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Abstract

Objective: GDP-mannose pyrophosphorylase B (GMPPB) related phenotype
spectrum ranges widely from congenital myasthenic syndrome (CMS), limb-gir-
dle muscular dystrophy type 2T (LGMD 2T) to severe congenital muscle-eye-
brain syndrome. Our study investigates the clinicopathologic features of a
patient with novel GMPPB mutations and explores the pathogenetic mecha-
nism. Methods: The patient was a 22-year-old woman with chronic proximal
limb weakness for 9 years without cognitive deterioration. Weakness became
worse after fatigue. Elevated serum creatine kinase and decrements on repetitive
nerve stimulation test were recorded. MRI showed fatty infiltration in muscles
of lower limbs and shoulder girdle on T1 sequence. Open muscle biopsy and
genetic analysis were performed. Results: Muscle biopsy showed myogenic
changes. Two missense mutations in GMPPB gene (c.803T>C and c.1060G>A)
were identified in the patient. Western blotting and immunostaining showed
GMPPB and a-dystroglycan deficiency in the patient’s muscle. In vitro, mutant
GMPPB forming cytoplasmic aggregates completely colocalized with micro-
tubule-associated protein 1 light chain 3-II (LC3-II), a classical marker of
autophagosome. Degradation of GMPPB was accompanied by an upregulation
of LC3-II, which could be restored by lysosomal inhibitor leupeptin. Interpre-
tation: We identified two novel GMPPB mutations causing overlap phenotype
between LGMD 2T and CMS. We provided the initial evidence that mutant
GMPPB colocalizes with autophagosome at subcellular level. GMPPB mutants
degraded by autophagy-lysosome pathway is associated with LGMD 2T. This
study shed the light into the enzyme replacement which could become one of
the therapeutic targets in the future study.
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Introduction

GDP-mannose pyrophosphorylase B (GMPPB) related
phenotype spectrum ranges widely from congenital myas-
thenic syndrome (CMS), limb-girdle muscular dystrophy-
type 2T (LGMD 2T) to severe congenital muscle-eye-
brain syndrome associated with «-dystroglycanopathy.'™
GMPPB catalyzes the early step of glycosylation pathway
in most of the human tissues, including muscle and
brain.' Under GMPPB catalyzation, the sugar donor
GDP-mannose is synthesized from mannose-1-phosphate
and GTP.” The GDP-mannose then participates directly
or indirectly into N-glycosylation, O-mannosylation, C-
mannosylation, and glycosylphosphatidylinositol-anchor
formation." In the neuromuscular junction, the precursors
of dystroglycan undergo N- and O-glycosylation and pro-
teolytic process to generate two subunits (o-dystroglycan
and f-dystroglycan), prior to working as a central com-
ponent of dystrophin-glycoprotein complex.®™® The latter
complex is responsible for linking the extracellular matrix
to the cytoskeleton.”® To date, 49 mutations in GMPPB
gene have been documented to cause diseases, most of
which are associated with muscular disease, including
LGMD 2T (also known as LGMD R19 GMPPB-related®)
or overlapping with CMS. However, a small fraction of
GMPPB mutations may lead to severe congenital pheno-
types, such as mental retardation, epilepsy, cerebellar dys-
trophy, microcephaly, and retinal dysfunction. Hitherto,
the exact pathogenesis of GMPPB-related o-dystrogly-
canopathy is elusive and the management remains symp-
tomatic, however, a part of patients may respond to
medications used to treat CMS.?

Here we identify two novel mutations in GMPPB gene
in one patient presenting the overlap between LGMD 2T
and CMS. On the basis of thorough clinical, pathological,
and genetic analysis, we aimed to functionally investigate
the pathogenesis of GMPPB-related spectrum.

Materials and Methods

Participants

We identified a patient fulfilling the diagnosis of LGMD
and CMS according to proximal muscle weakness and
decrements in repetitive nerve stimulation (RNS) test at
low rate stimulation. The patient and her parents were
clinically examined.

