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Tenascin-C induction exacerbates
post-stroke brain damage
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Abstract

The role of tenascin-C (TNC) in ischemic stroke pathology is not known despite its prognostic association with

cerebrovascular diseases. Here, we investigated the effect of TNC knockdown on post-stroke brain damage and its

putative mechanism of action in adult mice of both sexes. Male and female C57BL/6 mice were subjected to transient

middle cerebral artery occlusion and injected (i.v.) with either TNC siRNA or a negative (non-targeting) siRNA at 5min

after reperfusion. Motor function (beam walk and rotarod tests) was assessed between days 1 and 14 of reperfusion.

Infarct volume (T2-MRI), BBB damage (T1-MRI with contrast), and inflammatory markers were measured at 3 days of

reperfusion. The TNC siRNA treated cohort showed significantly curtailed post-stroke TNC protein expression, motor

dysfunction, infarction, BBB damage, and inflammation compared to the sex-matched negative siRNA treated cohort.

These results demonstrate that the induction of TNC during the acute period after stroke might be a mediator of

post-ischemic inflammation and secondary brain damage independent of sex.
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Introduction

Ischemic stroke induces significant time-dependent

changes in extracellular matrix (ECM) composition,

which contributes to BBB disruption, inflammation,

and remodeling of the brain parenchyma.1 Tenascin-

C (TNC) is a major ECM glycoprotein that regulates

diverse cellular functions in developing and adult

brains in health and disease.2–4 TNC was shown to

be highly induced in response to CNS injury and pro-

mote neuroinflammation.3

TNC induction is also an early prognostic biomark-

er of cerebrovascular and neurodegenerative diseases

like Alzheimer’s disease, subarachnoid hemorrhage

(SAH), temporal lobe epilepsy, spinal cord injury,

and large artery atherosclerotic stroke.3,5,6

Significantly higher TNC levels are positively correlat-

ed with poor outcomes in hemorrhagic stroke patients.7

Furthermore, TNC levels are positively correlated with

c-reactive protein levels and inflammation in patients

with atrial fibrillation.8 In addition, elevated circulat-
ing TNC levels are associated with large artery athero-
sclerotic stroke and post-stroke chronic inflammation
in humans.5

In the brain, TNC is expressed by astrocytes, micro-
glia and neurons.9 TNC is also expressed by circulating
macrophages and neutrophils9,10 that enter the brain
after stroke. TNC induces proinflammatory cytokines
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by activating toll-like receptor 4 (TLR-4)11 as well via
integrin receptors, the epidermal growth factor recep-
tor, complement receptor 3, and interleukin (IL) 1
receptor like-1.12 TNC modulates the microglial func-
tion through TLR dependent/independent signaling.4,9

Recent studies demonstrated the involvement of
TNC in promoting thrombosis, BBB disruption,
neuronal apoptosis, and inflammation after CNS
diseases.13,14 Further, TNC deletion showed anti-
inflammatory effects, primarily due to a reduction in
microglial activation and TLR-4 dependent effects in
SAH.15 Acute induction of TNC after traumatic brain
injury was shown to be region-specific and linked to
inflammation and brain damage.6 Despite existing clin-
ical and preclinical evidence on the significance of TNC
in brain diseases, its pathologic role after ischemic
stroke has not yet been explored. To fill that void, we
currently tested the impact of TNC knockdown on
post-stroke brain damage and motor function recovery
in adult mice of both sexes.

Methods and methods

All animal procedures were approved by the University
of Wisconsin Research Animal Resources and Care
Committee. Animals were cared for in compliance with
the Guide for the Care and Use of Laboratory Animals
[U.S. Department of Health and Human Services pub-
lication no. 86–23 (revised)]. All procedures were con-
ducted in compliance with the “Animal Research:
Reporting of In Vivo Experiments” guidelines.16 Mice
were randomly assigned to experimental groups. When
mice were subjected to 1 h transient MCAO, adult
females showed relatively less neurological deficits
compared to adult males. Hence, we used 4 exclusion
criteria. (1) absence of CBF lowering during MCAO,
(2) no noticeable neurological deficits on day 1 of
reperfusion, (3) no sign of infarction in MRI on day
1 of reperfusion and (4) an intracerebral hemorrhage
after euthanasia.

