SMRT Sequencing of Full-Length Androgen Receptor Isoforms in Prostate Cancer Reveals Previously Hidden Drug Resistant Variants
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Abstract Alternative Splicing of the Androgen Receptor Full-Length Transcript Sequencing ldentifies Novel Isoforms

' ' Genome Browser View of AR Gene Locus A 35kb 22Rv1 tandem duplication
Prostate cancer is the most frequently diagnosed male cancer. For prostate cancer that has progressed to an Single Molecule Real-Time (SMRT) Sequencing of AR h H

advanced or metastatic stage, androgen deprivation therapy (ADT) is the standard of care. ADT inhibits activity N 166 Kb| hobs Isoforms in Castration-Resistant Prostate Cancer T O SN 45678

of the androgen receptor (AR), a master regulator transcription factor in normal and cancerous prostate cells. chri:| ST, 30, pesl e edall | kel ihe lrhamsir bt St SRk POl Ll L L bed b labetubes® T 109 9081 PacBio 22Rv1 exon: . N

The major limitation of ADT is the development of castration-resistant prostate cancer (CRPC), which is almost ?[MEE': — (A) Schematic of AR gene structure in the 22Rv1 cell tdup copy 2 ™
invariably due to transcriptional re-activation of the AR. One mechanism of AR transcriptional re-activation is i ' line, which harbors a 35 kb AR intragenic tandem IHHHHTHI——

expression of AR-V7, a truncated, constitutively active AR variant (AR-V) arising from alternative AR pre-mRNA Cveen | ?n“é’ll\'lcfst'ggéb‘je‘ﬁih 8'g;rgfcg’i‘ggSMe;‘?rgZZi‘ig;ﬁg e o 6 xon E— o H o

splicing. Noteworthy, AR-V7 is being developed as a predictive biomarker of primary resistance to androgen ok ol NCBIIRIfyen senes. |oirytoo [suboet (M, [NR%, [and | YT LS [Panotat jon e legse ealeror i llustrated. Black exons represent AR exons 1-8 PacBio 22Rv1 exon:
AR

receptor (AR)-targeted therapies in CRPC. Multiple additional AR-V species are expressed in clinical CRPC, (canonical exons), gray exons represent known AR

but the extent to which these may be co-expressed with AR-V7 or predict resistance is not known. Canonical Full-Length AR cryptic exons (annotated cryptic exons), and white exons
represent new AR exons discovered by SMRT

Full-Length Sequencing (PacBio 22Rv1 exons).
Here, we utilized long-read sequencing to identify and quantify AR isoforms expressed in CRPC. To AR
unambiguously characterize all AR isoforms, we prepared Iso-Seq libraries via 3’ rapid amplification of cDNA Exon 1 2 3 4 5/ \6/7/| 8 (B) Exon composition and quantification of the 20 most
ends (RACE) with RNA isolated from prostate cancer cell lines and xenograft tissues using a forward primer ‘ ‘ ‘ ‘ abundant AR transcripts isolated from 22Rv1 cells by 3
. rapid amplification of cDNA ends (RACE) using a forward
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anchored in AR exon 1. 3'RACE reactions were subjected to Single Molecule, Real-Time (SMRT) long-read orimer anchored in AR exon 1. Individual pixels represent
PB.220.4

sequencing with a PacBio RS Il System. discrete exons contained in individual AR transcripts. Ll

Pixel colors indicate whether that exon was spliced via FEas
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both annotated 5’ and 3’ splice sites, the annotated &’

Our work identified AR-V9 as a truncated isoform that is frequently co-expressed with AR-V7 in CRPC. splice site only, the annotated 3’ splice site only, or neither Cag‘ﬁg}fg‘gi 0 , 1 o Q'Q Q'Q %Q'Q
- A

