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Because proteins, in contrast to nucleic acids, 
are chemically diverse with no dominant elec-
trostatic property, no lipid formulation is likely 
to drive the efficient delivery of all proteins 
into mammalian cells. Whereas proteins can 
be complexed nonspecifically and delivered 
by rehydrated lipids in vitro18, protein complexation is dependent on 
high protein concentrations, is generally inefficient24 and has not been 
widely adopted. Specialty commercial reagents developed for protein 
delivery25,26 have shown modest and variable efficiency with different 
protein cargoes27.

We hypothesized that proteins that are highly anionic could be deliv-
ered by the same electrostatics-driven complexation used by cationic 
liposomal reagents for nucleic acid delivery (Fig. 1a). Although few pro-
teins natively possess the highly anionic character of nucleic acids, we 

speculated that translational fusion or noncovalent complexation with a 
polyanionic molecule may render the resulting protein or protein com-
plex sufficiently anionic to be efficiently delivered by common cationic 
lipid reagents. We demonstrate that fusion of proteins with an engineered, 
supernegatively charged GFP28 enables efficient complexation and deliv-
ery of proteins into cultured mammalian cells by cationic lipids. Our 
approach is effective even at low nanomolar protein concentrations and 
in the presence of serum, requiring 1,000-fold less protein to achieve 
similar functional protein delivery levels than methods that use fusion 

to cationic peptides or proteins15. We further 
show that Cas9 (clustered, regularly inter-
spaced, short palindromic repeats (CRISPR)-
associated (Cas)) nuclease protein complexed 
with polyanionic single guide RNA (sgRNA) 
can be efficiently delivered in functional form 
into mammalian cells using cationic lipid for-
mulations. Delivery of Cas9:sgRNA complexes 
is highly efficient (up to 80% modification of 
cultured human cells from a single treatment) 
and also induces higher genome modification 
specificity (typically about tenfold) compared 
with plasmid transfection. Finally, we demon-
strate that this protein delivery approach can 
be effective in vivo by delivering functional 
Cre recombinase and functional Cas9:sgRNA 
complexes to hair cells in the inner ear of live 
mice. These findings suggest that the intra-
cellular delivery of polyanionic proteins and 
protein:nucleic acid complexes by cationic lip-
ids may greatly expand the scope of research 
and therapeutic applications of proteins.

RESULTS
Delivery of Cre recombinase fused to 
anionic proteins
First, we tested whether the engineered, super-
negatively charged GFP variant28, (–30)GFP, 
could mediate complexation and delivery of 

Figure 1  Strategy for delivering proteins into 
mammalian cells by fusion or noncovalent 
complexation with polyanionic macromolecules 
and complexation with cationic lipids. 
(a) Recombinases, TALE proteins and Cas9 
endonucleases bind nucleic acids and are natively 
cationic (net theoretical charges are shown in 
black) and are not efficiently complexed with 
cationic lipids. These proteins can be rendered 
highly anionic, however, by fusion to either 
a supernegatively charged protein such as 
(–30)GFP, or by complexation with polyanionic 
nucleic acids. (b) We envisioned that cationic 
lipids commonly used to transfect DNA and RNA 
would complex with the resulting highly anionic 
proteins or protein:nucleic acid complexes, 
mediating their delivery into mammalian cells.

Figure 2  Delivery of Cre recombinase to cultured human cells. (a) Fusion of either highly cationic 
(+36)GFP or highly anionic (–30)GFP to Cre recombinase. We used a HeLa reporter cell line 
that expresses DsRed upon Cre-mediated recombination to evaluate Cre delivery efficiency. 
(GGS)9 = (Gly-Gly-Ser)9 linker. (b) HeLa dsRed cells treated with 10 nM (–30)GFP-Cre and 1.5 �l of the 
cationic lipid formulation RNAiMAX. Cells were visualized after incubation for 48 h in media containing 
10% FBS. (c) Delivery of (+36)GFP-Cre in 10% FBS media or in serum-free media, and (–30)GFP-Cre 
with or without the cationic lipid RNAiMAX (0.8 �l) in full-serum media. (d) Effect of cationic lipid 
dose on functional (–30)GFP-Cre delivery efficacy after 48 h. (e) Comparison of several commercially 
available cationic lipids and polymers for functional delivery efficacy of (–30)dGFP-Cre. (f) RNAiMAX-
mediated delivery of multiple anionic peptide or protein sequences fused to Cre. The net theoretical 
charge of the VP64 activation domain and the 3×FLAG tag is –22 and –7, respectively. All experiments 
were done with 25 nM protein in 48-well plate format using 275 �l DMEM with 10% FBS and no 
antibiotics. Error bars reflect s.d. from three biological replicates performed on different days.
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Direct protein (-30)GFP-Cre delivery into mouse inner ear

Lipofectamine2000+proteinRNAimax+proteinLipids only

Zuris, et al., Nat Biotech 2015



RNP (Cas9 protein+gRNA) delivery into mouse inner ear for 
genome editing and rescue of hearing from genetic deafness

Zuris, et al., Nat Biotech 2015
Gao et al, Nature 2017

NATURE BIOTECHNOLOGY   ADVANCE ONLINE PUBLICATION 7

lines, stem cell colonies and therapeutically relevant in vivo sites within 
the mouse inner ear. Our approach is highly efficient, producing modi-
fication rates similar to or exceeding those of established nucleic acid 
transfection methods in cell culture, and enabling Cre recombinase- and 
Cas9-mediated genome modification rates of up to 90% and 20%, respec-
tively, within the inner ear hair cell population of live mice (Fig. 6c,d). For 
Cas9 nuclease delivery, this approach also typically results in over tenfold 
more specific genome modification than traditional plasmid transfection 
(Fig. 5b–d), likely due to the transient window of Cas9 activity to which 
each genome is exposed (Supplementary Fig. 12) compared to DNA 
delivery methods, consistent with previous reports44.

