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ABSTRACT

This invention provides compositions of a viral vector
system containing a survivin promotor configured for
expressing a reporter gene, wherein the reporter gene is
differentially expressed in benign and malignant uterine

masses and malignant uterine sarcomas can be bioimaged by
preferential labeling with a radiotracer.

Specification includes a Sequence Listing.

Radiotrace
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BIO-IMAGING PROBES AND METHODS
FOR NON-INVASIVE DETECTION OF
HUMAN UTERINE SARCOMAS

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/941,676 filed Nov. 27, 2019, U.S.
Provisional Patent Application No. 62/946,958 filed on Dec.
11, 2019, and U.S. patent application Ser. No. 17/105,966
filed on Nov. 27, 2020. All are hereby incorporated in their
entireties.

TECHNICAL FIELD

[0002] The disclosure relates to reagents and methods for
screening or identifying for differential diagnosis of malig-
nant uterine masses.

BACKGROUND

[0003] Uterine sarcomas are a highly aggressive gyneco-
logic malignancies. Annual incidence in the United States
alone is 0.8 per 100,000 women. Nineteen million women
present with uterine masses annually. Such masses can be
benign fibroids or malignant sarcomas, and roughly eighty
percent of uterine masses detected are suspicious. There are,
however, no known tools for distinguishing between benign
fibroid vs. malignant sarcoma without surgical intervention
in humans. Further, delayed diagnosis of patients usually
leads to poor prognosis.

[0004] Uterine leiomyosarcoma (LMS) is the most com-
mon type of uterine sarcoma, accounting for approximately
42-60% of all uterine sarcomas. Uterine fibroids (LM) are
the most common benign pelvic tumors in women, this
pathology can be present in up to 80% of women by the age
of 50. Both tumors present the same clinical symptoms
(abnormal uterine bleeding, pelvic mass and pelvic pain)
LMS has been challenging to diagnose before surgery due to
limitations in clinical and radiographic predictors as well as
lack of reliable serum or urinary biomarkers. The majority of
women with uterine masses do indeed have benign fibroids.
However, currently, it is a major challenge in gynecologic
surgery to differentiate between LM vs. LMS before surgery.
[0005] Patients are typically treated by open radical sur-
gery & adjuvant therapy, because a uterine mass cannot be
pre-surgically ascertained as benign or malignant with cur-
rently available technologies and the negative prospect for
patients with malignancy. Fibroids are the most common
benign growth in women of reproductive age. Uterine
masses can be found in almost 70-80% in women by age of
50Y. Patients cannot currently be treated medically without
minimally invasive surgery, since non-surgical diagnostic
capabilities for non-invasive differentiation between human
uterine fibroids (benign) versus sarcoma (malignant) in
women do not currently exist. Thus, practitioners must
perform invasive surgery to treat patients as the current
standard. Further, there are no known biomarkers that can
distinguish between uterine sarcoma versus fibroid, nor is
there a simple, effective screening method to differentiate
benign and malignant uterine sarcomas in humans.

[0006] Differential diagnosis of uterine masses, a very
common diagnosis in reproductive age women, includes
uterine fibroids (benign) versus leiomyosarcoma (highly
malignant). Current imaging techniques cannot distinguish
between these two disease entities, and there is no available
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biomarkers or biopsy-based methodology. Most of these
patients currently are offered open surgery (laparotomy)
where the pathological nature of the uterine mass can be
firmly ascertained (via frozen section pathological assess-
ment) and treatment is also rendered

[0007] Prior studies have involved using Adenovirus Sur-
vivin Luciferase (Ad-Sur-Luciferase) as a potential differ-
entiating tool for uterine fibroids which, unlike fluorescent
proteins, do not require an external light source, but do
require luciferin as the substrate for detecting the fluores-
cence-producing reporter gene as discussed, for example, in
U.S. Pat. No. 9,790,562 incorporated herein by reference in
the entirety. However, imaging tools employing Luciferases
are not suitable for use in human subjects. Thus, there
remains a need in the art for simplified, noninvasive systems
that generate clinically significant and reliable results for
differentiating malignant human subjects.

SUMMARY

[0008] This disclosure describes compositions and meth-
ods for detecting uterine tumors.

[0009] As described below, in a first aspect the present
disclosure provides a composition comprising an adenovirus
Survivin-Sodium iodide symporter (Ad-SUR-NIS) vector
comprising a Survivin promoter operatively linked to a
sodium iodine symportor protein (NIS) protein-encoding
sequence that is capable of infecting leiomyosarcoma (LMS)
cells in vivo following systemic administration.

[0010] In embodiment of the first aspect the vector is
configured to express NIS protein in a leiomyosarcoma
(LMS), wherein in the presence of a radiotracer distinguish-
able imaging data is generated in LMS cells having sufficient
energy emitted from the radiotracer that can be captured as
imaging data from the LMS, and wherein only minimal
energy is emitted from the radiotracer and captured as the
imaging data from uterine fibroids (LM.)

[0011] In one embodiment of the first aspect, the
radiotracer is 1124.

[0012] In one embodiment of the first aspect the compo-
sition is for systemic administration.

[0013] In one embodiment of the first aspect the compo-
sition is configured to be administered according to a
percentage Ad-SUR-NIS weight dose composition that
induces NIS expression that allows for differential detection
of a leiomyosarcoma (LMS).

[0014] In one embodiment of the first aspect provides a
screening kit for noninvasively detecting a uterine sarcoma
comprising the composition comprising an adenovirus Sur-
vivin-Sodium iodide symporter (Ad-SUR-NIS) vector
stored in a suitable delivery vehicle, and optionally, a
radiotracer configured for delivery after the composition.
[0015] In one embodiment the first aspect comprises one
or more additional radiotracers

[0016] Inone embodiment of the first aspect the screening
data kit further comprises data access information config-
ured to inform a therapeutic intervention based on the energy
emitted and displayed in the imaging data collected upon use
of the kit.

[0017] In asecond aspect, the present disclosure provides
a method of indirectly detecting uterine sarcoma in a subject,
the method comprising: administering to the subject a com-
position comprising Ad-SUR-NIS and a radiotracer; expos-
ing a target area of the subject where the presence of a
sarcoma is suspected to PET-CT imaging; and capturing
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energy emitted from the target area of the subject in the
imaging data, wherein the presence of the energy emitted
correlates to symporter expression uptake of a radiotracer
indirectly indicating the presence of a sarcoma in the target
area of the subject.

[0018] In one embodiment of the second aspect, the step
of exposing the target area comprises exposing the sarcoma
to a selected weight percent of the composition selected
from a uterine mass weight dose range and a radiotracer.
[0019] Inone embodiment of the second aspect the admin-
istering step comprises administering the composition O
hours to about 24 hours or more before radiotracer admin-
istration.

[0020] In one embodiment of the second aspect the cap-
turing step comprises capturing energy emitted in imaging
data using PET-CT imaging.

[0021] In a third aspect, the present disclosure provides a
pre-surgical diagnostic system for detecting a leiomyosar-
coma (LMS) based on survivin expression in uterine sar-
coma of a subject comprising an (Ad-SUR-NIS) composi-
tion configured for delivery to an LMS in a weight dosage
concentration selected from a uterine mass weight dose
range; and the system configured for symporter expression
in the LMS that can be detected in the presence of a
radiotracer.

[0022] In one embodiment of the third aspect, the present
disclosure provides a dosage configured to detect the pres-
ence of leiomyosarcoma (LMS) based on reporter gene
expression of the radiotracer in PET-CT imaging data.
[0023] In a fourth aspect, the present disclosure provides
a system for non-invasive detection of Ad-SUR-NIS activity
levels in one or more uterine mass(es) in a subject compris-
ing: a pre-imaging delivery composition configured to
deliver a composition including Ad-SUR-NIS selected from
a uterine mass weight dose range; and a radiotracer config-
ured to emit energy based on gene expression of the Ad-
SUR-NIS symporter and uptake of the radiotracer thereby;
and an imaging device configured to capture energy signals
emitted from the radiotracer as an indirect confirmation of
the presence of a leiomyosarcoma (LMS).

[0024] In one embodiment of the fourth aspect the imag-
ing device is further defined by a PET-CT device.

