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Results

Introduction Methods 
1. Cultured NRAS-mutant A375 melanoma cells that harbor

BRAF mutation were transferred to 6 well plates (100,000

cells per well).

2. The cells were treated with E3330 ,.17-AAG,.combination

of E3330.and/17-AAG,.DMSO (vehicle control),.or H2O2

(positive control) to induce comet tails.

3. After 24 hours of treatment, the cells were harvested.

4. The comet assay was performed on the samples.

5. Samples were stained with DAPI and Fluorescent images

were taken using the EVOS imaging system fluorescence

microscope.

6. Analysis was performed using OpenComet an ImageJ

plugin.

Results (Cont.) 
50% of all melanoma cases (132,000 per year) have the V-RAF murine sarcoma

viral oncogene homolog B1 (BRAF) mutation, and of those cases, 20% will

develop the co-mutation Neuroblastoma RAS viral oncogene homolog (NRAS)1, 2.

BRAF and NRAS mutations lead to cell survival through the overexpression of

the mitogen-activated protein kinases (MAPK) pathway (Figure 1). Current

treatments used for BRAF-mutant melanoma utilize BRAF inhibitors such as

dabrafenib and vemurafenib; however, the NRAS co-mutation leads to resistance

as result of alternative activation of the MAPK pathway1. Currently, there is a

need for therapies that circumvent this resistance in NRAS-mutant melanoma in

order to improve patient survival.

Heat Shock Protein 90 (HSP90) and Apurinic/apyrimidinic endonuclease 1

(APE1) are pivotal to malignant cell viability3, 4. HSP90 performs this function by

chaperoning proteins key to pro-survival responses, protecting them from

destabilization in oxidative stress, and polarizing the mitochondria leading to

reduced production of reactive oxygen species (ROS)4. On the other hand, APE1

downregulates ROS and initiates DNA repair mechanisms that aid in repairing

DNA damaged by ROS3. Due to increased metabolism in malignant cells, ROS is

elevated; excessive ROS can result in damage to cell membranes, proteins, and

DNA5. Single-agent use of the drugs 17-AAG (HSP90 inhibitor) and E3330

(APE1 inhibitor) have been shown to disrupt the MAPK pathway, which can

result in apoptosis (Figure 1)3, 4. We have observed combined use of these drugs

has resulted in synergistic cell death. We hypothesize that the use of 17-AAG

and E3330 will result in a synergistic increase in DNA damage as a result of

HSP90 inhibition depolarizing mitochondria leading to increased ROS and a

decrease in DNA repair inhibition through APE1. This can be quantified by using

the comet assay technique, a gel electrophoresis-based DNA damage assay. We

should observe longer comet tail lengths in combination treatments than the

single-agent treatments, thus signifying greater damage.

Figure 1| BRAF and NRAS interactions

in the MAPK pathway. NRAS mutation

activates MAPK through the expression of

RAF proto-oncogene serine/threonine-

protein kinase (CRAF). 17-AAG (HSP90

inhibitor) and E3330 (APE1 inhibitor) have

been shown to disrupt protein chaperone

and DNA repair mechanisms, respectively.
Conclusion 

Figure 3| Tail moment analysis of comet assay images after 24 hour treatments. Tail

moment quantifies DNA damage as a product of tail length and %DNA in the tail. Larger tail

moments indicate more DNA damage (n=2). Error bars represent 95% confidence. No

significant difference was observed.

Figure 2| Comet assay image analysis of 24 hours treatment groups.

DMSO was 0.2% (v/v) concentration. Image of the comets as observed by a

fluorescent microscope based on treatment groups (n=2).

Currently, this current investigation is inconclusive and more work must be

completed. However, data suggest there is an elevated amount of DNA

damage seen in the single-agent treatment of E3330, but no statistical

significance was observed. In the future, the cells treated for 24 hours with UT,

DMSO, H2O2 positive control, 17-AAG, E3330, and the combination will be

repeated in triplicate using an improved comet assay protocol. The

improvements resolve failed attempts that resulted from complications with the

gel not remaining stable throughout the process by dehydrating the first layer

of agarose on the slide 24 hours before the assay. In addition, the same

conditions of UT, DMSO, H2O2 positive control, 17-AAG, E3330, and the

combination will be completed for both 2D cell cultures and 3D spheroids for

all time points of 24, 36, 48, and 72 hours. After these conditions have been

completed in triplicate and tail moments are analyzed, the study can be

concluded.
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