Therapeutic discovery for Friedreich ataxia using random shRNA selection
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Materials and Methods

Abstract Results

We screened a 300,000-clone, random shRNA-expressing library and identified shRNA . -
Clones gFAZ and gFAll increase the growth of FA fibroblasts GM3816 and GM3665B FA cells were from Coriell; Patient derived cells 4657 were a gift of

sequences that reverse the decreased growth/survival phenotype of primary Friedreich

ataxia (FA) fibroblasts grown in mitochondrial stress media. One of the hit sequences, gFA2, RE DEVIGLYNCH (EHICTRI S o Tpita) OF il a0 CIphig, P e RlMICiaaNayRhaly/sS Hecdite

Affymetrix GeneChip Human Gene 2.0 ST Array.

increases frataxin expression ~2 fold, either as a vector-expressed shRNA or as a transfected FA 36658B cells were infected with gFA2 (squares), gFA11 (diamonds) or a | uminex analysis was performed by the Human Immunology Core Facility at University of
siRNA. We randomly mutagenized gFA2 to create a gFA2 variant sub-library. We screened this random clone (triangles). Cells were then sorted and GFP-positive cells Pennsylvania using the Milliplex Panel HCYTOMAG-60K kit (Millipore).
sub-library in primary FA fibroblasts and identified two gFA2 variants, gFA2.8 and gFA2.10, were grown in DMEM plus BHB 5 mM (left) or in DMEM plus 5 mM For the Bioinformatic analyses: IPA was run through the Penn Genomic Analysis Core; we

used the free online available version of the Database for Annotation, Visualization and
Integrated Discovery (DAVID) v6.7 and Gene Set Enrichment Analysis from the Broad

that further increase frataxin expression. Microarray analyses of primary FA fibroblasts

expressing another hit shRNA, gFA11, revealed alterations in ~¥350 mRNAs. Bioinformatic
pathway analyses indicated significant changes in mRNAs involved in cytokine secretion; we Institute (MA).
confirmed significant changes in cytokine secretion induced by gFA11 biochemically.

glucose (right) ***= p<0.05

Ingenuity Pathway Analysis revealed that inhibition of a known transcription factor, or é - - - ¥k

treatment of cells with a previously studied chemical compound, induced a statistically § i =3 § o l d : f' : f

similar pattern of gene expression to that induced by gFA11. Inhibition of the transcription 500.0 f . " 500 = I e nt I I Ca t I O n O D r u g Ta rget
factor using a directed siRNA in primary FA fibroblasts, as well as treatment of the cells with 100.0 - zM w400 ,-I ::1

the chemical compound, recapitulated the phenotype induced by gFA11, namely reversal of g e 2 ST b _?E,’ /‘ i J .

decreased growth/survival in mitochondrial stress media. We are currently planning similar g i ; E s y I P = a n d D r u g

microarray and bioinformatics analyses of the optimized versions of gFA2. Combined with e 2000 i R = 200 1’ __,_j"/

microarray analyses and bioinformatic pattern-matching, our random, shRNA library screens O 10010 ¥k . i - 100 P ==

potentially vield, 1) small-RNA therapeutic candidates, 2) conventional chemical-compound o L8 - J 5 Ingenuity Eathway andlysis(IEa) ol microanay cats Ingenuity Pathway Analysis (IPA) of microarray data

GM3816 Cells

therapeutic candidates, 3) drug-target candidates, and 4) elucidation of disease day0 day6 day12 day19 Ml diE  digar: Aayde WO U S — T ———
mechanisms, which may inform additional therapeutic initiatives. |

negative upstream regulator (activation z-
score of -4.26). We knocked down this
transcription factor using a directed siRNA and

TF mRNA relative expression

recapitulated the growth phenotype seen with SB203580 increases the
gFALL. _ o growth of GM3816 cells
(GM3816 were transfected with 10 nM siRNA $B203580, a MAP38 kinase inhibitor, had an rs
- every 3-4 days for one week.) activation z-score of +3.14. We tested this drug |
h e e e at different concentrations and found that it 2 ,
ption factor 14
increases GM3816 growth was able to increase the growth of FA cellsin a B 1
g0 dose-dependent manner. it
- ? o (Cells were treated with the drug or carrier I
Friedreich ataxia (FRDA) is an autosomal recessive neuro and cardio-degenerative disorder, with a control (DMSO) every 48 h for two weeks.)

cell number

T I

prevalence of approximately 1 in 40,000 in European populations. (Recent reviews include those v B

