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Abstract

Haematopoietic stem cell (HSC) transplantation is widely used in the treatment of acute
myeloid leukaemia (AML) to establish a new donor-derived bone marrow in the
patients and to remove the residual leukaemic cells left after chemotherapy.
Haploidentical HSC donors, who have only a partial match with the patients at the
human leukocyte antigen (HLA) locus, are the best choice when a full-matched donor is
not available. Several studies indicate that male patients transplanted with female grafts
have a better long-term survival probability than all other gender combinations. The
better therapy outcome consists in a strong graft versus leukaemia (GvL) effect with
reduced graft versus host disease (GvHD).

Basic hypothesis in the project is that, in the patients’ leukaemic cells, Y chromosome
genes encode for minor histocompatibility antigens which might be recognized as non-
self by the T-cells of the female donor which might then generate a cell-mediated
immune response against the tumoral cells. On the other hand, there is the possibility
that certain Y chromosome genes encode for proteins which may interfere with the
biology of tumoral cells.

In this context, the primary aim of this study was the comparison of Y chromosome-
encoded genes between AML cells and their healthy counterpart and, subsequently, the
characterisation of those genes, found to be up-regulated in AML cells, from an
immunological and biological point of view. The study was focused on two similar
subtypes of AML: M4 and M5, both characterized by high expression of CD14 on the
leukaemic cell surface.

By using real time-PCR with low density arrays, I have identified 4 transcripts from
uncharacterized genes up-regulated in AML cells: BCORL2, VCY, PCDHI11, and
TGIF2L, the latter two having a homolog on the X chromosome.

After prediction of candidate genes-derived peptides restricted to HLA-A0201 major
histocompatibility complex molecules, 1 assessed their real HLA-A0201-binding
capacity in an in vitro assay. Afterwards, I was able to identify a peptide, derived from
the candidate gene VCY, which was able to weakly stimulate female cytotoxic T-cells.
Another line of research was focused on the characterization of the gene TGIF2LY,
chosen because of its usual testis-restricted expression and of its transcription factor
potential. The AML cell line THP-1 was used as model system, after assessment of
TGIF2LY protein expression in these cells.

In order to get information about the TGIF2LY gene function, several experiments have
been performed. Subcellular localisation studies showed that TGIF2LY is transported to
the nuclei of the cells. Amino acid sequence and three-dimensional structure model
analysis further suggested a transcription factor function for TGIF2LY. I implemented a
protein-DNA binding assay from a previously established in vifro genomic selection
and used it to identify genomic DNA regions to which TGIF2LY was able to bind. By
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using an electrophoretic mobility shift assay (EMSA), I was able to identify the core
nucleotide sequence recognized and bound by TGIF2LY. The analysis of the genomic
DNA fragments bound by TGIF2LY suggests for this protein a role in differentiation
and activation of antigen presenting cells.

This work provides new molecular biology and immunological data related to Y-
chromosome controlled processes. Altogether, these data can be considered as starting
point for new experimental work aimed to development of novel AML therapy
strategies.



Zusammenfassung

Die hdmatopoetische Stammzelltransplantation ist bei der Behandlung akuter
myeloischer Leukdmien weit verbreitet, um restliche, nach einer Chemotherapie
verbliebene leukdmische Zellen zu eliminieren und um in den Patienten ein neues
Knochenmark, abgeleitet von den hdmatopoietischen Stammzellen des Spenders, zu
etablieren Haploidentische Stammzell-Spender, deren Human Leukocyte Antigen
(HLA) Locus nur partiell mit dem des Patienten iibereinstimmt, sind die beste Wahl,
wenn kein komplett HLA-kompatibler Spender zur Verfiigung steht.

Mehrere Studien weisen darauf hin, dass bei minnlichen Empfangern eines weiblichen
Transplantats langfristig eine bessere Uberlebenswahrscheinlichkeit besteht als bei allen
anderen Spender-Empfinger-Kombinationen. Bei solchen Patienten wurde ein starker
Graft-versus-Leukaemia (GvL) Effekt mit reduziertem Graft-versus-Host Disease
(GvHD) beobachtet.

Die Grundhypothese fiir die hier vorliegende Arbeit besteht darin, dass einige Y-
chromosomale Gene fiir Minor Histokompatibilititsantigene kodieren, welche von den
T-Zellen des weiblichen Spenders als ,,nicht-eigen” (non-self) erkannt werden. Dies
fiihrt zu einer spezifischen zelluliren Immunantwort gegen die Empfinger-
Tumorzellen. Andererseits konnte es sein, dass einige Y-chromosomal kodierte Proteine
direkt mit den Tumorzellen wechselwirken.

In diesem Zusammenhang lag das Ziel dieser Arbeit im Vergleich der Y-chromosomal
kodierten Gene zwischen ménnlichen AML- und gesunden Zellen, sowie weiterfithrend
in der immunologischen und molekularbiologischen Charakterisierung derjenigen Gene,
die in AML-Zellen iiberexprimiert waren. Die Arbeit konzentrierte sich auf Patienten
mit den zwei sich dhnlichen Subtypen der AML M4 und M5, die beide durch eine hohe
Expression von CD14 auf der Oberfliche der leukdmischen Zellen gekennzeichnet sind.
Mittels Real-time-PCR  wurden 4 Transkripte von Y-chromosomalen Genen
identifiziert, die in AML Zellen iiberexprimiert waren: BCORL2, VCY, PCDH11 und
TGIF2L.

Nach der Generierung einiger, von den Kandidaten-Genen abgeleiteten Peptiden, die fiir
HLA-A0201 Haupthistokompatibilititskomplex-Molekiile spezifsch sind, habe ich
deren tatsdchliche HLA Bindungskapazitét in einem in vitro Experiment gemessen. Ein
von Gen VCY abgeleitetes Peptid konnte dabei weibliche zytotoxische T Zellen
schwach stimulieren.

Das Gen TGIF2LY wurde aufgrund seiner vermeintlich Testes-spezifischen Expression
und wegen seiner potentiellen Funktion als Transkriptionsfaktor eingehend untersucht.
Als Modellsystem wurde die AML Zelllinie THP-1 ausgewdhlt, da diese Zellen
TGIF2LY exprimieren. Subzelluldre Lokalisierung des Proteins zeigte, dass TGIF2LY
in den Zellkern transportiert wird. Sequenzhomologien und Strukturmodellierung
deuten auf eine Funktion fiir TGIF2LY als Transkriptionsfaktor hin.



Zusammenfassung

Mittels eines modifizierten Protein-DNA Bindungsassays wurden genomische DNA-
Fragmente isoliert, die von TGIF2LY gebunden werden. Electromobility Shift Assay
(EMSA) Experimente fiihrten zur Identifizierung von Konsensus-Bindungssequenzen,
spezifisch fiir TGIF2LY. Die eingehende Analyse der genomischen DNA Fragmente,
mit denen TGIF2LY interagierte, deutet bei diesem Protein auf eine Rolle in
Differenzierung und Aktivierung von antigenprésentierenden Zellen hin.

Diese Arbeit liefert neue molekularbiologische und immunologische Erkenntnisse iiber
Y-chromosomal kontrollierte Prozesse, die als Ausgangspunkte fiir die Entwicklung
neuer Therapiestrategien gegen AML dienen konnen.



1 Introduction

1.1 Acute myeloid leukaemia

1.1.1 Definition, etiology, and epidemiology

Acute myeloid leukaemia (AML) is a highly heterogeneous clonal disorder of
hematopoietic progenitor cells which are referred to as “blasts”. These cells lose their
ability to respond to normal proliferation regulators, like cytokines or hormones and,
consequently, to correctly differentiate. Direct consequences of such disorder can be the
total failure of the immune system which, in turn, can lead to fatal infection, bleeding,
organ infiltration of the leukaemic blasts, typically, in absence of treatment, within one
year from the diagnosis. The broad spectrum of consequences reflects the heterogeneity
of the disease.

The most common cause of death in AML is bone marrow failure. The genetic
reprogramming of AML blasts makes them unable to generate mature red cells,
neutrophils, monocytes, and platelets, depending on the affected progenitor cell
population. AML blasts also inhibit normal bone marrow cells from differentiating into
mature blood cells. This inhibition is not only a result of the replacement of normal
progenitor cells by the leukaemic blasts because there is no correlation between degree
of cytopenia and marrow blast count. There are evidences that this inhibition may be
mediated by various chemokines produced by AML blasts (Youn, et a/ 2000). Given the
ability of AML to retard haematopoiesis, the rate of recovery after treatment of AML
reflects not only the effect of the treatment on normal progenitor cells but also its effect
on AML blasts (Estey, et a/ 2000).

The principal sign of marrow failure in AML is insurgence of infections. The mostly
observed pathogens are common endogenous aerobic gram-positive and gram-negative
bacteria like endogenous Candida species and, particularly in warm and humid
climates, Aspergillus species, which are water-borne or enter via the respiratory tract
(Anderlini, et al 1996). Studies on different antibiotics indicate that the main predictor
for a successful treatment is an increasing neutrophil count. However, cytotoxic
chemotherapy aimed to obtain such a rise, temporarily increases the risk of infection
because it damages gastrointestinal mucosa. Potentially fatal organ infiltration, most
ominously involving the lung and brain, becomes more likely as the white blood cell
count gets higher, particularly in the monocytic subtype of AML (M4 and M5 subtypes;
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see paragraph 1.1.2) or if blasts are positive for CD56 surface antigen (Seymour, et al
1994). In these situations, emergency cytotoxic chemotherapy is needed, although its
use is often associated with life-threatening complications like acute respiratory distress
syndrome and tumour lysis syndrome (Montesinos, et a/ 2008, Tsai, ef al 2008).

Several risk factors for developing AML have been identified in the last years. Between
them, it is important to mention pre-leukemic blood disorders, such as myelodysplastic
(MDS) or myeloproliferative (MPS) syndromes which can evolve into AML. The risk
for the patients depends on the type of MDS/MPS (Godley and Larson 2008, Sanz, ef al
1989). Undergoing anti-cancer chemotherapy, in particular using alkylating agents, is
also increasing the risk of developing AML in patients. The risk is highest about three
to five years after chemotherapy (Godley and Larson 2008, Le Beau, et al/ 1986). Other
chemotherapeutic agents, specifically epipodophyllotoxins and anthracyclines, have
also been associated with onset of leukemia. These treatment-related leukemias are
often associated with specific chromosomal abnormalities in the leukemic cells
(Thirman, et al 1993).

Another important risk factor for developing AML is exposure to ionizing radiation:
leukemia is common in workers of the nuclear industry (Cardis, et al 1995), but not in
people living near nuclear power plants (von Muhlendahl 1998). People who have
survived atomic bombs are also at high risk of AML development (Nakanishi, et al
1999).

Occupational chemical exposure to benzene and other aromatic organic solvents is
controversial as a cause of AML. Benzene and many of its derivatives are known to be
carcinogenic in vitro. While some studies have suggested a link between occupational
exposure to benzene and increased risk of AML (Austin, et al 1988), others have
suggested that the risk relative to this compound, if any, is minimal (Linet 1984).
Several congenital conditions may also increase the risk of leukemia. One of the most
common 1is, probably, Down syndrome, which is associated with a 10- to 18-fold
increase in the risk of AML (Evans and Steward 1972).

Although development of AML has been associated with the above-mentioned risk
factors, generally, they account only for a small number of reported cases (Sandler and
Collman 1987).

Leukaemogenesis is a multi-step process that requires the susceptibility of a
hematopoietic progenitor cell to inductive agents at multiple stages. The different
subtypes of AML may have distinct causal mechanisms, suggesting a functional link
between a particular molecular abnormality or mutation and the causal agent (Crane, et
al 1996). Several cases of AML arise de novo without relation to exposure to known
leukaemogenic agents.

Acquired clonal chromosomal abnormalities are usually found in 50% to 80% of AML
cases (Grimwade, et al 1998, Heim and Mitelman 1992, Moorman, et al/ 2001, Wahlin,
et al 1991), with high incidence in patients with secondary leukaemia (Sanderson, et al
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2006) or older age (Leith, et al 1997, Mauritzson, et al 1999, Rossi, et al 2000).
Frequently reported abnormalities include loss or deletion of chromosome 5, 7, 9, and
Y, translocations such as t(8;21)(q22;922); t(15;17)(q22;q11), trisomy 8 and 21, and
other abnormalities involving chromosomes 16, 9, and 11. Multiple studies have
demonstrated the prognostic importance of cytogenetic abnormalities in AML, making
this at present the most important predictor of short-term (Ferrant, et al 1997, Keating,
et al 1988, Schiffer, et al 1989) and long-term (Estey, et al 1997) outcome. Patients
with a good prognosis are those with functional inactivation of the core binding factors
(CBFs) transcription factors AMLI and CBFb, which seem to be involved in
development of normal haematopoiesis (Cho, et al 2004, Mao, et al 1999, Pelletier, et al
2002). These cases include patients with AML and t(8;21)(q22;922) or
inv(16)(p13;922), two of the most frequent recurrent cytogenetic abnormalities in de
novo AML in younger patients (Cheson, ef al 2003). Poor-prognosis patients have a loss
of all or parts of chromosome 5 or 7, translocations involving 11923, or abnormalities
of chromosome 3 (Grimwade, et a/ 2001).

Acute leukemias, in general, are rare diseases, but have a disproportionally large effect
on cancer survival statistics (Jemal, et al 2008). AML is the most common type of
myeloid leukemia in adults, yet continues to have the lowest survival rate of all
leukemias. AML accounts for approximately 25% of all leukemias in adults in the
Western world (Greenlee, ef a/ 2001). Worldwide, the incidence of AML is highest in
the United States, Australia, and Western Europe (Jemal, et a/ 2008). Adults aged 65
years or older represent the population in which the highest incidence of AML is
observed. This group accounts for around 55% of AML cases (USA 2001-2005; data
source: National Cancer Institute, http://seer.cancer.gov). Although survival rates have
improved remarkably in the younger age patient group, the prognosis in older patients
continues to be very poor (Redaelli, ef a/ 2003, Sandler and Ross 1997).

1.1.2 Classification of acute myeloid leukaemia

Classification of AML has never been easy, due to the heterogeneity of the disease. In
the 1970s, an international conference of leukemia experts was held to decide on the
best system for classifying acute leukemias. The result was the so-called French-
American-British (FAB) classification, which divides AML in nine subtypes, basing on
morphological characteristics of the leukemic cells (Bennett, et al 1976). FAB AML
subtypes are described in table 1.1.

Although the FAB classification is still widely used, it doesn’t take in account many of
the risk or prognostic factors which arose during the last two decades. For this reason, at
the end of the 1990s the World Health Organization (WHO) re-defined the AML
classification into broader categories, taking into account the presence or absence of
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well-characterised cytogenetic markers and prognostic factors (Vardiman, et al 2002).
The WHO classification is summarized in table 1.2.

FAB subtype Definition % of adult patients Prognosis
Mo Undifferentiated acute myeloblastic leukaemia 5% Worse
M1 Acute myeloblastic leuk ia with minimal maturation 15% Average
M2 Acute myeloblastic leukaemia with maturation 20% Better
M3 Acute promyelocytic leukaemia 10% Best
M4 Acute myelomonocytic leukaemia 25% Average
M4 eos Acute myel ocytic leuk ia with inophilia 5% Better
M5 Acute monocytic leukaemia 10% Average
M6 Acute erythroid leukaemia 5% Worse
m7 Acute megakaryoblastic leukaemia 5% Worse

Table 1.1. French-American-British classification of acute myeloid leukaemia. The percentage of adult patients is relative to AML
cases in USA updated to 2007. Prognosis is relative to the average of AML cases and it is only indicative. Source: American Cancer
Society (URL: www.cancer.org).

AML with recurrent genetic abnormalities
AML with t(8;21)(q22;922), (AML1/ETO)
AML with abnormal bone marrow eosinophils and inv(16)(p13922) or t(16;16)(p13;922), (CBF/IMYH11)
Acute promyelocytic leukemia with t(15;17)(q22;q12), (PML/RAR ) and variants
AML with 11q23 (MLL) abnormalities

AML with multilineage dysplasia
Following MDS or MDS/MPD
Without prior MDS or MDS/MPD, but with dysplasia in at least 50% of cells in 2 or more myeloid lineages

AML and myelodysplastic syndromes, therapy related
Alkylating agent/radiation-related type

Topoi Il inhibitor-related type (some may be lymphoid)

p

Others

AML not otherwise categorized
AML minimally differentiated
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monoblastic/acute monocytic leukemia

Acute erythroid leukemia (erythroid/myeloid and pure erythroleukemia)

Acute gakaryocytic |
Acute basophilic leukemia

Acute panmyelosis with myelofibrosis

¥

Myeloid sarcoma

Table 1.2. World Health Organization classification of acute myeloid leukaecmia. Genes affected by genetic abnormalities are
indicated in brackets. Some cases of sarcoma and myelodysplastic syndromes are enclosed in this classification.
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1.1.3 Diagnosis of acute myeloid leukaemia

The diagnosis of the different subtypes of AML is a major challenge. The correct
diagnosis is not only essential for classification of this heterogeneous complex of
disorders, but, in addition, it plays a central role for individual risk assessment and for
therapeutic decisions. Diagnostics of acute leukemias underwent a complete change
since the 1970s when cytomorphology and cytochemistry represented the only available
diagnostic tools. Since then, the routine diagnostic protocols incorporated classical
cytogenetics, molecular cytogenetics, including several fluorescence in situ
hybridization (FISH) techniques and comparative genomic hybridization CGH),
molecular genetics (mostly PCR-based techniques and sequencing), and
immunophenotyping by multi-parameter flow cytometry (Haferlach, et a/ 2007). AML
is associated with several chromosomal aberrations and molecular abnormalities (see
paragraph 1.1.2) and the approach to this genetic complexity can only be achieved by
the combination of the different methods mentioned above, in order to use these
abnormalities as diagnostic and prognostic parameters (Schoch, et al 2004). All these
techniques are complementary to each other: cytomorphology, cytochemistry, and
multi-parameter flow cytometry allow the categorization of the acute leukemias to
different lineages. Chromosome banding analysis provides information of all
microscopically visible genetic abnormalities, whereas the FISH techniques together
with cytogenetics can allow detection of sub-microscopic alterations. The molecular
techniques are more sensitive than FISH with respect to minimal residual disease
detection. They verify involved genes as detected by genetics and define several
mutations not detectable by all the other techniques. These last techniques are a
indispensable tool for both diagnosis and later follow-up of the patients (Kern, et al
2004, Schnittger, et al 2004, van der Velden, et al 2003).

In the last years, several algorithms have been implemented that collect information
from each of the used diagnostic tools and elaborate them in order to provide a
comprehensive diagnosis (Haferlach, ef al 2005).

Nevertheless, there are some parameters, based on the percentage of leukaemic cells in
the bone marrow of the patients, which can be used for a first and rapid diagnosis.
Demonstration of accumulation of leukaemic blasts characteristic of AML (Frohling, et
al 2005, Kelly and Gilliland 2002), which is a result of the block of differentiation of
these cells, is one essential requirement for diagnosis. According to the FAB system
(see paragraph 1.1.2), AML is confirmed when the bone marrow contains more than
30% leukaemic blasts. The WHO classification system has lowered the leukaemic blast
minimum for diagnosis of AML to 20%. In this system, many cases classified as high-
grade myelodysplastic syndromes in the FAB system are considered as AML (see table
1.2). Once the leukaemic blasts are demonstrated to reach 20% of bone marrow cells,
they must be shown to be derived from the myeloid lineage. At least 20% of the
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leukaemic blasts must have surface antigens associated with myeloid differentiation,
most commonly CD33 or CD13. The following particular cases should be also taken
into account: if more than 80% of the bone marrow is represented by monocytes, acute
monocytic leukaemia is diagnosed. If more than 50% of the marrow consists of
normoblasts or pronormoblasts (progenitors of erythrocytes) and if myeloid progenitor
cells constitute more than 30% of the non-erythroid population, the diagnosis is
erythroleukaemia. If it is not possible to aspire the bone marrow, a diagnosis of
megakaryocytic leukaemia should be considered. These initial diagnoses should always
be confirmed by biopsies using all the above-mentioned approaches.

1.1.4 Treatment of AML patients

Several protocols have been established to treat AML patients. Differences in such
protocols depend on several factors. Of course, the first therapy decisions are taken
depending on the subtype of AML that affects the patient and on its cytogenetic
characterization. Other factors influencing the treatment of a patient concern age,
clinical status (i.e. presence of infections), and availability of a proper donor in case of
transplantation. Nevertheless, some therapeutic tools have been standardized and are
now widely used for treatment of AML patients (Kohrt and Coutre 2008). Among them,
the most used are chemotherapy, body irradiation, and bone marrow or hematopoietic
stem cell transplantation.

Chemotherapy

The first step in the treatment of AML patients consists of an intensive and aggressive
chemotherapeutic regimen, also called induction regimen. The aim of such
chemotherapy is to induce remission in the patients. This is achieved when the blood
counts are brought back to normal levels and there is no evidence of the presence of
leukaemic cells in the blood and in the bone marrow of the patient.

Various strategies have been explored to eliminate the residual leukaemic cells which
are not detectable with the usual diagnostic tools (minimal residual disease) from the
bone marrow of patients in complete remission. These residual leukaemic cells, if not
eradicated, might lead to relapse. Intensive consolidation therapy, high-dose or low-
dose chemotherapy, or chemoradiotherapy with either allogeneic or autologous
hematopoietic stem-cell transplantation (HSCT) are the most used treatments to control
or eliminate minimal residual disease.

During the past three decades, a series of studies has established an induction regimen
that has become a standard for the treatment of AML patients not participating on a
clinical trial. A widely used combination for induction is the cell cycle—specific agent
cytarabine by continuous infusion for seven days and the non—cell-cycle—specific
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anthracycline antibiotic daunorubicin intravenously for three days (Dillman, ef a/ 1991,
Rowe and Tallman 1997, Yates, et al 1982). In order to improve the complete remission
rate, several studies have tested alternatives and higher doses of anthracyclines
(Berman, et al 1991, Buchner, et al 2001, Rowe, et al 2004, Vogler, et al 1992), higher
doses of cytarabine (Plunkett, et a/ 1987, Weick, et al 1996), new agents combined with
cytarabine and daunorubicin such as etoposide, the purine analog fludarabine or the
cytotoxic quinoline alkaloid (camptothecin) topotecan (Bishop, et al 1990, Estey, et al
2001), or sequential standard therapy followed by high doses of cytarabine (Buchner, et
al 1999, Mitus, et al 1995, Petersdorf, et al 2007). Despite theoretic advantages, none of
these approaches showed to be definitively better than the standard regimen (Berman
and McBride 1992).

The M3 subtype of AML, also known as acute promyelocytic leukemia (see paragraph
1.1.2), is almost universally treated with the drug all-frans-retinoic acid (ATRA) in
addition to induction chemotherapy (Fenaux, ef al 1999, Huang, ef al 1988, Tallman, et
al 1997). Care must be taken to prevent disseminated intravascular coagulation,
complicating the treatment of AML M3 when the promyelocytes release the contents of
their granules into the peripheral circulation. This AML subtype is effectively curable
with well-documented treatment protocols.

Chemotherapy is also used to control the minimal residual disease in the so-called post-
remission or consolidation therapy. Retrospective and prospective analyses of
cooperative group studies show that increasing the intensity of post-remission therapy is
beneficial in younger but not older adults (Bennett, et a/ 1997, Cassileth, et al 1992).
Several studies have evaluated the impact of intensive post-remission consolidation
therapy with high-dose cytarabine. A prospective study by the Cancer and Leukemia
Group B (CALGB) demonstrated that four courses of such therapy are significantly
better than four courses of intermediate- or standard-dose cytarabine consolidation
treatments, confirming a dose-response effect in younger patients and a benefit in
patients with good-risk cytogenetics (Mayer, et al 1994). However, in older patients
undergoing such treatments, high toxicity has been observed.

Body irradiation and bone marrow or haematopoietic stem cell transplantation
Another method to get rid of or to control the minimal residual disease is to transplant
the patient with bone marrow or haematopoietic stem cells from a compatible healthy
donor (allogeneic transplantation). This procedure allows replacing the immune system
of the patient with that of a healthy individual.

The idea to treat patients with leukaemia and other haematopoietic malignancies with
total body irradiation followed by transplantation of bone marrow from healthy donors
was developed already in the 1950s. However, evidences from murine leukaemia
systems showed that if on one hand, it was possible to cure leukaemia with total body
irradiation followed by allogeneic bone marrow transplantation (Barnes and Loutit
1957), on the other hand leukaemic cells couldn’t be totally eliminated by using
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clinically tolerated doses of radiations (Burchenal, et al 1960). The success of treatment
of acute leukaemias by using allogeneic bone marrow transplantation depended on
several factors: selection of compatible sibling donors by human leukocyte antigen
(HLA) typing, combination of tolerated total body irradiation with cyclophosphamide as
pre-transplant conditioning regimen, and post-transplant immunosuppressive treatment
with methotrexate (Thomas, et al 1975). In the so-treated patients it was observed that
the occurrence of graft versus host disease (GvHD) had beneficial effects on therapeutic
outcome and survival of the patients (Weiden, ef al 1979, Weiden, et al 1981). GvHD is
caused by T-cells derived from the transplanted bone marrow that react against the
tissues of the patient (Reddy, et a/ 2008). The role of T-cells became evident when T-
cell-depleted bone marrow (haematopoietic stem cells) transplantation was introduced
in the clinical protocols for leukaemia treatment (Kolb, et a/ 1979, Rodt, et al 1979). It
is now clear that the effect of the graft against leukaemia, the so-called graft versus
leukaemia (GvL) effect, occurring when T-cells and natural killer (NK) cells of the graft
recognize and kill the residual leukaemic cells in the patient, and the occurrence of
GvHD are closely related (Porter and Levine 2006). Development and severity of
GvHD is strongly related with post-transplant outcome. It may at the same time
improve survival by decreasing the risk of disease relapse, due to GvL effect, and
increase non-relapse mortality by causing organ failure and predisposing the recipient to
life-threatening infections (Pasquini 2008).

The challenge of allogeneic haematopoietic stem cell transplantation for treatment of
leukaemia and other haematological diseases is the prevention or the reduction of
GvHD without eliminating the GvL effect (Kolb 2008).

One crucial step for the success of haematopoietic stem cell transplantation is the choice
of the compatible healthy donor. There are several possibilities for the choice of the
donor for allogeneic transplantation. One very important parameter is the HLA match
degree. The HLA superlocus contains a large number of genes related to immune
system functions and resides on chromosome 6. Among the proteins encoded by this
superlocus, there are cell-surface antigen-presenting proteins. The proteins encoded by
these genes are also known as “antigens”, and have been associated with rejection in
organ transplantations. There are two classes of major HLA antigens which are essential
elements in immune function. HLA class I molecules (A, B, and C) present endogenous
peptides, including viral peptides if present, that are derived from protein degradation
by the proteasome. These peptides are generally polymers of about nine amino acids.
Foreign antigens are recognized by cytotoxic T-cells that kill the cells presenting them
by inducing apoptosis. HLA class II molecules (DR, DP, and DQ) present antigens
derived from the outer environment to T-helper cells, which are then stimulated to
reproduce and to activate antibody-producing B-cells.

HLA molecules are among the most variable molecules in the organism because of the
presence of a large number of alleles which code for their a- and B-chains. The HLA
region of patients is usually genotyped in order to find the most compatible donor.
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One of the best choices is to find an HLA-identical donor. In this category are enclosed
siblings and relatives of the patients, with the same HLA genotypes. However, in about
the 70% of cases, such donors are not available and alternative transplant options have
to be found. The best option, in this case, is to find a related donor with only a partial
match at the HLA superlocus, with one or more mismatched HLA alleles
(haploidentical transplantation). In the last decades several attempt have been done in
this direction (Mehta, et al 2004, Powles, et al 1983, Szydlo, et al 1997). The great
advantages of haploidentical transplantation are that nearly all patients have an
immediately available donor and that a stronger GvL effect can be realized (Aversa, et
al 1998, Beatty, et al 1985). Nevertheless, the risk of developing severe GvHD is higher
in patients who underwent haploidentical transplantation (Anasetti, et a/ 1990). It has
already been mentioned that development of GVHD is closely related to the presence, in
the graft, of cytotoxic T-cells which react against tissues of the patient. Steps towards
reduction of GVHD occurrence and severity have been achieved by introduction of T-
cell-depleted graft into transplantation protocols, as mentioned before. Haploidentical
transplantation takes advantage of the anti-tumoral activity of NK cells. NK cells are
inhibited by signals delivered through their surface killer immunoglobulin-like receptors
(KIRs) following interactions with autologous HLA class I molecules expressed by
target cells. This KIR-HLA class I interaction inhibits the cytotoxic activity of NK cells
(Parham and McQueen 2003). In the absence of self-HLA class I molecules, autologous
NK cells are not inhibited and they can mediate target cell lysis after proper activation,
the so-called missing self hypothesis (Karre, et al/ 1986). In haploidentical
transplantation, the lack of appropriate HLA class I ligands in the patient that were able
to inhibit NK cells activity facilitates a strong GVL effect (Ruggeri, et al 1999).Co-
stimulatory molecules, such as the lymphocyte function antigen 1 (LFA-1), highly
expressed in AML cells, may direct NK cells to leukemic cells. NK cells also improve
engraftment through elimination of hematopoietic cells of the patient. In addition, they
decreased the incidence of GVHD, probably through elimination of dendritic cells in the
patient that is essential for T-cell activation (Davies, et a/ 2002, Ruggeri, ef al 2002).

1.2 Clinical observation

In the “Ludwig-Maximilian” university clinic in Grosshadern (Munich, Germany), the
haematopoietic stem cell transplantation protocols with haploidentical donors are well
established.

A retrospective analysis of the long-term survival of eighty-five AML patients who
underwent haploidentical transplantation indicates that if a male patient is transplanted
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with female graft, the patient has increased long-term survival probability. Figure 1.1
schematically represents the outcome of such study. The graph has been generated from
unpublished data from the clinical cooperation group-haematopoietic cell
transplantation (CCG-HCT), headed by Professor HJ. Kolb.
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Figure 1.1. Probable survival of 85 AML patients who underwent haploidentical haematopoietic stem cell transplantation. The
couples with male patient and female donor (green line) show more favourable outcome than all the other gender combinations (blue
line). Unpublished data from Prof. HJ. Kolb, generated in the “Ludwig-maximilian,, university clinic; Grosshadern, Munich.

The survival rate is calculated by taking into account several parameters. Male patients
who received haploidentical female graft mostly showed strong GvL effect and less
complications derived from GvHD associated tissue damage. However, being GvHD
and GvL effect different consequences of the same process, namely the reaction of T-
cells of the graft against cells of the host, GYHD was also observed in this group of
patients, although at lower degree.

This phenomenon seems to be not only a characteristic of haploidentical transplantation.
It has been observed also in patients with various haematological malignancies
transplanted with haematopoietic stem cells from an HLA-identical donor (Randolph, et
al 2004). Several studies agreed that female-to-male transplantation results in
occurrence of GVHD and strong GvL effect with increased long-term survival (Gahrton
2007).

Studies of allogeneic haematopoietic stem cell transplantation in murine models and in
humans have highlighted the importance of minor histocompatibility antigens (minor H
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antigens) of the recipient as the targets of donor T-cells that mediate GvL effect and
GvHD (Faber, et al 1995, Fontaine, et al 2001, Marijt, et al 2003). Minor H antigens are
peptides derived from cellular proteins encoded by polymorphic genes that differ
between the transplant donor and recipient and that are presented to CD8" and CD4" T-
cells by HLA class I and II molecules, respectively. In humans, only a small number of
minor H antigens have been characterized, and the selective contribution of T-cells to
GVL activity and GvHD remains speculative. It has been suggested that minor H
antigens, which are limited in their expression to hematopoietic cells including
leukaemic cells, may be targets for a selective GvL effect, whereas those that are
broadly expressed are responsible for GvHD (Mutis and Goulmy 2002, Warren, et al
1998). However, the very large number of minor H antigens that are likely encoded by
autosomal genes and are involved in allogeneic responses has made the analysis of the
contribution of single factors of the female-to-male clinical setting more complicated.
Transplantation of stem cells from a female donor to a male recipient is a particular
circumstance in which donor T-cells specific for minor H antigens, encoded by genes
on the Y chromosome of the patient that are polymorphic with respect to their X
chromosome homologues, may contribute to GvHD and GvL effect. Several genes on
the Y chromosome have already been identified to encode minor H antigens, and the
role of these antigens in GvHD and GvL responses has been investigated (Meadows, et
al 1997, Miklos, et al 2005, Vogt, et al 2002, Wang, et al 1995). For example,
haematopoietic and non-haematopoietic cells express antigens that are encoded by the
SMCY gene and are presented by HLA-A2 and -B7 to CD8" T-cells. The T-cell
response to the SMCY antigen has been put in relation with GVHD in small studies of
male recipients of haematopoietic stem cell transplants from female donors (Dickinson,
et al 2002, Mutis, et al 1999). In contrast, an HLA-BS8-restricted peptide encoded by the
UTY gene is not presented to CD8" T-cells by non-haematopoietic cells in vitro but is
expressed on haematopoietic cells, including leukaemic progenitor cells (Bonnet, et al
1999, Warren, et al 2000). These observations suggest that it is possible that some
minor H antigens encoded by the Y chromosome may be differentially associated with
GvHD and GVL responses after transplanting stem cells from female donors into male
recipients. The Y chromosome genes that encode minor H antigens are polymorphic
with respect to their X homologues, suggesting that additional antigens may be
presented by other HLA alleles and that they may also be targets for T-cells-mediated
GvHD or GvL activity after female-to-male transplantation.

