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Abstract  50 
 51 
Abnormal α-synuclein expression and aggregation is a key characteristic of 52 

Parkinson’s disease (PD). However, the exact mechanism(s) linking α-synuclein to 53 

the other central feature of PD, dopaminergic neuron loss, remains unclear. 54 

Therefore, improved cell and in vivo models are needed to investigate the role of α-55 

synuclein in dopaminergic neuron loss. MiR-7 regulates α-synuclein expression by 56 

binding to the 3’UTR of the Synuclein Alpha Non A4 Component of Amyloid 57 

Precursor (SNCA) gene and inhibiting its translation. Here, we show that miR-7 is 58 

decreased in the substantia nigra of patients with PD and therefore may play an 59 

essential role in the regulation of α-synuclein expression. Using a lentiviral vector 60 

that contains miR-7 complementary binding sites to stably induce a loss of function 61 

phenotype, we have shown that a loss of miR-7 leads to an increase in α-synuclein 62 

expression in vitro and in vivo. We have also shown that depletion of miR-7 using 63 

our miR-decoy in mice produces a significant loss of nigral dopaminergic neurons 64 

accompanied by a reduction of striatal dopamine content. These data therefore, 65 

suggest that miR-7 has an important role in the regulation of α-synuclein and 66 

dopamine physiology and may provide a new paradigm to study the pathology of 67 

PD. 68 

 69 

 70 

 71 

 72 

 73 
 74 
 75 
 76 



Introduction 77 
 78 
Abnormal expression and aggregation of the α-synuclein protein is known to play 79 

an important role in the pathogenesis of PD. Missense mutations and locus 80 

multiplications in the SNCA gene, which encodes the protein α-synuclein, have been 81 

found to cause familial forms of PD[1-4]. Genome wide association studies (GWAS) 82 

have shown that polymorphisms in the SNCA gene are risk factors for developing 83 

sporadic PD [5-8] and aggregated α-synuclein is the main component of Lewy 84 

bodies, the protein inclusions found in the brains of patients with PD[9]. 85 

Furthermore, overexpression of α-synuclein has been found to be toxic to 86 

dopaminergic neurons, implicating α-synuclein as a key player in the molecular 87 

mechanisms of the disease[10, 11].  88 

 89 

The mechanisms underlying α-synuclein toxicity are unclear but one hypothesis is 90 

that α-synuclein may be acting in the manner of a prion: transferring from cell-to-91 

cell, thus spreading pathology. Braak and colleagues were the first to suggest that α-92 

synuclein might be spreading throughout the brain with Lewy pathology first 93 

appearing in the dorsal motor nucleus of the vagal nerve and the olfactory bulb[12]. 94 

This idea gained further support from the discovery of Lewy pathology in the grafts 95 

of foetal mesencephalic brain tissue injected into patients with PD between the 96 

1980s and 1990s[13, 14]. Neuronal grafts transplanted into transgenic mice 97 

overexpressing human α-synuclein have also shown α-synuclein inclusions within 98 

the graft[15, 16]. Moreover, Luk and colleagues demonstrated that injection of 99 

synthetic α-synuclein fibrils into the dorsal striatum of wild-type non-transgenic 100 

mice, led to cell-to-cell transmission of pathological α-synuclein and PD-like Lewy 101 

pathology in anatomically interconnected regions further supporting the hypothesis 102 



that PD acts as a prion-like disorder[17]. Whilst these propagation models have 103 

highlighted that α-synuclein is important in neuron degeneration, the mechanisms 104 

controlling the expression of α-synuclein are still not fully understood.   105 

 106 

MicroRNAs (miRs) are a class of endogenous non-coding RNAs that regulate gene 107 

expression in a sequence-specific manner[18-20]. They are single stranded and 108 

approximately 17-24 bases long. Aberrant miR activity has been associated with a 109 

number of neurodegenerative diseases including PD[21-24]. In particular, miR-7 110 

has been shown to bind to the 3’ untranslated region (UTR) of the SNCA gene and 111 

inhibit its translation[25, 26]. However, despite the adequate verification that miR-112 

7 targets SNCA the physiological significance and its relevance to the pathological 113 

mechanisms in PD remain unclear[27]. In 2007 a new method to study miRs was 114 

developed by Ebert and colleagues. This involved the generation of a target 115 

sequence complementary to the miR of interest that contained multiple miR binding 116 

sites and therefore, acted as a decoy/sponge by sequestering the endogenous 117 

miR[28]. This resulted in a decrease in the amount of available miR and prevented 118 

endogenous target gene regulation. Here we use this miR sponge model in in vitro 119 

and in vivo systems and show that downregulation of miR-7 results in an 120 

upregulation of α-synuclein, leading to a downregulation of TH activity, 121 

dopaminergic neuron loss and a loss of striatal dopamine. 122 

 123 

 124 

 125 

 126 

Results 127 



miR-7 levels are significantly reduced in the SNpc of patients with PD 128 

To investigate whether a decrease in miR-7 could contribute to the increase in α-129 

synuclein in PD patients, nigral sections taken from human post mortem brain 130 

samples were collected from six patients with PD and five aged-matched healthy 131 

controls (Figure S1). The PD subjects studied were 71-87 years of age and were all 132 

taking a combination of L-DOPA medications. Neuropathological examination 133 

performed by the UK Parkinson’s Disease Society Tissue Bank revealed α-134 

synucleinopathy, which was brainstem predominant and consistent with a clinical 135 

diagnosis of PD. Immunofluorescence staining also revealed accumulation and 136 

aggregation of α-synuclein in the brain sections taken from PD patients compared 137 

to healthy aged-matched controls (Figure 1A). Furthermore, quantitative real time 138 

PCR analysis showed a significant reduction in the levels of mature miR-7 in PD 139 

patients compared to the healthy aged-matched controls (P<0.05) (Figure 1B,C), 140 

suggesting that miR-7 may play an important role in the increase of α-synuclein in 141 

PD patients.   142 

miR-7 regulates α-synuclein expression in vitro 143 

To explore the role of miR-7 in the neurodegenerative process of PD, we generated 144 

two lentiviral vectors, miR-7-GFP and miR-7T-AsRed (Figures S2-S4). In order to 145 

confirm effective miR-7 knockdown by the miR-7T-AsRed lentiviral vector, 146 

HEK293T cells were co-transduced with miR-7T-AsRed (MOI 2) and with varying 147 

MOIs of the miR-7-GFP lentiviral vector (0, 0.1, 1 and 5). Results show that an 148 

increase in miR-7 levels (mirrored by GFP expression) causes a decrease in the 149 

expression of the target sequence (indicated by AsRed expression) (Figure S5A). At 150 

protein level, AsRed expression was completely abolished at MOIs of 1, 5, and 10 of 151 



the miR-7-GFP lentiviral vector (P<0.001) (Figure 5B,C), confirming that miR-7 can 152 

bind to the target sequence resulting in protein knockdown in vitro. MiRanda 153 

software was used to examine the potential interaction between miR-7 and the 154 

mouse snca gene. Three strong binding sites for miR-7 were found in the snca 3’UTR 155 

