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SAFETY AND EFFICACY OF STEM CELL THERAPY FOR TREATMENT  

SEVERE TRAUMATIC BRAIN INJURY 
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Le Gia Vinh**, Nguyen Viet Quang*, Phan Thi Thuy Hoa*, Che Thi Cam Ha*** 
 

ABSTRACT 24 
Traumatic brain injury (TBI) is a complicated 

topic.TBI has expensive treatment, sequelae, high 

mortality and efficient therapeutic strategies for 

TBI are urgently needed. Patients with severe 

TBI account for 10% of all traumatic brain injury 

patients, but more than 80% of patients who die 

from traumatic brain injury are in this group of 

patients. That proves the danger of severe TBI. 

Mesenchymal stem cells (MSCs) are multipotent 

cells with high proliferative and self-renewal 

capacities, as well as immunomodulatory and 

neuroregenerative effects. MSCshave been 

shown to treat TBI and significantly reduce 

inflammation of injured tissue. In the present 

study, we evaluated the quality and effectiveness 

of mesenchymal stem cell transplantation with 

the graft dose of 9x106cells/kg. Clinical indexes 

(Pulse, temperature, SBP, HATTr, HATTB, 

GCS) and subclinical (Hepatic index, kidney, 

cortisol, lactate, glucose, hematological index, 

respiratory index) were monitored on 60 patients 

within 6 months. 

The results showed that the recovery journey 

is different for every person with the graft dose of 

6-9x106 cells/kg, but there were no adverse 

complications for the patients, the clinical and 

paraclinical indicators were stable. No significant 

side effects were observed during the trial as well 

as after 6 months of treatment. The MSC 

transfusions significantly increased the life 
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quality patients; reduced brain damage  and 

increased HSC counts. Inflammatory cytokines 

(IL-6) levels decreased and GCS increased in the 

MSC transfusion group, indicating that the 

patient's health improved. 
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I. INTRODUCTION 
Traumatic brain injury (TBI) is a leading 

cause of death and disability, affecting 

approximately 10 million people worldwide 

each year.  Among all types of trauma, brain 

trauma that is most likely to result in death or 

permanent disability, high or low grade both 

causes profound and long-lasting damage to 

the patient. Even mild TBI can lead to 

persistent symptoms and serious long-term 

sequelae. Although trauma management 

systems and surgical techniques have 

improved, the overall mortality in severe TBI 

remains ~25%. Patients often complain of 

headaches for weeks after the injury and are 

likely to face long-term effects such as 

depression, Alzheimer's, or senile dementia, 

affecting their families and communities of 

patients [1]. Therefore, rehabilitation therapy 

is important to maximize rehabilitation after 

TBI. However, there are still limitations in 

current treatments because of the 

heterogeneity of injury based on location and 

extent of lesions, as well as patient age and 
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comorbidities, pose a significant challenge in 

the development of effective treatments for 

TBI [2].   

Surgery is often necessary for patients 

with more serious injuries. However, to date, 

there are no therapies that completely resolve 

the brain damage suffered following the 

trauma. Stem cells, due to their capacity to 

differentiate into neuronal cells and through 

releasing neurotrophic factors, seem to be a 

valid strategy to use in the treatment of 

traumatic brain injury. Mesenchymal stem 

cells (MSCs) are a promising strategy for the 

treatment of TBI. MSCs isolated from bone 

marrow have the ability to self-renew and 

differentiate into bone, cartilage, fatand nerve 

cells [3]. They participate in normal 

homeostasis and confer endogenous or post-

transplant therapeutic benefits of organs, i.e. 

brain[4]. Furthermore, MSCs have homing 

capacity, which is a favorable mechanism for 

introducing stem cells into delicate sites such 

as in the brain [5]. Studies around the world 

have shown the safety of stem cell 

transplantation for patients.[6].[7] 

Bone marrow derived MSCs have been 

considered for the treatment of different 

diseases.Autologous MSCs carry a safer 

pattern without the risk of malignant 

transformation. In the present study, we 

analyzed the subclinical and clinical 

parameters of 30 patients receiving 

mononuclear and stem cell transplantation. 

