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Abstract

Leiomyosarcoma is the most frequent subtype of the deadly uterine sarcoma and shares many common clinical grounds with
leiomyoma, which is in turn the most common solid benign uterine neoplasm. With the recent progress in minimally invasive
techniques for managing leiomyomas, accurate preoperative diagnosis of uterine masses has become the most important selection
criterion for the safest therapeutic option. Therefore, different imaging modalities would be playing a key role in management of
uterine masses. Testing for a sarcoma-specific promoter that expresses its downstream reporter gene only in leiomyosarcoma and
not in leiomyoma or healthy uterine tissue. Adenoviral vectors were utilized both in vitro and in vivo to test the specificity of the
promoters. Quantitative studies of downstream gene expression of these promoters was carried out both in vitro and in vivo. Our
data indicated that human leiomyosarcoma cells highly expressed the reporter gene downstream to survivin promoter (Ad-SUR-
LUC) when compared with benign leiomyoma or normal cells (p value of 0.05). Our study suggested that survivin is the unique
promoter capable of distinguishing between the deadly sarcoma and the benign counterparts.

Keywords Molecular imaging probe - Leiomyosarcoma - Sarcoma-specific promoter

Introduction Sarcomas have been challenging to diagnose before sur-

gery because of limitations in clinical and radiographic pre-

Uterine sarcomas are a highly aggressive, heterogeneous
group of gynecologic malignancies. Uterine leiomyosarcoma
(LMYS) is the most common type of uterine sarcoma, account-
ing for approximately 42-60% of all uterine sarcomas.
Although fewer than 3000 women are diagnosed with this
disease in the USA each year, LMS is the most common
sarcoma arising in the genital tract of reproductive-aged
women.
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dictors. Millions of American women undergo hysterectomies
for different indications [1]. According to the Centers for
Disease Control and Prevention (CDC), from 2006 to 2010,
11.7 percent of women between the ages of 40 and 44 had a
hysterectomy for medical indications [2]. In November 2014,
the US Food and Drug Administration (FDA) issued a safety
communication severely restricting the use of power
morcellators during minimally invasive surgery for women
with uterine leiomyomas (LMA) [3]. This guidance was
prompted by concern that if a patient had an undiagnosed
leiomyosarcoma, the power morcellator might inadvertently
spread tumor cells within the peritoneal cavity, and in turn
worse the patient prognosis [4]. Accurate assessment of the
incidence of occult malignancies encountered during surgery
for suspected benign gynecologic conditions is critical for
various reasons, including counseling regarding the risks and
benefits of surgical approach, appropriate planning of a spe-
cific surgical approach (for example, open versus minimally
invasive), and avoidance of iatrogenic complications [5].
Though the vast majority of women with uterine masses do
indeed have benign leiomyomas, the current controversy over
power morcellation in gynecologic surgery has highlighted
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how little we know about differentiating between benign my-
omas and sarcomas before surgery or in our gynecologic prac-
tice(s) in general [6].

Importantly, diagnostic biomarkers that can distinguish be-
tween human uterine LMS and LMA are not yet established
[7]. There have been several reports that serum CA125 and/or
LDH were elevated in uterine leiomyosarcoma; however, the
sensitivity and specificity were low [8].

There is a concern that radiographic evaluation with com-
bined positron emission tomography/computed tomography
(PET/CT), which is commonly used to aid assessment of pa-
tient prognosis, might not necessarily be effective for diagno-
sis and surveillance of human uterine LMS [9]. Unfortunately,
until now radiographic imaging cannot provide any medical
information to help distinguish between fibroid and malignant
uterine LMS [9]. Ultrasound imaging has only limited infor-
mation on uterine smooth muscle tumors. There are no spe-
cific ultrasound features described for LMS tumors compared
with fibroids [10]. Although certain MRI features may indi-
cate differences in tissue intensity, there are no definitive im-
aging findings that reliably determine ordinary leiomyomas
from leiomyoma variants [10]. The utility of PET/CT to dif-
ferentiate ordinary leiomyomas, leiomyoma variants, and
leiomyosarcoma remains limited because ordinary
leiomyomas can take up fluorodeoxyglucose (FDG) on PET
(as a marker for cellular proliferation) [11].

