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Abstract

Diabetes initially induces distal axonal damage of peripheral nerves, but molecular mechanisms 

that mediate axonal injury are not fully understood. MircoRNAs (miRNAs) regulate axonal 

growth. We found that diabetic db/db mice exhibited substantial upregulation of miR-29c in dorsal 

root ganglia (DRG) neurons, sciatic nerve, and foot pad tissues. Bioinformatic analysis revealed 

PRKCI, a gene that encodes a member of the protein kinase C (PKC) iota, as a putative target for 

miR-29c. Western blot analysis showed that diabetic mice exhibited a considerable reduction of 

PRKCI protein levels in sciatic nerve tissues and DRG neurons. Using dual-luciferase assay, we 

found that co-transfection of a plasmid containing miR-29c binding site at 3′ UTR of PRKCI 
gene and miR-29c mimics effectively reduced luminescence activity, which was abolished when 

miR-29c seed sequences at 3′ UTR of PRKCI gene were mutated. In vitro, high glucose 

substantially upregulated and reduced miR-29c and PRKCI protein levels, respectively, in DRG 

neurons, which were associated with significant reduction of axonal growth. Knockdown of 

endogenous miR-29c in DRG neurons by siRNAs overcame reduced PRKCI protein and axonal 

growth under high glucose condition. Moreover, knockdown of PRKCI in DRG neurons by 

siRNAs under regular glucose condition considerably inhibited axonal growth. Together, these 

findings suggest that miR-29c is a negative regulator of axonal growth of DRG neurons by 

targeting PRKCI under hyperglycemia.
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Introduction

Diabetes induces distal axonal damage of the dorsal root ganglia (DRG) neurons, which 

leads to the syndromes of numbness, loss of sensation, and pain at an early stage of diabetic 

Correspondence to: Zheng Gang Zhang.

Compliance with Ethical Standards

Conflicts of Interest The authors declare that they have no conflict of interest.

HHS Public Access
Author manuscript
Mol Neurobiol. Author manuscript; available in PMC 2018 February 12.

Published in final edited form as:
Mol Neurobiol. 2018 January ; 55(1): 851–858. doi:10.1007/s12035-016-0374-5.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



peripheral neuropathy (DPN) [1, 2]. Neurovascular dysfunction and inflammation induced 

by hyperglycemia have been indicated to contribute to axonal loss [3–5]. However, the 

underlying mechanisms that mediate diabetes-induced distal nerve damage are not fully 

understood.

MicroRNAs (miRNAs) mediate gene expression through mRNA destabilization and/or 

translational repression, and are involved in biological function of DRG neurons and 

development of diabetic peripheral neuropathy [6, 7]. Conditional ablation of miRNA 

machinery proteins of Dicer and argonaut 2 (Ago2) in DRG neurons impairs DRG axonal 

growth [8–10]. Diabetes alters miRNA profiles of DGR neurons in type II diabetic mice, and 

high glucose also changes axonal miRNAs in cultured embryonic DRG neurons, which 

locally regulate axonal outgrowth [6, 8, 11]. We recently demonstrated that axonal miR-29c 

in cultured embryonic cortical neurons locally mediates axonal elongation [12]. In the 

present study, we thus investigated the role of miR-29c in regulating axonal growth of DRG 

neurons under hyperglycemia conditions.

Protein kinase C (PKC) is a family of protein kinase enzymes including 15 isozymes that are 

classified into three groups: conventional (isoforms α, βI, βII, and γ), novel (isoforms δ, ε, 

η, and θ), or atypical (isoforms ζ and ι/λ) [13–15]. Different isoforms of PKC play distinct 

roles in neural development and are involved in DPN [4]. Diabetic DRG neurons exhibit 

substantial reduction of PKCα activities and upregulation of PKCβII expression [16]. The 

isoform-selective PKCβ inhibitor, ruboxistaurin mesylate, has been shown to improve 

neurological outcome in animals with DPN, but clinical trials did not reach a firm 

conclusion due to a lack of statistical power [17]. Atypical PKCι/λ (PRCKI) is required for 

neural development [18–21]. However, its role in DRG axonal growth remains unclear.

