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Abstract

BACKGROUND

Current approaches for the therapy of diabetic retinopathy (DR), which was one of
leading causes of visual impairment, have their limitations. Animal experiments

revealed that restructuring of intestinal microbiota can prevent retinopathy.

AIM
To explore the relationship between intestinal microbiota and DR among patients in the
southeast coast of China, and provide clues for novel ways to prevention and treatment

methods of DR.

METHODS

The fecal samples of non-diabetics (Group C, n = 15) and diabetics (Group DM, n = 30),
including 15 samples with DR (Group DR) and 15 samples without DR (Group D), were
analyzed by 165 rRNA sequencing. Intestinal microbiota compositions were compared
between Group C and Group DM, Group DR and Group D, as well as patients with
proliferative diabetic retinopathy (PDR) (Group PDR, n = 8) and patients without PDR




(Group NPDR, n = 7). Spearman correlation analyses were performed to explore the

associations between intestinal microbiota and clinical indicators.

RESULTS

The alpha and beta diversity did not differ significantly between Group DR and Group
D as well as Group PDR and Group NPDR. At the family level, Fusobacteriaceae,
Desulfovibrionaceae and Pseudomonadaceae were significantly increased in Group DR than
in Group D (P < 0.05, respectively). At the genera level, Fusobacterium, Pseudomonas, and
Adlercreutzia were increased in Group DR than Group D while Senegalimassilia was
decreased (P < 0.05, respectively). Pseudomonas was negatively correlated with NK cell
count (r = -0.39, P = 0.03). Further, the abundance of genera Eubacterium (P < 0.01),
Peptococcus, Desulfovibrio, Acetanaerobacterium and Negativibacillus (P < 0.05, respectively)
were higher in Group PDR compared to Group NPDR, while Pseudomonas, Alloprevotella
and Tyzzerella (P < 0.05, respectively) were lower. Acetanaerobacterium and Desulfovibrio
were positively correlated with fasting insulin (r = 0.53 and 0.61, respectively, P < 0.05),

when Negativibacillus was negatively correlated with B cell count (r = -0.67, P <0.01).

CONCLUSION

Our findings indicated that the alteration of gut microbiota was associated with DR and
its severity among patients in the southeast coast of China, probably by multiple
mechanisms such as producing short-chain fatty acids, influencing permeability of
blood vessels, affecting levels of vascular cell adhesion molecule-1, hypoxia-inducible
factor-1, B cell and insulin. Modulating gut microbiota composition might be a novel

strategy for prevention of DR, particularly PDR in population above.
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Core Tip: Current approaches for the therapy of diabetic retinopathy have their
limitations. Our study revealed that alteration of gut microbiota was associated with
diabetic retinopathy and its progression, and further, this association was mediated by
multiple mechanisms including producing short-chain fatty acids, influencing
permeability of blood vessels, affecting levels of vascular cell adhesion molecule-1,
hypoxia-inducible factor-1, B cell and insulin. Hence, reconstruction of gut microbiota

might be a promising strategy for prevention of diabetic retinopathy.

INTRODUCTIO

For the moment, diabetes is one of the fastest developing and worldwide metabolic
diseases, with multiple complications such as digbetic retinopathy (DR). Global pool
analysis of DR in 2010 revealed the proportion of DR, vision-threatening DR in
diabetics was 34.6%, 10.2% respectivelylll DR will cause visual impairment and even
blindnegs in adults aged 20 to 74 years old, and is considered as one of the primary
Causes[§. DR is subdivided into non-proliferative diabetic retinopathy (NPDR) and
proliferative diabetic retinopathy (PDR). PDR is less common in patients but more
threatening to vision compared with NPDRE. The treatment of PDR and visually
threatening diabetic macular edema (DME) is a main research topic on DR. Laser
therapy, anti-angiogenic therapy, anti-inflammatory therapy and surgery are major
treatments for PDR. Laser therapy is a classic tool for severe NPDR and PDR, aiming to
preserve visual acuiﬁ[‘ll. However, laser would impair the central vision and night
visionl’l. As a main anti-angiogenic therapy, anti-vascular endothelial growth factor
(VEGF) is a recommended therapy of DR refractory to laser treatment and DME.
Contrast to laser monotherapy, anti-VEGF therapy can impr%e visual acuity in