Given the above limitations, sarcoma until now, is a histo-
logic diagnosis based upon pathology evaluation after resec-
tion of uterine tissue (myomectomy or hysterectomy), and
there is no reliable test or imaging modality yet that can de-
finitively determine whether a mass thought to be a fibroid is a
cancer or not.

Because there are currently no imaging modalities or bio-
markers to distinguish between a benign and a sarcomatous
uterine mass [12], the power morcellation controversy high-
lights the urgent need to develop a simple safe and non-
invasive reliable diagnostic tool that can triage suspicious
uterine masses into benign versus malignant assignment [13].

Targeted imaging of cancer remains a major scientific goal.
Accuracy, sensitivity, and specificity together in a cancer-
imaging tool would provide early diagnostic and/or a screen-
ing tool, which represents a paradigm shift in treatment plan-
ning and substantially benefit therapeutic intervention.

A focused look at the expanding list of the molecular pro-
files of different malignant tumors and their microenviron-
ment, molecular imaging has the potential to be well designed
and could be generated utilizing tumor-specific targets [14].
The challenge of nonspecific localization of the putative
targeted agents, eliciting unacceptably high background sig-
nals from naive tissues or cells, is real and does indeed impede
further development in this field. Molecular-genetic imaging
is an evolving exciting field that image molecular genetic
processes rather than anatomy and provides visualization in

space and time of normal as well as abnormal cellular process-
es at a molecular or genetic level [15].

A well-characterized human gene encoding a structurally
unique inhibitor of apoptosis (IAP), designated survivin was
first described in 1997 [16]. Present during fetal development,
survivin is undetectable in terminally differentiated adult tis-
sues. However, survivin becomes prominently expressed in
transformed cell lines and in most common human cancers,
e.g., lung [16], colon [17], pancreas [18], prostate [19], and
breast [20]. Survivin is also found in approximately 50% of
high-grade non-Hodgkin’s lymphomas (centroblastic,
immunoblastic), but not in low-grade lymphomas
(lymphocytic) [21]. Survivin functions as a key regulator of
mitosis and programmed cell death. Initially, survivin was
described as an inhibitor of caspase-9 [22]. More recently,
research studies have shown that the role of survivin in cancer
pathogenesis is not limited to apoptosis inhibition but also
involves the regulation of the mitotic spindle checkpoint and
the promotion of angiogenesis and chemoresistance [22]. Not
more than 10 years of its discovery, survivin was established
as a cancer-specific promoter in many studies [23].

Our diagnostic strategy make use of this cancer-specific
enhanced survivin expression in malignant versus normal/
benign cells to test its promoter driving potential of a down-
stream reporter gene which, once activated, will enable the
detection of cancer cells [24].

The “Cancer specific promoters Hypothesis™ is serving
here for early detection of cancer cells and translating this into
an imaging strategy. This new approach would be an effective
one to clearly triage suspicious lesions in situ into either be-
nign or malignant preoperatively in an outpatient (office)
setting.

Serum survivin protein levels were evaluated as possible
biomarkers for cancer diagnostics. Unfortunately, due to wide
variations and large overlaps with normal controls, its clinical
utility is currently restricted mainly for prognostic purposes
[25].

The failures of these trials tracking the serum levels of the
protein product of this cancer-specific promoter drove our
attention to apply this direct in situ survivin promoter imaging
probe strategy to assess the malignant status of a suspicious
uterine mass. Our group had previously tested many different
promoters to compare its specificity and ability to drive gene
expression in human uterine leiomyoma in a different context
of developing novel-localized gene therapy strategies against
that common disease [26].

Here, we show that the enhanced survivin promoter in
leiomyosarcoma versus leiomyoma cells can be exploited,
using bioluminescence-based molecular imaging techniques,
to drive imaging reporters selectively to enable detection of
human leiomyosarcoma lesions in vivo in a preclinical animal
model. Because of its strong promoter activity, tumor speci-
ficity, and capacity for clinical translation, survivin promoter—
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driven gene expression may represent a practical, new system
to facilitate early leiomyosarcoma diagnosis.

Materials and Methods
Recombinant Adenovirus

Large scale production of adenovirus (Ad) vectors was per-
formed as we have described previously (Al-Hendy et al. [27])
with a typical batch yield of 2'° plaque-forming units (PFU)/
ml.

