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Description
Technical Field

[0001] The presentdisclosure relates to the biomedical field, and particularly to biomarkers and methods for predicting
risk of a disease, in particular rneumatoid arthritis (RA).

Background

[0002] Rheumatoid arthritis (RA) is a debilitating autoimmune disorder affecting tens of millions of people worldwide
and increases mortality in the patients with its cardiovascular and other systemic complications. Despite success in
alleviating the condition in many RA patients using disease-modifying antirheumatic drugs (DMARD), development of
specific and more effective therapies has been hindered by insufficient understanding of factors that trigger or promote
the disease. Investigation of the microbiome may reveal probiotics that prevent or mitigate RA. Gut microbiota is a key
environmental factor for human health, with established roles in obesity, diabetes, colon cancer, etc. Oral microbiota is
relatively understudied compared to the gut microbiota. Metagenomic analysis of the role of the oral microbiome in
diseases has been lacking. It is also unknown to what extent oral and gut microbial disease markers might converge in
their identity or function.

[0003] As noted above, the present disclosure relates to the biomedical field, and particularly to biomarkers and
methods for predicting risk of a disease, in particular rheumatoid arthritis (RA).

[0004] Disclosed in the present teaching are systems for obtaining a probability of a subject having a disease or
evaluating a treatment regarding the disease.

[0005] A systemforobtaining a probability of a subject having a disease isdisclosed. The system comprises a processor
and a storage medium containing program instructions for execution by the processor. The program instructions cause
the processor to execute the following steps. A sample is collected from the subject. DNA is extracted from the sample.
Sequences of the DNA are obtained. A relative abundance of a biomarker is then calculated based on the sequences
of the DNA. The biomarker comprises a DNA sequence in a genome of Lactobacillus salivarius. A probability of the
subject having the disease is obtained based on the relative abundance.

[0006] Also disclosed is a system for evaluating a treatment regarding a disease or identifying therapeutic agents is
disclosed. The system comprises a processor and a storage medium containing program instructions for execution by
the processor. The program instructions cause the processor to execute the following steps. For each subject of a
plurality of subjects having the disease, first DNA sequences extracted from a first sample and second DNA sequences
extracted from a second sample are obtained. The first sample is collected from the subject before the subject receives
the treatment. The second sample is collected from the subject afterthe subject receives the treatment. Foreach subject,
afirstrelative abundance of a biomarker is calculated based onthe first DNA sequences; and a second relative abundance
of the biomarker is calculated based on the second DNA sequences. The biomarker comprises a DNA sequence in a
genome of Lactobacillus salivarius. The treatment is then evaluated based on the first relative abundances and the
second relative abundances calculated for the plurality of subjects.

[0007] A different system for evaluating a treatment regarding a disease or identifying therapeutic agents is further
disclosed. The system comprises a processor and a storage medium containing program instructions for execution by
the processor. The program instructions cause the processor to execute the following steps. For each subject of a
plurality of subjects having the disease, sequences of DNA are obtained, where the DNA is extracted from a sample
that has been obtained from the subject after receiving the treatment; and a relative abundance of a biomarker is
calculated based on the sequences of the DNA. The biomarker comprises a DNA sequence in a genome of Lactobacillus
salivarius. The treatment is then evaluated based on the relative abundances calculated for the plurality of subjects.
[0008] Also disclosed in the present teaching are methods for obtaining a probability of a subject having a disease or
evaluating a treatment regarding the disease or identifying therapeutic agents.

[0009] Insuch a method DNA is extracted from a sample collected from a subject. Sequences ofthe DNA are obtained.
A relative abundance of a biomarker is then calculated based on the sequences of the DNA. The biomarker comprises
a DNA sequence in a genome of Lactobacillus salivarius. A probability of the subject having a disease is obtained based
on the relative abundance.

[0010] A method forevaluating atreatment regarding adisease oridentifying therapeutic agents is disclosed as follows.
For each subject of a plurality of subjects having the disease, first DNA sequences extracted from a first sample and
second DNA sequences extracted from a second sample are obtained. The first sample is collected from the subject
before the subject receives the treatment. The second sample is collected from the subject after the subject receives
the treatment. For each subject, a first relative abundance of a biomarker is calculated based on the first DNA sequences;
and a second relative abundance of the biomarker is calculated based on the second DNA sequences. The biomarker
comprises a DNA sequence in a genome of Lactobacillus salivarius. The treatment is then evaluated based on the first
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relative abundances and the second relative abundances calculated for the plurality of subjects.

[0011] Further disclosed is a method for evaluating a treatment regarding a disease or identifying therapeutic agents
as follows. For each subject of a plurality of subjects having the disease, sequences of DNA are obtained, where the
DNA is extracted from a sample that has been obtained from the subject after receiving the treatment; and a relative
abundance of a biomarker is calculated based on the sequences ofthe DNA. The biomarker comprises a DNA sequence
in a genome of Lactobacillus salivarius. The treatment is then evaluated based on the relative abundances calculated
for the plurality of subjects.

[0012] Also disclosed in the present teaching is a computer program product for obtaining a probability of a subject
having a disease. The computer program product comprises a computer-readable storage medium having program
code stored thereon. The program code is executable by a processor and comprises instructions to cause the processor
to execute the following steps. A sample is collected from the subject. DNA is extracted from the sample. Sequences
of the DNA are obtained. A relative abundance of a biomarker is then calculated based on the sequences of the DNA.
The biomarker comprises a DNA sequence in a genome of Lacfobacillus salivarius. A probability of the subject having
the disease is obtained based on the relative abundance.

[0013] Also disclosed in the present teaching is a biomarker for obtaining a probability of a subject having a disease
or evaluating a treatment regarding the disease or identifying therapeutic agents. The biomarker comprises at least one
DNA sequence in a genome of Lacfobacillus salivarius or at least one of the following metagenomic linkage groups
(MLGs): MLG consisting of MLG ID NO: 2169; MLG consisting of MLG ID NO: 16600; and MLG consisting of MLG ID
NO: 4643; see Table 2-2.

Summary of the Invention

[0014] The present invention now provides methods for more specifically obtaining a probability of a subject having
rheumatoid arthritis and evaluating treatment for rheumatoid arthritis or identifying therapeutic agents therefor relying
on the above MLGs as set out in the accompanying claims and further described below.

Brief Description of The Drawings

[0015] Exemplary embodiments of the invention are described in detail herein with reference to the following figures:

FIG. 1 shows a flowchart of an exemplary process in which biomarkers are identified and validated for evaluating
RA risk;

FIG. 2 illustrates analysis results for influence of phenotypes on gut, dental, and salivary metagenomic linkage
groups (MLGs);

FIG. 3 shows a GC-depth graph for Lactobacillus sp. after advanced assembly;

FIG. 4 shows co-linearity between an assembly and Lacfobacillus salivarius,

FIG. 5 shows patient stratification based on a RA-associated bacterium;

FIG. 6 shows correlations between the relative abundances of gut and dental MLGs;
FIG. 7 shows correlations between the relative abundances of gut and salivary MLGs;
FIG. 8 shows correlations between the relative abundances of dental and salivary MLGs;

FIG. 9 shows a flowchart of an exemplary process in which a biomarker is utilized for evaluating RA risk, according
to an embodiment of the present teaching; and

FIG. 10 shows a flowchart of an exemplary process in which a biomarker is utilized for evaluating a treatment
regarding RA, according to an embodiment of the present teaching.

