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Complete Restoration of Motor Function
in Acute Cerebral Stroke Treated with
Allogeneic Human Umbilical Cord Blood
Monocytes: Preliminary Results of a phase
I Clinical Trial
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Abstract
Stem cell therapy has been explored for the treatment of cerebral stroke. Several types of stem cells have been investigated to
ensure the safety and efficacy in clinical trials.

Cryopreserved umbilical cord blood (UCB) mononuclear cells (MNCs) obtained from healthy donors have a more sta-
bilized quality, thereby ensuring a successful therapy. A phase I study was conducted on patients aged 45–80 years who
sustained acute ischemic stroke. An UCB unit was obtained from a public cord blood bank based on ABO/Rh blood type, HLA
matching score (6/6), and cell dose (total MNC count of 0.5–5 � 107 cells/kg). In addition, to facilitate blood brain barrier
penetration of UCB, 4 doses of 100 mL mannitol was administered intravenously after 30 min after UCB transplantation and
every 4 h thereafter. The primary outcomes were the number of disease (GVHD) within 100 days after transfusion. The
secondary outcomes were changes in the National Institutes of Health Stroke Scale (NIHSS), Barthel index, and Berg Balance
Scale scores. A 46-year-old male patient with identical ABO/Rh blood type, HLA matching score of 6/6, and MNC count of
2.63 � 108 cells/kg was enrolled. The patient did not present with serious AEs or GVHD during the 12-month study period.
The patient’s NIHSS score decreased from 9 to 1. Moreover, the Berg Balance Scale score increased from 0 to 48 and the
Barthel index score from 0 to 90. This preliminary study showed that an adult patient with hemiplegia due to ischemic stroke
completely recovered within 12 months after receiving allogeneic UCB therapy.
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Abbreviations
BBB, blood–brain barrier; CB, cord blood; DWI, diffusion-weighted imaging; EGF, epidermal growth factor; G-CSF, granulo-
cyte colony stimulating factor; GFs, growth factors; GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN, inter-
feron; IL, interleukin; MNCs, mononuclear cells; PD, plasma depletion; TNF, tumor necrosis factor; UCB, umbilical cord
blood; VEGF, vascular endothelial growth factor.

Introduction

Currently, acute stroke is the second and third leading cause

of death and disability, respectively, worldwide. More than

15 million people present with stroke annually. Approxi-

mately 30%–35% die and nearly 75% of survivors sustain

permanent disability1. The current treatments in the acute

phase include the use of thrombolytic, anticoagulant, and

antiplatelet agents. Thrombolytic agents must be adminis-

tered within 4.5 h of stroke onset. However, the use of this

agent increases the incidence of hemorrhage by 15%–20%.

After ischemic stroke, about 120 million neurons die every

hour, which is equal to 3.6 years of aging brain function2.

Furthermore, the dead neurons cannot regenerate. Hence,

treatment with new cells to facilitate regeneration is essen-

tial. The developing cell therapy is a breakthrough in the

treatment of stroke. Our research team used granulocyte

colony stimulating factor (G-CSF) injection combined with

autologous hematopoietic stem cells (CD34þ) brain trans-

plantation for the treatment of patients with chronic ischemic

stroke (n¼15)3. Based on the current study, this treatment

was found to be feasible and safe. However, results also

showed that the patient’s cell could significantly affect the

degree of improvement. That is, autologous stem cell pro-

liferation and differentiation in an elderly patient (aged over

60 years) is not as good as that of younger patients.

Compared with human adult peripheral blood, human

umbilical cord blood contains richer hematopoietic primitive

cells and numerous endothelial primitive cells, which have

strong replication capacity in vitro and in vivo. Samples of

cryopreserved plasma depletion (PD) cord blood products

were assayed to determine cytokine profiles using a R&D

Human XL Cytokine Discovery 14 Plex panel. The in-vitro

analytic results listed in Table 1, which showed the level of

anti-inflammatory cytokine, interleukin (IL)-10, is signifi-

cantly higher than those of pro-inflammatory cytokine, IL-

1-beta, IL-2, IL-6, interferon gamma (IFN)-gamma and

tumor necrosis factor(TNF)-alpha. The relatively higher lev-

els of growth factors (GFs), epidermal growth factor (EGF),

FGF-basic, vascular endothelial growth factor (VEGF), G-

CSF, and granulocyte-macrophage colony-stimulating factor

(GM-CSF) were observed in comparison with those of cyto-

kines, IL-1-beta, IL-2, IL-4, IL-5, IL-6, IFN-gamma and

TNF-alpha. The high amounts of EGF, VEGF, G-CSF, and

IL-10 in PD cord blood (CB) products allows us to hypothe-

size that the infusion of PD cytokine products may not only

restore immune homeostasis but also enhance the repairing

of the damaged brain nervous system in cerebral stroke

patients4.

