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Abstract

The relevance of animal models to human diseases is an area of
intense scientific debate. The degree to which mouse models of lung
injury recapitulate human lung injury has never been assessed.
Integrating data from both human and animal expression studies
allows for increased statistical power and identification of conserved
differential gene expression across organisms and conditions. We
sought comprehensive integration of gene expression data in
experimental acute lung injury (ALI) in rodents compared with
humans. We performed two separate gene expression multicohort
analyses to determine differential gene expression in experimental
animal and human lung injury. We used correlational and pathway
analyses combined with external in vitro gene expression data to
identify both potential drivers of underlying inflammation and
therapeutic drug candidates. We identified 21 animal lung tissue
datasets and three human lung injury bronchoalveolar lavage
datasets. We show that the metasignatures of animal and human
experimental ALI are significantly correlated despite these widely
varying experimental conditions. The gene expression changes
amongmice and rats across diverse injurymodels (ozone, ventilator-
induced lung injury, LPS) are significantly correlated with human
models of lung injury (Pearson r = 0.33–0.45,P, 1E216).Neutrophil
signatures are enriched in both animal and human lung injury.
Predicted therapeutic targets, peptide ligand signatures, and pathway

analyses are also all highly overlapping. Gene expression changes are
similar in animal and human experimental ALI, and provide several
physiologic and therapeutic insights to the disease.
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Clinical Relevance

Dozens of genome-wide expression studies in experimental
lung injury in animals and humans have yielded important
insights into its pathophysiology, but no coherent view has
emerged. The degree to which murine models of lung injury
recapitulate human lung injury has never been assessed. We
performed integrated meta-analyses of gene expression studies
in animal and human experimental lung injury to discover
conserved sets of differentially expressed genes. We show that
animal models recapitulate human lung injury models,
including highly overlapping gene pathways, cell type
enrichments, and predicted therapeutic targets and peptide
ligands. These findings reinforce the relevance of animal
models to human lung injury and critical illness more
generally.
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Acute lung injury (ALI) and the acute
respiratory distress syndrome (ARDS) have
a high overall mortality rate and remain
difficult to treat despite clinical advances
(1, 2). Animal models of ALI have shown
decreased mortality with pharmacologic
interventions, such as statins (3), only to
have these fail in later clinical application
(4–6). The experimental studies done in
animal models (mostly rodents) assume
that animal models of lung injury can
lead to insight into the human clinical
condition, but there is disagreement over
the degree to which animal models
recapitulate human disease in acute illness
at a molecular level (7, 8). In particular,
there are several possible models of
experimental lung injury in animals (9),
which makes interpreting results from any
individual study difficult. The degrees to
which animal models of lung injury are
similar to one another, and whether any
animal models recapitulate human lung
injury, are thus open questions.

Over the past decade, dozens of studies
have been published examining whole-
genome expression in experimentally
induced lung injury in both animals and
humans. Many of these studies have been
deposited in public databases, such as
the National Institutes of Health (NIH)
Gene Expression Omnibus (GEO) and
ArrayExpress, allowing for their further
study and reanalysis. Although many of
these studies were very small, in aggregate,
there are now hundreds of samples. In
addition, the types of lung injury models
studied are very diverse, which may mimic
the heterogeneity seen in clinical lung
injury.

Here, we sought to comprehensively
examine all gene expression studies of
animal and human experimental lung
injury. We applied our multicohort gene
expression analysis framework (10, 11)
to perform separate meta-analyses of
experimental ALI in animals and humans.
Integrating the heterogeneity present in
several different types of experimental
models provides generalizable results;
furthermore, cross-species analysis of
animal and human data can increase
statistical power (12). Thus, we here
compared the resulting gene expression
signatures from animal and human lung
injury models and studied them for new
insights into the pathophysiology of lung
injury, and for potential therapeutics. We
demonstrate strikingly similar gene

expression changes in rodents and humans
in response to lung injury, with highly
overlapping gene pathways, cell type
enrichment, and predicted therapeutic and
inflammatory peptide ligands. These data
reinforce the relevance of animal models in
the study of critical illness.

