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Summary blurb: A dimeric prion protein ligand activates Adgrg6 but fails to induce pro-

myelination signaling upon chronic treatment in a mouse model of peripheral demyelination.
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26  Abstract

27  The adhesion G-protein coupled receptor Adgrg6 (formerly Gpr126) is instrumental in the
28  development, maintenance and repair of peripheral nervous system myelin. The prion protein
29  (PrP) is a potent activator of Adgrgé and could be used as a potential therapeutic agent in
30 treating peripheral demyelinating and dysmyelinating diseases. We designed a dimeric Fc-
31  fusion protein comprising the myelinotrophic domain of PrP (FT.Fc), which activated Adgrg6
32 in vitro and exhibited favorable pharmacokinetic properties for in vivo treatment of peripheral
33  neuropathies. While chronic FT2Fc treatment elicited specific transcriptomic changes in the
34  sciatic nerves of PrP knockout mice, no amelioration of the peripheral demyelinating
35 neuropathy was detected. Instead, RNA sequencing of sciatic nerves revealed downregulation
36  of cytoskeletal and sarcomere genes, akin to the gene expression changes seen in myopathic
37  skeletal muscle of PrP overexpressing mice. These results call for caution when devising
38  myelinotrophic therapies based on PrP-derived Adgrg6 ligands. While our treatment approach
39 was not successful, Adgrg6 remains an attractive therapeutic target to be addressed in other

40 disease models or by using different biologically active Adgrg6 ligands.

41
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43  Introduction

44  The prion protein (PrP), encoded by the PRNP gene, is mainly known for its role as the
45  causative infectious agent in prion diseases, a group of fatal neurodegenerative diseases. Yet
46  the remarkable evolutionary conservation of PrP suggests that it exerts physiological functions.
47  Mice ablated for PrP (Nishida et al., 1999; Bremer et al., 2010) and goats lacking PrP due to a
48 naturally occurring mutation (Skedsmo et al., 2020) develop a progressive peripheral
49  demyelinating neuropathy, indicating that PrP is involved in myelin maintenance. Although no
50 mutations in the human PRNP gene were found in a study of patients with hereditary
51  neuropathies (Koop et al., 2005), the alteration of PrP or its sequestration in aggregates could
52  explain the development of peripheral neuropathy in patients suffering from Creutzfeldt-Jakob
53 disease (Baiardi et al., 2019). This notion is supported by the occurrence of pronounced
54  peripheral demyelination in certain genetic forms of Creutzfeldt-Jakob disease (Neufeld et al.,
55  1992). Moreover, a patient with two pathogenic PRNP mutations was reported to develop an

56  early onset peripheral demyelinating neuropathy (Piazza et al., 2020).

57  The mechanism by which PrP exerts its function in myelin maintenance has recently been
58 identified (Kuffer et al., 2016). The N-terminal fragment, termed flexible tail (FT), comprises the
59  myelinotrophic domain of PrP. FT is released by proteolysis and activates the adhesion G-
60 protein coupled receptor Adgrgr6é on Schwann cells. Both in vitro and in vivo, activation of
61  Adgrg6 by a peptide derived from FT results in cAMP accumulation and promyelinating
62  signaling. In the peripheral nervous system (PNS), Adgrg6 is crucial for the development of
63 the myelin sheath in zebrafish (Monk et al., 2009) and mice (Monk et al., 2011). In addition,
64  Adgrg6 is involved in the remyelination of axons (Mogha et al., 2016) and reinnervation of
65 neuromuscular junctions (Jablonka-Shariff et al., 2020) after nerve injury. Whereas the
66  inducible knockout of Adgrg6 in Schwann cells did not result in signs of demyelination for up
67 to 4 months (Mogha et al., 2016), aged conditional Adgrg6 knockout mice showed
68 neuromuscular junction alterations and signs of denervation in hindlimbs, consistent with

69 chronic disruption of Schwann cell function (Jablonka-Shariff et al., 2020). Together with the
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70 late-onset demyelinating neuropathy of PrP knockout mice, these findings suggest that Adgrg6

71 is not only required for the initiation of myelination, but also for long-term myelin maintenance.

72  The role of Adgrg6 in myelination and remyelination suggests that it could be a promising
73  therapeutic target for peripheral demyelinating diseases and possibly other diseases linked to
74  Adgrg6 malfunction, such as adolescent idiopathic scoliosis (Xu et al., 2019). We therefore set
75 out to explore the therapeutic potential of stimulating Adgrg6-dependent promyelinating
76  pathways using its natural ligand PrP. To this end, we constructed a dimeric fusion protein
77  consisting of the FT linked to crystallizable fragment (Fc) of immunoglobulin G1 (FT2Fc). FT2Fc
78  showed favorable pharmacokinetic properties in vivo including a half-life of 45 h but failed to
79  have a therapeutic effect on the demyelinating neuropathy in PrP knockout mice. Instead, gene
80 expression analysis of sciatic nerves from mice treated with FT2Fc revealed unexpected
81  changes in cytoskeletal and contractile elements. The observed transcriptomic changes were
82  similar to the changes elicited by PrP overexpression in skeletal muscle, which causes a

83  necrotizing myopathy (Westaway et al., 1994; Huang et al., 2007).
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84 Material and methods

85 Mice

86  Breeding and maintenance of mice was performed in specified-pathogen-free facilities at the
87  University Hospital Zurich. Mice were housed in groups of 3-5, under a 12 h light/12 h dark
88 cycle, with sterilized chow food and water ad libitum. The protocols for animal care and
89  experiments were in accordance with the Swiss Animal Protection Law. All experiments were
90 approved by the Veterinary Office of the Canton of Zurich (permits ZH139/2016 and
91  ZH201/2018). For experiments with FT.Fc, male and female C57BL/6J (WT) and PrP knockout
92 (ZH3) mice were used. Mice were intravenously or intraperitoneally injected with various
93 dosages of FT2Fc, migG (5-10 mg/Kg bodyweight), sodium phosphate buffer (20 mM, pH 7),
94  FT or control peptide. Blood samples were collected from the saphenous vein and serum was
95 obtained by centrifugation of clotted blood for 1.5 min at 10’000 g. For the pharmacokinetic
96 studies and acute treatment experiment, adult mice were used. Chronic treatment was started

97 at 1 month of age and lasted for 4 months.

