JID: PULMOE [mSP6P;February 2, 2024;18:04]

Pulmonology 000 (xxxx) 1—11

PULMONOLOGYY
JOURNAL e O

PULMONOLOGY

www.journalpulmonology.org

ORIGINAL ARTICLE

Polymorphisms and haplotypes of TOLLIP and MUC5B are
associated with susceptibility and survival in patients
with fibrotic hypersensitivity pneumonitis

P.C. Mota™"*, M.L. Soares“®**, A.C. Ferreira“®, R.F. Santos®', J.C. Rufo®""',
D. Vasconcelos®¢, A. Carvalho®’, S. Guimaraes®¥, F. Vasques-Névoa®'"™, C. Cardoso® "¢,
N. Melo?, A.T. Alexandre?, D. Coelho®"'¢, H. Novais-Bastos®"¢, A. Morais®"-¢

@ Departamento de Pneumologia, Centro Hospitalar Universitario de Sao Joao, EPE, Porto, Portugal

® Faculdade de Medicina da Universidade do Porto, Porto, Portugal

¢ Laboratoério de Apoio a Investigagao em Medicina Molecular (LAIMM), Departamento de Biomedicina, Faculdade de Medicina da
Universidade do Porto, Portugal

9 L AIMM, Nicleo de Recursos Laboratoriais, Unidade de Gestao de Conhecimento, Departamento de Recursos Comuns, Faculdade de
Medicina da Universidade do Porto, Portugal

€ Instituto de Investigagao e Inovagao em Sadide, Universidade do Porto, Porto, Portugal

f Escola Superior de Satde - Instituto Politécnico do Porto, Portugal

¢ Indoor Air Quality and Respiratory Health Lab, Laboratory for Integrative and Translational Research in Population Health (ITR),
Porto, Portugal

P EPIURit - Instituto de Satide Pibl ica, Universidade do Porto, Porto, Portugal

' Center for Translational Health and Medical Biotechnology Research (T.Bio), Escola Superior de Satide, Instituto Politécnico do
Porto, Porto, Portugal

i Departamento de Radiologia, Centro Hospitalar Universitario de Sao Joao, EPE, Porto, Portugal

k Departamento de Anatomia Patologica, Centro Hospitalar Universitario de Sao Joao, EPE, Porto, Portugal

t Departamento de Medicina Interna, Centro Hospitalar Universitario de Sao Joao, EPE, Porto, Portugal

™ UnIC@RISE, Department of Surgery and Physiology, Portugal

KEYWORDS Abstract

Hypersensitivity Introduction and Objectives: Hypersensitivity pneumonitis (HP) is an interstitial lung disease
pneumonitis; with diverse clinical features that can present a fibrotic phenotype similar to idiopathic pulmo-
MUC5B; nary fibrosis (IPF) in genetically predisposed individuals. While several single nucleotide

Abbreviations: HP, Hypersensitivity pneumonitis; ILDs, Interstitial lung diseases; fHP, Fibrotic hypersensitivity pneumonitis; IPF, Idiopathic
pulmonary fibrosis; SNPs, Single nucleotide polymorphisms; MUC5B, Mucin 5B; TOLLIP, Toll-interacting protein; FVC, Forced vital capacity;
TLC, Total lung capacity; DLCO, Diffusing capacity of the lung for carbon monoxide; % pred, percentage of predicted; % pred, percentage of
predicted; BAL, Bronchoalveolar lavage; RFLP, Restriction fragment length polymorphism; PCR, Polymerase chain reaction; dbSNP, Single
nucleotide polymorphisms database; HRCT, High-resolution computed tomography; UIP, Usual interstitial pneumonia; TBLC, Transbronchial
lung cryobiopsy; LD, Linkage disequilibrium; MAF, Minor allele frequency; HR, Hazard Ratio.

* Corresponding author at: Laboratério de Apoio a Investigacao em Medicina Molecular, Nucleo de Recursos Laboratoriais, Unidade de Ges-
tao de Conhecimento, Departamento de Recursos Comuns, Faculdade de Medicina da Universidade do Porto, Rua Dr. Placido Costa, s/n - Piso
4, 4200-450 Porto, Portugal.

