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1. Summary

1. Summary

The SH2-containing inositol 5-phosphatase SHIP-1 (SHIP) is a negative regulator of signal

transduction in hematopoietic cells. Inactivation of SHIP may be involved in the pathogenesis
of leukemia. In support of this hypothesis, it has been shown that the human T cell leukemia
cell line Jurkat does not express SHIP. Restoration of SHIP expression leads to the
inactivation of the phosphoinositide 3-kinase (PI3K)/AKT signal transduction pathway and
the prolongation of the G1 phase of the cell cycle. Consequently, a partial inhibition of
proliferation of these cells has been observed. The goal of this work was to identify the
mechanism by which SHIP regulates cell cycle and proliferation. The first aim of this study
was to investigate the differential expression of genes after restoration of SHIP expression in
Jurkat cells. For this analysis, microarrays with approximately 39,000 transcripts of the
human genome were used to determine the transcriptional expression pattern of Jurkat cells
containing a doxycycline-inducible vector before and after induction of SHIP. Microarray
analysis revealed that restoration of SHIP expression resulted in statistically significant
changes (= 2.0-fold) in the expression levels of 37 unique mRNAs. SHIP induced the
expression of 16 mRNAs, while it repressed 21 mRNAs. Analyses of functional annotations
revealed that among the 37 mRNAs, 24 correspond to known genes. Of these, 11 genes (46%)
had annotations found in the Gene Ontology data bank related to nucleus, transcription or cell
cycle, 7 genes (29%) encode proteins associated with intracellular signaling cascades and/or
localization in the plasma membrane, and 1 gene encodes an interleukin, IL26. The data
show for the first time that SHIP regulates the expression of genes related to transcription and
cell cycle.

The second aim of this study was the validation of the differentially expressed transcripts by
quantitative real-time RT-PCR. Messenger-RNA sequences of 36 from the 37 transcripts were
identified by searching different data banks. A primer software was used to assist in the
design of the human gene-specific primers, and the 100% specificity of the primer sequences
was verified. Of the 36 transcripts analyzed, 29 were validated by quantitative real-time PCR
(81%). The analyses demonstrated a good correlation between quantitative real-time PCR and
the Affymetrix platform, with a similar expression pattern of 90% (26 out of 29) of the
transcripts being observed. Eleven of the genes showed statistically significant transcriptional
regulation (> 2-fold) by SHIP. Of the three genes up-regulated by SHIP (KLF2, CD62L and
KCMFT), two have been reported to be involved in regulation of transcription or quiescence.
Of the 8 SHIP-repressed genes, three genes (ATF5, ZNF75, DNAJBY) are implicated in the
regulation of transcription and cell cycle, whereas five are involved in signal transduction
(TRIB3, ARHGEF10, ARRDC3, PAG, as well as the interleukin /L26).

For some of these genes, a role in T cell proliferation and survival has already been suggested
or is implicated by their function in transcription, cell cycle, or apoptosis. CD62L (CD62
antigen ligand) is a L-selectin, integral to the plasma membrane. It has been reported that
quiescent T cells are CD62L" and upon activation, expression is lost. The Kriippel-like
transcription factor 2 (KLF2) is required to maintain CD4" or CD8" single-positive T cells in
their quiescent state and has an inhibitory effect on their proliferation. Similarly to the
expression of CD62L, KLF2 is also down-regulated after T cell activation. However, the
signal transduction pathway mediating the regulation of KLF2 has not been elucidated. The
genes coding for ATFS (activating transcription factor 5) and ZNF75 (zinc finger protein 75
(D8C6)) were the most strongly SHIP-repressed genes. ZNF75 belongs to the Kriippel C2H2-
type zinc finger protein family. The function of ZNF75 is largely unknown, but computational



1. Summary

analysis suggests that it could be involved in DNA-dependent regulation of transcription.
ATFS5 is an anti-apoptotic factor and its expression is down-regulated in a variety of cell lines
undergoing apoptosis following growth factor deprivation. It has been reported that Akt
mediates the down-regulation of one member of the ATF family, ATF-6f, simultaneously
with an up-regulation of the SREBP (sterol-regulatory element binding proteins) genes,
involved in fatty acid and cholesterol synthesis. Akt is also involved in the regulation of
CREB and NF-kB. However, these factors were not differentially regulated at the mRNA
level in this study, suggesting other mechanisms of regulation. IL26 was the only interleukin
identified to be SHIP-regulated at the mRNA level. The presence of /L26 transcripts in a
series of leukemia T cell lines has been previously reported. IL26 is a novel cellular homolog
of interleukin-10 and is produced by activated memory but not by naive CD4" T cells,
independently of costimulation. It has been described that the dimerization of the receptor
units IL-20R1 and IL-10R2 generates a functional IL-26R complex, and the IL26-mediated
signaling through this receptor complex induced activation of two members of the STAT
family. It has been previously proposed that IL26 is a good candidate for autocrine growth
stimulation, leading to spontaneous proliferation of T cells after (HVS) infection.

The third aim was to study the biological effect of the identified SHIP-regulated genes.
Because KLF2 is involved in quiescence in naive T-cells and in regulation of Jurkat T
leukemia cell growth, and SHIP leads to an inhibition of proliferation in these cells, the SHIP-
mediated regulation of KLF2 in Jurkat T cells was of particular interest. Therefore, the
biological function of KLF2 in Jurkat T cells was analyzed. KLF2 mRNA was up-regulated
two to threefold at the RNA and protein level after the induced expression of SHIP.
Functional analysis of KLF2 expression in Jurkat cells was carried out to study the role of this
protein in proliferation. hKLF2-expressing vectors or control EGFP (enhanced green
fluorescent protein) vectors were introduced into Jurkat cells and proliferation was monitored
by assessing the accumulation of newly synthesized DNA by BrdU incorporation (using anti-
BrdU antibodies). A 45% reduction in proliferation was observed after KLF2 expression, as
compared to a 60% reduction by SHIP expression. When expressed together, an 84%
reduction in proliferation was observed, suggesting an additive effect on reduction of
proliferation. SHIP induction up-regulates KLF2 expression, implicating KLF2 in the SHIP-
mediated growth inhibition of the human leukemic T-cell line Jurkat. Further analysis
confirmed that the reduction of newly synthesized DNA correlated with increased KLF2
protein levels in Jurkat T-cells induced to express SHIP.

A fourth aim of this study was to determine if the regulation of KLF2 is directly regulated by
the PI3K/Akt pathway, which is activated by the T cell receptor. Inhibition of PI3-kinase with
wortmannin in Jurkat T-cells revealed a 2.4-fold increase in KLF2 protein levels.
Furthermore, the silencing of Aktl expression by RNAi led to a 2.5-fold increase in the
expression of KLF2. In addition, expression of the inositol 5’-phosphatase SHIP reduced the
activity of Akt, resulting in the up-regulation of KLF2.

A direct functional role for the SHIP-mediated reduction of cell proliferation has been
confirmed for KLF2. Moreover, the data obtained by inactivation of the PI3K and silencing
of the expression of Akt by RNAi confirmed the role of the PI3K/Akt signaling pathway in
the up-regulation of KLF2 in Jurkat T cells. A model that summarizes the results obtained in
this study including SHIP, KLF2, and the PI3K/Akt pathway, along with the events occurring
downstream in the signal cascade is shown below.
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Prolongation of the G1 phase of the
cell cycle

| Proliferation

| Transcription of S-Phase genes ?

Up-regulation of the T cell quiescence factor KLF2 occurs via the Phosphatidylinositol 3-kinase/Akt signaling
pathway. After expression of SHIP in Jurkat T cells, there is a reduction in the levels of PI(3,4,5)P; and inactivation of Akt
by reduction of phosphorylation at residues Thr 308 and Ser 473. GSK3p is not phosphorylated at residue Ser 9, and becomes
active; p27Kip! is more stable and the phosphorylation of Rb at Ser780 is reduced. Consequently, there is prolongation of the
G1 phase of the cell cycle and reduction of proliferation. This also may implicate a reduction in the transcription of S-phase
genes. A second event comprises the fact that the expression of KLF2 increases by the activity of SHIP. Additionally,
inhibition of PI3-kinase with wortmannin and knockdown of the expression of Aktl by RNAIi led to an increase in the
expression of KLF2. This implicates SHIP and the PI3-kinase/Akt signaling pathway in the up-regulation of KLF2 in Jurkat
T cells. PI3K: Phosphoinositide 3-kinase. Akt (PKB): Protein kinase B. GSK3B: Glycogen synthase kinase-33. CDK:
Cyclin-dependent kinase. RB: Retinoblastoma tumor suppressor protein. p27Kipl: Cyclin-dependent kinase inhibitor
1B. KLF2: Kriippel-like factor 2. PI(3,4,5)P;: phosphatidylinositol 3,4,5-trisphosphate. TCR: T cell receptor. WM:
Wortmannin.

This study contributes to the elucidation of novel factors and associations with the PI3K/Akt
signaling pathway involved in the SHIP-mediated regulation of proliferation in Jurkat T cells.
With respect to a possible function of SHIP in the development of leukemogenesis, the
biological function of the SHIP-regulated genes identified in this study need to be further
investigated in primary human leukemia.
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2. Introduction

2.1. Hematopoiesis and Leukemogenesis

Hematopoietic stem cells (HSCs) are clonogenic cells that possess properties of both self-

renewal and multilineage potential, giving rise to all types of mature blood cells (Spangrude
et al, 1988). It has been assumed that each intermediate progenitor and each monopotent
precursor has a distinct gene expression program that is established and maintained by
specific combinations of transcription factors and chromatin remodeling components. There
are numerous examples where seemingly committed hematopoietic cells can be induced to
convert into cells of another lineage, showing the differentiation plasticity of hematopoietic
cells (Figure 1). In a normal lineage, the stem cells differentiate into lymphoid and myeloid
progenitors, which give rise to a variety of mature cells, including T cells and B cells, and
monocytes and granulocytes, respectively. Leukemias represent abnormal and poorly
regulated hematopoiesis, with leukemia stem cells (also) capable of self-renewal as well as
the generation of multiple cell types (Passegue et al, 2003). Acquired mutations contributing
to leukemogenesis, including chromosomal translocations that generate oncogenic fusion
genes, may need to occur in hematopoietic stem cells (HSCs), as these cells have sufficient
lifespan necessary for the acquisition of additional mutagenic hits. Alternatively, it is possible
that oncogenic events happen in more committed progenitors, particularly if the mutation
confers self-renewal to the cell or if the cell (such as a B cell progenitor) exhibits a sufficient
life span (Jamieson et al, 2004; Passegue et al, 2003). As a result, the cancerous cells divide
rapidly, replace the cells in the bone marrow and may invade other organs, such as liver,

spleen, lymph nodes, kidneys and brain.

2.2. Major types of leukemia, prevalence and symptoms

There are four major types of leukemia. They are classified based on their progression as
either acute (rapid) or chronic (slow), and the affected white blood cell type as either

lymphocytic, or myelocytic (Table I).
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Figure 1. Summary of lineage switches observed between hematopoietic cells, placed in the
context of normal hematopoietic differentiation (Akashi et al, 2000; Kondo et al, 1997)

The black lines indicate normal lineage relationships; the thick red arrows represent induced switches
(these do not necessarily imply direct transitions). HSC indicates hematopoietic stem cell; CLP,
common lymphoid progenitor; CMP, common multipotent progenitor; GMP, granulocyte/macrophage
progenitor (also called "myeloblasts"); MEP, megakaryocyte erythrocyte progenitor; T, T lymphocyte;
B, B lymphocyte; Mac, macrophage; G, neutrophil granulocyte; Eos, eosinophil, Eb, erythroblast; E,
erythrocyte; Meg, megakaryocyte; P, platelet. Mast cells, NK cells, and dendritic cells have been
omitted from the scheme and placement of eosinophils is speculative. Note that most of the switches
were observed with transformed cell lines in culture and that the cell type designations (both before
and after the switch) may not accurately reflect the phenotype of the normal counterparts. (Modified
from Graf, 2002).

Table I. Major types of leukemia and annual prevalence
(Modified from Merck & Co. and contributors, 2002)

N° of Cases
Type Progression White Blood Cell diagnosed yearly in
Affected the USA
Acute lymphocytic Rapid

Leukemia (ALL) Lymphocytes 5,200

Acute myeloid leukemia (AML) Rapid Myelocytes 7,000
Chronic lymphocytic leukemia (CLL),

including Sézary syndrome and hairy cell Slow Lymphocytes 8,500

leukemia
Chronic myelocytic leukemia (CML) Slow Myelocytes 5,800
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Acute lymphocytic leukemia (ALL) affects predominantly children and Acute myeloid
leukemia (AML) is most likely to be found in adults. Particular subtypes of acute leukemia
have been found to be associated with specific chromosomal translocations-for example, the
t(12;21)(p13;922) translocation occurs in 25% of patients with ALL, whereas the
t(8;21)(q22;922) occurs in 15% of patients with AML (Golub et al, 1995; McLean et al,
1996; Romana et al, 1995; Rowley, 1973; Shurtleff et al, 1995). According to the
“Elimination of Leukemia Fund (ELF)” reports in 2002, leukemia killed more children
between two and 15 years than any other disease in some developed countries. In Germany, it
has been reported that every year 11,800 people come down with leukemia, including 600
children (Deutsches Kinderkrebsregister; Hellenbrecht et al, 2003). The most frequent first
symptom of leukemia is anemia, because of the decreased number of red blood cells (RBCs),
which are involved in the body tissue oxygenation process. Therefore, debility and shortness
of breath also occur. The appearance of infections with subsequent fever is also frequent,
since there are not enough normal white blood cells. Bleeding may occur in the form of
nosebleeds, purple skin spots or easy bruising. Leukemia cells in the brain may cause

headaches, vomiting and those in the bone marrow may cause bone and joint pain.

2.3. Pathways to leukemia

Tumors of T cells have been identified. However, unlike the malignancies of B cells, few that
correspond to intermediate stages in T-cell development have been recognized in humans
(Janeway et al, 1999). Instead, the tumors resemble either mature T cells or, in common acute
lymphoblastic leukemia, the earliest type of lymphoid progenitor. It has been proposed that
acute leukemias require at least two complementary mutations, one leading to enhanced
proliferation and a second leading to a block in differentiation (Gilliland, 2002). A common

cause of enhanced cell proliferation is inappropriate signal transduction.

2.3.1. T lymphocyte proliferation and apoptosis signaling pathways

Resting T lymphocytes are normally activated by antigen/MHC complexes through the TCR-
CD3 complex (Weiss and Littman, 1994). The earliest signaling event following TCR
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engagement is the sequential activation of the non-receptor protein tyrosine kinases (PTKs) of
the Src and Syk families. Activated Src family PTKs, Lck and Fyn, subsequently
phosphorylate tyrosine residues in T cells within a consensus sequence termed the
immunoreceptor tyrosine-based activation motif (ITAM) in the cytosolic tails of the TCR
subunits. Phosphorylated ITAMs promote the recruitment of the Syk family PTKs ZAP70
and Syk through their Src homology 2 (SH2) domains (Lin and Weiss, 2001; Straus and
Weiss, 1993). Two known substrates of the activated ZAP70 are the adapter molecules LAT
(linker for activation of T cells) and SLP-76 (SH2-containing leukocyte protein-76).
Phosphorylation of tyrosine residues on LAT and SLP-76 leads to a recruitment of proteins
involved in activation of the Ras pathway, calcium mobilization and cytoskeletal
reorganization. One critical protein that is recruited to LAT upon TCR stimulation is the
phospholipase-Cyl (PLCyl) (Finco et al, 1998; Zhang et al, 1998). Phosphorylation of a
tyrosine residue in PLC-y activates the enzyme, which cleaves phosphatidylinositol 4,5-
bisphosphate (PtdIns(4,5)P,) into diacylglycerol (DAG) and inositol 1,4,5-triphosphate
(Ins(1,4,5)P3) (Berridge, 1987). DAG induces the activation of protein kinase C, which is an
upstream regulator of the guanosine trisphosphate-binding RAS proteins (Nishizuka, 1988).
RAS activates the MAPK cascade and cell proliferation (Davis, 1994; Kyriakis and Avruch,
2001). In theory, mutations at any point in this pathway could lead to constitutive activation

of the MAPK cascade and uncontrolled cell proliferation (Lin and Aplan, 2004).

Mutations involving the apoptosis signaling pathway have been also associated with
leukemogenesis. Patients with follicular lymphoma have a t(14;18)(q32;q21) that fuses the
IgH gene with the BCL-2 gene (Amakawa et al, 1991; Jager et al, 2000). Consequently, the
transcription of the anti-apoptotic BCL-2 gene is enhanced, and cells escape from apoptosis.
In addition, some T-ALL samples show inactivation of the pro-apoptotic BAX gene (Makover
et al, 1991; Meijerink et al, 1998).

2.3.2. PI3K/AKkt signaling pathway and leukemogenesis

The phosphoinositide 3-kinase (PI3K) family of lipid kinases phosphorylates the 3-hydroxyl
group of the inositol ring of phosphoinositides in cellular membranes. 3-Phosphoinositides
play integral roles in the assembly of membrane signaling complexes and in the intracellular

trafficking of proteins (Katso et al, 2001; Vanhaesebroeck et al, 2001). Resting cells contain



2. Introduction

substantial levels of PtdIns3P, but hardly any Ptdlns(3,4)P, or PtdIns(3.4,5)P;
(Vanhaesebroeck and Alessi, 2000). Stimuli that induce tyrosine (Tyr) kinase activity in cells
almost invariably lead to the generation of PtdIns(3,4)P, and PtdIns(3,4,5)Ps (Stephens et al,
1993). This Tyr kinase activity can be provided by receptors with intrinsic Tyr kinase activity

or by non-receptor Tyr kinases.

PI3K-generated phosphatidylinositol 3,4,5-trisphosphate (PtdIns(3,4,5)P3) can bind Akt (also
known as protein kinase B (PKB)), which is subsequently activated by sequential
phosphorylation on residues threonine 308 and serine 473 (Chan et al, 1999). Akt has been
identified as the viral oncogene v-akt, and Akt activation is one of the crucial events involved
in the transfer of the oncogenic signal initiated from a constitutively activated PI3K (Aoki et
al, 1998). Three highly homologous isoforms of Akt are transcribed from independent genes
and have overlapping but distinct functions (Bellacosa et al, 2004). In mice, PKBa, also
known as Aktl, mediates signals downstream of PI3K activation that promote cell survival
and proliferation. In contrast, PKBP (also known as Akt2) activation is associated with
insulin-mediated metabolic processes (Garofalo er al, 2003; Stiles et al, 2002). It has been
reported that Pkby” (also known as 4kt3) mice have reduced brain size and weight, which
might be attributed to reduced cell size and cell number (Tschopp et al, 2005). The net result
of the activation of all isoforms of Akt is protection from apoptosis and increased
proliferation —events that favor tumorigenesis (Cully et al, 2006). The role of PI3K/Akt
signaling in leukemogenesis has been demonstrated for the transformation of hematopoietic
cells by BCR/ABL (Skorski et al, 1997). It has been reported that the activation of GAB2 is
required for BCR-ABL-mediated leukemogenesis in mice, and Gab2”" cells are resistant to
BCR-ABL-induced transformation (Sattler ez a/, 2002). In addition, a mutated form of the p85
subunit of the PI3K has been identified in a human hematopoietic cell line (Jiicker et al,
2002). Constitutive activation of PI3K/Akt signaling has been identified in approximately
70% of human leukemias (Min et al, 2003). However, mutations in the catalytic subunit of the

PI3K, i.e. p110a seems to be a rare event in human acute leukemias (Lee et al, 2005).

2.4. Treatment of leukemia and gene technology

The common treatments for leukemia are chemotherapy, radiation therapy, biologic therapies

and bone marrow transplantation. In the last years, an international group assessed a gene test
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in order to identify which adult T-cell ALL patients could be successfully treated with
chemotherapy only, avoiding whenever possible bone marrow transplantation (Ferrando and
Look, 2002). The gene test used in this study is called ‘“gene chip” or microarray. Gene
expression patterns were found for each sample using this technique, and a correlation was
made between these results, the specific treatment and the response of each patient. Bone
marrow samples from two groups of adult T-cell ALL patients were analyzed. The total RNA
from each sample was isolated and hybridized to probes in the microarray assay. The analysis
revealed a differential HOX11 gene expression in the population. The HOX11 (homeo box 11)
gene controls the genesis of a single organ (Roberts et al., 1994) and is involved in the
tumorigenesis of T-cell ALL. However, it does not occur very frequently, up to 7% of
childhood T-cell ALL is accompanied by a translocation of chromosome 10 and a subsequent
HOXI1 gene expression (OMIM, 1998). As the authors reported, their results demonstrate
that the patients with high HOX11 gene activity have an excellent prognosis after treatment
with chemotherapy. In addition, they proposed that bone marrow transplantation should be
avoided with these patients, owing to the risks of early death. Cully et al. (2006) have
considered that the identification of the multiple mechanisms than can activate PI3K signaling
might be of significant therapeutic value. They proposed, for example, that the inhibition of
the Gab family proteins could be a therapeutic target in the treatment of leukemia.
Additionally, Leung and Whittaker (2005) have proposed that although protein-protein
interactions are complex to disrupt through chemical inhibition, the in vivo delivery of
inhibitory RNA molecules could be a feasible approach to inhibiting the PI3K signaling
pathway.

2.5. Reduction of leukemia cell proliferation

It has been shown that the molecular analysis applied to leukemia has an advantage in the
identification and targeting of some genes involved in leukemogenesis. Leukemia cell
reduction through antileukemic therapy may be caused by the inhibition of proliferation or
direct induction of cell death. In vitro studies with tumor and leukemia cell lines have shown
that cytotoxic drugs in anticancer chemotherapy induce cell death by the activation of diverse

apoptosis signaling pathways (Dive et al, 1992; Hannun, 1997). It has been suggested that
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functional defects in apoptosis signaling molecules or deficient activation of apoptosis

pathways are responsible for chemotherapy resistance and treatment failure in acute leukemia.

2.5.1. The SHIP protein, role in cellular regulation and human leukemia

The SH2-containing Inositol 5-Phosphatase 1 (SHIP-1/SHIP) is a negative regulator of signal
transduction in hematopoietic cells. SHIP was originally identified as a 145 kDa protein that
was phosphorylated on tyrosine following stimulation by a wide range of cytokines and
growth factors (Rohrschneider ef al/, 2000). Subsequent cloning of the molecule revealed a
1190 amino acid protein that contains several motifs important for protein-protein
interactions. Full-length SHIP (1190 amino acid residues) is the product of a 3570-nucleotide
open reading frame (ORF). SHIP proteins exhibit frequently discrete size variability (e.g. 145,
135, 125, and 119 kDa), as described by some laboratories (Lioubin et al, 1996; Lucas and
Rohrschneider, 1999; Ono et al, 1996). Bone marrow or immature hematopoietic cell lines
express increasingly larger SHIP proteins as differentiation proceeds to mature blood cells
(Geier et al, 1997). It has been shown that during the preparation of protein extracts under
non-denaturing conditions from hematopoietic cell lines and in primary leukemia samples, an

artificial cleavage of SHIP proteins can occur (Horn et al, 2001).

The domain and motif structure of p145 SHIP is shown in Figure 2. The amino-terminal Src
homology 2 (SH2) domain (Schaffhausen, 1995) is crucial in the interactions of SHIP with
signaling molecules, including cell surface receptors and cytoplasmic proteins (e.g. Shc,
p62d°k) (March and Ravichandran, 2002; Rohrschneider et al, 2000). The central 400-500
amino acid region of SHIP encodes an enzymatic activity for removal of phosphate from the
5’ position of inositol polyphosphate (Rohrschneider et al, 2000). SHIP recruitment to the
plasma membrane via interactions of its SH2 domain brings SHIP in proximity to its
enzymatic substrate phosphatidylinositol 3,4,5-trisphosphate (PtdIns(3.,4,5)P;), which is
hydrolyzed by SHIP to produce phosphatidylinositol 3,4-bisphosphate (PtdIns(3,4)P,). There
are some signaling molecules that contain plekstrin homology (PH) domains, which by
binding to PtdIns(3.,4,5)P;, mediate recruitment to the plasma membrane and activation.
Because of its enzymatic activity, SHIP inhibits the activation of those molecules (e.g. PLCy,
Btk, Akt). Taking into consideration the carboxy-terminal region of SHIP, the two tyrosine

residues contained within the sequence NPXY, when phosphorylated bind to phosphotyrosine
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binding (PTB) domain-containing signaling molecules (e.g. Shc, p62%*). The proline-rich

regions bind to molecules containing SH3 domains (e.g. Grb2).

1 st 2nd
NPXY NPXY
(Y917) (YIOZO)

*

SRR
N I_ Inositol S’E-phoé:phatase E:DD];;}EC
p— ! | ~—

PxxP motifs

Figure 2. The domain structure of p145 SHIP.

The SH2, inositol 5’-phosphatase and carboxy-terminal domains are shown. The region between the
SH2 and inositol 5’-phosphatase domains is of unknown function. Two asterisks above the central
enzymatic domain mark the location of homology regions with all inositol 5’-phosphatases; and two
NPXY motifs, when tyrosine phosphorylated, have potential for binding PTB or possibly SH2
domains. These are designated with orange in the carboxy—terminal region. The remainder of the
carboxy-terminal domain has several potential polyproline motifs (PxxP) for binding SH3 domains.
These polyproline motifs are shown in yellow. Three of the motifs show very good consensus for SH3
domain binding; two others have weaker homology, and are shown with narrower yellow bands. SH2:
Src homology 2. PTB: phosphotyrosine binding domain. (Modified from Rohschneider et al, 2000).

SHIP is expressed in all hematopoietic cells analyzed to this point, including CD34" cells
derived from human bone marrow (Geier et al, 1997; Horn et al, 2001; Liu ef al, 1998). In
humans, a reduced SHIP expression in primary myeloid leukemia cells from patients with
chronic myelogenous leukemia (CML) has been observed, as a result of direct inhibition by
the BCR/ABL oncogene, which causes CML (Sattler et al, 1999). Additionally, a dominant-
negative mutation of the SHIP gene was identified in primary leukemia cells from a patient
with acute myeloid leukemia (AML) (Luo et a/, 2003). Further analyses revealed mutations in
the SHIP gene in 7 out of 32 AML patients (22%) and one out of nine ALL patients (12%)
(Luo et al, 2004). The differential expression of various SHIP isoforms during differentiation

of the human ML-1 myeloid leukemia cell line from an immature myeloid state to mature
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macrophages or granulocytes has been also demonstrated (Geier et al, 1997). The immature
cells expressed a p110 SHIP isoform primarily, whereas the mature cells expressed mostly
SHIPa (145 kDa product) and SHIPPB (p135, product of the A183 deletion). These results
indicate complex splicing events for SHIP expression during hematopoietic cell development,

with potentially different functions.

2.5.2. SHIP is a negative regulator of the PI3K/Akt signaling pathway in the

human leukemia cell line Jurkat.

Recently, it has been demonstrated that restoration of SHIP activity in Jurkat T cells, which
have lost the expression of SHIP, down-regulates constitutively activated PI3K/Akt/GSK-3f3
signaling (Horn et al, 2004). The inducible expression of SHIP in these cells led to a
reduction of the steady-state levels of PtdIns(3,4,5)P;, associated with a reduced
phosphorylation (Thr 308/Ser 473) and activity of Akt (Figure 3).

TCR
“ | PI(4.5P, | [ PI1(3.4.5) P, ] | PI34)P, |
Y

~—
—>  [PaKinse] [

Akt /

(inactive)
—S

aseury|

Proliferation |

Figure 3. SHIP is a negative regulator of the PI3K/AKT pathway.

After expression of SHIP in hematopoietic cells, there is a reduction in the phosphorylation of AKT at
residues Thr 308 and Ser 473. Consequently, proliferation is diminished. PI3-Kinase:
Phosphoinositide 3-kinase. Akt (PKB): Protein kinase B. PI: Phosphatidylinositol. PH: plekstrin
homology domain. TCR: T cell receptor.
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In addition, the reduced proliferation of Jurkat T cells after the induced expression of SHIP
was associated with an increased transit time through the G1 phase of the cell cycle, but no
increased number of quiescent cells (G0) was detected. A stabilization of the cell cycle

inhibitor p27*"!

was also shown, as well as reduced phosphorylation of the retinoblastoma
protein Rb (Horn ef al, 2004). These data suggest a possible function of SHIP in the

pathogenesis of human leukemia.

2.6. Regulation of T cell quiescence

Circulating CD4" and CD8" T lymphocytes are found primarily in a quiescent state that is
characterized by small cell size, lack of proliferation low cellular metabolism, and resistance
to apoptosis. Upon antigenic stimulation, these cells are induced to express large numbers of
activation-specific genes and undergo rapid entry into the cell cycle. Studies of lymphocyte
activation have identified gene products involved in maintaining quiescence, suggesting that
T cell quiescence is an active process rather than a default state resulting from a lack of
activation signals (Yusuf and Fruman, 2003). Two transcription factors which are down-
regulated following T cell activation have been demonstrated to play important roles in

quiescence, LKLF (KLF2) and Tob (Kuo et al, 1997; Tzachanis et a/, 2001).

