
CHAPTER 4 

 

FINDING AND RESULTS 

 

Subject Characteristics 

 Human bone marrow was obtained from sternum or iliac crest of 5 healthy 

volunteers of both sexes (age ranging from 24 to 61 years). All donors have no 

clinical history of any malignancy, metabolic disorder, or infectious disease. 

 Postnatal tissues (umbilical cord, Wharton’s jelly, placenta and amnion) 

were collected from 5 healthy women (gestational age ranging from 38 to 42 

weeks) after normal deliveries at labour room, Siriraj hospital, Mahidol 

University.  

 Peripheral blood samples were collected from 5 healthy volunteers (age 

ranging from 21 to 67 years). All donors have no clinical history of any 

malignancy, metabolic disorder, or infectious disease.  

 

The characteristics of culture UC-MSCs, WJ-MSCs, PL-MSCs, AM-MSCs in 

comparison to BM-MSCs 

 Mononuclear cells (MNCs) isolated from bone marrow were cultured in 

DMEM supplemented with 10% FBS at a density of 1x105 cells/cm2.  After 

plating, MNCs had spherical shape and floated over the culture flask (Fig. 4.2 A). 

One day after plating, some cells had attached to the flask but still had spherical 

characteristic. On day 3, non-adherent cells and cell debris were removed. The 

adherent cells had a heterogeneous characteristic. There were many rounds, 

monocyte-like cells as well as a number of flattened cells mixed with spindle-

shape cells (Fig. 4.2 B). The media were changed every 3 -4 days and the number 

of rounded monocyte-like cells was steadily diminished over the course of 

approximately 1 week (Fig. 4.2 C). Cultures were monitored daily and between 7-

10 days of culture, small outgrowth colonies of approximately 20-50 cells were 

observed (Table 1, Fig. 4.2). After that cells were rapidly proliferated                       

(Fig. 4.2 D-F).   
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The cells isolated from human umbilical cords (UC), Wharton’s jelly (WJ), 

placenta (PL) and amnion (AM) were also cultured in the same condition as the 

cells isolated from bone marrow. After plating, only a few cells attached to the 

floor of the culture flasks (Fig. 4.3-4.6 A).  The media were changed every 3-4 

days and the number of non-adherent cells was steadily diminished over the 

course of approximately 3 weeks (Fig. 4.3-4.6 C). Cultures were monitored daily 

and the initial colony formation was observed earlier in UC-culture (7.6±0.88 

days) than in BM-culture (8.2±0.75). In contrast, the cells isolated from placenta 

and amnion took a significantly longer period of time to develop MSCs colonies 

than bone marrow (18.6±1.05 days, 11.8±1.19 days vs. 8.2±0.75, P<0.05). MSCs 

derived from umbilical cords (UC-MSCs), Wharton’s jelly (WJ-MSCs), placenta 

(PL-MSCs) and amnion (AM-MSCs) have spindle-shaped morphology similar to 

bone marrow-derived MSCs (BM-MSCs) (Fig. 4.3-4.6 C). Representative 

photomicrographs of UC-MSCs, WJ-MSCs, PL-MSCs and AM-MSCs are shown 

in figure 4.3-4.6, respectively. UC-MSCs reached 90% confluence after 

approximately 10 days of culture. Further passages of MSCs from these sources 

were done whenever the cell density reached 90% confluence. We were also able 

to freeze, thaw, and subsequently passage these MSCs. The resulting UC-MSCs, 

WJ-MSCs, PL-MSCs and AM-MSCs can be propagated up to 18-22 passages and 

can be revived after frozen.  At passage 22, the cells show signs of replicative 

senescence and stop growing. In contrast to those 4 resources, the BM-MSCs can 

only be propagated up to passage 10 before they reach the stage of replicative 

senescence.  
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Table 1  

The onset of colony formation 

 

Source of MSCs 

 

Time (days) 

 

P-value 

Bone marrow 8.20 ± 0.75 - 

Umbilical cord 7.60 ± 0.88 0.521 

Wharton’s jelly 9.80 ± 0.75 0.088 

Placenta 18.60 ± 1.05  0.001* 

Amnion 11.80 ± 1.19  0.010* 

   

Values are presented as mean ±SEM.  

* p<0.05 significantly different compared to control (bone marrow) 

 

 

 

 

Figure 4.1 The onset of colony formation. Data are presented as mean±SEM. 

