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Abstract

Chronic pulmonary inflammation has been consistently shown to increase the risk of lung cancer.
Therefore, assessing the molecular links between the two diseases and identification of
chemopreventive agents that inhibit inflammation-driven lung tumorigenesis is indispensable.
Recently, we found that 4-(methylInitro-samino)-1-(3-pyridyl)-1-butanone (NNK)-induced mouse
lung tumorigenesis was significantly enhanced by chronic treatment with the inflammatory agents
lipopolysaccharide (LPS) and combinatory treatment with the chemoprevenitve agents silibinin
(Sil) and indole-3-carbinol (I13C) significantly inhibited the burden of inflammation-driven lung
tumors. In this report, we described gene expression profiling of lung tissues derived from these
studies to determine the gene expression signature in inflammation-driven lung tumors and
modulation of this signature by the chemopreventive agents Sil and I13C. We found that 330,
2,957, and 1,143 genes were differentially regulated in mice treated with NNK, LPS, and NNK +
LPS, respectively. The inflammatory response of lung tumors to LPS, as determined by the
number of proinflammatory genes with altered gene expression or the level of alteration, was
markedly less than that of normal lungs. Among 1,143 genes differentially regulated in the NNK +
LPS group, the expression of 162 genes and associated signaling pathways were significantly
modulated by 13C and/or Sil + I3C. These genes include cytokines, chemokines, putative
oncogenes and tumor suppressor genes and Rosl, AREG, EREG, Cyplal, Arntl, and Npas2. To
our knowledge, this is the first report that provides insight into genes that are differentially
expressed during inflammation-driven lung tumorigenesis and the modulation of these genes by
chemopreventive agents.
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Introduction

Lung cancer is the leading cause of cancer death in the United States and worldwide.
Tobacco smoke, which contains 73 carcinogens, is recognized as the main cause of
cancer.2:3 However, only about 10-15% of smokers develop lung cancer in their life time.*
It is not clear why some smokers develop lung cancer, while others do not. Epidemiological
studies have consistently shown that smokers with COPD have a significantly increased risk
for lung cancer compared with smokers without COPD®>8, which is one possible explanation
for the variable susceptibility of smokers to lung cancer. Agents that contribute to the
inflammatory effects of tobacco smoke include not only the many organic and inorganic
chemicals in the gaseous, volatile, and particulate phases of cigarette smoke, but also
tobacco-associated microbial elements such as bacteria, fungi, and diverse microbial toxins.”
In particular, lipopolysaccharide (LPS), the major component of the cell wall of Gram-
negative bacteria and a potent inflammatory agent, has been found in substantial amounts in
the mainstream and sidestream cigarette smoke.82 Provocation of healthy volunteers with
LPS has been used as a model of COPD as well as COPD exacerbation.10 Similarly, studies
in mouse models have shown that LPS-induced inflammatory and pathologic changes mimic
changes observed in human subjects with COPD.1! We have recently shown that repetitive
administration of LPS to mice pre-treated with NNK significantly enhanced lung tumor
multiplicity and tumor growth.12

Although Rudolf Virchow noted, more than a century ago, the association between chronic
inflammation and cancer!3, the underlying mechanisms are not yet fully known.
Inflammatory signaling pathways and cytokines, reactive oxygen and nitrogen species,
prostaglandins and specific microRNAs are incriminated as potential links between chronic
inflammation and cancer.14 Further deciphering the molecular signatures of inflammation-
driven tumorigenesis could lead to a better understanding of how the disease develops and
the identification of novel diagnostic markers and preventive and therapeutic targets. A
promising approach to achieve this goal is next-generation whole transcriptome RNA
sequencing (RNA-Seq). Compared to microarrays, RNA-Seq has a larger dynamic range,
the ability to detect all expressed transcripts as a function of depth of read coverage, the
ability to detect transcript structure and identify long noncoding RNAs that have important
transcriptional and posttranslational gene regulatory roles.1>

In the present study, we have used RNA-Seq to characterize gene expression alterations
associated with inflammation-driven lung tumorigenesis and modulation of these effects by
the chemopreventive agents silibinin (Sil) and/or indole-3-carbinol (I13C). Mice pretreated
with the tobacco smoke carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)
received LPS, once a week, throughout the study and were maintained on a control diet or a
diet supplemented with Sil and/or 13C. Sil is a constituent of the traditional medicinal plant
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milk thistle (Slybum marianum), whereas 13C is a derivative of glucobrassicin found in
commonly consumed Brassica vegetables such as cabbage, cauliflower, broccoli and
Brussels sprouts. We have previously reported the strong antitumor activities of low doses
of a combination of 13C and Sil in cell line and animal models of lung cancer.16

Materials and Methods

Chemicals, reagents and diets

I3C, Sil and LPS were from Sigma (St Louis, MO). NNK was synthesized as described
elsewhere.1” Mouse diets AIN-93G/M were purchased from Harlan Teklad (Madison, WI).

Tumor bioassay

Female A/J mice, 5-6 weeks of age, were acquired from the Jackson Laboratory (Bar
Harbor, ME). Mice were acclimated to the laboratory environment for 1 week in a pathogen-
free environment. All experiments were performed according to the U.S. National Institutes
of Health (NIH) Guide for the Care and Use of Laboratory Animals, and approved by the
Institutional Animal Care and Use Committee, the University of Minnesota.

The tumor bioassay was performed using a mouse model of inflammation-driven lung
tumorigenesis as described previously.12 Briefly, one week after arrival, mice were
intraperitoneally treated with a single dose of NNK (100 mg/kg, in 0.1 ml physiological
saline) or the vehicle alone. Beginning one week after NNK administration, groups of mice
were intranasally instilled with LPS (5 pg/mouse in 50 uL of phosphate buffered saline),
once a week, until the end of the study. I13C (20 pmol/g diet) and Sil (20 umol/g diet) were
administered in the diet, individually or in combination. At week 22, the mice were
euthanatized with an overdose of carbon dioxide. The lungs were harvested and the tumors
on the lung surface counted and their sizes determined under a dissecting microscope. Lung
tissues were preserved in RNAlater solution (life technologies, Carlsbad, CA) and kept at
—80°C until used for RNA isolation.

RNA extraction

For mice treated with NNK, NNK + LPS, NNK + LPS + I3C, NNK + LPS + Sil and NNK +
LPS + Sil + Sil, lung tumors (from 3 mice/group, 30 mg tumor tissue/mouse) were
dissected, pooled and used for the preparation of RNA. Histopathological studies of the
tumors showed that all of the lung tumors were at adenoma stage. For mice treated with
physiological saline solution (control group) or LPS, normal tissue dissected (from 3 mice/
group, 30 mg normal lung tissue tissue/mouse) and used for the preparation of RNA. Total
RNA was extracted from lung tumors or normal lung tissues using the miRNeasy Mini Kit
(Qiagen, Valencia, CA) according to the manufacturer’s instruction. The concentration
(A260) and purity (A260/A280 and A260/A230) of RNA were determined using NanoDrop
1000 spectrophotometry. The integrity of the RNA preparations was confirmed by Agilent
Bioanalyzer and/or Caliper GX. RNA samples with RNA integrity number higher than 7
were selected for RNA sequencing.
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Library preparation and RNA sequencing

Samples were prepared, using a TruSeq RNA Sample Preparation Kit (version 2), according
to the manufacturer's instructions for RNA-Seq sample preparation. Twenty-one barcoded
libraries (average gel size selected inserts of around 200 bp) were generated by University of
Minnesota Biomedical Genomics Center Core Facility. The libraries were combined into
three pools for sequencing (16 samples were sequenced in one lane and 5 samples were
sequenced across two lanes using an Illumina’s HiSeq 2000, 50 bp paired-end flow cell for
50 cycles. Twenty million reads were generated for each of the RNA samples. In the
following step, a filter procedure was applied to remove sequences with low quality scores.

RNA-Seq data analysis

Paired-end RNA sequencing data with mate-pair distance of 100 bp in FASTQ format were
imported into CLC Bio Genomics Workbench 7 (CLC Bio, Qiagen, Boston, MA) for
quality, mapping, and expression analyses. Sequencing quality analysis was performed using
the built-in Sequencing QC Report within the Genomics Workbench to generate detailed
reports of sequencing quality and over-represented sequences analyses. Transcriptomics
analysis was then performed on samples that passed sequencing QC analysis to detect the
expression level of each gene by mapping the sequencing reads to the latest mouse reference
genome and annotation version mm10. Mapping was also performed on the inter-genic
regions to identify potential non-coding transcripts. Mapping options were set to the default
settings, with read alignment mismatch cost = 2, insertion cost = 3, deletion cost = 3, length
fraction = 0.8, similarity fraction = 0.8, auto-detect paired distances, strand specific = both,
and maximum number of hits for a read = 10. An expression value for each gene was set to
total exon counts (or total reads successfully mapped to one or more exons of each gene).
Pair-wise empirical analysis of differential gene expression was performed on all pairs of
sample groups using ‘Exact Test” for two-group comparisons with trimmed mean of M-
values (TMM) normalization to adjust for differences in sequencing depths!®, which is the
same statistical algorithm implemented in EdgeR Bioconductor package.1® False discovery
rate (FDR) corrected p-values of less than 0.05 and fold-change of greater or equal to 2 were
used as criteria for significantly regulated genes. Pathway analysis and gene ontology
(Ingenuity Pathways Analysis; IPA, Ingenuity Systems, Inc., Redwood City, CA) were
performed to identify putative diseases and functions associated with the differentially
regulated genes. Genes of interest were validated by quantitative reverse transcriptase-
polymerase chain reaction (QRT-PCR).

Quantitative RT-PCR analysis

RNA (1 ug) was reverse transcribed to cDNA in 20 pL reaction using the QuantiTect
Reverse Transcription Kit (Qiagen, Valencia, CA) according to manufacturer’s instructions.
Quantification of MRNAs was performed on Applied Biosystems 7900HT Fast Real-Time
PCR System with 384-Well Block Module (Life Technologies, Carlsbad, CA) using
QuantiTect SYBR Green PCR Kit (Qiagen, Valencia, CA) and gene-specific forward and
reverse primers (Supplemental Table S1). One microliter of the resulting cDNA sample was
added to a 10 pL reaction and the final concentration of each primer is 0.5 uM. Samples
were tested in triplicates and no-template controls were included in each set of reactions.
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Amplification was carried out using the following conditions: 95 °C for 15 min, followed by
40 cycles of 94 °C for 15 sec, 55 °C for 30 sec and 70 °C for 34 sec. Melt curve analysis was
performed at the end of every qPCR run. All samples were normalized to an internal control
gene, Actb (B-actin), and the comparative Ct method was used to assess the relative gene
expression.

