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Describe the process for writing your prospectus and how it got from initial idea to final form.
The prospectus is a written summary of your proposed dissertation work typically required by

your department during your 3rd year at Yale. This document is an updated version of the research
proposal submitted during your qualifying exam and it follows the format of a NIH NRSA F31
application. In other words, your prospectus will have a 1-page summary of your research proposal
(Specific Aims) followed by a detailed proposal (Research Strategy) which includes an overview of the
relevant work in the field (Background), a description of how the proposed work will advance the field
(Significance), and an exhaustive description of how the research will be conducted (i.e.,
methodology, controls, and analyses). While writing my prospectus, | revisited the written portion of
my qualifying exam and incorporated the feedback | had received from my committee members. In
addition, | was fortunate to co-write a pilot grant with my advisor prior to my prospectus. This
opportunity allowed me to think of my project more critically and generate supporting figures of the
workflow and preliminary data. These documents served as a solid foundation for my prospectus and
allowed me to craft a refined research proposal that | repurposed for my NIH NRSA F31 fellowship
application.

What advice would you give to current grad students writing their prospectuses?

If you are in the earlier stages of writing, | would advise you to jot down the key studies and
preliminary data that serve as the basis of your proposed work. This will help you determine how you
would like to frame your introduction/background section. Remember to explicitly state the gap in
knowledge or problem your thesis work is addressing. If you find yourself struggling with where to
start, you can always schedule a brainstorming session with a Graduate Writing Lab (GWL) fellow.
Remember that GWL fellows can support you at various stages of the writing process and help you
plan a writing schedule. Make sure to leverage the numerous resources you have at hand when writing
your prospectus. For instance, your thesis advisor and thesis committee members are a great asset
when it comes to evaluating the scientific merit of the proposed work and identifying relevant
literature. They are experienced scientists that can help you elevate your proposal and improve your
writing. Also, ask your friends and lab mates whether they can read your proposal. This can help
improve the readability and accessibility of the document. Prospectuses are meant to be written in

clear, plain English with little jargon. As you polish your proposal, remember you can obtain input from

your advisor and schedule additional appointments with the GWL.
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Specific Aims

KRAS, the most common oncogenic driver in human cancer, is mutated in >90% of human
pancreatic ductal adenocarcinoma (PDAC) tumors1 and encodes for a small GTPase that regulates
cell proliferation, metabolism, migration, and survival. Activating mutations in amino acids G12, G13,
and Q61 prevent the induction of GTP hydrolysis by GTPase activating proteins (GAPs) and resultin
aberrant downstream signaling2. The prevalence of these mutants varies depending on the cancer
type and they incongruously influence patient outcome and response to therapy3-6. Previous work
characterizing the biochemical properties of these mutant KRAS oncoproteins revealed distinct
intrinsic and extrinsic GTP cycling rates and altered binding affinities to effector proteins, supporting
divergent signaling pathway activation7,8. Moreover, stark differences in their tumor initiation
capacities have been observed in vivo and might explain the discordant prevalence of these
mutations in human cancer5,9. However, it remains unclear the extent to which these biochemical
differences alter signaling pathway activation and influence their differential tumorigenic
competency. A better understanding of KRAS mutant-specific biology could help tailor therapeutic
strategies to improve patient response and treatment outcome.

The long-term goal of this research is to understand the differences in signaling and
tumorigenic potential between KRAS variants to identify allele-specific therapeutic targets. Our
central hypothesis is that the biochemical differences between KRAS variants result in differential
signaling pathway engagement, affecting cellular behavior and tumorigenic properties. This
hypothesis is based on our initial observations that KRAS mutants activate canonical signaling
pathways differently. Previous work by our lab led to the development of KRAS-deficient PDAC cell
lines which survived CRISPR/Cas9-mediated KRAS ablation through adaptive signaling rewiring10.
Both the phenotypic and signaling changes observed were reversed upon re-expression of the mutant
KRAS variant of parental cells, affording a powerful isogenic system for comprehensive comparative
analyses of KRAS variants in a relevant cancer cell model. | propose to leverage this system to dissect
the differences and similitudes among KRAS variants in signaling network engagement and biological
fitness in vitro and in vivo.

