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Background: Dysbiosis of the gut microbiota is closely related to chronic
systemic inflammation and autoimmunity, playing an essential role in the
pathogenesis of primary Sjogren’'s syndrome (pSS). Abnormalities in the
proportions of blood T lymphocyte subtype, that is Th17/Treg, were detected
in pSS patients. We aimed to determine the associations between gut
microbiota and Th17/Treg in pSS.

Method: 98 pSS patients and 105 healthy controls (NC) were enrolled between
Dec 1, 2018, and Aug 31, 2019. The baseline information and clinical parameters
on pSS patients and healthy controls were collected. 16S rRNA sequencing was
performed to characterize the gut microbiome and identify gut microbes that
are differentially abundant between patients and healthy controls. Lastly,
associations between relative abundances of specific bacterial taxa in the gut
and clinical outcome parameters were evaluated.

Results: Patients with pSS show decreased gut microbial diversity and richness,
decreased abundance of butyrate producing bacteria, such as Roseburia and
Coprococcus, and increased abundance of other taxa, such as Eubacterium
rectale and Roseburia inulinivorans. These bacteria are enriched with functions
related to glycolytic and lipogenic, energy, substance, galactose, pentose
metabolism pathways and glucuronate interconversions, decreased with
functions related to peptidoglycan biosynthesis, pyrimidine metabolism
pathways. An integrative analysis identified pSS-related specific bacterial taxa
in the gut, for which the abundance of Eubacterium rectale is negatively
correlated with Th17/Treg. Furthermore, the pathways of biosynthesis of
secondary metabolites, biosynthesis of amino acids, peptidoglycan
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biosynthesis and pyrimidine, galactose, pentose, microbial metabolism in
diverse environments, glyoxylate and dicarboxylate metabolism are
associated with Treg or Th17/Treg.

Conclusions: Primary Sjoégren’s syndrome could lead to decreased gut
microbial diversity and richness of intestinal flora in patients. The proportions
of Thl7 and Treg cells induced by microbiota were predictive pSS
manifestations and accounted for the pSS severity.

KEYWORDS

primary Sjégren’s syndrome, gut microbiota, lymphocyte subpopulations, Thl7 cells,

Treg cells

Introduction

Primary Sjogren’s syndrome(pSS) represents a common
autoimmune condition characterized by a chronic immune
response, contributing to inflammation and destruction of
salivary and lacrimal glands (1). Although its etiology remains
elusive, the pathogenesis is undoubtedly related to genetic
factors, congenital and adaptive immune system abnormalities
(2). Previously, B cell dysfunction is considered to play a key role
in the initiation and development of pSS. However, B cell
depletion did not show significant effects in pSS patients (3).
Recently, the importance of T cells in the occurrence and
development of pSS has been revealed, especially T helper 17
(Th17) cells and regulatory T (Treg) cells, which play a critical
role in regulating the immune balance of systemic inflammation
(4). Numerous murine models have demonstrated the
implication of Th17/Treg cells imbalance in the disease
induction. Th17/Treg cell imbalance can be attributed to the
increased IL-6 level in the inflammatory environment. IL-6
synergizes with TGF-B to facilitate Th17 differentiation, while
TGF-B in the absence of IL-6 promotes Treg differentiation (5).
Treg cells in the lacrimal gland of C57BL/6.NOD.Aecl Aec2 mice
are decreased, but Thl7 cells and IL-17A expression are
increased in comparison to those in the wild-type control mice
in the early stage of pre-clinical disease (6). Consistently,
transient depletion of Treg cells results in enhanced salivary
gland infiltration in NOD mice (7). The effect of Th17/Treg cell
imbalance on disease induction is further elucidated in
thrombospondin-1 (TSP1)-depleted mice, an in vivo activator
of latent TGF-f (8). These mice spontaneously present with
ocular inflammation and dry eye symptoms, accompanied by
elevated anti-SSA and anti-SSB antibodies (9). An increase in the
number of splenic Th17 cells and an elevation in the levels of
lacrimal IL-17 protein tend to coincide with a decrease in the
number of splenic Treg cells in these mice (10). In vivo
administration of TSP1 peptide can induce the formation of
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FoxP3p Treg cells and reduce the number of Th17 cells in TSP1-
knockout mice, thus alleviating disease symptoms (11). In NOD
model mice in the presence of an altered MHC region
(NOD.B10.H2b mice), these mice spontaneously develop
ocular surface disease during aging. FoxP3p Treg cells
abnormally co-express transcription factors such as Tibet and
RORgt to promote the production of IFN-y and IL-17 in these
aged mice. Moreover, Treg cells from aged NOD.B10.H2b mice
possess lower suppressive capacity than Treg cells from young
mice. Transferring CD4pCD25p Treg cells from these aged mice
to T and B cell-deficient (RAG1-deficient) animals can induce
the phenotype of periductal inflammation in the lacrimal glands,
which is similar to the effect of transferring CD4pCD25 T helper
cells (12). To summarize, these findings of murine models
illustrate that Treg cells can also acquire pro-inflammatory
properties related to Thl and Th17 cells, indicating that it is
not only the enhanced pro-inflammatory properties of Th17
cells that promote disease.

Gut microbiota plays a role in maintaining the balance of
immune responses between Treg and Th17 cells on the mucosal
surface. The dysregulation of gut microbiota contributes to the
development of rheumatic diseases (13) such as Behcet’s disease
(14), systemic lupus erythematosus (15) and rheumatoid
arthritis (16). Besides, numerous studies have presented altered
gut microbiota compositions in pSS patients, such as depletions
of Faecalibacterium, Bacteroides, Parabacteroides and Prevotella
and richness of Escherichia and Streptococcus (17).. In addition,
pSS patients are more likely to develop severe intestinal
dysbiosis, which was related to clinical parameters of systemic
disease activity and gastrointestinal inflammation (18).
However, there are currently few studies to elucidate the
underlying mechanisms by which gut microbiota affects the
progression of pSS.

