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Letter to the Editor
CpG oligodeoxynucleotides enhance airway epithelial barrier integrity
Dear Editor,

Asthma is a common chronic disorder of the airways and in-
volves a complex interaction of airflow obstruction, bronchial
hyperresponsiveness, and airway remodeling.1 In recent years,
functional disturbances in the airway epithelial barrier have
been suggested to be involved in the development and exacerba-
tion of asthma.2,3 Environmental factors, such as allergens, vi-
ruses, and air pollutants, cause repeated airway inflammation
and direct epithelial injuries, which lead to the disruption of
the barrier functions of the airway epithelium. The functional
disturbance in the airway epithelial cells as a physical barrier
plays a critical role in the development and progression of
allergic inflammation.2,3

Previously, we reported that the activation of the Toll-like recep-
tor 3 (TLR3)-mediated signaling pathway by double-stranded RNA
(dsRNA) impairs the epithelial barrier function.4,5 RNA virus infec-
tion is believed to be involved in the pathogenesis of bronchial
asthma.1 TLR3 activation has been suggested to be mechanistically
related not only to the production of cytokines, such as TSLP, IL-33,
and IL-25, but also to the impaired barrier function.4 In addition,
TLR9 agonists have demonstrated substantial potential as vaccine
adjuvants for treating allergic diseases, including asthma.
Commonly referred to as CpG oligodeoxynucleotides (ODN), TLR9
agonists directly induce the activation andmaturation of plasmacy-
toid dendritic cells and enhance the differentiation of B cells into
antibody-secreting plasma cells. Preclinical and early clinical data
support the use of TLR9 agonists as vaccine adjuvants, which can
enhance the responses to diverse antigens.6 The benefits of CpG
ODN have been shown in multiple rodent and primate models of
asthma7 and other allergic diseases, with encouraging results ob-
tained in some early clinical trials.7e9

In the present study, we investigated the effect of CpG ODN on
the airway epithelial barrier integrity. Transformed human bron-
chial epithelial (16HBE140�, abbreviated as 16HBE) cells were
kindly donated by Dr Dieter C. Gruenert (University of California,
San Francisco, USA). Primary cultured normal bronchial epithelial
(NBE) cells and 16HBE cells were cultured in a Transwell chamber
(Corning Costar, Lowell, MA, USA) for 24 h and for an additional 3
days in the presence of 1.25e5 mM CpG ODN (SigmaeAldrich, St.
Louis, MO, USA), a synthetic DNA. The epithelial barrier function
was assessed by measuring the transepithelial electrical resis-
tance (TER) using Millicell TER (Millipore, Billerica, MA, USA).
Permeability was measured using 4 kDa fluorescein
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isothiocyanateedextran (FITCedextran), and apparent perme-
ability coefficients were calculated (Papp in cm/s).10,11

CpG ODN treatment did not affect the proliferation or viability
of 16HBE cells (data not shown). There are three main types of
CpG ODNs, which mimic the immunostimulatory activity of bac-
terial DNA, and are recognized as A-, B-, and C-class ODNs. Previ-
ous studies have reported that C-class ODNs possess the most
efficient properties of B-cell activation with IFN-a secretion
compared with A- and B-class ODNs.12 The treatment of three
types of CpG ODNs (ODN2216, ODN2006, and ODN2395) on
16HBE cells dose-dependently increased TER (Fig. 1A, upper)
and decreased FITCedextran permeability (Fig. 1A, lower). Trans-
fection with TLR9-specific siRNA suppressed the poly-IC-
dependent increase of TER, revealing the critical role of TLR9 acti-
vation in the CpG ODN-induced enhancement of epithelial barrier
integrity (Fig. 1B).

