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Riitano et al.

Receptors  In vivo/
In vitro
TLRs in vitro 2003 Elena (45)
Raschi et al.
TLR4 in vivo 2007 Silvia S (46)
Pierangeli et al.
in vivo 2016 P Laplante et al. (47)
in vivo 2019 Meiyun (48)
Wang et al.
in vitro 2021 Guiting (49)
Zhang et al.
TLR2, CD14 in vitro 2011 Nathalie (50)
Satta et al.
TLR2 in vitro 2010 Jean-Eric (51)
Alard et al.
ApoER2 in vivo 2011 Sangeetha (52)
Ramesh et al.
in vivo 2011 Zurina Romay- (53)
Penabad et al.
in vivo 2014 Victoria (54)
Ulrich et al.
in vivo 2018 Sacharidou et al. (55)
ApoER2, in vitro 2023 Gloria (56)
Lipid rafts Riitano et al.
EPCR in vivo, 2021 Nadine Miiller- (57)
in vitro Calleja et al.
Annexin IT in vitro 2000 K Ma et al. (58)
in vitro 2005 Jianwei (59)
Zhang et al.
in vitro 2006 Gabriela (60)
Cesarman-
Maus et al.
In vivo, 2009 Zurina Romay- (61)
in vitro Penabad et al.
Annexin in vitro 2014 MO Borghi et al. (62)
11, TLR4
Annexin II, in vitro 2012 Kristi L (63)
TLR4, Allen et al.
calreticulin,
nucleolin
LRP6, PAR-2 in vitro 2022 Gloria (64)
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Inhibitors

Hyperoside

Vitamin D

Peptides that target domain V of
beta-2-glycoprotein T

Peptides that target domain I of
beta-2-glycoprotein I

monoclonal antibody

Sirolimus, RapaLink-1
(mTOR Inhibitors)

miRNAs

TF-inhibitor NAPc2

oEPCR 1496

plasminogen activator-
coated nanobubbles

antagonist for LRPS ligand binding

statins, methyl-B-cyclodextrin

pravastatin, low molecular weight
heparin and low dose aspirin

Targets

mTOR/S6K, TLR4/MyD88/
NF-kB

TLR4/MyD88

domain V of beta-2-
glycoprotein I

domain I of beta-2-
glycoprotein I

beta-2-glycoprotein I

beta-2-glycoprotein I

IFN-o

mTOR

TLR-7 and TLR-9

tissue factor

EPCR

beta-2-glycoprotein I

LRP8

lipid raft

eNOS/NO

Mechanism:

downregulate the expressions of
phosphorylated mTOR, phosphorylated
p7086 Kinase and reduce the levels of
MyD88, TLR4, and phosphorylated NF-
KB p65.

stimulate the occurrence of cellular
autophagy while concurrently hindering
the nuclear translocation and
phosphorylation and of NF-kB p65

inhibit the TLR4/MyD88 signaling
pathway, thereby reducing TF release
downstream and diminishing ECs
activation effects.

block Domain V from binding to
cell surfaces

block binding of APS-IgG to B2GPI

prevent the formation of pathogenic
complexes involving relevant antibodies
and B2GPI

prevents binding to the complement,
but has a high affinity with B2GP1

Target IFN, blocking downstream
cascading reactions

promotes autophagy via inhibit mTOR

miRNA is an important epigenetic
regulatory factor in the mRNA
transcription, capable of modulating
downstream TLR-mediated

IEN generation

specific blockade of the TF coagulation
initiation complex

inhibit the effect of EPCR by binding
with it

rtPA-coated nanobubbles targeting cell-
bound B2GPI clear occluded vessels

inhibit the action of LRPS as a receptor

damage the structure of the lipid raft
through inhibiting cholesterol synthesis
or depleting membrane cholesterol

increase eNOS synthesis and activity,
resulting in a substantial rise in nitric
oxide (NO) production.

