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INTRODUCTION

Background and Rationale

Postnatal bone marrow {transplantation (BMT) has long been used

successfully in treatment of variQus © of gluding inherited metabolic, hematologic
. Wl / h
and immunologic diseasesg More fecently;s hematopoietic stem cell (HSC)

S —

transplantation has becamg - hereti -----i:;:_ to postnatal stem cell
transplantation for the trgafme, ‘ al hemateiogic disorders “ as shown in
Table 1.
AR
Table1 : Congenital he )i dise; sticces '\‘m,\-. by postnatal HSC
transplantati® | \ ero HSC transplantation. @
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* Successfully treated by in utero transplantation.

The Thalassemias are a collection of genetic defects of hemoglobin
associated with a reduced synthesis of one of the two adult (Ot and B) globin chains.
This leads leading to the accumulation of another chain and toxicity, resulting in the death

of erythrocytes in the bone marrow (BM).



Both O and B - thalassemias are prevalent in Thailand (figure1). ® These
abnormal genes with different combinations can lead to over 60 thalassemia syndromes,
ranging in severity from asymptomatic conditions to total lethality. Since thalassemia and
hemoglobinpathies prevalence is high in Thailand (Table 2)(4) thus they are not only

medical but also socioeconomic problem of the country.

a thalassemia  20-
u-thall
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Figure 1 Prevalence of Thalassemia and Hemoglobinopathies in Thailand (1998) @



Table 2 : The incidence of major thalassemia in Thailand @

Geographic O -Thalassemia B - Thalassemia HbE
locations ( Percentage ) ( Percentage ) ( Percentage )
North 30 9-10 8
Northeast 20 2 -6 32-60
Central 20-25 3 13-17
South
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Figure2 A) Both liver and spleen are enlarged in B - Thalassemic patient at 6 months

of age

B) Blood smear of B - Thalassemia



Early treatment of major thalassemia diseases includes blood transfusion.
Adequate blood transfusion has been shown to prevent defective physical development
and abnormal bones, and also leads to general well — being to sustain life. Splenectomy
is often performed to increase the survival of endogenously produced and transfused red
cell.” The constant complication of multiple transfusion are associated with development

of infection, anti- red blood cell (RBC) and platelet antibodies, and increased iron

In the past 30 ye ' s firsksliceess \ marrow transplantation, the
field of stem cell tran om bang ayve been given to more than 80
thalassemia pa\tients.(10 > | ation with bone marrow from a
match sibling, the probabi ‘ e Mg asihigh as 75-80%, depended on the
compatibility of the donor, it d their disease status at the time of
transplantation. The suitable e *; n ‘ for the human leukocyte antigen

btained in aneroximateh 28389 i atient needing allogeneic
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transplantation, few he globinopathy patients have recei &d this treatment.
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In uterﬂtygﬂnQOMhﬂmgiﬂtﬂ gllf(lg) transplantation is a
theoretical ive.to Ro. n‘, y 31 ‘ ﬁ( e treatment of
congena wntﬁgg ﬁimhij ﬁﬁe lziﬂ;T‘ (Ej;estation. The
rationale for consideration of In utero transplantation is based on normal developmental
ontogeny. The early gestation fetuses may be immunologically immature and uniquely
tolerant to foreign antigen (Ag) enough to allow the acceptance of allogeneic or
xenogeneic cells without the risk of marrow ablation,graft rejection and graft- versus host

(13)

disease (GVHD). ™ It has also resulted in the consideration of new strategic approaches

for the therapeutic application of in utero HSC transplantation.



Early attempts to obtain experimental hematopoietic chimerism after in utero
transplantation into normal animal models can be very useful for the study of basic

transplantation biology and GVHD prevention as described in Figure 3. i

Congenital disorders Stem cell studies

Several models of congenital disorders Studies stem cell

correctable by HSC transplantation hz engraftment after HSC

been studies transplantation.