Aim 1: Dissect the differences in signaling networks between KRAS mutant variants

We hypothesize that identified biochemical differences between KRAS mutants will resultin
differential pathway engagement that define their sensitivity and response to treatment6,11. To test
this hypothesis, | will express a large panel of KRAS variants found across human cancers at defined
levels in KRAS deficient human PDAC cells. | will analyze global protein and phosphoprotein
abundance by data-independent acquisition mass spectroscopy (DIA-MS) and correlate these to
their respective transcriptional profiles obtained by RNA sequencing. Using supervised and
unsupervised methods, | will cluster KRAS variants by their phosphoproteomic and gene expression
profiles to identify specific signaling pathways engaged byspecific variants or groups of variants and

correlate signaling to previously reported biochemical properties of individual KRAS variants 7,8.
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To validate our findings in additional cancer models, | will perform western blotting and
immunohistochemistry on autochthonous mouse PDAC tumors and cell lines, human PDAC resections,
and PDAC PDX models encompassing a diverse set of KRAS mutants. Finally, | will test whether
pharmacologic pathway inhibitors have variant-specific effects based on predicted vulnerabilities from
phosphoproteomic data.

Aim 2: Compare the effects of KRAS mutants on cellular fitness in vitro and in vivo.

We hypothesize KRAS variants associated with worse prognosis in human cancer will
demonstrate enhanced cellular proliferation in vitro, tumorigenic growth in vivo, and metastatic capacity.
To test this hypothesis, | will use the re-expressed KRAS mutant variant and the CellTag system12 as
genetic barcodes allowing sequence-based multiplexed quantification of individual KRAS-expressing
cellsin a pooled population. We will compare biological fitness by competitive proliferation assays in vitro
and by monitoring tumorigenic growth and metastatic capacity in subcutaneous or orthotopic transplant
in vivo. We will further test whether pharmacologic inhibition of signaling molecules upstream (SHP2i,
SOS1i, EGFRI) or downstream (MEKi, PI3Ki) of KRAS alter cellular fitness both in vitro and in vivo.

Findings from this proposal will provide key insights into the molecular mechanisms underlying
allele-specific KRAS biology. Furthermore, understanding the breadth of the differences in signaling and
biological fitness of KRAS mutants could help identify unique dependencies that could be exploited to
generate effective, allele-specific therapeutic interventions in PDAC and other KRAS mutant cancers.
Background and Significance

KRAS is the most frequently mutated oncogene and accounts for 23% of human cancers. This
small GTPase act as signal transducer to regulate cellular growth, metabolism, migration, and survival. In
homeostatic conditions, GTPases normally cycle between their active and inactive states through their
modulation by guanine nucleotide exchange-factors (GEFs) and GTPase-activating proteins
(GAPs), respectively. Recurrent cancer-associated RAS mutations occur in amino acid residues G12, G13
and Q61 which are found in the catalytic domain and are important for GAP-mediated inactivation.
Biochemical analyses of several KRAS mutant forms have revealed fundamental variant-specific
differences in the GTP cycling7, upstream regulation13-16, and downstream signaling8. Furthermore, in
vitro studies suggest these variant-specific biochemical properties influence their response to therapy.

When comparing the representation of KRAS mutations across all cancers, variants G12D, G12V,
and G12C account for more than 70% of cases3. However, the frequency of specific KRAS mutant variants
differs by cancer type. Moreover, tumors harboring different KRAS mutations differ in prognosis in
different cancer types4,5. To date, it has remained largely unclear why differences in mutant variant
prevalence and outcomes are observed. Recent in vivo analysis of their tumor initiation capacities in
pancreatic ductal adenocarcinoma (PDAC) mouse models demonstrated that KRAS mutant variants
display differences in oncogenic potential17,18. Beyond their different effects in tumor pathogenesis,
KRAS mutant variants may diverge in their functional roles in tumor maintenance, however a
comprehensive comparative analysis of KRAS mutant variants in a cancer context is lacking.

Previous work evaluated the biochemical and functional consequences of expressing KRAS mutants in

isogenic non-transformed “normal” cell lines (e.g. 3T3 fibroblasts or human mammary
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epithelial cells)11. While comprehensive, the relevance and interpretation of the results of these
studies were confounded by differences in KRAS expression levels and the use of non-cancerous cell lines.
Recent efforts exploring KRAS allele-specific biology in more faithful models, such as those incorporating
endogenous KRASG12D and KRASA146T expression in the murine colon and pancreas, revealed discordant
regulation of signaling pathways by phosphoproteomics but was limited by the scope of mutations being
evaluated.12. Therefore, a systematic and comprehensive evaluation of allele-specific signaling networks in
a cancer-relevant context is needed to better understand KRAS diversity and reveal variant-specific
dependencies.

