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1. DISEASE CHARACTERISTICS

1.1 Name of the disease (synonyms)

There are several subclasses of familial partial lipodystrophy (FPLD):
Type 1 FPLD (FPLD1), also known as Kébberling lipodystrophy; Type
2 FPLD (FPLD2), also known as Dunnigan variety; Type 3 FPLD
(FPLD3); Type 4 FPLD (FPLD4); Type 5 FPLD (FPLD5); and Type 6
FPLD (FPLD6).

The molecular basis of FPLD1 remains to be identified.! It is
important to underline that FPLD is an expanding group of disorders
associating partial lipodystrophy and metabolic complications (see
section 1.9), whose classification remains to be clarified. On one hand,
FPLD4, FPLD5 and FPLD6 have been described based each on only
one to five independent patients. On the other hand, a missense
variant was identified in AKT2 in an autosomal dominant form
of partial lipodystrophy,”> but the disorder has not entered the
classification of FPLD so far.

Moreover, in addition to the diseases known as FPLD in OMIM,
partial lipodystrophies can be encountered in other complex syn-
dromes with a Mendelian inheritance, as progeroid or autoinflamma-
tory syndromes. The description of all these rare entities is beyond
the scope of this clinical utility gene card, which will focus on
so-called FPLD.

1.2 OMIM# of the disease
FPLD2: #151660; FPLD3: #604367; FPLDA4: #613877; FPLD5: #615238;
FPLDG6: #615980.

1.3 Name of the analysed genes or DNA/chromosome segments
FPLD2: LMNA, FPLD3: PPARG, FPLD4: PLINI, FPLD5: CIDEC,
FPLD6: LIPE.

1.4 OMIM# of the gene(s)
LMNA: *150330; PPARG: *601487; PLINI: *170290; CIDEC: *612120;
LIPE: *151750.

1.5 Mutational spectrum

Disease-causing variants in LMNA and PPARG account for >50% of
all cases of familial partial lipodystrophies. Molecular defects identified
in other genes explain very few cases. There is a specific database
listing molecular defects in LMNA http://www.umd.be/LMNA/, but

there is no website listing variants in the other genes responsible
for FPLD.

LMNA—FPLD?2 is an autosomal dominant disorder. More than
85% of molecular defects identified in LMNA (NM_170707) and
responsible for FPLD2 affect Arginine 482, which is a hotspot for
disease-causing variants: p.(Arg482Trp) (c.1444C>T); p.(Argd82Gly)
(c.1444C>G); p.(Arg482GIn) (c.1445G>A); and p.(Arg482Leu)
(c.1445G>T).> The great majority of other LMNA variants impli-
cated in FPLD2 or in atypical lipodystrophies (so-called 'metabolic
laminopathies'),® corresponds to missense changes spread over the
different exons of the gene. A few other molecular defects have been
reported including a deletion, a duplication, a splice site and a
nonsense disease-causing variant (for more details, see http://www.
umd.be/LMNA/). A homozygous frameshift variant has been shown to
lead to a severe lipodystrophic phenotype associated to cardiac rhythm
and conduction disturbances.” Besides FPLD, LMNA variants have
been implicated in a wide spectrum of other laminopathies including
Emery—Dreifuss muscular dystrophy, limb-girdle muscular dystrophy
type 1B, dilated cardiomyopathy with conduction defect, Charcot—
Marie-Tooth neuropathy type 2B1, mandibuloacral dysplasia, Hutch-
inson—Gilford Progeria syndrome, restrictive dermopathy and other
atypical premature aging syndromes, as well as overlapping phenotypes.

PPARG—FPLD?3 is an autosomal dominant disorder. Several dozens
of disease-causing variants have been described,® most of them
corresponding to missense changes. A few other molecular defects have
been reported: nonsense variants, deletions leading to frameshifts, as
well as a variant in the promoter. Most of them, affecting the DNA or
ligand-binding domains of the transcription factor, are dominant-
negative variants. Notably, one compound heterozygote for PPARG
variants was shown to present congenital generalized lipodystrophy.’

PLINI—FPLDA4 is an autosomal dominant disorder. Two deletions
and one splice site variant, all resulting in frameshifts, have been
identified.!%!! Two of them have been shown to alter physiological
functions of perilipin.'?

