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Figure 2. A brief timeline of clinical research related to HSP.

816 Arq Neuropsiquiatr 2017:75

1998, SPG7gene




1880- Strumpell published the first case report

1886- Strumpell described pathological hallmarks

1979- The complicated phenotypes

1983- Anita Harding introduced the clinical classification

1991- Schady reported central motor conduction studies

1994- Jouet discovered L1CAM gene

1998- Casari identified the first AR gene for HSP-SPG7 and paraplegin protein

1999- Hazan cloned the SPG4 gene

2004- Deluca published the detailed pathology

2006- Shule introduced German Network for HSP Rating Scale

2015- Gaia Novarino found 14 new genes

2017- 80 different loci are discovered
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Table 2  Classification of HSP and its subtypes [12]

Based on signs and symptoms (Harding’s classification)
1. Pure (uncomplicated) HSP
= Spastic paraparesis along with sphincteral disturbances and mild to
moderate sensory loss
2. Complicated ( complex ) HSP
= Spastic paraparesis along with additional neurological and systemic
signs and symptoms
Based on spasticity onset age (Harding's classification)
1. HSP type 1
* Early onset — starting before 35 vears of age
2. HSPtype I
* Classical — starting afier 35 years of age
Based on inheritance pattern
1. Autosomal dominant HSP

SPG19, SPG29, SPG31, SPG33, SPG36, SPG37, SPG3E, SPG41,
SPG42, SPGT2, SPGT3
2. Autosomal recessive HSP
SPGS, SPGY, SPGL, SPGL4, SPGLS, SPGIR, SPG20, SPG21,
SPG23, SPG24, SPG25, SPG26, SPG27, SPG2E, SPG30, SPG32,
SPG35, SPG39, SPG43, SPG44, SPGAS/SPGOS, SPG46, SPG47,
SPGAE, SPG49, SPGS0, SPGS1, SPGS2, SPGS3, SPG54, SPGSS,
SPGS6, SPGST, SPGSE, SPGS9, SPGHD, SPGHL, SPG62, SPGH3,
SPGH4, SPGo6, SPGHT, SPGHS, SPGHY, SPGTO, SPGT1, SPGT2,
SPGT4
3. X-linked HSP
= SPG1, SPG2, SPGla, SPG22, SPG34
4. Mitochondnal HSP
* MT-ATP6, MT-TI, MT-CO3, MT-ND4

Based on intracellular pathophysiological mechanisms

1. Membmane trafficking and organelle trafficking

« SPG3A, SPG4, SPG6, SPG11, SPG15, SPGL 8, SPG20, SPG31,

SPGS9, SPGH0, SPGH1, SPG62, SPGHE9, SPGT2

2. Axonal transport

« SPG4, SPG10, SPG30, SPGSS

3. Mitochondrial dysfunction

= SPGY, SPG20, SPG31
4. Lipid metabolism disturbances

= SPGS, SPG26, SPG2E, SPG35, SPG39, SPG46, SPGS4, SPGS6
5. Myelination abnormalities

= SPG1, SPG2, SPG39, SPG42, SPGET

SPG3 A, SPG4, SPG6O, SPGE, SPGY, SPGLO, SPG12, SPGL3, SPGLT,

MNeurological Sciences (2021) 42:883-8%4
https://doi.org/10.1007/510072-020-04981-7




HSP subtype (gene) Mode of Gene encoded protein and its function Clinical features
nheritance ——— . e e ~
HSP subtype (gene) Mode of Gene encoded protein and its function Clinical features
SPG1 (LICAM) X

SPG2 (PLP1)
SPG3A (ATL1)

SPG4 (SPAST)
SPGSA (CYPTBI1)

SPG6 (NIPAL)

SPG7 (SPGT)

SPGS (KIAA0196)

SPGOA
(ALDHIS8AL)

SPGSB
(ALDHISAL)

SPG10 (KIF5A)
SPGIL1 (SPGLL)

SPG12 (RTN2)
SPGI13 (HSPDI)

SPGl4, -
SPG15 (ZFYVE26)

SPG16 (SPGL6)
SPG17 (BSCL2)
SPGI18 (ERLIN2)
SPG19, -

SPG20 (SPG20)

SPG21 (ACP33)

SPG22 (SLCI6A2)

