Mice Using CRISPR/Cas9 to Generate the First Animal

A

UMASS, Model of Alpha-1 Antitrypsin Deficiency UMASS,

MEDICAL MEDICAL
e Rl Bl Andrew Cox, Florie Borel, Weiying Li, Alisha Gruntman, Kaitlyn Wetmore, Michael Brodsky, Mai EIMallah and Christian Mueller X B ¢
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Alpha-1 antitrypsin (AAT) deficiency is a common autosomal co-dominant 1. Design gRNA's that target coding regions within each SerpinAl gene (5 copies Figure 6: shows the results of screening

. . . . _ e h for inhibitors of neutrophil elastase (NE).
genetic disorder. This condition affects 1:2500 individuals of European per chromosome) | | | The relative percent inhibition of NE is
North American and Northern European populations, an estimated 4% of 3. Des_lgn primers to screen for AAT mutations (In/Del) using PCR assay no inhibitor is added, the reaction between
individuals are carriers of deficient genes for AAT. AAT deficiency 4. In vitro: Screen embryor"C stem cells co-transfected with gRNA and CRISPR/Cas

Simultaneous Disruption of Five SerpinAl Genes In (A

NE and the chromogenic substrate occurs

% substrate cleavage as
a function of elastase activity

presents with an emphysema-like phenotype in the lungs of older system o | unhindered, resulting in a detectable color
subjects. AAT deficient subjects can also suffer from liver disease of In vivo: Screen microinjected transgenic  zygotes (gRNA: 20ng/uL, Cas9 change (column 1). At 1000x dilutions, the
. . . . L RNA50na/ul KO mice (7, 24, 31) exhibit some inhibitory
varying severity; however, lung disease is the principle cause of death. m :50ng/uL) 3 | | R activity of the reaction, but at a
Belonging to the serpin family, AAT is a protease inhibitor predominantly . Perform mouse specific AAT ELISA to validate knockout candidates ‘\0\& e o significantly reduced level as compared to
synthesized in the liver. Upon secretion into the blood stream, AAT is 6. Sequence bands f.rom.PCR products of suspected knockout embryonic stem (ES) @\$ antelastase  antielssase o \W/T control samples.
directed towards the lungs where it inactivates excess neutrophil cells and transgenic mice N )
e|astase, thereby preventing damage to the alveoli. Mutations of the 7. Perform neUtrOphll elastase Inhibition assay {0 assess aCt|V|ty of AAT knockout LPS Ch a”enge
SerpinAl gene can lead to reduced serum levels of AAT and decreased (KO) serum vs. WT COU”OB _ IR, AAT Expression
protein functionality, allowing for unrestricted elastin breakdown, 8. Pulmonary challenge pilot study using novel AAT KO model: | g 8% 588 W N B, Y 1 et
pulmonary inflammation and eventual emphysema. Currently, an animal * LPS Challenge — 4 AAT KO males were age, gender matched with 4 C57BL6 R R -
model simulating the lung condition does not exist, which severely limits controls. LPS given intratracheally (dose: 1 mg/kg). Plethysmography and s
the development of innovative therapeutics. Flexivent data collected over 1 week span. FE
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.;.,I; causing liver damage | _ Figure 7: (A) includes PCR results of F-1 AAT KO mice after breeding between M #7 and F #31.
610 bp amplicon : : :

