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role in rheumatoid
arthritis patients
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Nuclear-factor, interleukin 3 regulated (NFIL3) is an immune regulator that

plays an essential role in autoimmune diseases. However, the relationship

between rheumatoid arthritis (RA) and NFIL3 remains largely unknown. In this

study, we examined NFIL3 expression in RA patients and its potential molecular

mechanisms in RA. Increased NFIL3 expression levels were identified in

peripheral blood mononuclear cells (PBMCs) from 62 initially diagnosed RA

patients and 75 healthy controls (HCs) by quantitative real-time PCR (qRT-

PCR). No correlation between NFIL3 and disease activity was observed. In

addition, NFIL3 expression was significantly upregulated in RA synovial tissues

analyzed in the Gene Expression Omnibus (GEO) dataset (GSE89408). Then, we

classified synovial tissues into NFIL3-high (≥75%) and NFIL3-low (≤25%) groups

according to NFIL3 expression levels. Four hundred five differentially expressed

genes (DEGs) between the NFIL3-high and NFIL3-low groups were screened

out using the “limma” R package. Enrichment analysis showed that most of the

enriched genes were primarily involved in the TNF signaling pathway via NFkB,
IL-17 signaling pathway, and rheumatoid arthritis pathways. Then, 10 genes

(IL6, IL1b, CXCL8, CCL2, PTGS2, MMP3, MMP1, FOS, SPP1, and ADIPOQ) were

identified as hub genes, and most of them play a key role in RA. Positive

correlations between the hub genes and NFIL3 were revealed by qRT-PCR in

RA PBMCs. An NFIL3-related protein–protein interaction (PPI) network was

constructed using the STRING database, and four clusters (mainly participating

in the inflammatory response, lipid metabolism process, extracellular matrix

organization, and circadian rhythm) were constructed with MCODE in

Cytoscape. Furthermore, 29 DEGs overlapped with RA-related genes from

the RADB database and weremainly enriched in IL-17 signaling pathways. Thus,

our study revealed the elevated expression of NFIL3 in both RA peripheral

blood and synovial tissues, and the high expression of NFIL3 correlated with the

abnormal inflammatory cytokines and inflammatory responses, which

potentially contributed to RA progression.
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Introduction

Rheumatoid arthritis (RA) is a complex autoimmune and

inflammatory disease characterized by specific autoantibodies,

persistent synovitis, and symmetrical pain, swelling, and stiffness

of the joints. In addition to joints, other tissues and organs,

including blood vessels, lungs, mouth, and eyes, can also be

affected due to persistent inflammation. Although the etiology

of RA remains largely unknown, immune imbalances due to

aberrant immune cells and innate and adaptive immune

molecules have been considered key players in the pathogenesis

of RA.

The transcription factor nuclear factor, interleukin 3

regulated (NFIL3) has been identified as a key immune

regulator and is mainly expressed in natural killer (NK) cells,

B lymphocytes, T lymphocytes, monocytes, and other immune

cells (1, 2). Studies on the NFIL3−/− mice revealed its essential

role in the development and function of NK cells, CD8a+

dendritic cells, Th17 cells, and other innate lymphoid cells (3–

7). Inhibition of NFIL3 expression in CD4+ T cells showed

decreased IL-10 levels, damaged effector function, and more

severe experimental autoimmune encephalomyelitis (8). IL-27-

induced Tim3+ exhausted T cells exhibited a dysfunctional T-cell

phenotype in an NFIL3-dependent manner (9). NFIL3 also

suppressed the IL-12 p40 production in macrophages and was

decreased in ulcerative colitis patients (10). The anti-

inflammatory role played by NFIL3 in innate and adaptive

immunity is starting to attract attention in the autoimmune

field. NFIL3 was highly expressed in CD4+ T cells from systemic

lupus erythematosus (SLE) patients compared with those from

healthy controls, and NFIL3 inhibited the self-reactivity of T

cells by decreasing CD40L expression (11). In addition,

increased NFIL3 expression but reduced phosphorylation

levels were observed in Tfh cells from SLE patients, resulting

in excessive Tfh cell differentiation (12). A link between NFIL3

deficiency and juvenile idiopathic arthritis (JIA) has

been identified in monozygotic twins who both harbored

homozygous mutations in NFIL3. The parallel mouse model

confirmed that NFIL3-deficient mice displayed more severe

inflamed joints and arthritis (13). Inconsistent results have

been reported about the NFIL3 expression in RA CD4+ T cells

by Lu’s group (11, 12), but the sample was relatively small (15

and 10). Thus, the relationship between NFIL3 and RA needs to

be further explored.

In the present study, we investigated the NFIL3 expression in

peripheral blood mononuclear cells (PBMCs) from newly

diagnosed RA patients. Then, we used the Gene Expression

Omnibus (GEO) database to demonstrate the NFIL3 expression

in RA synovial tissues and investigate its coexpressed genes and

related pathways.
Frontiers in Immunology 02
Materials and methods

Subjects

A total of 175 new RA patients who met the 2010 American

College of Rheumatology/European Alliance of Associations for

Rheumatology (ACR/EULAR) classification criteria of RA (14)

were consecutively recruited at Taizhou Hospital of Zhejiang

Province from December 2020 to October 2021. Patients who

refused to participate and had prior treatment and a history of

other rheumatic diseases, infection, diabetes, cancers, and

inflammatory diseases were excluded from this study.

According to the inclusion and exclusion criteria, finally, there

were 62 initially diagnosed RA patients who were available for

further analysis (Figure 1 and Table S1). Clinical disease activity

was scored according to the Disease Activity Score in 28 Joints

System with Erythrocyte Sedimentation Rate (DAS28-ESR) and

divided into three groups: the high activity group (DAS28-ESR >

5.1), moderate activity group (3.2 < DAS28-ESR ≤ 5.1), and low

disease activity group (DAS28-ESR ≤ 3.2). Seventy-five healthy

controls (HCs) were enrolled at the medical examination center.

