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Figure 1 The three major challenges of Rare Disease in China: high rate of misdiagnosis, limited diagnostic and treatment capacity, and lack of
accessible drugs (partly quoted from the 2019 Comprehensive Social Survey of Rare Disease Patients in China)
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Table 1 Global rare disease biobank and case registration system®
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RN 7 WBE B . - : . . i-bin/i .
2000 WAL 259 R 2 WL A5 B o BRpE https://www.orpha net/ci)nsor/cgl bin/index [56]
(Orphanet) php?Ing=EN
2001 R A MK A i (EuroBioBank) W [l Btk http://www.eurobiobank.org/ [53]
2005 A B 2 BT 7T (NIBIO) BB B b https://wwvx{.nlblohn.go.Jp/n.lblo/enghsh/part/ 35]
bioresources/detail.html

2= | S A e A 1 .

2007 E"jﬁ”eletho“%dﬁ”#z[‘ PEUMER e btk http://biobanknetwork.telethon. it/ [37]
NIHZE WL Bt A TR (NTH Rare _ . .
X [H ] fr : ~
2010 Discases Registry, RaDaR) EE Bt https://registries.ncats.nih.gov/about-radar/ [57]
2 IR U 1 R SR L oy — https://rd-connect.eu/what-we-do/biosamples-
BN
2012 (RD-Connect Registry & Biobank Finder) B bt data/rb-finder-for-biobanks/ [50]
2013 Jiti 3 ik v e A= 0 K A< % (PAH. Biobank) EEs| [l Brik www.pahbiobank.org [47]
VEPEF B 5K 5% W9 A= FE (The Spanish - _ . N
T i N .

2013 National Rare Disease Biobank) PEYLT Btk https://bioner.isciii.es/home/ [54]

R REAE L A W FEA PE(The Inconti- . _ . -

| BN :

2015 nentia Pigmenti Genetic Biobank, IPGB) =y Btk http://www.igb.cnr.it/ipgb [44]
2015 TREAT-NMD DMDESREUREUMD i hitp://umd.be/TREAT DMD/ 58]

TREAT-NMD DMD mutations database) ” p-/umd. -
2015 JBE 1% FF A= WA S FE(BRO biobank) BE V5T i5] 7y e NA [49]
2016 W F IR EM RSL(NRDRS) H [ PRt https://www.nrdrs.org.cn/ [55]

IR AR AP (Rare disease — https://natural-sciences.nwu.ac.za/centre-hu-
2019 Biobank of Center for Human Metabolo- E|S 7N ’ e [38]

mics, CHMRD)

man-metabolomics/bio-bank

a) 1. DA REAEE B W3 B R $dE 4L 52, 2. UMD: Universal Mutation Database; DMD: Duchenne muscular dystrophy

4 RE

LT, FEBUG. BT AYEE
Al 5 I B R R AL, KORHES) 1 R
PIREAS B Ve DR FRAFALR L, R A K
JE LA R 25 UBAZ  3E S I AN TR TH ] R Ak e A1 s 2%
i, MRS IR A MR A R (s S R . AR AR
TR 5 R 28 TR S (A 0 30 Y [ AN B g™
J&, RN A MR A IR A DR R AR AR
Bk, —J7 2P FE DR 2E 2 1) R AN N 28 4 i PR AL
FPHoRIT B A 5, AR T IS TR, R
T3 A DA A P A D 2R it P S 4 ) R B T B
HARLI & R RE B . BB 2% S R AR
S IRYT SRAVERE T A AR RED S A B e R
AR TR TR oy @ A 5T
ARNBIR S dli 5, BE A BRI ABg N, 45
EFE BRI BORAL TR T AR A2, (e HER

1046

TR HER BRI E SRR R T, S B oA 26
B, RIS SERIOTN S . DA, &
7 BEBCR B S, S WU AR RE A FE R S
KA1H.

