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TITLE

Novel retinoid inducible factor and uses thereof

FIELD OF THE INVENTION

The present invention relates to a novel retinoid-responsive nucleic acid, and to a
novel protein. Further, the invention relates to the use of such a nucleic acid or
protein in various diseases, and for the treatment, the diagnosis and prognosis of
various diseases, and also for a method for the prognosis of responsiveness to

retinoids.

BACKGROUND FOR THE INVENTION

Retinoids have anticancerous properties in many human tissues. These agents have
particularly demonstrated their efficiency in the treatment of Acute Promyelocytic
Leukemia (APL), a cancer disease that can be used as a model of responsiveness to
these agents. Importantly, if retinoid receptors have well been indentified (RAR, RXR,
PML-RAR) and extensively studied the last two decades, most of their target genes
responsible for their antiproliferative and anticancer properties still remain to be
identified. By a microarray approach, we have identified a new target gene of
retinoids, CXXCS5, encoding a nuclear factor that we have functionally characterized
for the first time and named RINF (Retinoid-Inducible Nuclear Factor).

RINF expression seems to be required for terminal differentiation of leukemic cells
triggered be retinoids. Indeed, RINF expression not only correlates with retinoid-
induced differentiation of leukemic cells and with cytokine-induced myelopoiesis of
normal CD34+ progenitors, but in addition, short hairpin RNA (shRNA) interference
suggests for this gene a regulatory function in both normal and tumoral myelopoiesis.
Also, RINF could play an important role in cancer. Interestingly, RINF gene localizes
to 5g31.3, a small region often deleted in myeloid leukemia (acute myeloid leukemia
[AML)Y/myelodysplasia [MDS]).
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Differentiation of hematopoietic stem cells to terminally mature granulocytes is a
multistage process requiring coordinate expression of genes orchestrated by lineage-
restricted transcription factors. So far, a relatively smail number of transcription
factors have been demonstrated to be essential for hematopoiesis. Deregulation or
mutations of these factors can switch the cell fate from differentiation to proliferation
and contribute to Acute Myeloid Leukemia (AML), a group of malignant hemopathies
characterized by a maturation arrest and an accumulation of immature blasts in the

bone-marrow, blood, and other tissues.

The AML-M3 subtype (according to the French—American—British (FAB)
classification) also known as Acute Promyelocytic Leukemia (APL), corresponds to
clonal expansion of leukemic blasts blocked at the promyelocytic stage of
granulocytic differentiation. This pathology whose genetic hallmark is the t(15;17)
translocation, represents the first cancer treated by a transcription-based therapy re-
establishing terminal differentiation. Indeed, in this pathology, pharmacological doses
of all-trans retinoic acid (ATRA) trigger terminal maturation of leukemic blasts. At the
molecular level, ATRA is known to act as a ligand for retinoic acid receptors (RARa,
PML-RARo....) in APL cells and regulates transcriptional activation of downstream
target genes. Despite extensive studies using an experimental model, the NB4 cell
line, only a few target genes encoding transcription factors have so far been shown

to be really essential for retinoid-induced-differentiation of promyelocytic cells.

SUMMARY OF THE INVENTION

By using a microarray approach, we have identified several novel genes early
induced by retinoids in NB4 cells and encoding transcription factors potentially
involved in the re-establishment of terminal differentiation by ATRA. One of these
genes induced by retinoid treatment encodes a nuclear factor that we named RINF
(Retinoid-Inducible Nuclear Factor). RINF invalidation by RNA interference abrogates
the differentiating action of ATRA in NB4 cells by enforcing a retinoid-resistance

phenotype and delays cytokine-induced granulocytic differentiation of normal CD34+
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myeloid progenitors, thus suggesting a key and general regulatory role for RINF in
myeloid differentiation.

DETAILED DESCRIPTION OF THE INVENTION

A first embodiment of the present invention relates to a novel retinoid-responsive
nucleic acid, characterized in that it comprises the sequence of SEQ ID NO 1 and
SEQ ID NO 2 or a functional fragment or variant thereof, or an functionally equivalent

isolated DNA sequence hybridizable thereto, or a corresponding mRNA thereof.

A second embodiment of the present invention relates to a protein or protein
derivative, characterized in that it comprises the sequence of SEQ ID NO 3 (CXXC5)

or a functional fragment or variant thereof.

A third embodiment of the present invention relates to the use of a protein or a
protein sequence according to claim 2, or a nucleic acid according to claim 1, for the
manufacturing of a pharmaceutical composition for the prevention and/or treatment of

various diseases.

A preferred embodiment relates to the prevention and/or treatment of a
hematopoietic disease, or improvement of differentiation of a hematopoietic cell in a
mammal. A further embodiment relates to the impairment or blocking of
differentiation and/or improvement of proliferation of a hematopoietic cell in vifro or in

a mammal.

The hematopoietic cell can be a bone marrow cell, a peripheral blood cell, an

umbilical cord blood cell, and the cell can be either tumoral or non-tumoral.

A preferred use is for re-establishment of differentiation in cells, such as lymphoid
cells or acute myeloid leukemia cells.

Said hematopoietic disease can be Myelodysplasia (MDS, myelodysplastic
syndrome), Acute Myeloid Leukemia (AML), Acute Lymphoid Leukemia (ALL),
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Myeloproliferative syndrome (MPS), Chronic Myeloid Leukemia (CML) or Chronic
Lymphoid Leukemia (CLL).

A preferred embodiment relates to the prevention and/or treatment of cancer.

Said cancer can be one of the cancer types selected from the group comprising
leukemia, (Myelodysplasia (MDS, myelodysplastic syndrome), Acute Myeloid
Leukemia (AML), Acute Lymphoid Leukemia (ALL), Myeloproliferative syndrome
(MPS), Chronic Myeloid Leukemia (CML), Chronic Lymphoid Leukemia (CLL) and
solid tumors (Breast cancer, melanoma, lung cancer, thyroid cancer, prostate cancer,

neuroblastoma, and renal carcinoma).

A further aspect of the invention relates to the use of a retinoid to activate the
expression of a nucleic acid in accordance with claim 1, and/or to enhanced the
expression of a protein or protein sequence according to claim 2 in a mammal in

need thereof. A preferred embodiment is ATRA.

A further aspect of the invention relates to a method of regulating the expression of
CXXCS5 by retroviral or lentiviral vectors (over-expression) or by shRNA molecules

(repression).

A further embodiment of the invention relates to a method prognosis for retinoid

responsiveness, or for the prognosis of a disease.

A further embodiment of the invention relates to a method for diagnosis of a cancer
disease or a hematopoietic disease, or a condition of reduced myelopoiesis,
characterized in that said method comprising the detection of the expression level
and/or status of a nucleic acid according to the invention, or the expression level
and/or status of a protein or protein sequence according to the invention. A preferred
embodiment relates to the diagnosis of acute promyelocytic leukemia (APL)

genotype. Another preferred embodiment relates to the diagnosis of a leukemic,
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preleukemic (myelodysplastic), or cancerous condition. A preferred embodiment uses

an antibody for the diagnosis.

A further aspect of the invention uses a protein sequence or a or a nucleic acid
according to the invention,for the manufacturing of a monoclonal or polyclonal

antibody.
A further aspect relates to a method of targeting a molecule to a cancer cell.

A further aspect relates to a molecule capable of interacting with a protein or protein

sequence according to claim 2, or with a nucleotide according to claim 1.

DEFINITIONS

Hematopoiesis:

Hematopoiesis (from Ancient Greek: haima blood; poiesis to make), sometimes also
called hemopoiesis, is the formation of blood cellular components (erythrocytes,
thrombocytes, granulocytes (neutrophiles, basophils, eosinophiles), monocytes,
macrophage, and lymphocytes (B, T and NK). All cellular blood components are

derived from hematopoietic stem cells.

Hematopoietic cell:

Any cell from the hematopoietic tissue (including lymphoid, myeloid cell). This cell
can be a stem cell (HSC), a progenitor cell (common progenitor for myeloid or

lymphoid), a committed cells or a terminally differentiated blood cell.

Myelopoiesis: Formation of myeloid cells from the pluripotent hematopoietic stem
cells in the bone marrow via myeloid stem cells. Myelopoiesis generally refers to the
production of leukocytes in blood, such as monocytes and granulocytes. This

process also produces precursor cells for macrophage and dendritic cells found in
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the lymphoid tissue. In hematology, the term "myeloid cell" is used to describe any
leukocyte that is not a lymphocyte and then also include erythrocytes (red blood
cells) and thrombocytes (platellet) in addition to granulocytes, monocytes,

macrophages and dendritic cells.