Prior work by our lab resulted in the generation of KRAS-deficient human PDAC cell lines10. These
cells showed an adaptive yet reversible rewiring of signal transduction through the PI3K pathway. This work
provided us with a useful isogenic system to compare the effect KRAS variants have on pathway engagement
and their susceptibilities to regulation. The goal of the proposed project is to understand the effect of specific
KRAS mutations on signal transduction and cellular transcriptome to identify potential pathway
dependencies. Also, this work will evaluate theirimpact on cellular fitness and tumorigenic capacities. For
this, | will study the divergence in signaling network engagement between KRAS variants of the most
frequently mutated amino acids by comparing their transcriptomic, proteomic and phosphoproteomic
profiles. Additionally, | will evaluate the cellular fitness of KRAS variants and their response to perturbations
both in vitro and in vivo using a multiplex-approach. | hypothesize that the biochemical differences between
these variants induce a permissive cellular state that deems certain mutants more fit to establish tumors.
Most of the work will be carried out at West Campus between the Muzumdar and Liu laboratories. Also, we
will use the Yale Center for Genome Analysis (YCGA) as a sequencing resource.

Elucidating the mechanisms involved in oncogenic RAS signhaling and their biological consequences
could translate to the development of new treatments for what was once considered an undruggable target.
This work will provide information on how these variants might rely on canonical or non-canonical pathways
to promote tumor formation and metastasis. Furthermore, it will help clarify the differences in drug response
based on KRAS G12, G13 and Q61 variants and their activity levels. Lastly, this work will provide insight on
how mutant-specific signaling networks might influence their cellular competency and affect tissue
colonization.

Experimental Plan
Preliminary Data: KRAS variants activate canonical signaling pathways differently. To compare KRAS allele-

specific differences in phosphorylation events, we re-expressed a subset of KRAS variant cDNAs by lentiviral
transduction in KRAS deficient cells (Fig. 1A). | used a co-expressed fluorescent reporter (mCherry via a self-
cleaving 2A peptide) to sort cells that stably expressed KRAS at specific levels (Fig. 1B). Preliminary data from
these studies revealed divergence in baseline signaling through the canonical MAPK and PI3K pathways
(Figs. 1C-F), highlighting how KRAS variants differ in signaling output in PDAC cells. At increasing KRAS
expression levels, the mutants evaluated had a dose-dependent increase in both pERK and pAKT levels.
Interestingly, G12D and G12C mutants showed strong engagement of both signaling pathways. These results
could potentially explain the strong oncogenic potential seen in PDAC mouse models and their prevalence in

the clinic.
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Aim 1: Dissect differences in signaling networks between KRAS mutant variants

In this Aim, we propose a comprehensive phosphoproteomic and transcriptomic analysis to define
alterations in signaling networks based on KRAS allele. We hypothesize that the biochemical
differences between KRAS variants identified in previous studies5,6 will result in differential pathway
engagement that define their sensitivity and response to treatment. Identifying allele-specific
oncogenic signaling vulnerabilities could translate to novel therapeutic strategies in PDAC and other
KRAS mutant cancers.