98 Transgenic mice expressing tamoxifen-inducible Cre under the control of the human ACTA1
99  (Actin, alpha 1, skeletal muscle) promoter were bred with mice expressing loxP-flanked Prnp
100 (C57BL/6J-Tg(CAG-cat,-Prnp)56Aag x Tg(ACTA1-cre/Esr1*)2Kesr/J) to achieve tamoxifen-
101 inducible PrP overexpression in skeletal muscle. Mice were given food pellets with 400 mg/kg
102  tamoxifen (Envigo) for one week to induce Cre-recombination. Male mice were sacrificed for
103  organ collection 14 days after induction. CAG+/Cre+ mice were compared to CAG+/Cre-,

104 CAG-/Cre- and CAG-/Cre- mice.

105  Electrophysiological investigations

106  Electrophysiological investigations were performed on the sciatic nerve of mice treated with
107 FT2Fc or control treatment. Mice were anesthetized with Ketamine-Xylazine and
108 electrophysiological investigations were performed as previously described (Zielasek et al.,
109  1996; Gerber et al., 2019). The investigators were blinded as to the treatment and strain of the

110  mice during the tests as well as post-hoc analyses.
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111 Morphological analysis

112  For toluidine blue stained sections, sciatic nerves were dissected and incubated in 4%
113  glutaraldehyde in 0.1 M sodium phosphate buffer pH 7.4 at 4 °C overnight. Tissue was
114  embedded in Epon using standard procedures and semithin sections (500 nm) were stained
115  with toluidine blue. Counting of myelinated axons was performed manually on one 313 x 197
116 uM field of view per mouse with the observer blinded as to the treatment group. Then number
117  of myelinated axons was normalized to the area. For cryosections of gastrocnemius muscle,
118  the tissue was frozen in Optimal Cutting Temperature compound using liquid nitrogen and cut
119  in 10 yM sections at the cryostat. Slides were incubated in 4% paraformaldehyde for 10 min
120 and washed three times in PBS. The sections were first incubated in hematoxylin for 10 min,
121 and then in trichrome staining solution (Chromotrope 2R 0.6% w/v (Chroma 1B259), fast green
122  FCF 0.3% w/v (BDH 340304F), phosphotungstic acid 0.6 % w/v, acetic acid 0.5 %, pH 3.4) for
123 20 min. Finally, the sections were incubated in 0.5% acetic acid for differentiation and

124  dehydrated in ethanol.

125 Cell culture

126 Wild type SW10 cells and SW10 cells devoid of Adgrgé were grown in DMEM (Gibco)
127  supplemented with 10% FBS, penicillin-streptomycin and glutamax (Invitrogen) at 33 °C.
128  FreeStyle™ 293-F (Thermofisher, R790-07) cells were grown in FreeStyle medium

129  (Thermofisher, 12338018) on an orbital shaker (140 rpm) at 37 °C.

130 Transfection

131 The mammalian expression vector for FT.Fc was obtained from ATUM (vector pD2610-v1).
132  293-F cells were seeded 2-3 h before transfection at a density of 1x10° cells per ml in Freestyle
133  medium supplemented with 0.2% w/v HyClone Cell Boost (GE Healthcare, SH30584.02). For
134  transient transfection, 1 ug of plasmid and 2 ul of 40 kD linear polyethyleneimine (1 mg/ml,
135  Polysciences, 24765-1) were used per milliliter of cells. For protein production, cells were
136  supplemented with 2% w/v HyClone every 2-3 days (10% of culture volume each time). At 7

137  days post transfection, cell culture supernatant was cleared by centrifugation at 2’500 g for 10
7
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138 min at 4 °C. The medium was sterile filtered and stored at 4 °C or =20 °C until further

139  processing.

140  Protein purification

141 Cell culture supernatant was diluted 1:1 in binding buffer (0.16 M sodium phosphate, 500 mM
142  NaCl, pH 9) and loaded on a Protein A Sepharose (Sigma Aldrich, 17-1279-03) column at a
143  flow rate of 2 ml/min. After washing with 5 column volumes of binding buffer until a stable
144  baseline was reached, FT.Fc was eluted with elution buffer (0.1 M sodium citrate, pH 2.7). 500
145  pl fractions were collected and immediately neutralized with 50 pl 1 M Tris/HCI, pH 8. Elution
146 fractions were analyzed by 12% or gradient 4-12% NuPAGE Bis-Tris gels (Invitrogen) followed
147 by Coomassie staining. Fractions containing purified protein were pooled and dialyzed
148  overnight against storage buffer (0.02 M sodium phosphate, pH 7) in a 10 kD cut off dialysis
149  cassette (ThermoFisher, 66380). Purified protein was stored at 4 °C for use within days or at

150 —20 °C for longer-term storage.

151 RNA extraction, library preparation and sequencing

152  For sciatic nerves, total RNA was extracted using TRIzol (Invitrogen Life Technologies, 15596-
153 018) according to the manufacturer's instructions. The phenol-chloroform phase was
154  subsequently used for protein extraction. For RNA extraction of tibialis muscle from PrP
155  overexpressing mice, the tissue was snap-frozen in liquid nitrogen and ground using the
156  CryoGrinder™ kit system following the manufacturer’s instructions. The RNA was extracted
157  using the RNeasy Plus Universal Kit (Qiagen). Library preparation, RNA sequencing and
158  bioinformatic analysis were performed at the Functional Genomics Center Zurich (FGCZ). For
159  sciatic nerves of untreated 4 months old mice and tibialis muscle of PrP overexpressing mice,
160 library preparation and RNA sequencing were performed as described previously (Sorce et al.,
161 2020). For mice in the chronic treatment experiment and 13-15 months untreated old mice,
162 libraries were prepared using the TruSeq RNA stranded Library Prep Kit (lllumina, Inc) and
163  sequencing was performed on the Illlumina Novaseq 6000 instrument for single-end 100 bp

164 reads.
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165  RNA sequencing data analysis

166  For all samples, quality of reads was checked with FastQC. Reads were aligned to the
167 GRCm38 genome assembly with Ensembl gene annotations with STAR (Dobin et al., 2013).
168 Reads were counted with the featureCounts (Liao et al., 2014) function from the R package
169 Rsubread. Differential expression analysis was performed with the R package EdgeR
170  (Robinson et al., 2010), using a generalized linear model with Trimmed Means of M-values
171 (TMM) normalization. In the group pair-wise comparisons, we considered only genes with at
172  least 10 raw counts in at least 50% of the samples in one of the groups. Genes with false
173  discovery rate (FDR) below 0.05 were defined as differentially expressed. For the clustering
174  analysis, the hclust function from the stats package was used. Visualizations were generated
175  with the Sushi data analysis framework (Hatakeyama et al., 2016) provided by FGCZ or with

176 R (version 3.5.2).

177  Western blot analysis

178  SW10 cells were lysed in ice-cold lysis buffer (phosSTOP (Sigma, 4906845001) and protease
179  inhibitor (Sigma, 11836153001) in RIPA buffer). Sciatic nerves were homogenized in lysis
180  buffer using stainless steel beads. The lysates were centrifuged for 10 min at 10°000 g to
181 remove debris. Protein concentration was measured with BCA assay (Thermo Scientific) and
182  equal amounts of protein for each sample (10-30 ug) were boiled in 4 x LDS (Invitrogen) at 95
183 °C for 5 min. Mouse serum was diluted 1:10 in PBS and boiled in 4 x LDS with 0.1 M
184  dithiothreitol (DTT) for western blotting. The samples were loaded on 12% or gradient 4-12%
185 NuPAGE Bis-Tris gels (Invitrogen). Electrophoresis was performed at 200 V. Gels were
186 transferred to PVDF membranes with the iBlot system (Life Technologies). Membranes were
187  blocked with 5% non-fat milk in PBS-T (for Fab83 staining) or 5% SureBlock (LuBioScience
188  GmbH, SB232010) in TBS-T for all other staining. Then, membranes were incubated over night
189 at 4 °C with the primary antibody diluted in blocking buffer. After three washes for 10 min,
190 membranes were incubated with secondary antibodies coupled to horseradish peroxidase for

191 1 h at room temperature (RT). After washing, membranes were developed with Crescendo

9
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192  chemiluminescence substrate system (Sigma, WBLURO0500) and signals were detected using
193  a Fusion Solo S imaging system (Vilber). Densitometry was performed using the FusionCapt
194  Advance software. Dashed lines indicate removal of irrelevant lanes by image splicing from

195  single blots. Original, uncropped images are shown in supplementary figures S1-S4.

