
Cellular & Molecular Immunology                                                                                 81 
 
 

Review 

Volume 4  Number 2  April 2007 

Potential of Helper-Dependent Adenoviral Vectors in Modulating Airway 
Innate Immunity 
 
 
Rahul Kushwah1, 2, Huibi Cao1 and Jim Hu1, 2, 3 

 
Innate immune responses form the first line of defense against foreign insults and recently significant advances 
have been made in our understanding of the initiation of innate immune response along with its ability to modulate 
inflammation. In airway diseases such as asthma, COPD and cystic fibrosis, over reacting of the airway innate 
immune responses leads to cytokine imbalance and airway remodeling or damage. Helper-dependent adenoviral 
vectors have the potential to deliver genes to modulate airway innate immune responses and have many advantages 
over its predecessors. However, there still are a few limitations that need to be addressed prior to their use in 
clinical applications. Cellular & Molecular Immunology. 2007;4(2):81-89. 
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Innate immune responses and airway diseases 
 
Airways not only function as a passage for air flow, but also 
as an innate immune organ against airborne bacteria, viruses 
or other harmful particles that are inhaled and deposited in 
them. Airways are equipped with all three types of 
fundamental innate immune defenses: anatomical and 
physiological barriers, cellular internalization, and 
inflammation. As the first type of airway defense, foreign 
substances can be trapped in the layer of mucous on top of 
the airway epithelium and swept out by mucociliary action. 
The layer of epithelial cells connected by tight junctions can 
also act as a physical barrier to foreign invaders. In addition 
to the role of physical barrier, airway epithelial cells 
synthesize products such as complement, collectins, 
lysozyme, lactoferrin, secretory leukocyte protease inhibitor, 
and defensins that can lead to localized destruction of 
invading microorganisms. The second type of airway defense 
involves leukocytes such as airway macrophages and 
neutrophils that can take up and destroy invading 
microorganisms and foreign substances. In addition to airway 

defense mechanisms, an inflammatory process can be 
orchestrated by airway cells including epithelial cells and 
leukocytes. The inflammation will result in production of 
more proinflammatory cytokines or chemokines, such as 
interleukin (IL)-8 and cell adhesion molecules, such as 
intercellular adhesion molecule-1 (ICAM-1) (1), leading to 
recruitment of more neutrophils and other leukocytes to 
defend the airways.  

Airway innate immunity requires the cellular integrity of 
airway epithelium and a balanced production of pro- and 
anti-inflammatory cytokines or chemokines. Deficiency in 
epithelial cells and/or inbalance of cytokine production can 
lead to airway diseases. A typical example is the cystic 
fibrosis lung disease (2). Cystic Fibrosis (CF) is the most 
common fatal genetic disease in Caucasian populations (~1 
in 2,500 live births). CF is caused by recessive mutations of 
the Cftr gene, which encodes a transmembrane chloride 
channel expressed in the epithelium of multiple organs. 
Although multiple organs are affected in CF patients, major 
morbidity and mortality is a result of the CF lung disease. 
Classic CF lung disease presents with a progression of 
inflammation and infection, and a decline in lung function 
marked by mucopurulent plugging, bronchiectasis and 
intermittent bronchopneumonia. Although the mechanism by 
which Cftr mutations lead to CF airway disease is not 
completely understood, it has been shown that the airway 
fluid volume in CF lungs is reduced and this reduction is 
believed to impair the lung mucociliary function which is the 
first line of lung defense. In addition, CF epithelia have 
exaggerated responses to proinflammatory stimuli (3). It is 
likely that this combination of inefficient airway clearance 
and exaggerated inflammatory responses contributes to the 
excessive neutrophil infiltration in the CF lung. In other 
airway diseases, such as asthma or COPD, imbalance of 
cytokine/chemokine production is the major cause of the 
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airway remodeling, which leads to clinical complications (4). 
Since defects in airway innate immunity are caused by 

gene mutations or altered gene regulation, restoration of the 
airway innate immune response could be achieved, in theory, 
by using gene therapy. For example, gene replacement 
therapy has been attempted for patients with cystic fibrosis 
(5-8). In the case of exaggerated airway inflammation, genes 
encoding factors that downregulate inflammation, such as 
IL-10, can be delivered to the airway epithelial cells. Over 
the past few years, RNA interference (RNAi) has been shown 
to have great potential for clinical applications in knocking 
down target gene expression. RNA interference involves 
introduction of short interfering double stranded RNA with 
sequence specificity to a target gene (9-11). The small double 
stranded RNA can be chemically synthesized or expressed as 
a double stranded RNA with a hairpin like structure from a 
DNA vector delivered to target cells. Upon introduction of 
interfering RNAs in the cell, they are processed in the 
cytoplasm by an enzyme called Dicer (also a RNAIII 
endonuclease). Dicer recognizes dsRNAs, which could even 
be a hairpin structure, and cleaves them into short siRNAs, 
which are also double stranded and approximately 22 
nucleotides in length. The siRNAs are then incorporated into 
a ribonucleoprotein complex known as RNA-inducing 
silencing complex (RISC) in a single stranded form. RISC 
identifies target RNA based on nearly perfect comple- 
mentarity to the siRNA and cleaves it at a site near middle of 
complementarity. Therefore, the mRNA templates for the 
RNA being targeted are degraded. 

In this review, we provide an overview of the challenges 
associated with the use of different vectors for airway gene 
delivery and in particular we highlight the advantages of 
using helper-dependent adenoviral vectors over its earlier 
predecessors in targeting gene delivery to the airways. The 
use of helper dependent system in delivering short interfering 
RNAs to downregulate inflammation is also highlighted 
along with the physical and immunological benefits and 
challenges of using this system.  

For the last 10-15 years, there has been active research 
conducted on airway gene delivery and the vectors employed 
can be broadly divided into viral and non-viral vectors for 
gene delivery. Among the viral vectors, lentiviruses, adeno- 
associated viruses and adenoviruses have been actively 
investigated. Features of these viral vectors are summarized 
in Table 1. On the other hand, among non-viral vectors, 
cationic liposomes, glycoconjugates and transposon based 
integrating plasmid have been used as vectors for airway 

gene delivery. 
 
