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Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disorder marked by the progressive degeneration of motor
neurons and muscle atrophy. Despite extensive clinical research, effective treatments remain scarce due to the complexity
of the disease's mechanisms and the inadequacy of current preclinical models. Recent advancements in microphysiological
systems (MPS) present promising alternatives to traditional animal models for studying ALS pathogenesis and evaluating
potential therapies. This review outlines the latest developments in ALS MPS, including co-culture membrane-based
systems, microfluidic compartmentalization, microarray platforms, and modular assembly approaches. We also discuss key
studies that replicate ALS-specific pathologies, such as TDP-43 aggregation, neuromuscular dysfunction, and alterations in
astroglial mitochondria. Additionally, we identify significant challenges that need to be addressed for more physiologically
relevant ALS modeling: replicating neural fluid flow, incorporating immune responses, reconstructing the extracellular matrix,
and mimicking the pathological microenvironment. Finally, we emphasize the potential of ALS MPS as valuable tools for
preclinical screening, mechanistic studies, and personalized medicine applications.
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NOMENCLATURE iPSC = Induced Pluripotent Stem Cell
ALS —  Amyotrophic Lateral Sclerosis CRISPR = Clustered Regularly Interspaced Short Palindromic
FDA = Food and Drug Administration Repeats

MPS TDP-43 = TAR DNA-binding Protein 43 kDa

Microphysiological Systems
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Fig. 1 Key design principles and technological approaches of neural
tissue MPS. (a) Membrane-based MPS for BBB modeling:
endothelial cells on one side of a porous membrane and
astrocytes/pericytes on the opposite side to recreate luminal/
abluminal neurovascular compartments [15], (b) Microfluidic
compartmentalization MPS: adjacent microchannels separated
by micropillars/partial walls; one channel with endothelium,
the other with type I collagen hydrogel containing neurons
and astrocytes [16], (c) Microwell/microarray MPS for
controlled aggregation: pillar/well arrays to control seeding
and induce uniform cellular aggregation, enabling scalable
generation of size-controlled iPSC-derived cerebral
organoids [17], and (D) Modular assembly MPS: three
membrane-based modules connected in series to reproduce
influx/efflux across the BBB into brain parenchyma and
inter-module interactions [19] (Adapted from Refs.
15,16,17,19 on the basis of OA)
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Fig. 2 Organoid modeling ALS pathology. (a) Neuromuscular
organoids derived from C9orf72 ALS iPSCs, reproducing
contraction weakness, denervation, and Schwann cell loss
[20], (b) Cerebral organoids harboring C9orf72 mutation
used to study mitochondrial dysfunction in astroglia linked to
FTLD [21], and (c) Cerebral organoids modeling sporadic
ALS, showing prion-like propagation of TDP-43 pathology
upon exposure to patient-derived spinal cord protein extracts
[22] (Adapted from Refs. 20,21,22 on the basis of OA)
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Fig. 3 MPS modeling ALS pathology. (a) Neuromuscular junction
model connecting iPSC-derived motor neuron spheroids and
engineered skeletal muscle tissue, used to reproduce ALS-
related pathological features and evaluate therapeutic effects
[23], and (b) Spinal cord—on—chip model integrating patient-
derived motor neurons and brain microvascular endothelial-
like cells under perfusion, recapitulating ALS-specific
neuronal degeneration and synaptic dysfunction [24]
(Adapted from Ref. 23,24 on the basis of OA)

3.1.2. AEEM ALS 2710|=

Tamaki =& AMA] ALSE HARE ] @7twolEE Bl
FCH22] (Fig. 2). 4P ALSO| 79, S48 A Al U Ftof
TDP-430|eh= ©hiigo] u|AA=] 9|z HzskaL vﬂﬂh
o] x4l FAoltt. o] °4?L~ ] @7to]lEF o
o, 4P ALS HRpo| AL =53 A4 Tl
[e] Ke)

u) TDP-43 o] FAo] SEwI SkE 5 9l

e _
flo o

25
<5

stel

o mlo

&

o m
ol

i



o

=3

1Zs3|X] M 423 M9E

September 2025 /707

Table 1 Challenges and research directions for advanced ALS pathophysiology modeling in MPS

