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The ocular environment has been shown to induce
tolerance to locally administered antigens. We there-
fore investigated whether there was a systemic immune
response against adenoviral vectors injected into the
vitreous of retinoblastoma patients enrolled in a phase
1 clinical trial of adenoviral-mediated thymidine kinase
gene transfer. Sections of enucleated eyes were immuno-
stained with antibodies against inflammatory cells.
A trend toward increasing numbers of plasma cells, T
cells, macrophages, and antigen-presenting cells was
observed in the injected subjects’ eyes, but systemi-
cally, there was no significant increase in the number
of adenovirus-specific cytotoxic T lymphocytes (CTLs)
or in adenovirus neutralizing antibodies. Therefore, in
contrast to studies showing significant immunogenicity
of Ad-RSVtk following injection into extraocular tumors,
injection into the eye produces only a mild local inflam-
matory response without evidence of systemic cellular or
humoral immune responses to adenovirus.
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INTRODUCTION

The use of adenoviral vectors to obtain prolonged transgene
expression in human subjects has fallen out of favor due to induc-
tion of a host immune response primarily directed to antigenic
viral proteins." First-generation adenoviral vectors induce both
innate and acquired immune responses that are responsible for the
clearance of the vector. The interaction of the viral particle with
the epithelium induces release of cytokines such as tumor necrosis
factor-a and interleukin-6, and upregulation of adhesion molecules
required for lymphocyte homing followed by infiltration of inflam-
matory cells, mostly neutrophils, into the transduced tissue. This
phase of immune activation has been shown to be independent of
viral or transgene expression. When the viral proteins of adeno-
viral vectors are presented in the context of the MHCI molecule,

a cellular immune response is induced. This immune response is
dominated by cytotoxic T lymphocytes (CTLs) that are responsible
for the destruction of transduced cells? and by neutralizing anti-
bodies that reduce the effectiveness of vector readministration.

The systemic response to adenovirus may contrast with the
consequences of local administration to the eye. Delivery of
antigens into the ocular environment usually induces host toler-
ance, an effect that has been termed anterior chamber-associated
immune deviation.*® Consistent with this concept, the systemic
immune response against adenoviral vectors was absent following
delivery to the ocular environment of immunocompetent mice,”
allowing prolonged and sustained expression in photoreceptors
of adenoviral vector-delivered transgenes by the chimeric first-
generation vector Ad5/F35 after a single injection.®

We have therefore measured the systemic immune response
against adenoviral vectors injected into the vitreous of human retin-
oblastoma patients who received a first-generation adenoviral vector
encoding the thymidine kinase gene (tk). We compared the immuno-
logical consequences to previously published observations from
a phase 1 clinical trial in which the same vector was injected into
human prostate tumors.” We find that, unlike extraocular admin-
istration, administration of Ad-RSVtk to the eye does not induce
systemic immune responses, even in individuals in whom the malig-
nancy and its treatment had disrupted the normal tissue architec-
ture, including the disruption of the blood-retinal barrier.'*!!

RESULTS

Characterization of ocular inflammatory response

in Ad-RSVtk-treated retinoblastoma subjects

Nine retinoblastoma patients were enrolled in an institutional review
board (IRB)-, Institutional Biosafety Safety Committee (IBC)-,
and U S Food and Drug Administration (FDA)-approved phase 1
clinical trial to study the effects of adenoviral vector delivery of the
herpes simplex thymidine kinase gene into the retinoblastomas of
children who had previously failed conventional therapy. Patients
received an intraocular injection of the vector followed by intrave-
nous ganciclovir for 7 days. A mononuclear inflammatory response
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Table 1 Antibodies utilized in immunohistochemistry staining of retinoblastoma samples

