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SDF-1 binding nucleic acids and the use thereof 

The present invention is related to nucleic acid molecules binding to the CXC chemokine 

stromal cell-derived factor-1 (SDF-1), methods for the treatment of diseases, and their use in the 

manufacture of a medicament. 

Chemokines. The chemokines are a family of structurally related, heparin-binding basic small 

proteins of 8-14 kDa. Functionally, they can be classified as proinflammatory, homeostatic, or 

dual function (Moser, Wolf et al. 2004). Inflammatory chemokines are induced by pathogens, 

cytokines, or growth factors and recruit effector leukocytes to sites of infection, inflammation, 

tissue injury, and tumor. Such chemokines regulate the recruitment, activation, and proliferation 

of white biood ceiis, aiso refered to as ieukocytes (Schall and Bacon 1994; Springer 1995; 

Baggiolini 1998). Chemokines selectively induce chemotaxis of neutrophils, eosinophils, 

basophils, monocytes, macrophages, mast cells, T and B cells. In addition to their chemotactic 

effect, they can selectively exert other effects in responsive cells like changes in cell shape, 

transient increase in the concentration of free intracellular calcium ions, degranulation, 

upregulation of integrins, formation of bioactive lipids such as, but not limited to leukotrienes, 

prostaglandins, thromboxans, or respiratory burst, i.e. release of reactive oxygen species for 

destruction of pathogenic organisms or tumor cells. Thus, by provoking the release of further 

proinflammatory mediators, chemotaxis and extravasation of leukocytes towards sites of 

infection or inflammation, chemokines trigger escalation of the inflammatory response. 

Homeostatic chemokines, on the other hand, are expressed predominantly in bone marrow and 

lymphoid tissues and are involved in hematopoiesis, immune surveillance, and adaptive immune 

responses (Godessart 2005). 

Class of chemokines. Based on the arrangement of the first two of four conserved cystein 

residues, the chemokines are divided into four classes: CC or ~-chemokines in which the 

cysteins are in tandem, CXC or a-chemokines, where they are separated by one additional amino 

acid residue, XC or y chemokines that possess only one disulfide bridge, whereby lymphotactin 

which is also referred to as XCLl is the only representant to date, arid CX3C-chemokines which 

feature three amino acid residues between the cysteins with membrane-bound fractalkin being 

the only class member (Bazan, Bacon et al. 1997). The usually chemokines carry two names, one 
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that is related has been given due to their function and one that is the systematic name. according 

to sequence characteristics. 

CXC chemokines. The CXC chemokines act primarily on neutrophils, in particular those CXC 

chemokines that carry the amino acid sequence ELR on their amino terminus. Examples of CXC 

chemokines that are active on neutrophils are IL-8/CXCL8, GROa/CXCLl, GROPfCXCL2, and 

GROy/CXCL3, NAP-2/CXCL7, ENA-78/CXCL5, SDF-1/CXCL12 and GCP-2/CXCL6. The 

CXC chemokines act on a larger variety of leukocytes, such as monocytes, macrophages, 

eosinophils, basophils, as well as T and B lymphocytes (Oppenheim, Zachariae et al. 1991; 

Miller and K.rangel 1992; Baggiolini, Dewald et al. 1994; Jose, Griffiths-Johnson et al. 1994; 

Ponath, Qin et al. 1996). Examples of these are I-309/CCLl; MCP-l/CCL2, MCP-2/CCL8, 

MCP-3/CCL7, MCP-4/CCL13, :MIP-la/CCL3 and MIP-l~/CCL4, and 

eotaxin/CCL 11. 

CXC chemokine receptors. Chemokines act through receptors that belong to a superfamily of 

seven transmembrane-spanning G protein-coupled receptors also refered to as GPCRs) (Murphy, 

Baggiolini et al. 2000)). Generally speaking, chemokine and chemokine receptor interactions 

tend to be promiscuous in that one chemokine can bind chemokine receptors and conversely a 

single chemokine receptor can interact with several different chemokines. Some known receptors 

for the CXC chemokines include CXCRl, which binds GROa, GCP-2, and IL-8; CXCR2, which 

binds chemokines including GROa, GROp, GROy, ENA-78, and IL-8; CXCR3, which binds 

chemokines including PF4, MIG, IP-10, and I-TAC; CXCR4 which thus far has been found only 

to signal in response to SDF-1, and CXCR5, which has been shown to signal in response to 

BCA-1 (Godessart 2005). Besides CXCR4, a new SDF-1 receptor was identified which is 

referred to as RDC1/CXCR7 (Balabanian, Lagane et al. 2005, Burns, Summers et al. 2006). 

SDF-1. Stromal-cell derived factor-I (abbr.: SDF-1; synonyms, CXCL12; PBSF [pre-B-cell 

growth-stimulating factor]; TPAR-1 [TPA repressed gene 1]; SCYB12; TLSF [thymic 

lymphoma cell stimulating factor]; hIRH [human intercrine reduced in hepatomas]) is an 

angiogenic CXC chemokine that does not contain the ELR motif typical of the IL-8-like 

chemokines (Salcedo, Wasserman et al. 1999; Salcedo and Oppenheim 2003) but binds and 

activates the G-protein coupled receptor CXCR4 .. The chemokine was discovered by three 
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groups independently, either by cloning cDNAs that carry N-terminal signal sequences (Tashiro, 

Tada et al. 1993), by virtue of its ability to stimulate early B cell progenitors when expressed by 

the stromal cell line PA6 (Nagasawa, Kikutani et al. 1994), or by isolation from a cDNA library 

constructed from mouse embryo fibroblasts treated with the protein kinase C-activator tetra 

dodecanoyl phorbol acetate (abbr.: TPA) (Jiang, Zhou et al. 1994). As a result of alternative 

splicing, there are two forms of SDF-1, SDF-la (68 aa) and SDF-1~, which, compared to SDF-1 

a carries five additional residues at the C-terminus (Shirozu, Nakano et al. 1995). The biological 

significance of these two splice variants is not completely understood. 

Sequences of SDF-1. The sequence conservation between SDF-1 from different species is 

remarkable: human SDF-la (SEQ.ID. 1) and murine SDF-la (SEQ.ID. 2) are virtually identical. 

There is m1Jy a single conservative change ofV to I at position 18 (Shirozu, Nakano et al. 1995). 

NMR structure of SDF-1. An NMR structure model exists (PDB access, lSDF) for SDF-1 [8-

68]. SDF-1 was found to be a monomer with a disordered N-terminal region. Differences to 

other chemokines are found mainly in the packing of the hydrophobic core and surface charge 

distribution (Crump, Gong et al. 1997). 

Physiological activities of SDF-1. Physiological activities of SDF-1: Since the SDF-1 receptor 

CXCR4 is widely expressed on leukocytes, mature dendritic cells, endothelial cells, brain cells, 

and megakaryocytes, the activities of SDF-1 are pleiotropic. This chemokine, more than any 

other identified thus far, exhibits the widest range of biological functions, especially outside of 

the immune system. The most significant functional effects of SDF-1 are: 

Homing and attachment of epithelial cells to neovascular sites in the choroid portion of the 

retina. SDF-1 has been shown to be involved in homing of epithelial cells to the choroid during 

neovascularization in eye tissue. The exact role of these cells is still under investigation but the 

published hypothesis is that epithelial cells are involved in the formation of aberrant blood 

vessels (Sengupta, Caballero et al. 2005). 

Stem cells. SDF-1 is required to maintain stem cells and progenitor cells, e.g. hematopoietic 

progenitor (usually CD34+) cells in the bone marrow of the adult. AMD3100, a selective 

CXCR4 antagonist, can be used to mobilize CD34+ cells for hematopoietic stem cell 
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transplantation. CD34+ cells migrate in vitro and in vivo along a gradient of SDF-1 produced by 

stromal cells (Aiuti, Webb et al. 1997). 

B cell development and chemotaxis. SDF-1 supports proliferation of pre-B cells and augments 

the growth of bone marrow B cell progenitors (Nagasawa, K.ikutani et al. 1994); it induces 

specific migration of pre- and pro-B cells, while not acting as a significant chemoattractant for 

mature B cells (D'Apuzzo, Rolink et al. 1997; Bleul, Schultze et al. 1998). Presumably, SDF-1 is 

important for the positioning of B cells within secondary lymphoid tissue. 

T cell chemotaxis. SDF-1 is one of the most efficacious T cell chemoattractants; CXCR4 is 

present on many T cell subsets (Bleul, Farzan et al. 1996). 

Embryonic development. SDF-1 and its receptor CXCR4 are essential for embryonic 

development. SDF-1 and CXCR4 knockout mice die perinatally; they exhibit cardiac ventricular 

septal defects or abnormal cerebellar development in addition to reduced numbers of B cell and 

myeloid progenitors (Nagasawa, Hirota et al. 1996; Ma, Jones et al. 1998; Zou, Kottmann et al. 

1998). SDF-1 is also required for normal ontogeny of blood development during embryogenesis 

(Juarez and Bendall 2004). 

HIV infection. SDF-1 is able to inhibit T-tropic HIV-1 entry into CXCR4-bearing cell lines, and 

SDF-1 expression may have an important bearing on AIDS pathogenesis, since a polymorphism 

in the human SDF-1 gene affects the onset of AIDS (Bleul, Farzan et al. 1996). 

Other diseases. Altered expression levels of SDF-1 or its receptor CXCR4 or altered responses 

towards those molecules are said to be associated with many human diseases, such as retinopathy 

(Brooks, Caballero et al. 2004; Butler, Guthrie et al. 2005; Meleth, Agron et al. 2005); cancer of 

breast (Muller, Homey et al. 2001; Cabioglu, Sahin et al. 2005), ovaries (Scotton, Wilson et al. 

2002), pancreas (Koshiba, Hosotani et al. 2000), thyroid (Hwang, Chung et al. 2003) 

andnasopharynx (Wang, Wu et al. 2005); glioma (Zhou, Larsen et al. 2002); neuroblastoma 

(Geminder, Sagi-Assif et al. 2001); B cell chronic lymphocytic leukemia (Burger, Tsukada et al. 

2000); WHIM syndrome (Warts, Hypogammaglobulinernia, Infections, Myelokathexis 

syndrome) (Gulino, Moratto et al. 2004; Balabanian, Lagane et al. 2005; Kawai, Choi et al. 
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2005); immunologic deficiency syndromes (Arya, Ginsberg et al. 1999; Marechal, Arenzana­

Seisdedos et al. 1999; Soriano, Martinez et al. 2002); pathologic neovascularization (Salvucci, 

Yao et al. 2002; Yamaguchi, Kusano et al. 2003; Grunewald, A vraham et al. 2006); 

inflammation (Murdoch 2000; Fedyk, Jones et al. 2001; Wang, Guan et al. 2001); multiple 

sclerosis (Krumbholz, Theil et al. 2006); rheumatoid arthritis I osteoarthritis (Buckley, Amft et 

al. 2000; Kanbe, Takagishi et al. 2002; Grassi, Cristino et al. 2004). 

Antagonism of SDF-1 and its receptor. In experimental animal settings, antagonists of SDF-1 or 

of its receptor have proved efficient for blocking growth and/or metastatic spreading of human 

cancer cells from different origin such as pancreas (Guleng, Tateishi et al. 2005; Saur, Seidler et 

al. 2005), colon (Zeelenberg, Ruuls-Van Stalle et al. 2003; Guleng, Tateishi et al. 2005), breast 

(Muller, Homey ct al. 200 l; Lapteva, Yang et al. 2005), lung (Phillips, Burdick et al. 2003), 

glioblastoma and medulloblastoma (Rubin, Kung et al. 2003), prostate (Sun, Schneider et al. 

2005), osteosarcoma (Perissinotto, Cavalloni et al. 2005), melanoma (Takenaga, Tamamura et al. 

2004), stomach (Yasumoto, Koizumi et al. 2006) and multiple myeloma (Menu, Asosingh et al. 

2006). In addition, anti-SDF-1 therapy was beneficial in animal models in preventing retinal 

neovascularization (Butler, Guthrie et al. 2005; Mames, Mattheus et al. 2006), nephritis 

(Balabanian, Couderc et al. 2003) and arthritis (Matthys, Hatse et al. 2001; Tamamura, Fujisawa 

et al. 2004; De Klerck, Geboes et al. 2005). Moreover, AMD3100, a selective CXCR4 

antagonist, was used to mobilize CD34+ cells for hematopoietic stem cell transplantation. 

CD34+ cells migrate in vitro and in vivo along a gradient of SDF-1 produced by stromal cells 

(Aiuti, Webb et al. 1997) .. 

SDF-1 and eye diseases. SDF-1 is a player in the pathology of diseases of the back of the eye 

such as diabetic retinopathy (abbr. DR) (Fong, Aiello et al. 2004 ) and age-related macular 

degeneration (abbr. AMD) (Ambati, Anand et al. 2003). Both of these diseases damage the eye 

and lead to gradual loss of vision culminating in blindness. The damage occurs due to the 

inappropriate growth of blood vessels in the back of the eye, a process known as choroidal 

neovascularization (abbr. CNV). During CNV, new blood vessels that originate from the choroid 

migrate through a break in the Bruch membrane into the sub-retinal pigment epithelium (abbr. 

sub-RPE) or subretinal space. The abnormal vessels can bleed, also referred to as intraretinal 
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hemorrhage, or leak fluid under the retina. This can leave scars and can elevate the macula, 

which distorts vision. 

Diabetic retinopathy. DR is a major sequel to diabetes, occuring frequently in patients with both 

type 1 and type 2 diabetes. There are approximately 16 million diabetics in the U.S., with nearly 

8 million having some form of DR. When proliferative diabetic retinopathy (abbr. PDR) is left 

untreated, about 60% of patients become blind in one or both eyes within 5 years. With the 

alarming rise in the prevalence of diabetes in North America, Europe and many emerging 

countries, the patient population is growing quickly. For instance, the incidence of blindness is 

25 times higher in patients with diabetes than in the general population. Furthermore, DR is the 

most common cause of blindness in middle-aged subjects, accounting for at least 12 percent of 

aH new cases in the United States each year. Screening programs are in place so that the vision of 

diabetes patients can be monitored and treatment, such as is available, can be delivered in time. 

The direct causes of DR are poorly understood, but the disease is thought to have its origins in a 

combination of sources: impaired auto-regulation of retinal blood flow; accumulation of sorbitol 

inside retinal cells; and accumulation of advanced glycosylation end products in the extracellular 

fluid. All of these factors are related directly or indirectly to hyperglycemia, the abundance of 

sugar in the bloodstream. 

The symptoms of DR are similar to those of AMD. Patients lose cells in the retina and 

microaneurysms, i.e. blood leakage, occur in the basement membrane of the retina. In addition, 

vascular endothelial growth factor (abbr. VEGF), Insulin-like growth factor 1 (IGF-1) and other 

blood-home factors, possibly including SDF-1, attract new vascular cells and encourage the 

formation of damaging blood vessels. 

Age-related macular degeneration. AMD destroys a person's central vision. The early stages of 

the disease may not even be noticeable, because symptoms vary among patients. Sometimes a 

patient is affected only in one eye. Or vision may be impaired in both eyes but not significantly. 

The disease causes distortion or faulty color perception. There is often a dark spot in the center 

of the visual field. 
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The etiology (this means course) of the disease is poorly understood. AMD is often thought of as 

the aging of the outermost layer of the retina. The physical alterations occur in the center of the 

retina, also known as the macula, which is the part of the retina relied upon for the most acute 

VlSIOn. 

Wet AMD begins as a sequel to the dry form of the disease. Some 90% of patients suffer from 

the dry form of AMD, which results in the thinning of macular tissues and disturbances in its 

pigmentation. The rest have the wet form, which involves choroidal neovascularization and often 

the formation of a macular edema and retinal or subretinal bleeding. All of these can lead to a 

rapid deterioration of visual acuity. 

Already the most common cause of blindness in people over the age of 55, wet AMD afflicts an 

estimated 4% to 5% of the United States population aged 65-74 and nearly 10% of those 75 

years of age or older. There are already 5 million people in the United States alone over the age 

of 80 who have this disease and another 5 million people are expected to be affected by 2020. 

Tumours. Tumors (including solid and hematological neoplasias and malignancies) are not just 

masses of cancer cells: infiltration of tumors with immune-cells is a characteristic of cancer. 

Many human cancers have a complex chemokine network that influences the extent and 

phenotype of this infiltrate, as well as tumor growth, survival, migration, and angiogenesis. Most 

solid tumors contain many non-malignant stroinal cells. Indeed, stromal cells sometimes 

outnumber cancer cells. The predominant stromal cells that are found in cancers are 

macrophages, lymphocytes, endothelial cells and fibroblasts. 

SDF-1 in tumours. Cells from different cancer types have different profiles of chemokine­

receptor expression, but the SDF-1 receptor CXCR4 is most commonly found in tumor cells of 

mouse and man: tumor cells from at least 23 different types of human cancers of epithelial, 

mesenchymal, and haematopoietic origin express CXCR4 (Balkwill 2004) with SDF-1 being the 

only known ligand for CXCR4. Apart from the bone marrow and secondary lymphoid tissue, 

where it is constitutively expressed, SDF-1 is found in primary tumor sites in lymphoma 

(Corcione, Ottonello et al. 2000) and brain tumors of both neuronal and astrocytic lineage. 

Furthermore, it is present at high levels in ovarian (Scotton, Wilson et al. 2002) and pancreatic 

bhang
Rectangle



WO 2009/019007 PCT /EP2008/0064 73 

8 

cancer (Koshiba, Hosotani et al. 2000) as well as at sites of metastasis in breast (Muller, Homey 

et al. 2001) and thyroid cancer (Hwang, Chung et al. 2003), neuroblastoma and haematological 

malignancies (Geminder, Sagi-Assif et al. 2001 ). In contrast, CXCR4 expression is low or absent 

on normal breast (Muller, Homey et al. 2001), ovarian (Scotton, Wilson et al. 2002) and prostate 

epithelia (Sun, Schneider et al. 2005). 

Besides CXCR4 and new SDF-1 receptor was identified: RDC1/CXCR7 (Balabanian, Lagane et 

al. 2005, Burns, Summers et al. 2006). In vitro and in vivo studies with prostate cancer cell lines 

suggest that alterations in CXCR7/RDC1 expression are associated with enhanced adhesive and 

invasive activities in addition to a survival advantage. In addition, it was observed that 

CXCR7/RDC1 levels are regulated by CXCR4 (Wang et al, 2008). In vitro and in vivo studies 

have shown that both receptors for SDF-1, namely CXCR4 and the CXCR7 promote tumor 

growth, metastatic potential and resistance to (chemotherapy induced) apoptosis in a number of 

tumors, e.g breast cancer, glioblastomas, ovarian cancer, neuroblastoma, lung cancer colorectal 

and prostate cancer (Bums et al, 2006; Li et al, 2008; Scotton et al, 2002; Yang et al, 2008; 

Zagzag et al, 2008). 

CXCR4 and CXCR7 expression thus seems to be a general characteristic of several tumours .. 

Inhibition of chemokine-receptor signalling as a therapeutic option in cancer treatment. 

Inhibiting chemokine-receptor signalling on tumor cells has the potential to induce growth arrest 

or apoptosis, and to prevent invasion and metastasis in vivo as shown by the following evidence: 

CXCR4 knockdown by siRNA abrogated breast tumor growth (Lapteva, Yang et al. 2005); T­

hybridoma cells which were transfected with a construct that prevents surface expression of 

CXCR4 could no longer metastasize to distant organs when injected intravenously into mice 

(Zeelenberg, Ruuls-Van Stalle et al. 2001); in similar experiments with colorectal cancer cells, 

lung and liver metastases were greatly reduced (Zeelenberg, Ruuls-Van Stalle et al. 2003); anti­

CXCR4 antibodies inhibited the spread of breast cancer xenografts to the lymph nodes (Muller, 

Homey et al. 2001); treatment of lymphoblastoid cells with anti-CXCR4 or anti-SDF-1 

antibodies delayed tumor growth in (NOD)/SCID mice (Bertolini, Dell'Agnola et al. 2002); anti­

SDF-1 antibodies inhibited development of organ metastases of non-small-cell lung cancer 

(abbr. NSCLC) cells (Phillips, Burdick et al. 2003); systemic administration of the CXCR4 
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antagonist AMD3100 (by AnorMED Inc.) inhibited the growth of intracranial glioblastoma and 

medulloblastoma xenografts, and increased tumor cell apoptosis within 24 hours (Rubin, Kung et 

al. 2003); anti-SDF-1 antibodies inhibited growth of MCF-7 breast cancer cells admixed with 

carcinoma-associated fibroblasts (Orimo, Gupta et al. 2005); neutralization of CXCR4 with 

antibodies blocked prostate cancer metastasis and growth in osseous sites (Sun, Schneider et al. 

2005); development of lung metastasis after injection of osteosarcoma cells was prevented by 

administration of the peptidic CXCR4 antagonist Tl34 (Perissinotto, Cavalloni et al. 2005). 

Different authors come to the conclusion that targeting the SDF-1 I CXCR4 axis provides new 

therapeutic options for cancer patients: 

Human ovarian tumors strongly express SDF-1 plus, on a lower level, VEGF. Both proteins are 

triggered by hypoxia in the tumor. Pathologic concentrations of any of the proteins alone were 

not sufficient to induce in vivo angiogenesis, but together, SDF-1 and VEGF in pathologic 

· concentrations efficiently and synergistically induced neovascularization. Thus, interrupting this 

synergistic axis, rather than VEGF alone, is a novel efficient antiangiogenesis strategy to treat 

cancer (Kryczek, Lange et al. 2005); 

Breast cancer cell lines, when equipped with the autocrine SDF-1 I CXCR4 signalling pathway, 

display aggressive behavior. This includes an increase in invasiveness and migration together 

with faster growth. The SDF-1 I CXCR4 axis thus provides important information for predicting 

the aggressive nature and constitute important therapeutic targets in human breast cancer (Kang, 

Watkins et al. 2005); 

Migration and metastasis of small-cell lung cancer (abbr. SCLC) cells - which express high 

levels of CXCR4-is regulated by SDF-1. Activation of CXCR4 promotes adhesion to accessory 

cells (such as stromal cells) and extracellular matrix molecules within the tumor 

microenvironment. These adhesive interactions result in an increased resistance of SCLC cells to 

chemotherapy. As such, inhibitors of the SDF-1 I CXCR4 axis increases the chemosensitivity of 

SCLC cells and leads to new therapeutic avenues for patients with SCLC (Hartmann, Burger et 

al. 2004) and other tumors. 
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Chemokine-receptor signalling and stem cell trafficking. The SDF-1 I CXCR4 axis emerges as a 

pivotal regulator of trafficking of various types of stem cells in the body. Since most if not all 

malignancies originate in the stem/progenitor cell compartment, cancer stem cells also express 

CXCR4 on their surface and, as a result, the SDF-1 I CXCR4 axis is involved in directing their 

trafficking/metastasis to organs that express SDF-1 such as, e.g., lymph nodes, lungs, liver, and 

bones. In consequence, strategies aimed at modulating the SDF-1 I CXCR4 axis have important 

clinical applications both in regenerative medicine to deliver normal stem cells to the tissues and 

in clinical oncology to inhibit metastasis of cancer stem cells (Kucia, Reca et al. 2005). 

Stem Cell Mobilization. Leukocytes, also known as white blood cells, include neutrophils, 

macrophages, eosinophils, basophils/mast cells, B cells and T cells. White blood cells are 

continuousiy repiaced via the hematopoietic system, by the action of colony stimulating factors 

(CSFs) and various cytokines on stem cells and progenitor cells in hematopoietic tissues. The 

most widely known of these factors is granulocyte colony stimulating factor (abbr. G-CSF) 

which has been approved for use in counteracting the negative effects of chemotherapy by 

stimulating the production of white blood cells and progenitor cells (peripheral blood stem cell 

mobilization). There are a number of cell surface antigens that are used as markers for the 

characterization of the stem and progenitor cell populations. These markers are also subject to 

change, whenever new, more specific markers are discovered. Hematopoietic stem cells are 

currently characterized by being CD34+, c-kit+, Sca-1+, CD45+, lin-, and CD38- (CD 38 is also 

a lineage marker, this is therefore redundant to lih-) The bone marrow is also a host for several 

other stem cell types that are not hematopoietic, but may give rise to other cell types and tissues: 

Mesenchymal stem cells are characterized as CD34+, Sca-1 +, lin-, BMPR+ and/or STR0-1 +, 

tissue-committed stem cells from bone marrow: are currently defined as being CXCR4+, 

CD34+, CD45-. Subpopulations of the tussue-committed stem cells from bone marrow are 

(Majka et al. 2005): 

skeletal stem cells: Myf5+, MyoD+ 

cardiac stem cells: NKx2.5+, GATA4+ 

liver stem cells: CK19+, a-fetoprotein+ 

neural stem cells: nestin+, GATA4+ 
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Several other factors have been reported to increase white blood cells and progenitor cells in 

both human and animal subjects. These agents include granulocyte-macrophage colony 

stimulating factor (abbr. GM-CSF), Interleukin-I (abbr. IL-1), Interleukin-3 (abbr. IL-3), 

Interleukin-8 (abbr. IL-8), PIXY-321 (abbr. GM-CSF/IL-3 fusion protein), macrophage 

inflammatory protein (abbr. MIP), GRO~ (CXCL2) and GRO~T(CXCL2~4), stem cell factor, 

thrombopoietin and growth related oncogene, as single agents or in combination (Broxmeyer, 

Benninger et al. 1995; Glaspy, Davis et al. 1996; Rosenfeld, Bolwell et al. 1996; Glaspy, Shpall 

et al. 1997; Vadhan-Raj, Murray et al. 1997; Broxmeyer, Orazi et al. 1998; Dale, Liles et al. 

1998; Pruijt, Willemze et al. 1999; King, Horowitz et al. 2001). 

'.Vhile endogenous growth factors are pharmacologically effective, the well known disadvantages 

of employing proteins and peptides as pharmaceuticals underline the need to add to the repertoire 

of such growth factors further agents which are effective insofar, i. e. which increase progenitor 

cells of leukocytes and stem cells, respectively, preferably increase the level thereof in peripheral 

blood of a subject. Accordingly, one problem underlying the instant application is to provide 

means and methods for increasing progenitor cells of leukocytes and stem cells, respectively, 

more specifically for increasing the level thereof in peripheral blood of a subject. A further 

problem underlying the instant application is to provide means and methods for the treatment of 

diseases which are caused by or associated with low level of progenitor cells of leukocytes and 

stem cells, respectively. 

Stem cells are either mobilized in order to directly enable the repair of damaged tissues in the 

same patient in which they are mobilized, or they are mobilized and collected from a human 

leukocyte antigen (HLA) matched donor and administered to the patient either intra venously or 

directly into an affected tissue. The latter can also be done with stem cells that were mobilized 

from the patient himself. Before administration of the stem cells, they can be expanded and/or 

differentiated in vitro. 

Allergic airway diseases and contact allergies. SDF-1 was found to act as a chemotactic agent 

on mature and precursor mast cells - especially when histamine is released from mature mast 

cells, e.g. by lgE signalling through binding to the Fe-epsilon receptor on the mast cell surface 

(Godot, Arock et al. 2007). In a mouse model of allergic airway disease, antibody-mediated 
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neutralisation of CXCR4, which is expressed on leukocytes as outlineed above, reduced airway 

hyper-responsiveness. The antibodies also reduced lung eosinophilia, particularly in 

bronchoalveolar lavage fluid and interstitium, by half, indicating that CXCR4-mediated signals 

contribute to lung inflammation. SDF-la. neutralization resulted in a similar reduction in both 

lung allergic inflammation and airway hyper-responsiveness (Gonzalo, Lloyd et al. 2000). There 

is also evidence that SDF-1 contributes to angiogenesis. This has been explicitly shown by 

Hoshin et al. in asthma by analysing bronchial biopsies for angiogenesis and SDF-1 expression. 

lmmunohistochemistry on sections of these biopsies showed that asthmatic subjects had a higher 

degree of vascularity and a greater number of SDF-1 positive cells compared to control subjects 

(Hoshino, Aoike et al. 2003). 

Moreover, clinical and experimentai evidence indicates that skin-infiltrating leukocytes play a 

crucial role in the initiation and maintenance of atopic dermatitis and it has been shown that 

SDF-1 is an important factor for the recruitment of T-lymphocytes and dendritic cells, especially 

Langerhans-type dentritic cells (Gombert, Dieu-Nosjean et al. 2005). 

Psoriasis. Psoriasis is an inflammatory skin disease with an underlying auto-immune component. 

Psoriasis is characterised by strong leukocyte infiltration of the affected skin, with T cells 

playing a prominent role. Zhou et al. found amongst others an increased SDF-1 mRNA 

expression in psoriatric skin lesions (Zhou, Krueger et al. 2003). 

Joint inflammation. There is evidence in the literature for the involvement of the SDF-1-CXCL4-

axis in joint inflammation. Matthys et al. showed that AMD3100, a potent and specific 

antagonist of CXCR4 , inhibited autoimmune joint inflammation in IFN-gamma receptor­

deficient mice (Matthys, Hatse et al. 2001). Expression of SDF-1 was also observed in synovial 

biopsies and by RT-PCR from subjects affected by spondyloarthropathy, rheumatoid arthritis, 

psoriatric arthritis and degenerative joint disease (osteoarthritis). However, over-expression was 

not seen in all cases (Gu, Marker-Hermann et al. 2002). Similar results were found for CXCR4 

using RT-PCR. 

Rheumatoid arthrits. More recently, SDF-1 levels were found to be increased in synovial fluid 

from rheumatoid arthritis patients compared to osteoarthritis patients (Kim, Cho et al. 2007). The 
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authors also described that in cell culture, SDF-1 expression from fibroblast-like synoviocytes 

was up-regulated by co-culturing these cells with T cells. This effect was also observed by 

addition of IL-17, a T-cell cytokine, to the culture medium. 

Immunohistochemistry on joint biopsy sections revealed that SDF-1 is expressed in the 

synovium of joints affected by psoriatric arthritis. Rapid and significant clinical improvement 

was observed after infliximab treatment in all 9 patients. This was accompanied by a reduction 

of synovial SDF-1 levels amongst other growth factors (biopsies were taken after 8 weeks of 

therapy) (Gu, Marker-Hermann et al. 2002). 

While there are manifestations that leukocyte infiltration is characteristic for allergic diseases, 

allergic reactions and inflammtion in autoimmune diseases, no effective treatment of such 

diseases could be developed so far. Insofar further agents that affect the course of such diseases, 

and preferably affect leukocyte infiltration, are needed. Accordingly, a further problem 

underlying the instant application is to provide means and methods for inhibiting or reducing the 

infiltration of leukocytes into tissues. A further problem underlying the instant application is to 

provide means and methods for the treatment of diseases which are caused by or are associated 

with infiltration of leukocytes into tissues or with an increased level of infiltration of such 

leukocytes into tissues. 

The signalling of SDF-1 and its receptor affects the migration of cells within the body, 

preferably from one tissue into another tissue, from a tissue into the peripheral blood and/or from 

the peripheral blood into a tissue, leading to several diseases and disorders. A specific 

intereference, preferably inhibition of interaction between of SDF-1 and the SDF-1 receptor or 

receptors, may cause amelioration of several diseases and disorders. In view of the above, a still 

further, more general problem underlying the instant application is to provide means and 

methods to affect the migration of cells within the body, preferably from one tissue to another 

tissue, from a tissue into the peripheral blood and/or from the peripheral blood into a tissue, 

whereby sich migration leads to or is associated with several diseases and disorders. Insofar, a 

further problem underlying the instant application is to provide means and methods which are 
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cuased by or associated with the migration of cells within the body, preferably from one tissue to 

another tissue, from a tissue into the peripheral blood and/or from the peripheral blood into a 

tissue, leading to several diseases and disorders. 

The problem underlying the present invention is solved by the subject matter of the independent 

claims. Preferred embodiments may be taken from the dependent claims. 

More specifically, the problem underlying the instant application is solved in a first aspect by a 

nucleic acid molecule binding to SDF-1, whereby the nucleic acid molecule influences migration 

of cells. 

In a first embodiment of the first aspect, the cells express an SDF-receptor, whereby the SDF-1 

receptor is one preferably selected from CXCR4 and CXCR7. 

In a second embodiment of the first aspect, which is also an embodiment of the first embodiment 

of the first aspect migration of cells comprises mobilization· of progenitor cells, stem cells, 

cancer cells, long-lived plasma cells, B cells and/or T cells into the peripheral blood of a subject, 

whereby preferably the B cells and/or T cells are memory B cells and/or memory T cells. 

In a third embodiment of the first aspect, which is also an embodiment of the second 

embodiment of the first aspect the progenitor cells and/or the stem cells comprise CD34+ 

progenitor cells. 

In a fourth embodiment of the first aspect, which is also an embodiment of the second and third 

embodiment of the first aspect the mobilization of the progenitor cells and/or the stem cells takes 

place in a hematopoietic tissue. 

In a fifth embodiment of the first aspect, which is also an embodiment of the fourth embodiment 

of the first aspect the hematopoietic tissue is at least one of myeloid tissue and lymphoid tissue, 

whereby preferably the myeloid tissue is located in the bone marrow, and preferably the 
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lymphoid tissue is located in the mucosa of the digestive tract, the respiratory tract, the lymph 

nodes, the spleen, the thymus and/or lymphoid follicles in an inflamed tissue. 

In a sixth embodiment of the first aspect, the nucleic acid molecule inhibits migration of 

leukocytes. 

In a seventh embodiment of the first aspect, which is also an embodiment of the sixth 

embodiment of the first aspect the leukocytes are T-lymphocytes, B-lymphocytes, monocytes, 

macrophages, eosinophils, neutrophils, basophils, dendritic cells and/or mast cells. 

In an eighth embodiment of the first aspect, which is also an embodiment of the sixth and 

seventh embodiment of the first aspect, upon migration of the leukocytes, the leukocytes are 

accumulated in a tissue, whereby preferably the accumulation of the leukocytes leads to an 

inflammation in the said tissue. 

In a ninth embodiment of the first aspect, which is also an embodiment of the eighth embodiment 

of the first aspect the tissue comprises skin, mucosa, organs as selected from but not restricted to 

eye, brain, lung, kidneys, heart, liver, gastrointestinal tract, spleen, bones and/or lymphatic 

system, preferably skin and/or the mucosa of airways. 

In a tenth embodiment of the first aspect, which is also an embodiment of the first aspect and of 

any of the first to the ninth embodiment of the first aspect the nucleic acid molecule is selected 

from the group comprising type A nucleic acid molecules, type B nucleic acid molecules, type C 

nucleic acid molecules and nucleic acid molecules having a nucleic acid sequence according to 

any of SEQ.ID.No. 142, SEQ.ID.No. 143 and SEQ.ID.No. 144. 

In an eleventh embodiment of the first aspect, which is also an embodiment of the tenth 

embodiment of the first aspect the type A nucleic acid molecules comprise the following core 

nucleotide sequence: 

5' AAAGYRACAHGUMAAXAUGAAAGGUARC 3' (SEQ.ID. 19) 
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whereby XA is either absent or is A. 

In a twelfth embodiment of the first aspect, which is also an embodiment of the eleventh 

embodiment of the first aspect the type A nucleic acid molecules comprise a core nucleotide 

sequence selected from the group comprising 

5' AAAGYRACAHGUMAAUGAAAGGUARC 3' (SEQ.ID.No. 20), 

5' AAAGYRACAHGUMAAAUGAAAGGUARC 3' (SEQ.ID.No. 21), and 

5' AAAGYAACAHGUCAAUGAAAGGUARC 3' (SEQ.ID.No. 22), preferably the core 

nucleotide sequence comprises 5' AAAGYAACAHGUCAAUGAAAGGUARC 3' 

(SEQ. ID. No. 22). 

In a 13th embodiment of the first aspect, which is also an embodiment of the eleventh and the 

twelfth embodiment of the first aspect the nucleic acid molecule comprise in 5' -> 3' direction a 

first stretch of nucleotides, the core nucleotide sequence, and a second stretch of nucleotides. 

In a 14th embodiment of the first aspect, which is also an embodiment of the eleventh and the 

twelfth embodiment of the frrst aspect the nucleic acid molecule comprise in 5'->3' direction a 

second stretch of nucleotides, the core nucleotide sequence, and a first stretch of nucleotides. 

In a 15th embodiment of the first aspect, which is also an embodiment of the 13th and the 14th 

embodiment of the first aspect the nucleic acid molecule comprises the first and the second 

stretch of nucleotides and said first and said second stretch of nucleotides optionally hybridize 

with each other, whereby upon hybridization a double-stranded structure is formed. 

In a 16th embodiment of the first aspect, which is also an embodiment of any of the 13th to 15th 

embodiment of the first aspect the double-stranded structure consists of four to six base pairs, 

preferably five base pairs. 

In a 17th embodiment of the frrst aspect, which is also an embodiment of any of the 13th to 16th 

embodiment of the first aspect the first stretch of nucleotides comprise a nucleotide sequence of 
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5' X1X2NNBV 3' (SEQ.ID.No. 44) and the second stretch of nucleotides comprises a nucleotide 

sequence of5' BNBNX3Xt 3' (SEQ.ID.No. 45) 

whereby X1 is either absent or R, X2 is S, X3 is Sand Xi is either absent or Y; 

or 

X1 is absent, X2 is either absent or S, X3 is either absent or S and Xi is absent. 

In an 18th embodiment of the frrst aspect, which is also an embodiment of any of the 13th to 17th 

embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide sequence of 

5' RSHRYR 3' (SEQ.ID.No. 23) and the second stretch of nucleotides comprises a nucleotide 

sequence of 5' YRYDSY 3'(SEQ.ID.No. 24), 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' GCUGUG 3' 

and the second stretch of nucleotides comprises a nucleotide sequence of 5' CGCAGC 3'. 

In a 19th embodiment of the first aspect, which is also an embodiment of any of the 13th to 17th 

embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide sequence of 

5' X2BBBS 3' (SEQ.ID.No. 42) and the second stretch of nucleotides comprises a nucleotide 

sequence of 5' SBBVX3 3' (SEQ.ID.No. 43), 

whereby X2 is either absent or is S and X3 is either absent or is S; 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' CUGUG 3' and 

the second stretch of nucleotides comprises a nucleotide sequence of 5' CGCAG 3 '; 

or the first stretch of nucleotides comprises a nucleotide sequence of 5' GCGUG 3'and the 

second stretch of nucleotides comprises a nucleotide sequence of 5' CGCGC 3 '. 

In a 20th embodiment of the first aspect, which is also an embodiment of any of the 11th to 19th 

embodiment of the first aspect the nucleic acid molecule has a nucleic acid sequence according 

to any of SEQ.ID.Nos. 5 to 18, 25 to 41, 133, 137, 139 to 141. 
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In a 21st embodiment of the first aspect, which is also an embodiment of the tenth embodiment of 

the first aspect the type B nucleic acid molecules comprise the following core nucleotide 

sequence: 

5' GUGUGAUCUAGAUGUADWGGCUGWUCCUAGUYAGG 3' (SEQ.ID.No. 57). 

In a 22nd embodiment of the first aspect, which is also an embodiment of the 21st embodiment of 

the first aspect the type B nucleic acid molecules comprise a core nucleotide sequence of 

GUGUGAUCUAGAUGUADUGGCUGAUCCUAGUCAGG (SEQ.ID.No. 58): 

In a 23rd embodiment of the first aspect, which is also an embodiment of any of the 21st to 22nd 

en1bodirm:nt of the first aspect the nucleic acid moiecuie comprise in Y ->Y direction a first 

stretch of nucleotides, the core nucleotide sequence, and a second stretch of nucleotides. 

In a 24th embodiment of the first aspect, which is also an embodiment of any of the 21st to 22nd 

embodiment of the first aspect the nucleic acid molecule comprise in 5' -> 3' direction a second 

stretch of nucleotides, the core nucleotide sequence, and a first stretch of nucleotides. 

In a 25th embodiment of the first aspect, which is also an embodiment of any of the 23rd to 24th 

embodiment of the first aspect the. nucleic acid molecule comprises the first and the second 

stretch of nucleotides and said first and said second stretch of nucleotides optionally hybridize 

with each other, whereby upon hybridization a double-stranded structure is formed. 

In a 26th embodiment of the first aspect, which is also an embodiment of any of the 21st to 25th 

embodiment of the first aspect the double-stranded structure consists of four to six base pairs, 

preferably five base pairs. 

In a 27th embodiment of the first aspect, which is also an embodiment of any of the 23rd to 26th 

embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide sequence of 

5' X1X2SVNS 3' (SEQ.ID.No. 77) and the second stretch of nucleotides comprises a nucleotide 

sequence of 5' BVBSX3Xi 3' (SEQ.ID.No. 78), whereby 
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X1 is either absent or is A, X2 is G, X3 is C and~ is either absent or is U; 

or 

X1 is absent, X2 is either absent or is G, X3 is either absent or is C and~ is absent. 

In a 28th embodiment of the first aspect, which is also an embodiment of any of the 23rd to 27th 

embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide sequence of 

5' X1GCRWG 3' (SEQ.ID.No. 59) and the second stretch of nucleotides comprises a nucleotide 

sequence of 5' KRYSC~ 3'(SEQ.ID.No. 60), 

whereby X1 is either abseni or A, and Xi is either absent or U. 

In a 29th embodiment of the first aspect, which is also an embodiment of any of the 23rd to 28th 

embodiment of the first aspect first stretch of nucleotides comprises a nucleotide sequence of 

5' X1GCGUG 3' (SEQ.ID.No. 75) and the second stretch of nucleotides comprises a nucleotide 

sequence of 5' .UACGC~ 3' (SEQ.ID.No. 76), 

whereby X1 is either absent or A, and~ is either absent or U, 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' AGCGUG 3' 

and the second stretch of nucleotides comprises a nucleotide sequence of 5' UACGCU 3'. 

In a 30th embodiment of the first aspect, which is also an embodiment of any of the 23rd to 27th 

embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide sequence of 

5' X2SSBS 3' (SEQ.ID.No. 73) and the second stretch of nucleotides comprises a nucleotide 

sequence of 5' BVSSX3 3' (SEQ.ID.No. 74), 

whereby X2 is either absent or G, and X3 is either absent or C, 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' GCGUG 3' and 

the second stretch of nucleotides comprises a nucleotide sequence of 5' UACGC 3 '. 
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In a 31st embodiment of the first aspect, which is also an embodiment of any of the 21st to the 

30th embodiment of the first aspect the nucleic acid molecule has a nucleic acid sequence 

according to any of SEQ.ID.Nos. 46 to 56, 61 to 72, and 132. 

In a 32nd embodiment of the first aspect, which is also an embodiment of the tenth embodiment 

of the first aspect the type C nucleic acid molecules comprise a core nucleotide sequence of 

GGUYAGGGCUHRXAAGUCGG (SEQ.ID.No. 90), 

whereby XA is either absent or is A. 