Focal cerebral ischemia

Adult C57BL/6 mice of both sexes (12weeks old;
Jackson Laboratories USA) were subjected to 1 h of
transient middle cerebral artery occlusion (MCAO)
under isoflurane anesthesia followed by 1 to 14 days
of reperfusion as described earlier.17 Sham-operated
animals served as the control. Regional cerebral
blood flow (rCBF) and physiological parameters
(blood pressure, pH, PO2, PCO2, hemoglobin, and glu-
cose) were monitored, and rectal temperature was
maintained at 37� 0.5�C during surgery and recovery
from anesthesia (data were given in supplementary
figure 4 and table 1). Post-surgical care and monitoring

were provided as specified in the IMPROVE

guidelines.18

siRNA treatment

Mice were injected via a retroorbital route with 25 nmol

(100 ml) of AmbionVR silencer select in vivo grade TNC

siRNA or negative siRNA (Neg siRNA; cat# 4404020;

siRNA ID#: s813) (a cocktail of 3 siRNAs in each case;

Thermo-Fisher USA) mixed with 50 ml polyethylene

glycol-liposome in vivo transfection reagent and 10 ml
transfection enhancer (Altogen Biosystems USA). The

sequences (50->30) of the TNC siRNAs used as a cock-

tail are (cat# 4457308; siRNA IDs# s75239-s775241)

sense: CUG AGA UAG AUG UUC CAA Att, CAA

UGA CUG CAG CAA CCA Att, and GGG AGA

UCA UUU UCC GAA Att, and antisense: UUU

GGA ACA UCU AUC UCA Gca, UUG GUU

GCU GCA GUC AUU Ggg, and UUU CGG AAA

AUG AUC UCC Cat. The siRNA cocktails were

injected at 5min of reperfusion (siRNA delivery to

brain data were given in supplementary figure 4C).

MRI

At 3 days of reperfusion following transient MCAO,

mice were anesthetized with isoflurane and subjected

to T1- and T2-weighted MRI using a 4.7-T small

animal system with 205/120/HD/S gradient 210mm

bore Varian magnet (Agilent Technologies USA).

Respiration rate was monitored during the imaging.

T1-MRI scans were acquired 25min after the adminis-

tration of 0.3ml of the contrast agent gadobenate

dimeglumine (Gd; 529mg/ml; i.p.). 8-10 equidistant

coronal slices/mice were acquired with a slice thickness

of 1.0mm. None of the mice showed any distress or

mortality during or after scanning. MRI scans were

analyzed using NIH ImageJ software with an FDF

plugin by a person blinded to the study groups to esti-

mate infarct volume (T2-MRI) and BBB breakdown

(T1-MRI). Mice that underwent MRI scanning with

a contrast agent were not used for any further analysis.

Motor function analysis

Motor function was evaluated by the rotarod test

(4min on a cylinder rotating at 8 rpm) and beam

walk test (number of foot faults while crossing a

120-cm long beam) at days 1, 7, and 14 of reperfusion

by a person blinded to the groups, as described earli-

er.17,19 Mice were trained in the tasks for 3 days before

MCAO. (detailed methodology was given in supple-

mentary methods)
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Real-time PCR, Western blotting, and

immunostaining

Proteins and RNA were extracted from the ipsilateral
cortex of mice. Real-time PCR was performed in trip-
licate with the SYBR-green method. Primers sequence
(50 to 30) for amplifying TNC, TNR, TNW/N, TNX,
TLR-4, TNF-a, IL-6, IL-1b, MCP-1, TRAIL, and 18S
were given in supplementary table 2. Relative quantifi-
cation of gene expression was normalized to 18S and

calibrated to the appropriate control by the compara-
tive CT method (2�DDCt). RT2 Profiler PCR array
(Qiagen) detailed methodology was given in supple-
mentary methods and data were given in supplementa-
ry material 2.

