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Background: The p.Glu109Lys variant (Glu89Lys) is a rare cause of hereditary transthyretin amyloidosis Received 18 June 2022
(ATTRv) for which clinical spectrum remains unresolved. We sought to describe the clinical characteris- Revised 11 October 2022
tics and outcomes of ATTR Glu89Lys amyloidosis and assess a potential founder effect in Spain. Accepted 25 October 2022

Methods: Patients with the p.Glu109Lys ATTRv variant from 14 families were recruited at 7 centres.
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Results: Thirty-eight individuals (13 probands, mean age 40.4+13.1 years) were studied. After median transthyretin

follow-up of 5.1years (IQR 1.7-9.6), 7 patients died and 7 required heart transplantation (median age

at transplantation 50.5years). Onset of cardiac and neurological manifestations occurred at a mean

age of 48.4 and 46.8 years, respectively. Median survival from birth was 61.6years and no individual

survived beyond 65 years. Patients treated with disease-modifying therapies exhibited better prognosis

(p < 0.001). Haplotype analysis revealed a common origin from an ancestor who lived ~500years ago

in southeast Spain.

Conclusions: Glu89Lys ATTRv is a TTR variant with a founder effect in Spain. It is associated with near

complete penetrance, early onset and mixed cardiac and neurologic phenotype. Patients have poor

prognosis, particularly if not treated with disease-modifying therapies.
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Introduction

Transthyretin amyloidosis (ATTR) is a systemic disease
characterised by abnormal deposition of misfolded trans-
thyretin (TTR) in the extracellular matrix of different tis-
sues, with a marked affinity for peripheral nerves and
myocardium. Patients with ATTR can be categorised as
wild-type ATTR (ATTRwt), who do not carry pathogenic
TTR variants, or hereditary ATTR (ATTRv), who carry
monoallelic pathogenic TTR variants [1].

More than 100 pathogenic TTR variants have been
described associated with the disease with clear correlations
between specific gene variants and phenotypic features [2,3].
Certain variants such as the Val30Met mutation predomin-
antly produce neurological symptoms, whereas other var-
iants such as Vall22lIle provoke late-onset cardiomyopathy
with mild or no neurological involvement [4,5]. Most var-
iants are, however, associated with mixed clinical manifesta-
tions and affect both the heart and the peripheral nerves.

The prevalence of ATTRv amyloidosis is highly variable
and depends on the country and race. Some TTR variants
are highly prevalent in specific regions due to founder
effects, such as the p.Val50Met variant in Portugal, Sweden,
Japan and the island of Majorca in Spain [6-8];
p-Glul09GIn in South-West Bulgaria [9]; or p.Thr80Ala in
Donegal County, Ireland [10]. This phenomenon has
enabled a higher level of awareness of ATTRv amyloidosis
in patients from specific areas.

The first case of ATTRv amyloidosis due to the
p.Glul09Lys variant was reported in 2000 by Nakamura
et al. and, since then, only 11 additional cases have been
described worldwide as isolated case reports [11-17]. Two
recent studies have suggested that p.Glul09Lys could be a
particularly frequent TTR variant in Spain [2,18], but there
are no cohorts describing the clinical course and prognosis
of patients carrying this particular variant.

Here, we sought to describe the clinical characteristics
and natural history of patients with ATTR Glu89Lys amyl-
oidosis and to evaluate its potential founder effect in Spain.

Methods
Population

The major Spanish centres following patients with ATTRv
amyloidosis were contacted to participate in this longitu-
dinal cohort study. Inclusion criteria were patients diag-
nosed with ATTRv amyloidosis who were carriers of the
p-Glul09Lys variant (previously reported as p.Glu89Lys) in
TTR (Clin Var ID: 1073324). Relatives with this variant
were identified through cascade screening and were also
included irrespective of their phenotype. Genetic analysis
was performed at participating centres or at accredited gen-
etic laboratories using next-generation sequencing (NGS) or
Sanger sequencing.

The study complies with the ethical principles of the
Helsinki Declaration and was approved by the Hospital
Universitario Puerta de Hierro ethics committee. The

authors from each participating centre guarantee the integ-
rity of data.

