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Hypermethylation of Smad/
in CD4" T cells is associated
with the disease activity of
rheumatoid arthritis
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Background: Smad7 is protective in a mouse model of rheumatoid arthritis. Here
we investigated whether Smad7-expressing CD4* T cells and the methylation of
Smad7 gene in CD4" T cells contribute to the disease activity of RA in patients.

Methods: Peripheral CD4™" T cells were collected from 35 healthy controls and 57 RA
patients. Smad7 expression by CD4* T cells were determined and correlated with the
clinical parameters of RA including RA score and serum levels of IL-6, CRP, ESR,
DAS28-CRP, DAS28-ESR, Swollen joints and Tender joints. Bisulfite sequencing
(BSP-seq) was used to determine the DNA methylation in Smad7 promoter (-1000
to +2000) region in CD4* T cells. In addition, a DNA methylation inhibitor, 5-
Azacytidine (5-AzaC), was added to CD4* T cells to examine the possible role of
Smad7 methylation in CD4" T cell differentiation and functional activity.

Results: Compared to the heath controls, Smad7 expression was significantly
decreased in CD4™ T cells from RA patients and inversely correlated with the RA
activity score and serum levels of IL-6 and CRP. Importantly, loss of Smad7 in CD4*
T cell was associated with the alteration of Th17/Treg balance by increasing Th17
over the Treg population. BSP-seq detected that DNA hypermethylation occurred
in the Smad7 promoter region of CD4" T cells obtained from RA patients.
Mechanistically, we found that the DNA hypermethylation in the Smad7
promoter of CD4* T cells was associated with decreased Smad7 expression in
RA patients. This was associated with overreactive DNA methyltransferase (DMNT1)
and downregulation of the methyl-CpG binding domain proteins (MBD4).
Inhibition of DNA methylation by treating CD4* T cells from RA patients with 5-
AzaC significantly increased Smad7 mRNA expression along with the increased
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MBD4 but reduced DNMT1 expression, which was associated with the rebalance in

Conclusion: DNA hypermethylation at the Smad7 promoter regions may cause a
loss of Smad7 in CD4* T cells of RA patients, which may contribute to the RA
activity by disrupting the Th17/Treg balance.

hypermethylation, Smad7, rheumatoid arthritis, DNA methyltransferase, methyl-CpG
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the Th17/Treg response.
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Introduction

Rheumatoid arthritis (RA) is characterized as a chronic
autoimmune disease that affects the joints. The primary clinical
feature of RA is a long-term chronic inflammation of the joints,
leading to the bone erosion, cartilage destruction, and disability (1, 2).
Several cells, including dendritic cells (DCs), T cells, B cells,
neutrophils, macrophages, fibroblasts, and osteoclasts can interact
each other to initiate and maintain this inflammatory process (1, 3).
CD4" T cells account for a large proportion of T cells and play vital
role in mediating inflammation of the synovial tissue in RA patients.
During immune response, naive CD4" T cells could be activated and
distinguished into diverse T helper (Th) cell subsets (4). However, the
specific role and regulatory mechanisms of CD4" T cells in RA
patients remain unclear (4, 5).

Mothers against decapentaplegic homolog 7 (Smad7) is an
important inhibitory factor of the transforming growth factor-f
(TGF-B) signaling pathway, which exerts an essential role in the
prevention and treatment of various diseases (6-8). The absence of
Smad7 results in activation of TGF-B/Smad3-IL-6 and NF-«B
pathways and leads to synovial inflammation in RA patients and
collagen-induced arthritis (CIA), which is associated with the
imbalance in TH17/Treg response by a 2.8-fold increase in the Th17/
Treg ratio (9). On the other hand, intraarticular overexpression of
Smad7 ameliorated CIA (10). These studies suggest a protective role of
Smad7 in pathogenesis of RA. However, the underlying mechanisms
through which loss of Smad7 under RA conditions remains unclear,
which was investigated in the present study.

DNA methylation is a prime epigenetic modification form
responsible for regulating numerous cellular processes, including
chromosome stability, transcription and embryonic development
(11, 12). DNA methylation occurs mainly, but not exclusively, on
cytosine residues that lie in Cytosine-phosphate-Guanine (CpG)
dinucleotides in eukaryotes (12). DNA methyltransferase (DNMT)
family members are the main regulators of the genomic CpG islands
methylation (13). Furthermore, methyl-CpG-binding domain (MBD)
family members can influence the activity of genes by binding
primarily to the methylated CpG region via MBD site (14). It has
been scrutinized that DNA methylation-dependent epigenetic
modification of Smad7 gene promoter decreases its expression in
rat hepatic myofibroblasts (15). However, the Smad7 gene

Frontiers in Immunology

methylation level in CD4" T cells of RA patients and the potential
regulating mechanisms are still unclear.

In this study, we first examined Smad7 expression in peripheral
CD4" T cells obtained from RA patients and corrected CD4" T cell
Smad7 with the RA activity and immune responses. Then, we
investigated the mechanism through which Smad7 is downregulated
by focusing on DNA methylation of Smad7 promoter in CD4™ T cells.