Detailed Description

[0016] Terms used herein have meanings as commonly understood by a person of ordinary skill in the areas relevant

to the present teaching. Terms such as "a"“, "an" and "the" are not intended to refer to only a singular entity, but include
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the general class of which a specific example may be used for illustration. The terminology herein is used to describe
one or more exemplary embodiments of the present teaching, but their usage does not delimit the present teaching,
except as outlined in the claims.

[0017] The presentdisclosure describes biomarkers and methods for utilizing the biomarkers to predict risk of a disease
and determine an effect of a treatment regarding the disease, in particular the disease of RA. Infectious agents have
long been implicated with RA. However, identity and pathogenicity of the RA-associated agent(s) have been largely
unclear, a question further complicated by a recent reinstatement that the human body is a super-organism hosting
trillions of beneficial as well as harmful microorganisms.

[0018] RA is believed to initiate and lurk in some other body site(s) for years before the onset of joint inflammation.
Investigation of the microbiome may reveal probiotics that prevent or mitigate RA. Gut microbiota is a key environmental
factor for human health, with established roles in obesity, diabetes, colon cancer, etc.. Besides functioning in nutrient
and xenobiotic metabolism, microbes in distal gut crosstalk with the neuro-immune-endocrine system and blood stream
to impact the entire human body. The gut microbiota is stably associated with a given individual, adding to its value in
disease-related investigations. The heterogeneity ofthe gut microbiome in the human population suggests that treatment
ofdiseases should be personalized according to the gut microbiome, whose role in drug activation orinactivation, immune
modaulation, etc. remains largely unclear. Oral microbiota is relatively understudied compared to the gut microbiota, with
the Human Microbiome Project (HMP) only sampling ~100 healthy individuals for WGS (whole genome sequencing).
Metagenomic analysis of the role of the oral microbiome in diseases has been lacking, despite that dental and salivary
samples are more readily available at clinical visits than fecal samples. It is also unknown to what extent oral and gut
microbial disease markers might converge in their identity or function.

[0019] Abiomarkergenerally referstoameasurable indicator of some biological state orcondition. The term "biomarker"
as used in the present teaching refers to a measurable substance in an organism whose presence is indicative of some
phenomenon such as disease, infection, or environmental exposure. In particular, a biomarker in a sample from a RA
patient or a normal person may be utilized to evaluate RA risk of the person.

[0020] FIG. 1 shows a flowchart of an exemplary process in which biomarkers are identified and validated for evaluating
RA risk. First, gut and/or oral samples are collected at 102 from both RA patients and healthy control people. The gut
samples may include fecal samples, while the oral samples may include dental and salivary samples. DNA extraction
is performed on each sample at 104. The extracted DNA is sequenced, e.g. by a metagenomic sequencing, at 106.
Then at 108, gene catalogs are constructed for gut and oral samples. The gene catalog for gut samples may be replaced
or integrated with an existing gene catalog, while there are few existing gene catalogs for oral samples.

[0021] Based on the gene catalogs, at 110, relative abundances of genes in the samples are determined. A relative
abundance of a given gene in a sample can be calculated as below. First, the copy number of each gene in the sequenced
data from the sample is calculated as a ratio between the times which a gene can be detected in the sample and the
length of the gene. Second, the relative abundance of the given gene can be calculated as a ratio between the copy
number of the given gene and a summation of the copy numbers of all genes in the sample.

[0022] At 112, the genes are annotated based on their identities and functionalities. Marker genes can be determined
at 114 based on their respective relative abundances, e.g. when a marker gene shows difference in relative abundances
between control and RA groups. These marker genes are selected and clustered at 116 to construct MLGs. The term
"MLG" as used in the present teaching may refer to a group of genetic material in a metagenome that is probably
physically linked as a unit rather than being independently distributed. At 118, the MLGs of both control and RA groups
are analyzed. Correlations between each MLG and clinical indices are determined at 120. At 122, one or more biomarkers
are identified from the MLGs based on the correlations, e.g. when a biomarker shows positive correlation with a pre-
dominant antibody of the mucosal immune system or with a major serum immunoglobulin. At 124, the biomarkers are
validated in all samples. For example, a biomarker may be validated if it is consistently found enriched in gut and/or oral
samples from the RA patients.

[0023] According to an embodiment of the present disclosure, a validated biomarker comprises a DNA sequence in
agenome of Lactobacillus salivarius. According to various embodiments ofthe present disclosure, the validated biomarker
may comprise at least a partial sequence of SEQ ID NO: 1 to 593; SEQ ID NO: 594 to 1536; or SEQ ID NO: 1537 to
2594, as stated in Table 2-2. A sequence listing submitted herewith includes nucleotide and/or amino acid sequences
corresponding to the above mentioned SEQ IDs.

[0024] For example, referring to Table 2-2, MLG ID NO: 2169 contains at least 593 RA-associated genes identified
from fecal samples. These 593 genes have the polynucleotide sequences of SEQ ID NOs: 1-593, respectively.

[0025] Similarly, referring to Table 2-2, MLG ID NO: 16600 contains at least 943 RA-associated genes identified from
dental samples. These 943 genes have the polynucleotide sequences of SEQ ID NOs: 594-1536, respectively.

[0026] Similarly, referring to Table 2-2, MLG ID NO: 4643 contains at least 1058 RA-associated genes identified from
salivary samples. These 1058 genes have the polynucleotide sequences of SEQ ID NOs: 1537-2594, respectively.
[0027] The present teaching is further exemplified in the following non-limiting examples. Unless otherwise stated,
parts and percentages are by weight and degrees are Celsius. As apparent to one of ordinary skill in the art, these
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examples, while indicating preferred embodiments of the present teaching, are given by way of illustration only, and the
agents are all commercially available.

[0028] Theexamples relateto methods foridentifying and validating biomarkers for evaluating RA risk. In one example,
metagenomic shotgun sequencing was performed for 212 fecal samples (77 treatment-naive RA cases, 80 unrelated
healthy controls; 17 treatment-naive RA cases and 17 related healthy controls; 21 DMARD-treated cases) (Tables 1-1,
1-2, 1-3). This may be used to investigate the gut microbiome in RA patients. The data were then integrated into an
existing gut microbial reference gene catalog to obtain a set of 5.9 million genes (from 481 samples), which allowed
saturating mapping of the sequencing reads (80.3 + 2.3%, mean * s.d.) (Li, J. et al. An integrated catalog of reference
genes in the human gut microbiome. Nat. Biotechnol. (2014)).

