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ABSTRACT

An important problem faced in treating cancer is the innate and emerging resistance to 

chemotherapies.  A disadvantage with current routine chemosensitivity testing is that 

the tests do not reflect pharmacokinetics, nor the interactions between tumour cells and 

the tumour microenvironment.  

The aim of this study was to develop a new assay that better reflects clinical treatment 

outcomes by replicating the crosstalk between tumour cells and stromal cells, and as 

such, parts of the tumour microenvironment. This was done by co-culture of colorectal 

carcinoma cell line HCT 116 GFP with fibroblast cell line LL86, as well as culture of 

tumour cell lines A549 NucLight Red and HCT 116 GFP with fibroblast-conditioned 

medium. The viability of tumour cells after treatment with chemotherapy was then 

calculated and comparisons were made between the cells cultivated in co-culture or 

conditioned medium compared to control.

The results indicate that there may be a difference in chemosensitivity when tumour 

cells interact with fibroblasts and conditioned medium, both by initiating resistance as 

well as sensitizing the tumour cells, but the effects seen were moderate. However, the 

effect may vary between different chemotherapies, tumour cells and fibroblasts. 

While obstacles have been found with the methods used in this study, the effect of the 

tumour microenvironment should not be easily dismissed. Future developments and 

optimisation of the method for use with patient tumour and stromal cells or autologous 

serum could prove to be a useful tool for clinicians when searching for treatment 

options, especially when first-line therapies have failed.
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ABBREVIATIONS

AML – acute myeloid leukemia

CAF – cancer-associated fibroblast

DMSO - dimethyl sulfoxide

DPBS - Dulbecco's phosphate-buffered saline

ECM – extracellular matrix

EGFR – epidermal growth factor receptor

FCS – fetal calf serum

FDA - fluorescein diacetate

FMCA – flourometric microculture cytotoxicity assay

GFP – green fluorescent protein

HGF – hepatocyte growth factor

IC50 - half maximal inhibitory concentration

MET - mesenchymal-epithelial transition

NGAL - neutrophil gelatinase-associated lipocalin

RFP – red fluorescent protein

SI % - survival index percentage

TAF – Tumour-associated fibroblast

TKI – tyrosine kinase inhibitor

TME – tumour microenvironment

VEGF - Vascular endothelial growth factor

 



 INTRODUCTION

 Lung cancer is one of the forms of cancer with highest mortality rate worldwide. 

Despite using targeted chemotherapies and ex vivo testing of chemosensitivity to guide 

treatment, the overall prognosis is poor even when initial treatment show efficiency. An 

important problem faced in treatment of cancer is resistance to chemotherapies, both 

innate and emerging resistance during treatment (Raghav et al, 2012). This is not limited

to lung cancer and targeted chemotherapy; it is an important problem concerning many 

types of cancer and chemotherapies. 

There are several types of chemotherapies with different ways to kill cancer cells and 

stop tumour growth. For example, topoisomerase inhibitors are drugs that inhibits either

topoisomerase I or topoisomerase II. By blocking topoisomerase, it stops tumour cells 

from entering mitosis and thus from dividing. Antimetabolites are drugs that are similar 

to amino acids or DNA precursors, but are non-functional. This leads to the cell not 

being able to divide and repair DNA-damage, which in turn leads to cell death. Another 

type of chemotherapy is tyrosine kinase inhibitors, which target different kinds of 

tyrosine kinases.  This stops the signalling that leads to cell growth and proliferation, 

and without these signals the cancer cell will die. EGFR-TKIs are a specific type of 

tyrosine kinase inhibitors that targets EGFR, an example of this is Cetuximab.1 EGFR, 

when constitutively activated in tumour cells, leads to uncontrolled dividing.

The 15 substances chosen for these experiments were a mix of tyrosine kinase 

inhibitors, protein kinase inhibitors, topoisomerase inhibitors, B-raf enzyme inhibitors, 

antimetabolites, platinum-based chemotherapies, alkaloids, tumour antibiotics, 

corticosteroids and an anthracycline. These substances were chosen since they are used 

to treat several types of cancer, and are both targeted as well as classic chemotherapies.

