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Abstract: To investigate association between the three single nucleotide polymorphisms (SNPs, rs146456111, 
rs143154304 and rs147260142) in cathepsin S (Cat S) and the risks of allergic asthma attack induced by the aca-
roid mites in the Chinese population. A case-control study was performed in 412 cases and 454 volunteers/controls 
to evaluate the effects of three SNPs in Cat S on the risks of asthma attack. The genotypes were determined using 
polymerase chain reaction (PCR) and cleaved amplification polymorphism sequence-tagged sites (PCR-RFLP). The 
frequencies of genotypes and alleles in these SNPs in the asthmatic group were also analyzed between the two 
groups. The locus of rs146456111 in Cat S gene, the allele frequency of A and C in asthmatic group were signifi-
cantly different from the control group (χ2 = 184.425, P = 0.000), and the difference was significant regarding the 
distribution of the genotypes (AA, AC, and CC) between asthmatic subjects and normal controls (χ2 = 177.915, P = 
0.000). Logistic regression analysis revealed that the AC, CC, and AC + CC genotypes were significantly increased 
with the risk of asthma (AC vs. AA, OR = 4.013, 95% CI = 2.989-4.751, P = 0.000; CC vs. AA, OR = 3.167, 95% CI 
= 2.483-3.785, P = 0.000; AC + CC vs. AA, OR = 3.418, 95% CI = 2.381-4.214, P = 0.000, respectively), compared 
with AA genotype. Moreover, by comparison with allele A, allele C (OR = 2.187, 95% CI = 1.743-2.281, P < 0.001) 
tended to increase the risk of asthma; For the locus of rs143154304, compared with the allele frequency G with A in 
control group, there was no difference (χ2 = 1.434, P = 0.231) in that of asthmatic group, as well as the distributions 
of the genotypes (AA, AG, and GG) between asthmatic subjects and normal controls (χ2 = 1.997, P = 0.369); Logistic 
regression analysis showed that the AG, GG, and AG + GG genotypes were no risk to asthma (AG vs. AA, OR = 0.991, 
95% CI = 0.625-1.507, P = 0.968; GG vs. AA, OR = 0.812, 95% CI = 0.525-1.258, P = 0.352; AG + GG vs. AA, OR 
= 0.914, 95% CI = 0.612-1.366, P = 0.660, respectively) as compared with AA genotype. By comparison with allele 
A, G allele (OR = 0.888, 95% CI: 0.732-1.078, P = 0.231) failed to increase the risk of asthma; The allele frequen-
cies A and G of rs147260142 in asthma group and control group showed no significant difference (χ2 = 0.162, P = 
0.688), yet the distribution of the genotypes (AA, AG, and GG) in control group was different from that in asthmatic 
subjects (χ2 = 7.520, P = 0.023); Logistic regression analysis suggested that, in compassion with AA genotype, the 
AG, and AG + GG genotypes appeared to increases the risk of asthma (AG vs. AA, OR = 0.630, 95% CI = 0.439-
0.903, P = 0.012; AG + GG vs. AA, OR = 0.710, 95% CI = 0.507-0.996, P = 0.047); However, the GG genotype (OR 
= 0.843, 95% CI = 0.576-1.234, P = 0.286) and the allele G (OR = 1.040, 95% CI = 0.860-1.258, P = 0.688) were 
not related to the risk of asthma. The SNP of rs146456111A/C may be susceptible to the risks of asthma in the 
Chinese population; however, The SNPs of rs143154304A/G and rs147260142A/G may be less likely associated 
with the asthma attack. 
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Introduction 

Acaroid mites belong to the kingdom of  
arthropod, class of Arachnida (Acari), Acarina 
(acaridida), including a total of 7 families of 
Acaridae, demodicidae, arrenuridae, chorto-
glyphidae, carpoglyphidae, pyrogyphidae and 
Histiostomatidae. Acaroid mites hold a number 

of species and are widely distributed in the 
nature, and their secretions, excretions and 
lysates are strong allergens that potentially 
cause a variety of human allergic diseases, 
such as allergic asthma, allergic rhinitis  
and urticaria. Of these disorders, the mite’s 
allergic asthma can be greater risks to human 
health. 

http://www.ijcem.com
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The cathepsin in its antigen processing may 
play a key role in inducing an allergic disease. 
The cathepsin, a member of papain family, is a 
lysosomal protease that can be activated at a 
certain pH values in its surroundings. This pro-
tease known to date include Cat A, Cat B, Cat D, 
Cat E, Cat F, Cat G, Cat H, Cat K, Cat L, Cat S 
and Cat V [1], and some reports [2-5] described 
that the Cat S is critical in the allergic asthma 
attack induced by the acaroid mites. 

