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Abstract:

INDUCED CYOTOXICTY IN CREBBP/EP300mut HEAD AND NECK
SQUAMOUS CELL CARCINOMA

Thomaia Pamplin

Advisor: Curtis Pickering, Ph.D.

Background: Head and neck squamous cell carcinoma HNSCC is the most common
malignancy in the head and neck. Most cases are found in advanced stages and depending on
the location can be treated with surgical resection and/or radiation (XRT), chemotherapy, or
chemoradiation. Our lab groups have identified that HNSCC with a mutation in its
CREBBP/EP300 genes can be sensitized to XRT when the histone acetyltransferase activity
of CREBBP/EP300 is inhibited. This radiosensitization manifests in the form of increased
cell death for CREBBP/EP300mut HNSCC treated with XRT. This project looks at the effect
of two chemotherapeutic agents: cisplatin (CDDP) and doxorubicin (DOX) and the response
that CREBBPmut HNSCC has to them when combined with a HAT inhibiting (HATI) drug
called A485. We hypothesize that when combined with A485, CREBBPmut cells will
undergo an induced apoptotic death when treated with DOX, and not cisplatin, because DOX
induces DNA damage similar to that of XRT, in that homologous recombination is needed to

repair the damage done by DOX.

Methods: CREBBP-mut HNSCC cell lines UMSCC-22A and UMSCC-17B and CREBBP-
wt HNSCC lines HN31 and FADU were used in cell culture. Clonogenic survival assays
were used to cell growth and death with the different agents (DOX, CDDP, XRT with or

without A485) used in single and combination treatments. Flow cytometry was used to



measure cell death and apoptosis. Cell Titer Glo was used to measure cell viability after
using the three different agents in alone or in combination with A485. Western Blot was used
to determine if apoptosis occurred with these treatments in the four cell lines by probing for

cleaved caspase 3 and PARP products.

Results: Using clonogenic survival assays to observe cell growth on inhibition of growth, a
consistent and conclusive of an enhancement of cell death with cisplatin+A485 combination
for CREBBPmut and wt HNSCC cells was not observed. Using real-time quantitative live-
cell imaging and analysis platforms through an Incucyte, cell death was measured.
Significant differences in cell death between CREBBPmut and wt cell lines treated with
DOX+A485 was not observed. Western Blot analysis also did not lead to consistent
apoptosis cleavage products in CREBBPmut HNSCC cell lines when treated with DOX,

XRT, or CDDP alone or in combination with A485.

Conclusion: An enhancement of cell death with DOX+A485 was not observed, nor was
apoptosis consistently observed in the cell death response for CREBBPmut HNSCC cell lines
treated with DOX alone in or in combination with A485; therefore, the hypothesis was not
proven to be true. Some of the experiments performed in this project have been reproducible
in the hands of others, so perhaps with more time and support in trouble shooting, our group
may be able to reproduce the XRT results seen in previous findings and more trustworthily
determine if DOX leads to a similar phenotype. This project has the potential to help
characterize the mode of cell death and DNA damage that occurs in induced cytotoxic
response which could eventually help with patient outcomes and quality of life, as

chemotherapy and XRT come with many toxicities.
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Chapter 1: Background

Head and neck squamous cell carcinoma (HNSCC) usually develop in the mucosal
epithelium of the oral cavity, pharynx, and larynx and is the most common malignancy in the
head and neck. Its occurrence generally correlates with exposure to tobacco-derived
carcinogens, excessive alcohol consumption or both. HNSCC can also be linked to oncogenic
strains of the human papillomavirus (HPV), mostly HPV-16, and less frequently, other
strains. HPV is the major factor in oropharynx cases while tobacco and/or alcohol are the

primary factors for oral cavity and larynx sites.

Though the first vaccine to help prevent HPV was approved by the FDA in 2006, the
effects of vaccination will take decades to be fully known.! In 2021, there were
approximately 54,000 new cases and 11,230 deaths from oral cavity or oropharyngeal
cancer.? Detection of HNSCC occurs through physical examination since there are no
screening strategies for the disease. There are pre-malignant lesions that may form in the
mouth such as leukoplakia or erythroplakia, white and red patches respectively. However,
most cases are found in the cancer’s advanced stages. Oral cavity and oropharyngeal cancers
occur mostly in the oropharynx which consists of the tongue, tonsils, gums, the floor and
other parts of the mouth.? For oral cavity cancer, especially early-stage tumors, the general
treatment standard is surgery with or without adjuvant XRT. Radiotherapy for locally
advanced oropharyngeal cancers leads to significantly less severe or fatal complications
compared to surgery.>® For early-stage oropharyngeal disease, a single modality, historically

XRT, is preferred. However, new surgical options such as transoral robotic surgery are



becoming increasingly common. Locally advanced oropharynx tumors induced by HPV

respond better to radio-chemotherapy than those induced by tobacco and alcohol.

Cancers that begin in the larynx, also known as the voice box, are called laryngeal
cancers and hypopharynx cancers start in the lower throat.* This cancer is usually treated
with XRT or chemoradiotherapy since it is more likely to preserve larynx function when
compared to surgical excision.> Most cases of HNSCC require a multimodal approach. The
staging and treatment selection are chosen based on the initial site of the tumor and then
include the other factors mentioned above. Additionally, studies have shown that patients
with HPV+ head and neck cancer have significantly improved survival outcome compared to
patients with HPV- cancer.® This finding has led to a clinical push to de-intensify therapy by

reducing XRT and/or chemotherapy dosage.

Tumor staging and sizing is done to determine whether a surgical procedure is needed
and what type. Surgical margins (SM) and metastatic lymph nodes are the major
determinants of choosing to use post-operative XRT.’ Perineural invasion (PNI) and
extracapsular spread (ECS) are also two important factors in treatment planning. PNI is the
spread of neoplastic cells from their original site into the space between or beneath the
perineurium layer.® The occurrence of ECS is associated with increased regional recurrences,
and nodal and distant metastases in head and neck subsites, including the larynx and oral
cavity®. Positive SM or ECS are usually treated with the addition of cisplatin-based
chemoradiotherapy to XRT. ECS of metastatic HNSCC to regional lymph nodes is the most

reliable indicator of poor treatment outcomes.©

Cisplatin-based chemoradiotherapy is deemed to be the first-line treatment for

patients with locally advanced HNSCC (following surgery for some tissue sites). Although
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another drug, cetuximab, an FDA approved-EGFR-targeting monoclonal antibody, has
increased survival and loco-regional control with combination treatment of cetuximab and
XRT compared to only cetuximab alone in one study.* However, another study comparing
cetuximab, and cisplatin (CDDP) in combination with XRT, there was not a significant
difference between the two treatments with long-term use.'? The varying results of therapies
that may provide better patient outcomes presents a need to find treatments that could

provide better survival outcomes and quality of life for HNSCC patients.