    The HGF/MET pathway has an important role in tumorigenesis, since the pathway, 

when activated, leads to the survival and proliferation of the tumour cells, as well as 

1 http://cw.tandf.co.uk/scottbrownent/sample-material/Chapter-4-Mechanisms-of-anticancer-drugs.pdf 
2017-03-13

http://cw.tandf.co.uk/scottbrownent/sample-material/Chapter-4-Mechanisms-of-anticancer-drugs.pdf


tumour invasion and angiogenesis. This pathway is also believed to cause resistance to 

EGFR-TKIs. Resistance is developed through HGF/MET-signalling, causing EGFR-

independent activation of the ERK/MAPK and PI3K-AKT pathways. This affects gene 

expression and can result in cancer growth and progression, despite targeting these 

pathways through treatment with EGFR-TKIs. The HGF/MET-axis could also play a 

role in resistance to treatments targeting VEGF as well as trastuzumab resistance, since 

these pathways are also interconnected with the HGF/MET pathway (Raghav et al., 

2012). 

    Response rates are between 10 % and 20 % for treatment of colorectal cancer with the

EGFR-TKI Cetuximab. It is believed that HGF plays a role in the induction of 

Cetuximab resistance (Liska et al, 2011). The colorectal carcinoma cell line HCT 116 

GFP has a KRAS-mutation on codon 13. Although KRAS-testing is useful when trying 

to predict outcomes from treatment with anti-EGFR therapies in colorectal cancer, it is 

less useful for predicting EGFR-TKI treatment outcomes than EGFR mutational testing 

(Roberts and Stinchcombe 2013). 

   Lung carcinoma is a form of cancer that also can be sensitive to EGFR-TKIs, and the 

cell line A549 is thus an interesting object of study when trying to characterize how the 

tumour microenvironment (TME) affects chemo sensitivity. Colorectal cancer cell line 

HCT 116 GFP is also of interest when studying EGFR-TKI resistance. These cell lines 

are especially suited for study in co-cultures since they express red and green 

flourescent protein, which can be used to seperate the tumour cells from the fibroblasts. 

Although there may be several mechanisms of resistance in these cell lines, this study 

focused on how HGF-secretion from stromal cells in the TME affect chemosensitivity. 

Fibroblast cell line LL86 expresses HGF, which makes using these cell lines together a 

good model for investigating if and how stromal cells affect chemosensitivity. Other 

forms of cancer are also of interest when determining stromal cells effect on 

chemosensitivity in a more general way rather than one single pathway for resistance to 



one kind of chemotherapy. Experimenting with several types of cancer and investigating

how several cytokines and growth factors influence chemosensitivity is therefore 

needed when developing an assay for a clinical setting. 

HGF might also be involved in development of resistance to other chemotherapies. 

One study showed that HGF secreted from fibroblasts plays a role in the development of

resistance of Irinotecan, a topoisomerase 1-inhibitor, in colorectal cancer. It also showed

that anti-HGF therapy could be used to suppress this resistance (Woo et al., 2015).

    Focus has of late been turned to the TME and the mechanisms with which stromal 

cells increase tumour proliferation and affect chemosensitivity. The TME has been 

shown to be of importance for tumorigenesis as well as resistance to different types of 

chemotherapies. Studies have shown that stromal cells influence chemosensitivity in 

several types of cancer, both in solid tumours as well as blood malignancies. For 

example, co-cultivating AML-cells with stromal cells as well as cultivating the AML-

cells with conditioned medium protects the tumour cells from the chemotherapy ara-C 

(Konopleva et al., 2002). An emerging resistance to doxorubicin was also observed 

when co-cultivating a liposarcoma cell line with tumour-associated fibroblasts (TAFs) 

when compared to co-cultures with dermal fibroblasts (Harati et al., 2016). This not 

only supports the theory that the tumour microenvironment has an important role in 

resistance to chemotherapies, but that TAFs contribute in a higher degree to resistance 

than normal fibroblasts.

    Furthermore, the crosstalk between tumour cells and stromal cells is indeed a two-

way communication – not only does the stromal cells affect the tumour cells, the tumour

cells can also transform stromal cells to cancer-associated fibroblasts (CAFs, or as they 

are referred to in some publications, TAFs). CAFs can in turn promote tumour 

progression and metastasis in several different ways, such as secreting substances that 

degrade and remodel the ECM (Mueller and Fusenig, 2004). The observation that 

tumour cells also have an effect on stromal cells can be of importance when considering



which cytokines the fibroblasts and CAFs secrete, and what impact these cytokines in 

turn have on the tumour cells.