(Figure S6). The top predictive binding site was related to the seed sequence (119-156 

127nt), which is highly conserved, highlighting the evolutionary importance of miR-157 

7 in snca regulation (Figure S7A).  158 

 159 

To confirm this association, the full length 3’UTR of the mouse snca gene was cloned 160 

into a luciferase vector downstream of a firefly luciferase reporter (Figure S7B). 161 

HEK293T cells were co-transfected with the 3’UTR snca plasmid with either the 162 

miR-7-GFP plasmid, a control CMV-GFP plasmid or a control miR-449-GFP plasmid. 163 

An internal control plasmid (Renilla luciferase) was also co-transfected to correct 164 

for differences in transfection efficiency. miR-7-GFP decreased luciferase activity by 165 

approximately 44% (P<0.05), confirming that miR-7 can bind to the 3’UTR of the 166 

snca gene and inhibit its translation. This effect was specific to miR-7, as miR-449-167 

GFP had no effect on luciferase activity (Figure S7C). To confirm that miR-7 168 

regulates α-synuclein expression, HEK293T cells were transduced with the miR-7-169 

GFP or miR-7T-AsRed vectors (MOI 0, 0.1, 1 and 5). miR-7-GFP significantly 170 

decreased α-synuclein expression in a dose-dependent fashion (61% at an MOI of 5, 171 

P<0.05) (Figures 2A and B) whilst miR-7T-AsRed significantly increased α-172 

synuclein expression by 513% at an MOI 5 (**, P<0.01) (Figures 2C,D). 173 

 174 

miR-7 knock down induces α-synuclein overexpression in the SNpc  175 



We next tested our miR-7T-AsRed lentiviral vector in vivo. In order to titrate the 176 

amount of tissue transduced we compared a single injection site with a double 177 

injection site in the SNpc (Figure S8). We found that a single injection site of the miR-178 

7T-AsRed into the SNpc was not sufficient to induce a significant upregulation of α-179 

synuclein expression by 16 or 24 weeks (Figure S9A).  However, the number of TH 180 

positive neurons in the injected SNpc was decreased by 27% 24 weeks post-181 

injection, when compared to the control hemisphere (Figure S9B,C). Behavioural 182 

analysis showed no signs of motor impairments (Figure S9D,E) and HPLC analysis 183 

revealed no significant difference in the striatal levels of DA or its metabolites 184 

DOPAC or HVA (Figure S10A-C). In contrast animals that had a unilateral double 185 

injection showed a moderate increase in α-synuclein expression at 16 weeks with 186 

further accumulation at 24 weeks (P<0.05) (Figure 3A,B). This effect was specific to 187 

miR-7T overexpression as animals injected with a control CMV-AsRed lentiviral 188 

vector showed no change in α-synuclein levels (Figure 3B). Given that a double site 189 

miR-7T injection was able to target a larger SNpc area leading to miR-7 knockdown 190 

and α-synuclein overexpression, this approach was used in subsequent studies. 191 

 192 

Oligomeric forms of α-synuclein are known to play an important role in the 193 

pathology of PD [29]. Therefore, to establish whether the unilateral double injection 194 

of the miR-7T vector also increased the oligomerisation of α-synuclein, a proximity 195 

ligation assay (PLA) was used to detect α-synuclein oligomers. α-synuclein-PLA has 196 

been shown to preferentially label oligomers compared to monomers and fibrils 197 

(Supplementary Figure 11A,B) [30]. The number of α-synuclein-PLA puncta was 198 

quantified in the injected SNpc and contralateral non-injected SNpc in three miR-7T 199 

injected animals from the 24-week post-surgery cohort plus two control animals. 200 



MiR-7T increased α-synuclein-PLA signal by 50% compared to the control non-201 

injected SNpc (Figure 3C, D). Furthermore, control animals injected with the CMV-202 

AsRed vector showed no difference in PLA signal (Figure 3E) illustrating that the 203 

miR-7T is causing an accumulation and aggregation of α-synuclein in vivo.  204 

miR-7 knockdown causes TH cell loss in the SNpc and reduction in striatal DA  205 

The number of TH-positive neurons was quantified in both the injected SNpc and 206 

contralateral non-injected SNpc to determine whether overexpression of miR-7T-207 

AsRed could induce dopaminergic neuron death in the SNpc. The number of TH 208 

neurons in the miR-7T-AsRed injected SNpc was significantly decreased by 39% at 209 

16 weeks and by 73% at 24 weeks post-injection (P<0.05) (Figure 4A, B). No 210 

significant difference in TH expression was found in control CMV-AsRed injected 211 

animals (Figure 4C) indicating that the reduction in TH expression is due to miR-7T 212 

expression. However, HPLC analyses only detected a small difference in striatal DA 213 

and HVA levels at 24-weeks post-surgery (P<0.05) (Figure 5A-C), which was not 214 

consistent with the profound loss of dopaminergic neurons. Therefore, to detect 215 

whether this decrease in TH expression was due to cell death or a downregulation 216 

of activity, nigral sections from the 24-week cohort were also stained for the 217 

vesicular monoamine transporter (VMAT2), which is needed to transport 218 

monoamines (including dopamine) into synaptic vesicles[31]. The number of 219 

VMAT2 positive neurons was decreased by approximately 30% in the MiR-7T 220 

injected SNpc compared to the contralateral non-injected SNpc (Figure 5D) 221 

suggesting that whilst there was some cell death many of the dopaminergic neurons 222 

had downregulated their activity accounting for the profound loss of TH expression.   223 

Overexpression of miR-7T-AsRed is not sufficient to induce locomotor deficits 224 