Challenges

(Section 4) Major pathology/mechanism Current development Limitations & future directions References
CSF and interstitial fluid . BBB-on-chip models using Few systems reproduce
. compartments; BBB, glymphatic . . .
Neural fluid svstem. and choroid plexus membranes and sensors; choroid compartmentalization and dynamic
dynamics Y i p ' plexus MPS with reverse flow flow. Models reflecting ALS- [8,25]

(Section 4.1)

Impaired clearance of neurotoxic
solutes contributes to ALS
pathology

showing occludin loss, fenestration,
claudin-1 and RSPH9 upregulation

specific clearance defects are
required

Neuroimmune

Activated microglia and astrocytes

BBB-type chips partially

Lack of diverse microglial
phenotypes and immune—neural

fesponses dnve. neuron}ﬂamr'natlon; dlgease- incorporate immune cell crosstalk. ALS-relevant infiltration (8]
(Section 4.2) associated microglia emerge in AL .
pathways remain unmodeled
ECM regulates cell adhesion, Hydrogels (HA, gelatin, Pathology-specific ECM adaptation
Neural ECM proliferation, and synaptogenesis methacrylated cellulose, agarose, is limited. Next-generation
remgdellng ALS shows ECM stiffening, fibrin, decellu}anzed ECM) hydrogels and ALS-tailored ECM [8,26,27,28, 29
(Section 4.3) . =7 explored; electronic/chemical ECM
fibrosis, and abnormal elasticity . MPS are needed
modulation attempted
. Altered glucose/glutamate transport, Current models lack patient-derived
Pathological . ; . .
. . mitochondrial dysfunction, . . or aged cells and multi-organ
microenvironmental e . . BBB-based platforms mimic barrier . - -
oxidative stress, impaired waste integration. Crosstalk with immune/ [8,30]
cross-talk . . transport and vascular response . .
(Section 4.4) clearance; endothelial and immune endothelial compartments remains
’ cell interactions implicated in ALS underexplored
AE-AZZE Aol 7Hsebe wrath %, 84§ W Lall 5& Poiujgulat olget H4 4174 248 A@
TDP-430] QU4 417 ZAolA] Zejeat fARE HAOR He]  MPSZ Mugc24] (Fig. 3). o A 27| AGa AbA
= e 5 deS AR eR USSR ARl ALS A} iPSCo A fafidt && i = mAEd o)A =
FAF AlZE MPSe]| @A Bl 7] vl fr5& A
3.2. ALS MPS A7VAL, o] %ol ol EAE Tk AAA W Ty
AA7IA] ALS We] #AFS HARGE MPSE= vl S5 B A wAA AR Fl F S wjdRt dixdt i,
wEw glovt, e )Ae] ti ofs) W AW AP 9 ALS HHPA ABAFNeurofilament) HE F717 w2k
T A ofFo] gtk Al i, S -AIE A=, 71AIA o, Thds] RNA AJEAS F8l MPSojlA] whde 41722
A RS Aol 5 Gt MPS] BHES TE, 4. o F /b 25 ¥ g (Subpopulation)o] EAF] W17
T 2Ae] B YU ALS S DAY E, Al 31, ALS Sol&el FFetulo|= @ AW AlE A o
A 25 0 $A 95 SHL westel, ok ¥u Y &% sllEdr
& WY 5 Qe BATORA ] B 715G Akt
Osaki 52 22 ALSS W23 HdF HARSH MPSE 2
TBFGTH23] (Fig. 3). © A7t= F3HE vlAfA HH}OIA 4. ALS HEjME| ZAL TE3LE (5 =8 A
£ o|gsto], A Channel-rhodopsin-27F =% iPSC
A & 7o AvEo|uef TS 2AS AEY FHE 75 2T A 2219 AlQ] vy 9 Ak BAF 7o) 2
shoinh. @ wEE A4 YT B YA /N T5E £ A o], 9rbeo|S W MPSE o83 ALS Ug BAF A
LE7h JEAer o|fojglon, ZxAo AAY nA 7]E ¥ Tofl= ZAo] ool A gtk T1=uh, ALSe| ¥y 19l, e
9 53 B 245 15 FFHOE YISk o] MPS e /13, AR B BE, T8 AR AR o B U3
£ ol gdl], Ahd ALS Ao A {33k iPSC &5 3 A o Ol KT} W OElA T 2R Q] 1AL wmARtL, 7
2o|=g HgF A}, ATl o THF Pask FFHO ] 23 WAL BAIY 5 Gl MPS Aro] 2T,
2 ZAET, £5 o] B, 24T ATAE AZAE oS Sol, Table 13} 2o] %A | 97 553} olof 7]k
71 53 g WeH Syo] Busigch 83, Avkleld WAy B 9 AR AR o, M, A 49 85 1w 5
(Rapamycin)t} H4E]d (Bosutinib)® & FoIat A%, 25% 9] ©F e, 2%, Hoh 250 Wey g, ol9] 4174 A A2
5] slto] S15I0], oloh B MPS/L ALS OFf 2Eid o] ot Helsh AL, YA, A7 ol wel A 5
o 2 TFse AYY BARA o] PSS AFSIAL. AR ALgo] 1P 4 qlow], Fu Al Ex AEN2A