Non-viral vectors for airway gene therapy 
 
Cationic liposomes 
Many cationic lipid/DNA complexes have been tested for in 
vitro and in vivo gene delivery ever since Lipofectin, a 1:1 
mixture of cationic lipid DOTMA and colipid DOPE (12) 
was discovered in 1987. Cationic liposomes have been 
employed for gene delivery to the mouse lung, where gene 
expression up to 21 days was observed (13). Additionally, 
CFTR encoding plasmids have been delivered to the mouse 
lung using liposomes; some correction of the CF defect has 
been observed (14). However, a major drawback has been 
observed in gene delivery to larger animals, where gene 
expression cannot be observed for more than 7 days (15). 
Further analysis of safety profile in mice has also 
demonstrated a dose dependent increase in pulmonary 
inflammation (16). Clinical studies in humans have also 
shown that upon gene delivery to the nasal epithelium there 
is development of flu like symptoms and unfortunately, no 
vector mRNA could be detected (17). This highlights the two 
major limitations of gene delivery with cationic liposomes, 
first the toxicity and second its extremely low efficiency of 
gene transfer. 
 
Glycoconjugates 
Many receptors present on airway epithelium contain 
covalently linked carbohydrates, which can interact with 
lectins and result in vector uptake via receptor mediated 
endocytosis. The efficiency of glycoconjugate mediated gene 
therapy is determined both by specificity of the lectins 
expressed on cell surface along with lectins present inside 
cell which mediate intracellular trafficking (18). Glyco- 
conjugates have been tested for gene transfer both in vitro as 
well as in vivo models. Vectors encoding CFTR in complex 
with glycosylated polylysines have been administered to 
tracheal gland serous cells derived from CF patients with 
detectable CF expression (19). However, so far none of the 
studies have demonstrated both the efficiency of glyco- 
conjugates in mediating gene transfer, while simultaneously 
assesing the inflammatory and the safety profile of glyco- 
conjugates. 
 
Transposon based integrating plasmids 
Transposons are mobile DNA elements that can move across 

Table 1. Features of commonly used viral vectors in lung gene therapy studies 
 
Viral vector Integration into host genome Length of expression Difficulty in production Immunogenicity Insert size 
HD Ad Vector No Long term Low Moderate Up to 36 kb
FG Ad Vector No Up to 4 weeks Low High 10 kb 
AAV Yes – low frequency Long-term High Low 5 kb 
Lentivirus Yes Unknown High Unknown 8 kb 
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genome and integrate at a site through the activity of 
integrase enzymes. The theoretical benefit of transposon 
mediated gene delivery is that the therapeutic gene can be 
expressed throughout the lifetime. In particular, sleeping 
beauty transposon system belonging to Tc1/mariner 
superfamily is being investigated for airway gene therapy, 
where the integration is mediated by a sleeping beauty 
transposase which can be provided to the cells as a plasmid 
or even as mRNA (20). One of the biggest limitations is the 
size of the genetic element to be delivered, delivery of 
genetic segments 6 kb or greater, reduces transfer efficiency 
by nearly 50% (21). Another drawback is the requirement for 
sustained transposase expression. Lung gene delivery studies 
in mice have shown that transgenic animals expressing 
transposase show sustained transgene expression, whereas in 
wild type animals expression could not be seen beyond 3 
months (22). Similar to glycoconjugates, a safety profile for 
transposons has not been established and preliminary studies 
have shown that sleeping beauty transposons can mediate 
cancer development in wild type mice due to high rate of 
mobilization (23), reflecting a severe limitation with this 
approach for use in airway gene therapy. 
 
Viral vectors for airway gene therapy 
 
Lentivirus 
Lentivirus belongs to the family Retroviridae and possesses a 
single stranded RNA genome, which upon entry into the cell 
is reverse-transcribed by the viral packaged reverse 
transcriptase. Prior to the development of lentiviral systems, 
retroviruses were extensively investigated; however, studies 
were quick to report that the efficiency of retroviruses was 
dependent on the differentiation and mitotic state of the cell, 
with highest transduction efficiency achieved with maximum 
differentiation and almost no transduction in fully 
differentiated epithelium (24). Therefore, due to limitations 
associated with retroviral vectors, lentiviral vectors in 
particular the ones derived from HIV (human immuno- 
deficiency virus) and FIV (feline immunodeficiency virus) 
were investigated for airway gene therapy. In contrast to 
retroviral vectors, VSV-G pseudotyped HIV based vectors 
could efficiently transduce non-dividing epithelial cells in 
vitro (25). At the same time, the vector could be used to 
efficiently transduce undifferentiated CF derived epithelial 
cells in human bronchial xenograft model (26), resulting in 
correction of the defect. However, one limitation was that 
these vectors could only transduce airway epithelia in vivo 
when access was provided to the basolateral surface by 
opening the tight junctions (27) through the use of agents 
such as lipophosphotidylcholine (LPC) (28). Due to this 
requirement, a lot of research is being conducted to 
pseudotype lentiviral vectors with proteins that can mediate 
efficient gene delivery to the airway epithelium. 
Pseudotyping of HIV vector with envelope protein derived 
from Zaire strain of Ebola has been shown to result in 
efficient transduction of airway epithelial cells in vitro as 
well as in vivo without a requirement for opening tight 

junctions (27). However, the biggest concern is activation of 
oncogene due to random integration of the viral vector (29), 
which clearly needs to be addressed prior to its widespread 
clinical applications. 
 
