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Abstract

The gut microbiota (GM) and its influence on hostabolism are considered to be
an environmental factor that contributes to thegpmssion of many immune and
neurodegenerative diseases. However, the featfitbe &M and serum metabolites
in Primary open-angle glaucoma (POAG) patients hastebeen clearly elucidated.
The purpose of this research is to explore thengjatobial composition and serum
metabolic phenotype in POAG patieni€iS rRNA V4 genes of bacteria from the
fecal samples of 30 POAG patients and 30 healtlwests were sequenced by the
lllumina MiSeq platform and then analyzed by QlIMEheir serum samples were

analyzed by gas chromatography/mass spectromettyMG)-based metabolomics.



The association between gut microbial species asd tirculating metabolites and
clinical phenotypes was also analyzed. Compareld wontrols,f Prevotellaceaeg
unidentified Enterobacteriaceaands Escherichia colincreased the most in POAG
patients whereagy Megamonas and s Bacteroides plebaigsificantly decreased in
POAG patients The alteration of the endogenous metabolomic lgra POAG
patients included five amino acids or dipeptidesy hormone derivates, one purine
derivative, one bile acid derivative and one orgaagid. It also showed that citric
acid was positively correlated witiMlegamonas whereas LyGlutamyl-L-alanine,
MHPG, cholic acid glucuronide and hypoxanthine weegatively correlated with
Megamonas Mean visual acuity was negatively correlated wBhautia, mean
VEF-MD was negatively correlated witliraecalibacterium and average RNFL
thickness was positively correlated witreptococcusOur results revealed that there
was a distinct difference in GM composition andusemetabolic phenotype between
POAG patients and healthy individuals. This findirsgiggests the potential
correlations between the GM and serum metabolitéba pathogenesis of glaucoma

and thus provides new insight into the GM-targetéerventions of this disease.
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I ntroduction

Glaucoma is the primary cause of irreversible biegk, which affects
approximately 70 million people worldwide (H. Quegl & Broman, 2006). Primary
open-angle glaucoma (POAG) is the main type of gdena, and information on
established risk factors for the disease is limitedraocular pressure (IOP) is
currently thought to be the most important riskda@nd directly causes impairment
to retinal ganglion cells (RGCs). However, RGCs dheir axons also gradually
deteriorate in individuals with glaucoma whose I8Pkept under a critical point,
suggesting other potential mechanisms in the psoseseurodegeneration. A number
of studies have indicated that autoimmune factonggochondrial dysfunctions,
environmental factors, and genetic factors may lgad to RGC damage in glaucoma
(K. Abu-Amero, Kondkar, & Chalam, 2015; Kim & Varma010; Rieck, 2013). It
was indicated that a lack of induction of Treg selnd disproportionate
pro-inflammatory and anti-inflammatory reactiontpats of Th cells existed in some
normal-tension glaucoma (NTG) patients (Guo et a018). In another study,
elevated DNA mutations in mitochondria and a desgea mitochondrial respiratory
function in peripheral blood were also linked toA® (K. K. Abu-Amero, Morales,
& Bosley, 2006). Germ-free (GF) mice did not prdsglaucomatous heat shock
protein and T-cell response or related glaucomat@ausodegeneration (Chen et al.,

2018).



Interestingly, the human intestinal flora and itBuence on the host metabolism
have been shown to play a crucial role in many imendiseases, including, but not
limited to, arthritis, Behcet's syndrome, ankylasispondylitis and autoimmune
uveitis (Berer et al., 2011; Consolandi et al., 206ill, Asquith, Rosenbaum, &
Colbert, 2015; Nakamura et al., 2016; Scher et 2013). The gut microbiota—
immune axis may affect the immune balance in tltkseases. In addition, in some
neurodegenerative diseases, the microbiota-gut-tais has been well studied. It
was extensively observed that there were significainrobiome differences, such as
a large quantity oLachnospira and Akkermansiajthin patients who suffered from
amyotrophic lateral sclerosis, Parkinson’s diseasd, multiple sclerosis (MS), while
advantageous microbes such as bacteria that produtgate were extremely
decreased in the aforementioned diseases (Hsiab,e2013; E. M. M. Quigley,

2017).

