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ABSTRACT T 
Wee previousl y demonstrate d that recombinan t adeno-associate d viru s vector s based 

onn serotyp e 2 (rAAV2) can direc t transgen e expressio n in salivar y gland cell s 
inin vitro and in vivo (1,2). However , it is not know n how other rAAV serotype s perfor m 
whenn infuse d into salivar y glands . The capsi d of serotype s 4 and 5 are distinc t from 

rAAV22 and from each other , suggestin g that they may direc t bindin g and entry into 
differen tt  cel l types . In the presen t study , we investigate d the tropisms , transductio n 

efficiencies ,, and antibod y respons e to AAV vector s based on AAV serotype s 
2,, 4, and 5. Administratio n of rAAV20gal , rAAV4pgal , or rAAVSpga l to submandibula r 

salivar yy gland s by retrograd e ducta l instillatio n resulte d in efficien t transductio n of 
salivar yy epithelia l cells , wit h AAV4 and AAV5 producin g 2.3 and 7.3 times more 

pgall  activit y compare d wit h AAV2. Improve d transductio n wit h AAV5 was confirme d 
byy immunohistochemica l stainin g of AAV vector s expressin g GFP. Like AAV2, AAV5 

primaril yy  transduce d striate d and intercalle d ducta l cells . AAV4 transductio n was 
eviden tt  in striate d intercalle d ducta l cell s as well as convolute d granula r tubules . In 

keepin gg wit h the encapsulate d natur e of the salivar y gland , the majorit y of persisten t 
vira ll  genome s were foun d in the gland and not in other tissues . Neutralizin g antibodie s 

foun dd in the serum of viru s infuse d animal s were serotyp e specifi c and ther e was no 
crosss reactivit y between serotypes . No neutralizin g antibodie s were detecte d in 
saliv aa but siali c acid conjugate s presen t in saliv a coul d neutraliz e AAV4 at low 

dilutions .. Together , our data, sugges t that becaus e of difference s in recepto r 
bindin gg and transductio n pathway s other serotype s may have improve d utilit y as 

genee transfe r vector s in the salivar y gland and these difference s coul d be 
exploite dd in gene therap y applications . 
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INTRODUCTION N 
Vector-mediatedd gene transfer is a promising approach for the treatment of the 
pathologicall consequences of an autoimmune disease or irradiation damage to the 
salivaryy glands (for review see (3,4)). Development of intraductal cannulation methods 
alloww for easy delivery of vectors to the luminal membranes of almost every parenchymal 
celll in the salivary gland. Accordingly, a variety of vectors have been examined for 
efficientt in vivo gene transfer to the salivary gland. Recombinant adenoviral vectors 
deliveredd to the lumen of the gland produce transient, but high-level gene expression (5). 
Long-termm expression with a modified recombinant adenoviral vector containing retrovirus 
elementss also has been reported (6). 

Add e no-associated viruses (AAVs) are small nonpathogenic members of the Parvoviridae 
family,, and are helper virus dependent for replication (see review (7)) (genus 
dependoviridae).. To date, several distinct AAV serotypes have been isolated with AAV2 
beingg the most extensively studied. Recombinant AAV 2 (rAAV2)-based vectors can 
transducee both dividing and nondividing cells in wfroand in vivo, and maintain high 
levelss of expression of the delivered gene. In contrast to adenoviral vectors, rAAV2 
transductionn is associated with only a mild immune response. We previously reported that 
rAAV22 vectors can transduce ductal cells in the salivary gland and direct the synthesis of 
bothh intracellular proteins (aquaporin 1) as well as allow the salivary glands to serve as a 
depott organ for the production of secreted proteins such as erypthropoetin and human 
interleukin-100 via the constitutive pathway into the blood or human growth hormone 
viaa the regulated pathway into saliva (1,2). These studies support salivary glands as 
potentiallyy useful target site for both local and systemic therapies (3). 