[0025] In a fifth aspect, the present disclosure provides a
method of manufacturing a pre-surgical diagnostic system
comprising the steps of preparing a gene-expressing adeno-
virus symporter vector encoding a Survivin promoter opera-
tively linked to a sodium iodine symportor protein (NIS)
protein-encoding sequence and configured for delivery to
uterine tissue in a concentration based on weight and con-
figured in accordance with a uterine mass weight dose range;
filling a vector storage container with the vector; and pack-
aging the storage container.

[0026] In one embodiment the fifth aspect, further com-
prises preparing one or more radiotracers; filling one or
more additional storage containers with the one or more
radiotracers; and packaging the one or more additional
storage containers with the vector storage container.
[0027] In a sixth aspect, the present disclosure provides a
composition of matter comprising: a viral vector containing
a survivin promotor specifically configured for expression of
a sodium iodine symportor protein (NIS), in a viral-medi-
ated NIS gene delivery system.

[0028] In one embodiment of the sixth aspect, the com-
position is further defined by Ad-Sur-NIS.
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[0029] In a seventh aspect, the present disclosure provides
a viral platform containing a survivin promotor operatively
linked to specifically express sodium iodine symportor
(NIS) protein.

[0030] In one embodiment the seventh aspect the disclo-
sure provides a method of administering the composition by
systematic intravenous delivery of the composition and
subsequent delivery of a radiotracer to generate distinguish-
able imaging between a cancerous and non-cancerous cell.
[0031] In one embodiment the seventh aspect the disclo-
sure is further defined by a uterine mass weight dose range
of a viral vector containing a survivin promotor configured
to express NIS weight dose composition.

[0032] Inone embodiment of the seventh aspect is a kit for
noninvasively detecting a cancerous mass comprising: the
composition stored in a suitable delivery vehicle, and
optionally, a radiotracer configured for delivery after the
composition.

[0033] In one embodiment the seventh aspect further
comprises data access information configured to inform a
next procedure based on the energy emitted and displayed in
the imaging data collected upon use of the kit.

[0034] In an eighth aspect is a method of detecting sar-
coma in a subject, the method comprising the steps of:
administering a composition comprising a viral vector con-
taining a survivin promotor configured to express a sodium
iodine symportor protein (NIS) protein in the subject; delay-
ing administration of a radiotracer for a delay time until the
viral vector reaches a target area in the subject to express the
NIS protein in the mass; administering the radiotracer after
the delay time, where the radiotracer can be selected from
Table 2; exposing the target area to PET-CT imaging to
generate imaging data; and capturing energy emitted from
the target area of the subject in the imaging data, wherein the
presence of the energy emitted correlates to uptake of a
radiotracer due to NIS expression indicating the presence of
a cancerous mass in the target area of the subject.

[0035] In one embodiment the eighth aspect the step of
exposing the target area comprises exposing the cancerous
mass to a selected weight percent of the composition
selected from a uterine mass weight dose range.

[0036] Inone embodiment the eighth aspect administering
step comprises administering the composition 8 hours to
about 10 days before radiation exposure.

[0037] In one embodiment the eighth aspect the capturing
step comprises capturing energy emitted in imaging data
using PET-CT imaging.

[0038] Inaninth aspect is a pre-surgical diagnostic system
for detecting survivin promoter activity in cancerous masses
of a subject comprising: a viral vector containing a survivin
promotor composition configured for delivery; and the sys-
tem configured for uptake of a radiotracer due to sodium
iodine symportor protein (NIS) expression.

[0039] In one embodiment the ninth aspect comprises a
dosage of the viral vector configured to detect a cancerous
mass based on uptake of a radiotracer due to NIS expression
in PET-CT imaging data.

[0040] In a tenth aspect is a non-invasive detection of a
cancerous mass using radiotracer in one or more subject
mass(es) comprising: a pre-imaging delivery composition
including a viral vector containing a survivin promotor
specifically configured for expression of a sodium iodine
symportor protein (NIS) protein.
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[0041] In one embodiment the tenth aspect further com-
prises a radiotracer configured to emit energy based on
expression of the NIS protein and uptake of the radiotracer
thereby; and an imaging device configured to capture energy
signals emitted from the radiotracer as a direct confirmation
of the presence of tissue cancerous mass in the one or more
subject masses.

[0042] In one embodiment the tenth aspect the imaging
device is further defined by a PET-CT device.

[0043] In an eleventh aspect of the disclosure is a method
of manufacturing a pre-surgical diagnostic system compris-
ing the steps of preparing a viral vector containing a survivin
promotor and sodium iodine symportor protein (NIS) pro-
tein configured for delivery to a target mass; filling a vector
storage container with the vector; and packaging the storage
container.

[0044] In one embodiment the eleventh aspect further
comprising the step of preparing one or more radiotracers;
filling one or more additional storage containers with the one
or more radiotracers; and packaging the one or more addi-
tional storage containers with the vector storage container.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The accompanying drawings are included to pro-
vide a further understanding of the methods and composi-
tions of the disclosure and are incorporated in and constitute
a part of this specification. The drawings illustrate one or
more embodiment(s) of the disclosure, and together with the
description serve to explain the reagents and methods set
forth in this disclosure.

[0046] FIG. 1 illustrates pre-clinical validation of data
using exemplary compositions and methods as described
herein.

[0047] FIG. 2 illustrates (A) benign smooth muscle tumors
originating from the myometrium, a condition that occurs in
77% of women. The presentation is abnormal uterine bleed-
ing and pelvic pain with the treatment being medical and/or
surgical. (B) Uterine sarcoma (3% of all uterine cancers) that
are extremely aggressive tumors with a 5-year survival rate
around 25%. The symptoms are similar to leiomyoma with
the treatment involving surgery plus chemotherapy and/or
radiation.

[0048] FIG. 3 illustrates a diagram of adenovirus-medi-
ated NIS gene delivery. Ad-Sur-NIS is injected by a sys-
temic route that will infect uterine sarcoma cells. The
Ad-Sur-NIS enables NIS gene expression in such cells and
NIS protein is displayed on the cell membrane in infected
cells. Radiotracer administered systemically s taken-up in
NIS-expressing tumor cells and can be detected.

[0049] FIG. 4 illustrates the promoter of the Survivin gene
is more highly expressed in uterine sarcomas, but not in
fibroids. The Ad_SUR_NIS presence is able to identify and
bind the promoter of the Sur in LMS and start the expression
of NIS. The NIS expression is detected during PET/CT scan
after the administration of F18.

[0050] FIG. 5 illustrates an in vitro analysis of Ad-Sur-NIS
activity in uterine myometrium, fibroid and sarcoma cells
lines. Cells were transfected with Ad-Sur-NIS followed with
1'** incubation and PET scan. Higher expression of NIS in
sarcomas cells was detected after the PET scan, illustrating
that Ad-Sur-NIS is selective for uterine sarcoma cells.
[0051] FIG. 6 illustrates the experimental design of'in vivo
experiments and PET-CT Scan.
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[0052] FIG. 7 illustrates a diagram of an in vivo experi-
ment. Fibroid and sarcoma animal models were created, and
after 7 days the tumors were observed to have developed.
Ad-Sur-NIS were injected systemically and after 24 hours
the radiotracer I'** was administrated systemically followed
by PET/CT scan.

[0053] FIG. 8 illustrates a PET/CT scan in the animals
after 1'** radiotracer injection. (A) Ad-Sur-NIS is able to
differentiate uterine sarcoma from fibroid, whereas (B)
shows high activity of the NIS reporter.

[0054] FIG. 9 illustrates Ad-Sur-NIS kinetics in animals.
(A) Increased radiotracer uptake attributable to Ad-Sur-NIS
in the LMS tumors when compared to LM. Circles indicates
statistically significant differences. (B) Illustrates decrease
in decay in LMS Ad-Sur-NIS compared to LM. Circle
indicates statistically significant differences.

[0055] FIG. 10 illustrates PET/CT scan images from the
animals LMS AD-SUR-NIS, LM AD-SUR-NIS, LMS PBS,
and LM PBS showing the higher expression of NIS in LMS
AD-SUR-NIS compare to LM AD-SUR-NIS after F18
administration. The yellow circles are identified the tumors.
[0056] FIG. 11 illustrates liver biomarker results in LMS
AD-SUR-NIS, LM AD-SUR-NIS, LMS PBS, and LM PBS
mice.

[0057] FIG. 12 illustrates safety of AD-SUR-NIS as dem-
onstrated by liver and blood indices.

