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Animal Models of Human Diseases
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[ABSTRACT] Myasthenia gravis (MG) is an autoimmune disease characterized primarily by skeletal
muscle weakness and, in severe cases, respiratory involvement. Western medical treatment predominantly
relies on immunosuppressants, but long-term administration often leads to notable side effects. In
contrast, traditional Chinese medicine (TCM) offers the advantage of multi-target interventions. However,
the pathogenesis of MG has not been fully elucidated, and the establishment of animal models that
accurately reflect the clinical characteristics of both Chinese and Western medicine is essential for
mechanism research and new drug development. This paper systematically reviews the etiology and
pathogenesis, diagnostic criteria, and progress of animal model research for MG from both Chinese and
Western medicine perspectives. In Western medicine, the pathogenesis of MG is closely related to genetic
susceptibility, environmental factors, and autoantibody-mediated postsynaptic membrane damage. In
TCM, MG is classified under the category of "flaccidity syndrome", attributed to congenital deficiencies and
acquired malnourishment. Western diagnostic criteria involve a combination of clinical symptoms, fatigue
testing, serum antibody assays, and electrophysiological evaluation. In contrast, TCM diagnosis
emphasizes the integration of primary and secondary symptoms with tongue and pulse pattern
differentiation. Currently available animal models mainly include experimental autoimmune myasthenia
gravis (EAMG) and passive transfer myasthenia gravis (PTMG). The Toredo acetylcholine receptor (AChR)
induced EAMG model aligns well with Western diagnostic criteria, but poorly matches secondary
symptoms in TCM. The synthetic AChR peptide model is widely used, but shows low conformity with TCM
syndromes. Models induced by muscle-specific tyrosine kinase (MuSK), low-density lipoprotein receptor-
related protein 4 (LRP4), and transgenic models demonstrate high innovation but exhibit low clinical
conformity. Evaluation of these models requires integration of behavioral, electrophysiological, and
immunological indicators. However, a systematic framework for modelling TCM syndromes is still lacking.
Future research should integrate TCM-based etiological modelling methods with the Western pathological
mechanisms to construct disease-syndrome combination models. Additionally, it is crucial to establish a
TCM syndrome evaluation system based on "validation by prescription”, as well as to improve the scientific
rigor and practicality of animal models by the incorporation of emerging technologies. This review provides
a theoretical foundation for optimizing MG animal model design, advancing the research on the
combination of Chinese and Western medicine, and supporting efficacy assessment and mechanism
exploration of Chinese herbal prescriptions.
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Table 1 Western medical diagnostic criteria for myasthenia gravis
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Number Classification of indicators

I PRI
Clinical manifestation
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iE: AChR, ZEEBEIZ(K; MuSK, RSB AEMES; LRP4, MEEEEAZMAEXEL
Note: AChR, acetylcholine receptor; MuSK, muscle-specific tyrosine kinase; LRP4, low density lipoprotein receptor associated protein 4.
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Table 2 Syndrome differentiation of myasthenia gravis in traditional Chinese medicine
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Table 3 Analysis of the conformity between common animal models of myasthenia gravis and clinical symptoms in

