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ABSTRACT 

Active vitamin D or vitamin D3 [1,25(OH)2D3] could promote the expression and antimicrobial activity of 
human cathelicidin LL-37 in monocytes, macrophages, and NK cells, which act as innate immunity against 
intracellular bacteria such as Mycobacterium tuberculosis.  In this study, the effect of vitamin D3 on LL-37 mRNA 
expression in human lung epithelial cell line (A549) was measured by reverse transcriptase PCR.  The results 
demonstrated that 10-6 M of vitamin D3 could promote LL-37 mRNA expression after 12 h and reach the highest 
expression within 24 h after exposure.  Moreover, vitamins D3 in various concentrations have no cytotoxicity effect 
on A549 cell line using MTT assay after 24 h.  These results could be beneficial for development of vitamin D3 as 
immunomodulatory agent against other intracellular bacteria causing respiratory tract infection.  

 
บทคดัย่อ 

 วิตามินดี3 สามารถกระตุน้การแสดงออกของเปปไทด์ตา้นจุลชีพ LL-37 ในเซลล์ของระบบภูมิคุม้กนัโดย
กาํเนิดของมนุษยห์ลายชนิด ไดแ้ก่ โมโนซัย มาโครฟาจ และ เซลลเ์พชรฆาต โดยเปปไทดจ์ะเพ่ิมประสิทธิภาพในการ
กาํจดัแบคทีเรียก่อโรค เช่น Mycobacterium tuberculosis ท่ีอยู่ภายในเซลล์เหล่าน้ีได ้การศึกษาน้ีมีวตัถุประสงค์เพ่ือ
ศึกษาผลของวิตามินดี3 ต่อการแสดงออกของเอม็อาร์เอน็เอของ LL-37 ในเซลลเ์ยือ่บุผิวปอดของมนุษย ์(A549) โดยวิธี
รีเวร์ิสทรานสคริปเทส พีซีอาร์ ผลการทดลองพบวา่ วติามินดี3 ท่ีความเขม้ขน้ 10-6

 โมลาร์ กระตุน้การแสดงออกของเอม็
อาร์เอน็เอให้เพ่ิมข้ึน ท่ีเวลา 12 ชัว่โมง และแสดงออกมากท่ีสุด ท่ีเวลา 24 ชัว่โมง นอกจากน้ีวิตามินดี3 ท่ีความเขม้ขน้
ดงักล่าวไม่มีความเป็นพิษต่อเซลล์ A549 อีกดว้ย ผลการศึกษาน้ีน่าจะเป็นแนวทางในการนาํวิตามินดี3 ไปพฒันาเป็น
สารกระตุน้ระบบภูมิคุม้กนั เพ่ือตา้นการติดเช้ือแบคทีเรียท่ีอยูภ่ายในเซลลช์นิดอ่ืนๆ ซ่ึงก่อโรคในระบบทางเดินหายใจ 
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 Introduction 
The antimicrobial peptide (AMPs), a part of 

the first line defense of innate immune system has 
been found in a wide range of organisms including 
plants, animals, and human and are used to protect 
themselves from pathogenic microbe infection 
(Zasloff, 2002). Cathelicidin LL-37 is the human 
antimicrobial which can be found in many cell types 
in human such as monocytes and airway epithelial 
cells (bronchial, alveolar and lung epithelial cell) 
(Jiang et al., 2012).  LL-37 has been reported in vitro 
killing activity against a broad range of both            
Gram-positive and Gram-negative bacteria such as 
Escherichia coli,  Pseudomonas aeruginosa, Staphylococcus 
aureus and Burkholderia pseudomallei (Bals et al., 
1998) in the level of micromolar concentrations by 
electrostatic binding of this cationic peptide to the 
outer surface of the pathogen. Then, insert of the 
peptide into the cytoplasmic membrane, resulting in 
leakage of the cell contents into the extracellular 
medium leading to cell death (Bals, 2000). In 
addition, synthetic LL-37 pre-treated lung epithelial 
cell line (A549) reduced P. aeruginosa PAO1 
internalization compared with infected cells without 
LL-37 pre-treatment (Byfield et al., 2011). 

Vitamin D3 [1, 25(OH) 2D 3] is well known 
for its classic role in the maintenance of bone mineral 
density.  However, vitamin D3 also has an important 
“non-classic” influence on the body’s immune system 
by modulating the innate and adaptive immune 
system (Gunville et al., 2013). Interestingly, exposure 
of human monocyte THP-1 cells to vitamin D3 is 
known to trigger an antimicrobial activity against 
intracellular Mycobacterium tuberculosis  
(Liu et al., 2007).   

Furthermore, vitamin D3 is capable of 
stimulating cathelicidin LL-37 production and 
modulating antibacterial function in oral epithelial 
cells (OKF6/TERT2) (Wang et al., 2013).  However, 
the effect of vitamin D3 to endogenous LL-37 in 
human lung epitheliail cells (A549) has not been 
elucidating. 