E-mail address: mlsoares@med.up.pt (M.L. Soares).

https://doi.org/10.1016/j.pulmoe.2024.01.002
2531-0437/© 2024 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espafia, S.L.U. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Please cite this article in press as: P.C. Mota, M.L. Soares, A.C. Ferreira et al., Polymorphisms and haplotypes of TOLLIP and
MUCHB are associated with susceptibility and survival in patients with fibrotic hypersensitivity pneumonitis, Pulmonology
(2024), https://doi.org/10.1016/j.pulmoe.2024.01.002




JID: PULMOE

[mSP6P;February 2, 2024;18:04]
P.C. Mota, M.L. Soares, A.C. Ferreira et al.

polymorphisms (SNPs) have been associated with IPF, the genetic factors contributing to fibrotic
HP (fHP) remain poorly understood. This study investigated the association of MUC5B and TOLLIP
variants with susceptibility, clinical presentation and survival in Portuguese patients with fHP.

Material and Methods: A case-control study was undertaken with 97 fHP patients and 112 con-
trols. Six SNPs residing in the MUC5B and TOLLIP genes and their haplotypes were analyzed. Asso-
ciations with risk, survival, and clinical, radiographic, and pathological features of fHP were

Results: MUC5B rs35705950 and three neighboring TOLLIP variants (rs3750920, rs111521887, and
rs5743894) were associated with increased susceptibility to fHP. Minor allele frequencies were
greater among fHP patients than in controls (40.7% vs 12.1%, P<0.0001; 52.6% vs 40.2%,
P =0.011; 22.7% vs 13.4%, P = 0.013; and 23.2% vs 12.9%, P = 0.006, respectively). Haplotypes
formed by these variants were also linked to fHP susceptibility. Moreover, carriers of a specific
haplotype (G-T-G-C) had a significant decrease in survival (adjusted hazard ratio 6.92, 95% ClI
1.73-27.64, P = 0.006). Additional associations were found between TOLLIP rs111521887 and
rs5743894 variants and decreased lung function at baseline, and the MUC5B SNP and radiographic

Conclusion: These findings suggest that TOLLIP and MUC5B variants and haplotypes may serve as
valuable tools for risk assessment and prognosis in fibrotic hypersensitivity pneumonitis, poten-
tially contributing to its patient stratification, and offer insights into the genetic factors influ-

© 2024 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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Introduction

Hypersensitivity pneumonitis (HP) is an interstitial lung dis-
ease (ILD), with a heterogeneous clinical presentation and
evolution, recently classified as comprising two forms —
fibrotic and non-fibrotic.' HP is triggered by exposure to a
variety of inciting antigens that results in inflammation,
causes persistent lung injury and, in genetically predisposed
individuals, leads to fibrotic disease, similar to idiopathic
pulmonary fibrosis (IPF).*> The differential diagnosis of
these two fibrosing entities is challenging but imperative
given the therapeutic and prognostic implications.”*®7 In
fibrotic HP (fHP), antigen avoidance, if recognized, is the
mainstay of treatment, associated with immunosuppression,
when necessary.®’ Antifibrotics, the standard treatment for
IPF, are only prescribed later in cases of HP with progressive
pulmonary fibrosis. "% "2

Several single nucleotide polymorphisms (SNPs) have
been associated with IPF susceptibility and survival, such as
the mucin 5B (MUC5B) rs35705950 promoter polymorphism
and several toll-interacting protein (TOLLIP) SNPs.'*”"7
Whether independently associated or integrating haplotypes
potentially predicting altered survival, '® these variants high-
light the contribution of genetic determinants to the devel-
opment and evolution of the fibrosing phenotype.

In fHP, in contrast, very little is known about predisposing
genetic factors."® To date, no genome-wide association stud-
ies have been performed although a few studies probing can-
didates chosen on the basis of association with other ILDs
have identified associations with disease susceptibility and
outcomes in fHP.2°22 Among those, the MUC5B promoter
variant and telomere length were implicated as susceptibil-
ity and survival determinants in patients with chronic
HP,20:23:24 55 extensively reported for IPF.Z° No study has yet
focused on the involvement of the various IPF-related
TOLLIP SNPs in the context of fHP.

The objective of this study was to determine whether the
MUC5B promoter and neighboring TOLLIP polymorphisms,
and respective haplotypes, are associated with susceptibil-
ity, clinical presentation and survival in patients with fHP.

