Original Article

Reproductive Sciences
2016, Vol. 23(4) 464-474

Targeted Adenoviral Vector Demonstrates © The Author(s) 2016

Reprints and permission:

Enhanced Efficacy for In Vivo Gene Therapy DO 101 1775391166904 3
° ° rs.sagepub.com
of Uterine Leiomyoma ©SAGE

Mohamed Abdelaziz, MD'?, Lotfy Sherif, MD', Mostafa ElKhiary, MD',
Sanjeeta Nair, MScz, Shahinaz Shalaby, MD3, Sara Mohamed, MD',

Noura Eziba, MD?, Mohamed El-Lakany, MD?, David Curiel, PhD*,

Nahed Ismail, PhD®, Michael P. Diamond, MD?, and Ayman Al-Hendy, MD, PhD?

Abstract

Background: Gene therapy is a potentially effective non-surgical approach for the treatment of uterine leiomyoma. We
demonstrated that targeted adenovirus vector, Ad-SSTR-RGD-TK/GCV, was highly effective in selectively inducing apoptosis and
inhibiting proliferation of human leiomyoma cells in vitro while sparing normal myometrial cells. Study design: An in-vivo study, to
compare efficacy and safety of modified adenovirus vector Ad-SSTR-RGD-TK/GCV versus untargeted vector for treatment of
leiomyoma. Materials and methods: Female nude mice were implanted with rat leiomyoma cells subcutaneously. Then mice
were randomized into three groups. Group | received Ad-LacZ (marker gene), Group 2 received untargeted Ad-TK, and Group
3 received the targeted Ad-SSTR-RGD-TK. Tumors were measured weekly for 4 weeks. Then mice were sacrificed and tissue
samples were collected. Evaluation of markers of apoptosis, proliferation, extracellular matrix, and angiogenesis was performed
using Western Blot & Immunohistochemistry. Statistical analysis was done using ANOVA. Dissemination of adenovirus was
assessed by PCR. Results: In comparison with the untargeted vector, the targeted adenoviral vector significantly shrank leio-
myoma size (P < 0.05), reduced expression of proliferation marker (PCNA) (P < 0.05), induced expression of apoptotic protein, c-
PARP-I, (P < 0.05) and inhibited expression of extracellular matrix-related genes (TGF beta 3) and angiogenesis-related genes
(VEGF & IGF-1) (P < 0.01). There were no detectable adenovirus in tested tissues other than leiomyoma lesions with both
targeted and untargeted adenovirus. Conclusion: Targeted adenovirus, effectively reduces tumor size in leiomyoma without
dissemination to other organs. Further evaluation of this localized targeted strategy for gene therapy is needed in appropriate
preclinical humanoid animal models in preparation for a future pilot human trial.
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Introduction oftentimes prematurely ending a woman’s reproductive life.'*
They commonly cause excessive uterine bleeding, anemia, pel-
vic discomfort, urinary incontinence, preterm labor, and recur-
rent pregnancy loss.>*

Despite its high prevalence, currently there are limited ther-
apeutic options readily available for the management of UL,
without compromising initial or subsequent chances of

Uterine leiomyomas (UL; also known as uterine fibroids) are
the most common gynecological tumors in reproductive-age,
occurring in 70% of caucasian women and 80% of African
American women by the age of 50 years. Uterine leiomyomas
are the most common clinical indication for hysterectomy,
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achieving a healthy and safe pregnancy for women who want to
preserve their fertility.’