               *P<0.05: significantly different compared to control (BM-MSCs). 
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Figure 4.2 Morphology of mesenchymal stem cells derived from bone marrow 

(BM-MSCs). A: Spherical-shaped cells at day 0 after the initial seeding; B: 

Adherent cells at day 3; C: Spindle-shaped cells at day 7; D: BM-MSCs was 

reached sub-confluence at day14; E: BM-MSCs was reached 100% confluence at 

day16; F: BM-MSCs at passage 8 (100% confluence). 
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Figure 4.3 Morphology of mesenchymal stem cells derived from umbilical cord 

(UC-MSCs). A: Spherical-shaped cells after the initial seeding; B: Adherent cells 

at day 3; C: Spindle-shaped cells at day 7; D: UC-MSCs was reached sub-

confluence at day14; E: UC-MSCs was reached 100% confluence at day15; F: 

UC-MSCs at passage 21 (100% confluence). 
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Figure 4.4 Morphology of mesenchymal stem cells derived from Wharton’s jelly 

(WJ-MSCs). A: Spherical-shaped cells after the initial seeding; B: Adherent cells 

at day 3; C: Spindle-shaped cells at day 7; D: WJ-MSCs was reached sub-

confluence at day14; E: WJ-MSCs was reached 100% confluence at day20; F: 

WJ-MSCs at passage 12 (100% confluence). 
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Figure 4.5 Morphology of mesenchymal stem cells derived from placenta (PL-

MSCs). A: Spherical-shaped cells after the initial seeding; B: Adherent cells at 

day 3; C: Spindle-shaped cells at day 7; D: Spindle-shaped cells at day 14; E: PL-

MSCs was reached sub-confluence at day 25; F: PL-MSCs at passage 10 (100% 

confluence). 
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Figure 4.6 Morphology of mesenchymal stem cells derived from amnion (AM-

MSCs). A: Spherical-shaped cells after the initial seeding; B: Adherent cells at 

day 3; C: Spindle-shaped cells at day 7; D: Spindle-shaped cells at day 14; E: 

AM-MSCs was reached sub-confluence at day 27; F: AM-MSCs at passage 9 

(100% confluence). 
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The proliferation characteristics of UC-MSCs, WJ-MSCs, PL-MSCs, AM-

MSCs in comparison to BM-MSCs  

The growth characteristics of UC-MSCs, WJ-MSCs, PL-MSCs, AM-

MSCs and BM-MSCs were determined during 8 days. The results showed that 

UC- MSCs and WJ-MSCs have a higher proliferative capacity than BM-MSCs, 

PL-MSCs and AM-MSCs. The proliferative capacity of UC- MSCs during early 

period (passage 2 and 3) was similar to that of WJ-MSCs (Fig. 4.7 A, B). There 

was no significant different in cell number and growth kinetics during the 4 days 

of culture. Between day 4 and 6, the number of UC-MSCs was significantly 

higher compared to those of WJ-MSCs (P<0.05). After 6 day of culture, the cell 

density reach 100% confluence and their growth stopped. The proliferative 

capacity of BM-MSCs, during the first 4 days was significantly lower than those 

of UC- MSCs and WJ-MSCs (P<0.05) (Fig. 4.7 A, B). In contrast, the 

proliferative capacity of PL-MSCs and AM-MSCs were significantly lower than 

that of BM-MSCs in all passages examined (P<0.05) (Fig. 4.7 A-D). 
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Table 2 

Proliferation potential of  MSCs at passage 2 

 

 
Source 

 
 

Number of  
cells at  
day 2 

(x104 cells) 

Number of  
cells at  
day  4 

(x104 cells) 

Number of  
cells at  
day  6 

(x104 cells) 

Number of  
cells at  
day 8 

(x104 cells) 

 
Bone marrow 1.37 ± 0.74 1.99 ± 0.75 5.27 ± 0.84 6.62 ± 0.87 

 
Umbilical cord 1.21 ± 1.28 3.84 ± 1.13 21.21 ± 1.53 22.66 ± 1.48 

 
Wharton's jelly 1.01 ± 0.98 3.25 ± 0.92 11.86 ± 1.15 19.86 ± 1.02 

 
Amnion  1.10 ± 0.55 1.26 ± 0.47 3.033 ± 0.49 5.23 ± 0.53 

 
Placenta  1.01 ± 0.77 1.18 ± 0.81 2.98 ± 0.76 4.98 ± 0.75 

   

  Values are presented as mean ±SEM.  
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Table 3 

Proliferation potential of  MSCs at passage 3 

 

 

  Values are presented as mean ±SEM.  

