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A nonsynonymous polymorphism (rs117179004, T392M) of
hyaluronidase 1 (HYAL1) is associated with increased risk of
idiopathic pulmonary fibrosis in Southern Han Chinese
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(253 IPF cases and 125 controls). A statistically significant variant was further geno-
typed in stage two (162 IPF cases, 182 CTD-ILD cases, and 225 controls).

Results: We identified a nonsynonymous polymorphism (rs117179004, T392M)
significantly associated with increased IPF risk (dominant model: OR = 2.239, 95%
Cl=1.212-4.137,p = 0.010in stage one; OR = 2.383, 95% Cl = 1.376-4.128, p = 0.002
in stage two). However, we did not observe this association in CTD-ILD (OR = 1.401,
95% Cl = 0.790-2.485, p = 0.248).

Conclusion: Our findings suggest that the nonsynonymous polymorphism
(rs117179004, T392M) may confer susceptibility to IPF in Southern Han Chinese, but
is not associated with susceptibility to CTD-ILD.

KEYWORDS

1 | INTRODUCTION

Interstitial lung disease (ILD) is a heterogeneous group of disorders
that diffusely affects the lung parenchyma while having variable eti-
ologies, clinical presentations, radiographic patterns, and histologi-
cal appearances.! ILD causes an irreversible architectural distortion
and then impairs gas exchange. A group of ILDs presents with un-
derlying connective tissue diseases (CTD), including systemic scle-
rosis (SSc), rheumatoid arthritis (RA), and inflammatory myositis, and
these types of ILD are referred to CTD-ILD.?

Idiopathic pulmonary fibrosis (IPF), a specific form of ILD char-
acterized by pulmonary fibrosis or progressive alveolar interstitial
lesions with an unknown cause, occurs primarily in elderly people.
Associated with a poor prognosis, the median survival for patients
affected by IPF varies from 2 to 5 years, and the patients exhibit
variable disease courses and prognoses.®

Although the direct mechanism underlying IPF is not completely
understood, a genetic predisposition has been considered one of the
important causes of this disease.* In recent years, there has been
growing evidence that genetic factors play an important role in both
sporadic and familial IPF cases. Recent independent studies have
shown that up to 20% of IPF patients have a family history and can
present earlier, indicating that both the frequency of familial pulmo-
nary fibrosis and the genetic risk of sporadic IPF could be underesti-
mated.® Current data suggest that at least one third of the sporadic and
familial IPF can be explained by common genetic variants identified in
large GWASs; meanwhile, some of the allele frequency differ across
populations, and some associated with disease prognosis or response
to treatment.®

As a structural role in the extracellular matrix, hyaluronan
(HA) in the development of inflammatory diseases has been em-
phasized.” The concentration of HA in the lungs increases several
fold in bleomycin-induced and radiation pulmonary fibrosis, which
is attributed to parenchymal damage and inflammation.® The hyal-
uronidases (HYALs) are a group of enzymes that regulate HA me-
tabolism and consequently remodel the extracellular matrix.? In the
bleomycin lungs, HYAL treatment potently blocked lung injury while
decreasing transforming growth factor (TGF)-p production and

Chinese, hyaluronidase 1, idiopathic pulmonary fibrosis, polymorphism

collagen deposition and thus prevents the development of fibrosis.®
Hyaluronidasel (HYAL1) is one of the hyaluronidases that involve in
the degradation of HA. And we found that the expression of HYAL1
was upregulated in fibroblasts from IPF patients (Gene Expression
Omnibus accession number: GSE48149). In addition, recent study
showed that HYAL1 expression level in IPF fibroblasts was signifi-
cantly upregulated at the mRNA level, but not altered at the protein
level.1° In vitro, overexpression of HYAL1 could prevent human fetal
lung fibroblast HFL-1 cell line from fibroproliferation.'® Thus, HYAL1
is a biological candidate gene in the development of IPF.

In this study, we carried out a two-step design study to explore the
correlation between the HYAL1 gene and IPF. We first sequenced the
coding regions and flanking regulatory regions of HYAL1 in 253 IPF
cases and 125 controls. A statistically significant variant was further
genotyped in 162 IPF cases, 182 CTD-ILD cases, and 225 controls.