Others groups have reported the in vivo delivery of Cas9 expres-
sion constructs in DNA or mRNA form45,46. This study establishes 
that protein delivery is a viable approach to in vivo genome editing. 
Because the commercial lipid reagents used in the current study were 
optimized for the delivery of DNA and RNA, it is likely that future 
development of specific components of the liposomal formulation 

GFP fluorescence in outer hair cells. Ten days 
after injection of Cas9:sgRNA with cationic 
lipid, we observed the absence of GFP in 13% 
of outer hair cells near the injection site. In 
contrast, control cochlea injected with Cas9 
protein and RNAiMAX without any sgRNA 
showed no loss of EGFP signal (Fig. 6d). 
The outer hair cells of cochlea injected with 
Cas9:sgRNA RNAiMAX complexes appeared 
to be otherwise unaffected, with stereotypi-
cal expression of Myo7a and healthy nuclei, 
consistent with minimal hair cell toxicity (Fig. 
6d). High-throughput DNA sequencing of 
genomic DNA isolated from cochlea tissue 
samples revealed indels consistent with GFP 
target gene disruption in the treated samples, 
but not in the control samples that lacked 
sgRNA (Supplementary Fig. 15a). In addi-
tion, we repeated inner ear in vivo delivery of 
Cas9:sgRNA using an sgRNA that targets the 
EMX gene, and we similarly observed indels 
in the EMX gene in treated animals, but not 
control animals (Supplementary Fig. 15b).

As (–30)GFP-Cre complexed with 
Lipofectamine 2000 resulted in more effi-
cient modification of the target hair cell pop-
ulation than (–30)GFP-Cre complexed with 
RNAiMAX (Fig. 6a,c), we tested its use on 
Cas9:sgRNA delivery to Atoh1-GFP cochlea 
as above. We observed loss of GFP expression 
in 20 ± 3% of outer hair cells near the injec-
tion site after 10 d, whereas all outer hair cells 
maintained strong GFP expression in control 
cochlea injected with Cas9 and Lipofectamine 
2000 but no sgRNA (Fig. 6d). In contrast to 
modest hair cell loss observed following 
Lipofectamine 2000 delivery of (–30)GFP-
Cre (Fig. 6c), outer hair cells targeted by 
Cas9:sgRNA exhibited no obvious toxicity or 
structural alteration (Fig. 6d).

As with (–30)GFP-Cre, virus-free, cationic 
lipid–mediated delivery of Cas9:sgRNA into 
the mouse inner ear successfully modified a 
specific genomic locus in the outer hair cell 
population, leading to loss of target gene expression. As nearly half 
of all types of genetic deafness arises from hair cell loss or dysfunc-
tion (http://hereditaryhearingloss.org/), our results suggest a potential 
strategy based on the delivery of Cas9:sgRNA complexes to genetically 
modify these cells to effect hearing recovery. Taken together, these 
findings suggest that cationic lipid–mediated delivery of genome-
editing proteins can serve as a powerful tool and a potential in vivo 
strategy for the treatment of genetic disease.

DISCUSSION
Efficient intracellular protein delivery in vitro and especially in vivo 
has been a persistent challenge in biomedical research and protein 
therapeutics. Here we report a general strategy for protein delivery that 
makes use of anionic protein complexation with cationic liposomes. 
We used this method to deliver diverse protein classes, including the 
Cre tyrosine recombinase, TALE transcription activators, and Cas9 
nucleases, nickases and transcription activators (Fig. 1a) to cultured cell 
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magnification, respectively, detailing the efficiency of delivery and the effect on cochlear architecture 
and hair cell loss. (d) The scala media of P2 Atoh1-GFP mice (n = 3) were injected with 0.3 �l of 
33 µM Cas9, 16.5 µM EGFP sgRNA in 50% RNAiMAX or Lipofectamine 2000 commercial solutions. 
Cas9-mediated gene disruption results in the loss of GFP expression when visualized 10 d later. The 
upper panels show GFP signal only, whereas lower panels include additional immunohistological 
markers. Yellow boxes in the lower panels highlight hair cells that have lost GFP expression. No obvious 
OHC loss was observed in the Cas9 + RNAiMAX or Cas9 + Lipofectamine 2000 groups. All scale bars 
(white), 10 �m.
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lines, stem cell colonies and therapeutically relevant in vivo sites within 
the mouse inner ear. Our approach is highly efficient, producing modi-
fication rates similar to or exceeding those of established nucleic acid 
transfection methods in cell culture, and enabling Cre recombinase- and 
Cas9-mediated genome modification rates of up to 90% and 20%, respec-
tively, within the inner ear hair cell population of live mice (Fig. 6c,d). For 
Cas9 nuclease delivery, this approach also typically results in over tenfold 
more specific genome modification than traditional plasmid transfection 
(Fig. 5b–d), likely due to the transient window of Cas9 activity to which 
each genome is exposed (Supplementary Fig. 12) compared to DNA 
delivery methods, consistent with previous reports44.

Others groups have reported the in vivo delivery of Cas9 expres-
sion constructs in DNA or mRNA form45,46. This study establishes 
that protein delivery is a viable approach to in vivo genome editing. 
Because the commercial lipid reagents used in the current study were 
optimized for the delivery of DNA and RNA, it is likely that future 
development of specific components of the liposomal formulation 

GFP fluorescence in outer hair cells. Ten days 
after injection of Cas9:sgRNA with cationic 
lipid, we observed the absence of GFP in 13% 
of outer hair cells near the injection site. In 
contrast, control cochlea injected with Cas9 
protein and RNAiMAX without any sgRNA 
showed no loss of EGFP signal (Fig. 6d). 
The outer hair cells of cochlea injected with 
Cas9:sgRNA RNAiMAX complexes appeared 
to be otherwise unaffected, with stereotypi-
cal expression of Myo7a and healthy nuclei, 
consistent with minimal hair cell toxicity (Fig. 
6d). High-throughput DNA sequencing of 
genomic DNA isolated from cochlea tissue 
samples revealed indels consistent with GFP 
target gene disruption in the treated samples, 
but not in the control samples that lacked 
sgRNA (Supplementary Fig. 15a). In addi-
tion, we repeated inner ear in vivo delivery of 
Cas9:sgRNA using an sgRNA that targets the 
EMX gene, and we similarly observed indels 
in the EMX gene in treated animals, but not 
control animals (Supplementary Fig. 15b).

As (–30)GFP-Cre complexed with 
Lipofectamine 2000 resulted in more effi-
cient modification of the target hair cell pop-
ulation than (–30)GFP-Cre complexed with 
RNAiMAX (Fig. 6a,c), we tested its use on 
Cas9:sgRNA delivery to Atoh1-GFP cochlea 
as above. We observed loss of GFP expression 
in 20 ± 3% of outer hair cells near the injec-
tion site after 10 d, whereas all outer hair cells 
maintained strong GFP expression in control 
cochlea injected with Cas9 and Lipofectamine 
2000 but no sgRNA (Fig. 6d). In contrast to 
modest hair cell loss observed following 
Lipofectamine 2000 delivery of (–30)GFP-
Cre (Fig. 6c), outer hair cells targeted by 
Cas9:sgRNA exhibited no obvious toxicity or 
structural alteration (Fig. 6d).