The human Y chromosome encodes for about fifty genes, the most of which are present
in several copies. Several Y chromosome genes also generate RNA transcripts which
undergo different splicing events, generating a high variety of gene products. There are
Y chromosome genes that are involved in the development of male reproductive organs.
Several known as well as putative transcription factors are also encoded on the Y
chromosome. Some of them are supposed to be expressed only in male reproductive
tissues, like testis or prostate. The effect of the expression of such genes in other tissues,

15



1 Introduction

like blood or bone marrow and in particular in leukaemic cells, is poorly understood.
Expression of Y chromosome-encoded genes in leukaemic cells may have a positive or
negative influence on the treatment of the disease depending on the biological function
of such genes.

1.3 Aim of the study

As reviewed in the introduction, haploidentical haematopoietic stem cell transplantation
in AML patients has more chances of success when female graft is transplanted in male
patients. The Y chromosome-encoded genes may play a primary role in this
phenomenon either by generating minor histocompatibility antigens, having hence a
direct anti-tumoral effect or by interfering with the biology of tumoral cells. The latter
possibility may have several different implications depending on the biological function
of the genes. In this context, the first aim of the present study is to investigate the
expression level of all the known Y chromosome-encoded genes in male AML cells and
in their healthy counterpart (aim 1).

AML is a very heterogeneous disease and the different affected cell populations can
carry several genetic markers like chromosomal abnormalities, inversions,
transpositions, etc. The present study is focused on male AML M4 and M5 patients.
These subtypes are characterized by high expression of CD14 molecules on the
leukaemic cell surface.

The choice of these particular subtypes has been taken for two main reasons. First, due
to heterogeneity of this malignancy, I decided to investigate a leukaemic cell population
which could be compared to the specific healthy counterpart (healthy CD14" cells). The
second reason is due to an easier handling of the samples, as both AML and healthy
cells were separated from peripheral blood or bone marrow using anti-CD14 beads,
making the separation fast and easy and avoiding too much stress to the cells.

The Y chromosome gene expression analysis will lead to identification of those Y
chromosome-encoded genes which are up-regulated in the leukaemic cells. After gene
expression assessment, several aspects arose that had to be investigated. The second aim
of this study is the characterisation of those genes, which were found to be differentially
regulated in AML cells (aim 2). The understanding of the biological function of those
genes is essential to get an idea about their possible role in the tumour biology.

Another important aspect concerns the possibility that those up-regulated genes
generate antigenic peptides which might be involved in an anti-tumoral immune
response. For this reason, the third aim of this study is the analysis of the antigenic
potential of peptides derived from such genes (aim 3).
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The general aim of this study was to contribute to the understanding of the basic
mechanisms with which up-regulated genes can have an effect on the final therapy
outcome of the patients. This is a prerequisite for a research aimed towards the
development of new therapeutic strategies.
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2 Results

The present section is divided in three parts. In the first part, the results of the Y
chromosome genes expression analysis are presented. The second part is focused on the
TGIF2LY gene and concerns the results of the experiments aimed to understand the
function of this gene. The last part presents the data of the immunological analysis of
the candidate genes, whose purpose is to understand the possible role of these genes in
the immunology of the tumour.

2.1 Y chromosome gene expression profile in AML and
healthy cells

2.1.1 Isolation of leukaemic and healthy CD14" cells

In order to obtain two comparable cell populations, one leukaemic and one healthy,
CD14" cells have been separated from peripheral blood or bone marrow of male AML
M4 and M5 patients as well as of male healthy individuals.

In the patients, such cell population represents the leukaemic monocytic cells, whereas
in the healthy persons it corresponds to normal monocytes or macrophages.

Isolation of these cells was achieved by using anti-CD14 magnetic beads-conjugated
antibodies and particular columns (see paragraph 4.8.2).

Before and after the magnetic separation, the samples were tested via flow cytometry to
verify the enrichment of CD14" cells. Figure 2.1 shows the typical result of a flow
cytometry analysis of healthy leukocytes, where it is possible to find a large amount of
lymphocytes and a smaller amount of monocytes. AML M4 and M5 samples show a
dramatically increased amount of monocytes.

Only samples that, after magnetic separation, showed not less than 90% of CD14" cells
were used for the Y chromosome gene expression profiling analysis. Of course, a
minimal contamination of CD14" cells is unavoidable. Some cell samples, obtained
from leukaemic patients in the so-called blast crisis, containing more than 90% of
leukaemic cells (CD14", in this case) have been directly used without prior cell sorting.
More details about samples are provided in paragraph 4.8.1 and in table 4.1.
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Figure 2.1. Flow cytometry profile of healthy peripheral blood mononuclear cells (PBMCs). A typical profile of non-separated
healthy PBMCs (panel A) shows high abundance of lymphocytes (green arrow) and a lower amount of monocytes (red arrows).
Monocytic cell population is dramatically increased after CD14" cell separation (panel B). Staining of CD33-CD14 double-positive
cells allows to further verify the enrichment of CD 14" cells before and after separation (panel C and D, respectively). After separation,
almost no CD14 cells are detectable and the CD14" cell population reachs 97% of the total cells.

2.1.2 Low density arrays

In order to identify Y chromosome-encoded genes which might be regulated in the
AML blasts, low density arrays (see paragraph 4.5.3) were used to analyse the Y
chromosome gene expression in male AML M4 and M5 cells. Healthy male CD14"
cells, isolated with the same procedure (see paragraph 4.8.2 for cell isolation
procedure), were used as controls.

Figure 2.2 depicts the comparison of the expression of 46 Y chromosome-encoded
genes, relative to the endogenous control hypoxanthine phosphoribosyltransferase 1
(HPRT1), in AML M4-MS5 patients (n=11) and healthy volunteers (n=8; refer to
paragraph 4.8.1 for information about patients and healthy volunteers). The histogram
was calculated using the software Sequence Detection System 2.2.
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Figure 2.2. Y chromosome gene expression comparison between AML M4-MS5 cells and healthy CD14° cells. The red bars refer to
the gene expression level in the AML patients, relative to the expression level of genes in the healthy CD14* cells, considered as
zero. Red frames indicate genes which were found to be up-regulated in the patients* probes. The numbers above them indicate their
fold increase. Up-arrows atop the bars indicate the lack of expression of that gene in the healthy cells® group only. Down-arrows
indicate the lack of gene expression in the patients® group. Letters “Y,, indicate that the transcript was amplified using probes
specific for Y chromosome gene products.

In the histogram, all the known Y chromosome-encoded genes are set on the X-axis.
The Y-axis represents the logarithm of relative quantity of template which indicates the
fold difference of gene expression. The red bars represent the gene expression
difference in the patients’ group in comparison with the healthy volunteers’ group, in
which the expression levels are considered as zero. The red frames highlight genes
which where found to be significantly up-regulated in the patients’ group and the red
numbers atop indicate the fold increase compared to the healthy samples’ group. There
are some genes, like HSFY, which were found to be expressed in only one patient
sample and were not taken into account for further investigations (see also table 2.1).
Similarly, the SRY gene was excluded as its expression was almost homogeneous
among patients and healthy volunteers with the exception of one patient, in which SRY
expression level was found to be very high. Therefore, in the histogram, the up-
regulation of this gene is not derived from a general tendency within the patients’ group,
but from one patient only. The detailed analysis of expression of up-regulated genes,
and their expression level in each sample is presented in table 2.1.
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Table 2.1. Single-sample analysis of transcript level of the six genes up-regulated in the patient group. Real time-PCR C,
values are displayed in green squares. Red squares indicate absence of expression.

It has to be mentioned that some probes included in the low density array are not able to
discriminate between Y- and X-linked alleles of the gene. This is true for some genes
located on the pseudoautosomal region of the two chromosomes and is due to the very
high homology degree of this part of the chromosomes.

Four genes were found to be clearly up-regulated in AML M4 and M5 cells. These
genes were BCORL2, PCDHI11, TGIF2L, and VCY.

The first gene was BCL6 co-repressor-like 2 (BCORL2). It doesn’t have an homolog on
the X chromosome. BCORL2 was found to be expressed in three healthy donors and
three patients. In this last group, detected fluorescence reached the threshold in average
after 33.4 PCR cycles and after 35.1 cycles in the healthy group (these values are
usually abbreviated to Crp). After normalization to the expression level of the
endogenous control, HPRT1, the average relative expression (ACr) of BCORL2,
indicated as difference of the Cr values between target gene and endogenous control,
was 7.5 for the healthy group and 5.2 for the patients’ group. For each gene, the
expression difference between the two groups of samples is calculated as ACt value of
the donor group subtracted from the ACt value relative to the patient group (AACr;
refer to paragraph 4.9.1). BCORL2 expression showed a 5.2-fold increase in the
patients’ group.

The second gene was protocadherin 11 (PCDHI11). This gene possesses a homolog on
the X chromosome and it was not possible to discriminate between the two homologs
because the TagMan probe used in this study was unspecific. PCDH11 expression was
detected in three patients and it was not found to be expressed in any healthy sample.
For this reason, it would be incorrect to talk about up-regulation of this gene although
the software calculates that PCDHI11 expression is 22.7-fold increased in the patients’
group in comparison with the healthy samples’ group.

The third gene strongly up-regulated in AML M4-M5 male cells was TGFB-induced
factor homeobox 2-like (TGIF2L), a putative transcription factor. Its expression showed
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a 14.7-fold increase in the patients’ group. This gene is present both on chromosome Y
and X. mRNAs transcripted form these two alleles are almost identical and it was not
possible to use two different TagMan probes to distinguish between the two transcripts.

The last gene found to be over-expressed in AML M4-M5 male blasts was variable
charge Y-linked (VCY). The expression of this gene was 10-fold higher in the patients’
group. VCY is Y chromosome-specific. It has a homolog on the X chromosome, VCX,
but the sequence of its transcript is different enough from that of VCY mRNA. This
made possible to use a TagMan probe specific for the Y chromosome-derived transcript.

2.1.3 Candidate genes are not expressed in non-leukaemic cells of the
patients

In order to verify that up-regulation of the previously described candidate genes was
specific for the malignant cell fraction and not a general chracteristic of the patients’
cells, healthy cell populations isolated from the same patients (the CDI14-negative
(CD14") blood cell fraction) were also investigated. For this purpose, the same real
time-PCR procedure was used for the analysis as for CD14" cell samples. For most
patients who underwent CD14" cell-selection, the CD14 negative cells (the healthy
fraction) were available.

Figure 2.3 shows that expression of candidate genes was not observed in the healthy
peripheral blood cell fraction of AML M4 and M5 patients. The graphs in figure 2.3
show the amplification plots of the four candidate genes.

The graphs describing the amplification plot of BCORL2, TGIF2LY, and VCY were
obtained analyzing a sample from patient P6, who expresses all these genes. For
PCDHI11, a sample from patient P5 was analyzed. None of the patients’ samples
showed expression of all the four genes (see also table 2.1). The expression of the
endogenous control gene, HPRT1, was comparable in both the CD14" and CD14 cell
fractions. The Ct value of HPRT1 was 31.5 in the malignant cell population and 32.1 in
the healthy cell population. In this experiment, no expression of any of the candidate
genes was detected in the CD14-negative cell fraction of the patients, indicating that the
expression of these genes is restricted to the leukaemic blasts.

It is possible to notice that the expression of the candidate genes in the CD14" cell
fraction of the patients was very low. For each candidate gene, fluorescence levels
reached the threshold always after at least 30 PCR cycle. At the present time, there are
not too many available information concerning these genes (see also paragraph 3.2.4).
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Figure 2.3. Expression of the candidate genes in the CD14-negative (panel Al1-D1) and -positive (panel A2-D2) fractions of patient
samples. The endogenous control, HPRT1 is expressed at comparable level in both cell populations. BCORL2 (A1-A2), TGIF2L
(B1-B2), and VCY (C1-C2) are only amplifiable in the CD14-positive cell population, which corresponds to the leukaemic cells, of
the patient P6. PCDH11 expression (D1-D2) is expressed in the leukaemic cell population of patient P5. On the X-axis are the PCR
cycle numbers. On the Y-axis is the normalized reporter signal (R;). This is the ratio of reporter dye fluorescence and the passive
reference dye fluorescence. In this case, the inert dye ROX was used. its fluorescence emission does not change during the PCR

reaction.
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2.1.4 Candidate genes expression in THP-1 cells

In order to adopt a cell line model that could be used as a tool for further studies of the
candidate genes in AML M4 and MS5, I analysed the expression of the candidate genes
in THP-1 cells. This cell line has been established from a young male patient affected
by acute myelomonocytic leukaemia and it is characterized by expression of CD14
molecules on the cell surface (see also paragraph 4.2.1).

The used real time-PCR strategy was exactly the same as for the other samples. After
RNA extraction and cDNA synthesis (see paragraphs 4.4.1 and 4.4.3), 100 ng of cDNA
were loaded on a low density array card and the Y chromosome gene expression profile
was evaluated.

Figure 2.4 and table 2.2 show the amplification plots of the four candidate genes in
THP-1 cells and the comparison of Y chromosome gene expression between THP-1
cells and AML M4 and M5 patients’ samples, respectively.

Figure 2.4. Analysis of the expression of BCORL2 (panel A), PCDHI1 (B), TGIF2L (C), and VCY (D) in THP-1 cells. The same
real time-PCR procedure as for the patent and healthy samples was used; endogenous control, HPRT1, was used as positive control.
THP-1 cells do express PCDHI1 and TGIF2L and can be used as a model system for further analysis on these two genes.

The Y chromosome gene expression profile of THP-1 cells fairly reflects that of the
patients used in this study. Anyhow, there are some differences.

24



2 Results

GENE
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Cells

amely (Y)
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asmt|
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bpy2 -2b-2c (Y)
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cdy -1-1b-2 (Y)
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cxyorf2
cyorfi5a (Y)
cyorf15b (Y)

daz 1-2-3-4 (Y)

ddx3y (Y)

dxys155e
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i9r 1 (174371)
il9r 2 (602538)
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slc25a6
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Table 2.2. Y chromosome gene expression in AML M4 and M35 patients and THP-1 cells. Green squares indicate that the
corrispondent gene is expressed, while red squares indicate that it is not. the (Y) symbols indicate that the Tagman probes
were specific for the Y chromosome-encoded transcripts.
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All the genes found to be expressed in all the patients, excluding the USP9Y gene, were
expressed also in THP-1 cells and the genes which were not expressed in all the patients
were also not detectable in the cell line.Among the above-mentioned candidate genes,
THP-1 cells were found to express PCDHI11 and TGIF2L, athough at very low level
(figure 2.4, panel B and C, respectively). Differently from AML M4 and M5 samples,
the BCORL2 and VCY genes (figure 2.4, panel A and D, respectively) were found to be
not expressed in THP-1 cells. The endogenous control HPRT1 was used to verify the
correct functioning of the real time-PCR procedure.The results of this experiment
indicate that THP-1 cells can be used as a model for AML M4 and M5 and the fact that
they also express the PCDHI11 and the TGIF2L genes makes them a good model to
investigate the function of these genes. The low expression levels of the two candidate
genes are fairly comparable with the level of expression of PCDH11 and TGIF2L in the
patients’ samples.

2.2 Investigating TGIF2LY function

2.2.1 Introduction

First I started to analyse more deeply all the four genes which were found to be up-
regulated in AML cells, but finally, for time reasons, I decided to focus only on one of
them. I chose TGIF2LY. One reason for which TGIF2LY has been chosen was because
of its tissue specificity. The restriction of its expression to adult testis is supported by
experimental evidences (Blanco-Arias, ef al 2002, Skaletsky, et al 2003) and it would
be very interesting to understand the role of this protein when it is expressed in another
tissue. Another reason is that bioinformatics analysis of the protein suggested the
possibility for TGIF2LY to have transcription factor activity. The fact that a
transcription factor is expressed out of the only tissue where it should be present
provides one more reason to deeply investigate TGIF2LY. A third reason is that there
are plenty of articles in which it is shown that several genes whose expression is limited
to testis are expressed also in cancer cells, often with immunogenic potential.

Therefore, the following part of this thesis refers to the characterisation of TGIF2LY.

To understand the function of a gene, it is essential to gain information about several
aspects of it. For example it is important to know whether the RNA is translated into a
protein and, if it happens, where the protein does localize within the cells. This will give
essential indications about the gene function. In fact, it would be possible to speculate
on the function of a protein basing on data concerning its expression and localisation. If
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a given protein is located in a particular cellular compartment, it will probably exert a
function which is related to that district. Another important issue is to understand
whether the protein under investigation has one or more interactors. Their identification
can provide information about the function of the gene of interest, which can be related
to the function of the protein complex to which it belongs to. If the protein of interest is
found to be DNA-binding, it is possible that it is involved in gene expression regulation.
Therefore, in order to get information about the function of such a protein, it would be
necessary to identify the gene or the genes that it regulates. Figure 2.5 presents
schematically the approach used to better understand the function of TGIF2LY.

Figure 2.5. Molecular biology approach to define the potential interaction partners and the possible biological function of TGIF2LY.
In order to get hints about its possible role in the disease, it is necessary to answer to several key questions.

The understanding of TGIF2LY function will be essential to understand its possible role
in AML. In order to do that, the experiments were focused on TGIF2LY protein
expression, subcellular localisation, and its DNA binding capacity.

2.2.2 TGIF2LY protein expression in THP-1 cells

The data concerning TGIF2LY obtained from the real time-PCR experiment (see
paragraph 2.1) referred to the presence and the relative amount of mRNA transcribed
from the gene. In order to verify that the mRNA is subsequently translated into protein,
I used THP-1 cell lysate in a western blot experiment. The male cell line THP-1 showed
expression of TGIF2L mRNA. However, the TagMan probe used for real time-PCR
experiments was not able to distinguish between Y and X chromosome homologs,
because their mRNA are nearly identical.

To get an idea about the expression of TGIF2LX in AML M4 and M5, low density
arrays have been used to analyze a sample of CD14" cells derived from an AML M4
female patient (patient code: AMP3) and the same cell population from healthy female
peripheral blood (table 2.3).
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GENE GENE
AMP3 FHD AMP3 FHD
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Table 2.3. Expression of Y and X chromosome genes in CD14* cells from a AML M4 female patient (AMP3) and a female
healthy donor (FHD). The symbol (Y) indicate genes which are present exclusively on the Y chromosome; they are obvious-
ly not expressed. TGIF2ZLX (TGIF2L probe) is expressed in patient cells

As expected, no expression of Y chromosome-specific genes was detected.
Interestingly, TGIF2LX was expressed in the patient. If activation of transcription of
TGIF2LX and TGIF2LY is due to the same mechanisms, this can provide an
explanation to these findings. Moreover, this result suggests the possibility that also in
male patients, transcription of TGIF2LX occurs together with transcription of
TGIF2LY. After this analysis, protein expression of TGIF2LY in THP-1 cells was
assessed.

Using a commercially-available anti-TGIF2LY antibody, the western blot would reveal
whether the Y chromosome homolog of the TGIF2L gene is expressed in this leukaemic
cell line.

Proteins were extracted from three cellular compartments: cytoplasm, nucleus, and cell
membranes (see paragraphs 4.6.3 to 4.6.5 for all the procedures). Pure TGIF2LY-GST
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fusion protein (see paragraphs 4.6.1 and 4.6.2) was used as positive control. Figure 2.6
shows the result of the western blot.

Figure 2.6. Western blot to
assess TGIF2ZLY expression at
protein level. The first three lanes
represent the cytoplasmic (1), the
nuclear (2) and the pellet (3)
protein fraction of THP-1 cells
(3%x10%), The red arrow indicates
the TGIF2LY band. TGIF2LY
fused with GST was used as
positive control (lane 4). Primary
antibody  was  rabbit-anti-
TGIF2LY (diluted 1:4000); the
secondary antibody was
goat-anti-rabbit peroxidase-
conjugated (1:4000). TGIF2LY
expected weight: ~21 KbDa.
TGIF2LY-GST expected weight:
~47 KDa.

The western blot demonstrated that TGIF2LY is expressed, although weakly, in
leukaemic cells. Moreover, the fact that the protein was detected only in the nuclear
fraction of the cells fits perfectly to its potential transcription factor activity. However,
if the protein would be present also in other cell compartments at lower level, it would
probably be not possible to detect it with this method. Due to low expression levels, the
TGIF2LY band would be not visible. The low protein level was somehow expected.
Besides the number of cells used for the protein extraction, it has to be remembered that
the RNA level of the TGIF2L transcript was also found to be rather low. In addition,
several transcription factors are usually expressed at low levels in cells and their half-
life could be rather short, according to the fact that their expression and function is
usually limited to the moment in which the cells have to regulate particular genes.
Another point that has to be kept in mind is that there is the possibility that a portion of
the fluorescence signal in the real time-PCR experiment was generated by amplification
of TGIF2LX RNA. In this case, the TGIF2LY protein would be derived only from one
fraction of the RNA detected before. The protein expression of TGIF2LX has not been
assessed in this study.
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2.2.3 Subcellular localization of TGIF2LY

One very helpful method to get information about the function of a protein, as
mentioned before, is to express that protein in cells and to identify the cell compartment
where it is located. In order to verify the nuclear localisation of TGIF2LY, I first cloned
its coding sequence, retrieved from the NCBI server, into a C-terminally MY C-tagged
vector. Next, I transiently transfected HeLa cells with this construct and localized the
so-expressed protein by using immunostaining and fluorescence microscopy (see
paragraph 4.2.4 for the procedure).

As figure 2.7 shows, no clear co-localization of TGIF2LY and one of the used cell
compartment staining could be observed. The protein seemed to locate in several cell
compartments to different extent. In some cells it was located in the nuclei (figure 2.7,
yellow arrows), in others it seemed to be located in the cytoplasm (white arrow), and
other cells showed the protein localized in several cell compartments at the same time
(red arrow). No clear information about the localization of TGIF2LY came from this
experiment. It may be that the presence of the MYC-tag at the C-terminus of the protein
was somehow interfering with the correct transporting of TGIF2LY in the proper cell
compartment, maybe masking the signal peptide making it impossible to be recognized
from the protein transporting machinery of the cells.

In order to understand and to solve this issue, I repeated the experiment by cloning the
TGIF2LY coding sequence into an N-terminally MYC-tagged vector, and transfecting
HeLa cells with this construct (figure 2.8).

With this setup, the experiment showed up to successful. The protein showed the same
distribution pattern in all the transfected cells. TGIF2LY co-localize perfectly with the
nuclear staining, as shown in figure 2.8.

These experiments provided two important evidences: the first is that the TGIF2LY
protein is localized in the nuclei of the cells. This finding is perfectly in agreement with
the transcription factor activity that TGIF2LY might have: after synthesis, transcription
factors are usually transported to the nuclei of the cells, where they can exert their
regulatory function.

The second evidence is that its signal peptide might be located at the C-terminus of the
TGIF2LY protein. This information can be gathered from the ambiguous distribution
pattern observed when the protein is expressed with a C-terminal MYC-tag. This tag is
very small, ten amino acids, but it is still possible that its presence interferes with the
recognition of the signal peptide when the tag is too close to it. In fact, a short peptide,
KKKRK, typical for nuclear localization was found in position 50-54 of TGIF2LY
sequence (see also paragraph 3.3.2).
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Figure 2.7. Localisation of
TGIF2LY in HeLa cells after
expression from C-terminal-Myc-
tagged pcDNA 4 vector (panel A).
The protein localizes in several
cell compartments like cytoplasm
and nucleus giving no clear
information about protein distribu-
tion. Panel B: mitochondrial
staining; C: Hoechst nuclear
staining; D: overlap of all the three
staining.  Protein  distribution,
vellw arrows: nuclear; white
arrow: cytoplasmic; red arrow:
undefined.
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Figure 2.8. Local
TGIFZLY in HeLa cells
after expression from an N-
terminal-Myc-tagged
pcDNA 3 vector. Panel A:
Hoechst nuclear staining:
B: localisation of TGIF2LY:
C: mitochondrial staining.
TGIF2LY and the nuclear
staining completely overlap
(panel D) in the transfected
cell. TGIF2LY is distributed
to the nuclei.

ation of
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2.2.4 Protein function prediction using bioinformatics

Another good method to get hints about the function of a protein is to compare it with
related proteins which are better characterized. If important characteristics like amino
acid sequence and structure of the protein of interest show high homology with those of
related proteins, it would be possible to hypothesize that they exert also a similar
function.

TGIF1 and TGIF2 are two other members of the three amino acid loop extension
(TALE) superfamily of transcription factors, to which also TGIF2LY belongs to. TGIF1
is a repressor of retinoic acid-induced genes (Bertolino, et al 1995). The second protein,
TGIF2, is also a transcription repressor that exerts its function by binding directly to its
target DNA sequence and recruiting histone deacetylase (Melhuish, et a/ 2001). Both
proteins can also directly interact with SMAD proteins and inhibit TGF-B-induced gene
expression (Chen, et al 2003, Wotton, et al 1999).
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Figure 2.9. Alignment of TGIF2LY with TGIF1 and TGIF2, other two members of the three amino acid loop extension (TALE;
indicated from the blue frame) homeodomain-containing transcription factors. Red frames indicate the homeodomain, with the three
helices, numbered from I to III. Color scheme (color = amino acid substitution type): black = non-similar; blue = conservative; green
= block of similar; red on yellow background = identical; orange = weakly similar. Dashes indicate missing amino acids.
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In order to evaluate the homology of TGIF2LY and these two other TALE proteins, the
first step was the comparison of their amino acid sequences. This analysis was carried
out using the AlignX software (see paragraph 4.9.2).

The comparison, presented schematically in figure 2.9, shows not only that, as expected,
the three proteins are closely related, but also that their homeobox regions share high
homology.

Figure 2.10. 3D models of TGIF1 (panel A), TGIF2 (B) and TGIFZLY (C and D) predicted using a publicly available prediction
software. The green frames indicate helix one (1) and two (11) of the homeobox domain (in yellow). The third helix (111) is highlighted
by a red frame. This last helix is the one through which many homeodomain-containing proteins bind to DNA. N- and C- termini are
indicated by the letters N and C, respectively. Blue arrows and numbers indicate structures that show similar spatial organization in
the three proteins. The red arrow indicates a protein region which is present in TGIFI only. It corrsponds to 31 amino acids that are
missing at the N-terminus of TGIF2 and that are dissimilar in TGIF2ZLY (see figure 2.8 for sequence homology in the three proteins).
Predicted three-dimensional structure of TGIF2LY diverges considerably.
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The three helices of the homeobox are framed in red in figure 2.9. The C-terminus of
TGIF2LY diverges profoundly from those of TGIF1 and TGIF2, which appear to be
relatively homologous to each other. TGIF1 has a relatively large central region, amino
acid 139 to 177, that is not present in the other two proteins. The N-terminus of TGIF2
is 31 amino acids shorter that that of TGIF1.

In order to calculate and analyse the three-dimensional models of the three proteins, I
used the software SCRATCH Protein Predictor (See paragraph 4.9.3). These models,
presented in figure 2.10, have been positioned so that it is possible to distinguish the
three helices of their homeodomains.

It is possible to see from the three-dimensional models that the organization of the
homeodomains, which appear in yellow in figure 2.10, is very similar in all the three
proteins. The structural organization of the C-termini of TGIF1 and TGIF2 seems to be
also similar to a certain degree, especially for the structures indicated by the blue arrows
and numbers in figure 2.10. The same region seems to have a slightly different
organization in TGIF2LY, although the structures numbered from 1 to 3 in figure 2.10
are still recognizable in this protein. This reflects the amino acid sequence dissimilarity
of the C-terminus of TGIF2LY with respect to the other two proteins.

These findings suggest that TGIF1 and TGIF2 may have the same regulatory function
within the cell, because both their DNA-binding and regulatory domains appear highly
conserved. TGIF2LY might actually recognize the same, or a similar, DNA sequence as
the other two proteins, because of the conservation of the DNA-binding domain, but it
is probable that its regulatory function is different, because of the different N- and C-
terminal regions.

To direct next experiments into realistic design, I verified the homology degree of the
homeobox region of TGIF2LY with other related proteins, TGIF1, TGIF2 and the
protein vismay (vis), from Drosophila melanogaster. The function of the latter protein
is not completely understood. It seems to play a role in spermatogenesis in the fruit fly
(Wang and Mann 2003). The DNA sequences that are recognized and bound by these
three proteins have been already identified.

The alignment of the homeobox regions of the four proteins is shown in figure 2.11.

(89) 89

TGIFL (47) 56

TGIF2 (16)

TGIF2LY (48) = H
VIS (Dm) (89)
Co (89) 5C NLPEESVHEIL QEK RERILFPDMLEK|D
23 8 . L] EiE0) 5758
: TALE . .
Helix 1 Helix 2 Helix 3

Figure 2.11. Alignment of the homeobox regions of human TGIF2LY, TGIF1, TGIF2, and the protein vis (Vismay) from Drosophila

melanogaster, for which the DNA consensus sequences are described. The homology between these Homeoboxes is very high,
expecially for the helix three, which is responsible for DNA sequence recognition. The red and the blue frames indicate the homeodo-
main, with the three helices, and the TALE region respectively. The amino acid positions which are important for DNA recognition
are highlighted by green frames. Color scheme (color = amino acid substitution type): black = non-similar; blue = conservative; green
= block of similar; red on yellow background = identical; orange = weakly similar. Dashes indicate missing amino acids.
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According to figure 2.11, it is possible to observe that the portions of the homeobox,
which are crucial for DNA sequence-specificity, are rather identical in these proteins. In
TGIF2LY at the positions 2 and 5 of the homeobox, the arginine is conservatively
substituted by a lysine; all the five key-positions within the third helix, marked in red in
figure 2.12, are conserved.

Figure 2.12. Three-dimensional structure of the homeobox region of TGIF1 (panel A), TGIF2 (B), TGIF2LY (C), and vismay (D).
Third helices, mainly responsible for DNA sequence recognition, are highlighted in red. Residues involved in DNA recognition are
indicated by green letters. The three-dimensional structure of the four proteins is highly similar and amino acids involved in DNA
recognition are conserved.

The DNA consensus sequence of the protein vis (5’-TGACA-3’) has been
experimentally verified and the DNA sequence recognized by TGIF1, as well as by
TGIF2, (5’-TGTCA-3’) has also been published (Bertolino, et al 1995, Melhuish, et al
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2001). The two DNA sequences look very similar and, due to the similarity of the
homeobox region of TGIF2LY with those of TGIF1, TGIF2, and vis, it might be
possible that TGIF2LY binds to a similar DNA sequence or even to the same one.
Another hint in this direction is provided by the models of the three-dimensional
structure of the four proteins, presented in figure 2.12. In the models, the third helix,
mainly responsible for the DNA consensus sequence recognition, is highlighted in red
and the amino acids which are important for such a process are indicated by green
letters (Noyes, et al 2008).

It is possible to notice that the three helices of the homeoboxes of the four proteins have
a similar spatial organization. The five key-amino acids on helix three are identical in
all the four proteins. A difference is represented by the three amino acids on helix one,
in the positions 2, 3, and 5. These residues are also involved in DNA recognition. The
motif arginine-lysine-arginine (R-K-R), present in TGIF2 and vis, is different, although
conserved, in the other two proteins. TGIF1 contains three arginines (R-R-R) in these
positions whereas TGIF2LY has three lysines (K-K-K). It is hence possible that the four
proteins recognize a similar DNA consensus sequence.

2.2.5 TGIF2LY-DNA interaction

There are several techniques which allow the investigation of the interactions between
proteins and DNA. One of the most used is chromatin immunoprecipitation and all its
variants. In this method, cells are usually transfected with an expression vector
containing the protein of interest. Afterwards, the protein is covalently bound to DNA
through cross-linking and the DNA is mechanically fragmented. Antibodies specific for
the protein under investigation are used to precipitate DNA-protein complexes, from
which the protein is then removed. The so-purified DNA fragments are then ready to be
amplified and sequenced.

Limitations for the use of this technique are the need of high amount of specific
antibody and the high time need. In fact, besides the time needed for preparation of the
expression vector, the time necessary for cell culture has to be taken into account.
During this study I had no time to generate and test antibodies for chromatin
immunoprecipitation. For this reason I decided to implement another method for the
identification of the DNA consensus sequence of TGIF2LY.

In Shostak et al (2004), a method called “in vitro genomic selection” has been
described. Briefly, in this protocol the protein of interest was expressed and purified as
GST-fusion protein. Genomic DNA from cells was digested and the fragments were
incubated with the fusion protein. Glutathione (GT)-sepharose beads were then used to
isolate protein-DNA complexes (see also paragraph 4.6.6).
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I decided to partially modify this method and, in this study the term “in vitro genomic

selection” will always refer to the modified protocol. The use of magnetic beads-

conjugated with anti-GST antibodies and a magnetic separator, allowed a faster

procedure. Figure 2.13 presents schematically the method used in this experiment.

