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‘I do not wish by any means to infer that the disease in question is incurable;
I hope on the contrary that for it too remedies will at length be discovered.’
RudolphVirchow, 1858
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ABSTRACT

During the last decades there has been a dramatic increase in survival rates for
childhood leukemia, resulting today in an overall survival close to 90 % for children
with acute lymphoblastic leukemia (ALL). This accomplishment is largely due to
treatment protocols based on careful risk group assessment guiding the type and
intensity of the anti-leukemic treatment. Relapse remains still the most important
cause of treatment failure and the outcome is then much more dismal. The aim of this
thesis was to increase the understanding how genetic aberrations and alterations in
cell cycle regulating proteins in the leukemic cells, contribute to pathogenesis and
prognosis of childhood ALL.

On behalf of the Nordic Society of Pediatric Hematology and Oncology (NOPHO),
we investigated the frequency and clinical implications of the genetic aberration
dic(9;20)(p13.2;g11.2), which easily escapes detection by chromosome banding
analysis alone. We obtained material and performed interphase FISH on more than
half (53%) of all Nordic pediatric patients diagnosed with B-cell precursor (BCP)
ALL during 2001-2006. 4.6% (25/542) had dic(9;20), making it the third most
common genetic subgroup of BCP ALL after high hyperdiploidy and
t(12;21)(p13;922). 5-year event-free survival and overall survival were 0.68 and 0.83,
respectively, which were significantly worse than for t(12;21)-positive cases and for
cases with high hyperdiploidy. We conclude that dic(9;20) is twice as common as
previously surmised and that it is a non-standard risk abnormality, which should not
receive standard risk therapy.

Neonatal dried blood spots (DBS), or Guthrie cards, have been used to demonstrate
the prenatal origin of clonal leukemia-specific aberrations in several genetic
subgroups of childhood ALL. In addition, the ETV6/RUNX1 fusion transcript has
been detected in 1 % of normal cord blood samples. We report that transcripts
encoding B-actin are readily detectable in RNA isolated from neonatal DBS stored for
up to 20 years and that no significant loss of transcripts appeared to occur over time.
The lack of significant decay of RNA in DBS stored for up to 20 years, suggests that
such filters are useful for studies of RNA determinants of diseases with an onset in
childhood or in adult life. We also investigated DBS from 14 children, who later were
diagnosed with leukemia (8 with t(12;21) ALL and six with t(9;22) ALL or chronic
myeloid leukemia) and 14 age-matched controls, for the presence of leukemia-
specific fusion transcripts. Transcripts for ETV6/RUNX1 and BCR/ABL could not be
detected by RT-PCR, using clone specific primers, in any of the samples.

PTEN and SHP1 are tumor suppressor genes involved in the regulation of cell cycle
control and apoptosis. Disturbance in the expression and signaling pathways of
VEGF has been linked to pathogenesis of hematological malignancies. We have
investigated the expression of PTEN, SHP 1, VEGF and two of its receptors,
VEGFR-1 and VEGFR-2, in childhood BCP ALL and non malignant controls by
immunohistochemistry. PTEN was over expressed while SHP1 showed a low
expression in diagnostic ALL samples, compared to non-malignant controls. ALL
samples had significantly increased expression of VEGFR-1 compared to no
expression in the non-malignant group, indicating a link between VEGFR-1 protein
expression and pre-B ALL. Our sample size was small and the potential role of these
proteins in diagnosis and prognosis of childhood ALL needs to be further
investigated.
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common malignancy in childhood,
accounting for approximately 25% of all pediatric oncologic diseases. During the last
decades there has been a dramatic increase in survival rates for childhood leukemia.
In the 1950s, the mean survival time for children diagnosed with ALL was only 6
months, and the vast majority of the children died from their disease. Today almost
80 % of the children with ALL will have a long term event free survival (EFS) and
the overall survival (OS) is close to 90 %." This dramatic increase in survival is
largely due to a careful risk group assessment with prognostic biomarkers guiding the

intensity of the treatment protocol, combined with a better control of infections.

However, the therapy protocols used are very toxic for the patient and long term
adverse side effects are not uncommon. The etiology of ALL remains in most cases
unknown and there is thus no way of preventing the disease. Future treatment for
leukemia will involve defining the molecular pathways underlying the pathogenesis
of the disease and further investigation of the pharmacogenetic factors of the host.

History

Leukemia

The first recognition of leukemia is from October 1845 when the Scottish pathologist
John Hughes Bennet published a detailed autopsy report of a patient, clinically
described by the Edinburgh physician David Craige, entitled “Case of Hypertrophy
of the Spleen and Liver in which Death took place from Suppuration of the Blood”. 6
weeks later the German pathologist Rudolf Virchow described a disease, with an
increased number of colorless cells in the blood, which he called “weisses Blut”.
Bennets drawings of the cells he saw in the microscope, affecting the whole blood

mass, was published 1852 and were the first illustrations of the blood cells of a
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patient with leukemia. Virchow later described the non-infectious nature of leukemia
and divided the disease into a lymphocytic and a splenic type, the latter now

called myeloid. In 1857 Nikolaus Friedreich, a pathologist in Wurzburg, recognized a
case of acute leukemia of the lymphatic type with a very short time between
presentation and death, which differed from the earlier described chronic forms. An
important discovery came in 1868 when Ernst Neuman, professor of Pathological
Anatomy at Konigsberg, suggested the bone marrow being the site for blood cells

formation and the origin of the disease.

Cytogenetics

Walther Flemming, a German biologist, published the first illustrations of human
chromosomes in 1882 and the word ‘chromosome’ was introduced in 1888 by the
German anatomist Heinrich von Waldeyer. Already at the end of the 19th century the
German pathologist David Hansemann described the occurrence of nuclear and
mitotic irregularities in cancer cells. Around 1900 the German scientist Theodor
Boveri and the American scientist Water Sutton developed a theory that the
determinants of inheritance were carried on the chromosomes, and in 1914 Boveri
presented a somatic mutation theory of cancer in his book “Zur frage der Entstehung
maligner tumoren”. He suggested that cancer cells may have abnormal chromosomes,
and that an unbalanced chromosome constitution could cause malignant tumors. In
1923 Painter, an American zoologist suggested the human genome having 48
chromosomes. It wasn’t until 1956 the Dutch scientist Joe Tjio, working with the
Swedish Professor Albert Levan at the University of Lund in Sweden, reported that
the human diploid chromosome number appeared to be 46, not 48 which had been a

dogma for over 30 years!® *

In 1960 Peter Nowell introduced a mitogen agent making it possible to use peripheral
blood samples, instead of bone marrow aspiration, for chromosome studies. The same
year the discovery of the “Philadelphia chromosome” in chronic myeloid leukemia,
the first described somatic primary chromosome aberration in man, demonstrated for
the first time an association between cancer and chromosomes.” Not until the
introduction of banding techniques in the 1970s, was it possible to identify and
diagnose structural abnormalities in each chromosome. At this time a fluorescent

staining technique was used, and and Torbjérn Caspersson, a Swedish cellbiologist
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and geneticist, and his co-workers could describe a unique banding pattern for each
human chromosome.® However, the fluorescence intensity quickly faded and for
routine use in a clinical setting, the G-banding technique based on the application of
trypsin followed by Giemsa staining became the most accepted method worldwide.
This revolutionized the study of cancer cytogenetics and Dr Janet Rowley could in
1973, using the new staining techniques, describe the Philadelphia chromosome as a
translocation between the long arm of chromosome 22 and the long arm of

chromosome 9 (Figure 1). ’
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Figure 1. A translocation between the long arm of chromosome 22 and the long arm
of chromosome 9 creates the Philadelphia chromosome indicated with an arrow at
chromosome 22.

New techniques have since been developed which allow us to study the genetic
material in more detail, combining traditional cytogenetic methods and modern
molecular genetics, i.e. molecular cytogenetics. Fluorescent in situ hybridization
(FISH) was first described in 1977, and has become an important technique that

bridges the methodological gap in resolution between chromosome banding and
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molecular techniques. Comparative genomic hybridization (CGH), a technique that
may be used to detect and map genomic imbalances, was first described in the early
‘90s by Anne Kallionemi et al.” In 1996 two new FISH methods were introduced,
multiplex FISH (M-FISH) and spectral karyotyping (SKY), that allowed the
simultaneous hybridisation and analysis of all human chromosomes in different

colors. 1

Cell cycle regulation

Already in 1855 Virchow realized that cells only arise from pre-existing cells, which
by the turn of the last century resulted in microscopists and embryologists describing
the cytology of cell division in great detail, but they could only speculate about the
underlying mechanisms.*? The knowledge we have today of cell cycle molecular
mechanisms and control has been brought to us through the joined forces of cell
biologists, biochemists and geneticists in the late 1970s and 1980s. In the 1970s
geneticists Paul Nurse and Leland Hartwell identified the first fission yeast CDC (cell
division control) genes and explored the genetic control of the cell cycle ** . At the
same time embryologists described chromosome condensation activity before
initiating meiotic division in frog oocytes.®> Biochemist Tim Hunt’s research group
studied sea urchins and discovered cyclins, proteins synthesized and destroyed in
synchrony with cell cycle division.® Nurse and Hartwell together with Tim Hunt
were awarded the Nobel Prize in 2001. With the development of recombinant DNA
methodology in the late 1970s and ‘80s it was possible to clone, characterize, and
manipulate cell cycle genes. Using relatively routine methodologies the knowledge of
how the cell cycle is regulated in normal and cancer cells advanced rapidly.

