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Abstract

Background—~Radiation-induced salivary hypofunction is a common side-effect of treatment for
head and neck cancers. Patients suffer significant morbidity and there is no suitable conventional
therapy. We are conducting a Phase | clinical trial, using a first-generation serotype 5 adenoviral
(Ad5) vector encoding human aquaporin-1 (AdhAQP1) to treat such patients. One week after the
administration of AdhAQPL1 to an enrolled, generally healthy patient, E1-containing adenovirus
was detected in parotid saliva.

Methods—The real-time quantitative polymerase chain reactuion (PCR) was used to measure the
Ad5 E1 gene and AdhAQP1 in saliva and serum. PCR and sequencing were used to characterize
viral/vector DNA extracted from saliva. The presence of infectious adenovirus was assessed by the
inoculation of A549 cells with aliquots of saliva. Serum Ad5 neutralizing antibodies were
measured by the inhibition of 293-cell transduction with an Ad5 vector encoding luciferase.
Multiple clinical evaluations were performed.

Results—On day 7 after AdhAQP1 delivery, low levels of the Ad5 E1 gene were detected in
parotid saliva (82 copies/ul). In addition, significant levels of AdhAQP1 were also detected (1.5 x
103 copies/pl). The patient was asymptomatic and subsequent analysis of parotid saliva samples
prior to day 7 and after day 7 until day 42 was negative for both virus and vector. No virus or
vector was detected in serum at any time. Detailed PCR analyses of DNA extracted from the day 7
parotid saliva sample suggested the absence of a recombination event, and no infectious virus was
found.

Conclusions—The patient most likely had a latent Ad5 infection in the targeted parotid gland
that was activated after gene transfer and was without clinical consequence. Published in 2009 by
John Wiley & Sons, Ltd.
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Introduction

Radiation-induced salivary hypofunction is a common, significant and persistent sequela of
the treatment of head and neck cancers [1]. Patients with this condition lack acinar cells,
which are the only cells in salivary glands able to secrete fluid [2,3], and suffer considerable
morbidity, including dysphagia, frequent oral infections, reduced healing of oral mucosal
tissues and general oral discomfort [4]. At present, there is no effective treatment available.
We previously showed that the delivery of a serotype 5, adenoviral (Ad5) vector, encoding
human aquaporin-1 (hAQP1 [5], AdhAQP1) to rat and miniature pig salivary glands after
irradiation led to near normal levels of salivary flow [6,7]. Subsequently, we submitted an
application for a Phase I, single-dose escalation clinical trial that has received all the
required approvals (http://www.clinicaltrials.gov/ct/show/NCT00372320%order=1). All
patients are seen at the NIH Clinical Center in Bethesda, MD, USA. In the present study, we
describe the detection and investigation of E1-containing adenovirus in a single parotid
saliva sample from a patient (#25) enrolled in the present study.

Materials and methods

Quantitative polymerase chain reaction (QPCR) assay for the Ad5 E1 gene

The E1 gene of wild-type (WT) Ad5 encodes the Ela [from nucleotides (nt) 468-1632 of
WT Ad5 (access number: AY339865)] and E1b [from nt 1672—-3509 of WT Ad5 (access
number: AY339865)] proteins, which are required for the replication of WT Ad5. The E1
gene is deleted in AdhAQPL. To detect whether the Ad5 E1 gene was present in patient
serum and saliva samples, as a surrogate assay for the presence of WT Ad5, we designed a
set of TagMan primers and a probe using the Primer Express Primer Design software (PE
Applied Biosystems, Foster City, CA, USA). The sequences of the primers and probe chosen
were: E1q1 (5'-TGTGCCCCATTAAACCAGTTG-3") [locates from nt 1421-1441 of WT
Ad5 (access number: AY339865)], E1g2 (5’ -TCCTCGATACATTCCACAGCC-3") [locates
from nt 1467-1487 of WT Ad5 (access number: AY339865)] and Elprobel (5'-/56-FAM/
CGTGAGAGTTGGTGGGCGTCGC/36-TSMTSp/-3") [locates from nt 1443-1464 of WT
Ad5 (access number: AY339865)]. The quantitative (Q) PCR assay results in the
amplification of a 66-bp fragment from the Ela region of WT Ad5.