Promoter Characteristics

Human survivin promoter

Complete promoter size, 268 bp

Adenovirus constructs, Ad-Survivin Ad-Heparanase (Ad-
HEP-LUC), and Ad-Secretory leukoprotease inhibitor (Ad-
SLPI-LUC) (Titer 5.0 x 10> VP/ml 1.6 x 10'" IFU/ml, vol-
ume 10 x 200 pl construct)

The viral backbone adenoviral—type 5 (dE1/E3) promoter
human survivin transgene human SLC5A5 RefSeq
Accession: BC105047.1 Marker/Tag 2 x CsCl, purification
Lot # 20151113, viral solution component: PBS with 5%
glycerol

Cells

Fibroid tumor cells (F) derived from intramural fibroids of
African American patients with size range of 4-8 cm.
According to Augusta University Institutional Review
Board, protocol No. 644354-6, which approves all human
studies (40). Both F and Myo cells were cultured and main-
tained in smooth muscle cell basal medium (Lonza) contain-
ing 10% fetal bovine serum (Lonza) and 1% P/S. Human
leiomyosarcoma cell line (SKUT-1) ATCC® HTB-114™ is
a grade III mesodermal tumor (mixed) consistent with
leiomyosarcoma cell derived from a 75-year-old adult
Caucasian female. It was purchased from American Type
Culture Collection (Manassas, VA, USA). The base medium
for this cell line is ATCC-formulated Eagle’s Minimum
Essential Medium. To make the complete growth medium,
we add the following components to the base medium, i.e.,
fetal bovine serum to a final concentration of 10%. All cells
were maintained at 37 °C and 5% CO,/air.

X-gal Staining of Fixed Leiomyosarcoma Cells
The susceptibility of SKUT-1 cells to transfection by wild type
adenovirus serotype 5 was evaluated using [3-Galactosidase as

a reporter gene. Three different multiplicity of infections
(MOiIs) of 1, 3, and 5 were used. The viral particles were
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mixed with cell culture media followed by 1 hr of mild shak-
ing, regular cell culture conditions were applied. Twenty
four hrs post-transfection, X-gal staining was performed on
the cells.

Transfection with Adenovirus Vectors, Imaging,
and Luciferase Reporter Assays

The transfection with different Ad vectors was conducted as
we have described previously (Al-Hendy et al., [28]; Salama
et al., [29]). Briefly, various cell lines (F, Myo, and SKUT-1)
were cultured in 60 mm plates. For the screening, the three cell
types were transfected with either 1 or 5 PFU/cell of various
Ad vectors using transfection medium containing 1% antibi-
otic and 2% FBS for 4 hrs with continuous gentle shaking.
The media was then replaced with fresh media, and incubation
was continued for 48 hrs. Luciferase transactivation was de-
termined using luciferase enzyme assay systems according to
the manufacturer’s protocol (Promega, Madison, WI, USA).
Where, the growth medium was removed from cultured cells,
and the cells were rinsed in 1 x PBS. Then, without dislodging
cells much of the final wash was removed as possible. A total
of 400 ul volume of 1 x cell lysis buffer was dispensed
(CCLR) into each culture vessel, then attached cells were
scraped from the dish, and the cells and solution were trans-
ferred to a microcentrifuge tube. Debris was separated by brief
centrifugation, and the supernatant was transferred to a new
tube. A total of 20 pl of cell lysate was used with 100 pl of
luciferase assay reagent and measured the light produced by
Synergy HT microplate reader utilizing Gen-5 software for
bioluminescence detection.

For whole plate imaging, the three cell types were
transfected with 1, 2, 3, 5, or 10 PFU/cell of Ad-survivin-luc
then spectral imaging system AMIX was done to detect the
total photon emission (TPE) for each plate per manufacturer’s
instruction (see below).