Materials and Methods

We performed a systematic search for
experimental lung injury studies in animals
and humans in two public gene expression
microarray repositories (NIH GEO,
ArrayExpress) using the search terms,
“ARDS,” “respiratory distress syndrome,”
“ALI,” “lung injury,” “ICU,” and
“mechanical ventilation.” In the rodent
studies, only wild-type animals, and only
control versus lung injury without any extra
experimental conditions, were included in
the analysis. We treated all lung injury
conditions (e.g., ventilator-induced lung
injury [VILI], ozone treatment, LPS
treatment, etc.) as cases, and all non–lung
injury conditions (nontreated,
spontaneously breathing, or ventilated at
optimal positive end-expiratory
pressure/tidal volume) as controls. We
mapped all mouse and rat genes to human
homologs using biomaRt before analysis
(13). We excluded probes/genes that could
not be mapped to human homologs from
further analysis.

In the human experimental lung injury
studies, we included only bronchoalveolar
lavage (BAL) studies; no experimental
human lung tissue biopsy studies were
found. We included only experimental
conditions designed to cause lung injury (we
excluded studies of only smoking, asthma,
or common allergens). We also excluded all
in vitro studies of human tissues or cells
from the meta-analysis. We ensured that
all microarray data had been log-2
transformed before analysis. For all gene
analyses, we summarized probes to genes
within datasets with a fixed-effect meta-
analysis. For two-channel microarrays,
Cy3- and Cy5-labeled samples were treated
as independent.

We performed multicohort analysis of
gene expression as previously described (10,
11). Briefly, we applied two meta-analysis
methods: one is a DerSimonian-Laird
random-effects model combining effect
sizes using Hedges’ g, the other using
Fisher’s sum-of-logs method combining

P values. Genes set as “significant” passed a
minimum false discovery rate (FDR;
Benjamini-Hochberg FDR, 0.01) and a
minimum effect size (1.3-fold change).

We performed cell type enrichment
tests as previously described (11). Briefly, we
downloaded and coquantile normalized
gene expression profiles of relevant
in vitro immune cell types. We then added
datasets examining type I pneumocytes
(14), type II pneumocytes (15, 16), and
alveolar macrophages (16–18). We tested
gene signatures of interest for their
expression level in each in vitro cell type.
We standardized the resulting scores across
cell types, and calculated a P value of the
resulting Z score distribution by assuming
that the standardized scores are normally
distributed.

We performed Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway
analysis with the ROntoTools R package
(19). For both animal and human BAL
cohorts, we analyzed the entire gene list
weighted by P values. We assessed
significance at 5,000 bootstraps by
combining P values from perturbation
accumulation and perturbation
propagation analyses, followed by
Benjamini-Hochberg correction.

To predict drugs that would reverse the
lung injury signature, as well as extracellular
signaling proteins that could be driving it,
we leveraged the L1000 gene expression data
generated by the NIH Library of Network-
Based Cellular Signatures (LINCS) Program
(NIH, Bethesda,MD). This dataset profiles the
change in gene expression caused by chemical
compounds and peptide ligands (cytokines,
chemokines, and growth factors) across 77
cellular contexts at varying doses measured at
varying time points. We used the median
absolute deviation normalized data from the
LINCS c3 server. We quality processed the
L1000 data to obtain robust gene expression
signatures from the various tested compound
that could be compared with our lung injury
signature. We removed signatures that had
not passed LINCS internal quality-control
standards and thus were not labeled as “gold”;
this resulted in 12,486 chemical compounds
and 311 peptide ligands.

