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INTRODUCTION being observed in the clinic (Catanzaro et al., 2006). For Ad35,
Adenovirus (Ad) vectored vaccine candidates are a novdkre are not yet sufbcient clinical data to validate the rabbit
product class that began to be tested clinically for preventi@s the appropriate animal model. However, Ad35 as a vaccine
infectious disease indications starting in the early 2000s. Initigctor for tuberculosis and malaria entered clinical trials in late
candidates were based on adenovirus type 5 (Ad5); howev&d06 (Crucell, 2006a, 2006b), so these data will be forthcoming.
newer pre-clinical and clinical candidates are based on alterhaaddition, the Ad35 vaccine described herein has also entered
tive adenovirus serotypes, such as Ad35, or on chimeric catinical trials (GenVec, 2007). While Ad5 (a subgroup C Ade-
structs designed with the intention of circumventing the highovirus) primarily enters cells by binding to the Coxsackie and
degree of pre-existing immunity to Ad5 in the human populaidenovirus receptor (CAR), Ad35 (a subgroup B Adenovirus)
tion, should this factor or other safety issues prove to reduce tidizes CD46 (membrane cofactor protein) as a receptor. The
utility of the Ad5 vectors currently in clinical testing (Thornertissue distribution of CD46 expression is reported for a small
et al., 2006). This novel product class represents a unique regmber of species, but has not yet been elucidated for rabbits.
ulatory challenge. In order to advance pre-clinical candidatésrther, it should be noted that this is not the appropriate ani-
forward into the clinic, pre-clinical safety evaluations need taal model for HIV disease or AIDS. Nor is it the appropriate
be conducted to determine where in the body the adenovectaiedel to assess the effect vaccination might have on subse-
would biodistribute after intramuscular inoculation (in order tguent acquisition of HIV (or appropriate model, such as SIV) or
identify potential target organs for toxicity) and whether anglisease, as would be assessed in a challenge-protection model.
toxicological effects could be identiped. Such effects might elhe studies undertaken as reported herein were not intended to
ther be as a direct (intrinsic) toxicity from the adenovectors snodel HIV acquisition or disease progression in vaccinated an-
as immunotoxicity resulting from the host immune response twals, only to assess acute or sub-acute intrinsic toxicities and
the vaccine insert or adenovector antigens (for a brief disciug¥munotoxicities, as recommended by regulatory authorities,
sion about vaccine-induced immunotoxicity, see Sheets et apecibcally, the United States Food and Drug Administration
2006b). (FDA), which has regulatory jurisdiction over the clinical tri-
Frequent vaccine-induced adverse reactions or toxicities @le we have proposed or performed with these investigational
generally referred to as OreactogenicityO and they will be \raccines.
ferred to this way throughout this article. These can include The Vaccine Research Center (VRC) is developing several
local reactions at the site of injection, such as pain, tendernegagcine candidates to prevent human diseases based on the ade-
erythema, or induration, or systemic reactions, such as feva@yirus vector platform. These candidate vaccines are intended
fatigue, malaise, myalgia, headache, nausea, vomiting, inapjeg-use in prevention of diseases caused by viruses including
tence, etc. Reactogenicity is often the consequence of intendtiéman Immunodebciency Virus (HIV-1), Ebola, and Marburg.
or unintended immune responses and inRammation inducedbgculation of adenovectors with gene-inserts encoding HIV-
the vaccine. Vaccines by and large are safe, as they must be, givehbola, or Marburg proteins results in the in vivo expression
that they are administered to healthy individuals to prevent a p@-the viral antigens. Strong antigen-specibc cellular and hu-
tential future disease. Most of the side effects seen with vaccirmegral immune responses are thus induced (Sullivan et al., 2000;
are of this typical type of local and systemic reactogenicity. Thuatanzaro et al., 2006; Sullivan et al., 2006; Sun et al., 2006,
preclinical safety assessments of vaccine candidates to suppopublished data). In order to provide preclinical data to sup-
their clinical investigation must address the types and severityjirt the safety and suitability of the candidate vaccines to pro-
reactogenicity that is expected with vaccines as well as identifged into human clinical testing, three biodistribution studies
any potential safety signals that might be unusual to a particuid four repeated dose toxicology studies were performed on
vaccine candidate. the four adenovector-based vaccine products that will be de-
Rabbits were chosen as the test model for these studiessegbed herein. In addition, two of the repeated dose toxicology
they are a species large enough to receive a full human desedies reported were performed delivering the adenovector as
of vaccine. This is important since the immunogenicity and/@boost to a DNA plasmid vaccine prime. The biodistribution
pharmaceutical effect of vaccines does not scale directly to boalyd safety of DNA plasmid vaccines were separately demon-
weight or body surface area, as may be the case for most dratyated and previously reported (Sheets et al., 2006a, 2006Db).
that disseminate through the blood to other parts of the bodyre methods and study designs reported herein are quite similar
Vaccines act at the local site of injection (if delivered parentete those performed on the DNA plasmid vaccines. The primary
ally) to induce an immune response that trafbcs systemicatijfference between the earlier studies and these are that the DNA
Thus, delivery of a full human dose to the animal model iglasmid vaccines do not biodistribute outside the injection site
deemed the most suitable means of addressing potential hurdad primarily result in local reactions. However, like the ade-
toxicities (CBER, 2006; Chang et al., 2007). Based on curremevectors, the biodistribution and toxicology probles seem to
clinical experience with Ad5 vectors as vaccine candidates, rapRect the platform (DNA plasmids or adenovectors) rather than
bits appear to be a good predictor of the reactogenicity thattie gene-inserts being expressed.
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TABLE 1
Products Tested.

