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Our experiment aimed to target the avoidance of apoptosis amongst head and

Conclusions

E i tal Desi ' '
Xperimetat Besisn Our results showed nearly 0% survival in both

neck cancers through the use of Jasminum sambac on rapidly proliferating Drosophila
melanogaster larvae. We chose jasmine as the experimental compound because

Jasmine essential oil and jasmine tea were used to treat irradiated third-instar larvae, according to the
following protocols. The vials were then incubated for approximately four days at room temperature (until larvae

jasmine essential oil and tea treatments. This 1s

particularly interesting because the control vial containing
water yielded no living organisms, even though the fly-
food is water-based 1. This leads us to believe that an

previous research showed evidence of anti-proliferative properties. Pure jasmine
essential oil (concentrations from 10% to 0.125%) and jasmine tea (steeping from 15

fully eclosed). We marked GFP- (non-glowing) and dead (not fully eclosed) larvae, then quantified survival and
analyzed results.

minutes to 24 hours) were used to treat the larvae. The vials contained dead clumps of
black larvae in the jasmine oil, tea, and control vials after the incubation period,
meaning that our data was not viable. Due to this inconclusive data, we re-evaluated
the experimental design, and used ethanol to extract the compound (concentrations
from 10% to 0.125%) from the oil form so that it would mix into the food more
completely. These methods and results are attached as a supplement. However, due to
the initial low survival rates, further research should be conducted on a more specific
component of jasmine in order to develop a more precise test and eliminate extraneous
variables.

Cancer is the second leading cause of death in the United States, accounting
for an estimated 1,670 deaths per day !'!. Currently, research is aimed to reduce this
toll; however, studies thus far have been helpful in explaining the origins of cancer
and how cancerous cells progress. The onset of cancer can be due to a number of
environmental and genetic factors, and its progression is aided by one or many
cancerous hallmarks. These hallmarks include evasion of regulated cell death, self-
sufficient growth signals, insensitivity to anti-growth signals, the development of a
tumor-regulated vascular system (angiogenesis), limitless replicative potential, and of
course, tissue metastasis [21. Current treatments include surgery, radiation, and various
chemotherapies. In particular, chemotherapies target one or more of the
aforementioned hallmarks, but only 10%-15% of patients treated experience disease
remission 121,

\ﬁf, An Intergroup Comparison of Standard Radiation Therapy ‘
L and Concurrent Chemoradiotherapy in Patients With |

Research has suggested that a 0

combination of lower chemotherapy doses 0s 3, UnescdaeSuamons Co o v ok Crr
and radiation treatment results in higher i 1Y
tumor toxicity than either of these w1 1N |
treatments alone. This cytotoxic increase is " radiation plus chemo

not largely significant, however, and the - ”""‘ | T clplin, 100mgm2 4, 22,and 43
search continues for alternative compounds E

compatible with combination therapy.
Homeopathic remedies are growing
increasingly popular in the United States, so | i 3R Bt
research into the effects of naturally =% = = = - & I J
occurring compounds such as flower

extracts and herbs on various cancers has increased. One of these plants is the jasmine
flower. Historically, different species of jasmine were used by alchemists and healers
in treating ringworm, ulcers, leprosy, and other ailments and diseases [*l. In modern
times, it is used in oils and teas to relieve stress and anxiety, and it has been claimed
to be a cure for many diseases, cancer included. However, without extensive research,
this claim is hardly viable. A study by Pandeti et al. 4], showed that a chemical
transformation of night jasmine extract promoted apoptosis and cell cycle arrest in
human carcinomas, suggesting that jasmine may be useful in restoring regular cell
death (apoptosis). It is because of this research that we have chosen to test the effects
of jasmine essential oil, extracted jasmine oil and jasmine tea on cancer. Using third-
instar Drosophila melanogaster larvae as a model organism for head and neck cancers
and common jasmine ( Jasminum sambac) we hypothesize that jasmine in oil,
extracted oil, or tea form, will have a negative effect on larvae cell proliferation in
grapes (cell cycle checkpoint) mutated larvae.

i radiation alone (70Gy)

50 &0 70 80 80 100
months

Hypothesis

Using third-instar Drosophila melanogasterlarvae as a model organism for
head and neck cancers, we hypothesize that common jasmine (Jasminum sambac), in
oil, extracted oil, or tea form, will inhibit larvae cell proliferation.

Model Organism - Drosophila melanogaster -um

. otamrphoais/‘; 3 \\ \
Drosophila melanogaster, or fruit fly, was the Pupatio e e Wy
model organism in this experiment, as its third-instar larvae ’g Egg
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1!...________ h
. ~2 days
-2 days !

Second larval molt First Iﬁwal molit

Jasmine Essential Qil Protocol

Five vials were labeled according to the following table. Once the vials were labeled, 3 mL of warm food
was placed into each vial and either jasmine or coconut oil was added, based on the table. We made sure that the
oils were mixed with the food before allowing them to cool. After all vials cooled we placed 50-100 irradiated
larvae on the surface of the food with a paintbrush, before plugging the vials and waiting for eclosion.

e e

300 uL 150 uL 75 ulL 37.5ul 3.75ul
0% s% 2.5% 25 0.125%

Vial (coconut) 1-CO 2-CO 3-CO 4-CO 5-CO
Coconut Oil 300 uL 150 uL 75 ulL 37.5ul 3.75ul

Jasmine Tea Protocol

We boiled 900 mL of water before placing 3 tea bags of jasmine in the water and allowing it to steep. We

removed 1000 uL of tea at every designated steeping time, and then placed 3 uL of each tea concentration (based on
what time they were collected) into vials as specified in the table below. 50-100 irradiated third-instar larvae were
then placed into the treatment vials using a paintbrush. We then waited the designated incubation period.

___
3ul 3ul 3ul

uL of Jasmine [ERIID 3 uL water (no
Tea tea)

N XN IGl 15 min

Radiation Protocol
We obtained third-instar larvae via the sieving protocol outlined by Gladstone and Su Pl. The larvae were

then spread in a plastic container and covered with pantyhose to prevent the larvae from escaping while they were
irradiated at 4,000 rad.

30 min 45 min 1 hour 24 hours N/A

GFP Protocol

We placed our vials under a blacklight by putting them on their sides on the microscope stage. This
allowed us to circle all pupae that were GFP- (did not glow) and recorded the total number of GFP- and GFP+
pupae observed. GFP- pupae were desired because there genotype i1s not heterozygous for the grapes mutation,
making them more susceptible to radiation.

Quantifying Survival Protocol

We observed individual pupae in the vials over a light box and determined whether the pupae were full or
empty for one genotype (GFP- vs. GFP +) at a time. We then documented how many alive and dead pupae there
were for each genotype and then compared this with the GFP protocol results.

Results

The experiment yielded no viable data. Even though pupae did form, there was a limited number that
climbed up the side of the vial and could later be marked for GFP and survival. Most of the larvae died in the food,
and because of the limited number of pupae that formed on the walls of the vials, a statistical analysis could not be
performed, but was good material for future discussion.

extraneous variable contributed to the low survival
rates.In addition, the vials containing jasmine oil and
coconut oil were not only similar to one another, but
resembled the survival rates seen in the tea treatment
group. In this case, the oils did not mix into the food.
Lipids do not mix well with water, and in the vials with
the largest concentrations of oil, the o1l sat on top of the
food, possibly drowning the larvae before they had a
chance to develop. To combat this, we extracted the
essential oil with ethanol in order to remove the target
compound from its o1l base and create better consistency
of the compound in the food. The results of this
experiment are in our supplemental materials.

Lastly, the observation of dried, black larvae found
in clumps on the top of the food suggests that their
development process was also hindered by lack of
moisture or the corrosive properties of the oil.

As homeopathic treatments grow in popularity, it 1s important that research
follows these trends in order to determine their validity as treatment options. Though our
results were inconclusive, we believe this is still research worth pursuing. Our data
suggests that an extraneous variable was responsible for the low survival rate of larvae,
not the jasmine treatments themselves. The study that our project was based on had
1solated and chemically transformed night jasmine extract to achieve their results. In our
case, without equipment or know-how, this was not possible. Having the impure
compound resulted in complications such as the larvae drowning in excess oil. In the
future 1t would be beneficial to develop a more effective delivery system of the isolated
target compound in jasmine that is aimed at a specific cellular mechanism.

Additionally, the study conducted by Arun et al.l’l, used Jasminum
grandiflorum, which 1s night jasmine, and we used Jasminum sambac, common jasmine,
found in essential oils and green-based jasmine teas. It 1s entirely possible that night
jasmine simply contains the anti-cell proliferative properties that common jasmine does
not. Further research comparing the two would be beneficial to compare this and analyze
the different properties each species possesses
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Abstract

Cancer is a very common disease in the United States; virtually
everyone knows someone who has been affected by it. The current
treatments can be effective, but they have major side effects that can
become life threatening, driving a need for research on effective and
less harmful chemotherapy drugs. We had chosen our compounds
based on their abilities to inhibit phosphodiesterase 5 (PDES), which
is commonly overexpressed in cancer. PDEs are responsible for

activating transcription factors, and when inhibited, those transcription

factors are not activated and the cell experiences apoptosis. In order
to conduct our experiment, we used Drosophila, which mimic head

and neck tumor cells, due to their rapidly dividing cells and amounts of

stem cells. We tested two PDE inhibitors, caffeine and tadalafil, to
determine if they were possible effective chemotherapies, in
combination with irradiating the Drosophila. We believe that tadalafil
will be more effective based on the data done by the National Center
for Biotechnology Information (NCBI).

Introduction

Cancer is a life altering disease that affects 1.7 million people in the
United States alone every year; around 600,000 of these patients die
each year. It is extremely difficult to treat because of the different
hallmarks of this disease. These include how cancer is growth factor
independent, insensitivity to antigrowth signals, avoidance of
apoptosis, sustained angiogenesis, developed immortalization, and
metastasis. These hallmarks are brought about by differing factors
such as drug resistance, cell cycle susceptibility, minimal immune
response, tumor heterogeneity, and genetic drift in the tumor after
treatment. Common treatments include surgery, radiation, and
chemotherapy. One third of patients without metastasis respond to
surgery and radiation. Although current treatments can be
successful, they often lead to major side effects, which can be
deadly. Due to the high mortality and recurrence after remission rate
of cancer, there is a push to find compounds that can function
effectively as chemotherapy drugs while having less harmful effects
to the patient's body and health.

Increasad gene
expression

Drosophila were used in the course of this experiment to test the
plausible chemotherapeutic drugs we had chosen to research.
Drosophila mimic head and neck tumor cells as they possess many
stem cells and the cells of the third instar larvae divide quickly like
that of tumor cells. Additionally, the Drosophila used were genetically
modified to have a recessive mutation called grapes (grp), causing
them to be more susceptible to radiation; this is paralleled in humans
via the Checkpoint Kinase | (Chk1). A mutation in Chk1 is commonly
found in patients with head and neck cancers. Combination therapy
was used in this experiment in the form of a phosphodiesterase
(PDE) inhibitor compound and radiation, because combination
therapy typically shows a synergistic effect and allows a lower dose
administration of each therapy. The administration of lower doses of
chemotherapeutic drugs entails lower occurrences of side effects,
which in some cases Kkill patients faster than their cancer.

In this experiment, compounds caffeine, a nonselective PDE inhibitor
and tadalafil, a PDES5 inhibitor, similar to the active ingredient in
Viagra, were tested against colchicine, a positive control, and water
and DMSQO, the negative controls. In many cancers, PDES5 is a tumor
biomarker (overexpressed in cancer). We examined the effects of
caffeine and tadalafil on head and neck cancers and their possible
uses as a combinatorial therapy to reduce toxicities.

Elise Barteld Madeleine Cohen, Erikah Mach and Madison Wells

Department of Molecular, Cellular, and Developmental Biology

University of Colorado Boulder

Hypothesis and Rationale

Based on articles and information from the NCBI, we hypothesize:

1. Both caffeine and tadalafil will be statistically significant in inducing
apoptosis to Drosophila (a model for tumor cells), tadalafil will be more
effective since it is a PDES specific inhibitor, while caffeine will be less
effective as it is a nonspecific inhibitor.

2. It is also hypothesized that as dose increases for both drugs, the drug
will be more effective.

Often, phosphodiesterases (PDE) are overexpressed in cancer cells. We
chose caffeine and tadalafil because of their abilities to inhibit PDEs.
PDE inhibition prevents the inactivation of cCAMP and cGMP (raising the
levels of cAMP and cGMP in the cell), leading to the inactivation of
transcription factors, thereby inducing apoptosis.

Methods
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These are expected results based off of data taken from other research done by

NCBI published journals that conducted experiments on the effects of various
concentrations of sildenafil and zaprinast on PDE activity, both selective
inhibitors. Tadalafil will have more of an effect on Drosophila because of its
PDES specific inhibition rather than caffeine’s nonselective PDE inhibition.
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Conclusion

From our research, we expect that both tadalafil and caffeine will be
effective in killing Drosophila. Our results should also display that
tadalafil would be more effective than caffeine based on its ability to
be a selective PDES5 inhibitor, rather than caffeine's’ non selective
PDE inhibition. Additionally, we predict a negative linear trend for
our results, showing that as concentrations of both drugs increase,
going from 10 nM to 1 mM, percent survival of Drosophila will
decrease. We predict that DMSO and water will have little to no
effect on the percent survival. A statistical hit will be determined by
looking two standard deviations outside of the mean survival for
both negative controls. Supplemental data based on our completed
experiment is attached below.

Future Directions

While tadalafil and caffeine have both been tested and are currently
being tested, there is still much more that can be investigated. With
additional time and resources, here are a few directions future
research could go:

1. Test the effects of sildenafil (the active ingredient in Viagra) on
the larvae, as it is the most potent PDES5 inhibitor.

2. Alterations in expression of PDEs and PDE-gene mutations
(especially mutations in PDE6, PDE8B, PDE11A and PDE4) have
been seen in various diseases and cancers. Therefore, combining a
PDES5 inhibitor with another PDE inhibitor listed above could result in
an even lower percent survival. There is also currently a need for
PDES inhibitors, so researching that would be a priority.

3. Test tadalafil and caffeine on the third instar larvae without any
radiation to see how effective the drug is alone in order to accurately
determine whether radiation and chemotherapy combined have a
synergistic effect or an additive effect.

4.Combine a PDES5 inhibitor with an anti-cancer drug. The PDE5
inhibitor could potentially enhance the strength and sensitivity of the
anti-cancer drug due to the inhibition of PDES and specific ATP-
binding cassette (ABC) transporters. The effects of this combination
would need to be monitored in future studies.
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[ Abstract ]

Oleuropein is an olive oil leaf extract commonly found in the Mediterranean
area. In past research, scientists have found that Oleuropein has anti-
inflammatory and antioxidant properties. Because it has a similar structure to
estrogen and can bind to the estrogen receptors, it reduces the presence and
progression of hormone related cancers. Oleuropein inhibits anti apoptosis and
pro-proliferation protein NF-kB and its main oncogenic target cyclin D1.

During our experimentation, we are testing the effects of Oleuropein on
Drosophila larvae survival. We added different dilutions to the food vials that we
then added the Drosophila larvae to, in order to test their survival rate. We tested
a fairly strong solution and diluted it down in order to observe the effects that it
has on the larvae. In addition to the Oleuropein dilutions, we are using olive oil (in
which Oleuropein can be extracted) also in different concentrations. This is in
order to compare whether it is Oleuropein or another compound that can be found
in olive oil that may or may not assist in finding a possible hit in future cancer
drugs.

World cancer cases 2012
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During Stage 3 of Drosophila
development, the larvae grow
the quickest, very similar to how
cancer cells multiply at an
accelerated rate. Therefore, we
are testing whether Oleuropein
will prevent Drosophila from
reaching adulthood, which could
be indicative of Oleuropein’s
ability to kill cancer cells in
humans. When the larvae are at
Egg the stage just before pupation,
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=3 days 4?.— -
= m:ph:ﬂf :!\ \
SUper Adult female fly

Pupa

Third Second First .

) mar :ra\ltar }nstar \

s | femtes T ) eat the most leads to the most
| '1 Hatching consumption of the drug. When
‘l?;. - _--'i ‘/-L{y‘ p g

we look for survival we’ll be
observing if the Drosophila has
eclosed out of their pupa.

! -2 days

Second larval molt  First WI molt

Cancer is second leading cause of
death worldwide. Roughly every 1 in
every 6 global deaths is caused by
cancer. Cancer costs the world
approximately $1.16 trillion every
year. While millions of people have
cancer, the treatment is deplorable. If
you live in a high income country,
treatment typically includes radiation
as well as chemotherapy. While this
treatment does a decent job of
“curing” cancer, the side effects are
awful for the patients quality of life,
which is just as important in medicine
as the quantity of life.

Did You Know?

$13,000

par patient, per month

cancer treatment can cost up to

( Hypothesis & Objective ]

We are testing Oleuropein with radiation on third-instar Drosophila larvae to
see if it may be a possible hit to be further tested for a possible future anti-
cancer drug.

The objective of this experiment is to determine whether Oleuropein acts as
an effective candidate to become a lead compound for cancer research. In
order to accomplish this we will be testing Oleuropein, through serial dilutions,
on drosophila melanogaster.

( Results and Discussion J

Unfortunately, due to the unpredictable nature of the Drosophila’s life cycle
as well as the timing of our experiment, we were unable to produce data.
Please see additional sheet for results as well as discussion.

Drug vials containing an unknown drug(left)
Example of fly quantifying(top)

Drosophila melanogaster

[ Methods J

Making the Stock Solution
To the bottle in which it arrived (which contains 10 mg oleuropein), we added 1 mL of
DI water to create the stock solution. The concentration is 10 mg/mL Oleuropein.

Making Dilutions

1) From the bottle, using the micropipettes, remove 500 uL of stock solution and add
it to an empty 1.5 mL centrifuge tube.

2) Using a new micropipette tip, add 500uL of DI water (the dilution is 5 mg/mL).

3) Use the vortex for 5 seconds to mix the solution so that the entire solution is
homologous and at the bottom of the tube.

4) Using another micropipette tip take 500 pyL from the 5 mg/mL vial solution and add
it to a new centrifuge tube.

5) Continue to create serial dilutions by taking 500 pL from the previous solution and
adding 500 uL of DI water. Do this 4 more times for a total of 5 dilutions and the
stock, thus creating a serial dilution of a 1:2 ratio.

The following is the concentrations and ratios of the dilutions that will be made:
Stock: 10 mg/mL, 18.5mM

Dilution 1: 5 mg/mL, 9.25mM

Dilution 2: 2.5 mg/mL, 4.63mM

Dilution 3: 1.25 mg/mL, 2.31mM

Dilution 4: 0.625 mg/mL, 1.16mM

Dilution 5: 0.3125 mg/mL, 0.578mM

Negative Control: No Oleuropein, only DI water

In addition to the Oleuropein dilutions, we will be utilizing olive oil in the food vials
10% olive oil (300 uL of olive oil to 3 mL of food)

8% olive oil (240 L of olive oil to 3 mL of food)

6% olive oil (180 L of olive oil to 3 mL of food)

4% olive oil (120 pL of olive oil to 3 mL of food)

2% olive oil (60 uL of olive oil to 3 mL of food)

Irradiation

1) We irradiated the flies when they were third instar larvae. To get the third
instar larvae from the bottles we will added water to the food bottles in
order to break up the food.

2) We poured the food into a series of three sieves.

3) Then collected the embryos from the middle sieve.

4) We then created a 1 instar larvae thick layer onto a plastic plate,
covering it

5) Then we Irradiated the larvae at 4000 Rad, making the flies more
susceptible to the drug.

6) After they were irradiated, we added 50-100 third instar larvae to each
drug vial.

Making Food Vials

1) Using an infusion needle (syringe) we slowly added 3 mL of food to the
food vials.

2) Using a micropipette, we added 3 uL of one of the concentrations of
Oleuropein solution directly into the food and stirred using the pipette tip.
(Making sure that the food is cool to the touch as hotter temperatures may
negatively affect the stability of the drug)

3) Then letting the vial sit to cool and solidify before adding a flug

4) Then we added approximately 50 irradiated larvae to each vial (Making
sure the food has solidified before adding the larvae; as they may get
trapped and die if the food has not yet solidified)

5) Following these same steps, we added the olive oil with the micropipette
using the amounts listed to the left.

6) We created each concentration in triplicate: there was a total of 36 food
vials.

[ Future Direction J

The results will provide us with a direction for future experimentation.
There are several factors to keep in mind. For example, the concentrations
of different vials can be adjusted accordingly based on our results to better
examine the proper concentration of Oleuropein in future experiments. We
should also keep othervariables in mind. In our experiment,
Drosophila larvae are radiated to simulate the radiotherapy that usually
accompanies chemotherapeutic drugs. We can conduct more experiments
to investigate the effect of radiation on Drosophila larvae when treated with
Oleuropein.

If our data proves Oleuropein to be a promising lead compound, we will
continue our experimentation with Oleuropein. We will perform initial safety
tests and optimize the lead compound. Before moving on to testing the
compound in humans, it is also necessary to conduct in vitro and in
vivo tests: experiments conducted in lab test tubes and experiments
conducted in live cell cultures and animal models. The FDA will examine
data from pre-clinical trials, the candidate drug's chemical structure, how it
works in the body, and potential side effects. It is critical to ensure that
people who participate in the clinical trials will not face unreasonable
risks. Only after passing these extensive tests can a compound move on to
clinical trials.

Statisticians and others from the Institutional Review Board at the
institutions where the trials will take place will closely monitor data from
these clinical trials as it becomes available. Finally, after years of clinical
trials conducted in multiple stages, the compound may become a FDA-
approved drug.
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Abstract Statements of Hypothesis Conclusion

The results confirmed our hypothesis that Arcyriaflavin A could act as a potential
The use of the cyclin D1 inhibitor, Arcyriaflavin A, on larval Drosophila will cause disruption of the larval cell cycle and result chemotherapy treatment in cancer patients, as the drug killed larvae through Cyclin-D1

Cancer is one of the most prevalent diseases in the world, with approximately
40% of all men and women being diagnosed with cancer at some point in their

_ _ : inhibition with 13 overall hits. These hits signify that our drug treatment was effective
lives. Even with current cancer treatments, thousands of people die from cancer

in lower survival rates. Also, the drug will be effective in both grapes mutants and wild-type larvae, with or without irradiation. g Bt e e g gt T T I S

each year, highlighting the need for continued research for better treatments. hits were even more effective than our positive control, Colchicine, further supporting
the potential of Arcyriaflavin A as a chemotherapy. The lower concentrations yielded
In this experiment, Drosophila larvae were used as model organisms to simulate M ethods higher survival rates, which could indicate an inverse relationship between survival rate
human cancer cell growth. The larvae were exposed to the compound and concentration of Arcyriaflavin A. A surprising result of the two trials was that the
Arcyriaflavin A, a Cyclin D1 inhibitor. The goal was to determine whether a survival rate f_or wiIthype larvae was lower than the surviva! rate for Ia_ryae with the
combination of irradiation and drug exposure effectively inhibited cell growth in The effectiveness of Arcyriaflavin was tested using wild type 3. Irradiate the mutant third-instar larvae once they have been placed e m‘;tat'og- This C&“'dd!?:fe due to thel REesls Z’f‘f‘f"”g i ad‘:"t'v? eﬁefc;‘hon the
the larvae, which was quantified by measuring the larval survival rates to Drosophila to determine whether the Cyclin D1 inhibitor will stop the :gto. the If O.Og/d-rug d\."a.ls' Tge W"d'typle EIVELE V(‘j"” nOthbe 'f{jd'ated'h 5&62?;? C;&;esrl:ﬁé%;ati Olf ;f?::/:g HiE BE GHE 10 & CHISIENE MECASNISH OT TS
adulthood. Larvae were cultivated and placed into vials containing food and cell cycle in wild type flies. Additional trials tested irradiated flies ef?élc?t?\?eiésg (')r]f?h('aa;':‘ug tineﬂr:‘e”g:eﬁ;‘;asf?r?a dri]ecx):ict)nec\g; b—teype, e 9 :
various doses of the drug, and were then irradiated. After about five days, the homozyggus for the grapes mutat_ion {0 _examine how this drug : determined : There were a few limitations to our experiment. The highest concentrations samples
survival rate was determined. SREERES I e_;lmodel tumor..A CRINY SREHUES LB el CEE Uikl | contained too much liquid to provide reliable résults, including the DMSO control. Also,
as were positive and negative controls. 4. Mark GFP in the vials containing the pupae of the mutant flies after the absence of a sufficient balance of GFP-negative and positive larvae was limiting,
ReSl_JIts indicated that Arcyrlaﬂavm_A was eﬁectlvg at decreasing the larval 1. Cultivate the homozygous mutant (or wild-type) flies at 25°C, and 2-3 .days Yvnth a UV lamp. | | particularly in the 1:40 vial in the first trial.
survival rates compared to the positive and negative controls, and that the collect third-instar larvae. Rationale: The pupae that are negative for GFP have two copies of
survival rate decreased as drug concentration increased. These results indicate Rationale: By testing the drug on different types of flies, we can mutated grapes, and are susceptible to irradiation. These pupae are
that the drug is a potential chemotherapy, and should be analyzed in further determine whether the drug could be effective only with the grapes 0L S|mllar £ cancgrous cel!s, Soithielraeatiiorsurvivalwillinelp Futu re Directions
research studies. mutation present. We could also determine the effectiveness of the S\?itgi’:;;)neef}ir; Z?;e:gf:neaﬁiggvzzzsfoor:;hger;;;;g ransuf;ieorzogree;:ﬁ{'
;j“r :Sg without the presence of the grapes mutation in the wild-type The data resulting from these trials has presented significant potential for future
5. Count the number of live versus dead flies in both the wild type and experiments. Further testing is necessary to reveal specific information regarding the
2. Prepare food drug vials by using a dosing series. A 1:10 dilution of mutant vials by obsgrving the pupae, and compare the results \_Nith the effecti\_/eness of Arcyriaflavin. A as a potential cher.noth.erapy, vyith an e_mphasis on
the stock solution of Arcyriaflavin A was prepared. Then, dilutions of f;[r;ZOIS by calculating the mean standard deviation of the survival ](c:(;)l:loevi’g.ng more comprehensive data. The future direction of this experiment should be as
::ghder:tgc\é)vr?cr:(:r:?rI;(teignV\gih;Shuel\;Ié:1%0’::1:/ :g:/v?e;t-i:rzlcl:tr?t?émr:e Ratiopale: By us_ing the .control vials as references for the_ « Conduct multiple trials similar to trial 2, with similar dosing and irradiation levels. Also
1:1280. 75uM of the positive control, colchicine, and 75uM of the effect!veness of meffe.ctlver)ess of a drug, we can determine th_e conduct more trials comparing the effects of the drug on wild-type larvae.
negative control, DMSO, were also c’:reated. ’ effectiveness gf Arc?ynaflavm A by comparing thg number of alive -This will create a much larger pool of data to eliminate the effects of outliers which
Rationale: By us:ing diffe’rent dilutions. we can determine the versus dead flies WIt!’] thg controls. If th_e _V|als with the drug_ present may skew results. This will also mitigate the effects of minor mistakes in each trial.
N , effectiveness of different doses of the’drug. contain many more live flies than colchicine, than the drug is most « Conduct multiple trials while manipulating the dosage of drug and irradiation.
C 62598 likely not an effective chemotherapy. However, if the live count is -Based on the results of the repeated trials using the same dosing series as trials 2
- o comparable to colchicine, then the drug will have potential as and 3, the dosage that yields the lowest survival rate can be determined.
St chemotherapy. » Repeat the experimental methods in other Cyclin D1 inhibitors
AT g ity T4 o -This will validate the mechanism of Cyclin D1 inhibition as a chemotherapeutic
' pathway, and could reveal additional potential chemotherapy drugs.
Res u ItS « If Arcyriaflavin A continues to demonstrate chemotherapeutic effects during these

I ntrod u cti O n auxiliary trials, experimentation could be continued in more complex model organisms.

Effect of dose on survival rate of Drosophila exposed to Arcryiaflavin A. -In more complex model organisms, testing can then be focused on the metabolic

Initial dosing series of the compound began with 300 [lLlof Arcyriaflavin A, diluted by half in each successive dose, resulting in dilutions LISETERRINS, th? SIED S, Slota)e, _and SOngHST effect§ 2 e L,
-If the drug continues to be successful in other model organisms, the next step would

July 2017, www.ncbi.nlm.nih.gov/pubmed/28720098.