In a 33rd embodiment of the first aspect, which is aiso an embodiment of the 32nd embodiment of 

the first aspect the type C nucleic acid molecules comprise a core nucleotide sequence selected 

from the group comprising 

5' GGUYAGGGCUHRAAGUCGG3' (SEQ.ID.No. 91), 

5' GGUYAGGGCUHRAGUCGG 3' (SEQ.ID.No. 92), and 

5' GGUUAGGGCUHGAAGUCGG 3' (SEQ.ID.No. 93), preferably the core nucleotide 

sequence comprises 5' GGUUAGGGCUHGAAGUCGG 3' (SEQ. ID. No. 93). 

In a 34th embodiment of the first aspect, which is also an embodiment of any of the 32nd to 33rd 

embodiment of the first aspect the nucleic acid molecule comprises in 5' -> 3' direction a first 

stretch of nucleotides, the core nucleotide sequence, and a second stretch of nucleotides. 

In a 35th embodiment of the first aspect, which is also an embodiment of any of the 32nd to 33rd 

embodiment of the first aspect the nucleic acid molecule comprise in 5' -> 3' direction a second 

stretch of nucleotides, the core nucleotide sequence, and a first stretch of nucleotides. 

In a 36th embodiment of the first aspect, which is also an embodiment of any of the 34th to 35th 

embodiment of the first aspect the nucleic acid molecule comprises the first and the second 

stretch of nucleotides and whereby at least a part of said first stretch and at least a part of said 

bhang
Rectangle



WO 2009/019007 PCT /EP2008/0064 73 

21 

second stretch of nucleotides optionally hybridize with each other, whereby upon hybridization a 

double-stranded structure is formed. 

In a 37th embodiment of the first aspect, which is also an embodiment of any of 34th to 36th 

embodiment of the first aspect the length of the first stretch and the length of the second stretch 

is individually and independently 0 to 17 nucleotides, preferably 4 to 10 nucleotides and more 

preferably 4 to 6 nucleotides. 

In a 3gth embodiment of the first aspect, which is also an embodiment of any of the 36th to 37th 

embodiment of the first aspect the double-stranded structure comprises 4 to 10 base pairs, 

preferably 4 to 6 base pairs, more preferably 5 base pairs. 

In a 39th embodiment of the first aspect, which is also an embodiment of the 3gth embodiment of 

the first aspect the double-stranded structure comprises 4 to 10 consecutive base pairs, preferably 

4 to 6 consecutive base pairs, more preferably 5 consecutive base pairs. 

In a 40th embodiment of the first aspect, which is also an embodiment of any of the 34th to 39th 

embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide sequence of 

5' RKSBUSNVGR 3' (SEQ.ID.No. 120) and the second stretch of nucleotides comprises a 

nucleotide sequence of 5' YYNRCASSMY 3' (SEQ.ID.No. 121), 

preferably the first stretch of nucleotides compnses a nucleotide sequence of 

5' RKSBUGSVGR 3' (SEQ.ID.No. 122) and the second stretch of nucleotides comprises a 

nucleotide sequence of 5' YCNRCASSMY 3' (SEQ.ID.No. 123). 

In a 41 st embodiment of the first aspect, which is also an embodiment of any of the 34th to 39th 

embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide sequence of 

5' XsSSSV 3' (SEQ.ID.No. 124) and the second stretch of nucleotides comprises a nucleotide 

sequence of 5' BSSSXs 3' (SEQ.ID.No. 125), whereby Xs is either absent or is S. 

In a 42nd embodiment of the first aspect, which is also an embodiment of any of the 34th to 39th 

and the 41 st embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide 
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sequence of 5' SSSSR 3' (SEQ.ID.No. 130) and the second stretch of nucleotides comprise a 

nucleotide sequence of 5' YSBSS 3' (SEQ.ID.No. 131), 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' SGGSR 3' 

(SEQ.ID.No. 126) and the second stretch of nucleotides comprises a nucleotide sequence of 

5' YSCCS 3' (SEQ.ID.No. 127). 

In a 43rd embodiment of the first aspect, which is also an embodiment of any of the 34th to 39th, 

the 41 st and the 42nd embodiment of the first aspect the first stretch of nucleotides comprises a 

nucleotide sequence of 5' GCSGG 3' (SEQ.ID.No. 128) and the second stretch of nucleotides 

comprises a nucleotide sequence of 5' CCKGC 3' (SEQ.ID.No. 129), 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' GCCGG 3' and 

the second stretch of nucleotides comprises a nucleotide sequence of 5' CCGGC 3'. 

In a 44th embodiment of the first aspect, which is also an embodiment of any of the 34th to 39th 

embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide sequence of 

5' CGUGCGCUUGAGAUAGG 3' and the second stretch of nucleotides comprises a nucleotide 

sequence of5' CUGAUUCUCACG 3'. 

In a 45th embodiment of the first aspect, which is also an embodiment of any of the 34th to 39th 

embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide sequence of 

5' UGAGAUAGG 3' and the second stretch of nucleotides comprises a nucleotide sequence of 

5' CUGAUUCUCA 3'. 

In a 46th embodiment of the first aspect, which is also an embodiment of any of the 34th to 39th 

embodiment of the first aspect the first stretch of nucleotides comprises a nucleotide sequence of 

5' GAGAUAGG 3' and the second stretch of nucleotides comprises a nucleotide sequence of 

5' CUGAUUCUC 3'. 
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In a 47th embodiment of the first aspect, which is also an embodiment of any of the 32nd to 46th 

embodiment of the first aspect the nucleic acid molecule has a nucleic acid sequence according 

to any of SEQ.ID.Nos. 79 to 89, 94 to 119, and 134 to 136. 

In a 48th embodiment of the first aspect, which is also an embodiment of tenth embodiment of 

the first aspect the nucleic acid molecule has a nucleic acid sequence according to any of 

SEQ.ID.Nos. 142 to 144. 

In a 49th embodiment of the first aspect, which is also an embodiment of the first aspect and of 

any of the first to the 4gth embodiment of the first aspect the nucleic acid molecule is an 

antagonist to SDF-1. 

In a 50th embodiment of the first aspect, which is also an embodiment of the first aspect and of 

any of the first to the 4gth embodiment of the first aspect the nucleic acid molecule is an 

antagonist of the SDF-1 receptor system, whereby the SDF-1 receptor of the SDF-1 receptor 

system is one preferably selected from CXCR4 and CXCR7. 

In a 51 st embodiment of the first aspect, which is also an embodiment of the first aspect and of 

any of the first to the 50th embodiment of the first aspect the SDF-1 is a human SDF-1 and/or the 

SDF-1 receptor of the SDF-1 receptor system is a human SDF-1 receptor. 

In a 52"d embodiment of the first aspect, which is also an embodiment of the first aspect and of 

any of the first to the 51 st embodiment of the first aspect SD F-1 comprises an amino acid 

sequence according to SEQ ID No. 1. 

In a 53rd embodiment of the first aspect, which is also an embodiment of the first aspect and of 

any of the first to the 52"d embodiment of the first aspect the nucleic acid comprises a 

modification. 

In a 54th embodiment of the first aspect, which is also an embodiment of the 53rd embodiment of 

the first aspect the modification is selected from the group comprising a HES moiety and a PEG 

moiety. 
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In a 55th embodiment of the first aspect, which is also an embodiment of the 54th embodiment of 

the first aspect the modification is a PEG moiety consisting of a straight or branched PEG, 

whereby the molecular weight of the PEG moiety is preferably from about 2 to 180 kD, more 

preferably from about 60 to 140 kD and most preferably about 40 kD. 

In a 56th embodiment of the first aspect, which is also an embodiment of the 54th embodiment of 

the first aspect the modification is a HES moiety, whereby preferably the molecular weight of 

the HES moiety is from about 10 to 130 kD, more preferably from about 30 to 130 kD and most 

preferably about 100 kD. 

any of the first to the 56th embodiment of the first aspect the nucleotides of the nucleic acid are 

L-nucleotides, preferably the nucleotides of the sequences according to any of SEQ.ID:No. 19, 

20, 21, 22, 57, 58, 90, 91, 92, and 93. 

The problem underlying the instant application is solved in a second aspect by a pharmaceutical 

composition comprising a nucleic acid according to the first aspect and any embodiments 

thereof, and optionally at least a further constituent, whereby the further constituent is selected 

from the group comprising pharmaceutically acceptable excipients and pharmaceutically active 

agents. 

The problem underlying the instant application is solved in a third aspect by the use of a nucleic 

acid according to the first aspect and any embodiments thereof, for the manufacture of a 

medicament. 

In a first embodiment of the third aspect, the medicament is used for mobilization of progenitor 

cell and/or stem cells into the peripheral blood, and/or for the treatment of diseases and/or 

disorders preferably selected from the group comprising wound healing; burn; disorders caused 

by or associated with damaged organ tissue and/or damaged vasculature, whereby such disorders 

are selected from retinal and choroidal damage, stroke, myocardial damage, myocardial infarct, 

ischemia after organ transplantation and traumatic injury; and hematopoietic disorders, whereby 
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such disorders are selected from aplastic anemia, leukaemia, drug-induced anemia and 

leukopenia, and bacterial infection in leukopenia. 

In a second embodiment of the third aspect the medicament is for mobilization of cancer cells 

into the peripheral blood of a subject. 

In a third embodiment of the third aspect which is also an embodiment of the second 

embodiment of the third aspect the cancer cells are selected from leukemic cells, lymphoma 

cells, cancer stem cells, cancer cells with metastatic potential and cancer metastases. 

In a fourth embodiment of the third aspect which is also an embodiment of any of the second to 

the third embodiment of the tliird aspect the medicament is used in combination with a second 

pharmaceutically active agent, whereby the second pharmaceutically active agent is suitable for 

mobilizing cancer cells into the peripheral blood of a subject, whereby the second 

pharmaceutically active agent is preferably selected from cancer cell mobilizing agents. 

In a fifth embodiment of the third aspect which is also an embodiment of any of the second to the 

fourth embodiment of the third aspect the medicament is used in combination with a third 

pharmaceutically active agent, whereby the third pharmaceutically active agent damages, 

destroys and/or labels the cancer cells in the peripheral blood, whereby the label leads to an 

activation of body's defences. 

In a sixth embodiment of the third aspect which is also an embodiment of any of the second to 

the fifth embodiment · of the third aspect is subsequently or concomitantly undergoing 

chemotherapy and/or radiotherapy. 

In a seventh embodiment of the third aspect which is also an embodiment of any of the fifth to 

the sixth embodiment of the third aspect the medicament is used for the treatment and/or 

prevention of cancer, preferably solid tumours and hematological cancer, more preferably 

leukemia, lymphoma, and myeloma. 
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In an eighth embodiment of the third aspect the medicament is for mobilization of long-lived 

plasma cells, B cells and/or T cells into the peripheral blood of a subject, whereby preferably the 

B cells and/or T cells are memory B cells and/or memory T cells. 

In a ninth embodiment of the third aspect which is also an embodiment of the eighth 

embodiment of the third aspect the medicament is used in combination with a second 

pharmaceutically active agent, whereby the second pharmaceutically active agent is used for 

mobilization of long-lived plasma cells, B cells and/or memory T cells into the peripheral blood 

of a subject, whereby the second pharmaceutically active agent is preferably selected from cell 

mobilizing agents. 

In a tenth embodiment of the third aspeci which is also an embodiment of any of the eighth to the 

ninth embodiment of the third aspect the medicament is used in combination with a third 

pharmaceutically active agent and the third pharmaceutically active agent damages, destroys 

and/or labels the long-lived plasma cells, B cells and/or T cells in the peripheral blood, whereby 

the label leads to an activation of body's defences. 

In an eleventh embodiment of the third aspect which is also an embodiment of any of the eighth 

to the tenth embodiment of the third aspect the the subject is subsequently or concomitantly 

undergoing chemotherapy and/or radiotherapy. 

In a twelfth embodiment of the third aspect which is also an embodiment of any of the eighth to 

the eleventh embodiment of the third aspect medicament is used for the treatment and/or 

prevention of 

systemic autoimmune diseases whereby such systemic autoimmune disease is preferably 

selected from allergy, warm and cold autoimmune hemolytic anemia, systemic inflammatory 

response syndrome, hemorrhagic shock, diabetes type 1, diffuse scleroderma, polychondritis, 

polyglandular autoimmune syndrome, systemic lupus erythematosus and manifestations thereof, 

rheumatoid arthritis, rheumatic disease in the eye, brain, lung, kidneys, heart, liver, 

gastrointestinal tract, spleen, skin, bones, lymphatic system, blood or other organs; 
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autoimmune diseases of the gastrointestinal tract whereby such autoimmune disease of the 

gastrointestinal tract is preferably selected from Crohn's disease, colitis ulcerosa, celiac disease, 

gluten intolerance, inflammatory bowel disease, pancreatitis, eosinophilic esophagitis; 

autoimmune diseases of the skin whereby such autoimmune disease of the skin is preferably 

selected from psoriasis, urticaria, dermatomyositis, pemphigus vulgaris, pemphigus foliaceus, 

bullous pemphigoid, Morphea/linear scleroderma, vitiligo, dermatitis herpetiformis or Duhring's 

disease, lichen sclerosis; 

autoimmune diseases of the vasculature whereby such autoimmune disease of the vasculature 

is preferably selected from vasculitides, preferably arteritis temporalis, vasculitis, vascular 

leakage, polymyalgia rheumatica, atherosclerosis, Churg-Strauss syndrome, Takayasu arteritis, 

Goodpasture syndrome, preferably mostly affecting the kidneys, more specifically the glomeruli, 

and/or also mostly affecting the iungs, giomeruionephritis, poiyarteritis nodosa, Beh9et's disease; 

autoimmune diseases of the nervous system whereby such autoimmune disease of the nervous 

system is preferably selected from multiple sclerosis, chronic inflammatory demyelinating 

polyneuropathy, neurocognitive dysfunction, stiff-man syndrome, Guillain-Barre syndrome, 

myasthenia gravis, Lambert-Eaton syndrome; 

muscular skeletal autoimmune diseases whereby such muscular skeletal autoimmune disease 

is preferably selected from ankylosing spodylitis, sarcoidosis, polymyalgia rheumatica, 

polymyositis, psoriatic arthritis, rheumatic fever, polychondritis, fibromyalgia, juvenile 

rheumatoid arthritis, Lyme disease, reactive arthritis, spondyloarthropathy, degenerative joint 

disease; 

other autoimmune diseases whereby such other autoimmune diseases are preferably selected 

from Cogan syndrome, autoimmune adrenalitis, Meniere's disease, local inflammations, alopecia 

areata, acute inflammatory diseases, primary biliary cirrhosis, Sjorgen's syndrome, scleroderma 

such as diffuse scleroderma, CREST syndrome and/or Morphea/linear scleroderma, autoimmune 

uveitis, Hashimoto thyroiditis, Graves disease, autoimmune hepatitis, glomerulonephritis, anti­

phospholipid syndrome, idiopatic pulmonar fibrosis, autoimmune infertility, immune complex 

disordes and peritonitis; 

transplant rejection of a transplanted organ, whereby such organ is selected from liver, 

kidney, intestine, lung, heart, skin, limb, cornea, islets of Langerhans, bone marrow, blood 

vessels, pancreas; 

and/or Graft-versus-Host-Disease after bone marrow transplantation. 
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In a 13th embodiment of the third aspect the medicament is for inhibition of migration of 

leukocytes. 

In a 14th embodiment of the third aspect which is also an embodiment of the 13th embodiment of 

the third aspect the medicament is for prevention and/or treatment of transplant rejection of 

transplanted organs, such as liver, kidney, intestine, lung, heart, skin, limb, cornea, islets of 

Langerhans, bone marrow, blood vessels and pancreas. 

In a 15th embodiment of the third aspect which is also an embodiment of the 13th embodiment of 

the third aspect the medicament is used for the treatment and/or prevention of inflammation 

occu..J.illg in or being associated with 

systemic autoimmune diseases whereby such systemic autoimmune disease is preferably 

selected from allergy, warm and cold autoimmune hemolytic anemia, systemic inflammatory 

response syndrome, hemorrhagic shock, diabetes type 1, diffuse scleroderma, polychondritis, 

polyglandular autoimmune syndrome, systemic lupus erythematosus and manifestations thereof, 

rheumatoid arthritis, rheumatic disease in the eye, brain, lung, kidneys, heart, liver, 

gastrointestinal tract, spleen, skin, bones, lymphatic system, blood or other organs; 

autoimmune diseases of the gastrointestinal tract whereby such autoimmune disease of the 

gastrointestinal tract is preferably selected from Crohn's disease, colitis ulcerosa, celiac disease, 

gluten intolerance, inflammatory bowel disease, pancreatitis, eosinophilic esophagitis; 

autoimmune diseases of the skin whereby such autoimmune disease of the skin is preferably 

selected from psoriasis, urticaria, dermatomyositis, pemphigus vulgaris, pemphigus foliaceus, 

bullous pemphigoid, Morphea/linear scleroderma, vitiligo, dermatitis herpetiformis or Duhring's 

disease, lichen sclerosis; 

autoimmune diseases of the vasculature whereby such autoimmune disease of the vasculature 

is preferably selected from vasculitides, preferably arteritis temporalis, vasculitis, vascular 

leakage, polymyalgia rheumatica, atherosclerosis, Churg-Strauss syndrome, Takayasu arteritis, 

Goodpasture syndrome, preferably mostly affecting the kidneys, more specifically the glomeruli, 

and/or also mostly affecting the lungs, glomerulonephritis, polyarteritis nodosa, Beh9et's disease; 

autoimmune diseases of the nervous system whereby such autoimmune disease of the nervous 

system is preferably selected from multiple sclerosis, chronic inflammatory demyelinating 
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polyneuropathy, neurocognitive dysfunction, stiff-man syndrome, Guillain-Barre syndrome, 

myasthenia gravis, Lambert-Eaton syndrome; 

muscular skeletal autoimmune diseases whereby such muscular skeletal autoimmune disease 

is preferably selected from ankylosing spodylitis, sarcoidosis, polymyalgia rheumatica, 

polymyositis, psoriatic arthritis, rheumatic fever, polychondritis, fibromyalgia, juvenile 

rheumatoid arthritis, Lyme disease, reactive arthritis, spondyloarthropathy, degenerative joint 

disease; 

and/or other autoimmune diseases whereby such other autoimmune diseases are preferably 

selected from Cogan syndrome, autoimmune adrenalitis, Meniere's disease, local inflammations, 

alopecia areata, acute inflammatory diseases, primary biliary cirrhosis, Sjorgen's syndrome, 

scleroderma such as diffuse scleroderma, CREST syndrome and/or Morphea/linear scleroderma, 

autoumnune uveitis, Hashimoto ihyroidiiis, Graves disease, autoimmune hepatitis, 

glomerulonephritis, anti-phospholipid syndrome, idiopatic pulmonar fibrosis, autoimmune 

infertility, immune complex disordes and peritonitis. 

In a 16th embodiment of the third aspect which is also an embodiment of the 13th embodiment of 

the third aspect the medicament is for the treatment and/or prevention of allergic reactions of the 

skin and/or the mucosa of airways, preferably hay fever, asthma, airway hyper-responsiveness 

and/or dermatitis. 

In a 17th embodiment of the third aspect which is also an embodiment of the 16th embodiment of 

the third aspect the the dermatitis is contact dermatitis and/or atopic dermatitis. 

The problem underlying the instant application is solved in a fourth aspect by a method for 

obtaining progenitor cells and/or stem cells from a first subject which method comprises 

a) administering to the subject a nucleic acid according to the first aspect and any 

embodiments thereof, in an amount effective to mobilize said progenitor cells and/or 

stem cells into the peripheral blood of said subject; 

b) followed by harvesting said progenitor cells and/or stem cells from said subject. 

In a frrst embodiment of the fourth aspect harvesting of progenitor cells and/or stem cells is done 

by apheresis, leukapheresis, cell sorting and/or flow cytometry. 
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In a second embodiment of the fourth aspect, which is also an embodiment of the fourth aspect 

and the first embodiment of the fourth aspect the first subject or a second subject is subsequently 

or concomitantly undergoing chemotherapy and/or radiotherapy. 

In a third embodiment of the fourth aspect, which is also an embodiment of second embodiment 

of the fourth aspect, after chemotherapy and/or radiotherapy of the first subject or the second 

subject the harvested progenitor cells and/or stem cells of the first subject or the second subject 

are administered into the peripheral blood of the first subject or the second subject. 

In a fourth embodiment of the fourth aspect, which is also an embodiment of the fourth aspect 

and any of tht: first to the third embodiment of the fourth aspect the harvested progenitor cells 

and/or stem cells are expanded and the expanded progenitor cells and/or stem cells administered 

to first subject or to the second subject, whereby preferably the expanded progenitor cells and/or 

stem cells are administered by intraveneous or local injection. 

In a fifth embodiment of the fourth aspect, which is also an embodiment of the fourth aspect and 

any of the first to the fourth embodiment of the fourth aspect the method is used for the treatment 

of cancer, preferably solid tumours and hematological malignancies. 

The problem underlying the instant application is solved in a fifth aspect by the nucleic acid 

molecule according to the first aspect and any embodiments thereof, for use in a method 

according to the fourth aspect any embodiments thereof. 

The problem underlying the instant application is solved in a sixth aspect by a method for 

depletion long-lived plasma cells, B cells and/or T cells from a subject which method comprises 

a) administering to the subject a nucleic acid according to the first aspect and any 

embodiments thereof, in an amount effective to mobilize said long-lived plasma cells, B 

cells and/or T cells into the peripheral blood of said subject; 

b) followed by harvesting said long-lived plasma cells, B cells and/or T cells from said 

subject; 

whereby preferably the depleted and harvested .T cells are memory T cells. 
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In a first embodiment of the sixth aspect harvesting of the long-lived plasma cells, B cells and/or 

T cells is done by apheresis, cell sorting and/or flow cytometry, preferably by flow cytometry 

with surface markers appropriate for said cells. 

In a sixth embodiment of the fourth aspect which is also an embodiment of the fourth aspect and 

any of the first to the fifth embodiment of the fourth aspect; and which is also a second 

embodiment of the sixth aspect which is also an embodiment of the sixth aspect and the first 

embodiment of the sixth aspect, the method is used in the treatment and/or prevention of 

systemic autoimmune diseases whereby such systemic autoimmune disease is preferably 

selected from allergy, warm and cold autoimmune hemolytic anemia, systemic inflammatory 

response syndrome, hemonhagic shock, diabetes t-ype 1, diffuse sclerudt:nna, poiychondriiis, 

polyglandular autoimmune syndrome, systemic lupus erythematosus and manifestations thereof, 

rheumatoid arthritis, rheumatic disease in the eye, brain, lung, kidneys, heart, liver, 

gastrointestinal tract, spleen, skin, bones, lymphatic system, blood or other organs; 

autoimmune diseases of the gastrointestinal tract whereby such autoimmune disease of the 

gastrointestinal tract is preferably selected from Crohn's disease, colitis ulcerosa, celiac disease, 

gluten intolerance, inflammatory bowel disease, pancreatitis, eosinophilic esophagitis; 

autoimmune diseases of the skin whereby such autoimmune disease of the skin is preferably 

selected from psoriasis, urticaria, dermatomyositis, pemphigus vulgaris, pemphigus foliaceus, 

bullous pemphigoid, Morphea/linear scleroderma, vitiligo, dermatitis herpetiformis or Duhring's 

disease, lichen sclerosis; 

autoimmune diseases of the vasculature whereby such autoimmune disease of the vasculature 

is preferably selected from vasculitides, preferably arteritis temporalis, vasculitis, vascular 

leakage, polymyalgia rheumatica, atherosclerosis, Churg-Strauss syndrome, Takayasu arteritis, 

Goodpasture syndrome, preferably mostly affecting the kidneys, more specifically the glomeruli, 

and/or also mostly affecting the lungs, glomerulonephritis, polyarteritis nodosa, Behr;et's disease; 

autoimmune diseases of the nervous system whereby such autoimmune disease of the nervous 

system is preferably selected from multiple sclerosis, chronic inflammatory demyelinating 

polyneuropathy, neurocognitive dysfunction, stiff-man syndrome, Guillain-Barre syndrome, 

myasthenia gravis, Lambert-Eaton syndrome; 
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muscular skeletal autoimmune diseases whereby such muscular skeletal autoimmune disease 

is preferably selected from ankylosing spodylitis, sarcoidosis, polymyalgia rheumatica, 

polymyositis, psoriatic arthritis, rheumatic fever, polychondritis, fibromyalgia, juvenile 

rheumatoid arthritis, Lyme disease, reactive arthritis, spondyloarthropathy, degenerative joint 

di~ease; 

other autoimmune diseases whereby such other autoimmune diseases are preferably selected 

from Cogan syndrome, autoimmune adrenalitis, Meniere's disease, local inflammations, alopecia 

areata, acute inflammatory diseases, primary biliary cirrhosis, Sjorgen's syndrome, scleroderma 

such as diffuse scleroderma, CREST syndrome and/or Morphea/linear scleroderma, autoimmune 

uveitis, Hashimoto thyroiditis, Graves disease, autoimmune hepatitis, glomerulonephritis, anti­

phospholipid syndrome, idiopatic pulmonar fibrosis, autoimmune infertility, immune complex 

transplant rejection of a transplanted organ whereby such organ is selected from liver, 

kidney, intestine, lung, heart, skin, limb, cornea, islets of Langerhans, bone marrow, blood 

vessels, pancreas; 

and/or Graft-versus-Host-Disease after bone marrow transplantation. 

The problem underlying the instant application is solved in a seventh aspect by the nucleic acid 

molecule according to the first aspect and any embodiments thereof, for use in a method 

according to the sixth aspect and any embodiment thereof. 

The problem underlying the instant application is solved in a eighth aspect by the use of a 

nucleic acid as defined in claim any of the 10th to the 57th embodiment of the first aspect for the 

manufacture of a medicament, whereby the medicament is for the treatment and/or prevention of 

nephropathy, preferably diabetic nephropathy. 

The problem underlying the instant application is solved in a ninth aspect by the use of a nucleic 

acid as defined in claim any of the 10th to the 57th embodiment of the first aspect for the 

manufacture of a medicament, whereby the medicament is for the treatment and/or prevention of 

hypertension, preferably pulmonary hypertension. 
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The problem underlying the instant application is solved in a tenth aspect by the use of a nucleic 

acid as defined in claim any of the 10th to the 57th embodiment of the first aspect for the 

manufacture of a medicament, whereby the medicament is for the treatment and/or prevention of 

fibrosis, preferably idiopathic pulmonary fibrosis. 

In a first embodiment of the tenth aspect the medicament is for the treatment and/or prevention 

of fibrosis within the wound healing process. 

The problem underlying the instant application is solved in an eleventh aspect by the use of a 

nucleic acid as defined in claim any of the 10th to the 57th embodiment for the manufacture of a 

medicament, whereby the medicament is for the treatment of a disease and/or disorder that 

• 1 • • 'I I • • mvo1vcs angwgenesis anwor neovascu1ai1zatwn. 

In a first embodiment of the eleventh aspect the medicament is used for combination therapy 

with an agent inhibiting VEGF. 

In a second embodiment of the eleventh aspect which is also an embodiment of the first 

embodiment of the eleventh aspect the medicament is used in subjects that weakly respond to 

therapy with an agent inhibiting VEGF. 

In a third embodiment of the eleventh aspect the medicament is used in subjects that do not 

respond to therapy with an agent inhibiting VEGF. 

In a fourth embodiment of the eleventh aspect the disease and/or disorder involves and/or is 

associated with choroidal neovascularization. 

In a fifth embodiment of the eleventh aspect which is also an embodiment of the eleventh aspect 

and of any of the first to the fourth embodiment of the eleventh aspect the disease and/or disorder 

is selected from the group comprising retinal diseases, preferably age-related macular 

degeneration, diabetic retinopathy, retinal vein occlusion, macular edema and retinal edema. 
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In a sixth embodiment of the eleventh aspect which is also an embodiment of the eleventh aspect 

and of any of the first to the third embodiment of the eleventh aspect the disease is selected from 

the group comprising cancer, preferably solid tumours and metastases. 

In an 18th embodiment of the third aspect the medicament is to be administered to a subject 

which is or is to be undergoing a treatment regimen which depletes progenitor cells and/or stem 

cells in the subject, preferably depletion in the peripheral blood. 

In a 19th embodiment of the third aspect which is also an embodiment of the third aspect and of 

the 18th embodiment of the third aspect the medicament is to be administered to a subject which 

is or is to be undergoing chemotherapy and/or radiotherapy. 

In a 20th embodiment of the third aspect the medicament is for restoration or improvement of an 

immune system in a subject. 

The problem underlying the instant application is solved in a twelfth aspect by a molecule that 

inhibits the signalling between SDF-1 and the SDF-1 receptor for the manufacture of a 

medicament, whereby the medicament is for the treatment and/or prevention of nephropathy, 

preferably diabetic nephropathy. 

In a first embodiment of the twelfth aspeCt the molecule is an SDF-1 binding molecule or an 

SDF-1 receptor binding molecule and comprises target-binding nucleic acids like aptamers and 

Spiegelmers, antibodies and small molecules. 

In a second embodiment of the twelfth aspect which is also an embodiment of the twelfth aspect 

and of the first embodiment of the twelfth aspect the molecule is a nucleic acid molecule as 

defined in the tenth to the 57th embodiment of the first aspect. 

In a third embodiment of the twelfth aspect the molecule is a molecule that inhibits the 

expression of SDF-1 or the SDF-1 receptor and comprises siRNA molecules, ribozymes, 

antisense molecules and inhibitors of transcription factors. 
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The problem underlying the instant application is solved in a 13th aspect by a nucleic acid 

molecule according to any of the fifth to the 57th embodiment of the first aspect for use in a 

method for inhibiting the migration of leukocytes. 

The problem underlying the instant application is solved in a 14th aspect by an SDF-1 binding 

molecule that does not cross the blood-brain barrier for use in the mobilization of bone marrow 

derived stem cells or for use in the manufacture of a medicament, preferably a medicament for 

the mobilization of bone marrow derived stem cells. 

In a first embodiment of the 14th aspect the medicament is used for the amelioration of an injury 

of the central nervous system and/or for the promotion of tissue repair after stroke, preferably 

In a second embodiment of the 14th aspect whi".h is also an embodiment of the first embodiment 

of the 14th aspect the SDF-1 binding molecule comprises target-binding nucleic acids selected 

from the group comprising aptamers, Spiegelmers, antibodies and small molecules. 

In a third embodiment of the 14th aspect which is also an embodiment of the 14th aspect and of 

any of the first to the second embodiment of the 14th aspect the molecule is a nucleic acid 

molecule as defined in any of the ninth to 57th embodiments of the first aspect. 

The problem underlying the instant application is solved in a 15th aspect by a nucleic acid 

molecule according to the first aspect and any of the first to the 57th embodiment of the first 

aspect for use in the treatment of a disease as defined in any of the preceding claims. 

The problem underlying the instant application is solved in a 16th aspect by the use of a nucleic 

acid as defined in the 10th to the 57th embodiment of the first aspect for the manufacture of a 

medicament, whereby the medicament is for the treatment and/or prevention of the WHIM 

syndrome. 

The problem underlying the instant application is solved in a 17th aspect by the u~e of a nucleic 

acid as defined in the 10th to the 57th embodiment of the first aspect for the manufacture of a 

bhang
Rectangle



WO 2009/019007 PCT /EP2008/0064 73 

36 

medicament, whereby the medicament is for the treatment and/or prevention of growth and 

metastases of cancer, and growth of neoplasia. 

The problem underlying the instant application is solved in a 18th aspect by the use of a nucleic 

acid as defined in the 10th to the 57th embodiment of the first aspect for the manufacture of a 

medicament, whereby the medicament is administered to a subject prior to chemotherapy, 

preferably chemotherapy administered for the treatment cancer. 

While not wishing to be bound by any theory, the present inventors assume that the nucleic acid 

molecules according to the present invention inhibit the binding of SDF-1 to its SDF-1 receptor 

and thus, either directily or indirectly, influence the migration of cells, preferably migration of 

ceiis from the peripherai biood into one tissue or more tissue(s) and from tissues into peripheral 

blood. 

However, while not wishing to be bound by any theory, the present inventors assume further that 

the nucleic acid molecules according to the present invention which inhibit the binding of SDF-1 

to the SDF-1 receptor lead to the migration of progenitor cells, stem cells, cancer cells, long­

lived plasma cells, B-cells and/or T cells, preferably by mobilization, from tissues into the 

peripheral blood, by virtue of inhibiting the interaction between SDF-1 and the SDF-1 receptor. 

Furthermore and again without wishing tO be bound by any theory, the present inventors assume · 

that the nucleic acid molecules according to the present invention which inhibit the binding of 

SDF-1 to its SDF-1 receptors avoid the migration of leukocytes such as T-lymphocytes, B­

lymphocytes, monocytes, macrophages, eosinophils, neutrophils, basophils and/or dendritic and 

mast cells, preferably in tissues like skin or mucosa, and preferably help to attenuate 

autoimmune diseases and allergic reactions of skin and mucosa. 

In addition and still without wishing to be bound by any theory, the inventors were able to 

demonstrate that the use of SDF-1 inhibting agents like the nucleic acid molecules according to 

the present invention can be used in the treament of nephropathy, preferably diabetic 

nephropathy; hypertension, perferably pulmonary hypertension; fibrosis, preferably pulmonary 
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fibrosis, and in the treatment of diseases and/or disorders that involve neovascularization, 

preferably choroidal nevascularization. 

As to the various diseases, conditions and disorders which may be treated or prevented by using 

the nucleic acid molecules according to the present invention or compositions, preferably 

pharmaceutical compositions comprising the same, it has to be acknowledged that such diseases, 

conditions and disorders are those which are described herein, including and in particular those 

described and set forth in the introductory part of the instant application. Insofar, the respective 

passages form an integral part of the present disclosure teaching the suitability of the nucleic acid 

molecules for the prevention and treatment, respectively, for said diseases, conditions, and 

disorders. 

After intravenous administration of a SDF-1 binding nucleic acid molecule such as NOX-A12-

JE40, cells are into the blood, whereby the effect of the SDF-1 binding nucleic acid NOX-A12-

JE40 was seen after performing a whole blood cell count using a hemocytometer (see Example 

10). Whilst hematopoietic stem cells/ hematopoietic progenitor cells only represented a small 

fraction of the mobilized white blood cells, there are other cells types that were released into the 

blood. Among these are monocytes and neutrophil granulocytes as well as tissue-commited 

stem/progenitor cells, mesenchymal stem cells, long-lived plasma B-cells, without limiting to 

these cells. 

Based on these results, the inventors concluded that the inhibition of the signalling of SDF-1 to 

SDF-1 receptor by a SDF-1 binding nucleic acid molecule according to the present invention 

leads to influence of migration of cells. Preferably the cells express a SDF-1 receptor. 

Accordingly, the term migration as preferably used herein refers to migration and/or movement 

from one tissue into another tissue, from a tissue into the peripheral blood and/or from the 

peripheral blood into a tissue. Migration of cells can be tested in a TAX-assay (migration in 

vitro) as shown in Example 5 and/or using a hemocytometer and F ACS analysis as shown in 

Example 10 (in vivo experiment). Additionally, immunehistochemistry of tissue can be done, 

whereby the migrated cells are detected by antibodies directed to cell-specfic surface markers. 

As used herein the term SDF-1 receptor, regardless whether used in plural or singular, refers to 
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any receptor to which SDF-1 binds. Today there are two receptors known, the CXCR 4 

(Godessart 2005) and the CXCR7 (Bums, Summers, et al. 2006) which are preferred SDF-1 

binding receptors. 

Blood cell development. The development and maturation of blood cells is a complex process. 

Mature blood cells are derived from hematopoietic precursor cells, also referred as progenitor 

cells, and stem cells present in specific hematopoietic tissues including bone marrow. Within 

these environments hematopoietic cells proliferate and differentiate prior to entering the 

circulation. The chemokine receptor CXCR4 and its natural ligand SDF-1 appear to be important 

in this process (Maekawa and Ishii 2000; Nagasawa 2000). This has beendemonstrated by 

reports that CXCR4 or SDF-1 knock-out mice exhibit hematopoietic defects (Ma, Jones et al. 

1998; Tachibana, Hirota et al. 1998; Zou, Kettmann et al. 1998). It is also known that CD34+ 

progenitor cells express CXCR4 and require SDF-1 produced by bone marrow stromal cells for 

chemoattraction and engraftment (Peled, Petit et al. 1999) and that in vitro, SDF-1 is chemotactic 

for both CD34+ cells (Aiuti, Webb et al. 1997; Viardot, Kronenwett et al. 1998) and for 

progenitor/stem cells (Jo, Rafii et al. 2000). SDF-1 is also an important chemoattractant, 

signaling via the CXCR4 receptor, for several other more committed progenitors and mature 

blood cells including T-lymphocytes and monocytes (Bleul, Fuhlbrigge et al. 1996), pro-and pre­

B lymphocytes (Fedyk, Ryyan et al. 1999) and megakaryocytes (Riviere, Subra et al. 1999; Abi­

Younes, Sauty et al. 2000; Hodohara, Fujii et al. 2000; Majka, Janowska-Wieczorek et al. 2000; 

Gear, Suttitanamongkol et al. 2001). Due to this relationship between the various cell types and 

the involvement of SDF-1 and he SDF-1 receptor, the various cell types may actually be 

addressed by the nucleic acid molecuels according to the present invention. 

Thus, in summary, it appears that SDF-1 is able to control the positioning and differentiation of 

cells bearing SDF-1 receptors, preferably CXCR4 receptors whether these cells are stem cells, 

i.e., cells which are CD34+, and/or progenitor cells which result in formation of specified types 

of colonies in response to particular stimuli; that can be CD34+ or CD34-, or cells that are 

somewhat more differentiated. 
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Recently, considerable attention has been focused on the number of CD34+ cells mobilized in 

the pool of peripheral blood progenitor cells used for autologous and allogra:ft stem cell 

transplantation. The CD34+ population is the component thought to be primarily responsible for 

the improved recovery time after chemotherapy and the cells most likely responsible for long­

term engraftment and restoration of hematopoiesis (Croop, Cooper et al. 2000). The mechanism 

by which CD34+ cells re-engraft may be due to the chemotactic effects of SDF-1 on CXCR4 

expressing cells (Ponomaryov, Peled et al. 2000; Voermans, Kooi et al. 2001). More recently, 

adult hematopoietic stem cells were shown to be capable of restoring damaged cardiac tissue in 

mice (Jackson, Majka et al. 2001; Kocher, Schuster et al. 2001). 

As preferably used herein, the term· progenitor cells refers to cells that, in response to cert~in 

stimuli, can form differentiated hematopoietic or myeloid cells. The presence of progenitor cells 

can be assessed by the ability of the cells in a sample to form colony-forming units of various 

types, including, for example, CFU-GM (that means colony-forming units granulocyte­

macrophage); CFU-GEMM (that means colony-forming units, multipotential); BFU-E (burst­

forming units, erythroid); HPP-CFC (that means high proliferative potential colony-forming 

cells); or other types of differentiated colonies which can be obtained in culture using known 

protocols. 

As preferably used herein, stem cells are.less differentiated forms of progenitor cells. Typically, 

, such cells are often positive for CD34. Some stem cells do not contain this marker, however. 

CD34+ cells can be assayed using fluorescence activated cell sorting (abbr. F ACS) and thus their 

presence can be assessed in a sample using this technique. 

In general, CD34+ cells are present only in low levels in the blood, but are present in large 

numbers in bone marrow. While other types of cells such as endothelial cells and mast cells also 

may exhibit this marker, CD34 is considered an index of stem cell presence. 

Without wishing to be bound by any theory, the inventors have found that in addition to stem 

cells and/or progenitor cells, cancer cells, long-lived plasma cells, B-cells and/or T cells are 

affected by the inhibitory effect of the nucleic acid according to the present invention on the 
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signalling between SDF-1 and its SDF-1 receptor. B-cells and T-cells are preferably memory B 

and memory T-cells. The inhibtion of the signalling between SDF-1 and the SDF-1 receptor 

leads to a migration, comprising mobilization, into the peripheral blood. 

Mobilization of the stem cells, progenitor cells, cancer cells, long-lived plasma cells, B-cells 

and/or T cells preferably takes place in hematopoietic tissues, whereby the hematopoietic tissue 

is selected from the group consisting of myeloid tissue and lymphoid tissue. Myeloid tissue is 

located in the bone marrow. The lymphoid tissue is located in the mucosa of the digestive tract 

and respiratory tract, lymph nodes, the spleen and/or the thymus. 

As preferably used herein, cancer cells are neoplastic cells and are preferably selected from 

lenl:emic cells, mylecma cells. lymphoma cells, cancer stem ceiis,cancer ceiis with metastatic 

potential and cancer metastases The neoplastic cells typically bear common genetic or epigenetic 

abnormalities, an evidence of clonality. For some types of neoplasm, e.g. lymphoma and 

leukemia, the demonstration of clonality is now considered to be necessary (though not 

sufficient) to define a cellular proliferation as neoplastic. 

After an acute immune response with active antibody production by terminally differentiated B 

cells (plasma cells) the majority of these cells die with the resolution of the disease, and/or the 

elimination of the foreign antigen (e.g. virus protein). There is however a minority of memory B 

cells that may be turned into plasmablasts with the help of a T cell. These plasma blasts have the 

ability to migrate in response to chemotactic stimuli into niches where they survive as long-lived 

"memory" plasma cells for years. These niches can be both in bone marrow and in the periphery, 

e.g. in inflamed tissues. These long-lived plasma cells are most likely responsible for the 

maintenance of the protective antibody plasma titers that are often maintained for years after an 

infection or a vaccination (Tarlinton et al, 2008). 

Mobilization of the progenitor cells and/or the stem cells preferably occurs from hematopoietic 

tissues, whereby the hematopoietic tissue is selected from the group of myeloid tissue and 

lymphoid tissue. Myeloid tissue is located in the bone marrow. The lymphoid tissue is located in 

the mucosa of the digestive tract and respiratory tract, _lymph nodes, the spleen , thymus and 

lyphoid follicles in an inflammed tissue. Preferably, the mobilization of the cells as disclosed 

before comprises migration of the cells as disclosed before into the peripheral blood. 
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As shown before, SDF-1 was found to act as a chemotactic agent on mature and precursor mast 

cells - especially when histamine is released from mature mast cells, e.g. by IgE signalling 

through binding to the Fe-epsilon receptor on the mast cell surface (Godot, Arock et al. 2007). 

Diseases like allergic reactions of the skin and mucosa of airways, such as hay fever and asthma, 

dermatitis, especially contact dermatitis and atopic dermatitis often involve a leukocyte 

migration to and accumulation in affected tissues. Expression of SDF-1 was also observed in 

synovial biopsies and by RT-PCR from subjects affected by joint inflammation as 

spondyloarthropathy, rheumatoid arthritis, psoriatric arthritis and degenerative joint disease 

(osteoarthritis). Interference with SDF-1 by SDF-1 binding nucleic acids according to the present 

invention may therefore have positive effects for patients suffering from joint inflammation. 

