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Materials and methods 
 
Construction of targeting vectors 
MicroRNA-183/96/182 targeting vector was constructed by cloning mouse genomic fragments 
from the C57BL/6J RPCIB-731 BAC into a targeting vector, and electroporated into C57BL/6N 
ES cells after the sequence was confirmed. ES clones were selected with puromycin and 
gancyclovir and homologous recombination was assayed by Southern blot using 5’ probe (cloned 
using PCR primers: Forward 5’CTCTAGTTTG AGTCTGAAGCTCTC3’ Reverse 
5’AAGGAGACTTTTGTTACCCTGAGG3’) and 3’ probe (cloned using PCR primers: Forward 
5’AGTTGTGTCGTCCAATCTCCATGC3’ Reverse 
5’TGGACTTCCCTAGAGGACCATTGG3’) according to standard procedures. One of several 
correctly targeted ES cell clones was used for the production of chimeric mice by blastocyst 
injection. 
TrkB-CreERT2 targeting vector was constructed by cloning 5’ homologous arm (6322-bp, PCR 
forward primer 5’AGGCCGGCCAGTGTGCAGGTAAAGGAGCCGT3’, PCR reverse primer 
5’TGCGGCCGCACTAGTGCTAGCAGGACCCTAGCCTAGGATAT 
CCAGGTAGACGGGAGATGCCTTGGCCAAGTTCTGAAGGAGGGTGT) and 3’ 
homologous arm (5929-bp, PCR forward primer 5’AGCGGCCGCGGCGCGCCCAGTA 
CTGGATCCTTCTGCCCAGACCGTCCTTCCCAAGGCCCTCCTCAGACTGGCCTACACGA
CGAACCTCTTGACTG3’, PCR Reverse primer5’TGCGGCCGCGGCCGGCC 
ACGCCTTTAATCCCAGCACTC3’) from C57BL/6 genomic DNA into a targeting vector and 
electroporated into ES cells after sequence was confirmed. ES clones were selected with 
neomycin and homologous recombination was assayed by Southern blot using 5’ probe (cloned 
using PCR primers: Forward 5’TCAAAGACAGGTGCCCATCTCCAAC 3’ Reverse 
5’GCTTCCTAAGCCTGGTACACATTCC 3’) and 3’ probe (cloned using PCR primers: 
Forward 5’ CCTGTAGTTTCTGAAAGAGCAGGCG 3’ Reverse 
AAGAAGTTAAGCATCCGAGGAGTGC3’) according to standard procedures. One of several 
correctly targeted ES cell clones was used for the production of chimeric mice by blastocyst 
injection. 
 
Animals and treatments 
miR-183/96/182-floxed strain: F3-flanked puromycin cassette in chimeric mice was excised by 
crossing with Flp-Deleter mice, and then miR-183/96/182fl/+ mice were identified by PCR (using 
primers: Forward 5’ GCAGAGTCACAAACATGTGTAGC3’, Reverse 
5’GAGTGTGCTGACAGTCTAGACTGC3’) and crossed with Wnt1-Cre 129/SvEv mice (10) to 
obtain Wnt1-Cre; miR-183/96/182fl/+ mice. Wnt1-Cre; miR-183/96/182fl/+ mice were mated to 
miR-183/96/182fl/+ mice to obtain Wnt1-Cre; miR-183/96/182fl/fl mice and Wnt1-Cre control mice.  
TrkB-CreERT2 strain: FRT-flanked neomycin cassette in chimeric mice was excised by crossing 
with Flp-Deleter mice, and then TrkBCreERT2/+ mice were identified by two PCRs with a band at 
330 bp for CreERT2 and a band at 338 bp for TrkB WT, respectively. Forward primer for 
CreERT2 is 5´-CAC CCT GTT ACG TAT AGC CG-3´ and Reverse primer is 5´-GAG TCA 
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TCC TTA GCG CCG TA-3´. Forward primer for TrkB WT is 5´-GTG TCC CCA GGA GGT 
GTA TG-3´ and Reverse primer is 5´-GAC AAT GCC AGA AGC GAG TTA-3´. 
Transgenic TH-Cre mouse was descripted previously (11). In order to examine Cre-mediated 
homologous recombination efficiency Wnt1-Cre, TrkBCreERT2/+ and TH-Cre mice were crossed 
with ROSA26Tomato (Gt(ROSA)26tm9(CAG-tdTomato, Jackson laboratory) mice to obtain Wnt1-
Cre; ROSA26Tomato/+, TrkBCreERT2/+; ROSA26Tomato/+ and TH-Cre; ROSA26Tomato/+ mice 
respectively. To analyse function of miR-183 cluster in DRG neurons, TrkBCreERT2/+, TH-Cre and 
RosaCreER/+ [B6.129-Gt(ROSA)26Sortm1(cre/ERT2)Tyj/J, Jackson laboratory] mice crossed with 
miR-183/96/183fl/fl mice to obtain TrkBCreERT2/+; miR-183/96/183fl/+, TH-Cre; miR-183/96/183fl/+ 
and RosaCreER/+; miR-183/96/183fl/+ mice respectively. TrkBCreERT2/+; miR-183/96/183fl/+, TH-Cre; 
miR-183/96/183fl/+ and RosaCreER/+; miR-183/96/183fl/+ mice were further crossed with miR-
183/96/183fl/fl mice to obtain TrkBCreERT2/+; miR-183/96/183fl/fl and TH-Cre; miR-183/96/183fl/fl 
mice, respectively. TrkBCreERT2/+; ChR2+/-mice were obtained by crossing TrkBCreERT2/+mice with 
ChR2+/--EYFP mice [B6;129S-Gt(ROSA)26Sortm32(CAG-COP4*H134R/EYFP)Hze/J] which 
were purchased from the Jackson Laboratory. Timed pregnant females were used for collection 
of embryonic stages; noon of the day of vaginal plug detection was designated as E0.5. All 
animal work was conducted under ethical permission from the local ethical review panel, Norra 
Djurförsöksetiska Nämnden. 
Gabapentin (30 mg/kg) was administrated via i.p into adult Wnt1-Cre and Wnt1-Cre; miRfl/fl mice 
and behaviour tests were performed 30 minutes after Gabapentin administration and finished 
within 1 hour. Gabapentin (100 mg/kg) was administrated via i.p. into adult Wnt1-Cre and Wnt1-
Cre; miRfl/fl mice on day 14 and adult TrkBCreErT2/+; ChR2+/- mice as well as its littermate controls 
on day 7 after spared nerve injury (SNI), respectively. Behaviour tests were performed before and 
at 30, 45 and 60 minutes after gabapentin administration. 
Tamoxifen (100 mg/kg) was administrated via gavage into pregnant mice at stage of embryonic 
day 14.5, and the E18.5 pups were taken out via cesarean section and given to NMRI foster 
mother. Age-matched adult Rosa26CreER/+ and Rosa26CreER/+; miRfl/fl mice were administrated 
tamoxifen (100 mg/kg) via gavage for 5 consecutive days and behavior tests were performed 6 
days after tamoxifen administration. 

