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SFTPC genetic polymorphisms are associated with
tuberculosis susceptibility and clinical phenotype
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Abstract. Tuberculosis (TB) is one of the most common infec-
tious diseases globally. The surfactant protein C (SFTPC),
which is involved in innate immunity and surfactant function
in the lung, may contribute toward the progression of TB.
The aim of the present study was to preliminarily investigate
the possible association of single nucleotide polymorphisms
(SNPs) in the SFTPC gene with TB susceptibility and
clinical phenotypes in a Western Chinese Han population.
The improved multiplex ligation detection reaction method
was used to genotype 6 SNPs in SFTPC, in 900 patients
with TB and 1,534 healthy control subjects. It was found that
the A allele for rs1124 and the C allele for rs8192313 were
associated with increased susceptibility to TB, P=0.024 and
P=0.045, respectively. However, these two P-values were not
significant following Bonferroni correction. In all samples,
the haplotype [CGA], representing three SFTPC variants, was
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revealed to increase the risk of TB (P=0.001 and P=0.005,
following Bonferroni correction). Furthermore, patients with
the AA genotype for rs1124 and with the CC genotype for
rs8192313 were associated with higher levels of C-reactive
protein (P=0.001 and P=0.005, respectively). The results of the
present study indicated that the SFTPC SNPs may increase
the susceptibility to TB and the immune response of the host
to Mycobacterium tuberculosis and may potentially be novel
biomarkers for the pathogenesis of TB.

Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis, is
one of the most common infectious diseases worldwide and
causes more mortalities than any other pathogen (1). The caus-
ative bacteria has developed complex mechanisms to affect
the innate and the acquired immune systems of the host (2).
It is estimated that more than one third of the world's popula-
tion is infected with Mycobacterium tuberculosis, but 90% of
infected people never develop clinical symptoms, suggesting a
natural immunity to TB, due to genetic factors in the host (3).
However, the molecular identity and function of these genetic
factors remain largely unknown.

Naive immunological responses to Mycobacterium
tuberculosis are particularly important in the lung, as inhala-
tion of this harmful bacteria into the alveolar macrophage is
a key event in the pathogenesis of the disease (4). Pulmonary
surfactant, as a surface-active lipoprotein complex, is
composed of 90% lipids and 10% surfactant proteins (SFTPs).
Surfactant protein C (SFTPC), a hydrophobic membrane
protein, is required for biophysical function, and disruption
affects the health of the normal lung (5,6). Therefore, we
hypothesized that SFTPC contributes toward the progression
of TB. It is well-known that mycobacteria are characterized
by a complex cell wall, and various polysaccharides and
glycolipids in the cell wall of the mycobacterial species serve
significant roles in immune recognition (7-9), including lipo-
arabinomannan (LAM), which is considered to be a critical
virulence factor. LAM from unique strains of mycobacteria
have been reported to account for triggering different immune
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responses (10,11). Furthermore, Sidobre et al (7) reported
that the mannosylated LAM was a putative ligand for the
attachment of the human pulmonary surfactant protein to the
pathogenic Mycobacterium tuberculosis. Mutations in the
SFTPC gene have been identified in pulmonary surfactant
metabolism dysfunction and were associated with interstitial
lung diseases (5,12-17), and multiple genetic variants in the
SFTP genes were identified in TB (18,19). However, until now,
the association between the SFPTC gene and TB has not been
investigated in well-defined populations.

In the present study, in order to provide genetic evidence
regarding the effect of SFTPC polymorphisms on TB in the
Chinese Han population, a set of single nucleotide polymor-
phisms (SNPs) within SFTPC were genotyped in 900 patients
with TB and 1,534 healthy control subjects, and the associa-
tion between the risk of TB and the clinical characteristics of
active tuberculosis, and selected SFTPC polymorphisms was
investigated.

Materials and methods

Study subjects. A total of 900 patients with TB (mean age
42.51 years, range 20-92 years, 542 males) and 1,534 healthy
control subjects (mean age 37.96 years, range 17-80 years,
821 males) were included in the present case-controlled
study. All samples were obtained from the ‘Tuberculosis
Researches’ Bio-Bank located within the West China Hospital
between January 2014 and February 2016 in the Department
of Laboratory Medicine, West China Hospital, Sichuan
University, (China). All the patients with TB, enrolled in the
present study, were newly diagnosed by two independent expe-
rienced respiratory physicians. The patients with active TB
were diagnosed according to their clinical symptoms, sputum
smear tests, sputum culture, and radiological and histological
pathological examination. Patients with immunodeficiency
disease, hepatitis virus infection, human immunodeficiency
virus-infection, or other lung diseases were excluded from the
study. All the healthy control subjects were recruited from a
population of healthy controls, who had not previously suffered
from TB and had negative chest radiographs. All participants
were of Han ethnicity and were not related to each other.