Product Study  Virus Genes Adenovirus type Vector characteristics Manufacturer
14 A,D HIv-1 Clade B gag-pol, Clade A env, Clade 5 [ED, E3, E4 GenVec

B env, Clade C env
18 B,E Ebola Sudan/Gulu glycoprotein (GP) with 5 [ED, E3 Crucell

point mut., Zaire GP with point mut.
21 F Marburg Marburg GP 5 [ET E3 Crucell
22 E Ebola Sudan/Gulu . WT GP, Zaire WT GP 5 [ET E3 Crucell
25 F Marburg Marburg GP DNA plasmid  CMV/R promoter Althea
27 C,G HIv-1 Clade A env 35 [EQ GenVec
MATERIALS AND METHODS Product 27 (Ad35HIV). This prototype vaccine, also pro-

) ) duced by GenVec, encodes only the HIV-1 Clade A env gene
Adenovirus Vector Vaccine Products (Table 1) _ ~ (identical to that contained in Product 14) but this gene is in-
Product 14 (AdSHIV). This product is described in gerted into an adenoviral vector system based on Ad35, instead

Catanzaro et al. (2006), and is produced by GenVec. Dosagg,phds. This vector contains deletions in the E1 region, render-
GenVec-produced adenovectors is expressed in terms of partfﬁ@it replication-defective.

units (PU). The DNA plasmid prime used with this product was
also previously described (Sheets et al., 2006a) and the biodistri- o
bution and toxicological safety when given alone were report Psage Quantltatlpn Of, Adgnovgctors i )
(Sheets et al. 2006a, 2006b). The genes expressed by both primen€ difference in units in which the doses are described is
and boost are essentially matched. Clinical safety data for bGi€ t0 differences in assay methodology of each manufacturer.
products administered separately are reported (Catanzaro etfSage of GenVec-produced adenovectors is expressed in terms
2006; Graham et al., 2006) and safety data are being generdtegarticle units (PU). Dosage of Crucell-produced adenovec-
for the prime-boost regimen, which is currently being studiggs 1S expressed in terms of viral particles (VP). In both cases
in several Phase 1 and 2 trials being conducted in the Amerid¥3at is being measured is the number of physical viral parti-
and Africa. cles, as opposed to an infectious titer, since the adenovectors
Product 18 (Ebola). This productis a combination of 2 ade-2"€ replication-defective. The units do not measure a biological

novectors based on Ad5 and produced by Crucell. These vB#Iction, such as Oinfectiousness,O but are physical measure-

tors contain deletions in E1 and E3, rendering them replicatiorr“l]-ent of particles, functional or not.

