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Problem Statement

o« Current Limitations:

Existing CRISPR screening in 2D monolayers fails to identify factors
that regulate genome stability and DNA damage in the 3D
environment of tumors.

« 3D Models:

There is a need for a cell culture method that accurately mimics the 3D
tumor microenvironment to better assess gene function and cellular
responses.

o Project Objective:

The project aims to identify tumor-specific factors that reqgulate
genome stability using CRISPRI screening in optimized 3D cultures to
access DNA damage.




2D Culture
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Background Research Il

yH2AX
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Product Design Specifications

1 2 3

Viability & Adherence: BSL-2 Safety: CRISPR Compatibility:
Human, adherent cell line with Handling infectious agents mustbe  Optimize formation protocol to
good cell-cell interactions, high conducted in BSCs by trained be used with CRISPR screens [1]
transfection efficiency, and personnel in a restricted laboratory

sensitivity to cisplatin treatment.

4 S 6

Staining: Screen: Budget:
Develop a protocol to stain for Perform a high-throughput $1000
yH2AX: an indicator of DNA genome-wide CRISPR

damage by DSB [6] screening.



Cell Lines




NCI-H23

o Adenocarcinoma
o Non-small cell lung cancer (NSCLC)
e Doubling time: 38 hours [/]
o Mutations:
o TP53, KRAS, and EGFR [7]
e /-score average:
o -0.73 for cisplatin [8]
e $555.00 for 1vial of frozen cells from ATCC [7] Figure 6: Phase contrast image

of high density H23 [6]




A549

o Carcinoma

o NSCLC
e Doubling time: 22 hours [9]
o Mutations:

o TP53, EGFR, PIK3CA, ALK, and PTEN [10]
e /-score average:

o -0.12 for cisplatin [11] o A .em.,

Figure /: Phase contrast image

o $555.00 for 1vial of frozen cells from ATCC [9] of high density A549 [7]




OVCAR-5

o Ovarian carcinoma
o Doubling time: 27 hours [12]
e Mutation Summary:
o KRAS 12, EGFR, and CLAUDIN-4 [12]
e /-ScCoOre average:
o +0.52 for cisplatin [13]
o Product discontinued [14]

Figure 8: Phase contrast image of low
density OVCAR-5[8]




Cell Line Design Matrix

o Table 1. Design matrix for Cell Line.

NCI-H23 A549 OVCAR-5
Design Criteria : - -
(weight) Score Weighted Score Weighted Score Weighted
X/5 score X/5 score X/5 score
Viability (20) 4 16 5 20 3 12
Adhesion (20) 3 12 4 16 4 16
Reproduction
3 12 5 20 4 16
Speed (20)
Drug Sensitivity 4 12 5 15 3 9
(15)
Genetic
5 15 3 9 2 6
Mutation (15)
Ease of
Procurement 5 10 5 10 5 10
(10)
Total Score (100) 77 90 69




Spheroid Formation Protocol
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e Scaffold-free method D FLAT-BOTTOM

15] i Cell
ore suspension
o Hydrophilic u - i added
bolymer-coated plates 1
are Used to prevent Ce” A 8 - — m—. —\ Cells sink
adhesion to wells [15] g u g and start to
aggregate
o Cell aggregate formed 1
by cell-cell interactions Different
15 o | B — numbers of
5 o
o Spheroid formation after are formed
up to 4 days [']6] Figure 9: Spheroid formation by treated tissue culture plates/low

attachment plates, with U-bottom (left) or flat-bottom (right) wells [9].




Hanging Drop Lid

a ﬁ
e Scaffold-free method _l_m NGy Himprale r !H_J

[15] —:ﬂb«JLn.JLnJLrJLn_I_:—

o Cells are added to the H
hanging drop well from W Tray
the top side of the plate Reservoir
[17]. b i

e Hanging drops are -\_ﬂv |
formed at the bottom of I_r -\_I Lr -1.] Lr-
the plate [17] i L, Wy g

° Spheroid formation Hanainadropo  Cell aaareqate Soheroid

after.up to 4 days In Figure 10: General layout of a hanging drop plate
hangmg dro PS []7] (a) and hanging drop technique (b) [10].




Matrigel AE =6
] W
e Scaffold-based method

@
®
[15] = ~ =
o Cells are grownin low <
attachment plates to
form aggregates [18] -
o Matrigel is added to wells, . (./i
after when spheroids are W O
formed [18] \% .' == %\

T
@)

Figure 11: Spheroid formation after addition of matrigel [11].




Spheroid Formation Protocol Design Matrix

W= Table 2. Design matrix for Spheroid formation.

