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Purpose: Here, we aimed to elucidate the differences in microbiota composition between patients with gout and those with as-
ymptomatic hyperuricemia (asHU) and determine the effect of uric acid-lowering therapy (ULT) on the gut microbiome.
Materials and Methods: Stool samples from patients with asHU (n=8) and three groups of gout patients, i.e., acute gout patients
before ULT (OULT, n=14), the same acute gout patients after 30-day ULT (30ULT, n=9), and chronic gout patients after >6-month
ULT (cULT, n=18) were collected and analyzed using 16S rRNA gene-based pyrosequencing. The composition of microbial taxon-
omy and communities, species diversity, and relationships among microbial communities were elucidated by bioinformatic
analysis.

Results: Gout patients showed less diverse gut microbiota than asHU patients. The microbiota of the asHU group exhibited a high-
er Firmicutes-to-Bacteroidetes (F/B) ratio and lower Prevotella-to-Bacteroides (P/B) ratio than the gout group; significantly, the F/B
ratio increased in gout patients after ULT. Moreovet, a balanced enterotype populated asHU patients compared to gout patients.
Notably, the gut microbiota in asHU patients had a higher proportion of taxa with potentially anti-inflammatory effects compared
to the gut microbiota in gout patients.

Conclusion: We found that microbial composition differs between asHU and gout patients. The differential gut microbiota in
asHU patients may protect against gout development, whereas that in gout patients may have a role in gout provocation. ULT in
gout patients altered the gut microbiota, and may help alleviate gout pathology and mitigate gout progression.
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INTRODUCTION

Hyperuricemia is a strong risk factor for gout and exerts its path-
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ological effects in a non-linear concentration-dependent man-
ner.! However, not all patients with hyperuricemia develop
clinical gout, and only one-third of patients show progression
to gout. In contrast, some patients with gout remain normou-
ricemic.”

In patients with hyperuricemia, several factors can trigger a
gout flare. The deposition of monosodium urate crystals in con-
nective tissues is believed to be a trigger®; however, 76% of pa-
tients with asymptomatic hyperuricemia (asHU) do not have
monosodium urate crystal deposition.? In patients with gout, a
flared inflammatory response is often triggered after a heavy
meal or alcohol consumption. Studies have reported that some
dietary lipids or alcohol consumption can directly trigger gout
flares via the activation of the NALP3 inflammasome by bind-

24


http://crossmark.crossref.org/dialog/?doi=10.3349/ymj.2022.63.3.241&domain=pdf&date_stamp=2022-02-16

YMJ

ing to Toll-like receptors.*

The role of the intestines in uric acid regulation has been in-
vestigated. Although the kidneys are responsible for most uric
acid excretion, the intestines contribute to 25% of uric acid ex-
cretion, which is further enhanced during renal dysfunction.®
ATP-binding cassette, subfamily G2 is one of the major urate se-
cretion transporter involved in uric acid excretion from the in-
testines.® In hyperuricemia, the extra-renal excretion of abun-
dant serum uric acid creates an intestinal environment rich in
uric acid content.’

These findings have raised the possibility that the intestinal
microbiota are affected by high serum uric acid levels.? Indeed,
aremarkable study showed that the gut microbiota are altered
in patients with gout compared to healthy controls, and that
gout patients have a distinct gut microbial signature compared
to healthy individuals.’ Another study reported that some me-
tabolites present in the fecal samples of gout patients are in-
volved in uric acid excretion, purine metabolism, and the in-
flammatory response.'’ The positive association between gout-
related metabolites and microbial taxa in patients with gout
suggests that a high uric acid concentration and uric acid me-
tabolites interact with the gut microbiota. Therefore, the gut mi-
crobiota in gout patients may play a role in gout pathophysiol-
ogy and serve as a new target for the diagnosis and treatment
of gout.? However, the aforementioned studies were conduct-
ed on the assumption that patients with asHU and gout have
comparable microbiota composition; thus, gout development
in the hyperuricemia condition has not been explained.

Hence, in this study, we aimed to investigate whether pa-
tients with asHU and gout have differential gut microbiota sig-
natures. Additionally, we investigated whether uric acid-low-
ering therapy (ULT) can change the microbiota composition.

