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Resum en la llengua del projecte (màxim 300 paraules) 

Durant els dos anys de beca postdoctoral he estat treballant en dos projectes diferents. 

En primer lloc, i com a continuació d'estudis previs del grup, volíem estudiar la causa de les 
diferències en nivells d'hipòxia que havíem observat en models de càncer de pulmó. La 
nostra hipòtesi es basava en el fet que aquestes diferències es devien a la funcionalitat de la 
vasculatura. Vam utilitzar dos models preclínics: un en què els tumors es formaven 
espontàniament als pulmons i l'altre on nosaltres injectàvem les cèl·lules de manera 
subcutània. Vam utilitzar tècniques com la ressonància magnètica dinàmica amb agent de 
contrast (DCE-MRI) i l'assaig de perfusió amb el Hoeschst 33342 i ambdues van demostrar 
que la funcionalitat de la vasculatura dels tumors espontanis era molt més elevada 
comparada amb la dels tumors subcutanis. D'aquest estudi, en podem concloure que les 
diferències en els nivells d'hipòxia en els diferents models tumorals de càncer de pulmó 
podrien ser deguts a la variació en la formació i funcionalitat de la vasculatura. Per tant, la 
selecció de models preclínics és essencial, tant pels estudi d'hipòxia i angiogènesi, com per a 
teràpies adreçades a aquests fenòmens.  

L'altre projecte que he estat desenvolupant es basa en l'estudi de la radioteràpia i els seus 
possibles efectes a l’hora de potenciar l'autoregeneració del tumor a partir de les cèl·lules 
tumorals circulants (CTC). Aquest efecte s'ha descrit en alguns models tumorals preclínics. 
Per tal de dur a terme els nostres estudis, vam utilitzar una línia tumoral de càncer de mama 
de ratolí, marcada permanentment amb el gen de Photinus pyralis o sense marcar i vam fer 
estudis in vitro i in vivo. Ambdós estudis han demostrat que la radiació tumoral promou la 
invasió cel·lular i l'autoregeneració del tumor per CTC. Aquest descobriment s'ha de 
considerar dins d'un context de radioteràpia clínica per tal d'aconseguir el millor tractament en 
pacients amb nivells de CTC elevats.   
 



	  	  	  	  	  	  	  	  	  	  	  

 
 

Resum en anglès (màxim 300 paraules) 

During these two years of fellowship I have been working in two different projects.  

First of all, and as a follow up of our previous studies, we wanted to clarify the reason for the 
discrepancy in the levels of hypoxia in different models of lung cancer. We hypothesized that 
the differences were due to the functionality of the vasculature. Thus we employed both 
spontaneous lung tumors as well as subcutaneous ones and we performed different 
techniques in order to compare the vessels from these models. Both dynamic contrast 
enhanced magnetic resonance (DCE-MRI) as well Hoechst 33324 perfusion assay 
demonstrated that the leakiness and, therefore, the functionality of the vasculature was much 
greater in the spontaneous tumor models comparing to the subcutaneous injected 
counterparts. From this study we can also conclude that the discrepancy in the hypoxia level 
in these different tumor models could be a consequence of the variation in both vessel 
formation and functionality. Thus, judicious selection of preclinical lung tumor models is 
essential for the study of both, hypoxia and angiogenesis, as well as therapies targeting these 
phenomena. 

The other project I have been developing is based on the fact that we wanted to investigate if 
the irradiation therapy of some tumors could enhance the tumor self-seeding by circulating 
tumor cells (CTCs), which has already been observed to occur in some preclinical tumor 
models. In order to do that we used a metastatic mouse breast cancer cell line, 4T1, either 
transfected with luciferase or unlabeled. We perform in vitro transwell assays, as well as, in 
vivo studies. Both studies demonstrated that the irradiation promoted cell invasion and tumor 
self-seeding by CTCs. These findings should be considered in the context of clinical 
radiotherapy in order to achieve the optimal treatment outcomes in patients with significant 
levels of CTCs.   
 
 
 
 
 
2.- Memòria del treball (informe científic sense limitació de paraules). Pot incloure altres fitxers de 
qualsevol mena, no més grans de 10 MB cadascun d’ells. 
 
