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Abstract
Chronic chagasic cardiomyopathy is a leading cause of heart failure in Latin American countries.
About 30% of Trypanosoma cruzi-infected individuals develop this severe symptomatic form of
the disease, characterized by intense inflammatory response accompanied by fibrosis in the heart.
We performed an extensive microarray analysis of hearts from a mouse model of this disease and
determined significant alterations in expression of ∼12% of the sampled genes. Extensive
upregulations were associated with immune-inflammatory responses (chemokines, adhesion
molecules, cathepsins and MHC molecules) and fibrosis (extracellular matrix components, lysyl
oxidase and Timp-1). Our results indicate potentially relevant factors involved in the pathogenesis
of the disease that may provide new therapeutic targets in chronic Chagas' disease.
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Introduction
Chagas' disease, caused by infection with the protozoan Trypanosoma cruzi, is still a major
health problem in Latin America, where it affects 16-18 million people [1]. The most
common chronic form, the chagasic cardiomyopathy (CCM), is a fatal disease for which
there is no effective treatment available other than heart transplantation. CCM is
characterized by focal or disseminated inflammation causing myocytolysis, necrosis, and
progressive fibrosis [2-4].

The pathological basis of CCM is multifactorial [5,6]. It may in part result from
inflammatory responses directed to T. cruzi antigen, to cardiac autoantigens, or to both types
of antigens [7]. A prominent role of parasite antigens in this pathology has been supported
by the demonstration that a decrease in parasite load caused a reduction in myocarditis and
cardiac disturbances in mice chronically infected with T. cruzi [8].

The identification of factors involved in the establishment of chronic heart lesions is of great
interest for the development of new therapeutic strategies for patients with this fatal disease.
In this study we have performed a DNA microarray analysis to determine alterations in gene
expression in the myocardium of mice chronically infected with the Colombian strain of T.
cruzi compared to uninfected counterparts. Our results indicate a profound effect on
expression of a number of genes related to inflammation and fibrosis in hearts of mice with
CCM.

Methods
Trypomastigotes of Colombian Trypanosoma cruzi strain [9] were obtained from culture
supernatants of infected LCC-MK2 cells. C57Bl/6 male/female mice were infected by
intraperitoneal injection of T. cruzi trypomastigotes. Parasitemia was evaluated at various
times after infection by counting the number of trypomastigotes in peripheral blood aliquots.
Animals were raised and maintained at the Gonçalo Moniz Research Center/FIOCRUZ and
provided with rodent diet and water ad libitum. Animals were handled according to the NIH
guidelines for animal experimentation. All procedures described here had prior approval
from the local animal ethics committee.

Mice were sacrificed after 8 months of infection and hearts removed and fixed in 10%
buffered formalin. Morphometrical analyses were performed in hematoxylin/eosin or Sirius
red-stained heart sections captured using a digital camera adapted to a BX41 microscope
(Olympus, Japan). Images were analyzed using Image-Pro Program version 5.0 (Media
Cybernetics, San Diego, CA).

Frozen heart sections were used for detection of CD4, CD8, CD11b, ICAM-1 and MHC
class II expression by immunofluorescence, using specific antibodies (BD Biosciences, San
Jose, CA) followed by streptavidin Alexa 568 (Molecular Probes, Carlsbad, CA). The
myocardium was stained with phalloidin (Molecular Probes) or using an anti-cardiac myosin
antibody (Sigma). Nuclei were stained with 4,6-diamidino-2-phenylindole (VectaShield
Hard Set mounting medium with DAPI H-1500; Vector Laboratories, Burlingame, CA).
Sections were analyzed using a BX61 microscope equipped with epifluorescence and
appropriate filters (Olympus) and a system to enhance the fluorescence resolution (Optigrid,
Thales Optem Inc., Fairport, NY).

