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demonstrated in the most extreme case by patients suffering from SCID. 
Agonist-induced calcium oscillations in many cell types are triggered by 
calcium release from intracellular stores and driven by SOCE. However, 
their relative roles in agonist-mediated calcium oscillations remain am-
biguous. We here report that while both STIM1 and STIM2 contribute to 
store-refilling during calcium oscillations in mast cells, T cells and human 
embryonic kidney cells, they do so dependent on the level of store deple-
tion. Molecular 
silencing of STIM2 by siRNA or inhibition by G418 selectively suppress-
es SOCE and agonist-mediated calcium oscillations at low levels of store 
depletion, without interfering with STIM1-mediated signals induced by 
full store depletion. Thus, STIM2 is preferentially activated by low-lev-
el physiological agonist concentrations that cause mild reductions in ER 
calcium levels. We conclude that with increasing agonist concentrations, 
SOCE is mediated initially by endogenous STIM2 and incrementally by 
STIM1, enabling differential modulation of calcium entry over a range of 
stimulus intensities and levels of store depletion. 
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Introduction: Cancer cells might lack the expression of the enzyme 
argininosuccinate synthetase (ASS), which is necessary for the endog-
enous synthesis of arginine from citrulline. Depletion of exogenous 
arginine, e.g. via the enzyme arginine deiminase, is a promising novel 
therapeutic approach and is tested already in phase II/III clinical trials 
for arginine-auxotrophic cancer entities. A better understanding of tumor 
metabolism under amino acid deprivation will likely help to target com-
pensatory pathways that might help tumor cells to evade the metabolic 
stress induced by nutrient restriction. In vitro, tumor cells might form 
3D multicellular tumor spheroids (MCTS) under specific conditions. This 
MCTS model reflects the in vivo complexity of tumor cell metabolism 
with e.g. oxygen, CO2, glucose, amino acid and lactate gradients, in vitro 
much better than the conventional 2D culture. We therefore wanted to set 
up appropriate 3D MCTS as a tool to study tumor metabolism and growth 
under conditions of arginine deprivation.
Methods: MCTS of (i) immortalised murine embryonic fibroblast (MEF) 
clones and (ii) human melanoma or osteosarcoma cell lines were estab-
lished. The various spheroid-forming cell lines differed in their expression 
level of ASS. Tumor growth parameters were analysed in conventional 
2D and 3D MCTS in the presence or absence of arginine ± citrulline sub-
stitution: (I) cellular viability was analysed via flow cytometric annexin 
V / propidium iodide staining as well as via luminescence-based Cellti-
ter-Glo® assay; (II) cellular proliferation was measured with MTS-Assay, 
flow cytometric eFluor® 670 analysis and sequential microscopic deter-
mination of MCTS diameters. 
Results: Arginine depletion leads to profound suppression of tumor cell 
proliferation in 2D and 3D culture conditions in murine as well as in 
human tumor cell lines. This tumor growth arrest can be salvaged via 
exogenous citrulline substitution depending on a proper ASS expression 
of the tumor cells. Arginine depletion induces apoptosis and cell death 
only in 2D cultures while in the 3D MCTS model tumor cell viability is 
not affected and tumor growth can be completely restored via arginine 
re-supplementation after prolonged periods of arginine starvation. 
Conclusions: Our tumor cell MCTS models are a promising tool to study 
and manipulate amino acid availability in tumor tissue. 
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Background: Analysis of epithelial circulating tumor cell analysis in the 
blood of cancer patients is a promising diagnostic field for estimating the 
risk for metastatic relapse and progression. The phenotypic characteriza-
tion of CETCs may provide real-time information and can be of great val-
ue in therapy monitoring. IGF-IR and VEGFR-2 play a crucial role in tu-
mor growth and the progression of cancer disease. Therefore the purpose 
of the current study was to investigate their expression on the CETCs.
Methods: CETCs were determined from blood of 163 patients suffer-
ing from breast, prostate, colorectal and lung cancer. The number of vital 
CETCs and the expression of IGF-IR and VEGFR-2 were investigated 
using the maintrac® method. 
Results: The expression of IGF-IR and VEGFR-2 on the surface of 
CETCs was detected in all types of cancer. The prevalence of CETCs 
with positive staining for IGF-IR and VEGFR-2 in patients with solid 
tumors is summarized in the Table 1. The highest number of vital CETCs 
was observed in prostate cancer patients in comparison with other tu-
mor types. A statistically high correlation was found between IGF-IR 
and VEGFR-2 expression on the CETCs in all cancer types. IGF-IR and 
VEGFR-2 expression on CETCs were positively associated with a higher 
number of CETCs only in breast cancer patients. 