The DNA standard used for this QPCR assay was a 648-bp PCR product (termed PCR 1,
Figure 1) that originates from the E1 region of WT Ad5 (nt 1387-2035). It was amplified
using a genomic DNA sample from 293 cells with primers E1F58 (5'-
AACACACCTCCTGAGATACACCCG-3") [locates from nt 1387-1410 of WT Ad5 (access
number: AY339865)] and E1B98 (5-GGGTTTCTTCGCTCCATTTATCC-3") [locates from
nt 2013-2035 of WT Ad5 (access number: AY339865)].

Genomic DNA for the QPCR assay was extracted from saliva and serum samples with the
QlAamp DNA Blood Mini kit (Qiagen, Valencia, CA, USA). One, 5 or 10 pl of extracted
DNA sample were used for the QPCR reactions. WT Ad5 was used as positive control. The
negative control was genomic DNA obtained from a normal human serum sample. In the
assay, there were no template controls. Each reaction contained 25 pl of primers (10 pmol of
each primer), probe (15 pmol of probe), the sample to be tested, plus 25 pl of TagMan
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Universal PCR Master Mix (Applied Biosystems). The assays were performed in an ABI
Prism 7700 Sequence Detector (Applied Biosystems). The conditions used for the QPCR
assays were: 95 °C for 2 min, 95 °C for 8 min, 95 °C for 15 s and 60 °C for 1 min for 40
cycles.

PCR assays and QPCR assay for AdhAQP1

Genomic DNA for all PCR reactions, and for the QPCR assay to detect AdhAQP1, was also
extracted from saliva and serum samples with the Ql1Aamp DNA Blood Mini kit (Qiagen).
Five microliters of the extracted DNA sample were used for the PCR reactions and 1, 5 or 10
ul of extracted DNA sample were used for the AdhAQP1 QPCR assay.

For the QPCR assay to determine the presence of the AdhAQP1 vector in extracted DNA
samples, the primers and probe used to amplify an 83-bp fragment from cytomegalovirus
(CMV) promoter and human AQP1 cDNA junction were: CMV-AQP1primerl (5'-
CGTGTACGGTGGGAGGTCTATATAA-3"), CMV-AQP1primer2 (5'-
GCTGGTACCGAGCTCGAATT-3") and CMV-AQP1-probel (5'-/56-FAM/
CTCGTTTAGTGAACCGTCAGATCCGGTC/36-TSMTSp/-3). For this assay, the plasmid
pACCMV-hAQP1 [6] was used as a standard.

To characterize the viral/vector DNA present in the day 7 Ad5 E1-positive parotid saliva
sample from patient #25, we used PCR to amplify multiple sequences in the Ad5 E1 and E3
regions. Figure 1 depicts the eight PCR products that we attempted to generate from the
DNA extracted, along with their locations in WT Ad5 and AdhAQP1. The products are
named as indicated below and in Figure 1. We postulated that this strategy would allow us to
obtain a “fingerprint” of the genetic information present in the DNA extracted from the day 7
right parotid saliva sample of interest. The primers used to generate these PCR products for
sequencing were: (i) E1F58 and E1B98 (above) to generate a 648-bp fragment [termed PCR
1] of the Ad5 E1 gene (only found in WT Ad5); (ii) E3F122 (5'-
AGAGATGACCAACACAACCAACG-3"); a sequence that locates from nt 29481-29503 of
WT Ad5 (access number: AY339865) or from nt 30686—-30708 of AdhAQP1) and E3B114
(5"-ATGGATACACGGGGTTGAAGG-3"); a sequence that locates from nt 31065-31085 of
WT Ad5 (access number: AY339865) or from nt 32189-32169 of AdhAQP1). These will
generate either a 1604-bp fragment from E3 region of WT Ad5 [termed PCR 2] or a 1503-bp
fragment from AdhAQP1 [termed PCR 2']; (iii) E3F122 and AdSWTE3B117 (5'-
GCGTTCCAGCCAATGTCAAG-3") to generate from PCR 2 an 817-bp fragment from E3
region of WT Ad5 [termed PCR 3]; (iv) E3F122 and AdSAQPE3B110 (5'-
CTGTAAAGCACAACTCCCACCTG-3") to generate from PCR 2" a 937-bp fragment from
the E3 region of AdhAQP1 [termed PCR 4]; (v) AQPE2F12 (5'-
TGTCTTCATCAGCATCGGTTCTG-3") and AQPE2B6 (5'-
ATCCCACAGCCAGTGTAGTCAATAG-3") to generate a 500-bp fragment from the human
AQP1 cDNA [termed PCR 5]; (vi) E1IF58 and AQPE2B15 (5'-
CTCACAATGCTTCCATCAAACGAG-3’) to generate a 2256-bp fragment from the E1/E2
junctional region of WT Ad5 [termed PCR 6]; and AQPE2F21 (5’-
TACTGCCTGACCTTGGAATCGTCC-3") and AQPE2B15 to generate a 2239-bp fragment
from the AQP1/E2 region of AdhAQP1 [termed PCR 7].