inpatients with DME or PDRI®7l. However, considering limited half-life time of anti-
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VEGF agents, the repetitive injections of anti-VEGF are required at one or two months
intervals, causing increased financial burden, increased occurrence of endophthalmitis
and elevated intraocular pressurel®l. Besides, the long-term therapy of anti-VEGF would
reduce patient compliance, increase the incidence of treatment interruption, and result
in deterioration finallyP®l. Almost nearly 50% patients are insensitive or even non-
responsive to anti-VEGF therapy, but new approved anti-angiogenic therapies as well
as effective and evidence-based replacement treatments are absent[101l. Although
glucocorticoids can be used in patients who failed to respond to anti-VEGF, the role in
treating PDR still need further confirmation and the side effect of elevating blood
glucose constrains its application in diabetics?l. Other treatments including anti-protein
kigase C, angiotensin receptor blockers, fenofibrate have their own flawsl>16l.

Chronic low-grade inflammations are already recognized as pivotal players in the
development of diabetes and its complications including DR. Besides the anti-
inflammatory effect via generating short chain fatty acid such as butyratell7], intestinal
microbiota also plays a pro-inflammatory role by increasing intestinal permeability,
releasing lipopolysacchgide (LPS) which was relevant with distant inflammatory
response and impacted cytokines such as TNF-a and IL-6['819]. The roles of microbiota
on inflammation may explain its possible contribution on occurrence and development
of DR. An animal experiments showed that intermittent fasting can prevent the
occurrence of DRI Only four studies aiming at the relationship between human
intestinalnrnicrobiota and DR have been foundP0Zl Jayasudha et all?!l performed
Illumina sequencing of the internal transcribed spacer 2 region which mainly detects
fungus. Three other studies performed 16S rRNA sequencing to distinguish the
microbiota between diabetics with DR and without DRZ%2%21, Moubayed et all?®l only
analyzed fecal genus Bacteroides among healthy volunteers, diabetic patients with DR
and without DR, lack of analysis of the other microbial community types. As for the
other two studiers, one of their limits was that diabetics enrolled are always treated
with metforminl2223]. Metformin can reduce the severity of DR and incidence of NPDR

independently and the mechanisms might be anti-angiogenesis and anti-
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inflammation/2+27], Notwithstanding no studies have demonstrated that intestinal

microbiota involves in the effect of metformin on DR, metformin should also be
considered as a confounding factor which may affect the accuracy of the conclusion
about relationship between intestinal microbiota and DR stated by Huang et all22.
Moreover, the effect of metformin on different microbiota were inconsistent in type 2
diabetes mellitus (T2DM) patients, which possibly be impacted by duration of diabetes,
gender and racel?]. Thyg, metformin taken by whole T2DM subjects still probably
complicate the analysis of gut microbiota?l. The abundance of intestinal microbiota
was obviously affected by diet and geographic proximityl2?30l Different intestinal
microbiota may be relevant to same diseases among different persons from different
areas and with different dietary habits. Our study is focus on exploring the differential
bacteria between diabetic patients with DR and without DR, as well as diabetic patients
with PDR and NPDR in south Zhejiang and north Fujian in China, aiming to unravel
the link between intestinal microflora and DR, and find a new therapeutic target for DR,

especially PDR.

