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Pigs infected with Ascaris suum or controls were given 100 �g (low-dose) or 1,000 �g (high-dose) all-trans
retinoic acid (ATRA)/kg body weight in corn oil or corn oil alone per os on days after inoculation (DAI) �1,
�1, and �3 with infective eggs. Treatment with ATRA increased interleukin 4 (IL4) and IL12p70 in plasma of
infected pigs at 7 DAI and augmented bronchoalveolar lavage (BAL) eosinophilia observed at 7 and 14 DAI.
To explore potential molecular mechanisms underlying these observations, a quantitative real-time reverse
transcription (RT)-PCR array was used to examine mRNA expression in tissue. Ascaris-infected pigs had
increased levels of liver mRNA for T-helper-2 (Th2)-associated cytokines, mast cell markers, and T regulatory
(Treg) cells, while infected pigs given ATRA had higher IL4, IL13, CCL11, CCL26, CCL17, CCL22, and TPSB1
expression. Gene expression for Th1-associated markers (IFNG, IL12B, and TBX21), the CXCR3 ligand
(CXCL9), IL1B, and the putative Treg marker TNFRSF18 was also increased. Expression of IL4, IL13, IL1B,
IL6, CCL11, and CCL26 was increased in the lungs of infected pigs treated with ATRA. To determine a putative
cellular source of eosinophil chemoattractants, alveolar macrophages were treated with IL4 and/or ATRA in
vitro. IL4 induced CCL11, CCL17, CCL22, and CCL26 mRNA, and ATRA increased the basal and IL4-
stimulated expression of CCL17 and CCL22. Thus, ATRA augments a diverse Th1-, Th2-, Treg-, and inflam-
mation-associated response in swine infected with A. suum, and the increased BAL eosinophilia may be related
to enhanced induction of eosinophil chemokine activity by alveolar macrophages.

Ascaris lumbricoides is an extracellular gastrointestinal nem-
atode parasite that affects up to 1/4 of the world’s population,
including an estimated 4 million people in the United States, a
number that is increasing with immigration from areas of high
exposure (52). A closely related species, Ascaris suum, infects
�50% of pigs raised for food production worldwide and can be
transmitted to humans (53). Pigs infected with A. suum exhibit
characteristic immediate-type hypersensitivity in the lungs as
the larvae migrate through the alveolar spaces. Migrating lar-
vae produce focal liver lesions and eosinophilic pneumonitis in
both humans and swine (40b). Ascaris suum antigens have been
used to model localized allergic hypersensitivity and asthma in
several different mammalian species, including pigs, because
they elicit allergic symptoms similar to those manifested in
humans infected with A. lumbricoides (45). The porcine model
of asthma very closely approximates the typical response of the
human asthmatic airway to inhaled allergens (43, 44). Ascaris-
induced immunoglobulin E (IgE) production, localized eosin-
ophilia, and increased ex vivo T-helper-2 (Th2) cytokine pro-
duction indicated that immunity to Ascaris in pigs and humans

is dominated by a Th2 response (2, 11, 15). It is well established
that helminth infections coexist with malnutrition (25), and
nutrient deficiencies and supplementation affect the immune
responses to helminths (8, 21, 25, 34, 36). Conversely, helminth
infection negatively affects nutrient status (23, 25).

Vitamin A (VA) and VA-like retinoids modify Th1-, Th2-,
and T regulatory (Treg)-associated immune responses in ro-
dents and humans, but a definitive mechanism(s) of action is
lacking. VA via all-trans retinoic acid (ATRA) binding to
RAR-� was shown to affect the development of T-cell subsets,
and a RAR-�-selective retinoid (13c) inhibited gamma inter-
feron (IFN-�) from antigen-stimulated mouse T cells (22, 33b).
Some studies showed that systemic administration of RAR-�-
selective retinoids inhibited Th1-associated immune responses,
such as delayed-type hypersensitivity (DTH) (33b, 55a), the
progression of experimental arthritis (33a), and skin allograft
rejection (41a). The situation in vivo is likely to be more com-
plex, since VA-deficient rodents had diminished DTH and
antiviral responses (1, 41b) while exogenous administration of
VA or RA increased DTH reactions and augmented Th1-
related immune responses to virus (42b, 46a). In addition, the
morbidity and mortality associated with malaria and measles
increased with VA deficiency (39a, 41b), and VA-supple-
mented children infected with enteropathogenic Escherichia
coli had reduced fecal protein levels of IFN-� (26a, 26b).

In mice, VA deficiency reduced pulmonary Th2 immune
responses to ovalbumin (40d), while supplemental VA (40a,
40b) or ATRA (30a) exacerbated Th2 responses to ovalbumin.
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We have recently demonstrated that ATRA via RAR-� medi-
ates activation and early Th2 differentiation in human T cells
(9, 11b). Experimental VA deficiency generally impairs Th2-
associated immunity to helminth parasites and leads to de-
creased expulsion of Trichinella spiralis (8) and higher par-
asite burdens in schistosome-infected rats (34). Conversely,
VA supplementation reduced Trichinella pseudospiralis lev-
els in infected mice (13b), and VA-supplemented children
had reduced reinfection rates with A. lumbricoides and in-
creased fecal IL4 protein (26b, 35a).

There are no clear effects of VA and retinoids on other
Th2-related effector responses. Retinoic acid variably affected
production of IgE (5, 47, 54) and generally inhibited mast cell
(1a, 18, 19, 24), basophil, and eosinophil (12, 26, 35, 55) growth
and function. Furthermore, ATRA inhibited IL4-induced
eotaxin-1 (CCL11) production in a human bronchial epithelial
cell line (46), and VA inhibited Sephadex-induced eotaxin
production in the lungs of rats (48); however, it increased IL4-
and IL13-induced production of CCL11 and eotaxin 3
(CCL26) in primary bronchial epithelial cells. Recently Gren-
ningloh et al. (16) demonstrated inhibition of experimentally
induced allergic lung inflammation, including eosinophilia, in
mice treated with an antagonist of the retinoic acid X receptor.

Within the last 2 years, a large body of evidence has accu-
mulated regarding the role of ATRA in modulating Treg ac-
tivity. We previously observed an expansion of the CD8�

CD28� set of Treg cells during VA deficiency in rats (11a), and
Stephensen et al. described expansion of an IL10-secreting
CD4� T-cell subset in VA-deficient mice (42a). ATRA and
RAR-� agonists potently stimulated the in vitro development
of mouse CD4� CD25� FoxP3� Treg cells in the presence of
transforming growth factor beta 1 (TGF-�1) and IL2 (13a, 23a,
40c). In addition, ATRA stimulated human T-cell differentia-
tion into Foxp3� cells without additional cytokines (23a).

Parasite infection generally evokes powerful activation of
humoral, cellular, and regulatory responses at multiple tissue
sites and is a useful tool for examining the interaction between
diet and immune function. Pigs inoculated with A. suum ex-
press localized gene expression patterns for multiple markers
of inflammation that are associated with physiological and
immunological responses to migrating larvae in the liver, lungs,
and intestines that express both Th1- and Th2-derived compo-
nents (10). Therefore, pigs infected with A. suum and treated
with ATRA represent a convenient natural infection model for
evaluation of the hypothesis that supplemental ATRA can
modulate a multifaceted immune and inflammatory response.

MATERIALS AND METHODS

Animal infection model. Eight- to 14-week-old Poland China � Landrace �
Yorkshire pigs were obtained from the experimental farm at the Beltsville Ag-
ricultural Research Center. They were housed in stalls with a nonabsorptive
concrete floor surface, two pigs per pen, and had access to water and feed ad
libitum. The diet was a corn-soybean formulation containing 16% crude protein
and vitamins and minerals that exceeded National Research Council guidelines
(10). In the first experiment, 36 pigs (2 time points, 6 treatments, 3 animals per
group) either were used as controls or were infected with A. suum (10). The
inoculation dose of 20,000 infective eggs was based on a test infection that
yielded between 1,500 and 2,000 migrating larvae in the lungs and small intes-
tines of test pigs at 7 and 14 days after inoculation (DAI), respectively (10).
ATRA in corn oil or corn oil alone was administered per os by oral gavage at �1,
�1, and �3 DAI. Pigs were given 100 (low dose [LD]) or 1,000 (high dose [HD])
�g/kg of body weight ATRA in corn oil; control pigs were given an equivalent

amount of corn oil. The maximal dose of ATRA used (0.1 mg/kg) was chosen
because it is physiologically relevant, is far below what is generally used (1 to 50
mg/kg) for in vivo rodent studies, and is consistent with the treatment doses
administered to humans (4, 28, 41). Pigs were sacrificed 7 and 14 DAI by an
overdose of sodium pentobarbital and exsanguination using procedures ap-
proved by the Beltsville Animal Care and Use Committee as protocol no. 03-410.
A second experiment used only LD ATRA with a similar design; a total of 40 pigs
(2 time points, 4 treatments, 5 pigs per group) were sacrificed at 7 and 14 DAI.

Tissue preparation. Whole blood was obtained by venipuncture in an EDTA
Vacutainer (BD, Franklin Lakes, NJ). A complete differential whole-blood count
and blood chemistry profile were determined for each pig pre- and postinfection
using an automated clinical analyzer (HemaVet 3700 hematology analyzer; CDC
Technologies). Comparative profiles of clinical parameters measured are shown
in Table S1 in the supplemental material. Bronchoalveolar lavage (BAL) cells
were obtained from the lungs of pigs. The large right lobe of the excised lung was
gravity filled with 500 ml of phosphate-buffered saline (PBS), followed by mas-
sage for 30 s and draining of the cell suspension into 50-ml polypropylene tubes.
Anatomically defined portions of the liver and lung were excised with scalpels
and forceps and cut into 3-mm3 sections; all samples were immediately flash
frozen and stored at �80°C until they were processed for RNA isolation (42).

Cloning and identification of porcine CCL11, CCL17, CCL24, CCL26, CHIT1,
CHI3L2, FOXP3, IL9, and RETNLB. All primers were designed using the Primer
Express software package (Applied Biosystems). Genes or partial genes were
amplified by 45 cycles of PCR. Primers and products under 100 bp were removed
from amplified material using the Qiaquick PCR purification kit (Qiagen). The
presence of a single band of expected size was determined using the Agilent
Bioanalyzer 2100 and a DNA 1000 Labchip kit (Agilent Technologies, Palo Alto,
CA). These products were then amplified for sequencing using a BigDye Ter-
minator v3.1 cycle sequencing kit (Applied Biosystems). After purification by
Performa spin columns (Edge Biosystems, Gaithersburg, MD), amplicons were
spun dry, resuspended in Hi-Di formamide (Applied Biosystems), denatured at
95°C for 2 min, and sequenced on a 3100 Genetic Analyzer 16 capillary array
(Applied Biosystems) at the Environmental Microbial Safety Laboratory, ANRI,
USDA, Beltsville, MD. A consensus sequence for each gene target was assem-
bled from four independent sequence reads and then compared to the human
reference sequences. For CCL26, the human sequence was BLAST searched
against the nonredundant GenBank database, yielding a porcine genomic DNA
clone, accession no. AC095024. The sequences were assembled to the predicted
human gene structure using the software program ClustalW (http://www.ebi.ac
.uk/clustalw/). The resulting assembly was used to design primers to porcine
CCL26, yielding a 510-bp sequence containing the entire predicted coding re-
gion. The open reading frame of porcine CCL26 is predicted to encode a
94-amino-acid protein that shares high amino acid identity and similarity with
canine (75%, 89%), bovine (72%, 85%), and human (65%, 77%) CCL26 but only
limited amino acid identity and similarity to rat (44%, 65%) and mouse (41%,
58%) eotaxin-3-like proteins. For CCL11, bovine and human cross-reactive
primers generated a partial sequence (159 bp). For CCL17, canine and human
cross-reactive primers generated a partial sequence (179 bp). Rat, mouse, and
human cross-reactive primers were used to clone the full-length sequence (1,518
bp) for FOXP3. For CHIT1, CHI3L2, IL9, and RETNLB, human reference
sequences for each gene were BLAST searched against GenBank trace archives
containing porcine genomic DNA. Sequences were assembled to the predicted
human gene structure using the program ClustalW. PCR primers were designed
to the predicted sequences and were used to generate partial sequences corre-
sponding to the CHIT1 (186 bp), CHI3L2 (390 bp), IL9 (164 bp), and RETNLB
(220 bp) open reading frames from a mixed-tissue cDNA library.

BAL cell preparation and culture. The BAL cells were washed 2� with and
resuspended in RPMI 1640 medium (Gibco/Invitrogen, Gaithersburg, MD) with
5% heat-inactivated fetal bovine serum (HyClone, Logan, UT), and cell counts
and viability were determined after Trypan blue staining. A porcine alveolar
macrophage line, 3D4/21 (ATCC, Manassas, VA), was also tested. Cells were
suspended at 2.5 � 106 cells/ml of RPMI 1640 medium containing 5% heat-
inactivated fetal bovine serum, and 4 ml was added per well to a six-well plate
and then pretreated for 24 h with ethanol as a control, 100 nM ATRA, or 100 nM
of the RAR-� agonist, Am580. This was followed by treatment with 5 ng/ml
porcine IL4 (Biosource Invitrogen, Carlsbad, CA) or human IL13 (Biosource
Invitrogen) for 24 h. Cells were washed 2� with PBS without calcium or mag-
nesium and homogenized in 1 ml of Trizol (Invitrogen, Carlsbad, CA).

Flow cytometry. BAL cells were stained with specific monoclonal antibodies
against porcine macrophages (CD203a/SWC9) (clone 18-5, provided by Y. B.
Kim, Department of Microbiology and Immunology, The Chicago Medical
School), porcine granulocytes (CD172a/SWC3) (clone 74-22-15, provided by
Joan Lunney, ANRI, USDA), and IgG1 and IgG2b isotype controls (Serotec,
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Raleigh, NC). An isotype-specific (Fab	2) antibody labeled with fluorescein iso-
thiocyanate or R-phycoerythrin (Southern Biotechnology, Birmingham, AL) was
used as a secondary detecting antibody. After 15 min on ice, cells were washed
and resuspended in PBS–1% formaldehyde (Polysciences, Warrington, PA).
Independent gates for monocyte/macrophage and granular cells were used for
data collection from at least 10,000 events. The percentage of bound secondary
antibody was quantified using the Becton Dickinson FACSCalibur flow cytom-
eter (Becton Dickinson, San Jose, CA) and used to measure the relative per-
centage of positive SWC9 cells (macrophages) and positive SWC3 cells (granu-
locytes) using the CellQuest software program (Becton Dickinson).

ELISA measurements. Levels of IL1�, IL2, IL4, IL6, IL8, IL10, IL12p70,
IFN-�, and tumor necrosis factor alpha (TNF-�) in plasma were measured by
using the SearchLight porcine cytokine array enzyme-linked immunosorbent
assay (ELISA) (Pierce Biotechnology, Rockford, IL) according to the manufac-
turer’s instructions.

RNA extraction, cDNA synthesis, and real-time PCR analysis. Frozen 3-mm3

tissue sections were rapidly homogenized in Trizol. RNA was extracted from
homogenized samples according to the manufacturer’s instructions. RNA integ-
rity, quantity, and genomic DNA contamination were assessed using the Agilent
Bioanalyzer 2100 and RNA 6000 Labchip kit (Agilent Technologies). RNA was
treated with DNase in the presence of RNase inhibitor and quantitatively re-
measured and cDNA synthesized using Superscript reverse transcriptase and
oligo(dT) (42). All probes and primers were designed by using the Primer
Express software (Applied Biosystems, Foster City, CA) and sequences obtained
from GenBank or The Institute for Genome Research porcine expressed
sequence tag database. Primers and high-performance liquid chromatography-
purified, 5	,6-carboxy-4,7,2	,7	-tetrachlorofluorescein-, 3	 Black Hole Quencher-
1-labeled fluorescent probes were synthesized (Biosource, Camarillo, CA). Real-
time reverse transcription (RT)-PCR was performed using a commercially
available kit (ABgene USA, Rochester, NY) using 75 ng/well of cDNA in 25 �l
on an ABI 7700 PRISM 7900 sequence detector system (Applied Biosystems,
Foster City, CA) or using 45 ng/well of cDNA in 15 �l on an ABI 7900 sequence
detector system (Applied Biosystems). A total of 170 or 80 genes were analyzed
by real-time RT-PCR in liver or lung tissue, respectively. The selected genes
were associated with the development of allergy or asthma, chemokines, re-
sponse to helminth infection, and/or development of Th1, Th2, or Treg cells. The
sequences of the assays and functional annotations are found in the supplemen-
tal material (see Table S2) and in our online database (http://www.ars.usda.gov
/Services/docs.htm?docid
6065). Data for gene expression in the liver were
adjusted for the housekeeping gene RPL32, while data for the lung and alveolar
macrophage experiments were adjusted for the housekeeping gene PPIA. House-
keeping gene-adjusted data were analyzed using the ��CT method (27), using
control pigs or untreated cells as the comparison group.

Statistics. All statistical analysis was performed using the Statview 5.0 software
program for Macintosh (Abacus Concepts, Berkeley, CA). Data were analyzed
for equality of variance using Fisher’s F test. If the variance was heterogeneous,
the appropriate transformation of the data was performed. Plasma cytokine,
hematological, and clinical chemistry values, eosinophil numbers, and tissue
mRNA expression (��CT values) were evaluated by one-way analysis of variance
(ANOVA). Fisher’s least-squares difference posthoc test was applied to assess
differences between treatment groups and tissues. Simple regression analysis was
conducted using housekeeping-gene-adjusted CT values of CCL11 or CCL26 as
the independent variable and the BAL eosinophil percentage as the dependent
variable at 14 DAI. For all analysis, P values of �0.05 were significant and P
values between 0.05 and 0.1 were considered marginally significant (49).

Nucleotide sequence accession numbers. Sequences for CCL11 (accession
no. DQ640828), CCL17 (accession no. DQ640828), CCL26 (accession no.
NM_001078665), FOXP3 (accession no. NM_001128438), CHIT1 (accession
no. EF090909), CHI3L2 (accession no. EF090908), IL9 (accession no.
EF055899), and RETNLB (accession no. EF090907) were deposited in
GenBank.

RESULTS

ATRA increased Th1- and Th2-associated plasma cytokine
levels. Plasma IL4 levels were significantly elevated for the
infected pigs fed LD and HD ATRA at 7 DAI relative to those
for control pigs (Fig. 1). At 14 DAI, all pigs fed ATRA or
infected pigs had significantly elevated IL4 compared to that
for control untreated pigs. IL12p70 levels were not significantly
affected by infection or ATRA treatment alone at 7 DAI but

were significantly (P � 0.05) increased in infected pigs given
LD ATRA. Plasma IFN-� and TNF-� levels were not affected
by infection or ATRA treatment at 7 DAI. At 14 DAI, ATRA
alone significantly (P � 0.05) increased IFN-� and TNF-�.
Infection with A. suum increased IFN-� and TNF-� (P � 0.05)
in pigs given LD ATRA.

ATRA increased infection-induced lung eosinophilia. There
was a significant (P � 0.05) induction of SWC3� SWC9� cells
in BAL specimens from pigs infected with A. suum at 14 DAI
(Fig. 2A). LD and HD ATRA significantly (P � 0.05) aug-
mented this increase, although the percentage of eosinophils
was lower for the HD-ATRA pigs than for the LD-ATRA pigs.
LD ATRA was also effective at 7 DAI (Fig. 2B) in a replicate
experiment. The SWC3 antigen (SIRP-1a/CD172a) is also ex-
pressed by neutrophils, but Wright-Giemsa staining of fixed
BAL cells confirmed that the granulocytes in the BAL prepa-
ration from all infected pigs were largely eosinophils, with
�2% being neutrophils and lymphocytes (data not shown).

ATRA increased infection-induced expression of genes as-
sociated with inflammation, Th1, Th2, and Treg cells in liver
and lung tissue. Infection and ATRA induced the expression of
a very large number of the genes in the liver, with key groups of
genes highlighted in Fig. 3 and 4 (see Tables S3 [day 7] and S4
[day 14] in the supplemental material for complete details regard-
ing other genes measured in liver specimens). Infection and
ATRA altered the expression of several Th1-associated genes in
the liver. The expression of the Th1-associated genes, IFNG and
IL12B, was not significantly affected by infection or ATRA treat-
ment alone at 7 DAI but increased significantly (P � 0.05 and P �
0.005, respectively) in infected pigs given LD ATRA (Fig. 4). At
7 DAI, IL12A was significantly upregulated by HD ATRA alone
but was only marginally (P 
 0.07) upregulated by LD ATRA for
infected pigs. These relationships were not observed at 14 DAI.
The data for IL12B mRNA in liver specimens paralleled that for
IL12p70 protein found in plasma.

The expression of Th2-associated genes in the liver was
greatly influenced by infection and ATRA. At 7 DAI, samples
from uninfected pigs given LD ATRA showed increased liver
mRNA expression of IL4 (3.6-fold; P � 0.01) and IL13 (14.3-
fold, P � 0.005), while those from infected pigs showed signif-
icantly (P � 0.05) higher expression of IL4 (4-fold [P � 0.005])
and IL13 (20-fold [P � 0.005]), and infected pigs given LD
ATRA had higher levels of IL4 (8-fold versus the control level
[P � 0.0001] and 2-fold that for infected pigs [P � 0.05]) and
IL13 (61-fold versus the control level [P � 0.0001] and 3-fold
that for infected animals [P 
 0.06]) (Fig. 4). In samples from
pigs given HD ATRA, IL4 and IL13 levels were significantly
(P � 0.05) higher than those for control pigs but nearly iden-
tical to those for infected pigs. IL5 and IL9 levels were unaf-
fected by infection or ATRA at either time point. Both GATA3
and STAT6 expression was significantly induced (P � 0.05 and
P � 0.001, respectively) for control pigs and infected pigs given
LD-ATRA at 7 DAI, and STAT6 expression was also signifi-
cantly (P � 0.05) enhanced due to infection and treatment with
HD ATRA. At 14 DAI, STAT6 expression was significantly
downregulated for infected pigs versus that for controls (P �
0.05). The expression of MAF did not change at either time.

In addition to Th1- and Th2-associated genes, infection
and/or ATRA induced Treg-associated gene expression in liver
tissue. The expression of FOXP3 was significantly induced (4.1-
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fold [P � 0.05]) by HD ATRA, by Ascaris infection (4.6-fold
[P � 0.01]), and by infection along with LD-ATRA treatment
(9.7-fold [P � 0.001]) (Fig. 4). The degree of FOXP3 induction
by Ascaris infection and LD-ATRA treatment was additive.
However, significantly increased TNFRSF18/GITR expression
was found only in infected and LD-ATRA-treated pigs (9.6-

fold over control level [P � 0.01] and 4.8-fold over level for
infected pigs [P � 0.05]). IL10 expression was unaffected by
infection or either dose of ATRA at both time points. TGFB1
expression was marginally increased by infection (1.8-fold [P 

0.06]); this difference reached full statistical significance (P �
0.05) only in LD-ATRA-treated pigs with and without infec-

FIG. 1. Treatment of pigs with ATRA increased plasma levels of IL4 and IL12p70 after inoculation with A. suum. The IFN-�, IL4, IL12p70,
and TNF-� proteins were measured by ELISA in plasma taken from pigs 7 or 14 DAI with A. suum eggs. The results are expressed as the log of
the mean in pg/ml 
 SD from three pigs per group and were evaluated by one-way ANOVA. Treatment groups annotated with unique letters are
statistically different at P values of �0.05. Plasma IL4 levels were significantly (P � 0.05) elevated for infected pigs fed 100 �g/kg and 1,000 �g/kg
ATRA at 7 DAI relative to those for control pigs as determined by ANOVA. At 14 DAI, all pigs fed ATRA or infected pigs had significantly
elevated IL4 compared to the level for control untreated pigs. There was also a significant (P � 0.05) increase in IL12p70 for infected pigs given
100 �g/kg ATRA. At 14 DAI, ATRA alone significantly (P � 0.05) increased IFN-� and TNF-�. Infection with A. suum increased IFN-� and
TNF-� only (P � 0.05) for pigs given LD ATRA.
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tion. The expression of these markers was not statistically dif-
ferent at 14 DAI except for an increase in TGFB1 expression
in HD-ATRA-treated pigs (P � 0.05).

Infection and ATRA induced the expression of CCR3- and
CCR4-associated chemokines in liver tissue. Expression of
CCL11 was increased (P � 0.05) sevenfold, and that of CCL26
(EOT3) was increased fourfold for the infected pigs relative to
that for control pigs at 7 DAI (Fig. 3). The expression of
CCL11 (5-fold over that for infected pigs [P 
 0.09]) and that
of CCL26 (8.6-fold over that for infected pigs [P � 0.01]) were
higher for pigs given LD ATRA. The expression of CCL11 for
infected pigs given HD ATRA was similar to that for infected
pigs. Expression of CCL26 for infected pigs given HD ATRA
was significantly (P � 0.05) different from that for control pigs
but only slightly higher than that for infected pigs. At 14 DAI,
CCL11 expression was increased for infected pigs, but this
difference was not statistically significant. It was significantly
(P � 0.01) upregulated 11-fold for infected pigs given LD
ATRA compared to the level for uninfected control pigs.
CCL26 was upregulated to a similar degree for infected pigs
given corn oil and LD ATRA but was lower for infected
pigs given HD ATRA. The expression of CCL24 was not
significantly affected by infection or ATRA.

