CHAPTER II
REVIEW AND RELATED LITERATURE

Molecular genetics of ALL

ALL is considered to have a genetic basis; that is, somatically acquired genetic

leukemia clone include changes" ot tr ‘ nd structure of the blast cell
chromosome.*®  The strug iprocal translocations,
inversions, deletions, gene Although many of these
abnormalities are detectab ers require molecular
assay.29 Molecular identificaiie ' k = -, at the'sitesiof these aberrations has

led to the isolation and charag€rizeti Te! €@genes and tumor suppressor

genes providing valuable clug el ech ‘ € kemogenesis.s‘m'30 These
leukemogenic genes are normal g S AL o -‘ ome altered by mutations, fusion to
other genes, rearrangement, or Ioss > are potentially leukemogenic in
hematopoietic cells can be, cor miligs. The first consists of

Emdrane to the nucleus.

S ptio%he protein products of

these genes bind to speciﬁg-%A sequence r@r target genes and enhancer the

synthesis of messﬁewﬁ. ’TJeWirElﬁ‘%!ﬁoWrHsﬂeﬁs‘ﬁvolved in tissue

differentiation. The folith consists of genei, involved in programmed cell death The fifth
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The products®f a gene may have more than one function, depending on the assay used

The second is composed ﬁgen

to detect its biological activity.5

Molecular assays are used with cytogenetic analysis because the segment of
DNA rearranged, lost, or mutated is submicroscopic; evidence of a translocation is seen

in about 75% of acute leukemia cases. The most frequent targets of chromosomal



translocations in the acute leukemias are genes that encode transcription factors,
emphasizing the critical role of these regulatory proteins in the control of blood cell
development.31 Activation of transcription factor genes by chromosomal translocations
takes two main forms." The situation in which a proto-oncogene is juxtaposed to an
immunoglobulin or T-cell receptor gene by chromosomal fusion with joining or diversity
segments, thereby activating the oncogene. Immunoglobulin or T-cell receptor genes

are frequently involved in chromosomal aberrations because they are naturally

rearranged to generate active antigens nes. This process occasionally, in
error, leads to an interchromosan (978 version. On the other hand,
typifies the situation in whic @e occurs within introns of

genes, producing fusion genes sently-leading expression of the fusion

protein with unique properties.

Chromosomal transloc
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transcription factor, indicating that altered transcription plays a major part in

tumorigenesis.M A chromosome translocation is a condition in which a small piece of
one chromosome switches pieces with a small piece of another chromosome. There are
carrier of a balanced translocation appears, for almost all purposes are normal, since
there is no missing or extra chromosome material. Normally, there are 23 pairs of

chromosomes making a total of 46. In each pair, one of the chromosomes comes from



each parent. It turns to make sperm or eggs contribute only 23 chromosomes to the
future pregnancy egg or sperm end up. Many pregnancies that result from chromosome
imbalances miscarry before the woman is even aware that she has conceived. It usually
noted that about one-third will be normal, one third will carry the balanced translocation,

. ol y 4§ 32
and one-third will likely miscarry from an unbalanced chromosome translocation.

The various types of human leukemia are almost certainly determined both by

the nature of the oncogenes and
differentiation of the hematopoiei \ he genetic alterations occur.
Some genes are found in a others are associated with

specific types of leukemia.”

Table 1 Genetic abnormali

Functions Reference

alteration

Signal transduction N-ras mutatiofs ,._ Bos et al.

Membrane signal Konopka et al,

transduction Ahuja et al.
.FI 1
Differentiation and HOX-1% CR t(10‘14)(q24‘q11) T-AL = Kennedy et al.
ene transcription
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Tumor supression DQW Blast crisis of CM&’ Ahuja et al.

Gene transcrn@on u }124 :q23) Burkitt’ ngn:loma ﬂsujimoto etal.

Pre-B ALL Croce et al.

