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Introduction Results

Familial hypercholesterolemia (FH) is one of the most
prevalent monogenic inherited diseases, with an _ _ _ _

. o i
currgnt estimates S_hOW that 9_0/0 of ca-ses are A Caucasian patient was enrolled in the FH Foundation’s PAGENT study. promoter and exon 1 region.
undiagnosed?. FH is characterized by lifelong elevated

levels of low-density lipoprotein (LDL)-cholesterol and, if - The patient was diagnosed with FH (LDL-C 420 mg/dl) following an The copy ratio graph shows the rgad depth across the LDLR gene for 50 bp segments,
left untreated, leads to aggressive and premature emergency quadruple bypass surgery at the age of 32. Despite the normalized against a r.epr-esen’FaTtlve set of compargblel sgmples. The segmentatlon
coronary artery disease. Pathogenic variants in the LDL severe phenotype observed in the patient, he had previously gone method ‘flasso’ (CNYklt) identified the-1.5 kb d.eletlon in mtron. 1. In a.ddItIOh, two
receptor (LDLR) gene are the most common cause of without a proper diagnosis and treatment p|an for several years. segments representl.ng the small deletion flanklng the 225 bp Inversion of exon 1 were
autosomal dominant FH, and detection of LDLR « The patient’s family history lacked any documented cases of detected at copy ratios below normal.

pathogenic variants aids in the diagnosis. Numerous hypercholesterolemia, cardiovascular disorders, or sudden unexplained 1.5 ' —

single nucleotide variants, including frameshift, nonsense, death. Both parents of the patient had slightly elevated cholesterol - flasso

missense, and splice site variants, that cause the loss of levels, for which lifestyle modifications were recommended. 1.0 |

[ DL R function have been associated with FH. Structural .
« A complex, heterozygous structural rearrangement encompassing the

ariants involving the promoter region, single or multi- . . e o
var | V ving P S J 2 promoter region and exon 1 of the LDLR gene was identified in the ©
exon deletions, and duplications have also been reported. . o
patient. 2 g
S O
Here we report a heterozygous, complex structural  The Color bioinformatics NGS pipeline called multiple deletions and Lg)w
rearrangement involving the promoter region and exon 1 Insertions of varying size, as well as two inversions calls at ~3.3 kb and - |
of the LDLR gene (NM_000527.4:c.[-203_67+26delins ~5 kb depending on the read direction, within a 5.0 kb region
AGG: 67+3241 67+4720delins(-192_33)inv]) identified by encompassing the promoter region and exon 1 of the LDLR gene of the |
next-generation sequencing (NGS) technology. This patient. 15 | | | | | |
variant was identified in a patient who was enrolled in - The variant was determined to be NM_000527.4:c.[-203_67+26delins 20 e Poii';jr? (chrlg')lz‘j’ bz Lo
the FH Foundation’s PAGENT (Patient Acceptance of AGG: 67+3241 67+4720 delins(-192_33)inv].

GENetic Testing) study?. The patient was affected with G fic testing has b trared to th ‘< but h ‘ vet b
FH and severe coronary artery disease without enetic testing has beeh orfercd to the parents but has hot yet been Figure 3. Secondary confirmation by PCR and Sanger sequencing.

significant family history. While large deletions (-9-16 kb) performed, | ~ | |
including the promoter region and exon 1of the LDLR Two sgts of primers specific to th|§ rearrangeme.nt were deS|gned:-
gene have been reported in the literature4, the variant Figure 2. IGV image representing the complex rearrangement * Primer Set #1 uses a forward primer overlapping the 5" breakpoint (c.-211_-203 and
described here appears to be novel. Due to the sequence of the LDLR promoter and exon 1. Er;t 11bp of the rearrangement?. . . .
nversion encompassing the 5'UTR and part of exon 1. . rimer Set #2 uses a reverse primer targeting the inverted sequence (c.-192_33inv).
this variant is unlikely to be detected by methodologies Analysis of both paired and soft-clipped reads revealed a complex .
that target coding sequences at a low sampling density; rearrangement, which includes a 225 bp sequence reverse complementary | |
such as aCGH and MLPA. to c.-192_33. Red bars indicate the deletion in the S’UTR and exon 1 LDLR gene —I-— 1ttt
(c.-203_67+26) and the deletion of ~1.5 kb sequence in intron 1 :_ J
(c.67+3241 67+4720). Note that reads were randomly down-sampled to
Methods increase visibility in this image. c. ‘(:22356?3'26

C.67+3241_67+4220

Individuals participating in the CASCADE FH Registry —_ : = Reference

Patient Portal and with a clinical diagnosis of FH were — _ e M ,.,., ‘‘‘‘‘ allele

invited to opt in for APOB, LDLR and PCSK9 gene testing -  —— ' ' ' — e ——— Rearranged

at Color. Variant calling, analysis, and reporting focused e - | | allele

on the complete coding sequence and adjacent intronic =, = N Primer Set #1 —>> Product size O (ref) or 3906 bp (rearranged) —= <~

sequence of the primary transcript(s). ! wnt-"f_-' :-=: Primer Set #2 > —> Product size O (ref) or 4039 bp (rearranged) -

Laboratory procedures were performed at the Color = :",'_n,'. o e e S e RS o = - B Reference Z PCR primer

laboratory under CLIA and CAP compliance. Briefly, DNA 7—'_:. E- - B Deletion .

was extracted, enriched for select regions using . _§: _éj o B inversion < Nested sequencing primer

SureSelect XT probes, and then sequenced using '.’-3'.'. -_;.'..' - Insertion

NovaSeq 6000 instrument. Sequence reads were aligned _?-._ _§ s =

agginst humar.\ gengme reference _GRCh3_7'F_)12’ ana _ = — = — =—-_ = | ) i PCR fragment analysis confirmed the approximate size of the rearrangement, as well
variants were identified using a suite of bioinformatic el = = . LR B as the absence of a PCR product in control DNA. Sanger sequences based on the
tools designed to detect single nucleotide variants, small "-_ X [ e "f' T forward, reverse, and nested primers confirmed the order and breakpoints of the
iInsertions and deletions (indels, 2-50 bp), and large | | — | s | S ST " a

L constituents of the complex rearrangement in the patient’s sample.

structural variants (> 50 bp).

Variants were classified according to the American
College of Medical Genetics and Genomics 2015

guidelines for sequence variant interpretation’. All A complex rearrangement in the LDLR gene was identified by NGS in a patient affected with FH and coronary artery disease. This variant is unlikely to be detected by

variant classifications were signed out by a board- methodologies that target coding sequences at a low sampling density, such as aCGH and MLPA.
certified medical geneticist or pathologist.

Conclusions

 This case study underscores the clinical utility of preventive genetic testing to obtain a definitive FH diagnosis and discover disease-causing pathogenic variants that
would not be predicted based on family history alone.
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