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Why man's best friend, the dog, could also benefit
from an anti-HER-2 vaccine (Review)
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Abstract. Human epidermal growth factor receptor-2
(HER-2) is a well-established target for anticancer preci-
sion medicine in humans. A HER-2 homologue with 92%
amino acid identity has been described in canine mammary
tumors, which is termed here as ‘dog epidermal growth factor
receptor-2 (DER-2)’, with similar biological implications as
those in human breast cancer. Both antigens can principally
be immunologically targeted by anti-HER-2 antibodies, such
as trastuzumab; however, the in vivo application of humanized
antibodies to other species would lead to specific hypersen-
sitivity reactions. Therefore, HER-2 mimotope vaccines that
actively induce autologous trastuzumab-like immunoglobulins
represent a novel and economic treatment option to overcome
species-specific limitations. Thus, the present review proposes
the implementation of clinical trials with HER-2 vaccines in
canine cancer model patients with spontaneous DER-2 positive
mammary gland carcinomas in order to assess their safety and
efficacy. This approach would not only pave the way into the
veterinary oncology market, but would also similarly generate
robust data for human trials and facilitate the testing of novel
combinatorial treatments.
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1. Introduction: Comparing HER-2 targeted therapies in
human and canine cancer

Human epidermal growth factor receptor-2 (HER-2) is over-
expressed in 25-30% of human breast cancers due to gene
amplification, thus defining ‘HER-2-positive disease’ (1-3).
HER-2-overexpression in human breast cancer has been asso-
ciated with increased metastatic potential (4), poor disease-free
and overall survival, and poor responsiveness to chemotherapy
in vitro and in vivo (5,6). Besides surgery, radiation and the
usual chemotherapy protocols, therapies used most success-
fully in HER-2-overexpressing cancers are those addressing
HER-2 as a target on malignantly transformed cells (7,8).
These so called ‘targeted therapies’ are well established in
human HER-2-positive breast cancer and several agents have
been approved for this indication over the last years (9,10).
Examples of such targeted therapies that significantly improved
disease outcome are trastuzumab (Herceptin®; Hoffmann-La
Roche AG, Basel, Switzerland) and pertuzumab (Perjeta®;
Hoffmann-La Roche AG) (11), two monoclonal antibodies
used for passive immunotherapy in combination with different
chemotherapy protocols (12), but tyrosine kinase inhibitors
like lapatinib (Tyverb®; GlaxoSmithKline plc., London, UK)
have also been proven to be effective (13).

Hardly any of these targeted therapies have been adapted
for the use in canine patients or have yet been studied in veteri-
nary clinical trials. To date, only the tyrosine kinase inhibitors
masitinib (Masivet®; AB Science S.A., Paris, France) and
toceranib (Palladia®; Pfizer Inc., New York, NY, USA), each
targeting c-Kit, have been successfully tested in clinical
trials and have been approved for canine mast cell tumor
patients (14,15). In the case of toceranib, it was the efficacy
of the human counterpart substance sunitinib (Sutent®; Pfizer
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Inc.) that led to the independent development of a similar drug
in dogs (15,16).

A recent study revealed that in addition to a similar
ErbB-2 overexpression rate in canine mammary gland tumors
compared with the human disease counterpart (17-20), there
was also an amino acid identity of 92% and a homology of
95% between canine dog epidermal growth factor receptor-2
(DER-2) and human HER-2 (21). Moreover, it was demon-
strated that the targeting of DER-2 with trastuzumab led to
the growth inhibition of canine tumor cells (21), indicating a
similar biology in canine mammary carcinomas as that of the
HER-2 system in human patients (19). The DER-2 status of
mammary tumors in dogs is not yet considered in veterinary
medicine, although its expression could be important in terms
of carcinogenesis and disease severity, as well as in the devel-
opment of novel targeted drugs (20,22).