E2A/PBX t(1;19)(923;p13) Pre-B ALL Inaba et al.
SCL/SIL t(1;14)(p32;911)  T-ALL Bernard et al.
TAL-2/TCR t(7;9)(q35;p13) T-ALL Xia et al.
TEL-AML1 t(12:21)(p21;g22)  Pre-B ALL Romana et al.

AML ; Acute myeloid leukemia, ALL ; Acute lymphoblastic leukemia,

CML ; Chronic myeloid leukemia, T-ALL ; T-cell lymphoblastic leukemia
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Many translocations have been found in ALL patients; for example, E2A-PBX1

from t(1;19),

E2A-HLF from t(17;19),

translocation in ALL is TEL-AML1 from t(12:21)."

TEL-AML1 translocation

BCR-ABL from t(9;22) and the most common

TEL is identified as a region on the short arm of chromosome 12 (12p13) The

TEL mRNA sequence (GENBANK accessi
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The TEL gene encodes a new member of the ETS family of transcription
factors.” The TEL gene (Translocation, Ets, Leukemia, and also known as ETS-Variant
Gene 6 or ETV6) is a member of the Ets Family of transcription factors that is
characterized by a c-terminal winged helix-loop-helix DNA-binding domain referred to
as the ETS domain.”” The TEL consists of 8 exons. Like other members of this family,
TEL functions as a sequence specific DNA-binding transcriptional regulator.‘q"1 TEL also

contains on N-terminal helix-loop-helix (HLH) domain called the pointed domain, that is

found in only a subset of Ets family

TEL-platelet derived growth factor. i

Binding factor Alpha 2).

U19601 ) is shown below :
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Moreover,
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l1l41ctgccgceccgce
120lccctcctacce
126lggcgagcgct
1321ctgctcaacc
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AMLT

in both myeloid and lymphoié

(TF) which shows homol

inv(16).

This suggests ;;
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encodes 472 amino acid.39
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aggccgaggg
aggccgtgtg

\-.-. omosome  16Q922.
"AML M4Eo-associated

MAML1-EVIT
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agccagctcg
catggtgggce
cggctccgcg
cagccacagc

gaggccctac

AML1 is a region on the long arm of

iption factor that was found
lear transcription factor
sophi/a Melanogaster
n the carboxy terminal

men leukemia with many

" The normal

“0re binding factor (or CBF)

CBFB is
inv(16)

spormalities are t(8;21) and

Befiant role in the control

of myeloid cell growth and i ati
W

The TEL-A/\ﬂ U%}!@ﬂq ﬁ%%ﬂﬂﬂ %eratlon found in

pediatric B- precursoMLL ® The TEL- AM}1 fusion is created by t(12;21). Because this

RN TN TR

karyotyping i} less than 0.05% of ALL cases, and is therefore called a cryptic

po Lo 42
gulator,0f hematopoiesis.
u‘

translocation.” TEL-AML1 gene translocation was found in subtype B-precursors ALL

but not in T-ALL (T-Cell Acute leukemia), AML (acute myeloid leukemia) or Non-

Hodgkin's Iymphoma.33 This translocation has been demonstrated in approximatety 20—

21,43.47-49,50-52

25% of all childhood ALL patients by molecular technique. The TEL-AML1

fusion gene disrupts the TEL gene in the region of intron 5 (exon 5), nucleotide 1033 and
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most of the AML1 gene (exon 2).53 The resulting chimeric protein fuses the helix-loop-
helix (HLH) domain of TEL, a member of the ETS-like family of transcription factor, to the
DNA-binding runt homology domain and its c-terminal transactivation domains of AML1.
Expression of this chimeric gene is driven by the ubiquitous TEL promoter.s“'55 Both TEL
and AML1 are involved in a variety of other leukemia-associated translocations. TEL-