MATERIALS AND METHODS

Survey of population ecological information

In total, 40 patients were enrolled in this study. The study co-
hort comprised four groups: one group of asHU patients (n=8)
and three groups of gout patients, namely, acute gout patients
before ULT (OULT, n=14), the same acute gout patients after 30-
day ULT (30ULT, n=9), and chronic gout patients after >6-month
ULT (cULT, n=18). Patients with asHU included those who vis-
ited a health screening center or outpatient clinic and were in-
cidentally diagnosed with hyperuricemia without a previous
acute gout attack. A diagnosis of asHU was confirmed by ele-
vated serum urate concentrations (>8.0 mg/dL). All patients
with gout fulfilled the American College of Rheumatology/Eu-
ropean League Against Rheumatism gout classification crite-
ria,"! were more than 19 years of age, and had not taken anti-
biotic treatment within one month prior to study enrollment.
Patients with active systemic infectious diseases were excluded
from the study. Patient sex, age, duration of gout, medication
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dose, and comorbidities such as diabetes, hypertension, or
chronic kidney disease were noted. The study protocol was ap-
proved by the ethics committee of Gangnam Severance Hospi-
tal (IRB protocol 2016-0124-001), and written informed con-
sent was obtained from all patients.

Sample preparation and experiment

Stool and serum collection

Before stool sample collection, all patients were required to sub-
mit a diary with details of food intake during the previous 3 days,
although no restriction was imposed on their diet except for an-
tibiotic use. Stool samples (5-10 g) were collected in the morn-
ing before breakfast and stored at -20°C until further process-
ing. Serum samples were collected on the day of the clinic visit.

Fecal DNA isolation and pyrosequencing

The extraction of bacterial DNA was performed using FastD-
NA SPIN Kit for Soil (MP Biomedical, Santa Ana, CA, USA).
The quality of the extracted DNA was evaluated by performing
0.8% agarose gel electrophoresis, and the DNA was quantified
using a NanoDrop spectrophotometer (Thermo Fisher Scien-
tific, Wilmington, DE, USA). All DNA samples were stored at
-20°C until further processing. Polymerase chain reaction (PCR)
was performed using extracted DNA with primers targeting
the V3-V4 regions of the 16S rRNA gene. For bacterial amplifi-
cation, the primers 341F (5'-TCGTCGGCAGCGTC-AGATGT
GTATAAGAGACAG-CCTACGGGNGGCWGCAG-3') and
805R (5'-GTCTCGTGGGCTCGG-AGATGTGTATAAGAGA
CAG-GACTACHVGGGTATCTAATCC-3") were used. The am-
plifications were carried out under the following conditions:
initial denaturation at 95°C for 3 min, followed by 25 cycles of
denaturation at 95°C for 30 sec, primer annealing at 55°C for
30 sec, and extension at 72°C for 30 sec, with a final elongation
at 72°C for 5 min. Then, secondary amplification for attaching
the Illumina NexTera barcode was performed with i5 forward
primer (5'-AATGATACGGCGACCACCGAGATCTACAC-
XXXXXXXX-TCGTCGGCAGCGTC-3'; X indicates the barcode
region) and i7 reverse primer (5'-CAAGCAGAAGACGGCA
TACGAGAT-XXXXXXXX-AGTCTCGTGGGCTCGG-3'). Mixed
amplicons were pooled, and sequencing was performed at
ChunlLab, Inc. (Seoul, Korea) on an Illumina MiSeq Sequencing
System (Illumina, San Diego, CA, USA) according to the manu-
facturer’s instructions.

Sequence processing and bioinformatic analysis

To improve data quality, low quality (<Q25) reads were filtered
using the Trimmomatic (V0.32) read trimming tool (Usadel Lab,
Aachen, Germany) and paired-end sequence data were merged
using PANDAseq."” Primers were then trimmed with ChunLab’s
in-house program at a similarity cut-off of 0.8. Non-specific am-
plicons encoding non-16S rRNA genes were detected using
the HMMER hmmsearch program (EMBL-EBI, Hinxton, Cam-
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bridge, UK) and were not considered for further sequence
analysis. Sequences were denoised using DUDE-Seq, and non-
redundant reads were extracted using the UCLUST clustering
method.” Bacterial taxonomic assignments were performed
based on the EzBioCloud database using USEARCH (8.1.1861 _
i86linux32) followed by more precise pairwise alignment."
UCHIME" and the non-chimeric 16S rRNA database from Ez-
BioCloud were used to detect chimera on reads with <97% sim-
ilarity. Reads that were not identified at the species level (with
<97% similarity) in the EzBioCloud database were compiled,
and UCLUST5 was used to perform de novo clustering to gen-
erate operational taxonomic units (OTUs). Finally, OTUs with
single reads (singletons) were omitted from further analysis.
The bacterial taxonomic composition was evaluated from the
phylum to the species level.