We then removed probes not in the
“bing” set of imputed probes. We collapsed
the data to gene level expression by
averaging the expression scores of all
probes that mapped to a given gene. Each
drug or peptide ligand has numerous
signatures representing the induced gene
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expression changes in different cell lines, at
different doses, and measured at different
times. To create a single overall effect
signature for a given drug or ligand, we
took the median of gene expression for each
of these specific signatures. Chemical
compounds and ligands were Pearson
correlated with the lung injury signatures,
and P values were Benjamini-Hochberg
corrected. Compounds and ligands for
which the correlation FDR (q values) were
, 0.05 were deemed significant.

Results

Multicohort Gene Expression
Analyses
Here, we analyzed two types of studies of
experimentally induced ALI: animal models
that examined lung tissue, and human
experiments that examined BAL fluid
(Figure 1). We first performed a systematic
search of NIH GEO and ArrayExpress for
studies of either type. There were 21 animal
lung tissue datasets (19–38) with diverse
lung injury mechanisms, including
ventilator-induced injury (n = 14), ozone
(n = 3), intratracheal LPS (n = 3), and a
hemorrhagic trauma model (n = 1) (total
controls = 83, cases = 141; Table 1). No
human ALI whole-lung samples were
available, so we used three human
experimental datasets (39–41) that studied
LPS or ozone exposure via BAL (total
microarrays: controls = 107, cases = 110;
Table 2).

An open question is the degree of
similarity in the immune response caused by
different animal models of lung injury.
Thus, we first performed correlational
analysis of each type of experimental animal
lung injury. To find genes significantly
differentially expressed in experimental lung
injury, we ran all cohorts from each
animal model type through our integrated
multicohort analysis framework, as previously
described (10, 11, 42). We also performed one
all-models analysis, combining comparisons
of healthy lung to injured lung in all available
models at once. For all analyses, we set
significance thresholds of FDR less than 1%
and a minimum effect size greater than
1.3-fold. We then took the genes identified as
significant in each analysis, and correlated
the differential effects for all model types
(Figure 2). In general, intermodel correlations
were high (mean r = 0.692, range = 0.53–0.76,
all P, 1E216). Furthermore, the all-models
comparison was highly correlated with each
individual model (mean r = 0.905, range =
0.83–0.99), indicating that the all-models
meta-analysis was capturing a signal
common to each model of lung injury.

We next compared the all-models
animal lung injury signature with the
human BALmodels of lung injury, using the
same multicohort analysis framework and
thresholds as described previously here. This
yielded 1,535 human homologous genes in
the all-models animal analysis and 430
genes in human experimental BAL analysis
(see Tables E1 and E2 in the online
supplement). There was a significant

overlap in the number of genes significantly
differentially expressed in common
between the animal lung and human
BAL analyses (50 genes, hypergeometric
P = 0.037). We tested the correlation of
the meta-effect sizes of differential gene
expression between animal and human
experimental lung injury, and found that
including either significant genes from the
animal analysis or significant genes from
the human analysis resulted in significant
correlation (Pearson r = 0.33 and 0.45,
respectively, both P, 1E216; Figure 3).
Roughly 30–40% of the genes in each analysis
had meta-effect sizes moving in opposite
directions between animals and humans; this
may reflect differences in model type (human
intrabronchial LPS versus animal ozone,
VILI, or LPS) or tissue type (human BAL
versus animal lung homogenate).

Cell-Type Enrichments
Differential gene expression signatures
represent both intracellular expression
changes and cell compartment shifts.
Overrepresentation of a differential gene
expression signature in a particular cell type
can suggest that an increase in that cell type
is partially responsible for the changes seen.
Whereas whole lung tissue contains a complex
mixture of cell types, BAL fluid contains
mainly neutrophils in early lung injury (43,
44). We tested both the animal lung tissue
and human BAL fluid gene expression
signatures for overexpression in several
in vitro cell lines, including both lung cell
types (type I and type II pneumocytes, and
alveolar macrophages) and immune cells, as
these are the cells expected to be changing in
the tissue (Figure 4). As expected, the animal
lung injury signature was enriched in type I
pneumocytes (P= 0.028) and M1 (IFN-g/LPS-
activated) macrophages (P= 0.046), but also
trended toward enrichment in monocytes
and neutrophils (P, 0.1). The human
BAL fluid mainly showed enrichment for
neutrophils (P = 0.01).