Protein samples (40 lg) were electrophoresed, trans-
ferred to nitrocellulose membranes, and probed with
antibodies against TNC, claudin 5, occludin and zona
occludens 1 (1:1000; ThermoFisher Scientific), TLR-4,
myeloperoxidase (MPO), intercellular adhesion
molecule-1 (ICAM-1), and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (1:2000 each; all from Santa

Cruz) followed by appropriate HRP-conjugated sec-
ondary antibodies (1:3000; Santa Cruz/ABCAM).
Blots were developed using enhanced chemilumines-
cence (Life Technologies USA) (data were given in sup-
plementary figure 3) and quantified with Image Studio
software (LI-COR Biotechnology USA). Brains were
embedded in paraffin, sectioned (coronal; 5mm) and
immunostained with antibodies against TNC (1:200;

ThermoFisher Scientific), NeuN (1:300; Millipore),
GFAP (1:300; ABCAM), TMEM119 (1:500; Synaptic
Systems), cleaved caspase-3 (1:200; Cell Signaling
Technology), Ly-6G (1:200; R&D systems), and
TLR-4 (1:200; Santa Cruz) followed by Alexa Fluor
or Discovery UltraMap secondary antibodies (1:1000;
ThermoFisher Scientific). In some experiments, sec-
tions were counterstained with Discovery RED detec-

tion kit followed by hematoxylin or DAPI. Brain
coordinates and microscopic navigation were used to
ensure the accurate location of the images across the
groups (image location and individual image sets data
were given in supplementary figures 1 and 2). Negative
control (without primary or secondary antibody) and
BlockAidTM Blocking Solution (Life Technologies
USA) were used to decrease false positives or cross

staining.

Statistical analysis

Power analysis was used to determine the sample size
that detect the significant differences. Data is presented

as mean� SD. After the Shapiro-Wilk normality test,
the data distribution, two groups were compared with
the Mann-Whitney U test and multiple groups with

one-way ANOVA with Tukey’s multiple comparisons

test. The data collected repeatedly from the same set of

subjects at different time points (such as rotarod

and beam-walk tests) were analyzed by two-way

repeated-measures ANOVA with Sidak’s multiple-

comparisons test.

Results

TNC siRNA prevented post-ischemic TNC protein

induction

In adult male mice, transient MCAO led to a signifi-

cant upregulation of TNC mRNA, but not other tenas-

cins (R/W/X) mRNAs in the peri-infarct cortex at

1 day of reperfusion compared with sham (n¼ 4/

group, *p< 0.05) (Figure 1(a)). TNC protein levels

also significantly increased at 1 day of reperfusion in

both sexes compared with sex-matched shams (n¼ 5/

group, *p< 0.05) (Figure 1(b) and (c)). In both males

and females, the TNC siRNA treatment led to a signif-

icant knockdown of TNC protein levels in the peri-

infarct cortex at 3 day of reperfusion compared with

the Neg siRNA treatment (n¼ 5/group, *p< 0.05)

(Figure 1(d) and (e)). In the peri-infarct cortex of

both male and female mice treated with Neg siRNA,

TNC protein was observed to be mainly localized

in neurons (NeuNþ) (Figure 2(a)), while astroglia

(GFAPþ) and microglia (TMEM119þ) showed low

TNC staining (n¼ 4/group, coordinates matched loca-

tions) (Figure 2(b) and (c)). The TNC siRNA treated

cohort showed very little TNC protein in all of the cell

types evaluated (Figure 2(a) to (c)).