2. HER-2 mimotope vaccines - a novel treatment approach

Trastuzumab, as aforementioned, is a humanized mono-
clonal antibody used for passive immunotherapy in human
HER-2-positive breast cancer (12). In its humanized form, it is
not applicable in comparative medicine studies, e.g., in canine
models, as it represents a xenogeneic and highly immunogenic
protein that is capable of inducing hypersensitivity (23-25).
This risk can be minimized if the constant region domains are
adapted to the given species (24,26). Only two such chimeric
canine antibodies have been reported to date. One is based on
cetuximab (Erbitux®; Merck KGaA, Darmstadt, Germany), a
mouse-human chimeric anti-epidermal growth factor receptor
(EGFR) antibody (26), and the second is a rituximab-like
(MabThera®; Hoffman-La Roche AG, Basel, Switzerland)
antibody targeting the B-cell antigen cluster of differentiation
(CD)20 (27). However, these approaches are cost intensive,
which may limit their market value in comparative medical
studies and veterinary oncology. The cost factor, as well as the
induction of autologous antibodies would favor active immu-
notherapies such as a vaccine over passive immunotherapy,
not only for translational or comparative studies, but also for
human patients (28,29).

A tumor vaccine acts as an active immunotherapy, training
the immune system to induce polyclonal antibodies against a
tumor-specific antigen. Several tumor vaccines are currently
under clinical development in human breast cancer, aiming for
the induction of antibodies against different tumor-associated
proteins, e.g., mucin-1, telomerase reverse transcriptase or
carcinoembryonic antigen (30). Correspondingly, several
anti-HER-2 vaccines are also being studied in clinical trials,
including NeuVax™, a CD8(+) T-cell-eliciting vaccine (31)
and the AJHER2/neu dendritic cell vaccine, which is currently
being tested in a phase I study (32).

Mimotopes, i.e. peptides mimicking protein, carbohydrate
or lipid epitopes represent another novel and feasible option
for cancer vaccines (33,34). In previous studies, we developed
a series of mimotope vaccines against important tumor
targets, including EGFR (35) and HER-2 (36). HER-2 specific
mimotopes were generated via biopanning of phage display
libraries with trastuzumab, and the deduced peptides were
coupled to immunogenic carriers, such as keyhole limpet
hemocyanin, for vaccination (37), or they were expressed
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as fusion proteins with carriers, such as adeno-associated
viruses (AAV) or AAV-like particles (AAVLPs), with predict-
ably high safety (38). The antigenicity, immunogenicity and
tumoricidic effects of the HER-2 mimotope vaccines were
demonstrated in vitro and in vivo in previous studies (37).
The vaccine-induced HER-2 reactive trastuzumab-like
antibodies also showed significant tumor inhibitory effects
on HER-2-overexpressing human SK-BR-3 cell lines due to
growth signal inhibition and growth receptor downregulation
by internalization. More recently, an AAV-HER-2 vaccine
resulted in significantly slower tumor growth in a BALB/c
mouse model engrafted with D2F2E2 tumor cells, which
expressed the HER-2 transgene (39). Notably, none of the
mice showed any signs of vaccine-related side effects,
including local or systemic reactions, or the well-described
trastuzumab-associated cardiotoxicity (40).

3. Canine mammary carcinomas resemble human disease

Neoplasms of the mammary gland complex are the most
common tumors in dogs, particularly occurring in non-spayed
female individuals with a median age of first occurrence of
around nine years (41,42). The incidence in female dogs
of any breed is estimated at 50%, of which 40 to 50% are
diagnosed as malignant (43). All of these malignant tumors
have the potential to metastasize, either lymphogenously to
the regional lymph nodes and the lung, or haematogenously
directly to the lung and other distant organs (44). Metas-
tasizing tumors and a tumor size of >3 cm result in a poor
prognosis in terms of survival (44). Other prognostic factors
are histological grade, differentiation of the tumor, and the
presence of estrogen and/or progesterone receptors (45,46).
Corresponding with human breast cancer, steroid-hormone
receptor expression is frequent in canine mammary gland
tumors and these receptors are important players in tumor
development (44,47-49). In addition, other factors, including
p53 overexpression and mutations, HER-2 overexpression
or the immunological microenvironment of the tumor, are
markedly comparable and show similar clinical correlations
in dogs as in the human disease (17-21,44,50-53). Based on
the discussed pathophysiological similarities between canine
and human mammary gland carcinoma, dog cancer patients
could serve as potential model patients for the study of
disease biology, and particularly for the development of novel
immunotherapies.