Single nucleotide polymorphism (SNP), one of 
the important interests involved in the study of 
the association between genetic phenotypic 
and acarid mite allergic asthma, is defined as 
the DNA sequence polymorphism in genomic 
level resulted from a single base change and 
occurrence. At least one SNP may occur aver-
agely in 500-1000 base pairs in the human 
genome, and the SNP, a genetic marker for the 
third generation, may approximately amount to 
3,000,000 in number. Typically, a SNP presents 
with biallelic variation and susceptibility to allel-
ic conversion, such as C→T. Therefore, SNP can 
be used to mark the difference of human popu-
lation and individual dissimilarity, and investi-
gate the phenotypic differences among individ-
uals, especially the susceptibility to complex 
genetic diseases and the difference of individu-
al with diverse phenotypes susceptible to dis-
similar drug response as well as response to 
the environmental factor reaction.

In view of allergic effects of acaroid mites on 
humans and the pathogenesis role of Cat S in 
mites allergic asthma, the current study was 
undertaken to investigate the association of 
allele loci rs146456111, rs143154304 and 
rs147260142 in Cat S and SNPs, based on 
case-control profile (allergic patients and 
healthy subjects in Chinese population) and 
detection and comparison of the differences 
with such genotype and allele frequencies, to 
supply evidence for early screening of the aller-
gic asthma in Chinese population as well as 
early intervention and novel gene therapy for 
allergic asthmatics. 

Subjects and methods 

Sample collection

412 patients with allergic asthma were recruit-
ed from the outpatients or in-hospital from the 
Department of Respiratory Diseases of the 

Affiliated Yijishan Hospital of Wannan Medical 
College and the No. 1 Xuancheng Municipal 
People’s Hospital. The patients were aged 
47.03 ± 14.26 years old, and their disease con-
firmation was complying with the Criteria for 
Asthma Diagnosis by the Chinese Medical 
Association (2008 version) [6]. Skin prick was 
performed in all patients for further confirma-
tion. Another 454 subjects, aged 48.20 ± 
14.20 years and free of asthma symptoms or 
allergic disease history as well as history of 
hepatic and renal diseases, were included from 
the Medical Examination Center of the Affiliated 
Yijishan Hospital of Wannan Medical College as 
healthy controls. The participants in the two 
groups were totally non-sibship and from south-
ern areas of Anhui province, China (Table 1). All 
subjects signed the informed consents before 
study.

Main instruments and reagents

Micro pipette (BIOHIT 720 series of 10 μL, 100 
μL, 200 μL and 1000 μL) was manufactured  
by BIOHIT Co. Ltd (Holland); The desktop high 
speed refrigerated centrifuge (Backman 
Microfuge type 22R) was a product of Beck- 
man company (USA); ABI 2720 PCR instru- 
ment (Applied Biosystems, USA); BS 224S  
electric balance (Sartorius, Germany); Hori- 
zontal multi-electrophoresis apparatus (BG- 
subMIDI type) (BAYGENE, USA); Ultra low tem-
perature freezer (DW-HL388 type) (Meiling 
Cryogenic Technology, China); G:BOX gel imag-
ing system (SYNGENE, UK); Super clean bench 
(SW-CJ-2A type) (Wujiang Xinchangcheng Air 
Purification Co. Ltd., China); and HH-1 digital 
display thermostat water bath pot (Jiangsu 
Ronghua Instrument Manufacturing Co., Ltd., 
China).

Dream Taq DNA polymerase (5 U/μL) was  
a product of MBI Inc. (UK) company; 10 × PCR 
buffer, 25 mM MgCl2, sucrose, SanPrep Co- 
lumn PCR Purification Kit, and Blood Genome 
Extraction Kit were purchased from San- 
gon Biotech (Shanghai) Co., Ltd. (China);  
dNTP Mixture was from TrakaBa (Dalian, China); 
200 bp DNA Marker; EDTA, Agarose, Tris I, and 
bromophenol blue were purchased from BIO 
BASIC INC. (Canada); and Nde I, BspE I and 
BseR I were from Fermentas Inc. (Canada). The 
acetic acid (analytical grade) was a procure-
ment from Suzhou Chemical Reagent Factory 
(China).