Treated Tissue Culture Hanging Drop Matrigel
. s Plates
Design Criteria
(weight) Score Weighted Score Weighted Score Weighted
X/5 score X/5 score X/5 score
Ease of 5 30 4 24 3 18
Fabrication (30)
4 16 3 12 5 20

Scalability (20)
Uniform 4 16 3 12 2 8
properties (20)
Cost (15) 3 9 4 12 2 6
Safety (15) 5 15 5 15 5 15
Total Score (100) e e 67




Conclusions on Proposed Design
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Future Work

Next Steps:

o Thaw and begin passaging chosen cell line

o Practice spheroid formation protocol with non-essential cell line

o Fine-tune cell density and viscosity requirements for optimal spheroid
formation with chosen cell line

e Test for stemness markers indicative of spheroid formation via gPCR [19]

May 2025 Goals:

e Develop protocol to stain for yH2AX to determine location of maximal
DNA damage due to DSBs

e Perform high-throughput genome-wide CRISPR screening to check for
effects of different genes on yH2AX detection




Acknowledgements

Thank you to our clients Ms. Carley Schwartz and
Dr. Gaelen Hess, our advisor Dr. Paul Campagnola,
and the BME department!




References

[1]1K. Han et al., “CRISPR screens in cancer spheroids identify 3D growth-specific vulnerabilities,” Nature, vol. 580, no. 7801, pp. 136-141, Mar. 2020, doi:
https://doi.org/10.1038/541586-020-2099-x.

[2] “Learn about Cell Line Generation | Boster Bio,” Bosterbio.com, 2023. https://www.bosterbio.com/blog/post/learn-about-cell-line-generation (accessed Oct. 03, 2024).

[3] "Addgene: CRISPR Guide,” Addgene.org, 2015. https://www.addgene.org/quides/crispr/

[4]W. M. Bonner et al., "yH2AX and cancer,” Nat Rev Cancer, vol. 8, no. 12, pp. 957-967, Dec. 2008, doi: 10.1038/nrc2523.

[5] “News - Cancerrxgene - Genomics of Drug Sensitivity in Cancer.” Accessed: Oct. 03, 2024. [Online]. Available: https://www.cancerrxgene.org/news

[6] M. Selby et al., “3D Models of the NCI60 Cell Lines for Screening Oncology Compounds,” SLAS Discov., vol. 22, no. 5, pp. 473-483, Jun. 2017, doi: 10.1177/2472555217697434.
[7] “NCI-H23 [H23] - CRL-5800 | ATCC."” Accessed: Sep. 25, 2024. [Online]. Available: https://www.atcc.org/products/crl-5800

[8] “Cell Line:905942 - Cancerrxgene - Genomics of Drug Sensitivity in Cancer.” Accessed: Sep. 27, 2024. [Online]. Available:
https://www.cancerrxgene.org/cellline/NCI-H23/905942

[9] "A549 - CCL-185 | ATCC." Accessed: Sep. 30, 2024. [Online]. Available: https://www.atcc.org/products/ccl-185

[10] L. Korrodi-Gregério, V. Soto-Cerrato, R. Vitorino, M. Fardilha, and R. Pérez-Tomas, “From Proteomic Analysis to Potential Therapeutic Targets: Functional Profile of Two Lung
Cancer Cell Lines, A549 and SW900, Widely Studied in Pre-Clinical Research,” PLoS One, vol. 11, no. 11, p. e0165973, Nov. 2016, doi: 10.1371/journal.pone.0165973.

[11] “Cell Line:905949 - Cancerrxgene - Genomics of Drug Sensitivity in Cancer.” Accessed: Sep. 27, 2024. [Online]. Available: https://www.cancerrxgene.org/cellline/A549/905949
[12] “OVCAR-5 Human Cancer Cell Line | SCC259." Accessed: Sep. 27, 2024. [Online]. Available:
https://www.emdmillipore.com/US/en/product/OVCAR-5-Human-Cancer-Cell-Line, MM_NF-SCC259?ReferrerURL=https%3A%2F %2Fwww.google.com%2F

[13] “Cell Line:905969 - Cancerrxgene - Genomics of Drug Sensitivity in Cancer.” Accessed: Sep. 27, 2024. [Online]. Available:
https://www.cancerrxgene.org/cellline/OVCAR-5/905969

[14] "OVCAR-5/RFP cell line." Accessed: Sep. 30, 2024. [Online]. Available: https://www.mybiosource.com/cell-line/ovcar-5-rfp/168983

[15] J. Wanigasekara, L. J. Carroll, P. J. Cullen, B. Tiwari, and J. F. Curtin, “Three-Dimensional (3D) in vitro cell culture protocols to enhance glioblastoma research,” PLOS ONE, vol. 18,
no. 2, p. e0276248, Feb. 2023, doi: https://doi.org/10.1371/journal.pone.0276248.

