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ABSTRACT

Objectives. Hereditary spastic paraplegias (HSPs) are a heterogenous group of rare neurodegenerative disorders that present
with lower limb spasticity. It is known as complicated HSP if spasticity is accompanied by additional features such as cognitive
impairment, cerebellar syndrome, thin corpus callosum, or neuropathy. Most HSP families show autosomal dominant (AD)
inheritance. On the other hand, autosomal recessive (AR) cases are also common because of the high frequency of consangu-
ineous marriages in our country. This study aimed to investigate the clinical and genetic aetiology in a group of HSP patients.

Patients and methods. We studied 21 patients from 17 families. Six of them presented with recessive inheritance. All index
patients were screened for ATLT and SPAST gene mutations to determine the prevalence of the most frequent types of HSP in
our cohort. Whole exome sequencing was performed for an AD-HSP family, in combination with homozygosity mapping for
five selected AR-HSP families.

Results. Two novel causative variants were identified in PLPT and SPG11 genes, respectively. Distribution of HSP mutations in
our AD patients was found to be similar to European populations.

Conclusion. Our genetic studies confirmed that clinical analysis can be misleading when defining HSP subtypes. Genetic testing
is an important tool for diagnosis and genetic counselling. However, in the majority of AR HSP cases, a genetic diagnosis is not
possible.

Key words: hereditary spastic paraplegia (HSP), atlastin (ATLT), spastin (SPAST), PLP1, rare diseases, Pelizaeus-Merzbacher

Disease (PMD), SPG11
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Introduction

Hereditary spastic paraplegias (HSPs) are clinically and
genetically heterogenous and constitute a large group of rare
neurodegenerative disorders. The main symptom of the disease
is a pyramidal tract dysfunction which affects primarily the
lower extremities, accompanied by mildly decreased vibration
sensation and urinary urgency. Neurological examination of
patients with HSP reveals hyperreflexia in lower limbs, Babin-
ski sign and spastic gait.

HSP is clinically classified as ‘uncomplicated” (pure) or
‘complicated’ [1]. Uncomplicated HSP symptoms may emerge
from early childhood through to late adulthood and do not
shorten the lifespan. Clinical characteristics are as described
above. The disease is referred to as ‘complicated’ HSP in the
presence of accompanying features such as ataxia, seizures,
mental retardation, cognitive impairment, dementia, amyo-
trophy, extrapyramidal disturbance, ichthyosis, deafness or
peripheral neuropathy [1].
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Common to both uncomplicated and complicated HSPs
is the degeneration of the corticospinal tract in the central
nervous system (CNS). The degeneration is axonal and re-
trograde and affects the distal parts of the longest axons in
both the corticospinal tract and the posterior columns. For
this reason, this pathology is called ‘dying back axonopathy’
[2]. The genetic causes that lead to deterioration of function
of the corticospinal tract axons are the subject of major inte-
rest in HSP research, and these studies have revealed at least
72 subtypes [3].

HSPs are also classified according to their mode of inheri-
tance as autosomal dominant (AD), autosomal recessive (AR),
or X-linked (XL). Most uncomplicated HSPs are inherited
in the AD pattern. Spastic paraplegia type 3A (SPG3A) and
type 4 (SPG4) are the most common forms, comprising up to
45% of cases [4-6]. Complicated HSP is generally transmitted
with AR inheritance, and the most common subtype is spastic
paraplegia type 11 (SPG11) [3, 4, 7].

Clinical diagnosis of HSP requires the exclusion of other
causes in patients with spastic gait [1]. Identifying the HSP
subtype by clinical investigation can be highly challenging,
especially in uncomplicated HSPs since the patients present
with clinical similarity. Magnetic resonance imaging (MRI)
of the brain and spinal cord are usually normal, and family
history does not always reveal similarly affected relatives [1].
Genetic testing is useful in confirming the clinical diagnosis
and for genetic subtype identification. However, due to the
presence of unknown causative genes and technical problems,
approximately half of all HSP cases cannot be genetically
diagnosed [8].

