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Background: Traditional observational studies have found a possible risk association of the gut microbiota for psoriasis. Meanwhile,
psoriasis may also affect the changes in the gut microbiota. However, the available evidence does not demonstrate a reciprocal
relationship between the gut microbiota and psoriasis. This limits our understanding on the role of the gut microbiota in the
mechanisms of psoriasis.

Methods: To address this question we used Mendelian randomization, a novel epidemiological approach, and acquired the largest
current gut microbiota GWAS data from the MiBioGen consortium as well as psoriasis GWAS data from the FinnGen consortium, and
performed two-sample bidirectional MR analyses using a multiple MR analysis approach. Finally, the robustness of the results was
assessed by sensitivity analysis.

Results: Our results indicate that five bacterial genera are causally related to psoriasis and psoriasis is causally related to four bacterial genera.
Conclusion: These results suggest a bidirectional causal influence of psoriasis on the gut microbiota. Our results somewhat challenge
the causal inferences of previous observational studies. We found that the specific bacterial genera with a risk effect on psoriasis were
different from those found to characterize psoriasis in previous observational studies, and that these psoriasis-characterizing genera
were inversely associated with psoriasis.

Keywords: Mendelian randomization, psoriasis, causal relationship, gut microbiota, bidirectional Mendelian randomization analysis

Introduction

Psoriasis is a chronic and complex skin disease with systemic multisystem comorbidities that occurs in approximately 2.4% of the
world’s population'- Current treatments for psoriasis have limited effectiveness and are prone to relapse after discontinuation of
medication, which seriously affects the patient’s survival rate and quality of life. Recently, WHO has proposed psoriasis as a major
global health problem.? Psoriasis pathogenesis mainly involves immunity, genetic susceptibility, and environmental factors.’
Among them, the role of intestinal microbiota in psoriasis pathogenesis has received increasing attention. Many studies have
shown that changes in the intestinal microbiota may play a non-negligible role in psoriasis. For example, epidemiologic
investigations have found an increased risk of psoriasis in inflammatory bowel disease, obesity,* and other conditions accom-
panied by intestinal dysbiosis. There are also several observational studies that have shown by macro-genetic sequencing of fecal
samples that the composition of the intestinal flora is significantly different between psoriasis patients and healthy controls.” Not
only that, but patients with psoriasis also have significant dysregulation of intestinal microbiota metabolites, such as fatty acid
binding protein and tight junction protein-3.° In addition, probiotics significantly improved skin lesion severity in psoriasis-like
mice.” This evidence suggests that the gut microbiota may be strongly associated with psoriasis, but it is not clear whether changes
in gut flora trigger psoriasis or whether psoriasis causes changes in gut flora. In addition, it should not be overlooked that
observational studies are susceptible to confounding factors leading to abnormally skewed results, such as metabolic disorders,
cardiovascular disease, and obesity (as a psoriasis comorbidity), as well as age, dietary variations, and antibiotic use are all
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independent factors affecting the gut microbiota® '* The findings of the above observational studies limit the ability to make
causal inferences about the gut microbiota and psoriasis. Therefore high-quality studies are necessary to determine the direct
causal effect of gut microbiota and psoriasis.

Mendelian randomization (MR) is a latest epidemiological research method that is based on Mendelian laws of
inheritance and uses genetic variation as an instrumental variable for causal inference. Unlike traditional randomized
controlled trials (RCTs), MR analyses are not influenced by human factors and can minimize bias anomalies caused by
confounding factors.'""'? Current large-scale genome-wide association studies (GWAS) provide extensive statistical data
for Mendelian randomization studies. To date, Mendelian randomization studies have been successfully applied to
explore the causal impact of potential risk factors with complex diseases.'* '

Given the strengths of MR, we performed a comprehensive two-sample bidirectional causal analysis using gut
microbiota and psoriasis GWAS data from the public databases MiBioGen Consortium and FinnGen Consortium,
respectively, and referenced the STROBE-MR checklist (https://www.STROBE-MR.org/) to ensure the quality and
accuracy of the study'® In this study, we sought to elucidate whether the gut flora has a causal role in psoriasis and

whether psoriasis has a potential impact on the gut microbiome. This will provide a research basis for the mechanisms of
the intestinal microbiota’s role in psoriasis and provide new biomarkers and therapeutic strategies by characterizing
causal effects between specific genera of bacteria and psoriasis patients.