J Gene Med. Author manuscript; available in PMC 2017 January 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zheng et al.

Page 4

The sequences for all forward and reverse primers, and probes for the QPCR assays, were
selected using Primer Express Primer Design software (PE Applied Biosystems) and the
assays performed in an ABI Prism 7700 Sequence Detector. The conditions used for the
QPCR assays were: 95 °C for 2 min, 95 °C for 8 min, 95 °C for 15 s and 60 °C for 1 min for
40 cycles. The sequences for all forward and reverse primers for the PCR reactions were
selected using MacVector software (MacVector, Inc, Cary, NC, USA). All PCR reactions
were carried out in DNA Thermal Cycler (Perkin Elmer, Waltham, MA, USA). The
conditions used for the PCR reactions were: 94 °C for 10 min, then a temperature cycle of
94 °C for 1 min, 55 °C or 60 °C for 1 min and 72 °C for 3 min, for 30 cycles.

Infectious assay methods

A549 cells were plated in two wells of a six-well plate and allowed to reach confluence.
Thereafter, 7 pl of the day 7 right parotid saliva sample was added to one well and 3 pl of
this saliva sample was added to the other well. Both saliva aliquots were from a fresh thaw
of the sample. Thereafter, 1 ml of RPMI-1640 medium (with 10% fetal calf serum; double
antibiotics; all obtained from Invitrogen, Carlsbad, CA, USA) was added to each well,
followed by an additional 2 ml of complete growth medium after 2 h. Growth medium was
changed every 2 days and the cells monitored for the occurrence of cytopathic effects for 24
days. Two wells of control cells, in a separate six-well plate, were treated similarly, but
without added aliquots of saliva, and served as a negative control. As a positive control, we
used WT Ad5 (102—10* particles) to infect A549 cells at three multiplicities of infection
(MOIls) over a 10-day period. The assay was capable of detecting the presence of WT Ad5 at
a MOI of 0.025 (104 particles/4 x 10° cells) in 5 days and at a MOI of 0.0025 (102 particles)
in 7 days.

Assay for neutralizing antibodies

Anti-Ad5 neutralizing antibodies in serum samples were measured by the ability to prevent
transduction of 293 cells by a recombinant Ad5 vector [8,9]. Briefly, 293 cells were plated at
10° cells/well in 96-well plates, approximately 24 h prior to exposure to an Ad5 vector
(AdCMVLuc; approximately 108 particles/well) encoding the luciferase reporter gene. For
30 min prior to adding vector to cells, the vector was incubated in serum dilutions (total
volume 50 pl). Thereafter, the vector and the diluted serum samples were added to each well
for 1 h, followed by the further addition of 150 pl of fresh culture media. After subsequent
incubation for 24 h, cells in each well were lysed and luciferase activity determined in a
luminometer. Titers are reported as the dilution of serum that resulted in 50% inhibition of
the transduction of 293 cells with AdCMVLuc.

Saliva collection

To collect parotid saliva from participants, a Teflon device, called a Carlson-Crittenden cup,
was placed over the orifice of Stensen’s duct [10]. Saliva, if present, flows from the duct
orifice, into the cup, and then through a plastic tube into the collection vial (a pre-weighed
Eppendorf tube). After completion of a timed, stimulated (with 2% citrate swabbing of the
dorsum of the tongue) parotid saliva collection, there typically is some saliva still present in
the Teflon cup, as well as in the plastic tube that drains into the collection vial. This extra
parotid saliva is retained in a second pre-weighed Eppendorf tube with a notation as ‘extra’
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saliva. Although this extra sample does not constitute the timed primary saliva sample for
determining salivary flow rates per study protocol, it is available for analyses if needed (see
below).