SDF-1, TNFα, and IFNγ concentrations were measured in total heart extracts. Heart proteins
were extracted from 100 mg tissue/ml PBS to which 0.4 M NaCl, 0.05% Tween 20 and
protease inhibitors (0.1 mM PMSF, 0.1 mM benzethonium chloride, 10 mM EDTA and 20
KI aprotinin A/100 ml) were added. The samples were centrifuged for 10 min at 3000 g and
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the supernatant was kept frozen at -70°C. Cytokine levels were estimated using
commercially available Immunoassay ELISA kits for mouse SDF-1, TNFα, and IFNγ (R&D
system, Minneapolis, MN), according to the manufacturer's instructions. Reaction was
revealed after incubation with streptavidin–horseradish peroxidase conjugate followed by
detection using 3,3′,5,5′-tetramethylbenzidine (TMB) peroxidase substrate and reading at
450 nm.

Hearts of normal and T. cruzi-infected mice were extracted and quickly frozen in liquid
nitrogen for five minutes. The material was ground and RNA extraction was performed
using RNAEasy Minikit (Qiagen, Germantown, MD), following manufacturer's instructions.
After addition of 1 unit/μl DNAse I (Invitrogen), the cDNA was obtained using
SuperScriptTM II Reverse Transcriptase (Invitrogen) in a final volume of 30 μl. Reaction
cycles were performed on an Eppendorf Mastercycler gradient for 1 h (42° C for 60 min;
70° C for 15 min). PCR amplification was performed in an ABI Prism 7000 Sequence
Detection System (Applied Biosystems, Foster City, CA). Primers and TaqMan probe for
TIMP-1 the GAPDH control reference gene were designed and synthesized according to
Assay-by-Design (Applied Biosystems). Quantitative data was analyzed using the Sequence
Detection System software (v1.0; Applied Biosystems). PCR reactions were carried out in a
total volume of 25 ml, according the manufacturer's instructions. The standard curves of the
target and reference genes showed similar results of efficacy (> 90%). The relative
quantification was given by the ratio between the mean value of the target gene and the
mean value of the reference gene (Gapdh) in each sample. The relative amount of PCR
product generated from each primer set was determined on the basis of the Ct value. The
relative quantification was calculated by 2-ΔΔCT (CT: fluorescence threshold value; ΔCT:
CT of the target gene minus CT of the reference gene; ΔΔCT: tumor sample ΔCT minus
reference sample ΔCT).

Twenty μg total RNA extracted each of the 4 control and 4 infected hearts were reverse
transcribed into cDNA incorporating fluorescent Alexa Fluor®_647–aha-dUTP using
SuperScriptTM Plus Direct cDNA Labeling System (Invitrogen, CA). Differently labeled
biological replicas were co-hybridized overnight at 50°C with Duke MO30N mouse
oligonucleotide arrays spotted with 30 k Operon 70-mer oligonucleotides V3.0.1
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL8938) using the “multiple
yellow” strategy described in [10]. In this strategy, differently labeled biological replicas are
co-hybridized with the array. Thus, we have hybridized two arrays with samples from 4
control hearts and other two arrays with samples from 4 infected hearts. After washing
(0.1% SDS and 1% SSC) to remove the non-hybridized cDNAs, each array was scanned
with an Axon 4000B dual-laser scanner (MDS, Toronto, Canada) and images were primarily
analyzed with GenePixPro 6.0 (Axon Instruments, CA). Locally corrupted or saturated
spots, as well as those for which the foreground median fluorescence did not exceed twice
the median local background fluorescence in one sample were eliminated from the analysis
in all samples. Microarray data were processed as described in our previous studies [10-12].
In brief, we used a normalization algorithm that alternates intra-chip and inter-chip
normalization of the net fluorescence (i.e. background subtracted foreground) signals of the
validated spots until the residual error is below 5% in subsequent steps. Intrachip
normalization balances the averages of net fluorescence values in the two channels within
each pin domain (subset of spots printed by the same pin), corrects the intensity-dependent
bias (usually referred to as Lowess normalization), and forces the standard distribution
(mean 0 and standard deviation 1) of log2 ratios (scale normalization) of net fluorescent
values in the two channels for each array. Interchip normalization assigns a ratio between
the corrected net fluorescence of each valid spot and the average net fluorescence of all valid
spots in both control (C1, C2, C3, C4) and infected (I1, I2, I3, I4) samples. The spots
probing the same gene were organized into redundancy groups and their background
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subtracted fluorescence replaced by a weighted average value. A gene was considered as
significantly up- or down-regulated when comparing four infected with four control hearts if
the absolute fold change was > 1.5× and the p-value of the Student's heteroscedastic t-test of
equality of the means of the distributions with a Bonferroni-type adjustment for the
redundancy groups was < 0.05. GenMapp [13] and MappFinder software
(www.genmapp.org) and databases were used to identify the most affected GO (Gene
Ontology) categories.