CCL5 (RANTES) exhibited a significant (P � 0.05) two- to
threefold induction in samples from pigs give LD ATRA and
infected pigs given LD and HD ATRA. CCL28 (MEC) was
significantly (P � 0.05) upregulated twofold in samples from
infected pigs and infected pigs given LD ATRA. The ex-

pression of the CCR4 ligands CCL17 (TARC) and CCL22
(MDC) increased significantly (P � 0.05) only for the in-
fected pigs given LD ATRA compared to levels for unin-
fected pigs. Treatment of infected pigs with LD ATRA
selectively induced CCR3 and CCR4 ligands, since the ex-
pression of other CCL chemokines, CCL2 (MCP-1), CCL3
(MIP-1A), CCL4 (MIP-1B), CCL16 (LEC), CCL19 (MIP-
3B), CCL21 (SLC), and CCL23 (MPIF-1), did not change
(Fig. 3) (see Tables S3 and S4 in the supplemental material).
Furthermore, the expression of the CXCR3 ligands, CXCL10 and
CXCL11, did not differ between treatment groups at any time. In
contrast, CXCL9 (MIG), another CXCR3 ligand, was signifi-
cantly upregulated at 7 DAI by LD ATRA in infected pigs (P �
0.005). No changes in any CXC, CXCR, or CX3CR chemokines
were observed at 14 DAI (see Table S4 in the supplemental
material).

Mast cell- and eosinophil-associated gene expression in liver
was induced by infection and ATRA. Infected pigs had signif-
icantly higher expression levels of the mast cell-associated
markers, CMA1 (P � 0.05), FCER1A (P � 0.005), HDC (P �
0.01), and TPSB1 (P � 0.05) at 7 DAI, and infected pigs given
LD ATRA had marginally higher levels of TPSB1 (threefold)
than infected pigs (P 
 0.1) (Fig. 3). The levels of FCER1A and
HDC were slightly elevated and that of CMA1 was lower for
this group than for infected pigs. In contrast, HD-ATRA-
treated pigs had levels of TPSB1 similar to those for infected
pigs. At 14 DAI, the expression of TPSB1 was higher for all
infected pigs; however, it was significantly different (6.9-fold
[P � 0.005]) only for infected pigs treated with LD ATRA
compared to results for control uninfected pigs.

The expression of the eosinophil-associated-marker, EPX, was
significantly (P � 0.05) upregulated in infected pigs (10-fold) and
infected pigs given LD ATRA (9-fold); however, expression in
pigs given HD ATRA increased only 4-fold and was not signifi-
cant (Fig. 3). Similarly, at 14 DAI, expression of EPX was signif-
icantly (P � 0.0005) upregulated in infected pigs (30-fold) and
infected pigs given LD ATRA (26-fold); however, expression in
pigs given HD ATRA increased 5-fold (P 
 0.08). Finally, the
expression of the proinflammatory cytokine IL1B was signifi-
cantly (P � 0.005) increased in the liver tissue of infected pigs
treated with LD ATRA at 7 DAI (Fig. 3).

The expression of Th1- and Th2-associated genes in lung
tissue was greatly influenced by infection and ATRA. The
expression of key groups of genes is highlighted in Fig. 5 (see
Tables S5 [day 7] and S6 [day 14] in the supplemental material
for details on other genes measured). The expression of IFNG
was upregulated by LD ATRA, HD ATRA, infection alone,
and treatment of infected pigs with LD ATRA at 7 DAI (Fig.
5) (see Table S5 in the supplemental material). There was no
significant change in expression of other Th1-associated genes
at 7 or 14 DAI. The expression of IL4 and IL13 was each
significantly (P � 0.005 and P � 0.0005, respectively) upregu-
lated (four- and eightfold) by LD ATRA for infected pigs at 7
DAI. IL4 was also upregulated threefold for infected pigs
given HD ATRA (P � 0.05). IL5 was upregulated for infected
pigs given LD ATRA (P 
 0.07). At 14 DAI, the expression of
IL4, IL5, and IL13 was significantly upregulated only for corn
oil-treated infected pigs. GATA3 expression was significantly
induced (P � 0.05) only for infected pigs given LD ATRA at
7 DAI.

FIG. 2. Treatment of pigs with ATRA increased SWC3� eosino-
phils in lung tissue after inoculation with A. suum. BAL cells were
harvested at 14 DAI. SWC3� SWC9� cells were enumerated by flow
cytometry. Treatment groups annotated with unique letters are statis-
tically different as determined by one-way ANOVA at P values of
�0.05. Infection induced a significant increase in SWC3� SWC9� cells
in BAL specimens from pigs infected with A. suum. LD and HD
ATRA significantly augmented this increase (A). Infection also in-
duced a significant accumulation of SWC3� SWC9� cells in BAL
specimens from pigs infected with A. suum at 7 DAI in a replicate
study, and LD ATRA significantly augmented this increase (B).
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The expression of a select group of chemokines and inflamma-
tion-associated markers was induced by infection and ATRA in
lung tissue. At 7 DAI, CCL11 was highly upregulated (40- to
55-fold) in the lungs of all infected pigs regardless of the ATRA
dose (Fig. 5). In contrast, CCL26 was upregulated 10-fold (P �
0.05) for infected pigs and 32-fold (P � 0.005) for infected pigs
given LD ATRA; the increase for infected pigs given HD ATRA
was not significant. At 14 DAI, CCL11 expression was upregu-
lated approximately 8-fold for infected pigs (P 
 0.06) and in-
fected pigs treated with HD ATRA (P � 0.05); however, it was
14-fold higher than that for controls for pigs treated with LD
ATRA (P � 0.05). CCL26 expression was upregulated approxi-
mately twofold for infected pigs and infected pigs treated with
HD ATRA (both not significant); however, it was expressed at
fourfold above the control level for pigs treated with LD ATRA
(P � 0.05). Due to limited amounts of RNA isolated from lung
tissue compared to that from liver tissue in this experiment,
CCL17 and CCL22 expression was not examined. At 7 DAI,
expression of the inflammation-associated genes IL1B and IL6
was significantly (P � 0.005 and P � 0.0005, respectively) upregu-
lated threefold by LD ATRA for infected pigs.

Regulation of CCL11, CCL17, and CCL22 and CCL26 ex-
pression by IL4 and ATRA in alveolar macrophages. We spec-
ulated that alveolar macrophages activated by Ascaris-induced
endogenous IL4 and IL13 production in the lung could interact
with exogenous ATRA to produce chemokines that contributed
to eosinophil infiltration of BAL during Ascaris infection. The
hypothesis was tested using both explanted primary alveolar mac-
rophages isolated from untreated control pigs and an alveolar
macrophage cell line, 3D4/21. Cells were pretreated for 24 h with
100 nM ATRA and then with IL4 to approximate the sequence of
exposure in the in vivo model. ATRA increased basal and IL4-
induced CCL17 and CCL22 expression (Table 1) in both cell
populations. We obtained similar results with the RAR-� agonist
Am580 (data not shown).

DISCUSSION

The role of retinoids or VA in the functional development
and recruitment of eosinophils is confounded by data from a
variety of both in vitro (30, 34, 39) and in vivo (8, 17, 53)
studies. Our studies demonstrated that oral ATRA supple-

FIG. 3. Expression of chemokines, eosinophil/mast cell, and inflammatory genes in the livers of pigs infected with A. suum and treated with
ATRA. Real-time PCR detection of mRNA expression (CT values) for CCR3 and CCR4 ligands and selected genes associated with eosinophils,
mast cells, and inflammation in the liver at 7 and 14 days after inoculation was evaluated by one-way ANOVA. n-fold changes relative to results
for control pigs are designated by color differences, defined in the figure insert, and statistical significance by A (P � 0.05) or B (P � 0.01).
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mentation in the presence of a strong natural inducer of
eosinophilia enhanced eosinophilic infiltration into the lungs
commensurate with increased cytokines and chemokine li-
gands and receptor gene expression detected in lung paren-
chymal tissue.

We previously showed that pigs infected with A. suum de-
veloped a Th2-associated response characterized by increased
IL4 and IL13 mRNA levels in multiple tissues (10) and that
ATRA increased expression of IL4 and IL13 in human T cells
activated with anti-CD3 in vitro (9). Our current study showed
that feeding ATRA to pigs stimulated expression of IL4 and
IL13 mRNA in the liver, enhanced the A. suum-induced in-
crease in mRNA of these two cytokines in liver and lung, and
increased circulating levels of the IL4 protein. This observation
is consistent with increased fecal IL4 in children who were
infected with A. lumbricoides and supplemented with VA (39).
The elevation in IL4 and IL13 mRNA in the liver tissue of
uninfected ATRA-treated pigs may represent enhanced re-
sponses to background stimulation by food antigens and mi-
crobial products derived from the intestine.

CCR3 is a promiscuous chemokine receptor that has 11
reported ligands, including the CCR3 exclusive ligands CCL11,
CCL24, and CCL26 (40). These three chemokines are potent
eosinophil chemoattractants. Pigs treated with LD ATRA had
significantly increased mRNA for CCL11 and CCL26 in liver
tissue at 7 DAI and in lungs at 14 DAI, times when eosino-
philic lesions due to migrating larvae are prominent. In fact,
regression analysis revealed a highly significant relationship
between CCL11 (P 
 0.002; r2 
 0.61) and CCL26 (P 

0.0015; r2 
 0.48) expression in the lungs of A. suum-infected
pigs and the percentage of eosinophils in the BAL specimens
by flow cytometry. Only LD ATRA, however, induced CCL26
to a level above that found in infected pigs in liver and lung
tissue at 7 and 14 DAI. It is likely that ATRA increased these
chemokines through expression of increased levels of IL4 and
IL13, because IL4 and IL13 induced the expression of CCL26
in a porcine epithelial cell line (H. Dawson, unpublished) and
CCL11 and CCL26 in explanted porcine alveolar macrophages
and a porcine alveolar macrophage cell line. We have also
observed increased expression of CCL11 and CCL26 in alve-

FIG. 4. Expression of Th1, Th2, and Treg genes in the liver tissue of pigs infected with A. suum and treated with ATRA. Real-time PCR
detection of mRNA expression (CT values) for selected genes associated with Th1 or Th2 cells or Tregs in the livers of pigs infected with A. suum
and treated with two different doses of ATRA is shown. Tissue mRNA expression (CT values) at 7 or 14 days after inoculation was evaluated by
one-way ANOVA. n-fold changes relative to results for control pigs are designated by color differences, shown in the figure insert, and statistical
significance by A (P � 0.05) or B (P � 0.01).
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olar macrophages isolated from pigs infected with A. suum (G.
Solano-Aguilar et al., unpublished).

The CCR4 ligands, CCL17 and CCL22, were upregulated in
the liver by LD ATRA in A suum-infected pigs at 7 DAI.
CCL17 and CCL22 are induced by IL4 and IL13 in various cell
types and are associated with Th2 cells and eosinophilic infil-
tration into the human lung (30, 38). We observed that IL4 and
IL13 induced the expression of CCL17 and CCL22 in porcine
alveolar macrophages. We have also observed increased ex-
pression of CCL17 in macrophages isolated from pigs infected
with A. suum (Solano-Aguilar et al., unpublished) and in the
eosinophilic conjunctiva of Trichuris suis-infected pigs immu-
nized and challenged with ragweed in the eye (J. F. Urban et

al., unpublished) suggesting that nematode infection generally
activates these chemokines in pigs.

The localized amplification of Th1-, Th2-, Treg-, and inflam-
mation-associated hepatic and pulmonary immune responses
in Ascaris-infected swine was observed by examination of the
mRNA levels at the whole-tissue level so potential cell-derived
mechanisms could not be directly explored. We did, however,
observe increased production of the CCR4 ligands CCL17 and
CCL22 when macrophages were pretreated with ATRA and
increased expression of the CCR3 ligands CCL11 and CCL26
due to treatment with IL4. A comprehensive evaluation of
nutritional regulation of alternatively activated macrophage
development has not been described. Data presented in this

FIG. 5. Expression of selected CCR3 ligands and selected genes associated with eosinophils, mast cells, inflammation, and Th1-, Th2-, or Treg
cells in the lung of pigs infected with A. suum and treated with two different doses of ATRA. Tissue mRNA expression (CT values) at 7 or 14 days
after inoculation were evaluated by one-way ANOVA. n-fold changes from results for control pigs are designated by color differences, shown in
the figure insert, and statistical significance by A (P � 0.05) or B (P � 0.01).
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article indicated that ATRA, likely acting through RAR-�,
caused alveolar macrophages to assume an alternatively acti-
vated macrophage-like phenotype in vitro. This likely contrib-
uted to the recruitment of CCR3- and CCR4-expressing cells,
such as Th2 cells, eosinophils, and Treg cells. Given that
ATRA also increased the synthesis of IL4 and IL13 from Th2
cells (9), these data suggested that a localized positive ampli-
fication circuit involving T cells, macrophages, and ATRA ex-
ists at the site of Th2-dependent responses.

Among all of the known eosinophil chemoattractants,
CCL26 or eotaxin 3 is most consistently associated with late-
phase tissue eosinophilia (6, 39). Given the prominent role that
eosinophil migration into pulmonary tissue plays in asthma,
allergy, and nematode parasite infection, the pig can serve as a
useful model for studying allergic diseases mediated by CCL26
in humans, since rodents lack a direct functional homologue of
CCL26 (31). Furthermore, these data suggest that VA status
can contribute to enhanced expression of allergic disease in the
lungs.

STAT6 is a critical transcription factor involved in Th2-
associated responses (17). STAT6 knockout mice are suscep-
tible to nematode infections (51) and resistant to experimen-
tally induced asthma (32). Increased mRNA expression of
STAT6 is observed in the bronchial epithelium of patients with
severe asthma (33). In addition, a variant in the regulatory
elements of the STAT6 gene is associated with susceptibility to
asthma and resistance to A. lumbricoides (14, 37). STAT6 ex-
pression was significantly induced by LD ATRA in control pigs
and increased by both doses of ATRA in the livers of infected
pigs. The expression of most STAT6-dependent genes, CCL11,
CCL17, CCL22, CCL26, IL4, and IL13, paralleled STAT6 ex-
pression in the liver. The liver cell type(s) that exhibits in-
creased STAT6 expression was not identified in this study;
however, increased STAT6 expression is a characteristic of
ATRA-treated human T cells (9).

The absence of significant ATRA induction of IL5 mRNA in

the liver and lungs of A. suum-infected pigs was surprising
given that ATRA enhanced IL5 production during polyclonal
activation of human (9) and mouse (22) T cells and in the
spleen of tetanus toxoid-immunized neonatal mice (29). The
increase in IL5, however, is more tissue restricted in A. suum-
infected pigs than is the case for IL4 and IL13 (10), and
pulmonary eosinophilia at 7 and 14 DAI appeared to be inde-
pendent of changes in IL5 (13).

It is notable that the mast-cell activation marker TPSB1 (7)
was increased in parallel with IL4 and IL13. Perhaps ATRA
primed or stimulated mast cells to be more responsive to par-
asite-derived products. Unlike the case for most inbred mouse
strains maintained in closed facilities, there are appreciable
numbers of mucosal mast cells in uninfected pigs maintained in
confined pens without exposure to helminth infection that
could account for ATRA-induced mast cell markers (50). In
addition, intestinal mucosal mast cells increased following ex-
posure to A. suum and released histamine after exposure to
parasite-derived antigens via antibody-dependent cross-linking
of surface receptors (3). Other investigators have shown that
topically applied ATRA increased the number of tryptase-
positive mast cells in the skin but had no effect on tryptase- and
chymase-double-positive mast cells (19).

The increased expression of Th1-associated markers, IFNG,
IL12B, and TBX21, at 7 DAI accompanied higher expression
of the Th2-associated genes in liver tissue of ATRA-treated
pigs. These data contrast with ATRA-induced downregulation
of TBX21 and 9-cis-RA-induced downregulation in human T
cells and reduced Tbx21, Ifng, and Il12b mRNA in the spleens
of mice treated with a viral RNA mimetic, poly(I:C), and
ATRA (28). These differences, however, may be a function of
systems that differ in the nature of the stimulation, the host
species, and the experimental context.

We observed an increased expression of the Treg-associated
mRNAs TNFRSF18/GITR and FOXP3 (20) in the livers of
LD-ATRA-treated pigs but no change in TGFB1 and IL10. In

TABLE 1. Synergistic induction of CCR4-binding chemokine mRNAs by IL4 and ATRAa

Chemokine
gene

Primary M� treatment
groupb

mRNA expression
D4/21 cell treatment

group

mRNA expression

�CT (mean 
 SD) Fold change vs.
control level �CT (mean 
 SD) Fold change vs.

control level

CCL11 Control 27.1 
 1.2a 1.0 Control 22.1 
 0.3a 1.0
ATRA 26.8 
 1.0a 1.3 ATRA 21.7 
 0.1a 1.4
IL4 14.4 
 0.6b 7,131 IL4 10.8 
 0.9b 2,352
IL4/ATRA 13.1 
 0.6b 17,560 IL4/ATRA 10.5 
 0.1b 3,104

CCL26 Control 23.6 
 1.3a 1.0 Control 21.7 
 0.9a 1.0
ATRA 22.8 
 1.3a 2.5 ATRA 21.6 
 0.1a 1.0
IL4 15.6 
 2.0b 247 IL4 12.2 
 0.9b 676
IL4/ATRA 13.6 
 2.5b 1,024 IL4/ATRA 12.2 
 0.1b 724

CCL17 Control 10.5 
 1.4a 1.0 Control 20.9 
 0.3a 1.0
ATRA 8.8 
 0.7b 3.1 ATRA 19.5 
 0.6b 2.7
IL4 8.9 
 0.8b 3.0 IL4 16.9 
 0.6c 16.0
IL4/ATRA 7.5 
 0.6c 8.0 IL4/ATRA 14.9 
 0.5d 69.0

CCL22 Control 7.7 
 0.9a 1.0 Control 16.0 
 0.3a 1.0
ATRA 6.1 
 0.6b 3.2 ATRA 14.8 
 0.7b 2.3
IL4 7.1 
 0.8a 1.6 IL4 14.9 
 0.8b 2.1
IL4/ATRA 5.5 
 0.5c 4.6 IL4/ATRA 13.5 
 0.4c 5.7

a Lung-adherent macrophages isolated from BAL cells of uninfected pigs or the macrophage cell line D4/21 were treated with or without ethyl alcohol or 10�6 M
ATRA for 18 h and then treated with 5.0 ng/ml of porcine IL4 for 24 h. Data were normalized to the housekeeping gene PPIA. Groups were compared by one-way
ANOVA.

b Explanted primary alveolar macrophages isolated from untreated control pigs.
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humans but not in rodents, TNFRSF18/GITR and FOXP3 are
expressed by activated T cells (56). We have observed an in-
crease in FOXP3 mRNA and protein in activated porcine T
cells (H. Dawson, unpublished), suggesting another useful ex-
perimental parallel between pigs and humans. Both
TNFRSF18/GITR and FOXP3 were significantly increased in
the lungs of pigs treated with LD ATRA and infected with A.
suum at 7 but not 14 DAI. It has not been demonstrated that
these changes are due to T cells in the lungs, but there is rapid
tissue remodeling in both the liver and lungs following exit of
larvae from the tissues that may be associated with increased
Treg activity to reduce inflammation. The increased expression
of the inflammation-related genes IL1B and IL6 in the lungs of
infected pigs treated with LD ATRA, however, is indicative of the
early proinflammatory response to migrating larvae that is en-
hanced by treatment with ATRA.

In conclusion, we observed an increased expression of mark-
ers for Th1, Th2, regulatory T cells, and inflammation in liver
and lungs of Ascaris-infected pigs treated with ATRA and an
increase in BAL eosinophilia. These changes indicated a ro-
bust immune response appropriate to controlling pathogens
that require both arms of the immune system and regulatory
signals that limit inflammation as migrating larvae leave the
tissue site. The changes in immune function observed in this
study are physiologically relevant, since the most active dose of
ATRA used (0.1 mg/kg) is below that generally used (1 to 50
mg/kg) for in vivo studies with rodents and more consistent
with the treatment doses administered to VA-deficient humans
in developing areas of the world (4, 28, 41). Furthermore, two
different doses of ATRA elicited differential effects on several
distinct immune parameters. Taken together, these data could
help explain the often confounding and contradictory re-
sponses observed in inbred rodent strains supplemented with
VA and other retinoids compared to responses seen in hu-
mans.

ACKNOWLEDGMENTS

We thank Pat Boyd, Celine Chen, and Joan Lunney, APDL, ANRI,
BARC, for assistance in cloning and sequencing the IL22 and FOXP3
genes; Monica Santin-Duran and Christina Hahn, EMSL, ANRI,
BARC, for assistance in sequencing the remaining pig genes; and
William Hare, Veterinary Services Laboratory, ANRI, BARC, for
determination of the differential whole-blood count and blood chem-
istry profiles.

REFERENCES

1. Ahmed, F., D. B. Jones, and A. A. Jackson. 1991. Effect of vitamin A
deficiency on the immune response to epizootic diarrhoea of infant mice
(EDIM) rotavirus infection in mice. Br. J. Nutr. 65:475–485.

1a.Alexandrakis, M. G., D. S. Kyriakou, D. Seretakis, W. Boucher, R. Letour-
neau, D. Kempuraj, and T. C. Theoharides. 2003. Inhibitory effect of retinoic
acid on proliferation, maturation and tryptase level in human leukemic mast
cells (HMC-1). Int. J. Immunopathol. Pharmacol. 16:43–47.

2. Artis, D., and R. K. Grencis. 2001. T helper responses during intestinal
nematode infection: induction, regulation and effector function, p. 331–371.
In M. W. Kennedy and W. Harnett (ed.), Parasitic nematodes: molecular
biology, biochemistry and immunology. CAB International, Wallingford,
Oxon, United Kingdom.

3. Ashraf, M., J. F. Urban, Jr., T. D. Lee, and C. M. Lee. 1988. Characterization
of isolated porcine intestinal mucosal mast cells following infection with
Ascaris suum. Vet. Parasitol. 29:143–158.

4. Austenaa, L. M., H. Carlsen, A. Ertesvag, G. Alexander, H. K. Blomhoff, and
R. Blomhoff. 2004. Vitamin A status significantly alters nuclear factor-
kappaB activity assessed by in vivo imaging. FASEB J. 18:1255–1257.

5. Barnett, J. B. 1982. Immunopotentation of the IgE antibody response by
13-cis-retinoic acid. Int. Arch. Allergy Appl. Immunol. 67:287–290.

6. Blanchard, C., N. Wang, K. F. Stringer, A. Mishra, P. C. Fulkerson, J. P.
Abonia, S. C. Jameson, C. Kirby, M. R. Konikoff, M. H. Collins, M. B.
Cohen, R. Akers, S. P. Hogan, A. H. Assa’ad, P. E. Putnam, B. J. Aronow,
and M. E. Rothenberg. 2006. Eotaxin-3 and a uniquely conserved gene-
expression profile in eosinophilic esophagitis. J. Clin. Investig. 116:536–547.

7. Bochner, B. S., and W. W. Busse. 2005. Allergy and asthma. J. Allergy Clin.
Immunol. 115:953–959.

8. Carman, J. A., L. Pond, F. Nashold, L. Wassom, and C. E. Hayes. 1992.
Immunity to Trichinella spiralis infection in vitamin A-deficient mice. J. Exp.
Med. 175:111–120.

9. Dawson, H., G. Collins, R. Pyle, M. Key, A. Weeraratna, V. Deep-Dixit, C. N.
Nadal, and D. D. Taub. 2006. Direct and indirect effects of retinoic acid on
human Th2 cytokine and chemokine expression in T lymphocytes. BMC
Immunol. 7:27.

10. Dawson, H. D., E. Beshah, S. Nishi, G. Solano-Aguilar, M. Morimoto, A.
Zhao, K. B. Madden, T. K. Ledbetter, J. P. Dubey, T. Shea-Donohue, J. K.
Lunney, and J. F. Urban, Jr. 2005. Localized multigene expression patterns
support an evolving Th1/Th2-like paradigm in response to infections with
Toxoplasma gondii and Ascaris suum. Infect. Immun. 73:1116–1128.

11. Dawson, H. D., A. R. Royaee, S. Nishi, D. Kuhar, W. M. Schnitzlein, F.
Zuckermann, J. Urban, Jr., and J. K. Lunney. 2004. Identification of key
immune mediators regulating T helper 1 responses in swine. Vet. Immunol.
Immunopathol. 100:105–111.

11a.Dawson, H. D., and A. C. Ross. 1999. Chronic marginal vitamin A status
affects the distribution and function of T cells and natural T cells in aging
Lewis rats. J. Nutr. 129:1782–1790.

11b.Dawson, H., G. Collins, R. Pyle, M. Key, and D. D. Taub. 2008. The retinoic
acid receptor-a mediates human T-cell activation and Th2 cytokine produc-
tion. BMC Immunol. 9:11–16.

