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Background: Psoriasis is a chronic autoinflammatory skin disease, and its aetiology
remains incompletely understood. Recently, gut microbial dysbiosis is found to be tightly
associated with psoriasis.

Objective: We sought to reveal the causal role of gut microbiota dysbiosis in psoriasis
pathogenesis and investigate the protective effect of healthy commensal bacteria against
imiquimod -induced psoriasis-like skin response.

Methods: By using fecal microbial transplantation (FMT), 16S rRNA gene-based taxo-
nomic profiling and Lactobacillus supplement, we have assessed the effect of FMT from
healthy individuals on psoriasis-like skin inflammation and associated immune disorders in
imiquimod-induced psoriasis mice.

Results: Here, by using psoriasis mice humanized with the stools from healthy donors and
psoriasis patients, the imiquimod-induced psoriasis in mice with psoriasis patient stool was
found to be significantly aggravated as compared to the mice with healthy donor stools.
Further analysis showed fecal microbiota of healthy individuals protected against Treg/Th17
imbalance in psoriasis. Moreover, we found the gut and skin microbiome in mice receipted
with gut microbiota of healthy individuals (HD) differed from those of mice receipted with
gut microbiota of psoriasis patients (PSD). 16S rRNA sequencing revealed that Lactobacillus
reuteri was greatly enriched in fecal and cutaneous microbiome of HD mice as compared to
PSD mice. Intriguingly, supplement with Lactobacillus reuteri was sufficient to increase the
expression of anti-inflammatory gene IL-10, reduce Th17 cells counts and confer resistance
to imiquimod-induced inflammation on the mice with gut microbiota dysbiosis.
Conclusion: Our results suggested that the gut microbiota dysbiosis is the potential causal factor
for psoriasis and the gut microbiota may serve as promising therapy target for psoriasis patients.
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Introduction

Psoriasis is a T cell-mediated inflammatory skin disease, and affects 3% of the
world’s population.' The disorders of immune system are thought as the dominant
cause for its pathogenesis.” Genome-wide scans for psoriasis have identified its
association with the mutations in predominant immune-related genes, which impli-
cate the key role of genetics in psoriasis.” However, the absence of complete
concordance between monozygotic twins suggests a crucial role of environmental
factors in this disease development.* Besides, lifestyle also has the major implica-

tion in psoriasis.” " Overall, psoriasis is a multifactorial disease with an intimate
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interplay among the immune systems, genetic susceptibil-
ity, lifestyle and environment.”

Recently, several studies have been conducted on the
correlation of gut microbiota dysbiosis with psoriasis.'?'®
Cohort studies show a lower bacterial diversity and differ-
ences in P-diversity in the gut microbiome of psoriasis
patients.'>'* The richness in gut microbiota taxa is sig-
nificantly reduced in psoriasis patients, especially in psor-
iatic arthritis patients as compared to healthy controls.'
A lowering of the Bacteroidetes/Firmicutes ratio was
observed in the gut microbiota of psoriasis patients as
compared to the healthy ones.'* Besides, the reduced pre-
sence of several taxa is associated with the responses to
anti-psoriasis treatment.'® In addition, the connection of
the skin microbiome alterations and psoriasis®**' focused
the potential role of gut microbiota dysbiosis on the skin
aberrant inflammatory response.

However, even that these recent studies suggested
a disrupted gut microbiota composition in psoriasis, cau-
sative analysis is still absent. Here, we used a mouse
model humanized with the stools from human donors to
reveal the causal role of gut microbiota dysbiosis in psor-
iasis pathogenesis and investigate the protective effect of
healthy commensal bacteria against imiquimod induced
16S
revealed that Lactobacillus reuteri was greatly enriched

psoriasis-like skin response. rRNA sequencing
in fecal and cutaneous microbiome of HD mice as com-
pared to PSD mice. Furthermore, we monocolonized mice
with five well-known probiotic Lactobacillus species and
their mixture to explore their protective effect of psoriasis.

Materials and Methods
Participants

A total of 16 psoriasis patients and 22 sex- and age-
matched healthy controls were recruited from the medical
staff at the Minhang Hospital. The information of all
participants was summarized in the Supplementary Table

S1. The study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee of Minhang Hospital, Fudan University and
informed consent was obtained from all participants.