Mechanistically, our work re-annotated AR-V7 and AR-V9 mRNAs, showing these two species shared a : the annotated 5’ nor 3’ splice sites. Read counts ParBio. 3] DR
: : . . . . . : . . Truncated AR Variants : _ — Ep—
common 3’ terminal exon containing separate splice acceptor sites. Using this new information, novel siRNAs represent the number of single molecule transcripts that peapy p copy read count

and antibodies that could distinguish between AR-V7 and AR-V9 were designed, validated and used to The canonical full-length version of the Androgen Receptor (AR) includes exons 1-8. However, truncated versions of the receptor protein matched the indicated splicing pattern. AR transcripts ST [T SHE

measure the relative expression of these two AR isoforms in CRPC cells with a view to determining the can be generated by alternative splicing to one or more cryptic exons. AR-V7 arises from contiguous splicing of AR exons 1, 2, 3, and were msdpected mbanua(lz:ly for pred!cted tlrang:cgtlop, and splice site usage: M 3'only M 5'&3' 5 only M neither
. g . : : : - _ - il - ita i - - assigned names based on a previous classification 79 B

potential of AR-V9 as a predictive biomarker of primary resistance to AR-targeted therapies. cryptic exon 3 (CE3). The AR-V9 variant utilizes an upstream splice acceptor site incorporating cryptic exon 5 (CE5). CE3 and CES5 are a g P s ——

single alternative terminal exon with two different splice site acceptors. Proteins made from the AR-V isoforms retain the DNA binding system. AR transcripts that had not been identified
domain, but lack the ligand binding domain. previously were classified as novel. Asterisks denote

transcripts harboring tandem copies of AR exon 3.
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(C) Exon composition and quantification of the 20 most

' 22Rv1 abundant AR transcripts from 22Rv1 cells by 3’ RACE
Met h O d OverV| ew ead using a forward primer anchored in AR exon 3. Data are

coverage ) ) )
g visualized as described above.
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’ Reverse'ﬁ*anscripﬁon (Rapld Ampllflcatlon Of CDNA EndS) 22RV1

e ——AARAAAARAN / 3" or 5" RACE works well for targeted sequencing of = junctions SU mm ary an d RES ources
— > cDNAs when the gene of interest includes alternative .

G —————————————————————————— [\ A\ A A AA A A A A B : : : : : : : g :
T ;Anneal . . Full-length first strand cDNA is generated using an 4270 split reads 3" RACE combined with PacBio SMRT Sequencing enables targeted full-length isoform identification
niversal Frimers

— i oligo dT primer with a universal amplification B |
<  sequence appended to the end. The gene of interest ARITIRNA —_— | AN VEAE MERA
<— is specifically amplified using a custom primer. The | exon1  |2[3]4]5]6]7]8] . exond Alternatively spliced AR transcripts that incorporate cryptic exons result in proteins that are likely to be
— double-stranded amplicon can then be converted into : : . T il truncated

a SMRTbell template by ligation of hairpin adapters : . : L : : . . _
and sequencing on a PacBio RS Il or Sequel System. . AR protein L . ARvariant protein: AR-V9 mRNA is frequently co-expressed with AR-V7 and both share a common 3’ terminal exon

SMRT Sequencing of AR transcripts provides unambiguous full-length mRNA information

’ PCR Amplify Gene of Interest

S NTD | [BD | NTD . . . . .
O —_—_——— '-'o Long sequencing reads from PacBio enable The newly-annotated features of the human AR gene are important for the design and interpretation of targeted
" Hgate Hairpin Adapters sequencing near full-length RACE amplicons by using Deep Sequencing of AR RNA in Castration-Resistant Prostate Cancer. assays for developing AR-Vs as biomarkers in prostate cancer

©=© a gene-specific primer near the 5’ end of the gene. (A) RNA-Se(q read coverage along discrete regions of the AR gene in the 22Rv1 cell line. Split RNA-Seq reads spanning the exon 3/CES5,

‘r SMRT Sequencing read sequencing data, it is difficult to infer contiguous full-length mRNA isoforms. This makes it a challenge to understand co-expression of

multiple variants. http://pacb.com/isoseq
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