 

 

 

 

 

 

 

 

 

 
Source 

 
 

Number of  
cells at  
day 2 

(x104 cells) 

Number of  
cells at  
day  4 

(x104 cells) 

Number of  
cells at  
day  6 

(x104 cells) 

Number of  
cells at  
day 8 

(x104 cells) 

 
Bone marrow 1.54 ± 0.64 4.15 ± 0.81 9.54 ± 0.76 11.56 ± 0.88 

 
Umbilical cord 3.45 ± 1.77 5.89 ± 1.78 24.51 ± 1.88 26.46 ± 1.94 

 
Wharton's jelly 1.73 ± 1.12 7.52 ± 1.24 22.28 ± 0.98 25.26 ± 1.08 

 
Amnion 2.06 ± 0.51 4.18 ± 0.51 8.93 ± 0.52 11.25 ± 0.52 

 
Placenta 2.00 ± 0.81 3.66 ± 0.79 6.16 ± 0.80 6.58 ± 0.83 
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Table 4 

Proliferation potential of  MSCs at passage 4 

 

 
Source 

 
 

Number of  
cells at  
day 2 

(x104 cells) 

Number of  
cells at  
day  4 

(x104 cells) 

Number of  
cells at  
day  6 

(x104 cells) 

Number of  
cells at  
day 8 

(x104 cells) 

 
Bone marrow 3.19 ± 0.84 12.02 ± 0.92 13.95 ± 0.88 15.11 ± 0.74 

 
Umbilical cord 4.73 ± 1.98 12.98 ± 1.87 21.63 ± 1.95 23.64 ± 2.15 

 
Wharton's jelly 2.60 ± 1.35 10.30 ± 1.54 17.46 ± 1.35 19.10 ± 1.48 

 
Amnion  1.92 ± 0.49 6.41 ± 0.53 10.95 ± 0.51 12.56 ± 0.53 

 
Placenta  1.94 ± 0.75 5.41 ± 0.77 10.96 ± 0.80 13.26 ± 0.79 

  

  Values are presented as mean ±SEM.  
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Table 5 

Proliferation potential of  MSCs at passage 5 

 

 
Source 

 
 

Number of  
cells at  
day 2 

(x104 cells) 

Number of  
cells at  
day  4 

(x104 cells) 

Number of  
cells at  
day  6 

(x104 cells) 

Number of  
cells at  
day 8 

(x104 cells) 

 
Bone marrow 4.54 ± 0.87 13.32 ± 0.71 14.82 ± 0.82 14.82 ± 0.71 

 
Umbilical cord 4.10 ± 1.67 11.53 ± 1.54 15.80 ± 1.65 16.91 ± 1.74 

 
Wharton's jelly 3.30 ± 0.99 4.50 ± 1.15 10.66 ± 1.23 12.58 ± 1.18 

 
Amnion  1.23 ± 0.52 2.54 ± 0.49 4.53 ± 0.51 5.98 ± 5.23 

 
Placenta  1.16 ± 0.75 2.41 ± 0.81 4.16 ± 0.79 6.33 ± 0.80 

   

  Values are presented as mean ±SEM.  
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Figure 4.7 Growth curves of MSCs derived from bone marrow, umbilical cord, 

Wharton’s jelly, placenta and amnion. At t=0, 6x103 MSCs were seeded in culture 

plates. Triplicate cultures were harvested at 2, 4, 6, 8 days, and adherent cells 

were counted. Results are expressed as mean ± standard error of the mean.           

A: Growth curve of MSCs at passage 2, B: Growth curve of MSCs at passage 3,       

C: Growth curve of MSCs at passage 4, D: Growth curve of MSCs at passage 5. 
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Cell surface marker characteristics of UC-MSCs, WJ-MSCs, PL-MSCs, AM-

MSCs in comparison to BM-MSCs 

 

 Immunophenotype of UC-MSCs, WJ-MSCs, PL-MSCs, AM-MSCs and 

BM-MSCs (passage 2 to passage 5) were determined by flow cytometry with use 
of phycoerythrin(PE)-conjugated or fluorescein isothiocyanate (FITC)-conjugated 

antibodies against CD34, CD45, CD73, CD90 and CD 105.  
 UC-MSCs, WJ-MSCs, PL-MSCs and AM-MSCs exhibit the similar 

immunophenotype as those of BM-MSCs which expressed high levels of MSC 

markers (CD73, CD90, and CD105) but did not expressed hematopoietic markers 

(CD34, CD45) (Fig 4.8-4.12).  Figure 4.13 summarized the expression profiles of 

the MSC and hematopoietic cell surface markers of BM-MSCs, UC-MSCs, WJ-

MSCs, PL-MSCs and AM-MSCs as determined by flow cytometry.  
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Figure 4.8 Flow cytometric analysis of surface-marker expression on bone 

marrow derived MSCs. The cells were cultured in DMEM supplemented with 

10% FBS. At passage 2, the cells were analyzed by flow cytometry. The green 

line shows the profile of negative control. The data shown are representative of 

those obtained in three different experiments. 