Single nucleotide polymorphisms of cathepsin S and the risks of asthma

1180 Int J Clin Exp Med 2015;8(1):1178-1187

Primers were designed and synthesized: The 
primers used in this study were complying with 
the human DNA sequences released by NCBI 
(http://www.ncbi.nlm.nih.gov/) and undergone 
re-design. DNA synthesis was performed by 
Sangon Biotech (Shanghai) Co., Ltd. (China). 
The primers were as follows: 

(1) rs146456111: AATGATTTCCTTTATTTCTTGC- 
CAT[A/C]CGAATATATCCTTCTTCACCAAAGT. 
Amplified fragment: TTTCCTTTATTTCTTGCCAT- 
[A/C]CGAATATATCCTTCTTCACCAAAGTTGTGG- 
CCCCAGCT T TAGA A A A AGA A ATA ATACA A A - 
ATTACAAATGCGTACAATC. Primer sequences 
(The lower-case font indicates the joint 
sequence to increase the enzyme fragment 
length): rs146456111-F: 5’-gcggtcccaaaaggg- 
tcag tT T TCCT T TAT T TCT TGCCATATGA A-3’; 
rs146456111-R: 5’-gcggtcccaaaagggtcagtGA- 
TTGTACGCATTTGTAATTTTGTAT-3’. The base C at 
the fourth from the right forward primer was 
mutated into T, where Nde I restriction enzyme 
sites was introduced. Nde I enzyme recognition 
sequence included: CA^TATG; GTAT^AC. Geno- 
type: C/C: 140bp; A/A:39bp, 101bp; A/C: 
140bp, 39bp, 101bp.

(2) rs143154304: TGATTTCCTTTATTTCTTGCC- 
ATCC[A/G]AATATATCCTTCTTCACCAAAGTTG. 
Amplified fragments: AATGATTTCCTTTATTTCTT- 
GCCATCC[A/G]AATATATCCTTCTTCACCAAAGT- 
TGTGGCCCCAGCTTTAGAAAAAGAAATAATA- 
CAAAATTACAAATGCGTACAATCAAACCATGT- 
TATC. Primer sequences (The lower-case font 
indicates the joint sequence to extend the 
enzyme fragment length): rs143154304-F: 5’- 
gcg g tcccaaaag g g tcag tCA ATGAT T TCCT T-
TATTTCTTGCCATCCGGA-3’; rs143154304-R: 5’- 
gcggtcccaaaagggtcagtGATAACATGGTTTGA 
TTGTACGCATT-3’. The base A at the second 
from the right forward primer was mutated into 
G, where BspE I restriction enzyme sites was 

Methods

Sample collection: Venous blood was obtained 
by 5 mL for each aliquot from both asthmatic 
patients and healthy control subjects, main-
tained in the tube containing EDTA-Na2 and 
stored at -80°C for following use. 

Genomic DNA extraction: The genomic DNA 
extraction was performed as follows: ① 500 μL 
anticoagulated blood was taken and 800 μL 
TBP buffer solution was added. The mixture 
was fully homogenized and centrifuged at 4000 
× g for 5, and the supernatant was removed; ② 
Precipitation resuspension was performed by 
adding 800 μL TBP buffer (Caution: the solution 
shall be carefully mixed with the head of a 
pipettor to prevent rupture of DNA) that was 
centrifuged 4000 × g for 5 min, and the super-
natant was removed. When the mixture was 
precipitated to colorless or slight redness, 200 
μL TE buffer (10 mM Tris-Cl, 1 mM EDTA, pH 8) 
was added for resuspension; ③ 500 μL TBM 
buffer was added into the above 200 μL sam-
ples, and mixed gently. Then 4 μL protease K 
was added, mixed gently, and incubated at 
55°C for 10-20 min to remove residual protein; 
④ 260 μL absolute ethanol was added, with 
gentle mixing. The total samples were trans-
ferred to the UNIQ-10 column that was sheathed 
in a 2 mL collection tube. Centrifugation was 
performed again at 8000 × g, for 1 min, and 
the remaining liquid was removed; ⑤ The UNIQ-
10 column was moved to the same collection 
tube, and 500 μL washing buffer was added, 
centrifuged at 10000 × g at room temperature 
for 1 min before removal of the residual solu-
tion; ⑥ 500 μL washing buffer was added, and 
centrifugation was performed at 10000 × g at 
room temperature for 1 min, and the liquid was 
removed. The UNIQ-10 column was moved 
back to the same collection tube that under-

went centrifugation at 10000 × g at 
room temperature for 15 s to remove 
the residual buffer solution; ⑦ The 
UNIQ-10 column was transferred 
into a 1.5 mL sterile centrifuge tube, 
and 40 μL eluting buffer was inject-
ed at the central bottom of the col-
umn, a site near the DNA membrane 
binding, and stored at 37°C to 55°C 
for 2 min. Then centrifugation was 
performed at 10000 × g at room 
temperature for 1 min. Finally, 
genomic DNA was obtained and 
stored at -80°C for the following use. 

