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Activating mutations and senescence secretome:
new insights into HER2 activation, drug sensitivity
and metastatic progression
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Abstract

HER2 amplification and overexpression is observed in
approximately 20% of breast cancers and is strongly
associated with poor prognosis and therapeutic
responsiveness to HER2 targeted agents. A recent
study by Bose and colleagues suggests that another
subset of breast cancer patients without HER2
amplification but with activating HER2 mutation might
also benefit from existing HER2-targeted agents and
the authors functionally characterize these somatic
mutations in experimental models. In a second study
on HER2-driven breast cancer, Angelini and colleagues
investigate how the constitutively active, truncated
carboxy-terminal fragment of HER2, p95HER2,
promotes metastatic progression through non-cell-
autonomous secretion of factors from senescent cells.
These new findings advance our understanding of
HER2 biology in the context of HER2 activation as well
as offer new insights into our understanding of drug
sensitivity and metastatic progression.

Background

One of the cancer biomarkers widely used today is the
amplification and aberrant overexpression of human epi-
dermal growth factor receptor (HER)2, a member of the
ErbB family of receptor tyrosine kinases [1]. HER2
amplification/overexpression, observed in several cancers,
including breast cancer, is associated with poor prognosis
and predicts therapeutic benefit from anti-HER2 agents
[1,2]. Trastuzumab, a monoclonal antibody, was the first
agent targeting HER2 and was approved for the treatment
of HER2* breast cancer in 1998 [3]. Since then, several
small molecule inhibitors targeting HER signaling have
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been developed, such as the reversible HER1/HER2
inhibitor lapatinib and the irreversible pan-HER inhibitor
neratinib [4,5].

A major challenge in the treatment of HER2" cancer is
either intrinsic or acquired drug resistance. For example,
many of the patients who respond initially to trastuzumab
therapy often progress with time [4,6]. These challenges
have now prompted promising clinical trials on
combination therapies with multiple anti-HER agents
and development of new therapies with alternative modes
of HER2 blockade [4,7,8]. A second challenge in treating
HER2* breast cancers is the association of this aggressive
subtype with metastatic progression, in particular, brain
metastasis [9]. The ability of HER2* cancer cells to
colonize the brain coupled with the inability of anti-
HER2 agents to efficiently cross the blood brain barrier is
thought to contribute to the development and
progression of brain metastasis in HER2-positive cancers
[10,11]. New insights into the mechanisms of HER2
therapy resistance and metastasis are urgently needed to
improve the outcome for patients with HER2* cancer.
Recent studies shed light on two different aspects of
HER2 biology with implications for drug sensitivity and
tumor progression [12,13]. Bose and colleagues [13]
address experimentally whether HER2 somatic mutations
observed in patients activate HER2 and examine their
sensitivity to existing anti-HER2 agents. Angelini and
colleagues [12] explore how constitutive activation of the
truncated carboxy-terminal fragment of HER2 known as
p95HER2 promotes metastatic progression.

Articles

Bose and colleagues functionally characterize somatic
mutations in the HER2 gene recently discovered in
patients without HER2 amplification at an estimated
mutation frequency of 1.6% [13-20]. Using in vitro kinase
and cell growth assays as well as in vivo tumorigenesis
models, the authors suggest that the majority of the
HER2 somatic mutations analyzed are activating muta-
tions and likely drivers of the HER2-dependent tumor
progression. Bose and colleagues experimentally analyzed
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13 HER2 somatic mutations, out of which 7 (G309A in
the extracellular domain and D769H, D769Y, V777L,
P780ins, V842l and R896C in the kinase domain) were
found to be activating [13]. The authors show that the
HER?2 somatic mutations represent a novel mechanism to
activate HER2 that is alternative to the known HER2
amplification. Importantly, the authors test the efficacy of
current HER2-targeted agents on these engineered
HER2-mutant tumor lines. The best growth inhibition
response was obtained with the irreversible HER2 inhibi-
tor neratinib when compared to lapatinib or trastuzumab
in these HER2 mutant cancer lines. This study has
important biological and clinical implications. These
findings suggest that a subset of breast cancer patients,
such as those harboring HER2 somatic mutations, might
benefit from HER2-targeted therapies even in the
absence of HER2 amplification/overexpression. Moreover,
the study also suggests that some HER2-targeted thera-
pies might be more effective than others in treating HER2
mutated tumors, a finding that warrants further
investigation.