The first oncogene was discovered in1970 in a chicken retrovirus and was named src
by Steve Martin.*” During the 70s and 80s several groups explored the relationship
between oncogenes and chromosome abnormalities in human tumors.*® Bishop and
Varmus were awarded the Nobel Prize in 1989 for their research on how proto-

oncogenes are transformed into oncogenes.™®

Treatment of childhood leukemia
If untreated, childhood ALL is a fatal disease. In the late 1940s Farber used the folic
acid antagonist aminopterin to induce temporary remission in childhood leukemia.
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This was the beginning of modern treatment of leukemia with cytostatic drugs, and
the closely related antifolate methotrexate is still a cornerstone in antileukemic
therapy. The therapeutic value of corticosteroids was discovered in 1949 and by 1950
Hitchings and Elion used rational drug design to create 6-mercaptopurin, the first
truly effective leukemia drug.? Many patients entered remission with these new drugs,
but they later relapsed and died. In the 1960s and 1970s single drug therapy
developed towards multidrug therapy schedules with the introduction of many new
cytostatic drugs, improving the induction-remission rates as well as the duration of

remission.?

CNS prophylaxis with radiation therapy and intrathecal injections of methotrexate
was introduced in the 1970s and in the next decade re-induction therapy and use of
higher doses of methotrexate was added.® With increasing intensity of the treatment,
bone marrow toxicity was limiting. Very high doses of cytostatic drugs and radiation
could be used to eliminate the leukemia in patients with highest risk of treatment
failure, with the introduction of allogenic hematopoietic stem cell transplantation
(HSCT) in the late 1970s.2' In addition the graft versus leukemia effect was
discovered.?? During the last 3 decades no major therapeutic breakthrough has been
made, except from imatinib mesylate and second-generation ABL-kinase inhibitors
used to treat Philadelphia chromosome-positive ALL and chronic myeloid leukemia
(CML).?® In a hopefully near future the defining of the molecular pathogenesis of
leukemia will provide us with new genes, whose protein products are suitable for

targeted therapy.

The introduction of therapy protocols for childhood ALL based on risk group
assessment has greatly contributed to the increased survival rates. Different
prognostic markers at diagnosis — such as age, sex, clinical parameters (white blood
count, mediastinal mass, CNS involvement), immunophenotype and karyotype of the
leukemic lymphoblast — have placed the children into risk groups deciding the
therapeutic intensity of the treatment.?* Today remission rates in children exceed 95%

and the overall event-free survival (EFS) is almost 80 %."
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The origin of childhood leukemia

ALL can occur in all ages but have in developed countries a characteristic peak
around 2-5 years of age and in the Nordic countries an incidence of 5 cases per
100 000 and year.”>?® Children diagnosed with ALL at an age less than 1 year are
classified as infant ALL, depending of the unique biological characteristics of the
disease in this age group. Several genetic syndromes, such as trisomy 21, Bloom
syndrome, neurofibromatosis, Shwachman-Diamond syndrome and ataxia-
telangiectasia, have been associated with an increased risk of developing childhood
leukemia, but they account for only a small part (< 5 %) of all cases.” 2" ? Incidence,
age distribution and subtypes of childhood leukemia differ geographically and
according to the socioeconomic status of the country. The highest incidence rates are
reported from Costa Rica and Ecuador. Middle to high income countries all have a
rather high incidence rate and the lowest reported incidence is from Malawi and Mali.

Developing countries tend to have no childhood incidence peak.?

Tracing back to birth

The first report of leukemia in twins is from 1882.%° Concordance rates for leukemia
among monozygotic twins are extraordinarily high, suggesting there might be a
genetic predisposition or the presence of potential leukemogenic factors of the shared
intrauterine environment.® However, neither non-twin siblings nor dizygotic twins
with separate placentas seem to have an elevated risk of leukemia. Identical genomic
breakpoints in monozygotic twins concordant for infant leukaemia described by Ford
et al in 1993,% rather suggested the initial leukemic clone is developed in utero in one

twin and then transmitted to the other twin before birth.3% 3232

Neonatal dried blood spots (DBS), or Guthrie cards, have been used to demonstrate
the prenatal origin of several types of childhood leukemia. Stored neonatal DBS from
children who developed leukemia have been analyzed for chromosomal aberrations
found at diagnosis, including t(4;11),> t(12;21),% * ¢ (8;21)*" and hyperdiploidy.*®
%% Genomic DNA from each leukemic patient was amplified by long distance PCR
and the unique patient gene rearrangement was sequenced. A PCR assay was
subsequently designed for the breakpoint junction to determine if the sequence was

present in the DNA isolated from the DBS. In ALL cases lacking specific
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chromosomal translocations, analysis of clone specific immunoglobulin heavy chain
(IgH) and T-cell receptor (TCR) gene rearrangements have provided indirect support
for a prenatal origin."*** Preleukemic cells were found by analyzing DBS for
clonotypic IgH in about 60 % of children with B-cell precursor (BCP) ALL, with the

highest incidence of 90 % found in hyperdiploid leukemia.** **

In cord blood from healthy children mRNA representing the fusion genes for
ETV6/RUNX1, t(12;21), or RUNX1-ETV, t(8;21), have been detected in about 1 %
of the samples at cell levels of 10 — 10™.*° This is 100-fold greater than the risk of
developing the corresponding leukemia. In adult healthy blood donors the prevalence
of ETV6/RUNX1 positive samples was about the same, but positive samples had
much lower levels of ETV6/RUNX1 positive cells.*® This is consistent with a two-hit
model of the development of childhood ALL, in which the first event occurs in utero
and the second required event occurs postnatally. Maia et al *’ describes a triplet set
with 2 monozygotic twins with t(12;21) ALL. A clonotypic genomic ETV6/RUNX1
sequence was shared by the diagnostic leukemic cells of the twins and present in their
neonatal blood spots. Associated chromosomal deletions were distinct for each twin,
suggesting they were acquired as postnatal, secondary events independently. The
same ETV6/RUNX1 sequence was amplifiable in the neonatal blood spot of the
healthy dizygotic triplet, but not detectable in peripheral blood after 2 years. This
suggests that there has been an entering of the preleukemic cells through the maternal
circulation. Dizygotic twins, with separate placentas, do not seem to have an elevated

risk of leukemia.

Support for this two-step model of leukemogenesis is found in animal models with
the ETV6/RUNX1 fusion gene. Mice transfected with murine stem cells with
ETV6/RUNX1-expressing vectors developed sustained expansion of B-cell
precursors and a partial block of differentiation, but no overt leukemia.*® Morrow et
al®® transduced murine fetal liver hematopoietic progenitor cells (HPC) with a
retroviral vector expressing ETV6/RUNXL1 fusion showing a promotion of B-lineage
development in vitro. However, mice that received transplants of ETV6/RUNX1
HPCs did not develop leukemia, despite ETV6/RUNX1 HPCs showing competitive
advantage in reconstituting B-cell and myeloid cell lineage. Taken together, these
results provide direct evidence for preleukemic activity of ETV6/RUNXL1 and confirm
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previous experimental observations that ETV6/RUNX1 is necessary but insufficient

for leukemogenesis.

First and second hit

Acute leukemia is a consequence of malignant transformation of a single HPC, by a
sequence of molecular events disrupting the process of differentiation, limiting the
proliferation that characterizes normal hematopoiesis, and generating a leukemic
clone capable of expanding by indefinite self-renewal. A preleukemic stem cell clone
can be generated by a first mutation in utero which, in a minority of children,
progresses to leukemia after receiving further postnatal genetic hits. We know very
little about what gives rise to the leukemic clone found at birth, and what events make

this clone develop into the disease.

A genetic predisposition seems to be present in only a small proportion of childhood
leukemia and is almost entirely accounted for by Down's syndrome.? The age peak
between 2-5 years of age and higher incidence of the most common leukemia
subtype in affluent societies, suggest a contributory role of socioeconomic factors.*
Many environmental exposures have been suggested to cause leukemia in children
including maternal consumption of dietary topoisomerase Il inhibitors and

L 32 or pre- and postnatal exposure of ionizing®® and non-ionizing

biflavonids,
radiation®*. Despite a multitude of epidemiological studies, the only established
causal exposure for childhood leukemia is ionizing radiation.>® The extent to which
environmental factors contribute to leukemogenesis in children has not been clarified,
and it is not likely that the majority of childhood leukemia cases are attributable to a
single exclusive cause. Most likely, gene-environment interactions influence the risk

of leukemia development.

An infection, possibly a virus, has long been regarded as a likely cause of childhood
leukemia. However, molecular screening for candidate viruses has, to date, produced
negative results.>® Adenovirus DNA was detected by our group in 13 of 49 neonatal
blood spots from ALL patients but only in 3 of 47 controls, suggesting a correlation
between prenatal adenovirus infection and the development of ALL. However, a
subsequent study of twice as many pediatric ALL patients in California failed to find
adenovirus DNA in any of the blood spots,®® and in a larger study from our group
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with 243 children who later developed ALL and 486 matched controls Adenovirus
DNA was reliably detected from only two subjects, both of whom developed ALL.*’
In conclusion, adenovirus in DBS is demonstrated only infrequently and the possible

association between adenovirus and the development of leukemia remains unproven.

In 1988, two hypotheses were proposed regarding how infection could still be an
important causal factor in childhood leukemia. The Kinlen hypothesis®® emerged in
the context of the observed leukemia clusters around nuclear reprocessing plants in
Sellafield, Egland. Since the radiation exposure levels were too low to explain the
increased leukemia incidence, Kinlen argued that the unusual population mixing
caused by migrant workers recruited to these remote regions might be the causative
factor. His hypothesis implies that childhood leukemia clusters might be an unusual
outcome of a common but relatively nonpathological yet unidentified infection,
which is transmitted preferentially during periods of population mixing. In the same
year, Greaves>® proposed an alternative but related delayed-infection hypothesis for
childhood leukemia. He explained the observed correlation between lifestyle and the
characteristic age peak among 2-5 years old children by an inadequate priming of the
immune system. Children in more affluent ‘hygienic’ societies, are exposed to a
narrow range of infections early in life, and thus remain immunologically more naive
for a longer period of time. Malignant progression of a preleukemic clone is
hypothesized to occur as part of an abnormal immune response to a common
infectious agent during delayed exposure. The most conclusive epidemiological
studies have been based on the day-care attendance in early life, as a parameter for
early and broad exposure to common infections. The majority of these studies have
indicated that there is a protective role for early institutional day care, but the

evidence is not conclusive.>

Chromosome abnormalities of childhood ALL

At the time of initial diagnosis of childhood ALL the morphology and
immunophenotype of the leukemic clone are carefully assessed. Detailed
immunophenotyping is necessary for subclassification according to the maturation

stage of the B- and T-cell lineage lymphocytes, and as a baseline investigation for the
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monitoring of minimal residual disease (MRD) to be able to measure treatment
response. Analysis of the patients karyotype and response to treatment provides
crucial information of prognostic importance, and allows for a more individualized

approach to the choice of treatment strategy.