[0029] Dental plaques and saliva were also sampled from treatment-naive RA patients and healthy controls, and
metagenomic sequencing performed on the 105 dental and 98 saliva samples (dental/salivary samples from 54/51
treatment-naive RA cases and 51/47 healthy controls; 69 of the subjects having the complete set of fecal, dental and
salivary samples) (Tables 1-1, 1-2, 1-3). This may show that dysbiosis is also evident in the oral microbiome, after
demonstrating the dysbiosis in the RA gut microbiome. De novo assembly of these sequences led to a gene catalog of
3.2 million genes, with 76.6 + 1.8% and 70.7 + 7.3% (mean = s.d.) mapping of the dental and salivary sequencing
reads, respectively.

[0030] The study cohortis described as below. RA was diagnosed at Peking Union Medical College Hospital according
to the 2010 ACR/EULAR (American College Of Rheumatology /European League Against Rheumatism) classification
criteria. All phenotypic information was collected upon the subjects’ initial visit to the hospital following standard proce-
dures. 21 fecal samples from DMARD-treated patients were only included in the 212 samples used for gut microbial
gene catalog construction, and were not analyzed in this example. RA patients were between 18 and 65 years old, with
disease duration of at least 6 weeks, at least 1 swollen joint and 3 tender joints enlisted. Patients were excluded if they
had a history of chronic serious infection, any current infection or any type of cancer. Pregnant or lactating women were
excluded. All patients were informed of the risk of infertility and patients with a desire to have children were excluded.
Even though some of the patients had suffered from RA for years, they were DMARD-naive because they had not been
diagnosed with RA atlocal hospitals before visiting Peking Union Medical College Hospital, and had only taken painkillers
to relieve RA symptoms.

[0031] The healthy control group met the following inclusion criteria: 18-65 years of age; having a normal level on
recently screening for liver and kidney function, routine blood test, erythrocyte sedimentation rate, fasting blood glucose,
blood lipid, and blood pressure. Subjects were excluded if they had a history of chronic serious infection, any current
infection, any type of cancer or autoimmune disease. Pregnant or lactating women were excluded. Subjects who had
received antibiotic treatment within 1 month before participating in this study were also excluded.

[0032] The treatment was performed with methotrexate (MTX)-based DMARDs. 97% of the patients received MTX
alone (7.5 mg QW initially, 15 mg (max 0.3mg/kg) QW from 4 weeks and on; supplemented with 10mg QW folate), T2
alone (20mg TID), or MTX plus T2. Otherdrugs used on the remaining patients included Leflunomide (LEF), prednisolone
(pred), hydroxychloroquine (HCQ) and etanercept, which were not compared due to the small sample size. As used in
the present teaching, "QW" means once a week; "TID" means three times a day; and "T2" means Tripterygium wilfordii
(thunder god vine) glycosides. Based on reduction in DAS28-ESR after treatment, the patient samples were divided into
good, moderate and no improvement, according to the EULAR response criteria. As patients from all over China came
to visit Peking Union Medical College Hospital, not all patient samples were available after treatment.

[0033] The study was approved by the institutional review boards at Peking Union Medical College Hospital and
(Beijing Genomics Institute) BGI-Shenzhen.

[0034] Sample collection is described as below. Fecal samples were collected at Peking Union Medical College Hos-
pital, transported frozen, and extracted at BGI-Shenzhen as previously described (Qin, J. et al. A metagenome-wide
association study of gut microbiota in type 2 diabetes. Nature 490, 55-60 (2012)). Dental plaques were scraped from
dental surfaces using ophthalmology forceps until there was 3l of volume. The sample was transferred into 200p.l of
1x lysis buffer containing 10 mM Tris, 1 mM EDTA (Ethylene Diamine Tetraacetic Acid), 0.5% Tween 20 and 200p.g/ml
proteinase K (Fermentas) and incubated for 2 hours at 55 °C. Lysis was terminated by incubation at 95 °C for 10 minutes,
and the sampled were frozen at -80 °C until transport. DNA extraction was performed following the protocol for fecal
samples. For saliva, 100p.| of saliva was added into 100p.| of 2x lysis buffer. The posterior pharynx wall was swabbed
and added to the same tube. The samples were then lysed and extracted as the dental samples.

[0035] All available samples were analyzed (Tables 1-1, 1-2, 1-3). Some of the fecal samples were excluded due to
constipation, or inappropriate sample preservation; some of the oral samples were excluded due to low concentration
of microbial DNA.

[0036] Metagenomic sequencing and assembly is described as below. Paired-end metagenomic sequencing was
performed on the Illumina platform (insert size 350bp, read length 100bp), and the sequencing reads were quality-
controlled and de novo assembled into contigs using SOAPdenovo v2.04 (Luo, R. et al. SOAPdenovo2; an empirically
improved memory-efficient short-read de novo assembler. Gigascience 1, 18 (2012), as described previously (Qin et al.
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2012, supra). The average rate of hostcontaminationwas 0.37% forfecal, 5.55% fordental and 40.85% for saliva samples.
[0037] Gene catalog construction is described as below. Gene prediction from the assembled contigs was performed
using GeneMark v2.7d. Redundant genes were removed using BLAT with the cutoff of 90% overlap and 95% identity
(no gaps allowed), resulting in a non-redundant gene catalog of 3,800,011 genes for 212 fecal samples (containing 21
ofthe DMARD-treated samples), and a catalog of 3,234,997 genes for the 203 treatment-naive oral samples (105 dental
plagues samples and 98 saliva samples). The gene catalog from fecal samples was further integrated into an existing
gut microbial reference catalog of 4.3 million genes using BLAT (95% identity, 90% overlap) (Qin et al. 2012, supra),
resulting in a final catalog of 5.9 million genes. Relative abundances of the genes were determined by aligning high-
quality sequencing reads to the gut or oral reference gene catalog. A detailed procedure for the aligning can be found
in Qin et al. 2012, supra.

[0038] Taxonomic annotation and abundance calculation are described as below. Taxonomic assignment of the pre-
dicted genes was performed according to the IMG database (v400) based on an in-house pipeline detailed previously
(Qin et al. 2012, supra), with 70% overlap and 65% identity for assignment to phylum, 85% identity to genus, and 95%
identity to species. The relative abundance of a taxon was calculated from the relative abundance of its genes.

[0039] In one example, a relative abundance of a given gene in a sample can be calculated as below. First, the copy
number of each gene in the sequenced data from the sample is calculated as a ratio between the times which a gene
can be detected in the sample (i.e. the number of mapped reads) and the length of the gene. Second, the relative
abundance of the given gene can be calculated as a ratio between the copy number of the given gene and a summation
of the copy numbers of all genes in the sample.

[0040] Significant differences in relative abundance of a taxon between patients and healthy controls were identified
by a Wilcoxon rank-sum test with p< 0.05.

