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Abstract: In 2002, the Vienna Cancer Stem Cell Club (VCSCC) was inaugurated by a group of scientists at the Medical University 
of Vienna, with the primary goal to initiate and promote cancer stem cell (CSC) research in Austria and to exploit knowledge from 
this new discipline in translational approaches. During the first years following inauguration, the VCSCC-community was small and 
left without major funding. However, over time the consortium was able to launch several major project-lines, supported in part by 
the National Science Funds, a Genome Program, and the Ludwig-Boltzmann Society. Today, the VCSCC provides a robust 
intellectual platform for ongoing research in the field of translational oncology and CSC-research in Austria. In addition, the VCSCC 
is connected to several major CSC-networks and centers in Europe and in North America, and is a well-recognized group in the field. 
The VCSCC also organized a series of CSC Meetings and Conferences, and contributed essentially to a recently published 
classification of CSC. There is also hope that the VCSCC-consortium will further advance the field of CSC research in the future, 
and will create novel concepts, with the ultimate aim to improve anti-cancer therapy through elimination, suppression, or long-term 
control of cancer-initiating cells. 
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1. Introduction and Historical Aspects 

During the past 15 years, cancer stem cells (CSC) 

have been studied extensively in basic science and 

translational oncology [1-7]. As per definition, CSC 

but not their more mature progeny (daughter cells), 

are capable of propagating the neoplasm (cancer) in 

the natural host for unlimited time periods [1-3]. This 

definition implies that CSC have self-renewal and 

long-term proliferative capacity as well as a certain 
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ability to undergo asymmetrical cell division and 

subsequent differentiation to form the mass of “more 

mature” elements of the tumor. Initially, the “CSC 

hypothesis” has been established in certain leukemia 

models, where the cellular hierarchy and 

CSC-dependence of the clone are obvious features 

[1-5, 8-12]. Notably, CSC, referred to as 

leukemia-propagating or leukemic stem cells (LSC) in 

leukemic patients, have been identified and partly 

characterized in acute myeloid leukemia (AML) and 

Philadelphia chromosome-positive (Ph+) chronic 

myeloid leukemia (CML) [8-12]. In the chronic phase 
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of CML, the clonal hierarchy is associated with a 

substantial differentiation- and maturation capacity of 

leukemic cells, which is a pathognomonic feature in 

CML. More recently, the CSC hypothesis has also 

been tested successfully in various models of solid 

tumors, malignant melanoma, lymphoma, and 

multiple myeloma [13-20]. The stem cell hierarchy is 

also demonstrable in these malignancies. However, in 

advanced solid tumors and melanomas, but also in the 

terminal stage of leukemias, the cellular hierarchy is 

“flat” compared to “earlier” phases of the disease. In 

addition, neoplastic stem cells are heterogeneous 

populations of cells in various tumors, and stemness 

may sometimes even be a reversible feature and not 

hierarchically organized in all subclones of a given 

neoplasm [21-27]. 

Clinically important issues in CSC research are the 

identification of CSC-related markers and oncogenic 

pathways, the identification of molecular targets in 

these cells, and the CSC-eradicating potential of 

various targeted drugs and drug combinations    

(Table 1) [28-32]. However, although diverse CSC 

markers, targets, and target pathways have been 

identified, several questions remain, such as the origin 

and evolution of CSC, mechanisms underlying 

resistance of CSC against conventional drugs or/and 

targeted drugs, and the molecular mechanisms that 

may contribute to molecular interactions between 

CSC and microenvironmental (stromal) cells in the 

so-called “stem cell niche” [33-37]. 

An important aspect is that during disease evolution, 

CSC proliferation is gradually shifting towards 

symmetrical cell divisions. In addition, more and more 

molecular lesions (aberrations), epigenetic changes 

and posttranslational modifications are acquired by 

CSC. As a result, CSC in an overt tumor is quite 

heterogeneous populations of cells, with varying 

combinations of molecular lesions and oncogenic 

pathways, resulting in a variable tumorigenic potential 

of CSC-subpopulations [31, 38-43]. Subclone 

formation is based on genomic instability and 

plasticity of CSC, patient-related factors (such as the 

immune system) and the increased rate of symmetrical 

cell divisions that lead to a continuous expansion and 

diversification of the CSC pool [38-43]. Subclone 

formation is also considered to contribute essentially 

to acquired resistance against diverse types of drugs 

(multidrug resistance) [38-43]. Notably, CSC often 

remain unresponsive to many different drugs because 

of “intrinsic” (natural) stem cell resistance combined 

with multiple (additional) mechanisms of “acquired 

(subclone-specific) resistance” [31, 40]. Finally, 

several different interactions between CSC and the 

so-called stem cell niche, but also between CSC and 

the immune system, may contribute to drug resistance 

in CSC [35-37]. 
 