Aim 1.1: Generate transcriptional and phosphoproteomic profiles of KRAS variants Experimental
Approach: To compare KRAS allele-specific differences in phosphorylation events, | will re-express 15
unique KRAS variants in human KRAS-deficient PDAC cell lines by lentiviral transduction (Figs. 1A-B). |
will use fluorescence-activated cell sorting (FACS) to control for KRAS protein expression levels and
confirm oncogenic KRAS signaling by examining activation of canonical signaling pathways via
western blot, using levels of phospho-ERK and phospho-AKT as a readout. Given that our preliminary
data indicates KRAS mutants display the highest variability at medium expression levels of the
oncoprotein (Figs. 1E-F), | will select this expression level to generate their respective
phosphoproteomic, total proteomic, and transcriptional profiles15. By controlling for oncoprotein
expression levels, we seek to distinguish allele-specific divergence in signaling independent of KRAS
dose. In collaboration with Dr. Yansheng Liu’s lab, we will examine the phosphoproteomic profiles
(with matched total proteomic changes) of KRAS mutant cells in their respective steady states by DIA-
MS, using their Orbitrap-Lumos platform and direct-DIA workflow16 that allows confident localization
of 25,000-30,000 class | phosphopeptides. Their established phosphopeptide enrichment protocol
using High-Select Fe-IMAC beads has achieved stable enrichment efficiency of >99% from ~150 pg of
total peptides. In parallel to phosphoproteomics, | will generate transcriptional profiles by RNA
sequencing (RNA-seq) by isolating total RNA from KRAS mutant cells and performing polyA-enriched
library preparation and 75nt paired-end Illumina sequencing to a target 20M read count with the Yale
Center for Genome Analysis (YCGA). Phosphoproteomic, total proteomic, and transcriptional profiles
will then be correlated to build signaling networks for each KRAS variant across clones, as done by the
Liu lab previously15. Specifically, | will perform unsupervised clustering analyses including
hierarchical clustering, principal component analysis (PCA), or independent component analysis
(ICA), an unbiased blind source separation method our lab has used previously13 to identify signals in
variables of interest (e.g. KRAS variant) over noise introduced by differences between cell lines and
clones. To test the feasibility of our approach, | reconstituted a subset of KRAS mutants into one of
our KRAS-deficient cell lines and performed DIA-MS and RNA-seq. Our preliminary results show that
we can successfully identify up to 44,191 phosphorylation sites with a 70-80% reliability, ensuring our
methods are highly confident and highly sensitive. Furthermore, we were able to detect ~7,500
proteins which highly correlated in abundance to their respective mRNA transcripts (Fig. 2). No global

differences in translation efficiency were observed among KRAS mutants.
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Unsupervised hierarchical clustering of RNA-seq and phosphoproteomic data identified distinct
groups of KRAS mutants in each dataset (Fig. 3), consistent with predicted divergent signaling and
transcriptional output. Strikingly, the three most prevalent PDAC mutations (G12D, G12V, and G12R)
clustered together across both analyses (Fig. 3), arguing for a potential optimal convergent cell state
induced by these mutations in PDAC. To ensure our approach is rigorous and generalizable, | will

expand this analysis to the full set of 15 variants and analyze two independent clones from two parental
cell lines (Fig. 1A). For KRAS variants that cluster together (e.g. G12D, G12V, and G12R), | will compare
their transcriptional profiles to all other KRAS variants using DESeq and goseg in RStudio to identify

differentially expressed genes. In parallel, | will use the Metascape and Kinase-Substrate Enrichment
Analysis (KSEA) algorithms to test for pathway enrichment and perform protein analysis networks of our
proteomics and transcriptomic data. For signaling or transcriptomic features that are allele-specific or
overlap in certain groups of variants, we will confirm them using alternative approaches (western
blotting for phosphoproteins or gRT-PCR for gene expression) in our PDAC cell lines. Aim 1.2:
Validation of signaling differences in orthologous murine and human model systems
Experimental Approach: To ensure that the allele-specific transcriptomic and phosphoproteomic
differences are robust, | will confirm them in additional models: (1) an isogenic series of murine PDAC
models, (2) a panel of human PDX models, and (3) a banked collection of human PDAC tumor
specimens. Specifically, | will generate Pdx1-Cre;KrasLSL-mut; p53LSL-R172H (KPC) mice by breeding
our established Pdx1-Cre; p53LSL-R172H mice with a recently develop allelic series of KrasLSL-mut
mice (G12D, G12C. G12R, and G13D)8. | will isolate PDAC tumor tissue from these mice to perform
RNA FISH and immunohistochemistry (IHC) on FFPE sections. Also, | will perform gRT-PCR or western
blot (WB) using available antibodies against peptides and phosphopeptides on PDAC cell lines
estabished from these tumors. (Aim 1.1). Furthermore, | will perform the corresponding IHC and WB
analyses in cell lines and tissue samples from patient-derived xenografts (PDX) models17,18 obtained
from our collaborator Dr. Chen Liu and de-identified tumor ressections from the Yale Gl Cancer
Biobank facilitated by Drs. John Kunstman and Marie Robert (Fig. 4). These experiments will confirm
that the transcriptomic and proteomic features can be recapitulated in orthologous mouse and human
tissues.