Effects

improved pregnancy outcome, including a
lower rate of fetal resorption and increased
fetal weight.

reduced expression of inflammatory factors
and endothelial adhesion molecules, such as
IL-6, TF, VCAM-1, etc.

limit inflammation and subsequent adverse
outcomes in APS pregnancies

decreased B2GP1 binding to ECs, diminished
interaction between aPL and human
trophoblast, and attenuated capacity of aPL
to induce thrombosis or fetal loss in

murine models

suppress the thrombotic-promoting capacity
of APS-1gG

diminished inhibitory effect of aPL on EC
migration, and reversed impairment in
reendothelialization caused by aPL

loss of procoagulant and proabortive effects

reduced expression level of IFN and
symptom relief

reduced size of thrombus and lower
antibody concentration

reduced IFN-scores, a significant factor
influencing both subclinical and clinical
‘manifestations in APS

diminished prothrombotic effects of aPL and
the aPL-induced proinflammatory activation

reduced expression of TNF, F3, IFR8,
and GPB6

reduction of new thrombosis, recanalization
of occluded blood vessels, and reduction of
fibrin deposition

inhibited phosphorylation of LRPS and Dab,
prevent the overexpression of TF, IL-6 and
adhesion molecules

inhibited phosphorylation of LRP8 and Dab,
prevent the overexpression of TF, IL-6 and
adhesion molecules

improved placental haemodynamics,
ameliorated preeclampsia symptoms and
improved fetal growth

(134)

(121)

(135,
136)

(137,
138)

(139)

(140)

(141)
(142-

148)

(149-
154)

(155)

(156)

93)

(157)

(56,
158)

(56,
158)

(159)
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Microbiota/

= Immune cells Effects/Mechanisms
Metabolites i
Lactobacillus +  Increasing NK cell activity in the spleen;
X NK cell X X % (36)
sakei K040706 *  Promoting the maturation of the spleen germinal center
*  Driving the proliferation of yolk sac-derived macrophages;
Listeria +  Influencing the development of stable bone marrow cells;
Macrophage - (37,38)
monocytogenes *  Regulating CCR2;
+  Influencing macrophage homing from the periphery to the gut and development
Segmented
filamentous T cell *  Inducing RORyt'Th17 cells in GALT (39)
bacteria
Bacteroides T eell *  Secreting polysaccharide A; (40)
fragilis < +  Stimulating IL-10 production by CD4"Treg cells
*  Promoting naive B cells to differentiate into regulatory B cells in mesenteric
Lactobacillus lymph fmdes;
Suitarell B el *  Producing ATP; 1)
K’; ; .eHa e *  Activating P2X and P2Y of DC;
costerla + Inducing IL-6 and TGE-B production;
*  Promoting type arrangement and secretion of IgA
*  Activating DCs and NK cells;
Bucillus. NK cell . Expan.di?g NK cell pool and increasing cytotoxicity; 2, 43)
polyfermenticus *  Amplifying type I response;
*  Promoting IFN-y secretion by NK cells
Lactobacillus . + " i
Bifidobacterium T cell Inducing CD4"CD25"FoxP3" Treg cells (44)
SCFAs ILC1 +  Increasing the number of ILC1 (45)
SCEAs Les . Ac!iva!i.ng aryl hydrocarb.on receptor (AHR); o
*  Promoting IL-22 production
*  Regulating the differentiation of CD4'T cells;
+  Inducing the generation of Treg cells;
*  Promoting IL-10 production by Th1 cells;
*  Promoting the expression of FOXP3;
SCEAs + Negatively regulating the differentiation of Tho cells; (44 45-50)
+  Inhibiting the secretion of IL-9;
Tl «  Inhibiting histone deacetylase activity;

. Reducing IL-17a secretion

*  Promoting cell metabolism;
«  Boosting the memory capacity of activated CD8"T cells;
SCFAs +  Regulating the gene expression of CD8"T cells and Tcl7 cells; (51, 52)
*  Promoting IFN-y and granzyme B secretion;
*  Promoting molecular switch of Tc17 cells to CTL phenotype

*  Activating intestinal epithelial cells through GPR41 and GPR43 receptors;
*  Promoting the secretion of TSLP and inflammatory factors;
SCFAs B cell + Inducing IgA production by B cells; (53, 54)
*  Regulating B cell differentiation;
+  Inhibiting autoantibodies;

+  Inhibiting LPS-induced maturation of DCs

*  Down-regulating the expression of CD80, CD83 and MHC Class II molecules;

*  Enhancing endocytosis;

*  Reducing the release of CCL3, CCL4 and CXCL9;

+  Increasing the expression of IL-10 and IL-23 and inhibiting the production of IL-12 and
IEN-y