There are multiple types of chemotherapeutic agents including alkylating agents,
antimetabolites, anti-microtubule drugs, topoisomerase inhibitors, and antitumor/cytotoxic
antibiotics. Cisplatin (CDDP) a metal salt belonging to the alkylating agent family and
doxorubicin is an antitumor antibiotic, specifically an anthracycline. Alkylating agents can
add alkyl groups to proteins, RNA and DNA. Binding alkyl groups to DNA can cause
intrastrand or interstrand crosslinks that can cause the DNA strands to break during DNA
replication and lead to apoptosis.*® This project looks at the effect of CDDP or doxorubicin in
combination with a histone acetyltransferase (HAT) inhibiting drug, A485. Cis-
diamminedichloroplatinum, or more commonly known as CDDP, was the first heavy metal
compound discovered to have antineoplastic activity and has gone through much clinical and
preclinical investigation since 1965. CDDP appears to directly bind with DNA to bring about
its cytotoxic effects due to the ‘cis’ position of its chloride and ammonia group which allows
rapid DNA binding. The cis-isomer of this drug cross links between guanine-guanine groups
on DNA. CDDP directly impairs non-homologous end-joining (NHEJ) independent of
downstream DNA damage responses.'* CDDP is synergistic with XRT and other

chemotherapeutic agents. In patients, CDDP is usually administered intravenously every 3-4



weeks with a dose range between 50-120 mg/m”2 of a body surface area as a single dose or
divided over 5 days.'® Recently, there has been increased interest in using 40 mg/m”2 weekly
which has similar efficacy with less toxicity.® Many studies are now switching to this

regimen.

Anthracyclines, a type of cytotoxic antibiotic, can kill cells through DNA
intercalation, topoisomerase Il poison, generating excessive reactive oxygen species, and
DNA adduct formation. Studies have shown that their antitumor activity stems from their
ability to insert themselves into the DNA helix and/or covalently bind to DNA replication
and transcription proteins. Doxorubicin intercalates base pairs of DNA’s double helix by
binding to targets such as topoisomerase | and Il. Topoisomerases assist in DNA repair in
multiples ways such as making reversible cuts in DNA at sites with too much tension or
where DNA replication occurs. then these sites get repaired during DNA replication. When
doxorubicin binds topoisomerase, it ceases DNA replication and ultimately RNA
transcription.” These interactions inhibit the synthesis of DNA, RNA, and proteins, which

leads to cell death.1®

DNA damage induced by doxorubicin is repaired primarily by the homologous
recombination (HR) repair pathway.'® Doxorubicin (DOX) was isolated from Streptomyces
peucetius in the 1960s. It is one of the most powerful antineoplastic agents. It is used as a

solid tumor and hematological treatment.

Clinically, DOX is not a therapy used in patients with HNSCC. I studied DOX effects
because of its mechanism of action rather than its translatability to the clinic. There are few
studies that have been done with HNSCC cell lines and doxorubicin, specifically looking at

drug delivery. For example, a study on nanodelivery saw that when doxorubicin is co-
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delivered with a HIF-1 inhibitor drug, the uptake of doxorubicin was enhanced and improved
efficacy in oral squamous cell carcinoma.?’ Another group used DOX and hydrogels and
discovered a new drug delivery system with intratumoral injection that could be a promising

chemophoto-therapy alternative for HNSCC.%

My hypothesis is that DOX induces the homologous repair pathway which leads to an
induced cytotoxic response in CREBBP/EP300mut HNSCC. Therefore, distinguishing
between NHEJ and HR. NHEJ is a DNA damage repair pathway that fixes double stranded
breaks. In this pathway, DNA is repaired directly, without needing a homologous strand of
DNA to use as a template.?? Regions of microhomology, which are the degradation of 5> and
3’ overhangs, direct the strands for end joining.?® The strands undergo a strand invasion,
DNA synthesis and resolution, then they are ligated together by DNA ligase IV and X-ray

repair cross-complementing protein 4 (XXRCC4).

HR is also a repair pathway for double stranded DNA breaks. This type of repair is
template dependent. HR also duplicates the genome by supporting gDNA replication and
telomere maintenance, thus having an important role in genome preservation. HR can be
divided into three phases: presynapsis, synapsis, and postsynapsis. In presynapsis the
overhanging strands of DNA are recognized. In synapsis, strand invasion where the single-
stranded DNA moves into another DNA duplex. Post synapsis may involve multiple rounds

of invasion and synapsis that leads to final product of repaired double stranded DNA.2*

Additionally, our group performed in vivo shRNA library screens in irradiated tumors
made from five HNSCC cell lines with different HPV status and genetic backgrounds. They
used two libraries: one which contained genes that were targetable for antineoplastic agents

currently used in clinic and another that targeted DNA damage repair pathways. They
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identified several targets such as CDK6, XIAP, and PIK3CA that were associated with
radiosensitization and they identified DNA-damage repair genes such as TP53, BP1.%° They
then determined that somatic mutations in CREBBP/EP300 genes in HNSCC were associated
with these radiosensitizing targets by comparing the redundant sShRNA log p-values they
obtained in the library screens and the median fold change data for radiosensitizing targets
between mutant and wildtype HNSCC cell lines. From this analysis, they saw that several
targets were increased in NOTCH1 and CREBBP mutant tumors. After identifying these
targets in HNSCC, our groups have found that there is increased radiosensitization in
CREBBP/EP300 mutant HNSCC cell lines when the corresponding gene is inhibited by

shRNA (knock-down or KD).

