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Reactome©l| A A& %+ Restful API

curl -X POST
"https://reactome.org/AnalysisService/identifiers/?interactors=false &species=Homo%20sapiens&pageSize =20
&page=18&50ortBy=ENTITIES_FDR&order=ASClresource=TOTAL& pValue=1&includeDisease=true"
-H "accept: application/json" -H "content-type: text/plain" -d "ATP1A3, DFNB59, OPA1, OTOF, DIAPH3"

Python =2 W3 A A= I=

Test Gj|A| : ATP1A3, DFNB59, OPA1, OTOF, DIAPH3

In [5]:  import reauests

headers = {
‘accept't 'application/json’,
'content-type'! "text/plain’.

params = (
("interactors', 'false'),
('species', 'homo sapiens'),
('pageSize', '3000'7,

('page’, '1'),

('sortBy', 'ENTITIES_FLR'),
('order', 'ASC'),
('resource’, 'TOTAL'),
('p¥alue’, '1'),

('includeDisease', "true'),

data = 'ATP1A3, DFNESS, OPAT, OTOF, DIAPH3'
response = recuests post('https://reactome org/bnalysisService/ identifiers/', headers=headers, params=params, data=data)

json_data= response. json()

[721™5] Restful API && A AAFHE oA 2=

- 14 - < A E2-1

| 8}



s

=0

A 2 24

il

1)

panel SiAto]Ec] A 3574

KN
T

AR =

=0

W opdE FA4

v
o

.

!

o

el

o

F=l o] 9l Tk paneloll A

Gl
5

o
J)

ot} webs 27k 315700l el =

=y

o)

ol

e

5

o
w

Aol

rvze)

,ﬂl

o

o
B
0
oF
o

&

o
<]
=y
T
Tor

3

oi7b B, dAvitt A @

=
=

ol

Q)
AdH AT ek fdA HERE w2 Thg 27

\

e v

%

£3

=
ofp
oy

-

tlo

obgfe] 13} o] Amyloidosiszf

o

o A=

AA7E Qlof dHieolH

oF

ij]
ToR

)

1)) 8}

2] <

,15,



olel [2E6]S PanelAppel A AmyloidosisE AM3AS wf BHolx =

TAAbEe] FHet dAZRA S T MeH = R

G Hl ol T

signed-off

Relevant disorders: R204
Panel types: GMS Rare Disease Virtual, GMS Rare Disease, GMS

Amyloidosis (Version 1.7)

Panel version 1.2 has been signed off on 13 Feb 2020
11 reviewed, 8 green

Mode of
List Entity Reviews inheritance Details
11 Entities
m APOA1 1 review MONOALLELIC,  Sources
FAY s n it . 7= aulosamal of « Expen Review Gregn
vaieen pseudoautosomal, * NHS GHS
NOT imprinted Phenotypes
« Amyloidosis. 3 or move types
105200
Tags
2] APOA2 1 review MONOALLELIC, - Sources
e aulosomal of » Expen Review Green
e pseudoautosomal * NHSGMS
NOT imprninted Tags
m POC2 1 review MONDALLELIC Sources
. autosomal of » Expenl Review Green
&l pseudoautosomal * NHS GMS
NOT imprinted Tags
missense
m F 1 review MONOALLELIC Sources
e ki autosomal of « Exper Review Green
VR pseudoautosomal + NHS GMS
NOT smprinted Phenotypes
s AMVIOKIOSIS, TArmidlial visceral
105200
Tags
<3jd (PanelApp) 3tW7del o= s7dshd Fdx553>

3) https://panelapp.genomicsengland.co.uk/panels/502/
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Additional findings reproductive

