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Comments by Professor Vinuesa and Professor Cook in response to the opinion offered by
Dr Buckley and Professor Kirk dated 9 April 2019
Professor Carola Vinuesa and Professor Matthew Cook

We have two substantial disagreements with the reports, including the response to our
report, of Dr Buckley and Professor Kirk’s team. We would also like to correct the record
regarding some specific remarks offered by Dr Buckley and Professor Kirk. The first of our
outstanding disagreements is that we strongly disagree that the ACMG criteria should, or
even can, be applied in this case. Our second point of disagreement relates to the
interpretation of specific gene variants identified.

The ACMG criteria cannot and should not be applied in this case

We outlined caveats previously in both our original report and the supplementary report, and
reiterate them again here. First, we have considered the possibility that our task is not a
diagnostic exercise that aims to identify clinically-actionable mutations. Second, and
irrespective of the first point, the fundamental limiting factor we face in reporting genomic
variants here is uncertainty regarding the phenotypes we are attempting to explain. The logic
of enquiry is therefore different from that of routine diagnostic genomics, because in this
case, the phenotypic information is incomplete, absent or uncertain. The current exercise
should lie somewhere between a research approach and a clinical approach.

To try and make this distinction clear it is necessary to explain why sequencing the Folbigg
family is inherently different from routine clinical diagnostic genomics.

In diagnostic genomics, a phenotype is defined by clinical examination and investigations.
Those examinations and investigations are done with a view to making differential diagnoses
which could plausibly be caused by a single gene defect. DNA sequencing (WGS or WES) of
the diseased individual and their family is then performed, and identified genetic variants are
evaluated according to ACMG criteria. Only after this process can we conclude whether a
genetic defect is causally related to the phenotype.

By contrast, in the Folbigg case there is a large degree of phenotypic uncertainty. Not only
uncertainty with respect to the Folbigg children, but also uncertainty with respect to Ms
Folbigg, and her wider family. This makes the issue of interpreting the genetics of the family
much less routine than for ordinary diagnostic genomics. Here the main issue is how can one
confidently exclude candidate variants given this phenotypic uncertainty? Keeping in mind
again that in diagnostic genomics one only defines a variant as “pathogenic” if it is 99% likely
to cause disease, and “likely pathogenic” if it is 90% likely to cause disease. This is a very high
threshold and many disease-causing variants are invariably not classified as “likely
pathogenic” or “pathogenic” given the lack of evidence, but in time will presumably be
classified as such.

For the above reasons, we see the logic of enquiry as follows:
a. Assume multiple different possible phenotypes (cardiac, neurological etc);



b. Perform WGS /WES analysis on the assumption that such a phenotype exists or
existed, and classify the variants revealed by this process.

In other words, the genetic investigations have been performed under a series of phenotypic
postulates. This logic is implicit in the approach to candidate gene list compilation
acknowledged by all parties. If the phenotypic uncertainty is dismissed, and therefore all
plausible significant pathology is considered unlikely, then the value of genetic investigation
is negligible. On the other hand, if we agree on the logic of the enquiry, and indeed the
purposes of genetic sequencing in this Inquiry, then the limitations of strict application of the
ACMG criteria become obvious.

Disagreement relating to interpretation of specific gene variants identified

We cannot exclude rare variants such as those found in CALM2, MYH6, IDS and NLRP1 as
potentially contributing to the deaths of the Folbigg children based on available information.

The specific corrections to the record regarding specific remarks offered by Dr Buckley and
Professor Kirk are detailed below:

CALM2
1. Phenotypic uncertainty

c. ECG examination has found no positive evidence of long QTc in KF although this
cannot be excluded in the absence of additional tests including an exercise ECG.
This conclusion is even less certain in the offspring because of the quality of the
ECGs (or absence of ECGs).

d. Although Professor Kirk and Dr Buckley focus exclusively in the phenotype of Long
QT Syndrome (LQTS), this is only one of the phenotypes conferred by mutations in
CALM2. Others include catecholaminergic polymorphic ventricular tachycardia
(CPVT) and idiopathic ventricular tachycardia (IVT), which are not excluded by
normal QTc when measured at rest, and are important causes of syncope and
sudden death (1).

2. CALM2 structure

a. We disagree with the functional inferences of Professor Kirk and Dr Buckley based
on the amino acid residue affected by the identified CALM2 mutation. Calmodulin
(CaM) proteins interact with a very large number of proteins, including ryanodine
receptors, which regulate calcium release from sarcoplasmic reticulum, and L-type
voltage-gated calcium channels. The latter undergo calcium-dependent
inactivation but the former can be regulated by conformational changes in CaM.
Different mutations have been shown to affect different channels, and to some
extent, confer different phenotypes (i.e. LQTS, CPVT, IVT and SUD). Indeed, there
are mutations located in the EF hand domain, as the one in this kindred, that do



not encode calcium-coordinating residues (2) but still cause CPVT, IVT and sudden
death.