12. Denburg, J. A., R. Sehmi, and J. Upham. 2001. Regulation of IL-5 receptor
on eosinophil progenitors in allergic inflammation: role of retinoic acid. Int.
Arch. Allergy Immunol. 124:246–248.

13. Domachowske, J. B., C. A. Bonville, A. J. Easton, and H. F. Rosenberg. 2002.
Pulmonary eosinophilia in mice devoid of interleukin-5. J. Leukoc. Biol.
71:966–972.

13a.Elias, K. M., A. Laurence, T. S. Davidson, G. Stephens, Y. Kanno, E. M.
Shevach, and J. J. O’Shea. 2008. Retinoic acid inhibits Th17 polarization and
enhances FoxP3 expression through a Stat-3/Stat-5 independent signaling
pathway. Blood 111:1013–1020.

13b.Figallova, V., and J. Prokopic. 1998. Effect of vitamins on Trichinella spiralis
Owen, 1835 infection in mice. Folia Parasitol. (Praha) 35:157–163.

13c.Fukasawa, H., T. Iijima, H. Kagechika, Y. Hashimoto, and K. Shudo. 1993.
Expression of the ligand-binding domain-containing region of retinoic acid
receptors alpha, beta and gamma in Escherichia coli and evaluation of
ligand-binding selectivity. Biol. Pharm. Bull. 16:343–348.

14. Gao, P. S., N. M. Heller, W. Walker, C. H. Chen, M. Moller, B. Plunkett,
M. H. Roberts, R. P. Schleimer, J. M. Hopkin, and S. K. Huang. 2004.
Variation in dinucleotide (GT) repeat sequence in the first exon of the
STAT6 gene is associated with atopic asthma and differentially regulates the
promoter activity in vitro. J. Med. Genet. 41:535–539.

15. Geiger, S. M., C. L. Massara, J. Bethony, P. T. Soboslay, O. S. Carvalho, and
R. Correa-Oliveira. 2002. Cellular responses and cytokine profiles in Ascaris
lumbricoides and Trichuris trichiura infected patients. Parasite Immunol.
24:499–509.

16. Grenningloh, R., A. Gho, P. di Lucia, M. Klaus, W. Bollag, I. C. Ho, F.
Sinigaglia, and P. Panina-Bordignon. 2006. Cutting edge: inhibition of the
retinoid X receptor (RXR) blocks T helper 2 differentiation and prevents
allergic lung inflammation. J. Immunol. 176:5161–5166.

17. Hebenstreit, D., G. Wirnsberger, J. Horejs-Hoeck, and A. Duschl. 2006.
Signaling mechanisms, interaction partners, and target genes of STAT6.
Cytokine Growth Factor Rev. 17:173–188.

18. Hirasawa, N., H. Kagechika, K. Shudo, and K. Ohuchi. 2001. Inhibition by
retinoids of antigen-induced IL-4 production in rat mast cell line RBL-2H3.
Life Sci. 68:1287–1294.

19. Hjertson, M., P. K. Kivinen, L. Dimberg, K. Nilsson, I. T. Harvima, and G.
Nilsson. 2003. Retinoic acid inhibits in vitro development of mast cells but
has no marked effect on mature human skin tryptase- and chymase-positive
mast cells. J. Investig. Dermatol. 120:239–245.

20. Hori, S., and S. Sakaguchi. 2004. Foxp3: a critical regulator of the develop-
ment and function of regulatory T cells. Microbes Infect. 6:745–751.

21. Ikeda, K., S. Matsuo, K. Asano, and K.-I. Okamoto. 1994. Modulation of
cytokine secretion by mesentaeric lymph node cells from vitamin A-deficient
mice during Hymenolepis nana infection. In Vivo 8:1015–1018.

22. Iwata, M., Y. Eshima, and H. Kagechika. 2003. Retinoic acids exert direct
effects on T cells to suppress Th1 development and enhance Th2 develop-
ment via retinoic acid receptors. Int. Immunol. 15:1017–1025.

23. Kaestel, P., F. J. Lewis, A. L. Willingham, H. O. Bogh, L. Eriksen, K. F.
Michaelsen, B. Sandstrom, C. E. Hoy, and H. Friis. 1999. Schistosoma
japonicum infection and serum and tissue concentrations of retinol and zinc
in pigs. Ann. Trop. Med. Parasitol. 93:489–499.

23a.Kang, S. G., H. W. Lim, O. M. Andrisani, H. E. Broxmeyer, and C. H. Kim.

VOL. 77, 2009 RETINOIC ACID ENHANCES IMMUNE RESPONSES TO A. SUUM 2585

 at B
IB

LIO
T

E
C

A
 D

E
LL A

R
E

A
 B

IO
M

E
D

IC
A

 on M
ay 31, 2010 

iai.asm
.org

D
ow

nloaded from
 

http://iai.asm.org


2007. Vitamin A metabolites induce gut-homing FoxP3� regulatory T cells.
J. Immunol. 179:3724–3733.

24. Kinoshita, T., K. Koike, H. H. Mwamtemi, S. Ito, S. Ishida, Y. Nakazawa, Y.
Kurokawa, K. Sakashita, T. Higuchi, K. Takeuchi, N. Sawai, M. Shiohara,
T. Kamijo, S. Kawa, T. Yamashita, and A. Komiyama. 2000. Retinoic acid is
a negative regulator for the differentiation of cord blood-derived human
mast cell progenitors. Blood 95:2821–2828.

25. Koski, K. G., and M. E. Scott. 2001. Gastrointestinal nematodes, nutrition
and immunity: breaking the negative spiral. Annu. Rev. Nutr. 21:297–321.

26. Leber, B. F., and J. A. Denburg. 1997. Retinoic acid modulation of induced
basophil differentiation. Allergy 52:1201–1206.

27. Livak, K. J., and T. D. Schmittgen. 2001. Analysis of relative gene expression
data using real-time quantitative PCR and the 2���CT method. Methods
25:402–408.

27a.Long, K. Z., T. Estrada-Garcia, J. L. Rosado, J. Ignacio Santos, M. Haas, M.
Firestone, J. Bhagwat, C. Young, H. L. DuPont, E. Hertzmark, and N. N.
Nanthakumar. 2006. The effect of vitamin A supplementation on the intes-
tinal immune response in Mexican children is modified by pathogen infec-
tions and diarrhea. J. Nutr. 136:1365–1370.

27b.Long, K. Z., J. I. Santos, T. Estrada Garcia, M. Haas, M. Firestone, J.
Bhagwat, H. L. Dupont, E. Hertzmark, J. L. Rosado, and N. N. Nanthaku-
mar. 2006. Vitamin A supplementation reduces the monocyte chemoattrac-
tant protein-1 intestinal immune response of Mexican children. J. Nutr.
136:2600–2605.

28. Ma, Y., Q. Chen, and A. C. Ross. 2005. Retinoic acid and polyriboinosinic:
polyribocytidylic acid stimulate robust anti-tetanus antibody production
while differentially regulating type 1/type 2 cytokines and lymphocyte pop-
ulations. J. Immunol. 174:7961–7969.

29. Ma, Y., and A. C. Ross. 2005. The anti-tetanus immune response of neonatal
mice is augmented by retinoic acid combined with polyriboinosinic:polyri-
bocytidylic acid. Proc. Natl. Acad. Sci. USA 102:13556–13561.

30. Manabe, K., Y. Nishioka, J. Kishi, M. Inayama, Y. Aono, Y. Nakamura, F.
Ogushi, H. Bando, K. Tani, and S. Sone. 2005. Elevation of macrophage-
derived chemokine in eosinophilic pneumonia: a role of alveolar macro-
phages. J. Med. Investig. 52:85–92.

30a.Maret, M., C. Ruffie, B. Periquet, A. M. Campo, M. Menevret, A. Phelep, K.
Dziewiszek, A. Druilhe, and M. Pretolani. 2007. Liposomal retinoic acids
modulate asthma manifestations in mice. J. Nutr. 137:2730–2736.

31. Mestas, J., and C. C. Hughes. 2004. Of mice and not men: differences
between mouse and human immunology. J. Immunol. 172:2731–2738.

32. Miyata, S., T. Matsuyama, T. Kodama, Y. Nishioka, K. Kuribayashi, K.
Takeda, S. Akira, and M. Sugita. 1999. STAT6 deficiency in a mouse model
of allergen-induced airways inflammation abolishes eosinophilia but induces
infiltration of CD8� T cells. Clin. Exp. Allergy 29:114–123.

33. Mullings, R. E., S. J. Wilson, S. M. Puddicombe, J. L. Lordan, F. Bucchieri,
R. Djukanovic, P. H. Howarth, S. Harper, S. T. Holgate, and D. E. Davies.
2001. Signal transducer and activator of transcription 6 (STAT-6) expression
and function in asthmatic bronchial epithelium. J. Allergy Clin. Immunol.
108:832–838.

33a.Nagai, H., S. Matsuura, K. Bouda, Y. Takaoka, T. Wang, S. Niwa, and K.
Shudo. 1999. Effect of Am-80, a synthetic derivative of retinoid, on experi-
mental arthritis in mice. Pharmacology 58:101–112.

33b.Niwa, S., T. Ochi, Y. Hirano, T. Wang, N. Inagaki, K. Shudo, and H. Nagai.
2000. Effect of Am-80, a retinoid derivative, on 2,4-dinitrofluorobenzene-
induced contact dermatitis in mice. Pharmacology 60:208–214.

34. Parent, G., R. Rousseaux-Prevost, Y. Carlier, and A. Capron. 1984. Influence
of vitamin A on the immune response of Schistosoma mansoni-infected rats.
Trans. R. Soc. Trop. Med. Hyg. 78:380–383.

35. Paul, C. C., S. Mahrer, M. Tolbert, B. L. Elbert, I. Wong, S. J. Ackerman,
and M. A. Baumann. 1995. Changing the differentiation program of hema-
topoietic cells: retinoic acid-induced shift of eosinophil-committed cells to
neutrophils. Blood 86:3737–3744.

35a.Payne, L. G., K. G. Koski, E. Ortega-Barria, and M. E. Scott. 2007. Benefit
of vitamin A supplementation on ascaris reinfection is less evident in stunted
children. J. Nutr. 137:1455–1459.

36. Pedersen, S., I. Saeed, H. Friis, and K. F. Michaelsen. 2001. Effect of iron
deficiency on Trichuris suis and Ascaris suum infections in pigs. Parasitology
122:589–598.

37. Peisong, G., A. Yamasaki, X. Q. Mao, T. Enomoto, Z. Feng, F. Gloria-
Bottini, E. Bottini, T. Shirakawa, D. Sun, and J. M. Hopkin. 2004. An
asthma-associated genetic variant of STAT6 predicts low burden of ascaris
worm infestation. Genes Immun. 5:58–62.

38. Pilette, C., J. N. Francis, S. J. Till, and S. R. Durham. 2004. CCR4 ligands
are up-regulated in the airways of atopic asthmatics after segmental allergen
challenge. Eur. Respir. J. 23:876–884.

39. Ravensberg, A. J., F. L. Ricciardolo, A. van Schadewijk, K. F. Rabe, P. J.
Sterk, P. S. Hiemstra, and T. Mauad. 2005. Eotaxin-2 and eotaxin-3 expres-
sion is associated with persistent eosinophilic bronchial inflammation in
patients with asthma after allergen challenge. J. Allergy Clin. Immunol.
115:779–785.

39a.Ross, A. C., and C. B. Stephensen. 1996. Vitamin A and retinoids in antiviral
responses. FASEB J. 10:979–985.

40. Rothenberg, M. E., and S. P. Hogan. 2006. The eosinophil. Annu. Rev.
Immunol. 24:147–174.

40a.Ruhl, R., A. Hanel, A. L. Garcia, A. Dahten, U. Herz, F. J. Schweigert, and
M. Worm. 2007. Role of vitamin A elimination or supplementation diets
during postnatal development on the allergic sensitisation in mice. Mol.
Nutr. Food Res. 51:1173–1181.

40b.Sakakibara, A., K. Baba, S. Niwa, T. Yagi, H. Wakayama, K. Yoshida, T.
Kobayashi, T. Yokoi, K. Hara, M. Itoh, and E. Kimura. 2002. Visceral
larva migrans due to Ascaris suum which presented with eosinophilic
pneumonia and multiple intra-hepatic lesions with severe eosinophil in-
filtration—outbreak in a Japanese area other than Kyushu. Intern. Med.
41:574–579.

40c.Schambach, F., M. Schupp, M. A. Lazar, and S. L. Reiner. 2007. Activation
of retinoic acid receptor-alpha favours regulatory T cell induction at the
expense of IL-17-secreting T helper cell differentiation. Eur. J. Immunol.
37:2396–2399.

40d.Schuster, G. U., N. J. Kenyon, and C. B. Stephensen. 2008. Vitamin A
deficiency decreases and high dietary vitamin A increases disease severity in
the mouse model of asthma. J. Immunol. 180:1834–1842.

41. Seguin-Devaux, C., Y. Devaux, V. Latger-Cannard, S. Grosjean, C. Rochette-
Egly, F. Zannad, C. Meistelman, P. M. Mertes, and D. Longrois. 2002.
Enhancement of the inducible NO synthase activation by retinoic acid is
mimicked by RARalpha agonist in vivo. Am. J. Physiol. Endocrinol. Metab.
283:E525–E535.

41a.Seino, K., T. Yamauchi, A. Ishibashi, N. Tokuhara, S. Kobayashi, K. Fuku-
naga, H. Taniguchi, Y. Takada, K. Yuzawa, M. Otsuka, T. Todoroki, and K.
Fukao. 2000. Prolongation of mouse skin allograft survival by novel agonists
selective for retionic acid receptor-alpha. Transplant Proc. 32:257–258.

41b.Smith, S. M., N. S. Levy, and C. E. Hayes. 1987. Impaired immunity in
vitamin A-deficient mice. J. Nutr. 117:857–865.

42. Solano-Aguilar, G. I., D. Zarlenga, E. Beshah, K. Vengroski, L. Gasbarre, D.
Junker, M. Cochran, C. Weston, D. Valencia, C. Chiang, H. Dawson, J. F.
Urban, and J. K. Lunney. 2002. Limited effect of recombinant porcine
interleukin-12 on porcine lymphocytes due to a low level of IL-12 beta2
receptor. Vet. Immunol. Immunopathol. 89:133–148.

42a.Stephensen, C. B., X. Jiang, and T. Freytag. 2004. Vitamin A deficiency
increases the in vivo development of IL-10-positive Th2 cells and decreases
development of Th1 cells in mice. J. Nutr. 134:2660–2666.

42b.Stevenson, M. M., and E. M. Riley. 2004. Innate immunity to malaria. Nat
Rev Immunol 4:169–180.

43. Sylvin, H., M. Kumlin, and K. Alving. 2003. Cysteinyl leukotrienes in porcine
acute allergic airway reactions: bronchial and vascular effects. Inflamm. Res.
52:185–190.

44. Sylvin, H., I. van der Ploeg, and K. Alving. 2001. The effect of a bradykinin
B2 receptor antagonist, NPC-567, on allergen-induced airway responses in a
porcine model. Inflamm. Res. 50:453–459.

45. Sylvin, H., E. Weitzberg, and K. Alving. 2002. Endothelin-induced vascular
and bronchial effects in pig airways: role in acute allergic responses. J. Appl.
Physiol. 93:1608–1615.

46. Takamura, K., Y. Nasuhara, M. Kobayashi, T. Betsuyaku, Y. Tanino, I.
Kinoshita, E. Yamaguchi, S. Matsukura, R. P. Schleimer, and M. Nish-
imura. 2004. Retinoic acid inhibits interleukin-4-induced eotaxin production
in a human bronchial epithelial cell line. Am. J. Physiol. Lung Cell. Mol.
Physiol. 286:L777–L785.

46a.Tetteh, J. K., M. M. Addae, N. Ishiwada, S. M. Yempewu, S. Yamaguchi, D.
Ofori-Adjei, H. Kamiya, Y. Komada, and B. D. Akanmori. 2003. Plasma
levels of Th1 and Th2 cytokines in Ghanaian children with vaccine-modified
measles. Eur. Cytokine Netw. 14:109–113.

47. Tokuyama, H., and Y. Tokuyama. 1999. The regulatory effects of all-trans-
retinoic acid on isotype switching: retinoic acid induces IgA switch rear-
rangement in cooperation with IL-5 and inhibits IgG1 switching. Cell Im-
munol. 192:41–47.

48. Torii, A., M. Miyake, M. Morishita, K. Ito, S. Torii, and T. Sakamoto. 2004.
Vitamin A reduces lung granulomatous inflammation with eosinophilic and
neutrophilic infiltration in Sephadex-treated rats. Eur. J. Pharmacol. 497:
335–342.

49. Tukey, J. W. 1991. The philosophy of multiple comparisons. Stat. Sci. 6:100–
116.

50. Urban, J. F., Jr., H. Alizadeh, and R. D. Romanowski. 1988. Ascaris suum:
development of intestinal immunity to infective second-stage larvae in swine.
Exp. Parasitol. 66:66–77.

51. Urban, J. F., Jr., N. Noben-Trauth, D. D. Donaldson, K. B. Madden, S. C.
Morris, M. Collins, and F. D. Finkelman. 1998. IL-13, IL-4Ralpha, and Stat6
are required for the expulsion of the gastrointestinal nematode parasite
Nippostrongylus brasiliensis. Immunity 8:255–264.

52. Valentine, C. C., R. J. Hoffner, and S. O. Henderson. 2001. Three common
presentations of ascariasis infection in an urban emergency department.
J. Emerg. Med. 20:135–139.

53. Wagner, B., and L. Polley. 1997. Ascaris suum prevalence and intensity:
an abattoir survey of market hogs in Saskatchewan. Vet. Parasitol. 73:
309–313.

2586 DAWSON ET AL. INFECT. IMMUN.

 at B
IB

LIO
T

E
C

A
 D

E
LL A

R
E

A
 B

IO
M

E
D

IC
A

 on M
ay 31, 2010 

iai.asm
.org

D
ow

nloaded from
 

http://iai.asm.org


54. Worm, M., U. Herz, J. M. Krah, H. Renz, and B. M. Henz. 2001. Effects of
retinoids on in vitro and in vivo IgE production. Int. Arch. Allergy Immunol.
124:233–236.

55. Yamaguchi, Y., H. Nishio, T. Kasahara, S. J. Ackerman, H. Koyanagi, and
T. Suda. 1998. Models of lineage switching in hematopoietic development: a
new myeloid-committed eosinophil cell line (YJ) demonstrates trilineage
potential. Leukemia 12:1430–1439.

55a.Yoshimura, H., K. Kikuchi, S. Hibi, K. Tagami, T. Satoh, T. Yamauchi, A.
Ishibahi, K. Tai, T. Hida, N. Tokuhara, and M. Nagai. 2000. Discovery of
novel and potent retinoic acid receptor alpha agonists: syntheses and eval-
uation of benzofuranyl-pyrrole and benzothiophenyl-pyrrole derivatives.
J. Med. Chem. 43:2929–2937.

56. Ziegler, S. F. 2006. FOXP3: of mice and men. Annu. Rev. Immunol. 24:209–
226.

Editor: W. A. Petri, Jr.

VOL. 77, 2009 RETINOIC ACID ENHANCES IMMUNE RESPONSES TO A. SUUM 2587

 at B
IB

LIO
T

E
C

A
 D

E
LL A

R
E

A
 B

IO
M

E
D

IC
A

 on M
ay 31, 2010 

iai.asm
.org

D
ow

nloaded from
 

http://iai.asm.org


Day 7
Group AST (U/L) ALT  (U/L) GGT  (U/L) LDH (U/L) ALP  (U/L)
Control 28.0 ± 8.4a 38.0 ± 2.8 40.0 ± 8.4ab 407 ± 188 199 ± 11
100 ug/kg ATRA 29.3 ± 11.1a 52.0 ± 35.5 31.0 ± 1.7ab 571 ± 187 158 ± 19
1,000 ug/kg ATRA 33.3 ± 4.0a 31.3 ± 3.8 25.7 ± 8.1a 466 ± 79 165 ± 48
Infected 29.9 ± 5.9a 34.0 ± 1.7 49.3 ± 31.3ab 418 ± 96 196 ± 55
Infected, 100 ug/kg ATRA 54.0 ± 4.0b 52.0 ± 21.0 25.0 ± 7.6a 656 ± 182 144 ± 16
Infected, 1,000 ug/kg ATRA 28.0 ± 8.2a 36.7 ± 3.0 55.7 ± 6.6b 452 ± 31 139 ± 11

TBili (mg/dL) DBili (mg/dL) Total Protein (g/dL) Glob (g/dL) ALB (g/dL)
0.20 ± 0.00 0.10 ± 0.00 5.8 ± 0.4a 3.2 ± 0.1 2.6 ± 0.3
0.20 ± 0.10 0.20 ± 0.10 6.0 ± 0.2ab 3.5 ± 0.3 2.5 ± 0.2
0.27 ± 0.12 0.20 ± 0.10 5.9 ± 0.2ab 3.3 ± 0.5 2.6 ± 0.3
0.23 ± 0.01 0.20 ± 0.00 6.5 ± 0.2b 3.7 ± 0.5 2.8 ± 0.5
0.23 ± 0.01 0.20 ± 0.00 6.0 ± 0.7ab 3.5 ± 0.6 2.6 ± 0.1
0.20 ± 0.00 0.13 ± 0.06 5.9 ± 0.1a 3.4 ± 0.3 2.5 ± 0.3

Day 14
Group AST (U/L) ALT  (U/L) GGT  (U/L) LDH (U/L) ALP  (U/L) ALB (g/dL) ALB/Glob Ratio
Control 28.0 ± 6.9 34.0 ± 7.4 36.0 ± 6.8 420 ± 53 195 ± 41a 2.7 ± 0.4 0.8 ± 0.2
100 ug/kg ATRA 38.3 ± 6.7 40.7 ± 5.1 38.7 ± 23.7 448 ± 61 166 ± 55ab 2.7 ± 0.2 0.8 ± 0.1
1,000 ug/kg ATRA 33.3 ± 14.2 37.0 ± 13.2 31.3 ± 7.7 430 ± 21 181 ± 22ab 2.6 ± 0.5 0.9 ± 0.4
Infected 20.0 ± 7.7 29.0 ± 9.9 30.0 ± 2.8 417 ± 134 143 ± 5ab 3.0 ± 0.3 0.8 ± 0.0
Infected, 100 ug/kg ATRA 30.0 ± 9.0 38.7 ± 10.7 33.0 ± 5.2 521 ± 92 159 ± 26ab 2.6 ± 0.3 0.8 ± 0.3
Infected, 1,000 ug/kg ATRA 29.0 ± 4.3 34.0 ± 1.0 28.3 ± 14.4 423 ± 32 125 ± 15b 2.8 ± 0.2 1.0 ± 0.5

TBili (mg/dL) DBili (mg/dL) Total Protein (g/dL) Glob (g/dL) ALB (g/dL)



Gene Forward Primer
ALOX15 GACGCTGGAGACGGTGATG 900 nM
ALOX5 GTGGGCATGTGCAGATGGT 900 nM
ALOX5AP AATGGGCGGAGCTTCCA 900 nM
ARG1 TACTGGGCGGAGACCACAGT 300 nM
BCL6 GAAAATAATATTGCTTCTTCTCCTATGTGT 900 nM
BDKRB2 GCGCAGCTGGATGGTGTT 100 nM
BLR1 ATCTCTCTGGGCTTCCACAAGA 900 nM
C19orf10 CTTGGACAGCTCAGCCTTGAA 900 nM
CCL11 TCTCCACAGCCCTTCTGTGTCT 900 nM
CCL16 GGGCTACAAAAAGGCCTTCA 900 nM
CCL17 AGGATGCCCATGCAGCTC 900 nM
CCL19 TACTGGCCCTCAGCCTGCTA 900 nM
CCL2 GCGGCTGATGAGCTACAGAAG 300 nM
CCL20 GCTCCTGGCTGCTTTGATG 900 nM
CCL21 GTTGCCCCATCCCAGCTAT 200 nM
CCL22 CCCTCGTCCTCCTTGCTATG 900 nM
CCL23 GCATTTCTGAACTTGCTCGTCAT 900 nM
CCL24 GCAGCTGTGGGTCCAGAAGT 900 nM
CCL25 TGCTATCCATGCTCAAGGTGC 900 nM
CCL26 CCCAGCAGGCTGTGATATTCA 900 nM
CCL27 TGGAACTGCAGGAAGCTGATG 900 nM
CCL28 TGAATACATGTCGCCTTCAGAGA 900 nM
CCL3 CCTGTCACCTCCACAGCTACCT 900 nM
CCL4 TCTGCTCTCCAGCGCTCTC 900 nM
CCL5 TGGCAGCAGTCGTCTTTATCA 300 nM
CCL8 CCTTCAAGAAACTGGAGAGCTACAC 900 nM
CCR1 AACCCCGTGCCAGAAGGTA 900 nM
CCR10 AGGGATGGAGTATGGGAAGTGTC 900 nM
CCR2 CAGGGCTGTATCACATTGGTTATT 900 nM
CCR3 ACAATGTTCTGCATCTGACCTAAAAT 900 nM
CCR4 TTCACTTCCAGGGCTTTTGTTC 900 nM
CCR5 GCACAGCTCAGCTGGTCAGA 900 nM
CCR6 CCTGCACTGCTGCCTCAA 900 nM
CCR7 CGACACGTACCTGCTCAACTTG 900 nM
CCR8 TGCGACTTTTCTGGAATATTTCTG 900 nM
CD274 TCAGATCACAGATGTGAAATTGCA 900 nM
CD276 CCCTTGACCGGCAACGT 900 nM
CD28 AAGGGATGCCCGGAACTC 300 nM
CD38 TGTCCAAAAGGTTTGCAGAAAAT 900 nM
CD4 ACCTCTCGCCTCGATTCGA 300 nM
CD40 CCACCTGGAATAGAGAGAAACACTGT 900 nM
CD40LG GAAATGCACAAAGGCGATCA 300 nM
CD69 GGATACCAGACGAAATGCTATTTTATT 900 nM
CD80 ATGGAGAAGAATTAAATGCTACCAACAC 900 nM
CD86 TGGGTCGCACAAGCTTTGA 900 nM
CD8A GAGCAACTCGGTTTTGTATTTCAG 300 nM
CD8B1 GGCTGAGTGTGGTTGATGTCTTT 300 nM
CFTR CCCTATGTCAACCCTCAACACA 900 nM