Table 1  Major issues in cancer stem cell research. 

Origin of neoplastic stem cells (NSC) and evolution to CSC/LSC 

Definition of NCS (biology and function) and CSC/LSC 

Terminology–Nomenclature 

Classification of NSC: Premalignant NSC versus Malignant NSC (= CSC/LSC) 

Comparing various disease models: LSC and CSC in various cancer types 

Stem cell assays and models 

NSC Purification protocols 

Impact of the stem cell niche 

Impact of the immune system 

Markers and targets of NCS 

Effects of targeted drugs 

Definition of eradication 

Eradication of CSC/LSC versus eradication of all NSC 

NSC, neoplastic stem cell(s); CSC, cancer stem cell(s); LSC, leukemic stem cell(s). 
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Whereas research on CSC has developed rapidly in 

various countries in the past decade, this field of 

science was not expanding in Austria for quite a long 

time. However, between 2002 and 2005, first attempts 

were made to establish robust CSC assays in various 

disease models in several institutions in Austria. One 

essential step forward was the establishment of robust 

human tumor cell xenotransplantation models using 

highly immunodeficient mice. 

In the year 2002, a local group of experts working 

in the field of cancer research at the Medical 

University of Vienna, started to meet regularly (once 

per week Monday afternoon) to discuss theoretical 

and practical (translational) aspects of CSC research 

and various ongoing projects. After some months, the 

group decided to implement this meeting-platform by 

introducing the Vienna Cancer Stem Cell Club 

(VCSCC). The VCSCC was inaugurated in November 

2002. 

During the past 10 years, the VCSCC expanded 

substantially, and started a series of projects in CSC 

research in Vienna. After some years, members of the 

VCSCC were able to organize funding for their 

research on CSC and to publish major results on the 

biology and function of CSC. In addition, members of 

the VCSCC organized a series of meetings and 

conferences between 2002 and 2012. The aims, 

achievements, meetings and future perspectives of the 

VCSCC are summarized in this article. 

2. Major Aims of the VCSCC 

A general strategic aim of the VCSCC is to provide 

a solid multi-disciplinary platform for interactive 

discussions and cooperative research on CSC in 

Vienna. A related specific aim is to assist in the 

initiation of specific cooperations in the field of CSC 

research, and to intensify and assist ongoing 

collaborations with national and international partners 

working on CSC. To reach these goals, the VCSCC 

has established a weekly jour fix meeting to discuss 

novel developments in the field and new results in 

ongoing projects and cooperations. In addition, the 

VCSCC has organized smaller joint meetings between 

research groups in order to initiate new, and to discuss 

ongoing, collaborative CSC projects in Vienna. 

Another important aim of the VCSCC is to attract 

sponsors and to organize budget for CSC research at 

the Medical University of Vienna. In these 

collaborative projects, drug targets expressed in CSC 

and the effects of various targeted drugs acting on 

(and eliminating) CSC, have been examined. An 

important aim of the VCSCC is to educate young 

scientists interested in CSC research, to promote 

junior group leaders in the field, and to motivate 

clinical colleagues to translate CSC concepts and 

results arising from ongoing CSC research into 

interventional clinical trials (translation). With regard 

to clinical trials and translational projects, the VCSCC 

exploits a strong local network of clinical working 

groups and the many interactions between the Medical 

University of Vienna and other clinical study groups 

as well as diverse industrial partners. Moreover, the 

VCSCC cooperates with the Comprehensive Cancer 

Center (CCC) of the Medical University of Vienna. 

Finally, the VCSCC is connected to the Ph.D. 

program of the Medical University of Vienna and with 

several international working groups and EU projects, 

including an EU training network program focusing 

on CSC research. 

