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ABSTRACT 

Some diagnostic radionuclides currently used in nuclear medicine, like 67Ga, 99mTc, 111In or 123I, are also promising candidates for selective and targeted radiotherapy due to the very short range (micrometers to few nanometers) of  

the emitted Auger, Coster-Kronig and internal conversion electrons. However, this requires the design of  radioconjugates able to selectively transport the radionuclide atoms to the nucleus of  tumoral cells. To tackle this goal, in a 

previous work [1] we described in vitro/in silico studies of  structurally related 99mTc and 125I-labelled AO derivatives, sharing the same AO moiety and the same aminoalkyl spacers (allowing different distances between the 125I and 
99mTc atom and the DNA helical axis). Both classes of  compounds induced early damage in plasmid DNA and in PC3 human prostate cancer cells. Aiming at deeply understand the severity of  the cellular damage induced by these 

radiolabeled AO derivatives, we extended our work to the evaluation of: i) late biological effects and ii) absorbed dose (calculated using the MCNP6 code) in the DNA and cell volumes near the radionuclide decay site. As reported 

herein, for this study we have focused on a 99mTc complex containing an aminopropyl spacer between the AO unit and the technetium chelate, which is equivalent to place the radionuclide at roughly 10.8 Å from the DNA center. 

By selecting this complex, we have taken into consideration its enhance ability to induce damage in plasmid and cellular DNA. We have observed that there is a correlation between the frequency of  micronuclei and the cell 

proliferation with the different activities, in a dose-dependent manner. The formation of  ɣ-H2AX foci, after 2 and 24h incubation, revealed the ability of  99mTc to produce double-strand breaks (DSBs). Moreover, the increased 

number of  ɣ-H2AX foci for higher activities are in line with the cell survival and micronuclei frequency.

MATERIALS & METHODS 

PC3 human prostate cancer cell line were exposed, 

 for 24 h, with 10, 20, 50, 100 and 200 µCi of  99mTc-C3. 

• EARLY BIOLOGICAL EFFECTS 

The average number of  foci, early event that follows the induction of  DSBs, and 

results from the phosphorylation of  the X isoform of  histone H2A at serine-139 by 

phosphoinositide 3-kinases, was calculated from the distribution of  foci number per 

cell. Immediately after incubation the cells were treated for foci quantification [1] 

• LATE BIOLOGICAL EFFECTS 

The number of  Micronuclei, fragments of  genetic material that contain either 

acentric fragments (resulting from DNA breaks), whole chromosomes, or complex 

rearrangements that are unable to properly attach and be pulled to the poles by the 

mitotic spindle, per binucleated cell was quantified by the cytokinesis blocked 

micronuclei assay [2]. 

The survival curves, as a function of  activity, were assessed using the clonogenic 

assay. After 24h of  incubation, cells were seeded out in appropriate dilution to form 

colonies with at least 50 cells. The Platting Efficiency (PE) ratio and the Survival 

Fraction (SF) were obtain following the methodology described in [3]. 

• MONTE CARLO CALCULATIONS 

Electrons fluxes and deposited energy were calculated,  

in manometric DNA volumes, with MCNP6 MC,  

able to transport a single-event electron for energies  

below 1keV [4], using  the ENDF/B VI.8 database.  

In these types of  simulations only the physical stage (space distribution of  ionization 

excitations and elastic scattering between the first 10−15 s and 10−13 s of  interaction) 

was taken into account.

                

EARLY BIOLOGICAL EFFECTS

LATE BIOLOGICAL EFFECTS

MONTE CARLO CALCULATIONS
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• The number of  foci after exposure to an internalized radionuclide 
depends on the balance between the repaired lesions and the DSBs 
that are continuously formed as the radionuclide decays. The 
increase number of  foci at 24 h of  incubation, suggest that the DNA 

damage induced by  99mTc-C3 exceeded the cellular capacity for 

its repair. Moreover, the number of  foci increase with the 99mTc-C3 
activity, comparing with its own control.  

• In line with the observed early effects, the increase on the number of  
MN induction and the decrease of  the cellular survival fraction 

reveal a persistent lesion, dependent on the activity, induced by 99mTc-
C3.  

• A steep variation of  the deposited energy as function of  the 
distance to the central axis of  the DNA, suggests the existence of  a 
critical distance, from which the direct effects stop being effective
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Assessment of the biological effects 
induced 99mTc-C3/ 99mTc-C5, in PC3 cells

99mTc – labeled Acridine Orange 
derivatives acting as DNA intercalators

Radiobiological 
Characterization 
of 64CuCl2 as a 
Simple Tool for 
Prostate Cancer 
Theranostics

Using a panel of PCa cell lines in 
comparison with a non-tumoral 
prostate cell line, we combined

cytogenetic approaches with
radiocytotoxicity assays to obtain

significant insights into the cellular
consequences of exposure to 64CuCl2. 
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LOW-DOSE EXPOSURE

Assessment of Relative Biological
Effectiveness (RBE) 

Figure 6.9: Dose-response curves for RWPE-1 exposed to Co-60 photons (orange) and Am-241 alpha particles

(blue). Errors bars are standard errors.

exposed to 2 Gy werealso unusable due to signs of contamination and the culture wells of cells exposed

to 0.5 Gy presented a Survival Fraction (SF) similar to the SF obtained for 1 Gy. Since this is not the

expected behaviour and since the SF for 1 Gy was determined based on an average of 6 wells, we de-

cided to drop the value for 0.5 Gy, using only the data from control (0 Gy), 0.25 and 1 Gy to plot the

dose-response curve for ↵-particles (Figure 6.9, blue line and triangles). The curveshows the character-

istic shape of high-LET radiations (as expected for Am-241 ↵-particles) that could be well fitted with a

normal exponential decay (linear model). The parameter for this function, as well as the parameters of

the LQ model used to fit the photon data, are presented in table 6.3.

As previously mentioned, the goal of this experiment is to determine the Relative Biological Effective-

ness for the Am-241 ↵-particles. In Chapter 3, we mentioned that the RBE is calculated dividing the

dose of photons by the dose of ↵-radiation that result in the same Survival Fraction (SF). Therefore, we

have:

RB E (SF ) =
Dγ (SFγ = SF )

D↵ (SF↵ = SF )
(6.7)

Since we have that

37

Dose-response curves for 
RWPE-1 cells exposed to 
Co-60 (Orange) and alfa-
particles (blue). 
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