Table 1. The prevalence of CETCs with positive staining for

Tumor type
Number of patients with 
positive staning for IGF-IR 
on CETCs (%)

Number of patients with 
positive staning for VEG-
FR-2 on CETCs (%)

Breast 42/50 (84) 42/50 (84)

Prostate 30/30 (100) 30/30 (100)

Colorectal 45/49 (91.8) 47/49 (96)

Lung 27/34 (79) 27/34 (79)

Conclusion: Our results demonstrate for the first time the expression of 
IGF-IR and VEGFR-2 on the CETCs in patients with breast, prostate, col-
orectal and lung cancer and thus constitute the basis for using anti-IGF-
IR and anti-angiogenic therapy for their elimination. With the maintrac® 
approach we are able to precisely enumerate and characterize phenotyp-
ically CETCs, despite the fact that these cells occur rarely in the blood. 
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Introduction: The endothelins (ET) ET-1, ET-2 and ET-3 are a group of pep-
tides which exert their effects through two different G-protein coupled recep-
tor subtypes, ETA and ETB, respectively. ET-1 acts as a potent vasoconstric-
tor and dysregulation of the ET axis is e.g. involved in the development of 
congestive heart failure and systemic and pulmonary hypertension. Recently, 
it has been shown, that in particular ET-1 and ETA both also play a role in 
the development of cancer through activation of pathways involved in cell 
proliferation, invasion, metastasis, epithelial-mesenchymal transition, aber-
rant osteogenesis and angiogenesis. This provides the molecular basis for the 
preclinical and clinical testing of ETA antagonists in several cancer entities. 
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a monoclonal protein type IgG kappa in IFE; the ratio of the free light 
chains showed a slight kappa predominance. Bone marrow histology 
gave a borderline result between MGUS and multiple myeloma. Based 
on an IgG level increasing to 54.4 g/l, chemotherapy (bortezomib/dexa-
methasone) and monthly infusion of bisphosphonate were started. After 
an initial response, the paraprotein levels reincreased and the patient was 
referred to our hospital for treatment intensification including use of high-
dose chemotherapy and autologous stem cell transplantation. Laboratory 
testing showed a borderline pathologically increased value of the Hevyli-
te® ratio, raising doubts of the monoclonality of the IgG increase. Further 
diagnostics resulted in an IFE without monoclonal bands. Thorough di-
agnostic work-up revealed an HIV infection (stadium B2) with general 
lymphadenopathy, splenomegaly and recurrent Candida esophagitis. The 
number of CD4-cells was 368 per µl and the HIV virus load 108,000 
copies/ml. We additionally found a Kaposi sarcoma in the esophagus. 
Furthermore the patient had a Lues disease (stadium II) of unspecified 
duration. Antiinfective treatment was started. The polyclonal IgG eleva-
tion was caused by the active HIV disease. Hypergammaglobulinemia is 
typically observed in HIV patients.
Conclusion: For monitoring plasma cell dyscrasias, Hevylite® can be 
helpful to reveal polyclonal hyperimmunoglobulinemia caused by anoth-
er disease mimicking a progress in the plasma cell disorder.
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Introduction: Biomarker-stratified pharmacotherapy was pioneered 
in the care of breast cancer patients. The administration of approved 
agents modulating hormone receptors, synthesis of steroid hormones, or 
HER2-targeting agents requires the detection of predictive biomarkers in 
diagnostic tumor samples. Based on deeper understanding of breast can-
cer biology multiple drug candidates have been developed to modulate 
additional molecular targets which may associate with specific biomarker 
profiles. Accordingly, exploratory biomarkers are increasingly incorpo-
rated in early clinical trials, thus demanding a new process of patient se-
lection. Here we describe the implementation of preemptive, multiplexed 
biomarker profiling linked to standard diagnostic algorithms for metastat-
ic breast cancer patients treated at the West German Cancer Center. 
Methods: Profiling for experimental biomarkers was offered to patients 
with metastatic breast cancer, who met generic clinical trial inclusion cri-
teria. Formalin-fixed, paraffin-embedded tumor samples were retrieved 
and studied for potentially «actionable» biomarkers by immunohisto-
chemistry, amplicon sequencing, and in-situ hybridization. The clinical 

