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Abstract

Background: Biomarkers allowing the characterization of malignancy and therapy response of oral squamous cell
carcinomas (OSCQ) or other types of carcinomas are still outstanding. The biochemical suicide molecule
endonuclease DNaseX (DNasel-like 1) has been used to identify the Apo10 protein epitope that marks tumor cells
with abnormal apoptosis and proliferation. The transketolase-like protein 1 (TKTL1) represents the enzymatic basis
for an anaerobic glucose metabolism even in the presence of oxygen (aerobic glycolysis/Warburg effect), which is
concomitant with a more malignant phenotype due to invasive growth/metastasis and resistance to radical and
apoptosis inducing therapies.

Methods: Expression of Apo10 and TKTLT was analysed retrospectively in OSCC specimen (n=161) by
immunohistochemistry. Both markers represent independent markers for poor survival. Furthermore Apo10 and
TKTLT have been used prospectively for epitope detection in monocytes (EDIM)-blood test in patients with OSCC
(n=50), breast cancer (n=48), prostate cancer (n=115), and blood donors/controls (n= 74).

Results: Positive Apo10 and TKTL1 expression were associated with recurrence of the tumor. Multivariate analysis
demonstrated Apo10 and TKTL1T expression as an independent prognostic factor for reduced tumor-specific survival.
Apo10+/TKTL1+ subgroup showed the worst disease-free survival rate in OSCC.

EDIM-Apo10 and EDIM-TKTL1 blood tests allowed a sensitive and specific detection of patients with OSCC, breast
cancer and prostate cancer before surgery and in after care. A combined score of Apo10+/TKTL1+ led to a
sensitivity of 95.8% and a specificity of 97.3% for the detection of carcinomas independent of the tumor entity.

Conclusions: The combined detection of two independent fundamental biophysical processes by the two
biomarkers Apo10 and TKTL1 allows a sensitive and specific detection of neoplasia in a noninvasive and cost-
effective way. Further prospective trials are warranted to validate this new concept for the diagnosis of neoplasia
and tumor recurrence.
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Background

The immunohistochemical detection of biomarkers in
tumor tissue-sections is an essential and powerful tech-
nique to determine the malignancy of the tumor and to
stratify cancer patient treatment [1]. The success of such
stratification strongly depends on the use and quality of
biomarkers and their capacity to characterize tumors
with regard to malignancy and therapy response. Some
biomarkers have already been used for immunohisto-
chemical characterization of tumors. For example, in-
creased proliferation detected by Ki-67 in tumor cells
allows a better characterization in terms of malignancy
of tumors [2].

In order to establish biomarkers applicable to all
tumor entities, biomarkers for two fundamental biophys-
ical mechanisms in mammalian cells have been selected.
Despite the extreme complexity of signaling processes
within and between cells, only a few principle biophys-
ical mechanisms are known to determine the existence
and death of mammalian cells.

One important biophysical mechanism which deter-
mines the fate and death of a cell is the cleavage of nu-
clear DNA by endonucleases [3]. Inhibition of alkaline
and acid endonucleases has been identified in tumor
cells leading to the suppression of apoptosis [4]. The
block of endonuclease activity was due to a factor
present in tumor cells [4]. Caspase-activated endonucle-
ases are inhibited by nuclear Akt counteracting apop-
tosis [5]. Therefore, inhibition of endonuclease (DNase)
enzyme activity represents an important biophysical
mechanism leading to transformation of healthy cells to
tumor cells.

Another important, if not the most important biophys-
ical mechanism of life is the way of energy release within
cells. Multicellular organisms depend on energy release
either by fermentation or by oxidative phosphorylation
(OxPhos). Therefore, only two ways of energy release
are possible [6]. While fermentation in eukaryotes is bio-
chemically restricted to sugar metabolites, energy release
by oxidation is possible with glucose as well as with
amino acids and/or fatty acids [7]. Furthermore, the end
product of fermentation (lactic acid) still contains most
of the energy. Thus, with regard to energy release
OxPhos is superior compared to fermentation. However,
despite this, fermentation is the way of choice in cells
harboring extremely important DNA like (cancer) stem
and germ cells due to safety issues [8]. These cells use
this way of energy release to inhibit radical induced
DNA damages [8-10], which would lead to DNA
mutations in all cells produced by proliferation of stem
and germ cells. Cells using OxPhos, which generates
fast electrons leading to radical production and DNA
damages, do have to pay the price for this efficient, but
dangerous way of energy release—they get DNA damages
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due to radical production [8]. Since radical production is
completely prevented by fermentation (substrate chain
phosphorylation), stem and germ cells use this way of
energy release. Moreover, since fermentation leads to the
production of metabolites being able to neutralize (quench-
ing) radicals (e.g. pyruvate, lactic acid), fermentation is
also used in cells exposed to a high level of radical
production by sun light (retinal cells) or high oxygen
concentration (endothelial cells). During evolution of
higher vertebrates genome duplication led to duplication
of the transketolase (TKT) gene giving rise to the
transketolase-like 1 (TKTL1) precursor gene [11,12].
This duplication was followed by an integration of the
TKTLI precursor mRNA into the genome creating the
intronless and active transketolase-like-2 gene (TKTL2).
After this, the TKTLI precursor gene mutated creating the
recent TKTL1 gene. In comparison to the known
transketolase proteins, the TKTL1 gene encodes for a
TKTL1 protein isoform harboring a 38-amino acid
deletion [11,12]. It has been postulated that the altered
biochemical properties of the TKTL1 protein(s) repre-
sent the basis for a sugar fermentation metabolism
linking glucose and fat metabolism independent of pyruvate
dehydrogenase [12]. Using metabolic flux analysis
and radioactive labeling of sugar metabolites it could be
demonstrated that Acetyl-CoA is generated in a TKTL1
dependent way and is incorporated into lipids (Diaz
et al, submitted) thus demonstrating a new connection
between glucose and lipid metabolism. TKTL1 over-
expression has been found in many different cancer
types like breast, lung, renal, thyroid, ovarian, colorectal
cancer, in tumors of the ocular adnexa and correlates
with the increase of metastasis, poor prognosis, tumor
recurrence, and resistance to chemo- and radiation
therapy [13-28].

The Apol0 protein epitope is detected by the mono-
clonal antibody Apol0, which has been raised against a
DNaseX peptide sequence. DNaseX is a member of the
DNasel-protein family consisting of DNasel, DNaseX
(DNasel-like 1), DNasel-like 2 and DNasel-like 3 (DNase
gamma). The Apol0 epitope is present in tumor cells and
in very few non-malignant cell types [13,29].

Our study describes the immunohistochemical evalu-
ation of the two biomarkers Apol0 and TKTL1 for
characterization of OSCC tissue sections. Furthermore,
both biomarkers have been detected intracellularly in
monocytes using the epitope detection in monocytes
(EDIM) technique, allowing a sensitive and specific non-
invasive detection of OSCC, breast and prostate cancer
patients by blood samples. This new blood test is based
on the EDIM technology [13,29-31], which utilizes the
fact that activated monocytes phagocytize and present
tumor-related material even in the presence of low
tumor mass [32]. Those activated monocytes, which
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contain intracellular tumor epitopes, can be detected by
CD14 and CD16 specific antibodies using flow cytome-
try [13,29-31].

In the present study, we analysed retrospectively the
potential prognostic and predictive influence of ApolO
and TKTL1 expression on clinicopathological parame-
ters and on disease-free survival rates in a large patient
cohort with OSCC. In addition to the retrospectively
assessed ApolO and TKTL1 data, prospectively ApolO
and TKTL1 have been determined using the EDIM tech-
nique. EDIM-Apol0 and EDIM-TKTL1 blood test was
performed in patients with primary and/or recurrent
OSCC, breast cancer patients, prostate cancer patients
and healthy individuals (blood donors).

Methods

Patients and tumor specimen for immunohistochemistry (IHC)
We retrospectively reviewed the records of 161 patients
after primary radical RO tumor resection in our depart-
ment over a period of ten years and healthy individuals
(normal oral mucosa tissues, n =10). The material had
been stored and was investigated with permission of
the patients and the local ethics committee (Ethics
Committee Tuebingen, Germany, approval number: 001/
2012B0O2). Patient selection criteria and routine histo-
pathological work-up are described as recently published
[33]. Tumor blocks of paraffin-embedded tissue were se-
lected by experienced pathologists, evaluating the rou-
tine H.E. stained sections. Sections from all available
tumors underwent intensive histopathologic assessment,
blinded to the prior histopathology report. Serial tissue
sections (2 pum thickness) were cut from formalin-fixed
paraffin-embedded (FFPE) blocks on a microtome and
mounted from warm water onto adhesive microscope
slides. Tumor staging was performed according to the
7th edition of the TNM staging system by the UICC/
AJCC of 2010 [34]. Grading was performed according to
WHO criteria [35]. Tumor characteristics (UICC stage,
pT-categories, pN-categories, cM-categories, infiltrated
lymph nodes, residual tumor status, tumor size, site
distribution) and patient characteristics (gender, age,
personal history, habitual history) were collected in a
database (Excel, Microsoft). Tumor and patient charac-
teristics are summarized in Table 1. The mean follow-up
was 52.26 months +46.21 to 58.31 (95% confidence
interval for the mean).

Staining procedure and quantification of IHC

For immunohistochemical analysis, two anti-DNaseX
(Deoxyribonucleasel-like 1, DNasel-like 1) monoclonal
antibodies have been used: Apol0 (TAVARTIS GmbH,
Hainburg, Germany, rat anti-human mAb, 5 pg/ml) and
ab54750 (abcam, Cambridge, UK, mouse anti-human
mAb, 5 pg/ml). Furthermore, monoclonal anti-TKTL1
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antibody (TAVARTIS GmbH, Hainburg, Germany, mouse
anti-human mAb, 5 pg/ml clone JFC12T10 [12]), and
isotype control antibodies (BD Pharmingen, Heidelberg,
Germany) were used. The sequence specificity of the
Apol0 antibody was demonstrated by preincubation with
immunogenic peptide CASLTKKRLDKLELRTEPGF.