During the last decades many chromosomal abnormalities have been described in the
leukemic clones of childhood ALL. Routine karyotyping at diagnosis identify genetic
changes in 65-70 % of the pediatric ALL patients.®> ®> When combining interphase
FISH, using probes to detect the common ALL translocations, and array CGH
aberrations were found in 90 % of children with a normal karyotype by G-banding.®
The genetic changes can be divided into numerical and structural abnormalities, and
some of these have been found to have prognostic impact and are used at diagnosis to
decide the intensity of the treatment protocol. Common numerical abnormalities
include hypodiploidy (< 45 chromosomes), associated with a high risk of treatment
failure and a poor prognosis, and high hyperdiploidy (HeH) (52-60 chromosomes),

associated with a good response to treatment and continuous remission (Figure 2).% %

65
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Figure 2. The overall survival in different cytogenetic subgroups in the cohort of 542
BCP-ALLs included in article 1.
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Many recurrent structural aberrations are translocations influencing the regulatory
mechanisms of important cell regulating genes, such as growth factors, receptors and
transcription factors.®® ¢ Sometimes the translocation results in a functional fusion
gene, such as the t(12;21) resulting in the ETV6/RUNXL1 fusion gene or t(9;22)
resulting in the BCR/ABL fusion gene. The chromosomal changes might be primary
changes, involved in the transformation of the preleukemic clone, or secondary

changes promoting the progression of the preleukemic clone into overt leukemia.®

ETV6/RUNX1 rearrangement

The t(12;21)(p13;922), resulting in ETV6/RUNXL1 (former called TEL/AML1) gene
rearrangement is the most frequent structural aberration in childhood ALL and is
found in about 25 % of the cases.®® The translocation fuses the genes ETV6 and
RUNX1, coding for two different transcription factors, and the resulting protein
seems to lead to hampered early lymphocyte development.”®> This aberration is not
visible by conventional chromosomal analysis, and has to be detected by fluorescent
in situ hybridization (FISH) or reverse transcriptase polymerase chain reaction (RT-
PCR)."

Twin studies and analysis of neonatal blood spots have shown that ETV6/RUNX1
often arises prenatally as an early initiating mutation.®® * 3 In addition to the
t(12;21), more than 50-70 % of the patients display additional chromosome
aberrations, mainly unbalanced abnormalities, with loss of 12p and gain of
chromosome 21 as the most common.®® The patients are usually in the childhood
peak, and have no bad prognostic markers. t(12;21) is thus associated with a

favorable outcome, although late relapses are not infrequent.”

The role of 12p deletion, including the ETV6 gene, is not clear but it has been
suggested as an important secondary event for the development of overt leukemia.”
12p deletions are also found in ALL patients with a normal karyotype and high
diploidy, and in several solid neoplasias, suggesting a tumor suppressor gene is

located in this region.”



22  Fredrika Gauffin

RUNX1 rearrangements are detected in different hematopoietic malignancies and its
protein binds to the promotor of many cell regulating genes important in
hematopoiesis.”* Fusion proteins resulting from RUNX1 translocation actively
repress expression of a variety of target genes. Germline mutations of RUNX1 have
been associated with rare cases of familial platelet disorder and with a predisposition

to acute myelogeneous leukemia.”

BCR/ABL rearrangement

The t(9;22)(q34;g11), also called the Philadelphia (Ph) chromosome, occurs in about
3 % of childhood ALL with a higher incidence in adolescents, and in 25 % of adult
ALL.?* "® The Ph chromosome is also seen in almost all children with CML, a rare
leukemia disease in childhood representing 2-5 % of all cases.”” This genetic
translocation is associated with a very poor prognosis, and most children undergo

HSC transplantation.t &

The resulting gene rearrangement BCR/ABL, was the first fusion oncogene to be
identified in leukemia and cancer. The resulting BCR/ABL fusion protein acts as an
onco-protein with deregulated tyrosine kinase activity influencing several signaling
pathways, contributing to the malignant transformation.”® The breakpoints on
chromosome 9 are usually scattered within the first intron of the ABL1 gene. The size
of the BCR fragment differs, depending on splicing at different breakpoints clustered
within two major areas of chromosome 22. In childhood Ph+ ALL 80-90% of the
patients harbor the minor breakpoint cluster region (m-BCR) resulting in the
formation of a 190 k Da fusion protein (p190). In CML major breakpoint cluster
region (M-BCR), resulting in a protein of 210 kDa, is most common.” Both the
major and the minor fusion proteins have enhanced tyrosine kinase activity and are
located in the cytoplasm. Due to the heterogenous breakpoints, and that BCR/ABL is
associated with adult leukemia it has not been investigated in neonatal DBS. A recent
positive addition to the treatment of BCR/ABL positive leukemia is a tyrosine kinase

inhibitor, imatinib.?

dic(9;20)
The dicentric chromosome abnormality dic(9;20)(p11-13;q11) was first reported as a
non-random aberration in ALL 1995, and has been described as more common in
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pediatric ALL (2%) than in adult ALL (<1%).2% ®%2 The reason why dic(9;20) has
not been detected earlier is that it is a subtle rearrangement, which by G-banding
alone may be mistaken for monosomy 20 or deletion of 9p. Thus, FISH analysis is

necessary for accurate identification of the abnormality (Figure 3).338

Very little is known about the molecular consequences of dic(9;20), or of the type and
frequency of additional genetic changes in pediatric ALL. The prognostic impact of
dic(9;20) remains unclear and seems to vary between different treatment protocols.®"
8 As the optimal treatment strategy for children with this aberration is unknown, the
choice of treatment intensity has been made according to age, white blood cell count,
the presence of extra-medullar leukemia, and response to induction treatment. Most
patients have been allocated to non-standard risk treatment arms. Relapses are quite

common but post-relapse treatment of many patients has been successful.
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Figure 3. SKY-imaging of the chromosomes from a leukemic cell positive for
dic(9;20) and with trisomi 21.

Cell cycle regulating proteins

Leukemia, like all forms of malignancies, is thought to be the result of genetic and
possibly epigenetic changes that occur in stem or precursor cells. Two main
categories of genes are involved in the process of carcinogenesis: oncogenes that are

activated, and tumor suppressor genes that are inactivated by point mutation, deletion,
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rearrangement, or duplication. Gene products of both types of genes are required for
normal cell proliferation and differentiation, and aberrant expression leads to
abnormal cell proliferation. Ras and p53 genes are the most well known examples of
oncogenes and tumor suppressor genes, respectively.®> # Since the elucidation of the
mechanisms of mammalian cell division in the 1970s and 1980s, gene products that
regulate the key cell cycle machinery have been investigated as cancer drug targets.
Among these some target tyrosine kinases, such as the BCR/ABL protein kinase

inhibitor imatinib which is used for the treatment of Ph-positive leukemia and CML.%

PTEN

PTEN (phosphatase and tensin homologue on chromosome 10) is a tumor suppressor
gene involved in apoptosis, induction of cell cycle arrest, and regulation of cell
adhesion, migration and differentiation. It is a negative regulator of the PI3K
(phosphoinositide 3-kinase)-AKT pathway with a number of downstream targets that
each influence cell cycle regulation or apoptosis and can contribute to the
development of cancer.®®*! PTEN protein product, a lipid phosphatase, antagonizes
PI3K function and consequently inhibits downstream signaling through AKT

promoting apoptosis and cell cycle arrest.

PTEN is commonly deleted or otherwise inactivated in diverse cancers such as
melanoma, breast, gastric and prostatic carcinoma, and hematopoietic
malignancies.”®® Germ line PTEN mutation is also associated with some human
autosomal dominant cancer predisposition syndromes including Cowden disease,
Bannayan-Zonana syndrome and Lhermitte-Duclos disease. ***°* Loss of PTEN, even
inactivation of one PTEN allele, allows AKT hyper-activation resulting in the

inhibition of apoptosis and increased cellular proliferation. % 92103

In ovarian cancer higher PTEN expression prolonged the time to progression and
declining PTEN expression resulted in a shorter relapse-free interval. *** In a study of
Cowden syndrome, Trotman et al*® has shown how ubiquination regulates PTEN
nuclear import and tumor suppression. In Cowden syndrome PTEN is enzymatically
functional but cannot be transported into the nucleus. Trotman found that transport of
PTEN into the nucleus is essential for tumor suppression and nuclear import is

mediated by monoubiquitination. Nuclear PTEN is stable and active (can inhibit AKT
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and induce p53-independent apoptosis), while polyubiquination leads to its
cytoplasmic retention and degradation. High levels of nuclear PTEN in Colon cancer
were associated with a less advanced pathological stage.

