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Background: Manipulating the immune inflammatory response after cerebral ischemia has
been a novel therapeutic strategy for ischemic stroke. This study attempted to investigate the
effects of the transplantation of lymphocytes co-cultured with human cord blood-derived
multipotent stem cells (HCB-SCs) on the inflammatory response in transient middle cerebral
occlusion (tMCAO) rats.

Methods: The tMCAO rats were subjected to the transplantation of lymphocytes co-cultured
with HCB-SCs through tail vein injection. Infarct size and neurological deficits were measured at
48 hrs after stroke. Neurological deficits were assessed using Bederson’s scoring system and tape
removal test. Blood T cell flow cytometry was performed to measure the differentiation of
regulatory T cells (Tregs). Western blot was used to detect the protein levels of inflammation-
related molecules, apoptosis-related molecule, and signaling molecules in ischemic brain.
TUNEL staining was performed to analyze cell apoptosis in ischemic cerebral cortex.
Results: The transplantation of lymphocytes co-cultured with HCB-SCs significantly improved
the neurological defects, reduced ischemic brain damage, and increased the proportion of
peripheral CD4'CD25 Foxp3" Tregs. Meanwhile, the transplantation of co-cultured cells
decreased the expression of NLRP3 inflammasome and associated factors, such as caspase-1
and IL-1B, and inhibited the activation of NF-kB, ERK and caspase-3 in ischemic brain. The co-
cultured cells significantly decreased the number of tMCAO-induced cell apoptosis.
Conclusion: Lymphocytes co-cultured with HCB-SCs exhibit a neuroprotective effect after
ischemic stroke by promoting Tregs differentiation and suppressing NLRP3 inflammasome
activation and neuron apoptosis, and might be a promising therapeutic strategy for ischemic stroke.
Keywords: ischemic stroke, inflammation, cord blood-derived multipotent stem cells,
regulatory T-cells, inflammasomes

Introduction

Stroke is a leading cause of death and permanent disability worldwide.! The
estimated global lifetime risk of stroke for those aged 25 years or older has
increased from 22.8% in 1990 to 24.9% in 2016, and China has the highest
incidence worldwide, with a risk of 39.3%.' Due to the growing and ageing
population and increased prevalence of risk factors, there are excessive stroke
burden globally.p‘ Currently, intravenous thrombolysis and thrombectomy have
shown clear efficacy for ischemic stroke patients, and advances in recanalization
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therapies have extended the time window for the interven-
tion of ischemic stroke.> Whereas, a low number of stroke
patients are eligible for recanalization treatment, and cere-
bral still
a burning problem. Together, currently available therapies

injury caused by ischemia-reperfusion is
are insufficient for cerebral injury after stroke, strongly
suggesting novel treatment options.

Inflammatory events are currently known to play cri-
tical roles in the progression of cerebral injury after
stroke.® Growing evidence suggests the manipulation of
lymphocytes in ischemic stroke as a potential therapeutic
strategy for the management of stroke.”” Inflammatory
lymphocytes contribute to neuronal death and poor out-
comes after stroke, and blocking the brain invasion of
inflammatory lymphocytes is neuroprotective after ische-
mia-reperfusion.'®!"  While, regulatory T lymphocytes
(Tregs) have been characterized as disease-limiting protec-

tive cells,'* 13

and play a key part in controlling immune
responses in ischemic stroke.'® Therefore, increasing the
proportion of Tregs is conducive in the immunomodula-
tory therapy for stroke.

Stem cell therapy is a promising and attractive alternative
for repairing stroke-induced neurological damage.'” Various
stem cells derived from different sources have been employed
as donor cells for transplantation therapy in stroke.'® '
During the past years, human cord blood-derived multipotent
stem cells (HCB-SCs) have emerged as a highly promising
source for cell therapy in a variety of diseases.”2°
Experimental and preclinical studies have reported promising
data of HCB-MSCs in stroke therapy, including improved
neurobehavioral functions, reduced infarct volume, and pro-
longed survival.'®'*#*27 Moreover, HCB-SCs present unique
superiorities, such as greater availability, less immunogenicity,
and lower risk of mediating viral transmission, compared to
other sources for stem cell therapy.”®*® Nevertheless,
a potential limitation of stem cell transplantation is the predis-
position of eliciting a graft-induced immunologic response
from the host. Current suboptimal countermeasure mainly
focuses on the immunosuppressive treatment for the host in
experimental studies.””’ It is critical to manipulate the graft to
achieve beneficial improvements simultaneously with an
immune homeostasis.