Aim 1.3: Exploring signaling pathway dependencies of KRAS mutants

Experimental Approach: To determine whether variant-specific pathways identified by Metascape
analyses of phosphoproteomic data (in Aim 1.1) predict dependencies, | will expose KRAS-reexpressing
cells to available inhibitors targeting signaling pathways and gauge susceptibility to short-term (72 hrs;
CellTiter-Glo for cell viability, Annexin V for apoptosis) or long-term (7-10d; colony-forming assay)
treatment. Since variants have altered intrinsic GTP cycling rates and effector binding, | will further
assess whether variants display different sensitivity to inhibitors of canonical upstream (SHP2, EGFR)

and downstream (MEK, PI3K) signaling molecules.
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Anticipated outcomes, potential pitfalls, and alternative strategies: We hypothesize that some alleles

will show unique signaling networks, such as receptor tyrosine kinase (RTK) signaling. For example,
KRASG13D colorectal cancer, unlike tumors harboring other KRAS mutant alleles, have been shown to
respond to anti-EGFR antibodies19,20. We further hypothesize that KRASG12D, KRASG12V, and
KRASG12R alleles might share overlapping signaling features compared to the others that mightinduce a
permissive cellular state that underlies key PDAC pathways, given these three alleles constitute 90% of
KRAS mutations in human PDAC21. Indeed, our preliminary data to date support this hypothesis and the
feasibility of the approach (Figs. 2-3). Furthermore, our robust array of murine and human models will add
rigor and robustness to our findings. A key limitation of our proteomic approach is in the limited detection
of phosphotyrosine (pY) residues (including RTKs) due to their low abundance compared to phosphosites
at serine or threonine residues. To enhance sensitivity for pY peptides, we can use a pY-specific antibody
for enrichment prior to DIA-MS, as we have done previously. An alternative strategy would be to employ
commercial pY kinome profiling kits (Cell Signaling), an antibody-based approach that allows comparing
phosphorylation changes in a more limited set of proteins (including RTKs), possibly with greater
sensitivity. Finally, our validation efforts may be limited by the availability of antibodies and inhibitors
targeting specific phosphopeptides and pathways of interest, respectively, though RNA FISH methods
would still allow direct abundance analyses of differentially expressed genes identified in transcriptomic
and proteomic analyses.

Aim 2: Compare the effects of KRAS mutants on cellular fithess in vitro and in vivo.

The prevalence of KRAS mutants differs based on tumor type1. Studies comparing the effect KRAS
genotype on patient survival further revealed that specific mutants were associated with poor prognosis
depending on the cancer context6,7,9. To explain these clinical data, we hypothesize that KRAS mutants
vary in their effects on cellular fitness in different environments. In this Aim, | will test this hypothesis by
performing competitive functional assays to evaluate the effects of KRAS mutants on cell proliferation in
vitro and tumorigenic growth, and metastasis in vivo.

Aim 2.1: Compare the effects of KRAS mutant variants on anchorage-dependent and -independent
growth in vitro.

Experimental Approach: | propose to use a genetic barcoding system to allow multiplexed competitive

fitness analysis of pooled cells harboring different variants. Each lentivirally-transduced KRAS variant
serves as its own barcode that can be PCR amplified from genomic data isolated from these pools. Since
itis possible that there may be discrepancies between the number of viral integration events and the level

of mCherry-2A-KRAS expression that could confound this analysis, we will use a second genetic labeling