Pretreatment and immunohistochemical single stain-
ing procedure were performed as described earlier [33].
The secondary antibodies used for immunohistochemi-
cal single staining were biotin-conjugated AffiniPure
donkey-anti-rat IgG (ApolO) and biotin-conjugated
AffiniPure donkey-anti-mouse IgG (TKTL1) used at
1:200 dilution (Jackson ImmunoResearch Laboratories
Inc., Suffolk, England).

Five representative chosen high power fields (1 HPF =
0.237 mm?) were analysed for Apol0 and TKTL1 ex-
pression in the tumor tissue and averaged in each case.
The extent of the staining, defined as the percentage of
positive staining areas of tumor cells in relation to the
whole tissue area, was semi-quantitatively scored on a
scale of 0 to 3 as the following: 0, <10%; 1, 10-30%; 2,
30-60%; 3, >60%. The intensities of the signals were
scored as 1+, 2+, and 3+. Then, a combined score (0-9)
for each specimen was calculated by multiplying the
values of these two categories [36]. Cases were classified
as: Apol0 and TKTL1 negative, 0 points; ApolO and
TKTL1 positive, 1-9 points. Two observers blinded to
the diagnosis performed scoring.

Moreover, for computer-assisted semi-quantitative
analysis of TKTL1 expression, Image] software (http://
rsb.info.nih.gov/ij/) coupled with immunomembrane
plug-in (http://153.1.200.58:8080/immunomembrane/)
was used to assess the quantification of TKTL1 immu-
noreactivity in microscopically acquired JPEG images
of OSCC samples. Staining completeness (0—10 points)
and intensity (0—10 points) were added for a combined
score (0-20 points) [37]. Cases were classified as
TKTL1 negative, 0 points; TKTL1 positive, 1-20
points. Apol0 expression was analysed by immunora-
tio plug-in (http://153.1.200.58:8080/immunoratio/).
The results were expressed as percentages [38]. From
Apol0 and TKTL1 positive slides, 5 images per sample
showing representative tumor areas were acquired using
10x and 20x objectives to assess precision (reproducibility/
repeatability) of computer-assisted (semi-)quantitative
analysis. Pictures were analysed using a Canon camera
(Krefeld, Germany). The photographed images were
imported into the Microsoft Office Picture Manager.

Immunohistochemical (IHC) and immunocytochemical
(ICC) double staining experiments

The sequential double staining (co-expression) was ana-
lysed for Apo10 with TKTL1. The secondary antibody used
for IHC/ICC double staining for Apol0 was an alkaline
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Table 1 Clinicopathological characteristics and prognostic factors of 161 patients with OSCC measured by negative and positive Apo10 and TKTL1 expressors

Characteristics Number of patients p-value Number of patients p-value
Total Apo10 expression Apo10 expression TKTL1 expression TKTL1 expression
negative (<10%) positive (>10%) negative (<10%) positive (>10%)
n=161 n=29 (18%) n =132 (82%) n =93 (58%) n =68 (42%)
Age (y) 0.5445 0.7507
<60+11.8 80 (49.7%) 16 (20%) 64 (80%) 45 (56%) 35 (44%)
260+11.8 81 (50.3%) 13 (16%) 68 (84%) 48 (59%) 33 (41%)
Gender 0.8016 04501
Male 122 (75.8%) 23 (19%) 99 (81%) 73 (60%) 49 (40%)
Female 39 (24.2%) 6 (15%) 33 (85%) 20 (51%) 19 (49%)
Site distribution of OSCC 0.8991 0.8782
Lips 11 (6.8%) 3 (27%) 8 (73%) 9 (82%) 2 (18%)
Tongue 41 (25.5%) 8 (20%) 33 (80%) 21 (51%) 20 (49%)
Floor of the mouth 64 (39.8%) 10 (16%) 54 (84%) 37 (58%) 27 (42%)
Palate 15 (9.3%) 0 (0%) 15 (100%) 6 (40%) 9 (60%)
Buccal mucosa 8 (5.0%) 3 (38%) 5 (62%) 6 (75%) 2 (15%)
Alveolar ridge 22 (13.7%) 5 (23%) 17 (77%) 14 (64%) 8 (36%)
Histological Grading 04765* 0.7396*
Gl 41 (25.5%) 10 (24%) 31 (76%) 23 (56%) 18 (44%)
G2 106 (65.8%) 15 (14%) 91 (86%) 63 (59%) 43 (41%)
G3 13 (8.1%) 3 (23%) 10 (77%) 6 (46%) 7 (54%)
G4 1 (0.6%) 1 (100%) 0 (0%) 1 (100%) 0 (0%)
Tumor size 0.0194** 0.0018**
pT1 64 (39.8%) 14 (22%) 50 (78%) 46 (72%) 18 (28%)
pT2 42 (26.1%) 11 (26%) 31 (74%) 25 (59%) 17 (41%)
pT3 17 (10.6%) 0 (0%) 17 (100%) 5 (29%) 12 (71%)
pT4 38 (23.6%) 4 (11%) 34 (89%) 17 (45%) 21 (55%)
Cervical lymph node metastasis 0.5638 0.0008
pNO 118 (73.3%) 23 (19%) 95 (81%) 78 (66%) 40 (34%)
pN1-3 43 (26.7%) 6 (14%) 37 (86%) 15 (35%) 28 (65%)
UICC stage 0.0025%* <0.00071%**
UICC | 48 (29.8%) 12 (25%) 36 (75%) 42 (88%) 6 (12%)
uicc 36 (22.4%) 11 (31%) 25 (69%) 23 (64%) 13 (36%)
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Table 1 Clinicopathological characteristics and prognostic factors of 161 patients with OSCC measured by negative and positive Apo10 and TKTL1 expressors

(Continued)
uiccn 31 (19.3%)
uicC v 46 (28.6%)
Locoregional recurrence
No 117 (72.7%)
Yes 44 (27.3%)

Extracapsular spreading of lymph nodes
No 143 (88,8%)
Yes 18 (11,2%)
Adjuvant therapy (RTx, Ctx)
No 111 (68,9%)
Yes 50 (31,1%)

1 (3%)
5 (11%)

27 (23%)
2 (5%)

29 (20%)
0 (0%)

24 (22%)
5 (5%)

30 (97%)
41 (89%)

90 (77%)
42 (95%)

114 (80%)
18 (100%)

87 (78%)
45 (95%)

0.0125

0.0452

0.1202

11 (35%)
17 (37%)

81 (69%)
12 (27%)

88 (62%)
5 (28%)

66 (59%)
27 (54%)

20 (65%)
29 (63%)

36 (31%)
32 (73%)

55 (38%)
13 (72%)

45 (41%)
23 (46%)

<0.0001

0.0099

0.6337

Abbrevations: y years, G grading, UICC International Union against Cancer, *G1/2 vs. G3/4, **pT1/2 vs. pT3/4, ***UICC I/Il VS. UICC Ill/IV, RTx radiotherapy, CTx chemotherapy.
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phosphatase (AP)-conjugated AffiniPure donkey-anti-rat
IgG (Jackson ImmunoResearch), used at 1:200 dilution.
The secondary antibody of TKTL1 was a horseradish per-
oxidise (HRP)-conjugated AffiniPure donkey-anti-mouse
IgG, used at 1:200 dilution (Jackson ImmunoResearch).

For IHC and ICC double staining of Apol0 and
TKTL1, slides were incubated with the primary ApolO
antibody or control antibody overnight at 4°C in a
humidified chamber and with secondary AP-conjugated
antibody for 30 minutes at room temperature in a hu-
midified chamber followed by 20 minutes of incubation
with Fast Red (Biogenex, San Ramon, USA). Subsequently,
the slides were incubated with the second primary TKTL1
antibody or control antibody overnight at 4°C in a humidi-
fied chamber and with secondary HRP-conjugated antibody
for 30 minutes at room temperature in a humidified
chamber followed by 5 minutes of incubation with
3,3"-Diaminobenzidine (DAB, Biogenex).

Slides were counterstained with Haemalaun and
mounted with Glycergel (Dako, Hamburg, Germany).
The photographed images were imported into the
Microsoft Office Picture Manager.

Cell culture

We analysed Apol0 and TKTL1 expression in cells
(1 x 10%) from the OSCC cell lines BICR3 [39], BICR56
[39], and SCC-4 [40] (European Collection of Cell
Cultures, ECACC) in cytospins and flow cytometric
analysis as a positive control of Apol0 and TKTL1
expression by cancer cells. Preparation and staining of
cytospins were performed as described before [33].
BICR3 and BICR56 cells were cultured in DMEM F-12
medium (Invitrogen, Belgium) containing 10% FCS
(Sigma-Aldrich, Germany), 1% fungicide, and penicillin/
streptomycin (Biochrom, Germany) at 37°C and 5% CO..

Flow cytometric analysis of OSCC cell lines and EDIM
blood tests
Flow cytometric analysis was performed in BICR3, BICR56
cancer cell lines and whole blood as described previously
[13,29]. Fluoresceinisothiocyanat (FITC)-conjugated Apol0
and Phycoerythrin (PE)-conjugated TKTL1 antibodies were
provided by TAVARLIN AG (Pfungstadt, Germany).
Prospectively, EDIM-TKTL1 and EDIM-Apol0 blood
tests were assessed in 50 patients (n =50) with primary
and/or recurrent OSCC as described previously by flow
cytometric analysis [13,29]. In these patients, Apol0 and
TKTL1 expression had been confirmed by immunohis-
tochemistry of tumor tissue sections. Furthermore, blood
samples from 74 healthy blood donors (n=74, blood
donation service, Darmstadt, Germany) were analysed
with EDIM-TKTL1 and EDIM-ApolO blood tests to
determine the presence of Apol0 and TKTL1 in CD14/
CD16-positive monocytes in the normal population.
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Furthermore EDIM-TKTL1 and EDIM-ApolO blood
tests have been performed with blood from breast can-
cer (n =48) and prostate cancer (n = 115) patients before
surgery [13,29]. In all cases, the presence of breast or
prostate cancer had been confirmed by analysis of tumor
sections by a pathologist.