Increasing evidence has shown that HCB-SCs can
modulate immunologic responses by altering Tregs.*%!
Our previous study discovered that HCB-SCs could
increase the proportion of Tregs in peripheral lympho-
cytes, and lymphocytes co-cultured with HCB-SCs could

improve pathological impairment of APP/PS1 mice via an

immunomodulatory effect.”> Given the potency of HCB-
SCs and Tregs under cerebral ischemic condition, rat
spleen lymphocytes were co-cultured with HCB-SCs in
this study, and then co-cultured lymphocytes were intra-
venously transplanted into the rat stroke model of middle
cerebral artery occlusion and reperfusion (MCAO).
Meanwhile, we observed the modulating effect of HCB-
SCs on lymphocytes, the neuroprotective effect of co-
cultured lymphocytes as well as the underlying mechanism
in modulating immune responses in ischemic stroke.

Materials and Methods

Experimental Animals

Male Wistar rats (weighing 250~300 g) were obtained
from Beijing HFK Bioscience Co., LTD (Beijing, China).
All rats were kept under a 12:12 hrs light/dark cycle at
a constant temperature of 22°C and were free access to
food and water. This study was approved by the Ethical
Committee of School of Medicine, Shandong University.
All animal experiments were performed in accordance
with the Guide for the Care and Use of Laboratory
Animals of Shandong University. The rats were randomly
divided into 3 groups as follows: sham-operated group
(Sham, n=10), transient middle cerebral artery occlusion
and reperfusion group (tMCAO, n=12), and tMCAO trea-
ted with the transplantation of lymphocytes co-cultured
with HCB-SCs (tMCAO+LT, n=12).

tMCAO Model

The rats were anesthetized with 10% chloral hydrate
(3 mL/kg) by intraperitoneal injection. The left common
carotid artery was identified and isolated through a ventral
midline cervical incision. A nylon filament (0.28 mm in
diameter) with a rounded tip was introduced from the
common carotid artery lumen into the internal carotid
artery to block the origin of the left middle cerebral artery
(MCA). The left MCA was occluded with the filament for
90 min, and the filament was withdrawn to allow MCA
reperfusion. In the sham-operated group, the left neck
incision was made to expose the arteries, but the nylon
filament was not inserted into internal carotid artery.

Cell Co-Culture and Transplantation

The preparation and co-culture of HCB-SCs and spleen
lymphocytes were conducted according to our previous
report.>> Human cord blood collection for research was
approved by the institutional review board of Shandong
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University and Jinan Central Hospital. Cord blood samples
were collected from the placenta of healthy donors in
Department of Obstetrics, Jinan Central Hospital with
donors’ written informed consent. The rat mononuclear
lymphocytes were co-cultured with HCB-SCs at a ratio
of 10:1 in vitro for 3 days.

The rats were anesthetized with isoflurane (2~5% in O,
delivered at 2 L/min). Cells were adjusted to a concentration
of 2x10” cells/mL. The rats received administration of lym-
phocytes co-cultured with HCB-SCs through tail vein injec-
tion at a final dose of 1x10” cells/500 uL saline once at 2 hrs
and 24 hrs after reperfusion. The rats in the tMCAO group
received saline injection without lymphocytes. An immuno-
suppressant was not given to the rats.

Neurological Deficits Measurement
Bederson’s Scale Scores

The behavioral assay was scored using a modified
Bederson’s test.*> At 48 hrs after reperfusion, the rats were
examined by suspending 20~30 cm above the testing plat-
form. The neurological deficits were scored according to the
following criteria: 0, rat extends both forelimbs straight; 1,
rat keeps one forelimb to the breast and extends the other
forelimb straight; 2, rat shows decreased resistance to
a lateral push without circling; 3, rat shows decreased resis-
tance to a lateral push with circling; and 4, rat loses sponta-
neous walking and consciousness. Rats scoring 0 or 4 were
not used in the evaluation of this experiment.

Tape Removal Test

The tape removal test was performed to assess forepaw
sensorimotor deficits at 48 hrs after tMCAO.** Rats were
placed into a box (60 cmx50 cm). Two adhesive tapes with
equal length (113 mm?) were quickly attached at the distal
radial region of 2 forelimbs; then, the rats were placed into
the box. The time that it took for an animal to remove the
tapes from each forelimb was recorded. A rat was tested three
times, and the median was taken for statistics. If an animal
could not remove the tapes within 180 s, then time was noted
as 180 s. Rats were trained before surgery for 3 days.

