CHAPTER IV

RESULTS

1. Detection of donor cells in vitro

1.1 Flow Cytometry

—

PerCP). Artificially prepared mi it ‘ \d epymp ocytes were analyzed to
establish the relative sensitiVity & forne human cells from sheep
cells in a series of 1:100, 14600 4" _

unique human UCB
lymphocyte and a negative cogiifol :-: ' QAo s “-\\ bhocyte as show in Figure 20 A

and B. Both positive and negativg*Cosjifgls.were >difl each examination.
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Figure 20 Flow Cytometric analysis of control samples labeled with monoclonal antibody CD
45 specific for the human lymphocyte. A) The positive control was prepared from human

UCB lymphocytes. B) Sheep lymphocytes alone were the negative control.
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Flow Cytometry analysis Histogram analysis

A) LymaPhog¥talcounted® 1,634
Evgiit inbgBiiive reqiop : 16

Flow Cytometry analygis iHistogram analysis

KeB : Sheep 1:500

FL 1-Height

B) Lymphocyte counted  :4,724

Event in positive region : 6
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Flow Cytometry analysis Histogram analysis

15P-021102.004

C) LyafiohoeVig gotinted 13,683

4

Evghit infbgSiilve regiop : 5

Flow Cytometry analygis bt ShHistogram analysis

w human-sheep15P021102 0G%
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D) Lymphocyte counted  :5,291

Event in positive region : 1
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Flow Cytometry analysis Histogram analysis

o human-sheep 15P021102 000
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HCB : Sheep 1:10,000

E) LyaibhoeViggonted $4,6Q0

Evght igfogSiiive regiop 0

Figure 21 Flow Cytometie afalysis<of mix@dihumamand sheep lymphocytes ratio of
1:100, 1:500, 1:1,000, 1:5,000 @hd #*6:000AaE) reSpectively showed percentage of

positive donor cells CD 45 lymphocytesEEstt --"-rtidn) #nd histogram analysis (Right portion) .
1.2 FluorescenCedfrshernyoricizaton (o)

Artificial mixtures of human and sheep lymphocytes ratio of 1:100, 1:500,
1:1,000, 1:5,000 af@}|1 10080 were@nalyZed by TISE\e€nnique” Théy were viewed under a
fluorescence microS@ope with higher magnification (100 X)(Figure 23 A-E respectively).
Appropriate, \Viewing) di8l « analysisy were dependéed Uhon) Ltizatiani=df eptimum dual —
bandpass (DAPI/TRICT) and single bandpass filter set. The positive cells would show CEP
16 probe signal as the bright orange ( spectrum aqua ) two spots signal. A positive control
slide was obtained from human UCB lymphocytes. (Figure 22A) .A negative control slide
was prepared from sheep lymphocyte that shown in figure22 B. Both the positive and

negative control were used in each experiment.
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Figure22 FISH on agpositive and negative control according to the hybridization technique
by used CEPy16BNA prapen AMAResitive controbweas prepared fram hemnam umbilical cord
blood lymphacytes. In this case the ' CEP16 DNAprobe binds {o Major hybridization sites
(the band 16g11.2,locus D16Z3 of human chromosome 16) that appears as two bright
orange spots signal on the human lymphocytes. B) A negative control was obtained from
sheep lymphocytes showed that no probe signal was detected, the nonspecific signals were

due to non — specific binding of the negative sample.
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1:10000

Figure 23 FISH on artificial miXtu@s of filtishan @igksheepllyMmphocytes were hybridized with
CEP 16 DNA probe. The ratio of huliga=gnd-sheegaymphocytes are A) 1:100, B) 1:500, C)
1:1,000, D) 1:5,000, and E) 1:10:008 e yellowiaffows. indicated positive cells that are
seen as the bright orangesiwe-soois-probe-sianats=withtr=tne=o10. [N contrast, the negative
cells were not seen as thersame positive cell duetomnon="spetific binding indicated by the

white arrows.

