Recurrent Repeat Contractions (rRCs) & Micro-Changing Short Tandem Repeats

(MmcSTRs): Investigating Novel Polymorphic Variants in 15 Human Cancers
1. REPLICATION ERRORS 2. DETECTING DISEASE STATE TRs

* 30.2 million annual cancer cases expected by 2040 - stage of cancer at diagnosis |} Traditional structural variant (SV) callers disregard rRCs and mcSTRs?°-2°
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* Cell-free DNA biomarkers are <150 base pairs’>->non-invasive early cancer detection
 Cancer sub-type specific mutations allow for cancer-location specific diagnosis?4-28

How do rRCs & mcSTRs in cancer compare to pathogenic tandem repeat mutations and is it a novel biomarker for early cancer detection?

METHODOLOGY

1. Identify rRCs/mcSTRs: Pan-Cancer Analysis of Whole Genomes?9-30 (2509 Tumor-Normal Samples; 37 cancer types). rRCs: EH Denovo (EHdn v0.9)2! + LRDN - mcSTRs: EH (EH v5.0)22+ ActiveSTRs
2. Compare cancer rRCs’/mcSTRs’ genomic role to 1) other known repeats in cancer and 2) repeats other diseases: Microsatellite Instable, Expansions, cis-regulatory elements, JENSEN diseases
3. Identify case-study rRCs/mcSTRs: Experimental validation in isolated cohorts of matching tissue/normal/plasma samples. Evaluate rRCs’/mcSTRs’ effectiveness as early diagnostic biomarker

RESULTS/DISCUSSIONS

Micro-changing STRs & Recurrent Repeat Contractions are understudied in cancer

rRCs: EH Denovo + LOCAL READ DEPTH NORMALIZATION (LRDN) mcSTRs: EXPANSIONHUNTER (EH) + ACTIVESTRs CATALOG

* rRCs are significant mutation sources of genetic variation in cancers (g<0.05) * mcSTRs are significant mutation sources of genetic variation in cancers (q<0.05)
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Fig. 8. Breakdown of mcSTRs by cancer
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subtype. HCC=Hepatocellular carcinoma.

182 final mcSTRs identified across 10 cancer types; 176/182 subtype specific (Fig. 8),
allowing for cancer tissue-of-origin detection by mcSTR

* mcSTRs are distinct from other repeat types (Table 1); may form from alternative

cancer pathways/mechanisms; precedent to be found in eccDNA

mcSTRs: LIVER HEPATOCELLULAR CARCINOMA (HCC) CASE STUDY

* Full contractions observed in eight mcSTRs (Table 2), distinct biomarkers in HCC

* LRDN eliminated >80% of candidate rRCs as false positives (689 - 120; Fig 3A)
* EHdn + TROPIC3! + LRDN - 120 rRCs across 10 cancer types (Fig. 3B)

* Repeat count differences in tumor vs normal are rendered insignificant by LRDN
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Fig. 9. 8 mcSTR repeat genotypes for HCC diagnosis.
* 8 mcSTR genotypes effectively distinguish between tumor vs normal samples (Fig. 9)

rRCs: VISUALIZATION IN PROSTATE ADENOCARCINOMA

* Electrophoresis visualizations: lower tumor weight vs normal, indicating rRCs (38%; Fig. 5)

Fig. 5. Sample visualization of rRCs in Prostate mCSTRS EXPERI M ENTALLY VALI DATED IN HCC TU MOR/P LASMA

o SN -s00bp Adenocarcinoma. Electrophoresis3435 of 4
e e patients at chr10:22006254-22007372. N: Non-
Cancer Sample, T: Tumor Sample. Each pairing
shows lower tumor bands, indicating presence

of an rRC.
* rRCs experimentally observed in Prostate Adenocarcinoma.

rRCs: PRDM16 INTRONIC rRC in HCC CASE STUDY

* PRDM16 intronic rRC may play functional roles in transcript usage and survival rate