Differential gene expression analysis by RNA-Seq

The mouse tumor bioassay has clearly demonstrated that LPS-induced chronic pulmonary
inflammation enhanced lung tumorigenesis, whereas dietary administration of 13C + Sil
reduced the tumor burden (Table 1). Classification of the lung tumors into different size
categories also revealed that the frequency of the largest tumors (> 1 mm) was significantly
reduced by Sil + 13C or 13C alone (from 6.3 £ 2.9 tumors/mouse in the control group to 1.0
+ 1.3 and 1.6 £ 1.8 tumors/mouse in mice given Sil + I3C or I13C alone, respectively, data
not shown).

To characterize gene expression alterations associated with inflammation-driven lung
tumorigenesis and to examine if these effects could be modulated by the chemopreventive
agents Sil and/or 13C, total RNA was extracted from the lung tumors and the samples were
processed for gene expression analysis by RNA-Seq. Total sequencing reads were achieved
within at least 90% of the targeted 20 million read depth for each sample, except for one
control sample with a depth of 16.7 million reads. The sequencing depths for the rest of the
samples ranged from 18.6 to 31.4 million reads. The calculated sequencing quality score
was approximately 37.9 = 0.37 (mean + SD) across all samples, indicating that virtually all
of the reads had zero errors and ambiguities (a score of 30 is considered a benchmark for
quality in next-generation sequencing). To identify alterations in gene expression, the
different treatment groups (NNK, LPS, NNK+LPS, NNK+LPS+Sil, NNK+LPS+I3C, and
NNK+LPS+Sil+I3C) were compared to the vehicle control group. Based on gene expression
profiles, an unsupervised principal component analysis (PCA) of covariance was first
performed across all treatment groups. Both control and LPS groups showed distinct clusters
directed toward opposite vectors (Fig. 1A), indicating strong intragroup correlation of gene
expression but differences in intergroup gene signatures. Samples from NNK-treated mice
not only clustered together but they were also closer to the groups treated with NNK+LPS
and NNK+LPS+Sil, suggesting a transcriptomic signature different from the control and
LPS treated groups. The transcriptomic signatures of the NNK+LPS+I3C- and NNK+LPS
+Sil+13C-treated groups were very similar, and their signatures were readily discerned from
those of the other sample groups.

We next performed pair-wise Exact Test comparisons, with TMM normalization, to identify
genes differentially expressed in each treatment group as compared to the vehicle control
group. Based on our statistical significance criteria of FDR < 0.05 and fold-change = 2 or <
-2, we identified 330 genes (240 upregulated and 90 downregulated) that were significantly
deregulated in mice treated with NNK as compared to the control group (Fig. 1B,
Supplementary Table S2). The most up-regulated gene was Spagl1b (216-fold), whereas
Cyplal was the most down-regulated gene (15-fold). The group treated with LPS alone

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Qian et al.

Page 6

showed the highest number of deregulated genes (a total of 2,957 genes, 1,761 genes
upregulated and 1,196 genes downregulated, Fig. 1B, Supplementary Table S3). As
expected, the most upregulated genes were cytokines and chemokines (Csf3, Ccl4, Cxcl9,
and I117A increased 1794 -, 378 -, 951 -, and 309 -fold respectively, compared to the control
group), whereas Ucpl was the most downregulated gene (decreased 74-fold). Animals
exposed to a combination of NNK + LPS showed 1,143 deregulated genes (711 upregulated
and 432 downregulated, Fig. 1B, Supplementary Table S4). Of these genes, 84, 647, and 183
genes overlapped with NNK, LPS, and both NNK and LPS treated groups, respectively,
whereas 229 genes were uniquely deregulated. In this group, the most upregulated and
downregulated genes, respectively, were Spagl1b (826-fold) and Sc28al1(91-fold).

Genes associated with inflammation and immune responses were underrepresented in
lung tissues of NNK + LPS-treated mice

According to the results from ingenuity Pathway Analysis (IPA), genes associated with
inflammatory and immune responses were clearly more represented in lungs of mice treated
with LPS than in mice treated with NNK + LPS (Figs. 1C and 1D). Table 2 shows common
inflammatory and immune response genes differentially expressed in mice treated with LPS,
NNK, and NNK + LPS. In mice treated with NNK + LPS, the proinflammatory genes Ifg
and 1121 were expressed at a high level (18-fold and 36-fold higher, respectively, compared
to the level in the control group), although this level was much lower than that observed in
the LPS group (increased by 232-and 168-fold, respectively). Contrary to inflammation and
immunity-related genes, genes associated with calcium signaling, CDC42 signaling,
allograft rejection, OX40 signaling, and B cell development were overrepresented in the
NNK + LPS group compared to the LPS group. Mice treated with LPS exhibited
underrepresentation of genes associated with cellular differentiation (Fig. 1D). Similar but
relatively weaker effects were obtained in the NNK and NNK + LPS group.

Chemopreventive agents Sil and 13C reversed the expression of a subset of NNK + LPS-
regulated genes

In this study, we sought to determine if the chemopreventive effects of Sil and 13C observed
in the tumor bioassay would be paralleled by modulations in gene expression. Indeed,
dietary administration of 13C + Sil or 13C alone to NNK + LPS-treated mice significantly
reversed the expression of several chemokines, cytokines, putative oncogenes and tumor
suppressor genes to the level found in the vehicle control group. Genes whose expressions
were altered in the NNK + LPS group by = 5-fold and modulated by 13C alone or Sil + 13C
are listed in Table 3, whereas all the genes significantly altered in the NNK + LPS group and
modulated by 13C alone or Sil + 13C are listed in Supplementary Table 5. Although Sil
showed some modulatory activities, the effects were not significant. Hierarchial clustering
of the genes deregulated by NNK + LPS and modulated by the chemopreventive agents
indicated differential effects between Sil + 13C and I3C. For instance, a set genes
downregulated by NNK + LPS group, compared to the vehicle group, were upregulated
mainly by 13C (Fig. 2A, grey bar #1; Fig. 2B, grey bar #2). On the other hand, some genes
whose expressions were upregulated by NNK + LPS were downregulated by both 13C and
Sil + 13C (Fig. 2A, second cluster, black bar #2; Fig. 2B, first cluster black bar #1). Genes
regulated by LPS were not affected significantly either by 13C or Sil + 13C (Fig. 2C). As

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Qian et al.

Page 7

shown earlier, tumor samples from animals treated with NNK + LPS displayed a set of 229
unique genes and the expression of these genes was reversed by both I3C and Sil + 13C
(black bars #1 and #2, Fig. 2D). Supplementary Table S5 shows comparative modulatory
effects of Sil, 13C and Sil + 13C on genes whose levels were significantly altered by
treatment with NNK + LPS.

Of the 432 genes downregulated by NNK+LPS, 81, 15 and 8 genes were upregulated by 13C
alone, Sil + 13C, and by both 13C alone and Sil + 13C, respectively (Fig. 2E). Also, among
genes that were upregulated in NNK+LPS group (711 genes), 12, 30 and 16 genes were
downregulated by I3C alone, Sil + I13C, and 16 both 13C alone and Sil + I3C, respectively.
The expression profiles of these differentially regulated genes were summarized in the
hierarchical clustering heatmap with three visually distinct gene clusters (Fig. 2F, red and
green bars). Gene enrichment analysis of the three main gene clusters showed that genes
enriched in cluster 1 (downregulated by NNK + LPS, but upregulated by 13C) showed very
strong association with calcium signaling, epithelial adherens junction signaling, actin
cytoskeleton signaling, and RhoA signaling (Fig. 2G). The molecular and cellular function
of these genes include regulation of cell morphology, cellular assembly and organization,
cellular development, cell survival, cell proliferation and cell death (Fig. 2H). Genes in
cluster 2 (genes downregulated by NNK + LPS, but upregulated only by Sil + 13C) were
relatively fewer and had an association with AMPK signaling, G-alpha g signaling, calcium
transport, and the visual cycle. These genes are involved in small molecule biochemistry,
cell-to-cell signaling and interaction, molecular transport and cell signaling and cell cycle.
Genes in cluster 3 (upregulated by NNK + LPS, but downregulated by both 13C and Sil +
I3C) showed association with circadian rhythm signaling, coagulation system, choline
degradation, and arginase pathway (Fig. 2G) and are involved in protein processing,
including protein synthesis, translational modification, and protein degradation. The genes
from clusters 1, 2, and 3, their associated canonical pathways and molecular and cellular
functions are deposited at GEO repository: http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE64027. Characterization of a subset of genes uniquely regulated in the NNK + LPS
group identified 38 genes to be modulated by 13C or Sil + 13C (Figs. 2A and 2B). These
genes were highly associated with cell signaling, lipid metabolism, and small molecule
biochemistry (Fig. 2C).

Validation of RNA-seq results by qRT-PCR analysis

We selected 20 genes, based on their relevance to carcinogenesis and differential expression
in RNA-Seq analysis, for verification by gRT-PCR. The gRT-PCR assays which were
carried out on the same samples used for RNA-Seq analysis confirmed the sequencing
results for all 20 genes. The results of 11 of these genes are shown in Fig. 3B. The
magnitude of change in gene expression measured by RNA-Seq and gRT-PCR methods
correlated well (Figs. 3A and 3B). In both assays, Spag11b, kininogen-2 (Kng2),
neuropeptide Y receptor 2R (Npy2r), epireguelin (Ereg), retrotransposon-like 1 (Rtl1), c-ros
oncogene 1 (Rosl), and claudin 2 (Cldn2) were over-expressed in the NNK + LPS group, as
compared to the vehicle group, whereas aryl hydrocarbon receptor nuclear translocator-like
(Arntl), neuronal PAS domain protein 2 (Npas2), early B-cell factor 2 (Ebf2), and
cytochrome P450-1A1 (Cyplal) were down-regulated in both RNA-Seq and gRT-PCR
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assays. The same trend was observed for the modulatory effects of the chemopreventive
agents.