Materials and methods
Participants and study design

A case-control study was conducted with 97 non-familial fHP
patients followed from 2013 to 2022 in a tertiary Portuguese
hospital in Porto. This group included cases enrolled in the
FIBRALUNG (Fibrosing ILD Biomarkers That Rule Accelera-
tion) project, the first national registry and biobank of
ILDs.2® A control group with 112 subjects was selected from
EPIPorto,”” a population-based cohort of healthy adults
(n = 74), and NETDiamond,?®'*° a prospective cohort for the
study of therapeutic targets in heart failure, selecting those
without respiratory disease (n = 38).

Diagnosis of fHP was established according to interna-
tional guidelines.’>® Demographic and clinical information,
including lung function, bronchoalveolar lavage (BAL) as
well as radiographic and histopathological data, were col-
lected on enrolment.

The study protocol was reviewed and approved by the
Ethics Committee of the Institution and performed in accor-
dance with the Helsinki Declaration. Written informed con-
sent was obtained from all participants.

Genotyping

Individuals were genotyped for six SNPs: TOLLIP rs3750920,
rs111521887, rs5743894, rs5743890, rs5743854, and MUC5B
rs35705950, as described,'® and by RFLP and real-time PCR
(details in Supplementary Methods M1, Table S1).
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Radiology

High-resolution computed tomography (HRCT) scans were
independently reviewed by a radiologist with experience in
ILD CT scan interpretation, blinded to clinical diagnosis.
Detailed information on image analysis and classification
scores can be found in Supplementary Methods M2.

Histopathology

Lung biopsies were scored and reviewed by an expert lung
pathologist in ILDs (surgical lung biopsy or transbronchial
lung cryobiopsy) blinded to the original diagnosis, using a
guided pathology data collection form. Detailed information
on histopathological analyses and classification scores can
be found in Supplementary Methods M3.

Statistical analysis

Statistical analyses were performed in R (v4.2.0). Haplotype
frequencies were estimated using Haploview v4.2. Pairwise
linkage disequilibrium (LD) between SNPs was calculated
using SNPAlyze v8.1.1.0 (Dynacom Co., Japan).

Continuous data are presented as means =+ standard devi-
ation or medians and interquartile range. Categorical data
are presented as frequencies and percentages. Chi-squared
tests were used to compare allele and genotype frequencies
between patients and controls.

Overall survival was analyzed with time from diagnosis to
death (in months) censured by end of follow-up or lung
transplantation. Transplant-free survival considered lung
transplantation equivalent to death. Kaplan-Meier plots and
log-rank tests were used for survival and transplant-free
survival.

Univariate and multivariate Cox proportional hazards
regressions were employed to identify variables that predict
survival status, with results being expressed as hazard ratio
(HR) and respective 95% confidence interval (Cl).

Two-sided P-values lower than 0.05 were considered sta-
tistically significant.

Results

Demographic and clinical features of the study
subjects

The baseline characteristics of participants are shown in
Table 1. There were no significant differences between the
groups regarding gender and smoking history, although fHP
patients were younger than control subjects (mean 67.5 vs
71.2 years, P = 0.002). Antigen exposure was identified in
93% of patients, with avian and molds being the most fre-
quently reported.

All patients had radiographic signs of fibrosis. Histological
confirmation of fHP diagnosis was necessary in 55.7% of
patients. Most patients were initially treated with immuno-
suppressants with the addition of antifibrotics in cases of
progressive pulmonary fibrosis.

Overall median follow-up duration, defined as time from
diagnosis to death/transplant or end of study, was 24
months. Twenty-six patients (26.8%) died during follow-up.

MUC5B and TOLLIP associations with fHP
susceptibility and survival

Genotype frequencies of the probed SNPs are distributed as
shown in Table 2, all conforming to the Hardy-Weinberg
equilibrium (Supplementary Table S2).

The frequency of the MUC5B rs35705950 minor allele T
was significantly increased in fHP patients (40.7% vs 12.1%,
OR=5.01, 95% CI 3.06—8.21, P < 0.0001). Accordingly, the
genotypes of T allele carriers were significantly more fre-
quent in the fHP group (69.1% vs 22.3 %, OR=7.77, 95 % ClI
4.18-14.43, P < 0.0001), indicating this variant allele also
confers susceptibility to fHP.