Chinese and Western medicine

SlaRHIES =89Y

R i R R RERR aE
Model types Animal Modeling method and principle l\/Iode.I advantages and Co.nform|.ty with
disadvantages clinical disease
characteristics
FE#E AChRIESHI EAMG 1R B Lewis KR MNEENBRESBHEWACRE, Ao HBER RERS, 7 FEaAENED.
AChR-induced EAMG model S526£oBTENERE=S2E TR SAXNERRHEE 0.0.0.60,m
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EAMG &5 97-16 LUK al29~ 145 RER) 5%  WE BESFEH migxs, ©.0.0.60,9
Model of AChR-induced EAMG EFCAZHRIHAANTARTE  BzEmERNFvckmns SE%
using synthetic AChR peptide BRZHFN, M ARINERRE— FATEYRIAR, M(S %@g;ﬁ el
R EIARZ RN RREAES RANTVREABRE ENON madmErEnsE
ARFEEFEEEN R R THEREE ©, 2hmaeE
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W EBEAMG BRI B+ Lewis KB MEAMG KBIMBEFIRSE IgG, Bk MEAmEERS RERER, HFE&AENED.
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transfer of AChR-Ab in the Ab, 5518 MG RS IR EAMGAR, B FAESER ez s
serum of EAMG rats Lo MEERRELERSIT DO.B®.G® MEE
DEREEE, FES K 45%
S
BAMGEEMBERMBENKSE BALB/c WERFERITHRATAChR-ADIE A NEEREE FEKET TEaAEMNEDO.
I PTMG &8 INE HmMBEIMG BE MK, HEME K HESEES E8RYE  0.0.60.naE
Model of PTMG with serum and BELUER8mLEH NG, Eg TR 65%:
intraserum components 7d, mEORESMER 240G, BIE ﬂ,ﬁﬂg[ﬂl;‘%%i}?iﬁt}ﬁ%,% FEPEEXERNSE
from MG patients B3 59 IR B BE B% 300 mg/kg. @i %T\?EEET% JREL R 3.®;
EUR LR ECEYE, B
ERELE ENEREMCGHBRE phemsremepssn DO TERENS
I RRENE, FeRIeR 6.0, 2408
ES-Aln Z 40%
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Establishment of a PTMG MG B B & & R i ) 50%;
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lines for the preparation of D.®.60.UaeE
monoclonal antibodies 45%
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RERES, HEEBAFES KR
ERUFAEMGRIBEN PIEEL
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Model types Animal Modeling method and principle l\/Iode'I advantages and Cc?nforml'ty with
disadvantages clinical disease
characteristics
B MG EBEWRALRBEETL NOD/ MG BENTEMRARBEINT KRB EANERENG FEAENEFO.
PTMG &Y SCID BERARZEHE/E (NOD/SCID) TTEAR; (ORONONY)/ =)=
Establishment of a PTMG N NEBERET", HEETIEE BRINNBABEASE5T  65%;
model by thymus tissue FHIRE MG KBENFIFIER, MGHIABIRE BEFEMG BEFEEXTENE
transplantation from MG SEMRAREFEESRMMET ME— RSB E = ®;
patients MREFI =4 AChR-Ab BRI B4HAE, M BFERERENSE
SHMEN AELEEERS. ©,2FxmaeE
W EMG BEWARAER, N 20%
HEHMG RO ERAFAE
BEBEMGEESIENRESHER NOD/ BMGEEMNEMBETERFIAN KA ACATAREMGERRE FTEAAEMNEO.
5237 PTMG 82 SCID NOD/SCID /NERI'™. BB1ERIM  FPROERIRM T HKIR @. .6, maE
Establishment of a PTMG /MR BHEAERERENRERNEN, 50%;
model by transplantation of FHIAYI B EmE N REL 4 HaRETENS
peripheral lymphocytes from BER N ®;
MG patients FEPERENSE
©,2FxmaE
20%
MuSK %S EAMG tE 5 C57BL/6) LIKE MuSKERBBFIIAEIRE MRRAMUSKRENSHMG HFEaBEEMEO.
MuSK-induced EAMG model NEH RNBMUSKRER, RBEHERE  WEGNSGEHRTEHE, (ONONGONY L=y
Lewis X &K /E MuSK5 FCA R &E BRI NP IEBRE FHRRMER 65%;
S [RELF, BT sk S e R i E 5T A BES5ACRRESHEREE HEHEEENS
NBRARR, 28 dBEEEFHF IR, t, R EERITEREET K (ONONONY.NY)|
S—#EENRRBENEBRIEEK #H BE45%
MR B MuSK RS E M
IgG @IS BE A iE LI RAR R E
H5dLlE BREHE240,F5
GhE ST IR BEBL RS 300 mg/kg®s 2
Rt EENEE B HER TS
MuSK PR t# & & M iE + 18 45 /Y
IgGACIL R M Bk EE /)N R B PO S B2
MuSK &9 cDNA {5 it — 2 5 T Y
FHEE A MuSK 60, B f5151%
WA STt KRR, REEHN
TR ARARSF=EE XS MuSK 89
BEHNEK, XERASEREN
AEL SBAChRZRIBRIK, ¥
T E &SR, 5| RITHE
BN
EHAAChREZ EAMGEEY Lewis Ak BAIEAMMAAChRReTE1-210 SR EERS, 2ERRE FEAAENEO.
Recombinant human AChR FRBERNERNGEREME B REEE, AR .G MWEE
modelling of EAMG BH B ESEHRRFCAHARA 50%;
A, FTABRBERRSNAZRT FEFETENE
58, AR RERFEIRGIXL (ONOR6%
BT AChRIIRERIEFIIERE FEPERENSE

AR, AFEEER RN R R

©,8hwEE
50%
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5lf KRB s 89v)
PR i A R RERERR =E
Model types Animal Modeling method and principle l\/Iode'I advantages and Cc?nforml'ty with
disadvantages clinical disease
characteristics
RAEZBREEEL EAMG RS C57BL/ ZEEEESISERELREREN RKRAREREETF TJU~4% FEAENEO.
Modelling EAMG using nucleic 6J ) HRF 5, DNA F BRI E 20 BRAL « 16 BERNFAtRRNE; ® MEE35%;
acid vaccines B BEAREHARFE, AERAIRHNY RISARDEONEHER FEFEEENS
HREANBEBENEE, MES =g, BRFE %, B A% Q. REMEE
BRABRFEER, ATBEIE EREARGEEERRM 15%
MRRRR, F=EE RN AR TEMR
Bz, TLES/NENRERER
FIRBFH = E 5T XS AChR RO LR,
NEH MG BB ERIT T2
MAKERNSHENRELS BALB/c BRIFN-yERSETMHERE B MEIZEEIRRARE FEAEMNEO.

