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ABSTRACT: Cancer remains one of the leading causes of death worldwide. Genetic mutations promote uncontrolled cell
proliferation and survival, leading to tumor development. The epidermal growth factor receptor (EGFR) and the dopamine
D2 receptor (DRD2) are two receptors that are critical for tumor growth and metastasis. This study aimed to evaluate the
potential of three naturally derived compounds, corosolic acid, artemisinin, and taxifolin, as alternative agents to inhibit EGFR
and DRD?2 signaling pathways and potentially exhibit anticancer effects. Molecular docking analysis was conducted using PyRx
and AlphaFold to determine binding affinities between the compounds. Docking results revealed relatively strong receptor-ligand
interactions between all combinations of chemicals and receptors. Additionally, MTT assays were used to assess cell viability
in the COLO320, U937, HTB-11, and SK-MEL-28 cancer cell lines. MTT assay results showed that all three compounds
significantly reduced cell viability in a time-dependent manner, with greater reductions after 84 hours compared to 24 hours.
Overall, the findings suggest that corosolic acid, artemisinin, and taxifolin exhibit promising anticancer potential through the dual
targeting of EGFR and DRD2. These results provide a foundation for future research to improve current cancer treatments and
discover drug therapies for different types of cancer.
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Molecular docking and MT'T assay.

B Introduction

General Cancer:

In 2022, there were 9.7 million cancer-related deaths and 20
million new cases worldwide, making cancer one of the leading
causes of death.™? It is anticipated that there will be 35 million
new cases of cancer by 2050." Of the hundreds of forms of
cancer, in adults, the most commonly diagnosed types include
breast cancer, colorectal cancer, and lung cancer.? Some other
common forms include melanoma and leukemia.! In terms of
childhood cancers, leukemia is most common in children, and
neuroblastoma is most common in babies."” There is a height-
ened risk of cancer development associated with factors such
as advanced age, detrimental behaviors including smoking and
excessive alcohol intake, physical inactivity, and additional vari-
ables. This underscores the importance of sustaining healthy
habits and a lifestyle to mitigate cancer risk.?

Cancer cells arise when normal, healthy cells fail to respond
to cellular signals that regulate cell-cycle homeostasis, leading
to uncontrolled proliferation. Cancer cells can also develop
from genetic mutations in DNA sequences that affect gene ex-
pression and protein production.®*

Roles of EGFR and DRD2 in Cancer:

EGFR:

Epidermal growth factor receptors (EGFRs) are transmem-
brane glycoproteins that are a subclass of receptor tyrosine
kinase (RTK). They bind to transmembrane epidermal growth
factors (EGFs) and related growth factors, thereby regulat-

ing cell growth, division, survival, migration, and metabolism.

When an EGFR ligand binds to the receptor, it initiates phos-
phorylation, a signaling pathway in which the kinase enzyme
moves phosphate groups from ATP to other molecules.” The
result of phosphorylation can either activate or deactivate mol-
ecules, impacting cell proliferation, signaling, and growth.>”
However, mutations in the EGFR gene often lead to EGFR
overexpression and the development of cancer cells. EGFR
signaling pathways regulate cell growth and proliferation,
and overexpression of the receptor in these pathways leads
to uncontrolled cell division.®® In non-small-cell lung cancer
(NSCLC), which makes up 80-85% of lung cancer diagnoses,
43-89% of the cases result from EGFR mutations.”® EGFR
overexpression is also commonly observed in several other can-
cer types. For instance, 60-80% of colorectal cancer tumors
exhibit EGFR overexpression.® In neuroblastoma, heightened
EGFR levels promote tumorigenesis and aggressive tumor
behavior.® In leukemia, elevated EGFR expression is associ-
ated with poor prognosis, and in melanoma, increased EGFR
expression is linked to the progression of melanocytic cells.®
These various forms of cancer will serve as the center of focus

of this paper.