2.6.1. The family of mammalian Sp/XKLF transcription factors

G-rich elements, such as GC (GGGGCGGGG) and GT/CACC boxes (GGTGTGGGG) are
important cis-acting elements required for the appropriate expression of housekeeping as well
as many tissue-specific and viral genes. These motifs have been found and analyzed in
promoters, enhancers and locus control regions (LCRs) of genes that are under different ways
of control, such as cell cycle regulation, hormonal activation and developmental patterning.
Furthermore, GC/GT boxes are commonly found in promoters embedded in CpG-rich
methylation-free islands (Philipsen and Suske, 1999). The maintenance of the proper
methylation patterns is essential for normal development (Li et al, 1992). The general
transcription factor Spl (name according to the original purification scheme including

Sephacryl and phosphocellulose columns) (Kadonaga et al, 1987) can bind and act through
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GC/GT boxes. Spl represents the first identified and cloned member of a family of
transcription factors, which contain a highly conserved DNA-binding domain consisting of

three zinc fingers. Figure 4 shows the family of these transcription factors.

=

(GKLF
— —(r )

3

Figure 4. Phylogenetic tree of the Sp/XKLF transcription factors.

The tree was generated with the CLUSTALW Multiple Sequence Alignment Program v.1.7 (June
1997) (Thompson et al, 1994) using the amino acid sequences of the DNA-binding domains of the
Sp/XKLF proteins. (From Philipsen and Suske, 1999).

The 81 amino acid DNA-binding domain found close to the C-termini of all members
essentially defines the Sp/XKLF family of transcription factors. It consists of three C2H2-
type zinc fingers, arranged similar to those found in the Drosophila melanogaster regulator

protein Kriippel. Therefore, some of the proteins have been named Kriippel-like factors
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(Philipsen and Suske, 1999). The remarkable similarity of the linker amino acids between the
individual fingers, in addition to the identical length of the DNA-binding domain strongly
suggest that the higher order structure of the three fingers is crucial for the biological function
of the proteins (Figure 5). The amino acids of the Sp1 that are most likely to make specific
contacts with the DNA are the amino acids KHA within the first, RER within the second, and
RHK within the third zinc finger domain (Figure 5). These amino acids are conserved in Sp3,
Sp4, BTEBI1, TIEG1 and TIEG2 proteins (Figure 5). Consistent with this conservation, Sp3,
Sp4, BTEBI, and TIEG2 recognize classical Sp1-binding sites (Cook et al, 1998; Hagen et al,
1992; Sogawa et al, 1993).

FINGER 1 FINGER 2 FINGER 3

Figure 5. Protein sequence alignment of the zinc finger domains of mammalian Sp/XKLF family
members.

All sequences are human sequences with the exception of LKLF, AP-2rep, BKLF and IKLF, which
are of mouse origin. The cysteine and histidine residues that are involved in zinc coordination are in
blue. Black arrows point to the amino acid positions that probably determine the recognition
specificity of the fingers by contacting specific bases of the DNA. Black lines indicate a-helices; 3-
sheets are shown as zigzag lines. The amino acids that are thought to make base contacts are boxed
(adapted from (Pavletich and Pabo, 1991). Residues conserved between all family members are
indicated (*). The red arrow points the LKLF mouse sequence (mLKLF). (Modified from Philipsen
and Suske, 1999).

Based on the structural relationships of the proteins (Figures 4 and 5), it has been suggested to
divide the Sp/XKLF family into three subgroups: i) the four Sp transcription factors; ii) the
close relatives, BTEB1, TIEG1 and TIEGZ2; iii1) the Kriippel-like factors (XKLFs). The latter
also includes BTEB2, GBF/ZF9, ZNF741 and AP-2rep (Philipsen and Suske, 1999).

Although all proteins recognize very similar DNA target sites, the relative affinities for
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specific sequences differ. Sp factors bind more strongly to GC boxes than to GT boxes
(Thiesen and Bach, 1990), while XKLF bind preferentially to GT boxes (Crossley et al, 1996;
Feng et al, 1994; Matsumoto et a/, 1998; Shields and Yang, 1998).

As convention, the “X” by XKLFs usually indicates the major expression site of the factor,
i.e. erythroid cells (EKLF) (Miller and Bieker, 1993; Southwood et al, 1996) or lung (LKLF)
(Anderson ef al, 1995). However, their expression is not always restricted to these tissues. An
inverse correlation exists between cell proliferation and expression of KLF transcription
factors: the latter are up-regulated under conditions associated with growth arrest, whereas

they are suppressed in actively proliferating and neoplastic cells.

2.6.2. The human Kriippel-like factor 2 (KLF2/LKLF)

The Kriippel-like factor 2 (lung) or Lung Kriippel-like transcription factor (KLF2/LKLF) is a
member of the Kriippel-like factor (KLF) family of transcription factors that contains zinc-
finger binding domains and bind to GC-rich sequences in mammalian promoters (Kaczynski
et al, 2003). The Kriippel-like factor family members typically function as transcriptional
switches in differentiation/activation processes in many cell types (Philipsen and Suske,
1999). Kozyrev et al. (1999) isolated a cDNA encoding KLF2, which they termed LKLF.
Sequence analysis predicted that the 355-amino acid LKLF/KLF2 protein, which is 87%
identical to the mouse protein, and shares 90.2% amino acid similarity, has N-terminal
proline-rich repeats, a putative activation domain, a potential nuclear localization signal
(KPKRGRRSWPRKRTAT), and a C-terminal zinc finger domain (Figure 6). The three zinc
fingers are similar to the zinc finger consensus sequence Cys-X;.4-Cys-Xi,-His-X34-His
(Miller et al, 1985), while only the first inter-finger spacer, called H/C link, consisting of
seven amino acids, has the conservation sequence TGEKPYH (Kozyrev et al, 1999). Thus,
human KLF?2 is divided into two domains, the Pro-rich transactivating N-terminal domain and
the C-terminal zinc finger-containing domain. By PCR and genome sequencing analysis, it
was determined that the KLF2 gene spans more than 3 Kb and contains three exons, having
sizes of 174 bp, 817 bp and 680 bp, respectively, interrupted by two introns (Kozyrev et al,
1999; Wani et al, 1999a) (Figure 7). The 5-prime flanking region has features of a GC-rich
promoter with multiple SP1-binding sites, but it also has two putative TATA boxes. From the

proximal promoter to the end of the second exon, it has been found that the CpG island has a
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76% GC content in average, and two regions of unusually high GC density (Kozyrev et al,

1999).

human MALSEPILPSFSTFASPCRERGLQERWPRAEPESGGTDDDLNSVLDFILSMGLDGLGAEA 60
human APEPPPPPPPPAFYYPEPGAPPPYSAPAGGLVSELLRPELDAPPGPALHGRFLLAPPGRL 120
human VEKAEPPEADGGGGYGCAPGLTRGPRGLKREGAPGPAASCMRGPGGRPPPPPDTPPLSPDG 180

human PARLPAPGPRASFPPPFG-GPGFGAPGPGLHYAPPAPPAFGLFDDARAAARALGLAPPARA 239
mouse .L.I..S5...NP...... ) - - T c T W - T - Eevoaransnananns T

human RGLLTPPASPLELLEAEPERGRRSHPRKETRTH['|§;SYAGCGKTYTKSSHLKAHLRTEII GE 299
MOUSE e aas - A.vvsnan TH. e v e s s e nnnrsnssss

355

Figure 6. Alignment of the human and mouse LKLF protein sequences.

Amino acids are shown in standard one-letter code. Dots represent identical amino acids, and dashes
indicate gaps. The three zinc fingers are boxed. Proline residues, alanine stretch and nuclear
localization signal are in bold letters. (From Kozyrev et al., 1999).

Additionally, it has been reported that the human KLF2 gene is located on chromosome
19p13.11-13 (Kozyrev et al, 1999). There are a number of zinc finger genes mapped on
human chromosome 19 (Lichter et a/, 1992). One of them is the human erythroid Kriippel-
like factor (EKLF) gene, reported to map in 19p13.12-p13.13 (van Ree et al, 1997), the same

locus where the human KLF?2 gene is located.

2.6.3. KLF2 and T-cell quiescence

Naive T lymphocytes circulate in the peripheral blood and lymphoid organs in a quiescent

state, characterized by small cell size, low metabolic rate, and a distinctive cell-surface
phenotype (CD69 CD25 CD44 CD62L") (Abbas er al, 1994; Freitas and Rocha, 2000). The

proliferation of naive T cells is regulated by homeostatic mechanisms that maintain the total

number of circulating T cells, whereas the survival of naive T cells appears to require
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signaling through the T cell antigen receptor (TCR), as well as tonic stimulation by specific
lymphokines (Freitas and Rocha, 2000). It has been suggested that T cell quiescence is
actively regulated and that KLF2 plays an important role in programming and maintaining

naive T cell quiescence (Buckley et al, 2001).
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Figure 7. Genomic organization of the human KLF2/LKLF gene.

Exons (el, €2, €3) are shown as boxes separated by intronic sequences (il, i2). Zinc finger region is
shaded. The letters B, N, S and D indicate the restriction sites for BamHI, Nofl, Sacl and Dral,
respectively. The jl003 Nofl clone and PCR primers are shown above and below the gene structure. A
map plot of CpG and GpC distribution through the gene is represented by the short vertical lines. CpG
island and two regions of increased CpG/GpC density are marked by horizontal brackets. (Modified
from Kozyrev ef al., 1999).

Targeted disruption of KLF2/lung KLF revealed an essential role in programming the
quiescent phenotype of single-positive T cells and lung development (Kuo et al, 1997; Wani
et al, 1999b). The expression of KLF2 mRNA and protein is induced during single positive
thymocyte development and are maintained at a high level in quiescent lymphocytes. Upon
lymphocyte activation through the T cell receptor, both KLF2 mRNA and protein are down-
regulated (Kuo et al, 1997). It has been demonstrated that T cell attachment and rolling was
markedly attenuated in KLF2-overexpressing cells. The data demonstrated that KLF2 can
inhibit adhesion molecule expression, and T cell attachment and rolling to activated
endothelial cells (SenBanerjee et al, 2004). Expression of KLF2/LKLF in CD4" or CDS" T
lymphocytes correlates with quiescence, as KLF2/LKLF expression is high in quiescent

lymphocytes, and is down-regulated following T cell activation (Kuo et al, 1997). KLF2
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expression is reinduced in CD8" memory (small CD44 CD69 CD25 ) T cells (Schober et al,

1999), which are considered to be relatively quiescent (Sprent and Surh, 2001). KLF2-

deficient T cells produced by gene targeting showed a spontaneously activated cell-surface
phenotype (CD69+CD44-CD62L_FasL+) and died in the periphery from an apoptotic process

that resembled activation-induced cell death (Kuo et a/, 1997).

The induction of KLF2/LKLF in Jurkat T cell lines expressing KLF2 under control of a
tetracycline-inducible promoter results in inhibition of cell proliferation and protein synthesis,
a decrease in cell size, and reduction of expression of the cell surface markers CD30, CD71
and CDla (Buckley et al, 2001). Conversely, KLF2-deficient T cells produced by gene
targeting spontaneously entered the S phase of the cell cycle and showed increased cell size
and CD71 (the transferring receptor) expression in vivo. Inducible expression of KLF2 also
resulted in a rapid and marked down-regulation of c-Myc expression in Jurkat cells. Buckley
et al. (2001) concluded that KLF2 functions, in part, by negatively regulating a MYC-
dependent pathway. Myc family members in general function to control cell division,
differentiation and apoptosis, and are commonly deregulated in diverse tumors (Mateyak et
al, 1999). Quiescent cells lack c-Myec, and its expression is rapidly induced after proliferative

stimuli. However, the definitive targets of c-Myc remain elusive.

While actively induced expression of Bcl-2 family members (Bcl-2 and Bcel-xp) and the
phosphoinositide 3-kinase (PI3K)/protein kinase B (PKB) pathways likely provide the signals
that are essential for naive T cells survival, the molecular events leading to cellular quiescence
are less well defined (Di Santo, 2001). Additionally, because the DNA binding sequence of
KLF2 has not been definitively established, and KLFs likely bind to DNA in association with
other factors (Turner and Crossley, 1999), the effect of KLF2 on target genes remains also to

a certain extent elusive.
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3. Objectives

The first aim of this study is to investigate the transcriptional regulation of genes after the

restoration of the inositol 5-Phosphatase SHIP in the human leukemic cell line Jurkat. It has
been shown in our laboratory that the restoration of SHIP in Jurkat T cells leads to a reduction
of constitutively phosphorylated Akt (Horn et al, 2004), and that SHIP is a negative regulator
of the PI3K/Akt pathway, with an effect on reduction of proliferation. Therefore, microarray
analysis by the use of the Human U133 GeneChips A and B (Affymetrix, Santa Clara, USA)
should be carried out, in order to identify the genes that are differentially regulated at the
transcriptional level after the restoration of SHIP in Jurkat T cells. Accordingly, this should
allow the elucidation of genes that are likely involved in the SHIP-mediated reduction of

proliferation of these cells.

The second aim of this study is the validation of the results obtained by microarray analysis.
With this purpose, quantitative real-time RT-PCR analysis will be assessed for those genes
that are identified to be at least 2-fold significantly up- or down-regulated after the restoration
of SHIP in Jurkat T cells. Furthermore, analyses of the ontology of the validated genes,
verified to be significantly regulated by microarray analysis and quantitative real-time RT-
PCR, should be performed. According to their function, localization, and possible relationship
to proliferation of T cells, and with respect to their expression in leukemia T cell lines, one
candidate gene should be chosen for further analyses. Western blotting analyses of the protein
expression of the SHIP-regulated candidate gene should be carried out, with the purpose to

verify the differential expression at the protein level.

As the third aim of this study, after validation of differential expression of mRNA and protein
levels, biological analysis of a SHIP-regulated gene should be carried out, with focus on cell
proliferation. In order to achieve that, ectopic expression of the target gene by transient
transfection in Jurkat-SHIP cells should be performed. The effect of the protein expression of
the SHIP-regulated gene on proliferation of Jurkat cells should be assessed by FACS analysis

of BrdU incorporation.
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Since the activation of the T cell receptor results in stimulation of PI3-kinase, a fourth aim of
this study is to determine whether the PI3K/Akt pathway is involved in the regulation of the
expression of the SHIP-regulated gene. Analysis of changes in protein expression after
pharmacological inhibition of PI3K with wortmannin in Jurkat T cells should be performed.
Moreover, the silencing of Aktl expression by knockdown using RNAi and the effect on the

expression of the target protein should be investigated.
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4. Materials and Methods

4.1. Reagents, Enzymes and Materials

Cell culture media and supplements were purchased from Invitrogen (Karlsruhe, Germany).

Restriction enzymes were supplied from MBI Fermentas (St. Leon-Rot, Germany) and used
according to the recommendations of the manufacturer. Doxycycline, a tetracycline analog,
was acquired from ICN Biomedicals (Aurora, Ohio, USA) and used for the induction of the
expression of SHIP in Jurkat cells. The pharmacological inhibitor wortmannin was supplied
by Calbiochem-Novabiochem (Schwalbach, Germany). The oligonucleotides used in
conventional PCR and quantitative real-time RT-PCR were synthesized by MWG Biotech
(Ebersberg, Germany). The RNA isolation was carried out by performing CsCl gradients in a
Beckman L-60 ultracentrifuge (rotor SW40 Ti) (Beckman Instruments, Miinchen, Germany).
The high purity and special reagents used for the RNA isolation, including the
diethylpyrocarbonate (DEPC) were provided by BioMol (Hamburg, Germany) and Sigma-
Aldrich (Germany). The determination of concentration of the nucleic acids was performed in

a BioPhotometer, Model 6131 (Eppendorf, Hamburg, Germany).

The oligonucleotides arrays UI33A and U133B were obtained from Affymetrix, Santa Clara,
CA, USA) and used according to the manufacturer’s protocol, in collaboration with the
Institute of Clinical Chemistry (UKE, Hamburg, Germany). The validated Stealth™ RNAi
duplex sequences used for silencing the Aktl expression, in addition to the Block-iT™
fluorescent oligo for electroporation were obtained from Invitrogen (Paisley, UK). The Gene
Pulser used for electroporation of Jurkat cells was provided by Bio-Rad (Miinchen,
Germany). The analyses by inverse fluorescence microscopy were performed in an Axiovert
25 CFL microscope (Zeiss). The reagents for cDNA synthesis were purchased from
Invitrogen (Karlsruhe, Germany). The reagents for quantitative real-time RT-PCR were
supplied by Roche (Mannheim, Germany); the reactions and the data analysis were performed
on a LightCycler system, Version 3.5 and LightCycler detection software, according to the
instructions of the manufacturer (Roche, Mannheim, Germany). 7Tag Polymerases used in
conventional PCR reactions were acquired from Qiagen (Hilden, Germany) and Invitrogen

(Karlsruhe). Antibodies were supplied by Santa Cruz Biotechnology (Heidelberg, Germany),
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Cell Signaling Technology (Beverly, MA, USA), Upstate Biotechnology (Lake Placid, NY,
USA), BD Pharmingen (San Diego, CA, USA) and Molecular Probes (Leiden, the
Netherlands). The Bromodeoxyuridine (BrdU), the anti-BrdU-antibodies coupled to the
fluorochrome allophycocyanine (APC), fixation and permeabilization reagents, and DNase
used in the immunofluorescent staining of incorporated BrdU were supplied by BD
Pharmingen™ (San Diego, CA, USA). Reagents for protein biochemical analyses were
obtained from Bio-Rad (Miinchen), Merck (Darmstadt, Germany) and Roth (Karlsruhe). The
ECL™ detection system was supplied by Amersham Biosciences (Heidelberg).
Chemiluminescence signals were measured with a LAS3000 Imager, using the AIDA
software (Raytest/Fuji, Straubenhardt, Germany). FACS (fluorescence-activated cell sorter)
analyses were performed by the use of a BD FACSCalibur™ (BD, Heidelberg).

4.2. Cells

Jurkat is a human T-cell line established from a patient with acute lymphocytic leukemia
(Schneider et al., 1977). Jurkat Tet-On cells carrying the reverse transactivator (BD Clontech,
Heidelberg, Germany) were cultured in Roswell Park Memorial Institute (RPMI) 1640
Medium, supplemented with GlutaMAX™ 1, 25 mM HEPES (Invitrogen, Karlsruhe,
Germany), 10% v/v fetal calf serum (FCS), 1% penicillin-streptomycin solution and 1 mM
sodium pyruvate at 37°C in a humidified atmosphere in the presence of 5% CO,. The
infection of Jurkat Tet-On cells with pseudotyped retroviruses carrying the human SHIP
cDNA under the control of a tetracycline inducible response element (TRE) (Figure 8), the
selection of individual clones in hygromycine and cloning by limiting dilution has been
already performed in our laboratory by Dr. Horn (2003). The resulting Jurkat-SHIP cells
(clone no. 51) and a vector transduced control clone were used in this study. Jurkat-SHIP cells
(clone no. 51) were maintained in culture, grown in supplemented RPMI, before an
experiment was performed. The medium was changed every 48 h. Independent replicates

were used in the course of the study.

4.3. Induction of SHIP expression

For transcriptional regulation analyses by the use of microarrays and western blot verification
of protein expression after the restoration of SHIP in Jurkat T cells, sister cultures of Jurkat-

SHIP cells (clone no. 51), from at least two independent replicas were cultured for 82 hours
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either in fresh supplemented RPMI medium, containing 0.8 pg/ml doxycycline (Dox) to
induce the expression of SHIP (+Dox), or in the same medium containing a corresponding
volume of 70% ethanol (- Dox). The supplemented medium (including doxycycline or
ethanol) was changed every 48 hours. The cell density was calculated in each case by manual
counting using a Neubauer Cell Chamber. The percentage of death cells was estimated by
staining with 0.1% trypan blue solution (Sigma-Aldrich). Differences in the cell number
between the cells induced and not induced were estimated, as indicator of proliferation of the
populations. 5x107 -1x10® cells were harvested for further RNA isolation, and 5x10° -5x10’
cells for protein lysates. For transcriptional regulation analyses by quantitative real-time RT-
PCR and western blot analyses of protein expression after the restoration of SHIP in Jurkat T
cells, sister cultures of Jurkat SHIP cells (clone no. 51) from at least two independent

biological replicas were cultured for 72 hours, following the protocol described above.

TRE TRE
N

i - suip

Figure 8. Infection of Jurkat Tet-On cells with retroviruses carrying tetracycline inducible
SHIP.

SHIP transcription is induced by the addition of doxycycline (a tetracycline analog) to the culture
medium. LTR: long terminal repeat; SV: SV40-promoter; HPHR: hygromycine resistance-gene; TRE:
Tetracycline-response—eclement; rtTA: reverse tetracycline transactivator. SHIP: SH2-containing
Inositol-5’-Phosphatase. (Modified from Horn, 2003).

For cell proliferation analyses, sister cultures of Jurkat SHIP cells (clone no. 51),
corresponding to at least three biological independent replicas were seeded at a density of
~2.5x10° cells/ml in fresh RPMI supplemented medium and grown for 48 h in the absence (-

Dox) or presence (+ Dox) of 0.8 pg/ml doxycycline. Control cells (-Dox) were incubated with
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70% ethanol, as described before. The cells were harvested by centrifugation and resuspended

in fresh medium at a density of ~7x10° cells/700 pl for subsequent electroporation.

4.4. Inhibition with wortmannin

For experiments using the pharmacological inhibitor of the PI3-kinase wortmannin, sister
cultures of Jurkat SHIP cells (clone no. 51) from at least two independent experiments were
cultured for 75 h either in fresh supplemented RPMI medium, containing 100 nM wortmannin
(+ WM), freshly diluted in DMSO, with (+Dox) or without (-Dox) induction of the expression
of SHIP, as described previously. Cell culture controls for wortmannin were grown in the
same medium containing a corresponding volume of DMSO. Since wortmannin is not so
stable for long periods in cell culture, the supplemented mediums containing wortmannin,
doxycycline or both, and the corresponding control reagents were changed twice a day during
the assay. The cell density was calculated in each case by manual counting using a Neubauer
Cell Chamber every day and differences in the cell number corresponding to each population
were evaluated. After 75 h inhibition with wortmannin, the cells were harvested for protein

analyses, as described in 4.8.

4.5. Cell proliferation analyses

4.5.1. Vectors and plasmid preparation

The vector pKLF2-EGFP was kindly provided by Prof. Dr. Haag, Institute of Immunology
(UKE, Hamburg). After validation of the cloning orientation by sequencing and the size of the
cloned region by restriction analysis, the pKLF2-EGFP and the plasmid control (pEGFP-N1)
without insert were amplified in E. coli host strains. Plasmid DNAs were isolated from the
transformed cells by the use of a plasmid purification kit (Maxi kit, Qiagen), following the
instructions of the manufacturer. Validation control experiments by restriction analysis were
performed to confirm the positive clones. Restriction analysis was performed by specific
restriction enzyme cleavage of DNA that allowed detection of differences in size, by
comparing digestion patterns of the recombinant plasmid to that of the vector. The fragments
were separated by agarose gel electrophoresis, stained with EtBr (ethidium bromide) and

visualized by exposure to ultraviolet (UV) light.
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4.5.2. Transfection of Jurkat-SHIP cells

For cell proliferation analysis, 7x10° cells/700u] were transferred to 0.4 cm sterile Gene
Pulser™ cuvettes for mammalian cells (Bio-Rad) and transfected by electroporation (Gene
Pulser® Transfection Apparatus, Bio-Rad, Munich, Germany) with 10 pg of the pKLF2-
EGFP vector and plasmid control (pEGFP-N1) without insert. The electroporation conditions
were set as followed, after standardization with pEGFP-N1: 330 V, 960 pF. The cells from
each population were transferred to pre-warmed fresh medium in 10-ml culture flasks and
grown for 24 h before determination of transfection efficiencies and subsequently labeling

with bromodeoxyuridine (BrdU). Additional controls without vectors were included.

4.5.3. Bromodeoxyuridine (BrdU) labeling

For the standardization of the suitable pulse time of BrdU, sister cultures of Jurkat-SHIP cells
(clone no. 51) were grown in the presence or absence of Doxycycline for 72h, changing the
medium each 48h. As a first measurement of cell proliferation, the cell density was
determined by manual counting using a Neubauer Cell Chamber. The percentage of death
cells was estimated by staining with 0.1% trypan blue solution (Sigma-Aldrich).
Subsequently, cell culture densities of 1.5x10° cells/ml from each population and their
controls were incubated with fresh RPMI medium containing 0.8 pg/ml doxycycline or 70%
ethanol, respectively, in sterile polystyrene non-tissue culture treated 6 well plates (BD, NJ,
USA), and labeled with 10 uM BrdU at different time points. Cells from the same population

were not BrdU-labeled and used as negative staining control for the assay.

The cells were washed and stained with anti-BrdU-antibodies coupled to the fluorochrome
allophycocyanine (APC), according to the protocol of the manufacturer (BD Pharmingen™,
San Diego, CA, USA). The BrdU-pulsed cells corresponding to each population and
respective controls were transferred to flow cytometry tubes, washed 1X by adding 1 ml of
staining buffer (1x DPBS, 3% Fetal Bovine Serum (heat inactivated), 0.09% sodium azide)
per tube, and centrifuged 5 min at 200-300 g. The supernatant was discarded, and the cells
were fixed and permeabilized by resuspension with 100 pl of BD Cytofix/Cytoperm™ Buffer
(BD Pharmigen™) per tube and incubation for 30 minutes on ice. The cells were washed 1x
with 1 ml of 1x BD Perm/Wash Buffer (BD Pharmigen™) (diluted 1:10 with deionized ultra

pure H»0), centrifuged as described before and the supernatant was discarded. The cells were

26



4. Materials and Methods

resuspended with 100 pl of BD Cytoperm™ Plus Buffer (BD Pharmigen™) per tube,
incubated 10 minutes on ice, and washed 1x with 1 ml of 1x BD Perm/Wash Buffer as
described before. The cells were re-fixated by resuspension with 100 pl of BD
Cytofix/Cytoperm™ Buffer per tube, incubation for 5 minutes on ice and washing with 1 ml
of 1x BD Perm/Wash Buffer as described before. The cells were treated with DNase to
expose incorporated BrdU by resuspension with 100 pl of diluted DNase (300pg/ml in DPBS)
per tube and incubation for 1 hour at 37°C. The cells were washed with 1 ml of 1x BD
Perm/Wash Buffer as described before. The cells were stained by resuspension with anti-
BrdU-antibodies coupled to the fluorochrome allophycocyanine (APC), contained in 50 pl of
BD Perm/Wash Buffer and incubation for 20 minutes at room temperature and protected from
the exposure to light. The cells were washed as described before, resuspended in 1.5 ml of
staining buffer and chilled on ice, protected from exposure to light prior to Flow Cytometric

Analysis.

4.6. Flow Cytometry Analyses

For determination of transfection efficiencies in cells transfected with pKLF2-EGFP vector
and the plasmid control (pEGFP-N1) were analyzed 24 h post-transfection by flow cytometry,
using a BD FACSCalibur™ (BD, Heidelberg, Germany), in collaboration with Prof. Dr.
Haag, at the Institute of Immunology (UKE, Hamburg). 5x10° cells from each population
and their controls were harvested, washed with 1X PBS buffer, centrifuged for 5 min at 4°C,
and resuspended in 500 pul 1X PBS. The fluorescence was analyzed by flow cytometry and
transfection efficiencies were determined by FACS analysis of the EGFP positive population.
For determination of transfection efficiencies after transfection with the Block-iT™
Fluorescent Oligo for Electroporation, the cells were harvested and washed for FACS
analysis, as described previously. The efficiency of transfection was determined by measuring

the fluorescence intensity of the positive transfected population of cells.

For single BrdU incorporation analyses, the percentage of BrdU-APC positive cells was
measured by FACS. The percentage of reduction of BrdU incorporation after the expression
of SHIP in comparison to the control (-SHIP) was calculated in each case, and the effect of
SHIP expression on proliferation was expressed as percentage of reduction of newly

synthesized DNA in each population. Additionally, the optimal BrdU pulse time was
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determined. For analysis of BrdU incorporation in the population of cells transfected with the
pKLF2-EGFP and EGFP-N1 vectors, the BrdU-APC positive cells in the EGFP-gated
population were measured. The percentage of BrdU-APC positive cells was determined by
setting a gate (M1) on cells with higher fluorescence intensities relative to the negative
control, in which the cells were not labeled with BrdU before the addition of the anti-BrdU-
APC monoclonal antibody. The percentage of incorporation of BrdU into newly synthesized
DNA by cells entering and progressing through the S (DNA synthesis) phase of the cell cycle
was calculated for each population. The correlation between fluorescence intensities and

BrdU incorporation was also determined.