Materials and methods
Patients

Peripheral blood samples were obtained from a total of 92
individuals, including 35 healthy controls (HC) and 57 RA patients.
All patients fulfilled the American College of Rheumatology(ACR
1987) criteria for RA (16) and the clinical characteristics were shown
in Supplementary STable 1. Eleven active RA patients were followed
longitudinally. All patients had received conventional disease
modifying anti-rheumatic drug (cDMARDs) and achieved
significant improvement in the disease activity. Blood samples were
obtained before and 3 months after the treatment. The Disease
Activity Score in 28 joints (DAS28) was used to evaluated the
disease activity of RA (remission: DAS28<2.6, low disease activity:
2.6<DAS28<3.2, intermediate disease activity: 3.2<DAS28< 5.1, and
high disease activity: DAS28>5.1) (17). A written consent was
attained from all subjects. The study was approved by Peking
University Shenzhen Hospital and performed following their
accredited ethical guidelines (2020-007).

Synovial biopsy tissues were obtained from 13 RA patients and 5
controls from the subjects without rheumatic disease and from the
accidental injury following knee surgery (3 females and 2 males with
mean age of 41.8 £ 13.5 years) for immunofluorescent staining as
described below.

Immunofluorescence
The freshly isolated Peripheral blood mononuclear cells (PBMCs)

were collected from heparinized peripheral blood through density
gradient centrifugation using the Ficoll-PaqueTM PREMIUM sterile
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solution (GE Healthcare Bio-Sciences AB, Sweden). Positive selection
method using magnetic beads was utilized for CD4" T cells isolation
as per the manufacturer’s instructions (MACS Miltenyi Biotec,
Germany). The purity of isolated cells was confirmed by flow
cytometry with more than 85% CD4" population. The CD4" T cells
were then fixed with the 95% ethanol and stained with anti-Smad7
antibody (eBioscience, United States) by immunofluorescence.

Frozen synovial biopsy tissues obtained from RA patients were
stained for two-color immunofluorescence using the PE-labeled anti-
human CD4 antibody and FITC labeled anti-human Smad?7 antibody
(eBioscience, United States), followed by DAPI for nuclear staining.
Finally, a total of 10 consecutivex40 high-power fields/sections were
counted under fluorescence microscope (Axioplan2 imaging, Carl
Zeiss, Germany) equipped with an eyepiece graticule (0.0625mm?2) to
estimate the positive cells (single, double, or triple). Data expressed as
cells per mm?>,

Bisulfite sequencing

Bisulfite sequencing PCR (BSP), next-generation sequencing
technique, was employed to identify gene-specific DNA
methylation. Brief summary of the method is as follows:BSP-
specific primers were adapted through the online MethPrimer
software and listed in Stable 2 (a total of three pairs of primers
were designed for sequencing analysis). Zymo EZ DNA
Methylation-Gold Kit (Zymo Research, Irvine, CA, USA) was
utilized for the conversion of genomic DNA (1ug). KAPA HiFi
HotStart Uracil+ ReadyMix PCR Kit (Kapa Biosystems,
Wilmington, MA, USA) was used for PCR amplification (35
cycles) from elution products (one-twentieth) as templates. BSP
products of multiple genes for each sample were pooled uniformly,
and 5’-phosphorylated and 3’-dA-tailed fragments were ligated to a
barcoded sequencing adapter by utilizing the T4 DNA ligase (NEB).
Mlumina platform was used for sequencing barcoded libraries from
all samples (the sequencing service is completed by Shenzhen Ace
Gene Technology Co., Ltd.).

RNA isolation and qRT-PCR analysis

Total RNA was extracted from isolated CD4" T cells using RNA
purification kits purchased from Omega (Omega Bio-Tek, Inc.
R6831-01, USA). qRT-PCR assays were done using a Light Cycler
96 system (Bio-Rad, USA). PCR setup was as follows: pre-
denaturation at 50°C for 2 min and 95°C for 10 min, with
subsequent 40 cycles at 95°C, 60°C and 72°C for 15s, 20s and 30s,
respectively. The primer sequences used for qRT-PCR are shown
in STable 3.

Treatment of CD4™ T cells with 5-AzaC

The isolated CD4" T cells were stimulated with phytohemagglutinin
(PHA) (Shanghai Maokang Biotechnology Co., Ltd. Shanghai, China)
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and dealt with 2uM 5-AzaC (Sigma-Aldrich, USA) and 50 units/mL rIL-
2 (R&D Systems, USA) in RPMI 1640/10% FBS for an additional 72h.
After stimulation, the cells were rinsed and used for flow
cytometric analysis.

Flow cytometry analysis

PBMCs were isolated from RA patients using density-gradient
centrifugation on Ficoll-Paque. The cell pellets were washed and
resuspended with PBS containing 1% FBS. Then, the cells were
incubated with FITC-conjugated CD4, PE-Cy5-conjugated CD3,
APC-conjugated CD25 and PE-conjugated CD127(all from BD
Pharmingen, USA). For intracellular cytokine staining, the cells
were pretreated with Cell Activation Cocktail (Thermo) for 6h.
Then, cells were washed and stained with PE-conjugated CD4 and
AF750-conjugated CD3 antibodies (all from BD Pharmingen, USA).
After fixed and permeabilized with Transcription Factor Buffer Set
(BD Pharmingen, USA), the cells were stained with AF700-
conjugated IL-17A (Biolegend, USA), FITC-conjugated IFN-y and
PE-Cy7 conjugated IL-4 antibodies (all from BD Pharmingen, USA).
For Foxp3 staining, cells were fixed and permeabilized, and then
stained with BV421 conjugated Foxp3 antibody (Biolegend, USA).
Multiparameter flow cytometry (DxFLEX, Beckmancoulter) and
FlowJo software (Tree Star) were adopted for the data analysis of
stained cells.