Incubation
DNA-protein binding

DNA-protein complex

DNA-protein complex
magnetic isolation

DNA elution

DNA fragments*
amplification

Figure 2.13.

Schematic  presentation of
the procedure of  the
modified in vitro genomic
selection. Using Anti-GST
magnetic beads and a magne-
tic separator, the procedure
results faster. DNA linkers
are necessary for the amplifi-
cation of the isolated DNA
fragments. Two vectors have
been used to sequence the
isolated DNA fragments:
pCR 11, for shorter fragments
and pCR-XL-TOPO, for
longer fragments. For both
vectors the TOPO-cloning
procedure was used.

I cloned the TGIF2LY coding sequence into a pGEX vector, expressed the TGIF2LY-
GST fusion protein in E. coli BL21 DE3 codon plus RP, and purified it (figure 2.14; see
also paragraph 4.6.2 for the description of the method).
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Figure 2.14. Western blot to verify the
expression of TGIF2ZLY-GST fusion
protein. The coding sequence of
TGIF2LY was cloned into pGEX delta-
BamHI and expressed in E. coli BL21
DE3 codon plus RP fused with an N-
terminal GST. Lane A and B represent
the non-induced bacteria lysate pellet
and supernatant respectively, whereas
lane C and D represent pellet and
supernatant, respectively, of induced
bacteria lysate. The red arrow indicate
the band corresponding to GST-
TGIFZLY protein.

1st antibody: mouse anti-GST (1:4000);
2nd antibody: goat anti mouse peroxida-
se conjugated (1:4000). Chemiolumine-
scent staining (ECL). TGIF2LY-GST
expected weight: ~47 KDa.
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For identification of TGIF2LY DNA consensus sequence and, subsequently, of genes
regulated by TGIF2LY, genomic DNA from THP-1 cells was restricted with BfuCI and
incubated with the fusion protein. DNA-protein complexes were “fished” out using the
magnetic beads-conjugated with anti-GST antibodies and a magnetic separator (see
paragraph 4.6.6). Isolated DNA was amplified, cloned into two different vectors, and
sequenced. In order to obtain information about annotated genes which could be bound
by TGIF2LY, the sequences of the so-isolated DNA fragments were blasted against a
human genomic database. BLAST results are shown in table 2.4 for fragments cloned
into pCR-XL-TOPO vector, which allows cloning of longer fragments and in table 2.5
for those cloned into pCRII-TOPO vector.

Clone ID BLAST result (Human G+T) Involvement in Cancer

Homo sapiens chromosome 10 genomic contig, alternate
XL 4 assembly - Features in this part of subject sequence: Possible
inositol polyphosphate-5-phosphatase A (INPP5A)

Homo sapiens chromosome 18 genomic contig, alternate
XL8 assembly - Features in this part of subject sequence: sialic No info
acid binding Ig-like lectin 15 (SIGLEC15)

Homo sapiens chromosome 15 genomic contig, alternate
assembly - Features flanking this part of subject

XL14  sequence: 10098 bp at 5' side: GRINL1A combined protein No info
isoform 8 (GCOM1); 34095 bp at 3' side: cingulin-like 1
(CGNL1)
Homo sapiens chromosome 10 genomic contig, reference
assembly - Features flanking this part of subject DKK1 - Yes

XL15 sequence: 21619 bp at 5' side: dickkopf homolog 1 precur- .
sor (DKK1); 429229 bp at 3' side: soluble mannose-binding MBL2 - Possible
lectin precursor (MBL2)

Homo sapiens chromosome 6 genomic contig, alternate
XL 17  assembly - Features in this part of subject sequence: No info
kelch-like 32 (KLHL32)

Table 2.4. BLAST identity of DNA fragments recognized from TGIF2LY. DNA fragments were cloned into pCR-XL-TOPO
vector via TA-TOPO-cloning. Their sequences were blasted against a human genomic database (NCBI). Annotated genes
located within the fragments or in their proximity are highlighted in blue. Information about involvement in cancer were
retrieved from the Atlas of Genetics and Cytogenetics in Oncology and Haematology (http://atlasgeneticsoncology.org).
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Clone ID

BLAST result (Human G+T)

Involvement in Cancer

10

19

23

25

19B

37B

45B

5B

Homo sapiens chromosome 19 genomic contig, reference
assembly - Features flanking this part of subject sequence:
3864 bp at 5' side: eukaryotic translation elongation factor 2
(EEF2); 18159 bp at 3' side: protein inhibitor of activated STAT,
4 (PIAS4)

Homo sapiens chromosome 17 genomic contig, alternate
assembly - Features flanking this part of subject sequence:
25449 bp at 5' side: ubiquitin B precursor (UBB); 2066 bp at 3"
side: proline rich 6 (PRR6)

Homo sapiens chromosome 14 genomic contig, reference
assembly - Features in this part of subject sequence:
telomerase-associated protein 1 (TEP1)

Homo sapiens chromosome 17 genomic contig, alternate
assembly - Features flanking this part of subject sequence:
340210 bp at 5' side: NLR family, pyrin domain containing 1
isoform 2 (NLRP1); 157629 bp at 3' side: WSC domain contai-
ning 1 (WSCD1)

Homo sapiens chromosome 1 genomic contig, alternate
assembly - Features in this part of subject sequence: coiled-
coil domain containing 19 (CCDC19)

Homo sapiens chromosome 4 genomic contig, reference
assembly - Features in this part of subject sequence: shroom
family member 3 protein (SHROOM3)

Homo sapiens chromosome 2 genomic contig, alternate
assembly - Features flanking this part of subject sequence:
21131 bp at 5' side: protein C (inactivator of coagulation
factors Va and Vlila) (PROC); 55476 bp at 3' side: mitogen-
activated protein kinase kinase kinase 2 (MAP3K2)

Homo sapiens chromosome 8 genomic contig, reference
assembly - Features in this part of subject sequence: cadherin
17 precursor (CDH17)

Homo sapiens chromosome 9 genomic contig, alternate
assembly - Features in this part of subject sequence: CDK5
regulatory subunit associated protein 2 isoform b; CDK5
regulatory subunit associated protein 2 isoform a (CDK5RAP)

Homo sapiens chromosome 17 genomic contig, alternate
assembly - Features in this part of subject sequence:
forkhead box K2 (FOXK2)

Homo sapiens chromosome 2 genomic contig, reference
assembly - Features flanking this part of subject sequence:
98004 bp at 5' side: hypothetical protein; 61467 bp at 3' side:
similar to hCG17037

Homo sapiens chromosome 3 genomic contig, reference
assembly - Features flanking this part of subject sequence:
26248 bp at §' side: hypothetical protein LOC131831; 11484 bp
at 3' side: seven in absentia homolog 2 (SIAH2)

EEF2 - Possible
PIAS4 - Possible

UBB - Possible

Possible

NLRP1 - Possible

No info

No info

PROC - Possible

MAP3K2 - Possible

Possible

Possible

Possible

No info

Possible

Table 2.5. BLAST identity of DNA fragments recognized from TGIF2LY. DNA fragments were cloned into pCRII-TOPO
vector via TA-TOPO-cloning. Their sequences were blasted against a human genomic database (NCBI). Annotated genes
located within the fragments or in their proximity are highlighted in blue. Information about involvement in cancer were
retrieved from the Atlas of Genetics and Cytogenetics in Oncology and Haematology (http:/atlasgeneticsoncology.org).

The “Atlas of genetics and cytogenetics in oncology and haematology” (see paragraph

4.9.5) was used to find out described involvement in cancer of annotated genes located
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within the isolated DNA fragments or in their proximity. Such analysis was performed
to get an idea about a possible direct involvement of TGIF2LY in carcinogenesis.

This result provides information about the DNA sequence recognized in vitro from
TGIF2LY.

2.2.6 ldentification of TGIF2LY binding site

The next step was to analyse all the sequences obtained from the in vitro genomic
selection experiment in order to find short conserved DNA sequences, shared by all the
isolated fragments, where it is possible for TGIF2LY to bind.

Plain alignment of the fragments’ sequences did not show any relevant hit that could be
the core binding site for TGIF2LY. Therefore, these sequences were analysed with the
software AlignX, with which it is possible to put two sequences on the X- and Y- axis
of a plot and identify similarities which are, otherwise, not noticeable (see paragraph
4.9.2 and figure 4.7 for the analysis description).

As mentioned before (see paragraph 2.2.4), TGIF1, TGIF2, and vis do recognize a
similar nucleotide sequence, 5’-TGTCA-3’ for the first two proteins and 5’-TGACA-3’
for the last one. For this reason the first step was to look for a similar sequence in all the
fragments obtained with the in vitro genomic selection.

By this, the only short DNA sequence, present in all the isolated fragments and similar
to the binding site of TGIF1, TGIF2, and vis was found to be 5’-TGA(C/T)(A/C/T)-3".
The presence of this sequence in all the isolated fragments (see appendix A.2) and the
strong similarity of this sequence with the consensus sequence of the protein vis made it
a good candidate as consensus sequence of TGIF2LY.

In order to verify the hypothesis that TGIF2LY is able to bind the sequence 5’-
TGA(C/T)(A/C/T)-3°, an electrophoretic mobility shift assay was performed. The
results are shown in figure 2.15.

TGACA TGACC TGACT TGATA TGATC TGATT
(_'H r = A r & Al r = Al r - Al (_A_\
(1) @) 3) (1) (2) 3) (1 (2)(3) (1) (2) 3) (1) (2) 3) (1) (2) 3)

LAt b '_? s i\ e T

W e T

Figure 2.15. [dentification of TGIF2LY binding site through EMSA. TGIF2ZLY shows high affinity for the sequences TGATA and
TGATC and low affinity for the sequences TGACC and TGACA. (1): no protein; (2): purified GST; (3): purified TGIF2LY-GST
fusion protein.
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Every oligonucleotide was incubated with the purified fusion protein TGIF2LY-GST,
with a GST control, and without any protein in separate reactions. TGIF2LY showed
high affinity for the sequences 5’-TGATA-3" and 5’-TGATC-3’. The protein was also
able to recognize the sequences 5’-TGACC-3" and 5’-TGACA-3’, although with much
lower affinity. No shift was observed when the oligonucleotides were incubated with
the GST protein, indicating absence of unspecific binding.

2.3 Immunological potential of the candidate genes

2.3.1 Introduction

The other line of research presented in this study was focused on understanding whether
the candidate genes might have an immunological impact.

Therefore, an assessment of antigenicity of candidate genes-derived peptides was
necessary. The experiments described in the following paragraphs were based on the
idea that an antigenic peptide derived from a protein which is over-expressed in
leukaemic cells might be a good target for specific adoptive immune therapy. If such
antigenic peptide would be presented on the cell surface in association with MHC
molecules, it could be possible to isolate peptide-specific T-cells from an HLA-matched
donor and to infuse them into the patient, where they would be able to recognize cells
expressing that peptide and to initiate an immune response against them. Putative MHC-
binding peptides were identified through bioinformatics prediction. The real binding
capacity of these candidate peptides as well as their antigenicity was then analyzed in

Vitro.

2.3.2 Prediction of HLA-A0201-restricted peptides

In order to identify immunogenic candidate genes-derived peptides, the amino acid
sequences of BCORL2, PCDH11Y, TGIF2LX, TGIF2LY, and VCY were submitted to
three publicly available programs (“Bimas”, “Syfpeithi”, and “Paproc” see paragraphs
4.7.1 and 4.9.4). These literature-based algorithms provide information about HLA
molecule-restricted peptides, which can be generated from a given amino acid chain.
TGIF2LX was enclosed in this analysis because it was not possible to exclude its
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expression in AML M4 and M5 cells, due to non-specificity of the TagMan probe used
for the real time-PCR analysis (see paragraphs 2.1.2 and 3.2.2).

Table 2.6 shows the high-scoring HLA-A0201-restricted peptides, derived from the
candidate genes, which have been further investigated (see paragraph 4.9.4 for scoring
system).

Peptide code Sequence Gene
F217 FLLLVDAAV
G185 GIAQPKKKV TGIF2LX
LQ94 LLQISNWFI
H134 HLQSTEASV
LR94 LLRISNWFI
TGIF2LY
N56 NLPAESVKI
Q84 QMLSEKTNL
G54 GAATKMAAV
K37 KVAEKGEAV
VCY
P113 PLSKGRPST
Q106 QESELEEPL

Table 2.6. HLA-A0201-restricted peptides derived from genes overexpressed in AML patients® samples. The peptide code
refers to the first amino acid of each peptide and to its position within the protein sequence.

High-scoring HLA-A0201-binding peptides were identified only for the genes
TGIF2LX, TGIF2LY, and VCY. No high-scoring peptides, HLA-A0201-restricted,
were identified for the genes BCORL2 and PCDHI11Y.

2.3.3 Peptide-HLA-A0201 binding

In order to confirm the predicted HLA-A0201 binding potential of the selected peptides,
a HLA-A0201-peptide binding assay was performed by using the HLA-A0201" TAP-
deficient T2 cell line (see paragraph 4.7.2 for the assay’s description and paragraph
4.2.1 for information about T2 cells).

All the eleven peptides were screened as well as a known HLA-A0201-binding peptide
derived form the influenza virus matrix protein (IMP, positive control) and two non-
HLA-A0201-restricted peptides (A98ID and 1540S, negative controls). Peptides were

43



2 Results

titrated (2.5, 5, and 10 pg/mL, see paragraph 4.7.2) and the best binding efficacy was
observed with a peptide concentration of 5 pg/mL. The results are shown in figure 2.16.

5 Figure 2.16. HLA-A0201-peptide
binding assay. 11 candidate
peptides were tested for their
[Peptides] = Spg/mL HLA-A0201 binding capacity.
Two  peptides derived from
TGIF2LX (F217 and LQ94), one
derived from TGIF2ZLY (H134),
= and two derived from VCY (G54
and Q106), circled in red, as well
as the positive control (IMP) were
- . = able to bind HLA-A0201 molecu-
les, whereas the negative controls
. it L (A981D and 15408) were not. The
red line represents the treshold
value (1.2) under which the
. T . T . T T - . . ; 1 peptides are considered as non-
£ &£ & @ oF & F L8 @ & HLA-A0201-binding.
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The binding efficacy was calculated by the ratio of T2 cells incubated with the peptides
and T2 cells alone. Presence of the peptides on the cell surface was determined by using
an anti-HLA-A0201 PE-conjugated antibody and flow cytometry.

Although none of the screened peptides reached the binding efficacy of the positive
control (IMP value: 4.8), two peptides derived from TGIF2LX (F217: 2.8 and LQ94:
1.6) and another two derived from VCY (G54: 1.5 and Q106: 1.6) were clearly above
the threshold value of 1.2, thus they were able to bind the HLA-A0201 molecules. The
peptide H134, derived from TGIF2LY, showed very low HLA-A0201 binding capacity
(value: 1.25), but it was anyhow selected for further analysis.

In addition, the peptides G185 (derived from TGIF2LX), N56, Q84, LR94 (TGIF2LY),
K37, and P113 (VCY) showed binding efficacy values (range 0.8-1.1) comparable with
those of the negative controls A98ID (0.9) and 1540S (0.8).

2.3.4 Antigenicity of the peptides

In further experiments, the immunogenicity of the HLA-A0201-binding peptides F217,
LQ94 (derived from TGIF2LX), H134 (TGIF2LY), G54, and Q106 (VCY) was
analysed. Therefore, these peptides were tested for their ability to generate a CD8" T-
cell response. CD3" T-cells were separated from the PBMCs of female volunteers (who
gave birth to at least one male child) and cultivated in presence of T2 cells loaded with
the different peptides. After four weeks of in vitro stimulation, the cytotoxic capacity of
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the so-expanded CD8" T-cells was assessed by a classical chromium release assay (see
paragraph 4.7.3), representing the antigenicity of the peptides.
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Figure 2.17. Antigenic potential of the candidate peptides. F217 shows some antigenicity, but the percentage of lysed cells is less than
1. X-axis: ratio of effector cells and target cells. Y-axis: percentage of specifically lysed target cells.

The peptides derived from the genes TGIF2LX and TGIF2LY (F217, LQ94, and H134)
did not show any ability to stimulate the growth of CD8" cytotoxic lymphocytes, as
shown in figure 2.17.

The peptide F217, derived from the TGIF2LX gene, was considered as non-
immunogenic because the percentage of lysed target cells, presenting this peptide, was
less than 1.

The peptide G54 (figure 2.18), derived from the VCY gene, was the only one which
showed antigenic potential. The chromium release assay result shows that T-cells
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stimulated with this peptide are able to specifically lyse a detectable percentage of target
cells.
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Figure 2.18. Antigenicity of the peptide G54. T2 cells loaded with the peptide G54 (GAATKMAAV) and incubated with potenti-
ally peptide-specific CD8" T cells (panel A), are lysed. The positive control is represented by the peptide MAGE3 (melanoma
antigen family A-3; FLWGPRALV), loaded on T2 cells incubated with MAGE3-specific CD8 T cells derived from the same
individual (panel B). Negative controls: T20 are T2 cells incubated without any peptide; 15408 is a peptide which does not bind
HLA-A0201 molecules (HFLLWKLIA); K562 cells are thipically a target for NK cells. The peptide G54 shows only weak
antigenicity. X-axis: ratio of effector cells and target cells. Y-axis: percentage of specific lysis.

In each case, T2 cells loaded with the control peptide 1540S were not recognized by
cytotoxic T-cells. In the case of the positive control peptide, MAGE3, unloaded T2 cells
showed susceptibility to be lysed by cytotoxic T-cells. Interestingly, the percentage of
MAGE3-loaded T2 cells specifically lysed by cytotoxic cells was found to be rather low
and this can have impact on the outcome of the experiment, suggesting that the lysing
capacity of these cells is not that high. No NK-cells specific lysis was observed in this
experiment, as K562 cells loaded with the different peptides were not specifically lysed.
The only exception occurred in the case of K562 cells loaded with the Q106 peptide
(figure 2.17, panel D), where a little specific lysis (around 1%) was observed.
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3.1 Study design

3.1.1 General remarks

In the last years, an increasing number of studies focused on gene expression profiling
of cells from AML patients, or on comparison of gene expression between AML
patients’ samples and healthy blood cells have been published. All these studies provide
a huge amount of data, which are, sometimes, contradictory (Court, et al 2004, Levy-
Nissenbaum, et al 2003, Park, et al 2007, Raspadori, et al 2002).

AML is a very heterogeneous disease, affecting several cell populations of the myeloid
lineage (see paragraphs 1.1.1 and 1.1.2). The affected cells show different morphologic
as well as genetic characteristics. The classical French-American British classification,
based mostly on morphological features of the leukaemic blasts, has given the way, in
the last years, to a more precise classification which takes into account morphological
characteristics as well as the karyotype of the blasts.

Since gene expression profiling experiments became widely used to identify
differentially expressed genes in several fields, a huge number of studies focusing on
almost all the biological processes have been published. For example, there are papers
in which the effects of different diets on gene expression profile have been investigated
using microarrays for mouse models (Newmark, et al 2009) as well as for human cells
(Nguyen, et al 20006), correlating the different nutrition parameters of the investigated
populations with the expression of cancer-related genes.

Also the effect of alcohol on gene expression has been widely studied in animal models
(Sharma, et al 2008) and in human (Wallerath, et a/ 2003), either performing a genome-
wide screen or examining expression levels of single genes.

Similar studies have been published for an incalculable number of different aspects.
Differential gene expression has been evaluated between different human ethnic groups
(Miao, et al 2008) and similar experiments have been performed with cells treated with
all the possible available drugs or infected with various viruses and bacteria, for clinical
purposes. Examples of gene expression profiling experiments can fill several books and
this is not the aim of this thesis. The main information derived from this short excursus
is that gene expression can be altered from plenty of different factors, especially in
complex systems. Therefore, the achievement of the perfect gene expression
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comparison is not possible, but, in order to get valuable and, especially, useful
information the experiment should be accurately designed. For this purpose, to perform
an exhaustive gene expression comparison between AML and healthy cells, the choice
of the cell population to be investigated is a critical step.

In a lot of studies concerning expression profiling of AML cells, all these small but
crucial differences within samples’ group (heterogeneity of the disease itself, but also
for the previously mentioned characteristics-diet, ethnic group, presence of
inflammations, etcetera) were not really taken into account. For this reason a relevant
amount of data generated by gene expression profile has to be re-examined in the light
of the actual knowledge about AML and considering all the possible parameters to
cluster the utilized samples.

The present study is based on unpublished clinical data from patients who underwent
haploidentical haematopoietic stem cell transplantation (see paragraph 4.8 for
information about patients). It has been reported that prognosis is more favourable when
female hematopoietic stem cells are transplanted into male patients (See paragraph 1.2).
According to this finding and to the fact that the presence of the Y chromosome is
probably the major genetic difference between male and female cells, the expression of
Y chromosome-encoded genes in AML blasts as well as in a comparable healthy cell
population was analysed. The aim was to identify genes up-regulated in AML cells
which can have a role in the biology of the tumour.

3.1.2 Samples’ choice

The most critical step in designing this study was the choice of the samples which
should represent AML cells and healthy cells. For a correct evaluation of Y
chromosome gene expression levels, two comparable cell populations, one tumoral and
the other healthy, had to be found, possibly taking into account all the previously
discussed factors which can influence the transcriptome of cells.

The idea was to focus on a particular AML subtype for which it was possible to isolate a
comparable healthy cell population from healthy blood. There were several reasons for
which AML M4 and M5 cells have been chosen for this project. First of all, these two
AML subtypes are well characterised. Affected cells show monocytic morphology, and
they highly express the CD14 molecule on the cell surface. For these reasons, the term
acute myelomonocytic leukaemia is often used to refer to subtypes M4 and M5 of
AML. Another important reason for which these particular subtypes have been chosen
is that it is possible to positively select and isolate CD14" cells (see paragraphs 2.1.1
and 4.8.2) from AML patients’ blood, as well as from healthy blood samples using
magnetic beads-conjugated antibody. Increased expression of the CD14 molecule in
AML M4 and M5 blasts makes it a good target for a positive selection strategy. Using
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one antibody and one separation step it is possible to isolate AML blasts from patient
blood samples and normal monocytes (expressing CD14 molecules) from healthy blood.
A similar procedure could be applied to other AML subtypes’ samples, but the absence
of a single marker, not expressed in other cell populations, would make necessary to
perform several separation rounds and this would be too stressful for the cells.

Cells isolated through CD14-selection remain viable after the separation, avoiding
sample loss and stress-induced gene expression alteration, as specified from the
manufacturer of the microbeads-conjugated antibodies (Miltenyi Biotec).

If, on one hand the strict uniformity of the characteristics of the probes to be enclosed in
the study is essential to get better and clearer results, on the other hand it can be
seriously problematic. The problem is that it becomes difficult to collect a large number
of suitable samples.

In the present study several filters have been imposed for the patients’ eligibility.

Due to the restriction of expression analysis to Y chromosome genes, all the AML
probes to be analyzed had to be obviously from male patients. The focus on analysis of
CD14-positive AML cells only made necessary to select patients’ blood probes
according to the clinical data about their immunophenotype. If it was not possible to get
such information, the samples had to be first screened for the abundance of CD14
molecules. Another filter was imposed by the decision to exclude from the study all the
patients who showed other diseases in concomitance with AML. Leukaemia-induced
immunosuppression leads often to viral and bacterial infections and this had also an
impact on eligibility of the patients for the study. Some of the samples enclosed in the
study were kindly provided from Professor Anne Dickinson, from the University of
Newcastle upon Tyne (see also table 4.1 for more information about the utilized
samples).

3.2 'Y chromosome gene expression evaluation

3.2.1 Why looking at the Y chromosome

Several genes encoded on the Y chromosome have been associated with various disease
and various types of cancers, but their role has not yet been understood (Chen, et al
2002, Ousati Ashtiani, et al 2009). Several studies and case reports highlighted in the
last year the fact that, in some types of cancer, male tumoral cells show sometimes the
tendency to loose their Y chromosome (Center, et al/ 1993, Wolff, et al 2005, Wong, et
al 2008). The reasons and the processes are still unknown; it is not clear yet whether
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this may be a mechanism with which tumoral cells protect them, or another
consequence - or, maybe, a cause - of the cancer.

Expression levels of some of the Y chromosome-encoded genes has been evaluated in
prostate cancer (Dasari, ef al 2001, Lau and Zhang 2000), but no studies including all
the known Y chromosome genes and involving other cancer types have been published.
From the immunological point of view, the Y chromosome is also very interesting. In
the last decade, Studies aimed to identification and analysis of HLA molecules-
restricted antigens provided a large amount of data about minor histocompatibility
antigens derived from genes encoded from the Y chromosome (Rosinski, et al 2008,
Simmons, et al 1997, Spierings, et al 2003, Warren, et al/ 2000). The importance of
expression of particular minor histocompatibility antigens in tumoral cells has been
highlighted in several studies (Falkenburg, et a/ 2003, Meklat, et al 2007, Melloni, et al
2004).

Altogether, these findings have raised the interest about several Y chromosome-encoded
genes.

3.2.2 Specificity of the TagMan probes

The first step for the customization of low density arrays was the selection of the
TagMan probes to be spotted in the microfluidic cards (See paragraph 4.5.3).

Among the probes inventoried in the Applied Biosystems database, forty-six assays
have been chosen, covering all the known Y chromosome encoded transcripts.

Where it was possible to choose between several probes for one transcript, the decision
was taken for that probe which was not able to bind to the X chromosome allele of that
gene. Normally, probes binding to an exon-exon junction of the mRNA were selected in
order to reduce the possibility for other RNA forms, like unprocessed transcripts, to be
amplified during the real time-PCR. Unfortunately this was not possible for all the
genes of interest.

Some genes on the pseudoautosomal region of the Y chromosome share high homology
with their counterparts on the X chromosome. RNA of some homologous genes, for
example in the case of TGIF2LY and TGIF2LX, is transcribed from a single exon. The
differences between the exons of the homologs are limited to single-nucleotide
substitutions; this makes it very difficult to discriminate between the X and the Y allele
and a real time-PCR probe for such genes should be designed very carefully. For some
genes, there were no probes available which would be able to bind to the Y
chromosome-encoded mRNA only. Having no other choice, such probes have been
enclosed in the plate and, during data analysis, it was kept in mind that both the X and
the Y chromosome-encoded proteins were potentially present in the analysed cells.
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3.2.3 Y chromosome gene expression in AML and healthy cells

The global analysis of Y chromosome gene expression in the patients’ group,
normalized to the expression in the healthy volunteers’ group showed relatively strong
up-regulation of six genes: BCORL2, PCDHI11, TGIF2L, VCY, SRY, and HSFY. After
a detailed analysis, the latter two genes were found to be not up-regulated. Table 2.1
reports the expression levels of the above mentioned genes in all the single samples
used in this study. Such single-sample analysis was necessary for the assessment of the
real level of expression of the candidate genes in the two groups of samples.

The transcripts of PCDHI1 and TGIF2L were amplified with probes unable to
discriminate between transcripts encoded by the X and Y chromosome.

The gene expression levels and the calculation of the differences in gene expression
between the two groups of patients were generated by using the Sequence Detection
System software, which showed several limitations. It seems that this software evaluates
only the transcript level abundance, represented by the Cr value, in the two groups of
samples, without considering the expression in single samples. For the gene HSFY, for
example, it was noticed that its mRNA was amplified only in one sample out of eleven.
No expression at all was found in the group of healthy samples. For these reasons
HSFY has been considered as an outlier and excluded from further investigations.

A similar speculation can be applied to the SRY gene. Its transcript was present in four
out of eleven patients’ samples and in three out of eight healthy samples. The software
calculates the percentage of samples in which the transcript was found within each
group, without taking into account the expression level in each sample. In the patients’
group, fluorescence became detectable after 36.5 PCR cycles in average, this means one
cycle after fluorescence detection in the healthy group, where the average was 35.6
cycles. After a detailed analysis, SRY should be considered down-regulated in the
patients’ group. For this reason, it has not been taken into account for further studies.
Only four genes resulted to be really up-regulated in the patient-derived AML cells:
BCORL2, PCDH11, TGIF2L, and VCY.

Among the two endogenous controls enclosed in the experiment, GAPDH and HPRT1
(see also paragraph 4.5.3), only the latter showed to be suitable for this study. It was
expressed at comparable levels among all the samples whereas GAPDH expression
levels showed more variability. Furthermore, HPRTI1, in contrast with GAPDH, is
expressed at very low level in these cells making it a better control for genes which are
low expressed as those encoded on the Y chromosome.
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3.2.4 Candidate genes

At the present time, there are not too many information available about the four genes
regulated in AML. When the human genome sequence was published, the nucleotide
sequences of the candidate genes were annotated and can be found in several publicly
available databases. Almost all the available information about the candidates were
generated from in silico analysis. What is known about them is summarised in the
following paragraphs.

BCL6 co-repressor-like 2 (BCORL?2)

BCORL2 (GenelD: 286554) is localized at the position q11.222 of the Y chromosome
and doesn’t have any homolog on the X chromosome. When the present study was
started, BCORL2 was thought to be a protein-coding gene, but, afterwards, it was
reclassified as pseudogene. The function of this gene is still unknown and there are no
recent publications about it. Some in silico analysis indicate that its RNA might be
weakly expressed in lung and prostate; higher RNA levels should be found in spleen
and thymus (source: NCBI-UniGene).

Protocadherin 11 (PCDH11)

The PCDHI11 gene (GenelD: 27328 for PCDH11X; 83259 for PCDH11Y) is located in
a region of the X and Y chromosomes with very high degree of homology. The Y-
linked homolog is localized at position p11.2 and it can generate four transcript variants,
which differ slightly in the C-terminal region. PCDHI1Y is probably the best
characterised among the four candidate genes, although its function is not completely
clear. It has a trans-membrane domain and potentially spans the cell membrane, with the
N-terminus lying on the extra-cellular side. PCDH11Y seems to be potentially involved
in calcium-dependent cell-cell adhesion, although there are no experimental data
concerning it. This protein is expressed predominantly in adult and fetal brain and, at a
very low level in testis (Blanco, et a/ 2000).

PCDHI11Y has been described to be related to several diseases. It has been
demonstrated that a chromosomal aberration involving this gene, the translocation
t(Y:;3)(pl1;p12) to ROBO2 leads to multiple congenital abnormalities (Lu, et al 2007).
PCDHI11Y expression has also been associated with the acquisition of apoptosis-
resistance by prostate cancer cells (Chen, et a/ 2002) and it has been suggested as a
possible cause of androgen-independent growth of prostate cancer cells inducing WNT
signalling, which, in turn, promotes the malignant behaviour and hormone-resistance of
prostate cancer cells (Terry, et al 2006). The expression of the gene in AML cells,
reported in this study, might have the same effect on leukaemic cells.
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TGFB-induced factor homeobox 2-like (TGIF2L)

TGIF2LY (GenelD: 90655) can be found in the same Y chromosome region as
pcdhlly, p11.2. It has as well a homolog on the X chromosome (TGIF2LX; GenelD:
90316). The RNAs transcribed from the two homologs are nearly identical, but a single-
base insertion almost in the middle of the coding sequence of the X-linked homolog
causes a frame-shift, leading to a 56 amino acids-longer protein. As consequence, the C-
terminus of the two proteins is totally different.

Both TGIF2LX and TGIF2LY contain, in the N-terminal region, a homeodomain,
which makes them belong to the three amino acids loop extension (TALE) superfamily
of transcription factors. Other members of this superfamily are TGIF1 and TGIF2, to
which TGIF2LY and TGIF2LX are closely related (see paragraph 2.2.4 and figure 2.9).
TGIF1 and 2 have been already characterised and their function has become clearer in
the last years.

TGIF1 (GenelD: 7050) has been found to bind to a retinoid X receptor-responsive
element, functioning as a competitor of the retinoic acid receptor in the binding to
retinoic acid response elements (Bertolino, et al 1995). TGIF1 also interacts with
SMAD proteins and is an inhibitor of TGF-B signalling pathway (Chen, et a/ 2003,
Wotton, et al 1999). Several mutations of TGIF1 have been associated with diseases
like holoprosencephaly (Aguilella, et al 2003, El-Jaick, et al 2007). TGIF1 expression
has been also associated with several cancers, like bladder transitional cell carcinoma
(Voorter, et al 1995), ovarian carcinoma (Luo, et a/ 2002), and esophageal carcinoma
(Nakakuki, et al 2002).

TGIF2 (GenelD: 60436) is expressed in several tissues. Its expression is relatively high
in heart, kidney and testis, and low in brain and prostate (Imoto, et a/ 2000).

This gene is a transcription repressor, which functions either by binding directly to its
target DNA sequence or by interacting with TGF-f activated SMAD proteins, like
TGIF1. TGIF2 is probably responsible of the recruitment of histone deacetylase
proteins (Melhuish, et al 2001).

TGIF2 has also been associated with disease. Its expression has been found to be up-
regulated in several ovarian cancer cell lines (Imoto, et al 2000).

