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Objective and Hypothesis 
Investigate the therapeutic potential of NRAS-targeted 
therapy in the human MLL-AF9 and NRASG12V-driven 
AML cell line THP-1 using shRNA and small molecule 
inhibitors. 
We hypothesize that inhibition of NRAS using shRNA and 
inhibition of PI3K/AKT/mTOR and RAF/MEK/ERK 
pathways using small molecule inhibitors will lead to 
leukemic cell death.  

 

Future Directions 
• Use different shRNAs to target NRAS 
• Verify inhibitor targets by Western blotting (ERK,        

s6 kinase, Akt) 
• Different ratios of AZD6244 and BEZ235 to improve 

combination index 
• MTS assays in other human AML cell lines 
• Translate into in vivo mouse model 

 

• Acute Myeloid Leukemia (AML) 
 Genetic mutations that promote proliferation and 

prevent normal maturation of myeloid precursor cells 
 Accumulation of immature myeloid cells 
 12,000 new cases per year in the United States 

• Current AML Treatment 
 50-80% remission in adults when treated with 

aggressive, multi-agent chemotherapy 
 Large proportion relapse with treatment-refractory 

disease 
 Genetically based, targeted therapies not yet realized 

• NRAS Mutation in AML 
 Mutated in about 20% of cases 
 Studied in genetically engineered mouse model with 

constitutively active NRASG12V and MLL-AF9 fusion 
gene1 

 Inhibition of NRAS in mouse model results in leukemic 
cell death1 

 NRAS signaling may represent an ideal therapeutic 
target for the treatment of AML 
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AZD5244, PI-103, and BEZ235 

are Effective Alone 
Inhibitor Target(s) IC50 (μM) 

PD0325901 MEK 15 

AZD6244 MEK 2.9 

RAD001 mTOR > 1 mM 

rapamycin mTOR > 1 mM 

PI-103 PI3K/mTOR 1.2 

BEZ235 PI3K/mTOR 0.11 

Combination Targets CI50 

rapamycin, AZD6244 mTOR, MEK > 1 

Rad001,AZD6244 mTOR, MEK < 0.5 

PI-103, AZD6244 (3:1) PI3K/mTOR, MEK 0.525 

BEZ235, AZD6244 (1:256) PI3K/mTOR, MEK 0.77 

RAD001, PI-103, and BEZ235  

Exhibit Synergy with AZD6244 

Methods 
shRNA 
• TRIPZ lentiviral inducible shRNA against NRAS 
• Transduce THP-1 cells 
• Fluorescent microscopy to analyze shRNA expression 
• Western blot to analyze NRAS expression  

 
 
Small Molecules Inhibitors 
• Target two of the key mediator pathways of NRAS 

signaling – phosphatidylinositol 3-kinases 
(PI3K)/AKT/mTOR, and RAF/MEK/ERK 

• MTS drug assays with single drugs and combinations of 
drugs 

• Analyze drug combination with CalcuSyn to determine 
if drugs are antagonistic, additive, or synergistic 

• Western blots to verify target inhibition 

 

Inhibition of MEK, mTOR, and PI3K Leads to Leukemic Cell Death 
Figure 3. THP1 MTS Proliferation/ Survival Assay. (A) A 
96 well plate was set up with THP-1 cells in a serial 
dilution of drug(s) in columns 3-12. Column 1 was as a 
medium only control and column 2 was a cell and 
medium only control (no drug). Cells were cultured for 
3-4 days and then MTS was added. The MTS reagent 
was converted to a formazan dye in the presence of 
mitochondrial reductase, so dye production was greater 
in wells containing more cells. The absorbance of each 
well was read, which correlates to the cell 
concentration. (B) A dose response curve was generated 
for each drug by plotting effect size versus drug 
concentration. Effect size is a measure of the number of 
cells, with 100% being the medium only control. Error 
bars represent standard deviation. For all graphs (except 
BEZ235, AZD6244, and PD0325901) n=4, for BEZ235 
n=6, and for AZD6244 and PD0325901 n=2. 
 

Figure 1. Targets of shRNA and small molecule inhibitors. We directly targeted NRAS using 
shRNA. The two key mediator pathways of Ras signaling (phosphoinositol-3 kinase/Akt/mTOR 
and Raf/MEK/ERK) were inhibited using small molecule inhibitors. Drugs that targeted both of 
these pathways were used alone and in combination. All of the small molecule inhibitors, 
except PI-103, are currently approved for clinical use or are in clinical trials.  
 

Table 1. Half maximal inhibitor 
concentrations (IC50). IC50’s were 
determined from dose response 
curves generated from MTS survival/ 
proliferation assays. The IC50 
corresponds to the drug 
concentration at which 50% of the 
cells die.  
 

 Table 2. Combination Indicies. The program CalcuSyn was used to determine the 
combination index (CI50) at the drug concentration ratio that produced a 50% effect. The 
drugs are antagonistic if the CI is greater than 1, additive if it is 1, and synergistic if it is less 
than 1. Rapamycin was used at a constant dose of 20 nm and RAD001 was used at a constant 
does of 200 nm, which correspond to the maximum doses that can be used in vivo.  
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AZD6244 Targets MEK 

Figure 4. Drug target verification by Western blotting. Cells were cultured 
without drug, with RAD001 alone (0.2μM), AZD6244 alone (2.85 μM), or a 
combination of RAD001 (0.2μM) and AZD6244 (0.78 μM) for three days. Protein 
was isolated from cells on days 0, 1 and 3. Western blotting was used to 
determine if inhibitors were targeting the expected proteins. AZD6244 inhibits 
MEK from phosphorylating ERK. The phosphorylated form of ERK (pERK) would 
not be expected to be present in cells treated with AZD6244. Total ERK was used 
as a loading control. Data is representative of two experiments.  
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Figure 2. Attempted inhibition of NRAS using TRIPZ lentiviral 
inducible shRNA. THP-1 cells were incubated with the TRIPZ 
lentivirus containing inducible shRNA against NRAS(NRAS.1). A 
TRIPZ lentivirus containing a non-silencing (NSctl) sequence was 
used as a control. The virus contained shRNA and red 
fluroescent protein under the control of a doxycyclin inducible 
promoter and a puromycin resistance gene. Cells that were 
successfully transduced were selected for with puromycin. 
Expression of shRNA and red fluorescent protein was induced 
by culturing the cells in the presence of doxycycline (dox) for 6 
days. (A) Fluorescent microscopy was used to determine if the 
shRNA was expressed on days 1, 2, 4, and 6 of doxycycline 
treatment. Day 1 images are representative of days 2, 4, and 6. 
(B)Protein was isolated from NRAS.1 and NSctl cells on days 0,  
1, 2,4, and 6 and Western blotting was used to analyze NRAS 
expression.   

TRIPZ Lentiviral Inducible shRNA against NRAS 
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Conclusions  
• mTOR inhibitors (RAD001 and rapamycin) alone are 

not effective at killing AML cells 
• BEZ235, RAD001, and PI-103 show synergy with 

AZD6244 
• Dual inhibition of PI3K/Akt/mTOR and Raf/MEK/ERK 

pathways increased leukemic cell death compared to 
inhibition of just one of these pathways 

• Inhibition of PI3K/Akt/mTOR and Raf/MEK/ERK 
pathways may be an effective therapy to treat AML in 
other systems 


