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Abstract: This study is to investigate the effects of human umbilical cord-mesenchymal stem cells (HUC-MSCs)
transplantation combined with minimally invasive hematoma aspiration on neural functional recovery and p53 gene
expression in rats with intracerebral hemorrhage (ICH). Collagenase type-IV was injected to the caudate nucleus of
the rats to make ICH models. One hundred and twenty Sprague-Dawley rats with successful modeling were ran-
domly divided into 4 groups, including the ICH group, hematoma aspiration group, HUC-MSCs transplantation group
and HUC-MSCs transplantation combined with hematoma aspiration group (combination group). Neural functional
status of the rats was assessed by modified neurological severity score (mMNSS). Expression of p53 in the cerebral
tissues surrounding ICH was detected by immunohistochemical assays. The scores of MNSS and the expression of
p53 gene in the hematoma aspiration group, the HUC-MSCs transplantation group and the combination group were
significantly lower than those in the ICH group at each indicated time point (p < 0.05). Intriguingly, mNSS scores
and p53 expression in the combination group were significantly lower than those in the hematoma aspiration group
on day 7, 14 and 30 (p < 0.05), and significantly lower than those in the HUC-MSCs transplantation group on day
14 and 30 (p < 0.05). HUC-MSCs transplantation combined with minimally invasive hematoma aspiration is more
effective than either therapy alone in rats with ICH and could distinctly reduce the damage of nerve cells.

Keywords: Human umbilical cord-mesenchymal stem cell transplantation, minimally invasive hematoma aspira-
tion, intracerebral hemorrhage, rats, p53

Introduction icity effect induced by dissolving red blood ce-
lls [6, 7], cerebral edema [7]. Reactive Oxygen
Species (ROS) reaction [8], the complementary

cascade and neuron apoptosis.

Intracerebral hemorrhage (ICH) is a common
vascular disease of the nervous system and
accounts for 10% of all cases of cerebrovascu-

lar disease with the annual incidence rate of Reducing the intracranial pressure by dehydrat-

60~80 per 100,000. Twenty to thirty percent of
the strokes are caused by ICH in China and
30%~40% patients die in the acute phase of
ICH. Secondary lesions could be the main ca-
use of brain injury after ICH [1]. The hematoma
after ICH engenders space-occupying effe-
ct and direct damage to surrounding tissues.
Other lesions include hypoperfusion surround-
ing the hematoma [2, 3], secondary inflamma-
tory reaction [4, 5], a chain reaction caused by
the generation of prothrombin coagulation, tox-

ing agents is widely used in the treatment for
ICH. However, the prognosis of the patients is
poor. Many patients suffer from sequelae of
ICH such as neurological dysfunction. Therefore,
it is important to investigate effective treat-
ment for ICH. Nowadays, minimally invasive he-
matoma aspiration has aroused much atten-
tion. It has been reported that the optimal time
window for minimally invasive hematoma aspi-
ration is within 6 hr after ICH [9]. Aspiration
treatment at the early stage of ICH could reduce
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the expansion of the hematoma, the space-
occupying effects, the production of inflamma-
tory mediators and the direct chemical damage
to the brain tissue, thus preventing the second-
ary lesions of ICH [10]. However, neurons are
non-renewable and minimally invasive hemato-
ma aspiration alone could not effectively pro-
mote the recovery of neurological functions.

In recent years, stem cell therapy has become
a hot topic [11]. Neural stem cells are stem
cells in the nervous system. They can self-
renew and give rise to offspring cells to gener-
ate lineages of neurons glia, and oligodendro-
cytes. However, allogeneic transplantation of
neural stem cells could cause host rejection.
Human umbilical cord mesenchymal stem cells
(HUC-MSCs) have multiple differentiation pot-
entials and can differentiate into nerve cells,
adipocytes, liver cells, cardiac cells, etc. HUC-
MSCs are derived from the umbilical cord tis-
sue. They are easily obtained, available in abun-
dant supply and do not involve ethical and
moral issues. The therapeutic benefits of HUC-
MSCs transplantation for ischemic stroke in
rats have been reported, which was likely due
to the ability of the cells to produce growth-pro-
moting factors [12]. HUC-MSC transplantation
could accelerate functional neurological recov-
ery of rats after stroke, which may be mediated
by their ability to promote angiogenesis [13].
HUC-MSC treatment is capable of alleviating
the motor impairments, cerebellar atrophy and
decreasing the number of apoptotic cells in the
ataxic mouse model, probably via promoting
particular neurotrophic factors [14]. HUC-MSCs
have the potential for treatment of Parkinson’s
disease [15]. Transplantation of HUC-MSCs is
also beneficial to wound healing after spinal
cord injury in rats [16].