Uterine leiomyomas are ideal candidates for direct delivery of
therapeutic gene-based vectors because of their localized nature
and accessibility through imaging and endoscopic methods.
Gene therapy involves various strategies to deliver genetic mate-
rial to targeted cells in achieving therapeutic benefits.®’ Suicide
gene therapy is a frequently applied method that involves deliv-
ery of the herpes simplex virus 1 thymidine kinase gene
(HSVITK) followed by delivery of a nontoxic guanosine analog,
ganciclovir (GCV). The GCV is phosphorylated by HSVITK
and mammalian cellular kinases to form a toxic, triphosphory-
lated form (GCVTP).® This toxic product, in turn, inhibits DNA
synthesis and blocks the cell cycle, ultimately leading to cell
death via apoptosis.”'® Phase 1 trials for various human cancers
have utilized the adenovirus thymidine kinase (TK)/GCV pro-
tocol and demonstrated its safety as a therapeutic agent.'!

Our previous in vitro and in vivo (Eker rat model) studies
have demonstrated that untargeted adenoviral vectors are able
to infect uterine leiomyoma cells and severely inhibit cell pro-
liferation, resulting in an increased number of apoptotic cells
and the regression of UL tumors; however, minimal but detect-
able leakage to the liver and uterus have been reported.”'*!?

To optimize the approach of treating ULs by targeting ther-
apeutic genes, we tested several modified adenoviral vectors in
the UL cell line to identify the most selective and efficient virus
for targeting human leiomyoma (HuLM) cells.'? The adeno-
virus serotype 5 used for gene therapies binds to the coxsackie-
adenovirus receptor (CAR). Several clinical trials for tumor
treatment using adenovirus gene therapy have shown unim-
pressive results, which may be due to the poor or absent expres-
sion of the coxsackie receptor in primary tumor cells as a
consequence of increased aggressiveness of the tumor cells
or higher activity of the MAPK pathway.'* Microarray studies
of UL tissues have demonstrated that CAR is downregulated in
leiomyomas in comparison to myometrium, where it might
have a role in myometrial contractions.'” A promising
approach used to circumvent this dependence on CAR and to
enhance transduction efficiency is the genetic modification of
the adenovirus fiber with an arginine—glycine—aspartic acid
(RGD-4C) motif.'® The fiber-modified Ad5-RGD-Luc vector
is constructed through the insertion of a short peptide (21 amino
acids) composed of arginine, glycine, and aspartate (RGD) into
the H1 loop of the wild fiber knob domain."®'” The addition of
this peptide modification in the H1 loop of the fiber domain
allows the virus a port of entry via cellular integrins rather than
through the CAR.'®

Previous reports on gene therapy for ovarian and other sim-
ilar cancer cell lines have shown an increase in infectivity
through CAR-independent transduction, achieving higher gene
expression by an increasingly greater magnitude in primary
tumor cells.'®'®!” Our data show that Ad5-RGD-luc, as com-
pared with the AdS5-luc viruses, enhanced transduction effi-
ciency in leiomyoma cells.'?

An additional reason for the low transduction of adenoviral
vectors is the presence of antivirus-neutralizing antibodies.

This limitation has been reported to be partially overcome by
modification of the adenovirus using RGD-4C.?%?!

Evaluation of the safety and efficacy of a gene therapy
candidate is demonstrated by the level, persistence, and loca-
tion of the transgene expression. Earlier work reported the
construction of an RGD-4C infectivity-enhanced bicistronic
type 5 adenoviral vector, Ad-SSTR-RGD-TK, which encodes
2 transgenes, a herpes simplex virus TK and the human soma-
tostatin receptor subtype 2 (SSTR), expressed from a cytome-
galovirus early promoter.”' The SSTR is an imaging cassette
that permits assessment of transduction in vivo. A phase |
clinical trial in women diagnosed with ovarian cancer has been
successfully completed using 109 to 10'% pfu/day doses in
determining the safety, clinical outcomes, and biological
effects of Ad-RGD-TK-SSTR.**?*

We previously demonstrated that targeted adenovirus vec-
tor, Ad-SSTR-RGD-TK, followed by GCV, was highly effec-
tive in selectively inducing apoptosis and inhibiting
proliferation of HuLM cells while sparing normal human myo-
metrial cells.**

In this work, we aim to evaluate the efficacy and safety of
the targeted adenovirus—human somatostatin receptor subtype
2-arginine, glycine and aspartate-thymidine kinase/ganciclovir
(Ad-SSTR-RGD-TK/GCV) in vivo.