196  The following primary antibodies were used for western blotting: phospho-AKT (1:1000, Cell
197  Signaling Technologies, 4060S), AKT (1:1000, Cell Signaling Technologies, 4685S), GFAP
198  (1:2000, Cell Signaling Technologies, 12389S), c-Jun (1:1000, 9165s), Egr2 (1:2000, Abcam,
199  ab108399), Calnexin (1:2000, Enzo, ADI-SPA-865-D), Actin (1:10°000, Milipore, MAB1501R).
200 In addition, we used an in-house produced Fab-fragment directed against the N-terminus of
201 PrP (Senatore et al., 2020) (Fab83, 6 pug/ml). The following horseradish peroxidase coupled
202  secondary antibodies were used: anti-mouse IgG (1:10°000, Jackson Immuno Research, 115-
203  035-003), anti-rabbit IgG (1:4000, Jackson Immuno Research, 111-035-003), anti-human Fab

204  (1:7000, Sigma, A0293).

205  Enzyme-linked immunosorbent assay (ELISA)

206  384-well plates were coated with Fab83 (150 nM) or equimolar amount of BSA in PBS-T
207 overnight at 4 °C. After three washes with PBS-T, plates were blocked with superblock
208  (Thermofisher, 37515) for 2 h at RT. Next, a serial dilution of cell culture supernatant from
209 transfected cells was incubated for 2 h at RT. After washing, goat anti-mouse 1gG antibodies
210  coupled to horseradish peroxidase (1:1000, Jackson Immuno Research, 115-035-003) were
211 added for 1 h. Then, the plates were washed and developed with TMB (Invitrogen, SB02). The
212  reaction was stopped with 0.5 M H>SO4 and absorbance at 450 nm was measured in a plate

213  reader (Perkin Elmer, EnVision). The experiment was performed with technical duplicates.

214 Immunoprecipitation

215  Immunoprecipitation (IP) of FT2Fc from cell culture supernatant was performed as previously
216  described with minor modifications (Senatore et al., 2020). Briefly, sheep-anti mouse 1gG
217  paramagnetic beads (Dynal, 11201D) were coupled with anti-His mAb (Invitrogen, 37-2900) in

218  coating buffer (PBS plus 0.1% immunoglobulin-free BSA) for 2 h at RT on a rotating wheel.
10
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219  Three molar excess of His-tagged Fab83 were added. After 1 h incubation, beads were
220 washed three times with coating buffer. Cell culture supernatant was diluted 1:1 in IP buffer
221 (50 mM Tris-Cl, 75 nM NaCl, 1% lIgepal, protease inhibitor mixture (Sigma, 11836153001), pH
222  7.4) plus 0.5% BSA and incubated with 50 pl of Fab83-anti-His antibody coupled beads. The
223  same input was used for all conditions. IP was performed overnight at 4 °C. After five washes
224  with 50 mM Tris-Cl, 0.5% Igepal, 150 nM NaCl, 0.5% BSA, pH 7.4, elution of
225 immunoprecipitated FT2Fc was performed by incubation with peptides (200 molar excess
226  compared to Fab83) for 2 h at 4 °C. The eluate was boiled in 4 x LDS for western blotting. After
227  elution, the beads were boiled in 4 x LDS and the supernatant was investigated by western

228  blotting.

229  Thermal shift assay

230  FTaFc (1 ug) was diluted in 20 ul of 20 mM sodium phosphate, pH 7, with a final concentration
231 of 10x SYPRO orange (Sigma, S5692). The temperature was increased from 25 °C to 95 °C
232  at 3 °C per minute and fluorescence was measured at 610 nm in a Rotor-Gene Q thermocycler
233 (Qiagen). The experiment was performed in technical triplicates. The fluorescence-
234  temperature curves were fitted to the Boltzmann equation using GraphPad Prism (version

235  8.4.2) to determine the inflection point, which corresponds to the melting temperature.

236 cAMP measurements

237  cAMP levels were measured as previously described (Kuffer et al., 2016) using a colorimetric
238 competitive immunoassay (Enzo Life Sciences). Briefly, SW10 cells were plated in 6-well
239 plates to ~50% density. Cells were incubated with FT2Fc, FT or control treatment for 20 min
240  and then lysed with 0.1 M HCI buffer for 20 min. The lysate was cleared by centrifugation at

241 600 g for 10 min and then processed according to the manufacturer’s protocol.

242  Experimental design and statistical analysis

243  GraphPad Prism software (version 8.4.2) was used for statistical analysis and data processing

244  except for RNA sequencing data analysis. Normal distribution and equal variances of data

11
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245  were assumed, but this was not formally tested due to small n values. For the chronic treatment
246  study, the sample size was determined with a power calculation based on the results from our
247  previous electrophysiological studies (Bremer et al., 2010): at least 10 mice per group were
248  required to detect a 6 m/s difference in motor nerve conduction velocity between treatment
249  groups assuming a standard deviation of 4.4 m/s (power 90%, type | error 5%). For all other
250 experiments, sample sizes were chosen according to sample sizes generally used in the field.
251 For curve fitting, we used four-parameter logistic regression analysis or nonlinear least-
252  squares analysis as indicated in the figure legends. As a measure for the goodness of fit we
253  reported R? for nonlinear regression as computed by GraphPad Prism. Comparisons of two
254  groups were performed by unpaired or paired two-tailed t-test as indicated. For comparison of
255  three or more groups, one- or two-way ANOVA followed by multiple comparison tests were
256  used and p-values were reported as multiplicity adjusted p-values. We used Sidak’s multiple
257  comparison test for comparison of preselected independent pairs, Bonferroni’'s multiple
258 comparisons test when the assumption of independence could not be supported, and
259  Dunnett’'s method for comparison of multiple groups to one control group. P-values < 0.05 were
260 considered statistically significant. P-values are indicated in graphs as *: p < 0.05, **: p = 0.01-
261 0.05, ***: p = 0.001-0.01, ****: p < 0.0001. ns = not significant, p > 0.05. Error bars in graphs
262  show SEM. For in vitro experiments, individual points in the graphs correspond to independent
263  experiments (CAMP assay, pAKT analysis) or technical replicates (ELISA, thermal shift assay).
264  For animal experiments, each lane in the western blots and each point in the graphs
265 corresponds to one mouse unless otherwise noted. For sciatic nerve protein analysis of
266  chronically treated mice, one FT2Fc treated ZH3 mouse was excluded due a technical error in

267  sample preparation. Otherwise, no samples or data were omitted during the analyses.
268  Data availability

269  The raw data from the RNA sequencing experiments will be deposited on the GEO database
270  after publication of this study. Other data that support the findings of this study are available

271 upon reasonable request from the corresponding author, AA.