Informed consent to participate was obtained for the
blood tests collected prospectively from patients and
volunteers (Ethics Committee Tuebingen, Germany,
approval number: 023/2013BO2).

Determining EDIM scores

Samples were analyzed with a BD FACSCantoll (BD
Biosciences, Heidelberg, Germany). At least 10,000
relevant events were collected for each sample. FITC,
PE, PerCP and APC signals were recorded as logarith-
mically amplified data. Analysis was performed using BD
FACSDiva software v6.1. (BD Biosciences, Heidelberg,
Germany). The result of the EDIM test is given as a rela-
tive score indicating the relative amount of CD14/CD16
positive monocytes harbouring Apol0 (or TKTL1) com-
pared to the total amount of CD14/CD16 positive
monocytes multiplied with 10. For example, a ApolQ
score of 139 means that 13.9% of CD14/CD16 positive
monocytes harboured Apol0 intracellularly [13,29]. The
results of the EDIM flow cytometric experiments gener-
ated by one laboratory (Sven Bellert, Christina Heickenfeld,
Melanie Hiigen and Oliver Feyen with 14 years of ex-
perience in FACS) have been confirmed by an external
institute (and independent operator Steffen Schmitt,
Head of the Flow Cytometry Unit DKFZ German Cancer
Research Centre). The blinded EDIM raw data of ten
patients and ten blood donors have been analysed using
a different gating strategy independently selected. The
obtained results significantly correlated between both
analysis methods demonstrating the accuracy of the
EDIM results.

Statistical analysis

Statistical analysis was performed with MedCalc Soft-
ware, Version 12.7.0 (Mariakerke, Belgium). Disease-free
survival (DFS) time was calculated from the time of
tumor resection until appearance of obvious locoregio-
nal recurrence or tumor conditional death, respectively.
The DFS times were estimated using the Kaplan-Meier
method [41] and were compared by using the log-rank
test [42]. Multivariate analyses were performed using the
Cox Proportional Hazards Model [43]. All parameters
that were found significant on univariate analysis were
included. Hazard ratios (HR) for variables that may in-
fluence survival status in univariate and multivariate
analysis were provided. Chi-Square test (y*) and Fisher’s
exact test were used to investigate the relation between
two categorical variables. Non-parametric Kendall’s tau
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(T) correlation coefficient was measured to assess the ac-
curacy (the degree of closeness of measurements of a
quantity to that quantity’s actual value) between the two
quantification methods of immunohistochemical ana-
lysis. All p-values presented were 2-sided and p < 0.05
was considered statistically significant.

To analyse differences in the EDIM-Apo10 and EDIM-
TKTL1 scores among healthy individuals (blood donors)
and cancer patients, Receiver Operating Characteristics
(ROC) analysis was performed [44]. ROC analysis was
plotted to determine the best cut off range for healthy
individuals compared with cancer group screening
EDIM-Apol0 and EDIM-TKTL1 expression to allow a
sensitive and specific discrimination between cancer pa-
tients and healthy individuals. Area under the curve
(AUC) analysis was determined for quality measurement
of EDIM-Apo10 and EDIM-TKTL1 expression. The cut-
off point was determined as the value corresponding
with the highest diagnostic average of sensitivity and
specificity (highest diagnostic accuracy). Cut-off points
were determined at the score of >109 for EDIM-Apo10,
at the score of >117 for EDIM-TKTL], and at the score
of >227 for the combined EDIM-Apol0 and EDIM-
TKTL1 expression (summation of both scores) corre-
sponding with highest Youden index. These values were
graphical displayed in an Interactive dot diagram to
study the accuracy of each diagnostic test.

Results

Comparison of observer semi-quantitative scoring with
computer-assisted (semi-)quantitative analysis of Apo10
and TKTL1

A preliminary study was carried out to assess the accuracy
between the two quantification methods of immunohisto-
chemical analysis. There were significant correlations be-
tween the first (observer related semi-quantitative scoring)
and the second (computer-assisted (semi)-quantitative ana-
lysis) assessment. ApolQ expression: T =0.868, p < 0.0001
and TKTLI1 expression: T = 0.886, p < 0.0001.

Immunohistochemical analysis of OSCC tumors using two
independent anti-DNaseX monoclonal antibodies
Two monoclonal antibodies raised against DNaseX have
been selected for expression analysis of OSCC tumors.
Antibody ab54750 shows a cytoplasmic and a focal nu-
clear staining pattern in tumor and in stromal cells, re-
spectively (Additional file 1). Compared to healthy tissue
an overexpression in tumor cells can be observed. How-
ever, ab54750 staining was detected in human normal
oral squamous epithelial cells (n =6/10 normal oral mu-
cosa samples).

Apol0 (Figure 1) nuclear overexpression was strongly
associated with cancer cells and was not detected in
stromal or human normal oral squamous epithelial cells
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(Additional file 2). ApolO staining was abolished after
incubation with the DNaseX peptide, which was used
for immunization (Figure 1).

Apo10 staining in OSCC tumors correlates with tumor
size and advanced tumor stages

Using a cut-off of >10% stained cancer cells measured by
observer related semi-quantitative scoring, ApolO ex-
pression was detected in 82% of the tumors (n =132/
161). Table 1 shows the clinicopathological characteris-
tics and prognostic factors of 161 OSCC patients with
Apo10 negative and Apol0 positive tumors, respectively.
Apol0 staining was significantly associated with tumor
size (pT3/4, p=0.0194), advanced tumor stages (UICC
III/1V, p < 0.0025), and extracapsular spreading of lymph
nodes (p = 0.0452).

Prognostic value of Apo10 in OSCC

To analyse survival rates in patients after successful (RO)
curative surgical resection of OSCC, patients were divided
in positive and negative ApolO expressors (dichotomous
variables) measured by observer related semi-quantitative
scoring,.

In our study population, cervical lymph node metasta-
sis (pN1-3, HR =2.1145, p=0.0139) and extracapsular
spreading of lymph nodes (p < 0.0001) were shown to be
unfavorable factors in univariate analysis of all (n=161)
OSCCs. Tumor size (pT3/4, HR=1.3865, p =0.3080)
and grading (G3/4, HR =0.9199, p =0.8885) were not
found to be unfavorable factors in univariate analysis.

To analyse differences in tumor related survival
dependent on Apol0 expression in OSCC, we divided the
patients in two subgroups as described above. Survival in
subgroup with positive ApolO expression (ApolO+) in
OSCCs was significantly worse in comparison to the
subgroup of patients lacking Apol0O expression. ApolO+:
n =132, p=0.0027, HR = 6.4509 (Figure 1). The mean sur-
vival for the Apol0- group was 140.24 months + 125.98 to
154.50 (95% CI for the mean) and for the Apol0+ group
106.40 months * 89.68 to 123.12 (95% CI for the mean).

Multivariate analysis using the Cox Proportional
Hazards Model demonstrated Apol0+ expression as in-
dependent prognostic factor in all (n=161) OSCCs
(Table 2, Figure 1).

TKTL1 protein is overexpressed in OSCC tumors and
correlates with tumor size, advanced tumor stages,

and cervical lymph node metastasis

An immunohistochemical analysis of OSCC tumors using
anti-TKTL1 monoclonal antibody JFC12T10 was per-
formed. Antibody JEC12T10 has been selected, since it has
been shown that monoclonal antibody JEC12T10 specific-
ally detects TKTL1 protein, without cross-reacting with
TKT or TKTL2 protein, respectively [12,23]. TKTL1 was
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Figure 1 Immunohistochemical single staining of Apo10, TKTL1 and survival curves of OSCC patients measured by Apo10 and TKTL1
expression. Brown chromogen color (3,3'-Diaminobenzidine, DAB) indicates positive Apo10 staining (@, nuclear staining pattern) and positive TKTL1
expression (b, cytoplasmic staining pattern), the blue color shows the nuclear counterstaining by hematoxylin. Pseudo-colored images (¢, d) show the
staining components of computer-assisted quantitative analysis in Apo10+ and TKTL1+ tumor cells. Computer-assisted light brown label (c) indicates posi-
tive Apo10 staining and the computer-assisted light blue label marks the nuclei counterstained with hematoxylin. Computer-assisted red label (d) indicates
strong or complete TKTL1 staining, the green label (d) indicates weak or incomplete staining. Apo10 staining is abolished after incubation with immuno-
genic peptide (e). Representative image of IgG control (f) shows no staining. Original magnification: x200-fold. Kaplan-Meier (g, h, left panel) and Cox-
regression (i, j, right panel) survival curves for disease-free survival (DFS) stratified by positive Apo10 and TKTL1 expression (Apo10+, TKTL1+, dashed lines)
and negative Apo10, TKTL1 expression (Apo10-, TKTL1-, solid lines). In univariate Kaplan-Meier analysis positive Apo10 (g) and TKTL1 (h) expression is signifi-
cantly associated with poorer survival. The times of the censored data are indicated by short vertical lines. Multivariate Cox-regression analysis shows
positive Apo10 (i) and TKTL1 (j) expression as significant independent adverse prognostic factors.

not detected in human normal oral squamous epithelial
cells (n = 0/10 normal oral mucosa samples). Table 1 shows
the clinicopathological characteristics and prognostic fac-
tors of 161 OSCC patients with TKTL1 negative and
TKTL1 positive tumors, respectively. Applying a cut-off of
more than 10% stained tumor cells measured by observer
related semi-quantitative scoring (same cut-off was used for
Apol0), TKTL1 expression was detected in 42% of the
tumors (n=68/161, Figure 1). TKTL1 expression was

significantly associated with tumor size (pT3/4, p = 0.0018),
advanced tumor stages (UICC III/IV, p <0.0001), cervical
lymph node metastasis (pN1-3, p = 0.0008), and extracapsu-
lar spreading of lymph nodes (p = 0.0099).