Materials and Methods

Animals

Weight-matched female nude mice (Harlan Sprague Dawley,
Indianapolis, Indiana), 6 weeks old, received subcutaneous
implantation of 1.7 mg, 90 days sustained-release 17 B estradiol
pellets (Innovative Research of America, Sarasota, Florida) as
we described previously.?® The pellets were implanted 4 days
before the subcutaneous injection of the cells to allow steady
state tissue estrogen distribution. These mice were maintained
in a specific pathogen germ-free environment. Mice were
handled and cared for in accordance with guidelines from the
National Institutes of Health and the Association for the
Accreditation of Laboratory Animal Care-accredited facilities,
and all protocols involving the use of these animals received
prior approval by the local Institutional Animal Care and Use
Committees. Eker rat tumor-derived ELT-3 rat leiomyoma
cells (10 million cells/mouse) were then subcutaneously
implanted in the right flank region of each animal. Animals
were examined for tumor formation twice a week; tumor
dimensions were measured using an electronic slide caliper;
and tumor volume was calculated by the following formula:
(length x width x depth x 0.52). After tumors were visible and
palpable (tumor volume ranged from 50 to 100 mm?, 4 weeks
after cell implantation), mice were randomized into 3 treatment
groups (6 mice/group). Group 1 received Ad-Lac Z (marker
gene), group 2 received untargeted first-generation herpes sim-
plex virus thymidine kinase gene (Ad-TK), and group 3
received the leiomyoma-targeted Ad-SSTR-RGD-TK. Vectors
were delivered by a single direct intratumoral injection
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(3 x 10" pfu/cm?) followed by a 5-day regimen of GCV
treatment (25 mg/kg/d intraperitoneally). Tumors were mea-
sured weekly for 4 weeks. Animals were examined for any
obvious signs of toxicity such as lethargy, body weight reduc-
tion, difficulty in mobility, and changes in food and water
intake. Mice were killed at the end of the experiment by
CO,, euthanasia and tissue samples from tumors as well as
other body organs were collected to assess the efficacy and
safety of the targeted vector.

Western Blot

Tissues were lysed with a lysis buffer (Cellytic-M; Sigma,
Sigma Co, St. Louis, MO, USA) containing a protease inhibitor
cocktail (Roche Applied Science, Indianapolis, Indiana), and
protein was extracted using a standard laboratory method. Pro-
tein concentrations were determined using a bicinchoninic acid
(BCA) protein assay reagent (Thermo Scientific, Inc, Rock-
ford, Illinois). Samples were diluted with 4x sodium dodecyl
sulfate (SDS) loading buffer containing beta-mercaptoethanol.
Equal amounts of protein (10 pg) for each sample were separated
by SDS-polyacrylamide gel electrophoresis and electrotrans-
ferred to a polyvinylidene difluoride membrane (Immobilon-
P; Millipore Corporation, Bedford, Massachusetts). Proteins
were detected by immunoblotting followed by enhanced chemi-
luminescence detection (Amersham Biosciences, GE Health-
care, Piscataway, New Jersey). Chemiluminescence signals
were detected by Bio-Rad imager ChemiDoc MP System
(Bio-Rad, Ramsey, New Jersey). Membranes were immuno-
blotted with primary antibodies against proliferating cell
nuclear antigen (PCNA; 1:500), BCL-2 (1:500), cleaved poly
(ADP-ribose) (PAR) polymerase (c-PARP-1; 1:500), trans-
forming growth factor B3 (TGF-B3; 1:500), vascular endothelial
growth factor (VEGF; 1:500) and insulin like growth factor 1
(IGF-1; 1:500). Anti-B-actin (1:5000; Santa Cruz Biotech, Santa
Cruz, California) was used as the loading control. Membranes
were washed and then incubated with horseradish peroxidase
(HRP)-conjugated secondary antibodies. The intensity of each
protein band was determined using Bio-Rad imager software
and normalized against the values obtained for B-actin.