2 | MATERIALS AND METHODS
2.1 | Subjects

This study included 415 IPF patients (253 in stage one, 162 in stage
two), 182 CTD-ILD patients (stage two), and 350 healthy control
subjects (125 in stage one, 225 in stage two). Participants were con-
secutively recruited from Department of Respiratory and Critical Care
Medicine, Tongji Hospital, mainly between March 2014 and December
2018. Clinical data including age, gender, ethnicity, family history,
smoking status, medical history, occupational exposure history, physi-
cal examination findings, and laboratory results were collected. The
identification of IPF was based on evidence-based guidelines, which
included the exclusion of other known causes of ILD, the presence of
a usual interstitial pneumonia pattern on high-resolution computed
tomography (HRCT) in patients not subjected to surgical lung biopsy,
specific combinations of HRCT and surgical lung biopsy findings in
patients subjected to surgical lung biopsy, and abnormalities of lung
function tests.!! CTD-ILD diagnoses included rheumatologic and pul-
monary evaluation. Subjects who suffered from acute inflammation,
tuberculosis, or cancers were excluded. The control subjects were
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selected from a general health check-up program, and none of them
had any clinical evidences of pulmonary diseases, or any other severe
diseases. All subjects were unrelated and southern Han Chinese. Each
participant provided written informed consent and a peripheral blood
sample. This study was approved by the ethics review committee of
the Medical Research Institute, Tongji Hospital, Tongji Medical School,

Huazhong University of Science and Technology.

2.2 | Sequencing and genotyping
Genomic deoxyribonucleic acid (gDNA) was extracted from periph-
eral blood samples by a Blood DNA kit (TTANGEN BIOTECH). The
concentration of each DNA sample was measured using a NanoDrop
2000 Spectrophotometer (NanoDrop Technologies) and then di-
luted to 5 ng/pl. Then, gDNA samples were amplified and sequenced
on the lon Torrent platform (Thermo Fisher), and data processing
and bioinformatics analysis were performed as we previously de-
scribed.*?*® Based on resequencing results, one significant single
nucleotide polymorphism (SNP) rs117179004 was found to be sta-
tistically associated with IPF risk.

To fine-map the association signal, the genotype of
rs117179004 was further evaluated by direct sequencing in
stage two (in 162 IPF cases, 182 CTD-ILD cases, and 225 con-

trols). gDNA was amplified using the following primers for

TABLE 1 Clinical characteristics in IPF, CTD-ILD, and control subjects
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rs117179004 (Forward, 5-TCCTTATGCCACTATTCCAG-3'; reverse,
5'-AGACCCTGACTTACCCTTTC-3'). PCR conditions were as follows:
35 cycles of 94°C for 30 s, 58°C for 35 s, and 72°C for 30 s and 1 cycle
of 72°C for 5 min to terminate the reaction. PCR products were se-
quenced using the Big Dye v.1.1 terminator cycle sequencing kit and an
Applied Biosystems 3500x! capillary sequencer (Applied Biosystems).

2.3 | Statistical analysis

The chi-square test was used to compare the clinical categorical vari-
ables between cases and controls, and average age was evaluated
by independent-sample t-test. Multiple logistic regression models
(codominant1, codominant2, dominant, recessive, additive, and al-
lele models) were performed to determine odds ratios (OR), 95%
confidence intervals (Cl), and p values using SPSS 19.0. p < 0.05 was
considered statistically significant.

Hardy-Weinberg equilibrium (HWE) was calculated for controls
using the goodness-of-fit chi-squared test. False-positive report
probability (FPRP) analysis was conducted for the significant find-
ings. We set 0.2 as FPRP threshold and adopt a prior probability of
0.1 to detect OR of 1.50/0.67 (risk/protective effects) as described
previously.’**® The association that reached the FPRP threshold
of <0.2 was considered noteworthy. Both HWE and FPRP analyses

were performed with a R package for genetic analysis (gap 1.2.2)."