In situ hybridization and histology 
Paraffin sections (8 μm) and cryosections (14 μm) were processed and hybridizations were 
performed as previously described (24). Digoxigenin (DIG)-labelled LNA probes for miR-183 
and miR-182 (Exiqon, Denmark), and DIG-labelled RNA probe for miR-96 and miR-182 
(Pengekiphen, Suzhou, China) were used. Alkaline-phosphatase-conjugated anti-digoxigenin 
antibody (Roche, 1: 2000) was used and Alkaline phosphatase staining was developed with Fast 
Red (Roche) and then followed by counterstaining with DAPI or immunostaining for ISL1 (clone 
39.4D5; Developmental Studies Hybridoma Bank (DSHB), The University of Iowa, Iowa City, 
USA, 1 : 100). Transcripts of Cacna2d1, Cacna2d2, Scn10a and Ntrk2 (TrkB) were detected on 
12-µm-thick fresh frozen sections from the 5th lumbar DRG of wild-type animals using 
RNAscope® Fluorescent Multiplex Reagent Kit (Cat No. 320850) and the probes (Cacna2d1 
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[Cat No. 417141]; Cacna2d2 [Cat No. 449221]; Scn10a [Cat No. 426011-C2], Ntrk2 [Cat No. 
423611-C3]), Advanced Cell Diagnostics Inc.), according to the manual.  
 
Immunostainings 
Immunostainings on 14-μm thick cryosections were performed as previously described (13). The 
following primary antibodies were used: mouse antibodies against ISL1 (DSHB, USA, 1:100) 
and against NeuN (Millipore, USA, 1:500), Rabbit antibodies against NECAB2 (Proteintech 
Europe, 1:1000) ), CACNA2D1 (Atlas antibodies, 1:400), CACNA2D2 (ThermoFisher 
Scientific, 1:50) and PKCγ (Santa Cruz, USA, 1:200), goat antibodies against TRKA (R&D 
systems, Minneapolis, MN, USA, 1 : 500), TRKB (R&D systems, Minneapolis, MN, USA, 1 : 
500) and Fos (Santa Cruz, USA, 1:200), Guinea pig antibody against TLX3 (kind gift from T. 
Müller, The Max Delbrück Center for Molecular Medicine). Secondary antibodies were 
fluorescently labeled (AlexaFluor 405/488/594/647; Molecular Probes, Invitrogen, USA). 
Fluorescent images were taken with a confocal laser scanning microscope (Olympus FV1000 or 
Zeiss LSM700), and processed with Adobe Photoshop CS software. 
 
Quantification methods  
TLX3 and Tomato positive cells were counted on three L5 DRG sections from 3 adult Wnt1-Cre; 
ROSA26Tomato/+ mice. TRKB, Tomato and NECAB2, TRKA, Isl1 and TH positive cells were 
counted on every ninth serial section through L5 DRG from adult TrkBCreERT2/+; Rosa26RTom/+ 
mice or from P0 TH-Cre; ROSA26Tomato/+ mice. Integrated density of immunostaining signal of 
CACNA2D1 and CACNA2D2 was measured in NF200- or TRKB+ neurons from three L5 DRG 
sections of each Wnt1-Cre; miRfl/f l (n=3) and each control mice (n=3) using ImageJ. The 
percentage of cells expressing mRNA of Scn10a, TrkB, Cacna2d1 and Cacna2d2 was determined 
by counting nine L5 DRG sections from two wild type mice. Fos+ cells were counted on eight 
position-matched spinal cord sections from serial sections through L4-5 segment. All values 
shown are mean ± SEM. Statistical significance between groups was assessed by t-tests using 
Graphpad prism 5. A value of P < 0.05 was considered significant.  