Antigen Synonyms Clone Source Dilution Manufacturer Catalog no.
CD3 Rabbit polyclonal RTU Dako (Carpinteria, CA) N1580
CD43 LEU22 DFT-1 Mouse monoclonal PD Dako M0786
CD5 4C7 Mouse monoclonal 1:100 Biocare (Concord, CA) CM 099 C
TdT Rabbit polyclonal 1:10 Supertechs (Rockville, MD) No. 004
CD68 KP-1 KP-1 Mouse monoclonal 1:6,000 Dako MO0814
126/CD20 126 Mouse monoclonal RTU Dako N1502
CD138 SYNDECAN-1 B-B4 Mouse monoclonal 1:300 AbD Serotec (Raleigh, NC) MCA681
CD21 1F8 Mouse monoclonal 1:10 Dako M0784
CD23 1B12 Mouse monoclonal PD Biocare PM 100 AA
CDla 010 Mouse monoclonal RTU Beckman Coulter (Fullerton, CA) IM1590

Abbreviations: PD, prediluted; RTU, ready to use.

Antibodies against different antigens are reported with the dilution utilized and the company from which they were acquired.

was observed in fluid obtained by paracentesis from the anterior
chamber as early as 2 weeks following the injection of adenoviral
vector (data not shown). Patients received topical steroids immedi-
ately following the procedure and the anterior chamber inflamma-
tory response resolved within 1 month following the last injection
of the adenoviral vector with no adverse effects on vision.
Although the targeted vitreous seeds were completely eradi-
cated in all children who received intraocular Ad-RSVtk followed
by systemic ganciclovir, all but one child eventually came to enu-
cleation because of progressive disease in untreated areas of the
eye."? The remaining child was enucleated because of suspected
recurrent seeds, although this was subsequently shown by histo-
pathology to be inflammatory cells masquerading as vitreous
tumor seeds. Tissue blocks of the enucleated eyes from seven of
the children enrolled on the phase 1 trial were available for study.
The tissues were sectioned and examined for inflammatory cells
using the panel of antibodies listed in Table 1. The standard treat-
ment for patients with unilateral retinoblastoma includes enucle-
ation of the affected eye without prior treatment. Eyes from these
patients were used as controls. The sections obtained from the
fixed, paraffin-embedded eyes were graded for immune response
using a 0-4 scale (Figure 1a). Differences in grading and localiza-
tion of inflammatory cells within the eye structures were noted
between patients who were injected with viral vector and patients
who underwent primary enucleation (Figure 1b). An increase in
grade 1 response was observed in the cornea, anterior chamber,
and iris for CD138%, CD3%, CD43%, CD68*, CD23%,and CD1a%
cells when compared to eyes from patients who underwent enu-
cleation alone. Furthermore, an increase in grade 2 response
of CD1a" cells was observed in the ciliary body, choroid, and
retina of patients who received Ad-RSVtk when compared to
eyes from patients whose only treatment was enucleation. When
the Fisher’s exact test and outcomes of negative (grade 0) versus
positive (grade >1) response were used to compare the overall
median grade between patients who had received adenoviral
vector to those who were enucleated alone, there was only a sta-
tistically significant increase (P = 0.029) in CD138% cells. Taken
together, these results suggest that, although there are no statis-
tically significant changes (possibly due to the small number of
patients enrolled) in the total number of T cells (CD3%, CD5,
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Figure 1 Characterization of the inflammatory response in the
eyes of retinoblastoma patients injected with the Ad-RSVtk vector.
(a) Pathological definitions of immunostaining grades for retinoblas-
toma eyes. Enucleated eyes from unilateral retinoblastoma patients and
Ad-RSVtk-treated retinoblastoma subjects were stained with antibodies
against different cell surface antigens. Based on staining, trained patholo-
gists assigned grades of 0—4. Bar = 200 um. (b) Median grade observed for
different markers in retinoblastoma patients who received (n = 7) or did not
receive (n = 6) the Ad-RSVtk vector followed by ganciclovir. Grading was
determined for each characteristic area of the eye. AC, anterior chamber;
APC, antigen-presenting cell; CB, ciliary body; Vit, vitreous.