The study was approved by the Institutional Review Board of the

Ethics Committee of the Taizhou Hospital of Zhejiang Province.
Real-time quantitative PCR analysis

PBMCs were obtained from peripheral blood by Ficoll

density gradient centrifugation (Sigma−Aldrich, Darmstadt,

Germany). Total RNA was extracted from PBMCs using

TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and reverse

transcription was performed using BeyoRT™ II First-Strand

cDNA Synthesis Kit (Beyotime, Shanghai, China). NFIL3 and

eight hub gene mRNA expression were measured via qRT-PCR

with BeyoFast™ SYBR Green qPCRMix (Beyotime, China). The

amplification was conducted by a StepOnePlus™ System

(Applied Biosystems, Foster City, CA, USA) following three-

step PCR conditions: 95°C for 2 min, followed by 40 cycles of 95°

C for 15 s and 60°C for 30 s, ending with 95°C for 15 s, 60°C for

15 s, and 95°C for 15 s. GAPDH was used as an endogenous

control. The primers used in this study were listed in Table S2

and synthesized by Sangon Biotech (Shanghai, China).
Analysis of NFIL3 expression in
rheumatoid arthritis synovial tissues in
the gene expression omnibus database

Due to difficulties in obtaining synovial tissues, we collected

gene expression data for RA synovial tissues from the GEO
frontiersin.org

https://doi.org/10.3389/fimmu.2022.950144
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Du et al. 10.3389/fimmu.2022.950144
database to analyze NFIL3 expression. The sample size of most

RA synovial tissue datasets in GEO was small except for

GSE89408, which contains 152 RA synovial tissues and 28

normal control tissues. Thus, we chose the GSE89408 dataset

for further analysis. Patients with less than or equal to 25%

expression levels of NFIL3 were defined as NFIL3-low, while

patients with more than or equal to 75% expression levels of

NFIL3 were defined as NFIL3-high. Differential expression

analysis between the RA and HC groups and between the

NFIL3-high and NFIL3-low groups was conducted using the

limma package of R language (version 4.1.2). Differentially

expressed genes (DEGs) with an adjusted p-value <0.05 and |

log2 fold change| (|log2 FC|) > 1 were considered significant.

Then, Gene Ontology (GO) and Kyoto Encyclopedia of

Genes and Genomes (KEGG) enrichment were analyzed with

the DEGs based on the DAVID database (https://david.ncifcrf.

gov/ ) and Pathview database (https://pathview.uncc.edu/ ).

Gene set variation analysis (GSVA) using the MSigDB

hallmark gene set file “c2.cp.kegg.v7.5.symbols” and gene set

enrichment analysis (GSEA) was also performed to further

explore the NFIL3-related signaling pathways. A protein–

protein interaction (PPI) network of genes that coexpressed

with NFIL3 was constructed with the Search Tool for the

Retrieval of Interacting Genes (STRING: https://cn.string-db.

org/ ) and visualized by Cytoscape software (version 3.8.1). The

top 10 hub genes and main gene modules in the PPI network

were screened out by MCODE and cytoHubba in Cytoscape.

qRT-PCR of the hub genes was performed in PBMCs of some

newly diagnosed RA patients mentioned above (Table S1) to

confirm the linkage between NFIL3 and the hub genes.

We also intersected RA-related genes in the RADB database

(15) (http://www.bioapp.org/RADB/, a database of rheumatoid
Frontiers in Immunology 03
arthritis-related polymorphisms) with NFIL3-related DEGs.

KEGG pathway enrichment and the PPI network were

analyzed for the RA- and NFIL3-related DEGs.
Statistical analysis

The data are presented as the median ± SD. Relative NFIL3

mRNA expression in the RA and HC groups was analyzed with

Student’s t-test by SPSS version 26.0 (SPSS Inc., Chicago, IL,

USA). Paired Student’s t-test was used to measure the

significance of expression change before and after treatment.

The graphs were plotted with GraphPad Prism 8.0 (GraphPad

Prism Software Inc., San Diego, CA, USA) and R software

(version 4.1.2). Significance was set as p < 0.05.
Results

NFIL3 expression levels in rheumatoid
arthritis patients and healthy controls

No significant difference in gender distribution was observed

between the RA and HC groups (Table 1 and Table S1). The

median age was significantly higher in the RA group than in the HC

group (53.3.5 ± 10.0 vs. 49.6 ± 10.6, p < 0.05). The disease duration

in newly diagnosed RA patients was relatively short, and the

proportion of patients with a disease course of fewer than 6

months was as high as 72.6% (45/62). Up to 80.6% (50/62) of

patients were defined as havingmoderate and high disease activities.

NFIL3 mRNA expression was significantly higher in RA

PBMCs than in HC PBMCs (Figure 2). An increasing trend in
FIGURE 1

Overall workflow for analyzing NFIL3 expression in rheumatoid arthritis.
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NFIL3 expression was detected along with the severity of disease

activity, but there were no significant differences. In addition, no

significant change in NFIL3 mRNA levels was detected before or

after treatment (Table S3 and Figure 2C).
Correlation between NFIL3 levels and
rheumatoid arthritis clinical data

The correlation between NFIL3 and clinical laboratory data

was investigated (Figure 3). We found a weak correlation

between NFIL3 and anti-cyclic citrullinated peptide (anti-

CCP) antibodies (r = 0.318, p = 0.0117) and the erythrocyte

sedimentation rate (ESR) (r = 0.276, p = 0.030). However, no
Frontiers in Immunology 04
relationship between NFIL3 and RF or DAS28-ESR was

observed (all p > 0.05). Only 32 patients had lipid metabolism-

related indices, and we found no correlation between NFIL3

expression and total glyceride, total cholesterol, apolipoprotein

(a)/(b), low-density lipoprotein cholesterol, or low-density

lipoprotein cholesterol (data not shown).
Identification of differentially expressed
genes in different NFIL3 subgroups

We identified 9,379 DEGs in RA synovial tissue based on

DESeq analysis fromGSE89408 datasets compared with the normal

controls (data not shown), which revealed that NFIL3 was
TABLE 1 Clinical characteristics of RA patients and controls.

