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Results (continued) BACKGROUND & AIMS: Pancreatic cancer (PC) is a lethal malignancy with poor prognosis and 
a resistance to treatment. Cancer stem cells (CSCs) are a small subpopulation of tumor cells. 
Current research has largely focused on decreasing the number of CSCs, which are proposed to 
be more resistant to the present therapeutics. The resistance of pancreatic CSCs to 
chemotherapy has been shown; however, their response to radiation therapy has not been 
studied.  The goal of this study is to investigate the response of CSCs to radiation therapy and 
validate the differential subpopulation of cancer stem cells associated with radioresistance in PC.  
METHODS:  Radioresistance was induced in pancreatic cancer cell line (Panc1)  using fractional 
radiation from a Linear Accelerator. Radioresistance was confirmed in the cells through Colony 
Forming Assay (CFA) and survival of the cells relative to non-irradiated controls.  We also tested 
for CSC-associated markers through immunoblotting and qPCR experiments. A cell line (BXPC3) 
which failed to achieve enhanced radioresistance after treatment with fractionated radiation was 
used as a negative control. 
RESULTS: Induction of radioresistance was achievable in the Panc-1 cell line through exposure 
to multiple fractions of low-dose (2Gy) radiation. A decrease in CSC-associated marker 
expression was observed with induced radioresistance in Panc-1 cells by both immunoblotting 
and qPCR expression analysis. The inherent radioresistance of the BxPC3 cell line as compared 
to Panc-1 however was associated with increased CSC-associated marker expression at a 
protein levels.  
CONCLUSIONS: In the present study, we were able to successfully induce and confirm 
radioresistance in a PC cell line. We observed a decrease in expression of CSC-associated 
markers upon radioresistance induction. 

ABSTRACT Methods 

Introduction 
  Pancreatic cancer (PC) is a lethal cancer with an overall 5 year survival rate of less than 5%. 

The poor prognosis is caused by late diagnosis and tumor’s extreme resistance to treatment, 
including resistance to ionizing radiation.  

  Cancer Stem-like Cells (CSC) are a subpopulation of cells responsible for tumor initiation and 
formation.  
  They generally represent fewer than 5% of all cells in the tumor.  

  CSCs have three distinct features. 
 -They are able to renew themselves 
 -They are able to develop multiple progenies 
 -They proliferate extensively 

  It has been proposed that cancer stem cells resist conventional therapeutics and, thus, their 
study could affect treatment efficacy and patient prognosis. 

      -Current standard of care is chemotherapy with gemcitabine and 5FU for 1-3 rounds, 
then radiotherapy, then surgery if possible, then more chemotherapy with the 
same regiment. 

      -PC resistance: 9% of pancreatic cancer patients respond to 5FU,14-17% of patients 
respond to gemcitabine, and only 15-20% of the patients respond to 
radiotherapy. 

  Past studies have observed the resistance of pancreatic CSCs to chemotherapy and current 
research has focused on decreasing the number of cancer stem cells. However, the effect of 
radiation on pancreatic CSCs has not been studied.  Since the process of cell death may differ 
in response to chemotherapy and radiation therapy, it is important to consider the effects of both 
types of therapeutics. 

  Importantly, as CSCs are considered a minor population in the tumor and their resistance to 
radiation therapy is thought to be exploitable therapeutically (i.e. if you kill them you make the 
tumor more benign/more therapeutically manageable), it would be expected that the other cells 
would respond to therapy and that the tumor would shrink only to locally recur. 

  However, this response is not observed, indicating that either CSCs in PC are potentially not 
differentially more resistant or that non-CSCs are still resistant enough that targeting CSCs 
will not result in a significant increase in therapeutic efficacy.  

 The goal of this study is to see if radiation therapy differentially kills the non-CSC population, 
indicating the increased resistance of CSCs in PC to radiation therapy.  

Results 

Differential resistance to ionizing radiation in pancreatic cancer cells will correlate with the 
percentage of the cancer stem cell population. 