Given the similarities of immune and neurodegemardactors between POAG
and these diseases, we hypothesized that the gubbime and serum metabolites
may also be correlated with the pathogenesis afcgiaa. To solve this problem, we
applied 16s rRNA sequencing to analyze the mictabad stool samples from 30
POAG patients and 30 healthy individuals, and wéopmed a metabolomic analysis
of serum samples from the two groups. The assooi&etween the GM and the host
serum metabolome and clinical phenotypes was aigsestigated to discover its

potential pathogenic role in POAG.



M aterials and methods

Subject recruitment and metadata collection

This project was approved by the medical ethics mdtee of Zhongshan
Ophthalmic Center (No. 2019KYPJ100). All particigmgave informed consent, and

the study was performed in accordance with thetsesfehe Declaration of Helsinki.

A total of 60 subjects were recruited for this stuidcluding 30 POAG patients
and 30 non-POAG healthy individuals who were age- within 5 years) and
sex-matched, all undergoing a common physical exaiain. All participants were
currently located in the city of Guangzhou and Halsame ethnic background with
similar eating habits. They were recruited for tierent study between January 2019

and July 2019.

Eligibility for glaucoma patients required meetitige following clinical and
visual field criteria: having open angles (at le@kaffer grade lIll), the existence of a
typical glaucomatous visual field defect, and adspcup/disc ratio (CDR) >0.6 in at
least one eye. All included POAG patients had et/aOP at the initial diagnosis,
and patients with isolated ocular hypertension amg secondary form of glaucoma
were excluded. The patients with glaucoma had nmong decline, altered mental
status, limb tremors, tardive movements, muscleditig or other neurological

symptoms. If there were suspicious symptoms, wedske neurologist to rule out



neurodegenerative diseases. Patients with glauchthaot have any other ocular
diseases. Control group eligibility required megtithe following criteria: visual
acuity > 20/50, no current or past IOP elevation (IOP<21Hhgm no prior use of
IOP-lowering medications, a CDR difference < 0.2 &DRs <0.4 in both eyes, the
absence of any other intraocular pathology, andangly history of glaucoma. The
enrollment of the two groups occurred at the tirhthe scheduled regular ophthalmic
examination, which included measurements of besected visual acuity (BCVA),
IOP, gonioscopy and fundus papillary morphology.abidition, glaucoma patients
were subjected to automated visual field examina(ldVF) and spectral optical
coherence tomography (OCT) if they had not had sutdst within 6 months of the
time of enrollment. Exclusion criteria for the twgooups included the following: a
history of insulin, statin, corticosteroid, aspjrmfedipine, metformin, and metoprolol
use; a history of antibiotic or probiotic use withfiour weeks before enrollment; a
history of diseases including, hypertension, diebeheart disease, renal failure, liver
disease, chronic inflammatory bowel disease, psiatighronic arthritis and cancer; a
history of gastrointestinal tract surgery; or advg of prolonged diarrhea or chronic

constipation.

A standardized self-reported questionnaire wasgdesi specifically for this
study, which covered participants’ sociodemograpfeatures, anthropometric
information (BMI, SBP), information related to Ifg/le (smoking, sleep time,

current alcohol consumption, eating habits) andlascmedication history. All



information provided during the face-to-face infews was recorded by the same

investigator.

Fecal and serum sample collection

The individuals had not received any antibiotiatreent and had not consumed
any food containing probiotics for at least one thobefore sample collection. A
sterile stool sampler and a concomitant instructadiout sample collection and
storage were distributed to each participant. Mdshe stool samples were collected
in the morning and kept at 4 °C for no more thdmwérs and then quickly transferred
to the laboratory and stored at —80 °C until usatallgenomic DNA from samples
was extracted using the CTAB/SDS method. DNA cotration and purity were
monitored on 1% agarose gels. According to the eotmation, DNA was diluted to 1

ng/uL using sterile water.