[16] L. Carroll, B. Tiwari, J. Curtin, and J. Wanigasekara, “U-25IMG Spheroid generation using low attachment plate method protocol,” May 2021, Accessed: Sep. 27, 2024. [Online].
Available: https://www.protocols.io/view/u-251mg-spheroid-generation-using-low-attachment-p-bszmnf46

[17] L. Carroll, B. Tiwari, J. Curtin, and J. Wanigasekara, "U-25IMG Spheroid Generation Using Hanging Drop Method Protocol,” May 2021, Accessed: Sep. 27, 2024. [Online]. Available:
https://www.protocols.io/view/u-251mg-spheroid-generation-using-hanging-drop-met-btstnnen

[18]S. S. Nazari, “Generation of 3D Tumor Spheroids with Encapsulating Basement Membranes for Invasion Studies,” Curr. Protoc. Cell Biol., vol. 87, no. 1, p. €105, 2020, doi:
10.1002/cpcb.105.

[19] J. M. Rozenberg et al., "“Biomedical Applications of Non-Small Cell Lung Cancer Spheroids,” Frontiers in Oncology, vol. 11, p. 791069, 2021, doi:
https://doi.org/10.3389/fonc.2021.791069.



https://www.zotero.org/google-docs/?L6KFT5
https://www.zotero.org/google-docs/?L6KFT5
https://www.protocols.io/view/u-251mg-spheroid-generation-using-low-attachment-p-bszmnf46
https://www.zotero.org/google-docs/?L6KFT5
https://www.zotero.org/google-docs/?L6KFT5
https://www.zotero.org/google-docs/?L6KFT5
https://www.zotero.org/google-docs/?L6KFT5

Image References

[
[1] “2D vs 3D cell culture | Learning Center,” 2D vs 3D cell culture | Learning Center | UPM Biomedicals. Accessed: Oct. 03, 2024. [Online]. Available:
https://www.upmbiomedicals.com/resource-center/learning-center/what-is-3d-cell-culture/2d-versus-3d-cell-culture/

[2] admin.facellitate, “What are primary cells : advantages and limitations,” faCellitate, Jan. 10, 2023.
https://facellitate.com/what-are-primary-cells-advantages-and-limitations/

[3] "Addgene: CRISPR Guide.” Accessed: Oct. 03, 2024. [Online]. Available: https://www.addgene.org/quides/crispr/

[4] "fa_cas9_fig2_casOforgenomeediting_thumb_thumb.png (800%x429)." Accessed: Oct. 03, 2024. [Online]. Available:
https://www.neb.com/en-us/-/media/nebus/files/feature-articles/images/fa_cas9_fig2_cas9forgenomeediting_thumb_thumb.png?h=429&w=8
00&rev=d833299abd6f4dc7b34151387735e11a&hash=7D5193AAA628FBASED7F713A336D66F 8

[5] “Fig. 1. Representative images of g -H2AX staining in suspension cells...,” ResearchGate. Accessed: Oct. 03, 2024. [Online]. Available:
https://www.researchgate.net/figure/Representative-images-of-g-H2AX-staining-in-suspension-cells-isolated-from-mice-and_fig1_47701773

[6] “NCI-H23 [H23] - CRL-5800 | ATCC." Accessed: Oct. 03, 2024. [Online]. Available: https://www.atcc.org/products/crl-5800
[7] "A549 - CCL-185 | ATCC." Accessed: Sep. 30, 2024. [Online]. Available: https://www.atcc.org/products/ccl-185

[8] "OVCAR-5 Human Cancer Cell Line | SCC259." Accessed: Sep. 27, 2024. [Online]. Available:
https://www.emdmillipore.com/US/en/product/OVCAR-5-Human-Cancer-Cell-Line, MM_NF-SCC259?ReferrerURL =https%3A%2F %2Fwww.goo
gle.com%2F

[9] W. Asghar et al., “In Vitro Three-Dimensional Cancer Culture Models,” Cancer Targeted Drug Delivery: An Elusive Dream, pp. 635-665, Jul. 2013,
doi: 10.1007/978-1-4614-7876-8-24.

[10] “(PDF) In Vitro Three-Dimensional Cancer Culture Models.” Accessed: Oct. 03, 2024. [Online]. Available:
https://www.researchgate.net/publication/282769044_In_Vitro_Three-Dimensional_Cancer_Culture_Models]

[11] R. Teixeira Polez, N. Huynh, C. S. Pridgeon, J. J. Valle-Delgado, R. Harjumaki, and M. Osterberg, “Insights into spheroids formation in cellulose
nanofibrils and Matrigel hydrogels using AFM-based techniques,” Materials Today Bio, vol. 26, p. 101065, Jun. 2024, doi:
10.1016/j.mtbio.2024.101065.



https://www.neb.com/en-us/-/media/nebus/files/feature-articles/images/fa_cas9_fig2_cas9forgenomeediting_thumb_thumb.png?h=429&w=800&rev=d833299abd6f4dc7b34151387735e11a&hash=7D5193AAA628FBA9ED7F713A336D66F8

Questions?




