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Description

BACKGROUND

1. Technical Field

[0001] This document provides methods for identifying arthritis patients.

2. Background Information

[0002] Rheumatoid arthritis (RA) is an autoimmune disease that is characterized by inflammation of the synovial joints
leading to joint destruction and deformities. Despite advances to understand the pathogenesis of RA, its etiology remains
unknown. An infectious etiology of RA has been proposed for decades, although conclusive evidence between infections
and onset of RA is absent.

SUMMARY

[0003] This document describes methods and materials involved in assessing mammals (e.g., humans) for arthritis.
For example, this document provides methods and materials for assessing a mammal’s gut microbial diversity to identify
the mammal as having arthritis (e.g., rheumatoid arthritis). As described herein, mammals having an increase in gut
microbial diversity of rarely represented genera (e.g., Eggerthella, Collinsella, Rikenella, and Pseudomonas) as compared
to the diversity of rarely represented genera present in healthy controls (e.g., humans without arthritis) can be identified
as having arthritis (e.g., rheumatoid arthritis). In some cases, mammals having a reduced abundance of Faecalibacterium
(as compared to the abundance of Faecalibacterium present in healthy controls such as humans without arthritis) can
be identified as having arthritis (e.g., rheumatoid arthritis).
[0004] This document also describes methods and materials involved in treating arthritis. For example, this document
describes methods and materials for administering one or more agents to a mammal with arthritis to reduce the level of
gut microbial diversity of rarely represented genera (e.g., Eggerthella, Collinsella, Rikenella, and Pseudomonas) within
the mammal’s gut. As described herein, mammals with arthritis can be treated with one or more agents (e.g., antibiotics
or antibiotics followed by probiotic formulations) to reduce the level of gut microbial diversity of rarely represented genera
(e.g., Eggerthella, Collinsella, Rikenella, and Pseudomonas) within the mammal’s gut, thereby restoring a gut microbial
diversity similar to that observed in control mammals (e.g., healthy humans without arthritis).
[0005] In general, one aspect of this document described is a method for identifying a mammal as having arthritis.
The method comprises, or consists essentially of, determining whether or not the gut of a mammal has an elevated level
of gut microbial diversity of rarely represented genera, wherein the presence of the elevated level indicates that the
mammal has arthritis, and wherein the absence of the elevated level indicates that the mammal does not have arthritis.
The mammal can be a human. The arthritis can be rheumatoid arthritis. The method can comprise determining whether
or not the gut of the mammal has an elevated level of gut microbial diversity of Eggerthella, Collinsella, Rikenella, or
Pseudomonas. The gut can have an elevated level, and the mammal can be classified as having the arthritis.
[0006] In another aspect, this document describes a method for treating arthritis. The method comprises, or consists
essentially of, (a) identifying a mammal as having arthritis, (b) administering an antibiotic to the mammal to reduce the
number of microbial organisms within the gut of the mammal, and (c) administering a formulation comprising live microbial
organisms, wherein the formulation lacks species from the Eggerthella, Collinsella, and Pseudomonas genera. The step
(c) can be performed between 2 days and 5 days after the step (b).
[0007] In another aspect, this document describes a method for identifying a mammal as having arthritis. The method
comprises, or consists essentially of, determining whether or not a mammal has an elevated level of beta-alanine, alpha-
aminoadipic acid, hydroxylysine.2, asparagine, lysine, or cystine within plasma, wherein the presence of the elevated
level indicates that the mammal has arthritis, and wherein the absence of the elevated level indicates that the mammal
does not have arthritis.
[0008] According to the invention, this document features an in vitro method for identifying a mammal as having
arthritis. The method comprises, or consists essentially of, determining whether or not a mammal has a reduced level
of beta-aminoisobutyric acid, hydroxylysine, allo-isoleucine or citrulline within plasma, wherein the presence of the
reduced level indicates that the mammal has arthritis, and wherein the absence of the reduced level indicates that the
mammal does not have arthritis.