CREB-binding protein and p300 are highly conserved transcriptional coactivators
with approximately 75% overall sequence identity and greater than 90% sequence identity in
their HAT domains.?® The gene products of CREBBP/EP300 are the CREB-binding protein
(CBP) and p300; and they can have distinct roles in certain contexts, but many of their
functions are redundant, so they are commonly referred together as CBP/p300. One major
function for CBP/p300 is modulating basal transcription through chromatin remodeling and
recruiting transcription factors and activators.? CBP/p300 has intrinsic HAT activity and can
relax chromatin. CBP/p300 can also acetylate transcription factors and regulate their

activity.?®

CBP/p300 modulate transcription and stabilizes itself at the promoter regions on
genes through multivalent interactions between tandem transactivation domains (TADs) and
intrinsically disordered regions (IDRs). Structurally, CBP/p300 can also act as a bridge

between DNA binding and general transcription factors, linking activators to basal



transcription machinery through interactions with transcription factor 11-D (TFIID), which is
made of the TATA-binding protein (TBP): TBP-associated factors (TAFs) general
transcription factor. TFIIB, and RNA polymerase I1l. CBP/p300 has a critical role in forming

the preinitiation and reinitation complexes that facilitate multiple rounds of transcription.°

Overall, CBP/p300 has been found to engage in hundreds of different transcriptional
factors’ activities, the proteins can also be regulated by phosphorylation. Studies have shown
that cell-cycle dependent phosphorylation occurs on p300 by cyclin E/Cdk2. Additionally,
CBP/p300 have a protein kinase A (PKA) site and several studies have proposed that
phosphorylation of CBP/p300 by PKA regulate the two proteins. CBP can also recruit itself
to induce transcriptional activation and is known to recruit other HATSs such as P/CAF,

p/CIP, and SRC-1.

Findings that STAT-2 and the p65 subunit of NF-kB compete for the same site on
CBP/p300 but are not mutually antagonistic for the CBP/p300 first zinc finger domain
suggest that CBP/p300 are at a limiting concentration in the cell. Three important and drug

targetable domains on CBP/p300 include its bromodomains, HAT domains, and TADs.

CBP/p300 can remodel chromatin by acetylating histone H3.3! It relaxes chromatin
with its HAT activity at the gene’s promoter.3? CBP/p300 have been found to facilitate
double stranded break (DSB) repair on DNA by acetylating histones H3 and H4 on
chromatin DSB sites.®®* CBP/p300°s HAT activities have shown to regulate DSB repair by
acetylating histones at promoter regions of HR-related genes and acetylating histones at DSB
sites which also activates recruitment for HR repair proteins.3* BRCA1, a gene with many
functions in DNA repair, and RAD51, a gene that specifically function in HR have been

shown to be transcriptionally regulated by CBP/p300.
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Additionally, our groups examined apoptosis via TUNEL staining for HNSCC treated
with XRT and a CREBBP KD and observed significantly increased staining in CREBBPmut
cell lines but not wild type. They also observed through immunoblot assays that CREBBP
KD in combination with XRT lead to cleaved caspase 3 products, an indicator that apoptosis
is active. Via immunofluorescence staining of DNA-damage foci, our group looked at the
DNA-damage response within this radiosensitive phenotype. They found that DNA damage
marker, y-H2AX foci, was increased after CREBBP KD and XRT in three CREBBP mutant
cell lines and one EP300 mutant cell line. The effects of knocking down CREBBP and
treating tumors with XRT was also investigated by using three different in vivo models of
HNSCC, two with mutant CREBBP and one harboring wildtype CREBBP. This study
showed that with CREBBP KDs and XRT there is significant tumor-growth delay, improved
survival, and decreased tumor volume in mice models injected with CREBBP mutant cell

lines compared to mice injected with CREBBP wit cell lines.?

Our groups also used chemical inhibitors of CBP/p300 function to study the
therapeutic relevance of the radio sensitizing phenotype. They used ICG-001, a CBP-specific
inhibitor, GNE-272, a bromodomain inhibitor, and A-485, a HAT inhibitor specific for
CBP/p300 and found that A-485 led to profound radiosensitization in CREBBP or EP300
mutant cell lines. They then examined the relationship between HAT inhibition and HR using
an I-Scel-based assay and found that A-485 resulted in a significant repression of HR in
CREBBP or EP300 mutant HNSCC cell lines and had little effect on NHEJ in HNSCC cell

lines.®

My project aims to determine if doxorubicin, which affects the HR pathway, will lead

to an increase cytotoxic response compared to a single treatment condition without A485,



such as the one seen with XRT in our group’s previous findings. I compared the effect of
doxorubicin in combination with HAT inhibition by A485, with a combination treatment
with CDDP and A485. As CDDP affects the NHEJ repair pathway, we hypothesize that the
same induced cytotoxic response seen with XRT and HATi will not occur with CDDP. I also
examined if doxorubicin or CDDP in combination with A485 leads to an apoptotic death as
seen in previous findings with XRT. We predict that CREBBPmut HNSCC cells undergo
apoptosis following combination with HAT inhibition and XRT due to a dysfunction in the
HR repair pathway. | will test this hypothesis by using DOX which affects HR, CDDP
which affects NHEJ, and observing the cell death and DNA damage that occurs with these

treatments.



Chapter 2: Materials and Methods

Cell Culture: HNSCC cell lines, UMSCC-22A, UMSCC-17B, HN31, and FaDU were
obtained from the Myers laboratory.?* Each cell line was sustained in Dulbecco modified
Eagle medium, nutrient mixture F-12, high glucose, with L-glutamine and sodium
bicarbonate, without HEPES. This media was supplemented with10% FBS and 1%

penicillin/streptomycin. Each cell line was incubated at 5% CO2 atmosphere and 37° Celsius.

A-485 and A-486 were made at the MD Anderson Institute for Applied Cancer Science or
purchased from Selleckchem (#S8740). Doxorubicin (Adriamycin) HCI is from Selleckchem
(#S1208). CDDP was provided by the MD Anderson Pharmacy, from Accord (McKesson

#NDC1672928838).
The irradiator used in these experiments is Mark 1-68.

