in EGFR-deleted mac-
rophages. In summary, the investigators showed that the
mechanism of IL-1f-mediated activation of EGFR in
macrophages includes induction of EGFR ligands and
ADAM metallopeptidase domain 17 with subsequent
phosphorylation of EGFR by p38 kinase.

The liver contains several cell types that communicate
with one another and have the potential to be reprog-
rammed by specific transcription factors. Although cell-
to-cell communications have been previously implicated
in regulation of liver biology and development of liver
cancer, the precise role of these communications in liver
cancer has not been determined. The article by Lanaya
et al. presents an excellent example of the studies of the

role of EGFR in different cell types of the liver and the



316 HEPATOLOGY ELSEWHERE

significance of these observations for treatments of
HCC. Given the tumor-promoting role of EGFR in
macrophages, the therapeutic approaches should be
designed for a specific inhibition of EGFR only in mac-
rophages and should not affect EGFR in parenchymal
cells given that the latter scenario might promote tumor-
igenesis (see Fig. 1). The data from this article also sug-
gest that inhibition of EGFR could be beneficial at early
stages of liver cancer and that patients with advanced

HCC will not benefit from EGFR-based therapy.
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