AD_________________

AWARD NUMBER: W81XWH-04-1-0405

TITLE: Genetically Targeted Radiotherapy Utilizing the Human Sodium Iodide
Symporter in Human Breast Carcinoma Cells

PRINCIPAL INVESTIGATOR: Kimberly Krager
Frederick E. Domann Ph.D.

CONTRACTING ORGANIZATION: University of Iowa
Iowa City, Iowa 52242-1320

REPORT DATE: April 2006

TYPE OF REPORT: Annual Summary

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy or decision
unless so designated by other documentation.

Form Approved
OMB No. 0704-0188

REPORT DOCUMENTATION PAGE

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this
burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302.
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid
OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY)

2. REPORT TYPE

3. DATES COVERED (From - To)

April 2006

Annual Summary

15 Mar 05 – 14 Mar 06
5a. CONTRACT NUMBER

Genetically Targeted Radiotherapy Utilizing the Human Sodium Iodide Symporter in
Human Breast Carcinoma Cells

5b. GRANT NUMBER

W81XWH-04-1-0405
5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

Kimberly Krager
Frederick E. Domann Ph.D.

5e. TASK NUMBER
5f. WORK UNIT NUMBER

E-mail: kimberly-krager@uiowa.edu
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

8. PERFORMING ORGANIZATION REPORT
NUMBER

University of Iowa
Iowa City, Iowa 52242-1320

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/MONITOR’S ACRONYM(S)

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012
11. SPONSOR/MONITOR’S REPORT
NUMBER(S)
12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for Public Release; Distribution Unlimited
13. SUPPLEMENTARY NOTES
14. ABSTRACT

The purpose of this proposal was to examine the efficiency of NIS mediated genetically targeted radiotherapy as a possible non-invasive
therapeutic treatment in human breast carcinoma. SK-Br-3 cells were transfected with hNIS plasmid to develop stable NIS expressing cells.
Clones were grown and are currently being screen for radioactive accumulation. The stable NIS-expressing cells will then be utilized in
determining the level of NIS expression necessary to elicit a bystander effect. In addition to creating stable NIS-expressing cells, treatments
with various histone deacetylase inhibitors or retinoic acid were used to increase the endogenous NIS expression in the breast carcinomas
cells. Real time RT-PCR was utilized to analysis the NIS mRNA expression following the treatments. Radioiodide accumulation assays were
then performed to examine the ability of the cells to uptake radioactivity. Ad-NIS treatment coupled with increases in endogenous NIS may
help to improve the therapeutic outcome.

15. Subject Terms (keywords previously assigned to proposal abstract or terms which apply to this award)
Human Sodium Iodide Symporter
16. SECURITY CLASSIFICATION OF:
a. REPORT

U

b. ABSTRACT

U

17. LIMITATION
OF ABSTRACT

18. NUMBER
OF PAGES

c. THIS PAGE

U

19a. NAME OF RESPONSIBLE PERSON

USAMRMC
19b. TELEPHONE NUMBER (include area

UU

11

code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18

Krager, et al.

genetically targeted radiotherapy

3

Table of Contents
Cover...................................................................................................................1
SF 298 ................................................................................................................2
Introduction .......................................................................................................4
Body ...................................................................................................................5
Key Research Accomplishments ....................................................................10
Reportable Outcomes.......................................................................................10
Conclusions ......................................................................................................10
References.......................................................................................................11
Appendices.................................................................................................... n/a

Krager, et al.

genetically targeted radiotherapy

4

Introduction
Delivered intra-tumorally, genetically targeted radiotherapy utilizes gene transfer of therapeutic
genes to directly target malignant tissue. The sodium iodide symporter (hNIS) can confer the
ability to accumulate radionuclides in transduced cells. The result is an increase in radioactivity,
leading to cell death not only of the NIS expressing cells but also surrounding cells through the
bystander effect.
hNIS is responsible for the physiologic accumulation of iodide in the human thyroid. Once
iodide is transported across the basolateral membrane and into the cells, it is catalyzed by
thyroperoxidase (TPO). The organification retains the iodide in the thyroid until stimulated to
release thyroid hormone. In addition to iodide, NIS has an affinity for several halides and
pseudohalides, enabling imaging and potential therapies. Clinicians have used the ability of hNIS
to concentrate iodide for years in treatment for well-differentiated thyroid cancer. I-131 therapy
is partially responsible for the excellent 10 year survival rates found in thyroid cancer patients.
The accumulation and retention of radioiodide in breast cancer patients can enable imaging and
targeted therapy. Non-invasive imaging can provide real time assessments of this novel therapy
while sparing the patient undo stress and pain. Transduction of hNIS coupled with increasing
endogenous NIS could deliver a necessary lethal dose of radiation dose to the tumor yet spare
surrounding normal tissue. This tumor targeted therapy could help to minimize the current side
effects and morbidity associated with the current therapies.
This report will examine the current data gathered from each experiment. Current problems
encountered and how new technology is being utilized to analyze new data will also be
discussed.
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The aim of task 2 was to create stable NIS-expressing SK-Br-3 clones and empty vector control
cells. Cells were transfected with 2 µg of plasmid DNA containing full-length sodium iodide
symporter. Transfection was performed utilizing Effectene Transfection Kit (Qiagen Inc,
Valencia CA) and cells were selected for neo resistance. Resultant clones were, and are
currently, being screened for radioactive iodide accumulation.