Measurement of Infarct Volume

After 48 hrs of reperfusion, the rats were deeply anesthetized
with 10% chloral hydrate. The brains were removed and sliced
into 2.0 mm thick coronal sections. The brain slices were
immediately incubated in 0.9% saline with 2% triphenyl tetra-
zolium chloride (TTC, Solarbio, China) at 37°C for 30 min.
Then the slices were transferred into 4% paraformaldehyde

solution and fixed for 12 hrs. The photographs were taken by
the scanner. Areas of the infarct regions were analyzed in
Image-Pro Plus 6.0. The infarct areas of each section were
the average of the sum of two sides. The volume of infarction
for each animal was calculated by taking the product of the
average slice thickness (2 mm) and summing the infarct areas
in all brain slices. The results were represented as the percen-
tage of the total volume.

Flow Cytometry

Peripheral blood was harvested in tubes with heparin
sodium through angular veins. After centrifugation at 4°
C (1000 rpm, 30 min), the supernatant plasma was col-
lected and stored at —80°C for further detection. For flow
cytometry, the resuspended lymphocytes were isolated by
rat lymphocyte separation medium (Solarbio, China)
according to the manual. After washing, the cells were
incubated with antibodies at 4°C for 30 min as recom-
mended by the manufacturer. The antibodies included anti-
rat FITC-conjugated CD4, anti-rat AF647-conjugated
CD25 and anti-rat PE-conjugated Foxp3. These antibodies
were purchased from BioLegend Inc. Cell fixation and
staining methods referred to the manufacturer’s instruc-
tion. All samples were analyzed by a flow cytometer
(Beckman CytoFLEX) using FlowJo VX software.

TUNEL Staining

TUNEL staining was performed using a situ one-step immu-
nofluorescence  TUNEL apoptosis assay kit (Beyotime
Biotechnology, China) according to the manufacturer’s
instructions. Cy3-labeled TUNEL positive cells were
observed under fluorescence microscope (Olympus X710
Camera, Japan). Red fluorescent cells were defined as apop-
totic cells. For quantification of apoptotic cells, three slices of
the ischemic cerebral cortex in each animal were analyzed.
The number of apoptosis cells in five fields of each slice at
200x magnification was measured using the Image Pro Plus
software.

Western Blot

Brain samples (n=4 for each group) were separated from the
cortex including both the penumbra and ischemic core
regions, and protein was extracted with RIPA lysis buffer
(Beyotime Biotechnology) containing 1% protease inhibitors
(sodium fluoride) and 1% phosphatase inhibitors (sodium
orthovanadate). Protein concentration was determined using
a BCA protein assay kit. The protein from each sample was
separated on 10% sodium dodecyl sulfate polyacrylamide gel
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electrophoresis gels, then transferred onto a PVDF mem-
brane. The membrane was incubated in blocking buffer for
1 hr at room temperature, and was then incubated overnight at
4°C with primary antibodies against NF-kB p-P65 (Cell
Signaling), NF-xB P65 (Cell Signaling), p-ERK (Cell
Signaling), ERK (Cell Signaling), NLRP1 (Cell Signaling),
NLRP3 (Cell Signaling), caspase-1 (Abcam), IL-1B (Abcam),
Cleaved caspase-3 (Cell Signaling), and f-actin (Cell
Signaling). After washing three times (5 min per wash) with
Tris-buffered saline, the membrane was incubated with sec-
ondary antibodies against the primary antibody for 1 hr at
room temperature. The membrane was washed with Tris-
buffered saline and scanned using the gel imaging system
(Protein Simple, FluorChem Q). Quantification of protein
levels was achieved by densitometry analysis using Image
Pro Plus 6.0 software. In detail, the densitometry of p-P65
NF-kB and p-ERK (MAPK) signaling proteins divided by the
densitometry of its corresponding “total protein” indicated the
activation of NF-xB and ERK signaling. The densitometry of
proteins caspase-1, mature IL-1B, NLRP3 inflammasome,
NLRP1 inflammasome and cleaved caspase-3 was deter-
mined by the densitometry of its corresponding [-actin,
which was used as a loading control.

Statistical Analysis

Data analysis was performed using the GraphPad Prism 6
software. The data were represented as mean + SEM.
Statistical analysis of the data was performed using one-
way ANOVA followed by Student-Newman-Keuls post
hoc comparisons. P<0.05 was considered significant.

