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Figure 1 – figure supplement 1. Diagrammatic overview of strategies for genetically informed drug repurposing to improve lung function.  The left column outlines our workflow for using causal inference to identify drug targets, while the right side shows the workflow for functionally partitioning the heritable component into drug targets. In both cases we utilize or integrate GWAS data for lung function (including three spirometry phenotypes: forced expiratory volume in one second (FEV1), forced vital capacity (FVC), and their ratio (FEV1/FVC)) and quantitative biochemical traits (e.g. hormones and metabolites) which can be pharmacologically modulated. Using this data, we established genetic correlation between lung function and the biochemical traits using LD score regression (LDSC) (left column). We then constructed a latent causal variable (LCV) model to investigate evidence of causality for significantly correlated biochemical-lung function trait pairs. To further support causal inference between significant pairs we implemented Mendelian randomisation. Where a causal relationship between a modifiable biochemical trait and lung function is established, we can infer a novel treatment. The right column shows the workflow for utilising the pharmagenic enrichment score (PES) framework for precision drug repositioning. Specifically, polygenic scores for lung function were calculated using lung function GWAS SNPs within biological pathways that can be targeted by approved drugs, rather than a genome-wide score. Individuals with low genetically predicted lung function by a PES (low PES) relative to a reference population (orange shaded distribution in right panel 3) may benefit from a compound which modulates said pathway. To further support putative genetically predicted targets for drug repositioning a transcriptome-wide association study (TWAS) of lung function was performed. Druggable genes for which genetically predicted expression was correlated with a spirometry measure. Genes with positive genetic covariance between imputed expression and lung function (i.e. increased expression associated with increased lung function) could be modulated by an agonist compound, whilst genes for which decreased predicted expression is associated with improved lung function could be targeted by an antagonist compound.

image1.emf



Tr
an



sc
rip



to
m



e-
w



id
e 



as
so



ci
at



io
n 



D
ru



gg
ab



le
 b



io
lo



gi
ca



l p
at



hw
ay



Effect size of SNPs in biological 
pathway (m) on lung function



!𝛽!, !𝛽", !𝛽#, !𝛽%, … , !𝛽&



Po
ly



ge
ni



c 
sc



or
e 



in
 p



at
hw



ay



𝝌𝟐 = 𝒁𝑻𝒓𝒂𝒊𝒕 𝟏 ∗ 𝒁𝑻𝒓𝒂𝒊𝒕 𝟐



𝜷𝑬𝒙𝒑𝒐𝒔𝒖𝒓𝒆 →𝑳𝒖𝒏𝒈 𝒇𝒖𝒏𝒄𝒕𝒊𝒐𝒏 = '𝚪 𝜸



𝒒𝟐 < 𝒒𝟏 < 𝟏



𝐺 𝐿𝐶𝑉



𝐿𝑢𝑛𝑔
𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛



𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒



𝛽!



𝛽"



𝑞!



𝑞"



𝒓𝒈 > 𝟎



𝒒𝟐𝟐



𝒒𝟏𝟐
= (𝒓𝒈𝟐)𝑮𝑪𝑷



LD
SC



M
en



de
lia



n 
ra



nd
om



is
at



io
n



La
te



nt
 c



au
sa



l v
ar



ia
bl



e 
(L



C
V)



Lu
ng



 fu
nc



tio
n 



G
W



A
S



B
io



ch
em



ic
al



 G
W



A
S



𝑷𝑬𝑺𝒊 = ?
𝒊7𝟏



𝒎



@𝜷𝒋𝑮𝒊𝒋



Pharmagenic enrichment score PES



Causal exposures Heritable factors










T

r

a

n

s

c

r

i

p

t

o

m

e

-

w

i

d

e

 

a

s

s

o

c

i

a

t

i

o

n

 

D

r

u

g

g

a

b

l

e

 

b

i

o

l

o

g

i

c

a

l

 

p

a

t

h

w

a

y

Effect size of SNPs in biological 

pathway (m) on lung function

�,�,�

,

�,…,�

P

o

l

y

g

e

n

i

c

 

s

c

o

r

e

 

i

n

 

p

a

t

h

w

a

y

�

�

=�

�T����

∗�

�T����

�

�s����X�→�b���b���X��

=

�

�

�

�

<�

�

<�

� ���

����

����n���

��������

�

�

�

�

�

�

>�

�

�

�

�

�

�

=(�

�

�

)

�[�

L

D

S

C

M

e

n

d

e

l

i

a

n

 

r

a

n

d

o

m

i

s

a

t

i

o

n

L

a

t

e

n

t

 

c

a

u

s

a

l

 

v

a

r

i

a

b

l

e

 

(

L

C

V

)

L

u

n

g

 

f

u

n

c

t

i

o

n

 

G

W

A

S

B

i

o

c

h

e

m

i

c

a

l

 

G

W

A

S

�¤�

�

=

��

�

�

�

�

�@

Pharmagenicenrichmentscore PES

Causal exposures Heritable factors