Results

General clinical course

Patient #25 is a 58-year-old Caucasian male, with a history of irradiation-induced salivary
hypofunction subsequent to treatment for a poorly differentiated squamous cell carcinoma in
the right tonsil that was metastatic to a single node (stage 4 A). He was enrolled in NIH
study 06-D-0206 under IND 13 102 after meeting all eligibility criteria. He was the second
participant to be treated with the first dose level of AdhAQP1 (4.8 x 107 vector particles).
Prior to this treatment, all of his clinical laboratory tests (hematology, serum chemistry,
urinalysis) were within normal limits, except for slightly lower values for white blood cells
and serum amylase (Table 1). Vector was administered to the patient’s right parotid gland on
day 1 (Figure 2).

After vector administration, the patient was seen for regularly scheduled evaluations and
testing per protocol (Figure 2). At each time point, collection of parotid saliva was made and
blood samples were obtained. Throughout the thus far 180-day post-AdhAQP1 delivery
period, the patient has reported no untoward symptoms, and has had essentially normal
system reviews, physical examinations, and detailed head and neck examinations.
Additionally, his clinical laboratory test results (Table 1) were generally within normal
limits. On day 28, significant elevations in aspartate aminotransferase (serum glutamic
oxaloacetic transaminase), alanine aminotransferase (serum glutamic pyruvic transaminase)
and creatine kinase levels were documented (Table 1). These elevations were recorded as
adverse events unrelated to the delivery of study drug or protocol procedures, and were
considered to be related to recent strenuous exercise reported by the participant. By day 30,
after refraining from vigorous physical activity, these three serum values were approaching
normal levels and, at day 42, all three were within normal limits.

In addition, all special imaging studies performed on this patient have revealed no
unexpected or untoward findings. These included a single pre-treatment contrast X-ray
(sialogram) of the targeted right parotid gland, a single pre-treatment computed tomogram of
the mandible and neck, multiple magnetic resonance images of the face/sinuses/neck from
pre-treatment to day 42, multiple technetium scintiscans of the salivary glands from pre-
treatment to day 42, two gallium scans of the parotid glands (pre-treatment and day 2), and a
single pre-treatment computed tomogram of the chest.

Initial finding of adenoviral E1 gene in saliva specimen

At the day 7 visit, the patient had no general or oral symptoms and had an unremarkable
head and neck examination, unremarkable review of systems and normal physical
examination. Saliva samples were collected and, per protocol, tested for the presence of
replication competent adenovirus using the surrogate QPCR assay for detecting the WT Ad5
E1 gene described above. The initial assay of DNA extracted (1 ul) from a collected sample
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of right parotid saliva on day 7 was positive at low levels for the E1 gene. Subsequently,
multiple extracted DNA samples from the day 7 right parotid saliva sample were tested
using three different amounts of extracted DNA per assay (1 pl, 7=10; 5 ul, n=5; 10 ul, n=
6). A total of two 1-ul samples, one 5-pl sample, and all six 10-pl samples were positive. On
the basis of the values from the six 10-ul samples, a calculated value of 82 E1 gene copies/pl
parotid saliva was obtained. This value represents a total number of 7872 E1 gene copies in
the 96-pl sample of right parotid saliva collected during the protocol’s timed collection
period (1 min). In this same saliva sample, we also detected a total of 7.2 x 10° copies of the
AdhAQP1 vector (1.5 x 103 copies/ul saliva; assayed by QPCR; see above). Importantly, all
serum samples tested from this patient visit were negative for the presence of the Ad5 E1
gene and AdhAQPL1. On the basis of these aggregate results, further study enrollment was
suspended on day 9 pending a detailed understanding and resolution of this event.