Quantitative PCR

Bacterial biomarkers discriminating patients before and after
ULT were identified from sequencing analysis and further
confirmed using quantitative PCR (qQPCR). Quantification of
specific taxa before and after ULT was performed using qPCR [a
LightCycle 480 system (Roche Diagnostics, Basel, Switzerland)]
with LightCycler FastStart DNA Master SYBR Green I (Roche Di-
agnostics). The primers used in the study were newly designed
to target homologous sequences in the 16S rDNA of each bacte-
ria to quantify the amount of bacteria in each sample (Supple-
mentary Table 1, only online).

Statistical analyses

All statistical analyses were performed using R software (version
4.1.0; R Foundation for Statistical Computing, Vienna, Austria).
Baseline characteristics of four groups of patients were com-
pared using one-way analysis of variance. Categorical variables
were compared using y? statistics. Alpha diversity was assessed
using the Shannon index (evenness and richness), valid reads,
and the number of observed species (OTUs). Beta diversity was
assessed using a principal component (PCoA) score plot based
on Bray-Curtis dissimilarity metrics, canonical correspondence,
or redundancy analyses. The Wilcoxon rank-sum test was used
to compare the taxa abundance ratio in the asHU group to that
in the total gout group. To discover biomarkers with statistical
differences among groups, the Kruskal-Wallis rank test with a
p value of 0.05 was first used to compare differential microbi-
ota abundance between groups. Then, a linear discriminant
analysis (LDA) was performed to evaluate the influence of bio-
markers on significantly different microbial groups based on
the LDA scores. Linear discriminant analysis Effect Size (LEfSe)
was used to determine potential markers among different
groups. Pattern search function of the MicrobiomeAnalyst, a
web-based tool, was used to compare abundance patterns in
the dataset.” Nonparametric Spearman’s test was used to test
the correlation between microbial taxa and serum uric acid
level. Moreover, Tax4Fun2, an R package,'® was used for the pre-
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diction of functional profiles from 16S rRNA gene sequences.
Pathway analyses were conducted using the Kyoto Encyclope-
dia of Genes and Genomes (KEGG) database.

RESULTS

Characteristics of study subjects

The characteristics of enrolled patients are described in Table 1.
All patients were male, and the mean age was comparable be-
tween groups. Gout patients had a statistically higher inci-
dence of hypertension and chronic kidney disease compared
to asHU patients. Serum creatinine concentration was signifi-
cantly higher, and there was a non-significant trend for elevat-
ed C-reactive protein in patients with gout than for asHU pa-
tients, indicating the presence of comorbid conditions with an
inflammatory burden in the gout patients compared to asHU
patients. However, there were no statistical differences in age,
alcohol or protein consumption, family history, or body mass
index between asHU and gout patients. Disease duration of
gout were significantly shorter in the acute gout patients com-
pared to chronic gout patients (1.0 months vs. 41.4 months, p<
0.001) reflecting that patients with both early and advanced
phases of gout were enrolled. There were no statistical differ-
ences in the body mass index and comorbidities, except for a
higher prevalence of chronic kidney disease (7.1% vs. 72.2%,
p=0.001), between acute and chronic gout patients. Serum uric
acid levels were elevated in patients with acute gout before ULT
and in patients with asHU compared to patients with chronic
gout who received ULT.

Comparison of gut microbiota between asHU and
gout patients

Variations in the bacterial phyla and family profiles were appar-
ent between the asHU and gout groups (Fig. 1A and Supplemen-
tary Fig. 1, only online). Species richness, measured as the
number of valid reads and OTUs, were statistically different
between the asHU and whole gout groups (Fig. 1B-D). OTUs
and valid reads showed a trend toward notably reduced mi-
crobiota diversity in acute gout patients compared to chronic
gout patients, and gout patients showed more reduced micro-
biota diversity compared to asHU patients, indicating that the
gut microbiome is different between asHU and gout patients.
In gout patients, ULT may partially restore the microbiota com-
position, although the differences were not statistically signifi-
cant. A PCoA score plot showed that gut microbiota of asHU
and gout patients were separated (permutational multivariate
analysis of variance F-value: 3.536; R% 0.014; p=0.016) (Fig. 1E),
indicating statistically significant community differences be-
tween asHU and gout patients. Beta diversity analysis, includ-
ing canonical correspondence analysis and redundancy analy-
sis, also showed that the microbiota composition was different
between the asHU and gout groups (Fig. 1F and G).
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Table 1. Characteristics of Patients with asHU and Gout