[0041] Metagenome-wide association study (MGWAS) is described as below. For case-control comparison of the
fecal microbiome, removal of genes detected in less than 10% of the samples led to a set of 2,007,643 genes. 117,219
genes showed differences in relative abundance between controls and cases (Wilcoxon rank-sum test, FDR < 0.3).
These marker genes were then clustered into MLGs according to their abundance variation across all samples (Qin et
al. 2012, supra). MLG is a generalized concept in lieu of a species concept for a metagenome. The term "MLG" as used
in the present teaching may refer to a group of genetic material in a metagenome that is probably physically linked as
a unit rather than being independently distributed. This may help to avoid the need to completely determine the specific
microbial species present in the metagenome, which is important given that there are a large number of unknown
organisms and that there is frequent lateral gene transfer (LGT) between bacteria. MLG can be used to reduce and
structurally organize the abundant metagenomic data and to help making a taxonomic description. Based a gene profile,
a MLG can be identified as a group of genes that co-exists among different individual samples and has a consistent
abundance level and taxonomic assignment.

[0042] For constructing dental MLGs, 371990 marker genes (Wilcoxon rank-sum test, FDR < 0.1) were selected from
1900774 genes (present in at least 10% of the samples). For salivary MLGs, 258055 marker genes (Wilcoxon rank-sum
test, FDR < 0.1) were selected from 2030636 genes (present in at least 10% of the samples).

[0043] Taxonomic assignment and abundance profiling of the MLGs were performed according to the taxonomy and
the relative abundance of their constituent genes, as previously described (Qin et al. 2012, supra). All genes from one
MLG were aligned to the reference microbial genomes at the nucleotide level and the (National Center for Biotechnology
Information) NCBI-nr database at the protein level. From the alignments with the reference microbial genomes, one can
obtain a list of well-mapped bacterial genomes for each MLG and order these bacterial genomes according to the
proportion of genes that could be mapped onto the bacterial genome, as well as the average identity of the alignments.
[0044] Assignment to species may require more than 90% of genes in an MLG to align with the species’ genome with
more than 95% identity, 70% overlap of query. Assigning an MLG to a genus may require more than 80% of its genes
to align with a genome with 85% identity in both DNA and protein sequences.

[0045] MLGs were further clustered according to Spearman’s correlation between their abundances in all samples
regardless of case-control status.

[0046] Correlation of MLGs from different body sites is analyzed in the same manner in the 69 subjects (36 controls,
33 treatment-naive cases) having fecal, dental and salivary samples.

[0047] Canonical correspondence analysis (CCA) was performed on the MLG abundance profile of the control and
RA samples to assess the impact from each of the factors listed (Feng, Q. et al. Gut microbiome development along the
colorectal adenoma carcinoma sequence. Nat. Commun. 6, 6528 (2015)).

[0048] 117,219 gene markers differentially enriched in RA patients or controls (Wilcoxon rank-sum test, FDR < 0.3)
were identified. This may help to accurately delineate features ofthe RA-associated gut microbiota. Metagenomic linkage
groups (MLGs) were computed based on abundance covariations between the genes among samples (Qin et al. 2012,
supra). The 88 MLGs that contained at least 100 genes were separated according to their direction of enrichment in
canonical coordinate analysis (CCA), confirming that they were mainly associated with the RA status.

[0049] The 171 dental and 142 salivary MLGs that contained at least 100 genes were separated according to their
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direction of enrichment in CCA, confirming their association with RA.

[0050] Association between MLGs and clinical indices is described as below. Spearman'’s correlation was performed
between the relative abundance of each MLG and continuous variables measured clinically, as previously described
(Karlsson, F. H. et al. Gut metagenome in European women with normal, impaired and diabetic glucose control. Nature
498, 99-103 (2013)).

[0051] Numerical covariations were investigated between the relative abundance of the MLGs and the clinical indices
using Spearman’s correlation. This may help to explore the diagnostic or prognostic value of the gut microbiome for RA.
[0052] Inone example,the relative abundance of a MLG in a sample can be estimated based on the relative abundance
values of genes from this MLG. For this MLG, one may discard genes that were among the 5% with the highest and
lowest relative abundance, respectively, and then fit a Poisson distribution to the rest. The estimated mean of the Poisson
distribution can be interpreted as the relative abundance of this MLG. The profile of MLGs among all samples may be
obtained for further analyses. The relative abundance of a biomarker in a sample may be calculated in a similar way.
[0053] FIG. 2illustrates analysis results for influence of phenotypes on gut, dental, and salivary MLGs, according to
an embodiment of the present teaching. In this example, FIG. 2 shows CCA result for influence of phenotypes on the
gut (a), dental (b) or salivary (c) MLGs. Categorical or continuous phenotypes missing in half of the samples were not
analyzed. Solid points represent control-enriched MLGs, while hollow points represent RA-enriched MLGs. RA-enriched
MLGs, e.g. Clostridium asparagiforme, Bacteroides sp. and Lactobacillus sp. (most related to L. salivarius, Table 2-1,
Table 2-2) were correlated positively with the predominant antibody of the mucosal immune system, IgA, or with the
major serum immunoglobulin, 1gG.

[0054] Meanwhile, anaerobes such as Lactobacillus salivarius, Atopobium sp. and Cryptobacterium curtum were found
in both the salivary and dental samples of the RA patients.

[0055] Assembly of more RA-relevant genomes is described as below. One can then assemble bacterial genomes
directly from MLGs and its associated metagenomic sequencing reads using a software package in the SOAP (short
oligonucleotide alignment program) family, e.g. SOAPMeta (patent application PCT/CN2012/079492). For Lactobacillus
sp. (most related to Lactobacillus salivarius), the assembly was sufficiently complete after a single round of advanced
assembly using data from a RA patient (Table 3), and showed colinearity with the Lactobacillus salivarius CECT (Colec-
cion Espanola de Cultivos Tipo) 5713 reference genome.

[0056] FIG. 3 and FIG. 4 show Lactobacillus sp. draft genome. FIG. 3 shows a GC-depth graph for Lactobacillus sp.
after advanced assembly, according to an embodiment of the present teaching. FIG. 4 shows co-linearity between the
assembly (from sample D201) and the Lactobacillus salivarius CECT 5713 reference draft genome from NCBI
(NC_017481.1), according to an embodiment of the present teaching. Functions encoded by the genome were largely
similarto those in Lactobacillus salivarius CECT 5713 or other Lactobacillus strains, except that this RA-enriched Lacto-
bacillus sp. encodes different cell wall modifications which might be recognized by the host immune system.

[0057] Concordance between the gut and oral microbiome is described as below. Despite differences between the
gut and oral bacterial taxa associated with RA, Lactobacillus salivarius was consistently found to be enriched in the RA
patients, the gut and salivary MLGs were positively correlated with IgG, and the dental L. salivarius showed the second
highest odds ratio among all dental MLGs (Table 2-1). These results make them strong candidates as biomarkers for
RA. Furthermore, L. salivarius was more abundant in very active (DAS28 >5.1) RA cases compared to mild-to-moderately
active (DAS28 <5.1) RA cases (Table 4, p = 0.017, 0.036, 0.084 in feces, dental plaques and saliva, respectively,
Wilcoxon rank-sum test), underscoring its potential for non-invasive prognosis.