Cancer is one of the most prevalent diseases in the United States, with from 1:10 to 1:320. Low survival rates at each dilution show the Arcyriaflavin effectively inhibited cell growth, with decreasing survival rates at be to conduct human trials
roughly 1.7 million new cases expected to be diagnosed in 2018 alone. While increasing concentrations. The data also showed that wild-type larvae were more affected than larvae with the grapes mutation. This data was '
there are chemotherapy and radiation treatments available for cancer compared directly to the results of our positive control, Colchicine, a known chemotherapy. The red line represents the average survival rate for
patients, there is currently no cure for this devastating disease. Cancer cells colchicine, minus two standard deviations, with any lower survival rates representing a “hit”. While the first dataset resulted in 12 overall hits, the
exhibit several unique hallmarks that make them difficult to treat, such as volume of drug in the initial dilutions was too high, resulting in fly death due to drowning, rather than reaction to the drug. This is clear as the ACkﬂOWlEdgementS
insensitivity to anti-growth signals, evasion of cell death signals, limitless negative control, DMSO, resulted in an equally low survival rate as the highest concentration of drug. Taking this into account, the first drug trial
replicative potential, metastasis, and constantly evolving genetic drift. resulted in 8 overall hits, and demonstrated the need for an additional set of dilutions at lower concentrations. In addition, certain concentrat.ions _ _ _ _ _
Therefore, continued cancer research and drug development is imperative in had an unavoidable lack of data, due to the lack of GFP-negative pupae present in the designated sample, as seen in the 75 [lLiconcentration. We V\_/0u|d like to thank Dr. Tin Tin Su for the unique (?pport.unlty to
the fight against cancer. e T - ST - R contribute to cancer research by allowing us to participate in this lab.

Our experiment involves disrupting the cell cycle in the model organism, ecto S(;an?goz;r.es .wo on survwa rare o .roso.p e exposg -O- reyna a?vm i : - _Specnall thanks to Pamel_a Harvey el [y earsizi suppgrt and.

. . : ) - g series began with 75 ClLlof Arcryiaflavin A, resulting in dilutions from 1:40 to 1:1280. These lower concentrations still instruction throughout this experiment, and to our teaching assistants

Drosophila. These flies have been bred with a particular mutation in the effectively lowered the survival rate of the fly pupae of both wild-types an mutants, with 5 overall hits. The second data set also shows decreasing Alia Alsaif. Isabella Shelby. Juli R h d Ben Huxlev. Al
grapes gene, which normally produces a checkpoint protein that stops the cell survival rate due to increasing concentrations of Arcryiaflavin A, with no flies surviving with 75 ClCof the drug present. 1a Alsall, Isabefia Shelby, Julianha Ronn, and ben Htxiey. ASo,
cycle when DNA is damaged. This mutation allows for the flies to be more this experiment would not be possible without funding from the
susceptible to irradiation. The presence of the grapes mutation is determined Dosing Series of Arcyriaflavin A Trial 1 Dosing Series of Arcyriaflavin A Trial 2 Howard Hughes Medical Institute and BiO|OgiC8| Sciences Initiative
by a balancer chromosome containing GFP (green fluorescent protein), which B (BSI). Lastly, we would like to thank the Molecular, Cellular, and
causes the flies to glow green. Flies that contain the grapes mutation will not I Developmental Biology Department at the University of Colorado
glow, while flies without the mutation will glow. This will help determine which boulder for the continued support of this research lab.
flies are more susceptible to irradiation.

One of the potential targets for cancer cell treatment is Cyclin D1, a mis
regulatory subunit of a protein that promotes the G,/S-phase transition of the Refe rences
cell cycle. Cyclin D1 activation leads to increased cell growth, and there is . Ik |
strong evidence Suggesting that Cyclln D1 overexpression leads to increased a‘f A mrtEe e m ey “Cancer Statistics.” National Cancer Institute, 22 Mar. 2017, www.cancer.gov/about-cancer/understanding/statistics.
cancer growth. Our goal in this experiment is to use a Cyclin D1 inhibitor, 2 i Datar, Sanjeev A. et al. “The Drosophila Cyclin D-Cdk4 Complex Promotes Cellular Growth.” The EMBO
Arcyriaflavin A, to stop the cell cycle in Drosophila. Drosophila mimics cell- El)glgnal 19é17t) (_2c|)00)t: 4|5i1|j—4554. FI’I\/cIjC. V\(/jeg.N 2/: gpr. 201§é e

. . . . . A I Sante, Gabriele et al. ormone-induce amage Response an epair viediate clin in

Slgnalmg pathways .In humans, pa.rtICUIarIy th_e palthvyayslus.ed in cancer cells. e l . 12% _12% Breast and Prostate Cancer.” Oncotarget 8.47 (2017): 89I 803—8p1812. PMC. VSeb. 21 Apr. 20¥S.y
Therefore, by mducmg cell death in DrOSOPh"a with irradiation and drug = l u Hirakawa, T, et al. “Arcyriaflavin a, a Cyclin D1-Cyclin-Dependent kinase4 Inhibitor, Induces Apoptosis and
treatment, we are effectively testing potential Chemotherapies in human - % 85 = B l Inhibits Proliferation of Human Endometriotic Stromal Cells: a Potential Therapeutic Agent in
cancer cells. EEI l ‘1 ,*_r_i u=-| | oo BN o o Q - — e — b | Endometriosis.” Reproductive Biology and Endocrinology : RB&E., U.S. National Library of Medicine, 18
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Discovery lab “hits” affect model tumor-cell survival in dosing series

University of Colorado
Boulder

Abstract

C ancer is the one of the leading causes of premature death in the
United States. With cancer’s intrinsic genetic heterogeneity and related
drug resistance, discovering novel chemotherapies is a critical element
in the ongoing effort to improve patient care. A screen using checkpoint
-protein  mutant Drosophila melanogaster larvae as a model for
cancerous cells identified multiple known chemotherapeutics and
several hereto unstudied compounds for their potentially synergistic
effect on tumor mortality when paired with the conventional modality of
ionizing radiation.

T his experimental procedure was repeated with two of the novel
chemicals identified, NCS 104129 and 681744, in a one-half dilution,
eight-fold dosing series. Though it was expected that the series would
reveal a dose-effect relationship, no such correlation was discerned.
However, even in lower doses, both compounds demonstrated a
statistically significant reduction in modeled tumor cell survival relative
to the negative control groups.

Limited stock of the two compounds allowed for only a single iteration of

each dosing-series. Further, certain doses yielded confounding outliers
in survival rate data. Repetition of the experimental procedure would
add confidence and clarity to the results obtained. Moreover, that both
compounds consistently exhibited significant variance from the negative
control suggests additional study may be warranted.

Introduction

Cancer, a group of diseases characterized by the unconstrained growth
and spread of abnormal cells secondary to genetic mutation, is the
second most prevalent cause of death in the United States. In 2018
alone, it is estimated that 1.7 million new cancer diagnoses will be made.
In that same time-period, over 600,000 Americans are expected to die
from cancer.
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Expected 2018 cancer diagnoses by state.

Considering the prevalence and consequence of cancer, expanding the
number of treatment options is a necessary endeavor. Both
chemotherapeutic agents and targeted radiation have demonstrated
efficacy in eliminating rapidly dividing tumor cells; unfortunately, these
modalities have deleterious side effects. Further, cancer cells commonly
have intrinsic or acquired resistance to single agents when they are
applied alone. As such, combinatorial therapy, where the two
approaches are applied concurrently and at relatively lower doses, can
minimize side effects and increase treatment efficacy.

E xploring multi-modality combinations through clinical trials has proven
costly and ineffective. By identifying and investigating potential
chemotherapeutic agents from the National Cancer Intsitute’ s
Mechanistic Set IV that synergize with radiotherapy using Drosophila
Meanogaster checkpoint mutants as an in vivo model, the Discovery Lab
presents a novel and economical avenue to expanding and improving
the oncologic armamentarium.

Kendra Downer, Leah Gillett, Bethany Gulvezan, & Brian Pringle
Department of Molecular, Cellular, and Developmental Biology

University of Colorado-Boulder

Hypothesis

The two compounds, NSC104129 and NSC681744, will exhibit drug like behavior in a dosing series. These compounds were selected based off the
results of the screen performed by MCDB 2171 students. In the initial screen, both compounds resulted in a reduced percent survival in Drosophila third-
instar larvae in line with the positive control, Colchicine. If the compounds behave like drugs, at lower concentrations the percent survival will be higher,

while at higher concentrations of compound, percent survival will decrease.
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NSC Compound 104129

Methods

1. Larvae exposure to
radiation and to ok \ gl /
compound: Grp mutant i
Drosophila melanogaster \ o :

third instar larvae were L) E,E

exposed to 4000 rad of ,_r’%ii"‘; fi Fertiizatior
ionizing radiation. : ko

Irradiated larvae were d  Adult Q@ Embryo

¢ 3
added to vials containing & ’
a dosing series of our two ' —_—
P 31/2-41/2 days 1 day

chosen compounds, .
NSC104129 and PPUPRSinge

NSC681744. The series First
consisted of eight 1:2 21/2- 3 days netariana ;
dilutions ranging from 5 Drosophila life cycle

uM to 0.039 uM of drug. . ! dy
Rationale: The use of grp

mutant Drosophila
ensured the flies were
susceptible of radiation,
which provided the basis
for identifying a drug with
synergistic effects.

Third
instar larva ; Second

. dday - & instar larva

Drosophila melanogaster
life cycle.

A dosing series of each compound was used to gauge whether the
compound behaved as a drug or as a toxic substance that is unsafe at any

concentration.
C

2. ldentification of grp mutants: Grp mutant pupae were identified using
blue light seven days after larvae were added to vials. Non-grp mutants
had a green fluorescent protein that appeared green under blue light.
Rationale: Distinguishing between grp and GFP positive flies ensured the
survival percentages calculated were for flies that were radiosensitive,
enabling identification of a compound with synergistic effects. GFP is
maintained in the population on a balancer chromosome to allow for
differentiation between radiation susceptible grp mutants and
heterozygotes that are radiation resistant.

3. Quantification of survival: The survival of Drosophila larvae was
determined by counting the number of pupae that had eclosed three to five
days after marking the vials.

Rationale: The larvae in our model represented cancer cells; quantifying
those that were are unable to survive exposure to the compounds and
irradiation allowed for identification of potential chemotherapies.

4. Data analysis: Survival data was analyzed for each drug vial by
calculating survival percentages and exploring the dose-response
relationship. A negative control of DMSO and a positive control of 50
ug/mL colchicine was used to determine compound efficacy.

Rationale: Identify a potentially effective dose of the compounds tested on
larvae.

NSC Compound 681744

Results

Average Percent Survival for the 813 Compounds Screened
in the Discovery Lab with "Hit" Threshold Defined
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The compounds tested were among thirty two “hits” that included
marketed chemotherapies.
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Dosing Series: Survival vs Compound
Concentration
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Compound Concentration (uM)

Hit Threshold
(Negative control - 2 x O )

The expected dose-response relationship was not observed in the
dosing series trial.

MCDB

Conclusions

B ased on the collected survival data, no clear correlation exists
between the concentration of compound administered and larvae
survival for either NSC681744 or NSC104129. While the low percent
survival seen in the majority of vials validated that the compounds were
effective at killing third instar larvae, further tests are needed to
determine if the compounds simply have toxic properties or are able to
predict survival with any success as a drug in a dosage series.

A s the grp mutation present in our experimental Drosophila
melanogaster population is homologous to the checkpoint kinase 1
mutation often present in head and neck cancers in humans, the
success of our experimental compounds to prevent survival of the
larvae could be indicative of their success in preventing tumor growth in
humans suffering from cancer.

Future Directions

D ue to limited availability of library compounds, only one trial of each
dosing series was completed in this experiment. Additional trials could
further validate our results and provide more reliable evidence of each
compound’s behavior in a dosing series.

There were two additional compounds in the National Cancer Institute
library that were screened as hits and shared similar functional groups
and structural features with the compounds tested in this experiment.
Tested compound NSC681744 contains a nitrile group, as does the
screened hit morpholine-N-dithiocarbamate. Tested compound
NSC104129 contains a dichlorobenzene ring, screened compound
NSC36826 contains a chlorobenzene ring. Future testing of these
compounds could help identify functional groups with chemotherapeutic

effects.
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Using our model organism, Drosophila larvae, we were able to mimic
head and neck cancer tumor cells. This is due to the Grapes mutation we
induced in our larvae, homologous to the Checkpoint kinase 1 gene
mutation seen in head and neck cancers. In addition, the larvae’s rapid
growth mimics the cell division rate of cancer cells. Our drug, Vidatox, is
derived from 5 peptides found in the Cuban Blue Scorpion (Rhopalurus
Jjunceus) venom.
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This specific scorpion venom has been used in traditional Cuban
medicine. Our drug has been speculated to stop angiogenesis, spark
apoptosis, and stimulate the immune system, all to fight tumor cells. We
will be testing Vidatox’s effectiveness in terms of fly survival in order to
determine if this compound has the potential to become a
chemotherapeutic drug. We believe that our more concentrated dilution
of Vidatox will yield lower survival rates, indicating a potential hit. By
comparing our data to DMSO, we will be able to confirm the validity of
our results.

Introduction

One in three people will be diagnosed with cancer in their lives. Cancer is
caused by unusual gene expression. In cancer cells, oncogenes may be
activated and tumor suppressor genes inactivated, causing an uncontrolled
dividing of mutated cells. Using this idea of rapidly dividing cells, we can
test possible cancer drugs on rapidly dividing Drosophila larvae. To mimic
radiation treatment of cancerous tumors, we irradiated 3rd instar larvae that
have the grapes gene mutated. The grapes gene is a homologue to the
Checkpoint Kinase 1 gene in humans. This Chk1 mutation is most common
in head and neck cancers. This mutation allows the cell to pass the first
checkpoint in the cell cycle; in normal cells the replication process would
stop the cell to repair DNA damage.

ke

The drug we will be testing is called Vidatox. It is currently registered as a
homeopathic drug to a 30CH dilution in liquid form. Its dosage for a human
is 1-2 drops. It is derived from the venom of the Cuban Blue Scorpion
(Rhopalurus junceus). Vidatox uses five of the peptides found in the venom
of the Cuban Blue Scorpion. Historically the scorpion venom was used in
traditional Cuban medicine as a pain relieving and anti-inflammatory drug,
which gives Vidatox promise of also being used for palliative care. Also, the
venom has been studied and shown to stimulate the immune system,
induce apoptosis, and block angiogenesis. Both avoiding apoptosis and
sustained angiogenesis are hallmarks of cancer which indicates that
Vidatox will be successful in cancer treatment. Vidatox is however a
complementary and alternative medicine (CAM), so we must be skeptical
with results, as other studies have shown it could activate tumors more.

Effects of Blue Scorpion Venom in a Model for Head and Neck Cancers

Chloé Ebrahimian, McKenna Dellinger , Camille Gannon, Anna Hauserman

Department of Molecular, Cellular, and Developmental Biology
University of Colorado-Boulder

Methods

1.Collect eggs m

2.Put eggs in food vials
{3-5 days)

3. Isolate third instar larvae

4.Irradiate third instar larvae
5.Make Vidatox dilutions and add to food vials .l'; ~

6. Introduce 50-100 larvae per vial
(5T days)

.
8.Quantify survival m

The life cycle of the drosophila begins with the embryonic stage and
moves on to larval stage. There are three stages of larvae beginning with
the 1st instar larvae growing into 2nd instar and finally 3rd instar larvae.
Our experiment focuses on the 3rd instar larvae because their rate of cell
division mimics the rate of cancer cell growth and they contain a similar
mechanism to the checkpoint kinase found in human cells. The larvae
then pupates until it is ready to eclose into an adult fly. We look at which
flies have eclosed in order to determine the survival rate of our flies. If
there is a whole fly still in the pupa or if the fly has liquified, the flies are
quantified as dead. If the pupa is completely empty or partially eclosed
the flies are quantified as alive.

Alive Dead

Hypothesis

By testing Vidatox on Drosophila larvae, we can determine if Vidatox
will work synergistically with radiation to treat head and neck cancers.
Our model organism is similar to head and neck cancer tumor cells
because the larvae cells are are rapidly growing.The Drosophila we are
testing already have the grapes mutation, making them more
susceptible to DNA damage when they undergo radiation. The grapes
mutation is similar to the Checkpoint Kinase 1 mutation in humans. In
order to identify the grapes mutation, we quantified GFP — and GFP+ to
determine which flies were homozygous or heterozygous for the
mutation. We wanted to isolate the GFP- as they have the homozygous
mutant alleles, thus they are more susceptible to radiation, and better
mimic tumor cells. The GFP gene codes for Green Fluorescent Protein
and, in flies where it is transcribed, they appear fluorescent green under
a black light, allowing selection of GFP positive and negative drosophila.
Since the grapes mutation in drosophila is similar to the Checkpoint
Kinase 1 mutation which is common in head and neck cancers in
humans, drosophila were an ideal model organism for our experiment.
Once the flies have ingested Vidatox and pupated, we can quantify for
survival based on how many flies have eclosed. We can further
compare the percent survival of our flies to our negative control of
DMSO in order to get a more accurate idea of the effectiveness of our
compound.

Results

GFP Identification

600

400

Number of Flies

200

GFP-(1/1000) GFP-(1/5000) GFP+(1/1000) GFP+ (1/5000)

GFP Identification: These results represent the total number of
flies that were GFP- or GFP+ for both concentrations of Vidatox
(1/1000 and 1/5000)

Analysis: Our results did not follow the expected trend of GFP- to
GFP+ ratios. Theoretically, 2/3 of the flies should be GFP+ and
only 1/3 of the flies should be GFP-. Our data demonstrates a
conflicting pattern as there were significantly more flies that were
GFP-. We expect this to affect the survival rates of our flies in both
concentrations of Vidatox because our compound could be
interacting with the GFP balancer chromosome, explaining the
discrepancies in our results. In addition, our number of flies are not
representative of a full population since we did not attain the ideal
GFP-/GFP+ ratios.

Anticipated Results

Hypothetical Survival Rates

50

40

20

Percent survival

DMSO Colchecine

Vidatox (1/1000) Vidatox (1/5000)

Coumpound

Hypothetical survival rates: The graph demonstrates the
predicted survival of our compound compared to our positive and
negative controls. Because the flies are being irradiated, 50% of
the flies exposed to DMSO will be killed. Although, without
radiation, DMSO would have no effect on the survival rate of the
flies. The Colchecine reduces percent survival to 10%. We expect
our 1/1000 dilution of Vidatox to reduce percent survival to 25%,
and the 1/5000 dilution to 35%.

If we could be in the lab for an additional semester and if we had
unlimited funding, we would first want to repeat our experiment to see if
we could get more standard data in terms of GFP- and GFP+ ratios.
|deally there should be more GFP+ which indicates a genotype that
includes a balancer chromosome and one copy of the mutation.
However, in our drosophila populations there were more GFP- flies which
are homozygous for the mutation, which is not indicative of predicted
ratios. There is a possibility that there was an interaction with the grapes
mutation and our drug, and the ratio of GFP in our drosophila could
cause skewed results. Increasing our population size or using later
generations of drosophila may yield a more realistic ratio of GFP and
produce more accurate results. Additionally, we would want to test
different dilutions in order to get an ideal Vidatox dosage. Testing pure
scorpion venom extracts is another experiment we would run because it
could possibly yield different results since Vidatox is a compromised
version of scorpion venom containing only 5 peptides found in venom.
Testing the compound on wild-type flies as well as running the
experiment without administering radiation would lead to different survival
rates and effectiveness, and would be a promising experiment to
determine the extent of Vidatox as a treatment or a palliative drug. If our
drug was a confirmed hit, outside of two standard deviations from the
mean survival rate of DMSO, we would next move onto pre-clinical trials
that would involve testing with mice because we would need to test
Vidatox in an mammalian organism, since mice would be a model for
human biological processes.
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[ Abstract

[6]-Shogaol, an active constituent in ginger, has shown potential in
reducing the size of tumors by targeting rapidly dividing cancer

cells, and extended research on the compound could provide

insight into the fight against cancer. In our experiment, we used

third-instar Drosophila melanogaster larvae as a model for

cancerous tumors, and tested the effect of [6]-Shogaol on

development and survival as adult flies. Although we are their still
awaiting results, our findings thus far suggest that nearly all the

Drosophila either died in the pupal stage, or are developing

unusually slowly. However, since this result was also true for the
negative control containing ethanol, we cannot credit it to just the
[6]-Shogaol. Ethanol may have played a role in significantly

slowing development of the Drosophila, and the effects of [6]-
Shogaol must be studied using a different negative control in order
to make any conclusions as to its effectiveness.

( Methods }

The procedure of raising and preparing the larvae for drug
administration is as follows: First we maintained adult flies in
population cages, where they mated and laid eggs. These eggs
were then collected and put into food bottles until they
developed into larvae. The larvae were put through three
stacked sieves, and sorted by size into first-instar, second-instar,
and third-instar larvae. The third-instar larvae are collected from
the 600-850 um sieve and irradiated at 4000 rads. This is meant
to mimic the administration of radiation before chemotherapy.

After this, they were added to the T 3

prepared drug vials for testing. These 1 @; mr"’f\\

drug vials were filled with fly food that  Puweien= Al fomale fy

contained a series of dilutions that we 1

had made from our compound. This

series of dilutions included

concentrations of the following: b o\
1.000 mg/mL [6]-Shogaol in ethanol ‘ |
0.500 mg/mL [6]-Shogaol in ethanol
0.250 mg/mL [6]-Shogaol in ethanol
0.125 mg/mL [6]-Shogaol in ethanol
Pure ethanol

Second larval molt  First larval molt

Originally, our compound came in a
1mg/200uL of ethanol, so to make a stock
solution of 1mg/mL that we could use to
make the rest of our dilutions, we added
800uL more of ethanol. With this stock
solution of [6]-Shogaol, we created three
dilutions of incrementally decreasing
concentration in 1:2 ratios. Because our
compound was originally a powder that had
been dissolved in ethanol, we used ethanol
alone as our negative control, and
prepared the dilutions using ethanol. In
each drug vial we added 3 mL of fly food,
30uL of each dilution, and 100 pL of water.

Incubated the vials for 10 days at 25 degrees Celsius. After

ys we quantified the fly’s survival by shining the vials under
to show GFP positive and negative flies. We then

survival of GFP negative flies by counting how many
sfully eclosed and how many have failed to eclose.

altogether.

[ The Problem J

Cancer encompasses more than 100 specific diseases, and
therefore has a broad range of symptoms, but commonly
includes tumors, unexplained fevers, night sweats, and
unintentional weight loss. Cancer is a common disease in which
abnormal cells divide and destroy healthy tissues. In 2016,
approximately 1,685,000 people were diagnosed in the United
States, and nearly 600,000 people died of the disease. 39.6% of
people will be diagnosed with some form of cancer in their
lifetime. Typically, cancer is treated with radiation and
chemotherapy; however, drug resistance is becoming an issue
and some chemotherapies are becoming too toxic, which is why
it is vital that research for new, safer drugs becomes a priority.

[ Hypothesis ]

Third-instar larvae treated with the dilution series of [6]-Shogaol
will have a reduced eclosure rate of the flies as the doses of the
compound increases.

( Objectives }

The goal of this experiment is to understand the effects of the
compound 6-shogaol on the development of Drosophila melanogaster
from third-instar larvae into adult flies. If successful, the 6-shogaol will
either stop larvae development into adulthood or kill the larvae
We will use our results and consider their potential
application in treating cancer - more specifically, in shrinking or
stopping the growth of cancerous tumors.

[ Results

Due to a limited amount of time for
the trial, we are still awaiting results.
However, Drosophila usually take
between 3 to 5 days to develop into
the third instar larvae- even after that
time frame our larvae have yet to
eclose. Because this slow
development is observed in both the
vials containing the drug and vials
containing the negative control, we
cannot make any conclusions
regarding the effectiveness of the [6]
-Shogaol compound. This result
indicates that ethanol may have
played a role in inhibiting Drosophila
development. Therefore, further
studies of [6]-Shogaol would require
a different negative control in order
to clearly decipher its effects.

[ Introduction ]

The nature of cancer has made it very difficult to treat as cancer has many
origins, whether from genetic disorders or inherited dispositions, the
outcome is often the same. One of the most common causes of cancer is
a random mutation whether in the cell cycle or DNA that goes unchecked
that allows the cancer cells to divide and spread rapidly.

Third instar larvae of the Drosophila melanogaster are used as models of
cancerous tumors because of their abundance of rapidly dividing stem
cells that mimic the fast growth of cancer cells. They also contain grp
genes, which creates a protein that is very similar Chk1 found in humans.
Chk1 mutations are often found in head and neck cancers, so the results
are specifically for these types of cancer.

The pharmacokinetics of [6]-Shogaol, a compound commonly found in
ginger, have been studied and shown to be a potent inhibitor breast
cancer as it targets the NF-kB activation cascade, to prevent the spread of
cancer by inducing apoptosis. Recent evidence also suggest its ability to
inhibit growth in ovarian cancer cells. This is due largely to the phenolic
alkanone present in [6]-shogaol, which damages the microtubules and
induces mitotic arrest and thus inhibits the production of cancer cells.

[ Discussion ]

While we were not successful in deciphering whether the [6]-Shogaol has
a significant effect on Drosophila development due to the strength of our
negative control, we can still make inferences regarding its application to
cancer treatment. From our results, our most likely conclusion is that
either the ethanol or the [6]-Shogaol- or the combination of the two-
significantly slowed Drosophila development without Kkilling them.
Because our negative control showed no signs of development past the
pupal stage, we can say with more certainty that ethanol alone could
have made a big impact on slowing development.

Although our desired outcome in testing a compound is no survival, our
actual result has some interesting implications. Today, treatments for
cancer are not ideal, not only because of inevitable drug resistance, but
also because of their many side effects caused by toxicity. Doses must
be carefully assigned by maximizing effectiveness while minimizing
effects of toxicity. If ethanol did indeed slow Drosophila development
without killing the Drosophila, it may offer insight into minimizing drug
toxicity. This concept could be applied to the growth and development of
cancer cells, and the possibility of containing tumors and stopping or
slowing metastasis.
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[ Future Directions ]

In order to see the effects of the 6-shogaol in combination with other
compounds found in ginger, we could test vials with ginger to see
how or if the survival rate is affected by the effects of 6-shogaol in
combination with gingerol and other compounds commonly found in
ginger. This also opens up an exploration in diet; incorporating
ginger in the diet of cancer patients could have a different effect
than if used strictly as a drug, both as far as concentration absorbed
and in how it is broken down in the body’s digestive tract.
Additionally, we could’'ve chosen to create vials without first
radiating the flies, thus observing the effects of combination therapy
on the model tumors. Finally, for future experiments we could
conduct more research to find the effective dosage of 6-shogaol for
humans and then scale it down for flies so we can create a more
effective dosing series.
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Cancer is one of the leading causes of morbidity and mortality worldwide and it
is ranked the second leading cause of death globally in 2015.What makes
cancer so problematic is not its large number of cases, but rather its treatment
strategies. Since malignant tumors have the ability to build resistance to
chemotherapies that they are exposed to, it is essential to pursue and continue
to find more chemotherapies that will reduce cancer resistance, but to also
prevent cancer cell proliferation. A potential compound that was found that
may prevent cancer cell proliferation is Allicin, a compound that is derived from
garlic. Based upon previously published experiments, Allicin has been found to
have both preventative and cancer suppressant properties. Allicin has been
reported to induce cell apoptosis and therefore being able to prevent cancer
cell proliferation. Further evidence has indicated that Allicin has an inhibitory
effect on many kinds of tumor cells. We aim to test these the results out and
see their potential uses using our model based upon third instar larvae because
they can replicate at a similar rate as malignant tumors.

[ Introduction }

Allicin is a possible effective compound to prevent cancer as well promote
cancer cell apoptosis, which could be a potential approach with anti-cancer
treatments, specifically in thyroid cancer. Allicin is extracted from garlic.
Thyroid cancer is ranked as the most prevalent endocrine malignancy.
Furthermore, thyroid cancer frequently exhibits resistance to standard
chemotherapy regimens. Autophagy is a physiological process in the body
that deals with destruction of cells in the body. It is supposed to maintain
homeostasis and normal functioning of destroyed cell organelles for new cell
formation. Allicin induces autophagy-dependent cell death even despite if the
cancer cells have developed apoptosis resistance. Allicin was found through
an in vitro experiment that Allicin inhibits cancer cell proliferation and induced
cell apoptosis. However, tests of Allicin on thyroid cancer remains elusive that
it improves multidrug resistance. It is possible that Allicin could serve as an
adjunctive therapy.

Unfortunately, it is difficult to determined how effective and the dosage amount
of Allicin that could be absorbed into the human body. Allicin cannot be
detected in humans up to 24 hours after ingestion because they are found to
be rapidly metabolized. It is found to be rapidly metabolized because Allicin
breaks down releasing a number of volatile compounds that results and
detected in human breath after consumption. It is also detected in urine within
about four hours of ingestion, which suggests that it is absorbed into the blood
and rapidly excreted.

For the initial drug screening, we used a dose of compound that can
commonly be achieved in human serum, 10 mg/mL. The reasoning for this is
because there was no information regarding the serum concentrations for
Allicin. According to Oregon State University, Allicin is rapidly metabolized to
the extent that there is little information about the absorption values. The
negative control is Dimethyl Sulfoxide (DMSO) because it does not inhibit the
growth of cancer cells. The positive control is Colchicine because it was
proven to inhibit cancer cell proliferation. Included in the initial screening,
irradiated larvae was used because Allicin is being tested as an effective
chemotherapy or not.

Grapes (grp) is the gene that encodes
Checkpoint Kinase 1. Checkpoint

Kinase 1 prevents entry into mitosis if it
senses that the cells has a problem with
DNA. This is a similar process in

humans. We are using grp'/grp’ larvae

to act as the mutations found in human
tumors that disrupt cell cycle

checkpoints. We mark GFP of the

larvae to determine which larvae has

the mutated grape gene. The larvae

with GFP are susceptible to radiation.
Based on the markings of GFP, we
quantify survival by counting the number
of closed and empty pupal cases

Abstract )

( Hypothesis }

Currently, the drugs that are available for treatment of cancer are
quickly becoming unusable due to the the resistive properties of
cancer. We need to be able to find more and more possible
treatments to cancers. These cancers are increasingly difficult to
treat due to them being multidrug resistant.

