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VEGFR and HER2 are both important transmembrane proteins associated with several types of cancer.
Overexpression of these 2 proteins had long been thought to contribute to cancer progression and poor out-
comes, thus, therapies targeting HER-2 and VEGFA signaling pathways have been applied in recent years.

Herceptin is a HER-2 targeted antibody that being widely used for the management of HER-2 positive
breast cancer, which demonstrate significant benefits in both the metastatic and adjuvant settings. How-
ever, acquired resistance develops in most treated patients despite treatment in as early as 10 months.
Identification of subpopulations best suited for and most likely to respond to Herceptin is of utmost impor-
tance. We analyzed the signaling pathways of HER-2 and found that HER-2 shares a very similar down-
stream network with VEGFA, while LGR5 lies in the upstream of VEGFA and could promotes its
expression through CTNNB1. This discovery suggests that the LGR5 directed VEGFA overexpression may
activate downstream signals of HER-2 despite Herceptin treatment.

Here, we hypothesized that in LGR5 overexpressing breast cancer cases, activation of VEGFA-VRGFR
bypass may account for the resistance to HER-2 directed therapies. Concurrent inhibition of VEGFR might
enhance Herceptin sensitivity and moreover reverse the resistant phenotype in HER-2 positive breast can-
cer. Thus, we proposed alternate regimens to increase the efficacy of Herceptin-based therapy. Neverthe-
less, wet lab experiments and clinical trials are still required.

� 2013 Elsevier Ltd. All rights reserved.

Introduction

HER2 and Herceptin

Human epidermal growth factor receptors (HER) belong to a
transmembrane protein family, which share an extracellular li-
gand-binding domain, a short transmembrane domain, and an
intracellular domain with tyrosine kinase activity. Activation of

these receptors initiates signal cascades that involved in several
phenotypes of cancer cell, including proliferation, differentiation,
adhesion, migration and apoptosis [1]. HER-2, a critical HER family
member, whose expression has been proved to be correlated with
several types of human cancer, is a promising target for individual-
ized treatment.

Herceptin is a HER-2 specific antibody being used in targeted
therapies for the management of patients with HER-2 positive
metastatic breast cancer and gastric cancer [2]. As a recombinant
human antibody that directly binding to the extracellular domain
of HER-2/neu protein, Herceptin is engineered by integrating the
murine antibody’s complementary determining regions with the
scaffold of human IgG1. The binding of Herceptin to HER-2 blocks
the dimerization of HER-2 with other HER-family members, which
leads to the repression of downstream signal cascades [2,3].

About LGR5

The leucine-rich repeat containing G protein-coupled receptor 5
(LGR5), also known as GPR49, is a seven-transmembrane receptor
and has been highlighted as an exquisite marker of wnt-regulated
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cancer stem cells and adult stem cell populations in tissues such as
intestine, stomach and hair-follicle [4]. Recent studies show that
LGR5 plays a critical role in tumor progression and is associated
with poor outcomes [5–8]. It is expressed downstream of Hedge-
hog signaling and could promotes cell proliferation and tumor for-
mation in cases of basal cell carcinoma [9]. Studies also revealed
that LGR5 is a receptor of R-Spondin (RSPO) [10,11] and could pro-
mote RSPO mediated wnt/beta-catenin and wnt/PCP signaling [12],
which may lead to the Epithelial-Mesenchymal Transition (EMT)
and in turn confers primary resistance to Herceptin [13–15]. Be-
sides, the activation of wnt/beta-catenin signaling pathway might
promote angiogenesis and therapeutic resistance by up-regulating
VEGFA [16].

Disadvantages of present Herceptin regimens

Herceptin has been approved for clinical application for about a
decade. However, there are 2 typical mechanisms through which
Herceptin resistance could arise. The first is that Herceptin exhibits
a low sensitivity: the response rate for HER-2 positive patient was
only 30%, indicating a strong heterogeneity. This heterogenic resis-
tance appears to correlate with the loss of nuclear expression or
phosphorylation-induced repression of the cyclin-dependent ki-
nase inhibitor, p27 [17], and further studies also revealed a more
common relevance with inactivation of the tumor suppressor PTEN
[18,19].

Another bad news is that even for breast cancer patients who
achieve an initial therapeutic response to Herceptin, the majority
of those would show disease progression within 1 year. Since ac-
quired resistance develops in such high frequency, identification
of the scenarios in which Herceptin resistance could arise remains
a critical goal. Among the reasons that lead to Herceptin resistance,
abnormal activation of downstream signaling pathways is the most
important one. Thus, our efforts were dedicated to this area.

Our discoveries and hypothesis

By data mining from KEGG pathway database [20], we discov-
ered an interesting phenomenon: HER-2 shares a very similar
downstream signal cascades with VEGFA (Figs. 1 and 2). Long been
recognized as an important angiogenesis-inducing factor, it is quite
possible that VEGFA–VEGFR pathway parallelize and interplay
with HER-2 signaling pathways in caner progression. This means
if VEGFA–VEGFR bypass is activated, cancer would keep progress-
ing and show no clinical response even when HER-2 pathway was
blocked by Herceptin. Conversely, HER-2 may also play the same
role as VEGFA–VEGFR does.

Further analysis shows that LGR5 lies in the upstream of VEGFA
and could enhance VEGFA expression by stabilizing CTNNB1
[16,21] (Fig. 2), raising the possibility that VEGFA–VEGFR bypass
is activated in patients with LGR5 overexpression and this activa-
tion may play a hostile role against Herceptin’s efficacy. Besides,
LGR5 might also promote Herceptin resistance through wnt-EMT
signaling pathway [13–15]. These discoveries suggest that LGR5
could be used as a predictive marker for Herceptin resistance and
help direct therapies.

Suggested regimens

New therapeutic options for patients whose tumors have be-
come refractory to HER-2 directed therapy is one of the key chal-
lenges facing physicians today. In light of the potential of
VEGFA–VEGFR signaling bypass in Herceptin’s antitumor action,
we propose 2 improved regimens for HER-2 positive breast/gastric
cancer: for HER-2 positive and LGR5 overexpression patients, both
LGR5 activated VEGFA–VEGFR bypass and HER-2 could promote
cancer progression through the same downstream signaling path-
ways, therefore, a combination therapy is a necessity. Considering
the drug-specific resistance of CTNNB1 and VEGFA (Fig. 3), we sug-
gest applying Herceptin in combination with two other chemo-

Fig. 1. Key concepts of our hypothesis. High expression of HER-2 promotes cancer progression through downstream signaling pathways. Ideally, when Herceptin blocks HER-
2, downstream signals should be shut down, which would lead to clinical response. However, bioinformatics analysis indicates that HER-2 shares several critical downstream
signaling pathways with VEGFA, which means high expression of VEGFA could still activate those downstream pathways, even when HER-2 was blocked by Herceptin. This
might account for Herceptin resistances. Since LGR5 can up-regulate the expression of VEGFA, the overexpression of LGR5 may play a hostile role against Herceptin’s efficacy.
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