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Abstract

With the evolution of molecular diagnostic technologies, there has been a significant leap forward
in the precision diagnosis and treatment of diseases. Rare diseases, which exhibit a high depen-
dency on molecular diagnostics. Despite their relatively low prevalence, the extensive variety of
these diseases results in a considerable overall number of individuals affected. Currently, the
management of rare diseases is complicated by factors such as medical technological advance-
ments, physician expertise, patient awareness, and socioeconomic status, leading to numerous
challenges in the diagnostic and therapeutic journey of these patients. However, with technologi-
cal advancements and improvements in the efficiency of molecular diagnostics, there is newfound
hope for the early detection and personalized management of rare diseases. Additionally, the de-
velopment of innovative therapeutic strategies, including gene editing, has expanded the thera-
peutic possibilities for patients suffering from rare diseases. The anticipation is for a deepened
research focus on rare diseases, innovative approaches in disease management, and enhanced
global collaboration to improve diagnostic accuracy and therapeutic outcomes for rare diseases,
thereby alleviating the burden on both patients and society at large. This review delineates the
current landscape of diagnosis and treatment for rare diseases and summarizes the future out-
look.
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1. ZFEimHA

% IL77i (Rare Diseases, RDs) & 48 K% BN R AL, R IWEm. TP 697 i2BF 0
WZish, BT HYERADN R G, RDEHR AN IGE, KRRy “0LZ” [1]. HAR%E
X 28 WL ) 58 SUAAAE— 8 22 7 BRI )58 SO R 3 AIK T 1/2000 AR [2], 36 B 158 SO B A
#r/b1- 200,000 #0K[3], 2010 4F, FRIERRGZE W € SOA W ZAKT 1/500,000 FREHT A ) LA R A8 T
1/10,000 [ysH[4]. 5L b, FWRAIE PR E M ARIERILIR . — IR 0 Tk E 32 ANEFRENEE RS
X ) 1109 MHZK) 296 A€ Mo %R S 45 H 2 W K 24 Bk-F- 3579 40 11/100,000 A, P8R FN
1/2500 [5]. A% 2021 4 Orphanet it | 6172 FARr i W, b 71.9% B A 18461, 69.9% 4 )L
RIRHIG, AR R F R NECA 2.63~4.46 12 N[6]. 50099 BAR SRR MK, 2
HTHBEMERE, BREZRANFAENE, AN Rt 2iE R E R [7].

2. ZEENEE
21 ERmRBENERAE

IR A — K™ G E A A R 05 . 2005 AE RIS WG > WURHR 15 208 7 323 Fh 3 WG i
HITA A Ay, $2m 25. 7% B 75 5 S I TT e RHT, 36.8%M BT A dndid, WAHY) 37.5%[F B4
IEH[7].
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22. ZERmNHEREFHE

ST SRR T, FIPRBARAETG G, — T SR8, 45.4% 130 15 50 B E £ — W
ABE 5 WL b, 269 A FE 10 LA L, 1 12.8% AP 20 kek L L[8]; H—WiRfF7ia i, Fm s
SPYMERCI TN 8.7 K, BHE A 5.7 KK, (ERiot A @S A mH 2.8 £, ERestro L m
Fmth 4.5 591 B T BEST BRIRTERER, NI A B AR VR AR AMIK, B[R R 2 R EOR . il
VLT YAl FR (A AR R LA Jy 287,591 & 1,907,384 FRuT, HHIRALE F-AS RUEZ) A 541,593 R 7G, M
P X Z5E1E N 546,112 % 980,057 KRJT, ML A 133,024 % 258,025 KRIT[10]; [ 1 A2 1% A & 2 1,
W0 B3 AR S B & (Quality of Life, QoL)JRFs 52 21067 . WRFUAR Y, AHECT A EH B, JELeZE I,
I 0T A A 5 A V% T BRI ) R TR S B R . FEAR SO, R B E AN REMLE, HiksoH
e A TT R 18 532 23 5 [11] o [R] A — TR KRN AN HT P8 2 I T 301 447 Wi &8 ) LR K I TE 2R
WA B LT — 2= B S 2 R UL T TG 22 35F R A [12]

