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About Me

Education

• B.S. in Molecular and Cellular Biology-UPRRP 

• M.S. in Biology-DSU

• Ph.D. in Medical and Molecular Sciences- UD

Principal Investigator CC-GEI

• Identifying new clinically-relevant genomic targets for 
which CRISPR-directed gene editing can be utilized as 
a therapeutic modality.

• Pre-clinical development for CCGEI-101 FDA package



The Gene Editing Revolution
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The Nobel Prize in Chemistry 2020. NobelPrize.org. Nobel Media AB 2020. 

Thu. 12 Nov 2020. https://www.nobelprize.org/prizes/chemistry/2020/summary/



Forefront of Medical Science

GEI delivers scientific excellence 
in a patient-care setting, which 
represents the true potential of 
theoretical processes to become 
meaningful diagnostic tools and 
precision medicine that improves 
health and, in the long term, 
offers healing to the hopeless. 
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What is Gene Editing 360™?

Gene Editing 360™ is GEI’s signature education platform designed to deliver 
educational programs and resources while also providing foundational 

information about CRISPR gene editing for high school and college students.

Core Programs

Train the 
Trainer 

Workshop

Learning 
Lab at GEI!

GEI Comes 
to You!



Gene Editing: 

Applications & Current Research 

Drug Development Agriculture Gene Drives

• Eliminate HIV

• Cancer immunotherapy

• Repair genetic blindness

• Control pesticide 

resistance

• Sustainable, storable 

foods

• Accelerated growth 

crops

• Disease prevention

• Eliminate malaria

• Control invasive 

species

Animal Models

• Model human 

disease

• Universal transplant 

organs

• Huntington's disease 



The Central Dogma of Biology



Editing? Gene Editing?
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Gene Edited DNA Repair
5’-TGACCACCCTGACCTACGGCGT GCAGTGCTTCAGCCGCTATCGA-3’
3’-ACTGGTGGGACTGGATGCCGCA CGTCACGAAGTCGGCGATAGCT-5’

5’-CCCTGACCTACGGCG GTGCTTCAGCCGC-3’

3’-GGGACTGGATGCC   CGAAGTCGGCG-5’

5’-CCCTGACCTACGG--------GCTTCAGCCGC-3’

3’-GGGACTGGATGCC--------CGAAGTCGGCG-5’

5’-CCCTGACCTACGGCGT GCAGTGCTTCAGCCGC-3’

3’-GGGACTGGATGCCGCA CGTCACGAAGTCGGCG-5’

5’-CCCTGACCTACGGCGT TCAGTGCTTCAGCCGC-3’

3’-GGGACTGGATGCCGCA AGTCACGAAGTCGGCG-5’

Knock-Out Knock-In/Modification

Non-Homologous End Joining Homology-Directed Repair

ssDNA



CRISPR-guide RNA

CRISPR/Cas9 System

Cas9 Nuclease



CRISPR in Nature: A Bacterial Defense

1. Viral infection

2. Viral DNA integrates into host genome

3. CRISPR components are produced

4. Formation of tracrRNA:crRNA

complexes

5. Viral reinfection

6. CRISPR-directed DNA Cleavage



The Gene Editing Revolution



Human Genome 
Editing, Ethics & Policy



A Powerful Tool for Medical Research



We use CRISPR to tell the 
body where to heal itself.

Sometimes this involves 
correcting a genetic mutation 
such as in Sickle Cell Disease.

Other times, we can mark a 
gene for destruction because 

that gene is blocking a therapy 
that treats a disease, as in the 

case of lung cancer.







How should we regulate genome editing?



A Report on the Social 
and Ethical Issues of 
Genetic Engineering with 
Human Beings

President’s Commission 
for the Study of Ethical 
Problems in Medicine and 
Biomedical and 
Behavioral Research

November 1982



Promoting 
Well Being

Transparency Due Care

Responsible 
Science

Respect for 
Persons 

Fairness

Translational 
Cooperation

Governance Principles for Human Genome Editing







CRISPR in the clinic? 

* Lack of knowledge of genetic diversity makes things more complex… 



Ongoing clinical trials for in vivo genome editing therapy.
Description Clinical Trials ID,

Phase,

Start Year

Delivery Method Affiliation Ref.

