546 %55 6 R BRI S A RRE IR

202646 H Journal of Nanjing Medical University (Natural Sciences) -+ 919 -
o 22 K e
AR /RBEN AL E R BRI R P ayEHERE &
e w, K7 R

B R E RS I R Bt BE B IR R VL% B At 210006

(3 E] AR RIS G a0 48R K D KV s B R R TER KSR 2 R IR ARG . AR, AR B 1 I
FAEXJU%Mﬁn@l%a@%E@%Emi%x/tml%?ﬁn M LA RO R o DR, A7 20 B2 5] N LA 1 R SR T 753, DABRAIF IR
SERRAE IR 25 50000 KA R R I LS Rk . R BEH AL (Mendelian randomization, MROAE Jy—Fl i M i) IR SR HE T 7122, IR 4Rk
A 0 I S TR 2 ST AR BT Y2 N ﬁﬁfiuaLJ%E{#jjIEE{i,ﬁx&ﬁﬁ&?ﬂiéﬁ%%Mﬂnthﬁfﬁ’]/% 5 R
T PR SR 1. 7 5% T 2 IS 4% PRI s MR 23 BT I AE AR A RO8E 43 AT 2 70 R K 24 0 w0 32 7 T PR B0+ e AN
[R$EIR] WA A s iR BEALAL ; DRI SR HEWT s BRAZ T R 22 A 1 s WP A s

[(hE»ZS] RT3 [CEktrEmE] A [XEHE] 1007-4368(2026)06-919-08
doi: 10.7655/NYDXBNSN251223

Progress and application of Mendelian randomization in uveitis research
HU Gaoshen, CHEN Lixun"
Department of Ophthalmology, Nanjing First Hospital, Nanjing Medical University , Nanjing 210006, China

[Abstract] Clinical studies have indicated that the disease progression of uveitis may be associated with multiple factors , including
immune cell subsets, vitamin D levels, gut microbiota, and inflammatory cytokines levels. However, traditional clinical observational
studies are susceptible to confounding factors when inferring causality, making it difficult to establish definitive causal relationships.
Therefore, it is necessary to introduce alternative causal inference methods to validate the true associations between these potential
factors and the onset and progression of the disease. Mendelian randomization (MR) , as an emerging causal inference approach, has
been widely applied in recent years to investigate the etiology of uveitis. By using genetic variants as instrumental variables, this
method effectively overcomes the confounding bias and reverse causation issues inherent in traditional observational studies. In the
context of uveitis research, MR analysis has also demonstrated significant value in mediation analysis, multivariable integration, and
drug target prioritization.
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A: Two-sample MR process. B: Intermediary MR process. a, b: indirect effects. c: positive total effects. ¢’ : Positive effects. d: Reverse total effects.

SNP: single-nucleotied polymorphism.
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Table 1 Uveitis-related research directions supported by MR studies
Research Risk/Protection MR causal ~ Major biological mechanisms Represents the Clinical translational
level factors direction (pathways of action) conclusions of the study enlightenment

Immune Levels of Th17, Increased risk Promotes pro - inflammatory Multi-cohort MR showed Immunosuppressive
cells and NK, CD14"CD16" of uveitis cell infiltration and ampli- that enhanced immune target enhancement di-
the inflam- monocytes in- fies IL-17/TNF inflammato- cell activity was an inde- rection: Th17/NK regu-

matory axis
Vitamin D

levels

Gut - ocular
axis (Micro-
biota)

creased
25-0OHD levels de-

crease

Changes in specif-
ic flora abundance

rod

rise, Lachnospira-

(e.g., ratio

ceae decrease)

The risk of non-
infectious uve-
itis and scleri-
tis rises

Imbalance  of
gut  microflo-
ra—The  risk

of AAU rises

ry circuits
Vitamin D deficiency—de-
creased IL - 10—weakened

anti-inflammatory capacity

Intestinal mucosal immune
signaling affects dendritic
cells and systemic immune
responses

Lipid peroxidation levels
control Th17 cell energy

pendent risk factor
MR supports but there
are population differenc-

es and dosage differences

The“gut-eye axis”is sup-

ported in MR

The lipid-Th17 immuno-
metabolic loop is sup-
ported by both experi-
mental and MR methods

lation
Individualized vitamin
D supplementation is
recommended  rather
than a uniform dose