Real-Time qRT-PCR  
Total RNA was isolated from mouse L4-L6 DRG using Trizol Reagent (Invitrogen) and treated 
with RNase-free DNase I (Qiagen), afterwards 0.5-1 µg total RNA was polyadenylated and 
reverse transcribed using Catch-All™ miRNA&mRNA RT-PCR Kit (Pengekiphen, Suzhou, 
China) according to the manufacturer’s instructions. For detection of miRNA expression levels, 
qRT-PCR assays were conducted using the Catch-All™ miRNA&mRNA universal PCR primer 
as reverse primer, and the specific miRNA forward primers listed in Table 1. The amplification 
conditions were an initial step at 95 °C for 10 min, followed by 40 cycles of 15 s at 95°C and 
1 min at 60°C. All assays were performed in triplicate and included negative controls. The Ct 
value was recorded for each reaction, and the expression level of miRNAs was calculated relative 
to U6, a ubiquitously expressed snRNA. The expression level of Cacna2d1 and Cacna2d2 was 
normalized to 18S ribosomal RNA.  
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Electrophysiological Recordings 
Intrinsic membrane properties of primary culture DRG neurons were obtained using whole-cell 
patch-clamp electrophysiological recordings. Cells were kept in flowing oxygenated artificial 
cerebrospinal fluid with the following composition (in mM): 125 NaCl, 2.5 KCl, 25 NaHCO3, 
1.25 NaH2PO4, 1 MgCl2, 2 CaCl2, 20 mM HEPES and 20 mM glucose at 32 ± 0.5 °C. Patch 
electrodes (borosilicate glass; resistance 5–10 MΩ; Hilgenberg, GmbH) were filled with internal 
solution containing (in mM): 128 K-gluconate, 4 NaCl, 0.3 Mg-GTP, 5 Na-ATP, 10 HEPES, 1 
glucose, and 5 mg/mL of biocytin (Sigma) or 105 K-gluconate, 30 KCl, 10 Na-Phosphocreatine, 
10 HEPES, 4 Mg-ATP, 0.3 Na-GTP, and 5 mg/mL of biocytin (Sigma). All recordings were 
performed in current-clamp mode, Multiclamp 700B (Molecular Devices) amplifiers, and 
analyzed off-line in Clampfit v.10.2.  
Resting membrane potential (RMP), input resistance (Rin) and membrane capacitance (Cm) was 
measured momentarily after membrane rupture. The first AP discharged upon small steps of 
increasingly depolarizing current injections was used to measure following parameters: voltage 
AP threshold, AP amplitude, AP half-width, after hyperpolarization (AHP) latency and AHP 
amplitude. The cell was further depolarized until firing failure in order to acquire maximum 
firing frequency.  
Differences between the groups were tested using two-tailed unpaired T-tests (GraphPad Prism 
version 6; San Diego, CA, USA). Cells with AP amplitude below 30 mV and Rin below 30 MΩ 
were considered unhealthy and excluded from analysis. Area of the cells was measured post-hoc 
using Image J 1.50i (NIH, Bethesda, MD, USA). 
 
Rotarod  
Adult (2-4 month) WT，  Wnt1-Cre and Wnt1-Cre; miRfl/fl mice were trained on a rotarod 
apparatus with 5 champers (UGO BASILE, Comerio, VA, Italy) from speed 10 rpm to 20 rpm to 
30 rpm, each training section for 20 min. One week later Wnt1-Cre and Wnt1-Cre; miR-fl/fl mice 
ran on rotarod for 10 min at speed of 30 rpm, meanwhile WT mice were resting in their home 
cage. All mice were anesthetized and perfused with 1 × PBS and followed by 4% PFA. L4-6 
segment spinal cord were dissected out and immersion fixation in 4% PFA for 90 min. After 
washing in PBS for 2 × 5 min spinal cord fragment were immersed in 15% sucrose for 16 hrs and 
30% sucrose for 16 hrs, further embedded in OCT, frozen and sectioned at thickness of 14 μm.  
 
Expression profiling of mouse DRG 
Lumber 4-6 DRG tissue was dissected from un-operated control mice and Wnt1-Cre; miRfl/fl mice 
as well as operated control mice and Wnt1-Cre; miRfl/fl mice at 14 days after spared nerve injury. 
Total RNA was isolated using Trizol Reagent (Invitrogen) and processed with TruSeq Stranded 
mRNA Sample Prep Kit (Illumina/USA) to get the cDNA library according to the manual. The 
adapter-ligated libraries were sequenced on the Hiseq 2500 sequencer (Illumina) according to the 
manufacturer’s instructions. Reads were mapped with Tophat/2.0.4 to the mouse genome 
assembly, bam files from samples run on different lanes were merged with samtools, and FPKM 
values were calculated using the Cufflinks program with ENSEMBL annotation of genes and 
transcripts for each sample. Raw counts for genes were generated using htseq/0.6.1 on bam files 
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with duplicates included and analyzed using DEseq2 (25) to get the log2 fold change, base mean 
and P value for comparisons of CKO Ctl VS WT Ctl, WT SNI VS WT Ctl and CKO SNI VS WT 
Ctl. The fold change of CKO SNI VS WT SNI was calculated by comparing the fold change of 
CKO SNI VS WT Ctl to the fold change of WT SNI VS WT Ctl. To further analyze up or down 
regulated genes, cutoff with basemean<30 was used to exclude genes with very low expression 
levels. The list of up or down regulated genes with certain threshold of fold change and P value is 
listed in Supplementary Table S2.  
MA-plots of log2-fold changes were generated by DEseq2 using raw counts. Scatter plots of log2 
fold changes of each gene (on the y-axis) versus the mean of normalized counts of each gene (on 
the x-axis) were produced. Graphs showing the fold-change (mean±SE) of genes calculated by 
DEseq2 and the error bar were the same proportion of fold change as the percentage of log2 fold 
change standard error to log2 fold change which was given by DEseq2. Note that red dots in MA-
plots graphs in Fig. 2A and Fig. 3, A and B, were enlarged for visualization and that it shows all 
genes, including protein-coding and non-coding genes above indicated threshold of fold-change 
and P value less than 0.01, while only protein-coding genes with basemean ≥30 were included for 
String network analysis. The RNA-seq raw data as well as gene read counts for individual 
samples are accessible at Gene Expression Omnibus (GEO) under accession number GSE99265. 
 