Otherr isolates of AAV have demonstrated distinct tissue tropisms compared to AAV2 and 
inn several examples improved transduction efficiency (8-11). Efficient AAV2 transduction 
requiress expression of heparan sulfate proteoglycan on the target cell surface (12). 
Proteinss thought to be involved in AAV2 transduction include fibroblast growth factor 
receptorr 1, avp5 integrins, and a novel 150 Kda protein present on permissive cells 
(13-15).. Characterization of the cellular components required for transduction with AAV4 
andd AAV5 demonstrate that both serotypes preferentially bind to 2-3 sialic acid residues 
butt differ in their linkage specificity. AAV4 requires an O-linked form of sialic acid while 
AAV55 requires an N-linked form (16). In addition, platelet derived growth factor receptor 
PDGFRaa or PDGFRp have been identified as protein receptors for AAV5 and their 
expressionn correlates with transduction in vivo (17). 

Inn this study we examined the tissue tropism and transduction efficiency of two alternative 
serotypess of AAV (AAV4 and AAV5) compared with AAV2 following retrograde delivery 
too the submandibular gland of mice. We observed that of the three viruses, AAV5 was 
thee most efficient at transducing both striated and intercalated ductal cells while AAV4 
displayedd an intermediate level of transduction and transduced striated and intercalated 
ductss as well as convoluted granular tubules. 
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MATERIALSS AND METHODS 

Celll  culture , plasmid s and AAV vecto r productio n 

Coss cells were maintained as monolayer cultures in D10 medium {Delbecco's modified 
Eagle'ss medium supplemented with 10 % fatal calf serum (FCS), 100 U of penicillin/ 
ml,, 100 U of MSG streptomycin/ml, and 2.5 U of Fungizone) as recommended by the 
manufacturerr (Biofluids, Rockville, MD, USA). Recombinant AAV vectors expressing 
0-galactosidase,, AAV2 pgal, AAV4 pgal and AAV5 pgal, or green fluorescent protein were 
preparedd by co-transduction of 293T cells as described by (16). Vectors for this study 
wass purified using CsCI gradient centrifugation (18), 

Animal s s 
BALB/cc mice used in this study were maintained in the animal facilities of the National 
InstituteInstitute of Dental and Craniofacial Research (NIDCR). Animal protocols were approved 
byy NIDCR Animal Care and Use Committee and the National Institutes of Health 
(NIH)) Biosafety committee. All procedures were conducted in accordance with IASP 
(Internationall Association for the Study of Pain) standards. 

rAAVV vecto r administratio n int o mouse salivar y glands . 
Vectorss were delivered into submandibular glands by retrograde ductal administration 
ass previously described (1,19,20). Briefly, male mice (7 weeks old) were anesthetized 
withh ketamine (60 mg/mL, l\i\Jg body weight; Phoenix Scientific, St. Joseph, MO) and 
xylazinee (8 mg/ml; Phoenix Scientific), intramascularly (IM), then medicated with atropine 
(0.55 mg/kg body weight, IM; Sigma, St. Louis, MO). Ten minutes later, 50 \il of rAAV 
vector,, 1010 viral particles in isotonic saline, was injected through a tapered cannula 
insertedd into an opening of the main excretory duct. 

Fourr weeks after injection, the mice were anesthetized to collect saliva by subcutaneouse 
injectionn with pilocarpine (0.5mg/ kg body weight). Whole saliva accumulated in the 
orall cavity was collected with a capillary tube as previously described (1,19,20). Blood 
wass collected from the animals by retro-orbital plexus bleeding, from which serum 
wass separated by centrifugation. Submandibular glands as well as liver and lung were 
carefullyy disected from the animals, and were treated appropriately as described below. 

ELISAA for p-galactosidas e 
Wholee submandibular glands collected were minced with scalpel blades, and prepared 
ass tissue lysate by homogenation with 500 \il of Galact-light lysis solution (100 mM 
potassiumm phosphate (pH7.8), 0.2% TritonX-100) (Applied Biosystems, Foster City, CA) 
supplementedd with (XX) PMSF (0.2 mM) and leupeptin (5 ng/mL). The crude lysates 
weree centrifuged at 10,000 rpm for 5 min, and protein in the supernatant was used for 
assays.. Levels of p-galactosidase in rAAV-transduced mouse submandibular glands 
weree determined with a fiGal ELISA kit (Roche Applied Science, Indianapolis, IN). The 
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levelss were standardized by total protein concentration, determined by using BCA protein 
assayy kit (Pierce Biotechnology, Inc., Rockford, ID and are shown as picograms of 
p-galactosidasee per milligram of protein. 

