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Abstract: Smoking is a well-known risk factor for many systemic diseases and oral disorders. Smoking has been rec-
ognized to cause diminished defense, persistent inflammation and result in disease development. Nucleotide bind-
ing oligomerization domain 1 (NOD1) signal pathway plays a key role in innate immune and tissue homeostasis. Our 
recent studies confirmed that cigarette smoke extract (CSE) could inhibit NOD1 expression and affect expression 
levels of crucial molecules of NOD1 signaling in oral mucosal epithelial cells. In the present study, immortalized hu-
man oral mucosal epithelial (Leuk-1) cells were treated with CSE, iE-DAP (NOD1 agonist), CSE + iE-DAP, respectively. 
Western blotting analysis demonstrated that iE-DAP triggered NOD1 expression of leuk-1 cells in a dose-dependent 
manner. iE-DAP also reversed the suppressive effect of CSE on NOD1 expression and prevented the overactivation 
of RIP2 and P-NF-κB following CSE exposure. Real-time PCR and ELISA results confirmed that iE-DAP reversed CSE-
mediated effects on the mRNA levels and releases of IL-6, IL-8, TNF-α and IFN-γ by Leuk-1 cells. Taken together, our 
results indicated that NOD1 activation with iE-DAP could reverse CSE-mediated effects on NOD1 signaling in human 
oral mucosal epithelial cells.
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Introduction 

Cigarette smoking is well-known as a major risk 
factor in the development of various systemic 
diseases, including chronic obstructive pulmo-
nary disease (COPD), cardiovascular diseases 
and cancer [1-4]. Cigarette smoking is also a 
recognized risk factor for oral disorders, such 
as oral cancer, oral leukoplakia and periodontal 
disease [5]. Cigarette smoke is a mixture of 
thousands of chemicals generated upon the 
burning or heating of tobacco leaves, many of 
which are cytotoxic, mutagenic, teratogenic or 
oncogenic [6]. 

In oral cavity, the epithelium is the first line of 
defense that encounters cigarette smoke and 
pathogens. These epithelial cells not only serve 
as a physical barrier, but also actively respond 
to microbes by producing cytokines, chemo-
kines, inflammatory mediators, as well as anti-
microbial peptides. Previous studies show oral 
epithelial cells can express pattern recognition 

receptors (PRR), such as Toll-like receptors 
(TLRs) and NOD-like receptors (NODs), which 
“sense” microorganisms and cellular damage 
by recognizing specific molecules through pa- 
thogen-associated pattern recognition (PAMP) 
and danger-associated pattern recognition 
(DAMP) [7-9]. 

As one of the best characterized members in 
NLR family, nucleotide-binding oligomerization 
domain 1 (NOD1) recognizes breakdown prod-
ucts of peptidoglycan (PGN). Once activated, 
NOD1 undergoes a conformational modifica-
tion that allows the recruitment and activation 
of receptor-interacting protein 2 (RIP2), result-
ing in nuclear factor κB (NF-κB) activation and 
initiation of downstream gene transcription. A 
number of studies have demonstrated that 
NOD1 is a prominent molecule of innate im- 
mune and inflammatory response [7, 8, 10-13].

An early study has determined that NOD1 can 
be activated by γ-D-glutamyl-meso-diaminopi- 
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melic acid (iE-DAP), a motif uniquely present in 
Gram-negative bacilli and particular Gram-
positive bacteria [11]. Some previous reports 
also revealed that iE-DAP can induce innate 
and adaptive immune responses [14-16]. Our 
previous studies indicated that cigarette smoke 
extract (CSE) could suppress NOD1 expression 
and modulate NOD1 signal pathway in human 
oral mucosal epithelial cells [17, 18]. Our 
results also confirmed that NOD1 agonist iE-
DAP could reverse CSE-mediated effects on the 
levels of human β defensin (hBD)-1, -2, and -3, 
several key antimicrobial peptides [18]. Herein 
we hypothesize that iE-DAP could abrogate the 
inhibition of NOD1 expression by CSE exposure, 
thus to reverse the effects of CSE on some 
downstream cytokines of NOD1 signal pathway. 
In the present study, we investigated the regu-
latory role of iE-DAP in effects of CSE on NOD1 
signal pathway in human oral mucosal epitheli-
al cells.