Results
LT Treatment Alleviates Neurological
Deficits

Neurological deficits were assessed by two observers in
a blind manner at 48 hrs after reperfusion. Conformity
assessment certificated that there was no significant differ-
ence in behavior scores of the experimental animals at 2
hrs after the tMCAO operation. At 48 hrs after reperfu-
sion, the rats received tMCAOQ operation showed severe
neurologic impairment, relative to rats in the Sham group
(P<0.05, Figure 1A). LT treatment significantly reduced
the neurology deficits score in tMCAO rats at 48 hrs after
reperfusion (P<0.05, Figure 1A).

The sensorimotor function of rats was assessed by tape
removal test following neurology deficits score. As shown in
Figure 1B, the tape removal latency time in the Sham group

was 9.9+0.924 s at 48 hrs after sham operation. The tape
removal latency time increased significantly in the tMCAO
(139.3+£9.996 s) and tMCAO-LT (103.7+11.87 s) groups,
respectively, at 48 hrs after ischemia and reperfusion opera-
tion, compared with that in the Sham group (P<0.05). LT
treatment significantly decreased the latency time of tMCAO
rats (P<0.05).

LT Treatment Reduces Infarct Volume
Infarct volume was calculated using TTC-stained brain sec-
tions. Representative images of TTC staining of experimental
rats are shown in Figure 2A. Compared with rats in the Sham
group, rats in the tMCAO group showed a significantly larger
infarct volume at 48 hrs after reperfusion (P<0.05, Figure 2B).
The rats in the tMCAO+LT group exhibited a significant
reduction of infarct volume, compared to rats in the tMCAO
group (P<0.05, Figure 2B).

LT Treatment Modulates the

Differentiation of Tregs Subsets

In order to evaluate the effects of LT treatment on the
immune response of tMCAO rats, we separated monocytes
from peripheral blood and analyzed the proportion of
CD4'CD25" and CD4"CD25 Foxp3" Tregs by flow cyto-
metry. As shown in Figure 3A and C, we observed that the
percentage of CD4'CD25" Tregs significantly increased at
48 hrs after tMCAO (P<0.05), and LT treatment did not
change the percentage of CD4"CD25" Tregs in tMCAO rats.
The proportion of CD4"CD25 Foxp3 " Tregs was markedly
increased at 48 hrs after tMCAO in the tMCAO group
relative to that in the Sham group, and LT treatment further
increased the percentage of CD4'CD25 Foxp3™ Tregs in
tMCAO rats (P<0.05, Figure 3B and D).

LT Treatment Alleviates the

Inflalmmasome Activity

In this study, we investigated the effect of LT treatment on
immune-inflammatory activity, and the expression of several
inflammasome proteins (caspase-1, mature IL-13, NLRP1
and NLRP3) was detected in brain tissues (cerebral cortex)
following 48 hrs of tMCAQO. Western blot results demon-
strated that protein levels of caspase-1, mature IL-13, NLRP1
and NLRP3 were significantly increased at 48 hrs after
tMCAO, compared with that in the Sham group (P<0.05,
Figure 4A-D). LT treatment could remarkably reduce the
protein levels of caspase-1, mature IL-18 and NLRP3 in
tMCAO rats (P<0.05, Figure 4A—C). LT treatment had no
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Figure | Effect of the transplantation of lymphocytes co-cultured with HCB-SCs on neurological deficits at 48 hrs after stroke in rats. (A): Burderson’s score. (B):
Sensorimotor function test by tape removal. ¥P<0.05 vs Sham group; #P<0.05 vs tMCAO group.

significant effect on the expression of NLRP1 in tMCAO rats
(P>0.05, Figure 4D).

LT Treatment Modulates the Immune
Response by ERK and NF-«xB Signalings

We investigated the effect of LT treatment on the activation
of intracellular NF-xB and ERK signaling pathways. Our
results demonstrated that the ratio of p-ERK/total ERK and
p-NF-«xB (P65)/total NF-xB (P65) were
increased in the tMCAO group than that in the Sham group
(P<0.05, Figure 4E and F). LT treatment reduced the ratio of
p-ERK/total ERK and p-NF-«kB (P65)/total NF-xB (P65) in
tMCAO rats (P<0.05, Figure 4E and F). The results sug-
gested that LT treatment could reduce the phosphorylation of
NF-kB (P65) and ERK, and inhibit the activation of ERK and
NF-«B signaling pathways.

significantly

LT Treatment Protects Neurons Against
tMCAO-Induced Apoptosis

To elucidate the anti-apoptotic effect of LT treatment, the
expression level of cleaved caspase-3 was determined by

Western blot. The result showed that the protein level of
cleaved caspase-3 in the tMCAO group was higher than
that in the Sham group (P<0.05, Figure 4G). LT treatment
could significantly decrease the level of cleaved caspase-3
in tMCAO rats (P<0.05, Figure 4G).