DESCRIPTION OF THE DRAWINGS

[0009]
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Figure 1 is a principal correspondence plot representing the relationships between the OTU’s and each sample
category. Each symbol depicts one sample (squares indicate men, and circles indicate women). The microbiota of
men and women are similar.
Figure 2 contains graphs demonstrating that symptom severity and autoantibodies correlate with decreased alpha-
diversity. Alpha diversity was calculated by comparing observed numbers of OTUs (N=40) and community compo-
sition diversity by Shannon Index. RF = Rheumatoid factor: 1 = <25, 2 = 25-50, 3 = 50-100, and 4 = >100. Symptoms-
Duration of disease, 1 = <6 months, 2 = >6 months, 3 = >1 year, 4 = 2-5 years, and 5 = >5 years. Methotrexate and
hydroxycholine, 0 = not treated with specific drug, and 1 = treated with drug.
Figure 3 is a heatmap for genus level abundance.
Figure 4 contains graphs demonstrating that microbiota of relatives are not significantly different from the other
healthy controls (p=0.14 and 0.34 for unweighted and weighted UniFrac).
Figure 5. Prediction model of RA status based on OTU-level data and Random Forest (RF). (Top, left) Classification
error of RF compared to random guess, which is based on the label of the majority class in the training data. The
classification error was assessed based on 500 bootstrap samples. (Top, right) The normalized importance values
for all the OTUs produced by Borunta feature selection algorithm. Confirmed OTUs are highlighted in green, while
suggested OTUs are in yellow. (Bottom) Hierarchical clustering based on the abundance profile of the confirmed/sug-
gested taxa show that the RA samples are generally clustered together.
Figures 6A and 6B. The microbiota of the RA patients is different from healthy controls. (A) Principal correspondence
plot reveals the relationship between the defining OTUs in RA and controls. The square symbols and their lines
indicate RA patients, and the circular symbols and their lines indicate controls. The lines indicate vectors representing
the relationships between the OTU’s and each sample category. The vectors point to the center of gravity of the
samples where OTU’s mostly occur. The distance between the tip of the vector and the samples provides an
indication of the probability of OTU content in each sample (point). The microbiota of RA subjects was significantly
different from that of healthy controls. PERMANOVA p values: 0.016, 0.072, and 0.322 for Unweighted, generalized
UniFrac, and weighted UniFrac, respectively. (B) The microbiota of RA subjects are more over-dispersed (Weighted
UniFrac, p=0.12). The median within group distance was 0.43 within RA and 0.39 within Control (N=72: 40 RA
patients and 32 controls).
Figure 7. Patients with RA were characterized by expansion of Eggerthella and other rare lineage. LefSe analysis
was performed with a less stringent p value cutoff of 0.05 to identify generally present with low abundance in healthy
controls. (top, left) The taxa identified by LEfse analysis are highlighted on the phylogenetic tree, and (top, right)
their LDA score are shown. Among all these identified taxa, the association of genus Eggerthella is the most significant
even after Bonferroni correction was used for multiple testing corrections. The genus Faecalibacterium had the
largest LDA score. The bottom, left and right panels are representations of abundance of Eggerthella, Collinsella,
and Faecalibacterium in RA patients, first degree relatives, and healthy controls.
Figure 8. Prediction model for RA by machine learning using Random Forest.
Random Forest (RF) algorithm, an ensemble classifier built upon many decision trees, was used to build a prediction
model. The input of the RF classifier was the genus-level abundance data, and the output was the predicted class
label (’RA’ and ’Control’). (A) The Boruta variable selection algorithm. (B) Using Boruta feature selection, three
confirmed genera: Eggerthella, Faecalibacterium and Collinsella, and two suggested genera: Rikenella and Lach-
nobacterium provided a predictive profile. (C) Hierarchical clustering based on the abundance profile of these five
genera revealed that the RA samples are generally clustered together.
Figure 9. Association of metabolite levels in plasma with RA disease status and gut microbiota. (top) PCA reveals
the overall metabolite profile is different between the RA patients and their relatives. (middle) Differential abundant
metabolites between RA patients and their relatives at a false discovery rate of 0.05. (bottom) The Spearman rank
correlation between the abundance of the three genera Collinsella, Eggerthella, and Facealibacterium and metab-
olites (** p < 0.01, *p < 0.05, .p < 0.1). The differential abundant metabolites show strong correlation with the
abundance of Collinsella.
Figure 10. HLA-DQ8 mice were immunized with type II collagen (CII) to induce arthritis and not-treated (Control,
N=8) or treated with Collinsella aerofaciens (N=10) two weeks post-immunization every alternate day for four weeks
(marked with arrows). Mice were followed for (A) incidence and onset of arthritis and (B) disease severity. Collinsella
enhances T cell proliferation. (C) T cell proliferation was measured by culturing FAC sorted CD4 cells from spleens
of CII-primed mice cultured with CII and dendritic cells that were pre-cultured with Collinsella or supernatants (sup)
of Collinsella cultures for 4 hours. * P<0.001. Collinsella reduces the expression of tight junction protein Zo-1. (D)
CACO-2 cells cultured with or without Collinsella or supernatants (sup) of Collinsella culture stained with Zo-1
(arrow). (E) Mean fluorescence intensity of Zo-1 expression in CACO-2 cells alone and in the presence of Collinsella
aerofaciens exhibited reduced expression of Zo-1 in the later.
Figure 11. The genus Eggerthella demonstrated the most significant association with RA (N=40), which remained
significant even after conservative Bonferroni correction for multiple testing was applied (P =1.4e-5) (Discovery set).
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The association of Eggerthella with RA was confirmed in a larger set of N=60 patients.
Figures 12A-G. The gut microbiota of RA patients differs from controls. (A) Percent of 16S reads of major phyla of
the gut microbiota of RA patients and controls. Rarefaction curves comparing (B) the species richness (observed
OTU numbers) and (C) the overall diversity (Shannon diversity index) of RA patients and controls. The microbiota
of RA patients exhibits significantly lower diversity. The relative numbers of observed OTUs in RA patients and
controls revealed a decrease in species richness in RA patients as compared to controls (p=0.003). (D-F) PCoA
plot based on the Bray-Curtis distance matrix constructed using OTUs from all phyla (D), Firmicutes (E), Bacteroidetes
(F), and Actinobacteria (G). The percentage of variability explained by the corresponding coordinate is indicated on
the axis. Each point represents a sample, red symbols indicate RA patients and blue symbols indicate controls. The
blue lines indicate vectors representing the relationships between the OTUs and each sample category. The ellipses
serve a visual guide to group differences.
Figure 13. RA gut microbiota has decreased function in amino acid metabolism. The abundance of the KEGG
pathway categories was calculated based on PICRUSt. The three horizontal lines of the box represents the first,
second (median) and third quartile respectively with the whisk extending to 1.5 inter-quartile range (IQR).
Figure 14. Decreased diversity is associated with increase in disease onset, rheumatoid factor (RF), and anti-
citrullinated antibodies (ACPA). Body mass index (BMI) was associated with decreased species richness in the gut
microbiota of RA patients. Species richness was measured by the observed OTU numbers and calculated on the
rarefied counts. The dashed line shows the fitted linear regression line with the gray area indicating the 95% con-
fidence band. The three horizontal lines of the box represents the first, second (median), and third quartile respectively
with the whisk extending to 1.5 inter-quartile range (IQR). BMI: 1, ≤24; 2, ≤30; 3, ≤35; and 4, ≤40.
Figure 15. Scatterplots showing the correlation of the abundance of differentially abundant metabolite with Collinsella
abundance. Significance was assessed by Spearman rank correlation test. The line shows the fitted linear regression
line with the gray area indicating the 95% confidence band.
Figures 16A-C. The relative abundance of Prevotella Copri (P. Copri) does not show significant difference between
RA and controls. (A) The presence of P. Copri OTUs is similar between RA and controls. The row names of the
heatmap are IDs of these P. Copri OTUs. Column names are sample IDs. Dark and light shading indicate presence
and absence of the OTUs, respectively. (B) The relative abundance of the P. Copri OTUs does not increase in RA
patients. (C) The relative abundance of the P. Copri OTUs in RA patients does not differ according to the HLADR4
status.
Figures 17A-D. Collinsella reduces the expression of the tight junction protein ZO-1. (A) CACO-2 cells cultured with
or without Collinsella stained with ZO-1 and Occludin showed differences in the expression of tight junction proteins.
(B) Quantification of the mean fluorescence intensity of ZO-1 and Occludin expression in CACO-2 cells cultured
alone or in the presence of Collinsella, # P<0.05. *P<0.01. (C) Increased gut permeability was observed in DQ8
mice when Collinsella was administered. Sera of mice were tested for FITC-Dextran before and after treating mice
with Collinsella for 3 weeks,* P<0.01. (D) Fold difference in the expression of Th17 regulatory cytokines/chemokines
transcripts in CACO-2 cells cultured with C. aerofaciens as compared to CACO-2 cells cultured with bacterial growth
media. Experiments were repeated for reproducibility.
Figure 18. Lymph node cells from DQ8.AE-/- mice (N=4) were transferred in DQ8.NOD SCID γc-/- mice. Mice were
immunized with type II collagen. Two mice were gavaged with Eggerthella lenta (DQ8.EL) 4 weeks after immunization.
8 weeks later, levels of IL-10 and IL-23 were measured in sera of all mice. Eggerthella lenta gavaged mice produced
lower levels of IL-10 than non-treated mice. Gavaging E. lenta led to production of IL-23 not observed in untreated
mice suggesting E. lenta may be involved in production of proinflammatory cytokines.