1 CFTR
carrier status
ACTB, AFG3L2, ANQOS3,
2 Adult onset movement disorder APTX, ATM, ATP13A2,
ATP1A2, ...
Adult solid tumours cancer APC, ATM, BAP1, BMPRIA,
3 o BRCA1, BRCA2, BRIP1, CBL,
susceptibility CDC73, ...
AIP, APC, ATM, BAP1,
4 Adult solid tumours for rare disease BMPR1A, BRCA1, BRCA2,
BRIP1, CDC73,...
AP3B1, CACNAIA,
5 Albinism or congenital nystagmus CACNALF, CASK, FRMD?7,
GPR143, HPS1....
ACP4, AMBN, AMELX,
6 Amelogenesis imperfecta Cdorf26, CNNM4,
COL17A1, DLX3,MMP20, .....
APOA1, APOA2, APOC?2,
7 Amyloidosis FGA, GSN, LYZ, TTR,
APQOC3, B2M, CST3
8 Amyotrophic lateral sclerosis_motor A|F‘ISGZ4 AFII]J(SE QEIR[I\)I(F:’TATI
neuron disease
OPTN, ...
FOXC1, ITPR1, PAX6, PITX2,
9 Aniridia ELP4, TRIM44,
ISCA-37401-Loss
Xeroderma pigmentosum, DDB2, ERCC1, ERCC2,
315 Trichothiodystrophy or Cockayne ERCC3, ERCC4, ERCC5,

syndrome

ERCCS,....

[Z29H6] o 2% A ~(Amyloidosis) A= 2] A o Al
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DrugBank Drug UniProt 3
D NETE Type D UniProt Name
DB00001 Lepirudin BiotechDrug P00734 Prothrombin
DB00002 | Cetuximab | BiotechDrug | PO00533 Epidermal growth factor
receptor
Low affinity immunoglobulin
DB00002 | Cetuximab | BiotechDrug 075015 gamma Fc region receptor
I1-B
DB00002 | Cetuximab | BiotechDrug | P00736 Complement Clr
9 subcomponent
DB00002 | Cetuximab | BiotechDrug | P02745 Complement C1g
9 subcomponent subunit A
DB00002 | Cetuximab | BiotechDrug | P02746 Complement Clq.
9 subcomponent subunit B
DBO0002 | Cetuximab | BiotechDrug | P02747 Complement C1q.
9 subcomponent subunit C
Low affinity immunoglobulin
DB00002 | Cetuximab | BiotechDrug P12318 gamma Fc region receptor
II-a
Low affinity immunoglobulin
DB00002 | Cetuximab | BiotechDrug P31994 gamma Fc region receptor
I-b
Low affinity immunoglobulin
DB00002 | Cetuximab | BiotechDrug P31995 gamma Fc region receptor
II-c
Denileukin . Interleukin-2 receptor
DB00004 diftitox BiotechDrug P01589 subunit alpha
Denileukin . Interleukin-2 receptor
DB00004 diftitox BiotechDrug P14784 subunit beta
DB00004 Denileukin BiotechDrug P31785 Cytokine receptor common
diftitox subunit gamma
DB00005 | Etanercept | BiotechDrug P0O1375 Tumor necrosis factor
DB15593 | Golodirsen | BiotechDrug P11532 Dystrophin

,19,




Drug Name Uniprot ID
Lepirudin P00734
, P00533,075015,P00736,P02745,P02746,P02747,P08637,
Cetuximab
P09871,P12314,P12318,P31994,P31995
Denileukin
" P01589,P14784,P31785
diftitox
rociia | PO5106,P0514075015,P00736,P02745,P02746, PO2747,
cxima P08637,P09871,P12314,P12318,P31994 P31995,P04004
Amantadine P21430,Q8TCUS,P14416,P36544,P43681,P32297

Benzatropine

P11229,Q01959,P35367,P31645,P23975

P02918,P02919,P76577,POAD6ES5,POAD6E8,P27169,P40933,

Cefazolin
P60568
) P35916,P04049,P35968,P15056,P36888,P09619,P10721,P
Sorafenib
11362,P07949,P17948
Sildenafil 076074,P18545,Q13956
Thalidomide Q965W2,P01375,P19838,P21802,P35354,P02763,P19652
Bosentan P24530,P25101
Cinacalcet P41180
Lomitapide P55157
Pasireotide P30872,P35346,P30874,P32745
Golodirsen P11532