The crosstalk between the microenvironment and tumour cells via cytokines may be an 

important part of the cancer treatment response.  This crosstalk with cytokines and 

growth factors have both been seen to induce resistance as well as sensitize tumour cells

to some chemotherapies. Some growth factors could also be used to predict positive 

clinical outcomes of certain chemotherapies. Studies have shown that plasma levels of 

the growth factor VEGF could be used as a positive biomarker for efficacy of sunitinib 

in patients with MRCC (Jones et al., 2016). 

    There is a need for an ex vivo chemosensitivity assay that better reflects clinical 

treatment outcomes. Current routine testing at Akademiska sjukhuset, Uppsala, consists 

of using patient tumour cells in 384-well microtiter plates and adding selected 

chemotherapies to it. The plates are incubated for 72 h before measuring cell viability in

a fluorescence-based assay and comparing the results with an untreated control. This 

FMCA method was developed for ex vivo drug activity testing and as a way to 

characterize a patient’s tumour cells as low drug resistant, intermediate drug resistant or 

extreme drug resistant. While it does reflect tumour resistance, the assay does not take 

account for pharmacokinetics, which varies from patient to patient (Blom et al 2016). 

Another hypothesis for the reason of test results not being as good at predicting 

sensitivity as resistance to chemotherapy is that the tumour microenvironment with its 

immune cells, CAFs, and the growth factors and cytokines that they secrete, influence 

the tumour cells sensitivity to chemotherapies.

    The aim of this study was to develop a new assay based on the routine FMCA 

method using stromal cells to replicate the tumour microenvironment and recreate 

paracrine signalling, and thus enabling better prediction of clinical outcomes to 

chemotherapies. This is done partly by using the fibroblast cell line LL86 in co-culture

with the tumour cell line HTC 116 GFP, and partly by conditioning serum-free 



medium and medium containing FCS with the fibroblasts and adding the conditioned 

medium to cell cultures of tumour cell lines A549 NucLight Red and HTC 116 GFP. It

is thought that conditioned medium and co-cultures with fibroblasts can replicate parts

of the TME, and thus give test results that better reflect efficacy of treatment with the 

different chemotherapies. The aim of this study is therefore also to see which model, 

conditioned medium or co-culture, is more suitable as the basis of a new FMCA 

method to test chemosensitivity in a clinical setting.

MATERIALS AND METHOD

Study materials

Lung carcinoma cell line CellPlayer A549 NucLight Red (4491, Essen Bioscience) was 

used in this study, which expresses the NucLight RFP in its nucleus. Colorectal cancer 

cell line HCT 116 (ATCC CCL 247) transfected with GFP was also studied. Fibroblast 

cell line LL86 (ATCC CCL-190) expresses HGF and was used as accessory cells to 

determine stromal cells influence on the chemosensitivity of tumour cells.

The substances used in this study was amsacrine, cladirbine, duanorubicin, doxorubicin,

fludarabine, fluorouracil, gefitinib, imatinib, oxaliplatin, prednisolone, sirolimus, 

sorafenib, sunitinib, vemurafenib and vincristine.

Ethics

Since this study was done on cell lines, and not patient samples, there is no need for an 

ethics permit.

Culture of lung carcinoma cells

Cell line A549 NucLight Red was cultured in Ham’s F-12 + GlutaMAX™-1 medium 

(Gibco/Life Technologies) with 10 % FCS, 1 µg/mL Streptomycin, 100 U/mL Penicillin

and 0,5 µg/mL Puromycin. 



Culture of colon cancer cells

Colorectal carcinoma cell line HCT 116 GFP was cultivated in McCoy’s 5A modified 

medium (M9309, Sigma Aldrich) with added 10 % FCS, 1 µg/mL Streptomycin and 

100 U/mL Penicillin

Culture of fibroblasts

Fibroblast cell line LL86 was cultivated in F-12K Kaigun’s Modification of Ham’s F12 

with L-Glutamine medium (ATCC 30-2004) with  FCS  (15 %), Glutamine (2 µM), 1 

µg/mL Streptomycin and 100 U/mL Penicillin for the first three passages before 

changing to the same F12-K medium without adding 2 µM Glutamine. 