Discussion

Although epidemiological studies consistently demonstrated that smokers with COPD have
a higher risk of lung cancer, compared to smokers without COPD, %6 the molecular links
between the two diseases are not clear. Moreover, there are no safe and effective agents for
the prevention of inflammation-related lung tumorigenesis. Therefore, in the present study,
we sought to identify genes that are deregulated in lung tumors induced by NNK + LPS and
to assess the efficacy of Sil and 13C, alone or in combination, to modulate the expression of
these genes. In previous studies, we and others have shown that part of the chemopreventive
activities of 13C and Sil are associated with suppression of inflammatory pathways.16:20.21,

Although mice treated with NNK + LPS were expected to exhibit the highest number of
differentially regulated genes, the number of genes deregulated in this group was more than
2-fold lower than that of the LPS group. In addition, only 28% of the genes differentially
expressed in the LPS group were observed in the NNK + LPS group, whereas 81% of the
genes deregulated in the NNK group were found in the NNK + LPS group. IPA results
indicated that these differences were mainly due to the underrepresentation of inflammation
and immune response genes in the NNK + LPS group. The low number of deregulated
inflammation and immune response genes in the NNK + LPS group as compared to the LPS
group could be ascribed partly to the comparison of tissues with different cellular
constituents (tumors from the NNK + LPS group versus normal tissues from the LPS
group), and partly due to the defective expression of proinflammatory cytokines and
chemokines by inflammatory cells associated with tumors. We found that levels of
proinflammatory cytokines/chemokines such as Tnf, Infg, IL21, Ccl4, Ccl8, Ccl19,Cxcl9 and
Cxcl10 were at least 10-fold lower in the NNK + LPS group as compared to the level in the
LPS group, whereas a large number of proinflammatory genes were not deregulated at all in
the NNK + LPS group (Table 1). This is typical of the situation seen in chronic
inflammation-associated tumors in which proinflammatory molecules are not expressed at
adequate level to induce cytotoxic effects against tumor cells but are capable of inducing
reactive oxygen/nitrogen species that cause DNA damage/mutation in the surrounding
epithelial cells, predisposing them to premalignant transformation and tumor initiation.22
Further growth of the premalingnant cells could be supported by the proinflammatory and
prosurvival signaling pathways NF-xB and STAT3, which are activated by TNF alpha and
IL-6, respectively. Low levels of cytokines have also been associated with poor antitumor
immune response and tumor progression. Sustained low-level expression of interferon-
gamma has been found to promote the development of several types of tumors, including
hepatoma, mammary adenocarcinoma and melanoma, by upregulating genes involved in T
cell immune tolerance such as Pdi1, PdI2, Ctla4 and Foxp3.23 In the present study, mice
treated with NNK + LPS had 8- and 5- fold higher levels of Pdl1 and Foxp3, respectively, as
compared to the level in the control group (Supplementary Table S4), which suggests
immune evasion of the lung tumor cells.

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Qian et al.

Page 9

Some examples of individual cancer-associated genes that were significantly more up - or
down-regulated in the NNK + LPS group, compared to the NNK group, include the EGFR
ligands Ereg and Areg, proto-oncogene tyrosine-protein kinase Rosl, and the putative tumor
suppressor genes Arntl and Npas2. EREG and AREG (more than 2-fold higher expression in
the NNK + LPS group compared to the NNK group) are cognate epidermal growth factor
receptor ligands that have been shown to be overexpressed in most common human
epithelial malignancies, including lung cancer.242% Observations made in different models
of inflammation-related neoplasia suggest that Ereg and Areg are at the interface between
inflammation and cancer since both genes are induced by inflammatory cytokines and
overexpressed by tumor-associated cells such as fibroblasts and mast cells.26:27 Rosl
receptor tyrosine kinase (overexpressed by 7-fold) has been found to be upregulated in 22%
of NSCLC and as an independent prognostic factor for overall survival of stage I lung
adenocarcinoma patients.28 The putative tumor suppressor genes Arntl and Npas2
(underexpressed by 3- and 4-fold, respectively) are members of the circadian rhythm genes
that maintain the timing for a range of physiological and behavioral processes. In addition to
its tumor suppressor effects2?, ARNTL plays a role in the regulation of tobacco smoke-
induced lung inflammatory responses since targeted deletion of the gene in the lung
epithelium augmented cigarette smoke-induced pulmonary inflammation.30 Also, human
NPAS2 has a substantial impact on tumorigenesis, possibly through regulation of cancer-
related genes, such as those involved in cell cycle checkpoint and DNA repair.3!

In mouse lung tumor bioassay, we observed that dietary administration of Sil + 13C to NNK
+ LPS-treated mice significantly reduced the tumor number as well as tumor size. To assess
if the chemopreventive efficacy of Sil + I13C would be paralleled by modulation of NNK +
LPS-induced gene alteration, we compared gene expression profiles of lung tumors from the
control group versus groups treated with Sil, I13C or Sil + I13C. Overall, dietary
administration of Sil + I13C and 13C alone, but not Sil alone, reversed the expression of
several cytokines, chemokines and putative oncogenes and tumor suppressor genes to the
level found in the vehicle control group (See Tables 2 and 3). Since most of these genes
have a well-established role in tumorigenesis, it is reasonable to postulate that modulation of
the expression of these genes could be mechanistically related to the chemopreventive
activities of Sil + 13C. Moreover, Sil + 13C and I3C alone modulated the expression of
several cancer-related genes that were uniquely deregulated in mice treated with NNK +
LPS. This group of genes include Hkdc132, Chdh33, Rgs5%4, Filip13°, Arntl2% and Npas231.,

Among the genes whose expression was altered by the chemopreventive agents, the level of
Cyplal was modulated to the greatest extent, being upregulated 86- and 81-fold by 13C and
Sil + 13C, respectively. Although CYP1AL converts some procarcinogens into ultimate
carcinogens and thereby increasing the risk of DNA damage and tumorigenesis, it has also
been reported to increase detoxication and clearance of NNK36 and benzo(a)pyrene3” and to
convert 17B-estradiol into 2-hydroxy-estradiol (2-OHEZ2), a potent cell cycle inhibitor,
instead of 4-hydroxy-estradiol (4-OHE?2), a highly DNA reactive metabolite.38 In the
present study, 13C was administered after treatment with NNK, and thus the
chemopreventive activities of CYP1AL cannot be attributed to modulation of carcinogen
metabolism. However, since accumulating preclinical and clinical data show a strong link
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between estrogen and lung cancer development39, CYP1A1 might suppress estrogen-related
lung tumorigenesis by enhancing the preferential metabolism of estrogen towards the less
toxic metabolite 2-hydroxy-estradiol.

Conclusions

Taken together, we showed that the expression of several cancer-associated genes was
deregulated in inflammation-driven lung adenomas and these genes are potential targets for
the chemopreventive activities of Sil + 13C. In particular, Ereg, Areg, Rosl, Cyplal, Arntl,
and Npas2, are interesting because of their established roles in tumarigenesis. Currently,
studies are underway to determine if similar gene expression alterations are found in
inflammation-driven mouse lung adenocarcinomas and to assess the modulatory effects of
Sil and 13C.
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This study was funded by a research grant to FK (CA-166615-01).We want to express our indebtedness to Bob
Carlson for his help in formatting the figures.

Abbreviations

NNK 4-(methylnitro-samino)-1-(3-pyridyl)-1-butanone
Sil Silibinin
13C Indole-3-carbinol
RNA-Seq RNA sequencing
LPS Lipopolysaccharide
References

1. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics. CA cancer J. Clin. 64:9-29. 204. [PubMed:
24399786]

2. Hecht SS. Lung carcinogenesis by tobacco smoke. Int J Cancer. 2012; 131:272432.

3. Thun MJ, Apicella LF, Henley SJ. Smoking vs other risk factors as the cause of smoking-
attributable deaths: confounding in the courtroom. JAMA.. 2000; 284:706-712. [PubMed:
10927778]

4. Bach PB, Kattan MW, Thornquist MD, Kris MG, Tate RC, Barnett MJ, Hsieh LJ, Begg CB.
Variations in lung cancer risk among smokers. J Natl Cancer Inst. 2003; 95:470-478. [PubMed:
12644540]

5. Kiri VA, Soriano J, Visick G, Fabbri L. Recent trends in lung cancer and its association with COPD:
an analysis using the UK GP Research Database. Prim Care Respir J. 2010; 19:57-61. [PubMed:
19756330]

6. de Torres JP, Marin JM, Casanova C, Cote C, Carrizo S, Cordoba-Lanus E, Baz-Dévila R, Zulueta
JJ, Aguirre-Jaime A, Saetta M, Cosio MG, Celli BR. Lung cancer in patients with chronic

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Qian et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

Page 11

obstructive pulmonary disease-incidence and predicting factors. Am J Respir Crit Care Med. 2011,
184:913-919. [PubMed: 21799072]

. Pauly JL, Paszkiewicz G. Cigarette smoke, bacteria, mold, microbial toxins, and chronic lung

inflammation. J Oncol. 2011; 2011:819129. [PubMed: 21772847]

. Hasday JD, Bascom R, Costa JJ, Fitzgerald T, Dubin W. Bacterial endotoxin is an active component

of cigarette smoke. Chest. 1999; 115:829-835. [PubMed: 10084499]

. Larsson L, Pehrson C, Dechen T, Crane-Godreau M. Microbiological components in mainstream

and sidestream cigarette smoke. Tob Induc Dis. 2012; 10:13. [PubMed: 22898193]

. Kharitonov SA, Sj6bring U. Lipopolysaccharide challenge of humans as a model for chronic
obstructive lung disease exacerbations. Contrib Microbiol. 2007; 14:83-100. [PubMed: 17684334]
Korsgren M, Linden M, Entwistle N, Cook J, Wollmer P, Andersson M, Larsson B, Greiff L.
Inhalation of LPS induces inflammatory airway responses mimicking characteristics of chronic
obstructive pulmonary disease. Clin Physiol Funct Imaging. 2012; 32:71-79. [PubMed: 22152082]
Melkamu T, Qian X, Upadhyaya P, O'Sullivan MG, Kassie F. Lipopolysaccharide enhances mouse
lung tumorigenesis: a model for inflammation-driven lung cancer. Vet Pathol. 2013; 50:895-902.
[PubMed: 23381924]

Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet. 2001; 357:539-545.
[PubMed: 11229684]

Schetter AJ, Heegaard NH, Harris CC. Inflammation and cancer: interweaving microRNA, free
radical, cytokine and p53 pathways. Carcinogenesis. 2010; 31:37-49. [PubMed: 19955394]

Beane J, Vick J, Schembri F, Anderlind C, Gower A, Campbell J, Luo L, Zhang XH, Xiao J,
Alekseyev YO, Wang S, Levy S, Massion PP, Lenburg M, Spira A. Characterizing the impact of
smoking and lung cancer on the airway transcriptome using RNA-Seq. Cancer Prev Res. 2011;
4:803-817.