SPG23, -

SPG24, -
SPG25, -

SPG26
(B4GALNTI)

HSP subtype (gene) Mode of Gene encoded protein and its function Clinical features
inheritance
CCT5-associated AR Chaperonin containing TCP1, subunit 5 — acts as ~ Mutilating acropathy, cavanagh varant, vagal
HSP cytosolic chaperonin hyperactivity, severe neuropathy, mild spine atrophy
FAMI AR FAMI134B -~ Golg protein Mutilating acropathy, painless neuropathy, hyperhidrosis
34B-associated
HSP
EXOSC3-associated AR Exosome component 3 — acts as core component of Distal amyotrophy, short stature, cerebellar ataxia, mental
HSP the RNA exosome complex retardation, strabismus, tongue atrophy, cerebellar
atrophy, adducted thumbs, enlarged cisterna magna
LYST-associated AR Lysosomal trafficking regulator protem — helps in -~ Neuropathy, cerebellar ataxia, thoracic spine and
HSP lysosome fusion or fission regulation cerebellar atrophy
GRID2-associated AR Lower motor neuron syndrome, cerebellar ataxia,
HSP ALS-like phenotype, frontotemporal dementia, cere-
bellar atrophy
IFIH1-related HSP  AD Interferon-induced helicase C domain containing ~ Multisy stem inflammatory disorders, British families
protemn 1 — helps in interferon signaling
ADARI-related HSP  AD Adenosine deaminase RNA-specific - RNA me-  “Pure HSP,” high interferon-1 levels
tabolism
RNASEH2B-related AD Ribonuelease H2 subunit B - ribonucleotides me-  “Pure HSP.” unspecific white matter changes
HSP tabolism
KLC4-associated AR Marked pyramidal tract hypersignal, joint contractures,
HSP white matter changes, thin corpus callosum, dentate
nucleus hypersignal, cerebellar atrophy
PMCA4-associated  AD Chinese families, “pure HSP”
HSP
MAG-associated AR Myelin-associated glycoprotein — myelination Amyotrophy, mental retardation, cerebellar ataxia
HSP
TUBB4A-related AR Hypomyelinatng leukodystrophy, cerebellar ataxia
HSP
FARS2-associated AR “Pure HSP”
HSP
DNM2-associated AD “Pure HSP”

HSP
MT-CO3 gene
mutations
MT-T1 gene

mutations

MT-ND4 gene
mutations

MT-ATP6 gene
mutations

Mitochondrial Cytochrome ¢ oxydase ITl/complex I'V - respiratory
chain complex TV subunit
Mitochondrial Isoleucine transfer RNA (mitochondrial) — mito-

Mitochondrial

Mitochondrial Complex V, ATP synthase, subunit ATPase 6 - re-
spiratory chain complex V subunit

Beta-1,4-N-acetyl-ga

helps in gangliosic Spastic paraplegia
with deafness
BICD2-associated

HSP

chondna

XL

AR Bicaudal D homolog 2 — adapter protein of the
dynein-dynactin motor complex

Mental retardation, Leigh-like features, ophthalmoplegia,
severe lactic acidosis, COX deficiency

Chronic progressive extemal ophthalmoplegia, cerebellar
ataxia, mental retardation; normal muscle biopsy;
hearing loss, cardiomyopathy, diabetes

Visual loss (Leber-like features)
Neuropathy, normal lactate, normal muscle biopsy

occasional seizures

Deafness, hypogonadism, short stature, tremor, cataracts

“Amyotrophy™

ad its function

Clinical featus

ng 1 — helps in lipid
lipase Al

1A — axonal anterograde
am
ancing protein 1 — mito-

{R-shaping

YVE domain containing
utgrowth, ER morphology

: — cell differentiation, my-

se domain containing
sterase — membrane
rolism

acetyl-CoA transporter,
setyl-CoA transporter
;ading frame 12 < (-)

mma 2, 47 kDa - oligo-

helps in lipid metabolism

complex 4, beta 1 subunit —
ifficking

complex 5, zeta 1 subunit -

ly 2, subfamily U,
metabolism

complex 4, mu 1 subunit —

complex 4, epsilon 1
rafficking

complex 4, sigma 1 subunit
trafficking

“Typical pure
“Typical pure

Genetic antici
Mild cerebell:
atrophy
“Distal amyot

Mental retard:
“Pure HSP”