 

Hypoxia and vasculature in models of lung cancer: Implications for targeted 
therapeutics and the importance of the tumor location 

Introduction & Background 

Oxygen has been noted to play a role in response of tumors to treatment since experiments 

of Thomlinson (1) and Gray (2). Hypoxia is a common phenomenon in human tumors, with 

most tumors possessing lower oxygenation than their corresponding tissue of origin (3), 

therefore, nowadays hypoxia is a well-established mediator of radiation sensitivity. Recently, 

studies have shown that it is also involved in tumor aggressiveness and metastasis. Given 

the enormous relevance of hypoxia and the hypoxic tumor phenotype to the cancer treatment 

many efforts have been focused on the development of treatments that target hypoxic tumor 



	  	  	  	  	  	  	  	  	  	  	  

 
 

cells.  

In order to establish and optimizing these hypoxic-targeted therapies it is 

necessary to study the application of these treatments in preclinical models of cancer. 

However, much of our knowledge of hypoxia on preclinical studies is based on using 

xenograft tumors implanted subcutaneously in mice. However, even though these 

subcutaneous models can be observed visually and the tumor is accessible for tissue 

sampling or treatment, it is known that they exhibit important differences in behavior from 

human tumors. Orthotopic experimental tumor models, in which the tumoral cells are 

implanted and grown within their organ of origin, are more sophisticated and they have been 

demonstrated to exhibit both metastatic behavior and therapeutic response that more closely 

mimics human cancer in the clinic (4-9). Thus, orthotopically-grown tumors, as well as 

spontaneous models of cancer, may be more clinically relevant models of cancer in which to 

study the biology of this disease and evaluate novel therapeutic strategies. However, 

subcutaneous tumor models still remain the workhorse of cancer biology investigations. 

In our previous study we investigate the presence of hypoxia in several models (10). We 

grew A549 human lung adenocarcinoma cells either subcutaneously or orthotopically in the 

lungs, as well as different transgenic mouse model in which lung cancer were developed 

spontaneously, using adenovirally expressed Cre recombinase to activate the expression of 

the gene K-Ras (11) or doxycycline to inducible express Myc (12). First of all we used micro-

computed tomography (microCT) to detect the presence of the tumors and then we assessed 

their metabolic activity using fluorodeoxyglucose (F18) positron emission tomography (18F-

FDG PET) scanning. In order to detect the amount of hypoxia in these different models we 

used both noninvasive PET imaging with Faza, and hypoxia probe, as well as 

immunohistochemistry (IHC) with the hypoxia marker pimonidazole. We could detect the 

presence of the tumors in all the different models by microCT and in all the cases the tumors 

showed a high FDG uptake, indicating high metabolic activity. However, only subcutaneous 

A549 tumors retained FAZA, which indicated the presence of hypoxia. Post-mortem 

validation using IHC demonstrated the presence of pimonidazole only in the subcutaneous 

tumors comparing to the other counterparts (Figure1).  

 

 

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

 

 
 
Figure 1. In vivo imaging and ex vivo immunohistochemistry of murine models of lung cancer. A, results obtained 

from bilateral subcutaneous A549 xenograft tumors (top row), orthotopically implanted A549 xenograft tumors 

(second row), spontaneous K-ras–induced lung tumors (third row), and spontaneous Myc-induced lung tumors 

(bottom row). The data collected from each subject included micro-CT (left column), FDG micro-PET (second 

column), FAZA micro-PET (third column), and pimonidazole (green) and DAPI (blue) immunohistochemistry (right 

column). Displayed intensity ranges for in vivo imaging are given (top). Relevant features are labeled on the CT 



	  	  	  	  	  	  	  	  	  	  	  

 
 

images, including tumor (T) and heart (H). B and C, mean FDG and FAZA uptake observed in 

micro-PET studies of murine models of lung cancer. The light-colored bars are quantified in 

units of tumor/ background ratio (T/B, left vertical axis), whereas the dark-colored bars are in units of percentage 

injected dose per gram of tissue (% ID/g, right vertical axis). Blue, subcutaneous A549 xenograft tumors; red, 

orthotopic A549 xenograft tumors; green, spontaneous K-ras–induced lung tumors; purple, spontaneous Myc-

induced lung tumors. The measurements reported for the subcutaneous tumors indicate the mean and SD over a 

region-of-interest defined over the tumor, whereas the measurements for the orthotopic and spontaneous tumors 

are the mean and SD over a region-of-interest encompassing the lungs and excluding the heart. 

We also validate in vitro the presence of hypoxia by assessing the amount of DNA damage 

induced by the hypoxia-selective cytotoxin PR-104 by quantifying staining for the DNA 

damage marker ϒH2AX. Both spontaneous mouse cancer cell lines showed no increase in 

ϒH2AX staining, relative to untreated cell, when exposed to PR-104 under normoxia. 