As with (–30)GFP-Cre, virus-free, cationic 
lipid–mediated delivery of Cas9:sgRNA into 
the mouse inner ear successfully modified a 
specific genomic locus in the outer hair cell 
population, leading to loss of target gene expression. As nearly half 
of all types of genetic deafness arises from hair cell loss or dysfunc-
tion (http://hereditaryhearingloss.org/), our results suggest a potential 
strategy based on the delivery of Cas9:sgRNA complexes to genetically 
modify these cells to effect hearing recovery. Taken together, these 
findings suggest that cationic lipid–mediated delivery of genome-
editing proteins can serve as a powerful tool and a potential in vivo 
strategy for the treatment of genetic disease.

DISCUSSION
Efficient intracellular protein delivery in vitro and especially in vivo 
has been a persistent challenge in biomedical research and protein 
therapeutics. Here we report a general strategy for protein delivery that 
makes use of anionic protein complexation with cationic liposomes. 
We used this method to deliver diverse protein classes, including the 
Cre tyrosine recombinase, TALE transcription activators, and Cas9 
nucleases, nickases and transcription activators (Fig. 1a) to cultured cell 
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lines, stem cell colonies and therapeutically relevant in vivo sites within 
the mouse inner ear. Our approach is highly efficient, producing modi-
fication rates similar to or exceeding those of established nucleic acid 
transfection methods in cell culture, and enabling Cre recombinase- and 
Cas9-mediated genome modification rates of up to 90% and 20%, respec-
tively, within the inner ear hair cell population of live mice (Fig. 6c,d). For 
Cas9 nuclease delivery, this approach also typically results in over tenfold 
more specific genome modification than traditional plasmid transfection 
(Fig. 5b–d), likely due to the transient window of Cas9 activity to which 
each genome is exposed (Supplementary Fig. 12) compared to DNA 
delivery methods, consistent with previous reports44.

Others groups have reported the in vivo delivery of Cas9 expres-
sion constructs in DNA or mRNA form45,46. This study establishes 
that protein delivery is a viable approach to in vivo genome editing. 
Because the commercial lipid reagents used in the current study were 
optimized for the delivery of DNA and RNA, it is likely that future 
development of specific components of the liposomal formulation 

GFP fluorescence in outer hair cells. Ten days 
after injection of Cas9:sgRNA with cationic 
lipid, we observed the absence of GFP in 13% 
of outer hair cells near the injection site. In 
contrast, control cochlea injected with Cas9 
protein and RNAiMAX without any sgRNA 
showed no loss of EGFP signal (Fig. 6d). 
The outer hair cells of cochlea injected with 
Cas9:sgRNA RNAiMAX complexes appeared 
to be otherwise unaffected, with stereotypi-
cal expression of Myo7a and healthy nuclei, 
consistent with minimal hair cell toxicity (Fig. 
6d). High-throughput DNA sequencing of 
genomic DNA isolated from cochlea tissue 
samples revealed indels consistent with GFP 
target gene disruption in the treated samples, 
but not in the control samples that lacked 
sgRNA (Supplementary Fig. 15a). In addi-
tion, we repeated inner ear in vivo delivery of 
Cas9:sgRNA using an sgRNA that targets the 
EMX gene, and we similarly observed indels 
in the EMX gene in treated animals, but not 
control animals (Supplementary Fig. 15b).

As (–30)GFP-Cre complexed with 
Lipofectamine 2000 resulted in more effi-
cient modification of the target hair cell pop-
ulation than (–30)GFP-Cre complexed with 
RNAiMAX (Fig. 6a,c), we tested its use on 
Cas9:sgRNA delivery to Atoh1-GFP cochlea 
as above. We observed loss of GFP expression 
in 20 ± 3% of outer hair cells near the injec-
tion site after 10 d, whereas all outer hair cells 
maintained strong GFP expression in control 
cochlea injected with Cas9 and Lipofectamine 
2000 but no sgRNA (Fig. 6d). In contrast to 
modest hair cell loss observed following 
Lipofectamine 2000 delivery of (–30)GFP-
Cre (Fig. 6c), outer hair cells targeted by 
Cas9:sgRNA exhibited no obvious toxicity or 
structural alteration (Fig. 6d).

As with (–30)GFP-Cre, virus-free, cationic 
lipid–mediated delivery of Cas9:sgRNA into 
the mouse inner ear successfully modified a 
specific genomic locus in the outer hair cell 
population, leading to loss of target gene expression. As nearly half 
of all types of genetic deafness arises from hair cell loss or dysfunc-
tion (http://hereditaryhearingloss.org/), our results suggest a potential 
strategy based on the delivery of Cas9:sgRNA complexes to genetically 
modify these cells to effect hearing recovery. Taken together, these 
findings suggest that cationic lipid–mediated delivery of genome-
editing proteins can serve as a powerful tool and a potential in vivo 
strategy for the treatment of genetic disease.

DISCUSSION
Efficient intracellular protein delivery in vitro and especially in vivo 
has been a persistent challenge in biomedical research and protein 
therapeutics. Here we report a general strategy for protein delivery that 
makes use of anionic protein complexation with cationic liposomes. 
We used this method to deliver diverse protein classes, including the 
Cre tyrosine recombinase, TALE transcription activators, and Cas9 
nucleases, nickases and transcription activators (Fig. 1a) to cultured cell 
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mice by canalostomy. Two weeks after injection, loss of GFP fluores-
cence in the apical turn suggested target gene disruption with 25 ± 2.1% 
efficiency (Extended Data Fig. 8), comparable to previous observations 
of 20% GFP editing in neonatal hair cells15. These results suggest that 
this approach may be applicable to dominant genetic deafness that 
manifests with late-onset hearing loss.

