Award Number: wW81XWH-16-1-0287

TITLE:
Genomewide Screen for Synthetic Lethal Interactions with Mutant KRAS in Lung Cancer

PRINCIPAL INVESTIGATOR:
Yin-Yuan Mo

CONTRACTING ORGANIZATION:
University of Mississippi Medical Center
Jackson, MS 39216

REPORT DATE:
November 2017

TYPE OF REPORT:
Final

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy or decision
unless so designated by other documentation.



F A d
REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
November 2017 Final 1 Aug 2016 - 31 Jul 2017
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Genomewide Screen for Synthetic Lethal Interactions with Mutant KRAS in Lung 5b. GRANT NUMBER
Cancer W81 XWH-16-1-0287

5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER
Yin-Yuan Mo

5e. TASK NUMBER

5f. WORK UNIT NUMBER
E-Mail: ymo@umc.edu

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

University of Mississippi Medical Center
2500 State Street, G652
Jackson, MS 39216

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Many factors are known to contribute to the development of lung cancer; one of the important contributing ones is
genetic mutations. For example, KRAS mutations account for 22% lung cancer cases. Thus, researchers have been
trying hard to develop drugs against mutant KRAS. However, to date no effective pharmacological inhibitors
targeting mutant RAS have reached the clinic for various reasons. Therefore, the search is still going on. Synthetic
lethal approach is a new concept that RAS mutant cancer cells rely on other genes or pathways to survive. Thus,
these genes or pathways serve as potential targets for lung cancer therapy. Our proposed work uses the same
concept but with a novel approach.

15. SUBJECT TERMS
CRISPR/Cas9, synthetic lethality, KRAS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area

U U U uu 8 code)




References.

Appendices

Table of Contents



Introduction

Lung cancer is treated based on the two major categories, non-small cell lung cancer (NSCLC,;
83% cases) and small cell lung cancer (SCLC; 13% cases). Mutations in KRAS (22%) and
EGFR (17%) and rearrangements in ALK (7%) are the most frequent drivers in NSCLC
adenocarcinoma. Thus, researchers have been trying hard to develop drugs against mutant
KRAS. However, to date no effective pharmacological inhibitors targeting mutant RAS have
reached the clinic for various reasons. Therefore, the search is still going on. Increasing evidence
suggests that expression of mutant RAS function can cause hyperproliferative developmental
disorders and cancer. Thus, targeting mutant RAS has been extensively investigated for cancer
therapy in past decades. However, a great challenge was the difficulty in targeting mutant RAS.
For example, despite of many years of work, to date no effective pharmacological inhibitors
targeting RAS have reached the clinic. In this application, we aimed to take an alternative
indirect approach, i.e., synthetic lethal approach, which seeks targets that are essential in cells

bearing an activated RAS. We used CRISPR/Cas9-based screening approach for this purpose.
Body

The overall objective was to identify synthetic lethal interactions with KRAS in lung cancer with
one specific aim and three major tasks as listed below.

Three major tasks were listed in SOW as below

Major Task 1: Generate tet inducible hCas9 construct

Major Task 2: Establish stable cells with an inducible hCas9 at AAVSL site

Major Task 3: Selection and validation

Results

Major Task 1. Generate tet inducible hCas9 construct (complete)



Since the proposed screen
platform is based on
negative selection, i.e.,
gRNA clones of our
interest are lost after
selection, we have to
address  the technical
variability issue. In this
regard, we proposed a
tetracycline (tet) inducible

system for Caso.
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Fig. 1, Construction of inducible human codon optimized Cas9
(hCas9) through 2 steps of PCR and ligation. We first amplified
TRE3G and hCas9, CAG and Blast; and then ligated two
fragments together, respectively. The second PCR amplified
TRE3G-hCas9 and CAG-Blast which were then ligated
together. Finally, this inducible hCas9 construct was cloned into
a vector carrying left arm and right arm of the AAVS1.

Therefore, we assembled

several components into an expression vector by two steps of PCR reaction. As shown in Fig. 1,
the first PCR reaction was to amplify TRE-3G, hCas9, CAG promoter and Blast and then the

first two fragments and the second two fragments were ligated together. The second PCR

reaction was to amplify TRE-3G-hCas9 and the CAG-Blast fragments and then these two

fragments were ligated together.
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Finally, we cloned left
arm and right arm of
AAVSL1 into this vector
sequentially. This
resultant construct was
used as a donor such
that the inducible

hCas9 was integrated

hCas9 CAG) Blast

[ TRE3G )|

Fig. 2, Construction of a donor vector carrying the inducible hCas9

into the AAVS1 site

that can be knocked in at AAVSL site. The first step was to clone
AAVSL1 left arm; the next step was to clone AAVSL right arm. The
final product is a complete donor vector (bottom) which can be
used for knockin.

precisely (Fig. 2).