FETHIG AL . HOd R R IR, 25 005 A R A
At 7 B A R R A B ] ST [ R 2 T 1 4 AR 3
B AEMIREAUCEE . REAEATIN T RORRIEAL, 1T, R
P B % T A e R R A T s 25 A T £ B ik,
TR JE PR MR R AR

B, IR EIREAS B TR I T . T
AL ST B EENE, @ rhrdih. KM
Wi (EEA. ZIoim X . [ 5 P e I o
RR RS, WRIETE U 15K SR
LI RERL. BLAh, TRBET . R, Bk
FiT o BF R A2 5 R RMIEHLAG T O 32, T8 A 2
W RIRAL T R SE SRR S R, o T i 5
WIHFBITRE ST HETH 4 Rfe HE LA 1K


https://www.orpha.net/consor/cgi-bin/index.php?lng=EN
https://www.orpha.net/consor/cgi-bin/index.php?lng=EN
http://www.eurobiobank.org/
https://www.nibiohn.go.jp/nibio/english/part/bioresources/detail.html
https://www.nibiohn.go.jp/nibio/english/part/bioresources/detail.html
http://biobanknetwork.telethon.it/
https://registries.ncats.nih.gov/about-radar/
https://rd-connect.eu/what-we-do/biosamples-data/rb-finder-for-biobanks/
https://rd-connect.eu/what-we-do/biosamples-data/rb-finder-for-biobanks/
http://www.pahbiobank.org
https://bioner.isciii.es/home/
http://www.igb.cnr.it/ipgb
http://umd.be/TREAT_DMD/
https://www.nrdrs.org.cn/
https://natural-sciences.nwu.ac.za/centre-human-metabolomics/bio-bank
https://natural-sciences.nwu.ac.za/centre-human-metabolomics/bio-bank

PEBNE: ARl 2024 E 54 % o6

e = PN

10

11

20

21
22

23
24

25
26

27

Groft S C, Posada M, Taruscio D. Progress, challenges and global approaches to rare diseases. Acta Paediatr, 2021, 110: 2711-2716

Richter T, Nestler-Parr S, Babela R, et al. Rare disease terminology and definitions-a systematic global review: report of the ISPOR rare disease
special interest group. Value Health, 2015, 18: 906-914

Boycott K M, Vanstone M R, Bulman D E, et al. Rare-disease genetics in the era of next-generation sequencing: discovery to translation. Nat Rev
Genet, 2013, 14: 681-691

Chung C C Y, Chu AT W, Chung B H Y. Rare disease emerging as a global public health priority. Front Public Health, 2022, 10: 1028545
Groft S C, Posada de la paz M. Rare diseases: joining mainstream research and treatment based on reliable epidemiological data. Adv Exp Med
Biol, 2017, 1031: 3-21

Abozaid G M, Kerr K, McKnight A, et al. Criteria to define rare diseases and orphan drugs: a systematic review protocol. BMJ Open, 2022, 12:
€062126

Ferreira C R. The burden of rare diseases. Am J Med Genet, 2019, 179: 885-892

Liu P, Gong M, Li J, et al. Innovation in informatics to improve clinical care and drug accessibility for rare diseases in China. Front Pharmacol,
2021, 12: 719415

Lu Y, Gao Q, Ren X, et al. Incidence and prevalence of 121 rare diseases in China: Current status and challenges: 2022 revision. Intractable Rare
Dis Res, 2022, 11: 96-104

Nguengang Wakap S, Lambert D M, Olry A, et al. Estimating cumulative point prevalence of rare diseases: analysis of the Orphanet database.
Eur J Hum Genet, 2020, 28: 165-173

Ahmed M A, Okour M, Brundage R, et al. Orphan drug development: the increasing role of clinical pharmacology. J Pharmacokinet
Pharmacodyn, 2019, 46: 395-409

Gruhn S, Witte J, Greiner W, et al. Epidemiology and economic burden of meningococcal disease in Germany: A systematic review. Vaccine,
2022, 40: 1932-1947

EURORDIS. Survey of the Delay in Diagnosis for 8 Rare Diseases in Europe (‘Eurordiscare 2°). 2007. Available from URL: https://www.
eurordis.org/IMG/pdf/

The Lancet Diabetes Endocrinology . Spotlight on rare diseases. Lancet Diabetes Endocrinol, 2019, 7: 75

Czech M, Baran-Kooiker A, Atikeler K, et al. A review of rare disease policies and orphan drug reimbursement systems in 12 Eurasian countries.
Front Public Health, 2020, 7: 416

Makarova E V, Krysanov I S, Valilyeva T P, et al. Evaluation of orphan diseases global burden. Eur J Transl Myol, 2021, 31: 9610

