STUDYING THE EFFECT OF ENDOPLASMIC RETICULUM STRESS ON
MYOSTATIN INDUCED MUSCLE WASTING

RISHIBHA SACHDEV

KUSUMA SCHOOL OF BIOLOGICAL SCIENCES
INDIAN INSTITUTE OF TECHNOLOGY DELHI
JANUARY 2018

©Indian Institute of Technology Delhi (IITD), New Delhi, 2018

STUDYING THE EFFECT OF ENDOPLASMIC RETICULUM STRESS ON
MYOSTATIN INDUCED MUSCLE WASTING

by
RISHIBHA SACHDEV
Kusuma School of Biological Sciences

Submitted
in fulfillment of the requirements of the degree of Doctor of Philosophy
to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
JANUARY 2018

I would like to dedicate this thesis to my parents, my father who inspired me
to pursue science and my mother who motivated me to never give up…..

CERTIFICATE
This is to certify that the thesis titled “Studying the effect of endoplasmic reticulum
stress on Myostatin induced muscle wasting” being submitted by Ms. Rishibha
Sachdev to the Kusuma School of Biological Science, Indian Institute of Technology
Delhi New Delhi for the award of the degree of ‘Doctor of Philosophy’ is a record of
the bonafide research work carried out by her, prepared under my supervision in
conformity with the rules and regulations of ‘Indian Institute of Technology Delhi’.
The research report and the results presented in the thesis have not been submitted to
any other University or Institute for the award of any other degree or diploma.

Dr. Bishwajit Kundu
Associate Professor
Kusuma School of Biological Sciences
Indian Institute of Technology Delhi
New Delhi-110016, India

ACKNOWLEDGEMENTS
I would like to start by expressing my sincere gratitude to my PhD supervisor, Dr.
Bishwajit Kundu for his tremendous support during my PhD. His enthusiasm towards
research as well as his mentorship and counsel throughout my PhD has been
extremely valuable. From troubleshooting experiments to providing new directions,
his inputs have been very monumental for this study. I am very grateful for his
support and recommendation for my DAAD-PhD exchange application. I also
appreciate his responsiveness and commitment to oversee my project throughout my
tenure in Germany. My second thanks goes to all my past and present lab members
who have been extremely helpful and motivating. I am especially grateful to have a
bunch of extremely helpful and motivating seniors: Dr. Saurabh Bansal, Dr. Prabha
Arya, Dr. Rachana Tomar, Dr. Dushyant Garg and Ankit Srivastava. Being my first
mentor on the lab bench, Dushyant Sir was always patient and beyond helpful in
teaching me all the wet lab work. Ankit sir on the other hand was always available to
troubleshoot even the most difficult experimental challenges and helped me stay
positive and motivated throughout my research. I have also had the pleasure of
working with other present group members including Jasdeep, Pankaj, Prashant, Arti,
Anjali, Akanksha and Shantanu. Thanks to their amicable nature, working in the lab
was always fun and stress-free.

My very special thanks goes to my collaborator and co-mentor, Prof. Dr. Ina
Vorberg at the German Institute for Neurodegenerative Diseases in Germany. I had
the immense pleasure of working with her during my DAAD exchange fellowship for
2.5 years wherein I enjoyed her excellent mentorship. Apart from being an astute
scientist and providing quick and intelligent solutions, she was extremely

understanding and supportive. Her unique mentorship helped me develop as an
independent researcher and fostered my critical research acumen. I am highly
thankful for our great camaraderie that made working with her an absolute delight.
Adding to this was a great group of lab members: Yvonne, Kathrin, Catharina, Shu,
Lydia, André, Melanie, Sara, Julia and Ana, who were very helpful in integrating me
into the German working system.
I would like to acknowledge my funding agencies, Department of
Biotechnology, Government of India; Kusuma School of biological Sciences, IIT
Delhi and DAAD (German Academic Exchange Services) for the monetary and
infrastructural support during my PhD.
I would also give a special mention to the esteemed members of my doctoral
research committee Prof. C. S. Dey, Prof. T. K. Chaudhary and Dr. Pramit
Chowdhury for their valuable insights and support for my PhD work. I would also
like to thank all the faculty members of Kusuma School of Biological Sciences for
their help and support during various stages of my doctoral research.
Making my stressful PhD life easier was a great group of friends, who
supported me and encouraged me to never give up. I was very fortunate to have my
two very close friends, Maria and Sakshi, with me throughout my PhD. From serious
work discussions to long comical sessions, PhD life was a breeze with these two
around. I am also thankful to my colleague Yadvir for his support during my initial
years in PhD.
Last but most importantly, I would like to thank my family who has been my
backbone through all these years. My mother who is my role model and always
encourages me to push my limits, my sister who inspires me and provides
unquestioned support, my grandfather who gave me courage and wisdom and my