2. Creation of human /n“viVo studies

Summafrized are the¥endi reSulshor lavitero transplantatien offCBI34< hematopoietic
stem cells from human umbilical cord blood into 12 number of fetal sheep recipients.CD 34
cells (2 X 10 ¢ cells/ml) from human umbilical cord blood were repeatedly transplanted into
fetal sheep at 48-54 days of gestation. Recipients were then serially examined for the

evidence of engraftment after birth. A total of 12 sheep fetuses received injection with
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human donor cells, one recipient was lost to study because of twin pregnancy sheep, 9
recipients were aborted before birth and only two recipients were born alive (Table 5) Thus,
the remainder of two sheep born alive (No. 40A3 and 41J2 as show in figure 24 A- B ) were
analyzed for donor cell engraftment at 10 days and 1 month after birth by Flow Cytometry

and FISH analysis.

Table 5: Summary of the end results of in vive studies in sheep receiving human UCB

i

transplantation In utero. r
e
Results Number of animals
In utero transplagie®™ ; I'i 12
e B { ]
Lost to stud,/{ J’ | 1 (hwingregnancy sheep)
Abortus of sheep pregfiang _: = 9
. 52 A
Born alive A AN 2
Evidence of engraftmaifit JF igtés ! 24 4 .
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3. Detection of human g_x;éor cell engraftment in vivo { J|
| =t . = — . ——
:'j '_‘-—
3.1 Flow Cytomet:\ﬁ'analysis el

Human donor €ellsengraftment in té newborn lambs (no. 40A3 and
no. 41J2 ) at 10 Oays.angd)! mlonth after foirthgwere determindd Py Flow Cytometry of
peripheral blood (PB). That was used #honoclonal aatibody against gawman lymphocyte
marker CD¥45 ‘F"e'rCP. BothSheep chimeraé showed hdman donor|oglls if fthe PB at the
level of lower than 1 percentage. Donor cells were detected from the PB of no.40A3 and
41J2 sheep chimeras at 10 days and 1 menth at the level of 0.12 , 0.03, 0.50 , and 0.37%
respectively as shown in Figure 25 and 27. In addition, Histogram or single parameter was
analyzed using the same monoclonal antibody CD 45 PerCP to human lymphocyte, as

describe in Figure 26 and 28 respectively.



Negative control: Lamb 10 days Chimeric sheep 40A3 at 10 days

sheepchimeras260401.003

A) Lymphocyte counted: 6,212 BILyvinphoeytecolinted : 5,323
Event in positive region: 4 Even_t i POsitive region : 3

CHimenic sha

Negative control: Lamb 1 monif 3p 40A3 at 1 month

WYYy PR A et

C) Lymphocyte countd . 27640

BV 660

D) Lymphcyte counted

Event in positive region : 1 Event in positive region : 2

Figure 25 Flow Cytometry analysis of donor cells in PB from chimeric sheep 40A3 A)

65

Negative control: Lamb 10 days , B) Chimeric sheep 40A3 at 10 days , C) Negative control :

Lamb 1 month and D) Chimeric sheep 40A3 at 1month.
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Sheep chimeras 40A3 10 days

Figure 26 Histogram represented Above : Reactions was obtained with chimeric sheep no.
40A3 at 10 days and negative control ( sheep lymphocytes) ,Below : Reactions was

obtained with chimeric sheep no. 40A3 at 1 month and normal sheep control.
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Negative control : Lamb 10 days Chimeric sheep 41J2 at 10 days
sheepchmeras OU

sheepchimeras 003

A) Lymphocyte countéd : 44909 B)-Lymphocytecotnted : 1,076
Event in positive region : @ Eventin posiiive région : 4
Negative control : Lamb 1 mont@ Chiraerié sbeepi 1J2 at 1month

A A A

x|
<
|
<

C) Lymphocyte counted : 2,640 D) Lymphocyte counted : 5,745

Event in positive region : 1 Event in positive region : 21

Figure 27 Flow Cytometry analysis of donor cells in PB from chimeric sheep 41J2 A)
Negative control : Lamb 10 days , B) Chimeric sheep 41J2 at 10 days , C) Negative control

: Lamb 1 month and D) Chimeric sheep 41J2 at Tmonth.
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gl i 21 month

Figure 28 Histogram represented Above : Reactions was obtained with chimeric sheep no.
41J2 at 10 days and negative control ( sheep lymphocytes) ,Below : Reactions was obtained

with chimeric sheep no. 41J2 at 1 month and normal sheep control.
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3.2 Fluorescence in situ hybridization (FISH)

FISH with human - specific CEP 16 spectrum aqua DNA probe
demonstrated that xenogeneic sheep chimeras no. 40J2 and 40A3 were not achieved to
detect human donor cell. Non - specific binding of all slide samples occurred from both

sheep chimeras at 10days and 1 month as shown in Figure 29.