AML1 fusion protein functions as a transcription factor. inffrons
exons

TEL gene
AML1 gene
TEL-AML1
fusion gene 6 H7Hs
TEL-AML1 A\ "
transcript W i 2] ?ﬂk AR N[ [ |
TEL-AML1
protein S—
Figure 2 SOHETANG TEpTEs: Sjon transcript

INYIAY

A\

attgggagaatagcagpatgcatacttggaatgaatccttctagagacgtccac
I G R I A c I L G M N P S R D V H

Figure 3 TEL-AMLT translocation breakpoint
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Mechanisms of transformation : TEL-AML1

The structure of TEL-AML1 suggests that it retains the ability to bind to the AML1
DNA target sequence and interact with core binding factor beta (CBFB).22 Moreover,
this chimeric protein should retain the normal function of the HLH domain of TEL. Thus,
the chimeric TEL-AML1 protein is predicted to alter the normal functions of

endogeneous AML1 and TEL and to acquire novel functions as a result of the fusion of

these different domains into a single Molecule L-AML1 can directly repress AML-

mediated transcriptional activation: "Fhis activity, oth the HLH domain of TEL

@ transcriptional regulatory

on that TEL acts as a

and the DNA-binding domai
functions of the t(12;21)
transcriptional repressor.56 i T famnly protein; AML1
is reported to be either an"acti ‘ Jff : @QIress on."" AML1 is one of the
most frequently mutated ge s' n ‘ Kemias | ' eted directly by the t(8;21),
t(16;21) and t(3;21) in varioug or S i \ . a (AML), as well as by the
t(12:21) in B-cell ALL."" Eachffof ations i res Its in the formation of a
dominant negative fusion proteingthat.i 3 or transcriptional activation by
AML1.” AML1 is expressed in hemate nd recognizes the DNA sequence
TGTGGT. TEL-AML proidl AGTGGT, and interacts
with the AML1 binding Prate A hancer core motif is
required for the tissue-spggific transCription™of a number enes, including those
encoding the T-cell recept&ﬂCR alpha, beta, gamma, and delta enhancers,

ysoperosse ﬂ St Ve Vod W ol b e meriukeins

promoter The transcrlptlon repressiongmechanism @f TEL-AML1 is gnet clear and

s R RANIAD U U PN RN B

chimeric TELS&MU protein, no direct biochemical evidence has been demonstrated.

Previously, Arthur Zelent et al. studied the mechanism of TEL-AML1 and found
that interaction between TEL and N-coR, a component of the nuclear receptor core
repressor complex with histone deacetylase activity, requires the central region of TEL,

which is retained in TEL-AML, and TEL lacking this domain is impaired in transcriptional
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repression. It may be concluded that TEL-AML1 recruits N-CoR to AML1 target genes
and thus imposes and altered pattern of their expression.59 Moreover, Hiebert et al.
reported that the conserved pointed domain of TEL, present in the TEL-AML1 fusion
protein, acts as a portable transcriptional repression domain when this TEL domain is
active. They showed that the pointed domain of TEL is sufficient for association with the
mSin3A corepressor; proteins have a key role in transcriptional repression mediated by

histone deacetylation. Evidence showed that TEL-AML1 also interacts physically with

T 60
association.

Transcription regulation
Primary control of itiation of transcription.
Regulation of expression ¢ a gene, at the level of
recruitment and processivity RNA polimerasey Expression of genes is
initiated by the binding of iptidn fact o the promoter. Basal levels of
transcription can be modulated jby !.: i,““, ‘protein factors to other regulator
regions occurring in the sequence f WG the- The protein factors engaged in
regulating gene expression, Ives enc  Jocated genes. They
are required to migrate .'V;. o an-acting factors. In
.
contrast, the regulatory seguences to w ey bind are LJ he same DNA or RNA