defective. The vectors express glycoproteins of Ebola Su-
dan/Gulu and Zaire strains for which a mutation (mut) that aBiodistribution Study Designs
rogates the cytopathicity observed in vitro with the wild-type Studies A, B, and C were performed by GeneL ogic (Gaithers-
sequences (Sullivan et al., 2000, 2005, 2006) has been intoarg, MD, now Bridge Laboratories) and involved inoculation of
duced. Dosage of Crucell-produced adenovectors is expres$&B17-week-old New Zealand white rabbits with 0.5D10M
in terms of viral particles (VP). PU or VP of adenovector delivered intramuscularly (IM) into
Product 21 (Ad5Marburg). This product, produced by Cru-the hind limb in 0.5 ml. In each study, comparison was made
cell, is based on an Ad5 vector, which is deleted in E1 and B8. the vaccineOs bnal formulation buffer (FFB, vaccine vehi-
The gene insert expresses the WT glycoprotein of Marburg virake). Animals were inoculated one time at Study Day (SD) 1
(Angola strain). and sacribced by sodium pentobarbital and exsanguination at
Product 22 (Ebola). This productis also a combination of 2SD9, SD61 (Studies A and B), or SD91/93. The variance in
adenovectors based on Ad5, produced by Crucell, and exprestady days for sacribce between studies was based on pragmatic
ing the wild-type (WT) glycoproteins of Ebola Sudan/Gulu andcheduling considerations at the animal facility and timepoints
Zaire strains. This product differs from Product 18 in that eacpproximated 1 wk, 2 mo (Studies A and B), and 3 mo post-
gene insert expresses unmutated full-length WT sequences.inoculation. The 2 mo time point was deleted from Study C
Product 25 (DNAMarburg). This product, manufactured by design to streamline the study based on the prior experience.
Althea, expresses the same Marburg glycoprotein as Product 21T he following organs were collected for biodistribution anal-
described above, in a DNA plasmid backbone under the CMViRes: blood, gonads, liver, thymus, heart, lung, kidney, spleen,
promoter (as described in Sheets et al., 2006a for other DMAesenteric lymph node, right and left popliteal lymph nodes
plasmid vaccine products). This product was delivered by Bior right & left iliac lymph nodes, subcutis at the injection site,
jector 2000, as previously described (Sheets et al., 2006a). thigh muscle at the injection site, bone marrow (from left femur),
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and brain. Paired organs were processed together, exceptdiuer to introduce a margin-of-safety into the toxicology study
popliteal oriliac lymph nodes, which were processed separatalgsign because dosing at higher than the intended human dose
Tissues and bone marrow cells were snap frozen in liquid nitrevith clinical trial material was of limited feasibility. The highest
gen after being placed in sterile vials and store§@0 C. In  proposed clinical dose of adenovirus vector was given in each
addition, animals were monitored for morbidity (tremors, corstudy.
vulsions, salivation, diarrhea, lethargy, coma, atypical behavior) Half the animals (5 per gender) were sacritb@ed (imme-
and mortality twice daily and for clinical signs of toxicity (evalu-diate) after, and the rest 2 wk (recovery) after, the Pnal inocu-
ation of skin and fur characteristics, eye and mucous membrariaipn (see Table 2 for SD). Animals were monitored for mor-
respiratory, circulatory, autonomic and central nervous systertadjty and morbidity (cageside and clinical observations as de-
and somatomotor and behavior patterns) prior to dosing, weeldgribed above), Draize scores, body temperatures, body weight
and at sacribce. Body weights were taken prior to dosingnd weight changes, food consumption, ophthalmology, and
weekly, and at sacribce (fasted) and food consumption was mel@ical pathology (hematology, chemistries, and coagulation
sured daily. These studies were performed in compliance withrametersbas reported in Table 2 in Sheets et al. (2006b); in
Good Laboratory Practices (GLP) regulations (21 CFR 58). addition, bbrinogen was monitored in Stuglie& G) during the
in-life portion of the study and immediately prior to or at the
time of sacribce.
Repeated-Dose Toxicology Study Designs Necropsies included organ weights and ratios and gross
The Study Schemas are displayed in Table 2. All studiggd histopathology (tissues as listed in Tables 3, 4, and 5 in
were performed by GenelLogic (now Bridge Laboratories) at isheets et al. [2006b]). Samples were taken for immunogenicity
facilities in (Gaithersburg, MD). In each study, 10 New Zealangssays (ELISAs) to conbrm that active doses were inoculated
white rabbits per gender were inoculated intramuscularly withe., dosing conbrmation) as required by GLP. These studies
the doses and on the schedules indicated in Table 2. Doses wggge performed in accordance with GLP, except the immuno-
split to permit administration of 0.5 ml/inoculation. Split dosegenicity analyses, which were performed as described below.
were administered 1inch apartinto the hind limb and each subpraize scores were measured as: a score of 0 or grade of none
sequent dose was delivered to alternate hind limbs. The DNéRected no swelling or normal color; a score of 1 or grade of
plasmid prime in the Ad5 HIV study (Study D) and the Marminimal reRected slight swelling with an indistinct border or
burg study (Study F) were inoculated with the Biojector 200Qight pink, indistinct; a score of 2 or grade of mild reRected
as described in Sheets et al. (2006a). The adenovectors wisened swelling with a distinct border or bright pink to pale
delivered with needle-and-syringe. red, distinct; a score of 3 or grade of moderate reRected debned
In each study, the number of inoculations was determingdelling with a raised border(l mm) or bright red, distinct; a
by considering the proposed or potential clinical trial desiggtore of 4 or grade of severe reBected pronounced swelling with
and adding one additional inoculation. In the cases of primgraised border (1 mm) or dark red, pronounced.
boost regimens, one additional prime and one additional boostStatistical analyses of repeated-dose toxicology stud-
inoculation were given beyond that planned for the clinic ifes: Body temperature, body weights and changes, food

TABLE 2
Study Schema.
Study Study Dosing Blood Draw Necropsy
designation Type Product Dose Schedule Schedule Schedule
A Biodistribution 14 (HIV-1) 168 PU SD1 N/A SD9, 61, 91
B Biodistribution 18 (Ebola) 0.88 10''VvP SD1 N/A SD9, 61, 93
C Biodistribution 27 (HIV-1) 0.5¢< 10 PU SD1 N/A SD9, 91
D Toxicology 14 (HIV-1) 13 PU SD1, 22 PTID*, SD3, 24, SD24, 36
SD36
9, 14 (HIV-1) 4mg, 18' PU SD1, 22, 43, 64 (#9), PTID, SD3, 24,45, SD108, 120
SD85, 106 (#14) 66, 86, 108, 120
E Toxicology 18 (Ebolamut) % 10" VP SD1, 22, 43 PTID, SD3, 24, 45,57 SD45, 57
22 (EbolaWT) 2x 10"'VP  SD1, 22,43 PTID, SD3, 24, 45,57 SD45, 57
F Toxicology 25,21 (Marburg) 4 mg, 1d6VP  SD1, 22, 43, 64 (#25),PTID, SD4, 30, 60, SD108, 120
SD85, 106 (#21) 90, 108, 120
G Toxicology 27 (HIV-1) 16 PU SD1, 22, 43 PTID, SD4, 30, 45,57 SD45, 57