Here, we reported that atypical PRCKI is one of the genes targeted by miR-29c, and that 

upregulation of miR-29c in DRG neurons by hyperglycemia suppressed axonal growth 

through targeting PRCKI.

Materials and Methods

All experimental procedures were conducted in accordance with the NIH Guide for the Care 

and Use of Laboratory Animals and approved by the Institutional Animal Care and Use 

Committee of Henry Ford Hospital.

Isolation of DRG and Tissues of Sciatic Nerves and Foot Pad

DRG and tissues of sciatic nerve (SN) and foot pad (FP) were harvested from BKS. Cg-m
+/+Leprdb/J (db/db) mice at age of 20 weeks (n = 4) when these mice exhibited DPN. The 

db/db mouse has a point mutation in the leptin receptor gene and shows a severe depletion of 

the insulin-producing beta-cells of the pancreatic islets and hyperglycemia [13]. The db/db 

mice have been widely employed as a model to study diabetic peripheral neuropathy [13–

15]. The age-matched heterozygote mice (db/m, n = 4) (Jackson Laboratories, Bar Harbor, 

ME, USA) were used as a control.
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Culture of Primary DRG Neurons

Primarily DRG neurons were collected from 8 to 12 embryos at embryonic day 18 (ED18) 

of one pregnant Wistar rat (n = 18 rats, Charles River Laboratories, Spencerville, OH, USA) 

or from 20 weeks adult mice (n = 4). Cultures were prepared according to published 

protocols [12, 15]. Briefly, embryos were removed, and the DRG was dissected and then 

transferred into neurobasal medium (Invitrogen, Carlsbad, CA, USA) containing 0.05% 

trypsin (Thermo Fisher Scientific, Waltham, MA, USA) digestion for 30 min. DRG neurons 

were mechanically triturated with a Pasteur pipette for 15 times and then the cells were 

passed through a 70-μm cell strainer (Fisher Scientific, Hampton, NH, USA) and counted to 

obtain a concentration of 3×107cells/ml.

A microfluidic chamber (Xona Microfluidics, Temecula, CA, USA) was used, in which 

microgrooves embedded in the chamber permit only distal axons to sprout from their 

parental cell bodies located in the cell body compartment into the distal axonal compartment 

[22]. Sterilized chambers were affixed to poly-D-lysine-coated (Sigma-Aldrich, St. Louis, 

MO, USA) dishes (35 mm, Corning, Corning, NY). We also cultured DRG neurons in 

regular dishes (35 mm, Corning) to measure numbers and lengths of neurites on day in vitro 

(DIV) 1 and DIV2. One embryonic day 18 Wistar rat was used in each experiment, which 

usually includes 8–12 embryos. The DRG neurons were plated at a density of 6×105cells/

chamber or 1 × 105/dish in DMEM (Thermo Fisher Scientific) with 5% FBS (Corning). The 

cells were incubated for 4 h and then cultured in the medium of neurobasal (Invitrogen), 50 

ng/ml nerve growth factor (NGF, Sigma-Aldrich), 2% B-27 (Invitrogen), 2 mM GlutaMax 

(Thermo Fisher Scientific), and 1% antibiotic-antimycotic (Thermo Fisher Scientific), 5-

fluorodeoxyuridine (Abcam, Cambridge, UK) were added to the neurobasal medium to 

purify the neurons. For DRG neurons cultured in chamber, the medium was replaced on DIV 

3 with non-5-fluorodeoxyuridine neurobasal medium. Subsequently, the growth media was 

changed every other day [11].

To investigate the effect of high glucose (HG) on DRG neurons, we cultured DRG neurons 

under HG (45 mM) condition. Neurobasal medium containing 25 mM glucose was 

considered as regular glucose (RG) condition. The glucose concentration at 25 mM is 

optimal for the growth of primary DRG neurons, which does not affect osmotic pressure [23, 

24]. Both RG and HG conditions are commonly used for the in vitro hyperglycemia 

experiments [11, 23–25].