[0058] According to an embodiment of the present disclosure, a biomarker for evaluating or diagnosing RA comprises
a DNA sequence in a genome of Lactobacillus salivarius. According to various embodiments of the present disclosure,
the biomarker for evaluating or diagnosing RA may comprise at least a partial sequence of SEQ ID NO: 1 to 593; SEQ
ID NO: 594 to 1536; or SEQ ID NO: 1537 to 2594, as stated in Table 2-2. The sequence listing submitted herewith
includes nucleotide and/or amino acid sequences corresponding to the above mentioned SEQ IDs.

[0059] FIG. 5 shows patient stratification based on a RA-associated bacterium, according to an embodiment of the
present teaching. Relative abundances of Lactobacillus salivarius MLGs in fecal, dental and salivary are plotted, and
the difference between very active and moderately active RA cases is significant in the fecal and dental samples (p =
0.017, 0.036, 0.084 respectively, Wilcoxon rank-sum test). MLG identification numbers are indicated in parentheses
after the annotations. The disease classification followed the European League Against Rheumatism (EULAR) criterion,
i.e. 3.2 <DAS28 < 5.1, moderate; DAS28 > 5.1, very active (Table 4).

[0060] One can compute correlations between the relative abundances of fecal, dental and salivary MLGs among
samples (n = 69). This may help to better understand the distribution of RA-associated bacteria across body sites. L.
salivarius from the three sites (Lactobacillus sp. in the gut) showed positive correlation with each other (Table 5),
confirming presence of the bacterium in multiple body sites.

[0061] If classification based on two sites was used to overrule the few misclassifications based on the other site,
none ofthe subjects were misclassified except for one related control, highlighting the power of examining the microbiome
at multiple sites (Table 6). Moreover, these results indicate that fecal, dental and salivary microbial markers could all be
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highly useful for the diagnosis and management of RA, while the dental microbiome (with probability of RA 0.94) might
be more sensitive than the gut microbiome (with probability of RA 0.73).

[0062] FIGs. 6-8 show correlation between gut and oral MLGs. FIG. 6 shows correlations between the relative abun-
dances of gut and dental MLGs, according to an embodiment of the present teaching. FIG. 7 shows correlations between
the relative abundances of gut and salivary MLGs, according to an embodiment of the present teaching. According to
both FIG. 6 and FIG. 7, Spearman’s correlation between the relative abundances of gut and dental or salivary MLGs (>
100 genes) were calculated for subjects with the full set of fecal, dental and salivary samples (n =69). Similar correlations
were observed using other measures, i.e. TIGRESS (Trustful Inference of Gene Regulation using Stability Selection),
Boruta, CLR (Context Likelihood of Relatedness), Bicor (Biweight midcorrelation), MINE (Maximal Information Nonpar-
ametric Exploration). Size of the nodes reflects number of genes in each MLG. MLGs were colored according to body
site and direction of enrichment. MLG identification numbers are listed in parentheses if more than one MLG annotated
to the same species or unclassified species in a genus (sp.). Possible strain names are listed in Table 2-1 for all MLGs
with more than 50% of genes annotated to the strain(s), even if the criteria for pinpointing a species or a genus has not
been met. Solid lines (edges) represent Spearman’s correlation coefficient (cc) > 0.4, p < 0.05; dotted lines (edges)
represent cc < -0.4, p < 0.05.

[0063] FIG. 8 shows correlations between the relative abundances of dental and salivary MLGs, according to an
embodiment of the present teaching. In accordance with FIG. 8, MLGs were colored according to body site and direction
of enrichment. MLG identification numbers are listed in parentheses if more than one MLG annotated to the same species
or unclassified species in a genus (sp.). Possible strain names are listed in Table 2-1 for all MLGs with more than 50%
of genes annotated to the strain(s), even if the criteria for pinpointing a species or a genus has not been met. Solid lines
(edges) represent Spearman’s correlation coefficient (cc) > 0.6, p <0.05; dotted lines (edges) representcc <-0.6, p < 0.05.
[0064] FIG. 9 shows a flowchart of an exemplary process in which a biomarker is utilized for evaluating RA risk,
according to an embodiment ofthe present teaching. First, gut and/or oral samples are collected at 902 from an individual
to evaluate RA risk of the individual. The gut samples may include fecal samples, while the oral samples may include
dental and salivary samples. DNA extraction is performed on each sample at 904. The extracted DNA is sequenced,
e.g. by a metagenomic sequencing at 906, to obtain sequences of the DNA. In one embodiment, the sequences of the
DNA may be obtained by polymerase chain reaction (PCR) with a primer that hybridizes to at least some of the DNA.
In another embodiment, the sequences of the DNA may be obtained by using one or more probes that specifically
recognize at least some of the DNA.

[0065] Then at 908, genes of a biomarker are identified from each sample based on gene catalog. For example, the
biomarker may be RA-enriched MLGs, e.g. Clostridium asparagiforme, Bacteroides sp. and Lactobacillus sp. (most
related to L. salivarius) and/or anaerobes such as Lactobacillus salivarius, Atopobium sp. and Cryptobacterium curtum.
In one embodiment, Lactobacillus salivarius is a preferred biomarker for evaluating RA risk. The term "gene" as used
in the present teaching may refer to any DNA sequence.

[0066] Relative abundances of the biomarker in each sample are determined at 910. For example, one can list genes
of the biomarker among the sequences of the DNA in a sample in order of the genes’ respective relative abundances.
After removing the top 5% genes with highest relative abundance and the bottom 5% genes with lowest relative abun-
dance, relative abundances of the remaining genes of the biomarker can be averaged or fit with a Poisson distribution
to determine a relative abundance of the biomarker in the sample.

[0067] At 912, the relative abundances are compared to predetermined thresholds. A predetermined threshold may
be associated with a type of sample, e.g. fecal, dental or salivary samples, and determined based on statistics analysis
related to the biomarker. RA risk of the individual is evaluated based on the comparisons at 914. For example, as L.
salivarius is more abundant in very active (DAS28 >5.1) RA cases compared to mild-to-moderately active (DAS28 <5.1)
RA cases, the threshold may be set as a relative abundance of L. salivarius that corresponds to DAS28 =5.1. Then, RA
risk ofthe individual is high ifthe relative abundance ofthe L. salivarius is higherthanthe threshold. In anotherembodiment,
the relative abundances of different types of samples may be combined to evaluate RA risk.