Imiquimod-Induced Psoriasis-Like Skin
Inflammation Model

Three to 4 weeks Balb/c female mice (Beijing Vital River
Laboratory Animal Technology Co., Ltd.) were bred and
maintained in plastic flexible film gnotobiotic isolators

under a strict 12 h light cycle and fed autoclaved water
and diet at the Centralab of Minhang Hospital, Fudan
University. To establish a psoriasis-like skin inflammation
model, the mice were treated with a daily topical dose of
62.5 mg of imiquimod cream (5%) (Sichuan Medshine
Pharmaceutical) on the shaved back and on the left ear
(5 mg) for 6 consecutive days. The severity of erythema
and scaling was monitored daily, using a scale based on
the Psoriasis Area and Severity Index (PASI).”* Ear swel-
ling and skin thickening were measured at the end of the
experiment, as previously described.'® On day 8, All mice
were anaesthetized with ketamine (200 mg/kg) and xyla-
zine (10 mg/kg), and blood was collected by cardiac
puncture. Histopathological examinations were performed
in 4 um sections stained with HE. The scoring system
describing the degree of imiquimod-induced skin inflam-
mation on a scale of 0-2."7

FMT Experiments

Fresh stools from each participant were immediately sus-
pended in an equal volume (w/v) of PBS containing 20%
glycerol in PBS, snap-frozen in liquid nitrogen, and stored
in —80°C refrigerator until use. FMT was performed
modified method described
previously.'®?*?*  Briefly, mice were received with

according to the

a broad-spectrum cocktail of antibiotics containing vanco-
mycin (100 mg/kg), neomycin sulfate (200 mg/kg), metro-
nidazole (200 mg/kg), and ampicillin (200 mg/kg) once
a day for 7 days by oral gavage to remove indigenous gut
microbiota. Then, stool samples for human were thawed
and suspended in an equal volume of PBS, vortexed and
the supernatant was centrifuged. 200 pL of the fecal sus-
pension was administered to mice by oral gavage three
times during the following two weeks. All mice from
experimental groups received FMT from either healthy
or psoriasis donors, with each donor sample delivered to
10 mice. One day after the last FMT, mice were chal-
lenged with imiquimod. All animal experiments were
approved by the Ethical Committee of Minhang Hospital,
Fudan University.

Lactobacillus Administration

The commercially available bacterial strains, including
LA: Lactobacillus acidophilus, LP: Lactobacillus plan-
tarum, LR: Lactobacillus reuteri, LRH: Lactobacillus
rhamnosus, LC: Lactobacillus casei, MIX: the union of
the five different species Lactobacillus were gained from
Yaodan Biotechnology Co., Ltd (Shanghai, China). Each
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mouse was treated with twice a week 1x10° CFU for 6
weeks by oral gavage before imiquimod challenge.

Gut Microbiota Analysis

Total DNA in fecal was isolated using the DNA extrac-
tion kit (TIANGEN, China) according to the manufac-
turer’s instructions. For analysis of the taxonomic
composition of the microbiota, the hypervariable regions
V3-V4 region of 16S rRNA genes was amplified and
the Illumina MiSeq 2500 platform
(Nlumina MiSeq, USA). Reads were trimmed and clas-
sified using QIIME (V 1.8.0). After quality filtering and
chimera removal, clean sequences with 97% similarity

sequenced at

were phylogenetically sorted to the same operational
taxonomic units (OTUs). The phylogenetic affiliation
of each 16S rRNA gene sequence was assigned using
RDP classifier. Gut microbiota o- and B-diversity, were
analyzed according to OTU information using QIIME?
and displayed with R software R V.3.5.0 (under RStudio
V.1.1.453). Linear discriminant analysis effect size
(LEfSe) was performed to determine the features most
likely to explain the differences between groups.”® The
co-occurrence networks were generated in Gephi soft-
ware (version 0.9.2).

Flow Cytometry

Spleen were mechanically dissociated to yield a single-cell
suspension and were treated with ammonium chloride—
potassium buffer for red blood cell lysis. After isolation,
cell suspensions were passed through 40um cell strainers
(BD Pharmingen) and cell populations were characterized
by flow cytometry. The cells were then blocked with Fc-
block (BD Biosciences) and stained with anti-mouse anti-
bodies according to the manufacturer’s instructions.
Stained samples were analyzed on Cyan ADP 9 colors
cytometer (Beckman Coulter) and analyses were per-
formed with FlowJo software version 10. For intracellular
staining of produced cytokines, cells were first stimulated
with 1 uL PMA/Ionomycin Mixture (250x) and 1 uL BFA/
Monensin Mixture (250%). With mononuclear cells only as
control. Mix wells were incubated in CO2 incubator at
37°C for 4-6 hours and vortexed every 1-2 hours during
incubation, according to the manufacturer’s instructions.
Data were acquired using LSRII (BD Bioscience) and
analyzed by FlowJo software v9.6.2. (Tree Star, Inc.,
Ashland, OR).