Standard protocol approvals, registrations,
and patient consents

The ethics committee of Rui Jin Hospital, Shanghai Jiao
Tong University School of Medicine, Shanghai, China
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approved the study. All participants provided written
informed consent.

Mutation analysis

Genomic DNA was extracted using a standard phenol/
chloroform extraction protocol. Healthy individuals
(n =200) of matched geographic ancestry were included
as normal controls. Exome sequencing was performed for
the patient, using Agilent SureSelect v6 reagents for cap-
turing exons and Illumina HiSeq X Ten platform. Align-
ment to human genome assembly hgl9 (GRCh37) was
carried out followed by recalibration and variant calling.
Population allele frequencies from public databases of
normal human variation (dbSNP, ESP6500, and 1000 g)
were used to initially filter the data to exclude variants
greater than 19, frequency. The variants were further
interpreted and classified according to the American Col-
lege of Medical Genetics and Genomics (ACMG) Stan-
dards and Guidelines.'® In this segment, two
neurogeneticists analyzed the inheritance pattern, allele
frequency (from: 1000 g, ESP6500, dbSNP, EXAC and 200
in-house ethnically matched healthy controls), amino acid
conservation, pathogenicity  prediction  [PolyPhen-2
(http://genetics.bwh.harvard.edu/pph2), SIFT (http://sift.jc
vi.org), and Mutationtaster (http://www.mutationtaster.
org). Putative pathogenic variants were further confirmed
by Sanger sequencing.

Myopathology

We performed open biopsy on the right deltoid in the
patient. The muscle tissue was frozen and then cut at
7 pm sections. These sections were stained according to
standard histological and enzyme histochemical proce-
dures with hematoxylin and eosin (HE), modified
Gomori Trichrome (MGT), periodic acidic Schiff (PAS),
oil red O (ORO), nicotinamide adenine dinucleotide
tetrazolium reductase, succinate dehydrogenease, cyto-
chrome C oxidase, and esterase.

Sections were also immunostained with the following
primary antibodies with standard procedures: dystrophin
(DYSI: Rod domain; DYS2: C-terminus; DYS3: N-termi-
nus, Novocastra, Newcastle-upon-Tyne, UK), dysferlin
(NCLHamlet, Novocastra), MHC-I (ab52922, abcam),
anti-o-dystroglycan  (IIH6C4, Millipore), anti-GMPPB
(HPAO014657, Sigma). Additionally, anti-f-Spectrin (NCL-
SPEC1, Novocastra) was exploited as sarcolemma marker.
A nondisease control was set and labeled at the same
magnification and exposure.

Protein of muscle tissue lysate was extracted and the
expression level of GMPPB was detected by western blot-
ting with anti-GMPPB.
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Cell culture transfection and Western
blotting

HEK 293T cell line was obtained from the Cell Bank of
Chinese Academy of Sciences (www.cellbank.org.cn) and
maintained in Dulbecco’s Modified Eagle Medium
(DMEM) with 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin  (PS) at 37°C in a humidified
incubator with 5% CO,. One day before transfection, cells
were plated at 150,000 cells per well in 6-well culture
dish. The next day, cells were transfected with 2.5 ug of
EGFP control plasmid DNA or GMPPB-EGFP wild-type
(GMPPB-WT) or mutant (c.803T>C and c¢.1060G>A)
plasmid DNA wusing Lipofectamine 3000 transfection
reagent (Invitrogen). Moreover, another four mutations
reported previously as causative were set as positive con-
trols (c.781C>T, c.877C>T, ¢.1034T>C, and
c.1108G>C>*''?). Forty-eight hours later, the cells were
split in radioactive immunoprecipitation assay (RIPA)
buffer (Beyotime) to extract protein for western blot anal-
ysis. Cell lysates were diluted in an equivalent volume of
6X SDS-PAGE Sample Loading Buffer (Beyotime) for
protein denaturation. For cell lysates, equal volumes were
run on 12% SDS polyacrylamide gels. Total GMPPB
levels were detected using the Anti-GFP antibody (1:2500,
GFP-1010, AVES). GAPDH primary antibody (1:1000,
2118-14C10, Cell Signaling Technology) was used to
ensure equal protein loading. Blots were then incubated
with antichicken and antirabbit secondary HRP-conju-
gated antibodies (1:5000, Beyotime) and bands were
detected by enhanced chemiluminescence using Western
Blot Enhancer reagents (Thermo Scientific).

