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[Abstract] Objective To systematically identify potential pathological molecular and therapeutic targets for type 2
airway inflammatory diseases using Mendelian randomization (MR) and co-localization analysis. Methods This study
analyzed 4,302 druggable plasma proteins as exposure factors and performed transcriptional MR analysis using their cis-
expression quantitative trait loci (cis-eQTL) as instrumental variables. Disease outcome datasets from the UK Biobank
and Finnish Cohortwere used for discovery and replication validation, respectively. For proteins successfully validated,
cis-protein quantitative trait loci (cis-pQTL) were further used for protein-level MR analysis. By combining co-
localization analysis, reverse MR analysis, and mediation analysis, we investigated the association of these plasma proteins
with allergic rhinitis (AR), asthma (AS), and nasal polyps (NP). Results cis-eQTL MR analysis of 2528 proteins
identified 10 proteins associated with AR (TLR10, ERBB3, PNMT, etc.), 7 associated with AS (ERBB3, SLC40A1, PRKCQ,
etc.), and 3 associated with NP (ILIS8RAP, AXL, ERBB3). cis-pQTL MR analysis showed that ILISRAP was associated with
lower NP disease risk, while ERBB3 was associated with lower risks of AR, AS, and NP. Co-localization analysis supported
the association between ERBB3 and AR (pp.H4 = 0.910). Mediation analysis revealed that the associations between ERBB3
and AR/AS were mediated by eosinophils, with mediation effects accounting for 12.51% and 17.64% of the observed
associations, respectively. Conclusion This study identified unique and shared molecular targets for type 2 airway
inflammatory diseases, with ERBB3 potentially serving as a shared protective factor and biomarker for AR, AS, and NP.
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Fig 2 Schematic diagram of cis-eQTL MR analysis results

P2RY13: purinergic receptor P2Y13; TLR10: toll like receptor 10; TGFBRI: transforming growth factor beta receptor 1; PRKCQ: protein kinase C theta; SIK2: salt

inducible kinase 2; TAPBPL: TAP binding protein like; EFEMP2: EGF containing fibulin extracellular matrix protein 2; ERBB3: erb-b2 receptor tyrosine kinase 3; DLK1:

delta like non-canonical Notch ligand 1; FES: FES proto-oncogene, tyrosine kinase; PNMT: phenylethanolamine N-methyltransferase; EDEM2: ER degradation enhancing

alpha-mannosidase like protein 2; RPS6KA1: ribosomal protein S6 kinase A1; SLC40A1:

solute carrier family 40 member 1; SLC22A5: solute carrier family 22 member 5;

JAK2: Janus kinase 2; LRP1: LDL receptor related protein 1; SMAD3: SMAD family member 3; ILI8RAP: interleukin 18 receptor accessory protein; AXL: AXL receptor

tyrosine kinase. Manhattan plots illustrate the associations between gene expression levels and outcomes, including AR (A), AS (B), and NP (C), in the discovery analyses.

The horizontal axis indicates the chromosome where each gene is located, and the vertical axis shows the associated —Ig (P). Each dot represents a single gene. Genes

labeled in red were successfully replicated. D, The protein interactions between significant genes of AR, AS, and NP.
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AXL 2 1.005(1.003-1.008) 1.90e-04 4.57e-02 5  2211(1.644-2.973) 1.54e-07
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Fig 3 Forest plot of the cis-eQTL MR analysis results for AR (A), AS (B), and NP (C)
nSNP: number of single nucleotide polymorphism; OR: odds ratio; FDR: false discovery rate. The areas highlighted in yellow represent results from the discovery

analyses, and the areas in blue represent results from the replication analyses.
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Table 1 Detailed results of ERBB3 cis-eQTL MR analysis
UK Biobank dataset FinnGen dataset
Outcome
nSNP Method OR (95% CI) P Prog nSNP Method OR (95% CI) p

AR 6 IVW 0.952 (0.934-0.970)  1.96e-07  8.71e-05 6 IVw 0.860 (0.749-0.987)  3.13e-02
6 MR Egger 0.967 (0.884-1.059) 5.10e-01 9.96e-01 6 MR Egger 0.979 (0.499-1.923)  9.54e-01

6 Weighted median ~ 0.950 (0.932-0.969)  1.84e-07  7.39¢-05 6 Weighted median ~ 0.853 (0.734-0.992)  4.55e-02

6 Simple mode 0.955 (0.919-0.992) 6.35e-02  9.90e-01 6 Simple mode 0.881 (0.656-1.183)  4.60e-01

6 Weighted mode 0.950 (0.932-0.968)  3.19¢-03  4.0le-01 6 Weighted mode 0.857 (0.727-1.001)  1.34e-01

AS 5 IVW 0.963 (0.949-0.977) 3.87e-07 1.67e-04 6 Ivw 0.768 (0.618-0.956) 1.81e-02
5 MR Egger 0.940 (0.854-1.035)  2.98e-01 9.99e-01 6 MR Egger 0.869 (0.264-2.864)  8.29e-01