SCFAs DCs (55-57)

*  Inducing the secretion of NO, IL-6 and IL-12p40 in a dose-dependent manner;
SCFAs Macrophage +  Enhancing histone H3 acetylation by acting as an HDAC inhibitor; (58, 59)
+ Promoting the synthesis of the anti-inflammatory cytokine IL-10





OPS/images/fimmu.2024.1365554/table2.jpg
Disease Probiotics/Metabolites Effect/Mechanism
Increasing the secretion of IL-10;
. Inhibiting the secretion of 1L-17;
SLE Lactobacilus Increasing the production of ZO-1, occludin and Cldnl; oo
Enhancing intestinal barrier function
Binding to symbiotic bacteria;
Bifidobacterium ActivatingFFAR2, FFAR3 or GPR109a;
SLE y R 73)
Lactobacillus Inhibiting inflammatory response;
Blocking nuclear factor-x light chain enhancers of the B-cell activation
Inhibiting IL-6, IL-12 and p40;
SLE SCFAs Decreasing autoantibody production; (57)
Maintaining intestinal epithelial barrier function
Increasing CD1d expression via Est-1 signaling pathway in B cells;
SLE Bacteroides fragilis Inhibiting CD86 expression via SHP-2 signaling pathway; (101)
Restoring the immune response of B cells
Increasing the number of Treg cells;
Inhibiting the response of Th17;
RA Prevotella histicola Promoting the release of IL-10; (102)
Increasing the expression of ZO-1 and occluding;
Maintaining intestinal barrier function;
Reducing joint swelling;
Inhibiting RA pathophysiology;
RA Lactobacillus casei Decreasing arthritis score; (103)
Reducing inflammatory cytokines;
Decreasing total cholesterol and low-density lipoprotein cholesterol levels in blood
Competing for growth factors,
RA Bifidobacterium adolescentis Reducing vitamin K; (104)
Inhibiting Porphyromonas gingivalis growth
I ing butyrate production;
RA Faecalibacterium prausnitzii ncreasn.n 5 DUrate pr ) uetion (105)
Promoting IL-10 secretion
Alleviati; bjecti toms;
Enterococcus faecalis EVAAREALISCIVE P ions
SS 5 Increasing secretion of tears; (106, 107)
Saccharomyces boulardii : .
Prolonging tear film breakup time
. . Resisting pathogens;
SS Bifidobacte 108
ifidobacterium Reducing bacterial growth in the tear film (108)
Lactobacillus casei
Lactobacills idophil
aceonaci s apeopiitis Decreasing the number of CD8" TEN-# cells;
SS Lactobacillus reuteri " (109)
! ) Increasing the number of Treg cells
Bifidobacterium
Streptococcus thermophilus
Up-regulating GLUT4 and PPAR-y in TNF-0:-treated L6 cells;
Down-regulating PCK1 and G6PC;
T1DM Bifidobacterium lactis HY8101 Decreasing fasting insulin and blood glucose; (110)
Improving insulin tolerance;
Decreasing plasma total cholesterol and triglyceride levels
Increasing the expression of Claudin-1;
Decreasing the expression of occludin;
I ing th ber of goblet cells;
TIDM L. johnsonii N6.2 R IR R ) (111, 112)
Promoting the formation of an anti-inflammatory environment;
Down-regulating iNOS and IFNYy;
Decreasing mature caspase-1
2 Promoting the release of GLP-1, Resulting in reduced food intake and improved
Lactobacillus
TIDM ; ; glucose tolerance; (113)
Bifidobacterium .
Increasing the levels of butyrate
Lactobacillus salivarius subsp. salicinius
AP-32 Decreasing fasting blood glucose and HbAlc levels;
T1DM L. johnsonii MH-68 Reducing the levels of inflammatory cytokines; (114)
Bifidobacterium animalis subsp. lactis Increasing the expression of TGF-B1
CP-9
Increasing the C-peptide levels and hepatic glycogen content to lower glycemia;
TIDM Saccharomyces boulardii Tht 500101 Regulating fat metabolism; (115)
Promoting the recovery of the gut microbiota
Inhibiting activation of MAPK and negatively regulating NF-kB;
uc Lactobacillus plantarum SC-5 Increasing the expression of ZO-1, Occludin, and Claudin-3; (116)
Regulating the balance of the gut microbiota
) ) Inhibiting NF-KB signaling pathway;
Bifidobacte ! bsp.
uc if ”h'zc e"“'"y;;’g; ;" usP. Activating Nrf2 signaling pathway; (117)
angpm Increasing SCFA-producing bacteria and declining Gram-negative bacteria
Mitigating the disease symptoms and colonic pathologic damage;
Restoring goblet cell numbers and MUC2 production;
Enhancing intercellular junctions;
uc Limosilactobacillus mucosae CCFM1273 " .a1v1c.mg sl b o . (118)
Inhibiting Fas/Fasl pathway and epithelial cell apoptosis;
Inhibiting NF-xB signaling pathway;
Increasing SCFA-producing bacteria and declining Gram-negative bacteria
ve Lacticaseibacillus Reducing the expression of inflammatory cytokines; s
rhamnosus 2016SWU.05.0601 Regulating the activation of NF-kB-iNOS/COX-2 signaling pathway
psoriasis Bifidobacterium infantis strain 35624 Decreasing the levels of CRP and TNF-0. (120)
psoriasis Lactobacillus Decre.as.ing h.s-CRP and MDA levels and increasing total antioxidant capacity; (21
Alleviating disease symptoms
Improving quality of life with lower PASI and DLQI scores;
psoriasis Bacillus spp. Reducing the levels of TNFo, IL-6, and IFN-y, but enhancing the levels of IL-10; (122)