Materials and methods

Reagents

Keratinocyte Serum-Free Medium (K-SFM) was 
purchased from GIBCO (Invitrogen, Carlsbad, 
CA, USA). Thiazolyl blue tetrazolium bromide 
(MTT) was purchased from Sigma (St. Louis, 
MO, USA). Phosphatase inhibitor cocktail was 
purchased from Roche (Mannheim, Germany), 
protease inhibitor cocktail was purchased from 
Fermentas UAB (Vilnius, Lithuania) and protein 
assay reagent and an enhanced chemilumines-
cent (ECL) kit were purchased from Pierce 
(Rockford, IL, USA). The following primary anti-
bodies were used: rabbit anti-NOD1 antibody, 
mouse anti-RIP2 antibody and rabbit anti-P-NF-
kB (p-p65) antibody were purchased from 
Abcam (Cambridge, UK) and rabbit anti-GAPDH 
antibody was purchased from Cell Signaling 
(Danvers, MA, USA). The peptidoglycan (PNG)-
like molecules iE-DAP (γ-D-glutamyl-meso-
diaminopimelic acid) and the negative control 
compounds iE-Lys (γ-D-glutamyl-Lysine) (all 
with endotoxin levels < 0.125 EU/ml) were pur-
chased from InvivoGen (San Diego, California, 
USA). TRIzol reagent was purchased from 
Invitrogen (Carlsbad, CA, USA). RevertAid First 
Strand cDNA synthesis kit was purchased from 
Thermo (Waltham, MA, USA), and SYBR Green 
PCR Master Mix was purchased from Roche 
(Mannheim, Germany). Enzyme-linked immuno-
sorbent assay (ELISA) kits were purchased 
from R&D Systems (Minneapolis, MN, USA). 

Cell culture 

Immortalized human oral mucosal epithelial 
(Leuk-1) cell line was a generous gift from 
Professor Li Mao at Department of Oncology 
and Diagnostic Sciences, University of Maryland 
Dental School, Baltimore, MD. The cells were 
expanded and passaged in K-SFM. This medi-
um was supplemented with BPE (25 mg/ml), 
epidermal growth factor (0.2 ng/ml), CaCl2 (0.4 
mM). Fresh media were replenished every 2-3 
days. The passaged cells were cultured in 37°C 
humidified air incubators with 5% CO2. Cells 
were routinely cultured until 70% confluency, 
and trypsinized with 0.25% trypsin/0.02 EDTA 
solution.

Preparation of cigarette smoke extract (CSE)

Research-grade cigarettes (3R4F) were obta- 
ined from the Tobacco Research Institute, 
University of Kentucky (Lexington, KY, USA). 
CSE was prepared as previously described. 
Four cigarettes were bubbled through 40 ml of 
cell growth medium, and the stock solution 
(denoted 100% CSE) was diluted and used to 
stimulate cells at different final concentrations. 
CSE was freshly made, diluted and applied to 
cell cultures within 30 min of preparation.

Cell viability assay

Cell viability was determined by MTT assay as 
previously described [18]. Leuk-1 cells were 
cultured in 96-well plates at a density of 1×105 
cells/ml and then were treated with various 
concentrations (0, 1%, 2%, 4%, 8%, 16% and 
32%) of CSE or with different concentrations  
(0, 0.1, 1, 10, 50, 100 and 1000 μg/ml) of 
NOD1 agonist iE-DAP for 24 h at 37°C and 5% 
CO2 atmosphere. Ten microlitres of MTT solu-
tion (5 mg/ml in phosphate buffered-saline) 
was added into wells and incubated at 37°C in 
a 5% CO2 atmosphere for 4 h. Then the medium 
was aspirated, and 150 microlitres of DMSO 
was added and the plate was shaken to dis-
solve the formazan crystals. Absorbance was 
determined by using a multiplate reader (Bio-
Rad 680, Hercules, CA, USA) at a wavelength of 
570 nm. 

NOD1 activation assay

NOD1 activation assay was performed as previ-
ously described [15]. Briefly, Leuk-1 cells were 
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treated with various concentrations (0, 0.1, 1, 
10, 50, and 100 μg/ml) of iE-DAP for 24 h. Then 
the total cellular protein was extracted and 
Western blotting was conducted. The relative 
level of NOD1 was determined by being normal-
ized to that of GAPDH.  