Cytometric bead array (CBA) was used to measure IL-6, IFN-y,
IL-4, IL-17A and IL-10 levels in serum from RA patients or health
controls. The measurement was performed using Aimplex Human
Th1/Th2/Th17 14-plex cytokine kit (Quanto Bio, China) according to
the manufacture’s instruction.

ELISAs

Enzyme-linked immunosorbent assay (Elisa) was used for
detecting cytokine concentrations from the cultured CD4" T cells
supernatants. The isolated CD4" T cells were stimulated with
phytohemagglutinin (PHA) (Shanghai Maokang Biotechnology Co.,
Ltd. Shanghai, China) and dealt with 2uM 5-azaC (Sigma-Aldrich,
USA) and 50 units/mL rIL-2 (R&D Systems, USA) in RPMI 1640/
10% FBS for an additional 72h. Then, the supernatants were collected
for ELISA (MILLIPLEX MAP Kit, HSTCMAG-28SK, Merck KGaA,
UAS) following the ILISA kit instructions.

Statistical analysis

Normally distributed data are presented as the mean + SD. Non-
normally distributed data were presented as median * interquartile
range. Student’s t-test was used for independent two-group analyses.
Paired data for eleven patients before and after treatment were
compared using a paired t-test. Spearman’s rank correlation test
was used to determine correlations. A p-value < 0.05 was
considered statistically significant.
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Results

Loss of Smad7 in CD4™* T cells is associated
with high disease activity in RA patients

Two-color immunofluorescence was used to detect the Smad7
expression by CD4" T cells of synovial tissues from both RA patients
and the health controls. We found that CD4" T cells infiltrating the
synovial tissues of RA patients were significantly increased, however,
expression of Smad7 by CD4" T cells (Smad7" CD4") were largely
reduced in RA patients (Figures 1A, B). Similar results were also
observed in peripheral blood CD4" T cells in which high levels of
Smad7-expressing CD4" T cells seen in the health controls were
almost lost in RA patients (Figures 1C, D). QRT-PCR also confirmed
this notion that Smad7 mRNA expression by the peripheral CD4"™ T
cells was much lower in RA patients compared to the health controls
(Figure 2A). Furthermore, we divided the RA patients into three
groups based on their disease activities and found that lower levels of
Smad7 mRNA expression in the peripheral CD4" T cells were

A cp4*
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associated with higher disease activities and inversely correlated
with serum levels of IL-6, CRP, DAS28-CRP, DAS28-ESR, Swollen
joints and Tender joints in RA patients (Figures 2B, E, F, H-K).
However, there was no significant correlation between the Smad7
mRNA level and serum levels of RF, ESR, and anti-CCP antibody
(Figures 2C, D, G). Interestingly, in those RA patients that were
responsive to the treatment, expression of Smad7 by the peripheral
CD4" T cells was significantly increased (Figure 3A), which was also
accompanied by decreased serum levels of CRP, RF, and DAS28-CRP
score (Figures 3B-D). These results indicate that Smad7-expressing
CD4" T cells may predict the disease activity in RA patients.

Loss of Smad7 in CD4* T cells is associated
with Th17/Treg imbalance and aberrant
cytokine expression in RA patients

TGF-B/Smad signaling plays a critical role in regulating
differentiation of naive CD4" T cells into distinct effector lineages
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Immunofluorescence detects expression of Smad7 by CD4™ T cells from synovial tissues and peripheral blood of RA patients: (A, B) Two-color
immunofluorescence and quantitative analysis of CD4", Smad7* and Smad7* CD4" cells in the synovial tissues of RA patients and health controls

(C, D) CD4™ T cells were sorted from peripheral of RA patients and health controls. More than 85% cells were confirmed to be CD4™ T cells by flow
cytometry. The Smad7 immunofluorescence and quantitative analysis were conducted in the sorted CD4" T cells from RA patients and health controls
Each dot represents one individual and data are the mean + SD. *P < 0.05, ***P < 0.001 compared between groups.
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(18). As an important inhibitory regulator of TGF-J} signaling, Smad7
may also involve in regulating CD4" T cells differentiation. We first
analyzed the phenotypic changes of CD4™ T cells in peripheral blood
of RA patients and health controls and found that there was no
significant alteration in the Thl and Th2 populations as well as the
Th1/Th2 ratio in RA patients when compared with HC group
(Figures 4A, B, E-G). However, a significant increase in Th17
population was found in RA patients, which was associated with
the imbalance of Th17/Treg by shifting Th17 over Treg population,
although the Treg cells were also increased in RA patients (Figures 4C,
D, H-J). The imbalance in the Th17/Treg responses also contributed
to aberrant cytokine expression as demonstrated by a significant
increase in serum levels of IL-6, IFN-y, IL-4 and IL-17 and IL-10 in
RA patients (Figure 5).
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Loss of Smad7 is associated with
hypermethylation of Smad7 promoter in
peripheral CD4* T cells in RA patients