There is no report on the effects of combined
treatment of HUC-MSCs transplantation and
minimally invasive hematoma aspiration on the
therapy of ICH. In this study, the effects of HUC-
MSCs transplantation, minimally invasive he-
matoma aspiration and HUC-MSCs transplan-
tation combined with minimally invasive hema-
toma aspiration on neural functional recovery
and p53 expression in rats with ICH were in-
vestigated.

Materials and methods
Reagents

HUC-MSCs basal medium, fetal bovine serum,
penicillin, streptomycin and glutamine were pu-
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rchased from Cyagen Biotech Co., Ltd. (Guang-
zhou, China). Rabbit anti-p53 polyclonal anti-
body and rabbit anti-human CD29, CD34, CD-
44, CD90 as well as CD105 polyclonal antibod-
ies were purchased from Wuhan Boster Biolo-
gical Engineering Co., Ltd. (Wuhan, China). The
Streptavidin-Peroxidase (SP) kit, DAB color kit
and mouse anti-BrdU monoclonal antibody we-
re purchased from Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd. (Beijing, China).

Intracerebral hemorrhage

The study was approved by the Shandong
University Institutional Animal Care and Use
Committee. One hundred and forty-three heal-
thy male Sprague-Dawley (SD) rats weighing
250 to 280 g were provided by Laboratory Ani-
mal Center of Shandong University of Traditional
Chinese Medicine and kept under clean condi-
tions. For induction of hemorrhage, each rat
was anesthetized with pentobarbital (0.3%, in-
traperitoneal injection) and placed in a stereo-
tactic frame (Rui Wode Life Science and Te-
chnology Co., Ltd, Shenzhen, China). Collagena-
se-induced ICH in rats was produced accord-
ing to the reports with minor modification [17].
Through a hole drilled in the skull, a microinjec-
tor (Rui Wode Life Science and Technology Co.,
Ltd, Shenzhen, China) was introduced into the
caudate nucleus (0.1 mm anterior to the ante-
rior fontanelle, 3.0 mm lateral right to the sagit-
tal suture, depth 5.5 mm below the surface of
the skull), and 2 ul of saline containing 0.4 1U
collagenase type- 1V (Soledad Biological Techno-
logy Co., Ltd, Beijing, China) was infused over 5
minutes. After the infusion, the needle was left
in the place for 10 minutes and then removed.
The bone hole was sealed with bone wax, the
scalp wound was sutured.

Six hours after the surgery, the Bederson score
was used to monitor the neurologic functions
of the rats: score of O, no observable neurolog-
ic deficit; score of 1, rats with forelimb flexion
when their tails were raised; score of 2, de-
creased resistance to lateral push (and fore-
limb flexion) without circling; score of 3, rats
showed the same behavior as in score of 2,
with circling. Sixteen rats died after the surgery.
Seven rats with a Bederson score of < 2 were
excluded.

One hundred and twenty rats with a Bederson
score of > 2 were equally randomized into 4
groups, ICH group without treatment, hemato-
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ma aspiration group with minimally invasive
hematoma aspiration, HUC-MSCs transplanta-
tion group and HUC-MSCs transplantation com-
bined with hematoma aspiration group (combi-
nation group). In each group, 6 rats were sacri-
ficed after assessed by modified neurological
severity score (MNSS) onday 1, 3, 7, 14 and 30
after ICH respectively.

Minimally invasive hematoma aspiration

Six hours after ICH, the rats were anesthetized
again and placed in the stereotactic frame.
With the same stereotactic coordinates, uroki-
nase (5 pl, 200 1U/ul, Livzon Pharmaceutical
Factory, Zhuhai, China) was injected by microin-
jector into the hematoma over 5 minutes. The
microinjector was left in the place for 30 min-
utes and then removed. Then aspiration was
performed slowly using our homemade device.
The bone hole was sealed with bone wax, the
scalp wound was sutured, and the rats were
placed back in the feeding room.

mNSS test

The mNSS was used to grade neurologic defi-
cits including motor, ground walking, sensory,
coordination of movement, reflex, abnormal mo-
vements, etc. Neurological function was grad-
ed on a scale of O to 18 (normal score, 0; maxi-
mal deficit score, 18). The testing was perfor-
med on day 1, 3, 7, 14 and 30 after ICH by the
observer who did not know the treatment of
each group. Each rat was tested twice and the
average score was calculated.

