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Sporadic IBM (IBM)

Age at onset usually > 50

— Prevalence 1 to 8 per million, 3:1 males

— Median age of onset ~ 60 yo.

— Most common acquired myopathy over age 40 yo.
Slowly progressive muscle weakness and wasting.
— Quadriceps (knee extensors) = frequent falls
— Finger flexors - inability to grip

— Dysphagia common

Cause is unknown

— Autoimmune and Degenerative features

Refractory to immunosuppressive treatment



Sporadic IBM clinical features

Rimmed Vacuoles
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Mononuclear Cells Degeneration Rimmed vacuoles (RVs) and protein aggregates



Genetic Inheritance



Sporadic (sIBM/IBM) vs hIBM vs fIBM

Hereditary IBM (hIBM) usually distinct from sporadic IBM

Biopsy shows RVs, inclusions, but rarely inflammation
Numbered based on order they were described; hIBM1 and hIBM3 extremely rare.

hiIBM1 (Desmin, myofibrillary myopathy) — Autosomal Dominant
hIBM2 (GNE myopathy) — Autosomal Recessive (see curehibm.org)
* Early onset, spares quadriceps (aka Quadriceps-Sparing Myopathy)
* Often middle eastern or Japanese descent
hIBM3 (MYH2) — Autosomal Dominant
* proximal weakness, contractures, ophthalmoplegia (eye movement abnormalities)
IBMPFD (VCP) — Autosomal Dominant

* proximal + distal weakness, associated with Paget’s (bone) disease, Frontotemporal
Dementia

Other inherited muscle diseases may be associated with Rimmed Vacuoles,
inflammation, or protein aggregates

Familial IBM (fIBM) - typical sIBM present in a family




All families had at least one member that met strict
sIBM criteria:
1. Onset mid-50’s to 60’s
2. Quad and FF
3. Muscle Bx-
1. RVs, tubulofilaments on EM
2. Invasion, MHC | upregulation
4. All patients had HLA DR3 allele



Human Leukocyte Antigen (HLA)
Genetic Association in sIBM

Arguably, this
is the best
scientific
evidence that
sIBM is
triggered by
the immune
system.

92% of 13 Caucasian sIBM patients have HLA-DR3 haplotype compared
with 25% control (Garlepp et al Clin Exp Immuno 1994; Badrising, 2004;
Mastaglia, 2009).

HLA-DR3 allele associated with a 10-fold increased risk of IBM(Needham
et al, 2009).



Next Gen Sequencing has
revolutionized genetic testing

Date Cost per Mb Cost per Genome
Sep-01 S$5,292.39 $95,263,072
Sep-02 $3,413.80 561,448,422
Oct-03 $2,230.98 $40,157,554
Oct-04 $1,028.85 $18,519,312
Oct-05 §766.73 $13,801,124
Oct-06 $581.92 510,474,556

*Oct—07 $397.09 $7,147,571
Oct-08 $3.81 $342,502
Oct-09 $0.78 $70,333
Oct-10 $0.32 $29,092
Oct-11 $0.086 $7,743
Oct-12 $0.074 $6,618

Oct-13 $0.057 $5,096



“Next Generation” Sequencing in sIBM

* 79 sIBM patients enrolled (many of them at TMA conference).
* “Next Generation Sequencing” panel for 38 genes known to be mutated
in neuromuscular disease.
* A known IBMPFD-causing mutation in VCP found in one patient.
» Slightly atypical pattern of weakness
* Did have “endomysial invasion”

* 27 “rare variants” found in several genes. The variants are of uncertain
signficance (VUS).



Variants of Uncertain Significance



Case

62 yo woman with no family history and greater than 10 year
history of progressive weakness

Exam showed “limb-girdle” pattern of weakness and scapular
winging.

CK ~6000 IU/L.
Negative genetic testing for FSHD.

Diagnosed with Inclusion Body Myositis based on biceps
muscle biopsy. Our review of single slide: chronic myopathy
with rimmed vacuoles.

2012: Sent blood to Emory Genetics Lab for “Neuromuscular
Disorders Panel”










Genetic Counseling and
Informed Consent

Benefits

Limitations

Risks

End diagnostic odyssey

Clarify reproductive risk

Genetic counseling for family members
Disease-specific management and prognosis
Disease-specific support groups and research

Variable expression limits predictions
Variants of Uncertain Significance
Yield depends on phenotype

Psychosocial impact
Family impact

Insurance (Life, disability)
Incidental Findings






Whole Exome Sequencing (WES) in
sporadic IBM

* 181 sIBM patients

* WES to identify rare variants in sIBM

* 7 (4%) have rare variants in VCP or SQSTM1

« VCP
 Mutated in IBMPFD (Watts, 2004), ALS, FTD (Johnson, 2010; Koppers, 2012)

* p62/SQSTM1
 Mutated in Paget’s disease, ALS, FTD; rarely in distal myopathy (Bucelli, 2015)
* Associates with protein aggregates in sIBM

Age of onset 45 — 85 years old

None had other family members with IBM
All had prominent finger flexor weakness
All had inflammation on muscle biopsy
Most had met “definite” sIBM criteria

Gang et al, Neurobiol Aging 2016



Phenotypic heterogeneity of IBMPFD caused by
VCP mutations
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Combined proteomic and whole exome
sequencing approach identifies FYCO1

* Vacuoles in sIBM enriched in proteins
that function in protein degradation

* Rare missense FYCO1 variants present in
11.3% of sIBM patients (compared with
2.6% controls).

* FYCO1 variants may impair protein
turnover and increase risk of sIBM






Summary

* HLA locus strongly associated with sIBM risk
— Evidence supporting autoimmune etiology

e Rare variants in known inherited myopathy and ALS/FTD genes in
sIBM patients

— Risk factor for sIBM?
* Most variants also present in controls —more studies needed.
* Might these patients have uncommon presentation of inherited myopathy?

— Overlap between sIBM and neurodegenerative disease genes?

FYCO1

Modified from Lloyd TE, Curr Opin Rheum 2010