Materials and Methods

Research Design

Figure 1 shows our overall study design for MR. Our design maximizes the possibility of avoiding the influence of
confounding factors. Here, we first acquired independent GWAS data on gut microbiota and psoriasis from different
databases. In addition, we implemented the MR study to fulfill the following three key assumptions (Figure 2): (1) SNPs
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Figure | A schematic of the design and process of our MR study.
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Figure 2 Research hypotheses to be followed for bidirectional MR analysis: |, instrumental variables (IVs)are significantly associated with exposure.2, IVs are not related to
confounders. 3, IVs affect the outcomes only via the exposure of interest.

of instrumental variables (IVs) are strongly associated with exposure; (2) SNPs are not associated with any confounders
of exposure and outcome associations; (3) SNPs act only through exposure and not through other pathways.'” To fulfill
the above assumptions we screened candidate instrumental variables after a series of criteria and used five MR analyses
to ensure the robustness of the results. Finally, the results were tested by sensitivity analysis in order to detect the
possibility of heterogeneity and horizontal pleiotropy. Then, it was followed by reverse MR analysis.

Data Sources
The gut microbiota GWAS data were from the MiBioGen consortium (https://mibiogen.gcc.rug.nl/). This is the largest multi-

ethnic genome-wide association meta-analysis of gut microbiota to date, harmonizing 18,340 individuals from 24 cohorts of
different countries, ages, and genders.'® Genome-wide genotypes were obtained by targeted 16S rRNA gene sequencing of fecal
samples (using seven different fecal extraction methods and three different 16S rRNA regions) for a total of 211 taxa (131 genus,
35 family, 20 order, 16 class, and 9 phylum). This GWAS data is now widely used in MR studies of the gut microbiota.'®!
Psoriasis GWAS data were obtained from the FinnGen database. FinnGen study is a continuously updated comprehensive
database containing genetic information data and health registry records (https://www.FinnGen.fi/en). We chose the most recent

and larger sample sizes data to ensure the statistical efficacy of our study. The psoriasis data we retrieved (finn-
b-L12 PSORIASIS) were coded using ICD-10-L40 and included a total of 4510 cases and 212,242 controls, all from the
European population.”

Instrumental Variables Selection

We set the following steps to screen the best IVs to ensure the robustness of our study; first, screening of significantly
relevant SNPs from gut microbiome GWAS data as IVs. However there is a problem that is prevalent in MR studies of
the gut microbiota'®** If the number of SNPs obtained by using the genome-wide statistical significance threshold
(p<5x10-8) is few, it may lead to biased results. In order to obtain more convincing results, we referred to more MR
studies of the gut microbiota and finally used a looser level of genome-wide significance (p<1x10-5).2*** Second, on the
basis of the SNPs obtained in the previous step, we set the linkage disequilibrium filtering conditions to R2 = 0.01 and
clumping distance = 10,000 kb. Such conditions ensure statistical efficacy while minimizing the risk of confounding.?®
Third, removal of palindromic SNPs with A/T or G/C structures from SNPs obtained in the second step.'**® Finally, we
calculated the F statistic to detect the strength of the correlation between the SNPs obtained in the third step and the
exposure, removing SNPs with weak instrumental bias (F values <10).?’