RT-qgPCR
Total RNA was extracted from skin samples using TRIzol
reagent (Invitrogen) and a Microplate Readers (Cytation 5,
Biotek) was used for RNA quality control. mRNA was
reverse-transcribed with the PrimeScript RT reagent Kit
with gDNA Eraser (TaKaRa Biotech Co.) and each test
consumed 1 pg of total RNA according to the manufac-
turer’s instructions. gPCR was carried out with the SYBR
Premix Ex Taq II (TliRNaseH Plus) (TaKaRa Biotech Co.)
using a QuantStudio™ 7 Flex Real-Time PCR System
(ThermoFisher). Primers were purchased from Sangon
Biotech. The used primers were listed in Supplementary
Table S2. Actin was used as the internal control and the
relative gene expression was determined compared with
the expression of internal control.

Statistical Analysis

According to the different data, statistical analysis between
groups were analysed using the Wilcoxon’s rank-sum test,
Student’s #-test or one —way analysis of variance. Correlation
analyses were performed based on spearman’s rho statistic.
Rate comparisons were performed with Pearson’s x2 test or
Fisher’s exact test. The data are presented as mean + standard
deviation (SD). The tests for statistical comparisons were
clarified in related legends. P < 0.05 was considered to be
statistically significant. Statistical analyses and data visuali-
zation were performed using R V.3.5.0 (under RStudio
V.1.1.453) and GraphPad prism 8.

Result

Dysbiosis of Gut Microbiota in Psoriasis
Patients

A total of 22 healthy control (HD) and 16 psoriasis
patients (PsO) were included in the present study
S1).
including Shannon index, ACE, Chaol and Observed spe-

(Supplementary Table Alpha-diversity indices,

cies, were markedly decreased in the PsO group
(Figure 1A). According to PCoA, the gut microbiome of
the PsO group differed significantly from that of the
healthy group using the unweighted UniFrac distance
(Figure 1B). Next, we examined the relative abundance
of the taxa that constitute the multivariate distribution of
the gut microbiota. Skyline plots demonstrated generally
similar compositions of gut microbiota in terms of phylum
level relative abundance (Figure 1C) and heatmap showed
the compositions of gut microbiota of family level relative
abundance (Figure 1D). We observed that two phyla
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Figure | Dysbiosis patterns of gut microbiota in psoriasis patients. (A) Comparison of alpha-diversity indices (Shannon Index, ACE, Chaol Index and observed species)
between healthy donor and psoriasis patient groups. Data are presented as the mean * SD by Wilcoxon rank-sum test: ** p < 0.01, *** p < 0.001 (B) Principal coordinate
analysis based on unweighted UniFrac distances. (C) Community composition at the phylum level of each sample. (D) Heatmap cluster of the community composition at the
family level of each sample of healthy donor and psoriasis patient. (E) Community composition at the family level was assessed. Anova & Student t-test statistical analyses of
means * SD: * p < 0.05, ** p < 0.01.

(Firmicutes and  Bacteroidota) families communities in both HD and PsO (Figure 1C and D).
(Bacteroidaceae, Lachnospiraceae, Prevotellaceae and Many taxa were found to be associated with psoriasis
the status, despite high variance in each group (Figure 1E).

and four

Ruminococcaceae)  dominate gut  microbiota
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These results indicated the serious dysbiosis of gut micro-
biota in psoriasis patients.

Fecal Microbiota Transplantation from
Healthy Individuals Protected Against

Psoriasis-Like Inflammation in Mice

To further test whether gut microbiota from healthy donors
could protect against the progression of psoriasis, human
feces from five healthy donors (HD) and five psoriasis donors
(PSD) were colonized in psoriasis mice, respectively
(Figure 2A). The information of the ten donors was listed
in Supplementary Table S3. Following application of imiqui-

mod, the body weights in PSO mice were significantly lower
than HD mice from the second day to the 7th day
(Figure 2B). The psoriatic skin inflammation according to
the psoriasis area and severity index (PASI) scores was sig-
nificantly increased in PSD group (P < 0.001) (Figure 2C).
Specifically, as compared to HD mice, PSD mice displayed
more severe erythema and scaling (Figure 2D), more severe
ear thickening (Figure 2E) and skin thickening (Figure 2F)
and more severe hyperkeratosis, acanthosis and leukocyte
infiltration into the dermis (Figure 2G-I). Of note, in the
PSD group, all five individual humanized mice resulted in
the exacerbation of skin lesions (Figure 2B and C, E and F,
H and I), while in the HD group, two individual humanized
mice (HD2 and HDS, especially HD 5), almost completely
abrogated skin lesion progression (Figure 2B and C, E and F,
H and I). Besides, there were intra-group variations among
the HD mice and PSD mice, indicating the outcome of anti-
psoriatic skin inflammation in the context of gut microbiota
might be donor-dependent (Figure 2B and C, E and F, H and
I). Taken together, these data demonstrated that the gut
microbiota of psoriasis patients were functionally involved
in skin lesions of psoriasis while these microbiota from
healthy individuals harbored dramatically anti-psoriatic
skin inflammation effect.