Moreover, cord blood stem cells proliferate into neural

cells, and they were found to be effective in the treatment of

Table 1. Cytokine and Growth Factor Profiles in Cryopreserved PD Cord Blood Products vs. Adult Plasma/Serum.

Cryopreserved PD cord blood product Adult blood Plasma/serum

Cytokines
Concentration*

pg/mL
Total AMT (*75 ml)*

pg/unit
Concentration*

pg/mL

IL-1 beta 14.96þ4.45 1122þ334 1.24þ0.19
IL-2 56.03þ33.12 4202þ2484 2.29þ0.27
IL-4 19.12þ7.46 1434þ559 6.05þ0.23
IL-5 55.53þ15.61 4165þ1171 1.93þ0.22
IL-6 60.57þ16.73 4542þ1228 1.20þ0.17
IL-8 277.12þ259.34 20784þ19450 2.98þ0.79
IL-10 144.02þ69.66 10801þ5224 1.91þ0.14
IFN-gamma 38.98þ8.42 2923þ631 1.41þ0.21
TNF-alpha 40.84þ12.62 3063þ946 2.77þ0.25
GM-CSF 81.30þ56.4 6097þ4230 4.46þ0.15

Growth Factors

VEGF 277.79þ84.01 20834þ6300 2.94þ0.11
G-CSF 134.09þ20.45 10056þ1534 46.22þ0.13
EGF 191.13þ23.98 14335þ1798 4.64þ0.13
FGF basic 87.80þ33.86 6584þ2539 2.35þ0.12

*Levels of cytokines and growth factors presented as meanþ SD, IL: interleukine, IFN-gamma: interferon-gamma, TNF-alpha: tumor necrosis factor-alpha,
GM-CSF: granulocyte-macrophage colony stimulating factor, G-CSF: granulocyte-colony stimulation factor, EGF: epithelial growth factor, FGF: basic
fibroblast growth factor
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several neurodegenerative diseases5,6. In cerebral stroke, the

intravenous injection of umbilical cord blood (UCB) mono-

nuclear cells (MNCs) could restore exercise abilities, and it

has neuroprotective effects7. After transplantation of human

UCB, the expression of inflammatory markers such TNF-

alpha, IL-1b, and IL-2 decreased. Meanwhile, that of inflam-

matory markers including IL-6, IL-10, and transforming

growth factor beta 1 increased. Consequently, after trans-

plantation of human UCB, the anti-inflammatory processes

can achieve the protective effect of neural cells7,8. In addi-

tion to the ant-inflammatory effect, UCB MNCs can sponta-

neously transfer to the damaged central nervous system and

the spleen7,9. Therefore, UCB MNCs can participate in the

biosynthesis of lymphocytes. Some studies have confirmed

that lymphocytes are associated with neuroprotection in rats

with acute stroke10–12.

A phase I clinical trial on the intravenous administration

of human UCB in acute ischemic stroke was conducted. To

the best of knowledge, this study presented the first patient

who completely recovered from right hemiplegia 12 months

after receiving UCB therapy.

Materials and Methods

Study Design

This is a multicenter phase I safety study on patients aged

45–80 years who sustained acute stroke but did not receive

t-PA therapy. In total, six participants will be enrolled. The

inclusion and exclusion criteria are presented in Tables 2

and 3, respectively. The participants will undergo a series

of baseline neurological assessments, blood tests, and MRI.

UCB units will be selected from a public CB bank based on

the ABO/Rh blood type, HLA matching score (6/6), and cell

dose (total nucleated cell count of 0.5–5� 107 cells/kg). The

UCB will be administered intravenously as a single infusion

between 3 and 10 days after stroke onset. The participants

will be monitored for 6 h after infusion, and follow-up will

perform after 24 h. Subsequent follow-up phone calls will be

conducted at 1, 6, and 12 months. The calls will include

telephone surveys on post-stroke rehabilitation and function-

ing. The follow-up assessment after 90 days will include

neurological examination, MRI, and blood tests. The

Research and Ethical Review Committees and Internal

Review Board of Tzu Chi Hospital approved the protocol

and procedures for the project (IRB105-71-A).

