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Abstract: This study was conducted to characterize the effect of miR-155 overexpression 
on white matter sparing and lesion size following contusion injury of spinal cord in mice. 
60 C57BL/6J wild-type and 60 B6.Cg miR-155 knockout mice were used to induce 
moderate to severe contusive spinal cord injury at T9 segment. All used mice were 
female, 8–20 weeks old and weighing 18+ gm. Mice were divided into two main groups; 
for Real-time reverse transcriptase polymerase chain reaction (RT-PCR) and histology, 
then subdivided into five subgroups; 1, 3, 7, 14 and 42 days after the contusion according 
to time point, each was compared to naive control group. Fresh and fixed tissue were 
taken from thoracic segments (lesion area) from all time points, dissected and then 
evaluated using RT-PCR and histology (Eriochrome stain), respectively. We identified 
significant upregulation of miR-155 at the lesion site by 3 days and continued up to 6 
weeks after the injury. Following spinal cord injury, the miR-155 overexpression was 
accompanied with severe cord damage and less tissue repair while more white matter 
sparing and smaller lesion size were detected in miR-155 knockout group.  
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Introduction 

Traumatic spinal cord injury (SCI) is 

characterized by primary or acute (seconds to 

minutes following SCI), secondary (minutes to 

weeks following SCI), and chronic (months to 

years following SCI) deterioration phases (1,2). 

The primary insult to the epicenter area 

damages spinal cord tissues, ruptures blood 

vessels, opens the blood-spinal cord barrier 

(BSCB), and causes edema (3,4). However, 

secondary events are mainly induced in 

response to pro-apoptotic signals and severe 

immune reaction through inflammatory cell 

trafficking, activation of resident CNS cells, 

and expression of pro-inflammatory mediators 

causing neurotoxicity and tissue damage, 

mainly close to the injury epicenter, and then 

extends at both directions; rostral and caudal to 

the injury site. Apoptosis predominately occurs 

at oligodendroglia, microglia and neurons (5-

10).  

Micro RNA (miR-155) is a non-coding, 

short (about 20 nucleotides) and single-

stranded RNAs. miR-155 is a negative 

regulator for specific genes by either impairing 
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their translation into protein or inducing mRNA 

disintegration. A small sequence in the 3′-

untranslated region (3′-UTR) of a specific gene 

is a target area for miR-155 (11-13). miR-155 

is involved in the secondary pathogenesis 

following SCI through controlling 

inflammation, BSCB permeability, apoptosis 

and axonal sprouting (14,15). miR-155 plays a 

major role in axon dieback via downregulating 

growth-promoting protein and provoking 

growth inhibitory conditions after SCI. 

Moreover, genetic ablation of miR-155 

enhances axon sprouting and increases 

neuronal functionality following SCI (14).    

Interestingly, miR-155 is one of the highly 

expressed miRs in various inflammation-

related neurological disorders of the brain or 

spinal cord such as traumatic injury, stroke, 

multiple sclerosis, amylotrophic lateral 

sclerosis, encephalomyelitis, and Alzheimer’s 

disease (14,16-20).  

miR-155 contributes to the immune effects 

elicited by blood borne-monocytes, migrated 

macrophages and microglial cells in CNS. miR-

155 mediates hippocampal-associated 

neuroinflammatory response via microglial 

activation and IL6 expression. Additionally, 

microglial miR-155 up-regulation enhances 

neural stem cells (NSCs) astrogliogenesis (19). 

On the other hand, miR-155 increases the 

expression of inflammatory signaling 

molecules and activates the inflammatory 

macrophage subtype through upregulating its 

target genes (e.g. Nos2, Il-1b and Tnfa) and 

protein in addition to oxidative metabolite 

production (15,16,18,21-23).  

Therefore this study was performed to 

characterize the effect of miR-155 upregulation 

on white matter repair after induction of 

contusive spinal cord injury in mice. 

Material and methods 

Mice 

All animal experiments were conducted in 

accordance with protocols approved by the 

Ohio State University Institutional Laboratory 

Animal Care and Use Committee. Two mice 

strains including 60 C57BL/6J wild-type (WT) 

and 60 B6.Cg miR-155 knockout (KO) mice 

were obtained from Jackson Laboratories. 