[0058] FIG. 13 illustrates a summary of histopathologic
evaluations.
[0059] FIG. 14 illustrates histopathologic results in PBS

and AD-SUR-NIS mice in brain, heart, kidney, and liver.
Magnification at 20x.
[0060] FIG. 15 illustrates histopathologic results in PBS
and AD-SUR-NIS mice in lung, ovary, spleen, and uterus.
Magnification at 20x.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0061] Provided herein are methods, kits, systems, and
compositions for detection of benign versus malignant uter-
ine masses.

[0062] Unless defined otherwise, all technical and scien-
tific terms used herein have the meaning commonly under-
stood by a person skilled in the art to which the claimed
invention set forth herein belongs. The terminology used
herein is for describing particular embodiments only and is
not intended to be limiting of the claimed invention set forth
herein. All technical and scientific terms used herein have
the same meaning.

[0063] The following terms may have meanings ascribed
to them below, unless specified otherwise. However, it
should be understood that other meanings known or under-
stood by those having ordinary skill in the art are also within
the scope of the claimed invention set forth herein. All
publications, patent applications, patents, and other refer-
ences mentioned or discussed herein are expressly incorpo-
rated by reference in their entireties. In the case of conflict,
the present specification, including definitions, will control.
In addition, the materials, methods, and examples are illus-
trative only and not intended to be limiting.

[0064] It is to be understood that the particular aspects of
the specification are described herein are not limited to
specific embodiments presented and can vary. It also will be
understood that the terminology used herein is for the
purpose of describing particular aspects only and, unless
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specifically defined herein, is not intended to be limiting.
Moreover, particular embodiments disclosed herein can be
combined with other embodiments disclosed herein, as
would be recognized by a skilled person, without limitation.
[0065] Throughout this specification, unless the context
specifically indicates otherwise, the terms “comprise” and
“include” and variations thereof (e.g., “comprises,” “com-
prising,” “includes,” and “including”) will be understood to
indicate the inclusion of a stated component, feature, ele-
ment, or step or group of components, features, elements or
steps but not the exclusion of any other component, feature,
element, or step or group of components, features, elements,
or steps.

[0066] As used herein, the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly
indicates otherwise.

[0067] As used herein, the term “or” means, and is used
interchangeably with, the term “and/or,” unless context
clearly indicates otherwise.

[0068] Percentages disclosed herein can vary in amount by
+10, 20, or 30% from values disclosed and remain within the
scope of the contemplated disclosure.

[0069] Unless otherwise indicated or otherwise evident
from the context and understanding of one of ordinary skill
in the art, values herein that are expressed as ranges can
assume any specific value or sub-range within the stated
ranges in different embodiments of the disclosure, to the
tenth of the unit of the lower limit of the range, unless the
context clearly dictates otherwise.

[0070] As used herein and in the drawings, ranges and
amounts can be expressed as “about” a particular value or
range. About also includes the exact amount. For example,
“about 5%” means “about 5%” and also “5%.” The term
“about” can also refer to £10% of a given value or range of
values. Therefore, about 5% also means 4.5%-5.5%, for
example.

[0071] As used herein, the terms “or” and “and/or” are
utilized to describe multiple components in combination or
exclusive of one another. For example, “x, y, and/or z” can
refer to “x” alone, “y” alone, “z” alone, “X, y, and z,” “(x and
y)or z,” “x or (y and z),” or “x or y or z.”

[0072] In accordance with the invention set forth herein,
gene-based molecular bio-imaging probes, and methods of
their uses, for non-invasive differentiation between benign
human uterine fibroids and uterine sarcoma in women with
suspicious uterine masses is set forth. Bio-imaging probes
constructed in accordance with the invention set forth herein
provide improved medical practice standards of care, and
enable effective triage of patients with suspicious uterine
mass(es), which can significantly impact women’s health
worldwide, while also providing a reduction in the number
of surgeries performed in accordance with current standards.
In addition, prompt early diagnosis and treatment in accor-
dance with the invention set forth herein set forth herein can
lead to a better outcome/survival for sarcoma patients.
[0073] Exemplary embodiments constructed in accor-
dance with the invention set forth herein disclosed herein
can comprise a composition of matter including a viral
vector containing a survivin promotor specifically config-
ured for expression of a sodium iodine symportor protein
(NIS). In accordance with the invention set forth herein,
such composition(s) can be captured as Ad-SUR-NIS to
represent one embodiment of an adenovirus-mediated NIS
gene delivery. Ad-Sur-NIS can be used to infect sarcoma

2 <
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cells, and particularly uterine sarcoma cells, by systemic
injection. In the infected cells Ad-Sur-NIS can enable NIS
gene expression, and NIS protein can be displayed on the
cell membrane in infected cells. A radiotracer can be admin-
istered systemically and is taken up in NIS-expressing tumor
cells.

[0074] Some exemplary embodiments constructed in
accordance with the invention set forth herein set forth
herein can provide adenovirus survivin-sodium iodide sym-
porter (Ad-Sur-Nis) systems as gene-based bioimaging tools
that can generate imaging data containing reporter expres-
sion uptake of a suitable radiotracer, indicative of survivin
expression, to differentiate between uterine fibroid and sar-
coma in women with suspicious uterine masses without
surgical intervention. For example, some exemplary
embodiments can be configured to generate imagining data
containing symporter uptake information from a suitable
radioisotope, such as Fluorine-18 (F18). All embodiments
set forth in accordance with the invention set forth herein
provide luciferase-free differentiating systems for collecting
energy emission of radiotracer(s) in imaging data indicating
uterine sarcoma. Since LM has minimal expression of
survivin gene and thus do not have activated reporter gene
expression using the reagents and methods disclosed herein,
an accurate pre-surgical diagnosis can be achieved based on
the imaging data wherein radiotracer emissions are specific
for uterine sarcoma.

[0075] In accordance with the invention set forth herein,
exemplary compositions can comprise: Adenovirus Sur-
vivin-Sodium iodide symporter (Ad-SUR-NIS) configured
to specifically express the NIS protein in leiomyosarcoma
(LMS) due to the increased presence of the survivin protein
which acts as a promotor and to generate distinguishable
imaging data based on significant energy emitted from the
radiotracer and captured in the imaging data for LMS, versus
minimal energy emitted from the radiotracer and captured in
the imaging data for leiomyoma (LM) due to the fact that
LM lacks significant (if any) survivin protein expression.
The composition can be further defined by a suitable weight-
based dose, such as dosages standard for delivery of adeno-
virus delivery particles. For example, for LMS detection, a
suitable dose can be in the range of 1x10° to 4x10''%
Ad-SUR-NIS weight dose composition (hereinafter referred
to as “uterine mass weight dose range”), where an exem-
plary dose of 1-4x10'° PFU/KG % Ad-SUR-NIS weight
dose composition is considered suitable for the average
weight adult woman patient in the United States. As dis-
closed herein, the composition contains the vector. One of
skill in the art will further understand that composition-
containing vector may further require necessary compo-
nents. The composition can further comprise one or more
additional radiotracers. The one or more radiotracer pro-
vides the ability to detect differential expression of NIS due
to expression of NIS in

[0076] The radiotracers described herein are advantageous
over previous methods and compositions as the (reduced)
amounts of radiotracer required for detection of malignant
uterine masses mitigates potential harm to the patient but
allows detection of malignant masses. As such the compo-
sitions and associated methods disclosed herein overcomes
the limitations of previous tracers, including luciferase.
[0077] A screening kit for noninvasively detecting a
malignant uterine sarcoma can include an Ad-SUR-NIS
composition stored in a suitable delivery vehicle, configured
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for delivery after the Ad-SUR-NIS composition. A suitable
radiotracer, such as F18 or other suitable tracer, can be
configured for delivery after the Ad-SUR-NIS composition
(see Table 2 below). The screening kit can further comprise
data access information configured to inform a procedure
based on the energy emitted and displayed in the imaging
data collected upon use of the screening kit.

[0078] An exemplary method of indirectly detecting uter-
ine sarcoma cells in a subject is set forth. The method can
include the steps of: a) administering to the subject a
composition comprising Ad-SUR-NIS and, concomitantly
or thereafter a radiotracer; b) exposing a target area of the
subject where the presence of a sarcoma is suspected to
PET-CT imaging; and c) capturing energy emitted from the
target area of the subject in the imaging data, wherein the
presence of the energy emitted from the radiotracer corre-
lates to symporter expression, indicating the presence of a
sarcoma in the target area of the subject. One of skill in the
art will understand that in a further exemplary method an
alternate imaging method could be used.