Preparation of HUC-MSCs

Human umbilical cords were collected from the
healthy puerperas with full-term pregnancy and
cesarean section in the department of obstet-
rics of Shandong Provincial Hospital with writ-
ten informed consent from these puerperas.
Umbilical artery, vein and the surrounding tis-
sues were stripped from the human umbilical
cords. The umbilical cords were shredded and
cultured in HUC-MSCs complete medium with
10% fetal bovine serum, 1% penicillin/strepto-
mycin and 1% glutamine in an atmosphere of
95% air/5% CO, at 37°C for 4~5 days. Then the
media was removed completely and replaced
with fresh media and the non-adherent cells
were removed. When HUC-MSCs reached 80%
confluency, the cells were digested with 0.25%
trypsin (Hyclone, USA) and passaged [18]. Fo-
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rty-eight to seventy-two hours before transplan-
tation, the HUC-MSCs were labeled with 10 uM
BrdU (Sigma, USA) [19].

Transplantation of HUC-MSCs

Six hours after ICH, the rats were anesthetized
and placed in the stereotactic frame. Under
sterile conditions, 2 ul of HUC-MSCs suspen-
sion (1 x 10%/rat) was injected by microinjector
into the side of the brain damage at the speed
of 1 ul/min. The microinjector was left in the
place for 30 minutes and then removed. The
bone hole was sealed with bone wax, the scalp
wound was sutured, and the rats were placed
back in the feeding room.

Cardiac perfusion fixation

The rats were anesthetized. Normal saline and
4% formaldehyde solution were administered
to perform cardiac perfusion fixation. Then the
rats were decapitated. The tissues around the
hematoma with the size of 2 mm x 2 mm x 2
mm were removed and fixed in 4% paraformal-
dehyde solution for at least 24 hours follow-
ed by dehydration with gradient ethanol and
embedding with paraffin. The sections of the
brain tissues were obtained for immunohisto-
chemical assays.

Immunocytochemistry/immunohistochemistry

The expression of CD29, CD34, CD44, CD90
and CD105 in HUC-MSCs were detected using
immunocytochemistry. The cells were seeded
on the slides placed in the 6-well plates 2~3
days before the detection. The samples were
fixed with 4% paraformaldehyde solution for 15
minutes and incubated with 0.5% TritonX-100
for 20 minutes, then 3% H,0, for 15 minutes.
After blocking with goat serum for 20 minutes,
the slides were incubated with rabbit anti-
human CD29, CD34, CD44, CD90 and CD105
polyclonal antibodies at 4°C overnight. Secon-
dary antibodies were added and incubated at
37°C for 30 minutes. Then the slides were
developed with DAB chromogenic reagent for
10 minutes. Finally, sections were counterst-
ained with haematoxylin for 10 minutes, mount-
ed with neutral gum and observed under mi-
croscopy (CSW-DZ01 Christie Granville Optical
Instrument Co., Ltd, Shenzhen, China).

Expression of p53 in the brain tissues of the
rats was detected using immunohistochemis-
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Figure 1. Brain tissue specimens of the rat subjected to cardiac perfusion fixation. Collagenase type- IV was injected
to the caudate nucleus of the rats to make ICH models. The representative pictures of the brain samples of the rats
in the in the ICH group (A), hematoma aspiration group (B), HUC-MSCs transplantation group (C) and combination
group (D) subjected to cardiac perfusion fixation 14 days after ICH were shown. These results confirmed that the
caudate nucleus was indeed the site of ICH. ICH, intracerebral hemorrhage, HUC-MSCs, human umbilical cord-
mesenchymal stem cells.

try. The sections were dewaxed, rehydrated in
graded alcohols and processed to antigen
retrieval. After incubated with 3% H,0, at 37°C
for 15 minutes and blocked with goat serum,
the sections were incubated with rabbit anti-
p53 polyclonal antibody (1:50) at 4°C over-
night, biotinylated secondary antibody at 37°C
for 30 minutes and avidin-peroxidase at 37°C
for 30 minutes. The sections were developed
with DAB chromogenic reagent for about 90
seconds. Finally, sections were counterstained
with haematoxylin for 2 minutes. After 1%
hydrochloric acid differentiation and dehydra-
tion, sections were mounted with neutral gum
and observed under microscopy. For each sec-
tion, five fields were randomly taken under a
magnification of 400 x. The positive cells and
negative cells were counted in each field. The
positive rate of each field was the percentage
of the ratio of the number of positive cells to
the number of total cells (the sum of positive
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and negative cells). The positive rate of each
tissue section was expressed as the mean of
the positive rate of the five fields.