CIDEC—FPLDS is an autosomal recessive disorder. One nonsense
variant disrupting the function of the protein has been reported to
date.!®

LIPE—FPLD6 is an autosomal recessive disorder. Two
deletions resulting in frameshifts have been reported in that
gene.!1> Functional cellular consequences were reported for one
of them.!*
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1.6 Analytical methods

Sanger sequencing of PCR products corresponding to coding
regions and conserved splice sites is performed on a routine basis.
Next-generation sequencing, including gene-targeted and whole-
exome sequencing approaches, is also used.

1.7 Analytical validation
There are several steps in the analytical validation process:

o Sequencing of both DNA strands (forward and reverse) is
performed.

o When the genetic test is positive, a search of the molecular defects is
recommended on a second independent sample from the patient.
More generally, identification of the same variant in the affected
proband’s relatives provides additional confirmation of the result. In
recessive forms, when two heterozygous variants or a homozygous
variant are found, testing of the patients’ parents is recommended to
confirm that the defect is biallelic. In dominant forms when a
molecular defect is identified, testing of the patient’s parents is
proposed with genetic counselling.

e Newly discovered variants may be searched for in databases listing
benign and pathogenic variations, such as dbSNP, HGMD, 1000
Genomes, EVS and ExAC. Pathogenicity of variants can also be
tested by functional studies or in silico prediction methods using
SIFT (La Jolla, CA, USA), Polyphen-2 (Boston, MA, USA) and
Mutation Taster softwares (Berlin, Germany).

Notably, there is to date no external quality assessment dedicated to

this specific set of genes proposed by the European Molecular Genetics
Quality Network.

Main clinical and laboratory characteristics of FPLD subclasses

1.8 Estimated frequency of the disease (incidence at birth ('birth
prevalence') or population prevalence). If known to be variable
between ethnic groups, please report)

The population prevalence has been estimated to be about 1 in 100
000.1¢ FPLD2 due to LMNA variants is the most common variety, but
less than 500 patients were reported worldwide. Other clinical entities
constitute rarities: about 30 independent families or patients have been
reported to harbour disease-causing variants in PPARG, five in PLINI,
one in CIDEC and two in LIPE."”

1.9 Diagnostic setting

Yes. No.
A. (Differential) diagnostics X O
B. Predictive testing X O
C. Risk assessment in relatives X O
D. Prenatal X O

Comment: FPLD are characterized by subcutaneous fat loss,
mostly in the limbs and extremities resulting in a peripheral
muscular appearance. Men are more difficult to diagnose. In
certain subclasses, increased subcutaneous fat accumulation has
been reported in the face, neck and intra-abdominal region.
Lipodystrophic manifestations, which wusually appear around
puberty, or during adulthood, progressively associate with numer-
ous complications (eg, insulin resistance with acanthosis nigricans,
diabetes mellitus, hypertriglyceridaemia, acute pancreatitis, hepatic
steatosis, ovarian hyperandrogenism and polycystic ovaries in
women). In addition, other symptoms can be associated with
specific variants (see Table below).

FPLD type Common signs to all
(gene involved) Transmission Clinical onset of disease Clinical lipodystrophy FPLD Signs of metabolic severity Possible additional signs
FPLD1 Unknown Childhood or adulthood  Lipoatrophy of buttocks —
(unknown) and lower limbs
Only described in Truncal obesity
women
FPLD2 Autosomal Around puberty Lipoatrophy of buttocks, Skeletal and cardiac muscular
(LMNA) dominant limbs and trunk dystrophy and/or premature
Accumulation of cervico- ageing (mainly in patients with
facial subcutaneous and/ FPLD1 to 5: Acanthosis nigricans, NON-Argd82 mutations)
or intra-abdominal fat muscular appearance, prominent
Subcutaneous lipomas  FPLD1 to 6: Insulin  veins in limbs, acute pancreatitis,
FPLD3 Autosomal Adulthood Lipoatrophy of buttocks  resistance, diabetes, high blood pressure Very high blood pressure
(PPARG) dominant and limbs non-alcoholic fatty Severe generalized lipoatrophic
Accumulation of intra-  |jver disease, high + hyperandrogenism, polycystic ~ syndrome with renal insuffi-
abdominal fat triglycerides, low ovaries, atherosclerosis, low leptin ciency (one patient described
HDL-cholesterol and adiponectin levels with a biallelic mutation)
FPLD4 Autosomal Childhood or adulthood Lipoatrophy of buttocks —
(PLINI) dominant (five unrelated families and limbs
described)
FPLD5 Autosomal Childhood (one case Lipoatrophy of buttocks Ketosis-prone diabetes
(CIDEC) recessive described) and limbs
FPLD6 (L/PE)  Autosomal Adulthood (two unre- Decreased lower- — Muscular dystrophy
recessive lated families extremity fat

describeds) Increased visceral fat
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2. TEST CHARACTERISTICS