[Z"7] oF=3 Fdxke] BAE A dAHAA
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3) A= AAH
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259 Hagolsl AFol Hy W fAE ARE T 4 Ak
FDR #k5ol & /1ol fom A8, 27e geloq sAds - ofe
o fAEE f2Ede SARE Ed ANPd f2ede sAE,

Ag ke 7

duiet AE FAA F uMEe FAER ALgete 4
Z

d(x’y) = 'J(xl = J"'l)z + (IZ = J’2J2 2 Ll E o (I" = yn:'z

where x = (x3,%3, .-, X3 ), ¥ = (V1. V25 <+» ¥n)
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sl As oFEo FAIEE 7HX ©lolE HeolEg wrEUT. A4
g-okg 7t ¥AE FDR & HALE A4S £ w50l An)
slelst e wolEl ®lojie ez etk AW 30949 WI o=
18887 0ll gk A= Aitolt) 3|7 dER oz fiE, O 3
AAF B2ES WwE A FAT & qrh
: Drug - ‘ ‘
Disedse name Bortezomib | Siidenafl | Sorafentb | Bosentan | Azactidine Vigahatrin
Mitochondrial disorder with complex Il deficiency | 010280217 | 03409945 | 1897736076 | 0014810164 | 0331095352 0372542083
Erythropoietic protoporphyria, mild variant 0102071139 | 0341043675 | 1897750665 | 0016574318 | 0331151481 0372616405
Mitochandrial disorder with complex Il deficiency | 0:107007993 | 0.54180044 | 1897968556 | 0033192853 | 0531929456 0373724345
Mitochondrialdisorder with complex V deficiency | 01092089 | 0542248418 | 1898093315 | 01039719502 | 0.532376577 0374360667
Leber hereditary aptic neuropathy (19104211 | 0565218121 | 1904783108 | 0164364888 | 035575444 0406920246
Cardiac amhythmias - adclitional genes 0634243291 | 083593624 | 1936346064 | 637443087 | 0778871291 0738174748
Combined factor V and VIl deficiency (65374069 | 0:850420579 | 2007969703 | 0656322675 | (766432475 0754338087
Severe familil anorexia 01950978831 | 1113641548 | 1923331846 | 097500754 | 107333532 1044398631
Bladder cancer pertinent cancer susceptibilty 1353875203 | 1472566707 | 2010852816 | 1.369669753 | 1415391587 141935319
Unper gastrointestinal cancer pertinent cancer susceptibiling 1355875203 | 1472366107 | 2010852816 | 1.369669753 | 1413391587 141935319
Hydroa vacciniforme 1452623662 | 156433161 | 230913746 | 1467682038 | 1404842906 1514346707
Familialdisseminated superficial actinic porokeratosls | 1523753663 | 1653670372 | 2450323181 | 1562744378 | 1583107815 1606467635
Additional findings reproductive caier satus 1544297254 | 1662324527 | 235671683 | 1.57189921 | 1613686416 161537469
Idiopathicventricular fbrilztion 1634616263 | 1722421906 | 2163495824 | 1635323061 | 17193391 1638043503
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2. AGALE FE FE

7}. FDAS A E AL X5 A9 v

9 dolg Hlo kel Fust B 7] 918 FDA £ we 3
A% ARAE A4 Y =AE deldth FDA e 57
& ofol T Hui FDA 34 EFslolA5eA 7@ & glom, 93

o5 & FDA %Qlo] HJowA, A SRV 9 + e FE
of tia] oEA AHRrF oA he Ay E e ok FAE g
HHe 117 ojgte] FoB FAIE 2 =FHuh el FEo

= A 4
Mol 9% ud 5 g
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SUHE oF F AMAE AT e xH HdFgFoz wEAR FAHS
= 2 3}t [21] Bosetan, Bortezomib,
Sorafenib, Lomitapide 47}#] °F F oA Lomitapide’} 73 372 g3}
W7k 3ol Atk webA ofg A A vUE F AJ=A AR
t}.