TGIF2LY is certainly the less characterised member of the TALE transcription factors
superfamily; almost all the information about this gene have been generated in silico, by
comparison with related or similar proteins. For this reason the biological function of
this gene is not clear at all. It has been proposed that TGIF2LY may play a role in
transcription (Blanco-Arias, et al 2002). Its expression, as well as TGIF2LX expression,
has been reported to be restricted to adult testis only (Blanco-Arias, et al 2002,
Skaletsky, et al 2003), but here appreciable transcript level has been observed in AML
M4 and M5 cells as well as in healthy CD14" cells, although in the latter the average
transcript level was very low.
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Variable charge Y-linked (VCY)

The VCY gene (GenelD: 9084) is located on the Y chromosome at the position
ql1.221, and has been found to be expressed in testis only, and, specifically, in germ
cells (Lahn and Page 2000, Zou, et al 2003). Moreover, its expression seems to be
limited to nucleoli and interaction of VCY with the acidic ribosomal protein PO has
been demonstrated using yeast two-hybrid system analysis; this finding suggests a
possible role of VCY in regulation of ribosome assembly during spermatogenesis (Zou,
et al 2003). It is interesting to notice that, like in the case of TGIF2LY, the RNA
encoded from a gene which is supposed to be expressed in testis only has been detected
at relatively high level in leukaemic cells.

3.2.5 Candidate genes are up-regulated in leukaemic cells

One of the key points to be addressed after the analysis of the Y chromosome gene
expression was to demonstrate that higher expression of the identified candidate genes
was a peculiarity of the tumoral cells. Beside PCDH11, expression of all the other
candidate genes has been detected also in some healthy samples.

An experiment to compare the expression of those genes between the leukaemic
fraction of the patients’ blood cells, CD14", and the non-leukaemic cells of the same
patient, CD14", was necessary to get an answer to this question.

As described in paragraph 2.1.3 and in figure 2.3, expression of all the candidate genes
within patients’ samples is restricted to leukaemic cells. However, these genes showed
some expression, although at very low level, in some healthy cell samples as well, with
the exception of the PCDH11 gene. This might mean that BCORL2, TGIF2L and VCY
genes can be normally expressed at basal levels in CD14" cells and that they are up-
regulated when leukaemia affects this cell population. The few information available for
these three candidate genes make it impossible to further speculate the function that
BCORL2, TGIF2L, and VCY may have in the tumour biology and to understand
whether their up-regulation is to be included in the possible tumour causes or in its
consequences. BCORL2 is a pseudogene: its mRNA is usually not translated into a
protein in normal cells. It has been demonstrated that pseudogenes can be activated, and
a pseudogene-derived protein can consequently be expressed, in several types of cancer
(Sun, et al 2008, Zou, et al 2009). Analysis of transcription, showing presence of the
BCORL2 transcript in both healthy and leukaemic CD14" cells, doesn’t exclude the
possibility of the occurrence of BCORL2 pseudogene activation in tumoral cells. This
could lead, in turn, to the presence of one or more unusual protein in AML cells, due to
the presence, within the BCORL2 RNA, of several open reading frames (ORFs). The
commercial unavailability of anti BCORL2 antibodies made not possible, for time
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reasons, to investigate the presence of the protein in healthy and leukaemic cells in this
study.

A similar comment can be referred to TGIF2L and VCY. The function of the VCY gene
is not known. There are some experimental data which put this protein into relation with
the regulation of ribosomal assembly in spermatogenesis (Zou, et al 2003). These data
are based on the assumption that the gene is expressed only in adult testis (Lahn and
Page 2000, Zou, et al 2003). The fact that VCY showed to be expressed also in healthy
CDI14" blood cells (see table 2.1) is puzzling. Again, it remains to be determined
whether the VCY protein is also present and, if yes, in which cell population. Also for
the VCY protein there are no commercial antibodies available and, for lack of time, it
was not possible to generate antibodies, test them, and use them for such interesting
verifications. Deeper investigations have been carried out to understand the function
and the possible role in leukaemic cells of the TGIF2L gene (see paragraph 3.3).

A different comment has to be given with regards to the PCDHI11 gene. A transcript
derived from this gene was not detected in cells from healthy individuals and its
expression was restricted to leukaemic cells of the patients. It has been proposed that
expression of PCDHI11Y is involved with the acquisition of apoptosis-resistance by
prostate cancer cells. Although the mechanism through which this gene induces
apoptosis-resistance remains still unclear, PCDH11Y might have the same effect in
AML cells. Moreover, if the gene is involved in the immune recognition of tumoral
cells - either directly, generating immunogenic peptides, or indirectly, inducing
expression of other genes which generate immunogenic peptides - the fact that
PCDHI11Y is expressed usually only in brain, an organ which is not under
immunosurveillance, would make it the perfect tumour-associated gene. In fact, it is
known that immunogenic peptides derived from genes expressed in tissues like brain or
testis, normally not controlled by the immune system, are sometimes present also in
cells of several tumours. Such antigens can be used as targets for immune therapy
(Gavert, et al 2008, Meklat, et al 2007).

3.2.6 THP-1 as cell line model

Because of to the scarce availability of patient material and to the above-mentioned
heterogeneity of those probes, a cell line model was needed. THP-1 cells are derived
from a young male patient with acute myelomonocytic leukaemia (Tsuchiya, et a/ 1980)
and they do express CD14 molecules on the cell surface. They would be a very useful
model to study CD14" AML. In order to understand whether THP-1 cells are really
comparable with the patients’ cells enclosed in this study, I decided to evaluate the Y

chromosome gene expression of the cell line and to compare it with the patients’ probes
(table 2.2).
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Besides some differences, which are actually not that rare when a cell line is compared
with primary cells, it is possible to notice that the Y chromosome gene expression
profile of THP-1 cells fairly reflects that one of the patients. Among the candidate
genes, THP-1 cells do express PCDH11 and TGIF2L, which are the genes that showed
the highest up-regulation in the patients’ group. To understand the role of these two
genes in the pathogenesis, or more in general in the tumour biology, of this subtype of
leukaemia, more information about the gene function are needed. According to the
expression pattern of the Y chromosome genes, THP-1 cells can be a good cell line
model for AML M4 and M5, and the fact that they also express the PCDHI11 and the
TGIF2L genes, makes them the perfect model to investigate the function of these genes.

3.3 TGIF2LY — molecular analysis

3.3.1 Introductory remarks

At the beginning a deeper analysis of all the four candidate genes was started.
Afterwards, for time reasons, I decided to focus only on one of those genes: TGIF2LY.
Before starting any functional analysis, the main problem was to understand whether the
Y-linked homolog of this gene was expressed in the leukaemic cells. It is very difficult
to distinguish between TGIF2LY and TGIF2LX referring to mRNA only: their
transcripts are nearly identical. A single nucleotide deletion in TGIF2LY mRNA leads
to a premature stop codon and the resultant protein is shorter than TGIF2LX.

The only possibility to be sure about the presence of the Y-encoded protein was using
an anti-TGIF2LY antibody in a western blot experiment, where proteins extracted from
THP-1 cells have been used. Unfortunately, unavailability of patient material didn’t
allow assessment of protein expression in patients.

Figure 2.6 shows the result of the western blot. TGIF2LY is expressed in leukaemic
cells although its level is quite low.

As mentioned before, the low protein level was expected. It has to be kept in mind that
the mRNA level was also very low: in real time-PCR, fluorescence was detected after
around thirty-five cycles with 100 ng of cDNA from total RNA of THP-1 cells. This
RNA level is comparable with that of the patients’ samples with the same amount of
cDNA tested. Moreover, it shouldn’t be forgotten that the TagMan probe used for the
real time-PCR is not able to discriminate between TGIF2LY and TGIF2LX mRNA. If
these genes are both expressed, the level of the total transcript will be higher than the
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level of only one of the two proteins. Because of focusing on TGIF2LY only, the
protein expression of TGIF2LX was not assessed in this study.

To get an idea about the eventual expression of TGIF2LX in AML M4 and M5, low
density arrays have been used to analyze via real time-PCR a sample of CD14" cells
derived from an AML M4 female patient (patient code: AMP3) and the same female
healthy cell population as well (refer to table 2.3). As expected, expression of genes that
do not have an X chromosome homolog was not observed. The interesting result, in this
experiment, was the detection of TGIF2LX expression in the patient. One possible
explanation for this is that transcription of TGIF2LY and TGIF2LX is activated through
the same mechanisms and that it is not Y chromosome-dependent. This result suggests
as well the possibility that, also in male patients, transcription of TGIF2LX occurs
together with transcription of TGIF2LY.

The homeodomain region of TGIF2LX is highly homolog to that of TGIF2LY. Only
one amino acid is substituted in the second helix of the DNA binding region (figure
3.1).

Section 1

(1) 1 10 20 30 40
TGIF2LX (1) MEAAADGPAETQSPVEKDSPAKTQSPAQDTSIMSRNNADTGRVLALPEH
TGIF2LY (1) MEAAADGPAETQSPVEKDSPAKTQSPAQDTSIMSRNNADTGRVLALPEHKE

Consensus (1) MEAAADGPAETQSPVE KDSPAKTQSPAQDTSIMSR\INADTGRVLALPEHKKKRKG
Section 2
(56) 56 1 70 80 11 90 100 110

TGIF2LX (56) NLPAESVKILRDWMYKHRFKAYPSEEEKQMLSEKTNLSLLQII SNWFINA RRDT'
TGIF2LY (56) NLPAESVKILRDWMYKHRFKAYPSEE QMLSEKTNLSLLRISNWFINARRRILP
Consensus (56) NLPAESVKILRDWMYKHRFKAYPSEEEKOMLSEKTNLSLL |TSNWFINARRRILP

Section 3
(111) 111 120 130 140 150 165
TGIF2LX (111) DMLOQIRRNDPI IGHKTGKDAHATHLQSTEASVPAKSGPSGPDNVQSLPLWPLP
TGIF2LY (111) DMLQQIRRNDPIIGHKTGKDAHATHLQSTEASVPAKSGPVVQTMYKACPCGPCQRA
Consensus (111) DMLQQRRNDPIIGHKTGKDAHATHLQSTEASVPAKSGP A P P KA
Section 4
(166) 166 180 190 ,200 210 220
TGIF2LX (166) QMSREKQPDPESAPSQKLTGI AQPKKKVKVSVTSPSSPELVSPEEHADFSSFLLL
TGIF2LY (166) RCQ-ERSNQIRSRP-—-—-—-—-- LAR-—-—-—-—-———~— :-E -------------------
Consensus (166) EK 5 P IA Ssp
Section 5
(221) 221 230 241

TGIF2LX (221) VDAAVQRAAELELEKKQEPNP
TGIF2LY (186) — ———————————————m =
Consensus (221)

Figure 3.1. Alignment of TGIF2LX and TGIF2LY proteins. Red frames indicate the three helices of the homeodomain, numbered
from I to I11. This region shows nearly 100% homology. Blue frame indicates the three amino acid loop extension (TALE). C-terminal
portions of the proteins are completely divergent.

Color scheme (color = amino acid substitution type): black = non-similar; green = block of similar; red on yellow background =
identical. Dashes indicate missing amino acids.

As shown in figure 3.1, the N-terminal part in the two proteins, including the homeobox
region, is nearly identical. This suggests that the two proteins recognize and bind the
same DNA consensus sequence. The C-terminal portion of the proteins, on the other
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hand, is highly divergent. These evidences suggest that the two proteins either have a
different regulatory activity, if interaction with other proteins occurs through their C-
terminal portion, or the same one, if the protein-protein interaction region is localized at
the N-terminus.

TGIF2LY was chosen for in-depth studies for several reasons. First of all because, as
mentioned before, its expression is supposed to be restricted to adult testis only and it
would be very interesting to understand the role of this gene when it is expressed in a
different tissue. The fact that TGIF2LY is a potential transcription factor makes it even
more interesting: what is the function of a transcription factor when it is expressed in an
unusual tissue?

3.3.2 TGIF2LY can have transcription factor activity

Information about the function of TGIF2LY gene are scarce and the most of them have
been generated in silico, basing only on DNA and protein sequence analysis. Here, we
were interested in understanding the role that this gene can play in AML. Of course, in
order to speculate on the role of a gene in tumoral cells, it is essential to get hints about
its normal biological function.

Three-dimensional structure of TGIF2LY

First step was to look for homologies between TGIF2LY and other homologous and
already-characterised proteins. Blasting the amino acid sequence of TGIF2LY against
human and Drosophila melanogaster databases, it was possible to identify closely
related proteins. As shown in figure 2.9 and 3.1, TGIF2LX showed the highest
homology degree, followed by TGIF2 and TGIF1, in human and the vismay gene (vis),
of Drosophila melanogaster. They all belong to the three amino acid loop extension
(TALE) superfamily, a group of homeodomain-containing transcription factors.
Looking carefully at the modelled three-dimensional structure of the homeobox of these
proteins (figure 2.12), it can be noticed that the organization of the three helices is
similar in all of them. Very interestingly, the amino acidic residues, essential for the
recognition of the DNA consensus sequence (Noyes, et al 2008), are highly conserved
and located more or less in the same positions on the helices. The five residues on the
third helix of the homeobox, which plays a critical role in DNA sequence recognition,
are identical in all the four proteins (see figures 2.11 and 2.12). These amino acids are
positioned in such a way that they can easily access double-stranded DNA to detect the
right sequence. The three amino acids at the beginning of the first helix, at the positions
2, 3, and 5 of the homeodomain are also involved in DNA recognition. The original
motif arginine-lysine-arginine (R-K-R), present in TGIF2 and vis, is modified in the
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other two proteins. It is R-R-R in TGIF1 and K-K-K in TGIF2LY. However arginine
and lysine have similar properties.

The spatial organization of the three helices of the proteins has also to be taken into
account. It is possible to notice, from the models in figure 2.12, that helices one and two
are parallel to each other. Helix three is positioned on another layer and forms an angle
with the other two helices which is different in all the proteins. The initial portion of the
first helix, with its three amino acids important for DNA recognition, has a different
shape in all the proteins. Especially in the vis protein, this region seems to be located
behind the remaining portion of helix three, potentially reducing its DNA accessibility.
It has to be mentioned that all these three-dimensional structures have been generated
using modelling software: it is possible that the real three-dimensional organization of
the proteins is different from the one presented here, especially for the terminal portions
of the sequence submitted to the software. In fact, providing only the homeobox region
to the software, it doesn’t take into account the surrounding, which might be crucial for
a correct calculation of the spatial organization of a protein. However, it is possible to
see that the organization of the third helix, probably the most important for a correct
DNA recognition, is similar in all the four proteins.

Subcellular localisation of TGIF2LY

Subcellular localisation was another essential step to further elucidate the function of
TGIF2LY.

There are more than twenty publicly available servers which are used for predicting the
localization of proteins at subcellular level, but, for several reasons, it is not possible to
completely rely upon them to assess this crucial aspect of protein biology. First of all,
the prediction method is different in different algorithms. Some software, like TargetP,
analyze only the N-terminal sequence of the submitted protein identifying there the
possible signal peptide (Emanuelsson, et al/ 2000) and predicting the localisation of the
protein. Some other software, like SubLoc, analyze the overall amino acid sequence to
calculate the possible localisation of the protein of interest (Hua and Sun 2001).

The low reliability of these algorithms has several causes: many targeting signals have
not yet been understood and, in addition, unconventional targeting signals have been
identified. Furthermore, co-translational pathways for transportation of proteins into
organelles have been described (Crowley and Payne 1998), but so far they cannot be
recognized by the prediction algorithms (see Schneider and Fechner 2004 for a review
of the predicting algorithms).

Another aspect which should be taken into account is that subcellular localisation of
proteins doesn’t have to be static but can change according to the status of the cells and
to the protein function. For example, there are proteins, like receptors, located in the cell
membrane or in the mitochondria or in other organelles. Upon activation (by
phosphorylation, for example), these proteins or parts of them, are translocated to the
nucleus where they act as or interact with transcription factor to modulate cell responses
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to compounds or environmental changes. It is therefore not impossible that predictions
considered as incorrect are, actually, alternative localizations under different
circumstances. However, the method applied for this investigation is standardly used
and should therefore provide greater reliability than predictions using bioinformatics.

HeLa cells have been chosen to be transfected and stained. These cells possess good
adhesive properties, growing normally as monolayer. This feature is essential in this
kind of experiment because of the numerous washes which have to be performed during
the staining procedure. Another advantage in using HeLa cells for subcellular
localisation studies derives from their relatively large volume. Under the microscope,
this allows to easily distinguish between the organelles, providing a clearer result. One
aspect to be taken into account, using these cells, is that they are derived from a female
being and TGIF2LY is supposed, according to databases, to be expressed in adult testis
only. It would be interesting to repeat this experiment using a testis-derived cell line.
However, for these first studies I was interested only in mere subcellular localisation of
TGIF2LY in cells and, for this purpose, HeLa cells revealed to be a useful tool.

One of the most used methods for intracellular localisation of proteins involves the use
of the green fluorescent protein (GFP) as tag. In the present study this method was not
used because of the size of the protein: TGIF2LY is a quite small protein, with a weight
of around 21 KDa. The GFP protein is larger than TGIF2LY, weighing around 27 KDa.
The presence of such a large protein can totally mask the targeting peptides present
within TGIF2LY, influencing dramatically the translocation of the protein. To avoid
this problem, a vector encoding a MY C-tag was chosen. This tag is only 10 amino acids
long and its interference with the translocation of TGIF2LY was supposed to be lower.
However, once the construct TGIF2LY-C-terminal MYC-tag was expressed in HeLa
cells, the localisation of the protein was rather hard to determine. Figure 2.7 shows that,
in HeLa cells transfected with this construct, TGIF2LY was translocated in several cell
compartments (figure 2.7, panels A and D).

The localisation of the protein became clearer when HeLa cells were transfected with a
TGIF2LY-N-terminal MYC-tag construct (figure 2.8). In these cells, TGIF2LY was
only detectable in the nuclei.

This result was a bit puzzling. In the first helix of the homeodomain, close to the N-
terminus of the protein, there is a short peptide typical for nuclear localization (KKKRK
in position 50-54 of the protein). For this reason, it would be expected that the presence
of the MYC-tag at the C-terminus of TGIF2LY doesn’t interfere with the correct
translocation of the protein. However, this result can have two different explanations.
On one hand, it is possible that another peptide is necessary for the correct distribution
of the protein. If this second signal is contained in the C-terminal portion of TGIF2LY,
the presence of the MYC-tag could interfere with it and lead to the ambiguous
distribution seen in figure 2.7. On the other hand, taking a look to the three-dimensional
structure of TGIF2LY (figure 3.2), it is possible to note that, due to the folding of the
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protein, the C-terminus lays in proximity of the nuclear signal peptide KKKRK, more

than the N-terminus.

Figure 3.2. Position of a nuclear translocation signal peptide (NSP), highlighted in red, within TGIF2LY. Panel A and B show
two different orientation of the protein. The C-terminus is closer to the signal peptide than the N-terminus: the presence of a
tag at the C-terminus may interfere with the correct translocation of the protein within the cell.

Due to this fact, it can be that the presence of the MYC-tag at the C-terminus of
TGIF2LY interferes with the normal distribution of the protein within the cells, maybe
modifying its three-dimensional conformation, so that the signal peptide is masked.
Altogether, these data suggests that the nuclear localization is the most probable for
TGIF2LY.

Bioinformatic analysis of TGIF2LY provided several important information. The
protein possesses a homeodomain, whose sequence and three-dimensional conformation
is similar to the homeodomains of other proteins which have been characterized and
which are functioning as transcription factors, like TGIF1, TGIF2LY, and vismay.
Moreover, it has experimentally demonstrated, for the first time in this study, that
TGIF2LY localizes in the nuclei of cells. All this findings lead to the conclusion that
this protein can function as transcription factor.

3.3.3 Interaction of TGIF2LY with DNA

Once the transcription factor potential of TGIF2LY was assessed, the next step was to
analyze the DNA-binding capacity of the protein and, eventually to find out the
nucleotide sequence which it recognizes.
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One of the most used methods to investigate interactions between proteins and DNA is
chromatin immunoprecipitation. In this method, cells are usually transfected with an
expression vector in which the protein of interest is cloned. Once the protein is
expressed, it is covalently bound to DNA through cross-linking, usually using
formaldehyde, and the DNA is mechanically fragmented, through sonication.
Antibodies, specific for the protein under investigation, are used to precipitate DNA-
protein complexes, from which, after reversing of the cross-link, the protein is removed.
The so-purified DNA fragments are then ready to be amplified and sequenced.

There are several limitations for this technique which made it not possible to be used in
this study. One is the need of high amount of antibody specific, in this case, for
TGIF2LY. The antibody which has been used in this study, to assess the protein
expression with a western blot experiment, was not suitable for immunoprecipitation. It
binds to a region in the C-terminal portion of TGIF2LY. This region is close to the
homeobox in the folded protein (see figure 3.2) and the presence of DNA would mask
the binding site of the antibody.

The second reason concerns the high time need. In fact, generation of specific
antibodies and their test require quite a long time. Beside this, the time needed for
optimization of the expression vector and for all the cell culture procedures has also to
be taken into account.

For this study, I had no time to generate and test antibodies for chromatin
immunoprecipitation. For this reason this method was discarded and another technique
for the identification of the binding site of TGIF2LY was implemented.

A method called in vitro genomic selection has been described (Shostak, et al 2004). In
this protocol the coding sequence of the protein of interest is cloned into an expression
vector, expressed and purified as GST-fusion protein. Genomic DNA from cells is
digested, using Sau3Al, a restriction enzyme whose DNA consensus sequence occurs
rather frequently, and the fragments are incubated with the fusion protein. GT-sepharose
beads are then used to isolate protein-DNA complexes, from which, afterwards, DNA 1is
purified and sequenced.

I decided for a modification of this method. In order to proceed faster, I used magnetic
beads-conjugated anti-GST antibodies and a magnetic separator instead of purifying the
GST-fusion protein using GT-sepharose beads (see also paragraph 4.6.6 and figure 2.13
for the method description).

The modified protocol is working nicely: several genomic DNA fragments where bound
from TGIF2LY, as shown in tables 2.4 and 2.5.

It has to be kept in mind that these data are generated in vitro; there are no hints about
the protein behaviour in vivo. Both fusion protein and genomic DNA were purified and
co-incubated in artificial binding conditions. These parameters are probably quite
different from physiological conditions. For example, it is possible that the protein
needs to form complexes with other proteins to exert its function as transcription factor
or that some DNA regions might not be accessible, for example due to chromatin
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condensation, to proteins. Different experiments, like chromatine immunoprecipitation,
are needed to investigate this aspect. The aim of this experiment, as first step, was to
individuate the nucleotide sequence that is recognized by TGIF2LY and this
characteristic should depend solely on the homeodomain. Once the binding site is
identified, it is of course possible to design experiments aimed to investigate other
aspects of TGIF2LY-DNA interaction.

Several studies on homeodomain-containing transcription factors demonstrated that
these proteins bind the specific DNA sequence through their third helix. Moreover,
there are fixed positions for amino acids which are crucial for the correct and specific
DNA recognition (Ades and Sauer 1995, Damante, et al 1996, Passner, et al 1999,
Piper, et al 1999); these are, for members of TALE superfamily, the amino acids in
position 2-3-5-50-53-54-57-58 of the homeobox. Recently, an extensive prediction of
DNA sequences recognized from homeodomain-containing protein has been proposed
(Noyes, et al 2008); for some transcription factors, the prediction has been verified with
experimental work (supplemental material of the cited article). Among these verified
proteins there was also vismay (vis), from Drosophila melanogaster. This protein shows
high similarity with TGIF-family members, as revealed from BLAST analysis of
TGIF1, TGIF2 and TGIF2LY sequences against Drosophila melanogaster protein
database (figure 2.10). At homeobox level, the amino acid sequence of the four proteins
is almost identical. The third helix of the homeodomain, in particular, shows the highest
homology degree among these proteins. Here all the amino acid substations, if present,
are conservative and none of the previously mentioned amino acids in position 50-53-
54-57-58 is substituted (refer to figure 2.12). The amino acids in position 2-3-5 are
different. TGIF1 has R-R-R in these positions, TGIF2 and vis have R-K-R, and
TGIF2LY has K-K-K. Due to the difference between these regions, the DNA sequence
recognized from the proteins can be different. It has been experimentally demonstrated
that TGIF1 and TGIF2 are able to bind to the same nucleotide sequence 5’-TGTCA-3’
(Bertolino, et al 1995). The protein vis binds to the sequence 5’-TGACA-3’ (Melhuish,
et al 2001). Surprisingly, TGIF2 and vis, the proteins in which the eight amino acids
responsible for DNA recognition are identical, bind to different nucleotide sequences
and TGIF1 and TGIF2, which have different amino acids in position 3, bind to the same
DNA site. These observations suggest that the amino acid sequence is not the only
factor influencing the recognition of DNA sequences from the homeobox. Probably, the
three-dimensional conformation of these domains plays also a role in this process. In
fact, it could be important also the orientation that these amino acids have when they get
in contact with DNA.

Speculating on these observations, it might be possible that TGIF2LY does recognize a
nucleotide sequence very similar to those recognized by TGIF1, TGIF2, and vis. For
this reason a global check among all the DNA fragments previously obtained was
performed, in order to identify a nucleotide sequence highly similar to 5’-TGTCA-3’
and 5’-TGACA-3’ and present, with low variability, in all the DNA fragments.
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The sequences of all the seventeen DNA fragments were analyzed as described in
paragraph 4.9.2. Interestingly the only sequence fulfilling the previously mentioned
conditions was 5’-TGA(C/T)(A/C/T)-3".

Double-strand DNA oligos for an electrophoretic mobility shift assay (EMSA) were
designed containing four repetitions of each putative binding site (table 3.1). Using such
oligonucleotides, it would be theoretically possible for the protein to bind to a sequence
lying on the junction between two repetitions of the putative binding site (table 3.1). In
order to overcome this problem, all the previously isolated DNA fragments were
checked for the presence of all the possible five-bases sequence combinations contained
in each oligonucleotide. Only the putative binding sites were found to be present in all
the fragments.

Oligo code Possible binding sequences

TGA-C-A/CIT_1 Cy5-TGACA TGACA TGACA TGACA
GACAT
ACATG
CATGA
ATGAC
TGA-C-AICIT_2 Cy5-TGACC TGACC TGACC TGACC
GACCT
ACC TG
CCTGA
C TGAC
TGA-C-AICIT_3 Cy5-TGACT TGACT TGACT TGACT
GACTT
ACT TG
CTTGA
T TGAC
TGA-T-AICIT_1 Cy5-TGATA TGATA TGATA TGATA
GATAT
ATATG
TATGA
A TGAT
TGA-T-AICIT_2 Cy5-TGATC TGATC TGATC TGATC
GATCT
ATC TG
TC TGA
C TGAT
TGA-T-AICIT_3 Cy5-TGATT TGATT TGATT TGATT
GATTT
ATTTG
TTTGA
T TGAT

Table 3.1. Possible five-bases sequences contained in the oligonucleotides used for EMSA experiments.
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The electrophoretic mobility shift assay showed that TGIF2LY binds with high affinity
to the sequences 5’-TGATA-3’ and 5°-TGATC-3" and with low affinity to the
sequences 5’-TGACC-3” and 5’-TGACA-3’ (see paragraph 2.2.6 and figure 2.15). All
the DNA fragments isolated through in vitro genomic selection were then analyzed for
the presence of the high- and low-affinity TGIF2LY-binding sequences (table 3.2).

Sequence Fragment code Description Notes
XL14 GCOM1/CGNL1 In brain only - excluded
XL15 DKK1/MBL2
XL17 Within a gene Excluded
5'-TGATA-3' 3 UBB/PRR#6
25 Within a gene Excluded
19B Within a gene Excluded
45B Uncharacterised Excluded
8 NLRP1/WSCD1
T 19 Within a gene Excluded
19B Within a gene Excluded
458 Uncharacterised Excluded
XL17 Within a gene Excluded
8 NLRP1/WSCD1
10 Within a gene Excluded
19 Within a gene Excluded
5'-TGACA-3' 23 PROC/MAP3K2
25 Within a gene Excluded
5B SIAH2/Hyp. Protein
37B Within a gene Excluded
458 Uncharacterised Excluded
XL8 Within a gene Excluded
XL14 GCOM1/CGNL1 In brain only - excluded
XL17 Within a gene Excluded
2 EEF2/PIAS4
3 UBB/PRR#6
e 6 Within a gene Excluded
8 NLRP1/WSCD1
10 Within a gene Excluded
23 PROC/MAP3K2
5B SIAH2/Hyp. Protein
37B Within a gene Excluded
45B Uncharacterised Excluded

Table 3.2. High-affinity (5°-TGATA-3* and 5°-TGATC-3%) and low-affinity (5°-TGACA-3* and 5*-TGACC-3%) TGIF2LY-binding
sequences in the DNA fragments isolated through in vitro genomic selection. Fragments corresponding to intragenic DNA regions
and to uncharacterised genomic regions were not taken into account.
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Fragments corresponding to uncharacterised genomic regions or to regions laying
within a gene were not taken into account, according to the fact that transcription
repressors or enhancers usually bind to DNA sequences laying outside the coding
region of a gene and, often, rather far away from the promoter of the regulated gene.
One DNA fragment (code: XL14), represents a genomic region flanked by two genes
which are reported to be expressed in brain only. For this reason, this fragment was
excluded from the analysis.

As mentioned before, because of the experimental setting of the in vitro genomic
selection, the information gained concern only the capacity of TGIF2LY to bind DNA
in vitro. It is not possible to speculate which gene, among those identified with this
experiment, is effectively regulated in vivo from TGIF2LY.

3.3.4 Genes potentially regulated by TGIF2LY

Among the genomic DNA fragments isolated through in vitro genomic selection, one
was found to contain only a high-affinity TGIF2LY consensus sequence. Two
fragments possessed both the high- and the low-affinity sequences, and three were
found to contain only a low-affinity consensus sequence.

In order to understand the regulatory pathway in which TGIF2LY may exert its
function, information about the genes flanking these six genomic DNA regions have
been collected. A summary is presented schematically in table 3.3.

Fragment “XL15"

This fragment contains a genomic region flanked 5 by the gene dickkopf homolog 1
(DKK1), and 3’ by the gene soluble mannose binding lectin 2 (MBL2). It might be
possible for TGIF2LY to regulate the expression of both genes. TGIF2LY showed high
affinity for the DNA sequence present in this genomic fragment, 5’-TGATA-3". Plenty
of articles concerning the DKK1 gene have been published in the last years. It has been
demonstrated that DKK1 takes part in the Wnt signalling, inhibiting it (Fedi, et al
1999). There is evidence that activation of Wnt signaling can contribute to the
neoplastic process. Inappropriate expression of these proteins causes mammary tumour
formation in mice (Lin, et a/ 1992). Moreover, in cell culture, several Wnt family
members have been shown to induce altered morphology and increased saturation
density of epithelial (Wong, ef al 1994) and fibroblast (Bafico, et al 1998) cell lines.
Furthermore, genetic abnormalities correlating with altered Wnt signalling have been
observed in human colon cancer (Morin, et al 1997), melanomas (Rubinfeld, et a/
1997), and hepatocellular carcinomas (de La Coste, et al 1998), indicating that
aberrations of Wnt signaling pathways are critical to the development of these human
cancers. Silencing of DKKI1 stops the inhibition of Wnt signalling which, in turn, can
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contribute to tumoral transformation of cells. DKKI1 plays a role in both cell
proliferation and programmed cell death (Mukhopadhyay, et a/ 2001). Interestingly,
DKKI1 silencing, due to hypermethylation, has been suggested as risk factor for poor
overall survival in AML (Suzuki, et a/ 2007); suppression of DKK1 expression has
been proposed to be involved in AML progression.

The other gene flanking this genomic region is MBL2. This protein is an essential
component for the innate immune system, being one of the first lines of defence against
pathogens. It binds to carbohydrate patterns found on the surface of a wide variety of
microorganisms, including bacteria, protozoa and fungi. Binding of the protein to its
ligands leads to opsonization as well as activation of the complement system
(Ohlenschlaeger, ef al 2004). Mutations or down-regulation of this gene has been put in
relation with increase of susceptibility to infections (Garred, ef a/ 1995, Summerfield, et
al 1997, Walport 2001), evidencing the importance of this protein in innate immunity.

Fragment “3”

This fragment contains a genomic region flanking the ubiquitin B (UBB) gene on the 5°
side and the proline rich 6 (PRR6) gene on the 3’ side. Both the high-affinity (5°-
TGATA-3’) and the low-affinity (5’-TGACC-3") TGIF2LY consensus sequences are
present in this fragment.

Ubiquitin B is involved in ATP-dependent protein degradation in the cells (Tanaka
2009) and is important in a lot of different biological processes, like proteasomal
protein degradation, occurring when a protein is labelled with a polyubiquitin chain
(Chau, et al 1989, Thrower, et a/ 2000) and activation of transcription factors (Kaiser, et
al 2000, Kuras, et al 2002). The presence of this protein is important in antigen
presentation by antigen presenting cells. In case of infections, degradation of
intracellular protein leads to generation of pathogen-specific short peptides which can
be presented on the cell surface of dendritic cells and other antigen presenting cells;
such peptides, in turn, can be recognized by B and T lymphocytes leading to activation
of adoptive immune responses.

The function of the PRR6 gene (also known as centromere protein V; CENPV) is not
completely understood. It seems to be associated with the kinetochore and might play a
role in spatial organization of the chromosomes during cell division, as demonstrated
through studies of mutations (Tadeu, ef al 2008).