Stage 1 Stage 2
Controls Controls
Variables IPF (n = 253) (n=125) p IPF (n = 162) p CTD-ILD (n = 182) p (n = 225)
Age (years) 654+11.1 65.3+10.8 0.942 64.2 £10.9 0.002 56.2+11.6 0.001 60.9 +10.5
Gender
Male 169 (66.8%) 84 (67.2%) 0.938 99 (61.1%) 0.758 109 (59.9%) 0.945 134 (59.6%)
Female 84 (33.2%) 41 (32.8%) 63 (38.9%) 73 (40.1) 91 (40.4%)
Smoking status
Never 155 (61.3%) 78 (62.4%) 0.831 104 (64.2%) 0.435 122 (67.0%) 0.836 153 (68.0%)
Ever 98 (38.7%) 47 (37.6%) 8(35.8%) 0 (33.0%) 72 (32.0%)
Cough 247 (97.6%) 0 152 (93.8%) 4 (35.2%)
Chronic exertional 142 (56.1%) 0 0 (55.6%) 8 (20.9%)
dyspnea
Finger clubbing 74 (29.2%) 46 (28.4%) 18 (9.8%)
Bibasilar 137 (54.2%) 82 (50.6%) 51 (31.3%)
inspiratory
crackles
Pulmonary function test
FVC% pred 75.2 - 75.0 76.6 (38.2-123.8) -
(28.5-122.6) (31.2-112.6)
DLCO% pred 55.4 = 54.5 58.3(19.3-91.5) =
(15.2-85.6) (15.2-89.5)

Note: Data are shown in mean + SD, n (%) or mean (range); for IPF and CTD-ILD cases, age means onset age; FVC % pred: percent predicted forced
vital capacity; DLCO% pred: percent predicted diffusion capacity for carbon monoxide.

Abbreviations: IPF, idiopathic pulmonary fibrosis, CTD-ILD, connective tissue disease associated interstitial lung disease; n, number of subjects.
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TABLE 2 Identified SNPs by targeted sequencing HYAL1 in 253 IPF patients and 125 control subjects

N Allele Frequency

(IPF/ Ref/ 1000g_

Control) Alt Function ESP 1000g_All Eas ExAC_AIl ExAC_Eas

59/15 G/A Nonsynonymous 3.000x10™%  0.013 0.065 0.006 0.073

1/0 T/C Nonsynonymous - - - 3.300x107° 3.000 x 107

1/0 c/T Nonsynonymous 2.000 x 107 1.997 x 107 0.001 2.476 x 107° 0

2/0 C/T Nonsynonymous 0.048 0.027 0.002 0.051 0.001

1/0 G/A Synonymous 7.700 x 107 - - 1.650 x 107 0

6/3 G/A Nonsynonymous 2.000 x 10™* 0.003 0.013 0.002 0.017

1/0 A/G Synonymous - 5990 x 107 0.003 4956 x107° 7.000 x 107

0/1 C/A Synonymous - -s - 6.633x107° 1.000 x 107

0/1 G/A Nonsynonymous - 3.994 x 107 - 2.000x10%  0.001

0/1 G/A Nonsynonymous 7.700 x 107 - - 5.011 x 107 0

1/0 G/A Intronic - - - 3.508 x 107 2.000 x 107

1/0 C/T Intronic - 9.984 x 107 - 7.549 x 107° 0

1/0 c/T Intronic - - - 2.033x107° 0

0/1 T/A Intronic - - - 2.134x107° 3.000 x 10™*

0/1 c/T Intronic - 1.997x10™  0.001 8.505 x 107 0.001

rs587620179

Abbreviations: -, data were unavailable; 1000g_All, 1000 Genomes Project for all population groups; 1000g_Eas, 1000 Genomes Project for East
Asian; Alt, alternative allele; ESP, exome sequencing project; ExXAC_AIl, The Exome Aggregation Consortium for all population groups; ExAC_Eas, The
Exome Aggregation Consortium for East Asian; IPF, idiopathic pulmonary fibrosis; Ref, reference allele.

TABLE 3 Genotype and allele frequencies of rs117179004 in IPF and control subjects in Stage 1

Type
Genotype
GG
GA
AA

Prwe
Allele

G
A

IPF Control

n (%) n (%)

194 (76.7%) 110 (88.0%)
54 (21.3%) 15 (12.0%)

5(2.0%) 0(0.0%)
0.475

442 (87.4) 235 (94.0%)

64 (12.6%) 15 (6.0%)

Models

Codominant 1
Codominant 2
Dominant
Recessive

Additive

IPF vs. Control

OR (95%Cl) p

2.041(1.100-3.787) 0.024

2.230(1.208-4.117) 0.010
1

2.268 (1.265-4.068) 0.006

OR (95%Cl)?