Fasting blood samples from each participant wetleated by qualified nurses
and anticoagulated with EDTA-K2. At the laboratorgl] blood samples were
centrifuged for serum extraction. Each obtained iQ0Oserum sample was mixed
with 400 pL methanol and centrifuged at 4 °C, 1Q,0om, for 15 min.
Approximately 200 pL of the supernatant was codldcand transferred into a new
Eppendorf tube and dried using a vacuum concemntrdtioen, all samples were

redissolved in 60% methanol and analyzed by GC-MS.



16SrRNA Sequencing, Classification and Diversity Analysis

The 16S rRNA gene extracted from fecal samples amaglified following the
standard procedures of the Earth Microbiome Prajsittg a set of updated universal
primers 515F/806RB specifically targeting the hypaeiable V4 region. The V4
region was sequenced by the lllumina MiSeq (Sang@ieCA, USA) and then
processed through the workflow package Quantitativeights Into Microbial
Ecology (QIIME). The filtered sequences were cliesieand grouped as operational
taxonomic units (OTUs). Species alpha-diversityaf8ton index) was calculated to
analyze diversity and richness within a commurigta-diversity was calculated for
the distance between communities. Finally, lineacriminant analysis effect size
(LEfSe) analysis was applied to distinguish thdedéntially abundant taxa between

two groups at the genus and phylum level (httptfé@minower.sph.harvard.edu/lefse/).

M etabolomic Analyses

GC-MS analysis was performed using a Vanquish UHRyStem (Thermo
Fisher, Waltham, USA) with an Orbitrap Q Exactivd--M mass spectrometer
(Thermo Fisher, Waltham, USA). Each sample wasciag into a Hyperil Gold
capillary column (100x2.1 mm, 1.9 um thicknessB2® °C with a flow rate of 0.3
mL/min. Eluent A (0.1% FA in Water) and eluent Befimanol) exhibited positive
polarity, and eluent A (5 mM ammonium acetate, p8) ith eluent B (methanol)

exhibited negative polarity. The raw data files gyated by the UHP GC-MS were



imported into Compound Discoverer 3.0 (Thermo HFish&altham, USA) for

calculating peak picking and peak alignment andtlier quantitation of metabolites.
The molecular formulas were predicted based onti@ddions, molecular ion peaks
and fragment ions. The accurate and relative @iiai@ results were obtained by

matching peaks with Mzcloud _ (http://www.mzcloudQrgand ChemSpider

(http://www.chemspider.com/).

Statistical analysis

Statistical analysis was performed by SPSS 12 lbilakeral Student’s t-test was
used to evaluate the group differences in the adindata, and p< 0.05 was
considered statistically significant. QIIME (Versid..7.0) was used to calculate the
Shannon index at the genus level. A two-tailed 4tm rank-sum test was used to
calculate the differential abundance of phyla, genand species in patients with
POAG and healthy individuals. FactoMineR pack isd®ware (Version 2.15.3) was
used to analyze the principal component analysiSAJP A nonparametric
Mann-Whitney-Wilcoxon test was used to analyze batamic data. The
Benjamini—-Hochberg correction method was perfornfed the comparison of
multiple metabolite concentrations. Differentiaiyriched Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways were identiiséd on the Z-scores of the
POAG group. The Cor.test function of the R statadtpackage was used to analyze

Spearman’s correlation between the GM and the sangtabolites and clinical



phenotypes (only the top 10 genera and top 20 roktied and five clinical
phenotypes [mean visual acuity, mean IOP at intiagnosis, mean IOP, mean

VF-MD, and average RNFL thickness]were performéd:>0.3, p<0.05).

Results

Study population

A comparison of the demographic and ophthalmic dsdtahe thirty POAG
patients and thirty controls is presented in Tdbléheir mean (+ SD) age was 54.77
+9.32 and 53.80%7.87 years, respectively. There maslifference regarding SBP,
BMI, smoking, sleep time, or current alcohol congtion between the two groups.
Ophthalmological examinations revealed that the BOdroup had significantly
lower visual acuity than the controls (P<0.01). dignificant difference in IOP was
found between the POAG group and the control gradher general ophthalmic
features (IOP at initial diagnosis for POAG patenVF-MD, RNFL thickness,

glaucoma medication) of the POAG patients are shiowrable 1.