Morphometric, qRT-PCR, and cytokine data were analyzed using Student's t test.
Differences were considered significant when P < 0.05.

Results
CCM caused by chronic infection with Colombian strain T. cruzi in C57Bl/6 mice

Upon infection with 1000 trypomastigote forms of Colombian strain T. cruzi, C57Bl/6 mice
develop blood parasitemia peaking around 35 days after infection (Figure 1A). Mortality
rate reached 28.5% during the first 100 days (Figure 1B), and about 31.4% after 8 months of
infection. A progressive myocarditis accompanied by fibrosis occurs after the acute phase of
infection. At eight months of infection, heart sections of chagasic mice revealed a multifocal
inflammatory response composed mainly by mononuclear cells (Figures 1C and E) and
exhibited areas of fibrosis (Figures 1D and F).

Global gene expression analysis
Microarray data from this experiment have been deposited in Genebank
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE17363). When comparing
control hearts from C57Bl/6 mice to those from age and sex-matched mice chronically
infected with the Colombian strain of T. cruzi, genes differentially expressed were detected.
Spots corresponding to 14,356 unigenes satisfied the criteria of adequate quantitation on all
eight microarrays. Of these, 1,221 (8.5%) were significantly upregulated in the chagasic
hearts and 494 (3.4%) were significantly downregulated (>50% difference and p<0.05). A
list of all genes that were found to be differentially expressed is presented in Table S1
(Supplemental Material), and subsets of the genes showing higher fold-change in expression
ratio are considered below.

Pathways of proteins encoded by genes that were significantly affected by parasitic infection
were determined using GenMapp (Gladstone Insititute), where significance is assessed by
whether regulated genes are disproportionately represented within a gene ontogeny (GO)
term. Pathways of genes significantly upregulated in infected hearts (p<0.05) are listed in
Table 1 and prominently include immune response and related terms (eg, inflammatory
response, intracellular signaling cascade, chemokine and cytokine receptor activity). The
GenMapp illustrations of these altered genes are shown in Supplemental Figure 1A. In
addition, upregulated pathways include phosphate transport, cell proliferation, actin binding
(eg, Arp2/3 protein complex and actin filament organization, cytoskeleton, membrane
ruffling). These genes related to the actin cytoskeleton are illustrated in Supplemental Figure
1B. In addition to these well-represented pathways, other smaller pathways showed
prominent perturbation, including genes involved in cardiac differentiation (Tgfb2, Itgb1)
and regulation of action potential (Gnaq, Hexa, Hab1 and Cd9).

Pathways containing an over-representation of down-regulated genes (Table 1) included
mitochondrion, enzymatic activity of several types and tyrosine kinase signaling. Genes
downregulated in less extensive pathways included negative regulation of N+BMP signaling
(Htra1, Twsg1) and regulation of vascular endothelial growth factor receptor signaling
(Flt1).
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Mice chronically infected with the Colombian strain of T. cruzi have intense myocarditis
(Figure 1E). The inflammatory infiltrate is mainly composed by mononuclear cells,
including CD4+ and CD8+ T lymphocytes (Figures 2A and B) and macrophages (Figure
2C). The analysis of genes that were upregulated ≥ 5-fold in the arrays showed alterations in
a number of genes related to inflammation and immune responses. Genes coding for the
macrophage cell surface marker CD68 and the lymphocyte antigens CD38 and CD52 had
their expression increased in chronic chagasic hearts (Table 2), compatible with the presence
of these cells in the inflammatory infiltrate.