12
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272 Results

273  Generation of a PrP-Fc-fusion protein

274  The binding of FT to Adgrg6 leads to intracellular accumulation of cAMP, which is essential in
275  driving the synthesis of proteins and lipids critical for myelin generation and maintenance
276  (Jessen et al., 1991). We sought to investigate if sustained treatment with FT would suffice to
277  constitutively activate Adgrg6 and thereby restore the reduced promyelination signaling in Prnp
278  ablated mice (ZH3). Peptides are expected to have a short half-life in vivo, limiting their
279  exposure to the target tissue. A common strategy to prolong the half-life of peptides is the
280 fusion to larger molecules such as Fc (Craik et al., 2013). We generated a mammalian
281  expression plasmid containing FT (amino acids 1-50 of mouse PrP) fused with mouse 1gG1-
282  Fc at the hinge region, which upon transfection in cells leads to the expression of the
283  homodimeric fusion protein, FToFc (Fig. 1a). The first 22 residues of FT comprise the signal
284  peptide directing FT2Fc for secretion, whereas residues 23-50 activate Adgrg6 (Kuffer et al.,
285  2016). Murine IgG1-Fc is unlikely to induce inadvertent activation of the immune system, since
286  the murine 1gG1 subclass binds to the inhibitory Fcy-receptor and does not fix complement

287  (Collins, 2016).

288 To assess whether FT2Fc is correctly assembled and secreted, we transiently transfected
289  FreeStyle 293-F cells with the plasmid expressing FT2Fc, resulting in secretion of FT;Fc into
290 the culture medium. Under non-reducing conditions FT2Fc predominantly existed as a dimer
291 (56 kD), whereas in the presence of reducing agents (DTT) it migrated as a monomer (Fig.
292  1b). We confirmed the identity of the secreted protein by western blotting using either anti-
293 mouse IgG antibodies or a monomeric antibody Fab fragment specifically targeting the KKRPK
294  domain of FT (Senatore et al., 2020) (Fab83). Both antibodies detected FT2Fc in cell culture
295  supernatant as well as purified FT2Fc (Fig. 1b). To confirm the presence of FT.Fc by additional
296 methods, we performed a sandwich ELISA by capturing FT2Fc with Fab83 and detecting the
297 complex using anti-mouse IgG antibodies. A serial dilution of cell culture supernatant

298  containing FT2Fc resulted in a sigmoidal curve, whereas no signal was detected in medium
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299  from cells transfected with the empty vector (Fig. 1c¢). Finally, we immunoprecipitated FT.Fc
300 from cell culture supernatant using beads coupled with Fab83. Peptides derived from the linear
301  sequence of mouse PrP were previously used to map the epitope of Fab83 (Senatore et al.,
302  2020). FTaFc could be eluted from the beads with a peptide competing for the Fab83 binding
303 site (amino acids 23-34 of mouse PrP), but not with a non-competing peptide (amino acids 53-

304  64) (Fig. 1d).

305 Collectively, these results suggest that a correctly assembled FT.Fc fusion protein was
306 secreted by 293-F cells. We purified FT2Fc from cell culture supernatant by protein A
307  chromatography. The melting temperature of FT,Fc as assessed by thermal shift assay was
308 74.5 °C at pH 7 (Fig. 1e), which is similar to the melting temperature of other purified Fc
309 fragments previously reported (Wozniak-Knopp et al., 2012; Dashivets et al., 2015) and implies

310  high thermal stability of FT.Fc during storage and handling.

311 FT2Fc activates Adgrg6 signaling in vitro

312  cAMP signaling is involved in various steps of Schwann cell development (Jessen et al., 1991)
313 and is required for maintenance of a differentiated state (Monje et al., 2010). Adgrg6 signals
314  via cAMP and protein kinase A to initiate myelination in the PNS (Mogha et al., 2013).
315  PI3K/AKT-signaling is another pathway involved in myelination and repair (Boerboom et al.,
316 2017). A link between cAMP and AKT activation has been suggested in vitro (Monje et al.,
317  2006). Activation of Adgrg6 by FT has previously been shown to induce cAMP signaling in
318  primary Schwann cells, an immortalized Schwann cell line (SW10) and in vivo (Kuffer et al.,
319  2016). In addition, phosphorylation of AKT has been demonstrated in SW10 cells upon FT

320 treatment (Kuffer et al., 2016).

321  We investigated whether purified FT2Fc can act as a ligand for Adgrg6 in vitro. SW10 cells
322  were incubated for 20 min with equinormal (half-equimolar where appropriate because of
323  bivalency) amounts of either FT2Fc (2.5 uM) or FT (amino acids 23-50 of mouse PrP, 5 uM).
324  cAMP levels in the cell lysates were measured by ELISA as previously established (Kuffer et

325 al, 2016). Treatment of wild type SW10 cells (SW10wr) with FT2Fc resulted in a significant
14
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326 increase in the levels of cAMP, similar to that of FT treated cells. The increase in cAMP was
327  not observed in Adgrg6-ablated cells (SW10aadgrgs) (Fig. 2a). When treated with increasing
328  doses of FT2Fc, SW10wr cells showed a concentration-dependent increase in cAMP levels up
329 to a maximum 9-fold increase at 7 pyM (Fig. 2b). Nonlinear regression analysis revealed an
330 ECso of 3.49 yM, suggesting that for cAMP signaling in SW10wr cells, FT2Fc exhibited higher
331  efficacy but slightly lower potency when compared to previously reported results for FT (Kuffer
332 etal,, 2016). Then, we assessed the levels of phosphorylated AKT (pAKT) in SW10 cells upon
333  FTaFc treatment (Fig. 2c). SW10wr cells, but not SW10aa4grg6 Cells showed a time-dependent
334 increase in AKT phosphorylation when incubated with FT2Fc. These results suggest that FT2Fc

335 acted as a ligand of Adgrg6 and activated intracellular pathways similarly to FT.