TOLLIP rs3750920, rs111521887 and rs5743894 SNPs
(henceforth also referred to as T920, T887 and T894) were
significantly associated with fHP. The minor allele frequen-
cies (MAF) were significantly increased in fHP patients rela-
tive to those of controls (52.6% vs 40.2%, P =0.011; 22.7% vs
13.4%, P = 0.013; and 23.2% vs 12.9%, P = 0.006; respec-
tively). The overall genotypic distributions of these SNPs
were also associated with fHP (P = 0.029, P = 0.049,
P = 0.029), with homozygotes bearing the minor alleles at
higher risk of developing the disease (significantly so for
T920 TT OR=2.90, P = 0.012; and T894 CC OR=5.04,
P = 0.040; and borderline significant for T887 GG, P = 0.052).
Allele and genotype distributions of TOLLIP rs5743890 and
rs5743854 SNPs did not differ significantly between patients
and controls.

Kaplan-Meier survival analysis of MUC5B and TOLLIP SNPs
did not show any association between individual genotypes
and survival in fHP patients (Supplementary Fig. S1).

MUC5B and TOLLIP haplotype associations with fHP
susceptibility and survival

Haplotypes defined by the MUC5B and three neighboring
TOLLIP SNPs that had shown an association with suscep-
tibility to fHP (MUC5B-T920-T887-T894 haplotype block)
were reconstructed (Supplementary Table S3). Six
major haplotypes were defined, of which five showed
an association with susceptibility to the disease. Haplo-
types T-T-C-T, T-T-G-C, and T-C-C-T were significantly
more frequent, and haplotypes G-C-C-T and G-T-C-T
were significantly less frequent in patients than in con-
trols.

Pairwise LD measures indicated moderate to strong LD
among the TOLLIP SNPs and moderate LD between these
and the MUC5B SNP in the fHP group, while in controls
linkage between tightly linked T887 and T894 and the
T920 SNP was only moderate, and with the MUC5B SNP
was considerably low (Supplementary Table S4 and Fig.
S2).

Notably, Kaplan-Meier survival analysis of the haplotypes
revealed a statistically significant association of haplotype
G-T-G-C with reduced survival (censoring for lung trans-
plant) (log rank test P-value = 0.006) and reduced trans-
plant-free survival (log rank test P-value = 0.021) in fHP
(Fig. 1). Multivariate Cox regression analysis showed that
the presence of the G-T-G-C haplotype was independently
associated with shorter survival after adjustment for age
and lung function parameters (overall survival, HR 6.92,
P = 0.006; transplant-free survival, HR 5.93, P = 0.009)
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Table 1  Clinical and demographic characteristics of fHP patients and controls.
fHP (n=97) Controls (n =112) p value
Gender (n,%) 0.375
Female 44 (45.4 %) 44 (39.3 %)
Male 53 (54.6 %) 68 (60.7 %)
Age (years)? 67.5 (8.7) 71.2 (8.4) 0.002
Ever smoker (n,%) 47 (48.5 %) 51 (45.9 %) 0.718
Follow up time (months)® 24 (16—56)
Deaths (n,%) 26 (26.8 %)
Transplants (n,%) 4 (4.1 %)
Pulmonary function tests
FVC (% pred)? 80.8 (17.3)
TLC (% pred)® 76.9 (17.7)
DLCO (% pred)® 53.9 (16.8)

Antigen exposure (n,%)
Avian
Molds
Other Organics
Inorganics
Unknow
Multiple
BAL cell count
Total cells (x 10*mL~")®
Macrophages®
Lymphocytes®
Neutrophils®
Eosinophils®
Lung biopsy (n,%)
Treatment (n,%)
Immunosuppressants
Imunosuppressants+Antifibrotics
No treatment
Comorbidities (n,%)
COPD
Pulmonary hypertension
Lung cancer
OSA
GERD
Metabolic conditions
Cardiovascular disease
Depression

70 (72.2 %)
37 (38.1%)
18 (18.6 %)
21 (21.6 %)
7(7.2%)
46 (47.4%)

1.6 (0.7-2.8)

71.9 (58.7-81

.4)

12 (6.6—20.1)
5.4 (3.2-11.2)
2.8(1.2-7.1)

54 (55.7 %)

53 (54.6 %)
25 (25.8 %)
19 (19.6 %)

3(3.1%)
7(7.2%)
13 (13.4%)
39 (40.2 %)
21 (21.6 %)
29 (29.9 %)
55 (56.7 %)
20 (20.6 %)

Values are presented as ?mean (+standard deviation), Pmedian (Q1-Q3) and number (%).
fHP, fibrotic hypersensitivity pneumonitis; COPD, chronic obstructive lung disease; OSA, obstructive sleep apnea; GERD, gastro-esophageal
reflux disease;% pred, percentage of predicted normal value; FVC, forced vital capacity; TLC, total lung capacity; DLCO, diffusing capacity

of the lung for carbon monoxide.