Gut Microbiota in asHU versus Gout

Acute gout Chronic gout Post hoc pvalue Post hoc pvalue
asHU (n=8) (OULT*) (cULT) pvalue (acute vs. (asHU vs.
(n=14) (n=18) chronic gout) total gout)
Male 8(100.0) 14(100.0) 18(100.0)
Age (yr) 56.5+12.9 49.7+15.8 50.0+17.4 0.413 0.962 0.298
Height (cm) 1715449 172.8+4.8 1746+79 0.230 0.456 0.364
Body weight (kg) 76.0+13.8 74.2+85 80.9+14.9 0.263 0.158 0.697
BMI (kg/m?) 257435 248424 26.6+5.2 0.473 0.230 0.939
18.5-23 1(12.5) 3(23.1) 4(23.5)
>73 4(50.0) 5(38.5) 3(17.6)
>25 2(25.0) 5(38.5) 6(35.3) 0.443 0.233 0.638
>30 1(12.5) 0(0.0) 4(235)
Comorbidities
Hypertension 0(0.0) 4(28.6) 7(38.9) 0.122 0.815 0.080
Dyslipidemia 0(0.0) 3(21.4) 7(38.9) 0.100 0.501 0.165
Diabetes 0(0.0) 0(0.0) 1(5.6) 0.534 0.999 0.999
CKD 0(0.0) 1(7.1) 13(72.2) 0.001 0.001 0.034
Risk factors for gout
Protein/alcohol intake 2(25.0) 10 (71.4) 8 (44.4) 0.091 0.243 0.236
Familyhistory of gout 0(0.0) 2(14.3) 1(5.6) 0.433 0.819 0.881
Disease duration of gout NA 1.0£1.4 41.4+36.8 NA 0.001 NA
Laboratory findings
Total bilirubin (mg/dL) 0.6+0.2 0.8+0.3 0.8+0.2 0.110 0.878 0.036
AST(IU/L) 336+14.3 26.9+85 29.3+109 0.523 0.490 0.216
ALT (IU/L) 26.9+5.2 28.6+17.3 31.8+20.9 0.477 0.649 0.363
ALP (IU/L) 7914219 7494185 80.1£31.9 0.827 0.592 0.896
TG (mgy/dL) 285.5+57.7 266.4+127.5 220.0+134.9 0.303 0.443 0.515
Glucose (mg/dL) 100.0+6.8 97.5+14.4 107.7+23.2 0.232 0.206 0.403
LDL-cholesterol (mg/dL) 135.1£17.6 134.0+37.7 132.1+£32.4 0.866 0.907 0.909
HbA1c (%) 55+0.3 5.5+05 5.6+0.1 0.694 0.673 0.886
ESR (mm/h) 12.7+13.5 24.7+26.8 16.6+12.7 0.660 0.538 0.335
CRP (mg/L) 15+1.3 9.1+146 45154 0.471 0.518 0.078
BUN (mgy/dL) 13.8+35 17.3+7.3 17.5+6.0 0.202 0.925 0.134
Uric acid (mg/dL) 8.2+13 8.8+16 6.0+2.7 0.006 0.002 0.156
Creatining(mg/dL) 0.9+0.1 1.1£0.3 1.1£0.2 0.068 0.784 0.001
Creatinine clearance (mL/min/1.73 m?) 92.8+129 83.5+26.2 80.3+22.9 0.220 0.718 0.220
uLT 0.001 0.099 0.001
Allopurinol, n (%) 0(0.0) 5(45.5) 2(11.1)
Febuxostat, n (%) 0(0.0) 6 (54.5) 16 (88.9)

Data are shown in mean+standard deviation or n (%).
*Only baseline characteristics were obtained from acute gout patients before ULT.
BMI, body mass index; CKD, chronic kidney disease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; TG, triglycer-
ide; LDL, low-density lipoprotein; BUN, blood urea nitrogen; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; ULT, uric acid-lowering therapy; NA,

not applicable; asHU, asymptomatic hyperuricemia; OULT, acute gout patients before ULT; cULT, chronic gout patients after >6-month ULT.