CHI3L1 TGGAATGATGTGACGCTCTATGA 900 nM
CHI3L2 TCTGCAAGGCGCCAAGAT 900 nM
CHIA TGGTTTCCACTGCGGAGAA 900 nM
CHIT1 CTGGACCGGTCCAGGTACTATAG 900 nM
CLCA1 CATTGATACTGTGGTTGAATTCTGTAAA 900 nM
CLEC10A CTCGGAGGAGCATTTCAGAGTAG 900 nM
CMA1 GACCGTCGGATGCAAAGC 900 nM
CMKOR1 CCTGGAGGTTTTATATGGTGATTTG 900 nM
CTLA4 TGAGTTGACCTTCCTTGATGACTCTA 900 nM
CX3CL1 CTCAGTACTTCCATCCCCGACT 900 nM
CX3CR1 TGTCACTCTTTCCTCCTCCCTTA 900 nM
CXCL10 TTGAAATGATTCCTGCAAGTCAA 900 nM
CXCL11 TTCAAGGCTTCCCCATGTTC 900 nM
CXCL12 TCCTGCCATGGGTGTCAAG 900 nM
CXCL14 TCATCACCACCAAGAGCATGTC 900 nM
CXCL16 TCATCCCCACCAGTGAAACC 900 nM
CXCL2 AAGGCATAATGCCTTGTTTAGAGTTAA 900 nM
CXCL5 CGTTGCATGTGTTTAACCACCA 900 nM
CXCL9 ATTTGCCCCAAGCCCTTCT 900 nM
CXCR3 TCTTCCTATGACTATGGAGAGAATGAGA 900 nM
CXCR4 CATCTTCTTAACTGGCATAGTGGGTAA 900 nM
CXCR6 CCACAGCATGACCAGCTTCTACTA 900 nM
CYP26A1 CTGGCTGCCTCTCCAACCT 900 nM
CYSLTR1 CCGCAATCAAGTATATTCCACCTT 900 nM
CYSLTR2 TGTCAACATGTACAGCAGCATTTATT 900 nM
DEF6 TGGAGAAGAGCGGCAAGGT 900 nM
EBI3 CACATCTTTCATTGCCACGTACA 900 nM
EPX TGGCCTCCCAGGGTACAAT 900 nM
ETS1 CCCGGCAGTGGACAGAGA 900 nM
ETS2 TTGGCAAGGAGCGCTTTC 900 nM
FCER1A ACTATTACTGGCTACAGCTTCATATCCC 900 nM
FCGR3B TGGGACCGGTTGCTTGAG 900 nM
FOXP3 CCCTGCCCTTCTCATCCA 900 nM
GATA3 TCTAGCAAATCCAAAAAGTGCAAA 900 nM
GCNT1 CACAAAATTGAAATGCTTGACAGACT 900 nM
GPR44 CTCCCTGCCCTTCTTCACCTA 900 nM
HAVCR2 TCTTCAGAACCCATGTTTTCACA 900 nM
HDC GGACAGCATCTTTGGAGACATAGAG 900 nM
HLX1 TTGCTCCTTCCCCCTGG 900 nM
HMBS GCACGGCCATGTCTGGTAAC 900 nM
HNMT AAGCATTGGAGACACAAATTCTGA 900 nM
ICOS CACGGGCATGAACCAAGTC 300 nM
IFNG TGGTAGCTCTGGGAAACTGAATG 300 nM
IGHA1* CTTGGAACAAAGGAGAGACATTCTC 900 nM
IGHE ACCACCAGGCCCCACAA 900 nM
IGHG1* GGGAGCCGCAGGTGTACA 900 nM
IGHG2A* TCCAAGACTCCGGGTAAATGA 900 nM
IGHG2B* TCCAAGACTCCGGGTAAATGA 900 nM
IGHG3* GGTGGACAAGCGTGTTGGA 200 nM



IGHG4* GGGAGCCGCAGGTGTACA 300 nM
IGHM GCACAAAGGGCTGAACTACGA 900 nM
IGJ TGTAAGTGTGCCCGGATTACTTC 900 nM
IL10 TGAGAACAGCTGCATCCACTTC 300 nM
IL12B TCTTGGGAGGGTCTGGTTTG 300 nM
IL13 CTGACCACCAGCATGCAGTACT 50 nM
IL13RA1 CGAGTCTGCTGTTACTGAGCTACAA 300 nM
IL13RA2 ATTTTAAGGAATGCACAGTAGAGTATGAA 900 nM
IL18 CGTGTTTGAGGATATGCCTGATT 300 nM
IL18R1 CAGAGAATGGAGAGGAGTATACCTTTG 900 nM
IL1A CTGAAGAAGAGACGGTTGAGTTTAAA 900 nM
IL1B TTGAATTCGAGTCTGCCCTGT 900 nM
IL2 ACAGTTGCTTTTGAAGGAAGTTAAGAA 300 nM
IL22 ATACGGCATTGGCTTAGCTTTT 900 nM
IL23A GAGAAGAGGGAGATGATGAGACTACA 900 nM
IL2RA AAGCGAGTTTACCACTTCATGGA 50 nM
IL4 GCCGGGCCTCGACTGT 300 nM
IL4R GCAGCGGCATTGTCTATTCA 300 nM
IL5 GACTGGTGGCAGAGACCTTGAC 300 nM
IL5RA CAAGGATGCCCCTGAGGA 900 nM
IL6 AATGTCGAGGCTGTGCAGATT 300 nM
IL8 CCGTGTCAACATGACTTCCAA 300 nM
IL8RA GCCCTGCCCATCTTCATCTT 900 nM
IL8RB GCCCTGCCCATCTTCATCTT 900 nM
IL9 CCTGTGAACAGCCATGCA 900 nM
INDO CTGGTTTCGCTATTGGTGGAA 300 nM
IRF1 ATCCAGCCCTGATACCTTCTCT 900 nM
ITGB1 TGCCGGGTTTCACTTTGC 900 nM
ITK GGTTCGTCCTTGATGACCAGTAC 900 nM
KIT CCCTAATGTCTGAACTCAAAGTCTTAAG 900 nM
KITLG AAAAAGATTCCAGAGTCAGTGTCACA 900 nM
KLRB1 TTTATAAACACTGGAATGACAGTCTAGCT 900 nM
LILRB4 GGAAGCCCAACTCCCTGGTA 900 nM
LTC4S TGAAGGACGAGGTGGCTCTT 900 nM
MAF CAGTTATAAAAATGGCATTACTGCACA 300 nM
MRC1 GGATGGCTCTGGTGTGGAA 900 nM
MST1 GGGCACTGTGGCCATCA 900 nM
MST1R CCCCACGAGCGGGTAGT 900 nM
MUC2 GTGCAGGTGCAGGTCAACA 900 nM
MUC3A AGTGGTTCGAGATCTGGGATGA 900 nM
MUC5AC TGCTCCTGGTCCAAGTGGTT 900 nM
NFATC2IP AAGCACCAGATGCTGGAAGTC 900 nM
NOS2A CGTTATGCCACCAACAATGG 300 nM
PDCD1LG2 GGGCAGTATCGCTGCTTCA 900 nM
PF4 GCTGCGTGTGTGTAAAGACCAT 900 nM
PIAS1 GCTATATTAACACATCCCTCATCCAA 900 nM
PIAS2 GAAGATGATCCGAGCTGCAGTT 900 nM
PIAS3 GACCTACCCCCGACCAAGAA 900 nM
PIAS4 ACCTCACCCACCTCATGTACCT 900 nM



PIGR AAGGGCCAGGGAGACTGAGA 900 nM
PPBP TCAGGGCAGGAGCTCACTGT 900 nM
PPIA GCCATGGAGCGCTTTGG 900 nM
PRF1 TTCGCGGCCCAGAAGAC 900 nM
PTGS2 CTGAACACCTCCGCTTTGC 900 nM
RAI17 AATCCTGCCAACTTCCACAATG 900 nM
RETNLB GCCTTTCTATAGGATGAAGCCAACT 900 nM
RPL32 TGGAAGAGACGTTGTGAGCAA 300 nM
RUNX1 TGAGTCAGCCTTTCTCCTGTGTAG 900 nM
SCNN1G GCTGCCTACTCCCTGCAGATC 900 nM
SLC11A1 GGCCGTGGGCATCGTT 900 nM
SOCS1 TTCTTCGCCCTCAGTGTGAA 900 nM
SOCS2 GGGTCTAACCGTGGACATTCAC 900 nM
SOCS3 CCCCTAGAAGAGCCTATTACATCTACTC 900 nM
SOCS5 ATGTACCTGGAAAATAAACCTCTTGG 900 nM
SOCS7 TCTTATATCCGAAAGTTCTACTACTATGATCCT900 nM
STAT1 CACAGAAATCAATTCAGTCTTGATGTATC 300 nM
STAT4 GAAAACCCTCTGAAGTACCTCTATCCT 300 nM
STAT6 CCTGGGTTGGTGAAGACATGT 300 nM
TBX21 TGGACCCAACTGTCAATTGCT 300 nM
TFEC TGCCAACAATTGACTCTGTCTCA 900 nM
TGFB1 AGGGCTACCATGCCAATTTCT 300 nM
TMED1 GCGGAAGCAATGTTTCTATCAGT 900 nM
TNF TGGCCCCTTGAGCATCA 300 nM
TNFRSF18 GTCCCAGCTGCTCCCAGTTT 900 nM
TNFRSF4 TGGACCAACTGCACCTTGGT 900 nM
TNFSF18 TTGGAGGCTGAAGATACTTCAGAA 900 nM
TNFSF4 AGGACGAAGACTCTTGAGGAACAA 900 nM
TNFSF8 TTCCAAGTCACATGATCCAGGAT 900 nM
TNFSF8 TTCCAAGTCACATGATCCAGGAT 900 nM
TPSAB1 ACCGGCCTGGCATCTACAC 300 nM
TRA@ CCTCCAAAACCTGTCAGTGATG 900 nM
TSLP GCATCAGGGAGACTCCAACCT 900 nM
TXK GTAGAGCTGAACGAGCCTTGAGT 900 nM
UBC GCGCACCCTGTCTGACTACA 900 nM
VTCN1 TTTGATAGAAAAGAATGCTTTGTTTCTAG 900 nM
XCL1 CGAAGTCCTACACAAGAGCATCTG 900 nM
XCR1 TCTTCTGCAAGCTTCTCAACATG 900 nM



Reverse Primer
TGCTGACCTAGAGCCACCATAG 900 nM
GTAGGTGGGAATGTCTTCTTTGCT 900 nM
CAGAGCACCACGAGGAAGGT 900 nM
CCACCCAAATGACACAGAGATCT 300 nM
TTCCTCATTTTGCAGACTAAGTCAAG 900 nM
GCACGGTGCAGTAGGTGATG 300 nM
CTTCCTCTGGTTCCATCTGAGTAGT 900 nM
CCTGAAAAGTGAGGAATTTGAAGTG 900 nM
GGGATCTTCTTTCTGGTCACATTAAA 900 nM
CATCAGGGTTGGTGCAGATCT 900 nM
GGAATGGCCCCTTTGAAGTAC 900 nM
GAAAGGCTCGAACCAGATTCC 900 nM
CCGCGATGGTCTTGAAGATC 900 nM
GGGTGAAGAATATGGTCTGTATATCG 900 nM
CAGATGGCGCATCAGTTCCT 200 nM
GCAGACACTGTCCTCCACGTT 900 nM
TGAAAGATTATACACTAACGACCAGTGA 900 nM
TGATCCTAGCGGAGGCTTTC 900 nM
GCAGGCGCCACTTAATGTG 900 nM
CCCATGTTTCCTGCGGTTT 900 nM
GCAGACACTGCGTCGAGACA 900 nM
TGAGGGCTGACACAGATTCTTCT 900 nM
CATTGAAAATAAATAACCTCAATTAAATACTATAAA 900 nM
CACGAAGTTGCGAGGAAGCT 900 nM
CCCGCACCCATTTCTTCTC 900 nM
CGGCTTTGGTCTTGAAGATCA 900 nM
GCCGATCAGGCCAATGAC 900 nM
CGCGATGGCCACGTATC 900 nM
GAACACAGCGTGGACGATAGC 900 nM
AGAATGGAAAGAACCAGCTCTGTCT 900 nM
CCTTCCATCTTGTGGAGTTGAAA 900 nM
CGTCGTTTGATAATCCATTTTGC 900 nM
TTCAGAAAGTAGCTCCGGAACTTC 900 nM
ACTTGGCCGCGCTGTATG 900 nM
TGCTGTGTGAACCCTATAATCTATGC 900 nM
TTTTGCGATATGGAGCATTGAC 900 nM
ACGCTGCGCACATCGAA 900 nM
GCCCATACTTGTGGTGAACGA 300 nM
TGGTTTTATCAAAGGCGTTACTGA 900 nM
CCCGGAGTCGGTTACTTCAAG 300 nM
CACACAAGTGGTGTCTGTTTTCG 900 nM
TGCTGTTTTACTACTGGCCTCG 300 nM
TGGTGTTTGGAGCAGAAGCTTT 900 nM
GCCTGTCACATTGAAATCCAGTT 300 nM
TGAGCCCTTGTCCTTGATTTG 50 nM
GCTTGGGTGGTGGCGTAGT 300 nM
TGGTAATCGGCATATTTTCTTCTTG 300 nM
TAAGAGGCAGGAGATCATCCAAAA 900 nM



AAAGTTCCATCCTCCAACAGACA 900 nM
ACCCACTGGTTCCCCTTGAC 900 nM
CCCATACTGGCGCAGAAATT 900 nM
CATTTGCAAGAGGAGCTGAACAC 900 nM
GTTTTCTTAAAGTCTTCAGAATCTTGGA 900 nM
AGCCACACACAGGGCACTGT 900 nM
AGTCCAGGGCCCGTCATG 900 nM
GCCTTATACCTCCCATACAATATTTAAAATA 900 nM
TTGGATGGTGAGGTTCACTTTG 900 nM
TGCAGACTCTGGTAGGCAAACA 900 nM
GTAATGAGTAAAATTGCTGCTCAGAATAC 900 nM
GACATCTTTTCTCCCCATTCTTTT 900 nM
CTTTCTCAATATCTGCCACTTTCACT 900 nM
AACGTGGCTCTCAAAGAATCG 900 nM
CTCATTCCAGGCGTTGTACCA 900 nM
TCCCTGGCCTCAGACTTAGC 900 nM
TTATTTGTAAAATTACATCAATAAATATCCAAA 900 nM
TCACTTCTGCCTTGGAGCACT 900 nM
GCTGACCTGTTTCTCCCACTCT 900 nM
AGCACGAAGAGGAGGCTGTAGA 900 nM
CCGTCATGCTTCTCAGTTTCTTC 900 nM
GTCTTTCACAAGTTTCCAGAAGTTCTT 900 nM
GCTGAAGGCCTGCATAATCAC 900 nM
GGTATGCTGACTTCTCATGATATGTTTT 900 nM
CCGGAAGGGGTGAACAGTT 900 nM
ATGAGGGATGTGCAGGACTGT 900 nM
ACCATGGAGAACATCAGGACATC 900 nM
CAGGAACTTCCTCGCCAAAG 900 nM
CTTTCAGGCTGAACTCATTGACA 900 nM
TGTCTTTTCTTGGTTTTCTTTGATCA 900 nM
CTGGGTTGAGATCAGTAGCCCT 300 nM
TTGAGATGAGGGTCCCATTCC 900 nM
GTGGCCCGGATGTGAAAA 900 nM
GGGTTGAACGAGCTGCTCTT 300 nM
CTGATTTTTTGTCCACGTGAATG 900 nM
GAAGAAGATGGAGGAGTGCAGCT 900 nM
ACGTAGGCCCCTTCCAGAGAT 900 nM
GGGTAGTAGGCGTGCATATGG 900 nM
AGGATGTCCGCGATGCA 900 nM
CCACCACACTGTCCGTTTGTAT 300 nM
 CCTGGGTATTGAGCCCGTACT 900 nM
GGAGTCAAATCAAGTCCAGGAAATA 900 nM
GGCTTTGCGCTGGATCTG 300 nM
ACGTGTTCACTTTGGGTTTGG 300 nM
GATCACCTCGCAGGCAAATT 900 nM
TGCTCTTCCACTCAACATGGAT 900 nM
CCCGGGCGATATGTACACA 900 nM
GCCCGGGACGTATGTACACA 900 nM
GCCCGGCCACTTCACA 200 nM



CTCCGGCTGTCCGTTTCTT 900 nM
GATGGCGAAGACGGTGATG 900 nM
TCTGATGTTTCTCTCCACAATGTCTT 900 nM
TCTGGTCCTTCGTTTGAAAGAAA 300 nM
AAGCTGTTCACAAGCTCAAGTATGA 300 nM
GCTGCAGTCGGAGATGTTGA 900 nM
TCCAGGGAGCCAGGTACAC 900 nM
CCCATCTTTGTAATGTAGATTCTTAGTAATG 900 nM
TGGTTACTGCCAGACCTCTAGTGA 300 nM
GGATCTCCTCAACAACAGCTCTTC 900 nM
AAGTTGTATTTCATGTTGCTCTGGAA 900 nM
CCCAGGAAGACGGGCTTT 900 nM
CCTGCTTGGGCATGTAAAATTT 300 nM
GAGCGCTGCTACCTGGTGA 900 nM
GGTGGATCCTTTGCAAGCA 300 nM
GGCAGACCCATCCCTGAAC 300 nM
TCCGCTCAGGAGGCTCTTC 300 nM
TCTTCACAACAGCAGCTACAGCA 900 nM
CTTCAATGCATAGTTGGTGATTTGT 300 nM
TGCTGTATTCTTGGCATTCTTCA 900 nM
TGGTGGCTTTGTCTGGATTCT 900 nM
GCCTCACAGAGAGCTGCAGAA 900 nM
GTATTGGCGCCCAGATCCT 900 nM
TTGTATTGGCGCCCATGTC 900 nM
GGAAACTTTCCAGGAGACTCCTC 900 nM
GCATCCAGGTCTTCACACTGTATT 300 nM
GGCCTGTTCAATGTCCAAGTC 900 nM
GTGACAATGTCCATCATTTGGTAAA 900 nM
CTATAGCGATTGAAAGAGAAGACTTCTG 900 nM
ATCACCATAGCAACAATATTCTGTAAT 900 nM
CTGCTACTGCTGTCATTCCTAAGG 900 nM
TGTATGAGTCTCAATTCCTCATTATCTTG 900 nM
GCATCACTGGGCTCTGACCT 900 nM
CCTGCGCGCCGAAAT 900 nM
AACATTTACTGATTATTGCCTTGAAAAC 900 nM
AATGCTGGTCAGTGGATCTTTATTC 900 nM
CGGCAGAAGTTCTCCTCCAA 900 nM
GATTCGATTCTGGGCCTCATC 900 nM
AGAGGCCGTTGTAGGAGATGAG 900 nM
CCAAGGCCACATGGAGGTT 900 nM
GGAGGATATTGCTGTAGGTCTCAAA 900 nM
TCCCATGGCCTCCTCGTA 900 nM
AGACCCGGAAGTCGTGCTT 300 nM
TCTTTATTTTCTTGTAGGAAGCTTTGACT 900 nM
GGTCCGGCCCCAATCA 900 nM
GGAAAGAAATCTAATCCTTGTAAGTCATAA 900 nM
TCATTAACAGACTACTCAGTACCATTCCA 900 nM
GGCTCCGTAGCACCGAAGA 900 nM
AAGTACAAGGCCACAGAGTAACTCTTG 900 nM



TTCACCATCCTTCACTGCTCTGT 900 nM
TTCTGGATCCAGGCAGATTTTC 900 nM
TTATTAGATTTGTCCACAGTCAGCAAT 900 nM
CTGTAGAAGCGACACTCCACTGA 900 nM
AAGCACATCGCACACTCTATTATGT 900 nM
TCCAGGTCGAACCCTTGCT 900 nM
ACAAGGGAGTCTAAGGAACACTGAGA 900 nM
CGGAAGTTTCTGGTACACAATGTAA 300 nM
TGTACTCGGACAGCAAGCAGAT 900 nM
GCGGAGGCAGAGGCTTACT 900 nM
GTACATGTTGGCTTCTCGGATGT 900 nM
GGCCTGGAAGTGCACGC 900 nM
CCCCCCATATCTGGAAGAAAA 300 nM
AGGTGGCCGTTGACTGTTTT 900 nM
TGGAGTTTCAAGTTACCTCTTTAAAACA 900 nM
CCTCTTGCTTCTGTTTGGAAATG 900 nM
GAAAGTACTACTCCAGGCCAAAGGA 300 nM
TCACATGGCTGGGAGCTGTA 300 nM
GCCCCTCCAAGAGAAGCTTAG 300 nM
ACGGCTGGGAACGGGATA 300 nM
TGAAGTGTGACAAAGGATCAGAGAA 900 nM
CGGGTTGTGCTGGTTGTACA 300 nM
TGCGATCACCTGGTACTCAGTCT 900 nM
CGGGCTTATCTGAGGTTTGAGA 300 nM
GGCTGCACACGGCATTG 900 nM
TGTCCTCACAGACGGCATCT 900 nM
TTGCCCCTTGTAAGCTGTGTT 900 nM
GATGTAGGTGAGACACAGGAGCAA 900 nM
TCACACCTTATCTCTCCTCATCTGA 900 nM
TCACACCTTATCTCTCCTCATCTGA 900 nM
AGGAGGTGACTGGCTTTGCA 300 nM
GGACCACAGCCGCAGTGT 900 nM
CTTCTCATTCCCAGTGCACATG 900 nM
CCATCAACGAAGGTTCCATGT 900 nM
AGATCTGCATCCCACCTCTGA 900 nM
TATAACAAAATGTAATACAGCCATGGTG 900 nM
GCCCTCCTTGATGGTGTAGGT 900 nM
GGCTGACCACGGACAGGTA 900 nM



Probe
TCCATCACTTGGCAGCTGGGCA 200 nM
AGGACCTGACCTATGCCTCCCTGTGCTT 200 nM
CCTTTGAGCGGGTCTACACTGCCAAC 200 nM
TGGCCATGCCAGGGTCCACC 150 nM
CGAACCATGTCAGCAAAGAGCAAAATCA 200 nM
CGTGGGCTTCCTGCTGCCCCT 200 nM
TCTCAGGCAGGGCCCGGCTTC 200 nM
AAAACAGCAGTGTCCCACAGGCCTG 150 nM
ACCCAGGTGCTTGCTTAGCCAGCTTC 200 nM
TCATCTTCATCACCAAACGGAACCGA 200 nM
AGGCAGCACTCCCGGCCCA 200 nM
CACAGACAGGCAGCAGTCTTCAGCATC 200 nM
TCACCAGCAGCAAGTGTCCTAAAGAAGCA 200 nM
AGTCAGAAGCAGCAAGCAACTTTGACTGC 200 nM
CTCGCCCCGGAAGCGCTCTC 900 nM
CTTCAAGCAACTGAGGCAGGCCCCTA 200 nM
TGTCATCTTCCTCACCAAGAAGGGGC 200 nM
CCGCTTGGCGTCCAATTTCTTCATG 200 nM
TGAGGACTGCTGCCTGGCCTACCAC 200 nM
CACCAAAAAAGGCCACAAAGTCTGTGCA 200 nM
CACCTCCAGGCCTTCGTGCTTCA 200 nM
ACTTGGCTGCTGTCATCCTTCATGTCAA 200 nM
TTGCCAAACAGCCACTCTCTGGGACTC 200 nM
CCAATGGGCTCAGACCCTCCCAC 200 nM
TGGCACACACCTGGCGGTTCTTTC 200 nM
TCACCAACAGCCAGTGTCCCCAGG 200 nM
TGGGCCCCAAAGGCCCTCTC 200 nM
CGCGATGGCCACGTATC 200 nM
CGGAATCTTCTTCATCATCCTCCTGACAATC 200 nM
CAGCAGAGAGTTCCTGCTCTCCCGTT 200 nM
CTGAGCGCAACCATACCTACTGCAAAACC 200 nM
CCCTTCAAGAATCTCTCCCGGGTCTG 200 nM
CCGGTGCTCTACGCCTTCATCGG 200 nM
CATCCTCTTCCTCCTGACCCTTCCCTTC 200 nM
AGGTGTTTCTTGAACTTCTCGCCCATGA 200 nM
CGCTTGTAGTCGGCACCACCATAGCT 200 nM
CCCTGCTCGTTGGCCATCTGC 200 nM
CAACCTTAGCTGCAAGTACACCTACAATCTCTTCTC 150 nM
CATTGAGAAACACCTGCACCATCCC 200 nM
CCATGGATCCTTTCCCCTGATCATCAA 200 nM
CAGCACAAATACTGCGACCCCAACC 150 nM
ATCCTCAAATTGCGGCACATGTCATAAG 200 nM
CCAAGAAAACAAAGAACTGGACCTTGGCC 150 nM
TCCCAAGATCCTGAAACTGAGCTCTACATGA 200 nM
CCACCTGGACCCTGAGACTCCACAAC 200 nM
CAGCAAAGCCCACCAAGACGCC 250 nM
CCACCACTGCCCAGCCCACC 250 nM
TGGAGAATCTATTAAGAATCCCACCTGCTTTCA 200 nM