DNA methylation is an epigenetic mechanism that regulates
gene expression (19). We hypothesized that loss of Smad7 in CD4"
T cells may be associated with hypermethylation on the Smad7
promoter and thus analyzed the methylation status in 3000bp of the
Smad7 promoter (-1000 to +2000bp) using BSP sequencing. We
found that DNA methylation on the Smad7 promoter occurred at
+927 to +1136 CG pairs site. There was a significant variation in the
Smad7 promoter methylation status in the peripheral CD4™ T cells
between RA patients and health controls (Figure 6A). The heatmap
showed that the amount of methylation at the CG pairs [positions:
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The expression of Smad7 in peripheral CD4* T cells and its correlation with clinical indexes in RA patients. (A) Expression of Smad7 mRNA in peripheral
CD4™ T cells of RA patients (n=57) and health controls (n=35). (B) Levels of Smad7 mRNA in CD4" T cells of RA patients with different disease activities.
(C, D) Correlation of CD4" T cell Smad7 mRNA level with serum levels of CCP or RF in RA patients (n=56). (E-K) Correlation of CD4" T cell Smad7
MRNA level with serum levels of IL-6, CRP, ESR, DAS28-CRP, DAS28-ESR, Swollen joints and Tender joints in RA patients (n=56). Each dot represents
one individual and data are mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 compared between groups.
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+927 (1929), +930 (1932), +949 (1951), 4951 (1953), +959 (1961),
+962 (1964), +972 (1974), +1087 (2089), +1100 (2102), +1105
(2107), +1117 (2119), +1120 (2122), +1131 (2133), +1134 (2136),
+1136 (2138)] was considerably increased in the RA patients
compared to the health controls (Figure 6B). The average
methylation status of the above 15 CG pairs was notably
exceeded in the peripheral CD4" T cells in RA patients than that
found in the health individuals (Figure 6C).

It is well known that DNA methylation is regulated by DNA
methyltransferases (DNMTs) (20, 21). We then examined expression of
DNMTs on CD4" T cells and found that among DNMT1, DNMT3A,
and DNMT3B, only DNMT1 mRNA expression was negatively
correlated with the expression of Smad7 in CD4" T cells
(Figures 6D-F). It is also reported that the methyl-CpG binding
domain (MBD) family members can bind to methylated DNA
regions and regulate the target gene transcription (22). We then
examined expression of MBD family members and found that the
MBD4 but not MBD2 mRNA positively correlated with the expression
of Smad7 (Figures 6G, H). Thus, DNA hypermethylation in the Smad7
promoter in CD4" T cells may be associated with decreased expression
of Smad7 in RA patients, which may be regulated by DMNT1
and MBD4.
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Inhibition of Smad7 methylation restores the
balance of Thl7/Treg response in vitro

We next investigated the potential role of Smad7 methylation in T cell
responses by treating the peripheral blood CD4" T cells from RA patients
with 5-AzaC, a DNA methylation inhibitor. Firstly, we examined the
mRNA levels of DNMT1, MBD4 and Smad7 respectively. Results showed
the DNMT1 mRNA level was significantly decreased in CD4" T cells
treated with 5-AzaC (Figure 7A). In contrast, that treatment with 5-AzaC
significantly increased the MBD4 and Smad7 mRNA levels in CD4" T
cells compared with control group (Figures 7B, C).

Importantly, we also found that inhibition of Smad7 methylation
significantly upregulated Treg without altering the Th1, Th2 and Th17
immune responses (Figures 7D-H, 8). Indeed, compared to the CD4" T
cells from RA patients where Th17 overrided the Treg response
(Figure 4]), treatment with 5-AzaC resulted in the shift from Th17 to
Treg responses (Figures 8C, D, H-]) and increased Treg cytokine IL-10
while suppressing IL-6 and INF-7 release by the CD4" T cells from RA
patients (Figure 7D, E, H). These results suggested that the DNA
methylation may be a mechanism associated with the loss of Smad7
in CD4" T cells in RA patients. Thus, aberrant expression of Smad7 may
impair the balance in the Th17/Treg immune responses in RA patients.
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Therapeutic effect on Smad7 mRNA expression of the peripheral CD4" T cells and the clinical indexes in RA patients. (A) The mRNA level of Smad7 in
peripheral CD4* T cells of RA patients before and after treatment. (B) The serum levels of CRP before and after treatment. (C) The DAS28-CRP score
before and after treatment. (D) The serum levels of RF before and after treatment. *P < 0.05, ***P < 0.001. n=11.
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FIGURE 4

Multiparameter flow cytometry analysis of peripheral CD4* T cell subtypes in RA patients and health controls. (A, E) Representative flow-cytometric
histogram and quantitative analysis of the Thl subset (CD4*IFN-y"). (B, F) Representative flow-cytometric histogram and quantitative analysis of the Th2
subset (CD4*IL-4%). (C, H) Representative flow-cytometric histogram and quantitative analysis of the Th17 subset (CD4*IL-17A"). (D, 1) Representative
flow-cytometric histogram and quantitative analysis of the Treg subset (CD4"CD25*CD127°). (G) The ratio of Th1/Th2. (J) The ratio of Th17/Treg. Each
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+2000bp) in CD4* T cells from RA (n=25) and health controls (n=22) groups (P=7.1411e-05). (B) Heatmap shows that hypermethylation at the CG pairs (For
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patients compared to health controls. (C) The average methylation status of the 15 CG pairs (positions: +927 (1929), +930 (1932), +949 (1951), +951

(1953), +959 (1961), +962 (1964), +972 (1974), +1087 (2089), +1100 (2102), +1105 (2107), +1117 (2119), +1120 (2122), +1131 (2133), +1134 (2136), +1136 (2138))
is significantly increased in CD4™ T cells from RA patients compared to the health individuals. (D—F) Correlation of Smad7 mRNA with DNMT1, DNMT3A, or
DNMT3B mRNA in CD4" T cells in RA patients. CD4" T cells from RA patients. (G, H) Correlation of Smad7 mRNA with MBD2 or MBD4 mRNA in CD4" T
cells from RA patients. Each dot represents one individual. *P < 0.05.<0.05, ***P < 0.05.<0.0001.

