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Translating translational research: mouse models of human

disease
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T ranslational research has become
increasingly popular in recent years.
Within the field of medical research, ani-
mal models are considered valuable
research tools that provide insight into
the complex world of human diseases.
Inbred animals eliminate several of the
challenges of human studies and allow
researchers to conduct disease research
on, arguably, the most controlled model
system possible. The ease with which ani-
mal models allow us to advance research
often leads us to ignore the possibility that
these studies may only provide limited
translational potential to humans. Seok
and colleagues of the ‘Inflammation and
Host Response to Injury Large Scale
Collaborative Research Program’ have
recently published an impressive study’
that specifically addresses this question,
that is, the degree to which results of
mouse models of inflammation mimic
corresponding human diseases. And their
results raise serious questions.

Their study analyzed changes in gene
expression in several conditions (burns,
trauma and endotoxemia) that involve
inflammatory responses between cohorts
of human patients and corresponding
mouse models. The authors identified
5544 genes that change significantly in
human inflammatory disease and subse-
quently determined that 4918 of these
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genes had murine orthologs. These 4918
‘shared’ genes were then compared by seve-
ral different bioinformatic and biostatistic
methods to determine whether the gene
expression changes observed in the human
conditions studied were also observed in
the corresponding mouse model.

Their results yielded two distinct
trends in gene expression response to
inflammatory trauma. First, the gene
expression profiles for the human infla-
mmatory diseases analyzed generally
showed a very high correlation in expres-
sion patterns. In contrast, the different
mouse models studied showed very low
correlation between each other. Secondly,
there was very low correlation observed
between genes expression changes in
human patients and the genes expressed
in the ‘corresponding’ mouse model.

They also observed additional diffe-
rences in gene expression between human
patients and their corresponding mouse
model, including significant differences in
the ‘recovery time’ required for gene
expression to get back to ‘background’
or ‘normal’ expression patterns following
the initial inflammatory trauma. Mice can
recover normal gene expression patterns
(from the initial induced trauma) in
hours to days, while humans do not
revert to a normal gene expression profile
for at least 1-6+ months. Taken together,
these data suggest that mouse models are
not an accurate portrayal of what actually
occurs in human inflammatory diseases.

To ensure that the observed results
were not specific to just the human dis-
eases and their matched mouse models
that were originally selected for validation,

the authors expanded the panel of diseases
and performed the same gene expression
analysis. They found the same trends that
were observed with the initial diseases and
corresponding mouse models, including
large differences in gene expression pat-
terns between the human patients and
the matched mouse models for sepsis,
acute respiratory distress syndrome and
infection. The human genomic response
for these additional diseases correlated
with the three diseases initially analyzed;
and the mouse diseases continued to show
low correlation between the gene expres-
sion patterns of the different inflammat-
ory models. The fact that three additional
inflammatory diseases and their ‘repre-
sentative’ mouse models follow the same
pattern observed originally further str-
engthens the conclusions of the study.
The authors acknowledge that the dif-
ferences observed between human and
mouse responses may be due to evolu-
tionary differences between the two spe-
cies, differences in cellular composition
of tissues and/or the fact that the mice
used in research experiments were
inbred. An example of these differences
can be found in the evolution of the che-
mokines, which are soluble mediators
involved in inflammatory responses.”
The chemokines have been classified into
inflammatory and homeostatic. The for-
mer mediate leukocyte recruitment dur-
ing inflammatory responses, while the
latter are expressed in specific tissues
in the absence of exogenous stimuli.
Importantly, there are significant differ-
ences between mouse and human
inflammatory chemokines, including
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extreme cases where a given chemokine
exists in one species but not the other. In
contrast, homeostatic chemokines exhibit
strong conservation between species.
This can be explained by the important
role that inflammation plays in resis-
tance to infectious agents. Therefore, the
differences between mouse and human
chemokines likely reflect the divergent
‘infectious experience’ of the mouse
and human ancestors of the present spe-
cies. Conversely, the strong conservation
observed in the homeostatic chemokines
reflects their important roles in critical
processes, such as development.” A corol-
lary is that inflammation, as a process,
has diverged more than others during
evolution.” A recent study comparing
human psoriasis to mouse models reached
a similar conclusion.* It is therefore
possible that the conclusions of Seok
et al' found the poorest correlation
between mouse and human studies
because they focused on inflammatory
responses.

In contrast to the poor correlation
observed between mouse and human
models of inflammation, the authors
draw attention to the fact that the het-
erogeneity of their human patient popu-
lation did not affect the trends observed;
the cohort of patients used for each
human disease analyzed were not con-
trolled groups. Rather, the factors that
are predicted to make direct human
studies complex because they cannot be
controlled as easily as age-and sex-
matched inbred mice did little to skew

the observed trends. In other words, des-
pite the heterogeneous genetic back-
grounds of the human subjects studied,
it was possible to identify a ‘genetic sig-
nature’ that reflects their responses to the
inflammatory processes that were the
focus of the study.

The consistency of the human gene
expression data despite the heterogeneity
of the patient population is an important
observation. What these data indicate, as
has been observed in many human di-
sease gene expression studies (see Refs.
5-7 for examples), is that human diseases
exhibit a molecular or genetic signature
that transcends age, gender, ethnicity
and treatment regimen. The findings of
Seok et al.! support this notion, that is,
that human patients without exact
matching characteristics can yield reli-
able gene expression data. These conclu-
sions reflect the view that human diseases
are mediated by the overactivity of cer-
tain genetic/signaling pathways that
result in the over/underexpression of
specific genes. These are the changes that
represent a ‘molecular signature’ cha-
racteristic of each human disease.

This study provides an important
caveat to animal model research: mice
are not humans, and there are limitations
in the extrapolations we can make from
mouse models. Importantly, this study
also demonstrates that we now have the
gene expression technologies and tools
that can be used to validate animal mo-
dels and ensure that they represent their
corresponding human disease. This provides
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an opportunity to critically evaluate ani-
mal models and identify those that more
faithfully represent a human disease.
This is a welcome development that
should help us better translate the results
of biomedical research from preclinical
to clinical stages, or put another way,
from bench to bedside.
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