Transfection of DRG Neurons

To examine the effect of miR-29c on axonal growth, cultured DRG neurons were transfected 

by miR-29c mimics, miR-29c hairpin inhibitors, and their corresponding controls 

(Dharmacon, Lafayette, CO, USA) by means of Nucleofector™ kit (Lonza, Basel, 

Switzerland). Briefly, transfection was performed as soon as DRG neurons were ready. 

MiRNA mimics, inhibitors or negative control at 200 pmol/ well were mixed with 100 μl of 

Nucleofector solution (Lonza). DRG neurons were added to transfection solution and then 

transferred into a cuvette. The program O-03 was used for electroporation [11]. Using the 

same electroporation protocol, DRG neurons were also transfected by siRNA against 

PRKCI, or control siRNA-A (0.1 μM, Santa Cruz, Santa Cruz, CA, USA).
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Isolation of Total RNA and Real-Time RT-PCR Analysis

Using the miRNeasy Mini kit (Qiagen, Hilden, Germany), total RNA was isolated from 

cultured DRG neurons (DIV6), or DRG, sciatic nerve and foot pad tissues of db/db and 

db/dm mice. Quantitative RT-PCR (qRT-PCR) analysis was performed on ABI 7000 and 

ABI ViiA 7 PCR instrument (Applied Biosystems, Foster City, CA, USA) according to 

published methods [25, 26]. The following Taq Man miRNA primers were used: miR-29c 

(mature sequence: UAGCACCAUUUGAAAUCGGUUA) and U6 snRNA (mature 

sequence: 

GTGCTCGCTTCGGCAGCACATATACTAAAATTGGAACGATACAGAGAAGATTAGCA

TGGCCCCTGCGCAAGGATGACACGCAAATTCGTGAAGCGTTCCATATTTT). Briefly, 

for the reverse transcription, 15 μl of reverse transcription reactions were used, consisting of 

1–10 ng total RNA, 5 U MultiScribe Reverse Transcriptase (Applied Biosystems), 0.5 mM 

each of dNTPs (Applied Biosystems), 1× reverse transcription buffer (Applied Biosystems), 

4 U RNase inhibitor (Applied Biosystems), and nuclease-free water (Applied Biosystems). 

The running program was as follows: 16 °C for 30 min, 42 °C for 30 min, 85 °C for 5 min. 

Twenty microliter qRT-PCR reactions were used, consisting of 1xTaqMan Universal PCR 

Master Mix No AmpErase UNG, 1× TaqMan miRNA assay, 1.33 μl of undiluted cDNA and 

nuclease-free water. The running program was 95 °C for 10 min, followed by 40 cycles at 

95 °C for 15 s, and 60 °C for 1 min. Each sample was tested in triplicate, and at least three 

samples obtained from independent experiments were examined. Relative levels of miRNAs 

were calculated by means of the formula 2−ΔΔC
T after normalizing ΔΔCT values to a 

reference miRNA U6. CT values and melt curve were checked. The method of 2−ΔΔC
T was 

used to calculate the relative levels [27].

Dual-Luciferase Assay

Dual-Luciferase assay was performed according to our published protocol [12]. Briefly, a 

segment of the 3′ UTR of PRKCI gene encompassing the miR-29c binding site 

(HmiT014771, Genecopoeia, Rockville, MD, USA) was cloned into a pEZX-MT06 vector 

with Firefly/Renilla duo Luciferase reporter driven by a CMV promoter (Genecopoeia) (Fig. 

