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 1x10° cellsem®.  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,
WIJ-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

se€nescence.



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)
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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 dayl4; 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 dayl4; E: UC-MSCs was reached 100% confluence at dayl5; F:
UC-MSC:s 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 dayl4; E: WJ-MSCs was reached 100% confluence at day20; F:
WI-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).



Proliferation potential of MSCs at passage 2

Table 2

Number of Number of Number of Number of

Source cells at cells at cells at cells at

day 2 day 4 day 6 day 8
(x10* cells) (x10* cells) (x10* cells) (x10* 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 £0.98 325+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 £ 0.81 298 +0.76 498 +£0.75

Values are presented as mean +SEM.
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Table 3

Proliferation potential of MSCs at passage 3

Number of Number of Number of Number of
Source cells at cells at cells at cells at
day 2 day 4 day 6 day 8
(x10* cells) (x10* cells) (x10* cells) (x10* cells)
Bone marrow 1.54 £0.64 4.15+0.81 9.54+0.76 11.56 £0.88
Umbilical cord 345+ 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

Values are presented as mean +SEM.
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Table 4

Proliferation potential of MSCs at passage 4

Number of Number of Number of Number of

Source cells at cells at cells at cells at

day 2 day 4 day 6 day 8
(x10* cells) (x10* cells) (x10* cells) (x10* cells)
Bone marrow 3.19+0.84 12.02+0.92 13.95+0.88 15.11+0.74
Umbilical cord 473 £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+0.75 541+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

Number of Number of Number of Number of

Source cells at cells at cells at cells at

day 2 day 4 day 6 day 8
(x10* cells) (x10* cells) (x10* cells) (x10* cells)
Bone marrow 4.54+0.87 13.32+0.71 14.82+0.82 14.82+0.71
Umbilical cord 410+ 1.67 11.53+1.54 15.80+ 1.65 1691+ 1.74
Wharton's jelly 3.30+0.99 450+ 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, 6x10° 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.
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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 4.11 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.



Table 6

The expression of surface-marker on MSCs at passage 2

Number of surface-marker expression (%)

Surface
marker BM-MSCs UC-MSCs WJI-MSCs PL-MSCs AM-MSCs

CD34 5.07£0.05 370£1.40 3.40+1.63 4.48+2.51 3.02+£0.52
CD45 520092 483+189 509+1,70 4.90+2.81 1.86 £ 1.06
CD73 91.55+2.84 7693+747 7889+593 74.84+4.61 97.03+1.36
CD90 90.09+3.83 97.97+£2.09 9331+£2.71 79.52+243 98.12+1.06

CD105 88.66+2.52 8826+4.51 74.71+428 77.75+4.01 85.12+4.23

Values are presented as mean =SEM.



Table 7

&3

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 591+2.73 54+3.05 5.79+0.24 491+ 0.56 422+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+531 85.86+291 77.86+3.20 89.78+1.18
CD90 83.63+137 93.52+545 96.58+436 79.41+5.83 96.87+0.31
CD105 65.8+4.21 8297+290 7643+5.75 7557+£346 77.13+£8.77

Values are presented as mean +SEM.



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 521+1.89 3.84+£2.15 3.37+2.01 541+£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 7493+6.24 96.87+1.54 97.1 £2.38
CD90 87.79+294 92.67+3.15 95.00+£2.97 9573+233  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.



Table 9

&5

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

Number of surface-marker expression (%)

Surface

marker BM-MSCs UC-MSCs WJI-MSCs PL-MSCs  AM-MSCs
CD34 4.6+0.99 5.18+2.18 1.35£0.76  552+1.42 5.6+0.90
CD45 4.54+1.10 577+236  2.09+0.56 507246 5.12+1.06
CD73 61.07+£5.16 87.7+558 78.15+8.08 71.78+3.52 82.01+2.21
CD90 80.42+239 95.16+545 949+£3.09 79.04+146 86.82+2.85
CD105 64.01 £499 8491+579 68.64+371 73.5+£557 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.



87

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
WIJ-MSCs.
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Figure 4.14 Representative photomicrogral;hs of osteogenic differentiation of
BM-MSCs (A, B), UC-MSCs (C, D), WI-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), WI-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).