molecule as the gene or RNﬁ'mscrnpt that is Bging regulated. Such sequences are

sastoveasanfll UE TV EI'VI‘WI 81173
AR T HNITNHV D ons

factors to reg%latory nucleic sequences. There is a variety of transcription factors, such
as TFIIA, TFIIB, TFIID, TFIE, TFIIF, TFIIH, etc, which can be complex in structure. The
complex of polymerase and general transcription factors is known as the basal
transcription apparatus; it constitutes all that is required to initiate transcription. Genes
are constitutively expressed at a minimum rate determined by the core promoter unless

the rate of transcription is increased or switched off by additional positive or negative
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regulatory elements. In addition, general transcription factors or tissue-restricted
transcription factors regulate the expression of many genes which encode polypeptide

by recognizing and binding specific cis-acting sequence elements.”

Target genes

Interleukin-3 (IL-3)

Interleukin-3, also known & ulating factor (multi-CSF) in

one of the cytokines that acts duERG-HE ear ncﬁ of blood cell formation.”
IL-3 is @ member of the family o Cels %\\ important growth and
differentiation factor for mostimgétige gallflingages blood 'and bone marrow.” IL-
3 is expressed by mitogen*®r aniife Vatec phocytes and natural killer cells. IL-
3 supports the growth andfdi : progenitors and acts
synergistically with more restgcte kinds fe Hroid, myeloid, mixed and

\\

gctg cccgaagccc atgggacaaa

. . 85
megakaryocytic colonies.

126lctcggccatc caccagaaac aaa

1321ccactgggga ctggaacacc ag ﬁELFQAg.; ag cggcaccaag agatgtgctt

1381lctcagagcct gagggisd dgdracca gacaaactct
l441lcatctgttcc agtgrﬁﬂ? 5= [of cagcagaggg
1501lccagggtagt ccaggt-ﬁ g gee g9 caldgaggcct cagtgagctg

W ¥
lSGlagtcaggctt EECEELE tg ccacaggggt céetetcaccet gcC gccatgc ttéccatere

1621tcatectect tga EELE tgtttcactg
ﬁﬁl&i I (AP o —

1741catgtcagat a gatcctt ccgacgc&tg ccccacacca ctacetceee ccgccttgcc

iZEiZZZiQME\iﬁ“ﬁZﬁJM@ YIH11:3 ) -

l921ctgccc ¢ tgctcctgcet ccaactcetg gtcecgeccccg gactccaage tcccatgacce
1981lcagacaacgc ccttgaagac aagctgggtt aactgctcta acatgatcga tgaaattata
204lacacacttaa agcagccacc tttgcctttg ctggtgagta gcttggataa gactggcctg
2101lcagcagtgag gggtggtggc tgcctaaggc caaaaggcct catgggcctt tctctcectt

Figure 4 Partial nucleotide sequence of Interleukin-3 promoter region (GENBANK
accession number AF365976). The TEL-AML1 binding region is indicated by

a solid line.
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T Cell Receptor Gamma (TCRY)

The human ¥ locus is organized similarly to the TCRB chain locus with two JC
clusters containing five J segments and two C segments in total. The y protein is present
on T cells and cooperates with & proteins that express the CD3 proteins but do not
produce a3 receptors. The ¥ chain is composed of transmembrane glycoproteins with

structures similar to the o and  chains. The percentages of T cells expressing the 02

TCRs vary widely, depending on tissues e gcificity. T cell receptor provides cell-
mediated immune responses toiC . gEMS’ P ique arrangement of gene