Fecal Microbiota Transplantation from
Healthy Individuals Beneficially Modulated

the Treg/Th17 Balance in Psoriasis Mice

The imbalance of Treg/Th17 is known to play an important
role in psoriasis pathogenesis.”’ To determine whether the
gut microbiota contributes to the imbalance of Treg/Th17,
spleen cells of these mice were analyzed for the percentages
and counts of Th17 (Figure 3A and B) and Treg (Figure 3C
and D) cells by flow cytometry. We found that PSD mice had
significantly higher frequencies and counts of Th17 cells

(Figure 3A and B). In contrast, significantly lower frequen-
cies and counts of Th17 cells were detected in HD mice,
which was in accordance with the attenuated skin inflamma-
tion (Figure 3A and B). The frequencies and counts of Treg
cells in the spleen were not significantly changed by the FMT
(Figure 3C and D). However, the Treg/Th17 cell ratios were
lower in PSD mice than in HD mice (Figure 3E). PSD mice
exhibited significantly higher mRNA level of cytokine and
chemokine, including IL17A, IL1b, IL23, IL6, Cxcl2,
S100A8, SI00A9 and CCL2 in skin lesion (Figure 3F and
G) than HD mice, which indicated an augmented inflamma-
tion in the skin of PSD mice. Importantly, we found that the
transcript levels of IL10 in the skin lesion were significantly
increased in the HD mice (Figure 3H), which was reported as
a well-known anti-inflammatory factor.?® Collectively, these
data indicated that the fecal microbiota from psoriasis
patients disturbed the skin and systemic immunological
while demonstrated

response, healthy  microbiota

a beneficial modulation on it.

Analysis of Fecal Samples Revealed

Taxonomic Signatures After FMT

Next, we examined the OTUs abundance in the human donor
samples, murine fecal samples pre-FMT (basal condition
after antibiotic treatment) and post-FMT at the end point.
Interrogation of bacterial origin showed that 41% of murine
gut microbiome in recipient mice post-FMT were found as
human donor origin bacteria (Figure 4A). In addition, alpha-
diversity indices were markedly decreased in the mice that
received psoriasis patient feces as compared to the mice
(Figure 4B).
According to the no-contaminant filtered data, PCoA

gavaged with healthy individual feces

revealed the significant separation of two clusters of PSD
and HD groups (Figure 4C). Additionally, fecal samples of
the two groups showed a different taxonomic signature
(Figure 4D and E). HD group showed a predominance of
Alistipes and unidentified Clostridiales (P < 0.05) at genus
Klebsiella,
Lachnoclostridium and Bilophila (P < 0.05) were predomi-

level. In contrast, Phascolarctobacterium,
nant in the intestine of PSD group (Figure 4E). Furthermore,
we then assessed at a lower taxonomic level, and the top 10
abundance genus were shown in each individual group
(Figure 4F).
Bacteroides/Lactobacillus ratio was observed in PSD group

In addition, a significant increase of
(Figure 4G). These findings suggested that gut microbiota of
healthy donors and psoriasis patients possessed different