4.7. siRNA transfection

Inhibition of the Homo sapiens v-akt murine thymoma viral oncogene homolog 1 (Aktl;
NM 005163.1) gene expression was achieved by the use of double stranded RNA, known as
“AKT1 Validated Stealth™ RNAi DuoPak” (Invitrogen™). They consist of two non-

overlapping duplexes per gene, consistent with the guidelines for publication —quality data.
4.7.1. Control and optimization of RNAI transfection conditions

Jurkat-SHIP cells (clone no. 51) were seeded at a density of 2.5x10° cells/ml and grown for
48 h, induced or not with Doxycycline. The cells were electroporated with the Block-iT™
Fluorescent Oligo for Electroporation, according to the basic protocol from the manufacturer
for Delivering Stealth™ RNAi or siRNA to Jurkat Cells by electroporation (Invitrogen™). In
the optimization procedure were tested some different parameters, such as Fluorescent Oligo
concentration, electroporation conditions, transfection solutions and incubation times before
fluorescence microscopy and FACS analyses. After 24 h, the cells were analyzed by inverse
fluorescence microscopy, in order to assess the oligo uptake and its stabilization. The signal
from the Block-iT™ Fluorescent Oligo for Electroporation was detected by the use of a
standard FITC filter set. The cells were grown for additional 24h, washed and harvested for
FACS analysis, as described in section 4.5.4, in order to quantify the efficiency of transfection
with the different parameters used in the optimization of transfection of Jurkat-SHIP cells
(clone no. 51) with the Block-iT™ Fluorescent Oligo for Electroporation. Furthermore, the

stabilization of the Oligo 48h post-transfection was evaluated.
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4.7.2. Silencing of Aktl expression by RNAi and data analyses

Jurkat-SHIP cells (clone no. 51) were grown as described previously. 4x10° cells were
resuspended in 200 pl of sterile phosphate-buffered sucrose (PB-Sucrose) (prepared with
endotoxin-free stock solutions). The cells were added to 0.4 cm Cuvettes (Bio-Rad) and
transfected by electroporation with the Block-iT™ Fluorescent Oligo for Electroporation
([Fluor. Oligo]= 25 uM) or Validated Stealth™ RNAi Duplexes against Akt/, at the same
concentration, respectively. The parameters set in the optimization procedures (330 V / 960
uF) were used for the electroporation. The corresponding negative controls were included.
The cells were grown for additionally 24h in non-tissue culture 6-well plates before FACS
analysis. The efficiency of transfection was determined by measuring the fluorescence
intensity of the positive transfected population of cells, as described in section 4.5.4. After
determination of efficiency of transfection, cell lysates were prepared for western blotting
analyses, in order to verify the silencing of Aktl expression by Validated Stealth™ RNAI
Duplexes, relative to the controls, and relative to MAPK. The levels of KLF2 protein
expression were also measured, and relative protein expression was quantified by comparison

to MAPK expression, for Aktl and KLF2 .

4.8. Transcriptional analyses

4.8.1. RNA Preparation

Total RNA was isolated from Jurkat cells by using Guanidine thiocyanate lysis and
ultracentrifugation in CsCl (cesium chloride) density gradients, according to modifications to
the protocol reported by Chirgwin et al. (1979). The solutions were prepared in 0.1% DEPC-
treated water, if suitable. 5x107-1x10® cells from each sample were collected in a new 50 ml-
tube (820 g, 7 min, 4°C). The supernatants were discarded and the tubes were put upside
down on a paper, in order to remove the residual solution from the wall inside the tube. 7 ml
of fresh and cold GCN-Solution (4M Guanidine thiocyanate, 25 mM sodium citrate pH 7.0,
0.5% N-Lauroylsarcosine, 100 mM B-mercaptoethanol), were added and immediately
vortexed, followed by freezing of the lysates at —20°C. After thawing the lysates on ice, the

DNA was shorn by vortexing for 3 min.
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Each preparation was added in SW-40 tubes (Beckman) pre-washed with cold GCN-solution.
3.5 ml of 5.7 M CsCl-Solution was added to each tube. The samples were centrifuged using a
Beckman L-60 ultracentrifuge (rotor SW40 Ti) at 180,000 g for 20 h at 20 °C. After
ultracentrifugation, the supernatants were carefully discarded. The RNA pellets were
resuspended in 1000 pul of DEPC-treated water, pre-warmed at 65°C, and transferred to a new
tube. 1 volume of Phenol/Chloroform/Isoamylalcohol (25:24:1) was added to each sample,
followed by vortexing (10 sec) and harvesting by centrifugation (4100 g, 5 min, room
Temperature). The aqueous phase from each sample was transferred to a 10 ml tube, and
precipitated with 2.5 volumes of absolute Ethanol and 1/10 volume of 2 M sodium acetate
(pH 5.5) (o/n, -20°C). The samples were transferred to 2 ml Eppendorf tubes and recovered
by centrifugation for 30 min, at 4°C in a Eppendorf microcentrifuge (14,000 g). The
supernatants were discarded, and the pellets were dried 10-20 minutes in a lyophilizer. The
samples were resuspended in pre-warmed DEPC-treated water, and incubated 10 min at 65°C
in a water bath, followed by precipitation with 1/10 volume of 2 M sodium acetate (pH 5.5),
2.5 volumes of absolute Ethanol and storage at -20°C. To determine the RNA concentrations,
25 ul of each sample were transferred to a new tube, centrifuged at 14,000 g for 30 min at
4°C, dried as described previously and resuspended in 100-pl of 0.1% DEPC-treated water.
Measurements of the optic densities and purity were performed in a BioPhotometer
(Eppendorf), and the concentrations were calculated. For further analyses, aliquots of the
samples stored at —20°C were collected as described before, and resuspended in appropriate

volumes of DEPC-treated water.

4.8.2. Microarray analysis

As an initial screening, oligonucleotide arrays (Affymetrix, U133A and B) were used for
expression analysis according to the manufacturer’s protocol (Affymetrix, Santa Clara, CA,
USA). Concisely: Jurkat-SHIP cells (clone no. 51) were treated either with or without 0.8
ug/ml doxycycline for 82 h and total RNA was prepared by the guanidinium thiocyanate
method, as described previously. 15 pg of each RNA sample were used to synthesize cDNAs,
which were further used as templates to prepare biotinylated RNAs by in vitro transcription
according to the protocol of the manufacturer (Affymetrix), and in collaboration with Dr. T.
Streichert, from Institute of Clinical Chemistry, UKE, Hamburg. The human U133A and
U133B microarrays containing 39,000 transcripts corresponding to approximately 33,000

genes and ESTs in 45,000 probe sets from Affymetrix were hybridized with the biotinylated
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RNA probes for 16 h at 45°C, washed and stained using the Affymetrix Fluidics Station
according to the GeneChip Expression Analysis Technical Manual. Microarrays were
scanned with the Hewlett-Packard-Agilent GeneChip scanner, and the signals were processed
using the GeneChip expression analysis algorithm (v.2; Affymetrix). To compare samples and
experiments, the trimmed mean signal of each array was scaled to a target intensity of 100 (A-
Array) and 80 (B-Array). Absolute and comparison analyses were performed with Affymetrix

MAS 5.0 and DMT software using default parameters.

To assist in the identification of genes that were positively or negatively regulated in the
experiment, genes that were at least two-fold increased or decreased significantly after the
expression of SHIP (p< 0.05) were selected. To overcome the limitations of a single
microarray analysis, biological independent replicates (n>2) were further analyzed using

quantitative real-time polymerase chain reaction (RT-PCR) (see 4.7.5).

4.8.3. cDNA Synthesis

Total RNA was used for first-strand cDNA synthesis with SuperScript II Reverse
Transcriptase for RT-PCR and Oligo-(dT)12-18 primer (Invitrogen), following the
instructions of the manufacturer. The total RNA (3 pg), resuspended in 11 pl of DEPC-treated
water, was incubated with 1 pl of Oligo-(dT)12-18 (500 pg/ml) 10 min at 70°C, and quick
chilled on ice. The contents of the tube were collected by brief centrifugation, and 4 pl of 5X
First Strand Buffer (Invitrogen), 2 pul of 0.1 M DTT, 1 pl of 10 mM dNTP Mix (10 mM each
dATP, dGTP, dCTP and dTTP at neutral pH) were added. The preparation was incubated at
42°C for 2 min and 200 Units of SuperScript II were added, followed by 50 min incubation at
42°C. The reaction was inactivated by incubation at 70°C for 15 min. The RNA
complementary to the cDNA was removed by incubation with 2 Units of E. coli RNase H
(Invitrogen) at 37°C for 20 min. The cDNAs were stored at —20°C for further analyses.

4.8.4. Conventional PCR

2 ul of a five-fold dilution of each cDNA were used for conventional PCR reactions, in order
to verify purity of the RNA isolated, efficiency of the cDNA synthesis, and specificity of the
primers designed for quantitative real-time RT-PCR. PCR reactions were performed using 2
ul of the diluted cDNA in a 20 pl reaction containing 1X PCR buffer (Qiagen), 4 mM MgCl,,
0.2 mM dNTP Mix (Invitrogen), 1 Unit of 7ag Polymerase from QIAGEN, 0.5 uM of each
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primer (forward and reverse). Alternatively, the PCR reactions were performed using 1X PCR
buffer (Invitrogen), and 2 Units of the 7ag Recombinant Polymerase (Invitrogen). PCR
reactions to analyze purity of RNA by use of primers specific for the exons 7 and 8 of the
regulatory subunit of the PI3K gene sequence, and amplification of the B-actin house keeping
gene sequence, were carried out in 0.5 ml microcentrifuge tubes using a Mastercycler®
gradient, model 5331 (Eppendorf, Hamburg). Primers used were (5’ to 3”): B-actin (forward):
ACCTCTATGCCAACACAGTGC, B-actin (reverse): CTCATCGTACTCCTGCTTGC,
PI3K(p85)(exon7) (forward): CATGAATTCGAGAAGACATGGAATGTTGGAAGCAGC,
PI3K(p85)(exon 8) (reverse): TGTGAATTCCAAGGGAGGTGTGTTGGTAATGTAGC.
The program consists of a 2 min initial denaturation at 95°C, followed by thirty cycles of 1
min denaturation at 95°C, 1 min annealing at 55°C, 1 min 30 sec elongation at 72°C. After 5
min of final elongation at 72°C, the reactions were hold at 4°C. The amplification products
were electrophoresed in agarose gels, using 1X Tris-Borate (TBE) buffer (89 mM Tris-borate,
89 mM boric acid, 2 mM EDTA) as gel and tank buffer. The amplified products were
stained with EtBr and visualized by the use of a UV detection system. PCR reactions were
carried out as described before, in order to verify the specificity of the primers designed for
quantitative real-time RT-PCR and standardize the reaction conditions. The basic programs
consists of a 10 min initial denaturation at 95°C, followed by 55 cycles of 15 sec denaturation
at 95°C, 5 sec annealing at different Temperatures (in order to standardize), 20 sec elongation
at 72°C. Additional steps consists of 1 sec at 95°C, followed by 15 sec at 65°C, 1 sec at 95°C,
30 sec at 40°C, and finally the reactions were hold at 4°C. The amplification products were
electrophoresed in agarose gels and visualized by staining with EtBr and using a UV detection
system. Once the specificity of the primers was verified, the quantitative real-time RT-PCR

analyses for each target sequence were performed.

4.8.5. Quantitative real-time RT-PCR and data analyses

Total RNA was isolated from Jurkat-SHIP cells (clone no. 51) treated with or without 0.8
ng/ml doxycycline for 72 h, corresponding to biological independent replicates (n > 2). The
cDNA was prepared by reverse transcription of 3 ug total RNA as described previously
(4.7.3). Once the representative mRNA sequence for each gene was selected by searching in
data banks, specific forward and reverse primers used for real-time PCR were designed using
the Primer 3 Software (v. 0.2) from the Whitehead Institute for Biomedical Research

(http:/frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi), and one human Mispriming
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library. All the primers were designed based on the corresponding human mRNA sequences.
For further details about primer design and the sequences corresponding to the genes analyzed
see section (5.3.1). The specificity in the amplification was verified and standardized for each
pair of primers by conventional PCR. LightCycler quantitative real-time RT-PCR reactions
and data analysis were performed on a LightCycler system, Version 3.5 and LightCycler
detection software, according to the instructions of the manufacturer (Roche, Mannheim,
Germany). RNAs from at least two independent experiments were used for quantitative real-
time RT-PCR. All samples were run in duplicate in glass capillaries. The samples were
analyzed at least two times in a LightCycler by using 2 pul cDNA (1:5 diluted) or no-template
negative control, 2 pl of LightCycler-FastStart DNA Master SYBR Green I, 0.5 pM specific
primers, 4 mM Mg”" in a final volume of 20 pl. Cycling conditions included one cycle of
95°C for 10 min, followed by 45 cycles, consisting of denaturation by heating to 95°C,
annealing for 5 seconds at the corresponding standardized temperature for each pair of
primers (Table VI), and elongation for 20 seconds at 72°C. Then, the melting curve program
was performed by a denaturing step from 65°C to 95°C, in order to determine product
specificity. After the final cycle, the capillaries were cooled for 30 s at 40°C. Fluorescence
curves were analyzed with the LC software (Version 3.5.). The calculation of crossing points
was automatically done by the second derivative maximum method of the LC software. The
PCR efficiency (E) of each primer for each individual sample and its respective duplicate was
determined by linear regression analysis from the raw quantitative real-time RT-PCR data,
using the LinRegPCR program (Ramakers et al, 2003). Only the efficiencies of each PCR
amplification for each gene-specific product that were similar among them (£ > 1.5, SD <
0.05) and additionally similar to that for the housekeeping gene GAPDH (E > 1.5, SD < 0.05)
were chosen for further analyses, setting the best fitting line through 4-6 points, R > 0.999).
The 2 method (Livak and Schmittgen, 2001) was used to analyze the relative changes in
gene expression from the quantitative real-time RT-PCR experiments. For the AACr
calculation to be valid, the amplification efficiencies of the target and reference must be

2'AACT method, the data are

approximately equal (Livak and Schmittgen, 2001). Using the
presented as the fold change in gene expression normalized to an endogenous reference gene
and relative to the untreated control (Livak and Schmittgen, 2001). The relative amounts of all
mRNAs analyzed in this study with induction of SHIP expression were calculated after
normalization to GAPDH and expressed as fold changes, relative to the untreated control,

without induction. For analyses of transcriptional expression of Akt/, the same procedure was

performed.
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4.9. Protein biochemical analyses

4.9.1. Preparation of cell lysates

Cells grown in the conditions specified en each case were harvested by centrifugation, and
cell lysates were prepared for protein analyses in ice-cold Nonidet® P40 (NP40)-containing
lysis buffer, as described previously (Jiicker et al, 1997). The buffer contains 50 mM HEPES
(pH 7.5), 150 mM NaCl, 1% (v/v) NP40, 2 mM EDTA, 10% (v/v) glycerol, 50 mM NaF, 10
mM sodium pyrophosphate, 1 mM sodium orthovanadate and 2% (v/v) Trasylol®. The
lysates were transferred to 1.5 ml microcentrifuge tubes and centrifuged at 14,000 g for 10
min at 4°C, in a cold room. The supernatants were transferred to cryotubes. 10 pl aliquots
were transferred to 0.5 ml microcentrifuge tubes and stored at -20°C for protein
quantification. The cell lysates were frozen in liquid nitrogen and stored at —80°C. The protein
concentrations of the extracts were measured by the use of the DC (detergent compatible)-

Protein assays system (Bio-Rad), according to the recommendations of the manufacturer.

4.9.2. Western blotting and protein quantification analyses

Western blot analyses for protein expression after restoration of SHIP expression in Jurkat T
cells were performed as described previously (Horn et al., 2004). Total cell lysates were
analyzed by sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis (PAGE), by
loading equal amounts of protein lysates (100 pg total protein) in each lane. Protein
electrophoreses were carried out in 8.5% polyacrylamide gels. Alternatively, and for protein
expression analyses after inhibition of PI3K with wortmannin and silencing of the expression
of Aktl by RNAI, the cell lysates were analyzed by 4-12% Bis-Tris gradient mini-gels
(Invitrogen), using the NuPAGE® Novex Bis-Tris Gels (Invitrogen), with the XCell
SureLock™ Mini-Cell (Invitrogen), according to the instructions of the manufacturer. This
system offers the advantage of loading low amounts of protein samples, providing a high

resolution in the electrophoresis and subsequently high intensities in the signal measurements.

After electrophoresis, the proteins were transferred to 0.45 um nitrocellulose membranes
(Protran® BA 45, Schleicher & Schuell, Dassel), using the transfer Trans-Blot™-Cell system
(Bio-Rad), following the instructions of the provider. As control of the transfer, the gels were

stained subsequently using the SimplyBlue™ Safe Stain (Invitrogen). Duplicate membranes
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were blocked, cut and incubated with either antibodies specific for SHIP (SHIP, P1C1, Santa
Cruz Biotechnology, Heidelberg, Germany), Akt phosphorylated at serine residue 473
(Ser473, 587F11, mouse monoclonal antibody; Cell Signaling Technology, Beverly, MA,
USA) or KLF2 (N-13, Santa Cruz Biotechnology, Heidelberg, Germany), followed by
incubation with GAPDH antibodies (6CS5, Santa Cruz Biotechnology, Heidelberg, Germany),
or MAPK antibodies (K-23, Santa Cruz Biotechnology, Heidelberg, Germany). The
phosphorylation on GSK-3p at serine 9 was analyzed with specific antibodies (Ser’, #9336)
(Cell Signaling Technology, Beverly, MA, USA). The western blot analyses of expression of
Aktl after silencing with RNAI, and expression of KLF2 were performed by incubation of
duplicate membranes with antibodies specific for Aktl (B-1, sc-5298, mouse monoclonal
IgG1, Santa Cruz Biotechnology, Heidelberg, Germany) and KLF2, followed by incubation
with the MAPK antibodies (K-23, Santa Cruz Biotechnology, Heidelberg, Germany). Signals
were detected by incubation of the membranes with HRP-conjugated secondary antibodies
(Santa Cruz Biotechnologies), followed by chemiluminescent detection, using the ECL™
detection system (Amersham Biosciences), according to the instructions of the manufacturer.
The chemiluminescence signals were measured with an LAS3000 Imager (Raytest/Fuji,
Straubenhardt, Germany), and the protein quantification was performed by the use of the
AIDA software (Raytest/Fuji). Protein expression and phosphorylation values were calculated
by relative quantification to GAPDH and MAPK expressions. If necessary, the membranes
were stripped later by incubation at 70°C in a buffer containing 62.5 mM Tris-HCI (pH 6.7),
2% (w/v) SDS and 100 mM B-mercaptoethanol, in order to remove the antibodies and reuse

the membrane with new antibodies.
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5. Results

5.1. The human leukemia cell line Jurkat as model system for SHIP

expression profiles

The first objective of this study was the identification of differentially regulated genes after
the expression of the inositol-5-phosphatase SHIP-1 (SHIP) in hematopoietic cells,
specifically leukemia cells. In addition, the elucidation of signal transduction pathways
involved was considered. For that purpose, the human leukemia T cell line Jurkat, carrying a
Doxycycline inducible SHIP expression vector was used as model system (referred also as
Jurkat-SHIP cells (clone no. 51)). It has been shown that SHIP is a negative regulator of the
constituvely activated PI3K/Akt pathway in the human Jurkat-T cell clone SHIP no.51 (Horn,
2003), causing a reduction of proliferation. The inducible expression system Jurkat Tet-On,
carrying the reverse Transactivator (rtTA) (Clontech, Palo Alto, CA, USA), was used to
express the SHIP gene. Before induction, there is almost no SHIP protein detectable, similar
to the phenotype of Jurkat T-cells. After addition of Doxycycline (Dox) to the culture media,
the expression of the SHIP gene was induced, which has been confirmed by western blot
analysis (Figure 9). In addition, downstream signaling of the PI3K/Akt pathway was
inhibited, as demonstrated by the reduction of phosphorylation of Akt at serine residue 473
(Figure 9). Two independent experiments were carried out at different time-points. Figure 9
shows the inducible expression of SHIP after addition of Doxycycline in Jurkat-SHIP cells
(clone no. 51). SHIP is highly expressed, in comparison to the controls without induction (-
Dox). Additionally, the effect on the reduction of phosphorylation of Akt at residue serine 473
after the expression of SHIP was reproducible. The verification by western blotting analysis

was performed on every occasion.

5.1.1. Inhibitory effects of SHIP on the PI3K/Akt signaling pathway downstream
of Akt in Jurkat T cells

It is known that the protein glycogen synthase kinase-3 beta (GSK3) is downstream of Akt
in the PI3K/Akt pathway. It has been demonstrated that the phosphorylation of GSK3p at
residue serine 9 is reduced after the restoration of SHIP, as a consequence of the reduction in
the phosphorylation of AKT at residues Thr 308 and Ser 473. GSK3[ is not phosphorylated at
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residue Ser 9, and becomes active, p27Kipl is more stable, and the phosphorylation of Rb is
reduced (Horn, 2003). Consequently, there is prolongation of the G1 phase of the cell cycle

and reduction of proliferation.

Jurkat -SHIP # 51

Set 1 Set 2 [Dox] = 0.8 pg/ml

Dox: - + - +

] e | «———— SHIP

- - <«—— p-Akt (S473)

— e e | «—— Erki1

-FeeraEhdmy |« Erk2

Figure 9. Western Blot Analysis of the expression of SHIP and phosphorylation of Akt (S473) in
Jurkat-SHIP cells.

Cell lysates from Jurkat-SHIP cells (clone no.51) were prepared in NP40 Buffer, corresponding to two
independent experiments: Set 1 and 2, after 72h and 82h induction with Doxycycline (Dox),
respectively. Cell lysates containing 100 pug of protein were separated in SDS-polyacrylamide gels and
western blot analyses were performed with antibodies specific for SHIP, phosphorylated Akt (serine
residue 473) and MAPK (Erkl and Erk2). The signals obtained with the antibodies specific for MAPK
showed the comparable loaded protein quantities. {Dox]: final concentration of Doxycycline.

Two independent experiments were carried out to verify the effect of SHIP on the PI3K/Akt
signaling pathway downstream of Akt in Jurkat T-cells, as described in 5.1. Figure 10 shows
with one representative experiment the inducible expression of SHIP after addition of
Doxycycline in Jurkat-SHIP cells (clone no. 51). SHIP is highly expressed, in comparison to
the controls without induction (-Dox). Additionally, the effect on the reduction of both
phosphorylation of Akt at residue serine 473 and GSK3[ at residue Serine 9 after the

expression of SHIP was reproducible. After verification of the inducible system and the signal
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transduction pathway, the identification of genes that were regulated after the induction of

expression of SHIP was carried out by microarray analysis.

Jurkat-SHIP #51

Dox: - + {Dox] = 0.8 pg/ml
&S | SHIP
- p-Akt (S473)

|-A_ p-GSK3b (S9)
TS| ERK2

Figure 10. Western Blot Analyses of the expression of SHIP, phosphorylation of Akt (S473) and
GSK3p in Jurkat-SHIP cells.

Cell lysates from Jurkat-SHIP cells (clone no. 51) were prepared in NP40 Buffer, as described in Fig.
9. Cell lysates containing 100 pg of protein were separated in SDS-polyacrylamide gels and western
blot analyses were performed with antibodies specific for SHIP, phosphorylated Akt (serine residue
473), phosphorylated GSK3p (serine residue 9) and MAPK (Erkl and Erk2). The signals obtained
with the antibodies specific for ERK2 showed the comparable loaded protein quantities. Dox:
Doxycycline. Akt: Protein kinase B. GSK3p: glycogen synthase kinase-3 beta.

5.2. Microarray analysis revealed the presence of 37 differentially SHIP-
regulated mRNAs in Jurkat T cells.

The mRNAs from Jurkat-SHIP cells (clone no. 51) with or without induction of SHIP
expression were used to perform the Microarray analysis. The DNA-Microarrays Human
Genome UI33 (HG-U133A und HG-U133B) from the company Affymetrix (Santa Clara,
CA, USA) were used to perform an initial screening for expression analysis, according to the
manufacturer’s protocol. The advantage of this technology is the performance of a global
view of gene expression in one specific system. The human Chip U133A and Chip U133B
sets contain together about 1,000,000 oligonucleotides, which correspond to about 39,000
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transcripts that together represent approximately 33,000 genes and expressed sequence tags
(ESTs) in 45,000 probe sets from Affymetrix. The probe pairs synthesized on GeneChip®
Expression Analysis arrays are all a priori selected based on sequence information derived
from public sequence databases available at the time of the array design (Affymetrix). For
each probe set Identity (ID) there are 11 oligonucleotides that perfect match and 11 that
mismatch, as they contain one mutated nucleotide in the sequence. The microarray
experiments were carried out to identify differentially expressed genes in Jurkat-SHIP cells
(clone no. 51) after induction (+Dox) or before induction (-Dox) of the expression of SHIP,
respectively. The signals were processed using the GeneChip® Expression Analysis
algorithm (v.2; Affymetrix) at the Institute of Clinical Chemistry, University Hospital
Hamburg-Eppendorf, in collaboration with Dr. Thomas Streichert. The use of the Microarray
human U133 sets allowed the screening from the human genes in the leukemic cell line that

identified differentially expressed genes after the restoration of SHIP.

Double-stranded cDNAs were synthesized from total RNA isolated from Jurkat-SHIP cells
(clone no. 51) with and without induction of expression of SHIP. An in vitro transcription
(IVT) reaction was then done to produce biotin-labeled cRNAs. The cRNAs were fragmented
(ca. 100 bp) before hybridization to the probe arrays and their quality was verified by carrying
out a Test-DNA-Microarray (Affymetrix®) (data not shown). The cRNAs hybridized to their
complementary oligonucleotides present in each array, UI133A or U133B, respectively. After
washing and incubation with streptavidin phycoerythrin conjugate, the fluorescent signals
corresponding to the cRNAs that hybridized to their complementary oligonucleotides on each
array were processed using the GeneChip® Expression Analysis algorithm (v.2; Affymetrix).
To compare samples and experiments, the trimmed mean signal of each array was scaled to a
target intensity of 100 (A-Array) and 80 (B-Array). Absolute and comparison analyses were
performed with Affymetrix MAS 5.0 (v.2; Affymetrix) and DMT software using default
parameters. The raw data from the Chips A and B contained values corresponding to the
analysis of 22,283 and 22,645 probe set IDs, respectively, which assembles 44,928 probe set

IDs in total (data not shown).
Figure 11 shows representative images obtained from two probe set ID array analysis.

Comparisons between perfect match (PM) and mismatch (MM) intensity levels for each probe

set confirmed the present calls (P) or the absent calls (A) for a specific target.
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Figure 11. Intensity patterns for each probe pair in the Array Analysis of Jurkat-SHIP cells.

Two representative arrays corresponding to Present-Call and Absent-Call showed the intensity
patterns from each probe pair of the eleven designs for a single probe set identity. The Array analyses
were performed by comparison of the results obtained on Chip U133A (_A) with induction of the
expression of SHIP (plus) versus the base lane without induction (wo). A) Present call, determined for
the probe set identity 200043 at. The Perfect Match (PM) intensity values are larger than the
Mismatch (MM) intensity values. B) Absent Call, determined for the probe set identity 222312 s _at.
As the intensity of the MM increases, the ability to discriminate between the PM and MM decreases.

Microarray analysis of the probe sets that exceeded the probe pair threshold and are not called
“No Call” was performed. The data revealed a total of 15,704 probe sets identified as
“present” in Jurkat-SHIP cells (clone no.51), which represents a 35.0% of the total population
analyzed in the human Chip Arrays HG-U133A and B (data nor shown). Similarly, 28,441
probe sets were identified as “absent”, and 783 probe sets were identified as “marginal”,
representing 63.3% and 1.7% of the population analyzed in Chip Arrays HG-U133A and B,

respectively (data not shown).
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After evaluation of significant differences in expression, the analysis revealed the presence of

180 and 11 probe set IDs in the experiment arrays from Chip A and B that were increased

with the expression of SHIP (+Dox), in comparison to the basal array, without expression of

SHIP (-Dox), on the basis of the lowest p-values (Table II). Similarly, the analysis showed the

presence of 183 and 157 probe set IDs that were decreased on Chip A and B, after the

expression of SHIP, respectively (Table II). The differentially expressed probe set IDs

represent together 0.4% (191 out of 44,928) significantly increased and 0.8% (340 out of

44,928) significantly decreased probe set IDs from the total probe set IDs analyzed. Thus, the

microarray analysis of differential expression in Jurkat-SHIP cells (clone no. 51) shown the

presence of 531 probe set IDs that were significantly regulated, representing 1.2% of the total

population studied.

Table I1. Number of Affymetrix Probe Set Identities differentially expressed in Jurkat-SHIP cells
after the restoration of SHIP, identified by analysis on U133 microarrays.

Number of probe set IDs significantly increased or decreased after the expression of SHIP (experiment
array), compared to untreated controls (baseline array) following doxycycline treatment for 82 h. The

probe set IDs significantly regulated at least 2-fold were chosen for further analyses.

Increased

Number of probe set IDs

N° of probe set IDs
(Fold change = 2)

N° of unique
mRNAs
(Fold change = 2)

Percentage in the
sub-population
(Fold change = 2)

Chip A 180 13
Chip B 11 3
191 16 16 43%
Decreased
Number of probe set IDs | N° of probe set IDs N° of unique Percentage in the
(Fold change = 2) mRNAs sub-population
(Fold change = 2) | (Fold change = 2)
Chip A 183 8
Chip B 157 16
340 24 21 57%
Total 531 40 37 100%

Genes that were at least two-fold increased or decreased in their expression after the

restoration of SHIP were further analyzed, and only the values that were statistically

significant (P<0.05) were included. To overcome the limitations of a single microarray
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analysis, independent replicates (n >2) were analyzed using quantitative real-time RT-PCR

(see Section 5.3).