Acute Myeloid Leukemia (AML):

Acute myeloid leukemia (AML), also known as acute myelogenous leukemia, is a
cancer of the myeloid line of white blood cells, characterized by the rapid proliferation
of abnormal cells which accumulate in the bone marrow and interfere with the
production of normal blood cells. The symptoms of AML are caused by replacement
of normal bone marrow with leukemic cells, resulting in a drop in red blood celis,
platelets, and normal white blood cells. These symptoms include fatigue, shoriness
of breath, easy bruising and bleeding, and increased risk of infection. AML is
characterized by a maturation clock. According to the French-American-British (FAB)
classification, 8 subtypes of AML can be distinguished (from MO to M7) based on the
stage at which the differentiation is blocked, the hematopoietic compartment

concerned, and the degree of maturity of the leukemic cells.

The "status" of a gene or protein means the sequence analysis or the expression
level of the gene or protein, and the number of copies of a gene, and methylation

status .

Retinoids: A class of chemical compounds that are related structurally or functionally
to vitamin A. In the present application, the term retinoid means any compound able
to bind to and activate retinoic acid receptors. These receptors bind Retinoic Acid-
Responsive Elements (RARE) present in the promotors of their direct target genes
and usually activate their transcription after binding with their ligand (for instance
retinoic acid).

Here, a retinoid-responsive gene or protein, is a gene or a protein whose level of

expression is induced upon treatment with a retinoid (like retinoic acid).
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Prognosis for retinoid responsiveness:

Only a small percentage of leukemic or cancer cells respond to therapy with
retinoids. Moreover, the clinical response to this therapy usually requires days or
weeks of treatment before having any beneficial effect for the patient. The existence
of an early gene or protein biomarker of retinoid responsiveness, that could predict
the latter outcome of the treatment of the disease with these agents, would consitute
an important prognosis indicator that would help clinicians in deciding if their patients

should undertake such a treatment or another one.

EXPERIMENTAL SECTION

Materials and methods

Cell culture, treatments, and RNA preparation.

Human breast carcinoma cells (MCF7) and myeloid cells (NB4, NB4-LR1, NB4-LR2,
K562, LAMA-84 and HL60) were cultured in RPMI 1640 medium (Invitrogen)
supplemented with 10% foetal bovine serum (Biochrom AG), 2 mM L-Glutamine, 50
units/ml penicillin G and 50 pg/ml streptomycin (Invitrogen) and were incubated at
37°C in the dark, in a 5% COz/humidified atmosphere. For in vitro expansion of
human bone marrow primary CD34+ cells (StemCell technologies), we supplemented
the above medium with 20 ng/mL of Interleukin 3 (IL3), 20 ng/mL of Granulocyte-
colony stimulating factor (G-CSF) and 50 ng/mL of Stem cell factor (SCF) purchased
from Peprotech. Maturation was evaluated by morphology with May-Griinwald-
Giemsa (MGG) staining and by nitroblue tetrazolium (NBT) reduction assay as
previously described in Duprez E, Ruchaud S, Houge G, et al. A retinoid acid
'resistant’ t(15;17) acute promyelocytic leukemia cell line: isolation, morphological,
immunological, and molecular features. Leukemia. 1992;6:1281-1287. Cell density
was determined using a Coulter Counter (Beckman). Cell proliferation was
represented as Population Doublings (PD) calculated by the formula: PD = Log

(N/No)/Log2, where N is the number of cells counted and No the number of cells
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seeded at day 0. Cells treated or not with ATRA (Sigma) were collected together and
directly stored at -80°C for RNA preparation with Trizol (Invitrogen) or RNeasy mini
kit (Qiagen). Yield and quality of the extracted RNA was evaluated by NanoDrop®
ND-1000 spectrophotometer (NanoDrop Technologies).

Microarray hybridization

All microarray experiments were performed using the Applied Biosystems (AB)
Expression Array system, which is based upon chemiluminescence detection. The
AB human microarray contains 31,700 oligonucleotide probes (60-mers) representing
27,868 individual human genes. Before labelling, amount and quality of the extracted
RNA was verified by NanoDrop® ND-1000 spectrophotometer and Agilent 21 00
Bioanalyzer (Agilent technologies). Two pg of total RNA from each sample were
converted into digoxigenin (DIG)-labelled cRNA (with DIG-dUTP) using the AB
Chemiluminescent RT-IVT labelling kit version 2.0 (PN 4363252, Roche). Amount
(50-70 ug) and quality of the DIG-labelled cRNA was controlled by NanoDrop
spectrophotometer and Agilent 2100 Bioanalyzer. Twenty ug of DIG-labelled cRNA
was hybridized to the AB Human Genome Survey Microarray version 1.0 according
to the manufacturer's instructions. The chemiluminescent signal detection, image
acquisition and image analysis of the microarrays were performed on the AB 1700
Chemiluminescent Microarray Analyser (PN 4338036) following the manufacturer's
protocol (PN 4339629). Images were auto-gridded and the chemiluminescent signals
were quantified, corrected for background, and finally, spot-and spatially-normalized
using the AB 1700 Chemiluminescent Microarray Analyzer software v1.03 (PN
4336391). A total of 6 microarrays were used for the analysis. Two replicates
(independent labelling and independent hybridization process) were generated for
NB4 samples at 3 hours. For inter-array normalization, we applied global median
normalization across all microarrays to achieve the same median signal intensities
for each array. MIAME compliant documentation of the microarray experiments have
been deposited in Array Express at the European Bioinformatics Institute

(www.ebi.ac.uk/arrayexpress) under the accession number E-BASE-7.
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Microarray data analysis and gene classification

The Applied Biosystems Expression System software was used to extract signals
and signal-to-noise ratios (S/N). Only microarrays showing an average normalised
signal intensity above 5,000 and a median background below 600 were included in
the study. Signal intensities were imported into J-Express Pro V2.7 software
(MolMine, Bergen, Norway) in accordance with Dysvik B, Jonassen |. J-Express:
exploring gene expression data using Java. Bioinformatics. 2001;17:369-370., where
inter-array quantile normalisation was performed in order to minimise the effect of
external variables introduced into the data. When relevant, quality filtering of
unreliable spots (S/N<3) was performed before normalisation. All the genes identified
were classified using PANTHER™ (Protein ANalysis THrough Evolutionary
Relationships) and Gene Ontology™ (GO).

Quantitative RT-PCR

First-strand cDNA synthesis (RT) were carried out starting with total RNA (0,1to 1
ug) in a 20-pl volume using oligo-dT primers with Transcriptor Reverse Transcriptase
(Roche) in accordance with the manufacturer's instructions. Quantitative PCRs were
performed using SYBRgreen detection kit on a Light Cycler 480 machine (Roche) in
accordance with the manufacturer’s instructions. For each gene (cxxc5, cd34, gesfr
and cd11b), relative mRNA expressions were normalized to rpP2 gene expression.
Primers for detection of cxxc5 (5'-tccgctgctetggagaag-3’ and 5'-
cacacgagcagtgacattge-3'), rpP2 (5'-atgcgctacgtcgec-3' and 5'-
ttaatcaaaaaggccaaatcccat-3'), cd34 (5'-cagetggagecccacag-3' and 5'-
gaggtcccaggtcctgage-3’), gesfr (5'-gtgcccacaatcatggaggag-3' and 5'-
catcctectccageactgtg-3'), and cd11b (5'-ctgetectggecctcate-3' and 5'-
gacccccttcactcatcatgtc-3') were all designed to be used in the same conditions of
real-time PCR amplification: denaturation at 95°C, 10 seconds; annealing at 58°C, 10

seconds; elongation at 72°C, 12 seconds.

For the results given in the figures 12, 13 and 14, the quantitative RT-PCR uses
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Patients Materials.

A series of 105 bone marrow or blood samples were collected from 94 patients
suffering from various hemopathies and 13 healthy donors. The various pathologies
were classified according to the French-American-British (FAB. Bennet et al. 1982)
and WHO (Vardiman et al. 2002) classifications as followed: 5 MDS with
chromosome 5q deletion, 14 MDS without chromosome 5q deletion, 20 AML (bone
marrow samples) and 37 AML (blood samples), 14 ALL B (blood) and 2 ALL T
(blood). All the patients signed an informed consent.