Demographic data of the enrolled population were
reviewed from the medical information system of the
West China Hospital of Sichuan University. A total of 2 ml
EDTA-anticoagulated blood was collected from each of
the subjects for genotyping. Written informed consent was
provided by each participant and the study was approved by
the Clinical Trials and Biomedical Ethics Committee of West
China Hospital, Sichuan University (China) and conducted
according to the Declaration of Helsinki.

SNP selection. The human SFTPC gene, which is located
on chromosome 8p21.3 is ~7.4 kb nucleotides long, with
six exons. The genetic polymorphism data of the whole
sequence of SFTPC was obtained from the dbSNP database
(http://asia.ensembl.org/Homo_sapiens/Variation/). All SNPs
were filtered according to the minor allele frequency (MAF;
>0.05) in the Han Chinese population in Beijing. Subsequently,
the SNPs were preferentially selected if they were located in
potentially functional regions, including an exon, the promoter,

an intron and potential regulatory regions (within 2 kb of the
genes). Considering the experimental conditions required for
genotyping, seven SNPs in SFTPC (rs1124, rs4715, rs8192309,
rs4995702, rs8192313, rs13248346 and rs2070686) were
eventually included in the present study.

DNA isolation and genotyping. Genomic DNA was extracted
from the peripheral blood samples using a QIlAamp
DNA blood mini kit (Qiagen GmbH), according to the
manufacturer's protocol. Candidate SNP genotyping was
performed using the improved multiplex ligation detection
reaction method (Genesky Biotechnologies, Inc.) as previously
described (20). Detailed information regarding the primers is
available upon request. For the quality assurance of the geno-
typing, double distilled water was used as the negative control
in each reaction. Furthermore, blinded repeat genotyping of
~10% of all the samples was included in the quality control
measures and the concordance rate was 100%.

Statistical analysis. The required sample size was calculated
using PASS statistical software version 11 (NCSS LLC), prior
to data collection, as previously reported (21). Goodness-of-fit
¥* test was used to evaluate Hardy-Weinberg equilibrium
(HWE) for each SNP in the healthy control subjects using
PLINK v1.0732 (http://zzz.bwh.harvard.edu/plink/).

Sex and age were compared between patients with TB and
healthy control subjects using a * test and an independent
t-test, respectively. Dominant and recessive genetic models
were used to assess the allele and genotype distribution differ-
ence between TB cases and healthy control subjects using
multivariate logistic regression, with sex and age as covariates.
The Bonferroni method was then used to correct for multiple
testing. The associations between the genetic variants and the
clinical features of TB were evaluated. The aforementioned
statistical methods were performed using SPSS version 19.0
software (IBM Corp.). In addition, the Haploview software
package version 4.2 (Broad Institute) was used for analyzing
linkage disequilibrium patterns. The haplotype was analyzed
using the SHEsis online program (http://analysis.bio-x.cn/) (22).
A two-tailed P<0.05 was considered to indicate a statistically
significant difference.

Results

Demographic characteristics. As described in Table I, there
were significant differences in sex and age between TB cases
and healthy control subjects (P<0.001).

Genotyping results and single SNP association analysis. The
genotype call rates of all the selected SNPs were 99.55%. All
healthy control subjects were of Han ethnicity, and genotype
distributions of the selected SNPs within the SFTPC gene
in the controls did not deviate from HWE (P>0.05), except
for rs4995702 (P<0.001). The SNP functional consequence,
P-value for the HWE test, the MAF in the healthy controls
and the Chinese Han population in Beijing based on the 1,000
Genomes Project database are summarized in Table SI. The
majority of MAFs in the healthy controls were similar to that in
the Chinese Han Beijing population, but a few were different.
However, the MAFs in the healthy controls were consistent
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Table I. Demographic characteristics of study participants.
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Characteristic TB (n=900) HC (n=1534) P-value®
Male, n (%) 542 (60.22) 821 (53.52) <0.001
Age years, mean + SD 42.51+18.11 37.96+11.07 <0.001

*Sex and age were compared between TB patients and healthy controls using a Chi-square test or an independent t-test. TB, tuberculosis; HC,

healthy controls; SD, standard deviation.

with those in the Southern Han Chinese population based on
the 1,000 Genomes Project database (data not shown), which
indicated that the approach of using the healthy controls was
valid in the present study.