MATERIALS AND METHODS

Study population and sample collection

For this study, 45 samples were obtained from patients who are hospitalized in the
department of endocrinology in the 1t Affiliated Hospital of Wenzhou medical
university from August, 2018 to September, 2020. Patients were divided into non-
diabetics (Group C, n = 15) and T2DM patients (Group DM, n = 30), which was further
divided into patients with DR (Group DR, n = 15) and patients without DR (Group D, n
= 15). Further, Group DR was divided into patients with PDR (Group PDR, n = 8) and
patients without PDR (Group NPDR, #n = 7). The enrolled patients are aged between 30-
80 years old without conditions as pregnant, lactation, current smoker, current drinker,
BMI > 27, prescribed for metformin, alpha glycosidase inhibitor, antibiotics, probiotics,
glucocorticoids, cathartics or PPl within 3 mo, rheumatoid arthritis, inflammatory

bowel disease, or gastrointestinal tract operation. After admitted into our department,




demographic, medical history, physical examination data were collected and several
biochemical tests were performed. Participants self-collected a fecal sample, which were
collected by patients, and stored at —80 °Clater in less than 24 h. This study was
approved by the Ethics Committee of the 1st Affiliated Hospital of Wenzhou medical
university. All participants gave their informed consent. The trial register number is

2018-129.

DNA extraction and amplification

Fecal samples were snap frozen and stored at =80 C after collection. Bacterial DNA was
isolated from the fecal samples using MagPure Soil DNA LQ Kit (Magen, United States)
following the manufacturer’s instructions. DNA concentration and integrity were
measured by Nano Drop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham,
MA, United States) and agarose gel electrophoresis, respectively. Polymerase chain
reaction (PCR) amplification of the V3-V4 hypervariable regions of the bacterial 165
rRNA gene was carried out in a 25 pL reaction using universal primer pairs (343F: 5'-
TACGGRAGGCAGCAG-3; 798R: 5-AGGGTATCTAATCCT-3"). The reverse primer
contained a sample barcode and both primers were connected with an Illumina

sequencing adapter.

Library construction and sequencing

The amplicon quality was visualized using gel electrophoresis. The PCR products were
purified with Agencourt AMPure XP beads (Beckman Coulter Co., United States) and
quantified using Qubit dsDNA assay kit. The concentrations were then adjusted for
sequencing. 165 rDNA sequencing were performed using Illumina MiSeq platform at

Shanghai OE Biotech Co., Ltd.

Bioinformatic analysis
Paired-end reads were preprocessed using Trimmomatic software to detect and cut off

ambiguous bases(N)IBL. It also cut off low quality sequences with average quality score
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below 20 using sliding window trimming approach. After trimming, paired-end reads
were assembled using FLASH softwarel2l. Parameters of assembly were: 10 bp of
minimal overlapping, 200 bp of maximum overlapping and 20% of maximum mismatch
rate. Sequences were performed further denoising as follows: reads with ambiguous,
homologous sequences or below 200 bp were abandoned. Reads with 75% of bases
above Q20 were retained using QIIME software (version 1.8.0)%3l. Then, reads with
chimera were detected and removed using VSEARCHI341. Clean reads were subjected to
primer sequences removal and clustering to generate operational taxonomic units
(OTUs) using VSEARCH software with 97% similarity cutoff34. The representative read
of each OTU was selected using QIIME package. All representative reads were
annotated and blasted against Silva database (Version 123) using Ribosomal Database
Project classifier (confidence threshold was 70%)[35l. The microbial diversity in fecal
samples was estimated using the alpha diversity that include Chaol index, Shannon
index and Simpson index. The Unifrac distance matrix performed by QIIME software
was used for weighted Unifrac principal coordinates analysis (PCoA) construction. The
16S rRNA gene amplicon sequencing and analysis were conducted by OE Biotech Co.,
Ltd. (Shanghai, China).

Statistical analysis

Data with normal distribution and homogeneity of variance were compared using
independant samples f test, otherwise, were compared using Wilcoxon test.
Comparisons between groups were performed with the clinical characteristics. For
associations between clinical characteristics and gut microbial, Spearman correlation
analysis were performed using R version 3.6.1. Correction for multiple testing was
performed using false discovery rate with the Benjamini-Hochberg. False discovery rate

values < 0.05 were considered statistically significant.