To establish whether overexpression of the miR-7T-AsRed lentiviral vector could 225 

induce PD-like motor impairment, behavioural analyses were carried out. 226 

Locomotor activity and amphetamine-induced rotations of the 24-week miR-7T-227 

AsRed and control-injected animals were measured at 2, 10 and 20 weeks post-228 

surgery. There was no significant difference in locomotor activity (Figure 6A,B) or 229 

in the number of amphetamine-induced rotations  (Figure 6C-E) after injection of 230 

the miR-7T lentiviral vector at any of the three time points compared to the control 231 

animals, indicating that the loss of dopaminergic neurons and striatal DA was not 232 

sufficient to induce a behavioural phenotype. Interestingly, there was trend towards 233 

a decrease in distance moved and velocity as well as an increase in the number of 234 

amphetamine-induced rotations in the miR-7T-AsRed injected animals compared to 235 

the control animals (Figure 6A-E), suggesting that the development of motor deficits 236 

in this model requires more than the 20 weeks analysed in this study. 237 

 238 

 239 

 240 

 241 

 242 

Discussion 243 

The basic pathophysiology of PD is the progressive loss of nigral DA neurons leading 244 

to a loss of striatal DA and the appearance of aggregated α-synuclein. Many models 245 

of PD have been generated to date, including neurotoxin models, transgenic mice, 246 

viral vector models and more recently induced pluripotent stem cell (iPSCs) models. 247 

Whilst available models display some cardinal PD features and have helped to 248 



elucidate many of the molecular pathways involved, none of these have been able to 249 

fully recapitulate PD pathology. This has hindered our understanding of how α-250 

synuclein accumulation and aggregation drive neurodegenerative processes leading 251 

to DA neuron loss in patients with PD. In this study, we have generated a mouse 252 

model that develops α-synuclein accumulation, due to the depletion of miR-7 in 253 

dopaminergic neurons. This results in a loss of nigral dopaminergic neurons leading 254 

to a loss of striatal DA, thereby providing a novel model to study the 255 

pathophysiology of PD. Furthermore, we have shown that miR-7 levels are 256 

decreased in the nigra of patients with PD compared to aged matched healthy 257 

controls suggesting that miR-7 plays a critical role in the regulation of α-synuclein 258 

expression.  259 

To deplete miR-7 we exploited the technology developed by Ebert and colleagues to 260 

design a miR-7 decoy. The miR target sequence contains multiple binding sites and 261 

therefore, acts as a decoy/sponge by sequestering away the endogenous miR[28]. 262 

This results in a decrease in the amount of available miR, which prevents the 263 

appropriate regulation of downstream targets, thereby providing a promising new 264 

approach for investigating the role of miRs in the pathology of PD.  265 

Junn and colleagues showed that miR-7 could bind to the 3’UTR of the SNCA gene 266 

between bases 119 and 127 and inhibit its translation in a dose dependent manner. 267 

This sequence is conserved across several species suggesting that miR-7 may play a 268 

critical evolutionary role in the regulation of α-synuclein[25, 26]. Using a miR-7-269 

GFP-expressing lentiviral vector we confirmed the binding between miR-7 and the 270 

3’UTR of the mouse snca gene and shown that miR-7 inhibits its expression resulting 271 

in a functional knockdown of α-synuclein protein. Furthermore, we have shown that 272 



the miR-7 target sequence competes for the miR-7 sequence in vitro and in vivo 273 

resulting in a loss of function and an increase in α-synuclein protein expression. 274 

There has been much controversy about the morphological differences between 275 

disease associated α-synuclein and which forms are toxic to the cell. Furthermore, 276 

oligomerisations of α-synuclein as well as truncations and post-translational 277 

modifications have been shown to play an important role in neuronal toxicity[32]. 278 

Using the new method PLA to detect α-synuclein oligomers [30], we have shown 279 

that the miR-7T-AsRed target vector not only affects the monomeric form of α-280 

synuclein but also increases its oligomerisation thereby mirroring the pathology 281 

seen in patients with PD. 282 

Lentiviral vectors expressing human wild type or mutant forms of α-synuclein have 283 

been shown to cause a progressive loss of nigral dopaminergic neurons by 24-35% 284 

in rats over 5 months[33] whereas adenoviruses expressing human α-synuclein 285 

have been shown to decrease nigral dopaminergic neurons by up to 80% in as short 286 

as 6 weeks, however these results are less consistent[10, 11, 34-37]. In our model, 287 

miR-7T-AsRed significantly reduced TH expression by one-third at week 16 and two 288 

thirds at week 24. However, staining with VMAT2, another neuronal marker showed 289 

that there was only a 30% loss of neurons at 24 weeks suggesting that the nigral 290 

neurons had downregulated their activity. This was consistent with the mir-7T 291 

injected animals only showing a small deficit in striatal DA production as well as 292 

being comparable to other animal models using lentiviral vectors expressing α-293 

synuclein. Downregulation of TH activity has previously been reported after 294 

overexpression of human α-synuclein as a protective mechanism of the cell[34]. 295 



Interestingly aggregated human α-synuclein has also been shown to reduce TH 296 

activity in dopaminergic neurons [38].  297 

As miRs have many targets it is impossible to rule out that miR-7 may be affecting 298 

TH expression via another method other than α-synuclein. The absence of strong 299 

binding sites for miR-7 in the TH 3’-UTR (data not shown) suggests that miR-7 does 300 

not affect TH expression directly but an interesting future experiment would be to 301 

look at miR-7T in an α-synuclein knock out animal. This would conclude whether 302 

the downregulation of TH activity and loss of nigral neurons in our mouse model is 303 

a consequence of the increase in accumulation and oligomerisation of α-synuclein. 304 

MiR-7T-AsRed injected animals displayed a trend towards decreased LMA and 305 

increased amphetamine-induced rotations compared to control animals but these 306 

effects were not found to be significant suggesting that the dopaminergic neuron 307 

loss was not sufficient to cause a major loss of striatal DA and thereby motor deficit 308 

at the time points studied.  It is however, known that the nigro-striatal system has 309 

remarkable plasticity as patients only present clinically with motor symptoms once 310 

their striatal DA levels have decreased by approximately 70%[39]. In addition, 311 

previous studies have shown that motor impairments only appear in animals with 312 

over 50-60% loss of nigral neurons thus, explaining the lack of motor impairment in 313 

our model [34, 40, 41].  314 

Non-coding regions of the genome such as miRs have been suggested to play a vital 315 

role in the pathological mechanisms underlying PD. Kim and colleagues found that 316 

deleting Dicer in murine ES cell lines led to a near complete loss of production of 317 

dopaminergic neurons. Concurrently, mice lacking Dicer in postmitotic 318 

dopaminergic neurons developed a 90% loss of midbrain dopaminergic neurons 319 



after 8 weeks suggesting that miRs play an important role in 320 

neurodegeneration[42]. This loss of dopaminergic neurons is significantly higher 321 

than in our study, which can be explained by the lack of Dicer causing a complete 322 

loss of miR-7 in these neurons as well as the loss of other miRs that may be playing 323 

a role in dopaminergic survival.  It has been suggested that increasing the number 324 

of miR complementary binding sites or using imperfect complementary binding 325 

sites within the sponge target vector can be more effective at supressing the miR 326 

target[28, 43, 44]. Whilst the miR-7T-AsRed target vector used in our model was 327 

sufficient to induce α –synuclein accumulation and aggregation it might be that the 328 

miR-7 levels are not 100% suppressed.  Therefore, it would be interesting to see 329 

whether a complete loss of miR-7 would result in a higher level of nigral 330 

degeneration.    331 

Kim and colleagues revealed that miR-133b regulates the maturation and function 332 

of midbrain dopaminergic neurons and is deficient in the midbrain tissue of patients 333 

with PD. Furthermore, miR-34b/c downregulation has been coupled to a decrease 334 

in the expression of DJ1 and Parkin, two proteins found to be important in familial 335 

forms of PD [24]. In addition, miR-205 has been shown to regulate Leucine-rich 336 

repeat kinase (LRRK2) another protein linked to sporadic and familial forms of 337 