DETAILED DESCRIPTION

[0010] This document describes methods and materials involved in assessing and treating arthritis. For example, this
document describes methods and materials for identifying arthritis patients as well as methods and materials for treating
arthritis patients.
[0011] As described herein, a mammal having an elevated level of gut microbial diversity of rarely represented genera
(e.g., Eggerthella, Collinsella, Rikenella, and Pseudomonas) within the mammal’s gut can be classified as having arthritis.
For example, a human having more species of Eggerthella, Collinsella, Rikenella, and/or Pseudomonas within the
human’s gut than the number of species typically observed within the gut of healthy humans can be classified as having
arthritis (e.g., rheumatoid arthritis). Any appropriate method can be used to determine the level of gut microbial diversity
of a mammal. For example, sequencing techniques such as those described herein can be used to determine the level
of gut microbial diversity of a mammal.
[0012] As described, metabolite levels within plasma can be assessed to identify a mammal as having arthritis. For
example, a mammal (e.g., a human) having an elevated level of beta-alanine, alpha-aminoadipic acid, hydroxylysine.2,
asparagine, lysine, and/or cystine within plasma can be classified as having arthritis (e.g., rheumatoid arthritis). According
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to the invention, a mammal (e.g., a human) having a reduced level of beta-aminoisobutyric acid, hydroxylysine 1, allo-
isoleucine or citrulline within plasma classified as having arthritis (e.g., rheumatoid arthritis).
[0013] As described herein, the level of gut microbial diversity (e.g., the level of gut microbial diversity of rarely rep-
resented genera) and/or plasma metabolite levels (e.g., beta-alanine, alpha-aminoadipic acid, hydroxylysine.2, aspar-
agine, lysine, cystine, beta-aminoisobutyric acid, hydroxylysine.1, allo-isoleucine, citrulline, and/or glutamic acid) can
be used to identify mammal’s having arthritis, can be used to monitor the progression of disease (e.g., progression of
arthritis), can be used to identify mammal’s having extra articular features and other cardiovascular complications, or
can be used to identify mammal’s having interstitial lung disease.
[0014] As described herein, once a mammal (e.g., a human) is classified as having arthritis (e.g., rheumatoid arthritis)
as described herein, the mammal can be treated in a manner that improves the mammal’s arthritis. For example, a
mammal classified as having arthritis (e.g., rheumatoid arthritis) based at least in part on an elevated level of gut microbial
diversity of rarely represented genera can be treated as described herein.
[0015] As described herein, a mammal having arthritis (e.g., rheumatoid arthritis) can be treated with one or more
agents (e.g., antibiotics or antibiotics followed by probiotic formulations) to reduce the level of gut microbial diversity of
rarely represented genera (e.g., Eggerthella, Collinsella, Rikenella, and Pseudomonas) within the mammal’s gut, thereby
restoring a gut microbial diversity similar to that observed in control mammals (e.g., healthy humans without arthritis).
For example, a mammal (e.g., a human) with arthritis (e.g., rheumatoid arthritis) can be treated with one or more antibiotics
having the ability to kill rarely represented genera (e.g., Eggerthella, Collinsella, Rikenella, and Pseudomonas) within a
mammal’s gut. As described herein, a mammal having arthritis (e.g., rheumatoid arthritis) can be treated with one or
more antibiotics to kill most of the microbial organisms present within a mamma’s gut. After a period of time (e.g., about
2 days to about 5 days), the mammal (e.g., human) can be treated with a probiotic formulation designed to repopulate
the mammal’s gut with a population of microbial organisms that does not include species from one or more of the following
genera: Eggerthella, Collinsella, Rikenella, and Pseudomonas. Examples of probiotic formulations that can be used to
repopulate a mammal’s gut when treating arthritis include, without limitation, those formulations that contain Prevotella,
Faecalibacterium and/or Lachnobacterium. As described herein, a probiotic formulation that can be used to repopulate
a mammal’s gut when treating arthritis can contain Prevotella, Faecalibacterium and/or Lachnobacterium, and no other
type of microbial organism.
[0016] As described herein, a probiotic formulation can be administered once or multiple times to treat a mammal
having arthritis. For example, a probiotic formulation lacking species from Eggerthella, Collinsella, Rikenella, and Pseu-
domonas can be administered from once a day to once every other month. As described herein, a probiotic formulation
can be administered every other day.

EXAMPLES

Example 1 - Rheumatoid arthritis gut microbiota is characterized by an expansion of rare lineage microbes normally 
present in healthy individuals

[0017] Patients attending the Rheumatology clinic at Mayo clinic that fulfilled the exclusion and inclusion criteria were
asked for enrollment in the study. Adult patients (18 years or older) who met the American College of Rheumatology
(ACR) 2010 classification of RA were recruited after their informed consent.
[0018] Patient’s disease activity scores, joint counts, presence of autoantibodies (rheumatoid factor (RF) and anti-
citrullinated peptide antibodies (ACPA)), and history of drugs (i.e., disease modifying anti-rheumatic drugs (DMARDs)
such as methotrexate, hydroxychloroquine, and Leflunomide, and biologic drugs such as rituximab, tocilizumuab, etaner-
cept, adalimumab, anakinra, abatacept, and infliximab) and prednisone were collected. The demographic of the study
population was determined (Table 1). The study included 40 patients with rheumatoid arthritis and 32 controls (15 first
degree relatives and 17 random healthy controls). The median (interquartile range (IQR)) age of subjects with RA was
54 years and of controls was 52 years. Seventy percent of the subjects and 81 percent of the controls were female.
Eighty percent of patients were rheumatoid factor positive, and 83 percent were anti-citrullinated protein antibody (ACPA)
positive. The median disease (IQR) duration was 47.5 months. Overall, patients had low disease activity with a median
(IQR) DAS 28 of 2.6 (2.0, 4.3) and moderate disability with a median (IQR) HAQ score of 0.5 (0.1, 1.1). The majority of
patients (61 percent) were taking methotrexate. Almost half of the patients (49 percent) were taking prednisone, and 34
percent were on a biologic response modifier (10 patients were on an anti-TNF agents, 3 patients were on Abatacept,
and 4 on rituximab).

Table 1. Demographic data of the study population.

RA (n=40) M, (Med) inter Q Control (n=32)

Age, years, mean (median) 55.7 (54) 53 (52)
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[0019] At the time of enrolling, patients were given an option to enroll any first degree relatives who consented and
did not have any symptoms of inflammatory arthritis or other autoimmune diseases. These enrolled first degree relatives
were used as controls. Other controls included sex and age matched healthy individuals with no known history of any
autoimmune diseases. Any patient or control on antibiotics, consuming probiotics or known history of inflammatory bowel
disease or other autoimmune diseases like diabetes or multiple sclerosis were excluded.

Sample Collection and DNA extraction

[0020] Fecal samples were frozen within 24 hours of being obtained. Microbial DNA was extracted from samples using
the MoBio PowerSoil Kit (MoBio Laboratories, Carlsbad, CA, USA).

16S Amplicon preparation and sequencing

[0021] Polymerase chain reaction (PCR) was performed used 50 ng gDNA and 0.3 mM V3-V5 barcoded primers
targeting 357F and 926R (5’-AATGATACGGCGACCACC-GAGATCTACACTATGGTAATTGTCCTACGGGAG GCAG-
CAG-3’ (SEQ ID NO:1) and 5’-CAAGCAGAAGACGGCATACGAGATGCCGCATTCGATXXXXXXX-XXXXXCCGT-
CAATTCMTTTRAGT-3’ (SEQ ID NO:2)) with Kapa HiFi Hotstart Ready Mix (Kapa Biosystem). PCR conditions were
set to 95°C for 3 minutes, 35 cycles of 98°C for 30 seconds, 70°C for 15 seconds, and 72°C for 15 seconds, and finally
72°C for 5 minutes in a Bio-Rad T100 Thermal Cycler. PCR product sizes were verified using Agilent Tape station with
reaction cleanup and concentration performed using epMotion automated system (Eppendorf) with Agencourt AMPure
PCR Purification System. Final quantitation was performed using the QuBit HS dsDNA kit with a QuBit 2.0 flurometer
(Life Technologies). Samples were pooled to equal concentration, and then sequenced on one lane of MiSeq using a
MiSeq Reagent Kit v2 (500-cycles) (Illumina Inc., San Diego, CA), generating 20 million 2x250 base pair reads.

