Supplementary Materials

Supplementary Fig. S1 Chord diagram depicting cell type-eGene-PD associations. Each arc represents
an immune-cell-specific eGene significantly associated with PD. The diagram illustrates both shared
and distinct eGene-cell-trait connections across prioritized candidates.

Supplementary Fig. S2 Forest plot of MR results for four eGenes using sc-eQTL data obtained from
the DICE project.

Supplementary Fig. S3 Identification and annotation of major immune cell types in peripheral blood
scRNA-seq data. (A) Dot plot showing the expression patterns of canonical marker genes across the
nine major immune cell types. (B) UMAP feature plots displaying the expression of representative
marker genes used for cell-type annotation.

Supplementary Fig. S4 BBB permeability prediction of amodiaquine using SwissADME.
Supplementary Fig. S5 BBB permeability prediction of alprazolam using SwissADME.
Supplementary Fig. S6 BBB permeability prediction of methadone hydrochloride using SwissADME.
Supplementary Fig. S7 BBB permeability prediction of felodipine using SwissADME.
Supplementary Fig. S8 Molecular docking interactions between candidate drugs and target proteins.
(A) Leupeptin and CTSB. (B) DNQX and CTSB. (C) pB-Solamarine and CTSB. (D)
4-Amino-1,8-naphthalimide and ARSA. (E) Gambierol and FAHDI1. (F) 3,5-Dinitrocatechol and
ARSA. Left: protein-ligand complex; center: close-up of binding site; right: 2D interaction map
highlighting key residues and binding types.
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Supplementary Fig. S1 Chord diagram depicting cell type-eGene-PD associations. Each arc represents
an immune-cell-specific eGene significantly associated with PD. The diagram illustrates both shared

and distinct eGene-cell-trait connections across prioritized candidates.

Cell type eGene Outcome Method OR (95%Cl) P-value
CD8+ Naive KRTCAP3 PD Wald ratio —a— 1.100 (1.044-1.158) 3.20E-04
0.891 (0.854-0.930) 1.42E-07

-

CD4+ Naive NEIL2 PD Wald ratio —a— 0.993 (0.945-1.043
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Supplementary Fig. S2 Forest plot of MR results for four eGenes using sc-eQTL data obtained from

the DICE project.
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Supplementary Fig. S3 Identification and annotation of major immune cell types in peripheral blood
scRNA-seq data. (A) Dot plot showing the expression patterns of canonical marker genes across the
nine major immune cell types. (B) UMAP feature plots displaying the expression of representative

marker genes used for cell-type annotation.
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SMILES CCN(Cc1cc(cce10)Nelcenc2cicee(c2)Cl)CC
Physicochemical Properties

Formula C20H22CIN30O

Molecular weight 355.86 g/mol

Num. heavy atoms 25

Num. arom. heavy atoms 16

Fraction Csp3 0.25

Num. rotatable bonds 6

Num. H-bond acceptors 3

Num. H-bond donors 2

Molar Refractivity 105.41

TPSA 48.39 Az
Lipophilicity

Log Py (LOGP) 3.69

Log Pojy (XLOGP3) 5.18

Log P, (WLOGP) 5.03

Log P,y (MLOGP) 3.10

Log P,y (SILICOS-IT) 4.12

Consensus Log Py, 4,22

LIPO

INSOLU

SIZE

POLAR

Log S (ESOL)
Solubility
Class

Log S (Ali)
Solubility
Class

Log S (SILICOS-IT)
Solubility
Class

Gl absorption

Water Solubility
-5.39
1.46e-03 mg/ml ; 4.10e-06 mol/l
Moderately soluble

-5.94

4.06e-04 mg/ml ; 1.14e-06 mol/l

Moderately soluble

-7.59

9.11e-06 mg/ml ; 2.56e-08 mol/l

Poorly soluble
Pharmacokinetics

High

BBB permeant

Yes

P-gp substrate
CYP1A2 inhibitor
CYP2C19 inhibitor
CYP2C9 inhibitor
CYP2D6 inhibitor
CYP3A4 inhibitor

Log Kp (skin permeation)

Lipinski

Ghose

Veber

Egan

Muegge
Bioavailability Score

PAINS

Brenk

Leadlikeness
Synthetic accessibility

No
Yes
Yes
No
Yes
Yes
-4.79 cm/s
Druglikeness
Yes; 0 violation
Yes
Yes
Yes
No; 1 violation: XLOGP3>5
0.55
Medicinal Chemistry
1 alert: mannich_A
1 alert: hydroquinone
No; 2 violations: MW>350, XLOGP3>3.5
2.60

®

Supplementary Fig. S4 BBB permeability prediction of amodiaquine using SwissADME.
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SMILES Clc1cce2ce(c1)C(=NCc1n2¢(C)nn1)ciccecet
Physicochemical Properties

Formula C17H13CIN4

Molecular weight 308.76 g/mol

Num. heavy atoms 22

Num. arom. heavy atoms 17

Fraction Csp3 0.12

Num. rotatable bonds 1

Num. H-bond acceptors 3

Num. H-bond donors 0

Molar Refractivity 90.65

TPSA 43.07 Az
Lipophilicity

Log Py (LOGP) 2.46

Log Pojy (XLOGP3) 212

Log Py (WLOGP) 3.05

Log P,y (MLOGP) 3.17

Log P,y (SILICOS-IT) 4.16

Consensus Log Py 2.99

LIPO

INSOLU

SIZE

POLAR

Log S (ESOL)
Solubility
Class

Log S (Ali)
Solubility
Class

Log S (SILICOS-IT)
Solubility
Class

Gl absorption

Water Solubility
-3.60
7.83e-02 mg/ml ; 2.54e-04 mol/l
Soluble

-2.66

6.82e-01 mg/ml ; 2.21e-03 mol/l

Soluble

-6.64

7.01e-05 mg/ml ; 2.27e-07 mol/l

Poorly soluble
Pharmacokinetics

High

BBB permeant

Yes

P-gp substrate
CYP1A2 inhibitor
CYP2C19 inhibitor
CYP2C9 inhibitor
CYP2D6 inhibitor
CYP3A4 inhibitor