Behavioral tests and surgery  
Before each behavioral test, mice were placed under glass chambers on top of a wire mesh-top 
table and allowed to acclimate for 20 minutes.  Baseline was measured in 2 consecutive days in 
response to mechanical (Von Frey hairs; Stoelting, IL, USA), light touch (Von Frey hairs), cold, 
and heat and pinprick stimuli.  
Mechanical test: The plantar surface of the hind paws was stimulated with a set of calibrated 
monofilaments (Von Frey hairs with increasing force until desired responses were elicited. The 
range of stimulus forces was 0.008–10 g). Each monofilament was applied five times. The force 
at which the animal withdrew the paw from at least three out of five consecutive stimuli was 
recorded as paw withdrawal threshold. Nocifensive-like hyperalgesia in Wnt1-Cre; miRfl/fl mice 
was evaluated by measuring the response to 1.4 g von Frey stimuli which is nearly the threshold 
for withdrawal response in Wnt1-Cre mice. A score system was used to classify the response. 0-
no response; 0.5-gently movement of hind paw, awareness of stimuli; 1-clear withdrawal; 2-more 
robust withdrawal, or repetitive withdrawal combined with shaking or licking.  
Heat (Hargreaves’) test: Response to heat stimulation was tested with a radiant heat source (IITC, 
Woodland Hills, CA, USA) aimed at the plantar surface of the hind paw and the latency of 
withdrawal was measured in seconds. A cutoff time of 30 seconds was used to protect from tissue 
injury.  
Cold test:  Response to cold stimuli was tested by a drop of 0.15 ml acetone from 1 ml syringe to 
the plantar of hind paw. Number of hind paw withdrawal after application was recorded.  
Pinprick test: A 27-gauge needle was gently applied to the plantar surface of the hind paw 
without penetrating the skin. A score system was used according to the extent of the response. 0- 
no response; 1- move, look around to see what happened; 2-brief quick lift or withdrawal or 
remove away of hind paw; 3- brief quick shakes of hind paw, or jumps; 4- based on score 3, 1-2 
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extra high frequency shakes of hind paw; 5- based on score 3, 3--4 extra high frequency shakes of 
hind paw; 6-- based on score 3, 5-7 extra high frequency shakes of hind paw. 
Light touch sensitivity: This mechanosensation was measured by Von Frey filaments starting 
from the lowest force. When the force of filament increased, the paw of the mice started to react 
either by twisting or gently stretching the toes ⁄ paw. The first sign of such behavior indicated that 
the animal could feel the stimulation. The threshold to such response was much lower than those 
which induced a withdrawal response. Thus, the force which elicited twist or gentle stretch of the 
toes ⁄ paw was taken as light-touch (mechanosensation) threshold, which was usually lower than 
0.16 g in our test paradigm. 
Surgery: Spared nerve injury (SNI) surgical procedures were performed under anaesthesia with 
isoflurane (1.8%) as previously described (21, 26). Briefly, the skin of the mid-thigh from left 
lateral surface was incised and a separation was made directly through the biceps femoris muscle 
exposing three terminal branches of the sciatic nerve: common peroneal, tibial and sural nerves; 
The common peroneal and tibial nerves were tightly ligated with 6-0 silk (Ethicon), transected 
together distally to the ligation and a piece of 1-2 mm of the nerve was removed from the distal 
stump avoiding any contact with or stretching of the intact sural nerve during the surgery process. 
Finally, muscle and skin were closed in two layers with 5-0 silk. Behavior tests were performed 
before and on day 3,7,14 after nerve injury 
Optogenetic activation: LED of wave length 470nm was used to activate channelrhodopsin2 
(ChR2). In house made instrument delivering light through flexible optical fiber bundle (diameter 
5 mm) was controlled by laptop and permitted programming of all parameters of stimulation 
pattern. In the paradigm, one train contains 10 stimuli with 5-s interval. Each stimulus includes 
10 cycle of 10 ms light on and 90 ms light off. Light was applied to the hind paw of TrkBCreErT2/+; 
ChR2+/- and control mice. Heat production was avoided by using a long optical fiber. The power 
of the light was measured with Laser power meter (Model: Field Max II with thermopile sensor, 
Coherent, USA). Different power level from low to high was used in experiments. The 
mechanical threshold was measured with Von Frey alone or in combination with stimulation by 
light. 
In littermate control mice, optogenetic activation did not induce stimuli-associated behaviors, 
neither withdrawal nor shaking or licking of the stimulated paw before and 7 days after SNI. In 
non-SNI TrkBCreErT2/+; ChR2+/-mice, optogenetic activation did not induce behavior; but 7 days 
after nerve injury, above responses (shaking, licking or withdrawal) were elicited by light on the 
paw of injured side. Numbers of mice showing above responses were counted and data was 
transformed to percentage of responding mice.  
Behavioral data was analyzed with Graphpad prism 5. In mechanical, cold, heat and light touch 
tests, data was shown as mean ± sem. In pinprick test and nocifensive-like hyperalgesia test 
in Wnt1-Cre; miRfl/fl mice, data was shown as median ± interquartile range. A value of P < 0.05 
was considered significant. 
 