Expression levels of BrdU in HUC-MSCs in the
brain sections of the rats were detected using
immunohistochemistry. The sections were de-
waxed, incubated with 3% H,0, for 15 minutes,
penetrated with 0.1% TritonX-100/0.1% sodium
citrate at 37°C for 3 hours and digested with
0.125% trypsin at room temperature for 10
minutes. Then the sections were treated with
0.1 M hydrochloric acid at 4°C for 10 minutes,
2 M hydrochloric acid at 37°C for 30 minutes
and 0.1 M Na_B,0, at room temperature for 10
minutes. After that, the sections were incubat-
ed with mouse anti-BrdU monoclonal antibody
(1:50) at 37°C for 2 hours and biotinylated sec-
ondary antibody at 37°C for 30 minutes. The
sections were developed with DAB chromogen-
ic reagent and counterstained with haematoxy-

Am J Transl Res 2015;7(11):2176-2186



Combined treatment for ICH

lin. After dehydration and dimethylbenzene
transparency, the sections were mounted with
neutral gum.

Statistical analysis

All data were processed using SPSS17.0 sta-
tistical package. The data were presented as
means + standard deviation. The one-way ANO-
VA was performed to determine statistical sig-
nificance of the differences. LSD method was
further used to determine the pairwise differ-
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Figure 2. Cell markers expression in HUC-
MSCs using immunocytochemistry (magni-
fication x 400). HUC-MSCs were seeded on
the slides placed in the 6-well plates 2~3
days before the detection. The expression
of CD29, CD34, CD44, CD90 and CD105 in
HUC-MSCs were detected using immunocyto-
chemistry. Positive cells were stained brown.
Representative immunocytochemical stain-
ing results were shown. The cells expressed
CD29 (A), CD44 (C), CD90 (D), CD105 (E),
but not CD34 (B). HUC-MSCs, human umbili-
cal cord-mesenchymal stem cells.

ences. p-values of less than 0.05 were consid-
ered statistically significant.

Results
Successful modeling of ICH in rats

In this study, collagenase-induced ICH rats
were produced and the Bederson score was
used to monitor the neurologic functions of the
rats. Sixteen rats died after the surgery. Seven
rats with a Bederson score of < 2 were exclud-
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Figure 3. BrdU expression in the brain of the rats injected with HUC-MSCs using immunohistochemistry (magnifica-
tion x 400). HUC-MSCs were labeled with BrdU to trace the distribution of these cells. BrdU expression was detected
using immunohistochemistry. Positive cells were stained brown. Representative immunohistochemical staining re-
sults were shown. BrdU expressions could be detected in the brain of the rats in the HUC-MSCs transplantation
group (A) and the HUC-MSCs transplantation combined with hematoma aspiration group (B). HUC-MSCs, human
umbilical cord-mesenchymal stem cells.

ed. One hundred and twenty rats with a Be-
derson score of > 2 were enrolled in the follow-
ing experiments.

ICH usually occurs at the caudate nucleus
which is the largest gray matter nuclei in the
brain. Furthermore, the location and observa-
tion of caudate nucleus are convenient. We
injected collagenase type- IV into the caudate
nucleus to make ICH models. As shown in Fi-
gure 1, the brain samples of the rat in the ICH
group, hematoma aspiration group, HUC-MSCs
transplantation group and combination group
subjected to cardiac perfusion fixation 14 days
after ICH confirmed that the caudate nucleus
was indeed the site of ICH.