To detect the microbial groups with significantly different
compositions in different patient groups, we first analyzed the
ratio of Firmicutes (%)-to-Bacteroidetes (%) (F/B) at the phylum
level and Prevotella (%)-to-Bacteroides (%) (P/B) ratio at the ge-
nus level. Our results showed that the relative abundance of Fir-
micutes was higher in the asHU group than in any gout group
(Fig. 2A). The F/B ratio at the phylum level increased after ULT
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(Fig. 2B). The F/B ratio was significantly higher in asHU pa-
tients than in total gout patients (p=0.002, Wilcoxon rank-sum
test). The taxonomic composition at the genus level revealed
that the P/B ratio was significantly lower in asHU patients than
in gout patients (p=0.002, Wilcoxon rank-sum test) (Fig. 2C).
Moreover, asHU patients had a significantly low proportion of
Bacteroidetes and a high proportion of Firmicutes (Fig. 2D-F)
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Fig. 1. Distinct gut microbiota between patients with asHU and those with gout. (A) Average taxonomic compositions in the bacterial phyla. Variations
were apparent between patients with asHU and gout patients. (B-D) The alpha diversity assessed using valid reads, the number of observed species
(OTU), and Shannon diversity indices of different groups. (E-G) Principal component (PCoA) score plot based on Bray-Curtis dissimilarity for all par-
ticipants. Each point represents the composition of the intestinal microbiota of each individual. ULT, uric acid-lowering therapy; asHU, asymptomatic
hyperuricemia; OULT, acute gout patients before ULT; 30ULT, acute gout patients after 30-day ULT; cULT, chronic gout patients after >6-month ULT;

OTU, operational taxonomic unit.

compared to gout patients.

At the family level, the proportion of Prevotellaceae and Bac-
teroidaceae was lower, whereas that of Lachnospiraceae was
higher, in asHU patients than in gout patients (Supplementary
Fig. 2A, only online). Next, the patients were grouped into
harboring different enterotypes based on the dominant bac-
teria clusters: Prevotellaceae-, Lachnospiraceae-, Rumiococca-
ceae-, and Bacteroidaceae-dominant enterotypes and balanced
enterotype (with no particular dominant microbiota) (Supple-
mentary Fig. 2B, only online). Balanced enterotype populated
asHU patients compared to OULT patients, whereas the pro-
portion of the Bacteroidaceae-dominant enterotype was ab-
sent in asHU. After 30-day ULT, the number of patients with
Bacteroidaceae-dominant enterotype was lower than that in
the OULT group; however, these changes reverted in the cULT
group, indicating that although ULT induces changes in the in-
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testinal microbiome, it does not maintain these changes over a
longer duration.

Differential taxa between asHU and gout patients
Based on the results of the Kruskal-Wallis test, we identified a
significantly different taxa composition in the gut microbiome
between asHU and gout patients (p<0.05) (Table 2). Next, bac-
terial taxa that were differentially represented between groups
and had an LDA score of >2 were further analyzed (Fig. 3A).
LEfSe analysis confirmed that Prevotella copri and Odoribacter
splanchnicus were enriched in gout patients. In the asHU group,
Streptococcus salivarius, S. parasanguinis, S. sinensis, Entero-
coccus durans, Anaerostipes hadrus, Bifidobacterium catenu-
latum, B. breve, B. bifidum, Lactobacillus plantarum, L. reuteri,
L. murinus, and L. fermentum were enriched.
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Fig. 2. Bacterial family analysis. (A) Proportion of Firmicutes vs. Bacteroidetes. (B) Firmicutes-to-Bacteroidetes ratio (Firmicutes (%)/Bacteroidetes
(%)) at the phylum level. (C) Prevotella-to-Bacteroides ratio. (D) Difference in the abundance of Firmicutes. (E) Difference in the abundance of Bacte-
roidetes. (F) Heatmap at the phylum level. ULT, uric acid-lowering therapy; asHU, asymptomatic hyperuricemia; OULT, acute gout patients before ULT;
30ULT, acute gout patients after 30-day ULT; cULT, chronic gout patients after >6-month ULT.

Co-occurrence pattern and uric acid correlation of
specific taxon

We identified abundance patterns based on correlation analy-
sis using specific taxon. The microbial clusters of Lactobacillus
spp. and Bifidobacterium spp. are presented in Supplementa-
ry Fig. 3 (only online). Interestingly, Lactobacillus spp. showed
a co-occurrence pattern with Bifidobacterium spp., suggesting
symbiotic interactions. On the other hand, both Lactobacillus
spp. and Bifidobacterium spp. had negative co-occurrence pat-
terns with P. copri. Notably, nonparametric Spearman corre-
lation showed a negative correlation between serum uric acid
level and the proportion of P. copri (Supplementary Fig. 4, only
online).
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Comparison of gut microbiota before and after uric
acid-lowering therapy in acute gout patients