Post-stroke TNC siRNA treatment decreased brain

damage and improved motor function in both sexes

The TNC siRNA treated male and female mice showed

significantly reduced infarct volume compared with the

sex-matched Neg siRNA treated mice (by 56% in

males and by 48% in females; n¼ 12 for male and

8 for female/group; p< 0.05) at 3 days of reperfusion

(Figure 3(a) and (b)). Post-stroke motor function

recovery (rotarod test and beam walk test) was also

significantly higher in the TNC siRNA cohorts

between days 7 and 14 of reperfusion compared with

the sex-matched Neg siRNA cohorts (n¼ 7/group for

both sexes; *p< 0.05) (Figure 3(c)). Post-stroke cleaved

caspase-3þ cell number in the peri-infarct cortex was

significantly lower in the TNC siRNA treated cohort

compared with the Neg siRNA treated cohort at 3 days

of reperfusion (n¼ 4/group, coordinates matched loca-

tions; *p< 0.05) (Figure 3(d)).

Chelluboina et al. 255



TNC siRNA treatment prevented post-stroke BBB

disruption

TNC siRNA treated male and female mice showed a

significant reduction in post-stroke Gd contrast agent

uptake (T1-MRI) into the brain (by 49% in males and

by 80% in females; n¼ 4–5/group/sex; *p< 0.05) at

3 days of reperfusion compared with the Neg siRNA

treated sex-matched cohorts (Figure 4(a) and (b)). In

addition, TNC knockdown prevented the tight

junction proteins degradation in males (claudin 5,

occludin and zona occludens 1) and females (only clau-

din 5) at 3 days of reperfusion (n¼ 4/group, *p< 0.05)

(Figure 4(c) and (d)).

TNC-knockdown reduced post-stroke neutrophil

infiltration and inflammation

In the peri-infarct area, TNC siRNA treated male mice

showed significantly less Ly-6Gþ cells compared to

Neg siRNA treated cohort at 3 days of reperfusion

(n¼ 4/group, coordinates matched location;

Figure 1. Focal ischemia significantly increased TNC protein expression, which was inhibited by TNC siRNA treatment.
(a) Real-time PCR analysis shows the expression of tenascins at 24 h of reperfusion in the ipsilateral cerebral cortex of adult male mice
subjected to 1 h MCAO. Values are mean� SD; n¼ 4/group, *p< 0.05 compared with sham by using the Mann-Whitney U test. (b) &
(c) TNC protein expression in adult male and female mice at 1 day of reperfusion following transient ischemia. (d) & (e) The TNC
siRNA treated cohort showed significant knockdown compared with the non-targeting Neg siRNA treated cohort at 3 days of
reperfusion following transient ischemia. The values in the histograms are means� SD (n¼ 5/group). *p< 0.05 compared with the
respective sham in (b) & (c) and *p< 0.05 compared with the respective Neg siRNA in (d) & (e) by using the Mann-Whitney U test.

Figure 2. TNC protein was expressed in neurons, astrocytes, and microglia after focal ischemia. Neurons, astrocytes, and microglia
were immunostained with NeuN, GFAP, and TMEM119, respectively. Brain sections were from representative male and female mice
of each cohort treated with TNC siRNA or Neg siRNA following 1 h of transient MCAO and 3 days of reperfusion. The scale bar is
50lm. Similar results were observed in n¼ 4/group.
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*p< 0.05) (Figure 5(a)). TNC knockdown also reduced

the MPO and ICAM-1 protein induction compared

with Neg siRNA treated control at 3 days of reperfu-

sion (n¼ 4/group, *p< 0.05) (Figure 5(b)). TNC

siRNA treatment also significantly curtailed the post-

stroke mRNA expression of the inflammatory mole-

cules IL-6, IL-1b, MCP-1, TNF-a, and TRAIL

compared with the Neg siRNA treated cohort at

3 days of reperfusion in both male and female adult

mice (n¼ 4/group, *p< 0.05) (Figure 5(c) and (d)).

TNC-knockdown reduced the TLR-dependent

post-stroke neuroinflammation

As TNC knockdown reduced the neutrophil infiltra-

tion and proinflammatory cytokine expression after

ischemia, we investigated TLR downstream effectors.