Isolation of conditioned media

The LL86 cell line was after cultivation to confluence also cultivated in serum-free F-

12K Kaigun’s Modification of Ham’s F12 with L-Glutamine  with added  DPBS (15 

%), Streptomycin (1 µg/mL) and 100 U/mL Penicillin for 48 h before harvesting the 

conditioned medium. Conditioned media from LL86 cultures was stored in 8°C for 

same day use and -20°C for later use. Four mL of the collected conditioned media was 

centrifuged at 189 g for 5 minutes and supernatant collected in a second tube. The tube 

was centrifuged again and 400 µL of the supernatant was aliquoted into 2 freezing tubes

and stored in - 70°C until time of cytokine analysis.

 

Culturing cells in conditioned media

   After FMCA analysis of chemosensitivity of cell line A549 NucLight Red with the 

serum-free conditioned medium compared to serum-free medium and medium 

containing serum, it was decided that the test should be performed again solely with 

conditioned medium containing serum. The conditioned medium was harvested and 



stored in the same way as the serum-free medium, in - 70°C until time of cytokine 

analysis.

FMCA of A549 NucLight Red cell cultures with conditioned medium

Cell line A549 NucLight Red was cultivated with Ham’s F-12 + GlutaMAX™-1 

medium in 3 microtiter plates with 384 wells each. Cell density was 1250 cells per well.

After 48 h, the plates were washed twice with PBS and then aspirated before adding 

medium containing serum (Ham’s F-12 + GlutaMAX™-1 medium with 1 µg/mL 

Streptomycin, 100 U/mL Penicillin and pyromycin), serum-free medium (F-12K 

Kaigun’s Modification of Ham’s F12 with L-Glutamine medium with added 15 % PBS, 

1 µg/mL Streptomycin and 100 U/mL Penicillin) and conditioned medium (F-12K 

Kaigun’s Modification of Ham’s F12 with L-Glutamine medium with added 15 % PBS, 

1 µg/mL Streptomycin and 100 U/mL Penicillin) to the different plates. The plates were

incubated for another 24 h before 15 substances were added to all 3 plates using Echo 

550 (Labcyte). The substances were diluted in DMSO. Each chemotherapy was added 

in seven concentrations and in duplicates. Starting concentration was 100 µM for 

amsacrine, cladribine, fludarabine, gefitinib, imatinib, prednisolone, vemurafenib, 

sunitinib, sirolimus and sorafenib. Starting concentration for fluorouracil was 200 µM, 

50 µM for doxorubicin, 10 µM for duanorubicin, 8 µM for oxaliplatin and 0.1 µM for 

Vincristine.  DMSO was also added with a starting concentration of 1%. The plates 

were then incubated for another 72 h. Before analysis, the plates were centrifuged at 189

g for 5 min and washed with PBS twice. After removing the PBS, Q2 buffer (125 mM 

NaCl, 5.9 mM KCl, 0.5 mM MgCl2, and 0.5 mM CaCl2 with 25 mM Hepes) and 1 µL of

FDA (0.5 mg/mL in DMSO) was added to the plates before incubation for 50 min in a 

Cytomat (Thermo Scientific) at 37℃, 95 % humidity, and 5 % CO2. Plates were then 

analysed with the microplate reader CLARIOstar (BMG LABTECH). By measuring the

fluorescence created by the conversion of FDA into fluorescein by live cells, the cell 



viability could be determined. The survival index percentage (SI %) was then calculated

by dividing the fluorescence from treated cells minus the blank sample with the 

fluorescence from the control cells minus blank sample and multiplying the quotient 

with 100. SI % and CV % was determined using the software Wells. 95 % CI for all 

groups were calculated. The software Prism 7.03 (GraphPad) was used to calculate 

IC50-values. A 95 % CI was also calculated. 

The test was performed a second time with one plate with conditioned medium 

containing serum and one plate with medium containing serum (F-12K Kaigun’s 

Modification of Ham’s F12 with L-Glutamine medium with added 15 % FCS, 1 µg/mL 

Streptomycin and 100 U/mL Penicillin). This time the tumour cells were only incubated

for 24 h with the 2 different media, then the 15 chemotherapies were added to the plate 

and were incubated for 72 h before FMCA analysis. There was a change in the starting 

concentration for 2 chemotherapies. Vincristine was added in two series with a total of 

14 concentrations in duplicates with starting concentrations 100 µM and 10 µM. 

oxaliplatin was added with a starting concentration of 100 µM. In total, the cells were 

therefore incubated for 96 h instead of the 144 h that the first test ran for.