Mendelian Randomization Analysis

This study was conducted in R software (4.3.0), the main R packages we used included TwoSampleMR, MR-PRESSO.
When there was only one IV in the exposure results, causality was tested using the Wald ratio method. When there were
multiple Vs, we used five different MR analysis methods; inverse variance weighted (IVW), MR-Egger regression,
weighted median, weighted mode, and simple mode. In the absence of pleiotropy, inverse variance weighting (IVW) is
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the most reliable analysis method. IVW has high accuracy because it combines the ratio of each SNP to estimate the
causal effect of exposure on outcome.?’” The other four methods have their own focus and are often used as comple-
mentary methods to ensure more robust results. Weighted median estimates are robust to the presence of null instruments
and provide consistent estimates of causal effects even when up to 50% of the instrumental variables are null.>* Weighted
models remain valid even when other instrumental variables do not satisfy MR requirements. MR-Egger not only

assesses the presence of pleiotropy in genetic variation, but also provides estimates when pleiotropy is present.*®

Sensitivity Analysis

We tested for sensitivity using a variety of methods. The distribution of the funnel plot is used to show whether the
results are biased or not. Leave-One-Out (LOO) analysis detects whether the removal of a single SNP affects the
direction of the overall causal association.”® MR-Egger intercept detects the presence of pleiotropy by evaluating the
distance of the intercept from zero. MR-PRESO is a more robust method for detecting pleiotropy and reduces horizontal
pleiotropy by removing outliers.”” Cochran’ s Q statistic was used to detect heterogeneity among the selected genetic
variants, and the effect of heterogeneity should be considered if P<0.05.

Results

Causal Association of Gut Microbiota on Psoriasis

Based on the screening criteria we set, a total of 2876 SNPs from 211 bacterial genera were selected as candidate IVs,
respectively, at the phylum (124), class (229), order (286), family (505), and genus (1732). The F-values of these SNPs
were all >10, which suggests a strong correlation with the gut microbiota (Supplementary Table S1).

Full results of the preliminary analysis showing the relationship between gut microbiota and psoriasis risk are
provided in Figure 3 and Supplementary Table S2. We found four genera to be associated with psoriasis, specifically

Eubacteriumfissicatenagroup, Lactococcus, Odoribacter, and Ruminiclostridium5. At least one of these MR methods was
found to be associated with psoriasis (Table 1; Supplementary Figure S1). Our results showed a negative effect of
Eubacteriumfissicatenagroup on psoriasis IVW OR 1.27; 95% CI 1.1-1.47; p=1.10x10-3), and also supported by
a Weighted median (OR 1.27; 95% CI 1.04-1.54; p=1.7x10-2). However, it is worth noting that the MR-Egger analysis
produced effect estimates in the opposite direction from the other four MR analyses (IVW, weighted model, weighted

median, and simple model), albeit not significantly. This situation exists in other MR studies as well.>> More stringent
conditions should be set to screen IVs to repeat the analyses, such as narrowing the genome-wide significance threshold,
but more stringent screening conditions would result in very few selected SNPs, which would make the results
unconvincing. Considering that [IVW estimates are more precise than MR-Egger in the absence of horizontal pleiotropy,
and that MR-Egger is susceptible to peripheral genetic variables, the results of the analysis for
Eubacteriumfissicatenagroup are acceptable, but more studies are still needed to argue the case. Similarly,
Lactococcus had a negative impact on psoriasis (IVW OR 1.25; 95% CI 1.08-1.44; p=2.80x10-3), and the presence
of an MR-Egger estimated effect in the reverse direction of the results of the other four MR analyses. For such a result
we choose to be cautious in our reservations. Ruminiclostridium5 also had a negative influence on psoriasis (IVW OR
1.31; 95% CI 1.01-1.7; p=4.3%10-2) and in the same direction as the results of the other four MR analyses. In addition,
our findings showed Odoribacter suggested a protective effect against psoriasis (IVW OR 0.71; 95% CI 0.53-0.96;
p=2.40x10-2), and were in the same direction as the results of the other four MR analyses.

For these four potential causal relationships we conducted sensitivity analyses, and the results of the MR-Egger
intercept and Cochran’s Q showed no indication of the presence of horizontal pleiotropy and heterogeneity (p>0.05)

(Table 2). Most funnel plots were symmetrical, except for Lactococcus (Supplementary Figure S2). In the leave-one-out

analysis, there were aberrant IVs in Odoribacter and Ruminiclostridium5 (Supplementary Figure S3). However, more
robust MR-PRESO did not detect the presence of abnormal IVs (Table 2).
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Figure 3 Complete MR analysis of causal associations between gut microbiota and psoriasis. Each region corresponds to the gut microbiota at the phylum, class, order,
family and genus level. The color shading of the circles from outer to inner are reflections of p-value sizes for IVW, MR-Egger, weighted median, weighted mode, and simple
mode, respectively. Each red dot in the innermost circle represents the causal effect of each SNP of IVW on psoriasis, and the green dotted line represents OR=1.