Discussion

We previously reported that expression of Smad7 is decreased in
the synovial tissues of RA patients (9). We also reported a protective
role for Smad 7 in RA, which is demonstrated in a mouse model of
CIA in which mice lacking Smad7 gene develop much more severe
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Heatmap Plot

CD4* T cells Smad7 mRNA

joint injury with massive inflammation and Th1l7 over the Treg
immune responses in the joint tissues (9). In contrast, intraarticular
overexpression of Smad7 ameliorates experimental arthritis (10).
Given that CD4" T cells play an important role in the initiation
and progression of RA (23), this study investigated Smad7 expression
in CD4" T cells in RA patients. We found that Smad7 was lost in
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peripheral CD4" T cells from RA patients which inversely correlated
with the RA disease activity score and serum levels of IL-6 and CRP.
Importantly, we also uncovered that loss of Smad7 in CD4" T cells
was associated with dysregulation of Th17/Treg by enhancing Th17
over Treg response, providing the first clinical evidence for the
potential role of Smad7 in CD4" T cell-mediated RA. This clinical
finding is consistent with known role of Smad7 in T cell response in a
mouse model of CIA in which deletion of Smad7 promotes Th17 over
Treg response (9). It is well known that the Th17 cells are the main
effector cells in the pathogenesis of RA, whereas Treg cells are
protective and the imbalance between Th17 and Treg cells is critical
in the pathogenesis of RA (24-27). Consistent with this notion, we
also found that the imbalance of Th17/Treg in the CD4" T cells was
associated with loss of Smad7. It is well established that TGF-f plays a
critical role in CD4" T cell differentiation and functions (28, 29).
Signals of the TGF-B are transduced by intracellular receptor-
associated Smads including Smad2 and Smad3. Smad7 is an
inhibitory Smad and acts as a negative regulator of TGF-f} signaling
(30). TGF-P promotes the differentiation of Treg cells via a Foxp3-
dependent mechanism (31, 32), whereas, TGF-f also induces Th17
differentiation in combination with IL-6 via the RORyt-dependent
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pathway in patients with RA (33). It is highly possible that loss of
Smad7 in CD4" T cells may impair the balance of TGF-B/Smad
signaling with overreactive Smad3, which, together with IL-6,
promotes Th17 response, resulting in the imbalance of Th17/Treg
in RA patients. Thus, Smad?7 specifically expressed by CD4" T cells
may play a role in the pathogenesis of RA by rebalancing the Th17/
Treg immune response via by inhibiting TGF-B/Smad3 signaling,
which requires further investigation.

A novel and significant finding from this study is the identification
of DNA methylation as a mechanism responsible for the loss of Smad7
from CD4" T cells in RA patients. This was supported by the finding
that CD4" T cells from RA patients exhibited DNA hypermethylation
on the promoter region of Smad7 gene. Furthermore, inhibition of
methylation with 5-AzaC was able to restore Smad7 expression in CD4"
T cells transcriptionally, and therefore suppressed Th17 while
promoting Treg responses while increasing the IL-10 release. It is well
accepted that epigenetic modifications play a crucial role in the
pathogenesis of RA (34, 35). DNA methylation also plays a critical
role in T cell development, differentiation, and functions and is also
considered as a therapeutic target for RA (36). Hypermethylation on the
gene promoters is generally accompanied by the transcriptional
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flow-cytometric histogram and quantitative analysis of the Thl subset (CD4*IFN-y*). (B, F) Representative flow-cytometric histogram and quantitative
analysis of the Th2 subset (CD4*IL-4%). (C, H) Representative flow-cytometric histogram and quantitative analysis of the Th17 subset (CD4*IL-17A%).
(D, 1) Representative flow-cytometric histogram and quantitative analysis of the Treg subset (CD4*Foxp3™). (G) The Th1/Th2 ratio. (J) The Th17/Treg
ratio. Each dot represents one individual and data are the mean + SD for groups of 12 samples *P < 0.05. ns, not significant

inhibition of downstream target genes (37, 38). It is well known that
DNA methylation is mediated by DNMTs but is protected by MBD (39,
40), In the present study, we also found that the hypermethylation
occurred in the Smad7 gene promoter (-1000 to +2000) in human
peripheral RA CD4" T cells, which was associated with increased
DNMT1, but not DNMT3A and DNMT3B, while suppressing MBD4
but not MBD2 expression by CD4" T cells. In contrast, blockade of
methylation with 5-AzaC restored Smad7 expression in CD4" T cells
from RA patients, which was associated with inhibition of DNMT1
while increasing MBD4 expression by peripheral CD4" T cells in RA
patients. However, it should be pointed out that although DNMT1 was
found to be associated with hypermethylation of Smad7, it cannot
exclude the regulatory role of DNMT3A and DNMT3B on Smad7
expression. In addition, because 5-azaC is a broad-spectrum
methyltransferase inhibitor, it is highly possible that the use of 5-azaC
may also alter other genes that regulate Smad7 expression.

In summary, Smad7 was lost in CD4" T cells in RA patients,
which was associated with the development of RA activity and the
imbalance of Th17/Treg. DNA hypermethylation at the Smad7
promoter region may be a mechanism responsible for the loss of
Smad7 in CD4" T cells in RA patients. Results from this study also
suggested that Smad7 may play a role in rebalancing Th17/Treg
responses in RA patients.

Frontiers in Immunology

Data availability statement

The sequencing data presented in this study can be found in
online repositories. The names of the repository/repositories and
accession number(s) can be found below: NCBI, PRINA930061.

