
 
Cultivation of tumor tissue slices provides an ex vivo model capturing both tumor heterogeneity 
and its native microenvironment. Slices are commonly cultured either free-floating in medium or 
filter-supported. These conditions lead both to culture-dependent stress (free-floating culture 
condition) and intra-slice gradients regarding proliferation, marker expression and oxygen 
supply (filter-supported culture condition) (Davies et al Sci Rep (2015) 10.1038/srep17178).  

Influence of using polycarbonate membrane as organotypic 
support on ER and HIF1α expression in PAC tissue slices from 
MCF7 CDX tumors.   (A) Slices are cultivated for 3 days either statically on 
MF or in the PAC system using polycarbonate membranes and compared with in 
vivo situation. ER and HIF1α were stained to investigate ER expression and 
oxygen supply. A clear gradient can be observed with static MF culture system 
from the air to the filter side. With polycarbonate membranes, characterized by 
small pore sizes, gradients are established from outside to inside. Scale bar 
represents 100 µm. (B) The microstructures and pore sizes of the support 
materials of MF with polytetrafluoroethylene (PTFE) membrane and of PAC with 
polycarbonate membrane. 
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To facilitate homogenous supply with nutrients and oxygen, we developed a new method to 
culture tumor tissue slices. Several different types of mouse xenografts (human breast cancer 
cell line MCF-7, human lung cancer cell line H1437) and primary human lung and ovarian tumor 
tissue slices have been cultured to test this new system. (A) Details of the tissue slices perfusion 
air culture (PAC) system. The precision-cut tissue slices (150 µm to 300 µm thickness) are kept 
in-between two organotypic supports and fixed in a special chamber allowing continuous 
perfusion with medium and drugs (perfusion rate 2000 µL per day). The chamber is settled 
vertically inside of a 50 mL tube with air exchange capacity and connected with a syringe pump 
via a silicon tube. The whole system is cultured inside the cell culture incubator. (B) Structures 
of the PAC system and the commenly used Millipore filter (Millicell Cell Culture inserts, Merck 
Millipore, PTFE) culture system. (C) Different types of organotypic supports from both sides of 
the tissue slices have been used in the PAC system for different cultivation purpose. 

Material and methods  

DO NOT POST  

 
The choice of the organotypic support is critical (structure, material, pore size, etc.) for 
perfusion culture of tumor tissue slices. It has to be chosen depending on the goal of the 
experiment. Organotypic supports with small pore sizes can be used to mimic hypoxic 
gradients. Cotton or nylon meshes with large pore sizes are useful tools to maintain long-term 
tissue quality. Natural scaffold supports such as porcine intestine provide niches for migrating 
cells and are suitable for studying tumor invasiveness in native tumor microenvironment. 
Our perfusion air culture system facilitates the cultivation of tumor tissue slices due to its 
flexibility and adjustability of all culture conditions such as oxygen, scaffolds and flow rate 
parameters. It allows culture the tissue slices from mouse xenografts and primary human 
tumors more than 3 days with minimal culture dependent tissue damage and studying tumor 
slices under conditions closely resembling the in vivo situation.   
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1 Expression of estrogen receptor (ER) and hypoxia-inducible factor 1α (HIF1α) in MCF-7 CDX tissue slices with 
Millipore filter (MF) culture system compared to perfusion air culture (PAC) system. (A) Slices are cultivated either 
statically on MF or in the PAC system with cotton meshes as organotypic support, and compared with non-cultivated slices at day 0 (d0) 
and the original tumor (in vivo). ER and HIF1α were stained to investigate ER expression and oxygen supply. The right columns in each 
staining are the zoomed pictures of the corresponding left columns. After 3 days culture, the tissue slice cultured in the PAC system shows 
similar morphology and biomarker expression as the original tumor tissue. The tissue slice cultured on the conventional static MF culture 
system shows an artificial gradient from the air side to the filter side with regards to expression of the tumor biology-specific biomarker ER 
and the nuclear HIF1α. The hormone receptor ER drives proliferation of MCF-7 cells and the reduction of ER positive staining in the filter 
region of the slices associated with HIF1α expression. (B) After 7 days cultivation with the PAC system, the tumor tissue still shows similar 
morphology and hormone receptor ER expression as the d0 tumor. Scale bar represents 100 µm. 
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Comparison of Ki67, HIF1α and γ-H2AX expression in Millipore filter (MF) 
culture and perfusion air culture (PAC) systems with H1437 CDX tissue 
slices. Slices are cultivated for 3 days either statically on MF or in the PAC system using 
cotton meshes as organotypic support and compared with non-cultivated slices at day 0 (d0) 
and the original tumor (in vivo). Ki67, HIF1α and γ-H2AX were stained for immuno-
histochemistry to investigate proliferation,  oxygen supply and DNA damage. After 3 days 
culture, the tissue slices cultured in the PAC system shows similar morphology and biomarker 
expression as the original tumor tissue. The tissue slice cultured on conventional static MF 
culture system shows an artificial gradient from the air side to the filter side with regards to 
proliferation, HIF1α and γ-H2AX. Scale bar represents 100 µm.  
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•  Cotton meshes  
   (pore size: 500 µm) 

•  Scaffold from  
    porcine intestine 

Organotypic supports:  

•  Nylon meshes  
   (pore size: 89 µm) 

•  Polycarbonate membranes  
   (pore size: 12 µm) 
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Summary 

Tissue slices from primary 
human ovarian tumors after 
three days cultivation with the 
PAC system compared to 
conventional static MF culture 
system. HE staining of one primary 
ovarian tumor case shows that tumor 
tissue slices with the PAC system have 
better tumor morphology and structure  
close to in vivo tumors after 3 days 
(d3) cultivation. HIF1α, γ-H2AX and 
geminin (GMNN) expression of another 
ovarian tumor case shows similar 
results observing this gradient after 
cultivation in the MF system but not in 
the PAC system using cotton meshes 
as organotypic support. Scale bar 
represents 100 µm. 
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6 Potential novel applications using perfused tissue slices: Studying invasive cancer cells 
behavior in native microenvironment. Tissue slices were placed in-between two layers of cell free 
porcine intestine scaffolds in the perfusion system. (A) Tissue slices from invasive and non-invasive non-
small cell lung cancer cell line based xenograft were cultured for 3 days in the perfusion system. Slices were 
paraffin-embedded vertically and stained for Ki67. Migration and invasion into the scaffold was only 
observed with Calu-1 tumors but not with H1437 tumors. A comparable phenotype was also observed in 3D 
spheroids cultures with the same cell lines (Albin Rudisch et al., PLoS One. 2015). Small clusters of Ki67 
positive Calu-1 cells were detected in niches provided by the villi structure of the lumen side of the scaffolds 
(indicated with red arrows). This type of culture might be very useful for studying invasiveness and for 
separating and characterizing invasive cells from the bulk of cancer cells remaining in the tumor tissue. Scale 
bar represents 100 µm. (B) Primary ovarian tumor tissue slices can be cultured up to 7 days in the same way 
in the PAC system with well preserved tissue morphology and structure (HE staining). Invasion was observed 
in 3 cases out from 8 tumors. Migrating cells are indicated with black arrows. Scale bar represents 50 µm. 
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3 HIF1α expression of primary human lung 
tumor tissue slices from patient after 5 
days cultivation with the PAC system and 
compared to conventional static MF culture 
system. The primary human lung tumor tissue 
preserves the morphology and HIF1α expression in 
PAC system for five days (d5). The tumor tissue slice 
cultured on static MF culture system shows a 
gradient of HIF1α expression from the air side to the 
filter side on d5. Scale bar represents 100 µm. 
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