Pathway Analyses
We next studied whether the two gene
expression signatures showed any
overlapping pathway activations. Here,
rather than use an arbitrary significance
threshold for included genes, we weighted
the entire differential gene expression
vectors by their associated q values.
This allows for accumulated pathway
propagation effects to be calculated. We
found that 7 of the top 10 most significantly

Animal experimental
ALI (lung tissue)

Systematic Search (NIH GEO, ArrayExpress)

Integrated Multi-Cohort Transcriptomic Analysis FDR <0.01 and ES > 1.3 fold

Human experimental
ALI (BAL)

Immune Cell
Type

Enrichment

Correlational
analysis with

LINCs Database

KEGG Pathway
Analysis

21 studies, N = 224 3 studies, N = 217

1,535-gene signature 432-gene signature

Figure 1. Workflow schematic describing the initial gene expression meta-analyses, and the subsequent
studies of significant gene sets. ALI, acute lung injury; BAL, bronchoalveolar lavage; ES, effect size;
FDR, false discovery rate; GEO, Gene Expression Omnibus; KEGG, Kyoto Encyclopedia of Genes and
Genomes; LINCS, Library of Network-Based Cellular Signatures; NIH, U.S. National Institutes of Health.
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activated pathways overlap between animal
and human lung injury (Table 3). In
particular, the mitogen-activate protein
kinase (MAPK) signaling pathway is the
top-ranked pathway in human ALI and the
second-ranked pathway for animal ALI.
Notably, the NF-kB pathway and the
tuberculosis pathway (which is primarily
driven by IFN response) were both in the
top 10 lists of both human and rodent lung
injury gene expression signatures.

Therapeutic Targets Predicted by
Lung Injury Gene Signatures
We next studied whether the lung injury
signatures could be used to predict
therapeutic drug actions or find drug targets.
For both the animal lung and BAL analyses,
the effect sizes from all significant genes

were compared with gene expression
measurements from cell lines treated with
various drugs and ligands in the LINCS
database (http://lincscloud.org/). Here, a
drug that induces a gene expression pattern
that is negatively correlated with the meta-
effect sizes found in disease is reasoned to
be potentially protective, as it may reverse
the underlying gene expression signature of
the given condition (45). Similarly, a ligand
with a gene expression pattern that is
positively correlated with a disease
signature could be a potential causative
signaling agent (and eventual drug target)
of the given condition. The LINCS database
lists 12,486 drugs and small molecules that
have been tested for gene expression
changes in multiple cell lines and that
passed our quality control. We tested the

expression vectors of all of these agents for
correlation with the animal lung and
human BAL signatures.

The extent of overlap between potential
targets in animal and human lung injury
models is highly significant (hypergeometric
P, 1E213). A total of 181 drugs are
significantly negatively correlated with the
lung injury signatures from both humans and
animals (q, 0.05, Pearson r range =20.5
to 20.08 for animals and 20.16 to 20.42
in humans; Table 4 and Table E3A). The
list of common targets includes several
previously implicated in lung injury,
including multiple MAPK/extracellular
signal regulated kinase (ERK) inhibitors
(including fostamatinib, PD98059, and
ERK inhibitor 11E) (46–48) and multiple
statins (including rosuvastatin, simvastatin,