We investigated the clinical and genetic features of HSP
in our patient group. The aim of this study was to determine
the prevalence of the most frequent subtypes of HSP, namely
SPG3A and SPG4, in our cohort, and to investigate the genetic
aetiology with whole exome sequencing (WES) in selected
families.

Patients and methods

Twenty-one patients from 17 different families with pro-
gressive symptoms of spastic paraparesis were included in the
study. All patients were negative for vitamin B12 deficiency,
serum lactate, pyruvate elevation, demyelinating diseases,
L-dopa responsive dystonia, and infectious diseases. Routine
cerebrospinal fluid examination was normal in all patients and
their MRIs showed no evidence of structural abnormalities of
the brain or the spinal cord. Informed consent was obtained
from all the patients and their recruited family members in
accordance with the approval of the Ethics Committee of
Istanbul Medical Faculty. Clinical data was collected from each
patient according to a standardised scheme (see Tab. 1 and
supplementary data).

Genomic DNA was isolated from peripheral blood
using standard protocols. All index patients were screened

for ATLI and SPAST gene mutations for a possible genetic
diagnosis of SPG3A and SPG4, respectively. Exons and
exon-intron boundaries of the genes were investigated for
sequence variations by direct sequencing. For two patients,
single strand conformation polymorphism (SSCP) was used
to determine possible variants. Multiple ligation-dependent
probe amplification (MLPA) was performed to investigate
SPAST deletion in nine individuals (six isolated cases and
three patients from AD-HSP families) that were negative for
SPAST mutations.

Among the ATLI and SPAST negative families that had
more than one affected individual, six families volunteered
to participate in a further genetic study. DNA samples of the
index patients (F1, F3.1, F5.1, F6.1, F9.1 and F14) from these
families were analysed by WES. The analysis was outsourced
with criteria of 50x coverage and 100bp paired-end reads. In
WES data, variants in the known HSP genes were analysed
initially and subsequently all variants in homozygous or he-
terozygous states were stringently filtered [9].

To find the candidate variants in four families with po-
ssible autosomal recessive inheritance, SNP genotyping and
homozygosity mapping were performed. Illumina Infinium
OmniExpress-24 array was used to analyse SNPs of two affec-
ted individuals chosen from each family. Homozygous regions
of the patient F1 were determined from WES data by using
the PLINK program since DNA samples from other affected
family members were not available.

Candidate variants were analysed by Sanger sequencing
in available siblings and parents. The novelty of an identified
variant was evaluated using the Genome Aggregation
Database (GnomAD). SIFT and Polyphen tools were used
to predict the potential effects of novel non-synonymous
variations on the protein structure or function.

Results

In this study, 17 families were investigated. Eight families
were classified as uncomplicated and nine as complicated.
The majority of the patients were male (13/21). The features
of the complicated phenotype were: cerebellar syndrome
(8), polyneuropathy (3), learning and intellectual disability
(3), epilepsy (1), and hyperpigmentation (1). Average age at
onset was 14.3 £ 10 years for uncomplicated HSP and 23.4
+ 11 for complicated HSP. Thin corpus callosum (CC) (6) was
the most common anomaly in the MRI, with T2 white matter
abnormalities (5), dorsal spinal atrophy (3), and cerebral (4)
and cerebellar atrophy (1) respectively.

The ATLI and SPAST gene mutation screening revealed an
ATLI (NM_015915) heterozygous c.773A > G; p.His258Arg
variant in patient F2. This patient had an early onset uncom-
plicated HSP with AD inheritance pattern (Tab. 1). The MLPA
analysis in F16 showed a heterozygous deletion of exon 17 of
SPAST gene. This patient had a late onset uncomplicated HSP.
Brain and spinal MRI investigations were normal in both. No

www.journals.viamedica.pl/neurologia_neurochirurgia_polska 177


http://gnomad.broadinstitute.org/about
http://gnomad.broadinstitute.org/about
https://journals.viamedica.pl/neurologia_neurochirurgia_polska/article/view/PJNNS.a2020.0026#supplementaryFiles