Enhancing the diversity of the gut microbiota
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Disease

Function of gene

References

product pro-

SFRP2 : 7 7
inflammatory cytokines
Pioiasis INC induce psoriasiform "
skin inflammation
OVOLI aggravate psoriasis-like 9
skin inflammation
CXCL9
CXCLIO recruit T cell 10, 11
Vitiligo ccL2 promoted naive T cell
ccLs polarization into Th2 cells, 12
and attract Th2 cells
COL6AS51 recruit T cell 13
Atopif:l product type2 inflammation
Dermatitis | cop 15411 signal 13
induced cytokines
product pro-
Prxl 14
i inflammatory cytokines
coordinate the correct tissue
Scleroderma LGR5 organization 15
and homeostasis
SFRP2 differentiate 16

into myofibroblasts
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Exposure  No.of SNP Method OR(95% CI) or p_fdr

AIF1 1 Wald ratio  0.07 (0.04t0 0.11) o 0.067  0.000
ACOTI3 1 Wald ratio  0.21 (0.09 to 0.50) o 0.208  0.041
GPIHBP1 3 VW 1.45 (1.21 to 1.75) b 1.454  0.033
ALDH5A1 2 VW 2.08 (1.46 to 2.97) = 2.084 0.032
NFKBI 1 Wald ratio  2.37 (1.49 to 3.75) o1 2366 0.026
AGER 2 VW 14.02 (62010 31.69) ' +——e—>14.020 0.000
TNF 1 Wald ratio  23.89 (13.47 to 42.37) | ——e—>23.893  0.000
FKBPL 1 Wald ratio  73.09 (21.71 to 246.04) ——>73.094  0.000

5 10 15 20 25 30
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Exposure

* UK Biobank-PPP database

* 54,219 participants

* 2940 plasma proteins

* pQTLs as instrumental variables

Selection criteria: =1 Mb;P<5X10-8; R2<0.001
within 10,000 kb distance; F-statistics>10.

Outcome

* Finnish database

+ 2,860 patients and 270,964 controls

* Ankylosing Spondylitis

Diagnosis: ICD-10 code M45, ICD-9 code 7200,
ICD-8 code 7124

Mendelian randomization

Wald ration or Inverse Variance Weighted
False Discovery Rate (FDR) method

Druggability of identified proteins

Colocalisation analysis

PPH3+PPH4 > 0 8 Phenome-wide association study
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Forward primer  Reverse primer

(5/_3/) (5/_3/)
Mina53 GGG ACA CAA CAT AAC ATG GGC AAT
TGG GTA TCA TCA TCA GGC AGA
GAPDH GTG AAG GTC GGA TGA GGT CAA TGA
GTC AAC G AGG GGT C

Mina53, Myc-induced nuclear antigen 53; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase.
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Age (years)