Rapamycin, an immunosuppressant drug to prevent rejection in organ
transplantations, stimulated apoptosis and increased doxorubicin-induced apoptosis in
non-responder samples of childhood lymphoblastic leukemia cells.'®® Rapamycin can
reactivate PTEN downstream activity by suppressing the mammalian target of
rapamycin (MTOR) activity, one of the downstream targets of the PISK-AKT
pathway. Yilmaz et al*® have shown, in a study with a conditionally PTEN depleted
mouse model, that normal adult HSC and leukemic initiating cells (leukemia stem
cells) employ different mechanisms for their self renewal. Depletion of PTEN led to a
myeloproliferative disease that progressed rapidly to acute myeloic leukemia (AML)
or ALL. Loss of PTEN also led to transient expansion but later depletion of the
normal HSC pool. By administrating rapamycin to the PTEN depleted mice the
leukemia-initiating cells disappeared and the normal HSC function was restored.
Considering the finding of Yilmaz et al, of different mechanisms of PTEN in normal
HSC and leukemic progenitor cells, this might be a novel approach to treatment of

PTEN-depleted/inactivated leukemias.

SHP1

Another important cell cycle regulator is SHP1 (Src-homology 2-domain-containing
protein tyrosine phosphatase), a cytoplasmic protein, working through the
JAK/STAT, PI3K-AKT and other signal transduction pathways.'” SHP1 is expressed
primarily in hematopoietic cells and plays an important role in the differentiation,
proliferation and activation of these cells by negatively regulating downstream many
of the hematopoietic growth factor receptors. SHP1 terminates an activated signal by

dephosphorylating molecules involved early in signal transduction.'%® 1°

Loss of SHP1 leads to upregulation of STAT resulting in decreased apoptosis,
increased cell proliferation and promotes tumor genesis. SHP1 protein has been
shown to be decreased or absent in leukemias and lymphomas and highly expressed
in the mantle zone and interfollicular zone lymphocytes in reactive lymphoid

110-112

hyperplasia.
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One of the mechanisms for SHP1 silencing is aberrant methylation of the promotor
region, which has been shown in high frequency (75-100 %) in B-cell
leukemia/lymphoma cell lines by Koyama et al."*° Transfection of the intact SHP1
gene in those cell lines induced growth inhibition. Loss of heterozygosity (LOH) on
chromosome 12, where the SHP1 gene is located, occurred in a high frequency in
blast cells from patients with leukemia and loss of SHP1 expression was associated
with a more aggressive disease.”* Loss of SHP1 was observed in bone marrow
biopsies of myelodysplastic syndrome (MDS) patients who progressed rapidly into
acute leukemia % and in CML a decrease in SHP1 expression is associated with
progression of the disease.”** Thus silencing of SHP1 gene might be one of the
critical events for the onset of malignant leukemia/lymphoma. It could also be an

important diagnostic or prognostic marker and the target of gene therapy.

Src-kinases alter PI3K signaling pathway by inducing phosphorylation of specific
substrates including PTEN. Phosphorylated PTEN is stabilized but inactive. SHP1
has the capability of restoring the function of PTEN by dephosphorylate PTEN, and
thus decrease AKT activity. SHP1 alone does not influence AKT activity.!”
Phosphorylation of PTEN is associated with poor prognosis in AML.**8 In the
genesis of leukemia depletion of SHP1 might cause lower degree of PTEN activity
due to the lack of dephospholyration, and thus promote cancer progress. PTEN could

then be highly expressed but phosphorylated and inactive.

VEGF, VEGFR-1 and VEGFR-2

Angiogenesis is a central regulator of cancer growth. The receptors on the endothelial
cells are activated by proteins secreted by the tumor stimulating the growth of new
blood vessels. Activated endothelial cells also produce cytokines inhibiting
apoptosis.’*® Vascular endothelial growth factor, VEGF, is an angiogenetic factor
involved in organ development, wound healing, tissue regeneration growth of
endothelial cells and vessel permeability. VEGF exerts its effect by binding to its
tyrosine kinase receptors. Receptor 1 and 2, VEGFR-1 and VEGFR-2, are present on
the membrane of endothelial cells, hematopoietic cells and cancer cells.?* VEGFR-1
promotes migration and proliferation of hematopoietic cells, while VEGFR-2
promotes proliferation of lymphatic endothelial cells as well as cell proliferation in



Prognostic Molecular Markers of Childhood Leukemia 27

different cancers.*?" 22 There are autocrine positive loops, VEGF binding to VEGFR
promotes an increase in VEGF levels and the signal is thus reinforced, which
regulates hematopoietic stem cell survival.*?® Both of these receptors and VEGF have

thus a key role in the pathology of bone marrow angiogenesis in leukemia.'?* *#°

VEGF has been reported as a putative biomarker and drug target, important in
hematopoietic malignancies.?? Increased micro vessel density in bone marrow
samples from patients with acute or chronic lymphoblastic leukemia and AML is
reported by several groups.?*'?® There is a positive correlation between VEGF
expression and increased microvessel density in adult ALL and AML. High VEGF
protein levels in serum and expression in bone marrow biopsies in adult ALL and

AML cases were associated with worse prognoses.*?® 1%

Also in childhood ALL there is an increase of micro vessel density in the bone
marrow and neovascularization in the bone marrow is associated with disease burden,
prognosis and treatment outcome.”*® ' Most Childhood ALL patients have
detectable expression of VEGF in bone marrow or in peripheral blood, and increased

levels of VEGF have been found to correlate with poor prognosis.*®® 12134

Treatment with drugs targeting VEGF or its receptors constitutes a new promising
approach in the treatment arsenal of childhood leukemia.” ¥#* 12> 131 Among these
new drugs are bevacizumab, an anti-VEGF monoclonal antibody, the first
antiangiogenic therapy to be validated as a cancer drug, and sunitinib, a tyrosine

kinase inhibitor specific for the VEGF receptor kinase.'** **

The SLSG and NOPHO organizations

The Swedish pediatricians interested in the treatment of childhood acute leukemia
formed in the late 1960s the Swedish Leukemia Study Group (SLSG) to make the
diagnostic procedures and treatment of children with acute leukemia coordinated all
over Sweden. They established a register including clinical parameters,
immunophenotype, cytogenetic findings and outcome. The Nordic Society of

Pediatric Hemathology and Oncology (NOPHO) started in the 1980s a register for all
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five Nordic countries (Denmark, Norway, Finland, Iceland and Sweden) coordinating

diagnostic procedures, treatment and follow up.

According to the new NOHPO ALL protocol from 2008 the child with a newly
discovered leukemia is, based on bone marrow examination and peripheral white
blood cell (WBC) count, placed in one of two induction groups. Depending on drug
response and the cytogenetic examination the intensity of the following treatment is
decided on day 29. At day 79 a last stratification takes place depending on MRD.*

Children below the age of 1 year have a separate treatment protocol.
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AIMS OF THIS STUDY

The general aim of this thesis has been to increase the understanding how genetic
aberrations and alterations in cell cycle regulating proteins contribute to pathogenesis

and prognosis in childhood ALL. More specifically the aims were:

— to investigate the incidence and to describe clinical and cytogenetic features of
dic(9;20) in pediatric ALL.

— to investigate if the dic(9;20) and t(9;22) leukemic clone at diagnoses can be
traced back to the time of birth.

— to investigate if the fusion proteins of ETV/RUNX1 and BCR/ABL at RNA
level can be detected in the neonatal dried blood spots from children with

leukemia.

— to investigate the expression levels of the cell cycle regulating proteins PTEN,
SHP1, VEGF and VEGF receptor 1 and 2 in the leukemic clone at diagnosis and

relapse.
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MATERIALS AND METHODS

All information regarding materials and methods applied in this thesis has been
described thoroughly in article I-VI. The studies were approved by the regional ethics
committee and complied with the declaration of Helsinki on medical research

involving human subjects.

Patients and samples

Article I and 11

These studies were done on behalf of the NOPHO, the Swedish Cytogenetic
Leukemia Study Group (SCLSG), and the NOPHO Leukemia Cytogenetic Study
Group (NLCSG). The patients were recruited from the NOPHO database and
diagnosed between 1996 and 2006. 1,827 infants, children, and adolescents were
diagnosed with B-cell precursor (BCP) ALL in the Nordic countries (Denmark,
Finland, Iceland, Norway, and Sweden) during this time period. All patients had been
diagnosed and treated according to the closely related NOPHO-ALL 1992 and
NOPHO-ALL 2000 protocols.! The dic(9;20) has not been a risk stratifying

aberration in any of the two protocols.

Bone marrow was collected at diagnosis, and chromosome banding analyses were
performed using standard methods in 15 cytogenetic laboratories in the Nordic
countries. All abnormal karyotypes have been centrally reviewed annually (since
1996 in Sweden and since 2000 in all five Nordic countries). To retrieve as many
dic(9;20)-positive ALL as possible, cases with either probable dic(9;20) or with
abnormalities suggesting the presence of this aberration, such as monosomy 20 and
deletion of 9p,* and with cell surplus to the initial cytogenetic investigations, were
screened by FISH. In article Il diagnostic bone marrow smears from 626 patients
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were referred to our laboratory for investigation. Altogether, we obtained material
and performed interphase FISH on more than a half (53%) of all Nordic pediatric
patients diagnosed with ALL 2001-2006 (n=1174).

In article 1, the Mitelman Database of Chromosome Aberrations in Cancer® was used
to retrieve previously published pediatric (<18 years) dic(9;20)-positive BCP ALL.
Data on age, gender, WBC, EFS, OS, and karyotypes, including findings from FISH

and array CGH analyses, were extracted from the original articles.

In article Il a total of 32 Nordic dic(9;20) positive BCP ALLSs treated according to the
NOPHO-ALL-2000 protocol were included in the statistical analyses. One
Philadelphia-positive case with dic(9;20) was excluded from the 25 cases diagnosed
by interphase FISH, using the novel three-step interphase FISH method detailed
below. Eight additional cases were diagnosed by conventional cytogenetic analyses,

including metaphase FISH, in the Nordic participating centers.

Article Il and IV

Since 1974, almost all newborn children in Sweden undergo screening tests for severe
inborn errors of metabolism. For this purpose, four spots of whole blood are blotted
on filter paper (i.e. Guthrie cards) where a small amount is used for the analyses and
the remaining spots are stored for future clinical or research use. This procedure is
routinely used worldwide. Since 1981 the neonatal dried blood spots have been stored
at a temperature of 4°C and since 1996 in a controlled relative humidity not

exceeding 30%.