                                 

       

  BM-MSCs 

   BM-MSCs 
    
BM-MSCs 
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Figure 4.9  Flow cytometric analysis of surface-marker expression on umbilical 

cord derived MSCs. The cells were cultured in DMEM supplemented with 10% 

FBS. At passage 2, the cells were analyzed by flow cytometry. The green line 

shows the profile of negative control. The data shown are representative of those 

obtained in three different experiments. 
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Figure 4.10 Flow cytometric analysis of surface-marker expression on Wharton’s 

jelly derived MSCs. The cells were cultured in DMEM supplemented with 10% 

FBS. At passage 2, the cells were analyzed by flow cytometry. The green line 

shows the profile of negative control. The data shown are representative of those 

obtained in three different experiments. 
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Figure 4.11  Flow cytometric analysis of surface-marker expression on placenta 

derived MSCs. The cells were cultured in DMEM supplemented with 10% FBS. 

At passage 2, the cells were analyzed by flow cytometry. The green line shows the 

profile of negative control. The data shown are representative of those obtained in 

three different experiments. 
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Figure 4.12 Flow cytometric analysis of surface-marker expression on amnion 

derived MSCs. The cells were cultured in DMEM supplemented with 10% FBS. 

At passage 2, the cells were analyzed by flow cytometry. The green line shows the 

profile of negative control. The data shown are representative of those obtained in 

three different experiments. 
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Table 6 

The expression of surface-marker on MSCs at passage 2 

 

 

  

 
               Number of  surface-marker expression (%)  
 

 
Surface 
marker 

 
 BM-MSCs 

 
UC-MSCs 

 
WJ-MSCs 

 
 PL-MSCs 

 
AM-MSCs 

 
 
 
CD34 5.07 ± 0.05 3.70 ± 1.40 3.40 ± 1.63 4.48 ± 2.51 3.02 ± 0.52 
 
 
CD45 5.20 ± 0.92 4.83 ± 1.89 5.09 ± 1,70 4.90 ± 2.81 1.86 ± 1.06 
 
 
CD73 91.55 ± 2.84 76.93 ± 7.47 78.89 ± 5.93 74.84 ± 4.61 97.03 ± 1.36 
 
 
CD90 90.09 ± 3.83 97.97 ± 2.09 93.31 ± 2.71 79.52 ± 2.43 98.12 ± 1.06 
 
 
CD105 88.66 ± 2.52 88.26 ± 4.51 74.71 ± 4.28 77.75 ± 4.01 85.12 ± 4.23 
      

 

      Values are presented as mean ±SEM. 
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Table 7 

The expression of surface-marker on MSCs at passage at passage 3 

 

  

 
                 Number of  surface-marker expression (%) 
 

 
Surface 
marker 

 
 BM-MSCs 

 
UC-MSCs 

 
WJ-MSCs 

 
 PL-MSCs 

 
AM-MSCs 

 
 
 
CD34 5.91 ± 2.73 5.4 ± 3.05 5.79 ± 0.24 4.91± 0.56 4.22 ± 1.36 
 
 
CD45 5.9 ± 2.43 5.6 ± 1.30 5.75 ± 3.32 5.11 ± 1.86 4.32 ± 0.90 
 
 
CD73 81.5 ± 2.60 87.56 ± 5.31 85.86 ± 2.91 77.86 ± 3.20 89.78 ± 1.18 
 
 
CD90 83.63 ± 1.37 93.52 ± 5.45 96.58 ± 4.36 79.41 ± 5.83 96.87 ± 0.31 
 
 
CD105 65.8 ± 4.21 82.97 ± 2.90 76.43 ± 5.75 75.57 ± 3.46 77.13 ± 8.77 
      

 

      Values are presented as mean ±SEM. 
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Table 8 

The expression of surface-marker on MSCs at passage at passage 4 

 

 

  

 
                         Number of  surface-marker expression (%) 
 