Variables Healthy control (n = 73) Rheumatoid arthritis (n = 62)

All
(n = 62)

DAS28-ESR ≤ 3.2
(n = 13)

3.2 < DAS28-ESR ≤ 5.1
(n = 25)

DAS28-ESR > 5.1
(n = 24)

Female, n (%) 48 (65.8) 43 (69.4) 8 (61.5) 20 (80.0) 15 (62.5)

Age (years) 49.6 ± 10.6 53.3 ± 10.0 46.3 ± 10.2 54.2 ± 7.7 56.3 ± 10.4

Duration (m) – 3.0 (2.0–12.0) 4.0 (3.0–10.0) 3.0 (2.0–12.0) 3.0 (2.0–10.5)

RF (KU/L) – 72.2 (18.5–175.1) 52.2 (9.0–212.9) 72.4 (25.4–158.4) 72.7 (14.1–214.9)

Anti-CCP (U/ml)* – 89.6 (12.2–200.0) 200.0 (0.5–200.0) 70.4 (18.2–200.0) 84.5 (5.4–200.0)

ESR (mm/h) – 37.5 (21.5–54.0) 17.0 (4.5–28.0) 36.0 (19.5–46.5) 53.5 (33.5–68.8)

DAS28-ESR – 4.50 (3.33–5.58) 2.59 (2.29–2.90) 4.25 (3.76–4.67) 5.94 (5.51–6.38)

Stiffness, n (%) – 27 (43.5) 1 (7.7) 11 (44.0) 15 (62.5)
*Six RA patients lack anti-CCP antibody data. TJC28, Tender Joint Count 28 Joints; SJC, Swollen Joint Count 28 Joints; RF, rheumatoid factor; anti-CCP, anti-cyclic citrullinated peptide;
ESR, erythrocyte sedimentation rate. DAS28-ESR, Disease Activity Score in 28 Joints System with Erythrocyte Sedimentation Rate, formula: DAS28-ESR = [0.56 * sqrt(TJC28) + 0.28 * sqrt
(SJC28) + 0.70 * Ln(ESR)] * 1.08 + 0.16.
A B C

FIGURE 2

NFIL3 expression in PBMCs from newly diagnosed RA patients and healthy controls. (A) Comparison of NFIL3 expression between RA and HC
groups using qRT-PCR. (B) Differences in NFIL3 expression among RA patients with low, moderate, and high disease activity. (C) Alterations of
NFIL3 expression before and after treatment. RA patients were divided into three groups according to DAS28-ESR score. Low disease activity,
DAS28 ≤ 3.2; moderate disease activity, 3.2 < disease activity ≤ 5.1; high disease activity, DAS28 > 5.1. GAPDH was used as a reference gene for
data normalization. PBMCs, peripheral blood mononuclear cells; RA, rheumatoid arthritis; HC, healthy control.
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significantly upregulated in RA patients (logFC = 1.18, adj.p = 1.61

× 10−27, Figure S1). To further understand the molecular biology of

NFIL3 in RA, we analyzed the DEGs between the high- and low-

NFIL3 expression groups. A total of 405 genes (upregulated, 191;

downregulated, 214) showed significant differential expression

between these two groups (Table S4).
Function enrichment analysis and the
protein–protein interaction network

GO and KEGG analyses of 425 genes that were coexpressed

with NFIL3 were conducted using the DAVID database and

revealed that the biological processes were primarily enriched in

the inflammatory response, cytokine-mediated signaling

pathway, and cellular response to lipopolysaccharide. For the

molecular functions, NFIL3 was mainly enriched in chemokine

act iv i ty , CXCR chemokine receptor binding , and

metalloendopeptidase activity. KEGG pathway analysis showed

that NFIL3-related genes were involved in the IL-17 signaling

pathway, rheumatoid arthritis pathway, and TNF signaling

pathway (Figure 4). We visualized the hsa05323 rheumatoid

arthritis pathway using the online database Pathview and

observed that the various proinflammatory cytokines,

chemokines, and matrix metalloproteinases were highly
Frontiers in Immunology 05
expressed in the NFIL3-high group (Figure S2). Moreover,

KEGG enrichment analysis showed that the 191 upregulated

DEGs were mainly associated with inflammation-related

pathways and that the 214 downregulated DEGs were

significantly associated with metabolic pathways and PPAR

signaling pathways (Figure S3). To further examine the

relationship between NFIL3 expression and the enriched

pathways, GSEA and GSVA were performed and showed that

IL-6 JAK STAT3 signaling, spermatogenesis, and TNFa
signaling via NFkB and glycolysis pathways were significantly

enriched in the NFIL3-high group (Figure 4).

Then, we extracted genes that were coexpressed with NFIL3 to

construct the PPI network with the STRING database and

identified the genes and the submodules most relevant to NFIL3

by MCODE and cytoHubba in Cytoscape software. Nine of the

top 10 degrees of hub genes were increased expression in the

NFIL3-high group, including interleukin 6 (IL-6), interleukin 1

beta (IL1B), C-X-C motif chemokine ligand 8 (CXCL8), C-C

motif chemokine ligand 2 (CCL2), prostaglandin-endoperoxide

synthase 2 (PTGS2), matrix metallopeptidase 3 (MMP3), matrix

metallopeptidase 1 (MMP1), Fos proto-oncogene (FOS), and

secreted phosphoprotein 1 (SPP1), while adipose most abundant

gene transcript 1 protein (ADIPOQ) was significantly decreased.

The major module and clusters of the PPI network are visualized

in Figure 5. Four clusters identified by MCODE were significantly
A B

DC

FIGURE 3

Correlations between NFIL3 expression and clinical indexes. (A) ESR, (B) RF, (C) anti-CCP, and (D) DAS28-ESR. ESR, erythrocyte sedimentation
rate; RF, rheumatoid factor; anti-CCP, anti-cyclic citrullinated peptide; DAS28-ESR, disease activity score with 28 joints using erythrocyte
sedimentation rate.
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associated with the inflammatory response, lipid metabolic

process, extracellular matrix organization, and circadian

rhythm-related biological process. All genes except ADIPOQ in

Cluster 1 and Cluster 3 were upregulated in the NFIL3-high group

and involved in IL-17 signaling pathways and the type II diabetes

mellitus pathway. The genes in Cluster 2 were downregulated and

mainly involved in the PPAR signaling pathway.
Genes coexpressed with NFIL3 in
rheumatoid arthritis

To further explore the relationship between NFIL3-related

genes and RA, we obtained 636 RA-related genes from RADB.