Determination of SI % of co-cultures

Cell lines HTC 116 and LL86 were co-cultured in 384-well microtiter plates in 

McCoy’s 5A modified medium with added 10 % FCS, 1 µg/mL Streptomycin and 100 

U/mL Penicillin. The two cell suspensions were added to all wells on the first plate, 

equivalent of  3000 HTC 116 cells and approximately 2670 LL86 cells per well. To the 

second plate 3000 HTC 116 cells were added to each well. The cells were spun down 

and then incubated for 24 h before adding chemotherapies to the plate as done in the 

experiment with conditioned medium containing serum. After incubation for 72 h the 

plates were centrifuged and washed with PBS 2 times before being analysed with the 



CLARIOstar. Fluorescence readings were obtained by excitation at 478 -12 nm and 

emission at 518 – 18 nm, to determine the SI % of HTC 116 GFP cells in co-culture and

on their own. SI % and CV % was obtained with the software Wells. 95 % CI was 

calculated for control groups and IC50-values were calculated using the software Prism 

7.03.

    Another method was used to study the difference between co-cultures and single 

cultures of the HCT 116 GFP cells. The experiment was done as described above, with 

the exception that the plates were incubated for 42 h. Plates were scanned continuously 

every 6 h for a total of 144 h in IncuCyte FLR (Essen bioscience) instead of the 

CLARIOstar. The amount of green fluorescence was estimated to be in linear 

relationship with the amount of surviving HCT 116 GFP cells. 

FMCA of HCT 116 GFP cell cultures with conditioned medium

HCT 116 GFP cells were suspended in conditioned medium (F-12K Kaigun’s 

Modification of Ham’s F12 with L-Glutamine medium with added 15 % PBS, 1 µg/mL 

Streptomycin and 100 U/mL Penicillin) with  added 10  FCS. As control the HCT 116 

GFP cells were also suspended in the regular medium (McCoy’s 5A modified medium 

with added 10 % FCS, 1 µg/mL Streptomycin and 100 U/mL Penicillin) with added 15 

% PBS. The cells were then cultivated in 384-microtiter plates (1 plate for each 

medium) with the concentration of 3000 cells per well. After 24 h study substances were

added to the plates as described for the FMCA of A549 NucLight Red cells cultivated in

conditioned medium containing serum. FMCA and following data analysis was done as 

described earlier after incubation with the chemotherapies for 96 h.



Analysis of cytokine and growth factor secretion by fibroblasts

A Luminex bead-based cytokine and growth factor assay was performed to quantify the 

amount of cytokines in the conditioned mediums using the Bio-Plex Reader (Bio-Rad) 

and Human Magnetic Luminex Assays Premixed Multiplex kit (LXSAHM, R&D 

Systems). The cytokines and growth factors analysed was PD-L1, HGF, IL-10, IL-4, 

VEGF, IL-8, IFN-γ,  IL-12 p70, IL-6, EGF, IL-1β, IL-2 and TNF-α. Analysis was done 

according to the kit manufacturer’s instructions, with the exception of 7 standard 

samples instead of 6. The samples analysed was two batches of serum-free conditioned 

medium as well as one batch conditioned medium containing serum.

The assay is based on coloured beads with antibodies specific for what one wants to 

analyse and quantify in the sample. The antibodies bind to the chemokines and growth 

factors in this case, and then antibodies with Streptavidin bind to the complex and acts 

as a reporter dye. Since the beads are in different colours, the reader can detect multiple 

substances at the same time -  the colour of the beads identify the chemokine or growth 

factor while the amount of Streptavidin is used to quantify it. 

RESULTS

FMCA of tumour cell cultures with serum-free conditioned medium

Lung carcinoma cell line A549 NucLight Red was cultured in conditioned serum-free 

media, serum-free media and with medium containing serum as a control. Dose-

response curves were plotted with 95 % CI error bars. A significant difference in SI % 

was observed for amsacrine, duanorubicin, gefitinib, vemurafenib, sunitinib and 

sorafenib between the three different media (data not shown). The control group tested 

more resistant to gefitinib, vemurafenib and sorafenib than the other groups (figure 1). 

Cells cultured in serum-free medium was more resistant to amsacrine and duanorubicin 

than the other groups.