EGFR Inbibitors:

Current EGFR inhibitors include two groups of drugs: ty-
rosine kinase inhibitors (TKIs), which are small molecules that
competitively bind to the intracellular catalytic site of EGFR,
and monoclonal antibodies (mAbs), which block receptor
dimerization and phosphorylation.®! In the past, FDA-ap-
proved TKIs such as erlotinib and gefitinib, which are taken
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orally, have been used in advanced treatments for NSCLC.'o!
Erlotinib has shown increased effectiveness and promising re-
sults in certain individuals with a history of adenocarcinoma
of Asian ethnicity, female gender, and never-smokers; how-
ever, due to drug resistance, it has been proven ineffective for
other individuals. Furthermore, erlotinib has shown harmful
side effects such as diarrhea and skin toxicity. It has also been
revealed that taking erlotinib during chemotherapeutic pro-
cesses does not show an increase in survival and that it can be
difficult to afford.’ Similarly, gefitinib at low nanomolar con-
centrations has demonstrated tumor regression and symptom
alleviation in some individuals; it has several drawbacks and
side effects similar to those of erlotinib.''?

DRD2:

The dopamine D2 receptor (DRD2), located in the brain,
is a G protein-coupled receptor that is part of the neural
circuit overseeing the brain's control, behavior, reward, and
motivation systems. Involving the neurotransmitter dopamine,
DRD2 contributes to the transmission of information from
dopaminergic neurons via pathways that connect the brain
to various parts of the body. Because dopamine influences
bodily functions beyond the brain, its receptors are often ex-
pressed in intracellular pathways throughout the body. In fact,
DRD2 overexpression has been linked to tumorigenesis and
the development of cancers such as colorectal and lung cancer.
Studies have shown that upregulation of DRD?2 expression in
colorectal cancer cells is associated with poor survival, where-
as depletion of DRD2 expression is associated with reduced
cancer-like characteristics of high, uncontrolled levels of pro-
liferation, migration, and invasion.'*!

Plant-derived DRD2 Antagonists:

In efforts to identify effective treatments for DRD2-over-
expressing cancer cells, the use of plant-derived compounds
has gained popularity. Specifically, compounds that act as D2
receptor antagonists have been studied in prior clinical trials to
evaluate anticancer effects.’*® One naturally occurring com-
pound, Berberine (BBR), is an alkaloid extracted from various
plants and has demonstrated anti-tumor effects. BBR regu-
lates the cell cycle to promote controlled cell proliferation and
prevent abnormal cell cycle patterns that lead to the forma-
tion of cancer cells. In fact, BBR has been shown to promote
and regulate apoptosis through the modulation of caspases.
BBR elevates caspase expression while reducing Bcl-2 expres-
sion, thereby activating a signaling cascade that culminates
in the mitochondria, the organelle that regulates apoptosis.
Additionally, BBR inhibits metastasis by targeting multiple
tumor-related signaling pathways and regulatory proteins,
thereby preventing cell invasion.'®” Another plant-derived
compound is Stepholidine, derived from the Chinese herb
Stephania intermedia, which acts as an antagonist at D1 and
D2 receptors and exhibits anti-tumorigenesis effects.”

Limitations of Available Research:
While research has been conducted on the effectiveness of
certain drugs on lung cancer, promising results were only re-

flected in groups of individuals of certain backgrounds, gender,
ethnicity, etc. In fact, although drugs like erlotinib and gefi-
tinib showed initial improvements, over time, they developed
resistance to these drugs, thereby limiting their efficacy.'**
Moreover, no research has yet been conducted on potentially
effective drugs that can universally improve the conditions of
all patients, not only certain individuals.