For the analysis of the localization and the impact of
mutant GMPPB on muscle cells, C2C12 myoblast cells
(Cell Bank of Chinese Academy of Sciences) were also
transfected with the constructs mentioned above. For the
pharmacological treatment assay, C2C12 cells were incu-
bated for 12 or 18 h in the presence or absence of lysoso-
mal inhibitor (100 pg/mL leupeptin Sigma-Aldrich). After
treatment, cells were lysed and subjected to western blot
analysis of GMPPB protein by Anti-GFP and Anti-
GAPDH antibodies mentioned above. In addition, micro-
tubule-associated protein 1 light chain 3 (LC3), the mar-
ker of autophagy, was detected by anti-LC3B (D11)
(rabbit [3868], 1:1000 for western blotting, Cell Signaling
Technology).

Immunofluorescence

HEK 293T and C2C12 cells transfected with the respective
expression constructs were washed in PBS and fixed using
4% paraformaldehyde for immunofluorescence test. Cells
were blocked with 10% normal donkey serum and 0.3%
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Triton X-100 in PBS for 60 min, incubated with primary
antibody mentioned above (anti-EGFP or anti-LC3B) and
anti-LAMP1 (D2D11, 1:200, Cell Signaling Technology)
in blocking solution at 4°C overnight and incubated with
Alexa Fluor 488 or 594 secondary antibodies (1:1000,
Life). DAPI (4’,6-diami-dino-2-phenylindole) (1:10,000,
Life) was used for nucleic acid staining. Images were
taken with a Zeiss 710 confocal microscope.

Quantitative real-time PCR

Total RNA was extracted from HEK 293T cells transfected
with relative plasmids using a standard method with TRI-
ZOL Reagent (Invitrogen), and reverse-transcribed using
the PrimeScriptl RT reagent Kit (Takara) according to
the manufacture’s instruction. To determine whether the
GMPPB variant affects the mRNA level, we designed three
pairs of primers (Table S1), namely 2F/3R (at exon 2 and
3, respectively), 5F/5R (at exon 5), and 9F/9R (at exon 9)
to verify the amount of GMPPB mRNA.

Results

Clinical findings

The patient was a 22-year-old female with recurrent exer-
tional muscle fatigue and walking slowly for 9 years. She
was born of full-term spontaneous vaginal delivery with
normal birth weight (3.3 kg). She achieved sitting, stand-
ing, and walking alone at 8, 10, and 12 months old,
respectively. Initially, muscle weakness was demonstrated
by difficulties in climbing stairs, standing up from squat-
ting and sitting up from lying. Then, muscle weakness
became continuous and progressed slowly to proximal
upper limbs, especially in combing hair and dressing,
which could be aggravated by labor and mildly relieved
after resting. During school days (after the age of 13),
poor performances of physical education examinations
were recorded, such as running, ball games, and rope
skipping. At the age of 22, she had normal strength in
neck flexion (5/5 on a medical research council scale
graded 0-5), reduced strength in iliopsoas (37/5), proxi-
mal upper limbs and proximal lower limbs (4'/5), and
normal strength in distal limbs. Muscle tone and tendon
reflex in four limbs were reduced. Ptosis, nystagmus, dys-
arthria, ataxia, myokymia, muscle pain, and dyspnea were
not noticed. In the exercise fatigue test, the patient was
asked to elevate her right lower limb repeatedly, followed
by muscle strength reexamination, showing further deteri-
oration of strength in iliopsoas (3/5), quadriceps femoris
(3/5), and posterior femoral muscles (4/5). Then we
recorded the time spent on standing up from squatting
before and after neostigmine treatment (intramuscular,
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1 mg): before injection = 8 sec, 10 min after injec-
tion = 5 sec, 20 min after injection = 3 sec, 30 min after
injection = 4 sec. We also reexamined the
strength with partial alleviation of strength 10 min after
injection: iliopsoas (47/5), quadriceps femoris (5/5), and
posterior femoral muscles (5/5); 20 min after injection:
iliopsoas (4/5), quadriceps femoris (5/5), and posterior
femoral muscles (5/5); 30 min after injection: iliopsoas
(47/5), quadriceps femoris (47/5), and posterior femoral
muscles (47/5). She walked slowly with mild waddling
gait. Mental psychological and cognitive tests were nor-