(continued)

RA (n=40) M, (Med) inter Q Control (n=32)

Female, % 70% 81%

BMI 30.4 (30.1) 30.9 (30.6)

HLA-DR4 52.5% NA

Disease activity parameters

Disease duration, months, mean (median) 81.6 (47.5)

DAS28 3.15 (2.6) 1.96-4.3

HAQ 0.6(0.5) 0.12-1.12

ESR, mm/hour, mean 18.5 (11) 5-23

CRP, mg/L, mean 12.7 (3.6) 3-8.6

Patient VAS pain, mm, mean (median) 37.28 (28) 12.75-49.5

TJC-28, mean (median) 4.24 (1) 0-6

SJC-28, mean (median) 4.28(2)0-8

Autoantibody status

RF positive, % 100%

ACPA positive, % 83%

RF titer, kU/L, mean (median) 113 (63) 15-164

ACPA titer, kAU/L, mean (median) 110 (99) 16-250

Medication use

Methotrexate, % 61.2%

Prednisone, % 48.9%

Biological agent, % 34%
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Pipeline for processing of 16S data

[0022] Pre-processed sequence files were then subjected to quality filtering using Trimmomatic version 0.22, with a
hard cutoff of PHRED score Q3 for 5’ and 3’ ends of the reads (parameters LEADING:3 and TRAILING:3), trimming of
the 3’ end with a moving average score of Q15 with a window size of 4 bases (parameter SLIDINGWINDOW:4:15), and
removing any remaining reads shorter than 75% of the original read length (parameter MINLEN:112 for reads of 150
bp long). Finally, reads with any ambiguous base calls or with homopolymers longer than 10 bases longs were discarded
using Mothur. Only the read pairs that survived the quality filter were processed further. Any surviving reads that were
unpaired (i.e., they lost their matching pair due to low quality) were discarded. Surviving read pairs were then grouped
into two files, one each for ’read 1’ and ’read 2’ sequences. Reads also were de-replicated, consolidating identical reads
to avoid redundant processing. Each of the two read libraries then was checked for chimeras using UCHIME in de novo
mode.

Taxonomy assignment

[0023] To prepare the reads for taxonomic assignment, reads from the previous step just before the stitching procedure
were used by removing the gaps and then stitching them with a pad sequence of "N" bases. Since by default most
Bayesian classifiers use 8-mers to perform the classification, "NNNNNNNN" was used as the padding. The stitched
reads were then classified using the Green genes taxonomy (version 13.5).

Clustering, representative sequences, and chimera removal

[0024] Paired-end reads were concatenated directly with no padding and de-replicated. Operational taxonomic unit
(OUT) representatives were selected and used to generate a reference set for clustering using UPARSE run with default
parameters that also removed chimeric reads.

α-diversity analysis

[0025] For observed number of OTUs, Shannon and inverse Simpson diversity indices were calculated based on the
rarefied OTU counts to address differential sequencing depths (’estimate richness’ function in Bioconductor package
’PhyloSeq’). Rarefaction curves were created by rarefying the OTU counts to different sequencing depths. A simple
linear model was used for testing the association between α-diversity measures and variables of interest adjusting for
other covariates such as gender.

β-diversity analysis

[0026] Unweighted, weighted, generalized UniFrac, and Bray-Curtis distances were constructed using the OTU table
and the phylogenetic tree (’GUniFrac’ function in R package ’GUniFrac’). Rarefaction was performed on the OTU table
before calculating the distances. Based on these distance matrices, PERMANOVA was used to test for association
between variables of interest and the overall microbiota composition adjusting for other covariates (’adonis’ function in
R package ’vegan’). PERDISP2 was used for testing the homogeneity of group dispersions (’betadisper’ function in R
package ’vegan’). Significance was assessed by 1,000 permutations for all these distance-based methods. Principle
Coordinate Analysis was performed on the distance matrix (’cmdscale’ function in R), and the first two Principal Coor-
dinates (PCs) were used to generate the ordination plots.

Differential abundance analysis

[0027] Non parametric Wilcox Rank Sum test was used for testing group difference in taxa abundances at the phylum,
family, and genus level. A false discovery rate (FDR) control based Storey’s value procedure was used to correct for
multiple testing (’p, q value in R). To reduce the number of tests, the analysis was confined to taxa with prevalence >
10% and maximum proportion > 0.002. FDR control was performed on each taxonomic rank. An adjusted p-value or q-
value less than 0.15 was considered to be statistically significant. Differential abundance analysis was visualized using
the LEfSe software with a nominal p-value of 0.05 and a logarithmic LDA score of 2 as threshold.

Predictive model for RA development using Random Forests

[0028] Machine learning algorithm Random Forests (RF) was used to classify the subjects into two classes (RA and
control) based on their microbiota profile using default parameters of the R implementation of the algorithm (R package
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’random Forest’, ntree=200, mtry=8). The RF algorithm, due to its non-parametric assumptions, was able to detect both
linear and nonlinear effects and potential taxon-taxon interactions, thereby identifying taxa that discriminate RA subjects
from control subjects. The genus-level proportion data for the 66 genera served as input data. Bootstrapping was used
to assess the classification accuracy, where the bootstrapped samples were used as a training set and the unused
samples as a test set. The classification performance was compared to random guess, where the class label for the
samples in the test set was predicted to be the class label of the majority class in the training set, and Friedman Rank
Sum test was used for testing the significance of the difference. Boruta variable selection was applied for selecting the
most discriminatory taxa based on the importance values produced by RF. The importance value of a genus was
calculated based on the loss of accuracy by the random permutation of the abundance profile of the genus. The Boruta
method used spiked-in ’shadow’ taxa, which were shuffled versions of real taxa, to assess whether the importance was
significant.

Metabolomic data analysis

[0029] The amino acids and metabolites from plasma were measured by LC/MS/MS on Quantum Ultra and Agilent
6460 QQQ. The metabolites (carnitine, TMA, TMAO, betaine, and choline) were measured by MS/MS on API5000. The
metabolomic data were first subjected to normal transformation before the analysis to meet the normality assumption
of the statistical tests. Principle component analysis was used to reduce the dimensionality of the metabolomic data,
and the subjects were projected on the first two principle components to visualize their relationships. The PERMONOVA
test was used to test for the overall difference of the metabolomic profiles between RA and their relatives based on
Euclidean distance. Two-sample Student’s t test was then used to identify differential metabolites between RA patients
and their relatives or between genders. False discovery control was used to correct for multiple testing. The metabolite
PC1, which summarizes the overall metabolome variation pattern, was tested for association between the metabolome
and microbiota within the RA samples. The differential metabolites between RA and their relatives also were tested for
specific association with the microbiota using distance-based PERMANOVA test within RA patients. The specific asso-
ciations between these differential metabolites and taxa also were investigated using the Spearman’s rank correlation
test. All the statistical analyses were performed in R-3.0.2 (R Development Core Teams).