Major Task 2: Establish stable cells with an inducible hCas9 at AAVS1 site (complete)

We first design and generated AAVSL1 specific gRNA (GGGGCCACTAGGGACAGGAT).
After synthesis of two complementary oligonucleotides, we cloned this AAVS1 specific gRNA
into a UG driven promoter vector which also carries EF1 driven hCas9. For proof of principle, we
first introduced this construct into 293T cells because 293T cells have been widely used for gene

manipulation and expression experiments. As shown in Fig. 3, we detected a 800 bp band using

specific primers for

. GGGGCCACTAGGGACAGGAT  AAVSI gRNA
either left arm or ‘ |

Y

right arm,
suggesting that the
inducible hCas9 is frrEse ey HoAS) Bk
integrated into the Transfect cells along with AAVS1 gRNA
AAVS1 site as and a separate Cas9 expression vector
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Using the same

approach, we +— ~800bp

introduced the same

fragment into the & & S

AAVS1 site in lung NN Q~§§\
cancer NCI-H727 Fig. 3, Integration of the inducible hCas9 into the AAVS1 site through

) CRISPR/Cas9-mediated knockin approach. Shown in the top is gRNA
cells which carry a | sequence for AAVS1. Shown in the bottom are junction PCR products,
mutant KRAS. suggesting the integration of this construct.

Major Task 3: Selection and validation (incomplete)

We co-transfected 293T cells and NCI-H727 cells, respectively, with AAVS1 gRNA expression
vector and the inducible hCas9 expression vector (pTRE-3G-hCas9-CAG-Blast). One day after
transfection, we added blasticidin for selection and obtained individual colonies 2 weeks after

selection. Genomic PCR characterization indicated that the fragment is successfully knocked in
(Fig. 3).



To determine whether Cas9 can be

induced by doxycycline, we added doxycycline to culture
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Fig. 4, Detection of Cas9 expression in response to
doxycycline. Left, 293T cells, and right, NCI-H727 cells.
The cells were treated with doxycycline at indicated
concentrations for 24 h before harvesting for western
blot. The membrane were first probed with anti-Cas9
antibody, and then probed with anti GAPDH antibody.
Control (Ctrl) on the left blot was constitutive expressed

medium for 24 h before the cells
were harvested for Western blot.
For 293T cells, we were able to
detect a nice induction of Cas9 in
response to doxycycline in a dose
dependent manner (Fig. 4, left

panel).

However, we were not able to
detect any induction in NCI-H727
cells (Fig. 4, right panel). In
addition, we also tested different
time points, but still did not detect

Cas9 expression. We then tested

another lung cancer cell line (NCI-

H23) and was not able to detect any induction of Cas9 either. It is not clear at this moment why

the same construct behavior differently in response to doxycycline in different cell lines.

In any case, we went on troducing GeCKO library and vector control in these cells by infection.

After selection by puromycin, these surviving cells are transductant cells that can be used in

future for screening synthetic lethal interaction with mutant KRAS.

Key Research Accomplishments



e We successfully generated an inducible hCas9 expression vector and a donor vector for
integration of the inducible hCas9 into the AAVSL site

e We established stable cell lines carrying inducible hCas9 at AAVS1 site

e We were able to detect hCas9 expression in response to doxycycline in a dose dependent
manner in 293T cells

e We have established stable NCI-H727 and NCI-H23 cells carrying the GeCKO library

and these cells may be used for library screen in future

Reportable Outcomes

Not yet

Conclusions

Although we finished most of tasks proposed in the application, we were not able to finish the
last part, i.e., screening for genes that can have synthetic lethal interaction with mutant KRAS in
lung cancer, due to lack of Cas9 expression in response to doxycycline induction. Nevertheless,
these constructs will be valuable for future screening purpose. While we are not able to figure
out why the same construct was able to express tet inducible Cas9 in 293T cells, but not in lung
cancer cell lines, we will test more lung cancer lines or take a different approach when we secure

further funding.