Clonogenic Survival Assay: 500-4000 cells were plated in low densities from the cell lines

mentioned above in 6-well plates. Cells were plated on day 9, treated with A485/A485 on
Day 1, treated with XRT, DOX, or CDDP on Day 3, 24 hours after the A485/A486
treatment. This treatment timeline was used for flow cytometry, Western blot, and Incucyte
analyses. The cells were monitored during an incubation time of 7-14 days. Plates were
collected when the cells formed colonies containing 50-100 cells. Subsequently, the plates
were fixed and stained with 0.25% crystal violet/methanol solution, then scanned and
analyzed through ImagelJ software where colonies consisting of 50 colonies and more were
counted. GraphPad prism (v9.0) was used to create survival curves of the ImageJ analysis

outputs.
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Flow Cytometry: Cells were plated into 6-cm dishes and given 24- and 48-hour treatments of

XRT, DOX, or CDDP with or without A485 and puromycin as a positive control. Floating
dead cells and trypsinized cells were washed in Corning 1X Phosphate-buffered salt (PBS)
solution that did not contain calcium or magnesium and collected in round bottom tubes.
After being spun in a centrifuge for 5 minutes at 2000rpm, cell pellets were obtained, and the
supernatant was vacuumed out of each sample. The samples were then placed on ice and the
pellets were resuspended in 50uL of 1X Annexin V buffer (BD Biosciences). 2uL of a 1:2.5
dilution solution of Sytox Blue Dead cell stain (Thermo Fisher #S34857) in 1X Annexin V
buffer was added to the sample, along with 2uL of Annexin V-APC (Thermo Fisher
#A35110). The samples’ tubes were flicked to mix, covered with aluminum and stored in the
dark for 30 minutes. After thirty minutes, 250uL of 1X Annexin V binding buffer was added

and the samples were analyzed for flow cytometry.

The samples were analyzed in a Beckman Coulter Gallios 561 flow cytometer at MD
Anderson Cancer Center North Campus Flow Cytometry and Cellular Imaging Facility.
Preliminary results were gathered from this core facility and further results were analyzed

using FlowlJo (v10.8.1).

Incucyte: Single cells were plate 96 well dishes and placed in an Incucyte S3 Live-Cell
Analysis instrument (Sartorius #4647). 1:4000 (250nM) dilution Cytotox green dye
(Sartorius #4632) was used to count dead cells. Images were taken by the Incucyte at 10X

magnification every 4-6 hours for 72 hours.

Through the Incucyte programming phase object confluency and fluorescing green object
count were measured. Image analysis training was applied to each experiment to accurately

measure confluency and green object count. Measurements were exported to excel, and
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curves and plots were developed in GraphPad prism by normalizing the green count object to

phase object confluency (v9.0).

The plate is placed in an incubator with 5.0% CO2 atmosphere and 37 degrees Celsius

throughout the live cell imaging and analysis.

Cell Titer Glo: Following Incucyte experimentation, the plates were taken out of the Incucyte
and equilibrated for 30 minutes in room temperature. Subsequently, CellTiter-Glo Viability
Assay reagent (Promega #G7572) was added to the wells in equal volume to the solution that
already existed in the wells. The plates were then orbitally shaken for 2 minutes and then
transferred to a 96-well solid white-bottomed plate. Afterwards, the samples were allowed
minutes to stabilize the luminescent signal. The luminescence of each well was then analyzed

in the FLUOstar Omega (BMG LABTECH INSERT Software v. 3.00 R3, firmware v.1.32)].

The outputs from the FLUOstar Omega were analyzed in GraphPad prism (v9.0) to create

plots.

Western Blot: Cells were plated in 10-cm dishes and treated with DOX, XRT, or CDDP with
or without A485 over the course of 48 hours. Cells were trypsinized and collected at 72
hours. Cells were placed in a 1X RIPA lysis buffer (Millipore #20-188) that contained 1X

protease inhibitor, 10mM NaF, 1mM Na3Vv04, 10mM NaPP, and 1mM PMSF.

Obtaining the protein concentration of these samples was done by adding serial dilutions of
4ug/mL stock concentration of BSA in triplicate to a 96-well plate and adding the samples in
triplicate to the same plate. The plate was then measured in a FLUOstar Omega (BMG

LABTECH Software v. 3.00 R3, firmware v.1.32) where absorbance was measured at
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570nm. Protein sample containing 160ug of protein were created using 5X loading dye and

lysis buffer.

Cells were loaded into Mini-PROTEAN TGX gels (Bio-Rad #4561094, #4561096), placed
into gel electrophoresis chambers, and those chambers were filled with 1X running buffer.
The gels ran for 30 minutes at 80 volts, and then 100-120 volts until the dye reached the

bottom of the gels.

PVDF membranes were placed in methanol for 3 minutes, then immersed into 1X transfer
buffer. From there, sponges were immersed in 1X transfer buffer, the gel was transferred
from there to the membrane, then to more of the sponge and these were placed into the

Trans-Blot Turbo (Bio-rad #1705140) and ran for the pre-programmed 2 gels for 10 minutes.

The membranes underwent standard Western blotting procedure of being washed in 1X TBS-
T, blocked in 5% milk-TBS-T and probed with the primary antibodies cleaved caspase 3
(Cell Signaling #9661S), CASPASE 3 DETAILS, and PARP (Cell Signaling #9542S).
Secondary antibodies used were Goat Ant-Mouse 1gG (H+L)-HRP Conjugate (BIO-RAD

#1706516) and Goat Anti-Rabbit 1IgG (H+L)-HRP Conjugate (BIO-RAD #1721019).
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Chapter 3: Results