Collagen-induced arthritis (CIA) and treatment with Collinsella

[0030] HLA-DQ8.AEo mice were used (Taneja et al., Arthritis Rheum., 56:69-78 (2007) and Taneja and David, Immunol.
Rev., 169:67-79 (1999)). Briefly, CIA was induced in transgenic animals by immunization with 100 mL of type II collagen
(CII) (100 mg of CII emulsified in 1:1 ratio of complete Freund’s adjuvant) injected at the base of tail. DQ8 mice (N=18)
were immunized with type II collagen, and 2 weeks later, 10 mice were treated with Collinsella alternate days for four
weeks. Arthritis onset and progression was monitored. The arthritic severity of mice was evaluated with a grading system
for each paw of 0-3 (Taneja et al., Arthritis Rheum., 56:69-78 (2007)). The mean arthritic score was determined using
arthritic animals only.
[0031] Mice were immunized with 200 mg of CII emulsified 1:1 in CFA (Difco) intradermally at the base of the tail. Ten
days post-immunization, spleens were removed, and cells were harvested. Splenic T cell responses were evaluated by
culturing cells with CII and testing proliferation using 3H-thymidine incorporation. The T cell response was evaluated
with CD4 T cells sorted from splenic CII-primed DQ8 mice cultured in vitro in the presence or absence of CII (50 mg/mL)
and DCs (pre-cultured with bacteria or supernatant of the bacterial culture). T cell proliferation was assessed using
routine 3H-thymidine incorporation (Taneja et al., Arthritis Rheum., 56:69-78 (2007)). The difference in the incidence of
arthritis between groups was analyzed using Fisher’s exact test. All other significance values were calculated using the
Student’s t test or T test with unequal variance.

Staining for tight junction proteins

[0032] Human intestinal epithelial cell line CACO-2 was grown in vitro. Expression of tight junction protein zonulin-1
(Zo-1) was tested by immunofluorescence using purified anti-zonulin-1 antibody (Life Technologies) as primary and
FITC conjugated anti-rabbit IgG (Jackson ImmunoResearch Laboratories) as secondary antibody.

Disease duration and seropositivity is associated with decreased diversity

[0033] To determine if disease duration and autoantibodies are associated with a change in microbial diversity, V3-
V5 regions of 16S gene of 40 fecal samples of RA patients fulfilling ACR 2010 criteria (Table 1) were sequenced. High
quality sequences were analyzed (sequence lengths ranged from 21,045 to 894,587 with a 122,028 median sequence
length). A total of 2188 operational taxonomic units (OTUs), after removing singletons (median of 54 and with range of
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2-686,387) clustered at 97% sequence similarity, were used to assign taxonomic identification and calculate bacterial
abundance in fecal communities. First, the microbial diversity was determined within the patient group according to bone
mass index (BMI) (Table 2). These results demonstrated a decreased diversity of the gut microbiota with increased BMI
(P=0.025). RA patients exhibited similar microbial diversity and richness, suggesting sex bias reported in healthy humans
is lost (Figure 1). Clinical features were correlated with the microbial diversity and richness by the observed numbers of
OTUs and Shannon index (Figure 2). Increasing levels of RF and disease duration were associated with decreased
alpha-diversity and richness. Patients using MTX and Hydrochloroquine exhibited an increase in alpha diversity, indicating
restoration of normal microbiota after treatment. Treatment with Prednisone, on the other hand, did not have any effect
of the diversity of OTUs. There was no difference in the overall diversity and abundance of OTUs in the context of DR4,
radiographic erosions, and HAQ score (Figure 3).
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[0034] Decreased diversity was associated with increase in disease onset, rheumatoid factor (RF), and anti-citrullinated
antibodies (ACPA) (Figure 14). Body mass index (BMI) was associated with decreased species richness in the gut
microbiota of RA patients (Figure 14).

Gut microbiota of RA patients differs from first degree relatives and healthy controls

[0035] To determine if RA patients have a dysbiotic gut microbiota, 16S gene of 40 RA patients and 32 fecal samples
(15 first degree relatives with no autoimmune disease, and 17 randomly enrolled healthy controls (HCs)) were sequenced.
The OTUs were classified into 13 phyla, 26 classes, 40 orders, 76 families, and 157 genera, and diversity and abundance
of various genera were plotted in heatmap (Figure 3).
[0036] To test whether the microbiota of relatives were similar to healthy controls (HCs), UniFrac (unweighted, weighted
and generalized) distances between relatives were compared to those between relative and other controls. The three
UniFracs had different power in detecting types of community changes. Unweighted UniFrac distance was more powerful
to detect community structure change or change in rare lineages while weighted UniFrac was used for detecting changes
in abundant lineages. Generalized UniFrac distance struck a balance between unweighted and weighted UniFracs.
OTUs from the abundant genera (weighted unifrac) as well rare genera (unweighted unifrac) were present with similar
alpha and beta diversity and abundance suggesting that the microbiota of the relatives were not significantly different
from the other healthy controls (p=0.14 and 0.34 for unweighted and weighted UniFrac) (Figure 4). Therefore, these RA
relatives were treated as independent samples and pooled with other healthy controls.
[0037] RA patients revealed a significant decrease in the alpha diversity compared to controls as observed by using
Shannon index (p=0.003) (Figure 12B). Overall diversity between RA patients and controls was comparable by Shannon
Diversity index, suggesting that the most taxa most commonly present in humans are similar between the groups. To
compare the taxa that occur with less abundance in humans, the bacterial community structure and difference in the
rare represented taxa were analyzed in both groups. Dimension 1 of a CA plot describing the level of similarities and
differences with specific OTUs explained 14.9% of the total variation in the data with significant permutational multivariate
analysis of variance (PERMANOVA), P=0.01, suggesting differences in the presence and richness of the rare taxa
(Figure 6A). The overall community structure of RA patients revealed a trend towards over dispersion compared to
controls (Weighted UniFrac, p=0.12.median within RA=0.43 and within controls=0.39; Figure 6B). Collectively these
data demonstrate that RA patients differ from controls in the presence rare lineages, while the common taxa in human
microbiome are similar between the groups.
[0038] The phylum-level profiles for patients with RA and non-RA controls were rather similar, with the exception of
increased number of reads from the phylum Actinobacteria in the RA group (0.45% vs 0.04%, respectively; Figure 12A).
Patients with RA exhibited a significant decrease in gut microbial diversity compared to non-RA controls as observed
by a decrease in OTUs and a smaller Shannon diversity index (P<0.05) (Figures 12B and 12C). Permutational Multivariate
Analysis of Variance (PERMANOVA) analysis based on Bray-Curtis distance showed that the structure of the microbiota
of RA patients differed significantly from that of comparator subjects (PERMANOVA P<0.001, 1000 permutations, Figure
12D). To assess the contribution of specific gut phyla to the observed microbiota difference, Bray-Curtis distances were
constructed using OTUs from specific phyla. Principal coordinate analysis (PCoA) based on phylum-specific Bray-Curtis
distances revealed that microbiota from patients with RA and non-RA controls differed much more in the low-abundant
phylum, Actinobacteria, than in the two dominant phyla, Firmicutes and Bacteroidetes (Figures 12E and 12G).