Data acquisition

Data was retrieved from medical records and anonymized
by each centre. The data set included demographics and
family history, with special attention to birthplace of sub-
jects as well as to geographical origin of their ancestors, to
look for possible common regions of origin between fami-
lies. Signs and symptoms related to ATTRv amyloidosis
were collected at first and last evaluation, focussing on car-
diac, neurologic and ophthalmologic features. Phenotypic
expression onset of cardiac involvement was defined as first
report of left ventricular hypertrophy (maximal wall thick-
ness >12mm) or grade 2 or 3 cardiac uptake on bone scin-
tigraphy; and for neurologic involvement as the appearance
of signs or symptoms related to ATTRv amyloidosis and an
abnormal neurological test (nerve conduction study or sym-
pathetic skin response) accompanied by likely related signs;
and for eye involvement as vitreous opacities or new onset
glaucoma, as described [19]. Data from complementary tests
such as ECG, laboratory tests, bone scintigraphy, echocardi-
ography and nerve conduction studies, were also included if
available. Initiation of specific ATTRv amyloidosis disease-
modifying therapies (i.e. tafamidis, patisiran) was also
retrieved. Clinical events collected during follow-up included
stroke/transient ischaemic accident, pacemaker or implant-
able cardioverter defibrillator implantation, atrial fibrillation
(AF), heart failure (HF) admission, heart transplantation
(HT), liver transplantation (LT), or death.

Study endpoints

Penetrance from birth was estimated based on phenotypic
expression of cardiac, neurologic and ophthalmologic
involvement, and was compared based on sex and pheno-
type. Survival free from HT was considered as a composite
endpoint to describe prognosis, and was analysed according
to sex and by treatment with disease-modifying therapies.

Haplotype analysis

Haplotype analysis was performed in one member of each
of the 7 families followed at Hospital Universitario Puerta
de Hierro Majadahonda, Madrid. DNA extraction from
whole blood was carried out by a standard salting-out pro-
cedure. The following panel of 11 microsatellite markers
(short tandem repeats, STRs) located next to the TTR locus
was amplified by polymerase chain reaction (PCR) for
haplotype reconstruction: D18S66, D18549, L1, D18S36, L4,
L8, L9, D18S47, D18S1133, DI18S57, D18S451. Genetic
markers, primer sequences and PCR conditions were
selected based on previous haplotype studies for other TTR
variants [7,9]. Fragment analysis of each marker was per-
formed by capillary electrophoresis on an ABI Prism 3100
Genetic Analyser (Applied Biosystems, Foster City, CA).



The microsatellite data were then analysed by GeneMapper
software v.4.0 (Applied Biosystems).

Haplotypes of the p.Glul09Lys TTR carriers were recon-
structed on the 11 microsatellites considering a bi-allelic
marker at the variant site. For each patient, the haplotype
with the highest posterior probability was considered for age
estimation. The age of the most recent common ancestor
was estimated using the Gamma method, which is based on
the high-density single nucleotide polymorphism data sur-
rounding the mutation, as described [20].

Statistical analysis

Continuous variables are expressed as mean * standard devi-
ation (SD), or as median (interquartile range [IQR]), as
appropriate; categorical variables are expressed as counts
(percentage of total). Student’s t-test was used to compare
continuous variables, with normal distribution assessed by
the Shapiro-Wilk test, whereas the non-parametric
Wilcoxon rank-sum (Mann-Whitney) test was applied for
those not meeting normal distribution. Categorical variables
were compared between groups with the parametric Chi-
square test or non-parametric Fisher’s exact test. Matched
tests were applied to analyse changes in clinical status of
patients receiving disease-modifying therapies. Survival ana-
lysis with Kaplan-Meier curves was used to describe pene-
trance and composite survival free from death and HT. Cox
proportional hazard regression was performed to analyse the
impact of sex and disease-modifying therapies on prognosis.
STATA software version 15.1 (StataCorp, College Station,
TX) was used for statistical analysis. A two-tailed p-value
<0.05 was considered statistically significant.