336  Establishing a functional read out for in vivo assay

337  In order to monitor if FT2Fc is functional in vivo, we injected ZH3 mice intravenously (i.v.) with
338  either FT (600 pg) or FT2Fc (10 mg/Kg bodyweight). AKT phosphorylation was measured in
339 sciatic nerve lysates by western blotting (Fig. 3a,b). FT injected mice showed a significant
340 increase in the levels of pAKT after 30 minutes (relative pAKT change based on quantitative
341  analysis of western blots: control 1.00 + 0.05(3); FT 1.53 £ 0.11(3); p = 0.0116; mean + SEM(n);
342  unpaired t-test), whereas FT,Fc did not elicit an acute increase in AKT phosphorylation (control
343  1.00+0.04(4); FToFc 0.99 + 0.02(4), mean £ SEM(n); p = 0.8560; unpaired t-test). Additionally,
344  no significant increase in pAKT levels could be detected after 6 days of FT.Fc treatment
345  (control 1.00 + 0.07(3); FT2Fc 1.14 £ 0.02(3); mean + SEM(n); p = 0.1356; unpaired t-test).
346  This result was not unexpected since FTzFc is a larger molecule and predicted to diffuse at a
347  slower rate to the target tissue as compared to FT. Accordingly, acute in vivo activity might be
348  difficult to capture with our assay. We therefore proceeded with long-term FT,Fc treatment of
349 ZH3 mice to assess therapeutic effects upon chronic exposure. As a read-out we aimed at
350 identifying early protein expression changes. The transcription factor Egr2 (Krox20) is required
351  for myelin maintenance (Decker et al., 2006) and has previously been shown to be decreased
352  in ZH3 mice (Kuffer et al., 2016). We collected sciatic nerves from ZH3 mice at various ages

353 and found that Egr2 expression levels progressively decreased starting at 5 months of age
15
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354  when compared to wild type (WT) C57BL6/J mice (Fig. 3c,d). The protein markers of repair
355  Schwann cells, c-Jun and GFAP, were increased in ZH3 mice already at 1 and 3 months,
356  respectively (Fig. 3c,d). We planned to use these early signs of peripheral nerve damage as a

357  readout to assess the effect of FT2Fc treatment in a chronic prophylactic treatment study.

358  In vivo pharmacokinetics of FT2Fc

359 To determine a suitable treatment regime for the in vivo experiments, we performed
360 pharmacokinetic studies with FT.Fc in ZH3 mice. ZH3 mice were injected either i.v. or
361 intraperitoneally (i.p.) with FT2Fc (5 or 10 mg/Kg). Blood samples were collected at different
362 time points after a single injection (1 h up to 8 days) and FT2Fc levels were monitored in the
363  serum by western blotting with Fab83. The distribution phase of FT2Fc was similar after 1 h
364  post injection when comparing i.v. and i.p. injection (Fig. 3e). Thus, we proceeded with i.p.
365 injections for further experiments. In the elimination phase, FT.Fc followed first order
366  elimination kinetics with an exponential decrease of serum levels over time (Fig. 3f). Based on
367  the serum level — time profile during the elimination phase the terminal serum half-life of FT2Fc
368 was estimated to be 45 h (Fig. 3g). This duration was deemed sufficiently long for chronic

369 FT.Fc treatment in mice.

370  Chronic treatment fails to rescue the myelination in ZH3 mice

371  We next examined if chronic administration of FT.Fc in ZH3 mice would rescue the
372  demyelinating neuropathy. We designed a prophylactic study in which treatment was started
373  at 1 month of age, when signs of demyelination are not yet present in ZH3 mice (Bremer et al.,
374  2010; Nuvolone et al., 2016) (Fig. 4a). ZH3 mice were injected i.p. three times per week (based
375  on the 45 h half-life of FT2Fc) with 8 mg/Kg FT2Fc or control treatment for a total of 4 months.
376  We additionally included WT mice, which received the same treatment as ZH3 mice. Blood
377  samples were collected at 1 and 2 months after treatment start. Serum levels of FT.Fc were
378 comparable at both time points (Fig. 4b), indicating that the half-life of FT2Fc did not decrease
379  overtime and that mice did not generate antibodies against FT2Fc (Chirmule et al., 2012; Zhou

380 et al., 2013). Furthermore, there was no difference in body weight between the treatment
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381  groups (Fig. 4c). At the end of the chronic treatment mice were sacrificed and sciatic nerves
382  were collected for protein analysis (Fig. 4d). GFAP levels were increased whereas Egr2 levels
383  were decreased in sciatic nerves of ZH3 mice when compared to WT mice. However, treatment
384  with FT2Fc did not rescue the increase of GFAP nor the decrease in Egr2 levels. C-Jun levels
385  were not increased in ZH3 mice when compared to WT mice, nor did FT.Fc treatment change
386  c-Jun levels. As is expected at the age of 5 months, sciatic nerves of ZH3 mice showed no
387  conspicuous morphological signs of demyelination (Bremer et al., 2010; Nuvolone et al., 2016),

388 and no morphological alterations were induced by FT2Fc treatment (Fig. 4e,f).

389  Certain phenotypes in early generations of PrP knockout mice were found to be poorly
390 reproducible and seem to represent genetic confounders (Nuvolone et al., 2016; Wulf et al.,
391  2017). The development of peripheral demyelination, however, was confirmed in ZH3 mice
392 that have a pure C57BL6/J background (Nuvolone et al., 2016). Based on the time course of
393 macrophage infiltrations, the disease seemed to manifest later than described in previous
394  reports on mice with mixed genetic background (Bremer et al., 2010). The early reduction in
395 nerve conduction velocity has not been re-assessed in ZH3 mice. In electrophysiological
396 investigations performed at the end of FT2Fc treatment, we did not detect a decrease in nerve
397  conduction velocity in ZH3 mice when compared to WT mice (Fig. 5a,b). This suggests that
398 the ZH3 mice used in the experiments reported here had not developed electrophysiological
399 signs of demyelination at the age of 5 months and that these investigations were not a telling
400 readout for a treatment effect in our study. Indeed, we could not detect any differences in nerve
401  conduction velocity or compound muscle action potential amplitude between treatment groups
402 (Fig. 5a-c). No polyphasic compound muscle action potentials were recorded, and

403 electromyography of the foot muscles showed no pathological spontaneous activity.

404  FT.Fc treatment elicits gene expression changes which are deleterious in skeletal muscle

405 In the absence of a rescue of protein markers in ZH3 mice upon chronic FT2Fc treatment, we
406 postulated that FT2Fc either did not reach the precise destination in the sciatic nerve or did not

407  activate the desired myelinotrophic signalling pathways. To assess FTFc induced changes in

17


https://doi.org/10.1101/2020.07.07.191452
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.07.191452; this version posted July 7, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

408 an unbiased and genome-wide manner, we investigated the transcriptome of sciatic nerves
409 from FT2Fc treated and control mice by RNA sequencing. Additionally, we sequenced sciatic

410 nerves of untreated WT and ZH3 mice at 4 and 13-15 months.