CSE and iE-DAP treatment

Leuk-1 cells were prepared as detailed above 
and the cell cultures were divided into four 
groups. And one half was treated with 4% CSE, 
while another half untreated. After 24 h, the 
medium was discarded and cells were then 
either treated with 50 μg/ml iE-DAP or 50 μg/
ml iE-Lys (negative control) for another 24 h. 
Leuk-1 cells and the supernatant were subse-
quently collected for following experiments. 

Western blotting

The cells were washed two times with ice-cold 
PBS and lysed in ice-cold lysis buffer contain-
ing 1% Nonidet P-40, 0.5% deoxycholate, 0.1% 
SDS, protease inhibitor cocktail, and phospha-
tase inhibitor cocktail. The lysates were incu-
bated on ice for 30 min and centrifuged at 
14,000 g for 10 min at 4°C to remove cell 
debris. The protein concentration was mea-
sured and the Western blotting was performed 
under the denaturing conditions. A sample of 
protein (20 mg) from the cell lysates was sepa-
rated by SDS-PAGE in 10% polyacrylamide gel 
and transferred to polyvinylidene difluoride 
membranes (Millipore, Bedford, MA) by wet 
electroblotting, which were further blocked in 
with 5% bovine serum albumin (BSA) in PBS-
0.1% Tween 20 (PBST) for 1 h at room tempera-
ture (RT). Incubation with the primary antibod-
ies (NOD1, RIP2, p-NF- kB diluted 1:1000 and 
GAPDH antibodies diluted 1:5000 with PBST 
containing 5% BSA) overnight at 4°C, and incu-
bation with horseradish peroxidase-conjugated 
secondary antibodies (5,000-fold diluted with 
PBST containing 5% BSA) was conducted at RT 
for 1 h. Following washing with PBST, Im- 
munostained protein bands were detected by 
using an enhanced chemiluminescence (ECL) 
assay kit and were visualized on FluorChem FC2 
system (Cell Biosciences, Santa Clara, CA). 
Densitometric analyses of bands were per-
formed using Image J software (http://rsb.info.
nih.gov/ij/) and the data of target proteins were 
normalized to that of GAPDH.

Quantitative RT-PCR

Total RNA was extracted using TRIzol as 
described by the manufacturer according to the 
manufacturer’s instructions, and 2 μg of RNA 
was used to synthesize first-strand cDNA syn-
thesis in 20 μl of reaction volume using the 
RevertAid First Strand cDNA Synthesis Kit 
according to the manufacturer’s protocol. The 
primers used for the PCR amplifications are 
listed as follows: IL-6: 5’-AAA TTC GGT ACA TCC 
TCG ACG G-3’, 5’-GGA AGG TTC AGG TTG TTT 
TCT GC-3’; IL-8: 5’-TCC TGA TTT CTG CAG CTC TG 
-3’, 5’-GTC CAC TCT CAA TCA CTC TCA G-3’; TNF-
α: 5’-CTA TCT GGG AGG GGT CTT CC-3’, 5’-ATG 
TTC GTC CTC CTC ACA GG-3’; IFN-γ: 5’-ATC CCA 
TGG GTT GTG TGT TT-3’, 5’-CAA ACC GGC AGT 
AAC TGG AT-3’; GAPDH: 5’-GCA CCG TCA AGG 
CTG AGA AC-3’, 5’-TGG TGA AGA CGC CAG TGG 
A-3’. The cDNA was amplified using the SYBR 
Green PCR Master Mix and Real-time PCR anal-
yses ware performed using an ABI Prism 7300 
sequence detection system (Applied Biosys- 
tems). Amplification conditions were as follows: 
50°C for 2 min, 95°C for 10 min, 40 cycles of 
95°C for 15 s, 58°C for 30 s, and 72°C for 30 
s, followed by melting curve analysis, by which 
the specificity of primers was confirmed. The 
data were normalized to GAPDH and expressed 
as relative mRNA levels. Fold changes in gene 
expression were calculated by a comparative 
threshold cycle (Ct) method using the formula 
2-(∆∆Ct).

Enzyme-linked immunosorbent assay (ELISA)

The supernatants of cell cultures were asse- 
ssed for IL-6, IL-8, TNF-α and IFN-γ production 
by ELISA kits according to the manufacturer’s 
protocol. 

Statistical analyses

Statistical analyses were performed using 
SPSS 15.0 (Chicago, IL). Data expressed as 
mean ± SE. Statistical significance (P<0.05) 
was determined using the unpaired t-test for 
differences between groups. 