Potential ~development
of probiotic/FMT com-
bined

strategies

immunotherapy

DGATI1 may be a nov-
el metabolic - immune

combined target

Lipid metab- Enhanced DGATI1 Persistent in-

olism path- activity leads to an crease in

ways increase in Th17 chronic inflam- and survival
survival mation

Systemic im- Ankylosing spon- Increased risk

munological dylitis, Crohn’ s of iridocyclitis

comorbid - disease

ities

Drug/meta - Probucol (lowers Increased risk

bolic inter- HDL) of Behcet” s flammatory

ventions disease - associ-

ated uveitis

Systemic inflammatory net-

works share immune drivers

Regulates the immune - in-
state

metabolic pathways

Multivariate MR clearly Itis suggested that high-

independently related risk groups should be
followed up for oph-
thalmic screening

Metabolic -

MR support has the pos- immune

through sibility of real interven- drugs can be used as

tion clues to new treatment

strategies
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Table 2 Overall framework for Mendelian randomization analysis of uveitis
Biological mechanism/Clinical
Method type Description/Example Key findings/Applications o
significance
Data sources & GWAS  databases: IEU Instrumental variables primarily derived Provides reliable genetic variants for

Instruments

Univariate/Two -
sample MR: im-
mune cells

Univariate/Two -
sample MR: vita-

min D

Mediation MR

Multivariable MR

(MVMR)

Bidirectional MR

Drug - target MR:
Probucol

Drug - target MR:
glucocorticoids
Multi - omics inte-

grated MR

Future directions

OpenGWAS, FinnGen, UK
Biobank; Selection criteria:
P <0.001, LD clumping

Immune cell traits Ce.g.,
NK cells, CD14 * CD16 +

monocytes)—Uveitis risk

Vitamin D levels—Non-in-

fectious uveitis/scleritis risk

Gut
cells—Acute anterior uve-

itis(AAU)

microbiota—Immune

Simultaneous inclusion of

ankylosing spondylitis,
Crohn’ s disease etc. —Tri-
docyelitis risk

Uveitis 2 Systemic immune
diseases (e.g., psoriasis, in-

flammatory bowel disease)

Probucol—Metabolic path-
ways—Behget s disease-re-

lated uveitis risk

Glucocorticoid use—Senile
cataract risk (with iridocy-
clitis as mediator)
Integration of genomics,
metabolomics, and micro-
biomics data to construct
causal networks

Network MR, colocalization
analysis, cross - population
validation, clinical transla-

tion

from European populations; population
heterogeneity requires attention; future
studies should incorporate East Asian data

NK cells and CD14°CD16" monocytes pos-

itively associated with uveitis risk

Genetically predicted lower 25-OHD lev-
els significantly increase uveitis risk; vita-
min D deficiency enhances Th1/Th17
pathways

Lachnospiraceae abundance negatively
associated with AAU risk; bacteroides
abundance positively associated; microbi-
ota influences uveitis via immune cell reg-
ulation

Ankylosing spondylitis and Crohn’ s dis-
ease independently associated with in-
creased iridocyclitis risk; Graves’ dis-
ease may be associated with reduced risk
Validates bidirectional causal relation-
ships between uveitis and certain immune
diseases; e.g., all subtypes of inflammato-
ry bowel disease increase uveitis risk
Probucol reduces Behcet’ s disease risk
by inhibiting ABCA1 and lowering HDL

levels

Both glucocorticoid use and iridocyclitis

increase senile cataract risk

Identifies causal relationships between in-
flammatory cytokines Ce.g., 1L - 123, IL -
33) , metabolites (e.g., mannitol) , and
Behget’s syndrome

Moving from single causal chains to multi-
dimensional causal network analysis; fa-
cilitating early screening, drug target pri-

oritization, and personalized medicine

MR analysis, ensuring validity and rep-

resentativeness of instruments

Immune cell subsets involved in pro-in-
flammatory responses, amplifying IL-17/
TNF inflammatory pathways; suggests
immunosuppressive targets

Supports individualized vitamin D sup-
plementation strategies, though dosage
and population differences require con-
sideration

Reveals “gut-eye axis” mechanism; pro-
vides rationale for probiotics or fecal
combined

microbiota transplantation

with immunotherapy

Controls for inter-disease confounding,
clarifies shared immune drivers; sug-
gests ophthalmologic follow-up for high-
risk populations

Elucidates inter - disease interactions;
provides evidence for comorbidity man-

agement

Suggests lipid-lowering drugs may exert
therapeutic effects via metabolic - im-
mune axis; offers clues for drug repur-
posing

Informs clinical decision - making re-
garding ocular complications when pre-
scribing glucocorticoids

Reveals immune - metabolic interaction
networks; discovers novel biomarkers

and therapeutic targets

Enhances robustness and clinical utili-
ty of causal inference; guides precision

medicine strategies
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