[0068] Various exemplary thresholds of MLG relative abundance for classification are listed in Table 6, for different
types of samples. When MLG relative abundance is larger than the threshold, the person is at risk of RA

[0069] In another embodiment, RA risk can be evaluated based on a classifier that is generated based on a training
set. For a given relative abundance of a biomarker, the classifier can indicate a probability of an individual having RA.
The training set may comprise relative abundances of the biomarker in samples from a plurality of subjects having RA
and a plurality of subjects not having RA. The classifier may be generated based on a Multivariate statistical model, e.g.
a randomForest model. For example, for a certain relative abundance of a biomarker, a corresponding probability of RA
can be determined based on the classifier. Then, the RA risk of the individual can be evaluated based on the probability.
Forexample, the probability greaterthan a predetermined threshold indicates thatthe subject has oris at risk of having RA.
[0070] DMARD treatment’s modification of the RA microbiome is described as below. One may compute MLGs before
and after treatment (for 3 months, except for 6 samples) in fecal samples from 40 individuals (Table 1-3). This may help
to examine whether the treatment by DMARD restores a healthy microbiome. Most of the patients received the anchor
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drug methotrexate (MTX), the traditional Chinese medicinal component Tripterygium wilfordii (thunder god vine) glyco-
sides (T2), or both (MTX+T2) as DMARD. Before-treatment or RA-enriched MLGs such as BDM-3355 (BDM, Before
DMARD) and Bacteroides sp. (with motifs similar to collagen XI and HLA-DR4/1) were more diminished after treatment
with T2 than with MTX or MTX+T2, while after-treatment-enriched MLGs such as ADM-2636 (most related to Escherichia
coliy and ADM-2944 (ADM, After DMARD) were more increased after T2. But the use of MTX or MTX+T2 may be better
in other aspects, e.g. higher levels of Bacteroides caccae and Haemophilus sp.. These data can indicate that different
DMARD modulates the gut microbiome differently, and may suggest that surveying the gut microbiome would help
optimize the choice of DMARD and auxiliary therapies.

[0071] DMARD treatment showed promising modulation of the oral microbiome as well, with some of the control-
enriched dental or salivary MLGs e.g. Aggregatibacter sp. over-represented in patients with good response compared
to those with moderate or no improvement. Control-enriched dental MLGs such as Con-16138, Prevotella intermedia
were most abundant in patients treated with MTX+T2 compared to T2 alone or MTX alone, while RA-9938, RA-10684
and RA-9998 were most reduced in patients treated with MTX alone. Differential modulations of RA- or control-associated
MLGs by MTX, MTX+T2 or T2were also observed in the saliva samples. Notably, no significant difference in Lactobacillus
salivarius was detected in any of the above-mentioned comparisons, indicating that the gut and oral microbiome were
still not exactly healthy after treatment. Thus, both the gut and the oral microbiome respond partially to DMARD and
should be managed according to the severity of RA and the DMARD of choice.

[0072] FIG. 10 shows a flowchart of an exemplary process in which a biomarker is utilized for evaluating a treatment
regarding RA, according to an embodiment of the present teaching. First, gut and/or oral samples are collected at 1002
from RA patients before a treatment. The gut samples may include fecal samples, while the oral samples may include
dental and salivary samples. As discussed before, the treatment may be a DMARD treatment like MTX, T2, or MTX+T2,
or may be any treatment regarding RA. At 1004, gut and/or oral samples are collected from the same RA patients after
they receive treatment. DNA extraction is performed on each sample at 1006. The extracted DNA is sequenced at 1008,
e.g. by a metagenomic sequencing, to obtain sequences of the DNA. In one embodiment, the sequences of the DNA
may be obtained by PCR with a primerthat hybridizes to atleast some ofthe DNA. In another embodiment, the sequences
of the DNA may be obtained by using one or more probes that specifically recognize at least some of the DNA.

[0073] Then at 1010, genes of a biomarker are identified from each sample based on gene catalog. For example, the
biomarker may be RA-enriched MLGs, e.g. Clostridium asparagiforme, Bacteroides sp. and Lactobacillus sp. (most
related to L. salivarius) and/or anaerobes such as Lactobacillus salivarius, Atopobium sp. and Cryptobacterium curtum.
In one embodiment, Lactobacillus salivarius is a preferred biomarker for evaluating a treatment regarding RA

[0074] Relative abundances ofthe biomarkerin each sample are determined at 1012. For example, one can list genes
of the biomarker in a sample in order of their respective relative abundances. After removing the top 5% genes with
highest relative abundance and the bottom 5% genes with lowest relative abundance, relative abundances of the re-
maining genes of the biomarker can be averaged or fit with a Poisson distribution to determine a relative abundance of
the biomarker in the sample. This may be performed for samples before and after the treatment.

[0075] At 1014, one can compare the relative abundances of the biomarker before and after the treatment for each
RA patient. For example, the relative abundances of L. salivarius in a same type of sample (e.g. fecal, dental or salivary
samples) may be determined both before a RA patient receives the treatment and after the RA patient receives the
treatment. Then, the relative abundances before and after the treatment may be compared to see whether L. salivarius
is less abundant after the treatment. If so, the treatment shows some effect at least on this patient. Similar comparisons
can be performed on all RA patients with collected samples.

[0076] The treatment is then evaluated based on the comparison(s) at 1016. For example, for all RA patients in
evaluation, the relative abundances of L. salivarius before and after the treatment can be compared to see whether L.
salivarius is less abundant after the treatment. In one embodiment, if relative abundance of L. salivarius is reduced after
the treatment for more than a given percentage of the RA patients, the treatment may be determined to be effective. In
another embodiment, if the average relative abundance of L. salivarius among the RA patients decreases by a given
number after the treatment, the treatment may be determined to be effective.

[0077] In another embodiment, a treatment regarding RA may be evaluated merely based on the sample collected
from the RA patients after the treatment. In that case, the relative abundances of the biomarker, e.g. L. salivarius, can
be calculated for all patients after the treatment. Then, the relative abundances can be compared with a predetermined
threshold to determine whether the treatment brings down the relative abundance of the biomarker to a safe range that
indicates no or low RA risk. If so, the treatment may be evaluated as effective. The treatment may also be evaluated
with a classifier.

[0078] In accordance with various embodiments, a biomarker, e.g. L. salivarius, may have different uses. The present
disclosure includes but not limited to: L. salivarius for use as a biomarker; L. salivarius for use as a measurable indicator
of RA; L. salivarius for use of evaluating or predicting risk of RA in a subject; L. salivarius for use of diagnosing RA in a
subject; and L. salivarius for use of evaluating a treatment regarding a disease, e.g. RA

[0079] In one example, a biomarker may be used for evaluating or predicting risk of RA in a subject to be tested. A
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sample is collected from the subject. DNA is extracted from the sample. Sequences of the DNA are obtained. Then, a
relative abundance of the biomarker is calculated based on the sequences of the DNA. The biomarker may comprise a
DNA sequence in a genome of Lactobacillus salivarius. A probability of the subject having a disease can be obtained
based on the relative abundance. The risk of RA in the subject may be evaluated or predicted based on the probability.
[0080] In another example, a biomarker may be used for evaluating a treatment regarding a disease, e.g. RA. For
each subject of a plurality of subjects having the disease, a sample from the subject is collected after the subject receives
the treatment. DNA is extracted from the sample. Sequences of the DNA are obtained. Then, a relative abundance of
the biomarker is calculated based on the sequences of the DNA. The biomarker may comprise a DNA sequence in a
genome of Lactobacillus salivarius. The treatment may be evaluated based on the relative abundances calculated for
the plurality of subjects.