5) FDA <lvte 373 A aA|
https://www.accessdata.fda.gov/scripts/opdlisting/oopd/
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37| Dgt 0|5 Panel QAE AT} =9l
Bladder cancer pertinent
cancer susceptibility 2939787253 !
Upper gastrointestinal cancer
pertinent cancer susceptibility 2939787253 2
Prostate C?Ss?fép?iebriﬂpyent cancer 2 959662566 3
Severe familial anorexia 2.965537474 4
Classical tuberous sclerosis 3.011405328 5
Familial hidradenitis suppurativa 4.298690827 47
Familial Meniere Disease 19.72354457 261
Arthrogryposis 25.37937279 284
Autism 33.70377429 302
DDG2P 39.44676888 305
[3£6] Thalidomide¢t ## = JALZ &9
S| Ee 0| At °f= Ol Uniprot_ID
Arthrogryposis FGFR2 Thalidomide P21802
Autism PTGS2 Thalidomide P35354
DDG2P CRBN Thalidomide Q96SW2
Famig“j:) phljf;ﬁisae”‘tis TNF Thalidomide P01375
Familial Meniere Disease NFKB1 Thalidomide P19838
[%7] 8723 A-Thalidomide(2F&)2 ¥S ul 23}
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t}. Lomitapide

Lomitapide= 7|l A A#™ Juxtapid =, EUA &% Lojuxta
2 Fvj% = Aegerion Pharmaceuticals 3|Aboll A 7|3l 7154 139
~HE 45 A8E A% AL stz AHEE= ofeln, 20120 3
AAS A5AZ FATgTh

panel THloJEHe]2o A TFHAg nIEzEHE A EEY] olFE
“Familial hypercholesterolaemia — targeted panel’= % o]t} 37 2 3t
o] AZAR AEE3 JE  Lomitapide®t 3 ##E3F  “Familial
hypercholesterolaemia - targeted panel” ¢ TAS ZFaA 2 AF9
slAdgk-oFE FR 9 ATR Uyt deAE
LomitapideE 7]To=2 3FAZ3 309715 AHE}AE
hypercholesterolaemia - targeted panel” = 33H#A o] <+
FAME Fh2 2.816443704= ‘/}9]":} metA] #Hdo]l =A Uskes & T
ARtk #Hde]l =4 U4E F UMY olFE d=-wAA, AL+
AAE o gA 9o = 03_7—‘3&1%%]% Reatome 7} a T
e A Aka Kokt

Lomitapide¥ Drugbank 7]#%& %4 HAx7F “MTTP” o],

v
&
[k
e

“Familial hypercholesterolaemia - targeted panel’ panel 7]s+°S 2 3]
AAS #dd F4x= “APOB, APOE, LDLR, LDLRAPI, PCSK9” ©]
th o] & Afolo] #AVE AR vl EoLS W= s HH §lo]
wolA gk AFSHA wjadgo] Ao HEAol Erhe RS & 5 9
=3

[Z2™11]%> Reatomeol A 32 “MTTP"¢F “APOB” ¢ #AE Ko
Foh, wgkAa Fagu] gA7F “APOBola bR ul® g A}
“‘MTTP"E 23t [2812]2 Bee ZTEIHS EaiA “MTTP 9
“APOB”9] #AIE F2do]l® DA AAH=A HojFEt

N
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3 &Ee 0|5 Lomitapide
: with complex 1T defciency 0.065528407
> ErythroporiT:ei’ltg \E)arﬁgcra]?orphyria, 0.06594957
3 with complex I deficency 0.07194718
4 Wimitggg}opr?g)zia\l/ ?ﬂiggé?eegcy 0.07518158
5 Leber hereditary optic neuropathy 0.176324836
6 Cardiac arrhythmias - additional genes 0.640631189
7 Combined factor V and VIII deficiency 0.659419506
8 Severe familial anorexia 0.977893137
33 Familial hypercholesterolaemia 2816443704