Table 1. Animal Experimental Lung Injury Datasets

First Author Origin Accession No. Control Condition Platform n Ctrl n Cond

Cho Mouse GSE495 Time 0 control Hyperoxic injury (24 and 48 h) GPL81 2 3
Ma Mouse GSE2368 Spontaneously breathing VILI GPL81 2 2
Ma Rat GSE2368 Spontaneously breathing VILI GPL85 2 2
Altemeier Mouse GSE2411 Spontaneuously breathing

or mechanically ventilated
LPS6MV GPL339 6 18

Dolinay Mouse GSE4215 Spontaneous ventilation VILI, LPS, or both GPL3436 6 20
Feinman Rat GSE6332 Sham Trauma/hemorrhaghic shock GPL85 3 3
Nonas Rat GSE7041 Room air ventilation VILI GPL1355 6 6
Dolinay Mouse GSE7742 Spontaneously breathing VILI GPL5145 3 4
Papaiahgari Mouse GSE9208 Spontaneous ventilation VILI GPL8321 3 3
Hong Mouse GSE9314 Spontaneously breathing VILI GPL1261 4 4
Wray Mouse GSE11434 Spontaneously breathing VILI GPL1261 5 5
Meyer Mouse GSE11662 Spontaneously breathing VILI GPL1261 3 3
Mirzapoiazova Mouse GSE14525 Spontaneously breathing VILI GPL1261 3 3
Dolinay Mouse GSE29920 Time 0 control VILI GPL6885 3 5
Park Rat GSE31678 Spontaneously breathing VILI (prone and supine) GPL1355 2 6
Oakes Mouse GSE38014 Filtered air/saline Ozone and/or Pam3Cys4 (4 and

24 h)
GPL7202 8 24

Xu Mouse GSE48787 Control Intratracheal LPS GPL13684 3 3
Krebs Rat GSE52142 Ventilated, optimal PEEP VILI GPL17896 6 6
Huang Rat GSE57011 Spontaneously breathing VILI1 lavage GPL1699 5 7
Spassov Mouse GSE58169 Spontaneously breathing VILI GPL6246 5 5
Verhein Mouse GSE58244 Air Ozone (6, 24, and 48 h) GPL1261 3 9

Definition of abbreviations: Cond, condition; Ctrl, control; MV, mechanical ventilation; PEEP, positive end-expiratory pressure; VILI, ventilator-induced lung injury.
All studies were performed on lung tissue.

Table 2. Experimental Human Acute Lung Injury Bronchoalveolar Lavage Datasets

First
Author Origin

Accession
No. Control Condition Tissue Platform n Ctrl n Cond

Yang Human GSE5272 Saline via bronchoscope LPS via bronchoscope BAL fluid GPL1708 82 84
Reynier Human GSE40885 Saline via bronchoscope LPS via bronchoscope Alveolar macrophages

from BAL fluid
GPL570 7 7

Leroy Human GSE58682 Clean air (0 ppb) Ozone (200 ppb) BAL cell pellets GPL6244 18 19

Definition of abbreviations: BAL, bronchoalveolar lavage; Cond, condition; Ctrl, control.
“n” refers to number of microarrays.
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and atorvastin). In addition, many of the
implicated drugs have never been tested in
ALI, including, for example, AS605240, a
PI3K inhibitor that has been previously
associated with a reduction in bleomycin-
induced lung fibrosis (49), but has never been
studied in ALI. The full ranked drug lists are
supplied in Table E3B.

We also explored correlations between
the animal and human gene signatures and
the gene expression profiles of the 311
peptide ligands (cytokines, chemokines, and
growth factors) present in the LINCS
database. We hypothesized that ligands that
induce an expression profile highly
correlated to one identified in a disease may
be potentially driving the underlying
response. We found that the top 15
positively correlated ligands for both animal

lung and human BAL gene expression
signatures share 9 overlapping ligands,
including TNF and IL-1/IL-1A
(hypergeometric P, 1E29; the complete
ranked peptide ligand lists are supplied in
Table E4). Given the well established links
between IL-1, TNF, and ARDS, this lends
credibility to the LINCS methodology. Other
ligands include several MAPK activators, such
as betacellulin, heparin-binding epidermal
growth factor-like growth factor, oncostatin M,
and epiregulin.