Results
Study participants

Information was collected from 38 subjects with the
p-Glul09Lys TTR variant from 14 non-related families fol-
lowed at 7 Spanish centres between 2003 and 2021, with the
exception of one single patient evaluated in 1994. All
patients were heterozygous. Patients included by each par-
ticipating centre are listed in Table SI1 in the Supplemental
Material. The main characteristics of patients at initial
evaluation of probands (n=13) and relatives (n=25) are
listed in Table 1. Overall, mean age at initial evaluation was
40.4+13.1 years and 39.5% were female. Among probands, 9
patients (69%) were initially evaluated because of cardiac
symptoms, and 4 (31%) had neurologic symptoms that
prompted evaluation. The flowchart of patients according to
phenotypic expression at initial evaluation and at last fol-
low-up is described in Figure 1. In total, 8 (61.5%) probands
had a mixed cardiac and neurologic phenotype at initial
evaluation, 4 (31%) had isolated cardiomyopathy, and 1
(8%) had mixed cardiac and neurologic symptoms with con-
comitant ophthalmologic involvement. Of the 25 relatives
evaluated, 17 (68%) had no organ involvement at initial
evaluation, and 8 (32%) already had signs and symptoms of
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the disease (4 isolated neuropathy, 3 isolated cardiac disease
and 1 mixed cardiac and neurologic phenotype). Relatives
with phenotypic expression at first evaluation were signifi-
cantly older than unaffected peers (45.7+5.8 vs 30.3+12.2;
p=0.003). Carriers without ATTRv amyloidosis signs or
symptoms at initial evaluation (n=17) were followed for a
median of 6.5years (IQR 1.71-8.62). During this period, 6
subjects (35%) developed phenotypic expression (4 mixed
cardiac and neurologic involvement and 2 isolated neur-
opathy). Mean age at phenotypic expression among healthy
carriers at initial evaluation who developed clinical manifes-
tations was 41.2 +9.8 years compared with 48.5+ 5.7 years in
probands (p=0.054). Overall, 13 patients (48%) were diag-
nosed based on histological confirmation of TTR deposit (9
cases [33%] through endomyocardial biopsy and 4 cases
[15%] through extracardiac biopsy. Non-invasive diagnosis
was established in 14 patients (52%) based on cardiac
uptake on bone scintigraphy in the absence of monoclonal
gammopathy (N=9) or based on appearance of neuro-
logical signs or symptoms related to ATTRv amyloidosis
and abnormal neurological test (N=5).

Patients with cardiomyopathy at initial evaluation (13
probands and 4 relatives) had a median NT-ProBNP level
of 911 pg/mL (IQR 218-1400). All patients with baseline
technetium-labeled bone scintigraphy (N=11) had intense
cardiac uptake (Perugini grade 3). One patient (6%) had
prior history of pacemaker implantation because of third-
degree atrioventricular block, and 3 patients (18%) had AF.
Mean myocardial wall thickness was 16.4+4.2mm and
mean  left  ventricular  ejection  fraction (LVEF)
was 53.4 +16.8%.

Neurological involvement was present in 14 individuals
(37%; 9 probands and 5 relatives). Superficial (vibratory and
proprioceptive) sensory loss was the most frequent manifest-
ation, affecting 10 (77%) of the 14 patients with neuropathy,
followed by orthostatic hypotension (6, 43%), gastrointes-
tinal disturbances (constipation/diarrhea) (4, 29%), motor
dysfunction (3, 23%) and deep (thermal and pain) sensory
loss (2, 15%). Only 1 patient (proband) had ophthalmologic
involvement at initial evaluation, whereas carpal tunnel syn-
drome was present in 9 patients (24%).

Penetrance

Overall penetrance was 10, 72 and 96% at 40, 50 and
60 years, respectively. Overall penetrance from birth and
according to sex is shown in Figure 2(A), with no differen-
ces between males and females (hazard ratio [HR], 1.13;
95% confidence interval [CI], 0.51-2.49; p=0.77).
Penetrance according to phenotype expression is shown in
Figure 2(B). Mean age of cardiac and neurologic involve-
ment 484+56 and 46.8+8.2years, respectively
(p=0.61). Seven patients (18%) developed ophthalmologic
involvement during the follow-up with a mean age at onset
of 52.8 +4.1years, suggesting incomplete penetrance with a
significant delayed presentation as compared with cardiac
and nerve involvement (p < 0.001).

was
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Table 1. Baseline clinical characteristics of p.Glu109Lys variant carriers (N = 38).