Dagne A, Melkamu T, Schutten MM, Qian X, Upadhyaya P, Luo X, Kassie F. Enhanced inhibition
of lung adenocarcinoma by combinatorial treatment with indole-3-carbinol and silibinin in A/J
mice. Carcinogenesis. 2011; 32:561-567. [PubMed: 21273642]

Hecht SS, Lin D, Castonguay A. Effects of alpha-deuterium substitution on the mutagenicity of 4-
(methyl-nitrosamino)-1-(3-pyridyl)-1-butanone (NNK). Carcinogenesis. 1983; 4:305-310.
[PubMed: 6339096]

Robinson MD, Smyth GK. Small-sample estimation of negative binomial dispersion, with
applications to SAGE data. Biostatistics. 2008; 9:321-332. [PubMed: 17728317]

Robinson MD, McCarthy DJ, Smyth GK, Edge R. A Bioconductor package for differential
expression analysis of digital gene expression data. Bioinformatics. 2010; 26:139-140. [PubMed:
19910308]

Aggarwal BB, Ichikawa H. Molecular targets and anticancer potential of indole-3-carbinol and its
derivatives. Cell Cycle. 2005; 4:1201-1215. [PubMed: 16082211]

Agarwal R, Agarwal C, Ichikawa H, Singh RP, Aggarwal BB. Anticancer potential of silymarin:
from bench to bed side. Anticancer Res. 2006; 26:4457-4498. [PubMed: 17201169]

Balkwill F, Charles KA, Mantovani A. Smoldering and polarized inflammation in the initiation and
promotion of malignant disease. Cancer Cell. 2005; 7:211-217. [PubMed: 15766659]

He YF, Wang XH, Zhang GM, Chen HT, Zhang H, Feng ZH. Sustained low-level expression of
interferon-gamma promotes tumor development: potential insights in tumor prevention and tumor
immunotherapy. Cancer Immunol Immunother. 2005; 54:891-897. [PubMed: 15776283]

Zhang J, lwanaga K, Choi KC, Wislez M, Raso MG, Wei W, Wistuba I1, Kurie JM. Intratumoral
epiregulin is a marker of advanced disease in non-small cell lung cancer patients and confers
invasive properties on EGFR-mutant cells. Cancer Prev Res. 2008; 1:201-207.

Busser B, Sancey L, Brambilla E, Coll JL, Hurbin A. The multiple roles of amphiregulin in human
cancer. Biochim Biophys Acta. 1816:119-131. 201. [PubMed: 21658434]

Berasain C, Avila MA. Amphiregulin. Sem Cell Devt Biol. 2014; 28:31-41.

Neufert C, Becker C, Tiireci O, Waldner MJ, Backert I, Floh K, Atreya I, Leppkes M, Jefremow A,
Vieth M, Schneider-Stock R, Klinger P, Greten FR, Threadgill DW, Sahin U, Neurath MF. Tumor
fibroblast—derived epiregulin promotes growth of colitis-associated neoplasms through ERK. J
Clin Invest. 2013; 123:1428-1443. [PubMed: 23549083]

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Qian et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Page 12

Lee HJ, Seol HS, Kim JY, Chun SM, Suh YA, Park YS, Kim SW, Choi CM, Park SI, Kim DK,
Kim YH, Jang SI. ROS1 receptor tyrosine kinase, a druggable target, is frequently overexpressed
in non-small cell lung carcinomas via genetic and epigenetic mechanisms. Ann Surg Oncol. 2013;
20:200-208. [PubMed: 22915320]

Mullenders J, Fabius AW, Madiredjo M, Bernards R, Beijersbergen RL. A large scale ShRNA
barcode screen identifies the circadian clock component ARNTL as putative regulator of the p53
tumor suppressor pathway. PLoS One. 2009; 4:e4798. [PubMed: 19277210]

Hwang JW, Sundar IK, Yao H, Sellix MT, Rahman I. Circadian clock function is disrupted by
environmental tobacco/cigarette smoke, leading to lung inflammation and injury via a SIRT1-
BMAL1 pathway. FASEB J. 2014; 28:176-194. [PubMed: 24025728]

Hoffman AE, Zheng T, Ba Y, Zhu Y. The circadian gene NPAS2, a putative tumor suppressor, is
involved in DNA damage response. Mol Cancer Res. 2008; 6:1461-1468. [PubMed: 18819933]
Li GH, Huang JF. Inferring therapeutic targets from heterogeneous data: HKDCL is a novel
potential therapeutic target for cancer. Bioinformatics. 2014; 30:748-752. [PubMed: 24162464]
Wang Z, Dahiya S, Provencher H, Muir B, Carney E, Coser K, Shioda T, Ma XJ, Sgroi DC. The
prognostic biomarkers HOXB13, IL17BR, and CHDH are regulated by estrogen in breast cancer.
Clin Cancer Res. 2007; 13:6327-6334. [PubMed: 17975144]

Silini A, Ghilardi C, Figini S, Sangalli F, Fruscio R, Dahse R, Pedley RB, Giavazzi R, Bani M.
Regulator of G-protein signaling 5 (RGS5) protein: a novel marker of cancer vasculature elicited
and sustained by the tumor's proangiogenic microenvironment. Cell Mol Life Sci. 2012; 69:1167—
1178. [PubMed: 22130514]

Kwon M, Hanna E, Lorang D, He M, Quick JS, Adem A, Stevenson C, Chung JY, Hewitt SW,
Zudaire E, Esposito D, Culttitta F, Libutti SK. Functional characterization of filamin a interacting
protein 1-like, a novel candidate for antivascular cancer therapy. Cancer Res. 2008; 68:7332-7341.
[PubMed: 18794120]

Morse MA, LaGreca SD, Amin SG, Chung FL. Effects of indole-3-carbinol on lung tumorigenesis
and DNA methylation induced by 4-(methylInitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and on
the metabolism and disposition of NNK in A/J mice. Cancer Res. 1990; 50:2613-2617. [PubMed:
2328487]

Uno S, Dalton TP, Derkenne S, Curran CP, Miller ML, Shertzer HG, Nebert DW. Oral exposure to
benzo[a]pyrene in the mouse: detoxication by inducible cytochrome P450 is more important than
metabolic activation. Mol Pharmacol. 2004; 5:1225-1237. [PubMed: 15102951]

Tsuchiya Y, Nakajima M, Yokoi T. Cytochrome P450-mediated metabolism of estrogens and its
regulation in human. Cancer Lett. 2005; 227:115-124. [PubMed: 16112414]

Siegfried JM, Stabile LB. Estrongenic steroid hormones in lung cancer. Semin Oncol. 2014; 41:5-
16. [PubMed: 24565577]

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



1duosnuey Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Qian et al.

Page 13
A Comp. 2 B
m&E
Comp. 3
NNK vs. Con LPS vs. Con
L (330 genes) (2,957 genes)
&
8 O
o ®
A
o A A Comp. 1
° 5
© Con O NNK+LPS+I3C NNK+LPS vs. Con
<& NNK £ NNK+LPS+Sil (1,143 genes)
B3 Lps A NNK+LPS+Sil+I3C
gh NNK+LPS
c -log(p-value) D z-score
| m I
~ @ 0.0 15.0 & - 8.0 0.0 8.0
8 3 @ 3 3 @
o - o ~ @ o
~ © b | ~ © b |
- S 3 © « x
o - e X 7] 4 o - = » 4
~ - S Zz o z ~ = = o z
z — z z - z
Agranulocyte Adhesion and Diapedesis
Hepatic Fibrosis / Hepatic Stellate Cell Activation IFNG
Communication between Innate and Adaptive Immune Cells NF
Altered T Cell and B Cell Signaling in Rheumatoid Arthritis
Dendritic Cell Maturation IL1B
Granulocyte Adhesion and Diapedesis
Role of Pattern Recognition Receptors in Recognition of Bacteria and Viruses MyDgg
Crosstalk between Dendritic Cells and Natural Killer Cells PDGF BB
LXR/RXR Activation »
Hematopoiesis from Pluripotent Stem Cells TGM2 @
CD28 Signaling in T Helper Cells I g
IL-10 Signaling o
LPS/IL-1 Mediated Inhibition of RXR Function L5 %
Role of O 0 and Cl ytes in id Arthritis I
Leukocyte Extravasation Signaling L2 o
Graft-versus-Host Disease Signaling CD38 @
Antigen Presentation Pathway '::,
Autoimmune Thyroid Disease Signaling TNFSF12 £
B Cell Development EGF (€
0X40 Signaling Pathway — =
Allograft Rejection Signaling IL17A =
Cdc42 Signaling NOS2 g‘
[ ILK Signaling b
Cellular Effects of Sildenafil (Viagra) PTGER2 £
Actin Cytoskeleton Signaling £
Calcium Signaling Mek H
Tight Junction Signaling F2 &=
Epithelial Adherens Junction Signaling E
PAK Signaling mir—223
Signaling by Rho Family GTPases
G-alpha 12/13 signaling MAPZK1
—1 Neuroprotective Role of THOP1 in Alzheimer's Disease TET2
Caveolar-mediated Endocytosis Signaling
Paxillin Signaling FoXo1
FXRIRXR Activation PPIF
Bladder Cancer Signaling
CXCR4 Signaling NUPR1 4
Regulation of Actin-based Motility by Rho
RhoA Signaling SMARCAY |
Clathrin-mediated Endocytosis Signaling MYOD1 k=1
Histidine Degradation VI 8
ErbB Signaling GATA4 €
Integrin Signaling MYOCD o
Airway Pathology in Chronic Obstructive Pulmonary Disease @
Inhibition of Matrix Metalloproteases INSIG1 s %
HIF1-alpha Signaling
IL-8 Signalingg o HAND2 &
Hepatic Cholestasis TBX5 S
Toll-like Receptor Signalini =
IL-6 Signaling g MEF2C 3
MSP-RON Signaling Pathway IL1RN J

Figure 1.