. . . . . $ 8 DAVID Bioinformatics Resources 6.7 200
by Koeppen and Mazu rk|EW|CZ,1 CO||InS,2 and Gomes and Santos.3 ) FRDA is characterized by Design of a mutant of gFA11 associated with loss of the growth phenotype D.A.V.I.D. analysis of .Av”””“““ MO 8ty o NSOY M HVMCTIOLR DARAS (IVARY o 100
progressive ataxia of all four limbs, dysarthria, areflexia, sensory loss, and muscle fatigability. sul.genes ";t't‘e ORIl e e C e em e

. . . . . microarray data R e S O
FRDA is caused by mutations in the nuclear gene, FXN, which encodes the highly conserved g 20 suggested that GFATL -io " n s s
protein frataxin. Most disease alleles harbor a GAA repeat expansion in the first intron, which 3 changed the TR .
3 (s) - urmmaﬂ Ellg ) e e
results in decreased transcription. Frataxin localizes primarily to the mitochondrial matrix, where . o expression level of E I u C I d at I O n Of D I S e a S e
. . . o many genes associate KIS A
it chaperonesiron and regulates the iron—sulfur cluster (ISC) assembly complex. E o with “secretion” " . =  am
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Exon 1 Intron 1 Exon 2 = @ 20 We collected conditioned media from FA cells transfected with gFA11 or control (Mut 1) and ( C a n I S I I l S
@ 0 confirmed by Luminex analysis that gFA11 affects the secretion of cytokines.
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helical DNA recruitment on Enrichment in phenotype: gFA11 (3 samples
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115 gene sets are significant at FDR < 25%
60 gene sets are significantly enriched at nominal p-value < 1%
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gFA2 increases frataxin expression in FA fibroblasts as shRNA or siRNA

Hit-optimization of clone gFA2

Frataxin eXplrlessmn ifn GN(;381$‘ cells infected with gFA2 VS'Z randlom C(Ione §|8ﬁ) and in We constructed a sub-library of ~3000 sequences, each with a limited number of random
GM3665B cells transfected with 10 nM gFA2 siRNA or a random clone (right). Cells were mutations compared to gFA2. We screened this sub-library as described previously and . L . . . .
Library screening: transfected every 3-4 days for two weeks and kept in BHB medium after the first transfection. identified two gFA2-variant clones, gFA2.8 and gFA2.10. Frataxin expression in primary FA The pathways identified by GSE Ana |YSIS are curre ntly under mveshgahon.
300,000 random shRNA clones We infected primary FA ***= p value < 0.005 fibroblasts (4675) transfected with 10 nM siRNA of each sequence demonstrates that clones

fibroblasts (Coriell GM3816)
with a 300,000-clone,

gFA2.8 and gFA2.10 are more efficacious. (Cells were transfected every two days for one

pSiren-RetroQ-Zs Green 1 week and kept in DMEM plus 5 mM BHB after the first transfection. ***= p value < 0.005)

random shRNA library. Four (Clontech) 3 3 -
days post-infection the cells 3
were switched to DMEM T . [ -
containing 5 mM BHB. After S 5 o —_—
two weeks, only 1% of the g S ﬁ l % 1.5
cells survived. The cells were -2 T g 2 ' T .

: . z = 2
LieNmoves o D) s e @ ¥ gFA2.8 shRNA has 5 mutations compared to
glucose for two weeks. The = g f-é v 1 ;
e ST Eatea 515 = 1 E % gFA2; as a result, there are 5 mismatched
two more times. Finally, we S5~ i' 9 In29 TTTTT -3’ é 1 - X bases in the hairpin structure.

d i f 15 z — 0 :
traiselectea ol ampified = £’ ; : Wang et al. Plos One 2008 3(9) Pandolfo, Archives of Neurology, 2008
the shRNA- i z = . :
cassette by PCR, and cloned e ®os —} e — Huang DW et al. Nature Protoc. 2009; 4(1):44-57 Cotticelli et al. JBMS 2015
the amplicon back into the . . 3 <
parental vector. Two clones 0 ' ' 0 . . gFA2: XXXAAXXXXXG XXXXXXXXXC XXXXXXXX [CTAAAC] CXXXXXXXXXXXXXXXXXXXXXXXXXXXX Huang DW et al. N UCIE|C AC'dS RES. 2009, 37(1)1'13
“FA1A s s e s = = = i gFA2.8: XXXCCXXXXXC XXXXXXXXXA XXXXXXXX [CTAAAC] TXXXXXXXXXXXXXXXXXXXXXXXXXXXX Su b raman | an et a I E P NAS 2005' 102 2 15 545- 1 5 S SO

chosen for further analysis:
gFA2 and gFA11.

Mootha et al. Nat Genet. 2003; 34:267-273
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