“Pure HSP.” |
FAHN syndr
optic atropl
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“Neuropathy”
“Pure HSP”
Silver syndror
Troyer syndrc
cerebellar 2
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“Pure HSP”
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Multiple cont
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v Gruppo di disordini neurologici ereditari rari ed eterogenei (

v Primi sintomi: progressiva «spasticita» agli arti inferiori ed «ipostenia» di
muscolatura degli arti inferiori e del bacino [insidioso]

v Ereditarieta
v Autosomica DOMINANTE: 70-80% di tutte HSP in popolazione occidentale

* Autosomica RECESSIVA: 20-30%
* X-linked : molto rara

v
v

‘ Essenziale oggi una diagnosi GENETICA




IPOTESI DIAGNOSTICHE

paziente

Famiglia/

caregiver

e segnalazione dei disturbi/sintomi
¢ Scadenze temporali

e Osservazione dei disturbi

¢ Adeguata criticita- completa anamnesi
familiare

¢ Attenta raccolta dei dati anamnestici
e Diagnosi differenziale/esami diagnostici

Avvio indagini




» Difficolta progressiva di cammino dovuta a rigidita e debolezza progressive degli
arti inferiori

v Deficit di equilibrio
v" Tendenza ad inciampare, trascinare i piedi e ad incrociare le gambe
v' Piede cavo, crampi muscolari, spasmi muscolari

= Sintomi a decorso cosi lento da essere poco considerati dal soggetto ma notati
dagli altri (familiari, amici...)

* Sintomi compaiono o all’inizio della deambulazione autonoma (o poco dopo)
oppure anche tra le 2° e la 4° decade di vita, ma possono comparire ad ogni eta

* Abilita atletiche durante I'infanzia (scarse performance o scarso interesse per lo
sport: segni precoci della patologia)

* Nelle forme esordio infantile: ritardo delle tappe dello sviluppo motorio

* Nelle fasi piu avanzate: mitto imperioso ed incontinenza urinaria

* Tenere pero in considerazione come in forme complicate altri sintomi possono
essere presenti:

v" Neuropatia periferica, epilessia, disturbi cutanei (ittiosi), atassia, neuropatia ottica,
retinopatia, ritardo mentale, decadimento cognitivo, sordita, disturbi dell’eloquio,
della masticazione e della deglutizione




v spasticita bilaterale degli arti inferiori

v ipostenia muscolare pilu evidente a livello di muscoli ileopsoas e del tibiale

anteriore

v" Alcuni soggetti manifestano la spasticita non associata a debolezza, mentre

altri hanno spasticita e debolezza in egual misura

v Riflessi OT agli arti inferiori vivaci-policinetici e Risposta in estensione alla

stimolazione cutanea plantare (segno di Babinski)

v" Spesso modesto incremento dei riflessi OT agli arti superiori

—|—’ coinvolgimento del tratto corticospinale

v Modesto deficit della sensibilita vibratoria e (meno frequente) di
posizione

- coinvolgimento fasci colonna dorsale




Comune riscontro di :
Disturbi sfinterici (50%)
Piede cavo

Lieve dismetria distale

Segni meno frequenti:
Paresi arti superiori
Amiotrofia distale

Familiarita per disturbo simile che si adegua a modalita X-linked, AR e AD
I111Attenzione se:
Ipostenia > di spasticita
Atassia prominente

Amiotrofia prominente > Forme
Coinvolgimento arti superiori>arti inferiori complicate?
Neuropatia periferica Altra patologia?
Asimmetria marcata

Alterazioni pigmentazione retinica

Segni extrapiramidali




Patologia
Paralisi cerebrale infantile (diplegia)

Malformazioni Strutturali (Malformazione di
Arnold-Chiari; sublussazione atlo-occipitale)

Leucodistrofie (es, malattia di Krabbe)
dosaggiE(galattocerebrosidasi)

Malattie metaboliche (deficit di arginasi,
abetalipoproteinaemia)
Distonia responsiva alla Levo-DOPA

Atassie spinocerebellari

Mielite (eziologia infettiva)