(Table 3). Despite being a relatively low frequency haplo-
type, the difference in median survival time between non-
carriers and carriers was 21 months.

Other predictors of survival

Univariate analyses did not reveal associations with gender,
age, and smoking. Conversely, better pulmonary function
(FVC, TLC and DLCO) associated significantly with longer sur-
vival (HR 0.97, P = 0.015; HR 0.98 P = 0.019 and HR 0.96,
P =0.002; respectively) (Table 3).

MUC5B and TOLLIP associations with pulmonary
function and clinical features

The presence of at least one minor allele of TOLLIP SNPs
T887 and T894 was associated with lower baseline FVC%
pred (genotypes GG/CG vs. CC, 76.3% vs 83.6%, P = 0.045;
and genotypes CC/CT versus TT, 75.9% vs 83.9%, P = 0.027;
respectively), whereas for T920 it was of borderline statisti-
cal significance (79.2% vs 87.5%, P = 0.060) (Table 4). MUC5B
rs35705950 and the TOLLIP T890 and T854 polymorphisms
showed no such association (Table 4 and Supplementary
Table S5).
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Table 2 Genotype and allele distributions of MUC5B and TOLLIP SNPs in fHP patients and controls.
Genotype P value Allele P value
MUC5B rs35705950 < 0.0001 <0.0001
GG (%) GT (%) TT (%) G (%) T (%)
HP 30 (30.9) 55 (56.7) 12 (12.4) 115(59.3) 79 (40.7)
Control 87 (77.7) 23 (20.5) 2 (1.8) 197 (87.9) 27 (12.1)
— OR6.93 OR 17.40 OR 5.01
(3.71-13.37)  (4.42—116.03) (3.06—8.21)
P* - <0.0001 <0.0001
TOLLIP rs3750920 0.029 0.011
CC (%) CT (%) TT (%) C (%) T (%)
HP 19 (19.6) 54 (55.7) 24 (24.7) 92 (47.4) 102 (52.6)
Control 39 (34.8) 56 (50.0) 17 (15.2) 134 (59.8) 90 (40.2)
— OR 1.98 OR2.90 OR 1.65
(1.03-3.90) (1.28-6.75) (1.12—-2.43)
P* 0.044 0.012
TOLLIPrs111521887 0.049 0.013
CC (%) CG (%) GG (%) C (%) G (%)
HP 60 (61.9) 30 (30.9) 7(7.2) 150 (77.3) 44 (22.7)
Control 84 (75.0) 26 (23.2) 2(1.8) 194 (86.6) 30 (13.4)
OR 1.90
(1.14-3.16)
P* 0.130 0.052
TOLLIP rs5743894 0.029 0.006
TT (%) TC (%) CC (%) T (%) C (%)
HP 59 (60.8) 31 (32.0) 7(7.2) 149 (76.8) 45 (23.2)
Control 85 (75.9) 25 (22.3) 2(1.8) 195 (87.1) 29 (12.9)
- OR5.04 OR2.03
(1.01-25.13) (1.22-3.39)
P* 0.066 0.040
TOLLIP rs5743890 0.227 0.245
CC (%) TC (%) TT (%) T (%) C (%)
HP 0 (0.0) 25 (25.8 %) 72 (74.2) 169 (87.1) 25 (12.9)
Control 3(2.7) 32 (28.6 %) 77 (68.8) 186 (83.0) 38 (17.0)
P* — 0.985 0.985
TOLLIP rs5743854 0.668 0.371
CC (%) CG (%) GG (%) C (%) G (%)
HP 77 (79.4) 18 (18.6) 2 (2.1) 172 (88.7) 22 (11.3)
Control 83 (74.1) 26 (23.2) 3(2.7) 192 (85.7) 32 (14.3)
P* - 0.396 0.721

OR, Odds Ratio (95 % Confidence Interval).
P*, Logistic regression P value of each minor allele genotype vs. reference genotype (ancestral allele).
Alleles are reported in the Forward strand orientation, except rs5743854 in conformity with the dbSNP database minor allele designation.

Exposure to birds as an inciting antigen was tendentially
more frequent in carriers of the G-T-G-C haplotype (P = 0.067).
Indeed, all carriers of the haplotype were exposed to birds,
whereas 30.3% of the non-carriers were not (Table 4).