[0079] Another exemplary method of detecting sarcoma
cells in a subject is set forth. The method can include the
steps of: a) administering to the subject a composition
comprising Ad-SUR-NIS; b) waiting a sufficient time for
cancerous cells to express the NIS protein; ¢) administering
a radiotracer; d) exposing a target area of the subject where
the presence of a sarcoma is suspected to PET-CT imaging;
and e) capturing energy emitted from the target area of the
subject in the imaging data, wherein the presence of the
energy emitted correlates to symporter expression from the
radiotracer indicating the presence of a sarcoma in the target
area of the subject.

[0080] If desired, the method can further include the step
of exposing the target area to include exposing the cells to
a weight percent of the composition from the uterine mass
weight dose range and a radiotracer comprising a suitable
isotope, such as an isotope set forth in Table 1, or similar.
Further, the administering step can include administering the
composition 0 hours to about 10 days or more before
radiotracer administration. The capturing step can include
capturing energy emitted in imaging data using PET-CT
imaging.

[0081] A pre-surgical diagnostic system for detecting sur-
vivin promoter activity in uterine tissue of a subject is also
set forth. The system can include an Ad-SUR-NIS compo-
sition configured for delivery in a suitable dosage. For LMS
detection, for example, a weight dosage concentration can
be selected from the uterine mass weight dose range in most
instances, and configured for delivery followed by a suitable
radiotracer, such as F18. The weight dosage of the system
can be configured to produce a level of survivin promoter in
order to express the NIS protein sufficiently to clearly
capture the energy emitted due to the uptake of the
radiotracer, wherein the energy emitted is indicative of
sarcoma in promoter-activated tissue in the PET-CT imaging
data.

[0082] A system for non-invasive detection of Ad-SUR-
NIS activity levels in subject tumors, such as uterine masses,
is set forth. The system can include a pre-imaging delivery
composition configured to deliver a composition including
Ad-SUR-NIS in a suitable concentration; a radiotracer con-
figured to emit energy based on gene expression of sym-
porter protein and uptake of the radiotracer, and an imaging
device configured to capture energy signals emitted from the
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radiotracer as an indirect confirmation of the presence of
cancerous tissue. The imaging device can be further defined
as a PET-CT device.

[0083] A method of manufacturing a pre-surgical uterine
or other mass diagnostic system can include the steps of
preparing a gene-expressing adenovirus symporter vector
configured for delivery to the uterus or other location in a
suitable concentration, such as a concentration based on
weight; filling a vector storage container with the vector; and
packaging the storage container. The method can further
include the step of preparing one or more radiotracers, filling
one or more additional storage containers with the one or
more radiotracers, and packaging the one or more additional
storage containers with the vector storage container.
[0084] In accordance with the invention set forth herein
disclosed herein, the reagents and methods of this invention
set forth herein can successfully detect human uterine sar-
coma as shown in animal model studies, having a 100%
success for detecting human sarcoma in the animal model.
Image data and datasets can be configured to optimize the
image protocol for early versus late capture of sarcomas, in
accordance with the invention set forth herein. Such datasets
can include algorithms for determining go/no-go success
criteria for treating malignant masses detected via the sys-
tem herein.

[0085] In accordance with the invention set forth herein
set forth herein, delivery of an adenovirus to uterine masses
can be achieved via suitable method, such as IV Injection or
other suitable delivery method. Once the virus reaches the
target tissue, a suitable radiotracer, such as F18, can be
administered to detect surviving-dependent NIS expression.
[0086] The invention set forth herein set forth herein is
advantageous compared with current radiologic imaging
modalities, including ultrasound, MRI, and positron emis-
sion tomography/computed tomography that are not able to
differentiate between LMS vs LM. Use of an Adenovirus
Survivin-Sodium iodide symporter (Ad-Sur-NIS) system for
differentiating between LM and LMS provides significant
value in the early diagnosis of patients with LMS, and
subsequently improves prognosis and treatment outcome.
The recombinant adenovirus Ad-Sur-NIS, uses the survivin
promoter to drive NIS expression

[0087] Genes expressed via the surviving promoter show
selectively higher activity in LMS. As set forth herein this
increased expression has been used to provide a method for
detecting LMS by systemic administration of a vector that
utilizes a survivin promoter to express a suitable reporter
gene. Using NIS as the reporter gene in the systems dis-
closes herein, LMS-specific expression can be detected in
the presence of a radiotracer using PET-CT scan. Detection
can provide a differential diagnosis of LMS over LM, due to
minimum expression of the reporter gene in LM, as illus-
trated in the imaging data shown below.

[0088] Further, systems constructed in accordance with
the invention set forth herein set forth herein can also
monitor the effectiveness of treatment, and/or provide a
prognostic tool choice of the most appropriate surgical
procedure. For example, systems according to the invention
set forth herein set forth herein can be configured to inform
an indication for minimally invasive procedure (morcella-
tion) versus open surgery, with faster recurve and major
costs savings. Further, systems constructed in accordance
with the invention set forth herein can confirm benign tissue,
thus avoiding surgical intervention for uterine fibroids.
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[0089] Adenovirus vectors are the most commonly
employed vectors for cancer gene therapy. They are also
used for gene therapy and as vaccines to express foreign
antigens. It can be replication-defective; certain essential
viral genes are deleted and replaced by a cassette that
expresses a foreign therapeutic gene. More than 400 gene
therapy trials have been or are being conducted with human
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Ad vectors. Most of these trials are for the treatment of
cancet.

[0090] Compositions constructed in accordance with the
invention set forth herein can contain suitable percentages of
SEQ ID NO. 1, as shown in Table 1, of an exemplary
Ad-hSurvivin-hSLC5AS vector, to achieve a diagnostic out-
put. Other similar vectors are contemplated herein as well