Immunohistochemistry

Freshly obtained tumor samples were fixed in 10% formalin
solution for 24 hours and transferred to 70% ethanol. Tissues
were then embedded in paraffin wax according to the embed-
ding machine manufactures’ instructions, and 4-pm sections
were prepared. Antigen retrieval was achieved by heating sec-
tions in 95°C citrate buffer for 10 minutes. Sections were incu-
bated overnight at 4°C with specific antibodies against PCNA
(1:200), c-PARP-1 (1:200), TGF-B3 (1:200), VEGF (1:200),
and IGF-1 (1:200; Santa Cruz Biotech). Treated sections were
then washed and incubated for 30 minutes with a secondary
antibody (HRP-conjugated; InmPRESS; Vector Labs, Burlin-
game, California) and then washed and incubated in peroxidase
substrate solution (diaminobenzene; Vector Labs, Burlingame,

California) until desired stain intensity developed. The nega-
tive control was treated using the same methodology as the
other samples except that no primary antibody was added to
the slides. The degree of expression was scored by counting
positive cells, against the total number of the cells in 3 random
high-power fields (total number 1200 cells) for each tissue
section (representing 1 animal). The percentage expressions
were calculated for 3 animals per group and were included in
these calculations. We also used H-score to assess staining
intensity where the fractions of negative (score 0), weakly
positive (score 1), positive (score 2), strongly positive (score
3), and very strongly positive (score 4) cells were estimated by
blinded observer, and the fractions were multiplied with the
scores and summed, the total being the H-score.

Safety Study

To evaluate the safety of local delivery of the gene therapy
approach, animals were examined upon autopsy for gross evi-
dence of toxicity. In addition, distant dissemination of the ade-
novirus was also assessed in treated mice. Tissue samples were
collected from (1) tumors themselves; (2) tissues surrounding
the injected tumors; and (3) the spleen, kidney, lung, heart,
brain, uterus, ovary, fallopian tubes, and liver after the mice
were killed. Blinded histopathological assessment of represen-
tative samples from these organs was provided by an animal
pathologist. In addition, these tissues were tested for the pres-
ence of adenovirus by polymerase chain reaction (PCR) ampli-
fication of an adenovirus-specific E4 region sequence (forward
primer: TGTGACTGATTGAGCGGTG; reverse primer:
CCCATTTAACACGCCATGCA)**?” performed on purified
DNA from the leiomyoma lesions as well as from multiple
organs.

Statistical Analyses

All statistical analyses were conducted using SAS 9.4 (SAS
Institute Inc, Cary, North Carolina). All data are presented
as the mean + standard error of the mean for all tested
animals per group. Data were checked for normality using
the Shapiro-Wilk test. Data were analyzed using the 1-way
analysis of variance test and were considered to be statisti-
cally significant if P < .05. Significant differences were
determined by Tukey honestly significant difference post
hoc test.

Results

Targeted Adenovirus Shrinks Leiomyoma

As shown in Figure 1, treatment of leiomyoma with Ad-SSTR-
RGD-TK/GCV yielded a significant decrease in the size of
leiomyoma lesions by 23.4% + 3.9% and 91.8% + 0.8% as
compared with Ad-TK and Ad-LacZ, respectively (P < .05).
The shrinkage of leiomyoma with the targeted Ad-SSTR-RGD-
TK/GCV was superior to the untargeted Ad-TK. Representa-
tive mice from each treatment group are shown in Figure 1B.
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Figure |. A, Effect of direct intratumor injection of adenovirus on preexisting subcutaneous leiomyoma lesions in nude mice. Animals were
inoculated with the ELT3 cells subcutaneously. After tumors were palapble, animals were treated with intratumoral injection with the
corresponding agent. Tumor volume was measured weekly for a period of 4 weeks after the start of treatment. a: significant difference at
P value <.05; b: Significant difference at P value <.01. B, Representative mouse from each treatment group is shown; Ad-Lac Z (A), Ad-TK (B), or
ADSSTR-RGD (C). Treatment of leiomyoma with Adenovirus —human somatostatin receptor subtype 2- arginine, glycine and aspartate-
thymidine kinase / ganciclovir (Ad-SSTR-RGD-TK/GCYV) yielded a significant decrease in the size of leiomyoma lesions by 23.4% + 3.9% and
91.8% + 0.8% as compared with Ad-TK and Ad-LacZ, respectively (P < .05).