Ex Vivo and In Vivo Studies

Female BALB/c 4-6 weeks old nude mice (Charles River,
San Diego, CA) were housed in accordance with the
Augusta University Institutional Animal Care and Use
Committee (IACUC) guidelines. All procedures performed
on animals were approved by the Augusta University’s
IACUC and were within the guidelines of humane care of
laboratory animals. In the ex vivo case, transfected cells were
implanted in the animals either subcutaneously or intrauterine.
While in the in vivo case, untransfected cells were implanted
in the nude mice, and then when the tumor developed, the
virus was injected intravenously. D-luciferin 15 mg/ml in
PBS was intraperitoneally injected at 260 pl per mouse
followed by isoflurane inhalation anesthesia 10 min later.
The anesthetized animals were then placed in the AMIX
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chamber. The software mode was set to luminescence, pho-
tography, and X-ray. Exposure was 600 with low binning.
[30]. Adult female BALB/c nude mice, 4-6 weeks of age,
weighing between 20 and 25 g either subcutaneously or intra-
uterine, D-luciferin 15 mg/ml in PBS was intraperitoneally
injected followed by isoflurane inhalation anesthesia 10 min
later as described earlier (40). Anesthetized animals were then
placed in the AMIX chamber and luminescence emission
(TPE) was evaluated.

Spectral Imaging AMIX

Spectral Amix Imaging Systems (Spectral Instruments
Imaging, LLC, Tucson, AZ) with an excitation and emission
wavelength of 745 nm and 790 nm, respectively, were utilized
in this work. AMIX machine located in the Core Imaging
Facility for Small Animals, Georgia Cancer Center, Augusta
University, was utilized for these experiments. The system
includes animal handling features such as a heated sample
shelf and a full gas anesthesia system. It is highly automated
with all hardware motor movement, imaging parameters, and
image analysis controlled via Living Image® software.
Animals were injected with 260 pl intraperitoneal (IP) of D-
luciferin dissolved in PBS (15 mg/ml). All measurements
using AMIX were done using standard protocol per manufac-
turer’s instructions with software mode luminescence, photog-
raphy at exposure 600, binning low, X-ray low in chamber
AMIX flow.

MTT Assay

The MTT assay was done using the protocol described by
Sigma. The assay was optimized for the cell lines used in the
experiments. Briefly, cells were cultured in 96 well plate at
density of 10,000 cells/well; the next day, we made the trans-
fection using Ad-SUR-LUC (100, 500, and 1000 MOls). At
24, 48, and 72 hrs post-transfection, we add 100 ul of MTT
reagent (0.5 mg/ml in phenol red free culture media) to each
well and incubate for 2 hrs then remove the reagent followed
by the addition of DMSO (100 ul), gentle shaking for 10 min
so that complete dissolution of formazan crystals was
achieved. Absorbance was recorded at 560 nm using the mi-
croplate spectrophotometer system (Gen-5 Molecular
Devices). Results were analyzed with the Gen-5 software.

Statistical Analysis of the Data

Data were fed to the computer and analyzed using the IBM
SPSS software package version 20.0. Quantitative data were
described using mean, standard error, and lower and upper
95% confidence limits. Significance of the obtained results
was judged at the 5% level. The used tests were Student’s ¢
test for normally quantitative variables, to compare between

the two studied groups [31]. F-test (ANOVA) for normally
quantitative variables was used to compare between more than
two studied groups and post hoc test (LSD) for pairwise
comparisons.

Results

Adenovirus Is Highly Effective Vector in Transfecting
Human Leiomyosarcoma Cells

Myometrial and fibroid cells are susceptible to adenovirus
transfection (Nair et al. [32]), however adenoviral vectors
have not been tested prior against human sarcoma cells. This
experiment was done to evaluate the susceptibility of SKUT-1
[33] human leiomyosarcoma cells to transfection by replica-
tion incompetent adenovirus serotype 5 expressing [3-
galactosidase as a reporter gene. We used 3 different MOlIsl1,
3, or 5 PFU/cell. Viral particles were mixed with cell culture
media followed by 1 h of mild shaking, then regular cell cul-
ture conditions were applied as described in the ‘“Materials
and Methods” section. The expression of the transgene of
the bacterial enzyme [3-galactosidase was easily visualized
using the artificial substrate X-gal, which turns blue when
cleaved by [3-galactosidase. Light microscopy of LMS cells
transfected with 3 MOIs (1, 3, or 5) shows 76%, 84%, 98%
transfection of the LMS cells respectively. Negative control
(no adenovirus added) showed no background staining

(Fig. 1).