To quantify the amount of RNA that could be eluted, filter papers with dried blood
spots from the Swedish National PKU register at the Karolinska University Hospital
Huddinge, stored for 1, 5, 10, 15 and 20 years, were randomly selected. For each time
point five specimens were collected, and from each specimen five 3 mm punches of

dried blood were used.

After patient and parental consent, neonatal blood spots from 18 children diagnosed
with leukemia at Karolinska University Hospital (Stockholm, Sweden), Akademiska
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Hospital (Uppsala, Sweden) or Umed University Hospital (Umea, Sweden) were
retrieved. 8 of these children had BCP-ALL with a t(12;21), 4 had BCP-ALL with a
dic(9;20) and 6 had a Philadelphia chromosome positive leukemia (3 ALL and 3
CML), cytogenetically characterized at diagnosis by routine analysis. A whole dried
blood spot (14 mm in diameter, containing approximately 60 puL whole blood or
6x10° lymphocytes) was available for all of the dic(9;20) specimen, and for half of
the Ph+ and t(12;21) specimen. For the remaining specimen %2 a spot was used.

Article V and VI

Paraffin-embedded bone marrow tissues, fixed in formalin or Stieves solution, from
1982 to 1999 were obtained from the Karolinska University Hospital (Stockholm,
Sweden) and Linkdéping University Hospital (Linkdping, Sweden). The material used
in article V included 23 diagnostic bone marrow samples obtained from children who
remained in a relapse-free survival for more than 5 years after diagnosis (22 BCP-
ALL and 1 T-ALL), and 8 samples taken at time of relapse (6 BCP-ALL and 2 T-
ALL). In article VI the material included 31 diagnostic BCP- ALL bone marrow
samples. Diagnosis and staging were made according to standard criteria of the
NOPHO protocols. Clinical data were collected from patient records. In addition, 15
bone marrow samples were analyzed from children diagnosed with a nonmalignant

disease who underwent bone marrow aspiration as part of the diagnostic procedure.

Methods

Chromosome analysis — G-banding

Routine cytogenetic analysis by G-banding was performed as a routine investigation
on all patients included in this study as a part of the diagnostic procedure. Bone
marrow cells are cultured and metaphases of acceptable quality are captured and
analyzed in a computer aided karyotyping system (PSI) based on the unique
chromosome banding. The method is limited to the rather low resolution of several
megabases and the usually poor quality of the metaphase leukemic cells. It is the

standard method to decide ploidy and to detect larger deletions and translocations.
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Fluorescence in situ hybridization (FISH)

FISH has been widely applied in diagnostic and research settings since the first
application in 1986."* This rapid and simple technique allows detection of specific
numerical aberrations, gene rearrangements, deletions and amplifications on both
smears and paraffin-embedded tissues. Fluorochrome-labelled DNA probes are
hybridized with a complementary target DNA sequence in the interphase nuclei of
cells or in metaphase spreads on a microscope slide. A fluorescent counterstain
(DAPI) is added and the slide is viewed in a fluorescent microscope with an
appropriate set of filters. Interphase FISH applied in the diagnosis of childhood
leukemia allows for the detection of prognostic important aberrations not possible to
analyze by G-banding or when the cell culture has failed. Another advantage is the
possibility to study a large number of cells, increasing the detection rate of malignant

clones.

In article I and Il we used interphase FISH to detect the leukemic clones with a
dic(9;20), which by G-banding alone can be mistaken for monosomy 20 with or
without the deletion of the short arm of chromosome 9 (9p). We have developed a
method to identify the dic(9;20) in interphase nuclei as well as methaphase
chromosomes on diagnostic bone marrow smears by using a three step FISH
approach. First a 9p21 probe was used in order to detect cases with deletion of 9p21.
All cases with detectable homo or hemizygous 9p21 deletions were then investigated
with probes specific to the p and q subtelomers of chromosome 20, in order to detect
copy number imbalances between the p-arm and the g-arm on chromosome 20.
Finally, in those sample with more 20p than 20g material, centromere 9 and
centromere 20 probes were used in order to detect the dic(9;20) rearrangement.
Interphase FISH was chosen since most of our material consisted of bone marrow
smears. Additional metaphase FISH was performed in cases where cells in fixative

were available.

RNA and DNA extraction from dried blood spots

By analyzing DNA from a sample it is possible to detect genetic aberrations with
polymerase chain reaction (PCR) using probes specific for the genetic alteration you
are interested in. However, the nucleotide base pair sequence of the aberration or the
exact breakpoint of a translocation needs to be known. Often, in childhood leukemia,
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the translocation results in a fusion gene, expressing mRNA for the fusion protein. In
situations where the breakpoints are heterogeneous, and thus hard to detect by PCR
on DNA-level, it is possible to trace the mRNA transcript for the fusion protein by
analyzing RNA using reverse transcriptase creating cONA and subsequent PCR. This
method is routinely used in a clinical setting, checking for MRD by analyzing mRNA
of the BCR/ABL fusion protein in bone marrow samples from children with a t(9;22)

positive leukemia clone.

In article 111 RNA was isolated from the samples with the RNeasy micro kit (Qiagen)
according to the manufacturer’s instructions. Briefly, filters were incubated in lysis
buffer at 37 °C for 30 min in a thermomixer (Eppendorf) at 1000 rpm. The lysates
were applied to RNeasy columns, and after careful washing the RNA was eluted in 14
uL of RNase-free water. This eluate was reapplied twice to the column to maximize
yield. 8 pL of the RNA was subjected to DNase | digestion and reverse transcribed
using random hexamers. cDNA was detected by real-time quantitative PCR (ABI
7000 SDS, Applied Biosystems, Palo Alto, CA, USA) with oligonucleotides designed
to amplify fragments of the mRNAs encoding human B-actin. For the purpose of

these analyses threshold cycle (Ct) values were reported.

In article IV total RNA and genomic DNA were simultaneously purified from the
samples with the Allprep DNA/RNA micro kit (Qiagen) according to the
manufacturer’s instructions. The filters were incubated in lysis buffer as described
above, and the lysates were first passed through an AllPrep DNA spin column to
selectively isolate DNA and then through an RNeasy MinElute spin column to
selectively isolate RNA. In this way DNA and RNA are purified from the entire
sample. DNA was eluted, after washing, twice in 30 + 30 pL buffer EB. RNA was
eluted as described above.

Rea- time quantitative polymerase chain reaction (RQ-PCR)

In the PCR reaction it is possible to exponentially and selectively amplify specific
regions of genomic DNA or RNA. RQ-PCR has the additional capability of
accurately quantifying the nucleotide sequence of interest **. The TagMan system is
commonly utilized, including amplification with specific primers followed by the
detection of emitted fluorescence from the hydrolyzed TagMan dual-labeled probes.
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In the analysis either DNA or RNA can serve as template, but the RNA strand needs
to be reversed transcribed to complementary DNA (cDNA) prior to PCR
amplification. Usually the term RT-PCR is used for real-time quantitative analysis
when RNA is used as a template. The threshold cycle (Ct) value represents the
number of PCR cycles necessary to detect a signal above the threshold and is

inversely proportional to the amount of target present at the beginning of the reaction.

The amount of material needed for the analysis is small and the quality of the isolated
nucleic acids is of great importance. RNA is extremely susceptible to degradation,
thus careful pre-analytical handling of clinical samples is very important. In article 111
we determined the degradation of RNA purified from neonatal blood spots stored for
up to 20 years. Amplifiable cONA was detected by RT-PCR using primers specific

for transcripts encoding B-actin, a common “housekeeping” gene.

In article 1V we used neonatal blood spots from children diagnosed with leukemia.
RNA was purified and, following reversed transcription by random hexamer primers
into cDNA, investigated by RT-PCR using primers for ETV6/RUNX1 and BCR/ABL
respectively. Purified DNA from the same samples is presently analyzed by RQ-PCR
using primers for the specific IgH/TCR clone for the individual patient.

Tissue micro array (TMA) and immunohistochemistry

TMA allows the analysis of many samples on a single slide, eliminating glass to glass
differences due to staining and other treatments (Figure 4). Very little material is
needed, but the analysis could be biased due to the small sample and thus fewer cells.
Before constructing the TMA in our study (article V and V1), representative areas of
hematoxylin and eosin-stained bone marrow sections were selected by an experienced
hematopathologist. A manual arrayer was used and paraffin-embedded sections (4
um) of all samples were placed on the same slide, deparaffinized and stained.
Commercially produced monoclonal anti-human antibodies for PTEN, SHP1, VEGF-
A, VEGFR-1 and VEGFR-2 were used for antigen detection. When the antibody
binds to its corresponding protein it can be detected as a color change. In paper VI
full tissue sections were prepared with the monoclonal antibodies for VEGF-A,
VEGFR-1 and VEGFR-2 when no cells were identified for the specific sample in the
TMA.
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Figure 4. Tissue micro array (TMA)
with all samples on a single slide,
allowing for simultaneous staining and
treatment with the selected monoclonal
antibody for immunohistochemistry.

The staining intensity of the antibodies on leukemic blasts or normal mononuclear
cells, reflecting the amount of protein present in the cell, was examined in a light
microscope. At least 200 mononuclear cells were counted and the results were
interpreted without knowledge of the clinical information. This method relies on the
specificity of the antibodies and there is always the risk of unspecific binding. The
staining intensity is a crude measurement of the expression levels of the protein in the
cell and it is possible to identify the location of the protein in the cytoplasm or the
nucleus. However, in order to determine the functionality of the protein, if it is active

or not, other methods are necessary.