Selection of Umbilical Cord Blood Unit

An assessment was performed upon receipt of the partici-

pant’s information, including HLA typing, from the trans-

plant center. The report was used to create a Summary

Search Report for Acute Stroke Clinical Trial, which

included information on candidate CB units meeting the

following criteria: at least a matching score of 4/6 based

on low-resolution HLA typing, identical ABO/Rh blood type

between the subject and donor, and total mononucleated cell

(MNC) count of 2–5 � 108 cells/kg.

Case Presentation

A 40-year-old male patient, with a history of hypertension

and hemodialysis for end-stage renal disease, presented with

acute left hemiplegia at an emergency department. Emergent

assessment conducted by a neurologist and MRI revealed

infarction in the right ICA territory. Recombinant tissue

plasminogen activator was not recommended owing to a

time delay >3 h. Hence, the patient was enrolled in this study

and the informed consent was written by patient himself. The

baseline NIHSS score was 8, and it increased by 1 point after

24 h. A Summary Search Report for Acute Stroke Clinical

Trial was created after assessing information from the CB

bank. The report showed an identical ABO/Rh blood type,

HLA matching score of 6/6, and total MNC count of 2.63 �
108 cells/kg. UCB transfusion was performed on the 8th day

after stroke onset. Then, 4 doses of 100 mL mannitol were

administered intravenously after 30 min after UCB transplan-

tation and every 4 h thereafter. The patient was discharged 8

days after UCB transfusion, and he was followed-up at 1, 3, 6,

and 12 months for the assessment of NIHSS score, neurolo-

gical function, and MRI results.

Results

The patient’s neurological function improved gradually after

UBC transfusion. Moreover, the NIHSS score decreased

from 9 at baseline to 1 at 12 months after UCB transfusion

(Fig. 1A). Moreover, the Berg Balance Scale score increased

from 0 to 48 (Fig. 1B), and the Barthel index score from 0 to

90 (Fig. 1C). The patient did not present with splenomegaly

on abdominal ultrasonography during the 12-month obser-

vation period. However, he presented with insomnia and

upper respiratory tract infection and was treated with med-

ications, which led to satisfactory outcomes. No serious

adverse event was observed. Diffusion-weighted imaging

(DWI) performed 2 h and 8 days after stroke revealed infarc-

tion (increased white intensity) in the right corona radiata,

which scattered after 3 months and disappeared after

6 months (Fig. 2A–D). T2-weighted images obtained 2 h,

Table 2. Inclusion criteria.

1. Age between 45 and 80
2. Acute ischemic stroke without t-PA therapy
3. Brain MRI shows acute brain ischemic stroke in the MCA

territory exclude hemorrhagic stroke. No mid line shift;no
hemorrhagic transformation

4. NIHSS Scale:8 to 16
5. Check NIHSS 2 times, 2nd score can’t be decrease 4 points

compare with 1st
6. HLA matched � 4/6 with ABO/Rh matched
7. The cord blood will be administered once intravenously no later

than 10 days after stroke
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8 days, 3 months, and 6 months after the onset of infarction

revealed increased white intensity in the right corona radiata

(Fig. 3A–D).

Discussion

The efficacy of stem cell therapy for cerebral stroke in

terms of cell type, cell origin, cell number, timing of cell

Table 3. Exclusion Criteria.

Medical Conditions

1. Has a medical history of neurological or orthopedic pathology with a deficit as a consequence that results in a modified Rankin Scale >1
before stroke or has a pre-existing cognitive deficit

2. Has clinically significant and/or symptomatic hemorrhage associated with stroke
3. Has new intracranial hemorrhage, edema, or mass effect that may place patient at increased risk for secondary deterioration when

assessed prior to infusion
4. Has hypotension as defined as the need for IV pressor support of systolic blood pressure <90
5. Has isolated brain stem stroke
6. Has pure lacunar stroke
7. Requires mechanical ventilation
8. Requires a craniotomy
9. Has a serious psychiatric or neurological disease which could alter evaluation on functional or cognitive scales
10. Has an active systemic infection or is HIV positive
11. Has had an active malignancy within 3 years prior to the start of screening excluding skin cancers other than melanoma
12. Has known coagulopathy such as Factor V Leyden, AntiPhospholipid Syndrome (APC), Protein C, Protein S deficiency, sickle cell,

anticardiolipin antibody, or phospholipid syndrome
13. Has any concurrent illness or condition that in the opinion of the investigator might interfere with treatment or evaluation of safety
14. Has current or recent history of alcohol or drug abuse, or strokeassociated with drug abuse
15. Pregnant as documented by urine or blood test