grandmothers for being grandmothers and providing unconditional love! My most
special gratitude goes to my husband, Ritvik, who has supported me unconditionally
in all my endeavors. His love and sense of pride in me overwhelms me and motivates
me to reach greater heights. I would also like to thank my in-laws who respect and
support all my decisions unequivocally.

I dedicate this thesis to my father, Late Dr. Gopal Sachdev, who is behind everything
I am today. He continues to inspire me to be a good human being and dedicate my life
to serving the society.

RISHIBHA SACHDEV

ABSTRACT
Sporadic inclusion body myositis (sIBM) is the most prevalent muscle wasting
disorder in the elderly with unknown etiology. Endoplasmic reticulum stress and
abnormal deposition of Myostatin precursor protein MstnPP and amyloid precursor
protein APP or metabolites thereof have been implicated in disease pathology. Here,
the aggregation states and cellular effects of overexpressed MstnPP and APP in a
human muscle cell line were systematically analyzed. It was found that ectopic
expression of MstnPP induced endoplasmic reticulum (ER) stress. Overexpressed
MstnPP but not APP metabolites were predominantly retained within the ER.
Biochemical analysis revealed that the proteolytic fragments of MstnPP, which are
pro-Mstn and inhibitory propeptide, formed insoluble aggregates that were increased
upon experimentally induced ER stress. Importantly, ER stress also impaired secretion
of pro-Mstn and Mstn growth factor. These findings support the hypothesis that a
vicious cycle of accelerated ER stress and MstnPP metabolite aggregation contribute to
sIBM progression. Moreover, these data suggest that increased expression of MstnPP
does not necessarily correlate with increased secretion of Mstn growth factor.

सार
स्पोराडिक समावेशन बॉिी माय्योडिडसस (एसआईबीएम) सबसे प्रचडित माां सिेडशयोां को बबाा द
करना है I
अज्ञात एडियिडि के साथ बुिुर्गों में डवकार एां िोप्लाज्मिक रे डिकुिम तनाव और
माइस्टै िन अग्रदू त प्रोिीन एमएसिीएनिीिी और अमाइिॉइि अग्रदू त के असामान्य बयान
प्रोिीन एिीिी या इसके चयािचयोां रोर्ग डवकृडत में फांसाया र्गया है । यहााँ ,
एकत्रीकरण राज्ोां और overexpressed MstnPP और एिीिी के सेिुिर प्रभाव में एक
मानव माां सिेशी सेि िाइन का व्यवज्मथथत डवश्लेषण डकया र्गया। यह िाया र्गया डक एक्टोडिक
एमएसिीएनिीिी

प्रेररत

अांतोप्लाज्मिक

रे डिकुिम

(ईआर)

तनाव

की

अडभव्यज्मि

overexpressed
एमएसिीएनिीिी िेडकन एिी मेिाबोिाइि् स नहीां मुख्य रूि से ईआर के भीतर बनाए र्गए थे
बायोकेडमकि डवश्लेषण से िता चिा है डक MstnPP के प्रोिीयोडिक िु कडे , िो हैं
प्रो-एमएसिीएन और डनरोधक प्रोििाइि, अघुिनशीि समुच्चय िो डक वृज्मि हुई थी
प्रायोडर्गक प्रेररत ईआर तनाव िर महत्विूणा रूि से , ईआर तनाव में भी कमिोर स्राव होता है
प्रो-एमएसिीएन और एमएसिीएन ग्रोथ कारक का ये डनष्कषा इस िररकल्पना का समथान करते
हैं डक एक
त्वररत ईआर तनाव और MstnPP metabolite एकत्रीकरण के दु ष्चक्र में योर्गदान
एसआईबीएम प्रर्गडत इसके अिावा, ये आां कडे बताते हैं डक एमएसिीएनिीिी की वृज्मि की
अडभव्यज्मि
िरूरी नहीां डक एमएसिीएन वृज्मि कारक के डसकुडन में वृज्मि के साथ सहसांबांध होना चाडहए।
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binding to the GF region is indicated as α-Mstn-C.............................................. 58
Fig. 20. Ectopic expression of MstnPP, APP and EGFP in CCL 136. Western blot
analysis of (a) APP processing in untransduced (wildtype, WT) and transduced
CCL 136 cell populations. APP fragments in cell lysates were detected with antiAPP antibody 6E10 binding to Aβ amino acids (residues 597-613) and antibody
22C11 directed against the APP aminoterminus (residues 66-81). Actin was used
as a loading control. Molecular weight markers are indicated. APP-fl: APP full