AACACACTCAAGAACAGGAACCCCAACCT 200 nM
CTCCAGGATCAGCAGGTTCCCTACGC 200 nM
CGCCAGACTTTCATCACCTCAGTCATCA 150 nM
GGCTGTTCCAGCAAAGCTGCCC 200 nM
CACTTCCCATGTGCTTCGGAGATTGC 200 nM
CACTGCCCATCTGTGTGTGTCCCAG 200 nM
CCCTGCTGTCTTCACCCGGATCTC 200 nM
CACTCTTGGCATACCTTCCAGATGTATGTGAA 200 nM
TGCACTGGCACCTCCACCGAAA 200 nM
CAAGGAAGGCCAGCAGCCCCA 200 nM
CCCGCCTGCTCCTTTGTGATTCAG 200 nM
CTTGCCCACATGTTGAGATCATTGCCAC 200 nM
CCAATGCAAAGACACCTTCCCGCTT 200 nM
CCTCGTGCTGACCGCGCTCTG 200 nM
CCCAAGCTGCAGAGCACCAAGC 200 nM
ACACATCCACTGTGGGCCACAGTCTG 200 nM
CCTCTCTATTTCAGGACAGAGCGGAAACAC 200 nM
CCCGGGATTCATCCCAAGATGATCA 200 nM
ATCCCCATTCTTCATTGTAGCAATGACTTCC 200 nM
CTTCGACCGGGCCTTCCTGCC 200 nM
CTGGTAACCCATGACCAGGATGACCAATC 200 nM
CCTGCCTTAACCCTGTGCTCTATGCCTT 200 nM
ACTCCTCGCACAAGCAGCGCAAGA 150 nM
CACAAAGCCATTGCCGAAGAAACCC 200 nM
CCAGGAAACGCACAACACTCAGCAC 150 nM
CAGCTCAAGGTGCTGTCCCACAACC 200 nM
CCAGAGGCCACCAGCTGCACC 200 nM
AGAGCCCACAGAAGCGCCTCCAA 200 nM
CCCACATCACCCAGTCCCGAACAT 250 nM
CCCAGAGAATGTCACCCACAAAGTCAGG 200 nM
TCCACAACAAACAGAATCGCCACCA 150 nM
CCCTGGCACTTCAGAGTCACAGAATCCT 200 nM
AGCCAGAGGACTTCCTCAAGCACTGCC 200 nM
TCCTCCAGCGTGTCGTGCACCT 150 nM
CTGAGGGCCATCTATATGCCTCAGAATTTCTATT 200 nM
CACGAGTGGCCCACGGCCA 200 nM
TCCTGCCCTTGCTGCTACTCCTCACA 200 nM
CAATGTACCACCCCAGGCATGATGATTC 100 nM
CGCTGCCGTCAAGAAACCCTCCT 200 nM
CATCTTTGGGCTGTTTTCTTCCGCC 200 nM
TGCAGGTGAAATTGATCTTCAAATTCTCTCCA 200 nM
TCTCTCCAACTCGAAGTGCAAGATTCCC 200 nM
CTTCGAAAAGCTGATTAAAATTCCGGTAGATAATCTGC200 nM
AGCGCGCTAACCGCCACCATC 150 nM
CCTCCTTCTTCGTCTACAGCCGCCT 150 nM
CTGTCCAGGAGCAAAGTCACGCTAACCT 200 nM
CCACTCGCTGCACCCCTCAAGC 200 nM
TGCTCTTGGGTCCCAAGAGCTCACCT 200 nM
CAAAGACCAAACCACCATGTCCCATATGC 900 nM



CTGTCCAGGAGCAAAGTCACGCTAACCT 200 nM
CTCTCTGTGCACCTCCAATCCCAACTCT 100 nM
AGGATCATCCGCTCTGCTGAAGACCC 200 nM
CAACCAGCCTGCCCCACATGC 150 nM
ACCAGCAGCTTCTTCATCAGGGACATCA 200 nM
TGCCGCCCTGGAATCCCTCA 150 nM
CGTTTGGCACAACCTGCGCTACATG 200 nM
CGAAACATTGATAGTGAAAGCTGGAAGACGA 200 nM
TGACTGTTCAGATAATGCACCTCAGACCGT 100 nM
CAAAATGTTTCTCCAACACCCTGGGCA 200 nM
CAGAAGAAGAAATCATCAAGCCCAGATCAGC 200 nM
CAACTGGTACATCAGCACCTCTCAAGCAGAA 150 nM
CGAGAATGCTGATCTCTCCAGGATGCTC 150 nM
TGAACTTCACCCTTGAAGAAGTGCTGTTCC 200 nM
CTGAGGATCACAGCCATCCCCGC 100 nM
CAGACAGTTCGGTACCAGTGCCTCCC 100 nM
CTTCGGCACATCTACAGACACCACACG 200 nM
CTGCCACCTGTGCGGCCACC 200 nM
CTGCTCTCCATTCATCGAACTCTGCTGAT 200 nM
ACGCAGTATTTCCTCTACTATAGGTACGGCTCTGTG 200 nM
AGCACTGATCCAGACCCTGAGGCAAA 200 nM
CTGTTGCCTTCTTGGCAGTTTTCCTGC 200 nM
CGTGAAGCCTACCATCCACCCTACTCC 200 nM
CGCAGGGCCATCCATCCACC 200 nM
ACCACAGTAGGCAACACGCTCATCTTTCTG 200 nM
CTGCAATCAAGGTGATCCCCACTCTATTCA 150 nM
TGCCTGATGACCACAGCAGCTACACA 150 nM
AACAATGCCACCAAGTTTCCCATCTCC 200 nM
CCAGTTCCACAGGCACCAAATTCCC 200 nM
CCTGCACCATTGGAGGGCCCA 200 nM
CCATTTATGTTACCCCCTGTTGCAGCC 200 nM
CTGTTCCACAAAAGAATCCAGTCTGCTGC 200 nM
TCTCCATACAATACATGACTGAGGCCTACGC 200 nM
AGTCCTGCTGCAAGCCTACTTCTCCCTG 200 nM
AGTTACAGAAAATCCAGTTCTGCACCACAATACAA 150 nM
TGCCCTCAAATTTCAATGGACAATATCCAAAT 200 nM
ACCACAAGTACACGCCCACACTCCG 200 nM
TGACCGAGTCATTGGCAAAGGCCA 200 nM
CATCAACTACGTGGTGGACATCCCCG 200 nM
CCATCTTTAACTGTTCTGTCATCCTCAAAACCC 200 nM
CGTGGACTTCCCGTCCCCCG 200 nM
CTCCTCTCAAGACCCTCATGTCCCGC 200 nM
ATCAGGTCGGCCATCACCGTG 200 nM
CGCCTGGGACTACAAGTACCTGACTCTGAA 200 nM
TCAGCCCCAAGCATATCTCCAGCCTA 200 nM
CATCCTTTCCACATGACACCCATGCC 900 nM
CTCCTGGCAAATCTGATGACATGCTTGATA 200 nM
CTACCTGGAAGCAAAGGAGTCCTGACATC 200 nM
CTCGGCCACCAACCGCATCACT 200 nM



TCCTGGATCCCAGCCTCATTGCA 150 nM
TCATTCTTCAGCGTGGCTATCACTTCGAC 200 nM
TGATCTTCTTGCTGGTCTTGCCATTCCT 200 nM
CACCAGGACCAGTACCGCTTCAGCC 200 nM
CAGACCAGGCACCAGACCAAAGACCTC 200 nM
CACCGTCAAACAGCCCATCAGGC 200 nM
CCTCATCCTCCTTCTTCAGTTGATAATCGCA 200 nM
ATTTGTTGCACATTAGCAGCACTTCAAGCTC 200 nM
CCAGCAGAACAGAGACATTGCCAACC 200 nM
CGCACCCACATTTCTCCACCATCTT 200 nM
CGCCATCATCATGCCCCACAAC 150 nM
TTCGGGCCCCACAAGCATCC 150 nM
TCTCCCTTCTACCATGTAGAACCCTTTGGC 150 nM
CTGGTGTTGAGCCGGCCCCTC 150 nM
TGCTTGCATATATAGTCTTTCTCCAAAAATCAGTACCA200 nM
AGCTGCGCTTCCTTTAGAGACAGGTATACCT 200 nM
CCTTTAGGGCCGTCAAGTTCCATAGGTTC 100 nM
ACATTCCCAAAGACAAAGCCTTCGGTAAACA 200 nM
TGCTGCCTCCCACTGAACAGGACCT 200 nM
ACCACTACTCTCCTCTCCTCCCCAACCAGT 150 nM
CAAGCCCTGAGCTCTGTGATCAAGCTATG 200 nM
CCTAGACACTCAGTACAGCAAGGTCCTGGC 200 nM
CGCCGGCCAACGCAAGCCT 200 nM
CCCTCTGGCCCAAGGACTCAGATCA 150 nM
CACGTTCCCTGGGAACAAGACGC 200 nM
CGCCTGCAGCGTTCGCTTCC 150 nM
CTTGTATTTAATTTATGGCCAAGTGGCTCCCA 900 nM
CCCAGACCCTGAATTACGGAGGCC 150 nM
CCCATCTCTGTTCCAAGAAGGATTCTCCC 200 nM
CCCATCTCTGTTCCAAGAAGGATTCTCCC 200 nM
CGCGTCACCCACTACTTGGACTGGAT 200 nM
CATCATCCTCCTGAAAATGGTTGGGTTTAAC 200 nM
AGCCCATATTCACCCATGTTGTTGCCT 200 nM
CATCACTTTAGCCTCTTCAATGAAATCCTCTTCA 200 nM
AGTCCACCCTGCACCTGGTCCTCC 200 nM
CCACTGCCTCCCTGGCACTTTGG 200 nM
TCTAACTACCCGGCGACTGCCAGTTAAA 200 nM
TCTTCTCCATCAGCCTCTACAGCAGCATC 200 nM



Table S3  Liver 7 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

 Alternatively Activated Mφ ARG1 4.4 p < 0.01 2.0 2.2 2.1 2.3
CHIA 3.7 p < 0.05 1.2 2.2 3.6 p < 0.05 2.8 p = 0.06
CLEC10A (MGL) 1.6 -1.1 1.2 1.9 1.1
MRC1 3.2 p < 0.05 2.6 2.1 1.6 2.0
RETLB (FIZZ1) 1.0 1.9 1.8 2.4 1.1
TFEC 1.9 2.2 2.0 2.0 2.1

Chemokines CCL2 (MCP1) 1.6 1.1 1.1 1.8 -1.0
  CCL Chemokines CCL3 (MIP1A) 1.8 1.4 1.8 1.7 1.6

CCL4 (MIP1B) 1.5 1.0 1.3 1.4 1.3
CCL5 (RANTES) 2.2 2.8 p < 0.05 1.5 2.7 p < 0.05 3.1 p < 0.05
CCL8 (MCP2) 2.0 1.4 1.9 2.4 p < 0.05 1.3
CCL11 (EOT) 3.8 1.2 6.8 35.9 p < 0.005 4.9
CCL16 (LEC) 1.6 1.3 1.3 1.4 1.6
CCL17 (TARC) 3.4 1.4 5.1 14.1 p < 0.05 4.4
CCL19 (MIP3B) 1.7 1.9 1.5 2.2 1.7
CCL20 (MIP3A) -1.2 -1.6 -1.6 3.0 1.2
CCL21 (SLC) 2.5 2.0 1.4 2.2 1.3
CCL22 (MDC) 3.2 2.0 2.7 10.9 p < 0.05 2.0
CCL23 (MPIF-1) 2.7 3.1 2.4 2.2 2.2
CCL24 (EOT2) 1.1 -1.3 1.0 2.7 2.5
CCL25 (TECK) 1.6 1.0 2.5 1.7 1.3
CCL26 (EOT3) 1.1 1.5 4.2 37.2 p < 0.005 6.9 p < 0.05
CCL27 (CTACK) 2.8 p < 0.05 2.1 1.8 2.4 p < 0.05 2.7 p < 0.05
CCL28 (MEC) 1.4 -1.0 2.0 p < 0.05 2.2 p < 0.05 1.5

  CXC CXCL2 -1.5 -1.7 -1.1 -1.5 -2.6
PF4 (CXCL4) 1.0 -2.9 1.1 1.2 -3.0
CXCL5 1.4 -1.1 3.0 p < 0.005 4.1 p < 0.01 1.4
PPBP (CXCL7) -1.0 -1.5 1.1 -1.7 -1.0
IL8 (CXCL8) 1.0 -2.6 -1.6 -1.4 -1.4
CXCL9 (MIG) 1.4 -1.0 1.1 3.9 p < 0.005 -1.2
CXCL10 (IP10) -1.4 -1.0 1.4 1.7 -1.3
CXCL11 (ITAC) -1.2 1.0 1.5 1.3 1.0
CXCL12 (SDF1) 1.8 1.1 1.3 1.2 -1.1
CXCL14 (BRAK) 1.6 -1.4 1.9 2.7 1.5
CXCL16 (SR-PSOX) 1.0 -1.0 1.1 -1.4 1.0

  XCL XCL1 -1.1 1.4 1.0 1.1 -1.3

Chemokine Receptors CCR1 4.9 p < 0.05 3.5 p < 0.05 4.6 p < 0.05 3.6 p < 0.05 4.6 p < 0.05
  CCR CCR2 2.7 p < 0.05 1.1 2.0 p = 0.07 2.8 p < 0.05 1.7

CCR3 1.2 1.0 4.9 p < 0.05 1.4 4.1 p < 0.05
CCR4 1.6 2.0 2.4 p < 0.05 2.2 p < 0.05 1.1
CCR5 2.8 p < 0.05 1.6 2.5 p = 0.06 2.9 p < 0.05 2.1

1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg 1000 ug/kg Control 100 ug/kg



Table S3  Liver 7 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

Chemokine Receptors CCR7 2.3 -1.7 1.4 2.7 -1.9
  CCR CCR8 3.2 2.1 3.6 p = 0.07 2.0 1.9

CCR10 -1.1 1.1 1.4 1.5 1.8

  CXCR IL8R1 (CXCR1) 2.5 p < 0.05 1.7 p = 0.06 1.7 p < 0.05 1.6 p = 0.06 1.6 p = 0.07
IL8R2 (CXCR2) 1.9 1.3 1.3 1.3 -1.0
CXCR3 2.4 p < 0.01 1.8 p = 0.06 2.2 p < 0.05 3.0 p < 0.005 1.5
CXCR4 -1.2 -1.2 -1.2 1.2 -1.5
BLR1 (CXCR5) 2.0 3.6 1.5 3.1 2.0
CXCR6 1.4 2.0 1.1 -2.4 -1.0
CMKOR1 (CXCR7) 1.6 1.7 1.4 1.8 1.2

  XCR XCR1 1.5 2.7 1.3 1.3 -1.4

  CX3CR CX3CR 2.9 p = 0.06 2.1 1.4 1.2 1.5

Chitinase and FIZZ Family CHIT -1.1 2.5 1.1 1.7 2.4
CHI3L1 (YKL40) 3.1 5.0 p < 0.05 1.9 2.9 1.8
CHI3L2 (YKL39) 2.9 2.0 2.0 3.8 1.8

CTL/NK Cell Associated CD8A 1.6 1.4 1.4 2.9 p < 0.005 1.0
CD8B 1.1 -1.0 1.3 1.6 1.0
FCGR3B (CD16) 1.4 1.2 1.4 1.3 1.6
KLRB1 (NKR-P1A) 1.2 1.3 1.3 1.1 1.3
PRF1 2.8 p < 0.05 1.8 p = 0.07 2.0 3.1 p < 0.05 1.1

Eosinophil Associated EPX 3.1 -1.4 10.2 p < 0.05 8.7 p < 0.05 4.6

Immunoglobulin Associated IGHA1 1.4 1.7 1.1 4.6 p < 0.001 1.4
IGHE 3.0 6.6 p < 0.05 6.2 p < 0.05 5.7 p = 0.06 9.6 p < 0.05
IGHG1 3.7 p < 0.05 1.6 16.8 p < 0.0001 16.4 p < 0.0001 4.5 p < 0.01
IGHG2A -8.0 3.4 2.1 2.2 -1.3
IGHG2B 2.0 1.0 7.2 p = 0.06 29.5 p < 0.005 3.9
IGHG3 -3.5 1.2 1.4 5.6 -22.4
IGHG4 -2.7 2.4 11.1 12.1 5.5
IGJ 2.1 p = 0.06 2.0 p = 0.07 3.0 p < 0.01 5.2 p < 0.001 1.6
IGHM 3.3 p < 0.05 2.6 p = 0.06 4.4 p < 0.01 7.0 p < 0.001 2.1

Inflammation IL1A 2.8 3.6 p = 0.06 2.5 2.8 4.2 p < 0.05
IL1B 1.8 1.6 1.1 3.0 p < 0.005 -1.1
IL6 1.8 1.7 1.2 2.0 1.0
NOS2 3.8 p < 0.01 1.4 2.6 p < 0.05 5.2 p < 0.001 2.1
TNF 3.6 p < 0.05 2.5 2.8 p < 0.05 3.1 p < 0.05 2.3

Mast Cell Associated CMA1 1.2 -1.1 2.2 1.6 -1.1
FCER1A 1.8 p < 0.05 1.3 2.5 p < 0.005 3.4 p < 0.0005 2.1 p < 0.05
HDC 2.9 p < 0.05 2.0 4.3 p < 0.01 6.1 p < 0.005 3.2 p < 0.05
KIT 3.3 p < 0.005 1.6 2.4 p < 0.05 2.4 p < 0.05 1.9 p = 0.06
TPSAB1 (MC trypt) 1.8 1.4 5.8 p < 0.05 17.5 p < 0.001 5.7 p < 0.05

1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg 1000 ug/kg Control 100 ug/kg



Table S3  Liver 7 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

Misc CD4 1.9 p = 0.06 1.3 1.5 2.1 p < 0.05 1.3
CD69 1.2 1.4 1.1 -1.0 -1.1
HNMT 1.2 1.1 1.0 1.2 1.1
IL2 1.5 1.4 1.3 1.8 -1.2
INDO 1.2 1.1 -1.4 2.4 1.4
ITGB1 (CD29) 1.6 p < 0.05 -1.1 1.3 1.1 1.1
KITLG (SCF) 2.3 p = 0.06 1.4 2.0 1.6 1.6
LILRB4s1 4.8 p < 0.01 1.5 3.3 p < 0.05 2.5 p = 0.08 2.0
LILRB4s2 3.3 p < 0.05 2.6 p = 0.08 4.4 p < 0.05 -1.0 1.7
MST1 2.7 p < 0.05 1.4 1.9 2.0 1.1
MST1R (RON) 3.0 p < 0.01 1.2 3.0 p < 0.01 3.5 p < 0.01 1.6
PIGR 4.6 p < 0.005 1.9 10.0 p < 0.0001 7.6 p < 0.0001 7.7 p < 0.0001
TNFSF18 -1.4 -1.2 -1.4 1.2 1.3

Prostaglandin/Leukotriene ALOX15 2.2 2.2 4.6 p < 0.05 2.0 1.3
ALOX5 3.0 p < 0.05 1.9 2.6 p < 0.05 4.4 p < 0.005 2.2 P = 0.08
ALOX5AP 1.1 1.3 1.0 1.2 1.3
CYSLTR1 1.9 p < 0.05 -1.1 1.9 p < 0.05 2.2 p < 0.01 1.5
CYSLTR2 1.7 -1.1 1.6 1.5 1.6
LTC4S 1.5 1.1 1.1 1.1 1.1
PTGS2 (COX2) 2.0 p = 0.06 2.0 p = 0.06 1.7 2.3 p < 0.05 1.6

T Cell Costimulatory CD274 (B7-H1) 4.5 p < 0.05 2.8 2.5 4.3 p < 0.05 1.9
  Accessory Cell Expressed CD276 (B7H3) 2.0 1.4 1.6 1.6 1.2

CD80 (B7-1) 3.9 p < 0.005 2.2 p < 0.05 2.6 p < 0.05 2.2 p < 0.05 1.5
CD86 (B7-2) 1.2 1.0 1.5 1.6 1.0
PDCD1 -1.2 -1.6 -1.3 -1.1 1.2
PDCD1LG2 (B7-DC) 2.6 p < 0.05 2.2 p < 0.05 2.5 p < 0.05 2.1 p < 0.05 1.9 P = 0.07
CD40 (TNFRSF5 ) 1.8 1.2 1.4 1.4 1.4
TNFSF8 (CD30L) 1.7 -1.2 1.9 1.9 1.0
TNFSF4 (OX40L) 1.4 -1.1 1.3 1.6 1.1
VTCN1 (B7H4) -1.6 1.2 3.0 1.8 -1.2

  T Cell Expressed CD40LG 1.7 1.3 1.2 1.6 -1.5
CTLA4 2.9 p < 0.05 1.6 1.8 2.3 p = 0.08 1.3
ICOS 1.5 1.4 1.1 1.9 -1.3
TCRA 1.8 P = 0.05 -1.1 1.6 2.5 p < 0.01 -1.0
TNFRSF4 (OX40) 1.7 1.9 2.5 6.0 p < 0.05 -2.0

Th1-Associated EBI3 (IL27) 1.3 1.5 1.6 1.5 1.0
  Cytokines IFNG 1.1 2.4 1.3 3.4 p < 0.05 -1.0

IL12A 1.8 2.9 p < 0.05 1.2 2.2 p = 0.08 1.5
IL12B 2.0 2.2 1.4 6.1 p < 0.005 -1.9
IL18 1.2 1.3 1.3 1.4 1.6
IL22 1.2 1.4 1.0 1.2 1.2
IL23A 1.7 1.1 -1.2 2.8 1.2

1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg 1000 ug/kg Control 100 ug/kg



Table 3S  Liver 7 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

  Surface Receptors IL18R1 2.0 1.0 2.7 2.2 1.0
HAVCR2 (TIM-3) 2.7 3.1 1.3 2.4 2.3

  SOCS/PIAS SOCS1 2.6 p < 0.01 1.1 -1.0 1.4 1.3
SOCS2 2.9 p < 0.05 1.5 1.1 -1.3 -1.5
SOCS5 1.2 -1.3 1.5 1.4 1.3
PIAS4 1.4 p < 0.05 1.1 1.2 1.0 1.0

  Intracellular Signaling ITK 2.5 p < 0.05 2.2 p < 0.05 2.1 p < 0.05 2.5 p < 0.05 1.6
TXK 1.4 -1.4 1.3 1.1 -1.3

  Transcription Factors HLX1 1.4 1.4 2.9 p < 0.05 1.9 1.1
IRF1 1.8 p < 0.05 1.7 p = 0.06 1.3 1.7 p = 0.06 1.2
RUNX1 1.4 1.2 1.3 1.6 1.5
STAT1 1.0 1.2 -1.1 1.4 1.4
STAT4 1.2 1.2 1.2 1.3 -1.2
TBX21 2.5 p < 0.001 1.6 p < 0.05 1.3 3.4 p < 0.0001 -1.1

Th2-Associated C19orf10 (IL25) 1.7 p < 0.05 1.3 1.4 1.6 1.4
  Cytokines IL4 3.6 p < 0.01 2.6 p < 0.05 4.0 p < 0.005 8.3 p < 0.0001 3.3 p < 0.01

IL5 -1.1 1.8 -2.2 p < 0.05 -1.2 -1.1
IL9 1.6 1.2 3.0 1.1 -1.5
IL13 14.3 p < 0.005 12.7 p < 0.05 19.7 p < 0.0005 61.1 p < 0.0001 20.6 p < 0.0005
IL17E 10.3 p < 0.01 4.3 12.4 p < 0.01 15.3 p < 0.005 15.6 p < 0.0005
TMED1 (ST2L) 2.9 p < 0.05 1.6 1.8 2.3 p = 0.08 1.3
TSLP 1.2 -1.2 -1.3 1.6 1.1