Overall Relatives Probands
Missing values (%) (n=38) (n=25) (n=13)
Age (years) 0 40.4 (13.1) 35.2 (12.8) 50.2 (6.3)
Female sex 0 15 (39.5%) 11 (44%) 4 (30.8%)
Phenotypic expression 0
Healthy carrier 17 (44.7%) 17 (68%) 0 (0%)
Isolated cardiomyopathy 7 (18.4%) 3 (12%) 4 (30.8%)
Isolated neuropathy 4 (10.5%) 4 (16%) 0 (0%)
Cardiomyopathy + neuropathy 9 (10.5%) 1 (4%) 8 (61.5%)
Cardiomyopathy + neuropathy + ophthalmologic 1 (2.6%) 0 (0%) 1(7.7%)
Cardiac involvement (N=17) 0 17 (44.7%) 4 (16.0%) 13 (100%)
NYHA 0
NYHA | 5 (29.4%) 2 (50%) 3 (23.1%)
NYHA Il 10 (58.8%) 2 (50%) 8 (61.5%)
NYHA 1lI 2 (11.8%) 0 (0%) 2 (15.4%)
NYHA IV 0 (0%) 0 (0%) 0 (0%)
Prior pacemaker 0 1 (6.3%) 0 (0%) 1 (7.7%)
Prior AF 0 3 (17.7%) 0 (0%) 3 (23.1%)
Prior HF admission 0 2 (11.8%) 0 (0%) 2 (15.4%)
NTProBNP (pg/mL) 23.5 1769 (2867) 455 (479) 2353 (3316)
ECG
Intraventricular conduction disturbances 5.9 3 (18.8%) 0 (0%) 3 (25%)
Low voltage ECG 11.8 7 (46.7%) 2 (50%) 5 (45.5%)
Bone scintigraphy cardiac uptake 353
Perugini grade 0-2 0 (0%) 0 (0%) 0 (0%)
Perugini grade 3 11 (100%) 4 (100%) 7 (100%)
Echocardiography
LA diameter (mm) 17.6 429 (6.2) 39 (2.6) 43.9 (6.5)
MWT (mm) 59 16.4 (4.2) 14.3 (2.9) 17.1 (4.4)
LVEF (%) 0 53.4 (16.8) 65.5 (7.9) 496 (17.1)
TAPSE <17 mm 235 4 (30.8%) 0 (0%) 4 (44.4%)
Neurologic involvement (N =14) 0 14 (36.8%) 5 (20%) 9 (69.2%)
Gastrointestinal disturbances 0 4 (28.6%) 1 (20%) 3 (33.3%)
Orthostatic hypotension 0 6 (42.9%) 1 (20%) 5 (55.6%)
Deep sensory loss 7.1 2 (15.4%) 1 (25%) 1 (11.1%)
Superficial sensory loss 7.1 10 (76.9%) 2 (50%) 8 (88.9%)
Motor dysfunction 7.1 3 (23.1%) 0 (0%) 3 (33.3%)
PND 0
0 1(7.1%) 1 (20%) 0 (0%)
| 10 (71.4%) 4 (80%) 6 (66.7%)
Il 3 (21.4%) 0 (0%) 3 (33.3%)
Ni-1v 0 (0%) 0 (0%) 0 (0%)
EMG conduction abnormalities 28.6
Absence 1 (10%) 1 (33.3%) 0 (0%)
Mild 6 (60%) 2 (66.6%) 4 (57.1%)
Moderate 1 (10%) 0 (0%) 1 (14.3%)
Severe 2 (20%) 0 (0%) 2 (28.6%)
Other features
Carpal tunnel syndrome 53 9 (24.3%) 5 (20.8%) 4 (30.8%)
Lumbar spinal stenosis 53 1 (2.7%) 1 (4%) 0 (0%)

NYHA: New York Heart Association; AF: Atrial fibrillation; HF: Heart failure; LA: Left atrium; MWT: Maximal wall thickness; LVEF: Left ventricular ejection fraction;
TAPSE: Tricuspid annular plane systolic excursion; PND: Polyneuropathy disability; EMG: Electromyogram.