EESULTS

Clinical and biochemical characteristics
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The clinical and biochemical characteristics were compared between Group DM and C
as well as Group D and DR, Group PDR and NPDR (Tables 1 and 2). The age, sex
proportion and BMI did not differ between the three pairs mentioned above. Further,
the other indexes were comparable between Group DM and C except for fasting blood
glucose, glycated hemoglobin Alc (Tables 1 and 2). Compared to Group D, neutrophil
to lymphocyte ratio, CD4!_T cell count were significantly increased in Group DR (P <
0.05, P <0.05), whereas, B cell count, CD8* T cell count, NK cell count, percentage of NK
cell were decreased (P < 0.01, P < 0.05, P < 0.01, P < 0.05, Table 2). Patients in Group
PDR had agignificantly lower level of estimated glomerular filtration rate (eGFR) and B
cell count (P < 0.05, P <0.01), and a higher level of fasting insulin compared with NPDR
(P <0.05, Table 2).

Sequencing summary
Total 890469 sequences read with an average of 19788.2 reads per sample were obtained
among the 45 samples. 46551 OTUs were observed totally, with a mean of 1034.467
OTUs. The phyla Bacteroidete was the dominant intestinal microbiota with
approximately 40% (Figure 1). The other three phyla dominated in microbiota were

Firmicutes, Proteobacteria and Actinobacteria, with average relative abundances of 29.1%,

19.6% and 5.2% respectively (Figure 1).

Fecal microbiota diversity
The Chaol, Shannon, simpson indexes were significantly higher in Group C compared
with Group DM (P < 0.001, P < 0.001, P < 0.001, Figure 2 A-C). However, they did not
differ significantly between Group D and Group DR as well as between Group PDR and
Group NPDR (P > 0.05, Figure 2 D-I).

Weighted and unweighted PCoA showed a distinct distance between Group C and
Group DM (Adonis, P <.0.01, P < 0.01, Figure 3 A and B), whereas Group D and Group

DR had no distinction g> 0.05, P > 0.05, P> 0.05, P > 0.05, Figure 3 C and D). However,

8/28




the microbiota community in Group PDR was not differed from Group NPDR (P > 0.05,

P >0.05, Figure 3 E and F).

e composition of fecal microbiota
At the phylum level, Proteobacteria was the most abundant in Group C followed by
Bacteroidetes (Figure 4A). The abundance of Firmicutes, Bacteroidetes, Proteobacteria and
Actinobacteria varied between Group DM and Group C (Figure 4A). The Firmicutes to
Bacteroidetes ratio was slightly higher in Group DM compared with Group C, however,
there was no significant difference (r = 0.86 vs r = 0.81, P = 0.53).

At the phylum level, the majority composition of microbiome in Group D and DR
were Bacteroidetes and Firmicutes (Figure 4B). The relative mean abundance of phylum
Bacteroidetes and Firmicutes as_ell as Firmicutes to Bacteroidetes ratio between Group D
and Group DR were similar (P = 0.33, P = 0.37, P = 0.52, Figure 4B). The relative mean
abundance of phylum Bacteroidetes, Firmicutes and_Firmicutes to Bacteroidetes ratio
showed a similarity between Group PDR and NPDR (P=0.71, P = 0.33, P = 0.54, Figure
4C).

The linear discriminant analysis effect size revealed that Fusob Cteriaceae,
Fusobacteriales, Fusobacteriia, Fusobacteriaceae, Desulfovibrionales, Delta Proteobacteria,
Burkholderiaceae and Beta Proteobacteriales were dominant in Group DR (Figure 5A).
Meanwhile, Eubacteriaceae and Pseudomonadaceae were dominant in PDR and Group
NPDR respectively (Figure 5B).

t the phylum level, Fusobacteria was significant higher in Group DR than in Group D

