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Abstract:

This research focuses on the role of hypoxia and normoxia in the average migration rate
of tyrosine kinase transfected HEK293T cells. To test this relationship, HEK293T cells
were first plated confluently on two cell culture plates. The cells were then transfected
with three different tyrosine kinase proteins; SRC, Yes, and Blk, with a control group of
cells that weren’t transfected with tyrosine kinase protein. A scratch wound assay was
then performed on the cells, and pictures of the cells wound were taken. One culture
plate of cells was then placed in a hypoxia chamber, and vacuumed sealed to remove
oxygen gas in the bag. The hypoxia chamber was then flooded with nitrogen gas to
displace any oxygen that may be present in the chamber. The hypoxia chamber, and
the normoxia cell culture plate were then incubated for 24 hours. After the 24 hour
period, the cells were removed from the incubator, and pictures were taken of the
scratch wound. Using ImageJ, the area of the cells before and after 24 hours was
calculated and the data was averaged across the trials, to find the average migration
rate of the cells. From the data collected, it was determined that there was a higher
average migration rate in the HEK293T cells under hypoxic conditions. It was also
determined that there was a higher average migration rate in the control group for both
the hypoxic and normoxic conditions. This means that HEK293T cells with no tyrosine
kinase transfection under hypoxic conditions migrate at a faster rate than tyrosine
kinase transfected cells under both hypoxic and normoxic conditions.
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Introduction:

Oxygen is a microenvironmental factor that is fundamental in many metabolic
processes. At the cellular level, oxygen is required for oxidative metabolism, much of
the generation of adenosine 5′-triphosphate (ATP), and cell survival (Rankin, 2016). To
maintain oxygen homeostasis, organisms use the hypoxic signaling pathway to facilitate
oxygen delivery and cellular adaptation to oxygen deprivation (Rankin, 2016). We have
chosen to investigate what role, if any, oxygen plays in cell growth and proliferation.

Hypoxia is emerging as a key microenvironmental factor in the regulation of metastasis.
Hypoxia is a potent microenvironmental factor promoting metastatic progression.
Hypoxia and the expression of the hypoxia-inducible transcription factors HIF-1 and
HIF-2 are associated with increased distant metastasis and poor survival in a variety of
tumor types such as heman-glioblastomas, pheochromocytomas, and pancreatic islet
cell tumors. (Rankin, 2016). We will investigate the roles of these hypoxic pathways in
cell growth and proliferation.

In the early stages of metastasis, tumor cells use invasive properties that allow them to
exit the localized primary tumor mass and enter neighboring and distant host tissues.
Tumor cells take advantage of many mechanisms to migrate and invade, including both
individual and collective cell-migration strategies (Rankin, 2016). Hypoxia or
overexpression of HIF is sufficient to induce epithelial-mesenchymal transition, changes
in cell morphology, and invasion in multiple cell types (Rankin, 2016). We hypothesize
that a hypoxic microenvironment would promote migration at a higher rate than cells
under normoxic conditions.

Tyrosine kinases such as SRC, a non-receptor tyrosine kinase and one of the hallmarks
of cancer, can affect these signaling pathways. Some evidence exists that SRC plays a
role in the invasion pathways of cancer cells, such as in heman-glioblastomas (Torrisi,
2020). SRC, as well as other tyrosine kinases in its family such as Yes, have been
largely associated with tumor development (Hanahan, 2011) . The activation of SRC is
linked to the activation of receptor tyrosine kinases in cancer cells, as well as increased
aggressiveness in tumor development (Torrisi, 2020). SRC plays a complex role in the
motility of cancer cells.

Hypoxia plays a major role in the SRC tyrosine-kinase pathway as well. It has been
shown that SRC protein is highly active in tumor cells, particularly those that are under
hypoxic conditions. We hypothesize that tyrosine-kinase transfected cancer cells will
migrate at a higher rate under hypoxic conditions, than tyrosine-kinase transfected cells
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under normoxic conditions (Torrisi, 2020). We will investigate the interrelated nature of
the SRC cancer pathways and the hypoxic signaling pathways in cell migration.