Taxonomic assignment for collected samples and GM diversity in POAG

patients and healthy subjects

We obtained a total of 4,404,345 high-quality clesads from 30 POAG
participants and 30 healthy subjects. A total 88OTUs were clustered by reads at

97% identity. According to the OTU abundance anecgs annotation results, the



representative sequences of the top 100 generaobtaened by multiple sequence
alignment, shown in evolution trees, and were myosthriched in four phyla,
Firmicutes Bacteroidetes Proteobacteria and Actinobacteria (Figure 1). We
constructed rarefaction curves and rank abundancees to describe the sample
diversity within the group. The rarefaction curvasthe control and POAG groups
suggested similar levels of gene richness in the gwoups (Figure 2a). The rank
abundance curve represented the richness and egwointe species for the samples.
The two groups showed an almost similar evennesp&dgies (Figure 2b). Although
the Shannon indexa{diversity) showed no significant difference betwabe two
groups (p =0.8534; Figure 2c), bacterial diversityPOAG subjects was slightly

higher than that in healthy participants (p=0.0Bgure 2d).

Differencein the dominant microbiota between POAG patients and healthy

control subjects

To analyze the difference in the dominant bactedistribution between the
POAG subjects and healthy individuals, LEfSe analyand linear discriminant
analysis (LDA) scores were used. LEfSe analysimsamly used for the discovery and
identification of two or more biological high-dim&nnal biomarkers and features of
the genome, such as genes, metabolic pathwayslasslfications. LEfSe analysis
uses the Kruskal-Wallis test and paired Wilcoxomkraum test to detect significant

differences in the abundance and characteristiagheofgroups. Finally, LEfSe uses



LDA to estimate the influence of the abundanceawhecomponent (species) on the
effect of the difference. A species with an LDA greater than the set threshold
(less strict is 2.0; more strict is 4.0) is theistecal biomarker. In our study, an LDA
score >4 was considered a significant result. Atfdmily level,Prevotellaceaavas
overrepresented in the POAG group. At  the genus ellev
unidentified_Enterobacteriaceaavas predominant in the POAG group, and
Megamonaswas more prevalent in the healthy subjects. At $pecies level
Escherichia_coli was overrepresented in the POAG group, whereas
Bacteroides_plebeiusvas predominant in the control group (Figure 3&he
cladogram was also obtained using the LEfSe amalyisiPOAG patients, the phylum

Prevotellaceashowed a large effect size (Figure 3b).

Metabolic profiling of serum in POAG patients and healthy subjects

A total of 750 metabolites in positive mode (ES+)dab87 metabolites in
negative mode (ES-) were finally identified. Thénpipal component analysis (PCA)
score plot was used to reveal the metabolic aiteratypes in the two groups.
Samples from the two groups presented a scattelispersed plotting pattern,
indicating a dramatic difference in the compositidnmetabolites between the POAG
group and the control group (Figure 4a). To idgndifferential metabolites, we used
the variable importance in the projection (VIP)u&abf the first principal component

of the partial least squares discrimination anal{BL.S-DA) model and the P value of



the t-test. In the PLS-DA model, we obtained reswf R2=0.92 and Q2=-0.52,
implying predictability and reliability of this medl (Figure 4b). A total of 35
metabolites were identified to differ in abundanoetween POAG patients and
healthy subjects. Among these, 20 metabolites weneeased significantly, and 15
metabolites were decreased obviously in POAG pitiemd the variation tendencies
were shown by a volcano plot (Figure 4c). Moreovd), endogenous metabolites
were structurally identified, including five amiraxids or dipeptides, two hormone
derivates, one purine derivative, one bile acidva¢ive, and one organic acid (Table
2). KEGG analysis was also used to identify the tnuoacial signal transduction
pathway and biochemical metabolic pathway relevandifferential metabolites.
There were twenty KEGG modules with differentialriehments, and the largest
number of metabolites was enriched in the pathwhynimrobial metabolism in

diverse environments (Figure 4d).