CD43%, and Tdt*), B cells (L26™), macrophages (CD68%), or
antigen-presenting cells (CD23%, and CD1a") detected, there is
a change in the localization of these cells within the structures of
the eyes.

Delivery of an Ad-RSVik first-generation vector to the
eye of retinoblastoma patients does not induce a
systemic adenovirus-specific cytotoxic T-cell (CTL)
immune response

To determine whether the modest local inflammatory response
observed in retinoblastoma subjects who received Ad-RSVtk

www.moleculartherapy.org vol. 18 no. 10 oct. 2010



© The American Society of Gene & Cell Therapy

a b \
% 10° - @w 10 2nd
[&] . o
= Conj. = 743@
o m
o o
) Pt3 )
= Pt2 X
< Pt1 <
& 10?4 & 10?
o0 23
(%] %]
L o ’
= = 2n
& Pt4 ?
2 10 - v 2 10 - -
0 2 0 1

Time (weeks) Time (weeks)

Figure 2 Delivery of Ad-RSVtk vector to the eye does not induce an
adenovirus cytotoxic T lymphocyte (CTL)-specificimmune response.
(a) Presence of adenovirus-specific CTLs in the peripheral blood of four
patients who received eye injections of Ad-RSVtk vector, and a patient
diagnosed with adenovirus conjunctivitis was measured by enzyme-
linked immunosorbent spot assay. PBMCs collected before the injection
or at the time of diagnosis, and cells collected 2 weeks after the first
acquired sample were challenged with an immunogenic hexon peptide
common to all known serotypes of human adenovirus or PBMCs alone as
a control (data not shown). None of the patients who received Ad-RSVtk
vector injection had a significant increase in adenovirus-specific CTLs at
2 weeks after injection, whereas the patient with adenoviral conjunctivi-
tis had a significant increase in adenovirus-specific CTLs at 2 weeks after
diagnosis. This adenovirus conjunctivitis patient had not received ste-
roid treatment. (b) Comparison of the adenovirus-specific CTL response
of patients 3 (inverted closed triangles) and 4 (closed diamonds) who
received multiple injections of adenovirus vector. No significant increase
in adenovirus-specific CTL response was observed after 1 week of either
of the subsequent vector injections. Plotted data were standardized to
spot-forming cells (SFCs) per 4 x 10° PBMCs. PBMC, peripheral blood
mononuclear cell.

vector is associated with a CTL immune response against adeno-
virus vector antigens, peripheral blood mononuclear cells
(PBMCs) were isolated before and after injection from the patients
who received 2.5 x 10" to 1 x 10" viral particles. The frequency of
Ad-reactive cells in the patients’ peripheral blood was compared
with a subject suffering from adenovirus conjunctivitis who had
not received local or systemic steroids (used as the positive con-
trol). We used an enzyme-linked immunosorbent spot (ELISpot)
assay and stimulated patient T cells with an immunogenic adeno-
virus hexon PepMix containing a pool of peptides spanning the
entire sequence of hexon from serotype 5 (ref. 13). This assay has
been used by several groups to detect ex vivo-activated T cells
from human patients.'*"'” Baseline activation was measured using
unstimulated PBMCs alone. No secretion of IFN-y was induced
in these cells. Patients who received the adenovirus vector had no
increase of adenovirus-specific CTLs at 2 weeks after vector injec-
tion (Figure 2a), unlike the patient with adenoviral conjunctivitis
who developed a significant increase in the frequency of adeno-
virus-specific CTLs 2 weeks after diagnosis. The wide variation
observed in the baseline CTL response has been reported previ-
ously from healthy seropositive donors, and does not appear to
impede further rises on exposure to the virus.’*'* Of note, patients
3 and 4 received three or two injections, respectively, of the
adenoviral vector several weeks apart, but even after this repeat
exposure, the patients had no significant increase in adenovirus-
specific CTLs (Figure 2b). Furthermore, ELISpot assays were per-
formed in all four patients for at least 2 months with no significant
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Figure 3 Delivery of Ad-RSVtk vector to the eye does not induce an
adenovirus humoral immune response. Detection of adenovirus neu-
tralizing antibodies was performed 1 week before the first injection of
Ad-RSVtk and 6 weeks after the last injection of Ad-RSVtk vector. Titer is
shown as the inverse of the highest dilution of serum showing a positive
fixation of complement. All IgM values were <1:10 (data not shown).
*Patients 5 and 7 had a titer <4 both before and after the injection and
are considered to be negative for neutralizing antibodies.