Results

Influences of CSE or iE-DAP on cell viability 

The influences of various concentrations of 
CSE or iE-DAP on the viability of Leuk-1 cells 
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were assessed by MTT assay. As Figure 1 
shown, the treatment of cells with 1%~16% 
CSE for 24 h did not remarkably decrease the 
cell viability and the treatment of cells with 0.1 
μg/ml~100 μg/ml iE-DAP for 24 h did not sig-
nificantly alter the cell viability. However, the 
treatment with 32% CSE or 1000 μg/ml iE-DAP 
for 24 h prominently reduce the cell viability. 
Therefore, our results indicated that relatively 
low concentrations of CSE or iE-DAP had no sig-
nificant influence on cell viability.

iE-DAP triggered NOD1 expression of leuk-1 
cells in a dose-dependent manner 

NOD1 expression in leuk-1 cells was gradually 
triggered by iE-DAP in a dose-dependent man-
ner. Treatment of cells with 0.1, 1, 10, 50 and 
100 μg/ml iE-DAP for 24 h clearly augmented 
NOD1 expression compared with the control. 
The level of NOD1 reached the peak at 24 h fol-
lowing the treatment with iE-DAP of 50 μg/ml 
concentration (Figure 2). Therefore 50 μg/ml 
was identified as the optimum concentration  
of iE-DAP which was used in the following ex- 
periments. 

iE-DAP reversed the suppressive effect of CSE 
on NOD1 expression and prevented the over-
activation of RIP2 and P-NF-κB following CSE 
exposure

To determine whether NOD1 activation could 
modulate CSE-mediated expression changes of 
crucial molecules in NOD1 signal pathway, 
Leuk-1 cells were treated with 4% CSE for 24 h 
and 50 μg/ml iE-DAP for another 24 h. CSE 
treatment significantly inhibited NOD1 expres-
sion in Leuk-1 cells. Interestingly, the suppres-
sive effect of CSE on NOD1 expression was 
prominently reversed following iE-DAP treat-
ment (Figure 3A and 3B). We next examined 
whether NOD1 activation could regulate CSE-
mediated expression changes of other crucial 
molecules in NOD1 signaling. CSE treatment 
remarkably increased RIP2 and P-NF-κB levels 
in Leuk-1 cells. Compared with the control, iE-

Figure 1. Influences of different concentrations of CSE or iE-DAP on the viability of Leuk-1 cells by MTT assay. A. 
Treatment of Leuk-1 cells with 50 μg/ml iE-DAP for 24 h did not significantly alter the cell viability. B. Treatment of 
Leuk-1 cells with 4% CSE for 24 h did not clearly reduce the cell viability. Relative cell viability was represented as 
means ± SE (n = 4). Statistical significance: *P < 0.05, ***P < 0.001, vs. control.

Figure 2. iE-DAP triggered NOD1 expression of leuk-1 
cells in a dose-dependent manner. A. Representative 
immunoblot bands of NOD1. B. Density analyses of 
bands indicated that treatment of cells with 0.1, 1, 
10, 50 and 100 μg/ml iE-DAP for 24 h clearly en-
hanced NOD1 expression. Following 50 μg/ml iE-DAP 
treatment for 24 h, NOD1 expression reached the 
peak level. Density data of bands were represented 
as means ± SE (n = 3). Statistical significance: *P < 
0.05, **P < 0.01, ***P < 0.001, vs. control.
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DAP-treated cells also expressed significantly 
higher levels of RIP2 and P-NF-κB. However, the 
combination of CSE stimulation with iE-DAP 
treatment prevented the further enhancement 
of RIP2 and P-NF-κB levels (Figure 3A-D). Taken 
together, iE-DAP reversed the inhibitory effect 
of CSE on NOD1 expression and prevented the 
overactivation of RIP2 and P-NF-κB due to CSE 
exposure.