Clinical events and follow-up

Overall median follow-up time from first evaluation was
5.1years (IQR 1.7-9.6). No patient was lost to follow-up,
although medical records of 1 patient (deceased in 1997)
were incomplete regarding clinical events. Clinical events
are summarised in Table 2. Three patients (8%) were admit-
ted because of HF during follow-up and, additionally, 3
patients  (14%) progressed from New York Heart
Association (NYHA) I to II/III. Four patients (12%) devel-
oped new-onset AF, 2 (5%) had a stroke, and 3 (9%) had a
new pacemaker implanted because of symptomatic slow AF,
alternating bundle-branch block and syncope with pro-
longed H-V interval. PND progress during follow-up was
observed in 10 patients (28%). At last follow-up, 6 patients
(17%) had a PND II or greater.

Seven patients (18%) received a HT during follow-up at a
median age of 50.5years (IQR 45.8-53.2) and 7 (18%) died
during follow-up due to: sudden death (3), advanced HF
(1), neurological progression (1), cancer (1) and pneumonia
(1). Figure 3(A) shows survival free from HT from diagnosis
and Figure 3(B) shows overall mortality from birth. Median
survival free from HT was 10.4years (standard error [SE]
0.82) from diagnosis. Overall median life expectancy from
birth was 61.6years (SE 0.96). Of note, no patient survived
beyond 65 years.

Treatment

Phenotypic expression, disease-modifying therapies received
and outcomes in the 27 patients with ATTRv amyloidosis
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Baseline assessment

100%

Median follow-up:
6.5 years (IQR 1.7-8.6)

Last follow-up

g

. Healthy carrier

. Isolated neuropathy . Isolated cardiomyopathy

8 phenotypic expression

L

Median follow-up:
4.0 years (IQR 3.1-12.5)

Median follow-up:
3.3 years (IQR 1.6-10.9)

[ Mixed CAR + NEUR O Mixed Neur+0PHT [l Mixed CAR +NEUR + OPHT

Figure 1. Patient flowchart according to phenotypic expression. CAR: Cardiac; NEUR: Neurologic; OPHT: Ophthalmologic.
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——— Cardiac Neurologic Ophthalmologic

Figure 2. Penetrance of p.Glu109Lys ATTR variant according to sex (A) and phenotype (B).

Table 2. Clinical events.

Overall (N=38) Median age (IQR)

HF admission 3 (8.1%) 50.4 (49.8 — 53.9)
Stroke 2 (5.4%) 51.7 (51.6 — 51.8)
New-onset AF 4 (12.1%) 54.8 (51.2—57.9)
Pacemaker implantation 3 (8.8%) 53.3 (50.5 — 63.6)
HT 7 (18.9%) 50.5 (45.8 —53.2)
Death 7 (18.4%) 61.6 (59.4 —63.8)

Sudden death 3 (42.8%)

Advanced HF 1 (14.3%)

Neurological progression 1 (14.3%)

Cancer 1 (14.3%)

Infectious disease 1 (14.3%)

HF: Heart failure; AF: Atrial fibrillation; ICD: Implantable cardioverter defibrilla-
tor; HT: Heart transplantation.

manifestations at baseline or during follow-up are summarised
in Figure S1 in the Supplemental Material. Thirteen patients
(48%) with neuropathy received tafamidis, of which 5 patients

(38.5%) switched to patisiran due to neurological progression
after a median of 13.6months (IQR 11.0-13.6) under treat-
ment. One patient withdrew from tafamidis after 22.3 months
of treatment due to personal reasons without adverse events or
neurological progression. Seven patients (26%) underwent LT
after a median of 4.9years (IQR 0.9-8.0) from diagnosis. All
patients who underwent LT also had a HT, in 2 cases simul-
taneously with LT and in 5 cases before LT with a median of
23.2months (IQR 20.3-25.3). Two patients (7%) received off-
label diflunisal and 5 patients (18.5%) did not receive any dis-
ease-modifying treatment. Two patients with isolated cardiac
involvement and one with isolated mild autonomic manifesta-
tions (sweat dysfunction) were not receiving any disease-modi-
fying therapy at last follow-up.

