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• Biologic heterogeneity of cancer confers a spectrum of radiation

responsiveness warranting radiation dose escalation for certain cancers.

• However, clinicopathologic propensity for extensive microscopic spread

negate strategies to reduce treatment volumes thus inhibiting safe dose

escalation.

• A major regulator of the ionizing radiation (IR) response is microRNA (miR

or miRNA) with the tumor and tumor microenvironment (TME)

• Critical function in cancer biology

• Regulate hundreds of genes in a gene network through differential

sequence complementarity.

• In this context, we hypothesized the influence of radiation dose escalation

on IR-mediated damage will be detectable through differential IR-induced

miRNA expression patterns.
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miRNAs elevated at higher dose of radiation exhibit 

similar cell viability as high dose RT alone
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6 Inhibition of miR-15a decreases tumor cell proliferation and tumor burden in vivo
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Figure 2. Schema of miRNA targeting of the tumor microenvironment through SMPD1

dysregulation. Bioinformatics analyses were applied to elucidate the potential role of miR-15a,

which putatively targets SMPD1, in the tumor endothelium.

Mice cohorts:

Radiation upon tumor growth to ~ 200 cc 

miRNA profiling using Nanostring nCounter miRGE ™

Elucidating Dose Phenomena among Whole Tumor

2 Gy 5 Gy 10 Gy

mmu-miR-873 1.43 2.72 3.45

mmu-miR-741 1.48 2.14 4.78

mmu-miR-29b 1.56 5.11 59.65

mmu-miR-1940 2.58 2.66 5.83

mmu-miR-670 -1.51 2.53 5.58

mmu-miR-29c -2.7 2.15 28.36

mmu-miR-152 -3.34 1.62 14.65

mmu-miR-103 -3.37 1.48 6.04

mmu-miR-99a -2.22 -1.38 22.17

mmu-miR-425 -2.28 -1.36 11.9

mmu-miR-28 -3.16 -2.05 8.71

mmu-miR-1944 -3.51 -3.97 25.76

mmu-miR-451 -7.74 -7.54 9

mmu-miR-129-3p -7.8 -13.93 -3.85

mmu-miR-704 -5.72 -12.79 -4.92

mmu-miR-1929 -4.92 -3.68 -2.55

Fold change relative to control non-irradiated tumor | Red indicates increase miR; Green indicates decreased miR

miRs increased with 

increase in RT dose

miRs increased at 

dose 5 Gy or higher

miRs increased at 

dose 10 Gy

miRs decreased at 

all dose levels There were no miRs increased at 2 Gy and 5 Gy AND decreased at 10 Gy

There were no miRs increased at 2 Gy AND decreased at 5 Gy and 10 Gy

Data processing via nSolver 3.0:
1) Background subtraction of negative controls

2) Counts normalized to GAPDH, Actb, Rlp19

housekeeping genes

3) Fold change calculated relative to 0 Gy

miRNA selection literature review:
1) miR in relation to CRC

2) miR in relation to radiation

3) Gray cells indicate minimal to no literature

associated with miR

4) Blue cells indicate the currently studied lab miRs

Table 1. miRNA expression in CT-26 xenografts (as described earlier) post-radiation at 6 h

Figure 3. Transfection of miRNAs

induced at higher dose of radiation

decreased cell viability to a magnitude

similar to high dose radiation alone. CT-

26 cells were transfected with the

respective miRNA mimics and

compared to a control mimic and/or

non-transfected sample. 24h after

transfection, cells were irradiated with

either a 2 Gy or 10 Gy dose in a single

fraction. 48h post radiation

proliferation was measured using a

luciferase based cell titer glo. Bars

indicate means ± SEM of 3 technical

replicate wells. One of at least two

independent experiments is shown.

Figure 4. miRNA candidates targeting SMPD1 exhibit radiation dose-dependent

differential expression at 6h post-IR in HUVECS.. Fold changes are indicated in

colored cells relative to expression of the respective miRNA in non-irradiated

samples. Red = increased expression. Green = decreased expression.

miRNAs targeting SMPD1 exhibit 

radiation dose-dependent differential 

expression in HUVECS

Figure 5: A .miR-15a expression 18 h post radiation in control HUVECS. B. SMPD1 mRNA is

downregulated by miR-15a in HUVECs. Fold change for miR-15a and SMPD1 in both figures is

relative to control non-irradiated HUVEC <0.01, ***p<0.0001 per post-ANOVA Dunnett’s

multiple comparison test.

miR-15a prevents SMPD1 expression in HUVECS4
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Figure 6. A. HUVECs were transfected with either a control negative inhibitor or a miR-15a inhibitor.

24h after transfection, cells were irradiated with either a 2 Gy or 10 Gy dose in a single fraction. 48h

post radiation proliferation (A) or cell death (B) was measured using a luciferase based cell titer glo

(A) assay or Caspase 3 & 7 CasGlo assay. Bars indicate means± SEM of 3 technical replicate wells.

One of at least two independent experiments is shown.

miR-15a inhibition decreases EC 

proliferation  and viability
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Figure 6: A. Cell titer glo assay as described in Figure 6.. Inhibition of miR-15a decreases cellular viability of HCT-116 colorectal cancer cells. B. Inhibition of miR-15a decreased cellular viability of

CT-26 colorectal cancer cells Bars indicate means± SEM of 3 technical replicate wells. One of at least two independent experiments is shown. C. CT26 tumors were implanted subcutaneously

in Balb/C mice (N=5 mice per group, two tumors per mouse). Once tumors reached 100 mm3 volume, mice were randomly assigned to either a negative control inhibitor group or a miR-15a

inhibitor (20mg/kg, i.v. in PBS). Mice were treated every two days for a total of three treatments. . ***p<0.01; ANOVA on the day 7 tumor volumes.
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Day 0 Day 1 Day 3 Day 7

Negative inhibitor 113.6 208.9 406.1 737.4

miR-15a inhibitor 102.1 122.5 304.9 456.6
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Targeting the Tumor Vasculature

 CRC and vasculature exhibits differential radiation dose-dependent 

miRNA expression 

 miRNAs can be modulated to mimic a high radiation dose environment 

 Ongoing efforts include mechanistic elucidation of additional 

downstream target effectors of miR-15a inhibition and targeted delivery 

of miR-15a through endothelial selective 7C1 nanoparticles and 

nanophosphors
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Figure 1. We utilized a murine implantation model of CT26 colorectal adenocarcinoma

subcutaneous flank xenografts in syngeneic BALB/c mice. Mice received either no irradiation, 2

Gy, 5 Gy, or 10 Gy single dose Cs-137 flank irradiation assisted through lead shielding. At 6 hour

post-IR, tumors were harvested. We used the Nanostring miR profiling platform and obtained

absolute counts for 600 mouse miRs. Nanostring nSolver software was used for data

normalization and analysis.