Correlation of gut microbial species and host circulating metabolites and clinical

phenotypes

The correlation of GM components and the serum Ipoditas and clinical
phenotypes in POAG participants were investigated Spearman’s correlation
analyses. The results revealed that citric acid \pasitively correlated with
Megamonas L-y-Glutamyl-L-alanine, MHPG (3-methoxy-4-hydroxyphéglycol )

and hypoxanthine were negatively correlated wMlegamonas Citric acid was



negatively correlated withinidentified_Enterobacteriacegdable 2 and Figure 5).
Mean visual acuity was negatively correlated wBtautia (rho=-0.389 p=0.034).
Mean VF-MD was negatively correlated witkaecalibacterium (rho=-0.387,
p=0.035). The average RNFL thickness was positigelyelated withStreptococcus

(rh0=0.383 p=0.037).

Discussion

To date, only a few studies have focused on thecedson between intestinal
flora and glaucoma (Astafurov et al., 2014; Chealgt2018; D. et al., 2017; Hayashi
et al., 2012). Several large gaps in the knowlenfgdne GM and glaucoma, such as
the gut microbial components and their influencetm serum metabolite profiles of
glaucoma patients and the microbial and metababdimarkers for glaucoma detection
and treatment, remain rarely explored. To fill the&mps, we performed a strategy
based on 16s rRNA sequences and metabolomic amalysi uncovered a significant
diversity of gut microbial communities and bactef@pulations between POAG
patients and healthy individuals, as well as armstalteration of serum metabolites.
Furthermore, the close correlations between cedHlered metabolites and the GM
have strengthened, to some degree, the evidente alssociation between intestinal

flora and POAG.

In this study, wefirst uncovered aignificant p-diversity in the gut microbial

communities of POAG patients and healthy individuaimong whicliPrevotellaceae,



Escherichia_coliand anunidentified Enterobacteriaceawere most dramatically
increased in the POAG group, wherddsgamonasand Bacteroides plebeiusgere
decreased most obviously compared with the congr@up. Previous studies
suggested that the intestinal bacteriBrevotellaexacerbated epithelial inflammation
in a colitis mouse model and thrived in a pro-inflaatory environment of
rheumatoid and hypertension pathology (Balakrishnamckey, & Taneja, 2019;
Karbach et al., 2016; Scher et al., 2013). As ohethe fermenting bacteria,
Prevotellaceaecan produce butyrate, which has been proven @ $ieongly specific
agent for Treg cell differentiation (Furusawa et &013). These studies and our
results indicate thalPrevotellamight also be linked to neuronal inflammation and
immune damage in glaucoma. In additiokscherichia_coli as a common
Gram-negative bacterium, showed a significant &see in the POAG group
compared to the control group in our study. Gramatige bacteria may elicit strong
immune responses and promote pro-inflammatory ay&k nitric oxide and
eicosanoid secretion via its main product, lipopabycharide (LPS) (Lamping et al.,
1998). Using two kinds of glaucoma mouse models, sindy revealed that LPS can
activate Toll-like receptor 4 (TLR4) and its dowmesim molecules, which are
relevant to retinal local inflammation and compl@mactivation (Astafurov et al.,
2014). Thus, this result indicates that an increas@e Escherichia_colipopulation
may also participate in the pathogenesis of POA®Gredver, our study showed a

reduction in gutMegamonasn POAG patients, whicthas also been reported in



several other diseases, such as chronic kidnegsis@g.un et al., 2019). It seems that
Megamonasnay play a protective role in this disease, buttiwbieit has such a role
in glaucoma is unclear. Rare studies referred targarobes oBacteroides plebeius
thus, the explanation of why it decreased drami@tica our study needs further

investigation.

It has been proven that host circulating metal®k#iee relevant to gut microbial
components and may participate in the pathogeredsgeveral diseases, such as
hypertension, obesity and Crohn’s disease (Haglekial., 2015; Jansson et al.,
2009; Li et al., 2017). In our study, we found edtens in 10 endogenous
metabolites in POAG patients and healthy individuaCompared to healthy
individuals, the metabolomic composition of POAGI@ats included five amino
acids and amino acid dipeptides, two hormone desyaone purine derivative, one
bile acid derivative, and one organic acid. It baen reported that the amino acid
levels in the aqueous humor of POAG patients aadagima model mice are higher
than those in controls (Buisset et al., 2019; Stthuget al., 2007). Branched-chain
amino acids (BCAAs) can stimulate ATP production &iave been verified to play
a role in attenuating photoreceptor cell apoptositbe RP mouse model (Hasegawa
et al., 2018). In our study, we found similar résulL-y-Glutamyl-L-alanine was
upregulated and Gly-I-pro and glycine were downlaiga in the POAG group. In
addition, 3a,7a-dihydroxycholanoic acid, which ibie acid, was higher in POAG