The second study, by Angelini and colleagues, investi-
gates how the constitutively active, carboxy-terminal
fragment of HER2 known as 611-CTF or p95HER2
promotes metastatic progression [12]. 611-CTF or
PI5SHER? (referred to as p95HER2 hereafter) is expressed
by a subgroup of HER2-positive breast cancers and is
oncogenic in preclinical models [21]. Breast tumors
expressing p95HER2 are often resistant to trastuzumab
[22]. The authors show that forced expression of
P95HER?2 in an untransformed immortalized mammary
epithelial cell line accelerates cell proliferation whereas
P95HER2 expression in a breast cancer cell line results in
marked proliferation arrest and senescence. Interestingly,
the authors show that pP95HER2 induces a relatively long-
lived secretome in senescent cells, which is composed of
several growth factors, cytokines and proteases and
requires HER2 signaling for its maintenance. Given the
link between pro-inflammatory cytokine secretion asso-
ciated with senescence and tumor progression [23], the
authors test the possibility that the presence of p95HER2-
induced senescent cells in the primary tumor enhances
distant metastasis. MCF7 breast cancer cells expressing
Tet-regulated p95HER2 were injected subcutaneously
and the p95HER2 gene was kept off until tumors had
reached a predetermined size. On the one hand, induc-
tion of p95HER2 expression in the xenograft tumors
indeed caused signs of senescence within the tumors but,
on the other hand, increased the secretion of known pro-
tumorigenic factors from these senescent cells. In this
context, the metastatic susceptibility of pP9SHER2-expres-
sing mice was analyzed by injecting a second breast
cancer cell line, MDA-MB-231, into these mice
intracardially. Despite inducing senescence in primary
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tumor cells, the expression of p95HER2 resulted in
significantly increased metastatic growth, potentially
through the secretion of paracrine pro-metastatic factors
from senescent cells [23]. The precise mechanisms by
which p95HER2 promotes metastatic progression remains
to be further elucidated.

Viewpoint

Through sequencing studies of cancer genomes, HER2
somatic mutations have been identified in breast, gastric
and colorectal cancers [15]. Given the clinical relevance,
Bose and colleagues reinforce the importance of pheno-
typic characterization of genetic alterations in experi-
mental systems after their identification from genomic
sequencing [13]. Furthermore, the study underscores the
relevance of empirically testing the sensitivity of mutant
tumors to multiple targeted agents as specific genetic
alterations may dictate the tumor response to targeted
therapy. The efficacy of multiple anti-HER agents remains
to be examined in vivo, especially in the context of tumor
progression and metastasis induced by HER2 mutant
cancer cells.

It is known that carboxy-terminal fragments called
p95HER2 are frequently found in HER2-expressing
breast cancer cell lines and tumors and correlate with
high metastatic spread [24]. Based on this clinical
observation, the authors set out to explore the underlying
mechanism and discovered that p95HER2 induced
senescence in the tumor but paradoxically enhanced
metastatic progression at the distant site [12]. The
identity of such systemic factors associated specifically
with p95HER2-induced senescence and their role in the
promotion of metastasis remain to be determined. It is
also currently unknown whether p95SHER?2 expression in
tumors can promote brain metastasis specifically or
increases overall metastatic burden. Furthermore, it will
also be important to dissect the contribution of the
immune system in inducing the senescence secretome
and subsequent metastatic progression. Together, these
two studies further our understanding of the alternative
modes of HER2 activation, drug sensitivity and meta-
static progression and have added importance in the age
of genomic sequencing and targeted therapies for cancer.
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