[0081] In yet another example, a biomarker may be used for evaluating a treatment regarding a disease, e.g. RA. For
each subject of a plurality of subjects having the disease, a first sample is collected from the subject before the subject
receives the treatment, and a second sample is collected from the subject after the subject receives the treatment. A
first relative abundance of a biomarker is calculated based on the first sample. A second relative abundance of the
biomarker is calculated based on the second sample. The biomarker comprises a DNA sequence in genome of Lacto-
bacillus salivarius. The treatment may then be evaluated based on the first relative abundances and the second relative
abundances calculated for the plurality of subjects.

[0082] According to an embodiment of the present disclosure, a biomarker for evaluating a treatment regarding a
disease, e.g. RA, comprises a DNA sequence in a genome of Lactobacillus salivarius. According to various embodiments
of the present disclosure, the biomarker for evaluating a treatment regarding a disease, e.g. RA, may comprise at least
a partial sequence of SEQ ID NO: 1 to 593; SEQ ID NO: 594 to 1536; or SEQ ID NO: 1537 to 2594, as stated in Table
2-2. The sequence listing submitted herewith includes nucleotide and/or amino acid sequences corresponding to the
above mentioned SEQ IDs.

[0083] Although explanatory embodiments have been shown and described, it would be appreciated by those skilled
in the art that the above embodiments cannot be construed to limit the present disclosure.

Table 1-1. Samples used for gene catalog construction

Group case control | total number
fecal samples 115 (including 21 from DMARD- 97 212
treated patients)
Samples used fgr catalog dental plaques 54 51 105
construction samples
saliva samples 51(including 4 fro.m DMARD- 47 98
treated patients)

Table 1-2. Sample information of training sets (chosen from samples used for gene catalog construction in Table 1-1)

Group case control total number
fecal samples 77 80 157
Training sets dental plaques samples 50 50 100
saliva samples 47 47 94

Table 1-3 Sample information of test sets

Group case control | total number
fecal samples 17 17 34
fecal samples 40(DMARD-treated patients) - 40
Testsets
dental plaques samples | 37(DMARD-treated patients) - 37
saliva samples 24(DMARD-treated patients) - 24
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Table 2-1 fecal, dental and salivary MLGs

gut MLG dental MLG salivary MLG
MLG ID 2169 16600 4643
P-value 1.16E-03 2.13E-04 5.72E-04
Enrichment (1,case;
0,control) 1 1 1
Gene number (>=30) 593 943 1058
Case occurrence 0.44 0.48 0.61
Control occurrence 0.21 0.18 0.28
Abundance mean in all
cases 1.40E-07 3.67E-07 1.91E-07
Abundance mean in all
controls 8.50E-08 4.79E-09 4.72E-08
Abundance mean in cases
that contained the MLG 3.16E-07 7.63E-07 3.14E-07
Abundance mean in
controls that contained the
MLG 4.00E-07 2.71E-08 1.71E-07

Odds Ratio (95% Cl)

1.09 (0.78,1.52)

222562231.41
(0.02,2859615161906952192)

1.93 (0.73,5.07)

MLG annotation (95%
identity for species, 85%
identity for genus)

Lactobacillus sp.

Lactobacillus salivarius

Lactobacillus
salivarius

Lactobacillus

Lactobacillus salivarius CECT

Lactobacillus

Possible strain 1 salivarius CECT 5713 5713 salivarius CECT 5713
# genes annotated to strain
(65% identity) 504 897 988
Fraction genes annotated
to strain 0.850 0.951 0.934
Average identity (%) 98.78 99.81 99.81

Lactobacillus
salivarius ACS-116-V-

Lactobacillus salivarius

Lactobacillus
salivarius ACS-116-V-

Possible strain 2 Col5a ucc118 Col5a
# genes annotated to strain
(65% identity) 499 750 818
Fraction genes annotated
to strain 0.841 0.795 0.773
Average identity (%) 98.69 98.92 98.99

Lactobacillus
salivarius HO66,

Lactobacillus salivarius ACS-

Lactobacillus

Possible strain 3 ATCC 11741 116-V-Col5a salivarius UCC118
# genes annotated to strain
(65% identity) 490 741 809
Fraction genes annotated
to strain 0.826 0.786 0.765
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gut MLG dental MLG salivary MLG
Average identity (%) 98.64 98.98 98.97
Table 2-2 SEQ ID ofthe fecal dental and salivary MLGs
MLG ID SEQ ID NC: gene number
mig_id:2169 1~593 593
mig_id:16600 594~1536 943
mig_id:4643 1537~2594 1058
Table 3 Statistics of the Lactobacillus sp. assemblies.
Assembly | scaftigs I;‘:::L gaps AI‘:lzlt?le NS0 N90 Max Min coﬁtint
(bp) (bp) (bp) | (bp) | (bR) | (bR) |
Before 42 1916673 NA 45635.07 | 109309 | 24416 | 332613 | 622 32.59
Loop 1 46 1929732 333 41950.7 109513 | 24424 | 327455 | 225 32.62
Loop 2 48 1960062 707 408346 109613 | 24415 | 660567 | 203 32.66
Corrected 46 1929666 0 41949.3 109513 | 24424 | 327432 | 225 32.62
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Table 5 Spearman’s correlation and best matched strain for Lactobacillus salivarius-like MLGs from the gut and oral
sites. (Strain information as in Table 2-1.)

Species of interest

L. salivarius

MLG ID gut 2169 saliva 4643 saliva 4643
MLG ID dental 16600 dental 16600 gut 2169

Spearman’s cc 0.5634221 0.8238949 0.7096382
p-value 4 65E-07 3.51E-18 8.73E-12
MLG ID gut 2169 saliva 4643 saliva 4643
# genes 593 1058 1058

Possible strain 1

Lactobacillus salivarius

Lactobacillus salivarius

Lactobacillus salivarius

CECT 5713 CECT 5713 CECT 5713
Genes annotated to
strain (65% identity) 504 988 988
Fraction of genes 0.850 0.934 0934
annotated
Average identity (%) 98.78 99.81 99.81
MLG ID dental 16600 dental 16600 gut 2169
# genes 943 943 593

Possible strain 1

Lactobacillus salivarius

Lactobacillus salivarius

Lactobacillus salivarius

CECT 5713 CECT 5713 CECT 5713
Genes annotated to
strain (65% identity) 897 897 504
Fraction of genes 0.951 0.951 0.850
annotated
Average identity (%) 99.81 99.81 98.78

Table 6 classification results of fecal, dental and salivary MLGs in the 69 samples

classification gut sample dental sample saliva combination of 3 sits samples
sample
threshold* of MLG relative >1.175e-9 >5.326e-9 >8.095e-10 gut sample>1.175e-9 , dental
abundance for sample>5.326e-9 and saliva
classification sample>8.095e-10
total number over the 26 17 32 13
threshold
RA number in total number 19 16 23 12
probability of RA (RA 0.730769231 0.941176471 0.71875 0.923076923
number/total number)