In this study, a total of 203 subjects were recruited, including
98 pSS patients and 105 healthy controls. We aim to
comprehensively characterize the gut microbiome in pSS and
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explore the potential association between the gut microbiota and
clinical parameters, especially with T cell homeostasis, through
amplicon sequencing, machine learning (ML) and
correlation analysis.

Patients and methods
Study participants and sample collection

From December 2018 to August 2019, patients were
prospectively enrolled at the Second Hospital of Shanxi
Medical University. The age-sex- and BMI-matched healthy
volunteers were from routine physical examination in
outpatient. All recruited pSS patients met the classification
criteria of the 2016 American College of Rheumatology/
European League Against Rheumatism (ACR/EULAR) (19).
Participants with antibiotics treatment in the past two months
or with previous gastrointestinal tract diseases were excluded in
this study. Written informed consent was signed and the study
was approved by the ethics committee of the Second Hospital of
Shanxi Medical University (Ethics 64 Number: 2019-YX-107).
Also, all fresh fecal samples were collected from study
participants and then stored at -80°C. Peripheral blood of pSS
patients was centrifuged (3000 g for 20 mins) and plasma and
serum were obtained within one hour after collection for
lymphocyte subpopulation and cytokine analysis.

Clinical parameters

The baseline information, erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), antibody (anti-Sjgren syndrome
A antibody (SSA), anti-Sjgren syndrome B antibody (SSB), anti-
Smith antibody (Sm), Rheumatoid factor (RF), Immunoglobin A
(IgA), Immunoglobin G (IgG), Immunoglobin M (IgM) and
complements in blood serum (complement 3 (C3), complement 4
(C4) were obtained from the medical records at admission and
routine examinations. The levels of lymphocyte subpopulations in

TABLE 1 General characteristics of both control group (105 NC) and
experimental group (98 pSS patients)®.

NC PSS P-value

(N =105) (N =98)
Age 0.115
Mean (SD) 52.8(9.45) 55.2 (11.9)
Sex 0.994
Male 15 (14.3%) 13 (13.3%)
Female 90 (85.7%) 85 (86.7%)
BMI 0.419
Mean (SD) 234 (3.16) 23.1 (3.30)

“chi-square test and t-test were employed for group comparison.
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plasma were tested by using a modified method of flow cytometry,
including T cells (CD3+ CD45+), B cells (CD19+ CD45+), CD4+T
cells (CD3+ CD4+ CD45+), CD8+ T cells (CD3+ CD8+ CD45+),
NK cells (CD16+ CD56+ CD45+), TBNK (T cells + B cells + NK
cells), Th1 cells (CD4+ IL-2+), Th2 cells (CD4+ IL-4+), Th17 cells
(CD4+ IL-17+), and Treg (CD4+ CD25+ FoxP3+). Besides, the
serum levels of IL-2 (interleukin-2), IL-4 (interleukin-4), IL-6
(interleukin-6), IL-10 (interleukin-10), IL-17 (interleukin-17),
Tumor Necrosis Factor-alpha (TNF-o), and Interferon y (INF-y)
were detected using the flow cytometric bead array (CBA) (20).
Moreover, the disease activity of pSS patients was assessed by
EULAR Sjogren’s syndrome disease activity index (ESSDALI score)
(21). We also collected subjective patient scores according to
EULAR Sjogren’s syndrome patients reported index (ESSPRI
score), which could be complemented with the ESSDAI score to
help assess disease severity (22). Package Table 1 (https:/github.
com/benjaminrich/tablel) was used to draw the three-line table of
clinical parameters.

Illumina sequencing and data processing

QIAamp PowerFecal DNA Kit (Qiagen) was applied to
extract the microbial genome from approximately 250mg fecal
samples based on the manufacturer’s instructions. Agarose gel
electrophoresis and NanoDrop One (Thermo Fisher
Scientific) were performed to examine the quality of DNA
samples. Afterwards, DNA extracts were used to amplify V3-
V4 hypervariable regions of the microbial 16S rRNA gene.
Besides, FC magic beans Kit (enlighten) was used to purify and
recover the product, which was quantified with Qubit 4.0
(Thermo Fisher Scientific). We diluted each sample to 4nM,
mixing equal volumes of each cuvette, and denaturing them
with sodium hydroxide. At least 5% of the Phix library was
performed for a balance of the polymorphism, and each
sample was sequenced on a Miseq PE300 (Illumina). Quality
control for raw sequencing reads was performed via
trimmomatic of low-quality bases from the reads 3’ end, and
trimmed reads with a length<50 nt were excluded. Host
(human) genome identification and removal were then
employed via mapping into the human genome (hg38 build)
with Bowtie2.

Gut microbial diversity and differential
gut microbiome

Software R (version 4.0.2) was employed for statistical
analysis. Firstly, operational taxonomic units (OTUs) with a
similarity cutoff of 99% (23) were selected using Userach10 for
amplicon analysis. Afterwards, the genus-level alpha diversity
indices were calculated with package vegan (version 2.5-6). Non-
metric multidimensional scaling (NMDS) and Adonis analysis
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were also performed using package vegan and sample-to-sample
similarities were weighted by Bray-Curtis distance. Furthermore,
we employed Linear Discriminant Analysis (LDA) effect size
(LEfSe) for the differential abundance of microorganisms to
detect biomarker species.

Construction of diagnostic model

Logistic Regression (LR) model (24) was applied for PSS and
NC classification using the “logit function” in R. Receiver
operating characteristic curve (ROC) and area under the curve
(AUC) analysis were used for evaluation of the model
performance, which was achieved using package pROC
(version 1.16.2).

Correlation analysis between gut
microbiome and clinical parameters

Spearman’s correlation was conducted between clinical
parameters and microorganisms using package psych (version 2.0.9).