2.047(1.103-3.801)

2.239(1.212-4.137)

1

2.277 (1.269-4.085)

0.023

0.010

0.003

Note: Codominant 1: GA vs. GG, codominant 2: AA vs. GG, dominant: GA +AA vs. GG, recessive: AA vs. GG +GA, additive: GG vs. GA vs. AA, allele: A

vs. G.

Abbreviations: Cl, confidence interval; HWE, Hardy-Weinberg equilibrium; IPF, idiopathic pulmonary fibrosis; n, number of subjects; OR, odd ratio;

VS., Versus.

?Adjusted for gender, age, and smoking status; the significant results were in bold.

3 |

31 |

A total of 253 IPF patients and 125 matched controls were included
in stage one (Table 1). No significant difference was found in age

RESULTS

Baseline characteristics

(65.4 vs. 65.3 years), sexual proportion (66.8% vs. 67.2%), or smoking

history (38.7% vs. 37.6%) between the cases and controls. In stage
two, 162 IPF cases, 182 CTD-ILD cases, and 225 controls were in-

cluded. Similarly, except for age, no significant difference was found

in sexual proportion or smoking history between IPF cases or CTD-

ILD cases and controls (Table 1), for CTD-ILD cases had relatively

earlier age of onset.
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3.2 | Variants detected in the HYAL1 gene by
targeted sequencing

Variant screening of HYAL1 gene in IPF patients and healthy con-
trols was sequenced using lon Torrent semiconductor sequencing
as previously described. Seven nonsynonymous variants, three syn-
onymous variants. and five intronic variants were detected (Table 2).
One distinct nonsynonymous variant (rs117179004) was observed
in 59 IPF patients and in 15 healthy controls, respectively. Most of
the variants were heterozygous, with fairly low frequency in multi-
ple databases (Table 2).

3.3 | Association analysis of rs117179004 with the
risk of IPF or CTD-ILD

In stage one, genotype frequencies of rs117179004 (GG: GA:
AA) in the IPF group and control group were 76.7:21.3:2.0 and
88.0:12.0:0.0, respectively (Table 3). In codominantl model (GA vs.
GG), GA genotype frequencies were significantly different between
the IPF and control groups (OR = 2.041, 95% CI = 1.100-3.787,
p = 0.024). In dominant model (GA + AA vs. GG), frequencies of
GA and AA genotypes were significantly different between the IPF
and control groups (OR = 2.230, 95% Cl = 1.208-4.117, p = 0.010).
After adjusting for gender, age, and smoking status, the results re-
mained significance (OR = 2.239, 95% Cl = 1.212-4.137, p = 0.010).
The A allele frequency of rs117179004 was also showed significant

Wi LEYM

association (crude: OR = 2.268, 95% Cl = 1.265-4.068, p = 0.006;
adjusted: OR = 2.277,95% Cl = 1.269-4.085, p = 0.003) (Table 3).
To further verify the association of rs117179004 and IPF risk,
and explore whether there is a correlation between rs117179004
and CTD-ILD, direct sequencing was performed in 162 IPF cases,
182 CTD-ILD cases, and 225 controls (Figure 1). The results showed
replicated association of rs117179004 and IPF risk in codominant
1 model (crude: OR = 2.291, 95% Cl = 1.322-3.969, p = 0.003; ad-
justed: OR = 2.348, 95% Cl = 1.342-4.110, p = 0.003), dominant
model (crude: OR = 2.325, 95% Cl = 1.355-3.989, p = 0.002; ad-
justed: OR =2.383,95% Cl = 1.376-4.128, p = 0.002), additive model
(crude: OR = 2.208, 95% Cl = 1.323-3.685, p = 0.002; adjusted:
OR = 2.255, 95% Cl = 1.339-3.797, p = 0.002), and allele model
(crude: OR = 2.183, 95% Cl = 1.320-3.613, p = 0.002; adjusted:
OR = 2.228, 95% Cl = 1.336-3.716, p = 0.002) (Table 4, Figure 1).
However, genotype and allele distributions of rs117179004 were
not statistically different between the CTD-ILD and control groups
(Table 5, Figure 1). No deviations from Hardy-Weinberg equi-
librium were found in the control group (P, = 0.475 in stage 1,
P.,we = 0.883 in stage 2). Genetic analysis was performed by logistic

regression analysis.