Fragment “8”

This fragment contains the high-affinity TGIF2LY-binding sequence 5’-TGATC-3’.
The genomic DNA region represented by this fragment is flanked by the gene NLR
family, pyrin domain containing 1 (NLRP1) on the 5’ side and the gene WSC domain
containing 1 (WSCDI) on the other side. There are almost no information about the
latter gene. It is supposed to code for a membrane protein which contains a WSC
domain, potentially binding to carbohydrates (Ponting, et al 1999).
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The NLRPI1 gene is better characterised. This protein appears to be expressed rather
ubiquitously (Hlaing, et al 2001) and it has been demonstrated to be expressed in CD14
positive cells and up-regulated in acute myeloid leukaemia blasts (Sanz, et al 2004). Its
expression was found to be high in THP-1 cells (Kummer, et a/ 2007). NLRP1 is
important for the innate immune system, being able to initiate apoptosis. NLRP1 protein
contains a nucleotide-binding domain, a leucine-rich repeat region, and a caspase-
recruiting domain (Chu, et al 2001). Such structure makes this protein similar to
nucleotide-binding oligomerization domain (NOD) containing proteins, which are key
components of innate immunity. These proteins are able to recognize bacterial peptido-
glycans, by binding to muramyl dipeptide, a component of bacterial wall, and to direct
the cells either to apoptosis or to activation as antigen presenting cells (Inohara and
Nunez 2001). NLRP1 has been demonstrated to activate caspase 1 (Chu, et al 2001,
Faustin, et al/ 2007). This protein has also been associated with autoimmune and
autoinflammatory diseases (Jin, et al/ 2007).

Fragment “2”

The low-affinity TGIF2LY-binding sequences 5’-TGACA-3’ and 5°’-TGACC-3" were
found to be present in this fragment. It represents a genomic region which is flanked by
the eukaryotic translation elongation factor 2 (EEF2) gene on the 5’ side and the gene
protein inhibitor of activated STAT 4 (PIAS4) on the 3’ side.

The first of these genes codes for a cytoplasmatic protein which is essential, as
suggested by its name, for the elongation phase of RNA translation. EEF2 protein
promotes the GTP-dependent translocation of the nascent protein chain from the A-site
to the P-site of the ribosome (Browne and Proud 2002).

The second gene, PIAS4, codes for a protein which is involved in a large number of
pathways of modulation of the immune system. PIAS4 plays its role downstream of
cytokine-mediated signalling by down-regulating several transcription factors which, in
turn, regulate subsets of cytokine-induced genes. More in details, PIAS4 is involved in
response to interferon. It functions here as a corepressor of the STAT]1 protein (Liu, et
al 2001). STATI is involved in activation of several interferon-induced genes.
Response to interferon produces several important effects like increase of antigen
presentation by up-regulating MHC class I molecules expression and inducing the
expression of specialized B-subunits of the proteasome, promoting in this way the
assembling of the so-called immunoproteasome (Wang and Maldonado 2006).
Activation of lysosomes in macrophages is another interferon-induced response. PIAS4
plays also a role in the NF-kB pathway. NF-kB is a cytoplasmic transcription factor
which migrates to the nucleus upon activation. This process can be promoted by several
stimuli, like Toll-like receptor 4 activation, and leads to activation of several genes
promoting very different responses, depending on the cell in which it is activated, like
inflammation, cellular proliferation, apoptosis and response to infection (Bonizzi and
Karin 2004, Viatour, et a/ 2005). In this context, PIAS4 functions as repressor of TRIF-
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mediated transcription (Zhang, et al 2004). TRIF is a key protein in activated-Toll-like
receptor signal transduction. Another pathway in which PIAS4 plays also a role is the
transforming growth factor B signalling. This pathway regulates, through the SMADs
transcriptional activators, several biological processes including cellular differentiation
and proliferation, tumorigenesis and immune response (Attisano and Wrana 2000,
Yingling, et al 2004). PIAS4 negatively regulates this pathway by repressing SMAD3-
mediated transcription either by recruiting histone deacetylase 1 (Imoto, et al 2003), or
by sumoylating SMAD3 and SMAD4 (Lee, et al 2003). PIAS4 seems also to be
involved in several ways in tumorigenesis by inhibiting, through sumoylation, the
activity of some key proteins for cell differentiation and cell cycle regulation like MYB
(Dahle, et al 2003) - which plays an important role in differentiation of hematopoietic
cells (Oh and Reddy 1999) - PLAG1 (Van Dyck, et al 2004), and the Wnt-responsive
transcription factor LEF1 (Sachdev, ef al/ 2001).

Fragment “23”

This fragment contained both the low-affinity TGIF2LY-binding sequences. This
genomic region is located on chromosome 2 and is flanked by the protein C (inactivator
of coagulation factors Va and VIlla) gene (PROC) on the 5’ side and by the mitogen-
activated protein kinase kinase kinase 2 (MAP3K2) gene on the other side.

The PROC protein is an anticoagulant serine protease, which inactivates the coagulation
factors Va and VIlla by proteolytic cleavage (Dahlback and Stenflo 1980, Marlar, et al
1982, Vehar and Davie 1980). Mutations of this gene have been associated with several
pathologies like thrombosis and thrombophilia (Grundy, et al 1992a, Grundy, et al
1992b, Romeo, et al 1987).

The MAP3K2 protein plays a crucial role in immune response by activation of
cytokine-induced NF-kB. This protein has been demonstrated to directly phosphorylate
and activate NF-kB inhibitor kinases (IKKs), which consent the activation of NF-kappa
B (Blank, et al 1996, Zhao and Lee 1999). Its expression has been found to be regulated
in autoimmune diseases like rheumatoid arthritis (Hammaker, et a/ 2004).

Fragment “5B”

This fragment contains both the low-affinity TGIF2LY-binding sequences. It represents
a genomic region located on chromosome 3 and is flanked by a locus which code for an
hypothetical protein (LOC131831) on the 5’ side and by the seven in absentia
Drosophila homolog 2 (SIAH2) gene on the 3’ side. SIAH2 is a small protein that
functions as E3 ubiquitin-protein ligase, mediating in this way ubiquitination and
subsequent proteasomal degradation of target proteins (Hu, et a/ 1997a, Hu, et al
1997b). It has been demonstrated that SIAH?2 is involved in down-regulation of B-cell-
specific transcription factors, which are usually induced upon B-cell activation (Boehm,
et al 2001). SIAH2 also targets the degradation of DCC, BAG-1 and nuclear receptor
co-repressors (Matsuzawa, et al 1998, Sourisseau, et al 2001, Zhang, et al 1998).
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Different evidences indicate that SIAH?2 is rather important in immune response: on one
hand, it has been demonstrated that SIAH2 pro-apoptotic function is dramatically
reduced upon interaction with proteins that inhibit or sequestrate SIAH2 (Okabe, et al
2003). On the other hand, it has been shown that SIAH2 directly interacts with proteins
like TRAF2, a central regulator of cellular response to cytokines and stress, and
promotes their degradation. TRAF2 is usually induced by the cytokine TNF-a.
Expression of SIAH2 accelerates degradation of TRAF2 upon stimulation by TNF-a
and promotes TNF-a-induced apoptosis, a crucial pathway in immune response
(Habelhah, et al 2002).

The functions of all the previously described genes are summarized in table 3.3.

Fragment code TGIF2LY-binding sequence Genes Function
DKK1 | Wnt signaling: | cell proliferation
XL1§ 5-TGATA-3'
high affinity oo P [ ol
MBL2 t complement activation: p
t activation of adoptive immune response
5-TGATA-3' . S
PRR k hore: cell
high affinity 6 inetochore: cell division
3
5'-TGACC-3' .
low affinity UBB ubiquitination: 1 antigen presentation
5-TGATC-3' _
high affinity WSsCD1 carbohydrates binding (not clear)
8
5'-TGACA-3' and 5'-TGACC-3' NLRP1 T innate i resp
low affinity either apoptosis or antigen presentation
PROC | blood coagulation
5'-TGACA-3' and 5'-TGACC-3'
23 .
low affinity
MAP3K2 1 NF-kB: t inflammatory and immune response
tubiquitination
e 5'-TGACA-3' and 5'-TGACC-3' Il + antigen presentation
L L t TNF-a-induced apoptosis
EEF2 protein chain elongation during protein syntesis
5-TGACC-3'
2 low affinity
PIASA LInf resp ; L NF-kB resp

| TGF- response; | Wnt signaling

Table 3.3. Function of the genes potentially regulated by TGIF2LY. Almost all the genes play a role in pathways involved in immune
response. TGIF2LY might also take part in modulation of immune response.

In this study, it was not possible to assess the biological function of TGIF2LY. For this
reason two possibilities have to be taken into account: one is that TGIF2LY functions as
repressor of gene transcription and the second is that this protein enhances gene
transcription.
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In the first case, assuming that TGIF2LY binds to the previously described genomic
regions also in vivo, it would mean that all the mentioned genes will be down-regulated.
This condition would bring several advantages to the leukaemic cells. They would be
stimulated to proliferate, due to lack of inhibition of Wnt signalling and would be
partially refractory to cytokine stimulation. It has to be kept in mind that THP-1 and
AML M4-MS5 blasts are derived from normal monocytes, a cell population which has a
crucial importance in the immune system being responsible, through differentiation into
macrophages, of initiating the innate immune response upon infection and activating the
adoptive immune response through differentiation into antigen presenting cells. A
consequence of expression of TGIF2LY within these cells, assuming it as a repressor,
would dramatically reduce the ability of these cells to initiate immune response,
inducing the cells to stay undifferentiated. In this case, expression of TGIF2LY in
patients with AML M4-M5 would be a bad prognosis marker.

The second possibility is that TGIF2LY functions as an enhancer of the genes
mentioned above. Up-regulation of all these genes would bring a disadvantage to the
leukaemic cells. First of all, being the Wnt signalling inhibited, their proliferation
capacity would be strongly reduced. Moreover, several genes among those described
above are involved in stimulation of antigen presentation. If these genes get up-
regulated, the AML M4-M5 cells would be forced to become antigen presenting cells,
with the risk for them to present tumour-associated antigens which are usually rather
antigenic. This would actually help the immune system to localize and kill selectively
leukaemic cells. From this point of view, TGIF2LY should be considered as a good
prognosis marker when it is expressed in AML M4-M5 patients.

According to the fact that the gene NLRP1 has been found to be highly expressed in
THP-1 cells (Kummer, ef al 2007), which express also TGIF2LY at protein level, would
actually exclude the hypothesis that TGIF2LY repress the expression of NLRP1. It
could also mean that the gene NLRP1 is not regulated by TGIF2LY in physiological
conditions.

The hypothesis of TGIF2LY as an expression enhancer would also fit with the findings
of Wang and Mann, who observed a loss of expression of specific target genes in
vismay mutants suggesting that vis might directly or indirectly activate these genes
(Wang and Mann 2003). However, as yet, none of the TGIF family members have been
shown to activate transcription. Thus, it remains an open question whether genes like
TGIF2LY and vismay play a direct role in the activation of target genes or,
alternatively, if they act indirectly by repressing the expression of a repressor of these
genes. To further understand these issues, other experiments will be necessary to
completely elucidate the regulation mechanisms of TGIF2LY. It would be interesting,
for example, to knock down the gene in THP-1 cells, usually expressing it, and analyze
the expression of those genes potentially regulated by TGIF2LY.
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3.4 Immunological studies on the candidate genes

3.4.1 Introductory remarks

Investigation of the function of genes, which showed up-regulation in AML patients’
samples, is essential to assign them a role, as cause or effect, in tumour biology.
However, there is another important aspect which has to be taken into account.

It is known that tumour cells express on their surface antigens which are normally not
presented by healthy cells. AML cells are not an exception. In the last years, several
tumour-associated antigens have been identified and characterized (Greiner, et al/ 2006).
Moreover, several protocols for leukaemia treatment have been developed, which
exploit the expression of tumour-associated antigens on the leukaemic cells (Duncan
and Roddie 2008, Porter and Antin 2006, van de Loosdrecht, et al 2009).

Recently, the interest has been captured by particular tumour-associated antigens: the
so-called cancer-testis antigens. These antigens are derived from proteins which are
normally expressed in testis only. The fact that testis aren’t normally under the
surveillance of the immune system makes such antigens the perfect targets for
immunotherapy (Guinn, et a/ 2007, Meklat, et al 2007). Among the candidate genes
identified in this study, the genes TGIF2L (both X- and Y-linked) and VCY are usually
expressed only in testis, although their transcripts have been found at very low levels in
some healthy monocytes samples.

For these reasons, in parallel to investigation of the function of the protein TGIF2LY,
all the candidate genes were analyzed for their immunological potential.

3.4.2 Immunological potential of the candidate genes

Peptide prediction

The amino acid sequences of BCORL2, PCDHI11Y, TGIF2LX and TGIF2LY, and
VCY were submitted to three different algorithms: HLA Peptide Binding Predictions
(BIMAS), Syfpeithi, and Paproc. The first two programs provide information about
peptides, present within the given amino acid sequence, which are predicted to bind
HLA molecules. Both algorithms analyze the sequence evaluating, for each possible
peptide, how stable the bond to the HLA molecules would be, taking into account each
amino acid in each position of the peptide. For this study, the programs were asked to
predict HLA-A0201-restricted peptides. In this way, it was possible to obtain a list of
possible peptides derived from the sequences of the candidate proteins ranked by
predicted HLA-A0201 binding capacity.
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The hit-list was then re-ordered using the data derived from the proteasomal cleavage
prediction software, Paproc. For example, if a peptide showed high affinity to HLA
molecules, but there were several possible proteasomal cleavage sites within it, it was
discarded.

Several remarks have to be done about the prediction method.

A reasonable question would concern the choice of HLA-A0201-restricted peptides
only. This HLA type was chosen for several reasons. First of all, the HLA-A0201 allele
is relatively abundant in European populations; its frequency can vary according to the
populations taken into account, but in Western and Eastern Europe this allele is present
in about 30% of individuals, according to the New Allele Frequency Database,
http://www.allelefrequencies.net (Middleton, et a/ 2003). Working with samples
collected only in Europe, in Germany and in England precisely, made the choice of this
HLA allele reasonable.

Another reason led to the choice of HLA-A0201 allele for this study. The main
problem, using other HLA alleles, is to find a reliable read-out system. In this case T2
cells have been used to investigate the real binding capacity of the selected peptides
first, and to analyze their antigenicity then. T2 cells, due to TAP deficiency, are not able
to load endogenous antigens on HLA molecules on their cell surface. T2 cells express,
among the MHC class I molecules, HLA-A0201 alleles. If no antigens are loaded onto
MHC molecules, they are unstable and are rapidly internalized and degraded. It is then
possible, by adding HLA-A0201-restricted peptides to the culture medium, to stabilize
the MHC class I molecules and to measure, through antibodies, the affinity of those
peptides for the MHC complexes (see also paragraph 4.7.2).

It is of course possible to analyze the immunological potential of peptides restricted to
other HLA alleles, but it would be necessary, for this purpose, to plan and optimize a
different read-out system.

Concerning the use of the algorithm Paproc to predict the possible proteasomal cleavage
of the candidate proteins, it has to be mentioned that its results have to be handled
carefully. This software bases its cleavage prediction on experimental cleavage data of
yeast and human 20 S proteasomes (Kuttler, et al 2000). The role of proteasome in
antigen-presenting cells is crucial. Protein processed within these cells, are cleaved by
the so-called immunoproteasome, a variant of the proteasome present in all the other
cells, with different B-subunits (Wang and Maldonado 2006). There is a slight
difference of cleavage site specificity between the two proteasomes. For this reason,
results obtained from the algorithm Paproc have to be taken just as an indication. In this
case, nonamers with three or more possible cleavage sites were rejected, but those with
only one cleavage site were kept for in vitro analysis.

HLA-A0201-binding potential of the peptides

In order to assess antigenicity of the so-predicted peptides, the first step was to analyze
their real binding capacity to HLA molecules. As mentioned before, only peptides with
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high probability to bind those molecules have been taken into account. It has to be
pointed out that a high predicted binding probability is not necessarily reflecting the real
binding capacity of a given peptide: several factors can influence, in vivo, the binding
ability of a peptide. The software used for predicting HLA-peptide complex stability
take into account what amino acid is present in each position within the nonamer, in
case of HLA-A0201. One of the other factors which can influence binding capacity is
the three-dimensional conformation of the peptide of interest. If this structure is not
spatially compatible with the HLA molecules’ groove in which the peptide should be
placed, the overall affinity of that peptide for HLA molecules will be strongly reduced,
if not nullified. These are the reasons which make a peptide-HLA binding assay
essential.

Referring to figure 2.16, it is possible to see that, among the eleven tested peptides, only
five were really able to stably bind to HLA-A0201 molecules. A deeper analysis of all
the peptides shows that there are motifs which are probably important for a stable bond
of the peptide to HLA-A0201 molecules (figure 3.3).

A B
(1) 1 9 (1) 1 )
F217(1) FLLLVDAAV G185(1) GIAQPKKKV
G54(1) GAATKMAAV (';g ZE i ; g o g g < g i /
H134(1) HLQST;*_ASY LR94(1) LLRISNWF I
LQ94(1) LLOISNWE] N56(1) NLPAESVKT
Q106(1) QESELEEPL P113(1) PLSKGRPST
Consensus(1l) L EAAV Consensus(l) LA K I

Figure 3.3. Search for peptide consensus sequence basing on their capacity to bind to HLA-A0201 molecules. Panel A: peptides
which are able to bind to HLA-A0201 molecules. Panel B: peptides which are not able to bind to these molecules. It is possible to
see that the C-terminal end of the binding peptides is conserved. Color scheme (color = amino acid substitution type): black = non-
similar; blue = conservative; green = block of similar; orange = weakly similar.

It is possible to notice that the C-terminal portion of the peptides which are able to bind
to HLA molecules shows some conservation. It has been shown that the most important
amino acid for HLA-A0201 affinity are those in position 2 and 9 (Parker, et al 1995).
However, this is probably not the only condition influencing binding capacity. Looking
at the peptides LQ94 and LR94, it is possible to see that they differ only in one amino
acid in position 3, a glutamine for LQ94 and an arginine for LR94. No arginine is found
at this position among the binding peptides. It is possible that this amino acid in this
position of the nonamer is not compatible with the binding groove of the HLA-A0201
molecules. It is interesting to notice that, although the five binding peptides reached a
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binding value above the 1.2 threshold, none of them is comparable, for binding
potential, to the positive control derived form influenza virus matrix protein (IMP:
GILGFVFTL). This peptide is known to stably bind HLA-A0201 molecules and to be
strongly immunogenic. Only the peptide F217, derived from the TGIF2LX gene, shows
high binding potential, with a value of about 2.8 (against a value of about 4.8 for IMP;
figure 2.16). The worst-binding peptide, H134, had a coefficient of about 1.25, slightly
above the threshold. Comparing the IMP control with all the other binding peptides
(figure 3.4), it is possible to evaluate all the similarities between them and to speculate
about the amino acids important for HLA-binding.

(1) 1 9 (1) 1 9 (1 1 9
F217(1) FLLLVDAAY LQ94(1) LLQISNWEFI H134(1) HLQSTEAS
IMP(1) GILGFVFTL IMP(1) GILGFVET IMP(1) GILGEVFETL
Consensus(1l) IL L. Consensus(l) I F I Consensus(l) I SL
(1 1 9 (1 1 9
G54(1) GAATKIMAAY Q106(1) QESELEEPL
IMP(1) GILGEFVFEFT IMP(1) GILGEFVFTL
Consensus(1l) G M L Consensus(1) L

Figure 3.4. Search for key amino acids for peptide-HLA-A0201 binding. Alignment of the positive control peptide from influenza
virus matrix protein (IMP) with the HLA-A0201-binding peptides. F217 showed the highest binding capacity among these
peptides; H134 the lowest. Color scheme (color = amino acid substitution type): black = non-similar; green = block of similar; red
on yellow background = identical.

Being F217 the best-binding among the candidate peptides, it is possible to get other
evidences that position 3 is crucial for HLA-A0201 binding. In fact, leucine or similar
amino acids in positions 2 and 9 are present also in non-binding peptides; the only
significant difference concerns amino acids in position 3. Of course, it is possible that,
for highly stable binding several conditions have to be fulfilled simultaneously.

Antigenicity of the peptides

The five HLA-A0201-binding candidate peptides were then tested for their antigenicity.
To do so, T2 cell were loaded with these peptides and used to stimulate the growth of
peptide-specific T-lymphocytes isolated form a HLA-matched healthy female blood
(see paragraph 4.7.3).

The results of this experiment (figures 2.17 and 2.18) were not that encouraging. Even
for T2 cells loaded with a known immunogenic peptide, melanoma antigen family A-3
(MAGE3: FLWGPRALYV), only a small percentage of specific lysis could be seen. This
result can be explained by taking into account the conditions with which the chromium
release assay has been performed. First of all, it is possible that radioactive labelling of
the target cells is somehow affecting the cells’ viability increasing the background of
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released *'Cr and reducing, for this reason, the signal derived from the specific >'Cr
release. On the other hand, it has to be taken into account that T2 cells are not the
perfect antigen-presenting cells. This cell line is derived by a fusion of a B- and a T-
lymphoblastoid cell lines (Salter and Cresswell 1986). B-cells are normally functioning
as antigen-presenting cells, expressing on their cell surface the co-stimulatory molecule
CD80, expressed also by monocytes, which interacts with CD28 molecules on the
surface of T-cells, promoting their activation and survival. T-cells, both the CD4 and
CDS8 positive, do not have this function. Their task is to recognize antigens presented by
cells and, if necessary, to start a cell-mediated immune response. T2 cells are able to
stably load their HLA-A0201 molecules with peptides, as shown by the binding assay
(figure 2.16), but, probably, the stimulation of T-cells is not as effective as that of
natural antigen-presenting cells. Nevertheless, it is possible to see that the peptide G54
is recognized by T-cells and a small percentage of the cells presenting it are killed by
specific T-cells.

The small percentage of specifically lysed cells is not necessarily a bad result. First of
all, it has to be kept in mind that, also in the case of the positive control peptide, the
percentage of specifically lysed cells is quite small. Probably, by optimizing the
procedure, it is possible to make the assay more sensitive and to see whether to an
increase of lysis of control peptide-loaded cells corresponds also an increase of lysis of
cells loaded with the G54 peptide.

Furthermore, according to the result of the binding assay, G54 is one of the peptides
which showed the lowest affinity to the HLA-A0201 molecules, with a coefficient of
about 1.5. This means that the bond of this peptide is rather weak. Having said that, it is
clear that, among the target cells loaded with the peptide G54 and used to expand a
specific T-cell population, only a relatively small percentage presents a large number of
HLA-A0201-peptide complexes. This can have influence both on T-cell stimulation,
and thus expansion, and on recognition of the antigen by the so-expanded T-cells.

In order to assess the real antigenic potential of the G54 peptide it would be necessary
either to optimize the chromium release assay presented here, or to modify it by using a
different target for expansion and specificity assessment of the T-cells. One possibility,
for this purpose, can be the generation of dendritic cells from an AML M4-M5 male
patient’s sample. These cells can be either transfected with an expression vector
encoding the full-length protein of interest - G54 is derived from the VCY protein - or
incubated together with the purified peptides. Protocols for dendritic cells generation
from AML cells have already been established (Schuster, et al 2008). The challenge
here would be to find a full-matched female donor to obtain T-cells. Peptide-specific
cytotoxic T-cells can be expanded from such a donor and used to test their capacity to
lyse peptide-presenting target cells. Another possibility can be provided by THP-1 cells.
It is possible to induce differentiation of THP-1 cells into dendritic cells by cultivating
them with a cytokine cocktail containing granulocyte-monocyte colony stimulation
factor (GM-CSF) (Berges, ef al 2005). Differentiated THP-1 cells could be a useful tool
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for peptide antigenicity assessment. It would be necessary to optimize the method by
adding the peptides of interest, or the full-length protein, to the medium, in order to
make the THP-1 cells presenting that antigen. Here as well, it would be necessary to
find a full HLA-matched female donor to get T-cells.

3.5 Outlook

3.5.1 The “time factor”

As mentioned several times before, the so-called “time factor” limited dramatically the
possibilities of the experimental work for this study. The present paragraph is not meant
to be a complaint; it is just exposing the problems arising during the ongoing project,
which influenced, sometimes heavily, the time schedule.

There were several reasons for that. First of all, the initial part of the study consisted in
establishing and optimizing all the methods. The choice of the AML subtype to
investigate was a crucial step and several trials have been made to establish the optimal
cell separation strategy, according to the idea of obtaining the same cell population from
both leukaemic patients and healthy volunteers’ blood. The next step, the collection of
AML samples, took also quite a while and several problems arose during this phase.
Although AML M4-MS5 cases are not so rare, the fact that eligible samples should show
high expression of CD14 molecules and be from male patients restricted considerably
the possibilities. Some samples had not been immunophenotyped at the time of
diagnosis and, in order to assess their suitability, they had to be checked through flow
cytometry for presence and abundance of CD14 molecules on the leukaemic cells. The
limited availability of some samples, intended as low number of cells frozen at the
diagnosis or as loss of cells after thawing, made the whole sampling procedure longer
than expected.

The protocol for low density arrays needed to be optimized as well. Several pilot
experiments had to be performed in order to understand how reliable this method was.
The analysis of the samples with this tool provided an impressing amount of data, which
had to be evaluated very carefully sample by sample. Analysis of the so-obtained data
took time also because of the scarce performance of the software used for the
evaluation.

Another phase of the project that required more time than planned was the evaluation of
the data obtained with the TGIF2LY-DNA binding assay. The search of a possible
DNA binding sequence for the protein took quite some time. The main reason is that
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comparing all the nucleotide sequences of the previously-obtained TGIF2LY-binding
fragments with each other, in order to find all the possible short common sequences,
was a long and difficult procedure.

Time problems influenced also the immunological part of the project. One example
concerned the delivery of peptides to be analyzed for HLA binding ability and for
antigenicity. This alone required longer than one month, becoming one of the “speed-
limiting step” for the schedule of the planned experiments.

All the mentioned factors influenced, in different ways, the time schedule of the project.
Nevertheless, they were all necessary steps to get data which could, and can, be used for
further experimental work.

3.5.2 Further steps

The present study has opened several research topics and provided the basis for new
experimental works.

From a biological point of view, it would be very interesting to fully understand the role
of TGIF2LY in healthy and leukaemic cells. Some indications about the function of this
protein have been provided from the present study; other important points, concerning
the biology of TGIF2LY, have to be elucidated. It will be essential to perform other in
vitro and in vivo experiments to finally understand whether TGIF2LY plays a role in
regulation of genes involved in innate and adoptive immune response and how the
regulation mechanisms do function.

The function of the other candidate genes, in both healthy and leukaemic cells, remains
also to be elucidated. Once these points are assessed, it will be possible to understand
whether their over-expression in leukaemic cells has to be seen as cause or as
consequence of the tumour. Further studies are necessary to assess the biological role of
these proteins within the leukaemic cells and to implement their use, if possible as
prognostic tools or as therapeutic targets.

The immunological aspect of the candidate genes is also very important and deserves
further studies. The direct involvement of candidate gene-derived peptides in the
recognition of leukaemic cells by the immune system is a possibility which might bring
enormous advantages for the treatment of the disease. New therapy strategies can be
designed based on the use of peptide specific T-cells for the complete removal of
residual leukaemic cells after transplantation. It will be necessary to perform further
analysis, in the case of the G54 peptide, focused on the assessment of the real
antigenicity of this peptide, maybe using patient-derived dendritic cells.

Further research should also be focused on the analysis of candidate gene-derived
peptides restricted to other HLA types.
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4.1 Working with Escherichia coli

4.1.1 Culture media

After preparation, all the media have been autoclaved for 20 minutes at 121°C. For solid
media, agar-agar was added at a concentration of 1.5% (w/v) before sterilisation. All the
temperature-sensitive ingredients have been sterile filtrated and added after autoclaving.

LB medium (Bertani 1951): 10 g casein hydrolysate
5 g yeast extract
4 g NaCl
Hzobidest ad 1 L, pH 7.4

SOC medium (Sambrook and Russell 2001): 2 g tryptone
0.5 g yeast extract
0.2 g MgCl, x 6 H,O
0.25 g MgS0O4 x 7 H,O
0.36 g glucose
Hzobidest ad0.1L

4.1.2 Inhibitory and selective media supplements

All the used supplements have been sterile filtrated. For liquid culture media, they were
added directly before inoculation. For solid culture media, they were added once the
media temperature was lowered to ~45°C. Ampicillin (final concentration: 50-
100 pg/mL) and kanamycin (final concentration: 30 pg/mL) have been used as selection
antibiotics, both dissolved in HyOp;igest.
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4.1.3 Growing of bacteria

Inoculation of E. coli on solid media was conducted with inoculating loops, previously
sterilised by heating. For inoculation in liquid media, both from colonies on agar plates
and glycerol stocks, sterile pipet tips were used. Liquid cultures of more than 30 mL
volume were inoculated 1:100 from overnight grown liquid cultures (5 mL). All the
cultures were growth at 37°C and, in case of liquid cultures, under vigorous shaking (>
200 rpm).

4.1.4 Short- and long-term storage of bacteria cultures

After overnight incubation at 37°C, E. coli cultures can be stored on agar plates for
several months at 4°C when wrapped into Parafilm (American National Can, USA).
Glycerol stocks were prepared for bacteria long-term storage by mixing sterile 80%
glycerol with the overnight grown liquid cultures (1:1), and stored at -80°C in Cryo
Tube™ vials (Nunc, Denmark).

4.1.5 Production of chemocompetent E. coli

2.5 mL overnight culture were added to 250 mL LB medium with 20 mM MgSO, and
grown under vigorous shaking at 37°C up to ODgoo 0.6-0.8. After centrifugation
(4000 x g; 4°C; 15 minutes), the bacterial pellet was resuspended in 100 mL ice-cold
TFB1 buffer, placed on ice for 5 minutes and centrifuged again. After resuspension in
10 mL ice-cold TFB2 buffer and an incubation of 30 minutes on ice, bacteria were split
into 100 pL aliquots, shock-frozen in liquid nitrogen and stored at -80°C.

Buffers:

TFB1 (pH 5.8): 30 mM KAc
100 mM RbCl
10 mM CaCl,
50 mM MnCl,
15% glycerol
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TFB2 (pH 6.5): 10 mM MOPS
75 mM CacCl,
10 mM RbCl
15% glycerol

4.1.6 Transformation of chemocompetent E. coli by heat shock

The chemocompetent bacteria were thawed on ice and gently mixed with 1-5 ng of
plasmid DNA or a maximum of 5 pL DNA from a ligation reaction. After an incubation
of 20 minutes on ice, the cells were heat-shocked at 42°C in a water bath for 30-60
seconds (depending on the strain) and immediately placed back on ice for at least 1
minute. After addition of 400 pL SOC medium, cells were incubated under vigorous
shaking at 37°C for 60 minutes. Subsequently, ~100 uL cell suspension were plated
onto LB agar plates containing the appropriate selective antibiotics. The plates were
incubated overnight at 37°C.

4.2 Working with eukaryotic cell lines

4.2.1 Cultivation of cell lines

293T

This is a subline of human embryonic kidney (HEK) 293 cells, which has been
transformed with adenovirus and contains the SV-40 T large antigen. These cells were
cultured in High Glucose Dulbecco’s Modified Eagle Medium (D-MEM; PAA
Laboratories, Austria) supplemented with 10% Fetal Bovine Serum (FBS; Biochrom,
Germany), 2 mM L-glutamine, 100 U/mL penicillin and 100 pug/puL streptomycin (all
from Gibco, USA). 293T cells were grown as a monolayer, at 37°C and 5% CO, in a
humidified atmosphere.

HelLa

This is a well-established human cervix carcinoma cell line. Good adhesive and
transfection properties and a relatively large cell volume make these cells optimal for
subcellular localisation studies. HeLa cells were cultured in Modified Eagle Medium
(MEM; PAA Laboratories, Austria) supplemented with 10% FBS, 2 mM L-glutamine,
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100 U/mL penicillin and 100 pg/uL streptomycin. They were grown as a monolayer, at
37°C and 5% CO, in a humidified atmosphere.

174CEM.T2 (T2)

This T-lymphocytic cell line is unable to load endogenous peptides on the surface MHC
complex, due to lack of expression of the TAP protein. The cells were cultured in
RPMI-1640 medium (PAA Laboratories, Austria), supplemented with 10% FBS, 2 mM
L-glutamine, 100 U/mL penicillin and 100 pg/uL streptomycin. T2 cells were grown in
suspension, at 37°C and 5% CO, in a humidified atmosphere.

THP-1

This monocytic cell line has been established from the peripheral blood of a one year
old male patient with acute myelomonocytic leukaemia (Tsuchiya, et a/ 1980). The cells
were cultured in RPMI-1640 medium, supplemented with 10% FBS, 2 mM L-
glutamine, 100 U/mL penicillin and 100 pg/uL streptomycin. THP-1 cells were grown
in suspension, at 37°C and 5% CO; in a humidified atmosphere.