he wvefysunusueal way in which somatic

recombinations are required , ‘befel nal TCR genes can be
Ny

assembled and then expressed \

‘."'-. gattct catgaattga

!' 3
k }LE\ tgtggaat gattttctgc
%,

ok JoN ggEtgatatc accagccgag

i caaccagact taagaaagg
61 ttgaatctct ttagggcaag
121 actgggagag gaaactt@ ]
181 gtactgggca atgtctcctg : ag .\ tttccttcc ccaacgcaag
241 ctgggctgce ccgaacttca j L2 L= € \l agtggtggtg gtggaggagg
301 cagagtgggt ggtgggaggg Pgtg ttttattttc tcaggcttct
361 tttgtttacg tgctctggca yaa aatgctcaaa gtcaaaccgg
421 cccctactgg c,-: gapacaa aacgaggaca
481 gttaaaccac ‘k«‘ If{:‘: aataaaatat
541 ccatcttcac acatac ja € - a;{ ctgtgg taggtggggc
601 tccctgcatt tgatatta ggttcattag ctaccaggtg o‘"I
661 ggactgttca gaga gcagﬁtc gtcca ct&batgac actgtcctga agaccagagg
721 acatcttgca ﬂﬁa ﬂ %ﬂ%%%’qtﬂ cc ttccagaggc

781 acctgattca gfffacactaa tacctttggt ttcatttcct cagtgtaaac agggtgacac

Y a1 SRy

Figure 5 Partial nucleotide sequence of T cell receptor gamma enhancer region

gggaat ctgatgccca

(GENBANK accession number S71037). The TEL-AML1 binding region is

indicated by a solid line.
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Complement receptor type 1 (CR1)

The human Complement receptor type 1 (CR1, C3b/C4b receptor) is a single
chain membrane glycoprotein that is a member of the group of regulators of the
complement activation system.e7 The human CR1 gene is expressed specially in
hematopoietic cells, expressed on erythrocytes, monocytes, neutrophils, B cells, some T

cells, follicular dendritic cells and glomerular podocytes. It is capable of binding C4b

1501cacggagagc aggcatth tcttgca aagaggaaaa

156lgttaagcagg gtgtttgg ttgtct ggaagcgcag

1681lggtcagcaag gtgggctctg S8aatgcaaat ggggagtaaa

LA ‘
1621lggcctcacac gcgggatc o \Q\ \H‘H~1 tctgct gctgcacctg
| \\\E
t

l741catgacctcg cccatgago Bfkotcccg gaaccccgea

AN

186ltttcctctta tttcagtt e oe gfagatgtg cttggggaga

1801gccctceccca cactctgggy .G i{-cctattt tcgctgagcet

1921atgggggcct cttctccaage C sieEmele ] fccggcgee cggtetcece

1981lttctgctgcg gaggatccct @ ttgcgctgcc ggtggcctgg

2041ggtgagaggc gggcgggcgt gdgac gaggaacccg gggccccgca

210lgagaactcgc gtgcagcgct g _cccgggtccg aaggcagcgc

v . : X
Figure 6 Partial nucleotide & I res eptor type 1 promoter

region (GENBAN accessmn number L1739O The T -AML1 binding region

'S'“d'catwur:r'w YNINYINT
F”"‘Wﬁéﬁﬁnimumawmaa

Protem Kinase C activation and/or modulation of its isoenzyme expression play
key roles in regulating the response of hematopoietic cells to both growth factors and
non-physiogical inducers of cell growth and differentiation.”” Protein kinase C proteins
have been shown to be involved in diverse cellular responses of various cell types.70
Protein kinase C has been shown to be involved in the mitogenic response and in

. . i . 71 % ;.
oncogenic cell transformation in many experimental models.  Protein kinase C has a
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crucial role in signal transduction for a variety of biologically active substances that

activate cellular growth regulation, proliferation, differentiation and malignant
transformation.”*"

121 agatccttag gacagatgac ggcacctgga gatattttaa taatgtagat accctcttge
181 tgttcaaact cagaccaaaa gagatggctt tttttccccc agagggtgca caaatacgac
241 agaatttgtg aagacgagtc agaaatgaat gaaatttgga aaaatattga tctactgaaa
301 tccttecctce ccacactatt agccctatgt tacagttggg gaaacggagt cgttttgcag
361 aggggatgga cagaaggtag ggagtiec gEapcgtgc aggaggcaag caaagccaag
421 catcttctct gtggtggagt ‘ tcgetcectee cctacetetg
481 cagaacgtgt gtgtgtatg . cacaagcctt tccgaatgag
541 tgacagcggg agcccatcéi gegcagaa tgaccaatgg gatggatggg
601 ggtggatggg taccgtctc tgcgceec acccetteea

\\‘\\\“‘\

661 cccgctccee ttcgccd® \ ®ccctggg cacatctcct
721 gaacgcagcc ccggggdd £gaggctcg ggtccgacga
Figure 7  Partial nucleotide®seq se,C promoter region (GENBANK

accession numbe egion is indicated by a

solid line.