However, increased ϒH2AX staining was seen upon exposure to the drug with increasing 

hypoxia (Figure 2). 

 

Figure 2. Response of lung tumor cell lines to PR-104 treatment in vitro. A. ϒH2AX (red) and Dapi (Blue) 

immunohistochemistry of human A549, murine MYC-induced lung carcinoma, and murine K-ras-induced lung 

carcinoma cells treated with 100 µM PR-104 for four hours in 21%, 2%, or 0.5% O2. Untreated cells of each type 



	  	  	  	  	  	  	  	  	  	  	  

 
 

are shown as a control. B. Quantitated average total ϒH2AX signal per cell for each 

treatment group per cell type. Blue: untreated cells. Red: cells treated at 21% O2. Green: cells 

treated at 2% O2. Purple: cells treated at 0.5% O2. All measurements for a cell type are normalized to the average 

total ϒH2aX signal per cell for that cell type treated at 21% O2. 

In the in vivo setting, all three cell lines showed a dramatic increase in ϒH2AX staining with 

PR-104 administration compared with controls when grown subcutaneously (Figure 3). Thus, 

this data suggest that the presence of hypoxia in lung cancer is strongly influenced by the 

site where is implanted and therefore by the microenvironment in which they are grown. 

Caution is needed in interpreting oxygenation data from subcutaneous models, because a lot 

of discrepancy can exist between the amount of hypoxia detected in the same tumor grown 

heterotopically or orthotopically. 

 

Figure 3. Response of murine lung tumor models of PR-104 treatment in vivo. A. ϒH2AX (red) and DAPI (blue) 

immunohistochemistry of subcutaneous and orthotopic A549 tumor xenografts, spontaneous and subcutaneous 

MYC-induced lung carcinomas, and spontaneous and subcutaneous K-ras-induced lung carcinomas treated with 

a single intraperitoneal dose of 1.8 mmol/kg PR-104 for 18 hours prior to tissue harvesting. Data collected from 



	  	  	  	  	  	  	  	  	  	  	  

 
 

subcutaneous A549 tumors treated with 10 Gy of ionizing radiation are shown as positive 

control. B. Quantitated average total of ϒH2AX signal per cell for each treatment group and 

tumor type. Blue: untreated tumors. Red: PR-104 treated tumors. Green:  IR-treated tumors. All measurements for 

a tumor type are normalized to the average total ϒH2AX signal per cell for that tumor observed without treatment.  

 

The reason for this discrepancy is currently unknown and there are different hypothesis. One 

of them is that the vasculature in orthotopic tumors is more functional and perfuses better 

than the vasculature in subcutaneous xenografts. The other possibility is that in spontaneous 

and orthotopic lung tumors, lung cancer cells have greater access to ambient oxygen via 

alveoli, allowing for improved oxygenation. 
	  

Thus, the aim of our next study, and in order to check the first hypothesis, was to compare 

vessel presence and functionality in these preclinical models of lung cancer.  

 

Methodology  

We employed spontaneous lung tumors initiated by tissue-specific activation of K-ras, as well 

as subcutaneous and orthotopic implanted mouse lung cancer cells derived from the 

spontaneous models (13). Micro-computer tomography (microCT) was performed in all the 

mice to check the presence of the tumors within the lungs. Magnetic resonance Imaging 

(MRI) was done after tumor confirmation. We performed T2-weighted scans (10 slices, 

thickness 0.75mm) as well as dynamic contrast enhanced magnetic resonance (DCE-MRI) in 

order to measure vascular perfusion (scan time was 5m32sec (51 time points, Temporal 

resolution=6.5s)). For the DCE-MRI 100 µl of Magnevist (Gadolinium), acting as a contrast 

agent, was injected after 4 baseline volumes (26 seconds) of DCE scan (TR=4ms, 

TE=0.9ms). 

Just prior to animal sacrifice, the animals were injected intravenously with Hoechst 33324, 

which stains the DNA. After sacrifice, the tumors were harvested and analyzed postmortem 

by Immunohistochemistry (IHC) to evaluate the distribution of Hoechst 33324, representing 

perfused areas, as well as a vascular marker, Meca 32, in order to compare at a microscopic 

level the presence and functionality of the vasculature across these different preclinical 

models.  

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

Results and Conclusions 

Both orthotopic implanted and spontaneous lung tumor models showed elevated contrast 

agent uptake (gadolinium) injected during DCE-MRI imaging process, demonstrating the 

leakiness and, therefore, the functionality of the vasculature within these tumors (Figure 4b). 