411 Unsupervised clustering based on the 100 genes with the highest variance across all samples
412  showed a separation between FT2Fc treated and control treated ZH3 mice (Fig. 6a). Based on
413  published datasets, we assembled a list of genes that are important for the repair Schwann
414  cell phenotype (Arthur-Farraj et al., 2017). ZH3 mice showed a mild increase of these genes
415  at4 months and a strong upregulation at 13-15 months (Fig. 6b). We did not observe a change
416  in expression of any of these genes upon FT:Fc treatment (Fig. 6b), which is in line with the
417  absence of changes in repair Schwann cell markers at the protein level. Instead, functional
418  gene ontology analysis revealed that FT2Fc specifically induced a downregulation of genes
419  associated with muscle contraction and organization of actin filaments and sarcomeres (Table
420 1, Fig. 6¢). Our sciatic nerve bulk RNA sequencing analysis did not allow us to infer in which
421  cell type these genes were differentially expressed. We therefore explored previously
422  published single cell RNA sequencing data from healthy and injured sciatic nerves (Carr et al.,
423  2019). Several genes that were differentially expressed upon FT2Fc treatment are enriched in
424  perivascular cells and vascular smooth muscle cells (Des, Sh3bgr, Tpm1, Ldb3) or belong to
425 mesenchymal cell clusters (Tnnt3, Cmya5, Pygm, Eno3). In contrast, genes that are expressed

426  specifically in Schwann cells did not change their expression profile upon FT2Fc treatment.

427  These unexpected experimental observations led us to consider previous studies that showed
428  a necrotizing myopathy in mice overexpressing PrP (Westaway et al., 1994; Huang et al.,
429  2007). We wondered whether treatment with FT.Fc may have mimicked PrP overexpression
430 and induced gene expression changes similar to those involved in the myopathy phenotype
431 rather than acting as a ligand to Adgrg6. We therefore compared the transcriptomic changes
432  in FT2Fc treated sciatic nerves to gene expression changes in the tibialis anterior muscle upon
433  inducible PrP overexpression (Fig. 7a,b). While the overall correlation between the datasets

434  was low, a noteworthy overlap was observed among the downregulated genes. Specifically,

18


https://doi.org/10.1101/2020.07.07.191452
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.07.191452; this version posted July 7, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

435 35% of genes that were significantly downregulated (FDR < 0.05) by FT2Fc were also
436  downregulated in PrP overexpressing muscle. This suggests that FT.Fc treatment might have
437  triggered pathways similar to those caused by PrP overexpression. However, the muscle

438 tissue of FT.Fc-treated mice did not show any myopathic changes (Fig. 7c).

439 In conclusion, the transcriptomic analysis showed that chronically administered FT.Fc had
440 reached the sciatic nerve and elicited a specific pharmacodynamic effect. Yet the detected
441  gene expression changes did not indicate an activation of Adgrg6-mediated myelination
442  signalling. Instead, the downregulation of cytoskeleton proteins and contractile elements was

443  reminiscent of the toxic effects of PrP overexpression.

444  Discussion

445  The treatment options for many peripheral nerve diseases are limited, and despite the
446  remarkable ability for repair in the PNS, regeneration in intrinsic peripheral neuropathies or
447  after nerve injury is often incomplete. Schwann cells are crucial for the function and
448 maintenance of peripheral nerves and may represent interesting targets to boost the

449  endogenous repair capacity of the PNS.

450 Many approved drugs target G-protein coupled receptors, and therefore Adgrg6 may represent
451 an attractive potential target to stimulate repair in peripheral neuropathies or after nerve
452 damage. We here exploited a natural Adgrg6 agonist, PrP, to design a molecule targeting
453  Adgrg6 for the treatment of peripheral nerve disease. The fusion of PrP’s myelinotrophic
454  domain to an Fc-fragment (FT2Fc) yielded a molecule with sufficiently long half-life, making it
455  feasible for in vivo treatment. Several Fc-fusion based drugs (also termed immunoadhesins)
456 have been approved for therapeutic use in humans (Strohl, 2015). Importantly,
457  immunoadhesins are intrinsically dimeric. In the case of sufficiently dense targets, this allows
458 for two-point binding. The theoretical avidity of such binding corresponds to the product of the
459  monomeric binding affinity and can be extremely high (Czajkowsky et al., 2012; Liu et al.,

460  2014).
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461 We attempted a proof-of-principle study by prophylactically administering FT2Fc to ZH3 mice,
462  which develop a slowly progressive peripheral demyelinating neuropathy during their lifetime
463  (Bremer et al., 2010). However, FT2Fc did not activate the desired pro-myelination signaling
464  pathways in our treatment study and we failed to detect a therapeutic effect in vivo. Instead,
465  we detected a downregulation of cytoskeleton-related genes, reminiscent of the changes seen
466 in skeletal muscle of PrP overexpressing mice developing a necrotizing myopathy (Huang et
467  al., 2007). While comparison of the transcriptional changes in different tissues must be
468 interpreted with caution, the possibility of myotoxicity induced by a PrP-based agent should

469 not be discounted.

470 Mpyelination and the maintenance of myelin are controlled by tightly balanced reciprocal
471  signalling between Schwann cells, axons and extracellular matrix (Salzer, 2015). Inappropriate
472  or excessive activation of involved signalling pathways can have detrimental effects on myelin
473  development, maintenance or repair (Figlia et al., 2017; Cervellini et al., 2018). In our chronic
474  treatment study, FT2Fc did not negatively affect myelin maintenance as assessed by

475  biochemical, morphological and electrophysiological investigations.

476  Limitations of this study

477  Several reasons may explain the lack of a demonstrable treatment effect of FT2Fc in vivo.
478  Peripheral nerve damage in ZH3 mice at the age investigated here was only mild, as indicated
479 by the lack of electrophysiological signs of demyelination. But even at the protein level, no
480 amelioration of disease markers was achieved by chronic FT.Fc treatment. We wondered
481  whether this may have been caused by disadvantageous pharmacokinetic properties of FT2Fc.
482  As a relatively large molecule, FT2Fc might not have reached Adgrg6 on Schwann cells in
483  sufficient quantities. However immunoglobulins, which are three times larger than FT2Fc, were
484  reported to cross the blood-nerve-barrier (Seitz et al., 1985). Alternatively, an uneven
485  distribution caused for example by binding of FT2Fc to Fcy-receptors in various tissues could
486  have sequestered FT,Fc from the peripheral nerves. Reassuringly, the transcriptomic analysis

487 revealed specific gene expression changes in the sciatic nerves of FT.Fc treated mice,
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488  suggesting that FT2Fc reached its destination and was pharmacodynamically active. Yet FT2Fc
489 did not activate the desired signaling pathways. The dimeric nature of FT2Fc could alter its
490 biological activity when compared to monomeric FT and endogenous PrP. A soluble dimeric
491  full-length PrP was previously shown to have different properties that endogenous PrP with
492  regard to its pathologic structural conversion (Meier et al., 2003). Whether the dimeric full-
493 length PrP is able to sustain its physiological function in myelin homeostasis has not been
494  investigated by Meier et al. Moreover, oligomerization of receptors including adhesion G-
495  protein coupled receptors, contributes to biased signaling (Ferre et al., 2014; Franco et al.,
496  2016). A dimeric ligand such as FT2Fc may exhibit novel binding properties, induce receptor
497  homo- or hetero-oligomerization and activate different intracellular signaling pathways in vivo.
498  Our in vitro studies with FT2Fc showed increased cAMP elevation and prolonged AKT
499  phosphorylation when compared to FT. While we interpreted these results as evidence for a
500 high potency and stability of FT2Fc, they could also indicate biased agonism and contribute to

501 the unexpected pharmacodynamics properties of FT2Fc in vivo (Pupo et al., 2016).