Analysis of genes differentially expressed in lung tissues of mice treated with LPS, NNK, or
NNK + LPS. (A) Principle component analysis of covariance among samples. (B) Venn
diagram of differentially regulated genes. (C) Enriched canonical pathways of the
differentially expressed genes using Ingenuity Pathway Analysis (IPA). (D) IPA upstream
regulator analysis. Positive z-score indicates activation (red) and negative z-score indicates
inhibition (green). The magnitude of the z-score represents of the level of significance in
prediction. Top upstream regulators are shown with a z-score of > 2.5 or < -2.5.
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Figure 2.
Modulatory effects of Sil, I3C and Sil + I13C on NNK + LPS regulated genes. Unsupervised

hierarchical clustering (euclidean distance matrix) of genes differentially expressed in (A)
NNK vs. Con; (B) NNK + LPS vs. Con; and (C) LPS vs. Con. (D) Genes uniquely regulated
by NNK + LPS vs. Con (not found in samples treated with NNK or LPS alone). Grey
vertical bars show distinct clusters of differentially regulated genes being reversed by
treatment with chemopreventive agents I3C or combination of Sil and 13C. (E) Venn
diagram of genes regulated by NNK+LPS and reversed by 13C alone, Sil+13C, or both 13C
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and Sil+I3C treatment. (F) Subset of genes regulated by NNK+LPS and modulated 13C
alone and/or Sil+13C. None of the genes were significantly modulated by Sil alone. (G) IPA
canonical pathway analysis of the three clusters of genes shown in Fig. 2F. (H) Molecular
and cellular functions from IPA of the three clusters of genes shown in Figure 2F. (I) Venn
diagram and Heatmap of genes uniquely regulated by NNK + LPS and modulation of the
expression of these genes by 13C or Sil + 13C
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Effects of 13C and Sil, alone and in combination, against NNK-induced and LPS-enhanced lung tumors in A/J

mice?
Treatment Chemopreventive | Mice number Lung tumors/mouse
group agent Initially/at termination
None None 10/10 01+03
LPS None 10/10 02+0.2
NNK None 15/15 48+38
NNK + LPS | None 20/17 147+4.1
NNK + LPS | I3C 20/20 15.0+11.1
NNK + LPS | Sil 20/18 125+5.2
NNK +LPS | 13C + Sil 20/20 71+45b

aBeginning at age 67 weeks, groups of female A/J mice received NNK (100 mg/kg) by intraperitoneal injection. LPS was administered, once a
week, by intranasal instillation (2 pg/mouse in 50 pl physiological saline solution, 25 pl in each nostril) throughout the study. I3C and Sil were

given in the diet at a concentration of 20 umol/g beginning two weeks after NNK administration until the termination of the study.

bSignificant compared with group 1 (p < 0.05).

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



Page 18

Qian et al.

aupjoIko  aoeds Jen|jaoenx3 01-3/9'8  ¥66'6C €T puebi| (Jnow -X-0) supjowsyd  ETPXD
aupjoIko  soeds sejnyeaesXa Z1-30£T  2.S€T6 TT puebi| (Jnow D-X-2) suBjowsyd  TTPXO
aupjolo  aoeds Jenjisoenx3  €£0-300'% TL 81-3/6'C  ¥9L°09€ 0T puebl| (3now O-X-2) aujowayd OTPXO
auolko  aoeds Jen)jeoeinx3 80-3¥0C TV 2 puebi| (Jnow 9-X-0) sulyowsyd TIPXO
10)d92a1 pajdnos urejoid-9  sueIqUISIA BWSe]d €0-382C 816C T Jo)dedal (J0W D-€X-0) dUMOWdYd  TJOEXD
J01da2as pajdnod uisloud-9  sueIqUISIN BUISE|d Te-3TTC 9’y Z ®|I-101da0a1 (y1ow D-D) sunjowayd [4ES)
101ds0a1 pajdnod ulgl0id-9  auBIWISIA BWSE|d 90-380%  ¥0S'L 8 40)da0a1 (JnowW O-0) suIOWaYd 8100
101ds0a1 pajdnod ulgl0d-9  auBIQWISIAl BWSE|d G0-3T8T  LTLT 1 10)d8281 (4130W D-0) BUBOWaYD LD
Joidadel pajdnoo ureloid-9  sueIqUISN BwISBld  £0-30L°L ze /£-3€8'9 28971 (suabopnasd/aush) g Jo1dadas (Jnnow D-2) surjowsyd G0
101ds0a1 pajdnod ulgl0id-9  auBIQWISIA BWSE|d €0-396'8  €/GC ¥ J0)d80a1 (Jnow O-0) suIowaYd 122}
101da%a1 pajdnod uisloid-9  auriqIBIA BwSE]d ¥0-326'T £SGC 2 101da2a1 (J1ow D-2) aunjowayd 200
J01da2as pajdnod uisloud-9  sueIqUISIN BUISe|d 6T-3¢V'T  S¢S'L T J01d80a. (410W D-0) BUBOWaYD T1D
Jore|nbas uonduiosues SnsjonNN 60-3IvLC 69¢€ 73 Ulphd TaUdD
aupjoiko  aoeds Jein|jaoenx3 €1-35L'S 97’9 6 puebi| (Jnow 5-0) auowsyd 6100
Jaylo  8oeds JenjRoeax3  0T-329°9 oy 9T ¢0-dev'e  1ELE 8T-3/¥v'T  TES0S 8 puebi| (3now -0) sunjowayd 810
aupjoIko  aoeds Jen|jaoenx3 €1-30T'6  LEE00T L puebi] (Jnow 5-0) auiowsyd LD
aupjoiko  aoeds Jein|jaoenx3 L2-39€'T 98TV S puebi| (Jnow 5-0) auowsyd GO
aupjoiko  eoeds Jenjjedenx3  €0-30LC €S Se-38Lv  vBYLLE ¥ puebi| (Jnow 5-0) suowayd 142}
aupjo)fo  aoeds Jenjjaoenx3  ¢0-300°T 6°C €G6-3€C'9  €2r'aTT € 1|-€ puebi| (ynow D-0) supjowayd €10
aupio)ko  aoeds Jejn||soenXx3 20-30T'T  2S6C- V.Z puebl| (Jnow D-D) sujowsyd  e/gPd
aupjoIkd  sdeds seIn||aoeXT 60-3858 6,61 0z puebl] (Jnow 9-0) aupjowsyd  0ZPD
aupjoIko  aoeds Jen|jaoenx3 €T-3T¥'S  €LG'GET 2 puebl| (Jnow 5-0) aunjowsyd 2P0
aupjo)lo  aoeds Jenjjsoenx3  20-300'% 79 T1-38Y'vy  8V9'T6 6T puebl| (40w 9-2) aujowayd 6TIPO
aupjoIkd  sdeds seIn||aoeXT T1-3808  G2T'SC Z puebl] (Jnow 9-0) aupjowsyd  ZTPD
aupjoIko  aoeds Jen|jaoenx3 20-3eS'T  S0T'9E T puebl] (Jnow 5-0) auiowsyd 11RO
(anjen-b) abueyn (anfen-b)  abueyp  (snjea-b)  abueyd
dad piod da4d pio4 da4d pio4
jo43u0D
adAL UoIeI0T]  SNSJAA Sd1 + MNN ]043U0D SNSIBA SINN  [043U0D SNSIAA SdT auab J0yeIpaw Aloyewwejul
‘siown}

Bun| asnow paonpul-SdT+ MNN 40 -MNN Pue 821w paressl-Sd 10 sanssi Bunj jewlou ur sauab asuodsal sunwiwi pue UoIeWWRILUI JO UOIRINPOIA

Author Manuscript

¢ ?olqel

Author Manuscript

Author Manuscript

Author Manuscript

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



Page 19

Qian et al.