Next, we assessed whether ULT can modulate microbiota com-
position in patients with acute gout. Minimal changes were ob-
served in alpha diversity before and after the intervention in
acute gout patients (Fig. 1C and D), indicating that the microbi-
ota composition did not change. However, beta diversity anal-
ysis with canonical correspondence (p=0.05) and redundancy
analyses (p=0.05) showed that the composition of the gut micro-
biome before and after 30-day ULT was significantly different
(Supplementary Fig. 5, only online). Significant taxonomic
changes were observed in the fecal samples of patients before
ULT and after 30-day ULT (p<0.05) based on the Kruskal-Wallis
test (Table 3). The proportion of L. helveticus and L. plantarum
was significantly higher in the 30ULT group, whereas that of
Bradyrhizobium (taxon id: Bradyrhizobium_uc) was higher in
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Table 2. Taxa That Were Significantly Different between Patients with
Asymptomatic Hyperuricemia and Gout Patients Based on the Kruskal-
Wallis Test (p<0.05)

Patient I':DR-

S Taxonomy pvalue adjusted
pvalue

Prevotella copri <0.001 0.009

Odoribacter splanchnicus 0.026 0.254

Enterococcus faecalis 0.002 0.147

Favor gout Ruminacoccus faecis 0.041 0.372

Megamonas funiformis 0.048 0.419

Brevibacterium iodinum group 0.019 0.233

Enterococcus casseliflavus group 0.001 0.110

Streptococcus salivarius group <0.001 0.110

Bifidobacterium breve <0.001 0.110

Lactobacillus murinus <0.001 0.110

Streptococcus sinensis group 0.001 0.110

Alkalilimnicola ehrlichii 0.001 0.110

Escherichia hermannii group 0.001 0.110

Pseudomonas flavescens group 0.002 0.131

Haemophilus parainfluenzae group 0.002 0.168

Lactobacillus plantarum group 0.002 0.176

Streptococcus parasanguinis group 0.003 0.197

Dorea formicigenerans 0.003 0.233

Favor Coprococcus comes 0.004 0.233

asymptomatic  Enterococcus durans group 0.004 0233

hyperuricemia - Anaerostipes hadrus 0007 0233

Blautia coccoides group 0.009 0.233

Dorea longicatena 0.009 0.233

Lactobacillus reuteri group 0.012 0.233

Veillonella dispar 0014 0233

Clostridium ramosum 0018  0.233

Collinsella aerofaciens 0.018 0.233

Escherichia coli group 0023 0233

Lactobacillus fermentum 0025 0244

Holdemanella biformis 0.028  0.265

Bifidobacterium catenulatum group 0.028 0.269

Bifidobacterium bifidum 0.048 0419

FDR, false discovery rate.

the OULT group. The results were consistent with qPCR analy-
sis, which showed that the proportion of Bradyrhizobium was
significantly higher in acute gout patients who experienced
acute gout attacks and never received ULT, and this proportion
decreased after ULT (Supplementary Table 2, only online). Fur-
thermore, nonparametric Spearman correlation test showed a
significant correlation between serum uric acid level and the
proportion of Bradyrhizobium (Supplementary Fig. 4, only on-
line). Using LEfSe, the unique taxa that were differentially pres-
ent in acute gout patients before and after ULT were identified
(Fig. 3B).
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Functional prediction of bacteria using pathway analysis
Pathway analysis using the KEGG database revealed that genes
involved in “apoptosis,” “lysosome,” “rheumatoid arthritis,” and
“osteoclast differentiation” were over-represented among the
significantly predicted genes in gout patients compared to asHU
patients (p<0.05) (Supplementary Fig. 6A, only online). Fur-
thermore, the pathway related to the “biosynthesis of unsatu-
rated fatty acids” was more abundant in the after 30-day treat-
ment group than in the before-treatment group (Supplementary
Fig. 6B, only online).