Usual treatment options at present are primarily surgery,
radiation or chemotherapy (42,45). However, these are far
from optimal and are often associated with serious side
effects (54-56). The therapy of canine mammary carcinomas
is therefore limited and the recurrence of the disease is
frequent (44,57,58).

In summary, no optimal therapy for this indication exists to
date, and treatment options that are commonly used in human
clinical oncology, such as passive immunotherapy, have not yet
been implemented in standard veterinary care.

Due to the high molecular homology, we anticipate that a
vaccine targeted against HER-2, such as the aforementioned
AAV HER-2 mimotope vaccine developed for human patients,
could induce functional anti-HER-2 antibodies in dogs that are
cross-reactive with the canine DER-2 and result in tumoricidic
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Figure 1. How clinical trials in canine cancer patients could contribute to the development of novel precision medicine options in mammary carcinomas in
human and veterinary oncology. Current treatment options in HER-2-positive mammary carcinoma in veterinary and human oncology are represented in grey.
Clinical trials in dog cancer patients can contribute by providing ‘real life” data that are translatable to human medicine, by introducing novel treatment options
in veterinary practice that impact human drug developments, and by granting the opportunity to veterinary patients to participate in clinical trials.

effects. Hence, such an active immunotherapy could be a novel
and alternative approach, by inducing a polyclonal immune
response with high antibody specificity and by additionally
inducing immunological memory (33). In dog model patients,
combinatory treatment strategies could be favorably tested. It
is likely that a vaccine study in canine cancer patients with
spontaneous HER-2-positive mammary gland carcinomas will
deliver more robust results for human patients than animal
experiments with induced or grafted tumors.

4. Translational relevance

It is clear that dogs with naturally occurring cancer would
not only gain individual benefit by participating in a clinical
trial, but could also act as animal model patients for human
disease (16,46). Currently, the development of novel anti-
cancer drugs is quite an inefficient procedure, where only
10.4% of novel agents that enter clinical phase I trials receive
market approval by the Food and Drug Administration (59).
The situation is even worse for novel cancer drugs, where this
rate drops to only 6.7%, mostly due to the low success rate
of anticancer biologicals (59). Another obstacle is that the
development of a compound can take up to 15 years (60). The
usual procedure of drug-development starts with designing
a novel compound on the computer (computer aided drug
design) (61) and testing it in vitro. Even though there is a legal
requirement to replace animal experiments with alternative,
‘animal-free’ methods where possible (62), each drug has to
be tested for toxicity in at least two animal species (61). Such
animal models are also used to gain important information on
pharmacokinetics and efficacy prior to being used in clinical
trials in humans (63). If a drug has passed all preclinical
tests, the clinical development starts with phase 0/I studies in
healthy volunteers (or patients in oncological phase I trials),
followed by further clinical phase II-IV trials in human
patients (64,65).

However, animal patients with similar spontaneous
diseases to humans are usually left out during this process of
drug development, even though they could serve as ‘real life’
models for human diseases and are a missing link between the
laboratory setting of animal experimentation and the ‘real life’
conditions (66). Companion animals, and particularly dogs,
not only present with a similar pathophysiology of diseases,
but also share their human owners' environmental surrounding
and lifestyle, and thus are prone to develop similar diseases to
humans, including cancer (67-69).