increase in Ad-specific spot-forming cells in any of the patients
(data not shown).

Humoral immune response in Ad-RSVtk-treated
retinoblastoma subjects

We measured neutralizing antibodies to adenovirus in serum
samples prior to injection and 6 weeks following vector injection
using a clinical laboratory complement fixation assay. Two of the
retinoblastoma subjects had no detectable neutralizing IgG anti-
bodies against adenovirus before or after injection of Ad-RSVik.
None of the subjects developed IgM (data not shown) or an
increase in IgG antibodies against adenovirus (Figure 3).

DISCUSSION
After intraocular administration of adenoviral vectors, retinoblas-
toma patients in a phase 1 clinical trial of adenoviral-mediated
gene transfer showed a mild local inflammatory response char-
acterized by changes in the localization without any substantive
increase in absolute numbers of T cells, B cells, macrophages, and
antigen-presenting cells. In contrast to reports after extraocular
administration of the same vector,” our patients did not develop
systemic cellular or humoral immunity directed to the vector.
These results support our previously published data that showed
that the intraocular injection of adenoviral vectors in normal mice
does not induce a systemic immune response.” Interestingly, our
current data suggest that, unlike in mice, the immune tolerance
observed in our human retinoblastoma patients may be indepen-
dent of the integrity of the blood-retinal barrier.
Adenoviral-mediated suicide gene transfer has been explored
as a novel therapy for several malignancies.'® We previously
reported a phase 1 clinical trial for children with retinoblas-
toma that explored the safety of using an intraocular injection
of adenoviral vector to deliver a herpes simplex thymidine kinase
(HS-tk) gene followed by systemic treatment with ganciclovir.?
Patients had completed any chemotherapy or radiation therapy
course at least 1 month before their inclusion and were facing
imminent enucleation. In this dose-escalation phase 1 clinical
trial, patients received intravitreal injections of 1 x 10° to 1 x 10"

1887



Immune Response to Intraocular Adenovectors

© The American Society of Gene & Cell Therapy

Table 2 Treatment time line for retinoblastoma patients injected with Ad-RSVtk followed by ganciclovir

Time from the Time from
Systemic last injection  the last dose  Time from the Time from the

Number steroids to the first dose  of steroids first injection  last injection Grade of ocular
Patient® AdV dose (vp)  of injections (1mg/kg) of steroids to enucleation to enucleation® to enucleation inflammation®
1(8) 2.5x 10" 1 No NA NA 35 Weeks 35 Weeks None
2(7) 10" 1 No NA NA 45 Weeks 45 Weeks Moderate
3 (5)° 10t 2 (10", No NA NA 76 Weeks 23 Weeks Mild

3 (2.5 x 10')

4 (6) 10" 2 Yes (5 weeks) 3 Weeks 39 Weeks 50 Weeks 47 Weeks Moderate
5(4) 101 5 No NA NA 23 Weeks 3 Weeks Moderate
6 10° 1 No NA NA 4 Weeks 4 Weeks Mild
7 (1) 10® 1 No NA NA 8 Weeks 8 Weeks None

Abbreviation: NA, not applicable.