Given the finding of the Ad5 E1 gene in the primary saliva sample, we tested the additional
extra saliva from the same time point for the Ad5 E1 gene. When multiple samples of
extracted DNA obtained from this extra right parotid saliva (1 pl, 7=9; 10 ul, 7= 3) were
tested for the presence of the Ad5 E1 gene by QPCR, all were negative. All other collected
saliva samples, and all serum samples, from patient #25 (i.e. those obtained before day 7 and
subsequently on days 14, 28 and 42), tested negative for the presence of the Ad5 E1 gene
and the AdhAQP1 vector.

We also measured the Ad5 neutralizing antibody titer present in the day 14-serum sample
collected. Although this time point was relatively early after vector administration to allow a
classic antibody response, given that the participant’s neutralizing antibody titer at his pre-
vector administration visit was <1:1024, we considered that, if there was a significant level
of replicating Ad5 vector in his gland, we would expect to see a robust antibody response at
day 14. There was none, however (i.e. his serum neutralizing antibody titer at day 14 was <
1:512).

It is noteworthy that the other two patients enrolled in this study, who received the same
vector dose as patient #25, tolerated the procedures and treatment well. These patients, #40
and #19, are Caucasian males, and were aged 66 and 56 years, respectively, at the time of
AdhAQP1 administration. Prior to vector delivery, their anti-Ad5 neutralizing antibody
levels were <1:4 and <1:256, respectively. Routine testing (Figure 2) of their parotid saliva
and serum specimens, from prior to vector delivery until the day 28 visit, gave negative
results for the Ad5 E1 gene with the QPCR assay.

Hypothesis and characterization of adenoviral DNA in parotid saliva sample

On the basis of the above findings with patient #25, we hypothesized two possible
explanations regarding how the Ad5 E1 gene came to be present in the patient’s day 7 right
parotid saliva sample. The first possibility was that the detected E1 gene was the result of
contamination with WT Ad5 that occurred either during collection, when making aliquots or
during the assay. The likelihood of a contamination of the primary timed saliva sample
(versus the extra saliva sample or serum samples) is unlikely in view of the presence of
AdhAQP1 in the primary saliva sample, although it is impossible to unequivocally rule out.
Second, we considered that it was possible that patient #25 had a latent Ad5 infection (i.e.
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asymptomatic) in his right parotid gland and the AdhAQP1 vector transduced some of the
cells containing WT Ad5. Adenoviruses can infect parotid glands, although frank clinical
manifestations (parotitis) are only reported for immunocompromised patients [11]. The
presence of an asymptomatic Ad5 infection in this patient might then permit either: (i) a
recombination event to occur between the WT Ad5 and AdhAQP1 or (ii) reactivation of the
WT Ad5 and subsequent replication of both the WT Ad5 and the AdhAQP1 vector,
independently, in the absence of a recombination event.

With either scenario (i) or (ii), virus/vector replication could have lysed the cells in which it
was occurring. Shed virus/vector would then have entered the duct lumen and remained,
because this participant makes no resting (unstimulated) saliva (i.e. until a stimulus to
secretion occurred, in this case during our timed collection). This sudden burst of saliva
secretion would in effect wash out the duct of virus/vector. This circumstance would also
provide an explanation for the finding that only the primary timed right parotid saliva sample
was Ad5 E1 gene positive, but not the extra sample. A variation on this hypothesis is also
possible (i.e. even if the cells that contained virus/vector were intact and not lysed, the virus/
vector would likely be in an apical location in these polarized epithelial cells and would be
released on the initial secretory stimulus). With a small number of cells affected, the saliva
collected subsequently would be negative. Scenarios (i) and (ii) also are consistent with the
finding that no WT Ad5 (or AdhAQP1) was found in serum at any time (i.e. no release of
virus/vector occurred across the basolateral pole of the cell).

Initially, we generated the PCR products PCR 2 (1604 bp) and PCR 2" (1503 bp) for the E3
targeted sequences in WT Ad5 and AdhAQP1, respectively, with extracted DNA from the
positive day 7 right parotid saliva sample. For both products the same 5”-primer was used
because the corresponding sequence occurs in both pJM17 and WT Ad5. However, PCR 2
would only be generated from WT Ad5 (i.e. it targets a sequence deleted in pJM17).
Reciprocally, PCR 2" would only be present in the AdhAQP1 vector (i.e. it is derived from
the pJM17 mutated E3 sequence). Four rounds of PCR led to good bands, at the expected
sizes, in duplicate samples for each primer pair (not shown). These reaction products then
served as the template for generating PCR products 3 and 4 (Figure 1). These two products
were generated, and the PCR product bands were extracted and then sequenced (Figure 3).
Distinct results were seen for each product in the duplicate products generated: a sequence
matching the WT Ad5 E3 region and a sequence matching the pJM17 E3 sequence. All of
the other PCR products were generated, except for PCR 7, and had sequences identical to
those expected (Table 2).