To further study the effect of LT treatment on neuron
apoptosis, TUNEL staining was performed to analyze the
number of apoptotic cells in ischemic cerebral cortex. The
results showed that the number of apoptosis cells in cortex
were markedly increased in mice with tMCAO compared
with that with Sham operation (P<0.05, Figure 5). LT
treatment significantly decreased the number of apoptosis
cells in ischemic cerebral cortex (P<0.05, Figure 5), sug-
gesting that the transplantation of lymphocytes co-cultured
with HCB-SCs might protect neurons against tMCAO-
induced apoptosis.

Discussion

Inflammatory processes are responsible for the development
of cerebral ischemia and the magnification of brain damage
after reperfusion.®* Modulating the immune inflammatory
response after cerebral ischemia is deemed to be a novel
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Figure 2 Effect of the transplantation of lymphocytes co-cultured with HCB-SCs on infarct volume. (A): Representative images of TTC-stained brains at 48 hrs after stroke.
(B): Quantification of brain infarct volume. *P<0.05 vs Sham group; “P<0.05 vs tMCAO group.

therapeutic strategy for ischemic stroke. Tregs have been
characterized as inflammation-limiting protective cells in
disease conditions, and play critical parts in maintaining
post-stroke immune homeostasis and ameliorating inflamma-
tory collateral damage.>> Our previous study provided evi-
dence that lymphocytes co-cultured with HCB-SCs could
modulate the number of Tregs, reduce pro-inflammatory
cytokines, and improve anti-inflammatory cytokines in per-
ipheral of APP/PS1 mice.?® In our study, lymphocytes co-
cultured with HCB-SCs exhibited the neuroprotective effects
on ischemic stroke-induced inflammatory response and cere-
bral injury.

The transplantation of lymphocytes co-cultured with
HCB-SCs could modulate peripheral inflammatory response
by increasing the proportion of Foxp3" Tregs in tMCAO rats.
Ischemic infarct is accompanied by the activation of innate
immune cascades, during which the blood-brain barrier is

compromised and peripheral leukocytes infiltrate into the
brain leading to substantial secondary damage.® Tregs exert
immune-modulating effects by either direct contact with the
suppressed cells or release of immunosuppressive cytokines.
Despite the large variability of Treg function and phenotype,
the naturally occurring CD4"CD25 Foxp3"™ Tregs are the
best investigated population.®® CD4*CD25"Foxp3" Tregs
play a key part in controlling immune responses in various
systemic and central nervous system inflammatory
diseases.*® It has been proved that Tregs are major cerebro-
protective immunomodulators of post-ischemic inflamma-
tory brain damage.'"* Therefore, increasing the proportion
of CD4"CD25 " Foxp3" Tregs might be an effective immuno-
modulatory therapy for stroke.

Our study indicated that the transplantation of lympho-
cytes co-cultured with HCB-SCs could reduce stroke-induced

brain injury. HCB-SCs are a novel and phenotypically distinct
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vs tMCAO group.

subset of stem cells that are identified from the umbilical cord
blood.?® A growing body of evidence has demonstrated the
immune therapeutic potential of HCB-SCs by regulating
T lymphocytes.**%37 HCB-SCs may restore immune balance
by altering cytokines (such as IL-10 and TGF-B) or cell
composition (such as Tregs). The immune modulation of
HCB-SCs to lymphocytes has also successfully detected in
the therapeutic potential of Type 1 diabetes.*’=* He et al*
discovered that HCB-SCs could increase the proportion of
Tregs in peripheral lymphocytes and could enhance the anti-
inflammatory function in vitro. These results imply the
immune-modulating potential of HCB-SCs by co-culturing
with lymphocytes for stroke.