Quantitative RT-PCR of RINF in patient samples (figures 12, 13 and 14)

First-strand cDNA synthesis (RT) were carried out starting with total RNA (0,1 to 1
ug) in a 20-ul volume using oligo-dT primers and random hexamer primers with
Transcriptor Reverse Transcriptase (Roche — 05 531 287 001) in accordance with
the manufacturer’s instructions. Quantitative PCRs were performed using specific
Hybridization probes targeting CXXC5 gene on a Light Cycler 480 machine (Roche)
in accordance with the manufacturer's instructions of the kit Lightcycler® 480
ProbesMaster (04 707 494 001). Relative mRNA expressions were normalized to
rpP2 gene expression. Primers for detection of cxxc5 (5'-fccgetgetetggagaag-3' , 5'-
cacacgagcagtgacattgc-3' and 6FAM-AACCCAAAgCTgCCCTCTCC-BBQ), rpP2 (5'-
atgcgctacgtcgec-3', 5'-ttaatcaaaaaggccaaatcccat-3' and Cy5-
AgCTgAAngAAAAAACATTgAAgACgTC-BBQ), were all designed to be used in the
same conditions of real-time PCR amplification after a initial denaturation at 95°C
during 5 min, and then proceed during 44 cycles as followed: denaturation for 10
seconds at 95°C; and elongation at 55°C for 20 seconds.

Sequencing CXXC5

Prior to sequencing PCR products were subjected to purification using ExoSAP — IT
kit (GE healthcare - 78201) according to manufactures instructions. Sequencing was
done using BigDye® v3.1 cycle sequencing Kit (ABI - 4337456) with specific
forward (5'- gcacaaaagtggtgctgtg- 3°) and reverse - (5’- gcgtggtgcaggageat- 3°)
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sequencing primers in a total volume of 10l with the following reaction conditions:

denatuation 96°C, 10 seconds ; annealing at 50°C, 5 seconds; elongation at 60°C, 4

minutes and run for 25 cycles.
Solid tumors

Concerning solid tumors, we investigated the RINF mRNA expression level in 35
samples from patients suffering from breast cancer (and 7 healthy controls), 40
samples from patients suffering from metastatic melanoma (and 8 healthy nevi
controls) and 28 thyroid cancer samples containing both tumor and benign match

pair.

Chromatin Inmuno-Precipitation experiments

Twenty millions of NB4 cells were crosslinked with formaldehyde (1% v/v) in RPMI
medium (Invitrogen) for 10 minutes at 37°C, rinsed twice with ice-cold PBS,
resuspended in hypotonic cell lysis buffer (0.25% Triton X-100, 10 mM Na-EDTA, 0.5
mM Na-EGTA, 10 mM Tris—HCI, pH 8.0, and protease inhibitor cocktail). Plasma
membranes were broken using a Dounce (20 strokes) and collected nuclei (5
minutes centrifugation at 650g, 4°C) were resuspended in 12004l of ChIP buffer
(0.1% SDS, 0.1% Na-Deoxycholate, 1% Triton x-100, 1mM EDTA, 140mM NaCl,
10mM Tris pH 8, and protease inhibitor cocktail), and then sonicated to obtain DNA
fragments of 500-1000 bp in length. For each IP, 200 pl of the sonication product was
harvested and diluted 10 folds in the dilution buffer (20mM Tris pH 8, 2mM EDTA,
150mM NaCl, 1% Triton x-100). To reduce non specific binding, a preclearing step
was performed before hybridization by adding 70ul of salmon sperm DNA/Protein A
Agarose 50% slurry (Upstate) for 2h at 4°Con a rotating plate. Hybridization was
performed (overnight at 4°C) by adding 4ug of an anti-RARa antibody (Abcam-
H1920), or anti-PML antibody (Santa Cruz, sc-966) to the fragmented chromatin
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mixture for immunoprecipitation (IP). Immunoprecipitation was performed by adding
70ul of salmon sperm DNA/Protein A Agarose 50% slurry (Upstate) for 4h at 4°C on
a rotating plate. The immunocomplex was recovered by centrifugation and eluted in
200 pl of elution buffer (1% SDS, 100mM NaHCO3) after extensive washing. To
remove DNA-protein crosslinks, 8ul of 5M NaCl were added to the eluates, followed
by heating at 65°C overnight. The fractions were then treated with RNAse A (10
ug/ml) and proteinase K at 42°C for 2h. The resultant DNA from each IP was purified
by phenol/chloroform extraction and resuspended in 40 pl of TE (10mM Tris-HCI, pH
8.0, 1mM EDTA, pH 8.0. For the input fraction, 20 pl of the crosslinked chromatin
was saved after the preclearing step, diluted 10 folds in H20, and was subjected to
the same steps for removing DNA-proteins crosslinks. Input, IP and No Ab fractions
were analysed by PCR using pairs of primers that encompass the Retinoic Acid
Responsive Elements located in promoter regions of RINF or RARDb2. Primers for
RINF promoter (105 bp) 5'-gcagtctgagatggticccagg-3'15'-tgcatgtaccattccctetgec-3’
and for RARb2 promoter (247 bp) 5'-fcctgggagttggtgatgicag-3'/5'-
aaaccctgetcggategcete -3'.

Preparation of cytoplasmic and nuclear fractions.

Cell fractionation was performed at 4°C. NB4 cells were collected by centrifugation at
2009, washed twice with PBS, suspended in the hypotonic lysis buffer containing
proteases and phosphatases inhibitors (25 mM Tris-HCI pH 7.5, 12.5 mM NaF, 0.2
mM sodium orthovanadate, 1 % protease inhibitor cocktail, Sigma P8340) and
allowed to swell during 40 minutes. The plasma membranes were broken by
homogenisation of the cell suspension with a conic pestle in a microfuge tube
(Eppendorf). Triton-X 100 was added at 0.1 % final concentration just before
centrifugation at 1,000g during 3 minutes. The supernatant consisting of the
cytoplasmic fraction, is separated from the pellet consisting of the nuclei. The nuclei
were washed twice with the lysis buffer containing proteases and phosphatases
inhibitors, recovered by centrifugation at 1,000g and extracted with 4x sample buffer
(Laémmli 1970) for 8 minutes at 100 °C.

Western-blot.
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Western blotting was carried out as previously described by Wu YL, Dudognon C,

Nguyen E, et al. Inmunodetection of human telomerase reverse-transcriptase
(hTERT) re-appraised: nucleolin and telomerase cross paths. J Cell Sci.
2006;119:2797-2806.

Customized rabbit polyclonal peptide-specific antibody against RINF was produced
by Biogenes GmBH. The immunogen peptide corresponds to amino acids 45-58 of
RINF protein. Antibody specificity was confirmed by cbmpetitive inhibition of the
western-blot signal by addition of the immunogene peptide to the primary antibody
solution. Briefly, blots were incubated with primary antibody against RINF (polycional
antibody), PARP (monoclonal mouse IgG, Calbiochem, n°AM30) or actin (polyclonal
rabbit IgG, Sigma, n°’A2066) and then with an appropriate peroxydase conjugated
secondary antibody. Detection of proteins was performed using a chemiluminescent
detection system (Amersham Pharmacia Biotech). Blot with human tissue extracts

was purchased from Millipore (TB300)

Preparation of cytoplasmic and nuclear fractions.

Cell fractionation was performed at 4°C. NB4 cells were collected by centrifugation at
200g, washed twice with PBS, suspended in the hypotonic lysis buffer containing
proteases and phosphatases inhibitors (25 mM Tris-HCI pH 7.5, 12.5 mM NaF, 0.2
mM sodium orthovanadate, 1 % protease inhibitor cocktail, Sigma P8340) and
allowed to swell during 40 minutes. The plasma membranes were broken by
homogenisation of the cell suspension with a conic pestle in a microfuge tube
(Eppendorf). Triton-X 100 was added at 0.1 % final concentration just before
centrifugation at 1,000g during 3 minutes. The supernatant consisting of the
cytoplasmic fraction, is separated from the pellet consisting of the nuclei. The nuclei
were washed twice with the lysis buffer containing proteases and phosphatases
inhibitors, recovered by centrifugation at 1,000g and extracted with 4x sample buffer
(Laémmli 1970) for 8 minutes at 100 °C.
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Immunofluorescence.

Plasmid encoding FLAG-tagged RINF was constructed from NB4 cells cDNA. PCR
products were inserted into the pFLAG-CMV-4 expression vector (Sigma). MCF7
cells were grown on coverslips and transfected with FLAG-tagged-RINF constructs
according to Fugene HD manufacturer's protocol (Roche). Two days post-
transfection, cells were washed once in PBS and fixed for 15 minutes in 2%
paraformaldehyde. Fixed cells were washed three times in PBS, permeabilized in
0.1% Triton X-100 for 10 minutes and then incubated in blocking buffer (PBS, 2%
BSA) for 30 minutes. Cells were then incubated overnight with the primary antibody
(rabbit polyclonal anti-Flag M2, Sigma) diluted 1:3,000 in blocking buffer (PBS, 2%
BSA), washed twice in PBS and incubated with the secondary antibody (Alexa-488-
conjugated anti-rabbit from Molecular Probes, Invitrogen) diluted 1:1,000 (PBS, 2%
BSA), for 1 hour at room temperature. Subsequently, cells were washed three times
in PBS and were mounted in Vectashield mounting medium with 4',6-diaminidine-2-
phenylindole (DAPI, Vector Laboratories) to counterstain nuclei. Immunofluorescent
images were acquired by confocal microscopy on a Zeiss LSM510 META confocal
laser microscope with a Plan Apochromat 63X N.A.1.4 oil-immersion objective using
the LSM510 software v4.0 (Zeiss).