Figure 29 Jhe pigture girdetectiqnef humamdonpas cells-Ry IS analysis,fram one of study
chimeric shegp Samples? All Slidé showed' the"pfeSence Of foh =SpecMic Pimding, that are

seen at 100X higher magnification.
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Statistical analysis

The detailed data on statistical analysis were presented in Appendix D

1. Percent of human lymphocyte in mixed experiment

1.1 Flow Cytometry

The percent of human lymphocyte in mixed experiments at 5 various

dilutions between human and sheep 100 R T 41,000, 1:5,000 and 1:10,000 had been
- II ured number of CD 45" cells or
human lymphocytes were com : —l with th& predicted@™@imber of mixed human and sheep
lymphocytes in each ratio for 248 ' ! \,\ ihescomparison of the actual measure

) measured values in Flow

The results indicate€ \ 5 *, 7 ed number of human lymphocytes was
comparable to the predicted ug J _; lymp \ es at all 5 ratio. (1:100, 1:500,
1:1,000, 1:5,000 and 1:10,000¥(Fi¢ e T8 o significant difference at all
experiment. (p = 0. 087 0.098, 0.8 @ espectively, Appendix D) When the
concentration was loweR ._.gn-m-gr-‘-an-------i-..-.. Lmeasured A ber of CD 45+ cells were
too low to be interprete 8 -c,-i‘ negative control. The CV of

|I 1|
.u-'

measured number tended 10 be Iarger when concentrat|on of CD45+ cells became lower.

Figure 31 gque presentatlon of the mean ﬂtandard?ewatlon (SD) of CD 45
GO W1 Y 4N 1015
1:1,000, 15% n hoc ::lg ntrol in the bar

graphic features. The reactivity of CD 45 PerCP antibody of lymphocytes in each dilution
depended on the number of human lymphocytes, affinity of the antibody and the
fluorochrome — to — antibody ratio. This result indicated the reactivity of the antibody was

insufficient to discriminate between positive and negative samples when dilution of human

lymphocytes became the lower.
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Table 6: The percentage of counted lymphocytes data found in different dilutions (1:100,

1:500, 1:1,000, 1:5,000 and 1:10,000 taken from mixed human and sheep lymphocytes

experiment by Flow Cytometry analysis.

Ratio human/

Predicted value of

Actual measured of lymphocytes

% No. of CD 45+ cells

Lymphocytes
sheep Percentage
Human Sheep % human % sheep
lymphocyte CV%
(EC) (EC) lymphocytes lymphocytes
1:100 1% 1%x10* 1.96 1 1.94 98.10 98.97
1:500 0.2% 25 4041 055 99.25 134.14
1:1,000 0.1% 7 +0.08 94.69 72.72
1:5,000 0.02% m m 2o 12 99.15 | 100
1:10,000 0.01% 1//’7‘ \\\3 \\;‘* 0 9877 | 21429
* EC — Expected counts of true g@Sitivg ’ \
3
2 =
M Predicted va;i
15 o
& Flow Cytometry ’

05 {-—

‘WWWMT‘I‘ZWJJW’T’ME]’WH

Figure 30 The percentage of the actual measured values of from mixed human and sheep

lymphocytes experiments at various dilutions detected by Flow Cytrometry analysis.