Upregulation of genes coding for chemoattractant factors Ccl2, Ccl7, Ccl8 and Ccl12 was
observed (Table 2). Immunocytochemistry confirmed that the levels of Ccl12 (SDF-1) in
hearts of chronic chagasic mice were increased in comparison with those of normal mice
(Figure 3A). In addition, the expression of phospholipase A2, group VII (platelet-activating
factor acetylhydrolase) and complement factor B genes were highly increased (47.6 and 42.5
fold, respectively) by chronic infection (Table 2).

The expression of genes coding for adhesion molecules, such as galectin-3, P-selectin ligand
(CD162), integrin beta 3 (CD61), and ICAM-1 (CD54), was also increased in hearts of
chagasic mice (Table 2). Immunostaining revealed that ICAM-1 is virtually absent in control
heart but in hearts of infected mice it is found mainly in inflammatory and endothelial cells
(Figures 2D and E). The expression of genes coding for several cathepsins, which are
proteases important in lysosomal degradation, were also up regulated (Table 2). Of special
interest is cathepsin S, which mediates degradation of the invariant Ii chain in antigen
presenting cells [13]. The expression of genes coding for MHC class II molecules IEb and
IAa were highly altered. MHC class II molecules were observed to be highly expressed in
cells of the inflammatory infiltrate in infected hearts (Figures 2F and G). In addition, the
expression of genes encoding two proteasome subunits was also upregulated (Table 2).

Cytokine-associated genes were differentially expressed in hearts of chagasic mice (Table
2). Of special interest is up regulation of genes associated with two cytokines related to the
severe form of chronic chagasic cardiomyopathy [14,15], IFN-γ (Igtp, Ifi30, Ifi47, Irf1, and
Irf5) and TNFα (Tnfaip2, Tnfrsf1b, and Litaf). Although regulation of genes encoding IFN-γ
and TNFα could not be analyzed in this microarray dataset due to technical problems, the
protein levels of both cytokines were increased in the hearts of chagasic mice compared to
uninfected controls (Figures 3B and C). The expression of genes coding for surface
receptors such as C3a receptor 1, Fc receptors for IgE (high affinity) and IgG (low affinity),
and Toll like receptor 2 was also elevated in chagasic hearts (Table 2).

Fibrosis is characteristic of hearts from chronic chagasic mice (Figure 1F), and there was
marked upregulation of genes related to synthesis of extracellular matrix components (Table
2). In addition, the gene expression of lysyl oxidase, an enzyme that promotes the cross-
linking of collagen fibers, was increased (Table 2). Also, the tissue inhibitor of
metalloproteinase 1 (Timp-1), an inhibitor of collagen degradation, was upregulated in
chronic chagasic hearts (Table 2). Quantitative real time PCR analysis confirmed a
significant overexpression in Timp-1 in hearts of chronic chagasic mice compared to normal
controls (Figure 3D).

Discussion
The factors responsible for the establishment of the symptomatic form of chronic Chagas'
heart disease are still not fully understood. However, it is likely that the damage sustained by
the myocardium is derived from parasite as well as host factors [7]. Here we have identified,
by microarray analysis, a number of genes up regulated in hearts of chronic chagasic mice
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that likely play a role in the processes of modulation of inflammation and fibrosis in this
phase of infection, and thus may represent targets for therapeutic intervention in this disease.

A significant proportion of cells in the inflammatory infiltrate found in hearts of chronic
chagasic mice are macrophages, as shown here by the expression of CD11b and
upregulation of CD68 gene expression. These cells are found in close contact with
myofibers and may directly contribute to their damage through the secretion of TNFα. In
addition, macrophages are in close contact with T lymphocytes in the inflammatory foci
presenting antigens by MHC II molecules to CD4+ T lymphocytes, which secrete IFNγ,
increasing the cytotoxic potential of macrophages as well as of CD8+ T cells present in the
inflammatory foci. Interestingly, we found expression of the toll-like receptor 2 (Tlr2) gene
up regulated in hearts of chronic chagasic mice. T. cruzi molecules such as
glycosylphosphatidylinositol (GPI) anchors and glycoinositolphospholipids (GIPLs) activate
macrophages to produce IL-12, TNFα, and nitric oxide [16]. Thus, the residual parasitism
found in the chronic infection likely contributes to the maintenance of TNFα levels directly
and of IFNγ indirectly (through IL-12 production) in the hearts of chronic chagasic mice.