Sclerosi Multipla

Esame strumentale
RMN encefalo, anamnesi neonatale

RMN encefalo e midollo

RMN encefalo,

dosaggi Enzim. ,elettroforesi proteine
terapia |-DOPA

Ob. neurol.,analisi genetica

esame liquorale

RMN encefalo, esame liguorale




Patologia Esame strumentale

malattie degenerative cervicali RMN midollo

Sclerosi multipla RMN encefalo e midollo-liquor

Malattia del Motoneurone EMG/ENG

Neoplasie RMN encefalo e midollo

Mieliti (eziologia infettiva) liquor

Malformazioni arterovenose durali RMN-Angiografia

Malformazione di Arnold-Chiari RMN encefalo e midollo

Adrenoleucodistrofia RMN encefalo, dosaggio VLCFA

Atassie spinocerebellari Ob. neurol.,analisi genetica

Deficit di vitamina B12 e Vitamina E dosaggi Vit B12 e Vit E

Latirismo intossicazione da latyrus
sativus cicerchie

Distonia responsiva alla Levo-DOPA risposta ad L-DOPA

Infezioni (sifilide, HIV, Virus leucemia a cell T tipo 1) analisi siero e liquor

Deficit di rame dosaggio rame e

ceruloplasmina




Complicated HSP

(Spastic r1r1 parasis-plus: positive

Farmilial histary?

Suspected HSP case

(spastic paraparesis or tetraparesis with/without sphincter
disturbance with/without positive familial history)

Negative screeningfor acquirad

NO

STEP3 Ve

Y

* Gene panel testing based on familial pattem
of inheritance (Table 1).

- AR: SPG11, SPG15, SPGSA, SPGT, SACS,

$PG20, 5PG21, SPG35.

- AD: 5PG17, SPGA (rare).

- If marked genetic anticipation, test for SPG29.

* WES/NGS or complete
(expanded) gene panel testing.

and common neurometabolic STEP1
diseases (i.e. AMN/X-ALD)
" Pure H3P
(spastic paraparesis)
STEP4 l
+ Specific clinical and neuroimaging findings: 1
--Neuroimaging findings (Table 4): thin corpus callosum, STEP2

“vars-of-the-lynx” sign, leukodystrophy, hypomyelination,
hydracephalus, basal ganglia changes (NBIA-like, Leigh-
like, calcification).

- ALS-like phenotype: SPG17 (AD), SPG15 (AR)

-- Epilepsy: SPG11.

-- Cerebellar ataxia: SPG7.

--Movement disorders: SPG11, SPG35.

--Optic atrophy: SPG15. If negative, test for SPG11.

-- Ophthalmoparesis/ptosis: SPG7. If negative, evaulate
and test for mitochandrial HSP.

-« Central apnea: SPG48.

-- Skin lesions: SPG23, (I,

-« Peripheral neuropathy/mental retardation: SPG11,

- Hearing loss/cataracts/dysmorphisms: expanded gene
panel testing or WES/NGS approach (Table 4.

+ <10 years of age at onset;

- SPG3A: if negative testing, test for $PG4,

- 5PG4: if negative testing, apply gene panel
testing for early-onset o very early-onset AD/AR
HSP (Table 4).

¢ >10 years of age at onset:

- SPG4: if negative testing, test for SPGIA.
-SPG3A: if negative testing, apply gene panel
testing for AD/AR HSP, based on familial history.
-- AD: SPG10, SPG31, SPGh, SPGE, SPG13, SPGA2,
«« AR (very rare): SPG11, SPG7.

«|f marked genetic anticipation, test for SPG40.




Essenziali per la diagnosi

Clinico
(neuroradiologo
neurofisiologo,
biochimico)

Clinico
(neurologo,
NPI)

Genetista
(Medico
Genetista/Biologo
Molecolare)




AD transmission in H5P is
most commonly seen in
patients with slowly

progressive spastic
paraparesis along with a
positive family history
(12)

AR transmission in HSP
most commonly involves
consanguinity, with
limited family members
affected and appearance
of more complicated
forms of HSP (12)

Isolated or sporadic cases
of HSP should be
evaluated more vigilantly,
as most of the
undiagnosed spastic
paraparesis are of genetic
origin with no family
history of the disease,
with affected
symptomless relatives,
occurrence of new
mutations or incomplete
penetrant mutation
carriers (12)