72

1.2

0.8

0.6

% Event of CD 45
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0.2

1:100 1:10,000 Dilution ratio

Figure 31 Mixed human ang at various dilutions stained

with CD 45 PerCP showed reax heep lymphocytes dilution
sample by Flow Cytometry analys
Mixed experimefit e.01% and 1% of human

lymphocytes by Flow Ci e e sure human lymphocytes

after dilution. The absol '._p number 0 alating gate , man lymphocytes can be

accurately measured by thisfmethod when the @ancentrations of human lymphocytes was

v nconvesfl ummnam @l bithiki d co 4 + ots o o

higher CV percentage

qmmnmumwmaﬂ
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¢ FowCyomety

% No. of CD45+ cells

1:100 1:500

Figure 32 Measurement-ef hur ocytes emetry was done cells after

dilution. A known numbeg Gk Iu:’,;j phocytes as the recipient
cells at various dilution (1:1-¥ 110,08 , rati of human lymphocytes

assayed. This value was the gompared with the p‘lected concentration of human

11 NENITHEIRT-
ARARIATRIUM AN

The percentage of human lymphocytes in mixed human and sheep
lymphocytes experiments at the same various dilutions had been detected by FISH
analysis. The actual measured numbers of human lymphocytes were compared with the
predicted number of mixed human and sheep lymphocytes in each dilution for 15

experiments. (n=15) The comparison was demonstrated of the actual measured value,
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predicted value and the coefficient of variance (CV) measured values in FISH analysis as

shown in Table 7.

The results indicated that the actual measured number of human lymphocytes were
comparable to the predicted number of human lymphocytes at all 5 ratio. (1:100, 1:500,
1:1,000, 1:5,000 and 1:10,000) (Figure 33) There were significant different at all experiments
( p= 0.000 but except 1:10,000 ,p=0.001,

b, 0k
A

Appendix D) When the concentration of human

SQriofthe counted target signals of

\*\- at the same dilutions by

FISH analysis. The reactivity ¢ S riminated between positive (

human lymphocytes) and negativgi(she es e result showed that when the
. r.f{wh o ’ )

concentration was lower, the value of\epumeratic positive cells was also lower.

ound in different dilutions (1:100,

]:_'."' o+ )l
Table 7: The percent age, of c@ 'f'r#‘ -

= -
AW —_—
>

II.( and sheep lymphocytes

1:500, 1:1,000, 1:5,000
experiment by FISH analys I

I

Predicted value of .
Ratio human/ ¢ r—9 o Actual measured of CD 45 cell
| =R IRENINENNT.
q Huma Sheep % huma 70 sheep
lymphocyte ¢ CV%
EC) C
1:100 19 1 0 1874
1:500 0.2% 2% 10 ° 1%x10°% | 026%0.58 99.70 11.96
1:1,000 0.1% 1% 10° 1%x10°% | 013%052 99.85 21.09
1: 5,000 0.02% 2% 102 1%x10° | 0.02%057 99.94 62.27
1:10,000 0.01% 1x 10° 1x10° 0.03+0.55 99.96 80.67

* EC - Expected counts of true positive events.
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Figure 33 The percentage 0 wuman lymphocytes from

mixed experiment at vario S\wereldetected by FISH analysis

after hybridization with CEP
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Figure 34 Mixed experiment between human and sheep lymphocytes at various dilutions
were hybridized with CEP 16 probe. Count target signals of positive cells were

demonstrated by FISH analysis.
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The comparison of the actual measured number of human lymphocytes and
predicted value of mixed human and sheep lymphocytes experiment between 0.01% and
1% dilutions was shown in Figure 35. The actual measured human lymphocytes was
comparable to the predicted number of human lymphocytes when the concentration was
higher. However, when the concentration was lower, The actual measured number of human

lymphocytes tended to be slightly lower than the predicted number.

% No. of human lymphocytes

A VA A —— VY

Figure 35 Measureﬂ u &l g n&l lnﬁ ﬂ ﬂaun iﬁone after dilutions. A

known number of human lymphocytes were mixed with sheep lymphgcytes at various

swiors (R RARNRFTRANTINY 1R E
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1.3 Comparison of the number of human lymphocytes by Flow Cytometry and

FISH analysis

The mean of percent human lymphocytes in mixed human and sheep
lymphocytes from each dilutions and its matched different assays had been compared. The
data was presented in Table 8 and as bar graph in figure 36 . The overall results

demonstrated that the percentage of measured human lymphocytes at various dilutions by