 
Surface 
marker 

 
 BM-MSCs 

 
UC-MSCs 

 
WJ-MSCs 

 
 PL-MSCs 

 
AM-MSCs 

 
 
 
CD34 5.21 ± 1.89 3.84 ± 2.15 3.37 ± 2.01 5.41 ± 2.10 5.87 ± 1.24 
 
 
CD45 1.42 ± 0.93 2.91 ± 2.05 3.18 ± 1.74 5.75 ± 1.81 5.86 ± 1.04 
 
 
CD73 83.40 ± 4.08 72.11 ± 3.17 74.93 ± 6.24 96.87 ± 1.54 97.1 ± 2.38 
 
 
CD90 87.79 ± 2.94 92.67 ± 3.15 95.00 ± 2.97 95.73 ± 2.33 94.67 ± 2.99 
 
 
CD105 79.71 ± 2.80 82.88 ± 4.21 81.91 ± 2.50 80.4 ± 2.32 85.68 ± 1.84 
      

 

      Values are presented as mean ±SEM. 
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Table 9 

The expression of surface-marker on MSCs at passage at passage 5 

 

 

  

 
                         Number of  surface-marker expression (%) 
 

 
Surface 
marker 

 
 BM-MSCs 

 
UC-MSCs 

 
WJ-MSCs 

 
 PL-MSCs 

 
AM-MSCs 

 
 
 
CD34 4.6 ± 0.99 5.18 ± 2.18 1.35 ± 0.76 5.52 ± 1.42 5.6 ± 0.90 
 
 
CD45 4.54 ± 1.10 5.77 ± 2.36 2.09 ± 0.56 5.07 ± 2.46 5.12 ± 1.06 
 
 
CD73 61.07 ± 5.16 87.7 ± 5.58 78.15 ± 8.08 71.78 ± 3.52 82.01 ± 2.21 
 
 
CD90 80.42 ± 2.39 95.16 ± 5.45 94.9 ± 3.09 79.04 ± 1.46 86.82 ± 2.85 
 
 
CD105 64.01 ± 4.99 84.91 ± 5.79 68.64 ± 3.71 73.5 ± 5.57 80.06 ± 2.10 
      

 

     Values are presented as mean ±SEM. 
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Figure 4.13 The percentages of BM-MSCs, UC-MSCs, WJ-MSCs, PL-MSCs and 

AM-MSCs that were tested for each cell surface antigen expression using flow 

cytometry. A: MSCs at passage 2 B: MSCs at passage 3 C: MSCs at passage 4 D: 

MSCs at passage 5. The data are presented as mean values ± standard error of 

means. The data shown are representative of those obtained in three different 

experiments. 

 

 

B 
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Osteogenic differentiation potential of UC-MSCs, WJ-MSCs, PL-MSCs, AM-

MSCs in comparison to BM-MSCs. 

 The osteogenic differentiation potential of UC-MSCs, WJ-MSCs, PL-

MSCs and AM-MSCs were compared to BM-MSCs. MSCs from passage 3 were 

cultured under condition that is favorable for an osteogenic differentiation. After 

10 days of induction, UC-MSCs, WJ-MSCs, PL-MSCs and AM-MSCs had the 

appearance of refringent crystals in the cells similar to BM-MSCs. By the end of 

culture, most culture UC-MSCs, WJ-MSCs, PL-MSCs and AM-MSCs expressed 

alkaline phosphatase-positive similar to BM-MSCs (Fig. 4.14 B, D, F, H, J). The 

untreated control cultures growing in regular medium without any osteogenic 

differentiation stimuli did not expressed alkaline phosphatase even after 3 weeks 

of culture (Fig. 4.14 A, C, E, G, I).  

 

Adipogenic differentiation potential of UC-MSCs, WJ-MSCs, PL-MSCs, 

AM-MSCs in comparison to BM-MSCs. 