Abundance of Eggerthella lenta is associated with RA

[0039] A percentages-species contribution analysis (SIMPER) and Taxonomic search using RDP and NCBI databases
was performed to identify the phylum, family, and genus and characterize the relative abundance distributions of the
OTUs belonging to taxa with a prevalence of >10% and a maximum proportion of >0.002. A total of 8 phyla, 37 families,
and 66 genera were tested. At false discovery rate of 15%, 11 differentially expressed abundant taxa were identified,
particularly at the family level (Table 3).
[0040] Among all these identified taxa, the association of genus Eggerthella exhibited the most significant association
with RA (Figure 11). After Bonferroni correction for multiple test correction, the most significant difference was observed
in the abundance of Eggerthella in RA patients compared to controls (q=.0009). This association also was tested by
performing LFfSe analysis with a less stringent p value cutoff of 0.05 (Figure 7, top panels). The cladogram reveals the
distance between bacterial clades in patients and controls (Figure 7, top left). The taxa with high LOD scores in controls
and patients are depicted in Figure 7, top right. Among the common taxa, Faecalibacterium exhibited the highest LOD
score for low abundance, while Erwinia exhibited higher abundance in RA patients than controls (Figure 7, lower panels).
Relative abundance of Eggerthella, Collinsella, and Faecalibacterium in patients, controls, and relatives (Figure 7, lower
panels) exhibited a significant difference in RA patients and controls and confirmed the above observations.
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Expansion of rare taxa with decrease in abundance of common Taxa characterize RA

[0041] Univariate tests for marginal association of microbial taxa with the disease state may not be powerful to identify
taxa that are individually weak but jointly strong predictor of the disease state. The loss of power of marginal test could
be due to multiple testing corrections, increased variability of the un-modeled part, and inability of modeling interactions
between taxa. To identify the taxa that are jointly strong predictor of the disease state, machine learning Random Forest
(RF) algorithm, an ensemble classifier built upon many decision trees, was used to build a prediction model. This Joint
analysis method can potentially have a better power to identify relevant taxa and offer extra insight of disease patho-
genicity. Genus-level abundance was used to predict the bacterial clades classified for RA and controls. The Boruta
variable selection algorithm produced an importance value for each genus based on the loss of classification accuracy
by the random permutation of the abundance profile of the genus. To have an unbiased assessment of the RF classification
error, bootstrap sample was used to train the RF classifier and predict the class label on the unused sample. Based on
500 bootstrap samples, a mean classification error of 0.38, compared to 0.47 based on random guess, was achieved.
The results indicated that RA samples differ in genus-level abundance from the control samples (p<2.2E-16, Friedman
Rank Sum test, Figure 8A). The observations from random forest agreed with the single-taxon based test (Table 4).
[0042] To determine the statistical significance of the observed importance measures, the Boruta feature selection
method, which compared the observed importance measures to the importance measures produced under permuted
taxa, was applied. Using Boruta feature selection, three confirmed genera (Eggerthella, Faecalibacterium and Collinsella)
and two suggested genera (Rikenella and Lachnobacterium) were selected (Figure 8B).
[0043] While single taxon tests confirmed the differences in abundance of Faecalibacterium and Eggerthella in RA
patients as compared to controls ((p=1.4e-05 and 0.02), the abundance of Collinsella was not observed, suggesting a
potential power of combined analysis of the data. The abundance of Collinsella was higher in RA patients compared to
controls (Figure 8C). Hierarchical clustering based on the abundance profile of the three confirmed genera revealed that
the samples from RA patients generally clustered together (Figure 8D).

Table 3. RA patients exhibited expansion of Eggerthella lenta.

p value q value Fold change LDA score

Actinobacteria 0.003 0.02 4.5 3.4

Actinobacteria;Coriobacteriaceae 0.005 0.09 4.5 3.4

Actinobacteria;Eggerthella 1.4E-05 0.0009 7.9 2.4

Bacteroidetes;Barnesiellaceae 0.019 0.12 0.63 3.6

Firmicutes;Turicibacteraceae 0.020 0.12 4.0 3.5

Firmicutes;Eubacteriaceae 0.017 0.12 8.0 2.7

Firmicutes;Mogibacteriaceae 0.028 0.15 2.2 2.8

Firmicutes; Streptococcaceae 0.033 0.15 3.2 4.0

Firmicutes;Turicibacteraceae 0.020 0.12 4.0 3.4

Spirochaetes 0.018 0.07 0.10 3.0

Spirochaetes;Borreliaceae 0.018 0.12 0.10 3.1

Table 4.

MeanDecreaseGini MeanDecreaseAccuracy

Actinobacteria_Eggerthella 3.343755 0.031613

Firmicutes_Faecalibacterium 1.509349 0.003339

Actinobacteria_Collinsella 1.139226 0.005387

Firmicutes_ Streptococcus 1.031677 0.004444

Firmicutes_Eubacterium 1.030072 0.005289

Firmicutes_Turicibacter 0.983044 0.003373
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(continued)