From there, evaluate the effectiveness of 

stem cell transplantation dose as well as its 

safety in the treatment of severe TBI. 

 
II. PATIENTS AND METHOD 

1. Patient selection criteria 

These studies were approved by the ethic 

committee of Hue Central Hospital in 

Vietnam. All the participants or the next of 

kin, caretakers, or guardians provided their 

written informed consent to participate in this 

study. Participating patients were divided 

into 2 groups including control group and 

MSC group. Patient outcome evaluation. 

All patients were assessed by a protocol, 

including comprehensive physical and 

neurological examination, routine testing, 

hematological index before the procedure 

and after transplantation. The neurological 

outcome of patients was evaluated via 

Glasgow Coma Scale, National Institute of 

Health Stroke Scale (NIHSS), and Barthel 

index (BI) [6-8]. 

In MSC group, there are 30 patients, aged 

14 - 56 years, weighing 45 -83kg, 

hospitalized in a coma and treated with 

routine methods during and after the study of 

combining stem cell transplantation. The 

control group included 30 patients, aged 18-

63, weighing 45-75kg, hospitalized in a coma 

and treated with routine methods. The 

patients were formed according to the 

Glasgow score (GCS). The lower GCS score 

indicates the more severe disease and the 

higher the risk of death.  

The lower GCS score indicates more 

severe disease and higher risk of death, 

which the lowest point is 1 while the highest 

point is 4-6 and the total added score of all 

test ranges from 3 to 15. Patients with GCS 

≤8 scores are considered to have severe brain 

damage and patients with GCS> 8 scores are 

considered to have moderate brain damage. 

Patients were excluded if they met any of the 

following criteria: i) a participant in the study 
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required a blood transfusion, no sample was 

taken from that patient to check 

hematological indicators; ii) TBI was 

combined with other internal organ injuries, 

history or family with peripheral neuropathy 

or autoimmune disease; iii) Cognitive 

limitations, chronic inflammatory diseases, 

malignant neoplasms, chronic liver disease; 

iv) Regular anti-inflammatory drug use, 

blood pathology or respiratory instability; v) 

Pregnant or possibly pregnant; and vi) 

Patients with cancer or malignant diseases 

2. Bone Marrow Harvest  

The bone marrow collection procedure 

was carried out under sterile conditions. The 

bone marrow was aspirated from the anterior 

pelvic position. Doctors conducted 3-6 

aspirate positions on the pelvis to ensure 

enough quantity of cells for transplantation. 

The bone marrow volume could be harvested 

up to 150 mL buffy coat. Blood pressure, 

heart rate, oxygen saturation in the vessels, 

and meningeal pressure were checked every 

5 minutes within 1 hour. 

Stem cell characterization and 

engraftment criteria 

Adipogenic, chondrogenic and 

osteogenicdifferentiation of MSCs: For MSC 

characterization, adipogenic, chondrogenic 

and osteogenic differentiation assays were 

performed on isolated cells for all patients. 

Alizarin Red S, Oil Red O and Alcian Blue 

1%(Miltenyi Biotec, Germany) were staining 

to analyze osteogenic, adipogenic and 

chondrogenic lineages, respectively. 

MSCs must be assessed for their ability to 

form Colony-forming unit - fibroblasts 

(CFU-Fs). MNCs were cultured in T25-flask, 

the density of 3x104 cells/cm2. After 10-14 

days, the cell clusters were stained with 

Giemsa. The CFU-F clusters were defined as 

a cluster with a diameter of about 1-8 mm 

with more than 50 cells. 

The ratio of living cells should be higher 

than 95%, with the ability to create CFU-F 

clusters. The percentage of marker for MSCs 

should be higher than 95% and positive for 

differentiation into three lineages. 

Cell Product Infusion 

MNCs transplantation for the first time 

was roundly 2-3 hours after bone marrow 

aspiration; the cells were transplanted into a 

patient through intravenous injection. The 

2nd transplantation was performed after 

harvesting enough MSCs, ranging 14-20 

days. Post-infusion monitoring of post-

harvest hemodynamics was performed for 6 

hours. The control group was treated by 

conventional medicine, including Mannitol, 

Rabeprazole and Cephalosporin, 

Carbapenem and Vancomycin antibiotics. 

