
Introduction 
Neuroblastomas are considered neoplasms that generally

develop in young children due to the overgrowth of neuroblasts.
Because neuroblastoma cells are capable of differentiation and
proliferation, they are essentially the perfect testing system for cancer cell
development. In many instances, neuroblastomas will require some
form of treatment such as chemotherapy, radiation therapy,
immunotherapy, surgery, stem cell transplants, etc. Few natural
treatments have been tested regarding neuroblastomas, including a
flavonoid called Quercetin (Figure 2). Quercetin (Qu) has been
deemed by researchers as a potential treatment and preventative
for various conditions including COVID-19, cancer, cardiovascular
disease, osteoporosis, neurodegenerative disorders, among others.
Primarily known for its antioxidant effects, Qu also produces anti-
inflammatory, antiviral, and anti-carcinogenic effects within the body.
The substance can be found in certain foods such as berries, kale,
onions, apples, capers, etc., or as a dietary supplement in the form
of a capsule or powder. Despite quercetin’s rising popularity,
speculation exists regarding its effects on cancer. However, such
speculation can be attributed to a lack of clinical trials since other
studies have shown promising results concerning the substance’s
antioxidant and anti-cancer effects.

Quercetin is classified as being pro-apoptotic with the ability to
inhibit certain cancer cell lines. Cancer often produces epigenetic
changes, and some studies have suggested that Qu hinders these
changes through chromatin remodeling (Gibellini et al., 2011).
Regarding the cancer cascade itself, Murine Double Minute 2
(MDM2) is an oncogene that is considered a p53 target gene.
Improper functioning of MDM2 can lead to the dysregulation of p53
which can, and most likely will, lead to tumorigenesis (Zhao et al.,
2014). MDM2 is frequently overexpressed in many malignancies,
such as neuroblastomas, which is indicative of its significance and
utilization by cancer cells (Nag et al., 2014). Depending on the type
of cancer, quercetin may have the ability to affect the expression of
MDM2, thus slowing the progression of cancer. However, there are
no significant studies that neither confirm nor deny this
characteristic ability of quercetin. There is some speculation that
quercetin promotes apoptosis through other mechanisms including
the release of cytochrome c, caspase activation, interference with
mitochondria, etc. (Jeong et al., 2009). In terms of quercetin
induced cell cycle arrest, studies have shown that Qu binds to
numerous protein regulators and arrests cancer cell proliferation in
certain cell cycle phases including G1, G1/S, and G2/M (Rather &
Bhagat, 2020). While there are various theories on how Qu affects
the cancer cascade, none are determinative as these theories are
not yet fully understood. This study aims to bridge the gap between
quercetin and its effect on human neuroblastoma cells in relation to
MDM2 expression.

The neuroblastoma cells originating from the SK-N-SH cell line were
fed and split using typical cell culture techniques. Various
concentrations of quercetin were generated in order to treat the
neuroblastoma cells, including 0μM, 10, μM, 50 μM, 100 μM, and
200μM. The cells were then split into a 6-well plate and treated with
their respective quercetin concentration for 24 hours. After the
treatment, the media was removed, and the cells were rinsed with
Dulbecco’s Phosphate Buffered Saline (D-PBS), 1X. The cells were
then lysed using RIPA Buffer, and the remaining proteins were
extracted into their designated microcentrifuge tubes and frozen.

Typical protein assay techniques were then used to obtain the protein
concentrations within the samples. Standard Gel Electrophoresis
techniques were then used in order to separate the proteins based on
their size. Lastly, standard Western Blotting techniques were used to
transfer the target protein and detect it using specific antibodies. The
Anti-MDM2 Antibody served as the primary antibody, while the
Mouse-IgG Binding Protein Conjugated to HRP served as the
secondary. The conjugated enzyme, horseradish peroxidase, allowed
for visualization of the Western Blot.

Because quercetin has been suggested to inhibit certain cancer cell
lines, we expected to see some cytotoxicity occur in the human
neuroblastoma cells. Based on Figure 1., the Western Blot appears
as though quercetin, at 50 μM, seems to be effective in treating the
human neuroblastoma cells. The Western Blot for the 100 μM and
200 μM concentrations of Qu was too insufficient to quantify due to
variation between the blots. However, it appears as though MDM2
expression remained increased at concentrations above 50 μM of
Quercetin, indicating cytotoxic effect upon the human neuroblastoma
cells.

Figure 1. Western Blot depicting 0 μM , 10 μM , and 50 μM concentrations of 
quercetin in relation to MDM2 expression in neuroblastoma cells. 

Figure 2. The chemical structure of quercetin.
Retrieved from: https://pubchem.ncbi.nlm.nih.gov/compound/Quercetin

The expression of MDM2 at 50 μM more than doubled (2.38) when
compared to the 0 μM which served as the standard control (Figure
3). However, the expression of MDM2 at 10 μM was 1.06, indicating
little change when compared to the standard control. With these
results, we can infer that cytotoxicity may occur between 10 μM and
50 μM.

Figure 3. Western Blot data comparing the specific Quercetin concentrations
and the expression of MDM2 relative to the control (0 μM).

In order to fully accept these findings, data replication via additional
research trials is needed. Additionally, appropriate statistical tests,
including a one-way ANOVA post-hoc test, need to be performed for
statistical confidence and analysis. Lastly, actin was not quantified
and GAPDH was not a loading control.
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Results 

Discussion
Through the Western Blot data of this research study, we can
recognize that quercetin, a natural supplement, may have some
effect on neuroblastoma cells in relation to MDM2 expression. While
the Western Blot of the 100 μM and 200 μM concentrations of
quercetin was deemed insufficient due to too much variation between
the two blots, we do see that MDM2 expression remained increased
with those concentrations, which possibly indicates quercetin’s ability
to promote apoptosis and inhibit this cell line. Because there was little
change between the 0 μM and 10 μM concentrations of Qu, we can
theorize that quercetin’s cytotoxic effect on human neuroblastoma
cells of the SK-N-SH cell line begins somewhere between 10 μM and
50 μM. However, further testing is needed to confirm this theory.

Should further research and testing occur, quercetin may become a
more preferred treatment for neuroblastomas as opposed to more
harsh and invasive treatments such as chemotherapy,
immunotherapy, and surgery. Understanding quercetin and its
abilities may also allow for the development of it as a regulated
treatment for other diseases such as cardiovascular disease,
osteoporosis, neurodegenerative disorders, among others.