The analysis revealed the presence of 41 probe set IDs out of 44,928 that were at least two-
fold statistically significant regulated (0.1%). That represents 7.7% from the probe set IDs
identified as regulated (41/531). The data were grouped according to the fold change values
from high to low, obtained from the both human probe arrays HG U133A and HG_U133B.
After analysis of the targets using different platforms, including NetAffx™ (Affymetrix),
HUGQO, UniGene (NCBI), BLAST (NCBI), GeneTide V0.6, GeneCards®, the genes or ESTs
that correspond to the transcripts identified were recognized and confirmed (if the information
was available). Microarray analysis verified the induction of transcription of the SHIP gene
cloned in Jurkat cells, expressed from the retroviral vector, since further experiments
confirmed that the endogenous SHIP mRNA expression is not regulated in Jurkat-SHIP cells
(see 5.3.3). Accordingly, microarray analysis allowed the identification of 40 probe set IDs
significantly SHIP-regulated (> 2-fold) in Jurkat cells. Of these, 16 were SHIP-induced (13 on
Chip A and 3 on Chip B, respectively) (40%) and 24 were SHIP-repressed (8 on Chip A and
16 on Chip B, respectively) (60%). Detailed information about the signals and fold changes
obtained by microarray analysis from the 16 SHIP-induced and 24 SHIP-repressed probe set
IDs (in addition of SHIP itself), are shown on Tables III and IV, respectively.

The 40 SHIP-regulated probe set IDs identified by microarray analysis represented together
37 known genes, ESTs and sequences that code for hypothetical proteins, since some of the
transcripts match to the same reported gene. In Table IV was shown that the PAG gene was
represented by two probe set IDs on Chip B, and both were at least two-fold repressed.
Similarly, the ATF gene was represented by two independent probe set IDs on Chip A, and
were equally repressed. Finally, two probe set IDs with the same fold-change for differential
expression corresponding to the sequence that codes for the hypothetical protein LOC284801
on Chip B were found. These results provided to a certain extent a good quality control check.
Thus, of the 37 unique, significantly SHIP-regulated transcripts, 16 genes, ESTs and
sequences that coded for hypothetical proteins were induced (43%) and 21 repressed (57 %)
after SHIP expression in Jurkat cells (clone no. 51). In Tables II, III and IV the results
obtained after analysis of the Microarray data after the restoration of SHIP expression in

Jurkat-SHIP cells (clone no. 51) are shown.
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5. Results

Table III shows that the gene for SHIP itself was the most strongly up-regulated, expressed
from the retroviral vector. From those 16 that were induced, 9 corresponded to genes coding
for known proteins, with known mRNA sequences, except for one, the SLCOI/CI gene, whose
mRNA sequence was provisional at the time of analysis. Five (5) from the additional seven
(7) transcripts corresponded to hypothetical proteins and novel genes, and two (2) represented
ESTs. Of the known genes shown on Table III, with revised mRNA sequences, the gene for
VPS54 was the most strongly up-regulated (+360%), followed by the genes for KLF2
(+200%), SELL/CD62L (+160%), and BINI (+130%) respectively. Considering the high
magnitude of the Signal, it was shown that from the leading genes, those for KLF2,
SELL/CD62L, and BINI were at the top of the up-regulated genes. Similarly, by analysis of
the 21 transcripts identified as reduced, it is shown on Table IV the presence of 15 reduced
genes coding for known proteins with known mRNA sequences, except for one, the DNAJBY
gene, whose mRNA sequence was provisional at the time of analysis. The additional six (6)
transcripts corresponded to sequences that code for hypothetical proteins. Of the known genes
with revised mRNA sequences, the gene for DDX56 was the most strongly down-regulated (-
90%), followed by the genes for PAG (-81%), SELLIL (-80%), TRIB3 (-73%), ATF5 (-73%),
ARRDC3 (-71%), and TSC22 (-70%), respectively. All of these genes showed high magnitude

of the signal and were at the top of the down-regulated genes.

Table V shows the percentage of transcripts that correspond to known genes, ESTs, and
sequences that coded for hypothetical proteins, after the evaluation of the results obtained by
microarray analysis. Accordingly to the results, from the 37 genes that were at least two-fold
significantly regulated after the expression of SHIP in Jurkat-SHIP cells (clone no. 51), 24
were identified as known genes (65%) with revised mRNA sequences, except two of them,
with provisional mRNA sequences, 11 coded for hypothetical proteins and novel genes (30%)
and 2 represented ESTs (5%). Based upon Gene Ontology (GO) annotations (Gene
Ontology), of the 24 genes, 11 genes (46%) had GO annotations relating to nucleus,
transcription or cell cycle, 7 genes (29%) encode proteins associated with intracellular
signaling cascades and/or localization in the plasma membrane, and 1 gene (4%) codes for

one interleukin, IL26 (Tables VII and VIII).

The top 37 transcripts identified as significantly regulated by SHIP in Jurkat T cells (> 2-
fold) were chosen for confirmation by quantitative real-time RT-PCR. In view of the fact that

for one of the two ESTs, 41820854, no mRNA sequence was available at the time of analysis
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5. Results

(Table III), 36 transcripts could be analyzed by quantitative real-time RT-PCR, in addition to
SHIP itself.

Table V. Classification of the differentially expressed transcripts identified by
microarray analysis on U133 Chips in Jurkat-SHIP cells (clone no. 51) after the
restoration of SHIP.

Transcripts significantly increased or decreased (fold change > 2) after the expression of
SHIP (experiment array), compared to untreated controls (baseline array) following
doxycycline treatment for 82 h.

U133 Chip Aand B Known genes Hypothetical ESTs Total
proteins/novel genes

N° Increased 9° 5° 2° 16

N° Decreased 15° 6 0 21

Sub-total 24 11 2 37

Percentage 65% 30% 5% 100%

* One of them represented by a provisional mRNA sequence.
® No mRNA sequence was available for one of them (4/820854).

5.3. Validation of the SHIP-regulated mRNAs by quantitative real-time RT-
PCR

Once the induced or reduced genes, ESTs and sequences that coded for hypothetical proteins
after the expression of SHIP in Jurkat-SHIP cells (clone no. 51) were identified by Microarray
analysis, the validation of the results obtained by quantitative real-time PCR was performed
for each transcript identified, if the mRNA sequence information was available. It has been
shown that quantitative real-time RT-PCR is more accurate than microarray analysis, and
should be used only to investigate a few genes at a time (Etienne et al, 2004). In this study, all
the genes, ESTs and sequences that coded for hypothetical proteins with available sequences
were analyzed by quantitative real-time RT-PCR for the validation of the microarray results.
Firstly, the known genes with high levels of expression were analyzed, and secondly the ESTs

and sequences that coded for hypothetical proteins.

5.3.1 Primer design for the selection of the oligonucleotides used in the validation

by quantitative real-time RT-PCR and standardization

An extended research of information was done for the corresponding genes, ESTs and

sequences that coded for hypothetical proteins identified from microarray analysis, with the

48



5. Results

purpose to confirm or update the data available on NetAffx™ analysis center (Affymetrix). In
order to achieve that, different data banks were used to select the representative mRNA
sequence for each gene, as mentioned before (5.2). All the primers were designed based on
the corresponding human mRNA sequences. Once each public representative mRNA
sequence was identified, it was used to design the oligonucleotides that were subsequently
used in the validation by quantitative real-time RT-PCR. For the primer design,

approximately the last 600 nt near the 3’end of the specific mRNA sequence were chosen.

The Primer 3 Software (v. 0.2) from the Whitehead Institute for Biomedical Research

(http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi ) was used to assist in the design of

the gene-specific primers, using a human Mispriming Library for the search. Following the
setting of the parameters in the design, such as primer length, melting Temperature, GC
content and product size, the best forward- and reverse-primers for each target sequence were
obtained. The specificity of the primer sequences was verified using BLAST nucleotide-

nucleotide search analysis function from NCBI (http://www.ncbi.nlm.nih.gov/BLAST/). Only

100% complementarities between each primers and the target mRNA sequences were taken
into consideration. Additionally, aligments to other mRNA sequences corresponding to other

targets were avoided.

Table VI shows the primer sequences obtained and used in the verification by quantitative
real-time RT-PCR. A total of 41 PCR primer pairs were designed and tested. In addition, one
pair was used for the coding region of the SHIP gene. All the transcripts identified were tested
by RT-PCR, except that for 41820854, because no mRNA sequence was available at the time
of analysis (see Table III). All the primers shown on Table VI were tested at least once by
conventional PCR and quantitative real-time RT-PCR. Intended for high specificity in the
amplification reactions, it was necessary in some cases to design additional pairs of primers
for the transcripts analyzed in the optimization process. For instance, three different pair of
primers were tested, specific for the SLCOICI gene, which was represented by a provisional
mRNA sequence. Furthermore, different amplification conditions were set for each pair of

primers in the standardization process.
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5. Results

It was confirmed by microarray analysis that the expression of GAPDH and B-actin were not
regulated after the induction of SHIP in Jurkat-SHIP cells (clone no. 51) (data not shown).
Consequently, both, the GAPDH and $-actin gene transcript sequences were used as positive
control for conventional PCR reactions (Figure 12). Furthermore, the sequence from the
housekeeping gene glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) was used as
normalization control for quantitative real-time RT-PCR analysis (section 5.3.3, Figure 13
and section 5.4.1, Figure 15). Despite the fact that in the primer design was attempted to
enclose the minimum of variability in the parameters, the GAPDH primers were tested at
different Temperatures and elongation times to verify if they were suitable for the
amplification of specific products under diverse conditions, because of the large number of

particular targets.

5.3.2 Verification of the template purity for the validation analyses by
quantitative real-time RT-PCR

The RNA isolation procedure by CsCl gradient centrifugation is a method that guarantees in
some extent the purity of the RNA and provides high concentrations of total high quality
RNA. In optimal conditions, the probability that contaminating DNA is present is very low.
Nevertheless, the purity of the RNA isolated was verified, in each case. The possible presence
of contaminating genomic DNA in the RNA preparation was analyzed using primers specific
for the regions corresponding to the exons 7 and 8 of the regulatory 85 kDa subunit of the
PI3K target gene, which spanned extron-intron junctions. In the case that only the exons were
present in the RNA preparation, that means no DNA contamination, a PCR product of
approximately 300 base pairs (bp) was obtained, as shown in Figure 12. In the case of DNA
contamination, the intron is supposed to be present, resulting in an approximately expected
1.4 Kb PCR product. The 300 bp-amplified products shown on Figure 12 (absence of introns)
confirmed the purity of the templates used subsequently in mRNA analysis. Additionally,
specific primers targeting the 5-actin sequences were used in the PCR analysis as control of
cDNA templates in the samples. The verification of purity was on every occasion performed

after RNA isolation and cDNA synthesis.
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5. Results
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Figure 12. PCR analyses of the templates used in quantitative real-time PCR, corresponding to
samples isolated from Jurkat-SHIP cells.

Sister cells from Jurkat-SHIP clone no. 51 were harvested and prepared in GCN-solution,
corresponding to two independent experiments, Set 1 and 2, after 72h and 82h induction with
Doxycycline (Dox), respectively. The total RNA isolation was carried out by CsCl gradient
centrifugation. 3 pg from the total RNA were used for cDNA synthesis. The cDNAs were used as
templates for conventional PCR analyses, in order to verify the purity of the RNA isolated. PCR
reactions were performed with primers specific for the exons 7 and 8 of the regulatory 85 kD subunit
of PI3K gene sequence (A), and the f-actin sequence (B), respectively. The products were loaded and
electrophoresed on 2% agarose gels, stained with EtBr and visualized with an UV-documentation
system. Lane M shows the DNA ladder markers (1 Kb Plus DNA Ladder™, Invitrogen). A: The ~
300-bp amplified target fragments, corresponding to pure RNA, without DNA contamination obtained
with primers specific for the exons 7 and 8 of the regulatory 85 kD subunit of PI3K gene sequence are
shown. An additional slight 500-600 bp band was present, corresponding likely to an alternatively
spliced transcript or an unspecific product, because of the low stringency used in the purity-PCR
verification assay. It was no ~1.4 Kb amplified target, which confirmed absence of DNA
contamination. B: The 216-bp target fragments of the f-actin housekeeping gene transcript served as
control of cDNA templates in the samples. 1: Jurkat-SHIP cells (clone no. 51) Set 1, 72h (-Dox); 2:
Jurkat-SHIP cells (clone no. 51) Set 1, 72h (+Dox); 3: Jurkat-SHIP cells (clone no. 51) Set 2, 82h (-
Dox); 4: Jurkat-SHIP cells (clone no. 51) Set 2, 82h (+Dox); 5: negative PCR control. +: with
induction; - : without induction. Dox: Doxycycline.

5.3.3 Endogenous SHIP mRNA expression is not regulated after the restoration of
SHIP in Jurkat T cells

In this study, the expression of the endogenous SHIP mRNA levels in Jurkat-SHIP cells
(clone no. 51) was confirmed by quantitative real-time RT-PCR. Additionally, the data

revealed that there is no regulation of the endogenous SHIP transcription after restoration of
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5. Results

SHIP in Jurkat T cells (clone no.51) (Figure 13). The expression of the endogenous SHIP
mRNA levels in Jurkat T-cells was also confirmed (data not shown). The specific primers
chosen for SHIP mRNA expression analysis by quantitative real-time RT-PCR were already
designed and used in the laboratory before. In Jurkat-SHIP cells (clone no.51), the cloned
sequence does not contain the 3’-end of SHIP mRNA, downstream of the open reading frame
(ORF). Therefore, the identification and analysis of the endogenous expression of SHIP
mRNA was performed by quantitative real-time RT-PCR analysis, targeting its 3’-region
downstream of the ORF.

The design and test of the primers complementary to the 3’-end region of SHIP mRNA
sequence, downstream of the open reading frame (ORF) allowed the confirmation that SHIP
is endogenously expressed on the mRNA level in Jurkat-SHIP cells (clone no. 51) (Figure 13)
and Jurkat T cells (data not shown). In Figure 13 the expression of the 3’-end target sequence
of the SHIP mRNA in Jurkat-SHIP cells (clone no. 51), corresponding only to the expression
of the endogenous SHIP, is shown. After verification on agarose gels, quantitative real-time
RT-PCR analyses from two independent experiments run in duplicates were performed (see
5.3.4). The data revealed that the transcripts corresponding to endogenous SHIP in these cells
were not regulated after the induction with Doxycycline (fold-change: 1.0 = 0.28). It was
confirmed by further analysis targeting the expression of SHIP in Jurkat-SHIP cells (clone no.
51) that the up-regulation of SHIP after induction with Doxycycline corresponds to the
transcription of the cloned region (section 5.3.4, Table VII). That means, the differential
expression of SHIP mRNA obtained after SHIP restoration was due to the induction of
transcription of the SHIP gene from the retroviral vector, cloned in Jurkat T cells, and this has
no effect on the regulation of the endogenous SHIP expression. Very interestingly is the fact
that although Jurkat T-cells do not express SHIP at the protein level, they do express SHIP at
the messenger RNA level. It suggests the presence of specific posttranscriptional processing

events involved in the regulation of expression of SHIP in Jurkat cells.

5.3.4 Validation by quantitative real-time RT-PCR confirmed the effect of SHIP

on differential gene expression in Jurkat T cells

In order to achieve the validation assays, the relative increase or decrease in mRNA was

measured by quantitative real-time polymerase chain reaction (RT-PCR), using SYBR Green-
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5. Results

based detection with a LightCycler analysis system, Version 3.5 and the LightCycler
detection software, according of the instructions of the manufacturer (Roche, Mannheim,

Germany).
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Figure 13. Quantitative real-time RT-PCR analysis of expression of endogenous SHIP in Jurkat-
SHIP cells.

Sister cells from Jurkat-SHIP clone no. 51 were harvested and prepared in GCN-solution,
corresponding to two independent experiments, Set 1 and 2, after 72h and 82h induction with
Doxycycline (Dox), respectively. Additionally, TF-1 cells were used in the analysis. The total RNA
isolation was carried out by CsCl gradient centrifugation. 3 pg from the total RNA were used for
cDNA synthesis. After verification of purity (section 5.3.2), conventional PCR and quantitative real-
time PCR analyses were run two times, performed in duplicates, with primers specific for the 3’-end
region of the SHIP mRNA sequence, downstream of the ORF. The products were loaded and
electrophoresed on 2% agarose gels, stained with EtBr and visualized with an UV-documentation
system. Lane M shows the DNA ladder markers (1 Kb Plus DNA Ladder™, Invitrogen). A: The 387-
bp amplified target fragments obtained with primers specific for the 3’-end of the SH/IP mRNA
sequence are shown, from one representative experiment, in duplicates, in each case. B: The 244-bp
target fragments of the GAPDH housekeeping gene transcript served as a normalization control to
ensure equal amounts of starting cDNA template in samples. 1-2: TF-1 cells; 3-4: Jurkat-SHIP cells
(clone no. 51) Set 1, 72h (-Dox); 5-6: Jurkat-SHIP cells (clone no. 51) Set 1, 72h (+Dox); 7-8: Jurkat-
SHIP cells (clone no. 51) Set 2, 82h (-Dox); 9-10: Jurkat-SHIP cells (clone no. 51) Set 2, 82h (+Dox);
11-12: negative PCR control. +: with induction; - : without induction. Dox: Doxycycline.
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5. Results

The calculation of crossing points was automatically done by the second derivative maximum
method of the LightCycler software. Amplified products were also analyzed for specificity by
agarose gel electrophoresis (Figure 14). The GAPDH gene was selected as the house keeping
gene transcript to normalize the samples, as its expression level was previously confirmed to
be reliably constant by the microarray analysis done in this study for Jurkat-SHIP cells (clone
no.51) (data not shown), and preliminary quantitative real-time RT-PCR results (Figure 14).
Figure 14 shows a representative example from agarose gel electrophoresis analysis of
amplified products after quantitative real-time RT-PCR, corresponding to the target sequences
of the transcription factors KLF2 and ATF5, and the housekeeping gene GAPDH. The Figure
shows one specific product for each target sequence analyzed, corresponding to the expected
size, in each case. The Kriippel-like factor 2 (KLF2) gene was identified by microarray
analysis as up-regulated at the mRNA level after the restoration of SHIP expression in Jurkat
T-cells (clone no.51). In contrast, the activating transcription factor 5 (ATF5) gene was
identified to be down-regulated at the mRNA level in the same analysis. Preliminary
quantitative real-time RT-PCR analyses revealed the presence of both transcripts, KLF2 and
ATF5, and confirmed the amplification of only one specific product, for all the samples, in

each independent experiment.

After verification of the specificity in the amplification by quantitative real-time RT-PCR and
agarose gel electrophoresis, analyses of the differential mRNA expression for each target
sequence were carried out. The PCR efficiency of each primer for each individual sample (E)
and its corresponding duplicate was determined by linear regression analysis from the raw
real-time PCR data, using the LinRegPCR program (Ramakers et al, 2003), adjusting the
parameters to the best fitting line through 4-6 points and R > 0.999. Only the data whose
efficiencies (F) obtained from each sample for each gene specific product were similar among
them and between those obtained from the housekeeping gene GAPDH were selected, as

2—AAC

described in Materials and Methods. Finally, the t method (Livak and Schmittgen,

2001) was used to analyze the relative changes in mRNA expression.

With the GAPDH gene serving as a normalization control, the changes in expression,

efficiencies, and significances analyzed by quantitative real-time RT-PCR, compared to the

58



5. Results

microarray data are listed in Tables VII and VIII, corresponding to the SHIP-induced and

SHIP-repressed genes in Jurkat cells, respectively.

A KLF2 B ATF5
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Figure 14. Agarose gel electrophoresis analysis from the products amplified for KLF2 and ATF5
target sequences by quantitative real-time RT-PCR from samples isolated from Jurkat-SHIP
cells.

Sister cells from Jurkat-SHIP cells (clone no. 51) were harvested and prepared in GCN-solution,
corresponding to two independent experiments, Set 1 and 2, after 72h and 82h induction with
Doxycycline (Dox), respectively, as described in Figure 12. After cDNA synthesis and verification of
purity, PCR analyses were performed with primers specific for the target gene sequences. After
standardization, quantitative real-time RT-PCR analyses were carried out for the quantification of
mRNA differential expression after the induction of SHIP in Jurkat-SHIP cells (clone no.51). Agarose
gel electrophoresis analyses were performed to verifiy the specificity in the amplification. The
products were loaded and electrophoresed on 2% agarose gels, stained with EtBr and visualized with
an UV-documentation system. Lane M shows the DNA ladder markers (1 Kb Plus DNA Ladder™,
Invitrogen). The products corresponding to target sequence and GAPDH amplification are shown. A:
The 240-bp amplified target fragments obtained with primers specific for the KLF2 mRNA sequence
are shown in duplicates, in each case (top). The 244-bp target fragments of the GAPDH housekeeping
gene transcript served as a normalization control to ensure equal amounts of starting cDNA template
in samples (bottom). B: The 306-bp amplified target fragments of the ATF'5 gene transcript are shown.
Primers specific for the GAPDH transcript sequence were used for the normalization control (bottom).
1-2: Jurkat-SHIP cells (clone no. 51) Set 1, 72h (-Dox); 3-4: Jurkat-SHIP cells (clone no. 51) Set 1,
72h (+Dox); 5-6: Jurkat-SHIP cells (clone no. 51) Set 2, 82h (-Dox); 7-8: Jurkat-SHIP cells (clone no.
51) Set 2, 82h (+Dox); 9-10: negative PCR control. +: with induction; - : without induction. Dox:
Doxycycline.
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In Tables VII and VIII the 24 known genes mentioned previously are grouped, based upon
gene annotations (Gene Ontology) (5.2. Table V). Of the 24 known genes, 11 genes (46%)
had GO annotations relating to nucleus, transcription or cell cycle, 7 genes (29%) encode
proteins associated with intracellular signaling cascades and/or localization in the plasma
membrane, and 1 gene (4%) codes for an interleukin, IL26. In detail, of the 7 genes associated
with intracellular signaling cascades and/or localized in the plasma membrane, 6 were
identified and analyzed by quantitative real-time RT-PCR (86%), in addition to SHIP itself.
This group includes SELL/CD62L, PAG, SELIL, TRIB3, ARRDC3, and ARHGEF10 (Tables
VII and VIII).

The eleven genes reported to be involved in the translation of proteins that have a function in
the transcription process, in the cell cycle and/or are localized in the nucleus were identified
and analyzed by quantitative real time RT-PCR. This group includes KLF2, BINI, RBM15,
EPCI, DDX56, ATFS5, TSC22, POLK, ZNF75, DNAJB9 and KCMFI. In search of
interleukines, only one transcript was identified to be significantly regulated, the gene that
codes for IL26, which was transcriptionally SHIP-repressed. The SHIP-mediated repression
of IL26 mRNA was identified, analyzed and validated by quantitative real-time RT-PCR
(Table VII). The remaining genes code for proteins reported to be involved in other
functions, grouped as miscellaneous, proteins with unknown function and the TP53TG3
protein, whose gene was identified as a novel gene. TP53TG3 is supposed to be involved in
the TP53-mediated signaling pathway (Ng et al, 1999). However, the available sequence
chosen for the novel TP537G3 gene at the time of analysis was recently permanent
suppressed (2006), because it is a non-sense mediated mRNA decay (NMD) candidate
(Entrez Gene), and has been replaced for another one, which is additionally a provisional
sequence. This could explain the absence of detection of the transcript by quantitative real-

time RT-PCR in this study (Table VII).

Of the 5 genes grouped in miscellaneous, 2 were identified and analyzed by quantitative real-
time RT-PCR: VPS54 and ASS (Tables VII and VIII). From the group of unknown
function/novel genes, 9 out of 13 were identified and analyzed by quantitative real-time RT-
PCR. This group includes: C220rf19, KIAA0117, MGCI10986, LOC389100, LOC441241,
FLJ10287, MGC29671, LOC144871 and C6orf160 (LOC441164).
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5. Results

In summary, of the 36 transcripts analyzed by quantitative real-time RT-PCR, it was possible
to validate 29 transcripts (81%), in addition to SHIP itself. In detail, of the 16 significant
SHIP-induced transcripts (>2-fold) identified by microarray analysis, 15 were analyzed by
quantitative real-time RT-PCR (no gene annotations were available for 41820854, see Table
VII). Of these 15, 10 were validated by quantitative real-time RT-PCR and the data from the
direction of change of nine (9) of them agree with those obtained by microarray analysis, in
addition to SHIP itself, except one, the RBM15 gene (Table VII), which was confirmed as
repressed. The 9 genes are SELL/CD62L, KLF2, BINI, EPCI, VPS54, C220rf19, KIAA0117,
MGC10986, and LOC389100. Similarly, of the 21 SHIP-repressed transcripts analyzed, 19
were identified and validated by quantitative real-time RT-PCR and the data from the
direction of change of 17 of them agree with the results obtained by microarray analysis,
except two, the DDX56 and KCMF1I genes (Table VIII), confirmed as increased. The 17
genes are: PAG, SELIL, TRIB3, ARRDC3, ARHGEF10, ATF5, TSC22, POLK, ZNF75,
DNAJBY, IL26, ASS, LOC441241, FLJ10287, MGC29671, LOCI144871 and C6orf160
(LOC441164). Accordingly, of the 29 transcripts validated by quantitative real-time RT-
PCR, 11 transcripts were identified as SHIP-increased (38%) and 18 as SHIP-repressed (62%)
in Jurkat T cells.

To sum up to this point, the validation by quantitative real-time RT-PCR revealed the
presence of 29 genes, ESTs and sequences that code for hypothetical proteins out of 36
identified by microarray analysis (81%). Of the 29, 26 coincided with the change direction
obtained by microarray analysis. The analysis demonstrated a good correlation between
quantitative real-time PCR and the Affymetrix platform, with 90% of the probes changing in

the same direction by both methods.

Concerning to statistical significance analyses, of the 29 transcripts validated by quantitative
real-time RT-PCR, 16 were significantly regulated (P< 0.05) after the expression of SHIP in
Jurkat cells (clone no. 51) (55%) (Tables IX and X). In detail, five (5) out of the 11 transcripts
confirmed as SHIP-induced were significantly increased: SELL/CD62L, KLF2, BINI,
KCMF1, and KIAA0117. Similarly, 11 out of the 18 genes confirmed as SHIP-repressed were
significantly decreased: PAG, TRIB3, ARRDC3, ARHGEF10, ATF5, TSC22, POLK, ZNF75,
DNAJBY, IL26 and Cé6orfl60 (LOC441164). Accordingly, of the 16 significantly SHIP-
regulated genes, 5 genes were SHIP-induced (31%) and 11 genes SHIP-repressed (69%) at

the transcriptional level. The genes were grouped according to function and/or localization
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descriptions, as described before. Additionally, they were listed from top to bottom, according

to the results obtained previously by microarray analysis.

By analysis of the 5 significantly SHIP-induced genes, it is shown on Table IX that the
SELL/CD62L gene was the only up-regulated among the signal transduction/plasma
membrane group (+180%). This gene codes for a selectin L, which is integral to the plasma
membrane. Three (3) from the five (5) significantly SHIP-induced transcripts corresponded to
proteins involved in transcription, cell cycle and/or localized in nucleus (60%): KLF2, BINI,
KCMFI. The KLF2 and BINI mRNAs were confirmed to be SHIP-induced by both
technologies, microarray analysis and quantitative real-time RT-PCR, whereas KCMFI
mRNA was confirmed to be SHIP-induced after quantitative real-time RT-PCR analysis, as
shown previously. In spite of the fact that the direction of the change for KCMF'I obtained by
quantitative real-time RT-PCR differed from that obtained by microarray analysis, in this
group, the gene for KCMF I was the most significantly strong induced (+260%), followed by
the KLF2 gene (+220%) (Table IX). Considering the high magnitude of the significance from
the SHIP-induced leading genes after validation by quantitative real-time RT-PCR, those for
KLF?2 and SELL/CD62L were at the top, with P values lower than 0.001 (Table IX).

Similarly, by analysis of the 11 transcripts identified as significantly SHIP-reduced by
quantitative real-time PCR, it is shown on Table X that all coincided with microarray
analysis. Four SHIP-reduced genes are grouped in category signal transduction/plasma
membrane (36.3%): PAG, TRIB3, ARRDC3, and ARHGEF10. In this category, the gene for
TRIB3 was the most strongly SHIP-repressed at the transcriptional level (-78%), followed by
the genes for ARHGEF10 (-66%), ARRDC3 (-55%), and PAG (-50%), respectively. Five (5)
out of the eleven (11) SHIP-repressed transcripts corresponded to proteins involved in
transcription, cell cycle and/or localized in the nucleus (45.5%): ATFS5, TSC22, POLK,
ZNF75, and DNAJBY. Of these, the genes for ATF5 and ZNF75 were the most strongly
repressed (-79%), followed by DNAJBY (-64%). One of the additional two SHIP-repressed
transcripts corresponded to /L26, the only gene identified as significantly regulated that codes
for an interleukin, and was strongly SHIP-repressed (-76%) in Jurkat-SHIP cells. The other
one corresponded to C6orf160 (-41%), which codes for a hypothetical protein.
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5. Results

Considering the high magnitude of the significance, it was shown that from the validated
SHIP-repressed leading genes, those for ARRDC3 and PAG were at the top of the SHIP-
repressed genes, with P values lower than 0.001 (Table X).