Radiographic analyses showed that MUC5B rs35705950
minor alleles were associated with a lower total score of
fibrosis (P = 0.023), but not to honeycombing or a pattern
indicative of definite or probable UIP. No associations

between radiographic features and genotype distributions
were seen for the TOLLIP SNPs (Table 5).

BAL sample analyses revealed a tendency for a larger
amount of neutrophils in patients bearing at least one of the
minor alleles of T887 (G) and T894 (C) polymorphisms. Con-
versely, for MUC5B rs35705950 this trend was noted but for the
ancestral allele (G). Accordingly, carriers of the G-T-G-C haplo-
type, which is associated with poorer prognosis, showed a
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Fig. 1  Kaplan-Meier plots showing fHP patients’ overall survival (A) and transplant-free survival (B) according to haplotype G-T-G-C
defined by the rs35705950-rs3750920-rs111521887-rs5743894 MUC5B-TOLLIP block.
Time in months; P value for log-rank test.

median neutrophil amount that more than doubled that of ~ Discussion

non-carriers although not reaching statistical significance

(P=0.085) (Table 5). This study investigated specific genetic variants as determi-
No additional significant associations emerged between nants of susceptibility and survival in patients with fHP. The

the probed SNPs or respective haplotypes and histopatholog- MUC5B promoter rs35705950 variant and TOLLIP rs3750920,

ical features of fibrosis (Table 5). rs111521887 and rs5743894 variants are associated with
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death, hospitalization, and FVC decline.