TABLE 1

Ad-hSurvivin-hSLC5A5 Vector

SEQ ID 1 CTTTCCTGCG TTATCCCCTG ATTCTGTGGA TAACCGTATT ACCGCTAGCA
NO. 1 51 TGGATCTCGG GGACGTCTAA CTACTAAGCG AGAGTAGGGA ACTGCCAGGC
101 ATCAAATAAA ACGAAAGGCT CAGTCGGAAG ACTGGGCCTT TCGTTTTATC
151 TGTTGTTTGT CGGTGAACGC TCTCCTGAGT AGGACAAATC CGCCGGGAGC
201 GGATTTGAAC GTTGTGAAGC AACGGCCCGG AGGGTGGCGG GCAGGACGCC
251 CGCCATAAAC TGCCAGGCAT CAAACTAAGC AGAAGGCCAT CCTGACGGAT
301 GGCCTTTTTG CGTTTCTACA AACTCTTCCT GTTAGTTAGT TACTTAAGCT
351 CGGGCCCCAA ATAATGATTT TATTTTGACT GATAGTGACC TGTTCGTTGC
401 AACAAATTGA TAAGCAATGC TTTTTTATAA TGCCAACTTT GTACAACAAA
451 GCAGGCTTTA AAGGAACCAA TTCAGTCGAC GGCAGGGACG AGCTGGCGCG
501 GCGTCGCTGG GTGCACCGCG ACCACGGGCA GAGCCACGCG GCGGGAGGAC
551 TACAACTCCC GGCACACCCC GCGCCGCCCC GCCTCTACTC CCAGAAGGCC
601 GCGGGGGGTG GACCGCCTAA GAGGGCGTGC GCTCCCGACA TGCCCCGCGG
651 CGCGCCATTA ACCGCCAGAT TTGAATCGCG GGACCCGTTG GCAGAGGTGG
701 CGGCGGCGGC ATGGGTGCCC CGACGTTGCC CCCTGCCTGG AAGCTTGGAT
751 CCCCACCATG GAGGCCGTGG AGACCGGGGA ACGGCCCACC TTCGGAGCCT
801 GGGACTACGG GGTCTTTGCC CTCATGCTCC TGGTGTCCAC TGGCATCGGG
851 CTGTGGGTCG GGCTGGCTCG GGGCGGGCAG CGCAGCGCTG AGGACTTCTT
901 CACCGGGGGC CGGCGCCTGG CGGCCCTGCC CGTGGGCCTG TCGCTGTCTG
951 CCAGCTTCAT GTCGGCCGTG CAGGTGCTGG GCGTGCCGTC GGAGGCCTAT
1001 CGCTATGGCC TCAAGTTCCT CTGGATGTGC CTGGGCCAGC TTCTGAACTC
1051 GGTCCTCACC GCCCTGCTCT TCATGCCCGT CTTCTACCGC CTGGGCCTCA
1101 CCAGCACCTA CGAGTACCTG GAGATGCGCT TCAGCCGCGC AGTGCGGCTC
1151 TGCGGGACTT TGCAGTACAT TGTAGCCACG ATGCTGTACA CCGGCATCGT
1201 AATCTACGCA CCGGCCCTCA TCCTGAACCA AGTGACCGGG CTGGACATCT
1251 GGGCGTCGCT CCTGTCCACC GGAATTATCT GCACCTTCTA CACGGCTGTG
1301 GGCGGCATGA AGGCTGTGGT CTGGACTGAT GTGTTCCAGG TCGTGGTGAT
1351 GCTAAGTGGC TTCTGGGTTG TCCTGGCACG CGGTGTCATG CTTGTGGGCG
1401 GGCCCCGCCA GGTACTCACG CTGGCCCAGA ACCACTCCCG GATCAACCTC
1451 ATGGACTTTA ACCCTGACCC GAGGAGCCGC TATACATTCT GGACTTTTGT
1501 GGTGGGTGGC ACGTTGGTGT GGCTCTCCAT GTATGGCGTG AACCAGGCGC
1551 AGGTGCAGCG CTACGTGGCT TGCCGCACAG AGAAGCAGGC CAAGCTGGCC
1601 CTGCTCATCA ACCAGGTCGG CCTGTTCCTG ATCGTGTCCA GCGCTGCCTG
1651 CTGTGGCATC GTCATGTTTG TGTTCTACAC TGACTGCGAC CCTCTCCTCC
1701 TGGGGCGCAT CTCTGCCCCA GACCAGTACA TGCCTCTGCT GGTGCTGGAC
1751 ATCTTCGAAG ATCTGCCTGG AGTCCCCGGG CTTTTCCTGG CCTGTGCTTA
1801 CAGTGGCACC CTCAGCACAG CATCCACCAG CATCAATGCT ATGGCTGCAG
1851 TCACTGTAGA AGACCTCATC AAACCTCGGC TGCGGAGCCT GGCACCCAGG
1901 AAACTCGTGA TTATCTCCAA GGGGCTCTCA CTCATCTACG GATCGGCCTG
1951 TCTCACCGTG GCAGCCCTGT CCTCACTGCT CGGAGGAGGT GTCCTTCAGG
2001 GCTCCTTCAC CGTCATGGGA GTCATCAGCG GCCCCCTGCT GGGAGCCTTC
2051 ATCTTGGGAA TGTTCCTGCC GGCCTGCAAC ACACCGGGCG TCCTCGCGGG
2101 ACTAGGCGCG GGCTTGGCGC TGTCGCTGTG GGTGGCCTTG GGCGCCACGC
2151 TGTACCCACC CAGCGAGCAG ACCATGAGGG TCCTGCCATC GTCGGCTGCC
2201 CGCTGCGTGG CTCTCTCAGT CAACGCCTCT GGCCTCCTGG ACCCGGCTCT
2251 CCTCCCTGCT AACGACTCCA GCAGGGCCCC CAGCTCAGGA ATGGACGCCA
2301 GCCGACCCGC CTTAGCTGAC AGCTTCTATG CCATCTCCTA TCTCTATTAC
2351 GGTGCCCTGG GCACGCTGAC CACTGTGCTG TGCGGAGCCC TCATCAGCTG
2401 CCTGACAGGC CCCACCAAGC GCAGCACCCT GGCCCCGGGA TTGTTGTGGT
2451 GGGACCTCGC ACGGCAGACA GCATCAGTGG CCCCCAAGGA AGAAGTGGCC
2501 ATCCTGGATG ACAACTTGGT CAAGGGTCCT GAAGAACTCC CCACTGGAAA
2551 CAAGAAGCCC CCTGGCTTCC TGCCCACCAA TGAGGATCGT CTGTTTTTCT
2601 TGGGGCAGAA GGAGCTGGAG GGGGCTGGCT CTTGGACCCC CTGTGTTGGA
2651 CATGATGGTG GTCGAGACCA GCAGGAGACA AACCTCTGAG AATTCTGCAG
2701 ATATCCAGCA CAGTGGCGGC CGCTCGAGTC TAGAGGGCCC TTCGAAGGTA
2751 AGCCTATCCC TAACCCTCTC CTCGGTCTCG ATTCTACGCG TACCGGTCAT
2801 CATCACCATC ACCATTGAGT TTAAACCCGC TGATCAGCCT CGACTGTGCC
2851 TTCTAGTTGC CAGCCATCTG TTGTTTGCCC CTCCCCCGTG CCTTCCTTGA
2901 CCCTGGAAGG TGCCACTCCC ACTGTCCTTT CCTAATAAAA TGAGGAAATT
2951 GCATCGCATT GTCTGAGTAG GTGTCATTCT ATTCTGGGGG GTGGGGTGGG
3001 GCAGGACAGC AAGGGGGAGG ATTGGGAAGA CAATAGCAGG CATGCTGGGG
3051 ATGCGGTGGG CTCTATGGCT TCTGAGGCGG AAAGAACCAG ATCTAGACCC
3101 AGCTTTCTTG TACAAAGTTG GCATTATAAG AAAGCATTGC TTATCAATTT
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TABLE 1-continued

Aug. 12,2021

Ad-hSurvivin-hSLCBAS Vector

3151 GTTGCAACGA ACAGGTCACT ATCAGTCAAA ATAAAATCAT TATTTGCCAT
3201 CCAGCTGCAG CTCTGGCCCG TGTCTCAAAA TCTCTGATGT TACATTGCAC
3251 AAGATAAAAA TATATCATCA TGAACAATAA AACTGTCTGC TTACATAAAC
3301 AGTAATACAA GGGGTGTTAT GAGCCATATT CAACGGGAAA CGTCGAGGCC
3351 GCGATTAAAT TCCAACATGG ATGCTGATTT ATATGGGTAT AAATGGGCTC
3401 GCGATAATGT CGGGCAATCA GGTGCGACAA TCTATCGCTT GTATGGGAAG
3451 CCCGATGCGC CAGAGTTGTT TCTGAAACAT GGCAAAGGTA GCGTTGCCAA
3501 TGATGTTACA GATGAGATGG TCAGACTAAA CTGGCTGACG GAATTTATGC
3551 CTCTTCCGAC CATCAAGCAT TTTATCCGTA CTCCTGATGA TGCATGGTTA
3601 CTCACCACTG CGATCCCCGG AAAAACAGCA TTCCAGGTAT TAGAAGAATA
3651 TCCTGATTCA GGTGAAAATA TTGTTGATGC GCTGGCAGTG TCCCTGCGCC
3701 GGTTGCATTC GATTCCTGTT TGTAATTGTC CTTTTAACAG CGATCGCGTA
3751 TTTCGTCTCG CTCAGGCGCA ATCACGAATG AATAACGGTT TGGTTGATGC
3801 GAGTGATTTT GATGACGAGC GTAATGGCTG GCCTGTTGAA CAAGTCTGGA
3851 AAGAAATGCA TAAACTTTTG CCATTCTCAC CGGATTCAGT CGTCACTCAT
3901 GGTGATTTCT CACTTGATAA CCTTATTTTT GACGAGGGGA AATTAATAGG
3951 TTGTATTGAT GTTGGACGAG TCGGAATCGC AGACCGATAC CAGGATCTTG
4001 CCATCCTATG GAACTGCCTC GGTGAGTTTT CTCCTTCATT ACAGAAACGG
4051 CTTTTTCAAA AATATGGTAT TGATAATCCT GATATGAATA AATTGCAGTT
4101 TCATTTGATG CTCGATGAGT TTTTCTAATC AGAATTGGTT AATTGGTTGT
4151 AACATTATTC AGATTGGGCC CCGTTCCACT GAGCGTCAGA CCCGGTAGAA
4201 AAGATCAAAG GATCTTCTTG AGATCCTTTT TTTCTGCGCG TAATCTGCTG
4251 CTTGCAAACA AAAAAACCAC CGCTACCAGC GGTGGTTTGT TTGCCGGATC
4301 AAGAGCTACC AACTCTTTTT CCGAAGGTAA CTGGCTTCAG CAGAGCGCAG
4351 ATACCAAATA CTGTTCTTCT AGTGTAGCCG TAGTTAGGCC ACCACTTCAA
4401 GAACTCTGTA GCACCGCCTA CATACCTCGC TCTGCTAATC CTGTTACCAG
4451 TGGCTGCTGC CAGTGGCGAT AAGTCGTGTC TTACCGGGTT GGACTCAAGA
4501 CGATAGTTAC CGGATAAGGC GCAGCGGTCG GGCTGAACGG GGGGTTCGTG
4551 CACACAGCCC AGCTTGGAGC GAACGACCTA CACCGAACTG AGATACCTAC
4601 AGCGTGAGCT ATGAGAAAGC GCCACGCTTC CCGAAGGGAG AAAGGCGGAC
4651 AGGTATCCGG TAAGCGGCAG GGTCGGAACA GGAGAGCGCA CGAGGGAGCT
4701 TCCAGGGGGA AACGCCTGGT ATCTTTATAG TCCTGTCGGG TTTCGCCACC
4751 TCTGACTTGA GCGTCGATTT TTGTGATGCT CGTCAGGGGG GCGGAGCCTA
4801 TGGAAAAACG CCAGCAACGC GGCCTTTTTA CGGTTCCTGG CCTTTTGCTG