1e). Point mutations of 3′ UTR of PRKCI gene in miR-29c binding site were made as 

TGGTGCT to GTTGGTC and confirmed by sequencing (CS-HmiT01477, Genecopoeia) 

(Fig. 1e). Wild type or mutant vectors were transfected into HEK293 cells by lipofectamine 

(Life technologies, Carlsbad, CA, USA) at a concentration of 2 mg/106 cells. To test the 

interaction between miR-29c and 3′ UTR of PRKCI gene, each vector was co-transfected 

by miR-29c mimics (200pM/106 cells, Dharmacon). Twenty-four hours later, the cells were 

lysed and treated with a Dual-luciferase assay kit (Genecopoeia). Luciferase activity was 

detected using a multimode microplate reader (PerkinElmer/Fusion).

Western Blot Analysis

On DIV6, total protein samples from cultured DRG neurons were isolated according to 

published methods [12, 26]. Total protein samples from DRG, sciatic nerve, and foot pad 

tissues of db/db and db/m mice were collected using the same methods. In vitro samples 

from four individual microfluidic compartments were pooled for one western blot. The 

protein concentration was determined using a bicinchoninic acid protein assay kit (Thermo 
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Fisher Scientific). Western blot was performed according to previously described methods 

[12, 25, 26]. Briefly, equal amounts of proteins were loaded. Primary antibodies were 

rabbited anti-PRKCI, (1:1000, Cell Signaling Technology, Danvers, MA, USA) and rabbit 

anti-Myristoylated alanine-rich C-kinase substrate (MARCKS) (1:1000, Santa Cruz). The 

optical density of protein bands was measured and calculated by means of Fluorchem E 

instrument (ProteinSimple, San Jose, CA, USA).

Immunofluorescent Staining and Axonal Measurement

Immunofluorescent staining and measurement axons and neurites were performed as 

previously described [26]. Briefly, a monoclonal antibody against phosphorylated 

neurofilament heavy protein (pNFH) (1:500; Covance, Battle Creek, MI, USA) was used. 

The number and length of neurites was measured from DIV1 to DIV2. The lengths of the 15 

longest axons in each chamber were measured from DIV3 to DIV5 using a microscopic 

computer imaging device (MCID) system. Neurons were counterstained with 4′, 6-

diamidino-2-phenylindole (DAPI; 1:10,000, Thermo Fisher Scientific) for detecting cell 

nuclei.

Bioinformatics and Statistical Analyses

Bioinformatics were analyzed using Ingenuity Pathways Analysis (IPA). For IPA, Fischer’s 

exact test was used to calculate the P value. Other data were analyzed by using SPSS 11.5. 

One-way ANOVA with post hoc Bonferroni tests was used for multiple group experiment 

analysis. Student’s t test was used for two group comparisons. A value of P < 0.05 was 

considered as significant. Values are presented as mean ± standard deviation (SD).

Results

Diabetes Upregulates miR-29c and Reduces PRKCI Protein

To examine whether diabetes affects miR-29c expression, we measured miR-29c levels in 

DRG, sciatic nerve, and foot pad tissues. QRT-PCR analysis showed that miR-29c levels 

were significantly increased in these tissues of diabetic db/db mice at age of 20 weeks 

compared to that of age-matched non-diabetic db/m mice (Fig. 1a).

Using the IPA and TargetScan software, we then analyzed genes putatively targeted by 

miR-29c. Among 3538 genes that could potentially be targeted by miR-29c, we found that 

33 and 94 genes are involved in type II diabetic mellitus and axonal growth, respectively. 

Further bioinformatics analysis showed that only one gene, PRKCI encoding for PKCι/λ 
has been implicated in both development of type II diabetic mellitus and axonal growth (Fig. 