taxonomic signatures.
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Figure 2 Transfer of healthy but not psoriasis donor’s microbiota protects against psoriasis-like skin inflammation. (A) Experimental setting of the in vivo model of
imiquimod induced psoriasis-like skin inflammation model. (B) Changes of body weight following imiquimod treatment of mice receiving feces from 5 healthy (HD) or 5
psoriasis patient donors (PSD). Pooled data from all humans (left) or individuals (right), each feces being transferred into 810 mice/group. (C) PASI score of HD and PSD
measured at day 7. (D) Representative photographs of left ear and back skin of HD and PSD. Photos were taken at day 7. (E and F) Thickness of ear and skin measured by
Digimatic Caliper at day 7. (G) H&E stained ear and skin sections of HD and PSD mice after imiquimod treatment. (H and I) Quantification of histopathological score (0-2)
after H&E staining of the ear and skin. All experiments included eight to ten mice per human donor. Scale bar, 100pm. Anova & Student t-test statistical analyses of means +
SD: *p < 0.05, *p < 0.01, **p < 0.001, ****p < 0.0001.
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Figure 3 FMT of feces from healthy donors protects against imiquimod induced Treg/Th17 imbalance. Cells from spleen of HD (donor 2 and 5) and PSD (donor 2, 3 and 5)
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& Student t-test statistical analyses of means + SD: *p < 0.05, **p < 0.01. (E) The Treg
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(F and G) The mRNA expression levels of cytokines (F) and chemokines (G), including ILI7A, ILIb, IL23, IL6, CXCLI, CXCL2, SI00A8, SI00A9, CCL2 and CCL20 in the
skin lesion of the HD and PSD mice after imiquimod treatment (n=6 per group). Anova & Student t-test statistical analyses of means * SD: *p < 0.05, **p < 0.01, **p <
0.001. (H) The mRNA level of IL10 in the skin lesion (n=6 per group). Anova & Student t-test statistical analyses of means + SD: *p < 0.05.

Fecal Microbiota Transplantation from
Healthy Individuals Created a Gut
Microbial Community with High

Abundance of Lactobacillus reuteri in Mice
Then, we constructed a co-abundance network to illustrate
the potential interactions among the 50 OTUs that were
significantly different between the HD and PSD mice. The

genus Lactobacillus and Akkermansia were significantly

enriched (Figure 5A). To identify functionally relevant
bacterial taxa responsible for anti-psoriatic skin inflamma-
tion, the correlation between the most important genera in
fecal samples and clinical manifestations was analyzed by
Spearman’s rank correlation analysis (Figure 5B). Notably,
negative  correlations ~ were  observed  between
Lactobacillus and most clinical parameters (Figure 5B).
The correlation coefficients of Akkermansia were just

opposite (Figure 5B). Subsequently, the mice in the PSD

Journal of Inflammation Research 2021:14

https:

6181

Dove:


https://www.dovepress.com
https://www.dovepress.com

Chen et al Dove
A . B 8- 500
Human Murine *
— *k
1001 Il Donor »
5 B PreTx 5 6- 2 400~
5 80 Il both donor and PreTx 2 g
R neither donor and PreTx c i
60 S 44 T 300
£ = z
2 g @
2 B 2 & 200
g (@)
L 204
3]
a
o o 100-—1———
Donor  Pre-FMT Post-FMT HD PSD HD PSD
C D S I Group Group
- - : po
1 L s 06l PSD
PCOA
Alistipes
0.4 identifi 0.4
| Blautia
1 idium
03 L Kiebsiella 02
c Y
~ 02 - Odori 0
X i_F
T 01 Er
v
S :
3 e HD Bilophila
S C
g. PSD Roseburia
P
Ruminiclostridium
i ified_Erysipelotrichaceae
Fusobacterium
{ Lnientified. G
Streptococcus
-0.4 Marvinbryantia
0.4 -0.2 0 02
IFFEFFIFFIIT22TIIIZIIS I
peoal(34.52 %) El RN
Alistipes Klebsiella Phascolarctobacterium Lachnoclostridium Bilophila unidentified_Clostridiales
0.15 . 0.04 . 0.020; d 0.015: hd 0.010 *
o o [ T 3 o —_— @
g g £ 0015 g g 8 0.008
o o -] o
o ° 3 k-] T 0.010 °
5 5 s 5 5 £ 0.006:
2 2 = =1 -3 o
© © w 0.010 ® © ©
2 2 2 2 2 oo0s g 00
0.000 0.000: 0.000
HD PsO HD PsO PsO
RN TII] 111 i G
“unidentified_Enterobacteriaceae
Candidatus_Saccharimonas
80 *
o 0.75 - ¥ Blautia
<
E “unidentified_Lachnospiraceae 60+
=
E W Helicobacter o 40
2 =
< 0.5 - " Alistipes [
'E = Akkermansia < 20+
= [11] L
_
é ¥ Parabacteroides 5
0.25 - ® Bacteroides
® Lactobacillus 0-
HD PSD
0 -
EEEQEQEQEEQGQQQQQQQQQQG
NN DL DAL NN ANN
B B At R B A A B R A A A