*When MLG relative abundance is larger than the threshold, the person is in risk of RA

17
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PATENTKRAV
1. Fremgangsmade til opnaelse af en sandsynlighed for, at et individ har rheumatoid
arthritis, hvilken fremgangsmade omfatter:
opnaelse af sekvenser af DNA ekstraheret fra en prgve, der er opnaet fra individet;
beregning af den relative hyppighed af en biomarkgr baseret pa sekvenserne af DNAet,
hvor biomarkgren omfatter en DNA-sekvens 1 et genom af Lactobacillus salivarius; og
opnaelse af en sandsynlighed for, at individet har rheumatoid arthritis baseret pa den
relative hyppighed ved sammenligning af den relative hyppighed med en forudbestemt terskel,
hvor prgven omfatter mindst én af en faekal prgve, en dental prgve og en spytprgve, og
hvor beregning af den relative hyppighed af biomarkgren baseret pa sekvenserne af
DNA’et omfatter:
(1) beregning af et kopiantal af hver DNA-sekvens af biomarkgren blandt
sekvenserne af DNA’et;
(i) for hver DNA-sekvens af biomarkgren, der er blandt sekvenserne af
DNA’et, beregning af en relativ hyppighed af DNA-sekvensen baseret pa et forhold
mellem DNA-sekvensens kopiantal og en sammenlagning af samtlige DNA-sekvensers
kopiantal i prgven; og
(iii) beregning af den relative hyppighed af biomarkgren baseret pa mindst nogle
af de relative hyppigheder af biomarkgrens DNA-sekvenser;
hvor biomarkgren omfatter mindst én af fglgende metagenomiske bindingsgrupper
(MLG’er):
MLG svarende til den fekale prgve og bestaende af MLG ID NO: 2169;
MLG svarende til den dentale prgve og bestaende af MLG ID NO: 16600 og
MLG svarende til spytprgven og bestaende af MLG ID NO: 4643;
hvor
MLG ID NO: 2169 bestar af gener med polynukleotidsekvenser ifglge SEQ ID NO: 1-
593; MLG ID NO: 16600 bestar af gener med polynukleotidsekvenser ifglge SEQ ID NO: 594-
1536; og
MLG ID NO: 4643 bestar af gener med polynukleotidsekvenser ifglge SEQ ID NO:
1537-2594.
2. Fremgangsmade til evaluering af en behandling for rheumatoid arthritis (RA) eller
identificering af et terapeutisk middel dertil, hvilken fremgangsmade enten omfatter:
(A) for hvert individ af en flerhed af individer med RA:

opnaelse af fgrste DNA-sekvenser ekstraheret fra en fgrste prgve, der er opnaet fra
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individet fgr modtagelse af behandlingen,

beregning af en fgrste relativ hyppighed af en biomarkgr baseret pa de fgrste DNA-
sekvenser,

hvor biomarkgren omfatter en DNA-sekvens i et genom af Lactobacillus salivarius,
opnaelse af anden DNA-sekvenser ekstraheret fra en anden prgve, der er opnaet fra
individet efter modtagelse af behandlingen, og

beregning af en anden relative hyppighed af biomarkgren baseret pd anden DNA-
sekvenser; og

evaluering af behandlingen baseret pa de fgrste relative hyppigheder og anden relative
hyppigheder beregnet for flerheden af individer ved sammenligning af den relative
hyppighed f@gr og efter behandlingen,

hvor fgrste og anden prgver er af den samme type og hver omfatter mindst én af en

feekal prgve, en dental prgve og en spytprgve, og

hvor beregning af den fgrste relative hyppighed eller den anden relative hyppighed of

biomarkeren baseret pa sekvenserne af DNA’et omfatter:

(1) beregning af et kopiantal af hver DNA-sekvens af biomarkgren blandt sekvenserne

af DNAet;

(i) for hver DNA-sekvens af biomarkgren, der er blandt sekvenserne af DNA’et,

beregning af en relativ hyppighed af DNA-sekvensen baseret pa et forhold mellem DNA-

sekvensens kopiantal og en sammenlaegning af samtlige DNA-sekvensers kopiantal i prgven;

og

(iii) beregning af den relative hyppighed af biomarkgren baseret pa mindst nogle af de

relative hyppigheder af biomarkgrens DNA-sekvenser;

593;

hvor biomarkgren omfatter mindst én af fglgende MLG’er:
MLG bestaende af MLG ID NO: 2169:;

MLG bestaende af MLG ID NO: 16600 og

MLG bestaende af MLG ID NO: 4643,

hvor

MLG ID NO: 2169 bestar af gener med polynukleotidsekvenser ifglge SEQ ID NO: 1-

MLG ID NO: 16600 bestar af gener med polynukleotidsekvenser ifglge SEQ ID NO:

594-1536; og

MLG ID NO: 4643 bestar af gener med polynukleotidsekvenser ifglge SEQ ID NO:

1537-2594,
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eller

(B) for hvert individ af en flerhed af individer med RA:

opnaelse af sekvenser af DNA ekstraheret fra en prgve, der er opnaet fra individet efter
modtagelse af behandlingen, og

beregning af en relativ hyppighed af en biomarkgr baseret pa sekvenserne af DNA’et,

hvor biomarkgren omfatter en DNA-sekvens 1 et genom af Lactobacillus salivarius; og

evaluering af behandlingen baseret pa de relative hyppigheder beregnet for flerheden af
individer ved sammenligning af den relative hyppighed med en forudbestemt terskel,

hvor prgven omfatter mindst én af en faekal prgve, en dental prgve og en spytprgve, og

hvor beregning af den relative hyppighed af biomarkgren baseret pa sekvenserne af
DNA’et omfatter:

(1) beregning af et kopiantal af hver DNA-sekvens af biomarkgren blandt sekvenserne

af DNAet;

(i1) for hver DNA-sckvens af biomarkgren, der er blandt sekvenserne af DNA’et,

beregning af en relativ hyppighed af DNA-sekvensen baseret pa et forhold mellem

DNA-sekvensens kopiantal og en sammenlegning af samtlige DNA-sekvensers

kopiantal i prgven; og

(iii) beregning af den relative hyppighed af biomarkgren baseret pa mindst nogle af de

relative hyppigheder af biomarkgrens DN A-sekvenser;

hvor biomarkgren omfatter mindst én af fglgende MLG’er:

MLG bestaende af MLG ID NO: 2169:;

MLG bestaende af MLG ID NO: 16600 og

MLG bestaende af MLG ID NO: 4643;

hvor

MLG ID NO: 2169 bestar af gener med polynukleotidsekvenser ifglge SEQ ID NO: 1-
593; MLG ID NO: 16600 bestar af gener med polynukleotidsekvenser ifglge SEQ ID NO: 594-
1536; og

MLG ID NO: 4643 bestar af gener med polynukleotidsekvenser ifglge SEQ ID NO:
1537-2594.
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