Plasmids for lentiviral infections.

Lentiviral plasmids (pLKO.1/shRNA/RINF) targeting RINF expression were
purchased from Sigma (MISSION® shRNA Bacterial Glycerol Stock) and control
vectors (pLKO.1/TRC and pLKO.1/shRNA/scramble controls) were kindly provided
by David Root and David M. Sabatini through a material transfer agreement
(Addgene plasmids 10879 and 1864). Briefly, production of lentiviral particles were
performed by transient co-transfection (Fugene HD, Roche) of HEK 293T cells with
the 2nd generation packaging system (e.g. packaging plasmid psPAX2 and envelope
plasmid pMD2.G) developed by Trono's lab (Addgene plasmids 12260 and 12259).
Viral supernatants were harvested and filtered two days post-transfection and then

applied to growing cells for spin-infection (2400 rpm, 1h at room-temperature), which
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was carried out in presence of proteamine sulfate (5pg/mL). Two days post-infection,

NB4 cells were selected for at least 2 days with puromycine (Sigma) at 1ug/mL.

Plasmids and Retroviral Infections

The murine stem cell virus retroviral vector Mig-R1, containing encephalomyocarditis
virus internal ribosomal entry sequence and green fluorescent protein (GFP)as a
reporter gene, was gently provided by W. S. Pear (University of Pennsylvania,
Philadelphia, PA). RINF was inserted into Mig-R1 so that the 5’ viral long terminal
repeat (LTR) promoter drives its expression. The Mig-R1 constructs (Mig-R1/empty
and Mig-R1/RINF) were transfected into the Phoenix retroviral packaging cell line to
produce (VSV-G pseudotyped) viral supernatants that were harvest 2 days post-
transfections. Infections, were then carried out in the presence of 4 pg/ml of
proteamine sulfate. Infected cells were sorted nine days after infection for GFP

fluorescence.

URLs

Exon-intron structure and genomic organization of Cxxc5 gene was performed using
fast DB (www.fast-db.com) in accordance with de la Grange P, Dutertre M, Martin N,
Auboeuf D. FAST DB: a website resource for the study of the expression regulation
of human gene products. Nucleic Acids Res. 2005;33:4276-4284. Theoretical
molecular mass of RINF protein was calculated at EXPASyY (Expert Protein Analysis
System) proteomic server website (www.expasy.ch/tools/pi_tool.html). In silico
analysis of the putative NLS motif was performed using PredictNLS
(cubic.bioc.columbia.edu/predictNLS/).

Results

The invention and the results of the experiments leading to the invention will now be
further described, with reference to the following figures:
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Figure 1 shows that CXXC5 (RINF) is a direct target of retinoic acid. (A). RINF mRNA
expression levels were measured by quantitative RT-PCR after 4h of ATRA-
treatment (1 uM). Inhibition of translation with cycloheximide (CHX) used at 10 pg/mL
did not block ATRA-induced increase in RINF mRNA level, demonstrating that this
process does not require de novo protein synthesis, and strongly suggests that Rinf
is a primary target of retinoic acid. The histogram represents means from two
independent cell culture treatments (+/- s.e.m). (B). In vivo binding of RARa and
PML-RARGq to the RINF promoter in NB4 cells. Crosslinked chromatin was prepared
from NB4 cells treated or not with 1uM ATRA for 3h and immunoprecipitated with
antj- RARa or anti-PML antibodies. The precipitates were subjected to PCR analysis
using primer pairs spanning the human RINF or RARb2 gene promoters. The primers
were designed to encompass the putative retinoid responsive element found in the
RINF promoter (ggagttcatgaggtgagc) or the well established RARE
(ggttcaccgaaagttca) in RARb2 promoter (here used as a positive control). Input:
PCRs performed on total chromatin from NB4 cells before IP. No Ab (No Antibody
control): PCRs performed on sample obtained after IP with an irrelevant antibody or
without any antibody.

Figure 2 shows the Cxxc5 gene structure and protein product (RINF). (A) The Cxxcd
(Rinf) gene localizes to chromosome 5q31.3. The gene starts 139,008,130 bps from
pter and ends 139,043,651 bps from pfer. It is orientated in plus strand direction and
is 35,522 kbps long. (B) Genomic organization of Cxxc5 (Rinf) gene. The gene is
organized in 4 exons and 95% of the open reading frame is located in exon 3. A
putative Retinoic Acid Responsive Element (RARE) of Direct Repeat 2 (DR2) type is
situated at -3116 bps up-stream of the exon 1 transcription start site. (C) Predicted
amino acid sequence of RINF according to one letter amino acid representation. The
open reading frame predicts a protein sequence of 322 amino acid residues and a
theoretical molecular weight of 32.98 kDa (www.expasy.ch/tools/pi_tool.html). The
zinc finger domain is underlined. (D) Except the CXXC zinc finger domain, no
conserved structural domain was found. An alignment of the CXXC-motif of RINF

protein with its human paralogs is presented. Amino acids that are invariant among
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CXXC-motifs are in grey and the conserved cysteine residues are in red. The
consensus sequence for CXXC-type zinc finger can be defined by Cx2Cx2Cx4-
5Cx2Cx2C9-15Cx2Cx4C.

Figure 3 shows the RINF expression and subcelluiar localization in NB4 cells and
other myeloid cell lines and tissues. (A) Relative expression of RINF mRNA levels
(measured by quantitative RT-PCR) during ATRA treatment (1 uM) of NB4 cells. (B)
Expression of RINF protein in total extracts from NB4 cells treated or not with ATRA
(1 uM). RINF was detected with our customized polyclonal rabbit antibody (see
Methods) that detects a specific band at 33 kDa. Actin was used as a loading control.
(C) Expression of RINF protein in nuclear and cytosolic fractions of NB4 cells treated
or not with ATRA (1 uM). RINF was detected with the polyclonal antibody. In this
experiment, PARP and Actin were used as controls to evaluate quality, purity, and
loading of the nuclear and cytosolic extracts. (D) FLAG-tagged RINF (green; Alexa
Fiuor 488-conjugated anti-FLAG monoclonal antibody) localizes in the nucleus
(stained in blue with DAPI) of MCF7 cells analyzed by confocal and Differential
Interference Contrast (DIC) microscopy. Scale bar, 10 um. (E) RINF mRNA
expression in various myeloid cell lines measured by quantitative RT-PCR with or
without ATRA at 4h of treatment (see Methods). Expression of RINF protein in
various myeléid cell lines (F) treated or not with ATRA (1 yM, during 4h), and in
various human tissues (G). The same amounts of protein (determined with BCA
assay test) were loaded for each of the myeloid cell line (20 ug) and human tissue

extracts (65 g, see Methods). Actin was used as a loading control.

Figure 4 shows that shRNA-mediated silencing of Rinfimparts resistance to ATRA-
induced terminal differentiation of NB4 cells. (A) Lentiviral shRNA vectors and their
mRNA target sequences used to knock down Rinf expression. After infection and
selection of NB4 cells (see Methods) with the lentiviral vector constructs, their
efficiencies to target basal Rinf expression were monitored by quantitative RT-PCR
measuring basal RINF mRNA expression levels (indicated in % of mock control, the
pLKO.1/Empty vector). The most efficient knockdowns were obtained with
shRNA/RINF-3 and shRNA/RINF-4 constructs (61% and 85% respectively, in the
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absence of ATRA). (B) Cell growth (population doublings) of NB4 cells, stably
expressing the shRNA-constructs, in the presence of ATRA (1uM). The presented
kinetic experiment (here during 12 days of ATRA-treatment) is representative of three
separate experiments (performed from different batches of infections). Post-
maturation cell death of control cells is indicated by a t. (C) RINF mRNA expression
assessed by quantitative RT-PCR (% of untreated mock-control at 12 hours of
culture) and terminal differentiation assessed by cell morphology at day 4 (scale bar,
25 um) and NBT reduction assay assessed at day 2 (scale bar, 25 um) of NB4 cells
infected with Empty, hRNA/Scramble, shRNA/RINF-3 and shRNA/RINF-4 vectors.
Cells were treated or not with ATRA (1uM) for four days (first round of ATRA, d0-4,
left panel). After 2 more weeks of culture in the absence of ATRA, shRNA/RINF-3
and shRNA/RINF-4 cells that escaped the first round of ATRA were retreated
(second round of ATRA, day 20 to 24, right panel) for four days with ATRA (1uM).