2Numbers in parentheses represent the corresponding patient number reported in ref. 12. *As reported in ref. 12. <Patient had resolution of vitreous seeds with the first
course of adenoviral vector. Patient developed new tumors with vitreous seeds and was re-treated with adenoviral vector 8.5 months after initial injections.

adenoviral vector particles in 100l of balanced salt solution
using a microscope or indirect ophthalmoscope to visualize as a
30-gauge needle was inserted through the peripheral cornea, iris,
and zonules avoiding the lens. These patients received postop-
erative ciprofloxacin (0.3%), scopolamine (0.25%), and predni-
solone (1%) to prevent infections and manage the inflammation
that might be caused by the procedure. Patients who developed a
grade 1 or greater ocular inflammatory response were treated with
oral prednisolone at 1 mg/kg/day. Steroids are frequently admin-
istered after intraocular injections (including just before and after
ocular gene therapy) to reduce local inflammation caused by the
procedure. Indeed, such an approach was used to manage post-
surgical inflammation in all patients enrolled on an ocular gene
replacement protocol using an adeno-associated viral vector to
deliver the RPE65 transgene to patients with Leber’s amaurosis."
It is unlikely that such low total doses of steroids per se would
cause systemic immunosuppression. When we analyzed the treat-
ment time line of our patients, only patient 4 received systemic
steroids at a dose of 1 mg/kg/day 3 weeks after the last injection of
the Ad-RSVitk vector (Table 2). Patients 1, 2, and 3 did not receive
systemic steroids, and the time from their first injection of the
viral vector to enucleation was 35, 45, and 76 weeks, respectively,
without reports of grade 1 or greater ocular inflammation. The
results of our trial demonstrated no dose-limiting toxicity, and
retinoblastoma vitreous seeds were completely eradicated in the
targeted region following treatment in all of the eight patients who
presented with this complication.

The injection of viral vectors into the mouse eye has previously
shown to induce immune tolerance.””* Hoffman et al.*® reported
that after subretinal delivery of an adenoviral vector, transgene
expression was similar in immunodeficient and immunocompe-
tent mice. Furthermore, subretinal and intravitreal delivery of ade-
noviral vectors appeared to actively inhibit systemic humoral and
cell-mediated immune responses toward the adenoviral vectors
and the expressed transgene, in part, by inducing the secretion of
immunosuppressive cytokines such as IL-10 or TGF-p, and to allow
sustained expression of the delivered transgene.”®*! However, this
inhibition of immune response required the presence of an intact
Bruch’s membrane, the membrane that acts as the blood-retinal
barrier. Suber et al” reported that when an adenoviral vector is
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injected intravitreally or subretinally into mice with inherited
photoreceptor degeneration (rd-/rd- mice), a delayed-type hyper-
sensitivity is induced that is not seen in control normal mice. In
rd-/rd- mice, the integrity of the Bruch’'s membrane is compromised
and the vector antigens can cross into the blood. Conventional
treatment for unilateral retinoblastoma is usually enucleation,
whereas both local and systemic treatment strategies are used in
an attempt to save at least one eye when the disease is bilateral.*>*
All of the patients enrolled in our phase 1 trial had chorioretinal
scarring and disruption of Bruch’s membrane. This was caused by
either the invasive tumor itself or by local therapies such as radia-
tion, cryo- or laser treatments that compromised the integrity of the
blood-retinal barrier.'®"! The lack of demonstrable systemic cellular
or humoral immune responses to the adenoviral vector described
in this article was therefore unexpected. Because the blood-retinal
barrier was disrupted, the absence of a systemic immune response
suggests that the local ocular environment is sufficient to prevent a
systemic immune response to the adenoviral vector.