4.2.2 Maintenance of cell culture: Splitting, Thawing, Freezing and
long-term storage of eukaryotic cells

Splitting

293T and HeLa cells, which grow as a monolayer, adhering to the bottom of the culture
flasks, need to be transferred to a new culture flask, before they reach confluence in the
old one. For this purpose, the culture medium is removed; the cells are washed with
warm (~30°C) phosphate buffered saline solution (PBS) and then covered with a
trypsin/EDTA solution (3 mL for T75 culture flasks; 0.8 mL for T25). After a short
incubation at 37°C, the cells are detached from the bottom of the flasks and resuspended
in warm fresh culture medium. HeLa cells were usually split 1:4 — 1:8 in medium; 293T
cells 1:8 — 1:16, because of growing more rapidly. The cells were split every 3-4 days.
Cells which grow in suspension (T2 and THP-1) were splitted 1:4 — 1:8 once or twice a
week. To do so, the cells are resuspended by gently pipetting and an aliquot is diluted in
fresh culture medium.

PBS: 10 mM sodium-phosphate buffer (pH 7.4)
150 mM NacCl
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Thawing

To thaw eukaryotic cells, one vial was taken from liquid nitrogen and quickly put in a
37°C water bath. The cell suspension was subsequently diluted in 9 mL of the
appropriate culture medium, centrifuged for 10 minutes at 1000 x g. Cell pellet was
resuspended and transferred to a T75 culture flask. The thawing procedure should be
conducted as fast as possible, as the freezing medium contains dimethylsulfoxid
(DMSO), which is toxic for the cells, when the temperature is raised.

Freezing and long-term storage

Cells at about 80-90% confluence in a T75 flask were trypsinized, resuspended in the
appropriate culture medium and subsequently collected by centrifugation (10 minutes at
500%g). Culture medium with the usual amount of antibiotics, 90% FBS and 10%
DMSO was used as freezing medium. The cell pellet was resuspended in 2 mL of
freezing medium, which was then pipeted into two Cryo Tube™™ vials. In order to avoid
shock-freezing, potentially lethal for eukaryotic cells, a Nunc freezing box was used,
filled with isopropanol and put at -80°C. This allows a temperature decrease of
1°C/minute and avoids crystallisation of cell content.

For long-term storage, the vials were transferred to liquid nitrogen; for storage up to six
months, they were put at -80°C.

4.2.3 Transfection of eukaryotic cells

To express proteins in eukaryotic system, cells were transfected with FuGene6 reagent
(Roche). FuGene6 is based on the principle of lipofection and acts by including plasmid
DNA into lipidic droplets. The delivery of the transfectant plasmid is achieved by
fusion of those lipidic droplets with the plasmatic membrane of the cells.
Based on the manufacturer’s protocol, the transfection procedure was optimized. For all
cell lines used in this work, a 3:1 ratio of pL. Fugene6 per pg DNA was found to yield
the best results. As described in the original protocol, FuGene6 was first mixed with the
culture medium without FBS and incubated at room temperature for 5 minutes. DNA
was subsequently added and the mix was gently mixed by inversion. Drops were
collected by brief centrifugation. Before transfection, the mixture was incubated for
another 20-25 min at room temperature to allow the formation of the FuGene6-DNA
complexes.
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4.2.4 Growing of HeLa cells for subcellular localization studies

For subcellular localization studies, 5x10* to 10° cells were seeded into each well of a 6
well plate containing a microscope glass cover slip. Transfection was performed with
1 png of DNA per well. HeLa cells have been chosen for their rather large cellular
volume, which allows a better visualization.

Staining of mitochondria using compartment-specific tracker

For staining of mitochondria, fluorescence-coupled tracker (Invitrogen, USA) was used.
This tracker is transported actively to the mitochondria within the living cells.
Therefore, the tracker was diluted to 300 nM in culture medium and then added to the
cells. After incubation at 37°C for 30-35 minutes, culture medium was removed and
cells were washed twice with PBS.

Fixation
Fixation of the cells was conducted applying 1 mL of 3.7% formaldehyde in PBS and
incubating at 37°C for 10-15 minutes. After fixation, cells were washed twice with PBS.

Permeabilization

If necessary for antibody staining, permeabilization of the cells was carried out by
adding 1 mL 0.5% Triton-X (Merck, USA) in PBS to each well and incubating at room
temperature for 5-10 minutes. After that, cells were washed three times in PBS.

Antibody staining

For antibody staining of distinct cellular compartments or MY C-tagged proteins under
investigation, permeabilized cells were first blocked, incubating them with 3% bovine
seroalbumine (BSA; New England Biolabs, USA) in PBS, at room temperature for 30
minutes. Primary and secondary (where necessary) antibody solutions were prepared in
1:2000 dilutions (or as indicated) in blocking solution; cells were incubated with them
at room temperature for 1 hour for each antibody solution. Before and after application
of the antibody solutions, cells were washed three times with PBS. In this study, in
order to localise TGIF2LY, the primary antibody was a mouse monoclonal anti-MYC
9B11 (New England Biolabs, USA) and the secondary antibody was an AlexaFluor 488
Goat anti-Mouse IgG (Molecular Probes, USA).

Nuclei staining

Nuclei  staining was performed with either DAPI (4’,6-diamidino-2-
phenylindole,dihydrochloride) or Hoechst33342 (both from Invitrogen, USA). DAPI
was diluted in H,Opigest and applied on the cells with a final concentration of 300 nM.
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The cells were incubated for 1-2 minutes. Hoechst33342 staining was diluted 1:5000 or
1:10000 in PBS and the cells were incubated for 1-5 minutes.

Microscope slides preparation

After all necessary staining steps, the cells were washed three times with PBS. The
glass cover slips were removed from the plate’s wells and pasted upside down on
Super-Frost Plus cover slides (Menzel Glaeser, Germany) using Vectashield (Vectalabs,
USA).

Detection of fluorescence and documentation

Fluorescence was detected using a Zeiss Axiophot fluorescence microscope with
respective filters. Camera was controlled for taking photographs by Axiovision 4.6
software (Zeiss, Germany). Adobe Photoshop CS was used to process the photographs,
namely, to define lower and upper thresholds, to separate the red, green, and blue
channel.

4.3 DNA-based molecular biological methods

4.3.1 Isolation and purification procedures

Isolation of plasmid DNA from bacteria

Isolation of plasmid DNA from E. coli strains was carried out in two different scales:
mini-preparation, using 1 to 5 mL of an overnight bacteria culture and the NucleoSpin
Plasmid kit (Macherey & Nagel, Germany), and midi-preparation, using 50 mL of an
overnight culture and the NucleoBond PC100 Kit (Macherey & Nagel, Germany).
Bacteria were harvested by centrifugation for 15 minutes at 9000xg at 4°C and the
pellets resuspended in the appropriate lysis buffer of the kits. DNA was isolated
according to the manufacturer’s protocols. In the mini-preparation, DNA was eluted
from the columns with 50 puL of HyOpigest- The elution volume for the midi-preparation
was 100-200 j,lL Hzobidest.

Isolation of genomic DNA from cultured cells

Genomic DNA from cultured cell lines was obtained using the Wizard SV genomic
DNA Purification System (Promega, USA). According to the manufacturer’s
specifications, the protocol was optimized. After cell lysis, binding of the genomic
DNA to the provided silica columns and the washing steps, the elution volume was
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reduced to 50 pL. of HyOpigest for 5%10° lysed cells in order to concentrate the eluted
DNA.

Purification of linear dsDNA from aqueous solutions and agarose gels

DNA purification from solutions containing enzymes, dNTPs, salts etc. was carried out
by use of the Wizard SV Gel and PCR Clean-Up System (Promega, USA) according to
the manufacturer’s protocols. For elution, 35-40 pL H,Opigest Were applied.

For DNA purification from agarose gels, TAE buffer based 1-2% agarose gels (w/v)
were used.

50x TAE: 2 M Tris
1 M acetic acid
0.1 M EDTA
HyOpigest upto 1 L

Precipitation of DNA

Highly diluted or impure DNA can be precipitated in order to increase concentration or
purity. Therefore, 0.1 volume of 3 M sodium acetate (pH 5.2) and 2.5 volumes of
ethanol p.a. were added to the DNA-containing solution. This was incubated for at least
2 hours at -20°C. After centrifugation (15 minutes at 75000xg and 4°C), the supernatant
was removed and the pellet washed in -20°C cold 70% ethanol (centrifugation: 10
minutes at 75000xg and 4°C). After removal of the supernatant, the DNA pellet could
be dried and resuspended in the optimal volume of HyOpjigest.

4.3.2 Measurement and quality assessment of DNA solutions

Separation and monitoring by agarose gel electrophoresis

For qualitative measurement of DNA or subsequent isolation, DNA-containing
solutions were applied to an agarose gel for electrophoresis. Different w/v percentages
of agarose in 1x TBE buffer were used to optimize the analysis according to the
expected size of the DNA fragments: 0.5% for dsSDNA > 5 Kb; 1% for dsDNA ~2-5 Kb
2% for dsDNA ~0.5-2 Kb and 3% for dsDNA < 0.5 Kb. For analysis, 6% Loading Dye
was added to the DNA solution, which was mixed and applied to the gel containing
ethidium bromide (0.5 pg/mL). The DNA was separated on the basis of the fragments’
weight in a constant electric field of 80-160 V, depending on gel size and percentage of
agarose. DNA bands on the gel were monitored and photographed with UV trans-
illumination (A=254 nm) on a Bio Vision gel documentation system (PeqLab,
Germany).
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By adding 6% Loading Dye to the sample, the gel run could be optically monitored and
stopped according to the separation. The included dyes, bromophenol blue and xylene
cyanol FF behave on a 0.8% agarose gel like dsSDNA fragments of 0.3 and 4 Kb size,

respectively.

10x TBE: 108 g Tris
55 g boric acid
9.3 ¢ EDTA

H2Obidest up tolL

6% Loading Dye: 15% Ficoll 400 (Pharmacia)
0.25% bromophenol blue
0.25% xylene cyanol FF
or purchased as ready-to-use solution from Fermentas

DNA fragment size was determined taking into account that, within an agarose gel
matrix, running velocity of dsDNA fragments is inversely proportional to the decadic
logarithm of their molecular weight. It is therefore possible to estimate the length of a
fragment of unknown size by comparison with the R¢ values of length of standardized
fragments. Usually, this is achieved by inclusion of DNA standards to gel
electrophoresis. In this work, A-Markers 3 and 8 were used (both from Fermentas,
Canada).

Quantification by optical density (OD)

To monitor quantity and quality of nucleic acid preparation, DNA (or RNA) containing
solutions were diluted in H,Ogest and the optical density (OD) of the resulting solution
was measured at A=260 nm for quantification and, additionally, at A2=280 nm for
qualification. The concentration of the nucleic acid solution was calculated according to
the following formula (adapted from (Cryer, et al 1975)):

ODy¢p * dilution factor x 50 ng/uL = concentration [ng/puL]
The quality was assessed by the ratio value R (OD,¢ nm/OD,gp nm) where R = 1.8 for
dsDNA represents the optimal value.

All the OD measurements were conducted using the Beckman DU 530 Life Sciences
UV/Vis Spectrophotometer (Beckman, Germany).
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4.3.3 Cloning strategies

Cloning via restriction sites

For most applications, DNA fragments were inserted into vectors via restriction sites.
Digestion of DNA fragments and vector with restriction endonucleases yields
complementary (so-called sticky) DNA ends which can then be used for ligation. In
contrast to TA-cloning, utilization of two different restriction sites additionally allows a
site-directed insertion.

TOPO-TA cloning

For direct cloning of DNA fragments from PCR reactions with no prior cleanup, the
TOPO-TA cloning Kit (Invitrogen, USA) was used. For this method, A-overhangs
produced in the elongation step of the PCR by the Tag-polymerase are ligated to T-
overhangs in the respective vector (TA-cloning). The yield of ligation products is
enhanced by topoisomerase, attached to the vector’s cloning sites (TOPO-cloning).
After amplification of the DNA by PCR 4 uL of the reaction mixture were subjected to
the ligation procedure into vector pCRII or pCR2.1 and transformed into
chemocompetent TOP 10 cells as recommended by the manufacturer.

For cloning of DNA fragments longer than 3 Kb, the TOPO-XL cloning kit (Invitrogen,
USA) was used, according to the manufacturer’s protocol.

Cleavage of DNA by restriction endonucleases

For cloning purposes or analysis of plasmids, DNA fragments and vectors were digested
with the desired restriction enzymes. 1-10 pg DNA were digested in 20-50 pL reaction
volume containing appropriate concentrations of buffer, BSA (if required) and 5-20 U
enzyme for 2-16 h at 37°C. The adequate amount of enzyme was calculated according
to the assumption that 1 U of enzyme digests 1 ug DNA in 1 hour under optimum
conditions. The reaction was stopped by heat inactivation or removal of the enzyme
using the Wizard SV Gel and PCR Clean-Up System (Promega, USA; see also chapter
4.3.1). All the restriction enzymes used for this study were purchased from New
England Biolabs, USA.

Dephosphorylation of linear DNA fragments by alkaline phosphatase

Alkaline phosphatase can be used to cleave terminal 5’-phosphate groups. This is
especially suitable to inhibit religation of restricted vectors, in order to increase the final
amount of linearized vectors. Dephosphorylation can be conducted in common
restriction enzyme buffers or in a separate buffer provided with the enzyme. Usually,
calf intestine alkaline phosphatase (CIAP; Fermentas, Canada) was added directly to
vector digestions for the last 30 minutes of incubation and heat-inactivated or cleaned-
up with the restriction reaction.
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Ligation of DNA fragments

For ligation of inserts and respective vectors, DNA fragments were mixed in a 4:1
molar ratio (insert:vector) and incubated with 1x ligase buffer and T4-DNA-Ligase
(New England Biolabs or Promega). Incubation was conducted at room temperature for
2-4 hours or at 14°C overnight.

DNA amounts were adjusted according to the manufacturer’s recommendations. For
transformation protocol, see paragraph 4.1.6.

4.4 RNA-based molecular biological methods

4.4.1 Isolation and purification procedures RNA methods

Isolation of total RNA from eukaryotic cells

In order to isolate total RNA from cultured cells and from both fresh and frozen
leukocytes samples, the RNeasy Mini Kit (Qiagen, USA) was used. According to the
manufacturer’s specifications, the protocol was optimized. Before starting, [-
mercaptoethanol was added to the lysis buffer of the kit (RLT buffer) up to a final
concentration of 10 pL. per mL of buffer. 600 pL of this lysis buffer were used to lyse
up to 107 cells. The lysate homogenization was performed by passing the cell lysate 5 to
10 times through a 20-gauge needle (0.9 mm diameter). After binding the RNA to the
silica columns provided from the kit, RNA was washed and eluted in 40-45 pL of
H,Opigest In Order to concentrate it.

Only RNase-free equipment was used for handling of cells from which the RNA should
be isolated.

Precipitation of RNA
Highly diluted or impure RNA can be precipitated in order to increase concentration or
purity with the same protocol used for the precipitation of DNA (see paragraph 4.3.1)

Determination of RNA concentration by measurement of OD
RNA concentrations were determined in the same way as described for DNA (see

paragraph 4.3.2) but calculated with the following formula:

ODy¢p * dilution factor x 40 ng/uL = concentration [ng/puL]

&9



4 Material and Methods

4.4.2 Determination of RNA integrity

In order to assess the integrity of isolated RNA, the RNA 6000 Nano Kit (Agilent
Technologies, USA) was used. According to the manufacturer’s protocol, 1 uL of each
RNA sample was loaded into the sample wells of a RNA Nano Chip, provided with the
kit. The chips were analysed with an Agilent 2100 Bioanalyzer (Agilent Technologies,
USA). Using microcapillary electrophoretic separation on these chips, RNA samples are
separated and subsequently analysed via laser induced fluorescence detection. The
bioanalyzer software (2100 Expert software) generates an electropherogram and a gel-
like image and displays results such as sample concentration and the ratio between 18S
to 20S ribosomal RNA, which, in turn, gives a first hint about the RNA degradation
within the sample. The electropherogram provides a detailed visual assessment of the
RNA sample quality as well as the RNA integrity number (RIN) relative to each
sample. The RIN is determined by the ratio of the ribosomal bands and by the entire
electrophoretic trace of the RNA sample, for example the presence or absence of
degradation products. The RIN scale goes from a value of 10, for intact RNA, to a value
of 1, for totally degraded RNA (Schroeder et al., 2006). In this study only RNA samples
with a RIN value > 8 were used for gene expression analysis.

4.4.3 Reverse transcription of RNA into cDNA

Transcription to cDNA was performed by use of RevertAid First Strand cDNA
Synthesis Kit (Fermentas, Canada) according to manufacturer’s protocol. cDNA used in
gene expression analysis was generated from 1 pg total RNA with random hexamer
primers in a total volume of 20 pL.

4.5 PCR-based methods

4.5.1 Polymerase chain reaction (PCR)

In order to amplify specific DNA fragments, the polymerase chain reaction (PCR) was
used. PCRs were conducted on DNA templates in 20 or 50 pL volume formats
containing 200 nM dNTP-mix, 0.5 uM each forward and reverse primer and 1 or 2 U
DNA polymerase in 1x PCR Buffer. Usually, in-house made Taq-polymerase was used.
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For cloning purposes, Taq was substituted by proof-reading polymerases as Pfu Turbo
DNA-polymerase (Stratagene, USA) or Pfx Polymerase (Invitrogen, USA) for better
performance and accuracy. DNA templates included genomic DNA, plasmid DNA,
linear dsDNA, cDNA, primary PCR (without prior cleanup) or bacterial culture. The
standard program on a Robo-Cycler PCR machine (Stratagene, USA) implied an initial
denaturing for 5 minutes at 95°C followed by 35 cycles with 30 seconds at 95°C, 35
seconds at annealing temperature (T,), 1 minute for each amplified kb at 72°C, where T,
is the melting temperature (T,,) specific for the primer pair used lowered by 5°C. This
cyclic reaction was usually followed by a 10 minutes final elongation step at 72°C. For
bacterial culture as PCR template, initial denaturing was prolonged to 10 minutes.

10x PCR Buffer: 100 mM Tris-HCI, pH 9.0
500 mM KCl
15 mM MgCl,

PCR optimization

In case of unspecific or too little yielded PCR product, three strategies were followed.
Mainly, this was the case for PCR reactions where primers contained large overhangs
due to the addition of restriction sites useful for cloning purposes. First, DMSO was
added to the PCR reaction in minimum amounts recommended in the Stratagene Pfu
Turbo protocol. Second, cycling during PCR program was split into two parts: 10 cycles
at 50°C as T, followed by 25 cycles with the optimum temperature calculated. If
possible, a primary PCR was conducted with primers containing no overhangs yielding
a product of slightly bigger size than initially needed. The secondary PCR-reaction was
then performed on 1 pL of the initial PCR reaction with the cloning primers now
binding closer to the core of the primary PCR product (nested PCR).

45.2 Real time-PCR

The combination of the classical polymerase chain reaction technique with a system that
allows obtaining data from each step of the PCR (real time) is a very powerful tool to
evaluate the expression - relative or absolute - of genes of interest in biological samples.
This technique is based on the usage of a fluorochrome which emits a fluorescent signal
once bound to double strand DNA in order to quantify the amount of amplicons at each
PCR cycle.

In the past years, several fluorochromes have been developed. The most used real time-
PCR fluorochromes are the following two:
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Sybr Green

It is a cyanine dye which, once bound to double strand-DNA, absorbs blue light, at
A=488 nm and emits green light at A=522 nm. Besides Taq polymerase, its buffer and
dNTPs, the reaction mix consists of the Sybr Green dye and a couple of primers specific
for the gene of interest. When the PCR goes on and amplicons are formed, the dye is
incorporated into the double strand-DNA and emits green fluorescence (figure 4.1,
panel A).

TagMan probe

It is a short oligonucleotide that contains a fluorescent dye (typically at the 5' end) and a
quenching dye (typically located at the 3' end). When irradiated, the excited fluorescent
dye transfers energy to the nearby quenching dye molecule rather than fluorescing
(FRET), resulting in a non-fluorescent substrate. TagMan probes are designed to
hybridize to an internal region of a PCR product. During PCR, when the polymerase
replicates a template on which a TagMan probe is bound, the 5' exonuclease activity of
the polymerase cleaves the probe. This separates the fluorescent and quenching dyes
and FRET no longer occurs. Fluorescence increases in each cycle, proportional to the
rate of probe cleavage (figure 4.1, panel B).

A Figure 4.1. Real time-PCR strategies.
\ \ by s h o A. Sybr Green: emits a green
’ " fluorescence when irradiated (h) only

/ . if bound to double strand-DNA.
B B. TagMan probe: the green
’ J fluorescence is quenched as long as
' the probe is intact. During the elonga-
tion step of the PCR, the probe is

B h . degraded from the polymerase and
M, b ) N ' ) the fluorescence is released.
W, ’ J Modified from: http://www.gene-
7 y N, ’ S .
{ S 4 g s quantification.de/chemistry.html

Polymerase

With both these fluorochrome systems, the intensity of fluorescence will increase
during the elongation step of each PCR cycle. In case of TagMan probes, a computer
algorithm compares the amount of reporter dye emission (R) with the quenching dye
emission (Q) every 8.5 seconds during the PCR amplification, generating a ARn value
(R/Q) (also called ARQ). The ARn value reflects the amount of hybridization probes
that have been degraded. The algorithm fits an exponential function to the mean ARn
values of the last three data points of every PCR extension cycle, generating an
amplification plot. A relative fluorescent emission threshold is set based on the baseline
of the ARn during the first 10-15 cycles (Heid, et al 1996). The algorithm calculates the
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cycle at which each PCR amplification reaches a significant threshold, Cr (usually 10
times the standard deviation of the baseline). The fluorescence is measured during each
cycle and its intensity is related to the amount of product synthesized until that moment.
The more transcript of interest is present in the sample, the less PCR cycles will be
necessary to reach a point where the emitted signal will be statistically significant in
comparison with the background noise (Gibson, et al 1996).

4.5.3 Real time-PCR with Low Density Arrays

In order to evaluate the Y chromosome genes’ expression in the samples, TagMan low
density arrays (Applied Biosystems, USA) have been used.

The low density array microfluidic card is an array of reaction vessels for the real time-
PCR step. Typically, each reaction well of an array contains a pair of PCR primers and
a TagMan probe, specific for one gene of interest, that detect the amplification rate of
that target. Relative levels of gene expression are determined from the fluorescence data
generated during PCR using the ABI PRISM 7900HT Sequence Detection System
software (Applied Biosystems, USA). The arrays used in this study have been
customized with the real time-PCR primers and TagMan probes specific for all the
known Y chromosome encoded genes, pre-loaded in the arrays’ spots.

Figure 4.2. TagMan Low Density Arrays.
The sample is loaded into the fill reservoirs.
Into each reaction well a lyophilized pair of
primers and a TagMan probe, specific for the
gene of interest, is pre-loaded.

This tool allows screening a sample for a
maximum of 384 genes. In this study 47

}E'P?

e

BB e

“BQE';HI genes of interest (all encoded on the Y
v ;
‘ﬂ\ ﬁ’i.l ,G A chromosome) and one endogenous control

were chosen.

Low density array design

The annotated genes encoded on the Y chromosome are forty-six. The low density array
cards used in this study were customized as mentioned before with TagMan probes
specific for those genes (figure 4.3). Two different endogenous controls:
glyceraldehyde-3-phosphate dehydrogenase (GAPDH; NCBI accession number:
NM_002046) and hypoxanthine phosphoribosyltransferase 1 (HPRT1; NM _000194)
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(Liu, et al 2005) were added to the cards. The choice of the endogenous control is a
critical step in a gene expression comparison experiment (Vandesompele, et al 2002).
GAPDH expression was too variable in the examined samples and its relatively high
expression level in comparison to HPRT1 made it unsuitable as reference gene. HPRT1
has been chosen here for evaluation of expression levels of genes of interest. Its
homogeny in expression between patient and healthy samples and the fact that it is
normally low expressed made it the best choice for this study.

The other forty-six TagMan probes for each lane of the arrays where chosen among
those available in the Applied Biosystem’s database. Unfortunately some Y
chromosome encoded genes share high homology -in some cases more than 90%- with
the respective homologs on the X chromosome. For this reason, some of the available
probes were not able to discriminate between X and Y alleles.

)

EIF1AY | pLcxot | poxsy|wicnay|paave| vev1e | wsk |erva| zev | zeeot |capou| ury |/

peoHiy-x] weaTt [ smey | snox [svei[wsevia csrara]spava] cromse [ amery| smy [remvi]

7
i
Joov1-182| asur | ery |nsma|scomiz| cozs | usesy W3R | DAZ1-2-3-4|TSPY1-2| TMSB4Y | SLC25A6
ASMT |PPPZRIB| CXYor2 | CDS3 | TBLIY |CYorfisa | BPY2-B-C |DXY$155E| Resayt |GTeBeE | TGIFILY-X| XKRY-2
—

Figure 4.3. Customized TagMan Low Density Array. In each lane (highlighted in red), corresponding to one fill reservoir, the
TagMan probes specific for all the known Y chromosome encoded genes were pre-loaded. In the box are reported the symbols relative
to those genes.

Experimental procedure

100 ng of cDNA from each sample were adjusted to a volume of 50 uL with HyOpigest
and mixed with 50 uL of TagMan Universal PCR Master Mix (Applied Biosystems,
USA). The mix was loaded into one (of eight) fill reservoir of an array. The arrays were
then centrifuged twice, for one minute at 750xg each time. After centrifugation, the
arrays were sealed in order to isolate each reaction well. The fill reservoirs were then
removed from the arrays using scissors and the arrays were finally loaded into the ABI
PRISM 7900HT (Applied Biosystems, USA) a thermocycler equipped with a
fluorescence scanner. Thermal cycling conditions were the following: 2 minutes at
50°C, 10 minutes at 94.5°C followed from 40 cycles of denaturation at 97°C for 30
seconds and annealing and extension at 59.7°C for 1 minute.
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Data evaluation

The real time-PCR data collected with the ABI PRISM 7900HT Sequence Detection
System software (Applied Biosystems, USA), as described before, were processed using
the 2*““" method (see paragraph 4.9.1).

4.5.4 DNA sequencing

Identification or verification of DNA fragments or plasmids was achieved by using the
ABI PRISM 3730 DNA Analyzer (Applied Biosystems). The sequencing-PCR reaction
was prepared by using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems), according to the manufacturer’s protocol. The probes were purified by
using the Dye Ex 2.0 Spin Kit (Qiagen, USA), in case of a small number of probes, or
the Montage™ Seqos Sequencing Reaction Cleanup Kit (Millipore), in case of a larger
number of probes. Both kits were used according to the manufacturers’ protocol.

4.6 Protein chemistry

4.6.1 Production of recombinant protein in E. coli

The full-length coding sequence of the genes of interest was cloned into the expression
vector pGEX 2T PL2 (Leenders, et al 1996); this vector encodes for the protein
glutathione-S-transferase (GST), which is fused to the N-terminal of the protein of
interest. Constructs were transformed into E. coli BL21 DE3 codon plus RP
(Stratagene; see paragraph 4.1.6 for transformation procedure) and stored as glycerol-
stocks (see paragraph 4.1.4) after verification of correct cloning by sequencing.

For production of recombinant proteins, a 5 mL pre-culture was grown overnight at
37°C in LB-amp culture medium (see paragraph 4.1.1 for LB medium recipe). 500 pL
of this culture were transferred to 50 mL fresh LB-amp medium and bacteria were
grown at 37°C for another 3-4 hours until ODgg reached 0.6-0.8. The culture was then
split evenly and IPTG was added to one aliquot for induction of protein expression at a
final concentration of 1 mM. Cultures were grown for another 3-4 hours. Bacteria were
harvested by centrifugation at 75000xg and 4°C for 15 minutes and resuspended in lysis
buffer. Cell lysis was performed by five cycles of 10 seconds of sonication followed by
10 seconds of chilling on ice. The genomic DNA was digested by addition of 1 U
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endonuclease (Benzonase from Sigma) and MgCl, (5 mM final concentration). Samples
were centrifuged to separate soluble and insoluble proteins. The supernatant was
transferred to a fresh tube and the pellet fraction resuspended in an equal amount of

lysis buffer.
Lysis buffer: PBS
0.1 mg/mL lysozyme
protease inhibitor mix
PBS: 10 mM sodium-phosphate buffer (pH 7.4)

150 mM NaCl

Protease inhibitor mix (1000x%): 20 mg/mL Antipain
0.2 mg/mL Aprotinin
0.2 mg/mL Leupeptin
Or purchased as ready-to-use tablets from Roche

4.6.2 GST-fusion protein purification

In order to purify TGIF2LY-GST fusion protein from the soluble protein fraction of
expression-induced bacteria, the cell lysate was added to glutathione (GT)-sepharose 4B
beads (Amersham Biosciences, USA) in a ratio of 1:0.002 (200 uL beads for 100 mL of
bacteria culture). The GT-sepharose beads were previously washed with 10 volumes of
ice-cold PBS and centrifuged for five minutes (100xg, 4°C) three times in total.

The mixture of protein extract and GT-sepharose beads was incubated overnight at 4°C
on a nutator. This mixture was then centrifuged for five minutes at 100xg and 4°C and
washed three times with ice-cold PBS as described before.

The elution of the GST-fusion protein from the GT-sepharose beads was achieved by
incubating the beads with glutathione-elution buffer in a buffer-beads ratio of 1:1. Then,
beads were incubated overnight at 4°C on a nutator. After centrifugation (10 minutes at
100xg and 4°C) the supernatant containing the eluted GST-fusion protein was collected.
The elution procedure was then repeated twice after 2 hours-incubations, each time
collecting the supernatant.

The so-eluted protein was injected into a Slide-A-Lyzer Dialysis Cassette 0.5-3 mL
(Thermo Scientific, USA), in order to remove glutathione contamination. Dialysis was
performed in 500 mL of protein-DNA binding buffer (see paragraph 4.6.6) overnight at
4°C, according to manufacturer’s protocol.
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Glutathione-elution buffer: 50 mM Tris (pH 8,0)
10 mM glutathione

4.6.3 Protein isolation from eukaryotic cells

In order to isolate proteins from cultured cells or from other eukaryotic cell samples, the
NE-PER® Nuclear and Cytoplasmic Extraction Reagents Kit (Pierce, USA) was used
according to the manufacturer’s protocol.

Protein quantification

Pure protein concentration as well as concentration of cellular protein extracts was
measured using the Protein Assay kit (Bio-Rad, USA) according to the manufacturer’s
protocol.

4.6.4 SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Proteins of the fractions from the isolation procedure were electrophoretically separated
under denaturing conditions by SDS-PAGE (gel size: 8.6 x 6.8 cm circa). Separation
was visualized by Coomassie staining. 10 pl of each fraction was added to 10 pL 5x
Laemmli loading buffer, heated for 5 minutes at 95°C and loaded on a Tricin-Gel (10 %
resolving gel, 4 % stacking gel). Proteins were separated in a constant electric field. For
detection of the proteins the resolving gels were incubated in Coomassie staining
solution for 30 minutes. Destaining was obtained by washing with 10 % acetic acid at
room temperature until background staining was removed. For documentation, gels
were equilibrated in H,O and dried between two sheets of cellophane.

Acrylamide solution (AA): acrylamide/bisacrylamide, 30 % (30:0.8)

Anode buffer: 0.2 M Tris-HCl, pH 8.9
Cathode buffer: 0.1 M Tris

0.1 M Tricin

0.1 % SDS

Coomassie staining solution: 200 mL methanol
5 mL acetic acid
295 mL H,O
500 mg Coomassie blue G250 (filtrate)
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Gel buffer: 3 M Tris-HCI, pH 8.45
0.3 % SDS

5x Laemmli buffer: 50 % glycerol
4 % SDS

0.1 % Coomassie blue G250 (filtrate)
0.2 M Tris-HCl, pH 6.8

Resolving gel (10 %): 3.3 mL AA
3 mL Gel buffer
1 mL H,O
2.5 mL glycerol (50 %)
20 uL TEMED
50 uL APS

Stacking gel (4 %): 0.67 mL AA
0.67 mL Gel buffer
3.67 mL H20
10 uL TEMED
40 uL APS

4.6.5 Western blot

For visualization of the fusion proteins, monoclonal antibodies against their specific
tags were used. Therefore, the separated protein fractions from the SDS gels were
transferred onto a PVDF-membrane Hybond-P (Amersham Biosciences, USA) by semi-
dry blotting. The gel was equilibrated in blotting buffer for 10 minutes. The membrane
was pre-wet with methanol, then immersed in blotting buffer and filter paper was
soaked in blotting buffer. The blot was set up in the sequence “anode — filter paper —
membrane — gel — filter paper— cathode” (figure 4.4) and the proteins were transferred
onto PVDF-membrane in 30 minutes at 20 V in the Transblot (Bio-Rad, USA). After
blotting, the membrane was blocked in PBS with 5% milk powder at RT for 30 minutes,
washed three times for 5 minutes with PBS and incubated overnight at 4°C with the
primary antibody diluted 1:4000 in PBS with 0.5 % milk powder. The membrane was
washed three times for 5 minutes in PBS and incubated for 2 hours at room temperature
with the peroxidase-conjugated secondary antibody diluted 1:4000 in PBS with 0.5 %
milk powder. After washing the membrane three times for 5 minutes in PBS, the
Western Lightning® Chemiluminescence Reagent Plus kit (PerkinElmer, USA) was
used according to the manufacturer’s protocol, in order to visualize peroxidase-
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conjugated antibody-marked proteins (ECL staining) on a developed film (Kodak).