PD[45]. miR-34b/c and miR-205 also have decreased expression in patients with PD 338 

further suggesting an important role for miRs in the pathology of PD[45]. This is the 339 

first study, however to reveal that miR-7 is also deficient in the dopaminergic 340 

neurons of patients with PD. GWAS data has shown that several polymorphisms of 341 

the SNCA gene associated with an increased risk of developing PD are found in the 342 

3’UTR. These polymorphisms could affect miR binding sites and cause dysregulation 343 



of SNCA expression [5]. Furthermore, miR-7 has been shown to be protective 344 

against impaired proteasome function and cytotoxicity caused by overexpression of 345 

α-synuclein in vitro and downregulated by 50% in an MPTP mouse model of PD [25, 346 

41]. In addition, toxicity studies using MPTP in dopaminergic neuronal SH-SY5Y 347 

cells resulted in a 40% increase in α-synuclein mRNA levels and an equivalent 348 

decrease in miR-7 levels [25]. α-synuclein expression also increases following 349 

inhibition of miR-7 in vitro, [26] further suggesting that miR-7 may provide a 350 

candidate therapeutic target for modulating α-synuclein levels in PD.  351 

In conclusion, this is the first study to use a lentiviral-mediated target sponge 352 

approach to knockdown miR-7 in vitro and in vivo. We have recapitulated key 353 

pathological hallmarks of PD by injecting the miR-7 decoy lentiviral vector into the 354 

SNpc of mice, namely increased α-synuclein expression and oligomerisation, 355 

dopaminergic neuron death and a reduction in striatal DA. Furthermore, in human 356 

nigral samples from patients with PD, we report decreased miR-7 levels compared 357 

to healthy aged matched controls. Our data highlights the significance of the 358 

evolutionary conserved regulation of α-synuclein by miR-7 and the importance of 359 

this miR for dopaminergic cell biology. Moreover it provides a new model to study 360 

the pathology of PD and to develop novel therapeutic interventions. 361 

 362 

Methods 363 

Real time quantitative PCR analysis of miR-7 levels in the nigra of patients 364 

with PD  365 

Nigral sections were obtained from six patients with clinical diagnosis of PD patients 366 



and five aged matched healthy controls from the UK Parkinson’s Disease Society 367 

Tissue Bank at Imperial College London, UK (Figure S1). To quantify the expression 368 

of miR-7 in these sections, RNA was extracted using the mirVana miR isolation kit 369 

(Thermo Fisher) according to manufacturer’s instructions. A Taqman microRNA 370 

assay (Applied Biosystems) was used to detect and quantify miR-7 in these RNA. 371 

Generation of miR-7 and miR-7T-expressing lentiviral vectors 372 

A miR-7 lentiviral vector was generated using high fidelity PCR to amplify the mouse 373 

microRNA-7-a1 sequence using a forward (5’ACG TTC TAG ACC TTA ACC AAG CAA 374 

ACT TC 3’) and reverse primer (5’ CGA TGG ATC CAA TGA AAC TGG AAG CTG 3’). 375 

The sequence was then cloned into the lentiviral vector backbone pRRL-376 

sincppt.CMV-GFP.wpre upstream of the GFP reporter tag (Figure S2 and S3). To 377 

produce the miR-7 target sequence (miR-7T) a four-times repeated sequence 378 

complementary to the miR-7 was designed to compete for the miR-7 binding site.  379 

Four oligonucleotides (sense 1 strand: 5’ AAT TAT AAA CAA CAA AAT CAC TAG TCT 380 

TCC ACG ATA CAA CAA AAT CAC TAG TCT TCC AAC GCG 3’; sense 2 strand: 5’ TAC 381 

AAC AAA ATC ACT AGT CTT CCA TCA CAC AAC AAA ATC ACT AGT CTT CCA ACG TAC 382 

3’; antisense 1 strand: 5’ TTG GAA GAC TAG TGA TTT TGT TGT ATC GTG GAA GAC 383 

TAG TGA TTT TGT TGT TTA T 3’; and antisense 2 strand:  5’ TGG AAG ACT AGT GAT 384 

TTT GTT GTG TGA TGG AAG ACT AGT GAT TTT GTT GTA CGC G 3’) were annealed 385 

together by heating to 95°C for 5 minutes and then cooling for 1 hour. The target 386 

sequence (Figure S2) was then cloned into the lentiviral vector backbone pRRL-387 

sincppt.CMV-AsRed.wpre downstream of the AsRed reporter tag (Figure S4). Viral 388 

titres were determined using fluorescence activated cells sorting (FACS Calibur, 389 

BD). 390 

HEK293T cell culture and transductions 391 



Lentiviral vector production and validation were performed in the human 392 

embryonic kidney cells, baring the large T antigen of SV40 virus immortalised cell 393 

line (HEK293T). The cells were maintained in Dulbecco’s Modified Eagle medium 394 

(DMEM, Sigma) supplemented with 10% foetal bovine serum (FBS, Sigma), 2mM L-395 

glutamine, 100-units/ml penicillin, 100 µg/ml streptomycin and 1X non-essential 396 

amino acids. HEK293T cells were seeded at 7.5 x 104 cells/well in a 12 well plate 24 397 

hours prior to transduction with lentiviral vectors. The lentiviral vectors at different 398 

multiplicity of infections (MOI) were added to the wells in a reduced culture volume 399 

(500 µl). After 3-4 hours the volume was increased to 1 ml and the cells incubated 400 

at 37°C for 48 hours. Transduced cells were visualised using a fluorescence and 401 

bright field microscope (Leica DMRB). If cell nuclear staining was needed, 1mg/ml 402 

of Hoechst was added to the cells before imaging. 403 

Generation of the 3’UTR of the snca gene and Luciferase assay 404 

A luciferase assay was performed to investigate whether miR-7 was binding to the 405 