Adeno-associated virus 
Adeno-associated virus belongs to the dependovirus genus 
and contains a non-pathogenic single stranded DNA genome. 
It requires a coinfection with a helper virus such as 
adenovirus or herpes-simplex virus to complete its lytic life 
cycle (30). It was one of the earliest vectors used for CF gene 
therapy and has been used successfully for CFTR delivery to 
mice as well as rabbits; CF gene expression has been 
observed for as long as 6 months (31). One of the major 
drawbacks is the limitation in the size of the transgene that 
can be packaged within the vector, and a second limitation is 
that although most studies indicate that AAV exists as an 
episome, there is some evidence suggesting that the vector 
may integrate randomly in a non-specific fashion (32). CFTR 
delivery using AAV has been conducted in rhesus macaques 
with gene expression seen for up to 6 months without any 
toxicity or inflammation (33). AAV vectors have also been 
tested in clinical trials and although the vector was tolerated 
well with no measurable adverse reaction, the period of 
vector prevalence was much lower than that observed in 
primate studies (34). Phase II clinical trials for CF gene 
therapy in CF patients demonstrated that although there was 
a change in nasal potential difference upon delivery of the 
first vector dose, subsequent rounds of delivery did not result 
in improvement (35). Concomitantly with second dose of 
vector delivery, there was a gradual increase in antibody titer 
(36). 
 
Adenovirus 
Adenovirus belongs to the family of double stranded DNA 
viruses; it has a linear genome of approximately 34-38 kb in 
size and has been extensively employed in airway gene 
therapy (37). The first set of adenoviral vectors were referred 
to as first generation vectors (FGAd) and had a deletion of 
E1, or E1 and E3 regions, which are normally required for 
viral replication and suppression of host immune responses 
respectively (38). Inspite of extensive success with these 
vectors for CF gene therapy in cell culture studies, in vivo 
studies resulted in inefficient gene delivery (39). This was 
due in part to the localization of CAR (Coxsackie and 
adenovirus receptor) used for adenoviral entry in cells for it 
localizes to the basolateral surface of airway epithelium and 
the second reason was the transient and a dose-dependent 
cellular inflammatory response (40). Clinical trials initiated 
with first generation adenoviral vectors for CF gene therapy 
demonstrated acute toxicity and inflammation in CF patients 
upon gene delivery (41). The immune response further led to 
clearance of transduced cells, thereby limiting the extent of 
gene transduction. Hence, second generation vectors were 
developed (42), which although were slightly better than first 
generation, still suffered from the problems of immune 
responses due to some leaky expression of viral late genes 
(43). Finally, third generation adenoviral vectors, also 
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referred to as gutless or helper-dependent adenoviral (HDAd) 
vectors were developed. These vectors do not contain any 
adenoviral sequences except for 3’ and 5’ inverted terminal 
repeats and a packaging signal (44). 
 
HDAd vectors for transgene expression or gene 
knockdown 
 
HDAd vectors are the third generation of adenoviral vectors 
and are also referred to as gutless vectors because all viral 
encoding sequences are deleted, allowing for an increased 
cloning capacity of up to 36 kb. However, since adenovirus 
efficiently package DNA which is only 75-105% of Ad 
genome, and transgenes rarely reach 36 kb in size, stuffer 
DNA was used for designing vector DNA of appropriate size 
(45). Initially, lambda phage DNA was used as stuffer DNA. 
However, upon administration of gutless vectors, there was a 
cellular immune response, owing to the immunogenicity of 
the peptides encoded by stuffer DNA which is presented on 
cell surface (46). Therefore, the choice of stuffer DNA is 
important; normally human intronic sequences are used. 

Generation of gutless vectors requires a helper virus, 
thereby giving the name of HDAd to gutless vectors. 
Permissive cells, usually Cre/293 cells which express 
endogeneous Cre recombinase are transduced with a helper 
adenovirus containing most of the adenoviral genome, but 
the packaging signal spanned by loxp sites (47). At the same 
time, an HDAd vector containing the transgene and stuffer 
sequences, flanked by 3’ and 5’ ITRs is also transfected. The 
helper virus encodes all the proteins required to produce the 
virus, however Cre recombinase produced by the cell cuts at 
the loxP site, which removes the packaging signal and 
prevents the helper virus genome from being packaged. On 
the other hand, the HDAd genome containing the packaging 
signal is packaged, resulting in production of a complete viral 
vector expressing only the transgene.  

After administration to lungs, HDAd vectors exhibit 
reduced long-term toxicity and prolonged transgene 
expression compared to first and second generation 
adenoviral vectors (48, 49). However, the innate immune 
response remains because it is triggered by the adenovirus 
capsid proteins. In contrast, the adaptive immune response, 
which involves T and B cell immunity, is drastically reduced. 
This is because activation of T cells usually requires viral 
gene production in cells, which allows for the viral epitopes 
to be presented in complex with MHC and HDAd vectors 
completely lack any viral gene expression unlike the parental 
adenovirus. Also, development of B cell or humoral 
immunity results in antibody secretion, but B cells usually 
depend on T cell for activation and in absence of T cell help, 
there is automatically reduced B cell activation (45). 

Many mammalian viruses encode proteins or decoy 
RNAs that can inhibit the activity of protein kinases (PKR). 
For instance, adenovirus encodes 160 nucleotide long RNA 
transcripts referred to as viral-associated (VA) RNAs, VA 
RNAI and VA RNAII. These VA RNAs are produced as RNA 
polymerase III transcripts (50). Similarly, plant viruses have 

evolved strategies to suppress RNA silencing which enhances 
viral replication and pathogenesis in plants. Recently, the 
concept of mammalian viruses encoding suppressors of RNA 
interference has emerged in the context of adenoviruses as 
well as HIV (51). Studies have demonstrated that VA RNA 
can act as inhibitors of RNAi in mammalian cells. VA RNAI 
is expressed at very high levels in adenovirus infected cells 
and potently inhibits RNAi induced by short hairpin RNAs 
along with human microRNA precursors (50). Along with VA 
RNAI, VA RNAII has also been shown to inhibit RNAi. This 
process involves processing of VA RNAs by Dicer to 
generate active small interfering RNAs, which are then 
incorporated into the RISC complex (52). The process of 
inhibition involves VA RNA acting as competitive substrate 
which saturates the Dicer and RISC machinery, thereby 
inhibiting other RNAi processing within the cell. The FGAd 
vectors are expected to produce VA RNAs and hence delivery 
of siRNA using FGAd vectors may not be that efficient due 
to the ability of VA RNAs to suppress RNAi in cells. In 
contrast, HDAd vectors do not encode any viral genes, hence 
there are no VA RNAs produced, due to which no silencing 
of siRNA is observed using HDAd vectors. 
 