There were 29 common genes (including IL1B, IL-6, CXCL8, CCL2,

IL1A, MMP3, MMP1, IL1RN, PTGS2, and SPP1) between the

NFIL3 coexpression genes and RA-related genes (Figure S4). We

also constructed a network of the 29 common genes associated with

both NFIL3 expression and RA (Figure S4). These genes were
Frontiers in Immunology 06
mainly enriched in the IL-17 signaling pathway, TNF signaling

pathway, and rheumatoid arthritis pathways.
Validation of the correlation between
NFIL3 and hub genes

To verify the relationship between NFIL3 and hub genes, we

analyzed eight hub genes (IL-6, IL1b, CXCL8, CCL2, PTGS2,
MMP3, MMP1, and FOS) and NFIL3 expression in PBMCs

from 40 out of 62 newly diagnosed RA patients using qRT-PCR.

The two hub genes (MMP1 and FOS) were analyzed in 34 RA

patients due to not enough cDNAs in six RA patients. qRT-PCR

showed that expression levels of NFIL3 were positively

correlated with all the eight hub genes, especially strong

correlation observed with IL1b (r = 0.788, p < 0.001), CXCL8

(r = 0.813, p < 0.001), PTGS2 (r = 0.758, p < 0.001), and FOS (r =

0.766, p < 0.001) (Figure 6).
A B

D EC

FIGURE 4

Identification of DEGs between the NFIL3-high and NFIL3-low groups and functional enrichment analysis. (A) Volcano plot shows the DEGs by
comparing NFIL3-high and NFIL3-low synovial tissues from the GSE89408 dataset; red dot represents upregulated DEGs; blue dot represents
downregulated DEGs; gray dot represents no significantly DEGs. (B) A heatmap of the 50 most significant DEGs according to the adjusted
pvalue; blue indicates downregulated genes; red indicates upregulated genes. (C) GO enrichment and KEGG pathway analyses of the DEGs
from DAVID database; the long bar represents the gene counts enriched in each pathway. (D) GSEA enrichment analysis shows that there are 15
upregulated and 4 downregulated gene sets with statistical significance between the high- and low-NFIL3 expression groups. (E) GSVA
enrichment analysis of the 50 hallmark gene sets between the NFIL3-high and NFIL3-low groups. DEGs, differentially expressed genes; GSEA,
gene set enrichment analysis; GSVA, gene set variation analysis. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Discussion

In the present study, increased mRNA NFIL3 levels were

found in RA peripheral blood, and a correlation between NFIL3

and anti-CCP antibodies was also demonstrated. Moreover, we

confirmed high NFIL3 expression in RA synovial tissue using the

GEO dataset and identified NFIL3 coexpression genes, the

potential pathways, and molecular functions, which were

mainly involved in the IL-17 signaling pathway, lipid

metabolism, and rheumatoid arthritis pathways. Finally, a

significantly positive relationship between NFIL3 and
Frontiers in Immunology 07
proinflammatory molecules identified in the GEO dataset was

established in RA PBMCs.

Previously, Lu’s group investigated NFIL3 expression in RA

CD4+ T cells in two separate studies (11, 12). Compared to

normal controls, no significant difference was observed in 15 RA

patients using qRT-PCR (11), but the expression was

increasingly detected in 10 RA CD4+ T cells using flow

cytometry (12). In this study, we revealed elevated NFIL3

transcription levels in RA PBMCs compared to HC PBMCs.

This inconsistency might be due to the different sample sizes and

sample types. The immunosuppressive properties of NFIL3,
A B

D E

C

FIGURE 5

Construction of a PPI network of genes that coexpressed with NFIL3. (A) The PPI network with 112 nodes and 719 edges was constructed based
on the STRING dataset and visualized by Cytoscape. (B–E) Four significant clusters were identified from the network by MCODE. The nodes
with orange color represent the upregulated genes, while those with blue color represent the downregulated genes. The shape size of the
nodes is arranged by the degree in the network. PPI, protein–protein interaction.
FIGURE 6

Association between NFIL3 and its coexpressed hub genes in RA. The eight hub genes and NFIL3 expression levels were analyzed in RA PBMCs
by qRT-PCR and normalized to GAPDH. Spearman’s correlation analysis of NFIL3 and IL-6, IL1B, CXCL8, CCL2, PTGS2, MMP3, MMP1, and FOS
in RA patients. RA, rheumatoid arthritis; PBMCs, peripheral blood mononuclear cells.
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including T-cell dysfunction, the inhibition of autoantibody

production, and the induction of anti-inflammatory molecules,

such as IL-10 and Tim-3, have been extensively established (8, 9,

11). Twins with NFIL3 deficiency developed JIA, and the

protective role of NFIL3 in SLE patients has been reported

(12, 13). These findings suggest an immune suppressive

function of NFIL3 in autoimmune diseases. However, it

remains largely unknown why NFIL3 expression is enhanced

in RA and SLE patients. Based on previous research data, the

following viewpoints might be raised to explain this

phenomenon. First, NFIL3 might act as a negative feedback

regulator to suppress inflammatory responses under

autoimmune conditions. For instance, increased NFIL3

expression has been observed in Tfh cells but acts as a

suppressor in Tfh cell differentiation. In addition, NFIL3

phosphorylation was essential for its immunoregulatory effect

on NK cells (16) and T follicular helper (Tfh) cell development

(12). Enhanced NFIL3 expression might compensate for

damaged regulatory functions due to abnormal post-

translational modifications. Reduced phosphorylation levels in

SLE patients might support our hypothesis, which needs to be

further verified. The high expression of NFIL3 has been well

documented in T-cell activation and specific virus infection (9).