3’UTR of the snca gene. The mRNA sequence of the 3’UTR of the mouse snca gene 406 

(NCBI: NM_001042451.2) and the binding sites of miR-7 were confirmed using 407 

Miranda software (microRNA Target Scanning Algorithm).  A forward (5’ CCG CTC 408 

GAG AAT GTC ATT GCA CCC AAT CT 3’) and reverse primer (5’ CCC AAG CTT GGT 409 

GCA TAG TCT CAT GCT CACA 3’) was then used to clone the 3’UTR sequence into the 410 

luciferase backbone vector pMIR-Tac-1Reprot-Luc (Figure S7C). HEK293T cells 411 

were plated in a 24 well plate (4.0 x 104 cells/well) in 500 µl media 24 hours prior 412 

to transfection. HEK293T cells were co-transfected using Fugene transfection 6 413 

reagent (Promega) with 100 ng of the snca gene 3’UTR plasmid and an internal 414 

control Renilla Luciferase plasmid (pRL-SV40, Promega) in the presence of either 415 

300 ng of the miR-7-GFP-expressing plasmid or a control plasmid (miR-449-GFP or 416 



GFP). The cells were then lysed and luciferase activity measured using a dual 417 

luciferase assay kit (Promega) and a luminometer (Glomax multi+, Promega).  418 

Renilla activity was used to normalise luciferase activity to account for any 419 

difference in transfection efficiency between the conditions. Three independent 420 

experiments were performed. 421 

Animals 422 

The present study was conducted in adult male C57BL/6J mice (Harlan, UK) 423 

weighing between 20-30 g. All animals were housed in individually ventilated cages 424 

(IVCs) with free access to food and water, under standard conditions (6 animals per 425 

IVC cage, 07:00 to 19:00 light phase, constant temperature and humidity). All 426 

procedures were carried out with the approval of Lilly Ethical Review Board and in 427 

accordance to UK Home Office regulations. 428 

Stereotactic Surgery 429 

The determine whether the miR-7T-AsRed lentiviral vector could cause 430 

overexpression of α-synuclein protein and produce PD pathology in vivo, two 431 

experiments were completed. The first experiment involved stereotactic injection 432 

of 2 μl of the miR-7T-AsRed lentiviral vector (2x109 TU/ml) into a single site in the 433 

right SNpc (AP: -2.7, ML: +1.0, DV: -4.5) and 2 μl of a control vector (CMV-AsRed, 434 

2x109 TU/ml) into the same site in the left SNpc (AP: -2.7, ML: -1.0, DV: -4.5) of 435 

C57Bl/6J mice (Figure S8A). Animals were then left for 8, 16 and 24 weeks with 436 

some used for immunohistochemistry and others used for biochemical analyses. 437 

Behavioural analysis at 2, 10 and 20 week’s post-surgery was carried out in the 24-438 

week animal cohort. The second experiment involved stereotactic injection of 2 μl 439 

of the miR-7T-AsRed lentiviral vector (2x109 TU/ml) into two separate sites of the 440 

right SNpc of C57Bl/6J mice (1st injection site = AP: -2.7, ML: +1.0, DV: -4.5; 2nd 441 



injection site = AP: -2.7, ML: +1.5, DV -4.3) (Figure S8B). The miR-7T-AsRed injected 442 

animals were again left for 8, 16 and 24 weeks with some used for 443 

immunohistochemistry and others used for biochemical analyses. The 24-week 444 

cohort was also subject to behavioural analyses at 2, 10 and 20 weeks post-surgery. 445 

A control group of mice received two injections of the control CMV-AsRed lentiviral 446 

vector and were left for the full 24 weeks for biochemical analysis with behavioural 447 

analyses carried out at 2, 10 and 20 weeks post-surgery.  448 

Locomotor activity (LMA)  449 

LMA was measured in complete darkness in clear Perspex boxes (40x40x30 cm3, Eli 450 

Lilly) based on infrared fields. Four boxes were placed on each field, which were 451 

monitored using overhead infrared cameras. The cameras input data into a 452 

computer via a Quad compressor unit. The image analysis application Ethovision 453 

(Noldus Information technology, Netherlands) digitised the path made by animals 454 

and used this to calculate various parameters such as distance moved, velocity and 455 

number of rotations. Mice were weighed and placed in the LMA boxes. Exploratory 456 

behaviour was assessed for 30 minutes. Following this, they were dosed with 2.5 457 

mg/kg d-amphetamine sulphate (Sigma, A-5880 LY2800792) by intraperitoneal 458 

(i.p.) injection. LMA was assessed for a further 90 minutes.  When the experiment 459 

was complete the data were analysed using Microsoft Excel and the total distance 460 

moved (cm), velocity (cm/s) and ipsilateral rotations calculated for each animal. 461 

Dissection of striatal and nigral tissue  462 

For biochemical analysis animals were culled by schedule 1 and their brains 463 

removed and placed on ice. Using a mouse matrix (Zivic Instruments, USA) the ST 464 

and SN from the right and left hemisphere were removed. The ST sections were 465 

weighed and transferred onto dry ice before being stored at -80°C for high 466 



performance liquid chromatography (HPLC) analysis.  The SN sections were 467 

processed for Western blotting analysis. 468 

Transcardial perfusions  469 

For immunofluorescence analysis animals were terminally anaesthetised with 200 470 

mg/kg i.p pentobarbital sodium (Ayrton Suader Ltd, UK) before transcardial 471 

perfusions were performed through the ascending aorta using PBS followed by 4% 472 

paraformaldehyde (PFA) (Sigma). The animals were then decapitated, the brain 473 

removed and post-fixed in 4% PFA at 4°C for 24 hours. The following day the brain 474 

was immersed in 30% sucrose (Sigma) solution for at least 24 hours.  475 

Sectioning tissue using a cryostat 476 

Before brains were sectioned, they were snap frozen using isopentane (Fisher 477 

Scientific) and dry ice. Brains were stored at -80°C until ready to use. Brains were 478 

mounted into OCT mounting matrix (Fisher Scientific) and placed in a -20°C Leica 479 

CM190 Cryostat and 20 µm coronal sections prepared. These were transferred onto 480 

glass slides (Thermoscientific), and air-dried before storing at 4°C. 481 

Immunofluorescent staining of mouse brain sections  482 

Non-specific binding was blocked using 10% normal goat serum (Vector Labs) 483 

diluted in 0.1% TritonX-100/PBS (blocking solution) and left to incubate overnight 484 

at 4°C. Sections were transferred to primary antibody solution (either Tyrosine 485 

hydroxylase (TH) (ab152, Millipore), or vesicular monoamine transporter (VMAT2) 486 