Airway gene delivery  
In 1997, our group developed a transgene cassette based on 
K18 regulatory elements for tissue specific transgene 
expression (53). Cytokeratin K18 is a Type I filament protein 
(54) and its expression is restricted to single layered 
epithelial cells (55) including intestine, lung, breast, uterus 
and liver. We constructed various constructs derived from 
human K18 gene containing minimal promoter along with 
enhancer elements, first intron and 5’-UTR. SEAP was used 
as a reporter gene and combination of the above parts were 
used to drive reporter gene expression. Highest expression 
was achieved with the construct containing promoter, 
enhancer and first intron. The construct was also tested in 
vitro by using lacZ as a reporter (HDK18LacZ) and results 
showed epithelium specific expression of the transgene. This 
study provided the proof of principle that human K18 
regulatory elements can be used to design gene therapy 
vectors with epithelium specificity. Tissue specificity of gene 
expression using K18 promoter was also tested by generating 
transgenic mice harbouring K18LacZ construct (56). Adult 
lung showed homogeneous lacZ expression along the 
epithelial lining of the respiratory system, in conducting 
airways stopped at the end of cuboidal epithelial and 
beginning of squamous epithelial cells. Gene expression was 
also observed in submucosal glands, which was assessed by 
periodic-acid Schiff staining which stains mucopoly- 
saccharides. However, staining was restricted to epithelial 
cells with no expression in other tissues and the localization 
of lacZ expression correlated well with K18 expression in 
humans. At the same time the pattern of lacZ expression also 
resembled the expression of human CFTR which is the target 
of CF gene therapy. In contrast to FGCMV (first generation 
cytomegalovirus) vectors, which transduce the entire lung 
epithelium (Figure 1B), HDAdK18 only transduce the 
epithelial cells within the airways (Figure 1A). Although lacZ 
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expression using both vectors is similar at short time points, 
after 28 days, gene expression is only sustained with the use 
of HDAd vectors (49). Therefore, HDK18 vectors provided a 
tool for directing sustained transgene expression specifically 
to the epithelial cells. This is one of the primary requirements 
for effective lung gene therapy. 

In 2000, our group developed another gene therapy 
vector based on previous K18 based vectors, with expression 
levels rivalling that seen with viral promoters such as CMV 
(57). In this vector, the 3’-SV40 early poly A was replaced 
with the late poly A, resulting in dramatically increased gene 
expression. Additionally, a vector containing the 3’ UTR of 
K18 gene containing intron 6, exon 6, exon 7 and poly A and 
3’ flanking sequences was then tested for expression. The 
addition of intron 6, exon 7 and poly A signal at the 3’ end of 
the vector also improved gene expression to levels better than 
observed with CMV-based vectors. 

The K18 based cassette was used to generate an inducible 
CFTR expression system in IB3 cells as an in vitro model for 
CF gene therapy (58). IB3 contain the CFTR mutation delta 
F508 mutants, thus mimicking the CFTR defect seen in CF 
patients. The K18 based cassette with CFTR was used to 
drive CFTR expression from a Tetracycline (Tet) inducible 
promoter. In this vector, tetracycline or derivatives of 
tetracycline (such as doxycycline) would turn on CFTR 
expression from the Tet inducible promoter, while at the 
same time, K18 would limit expression to epithelial cells, 
providing a second stage of tight regulation. This vector 
system was used to correct the CFTR defect in IB3 cells. The 
correction of CFTR channel was analyzed using iodide reflux 
assays. The tetracycline controlled transactivator (rtTA) 
system was also tested in mice using lacZ as a prototype gene; 
the results confirmed the tissue specificity and Tet inducibility 
as seen in IB3 cells. This system could be extended to control 
the levels of CFTR expression in the context of gene therapy 
and hence, provided another level of control on gene therapy 
vectors. K18 based HDAd vectors were also tested for gene 
delivery in CFTR knockout mice (59) and upon delivery the 

vector expression was localized to airway epithelia; gene 
expression could be detected up to a period of 28 days at both 
the mRNA and protein level. In order to assess the 
therapeutic benefit of vector delivery, mice were challenged 
with a clinical strain of Bulkholderia cepacia complex. CFTR 
knockout mice without any gene therapy developed severe 
histopathology of the lung with high bacterial count. In 
contrast, CFTR knockout mice receiving gene therapy 
showed significantly reduced lung histopathology and the 
levels of bacteria were also significantly reduced to that seen 
in wild type mice, indicating that gene therapy could help CF 
patients by reducing susceptibility to opportunistic infection. 
We also tested the efficacy of using HDK18 constructs in 
rabbits. Our results demonstrated efficient transduction of a 
variety of airway epithelial cells. Approximately 66% of 
tracheal cells were efficiently transduced with virus in 0.1% 
LPC, an agent which opens tight junctions (60). Figure 2 
clearly illustrates the efficient delivery and airway 
epithelium-specific gene expression obtained by using 
HDK18LacZ vectors in rabbits. 
 
siRNA delivery 
Traditionally, delivery of siRNA has been mediated by 
plasmids; however, plasmid delivery is extremely inefficient, 
especially to the lung. Therefore, viral vectors have been 
generated and evaluated for their ability to deliver shRNA 
(short hairping like RNA) to the lung. Several groups 
reporting used either lentiviral systems or first generation 
adenoviral vectors to test siRNAs. However, since first 
generation adenoviral vectors can induce a potent inflam- 
matory response, they are not good candidates for delivery of 
anti-inflammatory siRNA (see above). The development of 
HDAd with significantly reduced immunogenicity has led to 
their use as vectors for delivery of anti-inflammatory siRNAs. 
Additionally, since HDAd vectors do not express any VA 
RNAs, they do not affect the siRNA processing ability of the 
cell, in contrast to what may be a potential problem with 
FGAd vectors. 

