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1 INTRODUCTION
Colorectal cancer (CRC) represents one of the most common cancer
worldwide. The dysregulation of secretory pathways is one of the main
causes of CRC progression, due to their implication in biological
processes of great importance, including cell proliferation,
angiogenesis and survival. Therefore, this study aims at exploring the
changes in the secretome on a systems level with the aim to elucidate
the influence of the tumor microenvironment on secretome expression
and vice versa the impact of secretome on tumor biology.

2 MATERIAL AND METHODS
20 CRC cell lines (15 commercial lines and five PDX derived) have
been cultured in 2D culture, 3D spheroids culture and 3D spheroids
coculture with human dermal fibroblasts, in order to compare the
secreted cytokine profile in these three different conditions.
Supernatants were harvested on day 6 for the spheroids and day 3 for
the 2D culture setting. A human specific magnetic bead-based assay
was used to analyze the expression of 45 cytokines. The workflow of
the experiment is depicted in Figure 1.

A classification of the cytokines based on their role (EMT-related, angiogenic and proliferation/invasion related factors) revealed that highly metastatic cell lines (CXF_HCT-116, CXF_COLO
205 and CXF_KM20L2) exhibit the highest levels of EMT-related and proliferation/invasion related cytokines in all settings.
In contrast, the angiogenic factors were highly expressed across all lines and settings. Nevertheless, a general upregulation of secreted angiogenic factors in 3D co-culture was observed.
The poorly differentiated cells with mostly metastatic features are paired in Cluster A which displays in general high levels of cytokines. Instead, clusters B contain mainly weakly metastatic
and non-metastatic cell lines which show lower levels of cytokines.
Cluster B includes all PDX derived cell lines and the lines with an equal number of upregulated cytokines in both 3D settings. The commercial cell lines on Cluster B area all described as non-
or weakly metastatic and non-invasive.

Fig. 5 Venn diagram of 
clusters obtained from 
the two heat maps. 15 
cell lines belong to the 
same cluster in both 
divisions, while 4 lines are 
in different clusters but in 
the same main groups (A 
or B) in both analysis. In 
view of this, we paired the 
cells and pinpointed the 
analogies between the cell 
lines, taking also into 
consideration the 
literature.

Fig. 4 Heat map of the cytokines
levels data in coculture condition.

The higher secreted 
cytokines promote cell 
proliferation, angiogenesis 
and are key players in the 
regulation of the epithelial-
to-mesenchymal transition 
(EMT) of colorectal cancer 
cells.

Fig. 3 Heat map of the fold 
changes mono vs coculture.  

20 cytokines were 
specifically upregulated in 
coculture across most of the 
cell lines. 16 cell lines 
exhibited more cytokines 
upregulated in coculture, 3 
lines had an equal number of 
upregulated cytokines in 
coculture and 3D and only 
one line (CXF_243) showed 
more cytokines upregulated 
in monoculture. 

RESULTS3

CONCLUSIONS AND OUTLOOK
Our analysis enabled us to determine the secreted cytokine profile of the colorectal cancer
cell lines under study. As major point, the different in vitro conditions proved that the tumor
microenvironment has a role on cancer secretome since the human dermal fibroblasts
cocultured with our cells showed to enhance broadly the expression of cytokines with
metastatic, pro-inflammatory and invasive capabilities. Moreover, our cluster analysis
demonstrated that cell lines with comparable characteristics in terms of metastatic potential
and differentiation exhibit also an analogous cancer secretome profile and are similarly
influenced by the 3D coculture setting.
The next step will be to further investigate the role of secretome on tumor biology in vivo in
PDX models. Orthotopic implantations of selected colorectal cancer cells will be performed
with the aim of identifying key players in the secretome of mice and monitoring their
influence on tumor growth and metastasis.
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Figure 2: heatmap 2D
vs 3D monoculture. 13
lines exhibit more
cytokines upregulated in
3D whereas
4 lines had more
cytokines upregulated in
2D. In 3 lines the number
of modulated cytokines
was similar in both
settings. The
upregulated cytokines in
3D mainly promote
inflammation and
angiogenesis.

Figure 1: workflow and experimental set-up
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