(P < 0.05, Figure 6A). In addition, at the _family level, Fusobacteriaceae, Burkholderiaceae,
Desulfovibriongceae and Pseudomonadaceae were significantly increased in Group DR than
in Group D (P < 0.05, P < 0.05, P < 0.05, P < 0.05, Figure 6B). At t enus level, the
abundance of Senegalimassilia, S5-A14a and Laghnospiracene_UICG-008 were significantly
decreased in Group DR than in Group D (P < 0.05, P < 0.05, P < 0.05), whereas,
sobacterium,  Pseudomonas, Lachnospiraceae_UCG-010 and Adlercreutzin  were

significantly increased (P < 0.05, P < 0.05, P < 0.05, P < 0.05, Figure 6C). Further,
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Eubacterium, Peptocoggus, Desulfovibrio, Acetanaerobacterium, Negativibacillus and
Family_XIII_UCG-001 were significantly increased in Group PDR compared with Group
NPDR (P <0.01, P< 0.05, P< 0.05, P < 0.05, P <0.05, P < 0.05), wherereas, Pseudomonas,
Alloprevotella, Tyzzerella and Tyzzerella-3 had a reduction (P < 0.05, P < 0.05, P <0.05, P <
U.[&Figure 6D).

Spearman’s correlations between the relative abundance of bacterial families, clinical
indices and biochemical characteristics were performed between Group DR and (Eoup
D as well as Group PDR and NPDR. In Group D and Group DR, Pseudomonas had a
negative Correlwn with NK cell count (r = =0.39, P < 0.05, Figure 7A). However,
Senegalimassilia had a positive correlation with NK cell% (r = 0.42, P <0.05, Figure 7A).
Meanwhile, in Group PDR and Group NPDR, Acetanaerobacterium (r = 0.53, P < 0.05)
and Desulfovibrio were positivelbcorrelated with fasting insulin (r = 0.61, P < 0.05,
Figure 7B), when Negativibacillus was negatively correlated with B cell count (r = —0.67,

P <0.01) and eGFR (r =-0.66, P <0.01, Figure 7C).

DISCUSSIC E

Disorder in intestinal microbiota composition has been implicated in occurrence and
development of diabetes mellitus (DM)[3637]. Intestinal microbiota dysbiosis induces
oxidative stress, inflammation, insulin resistance and vascular permeability, which
probably involves in progression of diabetic complication including DRI37.38]. However,
the association between intestinal microbiota and DR remains unclear. Moubayed et
al?! found diabetic patients have higher relative abypdance of Bacteroides than non-
diabetic patients, however microbiota differences between patients with DR and
without DR were not detected. A study presented microbiota biomarkers to help
diagnosing DR, but not analyze the relation between them and clinical markersi22l.
Considering existing mature examination to make a definite diagnosis of DR,
microbiota biomarkers did not contribute much to the diagnosis. Besides, there was no
ﬁidence to prove that the relationship between biomarkers and DR was not accidental.

The primary aim of the current study was to assess the gut flora differences of persons
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with DM and healthy controls, of diabetic patients with DR and without DR separately,

applying 165 rRNA gene sequencing. In addition, the analysis of the correlation
between the gut flora differences and clinical indexes %5 taken.

PCOA analysis revealed that the a diversity was decreased significantly in Group
DM compared those in Group C, which was in line with previous study!2l. Lower
bacterial richness was associated with several common metabolic markers including
overall adiposity, insulin resistance and dyslipidaemia coexisted in T2DMI3L.
Maintenance of gut nomobiosis played a protective role in glycolipid metabolism!], on
the contrary, gut dysbiosis characteristed with reduced microbiota diversity induced
expansion of pathogenicd)acteria, gut inflammation and deterioration of diabetes[4142].
Signifificant variations of gut microbiota between T2DM patients and nondiabetic
controls revealed in PCoA was showed by a previous reportl#l, which was accordant
with ours. In addition, in accordance with previous study, a diversity indexes did not
differ significantly between Group DR and Group D[22l The a and p diversity did not
significantly change between Group DR and Group D as well as between Group NPDR
and PDR in our study.