A B

 
 
Figure 1. Helper-dependent adenoviral vectors with K18 construct specifically target the airway epithelium with efficiency levels 
comparable to FGCMV vectors. (A) Delivery of HDK18LacZ vector to the mouse lung. (B) Delivery of FGCMVLacZ vector to the mouse 
lung. Vector delivery and subsequent lung staining were performed as described previously (59). 
 
 
 



86                                                                                  Modulation of Airway Innate Immune Responses 

Volume 4  Number 2  April 2007 

Our group has developed an expression cassette under the 
control of U6 promoter to deliver shRNA; its efficacy has 
been demonstrated in its ability to target IL-8 mRNA (61). 
Because of the advantages of adenoviral vectors both in 
transfer efficiency and episomal stability, HDAd vectors 
were used to deliver shRNA constructs. Two cell lines were 
analyzed: IB3 lung epithelial cell line with defective CFTR 
and C38 cells with corrected CFTR. Treatment of the cells 
lines with proinflammatory cytokines TNF-α and IL-1β 
resulted in significant upregulation of IL-8 expression. This 
response could be downregulated by 70-80% using our 
U6shRNA constructs. Similar levels of IL-8 downregulation 
could be observed in cells treated with heat-inactivated 
bacteria to induce IL-8 expression, by using our siRNA 
construct. The down-regulation of IL-8 by our vector was 
gene specific, because vector treatment of cells did not affect 
levels of NF-κB induction or other cytokine levels such as 
those of IL-6. Therefore, our siRNA cassette system using 
HDAd can be effectively used to downregulate inflammatory 
cytokines in a gene-specific fashion.  
 
Potential challenges 
 
Innate and adaptive immune responses pose the biggest 
challenge to lung gene therapy. Epidemiological studies 
indicate there is significant prevalence of the neutralizing 
antibody anti-Ad5. The frequency of occurrence ranges from 
approximately 37% of the population in the USA to 85% of 
the population in South Africa (62). Neutralizing antibodies 
reduce the efficiency of vector uptake by binding to the 
vector particles and preventing their uptake in cells (63). 

Additionally, the innate immune response which is 
comprised of natural killer (NK) cells, macrophages, 
neutrophils, complement as well as many cytokines, is the 

first barrier encountered by viral vectors. Adenoviruses can 
infect vast kinds of cells including the macrophages, that are 
also responsible for uptake of neutralized viral particles (64). 
Studies have indicated that macrophage depletion can 
account for up to 95% reduction in levels of inflammatory 
cytokines in response to inflammatory stimuli (65). Therefore, 
macrophage depletion has been used in adenoviral gene 
therapy. This approach has resulted in a significant 
enhancement of the transduction efficiency of adenoviral 
vectors as well as a decrease in vector-directed immune 
response (66). With significant improvement in vector design 
and development of HDAd, the immune responses can be 
reduced further. Additionally, to further reduce the capacity 
of vector to infect macrophages and dendritic cells, we 
expect that modification of the viral capsid with poly- 
ethylene-glycol (PEG) can be beneficial in a further 
reduction of inflammatory response (67). At the same time, 
non-specific transduction can result in expression of 
delivered genes in antigen presenting cells, which can 
directly prime the immune response. In this way, our HDK18 
system provides an additional benefit because gene 
expression is restricted to airway epithelium. In spite of these 
advantages, one of the drawbacks of the HDAd system is that 
it requires vector readministration. Our studies have indicated 
that although first round of vector administration does not 
induce an immunological response, subsequent rounds of 
readministration, result in a gradual decrease in transgene 
expression and an increase in anti-Ad neutralizing antibody 
titer (68). 

The host immune response is one obstacle to airway gene 
therapy. A second obstacle is the physical barrier to airway 
gene therapy. Physical barriers to lung gene therapy include 
surfactant proteins and mucus (69). In addition, mucociliary 
clearance system, glycocalyceal barrier in the airways and 
slow rate of luminal endocytosis by epithelial cells, all 
decrease the efficiency of gene transfer (70). The lumen of 
the human airways is lined with mucociliary epithelium 
which is comprised of ciliated cells along with mucus 
secreting goblet cells. At the same time, in chronic diseases 
such as cystic fibrosis the submucosal glands enlarge, there is 
as increase in the number of mucus secreting goblet cells and 
these cells also appear in distal airways where they are 
normally absent (71). In this setting, there is a significant 
increase in levels of mucus production along with 
impairment of mucociliary clearance, which eventually 
results in chronic bacterial infection. The build-up of 
bacterial biofilms along with chronic inflammation further 
increases the viscosity of the mucus in the airways and acts 
as a significant barrier against gene therapy vectors. 
Treatment with mucolytic agents such as nacystelyn or 
n-acetyl-cysteine with cationic liposomes mediated gene 
transfer has been shown to result in increased transduction 
efficiency (72). Additionally, primary human airway 
epithelial cells expressing mucins such as MUC1 are eight 
fold less refractory to adenoviral mediated transduction 
compared to cells not expressing mucin (73). Even after 
deletion of MUC1 in mice, adenoviral transduction was very 
inefficient, due to other components of glycocalyx (74). 

BV BO

BO

 
Figure 2. Specific targeting of the airway epithelium upon gene 
delivery in rabbits. Intracheal aerosol administration of HDK18LacZ
vectors was performed in rabbits and X-gal staining was performed 
on the whole lung, followed by histological analysis of the lung as 
described previously (BO, Bronchioles; BV, Blood Vessels) (60). 
 
 
 



Cellular & Molecular Immunology                                                                                 87 

Volume 4  Number 2  April 2007 

Airway epithelial cells also secrete other matrix components 
such as collagen and fibronectin, which further limit the 
ability of gene therapy vectors (75). 
 