By these means and in view of the outlined involvement of SDF-1 and SDF-1 receptors, the 

SDF-1 binding and the interaction between SDF-1 and SDF-1 receptor inhibiting nucleic acid 

molecules according to the present invention can help to attenuate such diseases, whereby 

inhibition of SDF-1 by the nucleic acid molecules according to the present invention leads to 

reduction and/or inhibition of migration of leukocytes whereby leukocytes are preferably 

selected from the group T-lymphocytes, B-lymphocytes, monocytes, macrophages, 

megakaryocytes, eosinophils, neutrophils, basophils, dendritic cells and/or mast cells. 

Migration of leukocytes leads to an accumulation in a tissue, whereby preferably the 

accumulation of the leukocytes leads to an inflammtion of the said tissue, whereby the tissue 

comprise skin and/or mucosa, preferably mucosa of airways, and several organs as selected from 

but not restricted to eye, brain, lung, kidneys, heart, liver, gastrointestinal tract, spleen, skin, 

bones and/or the lymphatic system. 

An antagonists to SDF-1 is a molecule that binds to SDF-1 and inhibts the function of SDF-1, 

preferably in cell-based assay or in an in vivo model as described in the Examples. 

Moreover, the present invention is based on the surprising finding that it is possible to generate 

nucleic acids binding specifically and with high affinity to SDF-1. Such nucleic acids are 

preferably also referred to herein as the nudeic acid molecules according to the present 
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invention, the nucleic acids according to the present invention, the inventive nucleic acids or the 

inventive nucleic acid molecules. 

SDF-1 is a basic peptide having the amino acid sequence according to SEQ. ID. No. 1. The 

calculated pl of SDF-1is9.70. As used herein the term SDF-1 refers to any SDF-1 including, but 

not limited to, mammalian SDF-1. Preferably, the mammalian SDF-1 is selected from the group 

comprising mice, rat, rabbit, hamster, monkey and human SDF-1. More preferably the SDF-1 is 

human SDF-1 also referred to as SDF-la (SEQ.ID. No. 1) and/ or human SDF-lP (SEQ ID No. 

2), most preferably human SDF-1 also referred to as SDF-la (SEQ.ID. No. 1) 

The finding that high affinity binding nucleic acids to SDF-1 could be identified, is insofar 

sw prising as Eaton et aL (Eaion, Go id et al. i 997) observed that the generation of aptamers, i.e. 

D-nucleic acids binding to a target molecule, directed to a basic protein is in general very 

difficult because this kind of target produces a high but non-specific signal-to-noise ratio. This 

high signal-to-noise ratio results from the high non-specific affinity shown by nucleic acids for 

basic targets such as SDF-1. 

The features of the nucleic acid according to the present invention as described herein can be 

realised in any aspect of the present invention where the nucleic acid is used, either alone or in 

any combination. 

Without wishing to be bound by any theory, the present inventors assume that the observed 

specificity of the SDF-1 binding nucleic acids according to the present invention share some 

structural features and in particular one of the nucleotide sequences which are also referred to 

therein as core sequences which shall be discussed in more detail in the following, whereby 

reference is made to Figs. 1 to 8 and to Example 1. However, it is to be understood that said 

Figs. and to Example 1 incorporates several of said structural features which do not have to be 

necessarily realized in each and any of the nucleic acids according to the present invention. 

As outlined in more detail in the claims and example 1, the various human SDF-1 binding 

nucleic acid molecules can be categorised based on said Boxes and some structural features and 

bhang
Rectangle



WO 2009/019007 PCT /EP2008/0064 73 

43 

elements, respectively. The various categories thus defined are also referred to herein as types 

and more specifically as Type A, Type Band Type C. 

In a preferred embodiment the nucleic acid according to the present invention is a single nucleic 

acid molecule. In a further embodiment, the single nucleic acid molecule is present as a 

multitude of the single nucleic acid molecule. Preferably, the terms nucleic acid and nucleic acid 

molecule are used in an interchangeable manner herein if not indicated to the contrary. 

It will be acknowledged by the ones skilled in the art that the nucleic acid molecule in 

accordance with the invention preferably consists of nucleotides which are covalently linked to 

each other, preferably through phosphodiester links or linkages. 

The· nucleic acids according to the present invention shall also comprise nucleic acids which are 

essentially homologous to the particular sequences disclosed herein. The term substantially 

homologous shall be understood such as the homology is at least 75%, preferably 85%, more 

preferably 90% and most preferably more that 95 %, 96 %, 97 %, 98 % or 99%. 

The actual percentage of homologous nucleotides present in the nucleic acid according to the 

present invention will depend on the total number of nucleotides present in the nucleic acid. The 

percent modification can be based upon the total number of nucleotides present in the nucleic 

acid. 

The homology can be determined as known to the person skilled in the art. More specifically, a 

sequence comparison algorithm then calculates the percent sequence identity for the test 

sequence(s) relative to the reference sequence, based on the designated program parameters. The 

test sequence is preferably the sequence or nucleic acid molecule which is said to be or to be 

tested whether it is homologous, and if so, to what extent, to another nucleic acid molecule, 

whereby such another nucleic acid molecule is also referred to as the reference sequence. In an 

embodiment, the reference sequence is a nucleic acid molecule as described herein, more 

preferably a nucleic acid molecule having a sequence according to any of SEQ. ID. NOs. 5 to 

144. Optimal alignment of sequences for comparison can be conducted, e.g., by the local 

homology algorithm of Smith & Waterman (Smith & Waterman, 1981) by the homology 
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alignment algorithm of Needleman & Wunsch (Needleman & Wunsch, 1970) by the search for 

similarity method of Pearson & Lipman (Pearson & Lipman, 1988), by computerized 

implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin 

Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, Wis.), or by 

visual inspection. 

One example of an algorithm that is suitable for determining percent sequence identity is the 

algorithm used in the basic local alignment search tool (hereinafter "BLAST"), see, e.g. Altschul 

et al (Altschul et al. 1990 and Altschul et al, 1997). Software for performing BLAST analyses is 

publicly available through the National Center for Biotechnology Information (hereinafter 

"NCBI"). The default parameters used in determining sequence identity using the software 

available from NCBI, e.g., BLASTN (for nucleotide sequences) and BLASTP (for amino acid 

sequences) are described in McGinnis et al (McGinnis et al, 2004). 

The term inventive nucleic acid or nucleic acid according to the present invention shall also 

comprise those nucleic acids comprising the nucleic acids sequences disclosed herein or part 

thereof, preferably to the extent that the nucleic acids or said parts are involved in the binding to 

. SDF-1. Such a nucleic acid may be derived from the ones disclosed herein, e.g., by truncation. 

Truncation may be related to either or both of the ends of the nucleic acids as disclosed herein. 

Also, truncation may be related to the inner sequence of nucleotides, i.e. it may be related to the 

nucleotide(s) between the 5' and the 3' terminal nucleotide, respectively. Moreover, truncation 

shall comprise the deletion of as little as a single nucleotide from the sequence of the nucleic 

acids disclosed herein. Truncation may also be related to more than one stretch of the inventive 

nucleic acid(s), whereby the stretch can be as little as one nucleotide long. The binding of a 

nucleic acid according to the present invention can be determined by the ones skilled in the art 

using routine experiments or by using or adopting a method as described herein, preferably as 

described herein in the example part. 

The nucleic acids according to the present invention may be either D-nucleic acids or L-nucleic 

acids. Preferably, the inventive nucleic acids are L-nucleic acids. In addition it is possible that 

one or several parts of the nucleic acid are present as D-nucleic acids or at least one or several 

parts of the nucleic acids are L-nucleic acids. The term "part" of the nucleic acids shall mean as 
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little as one nucleotide. Such nucleic acids are generally referred to herein as D- and L-nucleic 

acids, respectively. Therefore, in a particularly preferred embodiment, the nucleic acids 

according to the present invention consist of L-nucleotides and comprise at least one D­

nucleotide. Such D-nucleotide is preferably attached to a part different from the stretches 

defining the nucleic acids according to the present invention, preferably those parts thereof, 

where an interaction with other parts of the nucleic acid is involved. Preferably, such D­

nucleotide is attached at a terminus of any of the stretches and of any nucleic acid according to 

the present invention, respectively. In a further preferred embodiment, such D-nucleotides may 

act as a spacer or a linker, preferably attaching modifications such as PEG and HES to the 

nucleic acids according to the present invention. 

It is also within the present invention that each and any of ihe nucieic acid moiecuies described 

herein in their entirety in terms of their nucleic acid sequence( s) are limited to the particular 

nucleotide sequence(s). In other words, the terms "comprising" or "comprise(s)" shall be 

interpreted in such embodiment in the meaning of containing or consisting of. 

It is also within the present invention that the nucleic acids according to the present invention are 

part of a longer nucleic acid whereby this longer nucleic acid comprises several parts whereby at 

least one such part is a nucleic acid, or a part thereof, according to the present invention. The 

other part(s) of these longer nucleic acids can be either one or several D-nucleic acid(s) or L­

nucleic acid(s). Any combination may be used in connection with the present invention. These 

other part(s) of the longer nucleic acid can exhibit a function which is different from binding, 

preferably from binding to SDF-1. One possible function is to allow interaction with other 

molecules, whereby such other molecules preferably are different from SDF-1, such as, e.g., for 

immobilization, cross-linking, detection or amplification. In a further embodiment of the present 

invention the nucleic acids according to the invention comprise, as individual or combined 

moieties, several of the nucleic acids of the present invention. Such nucleic acid comprising 

several of the nucleic acids of the present invention is also encompassed by the term longer 

nucleic acid. 

L-nucleic acids as used herein are nucleic acids consisting of L-nucleotides, preferably 

consisting completely of L-nucleotides. 
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D-nucleic acids as used herein are nucleic acids consisting of D-nucleotides, preferably 

consisting completely of D-nucleotides. 

The terms nucleic acid and nucleic acid molecule are used herein in an interchangeable manner if 

not explicitly indicated to the contrary. 

Also, if not indicated to the contrary, any nucleotide sequence is set forth herein in 5' ~ 3' 

direction. 

Irrespective of whether the inventive nucleic acid consists of D-nucleotides, L-nucleotides or a 

combination of both with the combination being e.g. a random combination or a defined 

sequence of stretches consisting of at least one L-nucleotide and at least one D-nucleic acid, the 

nucleic acid may consist of desoxyribonucleotide(s), ribonucleotide(s) or combinations thereof. 

Designing the inventive nucleic acids as L-nucleic acid is advantageous for several reasons. L­

nucleic acids are enantiomers of naturally occurring nucleic acids. D-nucleic acids, however, are 

not very stable in aqueous solutions and particularly in biological systems or biological samples 

due to the widespread presence of nucleases. Naturally occurring nucleases, particularly 

nucleases from animal cells are not capable of degrading L-nucleic acids. Because of this the 

biological half-life of the L-nucleic acid is significantly increased in such a system, including the 

animal and human body. Due to the lacking degradability of L-nucleic acid no nuclease 

degradation products are generated and thus no side effects arising therefrom observed. This 

aspect delimits the L-nucleic acid of factually all other compounds which are used in the therapy 

of diseases and/or disorders involving the presence of SDF-1. L-nucleic acids which specifically 

bind to a target molecule through a mechanism different from Watson Crick base pairing, or 

aptamers which consists partially or completely of L-nucleotides, particularly with those parts of 

the aptamer being involved in the binding of the aptamer to the target molecule, are also called 

spiegelmers. 

It is within the present invention that the frrst and the second stretch of nucleotides flanking the 

core nucleotide sequence can, in principle, hybridise with each other. Upon such hybridisation a 
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double-stranded structure is formed. It will be acknowledged by the one skilled in the art that 

such hybridisation may or may not occur, particularly under in vitro and/or in vivo conditions. 

Also, in case of such hybridisation, it is not necessarily the case that the hybridisation occurs 

over the entire length of the two stretches where, at least based on the rules for base pairing, such 

hybridisation and thus formation of a double-stranded structure may occur. As preferably used 

herein, a double-stranded structure is a part of a molecule or a structure formed by two or more 

separate strands, whereby at least one, preferably two or more base pairs exist which are base 

pairing preferably in accordance with the Watson-Crick base pairing rules. It will also be 

acknowledged by the one skilled in the art that other base pairing such as Hoogsten base pairing 

may exist in or form such double-stranded structure. 

It is also within the present invention that the inventive nucieic acids, regardless whether they are 

present as D-nucleic acids, L-nucleic acids or D,L-nucleic acids or whether they are DNA or 

RNA, may be present as single stranded or double stranded nucleic acids. Typically, the 

inventive nucleic acids are single stranded nucleic acids which exhibit defined secondary 

structures due to the primary sequence and may thus also form tertiary structures. The inventive 

nucleic acids, however, may also be double stranded in the meaning that two strands which are 

complementary or partially complementary to each other are hybridised to each other. This 

confers stability to the nucleic acid which, in particular, will be advantageous if the nucleic acid 

is present in the naturally occurring D-form rather than the L-form. 

The inventive nucleic acids may be modified. Such modifications may be related to the single 

nucleotide of the nucleic acid and are well known in the art. Examples for such modification are 

described by, among others, Venkatesan et al. (Venkatesan, Kim et al. 2003) and Kusser 

(Kusser 2000). Such modification can be a H atom, a F atom or O-CH3 group or NH2-group at 

the 2' position of the individual nucleotide of which the nucleic acid consists. Also, the nucleic 

acid according to the present invention can comprises at least one LNA nucleotide. In an 

embodiment the nucleic acid according to the present invention consists ofLNA nucleotides. 

In an embodiment, the nucleic acids according to the present invention may be a multipartite 

nucleic acid. A multipartite nucleic acid as used herein, is a nucleic acid which consists of at 

least two nucleic acid strands. These at least two nucleic acid strands form a functional unit 
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whereby the functional unit is a ligand to a target molecule. The at least two nucleic acid strands 

may be derived from any of the inventive nucleic acids by either cleaving the nucleic acid to 

generate two strands or by synthesising one nucleic acid corresponding to a first part of the 

inventive, i.e. overall nucleic acid and another nucleic acid corresponding to the second part of 

the overall nucleic acid. It is to be acknowledged that both the cleavage and the synthesis may be 

applied to generate a multipartite nucleic acid where there are more than two strands as 

exemplified above. In other words, the at least two nucleic acid strands are typically different 

from two strands being complementary and hybridising to each other although a certain extent of 

complementarity between the various nucleic acid parts may exist. 

Finally it is also within the present invention that a fully closed, i.e. circular structure for the 

nucieic acids according to the present invention is reaiized, i.e. that the nucleic acids according 

to the present invention are closed, preferably through a covalent linkage, whereby more 

preferably such covalent linkage is made between the 5' end and the 3' end of the nucleic acid 

sequences as disclosed herein. 

The present inventors have discovered that the nucleic acids according to the present invention 

exhibit a very favourable Kd value range. 

A possibility to determine the binding constant is surface plasmon resonance measurement by 

the use of the so called Biacore device (Biacore AB, Uppsala, Sweden), which is also knowri to 

the one skilled in the art. Affinity as preferably used herein was also measured by the use of 

"pull-down binding assay" as described in the examples. An appropriate measure in order to 

express the intensity of the binding between the nucleic acid and the target which is in the 

present case SDF-1, is the so-called Kd value which as such as well as the method for its 

determination are known to the one skilled in the art. 

The nucleic acids according to the present invention are characterized by a certain Kd value. 

Preferably, the Kd value shown by the nucleic acids according to the present invention is below 

1 µM. A Kd value of about 1 µM is said to be characteristic for a non-specific binding of a 

nucleic acid to a target. As will be acknowledged by the ones in the art, the Kd value of a group 

of compounds such as the nucleic acids according to the present invention are within a certain 
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range. The above-mentioned Kd of about 1 µM is a preferred upper limit for the Kd value. The 

preferred lower limit for the Kd of target binding nucleic acids can be about 10 picomolar or 

higher. It is within the present invention that the Kd values of individual nucleic acids binding to 

ghrelin is preferably within this range. Preferred ranges can be defined by choosing any first 

number within this range and any second number within this range. Preferred upper values are 

250 nM an 100 nM, preferred lower values are 50 nM, 10 nM, 1nM,100 pM and 10 pM. 

The nucleic acid molecules according to the present invention may have any length provided that 

they are still able to bind to the target molecule. It will be acknowledged in the art that there are 

preferred lengths of the nucleic acids according to the present inventions. Typically, the length is 

between 15 and 120 nucleotides. It will be acknowledged by the ones skilled in the art that any 

integer between 15 and 120 is a possible length for the nucleic acids according to the present 

invention. More preferred ranges for the length of the nucleic acids according to the present 

invention are lengths of about 20 to 100 nucleotides, about 20 to 80 nucleotides, about 20 to 60 · 

nucleotides, about 20 to 50 nucleotides and about 20 to 40 nucleotides. 

It is within the present invention that the nucleic acids disclosed herein comprise a moiety which 

preferably is a high molecular weight moiety and/or which preferably allows to modify the 

characteristics of the nucleic acid in terms of, among others, residence time in the animal body, 

preferably the human body. A particularly preferred embodiment of such modification is 

PEGylation and HESylation of the nucleic acids according to the present invention. As used 

herein PEG stands for poly( ethylene glycole) and HES for hydroxyethly starch. PEGylation as 

preferably used herein is the modification of a nucleic acid according to the present invention 

whereby such modification consists of a PEG moiety which is attached to a nucleic acid 

according to the present invention. HESylation as preferably used herein is the modification of a 

nucleic acid according to the present invention whereby such modification consists of a HES 

moiety which is attached to a nucleic acid according to the present invention. These 

modifications as well as the process of modifying a nucleic acid using such modifications, is 

described in European patent application EP 1 306 382, the disclosure of which is herewith 

incorporated in its entirety by reference. 
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Preferably, the molecular weight of a modification consisting of or comprising a high molecular 

weight moiety is about from 2,000 to 200,000 Da, preferably 40,000 to 120,000 Da, particularly 

in case of PEG being such high molecular weight moiety, and is preferably about from 3,000 to 

180,000 Da, more preferably from 60,000 to 140,000 Da, particularly in case of HES being such 

high molecular weight moiety. The process of HES modification is, e.g., described in German 

patent application DE 1 2004 006 249.8 the disclosure of which is herewith incorporated in its 

entirety by reference. 

It is within the present invention that either of PEG and HES may be used as either a linear or 

branched from as further described in the patent applications W02005074993 and 

PCT/EP02/11950. Such modification can, in principle, be made to the nucleic acid molecules of 

the present invention at any position thereof. Preferabiy such modification is made either to the 

5' -terminal nucleotide, the 3'-terminal nucleotide and/or any nucleotide between the 5' 

nucleotide and the 3' nucleotide of the nucleic acid molecule. 

The modification and preferably the PEG and/or HES moiety can be attached to the nucleic acid 

molecule of the present invention either directly or through a linker. It is also within the present 

invention that the nucleic acid molecule according to the present invention comprises one or 

more modifications, preferably one or more PEG and/or HES moiety. In an embodiment the 

individual linker molecule attaches more than one· PEG moiety or HES moiety to a nucleic acid 

molecule according to the present invention. The linker used in connection with the present 

invention can itself be either linear or branched. This kind of linkers are known to the ones 

skilled in the art and are further described in the patent applications W02005074993 and 

PCT/EP02/11950. 

Without wishing to be bound by any theory, it seems that by modifying the nucleic acids 

according to the present invention with high molecular weight moiety such as a polymer and 

more particularly the polymers disclosed herein, which are preferably physiologically 

acceptable, the excretion kinetic is changed. More particularly, it seems that due to the increased 

molecular weight of such modified inventive nucleic acids and due to the nucleic acids not being 

subject to metabolism particularly when in the L form, excretion from an animal body, 

preferably from a mammalian body and more preferably from a human body is decreased. As 
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excretion typically occurs via the kidneys, the present inventors assume that the glomerular 

filtration rate of the thus modified nucleic acid is significantly reduced compared to the nucleic 

acids not having this kind of high molecular weight modification which results in an increase in 

the residence time in the body. In connection therewith it is particularly noteworthy that, despite 

such high molecular weight modification the specificity of the nucleic acid according to the 

present invention is not affected in a detrimental manner. Insofar, the nucleic acids according to 

the present invention have surprising characteristics - which normally cannot be expected from 

pharmaceutically active compounds - such that a pharmaceutical formulation providing for a 

sustained release is not necessarily required to provide for a sustained release. Rather the nucleic 

acids according to the present invention in their modified form comprising a high molecular 

weight moiety, can as such already be used as a sustained release-formulation. Insofar, the 

modification(s) of the nucleic acid molecules as disclosed herein and the thus modified nucleic 

acid molecules and any composition comprising the same may provide for a distinct, preferably 

controlled pharmacokinetics and biodistribution thereof. This also includes residence time in 

circulation and distribution to tissues. Such modifications are further described in the patent 

application PCT/EP02/11950. 

However, it is also within the present invention that the nucleic acids disclosed herein do not 

comprise any modification and particularly no high molecular weight modification such as 

PEGylation or HESylation. Such embodiment is particularly preferred when a fast clearance of 

the nucleic acids from the body after administration is desired. Such fast clearance might be 

desired in case of in vivo imaging or specific therapeutic dosing requirements using the nucleic 

acids or medicaments comprising the same, according to the present invention. 

The inventive nucleic acids, which are also referred to herein as the nucleic acids according to 

the present invention, and/or the antagonists according to the present invention may be used for 

the generation or manufacture of a medicament. Such medicament contains at least one of the 

inventive nucleic acids, optionally together with further pharmaceutically active compounds, 

whereby the inventive nucleic acid preferably acts as pharmaceutically active compound itself. 

Such medicaments comprise in preferred embodiments at least a pharmaceutically acceptable 

carrier. Such carrier may be, e. g., water, buffer, PBS, glucose solution, sucrose solution, 

mannose solution, preferably a 5% sucrose balanced solution, starch, sugar, gelatine or any other 
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acceptable carrier substance. Such carriers are generally known to the one skilled in the art. It 

will be acknowledged by the person skilled in the art that any embodiments, use and aspects of 

or related to the medicament of the present invention is also applicable to the pharmaceutical 

composition of the present invention and vice versa. 

The indication, diseases and disorders for the treatment and/or prevention of which the nucleic 

acids, the pharmaceutical compositions and medicaments in accordance with or prepared in 

accordance with the present invention result from the involvement, either direct or indirect, of 

SDF-1 in the respective pathogenetic mechanism. 

Of course, because the SDF-1 binding nucleic acids according to the present invention interact 

1 binding nucleic acids according to the present invention can easily be used for the treatment, 

prevention and/or diagnosis of any disease as described herein of humans and animals. In 

connection therewith, it is to be acknowledged that the nucleic acid molecules according to the 

present invention can be used for the treatment and prevention of any of the diseases, disorder or 

condition described herein, irrespective of the mode of action underlying such disease, disorder 

and condition. 

In the following the rational for the use of the nucleic acid molecules according to the present 

invention in connection with the various diseases, disorders and conditions is provided, thus 

rendering the claimed therapeutic, preventive and diagnostic applicability of the nucleic acid 

molecules according to the present invention plausible. In order to avoid any unnecessary 

repetition, it should be acknowledged that due to the involvement of the SDF-1 - SDF-1 receptor 

axis as outlined in connection therewith said axis may be addressed by the nucleic acid 

molecules according to the present invention such that the claimed therapeutic, preventive and 

diagnostic effect is achieved. It should furthermore be acknowledged that the particularities of 

the diseases, disorders and conditions, of the patients and any detail of the treatment regimen 

described in connection therewith, may be subject to preferred embodiments of the instant 

application. 
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Enhancing the stem and/or progenitor cells in blood and more specifically peripheral blood, is, 

among others, helpful in treatments to alleviate the effects of protocols that adversely affect the 

bone marrow, such as those that result in leukopenia. These are known side-effects of 

chemotherapy and radiotherapy. The nucleic acids of the present invention also enhance the 

success of bone marrow transplantation, enhance wound healing and burn treatment, and aid in 

restoration of damaged organ tissue. They also combat bacterial infections that are prevalent in 

leukemia. Insofar, the nucleic acid molecules according to the present invention may be used for 

any such purpose and treatment and prevention, respectively, of any such disease and condition. 

Stem cell mobilization for regeneration of tissues. In cases of organ damage, e.g. due to 

malfunctioning vasculature or trauma, tissue regeneration is desirable but often not achieved. 

Stem cells from the bone manow, preferably autologous stern cells havt: bt:t:n shown to have 

beneficial effects in a variety of animal models of diseases and have proven beneficial in some 

instances in humans. 

Repair of the retina and the retinal pigment epithelium. Bone marrow-derived stem cells have 

been investigated in mouse models of retinal vascular and degenerative diseases. These stem 

cells were shown to adhere to sites of damage, to stabilize abnormal vasculature and to 

accelerate neovascularization of hypoxic areas if injected intravitreally or subretinally 

(Friedlander et al, 2007; Otani et al, 2002). Others have found that a subgroup of bone marrow­

derived stem cells that had been mobilized with G-CSF targets the retinal pigment epithelium at 

sites of damage. Besides the systemic administration no harvesting and intra-ocular injection of 

stem cells was found to be necessary. On the contrary, the attraction to the site of injury/damage 

was achieved by the transient localised over-expression of chemokines, e.g. SDF-1 (Li et al, 

2007; Li et al, 2006). 

Cardiac repair. Cumulative evidence indicates that myocardium responds to growth or injury by 

recruitment of stem and/or progenitor cells that participate in repair and regenerative processes. 

In a mouse model of cardiac infarction, Fransioli et al. have shown that c-kit+ cells, that are stem 

cells, accumulate 1-2 weeks post infarction in the infarcted area, most likely to contribute to 

repair processes (Fransioli et al, 2008). Dawn et al. reported on the potential therapeutic utility of 

bone marrow-derived Sca-1+/Lin-/CD45- very small embryonic-like stem cells (abbr. VSELs). 
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In a mouse model of myocardial infarction (abbr. Ml) the transplantation of a relatively small 

number of CD45- VSELs was sufficient to improve left ventricular function and alleviated 

myocyte hypertrophy after MI (Dawn et al, 2008). 

Repair and amelioration of inflammation after ischemic stroke. Schwarting et al. have 

investigated the effects of green fluorescent peptide-marked Lin(-)-hematopoietic stem cell 

injection on infarct size, apoptotic cell death, post-ischemic inflammation and cytokine gene 

transcription in a mouse model of ischemic brain injury. 24 hours after injection, the cells were 

found in the spleen and later in ischemic brain parenchyma, expressing microglial but no neural 

marker proteins. Tissue injury assessment showed significantly smaller infarct volumes and less 

apoptotic neuronal cell death in peri-infarct areas of Lin(-)-hematopoietic stem cell treated 

animals. Analysis of irrli11une cell infiltration in ischemic hemispheres revealed a reduciion of 

invading T cells and macrophages in treated mice (Schwarting et al, 2008). Imitola et al. had 

reported earlier that neuronal stem cells are attracted to sites of central nervous system (abbr. 

CNS) injury via the SDF-la/CXCR4 pathway. 

In the light of these findings, the mobilization of a sufficient number of stem cells from the bone 

marrow is likely to be beneficial to induce repair processes (Tang et al, 2007). Blocking SDF-1 

or its receptor CXCR4 is a promising approach in this field, since it mobilizes a variety of stem 

cells from the bone marrow. Correct doses, dosing schemes and potentially localization of the 

mobilizing agent can be deterrniried by a person skilled in the art performing routine 

experimentation, whereby it is preferably intended that the stem cells are mobilized but are still 

capable to respond to chemotactic signals, so that they can be recruited to places of tissue injury. 

Because the SDF-1 binding nucleic acid molecules according to the present invention inhibit the 

signalling between SDF-1 and the SDF-1 receptor, such SDF-1 binding nucleic acid molecules 

can be used for the generation of a medicament that may be used for, mobilization of progenitor 

cell and/or stem cells into the peripheral blood, and/or for the treatment of diseases and/or 

disorders preferably selected from the group comprising wound healing; burn; disorders caused 

by or associated with damaged organ tissue and/or damaged vasculature, whereby such disorders 

are selected from retinal and choroidal damage, stroke, myocardial damage, myocardial infarct, 

ischemia after organ transplantation and traumatic injury; and hematopoietic disorders, whereby 
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such disorders are selected from aplastic anemia, leukaemia, drug-induced anemia and 

leukopenia, and bacterial infection in leukopenia. 

For mobilization of the progenitor cell and/or stem cell the medicament can be used in 

combination with a secondpharmaceutically active agent, whereby the function of said second 

pharmaceutically active agent is mobilizing of the progenitor cell and/or stem cells.Cell 

mobilizing agents are selected from but not restricted to granulocyte-macrophage colony 

stimulating factor (abbr. GM-CSF), Interleukin-8 (abbr. IL-8), macrophage inflammatory protein 

(abbr. MIP), growth related oncogene, CXCR4 blocking agents like AMD3001 (Aiuti, Webb et 

al. 1997) and granulocyte colony-stimulating factor (abbr. G-CSF). 

bone marrow derived stem cells may be especially beneficial. Whilst the cells are still sensitive 

for SDF-1 gradients, these are masked by the macromolecular SDF-1 inhibitor in peripheral 

tissues as long as a sufficiently high concentration is maintained in the body. However, since the 

macromolecular SDF-1 inhibitor cannot cross the blood brain barrier, SDF-1 gradients 

originating from SDF-1 over-expression at sites of CNS hypoxia or injury, persist in the CNS 

and may attract some of the mobilized cells to the site of injury where they can serve as 

described above. In a preferred embodiment, such macromolecular SDF-1 inhibitor is a nucleic 

acid molecule according to the present invention. 

Combination of SDF-1 blockade and chemotherapy. Approximately 20% of B-lineage acute 

lymphoblastic leukemias are not cured by traditional chemotherapy. Preclinical experiments 

using ex-vivo leukemic cells in co-culture with stromal cells have provided evidence that the 

interaction of leukemic blasts with bone marrow components protects the leukemic cells against 

chemotherapy (Mudry, Fortney et al. 2000; Garrido, Appelbaum et al. 2001; Tabe, Jin et al. 

2007). There are also reports about mouse models in which the inhibition of cell surface 

molecules that are important for cell adhesion and thus homing of (malignant) hematopoietic 

cells improves the efficacy of chemotherapy and leads to eradication of leukemic stem cells 

(Matsunaga, Takemoto et al. 2003; Jin, Hope et al. 2006). SDF-1 is known to play an important 

role in homing and retention of stem cells in bone marrow niches. There is accumulating 

preclinical and one report of clinical evidence that the blockade of CXCR4, a receptor of SDF-1 
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on hematopoietic cells, leads to the liberation also of acute myeloid leukemia blast from the bone 

marrow into the peripheral blood, where they can be targeted by chemotherapy (e.g. by the agent 

cytarabine) (Fierro, Brenner et al. 2008) or other agents that lead to tumor cell death (e.g. 

biologicals alone or with antibody dependent cell-mediated cytotoxicity or complement 

dependent cytotoxicity ). Additionally Jin et al. have recently observed that treatment of chronic 

myelogenous leukemia with tyrosine kinase inhibitors (e.g. imatinib) leads to an upregulation of 

CXCR4 on leukemic cells. This resulted in increased bone marrow homing and induced a GO-G 1 

cycle block that rendered the cells quiescent and insensitive to further chemotherapy approaches 

(Jin, Tabe et al. 2008). In the light thereof, the present invention suggests a combination therapy 

of a chemotherapeutic agent together with a CXCR4 or a SDF-1 inhibitor like the SDF-1 binding 

nucleic acid molecules according to the present invention, including but not limited to NOX­

Al2-JE40, in order lo decrease bone marrow homing ofieukemic ceiis and to mobilize quiescent 

leukemic cells that have homed to the bone marrow before. Due to missing niche signals the 

cells may progress through the cell cycle and are therefore more sensitive to chemotherapy. 

Chemotherapy and respective agents used in connection therewith are known in the art and, e.g 

antibodies such as Rituximab, lbritumomab tiuxetan, Tositumomab; alkylating agents such as 

cisplatin and carboplatin, as well as oxaliplatin, mechlorethamine; cyclophosphamide, 

chlorambucil; anti-metabolites such as purineazathioprine, mercaptopurine; plant alkaloids and 

terpenoids such as vinca alkaloids and taxanes; podophyllotoxi; epothilone; and topoisomerase 

inhibitors such as camptothecins. 

Therefore the medicament as disdosed herein may be used for mobilization of cancer cells into 

the peripheral blood of a subject, whereby the cancer cells are selected but not retricted to the 

group of leukemic cells, myleoma cells. lymphoma cells, cancer stem cells,cancer cells with 

metastatic potentia and cancer metastases. 

The medicament according to the present invention may be used in combination with a second 

medicament or a second pharmaceutically active agent that can be used for the mobilization of 

the cancer cells into the peripheral blood of the subject. The second pharmaceutically active 

agent comprises cell mobilizing agents as disclosed herein before. 
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Moreover, the medicaments according to the present invention may be used in combination with 

a third medicament or third pharmaceutically active agent, whereby the third pharmaceutically 

active agent damages, destroys and/or labels (the) cancer cells.CSuch cancer cells destroying 

medicaments agents are preferably selected from but not restricted to the group of antibodies 

such as Rituximab, Ibritumomab tiuxetan, Tositumomab; alkylating agents such as cisplatin and 

carboplatin, as well as oxaliplatin, mechlorethamine; cyclophosphamide, chlorambucil; anti­

metabolites such as purineazathioprine, mercaptopurine; plant alkaloids and terpenoids such as 

vinca alkaloids and taxanes; podophyllotoxi; epothilone; topoisomerase inhibitors lsuch as 

camptothecins. 

The third medicament or pharmaceutically acive agent has or may provides the function of a 

chemotherapy. 

Medicaments labeling the cancer cells lead to an activation of a body's defences directed to the 

thereby labelled cancer cell, whereby medicaments labeling the cancer cells are selected from 

but not restricted to the group of monoclonal antibodies. They work by targeting tumour specific 

antigens, thus enhancing the host's immune response to tumour cells to which the agent attaches 

itself. Examples are trastuzumab (brand name Herceptin), cetuximab, and rituximab (brand 

names: Rituxan or Mabthera). 

The combination therapy of the medicament according to the present invention can be done with 

the second and/or the third medicament. 

The subject that is treated with the medicament for mobilization of the cancer cells may 

subsequently or concomitantly undergo radiotherapy. In an embodiment radiotherapy may be 

used as an alternative treatment for the third medicament or the third pharmaceutically active 

agent. 

The medicament according to the present invention, in combination with or without the second 

medicament or second pharmaceutically active agent, with or without the third medicament or 

third pharmaceutically active agent, and with or without radiotherapy, can be used for the 

treatment and/or prevention of cancer, preferably solid tumours and hematological malignancies, . 
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more preferably leukemia,lymphoma, and myeloma whereby preferably the medicament 

according to the present invention is used in combination with the third medicament or 

radiotherapy. 

Long-lived plasma cells, B cell and memory T cell mobilization in autoimmune disease 

B cells, and/or memory T cells return from the body to the bone marrow and possibly other 

places, e.g. lymph nodes, and/or are held there by the SDF-1 gradient that is formed by the SDF-

1 expression of stroma cells (Parretta, Cassese et al. 2005; Zhang, Nakajima et al. 2005; 

Radbruch, Muehlinghaus et al. 2006). In the niches, these cells are in a dormant status whereby 

they are there not sensitive to disease modifying drugs (e.g. cytostatic drugs or methotrexate) 

that are normally used for the treatment of autoimmune diseases. Once they leave the niche, they 

may readily divide and begin to mount a renewed immune response if they encounter teir 

cognate antigen possibly leading to perpetuated autoimmune disease. Interfering with the SDF-1 

gradient in the bone marrow and other niches by SDF-1 binding nucleic acids or CXCR4 

blockade may lead to the mobilization of B cells and/or T cells and allows their depletion from 

the blood via apheresis or targeting them with an appropriate medicament. 

After an acute immune response with active antibody production by terminally differentiated B 

cells (plasma cells) the majority of these cells die with the resolution of the inflammtion or the 

elimination of the foreign antigen (e.g. virus protein). There is however a minority of memory B 

cells that may be turned into plasmablasts with the help of a T cell. These plasmablasts have the 

ability to migrate in response to chemotactic stimuli into niches where they survive as long-lived 

"memory" plasma cells for years. During the transition, the cells lose the expression of CXCR5 

and CCR7 and do no longer migrate towards the respective ligands. The expression of CXCR4, 

however is maintained. Thus the cells will move towards sites of SDF-1 expression, where they 

may encounter long-term survival signals, that may be distinct from or complementary to SDF-1 

(Minges Wols et al, 2007). These niches can be both in bone marrow and in the periphery, e.g. in 

inflamed tissues. The long-lived plasma cells are most likely responsible for the maintenance of 

the protective antibody plasma titers that are often maintained for years after an infection or a 

vaccination (Tarlinton et al, 2008). Plasma cells are not as susceptible to disease modifying 

drugs as other B- and T cells, most likely because they do not divide. Furthermore they cannot be . 

bhang
Rectangle



WO 2009/019007 PCT /EP2008/0064 73 

59 

targeted by anti-CD20 antibody treatment, since plasma cells do not carry CD20. In autoimmune 

diseases that are maintained by autoantibodies secreted by plasma cells and long-lived plasma 

cells, it would be beneficial to eliminate these cells, so that the immune system would stop to 

attack the self tissue. A method to deplete a patient's blood from plasma cells can be done by 

apheresis, e.g. using anti CD138 (syndecan-1) antibody on an affinity matrix (e.g. a column or 

beads) (Minges Wols & Witte, 2008; Wijdenes et al, 1996). In order to eliminate not only the 

circulating plasma cells but also resident long-lived plasma cells, it would be favorable to 

mobilize the latter from their niches. This can be done by the systemic administration of an SDF-

1 binding nucleic acid molecule according to the present invention that destroys SDF-1 gradients 

and mobilize these cells that move towards SDF-1 into the peripheral blood. 

Therefore the medicament according to the present invention may be used for mobilization of 

long-lived plasma cells long-lived plasma cells, B cells and/or T cells into the peripheral blood 

of a subject. 

The medicament according to the present invention may be used in combination with a second 

medicament or second pharmaceutically active agent that can be used for the mobilization of the 

long-lived plasma cells, B cells and/or T cells into the peripheral blood of the subject. The 

second medicament or pharmaceutically active agent comprises a cell mobilizing agentas 

described herein before but not restricted thereto. 

While the cells are mobilized by a medicament according to the present invention alone or in 

combination with a second medicament or pharmaceutically active agent as described above, 

they can be cleared from the blood by apheresis, cell sorting and/or flow cytometry (e.g. by 

Fluorescence-activated cell sorting [F ACS] and/or Magnetic-activated cell sorting [MACS] with 

appropriate long-lived plasma cell, B-cell or T cell surface markers) .. 

Moreover, the medicament according to the present invention may be used in combination with a 

third medicament or third pharmaceutically active agent, whereby the third medicament or third 

pharmaceutically active agent damages, destroys and/or labels the long-lived plasma cells, B 

cells and/or T cells in the peripheral blood. Such medicaments destroying the long-lived plasma 

cells, B cells and/or T cells are selected from but but not restricted to to disease modifying drugs,. 
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e.g. methotrexate or cytotoxic agents .. Examples of medicaments labeling the long-lived plasma 

cells, B cells and/or T cells leads to an activation of body's defense directed to the thereof 

labelled long-lived plasma cells, B cells and/or T cells include those, but are not limited thereto, 

selected from the group consisting of rituximab, IL-6 receptor binding antibodies or syndecan-1 

binding antibodies. 

The combination therapy of the medicament according to the present invention can be done with 

the second and/or the third medicament. 

The subject that is treated in accordance with the present invention with the medicament 

according to the present invention for mobilization of the long-lived plasma cells, B cells and/or 

T cells may subst:quentiy or concomitantiy undergo radiotherapy, which damages or destroy the 

dividing cells of the patient's immune system, that ultimately attacs himself. Radiotherapy may 

be used as alternative treatment for the third medicament. The use of the medicament according 

to the present invention, in combination with or without the second medicament or second 

pharmaceutically active agent, with or without the third medicament or third pharmaceutically 

active agent, and with or without radiotherapy, can be used for the treatment and/or prevention of 

autoimmune diseases, mobilization of long-lived plasma cells, B cells and/or T cells alone or 

within a more complex therapeutic concept can be beneficial for the treatment of various 

diseases including but not limited to 

systemic autoimmune diseases whereby such systemic autoimmune disease is preferably 

selected from allergy, warm and cold autoimmune hemolytic anemia, systemic inflammatory 

response syndrome, hemorrhagic shock, diabetes type 1, diffuse scleroderma, polychondritis, 

polyglandular autoimmune syndrome, systemic lupus erythematosus and manifestations thereof, 

rheumatoid arthritis, rheumatic disease in the eye, brain, lung, kidneys, heart, liver, 

gastrointestinal tract, spleen, skin, bones, lymphatic system, blood or other organs,; 

autoimmune diseases of the gastrointestinal tract whereby such autoimmune disease of the 

gastrointestinal tract is preferably selected from Crohn's disease, colitis ulcerosa, celiac disease, 

gluten intolerance, inflammatory bowel disease, pancreatitis, eosinophilic esophagitis; 

autoimmune diseases of the skin whereby such autoimmune disease of the skin is preferably 

selected from psoriasis, urticaria, dermatomyositis, pemphigus vulgaris, pemphigus foliaceus, 
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bullous pemphigoid, Morphea/linear scleroderma, vitiligo, dermatitis herpetiformis or Duhring's 

disease, lichen sclerosis; 

autoimmune diseases of the vasculature whereby such autoimmune disease of the vasculature 

is preferably selected from vasculitides, preferably arteritis temporalis, vasculitis, vascular 

leakage, polymyalgia rheumatica, atherosclerosis, Churg-Strauss syndrome, Takayasu arteritis, 

Goodpasture syndrome, preferably mostly affecting the kidneys, more specifically the glomeruli, 

and also mostly affecting the lungs, glomerulonephritis, polyarteritis nodosa, Beh9et's disease; 

autoimmune diseases of the nervous system whereby such autoimmune disease of the nervous 

system is preferably selected from multiple sclerosis, chronic inflammatory demyelinating 

polyneuropathy, neurocognitive dysfunction, stiff-man syndrome, Guillain-Barre syndrome, 

myasthenia gravis, Lambert-Eaton syndrome; 

muscular skeletal autoimmune diseases whereby such muscular skeletal autoimmune disease 

is preferably selected from ankylosing spodylitis, sarcoidosis, polymyalgia rheumatica, 

polymyositis, psoriatic arthritis, rheumatic fever, polychondritis, fibromyalgia, juvenile 

rheumatoid arthritis, Lyme disease, reactive arthritis, spondyloarthropathy, degenerative joint 

disease; 

and other autoimmune diseases whereby such other autoimmune diseases are preferably 

selected from Cogan syndrome, autoimmune adrenalitis, Meniere's disease, local inflammations, 

alopecia areata, acute inflammatory diseases, primary biliary cirrhosis, Sjorgen's syndrome, 

scleroderma such as diffuse scleroderma, CREST syndrome and/or Morphea/linear scleroderma, 

autoimmune uveitis, Hashimofo thyroiditis, Graves disease, autoimmune hepatitis, 

glomerulonephritis, anti-phospholipid syndrome, idiopatic pulmonar fibrosis, autoimmune 

infertility, immune complex disordes and peritonitis. 