708 / September 2025

5o oRejshy, okEEeetd, opREelshy B 4% WA
o] Wasitt.

1, MZZE SH BE A}
A2 s A B S A U0 L
g 2o tigt F a3t o] o]Fo| A girh8].
=) (Glymphatic System) | ek
@p)et &2 417 =4 24 AAN sl HHA<
= ARt eub gl el ko] o 41T
HAYZo] uff- Ee Ao abgolA 7|Q1ghth= ARAlef High
ol E A ZITH

o] A FAIA S4B A= nAEHe R o]Foi7]
oy, 29 (Arachnoid Membrane), @2+ 7| (Choroid
Plexus)®] ﬁé"—‘i-ilx—‘]—?"” A 55 o83l AlEA oF Ao
? FTFAAEA L Ao F2)5}
19] 4 Aol a2l
A =Yg gl A = Al
MPS 74]"1]*1 st
° mApst

].n]iolc
A g2 gt
ANBA &3

]

_I

rlo

o

ofr
>
[
o,
lo
-
ach
2~
rE
ot
.
i)
ial
“I-ﬂJ

pl)
W

_Tr_aqgcﬂo]: [y 3/\0]1—,}
M

filo
S o

_giﬂ—fi

o 3 rH

L IRES 56‘1—6

_IE
N
[e]
fllo
ox
off
2|0 °l=°
u
A
o

K

-Elrﬂi 2
30

o’
l:

8

:>é

et

=

£

=0

w2

I

o

Bl of

™S
N 1” é

&

i 2

T

12 o
N
o
>
9‘[_14
_é
>.
mlo
_?L
2

o rfr
o
)
offt |o

rlot

o
ﬁOL
=

__WL‘

N

o

fr f&l

1>
n@
1‘10 ‘014

o

I5F -5-(Counter Flow)O] ‘ﬂEH
e BES FEACH2S5] o] A
(Choroidal Epithelial Cells)g ZA| &3 U]
e = Q= 22 ol 83edl, T4
I Y Occludin®] 2F&o] &-ol31A 7FAasheyal,
HOF(Fenestrated) 3 Fx0f ©] 7[7ke- FAJ0] 3
Aru] %7 9] ul#A 2l Claudin-13+ RSPH92] -§-2]35t
SEatgc.

n
e
N
oX
)
)

ER

o
ol
=L
X,

off fo 2

:(o I
BN
Y
=2
L)
=
=,
o gt of M 2 U

J-tJ
B
o
]

o
e ox
e

o 32
o
=

N
i

4.2, AEXE] L HA HiS DAL
A= Aol it 27] ®ol WAYFeR AdHY
(Innate Immunity)E 2Fs-AlZIch 1] 22 AHE Y 23
o] 34 goloZ AAZZ =
AUCHB]. WA =7 24 sk o WEEHE oS e =
W e 7 4 4= 9o, o= AAEA