Adenovirus Survivin Promoter Construct Supports
Highest Gene Expression in Human Leiomyosarcoma
Cells

To identify a sarcoma-ON/leiomyoma-OFF—specific promot-
er, we screened several candidate promoters and short-listed 3
finalist promoters of interest. We transfected 60 mm? cell cul-
ture dishes of SKUT-1 human LMS, F, and Myo cells at 80—
90% confluence with 3 different adenoviral constructs harbor-
ing different promoters, all driving a luciferase marker gene;
Ad-Survivin (Ad-SUR-LUC), Ad-Heparanase (Ad-HEP-
LUC), and Ad-Secretory leukoprotease Inhibitor (Ad-SLPI-
LUC) have all at the same MOI using the same technique as
described above.

Luciferase assay was then used to differentiate between
gene expression levels in the three cell types under the control
of the 3 finalist promoters. We used the standard luciferase
assay to compare the degree of reporter gene expression in
leiomyosarcoma cells under different promoters. As shown
in Fig. 2, luciferase assay showed (survivin) promoter is
expressed at least 10—12 times higher than other constructs,
where at MOI 1 or 5 of Adeno-sur-luc shows a statistically
significant p value of 0.03, 0.01, respectively.
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Percent of transfected SKUT-1 cells

MOI

Fig. 1 Susceptibility of SKUT-1 cells to transfection by adenovirus LacZ and magnitude of transfection at 3 different multiplicity of infections (MOls)

Fig. 2 Comparison of
transfection potential of
adenovirus luciferase constructs
under 3 different promoters 1600
Ad-Survivin (Ad-SUR-LUC),
Ad-Heparanase (Ad-HEP-LUC),
and Ad-Secretory leukoprotease
inhibitor (Ad-SLPI-LUC) at 3
different MOIs. The SKUT-1
cells transfected with Ad-SUR-
LUC showed significantly higher
bioluminescence than other
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Fig. 3 MTT assay for comparison of cell viability after Ad-SUR-LUC transfection in normal myometrium (Myo), primary fibroid cells (F), and

leiomyosarcoma cells (SKUT-1)

Safety Studies of Adenovirus-Survivin-Luciferase
on the Selected Three-Cell Lines

We transfected our cells (F, Myo, and SKUT-1 cells) with Ad-
SUR-LUC at different MOIs 100, 500, and 1000. Then, we
performed the MTT assay at three different time points after
24, 48, and 72 h for the three cell lines. As it appears from
Fig. 3 there is no statistically significant effect of the
Adenovirus construct on the cell survival and growth plateau
(p value of 0.670681, 0.9965, 0. 955626).
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Fig. 4 Comparison of luminescence signal in the normal myometrial
cells, primary fibroid cells, and leiomyosarcoma cells at 5 MOlIs using
AMIX spectral imaging system to detect the in vitro bioluminescence

Ad-SUR-LUC Elicits High Luminescence Emission
in Human Leiomyosarcoma Cells

In preparation for in vivo work, we also wanted to confirm the
superior Ad-SUR-LUC controlled reporter gene expression by
AMIX live cell imaging. Cells were cultured in 60 mm dishes,
and at 70% confluence, we did transfection using Ad-SUR-
LUC. Firefly D-luciferin dissolved in PBS 15 mg/ml was added
to cell culture media. The luminescence imaging was performed
as reported previously [30]. After processing the data as shown

Mean TPE
In vitro
(1015)
10000 -
1000 -
100 ] ///4
10 —s—Leiomyosarcoma
—e—primary Fibroid
Myometrium MOI
1 T T T T J
0 2 4 6 8 10

signal. There was significantly high MOI-dependent bioluminescence
signal in leiomyosarcoma cells when compared with normal and benign
cells (p<0.05) (n=4)
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Fig. 5 Ex vivo subcutaneous animal model for comparison of gene
expression in different cell types transplanted subcutaneously in nude
mice. 576 cells of transfected Fibroid, SKUT-1 “control”, & transfected
SKUT-1; (a) immediate imaging after injecting luciferin (IP), (b) after 30
minutes. (¢) Imaging after injecting 1076 cells/animal of transfected
SKUT-1 and transfected Fibroid, the signal disappeared 9 days post

in Fig. 4, it showed statistically significant higher luminescence
only in SKUT-1 cells (p value <0.0081).