1b). Western blot analysis revealed that PRKCI protein levels were substantially reduced in 

DRG, sciatic nerve and foot pad tissues of diabetic mice compared to that in non-diabetic 

mice (Fig. 1c–d). These data indicate an inverse relation between PRKCI proteins and 

miR-29c after diabetes. We thus focused on PRKCI, as a putative target of miR-29c. Using a 

dual-luciferase reporter approach, we transfected HEK293 cells with a plasmid containing 

miR-29c binding site at 3′ UTR of PRKCI gene. The luminescence analysis showed that co-

transfection of the plasmid and miR-29c mimics significantly reduced luminescence activity 

by 68% compared to transfection by either the vector or miR-29c mimics alone. In contrast, 
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miR-29c mimics did not reduce luminescence activity when miR-29c seed sequences at 3′ 
UTR of PRKCI gene were mutated (Fig. 1e–f). These data indicate that miR-29c regulates 

expression of PRKCI by targeting 3′ UTR of PRKCI gene. Moreover, western blot showed 

a considerable reduction of MARCKS, a PRKCI substrate, in diabetic DRG, sciatic nerve, 

and foot pad tissues (Fig. 1g–h), further supporting that upregulated miR-29c by diabetes 

targets PRKCI.

MiR-29c Suppresses Axonal Growth of DRG Neurons via PRKCI Under HG Condition

To investigate the direct effect of HG on miR-29c in DRG neurons, we performed in vitro 

experiments in which DRG neurons from embryonic rats were treated with HG. Quantitative 

RT-PCR analysis showed that HG significantly increased miR-29c levels (Fig. 2a), which 

was associated with substantial reduction of axonal growth of DRG neurons when they were 

cultured in a microfluidic device (Fig. 2b). The effect of HG on increased miR-29c was also 

detected in DRG neurons harvested from adult mouse (Fig. 2a). To investigate the effect of 

miR-29c and its target, PRKCI on axonal growth of DRG neurons, we cultured DRG 

neurons from embryonic rat under HG condition. We performed the gain- and loss-function 

experiments by transfecting embryonic rat DRG neurons with miR-29c mimics or inhibitors. 

These neurons were then cultured in a microfluidic device under HG condition and axonal 

length in the axonal compartment was measured daily for three consecutive days from DIV3 

to DIV5. Transfection efficiency was confirmed by qRT-PCR (Fig. 2c). In addition, we 

found that transfection of DRG neurons with miR-29c inhibitor led to a substantial reduction 

of HG-increased miR-29c to a level (1.08 ± 0.12, n = 6 chambers/3 individual experiments/

group) that was comparable to the level observed under RG condition (1 ± 0.12, n = 6 

chambers/3 individual experiments/group). Attenuation of endogenous miR-29c by miR-29c 

inhibitors blocked HG-suppressed axonal growth, whereas miR-29c mimics further 

suppressed axonal growth compared to individual control vectors (Fig. 2d). Additionally, we 

examined the effect of miR-29c on neurite outgrowth of DRG neurons by culturing 

embryonic DRG neurons in regular dishes under HG condition. We found that transfection 

of DRG neurons with miR-29c inhibitors or miR-29c mimics did not significantly affect the 

number of neurites during DIV1–2 (Fig. 2e), but substantially increased and decreased, 

respectively, the lengths of neurite from DIV1 and DIV2 (Fig. 2f). Collectively, these data 

indicate that increased miR-29c by HG inhibits axonal growth of DRG neurons.

To examine whether PRKCI regulates axonal growth, DRG neurons were transfected by 

siRNA against PRKCI and then cultured under RG condition. Western blot analysis showed 

that siRNA against PRKCI significantly reduced PRKCI and MARCKS levels (Fig. 3a–b). 

Knockdown of endogenous PRKCI did not affect number of neurites (Fig. 3c) but reduced 

the length of neurites and axons (Fig. 3d–e), indicating that PRKCI regulates axonal growth 

of DRG neurons.

Next, we examined whether PRKCI is required for miR-29c-mediated axonal growth. DRG 

neurons were co-transfected by siRNA against PRKCI and siRNA-miR-29c or miR-29c 

mimics. QRT-PCR analysis showed that co-transfection of siRNA-PRKCI did not affect 

transfection efficiency of miR-29c inhibitors or mimics (Fig. 3f). Western blot analysis 

showed that knockdown of endogenous PRKCI was effective (Fig. 3g–h). Knockdown of 
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PRKCI significantly reduced siRNA-miR-29c enhanced neurite and axonal growth and 

further suppressed miR-29c mimics reduced neurite and axonal growth (Fig. 3i–j), whereas 

the number of neurites was not affected (Fig. 3k). These data suggest that miR-29c regulates 

axonal growth of DRG neurons by targeting PRKCI.