These animals were 120 female, 8–20 weeks 

old and weighing 18+ gm. Mice were randomly 

allocated into two main groups; group I: for 

PCR and  group II: for histology purposes (each 

group contains 60 mice: 30 from each strain). 

Each group was subdivided into naïve control 

subgroup and five subgroups according to time 

point; 1d, 3d, 7d, 14d and 42d groups (5 mice 

at each subgroup). Group division was 

illustrated in Table (1). Mice were housed 3–5 

per cage and provided standard food and 

filtered tap water ad libitum.  

 

Table 1: Distribution of 120 mice used in investigation of the effect of miR-155 upregulation on white 

matter repair after induction of contusive spinal cord injury in mice              

Time 

points 

PCR groups  Histology groups 

Naive control 

*(n=10) 

SCI 

(n=50) 

Naive control 

(n=10) 

SCI 

(n=50) 

1 dpi 

3 dpi 

7 dpi 

14 dpi 

42 dpi 

5WT, 5miR-155KO mice as 

control for whole PCR 

experiments 

5WT, 5KO 

5WT, 5KO 

5WT, 5KO 

5WT, 5KO 

5WT, 5KO 

5WT, 5miR-155KO 

mice as control for 

whole histology 

experiments 

5WT, 5KO 

5WT, 5KO 

5WT, 5KO 

5WT, 5KO 

5WT, 5KO 

*n: total number in each subgroup, SCI: Spinal Cord Injury, WT: Wild-Type, KO: Knockout 

 

Surgical procedures 

Spinal cord injury was conducted as 

previously described by Hansen et al. (9). Mice 

were generally anesthetized with a ketamine 

(138 mg/kg body weight) and xylazine (20 

mg/kg body weight) cocktail (intraperitoneally-

injected) and given prophylactic antibiotics 

gentamycin (gentocin®, 1 mg/kg, S.C.). 

Aseptic preparation to the site of injury (at the 
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dorsal aspect 1-2 cm from the point of shoulder) 

then putting the animal on stable heating pad 

(34˚), putting gauze pad under thorax to raise 

animal and decrease pressure on respiratory 

muscles during clamping then start surgery 

under the microscope (Leica MZ8). A ninth 

thoracic vertebra (T9) laminectomy was 

performed to expose the dura. After stabilizing 

the spinous processes of T8 and T10, a 

moderately severe contusion injury was 

induced by 75 kilodynes of force using the 

Infinite Horizon (IH) device. Biomechanics of 

the injury were monitored on day 0. The 

incision was closed in standard manner and 2 

ml of sterile saline was given subcutaneously. 

The mice from both genotypes were distributed 

randomly into two main groups and each group 

was subdivided into five subgroups.   

Postoperative care 

During recovery, mice were covered with a 

warm towel and positioned on a warm heating 

pad, received antibiotics (1 mg/kg gentocin, 

S.C.) and subcutaneous injection of saline (2, 2, 

1, 1, and 1 ml) for the 5 successive days post 

injury (dpi). Bladders were manually voided 

twice daily. They were housed in a temperature 

controlled room at 37°C for 24h. Food and 

water were provided ad libitum.  

Tissue collection in PCR groups 

Mice deeply anesthetized and transcardially 

perfused with 0.1 M phosphate buffered saline 

(PBS; pH 7.4) at naive, 1d, 3d, 7d, 14d or 42d 

after SCI. Tissue from injury area was obtained 

as soon as possible to limit potential 

degradation of biomarkers in tissue samples. 

Tissue was placed in Eppendorf tube and then 

samples were flash frozen into liquid nitrogen. 

Once frozen, the vial was removed from the 

liquid nitrogen and stored at –80°C (23). 

RNA Isolation 

To examine RNA expression at WT 

samples, cellular RNA was isolated using the 

miRVana kit (Life Technologies) according to 

manufacturer specifications. RNA quality/ 

concentration was quantified using a Nanodrop 

spectrophotometer (ThermoScientific,  

Wilmington, DE). Extracted RNA was stored at 

-80°C until analysis (23). 