At phylum level, Bacteroidota, Firmicutes, Proteobacteria and Actinobacteriota occupied
more than 80% of commmunity abundance were regarded as the most dominant phyla in
each group. A study found that the abundance of Firmicutes and Bacteroidetes increased
in Group DM compared with Group C, with slightly higher Firmicutes/Bacteroidetes
ratio in Group DM, consistent to our study!*]. Further, the investigation performed by
Li et al*l got the similar results in Han population. Of interests, we found that
Firmicutes were more abundant in Group DR than Group D, while Bacteroidetes were
less abundant in Group DR via Wilcoxon test. However, Huang et all??l got an opposite
result. Although the result in our study was lack of statistical difference, this distinction
also got our attention. Metformin may influence Firmicutes abundancel®>). We guessed
that metformin received by most diabetic patients without DR stated by Huang et all2
might led to lower abundance of Firmicutes in Group DM without DR. Compared with

Group D, there was a significant increase abundance of Fusobacteria in Group DR.
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However, the study performed by Sisinthy Shivaji was discordant with ours/?l, which
possibly due to the inconsistent effect of metformin on Fusobacterial23l.

Our results indicated that Fusobacteriacee, Desulfovibrionaceae, Burkholderiaceae and
Pseudomonadaceae at the family level increased in Group DR compared with Group D.
Further, Eubacteriaceae and Pseudomonadaceae were predominant in Group PDR and
Group NPDR respectively. Fusobacteria and Fusobacteriaceae produced short-chain fatty

ids including acetate and propionate and their abundance increased in non-alcoholic
steatohepatitis (NASH) subjects compared to nonalcoholic fatty liver and healthy
controlsl#l. Elevated and propionate in faeces of human NASH subjects were relevant

the increase of Th17 in peripheral blood#l. An study in animal model showed that
blocking the IL-23-Th17-IL-17A pathway would help alleviating DR in micel4],
Therefore, our results suggested that increased Fusobacterin and Fusobacteriacene may
contribute to producing acetate and propionate, increasing Th17 and causing DR.
Fusobacteriaceae is a gram-negative bacterium producing endotoxin, LPSI48l. A study
found that Fusobacteriaceae increased and induced LPS in pigs with NASHUES8I And, in
hyperglycaemic mice, elevation of systemic LPS contributed to the occurrence of DRI#I,
Thus, higher abundance of Fusobacteriaceae possibly produce LPS and cause DR in our
study. Eubacteriaceae is one of the bacteria that can metabolize aromatic amino acids to
produce p-Cresy lsulfate (a prototype protein-bound uremic toxin)i®l, P-Cresy Isulfate
induced renal cell carcinoma to overexpress hypoxia-inducible factor (HIF)-1al5ll. In our
study, eGFR was lower in Group PDR than NPDR. P-Cresy lsulfate which was one of
metabolites of great uremic solutes produced by Eubacteriaceae may deteriorate DR by
elevate the level of HIF-1a in retina in our study.

Compared to Group D, the genera Fusobacterium, Pseudomonas, Adlercreutzia and
Lachnospiraceae_UCG-010 were increased, but Senegalimassilia, Lachnospiraceae_UCG-008
and S5-Al4a were decreased in Group DR. Huang ef all?l found that compared with
patients with diabetic patients without DR , Group DR had decreased Blautia and
Lactobacillus and less of them took metformin. Besides preventing the occurrence of DR,

metformin also increase Blautia and Lactobacillusi27%2l, Accordingly, despite lack of

12/28




statistical differences in the numbers of patients using metformin between the two
groups stated by Huang et all22l, we speculated that increased Blautia and Lactobacillus
and lower incidence of DR were relevant to metformin, and the causal relationship
between Blautia, Lactobacillus and DR remained uncertain. Patients in Group DR had a
larger proportion of Fusobacterium, suggesting a possible larger proportion of
Fusobacterium Nucleatum (Fn) than in Group D. As a most frequent Fusobacterium Specie,
FN secreted adhesins recognized vascular endothelial cell receptors and increased the

