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Telomerase is an enzyme present in the majority of malignant tumors (1).  It is well-documented that 

radiotherapy and chemotherapy activate the enzyme telomerase that immortalizes cancer cells (2-6). 

Telomerase prevents the shortening of the telomeric ends of DNA that is required for cell lethality; 

therefore, inhibiting its activation would be a useful approach to cancer treatment. However, inhibiting 

telomerase activation (TA) is no easy task.  Despite the plethora of new drugs synthesized as potential 

clinical candidates for telomerase inhibition (TI) (7-11), their success or failure in the medical clinic will 

probably be more a function of their mode of administration once they have demonstrated TI in the research 

laboratory.  A major physiological barrier to TI is the absolute requirement for the inhibitor to remain 

continuously present in the tumor (1) throughout the long term treatment period. This is due to both the 

reactivation of telomerase that occurs upon the removal of the inhibitor, and the re-lengthening of the 

telomeres in the absence of the inhibitor (12-16). Because the systemic i.v. administration of drugs is 

associated with their rapid clearance from the body, the effectiveness of the inhibitor drug would be 

dramatically reduced due to telomerase re-activation.  Under normal conditions, when telomerase is 

inactive, the telomeres shorten with each cell division until such time as the cell reaches its normal life 

expectancy (17). The unrestricted proliferation of cancer cells, after treatments that activate telomerase, 

poses a risk for local recurrence, invasion, metastases,  or even second primaries and present an issue that 

must be addressed. Therefore, critical for clinical success is the identification of an agent whose mechanism 

of action has been proven to inhibit TA and whose toxicity is negligible.  Equally important is the 

development of a drug delivery system that assures the continuous long-term presence of the drug in the 

tumor. The latter criterion is required to compensate for the lag time between the inhibition of TA and the 

time when the telomeres have shortened sufficiently to induce cancer cell lethality (1, 18).   

 

We have identified a highly satisfactory molecule that meets these criteria and have developed a method for 

sustaining the controlled release of the molecule over the long term.  We have done so by developing a 

controlled-release device that liberates a well-studied telomerase inhibitor for a long period of time (Fig. 1.). 

Fig. 1 below demonstrates the release characteristics of the telomerase inhibitor, PdTMPyP4, in a gelatin 

base for up to 52 days. The amount of drug released both initially, and over time, depends upon the weight 

of the rods.  Those rods of greater mass release higher concentrations of the drug over a somewhat shorter 

time interval.  The gelatin base was considered more representative of a tumor environment than water.   

 

 

 

 

file:///C:/Users/sdinenson/Downloads/31141.doc%23_ENREF_1
file:///C:/Users/sdinenson/Downloads/31141.doc%23_ENREF_2
file:///C:/Users/sdinenson/Downloads/31141.doc%23_ENREF_7
file:///C:/Users/sdinenson/Downloads/31141.doc%23_ENREF_1
file:///C:/Users/sdinenson/Downloads/31141.doc%23_ENREF_12
file:///C:/Users/sdinenson/Downloads/31141.doc%23_ENREF_17
file:///C:/Users/sdinenson/Downloads/31141.doc%23_ENREF_1
file:///C:/Users/sdinenson/Downloads/31141.doc%23_ENREF_18


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The device can be inserted directly into the tumor where it increases tumor loading and reduces systemic 

toxicity. However, inhibiting telomerase is not necessarily sufficient for shortening the telomeric ends of 

cancer cell DNA.  A number of tumors and cell lines use a recombination-based mechanism, alternative 

lengthening of telomeres (ALT), to maintain telomere repeat arrays (19).  The engagement of the ALT 

mechanism could be a factor in limiting the success of telomerase inhibition. Therefore, in addition to our 

method of inhibiting telomerase, we propose that the simultaneous insertion of brachytherapy seeds and our 

device that releases a telomerase inhibitor directly into the tumor, have a strong probability for controlling 

the growth of tumors and preventing recurrences.  Details are given below. 

 

Our telomerase-inhibiting agent is a meso-5,10,15,20-Tetrakis-(N-methyl-4-pyridyl)porphine (TMPyP4), 

tagged with palladium (Pd).  TMPyP4 binds to G-quadruplex (GQ) structures in DNA such as in the 

telomeres and in the promoter region of c-myc (20, 21), the most genomically unstable of the oncogenes 

(22, 23). Its binding stabilizes c-myc, blocking its transcription and over-expression (24-27).  Because c-

myc stimulates hTERT, a subunit of telomerase that promotes telomerase activation, the blocking of c-myc 

transcription, in and of itself interferes with the propensity of the oncogene to produce multiple copies of 

itself, reduces hTERT stimulation and TA (24, 28). The effectiveness of TMPyP4 as a telomerase inhibitor 

has been well studied. However, we understood that another equally important advantage could be derived 

by exploiting the robustness of TMPyP4 as a vehicle for transporting and binding high Z atoms to DNA 

where their physical interaction with radiation could fragment the DNA in a modality called Photon 

Fig. 1. Release characteristics of 

PdTMPyP4 in gelatin base.  