Neurologia i Neurochirurgia Polska 2020, vol. 54, no. 2

TIAON §E4541958/3ydd
‘LIDLIBP9ET €€ 2 snobAzol
-919Yy (#€88¢1L00 WN) Ld1d

TIAON § L131sybay£0zaYydd
‘Iyovdnp61z9 5179
(LE1STOTWN) LLDdS

TIAON § L131syb1v£0z3Ydd
‘lyOvVdnp6Lz9 51792
(L£15T0"WN) L1DdS

(anneB3ULYdIN ‘1dT3Y
IS¥dS ‘171Y) pasouberpun

(eAnebau
1SVdS ‘L 71Y) pasoubelpun

(SIM) pasouberpun

(8Y09L¥61 151)
BiygszsiHd ‘D < g/ > snob
k2013194 ‘(516510 AIN) LTLY

(S3m) pasoubelpun

Ss}|nsaidniauan

aAnebau
Sem pueq
|euoj0b1|0

1WD sey
uIsnod aa1bap
puodas ‘Ais
-2q0 ‘ainjoen
-uod sapjuy

1WD sey
uIsnod aa1bap
puodas ‘adod
-UAs ‘ainoen
-uod sapjuy

uolsuedxa

apnosjpnu

9'€'T'LVIS

10} dA11eHAN
sa2in}

-e9j 19430 pue

saiIwI043p
‘sainjdeijuo)

|eWION |ewIoN 8y
subis
uoJINau Jojow
1541 J1U0IYD DN
3|paau ‘[ewiiou
2Je S3IPNIS dAIBU
J1o0jow 1§ K10SUSS |ewloN 8l
25
sublis uoinau abe 1aye
Jlojow 1siy J1uoiyd yeads 0}
DI\ 3|paau ‘jew pauels
-lou salpnis andu  ‘Ayjigesip
Jojow 1 A10SU3S Bujusea w
|eWION |ewIoN K%
|eWION |ewIoN €l
JewloN |ewloN 7l
syuow
81 ueyy
191e| 9bE
[ewioN  Bunjjem Ly
Ayred
-oinauf|od [euoxe
Jojow 1 K10SU3S |ewloN 29

juswdoj
-anap wex?
10jow pue je
|ejua iy aby

(ot Jo abe
19)Je) RISAUAY0D
-opeIpsAp ‘eix
-eje ‘eyesAp

sapsnw
JeuayyodAy pue
Jeuayl ayi Jo
Aydouie ‘e1sauAy
-020peIpsAp ‘eIx
-e1e ‘elyyesAp

S9SN
JeuaylodAy

pue Jeusy} Jo
Aydoie ‘eIsauAy
-020peIpsAp ‘eIx
-e1e ‘eliyesAp

eLawsAp ‘elx
-e1e ‘eliyiesAp

sainjeay
|e3160]04nau
leuonippy

[4W [eutds

[BWIOU ‘S313ISUDIUI
-19dAy Janew ayym
2140 sease [edoynw

Sa1ISUI
-19dAy Jenew auym
dIv147 ¢l [esdued
-0JUO} |eIDR|Iq]
Jewiuiw ‘Aydosye
[e21403 DD ulyy
(ubis
XUA|-3)-j0-51e3)
sanisusuLadAy
Joew sHYM Y|V 14
1 7. [e39ued-01u0ly
|es1e|iq ‘Aydoe
[e2R103 DD Uy}