Human DRG eQTL cohort 
 eQTLs for dorsal root ganglia (DRG) were obtained from the Diatchenko lab 
(diatchenko.lab.mcgill.ca:/DRG-eQTLs/). In short, the cohort comprises samples that were 
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collected post-mortem from brain-dead subjects following asystole. They consist of snap-frozen 
DRG sourced from bilateral lumbar L4 and L5. The genotyping was done on Illumina's Human 
Omni Express chip (~1 M probes), while RNA levels were measured with Affymetrix's Human 
Transcriptome Array 2.0 (~70 K gene-level probes, ~900 K isoform-level probes). A total of 
N=214 samples with matched genotype / RNA levels are used in this study. Genotyping 
imputation and eQTL discovery were performed in an established and widely accepted manner. 
In particular, phasing was done using SHAPEIT computer program version v2.r790 (27, 28), 
followed by imputation using impute2 computer program version 2.3.2 (29, 30), all with phase 3 
data of the 1,000 genomes project, and in 1 Mb windows. Cohort composition is: median age 52, 
199/214 Caucasian, 105 females and 109 males. Statistical significance is assessed with FDR 
20% level to account for multiple testing. 
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Supplementary Figures and legends 
 

 
Fig. S1. Expression of miR-183-96-182 in the DRG. (A)  Expression of miR-183, miR-96 and 
miR-182 in adult WT DRG. MicroRNAs were detected by in situ hybridization with the probe of 
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miR-183, miR-96 and miR-182 (red) respectively (sections counterstained with DAPI). Scale 
bar=50 µm. 

(B)  Relative expression of miR-183, miR-96 and miR-182 in adult WT DRG. MicroRNAs were 
detected by qPCR and normalized to 10× small nuclear RNA U6 expression level (n=3 animals, 
Mean±SEM). 
(C)  miR-183, miR-96 and miR-182 in situ hybridization (red) reveals high expression levels in 
most or all DRG neurons (ISL1, green) of the E10.5 WT mouse embryo.  Scale bar=100 µm. 
(D)  qPCR for miR-183, miR-96 and miR-182 in DRG and spinal cord from E12.5 until adult, 
normalized to U6 expression level (n=3 biological replicates, Mean±SEM). 
(E)  qPCR of DRG for miR-182 and miR1271 that is a non-conserved paralog in the miR-183 
family that has mRNA targets similar to miR-96 in vitro (31) reveals that it is expressed at nearly 
four thousand-fold lower level compared to miR-182. (n=3 animals, Mean±SEM, **P<0.01 t-
test).  
(F) qPCR of miR1271 in control and Wnt1-Cre; miRfl/fl mice (miR CKO) shows that there is no 
compensatory upregulation of miR-1271 in miR183 cluster-deficient mice. (n=3 animals, 
Mean±SEM. n.s. no significance P>0.05 t-test). 
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Fig. S2. Conditional targeting of the miR-183/96/182 cluster and targeting of CreERT2 into 
the 3´UTR of the TrkB locus. (A) Schematic illustration of gene-targeting for the miR-183 

10 
 



 
 
cluster genomic locus indicating the locus, the target vector and targeted allele. Targeted miR-
183-96-182 gene was flanked by two loxP sites in the homologous recombination ES clones.  

(B) Clones were screened by southern-blot using 5’ probe (detecting a 16 kb WT band and a 12.1 
kb floxed band in HindIII-digested genomic DNA, upper panel) and 3’ probe (detecting a 16.3 kb 
WT band and a 10.5 kb floxed band in SphI-digested genomic DNA, middle panel).  Bottom 
panel: PCR was employed to genotype the mice carrying WT allele (188 bp, lower band) and/or 
floxed allele (348 bp, upper band).   
(C) Confirmation that expression of miR-183 cluster was depleted in DRG of Wnt-Cre; miRfl/fl 
mice from E12.5 onwards.  MiR-183 and miR-182 were detected by in situ hybridization in DRG 
WT mice (upper panel), but not in DRG (circled by dash line) of Wnt-Cre; miRfl/fl mice (bottom 
panel). Scale bars =50 µM. 
 (D) Targeting vector and genomic locus of TrkB (Ntrk2 gene). Full length TrkB 
(NM_001025074) has 18 exons and the stop codon TAG is in exon 18. The cassette of IRES-
CreERT2-poly A- FRT –poly A –Neomycin-PGK-FRT in the targeting vector is flanked by a 
6322 bp 5’ homologous arm and a 5929 bp 3’ homologous arm and breaks exon 18 at 6 
nucleotides downstream of the TAG stop codon. The restriction enzyme cutting sites for SpeI and 
BamHI on the targeted and WT alleles are shown. 
(E) Correctly targeted ES clone was identified by southern blot. 5’ probe and 3’ probes 
distinguished the targeted allele from WT allele in SpeI-digested and BamHI –digested genomic 
DNA, respectively. Clone 1, but not clone 2 or 3, was correctly targeted ES clone. 
(F) Result of genotyping PCR. The identification of TrkBCreERT2/+mice was confirmed by two 
different PCRs with a band at 330 bp for CreERT2 and a band at 338 bp for TrkB wildtype, 
respectively.  
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Fig. S3. Specific targeting of all, nociceptors or only TrkB+ neurons by mouse genetics 

(A) Recombination (Tomato, red) in all DRG neurons (TLX3+, green) in Wnt1-Cre; 
Rosa26Tomato/+ mice (arrows point to double+ cells). Quantification of TLX3+ and Tom + neurons 
from L5 DRG (n=3 animals). The number in the graph indicates number of positive neurons of 
all counted neurons. Scale bar =50 µM. 
(B) Recombination (Tomato, red) in NF1 class (NECAB2, blue) of TrkB+ neurons (green, arrows 
point at triple+ cells) in TrkBCreERT2/+; Rosa26Tomato/+ mice. Quantification of TrkB+, NECAB2+ 

and Tom+ neurons from L5 DRG (n=4 animals). The numbers in the graph indicate the percent of 
neurons. n=3 animals, Mean±SEM. Scale bar=50 µM. 
(C) Recombination (Tomato, red) in nociceptive neurons (TrkA, green) in TH-Cre; 
Rosa26Tomato/+ mice (arrows point at triple+ cells). Arrowheads point at TH+, Tomato+ and Isl1+ 
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triple positive cells. Quantification of TrkA+, Tom+, TH+ and TrkB+ neurons (neurons=Isl1+ cells) 
from L5 DRG (n=3 animals). The numbers in the graph indicate the percent of neurons. n=3 
animals, Mean±SEM. Scale bar =50 µM. 
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Fig. S4. Effects of miR-183 cluster depletion on touch, pinprick sensitivity and 
electrophysiology of DRG neurons. 