Discussions

In the current study, we found that miR-29c and PRKCI levels were concomitantly 

significantly elevated and reduced, respectively, in DRG, sciatic nerve, and foot pad tissues 

of db/ db mouse. Our in vitro experiments demonstrated that miR-29c elevated by HG-

suppressed axonal growth of DRG neurons via targeting PRKCI. These findings 

demonstrate for the first time that miR-29c regulates PRKCI in mediating axonal growth of 

DRG neurons.

Mir-29c has been shown to be involved in several diseases, including cardiac fibrosis, 

diabetic nephropathy, and cortical neuron development [12, 28, 29]. However, the effect of 

miR-29c on DRG neurons has not been extensively investigated. Our in vivo data 

demonstrated that diabetes upregulated miR-29c in DRG, sciatic nerve, and foot pad tissues, 

whereas in vitro gain- and loss-function experiments revealed that miR-29c in DRG neurons 

upregulated by HG blocked axonal growth. These data suggest that elevation of miR-29c in 

DRG neurons could impair axonal growth.

Using a set of experiments, we demonstrated that miR-29c targets PRKCI in DRG neurons. 

Bioinformatics analysis showed that miR-29c can putatively target PRKCI, which is 

involved in both type II diabetes and axonal growth. Using a dual-luciferase reporter system, 

we confirmed that miR-29c targets a seed region in 3′ UTR of PRKCI gene.

Individual isoforms of PKC play distinct roles [30]. For example, PKCα is a negative 

regulator for nerve function [16], whereas PKCβ contributes to nerve injuries [31]. Studies 

in diabetes show that levels of PKCα and PKCβII are reduced and increased, respectively, in 

diabetic mice [16]. In contrast to conventional PKC, studies on atypical PKC are limited. 

Ren et al. showed that PRKCI is critical in synaptic incorporation during long-term 

potentiation (LTP) [20]. Tanabe et al. demonstrated that PRKCI regulates the specification of 

the primary dendrites of Purkinje cells [21]. Shi et al. found that PRKCI forms a Par 

complex with Par3 and Par6 in the axon of neurons and regulates axonal growth [19]. 

Together, these studies suggest that PRKCI may have a positive effect on axonal growth 

cone and neuronal polarization during nervous system development. The present study 

showed that diabetes reduced PRKCI proteins and its substrate of MARCKS in DRG 

neurons. MARCKS promotes axon development [32]. Thus, our data along with others 

suggest that PRKCI either by itself or together with MARCKS play a role in axonal growth 

of DRG.

In summary, the present study demonstrates that miR-29c is a negative regulator of axonal 

growth of DRG neurons by targeting PRKCI under hyperglycemia, which provides new 

insights into molecular mechanisms underlying hyperglycemia-induced axonal damage.
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Fig. 1. 
Upregulation of miR-29c and reduction of PRKCI protein in diabetic mice. a QRT-PCR 

analysis of miR-29c levels in DRG, sciatic nerve, and foot pad tissues of db/db or db/dm 

mice. b Schematic illustration of bioinformatics analysis of miR-29c and its putative targets. 

c–d Representative western blots (c) and quantitative data (d) of PRKCI in DRG, sciatic 

nerve, and foot pad tissues of db/db or db/dm. e Schematic illustration of the dual-luciferase 

reporter vector cloned with wild type or mutant 3′ UTR of PRKCI. f Quantitative luciferase 

activity data of wild type or mutant 3′ UTR of PRKCI with and without miR-29c mimic. g–

h Representative western blots (g) and quantitative data (h) of MARCKS in DRG, sciatic 