Table 1. Demographic information for the total subjects 

Items Asthma group 
(n = 412)

Control group 
(n = 454) P-value

Gender, n (male/female) 232/180 257/197 0.930a

Age, years (mean ± SD) 47.03 ± 14.26 48.20 ± 14.20 0.973b

FVC (mean ± SD) 2.81 ± 1.25 4.02 ± 0.97 0.043a

FEV1/FVC (%) (mean ± SD) 63.52 ± 12.13 79.75 ± 13.81 0.029a

FEF25%-75% (mean ± SD) 1.40 ± 0.48 3.18 ± 1.12 0.010a

PEF (mean ± SD) 4.15 ± 1.90 7.13 ± 2.45 0.001a

Note: FVC, Forced vital capacity; FEV1, Forced expiratory volume in 1 s; FEF, 
Forced expiratory flow; PEF, Peak expiratory flow. aP-value was calculated by 
t-test for the categorical data; bP-value was calculated by Chi-square test for 
the categorical data.

http://www.ncbi.nlm.nih.gov/
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introduced. BspE I enzyme recognition se- 
quence included: T^CCGGA; AGGCC^T. The 
genotyp: A/A: 139 bp; G/G: 46 bp, 93 bp; A/G: 
139 bp, 46 bp, 93 bp. 

(3) rs147260142: CAGGACATCTTCTCTGCCATA- 
AGGA[A/G]GTTCAGTGTACTTTGAACATGTGGC. 
Amplified fragments: CATCTTCTCTGCCATAAGG- 
A[A/G]GTTCAGTGTACTTTGAACATGTGGCA- 
GCACGATATTTTGAGTCATATTGACATTTCTG- 
ATCCTGCAAAAAGAAGTATAAATATGATG. Primer 
sequences (The lower-case font indicates the 
joint sequence to increase the enzyme frag-
ment length): rs147260142-F: 5’-gcggtcccaa- 
aag g g tcag tCACT TCTCTGCCATGAGGA-3’; 
rs147260142-R: 5’-gcggtcccaaaagggtcagtCA- 
TCATATTTATACTTCTTTTTGCAGG-3’. The base A 
at the fifth from the right forward primer was 
mutated into G, where BseR I restriction 
enzyme sites was introduced. BseR I enzyme 
recognition sequence included: GAGGAG(N) 
10^…; CTCCTC(N)8^…. The genotype: A/A: 148 
bp; G/G: 51 bp, 97 bp; A/G: 148 bp, 51 bp, 97 
bp.

PCR amplification: PCR reaction system (total 
volume of 10 μL) consisted of 10 × PCR buffer 
(1.0 μL) and dNTP (2.5 mM each) 0.5 μL. The 
forward primer (50 pmol/μL) 0.1 μL; reverse 
primers (50 pmol/μL) 0.1 μL; Dream Taq DNA 
polymerase (5 U/L) 0.06 μL; and 8 μL ddH2O.

The reaction conditions were set for degenera-
tion at 95°C for 5 min and for 30 s, respec-
tively, annealing at 68°C-0.5°C for 45 s 
(Caution: the annealing at each cycle shall be 
decreased by 0.5°C). Extension reaction was 
performed at 72°C for 60 s, and repeated for 
20 cycles. Then degenerated at 95°C for 30 s, 
and annealed at 58°C for 30 s, with extension 
at 72°C for 40 s by repetition for 20 cycles. 
Finally, extension reaction was performed at 
72°C for 6 min.

Restriction enzyme analysis of PCR products: 
Enzyme systems (final volume: 15 μL) consist-
ed of 1.5 L 10 × enzyme buffer, 0.1 μL restric-
tion endonuclease (10 U/μL, 3.5 μL ddH2O), 
and the products were incubated in the enzyme 
at 55°C overnight. 

Product treatment by agarose gel electropho-
resis: A total of 15 μL enzyme products were 
evenly mixed in 3 μL 6 × DNA buffer sample, 
then added to sample well containing 4% aga-

rose gel, and run in the 1 × TAE DNA electropho-
resis buffer solution at 150 V for 0.5 h. The 
photo was taken for observation. 

Data analysis: The genotype and allele count 
were performed using gene counting method 
for the case group and the healthy controls on 
the electrophoresis finding basis. χ2 test was 
used to compare the genotypes and allele fre-
quencies between the groups, and univariate 
Logistic regression analysis for estimation of 
the relative risks of locus polymorphism to 
asthma attack. All statistics was performed 
with SPSS version 16.0 for windows, and P < 
0.05 was accepted as statistical significance.