When comparing IC50-values (table 1), control tested more resistant to amsacrine, 

duanorubicin, gefitinib, vemurafenib, sunitinib, sirolimus and sorafenib. No difference 

was seen between the groups for the other substances.

Figure 1. Example of a dose-response curve for the A549 NucLight Red cells cultivated in standard 

medium (circle), conditioned serum-free medium (square) and serum-free medium (triangle). Error bars 

represent 95 % CI for the control  95 % CI for the other groups were also plotted, but not shown here.

Table 1. Calculated IC50-values for A549 NucLight Red and quotas conditioned medium/control and 

serum-free medium/control for the 15 substances tested. No values obtained for control of doxorubicin. 

IC50-values are calculated in µM.

Drug Control Conditioned Conditioned/control Serum-free Serumfree/control
Amsacrine 0,64
Cladibrine >100 >100 >100
Duanorubicin 0,64
Fludarabine >100 >100 >100
Flourouracil >200 >200 >200
Gefitinib 0,14 <1,5625
Imatinib >100 >100 >100
Oxaliplatin >8 >8 >8
Prednisolone >100 >100 >100
Doxorubicin
Vemurafenib 0,12
Sunitinib 0,41 0,45
Vincristine >0,1 >0,1 >0,1
Sirol imus 0,72 0,66
Sorafenib 0,5 0,5

22 13 0,59 14

22 13 0,59 14

36 5

~ 4 ~ 5

43 5 ~ 6

22 9 10

29 21 19

8 4 4

 



FMCA of tumour cells in conditioned medium containing serum 

The test was also repeated with medium containing serum and conditioned medium 

containing serum. Dose-response curves were plotted and 95 % CI was calculated from 

the SI % and CV % values, an example is shown in figure 2. No difference in 

chemosensitivity to any substance was observed between culture media used while the 

95 % CI does not show any difference between the groups, the IC50-values showed 

differences, see table 2. The cells cultivated in conditioned medium were more resistant 

to imatinib and fludarabine, and more sensitive to vemurafenib and sirolimus than 

control according to IC50-values. For the other substances there is no difference 

between groups.

Figure 2. Example of a dose-response curve for A549 NucLight Red cells cultivated in conditioned 

medium containing serum (square) with medium containing serum as a control (circle). Dose-response 

curves showed are for substances with x-axis showing dose in µM and y-axis is SI %. Error bars show 95 

% CI for control.



Table 2. IC50-values (µM) for A549 NucLight Red cells in conditioned medium containing serum and 

control.*The IC50-value of Flourouracil for conditioned medium is incorrect according to SI % and dose-

response curve.

Drug Control Conditioned Conditioned/control
Amsacrine 0,83
Cladibrine
Duanorubicin
Fludarabine 1,33
Flourouracil
Gefitinib 20 20 1,00
Imatinib 1,47
Oxaliplatin
Prednisolone >100 >100
Doxorubicin <0,78125 <0,78125
Vemurafenib 0,67
Sunitinib 1,00
Vincristine <1,5625 <1,5625
Sirolimus 0,74
Sorafenib 0,83

6 5

~ 9,644e-006 2

0,3 <0,15625

27 36

2 ~ 0*

32 47

4 ~ 0

18 12

8 8

23 17

6 5

Determination of chemosensitivity in co-cultures

Colorectal carcinoma cell line HCT 116 GFP was co-culturedwith fibroblast cell line 

LL86 in a 384-well microtiter plate. A plate with tumour cells in single culture was used

as a control. To compare the two groups, 95 % CI was calculated for the SI % of both 

groups. The co-cultivated cells were more resistant to amsacrine and doxorubicin than 

control (see figure 3). IC50-values were also calculated and are presented in table 3. 

IC50-values indicate that cells in co-culture are more resistant to gefitinib, imatinib, 

oxaliplatin, doxorubicin and vemurafenib. However, since the dose-response curves 

were not sigmoidal, the calculations of IC50-values are not reliable. 

 



Figure 3. Dose-response curves for HCT 116 GFP. Graphs show the dose-response for HCT 116 GFP co-

cultivated with LL86 (square) and HCT 116 GFP alone as control (circle). Error bars show 95 % CI for 

control. 95 % CI for co-cultures are not shown here.¨

Table 3. Calculated IC50-values (in µM) for HCT 116 GFP cells in co-cultures and as control. The quota 

between the two groups were also calculated when possible. Since the dose-response curves were not 

optimal, the IC50-values are not reliable. * No values were obtained for flourouracil.