(A) Deficiency of miR-183 cluster in Wnt1-Cre; miRfl/fl mice does not affect light touch, and 
pinprick sensitivity compared to littermate controls. Wnt1-Cre, Wnt1-Cre; miRfl/fl n=8/8, Mann-
Whitney test, no significance.  
(B) Deficiency of miR-183 cluster in TrkBCreERT2/+; miRfl/fl mice does not affect light touch, and 
pinprick sensitivity compared to littermate controls n=7/genotype. Mann-Whitney test, no 
significance.  
(C) Deficiency of miR-183 cluster in TH-Cre; miRfl/fl mice does not affect light touch, and 
pinprick sensitivity compared to littermate controls. miRfl/fl control n=8, TH-Cre; miRfl/fl n=9. 
Mann-Whitney test, no significance.  
(D) Representative traces showing the current protocol used to evoke the first AP. Recordings of 
Wnt1-Cre; miRfl/fl (n=27) and WT control (n=13) DRG neurons show no significant difference in 
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area and input resistance (p=0.4510 and p=0.5306 respectively). Example trace describing how 
the intrinsic properties were measured. 
(E) Intrinsic properties of recorded neurons.  
  

15 
 



 
 

 
Fig. S5. Fos expression in spinal cord following intense non-painful mechanical stimuli in 
miR-183 cluster-deficient mice. 

Photomicrographs of dorsal spinal cords of WT, Wnt1-Cre and Wnt1-Cre; miRfl/fl mice 
immunohistochemically stained for Fos (in red) and PKCᵧ (in green, lamina IIi) reveals increased 
Fos+ cells after 10 minutes running on rotarod (30 rpm). Scale bar =50 µm. 
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Fig. S6. miR-183 cluster regulated gene network, expression of Cacna2d1/2 in nociceptors 
and TrkB+ neurons and lack of effect of gabapentin on cold, heat and pinprick sensitivity. 

(A) Upregulated genes in Wnt1-Cre; miRfl/fl mice (green circles indicates predicted targets of 
miR-183 cluster). Among 18 upregulated genes (1.8-fold, p<0.01 and basemean≥30), known pain 
genes indicated in red (pain-inducing genes) and purple (pain-preventing genes). No predicted 
interactions by String APP in Cytoscape. 
(B) Down-regulated DRG genes of Wnt1-Cre; miRfl/fl mice. Graph shows the 11 genes with 
protein coding sequence out of a total of 15 down-regulated genes (1.8-fold, p<0.01 and 
basemean≥30). No predicted interactions by String APP in Cytoscape. Htr1a (in red) is a known 
pain-inducer. The remaining four genes were either predicted genes or pseudogene, and were not 
included in the String database. None of the 15 down-regulated genes were predicted targets of 
miR183-cluster.  
(C) Cacna2d1 and Cacna2d2 mRNAs are expressed in both nociceptors and TrkB+ neurons. 
Tripple in situ hybridization (RNA Scope) for Scn10a (nociceptors, green), Cacna2d1 and 
Cacna2d2 (red) and TrkB (white), DAPI counterstained (blue). Note expression in nociceptors 
(arrowheads) and TrkB+ neurons (arrows). Scale bar = 50 µM. 
(D) CACNA2D1 and CACNA2D2 proteins are expressed in both nociceptors (Neurofilament 
heavy chain-negative cells, arrowheads) and TrkB+ neurons (arrows)  and are elevated in Wnt1-
Cre; miRfl/fl mice. Scale bar = 50 µM. 
(E) Gabapentin (30 mg/kg) does not affect sensitivity to cold, heat and pinprick between groups 
in control Wnt1-Cre mice and Wnt1-Cre; miRfl/fl mice. Gabapentin effects on pinprick were 
independent of miR-183 cluster. Wnt1-Cre n=6, Wnt1-Cre; miRfl/fl n=8, ***P<0.001 with 
Wilcoxon test. 
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Fig S7. Inverse correlation of miR-183 cluster expression and auxiliary VGCCs in human 
DRG. 

