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Comparative analysis on the functional role and mechanisms of distinct p53 mutations in promoting
metastasis in esophageal squamous cell carcinoma (ESCC)

Esophageal cancer is a highly aggressive cancer and is the 6™ leading cause of cancer mortality
worldwide, with esophageal squamous cell carcinoma (ESCC) being the most prevalent subtype [1, 2].
Especially, ESCC patients with distant metastasis have a poor clinical outcome with 5-year relative survival rate
of 5% [3]. Mutations of the tumor suppressor TP53 (human homolog of mouse Trp53) that encodes pb3, are
detected frequently in many cancer types, including ESCC, which in turn correlate generally with poor survival
and high metastatic rates [4]. Indeed, previous studies on ESCC and esophageal adenocarcinoma (EAC)
identified that more than 80% of the patients have a mutation in TP53, mostly in the DNA-binding domain [5, 6].
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Figure 1: Trp53°72¥ alters transcriptomic signature and cytokine secretion = .
in ESCC cells during lung metastasis. (A) Principle component analysis (PCA) formed .'CIUSte"S distinct from meFaSta.t'C
demonstrated distinct gene expression profiles depending upon p53 status. (B)  Cells (Fig. 1a). Furthermore, to identify
Representative results of the cytokine array conducted on conditioned media fom  the € E?‘!ﬂnes that might contribute to
shCtr-M (n=5) and shTrp53-M {n=3) metastatic cells. n=3, Student's unpaired -  17p5 -mediated metastasis, we
test. Emor bars represent SEM. conducted an unbiased cytokine array

analysis on metastatic shCtrl-M and
shTrp53-M cells. We identified six cytokines (FAS ligand, Fractalkine, interleukin 6 (IL-6), IL-9, IL-10 and colony
stimulating factor 1 (CSF-1)) with ‘enhanced secretion in Trp53°""?"_-dependent manner in metastatic cells,
suggesting their potential involvement in mediating metastasis (Fig. 1b).

To date, our studies of mutant p53 have focused primarily on Trp837'72F mutation. However, it is critical
to recognize that not all p53 mutant proteins are equivalent and this has significant implications for conceptual
and therapeutic perspectives. Indeed, many binding partners of pb3 interact only with a subset of mutant p53
proteins and some target genes have been identified in the context of only specific missense TP53 mutations
[8]. Similarly, certain missense TP53 mutations correlate with different pro-oncogenic properties and tumor
growth when compared to others, indicating distinct phenotypic

characteristics of these mutations [9, 10]. In accordance, our - N
analysis of ESCC and EAC patient datasets reveal that specific  * B
p53 mutations are associated with markedly differential overall - S
survival rates (Fig. 2, TCGA, Nature 2017): Patients with ° e

TP53R27 and TP53°%%?% have a median 5-year overall survival of 1
3223 and 5.53 months, respectively. In contrary to such )
significant differences, a_comprehensive comparison of different :
missense pb3 mutations in tumorigenesis and tumor metastasis

has never been conducted extensively, which necessitates
investigation of whether these specific p53 mutaticns have gain-
of-function properties and which downstream genes mediate
metastasis in this context. Therefore, we wish {0 determine how  wiwiro.
pro-oncogenic activities and mechanisms regulated by mutant pb3 7w
differ or are similar, and we hypothesize that different DNA- oo
contact and conformational p53 mutations, will have specific
epigenetic/transcriptomic signatures, which can lead to differences
in pro-tumorigenic properties. We will pursue this hypothesis with
the help of the Single Cell Analysis Core (see letter by Peter
Sims, PhD) and through the following interrelated Specific Aims:

SPECIFIC AIM 1. To compare key characteristics of isogenic tumor cells that harbor wild-type p53, p53
nulf or distinct DNA-contact/conformational p53 mutations.

Research Strategy: To elucidate the functional role of pb3 mutations in specific cancer types, we are generating
isogenic cell lines: We have introduced two DNA contact mutations (R273C and R282W) into cells isolated from
Tamoxifen-treated K5Cre ="%;Rosa26idTomato ** (KT) mouse model and primary human esophageal cell lines
that we have established in the lab [11, 12]. In parallel, we are currently working on establishing 1sogenic cells
with two conformational pb3 mutations (R175H and G245D). For this purpose, we are using cytosine base editing
technolo%i, which allows us to express these missense TP53 mutations endogenously that can be considered
to be a better approach than ectopically expression to study epigenetic/transcriptomic changes of distinct
missense mutations and variants [13, 14]. The introduced mutations are verified through sequencing the exon,
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Flgure 2: TCGA analysis on overall survival rate
of esophageal squamous cell cercinoma (ESCC)
and esophageal adenocarcinoma (EAC) patients
with various TP53 mutations.