Targeted Adenovirus Induces Apoptosis in Leiomyoma

Treatment of leiomyoma with the targeted Ad-SSTRRGD-TK/
GCV when compared to Ad-LacZ yielded a significant decrease
(P < .05) in the expression of antiapoptosis protein (Bcl-2;
Figure 2A). Also, treatment of leiomyoma with the targeted
Ad-SSTRRGD-TK/GCV when compared to both Ad-TK and
Ad-LacZ yielded a significant increase (P < .05) in the expres-
sion of death substrate c-PARP-1 protein (Figures 2B and 3A).

Targeted Adenovirus Inhibits the Proliferation
in Leiomyoma

Treatment of leiomyoma lesions with Ad-SSTRRGD-TK/GCV
compared to Ad-TK and Ad-LacZ, yielded a significant decrease
(P < .05) in the expression of the PCNA (Figures 4 and 3B).
These results suggest that the targeted Ad-SSTRRGD-TK/GCV
vector has superior capabilities, as compared with the untargeted
Ad-TK vector, in reducing cell proliferation in leiomyoma.
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Figure 2. A, Adenovirus vectors induce significant decreases in expression of antiapoptosis protein (Bcl2). * indicates significant differences
from Ad-LacZ at P < .05. Data are presented as mean + standard error of the mean for all tested animals per group (n = 3). B, Adenovirus
vectors induce significant increases in expression of proapoptosis protein (cleaved poly (ADP-ribose) polymerase -1 [c-PARP]). * indicates
significant differences from Ad-LacZ at P <.05. } indicates significant differences between Ad-TK and Ad-SSTR-RGD at P < .05. Data are
presented as mean + standard error of the mean for all tested animals per group (n = 3).

Targeted Adenovirus Inhibits the Expression
of Extracellular Matrix-Related Genes

As shown in Figures 5 and 3C, treatment of leiomyoma with
the targeted Ad-SSTRRGD-TK/GCV when compared to both
the untargeted Ad-TK and the Ad-LacZ yielded a significant
decrease (P < .01) in the expression of the TGF-[33.

Targeted Adenovirus Inhibits the Expression
of Angiogenesis-Related Genes

Treatment of leiomyoma with the targeted Ad-SSTRRGD-TK/
GCV when compared to Ad-LacZ yielded a significant
decrease (P < .01) in the expression of VEGF (Figures 6A and
3D) and also significant decreases (P < .01) in the expression of
IGF-1 when compared to both the untargeted Ad-TK and the
Ad-LacZ (Figures 6B and 3D). These results suggest that the
targeted Ad-SSTRRGD-TK/GCV vector has superior capabil-
ities, when compared to the untargeted Ad-TK vector, in reduc-
ing angiogenesis in leiomyoma.

Safety and Toxicity Evaluation of Targeted Versus
Untargeted Adenovirus

Histopathological examination revealed that all tissues appeared
normal with no evident microscopic tissue damage (data not
shown) and no observed evidence of gross toxicity, necrosis,
or changes in the morphology of the vital organs including liver,
kidney, lung, spleen, brain, uterus, and ovary. Adenovirus DNA
was not detected in any of the tested tissues (uterus, ovary, liver,
spleen, lung, and kidney) except in the inoculated leiomyomas
with both targeted and untargeted adenovirus (Figure 7).