[ewIoN

[ewIoN

|eWUION

[eWION

Aydoe
Jeutds [esiop jewiuiw

(jeurds
pue uieiq) [HW

Anoyyip
bupjem  g|

sa01diy
uo
bupjem €1

sa01diy
uo
bupjem €1

Aynoyyip
Bunjjem Sl

Aynoyyip
bupjlem oL

Aynoyyip
Buiyjem Ll

@
Anoyyip
Bupjjem
‘Bunjjem
uihepg Sl

Aynoyyip
buplem gy

wo) abe
-dwis 19s
leniup  -uo

pajedyd

-wodun av —  9lews 1'94
paied

-l|dwod 1% + dleN [4°E|
pajed

-l|dwod 1% + Sy 164
pazeond ased

-wodun  paje|os| = EIE] ¥4
pajedyd

-wodun v +  9jews Ced
pajedid

-wodun i\ + dle 1'ed
pajedyd

-wodun av —  9ews4 2
pajed

-lldwod IX/HY + S 14

Ayp
-a19y
aqiss ai
adf) dSH -od §suod PN jusned

syuaited ay3 o sBulpuy d13auab pue [ed1ul L 3|qeL

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

178



Nihan Hande Akcakaya et al., Clinical and genetic aspects of hereditary spastic paraplegia in patients from Turkey

(CLEGET]
1SVdS ‘L 11Y) pasoubeipun

(@Anebau
1SVdS ‘I 71y) pasoubelpun

(S3M) pasoubeipun

(A11e63U L dIN ‘L d3FY
ISVdS ‘L 1LY) pasoubelpun

(onneBaULYdIN ‘1dT3Y
IS¥dS ‘171Y) pasoubelpun

TIAON S€x544958/3ydd
‘LIDIIPP9ET €€T 2 snobAzol
-919Y(7€88¢L 100" N) Ld1d

s}|nsal di}auan

sdweld appsnwi
2I9ASS ‘snAeD
sad ‘ainyoesy
-uod sapjuy

sdwesd
dpPsnw ‘(59
1) Auigesip
|en129||a1ul
‘snaed sad
'IN}DeI3U0D
SOPuyY

Asdajds
'SnAed $3¢

EYGEGET
Sem pueq
Jeuo|pobi|0

saam

-e9} 19430 pue
saiIwI0)ep

‘saanjoes3uod

[eW.ION

[eWION

subis uoinau
J10J0oW 151y JUOIYD
D\ 3|pasau ‘jew
-10U S31PN3S SAIBU
1010w R A105UdS

Ayred
-oinaukjod [euoxe
1010w R 105U

|eWION

[eWION

[eWION 87
[eWLON €€

Aujiqesip
Buiuies Yid
[ewoN b
[EWION 85

30

abe saye
Buniiem 174

juswdoj
-aAsp wexa

10jow pue je

|eausapy aby

eixeje
‘eLiyiesAp

sapPsnW
JeuayyodAy
pue Jeusy} Jo
Aydouze ‘el
-9wisAp ‘eixeye
‘eliyyiesAp

eLyiesAp

sainjesay

|es160j0inau

[euonIppy

[eWION

D uiyy

Aydoe
[e212402 DD Uiy

[eWION

|eWION

[4W [eurds
|ewiou ‘sanisualul
-19dAy Janew ayym

¢1jo seale [ed0jI3INW

(jeurds
pue uteiq) W

Aynoyyip
Bupyjjem

Aynoyyip
Bunjiem

Aynoyyp
Bunjiem

Anoyyip
Buryiem

Anoyyip
Bunjiem

(s1)
Anoyyip
Bunjiem
‘Buryiem
ur kejap

Cl

[44

€l

€€

¥C

adA3 dsH -0d Mmcou X35

(¢4v)
pajedid ased
-wodun  paje|os| + dle|N oLd
paied
-l|dwod N +  9dews4 64
pa1ed
-l|dwod N +  9dews4 1’64
pajedyd ased
-wodun  pa1e|os| — BN 84
paied
-lidwo> av - 2EW L4
pajedd
-wodun av —  dews4 [4°F