(ref, abcam) in blocking solution) and incubated overnight at 4°C. The secondary 487 

antibody (Alexafluor 488; A11008, Invitrogen) diluted in blocking solution was then 488 

added and incubated for 1 hour at room temperature. If required, cell nuclei were 489 

counterstained with 1 mg/ml Hoechst. The slides were mounted in PBS and glycerol 490 



(1:1, Sigma) and imaged using a Fluorescence microscope (Leica DMRB). The 491 

number of TH positive cells was counted in the injected and control/non-injected 492 

SN in three sections per mouse at the site of injection using Image J and the ‘cell 493 

counter’ plug-in. 494 

Proximity ligation assay  495 

α-synuclein proximity ligation assay experiments were carried out using Duolink kits 496 

supplied by Sigma according to the manufacturer’s instructions. Briefly, the 497 

conjugates were prepared with the anti-α-synuclein 4D6 antibody (Abcam ab1903) 498 

as previously described [30]. 20 µm thick coronal sections were dried at 37C, 499 

immersed in PBS and then antigen retrieved in citrate buffer pH 6 (Abcam 93678) 500 

by microwave heating for a total of 10 min. All samples were incubated in Duolink 501 

block solution at 37C for 1 h, followed by the conjugates diluted in Duolink PLA 502 

diluent (1:2000) overnight at 4C. After washing in TBS + 0.05% Tween 20, samples 503 

were incubated with Duolink ligation solutions and ligase for 1 h at 37C, before 504 

washing and incubation with Duolink amplification reagents and polymerase for 2.5 505 

h at 37C. Samples were then washed in TBS in the dark and counterstained and 506 

mounted with FluorSave (Merck). Preparation and analysis of α-synuclein fibrils was 507 

carried out as previously described [30]. After preparation samples were 508 

centrifuged at 13000 g for 10 min; the supernatant was taken as oligomeric fraction 509 

and the precipitate was taken as fibrillar fraction. PLA and electron microscopy 510 

were performed as previously described [30]. Quantitation of the PLA signal was 511 

performed averaging 4 blinded random fields per sample at 20x magnification on 512 

an EVOS flAUTO (Thermo) and counting the resulting puncta on ImageJ. 513 



HPLC analysis 514 

Striatal samples were sonicated for 10 seconds in 500 μl of ice-cold homogenising 515 

buffer (0.1 M Perchloric acid, 0.1 mM EDTA, 2.5 mg/L ascorbate). The samples were 516 

then centrifuged at 20,000xg for 15 minutes at 4°C. The supernatant was collected 517 

and filtered through a syringeless filtration device (UniPrep) and samples stored at 518 

-80°C until use. 20 μl of the supernatant were analysed by HPLC to detect dopamine 519 

(DA) and its metabolites 3,4-hydroxyphenylacetic acid (DOPAC) and homovanillic 520 

acid (HVA). The HPLC system consisted of a Jasco HPLC pump, triathlon 521 

autosampler (Spark Holland) and a BAS LC4C detector (BAS Analytical) coupled to 522 

an Empower data system (Waters). To separate the samples, a Hypersil BDS column 523 

(150 x 3.0 mm C18 3u) was used. The mobile phase (pH 2.8) consisted of 0.1 M 524 

monosodium phosphate (Fisher), 350 mg/L Octanesulfonic acid (Fisher), and 14 % 525 

methanol and the flow rate set to 400 μl/minutes with a column oven temperature 526 

of 40°C. Oxidation settings were +775 mV, 20 nA/V whilst the reduction settings 527 

were +50 mV, 10 nA/V.  528 

Immunoblotting  529 

Protein samples were isolated from HEK293T cells or brain tissue using RIPA lysis 530 

buffer (1% Igepal CA-630 (Sigma), 0.5% sodium deoxycholate (BDH laboratories 531 

supplies) and 0.1% sodium dodecyl sulphate (SDS, Sigma) in PBS) supplemented 532 

with 1X protease inhibitor (Complete Mini, Roche). Protein levels were determined 533 

using a bicinchoninic acid (BCA) assay (Pierce, ThermoScientific). Proteins (10-50 534 

µg) were resolved by sodium dodecyl sulphate (SDS)-polyacrylamide gel 535 

electrophoresis; transferred onto polyvinylidene difluoride (PVDF) membrane and 536 

incubated with primary antibodies as follows: AsRed (1:500, Clontech), α-synuclein 537 

(1:500 610786, BD) and TH (1:1000 ab81855, Abcam). Horseradish-peroxidase 538 



(HRP) conjugated secondary antibodies (1:5,000-10,000) were added and proteins 539 

visualised using enhanced chemiluminescence (34080, Pierce). Alpha tubulin 540 

(1:2000 T9026, Sigma) was used as a protein loading control. 541 

Data handling and statistical analysis  542 

Statistical analysis was performed using Graph Pad Prism 5.0 software (Graph Pad 543 

Software Inc., CA). A one-way ANOVA followed by a Dunnetts post hoc test was 544 

performed, accepting P<0.05 as statistically significant.  For in vivo experiments all 545 

data were normalised to a mean of all of the control hemispheres for every animal 546 

within that time point. Student T-tests were used when only two groups were 547 

analysed. For more than two groups and only one factor as the source of variance a 548 

one-way ANOVA was used followed by a Newman-Keuls post hoc test. The figures 549 

show the mean +/- SEM with P<0.05 accepted as statistically significant.  550 

 551 

 552 

 553 
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Figure 1 | MiR-7 levels are significantly decreased in the nigra of patients with PD 695 

A \ Representative images of α-synuclein staining (green) and nuclear counterstain (blue) 696 
in a PD brain section compared to a healthy age-matched control. Scale bar: ?μm.. B | 697 
RNA was extracted using the mirVana miR isolation kit from frozen nigral sections 698 
collected from six patients with PD and five healthy age-matched controls. MiR-7 levels 699 
were detected by qPCR using a taqman miR-7 assay. MiR-7 levels were significantly 700 
decreased in the PD patients compared to the healthy controls. Data were analysed using 701 
an unpaired t-test and expressed as mean ± SEM. *, P<0.05 for difference between PD 702 
and control samples. C | Age range of the six patients with PD and five healthy age-703 
matched controls. PD: Parkinson’s disease. 704 