DISCUSSION

Here, we examined microbial markers that were enriched or de-
pleted in the asHU and gout groups at different taxonomy lev-
els. Based on the abundance of microbiota, we identified a gout
and asHU classifier that could prevent or provoke clinical gout.
Subsequently, a microbiome transformation was identified that
may be functionally affected by ULT. Overall, we found that gut
microbiota composition differs significantly between asHU and
gout patients, and proposed microbial markers that may influ-
ence the restoration of microbiota composition. The intestinal
tract plays an important role in lowering the uric acid level and
alters the gut microbiome in gout patients.”® We observed that
the F/B ratio was significantly higher in asHU patients than in
acute gout and chronic gout patients; this ratio increased in gout
patients after ULT, indicating that the gut microbiota composi-
tion was restored during ULT. Additionally, the gut microbiota
in asHU patients had a lower P/B ratio but was more diverse.
The F/B ratio has been suggested as an index of gut microbiome
health, and is associated with obesity, insulin resistance, dyslip-
idemia, and other related diseases; it is also used as a biomark-
er for obesity-associated phenotype,'” whereas the P/B ratio
predicts body weight and fat-loss success.' Therefore, higher
F/B and lower P/B ratios in asHU patients than in gout patients
indicated that the microbiome of asHU patients is associated
with metabolic diseases, whereas that of gout patients is asso-
ciated with an inflammatory or immune-related disease. Stud-
ies have shown that gout is more likely an autoinflammatory
disease than a metabolic syndrome. For example, a Guangzhou
study analyzing the gut microbiome function and metabolome
suggested that gout is more similar to rheumatoid arthritis and
ankylosing spondylitis than to obesity and type-2 diabetes." An-
other previous study reported that the number of Faecalibacte-
rium prausnitzii, which exerts anti-inflammatory effects, is low-
er in gout patients than in healthy controls, whereas that of
Bacteroides caccae, which induces inflammation, is higher in
gout patients.” However, previous studies were conducted on
the assumption that patients with asHU and gout have com-
parable microbiota composition; therefore, gout development
in the hyperuricemia condition has not been explained. Our find-
ings revealed previously unknown differences in the gut micro-
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Fig. 3. LDA Effect Size (LEfSe) plot of taxonomic biomarkers identified based on the fecal samples of patients. (A) Comparison of asHU and gout pa-
tients. Bacterial taxa that were differentially represented between asHU and gout patients (LDA score >2). Left bars indicate enrichment within the
samples of gout patients, whereas right bars indicate enrichment within the samples of asHU patients. (B) Comparison of acute gout patients before
and after ULT. Bacterial taxa that were differentially present between groups (LDA score >2). Left bars indicate enrichment within the samples of acute
gout patients before ULT, whereas right bars indicate enrichment within the samples of acute gout patients after 30-day ULT. asHU, asymptomatic hy-
peruricemia; LDA, linear discriminant analysis; ULT, uric acid-lowering therapy; OULT, acute gout patients before ULT; 30ULT, acute gout patients after 30-

day ULT.

Table 3. Taxa That Were Significantly Different in Gout Patients before (QULT)
and after 30-day ULT (30ULT) Based on the Kruskal-Wallis Test (p<0.05)

. FDR-
Patient .
Taxon name pvalue adjusted
category

pvalue

Arthrobacter globiformis group 0.029 0.029

Favor Bradyrhizobium_uc 0.002 0.002

OULT  Sphingomonas_uc 0.005  0.005

Clostridium_g18: AM275423 _s 0012 0012

Lachnospiraceae: AJ518873_g: EF400193_s  0.040  0.041

" Eubacterium_g: EFA03944_s 0.029 0.030

%ﬂu Lactobacillus helveticus group 0.029 0.030

Lactobacillus plantarum group 0.029 0.030

Oxalobacter. K1392030_s 0.029 0.030

FDR, false discovery rate; ULT, uric acid-lowering therapy.

biota composition between asHU and gout patients and will
provide insights for future research in this field.

Collectively, the results of previous studies and our present
study indicate that the gut microbiota in asHU patients have
anti-inflammatory properties and participate in uric acid pro-
cessing. Some probiotic Lactobacillus strains can reduce se-
rum uric acid levels and prevent renal changes and hyperten-
sion caused by hyperuricemia.*** L. paracasei suppresses
NLRP3 inflammasome activation and inflammatory stress-in-
duced caspase-1 activation by either promoting interleukin-10
production* or inhibiting interleukin-1f secretion.”> Consider-
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ing that NLRP inflammasome activation triggers acute gouty
arthritis,* the lactic acid bacteria may suppress gout develop-
ment owing to their inhibitory effects on inflammasome activa-
tion. Therefore, the increased abundance of lactic acid bacteria
after ULT may be attributed to the preventive and therapeutic
effects observed against gout. Moreover, an increase in the pro-
portion of Bifidobacterium in the gut microbiota of mice exerts
beneficial effects in high-fat-diet-induced diabetes by improv-
ing glucose tolerance and glucose-induced insulin secretion
and reducing inflammation development.”® Streptococcus sali-
varius,” Anaerostipes hadrus,” and Enterococcus durans® have
also been shown to have anti-inflammatory properties. There-
fore, the abundance of these bacteria could play a protective
role against gout development.