» Sequencing of 20 HCC tumor/normal tissues displayed contractions in 55% of tumor samples
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TGTCCT GTGC CTCTCCTTTCCCgCGCCGCCGCCGCCcGLCcCcGsgcecegeeesegeeagececegeyrecAcg GGG CeT
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PRDM rRC (ENST0000027072210) T — cw oo 1ew | | of rRC expressed HCC Patients. B) TGTGCCTCTCCTTTCCCCTCAGGGGCTGCCAGGCTGACCACCCCCACCGCAGGCCAGGCCT
< 807 5 207 ;3 o Th | PRDM16 isoform expression in HCC I
E 404 A * ch B samples as a function of PRDM16 CONTRACTION
o 46% Q 50 - O & - b rRC detection3¢3’. Wald test/FDR
8 40 u% D i L - b correction3, C) Kaplan-Meier plots
S 204 (00 © ) = stratified by PRDM16 expression
© § 1 i ; S : L levels in HCC (lowest quartile by Z i
0 - -~ } Jf—; E SCOI"e;.hIg.h q‘uartlle, RNé-seq , Fig. 10. Sanger DNA Sequencing of 20 Matching HCC Normal and Tumor Samples at MCL1. 1 tumor/normal pairing is
chr1:3176615-3177692 — e °® Months ﬁal;igzga_tlgrgolzsg-rank p=2.2x10 shown. A (CGC),, can be observed in normal samples, which is absent in tumor samples. Sanger DNA Sequencing®7->8

- PRDM16 rRC located in 46% of all HCC samples (Wald test & FDR; Fig. 6A; p=0.0048) |* (CGClio mcSTR present in normal tissue; contracted in tumor tissue (Fig. 10)
* mcSTR1 contraction experimentally observed in hepatocellular carcinoma

* Associated with a significant decrease in transcript isoform usage (Fig. 6B) T ............ el e e l........ ................ e b ddC ................ esrersnnens | ........ T g
* High PRDM16 expression correlates to poor HCC survival (Fig. 6C; p=2.2x10"7) wo primer sets: Control primers (always-bind) and Contraction-only primers
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Fig. 7. rRC/mcSTR Genomic Features. A) rRC/mcSTR motif length distribution, B) rRC/mcSTR genic feature overlap, C)
Telomeric distance rRC/mcSTRs, D) rRC/mcSTR distribution across MSS & MSI-high cancers. Chi-square test with Yates’
correction*’-48 *p=0.04, **p=0.03 E) rRCs/mcSTRs cCRE distance vs Simple Repeats Catalog*°-51.*p=0.072 **p=0.002

* Bimodal repeat distribution (Fig. 7A); various genic features (Fig. 7B) favors telomeres (Fig. 7C)

* No microsatellite instability enrichment in samples +mcSTR/rRC (Fig. 7D)>2-33; rRCs are closer

Fig. 11. Comparing mcSTR1 No-contraction/contraction-only primers in HCC Plasma. mcSTR1 is identified in 4/7 plasma
samples, indicating presence in cfDNA. LD=Ladder. NC=negative control. Gold boxes indicate mcSTR identified in the sample.

to cCREs than expected; mcSTRs located closer than expected (Fig. 7E) * 0/20 HCC normal, 11/20 HCC tumor, 4/7 plasma HCC samples exhibit mcSTRs (Fig. 11)
* mcSTRs and rRCs may play pathogenic roles in cancer cell death & gene expression>4-5¢ * mcSTR1 experimentally observed in HCC cfDNA, indicating early cancer biomarker

CONCLUSIONS FUTURE INVESTIGATIONS/APPLICATIONS

Local Read Depth Normalization: new algorithm that removes false-positive rRCs * cfDNA rRCs/mcSTRs are promising N CAG\A /_ﬂf G Metastace (
Il. ActiveSTRs Catalog: effective benchmark dataset for evaluating pathogenic mcSTRs biomarkers in early, localized cancer &Fﬁ/q.( = - - ﬂ/ e
I1l. rRCs/mcSTRs: NOVEL mutations spanning 15 cancers; functionally similar to other repeats | detection(Fig. 12)61-62 WS @ D-PR, ' ° LR ,
IV. Liver-HCC mcSTRs: effective diagnostic panel; experimentally identified in tumor/plasma e rRC/mcSTR-targeted therapies may | § 2::$5;1zgmﬁon' PR on o o v
V. PRDM16 rRC: related to HCC expression/survival, clinically applicable allow for novel cancer medicines®3-6° - — —

. o o Fig. 12. Circular cell-free DNA can become DNA mutation targets for
*All images/qgraphics/figures created by finalist diagnosis. mcSTRs/rRCs identified via sequence detection in DNA

VI. Global mcSTR Burden: associated to DNA repair gene pathways and cancer expression