 The adipogenic differentiation potential of UC-MSCs, WJ-MSCs, PL-

MSCs and AM-MSCs were compared to BM-MSCs.  MSCs from passage 3 were 

cultured under condition that is favorable for an adipogenic differentiation. After 3 

weeks of induction, UC-MSCs, WJ-MSCs, PL-MSCs and AM-MSCs became 

large cells containing numerous lipid droplets in their cytoplasm similar to that of 

differentiating BM-MSCs. These lipid droplets were positive for oil red-O 

staining (Fig. 4.15 B, D, F, H, J,) while the MSCs from untreated control cultures 

did not have any lipid droplets in their cytoplasm (Fig. 4.15 A, C, E, F, G, I). It is 

worth noting that PL-MSCs and AM-MSCs need a longer period of time to 

differentiate into adipogenic lineage in comparison to BM-MSCs, UC-MSCs and 

WJ-MSCs. 
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Figure 4.14 Representative photomicrographs of osteogenic differentiation of 

BM-MSCs (A, B), UC-MSCs (C, D), WJ-MSCs (E, F), PL-MSCs (G, H) and 

AM-MSCs (I, J). Osteogenic differentiation was evidenced by the formation of 

alkaline phosphatase-positive aggregates in cytoplasm after osteogenic induction 

using NH OsteoDiff Medium (B, D, F, H, J, respectively). No alkaline 

phosphatase-positive aggregates was found in cytoplasm of BM-MSCs, UC-

MSCs, WJ-MSCs, PL-MSCs and AM-MSCs cultured in DMEM supplemented 

with 10% FBS (A, C, E, G, I, respectively).  
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Figure 4.15 Representative photomicrographs of adipogenic differentiation of 

BM-MSCs (A, B), UC-MSCs (C, D), WJ-MSCs (E, F), PL-MSCs (G, H) and 

AM-MSCs (I, J). Adipogenic differentiation was evidenced by the formation of 

lipid droplet (oil red-O-positive) in cytoplasm after adipogenic induction using 

NH AdipoDiff Medium (B, D, F, H, J, respectively). No lipid droplet was 

observed in the cytoplasm of BM-MSCs, UC-MSCs, WJ-MSCs, PL-MSCs and 

AM-MSCs cultured in DMEM supplemented with 10% FBS (A, C, E, G, I, 

respectively). 
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Immunomudulatory effect of UC-MSCs, WJ-MSCs, PL-MSCs, AM-MSCs  in 

comparison to BM-MSCs  

To determine whether MSCs can inhibit the proliferation of alloreactive T-

lymphocyte, the responder PB-MNCs were labeled with CFSE. CFSE is a 

fluorescent dye which can pass through the cell membrane and generated a 

fluorescent hydrophilic metabolite readily detectable by flow cytometer. Because 

CFSE concentration decreases by half after each cell division, it can provide a 

history of the proliferation of each labeled cells. Fig. 4.16 is a representative result 

showing the gating of cells used to calculate the proliferation index of labeled 

cells.  

The immunomudulatory effect of UC-MSCs, WJ-MSCs, PL-MSCs, AM-

MSCs compared to that of BM-MSCs as determined by MLR assays is 

summarized in Table 16, Fig. 4.17 UC-MSCs, WJ-MSCs, PL-MSCs, AM-MSCs 

and BM-MSCs significantly reduced the proliferation of alloreactive T-

lymphocytes compared to controls MLR without MSCs addition (P < 0.05) (Fig. 

4.17). By comparison between sources, PL-MSCs and AM-MSCs possessed 

higher immunosuppressive capacity than BM-MSCs, while UC-MSCs and WJ-

MSCs exhibited lower immunosuppressive capacity than BM-MSCs. However, 

the differences in the immunosuppressive capacity among those MSCs were not 

statistical significant (P> 0.05). 
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Figure 4.16 MLR assays were analyzed by flow cytometer. A: Dot plot of 

forward scatter and side scatter show the T-lymphocyte fraction of peripheral 

blood mononuclear cells. B: Dot plot of CSFE and 7-ADD show the living T-

lymphocytes with CFSE-positive. C: Dot plot of CSFE and forward scatter show 

T-lymphocytes labeled with CFSE dividing in response to irradiated PB-MNCs. 
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Table 10 
 

The proliferation of alloreactive T-lymphocytes (case 1) 

co-cultured with MSCs from various sources 

 

 

 
Experiment 1 

 
Experiment 2 

 
Experiment 3 

  

 
 

MRI 
 

 
Gated 

R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

Gated 
R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

Gated 
R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

 PI*  
 

 
 