The function of gut microbiome and
correlation analysis

Function prediction analysis based on bacterial biomarkers
was performed on 168, 18S or ITS sequencing data for prediction
function abundance. Package picrust2 in R was used to obtain
metagenome functions (25). Linear Discriminant Analysis
(LDA) effect size (LEfSe) was used to assess the functional
abundance for key metabolic pathways. Package psych was
used to evaluate the correlation between microflora and
pathway, as well as pathway and clinical parameters. All
heatmaps were visualized by package pheatmap (version
1.0.12). Other visualizations were displayed using package
ggplot2 (version 3.3.2), ggsci (version 2.9), and ggsignif
(version 0.6.0).

Statistical analysis

All analyses were performed using R studio (version 3.63).
Normally distributed data were expressed as the mean + SD
and data with skewed distributions as the median and inter-
quartile range. Wilcoxon rank test was used to compare
continuous variables with skewed and normal distributions,
respectively. Categorical variables in different groups were
compared using the Chi-square test. Correlation between
clinical parameters and microorganisms was evaluated using
Spearman correlation analysis. P < 0.05 was considered to be
statistically significant.
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Results

Baseline characteristics and
clinical profiles

The baseline characteristics of participants were listed in Table 1
and Supplementary Data 1. The mean age was 55.2 and 52.8 years
in pSS and NC group, respectively (P=0.115). There were 86.7%
females in pSS group and 85.7% females in NC group (P=0.994).
The mean BMI was 23.1 kg/m2 and 23.4 kg/m2 in pSS and NC
group, respectively (P=0.419) (Table 1). In addition, pSS patients
were further divided into three groups according to ESSDALI score
(groupl: inactive, ESSDAI score < 5; group2: moderately active,
5<ESSDAI score < 13; group3: severe active, ESSDAI score>13).

Gut microbial diversity

Gut microbial composition was analyzed via amplicon
sequencing of 203 fecal samples using Usearchl0 with 108
species and 60 genera identified (Supplementary Table 2). The
indices of Shannon, Simpson, chaol and Richness in pSS patient
samples were significantly lower than those of the NC group
(P<0.01), indicating a lower bacterial diversity in pSS patients
(Figures 1A-D). The nonmetric multidimensional scaling
(NMDS) demonstrated that the gut microbiota compositions
in the pSS and NC were clearly separated (Figure 1E) with
different similarities weighted by Bray-Curtis distance (P
=0.016). The above results highlighted significant alterations in
gut microbes between pSS patients and NC.

Differential gut microbiome

The analysis based on genus and species levels showed that pSS
patients contained less beneficial bacteria and more pathogenic
bacteria compared with the NC group (Figures 2A, B), with an LDA
score >3 in pSS patients. In genus level, the following seven were
more obvious, namely Lachnospiracea incertae sedis, Coprococcus,
Ruminococcus2, Intestinibacter, Escherichia, Collinsella, Raoultella,
and Roseburia. In species level, there were seven significantly
different bacteria, including Bacteroides massiliensis, Roseburia
inulinivorans, Collinsella aerofaciens, Escherichia fergusonii,
Eubacterium rectale, Intestinibacter bartlett, and Raoultella
ornithinolytica (Figure 3A). The evolutionary tree of all
differential gut microbiomes was shown in Figure 3B.

Identification of gut microbiome-derived
signatures in diagnosing pSS

In order to explore whether species-level information alone
can predict specific social relationships, a machine learning
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FIGURE 1

Gut microbial alterations in pSS patients compared with healthy controls. Comparison between Gut microbial profile of samples from healthy
controls and pSS participants. (A) Shannon index between groups revealing microbial richness and particular evenness(alpha-diversity); P-values
were calculated by Wilcoxon rank-sum test; (B) Simpson index levels of healthy controls and pSS participants; P-values were also calculated by
Wilcoxon rank-sum test. (C) Richness of Gut microbial profile of samples in two groups with P-values calculated by Wilcoxon rank-sum test.
(D) Chao 1 index and the number of species with P-values yielded from Wilcoxon rank-sum test."**": adjusted P-values "<0.01","*":adjusted
P-value “<0.05". (E) NMDS analysis revealing B diversity based on Bray-Curtis Distance, with R? and p value calculated from Adonis analysis

approach that utilized organism abundances was implemented. (95%CI:0.804-0.604) respectively in the models, suggesting that
The LR model could distinguish pSS patients from NC by gut gut microbiomes from different genera and species could serve
microbiome classified by 8-differential genera or 7-differential as a good approach for auxiliary diagnosis for pSS

species. The AUC were 0.8243 (95%CI:0.752-0.784) and 0.732 (Figures 4A, B).
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FIGURE 2
Altered microbial composition in pSS adjusting for potential confounding factors. Stacked bar plots of top ten abundant genera (A) and species

(B) in pSS and healthy controls via gut microbial profiling.
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Identification of differential gut microbiota in pSS patients. Lefse analysis was performed to identify differentially abundant taxa, which are
highlighted on the phylogenetic tree in cladogram format (B) and for which the LDA scores are shown (A).

Gut microbiome-derived signatures
for pSS and their association with
clinical parameters

The association between clinical parameters and gut
microbiome was analyzed. In genus level, Roseburia and
Coprococcus were positively correlated with the level of SSA,
and negatively correlated with ESR, CRP, IgG, IgM, Th17, Treg,
Th17/Treg, ESSPRI score, ESSDAI score in the group of pSS
patients. Similarly, in species level, Roseburia inulinivorans and
Eubacterium rectale were positively correlated with the level of
SSA, and negatively correlated with ESR, CRP, IgG, IgM, ESSPRI
score, ESSDAI score and groups of pSS patients. Particularly,
Eubacterium rectale was negatively correlated with the ratio of

Th17/Treg (Figure 5). Our results thus reveal a robust
relationship at taxa-level between Th17/Treg and microbiome
composition that is independent of other factors.