MeanDecreaseGini MeanDecreaseAccuracy

Actinobacteria_Adlercreutzia 0.910195 0.004182

Firmicutes_Moryella 0.908651 0.000697

Proteobacteria_Erwinia 0.876164 0.001355

Firmicutes_ Clostridium 0.830134 9.75E-05

Firmicutes_Roseburia 0.821583 0.003173

Firmicutes_Ruminococcus 0.769776 0.0004

Firmicutes_unclassified 0.76454 0.000901

Proteobacteria_Sutterella 0.753107 0.003043

Firmicutes_Coprococcus 0.714581 0.001902

Bacteroidetes_unclassified 0.696532 -9.56E-05

Firmicutes_Phascolarctobacterium 0.638495 -0.00016

Firmicutes_Oscillospira 0.616102 1.51E-05

Firmicutes_Enterococcus 0.603106 0.000121

B acteroidetes_B acteroides 0.592061 0.00224

Firmicutes_Anaerotruncus 0.548713 -0.00069

Firmicutes_Holdemania 0.535563 0.000493

Firmicutes_Dialister 0.524454 0.00185

Firmicutes_Dorea 0.515209 -0.00078

Bacteroidetes_Odoribacter 0.508344 0.001012

Bacteroidetes_Parabacteroides 0.500659 0.000614

Firmicutes_Christensenella 0.498419 0.001141

Firmicutes_Coprobacillus 0.492294 -0.00105

Proteobacteria_Klebsiella 0.48442 0.000922

Firmicutes_Lachnospira 0.479818 -0.00136

Firmicutes_Lactobacillus 0.474225 -0.00104

Actinobacteria_unclassified 0.471309 0.001054

Proteobacteria_Pseudomonas 0.467857 0.003838

Firmicutes_Pseudoramibacter_Eubacterium 0.459554 0.001924

Firmicutes_Anaerofilum 0.44783 -0.00208

Spirochaetes_Spironema 0.4451 0.002226

Firmicutes_Lactococcus 0.44262 -0.00017

Firmicutes_Blautia 0.440753 -0.00095

Firmicutes_Butyrivibrio 0.428609 0.000753

Bacteroidetes_Flavobacterium 0.405337 0.000289

Firmicutes_Veillonella 0.395236 -0.00158

Firmicutes_Lachnobacterium 0.390891 0.00137

Bacteroidetes_Butyricimonas 0.376701 0.000318

Firmicutes_Anaerostipes 0.373949 -0.00066



EP 3 255 994 B1

15

5

10

15

20

25

30

35

40

45

50

55

[0044] To specifically pinpoint a species that can predict risk for RA, Randon Forest based on the OTUs was conducted.
This led to an even lower classification error of 0.30 (Figure 5). Many OTUs from genus Eggerthella, Collinsella and
Faecalibacterium were represented in the OTUs selected by the Boruta feature. Overall these observations demonstrated
that while the community structure between RA patients and controls is similar in the presence of the abundant taxa
except Faecalibacterium, they differ in the presence of rare represented genera.

Metabolome is associated with microbiome in RA

[0045] The blood levels of 44 metabolites were measured in both RA patients and their relatives (N=51). The overall
metabolomic profiles differed significantly between RA subjects and their relative (Figure 9, top; p < 0.001, PERMANOVA
based on Euclidean distance of the metabolite levels). Interestingly, no gender differences were observed. Eleven
metabolites were observed to occur with significant difference between patients and first degree relatives (two-sample
t tests at an FDR of 0.05; Figure 9, middle), of which six metabolites had higher levels in the RA patients. Correlation
between the microbiota and the overall metabolomic profile revealed a significant association between the metabolome
PC1 and the microbiota within the RA patients (PERMANOVA, p =0.03, generalized UniFrac distance). Associations
between the 11 differential metabolites and the 3 differential abundant genera (Collinsella, Eggerthella, and Facealibac-
terium) were tested using Spearman’s rank correlation test. The abundance of Collinsella correlated strongly with higher
levels of 3 metabolites, while allo-isoleucine showed an inverse relation with abundance of Collinsella (Figure 9, bottom;
and Figure 15).
[0046] The potential association of Prevotella copri with new-onset untreated RA (Scher et al., Elife, 2:e01202 (2013))
was investigated. No significant enrichment of P. copri OTUs was observed in patients with RA. Moreover, the relative
abundance of P. copri OTUs was similar between patients and non-RA controls (Figures 16A and 16B). Also, there was

(continued)

MeanDecreaseGini MeanDecreaseAccuracy

Bacteroidetes_Prevotella 0.359883 0.000619

Firmicutes_ Shuttleworthia 0.350173 -0.00035

Firmicutes_SMB53 0.341791 -0.0005

Firmicutes_Epulopiscium 0.341154 -0.00099

Bacteroidetes_Rikenella 0.337038 0.001548

Firmicutes_Megasphaera 0.307556 0.000232

Proteobacteria_Trabulsiella 0.285348 -0.00015

Actinobacteria_Coriobacterium 0.284408 -0.00051

Proteobacteria_Citrobacter 0.27412 0.00017

Bacteroidetes_Pedobacter 0.274077 0.000904

Proteobacteria_Stenotrophomonas 0.271392 0.001156

Firmicutes_Catenibacterium 0.243844 0.000498

Bacteroidetes_Paraprevotella 0.232607 -3.98E-05

Fusobacteria_Fusobacterium 0.184539 0.000363

Firmicutes_Acidaminococcus 0.164159 -0.00021

Firmicutes_Weissella 0.139408 -9.03E-05

Deferribacteres_unclassified 0.133677 -0.0009

Firmicutes_Pediococcus 0.110149 0.000301

Actinobacteria_ Slackia 0.109051 0.00034

Synergistetes_Cloacibacillus 0.08936 0.000292

Firmicutes_ Sporosarcina 0.053301 0.00024

Bacteroidetes_Wandonia 0.028508 8.00E-05
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no difference in the presence of P. copri in DR4 positive compared to DR4 negative patients (Figure 16C).
[0047] PICRUSt was applied to infer the functional content of the microbiota based on closed-reference OTU picking.
Among 26 KEGG pathways tested, the amino acid metabolism pathway exhibited differences between RA patients and
non-RA controls. Specifically, a decrease in OTUs with amino acid metabolism capabilities was measured in patients
with RA compared to non-RA controls (unadjusted P = 0.03, Figure 13).

Collinsella enhances disease severity in humanized mice

[0048] CIA-susceptible HLA-DQ8 mice were treated or not with Collinsella aerofaciens. To simulate arthritic condition,
mice were orally gavaged with Collinsella two weeks after inducing arthritis, and progression of arthritis was monitored.
Treated mice developed arthritis with increased incidence and severity compared to non-treated mice (100% incidence
in treated vs 75% in untreated, P<0.05) although disease severity was not statistically significantly increased (Figure
10A and B). To determine the influence of Collinsella on immune response, proliferation of CD4 cells sorted from spleen
of CII-primed DQ8 mice to CII when cultured with DCs was tested. The DCs were pre-cultured in vitro with Collinsella
as well as with supernatants of Collinsella. CD4 T cells generated a significantly robust response to CII when DCs were
precultured with the bacteria as compared to untreated DCs (P<0.02). DCs sensitized to supernatants of Collinsella
culture also exhibited a higher response than controls although the difference did not reach significance (Figure 10C,
P<0.08).

Collinsella increases gut permeability by reducing the expression of tight junction protein in epithelial cells and induces 
expression ofIL-17 network cytokines

[0049] The mechanism by which Collinsella may contribute to RA pathogenesis in the gut was determined. Human
intestinal epithelial cell line CACO-2 was cultured in the presence or absence of Collinsella or supernatants in which
Collinsella was grown. The results suggest a decrease in the expression of tight junction protein Zo-1 in the presence
of Collinsella and supernatant (Figure 10D and Figure 17A). Quantification of the mean fluorescence intensity revealed
a significant difference between the healthy CACO-2 cells and those cultured with Collinsella. (Figure 10E). These results
demonstrate that Collinsella may be able to reduce epithelial integrity in the gut, thus causing leaky gut.
[0050] To determine if Collinsella lowers gut permeability, gut permeability before and after administering media (N=3)
or Collinsella (N=3) for 3 weeks was compared. Collinsella administration led to a significant increase in gut permeability
as compared to pre-treatment, P<0.01. It also was determined if Collinsella induced expression of Th17 regulatory
network cytokines in CACO-2 cells (Figure 17B). Compared to controls, culturing with Collinsella led to more than a 2-
fold increase in the expression of IL-17A as well as RORα and chemokines CXC11 and CXCL5, which are known to
regulate production of IL-17 (Nouailles et al., J. Clin. Invest., 124(3): 1268-82 (2014); and Yang et al., Immunity,
28(1):29-39 (2008)) (Figure 17C and 17D). Also, an increase in NFkB1 expression suggested activation of inflammatory
pathways. These data suggest that an expansion of Collinsella may cause an increase in pro-inflammatory conditions
with a loss of gut epithelial integrity. In addition, Eggerthella lenta led to a reduction of IL-10 levels in treated mice (Figure
17).
[0051] Taken together, the results provided herein suggest that susceptibility to RA could be triggered by the gut
dysbiosis and pathways in which the rare lineages may be involved. The role of Collinsella in disease pathogenesis was
confirmed in humanized mice. Collectively, these results demonstrate the existence of a dysbiotic gut microbiota in RA
patients, which can be modulated by prebiotics or probiotics.