(A) Auxiliary voltage-gated calcium channels targeted by micro-RNAs in humans. Two auxiliary 
voltage-gated channels, CACNA2D1 (left) and CACNA2D2 (right), show complementarity to 
seed sequences of three micro-RNAs: hsa-miR-182 (green), -96 (red) and -183 (blue), according 
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to the miRcode database. Targeted regions are mainly 3’UTRs of the channels (2D1 and 2D2 are 
transcribed from the minus strand, hence their 3’UTR appear on the left). 
(B) Evidence for voltage-gated calcium channels silenced by micro-RNAs in human DRG. The 
mRNA levels of two calcium voltage-gated channels, CACNA2D1 (left) and CACNA2D2 (right), 
are negatively correlated with mRNA levels of three micro-RNAs, hsa-miR-182 (first column), -
96 (second column) and -183 (third column), in human DRG. Scatter plot shows normalized 
mRNA levels of a channel as a function of normalized mRNA levels of a micro-RNA, for N=214 
human samples. Pearson’s correlation coefficient of the mRNA levels along with corresponding 
P-value is indicated in the top right corner. A line in magenta shows linear regression of the 
correlation. 
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Fig. S8. The global neuropathic pain gene regulatory network is controlled by miR-183 
cluster.  
(A) Up-regulated pain-related genetic network in neuropathic WT mice identified by String APP 
in Cytoscape (the 38 genes with predicted connections (gray lines) out of 70 are shown, inclusion 
criteria upregulated more than 2-fold, p<0.01 and basemean≥30). Pain-inducer and pain-
preventer genes are colored by red and purple, respectively. Green circles mark genes that are 
predicted by TargetScan as targets of miR-183 cluster. 
(B) Up-regulated pain-related genetic network in neuropathic Wnt1-Cre; miRfl/fl identified by 
String APP in Cytoscape (the 102 with predicted connections (gray lines) out of 189 are shown, 
inclusion criteria as in A). Known pain-inducer and pain-preventer genes are colored by red and 
purple, respectively. Green circles mark genes that are predicted by TargetScan as direct targets 
of miR-183 cluster. Networks: cell structure (blue), chemokines, neuropeptides and complement 
components (orange), cell cycle proteins (magenta), not connecting to transcription factors: 
follistatin/activing (cyan), bioenergetics (yellow), galactosaminyl transferases (olive), 
carbohydrate sulfotransferases (white) and transporters of neutral amino acids (grey). The 
networks disconnected from the main transcriptional network included follistatin/activin and its 
receptors, bioenergetics, galactosaminyl transferases, carbohydrate sulfotransferases and 
transporters of neutral amino acids. 
(C) Down-regulated genes following SNI in WT mice. Two genes were down-regulated more 
than 2-fold, p<0.01 and basemean≥30 after SNI in WT mice when compared to wild-type 
controls. No interactions were seen between these two genes by String APP in Cytoscape. 
(D) Down-regulated genes following SNI in Wnt1-Cre; miRfl/fl mice (green circles indicates 
predicted targets of miR-183 cluster) when compared to wild-type controls. Graph shows 9 
down-regulated with inclusion criteria as in (C) which either have an interaction (by String APP 
in Cytoscape) with other regulated genes or are annotated as pain genes (pain-inducer in red and 
pain-preventer in pink) out of a total of 35 genes. 
(E) Interrogation if non-neuropathic miR-183 cluster deficient mice display gene regulation 
changes recapitulating neuropathy in wild-type mice. Genes with increased expression following 
SNI in wild-type mice (WT SNI/WT Ctl, blue bars) and increased by miR-183 cluster-deficiency 
(Wnt1-Cre; miRfl/fl mice, CKO Ctl/WT Ctl, red bars) that are shared between these two (green) 
with relaxing inclusion criterion reveals only two shared genes at the lowest inclusion criterion 
(1.6-fold increase). However, note that in this full transcriptome RNA sequencing miR-183-
dependent regulation of Cacna2d1 in non-neuropathic mice was not statistically significant 
although this was observed independently by qPCR in Wnt1-Cre; miRfl/fl mice (n=6 
animals/group, Fig. 2C), by qPCR in Rosa26CreER/+; miRfl/fl mice (n=3-4 animals/group, Fig. 2H) 
and immunohistochemistry (n=3 animals/group, Fig. 2D). Note also that expression of Cacna2d1 
increases further in neuropathic Wnt1-Cre; miRfl/fl mice compared to neuropathic WT mice (Fig. 
4C and fig. S10C). Thus, miR183 cluster suppresses Cacna2d1 expression in DRG neurons of 
non-neuropathic as well as neuropathic mice. 
(F) Shared up-regulated genes at 1.6-fold threshold between SNI in wild-type mice (WT SNI/WT 
Ctl) and miR-183 cluster-deficient (Wnt1-Cre; miRfl/fl mice, CKO Ctl/WT Ctl) mice (the two 
shared genes in E). 
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(G) Fold change of previously known pain related genes in L4-L6 DRG of SNI of wild-type mice 
(WT SNI, n=3) and SNI of Wnt1-Cre; miRfl/fl (CKO SNI, n=3) when compared to non-lesioned 
wild-type controls (WT Ctl, n=5), calculated by DEseq2. Note that several pain-inducer genes are 
further upregulated in neuropathic Wnt1-Cre; miRfl/fl as compared to wild type mice. 
(H) Same data as in (G) but shown as the ratio of fold-change of pain related genes confirms that 
all known pain-inducer genes were expressed higher or at equal level and also pain preventer 
genes were regulated in CKO SNI  mice compared to WT SNI mice. This indicates that mir-183 
cluster can affect neuropathic pain through regulation of both pain-inducer and pain- preventer 
genes. 
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Fig. S9. Rapid down-regulation of miR-183/96/182 in the DRG of neuropathic mice, 
conditional ablation of miR-183 cluster in DRG transiently enhances SNI-induced cold 
allodynia. 

(A)  Reduced expression of miR-183/96/182 in DRG of neuropathic mice. Quantitative PCR of 
un-lesioned controls (no SNI), 3 days (SNI 3D) and 7 days (SNI 7D) after SNI. n=3, 3, 3 mice, 
respectively, **P<0.01,***P<0.001, t-test. 
(B) Cold and pinprick test before, 3 days, 7 days and 14 days after SNI in Wnt1-Cre; miRfl/fl (n=8) 
mice and control Wnt1-Cre mice (n=8). **P<0.01 unpaired t-test for cold and Mann-Whitney test 
in pinprick test. It seems that transiently enhanced SNI-induced cold allodynia by loss of miR-
183 cluster is not through TrpA1 nor TrpM8 because expression level of TrpA1 nor TrpM8 was 
not upregulated in RNA sequencing data (TrpA1: WT SNI / WT Ctl fold=0.87, p=0.24; CKO Ctl 
/ WT Ctl fold=0.73, p=0.000497; CKO SNI / WT Ctl fold=0.56, p=0.000000. TrpM8: WT SNI / 
WT Ctl fold=0.0.66, p=0.000559; CKO Ctl / WT Ctl fold=0.67, p=0.000000; CKO SNI / WT Ctl 
fold=0.56, p=0.00000003). It cannot be excluded that the transient effects on cold sensation is 
mediated via Cacna2d1, as α2δ1-/- mice in addition to deficits in development of mechanical 
allodynia in neuropathic mice, also display some deficits in cold sensitization (18). 
(C) Cold and pinprick test before, 3 days, 7 days and 14 days after SNI in TrkBCreErT2/+; miRfl/fl 