Figure 4 Characterization of the gut microbiota profile in mice after FMT. (A) Taxonomic classification of bacterial 16S sequence detected in human donor stools and FMT
recipient mice stools by origin. (B) Comparison of alpha-diversity indices (Shannon Index and observed species) between HD (n=11) and PSD groups (n=12). Anova & Student
t-test statistical analyses of means + SD: *p < 0.05, **p < 0.01. (C) Principal coordinate analysis based on Bray—Curtis distances of fecal gut microbiome derived from HD (green
dots) and PSD (Orange dots) treatment mice. (D) Heatmap cluster of the community composition at the genus level of each mice of HD and PSD. (E) Statistical analysis (unpaired
t-test) of the community composition at the genus level between HD and PSD mice. Anova & Student t-test statistical analyses of means + SD: *p < 0.05. (F) Relative abundance of
the gut microbiota taxa identified at genus level. (G) The Bacteroides/Lactobacillus ratio between HD and PSD. Anova & Student t-test statistical analyses of means % SD: *p < 0.05.
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Figure 5 FMT of feces from healthy donors rapidly create a Lactobacillus-predominated gut microbial community in mice. (A) Correlation network of microbiota resident in
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Association of specific microbiota taxa with the group of HD and PSD by linear discriminant analysis (LDA) effect size (LEfSe). Green indicates taxa enriched in PSD group
and red indicates taxa enriched in the HD group. (D) Variable importance for the best set of discriminatory taxa identified by RandomForest analysis. (E) Contribution for

the best set of discriminatory taxa identified by Simper analysis.

were dominated by Bacteroidaceae at the family level,
Proteobacteria at phylum level. In contrast, HD group
showed a predominance of Alistipes at the genus level,

and Lactobacillus reuteri at the species level (Figure 5C).
To determine the microbiota variables which most influ-
enced the protective effect of HD, multivariate tests
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including RandomFroest (Figure 5D) and Simper analysis
(Figure 5E) were carried out. Then, we found that
Lactobacillus reuteri was the most contributed taxa.
that
Lactobacillus might represent a major component under-

Collectively, we  hypothesized member  of
lying the improved anti-inflammation effects of gut

microbiota.

The Skin Microbiota in HD and PSD are

Highly Distinct

Studies of the skin microbiota of psoriasis patients showed
that skin dysbiosis contributed to the development of
inflammatory skin diseases, as their gut dysbiosis.?’'
We next asked whether the skin microbiome contributed
to the protective effect of HD. Skin tissue was collected
from the psoriasis mice of both HD and PSD. An overall
analysis of skin microbiota indicated clear differences
between HD and PSD (Figure 6A and B). The skin
OTUs were markedly decreased in PSD mice as compared
to HD mice (Figure 6A). PCA revealed the significant
separation of two clusters of PSD and HD groups
(Figure 6B). We observed that the Firmicutes dominate
the skin HD
Proteobacteria dominate the skin microbiota communities

microbiota communities  in and
in PSD (Figure 6C and D). In addition, heatmap showing
that the skin microbiota in HD and PSD mice were quite
different at the genus level relative abundance (Figure 6E).
RandomFroest analysis indicated Lactobacillus reuteri
was dominated in HD group and contributed to the pro-
tective effect (Figure 6F). Notably, negative correlations
were observed between Lactobacillus reuteri and most

clinical parameters (Figure 6G).

Lactobacillus reuteri Alleviated the Skin
Inflammation by Reducing Th17 Cells

As mentioned above, the abundance of Lactobacillus,
especially Lactobacillus reuteri was correlated with the
alleviated skin inflammation in HD mice. Next, we eval-
uated if this effect would be verified by Lactobacillus
supplement. We used the imiquimod-induced psoriasis
model to evaluate the anti-inflammatory properties of
HD-enriched
Lactobacillus acidophilus (LA), Lactobacillus plantarum
(LP), Lactobacillus reuteri (LR), Lactobacillus rhamno-
sus (LRH), Lactobacillus casei (LC) and their mixture
(MIX). Following antibiotics treatment, the recipient

these Lactobacillus, including

mice were randomly divided into 7 groups and orally

inoculated with prepared Lactobacillus twice a week for
6 consecutive weeks and the mice were sacrificed at day
7 (Figure 7A). As shown in Figure 7B, compared with the
mice who were gavaged with saline only (PS),
Lactobacillus supplement groups showed less weight
loss when challenged with imiquimod (Figure 7B). In
LR receiving mice group, the PASI score (Figure 7C),
skin and ear thickness (Figure 7D), the psoriasis mice
skin appearance (Figure 7E) and skin inflammation
(Figure 7G) were considerably alleviated. Instead, other
Lactobacillus, including LA, LP, LRH, LC and MIX
could alleviate these parameters partially (Figure 7C—
G). Then, Th17 cells was detected for each mouse treated
with Lactobacillus. We observed a significant reduction
of Th17 cells (Figure 7H), but no change of Treg cells
(Figure 71) in LR group compared with those in the PS
group. Surprisingly, we did not find a reduction of the
Treg/Th17 cell ratios (Figure 7C) were observed in these
groups. As shown in Figures 7K and L, qPCR analysis
revealed significantly decreased gene expression of IL1b,
IL17, IL6, CXCL2 and S100A9, but not 1L23, CXCLI1,
S100A8, CCI2 and CCI20 in LR mice compared to PS
mice. Besides, the MIX treatment resulted in significantly
decreased gene expression of IL-17 and IL-1b in skin
(Figure 7K). Notably, the transcript level of IL10 in the
skin lesion was increased in the Lactobacillus reuteri
recipient mice (Figure 7M). Collectively, Lactobacillus,
especially L.reuteri, might partially contribute to the
alleviation of imiquimod induced psoriasis-like skin
inflammation via the reduction of Th17 cell and inflam-
matory cytokines.