Results

Findings for the subjects 

By the previous experimental protocol and 
three repeated tests, rs146456111 was still 
found partially deleted in the DNA samples 
from the 412 allergic asthmatic patients and 
healthy controls. The deletion occurred in 7 for 
the former and 12 for the latter. The remaining 
two loci were totally detected in the two groups 
of participants. The statistical results showed 
that the gender and ages were not associated 
with asthma attack (P = 0.930, P = 0.973) 
(Table 1). However, the case group were statis-
tically different from the controls regarding the 
forced vital capacity (FVC), FEV1/FVC (%), 
FEF25-75% and PEF (P = 0.043, P = 0.029; P = 
0.010, P = 0.001, respectively).

PCR-RFLP and electrophoresis findings for 
rs146456111A/C, rs143154304A/G and 
rs147260142A/G in Cat S 

By PCR-RFLP detection and treatment in 4% 
agarose gel electrophoresis, the gene frag-
ments were amplified for the three loci 
rs146456111A/C, S rs143154304A/G and 
rs147260142A/G in Cat S in either patients 
with asthma or healthy controls, and the frag-
ment length was consistent with the expected 
size. Parts of the PCR amplification and enzyme 
digestion results are shown in Figure 1. Taking 
the rs147260142A/G site as an example, the 
first lane indicates the DNA marker; the sec-
ond, genotype AA; the third, AG genotype; and 
the fourth, genotype GG. The principle to esti-
mate the genotype was: if an AA genotype in 
rs147260142 occurred in the Cat S, the BseR I 
restriction enzyme sites would not be exposed 
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in the double stranded PCR products (the 
restriction enzyme digesting site is located at 
GAGGAG (N) 10^), therefore, the double strand-
ed PCR products cannot be digested with the 
enzyme, which resulted in only one band after 
electrophoresis treatment (the size is 148 bp, 
and the enzyme digestion was designed accord-
ing to the necessary primers needed in current 
work) as shown in the second lane. Contrarily, if 
genotype AG occurred in rs147260142, BseR I 
restriction enzyme site was possibly appeared 
in one of double stranded PCR products and 
absent in another, thus three bands will be 
developed on the electropherogram after endo-
nuclease digestion. The size was 148 bp, 51 bp 
and 97 bp as shown in the third lane. Similarly, 
if GG genotype in rs147260142 occurred, the 
BseR I restriction enzyme sites would be 
exposed in the the double stranded PCR prod-
ucts, which led to two bands on the electrophe-
rogram, with a size of 51 bp and 97 bp, respec-
tively (Figure 1).

Comparison of the genotypes and al-
lele frequencies of rs146456111A/C, 
rs143154304A/G and rs147260142A/G in 
the Cat S

Comparison of the genotype and allele fre-
quency in rs146456111A/C: As is shown in 

Table 2, rs146456111A/C locus in 405 asth-
matic patients induced by the acaroid mites 
presented with genotype AA in 43 cases, AC in 
189 and CC in 173. Allele A frequency was 34% 
and allele C 66%. In the 442 healthy subjects, 
genotype AA occurred in 188, AC in 216, and 
CC in 36. Allele A frequency accounted for 67%, 
and C allele for 43%. Compared with the control 
group, the distribution of genotype AA, AC and 
CC in the rs146456111A/C locus as well as 
allele A and C was statistically different (χ2 = 
177.915, P = 0.000; χ2 = 184.425, P = 0.000, 
respectively).

Comparison of the genotype and allele fre-
quency in rs143154304A/G: As is shown in the 
Table 3, the rs143154304A/G locus in 412 
allergic asthmatic patients from acaroid mites 
was associated with genotype AA (n = 55), AG 
(n = 220) and GG (n = 138). Allele A frequency 
was 39.8% and allele G, 60.2%. In the 454 con-
trols, genotype AA took place in 55, AG in 226 
and GG in 173. The allele A was 77% and allele 
G, 63%. However, no statistical difference was 
found in the case group concerning the distri-
bution of genotype in rs143154304A/G locus 
and alleles as compared with the healthy con-
trols (χ2 = 1.997, P = 0.369; χ2 = 1.434, P = 
0.231, respectively).

Comparison of the genotype and allele fre-
quency in rs147260142A/G: The Table 4 
showed that the rs147260142A/G locus 
detected in 412 allergic asthma patients from 
acaroid mites and in 454 control subjects was 
involved in genotype AA (n = 92 vs. n = 77), AG 
(n = 234 vs. n = 234) and GG (n = 144 vs. 
n=143). The difference was significant (χ2 = 
7.520, P = 0.023). The frequency of allele A 
occurred in both groups by 43.7% vs. 42.7%, 
and allele G by 56.3% vs. 57.3%, which sug-
gested no significance (χ2 = 0.162, P = 0.688).