Hypothesis and Aim of This Study:

The chemicals corosolic acid, artemisinin, and taxifolin
present anticancer characteristics by interfering with EGFR
signaling pathways and DRD2 mechanisms. These drugs may
serve as potential treatments for different forms of cancer that
include EGFR or DRD2 overexpression. This paper investi-
gates the effectiveness of the chemical drugs corosolic acid,
artemisinin, and taxifolin on the following cancer cell lines:
COLO320 (colorectal adenocarcinoma), U937 (pro-monocyt-
ic), HTB-11 (neuroblastoma),and SK-MEL-28 (melanoma).*®
In these cancer cells, receptors such as EGFR and DRD2 are
overexpressed, resulting in potential carcinogenesis and tumor-
igenesis®®!® Although research on anticancer substances such
as taxifolin, corosolic acid, and artemisinin is limited, available
studies indicate that these compounds may be effective against
certain cancers.'® Past studies of taxifolin in cancer cells have
revealed that taxifolin suppresses abnormal cell proliferation
by inducing cell cycle arrest, apoptosis, and limiting migration,
specifically in breast, lung, prostate, and melanoma cancer cell
lines.” Additionally, corosolic acid has been shown to limit cell
proliferation by inducing apoptosis and reducing cell invasion
across various cell lines, including glioma, lung, cervical, and
prostate cancer cell lines.® Lastly, artemisinin has reduced cell
proliferation by inducing G1 cell cycle arrest and inhibiting
signaling pathways, and has shown effectiveness against leuke-
mia, colon, breast, and prostate cancers.?!

This research paper aims to evaluate the efficacy of drugs in
treating certain cancers, including colorectal cancer, neuroblas-
toma, melanoma, and leukemia. It is hoped that the research
findings from this paper can inform the development of com-
prehensive treatments for the cancer types listed above. It is
also anticipated that these results will provide a foundation
for future explorations of cancer treatment across other cancer
types and stages, using small-molecule drugs targeting overex-
pressed proteins and receptors.’®

B Methods

Cancer Cell Models and Culturing:

Four cancer cell lines were tested in all experiments: HTB-
11, a neuroblastoma cell line; COLO 320, a human colorectal
adenocarcinoma cell line; U937, a pro-monocytic model cell
line; and SK-MEL-28, a melanoma cell line. COLO320 cells
were derived from the human colorectal adenocarcinoma cell
line from ATCC. The cells were then cultured in RPMI-
1640 medium (Gibco), added with 10% fetal bovine serum
(FBS), 100 U/ml penicillin, and 100 pg/mL streptomycin.
Cells were incubated at 37°C in a humidified environment
with 5% CO,. U937 cells from the human histiocytic lym-
phoma monocyte-like cell line were obtained from ATCC.
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They were cultured in RPMI-1640 medium added with 10%
heat-inactivated FBS, 100 U/ml penicillin, and 100 pg/mL
streptomycin. Cells were kept in an incubator at 37°C with 5%
CO,. HTB-11 cells (SK-N-SH) from the human neuroblas-
toma cell line were obtained from AT'CC. They were cultured
in Eagle’s Minimum Essential Medium (EMEM) added with
10% heat-inactivated FBS, 100 U/ml penicillin, and 100 pg/
mL streptomycin. Cells were maintained at 37°C in an incuba-
tor with a humidified 5% CO; atmosphere. SK-MEL-28 cells
were obtained from ATCC. They were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) with 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin. Cultures were
maintained at 37°C in a humidified incubator with 5% CO,.

Molecular Docking:

Using PubChem, the 3D conformer structures of corosolic
acid, artemisinin, and taxifolin were determined. AlphaFold
was used to predict the structures of the EGFR and DRD2
receptors. The structures of each drug were then uploaded
to the Open Babel control in the virtual screening software
PyRx. Using a maximal-binding structure, the binding affinity
between the specific receptor and the drug was evaluated. To
visualize the molecular structure and binding site between the
receptor and drug, the BIOVIA Discovery Studio Visualizer
software was used. This multi-step process was performed six
times, once for each drug-receptor combination.