Prognostic value of TKTL1 in OSCC

To analyse survival rates in patients after successful
(RO) curative surgical resection of OSCC, patients were
divided in positive and negative TKTL1 expressors
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Table 2 Multivariate analysis of prognostic factors of the OSCC study population (n=161)

Variable Unfavorable factor Exp (b) 95% ClI of Exp (b) p-value

LN positive 1.4067 0.5357 to 3.6934 04950

ECS of lymph nodes positive 3.1781 1.1567 to 8.7322 0.0257
UICC stage high (lli/IV) 0.5403 02323 to 1.2566 0.1550
Apo10 positive 5.1744 12317 to 21.7377 0.0255

TKTL1 positive 3.5315 1.7333 to 7.1956 0.0005

LN, Lymph nodes metastasis, Extracapsular spreading (ECS).

(dichotomous variables) measured by observer related
semi-quantitative scoring.

To analyse differences in tumor related survival
dependent on TKTL1 expression in OSCC, we divided the
patients in two subgroups as described above. Survival in
subgroup with positive TKTL1 expression (TKTL1+) in
OSCCs was significantly shorter in comparison to the
subgroup of patients lacking TKTL1 expression. TKTL1+:
n =68, p<0.0001, HR =3.8382 (Figure 1). The mean sur-
vival for the TKTL1- group was 148.80 months + 129.30 to
168.30 (95% CI for the mean) and for the TKTL1+ group
84.05 months + 67.20 to 100.91 (95% CI for the mean).

Multivariate analysis using the Cox Proportional
Hazards Model demonstrated positive TKTL1 expres-
sion (TKTL1+) as independent prognostic factors in all
(n=161) OSCCs (Table 2, Figure 1).

Prognostic value of Apo10/TKTL1 subgroups in OSCC
Based on Apol0 and TKTL1 expression four sub-
groups were created. Apol0 was used as a tumor
marker for apoptosis inhibition generally present in tu-
mors. TKTL1 expression was used as a metabolic
tumor marker indicative of invasion and adverse
prognosis. Therefore, subgroups were determined by
Apol0-/TKTL1-, Apol0+/TKTL1-, Apol0-/TKTL1+,
and Apol0+/TKTL1+ expressors and were associated
with clinicopathological characteristics and prognostic
factors (Table 3). Compared with ApolO+/TKTLI1-
(n=71/161, 44%, red arrow), Apol0+/TKTL1+ subgroup
(n=61/161, 38%) showed the worst DFS (p=0.0002).
The most favorable prognosis was demonstrated for the
Apol0-/TKTL1- subgroup (n=22/161, 14%) (Additional
file 3).

Presence of Apo10 protein epitope in human carcinomas
In order to determine the presence of ApolQ protein epi-
tope in human carcinomas, we performed IHC on 580 hu-
man carcinomas derived from 4 different epithelial tumor
entities - carcinoma of the lung, colon, (Additional file 4),
bladder, and breast (Additional file 5). Similar to the results
observed in OSCC, in the majority of carcinomas the
Apo10 epitope has been detected.

Presence of Apo10 protein epitope in benign cells is
restricted to very few cell types

In order to determine the presence of Apol0 protein
epitope in human benign cells, we performed IHC on 31
samples of myocarditis patients. A nuclear staining was
observed and associated with apoptosis rate measured
by caspase 3 cleavage (Additional file 4).

Immunocytochemistry

To determine the expression of Apol0 and TKTL1 in
tumor cells, OSCC cell lines BICR3 and BICR56 have
been analysed. Single staining of the OSCC cell lines
BICR3 and BICR56 in cytospins served as an additional
positive control and confirmed the presence of the
Apol0 epitope and expression of TKTL1 in cancer cells
(Additional file 6).

Use of flow cytometric analysis for detection of Apo10
and TKTL1 in cancer cells

Flow cytometric analysis confirmed Apol0 and TKTL1
(Additional file 7) labeling in BICR cancer -cells
as a positive control. To evaluate co-expression of
Apol0+/TKTL1+ in cancer cells as suggested by ana-
lysis of subgroups in IHC, IHC/ICC double labeling
experiments were performed. IHC double staining
(representative FFPE OSCC tissue slide, Additional
file 8) and ICC double staining of BICR56 (Additional
file 7) cancer cells indicates 50-60% TKTL1+ co-
expression with Apol0+ in cancer cells.

EDIM-Apo10 and EDIM-TKTL1 blood tests are highly sen-
sitive and specific for detecting OSCC and recurrence of
the tumor

Prospectively, EDIM blood tests (Figure 2) were assessed
in 50 patients with primary and/or recurrent OSCC.
Compared with healthy individuals the ROC-analysis of
EDIM-Apol0 (cut-off score >109 EDIM-Apol0 expres-
sion: AUC: 0.971, p <0.0001; Figure 3), EDIM-TKTL1
(cut-off score >117 EDIM-TKTL1 expression: AUC:
0.966, p < 0.0001; Figure 3), and combined EDIM-Apo10
and EDIM-TKTL1 score (cut-off score >227 EDIM-
Apol0 plus EDIM-TKTL1 expression: AUC: 0.976,
p <0.0001; Additional file 9) demonstrated a very high



Table 3 Clinicopathological characteristics and prognostic factors of 161 patients with OSCC measured by Apo10-/TKTL1-, Apo10+/TKTL1-, Apo10-/TKTL1+,

and Apo10+/TKTL1+ expressors

Characteristics Number of Patients p-value
Total Apo10-/TKTL1- Apo10+/TKTL1- Apo10-/TKTL1+ Apo10+/TKTL1+
n=161 n =22 (14%) n=71 (44%) n=7 (4%) n=61 (38%)
Age (y) 0.9067
<60+ 11.8 80 (49.7%) 13 (16%) 32 (40%) 3 (4%) 32 (40%)
260+11.8 81 (50.3%) 9 (11%) 39 (48%) 4 (5%) 29 (36%)
Gender 03179
Male 122 (75.8%) 18 (15%) 55 (45%) 5 (4%) 44 (36%)
Female 39 (24.2%) 4 (10%) 16 (41%) 2 (5%) 17 (44%)
Site distribution of OSCC 04899
Lips 11 (6.8%) 3 (27%) 6 (55%) 0 (0%) 2 (18%)
Tongue 41 (25.5%) 5 (12%) 16 (39%) 3 (7%) 17 (42%)
Floor of the mouth 64 (39.8%) 7 (11%) 30 (47%) 3 (5%) 24 (37%)
Palate 15 (9.3%) 0 (0%) 6 (40%) 0 (0%) 9 (60%)
Buccal mucosa 8 (5.0%) 3 (37.5%) 3 (37.5%) 0 (0%) 2 (25%)
Alveolar ridge 22 (13.7%) 4 (18%) 10 (45%) 1 (5%) 7 (32%)
Histological Grading 0.8621*
Gl 41 (25.5%) 8 (19%) 15 (37%) 2 (5%) 16 (39%)
G2 106 (65.8%) 10 (9%) 53 (50%) 5 (5%) 38 (36%)
G3 13 (8.1%) 3 (23%) 3 (23%) 0 (0%) 7 (54%)
G4 1 (0.6%) 1 (100%) 0 (0%) 0 (0%) 0 (0%)
Tumor size 0.0002**
pT1 64 (39.8%) 14 (22%) 32 (50%) 0 (0%) 18 (28%)
pT2 42 (26.1%) 8 (19%) 17 (41%) 3 (7%) 14 (33%)
pT3 17 (10.6%) 0 (0%) 5 (29%) 0 (0%) 12 (71%)
pT4 38 (23.6%) 0 (0%) 17 (45%) 4 (10%) 17 (45%)
Cervical lymph node metastasis 0.0007
pNO 118 (73.3%) 19 (16%) 59 (50%) 4 (3%) 36 (31%)
pN1-3 43 (26.7%) 3 (7%) 12 (28%) 3 (7%) 25 (58%)
UICC stage <0.0007%**
uicC | 48 (29.8%) 12 (25%) 30 (63%) 0 (0%) 6 (12%)
uicc 36 (22.4%) 8 (22%) 15 (42%) 3 (8%) 10 (28%)
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Table 3 Clinicopathological characteristics and prognostic factors of 161 patients with OSCC measured by Apo10-/TKTL1-, Apo10+/TKTL1-, Apo10-/TKTL1+,

and Apo10+/TKTL1+ expressors (Continued)

yicc i 31 (19.3%) 1 (3%)
uicC v 46 (28.6%) 1 (2%)
Locoregional recurrence
No 117 (72.7%) 21 (18%)
Yes 44 (27.3%) 1 (2%)

10 (32%)
16 (35%)

60 (51%)
11 (25%)

0 (0%)
4 (9%)

6 (5%)
1 (2%)

20 (65%)
25 (54%)

30 (26%)
31 (71%)

<0.0001

Abbrevations: y years, G grading, UICC International Union against Cancer, *G1/2 vs. G3/4, **pT1/2 vs. pT3/4, ***UICC I/Il vs. UICC lll/IV.
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sensitivity and specificity for the detection of patients
with primary or recurrent OSCC.