Characterization of HUC-MSCs

The cultured HUC-MSCs showed a fibroblast-
like morphology. To further confirm the mesen-
chymal stem cell characteristics of these cells,
we detected the expression of the cell markers
of HUC-MSCs using immunocytochemistry. As
shown in Figure 2, the cultured cells expressed
CD29 (with brown staining in the cytoplasm),
CD44 (with brown staining on the cell mem-
brane), CD90 (with brown staining in the cyto-
plasm) CD105 (with brown staining in the cyto-
plasm), but not CD34 (with blue staining in the
cytoplasm). These results indicate that these
cells have the characteristics of mesenchy-
mal stem cells, and not the characteristics of
haematopoietic cells. The cultured cells are
HUC-MSCs.
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Distribution of HUC-MSCs in the brain

In the HUC-MSCs transplantation group and
the combination group, HUC-MSCs labeled with
BrdU were transplanted into the side of the
brain damage. To investigate the distribution of
HUC-MSCs in the brain, BrdU expression was
detected using immunohistochemistry. As ex-
pected, there was no BrdU expression in the
brain tissues of the rats in the ICH group and
hematoma aspiration group which did not
receive HUC-MSCs transplantation (data not
shown). BrdU expression could be detected in
the brain tissues of the rats in the HUC-MSCs
transplantation group and the combination
group on day 1, 3, 7, 14 and 30 after ICH. The
HUC-MSCs with BrdU staining mainly located at
the site with hemorrhage, hippocampus, cere-
bral cortex, etc (Figure 3). It seems that after
transplantation, the HUC-MSCs could migrate
to the site of hemorrhage.

Lower mNSS scores in the groups with treat-
ment

Then the effects of minimally invasive hemato-
ma aspiration, HUC-MSCs transplantation and
HUC-MSCs transplantation combined with min-
imally invasive hematoma aspiration on the
neural functional recovery in rats with ICH were
investigated by mNSS tests. As shown in Table
1, the scores of mNSS in the hematoma aspi-
ration group, the HUC-MSCs transplantation
group and the combination group were signifi-
cantly lower than those in the ICH group at each
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Table 1. mNSS testing in rats with ICH.

point (p < 0.05). p53 expression in

Hematoma HUC-MSCs

ICH aspiration  transplantation

Combination

the combination group was signifi-
cantly lower than that in the hema-

1d 10.00+1.26 7.50+0.55" 8.00+1.01"
3d 10.83+0.40 8.33+1.50" 8.67 +0.82"
7d 817+0.75 7.33+0.82"* 5.83+0.75""

30d 3.50 + 0.55%* 2.83+0.41" 2.50+0.55"

8.17 + 1.28"
8.83+1.17"
5.33+0.82"4
14 d 4.67 + 0.82%% 3.67 £ 0.52"* 3.00 £ 0.00"* 2.33 + 0.52"4#
1.83 + 0.41A#

toma aspiration group on day 7, 14
and 30 (p < 0.05), and significantly
lower than those in the HUC-MSCs
transplantation group on day 14 and
30 (p < 0.05). The expressions of

Note: ICH, intracerebral hemorrhage group without treatment; HUC-MSCs,
human umbilical cordmesenchymal stem cells; Combination, HUC-MSCs
transplantation combined with hematomaaspiration group. The data repre-
sents means + SD. One-way ANOVA and LSD, “p < 0.05 vs. ICH group, %p <
0.05 vs. hematoma aspiration group, *p < 0.05 vs. HUC-MSCs transplanta-

tion group.

indicated time point (p < 0.05). The scores of
mNSS in the combination group were signifi-
cantly lower than those in the hematoma aspi-
ration group on day 7, 14 and 30 (p < 0.05),
and significantly lower than those in the HUC-
MSCs transplantation group on day 14 and 30
(p < 0.05). The scores of mMNSS in the HUC-
MSCs transplantation group were significantly
lower than those in the hematoma aspiration
group on day 7 and 14 (p < 0.05), while not on
day 30. These results suggest that minimally
invasive hematoma aspiration, HUC-MSCs tr-
ansplantation and HUC-MSCs transplantation
combined with minimally invasive hematoma
aspiration all could promote the neural func-
tional recovery in rats with ICH. And HUC-MSCs
transplantation combined with minimally inva-
sive hematoma aspiration may be more effec-
tive than either therapy alone.