Discussion

Uterine leiomyomas continue to pose a major health challenge,
inpart due to the lack of effective, nonsurgical, localized ther-
apeutic options. A therapeutic option that could considerably
reduce leiomyomas in size and reverse associated morbidity
without compromising the future fertility potential of the
patient would be highly desirable.” The radical surgical option
of total hysterectomy continues to be the mainstay method of
treatment for this very common premenopausal disorder. Gene
therapy offers a potentially safe, effective, localized, and non-
surgical method of treatment for women with symptomatic
uterine leiomyomas which can be administered as outpatient
procedure by direct injection in leiomyoma lesions under ultra-
sound guidance. Women with multiple leiomyomas will need
multiple injections. In our mouse model, all mice harbored 1
leiomyoma lesion, so treating multiple lesions concurrently
will require additional evaluation. Nude mice ovarian function
is compromised,?® therefore the endogenous E2 is minimal, it
wouldn’t support robust fibroid growth and hence the need for
subcutaneous estrogen pellets.

We, along with others, have reported on the efficacy of the
Ad-TK/GCV system in several malignant and nonmalignant
disorders.?’*° In previous studies, we have shown that the gene
therapy approach using untargeted adenoviral vectors can
effectively reduce leiomyoma cell proliferation in vitro as well
as reduce tumor volume in vivo in the Eker rat model of uterine
leiomyomas.6’7’13’27

In spite of these encouraging results, one of the limitations
of this vector is its dependence on CAR for effective gene
transfer, as CAR expression is generally reduced in tumor cells,
including fibroids.'* Consequently, nontargeted cells, which
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Figure 3. Immunohistochemical staining (hematoxylin-eosin stain) of leiomyoma lesions from Ad-LacZ, Ad-TK, and Ad-SSTR-RGD-treated
nude mice. (A) Ad-SSTR-RGD increases the death substrate Poly ADP-Ribose Polymerase (PARPI) protein; magnification: x40; (B) Ad-SSTR-
RGD decreases Proliferating Cell Nuclear Antigen (PCNA); magnification: x20; (C) Ad-SSTR-RGD decreases transforming growth factor -3
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Figure 4. Adenovirus vectors induce significant decreases in expres-
sion of proliferating cell nuclear antigen (PCNA). * and ** indicate
significant differences from Ad-LacZ at P < .05 and P < .01, respec-
tively. T indicates significant differences between Ad-TK and Ad-SSTR-
RGD at P < .05. Data are presented as mean + standard error of the
mean for all tested animals per group (n = 3).

express high levels of CAR, will potentially sequester a large
number of recombinant virions, leaving the tumor cells, which
express low levels of CAR, poorly transduced.'®>® An obvious
solution would be to administer a higher dose of the vector;
however, this approach could ultimately lead to an increased
risk of toxicity and the initiation of adverse immune responses
against the vector. Furthermore, our previous work suggested
that untargeted adenoviral vectors directly injected into leio-
myoma lesions did leak out and reach some distant organs, for
example, liver.'? Therefore, to enhance the targeting ability of
the vector, we modified it by reducing its dependency on CAR
for transduction. The addition of an RGD-4C motif has been
shown to enhance in vivo targeting abilities of adenoviral vec-
tors.>!*? Dmitriev et al have shown that a recombinant

adenoviral vector containing fibers with the RGD motif in the
H1 loop demonstrated superior transduction via a CAR-
independent mechanism of targeted cell entry in ovarian cancer
cells.'® Previously, we showed that fiber-modified Ad5-RGD-
Luc yielded higher reporter gene activity in HuLM cells and
lower activity in both normal uterine smooth muscle cells
(HM9) and immortalized liver cells (THLE3) when compared
to that induced by the unmodified Ad5-luc vector.'? This result
indicated that modified Ad5-RGD is a promising candidate for
use as a vector in targeted gene therapy for uterine leiomyomas.
We have also demonstrated in previous work that targeted
adenovirus vector, Ad-SSTR-RGD-TK followed by GCV, was
highly effective in selectively inducing apoptosis and inhibit-
ing proliferation of HuLM cells while sparing normal human
myometrial cells.*