Discussion

ARDS is a complex syndrome with a high
mortality rate, and for which there are no
proven pharmacological or molecular

therapeutics. Several groups have turned
to gene expression profiling as a way to
better understand the underlying
pathophysiology of lung injury. Human
lung tissue biopsies are rarely obtained at the
time of ARDS because of the high potential
morbidity in a critically ill patient. Thus,
mouse models and human BAL profiling are
used as surrogates. The question about how
relevant these are to both each other and
also, thus, the injured human lung is critical.
Here, we have performed comprehensive
multicohort analyses of gene expression in
both animal and human experimental lung
injury. We showed not only that gene
expression changes across disparate animal
injury models are consistent, but also that
they reflect changes in human BAL fluid in
response to injury. These similarities are
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reflected in the correlation of meta-effect
sizes of individual genes, pathway analysis,
cell type enrichment, and predicted
therapeutic targets.

The degree to which animal models of
disease mimic clinical disease in the gene
expression space has been an area of active
debate, particularly in critical care (7, 8). In
experimental lung injury, we found a
significant overlap and effect size
correlation between the gene expression
signatures of animal lung tissue and human
BAL fluid. Notably, the correlation seen in
meta-effect sizes between animal models
and human models (Pearson r = 0.33, 0.45)
were much higher than were previously
reported for single-study comparisons of
acute injuries between mouse injury models
and human clinical disease (burns, trauma)
and models of illness (endotoxemia)
(Pearson r = 0.00–0.09) (7). Overall, this
difference may be evidence that the extremely
low correlation identified by Seok and
colleagues (7) was caused by both difference
in circumstance (comparison of models of
disease with clinical illness) and differences in
organism (mouse versus human).

The higher correlation between animal
and human lung injury models seen here
may be due to higher similarity in model

conditions, the use of a meta-effect size
rather than single-dataset comparisons, or
both. Furthermore, despite the fact that
some 35–38% of significant genes changed
in the opposite direction in different
species, the animal and human
experimental models shared similar KEGG
pathway activations, predicted therapeutics,
and predicted driving ligands. This suggests
that advanced network analyses may be a
more robust way to compare models than
simple correlations. Our findings overall
suggest that animal lung injury models may
generally recapitulate human experimental
lung injury models at a molecular level.

A total of 181 drugs are inversely
correlated with lung injury gene expression
signatures in both animal and human
experimental models. Several are drugs that
converge on the ERK signaling pathway; the
importance of the ERK/MAPK pathway in
mouse models of ventilator-induced lung
injury has been previously established (37,
46, 50, 51). This drugs list also includes
many statins. Although large clinical trials
of new statins in established ARDS have
been largely negative (5, 6), these agents
are effective at ameliorating experimental
lung injury (3). Thus, the appearance of a
statin in the top 10 lists of predicted drugs

confirms that drugs, the actions of which
are inversely correlated with gene
expression signatures, may indeed reverse
LPS-mediated lung injury (45). The large
number of drugs and peptide ligands that
could potentially inhibit both the human
and animal lung injury gene signatures
further supports the high relevance of
animal models to human ARDS drug
discovery. Furthermore, our analytic
strategy of including diverse mechanisms of
lung injury (VILI, LPS, ozone, hyperoxia)
increases the likelihood that this pathway
has broad clinical relevance.

Gene expression profiles from complex
tissues represent an overall signature from a
mixture of cell types. Changes in gene
expression signatures may thus represent
changes within cells, or may represent
changes in cell type proportions. Here,
the gene expression signatures were
reassuringly overrepresented in the known
abundant cell types (type 1 pneumocytes in
lung, and neutrophils in early lung injury
BAL fluid). Furthermore, several potential
cytokine drivers of the lung injury signature
were identified by the LINCS analysis; some
are well known (IL-1, TNF), others less so
(b-cellulin, heparin-binding EGF-like
growth factor, oncostatin M).
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Combinations of these cell types and
cytokines should be a focus of further
mechanistic inquiry.

