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Radiation therapy is a primary form of cancer treatment, but agents that successfully 

modify the radiation response in vivo are lacking1. MicroRNAs (miRNAs) are global gene 

regulators that play critical roles in oncogenesis2. However, there is poor understanding of 

how cellular microRNA expression impacts a cancerÕs response to cytotoxic therapy and 

ultimately outcome. The let-7 family of miRNAs regulate expression of oncogenes, such a s 

RAS, and are specifically down-regulated in many cancer subtypes3. In fact, low levels of 

let-7 predict a poor outcome in lung cancer4,  5. Here we report that the let-7 family miRNAs 

are over-represented in a class of miRNAs exhibiting altered expression in response to 

radiation. We also find that a radiosensitive state is created when select let-7 family 

miRNAs are over-expressed in vitro in lung cancer cells and in vivo in a C. elegans model of 

radiation induced cell death, while their decrease causes radioresistance. In C. elegans, this 

is partly through control of the proto-oncogene homolog let-60/RAS. These findings 

support the hypothesis that m icroRNAs can suppress radiation resistance, a common 

feature of cancer cells, and suggest that microRNAs may be a viable tool to  augment 

current cancer therapies. 

time points. Since there was only one sample for each time point, they used repeating probe sets 

of the arrays to have constructed "groups" that were needed for ANOVA analysis. 

Clonogenic assays 

A549 cells were transfected with 90nM of the pre-let-7 or control pre-miR. Several transfection 

methods with different carriers were evaluated to compare toxicity versus efficiency, as 

measured by a luciferase reporter construct sensitive to let-7 levels (luc fused to the NRAS 

3ÕUTR), and we chose the method with the least toxicity and most efficient transfection (X-

tremeGENE, Roche, data not shown). Twenty-four hours after transfection cells were treated 

with increasing doses of radiation and then plated at different dilutions and grown without being 

disturbed. Colonies were counted after two weeks. 

C. elegans work 

Methods for culturing, handling and genetic manipulation of C. elegans were as described by 

Brenner 26 unless otherwise indicated. The animals referred to here as wild-type C. elegans 

correspond to the Bristol strain N2. Strains used in this study were obtained from the C. elegans 

Genetics Center (CGC) unless otherwise noted. let-7 over-expressing strains were generated as 

described3, 9, 25 . For synchronization, gravid hermaphrodites were treated as previously 

described21 . Isolated embryos were treated with radiation as previously described 21. While the 

doses in these studies may appear high, when accounting for DNA size using the target theory 

they were comparable to human doses21 . Animals were anesthetized with 5 mM Levamisole 

HCl, placed onto 2% agarose pads and examined using 40x Nomarski optics. All data points 

were normalized to their 0 Gy data point to rule out any vulval defects independent of 

irradiation. Dose response curves were generated at the first S-phase radioresistance peak 

[determined as previously described21] by dividing synchronized C. elegans populations into 
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individual feeding plates and treating each dose point sequentially, with a start and an end same-

dose control sample. For each dose, a minimum of 100 animals were treated and scored per 

experiment, and experiments were repeated 2-4 times.  

 For RNAi after synchronization animals were placed on plates with the appropriate 

bacterial strain containing the plasmid that over-expresses ds RNA from the gene of interest and 

grown until appropriate time for radiation. After irradiation animals were placed on plates with 

the same bacterial strain and grown until phenotypic analysis.  

 For statistical analysis each of the mutant strains were compared against the wild type 

using a stratified two-sample Wilcoxon rank sum test. Stratified t-tests were performed to 

analyze significance for all cases. The p-value was based on a two-tailed evaluation of the data 

and is shown in the figures.  

Methods: 

MiRNA microarrays 

Total RNA was collected from cells using the mirVana kit from Ambion (per manufacturerÕs 

instructions). A total of 10ug was used for microRNA microarray by LC Sciences. To confirm 

the quality of the RNA a UV test was performed and the samples were enriched for miRNAs by 

using a cut-off filter (um100 from microcon-modified procedure). The microRNAs were then 

labeled and hybridized to a microarray chip with multiple repeat regions and a miRNA probe 

region, which detects miRNA transcripts listed in Sanger miRBase release 8.2. This consists of 

440 human miRNA sequences. Multiple control probes were included in each chip. The control 

probes were used for quality controls of chip production, sample labeling and assay conditions. 

For the in-depth data analysis of our time-point experiments, LC Sciences performed multi-array 

normalization, ANOVA (Analysis of Var iance), and clustering analysis. The ANOVA and 

clustering analysis were performed on ratio data of individual arrays (with the multi-array 

normalization) instead of the often used intensity data of individual samples.  They found this 

necessary in order to reveal the rather small miRNA variations among the samples of different 

time points. Since there was only one sample for each time point, they used repeating probe sets 

of the arrays to have constructed "groups" that were needed for ANOVA analysis. 