b. Specifically, two of the three inherited (i.e. not de novo) publishedpathogenic
CALM1/2 mutations (CALM1 and CALM?2 encode proteins with identical amino
acid sequence) are not calcium-binding residues and have been shown to cause
CPVT, idiopathic ventricular fibrillation (IVF) and SUD. For example, a CALM2-F90L
mutation was identified in a 5-year-old boy who died while playing, with a negative
autopsy (10). Furthermore, a CALM1-F90L mutation was described in a Moroccan
family with episodes of idiopathic ventricular fibrillation (IVF) within the first 2
decades of life and mild QT prolongation only in the recovery phase after exercise
(9). This mutation was present in the healthy mother and 4 sequenced siblings;
only 2 siblings suffered sudden death (pedigree below: “+” indicates mutation
present in sequenced individual; “-” indicates mutation absent in sequenced
individual).
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The published pathogenic CaM mutations not occurring in calcium-
binding/coordinating residues are:

CALM1-p.N54| — 4 index cases CPVT

CALM1-p.FOOL - 1 case IVF

CALM2-p.FO0L — 2 cases SUD
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Figure from References 3 and 4 (red arrow, mutation present in KF family)

Variant desert in exons 1-4 of CALM2

Calmodulin is one of the most highly conserved proteins in nature. Three genes
encode the same protein, and still there is a very low rate of mutations in CaM. There
are various measures of genetic constraint (ie intolerance to loss of function or
missense mutation). Gnomad provides a single statistic for the entire gene, but more
recently, analysis has been made by domains on the assumption that absence of
genetic variation on one or more exons ascertained from large human cohorts implies
strong purifying selection (5). The substantive point to be made is that there are no
known benign missense or LoF mutations within exons 1-4 of CALM2 (G114 is encoded
in exon 2) which encodes the C-lobe.

Exclusion of candidate variant on the basis of KF being unaffected.

Even in KF does not have a cardiac phenotype after complete cardiac screening, gene
variants shared by her and her offspring cannot be excluded completely on this basis.
It is widely accepted that AD genetic diseases can be incompletely penetrant for
different reasons including for example protective alleles or milder alleles requiring a
second mutation in an interacting partner. The latter is a possible scenario given the
burden of VUS’s in cardiac genes identified in the family and their potential interaction
with other genes, environment and other factors.



MYH6

With regards to the comment that there is no evidence of any cardiac phenotype which has
been associated with MYH6 variants in any family member, we want to draw the Inquiry’s
attention to published reports that are available to support: cardiac arrhythmias arising from
mutations in this gene, incomplete penetrance, and variable penetrance, referenced in our
initial submission.

Pathogenic variants in genes known to cause cardiomyopathies and cardiac arrhythmias have
been found in autopsy-negative sudden unexplained deaths. An expert in this field
(Ackerman) states:

A standard forensic autopsy may fail to recognize subtle features of a cardiomyopathy
or that sudden death may occur with subclinical disease. This supports the evaluation
of cardiomyopathic genes in addition to channelopathy genes even in the setting of
seemingly autopsy-negative SUD. As evidenced in our cohort, half of the exertion-
related SUDY cases have a VUS in one of the channelopathic or cardiomyopathic genes
that remains stuck in genetic purgatory currently (10).

Where Ackerman refers in that last sentence to “genetic purgatory” he is referring to the fact
that these seemingly disease-causing variants are unable to be classified as pathogenic or
benign given the absence of other evidence at this time. Additional work will clarify the causal
association between the genetic variant and the phenotype. Put another way, as this field
progresses, the costs of sequencing continue to drop and more research is conducted these
VUS will likely end up being categorised as pathogenic or benign. Until this functional analysis
is done, we can make no further comment.

IDS

GAG in urine may not be the definitive diagnosis as per review below from an authoritative
source (6).

“The current approach to the diagnosis of MPS Il depends on demonstrating an absence
or reduced iduronate 2-sulfatase (12S) enzyme activity in white cells, fibroblasts, or
plasma. Most affected males have no detectable 12S activity using the artificial
substrate. Identification of a hemizygous IDS pathogenic variant by molecular genetic
testing confirms the diagnosis of MPS Il in a male proband and may be useful in persons
with an unusual phenotype or a phenotype that does not match the results of GAG
analysis.”

We would defer to a metabolic disease specialist on this matter.



NLRP1

Several lines of evidence suggest that mutations in NLRP1 can cause myocarditis. First, the
NLRP1 inflammasome is expressed in cardiac myocytes. Second the mouse model of the
syndrome in question (engineered Nirpl mutation) was characterised by neutrophilic
myocarditis in 25% of animals, and this pathology was considered a likely cause of death (7).

The statement by Professor Kirk and Dr Buckley that there are no reports of cardiac disease
in this rare syndrome is not correct. A cardiac conduction defect and left ventricular
dysfunction has been identified in a patient with NLRP1-associated autoinflammation (8).
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