Although a growing body of evidence indicates that TNFα contributes to the pathogenesis of
heart failure [17], other reports suggested beneficial effects of this cytokine in the heart [18].
Cardiac myocytes express both TNFα receptors, type 1 (TNFR1) and type 2 (TNFR2) [19],
which mediate its functions. TNFR1 seems to mediate the majority of the deleterious effects
of TNFα, such as TNFα-induced cell death [20]. In contrast, activation of TNFR2 appears to
exert protective effects against cardiac myocyte damage and apoptosis [21-23]. The strong
upregulation of the TNFR2 (Tnfrsf1b) gene in the hearts of chronic chagasic mice indicates
that this receptor may contribute to the low number of apoptotic cardiac myocytes found
during this phase of infection [24].

PLA2G7, another molecule secreted by monocytes and macrophages and found upregulated
in our study, degrades platelet activating factor (PAF), a lipid mediator which activates
various cell types and promotes inflammation. Mice lacking PAF receptor (PAFR) have
increased inflammation and parasitism in the hearts during the acute infection [25]. This
may be due to decreased parasite uptake and macrophage activation in absence of PAFR
activation, since PAF has been shown to mediate nitric oxide production and resistance to T.
cruzi infection in mice [26]. In our model of chronic chagasic myocarditis, the role of PAF
degradation by PLA2G7 is unknown, but the reduction of PAF accumulation may be related
to the progressive damage of the myocardium, since PAF was shown to have a
cardioprotective effect in isolated hearts [27].

A number of molecules involved in the recruitment of inflammatory cells to the heart of
chagasic mice, including adhesion molecules and chemoattractant factors, were found
upregulated in our study. Intercellular adhesion molecule 1 (ICAM-1) expression in heart
and endothelial cells was also increased in chagasic hearts, as described previously [28,29].
TNFα increases the adhesiveness of endothelium for leukocytes and induces ICAM-1
expression [30]. Thus, the pro-inflammatory cytokines produced at the inflamed heart may
be promoting the maintenance of inflammation by increasing the expression of ICAM-1. In
agreement with the present study, overexpression of galectin-3 has been reported in T. cruzi-
infected mice [31]. Galectin-3 binds to extracellular matrix components, and was shown to
participate in the adhesion of the parasite to coronary artery smooth muscle cells [32].

In the present study we found that chemokine genes encoding for CCL2, CCL8, and CCL7
(MCP-1, 2, and 3, respectively) are upregulated in hearts of chronic chagasic mice. A
number of studies have shown that T. cruzi infection stimulates the production of
chemokines by macrophages as well as by cardiomyocytes [33-35]. These chemokines are
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known to recruit monocytes and T lymphocytes. Other studies have demonstrated an
association between the expression of MCP-1 and 2 in the heart with myocarditis and heart
dysfunction [36,37], suggesting a role of these cytokines in the maintenance of chagasic
myocarditis.

CCR5 is a receptor for several chemokines of the CC family, including CCL3, CCL4, and
CCL5, known to be up regulated by infection with the Colombian strain of T. cruzi [38], and
also for CCL8. Hearts of CCR5-deficient mice infected with T. cruzi have reduced migration
of T cells. Since this receptor is predominantly expressed on the surface of Th1 cells [39],
and a type 1 response with production of IFNγ is associated with severity of CCM, CCR5
may play an important role in the pathogenesis of chronic chagasic myocarditis, as described
in a model of autoimmune myocarditis [40]. In fact, treatment of chagasic mice with a
selective CCR1 and CCR5 antagonist (Met-RANTES) decreased heart inflammation and
fibrosis [41]. A positive correlation between severity of cardiomyopathy and the presence of
CCR5+ IFNγ+ T cells was found in chronic Chagas' disease patients [14].

