The Novel Tumor Marker Tumor M2-PK:
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Abstract and Introduction
The glycolytic enzyme pyruvate kinase exists in different isoforms (the R-type, L-type, M1-type and M2-type), which are
tissue-specifically expressed. All isoenzymes are homotetramers in their active state.

Clinical studies evaluating Tumor M2-PK in the diagnosis of various tumors

Figure 1: Since tumor cells display changed metabolic
demands as compared to normal cells, they require a
less active form of pyruvate kinase M2. Thus, a dimeric
form of pyruvate kinase M2 with low substrate affinity is
strongly over-represented in tumor cells and is thus called
Tumor M2-PK. It is released from tumor cells and is
quantitatively detectable in body fluids with a commercially
available ELISA (ScheBo Biotech AG, Giessen, Germany).
The sandwich-ELISA is based on Tumor M2-PK-specific
monoclonal antibodies which do not cross-react with other
pyruvate kinase isoenzymes. EDTA-plasma is used for the
quantification of Tumor M2-PK in tumor diagnosis.
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Table 1: Based on the results of several clinical studies,
the expression of Tumor M2-PK is the basis for the detection
of various tumor diseases in human clinical diagnosis:
renal cell carcinoma, lung cancer, gastrointestinal cancer
and breast cancer.

Summary and Conclusions
Tumor M2-PK is associated with a particular metabolic state specific for tumor cells from various tissues (e.g. lung cancer,
gastrointestinal tumors).
Quantification of Tumor M2-PK in EDTA-plasma allows a highly significant discrimination of tumor- and non-tumor-patients
resulting in high sensitivity at a specificity of 90% to 95%.
In the present study, Tumor M2-PK performs top of the list in the detection of gastric cancer and oesophageal cancer.
The combination of Tumor M2-PK with CEA and/or CA 19-9 in the diagnosis of colorectal and/or pancreatic cancer
strongly increases the sensitivity, accompanied with only a modest loss of specificity.
Tumor M2-PK concentrations correlate with the tumor stage of lung cancers, indicating an association with the tumor
load.
Initial studies indicate that Tumor M2-PK and CYFRA 21-1 reflect tumor regression and progression during chemotherapy,
suggesting an application in disease monitoring and therapy control.

Results
Two of the listed studies are presented here as examples for the potential of this marker:

Gastrointestinal cancer (Schulze et al.):
Tumor M2-PK, CEA, CA 19-9 and CA 72-4 were quantified in 385 patients with gastrointestinal cancer:

Figure 2: ROC-Analysis was performed for Tumor M2-PK, CEA and CA 19-9 with samples from 160 patients with
colorectal cancer (figure 2A), 26 patients with pancreatic cancer (figure 2B) and 83 patients with oesophageal
cancer (figure 2C) in comparison with 121 negative controls. A further ROC analysis was carried out for Tumor M2PK, CEA, CA 19-9 and CA 72-4 with samples from 116 patients with gastric cancer (figure 2D) in comparison with
62 negative controls. The comparison of the ROC-curves shows that Tumor M2-PK is among the best performers
in this study and thus appears to be well suited for the diagnosis of gastrointestinal tumors.

Figure 3: A cut-off was calculated for each tumor marker at 95 % specificity in the
group of negative controls used in this study: 22 U/ml for Tumor M2-PK, 5 ng/ml for
CEA, 19 U/ml for CA 19-9 and 6 ng/ml for CA 72-4. The corresponding sensitivities
are shown in figure 3A.
It is most remarkable that the combination of CEA with Tumor M2-PK in colorectal
cancer diagnosis led to an increase of the sensitivity by 18%, and the combination
of CA 19-9 with Tumor M2-PK in pancreatic cancer diagnosis by 15%, which was
accompanied with only a modest loss of specificity from 95% to 91% (figure 3B).

Results continued from page 3

Lung Cancer (Schneider et al.):
The study includes 144 newly diagnosed lung cancer patients. Tumor M2-PK was quantified in EDTA-plasma, CEA and
CYFRA 21-1 in serum of the same tumor patients at the same time.

Figure 4: Increasing Tumor M2-PK concentrations and
CYFRA 21-1concentrations were observed with progressive
tumor stages. The correlation of Tumor M2-PK with tumor
staging is shown above, indicating a link between the
marker concentration and the tumor load.

Figure 5: Initial follow-up studies indicate that Tumor M2-PK and CYFRA 21-1 correlate well with tumor progression
or regression during chemotherapy. Figure 5A shows an example for tumor progression after chemotherapy, figure
5B is an example for stable disease during successful chemotherapy. The study indicates that Tumor M2-PK could
be used for therapy monitoring and follow up in lung cancer, possibly alongside CYFRA 21-1.
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