Figure 5 shows the RINF expression during normal myelopoiesis. (A) Cytokine-
induced (IL3 and G-CSF at 20 ng/mL, SCF at 50 ng/mL) granulocytic differentiation
of myeloid CD34+ cells (from a healthy donor). For cell morphology (scale bar, 25
um), cells were spread on a glass slide by cytospin, air-dried, and stained with May-
Griinwald Giemsa (MGG) at different time points of culture (from day 2 to day 10).
For each day of culture recorded, the main stages of myelopoiesis observed is
indicated. At day 10, most of the cells were terminally differentiated into polynuclear
neutrophil granulocytes. In our experimental conditions, a few monocytic cells were
also noticed (not, shown). (B) Relative mRNA expression of various genes
(measured by quantitative RT-PCR) during cytokine-induced granulocytic
differentiation of CD34+ progenitors (+/- s.e.m).

Figure 6 shows the functional involvement of RINF during normal myelopoiesis.
CD34+ myeloid progenitors from three healthy donors (A, B and C) were infected
with lentiviral shRNA constructs targeting RINF expression (shRNA/RINF-3 and -4) or
control vectors (empty and shRNA/scramble)-and treated with cytokines (IL3 and G-
CSF at 20 ng/mL, SCF at 50 ng/mL) to drive them into granulocytes. For each donor,
myeloid differentiation was evaluated every two-three days of culture by cell
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morphology analysis after cytospins and MGG staining (scale bar, 25 uym). Cell
differentiation of cultured progenitors déveloped with different kinetics. The figure
shows morphology of the cell populations after 14, 30, and 18 days, respectively.
Note that cell cultures infected with shRNA-RINF-3 or shRNA-RINF-4 constructs
display more immature cells at the promyelocytic/myelocytic stage (indicated by
arrows) than the controls (cell cultures infected with empty or scramble vectors). For
donor A, the kinetic of granulocytic differentiation was fast (until day 10) and only a

few adherent monocytes/macrophages persisted in control cultures at day 14.

Figure 7 shows the expression of RINF protein in total extracts from NB4, NB4-LR1
and NB4-LR2 cells treated with ATRA (1 uM). RINF was detected with our
customized polyclonal rabbit antibody (see Methods) that reveals a specific band at
33 kDa. Actin was used as a loading control. RINF expression was more pronounced
in NB4 cells, than in the two resistant subclones NB4-LR1 and NB4-LR2.

Figure 8 shows the Cxxc5 mRNA expression in blasts derived from three (PML-
RARa positive) APL patients. Cells were treated or not with ATRA (1 uM) during 4h.
Data have been extracted from the publically available database Arrayexpress (E-
MEXP-149). Microarray experiments were performed by Meani et al. according to
Affymetrix GeneChip Human Genome HG-U133A and HG-U133B (2 represented
hybridizations for each sample). The quantitation type used for the expression value
measurement is affymetrix:CHPSignal. The 3 probes targeting Cxxc5 expression
were probe a (222996_s_at) , b(224516_s_at) and c (233955_x_at). The two dotted
lines indicate untreated and ATRA-treated group means. We applied the Paired-
student's t-Test to show that the values for these two groups were significantly
different (p-value < 0.05).

Figure 9 shows that shRNA-mediated silencing of Rinf delays ATRA-induced terminal
differentiation of HL60 cells. HL60 cells were infected with Empty, shRNA/Scramble,
shRNA/RINF-3 or shRNA/RINF-4 lentiviral vectors and selected. Cells were then
treated or not with ATRA (1uM). RINF mRNA expression was assessed by
quantitative RT-PCR (% of untreated mock-control at 6 hours of culture). Terminal

differentiation was assessed by the NBT reduction assay at day 2 and by cell
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morphology at day 6 and (scale bars, 25 ym).

Figure 10 shows that RINF over-expression is not sufficient to induce differentiation
of NB4 and HL60 cell lines. (A) A retroviral system derived from Murine Stem Cell
Virus (MSCV) was used to over-express RINF in the two cell lines. The cells were
infected and sorted 9 days post-infection for GFP expression. (B) For the two cell
lines, RINF mRNA expression was measured (here at day 10) by quantitative RT-
PCR and represented in % of their respective mock control (+/- s.e.m). (C) Cells
were cytospined and stained with MGG for cell morphology analysis here visualized
at two different magnitudes (scale bars, 25 ym). No sign of differentiation was noticed
even after 10 days of RINF over-expression. A few percentage of cell death (about

10% of the total) was consistently noticed in cell cultures over-expressing RINF.

Figure 11 shows Cxxc5 mRNA expression in CD34+ cells derived from 55 patients
suffering from myelodysplasia (MDS). Data have been extracted from the publicly
available databases Arrayexpress (E-GEO-4619) and Gene Expression Omnibus
(GDS2118). Microarray experiments were performed by Pellagatti et al. according to
GeneChip Human Genome U133 Plus 2.0 arrays (Affymetrix). Each point represents
1 patient with MDS or a healthy individual. The three dotted lines indicate group
means (998.1, 512.2 and 985.9) for normal healthy donors (n=11 ), MDS with deletion
5q (n=20) or MDS without del 5q (n=35). The values for Normal and MDS with
del(5q) were significantly different according to the Wilcoxon two sample test
(p<0.003). URLs: hitp://www.ebi.ac.uk/arrayexpress/ (ArrayExpress) and
http://www.ncbi.nlm.nih.gov/geo/ (Gene Expression Omnibus)

Figure 12 shows RINF mRNA expression detected by RQ-PCRin bone marrow cells

from patients with various hemapathies

Figure 13 shows mRNA expression detected by RQ-PCR in blood cells from patients

with various hemopathies.
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Figure 14 shows RINF expression in solid tumors

Figure 15 shows RINF expression in tumor vs benign from matched samples from

thyroid cancer patients.

Experimental results

Identification of Cxxc5, a gene early induced by retinoic acid in the NB4 cell

line

In our search for new target genes of retinoic acid in APL, we performed microarray
experiments using NB4 cells treated during short periods of time (90 minutes and 3
hours) with ATRA (1 uM). Microarray expression analyzes allowed us to identify 35
genes consistently up-regulated at 90 minutes of treatment, with at least a two-fold
induction compared to untreated control, and that remained up-regulated after 3
hours (Table 1). Upon careful analysis and classification of these 35 genes, nine
genes encoding well known or putative transcription factors were identified. The other
26 genes did not meet the criteria for being putative transcription factors according to
gene ontology and/or sequence analysis. Seven out of the nine candidate genes
encode well characterized transcription factors, known to be expressed in the
myeloid tissue during granulocytic or monocytic differentiation. Importantly, six of
these genes have previously been identified as early induced by retinoic acid in NB4
cells, five being direct targets. These observations confirmed and validated the

accuracy of our microarray screen.
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Table 1 Microarray results and selection process to identify early target genes of retinoic acid in NB4 cells.

Number of probes Genes Nuclear
factors
detected” up- up- up- known or
regulatedt regulated regulated potential||
in in
commonz common§

NB4 cell Control ATRA

treatment (M)
90 min. 15853 16299 96
3h 16062 14464 313 } 40 35 9
3h 16869 16166 240

*Number of probes with a reliable signal detected out of the 31,700 probes present on the array.

Number of probes with an increased signal of at least 2-fold after ATRA treatment (compared to the
corresponding untreated control). fAfter normalization (see Methods), 40 probes exhibited a reliable
signal consistently up-regulated as early as 90 minutes and that were still consistently up-regulated at
3 hours (microarray experiments have been performed in duplicate at that time). §After filtering of the
redundant genes and the unreliable spots (if Signal/Noise <3 on the 6 arrays), more than 35 genes
were identified as up-regulated in these conditions. ||From this list of 35 gene candidates, 9 were
classified as genes encoding "known or potential transcription factors"

The present invention relates to Cxxc5, a genomic sequence so far not subjected to

any functional characterisation.