Our study has several important
limitations. First, though we find that
human and animal models of lung injury are
substantially overlapping, no clinical
samples of ARDS were used, so the
relevance to clinical disease is unclear. Our
analysis is limited to using models of lung
injury, because patients rarely undergo lung

biopsy for ARDS, particularly early in the
course of disease, and thus no data from
lung biopsies or BALs from clinical ARDS
were available for study. Thus, we focused
on the most pertinent available lung
samples, accepting that lung injury models
(LPS, ozone, etc.) are not a perfect mimic of
clinical ARDS.

Another important limitation of the
study is that the available human and animal
lung injury models are still substantially

different: although whole-lung samples
are feasible in a mouse, in human
volunteers the injury was certainly less
severe and the collected sample was BAL,
not biopsy/whole lung. The cell type
enrichment shows important similarities
between human and animal lung injury,
but, again, is limited by the sample available.
Type 2 pneumocytes, for example, changed
the most in animal whole-lung models;
these cells would presumably be reflected
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Figure 4. Enrichment analysis for immune and lung cell in vitro gene expression. Shown are the immune enrichment Z scores for the experimental lung
injury gene signatures in (A) animal lung tissue and (B) human BAL fluid. NK, natural killer; Std., standard; T-reg, T regulatory.

Table 3. KEGG Pathways Enriched in Animal and Human Experimental Lung Injury

Animal Lung Pathways Combined FDR Human BAL Pathways Combined FDR

hsa04060: Cytokine–cytokine receptor interaction 0.0004 hsa04010: MAPK signaling 1.72E205
hsa04010: MAPK signaling pathway 0.0012 hsa04062: Chemokine signaling 1.72E205
hsa05146: Amoebiasis 0.0013 hsa04740: Olfactory transduction 1.72E205
hsa05152: Tuberculosis 0.0013 hsa04932: Nonalcoholic fatty liver disease 1.72E205
hsa04062: Chemokine signaling pathway 0.0013 hsa05146: Amoebiasis 1.72E205
hsa04064: NF-kB signaling pathway 0.0013 hsa05152: Tuberculosis 1.72E205
hsa05166: HTLV-I infection 0.0029 hsa05169: Epstein-Barr virus infection 1.72E205
hsa04110: Cell cycle 0.0029 hsa04060: Cytokine–cytokine receptor interaction 2.11E205
hsa04932: Nonalcoholic fatty liver disease 0.0036 hsa04064: NF-kB signaling 2.11E205
hsa04115: p53 signaling pathway 0.0041 hsa05161: Hepatitis B 2.11E205

Definition of abbreviations: BAL, bronchoalveolar lavage; FDR, false discovery rate; KEGG, Kyoto Encyclopedia of Genes and Genomes; HTLV-1, human
T-cell lymphotropic virus type 1; MAPK, mitogen-activate protein kinase.
The top 10 significant pathways are shown for each condition. Common pathways are in boldface type.
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very poorly in BAL from LPS-injured
human cells. These disparate injury
models and samples should bias
toward the null, and our conclusions
likely underestimate the similarity
between human and animal response to
injury.

In summary, the present study has
several important findings. By combining 21
animal and 3 human datasets, we are able to

detect, much more powerfully, important
gene expression changes in response to lung
injury. We found that the gene expression
response to lung injury is highly similar
between injury models as disparate as VILI,
LPS, and ozone. Most importantly, we
provide substantial evidence, using pathway
analysis, cell enrichment, and the highly
overlapping predicted inhibitory drug and
peptide list, that animal models of lung

injury do, in fact, recapitulate human
experimental lung injury. n

Author disclosures are available with the text
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Acknowledgments: The authors thank the
many authors who contributed the gene
expression data reanalyzed here, without whom
this study would not have been possible.

References

1. Briel M, Meade M, Mercat A, Brower RG, Talmor D, Walter SD, Slutsky
AS, Pullenayegum E, Zhou Q, Cook D, et al. Higher vs lower positive
end-expiratory pressure in patients with acute lung injury and acute
respiratory distress syndrome: systematic review and meta-analysis.
JAMA 2010;303:865–873.
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