4851 GCCTTTTGCT CACATGTT

[0091] Suitable radiotracers can include, but is not limited disclosed herein. The terms and expressions which have
to the tracers provided in Table 2. been employed are used as terms of description and not of
TABLE 2
Primary Absorbed  Clinically
Use Tracer Half-Life  NIS Affinity Sensitivity Rad. Dose Approved
PET '8F-BF* 110 min ++ +Ht + In Trials
Imaging 1241 4.2 days ++ + ++ In Trials
18E_SO,F 110 min . . + No
SPECT 99mTC-pertecenetate 6 h 44 ++ + Yes
Imaging 1231 132 h ++ + ++ Yes
[0092] Strong survivin expression is observed in the vast limitation, and there is no intention that in the use of such

majority of cancers. Survivin is strongly expressed in LMS
and is thus a target as described herein.

[0093] The use of diagnostic compositions and methods
constructed in accordance with the invention set forth herein
can be extended to differentiate between cancerous and
non-cancerous cells, such as fibroids, polyps and/or cysts in
all of the cancer types above.

[0094] In addition to adenovirus vectors, additional viral
vector platforms may include: Herpes simplex viruses, cox-
sackieviruses, lentiviruses, leukemia viruses, retroviruses,
measles, vaccinia, reoviruses, parvoviruses, polio/rhinovi-
ruses, vesicular stomatitis virus, for example, in accordance
with the invention set forth herein.

[0095] The embodiments illustratively described herein
suitably can be practiced in the absence of any element or
elements, limitation or limitations that are not specifically

terms and expressions of excluding any equivalents of the
features shown and described or portions thereof, but it is
recognized that various modifications are possible within the
scope of the embodiments claimed. Thus, it should be
understood that although the present description has been
specifically disclosed by embodiments, optional features,
modification and variation of the concepts herein disclosed
may be resorted to by those skilled in the art, and that such
modifications and variations are considered to be within the
scope of these embodiments as defined by the description
and the appended claims. Although some aspects of the
present disclosure can be identified herein as particularly
advantageous, it is contemplated that the present disclosure
is not limited to these particular aspects of the disclosure.

[0096] Claims or descriptions that include “or” between
one or more members of a group are considered satisfied if
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one, more than one, or all of the group members are present
in, employed in, or otherwise relevant to a given product or
process unless indicated to the contrary or otherwise evident
from the context. The disclosure includes embodiments in
which exactly one member of the group is present in,
employed in, or otherwise relevant to a given product or
process. The disclosure includes embodiments in which
more than one, or all of the group members are present in,
employed in, or otherwise relevant to a given product or
process.

[0097] Furthermore, the disclosure encompasses all varia-
tions, combinations, and permutations in which one or more
limitations, elements, clauses, and descriptive terms from
one or more of the listed claims is introduced into another
claim. For example, any claim that is dependent on another
claim can be modified to include one or more limitations
found in any other claim that is dependent on the same base
claim. Where elements are presented as lists, e.g., in
Markush group format, each subgroup of the elements is
also disclosed, and any element(s) can be removed from the
group.

[0098] It should it be understood that, in general, where
the disclosure, or aspects of the disclosure, is/are referred to
as comprising particular elements and/or features, certain
embodiments of the disclosure or aspects of the disclosure
consist, or consist essentially of, such elements and/or
features. For purposes of simplicity, those embodiments
have not been specifically set forth in haec verba herein.

EXAMPLES
Materials and Methods

Human Fibroid and Human Uterine Leiomyosarcoma Cells

[0099] An immortalized human fibroid cell line (LM) was
cultured and maintained in phenol red-free, 10% fetal bovine
serum Dulbecco’s Modified Eagle Medium: Nutrient Mix-
ture F-12. A human leiomyosarcoma (LMS) cell line (SK-
UT1, ATCC HTB-114TM) (ATCC, Manassas, Va., USA)
was cultured and maintained in ATCC-formulated Eagle’s
Minimum Essential Medium with 10% of fetal bovine
serum.

Reagents

[0100] Ad-Sur-NIS was produced by Vector Biolabs. The
PET imaging tracer, F18-labeled sodium tetrafluoroborate
(F18-NaBF4), was purchased from the Cyclotron Facility at
the University of Chicago.

Animal Model

[0101] Fifty-four (54) nu/nu nude mice were purchased
from Charles River. The mice were handled according to an
approved protocol (18-174) and all the mice were main-
tained in 12 h light/dark cycle and provide with water as
standard diet ad libitum in a pathogen-free facility under
climate-controlled. 2x10” of human leiomyosarcoma cells or
human fibroid cells were inoculated into the right flank with
1:1 Matrigel and fetal bovine serum (FBS). After tumor
development, animals were randomized separately in
groups, designated LMS Ad-Sur-NIS, LMS PBS, LM Ad-
Sur-NIS and LM PBS.
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PET/CT Scan

[0102] Forty (40) animals (ten apiece of LMS Ad-Sur-
NIS, LMS PBS, LM Ad-Sur-NIS, and LM PBS) were used
to produce PET/CT images using a micro PET/CT scanner
(Trans-PET Discoverist 80, Raycan Technology Co., Ltd.,
Suzhou, China). 24 hours before the PET/CT scan, the
animals received 1x10° PFU/0.2 ml/mouse or PBS through
retro-orbital injection. On the day of PET/CT scan, a dose of
300-400 uCi of F18-NaBF, was injected into each mouse
through the tail vein. Then each mouse was put on the
sample stage of the PET scanner with a heating pad and
under isoflurane anesthesia. Two PET/CT scans were con-
ducted for each mouse, at min 5 and 45 minutes after the
injection. The mouse was taken out of the scanner for rest
between the two scans. Each PET scan lasted for 10 minutes
in static mode. PET and CT images were reconstructed using
the software PiSYS provided with the scanner and were
exported in DICOM format for analysis.

PET/CT Scan Analysis

[0103] Carimas 2.10 (Turku PET Centre, Turku, Finland;
http://www.turkupetcentre.fi/carimas) was used to analyze
PET images. A 3-dimensional region of interest (ROI) was
drawn for the tumor area in each mouse. Corresponding CT
images were overlaid with the PET images as an anatomical
reference. The ROI was smoothed once before the PET
intensities (i.e., the F18 activities) were exported. The stan-
dardized uptake value (SUVmax or SUVmean) for each ROI
was calculated by using the formula, SUV=A/p/D/W, where,
A is the maximum or mean F18 activity of the ROI, p is the
density of the mouse (~1 g/ml), D is the total injected dose,
and W is the weight of the mouse. SUVmax values were
used to create the graphics.

Safety Study—H&E Stain and Metabolic Panel

[0104] Fourteen (14) animals were used to determine the
safety of Ad-Sur-NIS (LMS Ad-Sur-NIS n=4, LMS PBS
n=4, LM Ad-Sur-NIS n=3, LM PBS n=3). 24 hours after
Ad-Sur-NIS injection, blood (serum) and organs (brain,
kidney, liver, lung, heart, ovary, uterus spleen and tumor)
were collected from each animal. Serum from each animal
was used to evaluate their liver function, a chemical blood
panel were performed, and organs fixed in 10% buffered
formalin for 24 h, then embedded with paraffin and sub-
jected to H&E stain. H&E slides were evaluated by a
veterinary pathologist.