- targeted panel

[328] Lomitapide®] st 3] A A FAE
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—__anion fransport
organmphosprmes.?fg.t‘ﬂ'g. Tmnspoft
organic anion transport
ion transpart

MTFP

pratein linid ramniay cuhonit srasnization
2 lipid digestion mobilization and transport
lipoprotein metabolic process
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macrothylomicron mgdiated' lipid transport i

lipid laca fization

metabolism of lipids and lipoproteins
© ipogiolen Diosyiinetic process
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lipoprotein metabolism = -
reguiaticn of piasma lpoprotein particle levels .
pasitive regulation of lipid storage|jzation

on of lipid metabalic process
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plasma lipoprotein ROprotein localization o ==
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rromnncn ty carhaliydrate ot cellulfar resg
receptor mediated endocytasis
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in utresponse o ¢
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cell surface interactions at the vascular wall
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Abstract

A Study on Drug Repositioning for Rare Diseases

based on Biological Pathways

Hyeyoen Kim
Healthcare Management and Informatics
The Graduate School

Seoul National University

Introduction: The purpose of this study is to wutilize biological
pathway data for rare disease drug repositioning. There are more
than 7,000 rare diseases worldwide, but there is only treatment for
5% of these diseases. While there is a great need for treatments,
traditional drug development is a very time consuming and costly
process. For rare disease treatment, drug repositioning can potentially
be a quicker and cheaper alternative. Biological pathway data describe
the interaction between biological elements in detail and can be used
to analyze gene data from a wider perspective. Therefore, it is
hypothesized that they are suitable to use in drug repositioning. In
this study, a common biological pathway list is generated from
drug-related and rare disease-related gene data to find new drug
candidates for rare diseases. Using the common pathway list and rare
disease-drug similarity, a rare disease-drug candidate list 1is

generated.
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Methods: 309 rare diseases from the Genomics England PanelApp is
utilized with the relevant genes. 1,888 approved drugs and related
genetic information i1s used from DrugBank. Using analysis tools
provided by Reactome, biological pathways relevant to the rare
disease-gene and drug-gene lists were collected based on FDR
values. Among the collected biological pathways, there are 1,883
biological pathways commonly associated with the rare diseases and
drugs, which are then used to calculate the similarity between the
rare diseases and drugs. The Euclidean similarity of the rare diseases

and drugs are calculated by vectorizing the FDR wvalues.

Results: Through this study, a rare disease-drug candidate list was
generated. In the list, it can be interpreted that the smaller the value
between a rare disease and drug is the more similar they are.
Therefore, the more similar a rare disease and drug is, the more
likely it is to be a candidate for rare disease drug repositioning. The
results were compared with existing approved drugs used to treat
rare diseases, for evaluation. Lomitapide is a drug used to treat
“Homozygous familial hypercholesterolemia”. In the drug-rare disease
list it has a similarity value of 2.8 with its PanelApp equivalent
disease, which is rank 34 out of 309 rare diseases. The rare
disease-pathway-drug results were also compared with the rare
disease—gene—-drug results with the drug, Thalidomide. In the rare
disease-pathway-gene results, it is observed that “Bladder cancer
pertinent cancer susceptibility” was the closest disease to

Thalidomide, which coincides with recent literature.

Discussion: From the results, it can be confirmed that the rare

disease-drug list was relevant with existing rare disease treatments

-



and that this relevance can also be measured. In addition, it is found
that rare disease-pathway-drug associations are more applicable to
drug repositioning than rare disease—gene—drug associations. Finally,
it 1s believed that biological pathways can be used not just for rare
diseases but also for finding drug repositioning candidates in common

diseases.

keywords : Rare disease, Orphan disease, drug discovery, drug
repositioining, biological pathway
Student Number : 2017-27136
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