Ethics statement

The study was approved by Peking University Shenzhen Hospital
and performed following their accredited ethical guidelines (2020-
007). The patients/participants provided their written informed
consent to participate in this study. Written informed consent was
obtained from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

Author contributions

All authors were involved in drafting the article or revising it
critically for important intellectual content, and all authors approved
the final version to be published. YH and BX had full access to all of

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1104881
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hu et al.

the data in the study and take responsibility for the integrity of the
data and the accuracy of the data analysis. Study conception and
design, QW, H-YL and FP. Acquisition of data, YH, HY-L, JH,
LN and GZ. DW, LB and HXS had collected surgical specimens.
All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China (No. NSFC 81974253, NSFC 81901641, and
NSFC 32170925 to FP), the Natural Science Foundation of
Guangdong (No. 2019A1515011112), the Key Project of Basic
Research of Shenzhen Science and Technology Innovation
Commission (No. JCYJ20200109140203849), Shenzhen Key
Laboratory of Immunity and Inflammatory Diseases
(ZDSYS20200811143756018), Sanming Project of Medicine in
Shenzhen (No. SZSM201612009), Medical Scientific Research
Foundation of Guangdong Province (No. A2021234), Research
Foundation of Peking University Shenzhen Hospital (No.
JCYJ2020020 and JCYJ2020008), the Ministry of Science and
Technology of China (2021YFC2400501 to FP), the High-level
Hospital Construction Project from Guangdong Provincial People’s
Hospital, Guangdong Academy of Medical Science (KJ012019108), the
Guangdong-Hong Kong-Macao-Joint Labs Program from Guangdong
Science and Technology Department (2019B121205005), the Lui Che
Woo Institute of Innovative Medicine (CARE program), and the
Research Grants Council of Hong Kong (GRF 14104019), Shenzhen
Science and Technology Program (KQTD20210811090115019).

References

1. Lin Y], Anzaghe M, Schulke S. Update on the pathomechanism, diagnosis, and
treatment options for rheumatoid arthritis. Cells (2020) 9(4):880. doi: 10.3390/
cells9040880

2. Oton T, Carmona L. The epidemiology of established rheumatoid arthritis. Best
Pract Res Clin Rheumatol (2019) 33(5):101477. doi: 10.1016/j.berh.2019.101477

3. Smolen JS, Aletaha D, Mclnnes IB. Rheumatoid arthritis. Lancet (2016) 388
(10055):2023-38. doi: 10.1016/S0140-6736(16)30173-8

4. Kondo Y, Yokosawa M, Kaneko S, Furuyama K, Segawa S, Tsuboi H, et al. Review:
Transcriptional regulation of CD4+ T cell differentiation in experimentally induced arthritis and
rheumatoid arthritis. Arthritis Rheumatol (2018) 70(5):653-61. doi: 10.1002/art.40398

5. Deighton CM, Walker DJ, Griffiths ID, Roberts DF. The contribution of HLA to
rheumatoid arthritis. Clin Genet (1989) 36(3):178-82. doi: 10.1111/j.1399-0004.1989.tb03185.x

6. Bian L, Han G, Zhao CW, Garl PJ, Wang X]J. The role of Smad7 in oral mucositis.
Protein Cell (2015) 6(3):160-9. doi: 10.1007/s13238-014-0130-4

7. Nagarajan RP, Chen F, Li W, Vig E, Harrington MA, Nakshatri H. Repression of
transforming-growth-factor-beta-mediated transcription by nuclear factor kappaB.
Biochem ] (2000) 348:591-6. doi: 10.1042/bj3480591

8. Wang W, Huang XR, Li AG, Liu F, Li JH, Truong LD, et al. Signaling mechanism of
TGF-betal in prevention of renal inflammation: role of Smad7. ] Am Soc Nephrol (2005)
16(5):1371-83. doi: 10.1681/ASN.2004121070

9. Zhou G, Sun X, Qin Q, Lv J, Cai Y, Wang M, et al. Loss of Smad7 promotes
inflammation in rheumatoid arthritis. Front Immunol (2018) 9:2537. doi: 10.3389/
fimmu.2018.02537

10. Chen SY, Shiau AL, Wu CL, Wang CR. Intraarticular overexpression of Smad7
ameliorates experimental arthritis. Sci Rep (2016) 6:35163. doi: 10.1038/srep35163

11. Bogdanovic O, Lister R. DNA Methylation and the preservation of cell identity.
Curr Opin Genet Dev (2017) 46:9-14. doi: 10.1016/j.gde.2017.06.007

12. Meng H, Cao Y, QinJ, et al. DNA Methylation, its mediators and genome integrity.
Int J Biol Sci (2015) 11(5):604-17. doi: 10.7150/ijbs.11218

Frontiers in Immunology

1

10.3389/fimmu.2023.1104881

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1104881/
full#supplementary-material

SUPPLEMENTARY FIGURE 1
Smad7 promoter methylation sequencing line diagram in peripheral CD4* T
cells of RA and healthy controls (HC).