nerve, and foot pad tissues of db/db or db/dm. n = 4 mice/group. *P < 0.05. DB db/db, DM 
db/m, DRG dorsal root ganglia, FP foot pad, MARCKS myristoylated alanine-rich C-kinase 

substrate, miR microRNA, PRKCI atypical protein kinase C ι/λ, SN sciatic nerve
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Fig. 2. 
The effect of gain- and loss-of-function of miR-29c on axonal growth of cultured DRG 

neurons. a Quantitative RT-PCR data of miR-29c levels in DRG neurons from embryonic rat 

and adult mouse under regular and high glucose conditions. b Representative microscopic 

images of pNFH+ axons of embryonic DRG neurons transfected by siRNA against miR-29c 

(miR-29c inhibitor), miR-29c mimics (miR-29c mimic), or their corresponding controls 

under HG on DIV5. c–d Quantitative data of miR-29c levels (c) and axonal length from 

DIV3 to DIV5 (d) of embryonic rat DRG neurons transfected by siRNA against miR-29c 

(miR-29c inhibitor), miR-29c mimics (miR-29c mimic), or their corresponding controls 

under HG condition. e–f Numbers (e) and lengths (f) of neurites from DIV1 to DIV2 of 

embryonic rat DRG neurons transfected by siRNA against miR-29c (miR-29c inhibitor), 

miR-29c mimics (miR-29c mimic), or their corresponding controls under HG condition. n = 
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6 chambers/3 individual experiments/group.*P < 0.05. A scale bar in panel B = 100 μm. 

DIV day in vitro, miR microRNA, NS no significance, RG regular glucose, HG high glucose
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Fig. 3. 
The effect of miR-29c and PRKCI on axonal growth of cultured DRG neurons. a–b 
Representative western blots (a) and their quantitative data (b) of PRKCI and MARCKS in 

DRG neurons transfected by siRNA against PRKCI under RG condition. c–d Numbers (c) 

and lengths (d) of neurite from DIV1 to DIV2 of embryonic rat DRG neurons transfected by 

siRNA against PRKCI under RG condition. e Quantitative data of axonal lengths from DIV3 

to DIV5 of embryonic rat DRG neurons transfected by siRNA against PRKCI under RG 

condition. f Representative data of miR-29c levels in nontransfected DRG neurons under RG 

and HG, or DRG neurons transfected by siRNA against miR-29c alone (miR-29c inhibitor), 

siRNAs against miR-29c and PRKCI (miR-29c inhibitor + PRKCI siRNA), miR-29c mimics 

alone (miR-29c mimic), and miR-29c mimics and siRNA against PRKCI (miR-29c mimic + 

PRKCI siRNA), and their corresponding controls under RG condition. g–h Representative 

western blots of PRKCI and MARCKS (g) and their quantitative data (h) in nontransfected 

DRG neurons under RG and HG, or DRG neurons transfected by siRNA against miR-29c 

alone (miR-29c inhibitor), siRNAs against miR-29c and PRKCI (miR-29c inhibitor + 
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PRKCI siRNA), miR-29c mimics alone (miR-29c mimic), and miR-29c mimics and siRNA 

against PRKCI (miR-29c mimic + PRKCI siRNA), and their corresponding controls under 

RG condition. i–k Quantitative data of neurite lengths during DIV1 and DIV2 (i) and axonal 

lengths from DIV3 to DIV5 (j) or numbers of neurites during DIV1 and DIV2 (k) of DRG 

neurons transfected by siRNA against miR-29c alone (miR-29c inhibitor), siRNAs against 

miR-29c and PRKCI (miR-29c inhibitor + PRKCI siRNA), miR-29c mimics alone (miR-29c 

mimic) and miR-29c mimics and siRNA against PRKCI (miR-29c mimic + PRKCI siRNA). 

n = 6 chambers/3 individual experiments/group *P < 0.05. DIV day in vitro, HG high 

glucose, MARCKS myristoylated alanine-rich C-kinase substrate, miR microRNA, NS no 

significance, PRKCI atypical protein kinase C ι/λ, RG regular glucose
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