In our current study, we compared Ad-SSTR-RGD-TK/
GCV with Ad-TK to evaluate the effect of the modified vector
on tumor growth in a nude mice model. Our results indicate that
the shrinkage in tumor size was significantly superior follow-
ing transduction of Ad-SSTR-RGD-TK/GCV when compared
to untargeted Ad-TK.

BCL-2 is a 24-KD cytosolic protein localized in the mito-
chondria and perinuclear membrane.*®> The BCL-2 protein has
been well described for its ability to extend the life span of cells
and to promote cell replication.***> Elevation in the BCL-2
gene in vivo or in vitro is preventative in the apoptosis of
cells.***” BCL-2 is abundantly expressed in leiomyomas when
compared to normal myometrium.>® We observed a significant
reduction in BCL-2 expression in tumors injected with Ad-
SSTR-RGD-TK/GCV when compared to Ad-TK or Ad-LacZ.

In our work, we observed a significant increase in c-PARP
expression in tumors injected with Ad-SSTR-RGD-TK/GCV
when compared to Ad-TK or Ad-LacZ. The PARP can be
activated in cells experiencing stress and/or DNA damage.
Activated PARP can deplete the adenosine triphosphate (ATP)
of a cell in an attempt to repair the damaged DNA. Depletion of
ATP in a cell leads to lysis and cell death (necrosis). The PARP
also has the ability to induce programmed cell death, via the
production of PAR, which stimulates mitochondria to release
apoptosis-inducing factor.> Cleavage of PARP by caspases to
produce c-PARP is a central step of intrinsic apoptosis. It is
believed that normal cleavage occurs in systems where DNA
damage is extensive. In these cases, more energy would be
invested in repairing damage than is feasible so that energy is
instead retrieved for other cells in the tissue through pro-
grammed cell death.*°

Figure 3. (continued) (TGFf-3); magnification: x20; (D) Ad-SSTR-RGD decreases vascular endothelial growth factor (VEGF), insulin-like
growth factor | (IGF-1); magnification: x20. The degree of expression was scored by the percentage of positive cells in which positive cells
counted against the total number of the cells in 3 random high-power fields (total number 1200 cells) for each tissue section (representing
| animal) and also by the H-score to assess staining intensity, where the fractions of negative (score 0), weakly positive (score |), positive (score
2), strongly positive (score 3), and very strongly positive (score 4) cells were estimated by blinded observer. The fractions were multiplied with
the scores and summed, the total being the H-score. The degree of expressions were calculated for 3 animals per group and were included in
these calculations. The left bar represents the percentage of positive cells and the right bar represents the H-score. Data are presented as mean
+ standard error of the mean for all tested animals per group. * and ** indicate significant differences from Ad-LacZ at P < .05 and P < .01,
respectively. t indicates significant differences between Ad-TK and Ad-SSTR-RGD at P < .05.
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The PCNA is a 36-kD nuclear protein that is synthesized in
dividing cells and a well-established proliferation marker. We
g S = - - 4TGF beta 3 observed a significant reduction in PCNA expression in leio-
— ———— - g €p-actin myoma lesions treated with AD-SSTR-RGD-TK, and this
reduction was significantly more remarkable than that
observed in leiomyoma lesions treated with Ad-TK. This

TGF beta 3 observation confirms that the RGD-fiber modification
1.01 enhanced the transduction characteristics of this vector and
increased its targeting efficiency toward HuLM cells.
0.8 + Transforming growth factor B are multifunctional peptides
that regulate growth and differentiate in a variety of cells.
0.6 - Increased expression of TGF-B3 may contribute to the growth
dokd of human leiomyoma.*' We observed a significant reduction in
TGF-B3 expression in tumors injected with Ad-SSTR-RGD-
TK/GCV when compared to Ad-TK or Ad-LacZ.