PTID = prior to initial dosing
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TABLE 5
Potentially adenovector-related clinical pathology parameters by ¢Gmhtinued)
COAGULATION Treated Controfs

Parameter Study Product Timepoint Gender Direction Mean bS.DMean S.D.
G 27 Pre-dose F 79.02 1035 87.37 6.76
SD30 F 112.9 1521 9693 1631

SD45 M 117.6 1258 9648 81

Prothrombin D 14 SD3 M 8.69 08 8.93 09

Timé F 8.64 08 893 07
SD24 M 8.96 Q12 9.17 Q12
F 9.02 Q1 9.27 Q14
E 18 SD3 M 5.88 Q03 617 009
F 5.88 Q06 6.23 011
22 SD3 M 5.87 Q05 617 009
F 5.9 006 623 011
18 SD24 M 6.02 Q09 65 0.12
F 6.02 Q09 657 024
22 M 6.05 Q12 65 0.12
F 6.05 Q14 657 024
18 SD45 M 6.27 Q14 656 012
F 6.26 Q16 662 025
22 M 6.3 012 656 012
F 6.33 Q09 662 025
F 25,21 SD90 F 6.74 Q18 698 018
SD108 M 6.57 Q07 699 008
F 6.54 Q08 7.05 021
G 27 SD57 F 6.45 Q11 6.99 017
Fibrinoger F 25,21 SD90 M 725.7 8462 3351 7008
F 653.2 8196 273 6569
SD108 M 665.8 787 3478 2853

F 559.6 7732 2625 409
G 27 SD4 M 472 7746 3616 2947
F 359.1 4783 2941 4854

SD30 M 407.3 9576 3075 492
F 353.8 14462 247 2158
SD45 M 620.8 4191 3398 5042
F 569.6 911 2698 17.92
SD57 F 297.8 4258 238 1492

aGender-matched concurrent controls

bS.D.= standard deviation.

¢Cholesterol male reference range 500131, female reference range. 51D137.

4Triglycerides male reference range 359274, female reference range 34D150.

€Globulin male reference range 1.2D2.6, female reference range 1.592.6.

f AIG ratio male reference range 1.4D2.9, female reference range 1.4D2.6.

9Hemoglobin male reference range 11.3D15, female reference range 11.1914.5.

"Hematocrit male reference range 33.4D45.5, female reference range 33.3D43.8.

iPlatelets male reference range 237D725, female reference range 258D712.

IMPV male reference range 5.5D7.6, female reference range 5.5D7.9.

KAPTT male reference range 51.56D113, female reference range 50.2D112.

'PT male reference range 698.67, female reference range 6D8.63.

MThis parameter (Pbrinogen) was only measured in Studies F (Mar&usg(Ad35), so the absence of values from
Studies D (Ad5 HIV} & E (Ebola) in this table should not be construed as there being no differences, but rather no
measurements; male reference range: 224D500, female reference range 198447

Cells highlighted in light gray represent mean values that fall outside the historical reference range.
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CTGTAGATCACCAGCATGCCC-3 5-GGATCTTCTCCC were established and the assay qualibed for use with the animal
AGCGGTC-3, 5-CAGAAACCCAGGATACCCCAC-3, model. The limit of detection (LOD) of the assay was 10 copies
and 5-GCTAGACTCGAGAGCGGCC-3 The two reverse of target sequence per micrograprg) of gDNA and the limit
primers used were FACATCCACTTTGCCTTTCTCTCC-3 of quantibcation (LOQ) was 50 copies pey of gDNA. gPCR

and 5-GCTGGAGCTGGACAAGTGG-3 the probe was analyses were performed by Althea Technologies, Inc.
5-FAM-TCGAATTCTGCAGTGATCAGGGATCC-BHQ2-3

TagMan reactions were performed in a 96-well plate usigbcR Analysis for Study C

the ABI PRISM 7700 instrument. Amplibcation of the target A TagMan qPCR assay was designed to target the Adenovirus
sequence was pgrformed in duplicate _reactlons each contalrmgb 35 (Ad35) backbone of the Ad35 vectored HIV vaccine.
up to 1pg genomic DNA (gDNA) from tissue, and 2X TaqManpimers and probe were designed using Primer Express soft-
Universal PCR Master Mix (Applied Biosystems) with th§yare (Applied Biosystems). The forward primer used was 5
primers at Pnal concentrations of 50, 50, 50, 150, 150, and @ ATAAAAGTTTGGCAATGGA-3 . the reverse primer was
nM respectively, and the probe at a Pnal concentration of 180A ATCGTGCCAGATGAATTAACAA-3 . and the probe was
nM. . ) ) ) ) 5-FAM-ATACTCGCGTGCCAGGCACTTCC-BHQ2-3 Tag-