°l al

syualed ay3 jo sbulpuy diaUSB pue [edjull) *Juod | djqer

juaned

179

www.journals.viamedica.pl/neurologia_neurochirurgia_polska



Neurologia i Neurochirurgia Polska 2020, vol. 54, no. 2

subis €40 sapsnw

uoJnau Joyow obe 1ayye JeusyjodAy (€1)sd
JsIyouoIYP o3 buppeads pue Jeusy} jo -03dn} uo
9|paau ‘|ewou pauels Aydoue jewiuiw Buryiem (¢9Y)
(@Anebau 2Je SIPNIS dAIBU ‘elaWsAp ‘Bupjjem paied ased
1SYdS ‘L71Y) pasoubeipun — J1ojow 1§ A10SUSS Bujuiea w ‘eliyyiesAp DD Uy ul Aejap €l -|dwod  paie|os| + EIEN /14
uons|ep Aynouyyip pajedyd
/| uoxa snobAzoia1vy | SydS — |eWION |ewIoN 49 — |eWION Buryiem w -wodun av —  9Jewd4 914
uo nyeyuswbid
-19dAy ‘snaed
(@Anebau sad ‘ainyen} Aydone  Aynouyyip pajed
1S¥dS ‘171Y) pasouberpun -uod sapjuy [BWION |ewIoN 144 —  [euids |esiop [ewiuiw Bunyjem 4 -l|dwod x/av — S Sld
SaIISUDIL
-19dAy Janew ayym
Jyadsuou Y|y 14
R 7l [eyoued-oluoy  Aynouyyip pa1ed
(S3m) pasouberpun — [eWIoN |ewloN LS — [e491e]1q DD Uiy} Bunyjem LS -l|dwod gy +  dlewsd 4%
Juswiedwi Ayyed
(9AnebHRU Buneay -0inauAjod |euoxe Aynouyip pajed
1SVdS ‘1 71Y) pasoubeipun |eIN3ULIoSUSS Jojow 1 K10SU3S |ewloN o¢ eLiyesAp |ew.oN Bunjjem 1T -l|dwod IX/HY + de €14
Juswiredw ey
Butieay -MeshpR (4v)
(@Anebau ELENICNIEY eLawsAp Aydoneejpgasd  Aynouyyip paied ased
1SVdS ‘1 71Y) pasoubeipun pue s|so1j03s |ewloN |ewIoN 143 ‘eliyliesAp  pue [e1gaJ3D [BWIUIW Bupjjem w -|dwod  paiejos| + EIE 4L
(€L)se
syyuow -01dny uo
gl Joye Bupjjem (e4v)
(eAnebau abe Aydone ‘Bunjjem pajedyd ased
1S¥dS ‘L11Y) pasoubeipun = [eWION Buniiem 174 —  [euids |esiop [ewluiw urfepp ¢t -wodun  paje|os| + 3l L4

saam juswdo) fp
-e3} 43430 pue -anap wex? sainjesy wo) abe ECYETT

sanIwioep 10jow pue je |e3160j04n3u (jeurds -dwifs 39S a|qiss ail
S3|nsal d13dusn ‘saJnydesuod) |ejua iy aby |euonnippy pue uieiq) [N jeniu| -ug 9dfydsH -od §suod pEIN juaned

sjuaned ay) Jo sbuipuy d118uS6 pue [edjul) Juod | 3jqeL

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

180



Nihan Hande Akcakaya et al., Clinical and genetic aspects of hereditary spastic paraplegia in patients from Turkey

Figure 1. A — Pedigree of F5 family. The homozygous ¢.6215_6219dupAGAT variant in SPG11 (NM_025137) was found in patients F5.1
and F5.2. Their second-degree cousin F5.3 does not carry the mutation; B, C — Brain MR images of patient F5.1 at age 21: sagittal T2
weighted images show bilateral fronto-parietal white matter hyperintensities. Red arrows indicate abnormal hyperintense signals at corner
of frontal horn of lateral ventricles. These are known as ‘ears-of-the-lynx’ (B). These hyperintense signals lose their density with distance
from ventricles. (Axial T1 weighted MRI showed thin CC. Thinning seen predominantly anterior and middle parts of the CC (yellow arrow) (C)

other variants in these genes were segregated and identified
in our cohort.