Graft versus host diseasﬂu /| Late effects
Syndrome is similar in its Growth fac 0 The short natural life span of
distribution and ﬂoﬁyﬂ ’g%ﬂm WOE] ’] ﬂrﬁmodel makes them
Best model of hun@h skin are active |n rodents and pigs.  useful for the studies of
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Figure 3 Animal models of HSC transplantation and their applicability to human
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transplantation



There are several potential sources of donor HSC for transplantation. Human
umbilical cord blood (UCB) has been incireasing|y interest and becomes a choice as an
alternative sources of HSC other than fetal liver, adult bone marrow or peripheral blood.

" The benefit of UCB include wide availability, easy and low cost of procurement, unbias

ethnic participation, low incidence of GVHD and a decrease in risk of infection."*""

Donor HSC obtained from human UCB were transplanted into preimmune sheep

iz
ected

homing into specific environMeNtoibone § arr”'g after donor cell engraftment,

fetuses by intraperitoneal injecti asound guidance. After in utero

transplantation, the donor HSCsw into the recipient circulation and

recovery of the stable recogs ?“a would be indicated by functional

e,

levels of both human dog Is,, The presence of significant

\.\.; utero transplantation could be
N\

numbers of donor cells in

(18)

used as definitive marker of gU srism (Figure 4).

Our goal in this sttid ensitivity and accuracy of Flow

Cytometry and FISH analysis™in Jetetion o n cord blood lymphocytes in in vitro
mixed human - sheep n-""!' es would be used to analyze the

L
donor human cells infie_newborn sheed afterintHero-tFansEiantation.
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Figure 4 The human — sheep model for in utero transplantation

The wide variety of techniques had been reported regarding detection of donor
cell engraftment.These included HLA- mismatch, immunohistochemistry, Flow Cytometry,

“® Fluorescence in situ hybridization ( FISH), ® Restriction fragment length polymorphism



@) etc. Therefore, the techniques and

(RFLP) and polymerase chain reaction (PCR)
protocolsensitive enough for detection of donor cells engraftment after in utero

transplantation would be required.

The level of human CD45" cells (human lymphocytes) which represents a nuclear

hematocyte would be used as a marker for engraftment and hematopoietic chimerism in

this human — sheep in utero tran giel. The donor HSC engraftment and

appearance of donor cells woul fermined by analysis of peripheral

blood (PB) of sheep reciplé =13 birt b -mu.—__--g_h including Flow Cytometry

(FCM) analysis for CD 45 g5 ty_hybridization (FISH) with DNA

probes (CEP16) specific fo@feng :‘"" nshuman autosome.

In the present sttidy #e @sgti,n & Sheep lymp ocytes in vitro experiments
for the development of F@M afd , in vivo studies, we applied
these techniques to invesii§a ‘ ‘ imerism of human donor HSC

following the human — sheep

Objectives

1.1 In vitro st ‘ dies on the sensitivity and accuré 4 of Flow cytometry (FCM)

ﬁ jj:&[ﬁil zj ﬁ %:ﬂ ﬂ,]yﬁ ﬁyz:s in different
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transplantation of human umbilical cord blood (UCB) into fetal sheep by

Flow cytometry and FISH



Conceptual Framework

In vitro studies : Mixed human and sheep lymphocyte

in different concentration series

!

To study on the sensitivity and ace

,//, ytometry (FCM) and FISH technique for

detection of humg {E€05) in vitro experiment

g'analysis of HSC donor cell

b ;
téro transplantation

In vivo studies : Spiantationof @034  HSC from UCB into fetal sheep

L AW

Analysis of human dgnor cells engraftment in peripheal blood of chimeric sheep)
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Assumption

In this research mixed in vitro human and sheep lymphocytes in different
concentrations were used to test the sensitivity and accuracy to detect human
lymphocytes by FCM and FISH analysis. In order to analyze the donor cell engraftment
after in utero transplantation of human UCB into fetal sheep, the need for in vitro

experiment as a basis of standardized method was modeled samples.

Keywords

Human -
Human
Flow Cyt®metj

FISH

Operational Definition

Mononuclear cell count =

mphocytes X concentrationX 10°
- : ¢ | L g hemocytometer
| V 'r
Flow Cytometry E ate Percer Lo rlcéll D! p entage or peripheral
bgundary (region) that defines the cell
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The number of fluorochrome human lymphocyte X 100

The total of cell ymphocyte
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Expected Benefit & Application

1. Establish a basis data on sensitivity and accuracy of FCM and FISH technique
to detect human lymphocytes in mixed human — sheep lymphocytes
experiment.