scular permeability contributing to the development of retinopathy possibly[5354l.
This may explain why diabetic patients with higher Fusobacterium are more likely to
develop DR. Pseudomonas aeruginosa was one of Pseudomonas species which was a
common pathogen in human bodyl®. Pseudomonas aeruginosa could help secreting
exotoxin to induce hyperpermeability and thrombosis of pulmonary vessels!>l. Besides,
our study found that Pseudomonas was negatively correlated with absolute value of NK
cells, consistent to other studiesl5.5l. We presumed that Pseudomonas increased the
permeability of retinal blood vessels and decreased NK cells, resulting in the occurrence
of DR. Further experiments were needed to confirm the supposition. Adlercreutzia was
positively correlated with leptin level which was positively correlated with the severity
of DRI®®I. Therefore, Adlercreutzia may promote the occurrence of DR by influencing
leptin. Senegalimassilia had the genome that produced enterolactone, which was one of
the two kinds of lignans in mammals and negatively correlated with white blood cells
and C-reactive proteinl®6162 Increased Senegalimassilia would inhibit inflammatory
response by producing enterolactone, and prevent DR consequently. The relationship
between Lachnospiraceae_UCG-010, Lachnospiraceae_UCG-008, S5-Al4a and diabetic
complications had not been reported.

Eubacterium, Peptococcus, Desulfovibrio, Acetanaerobacterium, Negativibacillus and
Family_XIII_UCG-001 were higher in Group PDR compared to Group NPDR, while
Pseudomonas, Alloprevotella and Tyzzerella were lower. Eubacterium is known as a
butyrate producerf3l. Sodium butyrate in low concentration can promote angiogenesis

whereas high concentration sodium butyrate has anti-angiogenic effectl®4%5]. However,
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whether Eubacterium in our study promotes DR by generating low concentration
sodium butyrate needs to be further clarified. Diabetes had a close relationship with
cognitive impairment!®-%8l. Diabetics with DR were more likely to suffer cognitive
impairment (CI) and patients with higher severity of were more likely to have
higher incidence of CII®l. In addition, retinal vessel and cerebral small vessel had
similar embryological origin, size and structure, suggesting that DR and CI may have
similar pathophysiological basislt?l. A study showed patients with T2DM who had CI
had higher level of Peptococcus and our study showed patients in Group PDR had a
higher level of Peptococcus than Group NPDRL. Peptococcus may inspire both CI and
DR progression in diabetic patients. Desulfovibrio desu]furicans%ls one of three species
isolated from human faeces and could induce endothelial cell to produce vascular cell
adhesion molecule-1 (VCAM-1) relating to the severity of DRI7*72l. Elevated level of
Desulfovibrio desulfuricans may involve in the progression of PDR. The conclusion needs
to be further explored due to the lack of analyzing species levels in genera
Desulfovibrio.Desulfovibrio and Acetanaerobacterium were positively correlated with
fasting insulin level and their abundance were higher in Group PDR than Group NPDR
in our study. Insulin could induce HIF and neovascularization by PI3K and MAPK
pathwayl”l.  Hyperinsulinemia may be the mechanism of Desulfovibrio and
Acetanaerobacterium promoting PDR. Our study showed that Negativibacillus was
negatively correlated with B lymphocyte. Considering immune cells including B
lymphocyte inhibited the formation of pulmonary neovascularization by ischemi,
Negativibacillus may promote retinal neovascularization by decreasing B lymphocytel741.
As stated earlier, Pseudomonas aeruginosa increased the incidence of DR by promoting
increased vascular permeability. However, Pseudomonas aeruginosa decreased in Group
PDR than Group NPDR. Pseudomonas aeruginosa inhibited HIF, a key molecule of
developing PDRI®l. Reason for the phenomenon that Pseudomonas aeruginosa was
related higher incidence of DR but lower incidence of PDR needed further exploration.

tyric acid exhibited anti-angiogenic effect by inhibit expression of VEGF/KDR gene,
and the higher abundance of Alloprevotella in the Group NPDR may suppress
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angiogenesis via butyric acids, thus delay the onset of PDR[?(’I.é‘yzzereIIa produced much
propionate which was capable of reducing the expression of VCAM-1 and intercellular
adhesion molecule-1 (ICAM-1) induced by cytokinel”778l. The levels of VCAM-1 and
ICAM-1 in serum and eyes of patients in Group PDR were elevated compared with
oup NPDRI7?l. Hence, Tyzzerella may have slowed the progression of DR by reducing
VCAM-1 and ICAM-1. The effect of Family XIII UCG-001 on DR was still unknown.