Statistical Analysis

[0105] Comparison of 2 groups was carried out using
student t-test for parametric distribution and Mann Whitney
test for nonparametric distribution. Comparison of multiple
groups was carried out by analysis of variance (ANOVA)
followed by a post-test using Tukey for parametric distri-
bution and Kruskal-Wallis test followed by a post-test
Dunns for nonparametric distribution, using GraphPad
Prism 5 Software. Data were presented as meanzstandard
error (SE). The significant difference was defined as p<0.05.

Results

[0106] Successful use of the compositions and methods
disclosed herein is illustrated in the figures, which show
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administration of Ad-Sur-NIS accompanied by radioiodine
administration and differential detection of LMS in vivo.
[0107] PET/CT scan in animals after the radiotracer, I'**
demonstrates that the Ad-Sur-NIS is able to differentiate the
uterine sarcoma from the fibroid, with high activity of the
NIS reporter (FIG. 8, shaded bars).

[0108] Ad-Sur-NIS kinetics in animals demonstrates sig-
nificantly increased radiotracer uptake attributable to Ad-
Sur-NIS in the LMS tumors when compared to LM (FIG. 9,
Panel A circled areas). A statistically significant decrease in
decay in LMS Ad-Sur-NIS was observed compared to LM
(FIG. 9, Panel B, Circled area).

[0109] PET/CT scan images from animals LMS AD-Sur-
NIS, LM AD-Sur-NIS, LMS PBS, and LM PBS demonstrate
the higher expression of NIS in LMS AD-Sur-NIS compare
to LM AD-Sur-NIS after F18 administration FIG. 10; circles
are tumors). Changes in liver function are demonstrated as
shown in FIG. 11 with histopathology in PBS and AD-Sur-
NIS mice in the brain, heart, kidney, and liver (FIG. 14) and
in the lung, ovary, spleen, and uterus FIG. 15).

[0110] These results demonstrate that the radiotracer in
combination with Ad-Sur-NIS is able to distinguish uterine
sarcomas from fibroids. This allows for noninvasive detec-
tion of uterine tumors. Furthermore, the statistically signifi-
cant decrease in LMS Ad-Sur-NIS indicates the specificity
of the composition and methods disclosed herein.
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[0111] This application refers to various journal articles,
and other publications, which are incorporated herein by
reference. If there is a conflict between any of the incorpo-
rated references and the instant specification, the specifica-
tion shall control. In addition, any particular embodiment of
the present invention set forth herein that falls within the
prior art can be explicitly excluded from any one or more of
the claims. Because such embodiments are deemed to be
known to one of ordinary skill in the art, they can be
excluded even if the exclusion is not set forth explicitly
herein. Any particular embodiment of the invention set forth
herein can be excluded from any claim, for any reason,
whether or not related to the existence of prior art.

[0112] Those skilled in the art will recognize or be able to
ascertain using no more than routine experimentation many
equivalents to the specific embodiments described herein.
The scope of the present embodiments described herein is
not intended to be limited to the above Description, but
rather is as set forth in the appended claims. Those of
ordinary skill in the art will appreciate that various changes
and modifications to this description can be made without
departing from the spirit or scope of the present invention set
forth herein, as defined in the following claims.

[0113] Although specific examples and details are set forth
herein, systems and methods consistent with the invention
set forth herein of the present disclosure are contemplated
within the scope of the disclosure and claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1

<210> SEQ ID NO 1

<211> LENGTH: 4868

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

ctttectgeg ttatccectyg attetgtgga taacegtatt accgctagca tggatctegg 60
ggacgtctaa ctactaagceg agagtaggga actgccagge atcaaataaa acgaaaggcet 120
cagtcggaag actgggectt tegttttate tgttgtttgt cggtgaacge tctectgagt 180

aggacaaatc cgecgggage ggatttgaac gttgtgaage aacggceccegg agggtggegg 240

gcaggacgcce cgccataaac tgccaggcat caaactaage agaaggccat cctgacggat 300
ggcctttttyg cgtttctaca aactcttect gttagttagt tacttaaget cgggecccaa 360
ataatgattt tattttgact gatagtgacc tgttegttge aacaaattga taagcaatge 420
ttttttataa tgccaacttt gtacaacaaa gcaggcttta aaggaaccaa ttcagtcgac 480

ggcagggacyg agctggegeg gegtegetgyg gtgcaccgeg accacgggca gagccacgeg 540

gcgggaggac tacaactccce ggcacacccce gogeogecee gectctacte ccagaaggece 600

gcggggggty gaccgectaa gagggegtge getcccgaca tgeccegegyg cgegecatta 660

accgecagat ttgaategeg ggaccegttyg gecagaggtgg cggeggegge atgggtgece 720

cgacgttgee cectgectgg aagettggat ccccaccatg gaggcegtgg agaccgggga 780

acggeccace tteggagect gggactacgg ggtcetttgece ctcatgetce tggtgtccac 840

tggcateggy ctgtgggteg ggetggeteg gggegggcag cgcagegetyg aggacttett 900

caccggggge cggegectgg cggecctgee cgtgggectg tegetgtetyg ccagetteat 960



US 2021/0244832 Al Aug. 12,2021
10

-continued

gtcggcegtyg caggtgctgg gcgtgceccegte ggaggcctat cgctatggec tcaagttect 1020
ctggatgtgce ctgggccagce ttcectgaactce ggtectcacce geccctgcectet tcecatgcecegt 1080
cttctaccge ctgggcctceca ccagcaccta cgagtacctg gagatgcget tcagcecgegce 1140
agtgcggcetce tgcgggactt tgcagtacat tgtagccacg atgctgtaca ccggcatcegt 1200
aatctacgca ccggccctceca tectgaacca agtgaccggg ctggacatct gggegteget 1260
cctgtecace ggaattatcect gcaccttcta cacggctgtg ggcggcatga aggctgtggt 1320
ctggactgat gtgttccagg tcgtggtgat gctaagtgge ttctgggttg tectggcacg 1380
cggtgtcatg cttgtgggcg ggccccgcca ggtactcacg ctggcccaga accactcccg 1440
gatcaacctc atggacttta accctgaccce gaggagccgce tatacattct ggacttttgt 1500
ggtgggtggce acgttggtgt ggctctccat gtatggcgtyg aaccaggcgce aggtgcagceg 1560
ctacgtgget tgccgcacag agaagcaggce caagetggece ctgctcatca accaggtcegg 1620
cctgttectg atcgtgteca gegectgectg ctgtggcatce gtcatgtttg tgttctacac 1680
tgactgcgac cctctectee tggggcgcat ctetgcccca gaccagtaca tgcctcectget 1740
ggtgctggac atcttcgaag atctgcctgg agtcceccggg cttttectgg cctgtgetta 1800
cagtggcacc ctcagcacag catccaccag catcaatgct atggctgcag tcactgtaga 1860
agacctcatc aaacctcggce tgcggagcect ggcacccagg aaactcgtga ttatctccaa 1920
ggggctctceca ctcatctacg gatcggectg tcectcaccgtyg gcagcecectgt cctcecactget 1980
cggaggaggt gtccttcagg gcectcecttcac cgtcatggga gtcatcageg gecccectget 2040
gggagcctte atcttgggaa tgttcecctgece ggcctgcaac acaccgggceg tcectegeggyg 2100
actaggcgceg ggcttggege tgtecgetgtg ggtggecttg ggcgccacge tgtacccacce 2160
cagcgagcag accatgaggg tcecctgccatce gteggctgece cgctgegtgg ctetctcecagt 2220
caacgcctet ggectcectgg acccggetcet cctecctget aacgactceca gcagggccecce 2280
cagctcagga atggacgcca gccgacccge cttagctgac agcttctatg ccatctecta 2340
tctectattac ggtgccctgg gcacgctgac cactgtgetg tgcggagccce tcatcagetg 2400
cctgacagge cccaccaagce gcagcaccct ggeccceggga ttgttgtggt gggacctege 2460
acggcagaca gcatcagtgg cccccaagga agaagtggec atcctggatg acaacttggt 2520
caagggtcct gaagaactcc ccactggaaa caagaagccce cctggcettece tgcccaccaa 2580
tgaggatcgt ctgtttttet tggggcagaa ggagctggag ggggctgget cttggacccce 2640
ctgtgttgga catgatggtg gtcgagacca gcaggagaca aacctctgag aattctgcag 2700
atatccagca cagtggcggce cgctcgagtce tagagggcecc ttcgaaggta agcctatccce 2760
taaccctete ctcecggtcecteg attctacgcg taccggtcat catcaccatce accattgagt 2820
ttaaacccgce tgatcagect cgactgtgce ttctagttge cagccatctg ttgtttgece 2880
ctcceeegtg cecttecttga cectggaagg tgccactcece actgtecttt cctaataaaa 2940