91

A B C

- Frasr 1,001 - Fe4PHA 001 - FraPHA 001
- R3
= e |
-] Ra 4
R*+PHA
4o sbo ) 200 a0 | ebo | sbo 1000
i F2r boinb
= FRGHeR - RS T
- R3
2 B iy
3 : B
7 R 8
wg ]
-] R, Rs
R*+Sr
= " a0 i 2 g 2 =
1] B 400 600 00 1000 o 1o o 0 10 0 200 00 B00 200 1000
S deinb ESi beinkt
- FraSrBMiASG 1001 - Fr4SHBMMES 1.001 - Rr4SrBMIASE 1001
= R3
5 S e
i F=1 R
7 < R b
fg]
- - Ra Rs
R*+Sr+BM-MSCs
s ; . . =t T T = T ;i ; v
1] 200 abo | sbo | sbo | 1000 100 1ot 102 0% G0t o 200 a0 ebo | sbo 1000
Eeisibr o e sk
- R+ 3r4l0G s 1001 - R*+Sral¢ hEE 1.001 - Fr+SrilE REE 12001
- R
5" ey
3 e
o R2 <
#z]
- Ra RS
* =7
R*+Sr+UC-MSCs
200 4bo  sbo | sbo | 1000 i 1o b 200 abo | ebo | ebo | 1ooo
E Loiakr E boiohy
- Fe+Sralfihadon MG 1.001 - Fe+Sralifiarion MBC 1.001
- R
= ey ]
R2 =
- Ra Rs
* =R .
R*+Sr+WJ-MSCs =
= = T 5 ma =
0 200 600 800 1000 0 I} 1w o o 200 400 600 800 1000
i SFE B Hoink
- ReSrebmnion bEC 1.001 - FraSredmnion MEC 1.001 - Re+Srebmnion bSC 1.001
- R3
Z ey
£ By Feq
& " Rz 8
g
- - Re s
* = =27
R*+Sr+AM-MSCs &
I3 200 4o oo Bo 1000 10 10! 10 10° 107 0 200 a0 ey w0 1000
FSrainht o Eordieik
- 45t Planenta G 1.001 - B*4Sr+Placdnta bEG 1.001 - R4St Plazenta e 1.001
= R3
5" iy
i R
& R2 4
wg ]
- Ra Rs
R*+Sr+PL-MSCs 2] =
1] o 1000 T 03 G0t ) 200 a0 &b sbo 1000
FSGHeight GSFE FSG-Height

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.



Table 10

The proliferation of alloreactive T-lymphocytes (case 1)

co-cultured with MSCs from various sources
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Experiment 1

Experiment 2

Experiment 3

Gated Gated

Gated Gated

Gated Gated

R3 RS R3 RS R3 RS

MRI %) (%) Pl (%) (%) Pl (%) (%) Pl  PI*
R¥R 3162 143 432 3088 157 483 3559 175 468 4.6l
R*+PHA 48.14 4136 4621 5096 3829 429 4814 4136 4621 45.11
R*+Sr 1467 1245 459 1319 1093 4531 1248 1242 4987 47.03
R*SHBMMSC 3577 401 10.08 4595 339 687 3554 395 10 898
R&SHUCMSC  37.12 487 1159 336 349 94 3219 425 11.63 10.87
ReSHWIMSC 3143 397 1121 3146 422 1182 3524 457 1147 11.50
ReSHAMMSC  38.82 433 10.03 3807 396 942 3807 396 942  9.62
RessepLMse  47.54 297 588 4927 415 775 5169 344 623 6.62

* Values are presented as mean = SEM

R: Responder cells
R*: CFSE-labeled responder cells

Sr: Irradiated stimulator cells



Table 11

The proliferation of alloreactive T-lymphocytes (case 2)

co-cultured with MSCs from various sources
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Experiment 1

Experiment 2

Experiment 3

Gated Gated

Gated Gated

Gated Gated

R3 RS R3 RS R3 RS

MRI %) (%) Pl (%) (%) Pl (%) (%) Pl  PI*
R¥R 506 123 237 5157 159 299 5157 127 24 259
R*+PHA 4312 4678 5203 43.64 4592 5127 429 4676 5215 51.82
R*+Sr 1243 1229 4971 128 10.16 4425 1357 975 418 4525
R&SHBMMSC  37.35  4.64 1105 3652 449 1094 3731 446 1067 10.89
R&SHHUCMSC 3238 535 1417 3457 543 1357 3398 529 1347 1374
R&SHWIMSC  32.6  5.06 1343 2884 465 1388 303 511 1443 1391
ReSHAMMSC 4143 457 993 3973 468 1053 4133 428 938  9.95
ResHPLMsC 4997 493 897 5034 473 858 513 371 674 810