Methods:

All materials will be purchased commercially. HEK293T cells are from ATCC. Complete
media consists of 10% v/v FBS (Cytiva), 100 U penicillin per mL (Cytiva), 100 μg/mL
streptomycin (Cytiva), and 2.5 μg/mL amphotericin B (Cytiva) in DMEM (Hyclone/Cytiva
or Corning).

Transfection:
HEK293T or MDA-MB-231 (breast cancer) cells were maintained in complete media
(10% FBS v/v, 100 U penicillin per mL, 100 μg/mL streptomycin, and 2.5 μg/mL
amphotericin B). 240,000 cells were plated, and were transfected 24 h later following
SignaGen protocol. The cells were transfected by combining DMEM media, PolyJet,
and the tyrosine kinase, then adding 50 μL of the solution to the cell wells.

Scratch Wound Assay:
To test the effect of oxygen on cell migration, cells were grown in an oxygen free
environment. A hypoxia chamber was created by vacuuming all the air from a plastic
bag and then refilling the bag with pure nitrogen (Wang, 2014).

The cell wells were prepared for the experiment by first aspirating the cell media from 3
wells that will be in the hypoxia chamber. A 20 microliter pipette tip was used to make a
scratch down the middle of each well. Following the scratch, the detached cells were
washed out of the wells using 500 microliters of Phosphate Buffer Saline (PBS). Then
500 microliters of complete media (10% FBS v/v, 100 U penicillin per mL, 100 μg
streptomycin per mL, and 2.5 μg amphotericin B per mL) was added into the wells.

Following the formulation of the scratch wound wells for the hypoxia chamber, pictures
of the scratch wound were taken, then the design was recreated for the normoxia
environment, with pictures of the scratch wound being taken as well. The hypoxia wells
were then placed into the hypoxia chamber created, and the bag was put into an
incubator. Then, the normoxia wells were placed into the incubator.

After a period of 24 hours, the wells were taken out of the incubator, and pictures of the
scratch wound were taken. The migration of the cells was then calculated using imageJ
to quantify the margins of the scratch wound (Barceló, 2019).
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Results:

Through the trials, it was determined that there was an increase in the average rate of
cell migration in the control group under both hypoxic and normoxic conditions (Figure
1). Under hypoxic conditions, the Yes protein had a higher average cell migration rate

than the Src and the Bk protein (Figure 2).
Under Normoxic conditions, the Blk protein
had a higher average cell migration rate than
the Src and Yes, with the Sec protein having
the lowest average cell migration rate.
However, the overall average cell migration
rates for the hypoxic conditions were higher
than those for the normoxic conditions. This
may be due to  the overexpression of HIF,
which is sufficient to induce
epithelial-mesenchymal transition, changes
in cell morphology, and invasion in multiple
cell types. The expression of the

hypoxia-inducible transcription factors HIF-1
and HIF-2 are associated with increased
distant metastasis and poor survival in a
variety of tumor types, which may explain
why the average cell migration rates for the
hypoxic conditions are higher than those of
the normoxic conditions.

Conclusions:

Choosing to only run three trials of the scratch wound assay may serve as a possible limitation
to the data collected. Future studies may be done using multiple trials, as well as other tyrosine
kinase proteins, to see if a differing protein will cause the average cell migration rate to increase
against the control group. Possible errors in the scratch wound assay may exist as well, with the
scratch not being consistent across the different trials, which may affect the closure of the cell
wound, and the area of the cells being photographed and recorded.

The data collected shows that under hypoxic conditions, the cells tended to migrate faster than
under normoxic conditions. This may be due to the overexpression of HIF-1 and HIF-2, which is
associated with increased distant metastasis. The overexpression of HIF-1 and HIF-2 may have



The Role of Hypoxia and Tyrosine Kinases on Breast Cancer Cell Migration

been sufficient enough to assist epithelial-mesenchymal transition. This may have
changed the cell morphology, causing it to detach and migrate at a higher rate than the
cells under the normoxic conditions.

The data collection showed that the control group, or the cells that did not undergo the
DNA transfection, had a higher average migration rate than the cells that were
transfected with the tyrosine kinase. This may be due to using a concentration of the
tyrosine kinases that was not sufficient enough  to activate the receptor tyrosine kinase
in the cancer cells, not allowing for a more rapid migration in the cancer cells. This did
not support the original hypothesis presented, and follow up trials may be conducted to
determine if this trend is common amongst multiple trials.
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