MTT Cell Proliferation Assay:

Serial Dilution:

Serial dilutions were used to prepare 4 different solutions of
corosolic acid. 10 pLL of corosolic acid was dissolved in 1 mL
of DMSO (Dimethyl Sulfoxide) to prepare the stock solution.
Then, 900 pL of cell incubation medium was added to each
tube labeled for 0.1,0.01, and 0.001 of the stock concentration.
Using a pipette, 100.0 pL of the stock solution was transferred
to the tube labeled for 0.1 of the concentration. Subsequently,
the solution was vortexed to ensure thorough mixing. 100.0
pL of the solution from the 0.1 concentration tube was then
transferred to the next tube labeled 0.01 in the stock concen-
tration series and vortexed. The same procedure was followed
for the transfer between the 0.01 and 0.001 concentration
tubes, leaving 4 tubes containing solutions of corosolic acid
with varying concentrations. This process was repeated for ar-
temisinin and taxifolin, yielding a total of 12 tubes of varying
chemical solutions.

MTT:

10.0 pL of solutions of corosolic acid, artemisinin, and taxi-
folin at varying concentrations were pipetted into four 96-well
plates: the first seeded with HTB-11 cells, the second with
COLO320 cells, the third with U937 cells, and the fourth with
SK-MEL-28 cells. After incubation, depending on the treat-
ment duration (24 hours or 84 hours) for each 96-well plate,
10.0 pL of MTT was added to all experimental groups and
the control group. The 96-well plates were incubated for 30
minutes at 36.7°C, after which 70.0 uL. of DMSO (Dimethyl
Sulfoxide) was added to each well to dissolve the MTT for-

mazan. The MTT assay measures cell viability, proliferation,
and cytotoxicity by spectrophotometrically quantifying the
conversion of yellow MTT to purple formazan by metaboli-
cally active mitochondria. Following the procedure, the plates
were left at room temperature for approximately 15 minutes,
and then a spectrophotometer with a 595 nm wavelength was
used to measure the solution's absorbance. Data were collect-
ed twice by spectrophotometry for each cell plate and then
recorded.

Statistical Analysis:

From the MTT cell viability, proliferation, and toxicity assay
data, the mean and percentage change for each group were
calculated. Additionally, a two-tailed t-test was performed for
each experimental group against the control group, with an
alpha (p) value of 0.05. Error bars represent the standard devi-

ation expressed as a percentage of the mean.

B Results and Discussion

3.1. Molecular Docking of Corosolic Acid, Artemisinin, and
Taxifolin with EGFR and DRD2, Respectively:

Molecular docking in PyRx revealed that corosolic acid, ar-
temisinin, and taxifolin had favorable binding affinities with
both EGFR and DRD2 (Figure 1). Corosolic acid exhibited
a binding affinity of -8.6 kcal/mol with EGFR and -7.9 kcal/
mol with DRD2; artemisinin exhibited a binding affinity of
-7.3 kcal/mol with EGFR and -7.6 kcal/mol with DRD2;
and taxifolin exhibited a binding affinity of -8.3 kcal/mol with
EGFR and -8.1 kcal/mol with DRD2. The high binding af-
finities show that the three chemicals disrupt cell signaling
pathways and induce cell apoptosis.

il

EGFR and Taxifolin DRD2 and Taxifolin

Figure 1: Molecular docking interactions between corosolic acid, artemisinin,
and taxifolin with EGFR and DRD2 receptors. Left Column: interactions with
EGFR. Right Column: interactions with DRD2. The top row corresponds to

corosolic acid, the middle row to artemisinin, and the bottom row to taxifolin.

3.2. MTT Cell Proliferation Assay Data Reduces Cell Sur-
vival

3.2.4. HTB-11 Cells

Corosolic acid, artemisinin, and taxifolin significantly re-
duced cancer cell survival in HTB-11 cells in a dose-dependent
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and time-dependent manner (p < 0.05). All chemical concen-
trations tested reduced HTB-11 cell absorbance and viability
(Figure 2), and longer treatments produced stronger effects.
After 24 hours, corosolic acid at 10um significantly decreased
cell viability by 21.20%, while after 84 hours, artemisinin at
10um significantly decreased cell survival by 52.25%.