Causal Association of Psoriasis on Gut Microbiota

Reverse MR analyses identified a potential causal effect of psoriasis on five genera of enteric bacteria (Table 3 and
Supplementary Figure S4), and the complete results of the analyses are in the Supplementary Data (Supplementary Table
S3; Supplementary Table S4). Of these, psoriasis had a risk effect on four genera, including Bacteroidia (IVW OR 1.04;95%
CI 1-1.07; p = 0.04), Intestinimonas (IVW OR 1.04;95% CI 1.01-1.08; p = 0.02), Bacteroidales IVW OR 1.04;95% CI 1-
1.07; p = 0.04), and Bacteroidetes IVW OR 1.04; 95% CI 1 —1.07; p = 0.04). Surprisingly, psoriasis had a positive
association with gut microbiota, Proteobacteria (IVW OR 0.97;95% CI 0.95-1; p = 0.05). Although the results of the other
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Table | MR Estimates for the Causal Association of Psoriasis on Four Gut Microbiota

Exposure Outcome Method NSNP | OR 95%ClI p-value
Genus.Eubacteriumfissicatenagroup.id. 1 4373. Psoriasis VW 9 127 | 1.1-1.47 | 1.10x10-3
MR Egger 9 0.89 | 0.42-1.89 0.78
Weighted median 9 1.27 | 1.04-1.54 | 1.70%x10-2
Weighted mode 9 1.28 | 0.92-1.77 0.18
Simple mode 9 1.28 | 0.94-1.74 0.16
Genus.Lactococcus.id. 1851. Psoriasis A% 9 1.25 | 1.08-1.44 | 2.80%10-3
MR Egger 9 094 | 0.49-1.8 0.86
Weighted median 9 1.19 | 0.97-1.44 0.09
Weighted mode 9 I.14 | 0.89-1.46 0.33
Simple mode 9 1.13 | 0.87-1.46 0.38
Genus.Odoribacter.id.952. Psoriasis VW 7 0.71 | 0.53-0.96 | 2.40%x10-2
MR Egger 7 0.84 | 0.34-2.11 0.73
Weighted median 7 0.73 | 0.49-1.08 0.11
Weighted mode 7 0.72 | 0.41-1.26 0.29
Simple mode 7 0.71 1.4-1.26 0.28
Genus.Ruminiclostridium5.id. | 1 355. Psoriasis VW 11 1.31 1.01-1.7 4.3x10-2
MR Egger I 1.21 | 041-3.6 0.74
Weighted median I 1.12 | 0.78-1.6 0.55
Weighted mode 11 1.1 | 0.62-1.96 0.75
Simple mode 11 1.13 | 0.62-2.07 0.7

Abbreviations: MR, Mendelian randomization; SNP, single nucleotide polymorphism; OR, odds ratio; Cl, confidence interval; IVW, inverse
variance weighted.

Table 2 Sensitivity Analysis of the Causal Association Between Four Gut Microbiota and Psoriasis

Exposure Outcome | Method Heterogeneity Pleiotropy MR-PRESSO
p value
Q Q_df | Q_pval | Egger_Intercept SE pval

Genus.Eubacteriumfissicatenagroup. Psoriasis A% 6.1 8 0.64 0.046 0.049 | 0.379 0.68

id.14373 MR Egger | 5.22 7 0.63

Genus.Lactococcus.id. 185 Psoriasis VW 4.74 8 0.78 0.038 0.043 | 0.415 0.83
MR Egger | 3.99 7 0.78

Genus.Odoribacter.id.952 Psoriasis VW 4.28 6 0.64 —0.013 0.035 | 0.726 0.41
MR Egger | 4.14 5 0.53

Genus.Ruminiclostridium5.id. 1 1355 Psoriasis VW 8.02 10 0.63 0.005 0.035 | 0.888 0.06
MR Egger 8 9 0.53

Abbreviations: MR-PRESSO, MR-Pleiotropy Residual Sum and Outlier; IVW, inverse variance weighted.