Increased cell death response was not observed consistently in clonogenic survival
assays for CREBBP-mut HNSCC treated with XRT and HATi compared to CREBBP-

mut HNSCC treated with CDDP + HATI

To investigate the survival outcomes of cells treated with 0-4uM CDDP, and 0-6Gy XRT, in
combination or without 1.5 and 3uM A-485, clonogenic survival assays were conducted with
CREBBP/EP300-wt cell lines HN31 and FADU, and CREBBP-mut cell lines UMSCC-17B
and UMSCC-22A. These doses were chosen after performing plating efficiency experiments
in which 50-8000 cells were plated in one well on a 6-well plate. Wells with higher densities
received a higher dose and the IC50 was determined. For CDDP, the 1C50 was 1uM and for
XRT the 1C50 dose was between 2 and 4Gy. 1C50 was used so we could determine the dose
at which an effect is observed with a single agent, but not so drastic of an effect, that we
would not be able to see a potential enhancement of phenotype when the second agent, A485,
was added. In patients the Cmax for CDDP is 3200-3600 ug/L or 11-12 pM.2" We
hypothesized that there would be increased cell death when XRT and DOX were in
combination with A485, but not with CDDP. UMSCC22A and UMSCC17B were treated
with CDDP in combination with A485 or A486, an inactive version of A485 used as a
vehicle control. No significant difference between were seen in these cell lines between cells
treated with CDDP alone or in combination with A485 (Figure 1). Both UMSCC17B
(CREBBP mutant) and FADU (CREBBPwt) had a significant difference at 6Gy between the
no treatment condition and the 1.5uM and 3uM groups. At 0Gy, 2Gy, and 4Gy, there was no

significant difference for either cell line when treated with A485 (Figure 2).
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Clonogenic assays had inconclusive results because the cells ceased to grow into
colonies or would grow at variable rates on the plates as we continued these experiments.
Different incubators, media, and 6-well plates were tested but for months, inconsistent results
were obtained from clonogenic survival assays. Figure 3 displays the inconsistent colony
growth that frequently occurred in clonogenic experiments. The top wells have a lower
density that led to no colony growth. The bottom wells of each plate had higher initial cell
density. The rings that are seen in the wells that had some colony growth may be from the
incubator vibrating. It is more difficult to determine why the outside wells have less cell

growth.

Overall, the hypothesis that increased cell death would be observed in CREBBP-
mutant cell lines when treated with XRT and HATI was not seen consistently or exclusively

in clonogenic survival assays.
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Figure 1: (A) UMSCC22A, CREBBPmut HNSCC, showed no significant differences between Cisplatin (CDDP) only treated
groups and CDDP in combination with HAT inhibition (A485). (B) UMSCC22A, plated in initial higher densities than figure 1A
showed no significant difference between CDDP only and CDDP in combination with HAT inhibition. (C) UMSCC17B showed
no significant difference between CDDP only and CDDP in combination with HAT inhibition.
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Figure 2: (A) No significant difference between conditions treated with radiation (XRT) at a 0, 2, and 4Gy dose alone or in
combination with HAT-inhibition (A485) was measure in CREBBPmut cell line UMSCC-17B. (B) No significant difference was
measured in CREBBPwt cell cline FADU, between cells treated with XRT at a 0, 2, and 4Gy dose alone or combination with
HATI.
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Figure 3: From top left clockwise, Denville, NEST, and Falcon 6-well plates. Unequal growth and rings are seen in the wells.

No apoptotic phenotype or increased cell death was observed in CREBBPmut HNSCC

treated with XRT or CDDP and A485 in flow cytometry assays

To have another measure of cell death and measure the amount of apoptosis occurring with
these treatments, flow cytometry experiments were performed. The flow cytometry
experiment would test my hypothesis by allowing a comparison between XRT only
conditions and XRT in combination with HATi (A485). Using Annexin-V APC to stain
early apoptotic cells and SytoxBlue, a non-permeable stain that would indicate a necrotic or
late-stage apoptotic death, we did not observe a significant difference between the HNSCC
cells treated with XRT alone or in combination with A485 HAT inhibition. We used this
method because it provided an orthogonal measure of cell death to the clonogenic assays and
Western blot experiments that probed for cleavage products of apoptotic proteins such as
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caspase 3. We employed the same timeline and drug doses as seen in Figure 8 to measure cell
death. In XRT experiments using both CREBBPmut and CREBBPwt HSNCC cell lines, we
did not find a significant difference between conditions with XRT alone or in combination
with HATI. This is not a finding that has been observed in previous studies and gives
inconclusive results for our hypothesis. Figure 4 shows the results of flow cytometry
measuring Annexin V-APC on the x axis and Sytox Blue on the y. Quadrant | represents live
cells while Quadrant Il and 111 contains cells positively stained with Annexin V-APC, thus
positive for apoptosis. Quadrant 111 and IV represents cells stained with Sytox Blue that are
in a late apoptotic or necrotic stage. There is not a significant difference between the XRT
conditions alone and with A485 (Figure3). Additionally, there is not a significant difference
between the treated groups and the non-treated groups which means we were not seeing a
cell death response either. Figure 5 is a quantification of these results. The lack of cell death
with these treatments prompted us to observe with live cell imaging how the cells were
growing and dying under these conditions. We chose to use the Sartorius Incucyte to obtain

these images over the course of the experiment and fine tune our experimental timeline.
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Figure 4: Flow Cytometry results analyzed through FlowJo. UMSCC22A showed no significant difference between groups
treated with or without XRT, alone or in combination with HATi (A485). Quadrant | denote live cells. Quadrant Il is
representative of early apoptotic cells and is positive for Annexin V-APC. Quadrant Il is displaying the population of cells
undergoing apoptosis and is positive for Annexin V-APC and Sytox Blue. Quadrant IV represents cells at either a very late
stage of apoptosis or necrosis, representing dead cells and is positive for Sytox Blue.
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Figure 5: (A and B) CREBBP/EP300wt cell lines FADU and HN31 displayed no significant difference in the amount of cell
death for conditions treated with radiation (XRT), alone and in combination with HATi (A485). (C and D) CREBBPmut cell
lines UMSCC-17B and UMSCC-22A also showed no significant difference between conditions treated with XRT, alone and in
combination with HAT inhibition.