23. ERmNteREFiniE

HAT, A TR IR, 008 E RS Wr B mim A 5. R, 5 W 88 19 A2 B0 1 2 I 1)y
5.6 &, MMM 7.6 £E[13]. XI5 T RELES A, Kl Z B 55 A R Z XI5
MR, BE R B E A RE S E A2 IRIE, JCHGZ 20 2 B KA X 5k = L T W2 oy
o J7 I I R T A R AR AR 7 v, B R 2206 1 St BB 2 W [14] [15]. IR
LI IR HON 2 RGUE G, XA E AT BRI B AR T R [16] [17]. XS BFE IR
BB G 5~6 IR W, ERRFIZH-THILN 1 3~10 A ERARIRZ[12] [18], FERIZWHI R
PR AT N Gy SR Z X AR IR 1A RS ZAEIR R LS ASRAS AL [19] o

1 T 25 A ) A s B BT LG T3 B (8K 24 24 W] XA BR[20], i — R 5 Wi
Zat TG, H—F Rl EAYEHERIICT 100 £ t[21]. FERBAURFEL, ASEw P E 2 5
EOR, B — 5 bt B AT AN R X RO % 22 K IR S R ME SR AR R, R 30VF 2 28 W it HLAT LA
T2ITRIRYE: SRZBIR ASRATIA AR, ORI AR AL B AR B AR R AN R B AR
TRESFER Z R GEHIR JRYT AN B S5 R 2 R OR, MELARAL ;s TR YT AR AL R AL A2 18 HEE 1
E AN 1R ) B2 PR L R AR AN 2 R TR B L B Dt 07 2 SR AL I 2R ek = 283 [22] [23]

3. EfmESEEXHRE
3.1. FRBEBARBRHIENHR

3.1.1. EfRi#ER

BRI HATEI 2, Jay7 . BRI TG 2 WA, (EAEH SR, R T2 W 1 o
FAENIT A RAT R RS THEa3A . 1983 SR LZGTE RIS DAL, SO TF R A B 697 28 IR I 3T
IR T B . HIZIE R SRAGRHELIR, FDA C% T 4780 AIULZG 2K, ke T 744 FH)LZ . i 2,
FDA #LHE AT A 24 h 2406 =2 — =20 LE, (HIXAMET— B LT M 2015 £ 47% (21/45) Tt
% H AT 53%. X0 L2542 H 140 M s, SE[E 2007 4R 55 IR 259 152 B 150 123576, 2013
NN 2R 300 1236 0[24]. S EALE 3 KR EE R AL T M m £5 DA 1, 2021~2026 5 &
IR AN 12%. ) 2026 4, AI0LZHE & BT b7 2345 84010 20%, (5 ARRZA S EENERE =2 —
[25]. FEBUH G J7 T, & AN X il 25 £ A S PR it R 33 2 DAL [ 2 A0tk Py 2 Je R RB 8 AL 2 )
TRAF . Gldn, FERRIH, 28— Jm R WA 1 XIHE 2 Do 1 D 5 SR AR A 2039 2 i BT IR SR S I, 0
I B0 AR AE — S [ SR X T R RN, 3000t 2% D93 ST A T A PR AR BT (i = K mmik, BRI
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ENTFT AR T 280 3§, BlancdbimflE . BT 2K PFIR T ERUEM AR, PRI o%
HE NG T SIS M et ARk AT R RRTEA 2 AbSE[26] -

3.1.2. FEER

PEAER, B [ BUR L 5 IR USRI T R SE TR Bt DU b iz sk i A g . 5 2018 4 5 H t &
K DAERREZR R B T AE R, BRI E SR, X PRGE RS LSS
FAT (I A ) 2 E SR T € CFEI, IR 120 AR E SR, TSR H T
Brdiier, MVEEIRIZTT DL AR AN R (R B A ) e R it T 254K 20194 2 A, Ex gk
TRATT (FIIRSIriEF(2019 ERR)) » AR VAL 1 121 DN PR ARATR S IRRR
BUEEPIRHRHIE, JFH AR T PRI TR AR T IR, ST 1 4 [ 52 A2 9T WM I A0 2 [ 5 L
Pigyr s BECHIEE . AT DA AR R E S W 2 r R &R 3-SR I2T KT, eI
TR BB ORFKCT . IR IR 290 R 05 T B 48 1 BLSEA A 2019 4F 10 A, A 5 I e B K
A IR PAFARVFAE & K ILR(2019)) » ATFREF W DAFARPAG RIS HK I, wTEem B4
BORVPAL 25 R AT D95 WU 24 ity o SR 2 7 DR B v N S5 AR S PR SRR BL IR S fF ;. 2022 8 b [ 52 W K K
At (8 TN RS 234 S FH 28 DL 243 i I R 25 PRI ) 4 53K 3R (2022) ) S 9I0) L2G AT 22 E U iR S0
EEPPAEI0 LZG I, 32— 2D R A 30 15 1O 57 0 28 I PR 25 5 VAN 2 T iR & [ 271