Quantificatio nn of AAV vecto r 
Genomicc DNA of the salivary glands was extracted from 100 \il of the crude lysates 
(seee above) using the Wizard DNA extraction kit (Promega Corporation, Madison, Wl) 
accordingg to thee manufacturer's instructions, and rehydrated in 20 nL of provided buffer. 
Totall DNA concentrations were quantified by spectrophotometry and were standardized 
withh buffer to be 100 ng genomic DNA/jiL. One microliter of the lysate (100 ng genomic 
DNA)) was added to 24 nL of PCR reaction mix containing lx SYBR Green master mix 
(Appliedd Biosystems, Foster City, CA), 0.32 pmol/nL of primers specific to thee Rous 
sarcomaa virus (RSV) promoter and amplification was performed with an ABI PRISM 7700 
sequencee detection system (Applied Biosystems). The forward primer 5'- GATGAGTTA 
GCAACATGCCTTACAA,, reverse primer 5'- TCGTACCACCTTACTTCCACCAA. Following a 

,, 10 min denaturing step, cycling conditions were C for 15 s, and C for 
11 min for 40 cycles. The vector DNA in each sample was quantified by comparing the 
fluorescencee profiles with a set of DNA standards, pAAVRSV, containing 100 ng genomic 
DNAA extracted from glands of an untreated mouse. Additionally, liver and lung 
(10-20mg,, n = 3, each) were prepared as tissue lysates in a manner similar to salivary 
glandss and from which genomic DNA was extracted as described above. Amount of 
vectorr DNA in each sample was measured using DNA standards supplemented with 
1000 ng genomic DNA extracted from corresponding tissues of control mouse, then 
comparedd to that in the salivary gland. 

Histological/lmmunohistochemic aa analysi s 
Onee month after cannulation and delivery of AAV vector encoding GFP to murine salivary 
glands,, the animals were sacrificed and the salivary glands removed. The transgene 
expressionn was detected by immunohistochemical analyses. Immunohistochemistry was 
performedd in formalin fixed sections (5-um thick) using the streptavidin-biotin peroxidase 
complexx method. Briefly, after endogenous peroxidase, streptavidin and biotin activity 
weree blocked (Streptavidin/Biotin Blocking Kit SP-2002 , Vector laboratories; Burlingame, 
CA),, sections were incubated with a polyclonal primary antibody against GFP (AB 290; 
ABCAM,, Cambridge, UK) raised in rabbit at a dilution of 1:100, overnight at . Staining 
wass developed by using a biotinylated goat antibody (Vector Laboratories; Burlingame, 
CA)) directed against the primary antibody and the avidin-biotin peroxidase complex 
followedd by DAB (SK-4100; Vector laboratories; Burlingame, CA) and counterstained with 
hematoxylin. . 

Neutralizin gg antibod y assay 
Exponentiallyy growing cos cells (7 x 103) were plated in each well of a flat-bottomed 
96-welll plate. One day later they were infected for 1 h with wild-type adenovirus at a 
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multiplicityy of infection of 10, the medium was removed, and antibody-virus mixture was 
added.. The antibody-virus mixture was prepared by first heat inactivating the sera at 
566 C for 30 min. Two-fold the serial dilutions of the sera were then prepared starting at a 
1:500 dilution in media containing 1% FCS as the diluent. Diluted rAAV vectors sufficient 
too transduce just 10-30 cells/well was then added to the sera and incubated for 1 h at 
377 . The antibody-virus mixture was then added to thee cells and incubated for 30 h 
att 37 C before fixing and stained for p-galactosidase activity 24 h at 37 C with 
5-bromo-4-chloro-3-indolyl-p-D-galactopyranosidee (X-Gal) (Gold BioTechnology, Inc., 
St.. Louis, MO) (kaludov et al 2001). Transduced cells were visually counted using a 
lightt microscope. Neutralizing titers of the sera ware calculated as the highest dilution 
thatt inhibited 50% of transduction. Any serum dilution in which had a greater than 70% 
reductionn in the number of positive cells compared with serum-free media remained was 
consideredd to be positive for neutralizing activity. All samples were assayed in duplicate or 
triplicate. . 