(n=7) and control (n=7) mice . ***P<0.001 with unpaired t-test in cold. 
(D) Cold and pinprick test before, 3 days, 7 days and 14 days after SNI in TH-Cre; miRfl/fl (n=9) 
and control (n=8) mice. *p<0.05 with Mann-Whitney test in pinprick, **P<0.01 with unpaired t-
test in cold. 
(E) Light touch and mechanical threshold in TrkBCreERT2/+; ChR2+/- mice. These control 
experiments were performed to establish if TrkBCreERT2/+; ChR2+/- mice (n=6) display normal 
mechanical sensitivity. No significant differences in light touch threshold at glabrous and hairy 
skin, respectively. Control mice n=6. 
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Fig. S10. Pain signaling through TrkB+ LTMRs recruited by neuropathy is suppressed by 
miR-183 cluster and reversed by gabapentin. 

(A) TrkB+ LTMRs do not transduce pain sensation. Left, recorded relations of voltage control of 
power (mWatt). Different settings representing various energy levels were defined as indicated. 
Behavioral response to optogenetic activation of TrkB+ LTMRs in TrkBCreErT2/+; ChR2+/- mice did 
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not result in a nocifensive response at any of the light power settings (6, 16, 33, 46 and 58 
mWatt) during 1 train of blue light. 
(B) Optogenetic intensity relationship of TrkB+ LTRMs to von Frey mechanical stimuli. 
Mechanical threshold was determined in control mice and TrkBCreErT2/+; ChR2+/- mice during 1 
train of blue light at 0, 6, 33 and 58 mWatt. *p<0.05 Wilcoxon test. 
(C) Expression (fragments per kilobase million) of Cacna2d1 and Cacna2d2 in the RNA 
sequencing experiment of wild-type (WT, n=5) mice 14 days after SNI (WT SNI, n=3) and in 
Wnt1-Cre; miRfl/fl mice 14 days after SNI (CKO SNI, n=3). Mean±SD. *P<0.05, **P<0.01, 
***P<0.001, One way ANOVA followed by LSD statistical analysis. 
(D) Gabapentin (100 mg/kg) did not change basal mechanical threshold in littermate control of 
TrkBCreErT2/+; ChR2+/- mice neither at 30 nor 60 minutes after administration. No significant 
differences with Wilcoxon test.  
(E) Gabapentin (100 mg/kg) completely reverses SNI-induced allodynia (14 days after SNI) in 
Wnt1-Cre and Wnt1-Cre; miRfl/fl mice. BL, basal threshold; m, minutes after administration of 
gabapentin. *p<0.05, **p<0,01 Mann-Whitney test and #p<0,05 Wilcoxon test. 
(F) Control experiment to establish that allodynia developed equally well in control and 
TrkBCreErT2/+; ChR2+/- mice after SNI. BL, base line response prior to SNI. These animals were 
used for the experiment in Fig. 4, F and I (TrkBCreERT2/+;ChR2+/- and littermate control n=6,6, 
respectively). *P<0.05 Mann-Whitney test. 
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Table S1: Primers and PCR conditions used for qPCR analyses 

Gene   5’ → 3’ 
Tm 
(°C) 

Cycles 

miR-183 Forward TATGGCACTGGTAGAATTCACT A 60 40 

miR-182 Forward TTTGGCAATGGTAGAACTCACAC 60 40 

miR-96 Forward TTTGGCACTAGCACATTTTTGCT 60 40 

miR-1271 Forward CTTGGCACCTGGTAAGCACT 60 45 

U6 RNA Forward CGCAAGGATGACACGCAAATTCG 60 40 
Universal miRNA/U6 reverse 
primer Provided by the vendor 60 40 

Cacna2d1 Forward TGGCACAGATTACAGTTTGGC 60 40 

Cacna2d1 Reverse AATTGTCTGGCTTCAGGGTT 60 40 

Cacna2d2 Forward CCATCAGGTAGTTGTCCAACCC 60 40 

Cacna2d2 Reverse AAGGGGACAGCTAGGTCAGG 60 40 

18S RNA Forward GCTTAATTTGACTCAACACGGGA 60 40 

18S RNA Reverse AGCTATCAATCTGTCAATCCTGTC 60 40 

 
 
Supplementary Table Legends for Excel files 
 
Table S2. RNA expression in normal and neuropathic DRG of wild-type and Wnt1-Cre; 
miRfl/fl mice. Raw counts were analyzed by DEseq2 and the results of comparison of CKO Ctl 
VS WT Ctl, WT SNI VS WT Ctl and CKO SNI VS WT Ctl are showed in first, second, and third 
sheet, respectively. 
 
Table S3. RNA expression in normal and neuropathic DRG of wild-type and Wnt1-Cre; 
miRfl/fl mice. Up- and down-regulated genes above certain threshold in comparison of CKO Ctl 
VS WT Ctl, WT SNI VS WT Ctl and CKO SNI VS WT Ctl are shown in first, second, and third 
sheet, respectively. Genes marked in green are predicted direct targets of miR-183 cluster using 
Targetscan. 
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