2. Development of a Iaborafory model which can be applied to assess human

lymphocytes engraftment after in utero human UCB transplantation into fetal

sheep.

3. Original basis on™ man- sheep model (the xenograft

chimera ) may Pfé t i;reas of research including the

of .
o
Ny
%,

\\ UCB in treatment of a variety
\\ "

of diseases™ s st '. ¢ ‘Nedkemia, "and other life threatening

physiology of hegae v, gene transfer to HSC before
transplantation g

4. Applied to clini
diseases.

Research Methodology

1. Target po Ie _

| 3 = 7 L
1.1) The ;vf}. j" rformed in the delivery

-v

and ope tlng suite of the Department of@bstetrics and Gynecology

preg narit mothers witigaut genetic dis@kders and infectious
’QW’I AN INIINEA
Exclusion case - UCB samples infected with common blood transmitted
Infectious disease such as Hepatitis virus : HbsAg,
Retroviruses : HIV and Syphilis - VDRL.
1.2) Sheep PB collection was obtained from the Faculty of Veterinary,
Chulalongkorn University and the National Institute of Animal at

Kasetsart University.
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2. Sample Collection
2.1)  Human umbilical cord blood sampling (donor) 20 ml were collected in
heparinized vaccutainer from full- term healthy pregnancies with
informed consent.
2.2)  Sheep blood sampling ( recipient ) 20 ml were collected in heparinized

vaccutainer from the external jugular vein of adult sheep.

3. Process to In vitro study.s \

3.1)  Heparinized"ht Jmbi &a lood donor (UCB) was collected

after informed.cemsentsand el _Centrifuged in Histopaque (Ficoll —

hypaque GBI ine oe ood mononuclear cell (PBMC) or
Iympho ; \\\\ phocytes in chamber of
hemocyig 1 jagid” catetl = J te number of lymphocyte per
microliter i \ \

3.2)  Heparifiizeg ‘ 2 ‘ as centrifuged to separate the
buffy coat at € e s m and erythrocytes. Collected
the buffy coat & f:-- “thie as separated on 60% Percoll solution.
Then countee 559 [Tok ., in chamber of hemocytometer to

-i---—-m------_--mm--“uf'“---'-‘?-'-‘-u ol per microliter of sample.

3.3) Th smphe 3, I yere mixed for establishing a

L)
dllutlo serles between human lymphocyte (donor) and sheep

UMM o oo
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analysis.

3.5) Flow cytometry (FCM) analysis : Each of the dilution series was incubated
with 10 U of human lymphocyte CD 45 — PerCP antibody for 30 min. Then
the cells were washed with PBS and centrifuged for 5 min. The cell
pellet was fixed by the addition of 500 LI paraformaldehyde (1%w/v)

and immediately measured by FCM of human lymphocytes.



3.5)
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FISH analysis : Each of the dilution series was fixed and smeared on
slides to detect human lymphocytes by Fluorescence in situ
hybridization (FISH) analysis. Then, the cells were hybridized with
CEP 16 probe specific to human autosome. The slides were covered
with a standard glass coverslips and examined under a fluorescence

microscope for detection of the percentage of human lymphocytes.

4. Process of in vivo study.

4.1)

4.2)

4.3)

4.4)

Human UCE aine il — term healthy pregnancies with

informed_ConSEhie] he eq ~-=-~;,-_=«_-_ test include HBsAg, anti-

The isolatio ;
performgé b

expressing

HIV, VDRisEC i
/ WNY .
tep -\ ‘- CeIL(HSC) from UCB (donor cell) is
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eads, positive selection of CD34"

Creatidh g ir S gls ‘Were performed by in utero

transpla ti Jer B8 fre M Mlman UCB into preimmune fetal
; 9

sheep at ‘-w £=days-"C ation . Fetal sheep recipient was

transplanted et 34 by transcutaneous intraperitoneal
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