in which the mutation is introduced. We will also use the monoclonal antibody that detects local and global
conformational changes in p53 (Pab240) [15], as well allele-specific antibodies (in collaboration with Dr. Kanaga
Sabapathy from National Cancer Center of Singapore (NCCS), which we have obtained through an MTA) [16],
and conduct immunohistochemistry on these cells along with a non-target control [16, 17]. Furthermore, p53 will
be deleted in the same human cells by CRISPR/Cas9 and mouse cells will be isolated from K5Cre 7%, Rosa26
tdTomato "*"s: p53 'P1oxP (KTP) mice, which will be used for a direct comparison of different missense p53
mutations. Then to assess the functional role of specific p53 mutations, we will use the cell lines generated to
analyze proliferation, migration and invasion through in vitro WST-1 proliferation, 3D tumoroid formation,
transwell migration and Boyden chamber invasion assays, respectively. In parallel, we will assess the
consequences of the p53 on tumor progression in vivo: We will evaluate primary tumor growth
following subcutaneous xenografts and metastatic burden in lungs following lateral tail-vein injection. After
assessing tumor growth and metastatic burden, half of each primary tumor and lung tissue with metastatic tumors
will be sectioned for histology and the other half will be used in Specific Aim 2. Data from these will provide
information as to whether and when different p53 alleles function differentially in the abovementioned studies.
Anticipated outcomes, potential pitfalls and alternative approaches. Previously, we observed a significant
reduction in cell invasion in vitro and lung metastatic burden in vivo upon deletion of Trp53%"?in mouse ESCC
cells [7]. Furthermore, the role of various TP53 hotspot mutations have been indicated to be selected for and
have a role in a range of pro-oncogenic properties in various cancer types [8]. Accordingly, we anticipate that
each of the p53 mutations will induce some pro-tumorigenic events compared to wildtype p53 control with some
overlapping and also distinct characteristics, in terms of proliferation, tumor growth, migration, invasion and
metastasis. One of the pitfalls of our approach is that base editing may not be efficient for some of the point
mutations, particularly G245D. If this were the case, we will use alternative approaches such as prime editing or
knocking in the point mutation with homologous directed repair (HDR) [18, 19].

SPECIFIC AIM 2. Determine single-cell transcriptomic signature and chromatin accessibility (epigenetic)
changes in primary and metastatic tumors harboring different p53 mutations.

Research Strategy. Metastasis is a highly heterogenous process with diverse array of phenotypic outcomes.
To analyze how different p53 mutations contribute to transcriptomic and epigenetic states in primary and
metastatic tumors, we will perform single-cell RNA-sequencing (RNA-seq) and assay for transposase-accessible
chromatin with high throughput sequencing (ATAC-Seq) (10X Genomics Chromium) on tumors with distinct p53
mutations harvested in Specific Aim 1, and conduct bioinformatic analysis in collaboration with Single Cell
Analysis Core. The support from the core will include library preparation, sequencing, demultiplexing and data
analysis. These studies will allow us to evaluate the changes in cell subpopulations and tumor heterogeneity, as
well as the precise genome-wide alterations in transcripts and chromatin accessibility within the primary and
metastatic tumors dependent upon specific p53 mutations. In follow-up experiments, we will perform chromatin
immunoprecipitation sequencing (ChlP-seq) on the isolated primary and metastatic tumor samples using the
commercially available ChlP-grade p53 antibody (Vector Laboratories, CM5) to examine if p53 binding co-
localizes with changes in chromatin accessibility, and to identify putative targets of various p53 mutations.
Anticipated outcomes, potential pitfalls and alternative approaches. Data from these genomic studies will
be analyzed by the computational wing of Single Cell Analysis Core and through our collaboration with the
bioinformatician Dr. Spyros Karaiskos, PhD, and pathways affected by these different mutant alleles will be
provided to us for further exploration of unique and novel targets. Overall, these datasets will allow us to identify
the underlying transcriptomic and epigenetic changes of primary and metastatic tumors with the proposed
genetic modifications at a single-cell resolution, as well as their putative gene targets. A pitfall of our approach
is that ChIP-Seq can have limitations, especially due to fixation step that can potentially mask epitopes or
decrease resolution and specificity [20, 21]. As an alternative approach we can utilize cleavage under targets
and release using nuclease (CUT&RUN), a novel technique that provides profiling at a higher resolution with
which we have optimized [22].