Our choice was made after two decisive experimental findings. First, quantitative RT-
PCR analysis (Figure 1A) exquisitely confirmed ATRA-induction of Cxxc5 mRNA
expression (here observed at 4 hours of retinoic acid treatment). Second, pre-
treatment of NB4 cells with the protein synthesis inhibitor cycloheximide, 30 minutes
prior to retinoid addition and continued for 4 hours, did not block the CXXC5 mRNA
up-regulation by ATRA (Figure 1A). These experiments indicate that ATRA-mediated
transcription of Cxxc5 does not require de novo protein synthesis and suggest that
Cxxc5 is a primary target of retinoic acid. This has been confirmed by ChIP
experiments (Figure 1B) that demonstrated a direct binding of retinoid receptors
(RAR and/qrPML-RARq, to the promoter of Cxxc5 gene in NB4 cells.
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In silico characterization of Cxxc5 gene

The main genomic features of Cxxc5 (ENSG000001 71604) available from data
bases are briefly summarised in Figure 2. The Cxxc5 gene is located on the long arm
of chromosome 5, at 5q31.3 (Figure 2A). The gene spans 35.5 kbps and is organized
in 4 exons (Figure 2B). The upstream promoter region of this gene has not yet been
functionally analyzed, but relevant for our study, it contains a potential retinoid-
responsive element at -3116 bps from the transcription start site. Despite the
existence of two potential alternative transcription start sites, one in exon 1 and the
other in exon 2, the two mRNA sequences reveals the same open reading frame with
the start codon in exon 3. Conceptual translation predicts a protein of 322 amino
acids (Figure 2C) and a theoretical molecular weight of 32.98 kDa . Protein sequence
analysis revealed a unique conserved domain, a typical CXXC zinc finger motif
(Cx2Cx2CxX4.5Cx2Cx2C0.15Cx2Cx4C) between amino acids 257 and 302, in proximity to
the C-terminal end. This motif known to contain eight conserved cysteine residues
coordinating two zinc ions is found in eleven other proteins (often chromatin-
associated proteins) and is assumed to recognize unmethylated CpG. Figure 2D

presents an alignment of all known members of the protein family bearing this motif.

Gene expression profile of Cxxc5 in promyelocytic cells treated with retinoids

In agreement with our microarray data, time-course analysis of CXXC5 mRNA levels
(by quantitative RT-PCR) demonstrated a two-fold induction as early as 90 minutes
of ATRA treatment (Figure 3A). The transcript level of Cxxc5 reached its highest level
at 12 hours of treatment (approximately six-fold the expression level observed in
untreated control). Then, its level remained stably up-regulated for at least 48 hours
(Figure 3A). To corroborate Cxxc5 expression and induction at the protein level, we
customized a polyclonal antibody directed against amino acids 45-58 of the predicted
CXXC5 polypeptide chain (see Methods). Basal expression level of CXXC5 protein
was very low in untreated NB4 cell extracts (Figure 3B) but a strong band, specific to
CXXC5 protein (verified by competition with the immunogenic peptide, not shown),
appeared at the expected molecular weight of 33 kDa within 4 hours after onset of
ATRA treatment. The kinetic of induction of the CXXC5 protein is in agreement with

the induction observed at the mRNA level. Interestingly, compared to NB4 cells, only

PCT/NO2009/000214
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a very weak induction of CXXC5 protein was noticed following ATRA treatment of the
maturation resistant subclones NB4-LR1 and NB4-LR2 (Figure 7). These
observations were compatible with a potential participation of CXXC5 during terminal
maturation of APL cells. Moreover, data extracted from publicly available microarray
datasets (Figure 8), confirmed the early induction of Cxxc5 mRNA by ATRA in
primary cells from APL patients, validating the data obtained with the NB4 celi line.

Subcellular localisation of Retinoid-Inducible Nuclear Factor, RINF (CXXC5)

Western-blot analysis of nuclear and cytoplasmic fractions of ATRA-treated NB4 cells
clearly detected expression of CXXC5 in the nuclear extracts (Figure 3C). This
increased expression level lasted at least for 48 hours. Because our polyclonal
antibody barely detected the relevant epitope (amino acids 45-58) of the folded
native protein, we generated a plasmid encoding a FLAG-tagged CXXCS5 for in situ
immunochemistry experiments. In situ confocal analysis of MCF?7 cells transiently
transfected with this construct showed a strong nuclear staining (Figure 3D) and
confirmed the nuclear localisation pattern of CXXC5 protein. Of note, from cell to cell
and according to the level of over-expression, the fluorescence pattern was partly
associated to a fine chromatin matrix, nucleoplasm and/or discrete punctuated
structures in the nucleus. However, we did not detect any fluorescent signal at the

nuclear membrane or in the nucleoli.

Based on these experimental evidences, we propose to rename CXXC5 as RINF, for
Retinoid-Inducible Nuclear Factor. In keeping with this proposed name, a detailed
analysis of the RINF (CXXC5) sequence revealed a putative Nuclear Localization
Signal (NLS) between amino acid residues 257 and 262 (KKKRKR), located to the N-

terminal basis of the zinc finger domain.



10

15

20

25

30

WO 2009/151337 PCT/NO2009/000214
25

Expression patterns of RINF in different myeloid cell lines and various human

tissues

We have also evaluated basal expression levels of the Rinf gene in other myeloid cell
lines (Figure 3E-F) and in various human tissues (Figure 3G) as well as its potential
regulation by retinoids. The more immature cell lines tested, K562 and LAMA-84 cells
showed the highest RINF mRNA levels (16- and 12-fold the basal level of NB4 cells
respectively) and also the highest RINF protein expression. Neither RINF mRNA nor
protein levels seemed up-regulated upon ATRA treatment in these cell lines (Figure
3E-F). In comparison, the HL60 (M2-subtype) and NB4 (M3-subtype) cell lines both
harbour low basal levels of RINF mRNA and protein. Importantly, treatment of the
latter cell lines with ATRA indicated that HL60 cells (known to embark on terminal
differentiation upon such a treatment) behave similarly to NB4 cells with respect to
RINF induction (here observed at 4 hours), both at the mRNA and protein level.
Importantly, this induction in HL60, a cell line lacking the expression of the chimeric
receptor PML-RARo, demonstrates that PML-RARa. is not required for RINF
induction by ATRA. In agreement with this observation, we noticed that ATRA also
induces RINF mRNA expression in two other cell lines with a basal expression level
similar to NB4 cells (data not shown), the A549 lung carcinoma (a three-fold
increase) and the HelLa cervix cancer cells (a two-fold increase). Finally, to
substantiate the fact that RINF expression was not restricted to myeloid tissue, we
performed a western-blot analysis on various protein extracts from different organs
(Figure 3G). RINF protein showed different expression levels in the human tissues
tested, the highest expression level was in placenta and the lowest in brain.
Altogether, these data indicate that the regulated expression and the putative
function of RINF is not dependent on PML-RARa expression and encompass a field

of interest much broader than the APL pathology.

RINF expression is required for differentiation of promyelocytic leukemia cells

In order to investigate the potential involvement of RINF in terminal differentiation of
NB4 cells following ATRA-treatment, we performed a RNA-interference approach
using shRNAs delivered by lentiviral vectors (Figure 4A). After infection and selection

of NB4 cells stably expressing each of the 5 different shRNA constructs directed
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against the RINF mRNA, their efficiency (to target basal RINF mRNA expression
level) was compared to control vectors, one expressing scrambled shRNA and one
being the empty vector. The two best knock-down efficiencies were observed with
shRNA/RINF-3 (61%) and shRNA/RINF-4 (85%) with which no proliferation changes
or morphological alterations were noticed in NB4 cells in the absence of retinoid.
With such a silencing efficiency (Figure 4A), we could reasonably expect to efficiently
block RINF mRNA induction by ATRA in an important proportion of the cells, and in
this manner, evaluate the consequence on the cell phenotype following ATRA

treatment.

Strikingly, expression of these two shRNA constructs gives the NB4 cell population
the capacity to proliferate in the presence of pharmacological doses of ATRA (Figure
4B). Indeed, while the cells expressing control vectors ineluctably differentiated and
died within a week upon ATRA treatment, both cell cultures infected with either
shRNA/RINF-4 or shRNA/RINF-3 lentiviral vectors bypassed the growth arrest
(Figure 4B) and the terminal differentiation process (Figure 4C). The efficiency of our
RNA interference strategy to block ATRA-induced RINF mRNA expression was
evaluated by quantitative RT-PCR (Figure 4C) at 12 hours of treatment, a time at
which RINF mRNA expression was maximum (see also Figure 3A). Importantly,
knockdown levels obtained with shRNA/RINF-3 (at about 50%) and shRNA/RINF-4
(60%) compared to control vectors treated with ATRA, were enough to rescue
approximately 30%-50% of NB4 cells from terminal differentiation as assessed by

reduction of NBT and morphological analysis (Figure 4C, left panel).

Of note, these cells (sShRNA/RINF-3 and -4) continued to proliferate in the presence
of retinoids and, even after two weeks of culture without ATRA (from day 6 to 20),
their resistance to ATRA was confirmed, and remained closely associated to an
efficient block in RINF mRNA expression (Figure 4C, right panel). Altogether, these
results demonstrate that shRNA-mediated RINF knockdown impairs ATRA-induced
terminal differentiation of promyelocytic leukemia celis and strongly suggest that
RINF expression is required for retinoid-induced terminal maturation of NB4 cells.