HTB-11 cells (24 hours)
25

Percentage decrease in cell survival vs. control

Control CA CA CA AT AT AT TX TX TX
1000gm 100gm  10gm 1000gm 100gm  10gm 1000gm 100gm  10xm

Chemicals and concentrations

HTB-11 cells (84 hours)
60

50
40
30

20

Percentage decrease in cell survival vs. control

Control  CA CA CA AT AT AT TX TX TX

000gm 100ym  10gm 1000gm 100gm  10gm 1000gm 100ym  10um

Chemicals and concentrations
Figure 2: Corosolic acid at 10pm significantly reduced cell survival at 24
hours; artemisinin at 10pm significantly reduced cell survival of HTB-11 cells

at 84 hours; * = p < 0.05 compared to control; ™ = p < 0.01 compared to
control; *** = p < 0.001 compared to control.

3.2.B. COLO320 Cells:

Corosolic acid, artemisinin, and taxifolin significantly re-
duced cancer cell survival in COLO320 cells (Figure 3) in a
dose-dependent and time-dependent manner (p<0.05). All
chemical concentrations tested reduced COLO320 cell absor-
bance and viability, and longer treatments produced stronger
effects. After 24 hours, artemisinin at 1000 um significantly
decreased cell survival by 23.88%, while after 84 hours, coro-

solic acid at 100um significantly decreased cell survival by
37.84%.

COLO320 cells (24 hours)

30

25 *kk

*%

Percentage decrease in cell survival vs. control

Control ~ CA CA CA AT AT AT TX TX TX

1000gm 100gm  10ym 1000pm 100ym  10gm 1000pm 100um  10pm

Chemicals and concentrations

COLO320 cells (84 hours)

40 *kk

Percentage decrease in cell survival vs. control

Control CA CA CA AT AT AT TX TX TX
1000gm 100gm  10gm 1000ym 100gm  10gm 1000ym 100gm  10xm
Chemicals and concentrations

Figure 3: Artemisinin at 1000pm significantly reduced cell survival at 24
hours; corosolic acid at 100pm significantly reduced cell survival of COLO320
cells at 84 hours; * = p < 0.05 compared to control; ** = p < 0.01 compared to

control; ** = p < 0.001 compared to control.

3.2.C. U937 Cells:

Corosolic acid, artemisinin, and taxifolin significantly re-
duced cancer cell survival in U937 cells in a dose-dependent
and time-dependent manner (p<0.05). All chemical concen-
trations tested reduced U937 cell absorbance and viability only
in longer treatments (Figure 4). After 84 hours, taxifolin at 10
pM markedly reduced cell survival by 28.45%.

U937 cells (84 hours)

30
25

20

Percentage decrease in cell survival vs. control

Control ~ CA CA CA AT AT AT TX

TX

X
1000gm 100gm  10gm 1000gm 100gm  10gm 1000gm 100ym  10xm
Chemicals and concentrations

Figure 4: Taxifolin at 10pm significantly reduced cell survival of U937 cells
at 84 hours; * = p < 0.05 compared to control; ™ = p < 0.01 compared to
control; *** = p < 0.001 compared to control.

3.2.D. SK-MEL-28 Cells:

Corosolic acid, artemisinin, and taxifolin significantly re-
duced cancer cell survival in SK-MEL-28 cells (Figure 5) in
a dose-dependent and time-dependent manner (p<0.05). All
chemical concentrations tested reduced SK-MEL-28 cell
absorbance and viability, and longer treatments produced
stronger effects. After 24 hours, taxifolin at 100pm signifi-
cantly decreased cell survival by 19.01%, while after 84 hours,

artemisinin at 100pm significantly decreased cell survival by

40.26%.
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SK-MEL-28 cells (24 hours)
25