Clonogenic assays 

A549 cells were transfected with 90nM of the pre-let-7 or control pre-miR. Several transfection 

methods with different carriers were evaluated to compare toxicity versus efficiency, as 

measured by a luciferase reporter construct sensitive to let-7 levels (luc fused to the NRAS 

3ÕUTR), and we chose the method with the least toxicity and most efficient transfection (X-

tremeGENE, Roche, data not shown). Twenty-four hours after transfection cells were treated 
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Figure 3: Manipulating miRNA levels alters the radiation response in A549 cells. A. Over-

expression of let-7b causes significant radiosensitization. A549 cells were transfected with pre-

let-7b and irradiated 24 hours later with 2.0, 4.0 or 6.0 Gy and then analyzed by clonogenic 

assay. Results are depicted as dose response curves. B. Over-expression of let-7g causes 

significant radioprotection in A549 cells. Cells were transfected and irradiated as described 

above. C. Decreasing let-7b causes significant radioprotection in A549 cells. Cells were 

transfected with anti-let-7b. D. Decreas ing let-7g causes significant radiosensitivity in A549 

cells. Cells were transfected with anti-let-7g and treated as described above. Error bars represent 

s.d. 
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Figure 1: The pattern of miRNA changes post-irradiation is conserved between cancerous 

and normal epithelial cell lines. Samples were treated under identical conditions with 2.5 Gray 

of radiation and miRNA was collected before treatment, 2, 8 and 24 hours after treatment and 

analyzed using a miRNA microarray.  
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Figure 2: Relative levels of the let-7 microRNAs change significantly post-irradiation. A. 

MicroRNA microarrays were performed on total RNA collected from irradiated A549 cells 

before and 2, 8 and 24 hours post 2.5 Gray (Gy). The level of each member of the let-7 family 

changed significantly over this time. B. Levels of let-7 microRNAs post-irradiation in a normal 

lung epithelial line, CRL2741. C. Real-time PCR results of let-7a, let-7b and let-7g from a 

separate A549 experiment and two additional lung cancer cell lines (A427, carcinoma; H441, 

adenocarcinoma) confirm that let-7a and let-7b levels are reduced and let-7g levels are increased 

post-irradiation. Figures depict the ratio of let-7 levels with the unirradiated 0 t ime point as the 

baseline and error bars represent s.d. 

CONCLUSIONS

- MicroRNA expression levels are altered post-irradiation

- The let-7 family of microRNAs are signi�cantly decreased post-irradiation 
  in lung tissue

- Altering let-7 levels in vitro and in a in vivo model of radiation induced cell
  death impacts radiation resistance

- DNA damage response/cell cycle genes targeted by let-7 appear to play 
  a role in the radiation resistance seen with loss of let-7

- MicroRNA manipulation may be a meaningful route to alter cell survival
  post-cytotoxic therapy
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Figure 6: RNA i nterference against let-7 targets reverses the radiation resistant phenotype. 

A. A depiction of how RNAi works in C. elegans. Embryos are placed on bacteria containing a 

plasmid over-expressing the gene of interest, resulting in knock-down of the gene of interest for 

that generation of animals.  Radiation is delivered at the previously defined appropriate point in 

the animalÕs life cycle to result in the radiation phenotype. B. RNAi for let-7 targets leads to 

reversal of the radiation resistant phenotype of the mir-84 (KO) strain. Results are normalized to 

mir-84 and error bars represent s.d. 
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FIGURE 6

Figure 4.  Top Panel. Increased RAS protein levels post-radiation treatment corresponding to decreased let-7

 levels in A549 cells. A, top, western blot analysis of RASprotein at 0, 2, 8, and 24 hours after radiation treatment. 

Bottom, ACTIN loading control. B,quantification of relative RAS protein levels normalized to ACTIN at 0, 2, 8, 

and 24 hours postradiation treatment. Bottom Panel. Increased levels of FANCD2 protein corresponding to 

decreased let-7 levels post-radiation treatment in A549 cells. A, top, the previous blot was stripped and probed
 
for FANCD2 protein. Levels are shown at 0, 2, 8, and 24 hours after radiation treatment. Bottom, ACTIN loading
 
control. B, quantification of relative FANCD2 protein levels normalized to ACTIN at 0, 2, 8, and 24 hours after
 
radiation treatment.
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FIGURE 4

Figure :  Manipulating miRNA levels alters the radiation response in C. elegans. A. Over-

expression of let-7 and its homologue mir-84 causes radiosensitization in a C. elegans radiation 

model. Results are depicted as dose response curves on the x-axis and percent wild-type vulvas 

on the y-axis. P values are listed next to the curves they represent compared to wild-type 

animals. B. Loss of the let-7 homologues, mir-84, mir-48    causes  radiation resistance in VPCs. 

P value represents all the mir= strains compared to wild-type animals. Error bars represent s.d.

FIGURE 5