Specific Hypothesis: We hypothesized that Allicin, a compound in
garlic, would be an effective chemotherapy compound for the
treatment of tumors that were commonly found in the head or
neck. Due to Allicins ability to induce apoptosis, we determined
that it would be a good compound to test in cancer treatment.

[ Purpose }

1. Test compounds for their ability to limit growth and survival of third
instar Drosophila larvae representing tumors typically in the head
and neck.

2. Hypothesize the effectiveness of promising compounds based on
their ability to inhibit survival of third instar larvae.

3. Conduct multiple trials and experiments that allow us to determine
whether a “hit” may be an effective chemotherapy.

[ Methods }

1. Raise and Maintain Adult Drosophila

Collect eggs from population cages and allow them to grow in culture bottles full of fly food. This
allows the flies to develop and undergo rapid cell division. We incubated transferred flies for 5
days. This step is expressly controlled with regards to the environment in which we allow the
eggs to hatch and develop.

2. Collect Third Instar Larvae from the Culture Bottles

We then collected the third instar larvae from the egg basket by running water over the sieve so
that the smaller and less dense fly larvae that are in the early stages of development wash out.
This leaves us with only third instar larvae. We use the third instar larvae because they are an
effective representation of a head and neck tumor due to rapid cell proliferation.

3. Irradiate Third Instar Larvae

After collecting third instar larvae, we irradiate them using 4000 rad gamma radiation for
approximately 12 minutes. Providing a coupled treatment such as radiation allows us to
administer our compound at lower doses. We know that stem cells are more radiosensitive than
somatic cells. The ionizing radiation breaks the DNA double helix to damage the DNA of the
rapidly dividing cells.

4. Drug Administration and Experimental Setup

After collecting and irradiating the third instar larvae we placed 3 mL of fly food mixed with
either a concentration of 10 mg/mL or 5 mg/mL of Allicin mixed into the food. We then placed
roughly 50-150 irradiated third instar larvae respectively into the culture vials with the food and
the drug.

5. Mark GFP (Green Fluorescent Protein) in Flies

Two days after administering the drug, using modular stereomicroscopy we marked the flies for
the expression of green fluorescent protein. This allows us to determine the fly genotypes. GFP-
negative flies are homozygous for the mutation in the grapes gene and GFP-positive flies are
heterozygous for the mutation. Heterozygotes are more susceptible to the radiation than the
GFP-negative flies. All of the wild type flies end up dying. This is a crucial step to effectively
quantifying survival.

6. Quantifying Survival

The final step is to quantify survival by counting the number of empty (alive) and closed (dead)
pupal cases. We quantify survival of GFP-positive and GFP-negative flies separately in order to
get more accurate and controlled results. Using these results, we can determine the
effectiveness of the drug.

Results 1\
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Figure A: This graph indicates the number of flies that
had GFP. Those marked that had GFP express grp'/grp?,
which means that they were susceptible to radiation. The
concentration of Allicin was 10mg/mL. The volume of
DMSO and the Allicin were the same to account for any
toxic effects of the compound or nutrient depletion. Half of
the dosage for Allicin was also tested. The blue bars are
designated to show the flies that had GFP and the orange
bars are designated to show flies that did not have GFP.
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Figure B: This graph indicates the number of flies that
survived or died after going through radiation and
chemotherapy. In comparison between the negative
control (DMSO) and Allicin, the data shows that Allicin was
working as a chemotherapy because there were less flies
surviving, which is what is wanted since that indicates that
the model cancer cells are dying. In comparison between
the full dosage of Allicin and the half concentration of
Allicin, the data indicates that the chemotherapy would
have worked more effectively with half the concentration
of Allicin. This may not be accurate because only one trial
was ran for having half the concentration of Allicin. The
blue bars show the living flies and the orange bars show the
dead flies.

Rate of Survival

|

Since the value for Allicin is less than two standard deviations from the
mean survival of the negative controls, it is identified as a “hit.” Our results
suggest that testing Allicin on tumor cells in vitro would be an even more
effective way to determine the overall therapeutic effect. One limitation to
our experiment was the lack of literature on metabolic rates and dosing for
Allicin. As a result of this we chose to use a dose that is commonly found in
human serum of 10 mg/mL as well as 5 mg/mL. Because we observed a
significantly lower survival rate in flies given the full dose of 10 mg/mL than
the half dose of 5 mg/mL, a full dosing series would be a logical next step to
determine a more therapeutic dose. Overall, Allicin significantly inhibited
tumor representing larvae to survive to adulthood.

Conclusions )

% Survival Hit Values (DMSO)

Mean of Allicin 30.38%
Mean of Controls 46.15%
2 SD Above Mean 83.05%
2 SD Below Mean 36.90%

[ Future Directions ]

1. We would like to perform a dosing series for Allicin.

2. We could try different methods of integrating Allicin into the food such as
using a diluted solution or adding in the Allicin while we are creating the food.

3. If results are effective, in vivo studies may be effective

4. Combining Allicin with Rapamycin, which has been shown to be effective in
treating cancers in other studies.

5. We can try working with non-irradiated larvae to see how the effects differ
from irradiated larvae.

6. We would also like to try adding 50mg/mL of Allicin to see its effects, and
whether or not it kills more flies.
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Figure C: This graph indicates that percent of survival that is
was calculated from Figure B. In comparison between the
negative control (DMSO) and Allicin, the data shows that
Allicin was working as a chemotherapy because there was a
lower percent of flies surviving, which is what is wanted since
that indicates that the model cancer cells are dying.
Comparing the half concentration of Allicin, this indicates that
half the concentration of Allicin may not be toxic enough to Kill
the flies. The bars show the percent of living flies.
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Our project’s goal was to identify a hit from our class’s drug screen to
further test its effectiveness in lower doses. We tested the drug in several
concentrations and compared it to our negative control in our model

organism, Drosophila Melanogaster. Drosophila was a good model organism

for our purposes in identifying a hit due to its similar biological pathways
relative to a human. Furthermore, Drosophila has a genetically modified

grapes gene that allows cells to continue through mitosis without correcting

DNA damage, similar to cancerous cells. In our independent project, we
decided to test the compound Thalicarpine on the Drosophila with the
genetically modified grapes gene. Thalicarpine binds to and inhibits p-

glycoprotein, the multidrug resistance efflux pump. In our experiment, we

wanted to create a dosing series to determine if the compound will be
effective at lower doses. We also had a negative control of dimethyl

sulfoxide (DMSO); a solvent for our compound. Our expected results were
that our dose of 5 micromolar will be effective; however, we did not believe

the 2.5 micromolar conentration will be as effective as the other doses.

e et

Introduction

Cancer is the second leading cause of death in the United
States. According to the American Cancer Society, in 2018, there will
be an estimated 1,735,350 new cancer cases diagnosed and 609,640
cancer deaths in the United States. As well, the number of people
living beyond a cancer diagnosis reached nearly 14.5 million in 2014
and is expected to rise to almost 19 million by 2024. Cancer can
affect men and women, healthy or sick, and young or old. The disease
can be caused by genetic mutations, poor lifestyle choices, or chance.
Cancer does not have a set of symptoms, as it can affect any part of
the body. It can be extremely hard to diagnose early. For example,
pancreatic cancer is usually diagnosed at a late stage because it does
not show symptoms until the cancer has spread throughout the body.
Because cancer is hard to catch early, it is difficult to treat.

Causes of U.S, Cancer-Related Deaths

Cancer is a genetic disease that occurs when DNA is
damaged or mutated, leading to to abnormal patterns of expression
or replication. Thus, the effects of the normal genes that control cell
growth, survival, and spread are enhanced and those that suppress
these effects are repressed. Driven by two classes of genes, oncogenes
and tumor suppressor genes, there are key changes that occur in
cancer cells that drive their malignant behavior. Also known as the
“Hallmarks of Cancer”, some of these changes include: evading
apoptosis, growth factor independence, insensitivity to antigrowth
signals, and invasion and metastasis. These factors are essential in
the identification of possible drug functions that can inhibit cancer
cell growth.

As of right now, only three main treatments are
administered to combat this illness including: radiation, surgery, and
chemotherapy. 50% of all cancer patients undergo chemotherapy
treatment, but it only has a “success” rate of 10-15%. The main
problem with commonly used chemotherapies is that they are highly
toxic to normal somatic cells, which lead to various side effects. Side
effects can be short term, or develop over time and affect patients for
the rest of their lives. Short term side effects consist of hair loss,
fatigue, nausea, mouth and throat sores. Long terms side effects
include cognitive problems, various heart problems, and in women,
early menopause. Finding a smaller effective dose is essential in
order to minimize the side effects of chemotherapy to the normal
somatic cells.

In our independent project, we decided to test the
compound Thalicarpine. Thalicarpine binds to and inhibits p-
glycoprotein, the multidrug resistance efflux pump. Thalicarpine

also induces single-strand breaks in DNA and arrests cancer cells at the
G2/M and G1 phase of the cell cycle. In our initial drug screen, flies with
the grapes mutation had a 26.7% survival rate, and flies without the
grapes mutation had an 11% survival rate; thus, we identified it as a “hit.”
The 10 micromolar concentration of the compound resulted in a low
survival rate. We want a compound with a high therapeutic index; thus,
we can administer lower doses with less side effects. Because
chemotherapy is toxic to the surrounding normal cells as well as the
tumor cells, our goal is to find a compound we can use at the lowest
effective dose so we can minimize side effects from the drug.

Hypothesis

We hypothesize that our compound will still be a hit at a
lower dose. When coupled with radiation, our compound will
be effective as a chemotherapy even with the lower dosages.
We expect that 10 microomolar and 5 micromolar
concentrations of Thalicarpine coupled with radiation will be
“hits” but, the 2.5 micromolar concentration will not be.

Resistant cell

L/
=) Combination
— Therapy

ui
P,
Traditional
Cancer Therapy

Eradication

Methods

First, we chose a chemotherapy that was identified as a “hit” from

Diversity Set IV in a previous drug screen in the Drug and Discovery Lab.
We maintained an adult fly population, harvested embryos, and
collected 600-800um larvae. We chose to irradiate the larvae because
chemotherapy is commonly administered as an adjunct therapy to
radiation therapy. We bred the flies to obtain a grps mutation which
inactivates a checkpoint protein, causing the radiation to be more
effective because mitosis won’t be arrested, allowing the DNA damage to
persist.

After irradiating the larvae, we transferred the larvae into the

vials with the drug and food mixture. We used 11 drug and food vials
overall. For each control and dilution we used two trials, 3 uL being the
only exception, in order to increase the accuracy of our results. Our
positive control was 50 uL/mL colchicine. Colchicine is a proven
effective chemotherapy that is known to inhibit mitosis. We also used a
negative control: DMSO (Dimethyl sulfoxide). This is a solvent for our
chemotherapy which should not harm the larvae. We used controls
because it serves as a baseline to determine how effective our compound
is. We were given 9 ul of our compound, and we will test 3 pl in our first
vial to verify that the compound was indeed a “hit”. After the initial test,
we will use two vials for each of the different compound amounts. In
vials 2 and 3, we will use 1.5 pul of the compound. In vials 4 and 5, we will
use 0.75 pl. In vials 6 and 7, we will use 3 ul of DMSO (our negative
control) in each vial. Vials 8 and 9 will have 1.5 ul of DMSO, and vials 10
and 11 will have 0.75 pl of DMSO. All vials will have either the drug
compound or the DMSO mixed with 3 ml of food. We will conduct this
experiment double blinded in order to avoid bias in our results.

After the larvae incubate and are able to crawl up the walls of

the vials, we determine if the flies have to grapes mutation. The flies
without the grapes mutation will glow green under UV light because they
have a phenotypic marker known as GFP (green fluorescent protein).
The flies with the grapes mutation will not glow; we want to quantify the
survival of these flies because they accurately model tumor cells. After
10 days of incubation, we account for survival of the flies. After
quantifying the survival of all the GFP negative flies for each dilution,
we determined the lowest possible effective dose for our given
compound.

Results

Below are the results from all the compounds we tested in our
initial drug screen. The hits are below the red line.
Thalicarpine is one of these hits.

Percent Survival (%)

Shown below is the expected percent survival for our varying dosages.
There should be slight differences between each concentration due to
chance. As the concentration of Thalicarpine decreases, the percent

survival should increase. The line on the graph represents the percent
Survival that determines if the compound is a hit. It needs to be under

32.9% to be a “hit.” This is based of the class data from the first part of our

experiment.

Expected Percent Survival of
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Conclusion

In our independent project, we decided to test the effectiveness of
Thalicarpine at lower doses. Thalicarpine was chosen because it was a hit
from our main lab’s original drug screen. As a part of our independent
project, we re-tested Thalicarpine to prove that the possible lead
compound had been correctly identified. Thalicarpine was tested on our
model organism, Drosophila, with the genetically modified grapes gene,
which allows cells to continue through mitosis without correcting DNA
damage, similar to cancerous cells.

To find the compound’s lowest effective dose, we had different
concentrations of Thalicarpine mixed with 3mL of food, yielding the
following concentrations: 10.0 uM, 5.0 uM, 2.5 uM. According to our
expected results, 10.0 uM and 5.0 uM proved to be effective, acting in
accordance with our hypothesis. Based on the expected data, 5.0 uM of
Thalicarpine proved to be the lowest effective dose against our model
organism, Drosophila.

However, our independent project was limited in the sense of drug
concentration and time. During this lab, our group was only supplied
with 9uL of Thalicarpine, thus limiting the range of dosages we could
test. Given more of the compound, it would’ve been possible to test more
dosages, thereby getting a more precise measurement of the lowest
effective dose. In tangent, given more time we would’ve been able to
obtain real results, either confirming or denying our expected results.

Future Directions

This experiment suggests possible future research including:

1. Quantify survival of the third instar larvae and determine if
Thalacarpine is a “hit” at a lower dose.

2. Obtain more of the Thalicarpine (compound 93-8 from Diversity Set
IV) drug in order to test a wider range of possible effective dosages.
This will lead to a more refined graph that will hopefully reveal the
lowest therapeutic dose in our model organism Drosophila.

3.Test Thalicarpine in vitro and in vivo on an isolated tumor cell that
would be commonly found in the head and neck regions of an affected
patient.

4.Test Thalicarpine on a model organism with cancer, such as a mouse.
These tests will provide information on the pharmacokinetics of the
drug.

5.Modify Thalicarpine to reduce its effects on other chemical
pathways, while also increasing its efficacy on the desired chemical
pathway. This will result in an optimized lead compound that can
spearhead further preclinical studies.
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[ Abstract ]

Cancer is a disease notoriously known for being relentlessly hard to overcome
and all too common in our society. In summary, cancer results in rapid tumor
growth due to a malfunction in our cells causing them to replicate at an
uncontrolled rate. Two of the most effective treatments of cancer used today
are radiation and cytotoxic chemotherapies. Their goal is to kill malfunctioning
cells. Using a specific species of fly as our test subject, we have investigated
new and possibly more effective ways to kill these cells.

Third Instar Drosophila melanogaster were used in this experiment. In this
stage of development, the larvae’s cells are rapidly replicating which mimics
tumors cells. The flies are also an excellent model for cancer research
because they are cheap, extremely susceptible to radiation, their cells are very
similar to those of humans, and Drosophila are simple organisms with a short
life span. These are necessary components to have in the model chosen for
this experiment because of the time restraints placed on the study, and that is
easily comparable to other chemotherapy research done in other labs.

We used a dosing series of 1:10, 1:100, and 1:1,000 this was pipetted to each
vial to create a total of 7.5 mL of solution, and fly food. i.e 6.75 mL of food and
1,000 pl of Vidatox, 7.5 mL of food and 100 ul of Vidatox, and 7.5 mL of food
and 10pl of Vidatox. This dosing series was performed in triplicate. We also
used colchicine as our positive control and deionized water as our negative
control. Our findings suggest that when using Vidatox as a form of
chemotherapy, radiation paired with the drug is more effective than either form
of treatment alone. This is consistent with common cancer treatment options.

[ Introduction ]

The type of scorpion that the venom is extracted from a unique blue scorpion
Junceus Rhopalurus, that can only be obtained in Cuba. The venom is seen as

a natural trial chemotherapy. The formula used is a diluted solution called Vidatox.
. — The venom is diluted to 3 pg of

chlorotoxin in 75ml of water. It
% . . wasregistered by Labiofam, a
R Cuban company, in March 2011.
* _ Before the release, there had been
- about 15 years of research and
= trials done on the drug. Vidatox
. = canbefound on easily accessible
“_ sites like Amazon which is where
e “ we obtained the compound. The
/" experiments that we based our
' | SRR S rasearch off of was done by
Escozul. They suggest that the best way to use Vidatox is by placing two drops of the
solution directly onto the tongue. It is produced from five proteins found in the
venom which have the the effects of anti-inflammatory and anti-carcinogenic on

cancer cells. We tested our drug on
both irradiated and non irradiated

Drosophila melanogaster and were
interested in Drosophila with a
utation in the Grapes gene
eckpoint Kinase 1 in humans).
mutation is common in human
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[ Hypothesis ]

It is predicted that the combination of Vidatox and radiation will have a
greater effect (less survival of the larvae) than just applying the drug alone
to the food.This will hopefully be proven through a dosing series of vidatox.
As a form of comparison, there will be two groups of larvae. One will be
coupled with the use of radiation, and one will not.

[ Materials and Methods ]

Obtain 28 drug vials and flugs. 18 of these will contain either a 1:10, 1:100,
1:1,000 dose of Vidatox solution. 4 will contain dilutions of 50 ug/mL
colchicine for the positive control, and 4 will have water for the negative
control.

To prepare the 18 vials of Vidatox and food mixture, six will be prepared at
1:10, six at 1:100, and six at 1:1,000. For the 1:10 dose, place 6.75 mL of fly
food into each vial using a syringe. For the 1:100 dose and the 1:1,000
dose, place 7.5 mL of fly food measured with the syringe.

Once each vial contains food, the first six should have 750 pL of Vidatox
pipetted into the vials intended to be the 1:10 concentration (vials containing
6.75 mL of food). The next six (containing 7.5 mL of food) will have 75 L
pipetted into each to prepare the 1:100 concentration. The last six
(containing 7.5mL of food) will have 7.5 uL pipetted into it to prepare the
1:1,000 concentration.

Prepare 4 drug vials of diluted 50 ug/mL colchicine as the positive control. 2
of these will be a 1:100 dose of colchicine (one for the irradiated larvae and
one for the non irradiated larvae), and 2 of these will be a 1:1,000 dose (one
for the irradiated larvae and one for the non irradiated larvae). Place 7.5 mL
of fly food into each drug vial using the syringe. Then pipet 75 uL of
colchicine into the first 2 drug vials and mix with pipet tip to make a 1:100
dose. Then pipet 7.5 yL of colchicine into the other 2 drug vials and mix with
the pipet tip to make a 1:1,000 dose. If there is excess food mixture on the
side of the vial, push it back down with the remainder of the food with a
clean paintbrush. Do the same procedure to prepare 4 drug vials of water as
the negative control.

Take 3 vials of each dose of Vidatox and 1 vial of each of the 50 ug/mL
colchicine and water doses and add approximately 50 irradiated Drosophila
melanogaster third instar larvae (roughly the size of a dime) into each vial (a
total of 13 vials will be used here; 9 Vidatox vials and 4 control vials). Take
the other 3 vials of each dose of Vidatox and other 4 vials of the positive and
negative controls and add the same amount of non irradiated Drosophila to
them (again there will be 13 vials used). Flug the vials after adding the
larvae.

Incubate for 7-10 days and then quantify the survival of each dose and of
the control vials.

[ Results ]

The results we received from our experiments were rather scattered and
inconclusive at first. The goal was to understand the effectiveness of the
Vidatox while paired and unpaired with radiation. However, there seemed to
be no trend between these variables.

Average Percent Death Based on Mutation and
Radiation

PERCENT FLY DEATH (3]
Fad s 3 (73] oh
[} =] (=]
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RADHATION AND MUTATION DISTINCTION

Sample1 mSample2 ® Samipe 3

After some formatting of the data arrangement we were able to see that the
defining factor in our data was the presence of the GFP marker or lack
thereof. Our data shows a relatively high percent death in the flies that were
GFP-/GFP-. This means that those flies lacking the GFP marker, being the
flies with the grapes mutation, were more susceptible to Vidatox paired with
radiation.

Overall Percent Death Based on
Mutation

It should also be noted that many more larvae were present on the walls of
the vials containing the Non-Irradiated Drosophila. This could be a sign that
the radiation paired with the Vidatox was more effective in killing the flies
before they were able to form their pupal casing.

[ Conclusion ]

This study demonstrates that the combination of Vidatox and radiation
increases the success rate over the use of Vidatox alone. The hypothesis
stated has been proven to be true. Combination therapy has always been
seen to work better than using the chemotherapy by itself. Using the larvae as
the tumor model, the most effective combination of Vidatox and radiation was
the 1% Vidatox dilution with 4000 RAD. The results are conclusive because
the difference between the non-irradiated and irradiated data were enough to
show that radiation has a greater effect with Vidatox. Therefore, the results
prove that combination therapy consistently works. The study performed used
the same concentrations and configurations as the published work, but the use
of radiation in our experiment was used in addition to Vidatox where as the
published experiment used Vidatox alone. Combination therapy was used for
this study to make it more relevant to cancer trials used in the real world on
humans.

( Future Directions }

With more time and funding we would continue to pursue research on the

active molecule in our compound, chlorotoxin.

Further steps in our research would entail:

1. Investigating higher concentrations of the chlorotoxin; the dilution we
used for our experiments was relatively weak.

2. Preparing more samples (vials). We were not able to prepare as many
samples as we would have liked due to time constraints

3. Look into the cytotoxic effect of chlorotoxin on more complex organisms,
other than Drosophila melanogaster
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The Impact of The Compound EGCG, The Major Component In Green Tea, On

Abstract

Scientists throughout the years have been working tirelessly conducting
studies on the best way to cure cancer. The acknowledgment that
standard cancer treatments are problematic has only allowed for us to
discover more mysteries of the disease. In our study, we examined the
effect of EGCG on tumor development. More specifically, we observed the
impact different concentrations of ECGC can have on the development of
Drosophila Melanogaster. Our reason for using the Drosophila as our
model organism is because Drosophila contain many genes that are
conserved in humans. The Drosophila's transition between 3rd instar
larvae to adulthood is similar to tumor progression in many forms of head
and neck cancers. It was because of this we were able to use the percent
survival of larvae to statically analyze whether or not our drug compound
was a “hit”, as well as to test the effectiveness of adjunct therapy. In fact,
we found that there was a correlation between the concentration of EGCG
with tumor development, and with further testing, EGCG may become a
“hit”. We also examined the possible enhanced effect

radiation sensitivity can have on the treatment of _

cancer when combined with drug therapy. We saw T g% e
how Drosophila who were genetically more sensitive st ™™ s

to radiation had a lower percent survival rather than s
Drosophila that didn’t. Thus, depicting the impact of - o
radiation sensitivity has on the general effectiveness of . & o
radiation treatment of cancer. et

-2 days
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[ Introduction }

L

Cancer is a disease in which abnormal patterns of gene expression lead to
mutations in the DNA sequence that result in uncontrollable cell growth and
damage to normal body tissue. In humans, cancer forms when an abnormal
and unregulated cell develops into a group of mutated cells, called a tumor.
These tumor cells can attack and kill nearby healthy cells, spreading and
infecting more of the body with the disease.

Almost 2 million new cases of cancer are diagnosed every year, with over half
a million people estimated to die from cancer. Many of these deaths can be
prevented by administering successful treatment. However, approximately
50% of cancer patients will undergo chemotherapy, but only about 10-15%
are cured. An adjunct therapy is given in combination with another strategy,
an example of this being treating cancer with both chemotherapy and
radiation in an effort to maximize the death of cancer cells and minimize the
death of healthy cells. Essentially, chemotherapy drugs in combination with
radiation can be more powerful than either treatment alone.

Overcoming drug resistance, in which the cellular target mutates so that it no
longer binds to the drug, is the main goal of current chemotherapy research.
While chemotherapy drugs may initially present as effective, cancer cells are
capable of overcoming their cytotoxic impacts by mechanisms of reduced
drug uptake, increased energy-dependent drug efflux, and altered responses
to drugs because of changes in apoptosis. With the increase in drug-resistant
cancer cells, it is necessary that research continues to explore new
chemotherapies that can overcome drug resistance and minimize damage to
surrounding healthy tissues.

Green tea is a very popular drink and has been advertised as having many
health benefits. Green tea contains a high concentration of a powerful
antioxidant compound, Epigallocatechin Gallate (EGCG). According to
previous studies, it has been suggested that EGCG and other tea catechins
have anticancer properties. In a study done by researcher Hirota Fujiki in
1999, it was discovered that EGCG is able to suppress tumor development
and formation in mice by inhibiting the release of tumor necrosis factor-alpha,
a tumor promotion pathway (Hoffman). Many other studies found similar
results that also suggest EGCG has various cancer-fighting properties.
Essentially, these studies suggested that EGCG has the ability to induce
apoptosis and regulate cancer cell growth—showing that EGCG may be a
promising chemotherapy treatment.

J )

Hypothesis

For our experiment, we hypothesize that we will be able to identify the most
effective dose of the compound EGCG, found in green tea extract, which
can then be used as a possible chemotherapy in order to treat cancer.
Further, we hypothesize that the vials containing a higher concentration of
EGCG will have a lower percent survival and perform similarly to the
positive control Colchicine when compared to the lower doses of EGCG.

Methods

1. Dilution

 Start with 100 mg of the green tea powder and 1 mL of Dimethyl sulfoxide
(DMSO)

» Begin series dilution with 100 uL of the previous solution and 900 pL of
DMSO (a 1:10 dilution). Repeat the process in order to obtain 5 total
dilutions.

* The concentration of solution in the food is as follows: 100 ug/mL, 10

ug/mL, 1 ug/mL, 0.1 pg/mL, 0.01 pg/mL. —r—ﬂ
7au G L

2. Assembling Drug Vials ey -
» Add approximately 3 mL of fly food per vial P 1 ’
Mix 3 uL of each solution into the fly food

Vials 6.1-6.3 contain the positive control Colchicine
Vials 7.1-7.3 contain the negative control DMSO
Add approximately 100 irradiated third instar Drosophila larvae per vial
Repeat this process to assemble three vials for each concentration and

three vials for both the positive and negative controls.

3. Marking GFP

5 days after vial assembly, look at the pupae under the blue light of the

microscope and mark the pupae that do not glow green (GFP-) .

* GFP- pupae do not glow green and are homozygous for a checkpoint
protein mutation, which is ideal for the experiment because they are the
most susceptible for radiation.

» GFP+ pupae glow green and are heterozygous for a checkpoint protein
mutation, which makes the pupae less susceptible for radiation.

4. Quantifying Survival

One week after marking GFP- pupae, observe the individual circled pupa in

the vials over a light box in order to quantify the survival of drosophila in

response to the green tea supplement.

» The flies that have survived are those that have either fully or partially
eclosed, and will appear light in color.

» The flies that are dead are those that have died in the pupal case, and will
appear dark in color.

Pupae on the right i iR / g Pupae on the left
represent flies that \ __ - \ represent flies that are

are identified as dead ./ ./ identified as alive

5. Compare Tumor Survival to Positive and Negative Controls
Larvae treated with Colchicine, the positive control, should have a very low
survival rate. Larvae treated with DMSO, the negative control, should have
a higher survival rate. Vials treated with concentrations of the green tea
powder that resemble the survival rate of Colchicine will be considered
“hits” because we know that Colchicine is an effective treatment.

[ Results J\
To determine if there were “hits” in our drug set, we compared the
average percent survival of the drug set to the +/- 2 standard
deviations of the negative control. Anything outside of this range will
be considered a statistical hit. About 68% of values fall within one
standard deviation of the mean, and about 95% of values will lie
within two standard deviations. In our study, drugs with survival over

87.2% and beneath 32.8% are considered hits, but because these

qualities are precise, the data has to fall within in this rage.
-
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Source: Wikipedia

Our GFP- flies produced a mean percent survival of 37.6% when in
the highest tested concentration of green tea powder (100 mg). While
it isn't consider a hit, findings may warrant further testing.
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g [ Conclusions } h

In our study, we hypothesized that we will be able to identify the most
effective dose of the compound EGCG in green tea extract. We saw that
there was a dramatic increase of mean percent survival between the vials
containing concentrations of 100 ug/mL and 10 ug/mL for flies with the
grape mutation (GFP-). We proposed that because vial 1 had a mean
percent survival that was close to being a hit, we should use a closer set of
concentrations. We also hypothesized that there was an inverse
relationship between the concentration of EGCG with larvae development.
We found vials containing a higher concentration of EGCG had a lower
percent survival than vials with a lower concentration of EGCG. EGCG is
an antioxidant, a molecule that inhibits free radical damage to cells, so to
see that our GFP- flies were able to produce more promising data than
GFP + flies proves how mutations in Drosophila’s Grapes (grp) gene,
homolog of the gene that encodes Checkpoint Kinase 1 (Chk1) in humans,
causes cells to become more susceptible to ionizing radiation. Overall,
some limitations to our study are that the Drosophila larvae only represent
tumors in head and neck cancers, so we aren’t sure how the treatment
would work in other forms of cancer. Additionally, the larvae just serve as
models of a tumor, so we are not sure how the drug would interact with
actual cancer cells and other tissues in a human body.

