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[ Abstract] Rheumatoid arthritis (RA) is a chronic autoimmune disease that significantly impacts joints.
Experimental models are crucial tools for studying the pathogenesis and pharmaco-toxicological mechanisms of RA and
screening RA drugs. Commonly used experimental RA models include animal models and in vitro models. With
advancements in biotechnology and biomaterials, experimental RA models have evolved from induced and 2D in vitro
models to spontaneous gene modification and 3D in vitro models. Moreover, some progress has been made in the study
of traditional Chinese medicine disease and syndrome combination models. This paper summarizes the research
progress made in the modeling, monitoring, and evaluation of experimental RA models to provide a reference for
related research.
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Table 1 New methods for RA animal model studies

Methods Application

Characteristic

Apoptosis imaging probe In vitro and in vivo apoplosis imaging

. L Evaluation of sensory neurons
In vivo calcium imaging ..
spontaneous activity

Infrared thermal imaging Temperature monitoring

/
Photoacoustic/ultrasonic Assessment of synovial

imaging erosion and angiogenesis

CT
In vivo micro-computed Evaluation of bone

tomography erosion and joint swelling

. Evaluation of bone erosion
In vivo raman spectroscopy . .
and synovial inflammation

Real-time inflammatory monitoring
and collaborative therapy

Reconfigurable integrated
smart device

v )

Used for in vivo imaging compared with membrane protein
V higher sensitivity, in vitro imaging sensitivity

Compared with the traditional electrophysiological method
the imaging speed is faster and more efficient

s N

High accuracy and reliability, simple method, low cost

) )
Without exogenous contrast, high sensitivity,
arthritis early can be observed in synovial erosion

N N

High accuracy, less error, less radiation

,
Bone and soft tissue lesions were monitored
simultaneously without ionizing radiation

Transcutaneous electrical stimulation and drug administration
can be performed concurrently with inflammation monitoring

TCR T MHC I
NOD -6- ( glucose-6-
phosphate isomerase , G6PI ) 31 K/BxN
RA N . 100% .,
K/BxN G
BALB/c
4l K/BxN G6PI
G6PI
(immune complexes, IC) , G6PI/G6PI
IC
3 K/BxN
, RA
1.2.2 ( tumor necrosis factor,
TNF)
TNF RA
,TNF . Thl
Th17 .
RA o1 TNF
(TNF-Tg) TNF
CBA  C57BL/6 2
, 100% , TNF-Tg3647  Tgl97

TNF ,Tg3647
, ,Tg197
5 , [3710
Tg3647 ,
8 TNF-Tg
RA ,
cll PG ,
TNF-a T
P AA , TNF-
Tg
, RA
, RA TNF
[4010
1.2.3 SKG
BALB/c SKG T
ZAP-70 , T
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[41] RA
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Table 2 Comparison of commonly used inducible and genetic engineering models with human RA
RA
Models Primary mechanism Similarities and differences compare with human RA
cl MHC II b MEC .
TCR , T.B s T L .
N . . Similarities: polyarthritis; joint pathological changes are similar;
Core antigenic peptide of C Il binds to . . . . .
. changes of cellular immunity and humoral immunity were obvious;
CIA MHC II molecules, recognized by .. .
TCR 1o activate T and B cell limited by MHC genes; gender differences
o activate 1 an oot Differences; lack of chronic disease course, shorter duration;
no rheumatoid factor
65 kDa ;
CD4+ T ’ 9 9
65 kDa heat S.hOCk pr.oteln " Similarities: polyarthritis; joint pathological changes are similar;
AA Mycobacterium activates .. . . .
CDA" T cells limited by MHC genes; extra-articular lesions; gender differences
cetls Difference ; lack of chronic disease course, self-limitation
only cellular immune dysfunction existed; no rheumatoid factor
m-BSA G Fe ) .
m-BSA binds to immunoglobulin G Fe - MHC .. - .
AIA seament recentors. activate th Similarities; joint pathological changes are similar
segme ir:rcnipn . ls’eizcmva e the Difference : lack of chronic disease course, self-limitation; affects only
ve the injection joint; not restricted by MHC genes; no rheumatoid factor
cll , ; MHC ;
0o . . T.B ;
Antibodies bind to C Il epitopes and form L I . .
. . Similarities: polyarthritis; joint pathological changes are similar
CAIA immune complexes, activate the . L S .
. . Difference ; lack of chronic disease course, self-limitation; not restricted
1mmane system by MHC genes; not mediated by T and B cells; no rheumatoid factor
; ;sMHC
T MHC I G6PI ;
K/BxN G6PI,
K/BxN model T cells recognize G6P1 on MHC class Il Similarities: chronic spontaneous polyarthritis; joint pathological

TNF
TNF transgenic
model

SKG
SKG model

antigen-presenting cells, activate the
immune system

TNF ,
TNF

Integration of a human TNF gene fragment
into mice, TNF overexpression

ZAP-70

s

Point mutation of ZAP-70 gene leads to
immune tolerance imbalance

changes are similar; MHC gene correlation
Differences ; incidence of G6PI antibody positive in patients was low;
no systemic manifestations or rheumatoid factors

’

Similarities; chronic spontaneous polyarthritis; joint pathological
changes are similar
Difference : no rheumatoid factors

5

Similarities : joint pathological changes are similar; chronic
course of disease; there are autoantibodies such as rheumatoid
factor; gender differences
Difference : extra-articular lesions are not identical
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