Duration of disease (years)

Gender

Previous treatment

Response to treatment

Disease activity

Clinical characteristics

Mina53 serum levels
Mina53 gene expression
Anti-dsDNA (IU/mL)
Complement C3 (mg/dL)
Complement C4 (mg/dL)

CH50

Male (%)

Female (%)

3597 £9.9

14 (46.7%)

16 (53.3%)

89.3 +£ 355
6.9 £ 2.04
15+13

90 + 16
29+23

130 £25

SLE, systemic lupus erythematosus; Mina53, Myc-induced nuclear antigen 53.

althy control

Mild SLE
35.87 + 9.88
42+151
10 (33.3%)
20 (66.7%)
22 (73.3%)

Partial response: 4 (13.2%)
Good response: 26 (86.8%)

7.36 £ 0.88

Lupus arthritis: 30 (100%)
Malar rash: 6 (19.8%)
Thrombocytopenia: 3 (9.9%)
Raynaud’s phenomenon: 1 (3.3%)
Mouth ulcers: 12 (39.6%)
Photosensitivity: 18 (60.4%)
Leukopenia: 4 (13.2%)

Renal involvement: 3 (9.9%)
Abortion: 1 (3.3%)
Hemolytic anemia: 1 (3.3%)
Lymphadenopathy: 1 (3.3%)
Skin lesions: 1 (3.3%)
Pleurisy: 1 (3.3%)

174.1 £51.9

9.63 + 1.73

24.63 + 26.65

108.2 + 24.66

18.67 £ 8.92

96.27 + 24.66

Severe SLE

345 +10.37 0.812
426 +1.57 0868
8 (26.7%) 0257

2 (73.3%)

4 (80%) 0542

Partial response: 18 (60.4%)

0.001
Good response: 12 (39.6%) E

17.7 £2.35 <0.0001

Lupus arthritis: 30 (100%) -
Malar rash: 12 (39.6%)
Thrombocytopenia: 6 (19.8%)
Pericarditis: 1 (3.3%)

Vasculitis: 3 (9.9%)

Raynaud’s phenomenon: 2 (6.6%)
Mouth ulcers: 15 (50%)
Photosensitivity: 13

Leukopenia: 6 (19.8%)

Renal involvement: 4 (13.2%)
Autoimmune hepatitis: 1 (3.3%)
Abortion: 6 (19.8%)

Brain stroke: 3 (9.9%)

Hemolytic anemia: 4 (13.2%)
Lymphadenopathy: 1 (3.3%)
Hair loss: 2 (6.6%)

Skin lesions: 3 (9.9%)

2164 +48.4 <0.001
10.77 + 2.01 <0.001
190.5 + 28.75 < 0.0001
85.53 +33.23 < 0.01
12.65 + 8.13 <0.01

1014 £ 113 0.1
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Models comes iables SE2 Exp (B)*
1 SLE disease Mina53 gene expression 1.488 ‘ 0.527 ‘ 0.005 4.426
Mina53 serum level 0.057 0.016 <0.001 1.059
Sex 0.102 1.01 0.92 1.107
Age —-0.089 0.069 0.197 0.915
Constant -16.73 539 0.002 0.000
2 Severe SLE Mina53 gene expression 0.496 0.178 0.005 1.643
Mina53 serum level 0.024 0.006 <0.001 1.024
Sex 0.456 0.698 0.513 1.578
Age -0.011 0.029 0.709 0.989

Constant -943 268 <0.001 0.000

SLE, systemic lupus erythematosus; Mina53, Myc-induced nuclear antigen 53.
! Coefficient model.

* Standard error of B.

3 Significant level (p-value).

* Adjusted odds ratio.
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QOutcomes Parameters Cut- Sensitivity Specificity

off point
Mild and severe SLE Mina53 1254 0.951 0.95 83.3 91.9 89.3
serum level
Mina53 8.5 0.88 08 76.7 87.3 65.7

gene expression

Severe SLE Mina53 139.5 0.854 933 60 53.8 94.7
serum level
Mina53 85 0.788 09 533 49.1 91.4

gene expression

Anti- 285 0.940 100 80 83.3 100
dsDNA
antibody

Minas3, Myc-induced nuclear antigen 53; SLE, systemic lupus erythematosus; AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value.
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