The ability of tumors to recruit new blood vessels is an
absolute requirement for tumor growth, and the expression of
several angiogenesis factors, such as VEGF, have been shown
0.0~ to be estrogen responsive.** Angiogenic factors, such as VEGF,
a,— ,Ql- C’JQ its receptors, and endothelial growth factor receptors (EGF-R)
& <& may be involved in tumor angiogenesis.*> Inhibition of the

S expression of angiogenic factors therefore constitutes another
b,a_, potential mechanism for the inhibition of tumor growth. We
v observed a significant reduction in VEGF expression in tumors

injected with Ad-SSTR-RGD-TK/GCV when compared to Ad-
Figure 5. Adenovirus vectors induce significant decreases in expres-  TK or Ad-LacZ.

sion of transforming growth factor B3 (TGF-3). ** indicates signifi-
cant differences from Ad-LacZ at P < .0l. { indicates significant
differences between Ad-TK and Ad-SSTR-RGD at P < .05. Data are
presented as mean + standard error of the mean for all tested animals
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Figure 6. A, Adenovirus vectors induce significant decreases in expression of vascular endothelial growth factor (VEGF). ** indicates significant
differences from Ad-LacZ at P < .0l. Data are presented as mean + standard error of the mean for all tested animals per group (n = 3). B,
Adenovirus vectors induce significant decreases in expression of insulin-like growth factor | (IGF-1). * and ** indicate significant differences from
Ad-LacZ at P < .05 and P < .01, respectively. } indicates significant differences between Ad-TK and Ad-SSTR-RGD at P < .05. Data are presented
as mean + standard error of the mean for all tested animals per group (n = 3).
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Figure 7. Polymerase chain reaction (PCR) amplification of adenovirus DNA 4 weeks postintratumor injection of adenovirus vectors. The
adenovirus was only detectable in the tumor tissues (arrow). The following organs tested negative for the presence of the adenovirus: liver,

spleen, kidney and uterus.

whether targeting modification of adenovirus by making it
tumor specific would alleviate such limitation. To evaluate the
safety of local delivery of the gene therapy approach with
targeted adenovirus Ad-SSTRRGD-TK/GCYV, local and distant
dissemination of the adenovirus was assessed in different
organs of the leiomyoma mouse model. We collected organs
such as the spleen, kidney, lung, heart, brain, uterus, ovary, and
liver. We found that both targeted and untargeted adenovirus
did not leak to other organs. However, one limitation of the
study is the anatomical position of the leiomyoma lesions
within the nude mice leiomyoma model. Within this model,
leiomyoma lesions were subcutaneous and, therefore, not in
the normal anatomical position within the myometrium. Our
next step will include a study designed to verify these data in an
authentic model such as Eker rat prior to embarking on a future
human trial.

Another theoretical concern in this experimental approach is
the possibility of germ line transmission of viral genes via the
oocyte DNA. In our previous work, when Ad-LacZ was deliv-
ered directly to the ovary, no adenoviral or LacZ gene or gene
products were detected in resulting pups, which suggests no
germ line transmission.**

In conclusion, the targeted Ad-SSTR-RGD system induced
superior shrinkage in leiomyoma when compared to untargeted
Ad-TK, and it inhibited cell proliferation while inducing apop-
tosis and inhibited the expression of extracellular matrix and
angiogenesis-related genes. These changes were significantly
more prominent in tumors injected with the targeted Ad-SSTR-
RGD when compared to the untargeted Ad-TK or Ad-LacZ.
This study has generated important preclinical data for the
development of leiomyoma-targeted gene therapy as a poten-
tial therapeutic approach for the safe, nonsurgical treatment of
uterine leiomyomas.
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