3.4 | False-positive report probability analysis

We preset 0.2 as the threshold of false-positive report probability
(FPRP).

(A)ACCAGGC TGAGCTG(B)ACCAGGCATGAGCTG(C)ACCAGGCATGAGCTG
Thr G Met
(ﬁ\ |
,\ -
| } | )
! / J !/ \ ) / \ % | \ /\l
@)  Group
IPF ——— *
CTD-ILD -+ —
I 1 1 1 1 I 1 I I 1
as 1 2 3 4 5 as 2 3 4 5
crude OR(85%CI) adjusted OR(95%ClI)

FIGURE 1 Sanger sequencing results of rs117179004, and allele-based association of rs117179004 and idiopathic pulmonary fibrosis
(IPF) or connective tissue diseases related interstitial lung disease (CTD-ILD). A, wild type (GG); B, mutant heterozygote (GA); C, mutant
homozygote (AA); D, forest plot of rs117179004 in IPF or CTD-ILD, dot and error bars show OR (odds ratio) and 95% Cl (confidence

interval), respectively
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TABLE 4 Genotype and allele frequencies of rs117179004 in IPF and control subjects in Stage 2

IPF vs. Control

OR (95%Cl)?

IPF n (%) Control n (%) Models OR (95%Cl)

Type

Genotype

0.003

2.348 (1.342-4.110)
3.259 (0.287-36.988)

0.003

2.291(1.322-3.969)
3.220(0.289-35.81)

123 (75.9%) 198 (88.0%) Codominant 1

GG

LIU ET AL.

0.341

0.342
0.002
0.402

37 (22.8%) 26 (11.6%) Codominant 2

2(1.2%)

GA
AA

0.002

2383 (1.376-4.128)
2.830(0.250-32.080)
2.255(1.339-3.797)

2.325(1.355-3.989)
2.800 (0.252-31.144)
2.208 (1.323-3.685)

Dominant

1(0.4%)

0.401

Recessive
Additive

0.002

0.002

0.883

PHWE

Allele

422 (93.7%)

283 (87.3%)

0.002

2.228(1.336-3.716)

0.002

2.183(1.320-3.613)

28 (6.2%)

41 (12.7%)

Note: Codominant 1: GA vs. GG, codominant 2: AA vs. GG, dominant: GA +AA vs. GG, recessive: AA vs. GG +GA, additive: GG vs. GA vs. AA, allele: A vs. G.

Abbreviations: Cl, confidence interval; HWE, Hardy-Weinberg equilibrium; IPF, idiopathic pulmonary fibrosis; n, number of subjects; OR, odd ratio; vs., versus.

#Adjusted for gender, age, and smoking status; the significant results were in bold.

As shown in Table 6, at the prior probability level of 0.1 and FPRP
threshold of 0.2, the significant findings became unnoteworthy ei-
ther in stage one or in stage two. However, when we combined the
two stages, the observed FPRP values under the prior probability
level of 0.1 were all less than 0.20 (Table 6, FPRP = 0.039, GA vs.
GG; FPRP =0.021, GA +AA vs. GG; FPRP = 0.013, GG vs. GA vs. AA;
FPRP = 0.012, A vs. G), confirming notable associations.

4 | DISCUSSION

The present investigation aimed to explore the correlation be-
tween the HYAL1 gene and IPF or CTD-ILD in Southern Han
Chinese population. Our findings suggested that rs117179004 of
HYAL1 might be significantly correlated with IPF susceptibility but
not CTD-ILD.