Chan AY L, Chan V K Y, Olsson S, et al. Access and unmet needs of orphan drugs in 194 countries and 6 areas: a global policy review with
content analysis. Value Health, 2020, 23: 1580-1591

Pearson I, Rothwell B, Olaye A, et al. Economic modeling considerations for rare diseases. Value Health, 2018, 21: 515-524

Group L. The National Economic Burden of Rare Disease Study. 2021. Available from URL: https://everylifefoundation.org/wpcontent/uploads/
2021/2002/

Rare Diseases International. Rare Diseases: Leaving no one Behind in Universal Health Coverage. 2019. Available from URL: https://
d254mlohi254u805.cloudfront.net/rdi/2019/

Brookes A J, Robinson P N. Human genotype-phenotype databases: aims, challenges and opportunities. Nat Rev Genet, 2015, 16: 702-715
National Cancer Institute. NCI Best Practices for Biospecimen Resources. 2016. Available from URL: https://biospecimens.cancer.gov/
bestpractices/2016-NCIBestPractices.pdf

Backman J D, Li A H, Marcketta A, et al. Exome sequencing and analysis of 454,787 UK Biobank participants. Nature, 2021, 599: 628-634
Holub P, Swertz M, Reihs R, et al. BBMRI-ERIC directory: 515 biobanks with over 60 million biological samples. Biopreserv Biobank, 2016,
14: 559-562

Qualman S J, France M, Grizzle W E, et al. Establishing a tumour bank: banking, informatics and ethics. Br J Cancer, 2004, 90: 1115-1119
Workspace C S P. The cancer Biomedical Informatics Grid (caBIG): infrastructure and applications for a worldwide research community. Stud
Health Technol Inform, 2007, 129: 330-334

Omae Y, Goto Y, Tokunaga K. National center biobank network. Hum Genome Var, 2022, 9: 38

1047


https://doi.org/10.1111/apa.15974
https://doi.org/10.1016/j.jval.2015.05.008
https://doi.org/10.1038/nrg3555
https://doi.org/10.1038/nrg3555
https://doi.org/10.3389/fpubh.2022.1028545
https://doi.org/10.1007/978-3-319-67144-4-1
https://doi.org/10.1007/978-3-319-67144-4-1
https://doi.org/10.1136/bmjopen-2022-062126
https://doi.org/10.1002/ajmg.a.61124
https://doi.org/10.3389/fphar.2021.719415
https://doi.org/10.5582/irdr.2022.01093
https://doi.org/10.5582/irdr.2022.01093
https://doi.org/10.1038/s41431-019-0508-0
https://doi.org/10.1007/s10928-019-09646-3
https://doi.org/10.1007/s10928-019-09646-3
https://doi.org/10.1016/j.vaccine.2022.02.043
https://www.eurordis.org/IMG/pdf/
https://www.eurordis.org/IMG/pdf/
https://doi.org/10.1016/S2213-8587(19)30006-3
https://doi.org/10.3389/fpubh.2019.00416
https://doi.org/10.4081/ejtm.2021.9610
https://doi.org/10.1016/j.jval.2020.06.020
https://doi.org/10.1016/j.jval.2018.02.008
https://everylifefoundation.org/wpcontent/uploads/2021/2002/
https://everylifefoundation.org/wpcontent/uploads/2021/2002/
https://d254mlohi254u805.cloudfront.net/rdi/2019/
https://d254mlohi254u805.cloudfront.net/rdi/2019/
https://doi.org/10.1038/nrg3932
https://biospecimens.cancer.gov/bestpractices/2016-NCIBestPractices.pdf
https://biospecimens.cancer.gov/bestpractices/2016-NCIBestPractices.pdf
https://doi.org/10.1038/s41586-021-04103-z
https://doi.org/10.1089/bio.2016.0088
https://doi.org/10.1038/sj.bjc.6601678
https://doi.org/10.1038/s41439-022-00217-6

TP IR

(0)7R e NERfE MRS VAL

28

29
30

31

32

33

34

35

36

37

38

39

40
41

42

43

44

45

46

47

48

49

50

51

52
53

ChulY, XulJJ, FuS B, et al. The establishment of the immortalize cell bank of different Chinese ethnic groups (in Chinese). Int J Genet, 2008,
31: 241-247+301 [#E5H, FRIREE, AT, 55, ARG AE IR I . EPRis L4, 2008, 31: 241-247+301]