SUPPLEMENTARY FIGURE 2

Mechanism diagram of Smad7 DNA methylation regulation in RA pathology. The
binding of methyltransferases DNMTs to the promoter region of Smad7 inhibits
the effect of demethylated MBDs, leading to the decreased expression of
Smad7. The decreased expression of Smad7 affected the immune balance of
CD4" T cells though mediating aberrant Th17/Treg ratio, which leaded to the
progression of RA

13. de Andres MC, Perez-Pampin E, Calaza M, et al. Assessment of global DNA
methylation in peripheral blood cell subpopulations of early rheumatoid arthritis before
and after methotrexate. Arthritis Res Ther (2015) 17:233. doi: 10.1186/s13075-015-0748-5

14. Wang S, Li Y, Zhu F, et al. DNMT1 cooperates with MBD4 to inhibit the
expression of glucocorticoid-induced TNFR-related protein in human T cells. FEBS
Lett (2017) 591(13):1929-39. doi: 10.1002/1873-3468.12690

15. Bian EB, Huang C, Wang H, et al. Repression of Smad7 mediated by DNMT1
determines hepatic stellate cell activation and liver fibrosis in rats. Toxicol Lett (2014) 224
(2):175-85. doi: 10.1016/j.toxlet.2013.10.038

16. Arnett FC, Edworthy SM, Bloch DA, et al. The American rheumatism association
1987 revised criteria for the classification of rheumatoid arthritis. Arthritis Rheumatol
(1988) 31(3):315-24. doi: 10.1002/art.1780310302

17. Anderson J, Caplan L, Yazdany J, et al. Rheumatoid arthritis disease activity
measures: American college of rheumatology recommendations for use in clinical
practice. Arthritis Care Res (Hoboken) (2012) 64(5):640-7. doi: 10.1002/acr.21649

18. Haupeltshofer S, Leichsenring T, Berg S, Pedreiturria X, Joachim SC, Tischoft I,
et al. Smad7 in intestinal CD4(+) T cells determines autoimmunity in a spontaneous
model of multiple sclerosis. Proc Natl Acad Sci U S A (2019) 116(51):25860-9.
doi: 10.1073/pnas.1905955116

19. Zhang L, Lu Q, Chang C. Epigenetics in health and disease. Adv Exp Med Biol (2020)
1253:3-55. doi: 10.1007/978-981-15-3449-2_1

20. Ghazi T, Nagiah S, Naidoo P, Chuturgoon AA. Fusaric acid-induced promoter
methylation of DNA methyltransferases triggers DNA hypomethylation in human
hepatocellular carcinoma (HepG2) cells. Epigenetics (2019) 14(8):804-17. doi: 10.1080/
15592294.2019.1615358

21. Lyko F, Nagiah S, Naidoo P, Chuturgoon AA. The DNA methyltransferase family:
a versatile toolkit for epigenetic regulation. Nat Rev Genet (2018) 19(2):81-92.
doi: 10.1038/nrg.2017.80

22. Lopez-Serra L, Esteller M. Proteins that bind methylated DNA and human cancer:
reading the wrong words. Br ] Cancer (2008) 98(12):1881-5. doi: 10.1038/sj.bjc.6604374

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1104881/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1104881/full#supplementary-material
https://doi.org/10.3390/cells9040880
https://doi.org/10.3390/cells9040880
https://doi.org/10.1016/j.berh.2019.101477
https://doi.org/10.1016/S0140-6736(16)30173-8
https://doi.org/10.1002/art.40398
https://doi.org/10.1111/j.1399-0004.1989.tb03185.x
https://doi.org/10.1007/s13238-014-0130-4
https://doi.org/10.1042/bj3480591
https://doi.org/10.1681/ASN.2004121070
https://doi.org/10.3389/fimmu.2018.02537
https://doi.org/10.3389/fimmu.2018.02537
https://doi.org/10.1038/srep35163
https://doi.org/10.1016/j.gde.2017.06.007
https://doi.org/10.7150/ijbs.11218
https://doi.org/10.1186/s13075-015-0748-5
https://doi.org/10.1002/1873-3468.12690
https://doi.org/10.1016/j.toxlet.2013.10.038
https://doi.org/10.1002/art.1780310302
https://doi.org/10.1002/acr.21649
https://doi.org/10.1073/pnas.1905955116
https://doi.org/10.1007/978-981-15-3449-2_1
https://doi.org/10.1080/15592294.2019.1615358
https://doi.org/10.1080/15592294.2019.1615358
https://doi.org/10.1038/nrg.2017.80
https://doi.org/10.1038/sj.bjc.6604374
https://doi.org/10.3389/fimmu.2023.1104881
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hu et al.

23. Vyas SP, Hansda AK, Goswami R. Rheumatoid arthritis: 'melting pot' of T helper
subsets. Int Rev Immunol (2019) 38(5):212-31. doi: 10.1080/08830185.2019.1621865

24. Nistala K, Wedderburn LR. Th17 and regulatory T cells: rebalancing pro- and anti-
inflammatory forces in autoimmune arthritis. Rheumatol (Oxford) (2009) 48(6):602-6.
doi: 10.1093/rheumatology/kep028

25. Alunno A, Manetti M, Caterbi S, Ibba-Manneschi L, Bistoni O, Bartoloni E, et al.
Altered immunoregulation in rheumatoid arthritis: the role of regulatory T cells and
proinflammatory Th17 cells and therapeutic implications. Mediators Inflammation
(2015) 2015:751793. doi: 10.1155/2015/751793

26. Paradowska-Gorycka A, Wajda A, Romanowska-Prochnicka K, Walczuk E, Kuca-
Warnawin E, Kmiolek T, et al. Th17/Treg-related transcriptional factor expression and
cytokine profile in patients with rheumatoid arthritis. Front Immunol (2020) 11:572858.
doi: 10.3389/fimmu.2020.572858

27. Wang T, Rui ], Shan W, Xue F, Feng D, Dong L, et al. Imbalance of Th17, treg, and
helper innate lymphoid cell in the peripheral blood of patients with rheumatoid arthritis.
Clin Rheumatol (2022) 41(12):3837-49. doi: 10.1007/s10067-022-06315-8