502 Conclusions

503 To the best of our knowledge, this study represents the first attempt to target Adgrg6 activation
504  for treating peripheral nerve demyelination in vivo. Although our treatment regimen was not
505 successful, Adgrg6 should not be discarded as a possible therapeutic target for peripheral
506 nerve diseases. For example, FT2Fc could be tested in more rapidly progressive models of
507  peripheral demyelination such as autoimmune peripheral neuropathies (Salomon et al., 2001).
508 Moreover, the pharmacokinetics and pharmacodynamics of Adgrg6 ligands might be optimized
509 by modifications such as coupling FT to polyethylene glycol or dendrimers or by designing a
510  bispecific molecule targeting Adgrg6 and thereby directing FT to its receptor. Such strategies
511  may be hampered by the blood-nerve barrier, which may hinder access of the therapeutic
512  compound to Adgrg6 on Schwann cells. Encouragingly, two studies have identified novel
513  agonists of Adgrg6 by drug screening in zebrafish (Bradley et al., 2019; Diamantopoulou et al.,

514  2019). Such small-molecule drugs may exhibit better penetration into nerves than the
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515  biological macromolecule studied here and could be leveraged to target Adgrg6 in vivo. Future
516  studies should explore these alternative therapeutic strategies utilizing a variety of disease

517 models.

518
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695 Figure legends

696  Figure 1: Characterization of FT2Fc.

697  a) Design of FT2Fc. FT was fused to migG1-Fc at the hinge, thereby replacing the antigen-
698  binding fragment (Fab) and forming a homodimeric Fc-fusion protein. b) FT2Fc was secreted
699 by 293-F cells after transient transfection and was present in the cell culture supernatant as a
700  homodimer with a size of 56 kD. Under reducing conditions (+DTT), FT2Fc was present as a
701 monomer. FT;Fc was detected in western blotting by antibodies targeting the Fc-fragment and
702 a Fab specific for FT (Fab83). Supernatant from non-transfected cells (NT) was used as
703  negative control. ¢) Sandwich ELISA of serially diluted cell culture supernatant from cells
704  transfected with FT2Fc showed a sigmoidal curve. The optical-density (OD) - dilution curves
705  were fitted using the four-parameter logistic nonlinear regression model (dashed lines, R? =
706  0.94 for FT2Fc). Only background signal was detected in supernatant from cells transfected
707  with the empty vector control (EVC) or non-transfected cells (NT), or when the plate was coated
708  with BSA instead of Fab83. d) Design of the immunoprecipitation assay (left). Western blots
709  of eluates and beads boiled in sample loading buffer (right). FT2Fc was captured in cell culture
710  supernatant by beads coated with Fab83 and was eluted with a peptide specifically competing
711 for the Fab83 binding site, but not with a non-competing peptide. The western blot from the
712  beads confirmed that FT2Fc (size of specific bands marked with *) was bound to the beads in
713  all conditions. e) In the thermal shift assay, the unfolding of FT2Fc with increasing temperature
714 was monitored using a fluorescent dye. The curve was fitted to the Boltzmann equation
715  (dashed line, R? = 0.99). The inflection point at 74.5 °C corresponds to the melting temperature

716 of FT2Fc in 20 mM sodium phosphate, pH 7.
717  Figure 2: Activation of Adgrg6 by FTFc in vitro.

718 a) FT and FT2Fc elicited an increase in cAMP levels in SW10wr cells, but not in SW10aadgrgs
719  cells. cAMP levels were measured 20 min after treatment with 5 yM FT or 2.5 yM FT2Fc. To
720  account for variability in cAMP levels across cell lines, cAMP was expressed as x-fold change

721  to the average of the controls (PBS and 20 mM sodium phosphate buffer) for each of the 4
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722  independent experiments. One-way ANOVA for selected comparisons, Sidak’s multiple
723  comparisons test: in SW10wr FT vs. PBS p = 0.0392, FT.Fc vs. buffer p = 0.0035. In
724  SW10anaqrge FT and FToFc vs. controls p > 0.05. b) SW10wr cells were incubated with
725 increasing concentrations of FTaFc. cAMP levels increased up to a maximum of a 9-fold
726  change when compared to untreated cells. Nonlinear regression analysis revealed an ECs of
727  3.49 uM. For the curve fitting with the four-parameter logistic regression model (dashed line,
728 R?=0.78) only values from 0-8 uM (2-3 replicates per concentration) were used, because the
729  strongly reduced activity at 9 and 10 uM would have confounded the analysis. ¢) SW10wr, but
730  not SW10aaqqge cells showed a time-dependent increase in AKT phosphorylation upon
731 treatment with 1 uM FT2Fc. Quantification of 5 independent experiments (left), representative
732  western blot of cell lysates (right). Comparison of SW10wr to SW10aadgrgs Cells with two-way
733  ANOVA followed by Sidak’s multiple comparisons test: at 10 min, 15 min and 30 min p <

734 0.0001, at 5 min and 10 min p > 0.05. ns = not significant.

735  Figure 3: Establishment of readout and pharmacokinetics.

736  a) AKT phosphorylation increased in sciatic nerves of ZH3 mice 30 min after injection of 600
737  ug FT. As control (ctrl), mice were injected with an inactive peptide, in which lysine residues
738 have been replaced with alanine residues (Kuffer et al., 2016). In mice injected with FT>Fc (10
739 mg/Kg), no significant change in AKT phosphorylation was detected after 30 min when
740  compared to mlgG injected mice. Square brackets in western blots indicate left and right sciatic
741 nerves taken from one mouse. The average value was used for quantification. b) AKT
742  phosphorylation did not increase after six consecutive FT.Fc injections. ¢,d) ZH3 mice
743  exhibited an age-dependent decrease in sciatic nerve Egr2 levels and a concomitant increase
744  in GFAP and c-Jun levels. Western blots of sciatic nerve lysates are shown in (c), result of
745  densitometry in (d). €) ZH3 mice were i.v. (n = 2) or i.p. (n = 2) injected with FT2Fc (5 mg/Kg)
746  and FTz2Fc serum levels were monitored by western blotting with Fab83 at 1, 6 and 24 h after
747  injection. A serum sample from a mouse injected with migG (5 mg/Kg) was used as negative
748  control. The early serum level — time course was similar in i.v. and i.p. injected mice. f) ZH3

749  mice were i.p. injected with 10 mg/Kg FT2Fc and blood samples were collected from 1 to 8
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750 days post injection. The elimination of FT;Fc from serum followed first order elimination
751  kinetics. g) Serum level values (normalized to the level at 23 h post injection) were plotted on
752  a semi-logarithmic graph and fitted with nonlinear least-squares analysis (dashed line, R? =
753  0.92) to calculate the terminal serum half-life of FT2Fc. The serum half-life was estimated to
754  be 45 h with a 95% confidence interval of 37-58 h. The number of mice investigated per time

755  point (n) is indicated above the points.