Baseline characteristics of patients who maintained treat-
ment with tafamidis and those who switched to patisiran


https://doi.org/10.1080/13506129.2022.2142110
https://doi.org/10.1080/13506129.2022.2142110

6 (&) F.DEFRUTOS ET AL

A 100—*LI
0.75 '
0.50
0.25 4
0.00
— T T T T T T T T T T T T T T T
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Years

Number at risk
27 24 21 16 12 11 10 5 4 4 3 2 2 2 2 0

B 100+
0.75
0.50
0.25
0.00

T T T T T T T

10 20 30 40 50 60 70

Years
Number at risk
38 35 k| 28 18 5 0

Figure 3. Survival in ATTR Glu89Lys amyloidosis. (A) Survival free of heart transplantation from disease onset in affected individuals (n = 27). (B) Survival free of

death from birth in the overall cohort (n = 38).

1.004

0.75+

0.50

Log-rank P < 0.001

0.251

0.00 1

Number at risk
None/LT 14 11 10 7 5 4 3 2 2 2 2
Tafamidis/Patisiran 13 13 11 9 7 7 7 3 2 2 1

None/LT

Tafamidis/Patisiran |

Figure 4. Survival free of heart transplantation according to treatment. LT:
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due to neurological progression are shown in Table S2 in
Supplemental Material. Although no statistically significant
differences were found between groups, those who were
switched to patisiran tended to be older when tafamidis was
initiated and had lower LVEEF, these patients also had a sig-
nificant progression of NTProBNP levels at 1 year since start
of tafamidis (611 vs 1233.4 pg/mL; p=0.04) (Figure S2 sup-
plementary material).

We compared survival free from HT from ATTRv amyl-
oidosis diagnosis in patients treated with tafamidis/patisiran
with those not treated with these drugs (Figure 4). Patients
treated with tafamidis/patisiran had better prognosis
(p<0.001) despite similar clinical characteristics between
treated and untreated patients (except for LVEF, which was
lower in patients not receiving tafamidis/patisiran) (Table S3
in Supplemental Material).

Geographical distribution

The place of birth of all patients included is shown in
Figure 5, with Madrid as the region of origin of most indi-
viduals (n=14, 37%) followed by Jaen (n=9, 24%) and

Barcelona (n=5, 13%). When examining the geographical
origin of the 14 families evaluated, 12 (86%) were from
Andalusia, in southern Spain, with a clear cluster located in
the province of Jaen (10/14 families; 71%). Notably, when
we evaluated more precisely the town of origin of the fami-
lies we found that for 8 families (57%) the exact origin was
Villacarrillo, a town of 10,673 inhabitants in the north of
the province of Jaen.

Haplotype analysis

Due to the shared origin in a significant number of families,
a founder effect of this variant that likely arose in a com-
mon ancestor was suspected. We performed a haplotype
analysis to test this hypothesis. Using the copy number of
11 STRs covering a total of 11.4 megabases (Mb) surround-
ing the pGlul09Lys TTR variant, we generated the haplo-
type from 7 unrelated carriers and found that they shared a
DNA segment of 5Mb (Figure 6). Assuming a correlated
genealogy, the most recent common ancestor of the 7 fami-
lies was estimated to be 19.7 generations in the past (95%
confidence interval [CI], 6.2-69.7). Considering the length
of a generation to be 25 years, we estimated that the 7 fami-
lies originated from a common ancestor who lived approxi-
mately 500 years ago.

Discussion

The present study represents the largest cohort of patients
with ATTR Glu89Lys amyloidosis described to date. We
found that the disease is characterised by complete pene-
trance by the age of 60, early onset and mixed cardiac and
neurologic phenotype in the majority of cases, with some
patients also experiencing ophthalmologic complications.
Moreover, we found that patients with p.Glul09Lys variant
have a grim prognosis with poor survival beyond the sev-
enth decade of life. Lastly, we show that the ATTR
p-Glul09Lys variant has a founder effect in southern Spain
and arose from a common ancestor who lived in the town
of Villacarrillo (Jaen, Spain) around 500 years ago.


https://doi.org/10.1080/13506129.2022.2142110
https://doi.org/10.1080/13506129.2022.2142110
https://doi.org/10.1080/13506129.2022.2142110
https://doi.org/10.1080/13506129.2022.2142110
https://doi.org/10.1080/13506129.2022.2142110
https://doi.org/10.1080/13506129.2022.2142110

Spain

AMYLOID 7

® Ourense, ES

Argentina

N

Buenos
Aires, AR

V

(3) cevto, 5

e AE from Villacarrillo (Jaen)

@ Toulouse, FR

ES

@ Valencia, ES

8/14 families (57%) ancestry

T
10/14 families (71%) ancestry
from Jaen province

Figure 5. Geographical origin of patients. Numbers displayed represent the province of birth of patients included in the cohort. Jaen province, where most families
shared common ancestry, is highlighted in red and the town of Villacarrillo highlighted. AR: Argentina; ES: Spain; FR: France.