We also tested the ability of two aliquots of a fresh thaw of the day 7 parotid saliva sample
of patient #25 to infect A549 cells. Neither of the two wells of A549 cells inoculated with
the saliva sample showed any evidence for cytopathic effects after 24 days of observation.

Discussion

The aggregate results from all of the experiments performed with the parotid saliva and
serum samples from patient #25 are consistent with the notion that he had a sub-clinical, low
level, latent, WT Ad5 infection of his right parotid gland at the time of gene transfer.
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Administration of AdhAQP1 to that gland led to WT Ad5 reactivation and AdhAQP1
replication. Thereafter, after cell lysis and virus/vector release into the gland lumen, the
small amount of virus/vector was washed out of the gland by stimulating secretion of parotid
saliva. The PCR findings are consistent with the presence of separate WT Ad5 and
AdhAQP1 in the day 7 right parotid saliva sample, and thus favor the absence of any
recombination event having occurred in the patient’s gland. Nonetheless, the PCR results
cannot completely exclude the possibility (and potential for) a recombination. The patient
has remained in good health up to his day 180 visit, and showed no evidence of WT Ad5/
AdhAQP1 vector in all other saliva samples, and all serum samples up to day 42 visit. These
findings support a view that the occurrence of the Ad5 E1 gene in the patient’s day 7 parotid
saliva sample was an idiosyncratic episode with no discernable clinical consequences.

Several factors may have led to the detection of the Ad5 E1 gene in the day 7 saliva sample
of patient #25. First, adenoviral infections are quite common across widely diverse
populations [12-15], with latent infections present in many organs and in lymphoid tissue
[16]. Second, the reactivation of latent adenovirus can occur in immunosuppressed patients,
such as in post-transplant or HIV-AIDS patients [11,16,17]. Furthermore, in transplant
patients, this reactivation appears to be facilitated during antiviral (CMV) prophylaxis with
either ganciclovir or valganciclovir [16]. Finally, although the precise mechanism(s)
involved in such reactivations are not entirely clear, reactivation may also involve exposure
to inflammatory cytokines [18,19] and/or interactions with other viral proteins that may be
present in the same tissues [20,21].

In the context of the above general factors, there are two specific considerations regarding
the clinical status of patient #25 that may have contributed to the reactivation of the latent
WT Ad5. First, the patient previously was treated for a right tonsillar carcinoma and
experienced considerable anatomical deformity after both his original surgery, as well as
from subsequent surgery needed to correct radiation-induced osteonecrosis. As a result, it is
reasonable to suggest that normal lymphatic drainage in this anatomical area of the patient
would be compromised. Second, the patient uses, on a daily basis, valacyclovir for
prophylactic treatment of Herpes infections. Although the effects of valacyclovir were not
studied in the solid organ transplant studies of latent virus reactivation [16], it is a similar
anti-viral drug to those studied [22]. These considerations, along with the administration of
AdhAQP1, may have provided the circumstances to allow reactivation of the latent WT Ad5
present in his right parotid gland.