Statistical analysis

Article I and Il

The probability of EFS and OS was calculated using the Kaplan-Meier method and
the different cytogenetic and clinical subgroups were compared using the log rank
test. The significance limit for p-values was set to 0.05 in all tests. The Chi-square
test with exact calculation of p-value was used to investigate possible correlations
between cytogenetic groups and clinical characteristics. Multivariate analysis using
Cox regression model was performed to identify cytogenetic and clinical factors that
independently had an impact on EFS and OS. In the analysis of EFS, events
comprised induction failure, relapse, death in remission, and second malignancy. In

the OS analysis, death was the endpoint.
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Article 111

A one way ANOVA was performed to test if there were any difference between each
eluate based on ct values from the RT-PCR and total yield of RNA calculated based
on spectrophotometric reading. A P-value of less than 0.05 was considered

statistically significant.

Article V

Logistic Regression was used to discriminate between expression of PTEN and SHP1
in the diagnostic leukemia group and the non-malignant group. The two factors were
tested univariate. Agreement between observed and predicted was estimated as
percentage agreement. The test was two sided. P-values of less than 0.05 was

considered statistically significant.

Article VI

Mann-Whitney U test or Spearman rho test was used to examine the statistical
significance of associations between VEGF, VEGFR-1, VEGFR-2 and the clinical
variables. The Mann-Whitney U test was used to verify statistical correlations of the
two clinical groups and the protein expression. To analyze significant associations
between VEGF and its receptors within the two clinical groups Spearman rho test was

employed. P-values less than 0.05 were considered statistically significant.
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RESULTS

Article 1

A total of 71 pediatric (<18 years) BCP ALLs with dic(9;20) were available for
analysis, 24 newly identified patients from the Nordic countries and 47 from the
literature. Out of 1,827 pediatric BCP ALL diagnosed in the Nordic countries 1996—
2006, G-banding together with FISH analyses identified the dic(9;20) in 24 (1.3%).
The most common modal chromosome numbers were 45 and 46. No case had less
than 44 and no case had more than 50 chromosomes. Aberrations in addition to
dic(9;20) were found in 63%, and among the cases with additional changes, the vast
majority (84%) had unbalanced aberrations only. The most common cytogenetically
identified imbalances were gains of chromosomes 21 (20/71; 28%) and X (7/71;
10%).

In the total cohort of 71 patients, the median age was 3 years and the female to male
ratio was 2.0. The age specific incidence pattern was similar to that earlier found in
all pediatric ALLs, but the peak was observed at a somewhat earlier age (1-3 years).
Very few cases have been reported above the age of 5. Few cases were reported to
have extra-medullar leukemia, with CNS involvement in 4/38 (11%) and a
mediastinal mass in 2/38 (5%) cases being the most common. The median WBC
count was 24 x 10%/L. Data on risk stratification had been given for 15 previously
reported cases and for all Nordic cases, where 31/39 (79%) cases were nonstandard
risk. The predicted EFS and OS at 5 years for the 24 Nordic cases was 0.62 and 0.82,
respectively.

10 Nordic cases were investigated with FISH for CDKN2A, and homozygous loss of
this gene was found in one case, the remaining nine tested cases had, as expected,
hemizygous deletions. Eight of the 49 previously reported cases had been analyzed by
FISH for CDKN2A alterations, and five of these had homozygous deletions. Thus, 6
(33%) of 18 dic(9;20)- positive ALL tested displayed homozygous loss of CDKN2A.
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Article 11

Among 626 patients referred to our laboratory, diagnosed between 2001 and 2006,
542 (86%) were diagnosed with BCP-ALL and 81 (13%) had T-cell ALL (in three
patients no information about immunophenotype was available). In the T-ALL
samples deletion of 9p21 was found by interphase FISH in 33 cases (41%), and
further investigation found no case with dic(9;20).

A total of 542 patients with BCP-ALL patients were analyzed with interphase FISH,
93 had a deletion of 9p21, and in total dic(9;20) occurred in 4.6% (25/542). In the 32
cases diagnosed between 2001 and 2006, and enrolled in the NOPHO-ALL 2000
protocol, the predicted EFS at 5 years was 0.68. The predicted EFS for dic(9;20) was
significantly worse compared to the other two large groups of leukemia within the
childhood peak, the t(12;21) and the group with HeH. The predicted OS at 5 years
was 0.83, which was significantly worse compared to cases with with t(12;21) but no
significant differences were found when compared to the HeH subgroup. The OS in
different cytogenetic subgroups in the cohort of 542 BCP-ALLSs included in this study

are shown in Figure 2 (page 20).

Article I

Transcripts encoding human B-actin were detected in all 25 samples analyzed at a
mean threshold cycle (Ct) of 25 (SD 1.9). A one way ANOVA indicated no
significant effect of storage time on Ct values (p>0.05), suggesting that significant
RNA decay did not occur over the period of 20 years studied.

Article IV

Transcripts for ETV6/RUNX1 and BCR/ABL could not be detected by RT-PCR,
using clone specific primers, in neonatal blood spots from children with the leukemic
clone at diagnosis. Analyzing the DNA for clone specific IgH/TCR rearrangements

for dic(9;20) and t(12;21) positive samples is currently ongoing.

Article V
PTEN was significantly over expressed in diagnostic ALL samples, compared to the
nonmalignant group. Expression of PTEN was seen in 21/22 (96%) ALL samples and
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mean proportion of positively stained cells was 78%. In the nonmalignant group
PTEN was expressed in all cases, but the mean proportion of positively stained cells
was 39.5%.

SHP1 showed a significantly lower expression in the diagnostic ALL samples than in
the nonmalignant group. Expression of SHP1 was seen in 5/24 cases (21%) at
diagnosis of ALL and mean proportion of positively stained cells was low, only 6%.
In the nonmalignant samples SHP1 was expressed in 6/10 cases (60%) with a higher

mean proportion of positively stained cells of 24.5%.

In the samples taken at relapse of the disease expression of PTEN was observed in
4/5 (80%) and all samples expressed SHP1, mean proportion of positively stained
cells was 40% and 31 %, respectively. The group was too small to allow meaningful

statistical analysis.

Article VI

The proteins VEGF, VEGFR-1 and VEGFR-2, were expressed in the majority of
leukemic bone marrow samples: VEGF in 92.9%, VEGFR-1 in 80.6%, and VEGFR-2
in 56.0%. In the non malignant group the majority of samples displayed a positive
staining for VEGF (76.9%), while only 35.7 % of the samples expressed VEGFR-1
and 40 % VEGFR-2. ALL patients had significantly increased expression of
VEGFR-1 compared to the nonmalignant group.

Parameters including risk group, age, sex, WBC count, and status of bone marrow
transplantation in patients with high expression of these proteins were compared with
patients with low or negative expression. No association was observed between the
expression intensity of the angiogenic proteins in the malignant group and clinical
parameters. In addition, we investigated if VEGF expression was correlated with
expression of its receptors. No correlations were observed between the expression of
VEGF, VEGFR-1, and VEGFR-2.
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DISCUSSION

The dic(9;20) aberration (Article I, 11)

We have found that dic(9;20) occurs in 4.6% of childhood BCP-ALL, a figure more
than twice as high as previously reported**’
genetic subgroup of BCP-ALL after HeH and t(12;21)(p13;922). Most of the earlier

analysis have been based on karyotyping where monosomy 20 has been used as a

and making it the third most common

pointer to dic(9;20). Approximately 50% of all dic(9;20) cases will then escape
detection, since many cases have two normal chromosomes 20 in addition to the
dic(9;20). Our previous FISH analyses and array-CGH studies have revealed that the
dic(9;20) contains centromeres of both chromosomes 9 and 20, and results in loss of

9p and 20q material.**®

We have developed a robust method where it is possible to
detect the aberration on bone marrow smears, in a routine clinical setting, using a
three step FISH approach. Using this method there is a very small risk that cases with
dic(9;20) would escape detection and we therefore believe that our incidence figure is

true.

Even though most children with ALL now can be cured, the prognosis is still more
dismal for about 20 % of the children who have relapsing disease. Our study, and
several other reports, strongly indicate that a substantial proportion of the dic(9;20)
positive cases relapse and that there is an increased risk for extramedullar disease and
CNS relapse. It is therefore very important to identify this subgroup of leukemia in
order to assign the patients to correct risk groups and proper treatment regimens. As a
result of our studies, patients with dic(9;20) are now stratified to the intermediate risk
group in the NOPHO-ALL 2008 protocol, in use since July 1 2008 within the Nordic

countries.!

In a recent report by Pichler et al,** 19 dic(9;20) positive BCP-ALLs treated
according to the ALL Berlin-Frankfurt-Munster (BFM) protocols including an
intensive induction and post-induction consolidation therapy showed a rather
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favorable outcome with a lower relapse rate (16 % vs 29%) and a higher 5-year EFS
rate estimate (75 % vs 62 %) compared to the outcome for the NOPHO patients. This
strongly emphasizes that the prognostic relevance of a dic(9;20) has to be evaluated
in the context of the chemotherapeutic protocols applied. Since in vitro studies have
shown high cellular sensitivity of dic(9;20)-positive leukemic blasts to I-asparaginase
and cytarabine,*® Pichler et al speculate that both drugs, when given early during
BFM-like induction and consolidation therapy, may have contributed to the good
outcome in patients treated by the BFM protocol. This study indicates that relapses in
BCP-ALL with a dic(9;20) might be prevented by a BFM-like time- and dose-

intensified 4-drug induction and subsequent consolidation therapy.

Even though dic(9;20) can occur together with other prognostically important
aberrations, such as t(9;22), t(12;21) and high hyperdiploidy, the fact that dic(9;20) is
the sole change in about 40% of the cases, strongly suggests that it may be considered
a primary abnormality in childhood BCP ALL. Indirect support for this conclusion is
the finding that the vast majority of the additional changes are genomically
unbalanced, which is typical for secondary neoplasia-associated abnormalities.**! In
contrast to most other primary leukemia-associated aberrations,*** the dic(9;20) does
not seem to result in a fusion gene.’*® *** Instead, loss of genetic material may be the
functionally important outcome. It is in this context noteworthy that CDKN2A gene

was homozygously deleted in one third of all cases analyzed by FISH.