No significant difference was observed between CREBBPmut cell lines treated with

XRT or DOX and with XRT/DOX+A485

Because the previous assays performed could not confirm previous reproducible results in
our labs, we decided to observe the cells growth and death with live-cell imaging via the
Sartorius Incucyte. Drug dosing and plating optimization experiments were performed to find
appropriate conditions for the cells in this experiment. We looked at two endpoints for these
experiments: cell confluence and cell death. Figure 6 displays a normalization between the
two endpoints. The cells were stained with a green Cytotox dye which is a DNA-binding dye

that creates a fluorescent signal when attached to unhealthy cell’s DNA. Each well’s
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confluence was also measured. In order to compare both measurements between each
condition, we normalized these results by creating a ratio between ‘green counted objects’
and ‘phase object confluence.” A higher value means that there was less confluence and/or
more cell death. It was predicted that CREBBP-mut cell lines (UMSCC17B and
UMSCC22A) would have significantly higher values of this ratio when treated with XRT
and HATI than CREBBPmut cell lines treated with only one agent. A ratio was used to
analyze these results because treatment with these drugs could also lead to an inhibition of
growth. So, observing only cell death amongst the different treatment conditions could be
misleading if, for example, the no treatment condition displayed more cell death but also had
a higher confluence of cells compared to the combination condition which had equal amounts
of cell death but only reached 30% confluence over the course of the experiment. As seen in
Figure 6, this ratio is variable; in these findings, ‘green counted object’ can cause disrupt in
the curves obtained from this experiment because of faulty images or more technical reasons.
For this reason, we also looked at cell viability assays including Cell Titer Glo to confirm
confluence measurements and determine how much green object count led to confusing data.
HN31 cells had a significant difference between XRT only and XRT+HATi. This result is
not what we predicted (Figure 6A). Figure 6B-D show no significant difference for between
conditions treated with XRT alone and in combination with A-485, though it is promising
that the XRT and XRT+HATI conditions curves began to separate indicating that more cell
death and/or less cell growth occurs with the combination of drugs. Overall more

experiments with XRT and cell health and drug dosing optimization may be needed to
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observe cell growth and inhibition in the future.
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Figure 6: (A and B) display CREBBP-wt cell lines HN31 and FADU. FADU has no significant difference between conditions
treated with radiotherapy alone and in combination HAT inhibition (A485). HN31 showed a significant difference between
XRT and XRT+HATi conditions.
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Figure 7: HNSCC cell lines with varying mutation status in CREBBP were treated with DOX alone or in combination with HATi
(A485) and observed for three days in the Incucyte. 6A shows the results of this experiment as a ratio of green counted
objects over phase object confluence. A higher value of this ratio could mean more cell death and less cell growth is
occurring. 6B displays Cell Titer Glo results of the same experiments to as another measure of cell death and to compare
the changes in cell death with the normalized ratio generated from the incucyte. 6C displays the confluence measurements
of these cells only. From this we determined that the green counted objects measurement can create much variance when
normalizing to confluence.

Apoptosis is not confirmed in CREBBPmut or WT HNSCC treated with CDDP, DOX,

XRT alone or in combination with A485

The timeline for the Western blot experiment included plating cells on Day 1, treating with

A485 on Day 2, treating with CDDP, DOX, or XRT on Day 3, and collecting the protein
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samples on Day 4. Proteins samples were collected and then probed to identify caspase 3 and

PARP proteins and cleavage products (Figure 8).
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Figure 8: Treatment plan for the Western blot experiments included a 24-hour pretreatment of A485 and 24-hour
treatment of CDDP, DOX, or XRT.

To investigate the type of cell death and observe a potential enhancement or reduction of a
cell death response, we performed Western Blot analyses. We observed apoptotic proteins
caspase 3 and poly (ADP-ribose) polymerase (PARP) which, when apoptosis is active, full
length proteins are cleaved into smaller products that are sized at 17kD for caspase 3 and
89kD and 24kDa for PARP. This method would determine if my hypothesis that
CREBBPmut HNSCC cells undergo apoptosis when combined with XRT/DOX combined
with A485. Figure 9A shows UMSCC22A had neither of these specific cleavage products
when the cells were treated with CDDP and A485, the HAT inhibitor. Figure 9B shows that
HN31 (CREBBP-WT) had no specific cleavage products for caspase 3 or PARP when treated

with XRT alone or in combination. However, UMSCC22A (CREBBP-mut) showed one faint
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band at both cleavage sites for PARP and none for caspase 3. This does not definitively mean
apoptosis is occurring in these conditions because cleavage products are not seen at 89kD for

PARP or in the caspase 3 Western blot.

A. UMSCC22A (mut) Cisplatin + B. HN31 (WT)and UMSCC22A (mut)
HATI (A485) Radiation + HATi (A485)
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Figure 9: (A) A Western blot of UMSCC22A showed no cleavage products of apoptotic markers: caspase 3 and PARP when
these cells were treated with Cisplatin (CDDP) alone or in combination with HAT inhibiting drug, A485. A longer exposure of
caspase 3 did show some cleavage products, but this result was not consistent in UMSCC22A. (B) HN31 cells showed no
consistent cleavage products of apoptosis markers PARP and caspase 3 when treated with radiation (XRT) alone or in
combination A485. UMSCC22A did not have cleave products for caspase 3 but did show faint cleavage in the HATi + XRT
condition and in other conditions.

We tested another two HNSCC cell lines: FADU (CREBBP-WT) and UMSCC17B
(CREEBP-mut). UMSCC17B showed no specific cleavage markers for caspase 3 when cells
were treated with CDDP alone or in combination with HAT inhibition (A485) but did show
one cleavage product in PARP (Figure 10A). FADU cells did not show cleavage products for

caspase 3 but did have cleavage products for PARP. These bands did not display an
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enhancement or reduction amongst different conditions however (Figure 10A). When treated
with XRT, alone or in combination with A485, UMSCC17B did not have any specific
cleavage products for caspase 3 or PARP. FADU cells also did not display cleavage products
for caspase 3 when treated with XRT alone or in combination with A485. But with PARP,
FADU had a cleavage product at 89kD for each condition and varying products shown at
24kD. Therefore, | did not observe apoptosis occurring in UMSCC17B, nor did | apoptosis
occur in terms cleaved caspase 3 for FADU. FADU did show cleavage products for PARP
which suggests apoptosis may be occurring in the cells, so the results are inconclusive since |
do not have both PARP and caspase 3 cleavage for FADU. Also, | was determining if there
was an enhancement of cell death with a combination treatment of XRT and A485, and the

FADU bands shown seems to all have the same amount of product in each condition.