Real-Time reverse transcriptase PCR 

miRNA expression was determined by 

Taqman Real-Time PCR using miR-155 and 

sno-202 primer and probe sets (Applied 

biosystems). TaqMan® Catalog number: 

4427975. Assay ID: MI0000177. Gene 

Symbol: miR-155. Gene sequence: 

UUAAUGCUAAUUGUGAUAGGGGU. 

Briefly, after an initial cDNA transcription 

using specific miRNA primers to generate 

cDNA using 10 ng RNA as a template, PCR 

was performed using Taqman universal PCR 

mix and gene-specific miRNA primers and 

probe mixture (TaqMan microRNA reverse 

transcription kit (Applied Biosystems). 

Reaction mixture was run in an Applied 

Biosystems 7900 Real-Time PCR machine with 

denaturation step at 95°C for 10 minutes, 

followed by 40 cycles of denaturation at 95°C 

for 15 seconds and primer annealing/extension 

at 60°C for 60 seconds. miRNA expression was 

normalized to the small RNA sno202 (23). 

Histopathological evaluation 

Mice deeply anesthetized and intracardially 

perfused with 0.1 M phosphate buffered saline 

(PBS; pH 7.4) followed by 4% parafor-

maldehyde (pH 7.2) at naïve, 1d, 3d,7d, 14d or 

42d after SCI. Spinal cord segments from injury 

epicenter were post-fixed for 1h in 4% 

paraformaldehyde, rinsed overnight in 0.2M 

phosphate buffer (PB, pH 7.4) then 

cryoprotected in 30% sucrose before being 

embedded in Optimal Cutting Temperature 

compound OCT (Thermoscientific) and frozen 

on dry ice (9).   

White Matter Sparing (WMS) 

Thoracic tissues were collected from the 

sites of SCI from naives, 1d, 3d, 7d, 14d and 

42d groups and transversely cut 20 um thick on 

a Microm HM505E cryostat. Using immuno-

histochemical procedure, the tissues were 

stained with eriochrome cyanine (EC) to 

identify the white matter spared of the lesion 

epicenter. In addition to EC, a 5% iron 

aluminum and borax ferricyanide cocktail were 
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used. Light microscopy measures were used to 

evaluate the tissue, and tissue images were 

converted to computer images (MCID-Elite, 

Imaging Research, Ontario). Using a Cavalerri 

estimator (In stereology program), a grid was 

positioned over the tissue at random, and each 

point within the grid was designated as white 

matter or grey matter. Per each image area, 

point totals were combined and calculated to 

area as follows: estimated area = (ΣP) * (a/p), 

where ΣP is the total point per section and a/p 

is the total area per point. Average white matter 

spared and lesion area was compared between 

groups to identify differences (9, 24).  

Statistical analyses 

Group differences for white matter sparing 

(WMS) were compared using Two-way 

analysis of variance (ANOVA) with a Tukey’s 

post-hoc analysis. The null hypothesis was 

rejected at the p≤0.05 level. All statistical 

analyses utilized the IBM SPSS program, SPSS 

Inc. Mean and standard error of the mean (SE) 

were shown throughout (9). 

Results 

miR-155 overexpression at the injury 

epicenter following SCI  

Using Taqman RT-PCR, we found significant 

increase in miR-155 expression at the injured 

WT epicenter compared to naive WT samples 

(Relative fold expression=1) starting at 3 dpi 

and remained upregulated up to 42 dpi follow-

ing contusion injury. miR155 upregulated at 3 

dpi (Relative fold expression=3.4), 7dpi 

(Relative fold expression=3.8), 14d (Relative 

fold expression=3.2) and highly overexpressed 

at 42 dpi (Relative fold expression=4.5) 

(p=0.001) as shown in Figure (1). 

White matter sparing (WMS) is directly 

affected by miR-155 elevation after SCI 

Upregulation of miR-155 after SCI at the lesion 

area enhances the injury severity and impairs 

the spinal cord repair after SCI.  

White matter sparing at the injured cord, was 

highly suppressed in WT mice compared to 

miR-155 KO mice especially at 7dpi (Figure 2). 

In addition, injury area in WT mice was larger 

than in miR-155KO mice across the lesion 

epicenter (Figure 3), indicating that miR-155 

deletion enhances tissue repair. Eriochrome 

stain was used to identify intact myelin in the 

white matter. Well-differentiated white matter 

and grey matter were detected at sections of 

uninjured control. Injured sections from both 

strains and at all time points were stained with 

Eriochrome stain to show lesion size and degree 

of tissue repair following SCI (Figure 4).  