Drug efficacy and safety should be addressed in naturally
occurring cancer, as these questions would be difficult to
answer in rodent models or in human clinical trials alone.
Research in animal patients could thus serve not only to
complete data generation in human medicine, but also to
establish novel drugs for usage in veterinary medicine
itself (70). As described by Paoloni and Khanna (16), the
parallel development of the compound SU11654 in dogs and
sunitinib (Sutent®; Pfizer Inc.) in human cancer patients could
act as an example of how the two disciplines could co-operate
in respect to the translational development of agents in human
and veterinary oncology.

An additional advantage of using the dog cancer patient
as an animal model for human disease is the relatively shorter
lifespan and thus a shorter time of disease development and
response to treatment. This remains true even though the
timespan to the conclusion of veterinary clinical trials is longer
than experiments in rodent models (16,70). This time aspect
would be further supported by the fact that clinical trials in
pet patients are not constrained by the usual phase I-III trial
designs in human medicine, and novel drugs can be offered
to animal patients prior to any other conventional treatment
being provided (16). Results that would take years to obtain
in human clinical trials could be revealed in a relatively short
timespan with dog patients, and then translated to humans.
However, testing novel treatment strategies, and specifically
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targeted therapies, in veterinary oncology within clinical trials
is not as common as in human oncology. Funding opportuni-
ties are rare and the difference to animal experimentation is
legally rarely acknowledged (71).

Overall, the clinical development of a drug in human medi-
cine is cost- and time-intensive. With regard to HER-2-positive
breast cancer, the high homology of DER-2-positive mammary
carcinoma and its responsiveness to specific targeting (21)
suggest that canine cancer patients could act as a ‘real-life
model’ for human cancer patients. Furthermore, translating
well-established therapeutic strategies from human to
veterinary oncology would improve the currently available
therapeutic options (Fig. 1).

5. Conclusion: Where we stand

The differences in the therapies available to humans compared
to those available to animals are very evident, particularly
in oncology. Present cancer treatments for pet animals are
frequently one step behind human medicine. Thus, surgery,
chemotherapy and, if available, radiation therapy represent
the most commonly applied treatment options for companion
animals. In the meantime, targeted therapies have become
indispensable treatment options in human oncology, either as
registered therapeutics or as drugs under clinical development.
A particularly important change has occurred with regard to
implications for the HER-2-positive breast cancer diagnosis in
women. HER-2-positivity used to be regarded as an indicator
of a bad prognosis (3), however, this evaluation has changed
completely in the last 17 years due to the availability of person-
alized anti-HER-2 therapies that have significantly improved
treatment outcomes (1,8,12).

Comparative medicine is systematically revealing more
and more similarities in the pathophysiology of a number of
diseases, particularly in the comparison between humans and
pet animals, such as the example of HER-2-positive mammary
tumors in dogs (17-21). This knowledge can be used to gain
benefits in each field by simultaneous and thus faster develop-
ment of novel drugs (72,73).

Since cancer incidence rates are also increasing in veteri-
nary medicine (74), the development of targeted therapies
is greatly required. However, simply translating human
monoclonal antibodies into veterinary medicine is not an
option; they have to be specifically adapted for each species
in order to prevent immunogenicity and adverse reactions.
Only two antibodies have thus far been ‘caninized’ for use
in dog cancer patients (26,27). Therefore, the idea of devel-
oping an AAVLP HER-2 mimotope vaccine that induces
trastuzumab-like immunoglobulins would be a cost-effective
and species-independent alternative, and also of great interest
to human oncology. The clinical development of such a novel
treatment option for animal patients would gain robust clinical
‘real life’ data with a higher predictive value for translation
into human medicine as well.

In conclusion, clinical trials in comparative oncology
settings may be of increasing importance in the future, but
not only for animals. The trials could provide translational
evidence for applications in humans, and allow the fast and
efficient verification of novel combinatorial treatments.
Anticancer vaccines, such as the AAVLP-HER-2 mimotope
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approach could be particularly effective; they can be applied
independent of species as long as the homology of the target
antigen is high, such as in the case of HER-2 and DER-2.
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