Figure 2 | miR-7 regulates α-synuclein protein expression 705 

A | Representative Western blot of α-synuclein protein expression after transduction of 706 
miR-7-GFP (MOI, 0, 0.1, 1 and 5). α-tubulin was used as a protein loading control. B | 707 
Mean levels of α-synuclein protein in A following transduction with miR-7-GFP. Data 708 
were expressed as a percentage of the untransduced control and analysed by a one-way 709 
ANOVA followed by a Dunnett post hoc test. Data are shown as mean ± SEM from three 710 
independent experiments. *, P<0.05 for difference between untransduced control and 711 
miR-7 treated samples. C | Representative Western blot of α-synuclein expression after 712 
transduction of miR-7T-AsRed (MOI, 0, 0.1, 1 and 5). α-tubulin was used as a protein 713 
loading control. D | Mean levels of α-synuclein in C following transduction with miR-7T-714 



AsRed. Data were expressed as a percentage of the untransduced control and analysed 715 
by a one-way ANOVA followed by a Dunnett post hoc test. Data are shown as mean ± 716 
SEM from three independent experiments.  **, P<0.01 for difference between 717 
untransduced control and miR-7T treated samples. MOI: multiplicity of infection; UT: 718 
untransduced control. 719 

Figure 3| α-synuclein quantification in the SNpc at 16 and 24 weeks after double site 720 
injection of the miR-7T-AsRed lentiviral vector   721 

A| Representative Western blots of α-synuclein expression in the miR-7T injected SNpc 722 
and the control non-injected left SNpc at 16 and 24 weeks post surgery. α-tubulin was 723 
used as a protein loading control. B | Mean levels of α-synuclein expression after double 724 
site injections of either the miR-7T (16 weeks n=6, 24 weeks n=4) or control cmv-AsRed 725 
lentiviral vector (24 weeks n=3). Data were expressed as a percentage of the control non-726 
injected hemisphere and analysed by a paired t-test for each time point. Data are shown 727 
as mean ± SEM.  *, P<0.05 **, P<0.01 for a difference between the miR-7T injected 728 
SNpc and the control non-injected SNpc. C | Representative images of α-synuclein-PLA 729 
(red) and nuclear counterstain (blue) of miR-7T injected mice 24 weeks after injection. 730 
Scale bar: 25μm D | Mean levels of α-synuclein-PLA expression after double site 731 
injection of the miR-7T 24 weeks post-surgery (n=3). Data were expressed as a 732 
percentage of the control non-injected hemisphere and analysed by a paired t-test. Data 733 
are shown as mean ± SEM.  *, P<0.05 for a difference between the miR-7T injected SNpc 734 
and the control non-injected SNpc. E | Representative images of α-synuclein-PLA (red) 735 
and nuclear counterstain (blue) of control injected mice 24 weeks after injection. Scale 736 
bar: 25μm SNpc: substantia nigra pars compacta 737 

 738 

Figure 4 | MiR-7T and TH expression in the SNpc at 16 and 24 weeks after double 739 
site injection of the miR-7T-AsRed lentiviral vector   740 

A | Representative images of TH (green) and miR-7T-AsRed (red) expression in the right 741 
SNpc compared to the non-injected control SNpc at 16 and 24 weeks post surgery. Scale 742 
bar: 100μm. B | Number of TH positive cells after double site injections of the miR-7T-743 
AsRed lentiviral vector into the right SNpc. Data were expressed as a percentage of the 744 
control non-injected SNpc and analysed by a paired t-test for each time point. Data are 745 
shown as mean ± SEM. ***, P<0.001, **, P<0.01, *, P<0.05 for a difference between 746 
the miR-7T injected SNpc and the control non-injected SNpc. C | Mean levels of TH 747 
protein expression after double site injections of the control cmv-AsRed lentiviral vector 748 
into the right SNpc. Data were expressed as a percentage of the control non-injected 749 
SNpc and analysed by a paired t-test. Data are shown as mean ± SEM. Representative 750 
western blot is also shown of TH expression in the CMV-AsRed injected SNpc (AsRed) 751 
and the control non-injected SNpc (control) at 24 weeks post surgery. α-tubulin was used 752 
as a protein loading control. SNpc: substantia nigra pars compacta; TH: Tyrosine 753 
hydroxylase. 754 

Figure 5 | HPLC analysis of striatal samples and VMAT2 SNpc quantification after 755 
double site injection of the miR-7T-AsRed lentiviral vector   756 

Striatal levels of A | Dopamine (DA), B | 3,4-Dihydroxyphenylacetic acid (DOPAC), C | 757 
Homovanillic acid (HVA) after injection of miR-7T or control CMV-AsRed. Data were 758 



analysed by a paired t-test for each time point (MiR-7T 16 weeks n=6, 24 weeks n=3, 759 
CMV-Asred 24 weeks n=3). Data are shown as mean ± SEM. *, P<0.05 for a difference 760 
between the miR-7T-AsRed injected SNpc and the control non-injected SNpc. D | Number 761 
of VMAT2 positive cells after double site injections of the miR-7T-AsRed lentiviral vector 762 
into the right SNpc. Data were expressed as a percentage of the control non-injected 763 
SNpc and analysed by a paired t-test for each time point. Data are shown as mean ± SEM. 764 
*, P<0.05 for a difference between the miR-7T injected SNpc and the control non-injected 765 
SNpc. SNpc: substantia nigra pars compacta. 766 

Figure 6 | Locomotor activity in mice injected with miR-7T-AsRed or control cmv-767 
AsRed lentiviral vector 2, 10 and 20 weeks post-surgery   768 

A | Total distance moved in cm over 30 minutes (n=10). B | Total velocity over 30 minutes 769 
(n=10). C | Number of amphetamine induced ipsilateral rotation after injection of the 770 
miR-7T-AsRed lentiviral vector at 5 minute intervals (n=10). D | Number of amphetamine 771 
induced ipsilateral rotations after injection of control cmv-AsRed lentiviral vector at 5 772 
minute intervals (n=5). E | Total number of amphetamine induced ipsilateral rotations 773 
after 90 minutes. Data were analysed by a two way ANOVA followed by a Bonferroni 774 
post hoc test. Data are shown as mean ± SEM. No significant difference was found. 775 

 776 

Figure S1 | Human brain tissue samples 777 

Figure S2 | MiR-7 and miR-7T sequences 778 

A | MiR-7 sequence. B | MiR-7T sequence. The MiR-7T sequence contains four 779 
complementary binding sites for miR-7, which are represented by the four blue boxes.  780 

Figure S3 | MiR-7 lentiviral construct 781 

MiR-7 sequence was inserted between the XbaI and BamHI restriction sites upstream of 782 
a GFP reporter gene in the pRRL-sincppt.CMV-GFP.wpre lentiviral backbone. 783 

Figure S4 | MiR-7T lentiviral construct 784 

MiR-7T sequence was inserted between the EcoRI and KpnI restriction sites downstream 785 
of an As-Red reporter gene in the pRRL-sincppt.cm-AsRed.wpre lentiviral backbone. 786 