The association of asthma attack risks and 
rs146456111A/C, rs143154304A/G and 
rs147260142A/G in Cat S

The results by univariate logistic regression 
analysis on the genotypes and alleles in the 
rs146456111A/C, rs143154304A/G and rs- 
147260142A/G loci are respectively shown in 
Tables 5 and 6. ① rs146456111A/C gene 
locus: As compared with genotype AA, AC, CC 
and AC + CC were likely to increase the risks of 
asthma development (OR = 4.013, 95% CI: 
2.989-4.751; OR = 3.167, 95% CI: 2.483-

Figure 1. The genotype of rs146456111A/C, 
rs143154304A/G and rs147260142A/G
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3.785; OR = 3.418, 95% CI: 2.381-4.214, 
respectively, and all P < 0.001); Genotype CC 
had a higher risk to develop an asthma than AA 
+ AC genotype did (OR = 4.320, 95% CI: 2.989-
4.762; P < 0.001). The two alleles C and A  
were higher risks for asthma (OR = 2.187,  
95% CI: 1.743-2.281; P < 0.001); ② The rs- 
143154304A/G locus: Genotype AG, GG and 
AG + GG was less associated with the risks of 
asthma attack than genotype AA [OR = 0.991 
(0.625-1.507), OR = 0.812, 95% CI: 0.525-
1.258; OR = 0.914, 95% CI: 0.612-1.366; P < 
0.968, P < 0.352, P < 0.660, respectively], and 
composite genotype AG + GG had a higher risk 
than the single GG genotype in asthma devel-
opment (OR = 0.818, 95% CI: 0.619-1.081; P = 
0.158), and its corresponding allele G and A 
were also negatively related to the asthma risks 
(OR = 0.888; 95% CI: 0.732-1.078; P = 0.231); 
③ The rs147260142A/G locus: By comparison 
with genotype AA, AG and AG + GG genotypes 
were more predisposed to asthma attack (OR = 
0.630, 95% CI: 439-0.903; OR = 0.710, 95% 
CI: 0.507-0.996; P = 0.012, P = 0.047, respec-
tively), yet GG genotype had no relation with the 
risks of asthma (OR = 0.843, 95% CI: 0.576-
1.234, P = 0.286). In addition, genotype GG 
had no risks to asthma compared with compos-
ite AA + AG genotype (OR = 1.169, 95% CI: 
0.880-1.551, P = 0.281), and the alleles A and 
G were also less effects (OR = 1.040, 95% CI: 
0.860-1.258, P = 0.688).

Discussion

Allergic asthma induced by the acaroid mites 
allergen, a chronic airway inflammatory disor-
der characterized in clinic by the pulmonary 
eosinophilic granulocyte infiltration and airway 
hyper-responsiveness, is a type I hypersensitiv-
ity. This entity is commonly associated with the 
genetic susceptibility facors, routes of expo-
sure, allergen dose intake and allergen confi- 
guration properties in some cases [7]. The 
pathogenesis of allergic asthma of acarid mites 
is primarily involved in the inflammatory 
response and airway hyper-responsiveness, 
mainly caused by imbalanced Th1/Th2, CD4+T 
lymphocyte subsets, and other factors. Once 
the T cells are activated by the antigens deliv-
ered by the antigen-presenting cells (APC), the 
activated T helper cells (mainly Th2) are likely to 
boost IL-4, IL-5, IL-10 and IL-13 production, and 
further generate activation of B cells, which 
synthesize a specific IgE and bind with the IgE 
receptors at the surfaces of mast cells and 
basophils. If the same allergen goes again into 
the body, the allergen can be in conjunction 
and synthesis with the specific IgE bound to the 
cells to release various active media, eventually 
leading to contraction of smooth muscles, 
increased mucous secretion and vascular per-
meability as well as inflammatory cell infiltra-
tion. Moreover, inflammatory cells regulated by 
the medium may further secrete various media 

Table 2. The genotype an allele distribution frequencies of rs146456111 in Cat S in both groups 

Groups
Genotype

χ2 P
Alleles

χ2 P
AA AC CC A C

Asthma (n, %) 43 (10.6) 189 (46.7) 173 (42.7) 177.915 0.000 275 (34.0) 535 (66.0) 184.425 0.000
Control (n, %) 188 (42.5) 216 (48.9) 38 (8.6) 592 (67.0) 292 (43.0)

Table 3. The genotype an allele distribution frequencies of rs143154304 in Cat S in both groups 

Groups
Genotype

χ2 P
Alleles

χ2 P
AA AG GG A G

Asthma 54 (13.1%) 220 (53.4%) 138 (33.5%) 1.997 0.369 328 (39.8%) 496 (60.2%) 1.434 0.231
Control 55 (12.1%) 226 (50.0%) 173 (37.9%) 336 (37.0%) 572 (63.0%)