It is of utmost importance to study larger series of patients and to develop routines for
the detection and optimal treatment of this highly under-diagnosed rearrangement.
Further understanding of the implications of the genetic changes in dic(9;20), will
hopefully reveal candidate genes involved in the leukemogenic process. Detailed
characterization of the breakpoints in our group has showed clustering of breakpoints
on both chromosome 9 and 20, but no common breakpoint region was found.**® Thus,
it remains to be elucidated whether dic(9;20) leads to a chimeric gene or whether the
functionally important outcome is loss of 9p and 20g material. In addition, the reason
why dic(9;20) is twice as common in female than male children needs to be

investigated.
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Tracing back to birth (Article 111 and 1V)

We report that transcripts encoding p-actin are readily detectable in RNA isolated
from neonatal DBS stored for up to 20 years. Using RT-PCR and spectrophotometric
analysis, we have found that no significant loss of transcripts appeared to occur over
time. These results are consistent with previous studies, where the amount of

preserved RNA in up to 9 years old samples has been quantified **.

Many diseases with an onset during childhood or in adult life have their origin in
events taking place during fetal life or at birth. Since the neonatal blood spots are
collected prospectively with no selection bias and cover almost the entire population,
they represent an invaluable resource for epidemiological research. Also, in
combination with patient registers they constitute a precious tool in the search of the
molecular basis of a disease. The range of analytical possibilities is, however, limited
by the small amount of blood available. Several research groups have recovered DNA
from these filter papers after long term storage, with subsequent molecular analyses
including whole genome amplification and detection of specific mutations or genetic
rearrangements.*® 1> 1%¢ Being able to also use retrieved RNA from these neonatal
DBS, opens new possibilities to investigate the origin of several diseases where RNA

of a protein of interest is known, but the specific DNA sequence is unknown.

Stored neonatal dried blood spots from children who have developed leukemia, have
been analyzed for chromosomal aberrations found at diagnosis, by sequencing the
unique patient gene rearrangement in the leukemic clone and determine if the
sequence was present in the DNA isolate.®® %" In leukemia cases lacking specific
chromosomal translocations, analysis of clone-specific immunoglobulin heavy chain
(IgH) and T-cell receptor (TCR) gene rearrangements have provided indirect support
for a prenatal origin.** **Mori et al* were able to detect ETV6/RUNX1 transcript in 6
out of 567 (1%) cord blood samples, a frequency that exceeds by a factor of 10-20
the cumulative risk of leukemia, suggesting that the preleukemic clone is functional at
birth and expresses the protein. However, in another series that investigated the
presence of ETV6/RUNX1 transcripts in cord blood samples from premature children

no positive sample could be detected amongst 256 samples.**’
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We were unable to detect transcripts for ETV6/RUNX1 and BCR/ABL fusion genes
by guantitative RT-PCR in neonatal DBS from children with the leukemic clone at
diagnosis. One possible explanation might be that the amount and integrity of the
RNA were not enough to enable detection of low levels of transcript. Based on
ETV6-RUNX1 expression data derived from Gabert et al,**® *° the current assay
should be able to detect 1 ETV6-RUNX1 positive cell in a background of 10°-10°
cells. Assuming equivalent expression in the preleukemic ETV6-RUNX1 positive
cells and considering the amount/integrity of the RNA isolated from the dried blood
spots, ETV6-RUNX1 is either not expressed at all in the preleukemic cells or only
expressed at levels below those corresponding to 10™ cells for the best preserved
samples and below 5x107% for the most degraded samples. In a pair of monochorionic
twins, where one twin developed ETV6-RUNX1 positive preB ALL, ETV6-RUNX1
transcript expression was detected in rare CD34+/CD38-/CD19+ cells but not in
progenitor B cells from the healthy twin.**® Our negative results could also reflect the
possibility that the amount of extracted RNA was too low to allow the detection of
the rare CD34+/CD38-/CD19+ cells expressing the fusion transcript.

The Philadelphia chromosome positive leukemia has a higher incidence in
adolescents and adults, and the presence of the clone has previously not been assessed
in neonatal dried blood spots. We investigated 6 filters with dried blood from patients
who later developed a Philadelphia positive leukemia and all were negative for the
fusion transcript. There is evidence the t(9;22) is both necessary and sufficient for
CML induction™" and it is thus possible this leukemia fusion has its origin in events
taking place after birth also in childhood leukemia. BCR-ABL mRNA is detectable in
the blood of a high proportion of normal adults, but in very low copy number
suggesting that these rearrangements are almost certainly not arising in the stem cell
compartment with consequent clonal expansion.* In conclusion, further studies with
larger series of patients are necessary to investigate the pathogenesis of Philadelphia

positive leukemia.

The patients in our material of dic(9;20) positive leukemia had a clear incidence peak
at 1-3 years, thus contributing, together with t(12;21) and high hyperdiploidy,* to the
characteristic childhood peak of BCP ALL. Considering the findings that both
t(12;21) %% 3% % and high hyperdiploidy ** often arise in utero, it is tempting to
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speculate that also dic(9;20) has a prenatal origin. We are presently investigating the
indirect presence of dic(9;20) in neonatal blood spots by RQ-PCR using primers for
clone specific IgH/TCR rearrangements.

Cell cycle regulating proteins (Article V and VI)

We found a higher expression of PTEN and VEGFR-1, and a lower expression SHP1
in pediatric ALL patients at diagnosis compared with pediatric patients with a non-
malignant disease. It should be noted, however, that our sample group is small and it

is therefore difficult to draw any firm conclusions from the findings.

The network on how cell cycle regulating proteins work, with activating receptors for
enhancing or inhibiting a downstream signal or transportation into the nucleus, is very
complicated and only partially understood. A further complication is that the protein
might be expressed in the cell but inactivated, or not able to enter the nucleus to exert
its effect. We know some of these proteins are involved in the malignant
transformation of a cell-clone, by altered expression or changed activity due to
genetic and cell signaling changes. PTEN has been shown depleted or inactivated in
various cancers 2% Yang et al *® have in blast cells from 8 pediatric ALL patients
seen a low expression of PTEN, and Roman-Gomez et al *® have shown that the
PTEN promoter was methylated, and thus silenced, in 20% of pediatric ALL. SHP1
has in adult leukaemias and lymphomas shown a variable expression correlated with
gene promoter methylation, and treatment of B-cell lines with a demethylating agent
resulted in re-expression of SHP1 protein.*****2 VEGF has been reported as a putative
biomarker important in hematopoietic malignancies, where increased micro vessel

density has been correlated to VEGF expression levels in ALL. 2% 126129

Contradictory to previous reports we found PTEN highly expressed at diagnosis.
These diagnostic bone marrow samples were from children with a 92 % 5-year
disease-free survival. In the relapse samples there was a trend of lower expression of
PTEN, but the group was too small for meaningful statistical analysis. A high
expression of PTEN could indicate a less malignant disease, and PTEN could thus be
a possible candidate for a prognostic marker. Yilmaz et al’s'® PTEN-depleted mouse
model indicate different roles for PTEN in malignant and normal HSC. The
leukemia-initiating cells disappeared and the normal HSC function was restored when
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PTEN downstream pathways was reactivated by rapamycin. This might be a novel
approach to treatment of PTEN-depleted/inactivated leukemia. In our study the
antibodies were selective for total PTEN and it was not possible to differ between
active or inactivated PTEN. If PTEN is used as a prognostic marker or PTEN activity
is reactivated as a part of the treatment, there is a need to be able to identify PTEN
activity. Phosphorylated PTEN is stabilized but inactive and SHP1 has the capability
of dephosphorylating PTEN, thus restoring its function.’*> Low levels of SHP1 might
reflect low activity of PTEN, if there is a process going on phosphorylating PTEN.

Several studies of adult hematological diseases have seen an association between
decreased expression of SHP1 and a more advanced disease.”*** The lower
expression of SHP1 in the diagnostic group compared to non-malignant controls is
supporting previous observations, suggesting loss of SHP1 to be a part of the
hematological malignant transformation.™®*'> There was a trend to a higher
expression in the relapse group. However, a relapsed leukemia has a history of
treatment with several cell toxic drugs that might influence apoptosis and thereby up
regulate SHP1.

Future studies are needed to further investigate the role and expression of PTEN,
SHP1, VEGF and its receptors in pediatric leukemia. We need to determine if the
expressed proteins are active or not, and if the expression levels are correlated with
prognosis. A further understanding of cell cycle regulatory mechanisms and pathways
in which the proteins operates could in lead to a novel approach in treatment of
childhood leukemia with reactivation of the protein or downstream pathways.
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SVENSK SAMMANFATTNING

Behandling av barn med leukemi tillhor en av de storsta framgangarna inom modern
medicinhistoria. Fran att ha varit en sa gott som 100 % dodlig sjukdom for bara ett
halvt sekel sedan, dverlever nu nara 90 % av barnen med akut lymfatisk leukemi
(ALL). ALL é&r den vanligaste cancerformen hos barn och utgér 80 % av
barnleukemierna. Sjukdomen karakteriseras av en ackumulering av maligna, omogna
och icke funktionella vita blodkroppar i benmarg och perifert blod. Dessa maligna
celler tranger ut de normala blodkropparna och patienten har O6kad risk att fa
infektioner, blodbrist och blédningar. Leukemi beskrevs forst pd mitten av 1800-talet,
och kallades redan da weisses Blut (vitt blod), vilket leukemi ordagrant betyder. Det
var forst pa 40-talet som mediciner borjade utvecklas, sa kallade cellgifter eller
cytostatika, som fick leukemi-patienter att tillfalligt bli battre, men de aterfoll dock
nastan alltid i sin sjukdom. P& 60- och 70-talen blev behandlingen effektivare genom
kombination av olika cytostatika, langre behandlingstider och barnen erhéll hogre
doser. Genom att identifiera olika markérer vid diagnos som paverkar prognosen —
sasom alder, antal vita blodkroppar samt morfologiskt och genetiskt utseende hos
leukemicellen — borjade man ocksa dela in patienterna i riskgrupper, sa att de med en
hogrisk-leukemi far en mer intensiv behandling an de som saknar riskmarkorer. Barn-
leukemicentra borjade ocksa alltmer samarbeta, sd att man mer systematiskt och
vetenskapligt kunde utarbeta behandlingsprotokollen och sedan utvédrdera dessa.
Behandling som anpassas efter kanda riskgrupps-markorer, kombinerat med var
Okade kunskap om att bemaéstra tillstétande infektioner, har starkt bidragit till

behandlingsframgangarna vid barnleukemi.