45 out of 50 patients with OSCC patients (Table 4)
showed positive EDIM-Apol0 scores and 46 patients
showed positive EDIM-TKTL1 scores. Only two patients
(n=2/50, 4%) were negative for both values. Using the
combined score (EDIM-Apol0/EDIM-TKTL1 >227) 47
OSCC patients were positively detected (Table 4).

4 out of 74 healthy individuals were positive for
EDIM-Apo10, 3 out of 74 individuals were positive for
EDIM-TKTLI, and 3 individuals were positive for both
values (n =3/74, 4%). 71 of 74 healthy individuals were
negative using the combined score (Table 4).

In 32 out of 50 OSCC patients (n = 32/50), Apol0 and
TKTL1 expression had been analysed by immunohisto-
chemistry, since in 18 cases (n =18/50) biopsy was not
possible due to palliative treatment indications in recur-
rent OSCC or due to biopsy conducted by external sur-
geons. 29 out of 32 OSCCs were positively stained for
Apol0 (n=29/32, 91%) and 30 out of 32 individuals
were positive for TKTL1 (n =30/32, 94%). Measurement
of EDIM-Apol0 and EDIM-TKTLI revealed normal
scoring levels after RO resection and convalescence
(n = 3, Additional file 10: Table S1).

EDIM-Apo10 and EDIM-TKTL1 blood tests are highly
sensitive and specific for detecting patients with

breast cancer

EDIM-Apol0 and EDIM-TKTLI blood tests have been
conducted with 48 patients with breast cancer (Table 4)
directly before surgery. Only blood samples of patients
with histopathologically confirmed breast cancer have
been included into the analysis. 42 of 48 patients with
breast cancer showed positive EDIM-Apol0 scores and
43 of 48 patients showed positive EDIM-TKTL1 scores
(Table 4). All patients were positive for either EDIM-
Apol0 or EDIM-TKTL1. The combined score (EDIM-
Apol0 plus EDIM-TKTL1) was positive in 47 of 48
breast cancer patients (Table 4). Measurement of EDIM-
Apol0 and EDIM-TKTLI revealed normal scoring levels
after RO resection and convalescence (n =3, Additional
file 11: Table S2).

EDIM-Apo10 and EDIM-TKTL1 blood tests are highly
sensitive and specific for detecting patients with

prostate cancer

EDIM-Apol0 and EDIM-TKTLI blood tests have been
conducted with 115 patients with prostate cancer
(Table 4) directly before surgery. Only blood samples of
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patients with histopathologically confirmed prostate can-
cer have been included into the analysis.

109 of 115 patients with prostate cancer were positive
with EDIM-Apol0 blood test and 105 of 115 patients
showed positive EDIM-TKTL1 results (Table 4). Only

one patient (n=1/115, 0.87%) was negative for both
values. The combined score (EDIM-Apol0 plus EDIM-
TKTL1) was positive in 112 of 115 prostate cancer
patients (Table 4). Measurement of EDIM-Apol0 and
EDIM-TKTL1 revealed normal scoring levels after RO

Table 4 Results of epitope detection in monocytes (EDIM)-blood test in blood donors/controls (n = 74), patients with
OSCC (n =50), breast cancer (n =48), prostate cancer (n=115)

EDIM-Apo10 EDIM-TKTL1 EDIM-Apo10/TKTL1
positive negative positive negative positive negative
HC (n=74) 4 (5%) 70 (95%) 3 (4%) 71 (96%) 3 (4%) 71 (96%)
OSCC (n=50) 45 (90%) 5 (10%) 46 (92%) 4 (8%) 47 (94%) 3 (6%)
BC (n=48) 42 (83%) 6 (12%) 43 (90%) 7 (10%) 47 (98%) 1 (2%)
PC (n=115) 109 (95%) 6 (5%) 105 (91%) 10 (9%) 112 (97%) 3 (3%)

HC, healthy controls (blood donors); OSCC, oral squamous cell carcinoma; BC, breast cancer; PC, prostate cancer.
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resection and convalescence (n=6, Additional file 12:
Table S3).

Comparison of cut-off scores for sensitive and specific de-
tection of patients with OSCC, breast and prostate cancer
ROC-analysis of the EDIM-Apol0, the EDIM-TKTLI,
and the combined EDIM-Apol0/EDIM-TKTLI scores of
OSCC, breast and prostate cancer and the three cancer
entities together have been compared. Cut-off scores
leading to a sensitive and specific detection of breast
cancer patients were the same as for a sensitive and
specific detection of prostate cancer patients. The same
cut-off scores lead to a sensitive and specific detection of
OSCC, breast and prostate cancer patients (Additional
file 13).

Patterns of treatment

Most patients underwent surgery (69%, n = 111) alone as
definitive therapy, whereas 50 (31%) patients had adju-
vant radiotherapy with/without chemotherapy. Adjuvant
treatment in association with UICC stages is shown in
Additional file 14: Table S4. The association of the
adjuvant treatment with Apol0 and TKTL1 expression
results is given in Table 1.

Discussion

In 1991 Nobel laureate Professor Harald zur Hausen ini-
tiated a genome analysis program in the German Cancer
Center focusing on the genomic region Xq28. At that
time there was no evidence for the presence of cancer
related genes in this region except the already known
MAGE genes. This genomic region was systematically
cloned in cosmids, ordered in contigs and further
analysed for the presence of genes, conserved between
human and pig, encoding tissue-specific expressed tran-
scripts [11]. As a result of this approach the DNaseX
and TKTL1 gene have been identified [11,12]. Both
genes represent the result of a genome duplication event
leading to a copy of a DNasel and transketolase (TKT)
precursor gene, each. Gene duplications played an im-
portant role in the evolution of higher vertebrates, since
the gene copies allowed an evolution of the function and
regulation of genes without destroying the primary
function of the gene which was copied [11]. Deoxyribo-
nucleasel as well as transketolase represent highly
conserved enzymes which were the target of gene dupli-
cations leading to new DNase and transketolase genes/
proteins, with sophisticated changes of expression and
function of the copied genes. Those altered functions
had implications for the evolution of higher vertebrates
due to better adaptions of cells and multicellular organ-
isms, but may also have implications for arising and de-
velopment of nonmalignant and malignant tumor cells.
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To analyse the expression of DNaseX protein in
OSCC, a DNaseX peptid has been used to generate
monoclonal antibody ApolO. Although another com-
mercially available anti-DNaseX monoclonal antibody
revealed an overexpression of the detected protein in
OSCC, its staining pattern is distinct from ApolO anti-
body and less tumor specific. This difference in staining
patterns of both antibodies could be due to differences
in crossreactivity to other DNasel protein family mem-
bers or even unrelated proteins, but could also be the
consequence of epitope masking by protein binding.
Such selective epitope detection by monoclonal anti-
bodies has been revealed for DNase-gamma (DNasel-
like 3) [45]. Two monoclonal antibodies have been
raised against a DNase-gamma specific peptide. Whereas
one antibody detected a constitutively expressed DNase-
gamma protein variant, the other monoclonal antibody
specifically detected a nuclear DNase-gamma protein
variant as a consequence of apoptosis induction by X-
ray radiation, suggesting that some molecular change(s),
which triggers the activation of DNase-gamma, occurs
in response to apoptotic stimuli in the detected protein
domain [45].

Similar to the DNase-gamma peptide, the DNaseX
peptide may represent an epitope (Apol0 epitope) which
is the target of molecular and/or biochemical change(s)
leading to differential accession by monoclonal anti-
bodies. Monoclonal antibody ApolO detects a protein
epitope present in the nucleus of apoptotic benign cells,
but also in the nucleus of tumor cells. Whereas benign
apoptotic cells (e.g. heart muscle cells of myocarditis
patients) execute apoptosis, tumor cells apparently block
the endonuclease driven execution of apoptosis by ex-
pression of proteins inhibiting endonucleases [4,5] or
other apoptosis executing proteins. Although the mech-
anism of activation and blocking of apoptosis is not fully
understood, the presence of endonuclease epitopes in
the nucleus can be exploited for tumor cell detection.

The ApolO epitope is present in neoplastic cells in-
cluding carcinomas, sarcomas, glioblastomas, lymph-
omas, and leukemias [29], whereas only few benign cells
with and without induction of apoptosis show this epi-
tope. The presence of the Apol0 epitope in OSCC and
other neoplasias is a widespread event. ApolO protein
was present in 82% of primary OSCC tumors and corre-
lated with poor patient prognosis.

Although the overexpression of TKTLI takes also place
in carcinomas [16], sarcomas [13], glioblastomas [26],
lymphomas [27], and leukemias, the percentage of tumors
overexpressing TKTL1 is lower compared to Apol0. 42%
of the 161 tested primary OSCC showed an over-
expression of TKTL1. Almost all TKTL1 positive tumors
turned out to be Apol0 positive, whereas only 4% of the
161 tested primary OSCC were ApolO-/TKTL1+. This
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indicates that Apol0 precedes TKTL1 activation. This is
in line with the currently accepted cancer theory that aris-
ing of tumor cells is based on the acquisition of mutations
in different genes controlling cellular processes like apop-
tosis and metabolism. By using the biomarkers Apol0 and
TKTLI it is now possible to detect neoplasia associated
changes in the two fundamental biophysical processes of
endonuclease/apoptosis activation and glucose/energy
metabolism.

The clinical relevance of these two fundamental bio-
physical processes is underlined by the fact, that Apol0
and TKTLI presence in tumors represent two independ-
ent processes which are associated with advanced tumor
stages and reduced tumor-specific survival in OSCC.
This allows for the first time a two-step model of detec-
tion and characterization of tumors based on two bio-
markers. OSCC tumors negative for Apol0 and TKTL1
represented tumors with favourably prognostic impact
on survival, Apol0 presence indicated malignant OSCC
tumors, and Apol0+/TKTL1+ OSCC tumors turned out
to be more malignant tumors with an invasive/metastas-
ing phenotype and worst prognostic impact on survival.