Moreover, the use of the medicament according to the present invention, in combination with or 

without the second medicament or second pharmaceutically active agent, can be used for the 

treatment and/or prevention of graft versus host disease after bone-marrow transplantation and 

for transplant rejection of transplanted organs that are preferably selected from liver, kidney, 

intestine, lung, heart, skin, limb, cornea, islets of Langerhans, bone marrow, blood vessels and 

pancreas. 
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In a mouse model of allergic airway disease, an antibody targeting CXCR4 on leukocyctes 

reduced airway hyper-responsiveness and lung eosinophilia, indicating that CXCR4-mediated 

signals contribute to lung inflammation (Gonzalo, Lloyd et al. 2000). There is also evidence that 

SDF-1 contributes to angiogenesis. Clinical and experimental evidence indicate that skin­

infiltrating leukocytes play a crucial role in the initiation and maintenance of atopic dermatitis 

and it has been shown that SDF-1 is an important factor for the recruitment of T-lymphocytes 

and dendritic cells, (Gombert, Dieu-Nosjean et al. 2005). Since leukocytes and specifically T 

cells express the SDF-1 receptor, CXCR4, and respond chemotactically to SDF-1 gradients, the 

disruption of these gradients by SDF-1 binding and neutralizing nucleic acid according to the 

present invention is suitable for helping in inflammatory diseases with overshooting 

inflammation with and without bacterial or viral origin, inflammation of the lung and/or the skin, 

preferably psoriasis. 

Rheumatoid arthritis is a potentially systemic autoimmune disease that usually begins in the 

small joints of hands and feet. Its hallmark is the inflammation of the synovial membrane that is 

characterized by infiltration of the membrane and the surrounding tissue by leukocytes, 

especially macrophages, T cells and B cells. This process and the secretion of proteases and pro­

inflammatory cytokines leads to the thickening of the synovial membrane and the growth of a 

spongy tissue, called pannus. It proliferates around the joint and invasively into bone and 

cartilage, leading to their irreversible destruction. The pannus triggers the formation of 

neovasculature for its own blood supply. Iwamoto et al. have recently found that a number of 

chemokines are elevated in the synovial tissue and the synovial fluid of RA patients, among 

them is SDF-1 (Iwamoto et al, 2008). The up-regulation of SDF-1 had also been shown 

previously in vitro by adding synovial fluid from RA patients to cultured fibroblast-like 

synoviocytes. This fluid or the addition of IL-17 induced SDF-1 mRNA expression by the 

synoviocytes. The induction of SDF-1 expression could be abrogated by addition of anti-ILl 7 

antibodies (Kim et al, 2007). In the context of an inflamed joint, SDF-1 may act in a threefold 

manner. First as a chemoattractant for leukocytes, second as an attractant for endothelial 

progenitor cells that are needed for angiogenesis or third as a trigger of downstream growth 

factor expression, such as VEGF, which then leads to the growth of neovasculature. 
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Based on these experiments, the inventors assume that a medicament that is used for inhibition 

of migration of leukocytes, preferably from the peripheral blood to a tissue, may permit the 

treatment and/or prevention of diseases and/or disorders as follows. 

The migration of leukocytes can be initated by non-self antigens of transplanted organs, whereby 

the transplanted organs are selected from liver, kidney, intestine, lung, heart, skin, limb, cornea, 

islets of Langerhans, bone marrow, blood vessels and pancreas. Therefore a medicament that 

leads to an inhibition of migration of leukocytes may be used for the prevention and/or treatment 

of transplant rejection of transplanted organs as disclosed herein. 

Moreover, the migration of leukocytes can be initated by inflammation that occurs in or is 

associated with 

systemic autoimmune diseases whereby such systemic autoimmune disease is preferably 

selected from allergy, warm and cold autoimmune hemolytic anemia, systemic inflammatory 

response syndrome, hemorrhagic shock, diabetes type 1, diffuse scleroderma, polychondritis, 

polyglandular autoimmune syndrome, systemic lupus erythematosus and manifestations thereof, 

rheumatoid arthritis, rheumatic disease in the eye, brain, lung, kidneys, heart, liver, 

gastrointestinal tract, spleen, skin, bones, lymphatic system, blood or other organs; 

autoimmune diseases of the gastrointestinal tract whereby such autoimmune disease of the 

gastrointestinal tract is preferably selected from Crohn's disease, colitis ulcerosa, celiac disease, 

gluten intolerance, inflammatory bowel disease, pancreatitis, eosinophilic esophagitis; 

autoimmune diseases of the skin whereby such autoimmune disease of the skin is preferably 

selected from psoriasis, urticaria, dermatomyositis, pemphigus vulgaris, pemphigus foliaceus, 

bullous pemphigoid, Morphea/linear scleroderma, vitiligo, dermatitis herpetiformis or Duhring's 

disease, lichen sclerosis; 

autoimmune diseases of the vasculature whereby such autoimmune disease of the vasculature 

is preferably selected from vasculitides, preferably arteritis temporalis, vasculitis, vascular 

leakage, polymyalgia rheumatica, atherosclerosis, Churg-Strauss syndrome, Takayasu arteritis, 

Goodpasture syndrome, preferably mostly affecting the kidneys, more specifically the glomeruli, 

and also mostly affecting the lungs, glomerulonephritis, polyarteritis nodosa, Beh1tet's disease; 

autoimmune diseases of the nervous system whereby such autoimmune disease of the nervous 

system is preferably selected from multiple sclerosis, chronic inflammatory demyelinating 
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polyneuropathy, neurocognitive dysfunction, stiff-man syndrome, Guillain-Barre syndrome, 

myasthenia gravis, Lambert-Eaton syndrome; 

muscular skeletal autoimmune diseases whereby such muscular skeletal autoimmune disease 

is preferably selected from ankylosing spodylitis, sarcoidosis, polymyalgia rheumatica, 

polymyositis, psoriatic arthritis, rheumatic fever, polychondritis, fibromyalgia, juvenile 

rheumatoid arthritis, Lyme disease, reactive arthritis, spondyloarthropathy, degenerative joint 

disease; 

and other autoimmune diseases whereby such other autoimmune diseases are preferably 

selected from Cogan syndrome, autoimmune adrenalitis, Meniere's disease, local inflammations, 

alopecia areata, acute inflammatory diseases, primary biliary cirrhosis, Sjorgen's syndrome, 

scleroderma such as diffuse scleroderma, CREST syndrome and/or Morphea/linear scleroderma, 

autoirr ...... TJiune U\'eitis, Hasl1imoto th)Toiditis, autoimmune hepatitis, 

glomerulonephritis, anti-phospholipid syndrome, idiopatic pulmonar fibrosis, autoimmune 

infertility, immune complex disordes and peritonitis. 

Therefore a medicament that leads to an inhibition or reduction of migration of leukocytes may 

be used for the prevention and/or treatment of inflammtion that occurs in or is associated with 

the autoimmune diseases as disclosed herein. 

As shown in the mouse model of allergic airway disease, the medicament that leads to an 

inhibition of migration of leukoc:Ytes may be effective in treatment and/or prevention of'allergic 

reactions of the skin and/or the mucosa of airways, preferably hay fever, asthma, airway hyper­

responsiveness and/or dermatitis, preferably contact dermatitis and/or atopic dermatitis. 

The mobilization of progenitor cells and/or stem cells by the nuceic acid according to the present 

invention provides a method for obtaining these cells from a subject. Thereby an effective 

amount of the nucleic acid molecules according to the invention is adminstered a subject, leading 

to mobilization of progenitor cells and/or stem cells into the peripheral blood of the subject. The 

cells can be harvested from the-subject, from the peripheral blood of the subject respectively, by 

apheresis, leukapheresis, cell sorting and/or flow cytometry as disclosed herein. 
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After harvesting the progenitor cells and/or stem cells from the subject, the subject, preferably a 

frrst subject, may undergo subsequently or concomitantly chemotherapy or radiotherapy. 

Chemotherapy and radiation therapy generally affect cells that divide rapidly. They are used to 

treat cancer because cancer cells divide more often than most healthy cells. However, because 

bone marrow cells also divide frequently, high-dose treatments can severely damage or destroy 

the patient's bone marrow. Without healthy bone marrow, the patient is no longer able to make 

the blood cells needed to carry oxygen, fight infection, and prevent bleeding. peripheral blood 

stem cell transplantation replaces stem cells that were destroyed by treatment. The healthy, 

transplanted stem cells can restore the bone marrow's ability to produce the blood cells the 

patient needs. 

Peripheral blood stem cell transplantation is most commonly used in the treatment of leukemia 

and lymphoma. It is most effective when the leukemia or lymphoma is in remission (the signs 

and symptoms of cancer have disappeared). Peripheral blood stem cell transplantation is also 

used to treat other cancers such as neuroblastoma (cancer that arises in immature nerve cells and 

affects mostly infants and children) and multiple myeloma. Researchers are evaluating peripheral 

blood stem cell transplantation in clinical trials (research studies) for the treatment of various 

types of cancer(NCI, 2001). 

As shown in Fig. 41 and 43 several types of cancer as leukemia and solid tumors, 

lymphoproliferative disorders and non-malignant disorders such as autoimmune diseases, 

hematopoietic disorders can be treated by allogenic and/ or autologous hematopoietic stem cell 

transplantation (abbr. HSCT) (Gratwohl, Baldomero et al. 2002). 

If the chemotherapy or radiotherapy was subsequently done in the preferably first subject, 

whereby the chemotherapy or radiotherapy was preferably done or administered in order to 

damage or destroy tumor cells, the harvested progenitor cells and/or stem cells of the preferably 

first subject can be administered back into the peripheral blood of the preferably first subject. 

Alternatively, a second subject can contribute its harvested progenitor cells and/or stem cells to 

the first subject, that has low level of progenitor cells and/or stem cells or those progenitor cells 

and/or stem cells destroyed before, e.g. by chemotherapy or radiotherapy. 
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The method can be used for the treament of cancer, preferably solid tumours, hematological 

tumours or malignancies. 

In autoimmune disease including but not limited to, e.g., lupus erythematosus, rheumatoid 

arthritis, especially in severe cases, one of the therapy options is to do a myeloablative or a more 

selective lymphoablative therapy regimen and return the hematopoietic system to the patient 

thereafter (Burt, Marmont et al. 2006). The hematopoietic stem cells and hematopoietic 

progenitor cells that are needed for the grafting of the hematopoietic system are efficiently 

immobilized by the nucleic acid molecules according to the present invention including but not 

limited to SDF-1 binding SpiegelmerNOX-A12-JE40, or by other blockade strategy ofSDF-1 or 

of its respective receptor CXCR4. 

Alternatively hematopoietic stem cells/hematopoietic progenitor cells are harvested from the 

blood and are used to reconstitute the patients' immune system after ablation of the 

hematopoietic system including the autoreactive lymphocytes by chemotherapy and/or radiation 

therapy. This, in principle, constitutes a curative therapy to autoimmune diseases. 

The mobilization of long-lived plasma cells, B cells and/or T cells by the nucleic acid according 

to the present invention provides a method for depleting these cells from a subject. Thereby an 

effective amount of the nucleic 'acid molecule according to the invention is adminstered to a 

subject, leading to mobilization of long-lived plasma cells, B cells and/or T cells into the 

peripheral blood of the subject. Preferably the harvested T cells are memory T cells. The cells 

can be removed from the subject, from the peripheral blood of the subject respectively, by 

apheresis, leukapheresis, cell sorting and/or flow cytometry as disclosed herein. Preferably the 

removal is done by flow cytometry with surface markers appropriate for said cells. 

The method for harvesting progenitor cells and/or stem cells and long-lived plasma cells, B cells 

and/or T cells respectively may be used for treatment and/or prevention of systemic autoimmune 

diseases, autoimmune diseases of the gastrointestinal tract, autoimmune diseases of the skin, 
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autoimmune diseases of the vasculature, autoimmune diseases of the nervous system, muscular 

skeletal autoimmune diseases and other autoimmune diseases as disclosed herein. 

Diabetic nephropathy (abbr. DN) is a prominent cause of end-stage renal disease. Though 

angiotensin inhibitors can prevent the disease progression in many cases, there is no viable 

therapy for those who do not respond. In DN the glomerular tuft undergoes a slow but 

progressive structural remodelling characterized by glomerular hypertrophy, nodular and diffuse 

accumulation of extracellular mesangial matrix, and podocyte damage. The latter is thought to 

account for the progression of microalbuminuria in early stages to overt proteinuria and 

glomerulosclerosis in late stages of DN. DN onset and progression involves numerous 

pathomechanisms including the deposition of advanced glycosylation endproducts, endothelial 

dysfunction, and the increased iocai expression of growth factors and proinflarnmatory 

mediators. Generally, chemokines belong to the latter group of factors because certain 

chemokines promote inflammation by recruiting and activating immune cells in DN like in other 

types of kidney diseases . For example, targeted deletion or therapeutic blockade of the 

monocyte chemoattractant ·protein MCP-1/CCL2 can prevent glomerulosclerosis by blocking 

macrophage recruitment to glomeruli of mice with type 1 or type 2 diabetes (T1D/T2D) (Chow 

et al, 2007; Chow et al, 2006; Kulkarni et al, 2007). 

Nothing is known about SDF-1 in DN. DN is devoid of either podocyte proliferation or 

autoimmunity, hence, the aforementioned studies hardly predict the predominant functional role 

of SDF-1 in DN. However, the inventors have reasons to assume that progressive remodeling of 

the glomerular structure to glomerulosclerosis, a morphological variant of wotind healing, might 

involve SDF-1 signaling. Based on the available data from other disease states it appeared 

unclear whether SDF-1 either predominantly protects from DN, e.g. by maintaining tissue 

integrity and supporting regeneration, or whether SDF-1 predominately promotes DN, e.g. by 

enhancing glomerulosclerosis. The inventors' data using the SDF-1-binding nucleic acid NOX­

A12-JE40 (SEQ.ID. 132) as a representative molecule of the nucleic acid molecules according to 

the present invention, in a mouse model of diabetic nephropathy support the latter, which 

identifies a novel pathomechanism of glomerulosclerosis, and SDF-1 as a potential therapeutic 

target in DN in Example 12. NOX-A12-JE40 (SEQ.ID. 132) may therefore be useful as a 

therapy for the treatment or prevention of diabetic nephropathy. The mechanism of action may 

bhang
Rectangle



WO 2009/019007 PCT /EP2008/0064 73 

68 

potentially also be mediated by the mobilization of bone-marrow derived progenitor and/or stem 

cells (Ito et al, 2001). Therefore the SDF-1 nucleic acids disclosed herein may be used for 

manufacture of a medicament, whereby the medicament is for treatment and/or prevention of 

nephropathy and preferably diabetic nephropathy . 

Pulmonary arterial hypertension. 

PULMONARY HYPERTENSION (abbr. PH) is a serious disease of poorly understood etiology 

characterized by raised pulmonary artery pressure, leading to progressive right-sided heart 

failure and ultimately death. PH results from intimal thickening of small pulmonary resistance 

arteries that results, at least in part, from endothelial and smooth muscle cell dysfunction and 

proliferation. Increased vascuiar endotheiiai ceii proiiferation and muscularization of the 

vasculature are the pathological characteristics of pulmonary vascular remodeling, and it has 

been demonstrated that this process is associated with hypoxia-induced production of angiogenic 

factors, inflammatory mediators, and vasoconstrictors. Yamaji-Kegan et al. found in an ex vivo 

mouse lung organ culture study that CXCL12/SDF-1 was upregulated and may be involved in 

the intrapulmonary recruitment of circulating cells by the overexpressed hypoxia-induced 

mitogenic factor (abbr. HIMF) (Yamaji-Kegan, Su et al. 2006). The influence of SDF-1 in 

vascular remodeling in general and in pulmonary arterial hypertension has also been described 

(Schober and Zemecke 2007). Therefore the blockade of SDF-1 by SDF-binding nucleic acids as 

disclosed herein may be used for the treatment and /or prevention of hypertension, preferably 

pulmonary hypertension, more specifically pulmonary arterial hypertension .. 

Idiopathic pulmonary fibrosis 

Lung tissue from patients with idiopathic pulmonary fibrosis is described to have higher numbers 

of cells expressing both SDF-1 and CXCR4 than normal lungs. In a mouse model of bleomycin­

induced pulmonary fibrosis, Xu et al. generated data showing that the administration of a 

CXCR4 antagonist (TN14003) significantly attenuated lung fibrosis. (Xu, Mora et al. 2007). 

Therefore the blockade of SDF-1 by SDF-binding nucleic acids as disclosed as disclosed may be 

used for the treatment and /or prevention of idiopathic pulmonary fibrosis. 
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Fribrosis in wound healing 

After bum injury, skin of rat, pig and humans has been shown to overexpress SDF-1. While 

being beneficial during a short period of time after injury, it is believed to promote the attraction 

ofleukocytes (e.g. eosinophils) and fibrosis rather than to promote epithelialization (Avniel, Arik 

et al. 2006). By inhibition of CXCR4 or SDF-1 by SDF-1 binding nucleic acids as disclosed 

herein, wound healing with less fibrosis may be obtained. 

As described before, SDF-1 has been shown to be involved in homing of endothelial cells to the 

choroid during neovascularization in eye tissue, whereby the exact role of these cells is still 

under investigation (Sengupta, Caballero et al. 2005). Hoewever, the inventors could show in 

t'vVo independent animal models that the biockade of SDF-i by SDF-i binding nucleic according 

to the present invention as disclosed herein leads to a reduction of neovascularization. 

The 'laser-induced choroidal neovascularization' animal model is used to predict the effect of 

investigational drugs on human retinal and choroidal neovasculature. This occurs in diseases like 

wet or 'proliferative' age-related macular degeneration (abbr. AMD), diabetic retinopathy and 

retinal vein occlusion. CXCR4 was shown to be expressed in the laser-induced CNV (Lima e 

Silva et al., FASEB J. 21: , 2007). It was colocalized with CD45 and F4/80 expressing cells 

suggesting that these cells are BM-derived macrophages. Inhibitors of CXCR4 reduced laser­

induced CNV. But it was not investigated ifthe CXCR4 cells express SDFl, too. As successfully 

shown in Example 11 herein, the SDF-1 binding nucleic acid NOX-Al2-JE40 (SEQ.ID. 132) as 

a representative nucleic acid molecule according to the present invention blocks 

neovascularization in a CNV animal model. 

The mouse model of oxygen-induced retinopathy is a model for the mimicking of hypoxia­

induced neovascularization of the retina, as observed in DR, especially proliferative DR, and in 

AMD (Smith, Wesolowski et al. 1994). The model is also referred to as retinopathy of 

prematurity since premature babies that were put into incubators in hospitals became blind due 

to too high oxygen exposure in the incubators that led to an abnormal retinal vessel growth 

during the time in the incubator and after their return to normoxic conditions. As described in 

Example 14, in the mouse model the SDF-1 binding nucleic acid NOX-A12-JE40 (SEQ.ID. 132) 
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as a representative nucleic acid molecule according to the present invention significantly 

inhibited tuft formation and thus improved the overall retinopathy score as observed on day P 17 

as disclosed herein. 

Moreover, as in shown in Example 9, in a standard angiogenesis organ culture assay, an aortic 

ring sprouting assay, the SDF-1 binding nucleic acid 193-02-012-5'-PEG (NOX-A12-JE40 

(SEQ.ID. 132) as a representative nucleic acid molecule according to the present invention 

blocks SDF-1 induced sprouting. 

Therefore, the SDF-1 binding nucleic acids as disclosed herein may be used for manufacture of a 

medicament, whereby the medicament is for the treatment of diseases and/or disorders that 

involve angiogenesis Cllldlor neovascuiarization, preferably choroidal neovascularization. The 

animal model for neovascularization have shown, that SD F-1 binding nucleic acids as disclosed 

herein can be used as a medicament for the treatment of diseases and/or disorders that are 

selected from the group comprising retinal diseases, preferably age-related macular 

degeneration, diabetic retinopathy, retinal vein occlusion, macular edema and retinal edema. 

Neovascularization is preferably defined herein as the formation of functional microvascular 

networks with red blood cell perfusion. Neovascularization differs from angiogenesis in that 

angiogenesis is mainly characterized by the protrusion and outgrowth of capillary buds and 

sprouts from pre-existing blood vessels. 

Inhibition of retinal vascular edema 

In the course of age-related macular degeneration (AMD), diabetic retinopathy and retinal 

vascular occlusions, the formation of a macular edema is often observed. Generally, an increased 

permeability of the local vasculature is the cause of the formation of an edema. Often this is a 

consequence of inflammatory processes that change the vascular architecture or of the formation 

of immature, leaky neovasculature. 

The formation of a macular edema can lead to a rapid deterioration of visual acuity because the 

retinal supply with nutrients and other signaling molecules is impaired. 
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SDF-1 contributes to several factors that may lead to the formation of an edema. By inhibiting 

the expression of the tight-junction protein occludin (Butler et al, 2005), the vascular walls may 

loosen up. It furthermore triggers the invasion ofleukocytes that may create a pro-inflammatory 

environment and it can stimulate the expression of VEGF (Liang et al, 2007; Salcedo et al, 

1999), which was first known as "vascular permeability factor", as its presence leads to the 

formation of leaky vessels. 

It was unclear, whether inhibition of SDF-1, e.g. by SDF-1-binding nucleic acids as disclosed in 

this invention, would lead to any physiological effect, as SDF-1 is only expressed at low levels 

in healthy eyes (Lima e Silva et al, 2007). 

One SDF-1-binding nucleic acid was tested in a rabbit model ofVEGF-induced retinai vascular 

permeability. The permeability that was observed with fluorometry was not due to the direct 

short-acting effect of the intravitreal VEGF-injection but rather on cascades, that are triggered 

and respond more slowly (Edelman et al, 2005). The SDF-1-binding nucleic acid significantly 

reduced the retinal vascular permeability in a dose-dependent manner. 

Inhibition of vasculogenesis complementary to or after failure ofVEGF-inhibition 

Recently, Reddy et al. have shown that SDF-1 can promote tumor vessel growth even with little 

VEGF present. It seems to be a second, VEGF-independent pathway for the promotion of neo­

vasculature (Reddy, Zhou et al. 2008). Interfering with SDF-1 signaling by SDF-1 bining nucleic 

acids such as the ones according to the present invention may therefore be beneficial as an anti­

angiogenesis treatment. This may be especially advantageous in anti-VEGF non-responders, in 

anti-VEGF therapy refractory patients, or in combination therapy with anti VEGF drugs for all 

indications that involve angiogenesis, more specifically in proliferative retinal diseases, whereby 

the proliferative retinal diseases are selected from AMD, DR, and retinal vein occlusion, and in 

cancer preferably solid tumors and metastases. 

Drugs that inhibits the function of VEGF include but are not limited to Bevacizumab (A vastin), 

Pegaptanib (Macugen) and Ranibizumab (Lucentis). 
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Insofar, the. SDF-1 nucleic acid molecules disclosed herein may be used for manufacture of a 

medicament, whereby the medicament is for combination therapy with a medicament inhibiting 

VEGF and/or for use in subjects that weakly or not respond to therapy with a medicament 

inhibiting VEGF. Weakly as used herein in connection with reponsese to any therapy in 

connection with any aspect and embodiment of the instant application, means in this context that 

no remission of the disease is achieved. 

WHIM syndrome 

The WHIM syndrome is an immune deficiency that is often characterized by a truncated form of 

the CXCR4 receptor. This leads to an increased sensitisation to the receptor ligand SDF-1 

(CXCL-12) and thus to stronger chcmotaxis. Therefore, in order to ach.it:w normai stem ceii 

trafficking it is beneficial to lower the biologically active SDF-1 concentration in the body with 

an SDF-1 blocking agent like an SDF-1 binding nucleic acid molecule according to the present 

invention or to use a CXCR4 receptor blocker (Lagane, Chow et al. 2008). 

The separation and/or depletion of cells like progenitor cell and/ or stem cells, long-lived plasma 

cells, memory B cells and/or memory T cells from the body, preferably from the blood, can be 

done by apheresis, cell sorting and flow cytometry. 

Apheresis is a technnology in which the blood of a subject is passed through an apparatus that 

separates out one particular constituent or group of constituents and return the remainder to the 

circulation. Depending on the substances and/cells cells to be removed, different processes were 

employed in apheresis including stem cell harvesting, absorption procedures and affinity 

chromatography. 

Leukapheresis is a laboratory procedure in which white blood cells are separated from a sample 

of blood. This may be done to decrease a very high white blood cell count in individuals with 

cancer (leukemia) or to remove white blood cells for transfusion. 
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Cell sorting is a process whereby mixed populations of cells separate out into two or more 

populations as examplariliy shown for flow cytometry, preferably Fluorescence-Activated Cell 

Sorting (F ACS) and Magnetic-Activated Cell Sorting (F ACS). 

Flow cytometry is a technique for counting, examining, and sorting microscopic particles like 

differentt populations of cells suspended in a stream of fluid. It allows simultaneous 

multiparametric analysis of the physical and/or chemical characteristics of single cells flowing 

through an optical and/or electronic detection apparatus. Fluorescence-activated cell sorting is a 

specialised type of flow cytometry. It provides a method for sorting a heterogeneous mixture of 

biological cells into two or more containers, one cell at a time, based upon the specific light 

scattering and fluorescent characteristics of each cell. Fluoreascent staining of a particle/cell can 

be done by incubation of the particles/cells with a fluorescent dye that binds to the partide/ceii. 

It is a useful scientific instrument as it provides fast, objective and quantitative recording of 

fluorescent signals from individual cells as well as physical separation of cells of particular 

interest. The acronym F ACS is trademarked and owned by Becton Dickinson. Magnetic­

activated cell sorting (MACS) is a trademark name registered by Miltenyi Biotec for a method 

for separation of various cell populations depending on their surface antigens (CD molecules). 

Thereby the mixture of cells to be separated is incubated with magnetic beads coated with 

antibodies against a particular surface antigen. This causes the cells expressing this antigen to 

attach to the magnetic beads. Afterwards the cell solution is transferred on a column placed in a 

strong magnetic field. In this step, the cells attached to the beads (expressing the antigen) stay on 

the column, while other cells (not expressing the antigen) flow through. With this method, the 

cells can be separated positively or negatively with respect to the particular antigen(s). 

In a further embodiment, the medicament comprises a further pharmaceutically active agent. 

Such further pharmaceutically active compounds can be those known to the ones skilled in the 

art and are preferably selected from the group comprising chemokine or cytokine antagonists, 

corticosteroids, and the like. It will be understood by the one skilled in the art that given the 

various indications which can be addressed in accordance with the present invention by the 

nucleic acids according to the present invention, said further pharmaceutically active agent(s) 

may be any one which in principle is suitable for the treatment and/or prevention of such 

diseases. The nucleic acid molecules according to the present invention, particularly if present or 
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used as a medicament, are preferably combined with granulocyte-macrophage colony stimulating 

factor (GM-CSF), Interleukin-1 (IL-1), Interleukin-3 (IL-3), Interleukin-8 (IL-8), PIXY-321 

(GM-CSF/IL-3 fusion protein), macrophage inflammatory protein (MIP), stem cell factor, 

thrombopoietin and growth related oncogene, as single agents or in combination. 

Alternatively, or additionally, such further pharmaceutically active agent is a further nucleic acid 

according to the present invention. Alternatively, the medicament comprises at least one more 

nucleic acid which binds to a target molecule different from SDF-1 or exhibits a function which 

is different from the one of the nucleic acids according to the present invention. 

As will be acknowledged by the ones of the art the inventive nucleic acids may factually be used 

• ,. h • CT'\L' 1 L .J • ' .J •' ' • " • 

many msease \Vuere an a..'1tagomst to '-'Ll.i·-1 can ue aumn11stereu to a pant!nt m neea or sucn 

antagonist and such antagonist is suitable to eliminate the cause of the disease or the disorder or · 

at least to reduce the effects from the disease or the disorder. Such effect includes, but is not 

limited to pathologic neovascularization, inflammation and metastasis. The applicability of the 

nucleic acids according to the present invention in connection with these and other diseases or 

disorders results, among others, from the involvement of SDF-1 as outlined in the introductory 

part of the present specification which is incorporated herein by reference so as to avoid any 

unnecessary repetition. 

In one embodiment of the medicament of the present invention, such medicament is for use in 

combination with other treatments for any of the diseases disclosed herein, particularly those for 

which the medicament of the present invention is to be used. 

"Combination therapy" (or "co-therapy") includes the administration of a medicament of the 

invention and at least a second agent as part of a specific treatment regimen intended to provide 

the beneficial effect from the co-action of these therapeutic agents, i. e. the medicament of the 

present invention and said second agent. The beneficial effect of the combination includes, but is 

not limited to, pharmacokinetic or pharmacodynamic co-action resulting from the combination 

of therapeutic agents. Administration of these therapeutic agents in combination typically is 

carried out over a defined time period (usually minutes, hours, days or weeks depending upon 

the combination selected). 
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"Combination therapy" may, but generally is not, intended to encompass the administration of 

two or more of these therapeutic agents as part of separate monotherapy regimens that 

incidentally and arbitrarily result in the combinations of the present invention. "Combination 

therapy" is intended to embrace administration of these therapeutic agents in a sequential 

manner, that is, wherein each therapeutic agent is administered at a different time, as well as 

administration of these therapeutic agents, or at least two of the therapeutic agents, in a 

substantially simultaneous manner. Substantially simultaneous administration can be 

accomplished, for example, by administering to a subject a single capsule having a fixed ratio of 

each therapeutic agent or in multiple, single capsules for each of the therapeutic agents. 

Sequential or substantially simultaneous administration of each therapeutic agent can be effected 

by any appropriate route including, but not limited to, topical routes, oral routes, intravenous 

routes, intramuscular routes, and direct absorption through mucous membrane tissues. The 

therapeutic agents can be administered by the same route or by different routes. For example, a 

first therapeutic agent of the combination selected may be administered by injection while the 

other therapeutic agents of the combination may be administered topically. 

Alternatively, for example, all therapeutic agents may be administered topically or all therapeutic 

agents may be administered by injection. The sequence in which the therapeutic agents are 

administered is not narrowly critical unless noted otherwise. "Combination therapy" also can 

embrace the administration of the therapeutic agents as described above in further combination 
. . 

with other biologically active ingredients. Where the combination therapy further comprises a 

non-drug treatment, the non-drug treatment may be conducted at any suitable time so long as a 

beneficial effect from the co-action of the combination of the therapeutic agents and non-drug 

treatment is achieved. For example, in appropriate cases, the beneficial effect is still achieved 

when the non-drug treatment is temporally removed from the administration of the therapeutic 

agents, perhaps by days or even weeks. 

As outlined in general terms above, the medicament according to the present invention can be 

administered, in principle, in any form known to the ones skilled in the art. A preferred route of 

administration is systemic administration, more preferably by parenteral administration, 

preferably by injuction .. Alternatively, the medicament may be administered locally. Other 

routes of administration comprise intramuscular, intraperitoneal, and subcutaneous, per orum, 
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intranasal, intratracheal or pulmonary with preference given to the route of administration that is 

the least invasive, while ensuring efficiancy. 

Parenteral administration is generally used for subcutaneous, intramuscular or intravenous 

injections and infusions. Additionally, one approach for parenteral administration employs the 

implantation of a slow-release or sustained-released systems, which assures that a constant level 

of dosage is maintained, that are well known to the ordinary skill in the art. 

Furthermore, preferred medicaments of the present invention can be administered in intranasal 

form via topical use of suitable intranasal vehicles, inhalants, or via transdermal routes, using 

those forms of transdermal skin patches well known to those of ordinary skill in that art. To be 

administered in the form of a transdermal delivery system, the dosage administration will, of 

course, be continuous rather than intermittent throughout the dosage regimen. Other preferred 

topical preparations include creams, ointments, lotions, aerosol sprays and gels, wherein the 

concentration of active ingredient would typically range from 0.01 % to 15%, w/w or w/v. 

In addition to direct administration to the subject, the preferred medicaments of the present 

invention can be used in ex vivo treatment protocols to prepare cell cultures which are then used 

to replenish the blood cells of the subject. Ex vivo treatment can be conducted on autologous 

cells harvested from the peripheral blood or bone marrow or from allografts from matched 

donors. The concentration of preferred medicaments of the present invention or in combination 

with other agents, such as macrophage inflammatory protein is within the skills of a'. person of 

the art. 

Subjects that will respond favorably to the method of the invention include medical and 

veterinary subjects generally, including human beings and human patients. Among other subjects 

for whom the methods and means of the invention are useful are cats, dogs, large animals, avians 

such as chickens, and the like. In general, any subject who would benefit from an elevation of 

progenitor cells and/or stem cells, or whose progenitor cells and/or stem cells are desirable for 

stem cell transplantation are appropriate for administration of the invention method. 

Typical conditions which may be ameliorated or otherwise benefited by the method and the 

means of the invention include hematopoietic disorders, such as aplastic anemia, leukemias, 

drug-induced anemias, and hematopoietic deficits from chemotherapy or radiation therapy. The 
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method and the means of the invention are also useful in enhancing the success of transplantation 

during and following immunosuppressive treatments as well as in effecting more efficient wound 

healing and treatment of bacterial inflammation. The method of the present invention is further 

useful for treating subjects who are immunocompromised or whose immune system is otherwise 

impaired. Typical conditions which are ameliorated or otherwise benefited by the method of the 

present invention, include those subjects who are infected with a retrovirus and more specifically 

who are infected with human immunodeficiency virus (HIV). The method of the invention thus 

targets a broad spectrum of conditions for which elevation of progenitor cells and/or stem cells in 

a subject would be beneficial or, where harvesting of progenitor cells and/or stem cell for 

subsequent stem cell transplantation would be beneficial. 

The nucleic acid of the present invention is, in an embodiment, ~lso ad!!"inistered to regenerate 

myocardium by mobilizing bone marrow stem cells. 

The medicament of the present invention will generally comprise an effective amount of the 

active component(s) of the therapy, including, but not limited to, a nucleic acid molecule of the 

present invention, dissolved or dispersed in a pharmaceutically acceptable medium. 

Pharmaceutically acceptable media or carriers include any and all solvents, dispersion media, 

coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents and the 

like. The use of such media and agents for pharmaceutical active substances is well known in the 

art. Supplementary active ingredients can also be incorporated into the medicament of the 

present invention. 

In a further aspect the present invention is related to a pharmaceutical composition. Such 

pharmaceutical composition comprises at least one of the nucleic acids according to the present 

invention and preferably a pharmaceutically acceptable binder. Such binder can be any binder 

used and/or known in the art. More particularly such binder is any binder as discussed in 

connection with the manufacture of the medicament disclosed herein. In a further embodiment, 

the pharmaceutical composition comprises a further pharmaceutically active agent. 
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The preparation of a medicament and a pharmaceutical composition will be known to those of 

skill in the art in light of the present disclosure. Typically, such compositions may be prepared as 

injectables, either as liquid solutions or suspensions; solid forms suitable for solution in, or 

suspension in, liquid prior to injection; as tablets or other solids for oral administration; as time 

release capsules; or in any other form currently used, including eye drops, creams, lotions, 

salves, inhalants and the like. The use of sterile formulations, such as saline-based washes, by 

surgeons, physicians or health care workers to treat a particular area in the operating field may 

also be particularly useful. Compositions may also be delivered via microdevice, microparticle 

or sponge. 

Upon formulation, a medicament will be administered in a manner compatible with the dosage 

formulation, and in such amount as is pharmacologically effective. The formulations are easily 

administered in a variety of dosage forms, such as the type of injectable solutions described 

above, but drug release capsules and the like can also be employed. 

In this context, the quantity of active ingredient and volume of composition to be administered 

depends on the individual or the subject to be treated. Specific amounts of active compound 

required for administration depend on the judgment of the practitioner and are peculiar to each 

individual. 

A minimal volume of a medicament required to disperse the active compounds is typically 

utilized. Suitable regimes for administration are also variable, but would be typified by initially 

administering the compound and monitoring the results and then giving further controlled doses 

at further intervals. 

For instance, for oral administration in the form of a tablet or capsule (e.g., a gelatin capsule), the 

active drug component, i. e. a nucleic acid molecule of the present invention and/or any further 

pharmaceutically active agent, also referred to herein as therapeutic agent(s) or active 

compound(s) can be combined with an oral, non-toxic, pharmaceutically acceptable inert carrier 

such as ethanol, glycerol, water and the like. Moreover, when desired or necessary, suitable 

binders, lubricants, disintegrating agents, and coloring agents can also be incorporated into the 

mixture. Suitable binders include starch, magnesium aluminum silicate, starch paste, gelatin, 

methylcellulose, sodium carboxymethylcellulose and/or polyvinylpyrrolidone, natural sugars 
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such as glucose or beta-lactose, com sweeteners, natural and synthetic gums such as acacia, 

tragacanth or sodium alginate, polyethylene glycol, waxes, and the like. Lubricants used in these 

dosage forms include sodium oleate, sodium stearate, magnesium stearate, sodium benzoate, 

sodium acetate, sodium chloride, silica, talcum, stearic acid, its magnesium or calcium salt 

and/or polyethyleneglycol, and the like. Disintegrators include, without limitation, starch, methyl 

cellulose, agar, bentonite, xanthan gum starches, agar, alginic acid or its sodium salt, or 

effervescent mixtures, and the like. Diluents, include, e.g., lactose, dextrose, sucrose, mannitol, 

sorbitol, cellulose and/or glycine. 

The medicament of the invention can also be administered in such oral dosage forms as timed 

release and sustained release tablets or capsules, pills, powders, granules, elixirs, tinctures, 

suspensions, syrups and emulsions. Suppositories are advantageously prepared from fatty 

emulsions or suspensions. 

The pharmaceutical composition or medicament may be sterilized and/or contain adjuvants, such 

as preserving, stabilizing, wetting or emulsifying agents, solution promoters, salts for regulating 

the osmotic pressure and/or buffers. In addition, they may also contain other therapeutically 

valuable substances. The compositions are prepared according to conventional mixing, 

granulating, or coating methods, and typically contain about 0.1 % to 75%, preferably about 1 % 

to 50%, of the active ingredient. 

Liquid, particularly injectable compositions can, for example, be prepared by ·dissolving, 

dispersing, etc. The active compound is dissolved in or mixed with a pharmaceutically pure 

solvent such as, for example, water, saline, aqueous dextrose, glycerol, ethanol, and the like, to 

thereby form the injectable solution or suspension. Additionally, solid forms suitable for 

dissolving in liquid prior to injection can be formulated. 

For solid compositions, excipients include pharmaceutical grades of mannitol, lactose, starch, 

magnesium stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium 

carbonate, and the like. The active compound defined above, may be also formulated as 

suppositories, using for example, polyalkylene glycols, for example, propylene glycol, as the 

carrier. In some embodiments, suppositories are advantageously prepared from fatty emulsions 

or suspens10ns. 
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The medicaments and nucleic acid molecules, respectively, of the present invention can also be 

administered in the form of liposome delivery systems, such as small unilamellar vesicles, large 

unilamellar vesicles and multilamellar vesicles. Liposomes can be formed from a variety of 

phospholipids, containing cholesterol, stearylamine or phosphatidylcholines. In some 

embodiments, a film of lipid components is hydrated with an aqueous solution of drug to a form 

lipid layer encapsulating the drug, what is well known to the ordinary skill in the art. For 

example, the nucleic acid molecules described herein can be provided as a complex with a 

lipophilic compound or non-immunogenic, high molecular weight compound constructed using 

methods known in the art. Additionally, liposomes may bear such nucleic acid molecules on 

their surface for targeting and carrying cytotoxic agents internally to mediate cell killing. An 

example of nucleic-acid associated complexes is provided in U.S. Patent No. 6,011,020. 

The medicaments and nucleic acid molecules, respectively, of the present invention may also be 

coupled with soluble polymers as targetable drug carriers. Such polymers can include 

polyvinylpyrrolidone, pyran copolymer, polyhydroxypropyl-methacrylamide-phenol, 

polyhydroxyethylaspanamidephenol, or polyethyleneoxidepolylysine substituted with palmitoyl 

residues. Furthermore, the medicaments and nucleic acid molecules, respectively, of the present 

invention may be coupled to a class of biodegradable polymers useful in achieving controlled 

release of a drag, for example, polylactic acid, polyepsilon capro lactone, polyhydroxy butyric 

acid, polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates and cross- linked or 

amphipathic block copolymers of hydro gels. 

If desired, the pharmaceutical composition and medicament, respectively, to be administered 

may also contain minor amounts of non-toxic auxiliary substances such as wetting or 

emulsifying agents, pH buffering agents, and other substances such as for example, sodium 

acetate, and triethanolamine oleate. 

The dosage regimen utilizing the nucleic acid molecules and medicaments, respectively, of the 

present invention is selected in accordance with a variety of factors including type, species, age, 

weight, sex and medical condition of the patient; the severity of the condition to be treated; the 

route of administration; the renal and hepatic function of the patient; and the particular aptamer 

or salt thereof employed. An ordinarily skilled physician or veterinarian can readily determine 
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and prescribe the effective amount of the drug required to prevent, counter or arrest the progress 

of the condition. 

Effective plasma levels of the nucleic acid according to the present invention preferably range 

from 500 fM to 500 µM in the treatment of any of the diseases disclosed herein. 

The nucleic acid molecules and medicaments, respectively, of the present invention may 

preferably be administered in a single daily dose, every second or third day, weekly, every 

second week, in a single monthly dose or every third month. 

It is within the present invention that the medicament as described herein constitutes the 

pharmaceutical composition disclosed herein. 

In a further aspect the present invention is related to a method for the treatment of a subject who 

is in need of such treatment, whereby the method comprises the administration of a 

pharmaceutically active amount of at least one of the nucleic acids according to the present 

invention. In an embodiment, the subject suffers from a disease or is in risk to develop such 

disease, whereby the disease is any of those disclosed herein, particularly any of those diseases 

disclosed in connection with the use of any of the nucleic acids according to the present 

invention for the manufacture of a medicament. 

As preferably used herein, the term treatment comprises in a preferred embodiment additionally . 

or alternatively prevention and/or follow-up. 

As preferably used herein, the terms disease and disorder shall be used in an interchangeable 

manner, if not indicated to the contrary. 

As used herein, the term comprise is preferably not intended to limit the subject matter followed 

or described by such term. However, in an alternative embodiment the term comprises shall be 

understood in the meaning of containing and thus as limiting the subject matter followed or 

described by such term. 
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The various SEQ.ID.Nos., the chemical nature of the nucleic aicd molecules according to the 

present invention and the target molecules SDF-1 as used herein, the actual sequence thereof and 

the internal reference number is summarized in the following table. 