Neutralizin gg antibod y assay to saliv a 
Insteadd of sera, two-fold dilutions of saliva, from 1/12.5 to 1/200, were tested for 
neutralizingg activity described above. Saliva-free media was used as a control. 
Transductionn rates were calculated as the percentage of the transduced cells in each well 
dividedd by that in the control well, and the rates at dilutions of 1/12.5 and 1/200 
aree presented. 

Neuraminidas ee treatmen t of saliv a 
Too remove sialic acid, saliva was treated with neuraminidase at C for 1 h, following 
whichh the enzyme was inactivated at 56 C for 30 min, and tested for neutralizing activity. 
Thee transduction rates of neuraminidase-treated and -untreated saliva were compared at 
aa dilution of 1/12.5. Salmonella Typhimutium neuraminidase was purchased from Glyko 
(Novate,, CA). 

Statistica ll  analysi s 
Descriptivee statistics were calculated and reported as means . The student t test for 
unpairedd variables was used to compare differences between groups, p Values less than 
orr equal to 0.05 were considered significant. 
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RESULTS S 

rAAVV transductio n of salivar y gland s 
Too compare overall transduction efficiency, male BALB/c mice received 1010 particles of 
eitherr rAAV2pgal, rAAV4pgal, or rAAV5pgal into the submandibular glands by retrograde 
ductall administration. To assess reporter-gene expression of the different vectors, 
wholee glands was collected 4 weeks after infusion, homogenized, then analyzed for p-
galactosidasee (pgal) activity with an ELISA assay specific for the bacterial form of Pgal 
expressedd by the AAV vectors (Fig 1A). Vector genome copy number in each gland 
wass determined by quantitative PCR (QPCR) (Fig. IB). Eight out of 9 of the glands 
receivingg rAAV2 were positive for pgal activity compared with 4 / 4 for AAV4, and in 
55 / 6 for AAV5 (Fig. 1A). Comparison of mean values of Pgal activity from the positive 
animals,, indicated that AAV4 and AAV5 vectors directed 2.3 and 7.3 fold higher levels 
off expression compared with rAAV2. QPCR analysis of the positive salivary glands also 
confirmedd the elevated transduction activity with AAV4 and AAV5 vectors compared 
withh AAV2. Comparison of the mean values of the positive animals indicated that gene 
transferr with AAV4 and AAV5 vectors resulted in 9.4 and 26 fold increase in vector 
genomes/lOOngg of extracted DNA respectively compared with AAV2 (Fig. IB). These 
resultss suggest that AAV4 and AAV5 vectors maybe more effective gene transfer vectors 
forr the submandibular gland. 
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Fig.. 1. Compariso n of rAAV2. rAAV4, and AAV5 transductio n of salivar y glands . 
Mousee submandibular glands were exposed to 10'  particles of rAAV2, rAAV4, or rAAV5 expressing p-galactosidase by retrograde 
ductall instillation and were removed after 4 weeks. The glands were immediately treated with lysis buffer, and either genomic DNA 
orr protein lysate prepared. (A) The quantitative b-galactsidase was measured by ELISA using gland lysates containing the same 
amountt of protein. (B) Vector genome DNA was determined by Quantitative PCR (QPCR) using genomic DNA extracted from glands. 
Extractss from control untreated mice were used for determining background values as a base line to be subtracted. Individual values 
derivedd from each gland are shown by diamonds. Horizonal lines indicate the mean value calculated from the positive samples (those 
containingg vector). 

Characterizatio nn of rAAVpgal-transduce d cell s 
Mousee salivary glands contain multiple epithelial cell types including acinar, various 
ductal,, and specialized ductal cells termed convoluted granular tubules that produce 
epitheliall and nerve growth factors. The ducts terminate in acinar cell (secretory 
endpieces)) that are responsible for secretion of water, electrolytes, and most protein 
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componentss of saliva. The saliva then flows through the ducts, which are formed by a 
monolayerr of epithelial cells, and exits into the mouth. Our previous work demonstrated 
thatt AAV2 infused into the gland preferentially transduced striated ductal cells (2,19). 
Too determine the cell tropism of AAV4 and AAV5, mice were infused with 1010 particles 
off AAV vector encoding a nuclear localized GFP expression cassette and glands were 
removedd after 6 weeks, sectioned, and analyzed by immunohistochemical staining for 
GFPP expression. In agreement with our earlier work, AAV2 again preferentially transduced 
striatedd ductal cells in the gland (Fig. 2A). Interestingly, AAV5 also targeted striated and 
intercalledd ductal cells (Fig. 2E), but in agreement with the pgal data present in Figure 1, 
thee number of positive cells was higher with AAV5 infused animals compared with AAV2 
(466 and 27% respectively) (Table 1). Whereas AAV4 also transduced both striated and 
intercalatedd ductal cells, it was the only vector to transduce convoluted granular tubule 
cellss (Fig. 2B, C, D, Table 1). No acinar cells were transduced with any of these vectors. 
Thus,, by using either AAV4 or AAV5 we can increase our gene transfer ability to the 
salivaryy gland. 