Jaylo aueIqWBIA ewise]ld G0-398'¢  T¢SE 3|ndajow 9¢¢Add 9¢¢pPO
laypo B8yo 90-36€'S  6LTET- usbnue 660zad  B602PO
Jaypo BYy10 10-3vSC  L¥S'S- uabnue y60zA0 $60ZPO
Jaylo aueIqWBIA ewise]ld 70-309'9 86¥'¢L- 3|ndajow 60¢AD 9602ZPO
Jaypo Y10 ¥0-3TL'T  €8¢'L- usbnue peozad  PE0ZPD
J9Y10  BuRIGUISIN Bwseld 80-36TC  LSY'T1T- usbnue 0602ad  9602PD
JBYlo  BueIqWIBIA BWSEe|d €T-3TT'C  S€6',6— usbnue ge0zAd  460ZPD
8o suBIqWBIN BWSEld €T-3r'T 88— IN Jequiaw ‘p Ajiurey urewop unos| 8dA-0  ©60ZPD
J8Y10  BURIGWIBIA BWSE|d 10-35S'T  T.9V— uusbue) ‘snosjow £0zAd 102PD
J3Ylo  BUBIqUIBIN BlSE|d 0¢-3.0T S6T'S II-T 103d8021 00ZAD  +74002PO
Jaylo aueIqWIBIA ewse]d TT-318'C  8E0'E T J01d8031 00ZAD  TJI002ZPD
JBYl0  BuRIqUIBIA BWSE|d 60-3I¥L’€ 90TV 8[ndsjow pTAD TPTPD
J3Ylo  BUBIqUIBIN BlSE|d €0-39€'T  ¢CETE 3|nd3jow 08TAD 08TPO
Jaypo wsedoifo ¢0-39T'v  v99'¥ TT-38T'T  /8T'8F a|ndsjow £/1dd L2TPD
JBYl0  BuRIqUIBIA BWSE|d ¥0-36€'€  198°E T 8)l|-3|nd8jow €9TAD  TIEITPD
101da0aJ sueIqUIBWISURI)  BURIQUWIBIN BWISE|d ¥0-350'T  /8L€- 3|ndsjow €9TAD €9TPO
101d3231 aueIqWIBWSUERI}  BUBIGLISIN Bwse|d 2€-30L'C  6L6T a[nasjow 1A TP
eI wsedokd v0-325'S  600°S- v usloid 186Uy OXXD  ¥OXXO
J101da2a1 pajdnod ulslod-9  BUBIQWBIA BWISEld  £0-300'S 0T G0-390'C  €0£'TZ 9 J03dadas (Jnow D-X-2) uIoWwayd 9IOXD
J101da%a1 pajdnod uislold-9  surIqWISIA BWISE]d 20-32T'S  18¢C G l10ydadal (Jnow D-X-0) aunjowayd GIOXD
101da%a1 pajdnod uisloid-9  suriqWIBIA BWSEld  SO-J00'E vy 60-3S50'G  vv'9 ¢ 101d8das (Jnow D-X-J) suIjowsyd €I0X0
J101da2a1 pajdnod ulslold-9  BuBIqWBIA BLISE|d €0-3E97  6L€9 10-38.'8 8921 2 J01dadas (Jnow D-X-2) suijowayd 200XD
aupjo)fo  aoeds Jenjjaoenx3  80-307°T 8'6¢ €0-30T'C 8918 G¢-31¢'¢ 885°056 6 puebi| (Jnow O-X-0) sulowayd 619X0
aupoIkd  soeds sejnyeaesXa 60-3ST'C 1909 9 puebi| (Jnow -X-0) sunjowsyd o)
aupjold  aoeds Jenjjaoenxg y1-352°€  ZT62IE € puebi| (Jnow O-x-0) supjowayd €10x0
auolko  aoeds Jen)jzoenx3 €2-3/9€  ¥6'6VT € puebi| (Jnow 9-X-0) sulowayd ZPxo
Jayro BY10 60-39T°T ¢S9S9°¢C LT puebl] (40w 9-X-2) aupjowayd LTIXO
aupjolfo  aoeds Jejnjjsoenx3 9e-316C  LL¥E 9T puebl| (Jnow O-X-0) supjowayd  9TPXO
auolko  aoeds Jen)jzoenx3 10-3ev’L  €€TT T puebi| (Jnow O-X-2) suBjowayd  HTPXO
(anjen-b) abueyn (anfen-b)  abueyp  (anjea-b)  abueyd
dad piod da4d pio4 da4d pio4
jo43u0D
adAL UoIeI0T]  SNSJAA Sd1 + MNN ]043U0D SNSIBA SINN  [043U0D SNSIAA SdT] auab J0yeIpaw Aloyewiweljul

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



Page 20

Qian et al.

101d32a) aueIqUIBWSUERS}  BUBIGLISIN BwSe|d 90-3€0'T 726 a[nasjow £8aD £8P0
101da0a4 suerIquIBLISURI) aueIqWBIA ewise]ld ¥T1-368'T 856V 8[ndsjow 08AD 08PO
ureys JueLieAul ||
10)d8da1 sueIqUIBWISUERL)  BUBIQWSIA BwSe|d 80-3006 622 62-3v8°L 6IST sse|o ‘xa1dwod Anjigiredwoosty Jofew ‘ajnosjow v2.ao [71ve)
101da0aJ sueIquIBWISUR)  BURIQWIBIN BWISE|d ¢1-398'6 €SSV 8Indgow ¢,dd [#1%e}
J101da2a1 aurIqUBLLSURI] aueIqUBIA ewseld 0T-32¢¥'T  €09°2 9|ndsjow 69dD 69P0
Jaylo  suelquis|y ewse|d 9e-3yT’e LSV 3|nJsjow 89Aad 89P0
JBYl0  SuBIqWIBIN BwSEld 6¢-39€'8  818¢ 3|ndsjow €90 €9P0
J101da2a1 aurIqUBLLSURI] aueIqUBIA ewseld /0-306'T VISV 8[ndsjow 9o 9pO
Jaylo  suelquis|y ewse|d 0c-3ry't  €L0V 3|nJgjow £5ad €5PD
Jsylo 8y10 G1-368'¢  60T°L usbnue z6ao [4cive]
J101da2a1 aurIqUBLLSURI] aueIqBIA ewseld G0-309'T 9/6°S 8[ndsjow 5o SpO
Jaylo  suelquis|y ewse|d ¢1-380€  ¢80°€ 3|nJsjow 8yad 8vPD
101d3231 aUeIqWIBWSUEI}  BUBICLUSIN BWSE|d 0T-38T'T 8S0'€ G Jaquiaw Ajiweyadns Joydadal 4NL ‘8ndsjow 0rAD ovPD
J101da2da1 aurIqUBLLSURI] aueIqWBIA ewseld ¥0-30L'S  6SGE'S 8[ndsjow yao PO
J101da0al suRIqUIBWISURI)  BUBRIQUIBIA BWSe|d /0-358'S  TEE'S (xe1dwod Yo 1-£a)) ewweb ‘ajndsjow g BepD
101da08. BUBIQUIBLISURL)  BUBIUIBIA BLISE|d £0-398Y  6E8'Y (xa1dwi0d YD 1-6@d) uojisda ‘a|ndajow 8D 9EPD
10)d8031 aueIqWBWISURL  BUBIGUISIN Bwseld 90-3T€C L9V (xe1dwod Y2 1-€@d) eyap ‘anvsjow pedd pEPD
aWAzus  aueIqUaI ewseld 90-3GL'T 1IT'C 8[ndsjow 8€AD 8EPO
JBYl0  SuBIqWBIN BwSEld ¥0-360C  918¢ 8|ndsjow LEAD LEPD
101d3231 aueIqUIBWSUEI}  BUBIGLISIN Bwse|d ¥1-320€  2SLC- (10)dadal ulpuodsoquiolyy) a|ndsjow 9€dD 9epPD
Jaylo  suelquis|y ewse|d ¢0-30T'T  9Sv'¢ 80-36T'T cEv'V uabnue eead €EPD
Jsylo 8y10 €1-36v'T  918'€- 6 Jaquiaw Ajiurey x1j-s|nosjow 00ead  BIooEPD
J9Yl0  duelqUWSIA BwSeld GT-39L°€¢  90€'S $ Jaquiau Ajiurey ax1|-9|nddjow 00EAD  HOOEPD
JBYlo  aueIqSIA ewse|d ¥0-36€'T  LST'€ p Jaquial Ajiurey ax11-9|nd9jow 00EAD  PIOOEPD
JBYl0  SuBIqWIBIN BWSEld ¢0-3L¢'T  v0LC 90-3rT'¢  €69°€ q Jagquisw Ajiusey 9xj11-3nosjow 00€EAD  JI00EPD
J101da2a1 aurIqUBLLSURI] aueIqUBIA ewseld 60-39.'T 2£9°C 8[ndsjow e00edO ©ooeEPD
J101dadal surIqUIBWISURI)  BUBRIQUIBIA BWSe|d G0-399'T GT9¢ 8[ndsjow 8zAd 82P0
JBYl0  SuBIqWIBIN BWSEld 90-380T /S99¢C 3|ndsjow 9/.¢do 9/2PO
swAzus  aueIqWBIA elSE|d 6€-3GT'T  ¥S98'GT 3|nd3jow /.¢dd [Zx4%0]
(anjen-b) abueyn (anfen-b)  abueyp  (anjea-b)  abueyd
dad piod da4d pio4 da4d piod
jo43u0D
adAL UoIeI0T]  SNSJAA Sd1 + MNN ]043U0D SNSIBA SINN  [043U0D SNSIAA SdT] auab J0yeIpaw Aloyewiweljul

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



Page 21

Qian et al.

10)d8d81 sueIqUIBWISUERL)  SUBIQWSIN BWSeld  £0-3021 w4 €0-392°,L  1£9C $T-30T'G 92271 ursjoud A10ssa09e 103d8081 T UIynajJ8luL deigr||
syl soeds Jenjjaoenxg 6¢-38¢'T 90€8T uzjoud Buipuig 8T upnaaul dagtil

Jayio wse|dolfo L0-3€6'C  62'¢C- @ 10)d8231 LT upinajisiul PALTII

101da2a1 aurIqIBLLSURI] auRIqWIBIA ewse|d €7-3/9'S  /S¥¢ v Joydadal 2T upnaisul RILTII
aupjolld  aoeds Jenjjaoenxg ¥0-30C¢'9  €89¢CT 4.7 upnspisiul UTI

aupioiko  doeds Jein|aoenxg 07T-39¥'8  8.9'80€ VLT upjnapisul BLTIl

10309231 SUBIISWISURL}  UBIGUIDIA BUISE|d vI-3€0v  180°€ eydje “01dadal GT uInaalul eIgT||

101d3231 aUeIqWIBWSUEI}  BUBICGLUSIN BWSE|d 20-38.°¢  98.'8 Zeyde ‘101dadal €T unapalul  gedeTl

101da2a) auelquiawsUel)  BUBIQUWISIN BWwSeld  Z0-J00'T €V TT-3EV'8  9/G6T T ®19q 403dadal ZT upinapaul 1Tl
aupioiko  soeds Jejn)jaoeax3 60-3/08 ¢S0°L g¢T unnapaul qctil
aupjoifo  aoeds senjeoenx3  y0-30T'9 4% 60-388'T [6CV VT upnapsiul ectll
aupioiko  doeds Jein|aoenxg ¥0-3€9'S TV TT upnajisul Tt

10309231 SUBIISWISURL,  UBIGUIBIA BUISEd €1T-I0T 869 eydje “o1dadal QT uInalaul ©IoT||
aupjold  aoeds Jenjjaoenxg L0-3EC'T  €E6'GT 0T upnajsul ot

J101da0al surIqUIBWISURI)  BUBRIQUIBIA BWSe|d 21-392°T ShTe Jaonpsuea] ewwed uosapiaul) g 101dadas ewweb cEmtEM_H_ z2i6uy)
aupjoifo  aoeds senjeoenx3  €0-307' ¥'81 €1-38G9v  Eveeee ewiwed ‘uosapRUl Buy