Discussion

Psoriasis is a systemic inflammatory disorder that involves
the innate and adaptive immune system.” The prediction,
prevention and treatment of the psoriasis are still insuffi-
cient due to unclear actiology of this disease.>® Several
studies have revealed the tight correlation of gut micro-
biota dysbiosis with psoriasis.'>'® However, it is still
unclear whether the dysbiosis should be considered as
a driving step in the pathogenesis. In this study, the IMO-
induced psoriasis like-inflammation was found to be
aggravated by the administration of stool samples from
psoriasis patients in comparison to samples from healthy
donors. This indicates a potential role of the dysbiotic gut
microbiota in worsening psoriasis symptoms, whereas pro-
tective effects of the healthy gut microbiome could be
expected. To date, the humanization mouse by gavage
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Figure 6 Community differentiation of the cutaneous microbiota in HD and PSD mice. (A) The venn plot between cutaneous microbiota in HD and PSD mice. (B) Principal
component analysis (PCA) analysis based on unweighted UniFrac distances. (C) Relative abundance of the skin microbiota taxa identified at phylum level. (D) Community
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the gut microbiota from the donor was commonly used to  41% of donor origin, after FMT, which was consistent

explore the role of gut microbiota on disease,

33-35

and we  with the previous report.

followed this method. Interrogation of bacterial origin Excessive skin inflammation is commonly involved in

showed that the colonized gut microbiome of the mice is  psoriasis pathogenesis by an imbalance of Treg/Th17.>" %’
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Figure 7 Supplement of Lactobacillus reuteri reduced Th17 cells count and contributed to alleviation of psoriasis like symptoms. (A) Graphical representation of the
experimental design. (B) Changes in animal’s weight of imiquimod treated mice colonized with saline (PS, n=7) or colonized with five different Lactobacillus species (n=6-8).
(C) PASI score of PS, LA, LP, LR, LRH, LC and MIX measured at day 7. (D) Thickness of skin and ear measured by Digimatic Caliper at day 7. (E) Representative photographs
of back skin and ear in PS (n=7), LA (n=6), LP (n=6), LR (n=8), LRH (n=6), LC (n=6) and MIX (n=6). Photos were taken at day 7. (F) H&E stained skin sections of PS, LA, LP,
LR, LRH, LC and MIX mice after imiquimod treatment, with 3-5 mice for each group. (G) Quantification of histopathological score (0-2) after H&E staining of the ear and
skin. (H and I) Treg and Th17 cells were analysed by flow cytometry for the expression of CD4* CD25" Foxp3* and CD4" IL-17A", respectively. Percentages and counts of
Th17 cells (H) and Treg cells (I) in the spleen were determined. (J) The ratio of Treg/Th17 cells. (K and L) Messenger RNA levels of key cytokines (K) and chemokines (L) in
the skin, with 3—4 mice per each group. (M) The mRNA level of ILI0 in the skin (n=3—4 per group). Data are presented as the mean = SD: *p < 0.05, **p < 0.01.
Abbreviations: LA, Lactobacillus acidophilus; LP, Lactobacillus plantarum; LR, Lactobacillus reuteri; LRH, Lactobacillus rhamnosus; LC, Lactobacillus casei; MIX, the union of the five
different species Lactobacillus.
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Gastrointestinal bacteria were reported to regulate the
immune response by driving the differentiation of naive
T cells into either Tregs or Th17 cells.*’ In addition, the
increased inflammatory cytokines of IL17, IL1b, CXCL2,
IL23 are well known to be involved in the development of
psoriasis.*'** In the current study, we found that the PSD
mice receiving feces from patients with psoriasis exhibited
an imbalance of Treg and Th17 cells, increased inflamma-
tory cytokines, which were tightly correlated with a severe
hyperkeratosis, acanthosis and leukocyte infiltration into
the dermis.