Functional characterization of
pSS microbiome

Alterations of 16 altered pathways in pSS patients were
identified via Picrust2, including eight increased pathways, such
as microbial metabolism in diverse environments, Pentose and
glucuronate interconversions, Amino sugar and nucleotide sugar
metabolism, Lipopolysaccharide biosynthesis, Phenylalanine
metabolism, Glyoxylate and dicarboxylate metabolism,
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Identification of differential gut microbiota in pSS patients. ROC of logistic regression (LR) model using eight differential genus (A) and seven

differential species (B). The AUC were 0.8243 and 0.732, separately.
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Propanoate metabolism, and Galactose metabolism. Meanwhile,
there were eight decreased pathways, including Fatty acid
biosynthesis, Cysteine and methionine metabolism, 2-
Oxocarboxylic acid metabolism, Purine metabolism, Pyrimidine
metabolism, Peptidoglycan biosynthesis, Biosynthesis of amino
acids and Biosynthesis of secondary metabolites (Figure 6A). In
addition, correlations between 16 pathways and clinical features
parameters were also assessed, of which 16 pathways were mainly
related to disease course, antibody levels, ESSPRI score, ESSDAI
score and groups of pSS patients. It’s worth noting that Biosynthesis
of secondary metabolites, Biosynthesis of amino acids,
Peptidoglycan biosynthesis, Pyrimidine metabolism, Galactose
metabolism, Pentose and glucuronate interconversions, Microbial
metabolism in diverse environments, Glyoxylate and dicarboxylate
metabolism were associated with Treg or Th17/Treg (Figure 6B).
Additionally, the correlation between the differential gut
microbiome and the pathways were shown in Figures 6C, D.
Interestingly, the presence of Coprococcus and Eubacterium
rectale were involved in most of the altered pathways.

Discussion

A growing body of experimental and clinical evidence has
suggested that the occurrence of gut microbiota-related diseases is
associated with immunopathogenesis (26, 27). Gut microbiota has
been involved in elucidating the pathogenesis of considerable gut
and systemic autoimmune diseases. Intestinal mucosa contains
the largest population of immune cells and plays an indispensable
role in innate and adaptive immunity (28). Gut microbiota and
the intestinal barrier together maintain the balance of intestinal
immune system through mutual coordination and interaction
(29). The integrity of the gut barrier is important for constraining
the microbiota to no longer trigger adaptive immune responses
(30). Alterations in gut microbial composition not only make the
immune responses irregular, impairing the intestinal mucosal
barrier, but also lead to the increase in inflammatory cytokines
and changes in the balance of various immune cells, further
resulting in various chronic disorders (31).
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FIGURE 5

Correlation between differential gut microflora and clinical parameters,
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PSS is a systemic autoimmune disease characterized by dryness
of the mouth and eyes and lymphocyte infiltration in exocrine
glands (32). Environmental and genetic factors contribute to the
abnormal activation of autoimmune responses in pSS (33).
Abnormal proliferation of B cells, excessive secretion of
lymphocytosis and cytokines, abnormal distribution and
transport of water molecule channel proteins in exocrine glands,
as well as resistance to anti-M3R antibody-mediated inhibition of
acetylcholine secretion in exocrine gland lead to systemic
inflammation in pSS (34). The increase of immunoglobulins and
various autoantibodies in the blood is considered the most
significant characteristic of pSS, which might indicate that pSS is
a typical B cell-induced autoimmune disease (35). However,
glandular tissue in pSS is heavily infiltrated by T lymphocytes in
the multiple phases of the disease (4), and B-cell depletion with
rituximab also failed to improve pSS symptoms (36), suggesting
that T cells also play an indispensable role in the pathogenesis of
pSS.Thl and Th2-derived cytokines such as IL-1, IL-6, IL-4, IL-10
TNF-0, and IFN-y mediate the pathological damages in the
exocrine gland (37, 38). In addition, Th17 cells may promote B
cell activation by secreting cytokines such as IL17 (39), leading to
increased levels of autoantibodies. Th17 polarization actively
contributes to the development of pSS (40, 41). In contrast, Tregs
are thought to have a countervailing suppressive effect on Th17 cell-
mediated systemic inflammation. Depletion of Tregs in peripheral
blood and tissues of pSS patients breaks the balance between Th17
and Treg, leading to active local immune responses that ultimately
result in immune imbalance and systemic inflammation (42). A
dynamic balance between Th17 cells and Tregs is of great
significance for human health and maintaining Th17/Tregs
homeostasis may be a central way to reduce systemic
inflammation of pSS. It is worth mentioning that the gut
microbiome is involved in the differentiation of self-reactive Th17
cells and Tregs (43, 44).

Growing experimental and clinical evidence has suggested that
gut microbiome alterations play an indispensable role in the
occurrence and development of pSS. In this study, the combined
gut microbial markers of eight genera and seven species were
accurately identified, with AUCs of 0.8243 and 0.732, respectively.
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The alterations of gut microbiota in pSS indicate it may be a
potential therapeutic target for pSS. The correlation analysis
between differential gut microbiota and clinical parameters of
pSS patients demonstrated that gut microbiota was closely
related to autoantibody levels, ESR, CRP, Th17, Treg, Th17/Treg,
ESSPRI score, ESSDAI score. All these results confirm a potential
link between gut microbiota and pSS.

can regulate the systemic

Two prominent genera in the intestinal flora, Roseburia and link between them.
Coprococcus, were significantly reduced in the intestines of pSS
patients. Such decreases were related to the severity of the disease
and the increase of Th17 cells. Roseburia intestinalis is a beneficial
gut organism and plays an important role in regulating barrier
homeostasis, immune cell activation, and cytokine release (45).
Similarly, Coprococcus plays an anti-inflammatory role in a variety

of diseases by modulating serum markers of inflammation (46).
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As reduced species, Roseburia inulinivorans and Eubacterium
rectale were also associated with the activated inflammation of
pSS. In addition, a study has also shown that Eubacterium rectale

inflammation (47). Overall, Roseburia

and Eubacterium play a critical role in the maintenance of human
health (48). The reduction of beneficial bacteria leads to the
pathogenesis of pSS, and Th 17 cell and Treg may represent the