28. Li MO, Sanjabi S, Flavell RA. Transforming growth factor-beta controls development,
homeostasis, and tolerance of T cells by regulatory T cell-dependent and -independent
mechanisms. Immun (2006) 25(3):455-71. doi: 10.1016/j.immuni.2006.07.011

29. Moreau JM, Velegraki M, Bolyard C, Rosenblum MD, Li Z. Transforming growth
factor-B1 in regulatory T cell biology. Sci Immunol (2022) 7(69):eabi4613. doi: 10. 1126/
sciimmunol.abi4613

30. Lan HY, Chung ACK. Transforming growth factor-beta and smads. Contrib
Nephrol (2011) 170:75-82. doi: 10.1159/000324949

31. Tone Y, Furuuchi K, Kojima Y, Chuturgoon AA. Smad3 and NFAT cooperate to
induce Foxp3 expression through its enhancer. Nat Immunol (2008) 9(2):194-202.
doi: 10.1038/ni1549

Frontiers in Immunology

12

10.3389/fimmu.2023.1104881

32. LiuY, Zhang P, Li J, Kulkarni AB, Perruche S, Chen W, et al. A critical function for
TGF-beta signaling in the development of natural CD4+CD25+Foxp3+ regulatory T cells.
Nat Immunol (2008) 9(6):632-40. doi: 10.1038/ni.1607

33. Kimura A, Kishimoto T. IL-6: regulator of Treg/Th17 balance. Eur ] Immunol
(2010) 40(7):1830-5. doi: 10.1002/¢ji.201040391

34. Ciechomska M, Roszkowski L, Maslinski W. DNA Methylation as a future
therapeutic and diagnostic target in rheumatoid arthritis. Cells (2019) 8(9).
doi: 10.3390/cells8090953

35. Nemtsova MV, Zaletaev DV, Bure IV, Mikhaylenko DS, Kuznetsova EB, Alekseeva
EA, et al. Epigenetic changes in the pathogenesis of rheumatoid arthritis. Front Genet
(2019) 10:570. doi: 10.3389/fgene.2019.00570

36. Zhao J, Wei K, Chang C, Xu L, Jiang P, Guo S, et al. DNA Methylation of T
lymphocytes as a therapeutic target: Implications for rheumatoid arthritis etiology. Front
Immunol (2022) 13:863703. doi: 10.3389/fimmu.2022.863703

37. Kim MS, Kondo T, Takada I, Xu L, Jiang P, Guo S, et al. DNA Demethylation in
hormone-induced transcriptional derepression. Nature (2009) 461(7266):1007-12.
doi: 10.1038/nature08456

38. Lee CJ, Ahn H, Jeong D, Pak M, Moon JH, Kim S. Impact of mutations in DNA
methylation modification genes on genome-wide methylation landscapes and
downstream gene activations in pan-cancer. BMC Med Genomics (2020) 13(Suppl
3):27. doi: 10.1186/512920-020-0659-4

39. Zhang L], Zhu YN, Gao Y, Liu SY, Zhai B, Li CH, et al. The MBD4 gene plays an
important role in porcine adipocyte differentiation. Cell Physiol Biochem (2014) 34
(4):1216-26. doi: 10.1159/000366333

40. Bogdanovic O, Veenstra GJ. DNA Methylation and methyl-CpG binding proteins:
developmental requirements and function. Chromosoma (2009) 118(5):549-65. doi: 10.1007/
s00412-009-0221-9

frontiersin.org


https://doi.org/10.1080/08830185.2019.1621865
https://doi.org/10.1093/rheumatology/kep028
https://doi.org/10.1155/2015/751793
https://doi.org/10.3389/fimmu.2020.572858
https://doi.org/10.1007/s10067-022-06315-8
https://doi.org/10.1016/j.immuni.2006.07.011
https://doi.org/10. 1126/sciimmunol.abi4613
https://doi.org/10. 1126/sciimmunol.abi4613
https://doi.org/10.1159/000324949
https://doi.org/10.1038/ni1549
https://doi.org/10.1038/ni.1607
https://doi.org/10.1002/eji.201040391
https://doi.org/10.3390/cells8090953
https://doi.org/10.3389/fgene.2019.00570
https://doi.org/10.3389/fimmu.2022.863703
https://doi.org/10.1038/nature08456
https://doi.org/10.1186/s12920-020-0659-4
https://doi.org/10.1159/000366333
https://doi.org/10.1007/s00412-009-0221-9
https://doi.org/10.1007/s00412-009-0221-9
https://doi.org/10.3389/fimmu.2023.1104881
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Hypermethylation of Smad7 in CD4+ T cells is associated with the disease activity of rheumatoid arthritis
	Introduction
	Materials and methods
	Patients
	Immunofluorescence
	Bisulfite sequencing
	RNA isolation and qRT-PCR analysis
	Treatment of CD4+ T cells with 5-AzaC
	Flow cytometry analysis
	ELISAs
	Statistical analysis

	Results
	Loss of Smad7 in CD4+ T cells is associated with high disease activity in RA patients
	Loss of Smad7 in CD4+ T cells is associated with Th17/Treg imbalance and aberrant cytokine expression in RA patients
	Loss of Smad7 is associated with hypermethylation of Smad7 promoter in peripheral CD4+ T cells in RA patients
	Inhibition of Smad7 methylation restores the balance of Th17/Treg response in vitro

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	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 /sRGB
  /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