The results reported here contrast with those reported by
van der Linden et al.’ This group used the same Ad-RSVitk vector
at similar doses (2 x 10" or 2 x 10" vp) as a neoadjuvant therapy
for prostate cancer patients. After administration of either dose of
the vector, they reported an increase in the secretion of IFN-y by
the patients’ CTLs after exposure to the adenoviral vector and an
increase in adenovirus neutralizing antibodies. Increases in adeno-
virus neutralizing antibodies have also been reported by Xu et al.**
after administration of a similar vector containing the HS-tk gene.
The fact that the retinoblastoma patients treated with the Ad-RSVtk
vector at 1 x 10" viral particles did not show any of the changes
in adenovirus neutralizing antibodies or adenovirus-specific CTLs
suggests that elements of the intraocular environment decreased the
immunogenicity of the adenoviral vector. The response to intraoc-
ular exposure to foreign antigens is a unique immunologic toler-
ance that has been termed anterior chamber-associated immune
deviation.’ This phenomenon occurs not only because of the local
anatomic blood-retinal barrier of the eye and a lack of intraocu-
lar lymphatic drainage but also because of an immunosuppressive
biochemical environment that induces local apoptosis of immuno-
modulatory cells and a systemic tolerance to the foreign antigen.”
Although this phenomenon is called anterior chamber-associated
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immune deviation, further evidence has suggested that it is not a
property of the anterior chamber exclusively but of the internal
structures of the eye such as the vitreous body and the retina as
well. ¥ Intraocular injection of antigen in mice induces the expan-
sion of CD41CD251FoxP31 T regulatory cells,® which further
supports anterior chamber-associated immune deviation as an
active process of immune tolerance. Nonetheless, we do not know in
our own patient group whether a similar active process is occurring,
or whether we are witnessing unresponsiveness for other reasons.

Although adenoviral vectors have many advantages over other
vector delivery systems including a relatively large gene packag-
ing capability, high transgene expression, efficient delivery into a
large variety of both dividing and nondividing cells, and a relative
ease of high titer production, the use of adenoviral vectors for sys-
temic gene replacement therapy has fallen out of favor because of
local and systemic immune responses that shorten the duration
of transgene expression and increase morbidity.*** Of note, sub-
retinal delivery of transgenes into immunocompetent mice using
first-generation adenoviral vectors such as these demonstrated
sustained, undiluted expression of the transgene in retinal photo-
receptors for at least 8 months without any evidence of an inflam-
matory response.® The favorable preliminary results of the phase 1
clinical trial for children with retinoblastoma,'? including the lack
of a significant local or systemic immunologic response described
in this article, should provide a new impetus to study the potential
use of adenoviral vectors for not only short-duration cancer ther-
apy but also for long-term gene replacement therapy in the ocular
environment especially in photoreceptors and retinal pigmented
epithelium that have previously been shown to be effective targets
of these vectors. Furthermore, understanding the mechanisms
that suppress the immune response after ocular injection of anti-
gens such as adenoviral vectors may lead to innovations that could
improve the outcomes for systemic gene therapy.**

MATERIALS AND METHODS

Clinical protocol. An IRB, IBC, and FDA approved phase 1 clinical trial was
initiated to examine the safety of injecting into the eye an adenoviral vector
to deliver a herpes thymidine kinase gene (Ad-RSVtk) followed by systemic
administration of ganciclovir to treat retinoblastoma.'> Blood samples were
drawn immediately prior to the intraocular injections, and 1 and 2 weeks
after each injection to determine T-cell responses measured by IFN-y
ELISpot and 6 weeks after the last injection to examine adenovirus-specific
antibody titers. All patients eventually required enucleation, and eyes from
Ad-RSVtk-treated patients were compared to those from nontreated retin-
oblastoma patients using histology and immunohistochemistry.