Drug Control Co-culture Co-culture/Control
Amsacrine
Cladibrine
Duanorubicin
Fludarabine
Flourouracil
Gefitinib 1,15
Imatinib 1,11
Prednisolone >100
Doxorubicin
Vemurafenib 39 1,44
Sunitinib
Sirolimus
Sorafenib
Oxaliplatin
Vincristine

~ 12 ~ 12

<0,16 ~ 0

<0,16 ~ 1

41 >100

* *

26 30

35 39

>100

<0,16 ~ 0

27

~ 12 14

~ 22 ~ 24

2 ~ 0,00

~ 49 >100

<0,16 <0,16



Fluorescence-readings of co-cultures and control with the IncuCyte remain uncertain as 

more data needs to be analyzed, but some information was still gained from this 

experiment, which can be seen is a difference in growth over time between co-cultures 

and single cultures. In terms of dose-response the HCT 116 GFP cells in co-culture with

LL86 tested more resistant to gefitinib (see figure 4), sorafenib, vemurafenib, 

fludarabine and fluorouracil than control (data not shown). No difference was observed 

for the other substances.

Figure 4. Graphic showing the fluorescence in the 14 wells with the 7 different doses (in µM) of gefitinib 

and how it varies over time. Red dots represent co-cultures and blue single cultures (as control). Y-axis is 

fluorescence and x-axis is elapsed time. As is shown, the fluorescence reading from co-cultures at the 

dose 12,5  µM shows that the cells increase greatly in numbers from 0 h to 100 h, while there is little 

increase for control, i.e. the co-cultured cells are more resistant to treatment than control.



FMCA of HCT 116 GFP cells cultured in conditioned media

An FMCA of HCT 116 GFP cells in conditioned medium and regular medium was 

performed. The CV % of control wells were high (over 30%), which means failed 

analysis. Hence, no reliable results were obtained. However, trends can be observed and

dose-response curves were drawn (see figure 5) and IC50-values were generated and are

presented in table 4. According to IC50-values, the cells cultured in conditioned media 

were more resistant to fludarabine, fluorouracil, gefitinib, sunitinib and oxaliplatin, 

while the control cells were more resistant to cladribine, doxorubicin, vemurafenib, 

sirolimus and sorafenib (table 4). 

Figure 5. Example of dose-response curves for HCT 116 GFP cultivated in conditioned medium and in 

regular medium as control. Squares represent conditioned medium and circles control. On Y-axis is SI % 

and on x-axis is concentration in µM. Error bars show 95 % CI of control.



Table 4. IC50-values for HCT 116 GFP cells cultivated in conditioned medium and control. The values 

are unreliable since control wells CV % was over 30%, and not all dose-response curves were sigmoidal.

Control Conditioned Conditioned/control
Amsacrine 8 9 1,13
Cladribine ~ 46 25

Duanorubicin 0 1

Fludarabine 21 27 1,29
Fluorouracil ~ 1 21

Gefitinib ~ 25 31

Imatinib ~ 45 ~ 46

Prednisolone 39

Doxorubicin 26 ~ 2

Vemurafenib 17 15 0,88
Sunitinib 7 ~ 11

Sirolimus ~ 14 ~ 13

Sorafenib ~ 14 ~ 13

Oxaliplatin 66 71 1,08
Vincristine ~ 209

Analysis of cytokine and growth factor secretion by fibroblasts

The analysis showed higher levels of IL-6, VEGF, IL-8, HGF and IL-4 in the 

conditioned serum-containing media compared to serum-free conditioned medium. 

Increased levels of IFN-γ, IL-10, IL-2 and IL-12 p70 as well as decreased levels of PD-

L1 were observed for the conditioned serum-containing media, (table 5).

Table 5. Concentration (in pg/mL) of growth factors and cytokines in serum-free conditioned medium and

conditioned medium containing serum. Values in red are extrapolated values beyond standard range. 

OOR < = Out of range, lower concentration than can be detected.