Table 5 MUC5B and TOLLIP associations with BAL, radiographic and histopathological features.
Genotype/Haplotype MUC5B rs35705950 TOLLIP rs3750920 TOLLIPrs111521887 TOLLIP rs5743894 G-T-G-C haplotype*
GG (n=30) GT/TT (n=67) P value CC(n=19) CT/TT(n=78) Pvalue CC (n=60) CG/GG (n=37) Pvalue TT (n=59) TC/CC (n=38) P value No (n =89) Yes (n = 8) P value
BAL features
Lymphocytes 13.8 (9.6-21.1) 11.0(6—19.2) 0.117 11.1(5.2-13.7) 12.0(7.0-20.2) 0.322 12.2(6.6—19.4) 11.0(6.5-20.9) 0.615 12.2(6.6—19.4) 9.7 (6.0-20.6) 0.384 12(6.6—20.9) 8.1(6.4-16.0) 0.377
Neutrophils 6.4 (3.4-12.1) 5.4(3.2-11.0) 0.283 4.0 (3-8) 5.8(3.2-11.2)  0.329 5.0 (3.2-9.9) 8.0(3.8-12.2) 0.142 4.9(3.2-9.4) 8.0(4.2-13.5) 0.082 5.5(3.2-10.5) 11.2(7.9-18.2) 0.085
Eosinophils 3.0(1.2-12.7)  2.8(1.4-5.8) 0.660 3.0(0.6-9.2) 2.7 (1.4-2.6) 0.882 2.5(1.1-5.8) 4.0(1.6-9.3) 0.356 2.4(1.0-5.8) 4.4(1.7-9.9 0.210 2.8(1.1-6.6) 4.1(2.3-10.4) 0.332
Radiographic features
UIP + probable UIP 5(17.9 %) 23 (34.8 %) 0.238 4(22.2%) 24 (31.5%) 0.743 16 (28.1 %) 12 (32.5%) 0.490 16 (28.6 %) 12 (31.6 %) 0.616 25 (29.0%) 3(37.5%) 0.755
Indeterminated for 8 (28.6 %) 13 (19.7%) 5(27.8%) 16 (21.1%) 11 (19.3 %) 10 (27.0%) 11(19.6 %) 10 (26.3 %) 20 (23.3%) 1(12.5%)
uip
Alternative diagnosis 15 (53.6 %) 30 (45.5 %) 9 (50 %) 36 (47.4 %) 30 (52.6 %) 15 (40.5 %) 29 (51.8 %) 16 (42.1 %) 41 (47.7 %) 4(50.0 %)
Honeycombing 13 (46.4 %) 24 (36.4 %) 0.361 8 (44.4 %) 29 (38.2%) 0.624 25 (43.9 %) 12 (32.4 %) 0.268 24 (42.9 %) 13 (34.2 %) 0.400 35 (40.7 %) 2(25.0%) 0.385
Fibrosis score 9.5 (7-12) 8(5.0-10.8)  0.023 8.5 (5.8—11) 8(6—11) 0.979 9(6.3—11) 8(6.0-11.0) 0.482 8.5(6.0-11.0) 8(6.0-10.8) 0.516 8(6.0-11.0)  10(6.0—12.5) 0.455
Histopathological
features
Honeycombing 6(33.3%) 14 (38.9 %) 0.690 3(21.2%) 17 (42.5 %) 0.160 12 (33.3%) 8 (44.4%) 0.425 11(31.4 %) 9 (47.4 %) 0.247 18 (35.3%) 2 (66.7 %) 0.274
Area of fibrosis (%) 31.7 (16.2) 31.4 (13.1) 0.941 30.7 (17.2) 31.8 (13.0) 0.806 31.1 (14.7) 32.2 (12.9) 0.775 31.0 (14.9) 32.4 (12.6) 0.735 31.5 (14.2) 30.2 (12.4) 0.866
Fibroblast foci :
0 10 (55.6 %) 12 (33.3%) 0.270 3(21.4 %) 19 (47.5 %) 0.206 17 (47.2 %) 5(27.8%) 0.390 16 (45.7 %) 6(31.5%) 0.600 20 (39.2%) 2 (66.7 %) 0.561
1 3(16.7%) 7(19.5%) 4(28.6 %) 6(15.0%) 6(16.7 %) 4(22.2%) 6(17.2%) 421.1%) 10 (19.6 %) 0(0.0%)
>1 5(27.7 %) 17 (47.2 %) 7 (50.0 %) 15 (37.5%) 13 (36.1%) 9 (50.0 %) 13 (37.1%) 9 (47.4 %) 21 (41.2%) 1(33.3%)
Fibrosis distribution
Peribronchiolar 6(33.3%) 7(20.0 %) 0.677 4(28.6 %) 9(23.1%) 0.816 10 (28.6 %) 3(16.7%) 0.428 10 (29.4 %) 3(15.8%) 0.438 12 (24.0%) 1(33.3%) 0.849
Peribronchiolar 8 (44.4%) 20 (57.1%) 7 (50.0 %) 21 (53.8%) 16 (45.7 %) 12 (66.7 %) 16 (47.1 %) 12 (63.2 %) 27 (54.0 %) 1(33.3%)
(+paraseptal or
subpleural)
Heterogeneous 3(16.7 %) 7 (20.0 %) 2(14.3%) 8(20.5%) 7(20.0 %) 3(16.7 %) 6(17.6 %) 4(21.1%) 9 (18.0 %) 1(33.3%)
Undetermined 1 (5.6 %) 1(2.9%) 1(7.1%) 1(2.6%) 2(5.7%) 0(0.0%) 2 (5.9%) 0(0.0%) 2 (4.0%) 0(0.0%)
Inflammatory infiltrate
Light 14 (77.8%) 24 (66.7 %) 0.532- 10 (71.4 %) 28 (70.0 %) 0.920 26 (72.2 %) 12 (66.7 %) 0.756 26 (74.3 %) 12 (63.2%) 0.534 37 (72.5%) 1(33.3%) 0.148
Moderate-severe 4(22.2%) 12 (33.3%) 4(28.6 %) 12 (30 %) 10 (27.8 %) 6(33.3%) 9 (25.7 %) 7(36.8%) 14 (27.5%) 2 (66.7 %)
Peribronchiolar 2(1-3) 1(1.9-2.3) 0.749 1(0.0-2.8) 2(1.0-3.0) 0.390 2(0.8-3.0) 1(1.0-2.0) 0.829 2(0.5-3.0) 1(1.0-2.5) 0.623 2(1.0-3.0) 1(1-1) 0.353
metaplasia
Giant cells granulomas 10 (55.5 %) 6(16.7 %) 0.003 6 (42.9 %) 10 (25.0 %) 0.208 10 (27.8 %) 6(33.3%) 0.673 10 (28.6 %) 6(31.6 %) 0.817 15 (29.4 %) 1(33.3%) 0.885

present

Values are presented mean (SD) or as median (Q1-Q3) and counts as n (%).

" Defined by the rs35705950-rs3750920 -rs111521887- rs5743894 MUC5B-TOLLIP block.