R*+R 31.62 1.43 4.32 30.88 1.57 4.83 35.59 1.75 4.68 4.61 
 
 
R*+PHA 48.14 41.36 46.21 50.96 38.29 42.9 48.14 41.36 46.21 45.11 
 
 
R*+Sr 14.67 12.45 45.9 13.19 10.93 45.31 12.48 12.42 49.87 47.03 
 
 
R*+Sr+BM MSC 35.77 4.01 10.08 45.95 3.39 6.87 35.54 3.95 10 8.98 
 
 
R*+Sr+UC MSC 37.12 4.87 11.59 33.6 3.49 9.4 32.19 4.25 11.63 10.87 
 
 
R*+Sr+WJ MSC 31.43 3.97 11.21 31.46 4.22 11.82 35.24 4.57 11.47 11.50 
 
 
R*+Sr+AM MSC 38.82 4.33 10.03 38.07 3.96 9.42 38.07 3.96 9.42 9.62 
 
 
R*+Sr+PL MSC 
 

47.54 
 

2.97 
 

5.88 
 

49.27 
 

4.15 
 

7.75 
 

51.69 
 

3.44 
 

6.23 
 

6.62 
 

 

* Values are presented as mean ± SEM 
 

R:  Responder cells 

R*: CFSE-labeled responder cells 

Sr: Irradiated stimulator cells  
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Table 11 
 

The proliferation of alloreactive T-lymphocytes (case 2) 

co-cultured with MSCs from various sources 

 

 

 
Experiment 1 

 
Experiment 2 

 
Experiment 3 

  

 
 

MRI 
 

 
Gated 

R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

Gated 
R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

Gated 
R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

 PI*  
 

 
 
R*+R 50.6 1.23 2.37 51.57 1.59 2.99 51.57 1.27 2.4 2.59 
 
 
R*+PHA 43.12 46.78 52.03 43.64 45.92 51.27 42.9 46.76 52.15 51.82 
 
 
R*+Sr 12.43 12.29 49.71 12.8 10.16 44.25 13.57 9.75 41.8 45.25 
 
 
R*+Sr+BM MSC 37.35 4.64 11.05 36.52 4.49 10.94 37.31 4.46 10.67 10.89 
 
 
R*+Sr+UC MSC 32.38 5.35 14.17 34.57 5.43 13.57 33.98 5.29 13.47 13.74 
 
 
R*+Sr+WJ MSC 32.6 5.06 13.43 28.84 4.65 13.88 30.3 5.11 14.43 13.91 
 
 
R*+Sr+AM MSC 41.43 4.57 9.93 39.73 4.68 10.53 41.33 4.28 9.38 9.95 
 
 
R*+Sr+PL MSC 
 

49.97 
 

4.93 
 

8.97 
 

50.34 
 

4.73 
 

8.58 
 

51.3 
 

3.71 
 

6.74 
 

8.10 
 

 

* Values are presented as mean ± SEM 
 

R:  Responder cells 

R*: CFSE-labeled responder cells 

Sr: Irradiated stimulator cells  
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Table 12 
 

The proliferation of alloreactive T-lymphocytes (case 3) 

co-cultured with MSCs from various sources 

 

 

 
Experiment 1 

 
Experiment 2 

 
Experiment 3 

  

 
 

MRI 
 

 
Gated 

R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

Gated 
R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

Gated 
R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

 PI*  
 

 
 
R*+R 75.38 3.5 4.43 75.02 3.21 4.1 77.08 3.04 3.79 4.11 
 
 
R*+PHA 50.2 47.45 48.59 52.93 46.21 46.61 49.51 45.26 47.75 47.65 
 
 
R*+Sr 13.21 11.78 47.13 12.46 10.28 45.2 14.13 12.45 46.91 46.41 
 
 
R*+Sr+BM MSC 41.25 5.58 11.91 48.47 6.69 12.12 51.23 7.12 12.2 12.08 
 
 
R*+Sr+UC MSC 39.85 4.78 10.71 41.59 5.21 11.13 42.56 4.14 8.86 10.23 
 
 
R*+Sr+WJ MSC 36.54 3.21 8.07 40.12 4.15 9.37 38.46 4.08 9.59 9.01 
 
 
R*+Sr+AM MSC 41.57 4.19 9.15 50.16 6.14 10.9 48.85 5.53 10.16 10.07 
 
 
R*+Sr+PL MSC 
 

50.14 
 

4.11 
 

7.57 
 

51.26 
 

5.46 
 

9.62 
 

54.21 
 

5.89 
 

9.8 
 

9.00 
 

 

* Values are presented as mean ± SEM 
 

R:  Responder cells 

R*: CFSE-labeled responder cells 

Sr: Irradiated stimulator cells  
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Table 13 
 

The proliferation of alloreactive T-lymphocytes (case 4) 

co-cultured with MSCs from various sources 

 

 

 
Experiment 1 

 
Experiment 2 

 
Experiment 3 

  

 
 