Concluding remarks 
 
There has been tremendous development in the field of 
adenoviral gene therapy over the last decade from the initial 
use of first generation adenoviral vectors to the recent 
development of helper-dependent or so called gutless viral 
vectors. The gutless vectors have demonstrated significant 
improvement over first generation vectors in terms of toxicity 
and efficiency. Using cell specific promoters such as 
cytokeratin 18, genes can be targeted specifically to the 
airway epithelium, which limits a general inflammatory 
response. As a result of reduced toxicity, HDAd vectors can 
also be used for delivery of anti-inflammatory siRNAs, 
which was a serious problem in FGAd vectors. Although, 
HDAd vectors resolve many critical problems in pulmonary 
gene therapy, there are still a number of hurdles yet to 
overcome. It is hoped that future work will be able to address 
problems associated with the innate immune responses and 
the problems generated by readministration. We have only 
cleared the first two hurdles that will take us from laboratory 
bench to general clinical use. 
 
Acknowledgements 
 
Authors thank Dr. Deborah J. Field for carefully reading the 
manuscript. Research in Jim Hu’s laboratory was supported 
by Operating Grants from the Canadian Institutes of Health 
Research, the Canadian Cystic Fibrosis Foundation, and the 
Foundation Fighting Blindness-Canada. J.H. was a CCFF 
Scholar and recipient of the CCFF Zellers Senior Scientist 
Award, and holds a Premier’s Research Excellence Award of 
Ontario, Canada.  
 
References 
 

1. Beck-Schimmer B, Schimmer RC, Pasch T. The airway 
compartment: chambers of secrets. News Physiol Sci. 2004;19: 
129-132. 

2. Koehler DR, Downey GP, Sweezey NB, Tanswell AK, Hu J. 
Lung inflammation as a therapeutic target in cystic fibrosis. Am 
J Respir Cell Mol Biol. 2004;31:377-381. 

3. Machen TE. Innate immune response in CF airway epithelia: 
hyperinflammatory? Am J Physiol Cell Physiol. 2006;291: 
C218-230. 

4. Lankford SM, Macchione M, Crews AL, McKane SA, Akley NJ, 
Martin LD. Modeling the airway epithelium in allergic asthma: 
interleukin-13-induced effects in differentiated murine tracheal 
epithelial cells. In Vitro Cell Dev Biol Anim. 2005;41:217-224. 

5. Rosenecker J, Huth S, Rudolph C. Gene therapy for cystic 
fibrosis lung disease: current status and future perspectives. 
Curr Opin Mol Ther. 2006;8:439-445. 

6. White AF, Ponnazhagan S. Airway epithelium directed gene 
therapy for cystic fibrosis. Med Chem. 2006;2:499-503. 

7. Anson DS, Smith GJ, Parsons DW. Gene therapy for cystic 

fibrosis airway disease is clinical success imminent? Curr Gene 
Ther. 2006;6:161-179. 

8. Pickles RJ. Towards a gene therapy for cystic fibrosis lung 
disease. Expert Opin Investig Drugs. 1997;6:1459-1463. 

9. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and 
function. Cell. 2004;116:281-297. 

10. Cullen BR. RNA interference: antiviral defense and genetic tool. 
Nat Immunol. 2002;3:597-599. 

11. Cullen BR. Is RNA interference involved in intrinsic antiviral 
immunity in mammals? Nat Immunol. 2006;7:563-567. 

12. Mahato RI, Rolland A, Tomlinson E. Cationic lipid-based gene 
delivery systems: pharmaceutical perspectives. Pharm Res. 
1997;14:853-859. 

13. Stribling R, Brunette E, Liggitt D, Gaensler K, Debs R. Aerosol 
gene delivery in vivo. Proc Natl Acad Sci U S A. 1992;89: 
11277-11281. 

14. Hyde SC, Gill DR, Higgins CF, et al. Correction of the ion 
transport defect in cystic fibrosis transgenic mice by gene 
therapy. Nature. 1993;362:250-255. 

15. Canonico AE, Conary JT, Meyrick BO, Brigham KL. Aerosol 
and intravenous transfection of human α1-antitrypsin gene to 
lungs of rabbits. Am J Respir Cell Mol Biol. 1994;10:24-29. 

16. Scheule RK, St George JA, Bagley RG, et al. Basis of 
pulmonary toxicity associated with cationic lipid-mediated gene 
transfer to the mammalian lung. Hum Gene Ther. 1997;8: 
689-707. 

17. Alton EW, Stern M, Farley R, et al. Cationic lipid-mediated 
CFTR gene transfer to the lungs and nose of patients with cystic 
fibrosis: a double-blind placebo-controlled trial. Lancet. 1999; 
353:947-954. 

18. Fajac I, Briand P, Monsigny M, Midoux P. Sugar-mediated 
uptake of glycosylated polylysines and gene transfer into normal 
and cystic fibrosis airway epithelial cells. Hum Gene Ther. 
1999;10:395-406. 

19. Allo JC, Midoux P, Merten M, et al. Efficient gene transfer into 
human normal and cystic fibrosis tracheal gland serous cells 
with synthetic vectors. Am J Respir Cell Mol Biol. 2000;22: 
166-175. 

20. Izsvak Z, Ivics Z, Plasterk RH. Sleeping Beauty, a wide 
host-range transposon vector for genetic transformation in 
vertebrates. J Mol Biol. 2000;302:93-102. 

21. Essner JJ, McIvor RS, Hackett PB. Awakening gene therapy 
with Sleeping Beauty transposons. Curr Opin Pharmacol. 2005; 
5:513-519. 

22. Belur LR, Frandsen JL, Dupuy AJ, et al. Gene insertion and 
long-term expression in lung mediated by the Sleeping Beauty 
transposon system. Mol Ther. 2003;8:501-507. 

23. Dupuy AJ, Akagi K, Largaespada DA, Copeland NG, Jenkins 
NA. Mammalian mutagenesis using a highly mobile somatic 
Sleeping Beauty transposon system. Nature. 2005;436:221-226. 

24. Engelhardt JF, Yankaskas JR, Wilson JM. In vivo retroviral gene 
transfer into human bronchial epithelia of xenografts. J Clin 
Invest. 1992;90:2598-2607. 