The TNC siRNA treated male mice showed a signifi-

cant reduction in TLR-4 mRNA expression in the peri-

infarct cortex compared with the Neg siRNA treatment

at 3 days of reperfusion following transient MCAO

(n¼ 4/group, *p< 0.05) (Figure 6(a)). Furthermore,

TNC and TLR-4 colocalized in the peri-infarct cortex

of the Neg siRNA treated male mice at 3 days reperfu-

sion (Figure 6(b)). This effect was mitigated by TNC

knockdown (n¼ 4/group, coordinates matched loca-

tions; *p< 0.05) (Figure 6(a) and (b)). In addition,

TNC knockdown curtailed TLR signaling predomi-

nantly in males (Figure 6(c)) over females (Figure 6

(d)) compared with the corresponding Neg siRNA

treatments at 3 days of reperfusion following transient

MCAO (n¼ 4/group).

Discussion

TNC expression in the normal adult brain is low and

restricted to the neurogenic niche, but it highly upre-

gulates in response to injury or inflammation.3,20,21

Figure 3. Post-stroke TNC siRNA treatment decreased brain damage and improved motor function in adult male and female mice.
(a) & (b) The TNC siRNA cohort showed significantly smaller infarcts than the Neg siRNA cohort in both male and female mice
subjected to 3 days of reperfusion after transient MCAO. T2 MRI scans (a) are from representative mice of the 2 groups. Bar graphs
(b) values are mean� SD (n¼ 12 and 8 per group for male and female, respectively). (c) Both male and female TNC siRNA cohorts
(red color) showed significantly improved post-stroke motor function between days 1 and 14 of reperfusion compared with sex-
matched Neg siRNA cohorts (grey color) studied by beam walk test and rotarod test. Values in the line graphs are n¼ 7/group for
both sexes. (d) The male TNC siRNA cohort also showed a reduced number of cleaved caspase-3þ cells at 3 days of reperfusion
following transient MCAO. Immunostained images are from representative mice of the 2 groups. Blue arrows indicate the cleaved
caspase-3þ cells. Images are from the peri-infarct areas of the ipsilateral cortex. Values in the histogram are mean� SD; n¼ 4/group.
Y-axis of males and females combined (b); *p< 0.05 compared with the respective Neg siRNA cohort by using the Mann-Whitney U
test (b) and (d) and two-way repeated-measures ANOVA followed by Sidak’s multiple comparisons posttest (c). The scale bar is
100lm.
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Brain injury induces TNC in as early as 15minutes and

it lasts up to 2weeks in the cerebral cortex, thalamus,

and hippocampus.6 In the brain, several factors includ-

ing proinflammatory cytokines, oxidative stress, and

mechanical stress can induce TNC expression.2,21

Increased TNC expression is known to mediate early

brain injury and cerebral vasospasm after SAH both in

humans and rodents.7,22 In a rat model of SAH, both

TNC induction in the cerebral cortex (at 24-72 h) and

recombinant TNC injection (at 24 h) promoted neuro-

nal apoptosis by activation of platelet-derived growth

factor (PDGF) and mitogen-activated protein kinases

(MAPKs), extracellular signal-regulated kinase (ERK)

1/2 and p38.23 PDGF activation in neurons and astro-

cytes upregulates TNC.24 In another study, TNC

knockout mice showed decreased expression of

MAPK, matrix metalloproteinase-9 (MMP-9), and

decreased tight junction protein degradation at 24 h

after SAH, which was reversed with an intracerebro-

ventricular injection of TNC.13 In addition, in tumor

tissues, TNC activates MMP-9 that

subsequently cleaves TNC.25,26 The role of MMP-9 is

well-documented in the stroke pathogenesis, and its

acute levels correlate with the infarct growth and hem-

orrhagic transformation in both rodents and

humans.27,28 Further, as a positive feedback mecha-

nism, TNC induces its own expression in neurons and

astrocytes by the activation of MAPK, leading to

aggravation of caspase-dependent neuronal apopto-

sis.23,24 Further, a cisternal TNC injection to healthy/

injured rats constricts cerebral arteries by activating

TLR-4, c-Jun NH (2)-terminal kinase, p38 and also

induced TNC expression in the arteries by positive

feedback resulting in prolonged vasoconstriction.29,30

In the present study, we observed that TNC knock-

down after ischemic stroke reduced the TNC induction

in neurons, astrocytes, and microglia. Further, TNC

knockdown prevented cell death and tight junction

proteins degradation thereby prevented the BBB dis-

ruption and brain damage. BBB integrity is sex specific

as estrogen protects and testosterone damages

the BBB.31–35 Estrogen protects the BBB by inhibiting

stroke-induced MMP2 and MMP9 and

cyclooxygenase-2 activation.36 As anticipated, we

observed relatively less post-stroke degradation of

tight junction proteins in females than males.
Post-stroke neutrophil infiltration is a hallmark of