  Cytokine Receptors IL4R 2.1 4.3 p < 0.05 4.0 p < 0.05 5.2 p < 0.01 3.6 p < 0.05
IL13RA1 3.0 p < 0.001 1.8 p < 0.05 2.0 p < 0.05 2.1 p < 0.05 1.6
IL13RA2 -1.2 -1.3 -1.1 -1.6 -1.2
IL5R 1.7 -1.2 4.0 p = 0.06 4.0 p = 0.06 3.9 p = 0.06

  Miscellaneous DEF6 (SLAT) 3.3 p < 0.0005 2.1 p < 0.01 2.6 p < 0.005 3.5 p < 0.0001 1.6
NFATC2IP (NIP45) 2.8 p < 0.05 1.7 1.4 1.6 1.2

  SOCS/PIAS PIAS1 1.4 p < 0.05 1.1 1.1 1.2 -1.2
PIAS2 1.2 -1.1 -1.0 1.1 -1.3
PIAS3 1.7 1.1 1.0 1.1 -3.4 p < 0.05
SOCS3 8.8 p < 0.001 7.8 p < 0.005 4.0 p < 0.05 4.9 p < 0.01 4.6 p < 0.01
SOCS7 2.7 p < 0.01 1.5 2.3 p < 0.05 2.0 p < 0.05 1.6

  Surface Receptors GPR44 (CRTH2) 4.4 p < 0.05 1.6 2.2 4.9 p < 0.05 2.4

1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg 1000 ug/kg Control 100 ug/kg



Table S3  Liver 7 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

Th2-Associated BCL6 1.2 1.3 -1.3 -1.1 1.1
  Transcription Factors ETS1 1.9 p < 0.05 1.5 1.8 p < 0.05 1.4 1.1

ETS2 3.8 p < 0.005 2.8 p < 0.05 1.8 1.7 1.4
GATA3 2.4 p < 0.05 1.8 1.8 4.2 p < 0.001 1.9 p = 0.06
MAF 1.3 -1.1 1.4 -1.1 1.2
STAT6 2.3 p < 0.005 1.9 p = 0.07 1.8 3.4 p < 0.005 2.1 p < 0.05

Treg Associated CD25 1.9 1.4 1.5 3.1 p < 0.05 1.2
FOXP3 2.8 p = 0.07 4.1 p < 0.05 5.6 p < 0.01 9.7 p < 0.001 2.8 p = 0.08
IL10 3.0 4.4 1.8 2.5 5.2
TGFB1 2.1 p < 0.05 1.2 1.8 p = 0.06 2.4 p < 0.01 1.6
TNFRSF18 (GITR) 1.5 2.0 1.9 9.3 p < 0.01 1.1

VA Regulated CD38 1.8 1.6 2.2 p < 0.05 2.6 p < 0.005 1.5
CYP26A 1.0 -2.5 -2.5 1.2 -1.4
RAI17 1.7 -1.1 1.4 1.0 -1.1

InfectedControl Control Infected Infected
1000 ug/kg100 ug/kg 1000 ug/kg Control 100 ug/kg



Table S3  Liver 7 DAI vs Infected Liver 7 DAI vs
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

 Alternatively Activated Mφ ARG1 -1.0 -1.0 -2.1 1.1
CHIA 1.6 1.3 1.0 1.3
CLEC10A (MGL) 1.5 -1.2 1.1 1.2
MRC1 -1.3 -1.1 -2.0 -1.3
RETLB (FIZZ1) 1.4 -1.6 2.4 -1.7
TFEC 1.0 -1.3 1.0 1.0

Chemokines CCL2 (MCP1) 1.7 1.1 1.1 1.0
  CCL Chemokines CCL3 (MIP1A) -1.0 -1.1 -1.0 1.1

CCL4 (MIP1B) 1.1 1.0 -1.0 1.3
CCL5 (RANTES) 1.8 2.0 1.2 1.1
CCL8 (MCP2) 1.2 -1.5 1.2 -1.1
CCL11 (EOT) 5.3 p = 0.09 -1.4 9.2 p < 0.05 4.0
CCL16 (LEC) 1.1 1.2 -1.1 1.2
CCL17 (TARC) 2.8 -1.1 4.0 3.1
CCL19 (MIP3B) 1.4 1.1 1.3 -1.1
CCL20 (MIP3A) 4.7 p < 0.05 1.3 3.6 p = 0.08 1.4
CCL21 (SLC) 1.0 1.0 1.0 1.0
CCL22 (MDC) 4.0 p = 0.07 -1.4 3.4 -1.0
CCL23 (MPIF-1) -1.1 1.5 -1.3 1.1
CCL24 (EOT2) 2.6 2.4 3.5 p = 0.06 3.2
CCL25 (TECK) -1.4 -1.9 1.1 1.3
CCL26 (EOT3) 8.6 p < 0.05 1.6 34.3 p < 0.001 4.6
CCL27 (CTACK) 1.4 1.5 -1.1 1.3
CCL28 (MEC) 1.1 1.1 1.6 2.3 p < 0.01

  CXC CXCL2 1.6 1.1 -1.0 -1.5
PF4 (CXCL4) 1.1 -1.9 1.2 1.7
CXCL5 1.4 -2.1 2.9 1.6
PPBP (CXCL7) -2.0 1.1 -1.7 1.2
IL8 (CXCL8) 1.2 1.2 -1.4 1.9
CXCL9 (MIG) 3.4 p < 0.05 -1.4 2.8 p < 0.05 -1.1
CXCL10 (IP10) 1.2 -1.7 2.3 -1.2
CXCL11 (ITAC) -1.1 -1.4 1.6 1.0
CXCL12 (SDF1) 1.0 -1.3 -1.4 -1.4
CXCL14 (BRAK) 1.6 1.1 1.7 2.5 p = 0.05
CXCL16 (SR-PSOX) -1.4 -1.0 -1.4 -1.2

  XCL XCL1 1.1 -1.1 1.3 -1.9

Chemokine Receptors CCR1 -1.3 1.0 -1.4 1.3
  CCR CCR2 1.4 -1.1 1.0 1.6

CCR3 -2.1 -1.2 2.6 4.9 p < 0.05
CCR4 1.1 -2.6 p < 0.05 1.8 -1.9 p = 0.06
CCR5 1.2 -1.1 1.0 1.3

1000 ug/kg
Infected Infected Infected Infected

100 ug/kg 1000 ug/kg 100 ug/kg



Table S3  Liver 7 DAI vs Infected Liver 7 DAI vs
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

Chemokine Receptors CCR7 2.0 -2.6 p = 0.07 1.2 -1.1
  CCR CCR8 -1.7 -1.9 -1.6 -1.1

CCR10 1.1 1.3 1.7 1.6

  CXCR IL8R1 (CXCR1) -2.1 -1.4 -2.1 -1.5
IL8R2 (CXCR2) 1.9 1.3 -1.1 -2.3
CXCR3 1.4 -1.4 1.3 -1.2
CXCR4 1.4 -1.3 1.4 -1.8
BLR1 (CXCR5) 2.0 1.3 1.6 -1.9
CXCR6 -2.8 -1.1 -3.4 p = 0.07 -2.0
CMKOR1 (CXCR7) 1.3 -1.1 1.1 -1.4

  XCR XCR1 1.0 -1.7 -1.2 -2.1

  CX3CR CX3CR -1.2 1.1 -2.5 p = 0.06 -1.4

Chitinase and FIZZ Family CHIT 1.6 2.2 2.0 -1.0
CHI3L1 (YKL40) 1.5 -1.1 -1.0 -2.8
CHI3L2 (YKL39) 1.9 -1.1 1.3 -1.1

CTL/NK Cell Associated CD8A 2.0 p < 0.05 -1.4 1.8 p = 0.08 -1.4
CD8B 1.2 -1.3 1.5 1.0
FCGR3B (CD16) -1.1 1.1 -1.1 1.4
KLRB1 (NKR-P1A) -1.2 1.0 -1.1 -1.0
PRF1 1.5 -1.8 1.0 -2.0 p = 0.08

Eosinophil Associated EPX -1.2 -2.2 2.7 6.4 p = 0.05

Immunoglobulin Associated IGHA1 4.1 p < 0.0005 1.3 3.3 p < 0.005 -1.2
IGHE -1.1 1.6 1.9 3.2
IGHG1 -1.0 -3.7 p < 0.01 4.4 p < 0.005 2.8 p < 0.05
IGHG2A 1.0 -2.7 18.0 p = 0.09 -4.3
IGHG2B 4.1 -1.9 14.6 p < 0.005 3.7
IGHG3 4.7 -26.6 p = 0.08 19.7 -6.3
IGHG4 1.1 -2.0 32.7 p < 0.05 14.9 p = 0.06
IGJ 1.7 -2.0 p = 0.06 1.0 1.0
IGHM 1.0 1.0 2.4 p < 0.05 -1.3

Inflammation IL1A 1.1 1.7 1.0 1.5
IL1B 2.8 p < 0.05 -1.2 1.7 -1.7
IL6 -1.7 1.2 1.1 1.7
NOS2 2.0 p = 0.08 -1.3 1.4 -1.7
TNF 1.1 -1.2 -1.1 -1.1

Mast Cell Associated CMA1 -1.4 -2.4 1.3 1.0
FCER1A 1.3 -1.2 1.9 p < 0.05 1.6 p < 0.01
HDC 1.4 -1.4 2.1 1.6
KIT 1.0 -1.3 -1.4 1.1
TPSAB1 (MC trypt) 3.0 p = 0.09 -1.0 9.6 p < 0.005 3.7 p < 0.05

100 ug/kg 1000 ug/kg
Infected Infected

100 ug/kg 1000 ug/kg
Infected Infected



Table S3  Liver 7 DAI vs Infected Liver 7 DAI vs
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

Misc CD4 1.4 -1.1 1.1 1.0
CD69 -1.2 -1.3 -1.3 -1.6
HNMT 1.2 1.1 1.0 1.0
IL2 1.4 -1.5 1.2 -1.7
INDO 3.4 p = 0.08 2.0 2.0 1.2
ITGB1 (CD29) -1.1 -1.2 -1.4 -1.0
KITLG (SCF) -1.3 -1.3 -1.4 1.1
LILRB4s1 (ILT3) -1.3 -1.6 -1.9 1.4
LILRB4s2 (ILT3) -4.3 p < 0.005 -2.6 p = 0.06 -3.4 p < 0.05 -1.5
MST1 1.0 -1.7 -1.4 -1.3
MST1R (RON) 1.1 -1.9 1.1 1.3
PIGR -1.3 -1.3 1.6 4.0 p < 0.005
TNFSF18 1.7 1.7 -1.1 -1.1

Prostaglandin/Leukotriene ALOX15 -2.4 -3.6 -1.1 -1.7
ALOX5 1.7 -1.2 1.5 1.2
ALOX5AP 1.2 1.2 1.2 1.0
CYSLTR1 1.2 -1.3 1.2 1.6
CYSLTR2 -1.1 1.0 -1.1 1.7
LTC4S -1.1 1.0 -1.4 1.0
PTGS2 (COX2) 1.4 -1.1 1.1 -1.3

T Cell Costimulatory CD274 (B7-H1) 1.0 -1.4 1.0 -1.5
  Accessory Cell Expressed CD276 (B7H3) 1.0 -1.3 -1.2 -1.1

CD80 (B7-1) -1.2 -1.8 -1.7 -1.5
CD86 (B7-2) 1.1 -1.5 1.4 1.0
PDCD1 -1.3 1.6 -1.1 1.8
PDCD1LG2 (B7-DC) -1.1 -1.3 -1.2 -1.1
CD40 (TNFRSF5 ) 1.0 1.0 -1.3 1.1
TNFSF8 (CD30L) 1.0 -1.8 1.1 1.3
TNFSF4 (OX40L) 1.2 -1.2 1.1 1.2
VTCN1 (B7H4) -1.6 -3.1 -1.1 -1.4

  T Cell Expressed CD40LG 1.4 -1.6 1.0 -1.9
CTLA4 1.3 -1.4 -1.2 -1.2
ICOS 1.7 -1.4 1.3 -1.7
TCRA 1.6 -1.6 1.4 1.0
TNFRSF4 (OX40) 2.4 -5.0 p < 0.05 3.5 p = 0.08 -3.8 p = 0.07

Th1-Associated EBI3 (IL27) 1.0 -1.2 1.1 -1.5
  Cytokines IFNG 2.6 p < 0.05 -1.3 3.2 p < 0.05 -2.4 p = 0.06

IL12A 1.9 1.3 1.2 -1.9
IL12B 4.5 p < 0.005 -2.6 p < 0.05 3.1 p < 0.05 -4.1 p < 0.005
IL18 1.1 1.0 1.1 1.2
IL22 1.1 1.1 1.0 -1.2
IL23 3.4 p = 0.06 1.4 1.6 1.0

100 ug/kg 1000 ug/kg
Infected Infected

100 ug/kg 1000 ug/kg
Infected Infected



Table S3  Liver 7 DAI vs Infected Liver 7 DAI vs
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

  Surface Receptors IL18RA -1.2 -2.7 1.1 1.0
HAVCR2 (TIM-3) 1.9 1.7 -1.1 -1.4

  SOCS/PIAS SOCS1 -1.3 1.3 -1.9 1.1
SOCS2 -1.2 -1.6 -3.2 p < 0.005 -2.0 p < 0.05
SOCS5 -1.1 -1.1 1.1 1.6
PIAS4 -1.2 -1.2 -1.4 -1.1

  Intracellular Signaling ITK 1.2 -1.4 1.0 -1.4
TXK -1.2 -1.6 -1.3 -1.1

  Transcription Factors HLX1 -1.6 -2.6 p = 0.05 1.4 -1.2
IRF1 1.3 1.0 -1.1 -1.4
RUNX1 1.3 1.1 1.1 1.2
STAT1 1.4 1.5 1.3 1.1
STAT4 1.1 1.5 1.1 -1.5
TBX21 2.6 p < 0.0005 -1.4 1.4 -1.7 p < 0.05

Th2-Associated C19orf10 (IL25) 1.1 1.0 -1.1 1.1
  Cytokines IL4 2.1 -1.2 2.3 1.3

IL5 -1.8 -2.0 1.1 -2.0 p < 0.05
IL9 -2.8 1.0 -1.4 -1.3
IL13 3.1 p = 0.06 1.0 4.3 p < 0.05 1.6
IL17E 1.2 1.3 1.5 3.6
TMED1 (ST2L) 1.3 -1.4 -1.2 -1.2
TSLP 1.8 1.4 1.3 1.4

  Cytokine Receptors IL4R 1.3 -1.1 2.5 -1.2
IL13RA1 1.0 -1.3 -1.4 -1.2
IL13RA2 1.5 1.1 1.3 -1.1
IL5R 1.0 1.0 2.4 4.1 p < 0.05

  Miscellaneous DEF6 (SLAT) 1.4 -1.6 1.0 -1.4
NFATC2IP (NIP45) 1.2 -1.1 -1.7 -1.4

  SOCS/PIAS PIAS1 1.1 -1.3 -1.1 -1.4
PIAS2 1.1 1.3 -1.1 1.2
PIAS3 1.1 -3.5 p < 0.05 -1.6 -3.6 p < 0.05
SOCS3 1.2 1.1 -1.8 -1.7
SOCS7 -1.1 -1.4 -1.3 1.1

  Surface Receptors GPR44 (CRTH2) 2.2 1.1 1.1 1.5

100 ug/kg 1000 ug/kg
Infected Infected

100 ug/kg 1000 ug/kg
Infected Infected



Table S3  Liver 7 DAI vs Infected 100 ug/kg 1000 ug/kg Liver 7 DAI vs 100 ug/kg 1000 ug/kg
Infected Infected Non-Infected ATRA Control Infected Infected

Gene Fold σ Fold σ Fold σ Fold σ

Th2-Associated BCL6 -1.1 1.4 -1.0 -1.1
  Transcription Factors ETS1 -1.3 -1.7 -1.4 -1.4

ETS2 1.0 -1.3 -2.2 p < 0.05 -2.0 p = 0.05
GATA3 2.3 p < 0.05 1.0 1.8 p = 0.06 1.0
MAF -1.5 -1.1 -1.4 1.3
STAT6 2.0 p < 0.05 1.2 1.5 1.1

Treg Associated CD25 2.0 p = 0.08 -1.3 1.6 -1.2
FOXP3 1.7 -2.0 3.5 p < 0.05 -1.5
IL10 1.4 2.9 -1.2 1.2
TGFB1 1.3 -1.1 1.1 1.3
TNFRSF18 (GITR) 4.8 p < 0.05 -1.7 6.4 p < 0.01 -1.8

VA Regulated CD38 1.2 -1.5 1.4 -1.1
CYP26A -1.5 -1.8 1.2 -1.8
RAI17 -1.3 -1.5 -1.6 1.0



Gene Fold σ Fold σ Fold σ Fold σ Fold σ

 Alternatively Activated Mφ ARG1 1.5 -5.5 -1.1 1.1 -1.1
CHIA -1.0 2.1 1.6 1.3 1.1
CLEC10A (MGL) -1.2 -4.5 -3.0 1.2 -1.7
MRC1 2.4 -1.1 1.7 2.0 1.6
RETLB (FIZZ1) -1.8 1.4 -1.6 -2.6 1.1
TFEC -1.3 1.1 -1.7 -1.3 -2.1

Chemokines CCL2 (MCP1) 1.2 2.7 2.0 1.7 -1.2
  CCL Chemokines CCL3 (MIP1A) -1.6 -1.2 -1.6 1.1 -1.6

CCL4 (MIP1B) -1.4 1.0 -1.7 1.3 -1.6
CCL5 (RANTES) -1.2 1.4 -1.1 -1.6 -2.2
CCL8 (MCP2) -1.4 -1.5 -1.8 -1.1 -2.1 p = 0.07
CCL11 (EOT) 3.0 3.0 4.3 11.3 p < 0.01 1.9
CCL16 (LEC) -1.3 -8.0 p < 0.05 -1.8 -1.4 -1.6
CCL17 (TARC) -1.6 1.3 5.6 p = 0.06 1.9 1.1
CCL19 (MIP3B) -1.5 -1.0 -1.1 -1.2 -1.1
CCL20 (MIP3A) 2.1 3.1 p < 0.01 1.5 2.9 p < 0.05 3.1 p < 0.01
CCL21 (SLC) -1.8 -1.8 -1.8 1.1 -1.3
CCL22 (MDC) -2.0 3.8 p < 0.05 1.4 1.8 -1.7
CCL23 (MPIF-1) 1.2 1.6 1.4 -1.1 -1.2
CCL24 (EOT2) -1.1 -2.5 -2.3 1.9 -1.1
CCL25 (TECK) 1.0 1.0 -1.9 p < 0.05 1.6 -1.1
CCL26 (EOT3) 2.7 3.7 16.6 p = 0.06 15.1 p < 0.05 9.3 p = 0.08
CCL27 (CTACK) 1.3 1.0 -1.4 1.3 1.2
CCL28 (MEC) -1.9 -8.3 p < 0.05 -1.4 -1.5 -1.5

  CXC CXCL2 -1.2 4.0 1.3 1.4 -1.6
PF4 (CXCL4) 3.6 5.5 13.2 p = 0.07 2.9 2.5
CXCL5 -1.1 3.2 2.3 1.0 2.5
PPBP (CXCL7) 1.2 2.5 1.7 1.1 1.4
IL8 (CXCL8) -1.5 1.5 -1.3 -1.5 -1.4
CXCL9 (MIG) -1.8 3.0 3.2 1.0 -1.4
CXCL10 (IP10) -1.6 1.3 1.4 -1.9 -1.9
CXCL11 (ITAC) -1.2 -1.5 1.3 -1.3 1.1
CXCL12 (SDF1) -1.1 -1.2 -1.4 -1.1 -1.7
CXCL14 (BRAK) -2.5 p = 0.06 1.2 -1.3 -1.1 -1.4
CXCL16 (SR-PSOX) 1.2 -1.1 1.1 1.0 -1.0

  XCL XCL1 -2.7 -1.3 -2.4 -1.9 -2.5

Chemokine Receptors CCR1 -1.1 4.7 p < 0.01 -1.5 1.0 -2.2
  CCR CCR2 -2.5 p < 0.05 1.3 -1.3 -1.2 -2.8 p < 0.05

Table S4  Liver 14 DAI vs Control 100 ug/kg 1000 ug/kg Control 1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg



CCR3 1.3 2.2 9.7 p < 0.005 3.2 p < 0.05 2.8 p = 0.07
CCR4 1.3 2.8 p < 0.01 1.5 1.3 -1.3
CCR5 -2.1 1.3 -2.4 -2.2 -3.3 p < 0.05

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

  CCR CCR7 1.3 4.8 p = 0.06 -1.1 1.3 -1.5
CCR8 1.0 -1.2 1.5 2.2 -1.0
CCR10 -2.9 -1.3 -2.8 -3.3 -2.4

  CXCR IL8R1 (CXCR1) 3.3 p < 0.05 4.3 p < 0.005 1.3 2.6 p < 0.05 -1.1
IL8R2 (CXCR2) 1.8 p < 0.01 2.5 p < 0.0005 -1.3 1.7 p < 0.05 -1.6 p < 0.05
CXCR3 -1.5 3.4 p < 0.05 -1.5 1.1 -1.9
CXCR4 -2.1 -1.0 -1.6 -1.4 -2.4
BLR1 (CXCR5) -4.2 -1.0 -3.5 -2.7 -2.3
CXCR6 -1.1 -1.3 -2.2 p < 0.05 -1.0 -2.0 p < 0.05
CMKOR1 (CXCR7) -1.6 -1.4 -2.0 -1.3 -1.2

  XCR XCR1 -1.1 -1.4 -2.4 -1.4 -2.8

  CX3CR CX3CR 1.1 -1.6 -1.6 -1.1 -1.3

Chitinase and FIZZ Family CHIT1 1.8 2.0 2.7 1.1 1.0
CHI3L1 (YKL40) -2.6 -1.1 -2.1 -1.4 -1.3
CHI3L2 (YKL39) -1.4 1.8 -1.2 -1.7 -2.6

CTL/NK Cell Associated CD8A 1.4 1.8 1.4 1.9 -1.2
CD8B -1.1 1.3 1.1 1.5 -1.5
FCGR3B (CD16) 1.0 1.9 p = 0.6 -1.2 -1.0 -1.9 p = 0.06
KLRB1 (NKR-P1A) 1.1 1.2 1.4 1.3 -1.0
PRF1 1.3 2.1 -1.1 1.4 1.5

Eosinophil Associated EPX 1.9 6.5 p = 0.08 30.4 p < 0.0005 25.5 p < 0.0001 4.5 p = 0.08

Immunoglobulin Associated IGHA1 -1.4 2.3 1.2 2.0 -1.7
IGHE -7.3 p < 0.05 -1.8 4.1 1.4 1.7
IGHG1 -3.2 2.2 3.2 1.7 -1.3
IGHG2A 1.2 69.0 p < 0.05 6.0 3.2 11.6
IGHG2B 1.0 5.2 32.0 p < 0.001 5.3 3.4
IGHG3 -2.0 4.8 3.5 1.7 -5.9
IGHG4 -1.1 10.9 p < 0.05 8.4 p < 0.05 3.0 2.5
IGJ 1.3 9.5 p < 0.05 1.5 1.6 1.0
IGHM 1.5 10.6 p < 0.05 -1.3 1.8 -1.2

Table 4S  Liver 14 DAI vs Control 100 ug/kg 1000 ug/kg Control 1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg



Inflammation IL1A 1.2 2.4 1.6 1.6 1.7
IL1B -1.4 -1.3 2.1 -1.2 -1.9
IL6 -1.5 3.7 p < 0.05 1.0 1.4 -1.1
NOS2 1.2 1.9 -1.1 1.5 1.0
TNF -1.2 2.7 -2.5 1.1 -3.2

Mast Cell Associated CMA1 -1.5 -1.1 -1.5 1.4 -1.3
FCER1A -1.2 -1.1 2.5 p < 0.01 1.8 p < 0.05 1.9 p < 0.005
HDC -1.0 -3.2 3.9 3.3 1.7
KIT 1.1 2.2 p = 0.06 2.7 p < 0.05 1.8 -1.2
TPSAB1 (MC tryptase) -1.4 -1.9 2.5 6.9 p < 0.005 2.5 p = 0.07

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

Miscellaneous CD4 1.3 1.7 -1.5 1.3 -1.7
CD69 1.1 2.2 1.3 -1.3 -1.4
HNMT -1.3 -1.6 p < 0.05 1.3 -1.1 -1.2
IL2 -1.2 2.2 3.2 p < 0.05 1.6 -1.6
INDO 1.6 3.4 1.0 -1.9 -2.2
ITGB1 (CD29) 1.1 1.0 -1.2 1.1 -1.4 p < 0.05
KITLG (SCF) -1.4 1.4 1.7 1.2 -1.2
LILRB4s1 (ILT3) 1.8 3.7 p < 0.05 3.2 p < 0.05 2.1 -3.0 p < 0.05
LILRB4s2 (ILT3) 1.2 2.0 -1.9 -2.0 -4.0 p < 0.005
MST1 -1.2 -6.3 -2.0 1.2 -2.3
MST1R -1.8 1.0 -2.5 -1.2 -1.4
PIGR -1.8 -9.1 p < 0.05 -1.5 1.2 -3.5
TNFSF18 2.0 -1.1 -1.1 1.0 1.0