27



A. FADU (WT)and UMSCC178B (mut) B. FADU (WT)and UMSCC17B (mut)
Cisplatin + A485 Radiation + A485

oy Py
=] =]

cooP oo

Cleaved
oo 5] e

Caspase 3
o cleavage product
Caspase3 at 17kDa

Longer expasure

D
PARP cl
cleavage
PARP e o N
89kDa and
24kDa

B-actin

A435

8 8

I. I Ik

Figure 10: (A) UMSCC178B cells showed no specific cleavage products of apoptotic markers: PARP and caspase 3. FADU
showed specific but similar bands across each condition, thus not showing a specific response to CDDP alone or in
combination with A485. (B) UMSCC17B showed no bands at the cleavage points for PARP (89kD and 24kD) or caspase 3
(17kD). FADU (CREBBP-WT) showed cleavage products for PARP, but not caspase 3. The PARP cleavage products are
nonspecific.

The lack of caspase 3 cleavage was not the same to results seen similarly by our groups in
previous reproducible experiments, so to make conditions as similar as possible to when the
same experiments were done in the lab previously and led to positive results, we changed the
media we were using and the specific cleaved caspase 3 antibody.?* With these changes,
Figure 11 displays that FADU treated with XRT still did not express cleaved caspase 3 or
consistent varying expression levels with PARP. UMSCC17B did not express caspase 3 but
had slight expression of PARP cleavage products at 89kD and 24kD. Overall, from these
Western blot assays, consistent expressions of apoptotic were not seen in most cell lines.
FADU did have consistent PARP cleavage, the expressions were generally all at the same
level, however.
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Figure 11: FADU (CREBBP-WT) and UMSCC17B (CREBBP-mut) do not show cleavage products for caspase 3, an apoptotic
marker. FADU generally shows PARP cleavage products at similar levels so a difference in response to radiotherapy alone or
in combination with A485 is not observed. UMSCC17B showed inconsistent bands at one cleavage point for PARP in this

figure.

The positive controls in these experiments, puromycin or starrosporin-treated cells, showed
that some technical aspects of the assay worked. Though there could be further technical
issues with the experiments that have not been discovered that prevented us from not
recapitulating the past results of cleaved caspase 3 cleavage in radiation and heightened
levels in the radiation and A485 combination. The project’s overall results (Table 1) did not
validate the hypothesis because an enhancement of cell death in XRT+HATI conditions, nor
in DOX+HATI was repeatedly observed. There was also no significant difference between
CDDP and DOX conditions as predicted. These experiments did not replicate the previous

findings in our labs. The problem could be due to as a yet undiscovered technical problem.
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Alternatively, the cells we use could have mutated over time; potentially becoming more

resistant treatments or less healthy in general.

Table 1: Overview of results from each experiment. CSA is Clonogenic Survival Assay, FLOW is flow cytometry, WB is
Western blot. “Neg” is negative and it means that no significant difference was seen between any of the treatment
conditions. “Pos” means positive and a significant difference was seen between some of the treatment conditions. In the
“pos” results, we did see a combination effect.

Cell Lines CREBBP status | CSA Result Cell Lines CREBBP status | CSA Result
HN31 WT CDDP+A485 | neg HN31 WT XRT+A485 neg

FADU WT CDDP+A485 | neg FADU WT XRT+A485 pos
UMSCC22A | mut CDDP+A485 | neg UMSCC22A | mut XRT+A485 neg
UMSCC17B | mut CDDP+A485 | neg UMSCC17B | mut XRT+A485 pos

Cell Lines CREBBP status | FLOW Result

HN31 WT XRT+A485 neg

FADU WT XRT+A485 neg

UMSCC22A | mut XRT+A485 neg

UMSCC17B | mut XRT+A485 neg

Cell Lines CREBBP status | Incucyte Result Cell Lines CREBBP status | Incucyte Result
HN31 WT DOX+A485 neg HN31 WT XRT+A485 pos

FADU WT DOX+A485 neg FADU WT XRT+A485 neg
UMSCC22A | mut DOX+A485 neg UMSCC22A | mut XRT+A485 neg
UMSCC17B | mut DOX+A485 neg UMSCC17B | mut XRT+A485 neg

Cell Lines CREBBP status | WB Result Cell Lines CREBBP status | WB Result
HN31 WT XRT+A485 neg FADU WT CDDP+A485 | inconclusive
FADU WT XRT+A485 inconclusive | UMSCC22A | mut CDDP+A485 | inconclusive
UMSCC22A | mut XRT+A485 inconclusive | UMSCC17B | mut CDDP+A485 | inconclusive
UMSCC17B | mut XRT+A485 inconclusive
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Chapter 4: Discussion

Initially, our labs set out to find radiosensizitation targets in HNSCC. This eventually
led to the remarkable finding like that the CREBBP/EP300 KD leads to radiosensitization in
HNSCC. Additionally, inhibition of CREBBP/EP300’s HAT domain leads to
radiosensitization and is associated with homologous repair repression. Our labs found that
some mutations in CREBBP lead to a gain of function response resulting in increased protein

acetylation which mediates the response to radiation.

In this project, we compared the effect of CDDP to doxorubicin because both impair
different DNA damage repair pathways. CDDP impairs NHEJ while DOX impairs HR. As
expected, we did not observe an increase in cell death with the combination of CDDP and
HATI with CREBBP-mut cell lines UMSCC22A and UMSCC17B as compared to the single
agents. For the XRT clonogenic assays, we observed a significant difference between in
FADU (CREEBPwt) and UMSCC17B at the 6Gy with and without HATi. We predicted and
saw in previous studies that UMSCC17B would show an increase in cell death between XRT
alone and XRT in combination HATi.2* However, we also saw an increase in the
CREBBPwt, FADU cell line which was not the customarily observed result in previous
studies or what we may have predicted. One reason this may have occurred is because it is
the end range of the XRT dosage. The higher concentration of XRT may have sensitized the
cells to A485 more. This trend was not observed in previous studies where at each dose of
XRT the CREBBPmut cell line treated with A485 was found to be statistically significant to
the condition only treated with XRT. Further clonogenic experiments must be continued to

observe this trend. However, clonogenic experiments in our hands began to malfunction.
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Multiple tests were done using different incubators, plates, and media, but consistent colony

growth was not attainable.