Log Kp (skin permeation)

Lipinski

Ghose

Veber

Egan

Muegge
Bioavailability Score

PAINS

Brenk

Leadlikeness
Synthetic accessibility

Yes

Yes

No

No

No

No

-6.68 cm/s
Druglikeness

Yes; 0 violation

Yes

Yes

Yes

Yes

0.55

Medicinal Chemistry

0 alert

0 alert

Yes

3.33

®

Supplementary Fig. S5 BBB permeability prediction of alprazolam using SwissADME.
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SMILES CCC(=0)C(c1ccecet)(ciccecc1)CC(N(C)C)C.Cl
Physicochemical Properties

HE

INSOLU

Formula C21H28CINO

Molecular weight 345.91 g/mol

Num. heavy atoms 24

Num. arom. heavy atoms 12

Fraction Csp3 0.38

Num. rotatable bonds 7

Num. H-bond acceptors 2,

Num. H-bond donors 0

Molar Refractivity 104.29

TPSA 20.31 Az
Lipophilicity

Log Py (LOGP) 0.00

Log Py (XLOGP3) 473

Log P, (WLOGP) 5.09

Log Py (MLOGP) 4.22

Log P,y (SILICOS-IT) 4.71

Consensus Log Py 3.75

SIZE

POLAR

Log S (ESOL)
Solubility
Class

Log S (Ali)
Solubility
Class

Log S (SILICOS-IT)
Solubility
Class

Gl absorption

Water Solubility
-4.87
4.64e-03 mg/ml ; 1.34e-05 mol/l
Moderately soluble

-4.89

4.50e-03 mg/ml ; 1.30e-05 mol/l

Moderately soluble

-6.64

7.94e-05 mg/ml ; 2.30e-07 mol/l

Poorly soluble
Pharmacokinetics

High

BBB permeant

Yes

P-gp substrate
CYP1A2 inhibitor
CYP2C19 inhibitor
CYP2C9 inhibitor
CYP2D6 inhibitor
CYP3A4 inhibitor

Log Kp (skin permeation)

Lipinski

Ghose

Veber

Egan

Muegge
Bioavailability Score

PAINS

Brenk

Leadlikeness
Synthetic accessibility

Yes
No
No
No
Yes
Yes
-5.05 cm/s
Druglikeness
Yes; 1 violation: MLOGP>4.15
Yes
Yes
Yes
Yes
0.55
Medicinal Chemistry
0 alert
0 alert
No; 1 violation: XLOGP3>3.5
2.88

®

Supplementary Fig. S6 BBB permeability prediction of methadone hydrochloride using SwissADME.
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SMILES CCOC(=0)C1=C(C)NC(=C(C1ciccee(c1Cl)CI)C(=0)OC)C
Physicochemical Properties

Formula C18H19CI2NO4

Molecular weight 384.25 g/mol

Num. heavy atoms 25

Num. arom. heavy atoms 6

Fraction Csp3 0.33

Num. rotatable bonds 6

Num. H-bond acceptors 4

Num. H-bond donors 1

Molar Refractivity 100.53

TPSA 64.63 Az
Lipophilicity

Log Py (LOGP) 3.46

Log Py (XLOGP3) 3.86

Log Py (WLOGP) 3.58

Log P,y (MLOGP) 2.99

Log P,y (SILICOS-IT) 434

Consensus Log Py 3.65

SIZE

POLAR

Log S (ESOL)
Solubility
Class

Log S (Ali)
Solubility
Class

Log S (SILICOS-IT)
Solubility
Class

Gl absorption

Water Solubility
-4.44
1.41e-02 mg/ml ; 3.67e-05 mol/l
Moderately soluble

-4.91

4.68e-03 mg/ml ; 1.22e-05 mol/l

Moderately soluble

-6.05

3.46e-04 mg/ml ; 8.99e-07 mol/l

Poorly soluble
Pharmacokinetics

High

IBBB permeant

Yes

P-gp substrate
CYP1A2 inhibitor
CYP2C19 inhibitor
CYP2C9 inhibitor
CYP2D6 inhibitor
CYP3A4 inhibitor

Log Kp (skin permeation)

Lipinski

Ghose

Veber

Egan

Muegge
Bioavailability Score

PAINS

Brenk

Leadlikeness
Synthetic accessibility

No
Yes
Yes

-5.90 cm/s
Druglikeness
Yes; 0 violation
Yes
Yes
Yes
Yes
0.55
Medicinal Chemistry
0 alert
1 alert: more_than_2_esters
No; 2 violations: MW>350, XLOGP3>3.5
3.92
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Supplementary Fig. S7 BBB permeability prediction of felodipine using SwissADME.
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Supplementary Fig. S8 Molecular docking interactions between candidate drugs and target proteins.
(A) Leupeptin. (B) DNQX. (C) B-Solamarine. (D) 4-Amino-1,8-naphthalimide. (E) Gambierol. (F)
3,5-Dinitrocatechol. Left: protein-ligand complex; center: close-up of binding site; right: 2D interaction

map highlighting key residues and binding types.