system based on the CellTag (CT) system22 to ensure robust results.
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These CT barcodes consist of a lentiviral GFP construct that contains a SV40 polyadenylation signal that
precedes a unique 10-bp molecular identifier. The CT system allows long-term monitoring of mixed cellular
populations including in competitive transplant experiments. In a multiplexed approach using sequence-based
readout to detect differences in cellular fitness, | will co-transduce KRAS deficient cells with a specific KRAS
mutant variant and its respective CellTag barcode and sort by mCherry and GFP fluorescence to confirm
transduction (Fig. 5). Then, | will pool CT/KRAS mutant cells and growth them in anchorage-dependent (in 2D
culture on plastic or organoid culture in Matrigel) and anchorage-independent (soft agar) conditions, as our lab
has done previously13. We will collect genomic DNA (gDNA) from these cells at various timepoints and
measure the relative number of cells harboring each variant by prolonged tracking of barcode abundance,
allowing us to compare competitive fitness of KRAS mutants. To detect the barcodes, | will PCR amplify the
KRAS variant and the CT barcode with Illumina sequencing adaptors for Nova-analysis in the Yale Center for
Genome Analysis (YCGA). | will then use the CellTag construct or KRAS sequence as a reference to align my
reads and track changes in the sequence representation over time. | have piloted the CT barcode system and
can distinguish individual barcodes from cell pools harboring barcodes in <0.05% of cells, supporting the
sensitivity of barcode detection. Using this approach, | will measure competitive fitness in vitro at baseline and
following treatment with pharmacologic inhibitors of signaling molecules upstream or downstream of KRAS (as
in Aim 1.3). As a positive control for this analysis, | will use recently developed KRAS G12C-specific inhibitors
(e.g. ARS-1620), which would be expected to deplete KRAS G12C-expressing cells. Lastly, | will use correlative
analyses to evaluate the correlation between baseline KRAS mutant biologic fitness (most fit vs non-fit mutants)
and their signaling features to identify key pathways that might influence their competency. Aim 2.2: Evaluate
tumorigenic and metastatic capacities in vivo using subcutaneous and orthotopic xenograft models.
Experimental Approach: Taking advantage of our CT barcoding system and data deconvolution strategy, | will
evaluate the tumorigenic capacities of the different variants following transplantation into immunocompromised
athymic nude mice. KRAS deficient cells co-expressing the CT barcode, individual KRAS variants, and luciferase
reporter will be pooled together in equal numbers. 1M pooled cells will be subcutaneously injected in both
flanks of 5 mice, resulting in at least 5 technical replicates (50% engraftment rate). | will measure tumor growth
using calipers until the tumors reach ~0.5-1cm3, when mice will be euthanized, and tumors extracted for gDNA
extraction using a Roche High-Capacity kit. Mouse lungs and liver will also be analyzed for metastases by
bioluminescentimaging (IVIS), and gDNA will be extracted from metastases. Barcodes will be PCR amplified
from gDNA samples and analyzed as described in Fig. 5. | will evaluate differences in barcode representation as
an indication of their in vivo fitness both in the primary tumor and in the metastatic sites. | will also test whether
treatment with pharmacologic inhibitors of signaling molecules upstream or downstream of KRAS (as in Aim 1.3)
alter in vivo fitness. | will further perform orthotopic implants into the tail of the pancreas in ten (10)
immunocompromised mice. Tumor growth will be tracked by in vivo bioluminescent imaging and/or MRI23. Our
combined analysis of subcutaneous and orthotopic xenograft models and associated metastases will allow us

to evaluate how the tumor environment might influence variant fithess24.
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Anticipated outcomes, potential pitfalls, and alternative strategies: We expect that the most

prevalent variants in PDAC (G12D, G12V, and G12R) will show higher representation in our in vitro and in vivo
competition assays. We further do not anticipate any differences in Since of these G12D is associated with
the worst prognosis in humans, we would further anticipate that G12D would have a competitive advantage
to the other common variants and would be consistent with its more potent tumor initiation capacity in mice
when compared to G12R and G13D8. Furthermore, we expect Q61 mutants to be more resistant to upstream
regulators (e.g. SHP2 or EGFR inhibitors) given their lower GTP hydrolysis rates. One potential limitation of my
multiplexed approach is the inability to distinguish if cooperativity between variants is leading to the fitness
effects. To evaluate this, we will test in vitro proliferation and in vivo tumorigenic growth rates of the variants
of interest individually.

Dissertation Timeline

Activity Academic Year

Aim 1.1 Generate transcriptomic and proteomic
profiles of PDAC cells

Aim 2.1. Generate CellTag indexed isogenic
cells

Spring 2021

Spring 2021

2nd Thesis Committee Meeting

Aim 2.1. Competitive fithess assays in vitro +/-
drug inhibitors

Spring 2021 (May)

Fall 2021

Fall 2021
Fall 2021 (December)

Aim 1.2. Breed KPC mice for model generation

3rd Thesis Committee Meeting
Aim 1.2. Validate allele-specific signaling in

isogenic KPC models Spring 2022
Aim 2.2. Competitive fitness in vivo +/- drug |

inhibitors in athymic mice Spring 2022
4h Thesis Committee Meeting Spring 2022 (May)

Aim 1.2. Validate allele-specific signaling in PDX
models and tumor resections

Fall 2022- Spring 2023

5th Thesis Committee Meeting Fall 2022 (December)
Aim 1.3. Explore  signaling pathway .
dependences in KRAS mutant cells Spring 2023

6th Thesis Committee Meeting Spring 2023 (May)
Write thesis Fall 2023
Prepare and submit 1-2 manuscripts Fall 2023- Spring 2024

Defend PhD dissertation

Spring 2024
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