Wang X, Lu M, Qian J, et al. Rationales, design and recruitment of the Taizhou Longitudinal Study. BMC Public Health, 2009, 9: 223

Li HY, Zhang L, Zhang X J, et al. Preliminary exploration of results of Beijing biobank of clinical resources (in Chinese). Chin J Hosp Admin,
2013, 29: 863-865 [Z=ilpl, G T, TR I, 45, AL AT SR IR PRECHE AR AS B S e U YIIR. HHAREE BT B4R, 2013, 29: 863-865]
Du L L, Gao H J. Discussion on the sustainable development of biobank (in Chinese). Transl Med J, 2019, 8: 274-276+281 [#LF[F], HRIEIR. 4=
VIREAS PE PRSI R R AR D). LR 2 2R58, 2019, 8: 274-276+281]

Gao HJ, DuL L, Zhang X Y, et al. Status, opportunities and challenges of biobanks (in Chinese). Med J Peking Union Med Coll Hosp, 2018, 9:
172-176 [HEL, FLFR, dR/EE, &5 AMREARR R R IBUIR . P 5Bk PRI, 2018, 9: 172-176]

Turro E, Astle W J, Megy K, et al. Whole-genome sequencing of patients with rare diseases in a national health system. Nature, 2020, 583: 96—
102

Garcia M, Downs J, Russell A, et al. Impact of biobanks on research outcomes in rare diseases: a systematic review. Orphanet J Rare Dis, 2018,
13: 202

A network of bioresource facilities in Japan: the human bioresource consortium technical chapter (Japanese association for human bio-resource
research). Biopreserv Biobank, 2013, 11: 57-63

Tada M, Hirata M, Sasaki M, et al. The Rare Disease Bank of Japan: establishment, current status and future challenges. Hum Cell, 2018, 31:
183-188

Filocamo M, Baldo C, Goldwurm S, et al. Telethon Network of Genetic Biobanks: a key service for diagnosis and research on rare diseases.
Orphanet J Rare Dis, 2013, 8: 129

Conradie E H, Malherbe H, Hendriksz C J, et al. An overview of benefits and challenges of rare disease biobanking in Africa, focusing on South
Africa. Biopreserv Biobank, 2021, 19: 143-150

Kopper O, de Witte C J, Lohmussaar K, et al. An organoid platform for ovarian cancer captures intra- and interpatient heterogeneity. Nat Med,
2019, 25: 838-849

Sachs N, de Ligt J, Kopper O, et al. A living biobank of breast cancer organoids captures disease heterogeneity. Cell, 2018, 172: 373-386.¢10
Van de wetering M, Francies H E, Francis J M, et al. Prospective derivation of a living organoid biobank of colorectal cancer patients. Cell, 2015,
161: 933-945

Schutgens F, Rookmaaker M B, Verhaar M C. A perspective on a urine-derived kidney tubuloid biobank from patients with hereditary
tubulopathies. Tissue Eng Part C Methods, 2021, 27: 177-182

Bellomo F, De Leo E, Taranta A, et al. Drug repurposing in rare diseases: an integrative study of drug screening and transcriptomic analysis in
nephropathic cystinosis. Int J Mol Sci, 2021, 22: 12829

Fusco F, Valente V, Fergola D, et al. The Incontinentia Pigmenti Genetic Biobank: study design and cohort profile to facilitate research into a rare
disease worldwide. Eur J] Hum Genet, 2019, 27: 1509-1518

Morrell N W, Aldred M A, Chung W K, et al. Genetics and genomics of pulmonary arterial hypertension. Eur Respir J, 2019, 53: 1801899
Walsh R, Jurgens S J, Erdmann J, et al. Genome-wide association studies of cardiovascular disease. Physiol Rev, 2023, 103: 2039-2055

Zhu N, Pauciulo M W, Welch C L, et al. Novel risk genes and mechanisms implicated by exome sequencing of 2572 individuals with pulmonary
arterial hypertension. Genome Med, 2019, 11: 69

Patrick M T, Bardhi R, Zhou W, et al. Enhanced rare disease mapping for phenome-wide genetic association in the UK Biobank. Genome Med,
2022, 14: 85

Lhousni S, Belmokhtar K Y, Belmokhtar I, et al. Morocco’s first biobank: establishment, ethical issues, biomedical research opportunities, and
challenges. Biomed Res Int, 2020, 2020: 8812609