5 Weighted median ~ 0.960 (0.944-0.976) 8.53e-07  4.09e-04 6 Weighted median ~ 0.779 (0.612-0.991) 3.95e-02

5 Simple mode 0.960 (0.930-0.992) 7.08e-02  9.91e-01 6 Simple mode 0.828 (0.534-1.283)  4.19e-01

5 Weighted mode 0.958 (0.942-0.974)  6.91e-03  6.88e-01 6 Weighted mode 0.771 (0.586-0.998)  8.38e-02

NP 1 Wald ratio 0.998 (0.997-0.999) 1.27e-03  2.49e-01 6 IVvw 0.634 (0.529-0.759) 7.37e-07
6 MR Egger 0.732(0.288-1.864)  5.49e-01

6 Weighted median ~ 0.622 (0.504-0.766)  8.11e-06

6 Simple mode 0.851 (0.548-1.321)  4.82¢-01

6 Weighted mode 0.604 (0.485-0.754)  6.55e-03

nSNP: number of single nucleotide polymorphism; OR: odds ratio; FDR: false discovery rate.
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Fig 4 Forest plot of the cis-pQTL MR analysis results for AR (A), AS (B), and NP (C)

nSNP: number of single nucleotide polymorphisms; OR: odds ratio; FDR: false discovery rate. The areas highlighted in yellow represent results from the discovery

analyses, and the areas in blue represent results from replication.
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Table 2 ERBB3 colocalization analysis results

Outcomes SNPs  pp.HO  pp.HI pp-H2 pp-H3  pp.H4
AR 1297 1.76e-24  0.000  7.82e-22  0.090 0.910
AS 360 5.80e-23  0.007  8.5le-21 0.989 0.004
NP 360  8.58e-21  0.997  1.28e-23  0.001  0.001

SRAR 37 15 (SNP.pp.H4=0.800) . ERBB35ASHIpp.H3 N
0.989, FKHIERBB3 5 ASAHC, {HEA N [F] 4 PRI AR AR 5507 1
(2% T IRRHFEIST) o 7R MRS H7 Y, ERBB3 5 3%
PR Z [R5 3 [ Sl

24 HASH

IR G5 R RERBB3 5 AR AT AR, ASHINPE K X
Fe:AH 5, AN S 30 e T A 1 MRIR ZR X A3 2 75 Fh G TR
P 24 LA (VS 1 P 4 7% T LA AL ) 2% % R
1F2S6) . S5F TR (F23), 1 E i g TR R4 i - 4cre
AR(P=2.00e-04) . AS(P=6.00e-04) FINP(P=2.80e-02) 1]
HOWAEH S — P MRPAFE] T HIA . 5L R A,
ERBB35 4/ il W R M R4 L 4502 17 AH 5C (OR: 0.815,
95%CI: 0.687 ~ 0.961, P=1.20e-02) . W& &4 40 i
XTERBB35AR(P=1.14e-02) FIAS(P=4.20e-02) fl) 45K
B G X, 5355 ARFIAS BV AL 1912.51%
F17.64%.
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Table 3 Mediating role of eosinophils in the association between ERBB3 and disease

Effect of eos on outcomes”

Mediation effect

Mediation proportion

Outcome OR (95% CI) P OR (95% CI) P

AR 1.058 (1.034-1.090) 2.00e-04 0.989 (0.980-0.997) 1.14e-02 12.51%
AS 1.052 (1.023-1.081) 6.00e-04 0.990 (0.979-0.999) 4.20e-02 17.64%
NP 1.003(1.001-1.006) 2.80e-02 0.999 (0.998-1.001) 9.70e-02 -

OR: 0dds ratio; eos: eosinophils; " TVW.
3 it
AHFFELS S MRAIESE (LT R 1280 T RAESE
JHAR, ASHINPAHYECHLH] AT .l 5 Rk
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104, 74 3B S5 AR, AS. NPAH G B 1. 18

By EE M S, DLK1, EFEMP2, FES, P2RY13, SIK25
ARF{EER, L B ERBB3. IL1S8RAP5 NP BRI K
RIE . K FEMROT & BLIL18RAP-S NPAL KUK A,
MERBB3 5 AR, ASFINPARXUG A

AW —A 2k B, ERBB3 5 AR ARFI
ASKUSHHSE, I HLASHR NP RSG5 25 HH 56 . %4531
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