A third replicate reaction was performed spiked with 105, reactions were performed in a 96-well plate using the ABI
copies of the target sequence to monitor gPCR inhibition. Cgr|SM7700 instrument. Amplibcation of the target sequence
cling conditions were S for 2 min, 95C for 10 min, and \yasperformed in duplicate reactions each containing upyig 1
45 cycles of 95C for 15 sec and 6@ for 1 min. QuantiPca- genomic DNA (gDNA) from tissue, and 2X TagMan Universal
tion of the target sequence in each specimen was determipgeR Master Mix (Applied Biosystems) with primers and probe
using a standard curve of plasmid DNA diluted in a backgroung png| concentrations of 300 nM and 100 nM, respectively.
of gDNA isolated from a néve animal. Standards, no template A third replicate reaction was performed spiked with 100
controls, sentinel extraction controls, and background gDNc,AOpies of the target sequence to monitor gPCR inhibition. Cy-
controls were all run in duplicate reactions. Assay performangﬁzng conditions were 5@ for 2 min. 95C for 10 min. and
characteristics were established and the assay qualibed forJﬁ%ycles of 95C for 15 sec and 6@ for 1 min. Quantibca-

in the animal model. The limit of detection (LOD) of the assayo of the target sequence in each specimen was determined
was 10 copies of target sequence/micrograng] of gDNA and ;sing a standard curve of plasmid DNA diluted in a background

the limit of quantibcation (LOQ) was 50 copipg/ of gDNA. o gDNA isolated from a néwve animal. Standards, no template

qPCR analyses were performed by Althea Technologies, Ingnrols; sentinel extraction controls, and background gDNA

(San Diego, CA) controls were all run in duplicate reactions. Assay performance
characteristics were established and the assay qualibed for use
PCR Analvsis for Studv B with the am.mal model. The limit of detection (LOD) oft.he_ assay

g y y was 10 copies of target sequengry of gDNA and the limit of

R .
A TagMan® gPCR assay was designed to target the adg;antipcation (LOQ) was 50 copigsf of gDNA. gPCR analy-
novirus vector sequence common to both components of the: \vere performed by Althea Technologies, Inc.
vaccine. Primers and probe were designed using Primer Ex- ’

press software (Applied Biosystems). Forward primer used was . .

5-TTAAGCTGGGATGGGTGCAT-3, the reverse primer was gtatlstlcal Analyses on the PCR Results ,
5-TGGTGGTTCTGCACAACATGA-3, and the probe was5 'Mean copy numbers fo'r each tlssue at the prst and last tlme
FAM-TATGTTCCCAGCCATATCCCTCCGG BBHQ2-3Tag- PO"T[S Were ComparEd using the Wilcoxon Rank-sum '!:est. |n.|-
Man reactions were performed in a 96-well plate using the ABR!IY. differences between genders for each tissue and time point
PRISM 7700 instrument. Amplibcation of the target sequent¥"® compared to conbrm that gender differences did not ex-
was performed in duplicate reactions each containing upyig 1 ist, so that data for both genders cc.)uld.be pooled and analyzed
genomic DNA (gDNA) from tissue, and 2X TagMan Universaic9ether. Thep-values are reported in Figure 1.

PCR Master Mix (Applied Biosystems) with primers and probe

at bnal concentrations of 300 nM and 100 nM, respectively. llamunogenicity by Antibody ELISA

third replicate reaction was performed spiked with 100 copies Optimized concentrations of puriPed recombinant antigens
of the target sequence to monitor qPCR inhibition. Cycling comere coated onto Immunol-2 HB microtiter plates (Thermo Lab-
ditions were 50C for 2 min, 95 C for 10 min, and 45 cycles of systems, Milford, MA) overnight at £. As detailed in Table

95 C for 30 sec and 6( for 1 min. Quantibcation of the tar- 3, HIV GAG antigen was purchased commercially, while the
get sequence in each specimen was determined using a standardhinder of the antigens were generated in-house. The VRC
curve of plasmid DNA diluted in a background of gDNA isolategblasmids were expressed in 293T cells and puribed for the major
from a nd@ve animal. Standards, no template controls, sentipebtein product. Plates were washed and blocked (20% FBS/1%
extraction controls, and background gDNA controls were aBSA-buffered solution) for 1 hr at 3€. Duplicate wells re-

run in duplicate reactions. Assay performance characteristimsved the rabbit sera dilutions and were then incubated 2 hr
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Biodistribution Results
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FIG. 1. Biodistribution results. Box and whisker plots showing the copy numbers present in various tissues at SD9 and SD91/93 for control amidiaésated a
in Studies A, B, and Cp-values are reported for comparisons between prst and last time points in the treated groups, demonstrating clearance of vector from these
tissues over the time course of the studies.



328 SHEETS ET AL.

FIG. 3. Food consumption in the immediate post-vaccinal periods in Studies D, E, F, and G. Mean food consumption was compared to gender-mégched contro
Differences that were signibcant at the<0.05 level are noted with an asterisk. Adjustments were not made to account for multiplicity, to more stringently detect
potential safety signals. The groups compared are indicated by the lines over the bars. Error bars ref3ect the standard deviations. This pacimetasuas