[ Future Directions }

Hits from the Discovery Lab will be transferred to Dr. Tin Tin Su’s lab.

Recommended experiments to be performed by the lab include:

1. Testing matcha powder in order to determine whether a higher
concentration of the EGCG compound will further inhibit growth of
Drosophila larvae, which represent tumors.

2. Administer EGCG compound into mice infected with various forms of
cancer in order to examine the drug’s effectiveness in more complex
organisms and on various forms of cancer.

3. Increasing the variance of the green tea concentrations in order to
lessen the difference between each concentration and provide data at
higher concentrations.
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Using Thymolphthalein as a Potential Chemotherapy for Head and Neck Cancers

D12

Abstract

Cancer 1s one of the leading causes of death around the world. Some of the most common anti-
cancer therapies include radiation, surgery, and chemotherapy treatments. These treatments have
been shown to help fight cancer though are not enough to cure the diseases. New and improved
cancer treatments are necessary, including in the form of chemotherapies. The use of multimodal
therapy, the use of two or more agents in combination, exhibits a potential for a more effective way
to treat cancer. In this experiment, 813 different compounds were screened in live Drosophila as a
model for head and neck tumors to test their effectiveness as possible chemotherapies. The results
of this screen indicate that several compounds identified as hits are already in use as chemotherapies
or should be re-tested and validated as potential chemotherapies. One of the hits identified in the
preliminary screen was Thymolphthalein, which in this experiment was administered to irradiated
Drosophila in different concentrations. The survival rate of the adult flies indicated the success of
the drug in killing the tumor model.

Introduction

Cancer, a leading cause of death around the world, affects over 1.5 million people every year.

Although this number has decreased very slowly over the last decade, the need for treatments is just
as significant. Cancer treatments are present in the form of many different care methods including
but not limited to surgery, radiotherapy, and chemotherapy. Combination therapies have proven to
treat cancer more effectively than individual cancer care methods while also reducing toxicity.
Researchers use various in vivo models to discover new cancer treatments. The Drosophila species is
a good model for head and neck tumors in order to find molecular compounds which synergize with
radiation and treat cancer. This screening method for potential cancer treatment drugs uses the grp
mutant Drosophila third instar larvae to model tumors because this strain of Drosophila represents
Checkpoint Kinase 1 (Chkl) mutations in human cells and simulates rapidly dividing cells similar to
tumor cells. The Drosophila used have a balancer chromosome that allows for the identification of
the genotype of the larvae. Two copies of a grp mutated gene has the greatest sensitivity to
radiation, as found by previous experiments.
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Small molecule libraries have been screened for chemotherapy ‘“hits”, molecules which when
administered in conjunction with radiation, killed significantly more grp Drosophila than radiation
alone. In Spring 2018, 813 compounds were tested for potential “hits” using Drosophila, several of
which were found to be potential chemotherapies or are already in use as chemotherapies in the
market. The potential “hits” require further validation and further investigation before moving to
clinical trials. Thymolphthalein, a small molecule identified as a “hit” in Diversity Set IV from the
National Cancer Institute, proved to have a 0.0% survival rate of Drosophila when administered in
conjunction with radiation. Due to this favorable result, thymolphthalein has the potential to be a
successful chemotherapy. Validation and investigation of the molecule must continue using the
Drosophila screening model.

Hvpothesis

Thymolphthalein was identified as a radiation sensitizer hit from the Diversity Set IV in Spring
2018 testing of the compound.

We hypothesized that since Thymolphthalein was a hit in the preliminary screening, the compound
can be used as a chemotherapy drug to treat head and neck cancers in combination with radiation
with an appropriate dosage.

Courtney Kauftfman, Peter Ghide, & Rylie Villalpando

Department of Molecular, Cellular and Developmental Biology Un Ver8|ty of Colorado

University of Colorado Boulder

In preparation for this experiment, third instar larvae were collected after
being sorted and sieved. Six food and drug vials were set up with equal
amounts of food. The vials included four with varying concentrations of
Thymolphthalein, one negative control without radiation, and one negative
control with radiation. Two vials contained a concentration of 10 uM and two
vials contained a concentration of 5 uM.

The third instar larvae were exposed to 4000 rad of ionizing radiation. The
irradiated larvae were distributed equally into the six food and
Thymolphthalein containing vials. The food and Thymolphthalein vials were
stored at 25°C and incubated for approximately seven days, until the third
instar larvae turn to pupae. When the larvae formed pupae on the sides of the

vial, the vials were marked for GFP-/GFP+. The food and drug vials were
stored again for approximately three days, until the pupae enclosed into adult

Survival of the adult flies was quantified in each vial by counting empty and
closed pupae. Empty or half empty pupae shells represent alive flies and full
pupae shells represent dead flies.
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Of the 813 compounds tested in the preliminary drug screening, several compounds were identified as
hits for potential chemotherapies. The graph below represents the compounds tested and identified as
hits, including Thymolphthalein. This data suggests that all of the potential hits can be re-tested and
verified for their effectiveness in killing Drosophila larvae modeling a tumor.
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Among the potential hits identified, three FDA-approved chemotherapies were identified (Actinomycin,
Cytarabine HCI, and Hedamycin) which all prevent DNA synthesis. These findings validate the drug
screen in identifying potential chemotherapies and suggest that Thymolphthalein could inhibit DNA
synthesis.

Soulder

Due to the lack of timely data, the results of the compounds were predicted. Past data of
Thymolphthalein and Colchicine from the Spring 2018 initial drug screen was used to
predict the survival results of these compounds. The confirmed data on this graph
includes DMSO without radiation. Drosophila was used to help predict the results of
DMSO with radiation.
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Conclusions

The preliminary drug screen successfully identified potential head and neck cancer
chemotherapies which like Thymolphthalein, can be re-tested with the goal of
validating the hit. Several hits were identified out of the 813 compounds screened
which all have the potential to be successful chemotherapies.

Future Directions

Future experiments may include:
* Testing compounds similar in chemical structure to Thymolphthalein with the same
method to find other potential chemotherapies.

» Testing more variations of Thymolphthalein concentrations in conjunction with
radiation.

* Testing other identified hits from the preliminary compound screen for validation
and exploration of effective doses with similar experiments.
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Effect of Cannabidiol on Drosophila melanogaster Survival

Lindsey Peck, Gracie Sapp, Jonathan Ansell

Abstract

Hypothesis

The goal of this experiment was to test the effect of CBD, in a
dosing series, on both irradiated and non-irradiated 3rd instar
Drosophila melanogaster larvae, used as a model for cancer
cell growth. We used grape mutant Drosophila as our model
due to the mutation’s close resemblance to the Chk-1 mutation
in human’s with head and neck cancer. The need for other
chemotherapies is becoming more important as cancer is
evolving and becoming more resistant to most modern
chemotherapies available today. Although we ran out of time
during this experiment, we predicted that the CBD will yield
positive results as it has been tested in different human cancers
and all showed positive results in slowing down the growth of
cancer cells.

We hypothesize that CBD will be an effective chemotherapy agent as it should reduce or stop the growth
of cancer cells, or in the case of our model, 3rd instar larvae of Drosophila melanogaster. We also
hypothesize that the therapeutic effect of CBD will differ in Drosophila larvae that have been irradiated first
and larvae that have not, due to the oxidative effects of CBD.

Future Directions

Methods and Materials

Introduction

The rates of cancer development are changing, and
cancers are becoming more resistant at an alarming rate.
Today, approximately 50% of people will get some form of
cancer. And, although there are multiple different ways to attack
cancer, most modern day practices cannot keep up with the
growing resistance rate. Modern chemotherapy practices only
work 10 to 15% of the time in completely eradicating the cancer.

To address these issues and expand our repertoire of
treatments, we tested the effects of Cannabidiol (CBD) on
cancer growth using a drosophila model. Cannabidiol (CBD) is a
non-psychoactive drug commonly found in the plant Cannabis
or hemp and is usually paired with THC. According to Medical
News Today, CBD, when in the body, is shown to encourage
the body to use its naturally occurring CB1 and CB2 receptors
and improve basic motor skills in the brain as well as the
immune system. We have found a review and 2 articles that
claim 1) that cannabidiol has inhibitory effects on systemic
malignant tumors, 2) that cannabidiol, a non-psychoactive
cannabinoid, has antitumor effects on human glioma cell lines,
and 3) that cannabidiol has shown to be effective both in vitro
and in vivo on neuroblastomas.

A therapeutic effect of CBD was observed in
concentrations of 0.01 - 0.05 yM, where 0.036 yM was the ideal
concentration of CBD in plasma. Drosophila 3rd instar larvae act
similar to cancer cells, with rapid cell division and fast
development, so if we want a plasma concentration of 0.036
UM, feeding the larvae that same concentration would likely
yield that same concentration (0.036 uM) in the larvae, due to
minimal processing by the organism. According to the US
National Library of Medicine, out of the two compounds tested,
CBD and THC, CBD yielded more positive results and was
found to be more active in slowing the growth of the tumor. CBD
has shown promising results as a cancer cell growth inhibitor.

1. Collect eggs of the flies from the population cages and place those eggs in bottles containing fly food.
2. Next, after a few days of growth and development, collect the larvae and sort through all the larvae with a
sieve to get the 3rd instar larvae, which are 600um in size.
3. lrradiate half the 3rd instar larvae collected with 5.33 Rads/sec for 12.5 minutes. Exposure to 4000 Rads
should cause double stranded breaks in larvae DNA.
While the flies are being irradiated, we prepared 24 vials with 3mL of food.
Given that the molar mass of CBD is 314.469 g/mol and 0.036 uM is the ideal therapeutic plasma
concentration of CBD, we determined 11.32 pg/mL as our ideal concentration of CBD. Using our initial stock
solution of 10 mg of CBD in 1 mL of methanol, we tested the dosing series by altering the volume of CBD
added to the food vials as follows:
a. 3 pL stock in 3 mL food = 10 ug/mL
b. 1.5 uL stock in 3 mL food = 5 yg/mL
c. 0.75 puL stock in 3 mL food = 2.5 ug/mL
d. 0.375 pL stock in 3 mL food = 1.25 ug/mL
e. 0.1875 pL stock in 3 mL food = 0.625 ug/mL
6. Fill 4 vials with each concentration and fill 4 vials with 3 uL of 100% methanol, the negative control, two of
each to be tested with 50-100 irradiated larvae and two to be tested with 50-100 normal larvae. Also test the
positive control, 50 yg/mL colchicine, with each larvae.
/. Have one groupmate blind the vials by randomly labeling them A-X and record their code and identity on a
separate spreadsheet. This group member will not take part in marking for GFP nor quantification of survival
to prevent unnecessary bias.
Allow vials to incubate before marking for GFP negative pupae (homozygous for Grp mutation)
Quantify fly survival and decode results. .
~J days ﬁ
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In the future, given more time and resources, we would want to
re-conduct our experiment in a dosing series with higher
concentrations, due to errors that were made in our calculations
that left us with lower concentrations of CBD than anticipated.
Furthermore, we would want to explore the synergistic effects of
CBD by testing CBD with known chemotherapy drugs and
treatments and comparing the results to that of the
chemotherapy treatments alone. Also, due to human harm of
methanol, we would want to try a dosing series using pure
powdered CBD in water. It's also important to look at the effects
of other 113 types of cannabinoids found so far. They should be
tested individually and in different combinations. Testing the
synergistic effect of just two cannabinoids at a time in all
combinations will be over 6,000 future trials. Testing the
synergistic effects in all combinations would result in over
2.6x10% combinations. There are even more tests that should
be included if varying proportions are considered. In addition we
could test this experiment in vitro in human cancer cells to see
how CBD and cancer would interact directly, in addition to
testing CBD in various forms of cancer.
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Predicted Results

We anticipate that as the concentration of CBD
increases, the rate of fly survival would decrease. As
the flies are a model for cancerous cells, a greater . 80
incidence of fly death would indicate more success
as a chemotherapy. We were unable to predict ig

whether the rate of cell death in the irradiated larvae 5 30

would be greater than or less than the rate of cell fig I I I I

death in the non-irradiated flies as we do not know if 6 —M

CBD has enough of an oxidative effect to protect the
flies from radiation damage or not.
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The Effect of Initial Hit, Morpholine-N-dithiocarbamate, on Drosophila Survival
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[ Abstract 1

Cancer has many potential causes, especially with the increased amount
of radiation and toxins we are exposed to on a daily basis. Since an estimated
38.4% of all people will eventually be diagnosed with this destructive disease,
finding treatments fast is imperative. Drug research is usually very expensive,
but due to Tin Tin Su's lab working together with CU Boulder, we can do a
wide variety of preliminary testing to ensure there is a large net to find
potential chemotherapies. This lab used Drosphila third instar larvae as
models for cancer tumors. All lab sections screened 992 potential
chemotherapy compounds, and identified Morpholine-N-dithiocarbamate. Our
personal results failed to identify Morpholine-N-dithiocarbamate as a hit.
These results indicate that this compound might be more effective as a
combination therapy. Possible future tests might include repeating this
experiment, due to potential errors with our controls. Also, experiments could
be done to analyze similarly structured compounds. We concluded that
further testing of the drug would be needed to determine its actual
effectiveness, especially while using it as a combination therapy.

[ Introduction ]

Cancer is a disease caused by the rapid, uncontrolled division of cells in
the body. Due to environmental and genetic factors, cancer rates have grown
as society has become more and more exposed to toxins that can cause
damage to our DNA. On average, 38.4% of all people will be diagnosed with
cancer at some point in their lifetime. Because of cancer’s incurable nature
and severity, research in finding a cure for this disease has the utmost
importance in the modern world.

Death rates, 2008-2012
By state, all cancer types combined

Per 100,000, age adjusted to the 2000 US standard population

(“4 Essential Charts for 2016”)

In collaboration with Tin Tin Su’s lab at CU Boulder, students perform
preliminary tests on compounds from the National Cancer Institute to identify
potentially effective drugs, which are later further researched in the Su lab if
the drug is seen to be a potential success. By using students to test
preliminary drugs, researchers can save both time and money while giving
students experience in a lab setting. In this lab, we use the model organism
Drosophila melanogaster to research the effects of provided drugs on their
survival rates.

Labs use the model organism Drosophila because many of the genes
present in fruit flies serve similar functions in humans. Drosophila also contain
some of the same signaling pathways that humans do, even if they don't
express the disease, making it helpful to study the causes of a disease which
may lead to new, effective treatments. Third instar larvae of Drosophila
reproduce their cells at a high rate, similar to that of a reproducing cancer cell
making them an excellent model for cancer cells. Genetically modified flies
exhibit a gene called GFP, which is a phenotypic marker that allows us to
identify flies that only contain one copy of a mutated grapes gene. Labs breed
the flies to get a homozygous recessive fly with the grp gene (the grapes
gene). This homozygous recessive gene causes a loss of function result in
the protein that normally functions to fix damaged DNA.

-

This gene has a similar function to the chk1 gene in the human cell cycle. This allows
the larvae to become susceptible to radiation. With the goal of reducing side effects of
cancer treatment, as well as increase effectiveness, we are attempting to utilize both
chemotherapy and radiation. By making the flies susceptible to radiation, we are able to
utilize and study this combinatory effect.

The drug we received from diversity set IV was Morpholine-N-dithiocarbamate, which
has already been identified as a potential hit by both tests done by the class. Access to two
tests of the drug gives us reliable data which we can further apply to our experiment. Since
these tests were performed on irradiated larvae, we will be examining the effects on larvae
that are not irradiated. This will be done to identify the effectiveness of both combination
therapy and only chemotherapy.

[ Hypothesis }

The compound, Morpholine-N-dithiocarbamate, will decrease percent survival of Drosophila
melanogaster when introduced to the flies in the third instar larvae phase of development.
Since third instar larvae behave similarly to cancer cells, low percent survival will indicate
that Morpholine-N-dithiocarbamate has the potential to be used as a chemotherapy.
Preliminary results from the drug screen identified Morpholine-N-dithiocarbamate as a hit,
and the percent survival from the drug screen was 6.34920635%. Elaborating on those
results, we hypothesize that non-irradiated larvae will be similarly affected by this compound.

[ Methods |

5 Prepare and maintain a Drosophila melanogaster population cage
 (reference Population Cage Protocol for detailed instruction ).

. Isolate fly eggs from grape juice plates and add the eggs to food
- bottles.

~ | Prepare ten vials by carefully adding 3 mL of prepared food
~ (reference the Fly Food Protocol for detailed instruction) with a

- syringe. Immediately following the addition of the food, add 100 uL of
DI water to each vial to prevent the food from drying out.

Add 3 L of compound Morpholine-N-dithiocarbamate to one of the
prepared vials. The concentration of the stock is 10 mM. It is being
tested at a concentration of 10 uM.

Repeat the previous step by adding the compound in concentrations
of 10 uM, 8.33 uM, 6.66 uM, 5 uM, and 3.33 uM to four more vials .

Add 3.0 L, 2.5 L, 2.0 pL, 1.5 yL, and 1.0uL of DMSO (negative
control) to the remaining five vials, separately.

Obtain a prepared vial containing 3 pL of 50 mg/mL colchicine
(positive control).

-This vial was prepared by Pam in the lab and provided to us for
our experiment.

Collect third instar larvae and add 50-100 larvae to each vial.

Mark and quantify GFP+ and GFP- on each vial using a fluorescent
light microscope after five days.

el Quantify survival of flies after 4-5 more days by counting the
successful and unsuccessful eclosion of the pupae.

Results 1

Fercent Survival of Drosophila exposed to Diversity Set IV Compounds

Morpholine-N- & L] L] -
dithiocarbamate  —————— s - . < :

Effects of DSMO on Drosophila Survival Rates

109
o
Hi
.
k &
¥ /
1 Pl ]
- |
(§]
1 T3 A A B ]

ETRE MCHET | s E i d e P [ s B 1 £ I
E INI(&]]l8 O LlaiL) Adcded y PO |

DSMO is used as a negative control in this experiment, meaning it
should not have a noticeable effect on survival rates. The value of 2
standard deviations away from the mean was 94.18 and 24.02,
which we use to identify if the compounds were hits.

Effects of Morpholine-N-dithiocarbamate on
Drosophila Survival Rates
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An increase in concentration of Morpholine-N-dithiocarbamate had
little impact on survival rates of Drosophila, which was unexpected.
The mean of this compound was not outside of 2 standard deviation
values of DMSO, so it was not identified as a hit.

-

Effects of Colchicine on Drosophila Survival
Rates
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Colchicine acted as the positive control in this experiment. Colchicine
didn't fall outside of 2 standard deviations of DMSO, so was not
identified as a hit, which was unexpected. Only grp- flies were
recorded. There was no statistical difference between flies with the
GFP mutation and those without.

[ Conclusions } h

Utilizing third instar larvae as models for head and neck cancer, we
administered a range of doses of the compound, Morpholine-N-
dithiocarbamate, to Drosophila. It was hypothesized that similar results to
those collected during the drug screen would obtained, indicating that the
compound is a hit. Upon completion of the experiment, it was determined
that Morpholine-N-dithiocarbamate has no significant effect on larvae that
has not already been irradiated. Compared to data produced during the drug
screen of Morpholime-N-dithiocarbamate, larvae that were initially irradiated
had a significantly lower percent survival than those treated without
radiation. This suggests that the compound may be more effective when
used in combination therapy. The use of both radiation and chemotherapy
reveals a synergistic effect where the percent survival was lower in tests that
involved both radiation and drug, as opposed to one or the other. The results
of our control variables were unexpected. DMSO should have yielded higher
percent survival, and the colchicine should have been identified as a hit
when looking at the DMSO standard deviations. Since this did not happen,
there might have been error in the DMSO test vials.

[ Future Directions l

1. Because Morpholine-N-dithiocarbamate was previously tested during
the drug screening as part of Diversity Set |V, we were only able to
obtain 10 pyl of the compound to use in this experiment. Therefore, the
next step would be to validate our results by replicating and performing
the experiment again.

2. Moving forward, further studies should be conducted with radiation.
Based on our results and the results from the class drug screening,
Morpholine-N-dithiocarbamate was more effective in killing the
Drosophila when it was combined with radiation. The effectiveness of
the combination indicates a synergistic effect that should be focused
on in future studies. Further experiments can be done by irradiating
larvae first, utilizing the drug screening procedure. These studies
should include a dosage series in order to identify the therapeutic
index for the compound.

3. Finally, since this compound was initially determined to be a hit,
relevant future studies might involve tests with compounds with similar
structure. For example, Morpholinium4-morpholinecarbodithioate has
the same formula as Morpholine-N-dithiocarbamate,. Its structure is
slightly different than Morpholine-N-dithiocarbamate, indicating that it
might have a different function. However, because of its similarity,
conducting research on it might yield relevant results.
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Percent Survival with Irradiation : : : th i :
Diet is the leading environmental cause of cancer and plays a pivotal role Ellagic acid, an antioxidant, will inhibit the effects of radiation by Dosing Series 1, 2, 3 .For the first three do§|ng series with irradiated larvae, the
in keeping cancer patients stable while undergoing treatment. By tailoring the preventing oxidative damage on both cancer cells and normal tissue. o Suwlval rate .of our negatlve control, DMSO, was Z?"O percent,
diet of a patient to compliment his/her cancer treatment, doctors can Without radiation, curcumin will act synergistically with ellagic acid to ; which led to inconclusive results. When the Drug Discovery class
maximize the efficacy of radiation and chemotherapy. To explore the impact induce p53 damage and decrease survival of Drosophila Melanogaster. ” tested DMSO, the survival rate was 55 percent. This leads us to
of diet on cancer treatment this research tested two compounds found in = believe something in the irradiated larvae caused all of the
gygryday foods, ellagic aciq .and curcumin. We found that while our dat.a é - Drosophila larvae to die.
|n|§ljally suggfsf.ed Zsynerg's’t'?t Bl rfas il g at t?[yftfenrg effleCF n I?".f}?'? Meth Ods 5 % Data from the next three dosing series suggest that there is
el v SN ToAly it Menoren, previens el ) naw e —— a potential effect of using ellagic acid and curcumin in
: : « Prepare vials with 3mL of foo L :
performed under more realistic conditions (more time, more data, larger « Added specified mass of curcumin (TCI lot # VROND-JL) and ellagic 10 combination. Howevgr, agaln, the !’esults for the DMSO control
sample size) have found statistically significant results in favor of a acid (TCI lot # JSFOM-AH) to assigned vials, mixed thoroughly lead to our results being mconclgswe. _
synergistic effect between ellagic acid and curcumin, as well as evidence of Dosing Series #1: ) Curcumin Ellagic Acid e Controls Data from the last three dosing series does not support our
antioxidants buffering oxidative damage of radiation. : 001z Wo00sg Moo02sg MDMSO original prediction that the survival rate of the Drosophila
- Use Irradiated Larvae s Of_ M?SS of Ellagic | Volume of Dosing series one, two and three Irradiated larvae were given different melanogaster would decrease when given curcumin and ellagic
I ntrOd u Ctl o N (4000 Rad) Curcumin Acid food doses of curcumin, ellagic acid, and a combination of both. Determining the acid with chemotherapy. Rather, the graphs suggest that using
Vial 1, Curcumin 0.01g Og 3 mL ?:iifslS;I‘\:/:rf:g'l?sagggffe'ﬁr?‘;'l‘lj\'/'I”agor;zmtlfg tvr‘]’ghDra‘ggt'ggézg\fg ellagic acid and curcumin both in combination and alone
Cancer is one of the leading causes of death worldwide, yet our main Vial 2, Curcumin and 0.01g 001g 3 mL control, there were no alive Drosophila Melanogaster. dec.re.'.:lse the_ effgctlveness 9f the Chemotherapy. The data is not
form of treatment for cancer, chemotherapy, is only effective in curing 10- Ellagic Acid Percent Survival with Curcumin and Ellagic Acid Stat|3tlca||}’ SllgnllflCant, so this Cf)nC|US_|0n cannot be madfa.
15% of cancer patients. The low cure rate of chemotherapy is due to its . — e M One limitation of our experiment is that the Drosophila
cytotoxic nature. Cancer cells are normal cells behaving abnormally. Vial 3, Ellagic Acid 0g 0.01g 3mL 70 melanogaster proved to be a difficult model to study. Very few of
Despite targeting cancer cells, chemotherapies also damage normal, Dosing Series #2: o the larvae formed pupae, and the metabolism of the compound in
TEEIY Cegs' Theretfore’ I 'mﬁortahr.'lt 1B ElRvElop ngw treatTeEts ’:?hat | Use Iradiated L e of Y —— [ —— . larvae that formed pupae is nearly impossible to measure. These
maximize damage to cancer cells while minimizing damage to healthy cells. se Irradiated Larvae ass o i u 3 complications aave us limited and incomplete data
Our research tested two compounds: ellagic acid, found in foods such (4000 Rad) Curcumin Acid food g a0 P g P )
as strawberries, walnuts, and raspberries, (Kumar et al., 2016) and _ _ £ . - = =
curcumin, an ingredient in turmeric (Kumar et al., 2016). These compounds Vial 1, Curcumin 0.005¢ Og Sl 5 F Utu re D ire Ctl ons
are thought to play a role in inhibiting tumor cell proliferation by targeting Vial 2, Curcumin and 0.005 g 0.005 g 3 mL * .
p53. Previous research has tested the effects of ellagic acid and curcumin Ellagic Acid 10 B For future reference, we propose the following:
aCtIng SynergIStlcaIIy to Induce DNA damage n tumor Ce”S, p53 . V I ” . A d O 0 OO 3 L ’ Curcumin Ellagic Acid Curcumin and Ellagic Acid Controls Perform thIS same experlment agaln Wlth tWO adJUStmentS' The
Elccukrpulatlclaln e ﬂC]elll apgg.ttc.) SIS er'ch arelcljn;portsnt mehChan'tSer']'."b.t lal 3, Ellagic Ad : 00>¢ m e T e e e first is to run the entire experiment two times to help reduce
ocKIng cefl growtn. In addition, €fagic acid has been shown fo Inhibl Dosing Series #3 _ _ _ _ _ L potential procedural errors from compound mixing, vial preparation,
metastasis of ovarian cancer and is a promising compound against Dosing series four, five and six The effects of curcumin and ellagic acid in =@l el & ErvEr. The seeard e e el 2 ceen e 6reils 6
hepatocellular carcinoma (Zaazaa, Lokman, Shalby, Ahmed, & EI-Toumy, Use Irradiated Larvae Mass of Mass of Ellagic | Volume of combination were tested on non irradiated larvae. Results show that there is ) : ' : group
2018). (4000 Rad) curcumin Acid food a potential combinatorial effect of curcumin and ellagic acid. However, the 'rrad|atec_l larvae to reduce errors stemming from the radiation
In our research, these compounds were tested individually and in . . ;isr\lj::tlzla\re inconclusive because our DMSO control had a low percent process itself.
combination to determine their effects in Drosophila Melanogaster. Vial 1, Curcumin 0.0025g Og 3mL : percent Survival with Chemotherapy { Ackn OWI ed me nts }
Drosophila exhibit many of the same biological processes that humans Vial 2, Curcumin and 0.0025 g 0.0025 g 3mL Dosing Series 7, 8, 9 g
have. They have simplified systems, are easy to manipulate and their Ellagic Acid 70 _ o o _
genome contains 75% of disease-causing human genes. Third instar larvae 2 . We ‘I"’%Uld i'ke t]? thaITk Dr. Tin T}:” Su, thﬁ Pf}'[nct'plz Investlgatrc])r of ﬁur
of Drosophila contain rapidly dividing cells, which makes these larvae an Vial 3, Ellagic Acid Og 0.0025 g 3mL ) qunsi)r Tah Orl? ey (ir aDOW::Tg USI t I?l CEECH Ot otresefarc. el =l
ideal model for tumor growth. Part of our experiment includes testing how E prOJ]?g . Uleln y Yo _(;’_ rt-h ?m? & darvey, SR mstinblerior: tor '”Sp'lr'qg
ellagic acid and curcumin effect radiation. Third instar larvae with Controls: g 40 conti e'leet a\r/]V prOVII(Ijn?k et 00? ag FGS?;]JFC?(S ?eCfSSEFSé ?1 Ctom'g et'e
homozygous mutation in the grapes gene are more susceptible to radiation, Yialio s SRS ot ibleombound i Bimttood § 20 I(;ur irojgc I Ke wou ('j eE © ;X en y ourf an St 0 Jac o chu ﬁ te’:hle
and they are identified by green fluorescent protein. We use the grapes _ & ranxs, Aljad rare||en, an nlnd I.rll(eets ernk or r?edn On.lr_ﬁ UIS_I roucg!; I_?u h ©
gene because it is homologous to the human checkpoint kinase 1 which is Vial 4, 5 3 uLDMSO 3 mL food process. And Tinally, we would 1IKe 1o acknowledge 1he Howard Hughes
: ) ) 10 Medical Institute, the University of Colorado Boulder’s Molecular, Cellular,
most often mutated in head and neck cancers. See Attached page for Dosing Series 4-9 4 Devel tal Biol S ) o] B -
Due to the low effectiveness of current chemotherapies, there is a o _— I . e A S ?n h efve gp menj |c1.ogy g epa menf and 10 (d)glcta C|encehs nitiative
pressing need to explore more options for cancer treatment. Years of Placed 50-100 third instar larvae into each vial, see table for specified | g. R g | o or the funding and continued support of undergraduate research.
extensive research haven't resulted in a treatment option that optimizes the irradiated or not irradiated larvae pote Mot momme W f
atient’s health while effectively targeting the cancer, therefore the need is * Placed flugs in vials and set aside until larvae climbed up the walls : : : : : : [ }
P ytarg g . Quantified GFP for Dosing Series 1, 2, 3 by circling the larvae that Dosing series seven, eight and nine The effects of curcumin and ellagic Re e re nCES

greater than ever to find more treatment options. acid in combination with the chemotherapy sorafenib on non irradiated

larvae. There is no significant difference between the percent survival from
larvae that were given sorafenib and from larvae that were only given
curcumin and/or ellagic acid.

displayed GFP, indicating they were homozygous recessive for the
grapes mutation

* Quantified survival by counting the amount of dead and alive pupae for
all vials, but in vials 1, 2, 3 only counted the pupae that were circled for
GFP

Angela Logomasani. “True Causes of Cancer,” in Environmental Source.
Competitive Enterprise Institute, 2002 (1st ed.), 2008 (2nd ed.)

