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Introduction

Cancer is the second leading cause of death in the United States according to data from

the Center of Disease Control and Prevention.3 They report that on average, there are 146.2

deaths per 100,000 standard population.3 In addition, conflicting data regarding how cancer

spreads shows that this process is not fully understood. This research needs to be conducted so

that the general pool of knowledge regarding cancer is increased. Understanding how cancers

grow and spread is an active area of research, especially for finding effective treatment options.

Finding factors that affect the rate of initiation of cancer spreading will help us understand how

the process works.

Cancers often emerge as solid tumors, which

are abnormal masses of body tissue cells.1,3

Tumors can either be benign or cancerous.15

Benign tumors are circumscribed and localized

and do not transform into cancer.15 Tumors

reach a limit to the amount they can grow

when they do not receive the necessary

oxygen.11 This is known as hypoxia, which

limits the size that solid tumors can achieve.

Hypoxia can cause many signaling events,

including the HIF-1a pathway.11 There are

many outcomes as a result of this, and they are not well understood. To combat hypoxia, tumors

respond to growth factors like VEGF and migrate towards them.11 This results in the tumors

growing toward neovessels. This process marks the beginning of metastasis.

The p53 gene is a tumor suppressor gene.14 This means that it prevents the formation of

tumors by binding with DNA to produce p21, which regulates the cell division.14 In a normal cell

soft agar assay, p53 gene dysfunction is required for recurrent replication of cells.14 This research

will be performed on HEK293T cells that have a binding agent which inhibits p53, so metastasis

can occur.10 The research question will focus on what how a suppressed-p53-cell can proliferate.

Cancer cells can use atypical metabolic pathways to grow and proliferate, and it is not

obvious what small molecules will impact their growth.8 We wanted to test the effects of several
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small-molecule food additives on cancer cell proliferation. Unique treatment options for

inhibiting tumor growth and proliferation are urea, Vitamin C, and salts, such as magnesium

sulfate. Urea is involved in amino acid metabolism, and so it may have some effect on the ability

of cells to proliferate.9 Vitamin C, as an antioxidant, is an important factor in biological reactions

in the body.5 Antioxidants, which reduce free radicals (also known as lone electrons), can prevent

DNA damage and increase the rate of proliferation.5 However, as a carbon source, Vitamin C

could also spur tumor growth, which would increase the rate of proliferation. This makes

Vitamin C a great test factor for this experiment, as it could change the rate of proliferation in

either direction. Magnesium sulfate and other salts are used in many biological processes in cells.

Therefore, adding certain concentrations of these salts could change the observed rate of

proliferation.12 Studying the effects of urea, magnesium, and Vitamin C on cancer cell

proliferation will contribute to understanding the biological needs of cancer cells, and this

knowledge could potentially present a new therapeutic approach towards treatment and

prophylaxis of cancer.

Laboratory models for cancer growth have included both cell proliferation and soft agar

assays. Cell proliferation assays are liquid assays which

allow the cells to exhibit anchorage-dependent

proliferation, which is the characteristic exhibited by cells

sticking to solid surfaces in order to grow.2 Because of this,

the cell proliferation assay measures cell proliferation in

two dimensions, as seen in figure 2. A known number of

cells is seeded into multiple wells, with media

supplemented with corresponding treatments. After roughly 48 hours, cell growth is quantified

and compared for the various treatments in contrast to the amount of proliferation in untreated

wells.
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The soft agar assay measures cell proliferation in three dimensions. The typical cancer

cell exhibits anchorage-independent growth, meaning that it does not have to stick to a solid

surface in order to grow.2 The soft agar assay uses two layers of agar, in different concentrations,

to replicate the suspended, 3-dimensional environment that is seen by cancer cells in vivo (Figure

3).2 In petri dishes, a known number of cells are seeded in the top agar layer, and treatments are

added on top. Cell growth in response to treatments is quantified by the week, and compared to

the amount of proliferation in the untreated petri dishes. We have evidence that this approach

will work because similar experiments have given results. In one such experiment (figure 4), a

soft agar assay has been used to test the

efficacy of tumor growth inhibition by drugs

(reduction of colony size and rate of colony

transformation to anchorage-independent

cells), as well as to test for the effect of

overexpression or depletion of the genes of

interest used on the tumorigenicity of breast

cancer cells.7

Materials and Methods

Materials

All materials were purchased commercially. HEK293T cells were from ATCC. Complete

media consisted of 10% v/v FBS (Cytiva), 100 U penicillin per mL (Cytiva), 100 μg

streptomycin (Cytiva) per mL, and 2.5 μg amphotericin B (Cytiva) per mL in DMEM

(Hyclone/Cytiva or Corning). Urea was from RPI. Vitamin C was from Sigma. Magnesium
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sulfate was from Mallinckrodt. 6-well and 24-well plates (Nunc Nunclon Delta) were from

Fisher. Agar was from Sigma.