Intestinal mucosa contains a large number of Th17 cells and
Tregs, which are exposed to various foreign antigens and related to
recruitment and differentiation of T-helper (Th) cells, as well as
cytokine production (49){II, 2006 #409;CL, 2007 #410}. Th17 cells
play a critical role in protecting mucosal surfaces against microbial
pathogens and Tregs allow for restraining excessive inflammatory
responses. The differentiation of Th17 cells and Treg is finely
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regulated by many factors, such as transforming growth factor-
B(TGFP) and IL-6 (50). Notably, the specific components and
metabolites of the gut microbiome have been implicated in the
production of proinflammatory cytokines and the differentiation of
T cells (49). Although the precise mechanism of T cell
differentiation regulated by gut microbiome remains unclear,
several studies have indicated that microbe-derived short-chain
fatty acids (SCFAs) may be involved in the Treg induction (51). A
recent study demonstrates that butyrate is involved in Treg
differentiation (23). In addition, glycolytic and lipogenic
pathways were necessary for energy production of activated
effector T-cells, which could regulate the balance between
inflammation and immune homeostasis by favoring T cell
differentiation toward Th17 cells or Tregs (52). Besides, gut
microbiota and their metabolites may be associated with T cell
differentiation through various metabolism pathways.

Hundreds of molecules synthesized by gut microbiota could
influence host physiology (53), and the metabolic activity of gut
microbiota is an important energy source for intestinal epithelial
cells (54). Coprococcus and Eubacterium rectale were involved in
pathways related to Tregs and Th17/Treg levels, such as increased
galactose metabolism pathway and pentose and glucuronate
interconversions, and decreased peptidoglycan biosynthesis
pathway and pyrimidine metabolism. The change in metabolic
activity of gut microbiota may be subjected to energy production
of activated effector T-cells, which is closely related to the
differentiation of Th17 cells and Tregs. Regulation of the Th17/
Treg axis affects the balance between pro-inflammatory and anti-
inflammatory mechanisms (55), and gut microbiota and its
metabolites may play an indispensable role in this process.

Conclusion

Gut microbiome in pSS patients is characterized by an
altered richness and diversity, which may not solely be the
consequence of pSS, but affects the occurrence and
development of pSS. Also, the Th17/Treg axis is associated
with gut microbiome in patients with pSS.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding authors.

References

1. Bjordal O, Norheim KB, Rodahl E, Jonsson R, Omdal R. Primary sjogren's
syndrome and the eye. Survey Ophthalmol (2020) 65(2):119-32. doi: 10.1016/
j.survophthal.2019.10.004

2. Carsons S. A review and update of sjogren's syndrome: manifestations,
diagnosis, and treatment. Am | managed Care (2001) 7(14 Suppl):S433-43.

Frontiers in Immunology

09

10.3389/fimmu.2022.974648

Author contributions

XX Performed data analysis and wrote the draft. JQ was in
charge of screening patients. XX and QW collected the samples and
processed the samples. WS and YG modified the paper. XL and YL
were responsible for the final review of the paper. All authors
contributed to the article and approved the submitted version.

Funding

This project was supported by the National Science
Foundation of China (8217021,81870333),Returned Overseas
Students Scientific Research Project Supported by Shanxi
Scholarship of Council Of China(2020-183).

Acknowledgments

We appreciate all the authors and patients participating in
this study. We are indebted to those fecal donors in our study.

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.2022.974648/full#supplementary-material

3. Fasano S, Mauro D, Macaluso F, Xiao F, Zhao Y, Lu L, et al. Pathogenesis of
primary sjogren's syndrome beyond b lymphocytes. Clin Exp Rheumatol (2020) 38
Suppl 126(4):315-23.

4. Singh N, Cohen PL. The T cell in sjogren's syndrome: force majeure, not
spectateur. | Autoimmun (2012) 39(3):229-33. doi: 10.1016/j.jaut.2012.05.019

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2022.974648/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.974648/full#supplementary-material
https://doi.org/10.1016/j.survophthal.2019.10.004
https://doi.org/10.1016/j.survophthal.2019.10.004
https://doi.org/10.1016/j.jaut.2012.05.019
https://doi.org/10.3389/fimmu.2022.974648
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Xin et al.

5. Kataoka K. The intestinal microbiota and its role in human health and
disease. ] Med Invest JMI (2016) 63(1-2):27-37. doi: 10.2152/jmi.63.27

6. You I-C, Bian F, Volpe EA, de Paiva CS, Pflugfelder SC. Age-Related
Conjunctival Disease. in the C57BL/6.NOD-AeclAec2 Mouse Model of Sjogren
Syndrome Develops Independent of Lacrimal Dysfunction. Invest Ophthalmol Vis
Sci (2015) 56:2224-33. doi: 10.1167/i0vs.14-15668

7. Ml D, Rr K, Ka D, Dh L, Ml F. Balancing inflammation: the link between
Th17 and regulatory T cells, mediat. Inflamm (2016) 201 6:1e8. doi: 10.1155/2016/
6309219

8. Ellis JS, Wan X, Braley-Mullen H. Transient depletion of CD4 p CD25 p
regulatory T cells results in multiple autoimmune diseases in wild-type and
beell-deficient NOD mice. Immunology (2013) 139:179e186. doi: 10.1111/
imm.12065

9. Crawford SE, Stellmach V, Murphy-Ullrich JE, Ribeiro SM, Lawler J, Hynes
RO, et al. Thrombospondin-1 is a major activator of TGF-b1 in vivo. Cell (1998)
93:1159¢1170. doi: 10.1016/s0092-8674(00)81460-9