Figure 1. In vitro imaging with radioiodide. The clones were
treated with 3 µCi of I-125 and visualized using
autoradiography. The NIS-transfected clone accumulated iodide
at slightly levels than the parent cells.

The NIS-expressing clone shown (Figure 1) accumulated approximately 1.5 times more I-125
than the parent cell line (Graph 1). Several other clones were screened in addition to that shown
(Figure 1) yet displayed no detectable
radionuclide accumulation above that of parent
cells (data not shown).
The level of accumulation is only slightly
higher than the parent SK-Br-3 cells. For this
reason more clones are currently being
screened to identify higher expressing clones.
Those clones will then be utilized to determine
the required percentage of transfected cells to
elicit a desired therapeutic effect.
Several papers have described silencing of
endogenous NIS expression. Following
Graph 1. The Stable NIS expressing clone treatments with different histone deactylase
was able to accumulate iodide in contrast to inhibitors or retinoic acid (RA), NIS expression
was restored. Recent experiments performed in
the control cells.
our laboratory using head and neck squamous
cell carcinomas have shown a limited number of cells were transfected. These findings, in
addition to the recent papers describing NIS silencing, has led to testing of certain histone
deactylase inhibitors in combination with retinoic acid (RA) or RA alone to reactivate the
endogenous NIS gene. The increased expression of NIS throughout the tumor coupled with AdNIS treatments may increase the overall cytotoxic effect to the tumor.
Several histone deactylase inhibitors (HDACi), including sodium butyrate (SB), trichostatin A
(TSA), oxamflatin, were tested using T47D breast carcinoma cells. The RNA expression levels
were analyzed using SYBR green real-time RT-PCR (ABI 7000 sequence detector, Applied
Bioscience, Foster City CA). The primers were designed to span the 8th and 9th exon juction as
seen in figure 2 of human NIS (hNIS).
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Figure 2. Schematic of hNIS depicts the location of the real time primers used to detect the
RNA expression. The primers span the 8th and 9th exon junction.
T47D cells were treated with RA for 12 hours and then one of several HDAC inhibitors for 24 h.
NIS re-expression was observed at the highest levels when the cells were treated with SB (Figure
Figure 3. Quantitative real
time RT-PCR analysis of
NIS mRNA in T47D breast
carcinoma cells. The cells
were treated with HDAC
inhibitors and RA. The SB
induced the greatest
expression of NIS mRNA.
The cells receive 1 µM of
RA, 3 mM of SB, 500 ng/ml
TSA, or 2.5 mM of
oxamflatin.
3). The fold mRNA increases were determined by normalizing the samples to 18S control and
comparing that to the untreated control cells utilizing the ∆∆CT method.
NIS expression was induced using the different HDAC inhibitors, suggesting NIS silencing may
be due to chromatin condensation. To determine if NIS re-expression was sufficient to cause
iodide accumulation, cells were treated 12 hours with 1 µM RA or 24 h with 3 mM of SB; then
incubated with 3 µCi I-125 for 1 hour, and plates were visualized using phosphorimaging

Figure
4.
Radioactive
iodide
accumulation in T47D cells treated
with RA or SB. The cells were unable
to accumulate radioactivity following
either treatment.
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screens. No detectable signal was observed
with RA or SB treated cells compared control
cells (Figure 4).
Similar experiments were performed using SKBr-3 breast carcinoma cells. These cells were
treated with 3 mM of SB for 24 hours to
determine if NIS mRNA could be induced. The
treatment times used were based on earlier
experiments (data not shown). mRNA was
detected using quantitative real time RT-PCR
and compared to 18S controls and untreated
cells. The mRNA in SB treated cells was
induced ~15-fold higher than the untreated SKBr-3 cells (Figure 5).
An iodide accumulation assay was performed Figure 5. Real time analysis of NIS mRNA
to determine if the increase in NIS mRNA in SK-Br-3 cells. The mRNA was induced
could promote increases in iodide uptake after treatment with 3 mM SB for 24hr.
compared to controls. As seen in the previous
experiment, the mRNA was induced but it was
not sufficient to confer radioactive accumulation. Figure 6 depicts SK-Br-3 either untreated or
treated with RA or SB then incubated with radioiodide.