Marker D18S66 D19549 1 D18S36 L4 TIR L8 L9 D18S47 | D18S1133 | D18S57 D185451
18:31595244
P"V"“@m"c‘* 5044 662 879,662 102,144 10,99 232 (GREHE) 105,16 115,538 606,071 2923443 | 4879708 6363,137
fllelzheauncyly 0,00 028 028 028 0,39 033 017 044 028 0,00 028
control pop
250 9% 238 137 266 Glu109Lys 291 315 198 193 91 87
FAM 1
256 98 238 137 266 295 322 203 200 106 89
252 106 238 137 266 Glu109Lys 291 315 198 193 93 89
FAM 2
256 98 238 144 264 289 322 205 188 95 9%
256 9% 238 137 266 Glu109Lys 295 315 198 193 91 91
FAM 3
254 9% 248 146 266 285 303 198 192 93 98
252 106 238 137 266 Glu109Lys 291 315 198 193 91 91
FAM 4
258 9% 238 137 266 295 37 198 197 112 91
252 106 238 137 266 Glu109Lys 291 315 198 193 91 91
FAM 5
250 10 238 137 266 291 315 196 195 93 9%
256 9 238 137 266 Glu109Lys 291 315 198 193 91 91
FAM 6
258 98 248 137 266 295 3n 198 192 104 91
264 9% 238 137 266 Glu109Lys 295 315 198 193 91 89
FAM 7
258 98 238 137 266 285 320 203 198 104 89

Figure 6. Haplotype analysis. kb: kilobases; FAM: Family.

Villacarrillo is a medium-sized town located in the rural
province of Jaen in southeast Spain, famous for its intensive
olive oil production. This region witnessed a mass exodus in
the 1950s and 1960s to other more industrialised Spanish
regions (Madrid, Barcelona and Valencia), but also to other
industrialised countries [21]. It is estimated that more than
25% of the population of Jaen migrated during the 1960s
and the population of Villacarrillo shrank from 20,056
inhabitants in 1950 to only 10,673 in 2020 [22]. This might
explain why the first cases of ATTR Glu89Lys amyloidosis
were described in other industrialised countries, and why

only a minority of the patients included in our cohort were
born in the Jaen province.

Recognising the endemic nature of the ATTR
p.Glul09Lys variant in Spain and its founder effect in
Villacarrillo has important clinical implications. Firstly, geo-
graphical delimitation of the founder mutation to a
medium-sized town should translate into a higher level of
awareness of suspicion of ATTRv amyloidosis in patients
with unexplained neuropathy or cardiomyopathy from that
area. Interestingly, only 1 patient from the study currently
lives in Villacarrillo and when this study was completed, the
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patient was the only individual diagnosed with ATTRv
amyloidosis in the town. It is very likely that additional
individuals will be diagnosed with ATTRv amyloidosis as a
consequence of our study. A lower suspicion threshold
would be desirable in individuals with documented ancestry
from Villacarrillo or the Jaen province currently living in
other countries or regions. Identification of new additional
ATTRv amyloidosis populations following migration routes
has been reported for other ATTRv founder variants—for
example, the Portuguese p.Val50Met variant in Brazil [7].
As the p.Glul09Lys variant arose in Villacarrillo before the
Spanish migration to America, it would not be unexpected
that a similar pattern to that occurring with Portuguese and
Brazil will emerge with this variant and other South-
American countries. Indeed, one of the families included in
this study and haplotyped came from Argentina.

