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Pari passu dimers of dimers
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he ErbB/HER network is com-
posed of four receptors and 11
ligands (1). The receptors are
known to exist in at least two
different conformations (2). In the ab-
sence of ligand, EGFR, ErbB3, and ErbB4
exist in a closed or tethered conformation
that buries their dimerization arm and
prevents unregulated signaling (3). In the
ligand-bound state, the receptors are open
and expose their dimerization arm, which
in turn allows for homo- and hetero- as-
sociations. To date, crystal structures for
complexes are reported only for EGFR
and ErbB4 homodimers. Strikingly, re-
ceptor dimerization is mediated exclu-
sively by receptor contacts specifically in
domain II. In contrast, ligand is sand-
wiched between domains I and III, and
is spatially removed from the dimer-
ization interface.

In contrast to its three siblings, ErbB2
lacks the ability to bind any known ligand,
but rather participates as a coreceptor
with other ligand-bound ErbB receptors.
Structural studies of ErbB2 provide an
explanation why it does not (4, 5). ErbB2’s
vestigial ligand binding domains form an
interface with each other and therefore
cannot accommodate ligand binding. As
a result, ErbB2 exists in a conformation
that permanently exposes its dimerization
arm allowing it to partner with other li-
gand-bound ErbBs. Thus, ErbB2 functions
as a common coreceptor for all other
ErbB-ligand complexes. The association
of ErbB2 with ErbB3 is particularly in-
triguing because ErbB3 cannot transduce
a signal by itself (6). It contains several
amino acids within its tyrosine kinase do-
main that render it an inactive or a very,
very poor kinase (7, 8). However, the
heterocomplex between ErbB3 and ErbB2
is observed to be the most potent signaling
combination of all ErbB receptors and
robustly activates PI3K and MAPK
pathways.

In PNAS, Zhang et al. (9) provide
a possible answer to a longstanding, un-
answered questioned that has annoyed the
ErbB field: How does ErbB2 become ac-
tivated in a simple heterodimeric model if
ErbB3 is a dead or an impaired kinase?
Several years ago, the same laboratory
developed an RNA aptamer by using
systematic evolution of ligands by expo-
nential enrichment that selectively binds to
ErbB3. Binding of the aptamer, termed
A30, does not interfere with ligand bind-
ing, heterodimerization, or downstream
signaling to PI3K-AKT (10). Rather, A30
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Ligand-activated ErbB2-ErbB3-heregulin (HRG) complex is proposed to be a side-by-side dimer
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of dimers. MAPK activation occurs primarily in the tetrameric state as a result of ErbB2 transactivation.
The heterodimeric state is sufficient for PI3K activation.

is very effective in blocking heregulin-me-
diated activation of ErbB2 and subsequent
activation of the MAPK pathway. The
lack of ErbB2 activation observed in the
presence of A30 led the authors to hy-
pothesize that ErbB2 phosphorylates itself
in trans and that a single copy of ErbB2 in
the heterocomplex was insufficient for
complete activation.

Previous work published by the same
group (11) demonstrated that a minimal
aptamer could be cross-linked to ErbB3
through the introduction of a photoactive
group. In the new study of Zhang et al. (9),
the authors use an insect cell-expressed
version of ErbB3 ECD to map A30
binding to a segment near the junction of
domains III and IV. This junction is ac-
cessible to A30 in the open and tethered
conformations. Because aptamers are
notorious for their nonspecific binding
properties, a series of mutagenesis ex-
periments were performed to further
demonstrate the specificity of A30 binding.
A pair of arginines at positions 471 and
472, when mutated to glutamates, resulted
in the complete loss of A30 binding. In-
terestingly, this mutant still retains WT
responsiveness to ligand, both in terms of
ErbB2 phosphorylation and activation
of MAPK.

Because the aptamer binding site is lo-
cated far from the ligand binding areas
or the dimerization arm, the authors hy-
pothesize that this region of ErbB3 must
be involved in a new interface with ErbB2.
To explain this observation, the authors
propose a side-by-side arrangement of
heterodimers; in other words, a dimer of
dimers (Fig. 1). Evidence for the tetra-
meric state was provided by coimmuno-
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precipitation experiments with two dif-
ferently tagged species of ErbB2. Al-
though the overall recovery of coimmu-
noprecipitated ErbB2 was very low, data
are presented that the two-tagged species
do exist in a ligand-dependent complex. As
predicted, A30 suppresses the observed
coimmunoprecipitation.

Several limitations to the study of
Zhang et al. (9) should also be mentioned.
First, no structural data are available to
support the existence of the proposed
tetrameric state. Second, although mu-
tants of ErtbB3 were generated that lack
A30 binding, these mutants still couple to
ErbB2. One would expect that additional
mutations at this interface could be gen-
erated that decouple ErbB2 activation.
Third, at present, the existence of the
tetramer relies solely on the properties
of the A30 aptamer to probe this unique
interface. The generation of other re-
agents that also recognize this region
would help strengthen the model. Fourth,
more extensive studies are required to
demonstrate that A30 antagonizes an
ErbB2-ErbB3 biological response. Last,
the model predicts that a similar surface
also exists on the ErbB2 side of the in-
terface. Obviously, it would be satisfying if
this region were also identified.

Nevertheless, the conclusions of this
study are especially interesting in light of
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the recent Food and Drug Administration
approval of Perjeta (pertuzumab) for the
treatment of HER2-positive breast cancer.
Pertuzumab is an antibody that binds to
the dimerization arm of ErbB2 and pre-
vents its function as a coreceptor with the
other ErbBs, most notably ErbB3 (12, 13).
The phase III trial that supported the ap-
proval of pertuzumab (14) was conducted
in 808 patients with metastatic breast
cancer receiving first-line treatment. The
individuals in the treatment group who
received the combination of pertuzumab,
trastuzumab (Herceptin), and docetaxel
showed in a significant reduction in the
risk of progression or death and an abso-
lute increase in progression-free survival
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of 6.1 mo (14). These findings suggest
that targeting ErbB2 with two monoclonal
antibodies that have complementary
mechanisms of action results in more
comprehensive blockade of ErbB2 signal-
ing. Zhang et al. (9) also used pertuzumab
in the aforementioned study in PNAS.
As predicted, pertuzumab is more effec-
tive than A30 in suppressing ligand-acti-
vated ErbB3 activation. Moreover, the
combination of A30 with pertuzumab is
synergistic. Similar experimental synergis-
tic findings are also reported for pertuzu-
mab and trastuzumab (15). A key dif-
ference, however, is that trastuzumab does
not block ErbB2 activation but rather
disrupts noncanonical ErbB2-ErbB3 in-
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teractions that result in constitutive ErbB3
activation (16). Importantly, the afore-
mentioned clinical results with pertuzu-
mab and trastuzumab validate these
laboratory findings.

In conclusion, the side-by-side model
put forth by Zhang et al. (9) provides in-
sights on an enigma related to the mech-
anism of ErbB2-ErbB3 activation. Taken
at face value, the report argues that
higher-order complexes not only exist, but
also are crucial for normal signaling.
Strategies designed to further dissect and
examine this model should be readily at-
tainable and may provide for a generation
of unique antagonists with potential
clinical utility.
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