Kim et al. reported that overexpression of NFIL3 in Treg cells

impairs its suppressive activity by inhibiting foxp3 expression

(17), which is crucial for RA pathogenesis.

Moreover, we evaluated changes in NFIL3 expression before

and after treatment and found no significant differences. This

finding was inconsistent with previous studies, which revealed

that NFIL3 was essential for the glucocorticoid-induced anti-

inflammatory response and apoptosis (11, 18–20). Seven (7/16,

43.8%) patients used glucocorticoids in our study and also

showed no differences. This outcome might be due to our

small sample size, most importantly the sample collection at

various treatment times. The correlation between NFIL3

expression and RA treatment requires further analysis.

Synovial hyperplasia is one of the major clinical features of RA

patients. High NFIL3 expression in RA synovial tissues was

confirmed using a GEO dataset with large sample size,

indicating that abnormal expression of NFIL3 may participate

in RA development. Further functional enrichment analysis

revealed that NFIL3 coexpression genes were strongly correlated

with the inflammatory response, cytokine-mediated signaling

pathway, cellular response to lipopolysaccharide, and response

to glucocorticoid in biological processes and were significantly

enriched in the IL-17 signaling pathway, TNF signaling pathway,

and rheumatoid arthritis pathways referred to as KEGG pathway.

IL-17 is a hallmark of Th17 cells and is highly expressed in RA

patients (21, 22). It has been accepted that IL-17 enhances

proinflammatory cytokine production and macrophage

migration (23). The effect of NFIL3 on Th17 differentiation has

been established in NFIL3−/− mice with experimental

autoimmune encephalitis (7, 8, 24). GSEA and GSVA also
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showed that the IL-6 JAK STAT3 signaling pathway, TNFA

signaling via the NFkB pathway, IL-2 STAT5 signaling

pathway, and MTORC1 signaling pathway were enriched in the

NFIL3-high group. Most enrichment pathways have been

considered to be involved in RA development. For instance,

TNFa is an important proinflammatory cytokine that promotes

the inflammatory cascade and plays a key role in RA pathogenesis

(25–27). The clinical benefits of the TNF antagonist infliximab

have been extensively reported in RA patients (26, 28). In

addition, IL-6-mediated JAK/STAT3 signaling is essential for

osteoclastogenesis, Th17 differentiation, and chronic

inflammation and has a crucial effect on the development of RA

(29–31). The JAK inhibitor tofacitinib and IL-6 inhibitor

sarilumab have been used for the treatment of various

autoimmune diseases, such as RA (32–34).

Interestingly, most downregulated DEGs in the NFIL3-high

group participated in lipid metabolism and the PPAR signaling

pathway. The interplay between immunity and dysregulated lipid

metabolism is well documented (35, 36). PPARg, the lipid

regulator, exerts anti-inflammatory effects by inhibiting the

activation of various immune cells, decreasing proinflammatory

cytokines, and inducing macrophage polarization toward the M2

phenotype. Recent advances revealed that enhancing the

expression of PPARg could attenuate disease manifestations

(37). The adipokine fatty acid binding protein 4 (FABP4),

which is an increased expression in RA serum and synovial

tissues (38–40), plays an important role in the regulation of

inflammation. Guo et al. found that inhibition of FABP4

expression in macrophages could alleviate RA synovitis,

angiogenesis, and cartilage degeneration (40). Studies of

transcriptomes of epithelial cell-specific NFIL3 knockout mice

showed declined FABP4 expression, suggesting a positive

regulatory relationship (41).

Furthermore, a PPI network related to NFIL3 expression was

constructed based on the STRING database, and 10 hub genes were

found. Among the 10 hub genes, most were proinflammatory

molecules that were increased in the NFIL3-high group.

Consistent with these results, we confirmed the positive

correlations between NFIL3 and proinflammatory molecule

expression in RA PBMCs. Most hub genes have been reported to

be essential inflammatory mediators in RA pathogenesis. For

example, IL-6 and IL1B were confirmed to be involved in the

regulation of the inflammatory response and the development of

various autoimmune diseases, including RA, and were effective

targets for treatment (42). Consistent with experiments on NFIL3-

deficient murine bone marrow-derived macrophages and mice, the

proinflammatory cytokines IL-6 and IL-1b were identified as

downstream signaling molecules for NFIL3 (10, 13). Moreover,

higher increases in chemokines and metalloproteinase (CXCL8,

CCL2, SPP1, MMP1, andMMP3) were observed in the NFIL3-high

group. These proinflammatory factors are mainly secreted by

synovial fibroblasts and macrophages to promote inflammatory

cell infiltration, synovial hyperplasia, and joint destruction. PTGS2
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encodes cyclooxygenase 2 (COX2) and is the target of non-steroidal

anti-inflammatory drugs (NSAIDs). The high expression of PTGS2

has been observed in RA synovial tissues (43). In addition, to

participate in an inflammatory response, PTGS2 has a promotive

effect on the proliferation of RA fibroblast-like synoviocytes (43).

The inhibition role of NFIL3 on PTGS2 has been reported in

MC3T3-E1 osteoblastic cells (44). In agreement with previous

findings (2, 45), the major function of NFIL3 was associated with

the inflammatory response, lipid metabolic process, extracellular

matrix organization, and circadian rhythm, as identified by

MCODE in Cytoscape. Furthermore, we found that 29 both RA-

and NFIL3-related genes were correlated with the IL-17 signaling

pathway and TNF signaling pathway, indicating that NFIL3 might

be a major regulator of RA inflammation.

Several limitations in our study should be noted. First, the effect

of treatment on NFIL3 expression should be further explored in a

large sample and with amore rigorous experimental design. Second,

we should obtain RA synovial tissues to confirm NFIL3 expression

and posttranslational modification levels, such as phosphorylation

levels, in the future. In addition, the exact downstreammolecules of

NFIL3 that contribute to RA development should be investigated.

