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found to be expressed in both HPAFII and hPSC
mono-cultures and clearly increased in the day 7 co-
cultures compared to the individual mono-cultures
(Suppl. Fig. 4c).

E-cadherin (CDH1) was found highly expressed in
HPAFII but not hPSC cells on the protein- (Suppl.
Fig. 4d) as well as on mRNA level (data not
shown). Quantification of the immunohistochemis-
try indicated a slight increase in the proportion of
CDH1 expressing HPAFII cells at later time points
(Suppl. Fig. 4d).

Virtual sorting of spheroids made up of cells from
different species facilitated stromal epithelial crosstalk
analysis
We previously determined cell-type specific mRNA ex-
pression by real time PCR after sorting the cells with
fluorescence activated cell sorting (FACS ) [35]. During
this procedure, we experienced over-proportional cell
loss. Therefore, we developed a novel method to deter-
mine cell-type specific gene expression directly from
non-dissociated, intact spheroids. This was achieved by
culturing spheroids of human tumour and mouse stellate
cells in combination with individually designed species-
specific primers for real-time PCR. Human and mouse
mono- and co-cultures of all cell lines used are shown in
Fig. 5a, b. Real time PCR products were analysed on a

2% agarose gel, to test amplicon length and species-
specificity of the primers (Suppl. Fig. 6).

Virtual sorting performed on spheroids of Panc1 cells,
mouse PSCs (mPSC) and mixtures thereof convincingly
demonstrated the activation of the stellate cells by the
co-cultured Panc1 cells through significant upregulation
of Acta2 (Asma), Col1a1 (collagen-1a1), Fn (fibronectin)
and Tgfb1 (transforming growth factor-� 1) in the PSCs
(Fig. 5c). Furthermore, a trend of increased proliferation
(MKI67) of Panc1 cells upon co-culture could be observed
(Fig. 5d). Cdh1 mRNA was slightly lower expressed in co-
cultured compared to mono-cultured Panc1 cells (Fig. 5d).

The virtual sorting method on HPAFII and mPSC cells
likewise indicated an activation of the HPAFII co-
cultured mPSCs (Fig. 6), albeit slightly weaker, while Fn
mRNA expression was not affected.

In order to test the versatility of the mixed species ap-
proach further, we also cultured mouse KPCT tumour
cells and human PSCs (Fig. 5b). Also, the human PSCs
were activated by the co-cultured mouse tumour cells as
indicated by increased ACTA2, COL1A1, FN and TGFB1
mRNA levels (Fig. 7).

Discussion
Since PDAC imposes a highly unmet medical need,
studying the intimate relation between its two principal
cellular components, tumour cells and PSCs, is pivotal

Fig. 4 Histological and immunohistochemical characterization of HPAFII and hPSC mono- and heterospheroids cultured for 5 days. Haematoxylin
and eosin-stained central sections of mono- and co-cultured HPAFII/hPSC spheroids (a). Immunohistochemical double-staining for the epithelial
marker CK19 (red) and the proliferation marker MKI67 (brown) (b). CK19/MKI67 double staining was also used to determine the percentage of
HPAFII cells (CK19+)/hPCS cells (CK19� ) (c) and the percentage of proliferating (MKI67+) HPAFII and hPSC cells (d) in mono- and heterospheroids,
corresponding to mono-culture (MC) and co-culture (CC), respectively, over a period of 7 days. Black scale bars in a) and b) correspond to 200 � m
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