We describe here that CXCL12 (SDF-1) expression is increased in hearts of chronic
chagasic mice. SDF-1 is a potent chemoattractant factor for lymphocytes [42], and therefore
its expression may be relevant for the maintenance of immune-mediated heart destruction
during the chronic phase of infection. Conversely, since this chemokine also is a stem cell
recruitment factor, its increased expression may contribute to tissue regeneration of the
damaged myocardium, as reported previously in a model of myocardial ischemia [43]. In
addition, MCP-3 (CCL7) was recently shown to be a mesenchymal stem cell homing factor
to the myocardium [44]. Thus, the increased expression of these chemokines indicates that
migration of stem cells can be promoted in chronic chagasic myocarditis by the presence of
stem cell chemoattractant factors such as SDF-1 and MCP-3. In fact, we have shown that
intravenously injected bone marrow cells migrate to the hearts of chronic chagasic mice
[45].

The myocardial interstitial collagen matrix surrounds and supports cardiac myocytes and the
coronary microcirculation, and its integrity is critical for the proper function of the heart.
Thus, alterations in the collagen matrix will result in the disruption of myocardial
mechanical properties and ventricular function [46]. In Chagas' disease, as a consequence of
the sustained inflammatory process found in the myocardium during the chronic phase of
infection, fibrosis is evident and contributes to cardiac remodeling. We also observed
alterations in genes related to extracellular matrix (ECM) deposition, such as ECM
components and Timp-1. Plasma concentrations of TIMP-1 are significantly elevated in
patients with terminal heart failure compared to healthy controls [52], suggesting that this
metalloproteinase inhibitor may also play a role in the evolution of heart failure in chronic
Chagas' disease. In addition, lysyl oxidase was increased in chagasic hearts. This enzyme
promotes the cross-linking of collagen fibers, irreversibly altering the structure and function
of the ECM proteins, causing dysfunction of the cardiomyocytes and, consequently, of the
heart [46], and therefore is likely playing an important role in the evolution of fibrosis in the
chronic chagasic hearts.

To understand the delicate balance of multiple factors involved in the pathogenesis of
Chagas' disease is a complex task. Microarray approaches have been used before in mouse
models of T. cruzi infection (C3H/HeN mice infected with T. cruzi Sylvio X10/4 strain [47]
and C57Bl/6·129sv mice infected with T. cruzi Brazil strain [48,49] as well as in hearts of
chronic chagasic patients [50]. Using the model of infection with Colombian T. cruzi strain,
we have identified new potentially important genes that may serve as a basis for the
development of therapeutic interventions in chronic Chagas' heart disease.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Infection of C57Bl/6 mice with Colombian strain T. cruzi. Mice (n=35) were infected with
1000 Colombian Strain trypomastigotes. A, Parasitemia and B, Mortality were evaluated
during the acute phase of infection. Data in (A) represent the median of the individual
parasitemia. C, Inflammation and D, fibrosis evidenced in heart sections of mice 8 months
after infection, stained with H&E and Sirius red. E, Quantification of inflammatory cells and
F, fibrosis area in heart sections of normal (n=4) and chagasic mice (n=9; 8 months after
infection with T. cruzi) was done by morphometry. Bars represent the means±SEM. ***
P<0.05.
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Figure 2.
Analysis of heart sections of T. cruzi-infected mice. Hearts from non-infected controls (D
and F) and chronic chagasic mice (A-C, E and G) were compared. A, CD4+ cells (green)
were present in infected myocardium. B, Section stained with anti-CD8 antibody (green)
and phalloidin (green). C, Presence of CD11b+ cells (red) in the inflammatory infiltrate, and
phalloidin staining (green) reveals proximity of macrophages to cardiac myocytes. D
(control) and E (infected), Sections stained with an anti-ICAM-1 antibody (red) and
phalloidin (green) reveals upregulation of this protein in the chagasic heart. F (control) and
G (infected), Sections stained with an anti-MHC-II (Ia/Ie) antibody (red), showing the
presence of MHC-II expressing cells in the inflammatory infiltrate of chagasic hearts. All
sections were stained with DAPI for nuclear visualization (blue).
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Figure 3.
Increased production of SDF-1, IFNγ, and TNFα and transcript levels of Timp-1 in hearts of
chronic chagasic mice. The levels of SDF-1 (A), IFNγ (B), and TNFα (C) were determined
in heart homogenates of normal (n=4) and chagasic mice (n=9; 8 months after infection with
T. cruzi), by ELISA. The analysis of Timp-1 (D) was done by quantitative real time RT-PCR
using cDNA samples prepared from mRNA extracted from hearts of normal (n=5) or
chronic chagasic mice (n=5). Values represent the means±SEM of values obtained from
individual mice. * P<0.05.
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Table 2
Selected upregulated (>5-fold) genes