increased brain damage and inflammation in both

rodents and humans.37,38 We identified that post-

stroke neutrophil infiltration was reduced with TNC

Figure 4. Post-stroke TNC siRNA treatment prevented BBB disruption. (a) & (b) T1-MRI scans and bar graphs show a reduction in
Gd brain uptake in the TNC siRNA treated cohorts at 3 days reperfusion after 1 h of transient MCAO compared with the Neg siRNA
cohort. Values are mean� SD (n¼ 4-5/group/sex); *p< 0.05 compared with the Neg siRNA cohort by the Mann-Whitney U test. (c)
& (d) Western blots and bar graphs show tight junction protein (claudin-5, occludin, and zona occludens-1) expression in the TNC
siRNA or Neg siRNA treated cohorts at 3 days of reperfusion after 1 h of transient ischemia. Values are mean� SD; Y-axis of males
and females combined (b); n¼ 4/group, *p< 0.05, compared with the Neg siRNA by using the Mann-Whitney U test.
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knockdown. TNC promotes the macrophage transla-
tion of proinflammatory cytokines and migration.4,39

In tandem, TNC upregulates the vascular endothelial
growth factor in macrophages by interacting with
annexin II and promotes the migration of macro-
phages.40 TNC also promotes T-cell activation and
polarization during inflammation.41–43 TNC knockout
mice showed restricted microglial surveillance and
increased neutrophil infiltration into the ischemic core
with no significant impact on post-ischemic cell death
and early neurological dysfunction.44 In contrast, auto-
immune glaucoma in TNC knockout showed the
absence of reactive gliosis and an increase in anti-
inflammatory cytokine expression.15 Further, TNC-
knockout mice showed less inflammatory cell infiltra-
tion in the periarterial subarachnoid space after SAH
due to the inactivation of MAPKs in the smooth
muscle cell layers of the cerebral arteries.45 Similarly,
inhibition of TNC expression after hepatic injury
showed decreased neutrophil/leukocyte recruitment
and also a reduction in the levels of pro-
inflammatory cytokines.46 Further, TNC increases
MPO activity in the neutrophils and ICAM-1 levels
which is crucial for neutrophil extravasation into the

brain after stroke.46,47 Reduction in the protein expres-
sion of MPO and ICAM-1 with TNC knockdown
observed presently suggests that a lack of TNC limits
the migration of neutrophils from the periphery
and prevents the chemotaxis entry to the brain
parenchyma.

TNC mediates neuroinflammation by activating
TLR-4.48,49 TLR-4 exacerbates the post-stroke patho-
genesis and inflammation.50,51 TNC, as an endogenous
activator of TLR-4, co-expresses in the injured brain
and triggers cytokine synthesis.48 In addition, the
inflammatory role of TNC was found to be reduced
in the absence of TLR-4.9 A fibrinogen-like globe of
TNC domain was shown to be important for the TLR-
4 activation, and TLR-4 dependent expression of
proinflammatory cytokines TNF-a, IL-6, and IL-8 in
primary human fibroblasts.48,49 In addition, experi-
mental autoimmune myocarditis in TNC knockout
mice showed a reduction in IL-6 dependent Th17 dif-
ferentiation.52 Recent studies identified that TNC reg-
ulates MAPKs, phosphoinositide 3-kinase/Akt, protein
kinase C, and ERK/NF-kB signaling pathways
through its binding to cell surface receptors like
TLR-4.23,53,54 In the current study, TNC knockdown