Causes of U.S. Cancer-Related Deaths a http://www.safechemicalpolicy.org/cancer-risk-factors/
ree: R Dol & R Pato, “The Cawses of Cancer, ™ J Natl Cancer Inst 1981 ~3 days 2
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Abstract Hypothesis

Conclusions

Cancer is a devastating disease that affects millions and
researchers across the world are in search for new drugs and therapies
to combat cancer. Drosophila flies acted as model tumors in this
experiment and were treated with varying dosages of caffeinated
coffee, decaffeinated coffee, and pure powder caffeine. The flies will
not only be given coffee as part of their diet, but they will be irradiated
as well. This will act as dual treatment just as humans are treated with

In our initial test, we expected the survival rate of the
Drosophila larvae to drop when coffee was added to the food
source. We expected to see a lower survival rate with a higher dose
of coffee in the food and a higher survival rate with a lower dose of
coffee. By experimenting with normal coffee, decaffeinated coffee,
and pure caffeine powder, we can determine if caffeine is an

Coffee has shown to help reduce tumor proliferation by altering
the IGFR-pAkt signaling pathway for cancer cell growth. By adding
coffee to the food source of growing Drosophila larvae, survival
rate will decrease. It is expected for the survival rates to decrease 1 100* 0 10.0
with both caffeine and coffee, however the drop in the rate for
coffee should be more significant.

2 10 90 1.0 important compound for reducing cancer cells.
radiation and chemotherapy. We expected the survival rate of the If coffee is shown to be an effective chemotherapy, then
larvae to be lower with larger dosages of coffee and have a higher 3 10 90 0.1 we will have determined if it is the caffeine or another compound
survival rate with lower doses of coffee. The final results can be within the popular drink that produced these results. As one of the
viewed on the supplemental data set. 4 10 90 0.01 most popular drinks in the world discovering if it is an effective
' cancer treatment would benefit a large population. Through
5 10 90 0.001 understanding the compounds in coffee that are or are not effective

Introduction

In the experiment, Drosophila melanogaster are used as
tumor models because of their quick reproduction rates and
production of stem cells. Tumors are rapidly dividing groups of cells
that can spread throughout the body, thus it is important to ensure
that the correct treatment is administered to prevent further
spreading of cancer. Chemotherapy is normally used as an adjunct to
surgery to eradicate the mutated cells. This is an effective form of
treatment along with radiation and a combination of drugs. However,
there are risks involved when treating cancer. The body becomes
incredibly weak during treatment and the patient runs the risk of
becoming resistant to the drugs. Multidrug resistance is a serious
problem that needs to be addressed because the cancer can
disappear for a short amount of time, then return more aggressively.
By testing different drugs, caffeine in our case, we can find other
medications and drugs that have the potential to prevent cancer
from spreading or from resistance.

Caffeine is a compound often associated with the popular
morning drink, coffee. Coffee is a readily available and common drink
all around the world. In an eight ounce cup of coffee, there is
approximately 95 mg of caffeine. Studies have shown that caffeine,
that is tested through coffee, can have a beneficial effect against
cancer. Although previously thought to be potentially negative, more
and more studies have come out to support the benefits of coffee. It
has been shown that caffeine suppresses the IGFR-pAkt signaling
pathway which is a pathway that typically leads to increased cell
growth and can aid in tumor survival (Rosendahl et al., 2015). When
this pathway is blocked, the cancer cells cease to divide and
eventually die. By changing the pathway, tumors have a higher
affinity to accept other drugs and medicines which can lead to cancer
cell death. A higher consumption of coffee is also associated with
smaller tumor growth and a lower risk than low coffee consumption
(~“1cup/day). Growth suppression of estrogen receptor-(+) breast
cancer cells correlates with moderate to high consumption of coffee
(two to over five cups a day) due to caffeine’s effect of reducing
estrogen receptor and cyclin D1 levels in these cells. Estrogen
receptor-(+) tumors, or hormone receptor-positive, account for 80%
of all breast cancers. Even though coffee shows promising results in
treating cancer, it has not been used as a chemotherapy because it
has been inconclusive as to which component helps in reducing
tumor growth. This experiment aims to determine if coffee and/or
caffeine consumption will impact cancer cell survival in a Drosophila
melanogaster model.

_ ) |Ll“ i
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Methods

Dilute - An initial dilution was created using 10 mL of water and
100 mg of the solute (instant coffee, instant decaf coffee, or pure
caffeine). These solutions were vortexed to ensure proper mixing.
Serial dilutions were then performed with each compound to
achieve concentrations of 10 mg/mL, 1 mg/mL, 0.1 mg/mL, 0.01
mg/mL, 0.001 mg/mL of solute to solvent (water). It is important
that all vials are properly labeled according to their solute and
dilution. (See Table 1)

Drug - Using 48 vials all labeled according to their diluted
substance and triplicate number, 3 mL of food will be added
along with 3 ul of the diluted drug. This experiment took place in
23°C.

Irradiate — Irradiate Drosophila flies with 4000 rad. Irradiated
larvae will be added to each vial in order to mimic real life
procedures.

Quantify - After the larvae have grown to pupae they will be
marked to determine if they are GFP-negative or GFP-positive
based on if they will glow under a blue light. The homozygous
GFP-negative flies will not glow and are the ones used in this
experiment. This mutation mimics mutations found in human
tumors that disrupt cell cycle checkpoints. It allows the cells to be
more susceptible to radiation. Once the flies are grown the
circled pupae will be marked if they were dead or alive (full or
eclosed). Note how many pupae survived and died for GFP-
positive and GFP-negative flies.

Analyze - Compare the amount of fly deaths to the amount of
deaths in the positive control (colchicine) to determine efficacy of
each solution. The total time for the experiment is three weeks.

Table 1: Dilution Table
*Initial Dilution does not include any previous solution

Results

Pupae GFP -

40
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Coffee

Average Pupae Seen

O T T T T T 1
0 1 2 3 4 5 6

Drug Concentration

The survival data was
collected after the
poster was printed and
can be viewed in the
supplement. There is not
enough information
from the counted pupae
to count survival rate of
GFP - flies. However,
based on the hypothesis
the greater the
concentration of the
drug the lower the
survival rate with
caffeinated coffee
having the lowest
survival rate. This is what
is expected and will be
proved or rejected in the
supplemental data set.

to kill cancer cells further research can be performed to produce a
more efficient chemotherapy.

We hope to make further claims regarding the efficacy of
coffee and caffeine after data is collected. This additional
information will be available in our supplement.

Future Directions

Data from this experiment suggests possible future research
including:

1. Testing coffee’s antioxidant properties. These
antioxidant properties can be tested to observe whether coffee is
more beneficial in the prevention of cancer rather than killing cancer
cells once already present.

2. Testing coffees possible effects on inhibiting
angiogenesis. An in vivo study using test subjects such as mice could
be done to test whether coffee has an effect in inhibiting
angiogenesis, or the development of new blood vessels, which is
essential for cancerous cells to secure oxygen and nutrients.
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Introduction Results - Condusions

The cure for cancer through treatment like chemotherapy has been One of these natural therapeutic compounds that has received In experiment 1, the results didn't show any significant difference from
sought since the dawn of the disease’s incursion. But there is still no known increasing attention over the last two decades is resveratrol, a phytoalexin ERGeeRTesE - A EurEl S Tesverats| the DMSO negative control, leading to the conclusion that any dose of
methgd to treat all types of .cancer.sufficiently and permanently. This antioxidant found in grapes, berries, peanuts, and related plants, in concentrations:infood resveratrol below a concentration of 10uM is most likely ineffective as a
experiment looks at the dosing series effect of the drug compound resveratrol addition to derived products such as red wine and grape juice. The i . ) )
as well as the toxicity impact resveratrol has in accordance to colchicine as a anticarcinogenic potential of resveratrol was first discovered in 1997, and l chemotherapy. Due to the flies having higher survival rates than expected,
potential chemotherapy. Resveratrol is a natural antioxidant found in foods and since then it has also been found to mediate inflammation and no doses in this experiment would be considered a hit. However, as
other derived products that have been observed to have additional tumorigenesis, confer cardioprotective effects, and increase cell lifespan. resveratrol has been noted to have positive chemotherapeutic effects in past
chemotherapeutic potential in humans. Resveratrol is known to mediate Resveratrol, both in vitro and in vivo, has been found to have positive - studies, resveratrol in higher doses may lead to lower survival rates which
inflammation and tumorigenesis, increase cell lifespan, and possess effects on multiple types of human cancers. In addition, resveratrol has _: b: could have then potentially be considered a hit.
cardioprotective properties. OH been notgd to have potential when used as a combined therapy alongside ; 5 In experiment 2, the results showed decreasing survival rates

HO “ ‘ Other;:::ocsfr:;cevrrrcrjerfag:c.)gaster of the common fruit flv. . is a commonl ’ “ when resveratrol was paired with colchicine. The most promising trial was the
: ’ Ut y 20 airing of 1 uM (0.3 pL of 10 uM solution) of colchicine with 3 pL of 10 uM
O used model organism beca%Jse of its short life cycles and ease of breeding 1 Eesvefatrol, irlesu(ltinguin signiftlcantly Iowe)red fly survival comp;red to DLIi/ISO
and care as well as possessing many homologous genes to humans. Third 0 but still greater than the pure colchicine control. Considering the
instar (15-20 mm long) D. melanogaster larvae are especially useful for 1.25 25 5 10 DM SO Cokchicine , , o , .
OH testing potential chemotherapies as the pupae that they metamorphosize T w— inconsistencies in the fly death from dosage to dosage, it may be difficult to

We introduced increasing concentrations of resveratrol in vials containing into possess rapidly dividing stem cells, a hallmark of cancer. determine whether the rate of fIY dez.ath was .due to the drug or rather due to
Drosophila melanogaster, a model of head and neck cancer tumors, third instar - . Effect of a resveratrol dosing series on D. melanogaster survival chance. However, all fjosages n?alr?tamed a hlgherflv death rate than
larvae without the grapes and GFP gene. In a second trial, we had a series of : 'W: Initial concentration of resveratrol (10 uM) was diluted by half for 3 serial resveratrol alone, wh|.ch does signify that when paired, the two compounds
vials with a constant dose of resveratrol with decreasing concentrations of i NS dilutions. Colchicine was used as a positive control and DMSO was used as can lead to lower survival rates.
colchicine, a highly toxic chemotherapy. The negative control was dimethyl = a negative control. There were no results significantly different from the Limitations in these experiments include the small doses used for
sulfoxide (DMSO), a compound known to have no effects on fly growth. We ~24hr DMSO survival rate. each compound. The control colchicine vials, which had 3 uL of 50 ug/mL of
quantified the amount of alive and dead flies in each test vial after eclosion. V' colchicine in each, had significantly higher concentrations than vials in either

Although colchicine is known to be effective at lowering fly survival and A ly e I ——— experiment, which were diluted to a maximum of 10 uM of the compound.
resveratrol has been found to have positive effects on human cancer cells, the pppm y ' concentrations and a constant resveratrol concentration in food The control doses of colchicine should have been reduced to the
tested concentrations of resveratrol were ineffective at significantly reducing EEPR— 23::::~a~a l experimental concentrations in order to understand the effects of equivalent
fly survival and only the 1 uM colchicine in 10 M colchicine samples resulted . dosages. In addition, the experiment 2 vials were prepared by adding
in notably lowered fly survival. The dosages used in this study may not be o different concentrations of 10 uM colchicine solution rather than by serial
sufficient to produce substantial results, and further testing at higher doses of HypOthESiS % 60 dilution. This was controlled by four experimental water vials, which all
resveratrol is needed to support the study. . ’ _ _ z 50 resulted in 75% fly survival (compared to 100% for DMSO), meaning that the

: :Ig’; pn ?,til':?/vse’;:h[z/:i:sersizzr:tdrglsisng(;?rri]:sa(la?ieasf/::far?rztlhaedrj:jL'::)K‘l:‘ly 2 4 ir?creased volume of liquid may have affected fly survival in the experiment 2
Introductlon food would increase fly death at increasing concentrations and that a - vials.
_ _ constant concentration of resveratrol would decrease the 1 Future Directions
Cancer remains extremely prevalent among the world population, concentration of colchicine needed to achieve significant fly death
with approximately 14 million new cases in 2012, with this number compared to colchicine by itself. 0.01 0.1 : e S Cokhicne Data from this experiment suggests possible future research including:
expected to increase by 70% over the next two decades. In 2015, cancer Solchicineicontatiation ()
accounted for 8.8 million deaths, or about 16% of the world total, with MEthOdS 1. Testing dosing series at higher compound concentrations.

Though the results from these experiments suggest that doses of 10 uM and
below are ineffective, higher concentrations may prove to significantly
decrease fly survival.

2. Testing against third instar larvae that have been irradiated.
Irradiation significantly increases the sensitivity of the larvae to potential
chemotherapies, and also has relevance to human cancer testing as many

70% occurring in low-income countries. Though the economic cost of
cancer treatment and prevention (approximately US$1.16 trillion in 2010
in the US alone) increases every year, there is still no completely

Effect of a colchicine dosing series in a constant resveratrol concentration
on D. melanogaster survival

3 pL of 10 uM resveratrol was added to each vial, then different volumes of
10 uM colchicine were added to each vial to adjust colchicine
concentration. Colchicine by itself was used as a positive control and

1. Prepare fly vials with two dosing series, the first with 10, 5, 2.5, and 1.25

UM concentrations of just resveratrol and the second with 10, 1, 0.1, and

successful method for treating and preventing cancer. 0.01 uM concentrations of colchicine and a constant resveratrol

chemotherapy, and radiotherapy, but none of these methods have a high o S et shoats/s297 en

success or survival rate and those who do survive often suffer from

Volume of water (L)

World cancer cases 2012 concentration of 10 uM. Prepare 3 vials of each dose, each containing 3 DMSO was used as a negative control. The red bar indicates a result that cancers are treated by combination radiation and chemotherapy
mL of food in addition to the drugs. was significantly different from the DMSO survival rate.
R L 2. Prepare 3 vials each of DMSO(Dimethyl sulfoxide) and colchicine controls, e ContiolTest A Hy nivalarditerentsolumesof ACkhOWlEdgmentS
2 o ) - and four additional water controls containing 300, 30, 3, and 0.3 pL of water added to fly food
<& T N : ® U water. 100 We would like to thank Dr. Pamela Harvey for serving as our research
Caselstper 100,000 Sl R 4 ' , %0 instructor, teaching assistant Ben Huxley, and Dr. Tin Tin Su for serving as
population* g R~ - S . i .. . .
b e Dy \ 3. Add non-irradiated third instar larvae to each vial. 50 the prlnupal investigator and sponsor for our lab. We also ac.knowle.dge
W 172.3 - 2429 o A 70 funding and supporting organizations: Howard Hughes Medical Institute, CU
W137.5-172.3 . .
~ _ _ %50 Boulder Molecular, Cellular, and Developmental Biology department, and
e 4. Mark GFP-negative larvae on each vial. T 50 iologi i itiati
[0<101.3 > 50 Biological Sciences Initiative (BSI) at CU Boulder.
[l No data < 40
*All cancers except non-melanoma skin cancer Source: WHO GloboCan . . . . . .
o 5. When adult flies have hatched, count alive/dead and quantify survival in 30 R f
) | | each vial. eferences
The traditional methods of treating cancer include surgery, ; 10
0 “Cancer.” World Health Organization, World Health Organization, 1 Feb. 2018, www.who.int/mediacentre/

debilitating side effects for the rest of their lives. Worse many therapies Maynard, Jason. |dentification of Essential Functions of GRP94 in Metazoan Growth Control and Epithelial
° 7

Homeostasis. 2009.

lose effectiveness over time as cancers change, meaning that there is ‘ _ *oe®q
d“ ” f | dditi A ' ‘ s ' ’ ‘ . ‘ ‘ ‘ “ ‘ s Effect of Increasing volumes of water in food on D. melanogaSter survival Rauf, Abdur, Imran, Muhammad, Butt, Masood Sadiq, Nadeem, Muhammad, Peters, Dennis G., and
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natural products are often used as well. Though in most cases they
cannot replace surgery, chemotherapy, or radiotherapy can serve as

supplementary therapy and cellular signaling agents.



Abstract

Cancer is a disease in which abnormal cells divide uncontrollably
and destroy healthy body tissue. The third instar larvae of Drosophila
melanogaster make excellent cancer models due to their rapidly dividing
cells. The grapes gene in Drosophila is the equivalent of the Checkpoint
Kinase 1 gene in humans which, when mutated, is responsible for head and
neck cancers.

Compound 1,2-Propanediol was tested and found to be hit as a
potential chemotherapy. In addition to testing this compound, we chose to
test Propolis, a resinous mixture that honey bees produce by mixing saliva
and beeswax. Studies indicate Propolis as a potential adjuvant
chemotherapeutic due to its ability to prevent drug efflux from cells (Vukovic).
To test our compounds, we irradiated larvae at 4000 Rads and exposed them
to 1,2-Propanediol alone and 1,2-Propanediol with Propolis. We used
irradiated flies in conjunction with a drug in order to use our drug at a lower
concentration and lower toxicity. Results have been inconclusive, as some of
the flies have not eclosed yet. Preliminary results suggest Propolis increases
survival among flies.

Introduction

Cancer is the rapid growth of abnormal cells in the body. In 2015, the
World Health Organization reported that 1 in 6 global deaths were attributed to
cancer (Cancer). Current treatment of the disease includes radiation therapy,
chemotherapy, and surgery. Most chemotherapeutics only target DNA
replication and remain extremely toxic. As the cancer is being killed, healthy
cells are damaged as well.

Drosophila melanogaster are used commonly as cancer models
because their third instar larvae undergo a period of rapid cell division which is
similar to the nature of tumor cells. The flies share around 75% of their genes
with humans. In our case, we look at the grapes gene which is the same as
Checkpoint Kinase 1 in humans. This gene, in humans, is involved in the
development of head and neck cancers if mutated. Using Drosophila
melanogaster enables us to predict the efficacy of a novel chemotherapeutic
when combined with radiation in humans.

The drug we decided to test 1,2-Propanediol was a “hit” when tested in
the Drug Discovery Lab, indicating that it is a possible chemotherapeutic. We
decided to test compound 1,2-Propanediol with Propolis, which is a resinous
mixture that honey bees produce by mixing saliva and beeswax. Studies
indicate that Propolis could be a potential chemotherapeutic adjuvant, as it
prevents the efflux of drugs once they enter cancer cells. Further, several
flavonoids within Propolis (luteolin and myricetin) exhibit the ability to induce
apoptosis of cancer cell lines and inhibit cell cell growth (Vukovic). Propolis has
had limited exposure in cancer trials, but preliminary results show promise for
its ability to induce cancer cell death.

Statements of Hypothesis

** 1,2-Propanediol has the potential to be an effective
chemotherapy treatment with increase in dosage and

that the effect will be positively enhanced by a
Propolis solution.

Methods

-

Raised and maintained adult
Drosophila melanogaster and

collected its third instar
larvae
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Irradiated the third instar
larvae
\_ /

4

A

/ Exposed third instar Iarvae\

to a dosing series with

compound 1,2-Propanediol

in 3 mL of fly food with
positive and negative

control. /

o

-

\_

Exposed third instar larvae
to a dosing series with
compound 1,2-Propanediol
and Propolis in 3 mL of fly
food.

~

/

o

-~

\_

Marked GFP of third instar
larvae after 48 hours of
exposure to drug

~

J

o

-

\_
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DMSO and Colchicine Percent Survival (Positive
and Negative Controls)

Percent Surivial (56)

Average Percent Surival From Library Drug
Screening: 1,2-Propanediol

Percent Survival (%)

'nal 1/Trall 2 (Average)

We are still waiting for final results for our
project. Due to a misplacement of our drug supply, we
had to run drug vials on two separate occasions. Our
second vials had larvae placed a few days after the
initial set-up of the vials and we are still awaiting
these results. The data and results recorded will be
represented on a supplement to this poster.

During the initial library screenings in this lab,
we tested 813 compounds, twice. The percent
survival for 1,2-Propanediol, averaged between the
two trials, was 7.14285714%. In addition, all
colchicine vials were correctly identified through the
results obtained as well as the three known FDA-
approved chemotherapies. DMSO showed a 100%
survival rate in the one trial taken into account in the
figure and Colchicine showed an 11.96% survival
rate. Preliminary results, although not conclusive,
suggest Propolis could increase survival among
irradiated flies. Flies exposed to Propolis and drug
had a 100% survival rate, compared to a 96.8%
survival rate with drug alone.

Conclusion

We have been unable to confirm our hypothesis that
Propolis decreases survival in conjunction with a chemotherapy
because we are still waiting on some results. Preliminary results
have been inconclusive about the efficacy of our drug to kill the
third instar larvae, but some results suggest that Propolis
increases the survival among the flies.

In the first set of vials, 100% of the flies lived in the
drug/Propolis vial, compared to 96.8% in the drug alone vial.
Although this contrasts with our initial hypothesis, these results
could prove to be very important to cancer patients if Propolis
helps to lower the potentially toxic doses of chemotherapies in
conjunction with radiation. We would like to further our research
with a revised hypothesis, being that Propolis helps lower
effective dose quantities of chemotherapies when used with
radiation.

Future Directions

Experimentation led to inconclusive results, so we would like to
further experiment in order to test the effects of Propolis and 1,2-
Propanediol.

1. Test Propolis with the positive control Colchicine in order to see
if Propolis aids a known chemotherapy or increases survival
among flies.

2. Test propolis alone without any drug compound in order to test
whether or not Propolis increases survival of irradiated flies.

3. Test a full dosing series consisting of a wider variation of doses
of 1,2-Propanediol and Propolis since we did not receive an
adequate amount of the drug to perform all dilutions.
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Abstract

Cancer is the second leading cause of death within the
United States, contributing to one of every four deaths. In
2014, 1,596,486 Americans received a new cancer
diagnosis and 591,686 died from cancer. The direct
medical costs for treating cancer in 2014 was $87.3
billion (Center for Disease Conitrol and Prevention, 2018).
Most common treatments for cancer currently include
chemotherapy and radiation tfreatments. Drug-
resistance in tumor cells to common therapies presents a
roadblock in freating cancer, and viable alternatives
continued to be researched. In our experiment, we
looked at the effect of Mistletoe extract (ME) on
Drosophila larvae survival rates and impact on ribosomal
RNA.

Introduction

Mistletoe exiract has been regarded as a holistic
treatment for cancer. Current research has isolated
mistletoe extract lectin (ML-1) as a potential cancer
treatment due to its cytotoxic properties. (Gamerith et
al. 2017; Trefzer et al. 2014). ML-1 is a class Il ribosome-
inactivating protein that presents a B-chain that binds
to over-expressed CDC75s in tumor cells, allowing for
cellular uptake of ML-1 (Bergmann et al. 2008). The A-
chain on ML-1 cleave 28s ribosomal RNA, preventing
global protein synthesis (Narayanan et al. 2005). ML-1
also promotes an immune response, and is associated
with increased cytokines IL-1b, TNF-a and interferon
gamma.

Clinical trials are currently testing ML-1 as an
Immunotherapy, though trials have not tested for ME’s
iImmunotherapy potential in head and neck cancers.
To model head and neck cancers, we used third instar
Drosophila larvae because of their cellular similarities
to cancer. However, Drosophila lack the adaptive
Immune system present in humans and the immune
response mediated by ML-1. Thus, we are interested in
ME’s potential to induce immune response-
independent cytotoxicity within our Drosophila model.

Hypothesis

We predict that Mistletoe Extract decreases cell viability
in irradiated third-instar Drosophila larvae in an immune-
system fashion through ribotoxic stress-induced
apoptosis.

in Third Instar Drosophila larvae
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Methods and Experimentation

Vial Preparation: For mistletoe extract (ME) mixed into
food vials, we used Mistletoe Liquid Extract, Organic
Mistletoe Tincture Supplement (Hawaii Pharm,
Hawaii). Fly food vials were prepared according to
Discovery Based Laboratory Il (MCDB 2151) Fly Food
Protocol (See Supplemental Methodology). Based on
previous calculations, (see Supplemental Data) ME
volumes added were 3.0ul,1.5ul,0.75ul,0.375ul, and
0.1875ul. ME dilutions were performed according to
MCDB 2151 Pipetting Exercise using the Bradford
Assay protocol (see Supplemental Methodology).
Vials were prepared in triplicate for each dose, for 15
vials total.

Positive control: Colchicine is used as our positive
control because it is a highly lethal compound and is
currently used as a chemotherapy. 3ul of Colchicine
dissolved in DMSO (50ug/mL) will be added to fly
food vials in triplicate. 3 total vials.

Negative control: 3ul of Glycerol or DMSO will be
added to two separate sets of fly food vials in
triplicate. Glycerol is a protic polar solvent in which
ME was dissolved in. DMSO is the solvent for
colchicine and has been established to not have any
effects on drosophila viability. DMSO is also used to
compare for potential effects of glycerol on
drosophila viability. 6 total vials.

Gel Electrophoresis: 6 fly food vials were prepared
with 3.0ul,1.5ul,0.75ul,0.375ul, and 0.1875ul of ME
added. Approximately 75 larvae were added o
each vial. See Supplemental Methodology for gel
electrophoresis procedure

Results

As a group, our hypothesis was that the amount of
surviving flies would decrease with the addition of
Mistletoe Extract. The vials containing Colchicine were
known to be lethal was used as the positive control.
The vials containing DMSO and Glycerol were used as
negative controls because they were the vehicle for
our compound.

The vials containing Mistletoe Extract were predicted
to be lethal. As the dosage of ME increased, the
lethality of the compound should have become more
apparent. The greatest amount of flies in vials
containing the dosage of 0.1875ul and the least in
vials containing the dosage of 3.0ul.

The actual results were inconclusive. In order for
results to be viable, 10 Drosophila must make it to the
state of eclosion.

The reason for the lack of eclosion could be due o

many factors. We hypothesize our inconclusive results
are due to not enough moisture in the food or an
overcrowd of larvae added into the vials.

Mistletoe Lectind

,)"\ o‘
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S
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The p53 gene is a tumor suppressor gene. Over 50% of

human cancers have a mutation in the p53 gene (Nozaki

&amp; Nakagawara, 2011). It is therefore also in our
interest to investigate p53-independent cancer
treatments. Recombinant mistletoe lectin (rML) has been
demonstrated to induce p53-independent, dose-
dependent apoptosis in-vitro in iradiated mouse embryo
fibroblasts, likely through apoptosis-associated factor 1
(Apaf-1) (Hostanka et al. 2003). A drosophila homologue
for Apaf-1, dark, has been identified (Rodriquez et al.
1999). As dysregulation of apoptosis has been identified
as one of the major physiological mechanisms through
which conditions such as cancer, AIDS,
neurodegenerative disorders, and autoimmune diseases
proliferate their effects. The potential apoptotic
mechanism of dark may serve to be a path towards
uncovering future therapies and treatments (8).

N

Our results were inconclusive, therefore we were not able
to draw a cohesive conclusion from our results. After
further examination we decided that it would be best to
prepare our next vials with food that contained more
water, since most of the food became too dry for the
larvae to eat. We still have confidence that Mistletoe
Extract could have positive results, but we would need to
redo the experiment in order to quantify results to prove
our hypothesis.

Future Directions

If we could be in this lab for an additional semester with
unlimited funding, we would first repeat our experiment.
Because we believe our results were do to inadequate
food and an overcrowd of larvae per food vial, we would
create the same experiment, but creating triplicates in
different food consistencies and with less larvae within
each. Testing ME on the wild-type, as well as conducting
this experiment without radiation, would produce differing
results and further our knowledge on ME within
Drosophila. If our results consistently yielded the desired
more than two standard deviations away from the mean
survival of DMSO, ME would become a hit compound
and continue onto pre-clinical trails.
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Abstract

As cancer is second leading cause of death in the world, the demand for
more research on new treatments has increased significantly. Current
treatment options are limited in their effectiveness of treating cancer and
are often quite toxic to the human body, causing patients to experience
painful side effects such as easily bruising and bleeding, hair and nail
loss, fatigue, anemia, loss of appetite and ulcers. Our goal in Discovery
Lab is to identify potential chemotherapies that have lower toxicities in
combination with radiation therapy that can cure a disease that kills 7.6
million people every year.