25. Goldman MJ, Lee PS, Yang JS, Wilson JM. Lentiviral vectors 
for gene therapy of cystic fibrosis. Hum Gene Ther. 1997;8: 
2261-2268. 

26. Lim FY, Kobinger GP, Weiner DJ, Radu A, Wilson JM, 
Crombleholme TM. Human fetal trachea-SCID mouse 
xenografts: efficacy of vesicular stomatitis virus-G pseudotyped 
lentiviral-mediated gene transfer. J Pediatr Surg. 2003;38:834- 
839. 

27. Kobinger GP, Weiner DJ, Yu QC, Wilson JM. Filovirus- 
pseudotyped lentiviral vector can efficiently and stably 
transduce airway epithelia in vivo. Nat Biotechnol. 2001;19: 



88                                                                                  Modulation of Airway Innate Immune Responses 

Volume 4  Number 2  April 2007 

225-230. 
28. Limberis M, Anson DS, Fuller M, Parsons DW. Recovery of 

airway cystic fibrosis transmembrane conductance regulator 
function in mice with cystic fibrosis after single-dose lentivirus- 
mediated gene transfer. Hum Gene Ther. 2002;13:1961-1970. 

29. Ciuffi A, Mitchell RS, Hoffmann C, et al. Integration site 
selection by HIV-based vectors in dividing and growth-arrested 
IMR-90 lung fibroblasts. Mol Ther. 2006;13:366-373. 

30. Conway JE, Zolotukhin S, Muzyczka N, Hayward GS, Byrne 
BJ. Recombinant adeno-associated virus type 2 replication and 
packaging is entirely supported by a herpes simplex virus type 1 
amplicon expressing Rep and Cap. J Virol. 1997;71:8780-8789. 

31. Flotte TR, Afione SA, Conrad C, et al. Stable in vivo expression 
of the cystic fibrosis transmembrane conductance regulator with 
an adeno-associated virus vector. Proc Natl Acad Sci U S A. 
1993;90:10613-10617. 

32. Kearns WG, Afione SA, Fulmer SB, et al. Recombinant 
adeno-associated virus (AAV-CFTR) vectors do not integrate in 
a site-specific fashion in an immortalized epithelial cell line. 
Gene Ther. 1996;3:748-755. 

33. Conrad CK, Allen SS, Afione SA, et al. Safety of single-dose 
administration of an adeno-associated virus (AAV)-CFTR 
vector in the primate lung. Gene Ther. 1996;3:658-668. 

34. Aitken ML, Moss RB, Waltz DA, et al. A phase I study of 
aerosolized administration of tgAAVCF to cystic fibrosis 
subjects with mild lung disease. Hum Gene Ther. 2001;12:1907- 
1916. 

35. Moss RB, Rodman D, Spencer LT, et al. Repeated adeno- 
associated virus serotype 2 aerosol-mediated cystic fibrosis 
transmembrane regulator gene transfer to the lungs of patients 
with cystic fibrosis: a multicenter, double-blind, placebo- 
controlled trial. Chest. 2004;125:509-521. 

36. Flotte TR, Zeitlin PL, Reynolds TC, et al. Phase I trial of 
intranasal and endobronchial administration of a recombinant 
adeno-associated virus serotype 2 (rAAV2)-CFTR vector in 
adult cystic fibrosis patients: a two-part clinical study. Hum 
Gene Ther. 2003;14:1079-1088. 

37. Tatsis N, Ertl HC. Adenoviruses as vaccine vectors. Mol Ther. 
2004;10:616-629. 

38. Imperiale MJ, Kochanek S. Adenovirus vectors: biology, design, 
and production. Curr Top Microbiol Immunol. 2004;273:335- 
357. 

39. Grubb BR, Pickles RJ, Ye H, et al. Inefficient gene transfer by 
adenovirus vector to cystic fibrosis airway epithelia of mice and 
humans. Nature. 1994;371:802-806. 

40. Yei S, Mittereder N, Wert S, Whitsett JA, Wilmott RW, Trapnell 
BC. In vivo evaluation of the safety of adenovirus-mediated 
transfer of the human cystic fibrosis transmembrane 
conductance regulator cDNA to the lung. Hum Gene Ther. 
1994;5:731-744. 

41. Joseph PM, O'Sullivan BP, Lapey A, et al. Aerosol and lobar 
administration of a recombinant adenovirus to individuals with 
cystic fibrosis. I. Methods, safety, and clinical implications. 
Hum Gene Ther. 2001;12:1369-1382. 

42. Schaack J. Adenovirus vectors deleted for genes essential for 
viral DNA replication. Front Biosci. 2005;10:1146-1155. 

43. Yang Y, Li Q, Ertl HC, Wilson JM. Cellular and humoral 
immune responses to viral antigens create barriers to lung- 
directed gene therapy with recombinant adenoviruses. J Virol. 
1995;69:2004-2015. 

44. Cao H, Koehler DR, Hu J. Adenoviral vectors for gene 
replacement therapy. Viral Immunol. 2004;17:327-333. 

45. Alba R, Bosch A, Chillon M. Gutless adenovirus: last- 
generation adenovirus for gene therapy. Gene Ther. 2005;12 

Suppl 1:S18-27. 
46. Parks RJ, Graham FL. A helper-dependent system for 

adenovirus vector production helps define a lower limit for 
efficient DNA packaging. J Virol. 1997;71:3293-3298. 

47. Parks RJ, Chen L, Anton M, Sankar U, Rudnicki MA, Graham 
FL. A helper-dependent adenovirus vector system: removal of 
helper virus by Cre-mediated excision of the viral packaging 
signal. Proc Natl Acad Sci U S A. 1996;93:13565-13570. 

48. O'Neal WK, Zhou H, Morral N, et al. Toxicity associated with 
repeated administration of first-generation adenovirus vectors 
does not occur with a helper-dependent vector. Mol Med. 
2000;6:179-195. 