3.2. HEIRARER

Waih, 71.9%0)F WG S AEFHOC[6], BP SR L S8 DR 020 2 s 142 I v ik st
IR B R AT v, BIZEARIR . AR, SLIR=M A . PO o, BENFHA.
B ER AR [28] JUHR TR LB R &, AP\ 4 B FR b5 00 5 DL I8 A8 AR M 2
JLIRI 3808 it 5 B AR HE 2B S5 B 1Y = G T 44 it o, 2 A TR 200 R A 2, A R e A itz —[29)]

B B DR RS M AR R R g, 0 i AT BRI, AT DA 43 7K R 32 D i BT, AT i 300 5 I,
WS H . NSRRI AR S AR AR e 78 DU e DA S e AR B M A0 S . 2R Ak ik
DRI 20 A8 5 DL R R BB 0 46 . BRI B BRI RAR A, w R A FH Bkl 7 vk, e i &2
J(Next Generation Sequencing, NGS). Sanger Jll/7. .43 FSeihllFHAR . GekfLNFEAR. ZHEER
REHY S BORSE . JUHRIE TR, BT NGS BARMHIL, FWRIIZHAE T —FiE &, BEFr
s TR IR 9 A DG TR A B B AE T R 2 AT S AR O K [30] . NGS B HE 4 40 BT A 7
(Whole Exome Sequencing, WES) 14> % [X 2H ] /7> (Whole-Genome Sequencing, WGS) [31]. AH#: T WGS,
WES [ 3A7E T = 2R P IR 2 /2 2 5 8 A RS AN S T X8, A5 AZRIERA L) 1% 148 T,
55 85%IBUR KA, It LA WES B —Ff v A b 5 v B0 7 757 [32] - 45 Neveling 452725 IR BIF 78 i/
WES (#1121 % %2 /b Lt Sanger JIJ¥ 15 50% [33]. {H T NGS B AR RN I T8k, it LA T 2B
BURRAL T L — P LG TTERE, T ESCAHEE R, TFEE—SHTIR, Wetha
B L [34]. T LA 2 A HRM R R, T 0% 2 Wi (8] 2 Wi R B0 B B, — DU Ao st
FE2EBIR I L, ) LIRS RT3 [a]h 2.9 R, 23 47% [35].

AR, N LA Rt A 0 S A e {5k 2 11 22 5 R 55 5 N LR Be 5 W 12 Wi A4S & .
N TR BETT LA W06 B0 B HEAT 4248, 20 AMELIE ] LA B PR 122 A5 o ST Rk gk 47 bRkt iy fic 4 5 b 3,
AP Bt 5% DL F R 2 W [36]. 53— 7T, @it N TR et A a4 22 o) 2@, HEE NGS 1)
AR AT R TR (R R0 55 077 THI 5 B0t 28 W EAT 2 K, TR I R Hh KRR i 1 27 LI 12 I 3l
[37] [38]. H &1 S IA NS A RN TR g 59220 M IR [R) S R% 7% 98 4% (Single Nucleotide Varients, SNV)
FAL W W5 v R (1 715 [39] . A8 3N 14y T F (Variant Effect Scoring Tool, VEST) 4 M 12 Wr
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Fefiag %

Miller fi1 Freeman Sheldon £i#E[40]. CliniPred 7] FH T4 L SNV FIFRAH M [41] SCFRIRIEAL
(Support Vector Machine, SVM)324 iE W AT FH 5538 5 A8 A G2 i e v (1) B IR 2 5P (Single Nuc-
leotide Polymorphisms, SNPs) [42]. — &5 T [ 3 B G A 28 s G ) S0 D T2 W2 0L, 1 Deep
Gestalt >Ki2 W Emanuel Z5-5 1iE A1 Pallister-Killian 2% & 1iE[43]