As indicated above, we consider this event was an idiosyncratic episode that could occur
after Ad5 vector-mediated gene transfer to any tissue. The approved clinical protocol
originally included two screening assays to assess the previous exposure of potential patients
to Ad5: (i) determination of Ad5 E1 gene presence in parotid saliva and serum and (ii)
measurement of serum neutralizing antibody levels. None of the three patients treated with
4.8 x 107 particles of AdhAQP1 showed evidence for Ad5 E1 gene presence in samples
obtained prior to vector administration. All three, however, had neutralizing antibodies
present in their serum. Interestingly, patient #25 exhibited the highest serum neutralizing
antibody level of the three patients. Typically, 35-50% of a study population displays
neutralizing antibodies to Ad5 in their serum [12-15]. The titer found for patient #25 prior
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to AdhAQP1 delivery was well above the average level observed in these studies. As a
further safety precaution with this clinical trial in the future, with any patient for whom a
stimulated saliva sample can be collected from the target parotid gland during the screening
visit, an aliquot of that parotid saliva sample will be used to inoculate A549 cells to test for
the presence of shedding infectious virus (i.e. an assay comparable to that used in the present
study; Figure 2). If infectious virus emerges during a subsequent 10-day follow-up period,
then the patient will no longer be eligible for treatment and will be withdrawn from the
study. However, if no cytopathic effects are observed, the patient may be treated provided
that all other eligibility criteria are met. This additional screening step, although potentially
helpful, may still be inadequate to identify patients with a latent parotid gland Ad5 infection.
Indeed, the day 7 parotid saliva sample from patient #25 was negative in this infectious
assay. Although that finding may be a result of inadequate assay sensitivity, it more likely
reflects the high level and widely diverse nature of anti-viral activities present in saliva [23-
26] (i.e. contact of any shed virus/vector with saliva may simply render the virus/vector non-
infectious). Therefore, it appears to be most prudent to view that a positive QPCR assay for
the Ad5 E1 gene in a saliva sample at screening may indicate the presence of a latent Ad5
infection in the targeted gland. As a result, and as is currently carried out, the patient should
be excluded from enrollment. However, and as noted earlier, this criterion would not have
led to the exclusion of patient #25 from the present study. Given the addition of the
screening assay for shedding infectious virus, the medical status of the patients being studied
in this trial, and the findings from the current PCR and other investigations with saliva
samples from patient #25, no further steps appear to be necessary with respect to preventing
an event such as this from re-occurring.
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Schematic representation of the PCR products studied. Linear representations of the WT
serotype 5 adenovirus (WT Ad5) genome and the AdhAQP1 genome are shown. Arrows
indicate different genomic regions. The PCR products studied, and their locations, are shown
as bars in different colors. The two large arrows show the regions amplified in the Ad5 E3
region. For details of the primers used and PCR reaction conditions, see Materials and
methods. Additional information on the sequence of the PCR products is provided in Table 2
and Figure 3
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Figure 2.
Timeline depicting the general design of NIH clinical protocol 06-D-0206. Patients are seen

for two screening visits to determine their eligilility. The first visit (Pre 1) must occur within
3 months of vector delivery, whereas the second (Pre 2) must occur within 1 week of vector
delivery. Patients meeting all inclusion and exclusion criteria are administered AdhAQP1 on
day 1 (large downward arrow). After vector administration, patients are seen on each of the
study days indicated (small upward arrows). Saliva and serum samples are assayed for the
WT serotype 5 adenovirus (Ad5) E1 gene (RCA,; surrogate QPCR assay for replication
competent adenovirus), shed, infectious WT Ad>5, and anti-Ad>5 neutralizing antibodies, on
the study days indicated by specific symbols. At each visit, patients receive a physical
examination, medical history review, oral/head and neck examination, saliva collection, and
multiple clinical laboratory analyses (e.g. hematology, serum chemistry). Additionally,
multiple imaging procedures are performed throughout the study

J Gene Med. Author manuscript; available in PMC 2017 January 17.