Fig.. 2. Cellula r distributio n of rAAV2, rAAV4, and rAAV5, and PDGFRa in salivar y glands . 
Submandibularr glands infused with rAAV2GFP, rAAV4GFP, or rAAV5GFP were removed 6 weeks after administration and evaluated for 
GFPP expression by immunohistochemistry. The brown color indicates positive GFP positive cells. (A, rAAV2GFP positive ducts 20X- B 
rAAV4GFPP positive ducts 20X; C. rAAV4GFP positive ducts 40X; D. AAV4GFP positive convoluted granular tubule cell 63X' E rAAV5GFP 
positivee duct 20X; F, PDGFRa positive ducts 40X). 
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Tablee 1 

AAVV 2 

AAVV 4 

AAVV 5 

Summar yy of AAV salivar y glan d tropis m and relativ e transductio n 

Totall ducts 

77 7 

68 8 

73 3 

Positivee cells/duct (Avg) Total GCT cells 

27%%  3.8% 

18%%  2.7% 45 

46%%  4.2% 

Positivee GCT(Avg) 

ND D 

12%% % 

ND D 

Tablee 1. Summar y of AAV salivar y gland tropis m and relativ e transductio n 
400 fields of strongly stained (hot spots) areas where selected from each sample. All the cells present in each of the selected fields were 
countedd and the number of (i-galactosidase positive cells expressed as a percentage of the cells in the duct (positive cells/duct). AAV5 
transducedd an average of 46% of cells/duct compared with 27 and 18% for AAV2 and 4 respectively. AAV4 also transduced an average 
off 12% of the convoluted granular tubules cells/tubule (GCT). No acinar cells were transduced. AVG = Average. 

Fig.. 3. Bio-distributio n of rAAV2, rAAV4, and rAAV5. 
Genomicc DNA was isolated from salivary glands, liver, and lung of both infused and control mice ( n = 3 each). All infused mice were 
testedd for pgal expression prior to QPCR by ELISA. QPCR was performed using primers specific to the RSV promoter in the trans gene 
cassette. . 

Biodistributio nn of rAAV by retro-grad e ducta l administratio n 
Followingg infusion of a similar dose of adenovirus, vector genomes can be detected 
throughoutt the animal (21). However, this was only transient and persistent genomes in 
non-orall tissue were only infrequently detected by day 15 post infusion. To examine the 
persistencee of the AAV vector genomes in the gland and assess potential for spread to 
otherr tissues, we performed QPCR analysis of vector DNA extracted for salivary glands, 
lung,, and liver of rAAV2, 4, 5(3gal vector treated mice were performed 1 month post-
infusionn (Fig 3). To confirm successful gene transfer to the salivary gland, protein extracts 
madee from samples of the glands from all animals were tested for p-galactosidase activity 
priorr to QPCR analysis (data not shown). Previous work with AAV2 had demonstrated the 
majorityy of the persistent viral genomes remained in the gland (2,22). Similarly greater 
thann 90% of the AAV2 persistent genomes were found in the gland. Because of the 
improvedd gene transfer abilities of AAV4 and AAV5, greater than 99% of the infused virus 
remainedd in the gland and did not spread to other tissues. No significant differences in 
AAV44 or AAV5 distribution in liver and lung were noted when compared with AAV2. 
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Fig.. 4. Neutralizin g antibod y assay. 
Coss cells were transduced with a constant amount of rAAV2, rAAV4 or rAAV5 (10-30 positive ceils/well) expressing (i-galactsidase and 
seriallyy diluted serum from a mouse previously infused with a corresponding serotype of rAAV. For the neutralization, the number of 
positivee cells detected in the antibody containing wells was divided by the number of positive cells in the control wells and expressed 
ass a percentage of inhibition against the control. The neutralizing titer of the serum was calculated as the highest dilution that inhibited 
50%% of transduction (dashed line). (A) rAAV2; (B) rAAV4; (C) rAAV5. No activity was detected in sera of control mice and no cross-
reactivee neutralizing antibodies were detected between serotypes tested (data not shown). Values presented are means  standard 
errorss from three mice. 