So far, great interest was posed on the gut microbiota
dysbiosis of psoriasis. Exogenous factors, including drugs,
antibiotics and diet, which influence the gut microbiota,
were reported to be associated with the psoriasis skin
inflammation.” *'¢1%4344 1t has been reported that the
germ-free, broad-spectrum antibiotic-treated or metronida-
zole-treated alone mice were more resistant to psoriasis

17.18 \Whereas mice

than the conventional mice in adults,
treated neonatally with these antibiotics develop exacer-
bated psoriasis.'® Dietary habits can impact the gut micro-
biota and strongly influence the psoriasis skin
inflammation.”® These findings indicate that a correction
of the gut microbiome dysbiosis in patients with psoriasis
would mitigate the disease symptoms. Therefore, FMT
from healthy individuals served as an efficient and safe
way to reconstitution of the gut microbiota, with great
potential of clinical implications in psoriasis. FMT has
shown efficacy in treating recurrent Clostridium difficile

infection® %

and is increasingly being applied to other
gastrointestinal disorders.**>* To date, one case report for
psoriasis FMT has been documented.™

It was reported that the skin microbiota from psoriatic
lesions were similar to those of unaffected or healthy skin,
which

Propionibacterium, Staphylococcus and Streptococcus.*

were compositions of  Corynebacterium,

Although some studies have suggested a potential contri-

2931 the inter-

bution of the skin microbiome of psoriasis,
action of the microbiota between gut and skin contributes
to the development of inflammation in psoriasis has not
yet been shown. Here, we found the skin microbiota in HD
and PSD are highly distinct. We observed that the
Firmicutes dominate the skin microbiota communities in
HD and Proteobacteria dominate the skin microbiota com-
munities in PSD. Notably, the skin microbiome featuring
abundance of Lactobacillus reuteri in HD mice associated
with the protective effect. Overall, our study showed that
the gut microbiota for healthy donor associated with

reshaping the skin microbiome and contributed to protect
the psoriasis-like skin inflammation in HD mice. Our
results indicated that the “gut-skin” axis based on bacteria
could be a potential clue in understanding the aetiology of
psoriasis.

In addition, supplement containing a probiotic mixture
including Lactobacillus was shown to be beneficial in the
alleviation of psoriasis symptoms.’®>” The ability of
Lactobacillus to suppress the IL23/Th17 axis may mediate
this immune-modulatory effect,”® which is tightly asso-
ciated with the pathogenesis of psoriasis. Intriguingly, we
found that Lactobacillus supplement, especially L. reuteri
supplement could partially alleviate the psoriasis skin
inflammation outcome by reducing the numbers of Th17
cells. L. reuteri was reported exclusively able to modulate
reduced Th1/Th17 cells and their associated cytokines
IFNy/IL-17

model.>”

in autoimmune encephalomyelitis mice

Recently, imiquimod-induced psoriasis was
reported to cause severe DSS (dextran sulfate sodium)
colitis, the decreased L. reuteri under psoriasis do not
contribute to the DSS colitis.®” However, the potential
effect of L. reuteri supplement on psoriasis was not men-
tioned. Our data showed that the relative abundance of
Lactobacillus was decreased in mice colonized by feces
from patients with psoriasis. We observed moreover that
the administration of certain Lactobacillus members could
protect against the psoriasis-like induced inflammation and
reduce of Th17 cells count.

L. reuteri is a well-known probiotic and has been
reported to inhibit Th17-mediated inflammatory responses
and enhance the immunoregulatory cells-mediated immu-
nosuppression through the increase of anti-inflammatory
cytokines IL10.°" %% IL10 has a potent immunomodulatory
capacity and is known to play an important role in
psoriasis.®* ®” Lower cutaneous IL-10 mRNA expression
in psoriasis compared with other inflammatory dermatoses
was observed and IL10 administration is a successful anti-
psoriatic therapy.®*®” In fact, imiquimod-applied IL10
deficient mice showed more persistent psoriasis-like
inflammation and higher severity index.®® Consist to the
previous study, we found the m RNA expression level of
IL10 in the skin was higher in the L. reuteri receipted
mice, indicated that the Lactobacillus reuteri administra-
tion increase the expression level of IL10 in the skin may
partly be the mechanism of the gut microbiome on alle-
viating psoriasis-like mouse model and decreasing the
number of Th17 cells.
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Conclusion

Our results suggested the gut microbiota dysbiosis is the
potential causal factor for psoriasis and the gut microbiota
may serve as promising therapy target for psoriasis
patients.
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