tgaggaaatt gcatcgcatt gtctgagtag gtgtcattct attctggggg gtggggtggg 3000

gcaggacage aagggggagg attgggaaga caatagcagg catgcetgggg atgeggtggg 3060
ctctatggcet tcectgaggcegg aaagaaccag atctagaccce agcetttcttg tacaaagttg 3120
gcattataag aaagcattgc ttatcaattt gttgcaacga acaggtcact atcagtcaaa 3180

ataaaatcat tatttgccat ccagctgcag ctctggceccg tgtctcaaaa tcectctgatgt 3240
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tacattgcac aagataaaaa tatatcatca tgaacaataa aactgtctgc ttacataaac 3300
agtaatacaa ggggtgttat gagccatatt caacgggaaa cgtcgaggcc gcgattaaat 3360
tccaacatgg atgctgattt atatgggtat aaatgggctc gcgataatgt cgggcaatca 3420
ggtgcgacaa tctatcgctt gtatgggaag cccgatgcge cagagttgtt tctgaaacat 3480
ggcaaaggta gcgttgccaa tgatgttaca gatgagatgg tcagactaaa ctggctgacyg 3540
gaatttatgc ctcttccgac catcaagcat tttatccgta ctecctgatga tgcatggtta 3600
ctcaccactg cgatcccecgg aaaaacagca ttccaggtat tagaagaata tcectgattca 3660
ggtgaaaata ttgttgatgc gctggcagtg tccctgcgec ggttgcattce gattectgtt 3720
tgtaattgtc cttttaacag cgatcgcgta tttegtceteg ctcaggcgca atcacgaatg 3780
aataacggtt tggttgatgc gagtgatttt gatgacgagc gtaatggctg gectgttgaa 3840
caagtctgga aagaaatgca taaacttttg ccattctcac cggattcagt cgtcactcat 3900
ggtgatttct cacttgataa ccttattttt gacgagggga aattaatagg ttgtattgat 3960
gttggacgag tcggaatcgce agaccgatac caggatcttg ccatcctatg gaactgectce 4020
ggtgagtttt ctccttcatt acagaaacgg ctttttcaaa aatatggtat tgataatcct 4080
gatatgaata aattgcagtt tcatttgatg ctcgatgagt ttttctaatc agaattggtt 4140
aattggttgt aacattattc agattgggcc ccgttccact gagcgtcaga cccggtagaa 4200
aagatcaaag gatcttcttg agatcctttt tttetgecgeg taatctgctg cttgcaaaca 4260
aaaaaaccac cgctaccagc ggtggtttgt ttgccggatc aagagctacc aactcttttt 4320
ccgaaggtaa ctggcttcag cagagcgcag ataccaaata ctgttcttet agtgtagecg 4380
tagttaggcce accacttcaa gaactctgta gcaccgcecta catacctcge tetgctaatce 4440
ctgttaccag tggctgctgce cagtggcgat aagtcgtgtce ttaccgggtt ggactcaaga 4500
cgatagttac cggataaggc gcagcggtceg ggctgaacgg ggggttegtyg cacacagcce 4560
agcttggage gaacgaccta caccgaactg agatacctac agegtgaget atgagaaagce 4620
gecacgcette ccgaagggag aaaggcggac aggtatccgg taagceggcag ggtcggaaca 4680
ggagagcgca cgagggagct tccaggggga aacgcctggt atctttatag tcecctgteggg 4740
tttcgecace tcectgacttga gegtcgattt ttgtgatget cgtcaggggg geggagcecta 4800
tggaaaaacg ccagcaacgc ggccttttta cggttcecectgg cecttttgcectg gecttttget 4860
cacatgtt 4868

1. An adenovirus Survivin-Sodium iodide symporter (Ad-
SUR-NIS) vector composition comprising:

a Survivin promoter operatively linked to a sodium iodine
symportor protein (NIS) protein-encoding sequence
that is capable of infecting leiomyosarcoma (LMS)
cells in vivo.

2. The composition of claim 1, wherein in the presence of
radiotracer distinguishable imaging data is generated in
LMS cells having sufficient energy emitted from the
radiotracer that can be captured as imaging data from the
LMS, and wherein only minimal energy is emitted from the
radiotracer and captured as the imaging data from uterine
fibroids (LM).

3. The composition of claim 2, wherein the radiotracer is
1124.

4. The composition of claim 1, wherein the composition
is configured to be administered according to a percentage
Ad-SUR-NIS weight dose composition that induces NIS
expression allowing for differential detection of LMS.

5-7. (canceled)

8. A method of detecting uterine sarcoma in a woman, the
method comprising:
administering to the subject a composition comprising an

adenovirus  Survivin-Sodium  iodide  symporter
Ad-SUR-NIS vector and a radiotracer;

exposing a uterus of the woman where the presence of a
sarcoma is suspected to PET-CT imaging; and

capturing energy emitted from the target area of the
subject in the imaging data, wherein the presence of the
energy emitted correlates to symporter expression
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uptake of a radiotracer indirectly indicating the pres-
ence of a sarcoma in the target area of the subject.

9. The method of claim 8, wherein the sarcoma is exposed
to a weight percent of the composition selected from a
uterine mass weight dose range and a radiotracer.

10. The method of claim 8, wherein the composition is
administered 0 hours to about 24 hours or more before
radiotracer administration.

11. (canceled)

12. A pre-surgical diagnostic system for detecting a leio-
myosarcoma (LMS) based on survivin expression in uterine
sarcoma of a subject comprising:

an adenovirus Survivin-Sodium iodide symporter (Ad-

SUR-NIS) composition configured for delivery to the
LMS in a weight dosage concentration selected from a
uterine mass weight dose range; and

a radiotracer configured to emit energy based on gene

expression of the Ad-SUR-NIS symporter and uptake
of the radiotracer thereby; wherein

an imaging device configured to capture energy signals

emitted from the radiotracer as an indirect confirmation
of the presence of a leiomyosarcoma (LMS).

13. The system of claim 12, wherein the weight dosage
indicates the presence of LMS based on reporter gene
expression of the radiotracer in PET-CT imaging data.

14-21. (canceled)

22. The method of claim 8 wherein the composition is
administered intravenously.

23. The composition of claim 1, further characterized by
a uterine mass weight dose range of a viral vector containing
a survivin promotor configured to express NIS weight dose
composition.

24. A screening kit for noninvasively detecting a cancer-
ous mass comprising:

the composition of claim 1 stored in a suitable delivery

vehicle, and optionally,
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a radiotracer configured for delivery after the composi-
tion, and data access information configured to inform
a next procedure based on the energy emitted and
displayed in the imaging data.

25. (canceled)

26. A method of detecting sarcoma in a subject, the
method comprising the steps of:

administering a composition comprising a viral vector

containing a survivin promotor configured to express a
sodium iodine symportor protein (NIS) protein in the
subject;

delaying administration of a radiotracer for a delay time

until the viral vector reaches a target area in the subject
to express the NIS protein in the mass;

administering the radiotracer after the delay time, where

the radiotracer can be selected from Table 2;
exposing the target area to PET-CT imaging to generate
imaging data; and

capturing energy emitted from the target area of the

subject in the imaging data, wherein the presence of the
energy emitted correlates to uptake of a radiotracer due
to NIS expression indicating the presence of a cancer-
ous mass in the target area of the subject.

27. The method of claim 26, wherein exposing the target
area comprises exposing the cancerous mass to a selected
weight percent of the composition selected from a uterine
mass weight dose range.

28. The method of claim 26, wherein the composition is
administered from about 8 hours to about 10 days before
radiation exposure.

29. The method of claim 26, wherein the energy emitted
in imaging data is captured using PET-CT imaging.

30-36. (canceled)