20

Percentage decrease in cell survival vs. control

0
Control ~ CA CA CA AT AT AT TX TX TX

1000um 100um  10gm  1000gm 100um  10gm 1000gm 100um  10um
Chemicals and concentrations
SK-MEL-28 cells (84 hours)
50
Hkk SER
% *kk —
*% ok
30 Kk *kk

*%

20

Percentage decrease in cell survival vs. control

Control ~ CA CA CA AT AT AT TX TX TX
1

000gm 100gm  10gm 1000gm 100gm  10gm 1000gm 100gm  10pm

Chemicals and concentrations

Figure 5: Taxifolin at 100pm significantly reduced cell survival at 24 hours;
artemisinin at 100pum significantly reduced cell survival of the SK-MEL-28
cells at 84 hours; * = p < 0.05 compared to control; ** = p < 0.01 compared to
control; ** = p < 0.001 compared to control.

Discussion:

As shown in the MTT assay, all three chemicals reduced
cell viability (Figure 2-5). In HTB-11, COLO320, U937, and
SK-MEL-28 cells, 84-hour treatments resulted in a greater
decrease in cell survival than 24-hour treatments. This sug-
gests that long-term treatments are more effective at inducing
cell apoptosis and may reveal anticancer effects. In particular,
although the short-term treatment of U937 cells showed no
effect after 24 hours (Figure 4), it showed statistically signif-
icant results after 84 hours of incubation. This demonstrates
that long-term treatment can mitigate delayed apoptosis and
other effects and may be more effective than short-term treat-
ment. Thus, apoptosis in colorectal, skin, and neuronal cancer
cells can be induced by corosolic acid, artemisinin, and taxi-
folin.

Molecular docking (Figure 1) shows that all three chemicals
exhibited strong binding affinities for both EGFR and DRD?2,
suggesting that each compound may serve as an agent targeting
signaling pathways. Because EGFR is often overexpressed and
harbors mutations that can drive cancer, particularly colorectal
and lung cancers, the strong binding and interactions between
the chemicals and their receptors suggest potential regulation
of cell proliferation, division, and growth.>*% Additionally, in-
hibition of the DRD2 signaling pathway can reduce metastasis
and increase DRD2 receptor expression. The chemicals’ abil-
ity to regulate signaling pathways across different parts of the
body may provide a therapeutic strategy for treating various
forms of cancer.

Inhibition of these signaling pathways correlates with MT'T
assay results. The effects of cell regulation and limited gene
expression are evidenced by significantly lower MTT absor-
bance values and reduced cell viability. The combination of in
vitro cell viability data and in silico docking analysis indicates
that corosolic acid, artemisinin, and taxifolin can act as dual
agents that inhibit EGFR and DRD2 signaling pathways in
colorectal, skin, blood, and neuronal cancer cells. Their ability
to regulate cellular pathways via naturally derived compounds
highlights their advantage over existing drugs, such as erlo-
tinib and gefitinib, which have harmful side effects.’'* Rather
than developing resistance or showing effectiveness only for
certain groups of people, these three chemicals exert antican-
cer effects by targeting overexpression and signaling pathways.

To further interpret these results at a mechanistic level, it is
plausible that corosolic acid suppresses EGFR autophosphory-
lation and downstream PI3K/AKT signaling, thereby reducing
cancer cell survival, while taxifolin may block DRD2-mediated
MAPK and STAT?3 pathways linked to tumor progression.'*!
The results suggest potential dual targeting of both neuroreg-
ulatory and proliferative signaling pathways involved in cancer,
supporting a systems-level therapeutic approach.'® Addition-
ally, the fact that these compounds come from plants may
provide pharmacological advantages such as lower toxicity,
improved bioavailability, and potential synergistic effects with
existing chemotherapeutics.'®’” However, these mechanistic
interpretations remain predictive, as neither receptor activity
nor downstream signaling was directly measured in this study.