49. Toietta G, Koehler DR, Finegold MJ, Lee B, Hu J, Beaudet AL. 
Reduced inflammation and improved airway expression using 
helper-dependent adenoviral vectors with a K18 promoter. Mol 
Ther. 2003;7:649-658. 

50. Lu S, Cullen BR. Adenovirus VA1 noncoding RNA can inhibit 
small interfering RNA and MicroRNA biogenesis. J Virol. 
2004;78:12868-12876. 

51. Bennasser Y, Le SY, Benkirane M, Jeang KT. Evidence that 
HIV-1 encodes an siRNA and a suppressor of RNA silencing. 
Immunity. 2005;22:607-619. 

52. Andersson MG, Haasnoot PC, Xu N, Berenjian S, Berkhout B, 
Akusjarvi G. Suppression of RNA interference by adenovirus 
virus-associated RNA. J Virol. 2005;79:9556-9565. 

53. Chow YH, O'Brodovich H, Plumb J, et al. Development of an 
epithelium-specific expression cassette with human DNA 
regulatory elements for transgene expression in lung airways. 
Proc Natl Acad Sci U S A. 1997;94:14695-14700. 

54. Neznanov NS, Oshima RG. cis regulation of the keratin 18 gene 
in transgenic mice. Mol Cell Biol. 1993;13:1815-1823. 

55. Rhodes K, Oshima RG. A regulatory element of the human 
keratin 18 gene with AP-1-dependent promoter activity. J Biol 
Chem. 1998;273:26534-26542. 

56. Chow YH, Plumb J, Wen Y, et al. Targeting transgene 
expression to airway epithelia and submucosal glands, 
prominent sites of human CFTR expression. Mol Ther. 2000;2: 
359-367. 

57. Koehler DR, Chow YH, Plumb J, et al. A human epithelium- 
specific vector optimized in rat pneumocytes for lung gene 
therapy. Pediatr Res. 2000;48:184-190. 

58. Ye L, Chan S, Chow YH, Tsui LC, Hu J. Regulated expression 
of the human CFTR gene in epithelial cells. Mol Ther. 
2001;3:723-733. 

59. Koehler DR, Sajjan U, Chow YH, et al. Protection of Cftr 
knockout mice from acute lung infection by a helper-dependent 
adenoviral vector expressing Cftr in airway epithelia. Proc Natl 
Acad Sci U S A. 2003;100:15364-15369. 

60. Koehler DR, Frndova H, Leung K, et al. Aerosol delivery of an 
enhanced helper-dependent adenovirus formulation to rabbit 
lung using an intratracheal catheter. J Gene Med. 2005;7: 
1409-1420. 

61. Cao HB, Wang A, Martin B, et al. Down-regulation of IL-8 
expression in human airway epithelial cells through helper- 
dependent adenoviral-mediated RNA interference. Cell Res. 
2005;15:111-119. 

62. Nwanegbo E, Vardas E, Gao W, et al. Prevalence of neutralizing 
antibodies to adenoviral serotypes 5 and 35 in the adult 
populations of The Gambia, South Africa, and the United States. 
Clin Diagn Lab Immunol. 2004;11:351-357. 

63. Hodges BL, Taylor KM, Chu Q, et al. Local delivery of a viral 
vector mitigates neutralization by antiviral antibodies and 
results in efficient transduction of rabbit liver. Mol Ther. 
2005;12:1043-1051. 



Cellular & Molecular Immunology                                                                                 89 

Volume 4  Number 2  April 2007 

64. Jooss K, Chirmule N. Immunity to adenovirus and adeno- 
associated viral vectors: implications for gene therapy. Gene 
Ther. 2003;10:955-963. 

65. Salkowski CA, Neta R, Wynn TA, Strassmann G, van Rooijen N, 
Vogel SN. Effect of liposome-mediated macrophage depletion 
on LPS-induced cytokine gene expression and radioprotection. J 
Immunol. 1995;155:3168-3179. 

66. Kuzmin AI, Finegold MJ, Eisensmith RC. Macrophage 
depletion increases the safety, efficacy and persistence of 
adenovirus-mediated gene transfer in vivo. Gene Ther. 1997;4: 
309-316. 

67. Croyle MA, Chirmule N, Zhang Y, Wilson JM. "Stealth" 
adenoviruses blunt cell-mediated and humoral immune 
responses against the virus and allow for significant gene 
expression upon readministration in the lung. J Virol. 2001;75: 
4792-4801. 

68. Koehler DR, Martin B, Corey M, et al. Readministration of 
helper-dependent adenovirus to mouse lung. Gene Ther. 2006; 
13:773-780. 

69. Gautam A, Waldrep CJ, Densmore CL. Delivery systems for 
pulmonary gene therapy. Am J Respir Med. 2002;1:35-46. 

70. Pickles RJ. Physical and biological barriers to viral vector- 
mediated delivery of genes to the airway epithelium. Proc Am 
Thorac Soc. 2004;1:302-308. 

71. Bernacki SH, Nelson AL, Abdullah L, et al. Mucin gene 
expression during differentiation of human airway epithelia in 
vitro. Muc4 and muc5b are strongly induced. Am J Respir Cell 
Mol Biol. 1999;20:595-604. 

72. Ferrari S, Kitson C, Farley R, et al. Mucus altering agents as 
adjuncts for nonviral gene transfer to airway epithelium. Gene 
Ther. 2001;8:1380-1386. 

73. Arcasoy SM, Latoche J, Gondor M, et al. MUC1 and other 
sialoglycoconjugates inhibit adenovirus-mediated gene transfer 
to epithelial cells. Am J Respir Cell Mol Biol. 1997;17:422-435. 

74. Stonebraker JR, Wagner D, Lefensty RW, et al. Glycocalyx 
restricts adenoviral vector access to apical receptors expressed 
on respiratory epithelium in vitro and in vivo: role for tethered 
mucins as barriers to lumenal infection. J Virol. 2004;78: 
13755-13768. 

75. Wang G, Williams G, Xia H, et al. Apical barriers to airway 
epithelial cell gene transfer with amphotropic retroviral vectors. 
Gene Ther. 2002;9:922-931. 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