A large number of studies underlined the clinical rele-
vance of increased TKTL1 expression on gene, transcript
and protein level, since TKTL1 expression correlates with
poor patient outcome and metastasis in many solid tu-
mors [14-27]. Inhibition of TKTL1 mRNA translation
has been shown to inhibit cancer cell proliferation and to
decrease lactate production [14,15]. Specifically in head
and neck squamous cell carcinoma TKTLI1 is activated
by promoter hypomethylation and drives carcinogenesis
by increased aerobic glycolysis and hypoxia inducible fac-
tor 1 alpha (HIF-1a) stabilization [19]. A more recently
published study describes TKTL1 to be indispensable for
the function of the p53-dependent effector Tp53-
induced glycolysis and apoptosis regulator (TIGAR) on
hypoxia-induced cell death. Besides their diagnostic
opportunity for cancer detection, these data confirm
TKTL1 as an important new target for cancer treatment
allowing inhibition of tumor cell viability and the
increase of sensitivity towards hypoxia-, apoptosis and
reactive oxygen species inducing therapies [15,19,24,46].

A multistep process comprising initially six biological
capabilities has been proposed as the basis for develop-
ment of human tumors. The so called hallmarks of can-
cer include sustaining proliferative signaling, evading
growth suppressors, resisting cell death, enabling repli-
cative immortality, inducing angiogenesis, and activating
invasion and metastasis [47]. Our Apol0 and TKTLI re-
sults contribute to the hallmarks of abnormal apoptosis/
proliferation and increased invasion and metastasis,
respectively. In addition to these intrinsic characteristics
of tumor cells leading to tumor growth, the immune
system based elimination of tumor cells determines
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whether a net gain of tumors happens or not. Therefore,
a prerequisite of tumor growth is the outbalance of
growth compared to the elimination of tumor cells. The
hallmarks of cancer not only influence the growth rate
of tumors but also influence the elimination rate by the
immune system. The presence of tumor specific antigens
facilitates the detection and elimination of tumor cells
either by cytotoxic killing of tumor cells or by phagocyt-
osis of tumor cells executed by macrophages. The
elimination of tumor cells by cytotoxic killing of tumor
cells is strongly dependent on tumor metabolism, since
fermentation of glucose to lactic acid even in the pres-
ence of oxygen (aerobic glycolysis/Warburg effect [48])
prevents killing of tumor cells by natural killer cells [49].
Furthermore lactic acid excretion by tumor cells allows
an acid based degradation of surrounding matrix
of healthy tissue leading to invasive growth. Matrix
degradation in distant organs allows disseminated
tumor cells to build distant colonies thereby leading to
metastases [6,7]. Therefore, the metabolic switch from a
mitochondria-based energy metabolism (OxPhos) to
glucose fermentation e.g. mediated by TKTL1 is the basis
of an invasive and metastasis inducing malignant pheno-
type of tumors as well as the basis of an immune protect-
ive strategy avoiding elimination of tumor cells by
natural killer cells or cytotoxic T cells. Furthermore, since
the metabolic switch from a mitochondria-based energy
release to fermentation inhibits apoptosis induction (via
reducing cytochrome c) and radical induction, elimin-
ation of tumor cells by apoptosis and radical inducing
therapies (e.g. chemotherapy, radiation, respectively) is
suppressed by TKTL1 metabolism [7,15,19,24,46].

In a proof of concept study the biomarkers Apol0 and
TKTL1 have been used exploiting the epitope detection
in monocytes (EDIM) technology. The EDIM technology
allows a noninvasive detection of tumor proteins in
blood. EDIM-Apo10 and EDIM-TKTL1 blood tests have
been prospectively conducted in patients with primary
or recurrent OSCC as well as in patients with primary
breast and prostate cancer. In patients with histologically
confirmed OSCC, breast and prostate cancers, blood
samples before surgery revealed significant elevated
levels of Apol0 and TKTL1 in CD14/CD16 positive
monocytes compared to blood donors. By using a single
cut-off for all three tumor entities it was possible to
identify cancer patients by either EDIM-ApolO or
EDIM-TKTL1 blood test in a specific and sensitive
manner. The combination of EDIM-TKTL1 and EDIM-
Apol0 scores increased the sensitivity to 95.8% and the
specificity to 97.3% in all cancer samples/entities.

Conclusions
The combined detection of two independent fundamen-
tal biophysical processes by the two biomarkers Apol0
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and TKTL1 may allow a sensitive and specific detection
of neoplasia in a noninvasive and cost-effective way.
Further prospective trials are warranted to validate this
new concept for the diagnosis of neoplasia and tumor
recurrence.

Additional files

Additional file 1: DNaseX staining. Immunohistochemistry shows
representative images of antibody ab54750 staining (a, b) compared to
Apo10 staining (¢, d). Antibody ab54750 shows cytoplasmic and a focal
nuclear staining pattern, whereas Apo10 is detected exclusively in the
nucleus. The blue color shows the nuclear counterstaining by hematoxy-
lin. The square box demonstrates the area of interest (original magnifica-
tion: x100-fold, upper panel) which is also shown in larger magnification
(x200-fold, lower panel).

Additional file 2: DNaseX (Apo10) staining in human normal oral
squamous epithelial cells. Immunohistochemistry shows representative
image of Apo10 staining in human normal oral squamous epithelial cells.
Apo10 is not detected in human normal oral squamous epithelial cells.
The blue color shows the nuclear counterstaining by hematoxylin.
Original magnification: x200-fold.

Additional file 3: Survival curve of OSCC patient subgroup analysis
measured by Apo10/TKTL1 co-expression. Kaplan-Meier survival
curves for DFS stratified by Apo10-/TKTL1- (blue line), Apo10+/TKTL1-
(red line), Apo10-/TKTL1+ (grey line), and Apo10+/TKTL1+ (green line)
subgroups (a). Compared with Apo10+/TKTL1- (red line), Apo10+/TKTL1+
(green line) subgroup shows the worst DFS (red arrow, p =0.0002).

The most favorable prognosis is demonstrated by the Apo10-/TKTL1-
(blue line) subgroup.

Additional file 4: DNaseX (Apo10) staining in benign cells of the
myocardium and two different human epithelial tumor entities -
carcinomas of the lung, and colon. Hematoxylin and eosin stain (H&E)
shows myocardium (a) and different types of carcinomas (b, ¢, d).
Immunohistochemistry shows representative images of Apo10 (e, f, g, h,
arrows) in human apoptotic (Caspase-3 cleaved, i, j, k, |, arrows) benign
cells of a patient after myocarditis and in carcinomas of the lung, and
colon, which is detected in the nucleus. Apoptotic cells (Caspase-3
cleaved) are increased in benign tissue (i) compared with decreased
detection of apoptotic cells in carcinomas (j, k, ). Both, benign and
malign tissue types stained Apo10+. The blue color shows the nuclear
counterstaining by hematoxylin. Original magnification: x200-fold.

AC, adenocarcinoma; SCC, Squamous cell carcinoma.

Additional file 5: DNaseX (Apo10) staining in bladder and breast
carcinoma. Hematoxylin and eosin stain (H&E) shows bladder and breast
carcinomas (a, b). Immunohistochemistry shows representative images of
Apo10 (¢, d, arrows) in human apoptotic (Caspase-3 cleaved, e, f, arrows)
cells in carcinomas of the bladder and mammary gland (breast), which is
detected in the nucleus. Apoptotic cells (Caspase-3 cleaved) in carcino-
mas (e, f) are decreased compared with benign tissue (myocardium,
Additional file 4). Both, benign and malign tissue types stained Apo10+.
The blue color shows the nuclear counterstaining by hematoxylin.
Original magnification: x200-fold. AC, adenocarcinoma.

Additional file 6: DNaseX (Apo10) and TKTL1 immunocytochemical
staining in BICR3, BICR56, and SCC-4 OSCC cell lines. IgG control
shows no staining (a, b, €). Images show representative immunocytoche-
mical staining of Apo10 (nuclear and weak cytoplasmic expression
pattern, d, e, f), and TKTL1 (cytoplasmic staining expression pattern,

g, h, i). The blue color shows the nuclear counterstaining by
hematoxylin. Original magnification: x400-fold.

Additional file 7: Flow cytometric analysis of Apo10+, TKTL1+
cancer cells and immunocytochemical Apo10+/TKTL1+ double
staining. Flow cytometric analysis shows representative Apo10 (a) and
TKTL1 (b) labeling in BICR56 cancer cells as a positive control. FITC,
Fluoresceinisothiocyanate. Immunocytochemical staining shows a
representative image of Apo10+/TKTL1+ (c) tumor cells in BICR56 OSCC
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cell line. The red nuclear chromogen color (Fast Red) indicates positive
Apo10 staining and the brown cytoplasmic chromogen color (DAB)

indicates positive TKTL1 staining (arrows). Asterisks show single Apo10
(red) or TKTL1 (brown) positive cells. Original magnification: x400-fold.

Additional file 8: Inmunohistochemical Apo10+/TKTL1+ double
staining. Immunohistochemical Apo10+/TKTL1+ double staining of a
representative double positive OSCC tissue shows nuclear Apo10+

(red arrow, Fast Red) and cytoplasmic TKTL1+ (brown arrow, DAB)
co-expression. The square box demonstrates area of interest (original
magnification: x100-fold, a), which is also shown in a larger magnification
(x200-fold, lower panel, b).