3.Statistical Analysis 

Data were expressed as the Mean ± SEM 

with the GraphPad Prism 8 software (LLC, 

San Diego, USA). Differences were 

determined by using Student’s t-test, *P < 

0.05, **P < 0.01 between two groups. 

 
III. RESULTS 

1. Patient 

Inflammation and swelling inside the 

brain often damage nerves and prevent areas 

of the brain from receiving the oxygen and 

glucose it needs to perform. These effects of 

the injury disrupt the normal function of the 

brain. 
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Figure 1. Selected patients to participate in the research 

 

The results of disease selection showed that, there was no big difference between the sex 

and age brackets between the control and cell transplant groups (Fig. 1A, B). The patients 

were all hospitalized with severe TBI with a GCS index of 6.00 ± 0.8 in the control group and 

6.00 ± 0.2 in the transplant group (Fig. 1.C, D) 

 

2. Quality and stem cell transplantation 

Table 1. Stem cell quality and graft dose 

Amount of bone marrow 260 ± 30 ml 

monocyte survival rate 98,56% 

Mesenchymal cell transplantation time 15±3 (days) 

Mesenchymal cell survival rate 99% 

Mycoplasma Âm tính 

Mono cells (MNC) 3-6x106 cell/kg 

Mesenchymal stemcells(MSC) 6-9x106 cell/kg 

 

The results of the isolation and culture process showed that the quality of cells for 

transplantation of MNCs and MSCs ensured low endotoxin concentrations, negative for 

microorganisms and mycoplasma, and high cell viability (Table 1). In the present study, to 

evaluate the effectiveness of the study, we used a dose of MNC and MSC, both 6 -9x106 

cells/kg. 
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Figure 2. Stem cell characterization, engraftment criteria and evaluation of cell quality 

FACS results showed that MNCs cells were negative for CD45, CD34 (1-2% positive) 

(Figure 2A). For MSCs, the results showed positivity for CD73, CD90, CD105 (96-98%) 

after culture (Figure 2A). All MSCs with clustering ability (Figure 2C) were successfully 

differentiated into adipogenic, osteogenic, and chondrogenic lines (Figure 2B). The farming 

process time ranges from 10-16 days depending on the age and the number of harvested 

MNC. 

3. Clinical and subclinical results after 6 months of treatment 

Patients after MNC and MSC transplantation were followed up continuously for 6 months 

3.1 Clinical results 

Table 2. Hematological index in 6 months 

 
Mono cell 

MSC 

15 day 1 month 3 months 6 months 

Control 

(n=30) 

Mono  

(n=30) 

Control 

(n=27) 

MSC 

(n=28) 

Control 

(n=22) 

MSC 

(n=23) 

Control 

(n=21) 

MSC 

(n=23) 

Control 

(n=20) 

MSC 

(n=22) 

Pulse 

73,80 

± 

10,90 

79,90 

± 

17,00 

72,60 

± 

10,90 

77,60 

± 

16,08 

74,00 

± 8,61 

75,14 

± 

17,28 

85,13 

± 7,57 

78,33 

± 

14,31 

78,33 

± 

14,31 

71,80 

± 

15,09 

Temp 
37,40 

± 0,37 

37,40 

± 0,44 

37,60 

± 0,45 

37,90 

± 0,84 

37,80 

± 0,75 

38,30 

± 0,84 

37,50 

± 0,45 

37,77 

± 0,75 

37,77 

± 0,75 

37,12 

± 0,66 

HATT 

106,00 

± 

17,00 

111,00 

± 

31,00 

115,20 

± 

17,00 

117,00 

± 

26,00 

113,22 

± 

15,20 

115,40 

± 

22,00 

106,34 

± 

12,12 

118,42 

± 

12,40 

118,42 

± 

12,40 

115,24 

± 

10,20 

HATTr 

64,20 

± 

13,90 

66,00 

± 

11,20 

70,14 

± 

13,90 

62,00 

± 8,20 

72,06 

± 

10,56 

65,60 

± 7,24 

75,44 

± 

10,00 

68,68 

± 8,15 

68,68 

± 8,15 

66,33 

±7,81 

HATB 

78,00 

± 

14,00 

81,20 

± 

15,20 

75,00 

± 

12,00 

88,70 

± 

14,32 

72,06 

± 

10,00 

84,40 

± 

12,20 

70,14 

± 9,59 

82,20 

± 8,31 

82,20 

± 8,31 

79,44 

± 6,42 
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Figure 3. GCS index and number of patients after 6 months 