It has to be noticed that the nucleic acids were characterized on the aptamer, i. e. D-nucleic acid 

level (D-RNA) with the biotinylated human D-SDF-1 (SEQ.ID. 4) or on the Spiegelmer level, i. 

e. L-nucleic acid (L-RNA) with the natural configuration of SDF-1, the L- SDF-1 (human SDF-1 

a, SEQ-ID. 1). The different nucleic acids share one internal reference name but one SEQ.ID for 

the D-RNA (Aptamer) molecule and one SEQ.ID. for the L-RNA (Spiegelmer) molecule, 

respectively. 

bhang
Rectangle



TABLE I (A) 

Seq. -ID RNA/Peptide 

1 L-peptide 

2 L-peptide 

3 L-peptide 

4 D-peptide 

5 L-RNA ( SP IEGELMER) 

6 L-RNA ( SPIEGELMER) 

7 L-RNA ( SPIEGELMER) 

8 L-RNA ( SPIEGELMER) 

9 L-RNA ( SPIEGELMER) 

10 L-RNA ( SPIEGELMER) 

11 L-RNA ( SPIEGELMER) 

12 L-RNA ( SPIEGELMER) 

13 L-RNA ( SPIEGELMER) 

14 L-RNA ( SPIEGELMER) 

83 
Sequence 

KPVSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNN 
NRQVCIDPKLKWIQEYLEKALNK 
KPVSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNN 
NRQVCIDPKLKWIQEYLEKALNKRFKM 
KPVSLSYRCPCRFFESHIARANVKHLKilNTPNCALQIVARLKNN 
NRQVCIDPKLKWIQEYLEKALNK 
KPVSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNN 
NRQVCIDPKLKWIQEYLEKALNKRFK-Biotin 
GCUGUGAAAGCAACAUGUCAAUGAAAGGUAGCCGCAGC 

GCUGUGAAAGUAACAUGUCAAUGAAAGGUAACCACAGC 

GCUGUGAAAGUAACACGUCAAUGAAAGGUAACCGCAGC 

GCUGUGAAAGUAACACGUCAAUGAAAGGUAACCACAGC 

GCUGUAAAAGUAACAUGUCAAUGAAAGGUAACUACAGC 

GCUGUAAAAGUAACAAGUCAAUGAAAGGUAACUACAGC 

GCUGUGAAAGUAACAAGUCAAUGAAAGGUAACCACAGC 

GCAGUGAAAGUAACAUGUCAAUGAAAGGUAACCACAGC 

GCUGUGAAAGUAACAUGUCAAUGAAAGGUAACCACUGC 

GCUAUGAAAGUAACAUGUCAAUGAAAGGUAACCAUAGC 

Internal Reference 

human/monkey/cat SDF-la 
human/monkey/cat SDF-1 

human/monkey/cat SDF-1~ 

murine SDF-la 
murine SDF-1 

biotinylated hu D-SDF-1 

192-Al0-001 

192-GlO 

192-FlO 

192-811 

192-C9 

192-ElO 

192-ClO 

192-Dll 

192-Gll 

192-Hll 

:.;; 
0 
N 
0 
0 
l.O 

0 
""" l.O 
0 
0 
-l 

'"Cl 
l'."'l 

~ 
'"Cl 
N 
0 
0 
QC) 

0 
0 
a-, 

""' -l 
~ 

bhang
Rectangle

bhang
Typewritten Text
83

bhang
Rectangle

bhang
Rectangle



TABLE 1 (B) 
Seq.-ID RNA/Peptide 

15 L-RNA ( SPIEGELMER) 

16 L-RNA ( SPIEGELMER) 

17 L-RNA (SPIEGELMER) 

18 L-RNA (SPIEGELMER) 

19 L-RNA (SPIEGELMER) 

20 L-RNA (SPIEGELMER) 

21 L-RNA (SPIEGELMERJ 

22 L-RNA (SPIEGELMER) 

23 L-RNA (SPIEGELMER 

24 L-RNA (SPIEGELMER 

25 L-RNA (SPIEGELMER) 

26 L-RNA (SPIEGELMER) 

27 L-RNA (SPIEGELMER) 

28 L-RNA (SPIEGELMER) 

29 L-RNA (SPIEGELMER) 
30 L-RNA (SPIEGELMER) 

84 

Sequence 

GCUGCGAAAGCGACAUGUCAAUGAAAGGUAGCCGCAGC 

GCUGUGAAAGCAACAUGUCAAUGAAAGGUAGCCACAGC 

GCUGUGAAAGUAACAUGUCAAUGAAAGGUAGCCGCAGC 

AGCGUGAAAGUAACACGUAAAAUGAAAGGUAACCACGCU 

AAAGYRACAHGUMAAXAUGAAAGGUARC; XA = A or absent 

AAAGYRACAHGUMAAUGAAAGGUARC 

AAAGYRACAHGUMAAAUGAAAGGUARC 

AAAGYAACAHGUCAAUGAAAGGUARC 

RS HR YR 

YRYDSY 

CUGUGAAAGCAACAUGUCAAUGAAAGGUAGCCGCAG 

UGUGAAAGCAACAUGUCAAUGAAAGGUAGCCGCA 

GUGAAAGCAACAUGUCAAUGAAAGGUAGCCGC 

UGAAAGCAACAUGUCAAUGAAAGGUAGCCG 

GAAAGCAACAUGUCAAUGAAAGGUAGCC 
AAAGCAACAUGUCAAUGAAAGGUAGC 

Internal Reference 

192-010 

192-E9 

192-H9 

191-A6 

Type A Formula-1 

Type A Formula-2 

Type A Formula-3 

Type A Formula-4 

Type A Formula-5-5' 

Typ~ A Formula-5-3' 

192-Al0-002 

192-Al0-003 

192-Al0-004 

192-Al0-005 

192-Al0-006 
192-Al0-007 
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TABLE 1 (C) 
Seq.-ID RNA/Peptide 

31 L-RNA (SPIEGELMER) 
32 1-RNA (SPIEGE1MER) 

33 L-RNA (SPIEGELMER) 
34 L-RNA (SPIEGELMER) 

35 1-RNA (SPIEGE1MER) 

36 L-RNA (SPIEGELMER) 

37 L-RNA (SPIEGELMER) 

38 1-RNA (SPIEGE1MER) 

39 L-RNA (SPIEGELMER) 

40 L-RNA (SPIEGELMER) 

41 L-RNA (SPIEGELMER) 

42 L-RNA (SPIEGELMER) 

43 L-RNA (SPIEGELMER) 

44 L-RNA (SPIEGELMER) 

45 L-RNA (SPIEGELMER) 

46 L-RNA (SPIEGELMER) 

47 1-RNA (SPIEGE1MER) 

85 

Sequence 

GCGUGAAAGCAACAUGUCAAUGAAAGGU.A.GCCGCGC 
GCGCGAAAGCAACAUGUCAAUGAAAGGU.A.GCCGCGC 

GCGGAAAGCAACAUGUCAAUGAAAGGUAGCCCGC 
CGUGAAAGCAACAUGUCAAUGAAAGGUAGCCGCG 

GCGCAAAGCAACAUGUCAAUGAAAGGUAGCGUGC 

GUGCAAAGCAACAUGUCAAUGAAAGGUAGCGCGC 

CGCGAAAGCAACAUGUCAAUGAAAGGUAGCCGUG 

GGGCAAAGCAACAUGUCAAUGAAAGGUAGCGCCC 

GGCCAAAGCAACAUGUCAAUGAAAGGUAGCGGCC 

GCCCAAAGCAACAUGUCAAUGAAAGGUAGCGGGC 

CCCCAAAGCAACAUGUCAAUGAAAGGUAGCGGGG 

X2BBBS; X2 = S or absent 

SBBVX3; X3 = S or absent 

X1X2NNBV; X1 = R or absent, X2 = S or absent 

BNBNX3X4; X3 = R or absent, X4 = Y or absent 

AGCGUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUACGCU 

AGCGUGGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGUACGCU 

Internal Reference 

192-Al0-008 
192-Al0-015 

192-Al0-014 
192-Al0-016 

192-Al0-017 

192-Al0-018 

192-Al0-01.9 

192-AJ.0-020 

192-Al0-021 

192-Al0-022 

192-Al0-023 

Type A Formula-6-5' 

Type A Formula-6-3' 

Type A Formula-7-5' 

Type A Formula-7-3' 

193-C2-001 

193-G2-001 
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TABLE 1 ( 0) 
Seq.-ID RNA/Peptide 

48 L-RNA (SPIEGELMER) 

49 L-RNA (SPIEGELMER) 

50 L-RNA (SPIEGELMER) 

51 L-RNA (SPIEGELMER) 

52 L-RNA (SPIEGELMER) 

53 L-RNA (SPIEGELMER) 

54 L-RNA (SPIEGELMER) 

55 L-RNA (SPIEGELMER) 

56 L-RNA (SPIEGELMER) 

57 L-RNA (SPIEGELMER) 

58 L-RNA (SPIEGELMER) 

59 L-RNA (SPIEGELMER) 

60 L-RNA (SPIEGELMER) 

61 L-RNA (SPIEGELMER) 

62 L-RNA (SPIEGELMER) 

86 

Sequence 

AGCGUGGUGUGAUCUAGAUGUAAUGGCUGAUCCUAGUCAGGUGCGCU 

GCGAGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUGCGC 

GCGOGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUGCGC 

GCAUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUGCCC 

GCGUGGUGUGAUCUAGAUGUAAUGGCUGAUCCUAGUCAGGGACGC 

GCGUGGUGUGAUCUAGAUGUAGAGGCUGAUCCUAGUCAGGUACGC 

GCGUGGUGUGAUCUAGAUGUAAAGGCUGAUCCUAGUCAGGUACGC 

GCGUGGUGUGAUCUAGAUGUAGUGGCUGUUCCUAGUCAGGUAUGC 

GCGUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUUAGGUACGC 

GUGUGAUCUAGAUGUADWGGCUGWUCCUAGUYAGG 

GUGUGAUCUAGAUGUAOUGGCUGAUCCUAGUCAGG 

X1GCRWG; X1 = A or absent 

KRYSCX4; X4 = U or absent 

GCGUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUACGC 

CGUGGUGUGAUCUAGAUGUAGUGGCUGAUC:CUAGUCAGGUACG 

Internal Reference 

193-F2-001 

193-Gl-002 

193-02-002 

193-Al-002 

193-03-002 

193-83-002 

193-H3-002 

193-E3-002 

193-01-002 

Type B Formula-1 

Type B Formula-2 

Type B Formula-3-5' 

Type B Formula--3-3' 

193-C2-002 

193-C2-003 
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1 (E) 
Seq.-ID RNA/Peptide 

63 L-RNA (SPIEGELMER) 

64 L-RNA (SPIEGELMER) 

65 L-RNA ( SPIEGELMER) 

66 L-RNA ( SPIEGELMER) 

67 L-RNA (SPIEGELMER) 

68 L-RNA ( SPIEGELMER) 

69 L-RNA ( SPIEGELMER) 

70 L-RNA (SPIEGELMER) 

71 L-RNA (SPIEGELMER) 

72 L-RNA (SPIEGELMER) 

73 L-RNA (SPIEGELMER) 

74 L-RNA (SPIEGELMER) 

75 L-RNA (SPIEGELMER) 

76 L-RNA ( SPIEGELMER) 

77 L-RNA (SPIEGELMER) 

78 L-RNA (SPIEGELMER) 

87 

Sequence 

GUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUAC 

UGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUA 

GGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGU 

GUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGG 

GCGUGGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGUACGC 

GCGCGGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGCGCGC 

GCGCGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGGCGC 

GGGCGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGGCCC 

GGCCGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGGGCC 

GCCCGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGGGGC 

X2SSBS; X2 = G or absent 

BVSSX3; X3 = C or absent 

X1GCGUG; X1 = A or absent 

UACGCX4 ; X4 = U or absent 

X1X2 SVNS; X1 - A or absent, X2 ' G or absent 

BVBSX3X4 ; X3 - C or absent, X4 ' u or absent 

Internal Reference 

193-C2-004 

193-C2-005 

193-C2-006 

193-C2-007 

193-G2-012 

193-G2-013 

193-G2-014 

193-G2-015 

193-G2-016 

193-G2-017 

Type B Formula-4-5' 

Type B Formula-4-3' 

Type B Formula-5-5' 

Type B Formula-5-3' 

Type B Formula-6-5' 

Type B Formula-6-3' 
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TABLE 1 (F) 
Seq.-ID RNA/Peptide 

79 L-RNA (SPIEGELMER) 

80 L-RNA (SPIEGELMER) 

81 L-RNA (SPIEGELMER) 

82 L-RNA (SPIEGELMER) 

83 L-RNA (SPIEGELMER) 

84 L-RNA (SPIEGELMER) 

85 L-RNA (SPIEGELMER) 

86 L-RNA (SPIEGELMER) 

87 L-RNA (SPIEGELMER) 

88 L-RNA (SPIEGELMER) 

89 L-RNA (SPIEGELMER) 

90 L-RNA (SPIEGELMER) 

91 L-RNA (SPIEGELMER) 

92 L-RNA (SPIEGELMER) 

93 L-RNA (SPIEGELMER) 

94 L-RNA (SPIEGELMER) 

88 

Sequence 

GUGCUGCGGGGGUUAGGGCUAGAAGUCGGCCUGCAGCAC 

AGCGUGGCGAGGUUAGGGCUAGAAGUCGGUCGACACGCU 

GUGlJUGCGGAGGUUAGGGCUAGAAGUCGGlJCAGCAGCAC 

CGUGCGCUUGAGAUAGGGGUUAGGGCUUAAAGUCGGCUGAUUCUCACG 

AGCGUGAAGGGGUUAGGGCUCGAAGUCGGCUGACACGCU 

GUGCUGCGGGGGUUAGGGCUCGAAGUCGGCCCGCAGCAC 

GUGUUCCCGGGGUUAGGGCUUGAAGUCGGCCGGCAGCAC 

GUGUUGCAGGGGUUAGGGCUUGAAGUCGGCCUGCAGCAC 

GUGCUGCGGGGGUUAGGGCUCAAAGUCGGCCUGCAGCAC 

GUGCUGCCGGGGUUAGGGCUAA-AGUCGGCCGACAGCAC 

GUGCUGUGGGGGUCAGGGCUAGAAGUCGGCCUGCAGCAC 

GGUYAGGGCUHRXAAGUCGG; XA = A or absent 

GGUYAGGGCUHRAAGUCGG 

GGUYAGGGCUHRAGUCGG 

GGUUAGGGCUHGAAGUCGG 

UGAGAUAGGGGUUAGGGCUUAAAGUCGGCUGAUUCUCA 

Interna1 Reference 

197-82 

191-05-001 

197-Hl 

190-A3-001 

191-AS 

197-H3 

197-Bl 

197-E3 

197-H2 

197-Dl 

197-02 

Type C Formula-1 

Type C Formula-2 

Type C Formula-3 

Type C Formula-4 

190-A3-003 
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TABLE 1 (G) 
Seq. -ID RNA/Peptide 

95 L-RNA (SPIEGELMER) 

96 L-RNA (SPIEGELMER) 

97 L-RNA (SPIEGELMER) 

98 L-RNA (SPIEGELMER) 

99 L-RNA (SPIEGELMER) 

100 L-RNA (SPIEGELMER) 

101 L-RNA (SPIEGELMER) 

102 L-RNA (SPIEGELMER) 

103 L-RNA (SPIEGELMER) 

104 L-RNA (SPIEGELMER) 

105 L-RNA (SPIEGELMER) 

106 L-RNA (SPIEGELMER) 

107 L-RNA (SPIEGELMER) 

108 L-RNA (SPIEGELMER) 

109 L-RNA (SPIEGELMER) 

110 L-RNA (SPIEGELMER) 

111 L-RNA (SPIEGELMER) 

89 

Sequence 

GAGAUAGGGGUUAGGGCUUAAAGUCGGCUGAUUCUC 

GGGGUUAGGGCUUAAAGUCGGCUGAUUCU 

GCGUGGCGAGGUUAGGGCUAGAAGUCGGUCGACACGC 

CGUGGCGAGGUUAGGGCUAGAAGUCGGUCGACACG 

CGGGCGAGGUUAGGGCUAGAAGUCGGUCGl\CCG 

CGGGCGAGGUUAGGGCUAGAAGUCGGUCGCCCG 

CGGCGAGGUUAGGGCUAGAAGUCGGUCGCCG 

CGGGAGGUUAGGGCUAGAAGUCGGUCCCG 

GGGAGGUUAGGGCUAGAAGUCGGUCCC 

CCGCGGUUAGGGCUAGAAGUCGGGCGG 

CCCGGGUUAGGGCUAGAAGUCGGCGGG 

GGCGGGUUAGGGCUAGAAGUCGGCGCC 

CCCG.CGGUUAGGGCUAGAAGUCGGGCGGG 

GCCGCGGUUAGGGCUAGAAGUCGGGCGGC 

CCCCGGGUUAGGGCUAGAAGUCGGCGGGG 

CGGCGGGUUAGGGCUAGAAGUCGGCGCCG 

GGGCGGGUUAGGGCUAGAAGUCGGCGCCC 

Internal Reference 

190-A3-004 

190-A3-007 

191-05-002 

191-05-003 

191-05-004 

191-05-005 

191-05-006 

191-05-007 

191-05-010 

191-05-017 

191-05-029 

191-05-024 

191-05-017-29a 

191-05-017-29b 

191-05-019-29a 

191-05-024-29a 

191-05-024-29b 
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Seq. -ID RNA/Peptide 

112 L-RNA (SPIEGELMER) 

113 L-RNA (SPIEGELMER) 

114 L-RNA (SPIEGELMER) 

115 L-RNA (SPIEGELMER) 

116 L-RNA (SPIEGELMER) 

117 L-RNA (SPIEGELMER) 

118 L-RNA (SPIEGELMER) 

119 L-RNA (SPIEGELMER) 

120 L-RNA (SPIEGELMER) 

121 L-RNA (SPIEGELMER) 

122 L-RNA (SPIEGELMER) 

123 L-RNA (SPIEGELMER) 

124 L-RNA (SPIEGELMER) 

125 L-RNA (SPIEGELMER) 

126 L-RNA (SPIEGELMER) 

127 L-RNA (SPIEGELMER) 

90 

Sequence 

UGCUGCGGGGGUUAGGGCUAGAAGUCGGCCUGCAGCA 

GCUGCGGGGGUUAGGGCUAGAAGUCGGCCUGCAGC 

CUGCGGGGGUUAGGGCUAGAAGUCGGCCUGCAG 

UGCGGGGGUUAGGGCUAGAAGUCGGCCUGCA 

GCGGGGGUUAGGGCUAGAAGUCGGCCUGC 

GCCGGGGUUAGGGCUAGAAGUCGGCCGGC 

GGCCGGGGUUAGGGCUAGAAGUCGGCCGGCC 

CGCCGGGGUUAGGGCUAGAAGUCGGCCGGCG 

RKSBUSNVGR 

YYNRCASSMY 

RKSBUGSVGR 

YCNRCASSMY 

X5SSSV; Xs = S or absent 

BSSSX5 ; Xs = S or absent 

SGGSV 

YSCCS 

Internal Reference 

197-B2-001 

197-B2-002 

197-B2-003 

197-B2-004 

197-B2-005 

197-B2-006 

197-B2-006-3la 

197-B2-006-31b 

Type C Formula-5-5' 

Type C Formula-5-3' 

Type C Formula-6-5' 

Type C Formula-6-3' 

Type C Formula-7-5' 

Type C Formula-7-3' 

Type C Formula-8-5' 

Type C Formula-8-3' 
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TABLE 1 (I 
Seq. -ID RNA/Peptide 

128 L-RNA (SPIEGELMER) 

129 L-RNA (SPIEGELMER) 

130 L-RNA (SPIEGELMER) 

131 L-RNA (SPIEGELMER) 

132 L-RNA (SPIEGELMER) 

133 L-RNA (SPIEGELMER) 

134 L-RNA (SPIEGELMER) 

135 L-RNA (SPIEGELMER) 

136 L-RNA (SPIEGELMER) 

137 L-RNA (SPIEGELMER) 

138 L-RNA (SPIEGELMER) 

139 L-RNA (SPIEGELMER) 

91 

Sequence 

GCSGG 

CCKGC 

SSS SR 

YSBSS 

5'-40 kDa-PEG-
GCGUGGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGUACGC 

5'-40 kDa-PEG-GCGUGAAAGCAACAUGUCAAUGAAAGGUAGCCGCGC 

5' -4 0 kDa- PEG-CGGGAGGUUAGGGCUl'l.GAAGUCGGUCCCG 

5' -4 0 kDa- PEG-GCCGGGGUUAGGGCU.P~GAAGUCGGCCGGC 

5'-40 kDa-PEG-CGCCGGGGUUAGGGCUAGAAGUCGGCCGGCG 

5'-40 kDa-PEG-
GCUGUGAAAGCAACAUGUCAAUGAAAGGUA.GCCGCAGC 

UAAGGAAACUCGGUCUGAUGCGGUAGCGCUGUGCAGAGCU 

5'-30 kDa-PEG-
GCUGUGAAAGCAACAUGUCAAUGAAAGGUA.GCCGCAGC 

Internal Reference 

Type C Formula-9-5' 

Type C Formula-9-3' 

Type C Formula-10-
5' 

Type C Formula-10-
3' 

193-G2-012-5'-PEG, 
NOX-A12-JE40 

192-Al0-008-5'-PEG 

191-D5-007-5'-PEG 

197-B2-006-5'-PEG 

197-B2-006--3lb-
5'PEG 

192-Al0-001-5'-PEG 

192-Al0-001-5'-
PEG40 

Control Spiegelmer 

192-Al0-001-5'-
PEG30 
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TABLE 1 CJ) 

Seq. -ID RNA/Peptide 

140 L-RNA (SPIEGELMER) 

141 L-RNA (SPIEGELMER) 

142 L-RNA (SPIEGELMER) 

143 L-RNA (SPIEGELMER) 

144 L-RNA (SPIEGELMER) 

145 D-RNA (APTAMERJ 

146 D-RNA (APTAMER) 

147 D-RNA (APTAMER) 

148 D-RNA (APTAMER) 

149 D-RNA (APTAMER) 

150 D-RNA (APTAMER) 

151 D-RNA (APTAMER) 

152 D-RNA (APTAMER) 

153 D-RNA (APTAMER) 

92 

Sequence 

5'-100 kDa-HES-
GCUGUGAAAGCAACAUGUCAAUGAAAGGUAGCCGCAGC 

5'-130 kDa-HES-
GCUGUGAAAGCAACAUGUCAAUGAAAGGUliGCCGCAGC 

CGUGGUCCGUUGUGUCAGGUCUAUUCGCCCCGGUGCAGGGCAUCCGCG 

GCAGUGUGACGCGGACGUGAUAGGACAGAGCUGAUCCCGCUCAGGUGAG 

CAACAGCAGUGUGACGCGGACGUGAUAGGl\CAGAGCUGAUCCCGCUCAG 

GCUGUGAAAGCAACAUGUCAAUGAAAGGUliGCCGCAGC 

GCUGUGAAAGUAACAUGUCAAUGAAAGGUliACCACAGC 

GCUGUGAAAGUAACACGUCAAUGAAAGGUliACCGCAGC 

GCUGUGAAAGUAACACGUCAAUGAAAGGUhACCACAGC 

GCUGUAAAAGUAACAUGUCAAUGAAAGGUllACUACAGC 

GCUGUAAAAGUAACAAGUCAAUGAAAGGUllACUACAGC 

GCUGUGAAAGUAACAAGUCAAUGAAAGGUPIACCACAGC 

GCAGUGAAAGUAACAUGUCAAUGAAAGGUPIACCACAGC 

GCUGUGAAAGUAACAUGUCAAUGAAAGGUF.ACCACUGC 

Internal Reference 

192-Al0-001-5'-
HESlOO 

192-Al0-001-5'-
HES130 

194-A2-001 

196-812-003 

196-B12-004 

192-Al0-001 

192-GlO 

192-FlO 

192-Bll 

192-C9 

192-ElO 

192-ClO 

192-Dll 

192-Gll 
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TABLE 1 (K) 
Seq.-ID RNA/Peptide 

154 D-RNA (APTAMER) 

155 D-RNA (APTAMER) 

156 D-RNA (APTAMER) 

157 D-RNA (APTAMER) 

158 D-RNA (APTAMER) 

159 D-RNA (APTAMER) 

160 D-RNA (APTAMER) 

161 D-RNA (APTAMER) 

162 D-RNA (APTAMER) 

163 D-RNA (APTAMER) 
164 D-RNA (APTAMER) 
165 D-RNA (APTAMER) 

166 D-RNA (APTAMER) 

167 D-RNA (APTAMER) 

168 D-RNA (APTAMER) 

169 D-RNA (APTAMER) 

93 

Sequence 

GCUAUGAAAGUAACAUGUCAAUGAAAGGUAACCAUAGC 

GCUGCGAAAGCGACAUGUCAAUGAAAGGUAGCCGCAGC 

GCUGUGAAAGCAACAUGUCAAUGAAAGGUAGCCACAGC 

GCUGUGAAAGUAACAUGUCAAUGAAAGGUAGCCGCAGC 

AGCGUGAAAGUAACACGUAAAAUGAAAGGUAACCACGCU 

CUGUGAAAGCAACAUGUCAAUGAAAGGUAGCCGCAG 

UGUGAAAGCAACAUGUCAAUGAAAGGUAGCCGCA 

GUGAAAGCAACAUGUCAAUGAAAGGUAGCCGC 

UGAAAGCAACAUGUCAAUGAAAGGUAGCCG 

GAAAGCAACAUGUCAAUGAAAGGUAGCC 
AAAGCAACAUGUCAAUGAAAGGUAGC 
GCGUGAAAGCAACAUGUCAAUGAAAGGUAGCCGCGC 

GCGCGAAAGCAACAUGUCAAUGAAAGGUAGCCGCGC 

GCGGAAAGCAACAUGUCAAUGAAAGGUAGCCCGC 

CGUGAAAGCAACAUGUCAAUGAAAGGUAGCCGCG 

GCGCAAAGCAACAUGUCAAUGAAAGGUAGCGUGC 

Internal Reference 

192-Hll 

192-010 

192-E9 

192-H9 

191-A6 

192-Al0-002 

192-Al0-003 

192-Al0-004 

192-Al0-005 

192-Al0-006 
192-Al0-007 
192-Al0-008 

192-Al0-015 

192-Al0-014 

192-Al0-016 

192-Al0-017 
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TABLE 1 (L) 
Seq.-ID RNA/Peptide 

170 0-RNA (APTAMER) 

171 0-RNA (APTAMER) 

172 0-RNA (APTAMER) 

173 0-RNA (APTAMER) 

174 0-RNA (APTAMER) 

175 0-RNA (APTAMER) 

176 0-RNA (APTAMER) 

177 0-RNA (APTAMER) 

178 0-RNA (APTAMER) 

179 0-RNA (APTAMER) 

180 0-RNA (APTAMER) 

181 0-RNA (APTAMER) 

182 0-RNA (APTAMER) 

183 0-RNA (APTAMER) 

184 0-RNA (APTAMER) 

94 

Sequence 

GUGCAAAGCAACAUGUCAAUGAAAGGUAGCGCGC 

CGCGAAAGCAACAUGUCAAUGAAAGGUAGCCGUG 

GGGCAAAGCAACAUGUCAAUGAAAGGUAGCGCCC 

GGCCAAAGCAACAUGUCAAUGAAAGGUAGCGGCC 

GCCCAAAGCAACAUGUCAAUGAAAGGUAGCGGGC 

CCCCAAAGCAACAUGUCAAUGAAAGGUAGCGGGG 

AGCGUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUACGCU 

AGCGUGGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGUACGCU 

AGCGUGGUGUGAUCUAGAUGUAAUGGCUGAUCCUAGUCAGGUGCGCU 

GCGAGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUGCGC 

GCGUGGUGUGAUCUAGAUGUAGUGGCUGAUCC'JAGUCAGGUGCGC 

GCAUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUGCCC 

GCGUGGUGUGAUCUAGAUGUAAUGGCUGAUCCUAGUCAGGGACGC 

GCGUGGUGUGAUCUAGAUGUAGAGGCUGAUCCIJAGUCAGGUACGC 

GCGUGGUGUGAUCUAGAUGUAAAGGCUGAUCCUAGUCAGGUACGC 

Internal Reference 

192-Al0-018 

192-Al0-019 

192-Al0-020 

192-Al0-021 

192-Al0-022 

192-Al0-023 

193-C2-001 

193-G2-001 

193-F2-001 

193-Gl-002 

193-02-002 

193-Al-002 

193-03-002 

193-B3-002 

193-H3-002 
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TABLE 1 (M) 
Seq. -ID RNA/Peptide 

185 0-RNA (APTAMER) 

186 0-RNA (APTAMER) 

187 D-RNA (APTAMER) 

188 D-RNA (APTAMER) 

189 0-RNA (APTAMER) 

190 0-RNA (APTAMER) 

191 D-RNA (APTAMER) 

192 0-RNA (APTAMER) 

193 D-RNA (APTAMER) 

194 D-RNA (APTAMER) 

195 D-RNA (APTAMER) 

196 D-RNA (APTAMER) 

197 D-RNA (APTAMER) 

198 0-RNA (APTAMER) 

95 

Sequence 

GCGUGGUGUGAUCUAGAUGUAGUGGCUGUUCCUAGUCAGGUAUGC 

GCGUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUUAGGUACGC 

GCGUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUACGC 

CGUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUACG 

GUGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUAC 

UGGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGUA 

GGUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGGU 

GUGUGAUCUAGAUGUAGUGGCUGAUCCUAGUCAGG 

GCGUGGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGUACGC 

GCGCGGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGCGCGC 

GCGCGUGUGAUCUAGAUGUAUUGGCUGAUCCU.A.GUCAGGGCGC 

GGGCGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGGCCC 

GGCCGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGGGCC 

GCCCGUGUGAUCUAGAUGUAUUGGCUGAUCCU}\.GUCAGGGGGC 

Internal Reference 

193-E3-002 

193-Dl-002 

193-C2-002 

193-C2-003 

193-C2-004 

193-C2-005 

193-C2-006 

193-C2-007 

193-G2-012 

193-G2-013 

193-G2-014 

193-G2-015 

193-G2-016 

193-G2-017 
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TABLE 1 (N) 
Seq.-ID RNA/Peptide 

199 D-RNA (APTAMER) 

200 D-RNA (APTAMER) 

201 D-RNA (APTAMER) 

202 D-RNA (APTAMER) 

203 D-RNA (APTAMER) 

204 D-RNA (APTAMER) 

205 D-RNA (APTAMER) 

206 D-RNA (APTAMER) 

207 D-RNA (APTAMER) 

208 D-RNA (APTAMER) 

209 D-RNA (APTAMER) 

210 D-RNA (APTAMER) 

211 D-RNA (APTAMER) 

212 D-RNA (APTAMER) 

213 D-RNA (APTAMER) 

214 D-RNA (APTAMER) 

96 

Sequence 

GUGCUGCGGGGGUUAGGGCUAGAAGUCGGCCUGCAGCAC 

AGCGUGGCGAGGUUAGGGCUAGAAGUCGGUCG.A.CACGCU 

GUGUUGCGGAGGUUAGGGCUAGAAGUCGGUCAGCAGCAC 

CGUGCGCUUGAGAUAGGGGUUAGGGCUUAAAGIJCGGCUGAUUCUCACG 

AGCGUGAAGGGGUUAGGGCUCGAAGUCGGCUGACACGCU 

GUGCUGCGGGGGUUAGGGCUCGAAGUCGGCCCGCAGCAC 

GUGUUCCCGGGGUUAGGGCUUGAAGUCGGCCGGCAGCAC 

GUGUUGCAGGGGUUAGGGCUUGAAGUCGGCCUGCAGCAC 

GUGCUGCGGGGGUUAGGGCUCAAAGUCGGCCUGCAGCAC 

GUGCUGCCGGGGUUAGGGCUAA-AGUCGGCCGACAGCAC 

GUGCUGUGGGGGUCAGGGCUAGAAGUCGGCCUGCAGCAC 

UGAGAUAGGGGUUAGGGCUUAAAGUCGGCUGAUUCUCA 

GAGAUAGGGGUUAGGGCUUAAAGUCGGCUGAUUCUC 

GGGGUUAGGGCUUAAAGUCGGCUGAUUCU 

GCGUGGCGAGGUUAGGGCUAGAAGUCGGUCGACACGC 

CGUGGCGAGGUUAGGGCUAGAAGUCGGUCGACl>CG 

Internal Reference 

197-B2 

191-05-001 

197-Hl 

190-A3-001 

191-A5 

197-H3 

197-Bl 

197-E3 

197-H2 

197-Dl 

197-D2 

190-A3-003 

190-A3-004 

190-A3-007 

191-05-002 

191-05-003 
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TABLE 1 (0) 
Seq.-ID RNA/Peptide 

215 D-RNA (APTAMER) 

216 D-RNA (APTAMER) 

217 D-RNA (APTAMER) 

218 D-RNA (APTAMER) 

219 D-RNA (APTAMER) 

220 D-RNA (APTAMER) 

221 D-RNA (APTAMER) 

222 D-RNA (APTAMER) 

223 D-RNA (APTAMER) 

224 D-RNA (APTAMER) 

225 D-RNA (APTAMER) 

226 D-RNA (APTAMER) 

227 D-RNA (APTAMER) 

228 D-RNA (APTAMER) 

97 

Sequence 

CGGGCGAGGUUAGGGCUAGAAGUCGGUCGACCG 

CGGGCGAGGUUAGGGCUAGAAGUCGGUCGCCCG 

CGGCGAGGUUAGGGCUAGAAGUCGGUCGCCG 

CGGGAGGUUAGGGCUAGAAGUCGGUCCCG 

GGGAGGUUAGGGCUAGAAGUCGGUCCC 

CCGCGGUUAGGGCUAGAAGUCGGGCGG 

CCCGGGUUAGGGCUAGAAGUCGGCGGG 

GGCGGGUUAGGGCUAGAAGUCGGCGCC 

CCCGCGGUUAGGGCUAGAAGUCGGGCGGG 

GCCGCGGUUAGGGCUAGAAGUCGGGCGGC 

CCCCGGGUUAGGGCUAGAAGUCGGCGGGG 

CGGCGGGUUAGGGCUAGAAGUCGGCGCCG 

GGGCGGGUUAGGGCUAGAAGUCGGCGCCC 

UGCUGCGGGGGUUAGGGCUAGAAGUCGGCCUGC:AGCA 

Internal Reference 

191-D5-004 

191-D5-005 

191-D5-006 

191-D5-007 

191-D5-010 

191-D5-017 

191-D5-029 

191-D5-024 

191-D5-017-29a 

191-D5-017-29b 

191-D5-019-29a 

191-D5-024-29a 

191-D5-024-29b 

197-82-001 
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98 

TABLE 1 (P) 
Seq.-ID RNA/Peptide Sequence 

229 D-RNA (APTAMER) GCUGCGGGGGUUAGGGCUAGAAGUCGGCCOGCAGC 

230 D-RNA (APTAMER) CUGCGGGGGUUAGGGCUAGAAGUCGGCCUGCAG 

231 D-RNA (APTAMER) UGCGGGGGUUAGGGCUAGAAGUCGGCCUGCA 

232 D-RNA (APTAMER) GCGGGGGUUAGGGCUAGAAGUCGGCCUGC 

233 D-RNA (APTAMER) GCCGGGGUUAGGGCUAGAAGUCGGCCGGC 

234 D-RNA (APTAMER) GGCCGGGGUUAGGGCUAGAAGUCGGCCGGCC 

235 D-RNA (APTAMER) CGCCGGGGUUAGGGCUAGAAGUCGGCCGGCG 

236 D-RNA (APTAMER) CGUGGUCCGUUGUGUCAGGUCUAUUCGCCCCGGUGCAGGGCAUCCGCG 

236 D- RNA (APT AMER) GCAGUGUGACGCGGACGUGAUAGGACAGAGCUGAUCCCGCUCAGGUGAG 

238 D-RNA (APTAMER) CAACAGCAGUGUGACGCGGACGUGAUAGGl\CAGAGCUGAUCCCGCUCAG 

239 L-RNA (Spiegelmer) 5'-PEG-UAAGGAAACUCGGUCUGAUGCGGUAGCGCUGUGCAGAGCU 

240 L-RNA (SPIEGELMER) 5'-30 kDa-PEG-
GCGUGGUGUGAUCUAGAUGUAUUGGCUGAUCCUAGUCAGGUACGC 

241 L-RNA (SPIEGELMER) 5' -4.0 kDa-PEG-
CGCAUGGACUGAUCCUAGUCGGUUAUGUAGAUCUAGUGUGGUGCG 

Internal Reference 

197-B2-002 

197-82-003 

197-82-004 

197-B2-005 

197-B2-006 

197-82-006-31a 

197-82-006-31b 

194-A2-001 

196-812-003 

196-812-004 

PEGylated Control 
Spiegelmer 

NOX-A12-N030 

revNOX-A12-JE40 
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The present invention is further illustrated by the figures, examples and the sequence listing from 

which further features, embodiments and advantages may be taken, wherein 

Fig. 1 

Fig. 2A 

Fig. 2B 

Fig. 3 

Fig. 4A 

Fig. 4B 

shows an alignment of sequences of related RNA ligands binding to 

human SDF-1 indicating the sequence motif ("Type A") that is in a 

preferred embodiment in its entirety essential for binding to human SDF-1; 

shows derivatives of RNA ligand 192-Al0-001 (human SDF-1 RNA 

ligand of sequence motif "Type A"); 

shows derivatives of RNA ligand 192-AI0-001 (human SDF-1 RNA 

ligand of sequence motif"Type A"); 

shows an alignment of sequences of related RNA ligands binding to 

human SDF-1 indicating the sequence motif ("Type B") that is in a 

preferred embodiment in its entirety essential for binding to human SDF-1; 

shows derivatives of RNA ligands 193-C2-001 and 193-G2-001 (human 

SDF-1 RNA ligands of sequence motif"Type B"); 

shows derivatives of RNA ligands 193-C2-001 and 193-G2-001 (human 

SDF-1 RNA ligands of sequence motif"Type B"); 

Fig. 5 shows an alignment of sequences of related RNA ligands binding to 

Fig. 6 

Fig. 7A 

Fig. 7B 

hllinan SDF-1 indicating the sequence motif ("Type C") that is in a 

preferred embodiment in its entirety essential for binding to human SDF-1; 

shows derivatives of RNA ligand 190-A3-001 (human SDF-1 RNA ligand 

of sequence motif "Type C"); 

shows derivatives of RNA ligand 190-DS-001 (human SDF-1 RNA ligand 

of sequence motif "Type C"); 

shows derivatives of RNA ligand 190-DS-001 (human SDF-1 RNA ligand 

of sequence motif "Type C"); 

Fig. 8 shows derivatives of RNA ligand 197-B2 (human SDF-1 RNA ligand of 

sequence motif "Type C"); 

Fig. 9 shows further RNA ligands binding to human SDF-1; 
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Fig. 10 

Fig. 11 

Fig. 12 

Fig. 13 

Fig. 14 

Fig. 15 

PCT /EP2008/0064 73 
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shows the human SDF-1-induced chemotaxis of Jurkat human T cell 

leukemia cells whereas after 3 hours migration of Jurkat human T cell 

leukemia cells towards various human SDF-1 concentrations a dose­

response curve for human SDF-1 was obtained, represented as 

fluorescence signal over concentration of human SDF-1; 

shows the result of a binding analysis of the human SDF-1 binding 

aptamer 192-Al0-001 to biotinylated human D-SDF-1 37°C, represented 

as binding of the aptamer over concentration of biotinylated human D­

SDF-1; 

shows the efficacy of human SDF-1 binding Spiegelmer 192-Al0-001 in a 

chemotaxis assay; cells were allowed to migrate towards human 0.3 nM 

SDF-i preincubated at 37°C with various amounts of Spiegelmer 192-

Al0-001, represented as percentage of control over concentration of 

Spiegelmer 192-Al0-001; 

shows the result of a competitive binding analysis of the human SDF-1 

binding aptamers 192-Al0-001, 192-Fl0-001, 192-C9-001, 192-El0-001, 

192-Cl0-001, 192-Dll-001, 192-Gll-001, 192-Hll-001, 192-Dl0-001, 

192-E9-001 and 192-H9-001 to biotinylated human D-SDF-1 at 37°C, 

represented as binding of the labeled aptamer 192-Al0-001 (used as 

reference that is displaced by the non-labeled aptamers) at 1 nM and 5 nM 

non-labeled aptamers 192-Al0-001, 192-Fl0-001, 192-C9-001, 192-El0-

001, 192-Cl0-001, 192-Dll-001, 192-Gll-001, 192-Hll-001, 192-Dl0-

001, 192-E9-001 and 192-H9-001; 

shows the result of a binding analysis of the human SDF-1 binding 

aptamer 192-Al0-008 to biotinylated human D-SDF-1 at 37°C, 

represented as binding of the aptamer over concentration of biotinylated 

human D-SDF-1; 

shows a Biacore 2000 sensorgram indicating the Ko value of the human 

SDF-1 binding Spiegelmer 192-Al0-008 binding to human SDF-1 which 

was immobilized on a PioneerFl sensor chip by amine coupling 

procedure, represented as response (RU) over time, additionally the on-
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Fig. 16 

Fig. 17 

Fig. 18 

Fig. 19 

Fig. 20 

Fig. 21 

PCT /EP2008/0064 73 
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and off-rates and the Ko values of Spiegelmers 192-Al 0-008 and 192-

A 10-001 are listed; 

shows the efficacy of SDF-1 binding Spiegelmer 192-Al0-008 in a 

chemotaxis assay; cells were allowed to migrate towards 0.3 nM human 

SDF-1 preincubated at 37°C with various amounts of Spiegelmer l 92-

Al 0-008, represented as percentage of control over concentration of 

Spiegelmer 192-Al0-008; 

shows a Biacore 2000 sensorgram indicating the Ko value of Spiegelmer 

193-G2-01 binding to human SDF-1 which was immobilized on a 

PioneerFl sensor chip by amine coupling procedure, represented as 

response (RU) over time, additionally the on- and off-rates and the Ko 

values of Spiegelmers 193-G2-001and193-C2-001 are iisted; 

shows the result of a binding analysis of the human anti-SDF-1 aptamer 

193-G2-012 to biotinylated human D-SDF-1 at 37°C, represented as 

binding of the aptamer over concentration ofbiotinylated human o-SDF-1; 

shows the result of a competitive binding analysis of the human SDF-1 

binding aptamers 190-A3-001, 190-A3-003, 190-A3-004, 190-A3-007, 

191-D5-001, 191-D5-002, 191-D5-003, 191-D5-004, 191-D5-005, 191-

D5-006 and 191-D5-007 to biotinylated human D-SDF-1 at 37°C, 

represented as binding of the labeled aptamer 190-A3-001 or 191-D5-001 

(used as reference that is displaced by the non-labeled aptamers) at 500 

nM, 50 nM and 10 nM non-labeled aptamers 190-A3-001, 190-A3-003, 

190-A3-004, 190-A3-007, 191-D5-001, 191-D5-002, 191-D5-003, 191-

D5-004, 191-D5-005, 191-D5-006 and 191-D5-007; 

shows the result of a binding analysis of the human SDF-1 binding 

aptamers 190-A3-004 and 191-D5-007 to biotinylated human o-SDF-1 

3 7°C, represented as binding of the aptamer over concentration of 

biotinylated human D-SDF-1; 

shows a Biacore 2000 sensorgram indicating the Ko value of Spiegelmer 

191-D5-007 binding to human SDF-1 which was immobilized on a 

PioneerFl sensor chip by amine coupling procedure, represented as 

response (RU) over time, additionally the on- and off-rates and the Ko 
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Fig. 22 