CSE upregulated levels of IL-6, IL-8 and TNF-α 
and downregulated IFN-γ level

In the present study, the qPCR data indicated 
that treatment with CSE for 24 h markedly 
upregulated mRNA levels of IL-6, IL-8 and TNF-α 
and downregulated IFN-γ mRNA level in Leuk-1 

cells (Figure 4). The ELISA results also showed 
the same significant changes. The releases of 
IL-6, IL-8 and TNF-α clearly increased and IFN-γ 
release remarkably decreased in the superna-
tant of Leuk-1 cells following CSE treatment for 
24 h (Figure 5). 

iE-DAP enhanced the levels of IL-6, TNF-α and 
IFN-γ by Leuk-1 cells

Our results indicated that iE-DAP remarkably 
augmented the gene expression and release of 
IL-6, TNF-α and IFN-γ by Leuk-1 cells. However, 
iE-DAP markedly diminished mRNA level of IL-8 
in Leuk-1 cells and did not conspicuously affect 
the production of IL-8 at protein level (Figures 4 
and 5).

Figure 3. iE-DAP treatment reversed the inhibitory effect of CSE on NOD1 expression and prevented the overactiva-
tion of RIP2 and P-NF-κB following CSE exposure. A. Representative immunoblot bands of NOD1, RIP2 and P-NF-κB. 
B. Density analyses of bands indicated that CSE significantly inhibited NOD1 expression in Leuk-1 cells and iE-DAP 
treatment prominently reversed the suppressive effect of CSE on NOD1 expression. C, D. CSE treatment remarkably 
increased RIP2 and P-NF-κB levels in Leuk-1 cells. However, the combination of CSE exposure with iE-DAP treatment 
did not contribute to the further enhancement of RIP2 and P-NF-κB levels. Density data of bands were expressed as 
means ± SE (n = 3). Statistical significance: **P < 0.01, ***P < 0.001.
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iE-DAP reversed CSE-mediated effects on the 
mRNA levels and releases of IL-6, IL-8, TNF-α 
and IFN-γ by Leuk-1 cells

To clarify effects of iE-DAP on CSE-mediated 
alteration of IL-6, IL-8, TNF-α and IFN-γ levels, 
Leuk-1 cells were treated with CSE and iE-DAP, 
either alone or in combination with each other. 
Our data indicated that treatment of Leuk-1 
cells with iE-DAP significantly abrogated the 
induction of CSE on mRNA levels of IL-6, IL-8 
and TNF-α (Figure 4A-C). Whereas iE-DAP treat-
ment clearly eliminated the inhibition of CSE on 
IFN-γ mRNA level (Figure 4D). iE-DAP treatment 
markedly removed the activation of CSE on 
releases of IL-6, IL-8, TNF-α and abolished the 
suppression of CSE on IFN-γ release (Figure 5). 

In short, our current data showed that NOD1 
agonist iE-DAP reserved CSE-mediated effects 
on IL-6, IL-8, TNF-α and IFN-γ levels.

Discussion

Many studies have demonstrated that various 
cell types including oral epithelial cells express 
NOD1, which plays an important role in innate 
immune and inflammatory response [7, 8, 19]. 
Some data in the literature confirmed that 
NOD1 agonist iE-DAP could augment NOD1 
expression in a dose-dependent manner [15]. 
Our present results also supported the finding.

Our recent studies confirmed that CSE could 
inhibit NOD1 expression in oral mucosal epithe-

Figure 4. iE-DAP treatment reversed the effects of CSE on the mRNA levels of IL-6, IL-8, TNF-α and IFN-γ in Leuk-1 
cells. A-C. Treatment of cells with iE-DAP significantly abrogated the induced effect of CSE on mRNA expression of 
IL-6, IL-8 and TNF-α. D. iE-DAP treatment remarkably reversed the inhibitory effect of CSE on IFN-γ mRNA level. The 
relative mRNA levels were expressed as means ± SE (n = 3). Statistical significance: *P < 0.05, **P < 0.01, ***P 
< 0.001.
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lial cells [17, 18]. Our data also suggested that 
NOD1 expression decreased in oral mucosa of 
smokers compared with that of nonsmokers 
[18]. In the present study, our results for the 
first time determined that iE-DAP could reverse 
the inhibitory effect of CSE on NOD1 expres-
sion in oral mucosal epithelial cells. We previ-
ously reported that the reduced NOD1 expres-
sion is significantly associated with oral squa-
mous cell carcinoma (OSCC) progression [20]. 
All the evidences could link the suppressive 
effect of smoking on NOD1 expression to the 
occurrence and development of some oral dis-
eases, while iE-DAP could potentially be used to 
treat and prevent these diseases in future. 