muscle

mal. During repeated hospitalizations, elevating serum
creatine kinase (CK) 1288-2007 IU/L (normal 22-269 IU/
L) and lactate dehydrogenase (LDH) 281.9-843 IU/L
(normal 98-192 IU/L) were recorded. The patient’s AST
was 63 U/L (8-40 U/L) and ALT was 58 U/L (5-40 U/L).
The electromyogram showed motor unit potential (MUP)
with small, short multiphase in deltoid, biceps brachii,
and iliopsoas. As shown in Figure 1A, before medical
treatment, RNS tests performed on bilateral deltoids
showed 45.2% and 36.0% amplitude decrement on the
left and right side, respectively. After administration with
pyridostigmine bromide (30 mg, 40 min), the decremen-
tal responses still existed, with 39.4% on the left side and
36.0% on the right side. Nerve conduction was in normal
range. Muscle MRI showed mild to moderate increased
signal intensity mainly involving the posterior muscles in
lower limbs, muscles of pelvic girdle and shoulder girdle
on the T1-weighted sequences (Fig. 1B—C). The degree of
muscle fatty infiltration was quantified as semimembra-
nosus = 1 point, biceps femoral muscle = 2 points, rectus
femoris gracilis = 1 point, left anterior tibial muscle = 2
points, right anterior tibial muscle = 3 points, left per-
oneal muscle =2 points, right peroneal muscle =3
points, trapezius = 1 point, and teres major muscle = 2
points.'*'* The patient reported moderate improvement
on muscle weakness after prescribing with 30 mg of pyri-
dostigmine bromide for three times per day. One year
after regular treatment with pyridostigmine bromide,
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reexamination showed the muscle strength with iliopsoas
(47/5), quadriceps femoris (4'/5), and posterior femoral
muscles (47/5).

Myopathological findings

Muscle pathology of the patients showed a marked varia-
tion in fiber size with atrophy, hypertrophy, hypercon-
tracted fibers, as well as regeneration by HE (Fig. 1D, left
panel), without an increase in lipid by ORO or abnormal
glycogen storage by PAS. Immunohistochemical staining
of R-dystrophin (Fig. 1D, right panel), N-dystrophin, and
C-dystrophin was normal. Under electronic microscopy,
the myofibrillar arrangement is slightly disordered with
dissolution and degeneration of individual myofibrils.
Occasionally, autophagosome can be observed on longitu-
dinally cut muscle specimens, without autophagic vac-
other disease-specific pathological changes
(Fig. 1E). Immunofluorescence disclosed the normal dis-
tribution of a-dystroglycan on sarcolemma and cytoplas-
mic distribution mode of GMPPB in muscle fiber from

uoles or

nondisease control (Fig. 1G and H). While the patient’s
muscle exhibited a mosaic deficiency of a-dystroglycan
and GMPPB could be hardly detected (Fig. 1G and H).
Likewise, the results of western blotting suggested the sig-
nificant lower levels of a-dystroglycan and GMPPB pro-
tein in the patient’s muscle comparing with the control’s
(Fig. 1I).