Additional file 9: Receiver Operating Characteristics (ROC) analysis
of combined EDIM Apo10/TKTL1 score in OSCC (n = 50) compared
with healthy individuals (n = 74), and interactive dot diagrams. The
true positive rates (sensitivity) are plotted in function of the false positive
rate (100-specificity) for measurement of the cut-off point: ROC analysis
for the diagnosis of primary or recurrent OSCC shows calculated cut-off
value with highest diagnostic accuracy (arrows) of combined EDIM
Apo10/TKTL1 (a) score combined EDIM-Apo10 plus EDIMI-TKTLT score >227:
sensitivity 94.0%, 95% Cl 83.5-98.7%, specificity 97.3%, 95% Cl 90.6-99.7%).
Dotted lines show 95% Cl. OSCC, oral squamous cell carcinoma. In the inter-
active dot diagrams (part of ROC curve analysis, b) the data of healthy controls
and OSCC group are displayed as dots on two vertical axes. The horizontal line
indicates the cut-off points with the best separation/highest accuracy (minimal
false negative and false positive results) between healthy controls and OSCC
group. The corresponding test characteristics sensitivity and specificity are
shown above.

Additional file 10: Table S1. Pre- and postoperative epitope detection
in monocytes (EDIM)-Apo10 and TKTL1 scores in patients with oral
squamous cell carcinoma (n=3).

Additional file 11: Table S2. Pre- and postoperative epitope detection
in monocytes (EDIM)-Apo10 and TKTLT scores in patients with breast
cancer (n=23).

Additional file 12: Table S3. Pre- and postoperative epitope detection
in monocytes (EDIM)-Apo10 and TKTL1 scores in patients with prostate
cancer (n=6).

Additional file 13: Receiver Operating Characteristics (ROC) analysis
of EDIM-Apo10, EDIM-TKTL1, and combined EDIM Apo10/TKTL1
score in all cancer samples (OSCC, breast and prostate cancer,

n =213) compared with healthy individuals (n =74). The true positive
rates (sensitivity) are plotted in function of the false positive rate (100-
specificity) for measurement of the cut-off point: ROC analysis for the
diagnosis of all cancer samples/entities (OSCC, breast and prostate cancer,
a-c) shows calculated cut-off value with highest diagnostic accuracy
(arrows) of EDIM-Apo10 (a), EDIM-TKTL1 (b), and combined EDIM Apo10/
TKTL1 (c) score (a, EDIM-Apo10 score >109: sensitivity 92.0%, 95% Cl
87.5-95.3%, specificity 94.6%, 95% Cl 86.7-98.5%; b, EDIM-TKTL1 score >117:
sensitivity 90.6%, 95% Cl 85.9-94.2%, specificity 95.9%, 95% C| 88.6-99.2%; ¢,
combined EDIM-Apo10 plus EDIM-TKTL1 score >227: sensitivity 95.8%, 95% Cl
92.1-98.0%, specificity 97.3%, 95% Cl 90.6-99.7%). Dotted lines show 95% Cl.
OSCC, oral squamous cell carcinoma; BC, breast cancer; PC, prostate cancer. In
the interactive dot diagrams (part of ROC curve analysis, d-f) the data of
healthy controls and cancer group are displayed as dots on two vertical axes.
The horizontal line indicates the cut-off points with the best separation/high-
est accuracy (minimal false negative and false positive results) between healthy
controls and cancer group. The corresponding test characteristics sensitivity
and specificity are shown above.

Additional file 14: Table S4. Adjuvant treatment of 161 patients with
OSCC according to UICC stages.

Competing interests

OF, HH and JFC are employees and shareholders of TAVARLIN AG,
Pfungstadt, Germany and declare a potential conflict of interest due to the
possible utilization of Apo10/DNaseX and TKTL1 for diagnostic and/or
therapeutic purposes. The authors have no other affiliations or financial
involvement with any organization or entity with a financial interest in or
financial conflict with the subject matter or materials discussed in the
manuscript apart from those disclosed.


http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S1.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S2.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S3.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S4.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S5.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S6.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S7.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S8.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S9.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S10.doc
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S11.doc
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S12.doc
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S13.tiff
http://www.biomedcentral.com/content/supplementary/1471-2407-13-569-S14.doc

Grimm et al. BMC Cancer 2013, 13:569
http://www.biomedcentral.com/1471-2407/13/569

Authors’ contributions

MG and JFC conceived the study, carried out immunohistochemistry studies,
performed the statistical analyses, and drafted the manuscript. OF, SS and PT
performed flow cytometric analysis. TB and JS analysed histopathological
specimen and carried out immunohistochemistry studies. AS, JH, HIM, and
KK carried out the data collection. AM and TN performed cell culture
experiments. OF, HH, and SR participated in the design of the study and
coordination and drafted the manuscript. All authors read and approved the
final manuscript.

Acknowledgements

The authors thank the assistance of Eva Stetzer reading the manuscript. We
thank Sven Bellert, Christina Heickenfeld and Melanie Higen for their
technical support with EDIM flow cytometric experiments. We thank the
Walter und Anna Korner-Stiftung, Tuebingen for their financial support.

Author details

'Department of Oral and Maxillofacial Surgery, University Hospital Tuebingen,
Osianderstr. 2-8, 72076, Tuebingen, Germany. °German Cancer Research
Center (DKFZ) Flow Cytometry Core Facility, Heidelberg, Im Neuenheimer
Feld 280, 69120, Heidelberg, Germany. *Cancer Research Center,
Sanford-Burnham Medical Research Institute, 10901 North Torrey Pines Road,
La Jolla, CA 92037, USA. “Department of Pathology, University Hospital
Tuebingen, Liebermeisterstr. 8, 72076, Tuebingen, Germany. *Department of
Urology, University Hospital Tuebingen, Hoppe-Seyler-Str. 3, 72076,
Tuebingen, Germany. ®Department of Gynecology, Clemenshospital
Muenster, Duesbergweg 124, 48153, Muenster, Germany. ’Department of
Anaesthesiology and Intensive Care Medicine, University Hospital Tuebingen,
Hoppe-Seyler-Str. 3, 72076, Tuebingen, Germany. énstitute of Pathology,
Robert-Koch-Allee 9, 99437, Bad Berka, Germany. “TAVARLIN AG, ReiB3str. 1a,
64319, Pfungstadt, Germany.

Received: 5 August 2013 Accepted: 26 November 2013
Published: 4 December 2013

References

1. Cummings J, Raynaud F, Jones L, Sugar R, Dive C: Fit-for-purpose
biomarker method validation for application in clinical trials of
anticancer drugs. Br J Cancer 2010, 103:1313-1317.

2. Silva SD, Agostini M, Nishimoto IN, Coletta RD, Alves FA, Lopes MA,
Kowalski LP, Graner E: Expression of fatty acid synthase, ErbB2 and
Ki-67 in head and neck squamous cell carcinoma. A clinicopathological study.
Oral Oncol 2004, 40:688-696.

3. Los M, Neubuser D, Coy JF, Mozoluk M, Poustka A, Schulze-Osthoff K: Func-
tional characterization of DNase X, a novel endonuclease expressed in
muscle cells. Biochemistry 2000, 39:7365-7373.

4. Taper HS: Altered deoxyribonuclease activity in cancer cells and its role
in non toxic adjuvant cancer therapy with mixed vitamins C and K3.
Anticancer Res 2008, 28:2727-2732.

5. Martelli AM, Tabellini G, Bressanin D, Ognibene A, Goto K, Cocco L,
Evangelisti C: The emerging multiple roles of nuclear Akt. Biochim Biophys
Acta 2012, 1823:2168-2178.

6. Locasale JW, Cantley LC: Altered metabolism in cancer. BMC Biol 2010, 8:88.

7. DeBerardinis RJ, Lum JJ, Hatzivassiliou G, Thompson CB: The biology of
cancer: metabolic reprogramming fuels cell growth and proliferation.
Cell Metab 2008, 7:11-20.

8. Gatenby RA, Gillies RJ: Why do cancers have high aerobic glycolysis?

Nat Rev Cancer 2004, 4:891-899.

9. Kobayashi Cl, Suda T: Regulation of reactive oxygen species in stem cells
and cancer stem cells. J Cell Physiol 2012, 227:421-430.

10.  Scatena R: Mitochondria and cancer: a growing role in apoptosis, cancer cell
metabolism and dedifferentiation. Adv Exp Med Biol 2012, 942:287-308.

11. Coy JF, Dubel S, Kioschis P, Thomas K, Micklem G, Delius H, Poustka A:
Molecular cloning of tissue-specific transcripts of a transketolase-related
gene: implications for the evolution of new vertebrate genes. Genomics
1996, 32:309-316.

12. Coy JF, Dressler D, Wilde J, Schubert P: Mutations in the transketolase-like
gene TKTL1: clinical implications for neurodegenerative diseases,
diabetes and cancer. Clin Lab 2005, 51:257-273.

13. Feyen O, Coy JF, Prasad V, Schierl R, Saenger J, Baum RP: EDIM-TKTL1
blood test: a noninvasive method to detect upregulated glucose

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

Page 17 of 18

metabolism in patients with malignancies. Future Oncol 2012,
8:1349-1359.

Hu LH, Yang JH, Zhang DT, Zhang S, Wang L, Cai PC, Zheng JF, Huang JS:
The TKTL1 gene influences total transketolase activity and cell
proliferation in human colon cancer LoVo cells. Anticancer Drugs 2007,
18:427-433.

Xu X, Zur Hausen A, Coy JF, Lochelt M: Transketolase-like protein 1
(TKTL1) is required for rapid cell growth and full viability of human
tumor cells. Int J Cancer 2009, 124:1330-1337.

Langbein S, Zerilli M, Zur Hausen A, Staiger W, Rensch-Boschert K, Lukan N,
Popa J, Ternullo MP, Steidler A, Weiss C, et al: Expression of transketolase
TKTL1 predicts colon and urothelial cancer patient survival: Warburg
effect reinterpreted. Br J Cancer 2006, 94:578-585.