; QO, 1:500, 1:1,000 but except 1:5,000
and 1:10,000 with significant differg (9=0.C PUsaNd 0.045 respectively, Appendix D)
In contrast, the remain ratios™at==5 000% and==T 10000 were without any statistical
significance. ( p = 0.329 and g \bpen Qe C V value in FISH analysis was
less than Flow Cytometry ana ot ftios) 1t Was TridiGate d that FISH analysis was more
reproducible than Flow Cytomg 16 2t OW ifferences. The concentration of

O\
human lymphocytes at v itions as| agsayed b ow Cytometry analysis and

Table 8 Comparison the percentfunidrdymphe Alked human and sheep

lymphocytes experiments at various cifuiipps €14 00, 1:1,000,1:5,000 and1:10,000) That
were detected by Flow Gyigmetry-and-FISH-analysi -5
QeYes (CD 45+ cells)

Ratio human/ J Flow Cytometry ] FISH
Sheep lymphocytes A

ﬁ!%ﬁ’i V89T EJTﬂfi
1:100 (1%) 1.96 ‘ 98.97 1.25 7 13.73

r
1:500 (0.2%) | (1 bY M4 , . , , , 11.96

|

1: 1,000 (0.1%) 0.11 72.72 0.13 21.13
1:5,000 (0.02%) 0.12 100 0.02 62.41
1:10,000(0.01%) 0.028 1214.92 0.93 124.60
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B Flow cytometry

% No. of human lymphocytes

1.5
Brisk
14 —
0.5
0 - I
1/100 1/10,000
Figure 36 Comparison of the gi€ag // 5. M ymph ocytes between Flow Cytometry
and FISH analysis at variotiS di 71 u' \ ) w :,00 and1:10,000).

Number of human lymphocyte

ﬂ El EI‘VI‘E'W Tl
QW’WMTI?EU&IWY’JWEI']MI

% Dilution rate

Figure 37 The detection of percent human lymphocyte (CD 45") by Flow Cytometry analysis

was compared with that of percent human lymphocytes by FISH analysis.
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2. Percent of donor cells ( human lymphocytes ) engraftment after In utero transplantation

In utero transplantation was done in 12 fetuses sheep who received human stem
cells (CD 34") from umbilical cord blood. There were 10 sheep fetuses aborted and in two
who were born healthy ( code number of 40A3 and 41J2). The evidence of donor cells
engraftment was detected by Flow Cytometry and FISH analysis from peripheral blood of

then lambs at two time intervals: 10 days and 1 month after birth.

no. 40A3 and 41J2 was lower™ . by Flow analysis as shown in Table 9 .
There was no difference be two times intervals ( p = 0.356,
0.110, 0.330 and 0.197, Apb ne,cells exhibiting donor human

lymphocytes by FISH analysi

The bar graph in figre omparison of the mean £ SD

of percent donor cells in two*Chigileras.Jamibs Aokt 0A3 and 41J2 at 10 days and 1 month
[ ’r J
detected in the peripheral blood b ";.; zinalysis. The slope of recovery donor

cells in these lambs were slightlydeétréased as igure 39.

)

Table 9 : Percent of donor ¢t l 8IS We as lambs at two times intervals : 10

days and 1 month after birth. T[: e donor cells were detected by Flow Cytometry analysis.

coron A UETBTRHEN T

chimeras lambs
=9

chimeras lambs

AR

40A3 4§ ‘ 41J2

0.06% . 0.37% -

X 0.12 0.03 X 0.50 0.37
SD 0.08 = SD 0.04 :
Cv 0.66 = Cv 0.08 :
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Figure 38 Comparison of the mean & SD of percent donor cells engraftment in two

chimeras lambs at 10 days and 1 month were detected by Flow Cytometry analysis.

0.7

0.6
0.5

i . PI
[ Na4102

03 4— —

0.2 ~

% Donor cell engraftment

0.1 +

Figure 39 The percentage of g N *himeras taken from the blood

lamb recipients no. 40A3 and 4142 {18gays af Ith were detected by Flow

08

—= 40A3

= 41J

RS

% Human lymhocytes CD 45+

10 days 1 month
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