Virus-neutralizin gg activit y in sera 

Thee immune response to an antigen is affected by the route of administration. Previous 
studiess have indicated that delivery of rAAV2 vectors via, intramuscular or intranasal 
routess leads to relatively mild host immune responses (23-25). SGs are part of the 
mucosall immune system. Therefore, we assayed for the presence of neutralizing 
antibodiess in the serum of mice 1-month post retroductal infusion of AAVpgal vectors. 
Serotypee specific neutralizing antibodies were detected with all three vectors following 
infusionn (Fig. 4). The neutralizing antibody titer (NAB), the dilution at which 50% of the 
vectorr transduction is inhibited, differed for each of the serotypes. Both AAV4 and AAV5 
hadd elevated (8 and 4 fold respectively) NAB titers compared with AAV2 (Fig. 4). No 
activityy was found in sera of untreated mice, and no cross-reactive neutralizing antibodies 
weree detected between serotypes tested. 
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AAVV neutralizin g activit y in saliv a 
Inn addition to serum, antibodies also are found in saliva. Therefore, the saliva of AAV 
infusedd mice also was assayed for neutralizing activity. While secreted IgA (slgA) could 
bee detected in the saliva samples, no antibody mediated inhibitory activity was detected 
forr AAV2, 4, 5 (data not shown). However at low dilutions of saliva we observed a dose-
dependentt decrease in AAV4 transduction but not AAV2 or AAV5 (Fig. 5A). This inhibitory 
activityy was also detected in the saliva of control non-infused mice suggesting that 
inhibitionn was the result of the innate protective properties of saliva and not the result 
off exposure to the virus. Our previous work had demonstrated that mucins produced 
byy lung epithelia contain large amounts of O-link sialic acid and are inhibitory to AAV4 
transductionn but not AAV5 (26). To further understand the inhibition of AAV4, saliva of 
rAAV4-infused-micee was treated with neuraminidase to remove sialic acid prior to the 
assay.. Following neuraminidase treatment, the inhibitory activity in saliva was no longer 
detectedd (Fig. 5B). Furthermore, neuraminidase treatment also removed the inhibitory 
activityy observed in pre-immune saliva from the naive animals. These results suggest that 
ass with lung epithelia, the inhibitory activity is related to the innate protective activity and 
nott secreted antibodies induced following infusion of AAV4 vector. 

Fig.5.. Neutralizin g antibod y assay in saliva . 
(A)) Neutralizing antibody assay in saliva. The assay was performed in the same way as the serum assay (Fig 4) but used serially diluted 
saliva.. Cos cells were treated with 1-hour-pre-incubated virus/saliva mixture and then stained 30 h post-transduction. The number 
off positive cells seen in the saliva containing wells was expressed as a percentage of the number seen in the control. (B) Effect of 
neuraminidasee on saliva inhibitory activity. Saliva from a mouse infused with rAAV4 and or pre-infusion were treated with neuraminidase 
(NA)) at 37*C for 1 hour, and inactivated at 56"C for 30 min. prior to the assays. Following the enzymatic treatment, the saliva was 
incubatedd with rAAV4 and neutralization scored as above. Values presented are means  standard deviation of values from three mice. 
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DISCUSSION N 
Inn the present study, we examined salivary gland cell transduction with rAAV2, rAAV4, 
andd rAAV5 vectors following administration to a submandibular salivary gland by 
retrogradee ductal infusion. We observed distinct transduction characteristics for all 
threee vectors. Our results with rAAV2pgal were similar to prior reports (1,27) however 
wee demonstrated improved transduction efficiency and altered tropism with AAV5 and 
AAV44 respectively. In both the transduction efficiency and the tropism experiments, the 
vectorss contained identical gene cassettes (RSV-/.acZand CMV-GFP respectively). Thus, 
differencess in transduction efficiencies and tropism among these three vectors must be 
attributedd to variations in their capsids. 