10. Turpie B, Yoshimura T, Gulati A, Rios JD, Dartt DA, Masli S. Sjogren’s
syndrome-like ocular surface disease in thrombospondin-1 deficient mice. Am ]
Pathol (2009) 175:1136e1147. doi: 10.2353/ajpath.2009.081058

11. Contreras Ruiz L, Mir FA, Turpie B, Masli S. Thrombospondin-derived
peptide attenuates sjogren’s syndrome-associated ocular surface inflammation in
mice. Clin Exp Immunol (2017) 188:86€95. doi: 10.1111/cei.12919

12. Coursey TG, Bian F, Zaheer M, Pflugfelder SC, Volpe EA, de Paiva CS.
Agerelated spontaneous lacrimal keratoconjunctivitis is accompanied by
dysfunctional T regulatory cells. Mucosal Immunol (2017) 10:743e756.
doi: 10.1038/mi.2016.83

13. Castro Rocha FA, Duarte-Monteiro AM, Henrique da Mota LM, Matias
Dinelly Pinto AC, Fonseca JE. Microbes, helminths, and rheumatic diseases. Best
Pract Res Clin Rheumatol (2020) 34(4):101528. doi: 10.1016/j.berh.2020.101528

14. Ye Z, Zhang N, Wu C, Zhang X, Wang Q, Huang X, et al. A metagenomic
study of the gut microbiome in behcet's disease. Microbiome (2018) 6(1):135.
doi: 10.1186/s40168-018-0520-6

15. Pan Q, Guo F, Huang Y, Li A, Chen S, Chen J, et al. Gut microbiota dysbiosis
in systemic lupus erythematosus: Novel insights into mechanisms and promising
therapeutic strategies. Front Immunol (2021) 12:799788. doi: 10.3389/
fimmu.2021.799788

16. Xu H, Zhao H, Fan D, Liu M, Cao J, Xia Y, et al. Interactions between gut
microbiota and immunomodulatory cells in rheumatoid arthritis. Mediators
inflammation (2020) 2020:1430605. doi: 10.1155/2020/1430605

17. de Paiva CS, Jones DB, Stern ME, Bian F, Moore QL, Corbiere S, et al.
Altered mucosal microbiome diversity and disease severity in sjégren syndrome.
Sci Rep (2016) 6:23561. doi: 10.1038/srep23561

18. Mandl T, Marsal J, Olsson P, Ohlsson B, Andréasson K. Severe intestinal
dysbiosis is prevalent in primary sjégren's syndrome and is associated with
systemic disease activity. Arthritis Res Ther (2017) 19(1):237. doi: 10.1186/
$13075-017-1446-2

19. Shiboski CH, Shiboski SC, Seror R, Criswell LA, Labetoulle M, Lietman TM,
et al. 2016 American College of Rheumatology/European league against
rheumatism classification criteria for primary sjogren's syndrome: A consensus
and data-driven methodology involving three international patient cohorts.
Arthritis Rheumatol (Hoboken NJ) (2017) 69(1):35-45. doi: 10.1136/
annrheumdis-2016-210571

20. Li Y, Zhang S-X, Yin X-F, Zhang M-X, Qiao J, Xin X-H, et al. The gut
microbiota and its relevance to peripheral lymphocyte subpopulations and
cytokines in patients with rheumatoid arthritis. J Immunol Res (2021)
2021:6665563. doi: 10.1155/2021/6665563

21. Kobayashi I, Okura Y, Ueki M, Tozawa Y, Takezaki S, Yamada M, et al.
Evaluation of systemic activity of pediatric primary sjégren's syndrome by EULAR
sjogren's syndrome disease activity index (ESSDAI). Modern Rheumatol (2019) 29
(1):130-3. doi: 10.1080/14397595.2018.1452174

22. Lee ], Koh JH, Kwok S-K, Park S-H. The EULAR sjogren's syndrome
patient-reported index is an independent determinant of health-related utility
values of Korean patients with primary sjégren's syndrome. Clin Exp Rheumatol
(2016) 34(4):663-7.

23. Fischbach MA, Sonnenburg JL. Eating for two: how metabolism establishes
interspecies interactions in the gut. Cell Host Microbe (2011) 10(4):336-47.
doi: 10.1016/j.chom.2011.10.002

24. Song X, Liu X, Liu F, Wang C. Comparison of machine learning and
logistic regression models in predicting acute kidney injury: A systematic review
and meta-analysis. Int ] Med Inf (2021) 151:104484. doi: 10.1016/j.ijmedinf.2021.
104484

25. Douglas GM, Maftei V], Zaneveld JR, Yurgel SN, Brown JR, Taylor CM,
et al. PICRUSt2 for prediction of metagenome functions. Nat Biotechnol (2020) 38
(6):685-8. doi: 10.1038/541587-020-0548-6

Frontiers in Immunology

10.3389/fimmu.2022.974648

26. Virili C, Fallahi P, Antonelli A, Benvenga S, Centanni M. Gut microbiota
and hashimoto's thyroiditis. Rev endocrine Metab Disord (2018) 19(4):293-300.
doi: 10.1007/s11154-018-9467-y

27. Clemente JC, Manasson J, Scher JU. The role of the gut microbiome in
systemic inflammatory disease. BMJ (Clinical Res ed) (2018) 360:j5145.
doi: 10.1136/bmj.j5145

28. Amoroso C, Perillo F, Strati F, Fantini MC, Caprioli F, Facciotti F, et al. The
role of gut microbiota biomodulators on mucosal immunity and intestinal
inflammation. Cells (2020) 9(5). doi: 10.3390/cells9051234

29. Wang L, Zhu L, Qin S. Gut microbiota modulation on intestinal mucosal
adaptive immunity. J Immunol Res (2019) 2019:4735040. doi: 10.1155/2019/
4735040.