Table 3 MR Estimates for the Causal Association of Psoriasis on Five Gut Microbiota

Exposure Outcome Method NSNP OR 95%CI p-value
Psoriasis Class.Bacteroidia.id.9 12 Ivw I 1.04 1-1.07 0.04
MR Egger I 1.04 0.99-1.1 0.18
Weighted median 11 1.04 1-1.07 0.04
Weighted mode 11 1.04 1-1.07 0.06
Simple mode 11 1.08 0.98-1.18 0.15

(Continued)
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Table 3 (Continued).
Exposure Outcome Method NSNP OR 95%ClI p-value
Psoriasis Genus.Intestinimonas.id.2062 VW I 1.04 1.01-1.08 0.02
MR Egger I 1.03 0.98-1.08 0.31
Weighted median I 1.02 0.98-1.07 0.24
Weighted mode I 1.02 0.98-1.07 0.31
Simple mode I 1.03 0.94-1.13 0.54
Psoriasis Order.Bacteroidales.id.9 13 VW 11 1.04 1-1.07 0.04
MR Egger I 1.04 0.99-1.1 0.18
Weighted median 11 1.04 1-1.07 0.04
Weighted mode I 1.04 1-1.08 0.09
Simple mode I 1.08 0.99-1.17 0.14
Psoriasis Phylum.Bacteroidetes.id.905 Ivw I 1.04 1-1.07 0.04
MR Egger I 1.04 0.99-1.1 0.17
Weighted median I 1.04 1-1.07 0.03
Weighted mode ] 1.04 1-1.07 0.07
Simple mode ] 1.07 0.98-1.17 0.16
Psoriasis Phylum.Proteobacteria.id.2375 | IVW I 0.97 0.95-1 0.049
MR Egger ] 0.98 0.95-1.02 0.46
Weighted median I 0.98 0.95-1.01 0.12
Weighted mode I 0.97 0.94-1.01 0.16
Simple mode I 0.96 0.9-1.02 0.23
Abbreviations: MR, Mendelian randomization; SNP, single nucleotide polymorphism; OR, odds ratio; Cl, confidence interval; IVW,
inverse variance weighted.
Table 4 Sensitivity Analysis of the Causal Association Between Psoriasis and Five Gut Microbiota
Exposure | Outcome Method Heterogeneity Pleiotropy MR-PRESSO
p value
Q Q_df | Q_pval | Egger_Intercept SE pval
Psoriasis Phylum.Bacteroidetes.id.905 VW 16.06 10 0.1 —0.002 0.009 | 0.863 0218
MR Egger 16 9 0.07
Psoriasis Phylum.Proteobacteria.id.2375 | IVW 823 10 0.6l —0.005 0.007 | 0.453 0.717
MR Egger | 7.6l 9 0.57
Psoriasis Class.Bacteroidia.id.9 12 VW 6.26 10 0.79 0.005 0.008 | 0.516 0.686
MR Egger | 5.8l 9 0.76
Psoriasis Order.Bacteroidales.id.9 13 Ivw 15.75 10 0.11 —0.002 0.009 | 0.863 0.234
MR Egger | 15.69 9 0.07
Psoriasis Genus.Intestinimonas.id.2062 | IVW 6.26 10 0.79 0.005 0.008 | 0.516 0.674
MR Egger | 5.8l 9 0.76

Abbreviations: MR-PRESSO, MR-Pleiotropy Residual Sum and Outlier; IVWV, inverse variance weighted.

four analyses were not significant, they were in the same direction as I[VW. Potential horizontal pleiotropy and heterogeneity

were not shown in the sensitivity analysis (Table 4; Supplementary Figure S5; Supplementary Figure S6).