By limiting the analysis to genes with at least two-fold significant change in the level of
expression, 11 genes out of the 16 significantly SHIP-regulated were identified and selected
(69%) (Tables XI and XII). Of these 11, three (3) of them were at least 2-fold significantly
SHIP-induced (27%): SELL/CD62L, KLF2, KCMFI, and eight (8) were at least 2-fold
significantly SHIP-repressed (73%): PAG, TRIB3, ARRDC3, ARHGEF10, ATF5, ZNF75,
DNAJBY, IL26 (Tables XI and XII). All of them showed high correlation to the microarray
data, with the exception of KCMF'I, whose transcript was demonstrated to be SHIP-induced.
In the category signal transduction/plasma membrane, there is only one member, the
transcript corresponding to SELL/CD62L, which was significantly 2.8-fold SHIP-induced
(Table XI). In contrast, in the same category were confirmed the significant SHIP-mediated
transcriptional repression (>2-fold) of four genes, TRIB3, ARHGEF10, ARRDC3, and PAG,
respectively (Table XII). In the category transcription/cell cycle/nucleus, two members,
KCMF1 and KLF2 were shown to be significantly 3.6-fold and 3.2-fold SHIP-induced in
Jurkat cells (Table XI). Similarly, in the same family the significant SHIP-mediated
transcriptional repression (>2-fold change) of three members, ATF5, ZNF75, and DNAJBY,
respectively, was confirmed (Table XII). The only gene that codes for one interleukin that
was confirmed as significantly SHIP-regulated was the /L26 gene, whose transcript was

strongly repressed (Table XII).

Accordingly, it was confirmed by quantitative real-time RT-PCR that SHIP regulated
significantly at least 2-fold the transcriptional expression of 11 genes: 3 were significantly
SHIP-induced (27%) and 8 significantly SHIP-repressed (73%) at the transcriptional level.
The data indicate that SHIP is more implicated in the repression of genes. Additionally, SHIP
has a specific effect in regulation of genes involved in signal transduction, transcription and
cell cycle control. The regulation of only one interleukin indicates the high specificity of the
SHIP effect on transcriptional regulation of genes included in this category. Considering the

genes expressed in T cells, SELL/CD62L, KLF2, PAG and IL26 were found.

68



"d[HS Jo uoissaidxa oy 1oyye paje[ngar-dn sem ouas oy) jety pomoys YOd-Ld duwn-[eal sAnenuenb Aq uoneprjeA |
(000T ‘sLUBH pue JOpIng) JUSWSIE)S JOYINE S[qBIOEI}-UOU (SN ‘UONBIOUUER OIUOII[d WOIJ PALIJUI [yH] DUowIale)s JoyIne 9[qeaden} 1SV L,

"S9sATeue ABLIBOIOIN XIOWAJY pue YD d-13¥ dwn-[ea1 sanenuenb £q paredwos ‘(p[oj-(-z <) seuo3 paonpuy d

r

'(¥31) snajnu :£96 :Jusuodwod
Jenjed 09/(v3al) buipuig uor ouiz :0Lz8 ‘(v3l) Ananoe
[suueyo uol :9}gg (v3l) bulpulq pioe dlejonu :9/9¢ :uonaung
1e[nodJo|N O9/s19oued osuyseb ul asebi| ulajoud-uninbign
paonpul-494 ‘L6 Sisauabojngn} Buiyoueiq ul passaidxa | 10}oB}
Ajlenualtayip ¢} Bululeyuod ulewop 7z ‘1dbBuly oulz 9'¢ .9'C Aloje|npow jsuueyd wnissejod LAWOM

"(SYN) snajonu €96 :j3uauodwor
lened 09 /(SVYN) Auaijoe  JojeAoe  [euonduosuel)
:1€9691 (SVYN) Auanoe Jojoej uopnduosuel) :00Lg :uondung
Jendsloy 09 / (F00Z ‘1246ul7 pue np) LdID/LdVMIZd
jo)qiyul  aseuny juapuadap-uloAd  jo  uonenbaidn

BIA ymmoib 99 elwayna| L jexune sHqyul  z4/ J0joe}
(Looz ‘1e 1@ Aepjong) adAjouayd judssainb e weiboud uonduosueu} ayi-jaddnay bun
0} jualdlyns sI S||99 | jeynp ul JI)7 jo uoissaidxy (4% 0°¢ /(Bun]) g 10308} B)1|-|]addnay AIM1Z4TH

snajonN/319A2 ||9)/uondiiosuel)

179 TV :s824nos YN@2/(v3|) buipuiq
Jebns :6zG6G {(SYL) unoses :2¢¢€8:(v3l) Joienbes uoydadal
uoisaype |80 :p902Zy :(v3I) AyAioe snosjow uoisaype
(192 :$6 LG :uoldoun4 1enddjo|N 09 /(SV1) sueiquaw ewse|d

0} |esbajul 12885 :jusuodwo) Jenjey 09 /(v3|) uoisaype

o oiydoteyoy :26L2 ‘(v3)) esuodsel esusiep :ZS69 puebi| uabyue
{(SV1) uoiseype |90 :GGL.L :ssadoid |ediboljolg 09/(6661 29d9 /I s|nd’jow uoisaype
“Je Jo Kemauer) s||od | aAleU UO passaldxa sI ulydd|as- 82 97 9)fooydwA| ‘7 unoajeg 729d9 /113S

auelquiaw ewse|d/uononpsuel] |eubig|

(-1+) (-1+)
1819A0yB17 | x1ewAyy
abueyo abueyo
plod plod

[suaides owoH]

q ABojojuQ auan ; uonduoasaqg loquiig ouss

[suaides owoH] aplL

‘uorssaxdxa JTHS JO uononpur Jnoyjrm dulj [[99 dwes oy} ul 3dLIosuen Jey) JO [9A] Y} 03 IANR[AI ‘QUI[OAdAX0( M uoIssardxo JTHS
JO uononpul Y YM ([ "0u dUO[D) S[[90 JTHS-1ENIN[ WOl) YN YW JO [9A] oY} JO d3ueYD P[O) B SB UMOYS Ik YD J-LY dWIl-[edl aanenuenb
pue XIOWARY (]G ‘0u ouo[d) S[[99-1, Je3Inf ur JIHS JO uoIssaidxo ay) 193ye paonpur APUedJIuSIS p[oJ-7 ISed] 18 dIoM Jey) Soud3 10} sjuowLIadxo
ADd-1Y dwmn-[ear sAanenuenb woiy synsax jueoygrugis A[feonsnels o) s waope[d Xmowigy oyl Suisn paureiqo eyep oy jo uosuedwo)

"¢ SIPY dTHS-¥eANL Ul YD d- LY dwp-[eds danepuenb £q (p1oy-0'z <) s9uad paonpul-gIHS APuvdyIudis Jo uonepIEA IX dqEL

SIEENES




‘(v31) Auanoe Jojoe} abueyoxa apjoajonu-jAuenb :ggog :uonoun4

Je[nasjoN 09/(€002 “Ie }o uanaoyiap) d19 Aq dao punoq jo abueydxa ay} 0L (439)
BuizAjejes Aq sasedlo oyy |lews jo AjAloe ayj ajenbas pue AJAIROSUUOD J10)oe} abueyoxa
pue sisauaboydiow Jeinau ul pajeddwi ale yoym ‘(s439) slojoey apnoajonu
abueyoxa apnoajonu aujuenb oyy jo Ajlwey ayj jo Jaquiaw e si 0LIFOHYY 6'C- L'z auluenb oyy 0L4IOHIY
"(v3|) uondaaliad ¢ Buluiejuod
Aosuas :0092 ‘(v3]) uononpsuel; |eubls :Gg9Lz:ssad%0ld [edibojolg 09 e G'¢- urewop Bunsauy €0ayYY
‘(0udJau]) aseuny uisjold aujuoalyyeulag:i(oidlaiul)
aseuny uiejoldi(doos) zdeydew ‘g aseury uigjoid pajeAoe aseun| dyN sulewoq
urajoid/(SSI) snspPnu :pg9g :jusuodwod ey 09 /(v3l) Bulpulg d1v
2SS ‘(v31) Ananoe aseuny uisjoud :Z/9p:uopoung seinasjoly 09/(v3l) sisojdode (enrydosouq) ¢
6169 ‘(v3l) uonelfioydsoyd pioe oujwe uiejold :89p9:ssadold |edlbojolg 09 G'p- Le- Bojowoy sajqquL Ix: [0
‘(YN) sueiquisw
ewse|d 0} |eibajul :2886:3usuodwon Jenjdn 09/(YN) Auainoe uiejoud ioydepe
aseuny auIsolA} udjoid Joydedcas sueiquiswisuel) :g9(QG:uol}ound Jejndd|op sujewopo.Joiw
09/(8duspine  |ejuswiiadxa) uononpsuesy |eubls :Gg9lL/l:ssadold |ealbojoig payouue-
09/(000Z ‘e jo exolpig) uoneAnoe |82 | jo uone|nbal ayj ul paAjoAul pidijoBuiydsoa4|6
aq o0} Jybnoyj si 3} "uivjosd SO aseuly aulsosA} ay} o} spuiq ey} uiadjoud y}im pajeloosse
J10)depe aueiquiawsued} ||| adA} e s1 auab siyy Aq papoosus uiajoad ayjg 0z ¢'G- uiajoadoydsoyd ovd
aueiquidw ewise|d/uoijonpsuel) jeubis
MTV B T+wﬂ [ d [ d 1
1819A03ybIT | xyowAyy suajdes suaides owoH
n>mo_ou=0 3ud9 / uonduosag abueyo abueyo owoH] sl [oquiAg auan
Plod plod

"uoIssaIdxa JTHS JO uononpur JNOYIIM ulf [[99 dwes Y} ul 3dLIosuen) Jey) JO [9AS] Y} 03 SANR[AI ‘QUITOAOAX0( YIIM UOoIssaIdxd
dIHS Jo uononpur oy} Y3m (G "0u dUO[d) S[[99 JITHS-1ENIN[ WOoL} VN YW JO [9AJ] Ay} JO 93uLYD P[OJ B SB UMOYS I YDJ- LY dWI-[ed1 dAneInuenb
pue XLIOWAJJY (]S "0u 9uo[d) S[[90-1, Je3Ins ur JTHS Jo uorssaxdxo oy 19)ye passaidor A[JuedsijIusis p[oj-g ISea] Je 9Iom Jey} souos 10J sjuowLiadxo
ADd-1Y swn-[eal dAnepuenb woiy synsox jueoyrudis A[eonsnels oyl s uuope(d XmowApgy oy Suisn paurelqo eiep 9y} jo uosuedwo)

" SIPY dITHS-YeINE ul YD d- LA dwn-[edt danenuenb £q (p[oj-0°7 <) s9ud3 passaadai-gIHS APuedyIusis yo uoyepifeA “[IX dqeL

SIEENES




WOl PALIoJul 1SS JUSWNE)S JOYINE. 9]qBIOEN-UOU (YN JUSW)R)S Joyjne 9[qedder) SV [, ‘UONBIOUUR JIUONIIO WOIJ PALIdJUI (yH] POPIodal Jou YN
's9sATeue ABLIBOIOIN XLJOWALJY pue YD d-1¥ dwn-[ea1 danenuenb £q paredwos ‘(p[oj-(-z <) souo3 passardoy

(0007 ‘sureH pue Joping) AjLIe[IWIs [eInjonns 1o oousnbas

q

13

"(SV1) @deds Iejn|jaoeuxs G196 :(SV.L) uonoel d|qn|os :GZ9g
;Jusauodwo) Jejnjen 09 /(v3l) AuAnoe aupjolfo :GZLG :uoljdung Jejnd’on

09/(v3l) osuodsas aunwuwi :6669 ‘(SvL) bHuleubis [©0-||99:29Z.:SS9%0.1d
|eaibojoig 09/(000zZ “/e 1o addeuy) gL-1] jo Bojowoy Jtenj|9o |9A0U ‘saul|
[I99-g Ul Jou }nQ Ssaul| ||99-1 elwdynd| Jo sauas e ul syduosuel) pajoalaq Vb ¢z 9Z upnajiadyu| 9zl
Buijeubis [[92-1199
6 Jaquiawi
‘g Allweygns
(¥3]) snajonu :p¢96 :Jusuodwio) Jenjidn 09/(v3l) AnAipoe suosadeyd :HG.¢ ‘bojowoy
:uoppoung senaajoN 09 /(v3l) Buipjo} uisjoid :/GH9 :SS@d0.d |edlbojoig 0D 8°¢C- g'e- (ovdsH) reuqg 69rvNag
"(SVYN) shajonu :p¢9g :j3usuodwo) Jenje) 09
/(SVYN) Buipuiq uor duiz :0.g8 (SVYN) Bulpuig ¥NQ :229€:uoljoung Jejnd3joiN 09 (908a) 52
J(SYN) uapuadep-yNQ ‘uonduosuel; jJo uonenbal :ggg9:ssao04d [ealbojoig 09 LY 0z uiajoud iabuly ouiz G/4dNZ
‘(w3I) snhajonu
€96 juauodwod Jenjdn 09/(SyYL) Auanoe uoyoe} uonduosuel) || asesswAjod
VNY :20l£:(SVLl) Auanoe Jossaidel-0d uonduosuesy :phlgi(v3l) Buipuiq G J0joey
VNQ :L.9¢€:uondung JtejnddjoN 09/(SVL1) 904> |80 jo uonenbas 2 (SV1) uonduosues
Jajowoud || |04 wolyy uonduosuesy Jo uonenbal :26e9:$s9904d [edibojolg 09 8- X Buneanoy [ IR74
snajonN/3J9A2 [|[a9/uonduosuel)
MTV 6 T+WA [ d [ d ]
1319A91ybI1 | x13pWAYY suaides suajdes owoH
4 ABojouQ auan / uonduosag abueyo abueyo owoH] apiL |oquiAg auag
plo4d plo4d

SIEENES




5. Results

KLF2 and IL26 have been detected in leukemia T-cell lines (Tables XI and XII). Interestingly,
KLF?2 expression is described to be sufficient to program a quiescent phenotype in Jurkat T
cells (Buckley et al, 2001). This effect is analog to that shown before (Horn, 2003) on
proliferation after the expression of SHIP. Therefore, KLF2 was chosen to be analyzed in

association with the biology of Jurkat cells.

5.4. SHIP-mediated up-regulation of the T cell quiescent factor KLF2 in
Jurkat T cells

Because KLF?2 is involved in quiescence in naive T-cells and negative regulation on Jurkat T
leukemia cell growth (Buckley et a/, 2001; Wu and Lingrel, 2004), the SHIP-mediated up-
regulation of the KLF?2 gene in Jurkat-SHIP cells (clone no. 51) was of particular interest. It
has been shown in our laboratory that the expression of SHIP in Jurkat T-cells led to
inhibition of proliferation (Horn et al/, 2004). Therefore, it is possible that a relationship exists

between the SHIP-mediated up-regulation of KLF2 and the proliferation in Jurkat T-cells.

5.4.1 KLF2 mRNA levels increased after the restoration of SHIP in Jurkat T

cells

Microarray data revealed that KLF2 was up-regulated 3.0-fold in Jurkat-SHIP cells after
induction of SHIP expression (Table XI). In order to validate this result, the relative increase
in mRNA was measured by quantitative real-time PCR using the LightCycler, following the
protocols described in Material and Methods. It was confirmed that KLF2 was up-regulated,
3.2-fold in Jurkat-SHIP cells after induction of SHIP expression (Table XI, Figures 15 and
16). As shown in Figure 15, the KLF2 expression was increased after restoration of SHIP
activity in comparison to the control gene (GAPDH), plotted as log of fluorescence versus
cycle number (Garcia-Palma et al, 2005a). Following normalization with GAPDH and
differential expression analysis, real-time quantitative RT-PCR of three independent
experiments revealed a 3.2 + 1.1-fold increase in SHIP-dependent KLF2 mRNA expression
that was statistically significant (Figure 16).
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Figure 15. Inducible expression of SHIP in Jurkat cells up-regulates the expression of the
Kriippel-like factor 2 (KLF2).

Jurkat-SHIP cells (clone no. 51) were grown for 72 h either in medium containing 0.8 pg/ml
doxycycline (Dox) to induce the expression of SHIP (+Dox) or in the same medium without
doxycycline (-Dox). The results of one representative quantitative real-time polymerase chain
reaction (RT-PCR) experiment run in duplicates after amplification of the house keeping gene
GAPDH and the target gene KLF2 from Jurkat-SHIP cells, which either express SHIP (+Dox) or do
not express SHIP (-Dox), are shown as log of fluorescence vs. cycle number. (Modified from
Garcia-Palma et al, 2005a).

5.4.2 Increase of KLF2 protein levels and reduction of phosphorylation on Akt
after the restoration of SHIP in Jurkat T cells

To confirm changes at the protein level, the amount of KLF2 protein was analyzed by
Western blotting using anti-KLF2 antibodies, and the chemiluminescence’s signals were
measured with an LAS3000 Imager using the AIDA software (Raytest/Fuji, Straubenhardt,
Germany). Preliminary western blotting analyses were performed to confirm the differential
regulation of KLF2 obtained by microarray and quantitative real-time PCR results at the
protein level (Figure 17). Figure 17 shows the evidence that KLF2 protein levels are increased
after the restoration of SHIP in Jurkat-SHIP cells (clone no. 51). Further western blot analyses
were performed to study the relationship between KLF2, SHIP and the PI3K/Akt pathway.
Therefore, the phosphorylation on Akt at residue serine 473 was in addition analyzed, as an

indirect measurement of activity of this protein.
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Figure 16. Quantification of the SHIP-induced Kriippel-like factor 2 (KLF2) mRNA expression
in Jurkat cells.

Jurkat-SHIP cells (clone no. 51) were grown as described in Figure 15. Quantification of the relative
KLF?2 expression from three independent experiments in comparison with the housekeeping gene
(GAPDH) revealed a relative 3.2-fold increase of KLF2 cDNA after induction of SHIP expression.
The value represents the mean = SD of three independent experiments, normalized to the GAPDH
expression levels. Each sample was performed in duplicate by quantitative real-time RT-PCR, at least
two times. Statistical analysis was performed with a Student’s #-test and the P-value is indicated by
asterisks (**P < 0.001). (Modified from Garcia-Palma et al, 2005a).
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Figure 17. Validation of the increase of Kriippel-like factor 2 (KLF2) protein levels after the
expression of SHIP in Jurkat cells.

Jurkat-SHIP cells (clone no. 51) were treated with or without doxycycline (Dox) as described in
Figure 15. Cell lysates were prepared in NP40 Buffer and protein quantification analysis was
performed. The lysates containing 100 pg of protein were separated in SDS-polyacrylamide gels.
Preliminary Western blot analyses were performed with antibodies specific for SHIP and KLF2. In
the representative experiment, the relative protein levels of KLF2 and SHIP are shown. The signals
obtained with the antibodies specific for MAPK revealed that the levels of this protein were
unchanged after the expression of SHIP (data not shown). {Dox]: final concentration of Doxycycline.
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After induction of SHIP expression by the addition of doxycycline (Dox), the constitutive
phosphorylation of Akt at serine residue 473 was strongly reduced to 20% (Figure 18).
Simultaneously, the expression of KLF2 protein level was increased twofold relative to the
expression of GAPDH protein level (Figure 18). It was also confirmed that GAPDH is neither
regulated at the mRNA level nor protein level after the expression of SHIP in Jurkat cells

(Figures 15 and 18).
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Figure 18. Kriippel-like factor 2 (KLF2) protein levels are increased after the expression of
SHIP in Jurkat cells.

Jurkat-SHIP cells (clone no. 51) were grown and treated with or without doxycycline (Dox) as
described in Figure 15. Cell lysates were prepared in NP40 Buffer, corresponding to three
independent experiments (data not shown). Cell lysates containing 35 pg of protein were separated in
4%-12% Bis-Tris gradient gels. Western blot analyses were performed with antibodies specific for
SHIP, KLF2, phosphorylated Akt (serine residue 473) and GAPDH. In the representative experiment,
the quantification of protein levels and relative phosphorylation on Akt by the use of the AIDA
Software is shown. Phosphorylation on Akt at residue serine 473 was reduced to 20%, whereas
KLF2 protein levels were increased to 200%. The signals obtained with the antibodies specific for
GAPDH showed that the levels of this protein were unchanged after the expression of SHIP. {Dox]:
final concentration of Doxycycline. (Modified from Garcia-Palma et al, 2005a).

Parallel western blot analyses additionally confirmed that the amount of KLF2 increased
similarly twofold relative to the amount of MAP-Kinase Erk2, and confirmed the reduction of
the phosphorylation on Akt to 25% (Figure 19). In Figures 18 and 19 is shown that the
constitutive phosphorylation at residue serine 473 of the protein kinase Akt in Jurkat T-cells is
reduced after the restoration of SHIP. Simultaneously, the increase in the KLF2 protein levels,

in comparison to the control, was confirmed.
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Figure 19. Western Blot analysis from the expression of KLF2 (LKLF) and phosphorylation of
Akt (S473) in Jurkat-SHIP cells.

Cell lysates from Jurkat-SHIP cells (clone no. 51) were prepared in NP40 Buffer, as described in
Figure 9. Cell lysates containing 100 pg of protein were separated in SDS-polyacrylamide gels and
western blot analyses were performed with antibodies specific for SHIP, phosphorylated Akt (serine
residue 473) and MAPK (Erkl and Erk2). LKLF: KLF2. WB: western blot. Dox: Doxycycline.

5.5. Biological function of the T cell quiescent factor KLF2 in Jurkat-
SHIP cells

After biochemical analysis of SHIP-mediated up-regulation of KLF2 in Jurkat T cells, and the
examination of the PI3K/Akt signaling pathway and GAPDH and MAPK expressions, the
biological function of KLF2 in Jurkat T-cells was researched, specifically the effect on
proliferation. Additionally, it was analyzed the effect that both had on proliferation, the

restoration of SHIP and the ectopic expression of KLF2, in vitro.

5.5.1. KLF2 has an inhibitory effect on proliferation in Jurkat T cells

In order to study the biological function of the T-cell quiescent factor 2 (KLF2) in Jurkat T
cells, and the relationship with SHIP, proliferation analyses were performed in Jurkat T cells
after the ectopic expression of KLF2, SHIP or both, KLF2 and SHIP. Proliferation assays
were carried out by measuring BrdU incorporation into newly synthesized DNA in Jurkat-

SHIP cells (clone no. 51) after transient transfection with the corresponding vector and
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plasmid control, using FACS analysis. At least three independent experiments using sister

cultures of Jurkat-SHIP cells (clone no. 51) were considered in each case.

5.5.2. Standardization of the transient transfection in Jurkat-SHIP cells

Firstly, the standardization of the transfection conditions by electroporation in Jurkat-SHIP
cells (clone no. 51) was performed, with and without induction with Doxycycline (data not
shown). The vector pEGFP-N1 (Clontech) was used as control for the optimization of the
transfection conditions (data not shown). The parameters used in transfection after
standardization are described in Materials and Methods. The vector pEGFP-N1 was used on

every occasion in the performed transient transfections.

5.5.3. Standardization of the BrdU assay conditions in Jurkat-SHIP cells

BrdU (an analog of the DNA precursor thymidine) is incorporated into newly synthesized
DNA by cells entering and progressing through the S (DNA synthesis) phase of the cell cycle
(Gratzner and Leif, 1981; Miltenburger et al, 1987; Sasaki et al, 1989; Vanderlaan and
Thomas, 1985). Prolonged exposures of cells to BrdU allows for the identification and
analysis of actively cycling, as opposed to non-cycling, cell fractions. Pulse labeling of cells
with BrdU at various time points, permits the determination of cell cycle kinetics. The
bromodeoxyuridine (BrdU) incubation conditions were standardized for Jurkat-SHIP cells
(clone no. 51). Thus, it was possible whit this high-resolution technique to determine the
frequency of individual cells that have synthesized DNA. In order to achieve that, sister
cultures were grown in the absence of doxycycline for 72h, changing the medium each 48h,
followed by pulse labeling of cells with BrdU at various time points, in order to determine the
cell cycle kinetics. The subsequently staining was performed with anti-BrdU-antibodies
coupled to allophycocyanin (APC), according to the protocol of the manufacturer (BD
Biosciences), with the corresponding controls. The BrdU-APC positive cells were analyzed
by flow cytometry, in collaboration with Dr. Haag (Institute of Immunology, UKE). The
percentage of BrdU incorporation was calculated for each population at each time point
(Figure 20). Cells from the same population that were not BrdU-labeled were used as negative

staining control for the assay (data not shown).

In Figure 20 are shown the percentages of cells that have incorporated BrdU in the time

course study of BrdU pulsing. After pulse labelings of 1h 40min, 5h and 16h, the frequency of
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cells that incorporated BrdU was 24%, 31% and 58%, respectively. It was determined that the
optimal pulse labeling for subsequently proliferation experiments was a prolonged exposure
of 15h of the cells to BrdU, which permitted identified approximately a 58% of actively
synthesized DNA (BrdU incorporation).

24.1% 31.4% 57.5%
- M22007 - 040122.008 040122.004
% m: 59.5%
b ] -
&msbn 200 1000 ‘6:5341 &0 800 1000
. 040122008
t(BrdU inc.)= Th 40min t(BrdU inc.)= Sh 55.4%
Cell culture density/time point:1x10° cells/ml
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Figure 20. Flow cytometry analyses of Jurkat-SHIP cells for time course study of BrdU pulsing.

Jurkat-SHIP cells (clone no. 51) were grown in sister cultures for 72 h in the absence of doxycycline,
followed by pulse labeling with 10pM BrdU at various time points. The cells were the harvested and
staining with APC anti-BrdU, according to the protocol of the manufacturer (BD Biosciences). The
BrdU-APC positive cells were analyzed by flow cytometry with a BD FACSCalibur. The percentage
of BrdU incorporation was calculated for each population at each time point. Cell culture densities and
final BrdU concentrations are indicated. The levels of cell-associated BrdU from representative
experiments are shown as percentages. For tBrdU inc) = 15 h the percentages of two representative
experiments are shown, and the mean value is shown above.

5.5.4. Analysis of the inhibitory effects of SHIP expression on the proliferation of
Jurkat T cells

It has been reported that SHIP is a negative regulator of the proliferation (Horn, 2003). To

confirm these results in Jurkat-SHIP cells clone no. 51, the expression of SHIP in these cells
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was induced, and FACS analysis of newly synthesized DNA by BrdU incorporation were
performed. Sister cultures of Jurkat-SHIP cells (clone no. 51) were grown in the presence or
absence of doxycycline for 72h, changing the medium each 48h, followed by approx. 15h
pulse labeling of cells with BrdU. The subsequently staining was performed as described on
5.5.3. The BrdU-APC positive cells were analyzed by flow cytometry. The percentage of
BrdU incorporation was calculated for each population (Figure 21). Cells from the same

population that were not BrdU-labeled were used as negative staining control for the assay.

Figure 21 shows the percentages of cells that have incorporated BrdU in two representative
experiments in the presence or absence of SHIP expression in Jurkat-SHIP cells (clone no.
51), respectively. The frequency of cells that incorporated BrdU with SHIP expression was
47.7% and 46.4%, in comparison to 59.5% and 55.4% without SHIP expression, respectively.
It was determined an approximately 10.4 % reduction of cells that were actively synthesizing

DNA (BrdU incorporation) after the expression of SHIP in Jurkat T-cells.

5.5.5. Inhibitory effects of the Kriippel-like factor 2 (KLF2) and SHIP expression

on the proliferation of Jurkat cells

The inhibitory effect of KLF2 on the proliferation of T cells, including Jurkat T cells has been
demonstrated before (Buckley et al, 2001; Wu and Lingrel, 2004). To confirm these results in
Jurkat-SHIP cells (clone no. 51) and to analyze whether the inhibitory effect of KLF2 on the
proliferation of Jurkat cells could be increased by co-expression of SHIP, the KLF2 protein
was expressed in Jurkat-SHIP cells grown either in the presence or absence of SHIP
expression. The cells were stably transfected using the optimal electroporation conditions, and
subsequently labeled with BrdU, as described in 5.5.2. and 5.5.3. The vectors used in the
analysis were pKLF2-EGFP (EGFP: enhanced green fluorescent protein), kindly provided by
Dr. Haag, from the Institute of Immunology (UKE, Hamburg) and the plasmid control
pEGFP-N1 (Clontech) without insert. The vectors were amplified in E. coli host strains and
plasmid preparations were performed. Validation control experiments were performed before
the proliferation assays were carried out, as described in Material and Methods (data not

shown).
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Figure 21. SHIP leads to a partial reduction of BrdU incorporation into newly synthesized DNA
in Jurkat-SHIP cells.

Jurkat-SHIP cells (clone no. 51) were grown in sister cultures for 72 h in the presence of doxycycline,
in order to induce the expression of SHIP (+ SHIP), and in the absence of doxycycline (-SHIP). After
approx. 15h pulse labeling with 10uM BrdU, the cells were harvested and stained with APC anti-
BrdU, according to the protocol of the manufacturer (BD Biosciences). The BrdU-APC positive cells
were analyzed by flow cytometry with a BD FACSCalibur. The percentage of BrdU incorporation was
calculated for each population. Cell culture densities and final BrdU concentrations were used as
described on Figure 20. The levels of cell-associated BrdU from two representative experiments are
shown as percentages. The approximate percentage of reduction of BrdU incorporation after the
expression of SHIP in comparison to the control (-SHIP) is shown. The negative control used for the
FACS analysis is shown (-BrdU).