on study days when animals were fasted for blood draws.
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were noted with regard to morbidity/clinical observations naites of injection, adjacent muscle, and around blood vessels
ophthalmology. The only treatment-related Pndings in regardsd lymphatics surrounding the proximate sciatic nerves. By
to gross pathology were noted in Study D (HIV prime-booghe recovery sacribce, inBammation was observed at a lower
and Ad5 alone) and are described below under Local Reactiofiequency and lesser intensity than at the immediate sacribce,
No treatment-related gross pathology was noted in Studiedd&monstrating reversibility.
(Ebola), F (Marburg), or G (Ad35). There was essentially no In Study F (Marburg), minimal to moderate edema and mini-
impact of delivery of adenovectors on Draize scores and thwl to mild erythema were noted in both control and treated ani-
only signibcant bndings were seen in relation to DNA plasmidals with increased incidence and/or duration following several
priming in Studies D (HIV prime-boost) and F (Marburg), asaccinations in treated animals. Most reactions were associated
described below under Local Reactions. There was no impactwith the DNA vaccinations delivered by Biojector. Only min-
body weights in Studies D (Ad5 HIV alone and prime-boost)mal edema and erythema were noted following adenovector
E (Ebola), or F (Marburg), but some were noted in Study @elivery. By histopathology, at SD108, injection sites bndings
(Ad35), as described below under Systemic Reactions. were observed more frequently in treated animals with mostly
minimal to mild inBammation, though some moderate inf3am-
mation was noted at injection site #1 in two treated females.
Local Reactions (Draize Scores and Histopathology at the At SD120, only minimal inBammation was still noted at injec-
Injection Site) tion sites (more frequently in treated animals), demonstrating

In Study D (HIV Ad5 alone or prime-boost), local reactionseversibility of the reactions. All histopathological Pndings out-
were minimal in animals receiving adenovectors (alone or asige the site of injection were considered incidental, as they
boost). Minimal erythema was seen at the injection sites ino2cur frequently in this species and were seen in both control
treated males and 1 control female after the second adenowsud treated animals.
tor injection when given alone. In contrast, in the prime-boost In Study G (Ad35), minimal to moderate local reactions were
regimen, vaccination with the DNA prime resulted in Draiz@oted by injection site histopathology at SD45, being slightly
scores of minimal to moderate edema and erythema increasingre severe and more frequent in treated animals versus con
in frequency and severity with repeated dosing. This was a tesls. Reversibility was demonstrated in that at SD57 only a
sult of the combination of injection with Biojector and the activeninority of animals had evidence of ongoing reactions, approx-
vaccination, as these observations also occurred in the coninately equivalent between treated animals and controls. No
animals but to a lower amount and lesser degree. These baitter histopathological differences between groups were noted.
ings were consistent with studies with DNA vaccination alon€here were no treatment-related Draize Pndings.

(Sheets et al., 2006b).

Boost (adenovector delivered by needle and syringe) injeeyStemic Reactions (Body Temperatures, Food
tions did not increase the frequency or severity (minimal er§<0nsumption, Body Weights and Changes)
thema and/or edema in a few treated animals) of the Draize ob-Body Temperatures: In Study D (HIV Ad5 alone and prime-
servations seen at earlier timepoints (after priming doses). LoB&0st), systemic reactions to adenovector vaccination were
reactions were evidenced however, in that clear treatment-relaf@ged in that mild fevers were seen in the 24 hr subsequent to
(adenovector alone and prime-boost) observations were seethginitial, but not second, adenovector vaccination (adenovector
gross and histopathology at the injection sites and in histopati®ly arm). These reactions resolved by 48 hr. Likewise, fever
logical Pndings of inRammation in the perineural tissue of th@asseen in treated males and females in the 24 hr subsequent to
sciatic nerve (near the injection site). These latter lesions cdhe initial, butonly inthe Prst 3 hrand in treated females after the
sisted of chronic inRammatory cells (small macrophages agécond adenovector boost, in the prime-boost treated animals.
lympho-cytes) in the connective tissue around the sciatic nergese fevers resolved by 48 hr after the initial and 24 hr after
and in adjacent lymphatics and blood capillaries. This in3artie second (treaten? only) adenovector boost (Figure 2). Fur-
mation was the result of draining toward proximal lymph nodekermore, systemic reactions to adenovector vaccination were
from the distal injection sites. The injection site reactions wereted in that mild fevers were seen by 24 hr following the brst
less in frequency and severity in the recovery sacribce animatienovector boost returning to normal by 48 hr. Fevers were
than in the immediate sacribce animals for both the adenoveot noted following the second adenovector boost, although the
tor alone and the prime-boost regimens, demonstrating the meean for the treated males was statistically signibcantly higher
versibility of the injection site reactions. No other treatmenthan controls at 3 hr post-dosing, remaining well within the nor-
related Pndings were observed grossly or histopathologicallynal temperature range for the species (Figure 2).