3. Major Topics and Project Lines 

At the time of initiation in 2002, three major project 

lines were launched: one focusing on myeloid 

neoplasms, one on mast cell disorders, and one on 

solid tumors. In the year 2008, two additional project 

lines were initiated, namely one dealing with 

lymphoproliferative neoplasms and one focusing on 

melanomas. Each project line includes several 

different research groups and supports a number of 

defined cooperative research efforts. Depending on 

the expertise of the group, developments in the field, 

and available tools and funding, the VCSCC decided 
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to focus on certain disease-models in each cancer 

group. Among myeloid neoplasms, the VCSCC has a 

focus in acute myeloid leukemia (AML), 

myelodysplastic syndromes (MDS) and chronic 

myeloid leukemia (CML). Within mast cell disorders, 

the VCSCC works on the characterization of 

neoplastic (stem) cells in mast cell leukemia (MCL). 

Within the field of solid tumors, the VCSCC focuses 

primarily on colon adenomas and colon carcinomas 

and on certain gynecological tumors. Among 

lymphoproliferative neoplasms, chronic lymphocytic 

leukemia (CLL) and acute lymphoblastic leukemia 

(ALL) were selected as major disease models. In 

addition, the VCSCC focused on advanced skin 

melanomas. In each project line, the VCSCC managed 

to organize constant access to primary tumor cell 

material and to establish robust xenotransplantation 

models through collaborations with various scientific 

partners and groups at the Medical University of 

Vienna, the Veterinary University of Vienna and other 

major institutions in Vienna.  

4. Structure and Regular Meetings 

The VCSCC is a non-profit cooperative platform of 

scientists without any legal status. Members of the 

VCSCC are not obliged to any duties or 

responsibilities, and all input and contribution to the 

VCSCC is provided on a voluntary basis. The VCSCC 

meets once a week every Monday at 5 p.m. at the 

Medical University of Vienna. These meetings 

represent a valuable platform for scientific discussions 

and collaborations. Novel projects are introduced and 

ongoing projects are discussed on a regular basis: 

projects on myeloid neoplasms in the first week (first 

Monday) in each month, lymphoid neoplasms in the 

second, solid tumors in the third, and melanomas and 

mast cell tumors in the fourth week of each month. 

The VCSCC also hosts a weekly journal club and a 

seminar series of the Ludwig Boltzmann Cluster 

Oncology (LB-CO) of Vienna. Finally, the VCSCC 

has organized a number of smaller and larger 

scientific meetings, including a series of working 

conferences and international top meetings on CSC in 

the past 10 years (Table 2 and text below).  

5. Established Cooperations and Networking 

The VCSCC has established numerous cooperations 

with local, national and international groups working 

in the field of CSC research, various academic 

organizations and societies in the field of oncology 

and hematology. One good example is the European 

Hematology Association (EHA). The VCSCC has 

several active collaborations within the EHA and P.V. 

is co-chairing a scientific working group (SWG) on 

CSC in this rapidly growing Medical Society. The 

VCSCC has also established several important 

collaborations with suitable industrial partners 

interested in CSC research. Based on the mutual 

interest of both partners, many of these collaborations 

are rapidly expanding or have been intensified in the 

past few years. Whereas the academic partners are 

able to test new innovative drugs against CSC, the 

industrial partners may learn whether their drugs may 

indeed have a curative (CSC-eliminating) potential 
 

Table 2  Meetings organized, co-organized or initiated by the VCSCC. 

First Vienna Cancer Stem Cell Meeting 2004 

Second Vienna Cancer Stem Cell Meeting 2008 

Ludwig Boltzmann Cluster Oncology (LB-CO) Meeting 2010 

ESH-EHA Scientific Workshop on Cancer Stem Cells 2011 

Year 2011 Working Conference on Cancer Stem Cells 

EHA Cancer Stem Cell SWG Meetings 2010, 2011, 2012 

10 Year Jubilee Meeting of the VCSCC–Vienna 2012 

ESH-EHA Scientific Workshop on Cancer Stem Cells 2013 
VCSCC, Vienna Cancer Stem Cell Club; ESH, European School of Hematolgy; EHA, European Hematology Association; SWG, 
Scientific Working Group. 
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6. Major Events and Conferences 

The first Cancer Stem Cell Meeting in Vienna was 

organized by the VCSCC in 2004 (Table 2). Several 

pioneers in the field of CSC research, including 

Connie Eaves and Michael Clarke, participated. The 

meeting was well organized and served as a 

starting-point of CSC research for several groups in 

Austria. A second Cancer Stem Cell Meeting was 

organized by the VCSCC in the year 2008 (Table 2). 