EBF= 4 AY IFN-y #2232 EAMG &
il

Establishment of an EAMG
model using locally produced
IFN- v in transgenic mice

neuromuscular junction

FAAREREARER/NRE C57BL/6J

EEAMG =R
Construction of an EAMG

model using human

immunoglobulin transgenic

mice

LRP41ESRIEAMGHEEL
Model of LRP4-induced EAMG

INER

N

C57BL/6

INER

nAChR s EE R & , 193 DNA &R
fi, NN OP BB EE 3 &N
REMKELGORXZERHF
4 IFN-y5%, H [R5 IFN-vy f93d
EFETRSHBEHERMAEN
EL, MG NE M T AR
B, X R EMAES AN
BLEMRRG, #MEIOHEES
HOf&i%, 31K MGRIKE

BYTREIAREREANEER

IR, FEHBEBREIRAEMN
AChR5 FCA—i2, F5£0.3.5 &
BREFZAR . XIGENR~
4 NRMH AChR 4K, )l MG
BEANNERFIEIE

BYRFEREHS LRP4EEER

FER_ZTEEY, hELRPAES
B MG & B i U R RFZ B% , M TTD
EMENHETAEERERE
&SI AChR B &£ 271 2

ESHEE, SR HER

BE EETMGHARRS
IFN-y B X, &I HAYER
AR IR S AEMGHEME

= .

=5
REAHBEMRE BIFER
BEE

R RIZAE B = £ AR
BANBEERR, EREZE L
BEIEAMG;

BREAMAS BIEHE ER

MRNEBEENRARERNE
B, HLRPAZ 5 MG &
iR T KR,

RRAMAS, REREETR
B

(ORONONY =)=
65%;
FEPEEEMNSE
(ONORG
BEPERENE
(ONONSY.NYIS
E 55%

BFEAEMNBO.
B®.@.6 MEE
65%;

FEFREEEMNSE
O.®.®;

FEPERENE
ONON=LNYI=
E55%

FEAENEO.
@ MEE
50%;

BFEPEETENSE
® BUhYEE
15%

E: AChR, ZEiERES(A; EAMG, XKRHEBSREMEENTH; PTMG, WaEBERENTLH; AChR-Ab, MIEBEZ AT, MG,
B|REANLD; MuSK, MASSMESEEMES; IFN-y, yTHE; LRP4, REERERSAEXERS; 186, REREHG. AXREMGH

EZHTRERPEIHEDE,

PR=IR, IERWEE>70%78F, 50% ~70% A%, <50% M.

Note: AChR, acetylcholine receptor; EAMG, experimental autoimmune myasthenia gravis; PTMG, passive transfer myasthenia gravis;

RIBIRRATRERTIR S, SENEMPHMREN—REARCVEFHEENSE, RPBEEENEES NS

AChR-Ab, acetylcholine receptor-Ab; MG, myasthenia gravis; MuSK, muscle-specific tyrosine kinase; IFN-v, interferon-y; LRP4, low

density lipoprotein receptor associated protein 4; 1gG, immunoglobulin G. In this paper, syndrome scores were assigned based on both the

diagnostic criteria of Western medicine and the syndrome differentiation types of traditional Chinese medicine for MG. The conformity

between animal models and clinical manifestations was assessed by combining clinical scoring standards with reported phenotypic

characteristics and detection indicators in the literature. The degree of conformity was categorized into three levels-high (>70%) ,

(50%-70%) , and low (<50%).

middle
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Ro E—FFERIEGR, KR, BEREE, H
PHE S ENIRARY) & EHAENE S, 1E£50% 4.
HAMRL, Fla0 LRP4 75 SR MG BERL . Fi| FFE LA /)N
B N J=3 872 A B TFN—y #2372 EAMG 8 DR i #%
T MG FEEYNE MR AR PTMG 815, BjjET
R FEL, SR MG B & w LB T
—ERHEIR RN, A, REXEEES—Er
Bk, (HEASRMEFEA AR, RRIIFX X
BARTHITIR ARG, DUEHEMNTE . MRV &%
HIfaE s, Tt ER S ERARE, XEERA
W) & FE AN B i AU A

FECHRAA SRR R, T MG RS 1 R
RINE T TeExT o ESRIUE RO G RELE 7 i B
HBE SRR IR ERES, REBHEIEA
B B — 2R 2 SR T V5 U S P R E R ARG 4
57 AETF RS, BS80S TR 56
BT R X —[ARRfALE, AIRE2 TR I
UEBRYR, AR A s AR v AR A o oI5, /NERAY
ORI EE, DL MG H R —BEERR, gl 2= .
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