BAL, bronchoalveolar lavage; UIP, usual interstitial pneumonia.
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Having probed five TOLLIP SNPs, including those above, we
have uncovered a significant correlation between genotypes of
TOLLIP rs3750920, rs111521887 and rs5743894 and susceptibil-
ity to fHP, with the minor alleles associating with higher risk.
Interestingly, none of these SNPs independently associated
with IPF risk in a previous study with Portuguese patients,®
raising the possibility that unlike MUC5B rs35705950, TOLLIP
can be an informative marker in a future strategy for differen-
tial diagnosis between the two fibrotic diseases, at least in the
Portuguese. Several studies have implicated TOLLIP as playing
a protective role in autophagy and apoptosis.’**> TOLLIP’s
expression is decreased in IPF lungs when compared to normal
lungs,* which has been linked to minor allele carriers of var-
iants T887, T894 and T890, further suggesting that these could
modify the course of disease.* In our study, the minor alleles
of the former two variants tended to or associated with sus-
ceptibility (respectively) and integrated the haplotype associ-
ated with poorer prognosis in fHP. Interestingly, genotypes
containing at least one minor allele of TOLLIP variants
rs111521887 and rs5743894 were significantly associated with
lower baseline FVC% pred, whereas for rs3750920 the decrease
was of borderline statistical significance. In Japanese fHP
patients genotyped for TOLLIP rs3750920 and rs5743899 (resid-
ing between T887 and T894 and not evaluated here), Kataya-
nagi et al reported that the GG (minor allele) genotype of
rs5743899 only, was associated with rapid FVC deterioration
over time.>* The relationship between rs3750920 genotypes
and FVC at baseline was not stated.

The lack of association between TOLLIP rs5743890 and
fHP risk is in line with that reported by Ley et al.?’ We are
not aware of studies concerning TOLLIP rs5743854 in the
context of fHP.

We found no association between the MUC5B variant and
baseline FVC, in contrast with a recent study in Polish
patients.*> However, the latter reported a MUC5B MAF of
only 17 %, with a GT/TT prevalence of 30.2 %, which con-
trasts strongly with those reported here and elsewhere.?°

Ley et al reported that the MUC5B rs35705950 minor
allele was associated with radiographic evidence of moder-
ate to severe fibrosis and traction bronchiectasis in HP
patients.?® In our study the minor allele associated with a
lower total score of fibrosis; nonetheless, HRCT fibrosis was
scored differently and the median scores in both genotypic
groups (GT/TT=8 and GG=9.5) already represent at least
moderate fibrosis.

The use of SNP haplotypes within regions of interest previ-
ously identified by single-SNP genome-wide association studies
can prove very useful in uncovering and fine-mapping genetic
associations,>® and provide better insights into the influence
of genetic loci than the study of SNPs individually.>’~*® We
show that four haplotypes, defined by the MUC5B promoter
SNP and the three TOLLIP SNPs that associated individually
with susceptibility to fHP, were also strong predictors of fHP
risk. Remarkably, carriers of the haplotype G-T-G-C had a sig-
nificant decrease in survival compared to non-carriers, with
the median survival time differing by a remarkable 21
months. This association was confirmed by multivariate analy-
sis adjusting for age and lung function. We had previously
reported an association of MUC5B plus TOLLIP-defined haplo-
types with susceptibility and survival in IPF using a similar
approach,'® suggesting that the region comprising these var-
iants contains or segregates with an as-yet unidentified

genetic determinant(s) that influence(s) the clinical course of
both disorders. This, in spite of the absence of an indepen-
dent association of each TOLLIP variant and the MUC5B pro-
moter SNP with fHP survival. These results are in accordance
with the report by Ley et al, who also found no independent
association between MUC5B rs35705950 or TOLLIP rs5743890
and survival in patients with fHP.2°

The G-T-G-C haplotype is also associated with a feature
that can negatively impact in disease prognosis. All carriers
of the haplotype had been subjected to bird exposure, an
antigen that is frequently described in more severe and
fibrotic forms of the disease,*° despite the lack of an associ-
ation with compromised lung function in our study.

Overall, our findings suggest that TOLLIP variants, as well
as haplotypes (incorporating MUC5B rs35705950), could be
of potential use for patients’ risk stratification and as
markers of prognostic value in fHP. Multicenter and prospec-
tive studies are needed to validate these results and to elu-
cidate the role of both genes in the pathophysiology of
hypersensitivity pneumonitis.
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