3.3. JATTHARER

B A 0 27 TR FE AN TR N, 30 43 2 93 R R B R AL o BTN, 3 S R S YR 9T 12
RBE T HEA. HAT, FRMRINAT FRAFERSMRTE, BRETE. T4, ERERIT. 4i0E
ST AR TREPUARSE . X ERYT T BN H Q&N EF R T AN A B SEE A S T E L2

NG FUEA MG YEG. NES TG REte. ET S Rs. Hifcgaefs —Lh
TR T IRRIE YT, B T 9677 3 1% 27 440 5 i A% 5 18 15 2% (Cystic  Fibrosis Transmembrane
Conductance Regulator, CFTR)A: Pl i 51 2 1) ZEVELF4EL 1K) CFTR 0% 77 Kalydeco (ivacaftor) [44], T
ARSI R T VI AR A Y LA TR PR XURE S Ak S S ZE Bk B bt (emicizumab) [45]%5. HI T8
TR A I H I LA B & Al 2 AN G 1 HE ) 2 AU R 36 20, 84S R I AN B AR i 1 o A T g . 24
i, FE NSRRI A it ()24 3000 Fh S5 AH G B b, H ET R A AN 700 s £7 76 3% Fhk 4 1) 8 )
Zifn. Bk, N rAR R BRI . X ERE BA TG R K HINLETT R H B 2 40 2% WLy Fl
FARBR VR IT 25, DAFEBITE 2 1) 255 [46]

FEDRVATT & — Fhid i # ks B AR R N A, DL e s i DR B B e N T AR AT
HIRRIT 715 H T & 2 M BIG YT 773 107 28 WA B AH 5G9 5% (Adeno-Associated Virus, AAV)
AR SO K SR PE AN R RR SR A HUARE M, S R B & AR RERA YT I B i, R HE
T HRBERKIARE BRI IR IT . AAV JERVATT IR e 58 W B 3R 408 TR ia 7 ik %, il
KT KHAH[47]. 40 Glybera (alipogene tiparvovec) & —FhIE T AVV [34E, S8Rt LA 5K A e 2
£ i 77 T (L P L) . % i 20A% K 4% % (complementary DNA, cDNA)i#:i% 25 LA 240 B ) T35 i 2 A ig
U R Z A8 , XA S ANE T U7 B SOR AR I L R VR 7 (48] BEF AVVO 1E N B 844 1) Zolgensma
(Onasemnogene abeparvovec) # L F T¥697 2 % LA RN A I8 s & e A7 G 2L (R 1 2547 588 S 3V A Rl 1
WLZESE (1) )L &35 [49], T AAV2 1E R 8E 3R 1) Luxturna (voretigene neparvovec-rzyl) i fit ik F 6
IT A AT S 7K S RPE65 (OMIM*180069) 58 A8 AH I AL I 5 & 7= PE 28 45 (1) J 35 [50] o EAME L y
T A S B L R T N T 0 A L I AR T, - IR ST (5] B A G g
(Severe Combined Immunodeficiency, SCID) [52]%. Btz 4k, FIH siRNA Il sk ohRE & B k1
RNA FHHEARWZE IR TGN, B 0T DUB AR mRNA RIS R Rk, ET A
) Lumasiran 7£ Y677 IR & 1 s B R ARE 1 B S T R IR 53]

S0 A YA T AR AR 40 AR S IR R LA 23 A S A B VR T AT A YR T, ALEE Tt T 40 i (Hematopoietic
Stem Cells, HSC). %5 £ At T-41 i (Induced pluripotent stem cells). i 41 iZ(Embryonic Stem Cells, ESC).
[) 78 J53 225 5 411 il (Mesenchymal Stromal Cells, MSCs)% . H Rir4i 67 H 15 i 2 12 5 WL e s &
Gupe, R EARSEMAR HSC, JF Haref LT R R oo, PRl BN Bk, R B w4
JETIRE, il SCID, X 55— At i i 40 B2 R i T IR [54] - Bk HSC #h, MSCs Bk
T FR77 i AN 42 iE (Osteogenesis Imperfecta, Ol), L 4] TAEAR JLIIHEAT 15 PSS M i 4T 34
F-15[55], A5 H ESC H7 5 WA 4 JI5 5 A2 A3 I W A& — Fh ] 5 (19396 97 77 10[56] -

4. RFERE
FERAAER RS R RRRIL. B2 EEE L. IR AME SRk, BE2 R
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