Cell Proliferation Assay

The treatments were first tested using a cell proliferation assay. The cell proliferation

assay was conducted by plating 6.25x104 cells/well into a 24-well plate. Treatments were then

added. The control was an untreated assay. Treatments consist of 7.5 mM urea, 0.5 mM MgSO4,

and 2.5, 0.25, 0.025, and 0.0025 mM of Vitamin C. Cellular proliferation was measured 48 hours

after plating using an automatic cell counter (Countess 3, Invitrogen).

Soft Agar Assay

The soft agar assay was performed by plating 1 mL of a 0.5% agar-media solution

underneath 1 mL of a 0.3% agar-cell culture solution in petri dishes. 0.25 mM and 0.025 mM of

Vitamin C were added to petri dishes, alongside a control with no treatment. The agar was then

topped with 1 mL complete media solution with the corresponding treatment. For the soft agar

assay, change in colony size was measured over time by taking photographs of the same area of

the cell dish at different time intervals. The soft agar assay was evaluated by visually comparing

the differences in proliferation between Vitamin C doses and an untreated control.
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Results

To measure the effects of various small molecules on cell proliferation, we first

performed a quantitative assay. A treatment of 50 mM glucose was used as a control. All other

treatments were in media which consisted of 25 mM glucose. Treatments used were urea,

MgSO4, CaCO3, and a high and low concentration of Vitamin C. Cells were incubated for a

period of 48 hours in parallel. As seen in Figure 5, Glucose yielded an average cell count of

1.01x106 cells. Urea yielded an average cell count of 1.05x106 cells. MgSO4 yielded an average

cell count of 5.47x106 cells, and CaCO3 yielded an average cell count of 8.38x105. The high and

low concentrations of Vitamin C yielded an average cell count of 4.86x105 and 8.28x105 cells.

The first experiment was followed up with a more specific cell proliferation assay,

performed in the same fashion but in duplicate. Treatments used in the follow-up quantitative

assay were MgSO4, urea, and 4 concentrations of Vitamin C. The control was an untreated assay

of the HEK293T cells. As seen in Figure 6, it was measured that the average cell count for the

control after a 48 hour treatment period was 0.2205x106 cells. There were 0.2303x106 cells after

48 hours in 7.5 mM of urea. There were 0.1647x106 cells after 48 hours in 0.5 mM of MgSO4.

There were 0.0807x106, 0.1377x106, 0.1985x106, and 0.2357x106 cells after 48 hours in 2.5 mM

(very high concentration), 0.25 mM (high concentration), 0.025 mM (medium concentration),

and 0.0025 mM (low concentration) of Vitamin C, respectively.
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A soft agar assay was used as another model to record proliferation. This model used

visual inspection to measure the proliferation of HEK293T cells in response to treatments of high

and low concentrations of Vitamin C. We tested two variables: a high dose of Vitamin C (250

µM) and a low dose of Vitamin C (25 µM) against an untreated control, with each in

quadruplicate. Figures 9 and 10 show the untreated assays 2 days and 9 days after plating,

respectively.
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Conclusion

The first cell proliferation assay showed some evidence that Vitamin C slowed cell

proliferation, as evidenced by Figure 5. Vitamin C appeared to demonstrate a dose-dependent

response with an inverse correlation between dose and cell proliferation. MgSO4 had a distinct

effect on the cell proliferation rate, but CaCO3 had less of an impact than the low concentration

of Vitamin C. This led to the hypothesis that soluble salts, like MgSO4, could meaningfully

impact cell proliferation rates while insoluble salts, like CaCO3, could not. While it was

hypothesized that urea would have an effect on cell proliferation, this did not seem to be the

case.

In the second cell proliferation assay, as depicted in Figure 6, the dose dependent nature

of Vitamin C on cell proliferation was again demonstrated. Urea still did not affect proliferation

rates beyond error of measure. MgSO4 had a similar result as the first cell proliferation assay as

well. It was decided that in the absence of CaCO3 there would be more concentrations of

Vitamin C, in order to better showcase the perceived trend. This trend was confirmed, with an

evident, gradual decrease in cell proliferation rates as the concentration of the Vitamin C was

increased.

The soft agar assay was performed in order to offer an additional model to test the

treatments. Proliferation was measured visually at two, nine, and sixteen days after the cells were

plated on agar. After the ninth day, it was determined that the treatments had decreased cell

proliferation at a similar rate to the first two cell proliferation assays. However, after sixteen

days, all of the cells with the exception of the control (untreated) had died. It is unknown why the

treatments had this effect on the cells. While it appears that Vitamin C and soluble salts

decreased the cell proliferation rates as hypothesized, there is some evidence of cytotoxicity.

Further testing of these compounds and their effects on cancer cell proliferation is needed.
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