In contrast to B cell activation by CpG ODNs, B-class CpG ODNs
were the most effective for the development of barrier integrity
compared with A- or C-class ODNs. The B-Class CpG ODNs contain
one or more optimal hexameric CpG motifs and are stabilized
against nuclease degradation by phosphorothioate modification.12

However, in the present study, we could not clarify the exactmolec-
ular mechanism underlying such class-associated differences in the
effects of ODNs.

To evaluate the role of CpG ODN on the epithelial barrier forma-
tion, we assessed the formation of adherens junctions (AJs) and
tight junctions (TJs) in 16HBE cell monolayers by confocal immu-
nofluorescence microscopy. After 3 days of treatment with CpG
ODN, cells were fixed and stained with anti-E-cad-specific anti-
bodies and anti-zonula occludens-1 (ZO-1) antibodies for visual-
izing AJs and TJs, respectively. ZO-1, occludin, and E-cadherin
were strongly expressed and localized as junction proteins at the
cellecell contact sites on the apical surface of CpG ODN-treated
cell monolayers compared with those in control cells (Fig. 2A). E-
cadherin, but not ZO-1 or occludin, was also expressed and local-
ized at the cellecell contact sites at the bottom of control and
CpG ODN-treated cell monolayers. The expression levels of E-cad-
herin were not different between control and CpG-treated cells
(Fig. 2A). This result suggested that CpG ODN promotes the airway
epithelial cell polarization.

Finally, we studied the effect of CpG ODNs on the primary
cultured differentiated NBE cells cultured under an aireliquid inter-
face condition. NBE cells basolaterally treated with 5 mM CpG ODN
(ODN2006) for 4 days demonstrated an increase in TER (Fig. 2 B) af-
ter subjecting to the aireliquid interface condition.

In conclusion, the progression of bronchial asthma has been
suggested to be mechanistically related to the impaired barrier
vier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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Fig. 1. Roles of CpG oligodeoxynucleotides (ODNs) on the epithelial barrier integrity. (A) Upper: human bronchial epithelial (16HBE) cells treated with control [phosphate buffered
saline (PBS)] or the indicated dose of CpG ODNs (ODN2216, ODN2006, or ODN2395), and transepithelial electrical resistance (TER) was measured 48 h after the treatment. %TER
represents percentage in reference to the control cells. (A) Lower: 16HBE cells treated with control (PBS) or the indicated dose of CpG ODNs (ODN2216, ODN2006, or ODN2395), and
TER was measured 48 h after the treatment. The vertical axis represents apparent permeability coefficients (Paap).10 (B) %TER of cells transfected with Toll-like receptor 9 (TLR9)-
specific small interfering RNA (siRNA) (siTLR9) at 48 h after the treatment with 5 mM CpG ODNs. Results are mean ± standard deviation (SD) values. Asterisks indicate a statistically
significant difference (P � 0.05) compared with the control.

Fig. 2. (A) Changes in the expression of adherens junction and tight junction molecules after CpG oligodeoxynucleotides (ODN) treatment. Immunocytochemical analysis of E-cad-
herin (E-cad) and zonula occludens-1 (ZO-1) in human bronchial epithelial (16HBE) cells. 16HBE cells were treated with 5 mM CpG ODN (ODN2006). After 48 h, cells were subjected
to immunocytochemical analysis using antibodies specific to ZO-1 (green), occludin (green), or E-cad (red). The images represent data from three independent experiments. (B)
Effect of CpG ODN (ODN2006) on the transepithelial electrical resistance (TER) of differentiated primary bronchial epithelial cells. Primary cultured bronchial epithelial cells
were cultured in a Transwell chamber with or without CpG ODN (ODN2006). Subsequently, TER was measured at days 4, 14, and 18 after subjecting the cells to aireliquid interface
(ALI) condition. TER values are expressed as mean ± standard deviation (SD). Asterisks indicate a statistically significant difference (P � 0.05) compared with the control.
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function of the epithelium. Our data suggested that CpG DNA treat-
ment can be useful for treating asthma by restoring the impaired
epithelial barrier.
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