Therefore, in this study, the effect of 
vitamin D3 on human antimicrobial peptide LL-37 
mRNA expression in human lung epithelial cell 
(A549) was examined.  Moreover, the cytotoxicity of 
vitamin D3 to A549 was also evaluated.  Our results 
demonstrated that vitamin D3 can induce the mRNA 
expression of cathelicidin LL-37 in A549 cell in time 
dependent fashion within 24 h while the cytotoxicity 
of vitamin D3 treated A549 cell had not been found.  

 
Objective  

The aim of this study was to investigate cell 
cytotoxicity of vitamin D3 to A549 cells and study the 
effect of vitamin D3 – mediated cathelicidin LL-37 
mRNA expression in A549 cell. 
 
Methodology  
 Cell culture 
Human respiratory epithelial cell line (A549, ATCC® 
CCL-185™) was cultured in RPMI (Gibco®, CA) 
supplemented with 10% fetal bovine serum (Gibco®, 
CA) and incubated at 37oC, in 5% CO2 atmosphere. 
Confluent cells were trypsinized by 0.25% EDTA 
trypsin (Gibco®, CA). 

The cytotoxicity assay  
The cytotoxicity of vitamin D3 to A549 cell 

line was determined using MTT assay.  Triplicate 
wells of A549 at approximately 2.5x104 cells/well 
were treated with vitamin D3 (Sigma–Aldrich, MO) at 
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10-8, 10-7, 10-6 M for 0, 12, 24, or 48 h.  Ethanol was 
the solvent of vitamin D3 and used as the control. At 
the completion of vitamin D3 treatment, MTT 
solution (0.5 mg/mL in PBS) was added to each 
sample. After a 4 h incubation period (37˚C, 5% 
CO2), the intracellular MTT formazan crystals were 
dissolved in dimethyl sulfoxide (DMSO). Optical 
densities were measured at 540 nm in a micro-plate 
reader.  DMSO was used as blank values on each 
plate.  The proliferation index (PI) was calculated 
using the following equation. 

Primers and reverse transcriptase PCR assay  
The effect of vitamin D3 – mediated 

cathelicidin LL-37 mRNA expression in A549 cell 
was determined using RT-PCR. The A549 cells were 
treated with vitamin D3 (Sigma–Aldrich, MO) at 10-6 
M for 0, 12, 24, or 48 h and ethanol was used as the 
control. Total RNA of treated and control A549 cells 
were extracted using Trizol® reagent (Life – 
technology, CA) and RNA concentrations were 
quantified by OD260. GAPDH (Glyceraldehyde 3-
phosphate dehydrogenase) and LL-37 cDNA 
synthesis was performed by reverse transcriptase PCR 
(RT-PCR) using M-MLV reverse transcriptase 
(Promega, CA) with oligo(dT) primers (Promega, 
CA) .  PCR amplification of GAPDH and LL-37 
genes were carried out by PCR with specific primers, 
designed by Primer3 software (Table 1).  The PCR 
products were analyzed by 2.0% agarose gel 
electrophoresis.  Control reactions without reverse 
transcriptase were carried out to demonstrate no 
nonspecific amplification. 

Table 1 Sequences of primers used for PCR 
amplification of cathelicidin LL-37 and 
GAPDH genes. 

Gene Primer sequences (5’-3’) Product 
size 
(bp) 

LL-37 F’ CTAGAGGGAGGCAGACATGG 201 
R’ AGGAGGCGGTAGAGGTTAGC 

GAPDH F’ : GAGTCCACTGGCGTCTTCA 190 
R’ : GGGGTGCTAAGCAGTTGGT 

 
Semi-quantitative RT-PCR 
The photographs of PCR products on 

agarose gel were scanned and the intensity of each 
band was evaluated by using Image J software 
(National Institutes of Health, Maryland, USA). 
Briefly,  the band intensity was evaluated by initially 
crop only at PCR product band and showed the result 
as the curve.  The peak level of curve was shown as 
an intensity of band based on minimum background 
and edge setting.  The data obtained was represented 
the intensity of each band.  The value is the ratio of 
the band intensity of LL-37 PCR-product 
corresponding with the GAPDH PCR-product in each 
time point.  

Statistical analyses   
Statistical analysis was performed using  

SPSS  version  19.0  statistical package  (IBM Corp., 
NY).  Data were analyzed for statistical significance 
by the independent Student’s t- test.  Differences with 
P values of < 0.05 were designated to be statistically 
significant. 
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Result 
The cytotoxicity of vitamin D3 to the 

viability of A549 cells 
 The cytotoxicity of vitamin D3 to A549 cells 
was investigated by measuring intracellular MTT 
formazan crystals that were produced by living cells.  
The MTT results were presented proliferation index 
(PI) values, related to the proliferation of A549 cell in 
the define conditions.  The result demonstrated that 
the PI of A549 cells treated with all concentrations of 
vitamin D3 (10-8, 10-7, 10-6 M) for 0, 12, 24, and 48 h 
were not significantly different as shown in figure 1. 