Neurological Sciences (2021) 42:883-894
https://doi.org/10.1007/510072-020-04981-7
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Table 2 Overall mutation frequencies of reported genes in HSP

patients

Gene Meta-analysis Test for heterogeneity
%Frequency [95% CI]  k 0 0, (%)

AD-HSP

SPAST 25.00 [21.00-30.00] 57  349.92 <0.00 87.00
REEPI  3.00[2.00-5.0 Table 3 Mutation frequency

. i Gene Pop Meta-analysis Test for heterogeneity Test for sub-
ALTI  5.00[3.00-9.0 pi ;irl’;;tjssgenes in sub- group differences
AR-HSP %Frequency [95% CT] k 2 P (%) 0 P
SPGII 18.00 [9.00-3: SPAST  Caucasian  23.07 [18.73-28.06] 36 050  87.50 3.47 1.00
SPG15 7.00 [3_00_15_ Asian 32.62 [23.93-42.70] 14 0.42 76.80
American 24.83 [15.59-37.15] 5 0.28 81.90
SPG7 13.00 [5.00-3( ATLI Caucasian 8.00 [4.00-14.00] 17 1.83 89.00 5.51 1.00
SPG35  8.00[1.00-35. Asian 4.00 [1.00-10.00] 6 1.09 67.00
SPG54 7.00 [0_00_50_ American 4.00 [3.00-6.00] 2 0 0.00
SPGS 5.00 12.00_12 SPG11 Caucasian 10.55 [4.97-21.01] 18 2.66 92.40 5.37 1.00
5.00 [2.00-12. Asian 87.98 [5.89-99.88] 5 15.20 96.80
American 24.23 [13.46-39.66] 3 0.09 26.10
SPG7 Caucasian 13.29 [2.74-45.50] 5 3.05 89.60 0.21 0.990
American 18.97 [10.83-31.09] 2 0.00 0.00




Table 4 Mean age at disease onset in HSP patients

Gene Meta-analysis Test for heterogeneity

Mean AO [95% CI] k  Q Q, P (%)

AD-HSP
SPAST 24779 [21.00-28.58] 40 1584.00 < 0.00  97.50
REEPI 17.00[11.18-22.82] 6 12.90 0.0251 61.00
ALTI  4.53[3.09-5.98] 16 22423 < 0.0001 93.30
AR-HSP
SPGI1  13.10[11.30-14.90] 22 113.88 < 0.0001 81.60
SPGI5 14.67[11.44-17.91] 3.54 0.0598 71.80
SPG7  37.17[33.31-41.02] 6.84 0.2331 26.90
SPG35 13.89[0.00-28.92] 15.20 0.0005 86.80
SPG5  20.07 [10.38-29.76] 0.74 0.3907 0.0
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Famiglia con mutazione SPAST
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Fig.7 Gender proportion in HSP patients with mutations in differ- ~ REEPI mutations (78%) than females. The gender distribution among
ent genes. Numerically males are significantly higher in AR-HSP  patients with mutated SPG35 was even
patients with SPG7 mutations (90%) and in AD-HSP patients with
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Fig. 8 a Relative frequency of findings of the clinical features in AR-
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in AD-HSP patients. The color gray indicates not available data




Progressive Spastic
Paraparesis

Rule out non-genetic causes as
infectious diseases and structural
changes
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Magnetic resonance imaging of the brain of a patient
with mutation in the SPG11 gene (SPG11 phenotype):
Sagittal T1 weighted imaging showing thinning of the
Corpus Callosum (A). Axial FLAIR imaging showing the
"ears of the lynx" sign (red arrows) (B).

Control SPG11 Patient

FIGURE 1 | Sagittal and axial T1 weighted images showing cervical spinal
cord atrophy and antero-posterior flattening in a patient with SPG11 (right
column) compared to a healthy control (left column).




SPG35- FA2H
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cerebellar
Atrophy

Family 2
Age 20
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Age 7
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Evoluzione della malattia

Alcuni polimorfismi
possono attenuare la
gravita clinica della
malattia (SPG4)

Eta d’esordio puo
variare all’interno
della stessa famiglia

Progressione puo
variare in epoche
diverse nello stesso
individuo

Progressione

variabile a parita di
mutazione

Esordio precoce
spesso associato a
presentazione meno
severa
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le terapie «sintomatiche»sono in grado di
modificare il decorso della malattia?




Grazie per l'attenzione