Severall reports show that different serotypes of rAAV can have distinct patterns of cell 
tropismm and distribution in a tissue (3,10,11,28). These differences in tropism and 
transductionn efficiency are primarily due to differences in the interactions with the target 
cellss but also anatomical barriers that exist within the tissue that may limit optimal virus 
binding.. Efficient AAV2 transduction requires expression of heparan sulfate proteoglycan 
(HSPG)) on the target cell surface. In epithelia such as the lung, HSPGs are primarily 
foundd on the basal lateral surface (29). Characterization of the cellular components 
requiredd for transduction with AAV4 and AAV5 demonstrate that both serotypes 
preferentiallyy bind to 2-3 sialic acid residues but differ in their linkage specificity. In 
addition,, PDGFRa or PDGFRp have been identified as protein receptors for AAV5 and 
theirr expression correlates with transduction in vivo (17). Although sialic acid expression 
onn salivary gland cells has not been investigated, we have detected PDGFR expression 
onn the surface of ductal cells, which correlates with the observed cells tropism (data 
nott shown). In the lung PDGFRa is primarily found on the apical surface (30) and if 
thee polarization is the same in salivary gland epithelia, would present a more accessible 
targett for transduction and result in improved transduction efficiency compared with 
AAV2.. Salivary mucins of mice are reported to contain 2-3 0 linked sialic acid (31). The 
inhibitionn of AAV4 by sialic acid containing components of the saliva is in agreement 
withh our previous work regarding the affect of mucins produced by lung epithelia. This 
observationn also suggests that removal of saliva from the gland prior to AAV4 infusion may 
furtherr improve transduction. 

Onee month post-infusion, the vast majority of persistent genomes were found in the 
glandd and not the liver or lung. In contrast infusion of adenovirus into salivary glands 
resultedd in transient wide spread distribution of vector (21). This distinction indicates a 
fundamentall difference in the interaction between AAV and adenoviral vectors with the 
glandd and suggests that in contrast to AAV, adenovirus infusion or the immune response 
too the vector may disrupt cellular junctions within the gland thus allowing access to the 
circulation. . 
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Whilee a higher neutralizing antibody response was observed with AAV4 and AAV5 vectors 
comparedd with AAV2, it is not clear if this is a result of the intrinsic antigenicity of the 
AAV44 and AAV5 capsids compared with AAV2 or the lower transduction activity of these 
twoo serotypes in the cell line based assay used to detect the presence of neutralizing 
antibodiess compared with AAV2. Alternatively, the increase antibody titer may reflect 
thee increased transduction activity in the gland of these vectors compared with AAV2. 
Additionall studies will be required to determine if AAV4 or AAV5 induce a distinct innate 
orr cellular immune response compared with AAV2. 

Interestinglyy anti-rAAV neutralizing antibodies were detected in serum following salivary 
glandd administration, but not in saliva. In contrast infusion of adenoviral vector, results 
inn elevated serum anti-adenovirus immunoglobulin G (IgG) and IgM levels and anti-
adenoviruss IgA levels in saliva (32). The salivary glands are normally protected by the 
mucosall rather than the systemic immune system. However, data suggests that serum 
antibodiess may prohibit transduction fora period following re-administration of the 
samee serotypes of AAV (23). The lack of cross-reactive antibodies further suggests that 
transductionn maybe possible with an alternative serotype of AAV (23,33). 

Thee salivary glands are an excellent target for delivery of therapeutic proteins to the oral 
cavityy and upper gastrointestinal track because of their natural exocrine function but also 
couldd be useful for delivery to the systemic circulation via their endocrine activity (3). 
Ourr recent demonstration of long-term endocrine expression of erythropoetin from the 
glandss further highlights their utility as a depot organ for systemic protein delivery (2). 
Thee increased transduction with AAV5 suggests that enhanced gene expression is 
possiblee or that comparable levels of expression could be achieved with a lower dose 
off vector. In contrast to adenovirus, none of the AAV vectors tested in this study could 
transducee acinar cells. Due to their central role in saliva production, they represent a 
majorr therapeutic target. Therefore it will be important to test other isolates of AAV for 
transductionn of acinar cells in future studies. 
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