Filtering of WES data in patients F1, F3.1, F5.1, F6.1,
F9.1 and F14 for variants in the known HSP genes revealed
two novel mutations. The homozygous c.6215_6219dupAGAT,
p-Phe2074ArgfsTer15 variant in SPG11 (NM_025137) was fou-
nd in patient F5.1. Segregation analyses showed that his sibling,
patient F5.2, was homozygous for the micro-duplication. Their
second-degree cousin, F5.3, had Charcot Marie Tooth (CMT)
disease and he was homozygous for the native allele. Siblings
F5.1and F5.2 had complicated phenotype with cerebellar signs

and a learning disability. Additional phenotypic features were
intellectual disability and obesity for siblings F5.1 and F5.2,
respectively. Brain MRIs of both showed thin corpus callosum,
cortical atrophy and bilateral fronto-parietal T2 and FLAIR
hyperintensities. F5.1’s findings were more prominent than
his brother’s and had an ‘ears-of-the-lynx’ sign at the forceps
minor (Fig.1).

The second novel variant (c.233_236delTCTT,
p-Phe78Serfs*35) was identified in a heterozygous con-
dition in PLP1 (NM_001128834) on chromosome X in
patient F6.1. Segregation analyses showed that her affected

www.journals.viamedica.pl/neurologia_neurochirurgia_polska 181
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Figure 2. A — Pedigree of F6 family. The heterozygous ¢.233_236delTCTT, p.Phe78Serfs*35 variant in PLP1 (NM_001128834) on chro-
mosome X was found in patients F6.1 and F6.2. The father F6.3 does not carry the mutation; B, C — Brain MR images of patient F6.1.
The FLAIR axial section shows confluent lesions in deep and periventricular white matter (B). SWI sagittal section shows heterogeneous,
non-specific hypointensities in globus pallidus (black arrows) (C); D — Brain MR images of patient F6.2. T2 sagittal section shows confluent
hyperintensities (white arrows) in deep and periventricular white matter and T1 sagittal section shows a hypointensity (grey arrow) very

similar to a demyelinating plaque sequel

daughter (F6.2) carried the same heterozygous mutation and
her healthy sister was homozygous for the wild type allele.
Patients F6.1 and F6.2 had uncomplicated HSP. Their brain
MRIs showed confluent periventricular areas of FLAIR and
T2 white matter hyperintensities (Fig. 2). Candidate va-
riants analysed in patients F.1, F3.1, F9.1 and F14 were not
segregating with the disease in the family, rendering these
families undiagnosed.

Discussion

Progressive spastic paraparesis is a common feature of
both uncomplicated and complicated HSPs. Although HSP
can simply be divided into two phenotypes, clinically there
is great heterogeneity, depending on age at onset, progression
rate, and other clinical and radiological characteristics [3]. To
determine the exact diagnosis, molecular testing is mandatory
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because clinical features are not sufficient to reliably diffe-
rentiate HSP subtypes.

Inheritance is most often AD in the European population
[10]. Our study describes the genetic spectrum of HSP in
Turkey for the first time. The proportion of consanguineous
marriage is up to 25% in our country. Our cohort has a high
rate of AR-HSP compared to other reported series. Five fami-
lies had AD inheritance pattern, six had AR, and six patients
were isolated cases. Even in isolated cases there was a high
consanguinity rate (4/6). WES was performed for five families
with a history of consanguinity. The ¢.6215_6219dupAGAT,
p-Phe2074ArgfsTerl5 SPGI11 (NM_025137) novel variant
was detected in patient F5.1 (Fig. 1A). The SPG11 is one of
the most frequent HSP genotypes that is clinically described
as complicated [7]. The MRI findings including the ‘ears-
-of-the-lynx’ sign in patient F5.1 are said to be typical for
SPG11 (Fig. 1B). Involvement of the frontal lobe fibres may
have contributed to the cognitive impairment in this patient
[11]. HSP with SPGII mutations is allelic with juvenile
amyotrophic lateral sclerosis type 5 (ALS5) and Charcot-
-Marie-Tooth type 2X (CMT2X). All these disorders show
overlapping features with unpredictable genotype/phenotype
correlations. These siblings along with spastic paraparesis
also had other phenotypic features such as dysarthria, ataxia,
dysdiadocokynesia, thin CC, and atrophy of the thenar and
hypothenar muscles. Their second-degree cousin with CMT
does not carry the mutation (Fig. 1A). Observation of two
different neurological diseases within the same large family
highlights the possibility of inheriting a rare disease in con-
sanguineous marriages.