There were no data available in the database and reported
literature regarding rs4995702 and in association with disease.
In addition, rs4995702 was not in HWE in the healthy controls.
Numerous factors may contribute toward the inconsistency of
the MAF results, including migration, selection and geno-
typing errors. To produce more reliable conclusions and reduce
the chance of error, rs4995702 was removed in the subsequent
association analysis. Table II shows the allele frequencies
and genotype distributions of the remaining six SNPs in
the SFTPC gene between all the TB cases and the healthy
control subjects. The minor allele (A) frequency of rs1124
was 35.70 and 32.48% in the TB cases and healthy control
subjects, respectively, and was significant after adjusting
for sex and age [P=0.024; odds ratio (OR), 1.15; 95% confi-
dence interval (CI), 1.02-1.31)], but was not significant after
using Bonferroni correction test (P=0.144). The frequency
of the AA genotype for rs1124 was 13.07 and 10.02% in
TB cases and in the healthy controls, respectively, with no
statistical significance (P=0.097). In addition, the minor
allele (C) frequency of rs8192313 was 37.86 and 35.02% in
the TB group and in the healthy control subjects, respectively,
and was significant after adjusting for sex and age (P=0.045;
OR, 1.13; 95% CI, 1.00-1.28); however, it was not significant
after Bonferroni correction (P=0.278). The frequency of the
CC genotype for rs8192313 was 15.37 and 11.87% in TB cases
and in healthy control subjects, respectively. The presence of
CC was more common in TB cases, but the difference was
borderline significant (P=0.05). The other four loci (rs4715,
1s8192309, rs13248346 and rs2070686) were not significantly
different between the TB cases and controls in either genotype
or allele frequencies (all P>0.05).

The data regarding the dominant and recessive genetic
model analysis are shown in Table III. The results indicated
that rs1124 was significantly associated with an increased
risk of TB in the recessive model (AA vs. AG+GG), with
an estimated OR of 1.33 (95% CI, 1.03-1.72; P=0.031 after
adjusting for sex and age; P=0.186 after Bonferroni correc-
tion). Furthermore, there were similar results for rs8192313
using the recessive model (CC vs. CA+AA), with an estimated
OR of 1.36 (95% CI, 1.06-1.73; P=0.014 after adjusting for sex
and age; P=0.084 after Bonferroni correction).

Linage analysis and haplotype construction. The linkage
disequilibrium (LD) plots of the genotyped SNPs are
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Figure 1. LD of the 6 single nucleotide polymorphisms in surfactant
protein C. High LD is represented by a high correlation coefficient and the
red color. LD, linkage disequilibrium.

displayed in Fig. 1. A total of 3 polymorphisms in SFTPC
(rs4715,1s2070686 and rs1124) were revealed to be in high LD
with each other. The haplotype frequencies and their associa-
tions with TB predisposition are summarized in Table IV. The
results indicated that the CGA haplotype was significantly
associated with increased susceptibility to TB [P=0.001 with
an OR of 1.59 (95% CI, 1.20-2.12)] and remained statistically
significant after Bonferroni correction (P=0.005).

Association between clinical phenotypes and polymorphisms.
The clinical symptoms and progression of active TB may
be affected by a particular genetic polymorphism as previ-
ously reported (23). Therefore, the six candidate SNPs were
further analyzed with respect to the clinical symptoms in the
patients with TB. The erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP), which are considered to be
regular inflammatory markers for the host defense (24), were
selected and evaluated. As presented in Fig. 2, CRP levels
were significantly higher in those who are homozygous for
the rs1124 SNP (AA genotype) than in those who had the
AG and GG genotypes (P=0.001). A significant association
in patients with TB between the CC genotype for rs8192313
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Table III. Association between 6 SNPs of SFTPC and tuberculosis risk in Chinese Han population.

Dominant model

Recessive model

SNP OR (95% CI) P-value? P-value® OR (95% CI) P-value? P-value®
rs1124 G>A 1.15 (0.98-1.37) 0.095 133 (1.03-1.72) 0.031 0.186
rs4715 C>A 1.06 (0.90-1.26) 0471 1.17 (0.87-1.58) 0.302

rs8192309 G>A 0.96 (0.19-1.15) 0.639 0.88 (0.51-1.51) 0.640

rs8192313 A>C 1.10 (0.93-1.30) 0.286 1.36 (1.06-1.73) 0.014 0.084
rs13248346 G>A 1.07 (0.90-1.27) 0.447 1.40 (0.95-2.06) 0.090

rs2070686 G>A 0.97 (0.82-1.14) 0.684 0.82 (0.58-1.15) 0.248

aP-value was calculated using logistic regression analysis after adjusting for sex and age; "P-value after Bonferroni correction. SNP, single

nucleotide polymorphisms; OR, odds ratio; CI, confidence interval.