Reduced p53 expression in the groups with
treatment

The effects of minimally invasive hemato-
ma aspiration, HUC-MSCs transplantation and
HUC-MSCs transplantation combined with min-
imally invasive hematoma aspiration on the
expression of p53 around hematoma were
studied using immunohistochemistry. As shown
in Figure 4, p53 expression could be detected
in the cell nucleus of the tissues at the side of
the brain damage. The cells with p53 staining
mainly located at the striatal region around
hematoma, cerebral cortex, subcortical region,
hippocampus, etc. The positive rates of p53
expression were shown in Table 2. p53 expres-
sion in the hematoma aspiration group, the
HUC-MSCs transplantation group and the com-
bination group were significantly lower than
those in the ICH group at each indicated time
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p53 in the HUC-MSCs transplanta-
tion group were significantly lower
than those in the hematoma aspira-
tion group on day 7 and 14 (p <
0.05), while not on day 30. These
results were consistent with what
we observed in mNSS tests. It
seems that minimally invasive hematoma aspi-
ration, HUC-MSCs transplantation and HUC-
MSCs transplantation combined with minimally
invasive hematoma aspiration all could signifi-
cantly reduce p53 expression around hemato-
ma. And HUC-MSCs transplantation combined
with minimally invasive hematoma aspiration
may be more effective than either therapy
alone.

Discussion

ICH is a common vascular disease with high
incidence rates and high mortality rates in the
acute phase. In this study, we produced colla-
genase-induced ICH in rats and investigated
the effects of HUC-MSCs transplantation, mini-
mally invasive hematoma aspiration and HUC-
MSCs transplantation combined with minimally
invasive hematoma aspiration on neural func-
tional recovery and p53 expression.

Rats are inexpensive to house and can be eas-
ily handled and observed. They have similar
anatomical structures to humans in the brain
[20] and are most commonly used in the
research of ICH. Thus in this study, we pro-
duced ICH models using SD rats. ICH could be
induced via infusion of autologous whole blood
[21], mechanical damage [22], using the stroke-
prone strains and injection of collagenase [17].
Collagenase can digest extracellular matrix
(ECM) components and the collagen of vascu-
lar basement membrane, which allows the
blood to penetrate into the surrounding tissues.
This process is different from the spontaneous
ICH in patients, and with more severe second-
ary inflammatory responses. However, collage-
nase-induced ICH is reproducible and easy for
operation, with similar pathophysiological and
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Figure 4. p53 expression around hematoma using immunohistochemistry (magnification x 400). Expression of
p53 in the brain tissues of the rats were detected using immunohistochemistry. Positive cells were stained brown.
Representative immunohistochemical staining results of p53 expression in the brain tissues of the rats in the ICH
group without treatment (A), hematoma aspiration group (B), HUC-MSCs transplantation group (C) and HUC-MSCs
transplantation combined with hematoma aspiration group (D) 3 days after ICH were shown. HUC-MSCs, human
umbilical cord-mesenchymal stem cells; ICH, intracerebral hemorrhage.

biochemical processes to human ICH. Thus in
this study, we produced collagenase-induced
ICH in rats.

It has been reported that aspiration of the
hematoma after collagenase-induced hemor-
rhage improved acute functional outcome and
reduced neuronal loss from the striatum [23].
Minimally invasive hematoma aspiration could
release hematoma-induced space-occupying
effects and chemical damage to surrounding
tissues and has been used in clinical treatment
of ICH [10, 24]. In this study, minimally invasive
hematoma aspiration could promote the neural
functional recovery in rats with ICH, which was
consistent with the reports mentioned above.

Nowadays, HUC-MSCs transplantation for tre-
atment of nervous system diseases has arou-
sed much attention. HUC-MSCs could be inject-
ed into the brain using the stereotactic frame or
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injected intravascularly [25, 26]. In this study,
we directly injected the HUC-MSCs into the
brain surrounding the damage. This process
could cause lesions in the brain, while it en-
sured the biological effects of transplanted
HUC-MSCs.

HUC-MSCs expressed CD10, CD13, CD29, CD-
44, CD73, CD90, CD105, CD166, etc, but not
CD19 (B cell antigen), CD31 (endothelial cell-
specific antigen), CD34 (hematopoietic stem
cell antigen), CD45 (leukocyte common anti-
gen), or HLA-DR (MHC II) [27, 28]. Consistent
with this, our cultured HUC-MSCs had the char-
acteristics of mesenchymal stem cells with the
expression of CD29, CD44, CD90, CD105, but
not CD34. We labeled HUC-MSCs with BrdU to
trace the distribution of these cells. In the HUC-
MSCs transplantation group and the combina-
tion group, the HUC-MSCs with BrdU staining
mainly located at the site with hemorrhage,
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Table 2. The positive rates of p53 expression in brain tissue

tissues and improve the microen-

Hematoma HUC-MSCs

ICH

aspiration  transplantation

vironment for transplanted HUC-

1d 0.78+0.08 0.67 +0.02" 0.67 +0.03"
3d 0.92+0.06 0.86+0.02" 0.85%0.01"
7d 0.57+0.05 0.47 £0.03"* 0.41+0.01™*
14d 0.47 £0.22%* 0.38+0.02"* 0.35+0.02"*
30d 0.41+0.02* 0.31+0.01" 0.30+0.02"