In this study, the effects of eugenol, a common compound found in herbs
such as cloves, are being studied on Drosophila larvae. Eugenol was
chosen for its antioxidant, antiviral, anti-inflammatory, and anti-bacterial
properties. To study eugenol,

we obtained clove oil and

clove powder and used varying
concentrations of oil and powder an
d tested them on irradiated and
non-irradiated Drosophila larvae.
We expected an indirect
relationship between concentration
of eugenol and fly survival.

Cloves
https://www.healthline.com/health/
clove-oil-toothache

oS

Introduction

Cancer is the second leading cause of death globally with nearly 8.8 million
in the year 2015. It has no preference and claims the lives of all ages from
children to the elderly. And this number is only expected to increase. Many of
the current treatment options are limited in their ability to combat this disease
as cancer has the ability to resist many of the chemotherapy currently on the
market. In addition, cancer is unique to people as different genes are able to
mutate and impact different parts of the body. All of this has increased the
demand for more research on new chemotherapies.

Drosophilia melanogaster, specially third star larvae, is used as the model for
cancer in this experiment because it mimics cancer by its rapidly dividing
nature.

Eugenol is an extremely common compound found in all types of herbs
ranging from cinnamon to bay leaf to cloves. Eugenol extracted from clove is
used in this experiment. Clove is known for its spicy smell. Eugenol has been
claimed to have numerous healing properties, which include anticancer, anti-
inflammatory, antibacterial, and claimed to cure and prevent an abundance of
different diseases. It is most commonly used in the dentist to decrease the

swelling in the gums.
O =

Eugenol: Target

Molecule
HO

There have been several studies conducted about eugenol and its potential
as treatment for cancer. It has been linked to causing apoptosis in cancer
cells, evading p53, a commonly mutated gene found in cancer. Eugenol also
was seen to inhibit several other genes, resulting in apoptosis of cancerous
cells.These results have been seen in lung, colon, and breast cancer cells.

Statements of Hypothesis

Out of the 900 compounds tested in our two drug screens, we identified 32 hits. While these were fairly successful
drug screens, our group hypothesized that another compound, eugenol, will provide a more effective in killing the
larvae.

Methods

Two different methods of Eugenol were tested: clove oil and eugenol extracted with ethanol from clove powder. Each are tested with
irradiation and without to determine eugenol potential effectiveness by itself. Ethanol and coconut oil are used as negative controls,
which are made by adding 3 uL into 3 mL of agar. Ethanol is solely for the clove powder. While coconut oil is for both. The temperature
is kept constant throughout the experiment at 25 °C.

Clove powder: Clove Qil: For both:
Eugenol is extracted from : 3.2 microliters of 6.33 M Eugenol : Third instar larvae of
clove powder by adding 5 mL is mixed with 10 mL of coconut Drosophila melanogaster
of ethanol to 100 mg of oil for the stock solution are collected and placed into
powder. : For the 10% by volume, take 0.3 each of the vials.
The concentrations used were uL of the stock solution and . One set is irradiated at 4000
2 uM, 1 uM, and 0.5 uM, place into 3 mL of food. rad and another set is not.
which is done by a 1:2 series : For 8% by volume, take 0.24 uL : Allow the
dilution. of the stock solution. 0.18 uL for : Circle GFP -/- pupae,
3 uM of each concentration is 6% by volume, 0.12 uL for 4%, normally .
placed into 3 mL of agar. and 0.06 uL for 2%. . After an incubation period of
3 vials are set up for each 10 days, the rate of survival
concentration. was calculated.

Anticipated Results

Eugenol Oil
_ _ _ Our experiment using eugenol shows its effectiveness as a
. o8 o possible chemotherapy for cancers. We conducted an in vivo
P | | experiment using a dosing series and irradiated and non-
2 irradiated larvae. We predict that there will be an indirect
) | relationship between concentration of eugenol and survival
. e s rate of Drosophila. So, as the concentration increases for
05 ' ' | it b both clove oil and clove powder, the survival rate of the
3 | — larvae decreases.
E ! o Clove Powder
§ . .
B 2 e S
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_. : Rate of Survival Vial 1
However, in the vials that contained irradiated larvae, we had nearly g 2 ————————— B hata of Survivel Vel 2
no pupae formation. This was consistent among other lab groups as T 4 o ———
well, therefore, our results will be inconclusive for the irradiated set g . ~ ;
due to experimental error. We predict to have conclusive results for § e ——
the non-irradiated larvae as we had expected pupae formation. Our ——
results were not ready by the time the poster needed to be printed, 0 —

So please see our results on the supplement.
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Anticipated Conclusion

The goal of this experiment is to determine the potential of Eugenol as
a future chemotherapy drug. Clove oil and clove powder were tested at
different concentrations. Each set was tested with and without being
irradiated at 4000 rad. The similarities between Drosophila
melanogaster and cancer cells allow the possibility of eugenol as a
chemotherapy, determined by the results. If the results are correctly
predicted, then the higher concentrations of eugenol in both the clove
oil and powder will provide a statistically significant difference between
the survival rate of those concentration to the respective negative
controls. This would indicate more testing should be done to determine
its complete potential for chemotherapy. This predication is supported
by other experiments performed with
eugenol and cancer.

The irradiated set would be retested in
the future to determine if combining
eugenol with radiation will have a
larger impact on larvae survival.

This may show that eugenol has

more potential as a chemotherapy

as it meets the drugs intended purpose.

Future Directions

Test all concentrations of oil and powder again to confirm
results

Using pure clove leaf rather than a powder or ethanol
extraction

Test on another animal species to see if eugenol is safe in
mammals

Retest the irradiate larvae to determine if radiation has an
impact on larvae survival
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Chemotherapy is often viewed as a cure-all
solution for cancer to many individuals. In reality
however, for the 50% patients who undergo
chemotherapy, only about 10-15% of them are cured
by this treatment. This demonstrates the staggering
need for more effective cancer treatment options, as
this disease impacts the lives of many individuals.
Cancer treatment has faced many obstacles because

cancer is a multifaceted disease embodying the -
different hallmarks of cancer. For example, a o o E;)/
treatment that targets cancer’s ability to avoid i o

apoptosis likely won't influence the cell's
angiogenesis ability, and therefore wouldn’t be
effective alone.

The compound that we are testing is Grape Seed Extract (GSE), which is
primarily >95% proanthocyanidin (an antioxidant/free radical scavenger) and also
consists of a slew of gallic acid, catechin, and epicatechin. Grape seed extract is a
dietary supplement often taken regularly by many. Other phytochemicals (a larger
group which Proanthocyanidins fall within)are highly abundant in many fruits and
vegetables. Studies done previously of GSE on cancerous tumors has shown
promising results. GSE has been shown to inhibit pancreatic cancer cell growth in
vitro and in vivo through induction of apoptosis and the targeting the p13K/Akt
pathway!, GSE has shown to decrease cyclin B1 expression and an increase in
cdc25C phosphorylation leading to cell arrest in head and neck squamous cell
carcinoma(HNSCC» GSE has shown to activate DNA damage sensors and
checkpoints in division leading to cell cycle arrest in HNSCC#, and GSE has
shown that it can induce double stranded breaks in HNSCC leading to cell cycle
arrestt.

For this lab we are testing GSE through Drosophila(fruit flies) which acts
as the model organism for our experiment. They are a holometabolous insect that
develop from a larvae into pupae before adulthood in a process spanning seven
days. Drosophila have a life span of ten weeks during which adult female flies can
lay about 50-70 eggs per day. It takes about three days after fertilization for flies to
develop into third instar larvae, which is used in this experiment. Drosophila serves
as a good model organism as it is cheap to maintain compared to other
experimental subjects like mice. Additionally, the Drosophila we are selectively
choosing display a mutation in the grapes gene, which is equivalent to Checkpoint
Kinase | in humans. The grapes mutation in flies causes less protein (Checkpoint
Kinase 1/grapes protein) to be made, therefore induces less checks for DNA
damage which models head and neck cancers. Tested larvae will undergo a
compound treatment with radiation first. Radiation will also induce DNA damage at
a higher rate to further unchecked mitotic divisions.

oH

The general trend of the data shows that vials with powder
produced similar effects in reducing the percent survival of the flies in
comparison to the stock solution. The most notable difference is
between the dosage of 15 mg/mL of stock solution (yielded lowest
percent survival) and the 15 mg/mL of the powder (yielded the highest
percent survival). Despite the similarity between the stock solution and
powder results, all dosages except 15 mg/mL of powder landed outside
two standard deviations of the mean survival of the negative control,
indicating a hit. The mean of the percent survival of the water is 68.25%
and the standard deviation is 3.88, creating an expected standard bell
curve ranging from 76.01% to 60.49%.
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warranted. Below is a list of possible experiments to use in future testing:

< Further testing of GSE to investigate the most effective dose in various
models with radiation as a j it 1t and without radiation.

<« Testing to explore GSE and its ability to selectively target cancerous cells
as previous studies have presented this possibility.'

<« Testing the use of GSE as a chemoprevention in comparison to its use as a

chemotherapy.?

<« Testing to explore GSE and its ability to reduce toxicity when administered
in combination with chemc py as previous studies have presented this
possibility.5
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/ [ AbSt ra Ct } \ / [ R I ? / Trial 3: Effect§ of Po.sitive_Contro! (.Colchicine) on \
j_SJu_S Drosophila Larvae Survival

Cancer is a fatal disease internationally—-with many different characteristics making treatment This is supported through research from the National University of Singapore 1° concluding compounds with more

difficult. Combination therapy--using varying combinations of chemotherapy, radiation, and stabilizing functional groups produce higher antioxidant activity through their hydrogen-donating and radical c ;
surgery—-currently works best at degrading cancers. Roughly half of all cancer patients use stabilizing abilities. While both THC and CBD compounds include cyclohexene and alkyl groups contributing to T - A e N . :E ‘:
chemotherapeutic treatment-the use of cytotoxic drugs targeting cancer cells—however, current charge delocalization and resonance, CBG only has two alkyl chains attached to a diol--making it less stable than its atli:ingd I()Tethceonscl)sr’?;rr] SS'egc;u a Iemir:fasluevsid;s?e fo:rscséé 'IYrigloz CB((; 2
chemotherapies damage the body, only cure 10-15% of patients, and can fail from innate or sister compounds. With less stability, CBG likely does not donate hydrogen protons in antioxidant mechanisms as Trial 5 and CB(? Dosiﬁ Averzpes e CEE Tl 2 el weré ot *_ ‘:
acquired cellular resistance. Cannabigerol (CBG) is a non-psychotropic cannabinoid found in frequently or stabilize free radicals as efficiently as CBD and THC. Since radiation therapy kills cancer cells through obtaim’ad due to a tem irar Iaf e sh0|:ta o delaving the trial past the z ;
cannabis that has shown increased apoptosis induction through activation of cannabinoid and oxidative stress, CBG must not interfere with the free radical oxidative mechanisms enough to produce any X . . P ylarv g ying lal p =7
vanilloid receptors in cancer cells. CBG already demonstrates success in reducing tumor growth antioxidant effect--making CBG a potentially effective chemotherapy combined with radiation. me aflotted. =

and progression in colorectal cancers, and it is believed to not negatively affect the body.
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In this study, CBG was examined as a potential chemotherapy in head and neck cancers. Trial 1: Effects of CBG Doses on Drosophila Larvae Survival R rradiated Larvae Non-irradiated larvae
Drosophila Melanogaster third instar larvae modeled tumors since they rapidly divide like cancer Larvae
cells. The larvae were grp+/grp- for susceptibility to irradiation--modeling radiation treatment. A Drosophila Melanogaster Life o
CBG dosing series examined the compound’s efficacy on inhibiting growth of both irradiated and o Cycle Figure 3: Colchicine was our positive control because it was a chemotherapy that was
non-irradiated third instar larvae. Due to inconsistencies with the negative control used (coconut \Mu o ST S S P ———— 75.00% previously used to be used to treat cancers before it was found that it was extremely toxic
oil), the results were inconclusive. However, cannabigerol shows potential as a hit . f HJ &9/ and dangerous to patients. It demonstrates the percent survival that is expected of actual
chemotherapeutic, and further experiments should be conducted in the future. L) IJ[ "O\l’l/lv:TH ) NS — chemotherapies, but the efficacy of our compound is only determined by comparing the

percent survival of our negative control (coconut oil) to our compound’s survival rate.

° P WV S , J - ‘ ” : Fertilization
[ Introduction 1 '/ o

o
Cancer is classified as a disease in which cells divide uncontrollably and destroy body tissue !. Delta-9- ) Pupa \_%Mays 1day\ - [ CO n CI u S I O n S }

25.00%

Larvae Population % Survival

Due to several different abnormal mechanisms, cells will rapidly divide into large masses--known tetrahydrocannabinol Cannabidiol Cannabigerol 4 In pupsl stege » : 0% 4% 8% 10%
as tumors, and can eventually develop new blood vessels as well as migrate to various other instar larva (i .

L v . ) _ : . . 21/2-3 days perene CBE:Concemration At this time, results of further drug set vials as well as antioxidant vials are still pending. One
regions in the body. Cancer can be caused by three main factors: random genetic mutations, Drosophils fé cycle thine that does carrv over. however. is the broblems encountered by our negative control
hereditary genetic mutations, and environmental factors--such as diet, smoking, and exposure to A 1d% : . v ’ . ’ > 'y ¢ . ’
sefafen @ @iher laown crdhesEns. The dmes & e of die leeding causes of dEstl : : coconut oil, and when future trials are conducted there are a few things to do differently as
worldwide. The National Cancer Institute estimates that there were about 1.7 million new cases [ Elltpgsg } e N o 7 second Figure 1: Survivability of third instar larvae is compared to the CBG dose they discussed in future dl.rectlons. We' were also unable to do -h't calculations due to having
o eaneer 8, &) Wt A saraimenely GULEIT peple vl 4 die e Ik i FET 2, e T @ ‘s day - 4 instar larva received. The highest CBG concentrations (6-10%) produced the lowest only .or.1e set 9f drug‘wal data at this tlme.. There are low su‘rV|vaI r-ate.s for sor.n-e doses of the
affect all significant organs, its major forms include lung, breast, prostate, and colorectal cancer larvae survival rates—indicating that high dosing is necessary for proficient STl sFERel I Una 7SiE LS SEUES e i 8113 ESTHIES SRl Winl(en 15 [PIRTmTEIis CI= 199 Ui

) Y ) ) . . . . o o op1e o ) o
Cancer is a unique disease, as no form of it is ever the same. This is due to the disease’s six major 1. Determine whether or not cannibigerol is a possible ‘hit’ for treatment in head treatment. Due to the volume and consistency of coconut oil, all larvae in the fact that_'t is killing most of the larvae in doses Suc_h as 84’-_ Resu!ts gained from our last set
identified hallmarks and mechanisms by which it operates: self-sufficiency, insensitivity to anti- and neck cancers. negative control vial died likely from drowning, and its data was inconclusive. 7 el RS Se e nepalilhy Bl i elir ekiz e e s € i (s leleEer o & selmple s
growth signals, avoidance of apoptosis, the ability to acquire an independent blood source, 2. Further experiment with the range of concentrations of cannibigerol to see what This was apparent since no larvae were able to climb up the negative
telomerase reactivation, and metastasis 1. Each of these hallmarks contribute to the difficulty of is the most effective dose. control’s vial to pupate, and the vial surface appeared slick from the oil. This
curing the disease, as each present new and difficult challenges for researchers to overcome. result led to using a negative control dose series with identical [ F t D o t o }
Currently, all forms of cancer are incurable. However, there are treatments that prove successful concentrations as the CBG series in future trials to analyze how coconut oil u u re l rec |0 n S
in cases that are diagnosed early. The most successful treatment methods today include affects larvae and create a more consistent comparison between the
radiation therapy, surgery, and chemotherapy. Radiation therapy destroys cancerous cells and M eth Od S negative control and CBG. Additionally, despite having no drug present in the
tissues through high-energy radiation. Surgical cancer treatment involves removal of tumors and population, the 0% vial’s survival rate was abnormally low; there were no For fut SN id like ¢ bine both bicerol and bidiol t
surrounding cancerous tissues. Chemotherapeutic drugs destroy cancerous cells and tissues by factors explaining how this happened, but the result led to more scrutiny and or Tuture experimentation, we would like to combine both cannabigerol and cannabidiol, to
blocking or altering their cellular processes. Since a single chemotherapy usually only targets one 1. Grapes mutant larvae were collected. caution in vial handling, drug administration, and food preparation during the S(.ae.lf they are more efft?ctlve 4 cherTmotherap|es .when taken.together. Equ?lly, because of‘the
cancer hallmark, it is now common to take a varying combination of chemotherapeutics and/or other trials. j!::lcultles prjlsented V:]Ith COCOT.Zt oil, our nega;clve controlf Ilt V?.UId bz.glse to tes(t)fCBG n a
use chemotherapy with other therapies. Traditional chemotherapeutics are used on at least 50% 2. The larvae were sorted through a 600 um sieve to collect the third instar larvae. iiierent medlium, such as a solid state, to explore potential efficacy dirierences. OF course,
ol e patns vt ey o e st 10154 f ptnts . Snce chemaerpes r . o chmter et 4000 Ty e e
: o : . Larvae were put into irradiation chamber and irradiated at . They were set aside :
:UCh :n'vof';(%ﬁlly popular cancITr ZZZF?entﬁ’ 1 ITI nlecessa.lrz/ 0 f':d ahgentik;chat carjc.su.ccessflflly Trial 2: Effects of CBG and Coconut Qil Dosing on Drosophila Larvae many questions that our data presents. If such a test were to be successful, a future in vivo test
arget and kill more cancer cells. itionally, cellular resistance to chemotherapeutics is a rising _ _ : : : : : . .
problem, so new promising chemotherapies are in high demand. Cancer cells can have innate 4.6 vials were labeled with 10%, 8%, 6%, 4%, 2% and 0%. SHRRG on a mouse o rat would be optimal, to determine potential toxic and effective doses of CBG in
’ ' 100.00% T — a full body system.
resistance to certain chemotherapies--making the drugs immediately ineffective in treatment. _ o 00007 M Cariiabiged v
Also, if the cancer returns in patients, it can develop acquired resistance to the previous 5. Then 5 vials were labeled “neg. control 10%”, “neg. control 8%, and so on ending in “neg. control 2%”. - Coconut Ol
chemotherapy the patient was treated with; cancer cells develop more efflux pumps--pumping § 75.00% A k I d t
the drugs out of the cells and preventing them from reaching a toxic concentration in the cells, so 6. 3 mL of food were added into each vial and in the vials labeled with just percentages, that percentage of CBG & c n OW e m e n S
’ q q o o q g g q 5 a
the cancer survives despite its previous susceptibility to that chemotherapy oil was added to the vial (ex. 10% = 300uL of CBG oil). Oil was mixed into the food with the tip of the pipette. @

. . . .. ' . . e 50.00% A special thanks to Dr. Tin Tin Su for allowing our lab to adopt her experimental ideas and for
Cannabigerol (CBG) is a non-psychotropic cannabinoid extracted from cannabis. In high doses, . . _ J ving h tise t . h. We thank the H d Hughes Medical Institut
it shows potential increase in cellular apoptosis 5, and it may be an effective chemotherapeutic. 7. In the “neg. control” vials the percentages listed for the coconut oil (ex. neg. control 10% = 300 pl of coconut g §IVINg NEr expertise 1o Use in our research. We thank the Howard Hughes Viedical Institute,
One study discovered taht CBG was successful at reducing tumor growth and progression of oil) were added into the food. Oil mixed in with the tip of the pipette. s 2500% Biological Sciences Initiative, and the Molecular, Cellular, and Developmental Biology

o ) - ) i @ Department at University of Colorado Boulder for their continued support and advice
colorectal cancers 6. CBG and its sister chemicals cannabidiol and cannabichromene induce &

throughout the Discovery Lab. Lastly, a huge thank you to Dr. Pamela Harvey, Katie Franks, Jack
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9. After 5-7 days GFP+/- pupae were marked under the microscope. orienting the mechanics of our research.
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Cellular Arrest via Inhibition of NAD Biosynthesis Indicates the Molecule’s Potential in Combination Therapy
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. Percent Survival of Drosophila throughout Each Triplicate of Compound
Ab StraCt Hyp OtheSIS Testing

Roughly 1 in 3 people will get cancer in their lifetime and although scientists have been studying
and treating cancer for decades, there is still no cure nor a safe treatment method with high
success rates. In our study, we focused on Drosophila melanogaster as a model organism for
head and neck tumors, as they have rapidly dividing cells that mimic that of tumors, as well as
genes that are comparable to human genes. In our research, we found that there was promise that
the inhibition of the biosynthesis of NAD/NADH could lead to cellular apoptosis and produce a
possible, less toxic chemotherapy. FK866 is an inhibitor of NAD/NADH biosynthesis. Doses of

FK866 were tested at 10 uM of the drug being administered at 3 different volumes and fed to our Metho ds
irradiated larvae and their survival was quantified. Although one of our negative controls

demonstrated no developed flies, the vials that contained the drug showed the desirable, negative Culturing Drosophila

effect on the percent survival of the Drosophila melanogaster. Before Day 1 of our experiment, we spent three-weeks culturing our flies. As a class, we
prepared fly food in a flask of 500mL of water and 85g of Nutri-Fly Bloomington’s Formulation to

Intro dUCtlon pour in 25mL bottles. Grape juice plates containing yeast and water acted as an egg-laying setting

for the female flies in a population cage. Once embryos developed on these plates, they were

We hypothesize that with the inhibition of NaMPRTase, precursor molecules can no longer assist in
the biosynthesis of NAD. Thus, ATP cannot be generated, cellular metabolism will be halted, and the
cells within our tumor model used in the experiment will be targeted for apoptosis.
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Extensive research in previous years has revealed the importance of Nicotinamide collected and cultured in prepared food bottles. During the third week, a substantial number of
Adenine Dinucleotide (NAD or NADH) in maintaining the stability of DNA, and most importantly, larvae grew in these food bottles and were then collected using sieves to be prepared for ’
cellular metabolism. Through the consumption of proteins, sugars, and fats (Figure 2), AcetylCoA irradiation. Vial 1 Vial 2 Vial 3 Vial1 Vial 2 Vial 3 Vial 1 Vial 2 Vial 3 Vial 1 Vial 2 Vial 3
is formed and initiates the citric aC|.d cycle, .the blosynthe3|s.of NAD. Nicotinamide phosphoribosyl Larvae Irradiation Water Water Water  EK866 0.65uL FK866 1.3ul FK866 2.6ul
transferase (NaMPRTase) forms nicotinamide mononucleotide (NMN) from a precursor molecule, We specifically used third instar larvae for this experiment since they represent a cancer 0.65ul 1.3ul 2.6uL
then NMN is used in an ATP consumption reaction to form NAD. This NAD undergoes redox cell after irradiation. They were collected from the sieves during the third week of experimental Exoerimental and Control Vials
reactions (Figure 1) and, combined with the oxidative phosphorylation of ADP, ATP is formed. preparation and irradiated in a machine at 4000 Rad. P

As we know the importance of ATP in cellular metabolism, we can inhibit this citric acid Drug Vial Preparation :
cycle, so the cancerous cells perform apoptosis. We achieve this by the inhibition of NaMPRTase This part of our experiment is when we were able to culture the irradiated larvae in our
because it is crucial in the formation of NMN from a precursor molecule. Now, the cell should not compound and analytically determine if the population of irradiated third instar larvae were . OHC U.SIII :
be able to complete the citric acid cycle and would produce dramatically less ATP, triggering affected. We tested our compound (FK866 Hydrochloride Hydrate) in triplicates with our positive Although our negative control had been flawed leading to inconclusive results, FK866
apoptosis. FK866 Hydrochloride Hydrate shows potential in being an NaMPRTase inhibitor. If the control (50 ug/mL colchicine) and our negative control (water). Our stock solution was diluted from proves to be a possible chemotherapy for head and neck tumors, as it impacted the
administration of this NAD inhibitor in a cancerous cell is successful, it can be used as a less toxic its original concentration of 10M to 10uM before being administered to the drug vials. The following percent survival at a 10 uM concentration. Based off the data in our dosing series, the
chemotherapy in sending tumors into remission as there have been studies performed were prepared: relative data surrounding each volume of FK866 administered shows there is no differing
demonstrating that this is true. However, our group studied its effectiveness not only as a 3 vials containing 2.6 uL of 10uM FK866 Hydrochloride Hydrate with 3 mL of food toxicity.
chemotherapy, but as a chemotherapy used in combination cancer therapy specifically in head 3 vials containing 1.3 pL of 10 yM FK866 Hydrochloride Hydrate with 3 mL of food
and neck tumors. » 3 vials containing 0.65 uL of 10 uM FK866 Hydrochloride Hydrate with 3 mL of food U.ture 1I'c CthnS

In this study, we use the model organism Drosophila melanogaster that produces « 3 pL of water in 1 drug vial with 3 mL of food Future experiments could include:
offspring with a radiosensitive phenotype to assist in selecting which larvae in our drug vials are « 3 L of 50 mg/mL colchicine in 1 drug vial with 3 mL of food  Administering our compound and then determining the survival of the larvae into

considered a “hit” for our compound. An engineered balancer chromosome that allows the flies to
produce Green Fluorescent Protein (GFP), and a mutation in the fly’s checkpoint kinase 1 [CHK1;
also known as the grapes gene (grp) in Drosophila); (Figures 3 and 4) gene allows us to
determine which are most susceptible to radiation. Since the balancer chromosome is dominant
and has a natural tendency to be lethal in a case of homozygous dominant, 66% of our fly
population will glow green with a lesser susceptibility to radiation, and 33% of our fly population
will have no GFP while being more susceptible to radiation. Thus, once this generation of
offspring is radiated and administered our compound in a drug vial, we can mathematically
determine a “hit” in our compound if 50% or more of non-GFP are dead in that one vial.

the pupae stage rather the survival of the larvae from the pupae to the adult stage

* All vials contain irradiated larvae.

« Test compounds that inhibit ATP production in a way different from FK866

» Investigate compounds that similarly inhibit NAD production through inhibiting
NaMPRTase that are similar to FK866

* Reconduct the experiment with proper negative controls so our data is more
reliable
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Effect of Chaga Mushroom (Inonotus obliquus) on Drosophila melanogaster Survival Rates

University of Colorado
Boulder

The majority of current cancer treatments have limited efficacy and
severe side effects. The Chaga mushroom (/nonotus obliquus), a
parasitic fungus found on softwood trees, has an extensive history of
use in folk medicine. In this study, fruit flies (Drosophila melanogaster)
were used as a whole-animal in vivo model for head and neck tumors,
to investigate the possible cytotoxic properties of the Chaga mushroom.
Third instar larvae were exposed to 4000 rad of ionizing radiation, and
then incubated in vials containing a dosing series of different
concentrations of a Chaga aqueous extract mixed in with a cornmeal
agar food. Absorbance values were taken to standardize the dosing
series concentrations. Distilled water was used as the negative control,
while Colchicine, a known chemotherapeutic was used as the positive
control. After metamorphosis, the survival rate of the flies was
quantified. The data shows a downward trend in survival rates when
flies are given higher doses of Chaga extract in their food. While not all
of the data was statistically significant, the data for the full strength
concentration of Chaga extract was outside of two standard deviations
from the mean of the negative control, and is therefore statistically
significant. Testing isolated Chaga constituents and stronger doses
could yield further significant results.
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Introduction

Cancer involves abnormal cells dividing uncontrollably and continues to
be one of the leading causes of death throughout the world. The
majority of current chemotherapies have limited efficacy, are very
expensive, and cause severe side effects for the patient. The goal of this
study was to find an alternative chemotherapeutic drug that, when
combined with radiation, is more effective at promoting apoptosis in
cancer cells without causing harm to the rest of the body. Third instar
larvae of Drosophila melanogaster (fruit flies), the model for this study,
were cultivated to have the grapes negative double mutation. The
grapes gene in fruit flies, equivalentto the checkpoint kinase 1 gene in
humans, can be mutated to produce flies which are more susceptible to
radiation because the grapes gene is essential to a pathway which halts
the cell cycle in response to DNA damage. In this study, grapes mutant
flies were used as a model for tumors. These flies were identified using
an engineered chromosome that included a GFP (green fluorescent
protein) marker in addition to the grapes mutation. The GFP negative
larvae (mutant) can be differentiated from the GFP positive larvae with
the use of a black light.

Betulin Betulinic Acid

Inonotus obliquus, commonly the Chaga mushroom, is a parasitic
fungus found growing on the bark of birch and some other softwood
trees. The fungus has an extensive history of use in folk medicine in
Russia and other Northern European countries, and some scientific
evidence suggests several of its constituents have potential to be
incorporated into cancer treatment. The most common method of
ingestionis to grind the hard sclerotium and create a hot water
extraction. This extraction is often diluted and consumed as a tea. Our
research will test both a hot water extract of the raw fungal sclerotium as
well as isolated betulin and betulinic acid, two compounds present in the
extract with some known cytotoxic activity. By radiating the third instar
Drosophila melanogaster larvae before allowing them to ingest Chaga
extract in their food, a decrease in survival would indicate a mechanism
resulting in cytotoxicity, and the potential for Chaga in chemotherapy
development.