Again, numerous authorities in the field participated 

and the event was a great success. In this meeting, the 

Vienna VCSCC consortium was presented to the 

scientific community for the first time. It turned out 

that similar networks also exist or are just being 

established in several other countries in Europe, such 

as in France (Paris), but also in North America. In 

2011, the VCSCC organized the Year 2011 Working 

Conference on CSC (Table 2). In this meeting, a panel 

of authorities in the field discussed various aspects of 

CSC research, including terminologies, the biology 

and heterogeneity of CSC, as well as limitations of 

concepts and assays [40]. Furthermore, a new 

classification of CSC was proposed by the faculty. 

Based on this proposal, neoplastic stem cells (the 

umbrella term) can be divided into premalignant (in 

leukemias: pre-leukemic) neoplastic stem cells and 

malignant (leukemic) neoplastic stem cells [40]. 

Premalignant (pre-leukemic) neoplastic stem cells can 

produce a premalignant neoplastic condition (e.g., a 

myelodysplastic syndrome or colona adenoma) but 

not a fully transformed malignancy (e.g., acute 

leukemia or colon carcinoma). However, over time, 

premalignant neoplastic stem cells may transform into 

fully malignant neoplastic stem cells (= CSC), 

depending on additional lesions and hits and 

epigenetic modifications [40-44]. Thus, stem cell 

evolution is a multi-faceted and multi-step process 

that takes years or even decades, and is propagated in 

one, more, or many different (separately developing) 

subclones. This new concept and classification of 

neoplastic stem cells may explain a number of 

different clinical phenomena, such as the extensive 

plasticity and heterogeneity of primary and secondary 

cancer lesions, lineage switches of cancer cells, or the 

different biology and resistance of relapsing disease 

[40, 43, 45-47]. The faculty delivered consensus 

statements and the proposed classification in 2012 

[40]. In the meantime, this new concept has received 

broader acceptance in the field [41-43]. In October 

2012, the VCSCC celebrated its 10 Year Jubilee in 

form of a Scientific Workshop in the “Billroth Haus” 

in Vienna (Table 2). 

7. Other Scientific Highlights 

During the past 10 years, the VCSCC has 

accumulated a number of scientific results. Major 

achievements include the development of theoretical 

concepts around CSC, the phenotypic characterization 

of CSC and LSC in various disease models, the 

identification of specific stem cell markers, the 

identification of molecular targets in neoplastic stem 

cells and the evaluation of drug responses. Putative 

LSC were identified in Ph+ CML, CLL, MDS, AML, 

ALL, colon cancer and malignant melanoma [48-54]. 

As assessed by gene chip and antibody-screen 

analyses, several new stem cell antigens, such as 

roundabout-4 (ROBO4), the IL-2 receptor alpha chain 

(CD25), dipeptidyl-peptidase IV (DPPIV = CD26), 

Siglec-3 (CD33) or Campath-1 (CD52), were 

identified in these studies [48-54]. An interesting 

observation was that in all overt leukemias, including 

even CLL, NSC reside within the CD34+ portion of 

the malignant clone. Another interesting observation 

was that several markers identified on leukemic stem 

cells are also detectable on stem cell populations in 

pre- leukemic  condi t ions  and  even  a l so  in 

non-hematologic (solid) tumors. Several of the newly 

identified surface markers on LSC/CSC may also 

serve as molecular targets (Table 3). Examples are 

CD25, CD26, Siglec-3 (CD33) and the Campath-1 

(CD52) antigen. Target validation using shRNA or 
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Table 3  Some major surface targets identified on LSC in AML or/and CML. 