Discussion
Notably, this is the first report of using MR to investigate the bidirectional causal relationship between psoriasis and gut

microbiome (Figure 4). As we used a large sample size of GWAS data and a more robust MR design, we provide

convincing evidence for our MR results. We identified four specific genera with a risk effect on psoriasis, in addition,

a potential causal effect of psoriasis on five genera. These results establish a bidirectional causal effect between gut

microbiota changes and psoriasis. Our results somewhat challenge the causal inferences of previous observational
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Exposure Outcome N OR (95% CI) P-Value
genus.Eubacteriumfissicatenagroup psoriasis 9 1.27 (1.10 to 1.47) | —_— 0.00114
genus.Lactococcus psoriasis 9 1.25(1.08 to 1.44) pf— 0.00278
genus.Odoribacter psoriasis 7 0.71 (0.53 to 0.96) (S, 0.024

genus.Ruminiclostridium5 psoriasis 11 1.31(1.01to0 1.70) p———t 0.04298

1
psoriasis class.Bacteroidia 11 1.04 (1.00 to 1.07) }* 0.04053
psoriasis genus.Intestinimonas 11 1.04 (1.01 to 1.08) - 0.02195
psoriasis order.Bacteroidales 11 1.04 (1.00 to 1.07) = 0.04053
psoriasis phylum.Bacteroidetes 11  1.04 (1.00 to 1.07) b 0.03637
psoriasis phylum.Proteobacteria 11 0.97 (0.95 to 1.00) 1 0.04963
0.5 1 1?5 é

Figure 4 Bidirectional MR results of causal effects between gut microbiome and psoriasis.

studies. The specific genera we found to have a risk effect on psoriasis were different from the characteristic genera
found in observational studies, and the association between these psoriasis-characterizing genera and psoriasis was
inverse. Our results will be necessary for further research in this area.

Studies have shown that the intestinal microbiota may play an important role in the pathogenesis of many complex
diseases. In light of the proposed “gut-skin axis” and the presence of altered gut microbiota composition and aberrant
bacterial metabolites in many inflammatory skin diseases,*® there has been widespread interest in the relevance of the gut
microbiota to skin homeostasis. Among them, several observational studies have found significant variability in the gut
microbiota of psoriasis patients. It is now agreed that the relative abundance and diversity of intestinal flora organisms
are significantly altered in psoriasis patients compared to healthy individuals, with some differences at the phylum, order,
genus, and species levels.>' >? However, previous studies with differences in design and methodology have led to
different or even conflicting results in assessing changes in genera.>* For example, Firmicutes and Bacteroidetes are the
main genera in patients with psoriasis,>> with Firmicutes accounting for about 45% and Bacteroidetes accounting for
about 36% of the total.>® Some studies have found an increased Firmicutes/Bacteroidetes ratio in psoriasis patients
compared to healthy controls by 16S rRNA sequencing of fecal samples.’**’~® However, Huang et al reported
inconsistent results, found a decreased in Firmicutes and an enrichment in Bacteroidetes in the psoriasis patient
group.®® Similarly, Akkermansia is considered to be a “psoriasis characteristic genera™’ however, changes in the
abundance of Akkermansia in psoriasis patients have been inconsistently reported.*>*° As the degree of gut dysbiosis
in psoriasis patients correlates with lesion severity, inflammation-related markers (IL-2, CRP),>'*® and comorbidities
(obesity, IBD). It is difficult to draw consistent conclusions about changes in the intestinal microbiota in psoriasis
patients, which will make the search for the key genera affecting psoriasis more difficult.

In comparison with previous studies, our MR study avoids confounding elements from interfering with the results and
has new findings results. Our study confirms that intestinal microbiota dysbiosis can trigger the development of psoriasis.
Our study found that at the genus level, Eubacteriumfissicatenagroup, Lactococcus, and Odoribacter had a risky effect
on psoriasis. Of these, only Lactococcus has been reported in a previous observational study, which indicated that

psoriasis patients were relatively more abundant in Lactococcus compared to healthy persons,*®

as shown by the
Wilcoxon test, which is consistent with our study. Lactococcus has been reported to be associated with high-fat diets
and obesity,*"*?

