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Establishment of universal iPS cells for regenerative medicine applications
through regulated HLA expression
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We created a reversible gene regulation system which is sensitive and could be applied in vivo. We
made a new finding that epigenetic changes caused by an RNA-programmable repressor may persist
through differentiation. Our system should be useful for the study of gene function and
immunoregulation.

Human leukocyte antigens (HLA) are highly polymorphic gene loci that encode

cell-surface glycoproteins which are the strongest transplant antigens leading to T-cell activation,

antibody production, and allograft rejection. Personalized iPS cells hold great promise as cellular
therapies by autologous transplantation. However, on-demand generation or banking of individualized

iPS cells to treat all patients is neither technically nor economically feasible. On the other
hand, * Universal’ iPS cells which bear no intrinsic HLA signature, would avoid immune rejection.
We developed an epigenetic regulation system to control HLA gene expression and presentation. We
explored the reversibility of the system with the goal of providing widely applicable and safe iPS
cells for regenerative medicine.
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Human leukocyte antigens (HLA) are highly polymorphic gene loci that encode cell-
surface glycoproteins which are the strongest transplant antigens leading to allograft
rejection. While personalized iPS cells hold great promise as cellular therapies by autologous
transplantation, on-demand generation or banking of individualized iPS cells to treat all
patients is neither technically nor economically feasible, and proposed HLA-homozygous iPS
cell stocks present certain limitations.

‘Universal’ iPS cells, which bear no intrinsic HLA signature, would avoid immune
rejection and have unrestricted application. However, the inability to intervene in the case of
a potential danger brings significant risk. We proposed a reversible approach to immune
evasion in order to provide widely applicable and safe iPS cells for regenerative medicine.

To generate ‘Universal’ iPS cells we aimed to develop a drug-regulated CRISPRI
system for reversible knockdown of target genes responsible for HLA presentation and “cloak”
(hide) cells from the immune system. By reversibly regulating HLA presentation, we could
“reveal” transplanted cells to the host immune system as a safety net in the prevention of
graft malfunction or tumorigenesis.

For reversible B2M knockdown, we used an iPS cell line containing a tet-ON KRAB-
dCas9 transgene targeted to the AAVS1 (PPP1R12C) safe-harbor locus. We selected and
tested 6 gRNAs targeting the transcription start site of B2M, and found 2 gRNAs that
achieved > 95 % knockdown, even when B2M expression was boosted by IFNy treatment
(Figure 1). The specificity of KRAB-dCas9 for B2M knockdown was verified by gPCR for B2M,
TAP1, Nanog, and GAPDH. We performed a detailed analysis of the dynamics of KRAB-Cas9
expression as well as B2M repression and de-repression over time. We reproduced these
results in a second iPS cell line known to have a different HLA haplotype.
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As chronic, high-level dox treatment is unfavorable for iPS cell growth,
differentiation, and eventual in vivo application, we developed an AAVS1-targeted tet-OFF
CRISPRI system. We found the tet-OFF system to be 10,000-fold more sensitive to dox than
Tet-ON. We targeted the most effective gRNA in single-copy to the second AAVSL1 allele, and
re-analyzed for B2M knockdown. We found one gRNA copy sufficient to repress B2M
expression, even when challenged with IFNy treatment. Using gPCR we noted minimal
pleiotropy on neighbouring gene expression.

We evaluated Tet-OFF iPS cell differentiation. We found that endoderm and
ectoderm maintained the CRISPRi system, but mesoderm showed a loss of expression. We
hypothesized that mesodermal cells would be unable to maintain B2M repression, and would
become HLA-ABC+. We differentiated Tet-OFF iPS cells to CD45+ hematopoietic cells and
found they were HLA-ABC negative. Although the B2M promoter is not normally methylated
in iPS cells or CD45+ cells, we found that, unlike de-repressed (+ dox) iPS cells, the B2M
promoter of CD45+ cells remained highly methylated.

Finally, we compared B2M repression using dCas9 with and without the KRAB domain
(Figure 2). Interestingly, dCas9 alone was sufficient to interfere with basal-level B2M
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expression, but could not overcome stimulation with IFNy. We found that even in iPSCs, the
B2M promoter was methylated by KRAB. Therefore, an attenuated KRAB transcriptional
repressor domain, or the dCas9 system alone, may be effective to achieve reversible
repression of HLA as outlined in Aim2 of the grant.

In conclusion, we created a novel CRISPRI system which is reversible and sensitive,
avoiding the need for chronic, high-dosage dox treatment, making it suitable for in vivo
applications. We made a new finding that epigenetic changes caused by KRAB-dCas9 may
persist through differentiation, and suggest a potentially valuable approach to permanently
regulate gene expression without genetic mutation. We hope to refine and apply this system
to additional immunoregulatory gene targets in future studies.



3 2 2 2

Woltjen Knut Bortvin Alex 52

Editorial overview: Embroidering the canvas of life 2018

Current Opinion in Genetics & Development il iv
DOI

10.1016/j .gde.2018.11.002

Kim Shin-11 Matsumoto Tomoko Kagawa Harunobu Nakamura Michiko Hirohata Ryoko Ueno Ayano 9
Ohishi Maki Sakuma Tetsushi Soga Tomoyoshi Yamamoto Takashi Woltjen Knut

Microhomology-assisted scarless genome editing in human iPSCs 2018
Nature Communications 939
DOl

10.1038/s41467-018-03044-y

Kieffer Timothy J Woltjen Knut Osafune Kenji Yabe Daisuke Inagaki Nobuya 9

Beta-cell replacement strategies for diabetes 2017

Journal of Diabetes Investigation 457 463
DOI

10.1111/jdi.12758

10 7 3

Knut Woltjen

Japan’ s experience in regenerative medicine and superdonor cells

NRC' s HEALTH CHALLENGE PROGRAM WORKSHOP : * Transforming Health Outcomes through Engineered Cell and Gene Therapies

2018




Knut Woltjen

Precise human disease allele creation and correction through microhomology-mediated end joining

IREM Seminar, Zurich, Switzerland

2018

Knut Woltjen

Genetic engineering of pluripotent stem cells by CRISPR/Cas

Kyoto Diabetes Mini-Symposium: Beta-Cell Replacement Strategies

2017

Knut Woltjen

38

2017

Knut Woltjen

Endogenous DNA repair pathways for gene editing in human induced pluripotent stem cells

Celllular & Physiological Sciences Departmental Seminar

2017




Knut Woltjen

The development of induced pluripotent stem cells and emerging tools for genome editing

"Stem Cells and Regenerative Medicine: What does the Future Hold?" University of British Columbia

2017

Anika Reinhardt, Mitchell J. S. Braam, Suji Lee, Yanjun Lan, Shin-11 Kim, Timothy J. Kieffer, Knut Woltjen

CRISPRi regulates HLA presentation on human cells

Keystone Symposium

2019

Suji Lee, Anika Reinhardt, Michiko Nakamura, Tomoko Matsumoto, Knut Woltjen

Characterization and application of a new CRISPR interference system for reversible gene knockdown

2019

Anika Reinhardt, Suji Lee, Mitchell J. S. Braam, Timothy J. Kieffer, Knut Woltjen

REVERSIBLE GENE KNOCKDOWN IN PLURIPOTENT AND DIFFERENTIATED CELLS

ISSCR

2019




Knut Woltjen and Suji Lee

Gene correction and immune evasion strategies for autologous and allogenic cell therapies

EASD-Hagedorn Oxford Workshop

2019

Suji Lee, s

, Fabian Oceguera-Yanez, and Knut Woltjen

2019

386