756  Figure 4: Chronic administration of FT,Fc.

757  a) Design of the prophylactic treatment experiment in ZH3 and WT mice. Starting at 1 month
758  of age, ZH3 and WT mice were injected with FT2Fc (or control treatment) 3 times per week
759  until the age of 5 months. Bars with grey shades show expected changes in protein levels with
760 dark and light grey meaning high and low levels, respectively. b) FToFc serum levels were
761 measured 2 days after the last injection. Representative western blot showing serum levels for
762 4 ZH3 mice after 1 and 2 months of treatment. FT2Fc serum levels did not decrease after 2
763  months of treatment when compared to the level at 1 month (n = 8, paired t-test, p = 0.3529),
764  suggesting that FT.Fc half-life was unaltered. ¢) Bodyweight was not significantly different
765  between treatment groups (as analysed by two-way repeated measures ANOVA, p > 0.05).
766  Body weight was recorded at every injection time point for all the mice in the chronic treatment
767  study and is here shown for week 1 to 6 of treatment as percentage of the body weight at
768 treatment start (reference). d) Representative western blots and quantification for levels of
769  GFAP, c-Jun and Egr2 in sciatic nerves. GFAP levels were significantly higher in ZH3 mice
770  compared to WT mice, but no significant change was induced by FT.Fc compared to buffer
771 treatment (one-way ANOVA for selected comparisons, Bonferroni’s multiple comparisons test:
772  ZH3 vs. WT for buffer treated mice p = 0.0345, for FT.Fc treated mice p = 0.0343. FT2Fc vs.
773  buffer treated mice, both ZH3 and WT p > 0.05). C-Jun levels were not decreased in ZH3
774  compared to WT mice, and no significant change in c-Jun levels was induced by FT.Fc
775  treatment (one-way ANOVA for selected comparisons, Bonferroni’s multiple comparisons test,
776  p > 0.05). Egr2 levels were significantly lower in ZH3 mice compared to WT mice, but FT2Fc

777  treatment did not induce a significant change in any genotype (one-way ANOVA for selected
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778  comparisons, Bonferroni’s multiple comparisons test: ZH3 vs. WT for buffer treated mice p <
779  0.0001, for FT2Fc treated mice p = 0.0044. FT2Fc vs. buffer treated mice, both ZH3 and WT p
780 > 0.05). Protein levels were expressed as fold change the average level in buffer treated ZH3
781  mice. e) Toluidine-blue stained semithin sections of sciatic nerves. No difference in fibre
782  morphology was detected between treatment groups in our ZH3 mouse specimens. Scale bar
783 50 pM. f) Number of myelinated axons per mm? in sciatic nerves of ZH3 mice revealed no
784  difference between treatment groups (comparison of FT2Fc and IgG treated to buffer treated
785  mice by one-way ANOVA followed by Dunnett’'s multiple comparisons test, p > 0.05). ns = not

786  significant.

787  Figure 5: Electrophysiological studies.

788  All tests and calculations were done with the examiners masked as to treatment and strain
789 allocation. a) Motor nerve conduction velocities (NCV) for WT and ZH3 mice. There was no
790  significant difference between WT and ZH3 mice, or between FT2Fc treated and buffer treated
791 mice (one-way ANOVA for indicated comparisons, Bonferroni's multiple comparisons test, p >
792  0.05). b) Compound sensory NCV (csNCV) for WT and ZH3 mice. Again, there was no
793  significant difference between WT and ZH3 mice, or FTzFc treated and buffer treated mice
794  (one-way ANOVA for indicated comparisons, Bonferroni’s multiple comparisons test, p > 0.05).
795  c¢) The ratio of proximal to distal compound muscle action potential (CMAP) amplitude was not
796  significantly different when comparing ZH3 to WT mice or FT2Fc to buffer treated mice (one-
797  way ANOVA for indicated comparisons, Bonferroni’s multiple comparisons test, p > 0.05). ns

798 = not significant.

799  Figure 6: RNA sequencing of sciatic nerves from FTFc treated mice.

800 a) Hierarchical clustering analysis based on the 100 genes with the highest variance across
801 all samples showed a separation between FT.Fc treated mice and control mice (n = 4 per
802 treatment). b) Heatmap of the selected repair Schwann cell genes. The red-blue colour key is
803 based on the row-wise Z-scores. 4 months old ZH3 mice (n = 3) showed a mild, 13-15 months

804 old ZH3 mice (n = 4) a pronounced upregulation of these genes when compared to age-
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805 matched WT mice. No difference was detected in FT,Fc treated ZH3 mice (n = 4) compared
806 to buffer treated mice (n = 4). ¢) Volcano plot showing differentially expressed genes in sciatic
807 nerves of FT.Fc treated compared to buffer treated mice. Genes with FDR < 0.05 were
808 considered significantly up- or downregulated (43 downregulated genes, 1 upregulated gene).

809 Genes involved in actin binding are labelled in the plot. Log2FC = log2 fold change.

810  Figure 7: Genes downregulated by FT.Fc show similar changes in PrP-overexpressing muscle.

811  a) Log2 fold change (log2FC) for significantly downregulated genes (n = 43, based FDR <
812  0.05) in sciatic nerves of FT2Fc treated compared to buffer treated mice and corresponding
813  log2FC in tibialis anterior muscle of PrP overexpressing mice. * marks genes which were also
814  significantly downregulated in muscle based on FDR < 0.05 (n = 15). Grouping of genes
815 according to common functions was based on a manual search in the UniProt database. b)
816  Scatterplot comparing gene expression changes in muscle of PrP overexpressing mice and
817  sciatic nerves of FT.Fc treated mice. 1229 and 43 genes were significantly (FDR < 0.05)
818  downregulated in muscle and nerve, respectively, with 15 of these genes overlapping. Grey
819 line represents linear regression. Pearson’s correlation coefficient r = 0.09. ¢) 10 yM Gomori
820 trichrome stained frozen sections of gastrocnemius muscle from FT2Fc and buffer treated ZH3
821  mice. Muscle fibre morphology was similar in buffer and FT.Fc treated mice. No myopathic

822  changes were detected in FTFc treated mice. Scale bar 20 pM.

823  Table 1) Gene ontology analysis of differentially expressed genes in sciatic nerves of FT.Fc
824  treated compared to buffer treated mice. The complete list of overrepresented categories is

825  shown in Supplementary Table S1.

826  Supplementary Material

827  Figures S1-S4: Original western blot images and coomassie gels from all figures.

828  The uncropped images have been inverted and autoscaled using the Quantify One software
829 (Biorad). Lanes with protein size markers (Protein Precision Plus, Biorad) are indicated with

830 M. Relevant size markers are marked with the respective size in kD. The specific band is
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marked with * when additional non-specific bands are present. Irrelevant lanes that have been
excluded from the main figures are marked with x. The samples that were loaded in these lines

are described in annotations. Lanes that were left empty are marked with e.

Table S1: Complete list of overrepresented GO categories in sciatic nerves of FT.Fc treated

compared to buffer treated mice.
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