To confirm that in vivo treatment of Tmc1 Bth/+ mice with Cas9–
Tmc1-mut3 sgRNA disrupted the Tmc1 Bth allele, we sequenced DNA 
from cochlea tissue collected from injected Tmc1 Bth/+ and untreated 
Tmc1 Bth/+ mice. After injection on P1, tissues were removed on P5 and 

separated into organ of Corti (containing hair cells), spiral ganglion, and 
spiral ligament samples (Extended Data Fig. 9a, b). We estimated the 
fraction of hair cells in dissected cochlear tissue to be only about 1.5% 
of the total cells used for DNA sequencing (Extended Data Fig. 9a, b).  
Nevertheless, we observed unambiguous indels at the Tmc1 Bth locus 
in cochlear tissue from treated mice (Fig. 4a). The organ of Corti sam-
ples contained, on average, Tmc1  editing of 0.92% of total sequenced 
DNA, which corresponds to about 1.8% Tmc1 Bth allele disruption in 
the heterozygous mice (Fig. 4a). We also isolated samples of much 
smaller numbers of cells (up to a few dozen, mostly hair cells) from 
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Figure 3 | Cas9–Tmc1-mut3–lipid injections 
reduce hearing loss in Tmc1Bth/+ mice. a, ABR 
thresholds in Tmc1 Bth/+ ears injected with Cas9–
Tmc1-mut3–lipid (blue), uninjected Tmc1 Bth/+ 
ears (red), and wild-type C3H ears (green) after 
four weeks. b, Peak amplitudes of ABR wave 1 at 
16 kHz in Cas9–Tmc1-mut3–lipid-injected ears 
(blue) compared with uninjected ears (red) after 
four weeks. Horizontal bars are mean values. 
c, Mean ABR waveforms in Cas9–Tmc1-mut3–
lipid-injected ears (blue) and uninjected ears 
(red). d, Startle responses in Cas9–Tmc1-mut3–
lipid-injected mice (blue) and in uninjected mice 
(red) eight weeks after treatment. Red arrow 
in a indicates no ABR response at the highest 
stimulus level tested (90 dB). Statistical tests were 
two-way ANOVA with Bonferroni correction for 
multiple comparisons: **P < 0.01, ***P < 0.001, 
****P < 0.0001. Values and error bars reflect 
mean ± s.e.m. Among the different frequencies 
assayed, the number of ears tested (n) varies 
within the range shown (Supplementary Table 2).
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Figure 4 | Genome modification at Tmc1 induced 
by lipid-mediated delivery of Cas9–Tmc1-mut3 
RNP into Tmc1Bth/+ mice. a, Tmc1  indel frequencies 
from tissue samples four days after injection of 
Cas9–Tmc1-mut3–lipid (blue) or from uninjected 
mice (red). Individual values (n = 4) are shown; 
horizontal lines and error bars reflect mean ± s.e.m. 
Note that Tmc1 Bth allele editing frequencies in these 
heterozygous mice are approximately double the 
observed indel frequencies. b, Analysis of indel-
containing Tmc1  sequencing reads from four injected 
organ of Corti samples in a. c, The most abundant 16 
Tmc1  sequences, grouped by similarity, from organ of 
Corti samples in b. The T1235A Tmc1 Bth mutation is 
shown in red.
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ABR waveform pattern, in injected ears than in uninjected controls 
(Fig. 3b, c). Together, these results show that injection of neonatal 
Tmc1Bth/+ mice with Cas9–Tmc1-mut3–lipid complexes reduces pro-
gressive hearing loss.

To test whether amelioration of hearing loss requires the mutant 
Tmc1Bth allele-specific sgRNA, we injected Cas9–Tmc1-wt3–lipid com-
plexes targeting the wild-type Tmc1 allele rather than the Tmc1Bth mutant 
allele into P1–2 Tmc1Bth/+ mice. After four weeks, ABR thresholds in 
the injected ears were similar to, or worse than, those in the contrala-
teral uninjected ears (Extended Data Fig. 6a; Supplementary Table 1),  
consistent with the inability of Cas9–Tmc1-wt3 to efficiently disrupt 
the Tmc1Bth allele (Extended Data Fig. 1e), and possible disruption of 
wild-type Tmc1. Injection of Cas9–sgRNA–lipid complexes targeting 
an unrelated gene (Gfp) did not significantly affect ABR thresholds at 
most tested frequencies in Tmc1Bth/+ mice (Extended Data Fig. 6b). To 
test whether preservation of cochlear function requires Cas9 nuclease  
activity, rather than transcriptional interference from Cas9 binding to  
Tmc1, we treated Tmc1Bth/+ mice with catalytically inactive dCas910 
complexed with Tmc1-mut1 sgRNA and observed no evidence of hear-
ing preservation (Extended Data Figs 5d, 6c; Supplementary Table 1). 
To evaluate the effects of the treatment on normal mice, we injected 
Cas9–Tmc1-mut3–lipid into wild-type C3H mice. We observed sim-
ilar or slightly elevated ABR thresholds in injected ears relative to 
uninjected ears four weeks after treatment (Extended Data Fig. 6d, e), 
suggesting that Cas9–Tmc1-mut3 does not modify wild-type Tmc1 effi-
ciently enough to substantially affect hearing. Finally, injection of Cas9 
and lipid without sgRNA did not improve ABR or DPOAE thresholds 

(Extended Data Fig. 6f, g). Collectively, these results establish that hearing 
preser vation depends on sgRNA allele specificity, Cas9 DNA cleavage 
activity, and the presence of the Tmc1Bth allele. We also characterized 
the cochlear function of Tmc1Bth/+ mice eight weeks after treatment. 
Mean ABR thresholds following Cas9–Tmc1-mut3–lipid injection 
remained lower than uninjected controls from 5.7–23 kHz, although 
the average improvement was lower than at four weeks post-treatment  
(Extended Data Fig. 4c, d), potentially owing to continued progressive 
hearing loss in the non-edited hair cells.

As a behavioural measure of hearing rescue, we assessed acoustic 
startle responses eight weeks after injection. In uninjected Tmc1Bth/+ 
mice, no startle response was detected following stimulation at 120 dB. 
By contrast, significant startle responses were detected in Cas9–Tmc1-
mut3–lipid-injected Tmc1Bth/+ mice following stimulus at 110 and 
120 dB (Fig. 3d and Extended Data Fig. 4e), demonstrating that hearing 
preservation upon treatment also preserves an acoustic behavioural 
reflex.

To evaluate the ability of each of the other Tmc1Bth-targeting sgRNAs 
to mediate hearing rescue in vivo, we also injected Tmc1-mut1, Tmc1-
mut2, and Tmc1-mut4 complexed with Cas9 into neonatal Tmc1Bth/+ 
cochleae, and observed varying degrees of enhanced cochlear function 
(Extended Data Fig. 7). Thus, while Tmc1-mut3 resulted in the most 
robust hearing preservation, other sgRNAs targeting the mutant Bth 
allele also partially preserved cochlear function.