In conclusion, our results showed that NFIL3 expression was

significantly increased in RA PBMCs and synovial tissues. Potential

key genes and pathways of NFIL3 in RA were identified using

transcription expression data from the GEO dataset and verified in

RA PBMCs. NFIL3 expressionmay correlate with the production of

various proinflammatory cytokines (IL-6, IL1b, CXCL8, CCL2,
PTGS2,MMP3, andMMP1), supporting its role inRAdevelopment.
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Up-regulation of NFIL3 expression in RA synovial tissues compared with

normal tissues from the GSE89408 dataset.

SUPPLEMENTARY FIGURE 2

Rheumatoid arthritis pathway between NFIL3-high and NFIL3-low
groups. The expression changes of DEGs related to the hsa05323

rheumatoid arthritis pathway were visualized by online database
Pathview. Red indicated increased expression.

SUPPLEMENTARY FIGURE 3

KEGG analysis of the upregulated and downregulated DEGs. Up-
regulated DEGs were mainly enriched in IL-17 signaling pathway and

cytokine-cytokine receptor interaction pathways. Down-regulated DEGs
were mainly enriched in metabolic pathways.

SUPPLEMENTARY FIGURE 4

The heatmap and PPI network of 29 RA- and NFIL3-related genes. There

are 29 overlapping genes between the NFIL3 co-expression genes and

the RA-related genes from the RADB database. (A) A heatmap was applied
to visualized the expression differences of 29 RA-related genes in the

NFIL3-high and NFIL3-low groups. Blue indicates down-regulation; red
indicates up-regulation. (B) The PPI network contains 20 nodes and 117

edges. The expression of all the nodes were upregulated.
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2022.950144/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.950144/full#supplementary-material
https://doi.org/10.3389/fimmu.2022.950144
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Du et al. 10.3389/fimmu.2022.950144
References
1. Yin J, Zhang J, Lu Q. The role of basic leucine zipper transcription factor
E4bp4 in the immune system and immune-mediated diseases. Clin Immunol
(2017) 180:5–10. doi: 10.1016/j.clim.2017.03.013

2. Male V, Nisoli I, Gascoyne DM, Brady HJ. E4bp4: An unexpected player in the
immune response.Trends Immunol (2012) 33(2):98–102. doi: 10.1016/j.it.2011.10.002

3. Kamizono S, Duncan GS, Seidel MG, Morimoto A, Hamada K, Grosveld G,
et al. Nfil3/E4bp4 is required for the development and maturation of nk cells in
vivo. J Exp Med (2009) 206(13):2977–86. doi: 10.1084/jem.20092176

4. Gascoyne DM, Long E, Veiga-Fernandes H, de Boer J, Williams O, Seddon B,
et al.The basic leucine zipper transcription factorE4bp4 is essential fornatural killer cell
development. Nat Immunol (2009) 10(10):1118–24. doi: 10.1038/ni.1787

5. Seillet C, Rankin LC, Groom JR, Mielke LA, Tellier J, Chopin M, et al. Nfil3 is
required for the development of all innate lymphoid cell subsets. J Exp Med (2014)
211(9):1733–40. doi: 10.1084/jem.20140145

6. Kashiwada M, Pham NL, Pewe LL, Harty JT, Rothman PB. Nfil3/E4bp4 is a
key transcription factor for Cd8alpha(+) dendritic cell development. Blood (2011)
117(23):6193–7. doi: 10.1182/blood-2010-07-295873

7. Yu X, Rollins D, Ruhn KA, Stubblefield JJ, Green CB, Kashiwada M, et al.
Th17 cell differentiation is regulated by the circadian clock. Science (2013) 342
(6159):727–30. doi: 10.1126/science.1243884

8. Motomura Y, Kitamura H, Hijikata A, Matsunaga Y, Matsumoto K, Inoue H,
et al. The transcription factor E4bp4 regulates the production of il-10 and il-13 in
Cd4+ T cells. Nat Immunol (2011) 12(5):450–9. doi: 10.1038/ni.2020

9. Zhu C, Sakuishi K, Xiao S, Sun Z, Zaghouani S, Gu G, et al. An il-27/Nfil3
signalling axis drives Tim-3 and il-10 expression and T-cell dysfunction. Nat
Commun (2015) 6:6072. doi: 10.1038/ncomms7072

10. Kobayashi T, Matsuoka K, Sheikh SZ, Elloumi HZ, Kamada N, Hisamatsu
T, et al. Nfil3 is a regulator of il-12 P40 in macrophages and mucosal immunity. J
Immunol (2011) 186(8):4649–55. doi: 10.4049/jimmunol.1003888

11. Zhao M, Liu Q, Liang G, Wang L, Luo S, Tang Q, et al. E4bp4
overexpression: A protective mechanism in Cd4+ T cells from sle patients. J
Autoimmun (2013) 41:152–60. doi: 10.1016/j.jaut.2013.01.004

12. Wang Z, Zhao M, Yin J, Liu L, Hu L, Huang Y, et al. E4bp4-mediated
inhibition of T follicular helper cell differentiation is compromised in autoimmune
diseases. J Clin Invest (2020) 130(7):3717–33. doi: 10.1172/JCI129018

13. Schlenner S, Pasciuto E, LagouV, BurtonO, Prezzemolo T, Junius S, et al. Nfil3
mutations alter immune homeostasis and sensitise for arthritis pathology.AnnRheum
Dis (2019) 78(3):342–9. doi: 10.1136/annrheumdis-2018-213764

14. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO3rd,
et al. Rheumatoid arthritis classification criteria: An American college of
Rheumatology/European league against rheumatism collaborative initiative.
Arthritis Rheum (2010) 62(9):2569–81. doi: 10.1002/art.27584

15. Zhang R, Luan M, Shang Z, Duan L, Tang G, Shi M, et al. Radb: A database
of rheumatoid arthritis-related polymorphisms. Database (Oxford) (2014) 2014:
bau090. doi: 10.1093/database/bau090