Surface target CD Targeted drug (s) 

IL-2RA 25 Denileukin diftitox 
DPPIV 26 Gliptins (various on the market) 
SIGLEC 3 33 Gemtuzumab ozogamicin 
IAP 47 Targeted antibodies 
CAMPATH 1 52 Alemtuzumab 
KIT 117 Imatinib and other TKI 
IL-3RA 123 Various targeted antibodies 
CLL-1 n.c. Targeted antibodies 
IL-1RAP n.c. Targeted antibodies 
ROBO4 n.c. Not available 
CSC, cancer stem cells; LSC, leukemic stem cells; AML, acute myeloid leukemia; CML, chronic myeloid leukemia; IL-2RA, 
interleukin-2 receptor alpha chain; DPPIV, dipeptidylpeptidase IV; IAP, integrin-associated protein; TKI, tyrosine kinase inhibitors; 
n.c., not yet clustered. 
 

targeted drugs was performed in several instances, 

and in each case, targeting of LSC/CSC was 

followed by their elimination. Unfortunately, 

however, some of these antigens are also expressed 

on normal stem cells or normal immune cells 

relevant to immune surveillance. Therefore, these 

antibody-type drugs also produce side effects, such 

as prolonged cytopenias or immunodeficiency. As a 

result, some of these agents, although very effective 

as anti-leukemic agents, like the CD33-targeted drug 

gemtuzumab-ozogamicin (mylotarg) or the 

CD52-targeted drug alemtuzumab (mabcampath), 

have recently been removed from the       

market. 

During the past few years, members of the VCSCC 

have started to explore the mechanisms underlying the 

interactions between cancer (leukemic) stem cells and 

the organ- and disease-specific microenvironment, the 

so-called stem cell niche. In these analyses, several 

new important interactions have been discovered. An 

example is CD26, also known as di-deptidylpeptidase 

IV, an enzyme that degrades SDF-1-alpha and thereby 

disrupts specific interactions between CSC and the 

stem cell niche [52]. In addition, the VCSSC has a 

strong interest in epigenetic aspects of myeloid 

neoplasms and their LSC [54-56]. Another important 

aim of the VCSCC is to explore mechanisms 

contributing to intrinsic and acquired resistance of 

CSC/LSC against various (targeted or conventional) 

anti-neoplastic drugs. One key of our understanding 

drug resistance is the new model of CSC/LSC 

subclone formation. This model predicts that unlike 

considered previously, many different types or even 

all of the CSC/LSC may be reached and even 

eliminated completely by a certain drug or drug 

combination. Still, however, this does not mean that 

all premalignant neoplastic stem cells (NSC) were 

killed. Notably, premalignant NSC exhibit a particular 

intrinsic resistance which may result from their 

dormancy. After an initially successful therapy, the 

residual premalignant NSC thus serve as a reservoir of 

stem cells and after a certain latency period, these 

cells may transform into fully malignant CSC/LSC 

and thus are responsible for a (late) relapse. Members 

of the VCSCC are running several projects in which 

the biology and the mechanisms underlying resistance 

of premalignant NSC are examined. In addition, 

VCSCC projects aim at identifying mechanisms and 

molecular events contributing to the transformation of 

premalignant NSC into fully malignant CSC/LSC. 

The consortium has recently established a special 

research program (Spezialforschungsbereich—SFB) 

in Vienna in order to explore such mechanisms in 

myeloproliferative neoplasms. Finally, the VCSSC 

has the aim to explore the genetic and epigenetic 

complexity and the signaling maschineries underlying 

cancer stem cell evolution in myeloid neoplasms and 

other malignancies. 



The Vienna Cancer Stem Cell Club (VCSCC): First 10 Years and Future Perspectives 

  

583

8. Summary and Future Perspectives 

The VCSCC was established with the intention to 

initiate and expand CSC research in Vienna and 

Austria, with the hope to exploit arising concepts in 

translational oncology, and with the ultimate aim to 

improve anticancer therapy through elimination or 

complete control of tumor-initating cells. To address 

these aims, the VCSCC has launched several project 

lines and organized a series of meetings and 

conferences in the past 10 years. Visible progress has 

been made in several of these project-lines and there is 

now hope for the future that these concepts can be 

translated into clinical practice. The VCSCC will 

continue to support most important developments in 

the field of CSC, with a major focus on translational 

aspects in hematology and oncology. 
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