Consistent to the results from previous studies, 
our present data showed that NOD1 stimula-
tion with iE-DAP could increase RIP2 and P-NF-
κB expression [13, 15, 21]. Previously, our 

results suggested that RIP2 and P-NF-κB 
expression increased in human oral mucosal 
epithelial cells following CSE exposure [17, 18]. 
Our present results further indicated that NOD1 
activation with iE-DAP prevented the overacti-
vation of RIP2 and P-NF-κB due to CSE expo-
sure. Moreover our current data showed that 
iE-DAP reserved effects of CSE on IL-6, IL-8, 
TNF-α and IFN-γ levels. Recently, we reported 
that the activation of NOD1 by iE-DAP could 
reversed the effects of CSE on hBD-1, -2, and 
-3 levels of oral mucosal epithelial cells [18]. 
NOD1 activation is subtly modulated by a nega-
tive autocrine feedback system, in which NOD1-
regulated effectors concomitantly inhibit the 
downstream effects of NOD1 activation [22, 
23].

It has been confirmed that cigarette smoke or 
CSE exposure could increase the production  

Figure 5. iE-DAP treatment reversed the impacts of CSE on the releases of IL-6, IL-8, TNF-α and IFN-γ from Leuk-1 
cells. A-C. Treatment of Leuk-1 cells with iE-DAP conspicuously removed the activated effect of CSE on the releases 
of IL-6, IL-8 and TNF-α. D. Treatment of Leuk-1 cells with iE-DAP markedly abolished the suppressive effect of CSE 
on IFN-γ release. The ELISA data were expressed as means ± SE (n = 3). Statistical significance: *P < 0.05, **P < 
0.01, ***P < 0.001.
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of proinflammatory cytokines in aerodigestive 
cells [2, 24]. Nevertheless smoking appears to 
inhibit innate immune and host defense against 
microbial infection while promoting or ampli- 
fying inflammatory reactions [24-27]. These 
effects of smoking could result in disruption of 
tissue homeostasis, duration of inflammatory 
response and diminished anti-microbial func-
tions, which may partially explain the higher 
likelihood of smokers to develop colonization, 
invasion of pathogens, subsequent infection 
and chronic inflammation [28, 29]. 

NOD1 activation could induce both innate 
immune and inflammatory response, charac-
terized by the production of cytokines, chemo-
kines and antimicrobial peptides. Among these 
downstream productions, some are proinflam-
matory, such as IL-6, IL-8, TNF-α and hBD-2, 
while others are not, such as IFN-γ and hBD-1. 
A short- or long-term exposure to cigarette 
smoke could result in the attenuation of innate 
immune and overactivation of inflammatory 
response. Taken these factors into account, it 
is especially crucial to keep the balance 
between innate immune and inflammatory 
response, which contributes to efficient clear-
ance of pathogens, not to lead to excessive 
inflammatory damages. 

Although effects of iE-DAP on cytokine produc-
tion have been widely focused in the literature, 
study data are somewhat in conflict. It was 
reported that iE-DAP could activate various 
human epithelial cells to produce anti-microbial 
peptides, but not proinflammatory cytokines, 
such as IL-6 and IL-8 [7, 8, 19, 30]. While it was 
also found that NOD1 activation induces the 
production of proinflammatory cytokines in 
human intestinal epithelial cells, dental pulp 
fibroblasts, adipocytes and trophoblast cells [8, 
11, 15, 31-33]. Our present study showed that 
iE-DAP could lead to the up-regulation of IL-6, 
TNF-α and IFN-γ in oral mucosal epithelial cells. 
However, iE-DAP downregulated mRNA level of 
IL-8 and did not increase the production of IL-8 
in the present study. These differential results 
could be explained with different types of cell 
lines used in these studies, durations and con-
centrations of iE-DAP treatment.

It has been reported that iE-DAP has the poten-
tial as immunomodulators in particulate vac-
cine carriers [34]. A most recent study indicat-
ed that the preactivation of NOD1 with iE-DAP 
before bacterial challenge could suppress the 

inflammation and cancer lesion in the stomach 
of Mongolian gerbils in response to H. pylori 
[23]. The present results indicated that iE-DAP 
could antagonize CSE-mediated effects on 
NOD1 signaling and downstream effectors to a 
certain extent. These findings provide a new 
insight into regulatory effects of iE-DAP on 
smoking-induced dysfunction of innate immune 
and inflammatory response. Therefore, iE-DAP 
could be potentially used for the improvement 
of treatment and prevention of some smoking-
related aerodigestive diseases in future. 
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