To test whether RNP delivery of editing agents in adult mouse inner 
ears supports genome editing in hair cells, we injected Cas9–GFP 
sgRNA–lipid complexes into the cochleae of six-week-old Atoh1–GFP 
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Figure 2 | Effects of Cas9–Tmc1-mut3 sgRNA–lipid injection on hair-cell 
function and hair-cell survival in mice. a, Representative transduction 
currents from IHCs of P0–P1 wild-type (WT) or Tmc1Bth/∆Tmc2∆/∆ mice that  
were uninjected, or injected with the Cas9–Tmc1-mut3–lipid complex, 
15 or 21 days after injection. b, Maximal transduction current amplitudes 
for 135 IHCs from wild-type C57B/L6 and Tmc1Bth/∆Tmc2∆/∆ mice. 
i, uninjected wild-type C57B/L6 mice; ii, wild-type C57B/L6 mice injected at 
P1 with Cas9–Tmc1-wt3–lipid; iii, uninjected Tmc1Bth/∆Tmc2∆/∆ mice;  
iv, Tmc1Bth/∆Tmc2∆/∆ mice injected at P1 with Cas9–GFP sgRNA–lipid; v, 
Tmc1Bth/∆Tmc2∆/∆ mice injected at P1 with Cas9–Tmc1-mut3–lipid. Data 
were recorded after 14-23 days. Individual values (n = 6–20) are shown; 
horizontal lines and error bars reflect mean ± s.d. c–e, Representative 

confocal microscopy images around the age of eight weeks from an 
uninjected Tmc1Bth/+ cochlea (c); the contralateral cochlea of the 
mouse in c injected with Cas9–Tmc1-mut3–lipid complex at P1 (d); 
and an untreated wild-type C3H cochlea (e). Numbers in pink indicate 
approximate frequencies (in kHz) sensed by each region. Scale bars, 50 µm. 
f, g, Quantification of IHC (f) and OHC (g) survival percentages in 
Tmc1Bth/+ mice relative to wild-type C3H mice (100%) eight weeks after 
Cas9–Tmc1-mut3–lipid injection (blue) compared to uninjected (red) 
contralateral ears. Individual values are shown; horizontal lines represent 
mean values of five biological replicates. Statistical tests in b are two-
population t-tests, and in f, g are two-way ANOVAs with Bonferroni 
correction: **P < 0.01, ***P < 0.001, ****P < 0.0001.

© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Rescue of hair cells



Large number of genes implicated in hearing loss

Morton CC & Nance WE, NEJM, 2006

Non-syndromic deafness genes

Identified: 112
DFNA (dominant): 45

DFNB (Recessive): 71
DFN(x-linked): 5

Estimated deafness genes

400-800

It is necessary to target diverse 
cell types in mature inner ear 

with low toxicity 



Development of synthetic biodegradable lipid-based 
nanoparticles for editing agents to target major inner 
ear cell types 

Detection of editing at cellular resolution in non-
transgenic animal models

Demonstration of application of delivery vehicles in 
other species and in human inner ear



Construction of bLNP library 
Synthesis & test in vitro

Test of bLNPs by multiplexing
(-27)GFP-Cre in tdtf/f inner ear in vivo

Identify X-linked inner ear genes
as editing targets

Test bLNPs for inner ear delivery of 
editing agents to activate tdT in vivo

(15% editing in cell types, low toxicity) 

Identify 3 lead bLNPs capable of 
targeting major 

inner ear cell types (hair cells, stria 
vascularis, neurons)

Test of bLNPs in WT pig inner ear

Test of bLNPs in human 
inner ear ex vivo



Design of Combinatorial Library of Synthetic 
Biodegradable Lipid-based Nanoparticles



Design of Combinatorial Library of Synthetic Biodegradable 
Lipid-based Nanoparticles

linker

Biomaterials 2018 

O
S
Se

Tail with heteroatoms
q Positive charge after protonization
q Degradable at reducible environment
q S-S bond to replace C-C bond, equals 

to a double bond to provide the fluidity 
of the lipid assembly

amine head 1
2
3
…
.

aliphatic tail: length, 
number and types

heteroatom 

Biomater Sci. 2018

Linker

Adv Healthcare Mater. 2014, PNAS, 2016

Various amine head
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Strategy for Library Screening

In vitro screening

• Efficiency  
• Toxicity
• Hemolytic capability

Lead compounds

Ai9 mouse model:

Rapid screening in vivo by multiplexing 
and inner ear injection

Expected Outcome and Potential Pitfalls. In the 5 nanoparticles tested we identified two that targeted three 
main cell types (hair cells by lipidE, and stria vascularis and spiral ganglion neurons by lipidA) (Fig. 4, 5). By 
screening 1000 nanoparticles (340 mixtures), we expect to identify many that target all major inner ear cell types. 
tdT signal represents combined effect of 3 nanoparticles, each will be individually studied for editing in vivo.  
 
Success of the study depends on the synthesis of lipid nanoparticle library of different classes and the ability to 
evaluate them for inner ear delivery in vivo efficiently. The two laboratories are uniquely qualified as shown by 
our published work. The use of mixed nanoparticles greatly improves screening efficiency. P1 mice are used due 
to surgical efficiency. The editing 
study in vivo will include adult mice 
to ensure nanoparticles function 
regardless of age. Delivery of (–
27)GFP-Cre protein into the inner 
ear may not equate RNP delivery of 
editing agents into the same cell 
types. Our previous work supports 
that delivery of (–27)GFP-Cre 
protein is a good indicator for the 
RNP delivery, as shown by the same 
pattern exhibited in the inner ear.28,50  
 
Specific Aim 2. Screening of bLNPs for RNP delivery of editing agents in multiple inner ear cell types in 
vivo and human inner ear ex vivo.  
 
2a). Detection of editing at cell type resolution in the wildtype inner ear. 
In the program (RFA-RM-18-016), the ability to study editing in non-transgenic wildtype animal models is one 
of the main goals. The evaluation of lipid nanoparticles in large animal models is likely required before clinic 
feasibility. It is thus a priority to establish a method to efficiently screen lipid nanoparticles for editing with cell 
specificity in the wildtype mouse and other animal model inner ears. Editing events are generally detected with 
cell specificity in situ by studying transgenic mouse models with reporter genes46,47, which are not suitable in 
wildtype animal models. To overcome this challenge, we propose to study editing in the X-linked genes in 
wildtype male mice as a strategy to screen lipid nanoparticles in the inner ear in vivo. We plan to identify the X-
linked genes with ubiquitous expression in young (P1) and adult (P30) male mouse inner ear so editing events by 
NHEJ-mediated gene disruption can be identified with cell specificity in situ. The same approach can be extended 
to wildtype animals of different species as well as in human samples.  
 