Hypothesis 
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Introduction of Radioresistance: 
          - Kill differentially sensitive PC cells, leaving the radiation resistant population 
          - IR (Ionizing radiation) – 2.73 Gy/min, using Linear Accelerator 
          - 10 fractions over 12 days (weekends off) 
                       ▪ 2 Gy/day 

Confirming Induced Radioresistance: 
          - Colony Forming Assay (CFA) 
          - Irradiate at 0 Gy, 1 Gy, 3 Gy, 5 Gy, 7 Gy 
          - Count colonies 14-21 days post IR 
          - Find relative survival (relative to non-irradiated control) 

Testing for CSC markers: 
          - Immunoblotting:  SHH, β-Catenin 
          - qPCR:  CD133, CD44 
          - All of the markers above are associated with CSCs and together hint at CSC population density 

Induced Radiation Resistance Results in Changes in Cancer Stem-Cell Associated Markers 

COLONY FORMING ASSAY (CFA) 

  Exposure of the Panc-1 cell line to fractionated radiation was able to successfully induce stably enhanced 
radioresistance, creating the Panc-1 RR cell line.  

  An enhancement ratio (Panc-1 RR/Panc-1) for 50% post-IR cellular survivability of 1.48 was 
observed 

  This increased resistance was observed across many passages on the Panc-1 RR cell line 
  Identical methods used in the BxPC3 cell line failed to induced further radioresistance.  
  The resultant BxPC3 cells exposed to fractionated radiation were termed BxPC3 IR and were used as a negative 

control for our experiments.  

Conclusions 
  Induction of enhanced radioresistance was successfully achieved though exposure to low-dose 

fractionated radiation. 

  Our results indicate that the populations with induced radiation resistance showed decreased expression 
of CSC markers, hinting at a decreased population density of CSCs. 

Future Directions 
  The results of this study regarding CSC population density and PC radioresistance are currently  

preliminary and must be confirmed through more direct experimentation. 

  Altered population density of CSCs in Panc-1 RR versus Panc-1 will be analyzed through Hoescht 
33342 dye experiments (commonly called Side-Populations, SP).  

  Subpopulation analysis of all four cell lines will also be performed to indicate alterations in the relative 
sizes of various CSC subpopulations. 

  Further, CSC enrichment of both BXPC3 and PANC-1 cell lines will be performed followed by IR CFA to 
directly determine the differential radiosensitivity of CSC populations from each cell line as compared to 
their non-CSC enriched counterparts 

Derived from American Society for Therapeutic Radiology and Oncology website 

IMMUNOBLOTTING 

▪ ALDH-1, β- Catenin, and SHH, all proteins known 
to be expressed at increased levels in CSCs as 
compared to their non-stem-like counterparts, were 
observed to be decreased in the radioresistant 
Panc-1 RR cells as compared to differentially 
radiosensitive Panc-1 cells.    

▪ Importantly, no difference in expression of any of 
these proteins was observed in BxPC3 IR as 
compared to BxPC3 by Western Blot. 

▪ These results indicate that CSC-associated markers 
decrease with increased radioresistance and is not 
an artifact of the assay used. 

▪ Of note, the BxPC3 cell line, which is naturally more 
radioresistant than Panc-1, showed higher protein 
levels of all tested markers than Panc-1, indicating 
that induced radioresistance may not follow the 
pattern set forth by naturally occurring 
radioresistance 

  CD44 and CD133 are cell surface markers strongly 
associated with CSCs 

  Upon qPCR analysis, both CD44 and CD133 
expressions were found to be significantly (p<0.05) 
lower in Panc-1 RR cells as compared to the Panc-1 
cell line 

  No difference was observed in the mRNA levels of 
either CD44 or CD133 in the BxPC3 IR cell line as 
compared to BxPC3 

  Interestingly, in contrast to the findings by 
Immunoblotting, both CSC-associated markers 
examined by qPCR were found to be lower in the 
BxPC3 cell line than in Panc-1  

  This observation was significant for 
CD44 (P<0.05) but not for CD133 

  Similar to the protein-level results, these observations 
indicate that a decrease in CSC-associated markers 
correlate with increased radioresistance.  

  Importantly, these observations also appear to hold 
true for both induced and natural radioresistance in PC 

    ALDH-1 

  β- Catenin 

           SHH 

       B-Actin 
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