101d3231 aueIqWIBWSUEI}  BUBIGLISIN Bwse|d v0-3v8’e 226 ST-avSe  vrSeT (31K00]nue4B) J01dadal g Jo3oey Burrenwins Auojod i)
aupolho  adeds Jejnjjaoenx3 60-30S'T SPEV6LI (s1£90|nue.b) ¢ 101084 Bune|Nws Auojod [5Se)

(sbeydooew-s1A20[NueIb)
101d3231 aueIqWIBWSUERI}  BUBIGLISIN Bwse|d v0-3T2'8  88T°C 6T-396'9 8ZT'S Aiuigge-mo| ‘eaq ‘101dadal z J03aey Burrenwins Auojod qJziso
(sbeydouoew-a1Lo0|nuelh)

1013031 sUeIqUIBWISURI]  BUBIGLUSIA Bwse|d /23S T99°€E Anuiyye-mo| ‘eydie ‘Joidadai z J0joey Burejnwns Auojod RIZISO
aupolho  adeds Jejnjjadenx3 G0-3/Tv 1852 (abeydoioew-a1hoolnuelb) g 1010e4 Bueinwinis Auojod 2D
aupolho  adeds Jejnjjaoenx3 ¥T-350°€  /2S°€ (eBeydouoew) T 1010wy Bunenwns Auojod TS0

JBYl0  SuBIqWIBIN BWSEld €0-390¢ v9¢’€ 3|ndsjow 96Add 96PO
Jaylo aueIqWIBIA ewse]d 20-30L'C 18€C 8|ndsjow qgadd T48PO
J3ylo  asueIqSIA ewse|d ¢0-306'C  16LC 8|nd3jow egad ©egpO
101da0aJ sueIquIBWISURI)  BURIQWIBIN BWISE|d 81-39¢'T 9809 8|ndvjow 98AD 98P0
Jaylo aueIqWBIA ewse]ld ¥T-38L'9 ¥¥6'C 9|ndsjow ¥8AD 18P0
(anjen-b) abueyn (anfen-b)  abueyp  (anjea-b)  abueyd
dad piod da4d pio4 da4d piod
jo43u0D
adAL UoIeI0T]  SNSJAA Sd1 + MNN ]043U0D SNSIBA SINN  [043U0D SNSIAA SdT] auab J0yeIpaw Aloyewiweljul

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2016 May 01.

Inflamm Res. Author manuscript



Page 22

Qian et al.

aUIX 0149
101da231 aueIqIBLISUEI)
101da2a1 aurIqIBLLSURI]

aUIX 014D

au01Ad
101da2a1 aurIqIBLLSURI]
awAzus
101da231 aueIqIBLISUEI)
101da2a1 aurIqIBLLSURI]
101d8231 BueIqUIBWISUEI}
101da231 aueIqIBLISUEI)
auI01Ao
aUIX 014D
101da231 aueIqIBLISUEI)
auI01Ao
101d8281 sueIqUIBWISUEI}
au01Ad
101da2a1 aurIqIBLLSURI]

aUIX 0149

JEN)

au01Ao

101d8231 sueIqUIBWISUEI}
au01Ad

au01Ao

aUIX 0149

au01Ad

90eds Je|n|[a2enx3
aueIqWIBIA ewseld
aueIqWIBIA ewseld
90eds Je|n|[a2enx3
a0eds Je|n||a2enx3
aueIqWIBIA ewseld

wse|doifD
aueIqWIBIA ewse|d
aueIqWIBIA ewseld
aueIqWIaN ewse|d
aueIqWIBIA ewse|d
aoeds Je|njjaoenxg
90eds Je|n|[a2enx3
aueIqWIBIA ewse|d
aoeds Je|njjaoeixg
aueIqWIaN ewse|d
a0eds Je|n||aoenx3
aueIqWIBIA ewseld
90eds Je|n|[32enx3
aueIqWIBIA ewseld
aoeds Je|njjaoeixg
aueIqWIaN ewse|d
a0eds Je|n||aoenx3
aoeds Je|njjaoeixg
90eds Je|n|a2enx3

90edg Jejn|jaoenx3

¢0-300°¢ €€
§0-30T°€ €
€0-305°¢ €
€0-309°S 44
§0-309°L 8
¢0-300°¢ 9'sE
€0-306'9 8¢

¢0-318Yv  69°¢C

¥0-3¢6'9  ¢IE€CT
¥0-3¥0'8  L18'S

€0-3/8°T  ¢68¢C

0¢c-avee  SY9'TL
¢0-3¢9'¢  §ES'C-
8T-4TL'€  6LL°L
G1-366'C  ¥.L°09T
¢0-36L'v  ¢0€'8-
80-4¢L'T €81°¢C
T¢-3Lv'e  8¢8'6¢
LT-36€°L  Tev'e
€1-9€5'9  ¥SY'0T
91-398'T 88€'9
G0-3€9'9  ¢0S'C
87-380'T €98'LT
90-3S¥'¢  ESY'V6
80-3/¥V'y  €8YCT
S0-39T'T  TL¥CT
€0-306'T ¢06°¢-
L0-3.€°€  80T'¢E
60-3€¥'C  86¥'8
80-av0°T  €0L°29T
¥0-39L'T  ¢SE'C
L21-38L'6  L0'Ly
0T-3T€v  ¢00°0S
9¢-3av6'T  ¢99°0TT
90-3¢8'v  S€0'8L
15-39TT  €50'¢9
L€-39G°T  T180°LT

10106} SIS0J98U Jowny
101dada1 6 up{najIauI

J01dadal 2 upinajaiul

9 upjnajJaiul

G upnapisul

J101dadal  upjnajaiul

T pPaanpul  upnajJaiul

ewweb ‘101dadal g upjnajaiul
©19q ‘101dadai g upjnajiaul
eydje ‘103dadal z unapIaUL
eydye 103da0aJ 2z upinajiaiul
Lz upinapaul

¢ upnapiaul

101da2a1 £ upjnajiaul

6Td Hungns eydje ‘€z uninajJaul
2 eydje ‘103dadal gz upnajaiuL
2z upinapal

J101dadal Tz upinajaiul

Te unnapiaul

19 101dadal Oz upnajIaIuIl
1s1uoBejue 101dadal T uinajiaiul
11 8dA3 “101da0a4 T uynajBUl
ewiwed ‘9g upnajIaIul

eydje ‘9¢ uninapiaiul

e18q ‘T UB{najiaul

eydfe ‘T unapieUl

juL
Il
L1
all

Sl
eyl
Tl
]|
akell
el
ezl
L2l
vell
i€zl
eezil
zelezll
zell
Bird]|
Tell
glozil
wj|
(2191l
64Tl
Tl
atll
el

adA1

uollesonT]

(anjen-b) abueyn
da4d plod

j041U0D
SNsJan Sd1 + MNN

(anfen-b)  abueyd
da4d piod

1041U0D SNSJaA NN

(anfen-b)  sbueyp
da4d plod

1041U0D) SNSI3A S

auab Jojeipaw Alojewiweyul

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2016 May 01.

Inflamm Res. Author manuscript



Page 23

Qian et al.

#7000 8'z- 680 GT- T T 0T-3TLy TS awAzua wse|doiko ¢ aseuibie by
500 6'C- €00 o T s 90-395'6 €g asepndad  auelquial ewse|d asepndad aulas ‘ullod uriod
GF0 vz- €00 8e- T L'T-  9¥T0000 8§ Jayio wsejdoiko uLIINjoAUI Il

50-30€°2 9e- 12000 82— T FAN ST ) o= 5 Ar A AL Jayio wsejdolky  9posnw [eIBRXS ‘€T Ureyd Aneay ‘uisoAw ETUAN
€00 vz- 900 - T €T-  T1-320¢ 9 asejeydsoyd wse|doifo 2 dsereydsoydsig-9'7-8s0oniy zdad

21000 9- 500 9¢- T 6T- S0-386'S  S§9 awAzud wsejdo}ko aseuaBospAyap sutjoyd uPuo

670000 9%-  G20000 67— T €2-  L0-3Tze L9  101dedal pajdnoo umsloid-9  BUBIGWIBIAl BWISE|d T J03d80al (Jr0W O-X-0) BuUINOWaYd THXO

aseuny
€00 S¢- €50 L'T- T €T~ TT-3vLT e/ aseury]  auelquwis| ewse|d 3UIS0JA) J01dadas ‘T auaboouo soJ-2 S04
960 gz- 200 1~ T LT~ 77000 g/ Jaylo  suelquIsIA ewse|d VT uisjoud you-surjoud |jews erlds
€00 ve- 820 - T €T- 60308 6L Joye|nfas uonduosues snsjonN 22 urewiop yeadai unAxue P KUy
vT°0 gz- 100 Te- T 6T- 60-38ST  v'8 103984 Yimo.h Jenjjaoenx3 unnBanydwe oy
T Jequiswi
€00 L'9- 70 e- T L'T-  8v€0000 L6 Jayio Je|njjaoenx3 ‘3 apeyo ‘Jonqiyur esepndad uidiss Touldes
150 8'T- 200 L'2- T §T- 113157 61T Japodsueny  sueIqUISIA BWSe|d eQXE0€ ‘v 199 ‘ureloid uonounl deb gl
6 Jaquiaw ‘Apwegsadns
89000 ze- 200 8'z- T vI-  ¥1-35€'8 67T Jayl0  aueIqUIBIA eWSe|d (puebiy) 1030y SIS0198U JOWIN} BISIUL
2z apndadAjod
200 6'.- 8€'0 ze- T TT-  2I€0000  O'€T awAzus wsejdolkD v Ajiweyans 'y Ajiurey ‘0Gid swolyaoiko ezTeydAD
T utsroad

89000 L'6T- 200 vI- T GZ-  8¥S000  €€T Jayio wse|doifd Buipuig wnidjed puey-43 [eulwisy-N TqeI?sN
€10 L2 200 £e- T €T-  TT-36vYy  TYI Jayio JEITo) €12 uIa104d aueIqUIBWISUEI) gTwew

170000 9~ ¥2000  Lv- T €T-  01-302T €02 Jayio Byio €6 aweyy Buipess uado /T SLIOSOWIOIYD 1980€0049