Fig. 23A 

Fig. 23B 

Fig. 24A 

Fig. 24B 
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values of Spiegelmers 191-D5-001, 191-D5-007, 190-A3-003 and 197-B2 

are listed; 

shows the efficacy of SDF-1 binding Spiegelmer 190-A3-004 in a 

chemotaxis assay; cells were allowed to migrate towards 0.3 nM human 

SDF-1 preincubated at 37°C with various amounts of Spiegelmer 190-A3-

004, represented as percentage of control over concentration of 

Spiegelmer 190-A3-004; 

shows the efficacy of SDF-1 binding Spiegelmers 193-G2-012-5'-PEG, 

197-B2-006-5'-PEG, 191-D5-007-5'-PEG and 191-Al0-008-5'-PEG in a 

chemotaxis assay; cells were allowed to migrate towards 0.3 nM human 

SDF-1 preincubated at 37°C with various amounts of Spiegelmers 193-

G2-0i2-5'-PEG, i97-B2-006-5'-PEG, i9i-D5-007-5'-PEG and 191-Al0-

008-5'-PEG, represented as percentage of control over concentration of 

Spiegelmers 193-G2-012-5'-PEG, 197-B2-006-5'-PEG, 191-D5-007-5'­

PEG and 191-Al0-008-5'-PEG; 

shows the efficacy of SDF-1 binding Spiegelmers 197-B2-006-5'PEG and 

197-B2-006-31b-5'-PEG in a chemotaxis assay; cells were allowed to 

migrate towards 0.3 nM human SDF-1 preincubated at 37°C with various 

amounts of Spiegelmers 197-B2-006-5'PEG and 197-B2-006-31b-5'­

PEG, represented as percentage of control over concentration of 

Spiegelmers 197-B2-006-5'PEG and 197-B2-006-3 lb-Y-PEG; 

shows a Biacore 2000 sensorgram indicating the Ko values of Spiegelmers 

193-G2-012-5'-PEG, 191-Al0-008-5'-PEG and 191-Al0-001-5'-PEG 

binding to human SDF-1 which was immobilized on a PioneerFl sensor 

chip by amine coupling procedure, represented as response (RU) over 

time; 

shows a Biacore 2000 sensorgram indicating the Ko values of Spiegelmers 

197-B2-006-5'PEG, 197-B2-006-31b-5'-PEG and 191-D5-007-5'-PEG 

binding to human SDF-1 which was immobilized on a PioneerFl sensor 

chip by amine coupling procedure, represented as response (RU) over 

time; 
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Fig. 25A 

Fig. 25B 

Fig. 26 

Fig. 27 

Fig. 28 

Fig. 29 

PCT /EP2008/0064 73 
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shows the efficacy of SDF-1 binding Spiegelmers 192-Al0-001, 192-Al0-

001-5'-HES130 and 192-AI0-001-5'-HESIOO in a chemotaxis assay; cells 

were allowed to migrate towards 0.3 nM human SDF-1 preincubated at 

37°C with various amounts of Spiegelmers 192-Al0-001, 192-Al0-001-

5'-HES130 and 192-Al0-001-5'-HESlOO, represented as percentage of 

control over concentration of Spiegelmers 192-Al0-001, 192-Al0-001-5'­

HES130 and 192-AI0-001-5'-HESIOO; 

shows the efficacy of SDF-1 binding Spiegelmers 192-AI0-001, 192-A10-

001-5'-PEG30 and 192-A10-001-5'-PEG40 in a chemotaxis assay; cells 

were allowed to migrate towards 0.3 nM human SDF-1 preincubated at 

37°C with various amounts of Spiegelmers 192-AI0-001, 192-Al0-001-

5'-PEG30 and 192-Al0-001-5'-PEG40, repn::senied as percentage of 

control over concentration of Spiegelmers 192-Al0-001, 192-Al0-001-5'­

PEG30 and 192-Al0-001-5'-PEG40; 

shows the inefficacy of a control-Spiegelmer in a chemotaxis assay; cells 

were allowed to migrate towards 0.3 nM human or murine SDF-1 

preincubated at 37°C with various amounts of control-Spiegelmer, 

represented as percentage of control over concentration of control 

Spiegelmer; 

shows the murine SDF-1-induced chemotaxis of Jurkat human T cell 

leukemia cells whereas after 3 hours migration of Jutkat human T cell 

leukemia cells towards various SDF-1 concentrations a dose-response 

curve for SDF-1 was obtained, represented as fluorescence signal; 

shows the efficacy of SDF-1 binding Spiegelmers 192-Al0-001 and 191-

D5-007-5'PEG in a chemotaxis assay; cells were allowed to migrate 

towards 0.3 nM murine SDF-1 preincubated at 37°C with various amounts 

of Spiegelmers 192-AI0-001 and 191-D5-007-5'PEG represented as 

percentage of control over concentration of Spiegelmers 192-A 10-001 and 

191-D5-007-5'PEG; 

shows the efficacy of SDF-1 binding Spiegelmer 192-AI0-001 in a 

CXCR4-receptor binding assay using human [125J]-SDF-la that was 

preincubated at 37°C with various amounts of Spiegelmers 192-AI0-001, 
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Fig. 30 

Fig. 31 

Fig. 32 

Fig. 33 

Fig. 34 

Fig. 35 
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specifically bound [ 125 J]-SDF-1 a was plotted over concentration of 

Spiegelmer 192-Al0-001; and 

shows the inhibition of MAP-kinase stimulation of CXCR4-expressing 

cells with 1 nM human SDF-la by human SDF-1 binding Spiegelmer 

192-Al0-001; 

shows the inhibition of SDF-1 induced sprouting by human SDF-1 

binding Spiegelmer 193-G2-012-5'-PEG and by PEGylated Control 

Spiegelmer in aortic ring sprouting assay, whereby rings from rat aorta 

were embedded in collagen matrix and incubated for 6 days with SDF-1 

with or without Spiegelmers (a: control; b: 10 nM SDF-1; c: 10 nM SDF-1 

+ 1 µM human SDF-1 binding Spiegelmer 193-G2-012-5'-PEG; d: 10 nM 

SDF-1 + 1 µM PEGyiated Control Spiegelmer); 

shows the inhibition of SDF-1 induced sprouting by human SDF-1 

binding Spiegelmer 193-G2-012-5'-PEG and by PEGylated Control 

Spiegelmer in aortic ring sprouting assay whereby sprouting indices are 

shown as mean+/- SD for 5 rings per condition(*: the value for SDF-1 is 

significantly different from control (Mann-Whitney-test; p= 0.009); * *: 

the value for SDF-1 +human SDF-1 binding Spiegelmer 193-G2-012-5'­

PEG is significantly different from that for SDF-1 (Mann-Whitney-test; 

p= 0.028); 

shows a schematic representation of animal treatment and methods apply 

to generate the stem cell liberation data according to Example 1 O; 

shows the absolute number of CDl 17+ and Ly-6 A/E+ cells 

(hematopoietic stem cells I hematopoietic progenitor cells) per microliter 

plasma liberated 1 to 48 hours after intravenous injection of NOX-A12-

JE40, NOX-A12-N030, revNOX-A12-JE40 (control spiegelmer), 

AMD3100, G-CSF (Neupogen) or vehicle (5% glucose); the graph shows 

mean values and standard deviation; 

shows colony forming units per µL of blood of C57BL/6 mice after 6 h for 

NOX-A12-derivatives, and AMD3100, or 48 h for G-CSF (Neupogen) 

and vehicle injection as indicated in the legend; the diagram shows mean 

values and standard deviations of 5 mice (triplicates each); 
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Fig. 38 

Fig. 39 

Fig. 40 
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shows the results of the laser-induced choroidal neovascularization study 

in mice, whereby NOX-A12-JE40 reduced the neovascularized area in the 

NOX-Al2-JE40 treated eye in direct comparison to the area in the 

vehicle-treated eye (Ringer solution) of the same animal (left diagram); 

the median neovascular areas of individual lesions in NOX-Al2-JE40 and 

vehicle-treated mouse eyes after laser injury are shown in diagram on the 

right; 

shows the results of repeated treatment of helathy mice and diabetic mice 

with and without uninephrectomy with vehicle, NOX-A12-JE40, 

revNOX-Al2-JE40 (control Spiegelmer) whereby NOX-A12-JE40 

improves the glomerulosclerosis scores; 

shows the resuits of an animai modei for retinal vascuiar ieakage after 

induction by intravitreal administered VEGF and treatment of the animals 

with different concentrations of the SDF-1 binding Spiegelmer NOX-Al2-

JE40, vehicle or Kenacort retart; in this model, the permeability of the 

retinal vasculature was measured by fluorescein photometry 48 h after 

intravitreal injection ofVEGF; 

shows the retinopathy scores (vehicle treated eye [x-axis] vs. Spiegelmer 

NOX-Al2-JE40 treated eye [y-axis]) of individual mice in amouse 

model of oxygen-induced retinopathy that is a model for the mimicking of 

hypoxia-induced neovascularization of the retina, as observed in diabetic 

retinopathy or AMD; 

shows the p values for the statistical difference between Spiegelmer NOX­

A12-JE40-treated and vehicle treated eyes for the individually measured 

parameters of the retinopathy and of the retinopathy score as measured in 

the mouse model of oxygen-induced retinopathy that is a model for the 

mimicking of hypoxia-induced neovascularization of the retina, as 

observed in diabetic retinopathy and AMD; the p-values were determined 

using the Wilcoxon signed-ranks test; 

shows white blood cell count after intraveneous administration of 13 .4 mg 

(calculated relating to the oligo part) SDF-1 binding nucleic acid NOX­

A12-JE40, whereby only one time point was recorded after vehicle (5 % 
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glucose) administration since this was assumed to be constant; however, 

NOX-A12 JE40 mobilizes a fair amount of white blood cells in a 

reversible manner; 

Fig. 42 shows an overview of indications for allogenic hematopoietic stem cell 

transplantations (abbr. HSCT) and patient numbers in Europe between 

1990 -2000 (Gratwohl, Baldomero et al. 2002).; 

Fig. 43 shows an overview of indications for autologous hematopoietic stem cell 

transplantations (abbr. HSCT) and patient numbers in Europe between 

1990 -2000 (Gratwohl, Baldomero et al. 2002) .. 

Example 1: Nucleic acids that bind human SDF-1 

Using biotinylated human D-SDF-1 as a target, several nucleic acids that bind to human SDF-1 

could be generated the nucleotide sequences of which are depicted in Figures 1 through 9. The 

nucleic acids were characterized on the aptamer, i. e. D-nucleic acid level with biotinylated 

human D-SDF-1 or on the Spiegelmer level, i.e. L-nucleic acid with the natural configuration of 

SDF-1 (L- SDF-1). 

Aptamers were analyzed with biotinylated human D- SDF-1 using competitive or direct pull­

down binding assays with biotinylated human D-SDF-1 (Example 4). Spiegelmers were tested 

with the natural configuration of SDF-1 (L-SDF-1) by surface plasmon resonance measurement 

using a Biacore 2000 instrument (Example 6) and a cell culture in vitro chemotaxis assay 

(Example 5). 

The nucleic acid molecules thus generated exhibit different sequence motifs, three main types 

are defined in Figs. 1, 2A and 2B (Type A), Figs. 3, 4A and 4B (Type B), Figs. 5, 6, 7A, 7B 

and 8 (Type C). For definition of nucleotide sequence motifs, the IUPAC abbreviations for 

ambiguous nucleotides is used: 

s 
w 

strong 

weak 

GorC; 

AorU; 
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R purine GorA; 

y pyrimidine CorU; 

K keto GorU; 

M imino AorC; 

B not A C orU orG; 

D note AorGorU; 

H notG Aor C orU; 

v notU Aor C orG; 

N all AorGorC orU 

If not indicated to the contrary, any nucleic acid sequence or sequence of stretches and boxes, 

respectively, is indicated in the 5' ~ 3' direction. 

1.1 Type A SDF-1 binding nucleic acids 

As depicted in Fig. 1 all sequences of SDF-1 binding nucleic acids of Type A comprise one core 

nucleotide sequence which is flanked by 5 ' - and 3 '-terminal stretches that can hybridize to each 

other. However, such hybridization is not necessarily given in the molecule. 

The nucleic acids were characterized on the aptamer level using direct and competitive pull­

down binding assays with biotinylated human D-SDF-1 in order to rank them with respect to 

their binding behaviour (Example 4). Selected sequences were synthesized as Spiegelmers 

(Example 3) and were tested using the natural configuration of SDF-1 (L-SDF) in a cell culture 

in vitro chemotaxis assay (Example 5) and by surface plasmon resonance measurement using a 

Biacore 2000 instrument (Example 6). 

The sequences of the defined boxes or stretches may be different between the SDF-1 binding 

nucleic acids of Type A which influences the binding affinity to SDF-1. Based on binding 

analysis of the different SDF-1 binding nucleic acids summarized as Type A SDF-1 binding 

nucleic acids, the core nucleotide sequence and its nucleotide sequences as described in the 

following are individually and more preferably in their entirety essential for binding to SDF-1: 
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The core nucleotide sequence of all identified sequences of Type A SDF-1 binding nucleic acids 

share the sequence IAAAG!YJRAcA(JjGUMIAAM;UGAAAGGUmCI (Type A Formula-1), 

whereby XA is either absent or is 'A'. If 'A' is absent, the sequence of the core nucleotide 

sequence can be summarized as Type A Formula-2 dAAAGN!RAcmaUMAAR 

IUGAAAGGUffltj). Type A SDF-1 binding nucleic acid 191-A6 (core nucleotide sequence: 

jAAAGPJAAcA§G~GAAAGGU4i/tj) carrying the additional nucleotide 'A' within 

the· core nucleotide sequence and still binding to SDF-1 let conclude an alternative core 

nucleotide sequence dAAAG/YlRACA)HGUMAAf\/UGAAAGGUAi§q, Type A Formula-3). 

Exemplarily for all the other nucleic acids of Type A SDF-1 binding nucleic acids, the Type A 

SDF-1 binding nucleic acid 192-Al0-001 was characterized for its binding affinity to human 

SDF-1. The equilibrium binding constant Ko was determined using the pull-down binding assay 

(Ko= 1.5 nM, Fig. 11) and by surface plasmon resonance measurement (Ko= 1.0 nM, Fig. 15). 

The IC5o (inhibitory concentration 50%) of 0.12 nM for 192-Al0-001 was measured using a cell 

culture in vitro chemotaxis assay (Fig. 12). Consequently, all Type A SDF-1 binding nucleic 

acids as depicted in Fig. 1 were analyzed in a competitive pull-down binding assay vs. 192-AI0-

001 (Fig. 13; not all of Type A SDF-1 binding nucleic acids tested are shown in Fig. 13). The 

Type A SDF-1 binding nucleic acids 192-Bll and 192-ClO showed equal binding affinities as 

192-Al0-001 in these competition experiments. Weaker binding affinity was determined for 

Type A SDF-1 binding nucleic acids 192-GIO, 192-FlO, 192-C9, 192-EIO, 192-Dl 1, 192-Gl 1, 

192-Hll and 191-A6: The Type A SDF-1 binding nucleic acids 192-DIO, 192-E9 and 192-H9 

have much weaker binding affinity than 192-Al0-001 (Fig. 13). 

As mentioned above, the Type A SDF-1 binding nucleic acid 192-Bll and 192-ClO exhibit 

equal binding affinity to SDF-1 as 192-Al0-001. However, they show slight differences in the 

nucleotide sequence of the core nucleotide sequence. Therefore the consensus sequence of the 

three molecules binding to SDF-1 with almost the same high affinity can be summarized by the 

nucleotide sequence jAAAGY AACAHGUCAAUGAAAGGUARq (Type A Formula-4) 

whereby the nucleotide sequence of the core nucleotide sequence of 192-AI0-001 (nucleotide 

sequence: jAAAGCAACAUGUCAAUGAAAGGUAGtj) represents the nucleotide sequence 

with the best binding affinity of Type A SDF-1 binding nucleic acids. 
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Five or six out of the six nucleotides of the 5'-terminal stretch of Type A SDF-1 binding nucleic 

acids may hybridize to the respective five or six nucleotides out of the six nucleotides of the 3 ' -

terminal stretch Type A SDF-1 binding nucleic acids to form a terminal helix. Although these 

nucleotides are variable at several positions, the different nucleotides allow for hybridization of 

five or six out of the six nucleotides of the 5'- and 3'-terminal stretches each. The 5'-terminal 

and 3'-terminal stretches of Type A SDF-1 binding nucleic acids as shown in Fig. 1 can be 

summarized in a generic formula for the 5'-terminal stretch ('RSHRYR', Type A Formula-5-5') 

and for the 3'-terminal stretch ('YRYDSY', Type A Formula-5-3'). Truncated derivatives of 

Type A SDF-1 binding nucleic acid 192-Al0-001 were analyzed in a competitive pull-down 

binding assay vs. the original molecule 192-Al0-001 and 192-Al0-008 (Fig. 2A and 2B). These 

experiments showed that a reduction of the six terminal nucleotides (5'end: GCUGUG; 3'end: 

CGCAGC) of i92-Ai0-00i to five nucieotides (Yentl: CUGUG; 3'end: CGCAG) of the 

derivative 192-Al0-002 could be done without reduction of binding affinity. However, the 

truncation to four terminal nucleotides (S'end: UGUG; 3'end: CGCA; 192-Al0-003) or less 

(192-Al0-004/ -0051 -0061 -007) led to reduced binding affinity to SDF-1 (Fig. 2A). The 

determined 5 '-terminal and 3 '-terminal stretches with a length of five and four nucleotides of the 

derivatives of Type A SDF-1 binding nucleic acid 192-Al0-001 as shown in Figs. 2A and B can 

be described in a generic formula for the 5'-terminal stretch ('X2BBBS', Type A Formula-6-5') 

and of the 3'-terminal stretch ('SBBVX3'; Type A Formula-6-3'), whereby X2 is either absent or 

is 'S' and X3 is either absent or is 'S'. 

The nucleotide sequence of the 5'- and 3'-terminal stretches has an influence on the binding 

affinity of Type A SDF-1 binding nucleic acids. This is not only shown by the nucleic acids 192-

FlO and 192-ElO, but also by derivatives of 192-Al0-001 (Fig. 2B;). The core nucleotide 

sequences of 192-FlO and 192-ElO are identical to 192-Bll and 192-ClO, but comprise slight 

differences at the 3'-end of 5'-terminal stretch and at the 5'-end of 3'-terminal stretch resulting 

in reduced binding affinity. 

The substitution of 5'- and 3'-terminal nucleotides 'CUGUG' and 'CGCAG' of Type A SDF-1 

binding nucleic acid 192-Al0-002 by 'GCGCG' and 'CGCGC' (192-Al0-015) resulted in a 

reduced binding affinity whereas substitutions by 'GCGUG' and 'CGCGC' (192-Al0-008) 

resulted in same binding affinity as shown for 192-Al0-002 (Fig. 2B, Fig. 15, Fig. 12, Fig. 16). 
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Additionally, nine derivatives of Type A SDF-1 binding nucleic acid 192-Al0-001 (192-Al0-

014/ -015/ -016/ -017/ -018/ -019/ -020/ -021/ -022/ -023) bearing four 5'- and 3'-terminal 

nucleotides respectively were tested as aptamers for their binding affinity vs. 192-Al0-001 or its 

derivative 192-Al0-008 (both have the identical binding affinity to SDF-1). All clones showed 

weaker, much weaker or very much weaker binding affinity to SDF-1 as 192-Al0-001 (six 

nucleotides forming a terminal helix) or as 192-Al0-008 with five terminal nucleotides, 

respectively (Fig. 2B). Consequently, the sequence and the number of nucleotides of the 5' - and 

3'-terminal stretches are essential for an effective binding to SDF-1. As shown for Type A SDF-

1 binding nucleic acids 192-Al0-002 and 192-Al0-08 the preferred combination of 5'- and 3'­

terminal stretches are 'CUGUG' and 'CGCAG' (5'- and 3'-terminal stretches of Type A SDF-1 

binding nucleic acid 192-Al0-002) and 'GCGUG' and 'CGCGC' (5'- and 3'-terminal stretches 

of Type A SDF-1 binding nucleic acid 192-Al0-008). 

However, combining the 5'-and 3'-terminal stretches of all tested Type A SDF-1 binding nucleic 

acids the generic formula for the 5'-terminal stretch of Type A SDF-1 binding nucleic acids is 

'X1X2NNBV' (Type A Formula-7-5') and the generic formula for the 3'-terminal stretch of Type 

A SDF-1 binding nucleic acids is 'BNBNX3Xi' (Type A Formula-7-3'), whereas 

X 1 is 'R' or absent, X2 is 'S', X3 is 'S' and Xi is 'Y' or absent; 

or 

X1 is absent, X2 is 'S' or absent, X3 is 'S' or absent and Xi is absent. 

1.2 Type B SDF-1 binding nucleic acids 

As depicted in Fig. 3 all sequences of SDF-1 binding nucleic acids of Type B comprise one core 

nucleotide sequence which is flanked by 5 ' - and 3 '-terminal stretches that can hybridize to each 

other. However, such hybridization is not necessarily given in the molecule. 

The nucleic acids were characterized on the aptamer level using direct and competitive pull­

down binding assays with biotinylated human D-SDF-1 in order to rank them with respect to 

their binding behaviour (Example 4). Selected sequences were synthesized as Spiegelmers 

(Example 3) and were tested using the natural configuration of SDF-1 (L-SDF) in a cell culture 

in vitro chemotaxis assay (Example 5) and by surface plasmon resonance measurement using a 

Biacore 2000 instrument (Example 6). 

bhang
Rectangle



WO 2009/019007 PCT /EP2008/0064 73 

111 

The sequences of the defined boxes or stretches may be different between the SDF-1 binding 

nucleic acids of Type B which influences the binding affinity to SDF-1. Based on binding 

analysis of the different SDF-1 binding nucleic acids summarized as Type B SDF-1 binding 

nucleic acids, the core nucleotide sequence and its nucleotide sequences as described in the 

following are individually and more preferably in their entirety essential for binding to SDF-1: 

The core nucleotide sequence of all identified sequences of Type B SDF-1 binding nucleic acids 

share the sequence IOUOUOAUCUAOAUOUADWOOCUOWUCCUAOUYAOGJ (Type B 

Formula-I). The Type B SDF-1 binding nucleic acids 193-02-001, 193-C2-001 and 193-F2-001 

that differ in one position of the core nucleotide sequence were analyzed in a competitive pull­

down binding assay vs. the Type A SDF-1 binding nucleic acid 192-AI0-001 (Ko of 1.5 nM 

determined in a pull-down binding assay [Fig. 11], Ko of 1.0 nM determined by surface plasmon 

resonance measurement [Fig. 15], ICso of 0.12 nM; [Fig. 12]). Each of the three tested Type B 

SDF-1 binding nucleic acids showed superior binding to human SDF-1 in comparison to Type A 

SDF-1 binding nucleic acid 192-AI0-001 whereby the binding affinity of 193-02-001 is as good 

as 193-C2-001 and 193-F2-001 (Fig. 3). The data suggests that the difference in the nucleotide 

sequence of the core nucleotide sequence of Type B SDF-1 binding nucleic acids 193-02-001, 

193-C2-001 and 193-F2-001 has no influence on the binding affinity to SDF-1. Exemplarily the 

Type B SDF-1 binding nucleic acid 193-02-001 was characterized for its binding affinity to 

human SDF-1. The' equilibrium binding constant Ko was determined using the pull-down 

binding assay (Ko = 0.3 nM) and by surface plasmon resonance measurement (Ko = 0.5 nM, Fig. 

17). The IC50 (inhibitory concentration 50%) of 0.08 nM for 193-02-001 was measured using a 

cell culture in vitro chemotaxis assay. In contrast, the Type B SDF-1 binding nucleic acids 193-

B3-002, 193-H3-002, 193-E3-002 and 193-Dl-002 that differ in the sequence of the core 

nucleotide sequence have worse binding properties (Fig. 3). As result Type B SDF-1 binding 

nucleic acids with improved binding affinity to SDF-1 share a core nucleotide sequence with the 

sequence IOUOUOAUCUAOAUOUADUOOCUOAUCCUAOUCAOGJ (Type B Formula-2). 

Four, five or six nucleotides out of the six nucleotides of the 5'-terminal stretch of Type B SDF-

1 binding nucleic acids may hybridize to the respective four, five or six out of the six nucleotides 

of the 3'-terminal stretch of Type B SDF-1 binding nucleic acids to form a terminal helix. 
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Although the nucleotides are variable at several positions, the different nucleotides allow the 

hybridization for four, five or six nucleotides out of the six nucleotides of the 5 ' - and 3 '-terminal 

stretches each. The 5'-terminal and 3'-terminal stretches of Type B SDF-1 binding nucleic acids 

as shown in Fig. 3 can be summarized in a generic formula for the 5 '-terminal stretch (Type B 

Formula-3-5'; 'X1GCRWG' whereas X1 is 'A' or absent) and of the 3'-terminal stretch (Type B 

Formula-3-3'; 'KRYSCXi' whereas Xi is 'U' or absent). Type B SDF-1 binding nucleic acids 

193-Gl-002, 193-D2-002, 193-Al-002 and 193-D3-002 have weaker binding affinities to SDF-1 

although they share the identical core nucleotide sequence (Type B Formula-2) with 193-C2-

001, 193-G2-001 and 193-F2-001 (Fig. 3). The-unfavorable binding properties of Type B SDF-1 

binding nucleic acids 193-Gl-002, 193-D2-002, 193-Al-002 and 193-D3-002 may be due to the 

number of nucleotides and sequence of the 5 ' - and 3 '-terminal stretches. 

Truricated derivatives of the Type B SDF-1 binding nucleic acids 193-G2-001 and l 93-C2-001 

were analyzed in a competitive pull-down binding assay vs. 193-G2-001 and 193-G2-012, 

respectively (Fig. 4A and 4B). These experiments showed that a reduction of the six terminal 

nucleotides (5'end: AGCGUG; 3'end: UACGCU) of Type B SDF-1 binding nucleic acids 193-

G2-001 and 193-C2-001 to five nucleotides (5'end: GCGUG; 3'end: UACGC) lead to 

molecules with similar binding affinity (193-C2-002 and 193-G2-012). The equilibrium 

dissociation constant K0 was determined using the pull-down binding assay (Ko= 0.3 nM, Fig. 

18). A truncation to four (5'end: CGUG; 3'end: UACG; 193-C2-003) or less nucleotides (193-

C2-004, 193-C2-005, 193-C2-006, 193-C2-007) resulted in a reduced binding affinity to SDF-1 

which was measured by using the competition pull-down binding assay (Fig. 4A). The 

nucleotide sequence of the five terminal nucleotides at the 5' - and 3 '-end, respectively, has an 

influence on the binding affinity of Type B SDF-1 binding nucleic acids. The substitution of 5' -

and 3'-terminal nucleotides 'GCGUG' and 'UACGC' (193-C2-002, 193-G2-12) by 'GCGCG' 

and 'CGCGC' (193-G2-013) resulted in a reduced binding affinity. Additionally, the four 

different derivatives of Type B SDF-1 binding nucleic acid 193-G2-001 with a terminal helix 

with a length of four base-pairing nucleotides (193-G2-014/ -015/ -016/ -017) were tested. All of 

them showed reduced binding affinity to SDF-1 (Fig. 4B). Therefore the sequence and the length 

of the 5'- and 3'-terminal nucleotides are essential for an effective binding to SDF-1. The 5'­

terminal and 3 '-terminal stretches with a length of five and four nucleotides of the derivatives of 

Type B SDF-1 binding nucleic acids 193-C2-003 and 193-G2-012 as shown in Figs. 4A and 4B 

bhang
Rectangle



WO 2009/019007 PCT /EP2008/0064 73 

113 

can be described in a generic formula for the 5'-terminal stretch ('X2SSBS', Type B Formula-4-

5'), whereby X2 is either absent or is 'O', and of the 3'-terminal stretch ('BVSSX3', Type B 

Formula-4-3'), and whereby X3 is either absent or is 'C'. As shown for Type B SDF-1 binding 

nucleic acids 193-02-001 and 193-C2-01 and their derivatives 193-02-012 and 193-C2-002 the 

preferred combination of 5'- and 3'-terminal stretches are 'X10COUO' (5'-terminal stretch; 

Type B Formula 5-5') and 'UACOC~' (3'-terminal stretch; Type B Formula 5-3'), whereas X1 

is either 'A' or absent and~ is 'U' or absent. 

However, combining the 5'-and 3'-terminal stretches of all tested Type B SDF-1 binding nucleic 

acids the generic formula for the 5'-terminal stretch of Type B SDF-1 binding nucleic acids is 

'X1X2SVNS' (Type B Formula-6-5') and the generic formula for the 3'-terminal stretch Type B 

SDF-1 binding nucleic acids is 'BVBSX3Xi' (Type B Furmuia-6-3'), whereas 

X is 'A' or absent X is 'O' X is 'C' and v ·is 'U' or absent" l ,2 ,3 ~ ' 

or X 1 is absent, X2 is 'O' or absent, X3 is 'C' or absent and~ is absent; 

1.3 Type C SDF-1 binding nucleic acids 

As depicted in Fig. 5 all sequences of SDF-1 binding nucleic acids of Type C comprise one core 

nucleotide sequence which is flanked by 5' - and 3 '-terminal stretches that can hybridize to each 

other. However, such hybridization is not necessarily given in the molecule.' 

The nucleic acids were characterized on the aptamer level using direct and competitive pull­

down binding assays with biotinylated human D-SDF-1 in order to rank them with respect to 

their binding behaviour (Example 4). Selected sequences were synthesized as Spiegelmers 

(Example 3) and were tested using the natural configuration of SDF-1 (L-SDF) in a cell culture 

in vitro chemotaxis assay (Example 5) and by surface plasmon resonance measurement using a 

Biacore 2000 instrument (Example 6). 

The sequences of the defined boxes or stretches may be different between the SDF-1 binding 

nucleic acids of Type C which influences the binding affinity to SDF-1. Based on binding 

analysis of the different SDF-1 binding nucleic acids summarized as Type C SDF-1 binding 
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nucleic acids, the core nucleotide sequence and its nucleotide sequence as described in the 

following are individually and more preferably in their entirety essential for binding to SDF-1: 

The core nucleotide sequence of all identified sequences of Type C SDF-1 binding nucleic acids 

share the sequence looU@AGGGCUjiaj{lAAGUCGGJ (Type C Formula-1), whereby XA is 

either absent or is 'A'. With the exception of Type C SDF-1 binding nucleic acid 197-Dl the 

core nucleotide sequence of all identified sequences of Type C SDF-1 binding nucleic acids 

share the nucleotide sequence IGGUMAGGGCUiji§fijAGUCGGJ (Type C Formula-2). Type C 

SDF-1 binding nucleic acid 197-Dl (core nucleotide sequence: 

IGGUUAGGGCUAijqAGUCGG)} missing one nucleotide 'A' within the core nucleotide 

dGGljAGGGcijijjAoucoGJ, Type C Formula-3). Initially, all Type C SDF-1 binding 

nucleic acids as depicted in Fig. 5 were analyzed in a competitive pull-down binding assay vs. 

Type A SDF-1 binding nucleic acid 192-Al0-001 (Ko= 1.5 nM determined by pull-down assay 

and by surface plasmon resonance measurements; IC5o = 0.12 nM). The Type C SDF-1 binding 

nucleic acids 191-D5-001, 197-B2, 190-A3-001, 197-Hl, 197-H3 and 197-E3 showed weaker 

binding affinities than 192-Al0-001 in competition experiments. Much weaker binding affinity 

was determined for 191-A5, 197-Bl, 197-Dl, 197-H2 and 197-D2 (Fig. 5). The molecules or 

derivatives thereof were further characterized by further competitive pull-down binding assays, 

plasmon resonance measurements and an in vitro chemotaxis assay. The Type C SDF-1 binding 

nucleic acid 191-D5-001 was characterized for its binding affinity to human SDF-1 whereas the 

equilibrium binding constant Ko was determined by surface plasmon resonance measurement 

(Ko= 0.8 nM, Fig. 21). The ICso (inhibitory concentration 50%) of 0.2 nM for 191-D5-001 was 

measured using a cell-culture in vitro chemotaxis assay. The binding affinity of Type C SDF-1 

binding nucleic acid 197-B2 for human SDF-1 was determined by surface plasmon resonance 

measurement (Ko= 0.9 nM), its ICso (inhibitory concentration 50%) of 0.2 nM was analyzed in a 

cell-culture in vitro chemotaxis assay. These data indicates that Type C SDF-1 binding nucleic 

acids 191-D5-001 and 197-B2 have the similar binding affinity to SDF-1 (Fig. 5 and 8). 

Type C SDF-1 binding nucleic acid 190-A3-001 (48 nt) comprises a 5'-terminal stretch of 

17 nucleotides and a 3'-terminal stretch of 12 nucleotides whereby on the one. hand the four 
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nucleotides at the 5' -end of the 5' -terminal stretch and the four nucleotides at the 3 '-end of the 

3 '-terminal stretch may hybridize to each other to form a terminal helix. Alternatively the 

nucleotides 'UGAGA' in the 5' -terminal stretch may hybridize to the nucleotides 'UCUCA' in 

the 3 '-terminal stretch to form a terminal helix. A reduction to eight nucleotides of the 5' -

terminal stretch ('GAGAUAGG') and to nine nucleotides of the 3 '-terminal stretch 

('CUGAUUCUC') of molecule 190-A3-001 (whereby six out of the eight/nine nucleotides of 

the 5'- and 3'-terminal stretch can hybridize to each other) does not have an influence on the 

binding affinity to SDF-1 (190-A3-004; Fig. 6 and Fig. 19). The equilibrium binding constant Ko 

od 190-A3-004 was determined using the pull-down binding assay (Ko= 4.6 nM, Fig. 20) and 

by surface plasmon resonance measurement (Ko= 4.7 nM). The ICso (inhibitory concentration 

50%) of 0.1 nM for 190-A3-004 was measured using a cell-culture in vitro chemotaxis assay 

(Fig. 22). However, the truncation to two nucieotides at the 5'-terminai stretch ieads to a very 

strong reduction of binding affinity (190-A3-007; Fig. 6 and Fig. 19). 

The Type C SDF-1 binding nucleic acids 191-D5-001, 197-B2 and 197-Hl (core nucleotide 

sequence: jGGUUAGGGCUAGAAGUCG(}b, 197-H3/191-A5 (core nucleotide 

sequence: IGGUUAGGGClJ'SGAAGUCG(}b and 197-E3/197-Bl (core nucleotide 

sequence: IGGUUAGGGCupjGAAGUCG(}b share an almost identical core nucleotide sequence 

(Type C formula-4; nucleotide sequence: IGGUUAGGGCUijGAAGUCG(}b. 191-D5-001, 197-

B2 and 197-Hl do not share a similar 5'- and 3'-terminal stretch (197-HJ and 197-E3 have the 

identical 5'- and 3'-terminal stretch as 197-B2). However, the respective ten (197-B2, 197-E3, 

197-H3) or nine out of the ten (191-D5-001, 197-Hl) nucleotides of the 5'-terminal stretch may 

hybridize to the respective ten (197-B2, 197-E3, 197-H3) or nine out of the ten (191-D5-001, 

197-Hl) nucleotides of the 3 '-terminal stretch (Fig. 5). Thus, the 5 '-terminal stretch of Type C 

SDF-1 binding nucleic acids 197-B2, 191-D5-001, 197-Hl, 197-E3 and 197-H3 as mentioned 

above plus 191-A5, 197-Bl, 197-H2, 197-Dl and 197-D2 comprise a common generic 

nucleotide sequence of 'RKSBUSNVGR' (Type C Formula-5-5'). The 3'-terminal stretch of 

Type C SDF-1 binding nucleic acids 197-B2, 191-D5-001, 197-Hl, 197-E3, and 197-H3 as 

mentioned above plus 191-A5, 197-Bl, 197-H2, 197-Dl and 197-D2 comprise a common 

generic nucleotide sequence of 'YYNRCASSMY' (Type C Formula-5-3 '), whereby the 5' and 

the 3'-terminal stretches of Type C SDF-1 binding nucleic acids 197-B2, 191-D5-001, 197-Hl, 
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197-E3 and 197-H3 are preferred. These preferred 5'- and 3'-terminal stretches of Type C SDF-1 

binding nucleic acids 197-B2, 191-D5-001, 197-Hl, 197-E3 and 197-H3 can be summarized in 

the generic formula 'RKSBUGSVGR' (Type C Formula-6-5'; 5'-terminal stretch) and 

'YCNRCASSMY' (Type C Formula-6-3'; 3'-terminal stretch). 

Truncated derivatives of Type C SDF-1 binding nucleic acid 191-D5-001 were constructed and 

tested in a competitive pull-down binding assay vs. the original molecule 191-D5-001 (Fig. 7A, 

Fig. 7B and Fig. 19). At first the length of the 5'- and 3'-terminal stretches were shortened from 

ten nucleotides (191-D5-001) each to seven nucleotides each (191-D5-004) as depicted in Fig. 

7A whereby nine out of the ten (191-D5-001) or six out of the seven nucleotides (191-D5-004) 

of the 5 '-terminal stretch and of the 3 '-terminal stretch, respectively can hybridize to each other. 

The reduction to seven nucleotides of the 5 ' - and 3 ' - terminal stretch respectively (whereas six 

out of the seven nucleotides can hybridize to each other) led to reduced binding affinity to SDF-1 

(191-D5-004). The terminal stretches of Type C SDF-1 binding nucleic acid 191-D5-004 were 

modified whereby the non-pairing nucleotide 'A' within the 3'-terminal stretch of 191-D5-004 

was substituted by a 'C' (191-D5-005). This modification led to an improvement of binding. 

This derivative, Type C SDF-1 binding nucleic acid 191-D5-005, showed similar binding to 

SDF-1 as 191-D5-001. Further truncation of the 5'- and .3'-terminal stretch to five nucleotides 

respectively led to a molecule with a length of total 29 nucleotides (191-D5-007). Because of the 

similarities of 191-D5-001 and of the Type C SDF-1 binding nucleic acids 197-B2, 191-D5-001, 

197-Hl, 191-A5, 197-H3, 197-Bl, 197-E3, 197-Dl, 197-H2 and 197-D2 and because of the data 

shown for 191-D5-007 it may assume that the 5'-and 3'-terminal stretch can in principle be 

truncated down to five nucleotides whereby the nucleotide sequence 'CGGGA' for 5'-terminal 

stretch and 'UCCCG' for the 3'-terminal stretch was successfully tested (Type C SDF-1 binding 

nucleic acid 191-D5-007 GW). Type C SDF-1 binding nucleic acid 191-D5-007 surprisingly 

binds somewhat better to SDF-1 than 191-D5-001 (determined on aptamer level using the 

competition binding assay). The equilibrium binding constant Ko of 191-D5-007 was determined 

using the pull-down binding assay (Ko = 2.2 nM, Fig. 20) and by surface plasmon resonance 

measurement (Ko= 0.8 nM, Fig. 21). The ICso (inhibitory concentration 50%) of 0.1 nM for 

191-D5-007 was measured using a cell-culture in vitro chemotaxis assay. Further truncation of 

both terminal stretches to four nucleotides (191-D5-010, Fig.7A). 
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Further derivatives of Type C SDF-1 binding nucleic acid 191-D5-001 (191-D5-017/ -024/ -029) 

bearing 5 ' - and 3 '-terminal stretches of respectively four nucleotides also showed reduced 

binding affinity to SDF-1 in the competition pull-down binding assay vs. 191-D5-007 (Fig. 7B). 

Alternative 5 ' - and 3 '-terminal stretches with a length of respectively five nucleotides were 

additionally tested, too (191-D5-017-29a, 191-D5-017-29b, 191-D5-019-29a, 191-D5-024-29a, 

191-D5-024-29b ). The generic formula of these derivatives for the 5' -terminal stretch is 

'XsSSSV' (Type C Formula-7-5') and for the 3'-stretch is 'BSSSXs' Type C Formula-7-3'), 

whereby Xs is absent or ,S'. Two out of the five tested variants showed identical binding affinity 

to SDF-1 as 191-D5-007 (191-D5-024-29a, 191-D5-024-29b; Fig. 7B). The sequences of the 5'­

terminal and 3'-terminal stretches of 191-D5-001-derivatives that show the best binding affinity 

to SDF-1 and comprise a 5'-terminal and 3'-terminal stretch of five nucleotides respectively 

(i9i-D5-007, i9i-D5-024-29a, 191-D5-024-29b) can be summarized in a generic formula (5'­

terminal stretch: 'SGGSR', Type C Formula-8-5'; 3'-terminal stretch: , YSCCS', Type C 

Formula-8-3 '). 

Truncated derivatives of Type C SDF-1 binding nucleic acid 197-B2 were analyzed in a 

competitive pull-down binding assay vs. the original molecule 197-B2 and 191-D5-007 (Fig. 8). 

Using the competitive pull-down binding assay vs. 191-D5-007 it was shown that 197-B2 has the 

same binding affinity to SDF-1as191-D5-007. The 5'- and 3'-terminal stretches were shortened 

without loss of binding affinity from ten nucleotides (197-B2) each to five nucleotides each 

(197-B2-005) whereby the nucleotides of the 5'-terminal stretch and of the 3'-terminal stretch 

can completely hybridize to each other. If the 5'-terminal ('GCGGG') and 3'-terminal 

('CCUGC') stretch of 197-B2-005 was substituted by 'GCCGG' (5'-terminal stretch) and by 

'CCGGC' (3'-terminal stretch) of 197-B2-006, the binding affinity to SDF-1 fully persisted. 

Because l 97-B2 and 19l-D5-001 (and their derivatives) share the identical core nucleotide 

sequence dGGUUAGGGCUAGAAGUCGGb and several derivatives of 191-D5 with 5'- and 3'­

terminal stretches with a length of respectively four nucleotides were tested, a further truncation 

of the 5'- and 3'-terminal stretch was omitted. Two further derivatives were designed that 

comprise six nucleotides at the 5'- and 3'-end (5'- and 3'-terminal stretches) respectively. The 

binding affinity to SDF-1 of both molecules (197-B2-006-31a and 197-B2-006-31b) is the same 

as shown for 191-D5-007 and 197-B2-006 (Fig. 8). The sequences of the 5'-terminal and 3'­

terminal stretches of 197-B2 derivatives that show the best binding affinity· to SDF-1 and 
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compnse a 5' -terminal and 3 '-terminal ·stretch of five nucleotides respectively can be 

summarized in a generic formula (5'-terminal stretch: 'GCSGG', Type C Formula-9-5'; 3'­

terminal stretch: ,CCKGC', Type C Formula-9-3'). 