Preliminary Study We first identified X-linked genes highly expressed in inner ear cell types from the expression 
database we produced 55(https://shield.hms.harvard.edu/). 178 X-linked genes were identified (> 2500 by RNA-
seq reads). We are interested in nuclear genes such as transcription factors so the editing effect by NHEJ  
disruption can be measured shortly after editing due to rapid protein degradation. 152 candidate genes are 
identified (Fig.7, Table 2). We chose four genes, Ogt (O-linked N-acetylglucosamine (GlcNAc) transferase), 
Vbp1 (VHL binding protein 1), Dlg3(discs large MAGUK scaffold protein 3) and Usp9x (ubiquitin specific 
peptidase 9, X-linked) for immunolabeling by specific antibodies. OGT is ubiquitous in the nuclei of all inner ear 
cells (Fig.8a-h). USP9X is present only in the nuclei of some cells types(Fig.8i-l). The nuclear localizations of 
the proteins are consistent with previous studies.56,57 We designed sgRNAs to target the Ogt gene for editing by 
RNP delivery by the nanoparticle E on cultured mouse fibroblast cells. By immunolabeling with an OGT 
antibody, OGT was absent from the majority of nuclei of treated male cells (80%) and from some treated female 
cells (30%), but was present in all untreated male control cells (Fig.9). We are performing HTS to identify indels. 
The study identified Ogt as a X-linked marker gene in the inner ear and supports our rational of studying X-linked 
genes in male to study editing at cell type resolution. 

Figure 6. (A, B) Mixture of two LNP formulations, doped with DiO (green) and Dil 
(red) separately.  Both green and red particles can be identified individually (A), 
indicates the LNPs are stable and not fused.  Some yellow particles were 
occasionally observed (B) in the samples when they are mixed too long (more than 
30 mins) indicates possible fusion of the LNPs. (C) Coating the outer surface of the 
LNPs with protein such as BSA prevents nanoparticle fusion. 
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Lipo2000 were delivered into inner ear hair cells with tdT expression in vivo.50 Screening of lipid nanoparticles 
complexed with (–27)GFP-Cre protein by injection into tdTflox/flox mouse inner ear is highly efficient.  
 
Preliminary results. We tested the delivery of (–
27)GFP-Cre protein complexed with five lipid 
nanoparticles (lipid nanoparticles A-E, from #11, 15, 24, 
33 and 34 in Fig.3) by injecting 0.3 µl into P1 tdTflox/flox 
mouse inner ear by cochleostomy into the scala media that 
has access to multiple cell types (Fig.1a). Ten days after 
injection, we found lipidE mediated efficient delivery of 
Cre protein into hair cells (Fig. 4a-b’), and lipidA 
mediated (–27)GFP-Cre delivery into the stria vascularis 
and in spiral ganglion neurons (Fig. 5a,b). Comparing 
with Lipo2000, the lipidE had higher delivery efficiency 
in hair cells: 90% OHCs and 50% of IHCs are tdT+ by 
lipidE, and 80% of OHCs and 5% of IHCs were tdT+ by 
Lipofectamine 200050 (Fig.4.). Lipo2000 could mediate 
delivered to other inner ear cells. Thus lipid nanoparticles 
target multiple inner ear types to deliver anionic 
functional Cre protein.  
 
We will develop a rapid screening in vivo by injecting the mixture of three formulations to each ear to study 
delivery patterns. This is possible as we have shown that after complexing, there is no fusion, aggregation, or 
mixing of the LNPs once the formulations are mixed together (Fig. 6). We prepared LNP formulations using two 
synthetic lipids formulated with the small molecule dyes DiO and DiI, which were green and red fluorophores 
respectively. When a single formulation was prepared containing both dyes and imaged under a fluorescent 
microscope, all nanoparticles appeared yellow, indicating the presence of both green and red dyes. When DiI and 
DiO formulations were prepared separately and then 
mixed, the nanoparticle-mediated signals remained 
separate (Fig. 6A) when the mixing time was less than 
30 mins.  Only after 30 mins, some yellow particles 
could be observed (Fig. 6B), indicating that there is 
some autonomy between the formulations. Coating 
the LNP formulation with proteins such as BSA 
drastically lowered the potential fusion after mixing 
for longer incubation times (Fig. 6C).  We will thus 
limit the mixing time of different LNP formulations 
to less than 10 min before injection to avoid possible 
fusion between the formulations. 
 
Research Design 
To screen the 1000 lipid nanoparticle formulations identified from Aim 1a in vivo, we will mix 3 nanoparticles 
carrying (-27)GFP-Cre protein equally (complexing) for injection into each P1 tdTflox/flox mouse inner ear. For 
each nanoparticle 0.3 µl at 25 nM is sufficient to induce tdT (Fig. 4, 5) and 1 µl can be safely injected to each 
ear29,30. Ten days post injection inner ears will be harvested for MYO7A and SOX2 and tdT expression pattern. 
We can efficiently identify the major cell types that become tdT+ (e.g. MYO7A+ hair cells, SOX2+ supporting 
cells, neurons and stria vascularis by DPAI). Only the nanoparticle mixtures with tdT signal in multiple inner ear 
cell types will be tested for RNP delivery and editing in vivo. For each mixture, inner ears of 3 P1 mouse of either 
sex will be injected with uninjected ears as negative controls. We can perform 30 injections per week, i.e. 10 
nanoparticle mixtures, and able screen over 1000 nanoparticles (330 mixtures) within 12 months. We aim to 
identify 30-50 nanoparticle mixtures (i.e. 90-150 unique nanoparticles) targeting broad inner ear cell types. 

Figure 5. Inner ear cell types targeted by lipid 
nanoparticle A delivering (-27)GFP-Cre in the tdTflox/flox 
mice in vivo. a. In the stria vascularis, tdT signal was 
detected in the ATP1A1 positive cells (arrows). b. tdT signal 
was detected in the spiral ganglion neurons (SGN) and 
some cells in the limbus (Lib), but not in hair cells (HC). c. In 
lipidA only injected tdTflox/flox cochlea, no tdT expression was 
detected. Scale bar: 50 µm.  