Inserting a normal copy of IDUA gene in hepatocytes 

to target MPS I patients using zinc-finger nuclease 

(SB-318)

NCT02702115

Phase 1 / 2

2016

AAV2/6 via intravenous (IV) infusion Sangamo Therapeutics, USA [36]

Inserting a normal copy of F9 gene in hepatocytes to 

target hemophilia-B using zinc-finger nuclease (SB-

FIX)

NCT02695160

Phase 1

2016

AAV2/6 via intravenous (IV) infusion Sangamo Therapeutics, USA [37]

Disrupting E7 oncogene from HPV to target cervical 

cancer using zinc-finger nuclease

NCT02800369

Phase 1

2016

Suppository containing ZFN-603 or 

ZFN-758 via intratumoral injection

Huazhong University of Science and 

Technology, China
[38]

Disrupting E6/E7 oncogene from HPV to target cervical 

cancer using TALEN

NCT03226470

Phase 1

2017

Suppository containing T27 and 

Suppocire via intravaginal injection

Huazhong University of Science and 

Technology, China
[39]

Disrupting E6/E7 oncogene from HPV to target cervical 

cancer using TALEN and CRISPR-Cas9

NCT03057912

Phase 1

2017

A gel containing TALEN or CRISPR-

Cas9 plasmid, C32–447, Poloxmer 

407 via intravaginal injection

Sun Yat-Sen University, China
[40] 

[39]

Inserting correct IDS gene in hepatocytes to target 

MPS II patients using zinc-finger nuclease (SB-913)

NCT03041324

Phase 1 / 2

2017

AAV2/6 via intravenous (IV) infusion Sangamo Therapeutics, USA [41]

Correcting CEP290 gene in retinal to target LCA10-

IVS26 patients using CRISPR-SaCas9 (EDIT-101)

NCT03872479

Phase 1 / 2

2019

AAV5 via subretinal injection Editas Medicine, Inc., USA [27]

Clearing HSV infection targeting herpetic stromal 

keratitis using CRISPR-SpCas9 (BD111)

NCT04560790

Phase 1 / 2

2020

VLPs via corneal injection
Shanghai BDgene,

China
[42]

Knockout TTR gene in hepatocytes to target ATTR 

amyloidosis patients using CRISPR-spCas9 (NTLA-

2001)

NCT04601051

Phase 1

2020

LNPs via intravenous administration Intellia Therapeutics, UK [43]

http://clinicaltrials.gov/show/NCT02702115
https://www.sciencedirect.com/science/article/pii/S016836592200027X#bb0180
http://clinicaltrials.gov/show/NCT02695160
https://www.sciencedirect.com/science/article/pii/S016836592200027X#bb0185
http://clinicaltrials.gov/show/NCT02800369
https://www.sciencedirect.com/science/article/pii/S016836592200027X#bb0190
http://clinicaltrials.gov/show/NCT03226470
https://www.sciencedirect.com/science/article/pii/S016836592200027X#bb0195
http://clinicaltrials.gov/show/NCT03057912
https://www.sciencedirect.com/science/article/pii/S016836592200027X#bb0200
https://www.sciencedirect.com/science/article/pii/S016836592200027X#bb0195
http://clinicaltrials.gov/show/NCT03041324
https://www.sciencedirect.com/science/article/pii/S016836592200027X#bb0205
http://clinicaltrials.gov/show/NCT03872479
https://www.sciencedirect.com/science/article/pii/S016836592200027X#bb0135
http://clinicaltrials.gov/show/NCT04560790
https://www.sciencedirect.com/science/article/pii/S016836592200027X#bb0210
http://clinicaltrials.gov/show/NCT04601051
https://www.sciencedirect.com/science/article/pii/S016836592200027X#bb0215


CRISPR In The Clinic: Lung Cancer 
Case Study



• Cells in the lung mutate growing 

uncontrollably and clustering 

together to form a tumor.

• Causes:

• Smoking

• Radon

• Hazardous Chemicals

• Particle pollution

• Genes

Lung Cancer Case Study



Lung cancer symptoms usually do not appear until the cancer has spread 

to other parts of the body. At this point, it is harder to treat lung cancer.



