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1. INTRODUCTION: This project leverages cancer-specific promoters for molecular-

genetic endoradiotherapy and in the development of a universal blood test for cancer.  

The idea is to have the progression-elevated gene 3 promoter (PEG-Prom) and/or the 

astrocyte-elevated gene 1 promoter (AEG-Prom) serve to drive, in a cancer-specific 

manner, production of a thymidine kinase that can phosphorylate radiotherapeutic 

nucleosides, as well as drive ß-hCG, which can be detected using a commercial urine 

pregnancy test.  The technology is based on our previously reported promoter-based 

cancer-specific imaging.  The innovations of the project lie in its simplicity, use of non-

viral vectors, systemic delivery and that it is a generalizable, platform technology.     

2. KEYWORDS: molecular imaging; PEG-Prom; AEG-Prom; FIAU; alpha-particle; ß-

hCG; prostate cancer; HSV1-tk; l-PEI; nanoparticle 

3. ACCOMPLISHMENTS: 

o What were the major goals of the project? 
 Cloning strategy for PEG-ß-hCG and AEG-ß-hCG and AEG-HSV1-tk 

plasmids (completed 2/15) 

 Generation of PEG-ß-hCG and AEG-HSV1-tk plasmids (completed 5/15) 

 Sensitivity testing of ß-hCG expression plasmids (completed 7/15) 

 In vitro uptake and in vivo evaluation of radiolabeled FIAU of HSV1-tk 

expression vectors (75% complete) 

o What was accomplished under these goals?  

We have successfully 

generated expression 

vectors for PEG-Prom 

driven human chorionic 

gonadotropin ß-chain 

(ß-hCG).  When we 

transfected PC3 and 

LNCaP prostate cancer 

cells, we were able to 

detect human hCG in 

the culture media using 

the ß-hCG ELISA 

assay, indicating that the 

cancer-specific progression elevated gene 3 promoter 

(PEG-Prom) was capable of expressing soluble and 

secreted ß-hCG in prostate cancer cell lines (Fig. 1).  

In order to test this in vivo, we have developed a 

mouse model of human metastatic prostate cancer that 

develops tumors within liver, kidney, and bone after intravenously injecting one million PC3/ML 

cells tagged with firefly luciferase (fLuc) to NOD/SCID/IL2rnull (NSG) mice (Fig. 2).  This 

model starts to develop detectible metastatic lesions three weeks after the injection and dies at 

around the 6th week due to metastatic disease.  The tumor expresses fLuc for non-invasive 

tracking of metastatic tumor development.  We injected pPEG-hCG vectors formulated with in 

vivo jetPEI for systemic delivery to our metastatic prostatic cancer bearing mice and healthy 

mice as a control group.  Forty eight hours after the injection of the nanoplex, we collected blood 

 

Fig. 2. PEG-Prom driven hCG was successfully 
expressed and secreted to serum and urine of 
Experimental Metastatic mouse model of human 
prostate Cancer. (a) Bioluminescent images of 
mice with metastatic model. (b) Liver 
metastasis. (c) Kidney metastasis. (d) Lytic 
bone metastasis (arrow). (e) Serum (closed 
circles) and urine (open circles) level of ß-hCG. 
Each circle represents one mouse. 

 
Fig. 1. PEG-Prom driven hCG 
was successfully expressed 
and secreted into the media 
from PC3 and LNCaP cells. 



and urine from each mouse and measured the 

level of human βhCG.  We were able to detect 

soluble ß-hCG in both serum and urine of tumor 

bearing mice whereas there no detectable ß-hCG 

from healthy mice (Fig. 2e).  We have even 

shown that we could detect ß-hCG from the urine 

of tumor-bearing mice using a commercial 

pregnancy test (Fig. 3).  The model and 

sensitivity for detection are being tested and 

optimized, where possible.    

 

We are currently testing our therapeutic approach using PEG-Prom-driven HSV1-tk as a 

therapeutic gene and [211At]FAAU as a source of radiotherapy (alpha-particles) for the second 

part of the proposal.  

 

We successfully created the 

therapeutic vector 

harboring the PEG-Prom 

and HSV1-tk.  When we 

transfected the PC3/ML 

cell line with the vector, the 

transfected cells showed 

specific uptake of its 

therapeutic substrate 

[211At]FIAU (Fig. 4A). 

Cells expressing PEG-

Prom-driven HSV1-tk also 

exhibited dose-dependent 

cell kill by [211At]FIAU 

(Fig. 4B).  Encouraged by 

these in vitro results, we 

are currently performing 

the corresponding in vivo 

therapeutic study using the 

metastatic PC model described in Fig. 2.  In addition, we have initiated long-term in vivo toxicity 

studies of [211At]FIAU in varying doses. 

o What opportunities for training and professional development has the 

project provided?  
 Although not necessarily intended for this purpose, the project will prove 

instrumental in the professional development of Dr. Il Minn, currently an 

instructor in radiology, who will be proposed soon for assistant professor.  

Furthermore, Dr. Minn has engaged two technicians whom he has trained 

in the cloning and other studies necessary to undertake this work.  

o How were the results disseminated to communities of interest?  
 Nothing to report at the present time. 

 

Fig. 3. Detection of PEG-Prom driven (cancer specific) 
production of βhCG using a commercial urine 
pregnancy test.  Note faint line of detection on right.  
This indicates feasibility of universal cancer detection 
using a simple and available kit. 

 

Fig. 4. (A) In vitro radio-uptake assay. Only PC3/ML cells transfected expressing PEG-
Prom-driven HSV1-tk showed dose dependent uptake of [211At]FIAU. (B) Clonogenic 
survival assay of PC3/ML cells treated with [211At]FIAU. Cells expressing PEG-Prom-
driven HSV1-tk were susceptible to the treatment. CPM = counts per minute. 



o What do you plan to do during the next reporting period to accomplish the

goals?

 During the requested extension we intend to finish the in vivo studies and,

if possible, optimize the proposed urine test which is working but may not

be sufficiently sensitive to compete with other ways to detect cancer in

body fluids, e.g., naked DNA or circulating tumor cells.  We would like a

more quantitative sense of the sensitivity of the device.

4. IMPACT:

o What was the impact on the development of the principal discipline(s) of the

project?

 This is the first project to use ß-hCG to detect cancer universally.  It is also

the first to use, in real living systems, an alpha-particle-emitting, targeted

radiotherapeutic agent, namely, [211At]FAAU.

o What was the impact on other disciplines?

 Nothing to report at this time as we have not yet published.

o What was the impact on technology transfer?

 Nothing to report at this time.

o What was the impact on society beyond science and technology?

 Nothing to report at this time.

5. CHANGES/PROBLEMS: Nothing to report

6. PRODUCTS: Nothing to report – These items will be reported once finished with the

project and publications are submitted.

7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

o What individuals have worked on the project?

 No change

o Has there been a change in the active other support of the PD/PI(s) or

senior/key personnel since the last reporting period?

 Marty Pomper
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