Katya Spitznagel, Emily Port, Ben Schenkel, Thomas Haupt

Department of Molecular, Cellular, and Developmental Biology

University of Colorado-Boulder MCDB 21 71

When irradiated, the Drosophila melanogaster treated with GFP(-) Survival VS Aqueous Concentration An aqueous Chaga extract was further diluted into fly food (30uL of an
Chaga mushroom extract will have a lower survival rate than the extract of varying concentrations / 3mL of food) and used to perform a
flies not treated with Chaga. - - - ] %< dosing series. Each extract concentration was tested on grapes
mutants, irradiated third instar larvae, a model for cancerous tumors,
- 10 and survival was quantified. Since production of aqueous extract

involves continuously adding water, concentrations were standardized
using absorbance measurements (Figure 2). The concentrations tested

VAN \o\%@m

©
MM_‘O ' O proachs # i s were 100%, 50%, 25%, 12.5%, and 6.25%.
proteins /F__ ((‘; }\ . %
.\(.hkl) \____’/ \ ®
= 9 | g I-!igher concentration extracts were cor_13istently more successful at
> ':T/d:)]; e 6.25, 4.28 4 killing the larvae than lower concentrations. At the highest

L _r\Cdc’zsl-,'Aa.twv = | concentration, when combined with radiation results showed
A i e N N | T B - 2 statistically significant success higherthan two standard deviations
( ) B [ ( ) ) I above the mean of the negative control (Figure 1), indicating a “hit.”
\Cyclin 8 / \f:_t"" B/ \Cyclin B / — — e s e — =
@ 120 100 80 60 40 20 0 ’
. < Extract Concentration % Used (further diluted into food) There were many limitations to this study. First, each extract
0 O concentration was tested on only four vials of larvae. In a repeat of this
Inactive MPF Active MPI Inactive MP! study, more vials would need to be tested to improve the integrity of the
ﬂ Figure 1: Shaded green area represents the experiment. Second, since the higher concentrations led to lower
Mm';mb [remm—— mean plus two standard deviations (0.33- 9.17 survival, more concentrated extracts could be made in the future using
mitosis i et flies) for the negative control (water). Data points both water and organic solvents, as the literature suggests active
outside of green box indicate statistically constituents betulin and betulinic acid are more highly soluble in DMSO
significant results. than water. Additionally, in vitro studies using human cells should be
done to investigate any further hits.

~3 days + 3‘\— \

etamorphoaig

Adult female fly . -
i Future Directions
-1 day This experiment yielded an overall negative trend in survival _ _ _
Pie rates of drosophila exposed to increasing concentrations of Based on our results, we would like to re-attempt this study using
chaga extract. GFP negative flies were present in every vial, and stronger Chagas concentrations, to determine a more effective dosage
; E‘ggr E}E‘:’?" Egt:a’r most vials had some living subjects. Our hypothesis stated that curve. _ _ _ _
-2 days ' 3 flies exposed to chaga extract would have lower survival rates Furthermore, we would like to investigate the active compounds,
;,_ | /ua'achmg than flies not exposed to chaga extract. betulin and betulinic acid, to ultimately study how these compounds
| ‘Tm— R -2 deya interfere with the biochemical mechanisms associated with induced
Ao s, LY The calculated mean death value for flies exposed to water, our apoptosis. Beyond this experiment, we would like to perform in vitro
negative control, was 4.75 flies. This value had a standard studies using malignant human epithelial cells to study the lipid
deviation of 2.21, with a range of 0.33 to 9.17. Anything within thermodynamics, pharmacokinetics, and the overall cell growth
MEthOdS this range would be Statistica”y insigniﬁcantand anything inhibition of different concentrations of Chagas extract.
outside of this range would indicate a “hit”.
Chaga Extract Procedure The chaga concentration values were then plotted against the K led
_ S average number of dead flies in each concentration group Acknowle gments
1. Grind Chaga sclerotium into 80z of a fine powder (100%, 50%, 25%, 12.5%, and 6.25%). The average number of
2. Add powderf[o 1L of hot water just below boiling dead flies in the 100% chaga concentration group was 10.5 We would like to thank our principal investigator, Dr. Tin Tin Su and
3. A_‘HOV_V gxtractlon to occur uncovered over the course of 4_8 hours which is above the range, making it statistically significant. our research instructor, Dr. Pamela Harvey. We would also like to
maintaining temperature between 90 and 95 degrees Celsius. Chagas extract at this concentration is therefore a “hit”. The thank our teaching assistants, Isabella Shelby, Ben Huxley, Julianna
Periodically add water when the water level is low to keep from drying other chaga concentration values indicated statistically Rohn, and Alia Alsaif. We would like to acknowledge our funding
out or burning. insignificant results. sources, the Molecular, Cellular, and Developmental Biology
Department at CU Boulder, Howard Hughes Medical Institute, and the
Lab Procedure Biological Sciences Initiative at CU Boulder.
1. The initial concentration of the Chaga extract was determined by References
examining its absorbance (see figure 2). Using distilled water, a 50%, Chaga Extract Analvsis
25%’ 12'5%’ and 6.25% concentration of Chaga extract was made g y Arata, Satoru, et al. “Continuous Intake of the Chaga Mushroom (Inonotus Obliquus) Aqueous
from the full strength extract. Extract Suppresses Cancer Progression and Maintains Body Temperature in Mice.” Heliyon,
Figure 2: Absorbance Results Elsevier, May 2016, www.ncbi.nim.nih.gov/ipmc/articles/PMC4946216/.
2. Four vials of each dose, including a full strength dose and the Measurement results Gery, Antione, et al. “Chaga (Inonotus Obliquus), a Future Potential Medicinal Fungus in
positive (Colchicine, 50ug/mL) and negative controls (DI water), were 4/4/18 14:34 Oncology? A Chemical Study and a Comparison ofthe Cytotoxicity AgainstHuman Lung

Adenocarcinoma Cells (A549) and Human Bronchial Epithelial Cells (BEAS-2B).” Integrative

used for this study, resulting in a total of 24 test vials.
Y 9 Cancer Therapies, Sage Publications, 18 Dec. 2017.

_— _ _ _ _ Wavelength: 405 nm
3. Three milliliters of fly food were mixed with 30 microliters of the Su, Tin Tin,and Mara Gladstone. Screening for Radiation Sensitizers of Drosophila Checkpoint

Chaga extract solution, in the aforementioned concentrations. Mutants. 2011.

% Concentration 1 2 3 Average Abs
0 Sun, Y, etal. “In Vitro Antitumor Activity and Structure Characterization of Ethanol Extracts from
4. All of the 3rd instar larvae used for this experiment underwent LIz 22 L LA 2200 Wild and Cultivated Chaga Medicinal Mushroom, Inonotus Obliquus (Pers.:Fr.) Pilat
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12.50% 0.781 0.789 0.753 0.774 Youn, Myung-Ja, et al. “Chaga Mushroom (Inonotus Obliquus) Induces G0/G1 Arrest and

i i i i 6.25% 0.435 0.453 0.455 0.448 Apoptosisin Human Hepatoma HepG2 Cells.” World Journal of Gastroenterology : WJG, The
5.' Atthe end of the ﬂy life cyc!es, survival rates of the flies in all 24 test o WJG Press and Baishideng, 28 Jan. 2008, www.ncbi.nlm.nih.gov/pmc/articles/PMC2681140/.
vials were compared to examine efficacy. 0% 0.043 0.052 0.077 0.057
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Abstract h 6 ~Hypothesis [N -

Cancer affects approximately 38.4% of people throughout their Combining the processes of irradiating flies and utilizing various concentrations of The results obtained for this experiment were inconclusive due to the
entire lives in the United States. As people are living longer, Sanguinaria is an effective method in representing the process in which humans with observations from the negative control. Theoretically, since the negative control
cancer becomes increasingly prevalent due to increased rates 1. Toinvestigate how Sanguinaria Canadensis effects rapidly growing cells by cancer are treated in hospitals with radiation and chemotherapy treatments. It is contained only water, all flies should have survived. However, low survival rates in
of cell degradation and mutations in older populations. quantifying percent survival of Drosophila. predicted that the highest concentrations of Sanguinaria canadensis will be the most the negative control suggests an outside factor could’ve affected whether or not
Radiation can be used in conjunction with chemotherapies to 2. To compare the results between Bloodroot extract and Sanguinaria effective in causing apoptosis in the drosophila. However, lower dosages will also be the flies were dead or alive. The low percent survival could be due to a number of
kill cancer cells, with hopefully minimal side effects to the Canadensis pellets. effective because radiation is also being utilized. Combination therapy with the factors: improper environment for the larvae to develop, water could’'ve stripped
patient. The Bloodroot plant, or Sanguinaria Canadensis, may : i i i i ; ioh i inari iati ' . isti i the nutrients in the food, contamination to the water, or the flies were overl
have chemotherapeutic effects due to the pro-apoptotic 3. To experiment with varying concentrations of Bloodroot to identify which is Sanguinarine compound and radiation will show a synergistic effect and will allow for away . > 1 ; ; y
properties of the Sanguinaria compound found within it. Our most effective. a lower dose of each form of therapy. susceptible to radiation.
experiment included two different forms of the compound, A Te albsee e et of radlatan i1 corilbinetan it Bleeciast 6 ahiEi 2 This is a critical factor when thinking about treating humans because by While the information was inconclusive, the experiment did demonstrate that
{BIotocéroot extract (a Iquuid)Snd Saﬁ_glguilr\\/larlia-speci][‘ic pellets. We synergistic outcome. 2ﬂrgln|3te|:ng |0Wt?]r dOSGSt_Of 'thde drUQrJ]S,: will Ie?'d to less |DC|defff109t§ ijlde eff?i?;f]s- Bloodroot could have an effect on killing Drosophila. The dosing series
esied our compouna on brosopnila ielanogaster In varying . . . . . . rugs nave a therapeutic Index wnicn Is a ratio comparing etrrective doses o e demonstrates that the compound is effective at various concentrations so when
concentrations by placing 3 L of our diluted extract or > sBienﬁ‘it)c;I:n:;Z dentify flies with the grapes mutation and understand its drug to lethal doses of the drug (does more harm than good). The side effects in combination was radiatiopn, a lower dosage could be administered. Since the
dissolved pellet into food vials. Irradiated third-instar fly larvae T J ' resulting from using the compound can be more harmful to the patient which should triplicates were inconsistent, further experiments would need to take place to
where then placed in the vials and were marked for Green be avoided at all costs. firm the effi £ th d
Fluorescent Protein (GFP), a protein that makes the flies glow. confirm the efticacy ot the compound.
A lack of GFP implies that the fly possesses two mutant copies "*‘-“*’B?F'f*’*f"”' Our results demonstrated a lower percent survival in the flies that were GFP
of the grapes gene which makes them more susceptible to P positive. This did not correlate to what we expected. GFP negative flies are
radiation. The Bloodroot extract contains other ingredients y more susceptible to radiation, but since percent survival was lower in GFP
Wrt‘iCh Cé’“'? b? moLe ;ff%CtiVe in dgcreas”intg theéarvate S‘tJrVng' - positive flies, there could be an unknown link between the effect of Bloodroot
;‘J gﬁ’-cifyizg 32;&93” g aIiveaHigegl,ntar]]rclaacr?(Sm% ’?hearzpeﬁﬁcra:ac;fegtnof Experimental Design "‘L_B — Vial Number Vial 1 Vial 2 Vial 3 Vial 4 Vial 5 and flies with only one grapes mutation and a GFP bale.mcer chromosome.
both can be compared to one another and an effective ! A é;uanlugi!g - stock 1g/10mL Results regarding the Bloodroot extract
concentration can be evaluated. 1 o . concentration 1 gram of Bloodroot pellet to 10 milliliters of water remained inconclusive. For this
Concentration 100 pL stock 10 plL stock 1 plL stock 50 plL stock 100 pL water eXper!ment’ coconut oil was used as the
0 plL water 90 ulL water 99 ul water 50 plL water (3 pL into food) negatlve control; however, results weren’t

I n t ro d u Ct i 0 n Irradiate third-instar larvae with a total of

4 ok vadian (3 pL into food) | (3 pL into food) | (3 plL into food) | (3 pL into food)
4000 rads of ra I1alion

comparable because both the negative
control and the extract lacked pupae. A

Different forms of cancer are amongst the top ten leading causes of death l 1:1 1:10 1:100 1:2 Negative iol lanai id've b that
worldwide. While the origin and progression of cancer cells vary, all types Soninl possibie explanation could ve been tha
involve rapid cell division and metastasis to surrounding tissues. For the year Place larvae in vials containing food and the coconut 0!' was (o19) Hu1lle.¢ Ele t.he
2018, there’s an estimated 1,735,350 new cancer cases with a predicted various concentrations of sanguinaria or &'—"é_";"';ﬁ-ﬁ il Sl St R 2l g Golleli ewin idieign il
609,640 deaths within the United States. This is just a fraction of the over = dliselolzel i W fBnriiig ptpae on i

) ) Additional 100 pL 100 plL 100 plL 100 plL 100 pL walls. The extract, also oil based,
15,000,000 affected worldwide. This lab focuses on head and neck cancers e — demonstrated similar results and pupae
which involve the mouth, throat, nose, sinuses, larynx, or salivary glands. More couldn’t form. In the vials containing the
than 5 million people are affected by head and neck cancer gIobaIIy, with more Incubate larvae at room temperature and # Vials triplicates triplicates triplicates triplicates triplicates T .fOOd appeared f . dry
than 300,000 dying. As more people become diagnosed with cancer, the race allow to turn into pupae which ,coul d have also contributed to the
for treatments increases exponentially. While preventative methods are taking _ _ _ _ _ _ )
place, cancer is always changing, progressing, and in some cases becoming l' Thg e)(_perlnjent was peﬁormed in a Iabgratpry environment. Before the experiment began, pc_)pul_atlons of flle§ were incomplete results.
resistant to treatments. By targeting cancer cells’ abilities to evade apoptosis, 8 ;1 maln.talne.d in order to have irradiated third instar larvae for the procedure. Bloodroot (Sangy/nar{a Canadensis) was - a
influence growth factors, and undergo metastasis, it's possible to find future Mark vials for GFP negative Drosophila obtalngd in pgllet form as well as an extract. The concgntratlons of the pellets were determlr?ed in a dosage series. F utu re D I re ctl o ns
therapies. After dlscqyerlng that 1 gram of the pellets were soluble in 10 mL of wat.er, they were further diluted to account for the

~ l' 4 drug’s toxicity (view the chart above). Regarding the extract; we lacked information about how much of the compound
Sanguinaria Canadensis, also known as Bloodroot, is a flower that Native p . can be m(oaasured in a .p.ersor’fs blood. Therefore,.we .mad.e the starting point a 10%.d|Iut|on becausg it's similar to Data from .th|s lab coulld be used to further mvest.lgat.e S.ang.umarla .
Americans believed was a “cure all” medicinal herb. It contains Sanguinarine sy il of fics taking 10% of an |n.d|v.|duals blood and replacing |t. with the com(p))ound: Any higher concentration WO.U|d be Canadensis as a possible chemotherapy or provide insight in conducting
and Chelerythrine which are known alkaloids that contain antioxidants which unnecessary. The dilutions thep decreased by an increment of 2% which allowed us to test how different research.
have the potential to block proliferation of cancerous cells and induce apoptosis. % J concentrations affect percent survival of the drosophila. _ _ _ _
To determine Bloodroot’s effectiveness as a chemotherapy, we used Drosophila l. Green Fluorescent Protein (GFP) serves as a marker to identify whether the Drosophila are heterozygous for the 1. Larvge AL S thrqugh oil. Wheq using extra.ct that has an oll-based
Melanogaster to represent cancerous cells. Due to their rapid growth of stem " grapes mutation. A mutation in the grapes gene signifies that the fly cannot sufficiently repair damaged DNA which consistency (pr when using coconut oil as a negative control) mix the _
cells during metamorphosis, they mirror the formation of cancer cells. In { Draw conclusions and determine if causes the fly to be more susceptible to radiation. Flies that have GFP only have one copy of the grapes mutation. compound with Ethanol. Ethanol can separate the contents from the oil
addition, 75% of Drosophila genes are similar to humans including the grapes compounds are hits These flies maintain the population because they are fertile. Flies without GFP have two copies of the grapes mutation which can then be mixed with the food and tested for percent survival.
. J This will allow for the pupae to attach to the walls.

mutation (Checkpoint Kinase 1 mutation in humans) making results comparable
to an extent. Flies that have the grapes mutation are more susceptible to

radiation which allows for greater results when in combination with a potential 2. Complete another trial of this experiment and analysis the results. If
new drug. This mimics combination therapy which has been proven to be more possible, conduct an in vivo experiment by testing the drug on mice. The
successful than single treatments. Sanguinaria Canadensis is highly toxic; compound can be injected or taken orally. Mice resemble humans more

closely than flies do which could lead to more accurate results.

which are the flies being studied in this experiment.

however, by testing multiple concentrations in addition to radiation, a synergistic Graph N Graph 11l

effect could occur which could make low dosages effective. o _ _ - _
3. Medicinal chemistry: Bloodroot contains the compound Sanguinaria which

Estimated new cases, 2018 EStimabed doptine0ae - Concentration of Sanguinaria Pellet vs. Survival Concentration of Sanguinaria Pellet Solution vs. Survival is the predicted element that directly affects the spread of cancer cells. By
Crg it Rate of GEP- DrDSDtha Rate of GFP+ Drosophila further |nvest!gat|ng compounds similar |q structure to Sagumarla (such as
A Eomecon Chionantha, a poppy plant designated in China) or compounds
o - L : : :
T coptalmng Sanguinaria, further conclusions Obe made regarding the
100 efficacy of the compound. Hscxﬁ
[ T w0 o Structure of Sanguinaria
= = < Compound
= ~ &0
& & o)
R X 40
o —— ; - 1 nn. ererences
J - - - 0 l 10 >0 100 Croaker, A., King, G. 1., Pyne, J. H., Anoopkumar-Dukie, S., & Liu, L. (2016). Sanguinari densis: Traditional
Amount of .1g/mL Stock Solution in Dilutiens (microliters) e A Medicine, Phytochenical Composition, Biological Activities and Current Uses.International Journal of
c n OW e m e nts Amount of .1g/mL Stock Solution in Dilutions (microliters) b Pl P o |EHElIer £ :
Molecular Sciences, 17(9), 1414. http://doi.org/10.3390/ijms17091414
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Abstract

Cancer is the uncontrolled rapid division of abnormal
cells in the body. In this experiment, we used Drosophila
Melanogaster in the third instar larvae stage of
development as a model of cancer due to the rapidly
dividing stem cells. In this study, we tested the effects of
Boswellia Serrata extract on larvae survival. Our dosing
series included 4 different concentrations of our
compound, which were mixed with the cornmeal-agar
food vials. The concentrations ranged from 1 microliter
per ml of food to .0001 microliter per ml of food. We
determined these concentrations from previous
experiments used to identify hit compounds. The
survival rated were compared to a negative control,
DMSO, known to have no effect on survival was
dissolved with and a positive control, colchicine, a
known chemotherapy. We were able to identify our
compound as a hit as the average percent survival was
more than two standard deviations lower than the
average DMSO control.

Introduction

Cancer is defined as a growth or tumor that is caused
by the rapid division of abnormal cells. The goal of an
effective chemotherapy is to destroy the cancerous
cells while maintaining the relative health of
surrounding, non cancerous cells, and keeping the
patient at a comfortable state. About 1.7 million new
cancer cases are expected to be diagnosed in 2018
and about 610,000 Americans are projected to die of
cancer. In our research we found that Frankincense oil
is an essential oil, that is extracted from Boswellia
trees, is commonly known for its anti inflammatory
properties. Several studies have already been
conducted that show promising results in
Frankincense’s ability to inhibit growth and induce
apoptosis in pancreatic and bladder cancer cells when
tested through in vitro methods. In our initial testing of
Frankincense essential oil, we are using the third
instar larvae of Drosophila Melanogaster as a model
for rapidly dividing cancer cells, we plan to see how
the extract can combat cancer alone as well as its
ability to reduce cancer cells when combined with
radiation.

Hypothesis

The Boswellia Serrata Extract will show anti-cancer
properties and Kill a significant amount of the
drosophila melanogaster and prove to be a “hit” for a
chemotherapy in cancers similar to that of pancreatic
and bladder cancers.
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different dilutions of the
Boswellia Serrata powder in
hopes that it provides a
significant death rate in our fruit
flies.
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Methods

1.Collecting Third Instar
Larvae

In order to test our compound on
the third instar larvae, we first
had to breed and collect
embryos. For the process,

we. first transferred adult flies to
fresh culture bottles with yeast,
then transferred the adults into a
population cage. We then
collected embryos from the grape
juice plates in the population
cage and transferred them to
fresh food bottles without yeast.
Next, we collected larvae
between 600 and 850
micrometers, then irradiated the
third instar larvae. These third
iInstar larvae are what will be
placed into our vials containing
our food-drug mixture.

2. Drug Screen

To perform our initial drug
screen , we made 4 different
dilutions using the powdered
form of Boswellia Serrata Extract.

Ouir first dilution, also used as the
stock contained 100mg of extract
per ml of solution, diluted with
water. Our second dilution was a
1:10 dilution of our first, 1 ml of
stock solution per 10 ml of diluted
solution. Our third dilution was a
1:10 dilution of our second,
making it a 1:100 dilution of the
stock. Our fourth and final
dilution was a 1:10 dilution of the
third, making it a 1:1000 dilution
of the stock. We took 3
microliters of each dilution and
mixed it with 3 mL of food and
placed it in vials where the third
instar larvae were placed once

the food. solidified. We repeated
this for six different sets of vials.
We repeat these same steps with
a negative control, water and a
positive control, colchicine to
iIncrease accuracy of our results.
3. Irradiation

Since radiation is often used in
conjunction with many
chemotherapies, we decided to

test half of our drug vials, three of
the sets of the different dilutions
to test if the effects of our drugs
were enhanced by radiation.

4. Quantifying Survival

To quantify survival, we first
marked the flies that did not
express the green fluorescent
protein(GFP) gene. Once enough
time for viable flies to eclose had
passed, we quantified survival in
the GFP negative flies by
observing them over a light box
to see how many flies remained
In pupal cases (dead) and flies
that have eclosed (alive).

Test concentrations on
third instar larvae

Irradiate half of our
larvae to understand
correlation of drug and
irradiation

Identify % of eclosion to
guantify survival of our

larvae (hoping for small
survival rate)

BOSWELLIA SERRATA POWDER EXTRACT (FRANKINSENCE OIL) ON GROWTH OF DROSPHILA MELANOGASTER

University of Colorado-

Results

Percent Survival in Irradiated vs Not Irradiated

irradiated not irradiated
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Concentration of Drug Administered (pl/mL of food)

This graph shows the percent survival of the flies
treated with the different dilutions of the Boswellia
Serrata powder. It also compares the percent
survival when the flies were irradiated and when
they were not. It is evident that we had more

success when we combined the drug and irradiation.

We saw a significant amount of death in our flies
when looking at the irradiated flies. The most
successful dilution was the .01 (ul/mL of food)
combined with irradiation. This yielded 8.7%
survival, the lowest of all of our trials.

The picture to the right is one of our
vials that was not irradiated, there
was an abundant amount of flies that
had eclosed and were alive, which
was not what we wanted to see.
However in comparison to the
irradiated vials, there was a significant
amount more living flies in this vial,
which further solidifies that mixing the
drug with irradiation is more effective.

Discussion

While we did test the Boswellia Serrata
powder during the majority of our
experiment, we did put together some
vials with the oil itself. With the fear of it

degrading our vials, we were not sure the - e |
oil would be able to produce viable J—m_‘
results. While the oil did not degrade the

vials, it did seem to drown the flies and
we were not capable of quantifying any
survival or lack there of. We also
irradiated half of the vials that had the oll,
but the remaining flies seemed to be
burned by the irradiation and were stuck
in the food and oil mixture, again not

Boulder

.

allowing us to quantify the percent
survival.

Future Directions

Future experiments can include:

1.Conducting another dosing series since the percent
survivals do not seem to strongly correlate with the
concentrations of the drug administered.

2.Conducting the same experiment several more times
to ensure the compound is a hit.

3.Testing the compound on other organisms such as
mice to observe metabolism, toxicity and symptoms.
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N Abstract )Y (L The Problem 1 [ Data N Conclusions R

Based on our preliminary data, we expect to see a decrease of survival of

In the past year, over 1.5 million new cancer cases have been diagnosed and over A high dosage of 0.1% Tretinoin cream was tested twice ) o : :
500,000 deaths have come from this disease in the United States. Worldwide, cancer is dailvin 3 | blind domized trial for th ‘i : Drosophila larvae as the compound concentration increased in each vial. A
known to be the leading cause of death, and within the next couple decades, there will be 2lLhy U el lelrzde fotlivel, reltielotrilieter ditl welr e [AisuElliel © negative correlation between drug concentration and fly survival is anticipated.
about 22 million new forms of cancer discovered. Researchers are trying to find cytotoxic nonmelanoma skin cancer back in 1998. Of the 566 o o i male I_Tl'?h's Ibecaust?\ V\;e expect tthe Tretlntom to aC;fI asda C:‘e?]o’f?erta?g ?'::_Jg ;{Vhl_Ch will
chemotherapy drugs to combat the proliferating cells associated with cancer development. : : e : HaC._ __CHa 3 . ' ' : I the larvae that represent cancer tumor cells due 10 the 1act that lretinoin Is a

atients tested with Tretinoin over a one-year period, 135 S L :

We experimented with a compound we believe has the potential to be used in battling this P ) _ ) . Y P . ! L T Pl drug which is created to prevent cell proliferation and reproduction and has been
disease. patients died in the two to six year study period after previously been used in clinical trials against cancer,

Tretinoin was first applied which is 22%. Though, 16% of o (D sy ~ A e ol | . Vsl th Cof | -
Tretinoin is an ingredient in topical cream used to treat acne. Retinoids such as Tretinoin the patients who had taken the placebo also died in the N R £ e I e neliEl Bl pliseent I Eeeh vzl tie slielint e [zivEls winle
are active regulators of cell reproduction, proliferation, and differentiation. In this P _ P ‘ i crawled up each vial to pupate did not exhibit a strong correlation with the
experiment, we tested the effectivity of Tretinoin as a new form of chemotherapy. This study period. The cause of the deaths were most likely Molecular structure of # amount of drug in each vial. We expected the more the concentrated drug vials
compound has been a part of similar experiments with promising results, but we tested due to a poor trial design in consideration to outside Tretinoin CyH,50, 1stinstar larva to show less larvae crawling up the walls of each vial to pupate. From this
topical Tretinoin specifically to observe it as a possible hit in fighting tumor growth. To iabl t tak o t h Iderl d ~24 hr information, we can infer that the Tretinoin compound may have a later effect in
represenj[ a tumor cor_nposed of uncontrollably divic_ling, mutatec_i cells, we used irr_adiated Var'a. es no. aken Into a(.:coun suc as. claerly age an ;;-f fly survival after eclosion quantifications. The compound most likely will be
Drosophila and administrated the drug by feeding them different concentrations of smokmg habits. Further trials were terminated until more & effective in later stages of the Drosophila life cycle than when we marked the

2nd instar larva

Tretinoin in their food. By quantifying survival rate after the larvae’s metamorphosis into an
adult fly, and by comparing these results to an already approved drug in the market for
chemotherapy, we were able to see whether Tretinoin has the capacity of developing into a

chemotherapy drug in the future. vaothesis:

The testing of 0.05% Tretinoin through the methods of

pipetting and dilutions can lead to finding a minimal

] concentration of the drug that is able to effectively kill a
tumor while avoiding a lethal dosage to the body.

e : larvae for GFP.
S ~24 hr

data can be obtained of the drug.

3rd instar larva

If the increase of drug concentration does not display a decrease fly survival
even in eclosion, we can infer that the drug concentration used in the vials was
too little to indicate drug viability.