 

 

Figure 1: miR-155 upregulation at Injury Epicenter using RT-PCR technique. Contusive spinal cord injury 

(SCI) upregulates miR-155 at the lesion epicenter of wild-type (WT) mice up to six weeks, compared with 

WT naive control mice. Means with (*) are significantly different than naïve controls 
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Figure 2: Total WMS Percentage across groups after spinal cord injury (SCI). miR-155 knockout (KO) 

mice showed more protected white matter than wild-type (WT) control mice at the injury site following 

SCI. Means of white matter sparing percentage with (*) are significantly different than naïve controls 

 

 

 

 

 

 

 

Figure 3: Spinal cord lesion epicenter percentage across groups after spinal cord injury (SCI). WT mice 

has larger lesion size than miR-155 knockout (KO) mice at the lesion epicenter after SCI. Means with (*) 

are significantly different than naïve controls 
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Figure 4: Eriochrome Staining showing the lesion area and degree of tissue repair after spinal cord injury 

(SCI). Eriochrome was used to identify intact myelin in white matter (bluish colored). A: stained section 

for naive control mouse showed well-differentiated white and gray matter. B at 3dpi, C at 7dpi: miR-155 

knockout (KO) mice (Right side images) had significantly smaller lesions (orange arrow) and more 

preserved white matter (green arrow) than wild-type (WT) lesions (Left side images) with notable changes 

evident at injury epicenter. Colored outlines represent lesion size in every animal examined for each 

genotype at epicenter 

 

Discussion 

At the present study, significant 

overexpression of miR-155 was detected at the 

injury epicenter starting at 3 dpi and continued 

high up to 6 weeks following spinal contusion 

injury. This finding is in agreement with Gaudet 

et al.  (14). miR-155 is markedly produced by 

microglia (19,22) and macrophages (14). 

Moreover, inflammatory molecules produced 

by immune cells stimulate miR-155 

overexpression (25,26). Elevated miR-155 

upregulates pro-inflammatory signaling while 

downregulates anti-inflammatory molecules 

(27,28), which results in activation of 

inflammatory macrophages. In the CNS, miR-

155 is implicated in the pathogenesis of SCI, 

stroke, multiple sclerosis, amylotrophic lateral 

sclerosis, encephalomyelitis and Alzheimer’s 

disease (14-17,29,30). 

We revealed a novel role for miR-155 in SCI 

repair and pathology. miR-155 KO spinal cords 

had reduced lesion size and improved white 

matter sparing.  Prominent neuronal loss is 

marked by 8 hr post injury in rat SCI, beginning 

at the gray matter and then extend to the white 

matter. While apoptosis of glial cells is most 

distinct by 24 hr post injury, and then peaked 

again by 7 dpi particularly in the white matter 

(5). Inflammatory cascade induced post-injury 

is implicated in the tissue deterioration and loss 

of spinal cord functionality. Activated macro-

phages /microglia are primary contributors to 

secondary pathogenesis after SCI through 

expression of toxic molecules such as TNF-α, 

IL-1β, IL-6, nicotinamide adenine dinucleotide 

phosphate (NADPH) oxidases, inducible nitric 

oxide synthase (iNOS), nitric oxide (NO), 

reactive oxygen species (ROS) and matrix 

metalloproteinases (MMPs) which initiate 

neuroinflammatory reactions at the injury site 

and induce tissue damage through activation of 
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astrocytes, loss of oligodendrocytes and 

neurons, in addition to demyelination (31-33). 

Caspases, specifically caspase-3, 8, 9 and 10, 

are good indicators for onset of apoptosis (7, 

34-37). Apoptosis can be partially restricted via 

miR-155-induced suppression of caspase-3 

expression in activated macrophages (38). 

Therefore, the continued upregulation of miR-

155 at the lesion area could cause more tissue 

pathology through promoting the toxic 

microenvironment. 

Conclusion 

It could be concluded that miR-155 deletion 

improved tissue repair by suppressing 

neuroinflammation and decreasing the 

secondary damage after the contusion injury. 
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