Ex Vivo Delivered Ad-SUR-LUC Successfully
Differentiate Between Leiomyosarcoma
and Leiomyoma

Evaluating the efficacy of Ad-SUR-LUC in vivo in an appro-
priate animal model of human leiomyosarcoma was the next

l| Transfected SKUT-1 | Transfected Fibroid | SKUT-1
! '

g1l Transfected SKUT-1
'y fe
| &

Fig. 6 Ex vivo comparison of gene expression in the 3 different cell types
transplanted intrauterine in nude mice. There was a significant higher
expression and hence bioluminescence in animals bearing transfected
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transfection as shown in (d). (e) 2076 cells were injected in each mouse
subcutaneously, Bioluminescence imaging showing higher signal in the
transfected SKUT-1 lesions compared to the non-transfected as well as
the begin leiomyoma case after 24 hours (e) and after 48 hours as in (f).
There was a significant high expression and hence bioluminescence in
animals bearing SKUT-1 cells

step. Ad-SUR-LUC pre-transfected cells were implanted in
adult female BALB/c nude mice, 4-6 weeks of age, weighing
between 20 and 25 g either subcutaneously (Fig. 5) or intra-
uterine (Fig. 6). D-luciferin 15 mg/ml in PBS was intraperito-
neally injected followed by isoflurane inhalation anesthesia
10 min later as described earlier (29). Anesthetized animals
were then placed in the AMIX chamber, and luminescence
emission (TPE) was evaluated. Multiple comparison shows
that in case of subcutaneously injected pre-transfected

T“,",‘Eagf mTransfected SKUT-1
| " | IU Ex vivo | & Transfected Fibroid
104 0SKUT-1
10000 4 **

1000

1 b

10

After 48hrs

Baseline

SKUT-1 cells as shown in both (a & b), the signal faded (disappeared)
after 6 days as in (¢ & d)
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Fig. 7 Intravenously injected virus (Ad-SUR-LUC) animal model to
differentiate gene expression in the different cell types previously
transplanted subcutaneously in nude mice. There was a significant high

SKUT-1 versus either fibroid or untransfected SKUT-1, the
TPE is statistically significant with a p value range (0.01—<
0.001). While in the case of intrauterine injected cells, the TPE
signal was recorded immediately, and 48 h post-operation
until it dwindled after 6 days and pre-transfected SKUT-
1(IU) show a statistically significant TPE versus fibroid or
non-transfected LMS with p value of <0.001.

Intravenous Delivered Ad-SUR-LUC Successfully
Differentiate Between Pre-Existing Human
Leiomyosarcoma Versus Human Leiomyoma in Mouse
Model

The ultimate test of our strategy was to validate the ability of
Ad-SUR-LUC to specifically and safely discriminate between
pre-existing human leiomyosarcoma lesions versus human
leiomyoma lesions after systemically delivering this vector
via intravenous injection. We implanted non-transfected
SKUT-1 cells (20 x 10° cells/mouse) or human leiomyoma
cells (20 x 10° cells/mouse) subcutaneously into female nude
mice, and corresponding tumors were allowed to develop for
14 days. We, then proceeded to injected Ad-SUR-LUC

SKUT-1 SKUT-1 + IV injection of »

Mean
'qa'}‘f EF + Ad-SUR-LUC
SKUT-1 "control”
10000 - "
100 -
1 T — 1
After 48hrs After 96hrs

expression and hence bioluminescence in animals bearing SKUT-1 cells
24 (a), 48 (b), and 96 (c) hrs after viral 1.V. injection in comparison to
mice bearing F cells

intravenously (1 x 10° PFU/mouse) via the tail vein. As
shown in Fig. 7, bioluminescence imaging shows signals only
in mice bearing SKUT-1 lesions that were injected intrave-
nously with the Ad-SUR-LUC and started to appear signifi-
cantly after 48 and 96 hrs (Fig. 7a and b). While, no signal in
mice with SKUT-1 lesions, and didn't get the IV Ad-SUR-
LUC as well as the benign leiomyoma bearing mice injected
intravenously with the Ad-SUR-LUC with a p value of <

0.001). The signal faded 8 days post Intravenous injection of
Ad-survivin-luciferase.

Discussion

Molecular-genetic imaging is advancing from a valuable pre-
clinical tool to becoming a clinical reality that drives appro-
priate patient management. Our goal is to develop a systemi-
cally deliverable construct that would enable preoperative
molecular-genetic imaging of leiomyosarcoma.