In Study E (Ebola), local reactions were minimal to moderate In Study E (Ebola), mild fevers were also seen, but after
as assessed solely by histopathology. No gross pathologytle Prst inoculation only. By 3 hr post-inoculation on SD1,
Draize score differences were noted. Both treated and contooth mut-treated and WT-treated females were beginning to
animals had inBammation at the sites of inoculation with greatgnow signibcantly increased body temperatures compared to
frequency in treated animals. Infammation was noted at tbentrol females. At 24 hr post-inoculation, all treated animals
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had elevated body temperatures, with group means approachiegpvered normal (based on comparison to controls) food con-
or slightly exceeding 4. These fevers were resolved by 4&umption by SD24-25 (food consumption was not measured on
hr post-inoculation. While there were statistically signibcantlgD23-24, due to fasting for blood draws on SD24). Finally, after
increased body temperatures noted at a few other times, tlieg third inoculation, mut-treated males had a statistically sig-
remained at or below 3€, well within the normal body tem- nibcant decrease (22% on SD43-44. Other incidences of sta-
perature for rabbits (Lee, 1939) and were considered incidentatically signibcantly different food consumption were noted as
Fevers were not observed following the second or third ifellows: decreases of 12% on SD33-34 in mut-tread’114%
oculations (Figure 2). In Study F (Marburg), mild fevers werand 22% on SD52-53 in mut-treated and WT-trea?adespec-
seen by 24 hr following the Prst adenovector boost returnitigely, and 15% on SD55-56 in WT-treate?l The relationship
to normal by 48 hr. Fevers were not noted following the sets treatment of these additional incidences of decreased food
ond adenovector boost, although the mean for the treated malessumption remotely in time to vaccination without consistent
was statistically signibcantly higher than controls at 3 hr pospattern between treatment groups/genders s less clear and might
dosing, remaining well within the normal temperature randee incidental (although they were all in the same direction, i.e.,
for the species (Figure 2). In Study G (Ad35), there was rdecreases). It should be noted, however, that the differences on
treatment-related effect seen in regards to body temperatureSR62-53 and 55-56 are based on 5 animals/group rather than 10
the dosage tested, in contrast to the consistent Pnding of naldmals/group due to the sacribce of half the animals at SD45.
fevers following Ad5 delivery. This is the clearest difference itndividual animal variations could potentially have more impact
reactogenicity between the two vector platforms. on the means with the smaller group sizes.
Food consumption and body weights and changes: In StudyThere were no differences seen between treated and con-
D (HIV Ad5 alone and prime-boost), systemic reactions weteol animals in terms of body weights even though there were
further noted in that food consumption was also less in treateffects on body weight changes. Between SD1-8, all treated
animals in the 24 hr (adenovector alone and prime-boost) to d8imals had decreased body weight changes compared to con-
hr (prime-boost) following each adenovector vaccination, but regels (24%D52% for those achieving statistical signibPcance),
solved (Figure 3). These reversible decreases in food consuralphough this decrease did not achieve statistical signibPcance
tion did not result in differences in body weights or changes in the mut-treated females (23%). Furthermore, between
males or females inoculated with adenovector alone or treateD22-29, mut-treated females were statistically signibcantly de-
males in the prime-boost regimen. However, possible primereased in body weight change (29% The decreased body
boost treatment effects were seen with body weights and changesght changes were not weight losses, but only lesser body
in treated females. Differences began to be noted as earlywasght gains over the time periods and did not result in differ-
Study Day (SD) 36 (priming phase), but became statisticalinces in mean body weights between groups. These decreases
signibcantly different from control females on SD 71, 78, 92n body weight changes probably re3ect the decreased food
99, and 108 for body weights and SD 85-92 for body weigltbnsumption occurringimmediately post-inoculation, described
changes in prime-boost treated females. Animals continuedatiomve.
gain weight throughout the study, but gained less weight than theln Study F (Marburg), although there were some statistically
controls. Whether this was a ref3ection of biological variabilitgignibpcant differences in food consumption between treated and
among animals or an actual treatment-related effect is uncleaontrol animals during the DNA vaccination priming phase of
In Study E (Ebola), food consumption was also less in treatdte study, the magnitude of these differences was small and
animals compared to controls (Figure 3). Statistically signibcathie occurrence random in time (i.e., not necessarily immedi-
decreases (28D36%) were seen in all treated groups (mutately following vaccination). In contrast, in the days following
treated males, mut-treated females, WT-treated males, WaBlenovector boosts, mean food consumption had clear marked
treated females) in the brst 24 hr after the Prst inoculatibreatment-related impacts as follows: trea @' ffollowing Prst
(SD1-2). Because of fasting for blood draws on SD3, food coadenovector boost b 87.7%n SD85-86, 61.8% on SD86-7,
sumption was not measured on SD2-3. However, there remair?2dd6 on SD87-8,11% on SD88-9, and 18.6%0n SD90-91,
statistically signibcantly decreased food consumption (14D32%3% on SD99-100, 15.5% on SD102-3, and 13.1% on
) in the treated groups (although the decrease B 18or  SD103-4; treatec? following Prst adenovector boost D 81.3%
the mut-treated 0" did not achieve statistical signibcance) on on SD85-6, 40.3% on SD86-7; treate(d” following second
SD3-4. Furthermore, WT-treated females continued to haveadenovector boost - 44%on SD106-7, 17.6% on SD107-8
statistically signibcantly decrease (13%dnfood consumption and43.3% on SD112-3; treate? following second adenovec-
from SD4-5. In addition, one control male and one WT-treatddr boost B 36.3% on SD106-7. The marked impact on food
female were supplemented from SD1-14 or 9-14, respectivetgnsumption was most prolonged and severe following brst ade-
with Buids and food due to low food consumption. novector boost takin4 dfor treated males to return to normal
After the second inoculation, all treated animals had statistbod consumption and 2-3 d for treated females (Figure 3).
cally signibcant mean decreases (30D52%ompared to con-  Body weight changes were affected by treatment in males
trols on SD22-23. After this inoculation, the treated animathough not females, likely rel3ective of the effects on food