16. Kostrzewski T, Borg AJ, Meng Y, Filipovic I, Male V, Wack A, et al. Multiple
levels of control determine how E4bp4/Nfil3 regulates nk cell development. J
Immunol (2018) 200(4):1370–81. doi: 10.4049/jimmunol.1700981

17. Kim HS, Sohn H, Jang SW, Lee GR. The transcription factor Nfil3 controls
regulatory T-cell function and stability. Exp Mol Med (2019) 51(7):1–15.
doi: 10.1038/s12276-019-0280-9

18. Carey KT, Tan KH, Ng J, Liddicoat DR, Godfrey DI, Cole TJ. Nfil3 is a
glucocorticoid-regulated gene required for glucocorticoid-induced apoptosis in Male
murine T cells. Endocrinology (2013) 154(4):1540–52. doi: 10.1210/en.2012-1820

19. Chen F, Zhang L, OuYang Y, Guan H, Liu Q, Ni B. Glucocorticoid induced
osteoblast apoptosis by increasing E4bp4 expression Via up-regulation of bim.
Calcif Tissue Int (2014) 94(6):640–7. doi: 10.1007/s00223-014-9847-6

20. Pazdrak K, Moon Y, Straub C, Stafford S, Kurosky A. Eosinophil resistance
to glucocorticoid-induced apoptosis is mediated by the transcription factor Nfil3.
Apoptosis (2016) 21(4):421–31. doi: 10.1007/s10495-016-1226-5

21. Yasuda K, Takeuchi Y, Hirota K. The pathogenicity of Th17 cells in
autoimmune diseases. Semin Immunopathol (2019) 41(3):283–97. doi: 10.1007/
s00281-019-00733-8

22. KugyelkaR,Kohl Z,OlaszK,MikeczK,RauchTA,GlantTT, et al. Enigmaof il-
17 and Th17 cells in rheumatoid arthritis and in autoimmune animal models of
arthritis.Mediators Inflammation (2016) 2016:6145810. doi: 10.1155/2016/6145810

23. Shahrara S, Pickens SR, Dorfleutner A, Pope RM. Il-17 induces monocyte
migration in rheumatoid arthritis. J Immunol (2009) 182(6):3884–91. doi: 10.4049/
jimmunol.0802246
Frontiers in Immunology 10
24. Farez MF, Mascanfroni ID, Mendez-Huergo SP, Yeste A, Murugaiyan G,
Garo LP, et al. Melatonin contributes to the seasonality of multiple sclerosis
relapses. Cell (2015) 162(6):1338–52. doi: 10.1016/j.cell.2015.08.025

25. Loh C, Park SH, Lee A, Yuan R, Ivashkiv LB, Kalliolias GD. Tnf-induced
inflammatory genes escape repression in fibroblast-like synoviocytes:
Transcriptomic and epigenomic analysis. Ann Rheum Dis (2019) 78(9):1205–14.
doi: 10.1136/annrheumdis-2018-214783

26. Perdriger A. Infliximab in the treatment of rheumatoid arthritis. Biologics
(2009) 3:183–91. doi: 10.2147/btt.2009.3099

27. LiP, SchwarzEM.The tnf-alpha transgenicmousemodel of inflammatory arthritis.
Springer Semin Immunopathol (2003) 25(1):19–33. doi: 10.1007/s00281-003-0125-3

28. Nii T, Kuzuya K, Kabata D, Matsui T, Murata A, Ohya T, et al. Crosstalk
between tumor necrosis factor-alpha signaling and aryl hydrocarbon receptor
signaling in nuclear factor -kappa b activation: A possible molecular mechanism
underlying the reduced efficacy of tnf-inhibitors in rheumatoid arthritis by
smoking. J Autoimmun (2019) 98:95–102. doi: 10.1016/j.jaut.2018.12.004

29. Choe JY, Park KY, Park SH, Lee SI, Kim SK. Regulatory effect of calcineurin
inhibitor, tacrolimus, on il-6/Sil-6r-Mediated rankl expression through Jak2-Stat3-
Socs3 signaling pathway in fibroblast-like synoviocytes. Arthritis Res Ther (2013)
15(1):R26. doi: 10.1186/ar4162

30. Park JS, Lee J, Lim MA, Kim EK, Kim SM, Ryu JG, et al. Jak2-Stat3 blockade by
Ag490 suppresses autoimmune arthritis inmiceVia reciprocal regulation of regulatory T
cells and Th17 cells. J Immunol (2014) 192(9):4417–24. doi: 10.4049/jimmunol.1300514

31. IsomakiP, Junttila I,VidqvistKL,KorpelaM, SilvennoinenO.The activity of jak-stat
pathways in rheumatoidarthritis:ConstitutiveactivationofStat3correlateswith interleukin6
levels. Rheumatol (Oxford) (2015) 54(6):1103–13. doi: 10.1093/rheumatology/keu430

32. Mease PJ, Young P, Gruben D, Fallon L, Germino R, Kavanaugh A. Early real-
world experience of tofacitinib for psoriatic arthritis: Data from a united states healthcare
claims database. Adv Ther (2022) 39(6):2932–2945. doi: 10.1007/s12325-022-02084-7

33. Shi Y, Xie Y, Zhang G, Feng Y. Tofacitinib for the treatment of rheumatoid
arthritis: A real-world study in China. Intern Emerg Med (2022) 17(3):703–14.
doi: 10.1007/s11739-021-02852-3

34. Fleischmann R, Genovese MC, Maslova K, Leher H, Praestgaard A, Burmester
GR.Long-termsafety andefficacyof sarilumabover5 years inpatientswith rheumatoid
arthritis refractory to tnf inhibitors. Rheumatol (Oxford) (2021) 60(11):4991–5001.
doi: 10.1093/rheumatology/keab355

35. Ryu H, Kim J, Kim D, Lee JE, Chung Y. Cellular and molecular links
between autoimmunity and lipid metabolism. Mol Cells (2019) 42(11):747–54.
doi: 10.14348/molcells.2019.0196

36. Robinson G, Pineda-Torra I, Ciurtin C, Jury EC. Lipid metabolism in
autoimmune rheumatic disease: Implications for modern and conventional
therapies. J Clin Invest (2022) 132(2):e148552. doi: 10.1172/JCI148552