 

Some studies demonstrated axonal 

neuroprotection after MSCs therapywhich is 

probably conducted via the synthesis of 

neurotrophic factors, and also 

immunomodulatory properties of 

MSCs.Clinical results showed that after stem 

cell transplantation, the patient's survival 

indicators, including pulse, temperature, BP, 

HATTr, HATTB had no difference compared 

with the control group. These results were 

similar at 1 month, 3 months, and 6 months 

of follow-up with no difference between the 

2 groups (Table 2).In total, there were 18 

deaths (Control: 10 and MSC: 8), the cause 

of death was not caused by complications of 

MSCs (Figure 3B). This shows that with the 

graft dose of 9x106 cells/kg in MNC and 

MSC, there is a high safety in the treatment 

of MSCs.   

In contrast, GCS index changed between 

the 2 study groups, and the difference was 

evident after 1 month of stem cell 

transplantation (Control: 6.70 ± 0.89, MSC: 

7.50 ± 1.65). , according to the GCS scale 9-

12 classified as a moderate injury (Figure 

3A) [8]. A total of 18 deaths (Control: 10 and 

MSC: 8) were reported, the cause of death 

was not caused by complications of 

MSC.Although full efficacy results have not 

been investigated underlying cellular and 

molecular mechanism. The result of the 

experiment show that intravenous 

administration MSCs are able to traffic into 

the brain lesions and improve the survival 

rate of brain cells. It is also shown that MSCs 

transplantation significantly improves the 

clinical.Student t-tests calculate the 

significant difference between two groups, 

**P<0.01; *P<0.05. 

3.2 Monitor inflammatory responses 

result 

 

The test measures the amount of liver, 

kidney, IL-6, cortisol, lactate, glucosein the 

blood.A blood sample drawn from a vein in 

patients arm, commonly ordered signs and 

symptoms associated with one of the 

conditions treatment TBI before and after 

stem cell transplantation. 
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Figure 4. Index of Liver, kidney, IL-6, Cortisol, Lactate, Glucose. 

 

Cytokines have multiple roles to play 

within the body and act especially within the 

immune system to help direct the body’s 

immune response. IL-6 also plays a role in 

body temperature regulation, bone 

maintenance, and brain function. It is 

primarily pro-inflammatory but can also have 

anti-inflammatory effects.Plasma 

concentrations of IL-6 in the control group 

and MSC group were determined before 

treatment and after 6 hours, 12 hours, 24 

hours, 72 hours, one week, one month, 3 

months and 6 months after treatment. The 

concentrations of IL-6 (291.75 pg/mL) in 

control subjects were significantly increased 

to the peak at 24 or 72h before decrease 

afterward.  

However, these cytokines and proteins' 

levels were still higher than the range of 

normal indices. In the MSC group, IL-6 

levels after TBI were significantly 

ameliorated than those of control subjects at 

6 hours - 2 months following injury.  

The concentrations of cytokines and 

proteins were decreased at two assessed time 

points, around 12-24 hours and after 1-2 

months. After two months, IL-6 levels 

decreased to the normal range, by 1.7-fold, 

1.64-fold and 1.62- fold respectively, 

compared to the control group. 