Figure 6. Graphic depiction of
radioactive iodide accumulation. SKBr-3 cells treated either RA or SB
showed accumulation levels similar to
untreated cells.

The MCF-7 breast carcinoma was shown to have lower radioiodide accumulation; thus,
accumulation increases in this cell line may significantly improve therapeutic outcomes. These
cells were used to determine if RA or SB treatment could enhance uptake. Cells were treated
with 1 µM of RA or 3 mM of SB and then assayed for radioiodide accumulation. The MCF-7
cells treated with RA induced the mRNA expression significantly compared to the control cells.
Cells were transfected with Ad-NIS to compare expression levels of cells that did accumulate
radioactivity (Figure 7).
Real time RT-PCR was used to determine if mRNA in RA and Ad-NIS MCF-7 treated cells
were similar. The cycle numbers were observed to be similar for the two different treatments,
with cts about 24 or 25 cycles. Each experimental condition was performed in triplicate.
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Figure 7. Real time RT-PCR analysis
of endogenous NIS mRNA
expression in MCF-7 cells. The two
drug used increased the mRNA. RA
treatment was significantly higher
than control or SB.

Iodide uptake assays were performed to determine if increases in radioactive iodide could be
observed. Cells were untreated or treated with RA, SB or Ad-NIS as in the real time RT-PCR
assay and treated with I-125. The cells were then visualized using phosphorimaging screens.
MCF-7 cells given drugs were able to accumulate radioiodide at higher levels than the untreated
cells. The levels of uptake observed were comparable to that seen with Ad-NIS transfected cells.

Figure 8. Amplification
curves for MCF-7 cells
untreated or treated with
RA, SB or Ad-NIS. The
experiment was performed
in triplicate.
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Figure 9. The iodide
accumulation assay for MCF7 treated cells. The cells
treated with RA accumulated
radioactivity at similar levels
to Ad-NIS treated cells. The
increase in radioactivity was
higher than that of control or
SB treated cells.

Further experiments are needed to determine if expression levels are insufficient to promote
iodide accumulation in T47D and SK-Br-3 cells compared to MCF-7 cells or if the protein is not
present at the surface of the membrane.
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Key Research Accomplishments
Creation of stable NIS expressing clones derived from SK-Br-3 cells. Clones were created
and currently being screened the ability to accumulate radioactivity compared to the control
cells.
Retinoic acid and Sodium Butyrate. Experiments designed to increase endogenous NIS mRNA
utilizing RA or SB resulted in the ability to increase the expression levels compared to untreated
cells. The RA MCF-7 treated cells increased mRNA levels similar to lower MOI of Ad-NIS
infected cells.
Iodide Accumulation in RA treated MCF-7 cells. Cells treated with RA were able to
accumulate radioactivity. This treatment could increase cells within a tumor that could
accumulate radioactivity. This coupled with Ad-NIS intratumoral injections could elicit a
sufficient cytotoxic effect and a clinically relevant outcome.
Reportable Outcomes
1. Krager KJ, Gaut A, Madsen M, et al. Genetically Targeted Radiotherapy Using Sodium
Iodide Symporter In Breast Cancer Cells. The 4th Era of Hope Department of Defense Breast
Cancer Research Program Meeting. Philadelphia, PA; 2005.
2. Krager KJ., et al. Quantitative Dosimetry and Biodistribution of Radionuclide Concentrator
Therapy in Ad-NIS Transduced Head and Neck Carcinoma. 52nd Annual Meeting of the
Radiation Research Society, Denver, CO 2005.
The retinoic acid and HDAC inhibitor data is currently in preparation for a manuscript.
Conclusion
Stable NIS expressing clones are currently being screened for radionuclide accumulation. The
cells will be utilized to determine the required percentage of transfected cells to elicit a desired
therapeutic effect. The absorbed dose will be calculated using a gamma camera fitted with a pinhole collimator to mimic the methods used in the clinic. Breast cancer cells treated with RA have
been shown to accumulate radioactivity this could help increase the number of cells that will
accumulate radioactivity in Ad-NIS infected tumors. MCF-7 infected cells were originally shown
to have a low radioiodide accumulation treatment with RA in conjunction with Ad-NIS could
increase the cytotoxic effect of this treatment. This treatment could again reduced the undesired
effects seen with most current treatments.
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