This study provides relevant information to describe the nat-
ural history of ATTRv amyloidosis caused by the p.Glul09Lys
variant. This entity is associated with a mixed cardiac and
neurologic phenotype with complete penetrance by the age of
60years and with mean age of phenotypic expression before
the age of 50. A trend towards a younger age of phenotypic
expression was observed in healthy carriers as compared with
probands. This could be caused by genetic anticipation, which
has been widely described in families with ATTR Val30Met
amyloidosis in different endemic countries [23-25], or, more
likely, as a result of earlier and closer evaluation following iden-
tification of healthy carrier status. Nevertheless, based on our
findings we can determine that the mean age of first pheno-
typic expression in ATTR Glu89Lys amyloidosis is ~40 years,
which is later than the predominantly neurologic Val30Met
Portuguese variant but earlier than other founder variants with
mixed phenotype like p.Glul09GIn or p.Thr80Ala [26].

We also observed that cardiac and neurological involvement
follow a parallel course over the years, while ophthalmologic
involvement is delayed by several years and shows incomplete
penetrance. In contrast to previous reports in small kindreds,
superficial sensory loss is the most common neurological
manifestation rather than deep sensory loss [14].

ATTRv Glu89Lys amyloidosis is associated with poor prog-
nosis, as median life expectancy in our cohort was only 62 years
and none of the studied individuals survived beyond 65 years of
age despite the fact that LT and HT were performed in many
cases. Nevertheless, the significant increase in survival in our
cohort with disease-modifying therapies offers a glimpse of
hope, although the lead-time bias might explain in part this
finding. Even with this limitation, we certainly hope that the
recently available disease-specific therapies will change the nat-
ural history of this devastating disease. On the other hand, it is
likely that the extension of survival in p.Glul09Lys carriers will
result in increased ophthalmologic disease, as eye involvement
is not prevented with current ATTR therapies and seems to
affect a significant number of individuals with this variant.
Clinicians following patients with the p.Glul09Lys TTR variant
should be aware of this particularity and ensure an appropriate
ophthalmological follow-up in these patients.

In contrast to current recommendations that propose to
begin clinical follow-up 10years ahead of predicted age of

disease onset in healthy ATTRv carriers [1,19], we would
suggest that clinical follow-up in p.Glul09Lys carriers should
be started in early adulthood (20-25years) based on the pos-
sible genetic anticipation effect seen and the outlier cases
with very early onset found in our cohort. Moreover, due to
the observed complete penetrance and poor prognosis, we
would recommend early and exhaustive genetic counselling
among relatives of affected patients that also includes repro-
ductive counselling in relatives identified as genetic carriers.

Lastly, we observed that almost 40% of patients with
Glu89Lys ATTRv amyloidosis and polyneuropathy required to
be switched from tafamidis to patisiran due to neurological
progression after 1year of treatment, suggesting that a signifi-
cant proportion of patients might be non-responders to TTR
stabilisers. Predictors of response to tafamidis in patients with
ATTR Val30Met amyloidosis polyneuropathy have been previ-
ously analysed by Monteiro et al. who found male sex,
advanced disease stage and native TTR basal levels as predic-
tors of worse response [27], Although our limited sample pre-
cluded statistically sound analysis, there was a trend for older
age and lower LVEF in patients who switched from tafamidis
to patisiran compared with those who remained on tafamidis,
suggesting that ATTRv Glu89Lys amyloidosis patients with
advanced disease might respond worse to stabilisers.

Limitations

Some limitations should be considered regarding this study.
Firstly, it was a retrospective longitudinal cohort study in
which some patients did not have available current thera-
pies. Although studies like this help to determine what to
expect regarding clinical manifestations, disease and natural
history of carriers of the p.Glul09Lys TTR variant, the
results here are likely to change in upcoming years as a
result of therapeutic advances in the field. Conversely,
phenotype and severity might have been influenced by dis-
ease-modifying therapies received by some patients during
follow-up. Furthermore, even though this cohort is the larg-
est cohort of Glul09Lys carriers reported to date, given the
rarity of this disease, the low number of subjects included
limits the possibility of identifying prognostic factors.

Conclusions

p-Glul09Lys is a pathogenic TTR variant with a founder effect
in southern Spain that originated in the town of Villacarrillo
around 500 years ago. ATTRv amyloidosis caused by this vari-
ant is characterised by complete penetrance by the age of 60,
early onset and mixed cardiac and neurologic phenotype, as
well as ophthalmologic involvement in a significant number of
cases. Overall, patients have poor prognosis, particularly if not
treated with disease-modifying therapies.
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