30. Manfredo Vieira S, Hiltensperger M, Kumar V, Zegarra-Ruiz D, Dehner C,
Khan N, et al. Translocation of a gut pathobiont drives autoimmunity in mice and
humans. Sci (New York NY) (2018) 359(6380):1156-61. doi: 10.1126/
science.aar7201

31. D’Amelio P, Sassi F. Gut microbiota, immune system, and bone. Calcified
Tissue Int (2018) 102(4):415-25. doi: 10.1007/s00223-017-0331-y

32. Kiripolsky J, Shen L, Liang Y, Li A, Suresh L, Lian Y, et al. Systemic
manifestations of primary sjogren's syndrome in the NOD.B10Sn-H2b/] mouse
model. Clin Immunol (Orlando Fla) (2017) 183:225-32. doi: 10.1016/
j.clim.2017.04.009

33. Parisis D, Chivasso C, Perret J, Soyfoo MS, Delporte C. Current state of
knowledge on primary sjogren’s syndrome, an autoimmune exocrinopathy. J Clin
Med (2020) 9(7). doi: 10.3390/jcm9072299

34. Both T, Dalm VASH, van Hagen PM, van Daele PLA. Reviewing primary
sjogren's syndrome: beyond the dryness - from pathophysiology to diagnosis and
treatment. Int ] Med Sci (2017) 14(3):191-200. doi: 10.7150/ijms.17718

35. Youinou P. Sjogren's syndrome: a quintessential b cell-induced autoimmune
disease. Joint Bone Spine (2008) 75(1):1-2. doi: 10.1016/j.jbspin.2007.07.001

36. Lisi S, Sisto M, D'Amore M, Lofrumento DD. Co-Culture system of human
salivary gland epithelial cells and immune cells from primary sjégren's syndrome
patients: an in vitro approach to study the effects of rituximab on the activation of
the raf-1/ERK1/2 pathway. Int Immunol (2015) 27(4):183-94. doi: 10.1093/
intimm/dxu100

37. Bertorello R, Cordone MP, Contini P, Rossi P, Indiveri F, Puppo F, et al.
Increased levels of interleukin-10 in saliva of sjogren's syndrome patients.
correlation with disease activity. Clin Exp Med (2004) 4(3):148-51. doi: 10.1007/
510238-004-0049-9

38. Youinou P, Pers J-O. Disturbance of cytokine networks in sjogren's
syndrome. Arthritis Res Ther (2011) 13(4):227. doi: 10.1186/ar3348

39. Katsifis GE, Rekka S, Moutsopoulos NM, Pillemer S, Wahl SM. Systemic
and local interleukin-17 and linked cytokines associated with sjégren’s syndrome
immunopathogenesis. Am ] Pathol (2009) 175(3):1167-77. doi: 10.2353/
ajpath.2009.090319

40. Ruan Q, Kameswaran V, Zhang Y, Zheng S, Sun J, Wang J, et al. The Th17
immune response is controlled by the rel-RORy-RORY T transcriptional axis. ] Exp
Med (2011) 208(11):2321-33. doi: 10.1084/jem.20110462

41. Verstappen GM, Corneth OBJ, Bootsma H, Kroese FGM. Th17 cells in
primary sjogren’s syndrome: Pathogenicity and plasticity. J Autoimmun (2018)
87:16-25. doi: 10.1016/j.jaut.2017.11.003

42. Christodoulou MI, Kapsogeorgou EK, Moutsopoulos NM, Moutsopoulos
HM. Foxp3+ T-regulatory cells in sjogren's syndrome: correlation with the grade of
the autoimmune lesion and certain adverse prognostic factors. Am J Pathol (2008)
173(5):1389-96. doi: 10.2353/ajpath.2008.080246

43. Xu C, Lee SK, Zhang D, Frenette PS. The gut microbiome regulates
psychological-Stress-Induced inflammation. Immunity (2020) 53(2):417-28.e4.
doi: 10.1016/j.immuni.2020.06.025

44. Li B, Selmi C, Tang R, Gershwin ME, Ma X. The microbiome and
autoimmunity: a paradigm from the gut-liver axis. Cell Mol Immunol (2018) 15
(6):595-609. doi: 10.1038/cmi.2018.7

45. Nie K, Ma K, Luo W, Shen Z, Yang Z, Xiao M, et al. Roseburia intestinalis: A
beneficial gut organism from the discoveries in genus and species. Front Cell
infection Microbiol (2021) 11:757718. doi: 10.3389/fcimb.2021.757718

46. Arnold JW, Roach J, Fabela S, Moorfield E, Ding S, Blue E, et al. The
pleiotropic effects of prebiotic galacto-oligosaccharides on the aging gut.
Microbiome (2021) 9(1):31. doi: 10.1186/s40168-020-00980-0

47. Islam SMS, Ryu H-M, Sayeed HM, Byun H-O, Jung J-Y, Kim H-A, et al.
Eubacterium rectale attenuates HSV-1 induced systemic inflammation in mice by
inhibiting CD83. Front Immunol (2021) 12:712312. doi: 10.3389/fimmu.2021.
712312

48. Sheridan PO, Martin JC, Scott KP. Conjugation protocol optimised for
roseburia inulinivorans and eubacterium rectale. Bio-protocol (2020) 10(7):e3575.