RINF contribution was then evaluated in the HL60 cell line committed into the
granulocytic differentiation pathway with pharmacological doses of ATRA (Figure 9).
As observed with NB4 cells, the two shRNAs efficiently target RINF expression
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(Figure 9) and delayed the maturation process assessed by NBT and morphological
analysis, underpinning the functional involvement of RINF during granulocytic
differentiation. However, in contrast to NB4-shRNA/RINF cells that continued to grow
in the presence of retinoids, ATRA-treated HL60-shRNA/RINF cells inevitably
declined and died within 12 days.

Finally, we wondered if RINF over-expression would be sufficient to induce
granulocytic maturation of NB4 or HL60 cells in the absence of ATRA (Figure 10).
Our data indicate that ectopic RINF expression (Figure 10 B) is necessary but not
sufficient to trigger granulocytic differentiation of leukemic cells. Indeed, even after 10
days of RINF over-expression, we did not notice any sign of differentiation neither at
the morphological level (Figure 10, panel C), nor at the molecular level (using anti-
CD11b surface marker, data not shown).

RINF expression and function during cytokine-driven myelopoiesis of normal

CD34+ progenitor cells

Our above findings clearly indicate a broad spectrum of RINF expression in
hematopoietic and other human tissues. These data indicated that although inducible
by pharmacological concentrations of ATRA and required for differentiation of some
myeloid leukemia cells, RINF expression may well be regulated physiologically by
cytokines during normal progenitor myelopoiesis. In this case, its regulated
expression could represent a more general event also occurring during normal

development along the granulocytic lineage.

To test this hypothesis, we examined RINF expression during cytokine-induced
granulocytic differentiation of CD34+ cells isolated from bone marrow of a healthy
adult donor. Differentiation was assessed by morphological changes (Figure5A) and
analysis of CD34, CD11b and G-CSFR expression comparatively to RINF (Figure
5B). The time-course expression profile of RINF mRNA levels was determined by
quantitative RT-PCR analysis. After an initial decrease (from day 2 to 4), the RINF
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mRNA level reached its minimal expression between day 4 and 6, a time at which
most of the cells in culture were at the blastic and promyelocytic stage. Later on,
between day 6 and 8, RINF mRNA expression increased approximately 3.5-fold from
its minimum level, concomitantly to terminal cell maturation into myelocytes,
metamyelocytes, and ultimately into short-lived polynuclear neutrophiles (Figure 5A-
B). The detection of RINF mRNA in CD34+ progenitors and in normal hematopoietic
cells during cytokine-driven differentiation confirms that its expression is not
restricted to APL cells (and is therefore not dependent on PML-RARa. expression)
and most importantly that its induction is not restricted to ATRA pharmacological
signaling. These data are consistent with its potential role during normal

myelopoiesis.

In order to evaluate the functional relevance of RINF expression during normal
myelopoiesis, CD34+ progenitor cells directed toward the granulocytic lineage by
cytokine treatment were infected with the lentiviral shRNA constructs to knock down
RINF expression. Like non-infected cells, most of the cells infected with control
vectors (shRNA/scramble and mock control) matured into polynuclear granulocytes
(Figures 5A and 6) before dying and progressively disintegrated in cell cultures (not
shown). In the three cell cultures tested from different donors, granulocytic
differentiation occurred with different kinetics (see Figure 6), all cultures ending with
cell maturation in polynuclear neutrophiles that rapidly died. Only few monocytes and
plastic-adherent macrophages, known to have a much longer life, persisted in the
cultures. Importantly, cell populations infected under the same conditions with
shRNA/RINF-3 and shRNA/RINF-4 (Figure 6) showed significant accumulation of un-
matured cells (promyelocytes and myelocytes). This difference in granulocytic
maturation, observed with the two shRNAs compared to the control cultures,
exquisitely mirrored the results obtained with the ATRA treated leukemic cell lines

NB4 and HLG0 and suggests a similar role of RINF during normal myelopoiesis.
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Discussion

The multistage process of hemopoietic cell differentiation has long served as a model
study for the understanding of tumor etiology and for the design of therapeutic
strategies. Disturbances in the developmental programs that rule the production of
mature functional cells frequently result from genetic or epigenetic alterations (gene
deletions, mutations, methylation, etc..) in a limited number of key regulatory genes,
whose functions of predilection are signal transduction and/or gene transcription
control. In the particular case of hemopoietic malignancies, the last decade has
brought major advances in the finding of these key regulatory genes but uncertainty

remains on their functional hierarchy.

In the present study, we have identified and characterized a novel member of the
zinc-finger family, CXXC5 (RINF), and shown its implication during retinoid-induced
terminal differentiation of myelocytic leukemia cells, but also during cytokine-driven
normal myelopoiesis. Zinc-finger-containing proteins constitute one of the largest
protein superfamilies in the mammalian genome and can be classified into
evolutionary and functionally divergent protein families, with structurally different
conserved domains interacting with DNA, RNA, lipids, or other proteins. The CXXC-
type zinc finger is found in a small subset of proteins (Figure 2) involved in chromatin
remodelling through their histone methyl-transferase (MLL, MLL2), histone
demethylase (FBXL-10, -11, -19), DNA-methyl-transferase (DNMT1), or CpG-binding
(CGBP, MBD1) activities. The CXXC domains of MLL, CGBP, and MBD1 have been
shown to bind to non-methylated CpG and the conserved KFGG motif (in the second
linker of the zinc finger) is essential for this recognition. The paralogs lacking the
KFGG motif (CXXC-4, -5, -6, and -10, Figure 2) are expected not to share the latter
property and one of the future challenges will be to identify the molecular target(s)
recognized by this specific subset of proteins with conserved CXXC domains but
lacking the KFGG motif. Interestingly, three members of the CXXC-type family
(containing or not the KFGG-motif), MLL, MLL2, and LCX, have previously been
involved in leukemogenesis through chromosomal translocations or internal

rearrangements. MLL is one of the most frequently translocated genes in leukemia
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and in spite of more than 30 different fusion partners that have been described, the
CXXC domain is retained in all known MLL fusion proteins and the domain appears
to be essential for myeloid transformation, underpinning the biological importance of

this zinc finger sub-type even if the mechanism of action remains to be clarified.

The expression and the induction patterns of the Cxxc5 (Rinf) gene reported here
supported a functional involvement of RINF in both normal and tumoral myelopoiesis,
at least in the latest stages of the maturation process (promyelocyte, myelocyte).
Knock-down experiments, using specific RNAI targeting, further demonstrated that
RINF expression was necessary for the terminal differentiation process of
promyelocytic leukemia cells. However, and importantly, our study clearly supports
the idea that Rinf pathophysiology is not restricted to APL, but may have broader
implication in other hemopoietic malignancies and normal hemopoiesis. Thus, the
Rinf status (such as mutations, aberrant expression/induction) may have predictive
value for ATRA-responsiveness, and therefore being an important tool for decision-

making on therapeutic regimens for AML patients.

In the clinical context, an exciting prospect concerning Cxxc5 (Rinf) biology will be to
evaluate if its de-regulated expression could contribute to the etiology of some
hematological diseases. Indeed, interstitial deletion or complete loss of the long arm
of chromosome 5 are recurrent chromosome abnormalities in malignant myeloid
disorders characterized by abnormal myelopoiesis and an excess of blasts in the
bone marrow, like myelodysplasia (MDS, often described as a preleukemic disorder)
and acute myeloid leukemia (AML). Despite extensive studies that have delineated
the major commonly deleted region (CDR) to chromosome band 5931, candidate
tumor suppressor genes presumed to contribute to leukemogenesis remain to be
identified in this region of 4 Mbp in size. It is important to note that, inside this
segment, Rinf localises less than 20 kbp from the distal marker D5S594 that
delineate the smallest (less than 1 Mbp) CDR described at his date. Surprisingly, the
Rinf gene has so far escaped genetic and functional investigation, probably because
the gene has been considered to localize outside the CDR. Even so, the close
proximity of Rinfto the CDR may affect Rinf expression due o loss of regulatory
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sequences upstream of the identified gene, as well as more distant deletions within
5g31. Our findings combined with data in the literature led us to consider Rinfto be a
strong candidate for a tumor suppressor gene of myeloid cell transformation.
Interestingly, mining publicly available microarray databases for myeloid pathologies,
we brought to light a lower RINF mRNA expression in CD34+ cells from
myelodysplastic patients with deletion 5q compared to normal healthy donors (Figure
11). This observation is compatible with a putative haploinsufficiency mechanism and
it will be important to evaluate the genuine contribution of rinf deregulation in these
hemopathies, as it has been recently described for the ribosomal gene rpS14
(located at 532 in a distinct CDR) in another subgroup of MDS with refractory

anemia, the 5g-syndrome.