Table I'V. Haplotype constructions of the SFTPC variants associated with the risk of TB.

Frequency
Haplotype® All TB cases Healthy controls OR (95%CI) P-value® P-value®
AGA 0.295 0.303 0.290 1.06 (0.94-1.21) 0.340
CAG 0.259 0.253 0.263 0.95 (0.93-1.09) 0.441
CGA 0.044 0.054 0.034 1.59 (1.20-2.12) 0.001 0.005
CGG 0.404 0.39 0412 091 (0.81-1.03) 0.128

*Consisted of rs4715, rs2070686 and rs1124; "P-value was calculated using Chi-square test; °P-value after Bonferroni correction. TB, tubercu-

losis; OR, odds ratio; CI, confidence interval.
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Figure 2. Level of C-reactive protein with respect to rs1124 (n=769) and
rs8192313 (n=772) in patients with TB. rs1124 (G>A) and rs8192313 (A>C)
genotypes were stratified based on the recessive model, AA vs. (AG + GG)
and CC vs. (CA + AA), respectively. TB, tuberculosis.

and CRP levels was also identified (P=0.005). ESR levels
were not associated with anyone with the rs1124 or rs8192313
genotypes; therefore, with respect to the other four SNPs, none

of the clinical phenotypes were statistically associated with
the genotypes (data not shown).

Discussion

The associations between susceptibility and disease traits in
TB were preliminarily investigated in six candidate SNPs in
the SFTPC gene within the Western Chinese Han population.
The results indicated that the target SFTPC polymorphisms
(rs1124 and rs8192313) were not only associated with an
increased risk of TB but may also affect the immune response
of the host to Mycobacterium tuberculosis. The results of the
present study suggested that genetic variants in SFTPC may
act as promising novel biomarkers for the pathogenesis of TB.

An improved understanding of the molecular mechanisms
underlying host-pathogen interaction would provide a basis for
the study of TB pathogenesis. The innate immune response
is crucial for the host defense against Mycobacterium tuber-
culosis (25). During Mycobacterium tuberculosis infection,
the pathogen utilizes diverse strategies to circumvent or evade
the host innate immunity. By contrast, the host orchestrates
multiple signaling cascades to initiate a large variety of
innate immune defense functions (26). For example, manno-
sylated LAM was identified in pathogenic Mycobacterium
tuberculosis, which serves as a modulator of the host immune
system (27). A study by Zhang et al (11) reported that the patho-
gens had divergent effects on DC maturation and cytokine
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responses based on the amount and scaffold of mannose in
LAMs with diverse mannosylated structures. By contrast,
genetic polymorphisms in host-derived toll-like receptors
were associated with susceptibility to TB (23,28). Changes in
the alveolar lining fluid, including decreased binding ability
of SFTPA and SFTPD to Mycobacterium tuberculosis, may
increase TB susceptibility (29). It was reported that SFTPC is a
hydrophobic membrane protein and serves a significant role in
surfactant function (5), and mutations in SFTPC may modulate
recruitment and activation of key myeloid cell populations in
interstitial lung disease (30). However, there is very little data
supporting the effects of SFTPC genetic polymorphisms on
predisposition to and the clinical phenotype for TB, which is
highly prevalent in China. Therefore, the present case-control
study in the Western Chinese Han population was performed
to preliminarily investigate potential TB-associated SNPs
within SFTPC and to determine if these loci were associated
with clinical manifestations of TB.

There were no significant associations in the risk of TB
with rs4715, rs8192309, rs13248346 and rs2070686 within
SFTPC between TB cases and healthy control subjects in
the Western Chinese Han population. Age did not affect the
frequency of genotypes (all P>0.05), and there was no differ-
ence in the frequency of genotypes between males and females
(all P>0.05) in patients with TB (Table SII). Furthermore,
there was no statistical significance in the frequency of geno-
types between patients with a positive and negative TB sputum
smear test, except for rs8192309 (P=0.025; data not shown).
However, the differences in A allele frequencies (P=0.024) and
genotype distributions under the recessive model (P=0.031)
for the rs1124 SNP were statistically significant. In addi-
tion, similar results were observed with the rs8192313 SNP
(P=0.045 and P=0.014 for the differences in C allele frequen-
cies and genotype distributions under the recessive model,
respectively). The differences reported for the rs1124 and
rs8192313 SNPs did not remain statistically significant after
Bonferroni correction. However, it was hypothesized that the
A allele or the C allele of rs1124 and rs8192313 SNPs, respec-
tively, within the SFTPC gene had a low susceptibility risk
for the development of TB based on the results of the present
study. The results also indicated that the CGA haplotype,
formed by these three SFTPC polymorphisms and possibly
due to the A allele for the rs1124 SNP, was significantly associ-
ated with increased TB susceptibility (P=0.001) with an OR
of 1.59 (95% CI, 1.20-2.12). This finding was consistent with
the individual rs1124 SNP analysis. However, the homozygotic
genotype CC/GG/AA was not analyzed for TB susceptibility,
due to the small homozygous sample size.