37. Liu Y, Wang J, Luo S, Zhan Y, Lu Q. The roles of ppargamma and its
agonists in autoimmune diseases: A comprehensive review. J Autoimmun (2020)
113:102510. doi: 10.1016/j.jaut.2020.102510

38. Andres Cerezo L, Kuklova M, Hulejova H, Vernerova Z, Pesakova V, Pecha
O, et al. The level of fatty acid-binding protein 4, a novel adipokine, is increased in
rheumatoid arthritis and correlates with serum cholesterol levels. Cytokine (2013)
64(1):441–7. doi: 10.1016/j.cyto.2013.05.001

39. Chen S, Du J, Zhao W, Cao R, Wang N, Li J, et al. Elevated expression of
Fabp4 is associated with disease activity in rheumatoid arthritis patients. biomark
Med (2020) 14(15):1405–13. doi: 10.2217/bmm-2020-0284

40. Guo D, Lin C, Lu Y, Guan H, Qi W, Zhang H, et al. Fabp4 secreted by M1-
polarizedmacrophages promotes synovitis and angiogenesis to exacerbate rheumatoid
arthritis. Bone Res (2022) 10(1):45. doi: 10.1038/s41413-022-00211-2

41. Wang Y, Kuang Z, Yu X, Ruhn KA, Kubo M, Hooper LV. The intestinal
microbiota regulates body composition through Nfil3 and the circadian clock.
Science (2017) 357(6354):912–6. doi: 10.1126/science.aan0677

42. Kondo N, Kuroda T, Kobayashi D. Cytokine networks in the pathogenesis of
rheumatoid arthritis. Int J Mol Sci (2021) 22(20):10922. doi: 10.3390/ijms222010922

43. Mishima S, Kashiwakura JI, Toyoshima S, Sasaki-Sakamoto T, Sano Y,
Nakanishi K, et al. Higher Pgd2 production by synovial mast cells from rheumatoid
arthritis patients comparedwithosteoarthritis patientsViamir-199a-3p/Prostaglandin
synthetase 2 axis. Sci Rep (2021) 11(1):5738. doi: 10.1038/s41598-021-84963-7

44. Hirai T, Tanaka K, Togari A. Beta-adrenergic receptor signaling regulates
Ptgs2 by driving circadian gene expression in osteoblasts. J Cell Sci (2014) 127(Pt
17):3711–9. doi: 10.1242/jcs.148148

45. Zhao Z, Yin L, Wu F, Tong X. Hepatic metabolic regulation by nuclear factor
E4bp4. J Mol Endocrinol (2021) 66(1):R15–21. doi: 10.1530/JME-20-0239
frontiersin.org

https://doi.org/10.1016/j.clim.2017.03.013
https://doi.org/10.1016/j.it.2011.10.002
https://doi.org/10.1084/jem.20092176
https://doi.org/10.1038/ni.1787
https://doi.org/10.1084/jem.20140145
https://doi.org/10.1182/blood-2010-07-295873
https://doi.org/10.1126/science.1243884
https://doi.org/10.1038/ni.2020
https://doi.org/10.1038/ncomms7072
https://doi.org/10.4049/jimmunol.1003888
https://doi.org/10.1016/j.jaut.2013.01.004
https://doi.org/10.1172/JCI129018
https://doi.org/10.1136/annrheumdis-2018-213764
https://doi.org/10.1002/art.27584
https://doi.org/10.1093/database/bau090
https://doi.org/10.4049/jimmunol.1700981
https://doi.org/10.1038/s12276-019-0280-9
https://doi.org/10.1210/en.2012-1820
https://doi.org/10.1007/s00223-014-9847-6
https://doi.org/10.1007/s10495-016-1226-5
https://doi.org/10.1007/s00281-019-00733-8
https://doi.org/10.1007/s00281-019-00733-8
https://doi.org/10.1155/2016/6145810
https://doi.org/10.4049/jimmunol.0802246
https://doi.org/10.4049/jimmunol.0802246
https://doi.org/10.1016/j.cell.2015.08.025
https://doi.org/10.1136/annrheumdis-2018-214783
https://doi.org/10.2147/btt.2009.3099
https://doi.org/10.1007/s00281-003-0125-3
https://doi.org/10.1016/j.jaut.2018.12.004
https://doi.org/10.1186/ar4162
https://doi.org/10.4049/jimmunol.1300514
https://doi.org/10.1093/rheumatology/keu430
https://doi.org/10.1007/s12325-022-02084-7
https://doi.org/10.1007/s11739-021-02852-3
https://doi.org/10.1093/rheumatology/keab355
https://doi.org/10.14348/molcells.2019.0196
https://doi.org/10.1172/JCI148552
https://doi.org/10.1016/j.jaut.2020.102510
https://doi.org/10.1016/j.cyto.2013.05.001
https://doi.org/10.2217/bmm-2020-0284
https://doi.org/10.1038/s41413-022-00211-2
https://doi.org/10.1126/science.aan0677
https://doi.org/10.3390/ijms222010922
https://doi.org/10.1038/s41598-021-84963-7
https://doi.org/10.1242/jcs.148148
https://doi.org/10.1530/JME-20-0239
https://doi.org/10.3389/fimmu.2022.950144
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	NFIL3 and its immunoregulatory role in rheumatoid arthritis patients
	Introduction
	Materials and methods
	Subjects
	Real-time quantitative PCR analysis
	Analysis of NFIL3 expression in rheumatoid arthritis synovial tissues in the gene expression omnibus database
	Statistical analysis

	Results
	NFIL3 expression levels in rheumatoid arthritis patients and healthy controls
	Correlation between NFIL3 levels and rheumatoid arthritis clinical data
	Identification of differentially expressed genes in different NFIL3 subgroups
	Function enrichment analysis and the protein–protein interaction network
	Genes coexpressed with NFIL3 in rheumatoid arthritis
	Validation of the correlation between NFIL3 and hub genes

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