Proliferation of the transfected cells was analyzed by measuring the bromodeoxyuridine
(BrdU) incorporation and the percentage of BrdU-positive cells in the enhanced green
fluorescent protein (EGFP)-gated population was determined by FACS analysis. The
percentages of EGFP-positive cells that have incorporated BrdU in each population from four
representative experiments are shown in Figure 22. The control cells, corresponding to the
expression of the vector without insert (EGFP) and without induction of SHIP expression (-

Dox), shown 24.1% incorporation of BrdU in the gated population. The sole expression of
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SHIP led to a 9.1% incorporation of BrdU in the gated population. The frequency of cells
that incorporated BrdU after the ectopic expression of KLF2 gated in M1 was 12.3%, without

induction of SHIP expression, and 3.2% after SHIP expression, respectively.
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Figure 22. KLF2 has an inhibitory effect on the proliferation of Jurkat T cells.

Sister cultures of Jurkat-SHIP cells (clone no. 51) were grown for 48 h in the absence (-Dox) or
presence (+Dox) of 0.8 ug/ml doxycycline. The cells were then stably transfected by electroporation
procedures as described in Materials and Methods, either with 10pg of a vector containing EGFP or
the EGFP-KLF2 vector. The cells were grown for additionally 24h before treatment with BrdU. After
15h labeling with 10 uM BrdU, the cells were stained with anti-BrdU antibodies coupled to the
fluorochrome allophycocyanine (APC) and analyzed by flow cytometry. The BrdU-APC positive cells
in the EGFP-gated population were measured. The percentages of BrdU-APC positive cells,
determined by setting a gate (M1) on cells with a higher fluorescent intensity than the negative control
(cells not labeled with BrdU), are shown for each representative experiment. (Modified from Garcia-
Palma et al, 2005a).
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Comparative analyses of the data shown in Figure 22 relative to the control (EGFP, -Dox)
indicated that approximately 51% of the cells synthesized actively DNA (BrdU incorporation)
after the ectopic expression of KLF2. Similarly, after expression of SHIP alone, 38% of cells
actively synthesized DNA. When both, KLF2 and SHIP were expressed, 13% of cells
synthesized actively DNA. Accordingly, it was shown that KLF2 has an inhibitory effect on
the active synthesis of DNA, in a lower extent when compared to SHIP. Interestingly, when

both KLF2 and SHIP are expressed in Jurkat T-cells, the inhibitory effect is further increased.

After proliferation analysis of at least three independent experiments, the inhibitory effect of
KLF2 on the proliferation of Jurkat T-cells was confirmed. Mean values of three independent
experiments with standard deviations are shown in Figure 23. The results indicate that the
proliferation was reduced by 45.2% =+ 5.1% in cells transfected with the KLF2-EGFP vector,
relative to cells transfected with the parental EGFP vector. This was a similar reduction
(60.3% = 14.4%) in proliferation observed after expression of SHIP (+Dox). Co-expression of
SHIP and KLF2 further reduced the proliferation significantly, i.e. by 83.7% + 2.2% (P =
0.02), suggesting an additive effect of SHIP and KLF2 on the proliferation of Jurkat cells
(Garcia-Palma et al, 2005a). As shown on Table XIII, FACS analysis of Jurkat T-cells after
the induced expression of SHIP and ectopic expression of KLF2 revealed a partial reduction
of incorporation of BrdU into newly synthesized DNA by cells entering and progressing
through the S (DNA synthesis) phase of the cell cycle. The strong reduction of DNA synthesis
after the expression of both, KLF2 and SHIP, revealed an additive effect of both in the

negative regulation of proliferation in Jurkat T-cells.

5.5.6. Correlation between the protein expression levels of the Kriippel-like factor
2 (KLF2) and their inhibitory effect on newly synthesized DNA in Jurkat

cells

The inhibitory effect of KLF2 on the proliferation of Jurkat T-cells was demonstrated, as
shown in 5.5.5. To ascertain the correlation between the KLF2 protein levels and the
inhibitory effect on newly synthesized DNA, the distribution of BrdU incorporation in
function of the fluorescence intensity levels of expressed EGFP-KLF2 after the restoration of

SHIP was measured, by using the populations analyzed by FACS (Figure 24).
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Figure 23. Inhibitory effects of SHIP and Kriippel-like factor 2 (KLF2) on the proliferation of
Jurkat T cells.

Sister cultures of Jurkat-SHIP cells (clone no. 51) were grown for 48 h in the absence (-Dox) or
presence (+Dox) of 0.8 pg/ml doxycycline. The cells were then stably transfected, labeled, stained
with anti-BrdU antibodies coupled to the fluorochrome allophycocyanine (APC) and analyzed by flow
cytometry as described in Material and Methods. The mean values of three independent experiments
with the SDs of the relative reduction of BrdU incorporation in Jurkat-SHIP cells after ectopic
expression of either KLF2 (KLF2-EGFP), SHIP (+Dox) or both, KLF2 and SHIP (KLF2-EGFP +Dox)
in comparison with the vector transfected control cells (EGFP) are shown. Statistical analysis was
performed with a Student’s f-test and P-values are indicated by asterisks (*P < 0.05; **P < 0.01).
(Modified from Garcia-Palma et al, 2005a).

Table XIII. KLF2 and SHIP lead to a strong reduction of BrdU incorporation into
newly synthesized DNA in Jurkat T cells.

The expressions of SHIP and KLF2 in Jurkat T-cells have an additive effect on reduction
of BrdU incorporation. BD FACSCalibur (BD Biosciences) confirmed 83.7% reduction
of BrdU incorporation mediated by SHIP and LKLF in Jurkat T cells.

Induction/Expression Relative Reduction of
BrdU Incorporation

KLF2 45.2%
SHIP 60.3%
KLF2 + SHIP 83.7%
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Figure 24. Inverse correlation between KLF2 protein expression levels and DNA synthesis in
Jurkat cells after the expression of SHIP.

Sister cultures of Jurkat-SHIP cells (clone no. 51) were grown as described in Figure 23. The mean
values of at least three independent experiments with the SDs of the relative reduction of BrdU
incorporation vs. EGFP fluorescence intensity in Jurkat-SHIP cells after ectopic expression of KLF2
(KLF2-EGFP) and SHIP (+Dox) are shown. The values were calculated by comparison to the vector
transfected control cells (EGFP). Statistical analysis was performed with a Student’s #-test and the P-
value is indicated by an asterisks (*P < 0.05).

As can been seen in Figure 24, the higher the fluorescence intensity of the EGFP-KLF2, the
higher the reduction of BrdU incorporation. A 50.5% reduction of newly synthesized DNA
correspond to the cell population that expressed 10-fold levels of EGFP-KLF2 fluorescence
intensity, and 84.4% of reduction of newly synthesized DNA correspond to the cell
population that expressed 100-fold levels of EGFP-KLF2 fluorescence intensity. These
results suggest that the reduction of newly synthesized DNA is dependent on the level of the
KLF?2 protein in Jurkat T-cells after the expression of SHIP.
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5.6. Effect of the inhibition of the PI3K/AKkt signal transduction pathway on
the expression of KLF2 in Jurkat T cells

KLF2 is down-regulated after T cell activation (Buckley et al, 2001). However, the signal
transduction pathway mediating the regulation of KLF2 has not been reported. In this study,
it has been demonstrated that KLF2 is up-regulated in Jurkat T-cells after the expression of
SHIP (section 5.4.) and that leads to a reduction of proliferation (section 5.5.5). Because the
activation of the T cell receptor results in stimulation of PI3-kinase, it was analyzed whether
the PI3K/Akt pathway is involved in the regulation of KLF2. Inhibition of PI3-kinase with
wortmannin and knockdown of the expression of Aktl in Jurkat T-cells were carried out, in

order to study the effect on the expression of KLF2.

5.6.1. Reduction of the Akt activity by PI3K inhibition with wortmannin leads to

an increase of the expression of KLF2 in Jurkat T cells

The PI3K-kinase/Akt signal transduction pathway is constituvely activated in Jurkat T-cells
(Horn, 2003) and has a positive effect on regulation of proliferation. Since there is a reduction
of proliferation in Jurkat T-cells after treatment with the inhibitor wortmannin, it has been
suggested that the proliferation in these cells is dependent on the constituvely activation of the

PI3-kinase (Horn, 2003).

Purified PI3-kinase was shown to be a heterodimer consisting of a 85 kDa (p85) regulatory
subunit and a 110 kDa (p110) catalytic subunit (Shibasaki et al, 1991). There are some
references from diverse C-terminal truncated forms from the regulatory subunit of the PI3-
kinase, which caused a constituvely activation of the protein. One of them is the P65-PI3K,
found in the thymus lymphoma cell line CMN-5 (Jimenez et a/, 1998). Furthermore, it has
been described the p76a, identified in a Hodgkin’s lymphoma-derive cell line (CO) (Jiicker
et al, 2002). It has been reported that in Jurkat T-cells the normal regulatory 85 kD subunit is
present, and interacts with the catalytic subunit (Horn, 2003). Additionally, it has been shown
that after treatment with wortmannin there is a reduction on the phosphorylation on Akt at
residue serine 473. That means that the constituvely activation of Akt is dependent on the

constituve activation of the PI3K (Horn ,2003).
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Wortmannin is a pharmacological inhibitor of the PI3K catalytic subunit. Wortmannin was
originally isolated from Penicillium wortmannii (Brian et al, 1957) and was subsequently
shown to be an specific inhibitor of PI3K with a low nanomolar ICsy (Ui et al, 1995).
Wortmannin is a competitive inhibitor of the ATP binding and binds more deeply in the ATP
binding pocket than ATP. It binds in the ATP binding site so that one face of wortmannin
packs against the N-terminal lobe (residues 831, 879, 881, and 882) and the other face packs
against the C-terminal lobe (residues 950, 953, 961, 963, and 964). One edge of wortmannin
is adjacent to residues 867 and 841, while the opposite edge is exposed to solvent along most
of its length (Walker et al, 2000). The primary amine of active site Lys-833 attacks
wortmannin at the furan ring (Wymann et al, 1996). The resulting covalent complex inhibits
irreversibly the enzyme (Walker et al, 2000). Wortmannin covalently modifies PI3K by
nucleophilic attack of Lys-833. This irreversible modification is an important determinant of

the low nanomolar ICsy of wortmannin for PI3K (Walker et al, 2000).

In view of the fact that the phosphorylation on Akt at residue serine 473 is reduced after
treatment with wortmannin in Jurkat T-cells, and that leads to a reduction in proliferation,
inhibition of the PI3K with wortmannin was performed in Jurkat-SHIP cells (clone no. 51), in
order to elucidate the likely association between the PI3K/Akt pathway and the induced
expression of KLF2. In order to achieve that, sister cultures from at least three independent
experiments were grown in the presence or absence of doxycycline (0.8 pg/ml) and
wortmannin (100 nM) for 75h, respectively, changing the medium twice per day. The cells
were subsequently harvested and cell lysates were prepared, according to the protocol
described in Material and Methods. Western blot analyses were performed using antibodies
specific for p-Akt (S473), KLF2, SHIP1 and MAPK. The chemiluminescence’s signals were
measured with an LAS3000 Imager using the AIDA software, as described in 5.4.2.

Figure 25 shows that the treatment of Jurkat-SHIP cells (clone no. 51) with wortmannin has a
negative effect on the phosphorylation of Akt at residue serine 473, similar to the effect
observed after the restoration of SHIP. The wortmannin-mediated inhibition on the
phosphorylation on Akt shown in Figure 25 verified that the constituvely activation of Akt in
Jurkat T-cells is inherent up-stream to the constituvely activation of PI3K. Consequently, an
inhibition in the PI3K kinase leads to an inhibition of the activation of Akt. Interestingly, the

inhibition of PI3K led to an increase in the protein level expression of KLF2, similar to that
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observed after the restoration of SHIP. It was confirmed that the wortmannin-mediated
inhibition of the PI3K/Akt signaling pathway in Jurkat-SHIP cells (clone 51) has an effect in
the induction of the expression of KLF2.
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Figure 25. Reduced phosphorylation on Akt and increased Kriippel-like factor 2 (KLF2)
protein levels after inhibition of PI3K with wortmannin in Jurkat-SHIP cells.

Jurkat-SHIP cells (clone no. 51) were incubated and grown with 100 nM wortmannin, and
simultaneously induced or not induced with Doxycycline (0.8 pg/ml). The control cells were
incubated with the same volume of DMSO or 70% EtOH, respectively. The culture medium was
changed twice a day. After 75 h, the cells were harvested and cell lysates were prepared in NP40
buffer, corresponding to at least three independent experiments (data not shown). Cell lysates
containing 30 pg of total protein were separated in 4%-12% Bis-Tris gradient gels. Western blot
analyses were performed in duplicate membranes with antibodies specific for SHIP, KLF2,
phosphorylated Akt (serine residue 473) and MAPK. The chemiluminescence signals and protein
quantification were measured with an LAS3000 Imager and the AIDA software (Raytest/Fuji,
Straubenhardt, Germany). Phosphorylation on Akt at residue serine 473 was reduced, whereas
KLF2 protein levels were increased. Dox: Doxycycline; WM: Wortmannin.

In order to measure the changes in KLF2 protein expression that are the result of inactivation
of Akt, because of the reduction on phosphorylation at residue Serine 473, and the level of
this reduction itself, protein quantification analyses were carried out (Figure 26). In Figure 26
is shown that Akt has been reduced to 30% on its phosphorylation at residue serine 473 after
the restoration of SHIP in Jurkat cells, which was similar by comparison to previous results.
The reduction to 50% on phosphorylation on Akt (S 473) after treatment with wortmannin, as
result of inactivation of the PI3-kinase was also verified. The data indicated that the

simultaneous induction of SHIP expression and inactivation of the PI3-kinase with
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wortmannin led to a reduction to 40% in phosphorylation on Akt at serine 473. These results
agree with the previous results shown in this work and those reported before, concerning to
the inactivation of Akt by inhibition of the PI3-kinase after treatment with wortmannin

(Juicker et al, 2002).
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Figure 26. Relative reduction of phosphorylation on Akt (serine 473) after inhibition of PI3K
with wortmannin in Jurkat-SHIP cells.

Jurkat-SHIP cells (clone no. 51) were incubated with wortmannin, and simultaneously induced with
Doxycycline, as described in Figure 25. Cell lysates containing 30 ug of total protein were separated
in 4%-12% Bis-Tris gradient gels. Western blot analyses were performed as described in Figure 25. In
the representative experiments, the quantifications of the relative reduction of phosphorylation on Akt
at residue serine 473 by the use of the AIDA Software are shown, represented as fold-changes relative
to MAPK. +: with induction; - : without induction. Dox: Doxycycline. WM: Wortmannin.

It was confirmed that the inhibition of the PI3K/Akt pathway led to an increase in the
expression of KLF2, analogous to the effect shown after the restoration of SHIP in Jurkat T-
cells (Figures 25 and 27). After quantification analyses of the changes in the KLF2 protein
level expression, the up-regulation of KLF2 after the restoration of SHIP was again verified

(Figure 27). A very interesting and important result is the fact that the inhibition of the PI3K
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with wortmannin in Jurkat T cells revealed a 2.4-fold increase in KLF2 protein levels, which
represent an increment of 140%, in comparison to the control. Even after the restoration of
SHIP and simultaneous inactivation of the PI3K/Akt pathway, there is an increment of 160%

in the expression of the KLF2 protein in Jurkat T-cells.

Relative KLF2 expression

- WM + Dox

+ WM
+ WM

Figure 27. Relative increase on the expression of KLF2 protein levels after inhibition of the
PI3K/Akt pathway with wortmannin in Jurkat-SHIP cells.

Jurkat-SHIP cells (clone no. 51) were incubated with wortmannin, and simultaneously induced with
Doxycycline, as described in Figure 25. Cell lysates containing 30 ug of total protein were separated
in 4%-12% Bis-Tris gradient gels. Western blot analyses were performed as described in Figure 25. In
the representative experiments, the quantifications of the relative increase of KLF2 protein levels by
the use of the AIDA Software are shown, represented as fold-changes relative to MAPK. +: with
induction; - : without induction. Dox: Doxycycline. WM: Wortmannin.

The pharmacological inhibition of the PI3-kinase with wortmannin confirmed that the
inactivation of the PI3K/Akt signaling pathways led to an increase in the expression of KLF2
in Jurkat T cells. The data suggest that the up-regulation of KLF2 in Jurkat cells is PI3K/Akt-
dependent.
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5.6.2. Silencing of Aktl expression by RNAi leads to an increase in KLF2

expression in Jurkat cells

After elucidation of PI3K/Akt-mediated up-regulation of KLF2 by treatment with wortmannin
in Jurkat-SHIP clone no. 51 cells, it was subsequently investigated whether knockdown of
Aktl is sufficient to induce the increase of KLF2 expression. In order to achieve that, the
RNA interference technology was chosen to silencing specifically the Aktl expression in
Jurkat-SHIP cells (clone no. 51). The inhibition of the Homo sapiens v-akt murine thymoma
viral oncogene homolog 1 (Aktl; NM_005163.1) gene expression was achieved by the use of
double stranded RNA, known as “AKT1 Validated Stealth™ RNAi DuoPak” (Invitrogen™).
They consist of two non-overlapping duplexes per gene, consistent with the guidelines for
publication —quality data. There are some advantages in the use of the Validated Stealth™
RNAIi. The duplexes are already functionally tested and could be coupled to the Block-iT™

Fluorescent Oligo to provide a convenient control for transfection efficiency.

5.6.2.1. Control and optimization of RNAI transfection conditions in Jurkat-SHIP

cells

Firstly, it was used a Fluorescent Oligo for Electroporation (Invitrogen™) in order to
determine and optimize the efficiency of transfection. The Block-iT™ Fluorescent Oligo for
Electroporation offers the following advantages:

*Easily detectable FITC signal indicating transfection efficiency.

*Proven correlation of transfection efficiency with Stealth™ RNALI.

Jurkat-SHIP cells (clone no. 51) were grown, induced or not with doxycycline and transfected
by electroporation with the Block-iT™ Fluorescent Oligo for Electroporation, according to
the basic protocol from the manufacturer for Delivering Stealth™ RNAi or siRNA to Jurkat
Cells by electroporation (Invitrogen™). In the optimization procedure were tested some
different parameters, such as Fluorescent Oligo concentration, electroporation conditions,
transfection solutions and incubation times before fluorescent microscopy and FACS analysis.
Figure 28 shows a qualitative analysis of the efficiency of transfection after fluorescent

microscopic analysis. After induction of SHIP expression with Doxycycline and 24 h post-
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transfection, the cells were qualitative analyzed by inverse fluorescence microscopy (Zeiss),
in order to evaluate the Oligo uptake. The signal from the Block-iT™ Fluorescent Oligo for

Electroporation was detected by the use of a standard FITC filter set.

+Dox +Dox +Dox +Dox
[Oligo]= 25 ptM [Oligo]=7.1 pM [Oligo]= 6.25 pM (- Control, -Oligo)

-Dox - Dox - Dox -Dox
[Oligo]=16.7 ptM [Oligo]=12.5 pM [Oligo]= 6.25 pM (- Control, -Oligo)

Figure 28. Qualitative analyses of transfection efficiencies performed in optimization assays by
the use of the Block-iT™ Fluorescent Oligo for Electroporation in Jurkat-SHIP cells.

Sister cultures of Jurkat-SHIP cells (clone no. 51) were grown for 48 h in the absence (-Dox) or
presence (+Dox) of 0.8 pg/ml doxycycline. The cells were then stably transfected by electroporation
procedures with the Block-iT™ Fluorescent Oligo for Electroporation, following the instructions of
the manufacturer (Invitrogen™), varying some parameters for the optimization. The cells were grown
for additionally 24h in non-tissue culture 6-well plates before fluorescent microscopic analysis. The
Oligo uptake was qualitatively assessed by observation of each well-plate, using an standard FITC
filter set. The fluorescences of positive transfected cells are shown for each representative experiment,
with respective controls. +: with induction; - : without induction. Dox: Doxycycline.

Figure 28 shows positive transfected cells after electroporation with different concentrations
of the respective Fluorescent Oligo, from 6.25 uM to 25uM. Additionally, it was determined
that the Fluorescent Oligo is stable 24h post-transfection. Therefore, at different
concentrations of Block-iT™ Fluorescent Oligo for Electroporation, and 24h post-
transfection, considerable amounts of positive transfected cells were observed. After

qualitative analysis by fluorescent microscopy, the cells were grown for additionally 24h,
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washed and harvested for FACS analysis, as described in Material and Methods, in order to
quantify the efficiency of transfection with the different parameters used in the optimization
of transfection of Jurkat-SHIP cells (clone no. 51) with the Block-iT™ Fluorescent Oligo for
Electroporation (Figure 29). Furthermore, the stabilization of the Oligo 48h post-transfection

was analyzed.

+ Dox - Dox + Dox
[Fluor. Oligo]= 25 uM [Fluor. Oligo]= 12.5 yM Negative Control
- Fluor. Oligo
2 2
E ] °
= 99.9 % ] 983% 0.3 %
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8 928.8
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o :
w102 w0l 102 10d w e 10d 10t
Fi ;rDoxH M + Dox Negative pontrol
[Fluor. Oligo}= /.1 p [Fluor. Oligo]= 6.25 pM S or, o‘l’i;?
O:
91.9 %
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Figure 29. FACS analyses of transfection efficiencies, performed in optimization assays by the
use of the Block-iT™ Fluorescent Oligo for Electroporation in Jurkat-SHIP cells (clone no. 51).

Sister cultures of Jurkat-SHIP cells (clone no. 51) were grown for 48 h in the absence (-Dox) or
presence (+Dox) of 0.8 ug/ml doxycycline. The cells were then stably transfected by electroporation
procedures with the Block-iT™ Fluorescent Oligo for Electroporation, following the instructions of
the manufacturer (Invitrogen™), varying some parameters for the optimization. The cells were grown
for additionally 48h in non-tissue culture 6-well plates, washed and harvested for FACS analysis. The
efficiency of transfection was determined by analysis of positive transfected cells. The percentages of
positive transfected cells, determined by setting a gate (M1) on cells with a higher fluorescent intensity
than the negative control (cells transfected without Fluorescent Oligo), are shown for each
representative experiment. The Mean Intensity values for the population gated in M1 are shown in
each case. +: with induction; - : without induction. Dox: Doxycycline.
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In Figure 29 are shown the percentages of positive transfected cells as a function of the
fluorescence intensity, obtained from optimization assays of cell transfection with the
Fluorescent Oligo. FACS analysis of Jurkat-SHIP cells (clone no. 51) revealed firstly, that the
Block-iT™ Fluorescent Oligo for Electroporation is stable 48h post-transfection. Secondly, it
was shown that the fluorescence intensity is proportional to the concentration of the
Fluorescent Oligo used in the transfection procedures. At fluorescent oligo concentrations of
6.25 uM, a mean fluorescence intensity of 148.9 was measured. Increase in the concentration
of electroporated fluorescent oligo resulted in increased mean fluorescence intensity values.
The highest mean fluorescence intensity value was 928.8, corresponding to a Fluorescent
Oligo final concentration of 25uM (Figure 29, upper panel, left). Thirdly, FACS analysis of
the efficiency of transfection performed in the optimization assays by the use of the Block-
iT™ Fluorescent Oligo for Electroporation revealed that the efficiency of transfection is
furthermore proportional to the Fluorescent Oligo concentration. At lower Fluorescent Oligo
concentrations, 6.25uM and 7.1 uM, the efficiencies of transfection obtained after 48h were
84.4% and 91.9%, respectively. The maximal efficiency of transfection obtained was 99.9%,

corresponding to a concentration of 25uM of Fluorescent Oligo (Figure 29, upper panel, left).

As shown in Figure 29, the transfection of Jurkat-SHIP cells (clone no. 51) with the Block-
1T™ Fluorescent Oligo for Electroporation was achieved and optimized, demonstrating that at
least after 48h the Fluorescent Oligo is stable, generating high mean fluorescence intensities,
proportional to the Oligo concentrations. Moreover, by optimization procedures a maximal
efficiency of transfection of 99.9% was obtained, a high value that at the time of analysis was
not reported for Jurkat T-cells from any other group or companies by electroporation
procedures. The efficiency of transfection was determined on every occasion using 25uM

Fluorescent Oligo, and the results were in each case reproducible (see 5.6.2.3).

5.6.2.2. Aktl is not regulated at the mRNA level after the restoration of SHIP in
Jurkat cells

In order to identify changes in expression that are the result of inactivation of Aktl by RNAi-
mediated knock-down, validation by quantitative real-time PCR of the results already
obtained by microarray analysis for Aktl was performed. Microarray analysis revealed that

the Aktl mRNA is present in Jurkat-SHIP cells. Additionally, Ak¢I is not regulated at the
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messenger RNA level after the restoration of SHIP in Jurkat cells (Table XIV). In this study,
forward- and reverse-primers for the Aktl target sequence were designed, as described in
5.3.1. The specificity of the primer sequences was verified using BLAST nucleotide-
nucleotide search analysis function (NCBI). The sequences for the primers obtained, their
positions and the annealing Temperature used after optimization by conventional PCR and
quantitative real-time RT-PCR are shown on Table XV. The primers shown on Table XV
were tested at least once by conventional PCR and quantitative real-time RT-PCR (data not
shown). The sequence from the housekeeping gene glyceraldehyde-3-phosphate-
dehydrogenase (GAPDH) was used as normalization control for PCR and quantitative real-
time RT-PCR, as described before. The calculation of fold-changes in the expression of Akt/

was performed with the same programs used for the genes validated on section 5.3.4.

Following normalization with GAPDH and expression analysis relative to the control, real-
time quantitative RT-PCR analysis from two independent experiments confirmed that Akt/
mRNA expression is not regulated after the expression of SHIP in Jurkat cells (fold-change:
1.0 £ 0.1) (Table XVI). Table XVI shows the results that confirmed by microarray analysis
and quantitative real-time PCR analysis that the mRNA level expression of Akt/ is not

regulated after the restoration of SHIP in Jurkat T-cells.

5.6.2.3. Aktl knockdown leads to an increase in expression of KLF2 in Jurkat

cells

The changes in Aktl protein expression after knockdown by siRNA and the effect on KLF2
expression were analyzed. For that purpose, Jurkat-SHIP cells (clone 51) were grown and
transfected with the Validated Stealth™ RNAi Duplexes against 4k#/ and the Block-iT™
Fluorescent Oligo for Electroporation as transfection control, using the conditions set in the
optimization procedures previously described (5.6.2.1). 24h and 48h post-transfection, the
control cells that were electroporated with the Fluorescent Oligo were washed, harvested and
analyzed by FACS, in order to determine the efficiency of transfection (Figure 30). FACS
analyses revealed efficiencies of transfection higher than 95%: 95.1% (-Dox) and 98.0%
(+Dox), with mean intensity values of 615.3 and 697.8, respectively. These results indicate a

high efficiency of transfection in the analysis.
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Figure 30. Quantitative analysis of efficiency of transfection, performed with the Block-iT™
Fluorescent Oligo for Electroporation in Jurkat-SHIP cells (clone no. 51) for siR\NA analyses.

Sister cultures of Jurkat-SHIP cells (clone no. 51) were grown for 48 h in the absence (-Dox) or
presence (+Dox) of 0.8 ug/ml doxycycline. The cells were then stably transfected by electroporation
procedures with the Block-iT™ Fluorescent Oligo for Electroporation and Validated Stealth™ RNAi
Duplexes against Aktl, respectively, following the instructions of the manufacturer and the parameters
set by the optimization. The cells were grown for additionally 24h in non-tissue culture 6-well plates
before FACS analysis. The efficiency of transfection was quantitatively determined by measure of the
fluorescence intensity in the positive transfected population of cells. The percentages of fluorescence
intensity are shown for each representative experiment, with their respective controls. +: with
induction; - : without induction. Dox: Doxycycline.

After determination of efficiency of transfection, western blotting analyses were performed to
verify the knockdown of Aktl (Figure 31). Western blotting analyses after the knockdown of
Aktl with Validated Stealth™ RNAi Duplexes revealed a reduction in the protein levels of

Aktl, compared to the controls, and relative to MAPK. Moreover, the levels of KLF2 protein
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increased proportional to the reduction of the Aktl protein levels, as shown in the lanes

corresponding to Duplex 1 and Duplex 2.

- Conirol
Duplex 1
Duplex 2

Dox - +
- SHIP

b R

S ow 09 | K1

- g | MAPK

Figure 31. Knockdown of Aktl leads to an increase of KLF2 protein levels in Jurkat-SHIP cells.

Sister cultures of Jurkat-SHIP cells (clone no. 51) were grown for 48 h in the absence (-Dox) or
presence (+Dox) of 0.8 ug/ml doxycycline. The cells were then stably transfected by electroporation
procedures with the Block-iT™ Fluorescent Oligo for Electroporation and Validated Stealth™ RNAi
Duplexes against Aktl, respectively, following the instructions of the manufacturer and the parameters
set by the optimization. The cells were grown for additionally 24h in non-tissue culture 6-well plates
before FACS analysis for determination of efficiency of transfection, followed by harvesting of cells
and preparation of cell lysates in NP40 buffer. Cell lysates were analyzed by 4%-12% Bis-Tris
gradient gels and Western blotting analyses were performed with antibodies specific for SHIP, Aktl,
KLF2 and MAPK. The chemiluminescence signals and protein quantification were measured with an
LAS3000 Imager and the AIDA software (Raytest/Fuji, Straubenhardt, Germany). +: with induction; -
: without induction. Dox: Doxycycline.