Next-generation sequencing (NGS) of HYAL1 detected seven non-
synonymous variants in stage one, among which only rs117179004
showed significantly difference between the IPF and control groups.
Considering the relatively higher cost of NGS in stage one, fewer
controls were included. To further confirm the preliminary results of
stage one, we explored the probably associations in stage two and
included more controls, further verified the results. The minor A al-
lele frequencies of rs117179004 were 0.00035, 0.0005, 0.0005,
and 0.0292 in European, American, African, and Asian, respectively
(dbSNP  BUILD152 https://www.ncbi.nlm.nih.gov/snp/rs11717900
4#frequency_tab). However, the frequency is much higher in Chinese
population, 0.07885 in Chinese millionome database (CMDB) (https://
db.cngb.org/cmdb/). In our study, the A allele frequency of this SNP
in healthy control group is 0.061 (0.060 in stage one, 0.062 in stage
two), and the GG, GA, and AA frequencies were 0.880, 0.120, and 0.00
in stage one, and 0.880, 0.116, and 0.04 in stage two, respectively.
Therefore, ethnic differences are shown in this nonsynonymous SNP.

The conservative incidence range of IPF was 3~9 cases per
100,000 per year in Whites, 1~4 in east Asians.*® Relatively lower
incidence of IPF in East Asians suggests heterogeneity of this dis-
ease. A gain-of-function promoter variant (MUC5B, rs35705950)
has been reported to be associated with IPF. The minor T allele of
this SNP presents in approximately 30%-40% of patients with IPF,
compared with only 9%-10% in healthy controls.’?° However, T
allele frequencies in Chinese and Japanese patients with IPF were
3.7% and 3.4%, respectively, and in healthy controls were 0.8%
consistently.'??! This distinct difference indicates the genetic het-
erogeneity of IPF across different ethnicities. Considering the A
allele frequency of rs117179004 is much higher in Asians than in
Europeans, we propose that the A allele of rs117179004 may be a
risk factor for the development of IPF in Asians or Southern Han
Chinese.

CTD-ILD is a collection of various systemic autoimmune dis-
orders that result in lung fibrosis.? Patients with CTD-ILD differ
from IPF in terms of pathogenesis, demographics of affected cases,
and clinical course."??? IPF associated genomic markers, such as
MUC5B rs35705950 and TOLLIP rs5743890, are less prevalent
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TABLE 5 Genotype and allele frequencies of rs117179004 in CTD-ILD and control subjects in Stage 2

CTD-ILD vs. Control

CTD-ILD

Type n (%) Control n (%) Models OR (95%Cl) p OR (95%Cl)? p?
Genotype

GG 153 (84.1) 198 (88.0%) Codominant 1 1.344 (0.754-2.396) 0.317 1.326 (0.737-2.383) 0.346

GA 27 (14.8) 26 (11.6%) Codominant 2 2.588(0.233-28.809) 0.439 3.818 (0.335-43.478) 0.280

AA 2 (1.1%) 1(0.4%) Dominant 1.390(0.790-2.446) 0.253 1.401 (0.790-2.485) 0.248

Recessive 2.489 (0.224-27.669) 0.458 3.681(0.324-41.883) 0.293

Puwe 0.883 Additive 1.390(0.823-2.348) 0.219 1.428 (0.841-2.425) 0.187
Allele

G 333(91.5) 422 (93.7%) = =

A 31 (8.5%) 28 (6.2%) 1.403 (0.825-2.386) 0.211 1.444 (0.843-2.474) 0.181

Note: Codominant 1: GA vs. GG, codominant 2: AA vs. GG, dominant: GA + AA vs. GG, recessive: AA vs. GG + GA, additive: GG vs. GA vs. AA, allele:
Avs. G.

Abbreviations: Cl, confidence interval; CTD-ILD, Connective Tissue Disease associated Interstitial Lung Disease; HWE, Hardy-Weinberg equilibrium;
n, number of subjects; OR, odd ratio; vs., versus.

#Adjusted for gender, age, and smoking status.

