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EpCAM is currently used as pan-cancer marker and 
their expression is also associated with stem cells [15, 16]. 
Additionally, EpCAM is a prominent cell surface antigen 
for detection of circulating tumour cells (CTCs) and part of 
the commercially available CellSearch™ system (Veridex 
LLC, Raritan, NJ, USA). Of note, the US Food and Drug 
Administration (FDA) approve this test only for the detection 
of certain metastatic cancers [17–19] whereas in our novel 
approach we cannot observe such limitation for either of the 
investigated taMPs subpopulations (Figure 3C–3D).

Next we explored whether total tumour R0 resection 
could alter taMPs. Based on the previously published results 
[14], we expected that taMPs should decrease after tumour 
removal. Indeed, we documented a significant decrease 
of the median values at day 7 post-OP from pre-OP 61 
EpCAM+ taMPs per 103 AnnexinV+ MPs to 51 EpCAM+ 
taMPs per 103 AnnexinV+ MPs (Figure 4A–4B). While 
EpCAM+ taMPs did not decrease totally towards the healthy 
control levels. We assumed that the clearance of EpCAM+ 
taMPs might need longer time period as in the case of the 

Figure 2: taMPs predict tumour volumes. Measured EpCAM+ taMP and EpCAM+CD147+ taMP values were set in dependence 
(Spearman algorithm) to associate patient tumour volumes of indicated cancer entities; (A–B): NSCLC; (C–F): CRC. Correlations were 
restricted to 100 cm3 of tumour volume. (D/F) Detail analysis of indicated tumour ranges revealing the possible lower and upper detection 
limit. Shown are indicated median with 25 and 95 percentile including p-value as indicated; * = p < 0.05, ** = p < 0.005, *** = p < 0.0005, 
n.s. = not significant (one-way ANOVA test including multiple comparisons using Dunn’s Multiple Comparison Test). Overall, an error 
level p < 0.05 was considered significant. Calculations were done with Prism 5 (GraphPad Software, Inc., USA).
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clearance of Glypican-1 positive exosomes [14]. On the 
contrary, EpCAM+CD147+ taMP and CD147+EpCAM- MPs 
were at day 7 post-OP in median not differing compared 
to respective pre-OP values (Figure 4C–4D). We speculate 
that CD147+EpCAM− MPs were shed from fibroblast, 
T-cells, stroma cells, epithelial cells during tumour resection 
indicating tissue remodelling, migration and cancer cell 
invasion in which EMMPRIN/CD147 might play role as 
suggested by others [7, 20, 21]. 

Taken together, in vivo cancer cells shed distinct 
taMP populations with a unique pan-cancer MPs-based 
signature. Even if each tumour is composed of a mixture 
of heterogeneous tumour cells, the released EpCAM+ and 
EpCAM+CD147+ taMPs can be reliable detected in the 
circulation in both primary and metastatic tumour-bearing 
patients (Figure 4E). EpCAM+ and EpCAM+CD147+ taMPs 
might serve as an early indicator of cancer growth and 
monitor successful anti-tumour therapy and might be used as 

Figure 3: Discrimination between metastatic and non-metastatic phenotype in CRC. (A–B) Measured EpCAM+ taMP and 
EpCAM+CD147+ taMP values were set in dependence (Spearman algorithm) to associate patient UICC values. (C–D) Direct comparison 
of indicated taMPs population in metastatic CRC (mCRC) vs. non-metastatic CRC and healthy controls. (E/F) Direct comparison of 
measured CEA and CA 19–9 values in ng/mL in metastatic CRC (mCRC) vs. non-metastatic CRC. Shown are indicated median with 25 
and 95 percentile including p-value as indicated; * = p < 0.05, ** = p < 0.005, *** = p < 0.0005, n.s. = not significant (one-way ANOVA 
test including multiple comparisons using Dunn’s Multiple Comparison Test (C/D) or unpaired Mann-Whitney test (E/F)). 
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important liquid biopsy tool to differentiate between therapy 
responders and therapy non-responders. Importantly, our 
data clearly indicate that it is far more beneficial to explore 
specific individual taMP subpopulations using multiple 
surface marker combination in order to distinguish cancer 

from non-cancer patients. Our results demonstrate that the 
analysis of taMP can help to identify patients with cancer 
from healthy individuals but also to pinpoint the presence 
of specific MP subtype in epithelial damage and subtype 
exclusively associated with tumour.

Figure 4: Detection of EpCAM+ and EpCAM+CD147+ and CD147+EpCAM- tumour associated microparticles (taMPs) 
in CRC sera patient samples. (A) EpCAM+ taMPs levels 7 days post CRC tumour resection and at day 10 post-OP. (B) Paired display 
of accompanied post-OP and post-OP values of indicated taMP populations. (C) EpCAM+CD147+ taMPs levels 7 days post CRC tumour 
resection and at day 10 post-OP. (D) CD147+EpCAM− taMPs levels 7 days post CRC tumour resection and at day 10 post-OP. Shown 
are indicated median with 25 and 95 percentile including p-value as indicated; * = p < 0.05, ** = p < 0.005, *** = p < 0.0005, n.s. = 
not significant (paired t-test with Wilcoxon matched pairs signed rank-test). Overall, an error level p < 0.05 was considered significant. 
(E) Sketch illustrating the heterogeneous tumour composition and tumour antigens used in the current study. Tumour cells shed multiple 
MP subpopulations carrying a distinguishing set of surface markers. These shedded taMPs can be detected in the sera of cancer patients.