Eubacteriumfissicatenagroup and Odoribacter with psoriasis has not been reported in any study. Short-chain fatty

which is also a predisposing factor for psoriasis. However, an association between the

acids (SCFAs) are metabolites converted by fermentation of otherwise indigestible dietary fiber by intestinal bacteria
and are important in maintaining intestinal barrier function and anti-inflammatory properties.*® Eubacterium spp. and
Odoribacter are among the known producers of SCFAs, that maintains intestinal homeostasis.***> They are currently
reported to have a positive role in metabolic syndrome, inflammatory bowel disease.*® However, our study showed that
they have a dangerous impact on the developing of psoriasis. Hence, more studies are needed to further substantiate the
role of Eubacterium spp. and Odoribacter in psoriasis. In addition, in contrast to previous studies, our study was the first
to find a protective effect of Ruminiclostridium5 against psoriasis. Some studies have reported that Ruminiclostridium5
may be associated with glucose tolerance, high-fat diet.*”*® Its effect on the development of psoriasis is unknown.
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Reverse MR analysis revealed that psoriasis has a dangerous effect on Bacteroidia, Intestinimonas, Bacteroidetes, and
Bacteroidales, which confirms that psoriasis can cause dysbiosis of intestinal genera. Observational studies have shown
that Bacteroidetes is a key genus for gut microbiota changes in psoriasis patients.’® Our findings similarly identified
a potential association between Bacteroidetes and psoriasis, but this association was reverse causality, which somewhat
challenges the causal inference of previous studies. Meanwhile, previous reports on the abundance of Bacteroidetes have
been inconsistent, and our results provide illustrative evidence for this point of contention. In addition, our study is the
first to report the effect of psoriasis on Intestinimonas, and no study has yet reported linking Intestinimonas to psoriasis.
Intestinimonas is a newly described genus of metabolically characterized bacteria with unique metabolic profiles,
producing butyrate with anticancer, anti-inflammatory, and antioxidant effects.*” It has been shown to be associated
with a high-sugar diet, inflammatory bowel disease.’®' Our study also found a protective effect of psoriasis on
Proteobacteria. However, existing studies found a significant reduction of Proteobacteria in psoriasis patients and an
increase in its relative abundance after secukinumab treatment, which contradicts our results. Therefore, more studies are
necessary to argue about the effect of psoriasis on Proteobacteria. Our study confirms that the changes in the abundance
of Bacteroidia, Bacteroidetes, and Proteobacteria are caused by psoriasis, and laterally verifies that the treatment of
psoriasis significantly improves the intestinal microbiota situation, but the concrete mechanism requires further
clarification.

Although our study has been adequately designed, there are still some limitations that must be confronted: concerning
the data sources, the GWAS data included in this study were primarily from subjects of European ancestry, which does
not exclude the existence of overlapping participants, but our application of F-statistics can minimize the bias of
overlapping participants.”® Additionally, it is well known that the incidence of psoriasis and the distribution of gut
microbiota differ between human races, so the results of this study have limited validity for other races. Some
observational studies have shown that variability in gut microbiota correlates with the severity of psoriasis,*® but the
available GWAS data do not grade the severity of psoriasis in patients with psoriasis, and therefore fail to assess the
effect of genetic variance in the changes in gut microbiota in relation to the grading of the degree of psoriasis.
Furthermore, because of the small sample size of the gut microbiome GWAS data, a more moderate GWAS significance
threshold (P<1x10-5) was used in our study to enable as many SNPs as possible to be screened for effective MR analysis.
Finally, the inconsistency in the direction of the results of MR-Egger and the other four analyses in our results provided
a great example of the rigor of using multiple analytical methods, and since the IVW analysis is more robust than MR-
Egger, we retained these positive results, which is acceptable for our exploratory study.

Conclusions

In conclusion, our study identifies a bidirectional potential association between specific gut microbiota and psoriasis and
discovers potential causative genera of psoriasis. This is positive for a deeper understanding of the role of gut microbiota
in psoriasis and could contribute to the development of interventions for gut flora in psoriasis. It should be emphasized
that more experiments are necessary to validate these associations.
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