Received: 3 January 2023 Accepted: 7 March 2023

DOI: 10.1111/bjh.18760

LETTER TO THE EDITOR

BRITISH JOURNAL OF HAEMATOLOGY

Use of minigene assays as a useful tool to confirm the pathogenic
role of intronic variations of the ANK1 gene: Report of two cases of

hereditary spherocytosis

ANK1 is one of the most frequently mutated genes in hered-
itary spherocytosis (HS) in European countries and encodes
the protein Ankyrin-1 which is a major membrane erythro-
cyte protein linking horizontal protein network to the ver-
tical one. Inheritance can be either autosomal dominant or
recessive depending on the type of variations."* According
to the American College of Medical Genetics and Genomics
(ACMG) classification, loss of function variations (non-
sense, frameshift, canonical splicing regions) of the ANK1
gene is dominant and can be undoubtedly classified at least
as probably pathogenic (class 4) in a context of HS. On the
contrary, variations affecting deeper regions of introns can-
not be classified higher than class 3 (variation of uncertain
significance [VUS]) without functional characterization. We
recently encountered that situation in two typical cases of HS
(a 61-year-old man; patient 1 and a 15-year-old boy, patient
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2). We performed NGS analysis targeting known genes
implicated in red blood cell membrane diseases for these
two patients (Supplementary data: NGS panel genes list).
Molecular analysis revealed the presence of an ANKI in-
tronic variation at heterozygous state: NM_020476 (ANK1):
€.1405-9G>A (intron 13) in patient 1 and ¢.5097-33G>A (in-
tron 38) in patient 2.

Both variations were absent in the gnomAD v3.1.2 da-
tabase and all used splicing prediction software (Splice Site
Finder-like, MaxEntScan, NNSPLICE, GeneSplicer) con-
cluded to altered splicing (Figure 1). The intron 13 variation
led to the decrease in the canonical acceptor site strength
and to the creation of a new strong cryptic acceptor site,
whereas the intron 38 variation led to the creation of a cryp-
tic acceptor site with higher scores than the canonical one.
Moreover, these two intronic ANKI variations had already
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FIGURE 1 Screenshots from Alamut® interface representing splicing predictions of four different dedicated software for the two ANKI intronic
variations. (A) ANKI:c.1405-9G>A and (B) ANKI:c.5097-33G>A. Each screenshot is divided into two parts: the upper part represents the splicing
predictions of the wild-type (WT) sequence and the lower part those of the mutated (Mut) sequence. Each line corresponds to one particular software
(namely Splice Site Finder-like, MaxEntScan, NNSPLICE and GeneSplicer), either for splicing donor sites (5" blue lines) or for splicing acceptor sites
(3’green lines). The presence of a green rectangle indicates that the software predicts 3’ splicing on that position. (A) The canonical acceptor site (A1) is
abolished by the ANKI:c.1405-9G>A mutation (A2) and replaced by an alternative acceptor site 7 bp before (A3). (B) ANKI:c.5097-33G>A mutation does
not modify the canonical acceptor site (B1) but creates an alternative site 31 pb before (B2). This alternative site seems to be stronger than the canonical

one since the green rectangle scores are higher for all four software.
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FIGURE 2 Representation of the hybrid minigene splicing assays for the ANKI:c.1405-9G>A and ¢.5097-33G>A variation. (A) Schematic
representation of the minigene including ANK1 exon 13 (white boxes) and intronic regions (black lines) for the wild-type and the mutated constructs.
(B) RT-PCR results obtained after transfection of HeLa cells with wild-type (lanes 1 to 3) and mutated (lanes 4 to 6) construct for ANK1:c.1405-9G>A
variation and relative quantification of the intensity of each band. (C) Sanger sequencing results of the major products obtained after transfection with
wild-type and mutated construct. (D) Schematic representation of the minigene including ANK1 exon 39 (white boxes) and intronic regions (black
lines) for the wild-type and the mutated constructs. (E) RT-PCR results obtained after transfection of HeLa cells with empty pET01 vector (lanes 1 and
2), wild-type (lanes 3 and 4) and mutated (lanes 5 and 6) construct for ANK1:c.5097-33G>A variation and relative quantification of the intensity of each
RT-PCR products obtained after transfection with wild-type and mutated construct. (F) Sanger sequencing results of the major products obtained after

transfection with wild-type and mutated construct.

been referenced in a 2020 publication by Tole et al.* who
established a list of potentially implicated variations in a
cohort of paediatric HS cases. Interestingly, thanks to the
corresponding author, we learned that all the described HS
patients harbouring the —33 variation were family related.
Their common ancestor was a farmer who lived in Toronto
region at the end of the 19th century, which strongly sug-
gested a founder effect. The —9 variation was associated with
a new HS description 1year later in a Chinese family.”