Comparison of release based upon 

weights of devices.  The devices 

were positioned in the base of a 

cuvette using gelatin.  Upon 

solidification of the base gelatin, 

additional gelatin was added to the 

cuvette.  The cuvettes were 

incubated at 37° in a humidified 

environment and spectroscopic 

measurements were taken daily.   

 

Fig. 2. Standard curve of absorption as a 

function PdTMPyP4 concentration. 

Concentration was determined based 

upon the equation derived from the 

linear fit of absorption measurements 

(R
2
) as a function of the concentration of 

known titrated samples (Fig. 2).  
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Activation Therapy (PAT) (29-31). Specifically, we have incorporated PdTMPyP4 into our device that now 

offers an opportunity to exploit both components of the single molecule, viz., the Pd and the TMPyP4 

components, each of which physiologically targets the DNA, but whose actions are entirely independent. 

Whereas the induction of a photoelectric effect in the Pd atom and its concomitant emission of densely 

ionizing Auger electrons causes clustered DNA damage, similar to high LET radiation, the TMPyP4 

component inhibits telomerase that is activated by radiation.  The photoelectric effect can be induced either 

by the interstitial implantation of appropriate energy brachytherapy seeds directly into the tumor, or by 

using monochromatic photons produced by finely-tuned synchrotron radiation beams. 

 

We had previously demonstrated an early, significant delay in the growth of the KHJJ murine 

adenocarcinoma following the i.p. injection of platinum (Pt)-tagged TMPyP4 and the insertion of 
103

Pd 

brachytherapy seeds compared to untreated or unirradiated mice (32). Our inability to sustain the delay was 

attributed to clearance of the drug from tumor.  In these studies, we had anticipated that the Pt tag would 

increase the fragmentation of all GQ sites in DNA through its emission of low energy, short range Auger 

electrons.  The photon energies of the 
103

Pd seeds (21 keV) were suitable for inducing a photoelectric effect 

at the L absorption edge of Pt (~14 keV) and promoting concomitant Auger emission. However, the 

intraperitoneal systemic administration of PtTMPyP4 did not sustain the constant availability of Pt atoms 

and the resumption of tumor growth was a motivating factors in our pursuit to develop a long term, 

controlled release drug intratumoral delivery system with incorporated PdTMPyP4.  The K absorption edge 

of Pd is ~24.5 keV and the photon emission from the conventionally-used iodine-125 (
125

I) brachytherapy 

seeds is (27 keV) (33, 34).  The closer the radiative energy to the K edge of the target atom, the greater the 

probability of interaction.  Therefore, for purposes of the radiotherapeutic approach with PdTMPyP4, the 

combination is highly suitable. The controlled-release device assures the long term availability of Pd atoms 

in DNA, so that even during the radioactive decay of the 
125

I seeds, Auger electrons can continue to densely 

ionize and fragment the DNA.  Additionally, if PdTMPyP4 binds to GQs in the telomeres similarly to 

TMPyP4, inducing Auger emission at the site of the telomeres would also cause their fragmentation and 

shortening.  Moreover, some immortalized mammalian cell lines and tumors increase the overall length of 

their telomeres by one or more mechanism with no relationship to telomerase activation (35, 36).  This is 

referred to as alternative lengthening of telomeres (ALT). In these cases, the use of PAT and its Auger 

emission provides an additional measure to offset ALT. 

 

In summary, our research project has addressed some of the major issues associated with current cancer 

treatments that might be responsible for their failure in some cases. We propose a new treatment modality 

that combines both chemotherapy and radiotherapy.  It could be administered in a single step that involves 

the simultaneous insertion of a device that continuously releases a telomerase-inhibiting drug over the long 

term, and that also potentiates the dense ionization of cancer cell DNA on a highly local basis. The device is 

biodegradable and the brachytherapy seeds have a relatively short half-life; therefore, insertion of both is 

permanent.  In addition to increasing the sensitivity of the cancer cell to conventional treatments, our 

proposed therapeutic procedure, in which both the device and the seeds are inserted directly into the tumor, 

will improve the quality of life of the patient by reducing the frequent visits to the clinic for fractionated 

radiation or chemotherapy treatments.   
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