To observe a potential enhancement or reduction a cell death response, we performed
Western blot analyses. Caspase 3 is activated in mammals and is part of a cascade of events
that leads to apoptosis. Caspase 3 stimulates chromatin condensation, DNA fragmentation, or
membrane blebbing and can activate other proteins or caspases.® Poly (ADP-ribose)
polymerases (PARPs) are an enzyme family that activates the transfer of ADP-ribose to their
designated proteins. Some isoforms such as PARP1 and PARP2 are known for their
involvement in DNA repair, studies have also shown that PARPs play an important part in
cell death and proliferation.®® For example, PARP has been found to activate apoptosis-
inducing factor (AIF) which stimulates caspase-independent cell death.®” In this study, we
use caspase 3 and PARP antibodies to observe the possibility of apoptosis occurring in the

cell death response we’ve previously observed in our lab.

In figure 9A, there are faint bands in the negative control, A485 only, and A485
combined with CDDP conditions for UMSCC22A (CREBBPmut), and minimal expression in
the CDDP alone condition. Figure 9B displays faint bands indicating PARP cleavage in
UMSCC22A (CREBBPmut) in the negative control group and in conditions with XRT alone
or in combination with A485. Because caspase 3 and PARP specific cleavage products at
17kD and 89 and 24kD, respectively, were not observed consistently throughout the
conditions in figure 4, we cannot confirm that apoptosis occurred. Cleaved caspase 3 bands
expressed in the longer exposed film is also not validated by cleavage product expression
with the other antibodies in the same experiment. Similar results were seen in Figure 10

where FADU showed 89kD cleavage product of PARP in all conditions when treated with
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XRT and/or CDDP alone or in combination with A485, but an enhancement or reduction of
this protein expression was not observed. This does suggest that apoptosis is occurring in

these cells but there is not a distinction between single vs. combined treatment groups.

To observe cell death through another assay while simultaneously addressing our aim
to determine if apoptosis is the method of cell death occurring in the cytotoxic response, we
performed flow cytometry experiments. We were not able to validate our labs’ previous
results which included caspase 3 cleavage with XRT alone and in combination with A485.
We adjusted our experiments by changing the media and supplements to DMEM F-12 and
using only 1% Penicillin and Streptomycin, and 10% FBS. We also changed the cleaved
caspase 3 antibody to match the manufacturer of the antibody used in our labs’ previous
findings.?* Because multiple flow cytometry, clonogenic assays, and Western blotting
experiments were not working in our hands, we chose to use the Incucyte to observe cell
growth with live cell imaging and determine if we needed to change the timing of our

treatments or collection.

Our Incucyte experiments began with optimization assays to determine what dye,
initial cell density, drug dosages, and time period should be used to measure cell death with
this technique. Figure 7 displays results from treating CREBBPwt and CREEBPmut cells
with XRT and HATiI. Though there was a distinct separation between the XRT and
XRT+AA485 curves, there was no statistical difference between the two conditions. We
measured a statistical difference in HN31 (CREBBPwt) cells, however, this was not a finding
consistent with previous findings from the lab. Because my hypothesis is mostly concerned
with the effects of DOX the potential different phenotype from CDDP and XRT was mostly

used as a control for DOX conditions, we decided for the rest of the Incucyte experiments to
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focus mostly on DOX and CDDP in combination A485. In the DOX and CDDP we still did

not see a significant difference between single agent and combined agent conditions.

The study’s limitations included some logistical points: the COVID-19 pandemic
placed a 6-month pause on research and made business travel unavailable. The latter could
have been helpful in troubleshooting since the team who performed most of the experiments
we were attempting to reproduce was in a distant location, more senior research scientists

moved on to different opportunities so there was less support in trouble shooting was needed.

Further biological limitations could include the cell lines we were using, though we
did obtain UMSCC-22A cells from Dr. Heath Skinner’s lab group in Pittsburgh, PA, further
investigation into the cells genotype may explain the resistance to treatment we observed.
Additionally, more CREBBPmut and WT HNSCC cell lines could have been used to

determine if we could get a phenotype from the agents employed in this study other cells.

Conclusion:

In conclusion, I did not see an enhancement of cell death with DOX or XRT in
combination with A485 when compared to XRT or DOX as single agent in HNSCC cell
lines. Beyond an enhancement of cell death, I also did not observe a reproducible and
significant cell death response using only the single agents in the HNSCC cells. For future
work on these studies, | would suggest further optimization to first reproduce the results
found in previous studies in our lab. Then, repeating these experiments to at least obtained
cell death or apoptotic phenotype in the single treated XRT condition. With more time and
assistance, | believe we would see more of a response to these agents than | have outlined

above.
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Beyond CREBBP/EP300, there are other studies using a wide range of genomics to
find radio sensitizing targets in HNSCC. One group used multiple omics data to determine a
12-gene signature to stratify patients who had higher radiosensitivity and could benefit from
radiotherapy.®® Another study used clonogenic survival assays to find a radiation sensitivity
signature in HPV- HNSCC patients to predict the recurrence of cancer after radiotherapy.
They found the recurrence-free survival rate to be significantly lower in HNSCC cell lines
that were radioresistant.® Identifying predictive signatures, radio sensitizing targets, or
HNSCC with specific mutation status that leads to increased radiosensitivity helps establish
more personalized therapies. The head and neck region is a defining part of the human
anatomy, issues here could lead to trouble speaking, eating, and breathing. It’s imperative to

discover fewer toxic therapies to help make the quality of life for patients better.

Patients with HNSCC have poor outcomes relatively. Much of patient death is
attributed to local treatment failure. Thus, our groups’ discovery that CREBBP/EP300
knockdown led to significant radiosensitization is a step in the direction towards more
targetable therapies and better patient outcomes. The labs’ previous finding that A485 results
in radiosensitization suggests that it or other drugs that may successfully inhibit the HAT
functions in CREBBP/EP300mut HNSCC is novel and therapeutically relevant agents for

induced cytotoxicity.

This project aimed to test the ability for doxorubicin (DOX) to show similar induced
cytotoxic effect as radiotherapy (XRT) when combined with A485. We chose to look at
doxorubicin because it has a similar DNA damage repair effects as XRT where cells are
triggered to repair their DNA damage with homologous recombination repair. XRT and

chemotherapy come with a multitude of toxic side effects such as myelosuppression and
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mucositis. Determining if DOX and XRT both led to an increased cell death response would
lead to further implication on how to trigger cell death and potentially decreasing the amount

of XRT or chemotherapeutics needed to use on patients.
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