MRI 
 

 
Gated 

R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

Gated 
R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

Gated 
R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

 PI*  
 

 
 
R*+R 58.71 1.17 1.95 58.34 2.38 3.91 57.84 2.43 4.03 3.30 
 
 
R*+PHA 38.13 34.73 47.66 37.86 31.67 45.54 39.54 35.51 47.31 46.84 
 
 
R*+Sr 12.19 9.65 44.18 13.64 10.11 42.56 13.66 9.99 42.24 42.99 
 
 
R*+Sr+BM MSC 40.12 5.11 11.29 37.54 6.2 14.17 39.87 5.51 12.14 12.53 
 
 
R*+Sr+UC MSC 39.61 5.54 12.27 40.16 4.21 9.48 42.13 4.25 9.16 10.30 
 
 
R*+Sr+WJ MSC 39.78 4.11 9.36 38.85 4.05 9.44 40.12 4.28 9.63 9.48 
 
 
R*+Sr+AM MSC 40.44 4.28 9.57 41.02 4.54 9.96 43.24 4.37 5.85 8.46 
 
 
R*+Sr+PL MSC 
 

46.96 
 

3.69 
 

7.28 
 

48.88 
 

3.35 
 

6.41 
 

49.03 
 

4.12 
 

7.75 
 

7.15 
 

 

* Values are presented as mean ± SEM 
 

R:  Responder cells 

R*: CFSE-labeled responder cells 

Sr: Irradiated stimulator cells  
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Table 14 
 

The proliferation of alloreactive T-lymphocytes (case 5) 

co-cultured with MSCs from various sources 

 

 

 
Experiment 1 

 
Experiment 2 

 
Experiment 3 

  

 
 

MRI 
 

 
Gated 

R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

Gated 
R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

Gated 
R3 
(%) 

 

Gated 
R5 
(%) 

 
PI 
 

 PI*  
 

 
 
R*+R 65.67 5.12 7.23 66.46 3.98 5.65 59.65 4.42 6.89 6.59 
 
 
R*+PHA 40.15 38.87 49.19 40.35 37.22 47.98 39.78 35.64 47.25 48.14 
 
 
R*+Sr 12.8 9.87 43.53 15.79 10.11 39.03 14.57 10.21 41.2 41.25 
 
 
R*+Sr+BM MSC 45.58 5.48 10.73 44.83 5.57 11.05 41.41 4.89 10.56 10.78 
 
 
R*+Sr+UC MSC 41.25 5.77 12.27 42.64 4.98 10.45 40.45 6.02 12.95 11.89 
 
 
R*+Sr+WJ MSC 39.81 4.27 9.68 41.48 4.36 9.51 43.2 5.57 11.42 10.20 
 
 
R*+Sr+AM MSC 37.99 2.15 5.35 39.92 4.16 9.43 41.93 3.77 8.24 7.67 
 
 
R*+Sr+PL MSC 
 41.79 3.65 8.03 43.67 3.85 8.1 39.41 3.8 8.79 8.31 

 

* Values are presented as mean ± SEM 
 

R:  Responder cells 

R*: CFSE-labeled responder cells 

Sr: Irradiated stimulator cells  
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Table 15 
 

Mean value of proliferation index of alloreactive T-lymphocytes 

co-cultured with MSCs from various sources. 

 

 
MLR 

 

 
PI (%)±SEM 

                        
p-value 

 
R*+R 

 
4.24±1.52 

 
Negative control 

 
R*+PHA 

 
47.91±2.47 

 
Positive control 

 
R*+Sr 

 
44.58±2.42 

 
- 

 
R*+Sr+BM-MSCs 

 
11.05±1.38 

 
- 

 
R*+Sr+UC-MSCs 

 
11.40±1.46 

 
0.75 

 
R*+Sr+WJ-MSCs 

 
10.82±1.97 

 
0.83 

 
R*+Sr+AM-MSCs 

 
9.15±1.05 

 
0.09 

 
R*+Sr+PL-MSCs 

 
7.8±0.93 

 
0.06 

                         
 Values are presented as mean ± SEM.  

  * p<0.05 significantly different compared to control (R*+Sr+BM-MSCs) 
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Figure 4.17 Mean value of proliferation index of CFSE labeled responder T-

lymphocytes co-cultured with irradiated stimulator T-lymphocytes and MSCs 

from various sources. Data are presented as mean ± SEM. *P<0.05: significantly 

different compared to control (R* + Sr). 

 

    *    *   * 
      

*          * 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