length; β-CTF: beta C-terminal fragment and NTF: amino terminal fragment. (b)
Detection of cell-associated and secreted Aβ-42. Western blot analysis of APP
fragments secreted into the supernatant from CCL 136 APP cells using 6E10.
Mouse neuroblastoma cells SH-SY5Y overexpressing APP were used as a
control for secreted Aβ. Graphical representation of Aβ-42 levels detected by
ELISA in cell lysate and conditioned medium (n=3). Statistical analysis was
performed using unpaired t-test. Significant changes are indicated by asterisks
****p < 0.0001, ns= not significant. (c) MstnPP processing by CCL 136 cells.
Cell lysate and conditioned medium were probed for N- (Mstn-N) and Cterminal (Mstn-C) myostatin fragments using antibodies 6H12 and AF788,
respectively. Pro-Mstn, propeptide and GF are marked by arrowheads and stars.
(d) Western blot detection of enhanced GFP (EGFP) overexpressed in CCL 136
cells. ..................................................................................................................... 62
Figure 21. N-linked glycosylation of APP and Mstn-N. Lysates of (a) CCL 136
APP and (b) MstnPP cells were left untreated or were incubated with PNGase F
to remove N-linked carbohydrates. Proteins were heat denatured to 100 °C or left
untreated prior to deglycosylation. Mstn-N was detected using antibody 6H12.
Actin served as a loading control. pro-Mstn (black arrowhead) and propeptide
(*) are indicated. .................................................................................................. 63
Figure 22. Confocal microscopy analysis of transgene expression. Transgenic cell
lines expressing indicated proteins. Proteins were detected by N- and C-terminal
antibodies against APP (APP 6E10 and APP 22C11, respectively) or MstnPP
(Mstn-N and Mstn-C, respectively). Nuclei were stained with Hoechst. GFP
expressing cells serve as expression controls. Arrowheads mark areas of intense

Mstn staining. WT refers to untransduced wild type CCL 136. Scale bar: 5 µm.
............................................................................................................................. 64
Figure 23. Western blot and confocal microscopy analysis of transgene
expression in double transgenic cell line. (a) Western blot analysis of APP and
MstnPP expression in double transgenic cell line using antibodies 6H12 and
#2452. (b) Confocal microscopy analysis of APP and MstnPP expression
showing APP (green, #2452) and Mstn-N (red, 6H12). Scale bar: 5 µm. Note
little or no co-localization of APP and Mstn in the double transgenic. ............... 65
Figure 24. Subcellular localization of APP in stable CCL 136 cell lines. Cells were
stained with antibodies against APP (6E10, red) and markers for ER
(Calreticulin, BIP and Calnexin), Golgi (Giantin), lysosomes (Lamp1) and
autophagosomes (LC3) (green). Arrowheads mark APP puncta that co-stain with
Calreticulin. Nuclei were stained with Hoechst. Scale bar: 5 µm. ...................... 67
Figure 25. Subcellular localization of Mstn-N in stable CCL 136 cell lines. Cells
were stained with antibodies against Mstn-N (6H12) (red) and markers for ER
(Calreticulin, BIP and Calnexin), Golgi (Giantin), lysosomes (Lamp1) and
Autophagosome (LC3) (green). Note the preferential co-staining of Myostatin
with ER over Golgi and lysosomal markers. Arrowheads mark Mstn puncta that
co-stain with ER markers. Nuclei were stained with Hoechst. Scale bar: 5 µm. 68
Figure 26. Increased MstnPP metabolites form SDS-insoluble aggregates. (a)
Glutaraldehyde crosslinking of proteins in cell lysates. Cell lysates were
incubated with 0.005 % glutaraldehyde and proteins were separated by SDSPAGE. Blots were probed with anti-GFP, anti-APP 6E10 and anti-Mstn-N
(6H12) antibodies. Molecular weight markers are indicated. Pro-Mstn dimers
with intact disulfide bonds (•), high molecular weight species in the stacking gel