Recombination Activating Gepe-

encode V "Ta

b |
-;! pendent O

RAG1 catalyzes V(D)J

Dination ddctivating genes shoes

recombination, which is

expression

is strlctli limitedf tey, immature lymghoid cells. The gene products of

Ebged B bhogrloieest  frdresrrangement o

the Ig genes is an lmportant step in the gevelopment o&-cells The de@opment of B

o7 co® BRI T HWA R FBI oo

and T-cell regeptor TCR) genes from component V(variable), D(diversity) and J(joining)

recombination gen

gene segments. Two periods of V(D)J recombination, at the pro- and pre-lymphocyte
stages of development, lead to expression of the B-cell receptor (BCR) and T-cell
receptor (TCR) on the surface of immature B and T cells, respectively. The essential,

lymphocyte-specific components of the V(D)J recombination machinery are encoded by
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the recombination activating gene, RAG1. The RAG proteins initiate recombination by

3 . i " . F 75
recognizing and cleaving chromosomal DNA at specific recombination sites.
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TEL-AML1 and target genes
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aatatgaccc
agccacagac
agtgagcagc
gggagatgta
ecteecttgac
acacagaaag
gacagaggtg
ggcttteatt
caccccac
pctLctagt
aatgaca
attaatc
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adt tacagt
\tctgagat

atctgat
gtcattgta
gatgtggaac
gacaagacca
aaaqtctcgc
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Edg5tg
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gagaacacac tttgccttct ctttggtatt gagtaatatc

region is indicated by a solid line.

tcaggtaaag
cagtttctcc
tgtggcccca
agaggagcgt
agtttttgcect
actttgggga
tgtatacacc
attetecttt
cttcactaag
tgcttctttt
cataaaacac
ttaggttgca
gtcaagattt
agttacaadg
tgtttggata
gaacatctac
taacattatt
tgaggcacag
tttcecaacce
acatggttct
gagctggggt
ggggaggctg
aagagggcaa

aaccaaattg
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TEL-AML1 fusion protein is generally known as a transcription factor to the

various target genes. The target genes of TEL-AML1 transcription factor have the DNA
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sequence TGTGGT on the regulatory region. A number of genes have this region
including /Interleukin-3 (IL-3), T-cell receptor gamma (TCR}), Complement receptor
type 1 (CR1), Protein kinase C (PKC), Recombination activating gene 1 (RAG1). All of
these genes are related with leukemogenesis. Previous studies have shown that the
RAG1 gene was expressed in all precursor-B ALL but not in B-CLL™ and RAGT is
related with B-cell development by rearrangement of Ig genes in important steps.

Protein kinase C was revealed to have a relationship with developing relapses in ALL

cell lines.” However, that studyditefof report 2 \\ receptor gamma in the
patients. In the same way, reg gés 21 ,\ that TEL-AML1 protein

inhibits the transactivation acti ( ~ \ an CR1 promoter, even
though TEL-AML1 retains { ' Finally, fusion protein
TEL-AML1 repressor was COMS ontain TEL-AML1 do not
express I

To gain insight into the megc T 1, we studied the expression of

five target genes of TEL4AM | a4 gatients with TGTGGT

at the regulatory region dvfa—. r 4 between target gene
H | my

expression in TEL-AML1 pogitive, and TEL-AMLT negative, pati ‘: S.
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