However, little gadolinium uptake was observed within the bulk of the subcutaneous 

implanted tumors, showing the dysfunction of the vessels in this tumor model (Figure 5b). 

These results were corroborated at the microscopic level by analyzing staining of the cells 

surrounding the vessels by Hoechst 33342. While the subcutaneous tumors showed only 

some positive staining at the rim of the tumors (Figure 5c), staining was detected throughout 

the spontaneous tumors (Figure 4c). Furthermore, positive Meca-32 staining was seen at the 

edge as well as in the internal part of the subcutaneous tumors. However in the case of the 

spontaneous tumors, the vessels were much bigger and well formed compared to the 

subcutaneous implanted ones (Figures 4c and 5c).  

 

 
 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 
 

 
Figure 4. Functionality of Spontaneous tumors. A) CT (upper) and T2 MRI (bottom) imaging of a representative 

mouse bearing spontaneous tumors in the lungs. B) DCE-MRI imaging of the lungs after the gadolinium injection. 

The chart (bottom part) represents the contrast agent uptake during the time for and specific region of interest 

(ROI): background (blue), tumor burden (red) and heart (black). C) Hoechst 33342 detection from a lung region 

with tumors (upper part) and Meca 32 staining (upper right and lower part). Red arrows indicate tumor location. D) 

Initial area under the gadolinium-time curve at 60 seconds (IAUGC60) maps for a representative mice on the left 

(each image represent a different slice from the same tumor) and the corresponding histogram on the middle. On 

the right, the contrast agent (CA) concentration curve from the DCE-MRI data for every tumor voxel and every 

time point. 

 
 
 

 
Figure 5. Functionality of Subcutaneous tumors. A) CT(upper) and T2 MRI (bottom) imaging of a representative 

mouse bearing subcutaneous tumors. B) DCE-MRI imaging of the lungs after the gadolinium injection. The chart 

(bottom part) represents the contrast agent uptake during the time for and specific region of interest (ROI): 

background (blue), tumor burden (red) and organ (black). C) Hoechst 33342 detection from a lung region with 

tumors (upper part) and Meca 32 staining (upper right and lower part). Red arrows indicate tumor location. D) 
Initial area under the gadolinium-time curve at 60 seconds (IAUGC60) maps for a representative mice on the right 

(each image represent a different slice from the same tumor) and the corresponding histogram on the middle. On 

the left, the contrast agent (CA) concentration curve from the DCE-MRI data for every tumor voxel and every time 

point. 

 

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

Quantification of the contrast agent uptake during DCE-MRI of both 

spontaneous and subcutaneous tumors demonstrated that there was a 

significant statistical difference and therefore that the vasculature in the spontaneous model 

was more functional and leaky that the subcutaneous one (Figure 6).   

 

 

 
 
Figure 6. DCE-MRI quantification of spontaneous vs subcutaneous tumors. 

Left site, illustration representing the initial area under the gadolinium-time curve at 60 seconds (IAUG60). Middle, 

quantification of the IAUGC60 for all the different mice (Spontaneous n=7, subcutaneous n=5). Right, contrast 

agent (CA) concentration values for the DCE-MRI for all the mice (Spontaneous in red and subcutaneous in 

black). 

 

 

These results show the influence that a specific preclinical tumor model can play in the 

physiologic behavior of the tumor system. From this study we can also conclude that the 

discrepancy in the hypoxia level in these different tumor models could be a consequence of 

the variation in both vessel formation and functionality. Thus, judicious selection of preclinical 

lung tumor models is essential for the study of both, hypoxia and angiogenesis, as well as 

therapies targeting these phenomena.  

The appropriateness of each model type for the therapeutic investigations depends on which 

model is most reflective of the human cancer and suggests judicious selection of preclinical 

tumor models as the microenvironmental differences between models may affect the results 

of therapeutic trials targeting either hypoxia or angiogenesis.  

 

 

 

 

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

 

Publications and congresses 

 

-This work has been presented as a poster and nominated for an award in the World 

Molecular Imaging Congress (WMIC) 2012 in Dublin, Ireland. 