TABLE 6 FPRP analysis for the significant associations between IPF and rs117179004

Prior probability

Statistical
Stage Model OR (95% Cl) p power 0.25 0.1 0.01 0.001 0.0001
Stage 1 Codominant 1 2.041 0.024 0.164 0.302 0.565 0.934 0.993 0.999
(1.100-3.787)
Dominant 2.230 0.010 0.102 0.233 0.476 0.909 0.990 0.999
(1.208-4.117)
Allele 2.268 0.006 0.083 0.179 0.396 0.878 0.986 0.998
(1.265-4.068)
Stage 2 Codominant 1 2.291 0.003 0.065 0.125 0.299 0.825 0.979 0.998
(1.322-3.969)
Dominant 2.325 0.002 0.056 0.105 0.261 0.795 0.975 0.997
(1.355-3.989)
Additive 2.208 0.002 0.070 0.095 0.240 0.776 0.972 0.997
(1.323-3.685)
Allele 2.183 0.002 0.072 0.090 0.230 0.766 0.971 0.997
(1.320-3.613)
Combined Codominant 1 2.156 1.701 x 107 0.038 0.013 0.039 0.309 0.819 0.978
(1.445-3.219)
Dominant 2.267 4.673x107° 0.020 0.007 0.021 0.188 0.701 0.959
(1.529-3.362)
Additive 2.212 3.125x107° 0.021 0.004 0.013 0.129 0.600 0.937
(1.522-3.214)
Allele 2.213 2.612x107° 0.020 0.004 0.012 0.115 0.567 0.929
(1.528-3.204)

Note: Codominant 1: GA vs. GG, dominant: GA +AA vs. GG, additive: GG vs. GA vs. AA, allele: A vs. G. statistical power was calculated using the
number of observations in the subgroup and the OR and P values in this table; the level of FPRP threshold was set at 0.2, and the significant results
were in bold.

Abbreviations: Cl, confidence interval; FPRP, false-positive report probability; OR, odd ratio.

in CTD-ILD.?>"2% |n present study, the frequency of rs117179004 The exact biologic function of SNP rs117179004 is still un-
showed similar trend in CTD-ILD, suggested different genetic fea- known. HYAL1 encodes a lysosomal hyaluronidase, which intracel-
tures between IPF and CTD-ILD. lularly degrade hyaluronan, one of the major glycosaminoglycans
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of the extracellular matrix.?® Mutations in this gene are associ-
ated with mucopolysaccharidosis type IX, or hyaluronidase defi-
ciency (OMIM: 601492).27 A change in sequence (from G to A) of
rs117179004 results in a shift of the amino acid chain (from T to
M). The affected amino acid is located in the pll-hairpin unit of EGF-
like domain, which is elongated and has extensive solvent accessi-
bility, consistent with mediation of protein-protein interactions.?®
Functional studies indicated that hyaluronidase treatment blocked
bleomycin-induced lung fibrosis while decreasing transform-
ing growth factor (TGF)-p production and collagen deposition.®
Intranasal immobilized hyaluronidase prevented connective tissue
growth in the lungs exposed to bleomycin, indicating antifibrotic
effect of hyaluronidase.?’ Alternative mRNA splicing exhibited
different cellular expression of enzymatically active of hyaluroni-
dase and may explain the elevated hyaluronidase levels in tumor
bladder/prostate cancer.’® Hence, we suppose this variant may
affect the development of IPF by potentially altering gene expres-
sion or weakening enzyme activity. Public databases including ex-
pression data provide the possibility to perform genotype-based
mRNA expression analysis and explore the effects of SNPs.3132
However, no significant eQTLs were found for rs117179004 in the
GTEx portal (https://www.gtexportal.org/), probably because the
relatively lower frequency in European (0.00035) and American
(0.0005). Databases including more Chinese or functional study
in the future maybe useful to further explore the potential role of
this significant polymorphism.

Several limitations should be considered in this study. First,
the relatively small sample size may result in limited statistical
power. Second, we only included Southern Han Chinese partic-
ipants from single geographical location, and selection bias may
exist. Third, we were unable to further analyze the potential gene-
environment interactions influencing the risk of IPF for the lack of
environmental exposure information. Fourth, the mechanism of
how rs117179004 involved in IPF risk has not been investigated
in this study.

To the best of our knowledge, this is a first study to examine the
association between the HYAL1 gene and therisk of IPF. In aggregate,
we found that the nonsynonymous polymorphism rs117179004 of
HYAL1 was associated with IPF, but not with CTD-ILD, in Southern
Han Chinese population. The A allele of rs117179004 was related
to the development of IPF. Further studies with more subjects and
diverse populations, as well as functional studies, are needed to con-

firm our findings.
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