2zlo] Wee]|a AP A 7Ich

Z2A7A 0] AAHo)= A4 Z (Macrophage)2} ] Ao}
WA (Microglia)7} Ut} tjAlA| 2= =, dykeg] 31t W
HA7] SollA EAEY, vAotuAxZE ] A& (Parenchyma)
o] ZAf3tct. TrUA|E B (Single-cell Analysis)S 53f, ALS
oAlA MZ& W] uv]AolnLA]E(Disease-associated Microglia)
o] B Eglow, ko g o]zt mlAofuA|aE ofFo] ALS ¥
g 9 20 oA ofdl ek sh=Alof Tt ofsfizt H sttt
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>
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MPSoJA Algsiie ile &3l o U2 A= 751@?% A
T At

BZE] RS MIZR|7 1" 2AL
22 MPS Aol Z8% 84 F st de) 229
Zl(Extracellular Matrix)2 AWslA A&st= Ao|c}.
718 Gt A QA AR dol, A Z
. ek o} Sate] 25 3 A W 5 15 %
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NEAGE GEekn HeYeA DAEAS AUsH AR
ol AR A Salo] Wtk 417 22 AES| AL
A@sHe slol=mAe Bel4, 85ha 4T AE UskAo
2 Q3] Qo] BEET ek, SfolSRAL MY 1A
HERR Fgdel g, AzSIde) 8 U, A4
(Sofies), 714 5 5 BASKE ol ATt olefet %
We ABAES) R, A, ool BAT AT Bet

S5, SOl vlo] o3l 7w Al wle] Aash,

Sl dufolzs 71t A vjof A Aol 484
QUeF oAl MPS 7ol 9 fefsieh, ARl A oo
A UL e, WSRO A, ok, sle, o

NES} ALY 22 F ol 9 9 4 S e s 5
= sfol=eAlo] 442 MPS Alae] AT glow], 417
Az AV A B S5k, WA G A7 8=
B sk o] 71ofReH2829). ol X SlolsRAe 417
zzw A=e/18 ABE 915 BAAREA, ALS e 2AL,
o A AE S kel 98 JReAS ZUn, 355 MPS
93%91 A3 74 716RA T FR40] B F2kE Slolct.

Al OM2HEe| Ha | wEt HA}
A7 222 ALSO| 2|4 o] 7]ofsh= o274 84E
)

S, B A0 S, A 4 oL el



roh

EHUSSEIX| M423 M9z

September 2025 /709

B Aol =] AR o] 2]l wskse] A
gho] W} 3ol of®l A sh=Als ob i Bl
Al 2 AEleltt. ofi= ALS ' Bl 219 7] whAoflA] 2
T Qe A FoRd aaE At d SaH o, 1
o 5 27] A A A Saet SAS nHE o ol
g S0, ALS Res 9f3t est dife] BAZE iE <
Th A2 lestol] o3 AT/ AtolETIRIT 2 et

H] o] Tk, o= T AT olEnt A5kt
(In-flammagingy& &It @52 ALSE WIS A=A
dghe] 354 SR, diF2e] AP ERddEe] JAS

7} @ds] o] Fof A itk o= EtekaL, o] A 8] Al
o} ALS ®ejAe] Atolo] Bl Ao a8 F83] A 9L
A Gtk 71 olf F dhve a1F QIZE Al Aple] REFo|r
71&9] st A2y 2 FojRREE [ 12
(Primary Cell)g ARg-SH= A= w3} ¥ FAYPES HARSH=
ol A7E ik weba] d2 AFEE 1A REERE d2 1
AL Hi2E gk Zlo] B Holuh, A= Al 354
e g7 Qe o] HH2 vjaEHo|r.