In this study, the transplantation of lymphocytes co-
cultured with HCB-SCs attenuated ischemic stroke-induced
NLRP3 inflammasomes and the corresponding downstream
pro-inflammatory cytokines, such as caspase-1 and IL-1f, and
pro-apoptotic protein cleaved caspase-3. Inflammasomes are
multi-protein complexes that are activated as part of the innate
immune response, and can trigger the maturation of caspase-1
followed by the production of IL-1B.*** The NLRP inflam-
masomes are cytosolic macromolecular complexes composed

of the NLRP receptor, ASC (apoptosis-associated speck-like
protein containing a caspase recruitment domain), and precur-
sor caspase-1.> It has been demonstrated that ischemia-like
conditions can increase the level of NLRP inflammasomes and
IL-1B.*' Fann et al*' showed that the NLRP1 and NLRP3
inflammasomes play a major role in neuronal cell death and
sensorimotor impairment following stroke. IL-1p has also
been strongly implicated in the pathogenesis of ischemic
brain as a neurotoxic mediator.>*° Therefore, we attempted
to determine whether the levels of IL-1p, caspase-1, NLRP1
and NLRP3 in the lesion side of cerebral hemispheres were
changed by the transplantation of lymphocytes co-cultured
with HCB-SCs. This study showed that the transplantation
of co-cultured lymphocytes reduced the expression of NLRP3
rather than NLRP1, suggesting that NLRP3 might involve in
the modulation of inflammatory response under the transplan-
tation treatment.

Our study found that the transplantation of lymphocytes
co-cultured with HCB-SCs decreased the expression of pre-IL
-1B (data not shown) and mature IL-1p, indicating that the
transplantation promoted the mature process of IL-1 by not
only NLRP3 and caspase-1 inflammasome signaling pathway,
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band can be seen at a molecular weight of 72 kDa (F). *P<0.05 vs Sham group; #P<0.05 vs tMCAO group.

but also more extensive inflammatory signaling pathways. intracellular NF-xB and ERK signaling pathways through
Therefore, we further tested NF-kB and ERK (MAPK) signal-  a process known as “priming”.*' ** Meanwhile, an increase
ing molecules. Accumulating evidence has indicated that the  in expression of NLRP1 and NLRP3 inflammasomes in brain
activation of IL-1 receptor 1 leads to the activation of cells under ischemic conditions may also be induced by the

2268  submit your manuscript Clinical Interventions in Aging 2019:14

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhao et al

w

o

o
1

)
(=]
o
1
*
R

100+

N:..:RE= T

A
R

& 5
\‘&0

o
1

Number of apoptosis cells in cortex

Ly
%
%,

. —A

Ischemic Cerebral Cortex

Figure 5 Effect of the transplantation of lymphocytes co-cultured with HCB-SCs on cell apoptosis in the ischemic cerebral cortex. TUNEL staining is used to analyze
number of apoptosis cells in cerebral cortex. Representative images of TUNEL staining (A). The statistical graph of the number of apoptosis cells (B). Schematic of the brain

shows the detection region (C). *P<0.05 vs Sham group; *P<0.05 vs tMCAO group.

activation of NF-kB and MAPK signaling pathways.** Our
current data showed that tMCAO-induced activation of NF-xB
and ERK signaling pathways could be significantly down-
regulated by the transplantation of lymphocytes co-cultured
with HCB-SCs. Consequently, the activation of NF-kB and

ERK signaling pathways may further induce the protein
expressions of NLRP3, and caspase-l1 under ischemic
conditions.

Furthermore, the activation of inflammasome pathway

is proven to promote caspase-3-induced cell apoptosis.**
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Thus, in addition to the anti-inflammation effects, we
further examined the anti-apoptosis effect of the transplan-
tation treatment. Caspase-3 has been identified as a key
mediator of apoptosis in animal models of ischemic
stroke.*> Our data showed that the transplantation treat-
ment significantly attenuated ischemia-induced activation
of caspase-3 at 48 hrs after tMCAO, and LT treatment
decrease the level of cleaved caspase-3 in tMCAOQO rats.
TUNEL staining confirmed the effect of LT treatment on
neuron apoptosis, suggesting that the transplantation of
lymphocytes co-cultured with HCB-SCs might protect
neurons by defeating tMCAO-induced cell apoptosis.

Conclusion

Our study provided evidence that the transplantation of
lymphocytes co-cultured with HCB-SCs could elevate the
proportion of CD4'CD25'Foxp3" Tregs in peripheral
blood and attenuate inflammatory reaction after tMCAO.
Notably, the neuroprotective effect of the lymphocytes co-
cultured with HCB-SCs was closely related to the decrease
of NLRP3 inflammasome and associated inflammatory
factors. Future experimental and preclinical researches
may identify the transplantation lymphocytes co-cultured
with HCB-SCs as a novel therapeutic strategy for neuro-
vascular diseases.
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