Taken together, these arguments were strongly in favour
of these two variations of causality in the diagnosis of HS.
Unfortunately, no functional studies were performed in
these two publications. We performed a minigenes analysis
on both variations. Those results allowed us to reclassify it
as pathogenic variations according to ACMG classification.
It is to note that these two minigenes were performed in two
distinct laboratories. The precise and complete description
of each protocol is available in supplementary data but the
principle remains the same. Briefly, total RNA was purified
from cultured cells transfected with empty plasmid, mini-
gene containing partial wild-type (WT) or mutated ANKI
intron, prior natural n+ 1 exon and partial #n+1 intron. RT-
PCR products using primers located in the plasmid exons
before and after the ANKI exon of interest were obtained
(Figure 2A,D), analysed on agarose gel (Figure 2B,E) and se-
quenced using Sanger analysis (Figure 2C-F).

For the ANKI:c.1405-9G>A mutation (intron 13), both the
normal and mutated minigene gives rise to a major RT-PCR
product of about 450bp which may correspond to the nor-
mal splicing of exon 14 (expected size = 445bp) (Figure 2B).
Interestingly, a very minor product of about 250 bp was also
observed which may correspond to exon 14 skipping (ex-
pected size = 247bp). Sanger sequencing confirmed these
hypotheses but, for the 450-bp product of the mutated min-
igene, exon 14 was preceded by the last seven bases of intron
13 (Figure 2C). The ANKI:c.1405-9G>A mutation has thus a
complete modifying effect on splicing with the exonisation
of the 7 last bases of intron 13 that gives rise to a frameshift
leading to a premature stop-codon a few bases later.

For the ANKI:c.5097-33G>A mutation (intron 38),
the wild-type minigene gives a major RT-PCR product
of 537bp while the corresponding one for the mutated
minigene was 31 bp longer (568 bp) (Figure 2E). A minor
PCR product of about 411 bp for WT and 442 bp for mu-
tated construct was also observed which may correspond
to the creation of an artefactual donor site in the exon 39
sequence. It was thus confirmed that the ANK1:c.5097-
33G>A mutation creates a new splicing site triggering

frameshift due to 31 bp insertion leading to a premature
non-sense codon UGA in position ¢.5217 (p.1739) in exon
39 (Figure 2F).

No normal transcript was produced after the transfection
of the mutated minigene.

In conclusion, our study proves again the high useful-
ness of minigenes studies in functional testing of intronic
VUS in the field of hereditary hemolytic anaemia.’ It also
emphasizes the importance of searching for deep intronic
variations out of usual flanking intronic regions in next
generation-sequencing analysis pipelines.
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SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

85UB017 SUOWWOD BAITe1D) 8]qeo! (dde 8y A peusenob aJe Sspie YO ‘9Sn JO SNl J0) AreiqT 8UIUQ A8]1/M UO (SUORIPUOD-PUE-SWBIALIO" A3 (1M Alelq Ul |Uo//SdnL) SUORIPUOD pue swie | 8y} 89S *[£202/c0/Tz] uo Ariqiiauliuo A8|im ‘AisieAlun eoIps I erided A 09/8T UM/TTTT 0T/I0p/Wod 48| im ARIq1eUI|UO//STIY WOj pepeoumoqd ‘0 ‘TyTZG9ET


https://orcid.org/0000-0002-2351-9441
mailto:ariane.lunati-rozie@aphp.fr
https://orcid.org/0000-0002-7263-805X
https://orcid.org/0000-0002-7263-805X
https://orcid.org/0000-0001-5350-1763
https://orcid.org/0000-0001-5350-1763
https://orcid.org/0000-0002-2351-9441
https://orcid.org/0000-0002-2351-9441
http://www.jci.org/articles/view/127195/pdf
http://www.jci.org/articles/view/127195/pdf

	Use of minigene assays as a useful tool to confirm the pathogenic role of intronic variations of the ANK1 gene: Report of two cases of hereditary spherocytosis
	REFERENCES


