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News & Views

CRSPR/CAS 9 and Human Therapeutics
Megan Allyse*

The CRSPR/Cas 9 adaptive bacterial immune system,
operationalized as the Cas9/guide RNA platform, has
garnered considerable attention as a potentially transfor-
mative technology in the creation and delivery of novel
gene therapies for genetic disease. Compared with earlier
technologies, the system offers greater precision and ease
of use and offers promise for both ex vivo manipulation
of somatic cells and in vivo editing through viral vectors,
as well as, possibly, germ line alteration through in vitro
use in human embryos. Potential applications include the
treatment of sickle cell disease, retinitis pigmentosa, and
� thalassemia. These applications are notable for not only
their previous intractability to treatment but also their po-
tential to address some large health disparities with regard to
ethnic variation in the target population. The first clinical
trials for the use of CRSPR-based therapies, for cancer, were
reported in China in 2016. Research has also moved for-
ward on the removal and replacement of pathogenic vari-
ants, including the cause of hypertrophic cardiomyopathy
and � thalassemia in in vitro human embryos. Although
both researchers and clinicians are clear that embryonic
modification is considerably further from translation than
somatic alteration, many consider the research to be a po-
tentially promising avenue for avoiding premature morbid-
ity and death due to severe genetic conditions.

In January 2018, the preprint of an article on the web-
site bioRxiv called these potential applications into question.
The article, entitled “Identification of Pre-Existing Adaptive
Immunity to Cas9 Proteins in Humans,” reported a series of
studies conducted at Stanford University, in which human
serum was exposed to bacterial homologs of Cas9 protein—
SaCas9 and SpCas9 (1). When the team exposed healthy

human serum to the vectors, 79% and 65%, respectively, of
blood donor samples generated immune antibodies to at-
tack the Cas9 cells. Since the early days of gene therapy trials,
inclusion criteria have been structured such that individuals
with an immune response to therapy vectors are ineligible
for trial participation. The authors therefore concluded that
“the existence of the preexisting cellular immunity would
likely both limit the effectiveness of and create safety con-
cerns for Cas9-based genome editing.” A subsequent pre-
print from a group at Charité University Medicine Berlin
(2) reported a similar result. Observers and science journal-
ists questioned whether these finding struck a major blow to
the hopes that had been placed on CRSPR/Cas9 therapeutics.

Even the authors of the study, however, argue that
these finding are not a definitive refutation of the therapeu-
tic potential of CRSPR/Cas 9 in humans. Many of the stud-
ies proposed for Cas9 applications envision ex vivo manip-
ulation of cells before reinjection into the patient, which
may reduce immune response. For cases in which in vivo use
of modified cells is required, it may be possible to use im-
munosuppression drugs to lessen potential rejection. It is
also not clear that this immunoreaction will be present
for all CRSPR technologies. The Stanford study was
unable to detect any antigen-specific T cells against
SpCas9, although it speculated that this did not mean
they do not exist. However, ongoing research has al-
ready expanded the range of mechanisms by which
genetic material can be edited; ongoing studies will
need to assess whether these systems also cause im-
mune responses. Finally, these findings are unlikely to
have much impact on the work with embryos (al-
though this does nothing to ameliorate the consider-
able ethical considerations that need to be confronted
in this work). In summary, the discovery of a cellular
immune response to the most well-known of the
CRSPR/Cas9 bacterial homologs reinforces the need
to conduct clinical translation in the gene therapy
space with even stricter standards of safety and a pre-
cautionary approach. It does not, in of itself, detract
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from the considerable long-term therapeutic benefit
gene editing technologies may provide.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 4 require-
ments: (a) significant contributions to the conception and design, acquisi-
tion of data, or analysis and interpretation of data; (b) drafting or revising
the article for intellectual content; (c) final approval of the published article;
and (d) agreement to be accountable for all aspects of the article thus
ensuring that questions related to the accuracy or integrity of any part of the
article are appropriately investigated and resolved.

Authors’ Disclosures or Potential Conflicts of Interest: No authors
declared any potential conflicts of interest.

References

1. Charlesworth CT, Deshpande PS, Dever DP, Dejene B, Gomez-Ospina N, Mantri S, et al.
Identification of pre-existing adaptive immunity to Cas9 proteins in humans. Preprint
at https://www.biorxiv.org/content/early/2018/01/05/243345 (January 5, 2018).

2. Wagner DL, Amani L, Wendering DJ, Reinke P, Volk HD, Schmueck-Henneresse M.
High prevalence of S. pyogenes Cas9-specific T cell sensitization within the adult hu-
man population - a balanced effector/regulatory T cell response. Preprint at https://
www.biorxiv.org/content/early/2018/04/04/295139 (April 4, 2018).

News & Views

Clinical Chemistry 64:8 (2018) 1267

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/64/8/1266/5608900 by guest on 17 M
ay 2023

https://www.biorxiv.org/content/early/2018/01/05/243345
https://www.biorxiv.org/content/early/2018/04/04/295139
https://www.biorxiv.org/content/early/2018/04/04/295139