 

-A manuscript from this work is right now under preparation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

Radiation therapy enhances tumor self-seeding  
 

Introduction & Background 

 

Tumor growth and metastasis have been widely acknowledged to be key processes during 

cancer progression. Metastasis is thought to depend on both cancer cell dissemination and 

adaptation to distant organs. Even though the entry of tumor cells into the circulation may 

occur in large number from early stages of tumor formation only a minority will form 

metastasis, due to tight vascular wall and unfavorable microenvironment of the organ of 

colonization. These impediments are less stringent when referring to circulating tumor cells 

(CTCs) and the ability of reinfiltrate their tumors of origin in a process called tumor self-

seeding. This concept, which postulates that CTCs can reinfiltrate their tumors of origin in 

addition to seeding metastases in distant organs, could explain the selection for more 

aggressive cancer cell population that make primary tumors more aggressive (14). Tumor 

self-seeding could be facilitated for the fact that the neovasculature of the tumors is typically 

leaky and, therefore the passage of cells into and from the circulation would be easier, and 

because the CTCs would not need further adaptation in the microenvironment of their source. 

 

Tumor self-seeding has already been observed to occur in preclinical models of breast, 

colon, and skin cancer and has been shown to be mediated by both CTC attraction, in which 

cytokines as IL-6 and IL-8 are involved, and tumor infiltration (15), that might vary between 

tumor types. However, the influence of tumor self-seeding on the efficacy of anticancer 

therapies has not yet been investigated. The aim of our study was to evaluate whether 

irradiation therapy of a tumor influences the self-seeding process, which would affect the 

outcome of many therapies being used nowadays. 

 

 

Methodology  

 

A highly metastatic mouse breast cancer cell line, 4T1, was used for both in vitro and in vivo 

studies.  Both 4T1 cells stably transfected with photinus pyralis luciferase as well as 

unlabeled parental cells were employed. In vitro transwell migration assays were performed 

using the supernatant of 4T1 cells irradiated to doses between 0 and 20 Gy as the attractant.  



	  	  	  	  	  	  	  	  	  	  	  

 
 

 
 

For our in vivo studies, labeled and unlabeled cells were inoculated orthotopically in the 

mammary fat pad at contralateral sites in female immunocompromised mice, respectively. 

Ten days after tumor injection, the non-labeled 4T1 tumor was irradiated with a single dose of 

20 Gy. In order to detect self-seeding of labeled cells into the unlabeled irradiated tumor, ex-

vivo bioluminescence imaging (BLI) of both irradiated and unirradiated unlabeled tumors was 

performed between ten and fifteen days after tumor irradiation. (Figure 7) 

 

 

 

 
Figure 7. In vivo model. 4T1 cells and 4T1-luciferase cells were implanted respectively in contralateral sites. After 

ten days after the inoculation, the non-labeled tumors of some mice were irradiated while some other mice were 

kept as control. In both cases the non-labeled tumor was acting as a recipient tumor while the labeled one was 

acting as a donor.  

 

Results 
 

 

Our in vitro studies demonstrated that the supernatant from the irradiated 4T1 cells promoted 

cell invasion in a dose-dependent manner, suggesting that cytokines produced in response to 

irradiation may serve as a chemo attractant for these cells (Figure 8)  

 

 

 

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

 
Figure 8. Supernatant of irradiated 4T1 cells promotes cell invasion. Cells were irradiated with different doses (0, 

2, 5, 10 and 20 Gy) and the supernatant was collected, filtered and used as a conditioned media for the transwell 

migration assays. A defined number of 4T1 cells were placed on the upper well and the migrated cells, attached in 

the filter, were stained, counted and plotted.  

 

We also used different cell lines, in order to check if this was an effect for this specific cell 

line. As shown in Figure 9 all the different human cell lines used (Lung cancer cell line 

(A549), melanoma cell line (A375) and breast cancer cell line (MDA-MB-231)) were more 

invasive when the conditioned media was from irradiated cells, demonstrating that this was 

not a unique effect and both human and murine cell lines invasion was enhanced by 

irradiation. 

 

 
Figure 9. Different human cells lines were irradiated with a single dose of 20 Gy and the supernatant was 

collected filtered and use as a conditioned media for the transwell invasion assay. A defined number of the same 

cell line type was plated on the transwell. Membranes were stained after 24 hours. Chat indicates the total number 

of cell migrated for each condition. At the bottom the corresponding image from each membrane, which was used 

for counting and plotting. 

 

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

In order to check what was causing these differences in invasion we perform a cytokine array 

to check different cytokine expression. For that, we used a membrane-based array, from 

Raybiothec, where we could detect 62 cytokines at the time. As shown in figure 10 we used 

supernatant from 4T1 cells, irradiated from 0 to 20 Gy, for hybridization with the membranes 

containing the cytokines. We detect an overexpression of the granulocyte macrophage 

colony-stimulating factor (GM-CSF) in all the membranes hybridized with irradiated 

supernatant, demonstrating that this cytokine might be involved in the enhancement of cell 

invasion after irradiation (Figure 11). 