Alternatively, or subsequently to ECL staining, 25 mL freshly prepared developing

solution were added (DAB staining). Colour development was stopped by removal of

developing solution and rinsing the membrane with H,O.

Blotter lid Figure 4.4. Assembled
blotter. Two double layers of
filter paper (P) soaked in

P

[

G separate the acrylamide gel
(G) and the membrane (M)

blot buffer are used to
from the blotter elements.

The two arrows indicate the
direction in which proteins

Blotter base are migrating once voltage is

applied.

5x Developing buffer (pH 7.5):

Blotting buffer:

Developing solution:

PBS:

0.225 g NaH,PO4
1.59 g Na,HPOy4

11 g NaCl

8.5 g Imidazol

625 uL Tween-20
ad 250 mL with H,O

48 mM Tris

33 mM Tricin

1.3 mM SDS (10 %)
20 % Methanol

1x Developing Buffer

100 pL CoClI2 (10 mg/ml)

1 mg Diaminobenzidine (DAB)
10 uL H,0,

ad 25 mL with H,O

10 mM Sodium-phosphate buffer (pH 7.4)
150 mM NacCl
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4.6.6 Protein-DNA interaction assay

In order to investigate the capacity of the putative transcription factor TGIF2LY to bind
specific DNA sequences, a protein-DNA binding assay needed to be established.

The developed assay is based on the in vitro genomic selection method (described in
Shostak, et al 2004). The procedure was modified and it is schematically described in
figure 2.13.

Two micrograms of purified recombinant GST-tagged TGIF2LY protein were
incubated with 5 pg of THP-1 cells genomic DNA, previously digested overnight at
37°C with 8 units of BfuCl restriction endonuclease (New England Biolabs, USA), in
150 pL of protein-DNA binding buffer for 45 minutes at room temperature on a nutator.
Protein-DNA complexes were then incubated with 110 pL of Anti-GST MicroBeads
(Miltenyi Biotec, Germany) for 30 minutes on ice. This mix was then loaded onto a
MACS pColumn, previously rinsed with 200 pL of protein-DNA binding buffer. The
flow through was discarded. The column was washed with washing buffer 1 and
afterwards with washing buffer 2. Washes were performed at 4°C incubating the
column for 5 minutes with each washing buffer. DNA was then eluted from the column
by adding 25 pL of DNA elution buffer and by incubating for 10 minutes at room
temperature; after application of 100 pL of the same buffer to the columns, the flow
through was collected. A second elution step was performed with an incubation time of
15 minutes. The so-collected DNA was precipitated (see paragraph 4.3.1) and
resuspended in 15 pL of HyOpigest: Then, double-strand DNA BfuCl-linkers (see
appendix A.1) were added to the isolated genomic DNA fragments. 14 pL of DNA were
incubated for 2 hours at room temperature with 3 pL of hybridised linkers, 1 pL of T4
DNA ligase and 2 pL of T4 DNA ligase 10x buffer (final volume 20 pL). 5 pL of the
ligation mix were used to perform a PCR using primers designed to bind to the linkers.

PCR mix: 10x Tag-bufter 5uL
10x dNTPs mix 5uL
10 uM primer mix 2 pL
Template DNA 5uL
Taq polymerase 1.5 uL
H2Obidest 31.5 ],lL
Final volume 50 uL

Thermal profile:  95°C 5 minutes
95°C 1 minute
57°C 45 seconds (30 cycles
72°C 3 minutes
72°C 7 minutes
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After PCR, the DNA was purified (see paragraph 4.3.1) and 2 pg of it were used for a
second binding round with the purified protein. Basically, it was performed as the first
one, but for both washing steps washing buffer 1 was used.

After the second binding round, eluted DNA was directly cloned into the vectors pCR-
XL-TOPO or pCRII-TOPO (both from Invitrogen, USA). DNA fragments were
sequenced in order to have a first hint about genes regulated by TGIF2LY.

Protein-DNA binding buffer: 20 mM Hepes (pH: 7.9)
8% Glycerol
10 mM MgCl,
100 mM KCI
10 uM Zn(CH3COO),

Washing buffer 1: 20 mM Hepes (pH: 7.9)
8% Glycerol
10 mM MgCl,
250 mM KCl
10 uM Zn(CH3COO),

Washing buffer 2: 20 mM Hepes (pH: 7.9)
8% Glycerol
10 mM MgCl,
500 mM KCl
10 uM Zn(CH3COO),

DNA elution buffer: 20 mM Hepes (pH: 7.9)
8% Glycerol
10 mM MgCl,
1 M KC1
10 uM Zn(CH3COO),

Sequence analysis

The sequences of the so-isolated DNA fragments were blasted against the human
genomic database (NCBI; http://blast.ncbi.nlm.nih.gov/Blast.cgi) and analysed using
the AlignX software (see paragraph 4.9.2).
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4.6.7 Electrophoretic mobility shift assay (EMSA)

Electrophoretic mobility shift assays (EMSA) have been used to investigate the binding
potential of TGIF2LY to motifs of DNA. 5’-Cy5-labelled oligonucleotides were used as
TGIF2LY interaction partners.

Complement oligonucleotides (concentration: 100 pM) were mixed together in a 1:1
ratio in 1x TE buffer and incubated for 10 minutes at 95°C and, subsequently, for 15
minutes at their melting temperature decreased of three centigrades (Ti,-3°C). Double-
strand oligonucleotides were left at RT for at least two hours to chill and then diluted to
a final concentration of 20 ng/uL in 1x TE buffer.

The subsequent mixtures were prepared for each of the used double-strand

oligonucleotides:
Oligos alone Oligos plus protein

HOpidest 42 uL 37 uL
10x binding buffer 5uL 5uL
500 mM MgCl, 1 pL 1 pL
dI-dC (1 mg/mL) 1 pL 1 uL
Purified GST-TGIF2LY (0.5 pg/uL) - 5uL
Oligos (20 ng/uL) 1 pL 1 uL

The so-prepared mixtures were incubated at RT for 30 minutes in the dark; binding
reaction was stopped by adding 5 uL of 6% loading buffer. A 5% polyacrylamide gel
was prepared according to the following protocol:

HOpidest 3.49 mL
30% Acrylamide/bisacrylamide 30:1 1.16 mL
3% Gel buffer 2.3 mL
TEMED 12.5 uL
APS 30 uL

Samples were loaded onto the gel, which was run for around 35 minutes at 170 V.
Fluorescence on the gel was then read with a Typhoon scanner (Amersham Biosciences,
USA).

Cy5-labelled (5°-3° strand) and non-labelled (3°-5° strand) single-strand
oligonucleotides were purchased lyophilized from Metabion (Germany) and
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resuspended in HyOpigest to a final concentration of 100 pM. See also appendix A.1 for
oligonucleotide sequences.

10x TE buffer: 100 mM Tris/HCI pH 7.5
10 mM EDTA
10x Running buffer: 250 mM Tris

1.92 M Glycine

6% Loading buffer: 40% Sucrose (W/v)
Orange G dye

3% Gel buffer: 1.5 M Tris/HCI pH 8.85

10x Running buffer: 250 mM Tris

1.92 M Glycine

4.7 Immunological methods

4.7.1 HLA-A0201-restricted peptides

In order to investigate a possible direct involvement of those genes overexpressed in the
AML samples in the improved therapy response, the possible antigenicity of candidate
genes-derived peptides was analysed.

Three different publicly available software were used in order to predict HLA-A0201-
restricted peptides, able to generate an immune response and in turn, to make leukaemic
cells, which presents these peptides on their surface, recognizable by the immune
system.

Two of these software, the “HLA Peptide Binding Predictions” (Bimas) and the
“Syfpeithi”, rank nonameric peptides which potentially bind to HLA molecules.

The potential natural processing by the proteasomal cleavage of the proteins encoded
from the candidate genes was checked using the “Prediction Algorithm for Proteasomal
Cleavages” software (Paproc). See paragraph 4.9.4 for more detailed information about
these software.
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All predicted peptides were synthesized and purified by HPLC by Peptide Speciality
Laboratories (Germany), dissolved in DMSO up to a final concentration of 10 mg/mL
and stored at -20°C until use.

4.7.2 Peptides—HLA-A0201 binding assay using T2 cells

For this assay (Nijman, ef al 1993), a T2 cell line was used (Elvin, ef al/ 1993). Because
of a deletion in the MHC region on the chromosome 6, these cells are not able to
express the TAP protein and, in turn, can not form the ternary complex of MHC-a-
chain, P;-microglobulin and endogenous peptides. For this reason, only dimers of
MHC-a-chain and B,-microglobulin are transported to the cellular membrane. These
dimers are not stable and, once the P,-microglobulin dissociates, the heavy a-chain is
internalised and degraded. Therefore, T2 cells express a strongly reduced number of
MHC class I molecules on the cell surface.

The principle of this assay is based on the fact that a HLA-A0201-restricted peptide
added to the culture medium can bind to a MHC-a-chain and B,-microglobulin dimer
and recompose a stable ternary complex. Therefore, the stronger the bond between a
peptide and the MHC molecule is, the more stable ternary complexes will be formed
and transported to the cell surface where, using a specific fluorescent antibody, they can
be detected.

Using this method, the previously predicted peptides were analysed for their real ability
to stably bind to the HLA-A 0201 molecules.

For each peptide of interest, five different conditions were prepared:

T2 cells alone

T2 cells alone

T2 + B,-microglobulin + 10ug peptide
T2 + B,-microglobulin + 5Sug peptide
T2 + B,-microglobulin + 2,5ug peptide

For each condition, 1,5%10° cells were seeded into each cavity of a 24 well-plate, in 1
mL RPMI with glutamine and antibiotics, but without FCS, because the presence of the
proteins of the serum might interfere with the peptide bond or might unspecificly block
the MHC molecules.

Several controls were used for each experiment: a peptide which is known to bind
strongly on the HLA-A0201 molecules, the influenza virus matrix protein (IMP; peptide
sequence: GILGFVFTL) as positive control and two negative controls: a peptide which
is derived from scrambled sequence of human telomerase reverse transcriptase (1540S;
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sequence: HFLLWKLIA) and a peptide which is restricted for the HLA-B37 (A98ID;
sequence AHTKDGFNF). The method is presented schematically in figure 4.5.

Figure 4.5. Schematic
representation of peptide-

T2 alone PE isotype (anti-mouse IgG) HLA-A0201 binding assay
~\ preparation. The peptides,

T2 alone the positive (+) and
negative (-) controls are

plated together with T2

cells and B: microglobulin,
> Anti-HLA-A0201-PE at the above indicated

concentrations. The plates

are incubated overnight

(see text for incubation

condition). Fluorescent
./ antibodies are then added
and the cells analysed via
flow cytometry.

T2+f+peptide 10 pg

T2+f+peptide 5 pg

T2+(;+peptide 2.5 pg

10, 5, and 2.5 pg of both B,-microglobulin and peptide were added to one aliquot of T2
cells, keeping the ratio between B,-microglobulin and peptide always of 1:1.

The plate was incubated at 37°C with 5% CO, for 16-20 hours. Afterwards, the cells
were transferred to flow cytometry tubes and centrifuged for 5 minutes at 2500xg. After
removing the supernatant, 3 pL of anti HLA-A0201-phycoerythrin (PE) conjugated
antibody was added and the cells incubated for 15 minutes at 4°C in the dark. 1 mL PBS
was added to each tube, which was then centrifuged for 3 minutes at 2500xg. After
removal of the supernatant, the cells were resuspended in 50-70 uL of PBS and
analysed through flow cytometry.

The parameter which was evaluated was the mean fluorescence intensity (MFI). For
each peptide to be analysed, the ratio between the MFI of the cells incubated with that
peptide and the MFI of the cells incubated without that peptide was calculated. Only
peptides with a ratio > 1.2 were considered able to bind to the HLA-A0201 complex.

4.7.3 Expansion of peptide-specific T-cell populations

In order to assess the antigenicity of the candidate peptides, blood from healthy female
volunteers was analysed for the presence of peptide-specific T-cells, able to recognize
cells presenting those peptides.

In this study, irradiated T2 cells were used as antigen presenting cells; they were
incubated with T-cells from healthy female donors and with two interleukins: 1L-2,
which stimulates growth and differentiation of T-cell during the immune response and
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IL-7, which specifically stimulates the proliferation of cytotoxic and memory CD8" T-
cells.

Donor T-cell preparation

50 mL of blood were collected from healthy female donors, mothers of one son, at least.
Leukocytes were isolated by density gradient centrifugation, 2500xg for 20 minutes,
using Biocoll 1.077 g/mL (Biochrom AG, UK), washed and resuspended in PBS. T-
cells were separated from the leukocytes using the Pan T-cell Isolation Kit II, a MACS
separator and LS separation columns (all from Miltenyi Biotec, Germany). This T-cell
separation kit is an indirect magnetic labelling system for the isolation of untouched T-
cells from human peripheral blood mononuclear cells (PBMCs). Non-T-cells, i.e. B-
cells, NK cells, dendritic cells, monocytes, granulocytes, and erythroid cells, are
indirectly magnetically labelled by using a cocktail of biotin-conjugated antibodies
against CD14, CD16, CD19, CD36, CD56, CD123, and Glycophorin A, and Anti-
Biotin MicroBeads. Isolation of highly pure T-cells is achieved by depletion of
magnetically labelled cells.

Based on the manufacturer’s protocol, the separation procedure was optimized. Total
leukocytes were centrifuged at 900xg for 10 minutes and resuspended in 40 uL (per 10’
cells) of ice-cold MACS buffer (BSA 0.5% in PBS). 10 uL (per 10 cells) of ice-cold
Biotin-Antibody cocktail were added and the cells were incubated 15 minutes at 4°C.
Afterwards, 30 uL (per 107 cells) of MACS buffer were added and the cells pipetted
gently. 20 uL (per 107 cells) of ice-cold Anti-Biotin MicroBeads were added and the
cells were incubated for 15 minutes at 4°C. Cells were then washed with 15-20 mL of
MACS buffer, centrifuged at 900xg for 10 minutes and resuspended in 500 pL of
MACS buffer. After this procedure, the cells were passed through a LS separation
column placed into a strong magnetic field and previously rinsed with 3 mL of MACS
buffer. The column was washed three times with 3 mL of MACS buffer. The entire
eluate, representing the enriched T-cell populations, was collected, washed with PBS,
centrifuged for 10 minutes at 900xg and resuspended in RPMI medium, supplemented
with 2 mM L-glutamine, 100 U/mL penicillin, 100 pg/uL streptomycin and 5% heat-
inactivated human AB serum (HS), up to a final concentration of 2x10° cells per mL.

T2 cell preparation

T2 cells were irradiated (100 Gy of y-radiations) using 137Cs for 30 minutes, in order to
inhibit their possible interleukin-stimulated proliferation, centrifuged for 10 minutes at
900xg and, after discarding the supernatant, resuspended in RPMI medium (with L-
glutamine, penicillin, streptomycin and 5% HS), up to a final concentration of 2x10°
cells per mL. 8 ng/mL IL-7 and 10 pg/mL B,-microglobulin were added to the cells.
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Specific T-cell stimulation and expansion

On day 0, 1 mL of donor T-cells (2x10°) and 1 mL of the previously prepared T2 cells
(2x10%) were pipetted into each well of a 24 well-plate. 10 mg/mL of the candidate
peptide were added to each well. The so-prepared plate was incubated at 37°C with 5%
CO; for 7 days (figure 4.6).

On day 7, 1 mL of medium was removed from each well. T2 cells were irradiated as
previously described, washed and resuspended, at 2% 10° cells per mL, in RPMI with 5%
HS. 8 ng/mL IL-7 (Cell concepts, Umkirch, Germany), 80 U/mL IL-2 (Pan-Biotech,
Aidenbach, Germany), and 10 pg/mL B;-microglobulin were added to the cells, which
were, then, added to each well of the plate. 10 mg/mL of the candidate peptide were
also added to each well. The plate was incubated at 37°C with 5% CO, for 7 days.

On day 14, the same protocol of day 7 was repeated.

On day 21, the same procedure of day 7 and day 14 was repeated, but IL-2 only was
added to the cells.

Figure 4.6. Expansion of

] ]
| F T2cells =IL2 : peptide-specific CDg*
- ‘/: + B, microglobuline . L7 : CfDS" (I:el(ljs from cytotoxic cells. Irradiated
imes, ! . - emale donor T2 cells (target) were
weekly ,  * Peptide ; e

incubated with CD3 cells
isolated from a healthy
female, who gave birth to at
least one son, in presence of
the peptide of interest and
of B, microglobuline,
necessary to stabilize the
bond between the peptide
and the HLA-A0201
molecules. Fresh irradiated
target cells, B microglobu-
line, and peptides were
added weekly for a total of
four times.

Chromium release assay

After the stimulations, the lytic activity of the peptide-specific T-cells was assessed in a
well-established *'Cr-release assay (Brunner, e al 1968, Hirohashi, et al 2002, Sato, et
al 1986). T2 cells, the targets, were incubated overnight with the candidate peptide and
B>-microglobulin, both 10 pg/mL. The day after, the target cells were incubated with
100 pCi of °'Cr in fetal bovine serum (FBS) for 1.5 hours at 37°C with 5% CO,;
washed twice with PBS, and resuspended in RPMI medium with 15% FBS. Then, °'Cr-
labelled target cells (2000 cells/well) were pipetted in a 96-well microtiter plate and the
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previously stimulated T-cells were titrated in the plate, to get an initial ratio (effector
cells:target cells) of 80:1 and a final one of 10:1. The plate was then incubated for 4
hours at 37°C. Radioactivity of the culture supernatant was measured by a y-counter.
The cytotoxic effect of the sensitised lymphoid cells is expressed by the following
formula:

Expenmental release — Spontanecus release

» 100

spectfic lysis (%) =

Ilazarnun release — Spontanecus release

where “experimental release” means the °'Chromium release in samples containing
effector cells and target cells; “spontaneous release” refers to labelled target cells alone
and “maximum release” to the total amount of label incorporated in the target cells. The
term “specific lysis” means the lysis of target cells due to peptide-specific T-cells.

4.8 AML samples and healthy material

4.8.1 Samples characteristics

The study was conducted on AML M4 and M5 male patients’ and healthy male
volunteers’ blood and bone marrow samples. In some cases the AML subtype was not
determined at the diagnosis; in these cases the choice was limited to those samples in
which the AML cells showed high expression of CD14 molecules. Informed consent
was obtained from the patients before the blood was collected for experiments.

Some patient’s samples were chosen between frozen samples stored in the clinic.

Table 4.1 illustrates the characteristics of the patients and the healthy volunteers.
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Sample ID Age Diagnosis Disease Status Material Cell count CD14" cells
Patients
P1 - AML M5 fd PB 9x10” ns
P2 - AML M5 fd PB 6x107 ns
P3 77 AML us rel BM 2x107 1.3x10°
P4 63 AML M5 fd BM 5%10° 7%10°
P5 68 CMML fd BM 2.7x10 6x10°
P6 25 AML us fd PB 1x10° ns
P7* 47 AML M4 eo fd PB 2.3x10° 1.3x10°
Pg* 32 AML M5 fd PB 2.3x10° 5x10°
Po* 26 AML M5 fd PB 9.7x10° 4.7%10°
P10* 57 AML us fd PB 1.4x10" 2.5x10°
P11 - AML M4-M5 fd PB 1.6x10° 8.5%10°
Volunteers
D1 40 - - PB 1x10° 6x10°
D2 41 - - PB 1x10° 6x10°
D3 55 - - BM 3.1x10" 2.8x10°
D4 26 - - PB 7.1x10° 2.3x10
D5 40 - - PB 7%10° 2x10’
D6 37 - - PB 1.7x10° 4.5x10
D7 44 - - PB 8.1x107 2.1%10°
D8 32 - - PB 5.3x10" 8.6x10°

Table 4.1. Characteristics of samples from AML patientsand healthy volunteers. PB: peripheral blood; BM: bone marrow;
fd: first diagnosis; rel: relapse; us: unspecified; ns: not separated (when the CD14" cells in the blood were more than 90%).
Starred samples were kindly provided from Prof. Ann Dickinson’s group, from Newcastle University.

4.8.2 Cell separation

CD14" cell separation

The blood and the bone marrow samples were collected in heparinized tubes and the
leukocytes isolated by density gradient centrifugation, 2500%g for 20 minutes, using
Biocoll 1.077 g/mL (Biochrom AG, UK), washed and resuspended in PBS.

CD14" cells were separated from the leukocytes using CD14 MicroBeads, a MACS
separator and LS separation columns (all from Miltenyi Biotec, Germany).

Based on the manufacturer’s protocol, the separation procedure was optimized. Total
leukocytes were centrifuged at 900xg for 10 minutes and resuspended in 80 pL (per 10’
cells) of ice-cold MACS buffer (BSA 0.5% in PBS). 20 uL (per 10 cells) of ice-cold
CD14 MicroBeads were added and the cells were incubated for 15 minutes at 4°C. Cells
were washed with 15-20 mL of MACS buffer, centrifuged at 900xg for 10 minutes and
resuspended in 500 uLL of MACS buffer.
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After labelling, the cells were passed twice through a LS separation column placed into
a strong magnetic field and previously rinsed with 3 mL of MACS buffer. The columns
were washed three times in each separation round with 3 mL of MACS buffer and
finally eluted in 5 mL of the same buffer.

When possible, also the CD14 negative cell fraction of the AML patients was collected.

Separation verification

Before and after the magnetic separation, the samples were tested via flow cytometry to
verify the enrichment of CD14" cell population. To do this, the cells were labelled with
a combination of three fluorofor-conjugated antibodies. These antibodies were anti-
CD14 fluorescein isothiocyanate (FITC)-conjugated, anti-CD33 phycoerythrin (PE)-
conjugated, and anti-CD3 allophycocyanin (APC)-conjugated. The so-stained cells were
subsequently analysed with a FACSCalibur (Becton Dickinson Biosciences) flow
cytometer.

A small aliquot of cells was taken and incubated with 1.5 pL of each antibody for 15
minutes at 4°C.

Afterwards, 1 mL PBS was added to the cells and they were centrifuged at 2500%g for 3
minutes.

After resuspension in 100 pL PBS, the cells were analysed through flow cytometry.
Figure 2.1 shows the typical result of flow cytometry of a healthy blood sample before
and after CD14" cell separation (panels A and B, respectively).

The results of cytometry analysis after staining of the cells with the previously
mentioned antibodies are shown in figure 2.1 (panels C and D). The cell samples which
showed high purity of CD14" cells (not less than 90%) were centrifuged (10 minutes at
900xg) and stored at -80°C, as dry pellet of 3x10° cells, until use.

4.9 Bioinformatics

4.9.1 Gene expression evaluation

Y chromosome gene expression levels were evaluated using the ABI Prism 7900HT
Sequence Detection System version (SDS) 2.2 software (Applied Biosystems). Real
time-PCR and detectors parameters were set up according to the manufacturer’s
directions for the use of low density arrays. Threshold and baseline values were set up
automatically from the software.
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This software creates quantifiable relationships between test samples, AML and healthy
samples in the present study, based on the number of PCR cycles elapsed before
achieving detectable levels of fluorescence. Samples containing higher number of target
RNA molecules cross the detection threshold at a lower cycle than samples containing
lower initial template.

The SDS software uses arithmetic formulas to evaluate the relative amount of a target
RNA molecule in a group of test samples, the AML patients in this study, compared
with a group of so-called calibrator samples, the healthy volunteers’ samples (see
paragraph 4.5.3).

This expression fold-difference is given from the formula 22" (Livak and Schmittgen
2001), where the ACr is the mean value of cycle difference between target RNA and
endogenous control RNA in one of the samples’ group. The difference of this value
between the test group (AML samples) and the control group (healthy samples)
represents the AACr.

4.9.2 DNA and protein sequence analysis

The software AlignX, which is a component of Vector NTI Advance 9.1.0 (Invitrogen,
USA), was used to find and analyze similarities between several nucleotide or amino
acid sequences.

This software aligns two or more sequences, starting from the first nucleotide or amino
acid and ending with the last one, and highlights regions which share similarities.
Moreover, the software calculates, in case of protein alignment, the amino acid
substitution type at a given position, providing information about identical, conservative
or non-similar substitutions (see also figure 2.9 and 2.11 for the graphical outcome of
the software).

The Dot Matrix application provides the possibility to compare two sequences to find
all possible nucleotide matches (figure 4.7). In the dot matrix, one sequence (A) is listed
on the x-axis of the graph and the other sequence (B) is listed on the y-axis. Starting
with the first positions in A and B, the program slides the window of n characters along
the sequences performing a comparison of adjacent positions in the windows. If the
similarity of residues in each position is above a given threshold, a dot is placed in the
matrix in the position defined by the starting positions of the window for both
sequences. A diagonal line segment indicates that the two sequences match consistently
over an extended region.

111



4 Material and Methods

'y 14XL

29!

Figure 4.7. AlignX, dot matrix. on the two axis are the two DNA sequences to be compared. Diagonal lines represent a consistent
match of the two sequences. Panel A: example of dot matrix in the original size. Panel B: particular.

4.9.3 3D modelling of proteins

3D structure of proteins was calculated using the online algorithm 3Dpro, a component
of the publicly available software SCRATCH Protein Predictor (URL:
http://scratch.proteomics.ics.uci.edu/). 3Dpro is a server that predicts protein tertiary
structure. 3Dpro uses predicted amino acid features, derived from literature, to build the
three dimensional structure of the submitted protein (Cheng, et al 2005).
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4.9.4 HLA-A0201-restricted peptide prediction

Prediction of HLA-A0201-restricted peptide (see also paragraph 4.7.1) was
accomplished using three different softwares: HLA Peptide Binding Predictions
(Bimas), Syfpeithi, and Paproc.

HLA Peptide Binding Predictions (http://bimas.dcrt.nih.gov/molbio/hla_bind/)
This software is based on a predicted half-time of dissociation from HLA class I
molecules of all the octameric or nonameric peptides contained in a given amino acid
sequence. The analysis is based on coefficient tables deduced from published literature
concerning HLA-binding peptides (Parker, ef a/ 1994).

The scoring algorithm runs as follows: the initial running score is set to the value 1.0.
For each residue position, the program examines which amino acid is appearing at that
position. The running score is then multiplied by a coefficient specific for that amino
acid type, at that position, for the chosen HLA molecule. Using nonamers, which are
usually binding to HLA-A0201, nine multiplications are performed. The resulting
running score is then multiplied by a final constant, specific for each HLA molecule, to
yield an estimate of the half time of dissociation.

Syfpeithi (http://www.syfpeithi.de)

This software is also providing information about peptides which are predicted to bind
HLA molecules. The algorithm evaluates a given amino acid sequence taking into
account any possible nonamer, in the case of HLA-A0201 molecules, contained in it.
The scoring system evaluates every amino acid within a given peptide. The arbitrary
value of 1 is given to amino acids that are only slightly preferred in the respective
position; the value of 15 is given to residues with predicted optimal anchoring features.
Any value between these two is possible. Negative values are also possible for amino
acids which are disadvantageous for the peptide's binding capacity at a certain sequence
position. The allocation of values is based on the frequency of the respective amino acid
in natural ligands, T-cell epitopes, or binding peptides (Rammensee, et al 1999).

Paproc (http://www.paproc.de)

This algorithm processes a given amino acid sequence, identifying all the possible 20S
proteasomal cleavage sites within it, basing on published data concerning proteasomal
cleavage. The software takes into account the possible proteasomal cleavage sites and
their surrounding as well, evaluating, for each site, the probability that a cut really
occurs, basing on the affinity of the surrounding of the cleavage site for the binding
region of the proteasome (Kuttler, e a/ 2000).
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4.9.5 Online publicly available servers and databases

Several databases have been used to retrieve general information about genes,
transcripts, and proteins, as well as nucleotide and amino acid sequences. The databases
with the respective URL are listed below in alphabetical order:

e Atlas of Genetics and Cytogenetics in Oncology and Haematology
(http://atlasgeneticsoncology.org): provides information about involvement of
genes in several types of cancer, basing on literature.

e Ensembl (http://www.ensembl.org): contains genome databases for several
vertebrates and other eukaryotic species.

e Expasy (http://expasy.org): is a server containing several databases and tools for
protein analysis.

e Geneatlas  (http://genatlas.medecine.univ-paris5.fr):  provides  information
especially concerning gene mapping and association between genes and genetic
diseases.

e Genecards  (http://www.genecards.org):  provides  genomic, proteomic,
transcriptomic, genetic and functional information on human genes.

e NCBI (http://www.ncbi.nlm.nih.gov): provides molecular biology information
about several eukaryotic and prokaryotic species. Among the tools provided
from this server, there are Pubmed, literature database, and Blast, nucleotide and
amino acid sequence database.
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Appendix

A.1 List of used primers

All the primers used in the present study are listed in table A.1. Forward (for) and
reverse (rev) primers bind at the 5°- and at the 3’-side of the relative PCR products

respectively.
Product
Primer code Sequence Melting T length Purpose
TGIF2LY-pGEX-for-BamHI TATAGGATCCATGGAGGCCGCTGCAGAC 55.7°C Cloning of TGIF2LY into pGEXABamHI,
578 bp for heterclogous expression and
TGIF2LY-pGEX-rev-Hindlll TTAAAAGCTTCTATTCCGGTGAGCTTCTGGCTAG  57.4°C purification of the protein
TGIF2LY-C-SCL-for TATAAAGCTTATGGAGGCCGCTGCAGAC 55.7°C St Cloning of TGIF2LY into pcDNA4-C-Myc,
5 -DNA s
TGIF2LY-C-SCL-rev  TTAAGGATCCTTCCGGTGAGCTTCTGGCTAG 55.9°C for subcsllular localisation
TGIF2LY-N-SCL-for TATAGAATTCATGGAGGCCGCTGCAGAC 55.7°C Cloning of TGIFZLY into pcDNA3-N-Myc,
578 bp :
TGIFZLY-N-SCL-rev  TTAAGAATTCCTATTCCGGTGAGCTTCTGGCTAG  57.4°C for subcellular localisation
1GS-LINK-1 GGGGCGGCCGC 44.0°C Linkers for in vitro genomic selection.
1GS-LINK-2 Pho-GATCGCGGCCGCCCC 60.0°C Various | n¢ Primeris working both as forward
and reverse. Linker 2 is phosphorylated
I1GS-PRIM GGGGCGGCCGCGATC 60.4°C at the 5'-end
EMSA-1-for Cy5-TGACATGACATGACATGACA
54.0°C  20bp
EMSA-1-rev TGTCATGTCATGTCATGTCA
EMSA-2-for Cy5-TGACCTGACCTGACCTGACC
63.0°C  20bp
EMSA-2-rev GGTCAGGTCAGGTCAGGTCA
EMSA-3-for Cy5-TGACTTGACTTGACTTGACT
54.0°C 20bp  Electromobility shift assay to determine
EMSA-3-rev AGTCAAGTCAAGTCAAGTCA TGIF2LY consensus sequence. All the
EMSA-4-for Cy5-TGATATGATATGATATGATA forwardprimers are Janellediwith
46.0°C 20 bp cyanine 5 at the 5'-end
EMSA-4-rev TATCATATCATATCATATCA
EMSA-5-for Cy5-TGATCTGATCTGATCTGATC
54.0°C  20bp
EMSA-5-rev GATCAGATCAGATCAGATCA
EMSA-6-for Cy5-TGATTTGATTTGATTTGATT
46.0°C  20bp
EMSA-6-rev AATCAAATCAAATCAAATCA

Table A.1. List of primers used in the present study. Abbreviations: for: forward; rev: reverse; Pho: phosphorylation; Cy5: cyanine 5.

A.2 Genomic DNA fragments binding to TGIF2LY

Here are reported the sequences of the genomic DNA fragments isolated from THP-1
cells through in vitro genomic selection. The reverse complement sequence is reported
as well for each fragment. The sequence 5’-TGA(C/T)(A/C/T)-3’, which is similar to
the consensus sequence of the human TGIF1 and TGIF2, and of the vismay protein
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from Drosophila melanogaster is highlighted in the fragments. 5’-TGATA-3" and 5’-
TGATC-3’, for which TGIF2LY showed high affinity, are marked in red. 5’-TGACA-
3’ and 5’-TGACC-3’, for which TGIF2LY showed low affinity, are marked in blue.
The sequences where TGIF2LY was not binding, 5’-TGACT-3" and 5’-TGATT-3’, are
indicated by bold black letters.