Table 4. The genotype an allele distribution frequencies of rs147260142 in Cat S in both groups

Groups
Genotype

χ2 P
Alleles

χ2 P
AA AG GG A G

Asthma 92 (22.3%) 176 (42.7%) 144 (35.0%) 7.520 0.023 360 (43.7%) 464 (56.3%) 0.162 0.688
Control 77 (17.0%) 234 (51.5%) 143 (31.5%) 388 (42.7%) 520 (57.3%)
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antigen basis. Conversion of Ig class in B  
cells and production of the antibody require 
cooperative signal stimulation from Th cells 
and cytokines. The APCs expressed in the Cat S 
from bone marrow is involved in the degrada-
tion of Ii and maturation of MHC-II as well as its 
transportation. Therefore, decreased activity of 
Cat S tends to reduce the number of MHC-II 
antigen peptide complexes, leading to failed 
presenting of some epitopes in T cells to the 
antigen [3]. This shows that Cat S plays an 
important role in the immune system based on 
the CD4+T cell activation via MHC-II mediation 

[13-15].

that are capable of worsening the airways and 
aggravating the inflammatory infiltration, mani-
fested as immediate allergy and allergic inflam-
mation of the target organs [8] .

Cathepsin is an endopeptidase or exonuclease, 
synthesized on the rough endoplasmic reticu-
lum. Most of the members become activated at 
the low pH found in lysosomes. Specific activity 
of the cathepsin commonly occurs in lyso-
somes and endosomes to break down proteins 
in certain abnormal conditions and after death. 
Yet Cat K, Cat L and Cat S work extracellularly 
after secretion by the mononuclear macro-

phages. Under path-
ological conditions, 
the cathepsin level 
secreted intracellu-
larly or extracellular-
ly tends to increase, 
suggesting its invol- 
vement in various 
physiological and pa- 
thological processes 
[5, 9-11]. Cat S acti- 
vity is important for 
the antigen present-
ing through MHC II, 
and the expression 
of Cat S is mediat- 
ed by some cyto-
kines such as IFN- 
γ and IL-1β, which 
indicates that Cat  
S functions a lot  
in immune response 

[12].

The acaroid mite 
antigen, once enter-
ing the organism, 
can be degraded 
through the endocy- 
tic pathway in APCs 
to form a short  
peptide, which will 
be presented to 
CD4+T cell for re- 
cognition and activa-
tion by APCs via 
MHC II molecu- 
lar antigen peptide 
complex, thus the 
immune responses 
occurs on specific 

Table 5. Associations between SNPs in Cat S and risks of asthma attack by 
univariate logistic regression analysis

SNP Geno-
type

Cases Controls
OR (95% CI) P value

n % n %
rs146456111 AA 43 10.6 188 42.5 1.00 -
Asthma, n = 405 AC 189 46.7 216 48.9 4.013 (2.989-4.751) 0.000
Controls, n = 442 CC 173 42.7 38 8.6 3.167 (2.483-3.785) 0.000

AC + CC 362 89.4 254 57.5 3.418 (2.381-4.214) 0.000
AA + AC 232 57.3 404 91.4 1.00 0.000

CC 173 42.7 38 8.6 4.320 (2.989-4.762) 0.000
rs143154304 AA 54 13.1 55 12.1 1.00 -
Asthma, n = 412 AG 220 53.4 226 49.8 0.991 (0.625-1.507) 0.968
Controls, n = 454 GG 138 33.5 173 38.1 0.812 (0.525-1.258) 0.352

AG + GG 358 86.9 399 87.9 0.914 (0.612-1.366) 0.660
AG + GG 274 66.5 281 61.9 1.00 -

GG 138 33.5 173 38.1 0.818 (0.619-1.081) 0.158
rs147260142 AA 92 22.3 77 17.0 1.00 -
Asthma, n = 412 AG 176 42.7 234 51.5 0.630 (0.439-0.903) 0.012
Controls, n = 454 GG 144 35.0 143 31.5 0.843 (0.576-1.234) 0.286

AG + GG 320 77.7 377 83.0 0.710 (0.507-0.996) 0.047
AA + AG 268 65.0 311 68.5 1.00 -

GG 144 35.0 143 31.5 1.169 (0.880-1.551) 0.281

Table 6. Allele frequencies of SNPs in Cat S between cases and controls

SNP Allele Asthma 
number (%)