L3t A|EE7E ALSOA ol 3k dheAE sk A
o=, MPSE A Z(Gut-brain Axis)¥} 722 22| 7} A%
2hgo] w3l W w3} e AgtoA] ofd JIFS vAE=XE
el b andor 2-8E 4= Stk o ok, Al&joA &
gt A e o] AE HET 4= Sl 58S AFEH &9

oA ALS ¥ k35 2ARK: Hoe S8% ¥ &

le.

A2 W @are] Weld A ES ALS 2 ofdlel
A% S k] A EH B9 el B e FRe
B3l fUE 5 Qb WA f9) BUERY A4EME B
B, TR @S B9, ALS F4o] Uehibr] doj ofu] Al
A@we] 71%5gol7k wael WalAl gich. AFo] AP
wel, S e W AZET B9 T4 Ao Wb Let
31, 0|2 Qla) Bwe] FA ghaMo] £AEle] WY FEE
7} 78tk MPSE o] § ol b A e 7l
A2 o ojghor}, i) of A ALY A4 £AS A
sfo] ALSSH ¥ /1% 719 4 22 BARE A7t o
o] Hast Agolct

Aol A52% ool EATH WA AHAR HE
sfol, ALS 5 AIZERA A el Aelo] Holska 9ol

o o A= & 5014 THIZE, BAE,
FAVIANE, S, 2|01 v 5ol A A 5 thefsh, o2
e T3 FFAEACN AR AR HiEH. oj2el
Ail= W wAEE T} ALS Xgo] BAE #Hshe At
TRAE =s, o8 Sl AA=2A e HIAA Tes =
AR 4= Qs MPS7} Hasich. dA7HA] HAA 2 4= 2
G MPSof| wetkeo] lon, thE & F = i d+te
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=)
)
=
=
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L ogUs dero® Sastn lrh B3 fEwsETAE
(iPSC), ©7h=o] =, MPS 5 A 9l 22|38t 7|3t 7|49] §
e ALSO| 9HA, BAA, 7154 Wel 54 Aelelq A
Ashe o o Feww gk

L AFEL C9orf72, SOD1 §-2A} Ho| W TDP-43 $-
4 50 ALS 9e] 718S WE o7l 9 MPS RUS
9, 2% o) Ha, 245 ofs, FReo]E FH =4
52 AurAo® AWsHs o AEshich. Beh A4 A3
(NMJ) 7% 7k, Aok wheA B4, Welad o] st 7]

o

of

(0]
N

A 8 5 oFe SHolA ALS 9] 2 7hsAde AlA
Sk Qi
T2 35 MPS 7]kt ALS wEle) SRS )7 flajA

M

= SFABA W FA © A mgk AR A HA HEA
4 vkg T, A 22 7o A7 A, A7 mlAle
A 5 S A2 = A s do] et

HEol, A 485 fItt BAA WA Hee HIE et
oleh. MPS olge] Qi Aol glo] s shw= ojst ul
Wyss G747t w9 Qb4 L7ha 91, FDA 4t 774 nhe]
H2 P AEeln Qi RN wslE BTel,
MPSE A4 QMo Hea Al ofy =& Aot d%)
MPS:= 7<% A<= (Technology Readiness Level, TRL) 7]&0]
A i AR AN S AT 9A e 2R o Y
AAE 3-4 Ao wF= ek ey S o) B o
Tot TREE FF oHo| IPEoHH, TRL HAS A H
A A A 59 o ZEE S e AEA e '
Z =g Auide 4= Qe Aotk

ERh, S0 e W AV AlA 2, 1s A7
3 7lse] S, A1 EYS 5% e +r 4
% AA vl 3w ofof gt} 2| FDA Atshy 2.0xf 2
S AE W3t sEAY WA 2o tigt 85 x5k 9l
o], MPSE] 4] =874 gl 7hs4de HolEth
TFACRE ALS MPS& 7|2He] dtoAie Aok,
Al Bty A&7 A pHof| o|27 |7 AFT|A §-80] 7t
A o= Vler WA 4= Qe Aolrh 3 A At
7FsR 71E A s wol Wie Bol % dAtAke) 4t
AA, A7 oA S8’ BA|7F E Aolth
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