Figure 4. Screening of lipid nanoparticles for inner ear 
delivery. a-b’. Ten days after P1 tdTflox/flox inner ear 
injected with lipidE:(-27)GFP-Cre, intense tdT expression 
was induced in most OHCs and IHCs. c. Ten days after 
P1 tdTflox/flox inner ear injected with Lipo2000:(-30)GFP-
Cre, strong tdT signal was detected in most OHCs and 
sporadic IHCs. d. In control tdTflox/flox inner ear injected 
with lipidE alone, no tdT+ cells were found. OHC: outer 
hair cells; IHC: inner hair cells. Scale bars: 25µm in a-b’ 
and c; 10µm in c-c’. 
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Preliminary results. We tested the delivery of (–
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nanoparticles (lipid nanoparticles A-E, from #11, 15, 24, 
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for longer incubation times (Fig. 6C).  We will thus 
limit the mixing time of different LNP formulations 
to less than 10 min before injection to avoid possible 
fusion between the formulations. 
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each nanoparticle 0.3 µl at 25 nM is sufficient to induce tdT (Fig. 4, 5) and 1 µl can be safely injected to each 
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We can efficiently identify the major cell types that become tdT+ (e.g. MYO7A+ hair cells, SOX2+ supporting 
cells, neurons and stria vascularis by DPAI). Only the nanoparticle mixtures with tdT signal in multiple inner ear 
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injected with lipidE:(-27)GFP-Cre, intense tdT expression 
was induced in most OHCs and IHCs. c. Ten days after 
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Cre, strong tdT signal was detected in most OHCs and 
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Rapid in vivo screening by tdT reporter



bLNP-mediated genome editing in vivo



nanoparticles with broad cell type targeting and efficient editing. Labeling by three antibodies against X-linked 
proteins will exclude the use of inner ear markers for labeling. However, the well-defined inner ear structure and 
distinct cell types will allow us to determine the major cell types that undergo editing. Subsequent injection of 10 
nanoparticles individually in male mice will confirm cell type 
editing. Indel and off-target study will confirm on-target and 
aberrant editing. A nanoparticle mediated editing in 20% hair 
cells, similar to our previous study 41(Fig. 10a-a’). We have 
shown editing in 11% hair cells targeting a dominant mutation 
rescued hearing28. Thus, the identification of nanoparticles with 
the editing efficiency 15% or higher may be sufficient to rescue 
hearing when used for treatment. ABR and DPOAE will show if 
delivery and/or editing have any impact on normal hearing. 
Results from PI and P30 mice will show if there is difference in 
delivery due to age that is important in hearing rescue study. 
Editing may be more efficient in some cell types than others, 
which is valuable information in the decision about which lipid 
nanoparticle to use to target the cell types most relevant to a form 
of hearing loss. In the unlikely case that we could not identify 
nanoparticles targeting all main inner ear cell types 
simultaneously, we will likely identify a group of lipid 
nanoparticles that target major cell types collectively.  
 
Justification of the use of male animals for detecting editing. 
The strategy is to take advantage of single-copy of X-linked genes 
in male to better assess delivery by nanoparticles due to detection 
sensitivity. We do not expect to see significant difference in 
delivery or editing between male and female mice by 
nanoparticles. We will confirm this by HTS study to show 
similar indels between females and males in cultured fibroblast 
cells treated with RNP and inner ears injected with RNP. Further 
by immunolabeling the editing detection rate in female is likely 
to be around 50% as in male, due to editing on the allele from the 
inactive X chromosome that will not impact the active allele. If 
significant difference is detected, we will continue the screening to identify the nanoparticles that target male and 
female equally so the delivery or editing will not be affected by gender. 
 
2c). Testing bLNPs for delivery and editing in human inner ear ex vivo The ability to assess delivery and 
editing directly in human tissues will greatly facilitate the development of delivery and editing into clinic. The 
human inner ear has traditionally been difficult to study as it is located inside the skull and inaccessible to material 
collection procedure. As a result, the majority of studies involving human inner ear were done postmortem.  
 
The vestibular organ (such as utricle) is consisted of epithelial cells including MYO7A+ hair cells and PROX1+ 
supporting cells60. We have cultured human utricles with surviving hair cells and supporting cells, making them 
suitable for delivery and editing study. For cochlea samples, due to diverse cell types, we will use multiple cellular 
markers to identify cell types. We expect to collect 40 vestibular and 2-6 cochlear samples (female and male 
equally) for the study. 
 
We will study the same X-linked gene as in Aim 2a in human samples. We will confirm the detection of the 
proteins in human fibroblast cells by immunolabeling. We will design, test and select effective human sgRNA by 
lipid nanoparticle mediated RNP delivery into male and female fibroblast cells. Editing will be studied by 
immunolabeling and by HTS analysis of indels. We will test 10 nanoparticles from Aim 2b individually by 

Figure 10. Lipid nanoparticle mediated RNP 
delivery of editing agents resulting in editing 
in hair cells in vivo. Lipid nanoparticles with 
different properties were complexed with 
Cas9:sgRNA-GFP and injected into P1 Atoh1-
GFP cochlea, with ears harvested 10 days later. 
Editing was detected at hair cell resolution by 
the absence of GFP signal. Lipid nanoparticle 1 
displayed the most efficient editing at 20% (a-a’) 
whereas lipid 2 had editing rate of 9%(b-b’) and 
lipid 3 exhibited a editing rate of 7% (c-c’). In 
control lipid 1 injected ear, no editing was 
detected (d-d’). Yellow boxes mark hair cells 
without GFP. IHC: Inner hair cells: OHC: Outer 
hair cells. Scale bars: 10µm. 