(white arrowhead), pro-Mstn (black arrowhead) and propeptide (*) are indicated.
(b) SDD-AGE analysis reveals presence of aggregated MstnPP metabolites but
not APP. Cleared cell lysates were mixed with 2 % SDS containing sample
buffer and proteins were separated by agarose gel electrophoresis. Proteins
transferred onto nitrocellulose were detected using the antibodies above.
Arrowhead indicates monomeric, parenthesis indicates polymeric proteins. ...... 70
Figure 27. Overexpression of Mstn and APP cause ER stress. (a) Western blot
analysis of BIP expression in WT and transgenic cell lines. Blots were probed
with anti-APP (6E10), anti-Mstn-N (6H12), anti-GFP and anti-BIP antibody.
Actin was used as a loading control. Molecular weight markers are indicated.
WT: untransduced CCL 136 cells. (b) Graph shows fold change in BIP
expression in CCL 136 cells overexpressing MstnPP, APP or EGFP compared to
WT controls. Bars represent mean values ± SD (n=4). Statistical analysis was
performed using one-way ANOVA with Dunnett’s multiple comparison test.
Significant changes are indicated by asterisks ****p < 0.0001, ***p< 0.001, ns=
not significant. (c) Percentage of cells in transduced bulk populations
overexpressing the transgenes as determine by automated confocal microscopy.
Fixed cells were stained for APP (antibody 6E10) or MstnPP (6H12). Per cell
line, eight wells were plated. Wild type cells served as negative controls. At least
5000 cells per cell population were counted. ....................................................... 71
Figure 28. Ectopic ER stress induction does not affect cell viability. Cell viability
upon exposure to ER stress inducers. CCL 136 WT, APP or MstnPP were
exposed to ER stressors for 12 h. Mitochondrial activity was subsequently
assessed by XTT assay. Significant changes are indicated by asterisks. (n= 4;

ANOVA with Dunnett’s multiple comparison test; ****p < 0.0001, *p < 0.05
and ns= not significant)........................................................................................ 83
Figure 29. ER stress drives Myostatin into intracellular assemblies. Confocal
Microscopy analysis of cells expressing APP and MstnPP upon chemical
induction of ER stress. CCL 136 APP and CCL 136 MstnPP cells were exposed
to ER stress inducing compounds Thapsigargin (Tg; 400 nM) and Tunicamycin
(Tm; 3μg/ml) or solvent control DMSO. Cells were fixed 12 h post exposure and
stained with (a) anti-APP antibody 6E10 and 22C11 (red) or (b) anti-Mstn-N
antibody 6H12 and anti-Mstn-C antibody AF-788. ............................................. 85
Figure 30. ER stress induced Myostatin assemblies associate with ER. Confocal
Microscopy analysis of cells expressing APP and MstnPP upon chemical
induction of ER stress. CCL 136 APP and CCL 136 MstnPP cells were exposed
to ER stress inducing compounds Thapsigargin (Tg; 400 nM) and Tunicamycin
(Tm; 3μg/ml) or solvent control DMSO. Cells were fixed 12 h post exposure and
stained with anti-Calreticulin (green) and (a) anti-APP 6E10 (red) or (b) antiMstn-N 6H12 (red). Note the co-staining of calreticulin with perinuclear APP
and Mstn-N puncta or assemblies. Nuclei were stained with Hoechst. Scale bar:
(a, b) 10 µm.......................................................................................................... 86
Figure 31. Co-localization of Tm-induced Myostatin assemblies with Lamp1. Cell
populations were exposed to Tg or Tm for 12 h and subsequently stained with
antibodies against (a, c) APP (6E10) or (b, d) Mstn-N (6H12) (red) and markers
for Golgi (Giantin) and lysosomes (Lamp1) (green). Nuclei were stained with
Hoechst. Scale bar: 5 µm. .................................................................................... 87
Figure 32. ER stress decreases secretion of pro-Mstn, propetide and GF. (a) BIP
and APP levels following ER stress induction. CCL 136 APP cells were exposed