OTHER EMBODIMENTS

[0052] It is to be understood that while the invention has been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and not limit the scope of the invention, which is defined by the
scope of the appended claims. Other aspects, advantages, and modifications are within the scope of the following claims.

SEQUENCE LISTING

[0053]
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<120> METHODS AND MATERIALS FOR ASSESSING AND TREATING ARTHRITIS
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<150> US 62/111,215
<151> 2015-02-03

<160> 2

<170> FastSEQ for Windows Version 4.0

<210> 1
<211> 58
<212> DNA
<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide primer

<400> 1
aatgatacgg cgaccaccga gatctacact atggtaattg tcctacggga ggcagcag 58

<210> 2
<211> 66
<212> DNA
<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide primer

<220>
<221> misc_feature
<222> 37-48
<223> n = any nucleic acid

<400> 2

Claims

1. An in vitro method for identifying a mammal as having arthritis, wherein said method comprises determining whether
or not a mammal has a reduced level of beta-aminoisobutyric acid, hydroxylysine 1, allo-isoleucine, or citrulline
within plasma,
wherein the presence of said reduced level indicates that said mammal has arthritis, and wherein the absence of
said reduced level indicates that said mammal does not have arthritis.

2. The method of claim 1, wherein said mammal is a human.

3. The method of claim 1, wherein said arthritis is rheumatoid arthritis.

4. The method of claim 1, wherein said method comprises determining whether or not a mammal has a reduced level
of beta-aminoisobutyric acid, hydroxylysine 1, allo-isoleucine, or citrulline within said plasma as compared to plasma
levels of subjects without arthritis.

5. The method of claim 1, wherein said method comprises determining whether or not said mammal has a reduced
level of beta-aminoisobutyric acid, hydroxylysine 1, allo-isoleucine, citrulline, and glutamic acid within said plasma.

6. The method of claim 1, wherein said method comprises determining whether or not said mammal has a reduced
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level of beta-aminoisobutyric acid, hydroxylysine 1, allo-isoleucine, citrulline, and glutamic acid within said plasma
as compared to plasma levels of subjects without arthritis.

7. The method of claim 1, wherein said mammal has said reduced level, and said mammal is classified as having said
arthritis.

Patentansprüche

1. In-vitro-Verfahren zur Identifizierung eines Säugetiers als an Arthritis erkrankt, wobei das Verfahren die Bestimmung
umfasst, ob Plasma eines Säugetiers einen verringerten beta-Aminoisobuttersäure-, Hydroxylysin-1-, Alloisoleucin-
oder Citrullinspiegel aufweist oder nicht,
wobei das Vorhandensein des verringerten Spiegels anzeigt, dass das Säugetier an Arthritis erkrankt ist und wobei
das Fehlen des verringerten Spiegels anzeigt, dass das Säugetier nicht an Arthritis erkrankt ist.

2. Verfahren nach Anspruch 1, wobei es sich bei dem Säugetier um einen Menschen handelt.

3. Verfahren nach Anspruch 1, wobei es sich bei der Arthritis um rheumatoide Arthritis handelt.

4. Verfahren nach Anspruch 1, wobei das Verfahren die Bestimmung umfasst, ob das Plasma eines Säugetiers einen
verringerten beta-Aminoisobuttersäure-, Hydroxylysin-1-, Alloisoleucin- oder Citrullinspiegel im Vergleich zu Plas-
maspiegeln von Individuen ohne Arthritis aufweist oder nicht.

5. Verfahren nach Anspruch 1, wobei das Verfahren die Bestimmung umfasst, ob das Plasma des Säugetiers einen
verringerten beta-Aminoisobuttersäure-, Hydroxylysin-1-, Alloisoleucin-, Citrullin- und Glutaminsäurespiegel auf-
weist oder nicht.

6. Verfahren nach Anspruch 1, wobei das Verfahren die Bestimmung umfasst, ob das Plasma des Säugetiers einen
verringerten beta-Aminoisobuttersäure-, Hydroxylysin-1-, Alloisoleucin-, Citrullin- und Glutaminsäurespiegel im Ver-
gleich zu Plasmaspiegeln von Individuen ohne Arthritis aufweist oder nicht.

7. Verfahren nach Anspruch 1, wobei das Säugetier den verringerten Spiegel aufweist und als an der Arthritis erkrankt
eingestuft wird.

Revendications

1. Procédé in vitro pour l’identification d’un mammifère comme ayant de l’arthrite, ledit procédé comprenant le fait de
déterminer si un mammifère possède ou non un niveau réduit d’acide bêta-aminoisobutyrique, d’hydroxylysine 1,
d’allo-isoleucine, ou de citrulline dans le plasma,
la présence dudit niveau réduit indiquant que ledit mammifère a de l’arthrite, et l’absence dudit niveau réduit indiquant
que ledit mammifère n’a pas de l’arthrite.

2. Procédé selon la revendication 1, ledit mammifère étant un humain.

3. Procédé selon la revendication 1, ladite arthrite étant la polyarthrite rhumatoïde.

4. Procédé selon la revendication 1, ledit procédé comprenant le fait de déterminer si un mammifère possède ou non
un niveau réduit d’acide bêta-aminoisobutyrique, d’hydroxylysine 1, d’allo-isoleucine, ou de citrulline dans ledit
plasma par comparaison avec des niveaux de plasma de sujets sans arthrite.

5. Procédé selon la revendication 1, ledit procédé comprenant le fait de déterminer si un mammifère possède ou non
un niveau réduit d’acide bêta-aminoisobutyrique, d’hydroxylysine 1, d’allo-isoleucine, de citrulline et d’acide gluta-
mique dans ledit plasma.

6. Procédé selon la revendication 1, ledit procédé comprenant le fait de déterminer si un mammifère possède ou non
un niveau réduit d’acide bêta-aminoisobutyrique, d’hydroxylysine 1, d’allo-isoleucine, de citrulline et d’acide gluta-
mique dans ledit plasma par comparaison avec des niveaux de plasma de sujets sans arthrite.
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7. Procédé selon la revendication 1, ledit mammifère possédant ledit niveau réduit, et ledit mammifère étant classifié
comme ayant ladite arthrite.
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