A: True positives C: False negative

Genotype or disease

B: False positives D: True negative

Present Absent
Test
Positive A B Sensitivity: A/(A+C)
Specificity: D(D+B)
Negative C D Positive predictive value:  A/(A+B)
Negative predictive value: D/(C+D)

2.1 Analytical sensitivity
(proportion of positive tests if the genotype is present)

Depending on the quality of sequencing methods, the analytical
sensitivity is close to 100% for germline variants located in coding
regions, and flanking intronic sequences. Single-nucleotide poly-
morphisms (SNPs) within PCR primer-binding sites can result in
preferential amplification of a single allele and constitute a rare cause
of missed variant, so that careful checking of primer-binding sites for
SNPs is essential. Notably, potential deep intronic variants, variants in
promoters, large deletions and duplications would not be detected by
Sanger sequencing. The development of next-generation sequencing in
routine diagnosis will allow the detection of additional molecular
defects including deletions/duplications missed by Sanger sequencing
and potentially variants localized in previously uncovered regions.

2.2 Analytical specificity
(proportion of negative tests if the genotype is not present)

The analytical specificity is close to 100%. The analytical validation
described above should avoid false positive tests.

2.3 Clinical sensitivity

(proportion of positive tests if the disease is present)

The clinical sensitivity can be dependent on variable factors such as age,
sex or family history. In such cases a general statement should be given,
even if a quantification can only be made case by case.

The clinical sensitivity is ~50%. Variants in LMNA and PPARG
account for ~50% of all cases of partial lipodystrophic syndromes. Very
few cases are explained by other known genes. This strongly argues for the
involvement of other so far unknown disease-causing genes. In addition,
when genetic testing is negative in a patient with symptoms evocative of
FPLD, differential diagnoses can be considered (please see 3.1).

2.4 Clinical specificity

(proportion of negative tests if the disease is not present)

The clinical specificity can be dependent on variable factors such as age or
family history. In such cases a general statement should be given, even if a
quantification can only be made case by case.

A precise quantification is difficult. Since metabolic complications
are usually delayed in these diseases and the clinical lipodystrophy can
be difficult to diagnose in some patients (for example in young and/or
lean patients and men), familial genetic screening can lead to the
detection of affected individuals before any clinical expression of the
disease.

2.5 Positive clinical predictive value
(life-time risk of developing the disease if the test is positive)

The positive clinical predictive value is high but difficult to quantify
precisely as a whole, since it depends on the molecular defect
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identified. To the best of our knowledge, incomplete penetrance has
not been described in typical forms of FPLD2 linked to the genetic
alterations of Arg482 in LMNA, although the disease phenotype could
be mild in some patients, especially in lean men. Nevertheless, it has
been reported in several rare atypical forms.”>18-2

2.6 Negative clinical predictive value

(probability of not developing the disease if the test is negative)
Assume an increased risk based on family history for a non-affected
person. Allelic and locus heterogeneity may need to be considered.

Index case in that family had been tested:

The negative clinical predictive value is nearly 100%, although a
negative test does not exclude the possibility of developing a FPLD due
to molecular defects in other genes that were not tested.

Index case in that family had not been tested:

Genetic testing for a clinically unaffected individual is not indicated
in this situation. It would only be undertaken if a variant in a gene
responsible for FPLD has been identified in the proband.

3. CLINICAL UTILITY
3.1 (Differential) diagnostics: The tested person is clinically affected
(To be answered if in 1.9 'A' was marked)

3.1.1 Can a diagnosis be made other than through a genetic test?

No [ (continue with 3.1.4)
Yes X
Clinically
Imaging
Endoscopy
Biochemistry
Electrophysiology
Other (please describe)

OXOXKX

Genetic testing helps to confirm the clinical diagnosis. Indeed, FPLD
should be considered in differential diagnosis of patients presenting
with familial insulin-resistant diabetes with android fat distribution or
rare syndromes of severe insulin resistance with paucity of fat (eg,
insulin resistance syndrome due to INSR variants or progeroid
syndromes).