As depicted in Figure 31, increased levels of KLF2 protein were obtained with a considerable
reduction of Aktl expression achieved by the use of the Validated Stealth™ RNAi Duplex 2
against Aktl. The increase on KLF2 protein level after restoration of SHIP was again

confirmed, as shown in the controls. The increased KLF2 protein level after knockdown of
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Aktl is similar to that obtained after the restoration of SHIP in Jurkat cells. In the analysis of
quantification of the relative Aktl protein knockdown, 37% reduction of Aktl protein levels
were achieved by the use of Duplex 1, and 51% relative Aktl knockdown was attained by the
use of the Duplex 2, respectively (Figure 32). Thus, the knockdown of Aktl by the use of
Validated Stealth™ RNAi Duplexes was shown to be effective. Moreover, the optimal

silencing of Aktl expression was achieved with the Duplex 2.

50 L —

/
30 —/

/
10 —/

Relative Akt1 protein knockdown (%)

Akt1 24h w/oDox -
Cont
Aktl 24h wioDox
Duplex 1

Akt1 24h wioDox
Duplex 2 samples

Figure 32. Quantification of the relative reduction of Aktl protein levels after knockdown with
Validated Stealth™ RNAi Duplexes in Jurkat-SHIP cells.

Jurkat-SHIP cells (clone no. 51) were grown and transfected with Validated Stealth™ RNA1 Duplexes
as described in Figure 31. Total cell lysates were prepared approximately 24 post-transfection and
proteins were separated in 4%-12% Bis-Tris gradient gels. Western blotting analyses were performed
as described in Figure 31. In the representative experiments, the quantifications of the relative
reduction of Aktl protein levels by the use of the AIDA Software are shown, represented as
percentages correlated to MAPK. w/o : without induction. Dox: Doxycycline.
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Correspondingly, the quantification analysis of the relative KLF2 protein expression after the

Aktl protein knockdown by RNA interference revealed that KLF2 protein levels increased

relative to the reduction on the expression of Aktl (Figure 33).

Relative KLF2 expression

24h -Dox

— Control
24h +Dox

— Control 24h -Dox

Duplex 1

24h -Dox
Duplex 2

samples

Figure 33. Quantification of the relative KILF2 protein expression after Aktl knockdown with

Validated Stealth™ RNAi Duplexes in Jurkat-SHIP cells.

Jurkat-SHIP cells (clone no. 51) were grown and transfected with Validated Stealth™ RNAi Duplexes
as described in Figure 31. The total cell lysates were prepared approximately 24 post-transfection and
proteins were separated in 4%-12% Bis-Tris gradient gels. Western blotting analyses were performed
as described in Figure 31. In the representative experiments, the quantifications of the relative KLF2
protein expression after knockdown of Aktl by the use of the AIDA Software are shown, represented
as fold-changes correlated to MAPK. - : without induction. +: with induction. Dox: Doxycycline.

The knockdown of the expression of Akt 1 by RNAI led to a 1.9-fold increase (+ 90%) in the

expression of KLF2 after 37% Aktl knockdown, and a 2.5-fold increase (+150%) after 51%
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knockdown, respectively (Figures 32 and 33). In addition, the expression of the inositol 5’-
phosphatase SHIP led to 2.5-fold up-regulation of KLF2, as shown in Figure 33 with the

negative control for the RNAIi assay after the induction of SHIP expression.

5.7. Up-regulation of the T cell quiescence factor KLF2 occurs via the

PI3K/AKkt signaling pathway in Jurkat cells

The data obtained in section 5.6. indicated that the pharmacological inhibition of the
PI3K/Akt signaling pathway, and the knockdown of Aktl by the use of RNA interference,
have a positive effect on the expression of KLF2 in Jurkat cells. Additionally, the positive
effect of the restoration of SHIP expression on the up-regulation of KLF2 was confirmed.
SHIP expression led to a reduction on phosphorylation on Akt at serine 473, resulting in the

up-regulation of KLF2. These data are summarized on Table XVIIL.

Table XVII. Analyses of KLF2 protein expression after PI3K inhibition with wortmannin and
Aktl knockdown by RNAI in Jurkat cells.

Comparison of the data obtained using PI3K inhibition with wortmannin, with or without the
restoration of SHIP, and Aktl knockdown by RNA interference without restoration of SHIP, for KLLF2
protein expression in Jurkat-SHIP cells (clone 51). Relative phosphorylation on Akt at residue serine
473 and relative expression of Aktl protein after knockdown are shown as percentages, correlated to
MAPK after protein quantification, in each case. Relative KLF2 protein levels are expressed as fold
changes. WM: wortmannin.

Relative KLF2 Expression and P-Akt (Serine 473) phosphorylation after
PI3K inhibition with Wortmannin

Control
- SHIP -WM + SHIP-WM | -SHIP+ WM | + SHIP + WM
p-Akt i} i} 1] Q
(Serine 473) 100% 30% 50% 40%
KLF2 1.0 1.5 2.4 2.6

Relative Expression after Akt1 Knockdown with Stealth ™ RNAi DuoPak

Control - SHIP|Control + SHIP Duplex 1 Duplex2
Akt 1 100% 100% 63% 49%
KLF2 1.0 2.5 1.9 2.5
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The results confirmed the positive dependence of KLF2 expression on SHIP expression, since
KLF2 protein levels increased 1.5-to 2.5-fold after restoration of SHIP expression. Moreover,
the PI3K/Akt-mediated increase of KLF2 protein level was confirmed by inhibition of PI3K
with wortmannin and silencing of Aktl expression by siRNA. As shown on Table XVII, the
expression of KLF2 protein increased after reduction of phosphorylation of Akt at serine 473,
as consequence of the PI3K pharmacological inhibition with wortmannin. The 2.4-fold
(+140%) KLF2 increase was achieved when the phosphorylation on Akt was 50%, and 2.6-
fold (+160%) when 40%, respectively. Similar results were obtained after Aktl knockdown
by RNAI, as shown on the lower panel on Table XVII. The data indicate that the increase on
KLF2 protein level is approximately inverse proportional to the reduction on Akt
phosphorylation at serine 473 and the level of Aktl knockdown. These data implicate the
PI3K/Akt signaling pathway in the up-regulation of KLF2 in Jurkat cells.
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6. Discussion

The SH2-containing Inositol 5-phosphatase SHIP has been described as a crucial

component of signal transduction pathways that regulate cell growth and proliferation. The
restoration of SHIP in Jurkat T cells leads to a reduction of proliferation, via inhibition of the
PI3K/Akt pathway. In this study, changes in gene expression in Jurkat T cells after the
restoration of SHIP were analyzed. The changes of the transcriptional profile induced by
SHIP restoration in the human leukemic cell line Jurkat, their implication in the biology of
these cells, functional analysis and the role of the PI3K/Akt pathway are described and will be

discussed.

6.1. Microarray analysis revealed that SHIP regulates differentially

transcriptional expression of 37 unique mRNAs in Jurkat cells

In order to investigate the differential expression of genes after the restoration of SHIP in the
human T-cell leukemia cell line Jurkat, and their possible function in regulation of cell
proliferation, microarray analyses were performed by screening of 39,000 transcripts of the
human genome, using a Jurkat T cell line containing a doxycyline-inducible SHIP vector
(Jurkat-SHIP cells (clone no. 51). The restoration of SHIP expression in this Jurkat T cell line,
which does not express endogenous SHIP proteins, leads to the inactivation of the PI3K/Akt
signal transduction pathway. Consequently, a partial inhibition of the proliferation of these

cells has been observed.

In this study, microarray analysis of Jurkat-SHIP cells (clone no. 51) after the restoration of
SHIP revealed a total of 35.0% (15,704 out of 44,928) probe sets identified as “present” in the
human Chip Arrays HG-U133A and B (Affymetrix, Santa Clara, CA, USA). Additionally,
63.3% (28,441 out of 44,928) probe sets were identified as “absent”, and 1.7% (783 out of
44,928) as “marginal”. Further Significance Analysis of Microarrays resulted in 531 probe
sets IDs (identities) that were significantly regulated after the expression of SHIP, based on
the p-values (P<0.05) (Table II). The differential expression of those identities represented
1.2% (531/44,928) of the total population analyzed, and 3.4% (531/15,704) of the population
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identified as “present”. Further analysis revealed that of the 531 probe set IDs, 41 probe set
IDs were at least two-fold statistically significant regulated (7.7%). After analysis of the
targets using different platforms, it was identified that one of the 41 probe set IDs represented
the SHIP gene itself. Microarray analysis verified the induction of transcription of the SHIP
gene expressed from the retroviral vector, cloned in Jurkat cells, since further experiments
confirmed that the endogenous SHIP mRNA expression is not regulated in these cells (see
5.3.3). Accordingly, microarray analysis allowed the identification of 40 probe set IDs, which
are significantly SHIP-regulated (> 2-fold) in Jurkat cells. Specifically, of those 40 probe sets,
16 were induced (40%) and 24 repressed (60%) by SHIP expression in Jurkat T cells (Tables
IIT and IV). Subsequently, investigation of these 40 probe sets by using different platforms
allowed the identification of 37 unique mRNAs, which correspond to known genes, ESTs and
sequences that encode hypothetical proteins. The genes that were represented by two probe
set IDs were PAG, ATF and the gene that codes for the hypothetical protein LOC284801. Of
the 37 regulated mRNAs that exhibited at least 2.0-fold significant changes at the
transcriptional level after the restoration of SHIP expression, 16 mRNAs were induced (43%),

and 21 repressed (57%).

There are several studies that have used a cutoff of 1.5-fold (Haaland et al, 2005; Moreno et
al, 2004; Schmalbach et al, 2004; Xin et al, 2003). The data seen at the 1.5-fold level
included genes such as cyclin B, which has been confirmed at the protein level to be induced
more than 1.5-fold (Moreno et al, 2004). Haaland et al. (2005) found 118 and 117 genes
whose transcripts were induced and repressed, respectively, by using an initial cutoff of 1.5-
fold with Affymetrix U133A human gene arrays in JL1.4 cells. They established a second
cutoff of at least 2.5-fold in order to select genes to be further analyzed by real-time RT-PCR
assays. Thus, their data revealed 27 and 22 genes whose transcripts were induced and
repressed, respectively, by a cutoff of at least 2.5-fold. These results are similar to those

obtained in this study by using a cutoff of 2.0-fold.

Of the 37 mRNAs identified here to be significantly SHIP-regulated (>2-fold), 24 correspond
to known genes. Based upon Gene Ontology (GO) annotations (Gene Ontology) [http:
/Iwww.geneontology.org] of the 24 genes, 11 genes (46%) had GO annotations relating to
nucleus, transcription or cell cycle, 7 genes (29%) encode proteins associated with

intracellular signaling cascades and/or localization in the plasma membrane, and 1 gene (4%)

codes for interleukin 26 (IL26) (Tables VII and VIII). Moreno et al. (2004) reported an
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alteration of 39.8% genes involved in cell proliferation by SV40 small tumor antigen (ST),
using microarray profiles. By analysis of the data reported here, SHIP appears to affect the

expression of genes that are involved in transcription and cell cycle control.

In summary, the microarray analysis of significantly SHIP-regulated genes in Jurkat T cells
allowed the identification of 37 unique mRNAs that were differentially expressed. They were

chosen for confirmation by quantitative real-time RT-PCR.

6.2. Validation of the microarray analysis by quantitative real-time RT-
PCR confirmed the effect of SHIP on differential gene expression in

Jurkat T cells

Of the 37 significantly SHIP-regulated genes at the transcriptional level, 36 transcripts could
be analyzed by quantitative real-time RT-PCR, in addition to SHIP itself. For one of the two
ESTs identified, 41820854, no mRNA sequence was available at the time of the analysis
(Table III). The quantitative real-time RT-PCR measurements of the 36 selected genes
allowed the validation of 29 transcripts (81%), in addition to the overexpressed SHIP (Tables
VII and VIII). The analysis demonstrated a good correlation between quantitative real-time
PCR and the Affymetrix platform, with 26 out of 29 (90%) of the probes changing in the
same direction by both methods. Validations by quantitative real-time RT-PCR indicate that
the data obtained by microarray analysis identified consistently top regulated mRNAs, whose
levels changed following induction of SHIP expression in Jurkat T cells. The high percentage
of validation obtained here is consistent with observations reported before (Mao et al, 2005;
Moreno et al, 2004). Moreno et al. (2004) confirmed also by QRT-PCR 90% of the
microarray observations. These data confirm the high fidelity and reliability achieved from
both techniques in the analysis of transcriptional regulation. Although the limitations of
microarray and quantitative real-time RT-PCR analyses consist in the fact that changes at the
mRNA levels are not always reflected at the protein level, both provides significant and
useful information about transcriptional regulation profiles, that could be further confirmed by
protein analysis. Further statistical analysis revealed that from the 29 transcripts validated by
quantitative real-time RT-PCR, 16 were significantly regulated (P< 0.05) after the expression
of SHIP in Jurkat cells (clone no. 51) (55%) (Tables IX and X). Among these genes, 5 were
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significantly increased (31%) and 11 significantly decreased (69%). The data were
subsequently analyzed by a cutoff of 2-fold in the expression changes. Thus, quantitative real-
time RT-PCR confirmed and validated the significant transcriptional regulation (>2-fold) of
11 genes by SHIP in Jurkat T cells (Tables XI and XII). Of these, 3 were significantly
increased (27%): CD62L, KLF2 and KCMFI and 8 significantly decreased (73%): PAG,
TRIB3, ARRDC3, ARHGEF10, ATF5, ZNF75, DNAJB9 and IL26.

Accordingly and in summary to this point, the quantitative real-time RT-PCR measurements
for the 36 selected genes allowed the validation of 29 transcripts (81%), in addition to SHIP
itself. The analysis demonstrated a good correlation between quantitative real-time PCR and
the Affymetrix platform, with 90% of the probes changing in the same direction by both
methods. By further analyses, quantitative real-time RT-PCR confirmed and validated the
significant transcriptional regulation (>2-fold) of 11 genes by SHIP in Jurkat T cells (Tables
XI and XII). Of these, 3 were significantly increased (27%): CD62L, KLF2 and KCMFI and 8
significantly decreased (73%): PAG, TRIB3, ARRDC3, ARHGEF10, ATFS5, ZNF75, DNAJBY
and /L26. The data indicate that SHIP is more implicated in the repression of genes (73%),
which are involved in signal transduction, transcription control and cell cycle, in comparison

to the induction of genes (27%).

6.2.1. SHIP regulates the transcription of genes coding for nuclear proteins,

proteins integral to the membrane and one interleukin

Interestingly, 55% of the 11 genes identified (6/11), whose transcripts are at least 2-fold
regulated by SHIP in Jurkat cells, code for proteins that are localized in the nucleus,
according to GO annotations, i.e. KLF2, KCMFI, TRIB3, ATF5, ZNF75, and DNAJY.
Considering the proteins integral to membrane, the genes that code for CD62L and PAG were
identified (18%). Additionally, the gene coding for IL26 was the only interleukin identified as
significantly regulated (>2-fold). In comparison to the data reported in the literature, Haaland
et al. (2005), found in Jurkat cells by microarray analysis that one-third of the mRNAs highly
induced by the transcription factor KLF2 encode cell surface molecules, In this study, a high
proportion of SHIP-regulated genes code for nuclear proteins including the transcription
factor KLF2. The functional role of the up-regulation of KLF2 in proliferation of Jurkat cells
and the signaling pathway involved in the regulation of KLF2 expression were analyzed in

this study, and will be discussed in detail in further sections. SHIP appears to be a regulator of
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transcription of nuclear proteins that could be involved in processes such as transcription, cell
proliferation and apoptosis. The possible associations of the genes identified here with

pathways involved in reduction of proliferation will be discussed in the next sections.

6.2.2. SHIP induces expression of genes involved in a quiescent phenotype and

reduction of proliferation

The three genes which are up-regulated by SHIP encode the proteins SELL/CD62L (selectin
L, lymphocyte adhesion molecule 1/ CD62 antigen ligand) (+180%), which is integral to the
plasma membrane, and two proteins localized in the nucleus, the Kriippel-like transcription
factor KLF2 (+220%) and the potassium channel modulatory factor 1, KCMF1 (+260). The
KCMF1 and KLF2 genes were the highest SHIP-regulated at the transcriptional level, in
spite of the fact that the KCMFI value by quantitative real-time RT-PCR differed from that
obtained by microarray analysis. One possible explanation for this discrepancy between
microarray analysis and quantitative real-time RT-PCR findings for KCMFI are the low
signal intensity values obtained for the probe set identity (Table IV). Regardless, the
significant SHIP-mediated regulation of KCMF1 was validated, and the direction of the
quantitative real-time RT-PCR values was taken as a critical factor in the validation, since
quantitative real-time RT-PCR is more accurate. Further protein analyses should be
performed to verify the SHIP-mediated regulation of KCMFI at the protein level. The
potassium channel modulatory factor 1, KCMF1 is a nuclear protein containing zinc finger.
GO annotations associate this protein with signal transduction (Table XI). However, why

SHIP should so markedly affect KCMFI expression remains unclear.

Of the three SHIP-induced genes validated by quantitative real-time RT-PCR (=2-fold), the
transcriptional regulation of CD62L and KLF2 showed the highest statistical significance
(P<0.001). It has been reported that CD62L and KLF2 are expressed in naive T cells
(Janeway et al, 1999; Buckley et al, 2001). The SHIP-mediated increase of both, CD62L and
KLF2 observed in this study may be involved in programming a phenotype that resembles
quiescence in Jurkat cells. The data suggest that the SHIP-mediated changes of transcription
may establish a phenotype that resembles quiescence. Firstly, the function of CD62L will be
considered. Selectins are specific for leukocyte-vascular cell interaction, and mediate

extravasation. L-Selectin is distributed in naive and some memory lymphocytes, neutrophils,
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monocytes, macrophages and eosinophils. On naive T cells, L-Selectin binds to sulfated
carbohydrates on various proteins, such as the vascular addressins GlyCAM-1 and CD34.
CD34 is expressed on endothelial cells in many tissues, but is properly glycosylated for L-
Selectin binding only on the high endothelial venule cells of lymph nodes (Janeway et al,
1999). The interaction between L-selectin and the vascular addressins is responsible for the
specific homing of naive T cells to lymphoid organs. The crossing through the endothelial
barrier into the lymphoid tissue is achieved when the integrins and molecules of the
immunoglobulin superfamily are present. It has been reported that quiescent T cells are
CD62L" (Abbas et al, 1994; Freitas and Rocha, 2000). Upon activation of the T cell, the
expression of L-Selectin is lost. In view of the fact that SHIP leads to a reduction of
proliferation in Jurkat T cells, it is possible that the SHIP-mediated up-regulation of CD62L in
Jurkat T cells is a trait that contributes to this reduction of proliferation, similar to the
phenotype of resting cells. Secondly, the inhibitory effect of KLF2 on the proliferation of T
cells has been demonstrated before (Buckley et al, 2001; Wu and Lingrel, 2004). KLF2 is
down-regulated after T cell activation (Buckley et al, 2001). However, the signal transduction
pathway mediating the regulation of KLF2 has not been reported. Buckley et al. (2001)
concluded that KLF2 inhibits the expression of c-myc. However, and in agreement with a
study performed with the induction of KLF2 in Jurkat T-cells (Haaland et al, 2005), neither

repression of c-myc mRNA by KLF2 nor SHIP was observed in the microarray analyses.

In summary to this point, the results presented here indicate that SHIP-mediated induction of
transcriptional expression of KLF2 and CD62L in Jurkat T cells appear to be involved in
signaling pathways that may contribute to the maintenance of a state that resembles

quiescence, and lead to reduction of proliferation.

6.2.3. SHIP inhibits the expression of genes involved in regulation of

transcription and signal transduction

All of data from the 8 genes, whose transcripts were validated as significantly reduced by
quantitative real-time RT-PCR coincided with the microarray analysis (Table XII). Four of
them encode proteins implicated in initiating and propagating cellular signal cascades (50%).
In this category, the mRNAs encoding 7R/B3 (Tribbles homolog 3 (Drosophila)) (-78%) was
the most highly repressed transcript in Jurkat T cells after the restoration of SHIP, followed
by ARHGEF10 (-66%), ARRDC3 (-55%), and PAG (-50%), respectively. It has been reported
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that TRIB3 functions as a negative regulator of Akt (Du et a/, 2003). TRIB3 expression is
induced in liver under fasting conditions, and TRIB3 disrupts insulin signaling by binding
directly to Akt and blocking its activation. They concluded that by interfering with Akt
activation, TRIB3 contributes to insulin resistance in individuals with susceptibility to type 2
diabetes. The down-regulation of TR/B3 shown here could indicate that in Jurkat T cells a
similar mechanism in the interaction of Akt and TRIB3 may exist. Possibly, because of the
constitutively activation of the PI3K/Akt pathway in Jurkat T cells, the negative effect of
TRIB3 is masked, because the concentration of TRIB3 could not be enough to block Akt.
After the restoration of SHIP, the PI3K/Akt pathway is inhibited because of the reduction of
levels of PI(3,4,5)P; and reduced phosphorylation of Akt. It is possible that the concentration
of TRIB3 is no longer necessary to block Akt, since it is already inhibited. Besides, a
mechanism may exist that regulates the expression of TRIB3 when Akt is already inhibited.

The exact mechanism of action remains to be elucidated.

The Rho guanine nucleotide exchange factor (GEF) 10 (ARHGEF10) encodes a guanine—
nucleotide exchange factor for the Rho family of GTPase proteins (RhoGEFs) and contains a
Dbl homology (DH) domain, a common feature for RhoGEFs (Verhoeven ef al, 2003; Zheng,
2001). ARHGEF10 may form complex with G proteins and stimulate Rho-dependent signals.
The SHIP-mediated repression of ARHGEF10 observed in this study (-66%) (Table XII)
suggests a reduction in the activation of some RhoGTPases, inhibiting their interaction with

downstream effector proteins involved in cell-cycle progression and gene expression.

ARRDC3 codes for the arresting domain containing 3 protein. GO annotations associate this
protein with signal transduction. However, why SHIP should so markedly affect ARRDC3
expression remains elusive. PAG is a type III transmembrane adaptor protein that binds to the
tyrosine kinase CSK, and it is thought that PAG is involved in the regulation of T cell
activation (Brdicka et al, 2000). In vitro analyses have suggested that PAG can bind strongly
to nearly all SH2 domain-containing proteins. However, only FYN and CSK associated with
PAG in cells (Brdicka et al, 2000). PAG recruits CSK to the plasma membrane via
phosphorylated Tyr-317 independent of FYN. It has been shown by western blot analysis that
after T-cell activation PAG is dephosphorylated and the association with CSK, but not with
FYN, markedly decreases. The authors concluded that the PAG-CSK complex increases the
signaling threshold required for initiating an immune response, thus helping to keep

lymphocytes in a resting state. Although SHIP-mediated down-regulation of PAG appears not
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to contribute to a resting state, it could be possible that the repression in the expression of
PAG, with subsequently reduction on the protein levels leads to a low concentration of protein
that could be phosphorylated. Therefore, the association with CSK could diminish and in
principle Src kinase could be active. It is known however, that CSK-dependent
phosphorylation of Src kinase inactivates it, and has an effect on proliferation. Although high
levels of PAG-CSK association help to maintain resting phenotype in lymphocytes, other
mechanisms of signaling including down-regulation of PAG may contribute to reduction of
proliferation of T cells. Maybe the association of some proteins with regulatory domains
could neutralize or reduce the anti-resting effect in the absence of PAG-CSK-dependent
inactivation of Src kinase. Other possibility could be that the down-regulation of PAG is
involved in a signaling pathway that negatively regulates the proliferation of T cells, and

which is until now unknown.

Three of the 8 genes, whose transcripts were significantly SHIP-reduced (>2-fold) coded for
proteins involved in transcription, cell cycle and/or localized in the nucleus (37.5%). Of these,
the genes for ATFS5 (-79%) and ZNF75 (-79%) were the most strongly down-regulated,
followed by DNAJBY (-64%).

ATFS5 (activating transcription factor 5) is a member of the CREB/ATF factor family. ATFs
bind to cAMP-inducible promoters and are involved in gene transcription. ATFS5 is unique
among the CREB/ATF family in that expression is strictly regulated with cell cycle and
function is intimately linked with apoptosis (Forgacs et al, 2005). The known down-stream
targets for ATFS seem to be restricted to those genes that are involved in the regulation of
apoptosis (Persengiev et al, 2002). ATF5 is an anti-apoptotic factor and its expression is
down-regulated in a variety of cell lines undergoing apoptosis following growth factor
deprivation. The action of ATFS5 is thought to be conditionally related to apoptosis in that
ATFS5 levels must be reduced to allow apoptosis to proceed. It has been described that some
transcription factors are regulated by Akt, among them the FoxO family of transcriptional
regulators (Burgering and Kops, 2002), CREB and NF-kB. Akt phosphorylation of CREB
increases binding to CBP and enhances CREB transcriptional activity (Pugazhenti et al,
1999). It was not observed by microarray analyses any significant changes in the mRNA
expression of neither the FoxO family genes nor NF-xB or CREB. It could be possible that
the repression of ATF5 mRNA expression observed in this study is dependent on Akt

inactivation. The SHIP-mediated inactivation of Akt in Jurkat-SHIP cells may involve an
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indirect mechanism that does not require de novo protein synthesis dependent of ATFS5. Thus,
it is possible that the inactivation of Akt not only would have a direct effect of lack of
phosphorylation on transcription factors, but also the inability to induce intermediate
transcription factors that regulates gene expression. This model agrees in some extent with the
results reported by Porstmann ef al. (2005). They found by microarray analysis a number of
transcriptional regulators among the genes modulated in response to Akt activation in human
retinoic pigment epithelial (RPE) cells. One of them was the downregulation of the
CREBLI/ATF-6f gene and up-regulation of sterol-regulatory element binding proteins
(SREBP) genes, involved in fatty acid and cholesterol synthesis. Interestingly, ATF-6 inhibits
SREBP-dependent transcription in response to glucose deprivation, and the authors try to find
a possible association between the downregulation of ATF-6B and the Akt-dependent
regulation of SREBPs. These data suggest that the SHIP-mediated inactivation of Akt has an
effect on the repression of ATF5 expression, involved in reduction of proliferation in Jurkat T

cells.

The ZNF75 gene product, the Zinc finger protein 75 (D8C6) belongs also to the Kriippel
C2H2-type zinc finger protein family (Villa ef al, 1992). ZNF75 contains five C2H2-type zinc
fingers and one KRAB (Kriippel-associated box) domain (UniProt (Swis-Prot/Tr EMBL). The
function of ZNF75 and in general of KRAB-ZFPs is largely unknown. However, they appear
to play important roles during cell differentiation and development. By analysis of function
according to GO annotations, ZNF75 could be involved in DNA-dependent regulation of
transcription (GO: 6355). The down-regulation of ZNF75 mRNA after the restoration of
SHIP in Jurkat T-cells is presumably related to the repression of transcription of some genes

involved in positive regulation of proliferation.

The DNAJBY gene (microvascular endothelial differentiation gene 1) codes for the Dnal
(Hsp40) homolog, subfamily B, member 9. Gene Ontology analysis (GO: 6457) involves
DNAJB9 in protein folding. Probably DNAJBY protein levels are reduced after signaling of
low rate of protein synthesis in Jurkat cells after the expression of SHIP. It would be a
mechanism of saving energy for the metabolism of the cell in conditions leading to a
reduction in proliferation. In relation to the proliferation of leukemia, it would be a strategy to

control in some extent the proliferation.
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IL26 was the only interleukin that was SHIP-repressed in Jurkat cells (-76%). The presence
of IL26 transcripts in a series of leukemia T-cell lines has been already reported (Knappe et
al, 2000). IL26 was identified as a novel cellular homolog of interleukin-10 by transformation
of T lymphocytes with the herpes virus saimiri (HVS). The IL10- family is composed of six
cellular cytokines (IL10, IL19, 1L20, IL22, IL24, and IL26) and viral homologs (Dumoutier
and Renauld, 2002). In this study, it was observed by analysis of the microarray data, that
IL10, IL19, and IL22 mRNAs were absent in Jurkat T cells. Additionally, mRNAs for the
IL10 receptor (alpha) and IL20 receptor (alpha) were also absent. Notable is that in Jurkat T
cells there is a lack of expression of a great variety of cytokines and their receptors, including
IL1R2, interleukin 1, beta (IL1B), IL2, IL2 receptors alpha and beta, IL3, IL4, IL4 receptor,
ILS, IL7 (confirmed by PCR (data not shown)), IL8, IL9, IL11, IL13, IL15, IL17, IL18, IL21,
among others. In contrast, mRNAs corresponding to interleukin enhancer binding factors
were present, such as interleukin enhancer binding factor 1, 2, 3. Additionally, the presence of
the mRNAs corresponding to IL6 (interferon, beta 2), [L16, IL17 receptor, and TF8 (repressor
of IL2 expression) was observed. Nevertheless, their mRNA expression was not regulated by
SHIP. IL26 mRNA is expressed in activated NK cells and T cells with enhanced expression
upon type 1 polarization. Additionally, IL26 is produced by activated memory but not by
naive CD4" T cells, independently of costimulation (Wolk et al, 2002), suggesting that IL26
may have an influence on the immune response. It has been described that the dimerization of
the receptor units IL20R1 (CRF2-8) and IL10R2 (CRF2-4) generates a functional IL26R
complex (Sheikh et al, 2004). IL26-mediated signaling through this receptor complex induced
activation of two members of the STAT family, STAT1 and STATS3. In this study the mRNAs
for STATI, STAT3 and STAT6 are present and were not regulated after the expression of
SHIP. However, the mRNAs for STAT5A4 and STAT5B are absent. This suggests that Jurkat T
cells may include a signaling pathway involving IL26 and activation of STAT1 and STAT3
by phosphorylation of proteins.