Drosophila life cycle:

Larvae were irradiated at the 3™
instar stage and survival
quantification occurred at pupae
eclosion

[ Introduction

Cancer is the direct consequence of a series of mishaps at the molecular level that
fundamentally alter the normal function and ability of cells. The conventional control

systems found in healthy cells that prevent cell overgrowth and the invasion into foreign [
tissues are inhibited. These cancerous cells no longer require specific signals to induce
cell growth and division. The irregularities found in cancer cells often result from

____ Future Directions
Purpose } S | | Future Directions:

Drosophila mated in population cages. Females e If no effect of drug concentration on survival rate is detected, repeat the procedures
laid their eggs on the grape juice plates in the : : . . )
using a higher concentration of drug in each vial

mutations in the protein-encoding genes that control cell division. These mutations cause 1. Determine whether Tretinoin is a “hit” in effectively killing tumor cells cage where eggs were then collected to hatch the . o . T .

a chain reaction of more mutated cells. as more cells mutate the routine DNA repair as modeled by the Drosophila larvae. larvae used for the experiment. » Test whether topical administration of Tretinoin is more effective than oral treatment
proteins stop regularly functioning as well, consequently creating more and more mutated 2. Investigate the ‘hits’ that occur and validate their effectiveness. * Find the most effective percent survival rate of larvae correlated with the lowest
cells and daughter cells. o _ o 3. Further experiment with the range of concentrations of the drug by S e LD A concentration of Tretinoin

Acute promyelocytic leukemia (APL) is a is a unique subtype of acute leukemia, in the comparing their effectivity to each other and positive and negative placed in vials along with  Conduct blinded and randomized testing to prevent any biased results

United States, “APL accounts for 5-15% of all adult leukemia. “ APL directly affects the control aroups . . i o
bone marrow, which produces blood cells. In healthy bone marrow, stem cells produce groups. el B, Lamans * Test the drug with other analogs such as actual cancer cells or more complex in vivo
erythrocytes (red blood cells) that carry oxygen, leukocytes (white blood cells) that protect e ] A 0 L O studies to see its effectivity in a more human biological model

order to pupate. The
vials on the left show
larvae in the process of
crawling up the vial. GFP

negative larvae were [

acute promyelocytic leukemia, white blood cells build up in the bone marrow. The
congestion of white blood cells leads to a shortage of healthy cells found in our blood,
which is the direct source of many of the signs and symptoms of APL.

the body from infection, and platelets (thrombocytes) that are involved in blood clotting. In [

Methods 1

Acknowledgments |

Traditional and efficient treatments for cancer are a combination of treatments. Radiation Creating the Solution T e TE R
wipes out cancer cells with high-energy rays targeted directly to the tumor. It primarily The testing will begin by diluting 0.2 mL of 0.05% Tretinoin in 800 uL of water, to make a 1,000 ul e e e T e
damages DNA and prevents its replication. Radiation does not only kill the cancer cells, solution.  This creates a 0.01% concentration of Tretinoin in solution. We chose this to the fact they are more We would first like to thank Dr. Tin Tin Su for her work as our Principle Investigator

concentration as our starting point because we know that the human recommended dose for susceptible to radiation

chemotherapy drugs are used simultaneously to eradicate all the cancer cells effectively. . . - ]
Chemothera%g/ cogr;\tains toxic compounds tr):at target the uncontrollable growing ceII)s/ treatment is 430 mg/m~”2, and our starting concentration is estimated to be in the range of this from being homozygous invaluable. Another thanks goes to Dr. Pamela Harvey for her teaching, mentorship
- ) , ' lue i ison to a fl for the grapes mutation. and knowledge that made this research possible. We would also like to thank the
Chemotherapy and radiation are used collectively to combat cells that are resistant or value In comparison to a fly. Molecular. Cellul d Devel tal Biol D ; t and the Biological
become resistant to the drugs. If chemotherapy or radiation were used exclusively, the f)ecu ar,. .e u ar ana Deve opmen. al Biology Depar @en an . e Biologica
amount needed for lethality needed to kill all the mutated cancer cells the levels of the The Independent Variable Sciences Initiative here at CU for their support and funding of this research and the
toxicity in the body would be fatal. _ _ From there, we will be diluting the solution by a ratio of 1:2 for a total of three times by taking Discovery Lab.
Tretinoin is an ingredient in topical cream used to treat acne. It is a naturally occurring 500 ul of the previous solution of drug and water and adding this volume to 500 uL of water. In

by-product of vitamin A (retinol). Retinoids such as Tretinoin are active regulators of cell Amount of Larvae Marked in Each Vial

reproduction, proliferation, and differentiation. Tretinoin binds to receptors responsible for
the development of acute promyelocytic leukemia; the exact process is unknown but is
found to be effective nonetheless. We will be testing if the topical cream Tretinoin could be
used to combat forms of cancer. Application

Once the solutions have been prepared we will insert them into the fly vials by pipetting 3 uL of

each of the four drug solutions into 3 mL of food. Three vials will be prepared for each of the four
solutions. Three vials will also be used to test our negative control, water, and three more vials
will be used to test our positive control, 50 ug/mL colchicine. From there we will insert the third

total, we will have four different concentrations consisting of 0.01%, 0.005%, 0.0025%, and
0.00125% Tretinoin in water.

12

10

o]

Total Larvae
(o))

Acute promyelocytic leukemia - Genetics Home Reference. (n.d.). Retrieved from

»

Cancer cell. (2018, April 10). Retrieved from https://e

N

I I I | Acute Promyelocytic Leukemia. (2018, March 02). Retrieved from https://emedicine.medscape.com/article/1495306-overview#showall

|| :

enemressmennsiee  CanCer Incidence Worldwide E— . _ ' . . _ ' . . A N o _
K u.{ dons of e estmated 127 milon new cases L”KJUL.‘_ » _‘= instar | arvae th at were irra dl ated at 4'000 Ra d into eaCh prepa red Vi al' record Wh|Ch flleS are GFP : Ea. Iffe(i}r(:;aijptember 18). Cancer map. Retrieved from http://www.informationenergymedicine-academy.com/cancer-its-informational-background/
= ¢ positive or negative, and allow them to go through metamorphosis. Then we will record the 0.00125%  0.0025%  0.005% 0.01% WateF  Cokhiciie
A = = =) = % . . . . . Drosophila melanogaster. (n.d.). Retrieved from https:/www.:
i = amount of dead and live flies for each phenotype after pupation, allowing us to determine how Type of Compound
sl o Excess Deaths in VA Tretinoin-Retin-A Trial FDA Silent. (2014, November 22). Retrieved from http://ahrp.org/excess-deaths-in-va-tretinoin-retin-
> effeCtlve the a-trial_fda-silent/
= e TretanIn WaS' il kllllng the ﬂleS. The GFP.-negatlve ﬂles s What e ar'e IO.OkIng for' and the ratio Ontario Cancer Statistics 2018 Report. (2018, April 17). Retrieved from https://www.cancercareontario.ca/en/statistical-reports/ontario-cancer-
e of dead-to-alive flies of this phenotype will show how effective the Tretinoin was. The total amount of larvae which crawled upwards statistics-2018-report
to proceed to metamorphosis in each vial was Sangolli, P. M. (2009). Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2918338/
: |22 u“ R_'::— COm pa rison recor:'iefi. Asfsdeen on the gra p_h' therde Sl f Summon 2.0. (n.d.). Retrieved from http://ucblibraries.summon.serialssolutions.com/#!/search?ho=t&l=en&q=isotretinoin cancer
Tyl s = Each group member will have tested one vial of each of the four drug concentrations as well as correlation of drug concentration and amount o Tretinoin. (.. Retrieved from hitos. e denshanl caldues DEOOTSS
B 4 - . . . larvae recorded, showing that Tretinoin so far has no B
. " > the positive and negative controls. The fly survival results of each member will be compared to ) . . ) ) . : : :
= 23 immediate effect on Drosophila survival. We predict TRETINOIN CREAM TRETINOIN GEL - FOR TOPICAL USE ONLY. (n.d.). Retrieved from https://dailymed.nlm.nih.gov/dailymed/fda/
; - ; : : . . . , . . P P
PR . I - check for precise results. The solutions will also be compared to each other’s toxicity and to see results when quantifying after fdaDrugXsl.cfm?setid=86ac3f3f-8ced-41¢0-b498-bfedff40bc8 détype=display
' effectivity as well as the positive and negative controls in order to determine which dosage of metamorphosis. Visual Overview of 2171 Experiment. (2016, May 17). Retrieved from https://discoverylabs.org/visual-overview-of-2171-experiment/

Tretinoin, being the least toxic and most effective, is more likely to become an effective
chemotherapeutic drug.
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Abstract [ Hypotheses ]

The primary hypothesis of this experiment is that there will be a dose response
curve, meaning survival rates of larvae will increase as concentration of 035

compounds decreases, when two compounds previously identified as “hits” are &) Percent lethality versus decreasing
tested in larvae without radiation ko | drug concentrations conducted in

percent 02 | | non-irradiated drosophila larvae.
Lethality 0.15 ‘ f ) |

Results

} [ Future Directions

Re-test compound dosing series in order to accurately confirm existence or
absence of dosing curves for Compound A (NSC56737) and Compound B
(NSC679527). These experiments would test a greater number of non-irradiated
3rd instar larvae per food drug vial, and would include a greater number of
replicates at each concentration. If drug curves do exist, preliminary therapeutic
indices would be calculated in order to determine potential medical viability for
each compound.

R? = 0.83437

During metamorphosis, Drosophila pupae become a mass of rapidly-
dividing stem cells that can be an effective model for a cancerous tumor.
The Drug Discovery Lab has identified many potentially effective radiation
sensitizers by screening chemical libraries in this model. We investigated
the chemotherapeutic efficacy of two compounds that showed promising
results in a previous term of library screening, NSC56737 (“Compound A”)
and NSC679527 (“Compound B”). The chemical libraries are initially
screened only in irradiated larvae, so positive results can indicate both

The secondary hypothesis of this
experiment is that three compounds % Dosing curve for Compound B

with structures similar to the structure °‘°; N B . | (NSC679527) demonstrated to be
of hit a compound, will also be hits. In QL. o s s 2smw s | Ppartially representative of the

other words, those drugs, when given e expected estimate regarding the

at the same concentration, would lead : : SUEEL O.f s relqtlonsmp
- : Percent lethality per concentration of between dosing and survival (RA2=
to a significantly lower survival rate

C dB GFP designati 0.83). Compound A (NSC56737
when compared to DMSO, and ompoun (across esignations) ) o) ( )

If the compounds have confirmed drug curves, we would conduct the same
dosing series on irradiated larvae and compare the results of compound alone vs.
compound + radiation. We can then identify whether additive or synergistic
effects occur which would dictate the administration of the compounds in human
clinical trials.

Drug Safety - Therapeutic Index

[42]
o

Tl= TDy/EDs,

% Responding

: : : did not demonstrate any strength
compounds that work independently as cytotoxic chemotherapies and therefore could be considered potential in the relationship between drug
compounds that have synergistic effects with ionizing radiation. We tested candidates for new chemotherapy Compound A Compound B 0s
045 R?=0.25303 )

. i (R"2=0.25) as there are no visually NSC637914 demonstrate lethality
Drosophila pupae that were not irradiated, in order to determine if they ol . identifiable pupae at 5 or 2.5uM. {0 ———
functioned as cytotoxic drugs and identify potential effective doses. Our ety | | to see whether drug dosage curves exist for il
experiment was ultimately inconclusive, because very few larvae reached a1 | considered significant in_either each of them. Additional tests would study
describe the drugs’ effects. Additional testing in the Drosophila model is Drug Concentratin (<M) (ei number of visually identifiable SO, bridge structure is causing lethality, or | ED,, | TDy
needed to validate the initial results and determine if these compounds can pupae) were too small for either whether another aspect of these structures ¥4 o
Methods

. . dosing and percent survival If compounds NSC627708, NSC633001, and
the lethality of various doses of Compound A and Compound B to drugs. oAl
Percentl - comparable to colchicine, we would then test
Lo Therapeutic Toxic Side Slope “can"
o1 T— I **Percent lethality is not
the pupal stage and the resulting sample population was too small to e T = o drug as the n values the compounds’ mechanism and see if the
. . . . . . 0 1 Il -l J
be effective without radiation. Percent lethality per concentration of drug across concentrations. causes cell death. Depending on ; 1.0 10 100 1000
mechanism, we would synthesize new SR

similar compounds and test them for
efficacy.

Compound A (across GFP designations)

Image of 3rd instar larvae, GFP+ (glowing) vs. GFP- {dark)
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Neither compound demonstrated (to a statistically significant , ) _ N
Biological Sciences Initiative

Conventional chemotherapeutics, while beneficial in the treatment and

survival of cancer patients, have severe cytotoxic side effects that are
becoming increasingly apparent as cancer patients survive longer (Corrie,
2007). Many of the long term adverse effects of chemotherapies are still
being elucidated. Additionally, the majority of current anticancer drugs have
very narrow therapeutic ranges, which limits their effectiveness (Eder, 2010).
This experiment aims to find the lowest dose at which checkpoint mutant
Drosophila, a model for cancer, respond to potential new chemotherapies.

. — , During metamorphosis, the imaginal
| & An Intergroup Comparison of Standard Radiation Therapy | . . .
e disc cells in Drosophila pupae

proliferate very rapidly, making
gu. %' checkpoint mutant larvae an effective

w{%

radiation plus chemo

"\ i, 100 mpi2 1, 22,0004 animal model for rapidly growing

e tumors with checkpoint mutations

N it sone 100 (Su, 2011). This experiment

measures the effective doses of two

W BT potential small molecule

ronte chemotherapies (Compound A

(NSC56737) and Compound B

(NSC679527) from Mechanistic Set

/. [l from the National Cancer Institute)

@m/@?,\\\ in grapes mutant Drosophila without

i Adult fomale ionizing radiation. These compounds

were originally identified as potentially

effective radiation sensitizers in the

same fly model. Although they were

\ Es:’{sr E‘.;:E?" :‘2':,3':,'\‘ originally screened as multimodal

/ therapies, our experiment aimed to

iz | .z/‘m o determine whether these compounds

2days | were also effective as
SOCOR MY MO ST pvel sk chemotherapies without radiation.

~3 days

1. Culture a population of 3rd instar larvae

Rationale: 3rd instar larvae of Drosophila melanogaster serve as a useful analogs
to human cancerous tumors, grapes mutants used for radiosensitivity as well as
for relevance to human cancers which contain checkpoint kinase 1 (Chk-1)
mutations (i.e. head and neck cancers). Method of cultivation used to sync
Drosophila life cycles, ensuring that larvae are compatible developmentally, food
used is nutritionally sufficient for developing larvae and can evenly distribute drug
for roughly equal consumption by larvae.

2. Expose non-irradiated larvae to varying dosages of compound

Rationale: 10uM validations done in order to confirm that the drugs are “hits”,
dilution amounts derived based on amount of drug available (only 10uL total for
each drug) and desire for redundancy in data at lower dosages (5uM and 2.5
uM). Positive control (colchicine) and negative control (DMSOQO) run for purposes
of comparison.

3.Quantify survival

Rationale: While none of the flies were radiated, and therefore balancer
chromosome (GFP) presence theoretically should not matter, GFP was still
recorded for each vial so that it can be incorporated into data analysis. Survival
quantification indicates lethality of each dose.

4.Compare survival rates at each dosage and across GFP designations

Rationale: Determine existence of dosage curves for each compound, qualifying
them as potential medication or simply as a poison.

extent) dose dependence. Both compounds were, however,
confirmed as potential chemotherapy hits at the standard
10uM concentration as initially tested by the students of the
Discovery Lab. Compound B (NSC679527) demonstrated
the expected dose dependent curve, albeit not significantly.
The lack of significant dose dependence of lethality in B is
most likely due to a very small sample size. Compound A
(NSC56737) did not demonstrate any dose dependence,
which could be due to the small sample size or could indicate
that this compound acts more as a poison than drug. Based
on these results, compounds from Mechanistic Set with
similar functional groups as Compound B were chosen to
examine under the second hypothesis of the experiment.
Given the potential for dose dependence and the additional
verification of Compound B as a potential chemotherapy, it is
predicted that these three additional compounds of similar
functional groups will also be considered new, emergent

chemotherapies.

Compound 627708

Compound 633001 Compound 679524
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Abstract

dosophila is a cammon fruit fly that is used a model organism because they
ave, pathways tk semble humans just much more simple, they are easy to
eplicate an@ theyware’inexpensive to take care of. This is why we use them to
est ghemotherapies in our drug discovery lab. Cancer is a prominent disease
at dffects pratty much everyone. We have learned that finding chemotherapies
5 Nol the easig ing in the world and definitely is not the cheapest. In our lab
e tested 81 pounds and found 39 of those 813 to be hits. We decided to
ake two compounds that were identified as hits twice and test them at different
oncentrations. We believe that performing a dosing series will allow us to find
he lethal dose for the subject. Due to time constraints we are still waiting for our
Its. After the results are obtained we believe that performing another
experiment with those concentrations will validate the results. We hope that the
results will show us the lethal dose. That way others can test the initial dosing
concentrations as well as the new concentrations without irradiating the larvae
to compare with combination therapy.

Compound 89-5

Compound 89-6

Introduction

ding to the National Center of Health Statistics, cancer is the second leading
> of death in adults and number one leading cause of death in children. In 2017

of the three. Chemotherapies are not the most efficient
are expensive and toxic to the patient. The goal of our
potential chemotherapies that serve less as a threat to the

different combinatien

> tested twg druMounds that came from the Diversity Set IV. We selected
campounds £89-5 and 8946 because both times that they were tested at 10uM they
came back/as successful hits. We used a dosing series diluting our compounds in
DMSO atgwo different dose levels 1.5uL and .75uL. We added the diluted
campounds to cornmeal-agar food vials. We compared the compound vials to our
pasitive control (60 ug/mL colchicine) and our negative control (DMSO).

In{this lab we/use the model organism Drosophila also known as fruit flies. Many of
the genes that Drosophila have are conserved in humans. This means that the
genes are similar enough that we can see the effects in the flies and compare them
tothumans. The flies have almost identical core signally pathways as human, yet are
much more simpler making it easiertosstudy. They are inexpensive to upkeep and
have very short lifespans so we are.able to examine and reproduce them in a short
amount of time.

We believe that if we tise a’dosing series for compounds 89-5 and 89-6 we will be
able to determine the lethal dose.

s We will be testing two compounds from the Diversity Set |V at lower doses than they were tested before, we believe

Hypothesis

that by performing a dosing series we will be able to find the lethal dose.

female

1st instar larva

~24 hr

prepupa - &

2nd instar larva

~24 hr

~2-3 days

3rd instar larva

Methods

Dosing Series

NOoOOohswh =

8.

Q.

Transfer adults to fresh culture bottles with yeast

Transfer adults to a population cage

Collect embryos from grape juice plates

Transfer embryos to fresh culture bottles without yeast

Collect and sort larvae by size, collecting those that are 600-850um

Irradiate third-instar larvae

Set up 8 food vials and label them as followed: 89-5 Dose 1, 89-5 Dose 2, 89-6 Dose 1,
89-6 Dose 2, Colchicine Positive Control 1, Colchicine Positive Control 2, DMSO
Negative Control 1, and DMSO Negative Control 2

Grab vials 89-5 Dose 1 and 89-6 Dose 1 and pipet 1.5uL of each compound in their
appropriate vials

Grab vials 89-5 Dose 2 and 89-6 Dose 2 and pipet .75uL of each compound in their
appropriate vials

10. Grab both Colchicine Positive Control vials and place 3uL of colchicine into each food vial
11. Grab both DMSO Negative Control vials and place 3uL of DMSO into each food vial

12. Transfer the third star larvae into vials containing food/drug mixture

13.Incubate culture vials for 10 days at 25°C

14. Quantify survival of flies by counting empty and closed pupae

Expected Results

Unfortunately we did not get to add our results due to time
constraints. However, based off the fact that we know these ‘
two compounds were hits we believe that performing the

dosing series curve will allow us to find the lethal dose of both
compounds.

Conclusion

Since we do not have our results from this dosing series we are unable to
conclude what our findings mean. We do know that during our first initial
testing we tested 813 compounds from Diversity Set VI. Out of the 813
compounds we identified 39 hits. Compounds 89-5 and 89-6 were identified
as hits twice at the original 10uM. From these results we were able to justify
the need for a dosing curve for these two compounds.

Future Directions

We believe that the following actions should be taken

¢ This procedure with the new doses should be tested again to validate the
results

% Once the data is confirmed you can find the most effective and lowest
possible dose of toxicity to give the subject

* All the doses from the first test and dosing series should then be repeated
this time making sure not to irradiate the larvae. This way we can see if
combined therapy is more effective or not.
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The Use of Astragalus Extract Inhibits Cell Replication in Drosophila Melanogaster

Group Members: Peter Furlong, Jacob Gastelbondo, Maxim Kondratenko, and Kaitin Masar

Introduction

According to the National Cancer Institute, approximately 39.6% of men and women will be diagnosed with cancer at some
point in their lives. Furthermore, the NCI projects that worldwide cancer cases will increase by 50% by 2030. Despite extensive
research, many cancers still do not respond to known chemotherapies, so it is important to continue researching and looking for new
ones. Our team was interested in testing the effects of Astragalus extract on tumors. Essentially, by using Drosophila as models for
tumors, we tested whether or not the Astragalus compound could positively affect them.

The Astragalus species is part of the Leguminosae family of Chinese medicine. There are approximately 200 constituents
obtained from about 46 species of Astragalus.The most interesting part about Astragalus that makes it such a promising possible
candidate for helping cure cancer, is its antioxidant properties. Antioxidant drugs or substances are substances that inhibit the
oxidation of other molecules. Oxidation is a reaction which can lead to damaged cells due to its formation of free radicals. Free
radicals are chemically dangerous reactions that can cause harm to cells, and the antioxidants can help neutralize the free radicals.
Thus, by inhibiting the oxidation of molecules you’re technically inhibiting the process of cell damage. Therefore, hypothetically, the
Astragalus, as a major antioxidant, could aid in terminating cancer cells. By using it’s antioxidative properties to help terminate
reactions leading to damaged cells, it could prevent more cancer cells from becoming cancerous, or prevent cells from becoming
cancer cells in the first place by helping them respond more effectively. In research done by University of Houston, cancer patients
that took Astragalus supplements experienced a faster recovery and improved survival rates, as well as improved tumor fighting
ability. By improving the immune system of cancer patients, it helped in conjunction with chemotherapies and improved the immune
system’s ability to fight cell mutation. With this background from the study, as well as Astragalus’ known ability to provide
antioxidants, we hypothesized that Drosophila co-treated with Astragalus and radiation (a dose of 4000 rads) will reduce cell
mutations within the flies and aid in the process of tumor termination.

In order to continue with this experiment, we used specific doses of the medicine so that it could act like a drug that we used
earlier in the semester when we were testing flies with different drugs. By testing different dosage amounts and concentrations, we
developed a dose-response curve so that we could see the effects of various concentrations of the drug. The flies we used for our
experiment had mutated grapes genes. In Drosophila, the grapes gene is similar to human Checkpoint Kinase 1, a gene that is often
found to be mutated in head and neck cancer cells. A mutation in this gene allows cells to survive and continue replicating despite
extensive DNA damage. We followed this mutation in our flies by tracking an engineered balancer chromosome called “green
fluorescent protein” or GFP on chromosome 2. Flies that were homozygous negative for this gene have the were homozygous for the
grapes mutation and were used to quantify survival, whereas flies that were heterozygous for the grapes mutation fluorescence green
when they were larvae and were not used. Flies that were homozygous for the GFP gene did not survive into pupae because they did
not have the necessary normal genes for survival. This type of flies, when they are 3™ instar larvae, have rapidly dividing cells and
are very similar to cancer cells, so they serve as a good model to test compounds on. We chose to test Astragalus in conjunction with
radiation because when the two therapies are used in conjunction, chemotherapies can be administered in lower doses and thus

present a lower cytotoxicity to the patient. Astragalus dosage that could provide us with the results we want; dead flies.
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Astragalus Root

Hypothesis

We hypothesized that Astragalus root extract would have a positive effect on the inhibition of eclosion of flies and could be a
possible lead compound for head and neck chemotherapies. Due to its anti-oxidative properties as described above, we believe that the
use of the Astragalus extract will prevent the pupae of the Drosophila Melanogaster from forming from the third-instar larvae.

Furthermore, our results should show high percentages of dead GFP+ and GFP- flies. If our results follow this hypothesis, than
we can conclude that the Astragalus aided in the process of preventing cell replication,, and should require further research in order to
see the complete extent of the Astragalus’ effects against cancer.

Department of Molecular, Cellular and Developmental Biology
University of Colorado Boulder

To make a stock solution of 0.1 g/mL
for the drug trials, 5 grams of dried
astragalus extract was mixed with 50 mL of
water until all of the extract had dissolved.
Then, three serial dilutions were made from
the stock solution using the molecular
weight of Astragaloside IV (784.97 g/mol),
which is the primary component of the
Astragalus extract used. The first was a 1:2
dilution, and was made by adding 50 uL of
the stock solution to 50 uL of water, making
a 50 mM solution. The second was a 1:10
dilution and was made by adding 10 uL of
the stock solution to 90 uL of water, making
a 10 mM solution. The last was a 1:100
dilution and was made by adding 1 uL of the
stock to 99 uL of water, making a 1 mM
solution. Each dilution will be tested in
triplicates against a positive control of
colchicine and a negative control of water.
After adding the dilutions to water, the
concentrations will be diluted to 50 uM (1:2
dilution), 10 uM (1:10 dilution), and 1 uM
(1:100 dilution) by mixing 3 ul of the drug
with 3 mL of food. These dilutions were
chosen because the represent a good range
for the dosing series, from very concentrated
to very dilute.

The larvae will be irradiated and
then placed in the drug vials where they will
incubate for a week, at which point GFP will
be marked. After incubating for
approximately one more week, fly survival
will be quantified. Data will collected with
regards to the positive control, 50ug/mL
colchicine, and the negative control, water,
and will be analyzed for astragalus’ possible
effectiveness as a chemotherapy by
comparing survival rates to the controls.

Expected Results

Percent Survival of Drosophila Larvae After Exposed to Different
Concentrations of Astragalus Extract

Water Water Water uM

100
90
80
7

o

6

o
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o

4

o

Percent Survival

3

o

2

o

1

o O

(Trial 1) (Trial 2) (Trial 3)

(Trial 1)

If the results come out as expected, the graph of percent survival of Drosophila larvae vs. concentration of astragalus used
should look similar to this one. As the concentration of Astragalus increases, the percent survival of the Drosophila larvae
should consistently decrease. The water control should have high survival rates of flies to show that it doesn’t have an effec
of the survival rate of the flies since the Astragalus was diluted in water.

Methods

University of Coloradc
Boulder

Conclusions

| Step 1:
28 i " Set up the population cage for the

"' breeding of the Drosophila melanogaster
s

(inside the population cages are grape

juice agar plates that we made ourselves).
The grape juice is used because the flies
like sugary substances. The agar is used
to encourage female Drosophila to lay

eggs.

Step 2:
Collect the embryos from the grape
juice agar plates

Step 3:
Separate the embryos

place them in cultured
. food bottles. Then,
culture the embryos
until they’re third instar
larvae, and irradiate

| them at 4000 Rads.

Future Directions

Step 5:

Place the irradiated flies into food
vials. The vials were in groups of
3, with each group containing 3
identical concentrations. In the
end, we had 9 vials with 3
different concentrations, and an

extra 3 vials for a controlled set
of flies.

Future Directions for testing Astragalus could include the following:
e Testing more diverse concentrations of Astragalus Extract

e Testing many different concentrations of Astragalus on human head and neck
cancer cells.

e Testing the same experiment again except with pure Astragaloside IV instead
of having 1t in a powder partially diluted with other polysaccharides.

e Testing the effects of exposing non-irradiated flies and irradiated flies to pure
Step 6: Astragalus extract.
Finally we quantified survival
of the GFP+ and GFP- flies to
see how our Astragalus
reacted with the flies.

e Test compounds that have a similar structure to Astragaloside IV

e Repeat the current experiment with many more trials to gain more accurate

results.
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Synergistic Effects of Ascorbic Acid and Radiation in Drosophila melanogaster, a

Model of Cancer
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Our experiment aims to Syriergistic Effect
identify compounds that
work synergistically with
radiation therapy in hopes of
being able to minimize
dosage of each therapy
while keeping therapeutic
effect, thereby minimizing

When in 3 mL of food, the stock solutions were dilutedin 1:1000 ratio.
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Cancer cells are able to avoid apoptosis (programmed cell death) by ignoring signals
sent through the extrinsic pathway or by inhibiting apoptosis through rebalancing the [

Failed to eclose

2 [

intracellular pro- and anti-apoptotic molecules (4). Thus, cancer cells are able to
sustain DNA damage and will not go into cell cycle arrest, allowing them to survive and
to proliferate quickly. The issue with chemotherapy is that it's a cytotoxic substance that
creates problematic symptoms for the cancer patient, such as hair loss,
myelosuppression, reduced fertility, and late effects such as cardiomyopathy (2). To

Hypothesis 1

Previously, experiments have shown that treating cancer with radiation alongside
with Ascorbic Acid has a positive effect in controlling tumor growth. If Ascorbic Acid
has been successful in suppressing tumor growth and proliferation, then it may be

Successfully eclosed

Future Directions 1
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studies have shown ascorbic acid as a viable candidate to work alongside radiation in being just as effective at treating tumor growth as a cytotoxic compound in resistant to breaks in their DNA, just like cancer cells. be sent to Dr. Tin Tin Su’s lab for further, in depth testing.

order to control the cancer cells’ growth (10, 5). Using Ascorbic acid (L-AsA) can
potentially lower side effects cancer patients receive since it is not a cytotoxic
compound and may be equally as effective as combining chemotherapy with radiation.

This research will be investigating the effectiveness of radiation therapy in combination [ EXpECtEd Res u ItS

with L-AsA in Drosophila. Shinozaki et al. 2011 reported that radiation used in
combination with L-AsA leads to increased apoptosis in the HL60 (Human Leukemia)

conjunction with radiation.
For Ascorbic acid: Approximately half of the flies did not reach pupation and as a
J result, a majority of the vials with irradiated larvae were not able to be quantified.

Re-testing would be beneficial in order to collect data to see how radiation works
alongside AsA. May need to do some troubleshooting and revise our hypothesis
and/or the concentrations of Ascorbic acid we expose our flies to.
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