 

 
Figure 1 The proliferation index (PI) of treated 

A549 cells with 10-8, 10-7, 10-6 M vitamin 
D3 for 0, 12, 24, 48 h.  Data are presented 
as the mean and standard deviation of two 
independent experiments carried out in 
triplicate. 

 

The effect of vitamin D3-mediated human 
antimicrobial peptide LL-37 mRNA expression in 
human lung epithelial cell (A549).  

To determine the effect of vitamin D3-
mediated human antimicrobial peptide LL-37 mRNA 
expression in A549 cells, RT-PCR was performed. 
The results revealed that the expression of LL-37 
mRNA of 10-6 M vitamin D3 pre-treated A549 cells 
was up-regulated after 12 h of incubation time              
(Fig 2).  To confirm the expression of LL-37 mRNA, 

the band intensity ratio between LL-37 and GAPDH 
was analyzed using ImageJ software.  The result 
showed that LL-37 mRNA was up – regulated after 
12 h exposure and highest up – regulated after 24 h 
exposure before lessen at 48 h (Fig 3).  The results 
suggested that the optimal pre- treated incubation 
time for highest LL-37 mRNA expression is 24 h. 

Figure 2  The patterns of GAPDH and LL-37 
cathelicidin expression in untreated cell 
(U), 10-6 M vitamin D3 treated cell (V), 
or ethanol treated cell (E) at 0, 12, 24 
and 48 h. The total RNA was converted 
to cDNA by RT-PCR and the cDNA 
was amplified by PCR. The PCR 
products were electrophoresed on a 2.0 
% agarose gel, stained with ethidium 
bromide and visualized under UV light. 

 
 

 
 
Figure 3 The relative levels of LL-37 cathelicidin 

mRNA expression in A549 cells treated 
with vitamin D3 at concentration of   10-6 
M for 0, 12, 24 and 48 h. The data 
represent the mean of the ratio of LL-37 
cathelicidin to GAPDH expression. Data 
are presented as the mean and standard 
deviation of two independent experiments 
carried out in duplicate.  *P < 0.05 
compared with negative control and 
untreated A549 culture cell. 
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Discussion and conclusion 
The hormonal form of vitamin D3, 

[1,25(OH)2D3] have been reported as a strong inducer 
of LL-37 expression in monocytes/macrophage 
(Gombart et al., 2005). However, the effect of vitamin 
D3 to endogenous LL-37 in lung epithelial cells has 
not been demonstrated. Thus, in this study, we 
studied the cytotoxicity of various concentrations of 
vitamin D3 (10-8, 10-7, 10-6 M) to A549 cells.  The 
result showed that all concentrations of vitamin D3 
have no cytotoxicity effect to A549 cells (Figure 1).  
Similar result has been found for human oral 
epithelial cells (OKF6/TERT2) with 10-7 and 10-6 M 
of vitamin D3 (Wang et al., 2013).  Then, the highest 
concentration of vitamin D3 (10-6 M) was selected for 
investigating the effects to mediated LL-37 mRNA 
expression in A549 cell line. The results 
demonstrated that 10-6 M of vitamin D3 can induce the 
expression of LL-37 cathelicidin mRNA in a time 
dependent manner after 12 h and highest up regulated 
after 24 h before lessen at 48 h (Figure 3).  The same 
way as previous reported in THP-1 cell, treatment of 
vitamin D3 at 10-9, 10-8, and 10-7 M in THP-1 could 
mediate the up regulation of LL-37 mRNA in a dose 
dependent manner after 18 h exposure (Liu et al., 
2007). However, the difference of vitamin D3 
concentrations and exposure time between 2 
experiments exhibited the difference results of LL-37 
mRNA expression.  In THP-1 cells, 10-7 M of vitamin 
D3 can induce the highest expression of LL-37 
mRNA within 18 h, while the highest expression of 
LL-37 mRNA in the A549 cells was shown in 10-6 M 
vitamin D3 within 24 h.  Thus, the slower expression 
of LL-37 mRNA with the higher concentration of 
vitamin D3 in A549 cells (epithelial cells) compared 
with THP-1 cells (immune cells) may cause by the 

difference of cell types that can affect the exposure 
time and concentration of vitamin D3 to cells.  

Accordingly, these findings may provide 
the understanding of vitamin D3 and LL-37 in the 
A549 cell and it may enlarge the opportunity to create 
the new strategy for prevention and treatment of 
bacterial respiratory infection. Conversely, the 
expression of cathelicidin LL-37 protein and the 
antimicrobial activity of LL-37 to kill the bacterial 
pathogens that cause lower respiratory tract diseases 
are essential for further study. 
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