Gene type Gene name Symbol Fold regulation

Cytokines related genes

Chemokine (C-C motif) ligand 2 Ccl2 26.5

Chemokine (C-C motif) ligand 7 Ccl7/MCP3 16.2

Chemokine (C-C motif) ligand 8 Ccl8 50.6

Chemokine (C-C motif) receptor 5 Ccr5 12.1

Chemokine (C-X-C motif) ligand 12 Cxcl12/SDF1 5.0

Interferon gamma induced GTPase Igtp 12.4

Interferon gamma inducible protein 30 Ifi30 11.9

Interferon gamma inducible protein 47 Ifi47 11.1

Interferon regulatory factor 1 Irf1 7.7

Interferon regulatory factor 5 Irf5 11.1

Interleukin 10 receptor, alpha IL-10ra 7.9

Interleukin 18 binding protein IL-18bp 6.6

Interleukin-4 receptor alpha chain precursor IL-4R-alpha 9.2

LPS-induced TN factor Litaf 9.0

Tumor necrosis factor, alpha-induced protein 2 Tnfaip2 6.2

Tumor necrosis factor receptor superfamily, member 1b Tnfrsf1b 9.4

Tumor necrosis factor, alpha induced protein 8 like Tnf p8l 8.9

Immune responses-related genes

CD38 antigen Cd38 7.0

CD52 antigen Cd52/B7 21.6

CD68 antigen Cd68 8.9

Complement component 4B C4b 6.0

Complement factor B Cfb 42.5

Fc receptor, IgE, high affinity I, gamma polypeptide Fcer1g 17.6

Fc receptor, IgG, low affinity III Fcgr3 9.1

Histocompatibility 2, class II antigen A, alpha H2-Aa 38.5

Histocompatibility 2, class II, locus Mb1 H2-DMb1 12.7

Histocompatibility 2, Q region locus 7 H2-Q7 23.7

Histocompatibility 2, T region locus 10 H2-T10 5.0

Semaphorin 4A SemaA4 8.9

T-cell specific GTPase Tgtp 5.7

T-cell, immune regulator 1, ATPase, H+ transporting, lysosomal V0 protein A3 Tcirg1, TIRC7 9.4

Toll-like receptor 2 Tlr2 5.4

Cell adhesion

Galectin-3 Gal3 36.9

Integrin beta 3 Itgb3 6.0

Integrin beta 1 binding proteins 3 Itgbp3 36.2

Intercellular adhesion molecule Icam-1/Mala2 6.7
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Gene type Gene name Symbol Fold regulation

Enzymes

Cathepsin C Ctsc 12.5

Cathepsin H Ctsh 8.1

Cathepsin S Ctss 47.5

Cathepsin Z Ctsz 8.3

Lysozyme1 Lyz1 8.7

Lysoyme2 Lys2 7.0

Lysyl oxidase Lox 5.3

Phospholipase A2, group VII (platelet-activating factor acetylhydrolase, plasma) Pla2g7 47.6

Proteasome (prosome, macropain) subunit, beta type 10 Psmb10 6.56

Proteasome (prosome, macropain) subunit, beta type 8 (large multifunctional peptidase 7) Psmb8 8.1

Matrix metalloproteinase 14 Mmp14 10.8

ECM-related genes

Alpha-3 type ix collagen Col9a3 7.3

Extracellular matrix protein 1 Ecm1 5,5

Microfibrillar associated protein 5 Mfap5 8.0

Procollagen, type I, alpha 2 Col1a2 6.0

Tissue inhibitor of metalloproteinase 1 Timp-1 49.6

Transforming growth factor, beta induced Tgfbi 15.4
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