The necessary elements for such a construct include a suffi-
ciently strong promoter with high sarcoma specificity and very
low activity in benign leiomyoma and normal myometrium
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(Sarcoma/ON-Leiomyoma/OFF) design. Our strategy involved
pairing an imaging reporter gene with a complementary imaging
agent in a system that can be used to measure gene expression or
protein interaction, or track gene tagged cells in vivo. We were
able to detect the extent of promoter gene expression in each cell
type and subsequently were able to distinguish normal or benign
(leiomyoma) from malignant (leiomyosarcoma) cells by the ex-
tent of appreciation of significant difference in survivin gene
expression. Promoters derived from the human telomerase re-
verse transcriptase [34], survivin [35] and carcinoembryonic
antigen [36] promoters, and enhancer elements have been pre-
viously used in molecular-genetic imaging to provide tumor-
specific reporter expression. Often, promoter activity must be
amplified to drive the downstream gene for purposes of imaging
or therapy. One such strategy involves the two-step transcrip-
tional amplification system [37] using the GAL4-VP16 fusion
protein and GALA4 response elements [38, 39]. However in our
study, survivin promoter did not require such amplification to
achieve the extremely high sensitivity imaging that we observed
in this work.

There is a growing evidence indicating that survivin is
expressed in some normal adult cells, particularly primitive
hematopoietic cells, T lymphocytes, polymorphonuclear neu-
trophils, and vascular endothelial cells, and may regulate their
proliferation or survival. In our situation, this fact may be
responsible of the presence of background during imaging as
we are going to inject the adenovirus systemically, which
means that wherever there is survivin expression, there will
be some luciferase expression and a luminescent signal. Even
though, in a normal woman, there should be minimal survivin
expression except if she has leiomyosarcoma, so there should
be minimal background, but it will be way much less in inten-
sity compared with a leiomyosarcoma lesion. Understanding
the distribution of survivin expressing cells in normal versus
malignant tissues and cells is very important in identifying
strategies that maximally discriminate survivin expressing
cancer cells. Relevance of survivin high expression in cancers
justifies the pursuit of survivin-based diagnostics depending
mainly on appreciating differences in survivin expression be-
tween normal and cancer cells.

Adenovirus have shown tremendous promise as delivery
vehicles for recombinant genes and gene therapy. Some of the
attributes which make Ad vectors suitable candidates for gene
delivery applications include (1) the safety and relative ease of
vector development; (2) the ability to infect a wide range of
actively dividing and non-dividing mammalian cells and to
induce a high level of transgene expression; (3) the minimum
risk of integration into the host genome; (4) the capacity to be
grown to very high titers in tissue culture; (5) numerous strate-
gies that have been developed to construct Ad vectors carrying
a foreign gene insert. While by now, virus-based vectors have
proven to show efficient and safe transduction of various cell
types in many ex vivo or in local treatments, the use of such
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vectors for systemic delivery is still unsatisfactory. One of the
most important limitations to adenovirus use is the activation of
both innate and adaptive immune responses [40]. Fortunately,
chemical shielding and use of different Ad vectors based on
different adenovirus serotypes could be considered successful
strategies to circumvent these immunologic barriers [41].

A limitation in translating this diagnostic system to the clini-
cal arena is the lack of well-optimized chemiluminescence—
based robust human imaging devices [42]. In our future work,
we will upgrade this imaging probe to humanize it and adapt it to
currently available human imaging techniques such as positron
emission tomography and magnetic resonance imaging.

Conclusion

Survivin promoter, which is associated with cancer genetic
makeup and cancer progression, was exploited for its possible
utility in directing expression-targeted genetic imaging. It was
found that survivin promoter provides high specificity to dis-
tinguish between human leiomyosarcoma cancer cells on one
hand versus both normal human myometrial cells as well as
human benign leiomyoma cells on the other hand, in vitro. Ina
murine model of leiomyosarcoma, this promoter-based imag-
ing technique was capable of distinguishing sarcomatous le-
sions from normal uterine tissue or benign leiomyoma lesions
with promising accuracy.

This system can be considered promising and is candidate of
future development and optimization as it has the potential of
having an impact to improve management of suspicious uterine
masses, a current major challenge in clinical gynecology.
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