Genetic findings

We identified two compound heterozygous variants of
GMPPB gene (NM_013334) in the patient, c.803T>C
(p.I1e268Thr) and c.1060G>A (p.Gly354Ser). Both of her
parents, respectively, carried one of the two heterozygous
variations (Fig. 1F), which were not identified in 200
healthy controls, dbSNP (http://www.ncbi.nlm.nih.gov/
snp), 1000 Genome Project (http://browser.1000genomes.
org), NHLBI Exome Sequencing Project (ESP) Exome

Figure 1. Clinical, genetic, and pathological characterizations. (A) Low rates (3-5 Hz) of repetitive nerve stimulation of bilateral deltoids at
baseline in patient before and after oral administration with pyridostigmine bromide (30 mg, 40 min). (B—C) Muscle MRI in whole-body and lower
limbs on the T1-weighted sequences. Coronal view showed fatty tissue replacement of the muscles in pelvic girdle and lower limbs. Muscles in
upper limbs were well preserved except that bilateral trapezius and teres major muscles were mildly affected. The semimembranosus, biceps
femoral muscle, rectus femoris gracilis of the thigh and anterior tibial muscles were preferentially affected. (D) Muscle pathology of the patients
showed a marked variation in fiber size with hypertrophy, atrophy, hypercontracted fibers as well as regeneration by HE 400 x (left panel).
Immunohistochemical staining of R-dystrophin 200 x was normal (right panel). (E) The patient’s longitudinal cutting muscle specimens under
electronic microscopy (M = mitochondria, AP = autophagosome). (F) Sequence chromatograms of GMPPB gene of the patient. Mutations and the
corresponding normal sequences are shown. It displays two missense mutations of GMPPB gene (arrows) were inherited from mother (c.803T7>C)
and father (c.1060G>A), respectively. (G) Immunofluorescence of o-dystroglycan exhibited a patchy deficiency in the patient (lower panel) in
comparison with normal control (upper panel). The scale bar represents 50 um. (H) Immunofluorescence staining of GMPPB in frozen muscle
sections from patient (lower panel) and control (upper panel). The scale bar represents 50 um. (I) The levels of a-dystroglycan (-DG) and GMPPB
in the patient’s and healthy control’s muscle tissue by western blotting.
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Variant Server (http://evs.gs.washington.edu/EVS), Exome
Aggregation Consortium (ExAC) or gnomAD (http://gno
mad-old.broadinstitute.org). p.Ille268Thr was predicted to
be probably damaging by PolyPhen2 (probability score
0.999, sensitivity: 0.14, specificity: 0.99), damaging by
SIFT (SIFT score: 0.000), and disease causing by Muta-
tiontaster (probability score 0.999). p.Gly354Ser was pre-
dicted to be probably damaging by PolyPhen2
(probability score 1.000, sensitivity: 0.00, specificity: 1.00),
damaging by SIFT (SIFT score: 0.001), and disease caus-
ing by Mutationtaster (probability score 0.999).

Mutant protein detection

The protein level of GMPPB-WT/Mut was examined by
western blotting after transfecting the GMPPB constructs
into HEK 293T cells, showing the ¢.1060G>A was about
78.8% of the WT, and the c.803T>C was even lower
(57.1%) through three independent repeated experiments
(Fig. 2A). In immunofluorescence staining, the ¢.803T>C
and ¢.1060G>A mutant GMPPB tended to form punctate
aggregates compared with the diffuse distribution of wild-
type (Fig. 2B).