patients than in controls in our study. A previstisdy demonstrated that bile acids



may have a role in oxidative stress and apopt@isligna, 2002). Therefore, these
imbalanced metabolites might be linked to RGC impant in glaucoma.
Interestingly, there was a positive correlationAssn decreased citric acid and
Megamonaswhich belongs to the phylum Firmicutes. It wasvyan that the citric
acid cycle plays a pivotal role in regulating enelngmeostasis and cell metabolism,
which is correlated with the mitochondrial dysfuontof glaucoma (He et al., 2004).
Several studies have shown that plasma citrateecdration might be a glaucoma
biomarker in pediatric and adult populations (Fkheet al., 2011; Michalczuk,
Tadeusz, Urban, Anna, & Bakunowicz- tazarczyk, 201i@ addition, our study
found that increased hypoxanthine was negativelsetaied withMegamonasn the
serum of POAG patients. It was proven that an smeein hypoxanthine was an
indication of increasing de novo purine synthesi®ptic atrophy-related disorders
(Bocca et al., 2018). This interesting finding ntigidicate that the damage of RGCs
might result from the participation of the alter@l that might exert a regulatory
function on metabolites. 3-Methoxy-4-hydroxyphetytgpl (MHPG), which
increased dramatically in POAG patients comparecbtarols in our study, showed
a strongly negative correlation wikhegamonasA previous study showed a positive
correlation between the salivary MHPG level andgéeerity of depression (Hamer,
Tanaka, Okamura, Tsuda, & Steptoe, 2007). Howeregng our recruited POAG
patients, 83.16% had a medication history of bébaker use (Table 1), which may

also contribute to the increased serum level of MBH@aiserman, Kaiserman,



Elhayany, & Vinker, 2006). More studies should med to explore further evidence
of this issue and the role of other kinds of melisdalterations in POAG patients.

The principal limitations of this research are 8mall-scale recruitment, all
from the same city and a single hospital, and oalyfew metabolites were
investigated. Thus, larger-scale prospective ssudiethe future are necessary to
support our study results and to obtain result$ doald more fully reflect the
changes in POAG or other types of glaucoma. Andih@tation is that the serum
was procured from the peripheral blood of the stibjend the metabolites seen
therein could be result of multiple conditions. féfere, it is difficult to distinguish
serum metabolite changes due to the disease fteelf those due to exogenous
substances. We think this difficulty can be add¥ddsy studying a larger group and
performing targeted experiments on specific mefg®lin the future. In addition,
the gut microbiome may vary at different time psiand physical conditions. The
repeatability of the microbiome results can be destrated through obtaining
different samples from the same individual or &edent time points.

To our knowledge, this is the first study that feed on the GM profile and its
association with serum metabolites in POAG patief@srtain bacteria might
provide an environment or affect host metabolisat #re related to the pathogenesis
of glaucoma. Each gut microbe we found to be sicpmtly altered needs to be
studied by additional experiments, and GM modutatitay be considered a part of

the treatment of POAG.
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Figurelegends:
Figure 1: Phylogenetic tree at the genus level. ddler of the branches and sectors

represents their corresponding gate, and the staonidemn diagram outside the fan
ring represents the abundance distribution infolonabf the genera in different
samples.

Figure 2. GM diversity in POAG patients and healthy subje¢t® Rarefaction
curves display the number of operational taxonoumits (i.e., clusters of sequences
with >97% similarity in this case) detected basedtlve sampling intensity of the
libraries. p) Rank abundance curves reflect the richness aadness of the species
in the samples.c{d) a-Diversity (Shannon index) arfiidiversity based on the genus
profile in the two groups.