Leukemicellen har forvérvat ett antal genetiska foradndringar, vilka &ndrar dess
egenskaper vad galler tillvaxt, utmognad och overlevnad. Ofta resulterar sadana
genetiska forandringar i att uttrycket av proteiner som reglerar cellens delning, s k
cellcykel-reglerande proteiner, paverkas. Idag &r vissa genetiska forandringar i

leukemicellen och patientens initiala svar pa behandlingen vara viktigaste
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prognosmarkérer for att placera barnet med leukemi i ratt behandlingsgrupp. Aterfall
I sjukdomen &r dock fortfarande den vanligaste orsaken till att barnet inte dverlever.
Det finns darfor behov av att hitta nya markorer for prognos och att battre anpassa

behandlingen for de barn som har hog risk att fa aterfall i sin sjukdom.

Syftet med den har avhandlingen var att oka kunskapen om hur genetiska
forandringar och cellcykel-reglerande proteiner vid ALL hos barn, bidrar till

sjukdomens uppkomst och prognos.

| de forsta tva studierna undersokte vi forekomsten av en genetisk forandring dar
material fran korta armen pa kromosom 20 har flyttat till kromosom 9, och material
fran korta armen pa kromosom 9 och langa armen pa kromosom 20 har gatt forlorat.
Denna nya kromosom som férekommer vid framfor allt barnleukemi kallas dic(9;20),
och den har tidigare med rutinmetoder varit svar att upptacka och forekomsten har
darfor varit underskattad. Vi har undersokt sparat material fran benmargsprover som
togs vid diagnos fran 542 patienter fran Norden som insjuknat 2001-2006, vilket ar
ungefar hélften av alla barn som fick ALL under denna period. Vi har utvecklat en
metod att sékert identifiera om leukemicellerna bar pa dic(9;20) genom att i 3 steg
anvanda en metod som kallas FISH, fluorescent in situ hybridisering. Vid FISH
anvander man sig av prober som faster pa specifika stéallen i genomet. Nér proberna &r
fasta vid DNA-strangen lyser de med en farg som kan ses i fluorescerande ljus i ett
séarskilt mikroskop. Vi har forst anvant prober for att identifiera patienter som saknar
material fran korta armen pa kromosom 9, och darefter identifierat de med mer
material fran korta armen an langa armen pa kromosom 20. Slutligen har vi anvant
prober for centromererna pa kromosom 9 och 20, dic(9;20) innehaller bada
centromererna. For att fa fram kliniska parametrar har vi utnyttjat NOPHO (Nordic
society of pediatric hematology and oncology)-databasen. Vi har ocksa sammanstallt
tidigare publicerade fall dar dic(9;20) finns beskrivet vid barnleukemi.

Vi fann att 4,6 % (25/542) av de barn som insjuknar i ALL har dic(9;20), vilket ar
dubbelt sa vanligt an man tidigare trodde. Detta gor dic(9;20) till den tredje vanligaste
genetiska forédndringen vid barn-ALL, efter hdghyperdiploid (nér cancercellerna
innehaller ett stort antal extra kopior av vissa kromosomer) ALL och ALL med
t(12;21) (material frdn kromosom 21 har satt sig p& kromosom 12). Aterfall i
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sjukdomen var relativt vanligt for patienterna med dic(9;20) och 5-ars dverlevnaden
var 83 %, vilket &r signifikant sdmre an for de med t(12;21). Flickor med dic(9;20)
var dubbelt s& manga som pojkarna och medianalder var 3 ar, vilket &r nagot yngre &n
for alla barn-ALL. De andra vanliga genetiska forandringarna i denna aldersgrupp
uppstar ofta redan i fosterlivet, varfor det ar mojligt att aven dic(9;20) gor det. Vilken
paverkan dic(9;20) har pa cellens uttryck av cellcykelreglerande proteiner, d v s hur
den paverkar eventuella oncogener eller tumorsupressorgener, ar annu inte kant.
Sammanfattningsvis har vi visat att dic(9;20) ar dubbelt s& vanligt forekommande
mot tidigare uppfattning och att det &r en genetisk fordndring med 6kad risk for
aterfall, vilket innebar att patienten inte bor fa standardbehandling. Fran och med
NOPHOs nya behandlingsprotokoll ALL-2008, finns dic(9;20) med som en

riskmarkor for att fa en mer intensiv behandling.

| studie Il och IV har vi undersokt filterpapper med torkat blod fran
neonatalperioden, s k PKU-prover. Genom att utvinna DNA ur det torkade blodprovet
fran fodelsen kan man undersoka om specifika genetiska avvikelser uppstar under
fosterlivet. Andra forskargrupper har i nyfoddhetsprovet identifierat sddana specifika
genetiska forandringar fran leukemiklonen vid diagnos. Man tror darfor att ett
forstadie till leukemin, dar cellerna har vissa genetiska forandringar, ofta uppstar
under fosterlivet. Ytterligare genetiska avvikelser ackumuleras sedan under
barndomen, innan leukemin bryter ut. Vi har undersdkt om dven RNA finns bevarat i
det torkade blodprovet och om det ar bevarat dver tiden. Vi fann att RNA kan
utvinnas ur upp till 20 ar gamla torkade blodprover fran fodelsen, och att det tycks
valbevarat &ven i de aldsta proverna. Fordelen med att anvanda RNA, istéllet for
DNA, i analyser ar att man inte behdver k&nna till den exakta DNA-sekvensen och att
mycket lite material krdvs. Dessa sparade PKU-prover kan darfor anvandas for att
undersoka uppkomstmekanismer for sjukdomar som har sitt ursprung fore fodelsen,

men som bryter ut forst senare under barndomen eller vuxenlivet.

Vi har ocksa undersokt torkade blodprover fran fodelsen fran 14 barn som senare
utvecklade leukemi och lika manga friska kontroller. 8 barn var diagnosticerade med
t(12;21) positiv ALL som ger upphov till fusionsproteinet ETV6/RUNX1, och 6 barn
hade leukemi med den s k Philadelphia-kromosomen, (t(9;22), som ger upphov till
fusionsproteinet BCR/ABL. Vi ville undersoka om RNA fran fusionsproteinet kunde
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pavisas i PKU-proven. Barn med Phildelphia-positiv leukemi ar ofta nagot aldre, och
den ar vanligare hos ungdomar och vuxna. Det &r tidigare inte undersokt huruvida
Philadelphia-klonen kan aterfinnas i PKU-provet, men man tror att denna genetiska
forandring uppstar narmare diagnos eftersom djurforsok visat att forandringen ensam
kan orsaka leukemi. Nar det galler t(12:21) har flera grupper tidigare visat pA DNA-
niva att férandringen uppstar under fosterlivet. Djurforsok har ocksa visat att t(12,21)
inte ensam orsakar leukemi, utan att fler genetiska forandringar krévs innan
sjukdomen blir manifest. I var studie kunde RNA framgangsrikt utvinnas ur samtliga
PKU-prover, men RNA-transkript for ETV6/RUNX1 eller BCR/ABL kunde inte
pavisas i nagot prov med hjalp av real-tids PCR (polymeras chain reaction).
Analyser pagar for att se om dic(9;20) kan finnas redan vid fodelsen. Vi tittar da
indirekt efter forandringen pa DNA-nivd genom att identifiera de specifika
immunoglobuliner leukemiklonen uttrycker, eftersom vi inte kanner till nagot
fusionsprotein och det &r arbetsamt att kartlagga den exakta DNA-sekvensen for varje

patient.

| arbete V och VI har vi undersokt forekomsten av vissa cellcykel-reglerande
proteiner, som man vet har en roll nar en cell utvecklas till en cancercell, i
benmargsmaterial fran barn med ALL. Uttryck av sadana proteiner skulle i en framtid
kunna anvandas som prognosmarkarer for sjukdomens allvarlighetsgrad eller nar man
forsoker identifiera aterfall i sjukdomen. Vi undersokte proteinerna PTEN, SHP1,
VEGF samt receptor 1 och 2 for VEGF (VEGFR-1 respektive VEGFR-2) i
benmargsmaterial fran barn med ALL, och hade som kontroller benmargmaterial fran
barn med icke-maligna sjukdomar eller friska benmargsdonatorer. Vi anvande oss av
immunohistokemi, dar specifika antikroppar faster vid ett visst protein i cellen och da
fargar det omradet i cellen. Med hjalp av tissue micro array” (TMA), kan ett storre
antal benmargspreparat analyseras samtidigt pa ett objektsglas. 1 mikroskop raknar

man hur stor andel av cellerna som &r fargade med antikroppen.

Vara resultat visade att PTEN overuttrycks medan SHP1 har ett lagt uttryck i
diagnostiska ALL prover jamfort med icke-maligna kontroller. ALL-material hade
ocksa ett hogt uttryck av VEGFR-1 jamfort med kontrollerna, som inte alls uttryckte
proteinet, vilket kan tyda pa ett samband mellan VEGFR-1-uttryck och ALL. Vart

material var relativt litet, varfor det ar svart att dra nagra slutsatser. For att kunna
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utrona dessa proteiners roll vid barn-ALL &r det nddvéandigt med fler och storre

studier.
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