Further work should incorporate mechanistic validation
using assays such as Western blotting for phosphorylated
EGFR, AKT, ERK, and STATS3, as well as analyses of DRD2
and EGFR expression to confirm pathway involvement. Func-
tional assays, including Annexin V/propidium iodide (PI)
staining, lactate dehydrogenase (LDH) release, and caspase
activation assays, would further clarify whether the observed
reduction in viability is due to apoptosis, necrosis, or other
forms of cell death. In vivo studies would also be necessary to
evaluate therapeutic relevance under physiological conditions
and to confirm pathway-specific inhibition.” These findings
suggest that corosolic acid, artemisinin, and taxifolin may serve
as promising multitarget agents with potential activity against
EGFR- and DRD2-associated signaling in cancer, warranting

further experimental validation.'¢*

® Conclusion

This study explores potential treatments for cancers associ-
ated with the overexpression of EGFR and DRD2 receptors.
Although current EGFR and DRD2 receptor inhibitors exist
as current treatments, they have their own limitations of drug
resistance and harmful side effects. Thus, naturally derived
compounds corosolic acid, artemisinin, and taxifolin were
researched to determine if their anticancer properties could
inhibit receptor pathways.

Together, the experimental and computational results in-
dicate that corosolic acid, artemisinin, and taxifolin exert
anticancer effects by reducing cancer cell survival and tar-
geting receptor pathways. This study suggests that prolonged
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treatment may yield greater therapeutic benefits, indicating
that these drugs may act as dual agents targeting signaling
pathways implicated in carcinogenesis. Specifically, all drugs’
efficacy increased within 84 hours, suggesting that incorporat-
ing long-term treatments in the future may be beneficial. This
anticancer discovery can inform future iz vivo and mechanistic
studies that may advance drug treatments for its various types.
Overall, this work serves as an initial screening study that high-
lights corosolic acid, artemisinin, and taxifolin as promising
candidates for further mechanistic validation.

B Acknowledgments

Thank you to my mentor, Professor Wei Zhu, for his guid-
ance throughout the experimental process, and to Dr. Zeynep
Ozturk at Indigo Research for her mentorship. I would also
like to thank my parents and family for their support.

B References

1. American Cancer Society. (n.d.). Cancer facts & statistics. https://
www.cancer.org/research/cancer-facts-statistics.html

2. National Cancer Institute. (n.d.). Cancer statistics. https://www.can-
cer.gov/about-cancer/understanding/statistics

3. Hanahan, D. (2022). Hallmarks of cancer: New dimensions. Ce//,
185(1), 20-64. https://doi.org/10.1016/j.cell.2022.07.027

4. National Library of Medicine. (2022a). Cancer cell biology: Mech-
anisms  and  pathways.  https://www.ncbi.nlm.nih.gov/books/
NBK20248/

5. Burgess, A. W. (2008). EGFR family: Structure and signal-
ing. Experimental Cell Research, 314(9), 1600-1606. https://doi.
org/10.1016/j.yexcr.2008.01.014

6. Chen, L., Zhang, J., & Wang, X. (2016). EGFR overexpression
and cancer progression: Implications for therapy. Oncotarget, 7(34),
55465-55477. https://doi.org/10.18632/oncotarget. 10874

7. National Library of Medicine. (2022b). Epidermal growth factor re-
ceptor (EGFR) signaling in cancer. https://www.ncbi.nlm.nih.gov/
books/NBK555892/

8. Liu, S., Luo, Z., & Wu, H. (2017). Role of EGFR in neuroblasto-
ma: Implications for therapy. Oncology Reports, 37(3), 1421-1430.
https://doi.org/10.3892/0r.2017.5383

9. Anandarajah, A., Lee, H., & Kim, S. (2018). Epidermal growth
factor receptor mutations in non-small cell lung cancer. Journal
of Thoracic Oncology, 13(4), 523-533. https://doi.org/10.1016/j.
jtho.2017.12.004