Furthermore, we also tested the level of LC3 in C2C12
cells transfected with GMPPB-WT/Mut (Fig. 2C, left
panel). Since LC3-II is more stable and more closely
related to autophagosomes than LC3-I, the consensus on
autophagy detection is that levels of LC3-II should be
compared to internal parameter (such as actin or
GAPDH), but not to LC3-L" In blotting, the LC3-II/
GAPDH in two mutant groups was higher than the WT or
vector (VT) group (Fig. 2C).To further determine whether
the mutant GMPPB was degraded via autophagy-lysosome
pathway, we treated the cells with lysosomal inhibitor leu-
peptin for 12 h and observed that the decreased ¢.803T>C
and ¢.1060G>A were restored and with the leupeptin
maintained for longer time (18 h), the restoration was fur-
ther promoted (Fig. 2D). In addition, both mutant
GMPPB and LC3, appearing as aggregates, completely
colocalized with each other in the mutant groups in
immunolabeling. While in the WT group, both GMPPB

GMPPB Degradation Mechanism in LGMD 2T

and LC3 spread uniformly in cytoplasm (Fig. 2F). In com-
parison with VT (Fig. 2G) and WT groups (Fig. 2H), the
cells transfected with ¢.803T>C (Fig. 2I) and c.1060G>A
(Fig. 2]) have an increased number of lysosomes (L) and
autophagosomes (AP) under electronic microscopy. How-
ever, the results of qPCR did not show statistical difference
between WT ¢.803T>C or ¢.1060G>A (Fig. S1A). In vitro,
GMPPB aggregates were surrounded or colocalized with
lysosomes labeled by LAMP1 (Fig. S1B). The four muta-
tions selected from previous literatures also had similar
behavioral characteristics (Fig. S1B-D).

Discussion

We described a Chinese female patient presenting limb-
girdle muscle weakness with mild fluctuation, without
intellectual disability or epilepsy, due to compound
heterozygous =~ GMPPB  mutations  (c.803T>C  and
c.1060G>A). Her parents each carrying one of the two
variants were not clinically affected. Similarly, in 2017,
Luo et al. documented four cases harboring distinct fea-
tures of LGMD as well as neuromuscular junction
defect.'" However, in 2015, Belaya et al. described eight
cases with predominant muscle weakness fluctuation.?
Among these, the myasthenic component could benefit
from pyridostigmine treatment.

The GMPPB gene, encoding GDP-mannose pyrophos-
phorylase B, has two transcript variants NM_013334 and
NM_021971, with eight and nine exons, respectively. The
first seven exons of both transcripts are identical. The
eighth exon in NM_013334 is 396 bases long encoding
131 amino acids. The middle 27 amino acids are spliced
out in NM_021971 to separate exon 8 and 9. Thus,
NM_013334 encodes protein with 387 amino acids (Iso-
form 1 in Fig. 3), whereas NM_021971 encodes protein
with 360 amino acids (Isoform 2 in Fig. 3). It has been
confirmed that Isoform 2 is expressed at much higher
levels than Isoform 1 in the skeletal muscle and the cen-
tral nervous system.' To date, no pathogenic mutations
have been identified in the 27 amino acids that are speci-
fic to Isoform 1. Thus, Isoform 2 is commonly used for

Figure 2. Effect of GMPPB variants on protein level and localization in vitro. (A) In HEK 293T cells, western blotting showed that the expression
level of ¢.803T>C and c.1060G>A was 57.1% and 78.8% of WT, respectively (n = 3 separate transfections, * 0.01 < P < 0.05, **P < 0.01). (B)
GMPPB-EGFP transfected HEK 293T cells showing the presence of WT in diffuse distribution but the mutant tended to form punctate aggregates
(red arrows). The scale bar represents 20 um. (C) The LC3-I/GAPDH level in C2C12 cells expressing the two mutations were higher than the
vector (VT) and WT groups (n = 3 separate transfections, ns = nonsignificance, * 0.01 < P < 0.05, **P < 0.01). (D) In mutant groups, the lower
level of GMPPB and higher level of LC3-Il were restored after lysosome inhibitor leupeptin (Leu) addition for 12 or 18 h. (E) The statistics of
GMPPB restoration by leupeptin (n = 4 separate transfections, *0.01 < P < 0.05, **P < 0.01). (F) The diffuse distribution of both GMPPB and LC3
in WT expressed cells. The colocalization of mutant GMPPB aggregates (green) with LC3 aggregates (red) in Mut expressed cells. The scale bar
represents 20 um. (G-J) HEK 293T cells transfected with VT (G), WT (H), ¢.803T>C (l) and c.1060G>A (J) under electronic microscopy
(N = nucleus, M = mitochondria, L = lysosome, AP = autophagosome, Black triangle = cytoplasmic protein accumulation).
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- 2-235aa, N-ter catalytic domain
B 259-294aa, LbH domain