3.1.2 Describe the burden of alternative diagnostic methods to the
patient

In typical cases, clinical diagnosis is strongly suggested by combining
familial history, physical examination, biochemical results and ima-
gery. There are no invasive procedures for the patient.

3.1.3 How is the cost effectiveness of alternative diagnostic methods to
be judged?

Clinical investigations, biochemical assays and imaging are actually
used to get an accurate clinical evaluation of the patients, which is
necessary for their proper management and follow-up. This does not
exclude genetic testing and vice versa. Both diagnostic procedures add
to the global picture.

3.1.4 Will disease management be influenced by the result of a
genetic test?

No O

Yes X
Therapy Treatment of FPLD is mainly directed towards the metabolic
(please describe) complications that are apparent in each individual. Notably,

e3

European Journal of Human Genetics



Clinical Utility Gene Card

ed

early treatment of these metabolic alterations improves the
prognosis. In addition to nonspecific therapies, the use of
recombinant leptin available through compassionate pro-
grams, can be considered in some patients.

Prognosis Genetic testing helps to predict the future course of the

(please describe) disease, as well as the risk of complications (metabolic,
gynaecological and cardiovascular). It is also necessary for
prenatal diagnosis, predictive genetic testing and genetic
counselling.

Management Since FPLD are multisystem disorders, follow-up of patients

(please describe) by a multidisciplinary team is important (paediatricians,
endocrinologists, cardiologists, nutritionists and surgeons)
and regular surveillance, as well as therapeutic manage-
ment, are mandatory. Specific cardiac complications (car-
diomyopathy, arrhythmia and valvulopathies) can occur in
some cases of LMNA-related lipodystrophies, justifying
additional investigations and appropriate therapies. A
balanced diet is encouraged. Reconstructive surgery can be
proposed. In asymptomatic carriers at-risk of developing the
disease, a regular follow-up is proposed. Preventive lifestyle
and dietary measures are required to delay the appearance
of metabolic complications.

3.2 Predictive Setting: The tested person is clinically unaffected but
carries an increased risk based on family history
(To be answered if in 1.9 'B' was marked).

3.2.1 Will the result of a genetic test influence lifestyle and
prevention?
If the test result is 'positive’ (please describe):

A regular clinical and biological follow-up of the person is required,
including screening for glucose tolerance abnormalities, dyslipidemia,
non-alcoholic fatty liver disease and atherosclerosis. Preventive lifestyle
and dietary measures can delay the metabolic complications, including
acute pancreatitis due to severe hypertriglyceridemia. In addition, the
use of metformin should be considered in patients with severe insulin
resistance to prevent diabetes. Oral combined contraceptives including
ethinyl-estradiol should be contraindicated in women with a positive
genetic test. In addition, screening for cardiac rhythm and/or
conduction disturbances are recommended when a disease-causing
variant is identified in LMNA, allowing primary prevention of severe
cardiac complications.

If the test result is negative (please describe):

The individual is not genetically predisposed to FPLD and the risk
of developing the disease is reduced to that of the general population.

3.2.2 Which options in view of lifestyle and prevention does a person
at-risk have if no genetic test has been done (please describe)?

All at-risk individuals can be followed-up in the same way, whether
they have had the genetic test or not.

3.3 Genetic risk assessment in family members of a diseased person
(To be answered if in 1.9 'C' was marked).

3.3.1 Does the result of a genetic test resolve the genetic situation in
that family?

Usually yes, by testing the potential family members carrying
molecular defect(s).

3.3.2 Can a genetic test in the index patient save genetic or other tests
in family members?
Yes.
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3.3.3 Does a positive genetic test result in the index patient enable a
predictive test in a family member?
Yes.

3.4 Prenatal diagnosis
(To be answered if in 1.9 'D' was marked).

3.4.1 Does a positive genetic test result in the index patient enable a
prenatal diagnosis?

Yes. Prenatal diagnosis should be considered case by case. It could be
proposed in rare forms of FPLD2 associated with signs of severity such
as skeletal and muscular dystrophy and/or premature ageing, in rare
autosomal recessive forms of FPLD3, in which severe generalized
lipoatrophic syndrome and renal insufficiency have been described, or
in other severe situations.

4. IF APPLICABLE, FURTHER CONSEQUENCES OF TESTING
Please assume that the result of a genetic test has no immediate medical
consequences. Is there any evidence that a genetic test is nevertheless
useful for the patient or his/her relatives? (Please describe).
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