1 - F_Fpmmm ;T;;Pm | RIS Noutrophilelastase Numbers 54, 56, 57, 58 used for LPS challenge pilot study. 610bp amplicon denotes wild type
| ! neutrophil elastas ,'ﬁ.‘iﬁ.‘é‘ﬂ'ﬂ‘,’jﬂf““”” i i genotype. NTC: Non-template Control (B) Results from mouse specific AAT ELISA . Positive controls: 1
” i ?“ﬁ”ﬂ castase ‘ N : \ “ male and 1 female C57BL6 W/T. Negative control: human serum.
| ‘I". | hﬁﬂ?ﬁtt‘ﬂﬂ [:I:ITEII;'I;;} : . , _ o O D
it ¥ et | e tlogcel Figure 3: 5 sequential copies of the SerpinAl gene exist in the mouse genome, 4 gRNA’s were | - '
(www.sandysandhaus.com/About_Alpha-L.htmi) (http-//flipper.diff orglapplitems/2843) designed to cause In/Dels after NHEJ occurs. The figure shows the 610bp amplicon that results 21 | — comar 0.058 |
| ol f n defic f veol from amplifying wild type genomic DNA. From PCR amplification of samples, various deletion 1, 0.056 -
Figure 1: (A) pathology of tissue with AAT deficiency from an alveolar perspective patterns were observed due to differing gRNA/CRISPR/Cas9 activity. - Q
(B) normal and pathophysiological mechanisms of AAT. 2 8] e 0.054 -
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. T'NNN'N'N Cas9 0’ NNNNNNNNNNNNNNNNNNNNN > Figure 4. (A) PCR results of AAT KO mice from original n=39 microinjected C57BL6 mice. . v
mlnlnlnlnli ARRRRRRRRRRRARRNRRAY Positive control: gDNA from W/T C57BL6 mouse. 610bp amplicon denotes wild type genotype. #7, Figure 8: (A) Pressure-Volume loops for AAT-KO and W/T cohorts (Flexivent). (B) & (D) Compliance
5 M%"VNN M 3 24, 31 demonstrate various sized deletions caused by an endogenous NHEJ repair mechanism. ﬁ”d E_'aStancedmeasulr_eme”tS zfgu'monag’ Lesue fro”(‘jeXpe“m?”ta' aroups. AAT-KO mice Pre:'cfed to
NNNNNNNNNNNNNNNNNNNI \NGG (B) RGSUltS from mouse SpeCiﬁC AAT ELISA . POSitiVG COﬂthlS: 1 male and 1 female C57BL6 W/T ave_lncrease compiiance an ecreased elastance due to unlrjterruptg elastase act_|V|ty In the lungs
_ _ (Flexivent). (C) AAT-KO and W/T percent changes from baseline of tidal volume with response to
\ Negative control: human serum. hypercapnic conditions 5 days post LPS administration (Plethysmography).
Genomic Target Sequence Deletion Patterns of AAT KO Mouse #7 Conclusions
_ _ o . A B A, . :
| (http.//2013-lgem-org/Team-Parls_Bettencourt/PrOJect/Detect)_ | i | 5 From screening results, AAT knockout mice were successfully created
Figure 2: shows the_ structure _of the C_:RISPR/Cas system assoma?ed W|th_a target 610bp Amplicon B using CRISPR/Cas9 genome editing technology (mice #: 7, 24, 31),
sequence of genomic DNA. Diagram includes components of a single guide RNA ( C \ which have been bred into F-2 generations from F-1 founder lines
(sgRNA) including tracrRNA and crRNA, Cas proteins, and a required down stream | — | '
protospacer adjacent motif (PAM) sequence. | G O e - gRNA #1: 77-99bp | _ _ _ _
gRNA: 1 2 3 gRNA #2: 113-135bp gi ig;jg giézﬁ After challenging knockout and wild type mice with LPS, the AAT KO
. . . . . I . . 0 . .
Using the innate adaptive immunity of the CRISPR system, we targeted \ D | SEHQ ﬁj_ ;Zg;gggg C: 4/46 (8.7%) group demonstrated decreased elastase and increased compliance as
specific loci within exon 2 of the SerpinAl gene to effectively disrupt and L | =46 D: 2/46 (4.3%) compared to the control counterparts.

silence the gene caused by a DNA repair mechanism known as Non- Figure 5: (A) shows deletion regions for larger band (red arrow - fig.4) of transgenic mouse #7

Homologous End Joining (NHEJ). With 5 copies of the SerpinAl gene I after PCR amplification, extraction, cloning and sequencing. Smaller band (blue arrow - fig.4)
the mouse genome, the CRISPR/Cas9 system offered a more effective denotes 5th deletion pattern ranging from gRNA #1-4 (172bp deletion).(B) from an n=46,

method to achieve knockout of each individual gene. statistical distribution of deletion patterns of larger band (red arrow) from fig. 4

Acknowledgments

R24 Grant from the National Institute of Diabetes and Digestive and

Kidney Diseases (NIDDK) to C.M.

g

Contact info Advanced Therapeutics Cluster
www.umassmed.edu\gtc Gene Theml?y Center “Moving Research from the Bench to the Bedside”