 

 
 

 
Figure 10. Film from the membranes hybridized with supernatant from 4T1 cells irradiated with either 0, 5, 10 and 

20 Gy and the corresponding map of the membranes at the bottom. 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 
Figure 11. Signal intensity quantification from films from figure 10. 

 

Previous to our in vivo experiments we perform a detection curve in order to see how many 

4T1-luciferase cells could be detected in vivo. As shown in figure 12, as few as 50 4T1-

luciferase cells could be imaged when injected ventrally while 250 cells were needed when 

injected dorsally. Thus we demonstrated that our system was really sensitive and therefore, 

very appropriate in order to detect the putative cell migration to the irradiated tumor. 
 

 

 

 
 
Figure 12. Different amount of 4T1-luciferase cells were injected either dorsally (left) or ventrally (right). Luciferin 

substrate was injected intraperitoneally and images were taken after 10 minutes. The photons detected from each 

cell dose were counted and plotted.  

 

 

When we performed our in-vivo experiments, we observed that ex-vivo BLI from unlabeled 

irradiated tumors showed greatly increased bioluminescence signals relative to unirradiated 

tumors, demonstrating that tumor self-seeding by CTCs derived from the luciferase-tagged 



	  	  	  	  	  	  	  	  	  	  	  

 
 

tumor was enhanced after irradiation (Figure 13). The quantification of the 

ex-vivo BLI images from 22 recipient irradiated tumors and 20 recipient non-

irradiated tumors showed that there is a statistical significant difference  using a logarithmic 

transformation and data analyzed by a t-test of the values. (P=0.0005083) (Figure 14) 

Thus we can conclude from this preclinical breast cancer model that irradiation of a tumor 

provokes an increase in self-seeding by CTCs coming either from other preexisting tumors.  

 

 

 
 

Figure 13. Self-seeding by CTCs is enhanced by irradiation. Ex-vivo imaging of 6 representative mice for each 

group. Non-irradiated recipient tumors on the top rectangle, acting as control, and irradiated recipient tumors on 

the bottom rectangle. 

 

 
Figure 14. Quantification of the released photons from figure 11. 

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

 

We also wanted to study when this enhancement in tumor self-seeding by CTCs was 

happening and if it was somehow related to the dose we used with a single radiation. 

We did a time-course, where 5 mice were sacrificed at 0, 5 and 10 days after the irradiation 

and we demonstrated that the difference in tumor self-seeding by labeled 4T1 CTCs was 

detectable by ex vivo BLI 10 days after the irradiation (in this case 20 Gy). Also we observed 

that this enhancement in self-seeding was a dose dependent effect (Figure 15).   
 

 
 

Figure 15. Self-seeding by CTCs is time and dose dependent. Quantification of photons detected during the ex-

vivo imaging of the recipient tumors either irradiated or not (left chart) or irradiated with different doses (right 

chart). 

 

In order to check if this effect was only due to CTCs coming from other preexisting tumors, 

we performed a different model by injecting cells after the irradiation in order to mimic a 

metastatic lesion (Figure 16). As shown in figure 16, most of the cells were retained in the 

lungs but after a few days and thanks to the ex-vivo BLI we could see an enhancement in 

self-seeding from the irradiated mice. 
 

 

 

 

 

 

 

 

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

 
 

Figure 16. Animal model to mimic metastatic lesions. Cells were injected intravenously throw the tail vein and 

imaged with BLI after some days. Ex-vivo BLI of the recipient tumors showed and increased signal coming from 

the irradiated one. 

 

 

Thus, we can conclude from this preclinical breast cancer model that irradiation of a tumor 

provokes an increase in self-seeding by CTCs coming either from metastatic lesions or other 

preexisting tumors. These findings should be considered in the context of clinical 

radiotherapy in order to achieve the optimal treatment outcomes in patients with significant 

levels of CTCs 
 

 

 

Publications and congresses 
 

-This work has been selected for an oral communication in the World Molecular Imaging 

Congress (WMIC) 2012 in Dublin, Ireland, 

-This work has been selected as one of the top abstracts for the WMIC 2012 in Dublin, 

Ireland 

-This work has been awarded with a travel award for the WMIC 2012. 

-This work has been selected for a poster presentation for the next coming Radiation 

Research Society (RSS) in Puerto Rico, US, 2012. 

-The paper from this work is now under preparation. 
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