Lung Cancer Classification

41%

31%

10%

3%

15%

Adenocarcinoma

Squamous cell carcinoma

Large cell carcinoma

Other

Small cell 

lung carcinoma 

(SCLC)

Non-small cell lung carcinoma 

(NSCLC)

Modified from the LUNGevity Foundation





Chemoresistance of Non-small Cell Lung Carcinoma (NSCLC)

Menegon S, Columbano A, Giordano S. The Dual Roles of NRF2 in Cancer. Trends Mol Med. 2016. doi:10.1016/j.molmed.2016.05.002.

• NRF2 is a multifunctional 

transcription factor

• Chemotherapy has been shown to 

activate the transcriptional activity 

of the NRF2 target genes 

• Other mechanisms that lead to the 

upregulation of NRF2 

• mutations in KEAP1 or NRF2, 

epigenetic modifications

• Upregulation of NRF2 

• enhanced resistance of cancer 

cells to chemotherapy (Yang et al, 

2011; Hayden et al, 2014)



Nrf2 expression is associated w/ worse overall 

survival and recurrence-free survival in NSCLC 

patients 



CRISPR targeting the Nrf2 gene, 
which is responsible for chemo-
resistance, is administered to 
patient

A Novel Gene Editing 
Approach to Lung Cancer

CRISPR is delivered 
directly to the cancer cells

CRISPR eliminates Nrf2 
gene, creating edited 

cancer cells

Edited cancer cells, 
lacking Nrf2, are now 

more susceptible to 
standard 

chemotherapy 
strategies

1
2

3

4





Restored Chemosensitivity in Mice with NRF2 Knockout in Tumors



Restored 

Chemosensitivity in 

Mice with NRF2 

Knockout in Tumors



A catalog of somatic NRF2 gain-of-function mutations in cancer

• Mutant forms of NRF2 are unique to 
cancer cells

• Treatment strategy

• 14% of NRF2 mutations occur in LUSC
• Followed by esophageal, uterine-

endometrial, bladder-urothelial, head 
and neck, cervical cancers

• R34 mutation found in 5 tumor types
• Creates new recognition site for Cas9

(Kerins, M.J. & Ooi, A., 2018)



Mutant NRF2 (R34G)

NEW CRISPR recognition site

Wildtype NRF2

NO CRISPR recognition site

Cancer-Specific Gene Editing



Lung Adenocarcinoma
(LUAD)

Lung Squamous Cell 
Carcinoma

(LUSC)

Well studied Less studied

Known oncogenic drivers 
(KRAS, EGFR)

Lack of treatment options

Targeted therapy Failed targeted therapy

Good treatment response & 
prognosis

Poor response & prognosis

Median OS = >30 months Median OS = <15 months



Many types of cancer can be treated with relative ease, but this is not the case for late-stage non-small cell lung cancer 
(NSCLC). There is a pervasive sense of hopelessness among these patients owing to the current lack of treatment options, 
therapeutic failure due to drug resistance, and low survival rates. It was this sense of despair that drove researchers 
from ChristianaCare’s Gene Editing Institute to develop an innovative CRISPR therapy that could make chemotherapy-
resistant NSCLC cells vulnerable to standard chemotherapy once again.

CRISPR Makes Resistant Lung Cancer Cells Vulnerable to Chemotherapy
Resistance to chemotherapy is a major challenge in the treatment of non-small cell lung cancer. By profiling the 
spectrum of outcomes arising from CRISPR-based knockout of the NRF2 protein, which contributes to chemoresistance, 
Eric Kmiec Ph.D. and Kelly Banas Ph.D. of the ChristianaCare Gene Editing Institute have developed a new therapeutic 
strategy that increases the sensitivity of cancer cells to traditional chemotherapy.



Challenges need to be overcome for genome editing delivery

E.A.Taha et al. 2022



Genetic Medicine Challenge



Confidential

Confidential



Intra-tumoral Injection

Advancing Care with Interventional Bronchoscopy | University Hospitals (uhhospitals.org)

https://www.uhhospitals.org/for-clinicians/articles-and-news/articles/2022/02/advancing-care-with-interventional-bronchoscopy


Biodistribution of LNP in NCG Mice
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Gene Editing Institute
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www.christianacare.org/geneeditinginstitute

Eric.B.Kmiec@christianacare.org 

Natalia.riveratorres@christianacare.org

http://www.christianacare.org/geneeditinginstitute