Since Rinf expression is not restricted to myeloid tissue, this gene may also be
involved in development and/or homeostasis of other tissues. Its direct induction by
retinoids, which does not require de novo synthesis of an intermediate protein
regulator, suggests that Rinf might mediate, at least in part, some of the pleiotropic
effects of retinoids, for instance such as their anti-proliferative action in various solid
tumors, even independently of any differentiation. Taken together, our findings
support the hypothesis that Rinf expression, pharmacologically inducible by retinoids
in different tissues, may have a broad interest because of its likely implication in

several developmental processes and pathologies.
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CLAIMS

1. A nucleic acid, characterized in that it encodes for a Retinoid Inducible Nuclear
Factor (RINF) and comprises the sequence of SEQ 1D NO 10orSEQIDNO2,0ra
functional fragment or variant thereof, or an functionally equivalent isolated DNA

sequence hybridizable thereto, or a corresponding mRNA thereof.

2. Protein or protein derivative, characterized in that it is a Retinoid Inducible
Nuclear Factor (RINF) and comprises the sequence of SEQ ID NO 3 (CXXC5) ora

functional fragment or variant thereof.

3. Use of a protein or a protein sequence according to claim 2, or a nucleic acid
according to claim 1, for the manufacturing of a pharmaceutical composition for the
prevention and/or treatment of a hematopoietic disease, or for the induction or
improvement of differentiation or cell death of a hematopoietic cell or in mammail in

need thereof.

4. Use of a protein or a protein sequence according to claim 2, or a nucleic acid
according to claim 1, or a compound interacting with one of the sequences of claim 1
or 2, for the manufacturing of a pharmaceutical composition for the impairment or
blocking of differentiation of hematopoietic cells or for the expansion of stem cells,

either in vitro or in a mammal in need thereof.

5. Use in accordance with claim 3 or 4, wherein the hematopoietic cell is bone
marrow cell.
6. Use in accordance with claim 3 or 4, wherein the hematopoietic cell is

peripheral blood cell.
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7. Use in accordance with claim 3 or 4, wherein the hematopoietic cell is an

umbilical cord blood cell or placenta blood cell.

8. Use in accordance with claim 3 or 4, wherein said hematopoietic cell is
tumoral.
9. Use in accordance with claim 3 or 4, wherein said hematopoietic cell is

normal, i.e. non tumoral.

10. Use in accordance with claim 3, wherein terminal differentiation of myeloid

cells is re-established.

11.  Use in accordance with claim 3, wherein terminal differentiation of lymphoid

cells is re-established.

12.  Use in accordance with claim 3, wherein terminal differentiation or cell death of
acute myeloid leukemia (AML), acute lymphoid leukemia (ALL) or myelodysplasia
(MDS) cells is re-established.

13.  Use of a protein or a protein sequence according to claim 2, or a nucleic acid
according to claim 1, for the manufacturing of a pharmaceutical composition for the

prevention and/or treatment of a hematopoietic disease.

14. Use in accordance with claim 13, wherein said hematopoietic disease is

selected from the group consisting of Myelodysplasia (MDS, myelodysplastic
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syndrome), Acute Myeloid Leukemia (AML), Acute Lymphoid Leukemia (ALL),
Myeloproliferative syndrome (MPS), Chronic Myeloid Leukemia (CML) and Chronic
Lymphoid Leukemia (CLL).

15.  Use of a protein or protein sequence according to claim 2, or a nucleic acid
according to claim 1, for the manufacturing of a pharmaceutical composition for the

prevention and/or treatment of cancer.

16. Use in accordance with claim 15, wherein said cancer is selected from the
group comprising leukemia, Myelodysplasia (MDS, myelodysplastic syndrome),
Acute Myeloid Leukemia (AML), Acute Lymphoid Leukemia (ALL), Myeloproliferative
syndrome (MPS), Chronic Myeloid Leukemia (CML), Chronic Lymphoid Leukemia
(CLL) and solid tumors (Breast cancer, melanoma, lung cancer, thyroid cancer,

prostate cancer, neuroblastoma, and renal carcinoma).

17. The use of a retinoid to activate the expression of a nucleic acid in accordance
with claim 1, and/or to enhanced the expression of a protein or protein sequence

according to claim 2 in a mammal in need thereof.

18.  Use in accordance with claim 14, wherein said retinoid is selected from the
group comprising retinol, retinal, tretinoin (retinoic acid), isotretinoid, alitretinoin,

etretinate, acitretin, tazarotene, bexarotene and adapalene.

19.  Use in accordance with claim 18, wherein said retinoid is all trans retinoic acid
(ATRA).

20. Use in accordance with claim 17, wherein said mammal has cancer.
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21. Use in accordance with claim 20, wherein said cancer is selected from the
group comprising leukemia, Myelodysplasia (MDS, myelodysplastic syndrome),
Acute Myeloid Leukemia (AML), Acute Lymphoid Leukemia (ALL), Myeloproliferative
syndrome (MPS), Chronic Myeloid Leukemia (CML), Chronic Lymphoid Leukemia
(CLL) and solid tumors (Breast cancer, melanoma, lung cancer, thyroid and renal

carcinoma).

22.  Use in accordance with claim 17, wherein said mammal has a hemopoietic

disease.

23.  Use in accordance with claim 17, wherein said mammal is in need of an

improvement of differentiation of a hematopoietic cell.

24. Use in accordance with claim 17, wherein the BMP4 is used in addition to a

retinoid.

25.  Use in accordance with claim 17, wherein interferon is used in addition to a

retinoid

26. Use in accordance with claim 17, wherein a cytokine is used in addition to a

retinoid.

27. A method of regulating the expression of CXXC5 by retroviral or lentiviral

vectors (over-expression) or by shRNA molecules (repression).

28. A method of prognosis for retinoid responsiveness, or for the prognosis of a
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disease according to one of the claims 3 - 27, characterized in that the status of a
nucleic acid according to claim 1, and/or a protein or protein sequence according to

claim 2, is compared to a reference.

29. A method in accordance with claim 28, wherein said method measures the
status by detection of expression levels, mutations, methylation, rearrangements and

translocations.

30. A method for diagnosis of a cancer disease or a hematopoietic disease, or a
condition of reduced myelopoiesis, characterized in that said method comprising the
detection of the expression level and/or status of a nucleic acid according to claim 1,
or the expression level and/or status of a protein or protein sequence according to

claim 2.

31. A method according to claim 30, for the detection of acute promyelocytic
leukemia (APL) genotype.

32. A method according to claim 30, for the determination of a leukemic,

preleukemic (myelodysplastic), or cancerous condition in a mammal.

33. A method according to claim 30, wherein the expression level and/or
localization of said protein or protein sequence is determined by the use of an

antibody.

34. A method according to claim 23, wherein said antibody is reacting with a
protein or a protein sequence according to claim 2, preferable with the amino acids
45-48 of SEQ ID NO.: 2.
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35. Use of a protein or a protein sequence according to claim 2, or a nucleic acid

according to claim 1, for the manufacturing of a monoclonal or polyclonal antibody.

36. A method of targeting a molecule to a cancer cell, the method comprising the
step of: (a) first contacting the cell with a retinoid in an amount effective to increase
the expression of a protein or protein sequence according to claim 2 in the cell, and
(b) second contacting the cell with an agent that specifically binds the protein or
protein sequence according to claim 2, the agent being selected from the group

consisting of the molecule and a substance to which the molecule is attached.

37. Molecule capable of interacting with a protein or portion of a protein sequence

according to claim 2.

38. Molecule according to claim 37, wherein said molecule is an antibody,
preferable an antibody which is reacting with the amino acids 45-48 of SEQ ID NO.:
2.

39. Molecule according to claim 37, wherein said antibody is a monoclonal

antibody.

40. Molecule according to claim 37, wherein said molecule is a plasmid encoding
a FLAG-tagged protein or protein sequence according to claim 2.

41. Molecule according to claim 37, wherein said molecule is a construct
containing at least one plasmid encoding a FLAG-tagged protein or protein sequence

according to claim 2.
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42. Retinoid-responsive element, characterized in that it comprises the sequence
of SEQ ID NO 4, or a functional fragment, or variant thereof, or an functionally
equivalent isolated DNA sequence hybridizable thereto.

43. Promotor, characterized in that it comprises the sequence of SEQ ID NO 5, or
a functional fragment or variant thereof, or a functionally equivalent isolated DNA

sequence hybridizable thereto.
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Figure 11
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Figure 14
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RINF mRNA expression (q-RT-PCR) in tumor versus benign from
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