Contact PD/PI: Chen, Zheng-Yi

Research Strategy                                                                                             
 Page 112

bLNP-mediated genome editing in vivo

At
oh

1-
G

FP



Research Design We aim to screen 
100-150 lipid nanoparticles from 
Aim 1b and identify 10 nanoparticles 
that target all major inner ear cell 
types. We will evaluate three 
nanoparticles for editing three X-
linked genes simultaneously in each 
injection. For a mixture from Aim1b, 
each of three nanoparticles will be 
complexed with one of three X-
linked sgRNA and Cas9 protein, 
respectively. The three sets of 
complexes will be mixed and injected 
into wildtype P1 and P30 C57BL/6J 
male mouse inner ears. Editing 
events will be studied by protein 
labeling using immunolabeling with 
the respective antibodies two weeks 
later, a time point that the target 
proteins are degraded after editing. 
Uninjected contralateral inner ears 
and lipid nanoparticle injection alone 
ears will be negative controls. For 
each mixture, three mice will be 
injected at P1 and P30, respectively. 
The cochleae will be studied for 
editing in three representative 
regions, apex, middle and base, as each region responds to sound of different frequencies. We will quantify editing 
events in each region by cell types with averages calculated. Survival of inner ear cells will be studied to ascertain 
toxicity. To confirm the results, the final 10 nanoparticles selected will be injected individually into six male and 
six female P1 and P30 cochlea, respectively. Two weeks post injection, hearing study will be performed by ABR 
(acoustic brainstem response) and DPOAE (distortion product otoacoustic emissions) to evaluate if any 
nanoparticle induces hearing loss. Three 
injected ears will be studied by 
immunolabeling with inner ear markers and 
the X-linked gene to determine edited cell 
types. The remaining three cochleae will be 
used individually for indel and off-target 
study by HTS. Uninjected contralateral ears 
will be control. 
 
Expected Outcomes and Potential Pitfalls: 
Precise assessment of genome editing in the 
complexed multiple cell type environment is 
a major step advancing nanoparticle clinical 
application.  From Aim 1b, we will know 
nanoparticle mixtures that effect efficient 
delivery to inner ear cell types. This aim will 
identify the individual nanoparticle 
mediating delivery and editing with cell type 
specificity. We aim to identify 10 

Figure 8. Identification of X-linked genes expressed in adult inner ear. a-d. 
OGT was detected in all inner ear cell types with nuclear localization, including 
cells in the limbus (Lib), inner hair cells (IHC), supporting cells (SC-1, -2) and 
Claudius cells (Cld). SC-1 indicates all supporting cells in the IHC region and 
SC-2 points all supporting cells in the OHC region. e-h. All ganglion neurons 
(TUJ1) were marked by nuclear OGT signals (arrows). i-l. USP9X marked all 
HCs and Claudius cells with nuclear localization. Scale bars: 10 µm. 
 

Figure 9. Editing of X-linked gene Ogt by nanoparticle-mediated 

RNP delivery in cultured mouse fibroblast cells. a,a’. Two days after 
RNP delivery, most OGT signals were mostly absent in the nuclei of male 
fibroblast cells (arrows). b,b’. In female fibroblast cells, RNP delivery by 
the nanoparticle lead to OGT-negative cells (arrow). As expected OGT 
remained in some cells (arrowhead). c,c’. In male fibroblast cells treated 
with nanoparticle alone, robust OGT signals were detected in all nuclei, 
with distinct punctate labeling. Scale bar: 10 µm. 
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delivery to inner ear cell types. This aim will 
identify the individual nanoparticle 
mediating delivery and editing with cell type 
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OGT was detected in all inner ear cell types with nuclear localization, including 
cells in the limbus (Lib), inner hair cells (IHC), supporting cells (SC-1, -2) and 
Claudius cells (Cld). SC-1 indicates all supporting cells in the IHC region and 
SC-2 points all supporting cells in the OHC region. e-h. All ganglion neurons 
(TUJ1) were marked by nuclear OGT signals (arrows). i-l. USP9X marked all 
HCs and Claudius cells with nuclear localization. Scale bars: 10 µm. 
 

Figure 9. Editing of X-linked gene Ogt by nanoparticle-mediated 

RNP delivery in cultured mouse fibroblast cells. a,a’. Two days after 
RNP delivery, most OGT signals were mostly absent in the nuclei of male 
fibroblast cells (arrows). b,b’. In female fibroblast cells, RNP delivery by 
the nanoparticle lead to OGT-negative cells (arrow). As expected OGT 
remained in some cells (arrowhead). c,c’. In male fibroblast cells treated 
with nanoparticle alone, robust OGT signals were detected in all nuclei, 
with distinct punctate labeling. Scale bar: 10 µm. 
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RNP delivery and editing of X-linked genes in vivo
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Nanoparticle-mediated adult inner ear delivery

Figure 2. AAV vectors transduced diverse inner-ear cell types in adult cochleae. Two weeks after injection via canalostomy, whole-mount immunofluo-
rescence showed AAV infection in the sensory and non-sensory cells from the apical turn of the cochlea. Hair cells were labeled with MYO7A (red). (A–C)
AAV2 infected most IHCs and some outer hair cells (OHCs). (D–F) AAV2/Anc80L65 infected most IHCs as well as most OHCs. (G–I) AAV8 infected most IHCs,
with weak expression in some OHCs. (J–L) AAV9 infection was limited to some IHCs. Scale bars: 50 lm.

Figure 3. AAV vectors transduced inner-ear cells in adult cochleae. Two weeks post injection through canalostomy, whole-mount immunofluorescence
showed AAV infection in the sensory and non-sensory cells from the apical turn of the cochlea. Hair cells were labeled with MYO7A (red). AAV1 (A–C), AAV6.2
(D–F), and AAVrh.39 (G–I) infected mostly IHCs, with moderate expression level. OHCs were not transduced. (J–K) Adult cochlea infected by Ad5-CMV-GFP
using the same procedure. Ad5-CMV-GFP injection killed most OHCs without infection of IHCs. Some non-HCs in the sensory region were GFP positive although
their cell types were unknown. (M–O) An example of an uninjected cochlea in which no GFP was detected, whereas the contralateral cochlea was injected
with AAVrh.43 that infected IHCs. Scale bars: 50 lm.
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Nanoparticle-mediated inner ear delivery
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Nanoparticle-mediated inner ear delivery

SOX2MYO7A

MYO7A/tdT/SOX2/DAPItdT
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OHC
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Impact of delivery route

MYO7AGFP

GFP/tdT/MYO7A/DAPItdT

50 μm

OHC

IHC



Optimize delivery route and improve permeability

MYO7A/tdT/SOX2/DAPItdT10 μm tdT/Phalloidin/DAPItdT10 μm



Human Mouse

Ali Adelstein



Program Officers
PJ Brooks
Stephanie Morris

Identify three lead bLNPs that mediate editing in major mouse inner 
ear cell types with high efficiency (>15%) and low toxicity

Test of RNP delivery and editing of X-linked genes in mouse 
retina in vivo

Test of RNP delivery and editing of X-linked genes in pig in 
vivo and human inner ear ex vivo