308C>T p.Pro103Le“
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Figure 3. The schematic diagram of GMPPB structure with mutations. GMPPB contains two transcript isoforms. Isoform 1 (NM_013334) in gray
consists of 387 amino acids. Isoform 2 (NM_021971) in purple consists of 360 amino acids. All the mutations are illustrated on basis of Isoform 1.
Mutations identified with severe phenotype are in red. Other mutations in orange are related with pure myopathy (LGMD or CMS). The
mutations first identified in this paper are in bold font.

the annotation of variants described in most of the correlations have been clarified and mutations may locate
related studies.">'"'®'” Thus far, a total of 51 mutations through the whole length of the protein, a total of 15
in GMPPB have been associated with the disease, includ- mutations can be classified with relatively high risk to
ing 42 missense variants, 5 nonsense, 2 frameshift and 2 cause severe phenotype with not only myopathy but also
splicing (Fig. 3). Although no clear genotype—phenotype mental retardation, cerebellar involvement, and epilepsy
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(red in Fig. 3) 124121618 A¢ shown in Figure 3, GMPPB
consists of two important domains, N-terminal catalytic
domain and Left-handed parallel beta-Helix (LbH)
domain." Comparing with other parts of the protein, cau-
sative mutations mostly concentrated in LbH domain
(32% per bp) indicating an evolutionary highly conserva-
tive sequence with essential physiological function.'”
3,12,16,18,19

Thus far, several compelling reports have confirmed
GMPPB mutation could cause the protein aggregates and
expression impairment.”*'" However, it remains elusive
about the accurate location of GMPPB aggregates and the
mechanism of mutant degradation. In this work, we like-
wise observed low levels of GMPPB and o-dystroglycan
immunostain in the patient’s muscle. In vitro, two muta-
tions exhibited varied degrees of aggregation and degrada-
tion accompanied by the upregulation of LC3-II, which
could be blocked and reversed by lysosomal inhibitor.
Furthermore, the insoluble aggregates of GMPPB mutants
completely colocalized with LC3-II (the membrane type
of LC3). In eukaryotes, autophagy-lysosome and ubiqui-
tin—proteasome system (UPS) are two major quality con-
trol and recycling mechanisms responsible for cellular
homeostasis.”’>* The UPS is responsible for the degrada-
tion of short-lived proteins and soluble un/mis-folded
proteins, whereas autophagy-lysosome eliminates long-
lived proteins, insoluble protein aggregates and degener-
ated organelles and intracellular parasites.”*>> In addi-
tion, another four mutations documented before
(c¢.781C>T, ¢.877C>T, ¢.1034T>C, and c.1108G>C,
NM_013334), also have similar behaviors with the muta-
tions reported in this paper. In this work, we support the
mutant GMPPB can be distinguished by autophagy-lyso-
some and lead to protein degradation through lysosomal-
degradation pathway.

Conclusion

This work identified two novel GMPPB mutations causing
an overlap between LGMD 2T and CMS, without mental
retardation and epilepsy. Moderate improvement was
gained after pyridostigmine bromide treatment (30 mg,
three times/day). The mutations lead to abnormal
GMPPB distribution and reduced expression, as well as
o-dystroglycan deficiency. This study provides the initial
evidence that mutant GMPPB colocalizes with autophago-
some and can be degraded through autophagy-lysosome
pathway. Considering GMPPB-related LGMD 2T is gener-
ally due to enzyme deficiency and has intimate associa-
tions with lysosomal degradation, we suppose the enzyme
replacement could become one of the therapeutic targets
in the future, especially for the patients with severe phe-
notype.
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