In the present study, the rs1124 and rs8192313 SNPs
were significantly associated with differences in TB clinical
symptoms. The results suggested that carrying the AA geno-
type for the rs1124 SNP was significantly associated with
higher levels of CRP (P=0.001) among patients with active
TB, which reflected the host inflammatory response to
Mycobacterium tuberculosis infection. This was consistent
with the result from the genetic analysis of susceptibility
association, and further supported the effect of the A allele
in rs1124 on the risk of TB. The effect of the rs8192313 SNP
on the clinical features of TB and its effect on the suscepti-
bility to TB were also observed using the same method. The

TB susceptibility SNP rs8192313 was associated with CRP
levels in patients with active TB within the current dataset.
High CRP levels were significantly associated with the CC
genotype, compared with the A allele, including heterozygous
and homozygous genotypes (P=0.005). The results regarding
the susceptibility SNPs to the development of TB and genetic
loci associated with TB clinical phenotype indicated that the
development of TB, progression and disease manifestation
may be affected by diverse genetic loci. The specific molecular
mechanisms remain unclear, but the results suggested that
SFTPC genetic variants may affect the host defense responses
against Mycobacterium tuberculosis and lead to diverse
clinical manifestations in patients with active TB.

The SNPs, rs1124 and rs4715, are exonic splicing
enhancers, while rs&8192309, rs8192313, rs13248346,
rs2070686 and rs4995702 are all transcription factor binding
sites, as predicted using the SNPinfo method, as previ-
ously reported (31) (Table SI). It has also been reported that
the rs4715 SNP was associated with respiratory distress
syndrome (5,14,16); however, this was not identified in the
present study. The results also suggested that the SNP rs1124
may serve an important role in disease development, which was
in accordance with the results of previous studies (5,13,14,16).
The SNPs, rs4715 and rs1124, are both missense, in which the
amino acids 138 (Thr/Asn) and 186 (Ser/Asn) are changed,
respectively; however, the potential mechanisms in which they
affect function remain unknown. The single SNP statistical
analyses of the other four SFTPC variants did not reveal any
significant associations, but the investigation of these poly-
morphisms supplemented the knowledge on the association of
SFTPC polymorphisms with the susceptibility to TB. Based
on the results of the present study, the association between the
SFTPC gene and TB should be interpreted cautiously, as it is
hypothesized that this gene was not the primary cause of TB
but serves a lesser role in the complex genetic pattern.

To the best of our knowledge, the present study was the first
to investigate the association between SFTPC genetic variations
and TB in a Western Chinese Han population. Furthermore,
to minimize the bias of Mycobacterium tuberculosis complex
exposure, all subjects from the same geographical area were
recruited over the same study period. However, there are several
limitations to the present study. To begin with, only a small
number of SNPs within SFTPC and a small sample size were
investigated. Additionally, the association between SFTPC
SNPs and the risk of TB requires further investigation using
subgroup analysis. Furthermore, there were no other clinical
characteristics that were matched between the groups for the
risk of TB, including smoking and alcohol. Finally, the specific
population with latent TB infection among the disease-free
controls was not included in the present study. Therefore, further
comprehensive, in-depth and multi-center research is required,
to reveal the mechanisms of the genetic polymorphisms in
SFTPC in TB development and clinical manifestation.

The present study investigated the pathogenesis of TB with
respect to surfactant protein-based polymorphisms. A total of
2 SNPs within the SFTPC (rs1124 and rs8192313) were associ-
ated with TB susceptibility. Furthermore, the rs1124 AA and
rs8192313 CC genotypes were associated with higher CRP
levels, in a recessive model. The results indicated that SFTPC
polymorphisms may affect TB susceptibility and host immune
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response to Mycobacterium tuberculosis and may be used as
novel biomarkers for the pathogenesis of TB.
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