Figure 5. TNC knockdown prevented post-stroke inflammation. (a) The male TNC siRNA cohort showed reduced infiltration of
Ly-6Gþ microglia/macrophages compared with the Neg siRNA cohort. Similar staining was observed in n¼ 4/group. Scale bar:
100lm. (b) The male TNC siRNA cohort showed reduced protein expression of MPO and ICAM-1 compared with the Neg siRNA
cohort. (c & d) RNA levels of the inflammatory molecules (IL-6, IL-1b, MCP-1, TNF-a, and TRAIL) were significantly lower in both the
male and female TNC siRNA cohorts compared with the Neg siRNA cohorts at 3 days reperfusion following transient MCAO. All
parameters were estimated in the peri-infarct cortex at 3 days of reperfusion after transient MCAO. Values are mean� SD; n¼ 4/
group, *p< 0.05 compared with the Neg siRNA by using the Mann-Whitney U test, and */#p< 0.05 compared with the sham/Neg
siRNA by one-way ANOVA with Tukey’s multiple comparisons test.
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after stroke showed downregulation of TLR signaling.

Males showed predominant downregulation of the

overall TLR signaling. On the other hand, in females,

TNC knockdown downregulated post-stroke TLR sig-

naling relatively less compared to males. In females,

estrogen disrupts myeloid differentiation primary

response protein 88 interaction with a methylated estro-

gen receptor-a which is crucial for NF-jB transcription-

al activity and proinflammatory cytokine production.55

Collectively, these observations suggest that TLR signal-

ing is crucial for TNC to promote post-stroke brain

damage and inflammation. In addition, TNC alters

post-stroke inflammation in both males and females.
Further, disparities exist in the post-stroke outcomes

between knockdown and knockout of a specific gene/

its product as the later develops compensatory mecha-

nisms. CNS injury studies with TNC knockout mice

consistently showed reduced brain damage and

improved neurological function at an early phase

after an insult due to less inflammatory response and

better BBB integrity brain damage.9,14,56 TNC knock-

out mice showed poor sensorimotor coordination and

hyperactivity.57 In CNS injuries, TNC upregulation

correlates with astrocyte activation and glial scar for-

mation.58,59 In addition, conditional TNC overexpres-

sion in mouse heart did not lead to any functional

abnormalities, but increased expression of proinflam-

matory cytokines and mortality at the acute stage after

myocardial infarction.60 Interestingly, a recent study

did not find a significant change in post-ischemic neu-

rological deficits in TNC knockout mice.44 This sug-

gests a diverse role of TNC deletion in brain

development and its induction after CNS diseases.

This also suggests that the time to target TNC is crucial

in CNS diseases and that TNC-KO might have com-

pensatory mechanisms. In the current study, we

observed improved motor functions with TNC knock-

down after stroke suggesting that TNC induced after

Figure 6. TNC knockdown reduced TLR-dependent post-stroke neuroinflammation. (a) TLR-4 mRNA levels were lower in the male
TNC siRNA cohort compared to the Neg siRNA cohort at 3 days of reperfusion following transient ischemia. Values are mean� SD;
n¼ 4/group, *p< 0.05 compared with the Neg siRNA group by using the Mann-Whitney U test. (b) TNC/TLR-4 coexpression was
curtailed in the male TNC siRNA treated cohort compared with the Neg siRNA cohort at 3 days reperfusion following transient
MCAO. Similar results were observed with n¼ 4/group. Scale bar: 30lm. (c & d) TLR signaling was curtailed by TNC knockdown
after stroke in both male and female mice. n¼ 4/group.
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stroke promotes the post-stroke neurological deficits

by exacerbating the ischemic pathogenesis.
Our study concludes that post-stroke TNC induc-

tion mediates ischemic pathogenesis, contributing to

BBB disruption and brain damage in both males and

females. TNC knockdown prevented post-stroke neu-

trophil infiltration and neuroinflammation, which sug-

gests a considerable scope to expand our findings to

understand the TNC molecular mechanisms that offer

neuroprotection after stroke.
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