Gout-associated microbiota can trigger gout development
when introduced into the gut of a healthy organism. For in-
stance, healthy rats become hyperuricemic after receiving a
fecal transplant from hyperuricemic rats.* The changes in gut
microbiome and metabolites, such as decreased level of short-
chain fatty acids, may increase the possibility of gout develop-
ment in susceptible individuals.* Gut-dwelling P. copri is asso-
ciated with the pathogenesis of theumatoid arthritis, especially
in pre-clinical stages.* A putative role for P. copri in the patho-
genesis of rheumatoid arthritis is via the P. copri 27-kD protein
(Pc-p27) associated immune response.* Given the distinct
pathophysiologic features of rheumatoid arthritis and gout, it is
not likely P. copri causes joint inflammation through the same
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mechanism in both diseases. Instead, the presence of abundant
P, copri may reflect subclinical gut inflammation and gingival
inflammation. Periodontal Prevotella intermedia, a different
species, that has been implicated in periodontitis, was found to
be significantly more abundant in gout patients than in healthy
controls.* Likewise, P. copri may lead to subclinical gastrointesti-
nal inflammation, leading to increased permeability that allows
pathogens to enter the circulatory system to induce immune re-
sponses such as inflammasome activation.*® Bradyrhizobium, a
symbiotic abundant in the roots of many legumes, allows the
plant to fix nitrous which is associated with purine metabolism
and may increase serum uric acid when present in the host. Our
findings showed an abundance of Bradyrhizobium in acute
gout patients and a significant decrease in their proportion af-
ter 30-day ULT, suggestive of their potential to trigger an acute
gout attack. However, whether this trigger is associated with me-
tabolites or increased serum uric acid level remains unknown.
Until now, the triggers for an acute gout attack in patients with
hyperuricemia have been unknown; however, our study sug-
gests that gout-specific microbiota are associated with gouty ar-
thritis, and these results need to be validated in future studies.

In our study, microbiota diversity was high among asHU pa-
tients, low among acute gout patients, and restored among
chronic gout patients. Moreover, acute gout patients harbored a
low proportion of balanced enterotype and an increased propor-
tion of specific strain-dominant type, suggesting that a balanced
gut microbiota is important in addition to the presence of spe-
cific bacteria. Decreased microbiota diversity may be a trigger
for an acute gout attack in hyperuricemic patients. The lack of
microbial diversity, in terms of taxa diversity and microbial
gene richness, is related to trigger, relapse, or treatment response
in various diseases.® The overall gut microbiota composition
explains gut health better than changes in specific bacterial
species.”” Hence, future studies should focus on restoring the gut
microbiota in gout patients to those observed in healthy individ-
uals, notably by improving the gut microbiota diversity.

Our results suggest that a disturbed microbiome by the dom-
inant increase of “pathogens” with flora disequilibrium may
provoke the risk of gout, whereas the abundance of “probionts”
may protect patients with asHU from developing gout. The limi-
tations of ULT include poor patient adherence to medication
and systemic adverse effects, and it does not guarantee protec-
tion against gout attacks or end-organ damages.* Our findings,
which revealed the differences in microbiota composition be-
tween asHU and gout patients, have implications for gout pre-
vention, diagnosis, and monitoring of gout pathology. The ef-
fort to modify gut microbiota using probionts may prevent gout
development for at-risk patients in its occult stages and mitigate
the activity of overt gout. Fecal transplantation or probiotics us-
ing beneficial microbiota may prevent gout in at-risk patients.
Moreover, blood uric acid level, which is an unreliable serum
marker as it does not differentiate gout and asHU, can be re-
placed by a commercialized personal microbiome analysis.
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This study included Korean patients with gout and asHU, and
there is a possibility of ethnic or geographical influences on
the differential composition of the gut microbiome. Previous
studies have investigated the lifestyle, dietary, and uncharac-
terized differences that collectively result in gut microbiota
variation due to ethnicity.'** Therefore, the diet and lifestyle of
Koreans could have affected the microbiome of gout patients
and asHU patients in our results. However, our gout patients
shared the characteristic microbial taxa of higher abundance of
Prevotella and Bacteroides spp., which were previously reported
as a microbial signature of gout in different countries.*'*'**

Our study had some limitations. We included limited sam-
ples only from men, and their diet was not strictly controlled.
Future studies should include larger patient cohorts of both sex-
es. Moreover, both allopurinol and febuxostat were used as ULT,
and the impact of medications on the microbiome was not in-
vestigated. This should be explored in future investigations.

In conclusion, gout and asHU patients harbor gut microbiota
of different compositions, and specific taxa present in the gut
microbiome of gout patients may play a role in provoking or
preventing gout development. Further assessment to uncover
the relationship between specific microbes and gout develop-
ment and pathogenesis, as well as functional analysis related to
uric acid processing and inflammation in the intestines, should
be conducted.
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