Figure S5 | Knockdown of miR-7T-AsRed expression by miR-7-GFP 787 

A | HEK293T cells were co-transduced with miR-7T-AsRed (MOI 2) and miR-7-GFP 788 
(MOIs 0, 0.1, 1 and 5) lentiviral vectors and the expression visualised by fluorescence 789 
microscopy. Hoechst staining of the nuclei is shown in blue. Scale bar: 100μM. Green: 790 
GFP; red: AsRed. B | Representative Western blot using the AsRed antibody to detect 791 
miR-7T expression (MOI 2) after co-transduction with the miR-7-GFP lentiviral vector 792 
(MOI 0,1,5 and 10). α-tubulin was used as a protein loading control. C | Mean levels of 793 
AsRed protein from B calculated from 3 independent experiments.   Data were expressed 794 
as a percentage of the untransduced control and analysed by a one-way ANOVA followed 795 
by a Dunnett post hoc test. Data are shown as mean ± SEM from three independent 796 
experiments. ***, P<0.001 for difference between control and miR-7 treated samples. 797 
MOI: multiplicity of infection; UT: untransduced control. 798 



Figure S6 | MiR-7 binding sites on the 3’UTR snca 799 

Predictive binding sites of miR-7 on the 3’UTR snca using miRanda software. All binding 800 
sites show a score of >80 indicating a strong binding site. 801 

Figure S7 | Validation of miR-7-GFP binding to the 3’UTR of the mouse snca gene 802 

A | The conserved miR-7 binding site on 3’UTR snca gene. The seed match is indicated 803 
in red on the human, mouse and rat snca gene. B | Schematic diagram of the mouse snca 804 
3’UTR luciferase construct. C | HEK293T cells were co-transfected with the 3’UTR snca 805 
plasmid and the miR-7, control miR (449) or GFP control plasmid. Cells were harvested 806 
48h later and the luciferase activity measured. Data were expressed as a percentage of 807 
the GFP control and analysed by a one-way ANOVA followed by a Dunnett post hoc test. 808 
Data are shown as mean ± SEM from three independent experiments. *, P<0.05 for 809 
difference between GFP control and miR-7 treated samples. 810 

Figure S8 | Design of in vivo experiments 811 

A | Design of experiment 1. Animals were injected with the miR-7T-AsRed lentiviral 812 
vector into one site of the right substantia nigra (RSN) whereas a control cmv-AsRed 813 
lentiviral vector was injected into the same site in the left substantia nigra (LSN). Animals 814 
were left for 16 and 24 weeks before being sacrificed for immunohistochemistry and 815 
biochemical analysis. The 24 weeks animals were also tested for behavioural analysis at 816 
2, 10 and 20 weeks post surgery. B | Design of experiment 2. Animals were injected with 817 
the miR-7T-AsRed or control cmv-As Red lentiviral vectors into two sites of the right 818 
substantia nigra (RSN). MiR-7T-AsRed injected animals were left for 16 and 24 weeks 819 
before being sacrificed for immunohistochemistry and biochemical analysis. Control 820 
injected animal were left for the full 24 week before being taken for biochemical analysis. 821 
The 24 weeks animals were also tested for behavioural analysis at 2, 10 and 20 weeks 822 
post surgery. RSN: right substantia nigra; LSN: left substantia nigra; AP: 823 
anterior/posterior; ML: medial/lateral; DV: dorsal/ventral; SNpc: substantia nigra pars 824 
compacta; HPLC: high performance chromatography. 825 

Figure S9 | α-synuclein and TH quantification 16 and 24 weeks post-surgery after 826 
single site injection of the miR-7T-AsRed lentiviral vector   827 

A | Mean levels of α-synuclein expression after single site injection of the miR-7T-AsRed 828 
lentiviral vector into the right SNpc and the control cmv-AsRed lentiviral vector into the 829 
left SNpc at 16 weeks (n=4) and 24 weeks post surgery (n=5). Data were expressed as a 830 
percentage of the control cmv-AsRed injected hemisphere and analysed by a paired t-test 831 
for each time point. Data are shown as mean ± SEM. No significant difference was found. 832 
Representative western blot are also shown of α-synuclein expression in the miR-7T-833 
AsRed injected SNpc and the control cmv-AsRed injected left SNpc at 16 and 24 weeks 834 
post surgery. α-tubulin was used as a protein loading control. B | Number of TH positive 835 
cells after injection of the miR-7T-AsRed lentiviral vector into the right SNpc and the 836 
control cmv-AsRed lentiviral vector into the left SNpc at 16 weeks (n=3) and 24 weeks 837 
post surgery (n=4). Data were expressed as a percentage of the control cmv-AsRed 838 
injected SNpc and analysed by a paired t-test for each time point. Data are shown as 839 
mean ± SEM. *, P<0.05 for a difference between the miR-7T-AsRed injected SNpc and 840 
the cmv-AsRed injected SNpc. C | Representative images of TH (green) and miR-7T-841 
AsRed (red) expression in the right SNpc compared to the control cmv-AsRed (red) 842 



injected left SNpc at 24 weeks post surgery. Scale bar: 100μm. D | Number of 843 
amphetamine induced ipsilateral rotations at 5 minute intervals. E | Total number of 844 
amphetamine induced ipsilateral rotations after 90 minutes. Data were analysed by a 845 
one-way ANOVA followed by a Newman Keuls post hoc test. Data are shown as mean ± 846 
SEM. No significant difference was found. SNpc: substantia nigra pars compacta; TH: 847 
Tyrosine hydroxylase. 848 

Figure S10 | HPLC analysis 16 and 24 weeks post surgery after single site injection of 849 
the miR-7T-AsRed Lentiviral vector   850 

Striatal levels of A | Dopamine (DA), B | 3,4-Dihydroxyphenylacetic acid (DOPAC), C | 851 
Homovanillic acid (HVA). Data were expressed as a percentage of the control injected 852 
hemisphere of the brain and each time point analysed by a paired t-test (16 weeks n=5, 853 
24 weeks n=6). Data are shown as mean ± SEM. No significant difference was found. 854 
 855 
Figure S11 | Detection of oligomeric forms of α-synuclein using PLA 856 
A | Top: electron microscopy analysis of monomeric, oligomeric and fibrillar α-857 
synuclein, at 23000 magnification. Scale bars = 500 nm. Bottom: α-synuclein -PLA 858 
analysis of monomeric, oligomeric and fibrillar α-synuclein. Scale bars = 25 um. 859 
Representative images of three independent experiments are shown. B | Quantitation of 860 
three independent experiments is shown. Error bars are + SD. *, P<0.05. One-way 861 
ANOVA with Turkey’s multiple comparisons test. 862 
 863 
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