Gainotti S, Torreri P, Wang C M, et al. The RD-Connect Registry & Biobank Finder: a tool for sharing aggregated data and metadata among rare
disease researchers. Eur ] Hum Genet, 2018, 26: 631-643

Claussnitzer M, Cho J H, Collins R, et al. A brief history of human disease genetics. Nature, 2020, 577: 179-189

Lappalainen T, Scott A J, Brandt M, et al. Genomic analysis in the age of human genome sequencing. Cell, 2019, 177: 70-84

Mora M, Angelini C, Bignami F, et al. The EuroBioBank Network: 10 years of hands-on experience of collaborative, transnational biobanking for

rare diseases. Eur J] Hum Genet, 2015, 23: 1116-1123

1048


https://doi.org/10.1186/1471-2458-9-223
https://doi.org/10.1038/s41586-020-2434-2
https://doi.org/10.1186/s13023-018-0942-z
https://doi.org/10.1007/s13577-018-0204-3
https://doi.org/10.1186/1750-1172-8-129
https://doi.org/10.1089/bio.2020.0108
https://doi.org/10.1038/s41591-019-0422-6
https://doi.org/10.1016/j.cell.2017.11.010
https://doi.org/10.1016/j.cell.2015.03.053
https://doi.org/10.1089/ten.tec.2020.0366
https://doi.org/10.3390/ijms222312829
https://doi.org/10.1038/s41431-019-0451-0
https://doi.org/10.1183/13993003.01899-2018
https://doi.org/10.1152/physrev.00024.2022
https://doi.org/10.1186/s13073-019-0685-z
https://doi.org/10.1186/s13073-022-01094-y
https://doi.org/10.1155/2020/8812609
https://doi.org/10.1038/s41431-017-0085-z
https://doi.org/10.1038/s41586-019-1879-7
https://doi.org/10.1016/j.cell.2019.02.032
https://doi.org/10.1038/ejhg.2014.272

PEBNE: ARl 2024 E 54 % o6

54 Rubinstein Y R, Posada de la paz M, More M. Rare disease biospecimens and patient registries: interoperability for research promotion, a
European example: EuroBioBank and SpainRDR-BioNER. Adv Exp Med Biol, 2017, 1031: 141-147

55 Guo J, Liu P, Chen L, et al. National Rare Diseases Registry System (NRDRS): China’s first nation-wide rare diseases demographic analyses.
Orphanet J Rare Dis, 2021, 16: 515

56 Orphanet Report Series-Rare Disease Registries in Europe. 2021. Available from URL: http://www.orpha.net/orphacom/cahiers/docs/GB/
Registries.pdf

57 Rubinstein Y R, Groft S C, Bartek R, et al. Creating a global rare disease patient registry linked to a rare diseases biorepository database: Rare
Disease-HUB (RD-HUB). Contemp Clin Trials, 2010, 31: 394-404

58 Bladen C L, Salgado D, Monges S, et al. The TREAT-NMD DMD Global Database: analysis of more than 7,000 duchenne muscular dystrophy
mutations. Hum Mutat, 2015, 36: 395-402

59 Vaught J. Biobanking comes of age: the transition to biospecimen science. Annu Rev Pharmacol Toxicol, 2016, 56: 211-228
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Rare diseases (RD) are a general term for a group of diseases with extremely low incidence or prevalence and have been a challenge
for the global medical community due to their diverse nature, difficulty in diagnosis, and limited treatment options. With the rapid
development of translational medicine, countries have gradually increased investment in the research, diagnosis, and treatment of RD
and drug development in recent years. Biobanks have been successfully applied in the field of common diseases and also play an
important role in the field of RD. RD biobank integrates biological sample information with patient clinical information and multi-
omics data to promote accurate phenotype and pathogenesis research of diseases, support high-level and large-scale cohort studies,
accelerate the development and efficacy evaluation of new drugs and new treatment technologies, and support the whole chain of
research modes from basic research to clinical transformation. This article reviews the development and application of clinical
biobank in the field of RD, aiming to promote the establishment of a standardized, normalized, informationized, diversified and
shareable model of RD biobank, and promote global collaboration and translational application, which is of great significance for the
improvement of RD diagnosis and treatment capabilities and the development of medical science.
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