1duosnuepy Joyiny

1duosnuely Joyiny

Zheng et al. Page 13

PCR3

1 AACCAACGCG GCCGCCGCTA CCGGACTTAC ATCTACCACA AATACACCCC AAGTTTCTGC
61 CTTTGTCAAT AACTGGGATA ACTTGGGCAT GTGGTGGTTC TCCATAGCGC TTATGTTTGT
121 ATGCCTTATT ATTATGTGGC TCATCTGCTG CCTAAAGCGC AAACGCGCCC GACCACCCAT
181 CTATAGTCCC ATCATTGTGC TACACCCAAA CAATGATGGA ATCCATAGAT TGGACGGACT
241 GAAACACATG TTCTTTTCTC TTACAGTATG ATTAAATGAG ACATGATTCC TCGAGTTTTT
301 ATATTACTGA CCCTTGTTGC GCTTTTTTGT GCGTGCTCCA CATTGGCTGC GGTTTCTCAC
361 ATCGAAGTAG ACTGCATTCC AGCCTTCACA GTCTATITGC TTTACGGATT TGTCACCCTC
421 ACGCTCATCT GCAGCCTCAT CACTGTGGTC ATCGCCTTTA TCCAGTGCAT TGACTGGGTC
481 TGTGTGCGCT TTGCATATCT CAGACACCAT CCCCAGTACA GGGACAGGAC TATAGCTGAG
541 CTTCTTAGAA TTCTTTAATT ATGAAATTTA CTGTGACTTT TCTGCTGATT ATTTGCACCC
601 TATCTGCGTT TTGTTCCCCG ACCTCCAAGC CTCAAAGACA TATATCATGC AGATTCACTC
661 GTATATGGAA TATTCCAAGT TGCTACAATG AAAAAAGCGA TCTTTCCGAA GCCTGGTTAT
721 ATGCAATCAT CTCTGTTATG GTGTTCTGCA GTACCATCTT AGCCCTAGCT ATATATCCCT
781 ACCTTGAC

PCR4

1 ACAACCAACG CGGCCGCCGC TACCGGACTT ACATCTACCA CAAATACACC CCAAGTTTCT
61 GCCTTTGTCA ATAACTGGGA TAACTTGGGC ATGTGGTGGT TCTCCATAGC GCTTATGTTT
121 GTATGCCTTA TTATTATGTG GCTCATCTGC TGCCTAAAGC GCAAACGCGC CCGACCACCC
181 ATCTATAGTC CCATCATTGT GCTACACCCA AACAATGATG GAATCCATAG ATTGGACGGA
241 CTGAAACACA TGTTCTTTTC TCTTACAGTA TGATTAAATG AGACATGATT CCTCGAGTTT
301 TTATATTACT GACCCTTGTT GCGCTTTTIT GTGCGTGCTC CACATTGGCT GCGGTTTCTC
361 ACATCGAAGT AGACTGCATT CCAGCCTTCA CAGTCTATTT GCTTTACGGA TTTGTCACCC
421 TCACGCTCAT CTGCAGCCTC ATCACTGTGG TCATCGCCTT TATCCAGTGC ATTGACTGGG
481 TCTGTGTGCG CTTTGCATAT CTCAGCTGCT GCCATGTTGT GTTGCTACCA TGTTGTTTTC
541 ATGTGTTGCT GCCATGCTCT TGTCGCCTTA GATCTCTCTT TATGTAGTGT TGTGGTGTCT
601 CTCTTGTCGT GATGTGTGTT TTGTCCTATA TATTTTAATT TTTAATCCAA ACCCCTGTCC
661 CCGCAGGAGG CCTTTGGCCT TCTGGTAGGC CGTCATTGAA AACTGACTTA ACTCGTTAAA
721 TTAAAAAAAT GTAAAAAATA ATGGTTGAGA CTCAGCCCAA CATCGGCAGA TGAGGTGGAT
781 TGAGACTCAG CCCAACATCG GCAGATGAGG TGGATTGAGA CTCAACCCCA ACATTGGCAG
841 ATGAGGTGAA TTAGATGAGG TGGATTGAGA CTCATGAGGG TGGTATGAGG GCCCGACGTC
901 CACAGGTGGG AGA

Figure 3.
Sequences of PCR products 3 and 4. For the location of these two PCR products in the WT

serotype 5 adenovirus and AdhAQP1 genomes, see Figure 1. The underlined font in PCR 4
represents the mutation in the Ad5 E3 region found in pJM17. For details on the primers
used and PCR reaction conditions, see the Materials and methods
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Table 2

Summary of PCR product sequencing results

PCR product  Seguence result

PCR1 Identical with WT Ad5
PCR 2 Generated only

PCR 2’ Generated only

PCR 3 Identical with WT Ad5
PCR 4 Identical with AdhAQP1
PCR 5 Identical with AdhAQP1
PCR 6 Identical with WT Ad5
PCR7 Unable to generate

Page 15

All generated products, except PCR 2 and PCR 2’, were isolated from agarose gels and subjected to conventional sequencing. PCR 2 and PCR 2’
were, in effect, the templates for the PCR reactions used to generate PCR 3 and PCR 4.
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