to Tg, Tm or solvent control DMSO for 12 h and cell lysates tested by western
blot using antibodies against APP (6E10), Actin and BIP. The stripped blot was
reprobed for APP (22C11) and Actin. (b) Quantification of fold change in BIP
and APP levels following ER stress induction (n=4). (c) Mstn-N and -C levels
following ER stress induction in CCL MstnPP cells. Blots were probed for MstnN, actin and BIP. The same blots were reprobed for Mstn-C and Actin after
stripping. Pro-Mstn (black arrowhead) and propeptide (*) are indicated. (d)
Quantification of fold change in BIP, Mstn-N and Mstn-C. The slight shift in
size of Mstn metabolites following Tm treatment is consistent with its impaired
glycosylation (n=4). Note that MstnPP was expressed under the control of the
CMV promoter and thus might not respond to ER stress induced transcriptional
changes as demonstrated before (38). (e) Detection of cell-associated and
secreted Aβ-42 upon ER stress induction by ELISA. CCL 136 APP cells were
exposed to the above chemicals for 12 h and Aβ-42 levels in conditioned
medium were measured (n=3). (f) Reduced secretion of MstnPP metabolites
upon ER stress induction. Conditioned medium of ER stress induced cells was
probed for Mstn-N (6H12) and Mstn-C (AF788). Pro-Mstn (black arrowhead),
GF (grey arrowhead) and propeptide (*) are indicated. (g) Fold change in
secreted Mstn levels produced upon chemical ER stress induction (n=4).
Secreted samples were normalized to protein concentration in respective cell
lysates. Statistical analysis was performed using one-way ANOVA. Significant
changes are indicated by asterisks. ****p < 0.0001, ***p < 0.001, **p< 0.01,
ns= not significant................................................................................................ 90
Figure 33. Ectopic ER stress increases Mstn-N aggregation. (a) Sedimentation
assay of APP and Mstn-N in lysates from CCL 136 MstnPP and CCL 136 APP

following ER stress induction. Lysates were subjected to ultracentrifugation at
150,000 g for 1 h and soluble (S) and insoluble fractions (P) were analyzed by
western blot. Pro-Mstn (black arrowhead) and propeptide (*) are indicated. (b)
Quantitative analysis of myostatin and APP in soluble and insoluble fractions of
cells exposed to Tg or Tm (shown in a). Combined signals from soluble and
insoluble fractions of the same sample were set as 100 %. Bars represent mean
values ± SD. Statistical analysis was performed using one-way ANOVA.
Significant changes are indicated by asterisks. ****p < 0.0001, ns= not
significant (APP: n=3; MstnPP: n=4). (c) Glutaraldehyde crosslinking reveals
increased multimerization of Mstn-N post ER stress induction. Monomeric proMstn (black arrowhead), monomeric propeptide (*), pro-Mstn dimers with intact
disulfide bonds (•) and high molecular weight species (parenthesis) are indicated.
(d) SDD-AGE analysis demonstrates increased SDS resistance of Mstn-N in
cells upon chemical ER stress induction. Monomeric (black arrowhead), and
polymeric proteins (parenthesis) are indicated. Co-localization of Mstn-N
assemblies with Ubiquitin. Cells were exposed to ER stress for 12 h and
subsequently stained with (e) anti-APP (6E10), (f) anti-Mstn-N (6H12) and antiubiquitin antibodies. Arrows mark Mstn-N deposits co-staining for ubiquitin.
Nuclei were stained with Hoechst. Scale bar: 5 µm. ........................................... 93
Figure 34. TDP-43 mislocalization upon ER stress induction. Confocal
microscopy analysis of TDP-43 mislocalization post ER stress induction. (a)
CCL 136 APP and (b) CCL 136 MstnPP cells were exposed to Tg (400 nM) or
Tm (3μg/ml) for 12 h, fixed and probed with anti-APP (6E10) (red) or antiMstn-N (6H12) and anti-TDP-43 (ab41972; magenta) and anti TIA-1 (C-20;
green) antibodies. Some TDP-43 mislocalization was evident upon ER stress