course of those «profiled» patients was closely monitored to offer trial 
participation whenever applicable. 
Results: Here we report results from the first 130 patients enrolled in this 
program. PIK3CA mutations (24%) and amplifications (3%), loss of PTEN 
expression (13%), and FGFR1 amplifications (9%) were detected next to 
established biomarkers such as estrogen (67%) and progesterone receptor 
expression (54%), and HER2 overexpression or amplification (23%). So far 
14 «profiled» patients have entered biomarker-stratified early clinical trials. 
Conclusion: Preemptive profiling of investigational biomarkers can be 
integrated into the diagnostic algorithm of a large Comprehensive Cancer 
Center. Extensive administrative efforts are required to successfully en-
roll «profiled» patients with metastatic breast cancer in early clinical trials 
stratified by exploratory biomarkers. 
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Background: Tissue factor (TF) initiates the coagulation cascade and 
also participates in many tumor-related processes that contribute to ma-
lignant disease progression such as angiogenesis, tumor cell invasion, 
migration and growth. Likewise vascular endothelial growth factor recep-
tor-2 (VEGFR-2) is known to be an important regulator of angiogenesis 
and plays a crucial role in tumor growth and the progression of cancer 
disease. Understanding the role of TF in metastatic cascade and its inter-
action with other factors will lead to better and more specific therapies 
against cancer metastasis. The purpose of this study was to evaluate the 
expression of TF and VEGFR 2 on CETCs, and to analyze the association 
of these two factors with clinical and pathological characteristics.
Methods: CETCs were determined from blood of 38 patients suffering 
from breast cancer. The number of vital CETCs and the expression of TF 
and VEGFR-2 were investigated using the maintrac® approach.
Results: Expression of TF and VEGFR-2 was observed in 94.7% and 
89.5% among the patients, respectively. There was no relationship be-
tween the number of CETCs and the expression of TF and VEGR-2 on 
the CETCs. In contrast a statistically significant correlation was found 
between the expression of TF and VEGFR-2 on the CETCs (r=0.55; 
p < 0.05). The expression of both biomarkers was not associated with 
known clinicopathological data.
Conclusion: Our results demonstrate for the first time a parallel expres-
sion of TF and VEGFR-2 on the CETCs. It is possible that TF together 
with VEGFR-2 plays an important role in tumor angiogenesis and disease 
progression. 
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Background: The main cause of mortality of cancer patients is the 
formation of metastasis. A subpopulation of tumor cells with stem-like 
properties is responsible for tumor invasion, metastasis, heterogeneity 
and therapeutic resistance. This population is termed cancer stem cells 
(CSCs). Several techniques have been proposed to identify breast cancer 
stem cells including isolation by CSC-specific cell surface marker expres-
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demonstrated in the most extreme case by patients suffering from SCID. 
Agonist-induced calcium oscillations in many cell types are triggered by 
calcium release from intracellular stores and driven by SOCE. However, 
their relative roles in agonist-mediated calcium oscillations remain am-
biguous. We here report that while both STIM1 and STIM2 contribute to 
store-refilling during calcium oscillations in mast cells, T cells and human 
embryonic kidney cells, they do so dependent on the level of store deple-
tion. Molecular 
silencing of STIM2 by siRNA or inhibition by G418 selectively suppress-
es SOCE and agonist-mediated calcium oscillations at low levels of store 
depletion, without interfering with STIM1-mediated signals induced by 
full store depletion. Thus, STIM2 is preferentially activated by low-lev-
el physiological agonist concentrations that cause mild reductions in ER 
calcium levels. We conclude that with increasing agonist concentrations, 
SOCE is mediated initially by endogenous STIM2 and incrementally by 
STIM1, enabling differential modulation of calcium entry over a range of 
stimulus intensities and levels of store depletion. 
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MCTS model reflects the in vivo complexity of tumor cell metabolism 
with e.g. oxygen, CO2, glucose, amino acid and lactate gradients, in vitro 
much better than the conventional 2D culture. We therefore wanted to set 
up appropriate 3D MCTS as a tool to study tumor metabolism and growth 
under conditions of arginine deprivation.
Methods: MCTS of (i) immortalised murine embryonic fibroblast (MEF) 
clones and (ii) human melanoma or osteosarcoma cell lines were estab-
lished. The various spheroid-forming cell lines differed in their expression 
level of ASS. Tumor growth parameters were analysed in conventional 
2D and 3D MCTS in the presence or absence of arginine ± citrulline sub-
stitution: (I) cellular viability was analysed via flow cytometric annexin 
V / propidium iodide staining as well as via luminescence-based Cellti-
ter-Glo® assay; (II) cellular proliferation was measured with MTS-Assay, 
flow cytometric eFluor® 670 analysis and sequential microscopic deter-
mination of MCTS diameters. 
Results: Arginine depletion leads to profound suppression of tumor cell 
proliferation in 2D and 3D culture conditions in murine as well as in 
human tumor cell lines. This tumor growth arrest can be salvaged via 
exogenous citrulline substitution depending on a proper ASS expression 
of the tumor cells. Arginine depletion induces apoptosis and cell death 
only in 2D cultures while in the 3D MCTS model tumor cell viability is 
not affected and tumor growth can be completely restored via arginine 
re-supplementation after prolonged periods of arginine starvation. 
Conclusions: Our tumor cell MCTS models are a promising tool to study 
and manipulate amino acid availability in tumor tissue. 
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tides which exert their effects through two different G-protein coupled recep-
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