Prevalence data shows that most AR HSP cases do not have
a mutation in known HSP genes/loci [4]. By combining the
data of homozygosity mapping and WES, disease-causing gene
candidates were determined for patients F1, F3.1, F9.1 and
F14. Among the candidates determined, PDGFRL gene in F1,
SPINT3 gene in F3.1, WDR90 gene in F9.1, and ARNT, EMC],
WFS1 genes in F14 were highlighted as the strongest ones in
terms of gene function and the frequency of the variants in the
population databases (MAF < 0.05). Analyses of these candi-
dates and other candidate variants by Sanger sequencing in the
families revealed that these variants were not segregating with
the disease in the family, rendering the families F1, F3, F9 and
F14 undiagnosed. The combination of WES and homozygosity
mapping is widely used and effective in genetic diagnosis of
AR diseases. Even if these useful genetic tools are applied,
some cases are still undiagnosed due to limitations of WES
and undiscovered genetic causes.

Previously reported HSP series generally showed AD
inheritance with uncomplicated phenotype [4-6, 8, 12]. In our
cohort, among the five families with AD inheritance, three of
them were uncomplicated. Mutations in ATLI (SPG3A) and
SPAST (SPG4) genes were found to be causative in two of the
families. These results showed that ATLI and SPAST genes
are frequently observed in uncomplicated AD HSP cases in

Turkey, as in other populations. By using WES, we found
a PLP] (SPG2) mutation in the third family with uncompli-
cated phenotype and dominant inheritance (Fig. 2A).

The PLP1 is predominantly expressed in CNS myelin and
its pathogenic mutations cause two different allelic disorders:
Pelizacus Merzbacher Disease (PMD) and spastic paraple-
gia type 2 (SPG2). PMD is a progressive dysmyelinating
leukodystrophy which begins in infancy. Initial symptoms
are hypotonia, nystagmus and head tremor. Choreoathetosis,
spasticity, ataxia, microcephaly, optic atrophy and psycho-
motor deterioration are other features which may develop
in the first 10 years of life. SPG2 presents only with spastic
paraparesis. Both diseases cause cerebral and spinal white
matter lesions. Bonneau et al. [13] in 1993 reported the first
female patient who suffered from spastic paraplegia. Due
to skewed X inactivation, heterozygous PLP/ mutations
rarely lead to SPG2 in females [14, 15]. Periventricular
and subependymal white matter MRI changes have been
described in SPG2 and asymptomatic carrier mothers for
classical PMD. The signal alterations are defined as bilate-
ral, diffuse and subtle in FLAIR and T2 weighted images
[14]. The presence of white matter lesions and progressive
spastic paraparesis in young women suggests demyelina-
ting diseases. Patient F6.1 and her daughter F6.2 had slow
progressive spastic paraparesis with confluent lesions in
the deep and periventricular white matter (Fig. 2B and
2D). Investigations and treatment attempts for a probable
demyelinating disease gave negative results. F6.1 developed
cerebellar signs in her fifth decade. Additionally, MRI sho-
wed heterogeneous, non-specific hypo-intensities in globus
pallidus in SWI (Fig. 2C). This finding is not compatible
with a primary iron deposition disorder. On the other hand,
these hypointensities at the basal ganglia and the thalamus
can be present in PLP] associated disorders [16]. Despite
all the clinical and radiological documentation of both the
mother and daughter, the diagnosis could not be defined
until the WES was performed.

The characteristics of an HSP patient group from Turkey
with a high proportion of consanguinity are here discussed
for the first time.

Our data shows that clinical analysis can be misleading
in defining HSP subtypes. To shorten the diagnostic odyssey
of HSP, the advent of next generation sequencing has proved
effective. All HSP cases should be subject to further exami-
nation after the recognition of common mutations especially
in sporadic and dominantly inherited ones. Patients with AR
HSP who cannot be diagnosed despite the current and proven
methods suggest that different mechanisms exist underlying
HSP pathology.
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