Controls 
number (%) OR (95% CI) P-value

rs146456111 n = 405 n = 442
A 275 (34.0) 592 (67.0) 1.00 -
C 535 (66.0) 292 (43.0) 2.187 (1.743-2.281) < 0.001

rs143154304 n = 412 n = 454
A 328 (39.8) 336 (37.0) 1.00 -
G 496 (60.2) 572 (63.0) 0.888 (0.732-1.078) 0.231

rs147260142 n = 412 n = 454
G 464 (56.3) 520 (57.3) 1.00 -
A 360 (43.7) 388 (42.7) 1.040 (0.860-1.258) 0.688
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Genome screening and linkage analysis con-
firmed that asthma is a complex polygenic dis-
order, yet its genetic mechanism remains 
unclear. Besides, diverse genes and dissimilar 
environmental factors may play a role in the 
asthma attack in different patients due to 
cooperative action of the previous factors [16-
20]. This necessitates accurate identification 
of susceptible genes to asthma development 
as one of the important research targets for 
diagnosis and treatment of such entity allergic 
asthma. Collaborative Studies on the Genetics 
of Asthma (CSGA) has finished the entire 
genome screening in more than 140 families 
from three racial groups and identified 4 impor-
tant candidate gene and novel sequence vari-
ants associated with asthma by using position-
al candidate gene approaches. These genetic 
influences of chromosomes on the asthma 
include 5q23-31, 6p21.3, 11q12, and 12q14.3-
24.1. So far, 165 genes have been identified 

[21]. With the completion of project The 
International HapMap Project (HapMap), the 
research on the susceptibility genes to asthma 
will be advanced. 

In recent years, the research on pathogenesis 
of asthma on SNPs basis is mainly targeted  
at identification of the related genes, and  
several candidate genes with this entity have 
been identified. SNP analysis is helpful to deter-
mination of the individual phenotypic differenc-
es in disease susceptibility, especially investi-
gation on the response of SNP to complex 
genetic disorders, sensitivity of various drugs 
and different environmental factors [22]. 
Minematsu et al described the association of 
the polymorphism at the promoter region in Cat 
S and COPD phenotype. The results showed 
that the genotype-768 A-(CA)11-(TCCC) ins, 
-768G-(CA)11-(TCCC) del and -768G-(CA)12-
(TCCC) ins respectively accounted for 98% and 
92% in loci in population from smokers and the 
controls, which further confirms the relation-
ship of upregulation of Cat S level with COPD 
development [3]. Because of the role Cat S in 
COPD and pneumonia development, Cat S may 
also be related to the lung diseases such as 
asthma. Cimerman et al described that the Cat 
S levels varied a lot in the sera from patients 
with asthma and healthy subjects, and the lev-
els tended to significantly decrease in serum 
concentration in asthmatic patients [23],  
for which we hypothesized that this difference 
may be caused by the polymorphism of Cat  
S gene. Accordingly, a certain haplotype  

may serve as a bio-marker in estimation of the 
asthma progress or therapy outcomes. 
However, little research has ever been done  
on the association of the asthma attack with 
the genotype in the gene loci rs146456111A/ 
C, rs143154304A/G and rs147260142A/G  
in Cat S. 

Our detection on the locus rs146456111A/C 
showed that AC, CC and AC + CC as well as AA 
+ AC genotype may be higher risks than the 
genotype AA and CC for allergic asthma from 
acaroid mites. Similarly, allele C has higher 
risks than allele A. The results by detecting 
rs143154304A/G loci revealed that AG, GG, 
AG + GG genotype had no association with the 
allergic asthma of mites as compared with gen-
otype AA, and genotype GG had less risk to the 
asthma attack than the AG + GG genotype did. 
The allele G had no relation to the allergic asth-
ma compared with allele A, either. In detection 
of rs147260142A/G locus, AG and AG + GG 
genotype tended to increase the risk of allergic 
asthma of acaroid mites by comparison with 
the genotype AA, yet simple GG genotype, or 
compared to composite AA + AG genotype, may 
be freely associated with the allergic asthma 
risks. Still, allele A seemed less likely to 
increase the asthma risk than allele G. In sum-
mary, the polymorphism in the rs146456111A/C 
gene has potential effects on the mite allergic 
asthma, whereas rs143154304A/G and 
rs147260142A/G genes may be free. 

In the current study, we introduced the conven-
tional PCR-RFLP approach to determination of 
the single nucleotide polymorphisms. This tech-
nique has its advantages in lower experimental 
cost and easier genotyping on agarose gel elec-
trophoresis basis in direct sequencing of the 
target genes, and its defects are in a lot of man-
power involvement and relatively longer time in 
testing, which is not workable in large sample 
size needed high-throughput screening. This 
investigation included only 412 cases and 454 
healthy subjects, because of the limited human 
resources and material supply, more reliable 
conclusion on the Cat S and asthma attack 
shall be confirmed by sample expansion in the 
following study. 
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