Prostaglandin/Leukotriene
ALOX5 1.4 2.9 p < 0.005 1.8 2.2 p < 0.05 1.1
ALOX5AP -1.4 1.0 1.3 -1.3 -1.4
ALOX15 -1.9 1.8 -1.5 1.6 1.6
CYSLTR1 -1.1 1.1 -1.3 1.2 -1.4
CYSLTR2 1.5 1.3 1.5 1.4 1.1
LTC4S -1.0 -2.2 -1.7 -1.1 -1.7 p < 0.05
PTGS2 (COX2) 1.3 2.1 p < 0.05 1.0 1.3 -1.3

T Cell Costimulatory
  Accessory Cell Expressed CD274 (B7-H1) -2.9 2.0 1.6 -1.7 -4.8

CD276 (B7H3) -1.5 1.4 1.1 -1.6 -3.4 p < 0.005
CD80 (B7-1) -1.0 3.0 -1.2 -1.5 -2.4
CD86 (B7-2) 1.1 2.8 p = 0.06 1.1 1.6 -1.5
PDCD1 -1.1 4.1 p = 0.06 1.7 1.1 1.5
PDCD1LG2 (B7-DC) -1.1 2.7 p = 0.06 1.0 -1.2 -2.6 p = 0.06
CD40 (TNFRSF5 ) 1.0 2.5 p = 0.06 1.1 1.4 -1.5
TNFSF8 (CD30L) 1.6 2.7 1.1 1.1 -1.1

Table 4S  Liver 14 DAI vs Control 100 ug/kg 1000 ug/kg Control 1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg



TNFSF4 (OX40L) -1.1 -1.2 -1.1 -1.4 -1.8 p < 0.05
  T Cell Expressed VTCN1 (B7H4) 1.3 -1.5 -2.5 1.1 1.1

CD40LG -1.2 4.3 p < 0.05 1.1 1.1 -2.0
CTLA4 -1.1 1.0 -2.0 p < 0.05 -1.1 -1.9 p < 0.05
ICOS 1.3 3.8 2.0 -1.2 -1.3
TCRA 1.6 2.0 p < 0.05 1.1 1.5 -1.1
TNFRSF4 (OX40) 1.1 5.7 1.3 -1.3 1.5

Th1-Associated EBI3 (IL27) -1.2 1.8 -2.1 -1.3 -3.0 p < 0.05
  Cytokines IFNG -1.8 -1.5 1.2 1.4 1.4

IL12A -1.3 1.9 1.2 1.1 1.0
IL12B -1.9 1.8 2.8 -1.6 -2.0
IL18 1.5 2.0 2.0 1.9 1.2
IL22 -1.3 -1.4 1.4 -1.0 1.1
IL23 2.0 1.4 -1.2 1.8 -1.1

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

  Surface Receptors IL18RA 1.3 2.9 p < 0.05 -1.5 1.0 -1.5
HAVCR2 (TIM-3) 3.4 p < 0.005 3.9 p < 0.005 1.7 2.3 p < 0.05 1.2

  SOCS/PIAS SOCS1 1.4 1.3 -1.7 -1.4 -1.3
SOCS2 2.5 -3.7 p = 0.06 -1.8 -1.1 -2.0
SOCS5 -1.8 p < 0.05 -1.2 -1.1 1.1 -1.8 p < 0.05
PIAS4 -1.0 -1.0 -1.9 1.1 -1.9

  Intracellular Signaling ITK 1.5 2.9 p < 0.005 1.8 2.0 p < 0.05 -1.5
TXK 1.6 2.0 -1.1 1.3 -1.1

  Transcription Factors HLX1 -1.0 1.4 1.4 1.8 1.1
IRF1 1.9 p = 0.08 2.1 p < 0.05 -1.1 1.6 -1.4
RUNX1 1.1 1.2 1.4 1.1 -1.6
STAT1 1.8 1.7 1.6 1.2 -1.0
STAT4 1.4 2.5 1.4 1.3 -1.1
TBX21 1.4 3.5 p = 0.08 -1.7 1.0 -1.1

Th2-Associated C19orf10 (IL25) -1.2 1.1 -1.0 1.2 -1.7
  Cytokines IL4 -1.8 1.0 2.1 1.0 1.1

IL5 1.0 1.1 -1.1 -1.1 1.1
IL9 -1.1 1.7 -1.4 1.1 1.5
IL13 -1.1 -1.5 3.0 1.7 1.3
IL17E -1.9 4.4 p = 0.06 3.7 3.4 1.8
TMED1 (ST2L) -1.1 1.0 -2.0 p < 0.05 -1.1 -1.9 p < 0.05
TSLP -1.4 -4.8 p < 0.005 1.7 -1.1 -1.3

Table 4S  Liver 14 DAI vs Control 100 ug/kg 1000 ug/kg Control 1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg



  Cytokine Receptors IL4R 1.2 1.5 -1.3 3.5 p < 0.01 1.0
IL13RA1 1.2 -1.3 -1.2 1.2 -1.6
IL13RA2 1.4 1.1 1.4 -1.3 1.1
IL5R 2.4 3.8 p < 0.05 9.7 p < 0.005 6.0 p < 0.01 2.5

  Miscellaneous DEF6 (SLAT) -1.3 1.2 -1.3 1.7 -1.3
NFATC2IP (NIP45) -1.2 1.5 -1.2 -1.0 -2.0

  SOCS/PIAS PIAS1 1.2 1.1 -1.1 -1.1 -1.3
PIAS2 1.1 1.2 -1.1 -1.1 -1.6 p < 0.05
PIAS3 -1.2 -1.4 -2.1 p < 0.05 -1.3 -2.8 p < 0.005
SOCS3 3.3 p < 0.01 3.2 p < 0.01 1.0 1.6 1.0
SOCS7 -1.5 p < 0.05 1.3 -1.5 1.2 -2.3 p < 0.001

  Surface Receptors GPR44 (CRTH2) -2.0 -1.2 -2.2 -1.4 -1.0

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

Th2-Associated BCL6 -1.1 1.2 -1.1 1.1 -1.6
  Transcription Factors ETS1 1.1 1.6 -1.8 -1.2 -1.7

ETS2 1.9 1.5 -1.4 1.6 -1.5
GATA3 1.3 1.8 1.1 1.2 -1.2
MAF -1.3 1.2 1.1 1.3 1.0
STAT6 1.0 1.1 -2.8 p < 0.05 1.2 -1.7

Treg Associated IL2RA (CD25) 1.2 4.1 p < 0 05 -1.1 -1.1 -1.4
FOXP3 1.1 2.7 p = 0.07 -1.5 1.6 -1.0
IL10 2.0 3.7 -1.3 1.2 -1.9
TGFB1 -1.0 2.3 p < 0.05 -1.1 1.5 -1.6
TNFRSF18 (GITR) -1.6 6.2 1.2 1.3 -3.4

VA Regulated CD38 1.2 2.3 -1.1 -1.1 -1.7
CYP26A -1.6 -6.3 p < 0.05 -3.0 -1.5 -4.1 p < 0.05
RAI17 1.4 1.6 -1.5 -1.1 -1.4

Table 4S  Liver 14 DAI vs Control 100 ug/kg 1000 ug/kg Control 1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg



Table 4S  Liver 14 DAI vs Infected Liver Day 14 versus
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

 Alternatively Activated Mφ ARG1 1.1 1.0 1.4 5.0
CHIA -1.2 -1.5 1.4 -1.9
CLEC10A (MGL) 3.4 1.7 -1.0 2.6
MRC1 1.2 -1.1 -1.2 1.7
RETLB (FIZZ1) -1.6 1.8 -1.4 -1.2
TFEC 1.3 -1.2 1.0 -2.3

Chemokines CCL2 (MCP1) -1.1 -2.4 1.4 -3.2 p = 0.07
  CCL Chemokines CCL3 (MIP1A) 1.8 1.0 1.7 -2.0

CCL4 (MIP1B) 1.3 1.0 1.1 -1.7
CCL5 (RANTES) -1.4 -2.0 -1.3 -3.1 p < 0.05
CCL8 (MCP2) 1.7 -1.1 1.3 -3.0 p < 0.05
CCL11 (EOT) 2.4 -1.3 3.3 -1.7
CCL16 (LEC) 1.3 1.1 -1.1 4.9
CCL17 (TARC) -2.8 -4.9 3.2 -1.1
CCL19 (MIP3B) -1.1 1.0 1.3 -1.1
CCL20 (MIP3A) 2.0 2.1 1.4 -1.0
CCL21 (SLC) 2.0 1.4 2.0 1.4
CCL22 (MDC) 1.2 -3.0 3.5 p = 0.06 -7.8 p < 0.01
CCL23 (MPIF-1) -1.6 -1.7 -1.3 -2.0
CCL24 (EOT2) 4.3 2.0 2.1 -1.1
CCL25 (TECK) 3.1 p < 0.005 1.7 1.6 p = 0.08 -1.1
CCL26 (EOT3) -1.1 -1.8 5.8 -1.4
CCL27 (CTACK) 1.8 1.7 -1.0 1.2
CCL28 (MEC) -1.1 -1.0 1.2 5.5

  CXC CXCL2 -1.2 -2.5 -1.1 -6.2 p < 0.05
PF4 (CXCL4) -4.5 -5.3 -1.2 -2.2
CXCL5 -2.5 1.1 1.2 -1.3
PPBP (CXCL7) -1.5 -1.2 -1.1 -1.8
IL8 (CXCL8) -1.2 -1.1 1.0 -2.2 p < 0.05
CXCL9 (MIG) -3.2 -4.4 1.8 -4.2
CXCL10 (IP10) -2.8 -2.7 -1.2 -2.4
CXCL11 (ITAC) -1.7 -1.2 -1.1 1.7
CXCL12 (SDF1) 1.2 -1.3 -1.0 -1.4
CXCL14 (BRAK) 1.2 -1.0 2.4 -1.7
CXCL16 (SR-PSOX) -1.1 -1.1 -1.2 1.0

  XCL XCL1 1.2 -1.1 1.4 -1.9

Chemokine Receptors CCR1 1.4 -1.5 1.0 -10.6 p < 0.001
  CCR CCR2 1.0 -2.3 2.0 -3.6 p < 0.05

100 ug/kg 1000 ug/kg
Infected Infected

100 ug/kg 1000 ug/kg
Infected Infected



CCR3 -3.1 -3.4 p = 0.07 2.5 1.3
CCR4 -1.2 -1.9 1.0 -3.6 p < 0.05
CCR5 1.1 -1.4 -1.0 -4.2 p < 0.01

Table 4S  Liver 14 DAI vs Infected Liver Day 14 versus
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

Chemokine Receptors CCR7 1.4 -1.4 1.0 -7.3 p < 0.05
  CCR CCR8 1.5 -1.5 2.2 -1.2

CCR10 -1.2 1.2 -1.1 -1.8

  CXCR IL8R1 (CXCR1) 2.0 -1.5 -1.3 -4.9 p < 0.005
IL8R2 (CXCR2) 2.2 -1.2 -1.0 -9.2 p < 0.001
CXCR3 1.7 -1.3 1.7 -6.4 p < 0.01
CXCR4 1.1 -1.5 1.5 -2.4
BLR1 (CXCR5) 1.3 1.5 1.6 -2.2
CXCR6 2.2 P = 0.06 1.1 1.1 -1.6
CMKOR1 (CXCR7) 1.5 1.6 1.2 1.1

  XCR XCR1 1.7 -1.2 -1.3 -2.0

  CX3CR CX3CR 1.5 1.4 -1.2 1.3

Chitinase and FIZZ Family CHIT1 -2.5 -2.6 -1.7 -1.9
CHI3L1 (YKL40) 1.5 1.7 1.8 -1.1
CHI3L2 (YKL39) -1.5 -2.2 -1.3 -4.7

CTL/NK Cell Associated CD8A 1.4 -1.7 1.4 -2.2 p = 0.06
CD8B 1.3 -1.7 1.6 -2.0 p = 0.07
FCGR3B (CD16) 1.2 -1.6 1.0 -3.6 p < 0.005
KLRB1 (NKR-P1A) -1.1 -1.4 1.1 -1.2
PRF1 1.6 -1.3 1.1 -3.2 p < 0.05

Eosinophil Associated EPX -1.2 -9.7 p < 0.01 19.7 p < 0.0005 1.0

Immunoglobulin Associated IGHA1 1.7 -2.1 2.8 -4.0 p = 0.07
IGHE -2.9 -2.4 10.1 p < 0.05 3.0
IGHG1 -1.9 -4.2 5.5 -2.9
IGHG2A -1.9 2.0 2.7 -5.9
IGHG2B -6.1 9.4 p = 0.08 5.0 -1.5
IGHG3 -2.1 -20.6 p = 0.06 3.4 -28.5 p = 0.06
IGHG4 -2.8 -3.4 1.0 1.0
IGJ 1.1 -1.5 1.3 -9.4 P < 0.05
IGHM 2.3 1.1 1.2 -12.7 p < 0.05

100 ug/kg 1000 ug/kg
Infected Infected

100 ug/kg 1000 ug/kg
Infected Infected



Inflammation IL1A 1.1 -1.8 1.4 -2.6
IL1B -2.4 -3.9 p = 0.07 1.2 -2.6
IL6 1.3 -3.2 2.0 -4.0 p < 0.05
NOS2 1.7 1.2 1.3 -1.9
TNF 2.2 -1.3 1.0 -8.8 p < 0.01

Mast Cell Associated CMA1 2.1 1.2 2.0 -1.1
FCER1A -1.4 -1.3 2.1 p < 0.05 2.1 p < 0.05
HDC -1.2 -2.3 3.4 5.4 p < 0.05
KIT -1.5 -3.4 p < 0.05 1.7 -2.7 p < 0.05
TPSAB1 (MC trypt) 2.8 1.0 9.4 p < 0.001 4.7 p < 0.05

Table 4S  Liver 14 DAI vs Infected Liver Day 14 versus
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

Misc CD4 1.9 -1.1 1.0 -2.8 p < 0.05
CD69 -1.5 -1.7 -1.6 -3.2 p < 0.05
HNMT -1.4 -1.6 p < 0.05 1.2 1.3
IL2 -2.1 -5.0 p < 0.01 1.8 -3.4 p < 0.05
INDO -2.0 -2.2 -3.1 -7.3 p = 0.06
ITGB1 (CD29) 1.1 -1.4 -1.0 -1.4 p = 0.06
KITLG (SCF) -1.4 -2.0 p = 0.06 1.7 -1.6
LILRB4s1 (ILT3) -1.1 -2.1 -2.5 8.0 p < 0.001
LILRB4s2 (ILT3) -1.6 -9.6 p < 0.001 1.2 9.6 p < 0.0005
MST1 2.4 -1.2 1.4 1.0
MST1R (RON) 2.1 1.8 1.6 -1.4
PIGR 1.3 2.3 1.6 2.6
TNFSF18 1.1 1.1 -2.0 1.1

Prostaglandin/Leukotriene ALOX5 1.2 -1.6 1.6 -2.7 p < 0.001
ALOXAP -1.7 -1.8 p = 0.07 1.0 -1.4
ALOX15 2.5 2.5 3.1 -1.1
CYSLTR1 1.6 p = 0.06 -1.1 1.3 -1.6 p < 0.05
CYSLTR2 -1.1 -1.4 -1.1 -1.1
LTC4S 1.8 1.0 1.1 1.3
PTGS2 (COX2) 1.3 -1.3 1.0 -2.6 p < 0.05

T Cell Costimulatory CD274 (B7-H1) -1.5 -4.2 -1.2 -9.4 p < 0.05
  Accessory Cell Expressed CD276 (B7H3) 1.1 -2.1 p = 0.06 -1.3 -4.8 p < 0.0005

CD80 (B7-1) -1.2 -2.0 -1.4 -7.3 p < 0.05
CD86 (B7-2) 1.5 -1.7 1.4 -4.3 p < 0.05
PDCD1 -1.5 -1.2 1.3 -2.8
PDCD1LG2 (B7-DC) -1.1 -2.5 -1.1 -7.1 p < 0.005
CD40 (TNFRSF5 ) 1.2 -1.7 1.4 -3.7 p < 0.05
TNFSF8 (CD30L) 1.0 -1.3 -1.4 -3.0 p = 0.08

100 ug/kg 1000 ug/kg
Infected Infected

100 ug/kg 1000 ug/kg
Infected Infected



TNFSF4 (OX40L) -1.3 -1.7 -1.3 -1.5
VTCN1 (B7H4) 2.8 2.7 -1.2 1.6

  T Cell Expressed CD40LG 1.0 -2.1 1.3 -8.4 p < 0.005
CTLA4 1.9 1.0 1.1 -2.0 p < 0.05
ICOS -2.4 -2.6 -1.6 -4.9 p = 0.07
TCRA 1.4 -1.1 1.0 -4.3 p < 0.05
TNFRSF4 (OX40) -1.7 1.2 -1.5 -3.7

Th1-Associated EBI3 (IL27) 1.6 -1.5 -1.1 -5.5 p < 0.001
  Cytokines IFNG -1.7 -1.7 1.3 -2.1

IL12A -1.1 -1.1 1.3 -1.9
IL12B -4.4 p = 0.06 -5.6 p < 0.05 1.2 -3.6 p = 0.06
IL18 -1.0 -1.6 1.3 -1.6
IL22 -1.4 -1.2 1.3 1.6 p < 0.05
IL23 2.1 1.1 -1.1 -1.6

Table 4S  Liver 14 DAI vs Infected Liver Day 14 versus
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

  Surface Receptors IL18RA 1.5 -1.0 -1.3 -4.4 p < 0.05
HAVCR2 (TIM-3) 1.4 -1.5 -1.4 -3.3 p < 0.01

  SOCS/PIAS SOCS1 1.2 1.3 -2.0 p = 0.06 -1.7
SOCS2 1.7 -1.1 2.8 1.9
SOCS5 1.1 -1.6 1.9 p < 0.05 -1.5
PIAS4 2.1 p = 0.06 1.0 1.2 -1.9

  Intracellular Signaling ITK 1.1 -2.7 p < 0.05 1.4 -4.4 p < 0.0005
TXK 1.4 -1.0 -1.2 -2.2

  Transcription Factors HLX1 2.7 p = 0.05 1.6 1.5 -1.1
IRF1 1.7 -1.2 -1.2 -2.9 p < 0.05
RUNX1 -1.3 -2.2 -1.0 -1.7
STAT1 -1.3 -1.7 -1.4 -1.8
STAT4 -1.1 -1.6 -1.1 -2.8
TBX21 1.7 1.0 -1.4 -2.4

Th2-Associated C19orf10 (IL25) 1.5 -1.4 1.2 -1.4
  Cytokines IL4 -2.1 -1.9 1.8 1.1

IL5 1.0 1.2 -1.1 1.0
IL9 1.6 2.1 1.1 -1.2
IL13 -1.8 -2.3 1.8 2.0
IL17E -1.1 -2.1 6.5 p < 0.05 -2.5
TMED1 (ST2L) 1.9 p = 0.05 1.0 1.1 -2.0 p < 0.05
TSLP -1.9 -2.2 1.3 3.6 p < 0.05

100 ug/kg 1000 ug/kg
Infected Infected

100 ug/kg 1000 ug/kg
Infected Infected



  Cytokine Receptors IL4R 4.4 p < 0.01 1.6 3.0 p < 0.05 -1.2
IL13RA1 1.4 -1.4 1.0 -1.2
IL13RA2 -1.9 -1.3 -1.9 2.5
IL5R -1.6 -3.9 P = 0.06 2.5 -1.5

  Miscellaneous DEF6 (SLAT) 2.1 p = 0.08 -1.0 2.1 p = 0.06 -1.6
NFATC2IP (NIP45) 1.2 -1.6 1.5 -2.9 p < 0 05

  SOCS/PIAS PIAS1 -1.2 -1.2 -1.2 -1.5 p = 0.07
PIAS2 1.0 -1.4 1.1 -1.9 p < 0 01
PIAS3 1.6 -1.4 -1.1 -2.2 p < 0 05
SOCS3 1.6 1.0 -2.0 -3.1 p < 0 05
SOCS7 1.9 p < 0 05 -1.5 p = 0 07 1.9 p < 0 001 -3.0 p < 0 0001

  Surface Receptors GPR44 (CRTH2) 1.6 2.1 1.5 1.2

Table 4S  Liver 14 DAI vs Infected 100 ug/kg 1000 ug/kg Liver Day 14 versus 100 ug/kg 1000 ug/kg
Infected Infected Non-Infected ATRA Control Infected Infected

Gene Fold σ Fold σ Fold σ Fold σ

BCL6 1.1 -1.4 1.2 -1.9
Th2-Associated ETS1 1.4 1.0 -1.4 -2.8 p < 0.05
  Transcription Factors ETS2 2.2 -1.0 -1.2 -2.1

GATA3 1.1 -1.3 -1.0 -2.2
MAF 1.1 -1.1 1.7 -1.2
STAT6 3.2 p < 0.05 1.7 1.1 -1.9

Treg Associated CD25 -1.0 -1.3 -1.3 -5.7 p < 0 05
FOXP3 2.5 1.5 1.4 -2.8
IL10 1.5 -1.5 -1.7 -7.0 p < 0 05
TGFB1 1.7 -1.4 1.5 -3.6 p < 0 01
TNFRSF18 (GITR) 1.1 -4.0 2.0 -21.1 p < 0 05

VA Regulated CD38 1.0 -1.5 -1.4 -2.1
CYP26A 2.1 -1.5 1.1 1.4
RAI17 1.4 1.1 -1.5 -2.2 p = 0.05



Table S5  Lung 7 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

 Alternatively Activated Mφ ARG1 1.3 1.6 -1.1 1.8 p < 0.05 -1.0
CHIA -1.3 1.6 -1.4 -2.9 p < 0.05 -1.2

CCL11 (EOT) 2.8 4.0 54.7 p < 0.01 53.2 p < 0.01 40.3 p < 0.05
Chemokines CCL24 (EOT2) 1.3 2.0 -1.1 1.0 -1.4

CCL26 (EOT3) 1.7 1.7 9.5 p < 0.05 31.6 p < 0.005 5.5

3.3
Chemokine Receptors CCR3 -1.6 -1.2 -1.0 -1.2 1.4

CCR4 -1.1 -1.3 -1.1 -1.0 -1.0
CCR7 1.4 -1.0 1.2 -1.2 -1.2

  CCR
IL8R1 (CXCR1) 1.3 1.7 -1.7 1.1 1.1

  CXCR IL8R2 (CXCR2) 1.4 1.2 -2.0 1.0 -1.6

EPX -1.8 -2.2 2.3 1.4 -1.2
Eosinophil Associated

IGHA1 1.1 -1.1 1.0 2.0 p < 0.005 1.1
Immunoglobulin Associated IGHE 1.7 1.7 2.0 -1.0 2.8

IGHG1 -3.0 p < 0.05 -2.8 p < 0.05 -2.8 p < 0.05 -3.7 p < 0.05 -2.9 p < 0.05
IGHG2A -2.3 7.3 4.7 -1.8 5.5
IGHG2B 1.9 p < 0.05 1.2 3.1 p < 0.005 2.8 p < 0.005 3.8 p < 0.0005
IGHG3 -2.4 -3.8 -6.7 -4.3 -347.3 p < 0.005
IGHG4 -2.6 1.3 1.3 -2.8 1.3
IGJ 2.1 2.0 3.0 p < 0.05 5.2 p < 0.005 1.6
IGHM 1.4 1.3 1.2 -1.2 -1.3

Inflammation IL1B 1.3 1.4 -1.3 3.0 p < 0.005 -2.9
IL6 1.3 1.2 -1.2 2.9 p < 0.0005 1.1

Mast Cell Associated CMA1 -1.1 1.6 1.4 -1.9 -1.7
FCER1A 1.9 1.5 1.4 2.6 p < 0.05 3.1 p < 0.05
HDC -1.0 1.2 2.0 p < 0.05 1.2 1.9
TPSAB1 (MC trypt) -1.0 -1.8 2.5 1.5 3.1 p < 0.05

1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg 1000 ug/kg Control 100 ug/kg



Table S5  Lung 7 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

Misc. BDKRB2 -1.1 -2.3 -2.6 -1.8 -4.0
HNMT 2.2 p < 0.05 1.9 -1.0 1.4 1.1
INDO 1.7 2.1 1.0 3.4 1.7
ITGB1 (CD29) 1.8 1.4 1.2 -1.4 -1.7
PIGR 4.6 p < 0.005 1.9 10.0 p < 0.0001 7.6 p < 0.0005 7.7 p < 0.0005
SLC11A 1.7 -1.1 -1.5 1.0 -1.2

