








This graph indicates that a higher pereentage of cells that were exposced to PipOH and
light showed both higher amounts of DNA fragmentation and higher amounts ot Caspase-3. This

could indicate that the cells are dying through apoptosis.

Figure 7 shows the merged staining picture of the cells that were exposed to PipOH and
light. The cells in this figure were stained with TUNEL and co-stained with DAPI and Caspase-
3. This figure shows that the cells expressed Caspase-3 and were TUNEL-positive due to the

blue and bright orange stains, respectively.

Figure 7 - The red staining shows Caspasc-3, the blue staining shows DAFI, and the bright

orange stain is for TUNEL,

Discussion

This study showed that the porphyrins used were ellective in killing triple negative breast
cancer cells when cxposed to light. The graphs in Figure 4 show concentration-dependent cell
death with a LDy, in the 10-20 pM range. These porphyrins conlained monohydroxy side chains,
which means that the had only onc hydroxyl (-OH) group. These results were compared 1o
results obtained from testing the effectiveness of polyhydroxy side chain porphyrins (more than
one -OH group) {data not shown). The polyhydroxy side chains differed from the monohydroxy

side chains shown here in that the LD,, was much greater (40-50 pM). Another difference



betwcen the two families was that the polyhydroxy side chains showed little to no dark toxicity
at any concentration, whereas the monohydroxy side chains showed dark toxicity at the higher

concentrations,

From thc TUNEL assay, the results indicate that the cclls exposed to the porphyrin
PipOH were dying mainly through caspasc-mediated apoptosis, as well as oxidative damage.
Since PDT is known to create reactive oxygen species within the cell, oxidative damage was
expected to be seen. Figure 5 shows the staining of OGG1, which is a marker scen in cells that
have gone through oxidative damage. As expected, the graph shows a higher amount of staining
in the cells that were exposed to both the porphyrin and light as opposcd to cclls that werc not
exposed to the porphyrin and cells that were not exposed to light. Figures 6 and 7 suggest that
the cells died by caspase-mediated apoptosis. The graph in Figure 6 shows a greater staining of
TUNEL positive cells and Caspase-3 in cells exposed to PipOH and light. One interesting note
about Figure 6 is that there is a greater percentage of cells showing TUNEL and Caspase-3 that
were exposed to the porphyrin bul no light. Through the cell viability assays, it is known that
these cells did not die, however. This could indicate the cells may have been “preparing” for
dcath hy increasing the expression of Caspase-3. However, since there was no light given (o the

cells, they did not go through apoptosis.

The porphyrins tested here show great promise 1n being potential options for treating
iriple negative breast cancer in the future. However, more testing needs to be done in order to
fully know the effect of these drugs. Since porphyrins are taken up by all cells and not just
cancer cells, research on the pharmacokinetics needs to be done. This research would show how
the drugs interact with the human body and how long they stay in the human body. This would

also show any by-products the porphyrins degrade into; these products cannot be toxic to the
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human body for these porphyrins to be successtul PS agents. The TUNEL assays were extremely
enlightening as to how these drugs kill the cells. It is important to know how the cells are dying

to best formulate an effective treatment plan for patient use.

Conclusions

Triple negative breast cancer is an extremely aggressive form of cancer with few viable
treatment options. One potential oplion explored in this study was photodynamic therapy.
Results showed that the porphyrins tested have promise in becoming drugs for cancer treatinent.
The drugs killed cells that were exposed to light at low concentrations; the LD, was in the 10-20
M range. These porphyrins also showed no dark toxicity in lower concentrations, howcver
some dark toxicity was seen in cclls that were given higher concentrations. TUNEL assays werc
also performed to determine the mechanism of ecll death. Results showed that the cells were
likely dying through caspasc-mediated apoptosis. In the future, we would like to repeat the
TUNEL cxperiments using flow cytometry to receive a better picture of the staining of the ccells
that detached trom the surface of the platc. This would give a better representation of the fraction

of cclls that dicd duc to apoptosis, necrosis, or another mechanism.
Other Uses of Photodynamic Therapy

Although the main focus of this paper is using PDT on breast cancer, PDT has been used to treat
other ailments as well. Using PDT to trcat scverc acnc is somcething that researchers are looking
into currently [2]. Although it is only in clinical trials, rescarchers believe that PDT shows
promise in being able to treat severe acne in the {uture. In addition, PDT is used to trcat other
types of cancer, such as skin cancer, esophageal cancer, and gastric cancer. Skin cancer is an

especially popular choice for PDT treatment because of the easy access to the tumor.



[Mluminating a tumor within the body with light is not as simplc as a tamor on the skin.
Therefore, PDDT has shown major success in treating skin cancers. One specific drug used to trcat
skin cancer is called aminolevulinic acid (ALA). This photoscnsitizer is enzymatically converted
into Proto-Porphyrin [X, which is a powerful photosensitizing agent [1]. This means that the
ALA can be applied to the skin topically, and then the body itself produces the drug from the
ALA. Once this happens, the tumor can be illuminated and thus killed very easily. For this
reason of ease of access, skin cancer is one of the more promising options for PDT treatment

going forward.

Perhaps one of the most promising directions that PDT is headed is
photoimmunotherapy. Photoimmunotherapy is a response to PDT’s biggest weakness as a cancer
treatment, which is its non-specificity. Photosensitizers used in PDT are not specific to cancer
cells. This mcans that the drug is taken up by all the cells of the body, not just the cancer cells.
This makes treatment very tricky; if healthy cclls are illuminated by enough light, then those
cells will die. The desired outcome of PDT is for only cancer cells to be killed by the treatment,

however there is always a good chance that the desired outcome is not what happens.

Photoimmunotherapy utilizes a monoclonal antibody that it is specific to targets on the
cancer cell membrane [2]. Scientists have also been able to add drugs to these antibodies to form
complexes that not only find and bind to cancer cells, but also kill the cells. One study created a
specific dye that was attached to a monoclonal antibody. Once the complex was bound to the
cancer cell, a light of a wavclength of 690 nm was used to illuminate the cancer tissue. The light
activated the dye portion of the complex, which changed the molecular makeup of the dye. This

causcd the cancer cell membrane to break apart, thus killing the cell [2].
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This treatment, unlike PDT, 1s very new to the medical community. However, this
process shows immense promise in treating cancer in patients much more efficiently. Although it

is not exactly PDT, photoimmunotherapy is extremely similar and uses PDT mechanisms.
Future of PDT

As mentioned earlier, PDT has shown major promise as a treatment [or cancer and other diseases
in the futurc. PDT as a cancer treatment is one of the most interesting avenues it can take
because of its comparison to other treaiment options. For many cancers, including triple negative
brecast cancer, there are no specific treatments. The only way to treat these cancers is through
radiation and chemotherapy. These processes arc extremely harmful to the body as a whole and
affcct the paticnt greatly. Although PDT has its flaws, many belicve it is and will be a better

option for cancer treatment in the future.

A major aspect of PDT that scientists can improve on for the future is finding a great
photosensitizing agent. Many problems with PDT arise from the drugs used not fitting all of the
criteria of a “perfect” PS agent, such as toxicity, specificity, and light absorption. This is what
the main focus of this study was. If better and better PS agents can be synthesized and used in
PDT, this thcrapy option will continuc to grow in popularity in treating cancer and other

diseases.
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