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STTLRESS WG 2 F2 AL SHTRE
HA5t= AZFIAC 28] dEth o] F o EEHTEA
(acetylcholine receptor, AChR)o|| thgt IA7} 71 &at
A 552 FES FAEY oF 85%ClA mﬁ@:}l ol gt =}
7FAI7E s e I o] ek
Kot 7hEAle] FAl B4 YoM 8% qLE She AL
2 g#A ek’
7t AR Fuyo & TYE 1] drd(development)
I} A8i(selection)& HFITE F5IFEFZONA Sa3 7}
S Hee F 7R E BEY, shud= 75454 (thymic
hyperplasia)o] i T2 it 75 (thymoma)eltt! 7}
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The precise mechanisms underlying autoantibody generation in myasthenia gravis (MG)
remain incompletely understood. Evidence suggests an important role of the thymus in the
initiation and maintenance of the autoimmune response. Thymic abnormalities, including
thymic follicular hyperplasia and thymoma, are frequently observed in MG and are associated
with distinct pathological features. In thymic hyperplasia, ectopic germinal center formation
promotes B-cell activation and sustained autoantibody production, whereas thymoma is
associated with impaired T-cell development and may also exhibit ectopic germinal center
formation. These contribute to the dysfunction of central immune tolerance and the
dysregulation of peripheral immune responses. This review summarizes the immunological
mechanisms linking thymic pathology to MG pathogenesis.
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TS5 7 &3 ® A= AChRe] digt &
AolH, olgo e F&E0|Ql4tsta A(muscle specific
kinase, MuSK) ¥ A=Al AAATFNAS (low-density
lipoprotein receptor-related protein 4, LRP4)°] tigt &
Az B Ec!

AChRFA= o] 71de &3 A5 Aol
£ gukstth” A= F2 immunoglobulin G1 (IgGl)@
immunoglobulin G3 (IgG3) °}82.2 &4 9= AChRF
A7F BA| oE A EEAS Festo] S AESAE F4dokaL
ABTEH}RY 24 B E 2ok 7Aoo A=,
FA7F AChRS] SRt=ARMR- 910l Zgtsto] opg At o
|A19 A3t A4 0 & Weste 7154 Abd 7140] it
A=, AChRIA] o3t =84 wapAgto] o]Fo{# AChR
o] A stet Bzt Rt

HFE MuSKell gt Il ®eige] 717do] AChRZHA|<F
Ztoldo] ok MuSK T d 2 A +S3d o)A agrin-
LRP4-MuSK 5AE @/dstel AChRS #3stet 417
TEHARY 24 e FAISH: ° BeARA 9
S ek MusKell Higt A7t EdAlY] 34 n#
o] AChR #33tet Aleddg Asfgttt. £35] MuSK@Al=
immunoglobulin G4 (IgG4) otg 2.2 AChRZAILL &2 KB
A e A o7 A2 FEek ke T 7F
9] Ao AES APttt 713o] F4lo] He Ao E IEA 9l
th? ShH LRP4AZA ofsf] f8EE= 357 E5E Ry
Aot Mgt e e ofA] & I A A gotP

FTSLFETOIA A7IIA AL BAIRZ] B4 23kt
5t IHF 0 2 o]= A1 Bo] CD4+ TH|ZELeke] A4S 2F
L0o] 9J5) it E3] AX-E-ZTHZ(follicular helper

ol
d

=

ol
-



EE2RUZUM 7159 2 HEp2)

T cell, Tfh)2H9] BH-3-2 &9
switch recombination)¥} ANE FHEAHC|E AX HAA
AVIAE Adote FANER okt Y ojgA| 4

H AN EE A G7HE ASHH o & FAISHo] A FHEe
o] vHgetE Agsh= S83t 7|%olth

¢ FSLFESIAE AHA BAe 2E3] Alofst
= 9 94| 7149 Ago] R TE=17 (T helper 17,
Th17)A 2] 571} Treg?] 4 ®= 715 Asi7F BEEH
om* o] B2 BAIE B3t A A TS HF 0

SEA7IE 8Qlo] Hrk Th17HIZ7H AFAIE7HRlS £
Hlsto] | gHgatel 22 U A4S ¥H3-S SX15h= W A7t
HHSHEAE Asto] T2 HATES FAIsHoF Sh= Treg
9] 7Hs2 ofateo] Sl A2 0 & Thi7HIZ} Tregd] &
TB2 ST LFETONA BAIZ w7 A7 HA| §ESo] &4
O & Alo=A] Fohe e AlsohH de] A&AY S5
=5 245t a3 e 842 ZgetchiH

Ee)
oe]
=
rr
oX
S
)
fd
=
PN
)
[
jas)

4

:lo

7+&M A 23S (thymic follicular hyperplasia)2 5%
oA 71 SolA THE = 7 oo, B9
L= B oA B2 Hlr & Yepdt) 22
S7h WA A0 2w, F
E40= ArhFig. 1.
< 7139] 715 do] At

rH
o
)
ol)l

7Y ES
o =.

E

ozt Yuy Fge

%4l(germinal center, GO B4<
o|gJ3l ¥sk= 7h&Mo] TA|E &

A&H oz SREE WAL B 4ot B

g
N, 8
i
olo
)

golet. A4 7HEAollAE GC7F AY =R gov &

F2RUZ WA ASAFA 2oL FnE A
3 728 2 GOt ke BAET GCE B So] BA)
27h ThhAIZRtS] 4582 Batel 54, Bal, 44 Wst

L K=ol o]FojAl= mAlEAeltk GC WA= 53] 7ha
Al Y 2SESAEZ(myoid cell)ol|4] EHE+= AChRS X
et A71o] AT, oo Eo]A o g ¥h-g-sh= BA|E
7t FEA 2 & 73t o] IolA FFADAHET (class-
switch recombination)@} A I-EAHO|E B3l el
3 A7VA7E AP GC 43 fAE TrhAlZe g
oAl Aok 7H5S54] 2AA = TrhA 2] S71et
interleukin 21 (IL-21), CXCL13 5 Ato|E7}Q13} AR 7RI
o] Wdo] F7tst ofi= BAIZY] GC fJell 7|9 gteh ! o]
£ TS o FAHH W GC= APHIA 849 8%t
TFEE AL

E3F 7SS AR AIRE 75 odTe dEth AIRE:
mTECsOA 22150130 TS festo] A7Htg TAIZ
o] &4 Ahg vizlstE Al QIRtoITE R G Ato] w2

A 7F5AS4] 24 Y AIRE 2 74, 2250 AlA] o]
3, FYANAIE 7|5 ¥} Go] TEEH o]et Mah= FA
7FEAOA o]FolAoF & F5 UAT-EO] A5tR o]ofd &
Tk AIREE A7 E0] Treg® Mgz} Ao D42<l

Figure 1. (A) Histopathological features of thymic follicular hyperplasia (H&E, x40) showing compartmentalized thymic architecture with
lymphoid follicle formation. (B) Higher magnification demonstrating a well-developed germinal center (red arrow; H&E, x80). H&E; hema-
toxylin and eosin.
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Figure 2. (A) Representative hematoxylin and eosin (H&E)-stained sections of non-neoplastic tissue from a patient with type B2 thymoma
(H&E, x20). Preserved lobulated thymic architecture separated by fibrous septa with numerous lymphoid follicles. (B) Higher magnification
of representative germinal centers from panel A demonstrates well-formed germinal centers (red arrows; H&E, x40). Hassall corpuscles (blue
arrow) are present, demonstrating preserved non-neoplastic thymic tissue.
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