Figure 3: Difference in the bacterial distribution betweer POAG patients and the
control subjects(a) Comparative analysis of the microbial communitiegha family,
genus and species levels using the LEfSe method $dares (log10) for the most
prevalent taxa in POAG patients are representedhenpositive scale, whereas
negative LDA scores indicate enriched taxa in tbetrols. (b) Cladograms of six
different taxonomic levels (from phylum to genuSyeen circles and shadings show
the significantly enriched bacterial taxa obtaimed®OAG patients. Red circles and
shadings show significantly enriched bacterial talstined in healthy controls.
Figure 4. Metabolic profiling of serum in POAG patients anealthy subjects(a)
PCA score plots of serum samples from POAG pati@olise circle) and healthy
controls (orange squarg)) Validation of the OPLS-DA model (using 200 random
permutations).(c) The volcano plot of differential metabolites. Gregpresents a
nonsignificant difference, red represents an irege&n metabolites, and green
represents a decrease in metaboli@sB(bble diagram of the KEGG pathway (only
the top 20 are shown, red arrow indicates the payhwith the largest number of
metabolites). The x-coordinate is the ratio of tikenber of differential metabolites in

the corresponding pathway to the total number ehidied metabolites. The size of



the point represents the number of differential abelites in the corresponding
pathway.

Figure 5: The correlation between the GM and serum metasollthe correlation

heatmap of the top 4 endogenous differential mditasowith the top 10 differential
species at the genus level. The right side is theelation coefficient, blue indicates

positive correlation and red indicates negativeetation.



Table 1 Demographics and other characteristics of partntga

POAG Controls P-values
patients

Demographics and systemic comor bidity
Gender: male/female 14/16 14/16 1
Mean age (years) 54.77 £9.32 53.80+7.87 NS
Mean SBP (mmHg) 121.46+13.55 122.80+13.59 NS
Mean BMI (kg/nf) 24.11+3.55 23.99+3.71 NS
Current alcohol consumption (mg/day) 35.00+65.85 .33360.64 NS
Smoking (per day) 2.2614.63 2.20+4.56 NS
Sleep time (hours/day) 7.00£1.08 6.90£1.09 NS
Ophthalmological features and glaucoma medication
Mean visual acuity, LogMAR +0.12 +0.06 <0.01
Mean IOP at initial diagnosis 23.731£4.07
Mean IOP (mmHgQ) 15.76+2.56 16.34+3.76 NS
Mean VF-MD (dB), worse eye -7.6215.12 -
Average RNFL thicknessun) 65.27+4.56 -
Glaucoma medications (%)
- Beta-blockers 83.16 -
- Prostaglandin analog 45.15 -
- Alpha-2-agonists 22.53 -
- Carbonic anhydrase inhibitor 12.61 -

SBP: systolic blood pressure; BMiody mass index (weight/heightlOP: intraocular pressure;

VF-MD: visual field mean defect. RNFL: retinal nerfiber layerNS:no significant difference

(P>0.05).



Metabolite VIP Pvalue Up/Down Associations
unidentified_

Enterobacteriaceae Megamonas

Glycine 1.81 5.62E-13 Down

Gly-I-pro 1.42 3.73E-06 Down

Citric acid 2 35 7.53E-08 Down 0 (+)

Aspartyl-L-proline 1.65 1.24E-05 Down

DL-Lysine 2.10 2.65E-13 Up

L-y-Glutamyl-L-alanine 361 1.36E13 Up )

MHPG 3.00 3.43E-06 Up 0

17-Hydroxypregnenolone sulfate 1 79 0.00306738 Up

Hypoxanthine 1.85 0.02436963 Up 0

3a,7a-Dihydroxycholanoic acid 224 0.02610926 Up

Table 2 Endogenous serum metabolites in POAG patients cardpaith controls

VIP: variable importance in the projection, P valuesendetermined using Student’s t-test. “+”
represents positive correlation, “-” representsatieg correlation.
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Highlights
1.There is a significant difference in the gut microbial community composition and
serum metabolites between POAG patients and healthy subjects.
2.Gut microbiota and its effects on host metabolism might be linked with the
pathogenesis of glaucoma.
3.Gut microbiota and metabolites-targeted interventions of glaucoma should be

considered in future.