Concomitant or Prior Therapies

1. Subjects currently receiving immunosuppressant drugs
2. History of prior transfusion reaction
3. Currently on dialysis
4. Recipient of bone marrow or organ transplant
5. Renal insufficiency with serum creatinine >2.0 mg/dL
6. Hepatic insufficiency (bilirubin >2.5mg/dL or transaminases >5x the upper limit of normal). Patients with Gilberts syndrome are eligible

for study enrollment if other liver function tests are normal, regardless of bilirubin level.
7. Any previous or current treatment with angiogenic growth factors, cytokines, gene or stem cell therapy
8. Subjects participating in another interventional clinical trial of an investigational therapy within 30 days of screening

Other

1. Pregnant or lactating women
2. Unable to be evaluated for follow up visits

Figure 1. Neurological function from day 1 prior to UCB transfusion (baseline) to 12 months after UCB transfusion. (A) National Institutes
of Health Stroke Scale score, (B) Berg Balance Scale score, and (C) Barthel index score
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treatment, and route of cell delivery has been subjected to

optimization evaluations. The optimal cell transplant strategy

has been examined in several preclinical and clinical studies.

Although a conclusion has not been established, translational

guidance on the safe and effective transplant regimen has been

recognized. The time window for neural cell repair or renewal

after the initiation of stroke is within 72 h based on an animal

experiment13. Early cell therapy in the acute or subacute stage

of stroke might result in better outcomes. This patient pre-

sented with subclinical second stroke on MRI 3 months after

stroke. The T2-weighted images revealed loss of brain par-

enchyma and CSF acumination only in the second stroke

region, but not in the first stroke region, which has been

treated with cell therapy in the acute stage (Fig. 3c, 3d).

Human UCB MNCs have been shown to exert robust

therapeutic effects in experimental models of acute and sub-

acute stage of stroke. These cells have immunomodulatory

and anti-inflammatory effects in addition to regenerative

effects. Hence, they can protect the penumbral tissue from

further injury caused by inflammation after stroke14. MNCs

have immunomodulatory effects by changing the phenotype

of splenocytes9. In the acute or subacute stages, intravenous

MNC therapy may achieve neural protection via the mod-

ification of systemic immunomodulation.

MNCs, and other adult tissue-derived stem cells can be

easily isolated and expanded in the laboratory. The safety

profile of MNCs has been consistently demonstrated clinical

trials. However, their efficacy is unclear15,16. The quality,

activity, and stemness of donor stem cells are the fundamen-

tal requirement for a successful stem cell therapy. The cell

conditions are significantly correlated to donor origin. In

autologous transplantation, the donor cells are collected

from sick patients thus the stem cells are possibly unhealthy.

Cryopreserved MNCs in allogenic transplantation, unlike

autologous transplantation, are collected from a healthy

donor, and they have a stabilizing quality.

The appropriate stem cell number for stroke therapy is

not fully elucidated. However, a minimum single dose of

840 million is required for the intravenous injection of

mesenchymal stem cells17. A benefit-to-risk compromise

between cell number and toxicity should be based on the

maximal benefit and the lowest cell dosage18. Enhancing

the permeability of stem cells when crossing the blood–brain

barrier (BBB) may reduce the required amount of stem cells.

Mannitol can break the BBB to facilitate the peripheral

delivery of stem cells19. Although the cell count in this case

was 263 million, mannitol was used to open the BBB 30 min

after MNC infusion. In addition to increasing the permeabil-

ity of stem cells, the expression of neurotrophic and neural

growth factors across the BBB can be enhanced by this

drug20,21. Therefore, aside from MNC cell regeneration, the

effects of by-products derived from transplanted MNCs can

Figure 2. Diffusion-weighted images obtained 2 h after stroke onset and 6 months after mononucleated cell UCB transfusion. (A) 2 h after
stroke, (B) 1 day after umbilical cord blood transfusion, (C) 3 months after UCB transfusion, and (D) 6 months after MNC transfusion

Figure 3. T2-weighted images obtained 2 h after stroke and 6 months after UCB transfusion. (A) 2 h after stroke, (B) 1 day after UCB
transfusion, (C) 3 months after UCB transfusion, and (D) 6 months after UCB transfusion
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contribute to synaptogenesis, immature neuron proliferation,

and neuronal cell migration.

Conclusion

This preliminary result showed that an adult patient with

ischemic stroke significantly recovered within a short period

after receiving allogeneic umbilical cord blood MNCs with

an HLA matching score of 6/6.
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