0.31 £ 0.03"4#
0.22 £ 0.03"A#

Combination MSCs. There was no significant
066+ 007 O omtmentand cither

% | | i
0.84+0.01 treatment on day 1 and 3 after
0.39 + 0.08™2

ICH. This might be because trans-
plantation combined with aspira-
tion could lead to more severe

Note: ICH, intracerebral hemorrhage group without treatment; HUC-MSCs,
human umbilical cord mesenchymal stem cells; Combination, HUC-MSCs trans-
plantation combined with hematoma aspiration group. The data represents
means * SD. One-way ANOVA and LSD, “p < 0.05 vs. ICH group, “p < 0.05 vs.
hematoma aspiration group, *p < 0.05 vs. HUC-MSCs transplantation group.

cerebral cortex, etc. It seems that after trans-
plantation, the HUC-MSCs could migrate to the
site of hemorrhage [29]. A possible explanation
is that the lesions at the site with hemorrhage
could stimulate the production of chemokines
for migration of the HUC-MSCs.

In this study, the scores of mNSS in the HUC-
MSCs transplantation group was significantly
lower than that in the ICH group at each indi-
cated time point (p < 0.05). Furthermore, the
scores of mNSS in the HUC-MSCs transplanta-
tion group were significantly lower than those in
the hematoma aspiration group on day 7 and
14 (p < 0.05), while not on day 30. It seems
that the short-term effects of HUC-MSCs trans-
plantation are better than the effects of hema-
toma aspiration. This might be because HUC-
MSCs could replace the necrotic neurons which
are not reproducible and produce growth fac-
tors. However, there was no significant differ-
ence in the long-term effects between HUC-
MSCs transplantation and hematoma aspira-
tion which accorded with the reports on other
nervous system diseases [13-16]. The possible
mechanisms of the effects of HUC-MSCs trans-
plantation on ICH are as the follows, 1) HUC-
MSCs could differentiate into neurons [30-32],
2) HUC-MSCs could secret neurotrophic factors
[33], and 3) HUC-MSCs transplantation could
reduce the inflammatory responses caused by
ICH [34].

HUC-MSCs transplantation combined with min-
imally invasive hematoma aspiration for ICH
treatment has not been reported. In this study,
we performed HUC-MSCs transplantation sh-
ortly after minimally invasive hematoma aspira-
tion to avoid more severe injuries induced by
transplantation at other time points. Hematoma
aspiration could reduce the damage of brain
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extra damage in the brain tissues
than either therapy at the early
stage after the treatment. How-
ever, the scores of mNSS in the
combination group were signifi-
cantly lower than those in either
group on day 14 and 30 which indicated that
HUC-MSCs transplantation combined with min-
imally invasive hematoma aspiration may be
more beneficial to the recovery of neural func-
tions than either therapy alone.

p53 is an important protein with multiple func-
tions and could promote apoptosis [35-37].
Increased levels of p53 and p53-induced apop-
tosis could be observed in many nervous sys-
tem diseases such as Alzheimer’s disease [38-
40], ischemic stroke [41, 42], Parkinson’s di-
sease [43, 44] and Huntington’s disease [45,
46]. In this study, p53 expression was detected
at 1 day after ICH. And its expression peaked
on day 3 then decreased on day 7 after ICH.
This was consistent with the time course of
apoptosis induction. It seems that there is a
correlation between p53 expression and apop-
tosis induction in the rats with ICH [47]. In this
study, the results indicate that HUC-MSCs
transplantation combined with minimally inva-
sive hematoma aspiration could significantly
reduce p53 expression.

In summary, HUC-MSCs transplantation com-
bined with minimally invasive hematoma aspi-
ration might be more effective than either ther-
apy in rats with ICH and could distinctly reduce
the damage of nerve cells and be more benefi-
cial to the recovery of neural function. These
results provide valuable information on the
investigation of new therapy methods for ICH.
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