induction in CCL 136 MstnPP. Nuclei were stained with Hoechst. Scale bar 5
µm. ....................................................................................................................... 95
Figure 35. Morphological features of sIBM skeletal muscles. (a) Haematoxylin
and eosin staining of representative sIBM muscle biopsy, showing variation in
muscle fiber size, vacuolar degeneration in clusters of atrophic fibers. Note the
infiltration (white arrowhead) and rimmed vacuoles (black arrowheads). A total
of n=8 sIBM patient samples was imaged. (b) Rimmed vacuoles (black
arrowheads) stained with modified Gomori trichrome stain. (c) Congo red
fluorescence of myofibers with rimmed vacuoles demonstrates amyloid deposits
in sarcoplasm and adjacent to vacuoles. Note the indentation of nuclei
(Greenberg, Pinkus, & Amato, 2006). Images were taken with emission and
excitation lasers as for Alexa 594. Shown is one optical plane. Scale bar: 10 μm.
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Figure 36. Myostatin and APP show diffuse sarcoplasmic staining in control
patient biopsies. Representative transverse serial sections of skeletal muscle
from Age matched controls (n=5) and neurogenic patients (n=3) (for patient
information, please refer to table). Sections were stained with anti-APP 6E10
directed against the amyloidogenic region of APP (anti-APP 6E10, green) and
anti-MstnPP 6H12 directed against the propeptide region of MstnPP (anti-MstnN; green) Scale bar: 10 μm. ............................................................................... 108
Figure 37. Presence of anti-MstnPP and anti-APP immunoreactivity in sIBM
myofibers. Representative transverse serial sections of skeletal muscle from
sIBM patients (n=11 (for patient information, please refer to table). Sections
were stained with (a) anti-APP 6E10 directed against the amyloidogenic region
of APP (anti-APP 6E10, green) and (b) anti-MstnPP 6H12 directed against the

propeptide region of MstnPP (anti-Mstn-N; green). Arrowheads mark Mstn-N
staining around rimmed vacuoles. Scale bar: 10 μm. ........................................ 110
Figure 38. Aberrant APP & αB-crystallin staining in IBM patient samples. sIBM
muscle biopsies were stained with (a) anti-APP 6E10 (green) anti- αB-crystallin
(ABC, red) can occasionally be observed lining sIBM rimmed vacuoles. Note
strong myonuclear staining by APP. (b) anti-Mstn-N (green) and anti-Ubiquitin
(red) also co-stain in and around the rimmed vacuoles. Note also the intense
ubiquitin staining of the sarcolemma that does not co-stain with vacuolar Mstn-N
staining (lower panel). ....................................................................................... 112
Figure 39. APP & Mstn-N show abnormal staining in severely atrophied IBM
muscle biopsies. Serial transverse sections of IBM biopsies stained for (a) antiAPP 6E10 (green) and anti- αB-crystallin (red). Severely atrophied myofibers
display irregular intense co-staining for the two proteins. (b) anti-Mstn-N (green)
and anti-Ubiquitin (red). Necrotic muscle fibers display large number of
internalized and endomysial nuclei. Note the differential staining of Mstn-N and
APP of the same area in the myofiber. Mstn-N stains rimmed vacuoles in
atrophied fibers as well. Nuclei were stained with bisbenzimide. Scale bar 20
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Figure 40. APP and Myostatin metabolites co-localize with ER-marker
Calreticulin around rimmed vacuoles. Confocal microscopy analysis of
representative IBM patient muscle biopsies co-stained for either (a) APP
(antibodies 6E10 and 22C11, green) or (b) MstnPP (6H12, green) and
Calreticulin (red). I and II represent sets of consecutive sections. Antibodies
directed against the aminoterminus (22C11) or the Aβ peptide region (6E10)
both stain inclusions and boundaries of degenerative vacuoles. Antibody 6H12

directed against Mstn-N reacts with propeptide and pro-Mstn. Prominent staining
is found around rimmed vacuoles and co-localizes with Calreticulin. Scale bar:
10 μm. Stainings were performed on biopsies of 8 sIBM patients with
comparable results (not shown). ........................................................................ 118
Figure 41. Co-localization of Myostatin and amyloid-specific OC antibody in
sIBM rimmed vacuoles. Confocal microscopy analysis of representative IBM
patient muscle biopsies co-stained for either (a) APP (6E10, green) or (b)
MstnPP (6H12, green) and OC antibody (red). I and II represent sets of
consecutive sections. Prominent Mstn-N around rimmed vacuoles co-localizes
with OC antibody staining (arrowheads). Scale bar: 10 μm. Stainings were
performed on biopsies of 8 sIBM patients with comparable results (not shown).
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