Fragment “XL4”
CCTGAGGAATCACCACACTGACTTCCACAATGGTTGAACTAGTTTACAGTC
CCACCAACAGTGTAAAAGTGTTCCTATTTCTCCACTTCCTCTCCAGCACCTG
TTGTTTCCTGACTTTTTAAT

Reverse complement
ATTAAAAAGTCAGGAAACAACAGGTGCTGGAGAGGAAGTGGAGAAATAGG
AACACTTTTACACTGTTGGTGGGACTGTAAACTAGTTCAACCATTGTGGAAG
TCAGTGTGGTGATTCCTCAGG

Fragment “XL8”
CCACTAGGGAGCAGTTGACTGATGCCGAACCTACTCTCCCAAAGCCCCACA
CCCGTGTTGCCAGGGTAGGCAGAGAGCTCCAGGGAGACAGAAACAGAGCT
GGGGAGCCTACACCAGCAGAAGCTGCAATTGGATAGGGTCAGAAACAGAA
ACCTTGGTTTTGCCACAGCTGACCAAAATCTCCACCAGTTCCTTGGTAAGGA
AAAAAGCAAAGCAGGAATTTGCTCGGGAACCTCTGTGTA

Reverse complement
TACACAGAGGTTCCCGTGCAAATTCCTGCTTTGCTTTTTTCCTTACCAAGGA
ACTGGTGGAGATTTTGGTCAGCTGTGGCAAAACCAAGGTTTCTGTTTCTGAC
CCTATCCAATTGCAGCTTCTGCTGGTGTAGGCTCCCCAGCTCTGTTTCTGTCT
CCCTGGAGCTCTCTGCCTACCCTGGCAACACGGGTGTGGGGCTTTGGGAGA
GTAGGTTCGGCATCAGTCAACTGCTCCCTAGTGG

Fragment “XL14"
TGGGGTGACCAACCATTCTGGTTTGCCTGGGACCAATGGGGCTTCCTTAGA
TAGAGGACTCAGTGCTAAAACCGAAAATCCAGGCAAACTGGACCGTGTTGG
TCATCCTATCCTGAACCTTTTGCTCTGTGCCTGAAGTCCCGCAGCTCCCTGGT
AGCCCACCCTGGTGTCTCTTCTGGCTCTGTTGCAGGTCTCAGCCCACCTATC
AGAATTTGCAGCTGTTTAATCTTAAACTCCCTGTTCCTGATTGATGGTTGGG
ACTGTGACTGGGAGTTGCTTAAATAGCTCCCTCCCGTTTCTCAGCTAAACTC
AATTTCACTATCAGCCCCCGCAGCTGGGGTAGATCTCGGTTCACTGCAACCT
CTGCCTCCCTGGGTTCAAGCAGTTCTTCTGCCTCAGCCTCCCGAGTAGCTGG
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GATTACAGGCGCCCACCACCATGCCTGGTTAATTTTTTTGTATTTTCAGTAG
AGACAGAGTTTCACCGTGTTAGCCAGGATGGTCTG

Reverse complement
CAGACCATCCTGGCTAACACGGTGAAACTCTGTCTCTACTGAAAATACAAA
AAAATTAACCAGGCATGGTGGTGGGCGCCTGTAATCCCAGCTACTCGGGAG
GCTGAGGCAGAAGAACTGCTTGAACCCAGGGAGGCAGAGGTTGCAGTGAA
CCGAGATCTACCCCAGCTGCGGGGGCTGATAGTGAAATTGAGTTTAGCTGA
GAAACGGGAGGGAGCTATTTAAGCAACTCCCAGTCACAGTCCCAACCATCA
ATCAGGAACAGGGAGTTTAAGATTAAACAGCTGCAAATTCTGATAGGTGGG
CTGAGACCTGCAACAGAGCCAGAAGAGACACCAGGGTGGGCTACCAGGGA
GCTGCGGGACTTCAGGCACAGAGCAAAAGGTTCAGGATAGGATGACCAAC
ACGGTCCAGTTTGCCTGGATTTTCGGTTTTAGCACTGAGTCCTCTATCTAAG
GAAGCCCCATTGGTCCCAGGCAAACCAGAATGGTTGGTCACCCCA

Fragment “XL15"
CAGCTGCTTGGCATTTTGAAGGCTGCTTTAGTGTTTTCCAGGTGTACTCTGTA
TTGGCAGACCATCGCCAGTGAGGCTCTTTGAGAATCACCAGAGGAGCTTGG
CTCACACGAACATTCCTGGTCCTTGTTTTAGTTAAAGCACTAGTATGTAGTC
TGCCTGCCAGGACTCAAACCCAGCTCTACCTTCTGCTAGCTGTGTGAACTCA
CTATGTGTTCATTTCCTTGGTAAATAGGAACAATGGATAGTACATGTCTTTA
TAGGGTTTAGGGACAGGACAAAATGAGACAATACCTAAATACAAGGGGTAT
TAGCAGAATTCTTGGCACATAGTTAAGAATCACTAATTATTATAATTAATTT
CTAAAGTGCCAAGGATATTGCTAACAGCATATTTTGTAATTGAAAATTTCCA
GTGCAACTGCTGGGAAAAAAGTTGAGAACTGCTGCTGTGATACCTCTTTTC
ACAGATGCA

Reverse complement
TGCATCTGTGAAAAGAGGTATCACAGCAGCAGTTCTCAACTTTTTTCCCAGC
AGTTGCACTGGAAATTTTCAATTACAAAATATGCTGTTAGCAATATCCTTGG
CACTTTAGAAATTAATTATAATAATTAGTGATTCTTAACTATGTGCCAAGAA
TTCTGCTAATACCCCTTGTATTTAGGTATTGTCTCATTTTGTCCTGTCCCTAA
ACCCTATAAAGACATGTACTATCCATTGTTCCTATTTACCAAGGAAATGAAC
ACATAGTGAGTTCACACAGCTAGCAGAAGGTAGAGCTGGGTTTGAGTCCTG
GCAGGCAGACTACATACTAGTGCTTTAACTAAAACAAGGACCAGGAATGTT
CGTGTGAGCCAAGCTCCTCTGGTGATTCTCAAAGAGCCTCACTGGCGATGG
TCTGCCAATACAGAGTACACCTGGAAAACACTAAAGCAGCCTTCAAAATGC
CAAGCAGCTG
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Fragment “XL17”
ACCTGGGAACGTGTCTGAGTACAGACTCTCAGGGCCCCAATGCAGATTTAC
TGAAACTGATACTCCAAGCAGGGCCCAGCAATCTGTGCTGTAATAGGCCCT
CCAGGTGACTCTCATGCCCGCTTGAATTTGAGAACCACTCAGCTATTCAGTG
CAAGTGAATTTGCCCCCAACCAATTCTCCAAATGGCCAATTTACTGCAAATC
AGTATGTCAAATGAAAATTTGAAATTAAAAAGACAAAAACTTGACAAATTA
AAACAAATGCATTTTAAAAGGAAAAAAAAATACAACCCCATGCTAATTTGT
GCACCTTTAATCTTTGACTTAAGAAATATAAAGAGAATTCAATTTTGTTTAC
TGATAATGAGAGAAGTTTTGTGGGAACTGTTCCCTGAGATTCTGCAGTTTAG
CTAACTTTATAGTCATAAAAACAAAACCAAAAAAACCTCACTGTGCTATGT
GGTATTTAGTTCATGCTGAATTTTTTTAATTTGAAAAATGTGATTTTTTTTTT
ACTTTTGCCAATGTATCAATATTCATCTTTTAGCAATTTTATTTATTTATTTA
AATTTTATCAATGCCTAAGGAATGTACATATTTCAGGGGTACATATGATAAT
TTAATATAGTCTTAATTTTTAATTGCCAAATCAGTGTATTTGAGATATCTATC
ACCTTAAAATATCTTTTCTTTATGCTTAAAACATTCAAATTATTCTCTTCGAG
CGATTTTCTTTTCTTTCTTTGTTTTTTGTTTGTTTGTTTGTTTGTTTGTTTTTTG
AGATGGAGTCTTACTCTGTCACCCAGGCTGGAGTGCAGTGGCACAATCTCA
GCTCACTGCAACCTTTGCCTCCCAGGTTCAAGTGATTCTCCTACCTCAGCTT
CCCGAGTAGCTGGGACTATAGGTGCCCGCCACCACTCCTGGCTAATTTTTGT
ATTTTTAGTAGAGATGGGGTTTCACCATATTGGCCAGGCTGGTCTTGAACTC
CTGACCTTGT

Reverse complement
ACAAGGTCAGGAGTTCAAGACCAGCCTGGCCAATATGGTGAAACCCCATCT
CTACTAAAAATACAAAAATTAGCCAGGAGTGGTGGCGGGCACCTATAGTCC
CAGCTACTCGGGAAGCTGAGGTAGGAGAATCACTTGAACCTGGGAGGCAAA
GGTTGCAGTGAGCTGAGATTGTGCCACTGCACTCCAGCCTGGGTGACAGAG
TAAGACTCCATCTCAAAAAACAAACAAACAAACAAACAAACAAAAAACAA
AGAAAGAAAAGAAAATCGCTCGAAGAGAATAATTTGAATGTTTTAAGCATA
AAGAAAAGATATTTTAAGGTGATAGATATCTCAAATACACTGATTTGGCAA
TTAAAAATTAAGACTATATTAAATTATCATATGTACCCCTGAAATATGTACA
TTCCTTAGGCATTGATAAAATTTAAATAAATAAATAAAATTGCTAAAAGAT
GAATATTGATACATTGGCAAAAGTAAAAAAAAAATCACATTTTTCAAATTA
AAAAAATTCAGCATGAACTAAATACCACATAGCACAGTGAGGTTTTTTTGG
ITTTGTTTTTATGACTATAAAGTTAGCTAAACTGCAGAATCTCAGGGAACAG
TTCCCACAAAACTTCTCTCATTATCAGTAAACAAAATTGAATTCTCTTTATAT
TTCTTAAGTCAAAGATTAAAGGTGCACAAATTAGCATGGGGTTGTATTTTTT
TTTCCTTTTAAAATGCATTTGTTTTAATTTGTCAAGTTTTTGTCTTTTTAATTT
CAAATTTTCATTTGACATACTGATTTGCAGTAAATTGGCCATTTGGAGAATT
GGTTGGGGGCAAATTCACTTGCACTGAATAGCTGAGTGGTTCTCAAATTCAA
GCGGGCATGAGAGTCACCTGGAGGGCCTATTACAGCACAGATTGCTGGGCC
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CTGCTTGGAGTATCAGTTTCAGTAAATCTGCATTGGGGCCCTGAGAGTCTGT
ACTCAGACACGTTCCCAGGT

Fragment “2”
TGCCCGCCTCAGCCTCCCAAAGTGCTGGGACTACAGGCGTGAGCCATTGCG
CCTGTTCTTACTACACAGACTCACCAGGCCTCCCTGAACCCATTTGTTTAAT
CATCTAAAAGACAAAATCCACTTTTTTTTTTTTTTTTTGAGACAGAGTCTTGG
TCTGTTGCCCAGGCTAGAGTGCAATGGTGCCATCTCAGCTCACTGCAACCTC
CACCTCCCGGGTTCCAGCAATTCTCCTGCCTCAGTCTCTCGAGTAGCTGGAA
CTACAGGTGTCTGCCACCATGCCCAGCTAATTTTTGTATTTTTAGTAGAGAT
GGGGTTTCATCATATTGGCCAGGCTGGTCCCGAACTCCTGACCTCAT

Reverse complement
ATGAGGTCAGGAGTTCGGGACCAGCCTGGCCAATATGATGAAACCCCATCT
CTACTAAAAATACAAAAATTAGCTGGGCATGGTGGCAGACACCTGTAGTTC
CAGCTACTCGAGAGACTGAGGCAGGAGAATTGCTGGAACCCGGGAGGTGG
AGGTTGCAGTGAGCTGAGATGGCACCATTGCACTCTAGCCTGGGCAACAGA
CCAAGACTCTGTCTCAAAAAAAAAAAAAAAAAGTGGATTTTGTCTTTTAGA
TGATTAAACAAATGGGTTCAGGGAGGCCTGGTGAGTCTGTGTAGTAAGAAC
AGGCGCAATGGCTCACGCCTGTAGTCCCAGCACTTTGGGAGGCTGAGGCGG
GCA

Fragment “3”
TGCCCTCCTTGGCCTCCCAAGGTGCTGGGATTACAGGCATGAGCCACTGTGC
CCAGCCAGCACATGCCTTTTTAATTGCGTTCTTGAGTTTTGGGTTTGCAATA
ACTATTCAATTATTCTCTTCACCTCAAACCTACTTAATGATATAATGTCTTTA
AAATAATAGCCTAACTTATGTTGTTCTTCTTCTTCTTTTTTTTTTTTTTTTTTTT
GATACAGAGTTTTGTTCTTGTTGCCCAGGCTGGAGTGCAATGGCCGATCTCA
GCACACTGCAACCTCCACCTCCCGGGTTCAAGTGATTCTCCTGCCTCAGCCT
CCTGAATAGCTGGGATTACAGGCATGTGCTACCACGCCTGGCTAATTTTGTA
TTTTTATTAGAGATGAGGTTTCTCCACGTTGGTCAGGCTGGTCTCAAACTCT
TGACCTCAGGT

Reverse complement
ACCTGAGGTCAAGAGTTTGAGACCAGCCTGACCAACGTGGAGAAACCTCAT
CTCTAATAAAAATACAAAATTAGCCAGGCGTGGTAGCACATGCCTGTAATC
CCAGCTATTCAGGAGGCTGAGGCAGGAGAATCACTTGAACCCGGGAGGTGG
AGGTTGCAGTGTGCTGAGATCGGCCATTGCACTCCAGCCTGGGCAACAAGA
ACAAAACTCTGTATCAAAAAAAAAAAAAAAAAAAAGAAGAAGAAGAACAA
CATAAGTTAGGCTATTATTTTAAAGACATTATATCATTAAGTAGGTTTGAGG
TGAAGAGAATAATTGAATAGTTATTGCAAACCCAAAACTCAAGAACGCAAT
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TAAAAAGGCATGTGCTGGCTGGGCACAGTGGCTCATGCCTGTAATCCCAGC
ACCTTGGGAGGCCAAGGAGGGCA

Fragment “6”
TGCATCCACCCTGGGCCATCTCCCGGCTCCTCAGGTCCTCCTGCTACCACTC
ACCAGATTCAGGTTTGGCTTGAGTTATCGATATTAGGGTCCTACTAGGATTC
TCTAAGTTTATATCTAAGTTCAGCCTCTCTTCAAACTCTCCTGATTCCTTTTG
CCTCTGTGAAAGAATAGGTAATTTTGTTTAGCCTACCCATATGAGTCAACTT
GTACCAGACAAAACAACAGTTTTCTGCTCTGGGCTGGTCAGGAATTTTTTTT
TTTTTTAACTACAACTTAGATACAATCAAGTGCGCAAATTTTTTTTTTTTGAG
ACGGARTCTCACTCTGTCGCCCAGGCTGGAGTGCAGTGGCGT

Reverse complement
ACGCCACTGCACTCCAGCCTGGGCGACAGAGTGAGAYTCCGTCTCAAAAAA
AAAAAATTTGCGCACTTGATTGTATCTAAGTTGTAGTTAAAAAAAAAAAAA
ATTCCTGACCAGCCCAGAGCAGAAAACTGTTGTTTTGTCTGGTACAAGTTG
ACTCATATGGGTAGGCTAAACAAAATTACCTATTCTTTCACAGAGGCAAAA
GGAATCAGGAGAGTTTGAAGAGAGGCTGAACTTAGATATAAACTTAGAGAA
TCCTAGTAGGACCCTAATATCGATAACTCAAGCCAAACCTGAATCTGGTGA
GTGGTAGCAGGAGGACCTGAGGAGCCGGGAGATGGCCCAGGGTGGATGCA

Fragment “8”
GATCACCTGAGGTAAAGGAGTCTGAGCCAGCCTGACCAATATAGTGAAACC
CCATCTCTACCAAAAATACAAAAATTCACCAGGTATGGTGGCTGGTTTCTGT
AGTCCCAGCTACTTGGGAGGCTGAGACAGGAGAATTGGTTGAACCTGGGAG
GCGGAGGGTGCAGTGACCCAAGATGGCTCCACTGCACTCTGAGACTCTGTC
TCAAAAAACAAACAAACAAAAAAAAGAACCTTATATCCAATGGATAGGAA
AGAGAGGAAAGCAAACAAGTTAGCCAACAGTCCTGGTGTGGTGGTAGCAC
ATTCTCTACCATGTGCTAGAGAGGCCTAGTGGACTTGTTGCAAGAAGAGGA
GGGACAGAGAGAGGTGACAGAGAGGAAGGCACCCAAGCCAGACTGGGGG
ATTGAAAAGGGTGTCTCAGCTGCTCCA

Reverse complement
TGGAGCAGCTGAGACACCCTTTTCAATCCCCCAGTCTGGCTTGGGTGCCTTC
CTCTCTGTCACCTCTCTCTGTCCCTCCTCTTCTTGCAACAAGTCCACTAGGCC
TCTCTAGCACATGGTAGAGAATGTGCTACCACCACACCAGGACTGTTGGCT
AACTTGTTTGCTTTCCTCTCTTTCCTATCCATTGGATATAAGGTTCTTTTTTTT
GTTTGTTTGTTTTTTGAGACAGAGTCTCAGAGTGCAGTGGAGCCATCTTGGG
TCACTGCACCCTCCGCCTCCCAGGTTCAACCAATTCTCCTGTCTCAGCCTCCC
AAGTAGCTGGGACTACAGAAACCAGCCACCATACCTGGTGAATTTTTGTATT
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TTTGGTAGAGATGGGGTTTCACTATATTGGTCAGGCTGGCTCAGACTCCTTT
ACCTCAGGTGATC

Fragment “10”
GTGCCACTGCACTCCAGCCTGGGTGACAGAGCAAGACTCTGTCTCAAAAAA
AAAAAAAAAAAAAAGAAAAGAAAAGCTGGTCGGTACACATCCAGCCATGC
TCAGATACAGGGCATCACGCTGCTCTATCCTTGAAGTTAGGACTGACCAGC
AGGAAGTGGGGGTGACAAGCTTCTAAGCTATTCTTTCTGAACTCATAGTCC
CCAGCCCAGGGCCAGAGCGACAGCCCCATTGTGCTGCTCCGAGATAAGCAT
ACCCTTCAAAAAACTCTCACTGCTTTGGGCTTGGATCGCAAGCCAGAGACC
ATCCAGCTCATCACCCGGGACATGGTCCGAGAACTCATGTGAGTACACTGT
CCCCTGCCCTTCTATGTCCAGTCCTCATCCTTTTGCTAAG

Reverse complement
CTTAGCAAAAGGATGAGGACTGGACATAGAAGGGCAGGGGACAGTGTACT
CACATGAGTTCTCGGACCATGTCCCGGGTGATGAGCTGGATGGTCTCTGGCT
TGCGATCCAAGCCCAAAGCAGTGAGAGTTTTTTGAAGGGTATGCTTATCTCG
GAGCAGCACAATGGGGCTGTCGCTCTGGCCCTGGGCTGGGGACTATGAGTT
CAGAAAGAATAGCTTAGAAGCTTGTCACCCCCACTTCCTGCTGGTCAGTCCT
AACTTCAAGGATAGAGCAGCGTGATGCCCTGTATCTGAGCATGGCTGGATG
TGTACCGACCAGCTTTTCTTTTCTTTTTTTTTTTTTITTTTTTTGAGACAGAGTC
TTGCTCTGTCACCCAGGCTGGAGTGCAGTGGCAC

Fragment “19”
GCGGCGCACTGCAACCTCCGCCTCCCCAGCTTCAAGTGATTCTCCTGCCTCA
GCCTCCCAAGTAGCTGGGACTACAGGCATGTGCCACCATGCCCAGCTAATTT
TCCTATTTTTTTTTTTTTTATTTTTTTTAGCAGAGTTGGGGCTTCACCACTTTG
GCCAGGGTGATCTCATGAGACTTATTCACTATCATGAGAACAGCATGGGAA
AGACTTGCCTCCATCATTCAATTACCTCCCACCGGGTCCCTCCCACAACACG
TGGGAATTAAAGATGAGATTTTGTTGGGGACACAGCCAAACCATATCACCA
TACCTCTCTAATCTTCAATAACAGGTCCCATGTAACCACTAAACCTTGAAGT
TCAGCACTGCTGCCCAGGTTGGAGTGCAGTGGCGCAATCTTGGCTCACTGCA
ACCTCTGCCTCCCAGGTTCAAGTGATTCTTGTACCTCAGCATCCTGAGTAGG
AGGCTGGGACTACAGGCACACGCCACCATGACTGGCTAATTATTATTTTTCT
TGCATTTCTTTTTTTTTTGGTAGAGACGGGGTTTCACCATGTCAGCCAGGCTG
GTCTCAAACTCCTGGCCTCAAGT

Reverse complement
ACTTGAGGCCAGGAGTTTGAGACCAGCCTGGCTGACATGGTGAAACCCCGT
CTCTACCAAAAAAAAAAGAAATGCAAGAAAAATAATAATTAGCCAGTCATG
GTGGCGTGTGCCTGTAGTCCCAGCCTCCTACTCAGGATGCTGAGGTACAAG
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AATCACTTGAACCTGGGAGGCAGAGGTTGCAGTGAGCCAAGATTGCGCCAC
TGCACTCCAACCTGGGCAGCAGTGCTGAACTTCAAGGTTTAGTGGTTACATG
GGACCTGTTATTGAAGATTAGAGAGGTATGGTGATATGGTTTGGCTGTGTC
CCCAACAAAATCTCATCTTTAATTCCCACGTGTTGTGGGAGGGACCCGGTGG
GAGGTAATTGAATGATGGAGGCAAGTCTTTCCCATGCTGTTCTCATGATAGT
GAATAAGTCTCATGAGATCACCCTGGCCAAAGTGGTGAAGCCCCAACTCTG
CTAAAAAAAATAAAAAAAAAAAAAATAGGAAAATTAGCTGGGCATGGTGG
CACATGCCTGTAGTCCCAGCTACTTGGGAGGCTGAGGCAGGAGAATCACTT
GAAGCTGGGGAGGCGGAGGTTGCAGTGCGCCGC

Fragment “23”
TGTGAAGTTTCCCATCACCGTGGCAGTCCACAATGTGAAGCCCCTGAGGCC
ACCCTTCTCCATGTGTCCCCCACACTGTCCCTGACCCTCCCACCATCCTAGA
AAACCAGCCTCCCAGGTCCTCTGTCATGGAAGTAATTTACAGCAAGGCAGA
AAGAGCTGAAAATTTATAAATGTGTAAAATTTACAAAGGTGTTTCTTTCTTT
CTTTCTTTCTTTTTTTTTTTTTTTTTTTTGAGGCAGAGTCTCACTCTGTTGCCC
AGGCTGGAGTGCAGTGGCGT

Reverse complement
ACGCCACTGCACTCCAGCCTGGGCAACAGAGTGAGACTCTGCCTCAAAAAA
AAAAAAAAAAAAAAGAAAGAAAGAAAGAAAGAAACACCTTTGTAAATTTT
ACACATTTATAAATTTTCAGCTCTTTCTGCCTTGCTGTAAATTACTTCCATGA
CAGAGGACCTGGGAGGCTGGTTTTCTAGGATGGTGGGAGGGTCAGGGACAG
TGTGGGGGACACATGGAGAAGGGTGGCCTCAGGGGCTTCACATTGTGGACT
GCCACGGTGATGGGAAACTTCACA

Fragment “25”
GCACCACTGCACTCCAGCCTGGGCAACAGAGCAAGACTCCATCTCAAAAAA
AAAAAAAAAAAAAAAAAGGAAGATATGAGCACTCCCTTATATTTTGTACCC
TTCTCATCCTTCCACTTTAAGGTTGTGATATTCTGGTGTTTTGGCCCTGTCAG
TTTTCTTATCCTCCCTCCCATTTCAACCCATGTATCTTCTGATAATCTGTGTT
CCTTTTTTTTTGTTTTTTTGTTTTTTTGCTTACCTACTTCTGTGGCCACCACTT
GTACCCGATATGGACTTCCGGCTTCTCTGTCCAATGGAGCCACACTAAGG

Reverse complement
CCTTAGTGTGGCTCCATTGGACAGAGAAGCCGGAAGTCCATATCGGGTACA
AGTGGTGGCCACAGAAGTAGGTAAGCAAAAAAACAAAAAAACAAAAAAAA
AGGAACACAGATTATCAGAAGATACATGGGTTGAAATGGGAGGGAGGATA
AGAAAACTGACAGGGCCAAAACACCAGAATATCACAACCTTAAAGTGGAA
GGATGAGAAGGGTACAAAATATAAGGGAGTGCTCATATCTTCCTTTTTTTTT
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TTTTTTTTTTTTTTGAGATGGAGTCTTGCTCTGTTGCCCAGGCTGGAGTGCAG
TGGTGC

Fragment “5B”
ATCCCTCCTCTCCCCTACTCCCCTACTGACCATCCCTTCTACCTGCTTTATTT
TTCTCCATAGCATTGACTATCTTCAATGTATTATACTGTATAAAATCTTTGC
ATATATTTTGTTTATTGCCTTCTTCTCTCCATGACATGTAAGCAACACAAAG
GCTAGAGGTTTTTTGCTTGTTTGTTTTATTTTGTTTTGAAGACAGGGTCTCAC
TCTGTCACCAGGCTGGAGTTGCAGTGGTGAAATCTCAGCTCATTGCAACCTC
CACCTCCTGGGTTCAAGCAATTCTTGTGCCTCAGCCTCCTGAGTAGCTGGGA
CTACAGGCTTGTACCACCACGCATGGCTAATTTTTTTTTGTAGTTTTAGTTGA
GACTGGGTTTCACCATGTTGGCCAGTCTGGTCTCAAACTCCTGGCTTCAAGT
GACCTGCCAGCCTTGGCCTGCCAGAATGCTGTGATTACAGGTATGAGCCAC
CATGCCCAGCCAAGGGCTAGAGTTTTTGTACATTTTGCTG

Reverse complement
CAGCAAAATGTACAAAAACTCTAGCCCTTGGCTGGGCATGGTGGCTCATAC
CTGTAATCACAGCATTCTGGCAGGCCAAGGCTGGCAGGTCACTTGAAGCCA
GGAGTTTGAGACCAGACTGGCCAACATGGTGAAACCCAGTCTCAACTAAAA
CTACAAAAAAAAATTAGCCATGCGTGGTGGTACAAGCCTGTAGTCCCAGCT
ACTCAGGAGGCTGAGGCACAAGAATTGCTTGAACCCAGGAGGTGGAGGTTG
CAATGAGCTGAGATTTCACCACTGCAACTCCAGCCTGGTGACAGAGTGAGA
CCCTGTCTTCAAAACAAAATAAAACAAACAAGCAAAAAACCTCTAGCCTTT
GTGTTGCTTACATGTCATGGAGAGAAGAAGGCAATAAACAAAATATAT

Fragment “19B”
GAGCCACCCTGGCAGACGCGTCAGAAAGAGCTTTGTAGGCAGACAAGGGCT
TGGCTTATTCCAGGACTGGAAAGGAGGCCAGTGAGGCTGGAATATTGTGAA
CAGGGGAGAAGATGATACCTGATGTGGTTGGAGAGGTGGACAGGGGCCAG
ATGATACAGCACTTTGTGGCTGTGGCAGGGAGTTTTATTCTAAGAATGATG
GAAAAAAGAGCTAATAGAGGGTTTAACCAGGGAGTGATGTATACCAGATCA
GTCTGAAGTCTAAGGGGGCTCTTGTTACGTCACACTGCCTTAAAGAAATTCT
ITTTTTTTTTTTTTTTTTTTTTTTGAGACGGAGTCTCACTCTGTCGCCAGGCTG
GAGTGCAGTGGTGT

Reverse complement

ACACCACTGCACTCCAGCCTGGCGACAGAGTGAGACTCCGTCTCAAAAAAA
AAAAAAAAAAAAAAAAAAGAATTTCTTTAAGGCAGTGTGACGTAACAAGA
GCCCCCTTAGACTTCAGACTGATCTGGTATACATCACTCCCTGGTTAAACCC
TCTATTAGCTCTTTTTTCCATCATTCTTAGAATAAAACTCCCTGCCACAGCCA
CAAAGTGCTGTATCATCTGGCCCCTGTCCACCTCTCCAACCACATCAGGTAT

141



Appendix

CATCTTCTCCCCTGTTCACAATATTCCAGCCTCACTGGCCTCCTTTCCAGTCC
TGGAATAAGCCAAGCCCTTGTCTGCCTACAAAGCTCTTTCTGACGCGTCTGC
CAGGGTGGCTC

Fragment “37B”
CACCCGCCTTGGCCTCCCAAAGTGCTGGGCGTACAGGCGTGAGCCACCACG
CCCAGCCTAACATGTCCATTTTAAGGAATAGGTAAAACAGTTTGCAGTTTAC
TTAGTCATAATGTGGAATAAAAATGTGTGCCCTGGGGAATTAAACAAACAA
ACATAGTGTGGAAATGTGTCCAAACTGTCTGTTACAGTTGACAGAAAGTGA
ATTGGGTCATTTGGGATTCCTGGCCCTGCCGGGCCAGAGAACAGCCCTCCCC
TGCCCACTGGCGGTGGCCCCTGACAGCCATGTCTCCCTCTCTTTGCTCTAAG
CCCCCAAACCATGGCAGAGGCCCCTGACAGCCGTGTCTCTCTCTCTGCTCTA
AGCCCCCAAACCACAAAGGGCAGAGGCTGGGTGCCAGAGGCTCTGTGACA
GCCCCACTCTGTTTTTGAACTTTCTGCTTCCCTTCCACTCGTTACAGGAGGAA
GATGTT

Reverse complement
AACATCTTCCTCCTGTAACGAGTGGAAGGGAAGCAGAAAGTTCAAAAACAG
AGTGGGGCTGTCACAGAGCCTCTGGCACCCAGCCTCTGCCCTTTGTGGTTTG
GGGGCTTAGAGCAGAGAGAGAGACACGGCTGTCAGGGGCCTCTGCCATGGT
TTGGGGGCTTAGAGCAAAGAGAGGGAGACATGGCTGTCAGGGGCCACCGC
CAGTGGGCAGGGGAGGGCTGTTCTCTGGCCCGGCAGGGCCAGGAATCCCAA
ATGACCCAATTCACTTTCTGTCAACTGTAACAGACAGTTTGGACACATTTCC
ACACTATGTTTGTTTGTTTAATTCCCCAGGGCACACATTTTTATTCCACATTA
TGACTAAGTAAACTGCAAACTGTTTTACCTATTCCTTAAAATGGACATGTTA
GGCTGGGCGTGGTGGCTCACGCCTGTACGCCCAGCACTTTGGGAGGCCAAG
GCGGGTG

Fragment “45B™

ATGGGAATGGCTGTCAATTCTTTTTTTTTTTTTTTTTTTTTTGAGACAGAGTA
TTGCTCTTGTTGCCCAGGCTGGACTGCAGTGGTGCAATCTCGGCTCACTGCA
ACCTCAACCTCTGGGTCTCAAGCTATCCTCCCACTTCAGTCTCCCGAGTAGC
TGGGGCTACAGGCATGCACCACCATGCCCAGCTAATTTTTTAATTTTTTGTA
GAGATAGGGTTTCCCTTGTTGCCCAGACTGGTCTCAAACTCTTGGGCTCAAG
CAGTCCTCTTGCCTCAGACTCCCAAAGTGCTGGGATTAGAGGCACGAACTA
CAGCGCCTGGTCAATGACTGATATATTTAGATTGAAAGCTAGCATCTTACT
TGGTTTGTACTTATCCAACCTCCCTGTGTTTCTTTTTCTCTCCTTTCTTGCCTT
TTTCTGGAATAATCACGTTTTTTTTITTTTTTITTTTTTGAGATTTCATTTCCCCG
CTCTATTAGCTTGTCATTGTTACATTATTTTACAGTTCTAATGATCGCTCTAG
TAATTACAACATGCATCCTTGATTTATTAGCATCTGATATAAATAATTACAT
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TGACCACTTTCTTTCTTTTTCTTTTTTTTTTGGAGATGGAGTCTTGATCTGTT
GCCAGGCTGGAGTGCAGTGGTGC

Reverse complement
GCACCACTGCACTCCAGCCTGGCAACAGATCAAGACTCCATCTCCAAAAAA
AAAAGAAAAAGAAAGAAAGTGGTCAATGTAATTATTTATATCAGATGCTAA
TAAATCAAGGATGCATGTTGTAATTACTAGAGCGATCATTAGAACTGTAAA
ATAATGTAACAATGACAAGCTAATAGAGCGGGGAAATGAAATCTCAAAAA
AAAAAAAAAAAAAAACGTGATTATTCCAGAAAAAGGCAAGAAAGGAGAG
AAAAAGAAACACAGGGAGGTTGGATAAGTACAAACCAAGTAAGATGCTAG
CTTTCAATCTAAATATATCAGTCATTGACCAGGCGCTGTAGTTCGTGCCTCT
AATCCCAGCACTTTGGGAGTCTGAGGCAAGAGGACTGCTTGAGCCCAAGAG
TTTGAGACCAGTCTGGGCAACAAGGGAAACCCTATCTCTACAAAAAATTAA
AAAATTAGCTGGGCATGGTGGTGCATGCCTGTAGCCCCAGCTACTCGGGAG
ACTGAAGTGGGAGGATAGCTTGAGACCCAGAGGTTGAGGTTGCAGTGAGCC
GAGATTGCACCACTGCAGTCCAGCCTGGGCAACAAGAGCAATACTCTGTCT
CAAAAAAAAAAAAAAAAAAAAAAGAATTGACAGCCATTCCCAT
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