Conclusions and Future Directions: This innovative and comprehensive approach will open up new avenues
to elucidate mechanisms involved in pro-oncogenic_events mediated by distinct p53 mutations. The proposed
study is fueled by interrelationship between the |Jfj_lab_and Single Cell Analysis Core to investigate
transcriptomic and epigenetic signatures of emerging primary and metastatic tumor populations mediated by
specific p53 alleles in the context of ESCC. Our mechanistic insights pave a forward-looking perspective on our
ability to nominate genes/pathways regulated by mutant p53 that might be targeted in our preclinical models and
ultimately in phase 1 clinical trials. Especially, our future directions are motivated by the knowledge gap on how
unique p53 status impacts metastatic tumor microenvironment (TME). It has been suggested that loss or gain of
function mutations in p53 have a critical impact on promoting immunosuppressive TME through modulating the
secretion of growth factors, cytokines and chemokines [23-26]. In accordance, our abovementioned RNA-seq
data suggHested that interferon alpha, gamma and inflammatory response pathways are positively correlated with
Trp53777?H and the cytokine array (Fig. 1b) identified cytokines with enhanced secretion in Trp53%""?-dependent
manner in metastatic cells. Therefore, the future directions will involve the characterization of the cellular
components of the TME of tumors with different p53 mutations through high-resolution and multiplexed
approaches. Furthermore, we will identify the major mediators of the crosstalk between tumor cells and cellular
components of the TME and examine their role in fostering metastatic abilities in ESCC. Overall, the proposed
study and future directions will establish a comparative platform to investigate the intrinsic and extrinsic
mechanisms mediated by distinct p53 mutations, and their role in metastatic capabilities.
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Professional Memberships

Honors, Scholarships, and Awards

C. Contribution to Science
Undergraduate and Postgraduate Research:

1. | joined to Dr. m laboratory to study metabolism and aging. His research investigates the
understanding of enerqy substrate _and metabolic regulation during health and pathogenesis. In the lab, in
collaboration with m | created bioinformatics systems to
study the aging process at the physiological, cellular, molecular, and genetic levels, and built biological

simulations of metabolic changes that play a role in aging process. As this project opened avenues to understand
underlying mechanisms of metabolism, it led to various poster presentations and publication of a review article.

2. | worked in two separate projects in the laboratory of Dr. * at the University “

. Her research is internationally recognized for understanding the mechanisms ot exiracellular
matrix proteolysis and its role in breast cancer pathogenesis. Under Dr.- mentorship, | investigated
the role of matrix metalloprotease 9 (MMP9) on early metastatic dissemination and seeding using the MMTV-

PyMT mouse breast cancer model. | also utilized various in vitro and in vivo approaches to describe how MMP9
suppresses tumor cell migration, invasion, and colony formation. In addition, | had the opportunity to lead a
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October 25, 2022

Dear Selection Committee Members:

| am delighted to provide my wholehearted and unequivocal support for the candidacy and application of*!
PhD student (band HICCC trainee associate member) for the TAM Pre-doctoral Studen
Pilot Award. | cannot emphasize how impeccable her credentials and qualifications have been throughout her training
and in my lab. Of note, she has worked in some prominent labs and acquired interdisciplinary research experience.

top, if not at the top, of her PhD class in_ and perhaps, in her

ICCC. In our lab, she has exceeded my expectations through her native in'u—:-lliienceI

ric ethic, dedication, collaborative spirit, unbridled enthusiasm and incredible productivit
publications N . o, IR

| suspect she is am
entire PhD class at

performance in
coursework, seminars and group discussions has been stellar. In accordance, has been an exceptional teacher
and mentor of students at || lfnd at Columbia, as she has served as teaching assistant in the latter in spite

of a hectic course load and intensive research projects. Furthermore, she has done compassionate vo
promote young gifls in science. Her career to date has been replete with honors and awards, including
publications andglreview articles. Since she joined to the lab, she has presented at

*ﬂrst—authored manuscrw submitted and first-author on an

invited review article to
submission).

Additionally, she received the fellowship {on her first round of

has articulated a vision of comparing the key tumorigenic characteristics of distinct TP53 mutations using
elegant in vitro and in vivo approaches. To that end, she is focused on esophageal squamous cell cancer (ESCC) as
it represents a common malignancy and is the 6" leading cause of cancer mortality worldwide. Additionally, our lab
has published extensively on the common epigenetic/genomic/transcriptomic mechanisms across squamous cell
cancers (pan-SCC) originating from the oral cavity, head and neck, esophagus and lung. Thus,i work in the
long-term has potential mechanistic and therapeutic applications to other SCCs, and contribute signimcantly to the
precision medicine efforts.

research is representative of the basic-translational continuum. | could go on for an extended period of time
and space) extolling her virtues, but there is no doubt that she is stellar. Thank you for your time.
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