Combining the preferred 5'- and 3'-stretches of truncated derivatives of Type C SDF-1 binding 

nucleic acids 191-D5-001 (5'-terminal stretch: 'SGGSR', Type C Formula-8-5'; 3'-terminal 

stretch: ,YSCCS', Type C Formula-8-3') and 197-B2 (5'-terminal stretch: 'GCSGG', Type C 

Formula-9-5'; 3'-terminal stretch: ,CCKGC', Type C Formula-9-3') the common preferred 

generic formula for the 5'-terminal and the 3'-terminal stretch is 'SSSSR' (5'-terminal stretch, 

Type C Formula-10-5') and 'YSBSS' (3'-terminal stretch: Type C Formula-10-3'). 

i.4 Furiher SiJF-1 binding nucleic acids 

Additionally, further three SDF-1 binding nucleic acids that do not share the SDF-1 binding 

motifs of 'Type A', 'Type B' and 'Type C' were identified. There were analyzed as aptamers 

using the pull-down binding assay (Fig. 9). 

It is to be understood that any of the sequences shown in Figs. 1 through 9 are nucleic acids 

according to the present invention, including those truncated forms thereof but also including 

those extended forms thereof under the proviso, however, that the thus truncated and extended, 

respectively, nucleic acid molecules are still capable of binding to the target. 

Example 2: 40kda-PEG and other Modification of SDF-binding Spiegelmers 

In order to prolong the Spiegelmer's plasma residence time in vivo, the Spiegelmers 193-G2-012, 

192-Al0-008, 191-D5-007, 197-B2-006 and 197-B2-006-31b were covalently coupled to a 

40 kDa polyethylene glycol (PEG) moiety at the 5' -end as described in chapter 3 (PEGylated­

clones: 193-G2-012-5'-PEG, 192-A10-008-5'PEG, 191-D5-007-5'PEG, 197-B2-006-5'PEG and 

197-B2-006-31 b-5'PEG). 
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The PEGylated Spiegelmer molecules were analyzed in a cell culture in vitro TAX-assay 

(Chapter 5) and by plasmon resonance measurements using a Biacore (Chapter 6). All 40 kDa­

PEG-modified Spiegelmers are still able to inhibit SDF-1 induced chemotaxis and to bind to 

SDF-1 in low nanomolar range (Fig. 23A, 23B, 24A and Fig. 24B). 

Additionally, SDF-binding Spiegelmer 192-Al0-001 was modified with 40kDa-PEG, 30 kDa­

PEG, lOOkDa-HES or 130 kDa-HES (PEGylated-clones: 192-A10-001-5'PEG40, 192-Al0-001-

5'PEG30, 192-Al0-001-5'HES100, 192-Al0-001-5'HES130; coupling procedure in chapter 3). 

As depicted in Fig. 25A and Fig. 25B neither a PEG-moiety or a HES-moiety has an influence 

on Spiegelmers potency to inhibit SDF-1 induced chemotaxis. 

Example 3: Synthesis and derivatization of Aptamers and Spiegelmers 

3.1 SMALL SCALE SYNTHESIS 
Aptamers and Spiegelmers were produced by solid-phase synthesis with an ABI 394 synthesizer 

(Applied Biosystems, Foster City, CA, USA) using 2'TBDMS RNA phosphoramidite chemistry 

(Damha and Ogilvie, 1993). rA(N-Bz)-, rC(Ac)-, rG(N-ibu)-, and rU- phosphoramidites in the o­

and L-configuration were purchased from ChemGenes, Wilmington, MA. Aptamers and 

Spiegelmers were purified by gel electrophoresis. 

3.2 LARGE SCALE SYNTHESIS PLUS MODIFICATION 
The Spiegelmers were produced by solid-phase synthesis with an AktaPilotl 00 synthesizer 

(Amersham Biosciences; General Electric Healthcare, Freiburg) using 2'TBDMS RNA 

phosphoramidite chemistry (Damha and Ogilvie, 1993). L-rA(N-Bz)-, L-rC(Ac)-, L-rG(N-ibu)-, 

and L-rU- phosphoramidites were purchased from ChemGenes (Wilmington, MA, USA). The 5'­

amino-modifier was purchased from American International Chemicals Inc. (Framingham, MA, 

USA). Synthesis of the Spiegelmers was started on L-riboG; L-riboC, L-riboA, L-riboU 

respectively modified CPG pore size 1000 A (Link Technology, Glasgow, UK). For coupling 

(15 min per cycle), 0.3 M benzylthiotetrazole (American International Chemicals Inc., 

Framingham, MA, USA) m acetonitrile, and 3.5 equivalents of the respective 0.2 M 

phosphoramidite solution in acetonitrile was used. An oxidation-capping cycle was used. Further 

standard solvents and reagents for oligonucleotide synthesis were purchased from Biosolve 
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(Valkenswaard, NL). The Spiegelmers were synthesized DMT-ON; after deprotection, it was 

purified via preparative RP-HPLC (Wincott F. et al., 1995) using Source15RPC medium 

(Amersham). The 5'DMT-group was removed with 80% acetic acid (90 min at RT). 

Subsequently, aqueous 2 M NaOAc solution was added and the Spiegelmer was desalted by 

tangential-flow filtration using a 5 K regenerated cellulose membrane (Millipore, Bedford, MA). 

3.3 PEGYLATION 
In order to prolong the Spiegelmer's plasma residence time in vivo, the Spiegelmers were 

covalently coupled to a 40 kDa polyethylene glycol (PEG) moiety at the 5' -end. 

For PEGylation (for technical details of the method for PEGylation see European patent 

application EP 1 306 382), the purified 5' -amino modified Spiegelmerd were dissolved in a 

mixture of H10 (2.5 ml), DMF (5 ml), and buffer A (5 ml; prepared by mixing citric acid • H20 

[7 g], boric acid [3.54 g], phosphoric acid [2.26 ml], and 1 M NaOH [343 ml] and adding water 

to a final volume of 1 l; pH = 8.4 was adjusted with 1 M HCl). 

The pH of the Spiegelmer solution was brought to 8.4 with 1 M NaOH. Then, 40 kDa PEG-NHS 

ester (Nektar Therapeutics, Huntsville, AL) was added at 37°C every 30 min in six portions of 

0.25 equivalents until a maximal yield of 75 to 85% was reached. The pH of the reaction mixture 

was kept at 8 - 8.5 with 1 M NaOH during addition of the PEG-NHS ester. 

The reaction mixture was blended with 4 ml urea solution (8 M), , and 4 ml buffer B (0.1 M 

triethylammonium acetate in H20) and heated to 95°C for 15 min. The PEGylated Spiegelmer 

was then purified by RP-HPLC with Source 15RPC medium (Amersham), using an acetonitrile 

gradient (buffer B; buffer C: 0.1 M triethylammonium acetate in acetonitrile). Excess PEG eluted 

at 5% buffer C, PEGylated Spiegelmer at 10 - 15% buffer C. Product fractions with a purity of 

>95% (as assessed by HPLC) were combined and mixed with 40 ml 3 M NaOAC. The 

PEGylated Spiegelmer was desalted by tangential-flow filtration (5 K regenerated cellulose 

membrane, Millipore, Bedford MA). 

bhang
Rectangle



WO 2009/019007 PCT /EP2008/0064 73 

121 

3.4 HESylation 

In order to prolong the Spiegelmer's plasma residence time in vivo, the Spiegelmers were 

covalently coupled to Hydroxyl gthyl ,S.tarch (HES) of various molecular weights of> 130 kDa 

and substitution degree >0.5. The 5'-end of the Spiegelmer is the preferred site for conjugation. 

For HESylation (for technical details of the method for Hesylation of nucleic acids see German 

Offenlegungsschrift DE 101 12 825 Al, and for D/L-nucleic acids PCT WO 02/080979 A2), the 

purified 5' -amino modified Spiegelmer was dissolved in sodium bicarbonate (0.3M, 1 ml) and 

the pH is adjusted to 8.5. 

In respect to the Spiegelmer, a 5-fold excess of the free HES acid (3.3 mmol, Supramol, 

Rosbach, Germany) and di(N-succinimidyl) carbonate (3.3 mmol) were added to N,N­

dimethylformamide (1 ml) to yield a solution of the activated N-hydroxysuccimide ester of HES. 

To dissolve all reactants the mixture was stirred briefly at 60°C, cooled to 25 °C and then stirred 

for 1.5 h at 25 °C. The solution of Spiegelmer was added to the solution of activated HES, and 

the resulting mixture was stirred at 25°C and pH 8.5. The reaction was monitored by analytical 

IEX-HPLC. Typically the conjugation proceeded to >75 % within lhr. 

For IEX-HPLC purification via Source 15Q medium (GE, Freiburg, Germany) the reaction 

mixture was blended with a lOfold-quantity of buffer A (lmM EDTA, 25mM Tris, 10 mM 

NaC104 in water/acetonitrile 9:1, pH 4). Excess HES elutes at 5% bµffer A (lmM EDTA, 

25mM Tris, 500 mM NaC104 in water/acetonitrile 9:1, pH 4), whereas the HES-Spiegelmer 

conjugate elutes at 20-30% buffer B. Product fractions with a purity of >95% (as assessed by 

HPLC) were combined and desalted by tangential-flow filtration (5 K regenerated cellulose 

membrane, Millipore, Bedford MA). 

Example 4: Determination of binding constants (Pull-down binding assay) 

4.1 Direct pull-down binding assay 

The affinity of aptamers to biotinlayted human D-SDF-1 was measured in a pull-down binding 

assay format at 37°C. Aptamers were 5'-phosphate labeled by T4 polynucleotide kinase 

(Invitrogen, Karlsruhe, Germany) using [y-32P]-labeled ATP (Hartmann Analytic, Braunschweig, 
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Germany). The specific radioactivity of labeled aptamers was 200,000 - 800,000 cpm/pmol. 

Aptamers were incubated after de- and renaturation at 10, 20, 30 or 40 pM concentration at 3 7°C 

in selection buffer (20 mM Tris-HCl pH 7.4; 137 mM NaCl; 5 mM KCl; 1 mM MgCli; 1 mM 

CaCli; 0.1 % [ w/vol] Tween-20) together with varying amounts of biotinlayted human D-SDF-1 

for 4 - 12 hours in order to reach equilibrium at low concentrations. Selection buffer was 

supplemented with 10 µg/ml human serum albumin (Sigma-Aldrich, Steinheim, Germany), and 

10 µg/ml yeast RNA (Arnbion, Austin, USA) in order to prevent adsorption of binding partners 

with surfaces of used plasticware or the immobilization matrix. The concentration range of 

biotinlayted human D-SDF-1 was set from 8 pM to 100 nM; total reaction volume was 1 ml. 

Peptide and peptide-aptamer complexes were immobilized on 1.5 µl Streptavidin Ultralink Plus 

particles (Pierce Biotechnology, Rockford, USA) which had been preequilibrated with selection 

1 rr 1 , , • , , 1 1 r / 1 ~ • • 1 1 • • • ,.... "",... • . 

ouuer a.no resuspenot:u m a cura1 vu1wnt: or o µi. raruc1es were Kepi m suspension ror jU mm ai 

the respective temperature in a thermomixer. Immobilized radioactivity was quantitated in a 

scintillation counter after detaching the supernatant and appropriate washing. The percentage of 

binding was plotted against the concentration of biotinlayted human D-SDF-1 and dissociation 

constants were obtained by using software algorithms (GRAFIT; Erithacus Software; Surrey 

U.K.) assuming a 1:1 stoichiometry. 

4.2 Competitive pull-down binding assay 

In order to compare different D-SDF-1 binding aptamers, a competitive ranking assay was 

performed. For this purpose the most affine aptamer available was radioactively labeled (see 

above) and served as reference. After de- and renaturation it was incubated at 3 7°C with 

biotinlayted· human D-SDF-1 in 1 ml selection buffer at conditions that resulted in around 5 -

10 % binding to the peptide after immobilization and washing on NeutrAvidin agarose or 

Streptavidin Ultralink Plus (both from Pierce) without competition. An excess of de- and 

renatured non-labeled D-RNA aptamer variants was added to different concentrations (e.g. 2, 10, 

and 50 nM) with the labeled reference aptamer to parallel binding reactions. The aptamers to be 

tested competed with the reference aptamer for target binding, thus decreasing the binding signal 

in dependence of their binding characteristics. The aptamer that was found most active in this 

assay could then serve as a new reference for comparative analysis of further aptamer variants. 
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Example 5: Analysis of the inhibition of SDF-1-induced chemotaxis by SDF-1-binding 

Spiegelmers 

Jurkat human T cell leukemia cells (obtained from DSMZ, Braunschweig) were cultivated at 

37°C and 5% C02 in RPMI 1640 medium with Glutamax (Invitrogen, Karlsruhe, Germany) 

which contains 10% fetal bovine serum, 100 units/ml penicillin and 100 µg/ml streptomycin 

(Invitrogen, Karlsruhe, Germany). One day before the experiment, cells were seeded in a new 

flask with a density of 0.3 x 106/ml (9 x 106/30 ml) in standard medium (Invitrogen, Karlsruhe, 

Germany). 

For the exper?-ment, cells were centrifuged (5min at 300g ), resuspended, counted and washed 

once with 15 ml HBH (Hanks balanced salt solution containing 1 mg/ml bovine serum albumin 

and 20 mM HEPES; Invitrogen, Karlsruhe, Germany). Then the cells were resuspended at 3 x 

106/ml or 1.33 x 106/ml, depending on the type of filter plate used. Cells were then allowed to 

migrate through the porous membranes of the filter plates for several hours towards a solution 

containing SDF-1 and various amounts of Spiegelmer. Either Transwell plates and inserts with 

porous Polycarbonate membrane, 5 µm pore size (Corning; 3421) or MultiScreen MIC plates 

(Millipore, MAMIC5S10) were used. 

5.1 Protocol for Transwell plates 

The stimulation solutions (SDF-1 +various concentrations of Spiegelmer) were made up in 600 

µl HBH in the lower compartments of the Transwell plates and incubated for 20 - 30 min. All 

conditions were made up at least twice. The inserts were transferred to the wells containing the 

stimulation solutions and 100 µl of a cell suspension with 3 x 106 /ml were added to the inserts (3 

x 105 cells/well). The cells were then allowed to migrate for 3 hat 37°C. 

Thereafter, the inserts were removed and 60 µl resazunn (Sigma, Deisenhofen, Germany) 

working solution (440 µMin PBS; Biochrom, Berlin, Germany) were added to the wells (also to 

calibration wells). The plates were then incubated at 37°C for 2.5 to 3 h. After incubation, 200µ1 

of each well were transferred to a black 96 well plate. Measurement of the fluorescence signals 

was done at 544 nm (excitation) and 590 nm (emission) in a Fluostar Optima multidetection 

plate reader (BMG, Offenburg, Germany). 
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5.2 Protocol/or Millipore MultiScreen plates 

The stimulation solutions (SDF-1 + various concentrations of Spiegelmer) were made up as IOX 

solutions in a 0.2 ml low profile 96-tube plate. 135 µl HBH were pipetted into the lower 

compartments of the MultiScreen plate and 15 µl of the stimulation solutions were added. All 

conditions were made up as triplicates. After 20 to 30 min the filter plate was inserted into the 

plate containing the stimulation solutions and 75 µl of a cell suspension with 1.33 x 106/ml were 

added to the wells of the filter plate (1 x 105 cells/well). The cells were then allowed to migrate 

for 3 hat 37°C. 

Thereafter, the insert plate is removed and 20 µl resazurin working solution ( 440 µM in PBS) are 

added to the lower wells. The plates were then incubated at 37°C for 2.5 to 3 h. 

After incubation, 100µ1 of each well were transferred to a black 96 well plate. Measurement of 

the fluorescence signals was performed as described above. 

5.3 Evaluation 

For evaluation, fluorescence values were corrected for background fluorescence (no cells in 

well). Then the difference between experimental conditions with and without SDF-1 was 

calculated. The value for the sample without Spiegelmer (SDF-1 only) was set 100% and the 

values for the samples with Spiegelmer were calculated as per cent of this. For a dose-response 

curve the per cent-values were plotted against Spiegelmer concentration and the IC5o-value 

(concentration of Spiegelmer at which 50% of the activity without Spiegelmer is present) was 

determined graphically from the resulting curve. 

5.4 Results 

5.4.1 Dose dependent stimulation of Jurkat cells by human SDF-1 

Human SDF-1 was found to stimulate migration of Jurkat cells in an dose dependent manner, 

with half-maximal stimulation at about 0.3 nM (Fig. 11). 
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5.4.2 Dose dependent inhibition of human SDF-1 induced chemotaxis by SDF-1 binding 

Spiegelmers 

When cells were allowed to migrate towards a solution containing human SDF-1 plus increasing 

concentrations of SDF-1 binding Spiegelmers, dose-dependent inhibition was observed. The 

respective IC50s of the tested Spiegelmers are specified in Example 1. When an unspecific 

Control Spiegelmer was used instead of SDF-1 binding Spiegelmers, no inhibitory effect was 

observed up to 1 µM (Fig. 26). 

5.4.3 Dose dependant inhibition of mouse SDF-1 induced chemotaxis by SDF-1 binding 

Spiegelmers 

SDF-1 is well conserved across species: SDF-1 from mouse differs from human SDF-la in one 

an1ino acid (isoleucin at position 18 instead of valine ). Murine SDF-1 can stimuiate chemotaxis 

of Jurkat cells (Fig. 27) and this action was found to be inhibited by Spiegelmers 192-Al0-001 

and 191-D5-007-5'-PEG with the same potency as in the case of human SDF-1 (Fig. 28). 

Example 6: Binding Analysis by Surface Plasmon Resonance Measurement 

The Biacore 2000 instrument (Biacore AB, Uppsala, Sweden) was used to analyze binding of 

Spiegelmers to human SDF-la.. When coupling of SDF-la was to be achieved via amine groups, 

SDF-la. was dialyzed against water for 1 - 2 h (Millipore VSWP mixed cellulose esters; pore 

size, 0.025 µM) to remove interfering amines. CM4 sensor chips (Biacore AB, Uppsala, 

Sweden) were activated before protein coupling by a 35-µl injection of a 1: 1 dilution of 0.4 M 

NHS and 0.1 M EDC at a flow of 5 µl/min. Chemokine was then injected in concentrations of 

0.1 - 1.5 µg/ml at a flow of 2 µl/min until the instrument's response was in the range of 1000 -

2000 RU (relative units). Unreacted NHS esters were deactivated by injection of 35 µl 

ethanolarnine hydrochloride solution (pH 8.5) at a flow of 5 µl/min. The sensor chip was primed 

twice with binding buffer and equilibrated at 10 µl/min for 1 - 2 hours until the baseline 

appeared stable. For all proteins, kinetic parameters and dissociation constants were evaluated by 

a series of Spiegelmer injections at concentrations of 1000, 500, 250, 125, 62.5, 31.25, and 0 nM 

in selection buffer (Tris-HCl, 20 mM; NaCl, 137 mM; KCl, 5 mM; CaCh, 1 mM; MgCh, 1 mM; 

Tween20, 0.1% [w/v]; pH 7.4). In all experiments, the analysis was performed at 37°C using the 
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Kinject command defining an association time of 180 and a dissociation time of 360 seconds at a 

flow of 10 µl/min. Data analysis and calculation of dissociation constants (Ko) was done with 

the BIAevaluation 3.0 software (BIACORE AB, Uppsala, Sweden) using the Langmuir 1:1 

stochiometric fitting algorithm. 

Example 7: Inhibition of [125J]-SDF-1-binding to CXCR4 expressing cells by SDF-1-

binding Spiegelmers 

7.1 Method 

A cDNA clone coding for human CXCR4-receptor (NM_003467.2) was purchased from 

OriGene Tech.'1.ologies (Rockville, MD) and cloned into the pCR3.1-vecior (Invitrogen, 

Karlsruhe, Germany). The resulting vector was transfected into CHO-Kl cells (DSMZ, 

Braunschweig, Germany) using Lipofectamin 2000 (lnvitrogen) and stable expressing cell lines 

were selected by treatment with geneticin. Expression of receptors was verified by RT-PCR. 

For binding assays CXCR4-expressing cells were seeded into polylysine-coated 24-well plates at 

a cell density of 1 x 105 cells/well and cultivated overnight at 37°C and 5% C02 in CHO-Ultra 

medium (Cambrex, Verviers, Belgium) containing 50 units/ml penicillin, 50 µg/ml streptomycin 

and 0.5 mg/ml geneticin. 

For the binding experiment, the medium was removed and the cells were washed once with 

Hanks balanced salt solution, additionally containing 20 mM HEPES, 1 mg/ml bovine serum 

albumin, 0.1 mg/ml bacitracin (HBB). Then the cells were incubated in 0.2 ml HBB for 1 h at 

room temperature together with 50 pM [125J]-SDF-1 (PerkinElmer, Rodgau, Germany) and 

varying concentrations of Spiegelmer. 

Non-specific binding was determined by adding unlabeled human SDF-1 (R & D Systems, 

Wiesbaden, Germany) to a final concentration of 0.5µM to several wells. 

After the incubation period the supernatant was removed and the wells were washed 3 times with 

ice-cold HBB. Thereafter the cells were lysed with 0.1 ml 0.1 M NaOH. Lysates were transfered 
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into szintillation vials and after addition of 4 ml Unisafe 1 Liquid Szintillation cocktail (Zinsser, 

Frankfurt, Germany) were counted in a Beckman LS6500 szintillation counter. 

Since the values for non-specific binding (binding in the presence of high amont of unlabeled 

SDF-1) were somewhat higher than the values for total binding in the presence of high 

concentrations (500 pM) of Spiegelmer, the difference between maximal binding ("max") and 

binding in the presence of 500 pM Spiegelmer was used for calculation ofIC5o-values. 

7.2 Results 

Plotting bound [125J]-SDF-1 against Spiegelmer concentration revealed that binding of SDF-1 

could be blocked by Spiegelmer 192-Al0-001 with an IC5o of about 60 pM (Fig. 29). 

Example 8: Inhibition of SDF-1-induced MAP-kinase activation by SDF-1-binding 

Spiegelmers 

8.1 Method 

CXCR4-expressing CHO cells were seeded in 6-well plates at a density of 0.5 x 106 cells/well 

and cultivated for about three hours at 37°C and 5% C02 in CHO-Ultra medium (Cambrex, 

Verviers, Belgium) containing 50 units/ml penicillin, 50 µg/ml streptomycin and 0.5 mg/ml 

geneticin. After cell attachment the medium was removed and replaced by Ham's Fl2 medium 

containing 50 units/ml penicillin, 50 µg/ml streptomycin. Cells were then incubated overnight at 

37°C and 5% C02. Three hours before stimulation the medium was replaced once more by fresh 

Ham's F12 medium. Cells were stimulated with humanl nM SDF-1 and various amounts of 

Spiegelmer for 5 or 10 minutes. Thereafter the medium was removed and the cells were quickly 

washed once with 1 ml ice-cold phosphate buffered saline (PBS), followed by lysis with SDS­

sample buffer (Tris/HCl, pH 6.8, 62.5 mM; glycerol, 10%; SDS, 2%; bromophenolblue, 0.01 %; 

beta-mercaptoethanol, 5%). 1 µl 0.5 u/µl Benzonase (Merck, Darmstadt, Germany) was added to 

each well and after incubation for 5 to 10 min at room temperature, lysates were transfered to 

Eppendorf tubes, incubated at 95°C for 5 min and stored at -20°C until further analysis. 
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25 µl of the lysates were separated on 10% denaturing SDS-polyacrylamide gels. Proteins were 

then transferred by electroblotting onto HybondECL nitrocellulose membranes (Amersham/GE 

Healthcare, Munich, Germany). After blotting, the membranes were stained with Ponceau-red 

(0.2% in 3% trichloroacetic acid) for control of protein loading and transfer and then blocked by 

incubation in TBS-T (Tris-buffered saline (20 mM Tris/HCl, pH 7.6, 137 mM NaCl) with 0.1 % 

Tween 20) containing 10% nonfat dried milk at 2 - 8°C overnight. 

The membrane was then incubated with a rabbit anti-Phospho-MAP-kinase antibody (1: 1000 in 

10% milk in TBS-T) for 2 h at room temperature. After washing three times for 5 min with TBS­

T, the membrane was incubated with anti-rabbit-IgG-HRP-conjugate (1 :2000 in 10% milk in 

TBS-T) for 1 h at room temperature. Then the membrane was again washed three times for 5 

min with TBS-T, followed by incubation for 1 min in LumiGloR chemiluminescent reagent. 

Lw.uinescence was detected by exposure to TT r-1 TMT"""\ ....... T .. .... • -~ 

nypt:rmm ..tLL cnemuummescence t1lms 

(Amersham/GE Healthcare) for 30 seconds to 2 minutes. The antibodies and the luminescence 

detection reagent were components of the PhosphoPlus p44/42 MAP Kinase (Thr202/Tyr204) 

Antibody kit from Cell Signaling Technology (New England Biolabs, Frankfurt a.M., Germany) 

8.2 Results 

Stimulation of CXCR4-expressing cells with 1 nM human SDF-1 for 5 min led to a profound 

stimulation of MAP-kinase, indicated by an increase in intensity of the band reflecting activated 

MAP-kinase. This activation of MAP-kinase could be dose-dependently inhibited by Spiegelmer 

191-Al0-001 (Fig. 30). 

Example 9: Functional analysis of human SDF-1 binding Spiegelmer 193-G2-012-5'-PEG 

in an aortic ring sprouting assay 

To test whether human SDF-1 binding Spiegelmer 193-G2-012-5'-PEG is functional also in a 

standard angiogenesis organ culture assay, aortic ring sprouting assays were performed. This 

assay, in which the length and abundance of vessel-like extensions from the explants are 

evaluated, has become the most widely used organ culture model for angiogenesis (Auerbach et 

al. 2003). It has already been shown that SDF-1 induces sprouting in this type of assay (Salcedo 

et al. 1999). 
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Rat aortae were cut into rings, embedded in a collagen matrix and incubated with SDF-1 and 

SDF-1 plus human SDF-1 binding Spiegelmer 193-G2-012-5'-PEG or SDF plus an non­

functional PEGylated Control Spiegelmer that does not bind SDF-1. After 6 to 7 days, sprouting 

(i.e. outgrowth of endothelial cells) was analysed by taking pictures and determining a sprouting 

index. 

9.1 Method 

Aortae from male rats were obtained from Bagheri Life sciences (Berlin, Germany). The aortae 

were prepared freshly and transported on ice in MCDB 131-Medium (Invitrogen, Karlsruhe, 

Germany) containing 50 units/ml penicillin, 50 µg/ml streptomycin (both Invitrogen, Karlsruhe, 

Germany) a.1d 2.5 µg/ml fongizone (Cambrex, USA). 

For an experiment a single aorta was transferred to a cell culture dish together with the medium 

and residual connective tissue was removed. Then the aorta was cut with a scalpel into rings of 

about 1 to 2 mm length. The rings were washed intensively (at least five times) in Medium199 

(lnvitrogen, Karlsruhe, Germany) and then placed in wells of a 24 well plate, containing 450 µl 

of collagen solution per well. This collagen solution was prepared by mixing 9 ml rat tail 

collagen (3 mg/ml in 0,1% acetic acid; Sigma, Deisenhofen, Germany) with 1.12 ml lOX 

Medium 199 (Invitrogen, Karlsruhe, Germany), 1,12 ml lOX Collagen-buffer (0,05 N NaOH, 

200 mM HEPES, 260 mM NaHC03 ) and 0.6 ml 200 mM Glutamin.' The rings were oriented 

such that the trimmed edges were perpendicular to the bottom of the well. The collagen was 

allowed to solidify by incubating the plates for at least one hour at 37°C. Thereafter 1 ml 

MCDB131-medium with additions (SDF-1 and Spiegelmers) was added per well. Rings were 

then incubated at 3 7°C for six to seven days. As control for sprouting the experiments were 

additionally done with VEGF (Vascular endothelial growth factor). 

Sprouting was documented by taking pictures with a digital camera. In some cases rings were 

fixed by addition of 1 ml 10% paraformaldehyde and stored at 2-8°C for further documentation. 

Pictures were analysed with the Scion Image image processing software. After calibration with 

the help of a picture taken from a stage micrometer, a line was drawn in a distance of 0.33 mm 

from one edge of a ring. A plot histogram along this line was generated by the software, 
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histograms were printed and peaks (representing sprouts crossing the line) were counted. This 

number was taken as sprouting index. 4 to 5 rings per condition were evaluated. Statistical 

analysis was performed with WinSTAT for Excel. 

9.2 Results 

It could be demonstrated that SDF-1 induces sprouting and that this effect could be blocked with 

human SDF-1 binding Spiegelmer 193-02-012-5'-PEG No blockage of SDF-1 induced 

sprouting was observed by the non-functional PEGylated Control Spiegelmer (Figs. 31 and 32). 

Example 10: Mobilization of hematopoietic stem cells/hematopoietic progenitor cells 

(HSC/HPC) in mice by a singie intravenous injection of NOX-Al2 that was 

derivatized with 30 or 40 kDa PEG 

10.1 Test substances and administration scheme 

Mice were injected i.v. with 13.4 mg/kg of SDF-1 binding Spiegelmer NOX-A12-JE40 (SEQ.ID. 

132), SDF-1 binding Spiegelmer NOX-A12-N030 (SEQ.ID. 242) or control Spiegelmer 

revNOX-A12 (SEQ.ID. 243) that has no binding activity to SDF-1. One, six, 24 or 48 h after the 

injection [5 mice per substance and time point] the animals were terminated and blood was won. 

Control groups were injected with vehicle (5 % glucose), AMD-3100 (Sigma, France, 5 mg/kg 

s.c.) or Granulocyte-colony stimulating factor (G-CSF, Neupogen) (2.5 µg/mouse/injection, 

every 12 h). Termination of animals was done at the same time points as above (see Fig. 33). For 

the G-CSF (Neupogen) group: Due to the injection scheme of one injection every 12 h the 

animals that are terminated after one, and six hours have therefore received only one injection, 

the group terminated at 24 h received 2 injections (at 0 and 12 h), the group terminated at 48 h 

received four injections (at 0, 12, 24 and 36 h) (see Fig. 33). Blood cell counts were determined 

in a hemocytometer. 

10.2 Detection of HSCIHPC 

Fifty (50) µl of whole blood were first incubated with FcR blocking reagent (Ref 130-092-575, 

Miltenyi Biotec, Paris, France) in staining buffer (PBS [Ref 17-516F, Lonza], 0.2% BSA [Ref 

A7030, Sigma], 0.02% NaN3 [Ref S2002, Sigma] and then incubated at room temperature in the 
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dark for 30 min with FITC conjugated anti-CDll 7 and PE conjugated anti-Ly-6A/E antibodies 

or with corresponding isotypes (as described in table below). 

Antigens Clone lsotype Fluorochrome Ref Source Quantity 

CD117 2B8 lgG2b FITC 553354 BD Biosciences 1 ag 

CD117 control isotype lgG2b FITC 553998 BD Biosciences 1 ag 

Ly-6A/E 07 lgG2a PE 553108 BD Biosciences 1 ag 

Ly-6A/E control isotype lgG2a PE 553930 BD Biosciences 1 ag 

Red blood cells were lysed using the "Fix and Lyse" procedure. Briefly, "Fix and Lyse" buffer 

will prepared by adding 25 µl of IOTest solution 3 (1 OX Fixative Solution [Ref A07800, 

Beckman Coulter, Villepinte, France]) to 1 ml of VersaLyse [Ref A09777, Beckman Coulter] 

and 1 ml of the mixture was added to the stained cells. After being vortexed and incubated for 10 

min in the dark at room temperature, cells were centrifuged and washed once with 3 ml of 

staining buffer and resuspended in 1 ml of reference microbeads solution (PKH26, Ref P7458, 

220,000 beads/ml, Sigma, Yz diluted in staining buffer). The samples were stored on ice protected 

from light exposure until F ACS analysis. 

The surface fluorescence of cells was analyzed with a flow cytometer apparatus (F ACS, 

CyFlow® space) using a 488 nm wavelength laser excitation. A totc;il of 10,000 events were 

collected for each sample. 

10.3 Calculation of absolute cell numbers per µL 

The volume of the blood samples was 50 µl. At the end of the preparation procedure, the white 

blood cells (which were contained in the 50 µl blood sample) were resuspended in 0.75 ml of a 

micro bead solution (obtained by a 112 dilution of a stock solution containing 220,000 beads in 1 

mL). The number of cells per mL of this latter solution is: (CN/BN) x (220000/2) and the total 

number of cells is: (CN/BN) x (220000/2) x (0.75/1), where CN is the number of counts for cells 

and BN is the number of counts for microbeads. 

Therefore, this total number of cells was contained in the 50 µl of blood and the absolute number 

of cells (ACN) per µl of blood is: (CN/BN) x (220000/2) x (0.7511) x (1/50). 
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10.4 Determination of colony forming units (CFU) 

Only blood from those time points with the maximum amount of hematopoietic progenitor cells 

(HPC)/ hematopoietic stem cells (HSC) was chosen to be subjected to CFU assays (an identical 

time point for all mice per substance). The red blood cells (RBCs) depletion of normal peripheral 

blood samples was performed by adding 10 volumes 1 Ox lysis buffer (0.8% NH4Cl with 0.1 

mM EDTA) (ref 07800, StemCell Technologies) to peripheral blood, mixing by inverting the 

tube 3-4 times and incubation on ice for 5-15 minutes. After centrifugation for 7 min at 1,200 

rpm, white blood cells (WBCs) were washed twice with Iscove's Modified Dulbecco's Medium 

(IMDM) containing 2% heat-inactivated foetal bovine serum (FBS, Ref DE14-802F, Lonza). 

Nucleated WBCs were counted using a hemacytometer (MS9-5 counter (Melet Schloesing, 

Osny, France)) after being 1/20 diluted in 3% acetic acid with methyiene biue (Ref 07060, 

StemCell Technologies). 

Cells were plated in triplicate in 0.9% methylcellulose containing IMDM (Ref MethoCult® 

M03434, StemCell Technologies) already containing 2% heat-inactivated FBS, recombinant 

mouse (rm) stem cell factor (SCF, growth of mast cells and myeloid and lymphoid progenitors), 

rm IL-3 and rh IL-6 (growth of early myeloid progenitors of all lineages), and recombinant 

human erythropoietin (rh EPO, growth of erythroid progenitors). Briefly, 10-fold concentrated 

WBCs (0.4 ml) were diluted in methylcellulose complete IMDM (final concentration to be 

defined during the validation experiment), thoroughly vortexed and let stand for 2-5 minutes to 

allow bubbles tb dissipate before dispensing. 1.1 ml of methylcellulose medium containing cells 

mixture were dispensed using a luer-lock syringe and a 16G blunt-end needle (Ref 28110, 

StemCell Technologies) to each of three 35 mm culture dishes (Ref 27150, StemCell 

Technologies). Dishes were gently tilted and rotated to distribute methylcellulose evenly. Large 

dishes with an additional uncovered sterile water containing 35 mm dish were used to hold 35 

mm dishes during incubation at 37°C, 5% C02, with 95% humidity for 7 to 12 days. 

At the end of the incubation, colonies were manually counted as BFU-E (Burst-forming unit­

erythroid), CFU-GM (Colony-forming unit-granulocyte and/or macrophage) and CFU-GEMM 

(Colony-forming unit-granulocyte, erythroid, macrophage and megakaryocyte) using an inverted 

microscope and a 60 mm gridded scoring dish (Ref 27500, StemCell Technologies). The number 

of colonies was normalized to CFU/mL blood. 
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10.5 Results of flow cytometry 

SDF-1 binding Spiegelmers NOX-A12-JE40 and NOX-A12-N030 led to a marked increase of 

HPC/HSC as measured by CD117 and Ly-6 AIE double staining in the FACS analysis (see Fig. 

34). The peak was observed 6 h after Spiegelmer administration. NOX-A12-JE40 led to the 

liberation of 700 CD117+Ly-6 AJE+ cells per µL. SDF-1 binding Spiegelmer NOX-Al2-N030 

liberated 300 CD117+Ly-6 A/E+ cells per µL of blood. In the vehicle group 100 CD117+Ly-6 

AIE+ cells per µL of blood were counted. A HSC/HPC-mobilizing effect of G-CSF was seen in 

the mice that had received 4 G-CSF injections and were sacrificed 48 h after the first injection 

(250 CD117+Ly-6 AJE+ cells per µL). AMD-3100 and SDF-1 binding Spiegelmer revNOX-Al2-

JE40 did not show any effect. (see Fig. 34 for a graphical representation of all time points and all 

groups). 

In consequence of SDF-1 binding Spiegel.mer NOX-Al2-JE40 treatment, ihe transient increase 

of HSC/HPCs was accompanied by a transient increase in the total white blood cell count, which 

is mainly driven by increased numbers of macrophages, granulocytes and neutrophils and by 

eonisophils. Neupogen was found to induce an increase in white blood cell count (WBC count) 

coupled with a decrease in eosinophils [%] (see Fig. 41). 

10.6 Results of the CFU assays 

Compared to vehicle (0.8 CFU/mL), all substances led to increased mean values of total CFUs. 

However revNOX-A12-JE40 (6 h) and AMD3100 (6 h) only showed marginal effects (I.I and 

1.5 CFU/mL respectively). One injection of SDF-1 binding Spiegelrrier NOX-A12-JE40 led to 

about as much CFUs/mL of blood after 6 h, as four injections of G-CSF (measured 48 h after the 

first injection and 12 h after the 4th injection) (3.7 and 3.2 CFU/mL respectively). This is four 

time the value found for vehicle. SDF-1 binding Spiegelmer NOX-A12-N030 doubled the CFU 

count compared to vehicle (1.9 CFU/mL). See Fig. 35 for an overview. 

Example 11 Inhibition of choroidal neovascularization (CNV) 

The "laser-induced choroidal neovascularization" animal model is used to predict the effect of 

investigational drugs on human retinal and choroidal neovasculature. This occurs in diseases like 

wet or 'proliferative' .age-related macular degeneration (AMD), diabetic retinopathy and retinal 
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vein occlusion. CXCR4 was shown to be expressed in the laser-induced CNV (Lima e Silva et 

al., FASEB J. 21: , 2007). It was colocalized with CD45 and F4/80 expressing cells suggesting 

that these cells are BM-derived macrophages. Inhibitors for CXCR4 reduced laser-induced CNV. 

But it was not investigated if these cells express SDFl, too. In this study we evaluated whether 

the SDF-1 binding Spiegelmer NOX-A12-JE40 (SEQ.ID. 132) blocks neovascularization. 

11.l Methods 

Twenty-two C57/BL6J mice not younger than 12 weeks were anesthetized and treated with 3 

laser burns per eye. The animals develop choroidal neovascularization at the laser sites. One day 

later, 2 µl of a 440 µM solution of SDF-1 binding Spiegelmer NOX-Al2-JE40 dissolved in 

Ringer solution were injected intravitreally in one eye (dose: 0.88 nmol = 12.9 µg [oligo part of 

the molecule orJy] = 48 µg [total molecule including PEG]) whiie the other eye received Ringer 

solution as a control. 14 days after laser treatment, the animals were perfused with dextran­

fluorescein, and choroidal whole mounts were prepared. The whole mounts were evaluated for 

vascular changes of the choroid and the area of the CNV membrane. 

As one eye was injected with Spiegelmer and the other eye of each animal received buffer only, 

the Wilcoxon signed ranks test which is concerning the difference between treated and control 

eye of each animal was used. The Wilcoxon signed rank test analyses the differences between 

two related measurements, in our case the treated and control eyes of each animal. It recognizes 

significant differences even if the set of the treated eyes and the set of the control eyes are not 

statistically different. The following R command was used: wilcoxsigri_test(Vl ~ V2, data= dO, 

distribution= "exact") p < 0.05 is significant at the 95 % level. 

11.2 Results 

Thirteen of the 22 mice could be evaluated. The mean of the neovascularization area of the 

NOX-A12-JE40-treated eyes was smaller than the mean of the eyes treated with Ringer solutfon, 

indicating that the Spiegelmer reduced CNV formation. The p value calculated by the Wilcoxon 

matched-pairs signed-ranks test was 0.021. Therefore, it is concluded that the SDF-1 binding 

Spiegelmer NOX-Al2-JE40 significantly reduces laser-induced choroidal neovascularization in 

the CNV mouse model, suggesting potential therapeutic benefit (see Fig. 36). 
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Example 12 Efficacy in diabetic nephropathy 

Glomerulosclerosis, e.g. in diabetes, remains a leading cause of end-stage renal disease because 

targeting the angiotensin-dependent pathomechanisms does not always prevent disease 

progression. Hence, other treatment strategies are required to add on to the therapeutic armament 

for glomerulosclerosis. Data from recent experimental studies relate the progression of 

glomerulosclerosis in diabetic mice and humans to intrarenal inflammation. For example, 

mycophenolate mofetil, methotrexate, or irradiation reduce urinary albumin excretion, and 

glomerulosclerosis in rats with streptozotocin-induced diabetes. Yet, the molecular and cellular 

mechanisms of intrarenal inflammation in diabetic nephropathy remain poorly characterized. 

Patients with diabetic nephropathy have increased serum levels of acute phase markers of 

inflammation but this may not represent intrarenal inflammation. 

In this study the late-onset blockade of SDF-1 with SDF-1 binding Spiegelmer NOX-A12-JE40 

(SEQ.ID. 132) was tested in db/db mice that had received an uninephrectomy at the age of 6 

weeks. The administration of NOX-A12-JE40 began at the age of 4 months and was done 3 

times a week at a dose of 50 mg/kg s.c (corresponds to 13.4 mg/kg oligonucleotide part) .. Two 

months later, the animals were sacrificed and the glomerulosclerosis score was determined. 

By this score, individual glomeruli are scored for infiltration of leukocytes, and scarring of 

tissue. A score of 0 describes a healthy glomerulus, while a score of 4 describes the completetely 

fibrotic form (Ninichuk, Clauss et al. 2008). 

12.2 Results 

While wild-type mice have almost no kidney damage at the age of six months, db/db mice of the 

same age display a marked kidney damage. The kidney damage in db/db mice that were 

uninephrectomized at the age of six weeks is even stronger. 

SDF-1 binding Spiegelmer NOX-A12-JE40 (SEQ.ID. 132), but not the non-specific control 

Spiegelmer revNOX-A12-JE40 (SEQ.ID. 243) of the reverse sequence significantly ameliorated 

the kidney damage that was observed in uninephrectomized db/db mice after six months: There 

were significantly lower numbers of glomeruli with the highest damage score (3 and 4). Instead, 

more subtle alterations (leukocyte infliltration) were observed in a higher number of glomeruli 

(see Fig. 37). 
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Example 13 SDF-1 binding Spiegelmer NOX-A12-JE40 inhibits VEGF-induced retinal 

vascular leakage in pigmented rabbits. 

Vascular leakage of retinal vessels occurs in several eye diseases, like age-related macular 

degeneration and retinal vein occlusion. It leads to macular edema that impairs vision. 

13.1 Methods 

In an animal model, retinal vascular leakage can be induced by an intravitreal VEGF injection in 

rabbits. In this model, the permeability of the retinal vasculature is measured by fluorescein 

photometry 48 h after intravitreal injection of VEGF. Test item injection had been done 5 days 

before the VEGF stimulus. The permeability that is observed two days after the VEGF 

adm.inislralion is considered noi io be directiy reiated to the permeabiiity increase that is 

transiently observed after a VEGF stimulus, but rather an effect of longer-lasting downstream 

processes that are triggered by the VEGF injection (Edelman, Lutz et al. 2005). 