frontiersin.org


https://doi.org/10.2152/jmi.63.27
https://doi.org/10.1167/iovs.14-15668
https://doi.org/10.1155/2016/6309219
https://doi.org/10.1155/2016/6309219
https://doi.org/10.1111/imm.12065
https://doi.org/10.1111/imm.12065
https://doi.org/10.1016/s0092-8674(00)81460-9
https://doi.org/10.2353/ajpath.2009.081058
https://doi.org/10.1111/cei.12919
https://doi.org/10.1038/mi.2016.83
https://doi.org/10.1016/j.berh.2020.101528
https://doi.org/10.1186/s40168-018-0520-6
https://doi.org/10.3389/fimmu.2021.799788
https://doi.org/10.3389/fimmu.2021.799788
https://doi.org/10.1155/2020/1430605
https://doi.org/10.1038/srep23561
https://doi.org/10.1186/s13075-017-1446-2
https://doi.org/10.1186/s13075-017-1446-2
https://doi.org/10.1136/annrheumdis-2016-210571
https://doi.org/10.1136/annrheumdis-2016-210571
https://doi.org/10.1155/2021/6665563
https://doi.org/10.1080/14397595.2018.1452174
https://doi.org/10.1016/j.chom.2011.10.002
https://doi.org/10.1016/j.ijmedinf.2021.104484
https://doi.org/10.1016/j.ijmedinf.2021.104484
https://doi.org/10.1038/s41587-020-0548-6
https://doi.org/10.1007/s11154-018-9467-y
https://doi.org/10.1136/bmj.j5145
https://doi.org/10.3390/cells9051234
https://doi.org/10.1155/2019/4735040.
https://doi.org/10.1155/2019/4735040.
https://doi.org/10.1126/science.aar7201
https://doi.org/10.1126/science.aar7201
https://doi.org/10.1007/s00223-017-0331-y
https://doi.org/10.1016/j.clim.2017.04.009
https://doi.org/10.1016/j.clim.2017.04.009
https://doi.org/10.3390/jcm9072299
https://doi.org/10.7150/ijms.17718
https://doi.org/10.1016/j.jbspin.2007.07.001
https://doi.org/10.1093/intimm/dxu100
https://doi.org/10.1093/intimm/dxu100
https://doi.org/10.1007/s10238-004-0049-9
https://doi.org/10.1007/s10238-004-0049-9
https://doi.org/10.1186/ar3348
https://doi.org/10.2353/ajpath.2009.090319
https://doi.org/10.2353/ajpath.2009.090319
https://doi.org/10.1084/jem.20110462
https://doi.org/10.1016/j.jaut.2017.11.003
https://doi.org/10.2353/ajpath.2008.080246
https://doi.org/10.1016/j.immuni.2020.06.025
https://doi.org/10.1038/cmi.2018.7
https://doi.org/10.3389/fcimb.2021.757718
https://doi.org/10.1186/s40168-020-00980-0
https://doi.org/10.3389/fimmu.2021.712312
https://doi.org/10.3389/fimmu.2021.712312
https://doi.org/10.3389/fimmu.2022.974648
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Xin et al.

49. Omenetti S, Pizarro TT. The Treg/Th17 axis: A dynamic balance regulated by
the gut microbiome. Front Immunol (2015) 6:639. doi: 10.3389/fimmu.2015.00639

50. Bettelli E, Carrier Y, Gao W, Korn T, Strom TB, Oukka M, et al. Reciprocal
developmental pathways for the generation of pathogenic effector TH17 and
regulatory T cells. Nature (2006) 441(7090):235-8. doi: 10.1038/nature04753

51. Smith PM, Howitt MR, Panikov N, Michaud M, Gallini CA, Bohlooly-Y M,
et al. The microbial metabolites, short-chain fatty acids, regulate colonic treg cell
homeostasis. Sci (New York NY) (2013) 341(6145):569-73. doi: 10.1126/
science.1241165

52. Michalek RD, Gerriets VA, Jacobs SR, Macintyre AN, Maclver NJ, Mason
EF, et al. Cutting edge: distinct glycolytic and lipid oxidative metabolic programs

Frontiers in Immunology

11

10.3389/fimmu.2022.974648

are essential for effector and regulatory CD4+ T cell subsets. ] Immunol (Baltimore
Md 1950) (2011) 186(6):3299-303. doi: 10.4049/jimmunol.1003613

53. Funabashi M, Grove TL, Wang M, Varma Y, McFadden ME, Brown LC,
et al. A metabolic pathway for bile acid dehydroxylation by the gut microbiome.
Nature (2020) 582(7813):566-70. doi: 10.1038/s41586-020-2396-4

54. Gao ], XuK, Liu H, Liu G, Bai M, Peng C, et al. Impact of the gut microbiota
on intestinal immunity mediated by tryptophan metabolism. Front Cell infection
Microbiol (2018) 8:13. doi: 10.3389/fcimb.2018.00013

55. Arpaia N, Campbell C, Fan X, Dikiy S, van der Veeken ], deRoos P, et al.
Metabolites produced by commensal bacteria promote peripheral regulatory T-cell
generation. Nature (2013) 504(7480):451-5. doi: 10.1038/nature12726

frontiersin.org


https://doi.org/10.3389/fimmu.2015.00639
https://doi.org/10.1038/nature04753
https://doi.org/10.1126/science.1241165
https://doi.org/10.1126/science.1241165
https://doi.org/10.4049/jimmunol.1003613
https://doi.org/10.1038/s41586-020-2396-4
https://doi.org/10.3389/fcimb.2018.00013
https://doi.org/10.1038/nature12726
https://doi.org/10.3389/fimmu.2022.974648
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Th17 cells in primary Sj&ouml;gren’s syndrome negatively correlate with increased Roseburia and Coprococcus
	Introduction
	Patients and methods
	Study participants and sample collection
	Clinical parameters
	Illumina sequencing and data processing
	Gut microbial diversity and differential gut microbiome
	Construction of diagnostic model
	Correlation analysis between gut microbiome and clinical parameters
	The function of gut microbiome and correlation analysis
	Statistical analysis

	Results
	Baseline characteristics and clinical profiles
	Gut microbial diversity
	Differential gut microbiome
	Identification of gut microbiome-derived signatures in diagnosing pSS
	Gut microbiome-derived signatures for pSS and their association with clinical parameters
	Functional characterization of pSS microbiome

	Discussion
	Conclusion
	Data availability 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