10.Jdnne, P. A., Yang, J. C., & Kim, D. W. (2014). Targeting EGFR in
lung cancer: Therapy, resistance, and future directions. Nature Re-
views Clinical Oncology, 11(8), 493-507. https://doi.org/10.1038/
nrclinonc.2014.125

11. Arteaga, C. L., Engelman, J. A., & Pao, W. (2014). Epidermal
growth factor receptor inhibitors in cancer therapy. The New England
Journal of Medicine, 370(10), 874-885. https://doi.org/10.1056/
NEJMra1304961

12. Wang, L., & Li, Z. (2018). Limitations and toxicities of EG-
FR-targeted therapy. OncoTargets and Therapy, 11, 5839-5852.
https://doi.org/10.2147/OTT.S176460

13. Dong, D., & Wang, P. (2020). Dopamine D2 receptor signaling
in cancer: Mechanisms and therapeutic opportunities. Ce/Zs, 9(11),
2360. https://doi.org/10.3390/cells9112360

14. Probiologists. (2023). The role of certain neurotransmitters in
tumor progression and the use of neurotransmitter antagonists.
https://www.probiologists.com/article/the-role-of-certain-neu-

rotransmitters-in-the-emergence-and-progression-of-malig-
nant-tumors-and-the-potential-of-using-neurotransmitter-antag-
onists-to-block-the-carcinogenic-effect-of-the-tumor-stroma

15. Bouchez, C., Li, H., & Chen, Y. (2021). Stepholidine: A dual D1/
D2 receptor antagonist with potential anticancer properties. Cancer
Biology & Therapy, 22(3), 212-224. https://doi.org/10.1080/15384
047.2021.19027913

16. Chen, Y., Li, H., & Zhang, Q. (2024). Berberine as a potential an-
ticancer agent: Mechanisms and applications. International Journal
of Biological Macromolecules, 253,123890. https://doi.org/10.1016/j.
ijbiomac.2024.123890

17. Zhang, R., Chen, L., & Sun, Y. (2021). Molecular mechanisms
of berberine in cancer therapy. Biomedicines, 9(7), 890. https://doi.
org/10.3390/biomedicines9070898

18. Sun, Y., Li, J., & Zhang, W. (2020). Anticancer effects of taxi-
folin, artemisinin, and corosolic acid. Ce/ls, 9(2), 498. https://doi.
0rg/10.3390/cells9020498

19. Wang R, Zhu X, Wang Q, Li X, Wang E, Zhao Q, Wang Q, Cao
H. The anti-tumor effect of taxifolin on lung cancer via suppress-
ing stemness and epithelial-mesenchymal transition in vifro and
oncogenesis in nude mice. Ann Transl Med. 2020 May;8(9):590.
doi:  10.21037/atm-20-3329. PMID: 32566617, PMCID:
PMC7290558.

20. Jin M, Wu Y, Lou Y, Liu X, Dai Y, Yang W, Liu C, Huang
G. Corosolic acid reduces A549 and PC9 cell proliferation,
invasion, and chemoresistance in NSCLC via inducing mitochon-
drial and liposomal oxidative stress. Biomed Pharmacother. 2021
Dec;144:112313. doi: 10.1016/j.biopha.2021.112313. Epub 2021
Oct 19. PMID: 34678723.

21. Otto—Slusarczyk D, Mielczarek-Puta M, Grabon W. The Real
Cytotoxic Effect of Artemisinins on Colon Cancer Cells in a Phys-
iological Cell Culture Setting. How Composition of the Culture
Medium Biases Experimental Findings. Pharmaceuticals (Ba-
sel). 2021 Sep 26;14(10):976. doi: 10.3390/ph14100976. PMID:
34681200; PMCID: PMC8540140.

B Author

Audrey Hong is a junior at Kent Place School. She is pas-
sionate about using science to solve real-world problems. She
hopes to study biological sciences in college and continue pur-
suing her interest in research and oncology.

DOI: 10.36838/IJHSR818.8

60