Zerilli M, Amato MC, Martorana A, Cabibi D, Coy JF, Cappello F, Pompei G,
Russo A, Giordano C, Rodolico V: Increased expression of transketolase-
like-1 in papillary thyroid carcinomas smaller than 1.5 cm in diameter is
associated with lymph-node metastases. Cancer 2008, 113:936-944.
Hartmannsberger D, Mack B, Eggert C, Denzel S, Stepp H, Betz CS, Gires O:
Transketolase-like protein 1 confers resistance to serum withdrawal

in vitro. Cancer Lett 2010, 300:20-29.

Sun W, Liu Y, Glazer CA, Shao C, Bhan S, Demokan S, Zhao M, Rudek MA,
Ha PK, Califano JA: TKTL1 is activated by promoter hypomethylation and
contributes to head and neck squamous cell carcinoma carcinogenesis
through increased aerobic glycolysis and HIF1alpha stabilization.

Clin Cancer Res 2010, 16:857-866.

Zhang S, Yang JH, Guo CK, Cai PC: Gene silencing of TKTL1 by RNAi
inhibits cell proliferation in human hepatoma cells. Cancer Lett 2007,
253:108-114.

Schmidt M, Voelker HU, Kapp M, Krockenberger M, Dietl J, Kammerer U:
Glycolytic phenotype in breast cancer: activation of Akt, up-regulation of
GLUT1, TKTL1 and down-regulation of M2PK. J Cancer Res Clin Oncol 2010,
136:219-225.

Yuan W, Wu S, Guo J, Chen Z, Ge J, Yang P, Hu B: Silencing of TKTL1 by
siRNA inhibits proliferation of human gastric cancer cells in vitro and

in vivo. Cancer Biol Ther 2010, 9:710-716.

Kayser G, Sienel W, Kubitz B, Mattern D, Stickeler E, Passlick B, Werner M,
Zur Hausen A: Poor outcome in primary non-small cell lung cancers is pre-
dicted by transketolase TKTL1 expression. Pathology 2011, 43(7):719-724.
Schwaab J, Horisberger K, Strobel P, Bohn B, Gencer D, Kahler G, Kienle P,
Post S, Wenz F, Hofmann WK, et al: Expression of transketolase like gene 1
(TKTL1) predicts disease-free survival in patients with locally advanced
rectal cancer receiving neoadjuvant chemoradiotherapy. BMC Cancer
2011, 11:363.

Diaz-Moralli S, Tarrado-Castellarnau M, Alenda C, Castells A, Cascante M:
Transketolase-like 1 expression is modulated during colorectal cancer
progression and metastasis formation. PLoS One 2011, 6:225323.

Volker HU, Hagemann C, Coy J, Wittig R, Sommer S, Stojic J, Haubitz |, Vince
GH, Kammerer U, Monoranu CM: Expression of transketolase-like 1 and ac-
tivation of Akt in grade IV glioblastomas compared with grades Il and III
astrocytic gliomas. Am J Clin Pathol 2008, 130:50-57.

Lange CA, Tisch-Rottensteiner J, Bohringer D, Martin G, Schwartzkopff J,
Auw-Haedrich C: Enhanced TKTL1 expression in malignant tumors of the
ocular adnexa predicts clinical outcome. Ophthalmology 2012, 119:1924-1929.
Bentz S, Cee A, Endlicher E, Wojtal KA, Naami A, Pesch T, Lang S, Schubert P,
Fried M, Weber A, et al: Hypoxia induces the expression of transketolase-like 1
in human colorectal cancer. Digestion 2013, 88:182-192.

Jansen N, Coy JF: Diagnostic use of epitope detection in monocytes
blood test for early detection of colon cancer metastasis. Future Oncol
2013, 9:605-609.

Herwig R, Pelzer A, Horninger W, Rehder P, Klocker H, Ramoner R, Pinggera
GM, Gozzi C, Konwalinka G, Bartsch G: Measurement of intracellular versus
extracellular prostate-specific antigen levels in peripheral macrophages:
a new approach to noninvasive diagnosis of prostate cancer.

Clin Prostate Cancer 2004, 3:184-188.

Leers MP, Nap M, Herwig R, Delaere K, Nauwelaers F: Circulating PSA-containing
macrophages as a possible target for the detection of prostate cancer:

a three-color/five-parameter flow cytometric study on peripheral blood
samples. Am J Clin Pathol 2008, 129:649-656.

Parihar A, Eubank TD, Doseff Al: Monocytes and macrophages regulate
immunity through dynamic networks of survival and cell death. J Innate
Immun 2010, 2:204-215.



Grimm et al. BVIC Cancer 2013, 13:569 Page 18 of 18
http://www.biomedcentral.com/1471-2407/13/569

33, Grimm M, Krimmel M, Polligkeit J, Alexander D, Munz A, Kluba S, Keutel C,
Hoffmann J, Reinert S, Hoefert S: ABCB5 expression and cancer stem cell
hypothesis in oral squamous cell carcinoma. Eur J Cancer 2012, 48:3186-3197.

34, Sobin LH, Ch W: UICC. TNM Classification of Malignant Tumors. 7th edition.
Berlin: Springer Verlag; 2010.

35, Hamilton SR, Aaltonen LA: Pathology and Genetics. Tumours of the Digestive
System. 3rd edition. Lyon: IARC Press; 2000.

36.  Walker RA: Quantification of immunohistochemistry—issues concerning
methods, utility and semiquantitative assessment |. Histopathology 2006,
49:406-410.

37. Tuominen VJ, Tolonen TT, Isola J: ImmunoMembrane: a publicly available
web application for digital image analysis of HER2
immunohistochemistry. Histopathology 2012, 60:758-767.

38. Tuominen VJ, Ruotoistenmaki S, Viitanen A, Jumppanen M, Isola J:
ImmunoRatio: a publicly available web application for quantitative
image analysis of estrogen receptor (ER), progesterone receptor (PR),
and Ki-67. Breast Cancer Res 2010, 12:R56.

39.  Edington KG, Loughran OP, Berry 1J, Parkinson EK: Cellular immortality: a late
event in the progression of human squamous cell carcinoma of the head
and neck associated with p53 alteration and a high frequency of allele loss.
Mol Carcinog 1995, 13:254-265.

40.  Rheinwald JG, Beckett MA: Tumorigenic keratinocyte lines requiring
anchorage and fibroblast support cultures from human squamous cell
carcinomas. Cancer Res 1981, 41:1657-1663.

41. Kaplan EL, Meier P: Nonparametric estimation from incomplete
observations. J Am Stat Assoc 1958, 75:457-487.

42, Mantel N: Evaluation of survival data and two new rank order statistics
arising in its consideration. Cancer Chemother Rep 1966, 50:163-170.

43. Cox DR: Regression models and life tables. J Roy Stat Soc B 1972:1987-2001.

44, Zweig MH, Campbell G: Receiver-operating characteristic (ROC) plots: a
fundamental evaluation tool in clinical medicine. Clin Chem 1993, 39:561-577.

45, Shiokawa D, Tanaka M, Kimura T, Hashizume K, Takasawa R, Ohyama H,
Fujita K, Yamada T, Tanuma S: Characterization of two DNase gamma-
specific monoclonal antibodies and the in situ detection of DNase
gamma in the nuclei of apoptotic rat thymocytes. Biochem Biophys Res
Commun 2000, 275:343-349.

46.  Wanka C, Steinbach JP, Rieger J: Tp53-induced glycolysis and apoptosis
regulator (TIGAR) protects glioma cells from starvation-induced cell
death by up-regulating respiration and improving cellular redox
homeostasis. J Biol Chem 2012, 287:33436-33446.

47. Hanahan D, Weinberg RA: Hallmarks of cancer: the next generation.

Cell 2011, 144:646-674.

48. Warburg O, Posener K, Negolein E: Uber den Stoffwechsel der
Carcinomzelle. Biochem Z 1924:309-344.

49.  Caligiuri MA: Human natural killer cells. Blood 2008, 112:461-469.

doi:10.1186/1471-2407-13-569

Cite this article as: Grimm et al.: A biomarker based detection and
characterization of carcinomas exploiting two fundamental biophysical
mechanisms in mammalian cells. BMC Cancer 2013 13:569.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

www.biomedcentral.com/submit

Submit your manuscript at ( BioMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients and tumor specimen for immunohistochemistry (IHC)
	Staining procedure and quantification of IHC
	Immunohistochemical (IHC) and immunocytochemical (ICC) double staining experiments
	Cell culture
	Flow cytometric analysis of OSCC cell lines and EDIM blood tests
	Determining EDIM scores
	Statistical analysis

	Results
	Comparison of observer semi-quantitative scoring with computer-assisted (semi-)quantitative analysis of Apo10 and TKTL1
	Immunohistochemical analysis of OSCC tumors using two independent anti-DNaseX monoclonal antibodies
	Apo10 staining in OSCC tumors correlates with tumor size and advanced tumor stages
	Prognostic value of Apo10 in OSCC
	TKTL1 protein is overexpressed in OSCC tumors and correlates with tumor size, advanced tumor stages, and cervical lymph node metastasis
	Prognostic value of TKTL1 in OSCC
	Prognostic value of Apo10/TKTL1 subgroups in OSCC
	Presence of Apo10 protein epitope in human carcinomas
	Presence of Apo10 protein epitope in benign cells is restricted to very few cell types
	Immunocytochemistry
	Use of flow cytometric analysis for detection of Apo10 and TKTL1 in cancer cells
	EDIM-Apo10 and EDIM-TKTL1 blood tests are highly sensitive and specific for detecting OSCC and recurrence of the tumor
	EDIM-Apo10 and EDIM-TKTL1 blood tests are highly sensitive and specific for detecting patients with breast cancer
	EDIM-Apo10 and EDIM-TKTL1 blood tests are highly sensitive and specific for detecting patients with prostate cancer
	Comparison of cut-off scores for sensitive and specific detection of patients with OSCC, breast and prostate cancer
	Patterns of treatment

	Discussion
	Conclusions
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