 

Table 3. Hematological index 

 
Mono cell 

MSC 

15 day 1 month 3 months 6 months 

Control 

(n=30) 

Mono  

(n=30) 

Control 

(n=27) 

MSC 

(n=28) 

Control 

(n=22) 

MSC 

(n=23) 

Control 

(n=21) 

MSC 

(n=23) 

Control 

(n=20) 

MSC 

(n=22) 
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WBC 

14,50  

± 

4,40 

12,90 

± 3,93 

13,66 

± 3,72 

12,20 

± 3,44 

13,06 

± 3,10 

12,25 

± 2,37 

12,20 

± 2,30 

10,25 

± 1,94 

11,40 

± 2,80 

11,80 

± 

2,09 

RBC 

3,27 

± 

0,39 

3,24 

± 0,55 

3,66 

± 0,28 

3,79 

± 0,45 

3,80 

± 0,25 

3,93 

± 0,40 

3,85 

± 0,16 

3,96 

± 0,25 

3,80 

± 0,37 

3,84 

± 

0,65 

Platelet 

154,0

0 

± 

69,44 

179,0

0 

±78,1

0 

152,6

0 

± 

62,16 

178,8

8 

± 

77,22 

150,1

2 

± 

45,10 

165,3

4 

± 

63,88 

150,8

8 

± 

52,90 

165,7

4 

± 

65,77 

174,41 

± 

55,00 

183,2

2 

± 

70,44 

Hb 

10,40 

± 

1,56 

10,30 

± 1,87 

10,55 

± 1,14 

10,66 

± 1.70 

12,07 

± 1,62 

12,77 

± 1,13 

12,44 

± 1,51 

12,98 

± 2,02 

12,27 

± 1,85 

13,08 

± 

1,78 

Prothromb

in time 

13,14 

± 

4,32 

12,80 

± 3,66 

12,71 

± 2,32 

12,40 

± 3,10 

12,50 

± 2,11 

12,39 

± 3,25 

12,40 

± 2,00 

12,30 

± 2,14 

12,80 

± 2,34 

12,3 

± 

2,02 

APTT 

36,06 

± 

4,83 

37,00  

± 3,97 

36,00 

± 2,18 

38,07 

± 2,33 

36,08 

± 2,10 

38,14 

± 2,16 

36,11 

± 2,00 

38,44 

± 2,45 

37,16 

± 1,76 

38,40 

± 

2,45 

Fibrinogen 

3,48 

± 

0,22 

3,55 

± 0,18 

3,15 

± 0,21 

3,41 

± 0,10 

3,19 

± 0,25 

3,52 

± 0,12 

3,14 

± 0,33 

3,46 

± 0,18 

3,26 

± 0,45 

3,46 

± 

0,24 

 

Table 4. Respiratory index 

 
Mono cell 

MSC 

15 day 1 month 3 months 6 months 

Control 

(n=30) 

Mono  

(n=30) 

Control 

(n=27) 

MSC 

(n=28) 

Control 

(n=22) 

MSC 

(n=23) 

Control 

(n=21) 

MSC 

(n=23) 

Control 

(n=20) 

MSC 

(n=22) 

pH 
7,22 

± 1,49 

7,40 

± 0,08 

7,30 

± 1,41 

7,38 

± 0,05 

7,32 

±1,36 

7,37 

± 0,16 

7,42 

± 1,21 

7,39 

± 1,68 

7,47 

± 1,15 

7,35 

± 1,37 

pO2 

133,21 

± 

47,08 

122,12 

±36,0 

136,01 

± 

44,12 

120,22 

±33,08 

120,00 

± 

31,20 

130,00 

± 

13,12 

128,13 

± 

26,25 

124,11 

± 

10,10 

76,62 

± 

12,44 

85,18 

± 

11,33 

pCO2 
41,1 

± 8,51 

37,77 

± 7,14 

40,22 

± 6,44 

37,47 

± 6,12 

40,15 

± 4,68 

37,87 

± 5,40 

40,22 

± 4,37 

37,80 

±5,24 

40,33 

± 5,14 

38,20 

± 5,47 

HCO3- 
22,22  

± 3,90 

24,08 

± 3,O2 

21,27 

± 3,33 

23,05 

± 3,16 

21,2 

 ± 

3,60 

23,15 

± 4,04 

21,24 

± 3,70 

23,19 

± 3,50 

22,18 

± 3,22 

23,44 

± 3,13 

SaO2 
89,22 

±6,78 

89,22 

±6,78 

89,70 

±6,44 

88,27 

±6,40 

89,78 

±6,00 

88,38 

±6,12 

88,55 

±5,97 

90,31 

±7,22 

88,45 

±5,77 

91,22  

±3,24 

Na 
135,86 

±6,44 

132,60 

±6,78 

134,41 

±6,20 

135,60 

±6,01 

135,25 

±7,66 

137,20 

±5,31 

138,11 

±6,55 

139,40 

±5,00 

135,87 

±5,05 

137,16  

±4,65 

K 
4,33 

±1,00 

3,80 

±2,05 

4,35 

±1,12 

3,87 

±1,35 

4,31 

±1,05 

3,64 

±1,30 

4,49 

±1,12 

3,52 

±1,21 

4,50 

±1,17 

4,05 

±0,51 
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The results of the subclinical assessment 