* Values are presented as mean = SEM

R: Responder cells
R*: CFSE-labeled responder cells

Sr: Irradiated stimulator cells



Table 12

The proliferation of alloreactive T-lymphocytes (case 3)

co-cultured with MSCs from various sources
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Experiment 1

Experiment 2

Experiment 3

Gated Gated

Gated Gated

Gated Gated

R3 RS R3 RS R3 RS

MRI %) (%) PI (%) (%) Pl (%) (%) Pl  PI*
RHR 7538 3.5 443 7502 321 41 7708 304 379 411
R*+PHA 502 4745 4859 5293 4621 4661 49.51 4526 4775 47.65
R*+Sr 1321 1178 47.13 1246 1028 452 1413 1245 4691 4641
ReSH+BMMSC 4125 558 1191 4847 669 1212 5123 7.2 122 12.08
ReS+UCMSC  39.85 478 1071 4159 521 1113 4256 414 886 10.23
ReSHWIMSC  36.54 321 807 4012 415 937 3846 408 959  9.01
R&Sr+AMMSC 4157 419 915 5016 614 109 4885 553  10.16 10.07
RSPl Mse 5014 411 757 5126 546 9.62 5421 589 98  9.00

* Values are presented as mean = SEM

R: Responder cells
R*: CFSE-labeled responder cells

Sr: Irradiated stimulator cells



Table 13

The proliferation of alloreactive T-lymphocytes (case 4)

co-cultured with MSCs from various sources
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Experiment 1

Experiment 2

Experiment 3

Gated Gated

Gated Gated

Gated Gated

R3 RS R3 RS R3 RS

MRI %) (%) Pl (%) (%) Pl (%) (%) Pl  PI*
R¥R 5871 1.17 195 5834 238 391 57.84 243 403 330
R*+PHA 3813 3473 47.66 37.86 31.67 4554 3954 3551 4731 46.84
R*+Sr 1219 9.65 4418 13.64 10.11 4256 13.66 999 4224 42.99
ReSHBMMSC 4012 5.1 1129 3754 62 1417 3987 551 1214 12,53
R&SHUCMSC  39.61  5.54 1227 40.16 421 948 4213 425 916 1030
RESHWIMSC 3978 411 936 3885 405 944 4012 428 9.63  9.48
ReSHAMMSC 4044 428 957 41.02 454 996 4324 437 585 846
RessPLMsC 4696 3.69 728 4888 335 641 4903 412 775 115

* Values are presented as mean = SEM

R: Responder cells
R*: CFSE-labeled responder cells

Sr: Irradiated stimulator cells



Table 14
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The proliferation of alloreactive T-lymphocytes (case 5)

co-cultured with MSCs from various sources

Experiment 1

Experiment 2

Experiment 3

Gated Gated

Gated Gated

Gated Gated

R3 RS R3 RS R3 RS
MRI %) (%) Pl (%) (%) Pl (%) (%) PI PI*
R*4R 6567 512 723 6646 398 565 59.65 442 689 659
R*+PHA 40.15 38.87 49.19 4035 37.22 4798 39.78 3564 4725 48.14
R*4+Sr 128 9.87 4353 1579 10.11 39.03 1457 1021 412 4125
RESHBMMSC  45.58 548 1073 4483 557 11.05 4141 489 1056 10.78
RESHUCMSC 4125 577 1227 4264 498 1045 4045 602 1295 11.89
RESHWIMSC  39.81 427 9.68 4148 436 951 432 557 1142 10.20
RESHAMMSC  37.99 215 535 3992 416 943 4193 377 824  17.67
R*+Sr+PL MSC
4179 365 8.03 4367 3.85 81 3941 38 879 831

* Values are presented as mean = SEM

R: Responder cells
R*: CFSE-labeled responder cells

Sr: Irradiated stimulator cells



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 and MSCs

lymphocytes co-cultured with irradiated stimulator T

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

different compared to control (R* + Sr).
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