Mucus and Fluid Generation CFTR 1.4 1.0 -1.3 -1.5 -1.6
CLCA1 1.2 -1.5 5.1 9.3 p < 0.05 -3.1
GCNT 1.3 -1.4 -1.1 1.1 -1.2
MUC3 2.0 1.6 1.1 1.8 -1.4
MUC5AC 1.3 1.1 2.4 1.1 -2.1
SCNN1G 1.0 -1.3 -2.0 -1.7 -2.8

Prostaglandin/Leukotriene
ALOX5 1.3 -1.0 -1.0 -1.0 1.1
ALOX5AP 1.5 1.4 1.1 1.4 1.4
CYSLTR1 1.8 1.5 1.1 1.1 -1.3
CYSLTR2 1.0 1.1 1.1 1.3 1.1
LTC4S -1.1 1.6 p < 0.05 1.4 -1.1 1.1
PTGS2 (COX2) 1.2 -1.4 -1.4 -1.3 -2.1

T Cell Costimulatory TNFSF8 (CD30L) -1.3 1.9 1.0 -1.3 -1.2
  Accessory Cell Expressed TNFSF4 (OX40L) 1.0 1.1 -1.4 -1.9 -2.2 p < 0.05

  T Cell Expressed CTLA4 1.3 3.4 p < 0.05 1.4 1.2 -1.2
ICOS 1.7 -1.1 -1.2 -1.4 -1.4
TCRA 1.3 1.8 1.1 -1.0 1.0
TNFRSF4 (OX40) -1.4 1.6 1.1 1.0 -1.1

1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg 1000 ug/kg Control 100 ug/kg



Table S5  Lung 7 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

Th1-Associated IFNG 5.2 p < 0.05 5.3 p < 0.05 3.9 p < 0.05 4.7 p < 0.05 3.2 p = 0.07
  Cytokines IL12A 1.9 1.6 1.5 1.9 1.0

IL12B 1.9 1.9 -1.0 -3.1 -1.8
IL22 -1.0 3.1 1.2 2.8 1.7

  Surface Receptors IL18RA -1.1 1.2 -1.1 -1.8 -1.7

  SOCS/PIAS SOCS1 1.0 1.1 -1.4 1.2 -1.8
PIAS4 1.1 -1.3 -1.2 -1.5 -1.4

  Intracellular Signaling TXK 1.4 2.4 -1.1 -1.1 -1.1

  Transcription Factors TBX21 1.4 -1.0 -1.1 -1.1 -1.6

Th2-Associated IL4 3.2 p < 0.05 2.4 1.6 4.0 p < 0.05 3.3 p < 0.05
  Cytokines IL5 1.8 -1.2 -1.7 4.6 p = 0.07 -1.2

IL13 2.4 -1.1 -2.7 8.1 p < 0.05 1.4
TMED1 (ST2L) 1.4 1.2 -1.1 -1.4 -1.4

  Cytokine Receptors IL4R -1.1 1.1 -1.8 -1.2 -1.7
IL13RA1 2.0 -1.1 -1.2 -1.9 -2.5
IL13RA2 1.7 2.2 p < 0.05 1.3 1.7 1.4
IL5R 1.5 2.4 2.0 1.9 2.0

  SOCS/PIAS PIAS1 -1.4 -1.1 -1.4 -1.9 p < 0.05 -1.4
PIAS3 -1.0 -1.5 -1.1 -2.0 -2.2
SOCS3 1.1 -1.3 1.0 -1.2 -1.6

  Surface Receptors GPR44 (CRTH2) 1.7 1.0 1.2 1.5 -1.3

  Transcription Factors GATA3 -1.5 1.4 1.5 -2.7 p < 0.05 -2.0
STAT6 -1.2 -1.1 -1.4 -1.5 -2.4

Treg Associated CD25 1.2 1.7 1.1 1.1 1.3
FOXP3 -1.3 1.1 1.3 -1.2 -1.4
IL10 1.7 3.9 1.2 1.4 2.5
TGFB1 -1.3 -1.2 -1.3 -1.7 -1.4
TNFRSF18 (GITR) -1.3 1.7 1.4 1.4 -1.0

1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg 1000 ug/kg Control 100 ug/kg



Table S5  Lung 7 DAI vs Infected Table S5  Lung 7 DAI vs
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

 Alternatively Activated Mφ ARG1 1.9 p < 0.05 1.0 1.4 -1.6
CHIA -2.1 1.2 -2.2 -1.9

CCL11 (EOT) -1.3 -2.4 14.6 p = 0.06 1.3
Chemokines CCL24 (EOT2) 1.1 -1.2 -1.3 -2.6

CCL26 (EOT3) 3.2 -1.9 22.1 p < 0.005 1.7

Chemokine Receptors CCR3 -1.1 1.5 1.3 1.7
CCR4 1.0 -1.3 1.0 -1.1
CCR7 -1.4 -1.5 -1.7 -1.2

  CCR
IL8R1 (CXCR1) 1.9 1.3 -1.1 -2.3

  CXCR IL8R2 (CXCR2) 2.1 1.3 -1.3 -1.9

EPX -1.6 -2.7 2.6 1.9
Eosinophil Associated

IGHA1 2.0 1.1 1.7 1.2
Immunoglobulin Associated IGHE -1.3 4.4 p < 0.05 -3.4 p = 0.06 -1.1

IGHG1 -1.3 -1.0 -1.3 -1.0
IGHG2A -8.7 p = 0.08 1.2 1.2 -1.3
IGHG2B -1.1 1.2 1.5 p = 0.08 3.3 p < 0.0005
IGHG3 1.6 -52.1 p < 0.05 -1.8 -91.9 p < 0.01
IGHG4 -3.6 p = 0.06 1.4 -1.1 -1.0
IGJ 1.3 -1.2 1.1 -1.5
IGHM -1.4 -1.5 -1.7 -1.7

Inflammation IL1B 4.0 p < 0.05 -2.2 2.3 -4.1 p < 0.05
IL6 3.4 p < 0.001 1.3 2.3 p < 0.05 -1.1

Mast Cell Associated CMA1 -2.6 p = 0.06 -2.2 -1.7 -2.6 p = 0.06
FCER1A 1.8 2.2 p < 0.05 1.3 2.0 p = 0.06
HDC -1.6 -2.0 1.3 1.5
TPSAB1 (MC trypt) -1.7 1.2 1.5 5.5 p < 0.005

1000 ug/kg
Control Control Control Control

1000 ug/kg 100 ug/kg100 ug/kg



Table S5  Lung 7 DAI vs Infected Table S5  Lung 7 DAI vs
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

Misc. BDKRB2 1.5 -1.5 -1.6 -3.5
HNMT 1.5 1.2 -1.6 -1.6
INDO 3.3 1.6 2.0 -1.3
ITGB1 (CD29) -1.7 -2.0 -2.5 -2.4
PIGR -1.3 -3.2 p < 0.05 -1.1 -2.4 p = 0.08
SLC11A 1.6 1.2 -1.6 -1.1

Mucus and Fluid Generation CFTR -1.2 -1.2 -2.0 -1.6
CLCA1 1.8 -15.8 p < 0.05 7.9 p = 0.07 -2.1
GCNT 1.2 -1.0 -1.2 1.1
MUC3 1.8 -1.4 -1.1 -2.2
MUC5AC -2.2 -5.0 -1.3 -2.4
SCNN1G 1.2 -1.4 -1.7 -2.2

Prostaglandin/Leukotriene ALOX5 1.0 1.1 -1.3 1.1
ALOX5AP 1.2 1.2 -1.1 -1.0
CYSLTR1 -1.5 -1.3 -2.4 -1.7
CYSLTR2 1.2 1.0 1.3 -1.0
LTC4S -1.6 -1.3 1.0 -1.5
PTGS2 (COX2) 1.0 -1.6 -1.6 -1.5

T Cell Costimulatory TNFSF8 (CD30L) -1.3 -1.2 1.0 -2.2 p = 0.06
  Accessory Cell Expressed TNFSF4 (OX40L) -1.3 -1.6 -2.3 p = 0.06 -2.4 p = 0.05

  T Cell Expressed CTLA4 -1.2 -1.7 -1.1 -4.1 p < 0.01
ICOS -1.2 -1.2 -2.4 -1.3
TCRA -1.1 -1.0 -1.4 -1.7
TNFRSF4 (OX40) -1.1 -1.2 1.5 -1.7

100 ug/kg 1000 ug/kg
Control Control

100 ug/kg 1000 ug/kg
Control Control



Table S5  Lung 7 DAI vs Infected Table S5  Lung 7 DAI vs
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

Th1-Associated IFNG 1.2 -1.2 -1.1 -1.6
  Cytokines IL12A 1.3 -1.5 -1.0 -1.6

IL12B -3.1 -1.8 -5.7 p < 0.05 -3.4
IL22 2.4 1.5 2.9 -1.8

  Surface Receptors IL18RA -1.6 -1.5 -1.7 -2.0

  SOCS/PIAS SOCS1 1.7 -1.3 1.2 -1.9 p = 0.07
PIAS4 -1.3 -1.2 -1.6 -1.1

  Intracellular Signaling TXK -1.2 -1.6 -1.1 1.3

  Transcription Factors TBX21 1.0 -1.4 -1.5 -1.5

Th2-Associated IL4 2.1 p < 0.05 -1.2 2.3 p < 0.05 1.3
  Cytokines IL5 1.1 -2.4 5.5 p < 0.05 1.5

IL13 22.1 p < 0.05 2.0 3.3 -1.2
TMED1 (ST2L) -1.2 -1.2 -1.9 -1.7

  Cytokine Receptors IL4R 1.5 1.1 -1.1 -1.8
IL13RA1 -1.8 -2.1 -3.8 p < 0.05 -2.3
IL13RA2 1.3 1.0 1.0 -1.7
IL5R -1.1 1.0 1.3 -1.1

  SOCS/PIAS PIAS1 -1.4 -1.0 -1.4 -1.4
PIAS3 -1.7 -1.9 -2.0 -1.5
SOCS3 -1.3 1.0 1.0 1.0

  Surface Receptors GPR44 (CRTH2) 1.2 -1.6 -1.1 -1.3

  Transcription Factors GATA3 -1.8 -1.3 -1.8 -1.5
STAT6 -1.0 -1.7 -1.2 -2.0

Treg Associated CD25 1.0 1.1 -1.1 -1.4
FOXP3 -1.5 -1.9 1.1 -1.7
IL10 1.2 2.1 -1.2 -1.6
TGFB1 -1.3 -1.1 -1.3 -1.2
TNFRSF18 (GITR) 1.1 -1.4 1.9 -1.7

100 ug/kg 1000 ug/kg
Control Control

100 ug/kg 1000 ug/kg
Control Control



Table S6 Lung 14 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

 Alternatively Activated Mφ ARG1 1.5 -1.0 1.8 1.7 1.5
CHIA 1.1 1.5 -2.9 -2.4 -1.8

Chemokines CCL11 (EOT) 1.0 1.9 7.9 p = 0.06 14.2 p < 0.05 8.3 p < 0.05
CCL24 (EOT2) 1.0 -1.1 1.0 1.0 1.6
CCL26 (EOT3) -1.7 -1.2 1.9 3.2 p < 0.05 1.9

Chemokine Receptors
CCR3 1.8 -1.2 1.5 2.4 p = 0.05 2.5 p < 0.05
CCR4 -1.0 1.3 2.9 1.2 2.4

  CCR CCR7 -1.1 2.4 1.1 1.0 1.0

  CXCR IL8R1 (CXCR1) 2.7 4.0 1.5 -1.2 -1.1
IL8R2 (CXCR2) 2.0 3.2 1.1 -1.9 1.2

Eosinophil Associated EPX 1.7 2.8 2.5 12.7 p < 0.005 11.6 p < 0.005

Immunoglobulin Associated IGHA1 -1.4 -1.4 1.2 2.0 p < 0.01 -1.7
IGHE -2.0 -1.4 4.9 p = 0.07 3.2 5.5 p < 0.05
IGHG1 1.3 -1.1 2.3 1.8 1.6
IGHG2A 2.7 11.3 p = 0.09 1.3 7.8 7.3
IGHG2B 2.1 1.5 9.7 p < 0.005 7.6 p < 0.005 5.9 p < 0.005
IGHG3 -1.3 -1.2 2.7 1.1 -9.2
IGHG4 3.1 10.5 p < 0.05 7.6 10.4 p < 0.05 14.5 p < 0.05
IGJ -1.1 -1.0 2.4 p < 0.05 1.6 1.3
IGHM 1.2 1.5 1.1 1.5 1.9

Inflammation IL1B 1.9 1.5 3.1 p < 0.05 -1.3 -1.6
IL6 -1.0 1.3 -1.0 -1.8 p < 0.05 1.3

Mast Cell Associated CMA1 -1.5 1.1 -1.0 -1.6 1.2
FCER1A 1.3 1.9 4.1 2.6 2.1
HDC 1.2 -1.0 6.1 p < 0.0005 3.4 p < 0.005 3.7 p < 0.005
TPSAB1 (MC trypt) -1.2 1.2 2.3 p < 0.05 2.1 p < 0.05 4.9 p < 0.005

1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg 1000 ug/kg Control 100 ug/kg



Table S6  Lung 14 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

Misc. BDKRB2 -1.3 1.3 1.4 -5.7 p < 0.05 -1.4
HNMT 1.0 1.0 1.9 1.1 1.1
INDO 2.1 1.6 1.2 -1.7 -1.4
ITGB1 (CD29) -1.4 1.1 1.2 -2.4 p  = 0.06 -1.3
PIGR -1.8 -1.3 -1.4 -1.3 1.1
SLC11A 1.6 2.2 1.3 1.1 1.7

Mucus and Fluid Generation CFTR -1.3 -1.1 1.3 -2.7 -1.9
CLCA1 -5.6 p = 0.05 -4.8 p = 0.07 1.8 1.7 1.5
GCNT 1.2 1.1 1.2 -1.7 1.0
MUC3 1.2 1.1 -1.1 -1.6 -1.2
MUC5AC -8.8 -4.2 -19.7 p < 0.05 -2.0 -2.5
SCNN1G -1.2 2.1 -1.2 -2.2 -1.3

Prostaglandin/Leukotriene ALOX5 1.0 -1.1 1.9 -1.2 1.4
ALOX5AP 1.2 1.1 1.7 1.0 1.4
CYSLTR1 -1.0 1.7 2.4 -1.0 1.1
CYSLTR2 1.1 1.3 1.5 1.1 1.7 p < 0.05
LTC4S -1.1 1.1 1.4 1.4 1.5
PTGS2 (COX2) 1.6 1.5 2.9 -1.6 1.0

T Cell Costimulatory TNFSF8 (CD30L) 2.3 p < 0.05 2.4 p < 0.05 1.8 1.3 2.3 p < 0.05
  Accessory Cell Expressed TNFSF4 (OX40L) -1.1 1.4 1.0 -1.9 -1.3

  T Cell Expressed CTLA4 1.4 1.0 1.3 -1.3 -1.1
ICOS 1.4 1.5 3.9 p < 0.05 -1.2 1.4
TCRA 1.7 1.7 1.4 -1.1 2.0
TNFRSF4 (OX40) 1.4 1.8 1.3 -1.7 1.9

1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg 1000 ug/kg Control 100 ug/kg



Table S6  Lung 14 DAI vs Control

Gene Fold σ Fold σ Fold σ Fold σ Fold σ

Th1-Associated IFNG 1.3 1.4 1.2 -1.1 -1.3
  Cytokines IL12A 1.4 1.2 1.4 -1.0 -2.1

IL12B 1.4 1.1 2.0 1.3 -1.1
IL22 -1.2 -1.4 1.9 p < 0.05 1.6 p < 0.05 1.3

  Surface Receptors IL18R1 -1.5 1.0 1.0 -1.8 1.0

  SOCS/PIAS SOCS1 1.0 -1.2 1.2 -1.6 -1.8
PIAS4 1.0 1.3 -1.1 -1.8 p < 0.05 -1.2

  Intracellular Signaling TXK 1.2 1.2 1.2 -2.9 p = 0.07 -1.4

  Transcription Factors TBX21 1.0 1.1 -1.4 -2.4 -1.1

Th2-Associated IL4 1.5 1.5 3.8 p < 0.05 1.5 1.4
  Cytokines IL5 1.6 1.4 4.1 p < 0.005 1.7 2.0

IL13 2.8 1.4 6.2 p < 0.05 1.6 -2.8
TMED1 (ST2L) -1.1 1.1 1.2 -1.7 p < 0.05 1.1

  Cytokine Receptors IL4R -1.1 1.9 -1.0 -3.5 -1.3
IL13RA1 2.0 -1.1 1.2 -1.9 -2.5
IL13RA2 -1.9 -1.4 1.5 -1.9 -1.5
IL5R 1.3 -1.0 3.7 p < 0.01 2.1 2.9 p < 0.05

  SOCS/PIAS PIAS1 1.0 1.3 -1.1 -1.9 p < 0.05 -1.2
PIAS3 -1.4 -1.3 -1.1 -2.1 p < 0.05 -1.5
SOCS3 -1.1 1.2 1.1 -1.8 -1.2

  Surface Receptors GPR44 (CRTH2) -1.6 -1.7 1.4 -1.7 1.8

  Transcription Factors GATA3 1.4 1.6 1.2 -1.2 1.4
STAT6 1.0 1.8 1.3 -1.5 1.1

Treg Associated IL2RA (CD25) 1.0 1.7 2.4 p < 0.05 1.2 1.7
FOXP3 -1.4 1.2 1.5 -1.2 1.2
IL10 6.3 p = 0.06 4.2 1.1 -1.5 1.1
TGFB1 1.1 1.2 -1.5 -1.4 1.0
TNFRSF18 (GITR) 1.0 1.4 1.8 1.4 1.6

1000 ug/kg
Control Control Infected Infected Infected

100 ug/kg 1000 ug/kg Control 100 ug/kg



Table S6  Lung 7 DAI vs Infected Table S6  Lung 14 DAI vs
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

 Alternatively Activated Mφ ARG1 -1.1 -1.2  Alternatively Activated Mφ 1.1 1.5
CHIA 1.2 1.6 -2.7 -2.8

Chemokines CCL11 (EOT) 1.8 1.1 Chemokines 13.6 p < 0.05 4.5
CCL24 (EOT2) 1.0 1.6 1.0 1.8
CCL26 (EOT3) 1.7 1.0 5.5 p < 0.005 3.0 p < 0.05

Chemokine Receptors Chemokine Receptors
CCR3 1.7 1.7 1.3 3.0 p < 0.05
CCR4 -2.4 -1.2 1.3 1.8

  CCR CCR7 -1.1 -1.1   CCR 1.2 -2.4

  CXCR IL8R1 (CXCR1) -1.8 -1.6   CXCR -3.2 -4.3
IL8R2 (CXCR2) -2.2 1.1 -3.7 -6.1 p < 0.05

Eosinophil Associated EPX 5.2 p = 0.08 4.7 p = 0.1 Eosinophil Associated 7.6 p < 0.05 4.1 p = 0.09

Immunoglobulin Associated IGHA1 1.3 1.1 Immunoglobulin Associated 2.6 p < 0.05 2.0 p = 0.08
IGHE -1.5 1.1 6.5 p < 0.05 7.8 p < 0.05
IGHG1 -1.3 -1.5 1.4 1.8
IGHG2A 6.0 5.6 2.9 -1.5
IGHG2B -1.3 -1.6 3.6 p = 0.06 4.0 p < 0.05
IGHG3 -2.1 -46.2 p = 0.06 1.3 -20.5 p = 0.06
IGHG4 1.4 1.9 3.3 1.4
IGJ -1.5 -1.8 1.7 1.3
IGHM 1.3 1.7 1.3 1.3

Inflammation IL1B -3.9 p < 0.05 -4.9 p < 0.01 Inflammation 2.4 p = 0.07 2.3 p = 0.08
IL6 -1.8 p = 0.1 -1.3 -1.7 p = 0.08 -1.7

Mast Cell Associated CMA1 -1.6 1.3 Mast Cell Associated -1.1 1.1
FCER1A -1.6 -1.9 2.1 1.1
HDC -1.8 -1.7 2.9 p < 0.05 3.9 p < 0.005
TPSAB1 (MC trypt) -1.1 2.1 p = 0.08 2.6 p < 0.05 4.2 p < 0.005

Control Control Control Control
100 ug/kg 1000 ug/kg 100 ug/kg 1000 ug/kg



Table S6  Lung 7 DAI vs Infected Table S6  Lung 14 DAI vs
Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

Misc. BDKRB2 -7.9 p < 0.05 -1.9 Misc. -4.3 p = 0.07 -1.8
HNMT -1.8 -1.7 1.1 1.1
INDO -1.9 -1.7 -3.6 -2.3
ITGB1 (CD29) -2.9 p = 0.06 -1.6 -1.7 -1.4
PIGR 1.1 1.5 1.4 1.4
SLC11A -1.2 1.3 -1.5 -1.3

Mucus and Fluid Generation CFTR -3.5 -2.5 Mucus and Fluid Generation -2.1 -1.8
CLCA1 -1.1 -1.2 9.4 p < 0.05 7.3 p < 0.05
GCNT -2.1 -1.2 -2.0 -1.0
MUC3 -1.5 -1.1 -1.9 -1.4
MUC5AC 10.1 p = 0.09 7.8 4.5 1.7
SCNN1G -1.9 -1.1 -1.9 -2.7

Prostaglandin/Leukotriene ALOX5 -2.2 p = 0.1 -1.4 Prostaglandin/Leukotriene -1.2 1.6
ALOX5AP -1.6 -1.2 -1.1 1.3
CYSLTR1 -2.5 -2.2 -1.0 -1.6
CYSLTR2 -1.3 1.1 1.0 1.3
LTC4S 1.0 1.0 1.7 p < 0.05 1.4
PTGS2 (COX2) -4.5 p < 0.05 -2.7 -2.5 -1.4

T Cell Costimulatory TNFSF8 (CD30L) -1.4 1.3 T Cell Costimulatory -1.8 -1.0
  Accessory Cell Expressed TNFSF4 (OX40L) -1.9 -1.3   Accessory Cell Expressed -1.7 -1.7

  T Cell Expressed CTLA4 -1.7 -1.4   T Cell Expressed -1.8 -1.1
ICOS -4.7 p < 0.05 2.8 -1.7 -1.1
TCRA -1.6 1.4 -2.0 p = 0.08 1.2
TNFRSF4 (OX40) -2.2 1.5 -2.3 1.0

Control Control Control Control
100 ug/kg 1000 ug/kg 100 ug/kg 1000 ug/kg



Table S6  Lung 14 DAI vs
Table S6  Lung 7 DAI vs Infected Non-Infected ATRA Control

Gene Fold σ Fold σ Fold σ Fold σ

Th1-Associated IFNG -1.3 -1.6 Th1-Associated -1.5 -1.8
  Cytokines IL12A -1.4 -2.9   Cytokines -1.4 -2.5

IL12B -1.6 -2.1 -1.1 -1.2
IL22 1.0 1.0 1.0 1.0

  Surface Receptors IL18RA -1.8 1.0   Surface Receptors -1.2 1.0

  SOCS/PIAS SOCS1 -1.8 -2.1   SOCS/PIAS -1.6 -1.6
PIAS4 -1.7 -1.1 -1.8 p < 0.05 1.5 p = 0.08

  Intracellular Signaling TXK -3.4 p = 0.08 -1.6   Intracellular Signaling -3.4 p = 0.05 -1.7

  Transcription Factors TBX21 -1.7 1.3   Transcription Factors 2.5 -1.2

Th2-Associated IL4 -2.5 -2.7 Th2-Associated 1.0 -1.1
  Cytokines IL5 -2.5 p = 0.09 -2.1   Cytokines 1.0 1.5

IL13 -4.0 p = 0.08 -17.2 p < 0.005 -1.8 -3.9 p = 0.06
TMED1 (ST2L) -1.9 p < 0.05 -1.0 -1.5 1.0

  Cytokine Receptors IL4R -3.4 -1.3   Cytokine Receptors -3.1 -2.6
IL13RA1 -3.5 p = 0.06 -1.5 -1.8 -1.1
IL13RA2 -2.9 p < 0.05 -2.2 -1.0 -1.1
IL5R -1.7 -1.3 1.7 3.0 p < 0.05

  SOCS/PIAS PIAS1 -1.7 -1.1   SOCS/PIAS -1.8 p < 0.05 -1.5 p = 0.08
PIAS3 -2.0 p = 0.09 -1.4 -1.5 -1.2
SOCS3 -2.0 -1.4 -1.6 -1.4

  Surface Receptors GPR44 (CRTH2) -2.3 1.3   Surface Receptors -1.0 3.0 p < 0.05

  Transcription Factors GATA3 -1.4 1.2   Transcription Factors -1.7 p < 0.05 -1.1
STAT6 -2.0 -1.1 -1.5 -1.6

Treg Associated CD25 -2.1 p = 0.09 -1.4 Treg Associated 1.1 1.0
FOXP3 -1.8 -1.3 1.2 -1.0
IL10 -1.6 -1.0 -9.2 p < 0.05 -3.9
TGFB1 1.1 1.6 p = 0.09 -1.5 1.0
TNFRSF18 (GITR) -1.3 -1.1 1.4 -1.2

Control Control Control Control
100 ug/kg 1000 ug/kg 100 ug/kg 1000 ug/kg