HIV, EBOLA, AND MARBURG ADENOVECTOR VACCINE SAFETY 331

consumption following treatment, described above. During tle@lenovector antigens. Other liver enzymes, such as ALT, AST,
DNA priming phase, the only statistically signibcant differenceend alkaline phosphatase at the same timepoints were either
noted in mean body weight changes were a decrease betweehstatistically signibcantly different from concurrent gender-
SD29 and 36 in treated females and an increase between Sbhéched controls or the differences were of a direction that did
and 71 in treated males. These likely reRect biological variot indicate liver toxicity (e.g., the treated animals had lower
ability rather than a treatment effect. In contrast, subsequentadues than the controls). Furthermore, these parameters were
the adenovector delivery, treated males had a statistically sagHy sporadically different from controls and did not provide
nibcant decrease in mean body weight changes between SRB% consistent pattern.
and 92 (weight loss of 32.70 g[44.44, SD] vs. weight gain  In contrast to studies D (Ad5 HIV-1) and E (Ebola) in which
of 23.80 g f 27.22]) and a statistically signibPcant increase ioholesterol and triglycerides were elevated after the prst aden-
mean body weight changes between SD99 and 106 (57 #0 gdvector dose, in study F (Marburg), these parameters were un-
45.96] vs. 9.30 g4 35.21]). There were no statistically signif-affected by adenovector boosting. However, triglycerides (but
icant differences in female mean body weight changes duringt cholesterol) were elevated at SD4 and SD30 (post DNA
this timeframe (subsequent to adenovector vaccinations).  dosing) only in treated males. At the same time (SD4), other
In Study G (Ad35), mild systemic reactions were noted in théiver function tests were unaffected. At SD30, however, males
treated animals had slightly lower increases in body weights andd elevated AST compared to concurrent controls, remain-
concordant lower weight changes and food consumption thiaig within the lower half of the normal range. At SD90, post
controls. With regard to food consumption, transient decreasetenovector dosing, treated males had elevated mean ALT, but
in both genders were noted in the 24 hr following the secomigkated females had lower mean AST and at SD120, post-second
adenovector delivery, in females in the 24 hr following the thirddenovector dosing, treated males had an elevated mean AST.
adenovector delivery, and in males in the 48 hr following th@&iven the inconsistency of these results and the lack of liver
third adenovector delivery, suggesting increasing reactogenidifigtopathology noted that was not also seen in the controls, there
with repeated dosing (Figure 3). This too was a clear distinctialid not appear to be liver toxicity.
from the Ad5 vector, which demonstrated decreasing severity in Hematology parameters that appear to be impacted by ade-

this parameter with repeated dosing. novector delivery include hemoglobin, hematocrit, platelets,
and mean platelet volume (MPV). It is not surprising that
Clinical Pathology Parameters hemoglobin and hematocrits may decrease over time on study

In each of the repeated dose toxicology studies, there wejigen that the animals are having frequent blood-draws. How-
many differences noted between control and treated group<irr, there does appear to be a consistent pattern in comparison
clinical chemistries and hematology parameters. Most diffele concurrent gender-matched controls in animals that receive
ences were unclear in their relationship to treatment becawagkenovectors and these effects are seen at multiple timepoints
they either remained within the normal historical control rangecross any particular study. While the mean values do some-
for the species and laboratory even though they were statisticdliyes fall outside the historical reference range, the magnitude
signibcantly different from matched control animals on studyf differences between the lower bound of the reference range
or, if they were outside the normal range and different from thed the mean values observed are small and likely not clinically
control animals on study, they were not consistent between gsignibcant.
ders or across timepoints. Those clinical pathology parametersRegarding coagulation parameters, all appear to be impacted
that were consistently different from controls between genddrg intramuscular adenovector delivery, as follows: Prothrom-
or across timepoints or studies are reported in Table 5. Nobi@ time was frequently shortened at various time-points post-
of these bndings appeared correlated with clinical observatioracination. There is no clinical relevance to shortened times.
or gross or histopathological Pndings. Thus, their clinical reléctivated Partial Thromboplastin time (APTT) was frequently
vance is uncertain and presumed to demonstrate inBammatioolonged, and many times outside the historical reference
relRective of immune responses to vaccination. range. Fibrinogen was also frequently elevated and sometimes

Serum chemistries that appear to be impacted by treatmentside the historical reference range. These effects appeared
with adenovector vaccines include cholesterol and triglycerides be reversible, as they were not generally observed by the
in the period following initial inoculation, and globulin and A/Grecovery sacribce timepoint (see Table 5). These effects were
ratios following each inoculation. Serum globulin levels and thaterpreted to be a ref3ection of acute infammation due to the
commensurate A/G ratios may ref3ect the intended immune mgmune response to vaccination and infammation associated
sponse to vaccination and in fact, in each case, immunogenicityth intramuscular delivery.
as measured by ELISA, was demonstrated by study endpoint.

While cholesterol and triglycerides were elevated following ini-

tial adenovector inoculations in most cases (see descriptionl@munogenicity

Study F below for exception), this may simply reRect infam- In Study D (Ad5 HIV only and prime-boost), immuno-
mation in response to the recognition of expressed or delivergehicity results demonstrated that all vaccinated animals