of patients after MNC and MSC 

transplantation at the dose of 6 - 9x106 

cells/kg cells showed liver, kidney, cortisol, 

lactate, glucose, hematologic indices, and 

respiratory indices. No difference compared 

with the control group. The respiratory index 

of transplanted patients did not change, 

indicating no pulmonary embolism. Frederic 

Baron et al. showed that MSC injection 

appeared to be safe, with no infusion toxicity 

(and in particular no reports of pulmonary 

embolism) [9]. The stability of hematological 

indices reflects the safety of MSC 

transplantation in patients. Guo et al. showed 

that MSCs have the ability to regulate the 

endogenous microenvironment and "immune 

privilege" that allows them to escape attack 

by the immune system [10]. Therefore, there 

is no shock or allergic reaction when 

transplanting stem cells. In contrast, the 

inflammatory index IL-6 had a marked 

change between the 2 study groups. The IL-6 

index in the MSC transplant group (354.25 ± 

215.46 to 31.21 ± 8.33) was reduced 11.35 

times after 6 months of treatment and 2.25 

times higher than the control group (70.33 ± 

10.37). Student t-tests calculate the 

significant difference between two groups, 

**P<0.01; *P<0.05. 

 
IV. DISCUSSION 

Similar studies have demonstrated, Tian et 

al. showed that 38 of 97 patients (39.2%) had 

improved brain function after mesenchymal 

stem cell transplantation from the marrow, 

and found no evidence of toxicity [6]. 

Similarly, Cox et al. injecting MNBMSC 

into 15 patients with severe traumatic brain 

injury showed no serious side effects related 

to cell injection. Although the treatment 

group had more severe lesions, there was 

structural preservation of important regions 

of interest correlated with functional outcome 

[7]. However, the sample size of this study 

was too small, and the time interval between 

MCS implantation and injury of direct and 

intravenous infusion was different. 

Furthermore, the number of MSCs injected 

into each patient was variable, and no 

subclinical and clinical analyzes of the 

combined effects of MSCs on the lesion site 

were recorded. This study aimed to evaluate 

the safety and feasibility of stem cell 

transplantation through clinical and 

laboratory parameters in TBI patients. The 

efficacy of the therapy can be traced back to 

the transplantation of MNCs and MSCs at a 

dose of 9x106 cells/kg cells, which combine 

to facilitate the functional efficiency of stem 

cells. MNC transplantation is performed 

urgently for approximately 24 h to reduce the 

risk of acute inflammation induced by the 

first waves of cytokines and innate immune 

cells [11]. Cox et al.  demonstrated the 

feasibility of MNCs in TBI, with no patients 

presenting with severe symptoms of cell 

transplantation [7]. We also performed the 

second engraftment with MSCs after culture 

to improve the low number of first 

engraftments, reduce chronic inflammation, 

and improve the microenvironment thanks to 

the immunoregulatory function of MSCs. 

The quality of MNC and MSC was assured 

through various assessments such as FACS, 

CFU-F, and differentiation. We performed 

transplants with low cell counts (6-9x106 

cells/kg) to reduce the risk of cell 

accumulation in the lungs. Results revealed 

no evidence of venous thrombosis, tumor 

formation, intracranial infection, or systemic 

infection in any of the patients at the first 
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transplant and after the 6-month evaluation 

(Table3, Table 4). 