0v apndadAjod
500 T6T- 700 7'95- T ZT-  T08000 V9 awAzua wsejdolky ‘o Ajiweyans ‘g Ajiurey ‘0Gid swolyaoiko 0t0zdhD
T apndadAjod
G2000°0 82— 81000  9'GT- T TZ- G0-3z€z 6728 awAzud wsejdoikd ‘e Ajiweyans 'y Ajiurey ‘0Gid 8woiyd014d yTepdho
1€°0 £'8- €00 STZ- T A G0-325€ 79T Jayio Je|njjsoenx3 T uafoutury Zbu
[0-30.6  €¢T- S0-30¥'T  6- T - 9T-319v 9628 Jayio Je|njjsoenx3 gT1T uabnue pajeroosse wisds qribeds
da4 ok | da4 o4 ¥ad ok | dad o4 (s)edAL  uoneooT sejn|jed uonduoseq aus9
SAT+MNN SA _SAT+MNN sA SdT+MNN U0 SA SdT+MNN
DEIHIS+SAT+MNN - DEMHSAT+MNN SA
[1IS+SdT+MNN

Author Manuscript

D€l + 1S Jo auofe D€l Ag pare|npow pue pjoj-G < Ag Juawiess) Sd1 + MNN Aq paisyje ssus

€9lqel

Author Manuscript

Author Manuscript

Author Manuscript

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



Page 24

Qian et al.

auofiquia
90 A €.000°0 9 T v'T L0-3656  L'8- Jayio wse|dolfd ‘TeLize S1fex[e ‘v ureyd 1B ‘uISOAW YN
T apndadAjod
80-309'T 278 603006 'S8 T €71 612000 18- awAzus wsejdoikd ‘v Ajiweyans ‘T Ajiurey ‘0Gid 8woiyd014d TetdAD
1 v'T 700 LS T 2T-  S0-39TY  T'8- Jayio SNajonN urel0.d BunoeIsIuI-YNIAT JB[nasnw dy
Z Jaquisw ‘9 Ajiweygns
880 £e 26000 6L T € ¥6700°0 8- JouuBYd UOI  BURIGUIBIA BWSE|d ‘|auueyo pajeh-abeljon wnissejod Z6uoy|
60000 g€ 1 A T €T TT-37e 18- Jayio Je|n|aoenx3 urejoud X1jew JeIn||ade.Xe ‘g upuods guods
650 8'Y €2000°0 GT T e 200 6'.- LN SN3JINN Z 103064 |[20-g Al1ed zio3
T Jaquisw ‘(Jauodsueny
T 8T 00 €q T 8¢ 16%000°0 L)- Jayodsues)  auelquial Bwse|d uored o1uehio) zz Ajiwey Jallied ain|jos Te2208
1 LT 200 9'g T TT  €9€0000 L'/- awAzus  sueiquIBIN eWSE|d T asesgjsuen|Asoqu-day Y
T 97T 8€00°0 TS T ST 90-3e€9  LL- aseuny wse|doifo unn ulL
1 9T 200 A T LT T.v000  Vvl- Jayio wse|doifo uipe|jedoAw udAin
1 LT €000 T'TI T €2 200 €L Jayio SnajonN 0T Butureluod yeadas Yo sutoNg 012417
T ST T200°0 2'S T €T 90-328v  C¢'L- Jaylo wse|doifD (319snwi deipJed) Z uLisanbasied Zbsed
(aseuaysuenjAoe
-0 [ounas--autjoyd}Apneydsoyd)
25000 6¢C T T T €T- ¢r-30e°L  CTL- awAzus wseldojf) aseJajsuel}jAae Jounial uIyog) eI
1 12 700 TS T - G0-380°'L  TL- Joye|nfias uonduosues SN3JINN 02 X0g-1 0zxdL
820 €2 ¥10000 67 T 97T 80-30v'S 89— Jauodsuen wse|doiko (oe1paeD) € 8dAY | UIUOdON gluup
T 4 200 29 T 61 y7€000  G'9- aseyeydsoyd 18O (eAnend) £z esereydsoyd Anoy1oads fenp Lzdsna
1 8T 700 79 T €T 602000  ¢9- Joye|nfias uonduosues SNajonN 2 eydpe ‘ulunoe Zuny
1 12 65000 9L T 97 100 09- Japodsueny  suelquIBIA ewse|d . uniodenbe Ldby
90-30¢'v 44 81000 7€ T ST 0T-399°¢  L'G- 103d8281 suBIqUIBWISUERL)  BUBIUIBIN BUWISE|d 1 Jo1dadas uizioidoaA|bofeise TJ6sy
G Jaquiaw ‘r Ajiwreygns
1 LT 82000 vy T 2T-  S0-F2LT 96— [UUBYD UOI  BUBIGUIBIA Bwse|d ‘]auueyd BuiAynoal-Ajpremur wnisselod Gluoy
1.0 8T 65000 € T [ 60-3.T6 G- Jaylo Bsyo (oeIpJED) Z UIPOWOIR) Zpowr
43904y BundessuI-unl
T VT T00 -3 T 2T 860000 £'G— aseuny wsejdoif)n pue UIINPOW eI [e18]33S01AD ‘ULINISCO udasqo
1 ST 19000 v T €T So-3S¥°L TS Jayio SnajonN Ozuteload ynow Buipuig wNY Oway
1 T 200 29 T e1- ¥0'0 0'G- Jayio By L Jaquisw ‘Ajiwey urewop TAIA LdA
da4 o4 da4 o4 dad o4 da4 o4 (s)odAL  uomedoT Jen|ED uonduasag U
SAT+MNN SA _SAT+MNN sA SdT+MNN U0 SA SdT+MNN
DEIFIS+SAT+MNN  DEH+SAT+MNN  SA
S+SdT+NN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



Page 25

Qian et al.

T Jaquisw ‘(Janiodsuel) apisos|onu

T §'G 100 £0TE T 8'9G6¢ 200 16— Jaulodsues)  BueRIQUISIA BUWSE|d BAIIRIIUBIUO0D) 8Z AJlWey JaLLIRD 31N|0S TeszZos

Ge0 L'y G0-306'¢  8'T¢ T T¢C 80-360'T 6'vE- Jsylo wse|doifd uequrejoydsoyd uld

60 €9 980000 9'1¢ T L'T S0-IVTY  9ve- Jsylo Je|nj|adeaxy apndad [eigouoiwnue uiproday durey

980 8'G 150000 §0¢ T ve G0-381T'C  €¢€C- AIS090500TEC
T 1 80-30¢'9 T'8¢ T 6¢C £10-36€'S  9'8T- Jsylo Je|nj|adeaxy Vv apndad onainueu eddN

6€0 9Y 670000 T T 6'€ 90-369'¢  9'81- Jsylo wse|doifo S Bulureluod ynow ayyediy QL

€ Jaquisw ‘r Ajiweygns

80 12 90-309'T T T [ 0T-30v'y  ¥'ST- |ouueyd U0l BUBIQUIBIA BWwSe|d ‘[auueyd BuiAynoai-Ajpsemur wnissejod eluoyy

(ouBwodles)
¢6°0 L'¢ <00 L' T 6T S0-38L'S 91— aseuly wse|doifd  [eLIpUOY0MIL ‘8BS uljeald auD
60 € 00 1’8 T 4 8/€0000 8€T— Jsylo wse|doifo uidijooses ug
8.0 6C 95000 g6 T z G0-38L9  v'E€T- Jayio Byio a1I-H utalod Buipuq uisoAw [ydaAin
MO[S ‘[e19]8XS

T ST ¥.00°0 €L T Tv- 10-3S%'9  €€T- Jayio wsejdoif) ‘Ie[NOLIUBA ‘Ifex[e ‘g ureyd b ‘uisoAw SIAN
D/ Jaquiawl

T Te 500 8'8 T T /Y1000 82T- awAzua wse|doifD (Anwey ¥as) aseyonpaijaseusbolpAysp 2/s1ya

v'0 €9 ¥700°0 TET T 8T 80T00°0 ¢t Jsylo Bsylo (1e184) € urpoword] egpowrn

T €1 00 €9 T L'T L0-36€'S  0°CI- Jsylo wsejdolkD  1sey ‘[e19laxs ‘fexe ‘T ureyd wbi| ‘uisoAw TN
/ Jaquisw ‘(Jayodsuely ayeweln|b

T LT 920000 1. 1 4 60-3G0°L 6'TT- Jauodsuel)  aueiquia|y Bwseld JeIn2ISan) /T Ajiwey Ja1iied alnjos /e/T98
Z MI-apndadAjod onAperes

T §e 90000 90T T T¢  G0ITHS  TTI- awAzud BYO  ‘awAzus umps YNYw g ursjoidodijode Zoeqody

T 2¢ G500°0 69 T LT G0-3.9T O0TT- aseuny wse|doiAD 9]9SNW ‘aseury| aureald uni

ST'0 Le 610000 76 T 8T  90-319t  L0T- Jayio wsejdo}kd (mols) T adAy 5 uluodon TouuL
zeydpe

T 2 ¥0°0 9/ 1 ¥'T 887000 00T- Jore|nBal uone|suely wse[dolA) T Jojoey uolebuola uole|Sues} d110AIeNNa Zeti3

G20 € 920000 8 T 7T 90-39.C 86— awAzus wse|doiko AKioreinBau ‘2 ureyo 61| ‘uisoAw LKW
(usy04d |77 deIpIRD)

160 9T €00 69 T 7T G880000 96— Jayio SnajonNN € u1sro4d you-au1dA|b pue auislsAa edisD
T 8T %00 6'S T 6T 090000 €£6- JETN) wsejdoif)n uisjoid Buipulg wnidjed yau aulpnsiy 2IH
T ST 100 8's T vz  S0-3LTT  T6- ET Je|njjaoenx3 2 ursjoud sake| syerpauniaiul sbe|iued zdio

¥2'0 € 150000 v'L T L'T 90-32€6 88— layio wse|doiko (oe1psed) z adAy 1 uuodosy 2uL

da4d ok | da4 ok | da4d ok | da4 ok | (s)odAL  uomedoT Jen|ED uonduioseg U

SdT+MNN SA _SdT+XINN sA SdT+MNN uoD SA Sd1+XNN

DEI+1IS+SdT+XNN OE1+SdT+XNN _SA
IIS+SdT+XNN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Inflamm Res. Author manuscript; available in PMC 2016 May 01.