Since the herpes virus saimiri-transformed T cells have been found to strongly over-express
IL26, in contrasts to other T-cells lines and native peripheral blood cells, which transcribe
IL26 at low levels. It has been proposed that I[L26 is a good candidate to play a role in the
autocrine growth stimulation, leading to spontaneous proliferation of T cells after (HVS)
infection (Knappe et al, 2000). According to this, and taking in consideration the high level of
the differential expression of /L26 mRNA in Jurkat cells before and after the expression of
SHIP, IL26 may play a role in the proliferation of Jurkat cells, via IL26 receptors and
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activation of the Jak/STAT pathway, transmitting the signal from the membrane to the cell
nucleus. Consequently, the SHIP-mediated repression of /L26 may be involved in the reduced

proliferation of these cells after expression of SHIP.

In summary, SHIP induces the expression of genes involved in a quiescent phenotype and
represses the expression of genes involved in the regulation of transcription and signal
transduction. Both effects, either alone or in combination may lead to the observed reduction

of proliferation in Jurkat T cells after expression of SHIP.

There are some candidates for the study of biological functions. Considering the genes
expressed in T cells, CD62L, KLF2, PAG and IL26 were found. Among them, the most
interesting are KLF2 from the increased genes and IL26 from the repressed ones, since both
have been detected in leukemia T-cell lines (Tables XI and XII) (Buckley et al, 2001; Knappe
et al, 2000) . The expression of KLF2 has been described to be sufficient to program a
quiescent phenotype in Jurkat T cells (Buckley ef al, 2001). This effect is analog to that
shown before (Horn, 2003) on proliferation after the expression of SHIP. Therefore, KLF2
was chosen as the best candidate to be analyzed in association with the biology of Jurkat

cells.

6.3. The up-regulation of the T cell quiescent factor KLF2 has an inhibitory

effect on proliferation in Jurkat cells after the expression of SHIP

The Kriippel-like factor 2 (KLF2) is involved in quiescence in naive T-cells and its negative
regulation on the cell growth of Jurkat T cells has been already shown (Buckley et al, 2001,
Wu and Lingrel, 2004). Additionally, it has been shown in our laboratory that the expression
of SHIP in Jurkat T-cells led to inhibition of proliferation (Horn et al, 2004). Therefore, the
relationship between the SHIP-mediated up-regulation of KLF2 and the proliferation in Jurkat
T-cells was analyzed. The microarray data revealed that KLF2 was up-regulated 3.0-fold in
Jurkat-SHIP cells after induction of SHIP expression. It was also confirmed by quantitative
real-time RT-PCR a 3.2 + 1.1-fold increase in SHIP-dependent KLF2 mRNA expression that
was statistically significant, in comparison to the house keeping gene GAPDH (Table XI,
Figures 15 and 16). The changes at the KLF2 protein levels were also confirmed and
quantified by western blot analysis. Additionally, the relationship between KLF2, SHIP and
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the PI3K/Akt pathway was considered and investigated. After induction of SHIP expression
by the addition of doxycycline (Dox), the constitutive phosphorylation of Akt at serine
residue 473 was strongly reduced to 20%. Simultaneously, the expression of KLF2 protein
level was increased twofold relative to the expression of GAPDH protein level. These results
confirmed that SHIP induced not only the expression of KLF2 at the mRNA level, but also at
the protein level, along with the inhibition of the phosphorylation of Akt, by reduction of
phosphorylation at Serine 473. The results suggested that the gene functionality of KLF2
could be affected by the inactivation of Akt, and probably KLF2 is involved in reduction of
proliferation in Jurkat T-cells after the expression of SHIP. To confirm these models in
Jurkat-SHIP cells it was chosen at first the model of the effect of KLF2 on proliferation. The
model of the Akt-mediated regulation of KLF2 was also analyzed and will be discussed later

(See 6.5.).

The KLF2 protein was expressed by transient transfection in Jurkat-SHIP cells grown either
in the presence or in absence of SHIP expression. Proliferation of the transfected cells,
analyzed by bromodeoxyuridine (BrdU) incorporation in the enhanced green fluorescent
protein (EGFP)-gated populations determined by FACS analysis revealed that proliferation
was reduced by 45.2% + 5.1% in cells transfected with the KLF2-EGFP vector relative to
cells transfected with the parental EGFP vector. This was a similar reduction (60.3% =+
14.4%) in proliferation observed after the expression of SHIP (Garcia-Palma et a/, 2005a).
Co-expression of SHIP and KLF2 further reduced the proliferation significantly by 83.7% =+
2.2% (P = 0.02), suggesting an additive effect of SHIP and KLF2 on the proliferation of
Jurkat cells (Garcia-Palma et al, 2005a). Firstly, the expression of KLF2 has an effect on the
reduction of proliferation in Jurkat T-cells, confirming results reported by Buckley et al.
(2001). Additionally, the negative effect of SHIP on proliferation as reported previously
(Horn et al, 2004) was confirmed. Finally, a significant reduction on proliferation was
observed after the co-expression of KLF2 and SHIP, indicating an additive negative effect of

both proteins in the reduction of proliferation of Jurkat cells.

What may be the physiological function of the SHIP-mediated up-regulation of KLF2? KLF2
is a member of the family of Kriippel-like factors, which regulate the transcription of a variety
of genes involved in physiological processes including growth and differentiation (Anderson
et al, 1995; Kuo et al, 1997). Recent data indicate that KLF2 is down-regulated in human

ovarian tumors and suggest a putative function of KLF2 as tumor suppressor gene (Wang et
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al, 2005). It has been reported that KLF2 may exert its anti-proliferative effect either by
transcriptional inhibition of the proteins that stimulate cell cycle progression, such as WEEI
or c-Myc (Buckley et al, 2001; Wang et al, 2005), or by up-regulation of proteins that inhibit
cell proliferation, like the cyclin-dependent kinase inhibitor p21WAF1/CIP1 (Wu & Lingrel,
2004). However, involvement of WEEI1, c-Myc or p21WAF1/CIP1 in the SHIP-mediated
inhibition of proliferation is rather unlikely, because in this work changes in the expression of
WEEI, c-Myc or p21WAF1/CIP1 were not detected after the induction of SHIP expression
and the up-regulation of KLF2 (data not shown). Probably KLF2 exert its anti-proliferative
effect in Jurkat-SHIP cells by transcriptional inhibition of other genes. As described in the
previous section, ATFS5 is an anti-apoptotic factor (Persengiev et al, 2002), and is believed
that ATFS5 levels must be reduced to allow apoptosis to proceed in some cell lines. Although
SHIP expression leads to a reduction of proliferation in Jurkat cells, without affecting
apoptosis, and ATFS5 is an anti-apoptotic factor, it could be possible that ATFS5 is involved in
regulation of proliferation of these cells. A key goal in the elucidation of a possible
correlation between KLF2 and ATF is therefore to determine whether the repression of ATF5
is controlled by KLF2.. According to this model, it would result in a novel pathway that
describes inhibition of transcription of genes that positively regulate cell proliferation, having
as a result a reduction in cell proliferation or inhibition of transcription of genes involved in

negative regulation of apoptosis, allowing the cells undergoing apoptosis.

A physiological process where KLF2 has been implicated is the development of T
lymphocytes. Both KLF2 and SHIP are up-regulated during the step from immature double
positive CD4"/CD8" thymocytes to mature single-positive CD4" or CD8" T cells (Kuo et al,
1997; Liu et al, 1998). With respect to the observed up-regulation of KLF2 by SHIP reported
here, it seems possible that SHIP is involved in the up-regulation of KLF2 during the
development of single-positive CD4" or CD8" T cells. However, gene-targeting experiments
in mice argue against this possibility. Whereas the number of mature peripheral T cells is
reduced by 90% in KLF2-knock out mice, SHIP-knock out mice do not show changes in T-
cell development (Kuo et al, 1997; Helgason et al, 1998). Another physiological process of T
cells where KLF2 seems to be important is the regulation of T-cell quiescence (Kuo et al,
1997; Buckley et al, 2001). T cells circulate in the blood and lymphoid organs in a quiescent
state until they become activated by the binding of an appropriate antigen to the T-cell
receptor. Recent data suggest that T-cell quiescence is an active process and that KLF2 plays

an important role in programming and maintaining single-positive CD4" or CD8" cells in their
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quiescent state (Kuo et al, 1997; Buckley et al, 2001). KLF2 expression decreases rapidly
upon T-cell receptor activation (Kuo et al, 1997; Schober et al, 1999). Nevertheless, the
signaling pathways that intermediate between the T cell receptor and KLF2 are not known so

far.

In summary, the data shown in this study clearly implicate KLF2 in the SHIP-mediated
inhibition of proliferation of the human leukemic T cell line Jurkat, by reduction of newly
synthesized DNA. This is the first study that associates KLF2 with SHIP. Additionally, the
results revealed that the inhibitory effect of KLF2 on proliferation in Jurkat cells increased
when co-expressed with SHIP. The inhibitory effects of Kriippel-like factor 2 (KLF2) and the
correlation between KLF2 protein expression levels and DNA synthesis in Jurkat T-cells was
demonstrated. The results of analysis of expression of KLF2 and reduction of newly
synthesized DNA revealed that the reduction of newly synthesized DNA is dependent on the
level of the KLF2 protein in Jurkat T-cells after the expression of SHIP. PI3K and SHIP are
activated during T cell stimulation by the T cell receptor and the co-stimulatory molecule
CD28 (reviewed in Ward & Cantrell, 2001). More information about the biology of Jurkat
cells and signaling pathways are necessary to elucidate the mechanism of action of KLF2.
Whether the up-regulation of KLF2 in Jurkat T cells is mediated by the PI3K/Akt pathway

will be discussed in the following sections.

6.4. Aktl is not regulated at the mRNA level by SHIP in Jurkat T cells

Microarray analyses showed that none of the three isoforms of Akt: Aktl, Akt2, Akt3 were
regulated at the mRNA level after the expression of SHIP in Jurkat cells. Further validation
by quantitative real-time RT-PCR for 4kt#/ mRNA expression confirmed that SHIP has no
effect on the regulation of the expression of the Akt/ gene (Tables XIV, XVI). The data
obtained here demonstrated that the SHIP-mediated inhibition of the activity of Akt occurs at

the protein level, rather than at the transcriptional level.

6.5. Up-regulation of the T cell quiescence factor KLF2 occurs via the

PI3K/Akt signaling pathway

KLF2 is down-regulated after T cell activation (Buckley et a/, 2001) and here it was shown
that KLF2 is up-regulated after the expression of SHIP in Jurkat T cells. Additionally, it was
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demonstrated that the synthesis of new DNA is reduced after KLF2 expression, and this effect
is increased when both KLF2 and SHIP are expressed. However, the signal transduction
pathway mediating the regulation of KLF2 has not been reported. Because the activation of
the T cell receptor results in stimulation of PI3-kinase, it was analyzed whether the PI3K/Akt
pathway is involved in the regulation of KLF2. Inhibition of PI3-kinase with wortmannin and
knockdown of the expression of Aktl in Jurkat T-cells revealed the PI3K/Akt-mediated up-
regulation of KLF2 in Jurkat cells. It has been suggested that the proliferation in Jurkat T cells
is dependent on the constituve activation of the PI3-kinase (Horn, 2003). Additionally, it has
been shown that the constitutively activated PI3K/Akt pathway is inhibited by the expression

of SHIP, leading to a reduction of proliferation.

Because of PI3-kinase activation, Akt is translocated to the plasma membrane by binding to
PI3-kinase-generated phosphoinositides, i.e. PI(3,4,5)P; and PI(3,4)P, through the Akt
pleckstrin domain. Akt is subsequently activated by sequential phosphorylation of threonine
308 by phosphoinositide-dependent kinase (PDK) 1 and of serine 473 by protein kinase C BII
(PKCBII) or DNA-dependent protein kinase (DNA-PK) (Chan et al, 1999; Feng et al, 2004;
Kawakami et al., 2004).

6.5.1. The inhibition of the PI3K led to an increase of the expression of KLF2 in
Jurkat T cells

In this study, it was shown that the pharmacological inhibition of the PI3K with wortmannin
led to an inhibition of the activation of Akt in Jurkat cells. Interestingly, the inhibition of
PI3K was associated with an increase in the protein levels of KLF2, similar to that observed
when SHIP is expressed. The data obtained in this study revealed that the inhibition of PI3-
kinase with wortmannin in Jurkat T-cells led to a reduction to 50% on Akt phosphorylation at
residue serine 473 (Table XVII). Additionally, a 2.4-fold increase in KLF2 protein levels was
observed, which represent an increase of 140%, in comparison to the control (Figures 25-27).
The restoration of SHIP and simultaneous inhibition of PI3K, led to a reduction to 40% in
phosphorylation on Akt and an increase of 160% in the expression of the KLF2 protein (Table
XVII). The reduction on cell proliferation and induction of apoptosis by inhibition of the
PI3K/Akt signaling pathway has been reported before (Jiicker ef al, 2002). It was analyzed
whether the constitutive activation of PI3K/Akt signaling was involved in inhibition of

apoptosis and stimulation of proliferation in a Hodgkin’s lymphoma-derived cell line (CO).
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Jiicker et al. (2002) found an increased percentage of apoptotic cells after treatment with the
inhibitors of the PI3K wortmannin and LY294002, and the cell proliferation was partly
inhibited in a concentration-dependent manner. How is it possible that the up-regulation of
KLF2 is SHIP-dependent and PI3K/Akt-dependent? The best two explanations point towards
the levels of PI(3,4,5)P;. The expression and activity of the inositol 5-phosphatase SHIP
reduced the levels of PI(3,4,5)P; (Horn et al., 2004). Consequently, Akt could neither be
recruited to the membrane nor phosphorylated, and becomes inactive. This might lead to the
up-regulation of KLF2 down-stream in the signal cascade, among other events that lead to
reduction of proliferation and arresting in the G1 phase. Similarly, wortmannin inhibits the
PI3-kinase by binding to the PI3K catalytic domain. PI3K is no longer able to phosphorylate
P1(4,5)P, to PI(3,4,5)P; resulting in the same effect described before at this point. Therefore,
the effect of SHIP in the reduction of PI(3,4,5)P; levels is analog to that obtain after inhibition
of PI3K in Jurkat cells. These arguments may explain how the levels of KLF2 are increased

by SHIP or by inhibition of PI3K.

In conclusion, the pharmacological inhibition of the PI3-kinase with wortmannin
demonstrated that the inactivation of the PI3K/Akt signaling pathways led to an increase in
the expression of KLF2 in Jurkat T-cells. These data revealed that the KLF2 induction is
PI3K-mediated in Jurkat cells. Thus, the inactivation of the PI3K/Akt pathway appears to be
necessary for the induction of KLF2 expression, involved in the reduction of proliferation in

Jurkat cells.

6.5.2. The knockdown of the Aktl protein is sufficient to induce KLF2 in Jurkat
T cells

After elucidation of PI3K/Akt-mediated up-regulation of KLF2 by treatment with
wortmannin, it was subsequently investigated downstream in the signal pathway whether
knockdown of Aktl was sufficient to induce the increase of KLF2 expression. In order to
achieve that, specific gene silencing by siRNA was used to downregulate selectively Aktl
expression. The Akt kinase is a crucial component of signal transduction pathways that
regulate cell growth, proliferation and survival. It is activated in cells that have lost the tumor
suppressor PTEN and is required for the oncogenic action of mutated Ras proteins
(Porstmann et al, 2005). Although some of the substrates of Akt, such as Bad, are directly

involved in the regulation of apoptosis, it has been recognized that regulation of transcription
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by Akt may contribute to its prosurvival function (Brunet ef al, 2001). Akt is also involved in
promoting cell cycle progression by regulating cyclin D1 stability (Diehl et al, 1998) and
modulating expression and subcellular localization of the cdk inhibitors p27Kipl (Kops et al,
2002; Shin et al, 2002) and p21WAF1 (Zhou et al, 2001). In our laboratory an increase in the
transit time of Jurkat cells through the G1 phase of the cell cycle has been observed after the
restoration of SHIP, coupled to reduced levels of PtdIns(3,4,5)Ps, reduced activity of Akt and
reduced phosphorylation of GSK-3f3, a substrate of Akt, without affecting the constitutive
dual phosphorylation of MAPK-kinases Erk1/Erk2 on T202/Y204 (Horn et al, 2004). In
addition, a reduction in the phosphorylation of Rb at Ser-780 has been identified (Horn ef al,
2004), involved in the transcription of genes necessary for G1/S transition, indicating that the
SHIP-mediated downregulation of proliferation of Jurkat cells acts by increasing the transit

time through the G1 phase of the cell cycle.

In this study, it was demonstrated by microarray analysis and quantitative real-time RT-PCR
that the restoration of SHIP has no influence on changes at the transcriptional regulation of
genes coding for p27Kipl or p21WAF1 (data not shown). This agrees with the model
proposed by Horn et al. (2004), who proposed that in SHIP-mediated reduction of
proliferation in Jurkat cells, the control of p27Kipl and p21WAF1 in the signal transduction
pathways are concerned to other mechanisms, rather than regulation of their transcription by
Akt. Although the transcription factors reported to be regulated by Akt were not found to be
regulated in Jurkat cells after microarray analysis, it is likely that some of the transcription
factors found in this work to be differentially expressed are novel targets for Akt regulation.
In the previous section, it was demonstrated that the inhibition of PI3K led to an increase in
KLF2 protein levels, involving reduction of phosphorylation on Akt. So, here is shown that
knockdown of Akt by siRNA was sufficient to induce an increase of the KLF2 levels in Jurkat
cells. Including high percentage of efficiency of transfection by electroporation in Jurkat cells
(95.0-99.9%), not reported before for these cells, the silencing of Aktl in Jurkat cells by
western blot analyses and protein quantification was confirmed. The 37% silencing of the
expression of Aktl by RNAIi led to a 1.9-fold increase (+ 90%) in the expression of KLF2,
and 51% silencing of Aktl expression led to 2.5-fold increase (+150%) in the expression of
KLF2 in Jurkat cells, respectively (Figures 32 and 33). These results agree with those
obtained after the expression of the inositol 5-phosphatase SHIP, leading to a reduction of the
activity of Akt, resulting in the 2.5-fold up-regulation of KLF2 (Figure 33), in comparison to
the negative control for the RNAI assay.
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In summary, the data shown in this study revealed that the silencing of Akt is sufficient to
induce the expression of KLF2 in Jurkat cells, and that the induction of KLF2 is dependant on
the Aktl protein levels. The changes observed in the induction of KLF2 after the
pharmacological inhibition of the PI3-kinase and the silencing of Aktl expression implicates
the PI3K/Akt pathway in the induced expression of KLF2 in Jurkat cells. Because the
expression of SHIP led to an inactivation of the PI3K/Akt pathway in Jurkat cells, resulting in
a decrease in cell proliferation, it has been demonstrated that the up-regulation of KLF2 by
SHIP is PI3K/Akt-dependent. That means that up-regulation of KLF2 occurs via inactivation
of the PI3K/Akt signaling pathway in Jurkat cells.

How the PI3K/Akt signaling pathway regulates the induction of KLF2 remains to be
elucidated. The most likely explanation is that the expression of KLF2 could be increased
downstream in the signaling cascade, after reduction of phosphorylation of Rb. Rb inhibits
progression from G1 to S phase of the cell cycle. It associates with a number of several
proteins. However, many of the mechanisms involved and their role in cell cycle regulation
are still unclear. It is known that Rb phosphorylated at Ser-780 can no longer bind to the
transcription factor E2F. E2F is released from Rb and consequently induces the transcription
of genes involved in the G1/S transition in the cell cycle. The known genes involved in G1/S
transition were not shown by microarray analysis to be regulated at the transcription level
after the expression of SHIP in Jurkat cells. Further studies are required to provide evidence
of novel genes involved in the transition to the S-phase in Jurkat cells. The fact that the
phosphorylation in Rb is reduced in Jurkat cells after the expression of SHIP via inactivation
of the PI3K/Akt pathway, with increased transit time through the G1 phase (Horn et al, 2004),
agrees with the hypothesis that Rb is a key player in the control of cell proliferation in these
cells. It has been reported that the inactivation of Rb, either through mutations of the Rb/
gene itself or through mutations that enhance Rb phosphorylation, has been widely observed
in tumor cells (Sherr, 1996). Rb is constituvely phosphorylated in Jurkat cells (Horn, 2003),
which inhibits its repressing function at the checkpoint in the cell-cycle control. The
deregulation of the Rb pathway may represent one key event involved in the process of

leukemogenesis.
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7. Concluding remarks and perspectives

A model that summarizes the results obtained in this study including SHIP, KLF2, and the

PI3K/Akt pathway, along with the previous reports for events occurring downstream in the

signal cascade is shown in Figure 34.

The SHIP-mediated up-regulation of KLF2 may be mediated by the inhibition of
transcriptional repressors of KLF2 during the G1/S transition in Jurkat cells. Probably, the
transcription of these potential KLF2 repressors is activated by E2F, and when E2F is
inhibited, the activation of these genes does not take place. Consequently, the transit time
through the G1 phase is prolonged and the transcription of genes involved in a quiescent
phenotype, such as KLF2, is simultaneously activated. Another possibility is that the
inactivation of the PI3K/Akt pathway led to an activation of transcriptional activators of
KLF2. Probably the reduction of phosphorylation on Rb, discussed before, leads to a
transcriptional activation of genes that are activators of KLF2 and contribute to the prolonged

time in the G1 phase.

In relation to the effect of KLF2 on proliferation, the increased activation of KLF2 could be
also involved in the repression of transcription of S-phase genes, resulting in reduction of the
rate of newly synthesized DNA in the population of Jurkat cells. Since the transcription of
genes coding for p27Kipl or p21WAF1 was not affected in Jurkat T cells after the expression
of SHIP, it appears that the effect of KLF2 in regulation of cell proliferation, if associated
with p27Kipl or p21WAF1, takes place by other mechanisms rather than transcriptional
regulation of those genes. A detailed elucidation of the signal pathways that regulate and
deregulate cell proliferation involving SHIP, Akt, KLF2 and the cell cycle in Jurkat T cells

needs to be further investigated.

The control of cell cycle and proliferation by transcriptional regulation include mechanisms
that from the point of view of evolution give a selective advantage. The selection of traits that
preserve “normal” cells capable to respond in an orchestrated way to diverse stimuli from the
environment, including regulation and control of the proliferation, contribute to a high

probability of survival of the organisms.
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Figure 34. Up-regulation of the T cell quiescence factor KLF2 occurs via the
Phosphatidylinositol 3-kinase/Akt signaling pathway.

After expression of SHIP in Jurkat T-cells, there is a reduction in the levels of PI(3,4,5)P; and
inactivation of Akt by reduction of phosphorylation at residues Thr 308 and Ser 473. GSK3p is not
phosphorylated at residue Ser 9, and becomes active; p27Kip1 is more stable, and the phosphorylation
of Rb at Ser780 is reduced. Consequently, there is prolongation of the G1 phase of the cell cycle and
reduction of proliferation. This also may implicate a reduction in the transcription of S-phase genes. A
second event comprises the fact that the expression of KLF2 increases by the activity of SHIP.
Additionally, inhibition of PI3-kinase with wortmannin and knockdown of the expression of Aktl by
RNAI led to an increase in the expression of KLF2. This implicates SHIP and the PI3-kinase/Akt
signaling pathway in the up-regulation of KLF2 in Jurkat T cells. PI3K: Phosphoinositide 3-kinase.
Akt (PKB): Protein kinase B. GSK3[: Glycogen synthase kinase-3b. CDK: Cyclin-dependent kinase.
RB: Retinoblastoma tumor suppressor protein. p27Kipl: Cyclin-dependent kinase inhibitor
1B. KLF2: Kriippel-like factor 2. PI(3,4,5)P;: phosphatidylinositol 3,4,5-trisphosphate. TCR: T cell
receptor. WM: Wortmannin (From Garcia-Palma ef al, 2005b).

Mutation or deregulation of pathways that lead to unrestrained proliferation may represent a
short-time success for the malignant cells, for example in cancer. However, such mutations

contribute to a decrease in the expected rate of survival of the organisms. Currently many
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studies try to identify not only the abnormalities that accompany the development of

leukemia, but also the biology of such alterations.

With this study, the statistically significant differential expression (> 2-fold) of eleven genes
(SHIP-induced: KLF2, CD62L, KCMFI; SHIP-repressed: ATF5, ZNF75, DNAJBY, TRIB3,
ARHGEF10, ARRDC3, PAG, IL26) involved in transcription, signal transduction and cell
proliferation was identified and verified in Jurkat cells by microarray and quantitative real-
time RT-PCR analyses after the expression of SHIP, a negative regulator of proliferation.
Further studies that elucidate possible associations of the genes identified in this study and
their role in Jurkat cells need to be investigated. The SHIP-mediated induction of KLF2 and
its biological function on proliferation of Jurkat cells was demonstrated. Moreover, the
additive effect of KLF2 co-expressed with SHIP in Jurkat cells was shown. The PI3K/Akt-
mediated up-regulation of KLF2 was confirmed, and some possible mechanisms of regulation

of the expression of KLF2 were considered.

Further microarray and quantitative real-time RT-PCR analyses of transcriptional profile of
other leukemia T cells, i.e. from patients with T-ALL, should be carried out in order to
identify the expression profiles of KLF2 and the other 10 genes identified in these cells, and
compared to expression of SHIP. Additionally, the analysis of PI3K/Akt signaling pathway
activation should be also performed in these cells. The correlation between a constitutive
PI3K/Akt signaling pathway and repression of KLF2 should be studied in those cells.
Moreover, the performance of protein arrays might provide more information about the
function of the remaining SHIP-regulated genes identified in this study, and their association
with proliferation in Jurkat cells. This may contribute to the elucidation of their biological
functions in leukemogenesis of T cells. All this might open an interesting new window that
involves SHIP, PI3K/Akt and KLF2 as potential players for therapeutic intervention of some

types of leukemia.
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List of Abbreviations

Akt Protein kinase B

ALL acute lymphocytic leukemia

AML acute myeloid leukemia

bp base pair

CDK cyclin dependent kinase

cDNA complementary deoxyribonucleic acid
CLL chronic lymphocytic leukemia

CLP common lymphoid progenitors

CML chronic myeloid leukemia

CMP common myeloid progenitor

DNA deoxyribonucleic acid

Dox Doxycycline

DEPC diethylpyrocarbonate

dNTP deoxyribonucleic triphosphate

E efficiency of quantitative real-time RT-PCR amplification
EDTA ethylenediamine-tetraacetic acid
EGFP enhanced green fluorescent protein
EST expressed sequence tag

FACS fluorescence activated cell sorter

FCS fetal calf serum

FITC Fluoresceine isothiocyanate

Grb2 growth factor receptor-bound protein 2
h hours

ICso half of maximal inhibitory concentration
Ig immunoglobulin

IL interleukin

Ins(1,3,4)P; Inositol-1,3,4-trisphosphate

IxB inhibitor of NFxB

kDa kilodalton

KLF2 Kriippel-like factor 2 (lung)

LTR long-terminal repeat
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MAPK

ne

mg

min

mM

mRNA
NCBI

NFxB

ORF

PI3K

PBS

PCR

PDK
PTB-Domain
PtdIns(3,4)P,
PtdIns(4,5)P,
PtdIns(3,4,5)P;
PTEN

RB

rtTA

SD

SDS

She
SH-Domain
SHIP

TRE

TCR

0]

uv

v/v

WB

WM

w/v

mitogen-activated protein kinase
microgram

milligram

minute

millimolar

messenger ribonucleic acid

National Center for Biotechnology Information
nuclear factor kB

open reading frame

phosphoinositide 3-kinase

phosphate buffered saline solution
polymerase chain reaction
phosphoinositide-dependent protein kinase
phosphotyrosine binding domain
Phosphatidylinositol-(3,4)-bisphosphate
Phosphatidylinositol-(4,5)-bisphosphate
Phosphatidylinositol-(3,4,5)-trisphosphate
phosphatase and tensin homologue deleted on chromosome ten
retinoblastoma tumor suppressor protein
reverse tetracycline-controlled transactivator
standard deviation

sodium dodecyl sulfate

SH2-containing collagen-related protein
Src homology domain

SH2-containing inositol 5’-Phosphatase
Tetracycline-response element

T-cell receptor

unit

ultraviolet

volume per volume

Western Blot

Wortmannin

weight per volume
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