The subclinical (liver index, kidney, 

cortisol, lactate, glucose, hematological 

index, and respiratory index) and clinical 

(pulse, temperature, SBP, HATtr, HATTB) 

indices on 2 study groups are not 

significantly different. A total of 18 deaths 

(Control: 10 and MSC: 8) were due to 

disease progression, not caused by 

complications of MSCs. The patients did not 

find pulmonary venous occlusion or 

coagulation due to cell transplantation. The 

safety and efficacy and absence of adverse 

effects of pluripotent stem cells have been 

observed in many clinical trials such as graft-

host disease and systemic lupus 

erythematosus [12], [13]. Our results are 

similar to those of Tian et al. showed that the 

use of MSCs had a significant effect after 

TBI [6]. A total of 97 patients (24 with 

persistent vegetative state and 73 with 

dyskinesia) were treated with autologous 

bone marrow mesenchymal stem cell 

therapy. 38 out of 97 patients (39.2%) had 

improved brain function after transplantation. 

11 out of 24 patients (45.8%) with persistent 

vegetative states showed post-treatment 

improvement in consciousness. Twenty-

seven out of 73 patients (37.0%) with 

dyskinesia began to show improvement in 

motor functions. None of the cases showed 

shock or complications from MSC 

transplantation.  

GCS and IL-6 indexes were significantly 

changed between the cell transplant group 

and the control group after 6 months of 

treatment. After 1 month in the stem cell 

transplant group, the GCS index was 

increased by 1.12 times than the control 

group (Control: 6.7±0.89; MSC: 7.5±1.65), 

after 6 months GCS index of the MSC 

transplant group was 8.78±1.09. According 

to Mehta R et al., the GCS score of 9-12 is 

classified as moderate trauma, showing that 

the patients with TBI have recovered from 

the critical condition. In contrast, the GCS 

index of the control group after 6 months is 

still below 9 (7.34 ±1.61) [8]. For the 

inflammatory index IL-6, in the MSC 

transplant group (354.25 ± 215.46 to 31.21 ± 

8.33), there was a reduction of 11.35 times 

after 6 months of treatment and 2.25 times 

higher than that of the control group (70.33 ± 

10.37). 

Our results are similar to those of Cox et 

al.,10 children with TBI trauma with a 

GCSscore of 5 to 8 were transplanted with 

MSCs and followed up for 6 months [14]. 

Inflammatory reactions following TBI often 

lead to multi-organ dysfunction or even death 

[15]. Various studies have also reported 

increased and elevated levels of 

inflammatory molecules in the blood after 

brain injury, including CRP, TNF-α, ROS, 

IL-6, and others. [16]. Thus, decreased IL-6 

levels in the MSC transplant group 

contributed to a decrease in systemic 

candidate responses, suggesting a strong 

induction between MSCs and TBI-derived 

immune responses that reduce the risk of 

exacerbation. Additional lesions (Figure 4C). 

Chang YS et al. performed endotracheal 

MSC transplantation in 9 children with 

bronchopulmonary dysplasia (BPD) that 

showed levels of interleukin-6, interleukin-8, 

substrate metalloproteinase-9, TNF-α, and 

transforming growth factor β1 during 

puncture Tracheal suction at day 7 was 

significantly reduced compared with baseline 

[17]. 

In conclusion, 22/30 severe TBI patients 

were successfully treated by MNC and MSC 

transplantation with a graft dose of 6-9x106 
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cells/kg. All patients after transplantation did 

not find any complications, showing that the 

graft dose of 9x106 cells/kg is feasible and 

safe in the treatment of TBI. The paraclinical 

and clinical indices were stable between the 

control group and the MSC group. The IL-6 

and GCS indices reflect the anti-

inflammatory effects of MSCs to help 

patients improve their health status. 

 

V. CONCLUSION 
- There was no difference in clinical and 

laboratory parameters between the 2 study 

groups. MSC transfusions are safe and may 

serve as a novel therapeutic approach for TBI 

patients.T 

- With MNC and MSC grafting dose of 

9x106 cells/kg safe for the patient's body, no 

complications were detected after 

transplantation as well as after 6 months of 

treatment. 

- The IL-6 index in the MSC transplant 

group was lower than that in the control 

group, suggesting that MSCs have the ability 

to regulate inflammation after TBI by 

reducing the expression level of IL-6. This 

may lead to a better improvement in the GCS 

index of the MSC transplant group compared 

to the control group 
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