Immunohistochemistry on paraffin-embedded tissue. Histology sections
mounted on slides were deparaffinized and rinsed with deionized water.
Dako Target Retrieval Solution (Carpinteria, CA), diluted 1:10 accord-
ing to the manufacturer’s directions, was heated to 95°C in a steamer.
Slides were placed in the solution for 25 minutes, removed, allowed to
cool for 20 minutes and rinsed in deionized water. Endogenous per-
oxidase was blocked by placing slides in 3% H,O, in deionized water
for 8 minutes. Slides were rinsed in deionized water and stained using
the Dako Autostainer Universal Staining System. Primary antibodies
(Table 1) were diluted in Dako Antibody Diluent, and slides were incu-
bated for 20 minutes. Antibodies were visualized using the appropriate
rabbit or mouse Dako EnVision HRP DAB™ Kit. The Envision System
consists of an HRP-conjugated polymer with the appropriate rabbit
or mouse secondary antibody. Slides were incubated with the labeled
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polymer for 25 minutes and with DAB™ for 5 minutes. Dako Wash Buffer,
a Tris buffered saline with 0.05% Tween 20, was used for all rinses on the
Autostainer except for a rinse with deionized water after DAB substrate
incubation. After slides were removed from the Autostainer, they were
rinsed in deionized water, counterstained with hematoxylin 2 (Thermo
Fisher Richard-Allan Scientific, Kalamazoo, MI), rinsed in tap water,
dehydrated, and coverslipped.

Isolation of PBMCs. Blood was drawn from subjects and diluted with
phosphate-buffered saline (PBS 1X; Sigma, St Louis, MO). Sample was
then layered over 20ml of Lymphoprep (Axis-Shield, Oslo, Norway)
and centrifuged at 4,000¢ for 45 minutes. The PBMC layer was removed
and washed with PBS followed by centrifugation at 450¢ for 10 minutes.
Cell pellets were resuspended in PBS, and viability was determined using
Trypan blue exclusion. After a final centrifugation at 450¢ for 5 minutes,
PBMCs were resuspended in freezing media (RPMI-1640, 10% DMSO) at
5 x 10° PBMCs/ml. Cells were stored at —80 °C until assayed.

Adenovirus-specific ELISpot assay. PBMCs were thawed and placed in
complete culture media (RPMI-1640; Sigma; 1% Pen-Strep 10% human
serum) in a 24-well plate (2 x 10° cell/well) overnight at 37°C with 5%
CO,. The MultiScreen plate (Millipore, Billerica, MA) was washed once
with 75% ethanol and twice with PBS 1x. The wells were then coated with
anti-IFN-y (100 pl/well; Diapharma, West Chester, OH) and stored at 4°C
overnight. Excess antibody was decanted, and the plate was washed twice
with PBS 1x at 5-minute intervals. Following the second wash, 150 ul/
well of complete culture media were added and the plate was incubated
for 1 hour at 37°C. PBMCs were counted and resuspended at a final
density of either 4x 10° or 2x 10° PBMCs/ml in complete culture media.
Media was removed from the wells and replaced with a total of 2x 10° or
4x 10° PBMCs per well. Cells were challenged with a hexon PepMix that
contained a pool of peptides spanning the entire sequence of hexon from
serotype 5 (JPT Technologies, Berlin, Germany) or a control peptide from
the Epstein-Barr virus (EBV) protein LMP-1 for 24 hours. Finally, cells
were removed, and IFN-y spots were developed using a biotinylated anti-
IFN-y that was detected with an avidin-peroxidase complex. Developed
spots were counted by a third party, ZellNet Consulting (Fort Lee, NJ).
Plotted data were standardized to spot-forming cells per 4x 10° PBMCs
by doubling the numbers of spots obtained in assays using 2 x 10° PBMCs.
All spot-forming cells were well within the quantifiable range, as reported
by ZellNet.

Detection of adenovirus neutralizing antibodies. Neutralizing antibody
titers determined by complement fixation were performed by clinical labo-
ratories designated by Texas Children’s Hospital. The values reported here
are lower than the saturating value of the assay (=256); if increases had
occurred, they would have been detected.

Statistical analysis. Median grade observed between the cornea and
the vitreous was calculated for each marker. Considering median values
between 0 as negative and >1 as positive, a Fisher’s exact test was per-
formed comparing Ad-RSVtk-treated versus -nontreated retinoblastoma
eyes based on the numbers of eyes allocated to each category. This test was
chosen due to the small sample size of the trial. P values <0.05 were con-
sidered significant.
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