In this study eight pigmented rabbits (Fauve de Burgogne, 2-3 months old) were used per group. 

The groups were: 

4 dose groups ofNOX-Al2-JE40 (105 nmol, 40 nmol, 8 nmol, 1.6 nmol) 

a reference substance group (Kenacort retard(R) ( 4 % triamcinolone acetonide ), 2 mg 

i.vt.) and 

vehicle (5 % glucose for infusion). 

The injection volume was 50 µL for all groups. Five days after substance administration·in right 

eyes, VEGF was also only administered into the right eyes: 500 ng recombinant human VEGF 165 

in 50 µL PBS. 48 h later, the retinal permeability was measured in anesthetized animals by 

ocular fluorometry (1 h after an i.v. injection of sodium fluorescein (10 % in 0.9 % sodium 

chloride, 50 mg/kg)). Briefly, the fluorescence intensity is scanned in vivo along the optical axis 

from the cornea to the retina of both eyes using a fluorotron device (FM-2 Fluorotron Master). 

The resulting intensity distribution curves are integrated and the ratio of the area under the curve 

(AUC) of the treated eye to the untreated eye were calculated. Group mean values and standard 

deviations were then calculated and depicted in a graph. 
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13.2 Results 

Intravitreal injection of 105 and 40 nmol SDF-1 binding Spiegelmer NOX-A12-JE40 in 50 µL 

glucose 5 days before injection of recombinant human VEGF165 (500 ng in 50 µL) significantly 

inhibited the VEGF-induced permeabilization of the retinal vasculature 48 h after the VEGF 

stimulus. The reference item triamcinolone also showed a strong reduction in vascular 

permeability. BiaCore experiments that had been done previously had confirmed that no VEGF­

binding of SDF-1 binding Spiegelmer NOX-A12-JE40 occurred at the concentrations used. 

Therefore it can be assumed that NOX-A12-JE40 blocks a downstream pathway of VEGF (e.g. 

recruitment of leukocytes, loosening of tight endothelial junctions as an effect of SDF-1 

overexpression) that leads to the prolonged vascular permeability (see Fig. 38). NOX-A12-JE40 

may therefore be useful for the treatment of macular or retinal edema itself or secondary to age-

related macular degeneration or retinal vein occlusion. 

Example 14 SDF-1 binding Spiegelmer NOX-A12-JE40 inhibits angiogenesis in oxygen-

induced retinopathy 

The mouse model of oxygen-induced retinopathy is a model for the mimicking of hypoxia­

induced neovascularization of the retina, as observed in diabetic retinopathy, especially 

proliferative diabetic retinopathy, and in age-related macular degeneration (Smith, Wesolowski 

et al. 1994). The model is also referred to as retinopathy of prematurity since premature babies 

that were put into incubators in the hospitals became blind due to too high oxygen exposure in 

the incubators' that led to an abnormal retinal vessel growth during the time in the incubator and 

after their return to normoxic conditions. 

14.1 Methods 

In the mouse model, newborn C57BL/6Jmice were incubated at 75 % oxygen from the postnatal 

days P5-P12. After return to normal oxygen the animals develop retinal neovascularization due 

to relative hypoxia. SDF-1 binding Spiegelmer NOX-A12-JE40 (880 pmol in 2 µL Ringer 

solution) was injected on day Pl2. On day Pl 7 mice were perfused with dextran-fluorescein to 

visualize the retinal vasculature. Retinal whole mounts were used to evaluate the vascular 

changes of the retinal vasculature in a coded fashion by a scoring system. FITC-Dextran 

perfusion allows the evaluation of perfused vessels only. In order to visualize immature, not-yet 

perfused vessels, the whole mounts were stained for isolectin-B4 and analyzed under a 
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fluorscence microscope accordingly. Eyes treated with SDF-1 binding Spiegelmer were 

compared with vehicle treated eyes in an intra-individual manner. The significance was 

calculated by the Wilcoxon signed rank-test. p = 0.05 corresponds to 95 % confidence. 

The following parameters were scored: 

1. Number of vessel clusters 

2. absolute cluster area size 

3. relative cluster area size 

4. number of sprouting vessels (tufts) 

5. absolute size of the avascular zone 

6. relative size of the avascular zone 

The retinopathy score was caicuiated from these parameters on the flTC-dextran images 

(Higgins, Yu et al. 1999). The significance levels for the parameters and the retinopathy score 

are shown in Fig. 40 . 

14.2 Results 

Out of 34 mice tested, 24 whole mounts were could be evaluated after FITC-dextran perfusion, 

and 15 could be evaluated after isolectin staining. A single injection of 880 pmol SDF-1 binding 

Spiegelmer NOX-A12-JE40 on day P12 significantly inhibited tuft formation and thus improved 

the overall retinopathy score as observed on day Pl 7 (see Figs. 39 and 40). Therefore NOX-Al2-

JE40 may have a beneficial effect in diseases with hypoxia-induced neovascularization, 

especially of the eye (e.g. diabetic retinopathy, AMD). 
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Claims 

1. A nucleic acid molecule binding to SDF-1, whereby the nucleic acid molecule influences 

migration of cells. 

2. The nucleic acid according to claim 1, whereby the cells express an SDF-receptor, 

whereby the SDF-1 receptor is one preferably selected from CXCR4 and CXCR7. 

3. The nucleic acid molecule according to claim 1 or claim 2, whereby migration of cells 

comprises mobiiization of progenitor cells, stem cells, cancer cells, long-lived plasma cells, B 

cells and/or T cells into the peripheral blood of a subject, whereby preferably the B cells and/or 

T cells are memory B cells and/or memory T cells. 

4. The nucleic acid molecule according to claim 3, whereby the progenitor cells and/or the 

stem cells comprise CD34+ progenitor cells. 

5. The nucleic acid molecule according to claims 3 and 4, whereby the mobilization of the 

progenitor cells and/or the stem cells takes place in a hematopoietic tissue. 

6. The nucleic acid molecule according to claim 5, whereby the hematopoietic tissue is at 

least one of myeloid tissue and lymphoid tissue, whereby preferably the myeloid tissue is located 

in the bone marrow, and preferably the lymphoid tissue is located in the mucosa of the digestive 

tract, the respiratory tract, the lymph nodes, the spleen, the thymus and/or lymphoid follicles in 

an inflamed tissue. 

7. The nucleic acid molecule according to claim 1, whereby the nucleic acid molecule 

inhibits migration of leukocytes. 
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8. The nucleic acid molecule according to claim 7, whereby the leukocytes are T­

lymphocytes, B-lymphocytes, monocytes, macrophages, eosinophils, neutrophils, basophils, 

dendritic cells and/or mast cells. 

9. The nucleic acid molecule according to claims 7 and 8, whereby, upon migration of the 

leukocytes, the leukocytes are accumulated in a tissue, whereby preferably the accumulation of 

the leukocytes leads to an inflammation in the said tissue. 

10. The nucleic acid molecule according to claim 9, whereby the tissue comprises skin, 

mucosa, organs as selected from but not restricted to eye, brain, lung, kidneys, heart, liver, 

gastrointestinal tract, spleen, bones and/or lymphatic system, preferably skin and/or the mucosa 

11. The nucleic acid molecule according to any of claims 1 to 10, whereby the nucleic acid 

molecule is selected from the group comprising type A nucleic acid molecules, type B nucleic 

acid molecules, type C nucleic acid molecules and nucleic acid molecules having a nucleic acid 

sequence according to any of SEQ.ID.No. 142, SEQ.ID.No. 143 and SEQ.ID.No. 144. 

12. The nucleic acid molecule according to claim 11, whereby the type A nucleic acid 

molecules comprise the following core nucleotide sequence: 

5' AAAGYRACAHGUMAAXAUGAAAGGUARC 3' (SEQ.ID. 19) 

whereby XA is either absent or is A. 

13. The nucleic acid molecule according to claim 12, whereby the type A nucleic acid 

molecules comprise a core nucleotide sequence selected from the group comprising 

5' AAAGYRACAHGUMAAUGAAAGGUARC 3' (SEQ.ID.No. 20), 

5' AAAGYRACAHGUMAAAUGAAAGGUARC 3' (SEQ.ID.No. 21), and 
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5' AAAGYAACAHGUCAAUGAAAGGUARC 3' (SEQ.ID.No. 22), preferably the core 

nucleotide sequence comprises 5' AAAGY AACAHGUCAAUGAAAGGUARC 3' 

(SEQ. ID. No. 22). 

14. The nucleic acid molecule according to any of claims 12 and 13, whereby the nucleic 

acid molecule comprise in 5 '-> 3' direction a first stretch of nucleotides, the core nucleotide 

sequence, and a second stretch of nucleotides. 

15. The nucleic acid molecule according to any of claims 12 and 13, whereby the nucleic 

acid molecule comprise in 5' -> 3' direction a second stretch of nucleotides, the core nucleotide 

sequence, and a first stretch of nucleotides. 

16. The nucleic acid molecule according to claim 14 and 15, whereby the nucleic acid 

molecule comprises the first and the second stretch of nucleotides and said first and said second 

stretch of nucleotides optionally hybridize with each other, whereby upon hybridization a 

double-stranded structure is formed. 

17. The nucleic acid molecule according to any of claims 14 to 16, whereby the double-

stranded structure consists of four to six base pairs, preferably five base pairs. 

18. The nucleic acid molecule according to any of claims 14 'to 17, whereby the first stretch 

of nucleotides comprise a nucleotide sequence of 5' X1X2NNBV 3' (SEQ.ID.No. 44) and the 

second stretch of nucleotides comprises a nucleotide sequence of 5' BNBNX3~ 3' (SEQ.ID.No. 

45) 

whereby X1 is either absent or R, X2 is S, X3 is Sand~ is either absent or Y; 

or 

X1 is absent, X2 is either absent or S, X3 is either absent or Sand~ is absent. 

19. The nucleic acid molecule according to any of claims 14 to 18, whereby the frrst stretch 

of nucleotides comprises a nucleotide sequence of 5' RSHRYR 3' (SEQ.ID.No. 23) and the 
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second stretch of nucleotides comprises a nucleotide sequence of 5' YRYDSY 3'(SEQ.ID.No. 

24), 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' GCUGUG 3' 

and the second stretch of nucleotides comprises a nucleotide sequence of 5' CGCAGC 3'. 

20. The nucleic acid molecule according to any of claims 14 to 18, whereby the first stretch 

of nucleotides comprises a nucleotide sequence of 5' X2BBBS 3' (SEQ.ID.No. 42) and the 

second stretch of nucleotides comprises a nucleotide sequence of 5' SBBVX3 3' (SEQ.ID.No. 

43), 

whereby X2 is t:itht:r abseni or is Sand X3 is eiiher absent or is S; 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' CUGUG 3' and 

the second stretch of nucleotides comprises a nucleotide sequence of 5' CGCAG 3 '; 

or the first stretch of nucleotides comprises a nucleotide sequence of 5' GCGUG 3'and the 

second stretch of nucleotides comprises a nucleotide sequence of 5' CGCGC 3'. 

21. The nucleic acid molecule according to any of claims 12 to 20, whereby the nucleic acid 

molecule bas a nucleic acid sequence according to any of SEQ.ID.Nos. 5 to 18, 25 to 41, 133, 

137, 139 to 141. 

22. The nucleic acid molecule according to claim 11, whereby the type B nucleic acid 

molecules comprise the following core nucleotide sequence: 

5' GUGUGAUCUAGAUGUADWGGCUGWUCCUAGUYAGG 3' (SEQ.ID.No. 57). 

23. The nucleic acid molecule according to claim 22, whereby the type B nucleic acid 

molecules comprise a core nucleotide sequence of 

GUGUGAUCUAGAUGUADUGGCUGAUCCUAGUCAGG (SEQ.ID.No. 58): 
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24. The nucleic acid molecule according to any of claims 22 and 23, whereby the nucleic 

acid molecule comprise in 5 '-> 3' direction a first stretch of nucleotides, the core nucleotide 

sequence, and a second stretch of nucleotides. 

25. The nucleic acid molecule according to any of claims 22 and 23, whereby the nucleic 

acid molecule comprise in 5 '-> 3' direction a second stretch of nucleotides, the core nucleotide 

sequence, and a first stretch of nucleotides. 

26. The nucleic acid molecule according to any of claims 24 and 25, whereby the nucleic 

acid molecule comprises the first and the second stretch of nucleotides and said first and said 

second stretch of nucleotides optionally hybridize with each other, whereby upon hybridization a 

double-stra..J.dcd structure is fo1111ed. 

27. The nucleic acid molecule according to any of claims 22 to 26, whereby the double­

stranded structure consists of four to six base pairs, preferably five base pairs. 

28. The nucleic acid molecule according to any of claims 24 to 27, whereby the first stretch 

of nucleotides comprises a nucleotide sequence of 5' X1X2SVNS 3' (SEQ.ID.No. 77) and the 

second stretch of nucleotides comprises a nucleotide sequence of 5' BVBSX3X4 3' (SEQ.ID.No. 

78), whereby 

X1 is either absent or is A, X2 is G, X3 is C and X4 is either absent or is U; 

or 

X1 is absent, X2 is either absent or is G, X3 is either absent or is C and X4 is absent. 

29. The nucleic acid molecule according to any of claims 24 to 28, whereby the first stretch 

of nucleotides comprises a nucleotide sequence of 5' X1GCRWG 3' (SEQ.ID.No. 59) and the 

second stretch of nucleotides comprises a nucleotide sequence of 5' KRYSCX4 3'(SEQ.ID.No. 

60), 
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whereby X1 is either absent or A, and~ is either absent or U. 

30. The nucleic acid molecule according to any of claims 24 to 29, whereby the first stretch 

of nucleotides comprises a nucleotide sequence of 5' X1GCGUG 3' (SEQ.ID.No. 75) and the 

second stretch of nucleotides comprises a nucleotide sequence of 5' UACGC~ 3' (SEQ.ID.No. 

76), 

whereby X1 is either absent or A, and~ is either absent or U, 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' AGCGUG 3' 

and the second stretch of nucleotides comprises a nucleotide sequence of 5' UACGCU 3 '. 

31. The nucleic acid molecule according to any of claims 24 to 28, whereby the first stretch 

of nucleotides comprises a nucleotide sequence of 5' X2SSBS 3' (SEQ.ID.No. 73) and the 

second stretch of nucleotides comprises a nucleotide sequence of 5' BVSSX3 3' (SEQ.ID.No. 

74), 

whereby X2 is either absent or G, and X3 is either absent or C, 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' GCGUG 3' and 

the second stretch of nucleotides comprises a nucleotide sequence of 5' UACGC 3 '. 

32. The nucleic acid molecule according to any of claims 22 to 31, whereby the nucleic acid 

molecule has a nucleic acid sequence according to any of SEQ.ID.Nos. 46 to 56, 61 to 72, and 

132. 

33. The nucleic acid molecule according to claim 11, whereby the type C nucleic acid 

molecules comprise a core nucleotide sequence of GGUY AGGGCUHRXAAGUCGG 

(SEQ.ID.No. 90), 

whereby XA is either absent or is A. 
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34. The nucleic acid molecule according to claim 33, whereby the type C nucleic acid 

molecules comprise a core nucleotide sequence selected from the group comprising 

5' GGUYAGGGCUHRAAGUCGG 3' (SEQ.ID.No. 91), 

5' GGUYAGGGCUHRAGUCGG 3' (SEQ.ID.No. 92), and 

5' GGUUAGGGCUHGAAGUCGG 3' (SEQ.ID.No. 93), preferably the core nucleotide 

sequence comprises 5' GGUUAGGGCUHGAAGUCGG 3' (SEQ. ID. No. 93). 

35. The nucleic acid molecule according to any of claims 33 and 34, whereby the nucleic 

acid molecule comprise in 5 '-> 3' direction a first stretch of nucleotides, the core nucleotide 

sequence, and a second stretch of nucleotides. 

36. The nucleic acid molecule according to any of claims 33 and 34, whereby the nucleic 

acid molecule comprise in 5 '-> 3' direction a second stretch of nucleotides, the core nucleotide 

sequence, and a first stretch of nucleotides. 

37. The nucleic acid molecule according to claims 35 and 36, whereby the nucleic acid 

molecule comprises the first and the second stretch of nucleotides and whereby at least a part of 

said first stretch and at least a part of said second stretch of nucleotides optionally hybridize with 

each other, whereby upon hybridization a double-stranded structure is formed. 

38. The nucleic acid molecule according to any of claims 35 to 37, whereby the length of the 

first stretch and the length of the second stretch is individually and independently 0 to 17 

nucleotides, preferably 4 to 10 nucleotides and more preferably 4 to 6 nucleotides. 

39. The nucleic acid molecule according to any of claims 37 and 38, whereby the double­

stranded structure comprises 4 to 10 base pairs, preferably 4 to 6 base pairs, more preferably 5 

base pairs. 

40. The nucleic acid molecule according to claim 39, whereby the double-stranded structure 

comprises 4 to 10 consecutive base pairs, preferably 4 to 6 consecutive base pairs, more 

preferably 5 consecutive base pairs. 
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41. The nucleic acid molecule according to any of claims 35 to 40, whereby the first stretch 

of nucleotides comprises a nucleotide sequence of 5' RKSBUSNVGR 3' (SEQ.ID.No. 120) and 

the second stretch of nucleotides comprises a nucleotide sequence of 5' YYNRCASSMY 3' 

(SEQ.ID.No. 121), 

preferably the first stretch of nucleotides compnses a nucleotide sequence of 

5' RKSBUGSVGR 3' (SEQ.ID.No. 122) and the second stretch of nucleotides comprises a 

nucleotide sequence of 5' YCNRCASSMY 3' (SEQ.ID.No. 123). 

42. The nucleic acid molecule according to any of claims 35 to 40, whereby the first stretch 

of nucieotides comprises a nucieotide sequence of 5' XsSSSV 3' (SEQ.ID.No. 124) and the 

second stretch of nucleotides comprises a nucleotide sequence of 5' BSSSXs 3' (SEQ.ID.No. 

125), whereby Xs is either absent or is S. 

43. The nucleic acid molecule according to any of claims 35 to 40 and 42, whereby the first 

stretch of nucleotides comprises a nucleotide sequence of 5' SSSSR 3' (SEQ.ID.No. 130) and 

the second stretch of nucleotides comprise a nucleotide sequence of 5' YSBSS 3' (SEQ.ID.No. 

131), 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' SGGSR 3' 

(SEQ.ID.No. 126) and the second stretch of nucleotides comprises a nucleotide sequence of 

5' YSCCS 3' (SEQ.ID.No. 127). 

44. The nucleic acid molecule according to any of claims 35 to 40, 42, and 43 whereby the 

first stretch of nucleotides comprises a nucleotide sequence of 5' GCSGG 3' (SEQ.ID.No. 128) 

and the second stretch of nucleotides comprises a nucleotide sequence of 5' CCKGC 3' 

(SEQ.ID.No. 129), 

preferably the first stretch of nucleotides comprises a nucleotide sequence of 5' GCCGG 3' and 

the second stretch of nucleotides comprises a nucleotide sequence of 5' CCGGC 3'. 
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45. The nucleic acid molecule according to any of claims 35 to 40, whereby the first stretch 

of nucleotides comprises a nucleotide sequence of 5' CGUGCGCUUGAGAUAGG 3' and the 

second stretch of nucleotides comprises a nucleotide sequence of 5' CUGAUUCUCACG 3'. 

46. The nucleic acid molecule according to any of claims 35 to 40, whereby the first stretch 

of nucleotides comprises a nucleotide sequence of 5' UGAGAUAGG 3' and the second stretch 

of nucleotides comprises a nucleotide sequence of 5' CUGAUUCUCA 3 '. 

47. The nucleic acid molecule according to any of claims 35 to 40, whereby the first stretch 

of nucleotides comprises a nucleotide sequence of 5' GAGAUAGG 3' and the second stretch of 

nucleotides comprises a nucleotide sequence of 5' CUGAUUCUC 3 '. 

48. The nucleic acid molecule according to any of claims 33 to 47, whereby the nucleic acid 

molecule has a nucleic acid sequence according to any of SEQ.ID.Nos. 79 to 89, 94 to 119, and 

134 to 136. 

49. The nucleic acid molecule according to claim 11, whereby the nucleic acid molecule has 

a nucleic acid sequence according to any of SEQ.ID.Nos. 142 to 144. 

50. The nucleic acid molecule according to any of claims 1 to 49, whereby the nucleic acid 

molecule is an antagonist to SDF-1. 

51. The nucleic acid molecule according to any of claims 1 to 49, whereby the nucleic acid 

molecule is an antagonist of the SDF-1 receptor system, whereby the SDF-1 receptor of the 

SDF-1 receptor system is one preferably selected from CXCR4 and CXCR7. 

52. The nucleic acid molecule according to any of claim 1 or 51, whereby the SDF-1 is a 

human SDF-1 and/or the SDF-1 receptor of the SDF-1 receptor system is a human SDF-1 

receptor. 

53. The nucleic acid molecule according to any of claim 1 to 52, whereby SDF-1 comprises 

an amino acid sequence according to SEQ ID No. 1. 
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54. The nucleic acid according to any of claims 1 to 53, wherein the nucleic acid comprises a 

modification. 

55. The nucleic acid according to claim 54, whereby the modification is selected from the 

group comprising a HES moiety and a PEG moiety. 

56. The nucleic acid according to claim 55, whereby the modification is a PEG moiety 

consisting of a straight or branched PEG, whereby the molecular weight of the PEG moiety is 

preferably from about 2 to 180 kD, more preferably from about 60 to 140 kD and most 

preferably about 40 kD. 

57. The nucleic acid according to claim 55, whereby the modification is a HES moiety, 

whereby preferably the molecular weight of the HES moiety is from about 10 to 130 kD, more 

preferably from about 30 to 130 kD and most preferably about 100 kD. 

58. The nucleic acid according to any of claims 1 to 57, whereby the nucleotides of the 

nucleic acid are L-nucleotides, preferably the nucleotides of the sequences according to any of 

SEQ.ID:No. 19, 20, 21, 22, 57, 58, 90, 91, 92, and 93. 

59. A pharmaceutical composition comprising a nucleic acid according to any of claims 1 to 

58 and optionally at least a further constituent, whereby the further constituent is selected from 

the group comprising pharmaceutically acceptable excipients and pharmaceutically active 

agents. 

60. Use of a nucleic acid according to any of claims 1 to 58 for the manufacture of a 

medicament. 

61. Use according to claim 60, whereby the medicament is used for mobilization of 

progenitor cell and/or stem cells into the peripheral blood, and/or for the treatment of diseases 

and/or disorders preferably selected from the group comprising wound healing; burn; disorders 

caused by or associated with damaged organ tissue and/or damaged vasculature, whereby such 
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disorders are selected from retinal and choroidal damage, stroke, myocardial damage, 

myocardial infarct, ischemia after organ transplantation and traumatic injury; and hematopoietic 

disorders, whereby such disorders are selected from aplastic anemia, leukaemia, drug-induced 

anemia and leukopenia, and bacterial infection in leukopenia. 

62. Use according to claim 60, whereby the medicament is for mobilization of cancer cells 

into the peripheral blood of a subject. 

63. Use according to claim 62, whereby the cancer cells are selected from leukemic cells, 

lymphoma cells, cancer stem cells, cancer cells with metastatic potential and cancer metastases. 

64. Use according to any of claims 62 and 63, whereby ihe medicament is used in 

combination with a second pharmaceutically active agent, whereby the second pharmaceutically 

active agent is suitable for mobilizing cancer cells into the peripheral blood of a subject, whereby 

the second pharmaceutically active agent is preferably selected from cancer cell mobilizing 

agents. 

65. Use according to any of claims 62 to 64, whereby the medicament is used in combination 

with a third pharmaceutically active agent, whereby the third pharmaceutically active agent 

damages, destroys and/or labels the cancer cells in the peripheral blood, whereby the label leads 

to an adtivation of body's defences. 

66. Use according to any of claims 62 to 65, whereby the subject 1s subsequently or 

concomitantly undergoing chemotherapy and/or radiotherapy. 

67. Use according to any of claims 65 to 66, whereby the medicament is used for the 

treatment and/or prevention of cancer, preferably solid tumours and hematological cancer, more 

preferably leukemia, lymphoma, and myeloma. 

68. Use according to claim 60, whereby the medicament is for mobilization of long-lived 

plasma cells, B cells and/or T cells into the peripheral blood of a subject, whereby preferably the 

B cells and/or .T cells are memory B cells and/or memory T cells. 
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69. Use according to claim 68, whereby the medicament is used in combination with a 

second pharmaceutically active agent, whereby the second pharmaceutically active agent is used 

for mobilization of long-lived plasma cells, B cells and/or memory T cells into the peripheral 

blood of a subject, whereby the second pharmaceutically active agent is preferably selected from 

cell mobilizing agents. 

70. Use according to any of claims 68 and 69, whereby the medicament is used in 

combination with a third pharmaceutically active agent and the third pharmaceutically active 

agent damages, destroys and/or labels the long-lived plasma cells, B cells and/or T cells in the 

peripheral blood, whereby the label leads to an activation of body's defences. 

71. Use according to any of claims 68 to 70, wherein the subject is subsequently or 

concomitantly undergoing chemotherapy and/or radiotherapy. 

72. Use according to any of claims 68 to 71, whereby the medicament is used for the 

treatment and/or prevention of 

systemic autoimmune diseases whereby such systemic autoimmune disease is preferably 

selected from allergy, warm and cold autoimmune hemolytic anemia, systemic inflammatory 

response syndrome, hemorrhagic shock, diabetes type 1, diffuse scleroderma, polychondritis, 

polygla'.ndular autoimmune syndrome, systemic lupus erythematosus and manifestations thereof, 

rheumatoid arthritis, rheumatic disease in the eye, brain, lung, kidneys, heart, liver, 

gastrointestinal tract, spleen, skin, bones, lymphatic system, blood or other organs; 

autoimmune diseases of the gastrointestinal tract whereby such autoimmune disease of the 

gastrointestinal tract is preferably selected from Crohn's disease, colitis ulcerosa, celiac disease, 

gluten intolerance, inflammatory bowel disease, pancreatitis, eosinophilic esophagitis; 

autoimmune diseases of the skin whereby such autoimmune disease of the skin is preferably 

selected from psoriasis, urticaria, dermatomyositis, pemphigus vulgaris, pemphigus foliaceus, 

bullous pemphigoid, Morphea/linear scleroderma, vitiligo, dermatitis herpetiformis or Duhring's 

disease, lichen sclerosis; 

autoimmune diseases of the vasculature whereby such autoimmune disease of the vasculature 

is preferably . selected from vasculitides, preferably arteritis temporalis, vasculitis, vascular 
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leakage, polymyalgia rheumatica, atherosclerosis, Churg-Strauss syndrome, Takayasu arteritis, 

Goodpasture syndrome, preferably mostly affecting the kidneys, more specifically the glomeruli, 

and/or also mostly affecting the lungs, glomerulonephritis, polyarteritis nodosa, Beh9et's disease; 

autoimmune diseases of the nervous system whereby such autoimmune disease of the nervous 

system is preferably selected from multiple sclerosis, chronic inflammatory demyelinating 

polyneuropathy, neurocognitive dysfunction, stiff-man syndrome, Guillain-Barre syndrome, 

myasthenia gravis, Lambert-Eaton syndrome; 

muscular skeletal autoimmune diseases whereby such muscular skeletal autoimmune disease 

is preferably selected from ankylosing spodylitis, sarcoidosis, polymyalgia rheumatica, 

polymyositis, psoriatic arthritis, rheumatic fever, polychondritis, fibromyalgia, juvenile 

rheumatoid arthritis, Lyme disease, reactive arthritis, spondyloarthropathy, degenerative joint 

disease; 

other autoimmune diseases whereby such other autoimmune diseases are preferably selected 

from Cogan syndrome, autoimmune adrenalitis, Meniere's disease, local inflammations, alopecia 

areata, acute inflammatory diseases, primary biliary cirrhosis, Sjorgen's syndrome, scleroderma 

such as diffuse scleroderma, CREST syndrome and/or Morphea/linear scleroderma, autoimmune 

uveitis, Hashimoto thyroiditis, Graves disease, autoimmune hepatitis, glomerulonephritis, anti­

phospholipid syndrome, idiopatic pulmonar fibrosis, autoimmune infertility, immune complex 

disordes and peritonitis; 

transplant rejection of a transplanted organ, whereby such organ is selected from liver, 

kidney~ intestine, lung, heart, skin, limb, cornea, islets of Langerhans, bone marrow, blood 

vessels, pancreas; 

and/or Graft-versus-Host-Disease after bone marrow transplantation. 

73. Use according to claim 60, whereby the medicament is for inhibition of migration of 

leukocytes. 

74. Use according to claim 73, whereby the medicament is for prevention and/or treatment of 

transplant rejection of transplanted organs, such as liver, kidney, intestine, lung, heart, skin, limb, 

cornea, islets of Langerhans, bone marrow, blood vessels and pancreas. 
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75. Use according to claim 73, whereby the medicament is used for the treatment and/or 

prevention of inflammation occurring in or being associated with 

systemic autoimmune diseases whereby such systemic autoimmune disease is preferably 

selected from allergy, warm and cold autoimmune hemolytic anemia, systemic inflammatory 

response syndrome, hemorrhagic shock, diabetes type 1, diffuse scleroderma, polychondritis, 

polyglandular autoimmune syndrome, systemic lupus erythematosus and manifestations thereof, 

rheumatoid arthritis, rheumatic disease in the eye, brain, lung, kidneys, heart, liver, 

gastrointestinal tract, spleen, skin, bones, lymphatic system, blood or other organs; 

autoimmune diseases of the gastrointestinal tract whereby such autoimmune disease of the 

gastrointestinal tract is preferably selected from Crohn's disease, colitis ulcerosa, celiac disease, 

gluten intolerance, inflammatory bowel disease, pancreatitis, eosinophilic esophagitis; 

autoimmune diseases of the skin whereby such autoimmune disease of the skin is preferabiy 

selected from psoriasis, urticaria, dermatomyositis, pemphigus vulgaris, pemphigus foliaceus, 

bullous pemphigoid, Morphea/linear scleroderma, vitiligo, dermatitis herpetiformis or Duhring's 

disease, lichen sclerosis; 

autoimmune diseases of the vasculature whereby such autoimmune disease of the vasculature 

is preferably selected from vasculitides, preferably arteritis temporalis, vasculitis, vascular 

leakage, polymyalgia rheumatica, atherosclerosis, Churg-Strauss syndrome, Takayasu arteritis, 

Goodpasture syndrome, preferably mostly affecting the kidneys, more specifically the glomeruli, 

and/or also mostly affecting the lungs, glomerulonephritis, polyarteritis nodosa, Beh9et's disease; 

autoimmune diseases of the nervous system whereby such autoimmune disease of the nervous 

system is preferably selected from multiple sclerosis, chronic inflammatory demyelinating 

polyneuropathy, neurocognitive dysfunction, stiff-man syndrome, Guillain-Barre syndrome, 

myasthenia gravis, Lambert-Eaton syndrome; 

muscular skeletal autoimmune diseases whereby such muscular skeletal autoimmune disease 

is preferably selected from ankylosing spodylitis, sarcoidosis, polymyalgia rheumatica, 

polymyositis, psoriatic arthritis, rheumatic fever, polychondritis, fibromyalgia, juvenile 

rheumatoid arthritis, Lyme disease, reactive arthritis, spondyloarthropathy, degenerative joint 

disease; 

and/or other autoimmune diseases whereby such other autoimmune diseases are preferably 

selected from Cogan syndrome, autoimmune adrenalitis, Meniere's disease, local inflammations, 

alopecia areata, acute inflammatory diseases, primary biliary cirrhosis, Sjorgen's syndrome, 
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scleroderma such as diffuse scleroderma, CREST syndrome and/or Morphea/linear scleroderma, 

autoimmune uveitis, Hashimoto thyroiditis, Graves disease, autoimmune hepatitis, 

glomerulonephritis, anti-phospholipid syndrome, idiopatic pulmonar fibrosis, autoimmune 

infertility, immune complex disordes and peritonitis. 

76. Use according to claim 73 for the manufacture of a medicament, whereby the 

medicament is for the treatment and/or prevention of allergic reactions of the skin and/or the 

mucosa of airways, preferably hay fever, asthma, airway hyper-responsiveness and/or dermatitis. 

77. Use according to claim 76, whereby the dermatitis is contact dermatitis and/or atopic 

dermatitis. 

78. A method for obtaining progenitor cells and/or stem cells from a first subject which 

method comprises 

c) administering to the subject a nucleic acid according to any of claims 1 to 58 in an 

amount effective to mobilize said progenitor cells and/or stem cells into the peripheral 

blood of said subject; 

d) followed by harvesting said progenitor cells and/or stem cells from said subject. 

79. The method according to claim 78, wherein harvesting of progenitor cells and/or stem 

cells is done by apheresis, leukapheresis, cell sorting and/or flow cytometry. 

80. The method according to any of claims 78 or 79, wherein the first subject or a second 

subject is subsequently or concomitantly undergoing chemotherapy and/or radiotherapy. 

81. The method according to claim 80, wherein after chemotherapy and/or radiotherapy of 

the first subject or the second subject the harvested progenitor cells and/or stem cells of the first 

subject or the second subject are administered into the peripheral blood of the first subject or the 

second subject. 

82. The method according to any of claims 78 to 81, whereby the harvested progenitor cells 

and/or stem cells are expanded and the expanded progenitor cells and/or stem cells administered 

bhang
Rectangle



WO 2009/019007 PCT /EP2008/0064 73 

167 

to first subject or to the second subject, whereby preferably the expanded progenitor cells and/or 

stem cells are administered by intraveneous or local injection. 

83. The method according to any of claims 78 to 82, whereby the method is used for the 

treatment of cancer, preferably solid tumours and hematological malignancies. 

84. The nucleic acid molecule according to any of claims 1 to 58 for use in a method 

according to any of claims 78 to 83. 

85. A method for depletion long-lived plasma cells, B cells and/or T cells from a subject 

which method comprises 
\ r1 • • • L t-• 1 • • 1 1• . ,,... .. • ~ -- · c, Uu..tT1.m1stcnng to tue suujeCt a nuc1eic aciO accorumg IO any or claims 1 to )8 m an 

amount effective to mobilize said long-lived plasma cells, B cells and/or T cells into the 

peripheral blood of said subject; 

d) followed by harvesting said long-lived plasma cells, B cells and/or T cells from said 

subject; 

whereby preferably the depleted and harvested T cells are memory T cells. 

86. The method according to claim 85 wherein harvesting of the long-lived plasma cells, B 

cells and/or T cells is done by apheresis, cell sorting and/or flow cytometry, preferably by flow 

cytometry with surface markers appropriate for said cells. 

87. The method according to any of claims 78 to 83 and 85 to 86, whereby the method is 

used in the treatment and/or prevention of 

systemic autoimmune diseases whereby such systemic autoimmune disease is preferably 

selected from allergy, warm and cold autoimmune hemolytic anemia, systemic inflammatory 

response syndrome, hemorrhagic shock, diabetes type 1, diffuse scleroderma, polychondritis, 

polyglandular autoimmune syndrome, systemic lupus erythematosus and manifestations thereof, 

rheumatoid arthritis, rheumatic disease in the eye, brain, lung, kidneys, heart, liver, 

gastrointestinal tract, spleen, skin, bones, lymphatic system, blood or other organs; 
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autoimmune diseases of the gastrointestinal tract whereby such autoimmune disease of the 

gastrointestinal tract is preferably selected from Crohn's disease, colitis ulcerosa, celiac disease, 

gluten intolerance, inflammatory bowel disease, pancreatitis, eosinophilic esophagitis; 

autoimmune diseases of the skin whereby such autoimmune disease of the skin is preferably 

selected from psoriasis, urticaria, dermatomyositis, pemphigus vulgaris, pemphigus foliaceus, 

bullous pemphigoid, Morphea/linear scleroderma, vitiligo, dermatitis herpetiformis or Duhring's 

disease, lichen sclerosis; 

autoimmune diseases of the vasculature whereby such autoimmune disease of the vasculature 

is preferably selected from vasculitides, preferably arteritis temporalis, vasculitis, vascular 

leakage, polymyalgia rheumatica, atherosclerosis, Churg-Strauss syndrome, Takayasu arteritis, 

Goodpasture syndrome, preferably mostly affecting the kidneys, more specifically the glomeruli, 

and/or also mostiy affecting the iungs, giomeruionephritis, poiyarteritis nodosa, Beh9et's disease; 

autoimmune diseases of the nervous system whereby such autoimmune disease of the nervous 

system is preferably selected from multiple sclerosis, chronic inflammatory demyelinating 

polyneuropathy, neurocognitive dysfunction, stiff-man syndrome, Guillain-Barre syndrome, 

myasthenia gravis, Lambert-Eaton syndrome; 

muscular skeletal autoimmune diseases whereby such muscular skeletal autoimmune disease 

is preferably selected from ankylosing spodylitis, sarcoidosis, polymyalgia rheumatica, 

polymyositis, psoriatic arthritis, rheumatic fever, polychondritis, fibromyalgia, juvenile 

rheumatoid arthritis, Lyme disease, reactive arthritis, spondyloarthropathy, degenerative joint 

di sea.Se; 

other autoimmune diseases whereby such other autoimmune diseases are preferably selected 

from Cogan syndrome, autoimmune adrenalitis, Meniere's disease, local inflammations, alopecia 

areata, acute inflammatory diseases, primary biliary cirrhosis, Sjorgen's syndrome, scleroderma 

such as diffuse scleroderma, CREST syndrome and/or Morphea/linear scleroderma, autoimmune 

uveitis, Hashimoto thyroiditis, Graves disease, autoimmune hepatitis, glomerulonephritis, anti­

phospholipid syndrome, idiopatic pulmonar fibrosis, autoimmune infertility, immune complex 

disordes and peritonitis; 

transplant rejection of a transplanted organ whereby such organ is selected from liver, 

kidney, intestine, lung, heart, skin, limb, cornea, islets of Langerhans, bone marrow, blood 

vessels, pancreas; 

and/or Graft-versus-Host-Disease after bone marrow transplantation. 
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88. The nucleic acid molecule according to any of claims 1 to 58 for use in a method 

according to any of claims 85 to 87. 

89. Use of a nucleic acid as defined in claim 11 to 58 for the manufacture of a medicament, 

whereby the medicament is for the treatment and/or prevention of nephropathy, preferably 

diabetic nephropathy. 

90. Use of a nucleic acid as defined in claims 11 to 58 for the manufacture of a medicament, 

whereby the medicament is for the treatment and/or prevention of hypertension, preferably 

pulmonary hypertension. 

91. Use of a nucleic acid as defined in claims 11 to 58 for the manufacture of a medicament, 

whereby the medicament is for the treatment and/or prevention of fibrosis, preferably idiopathic 

pulmonary fibrosis. 

92. Use according to claim 91, whereby the medicament 1s for the treatment and/or 

prevention of fibrosis within the wound healing process. 

93. Use of a nucleic acid as defined in claims 11 to 58 for the manufacture of a medicament, 

whereby the medicament is for the treatment of a disease and/or disorder that involves 

angiogenesis and/or neovascularization. 

94. Use according to claim 93, whereby the medicament is used for combination therapy with 

an agent inhibiting VEGF. 

95. Use according to claim 94, whereby the medicament is used in subjects that weakly 

respond to therapy with an agent inhibiting VEGF. 

96. Use according to claim 93, whereby the medicament is used in subjects that do not 

respond to therapy with an agent inhibiting VEGF. 
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97. Use of a nucleic acid according to claim 93, whereby the disease and/or disorder involves 

and/or is associated with choroidal neovascularization. 

98. Use according to any of claims 93 to 97, whereby the disease and/or disorder is selected 

from the group comprising retinal diseases, preferably age-related macular degeneration, diabetic 

retinopathy, retinal vein occlusion, macular edema and retinal edema. 

99. Use according to any of claims 93 to 96, whereby the disease is selected from the group 

comprising cancer, preferably solid tumours and metastases. 

100. Use according to claim 60, whereby the medicament is to be administered to a subject 

which is or is to be undergoing a treatment regimen which depietes progenitor ceils and/or stem 

cells in the subject, preferably depletion in the peripheral blood. 

101. Use according to any of claims 60 or 100, whereby the medicament is to be administered 

to a subject which is or is to be undergoing chemotherapy and/or radiotherapy. 

102. Use according to claim 60, whereby the medicament is for restoration or improvement of 

an immune system in a subject. 

103. ' A molecule that inhibits the signalling between SDF-1 and the SDF-1 receptor for the 

manufacture of a medicament, whereby the medicament is for the treatment and/or prevention of 

nephropathy, preferably diabetic nephropathy. 

104. The molecule according to claim 103, whereby the molecule is an SDF-1 binding 

molecule or an SDF-1 receptor binding molecule and comprises target-binding nucleic acids like 

aptamers and Spiegelmers, antibodies and small molecules. 

105. The SDF-1 binding molecule according to any of claims 103 to 104, whereby the 

molecule is a nucleic acid molecule as defined in any one of claims 11 to 58. 
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106. The molecule according to claim 103, whereby the molecule is a molecule that inhibits 

the expression of SDF-1 or the SDF-1 receptor and comprises siRNA molecules, ribozymes, 

antisense molecules and inhibitors of transcription factors. 

107. A nucleic acid molecule according to any one of claims 6 to 58 for use in a method for 

inhibiting the migration of leukocytes. 

108. A SDF-1 binding molecule that does not cross the blood-brain barrier for use in the 

mobilization of bone marrow derived stem cells pr for use in the manufacture of a medicament, 

preferably a medicament for the mobilization of bone marrow derived stem cells. 

109. The SDF-1 binding rnolecule acconling to daim 108, whereby the medicament is used 

for the amelioration of an injury of the central nervous system and/or for the promotion of tissue 

repair after stroke, preferably ischemic stroke. 

110. The SDF-1 binding molecule according to claim 109, whereby the SDF-1 binding 

molecule comprises target-binding nucleic acids selected from the group comprising aptamers, 

Spiegelmers, antibodies and small molecules. 

111. The SDF-1 binding molecule according to any of claims 108 to 110, whereby the 

mole'cule is a nucleic acid molecule as defined in any one ofdaims 10 to 58. 

112. The nucleic acid molecule according to any of claims 1 to 58 for use in the treatment of a 

disease as defined in any of the preceding claims. 

113. Use of a nucleic acid as defined in claims 11 to 58 for the manufacture of a medicament, 

whereby the medicament is for the treatment and/or prevention of the WHIM syndrome. 

114. Use of a nucleic acid as defined in claims 11 to 58 for the manufacture of a medicament, 

whereby the medicament is for the treatment and/or prevention of growth and metastases of 

cancer, and growth ofneoplasia. 
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115. Use of a nucleic acid as defined in claims 11 to 58 for the manufacture of a medicament, 

whereby the medicament is administered to a subject prior to chemotherapy, preferably 

chemotherapy administered for the treatment cancer. 
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