CONCLUSION

Our study explored the differences of intestinal microbiota between group DR and
group D, as well as group PDR and group NPDR in the Chinese population of the
southeast coastal region, rid of the interference of metformin. At the family level and
genus level, much different microbiota was found between group DR and group D, and
they may promote the occurrence of DR by affecting immune cells mediated by short-
chain fatty acids, pro-inflammation response or anti-inflammation, inducing HIF and
influencing permeability of blood vessels in the fundus. On the genus level, we found
that besides Pseudomonas, the variation of microbiota composition between group PDR
and group NPDR was completely different from that between group DR and group D.
Some differential bacteria between group PDR and group NPDR may affect the level of
butyrate or butyric acid, participate in the production of VCAM-1, decrease the level of
HIF, affect the brain-eye barrier, promote insulin secretion and reduce B lymphocytes to
promote or péstpone the progress of DR. Accordingly, we speculated that the disorder
of intestinal microbiota may be involved in the occurrence and development of DR,
providing a possible novel therapeutic target for DR. However, our study lacked the
detection at species level, as well as the measu ent of microbial metabolites and
related clinical indicators. The causal relationship between intestinal microbiota and the
occurrence and development of DR remained unclear. Consider the limitation

mentioned above, further investigation was required.
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Research background
For the therapy of diabetic retinopathy, current approaches showed their own
limitations. Modulation of gut flora was capable of preventing diabetic retinopathy,

which was revealed by animal experiment.

Research motivation
To explore the relationship between intestinal microbiota and diabetic retinopathy, and

provide possible novel strategy for treating diabetic retinopathy.

Research objectives

Diabetics in the southeast coast of China.

Research methods
By 16S rRNA sequencing, fecal sampﬁof non-diabetics (Group C, n =15) and diabetics
(Group DM, n = 30) were analyzed. Spearman correlation analyses were performed to

explore the associations between intestinal microbiota and clinical indicators.

earch results
The alpha and beta diversity did not differ significantly between Group DR and Group
D as well as Group PDR and Group NPDR. At the genera level, Pseudomonas,
Fusobacterium and Adlercreutzia were increased in Group DR than Group D while
Senegalimassilia was decreased (P < 0.05, respectively). At the family level,
Pseudomonadaceae, Desulfovibrionaceae and Fusobacteriaceae were signiﬁcaaly
increased in Group DR than in Group D (P < 0.05, respectively). Pseudomonas was
negatively correlated with NK cell count (r = -0.39_P = 0.03). In addition, the abundance
of Pseudomonas, Alloprevotella and Tyzzerella (P < 0.05, respectively) were lower in
Group PDR compared to Group NPDR, while genera Eubacterium (P < 0.01),
Peptococcus, Desulfovibrio, Acetanaerobacterium and Negativibacillus (F‘a < 0.05,

respectively) were higher. Desulfovibrio and Acetanaerobacterium were positively
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associated with fasting insulin (r = 0.53 and 0.61, respectively, P < 0.05), when

Negativibacillus was negatively associated with B cell count (r = =0.67, P < 0.01).

Research conclusions

Our research revealed that dysbiosis of gut flora was correlated with DR and its
progression among diabetics in the southeast coast of China, probably via several
mechanisms including producinaﬂﬂuencing permeability of blood vessels, short-chain
fatty acids, affecting levels of vascular ce]l adhesion molecule-1, hypoxia-inducible
factor-1, B cell and insulin. Manipulating gut microbiota might be a novel way for

prevention of DR, particularly PDR in population above.

Research perspectives

This research perspectives are as fellow: (1) Current treatments for diabetic retinopathy
did not acquire satisfied effect; (2) Animal experiment revealed that reconstruction of
gut microbiota could prevent diabetic retinopathy; and (3) Does alteration of gut

microbiota has connection with diabetic retinopathy in human?
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