PD-L1 EGF IFN-γ IL-10 IL-2 IL-6 VEGF IL-8 HGF IL-1b IL-12 p70IL-4 TNF-a
Cond. Serum-free 1 548,56 1,7 2,22 9,5 172,58 12,62 10,52 1,48 19,62 OOR < OOR < OOR < OOR <
Cond. Serum-free 2 853,5 1,78 4,52 10,2 240,86 20,86 13,48 6,82 60,02 OOR < OOR < 14,82 OOR <
Cond. Medium 488,96 2,54 20,08 17,22 296,62 822,44 463,8 1268,84 4092,84 8,18 75 99,52 4,28



DISCUSSION

In our study, we have aimed to replicate parts of the TME by using co-cultures of 

colorectal cancer cell line HCT 116 GFP with fibroblast cell line LL86 as well as using 

conditioned medium from LL86 in tumour cell cultures. This because we also aimed to 

investigate if the TME had an impact on chemosensitivity in the cell lines HCT 116 

GFP and A549 NucLight Red. The chemosensitivity testing was both done by the 

FMCA method as well as flourescence readings of the GFP in tumour cells. When 

analysing the results from these experiments a few observations have been made: a) the 

TME is likely to have an impact on chemosensitivity, b) fluorescence readings of GFP 

is not a straightforward method for determining SI % for tumour cells and c) a co-

culture method may be preferred despite the FMCA with conditioned medium being 

simpler to perform.

    A difference was seen between cells cultivated in conditioned medium versus control,

and between co-cultures with fibroblasts and single cultures. One common result 

between both cell lines, conditioned medium as well as co-cultures, is that contact with 

fibroblasts, or the cytokines they secrete, make the tumour cells more resistant to 

imatinib and fludarabine than control. Co-cultures increased resistance to vemurafenib 

while conditioned medium instead seemed to sensitize the tumour cell lines. 

Conditioned medium and co-cultures with LL86 caused increased resistance to gefitinib 

and sunitnib for cell line HCT 116 GFP, but not for cell line A549 NucLight Red. 

Conditioned medium seems to have a sensitizing effect on both tumour cell lines to 

sorafenib, though the results are unclear regarding the effect of co-cultures for HCT 116

GFP.

Cell line A549 has been shown to harbour a KRAS-mutation and a constituent 

activation of MET (Matsubara et al., 2010). This MET-activation might explain why 

there was no difference in chemosensitivity between the cells cultivated in the medium 

containing serum versus the same medium conditioned by fibroblast cell line LL86 



when comparing the SI % with the 95 % CI for control. This since the HGF secreted 

from fibroblasts will then have a much lesser role in inducing resistance. Both tumour 

cell lines have KRAS-mutations, but HTC 116 cells have the G13D-mutation and is 

heterozygote while cell line A549 have the G12S-mutation, and is homozygote 

(Deschoolmeester et al., 2010). Patients with mutations on codon 13 have better clinical

outcomes when treated with anti-EGFR therapies compared to patients with codon 12 

mutations (Stolze et al, 2015).  This mutation might explain why there was an increased 

resistance to the EGFR-TKI gefitinib in cell line HCT 116 GFP when cultivated in 

conditioned medium and in co-culture with LL86, but no difference in resistance for cell

line A549 NucLight Red. 

    It is important to remember that the 95 % CI were generated from two fluorescence 

readings for each concentration of every substance; hence the confidence interval was 

wide for many of the concentrations of the different substances (see figure 2, 3 and 5). It

may thus be the case that there is a statistical difference that is not observed in these 

calculations where no difference was seen in chemosensitivity since the number of 

replicates were too small. The results show that there is a difference between control 

groups and cells cultivated in conditioned medium as well as co-cultures, and that the 

stromal-tumour interaction can both give rise to resistance as well as sensitize the cells 

to different chemotherapies.

    Using GFP-labeled cells to measure the amount of surviving tumour cells in co-

culture is a convenient method to study resistance due to the TME in theory, but proves 

problematic in practice. Since the CV % was high and there were large differences in 

the amount of fluorescent HCT 116 GFP cells, comparison between wells on the same 

plate let alone two different environments was difficult. Since the relative amount of 

fluorescent HCT 116 GFP cells varied greatly between wells, using untreated wells as 

control proved to be problematic. The problem was tackled by using the same well at 24

h as control to measure the effect of the substances. However, this approach also means 



it is not possible to determine the effect of co-cultures in absolute terms. It would be 

beneficial to do the same screening but using the FMCA method to better compare 

effects of the TME on resistance. While it would not give an answer as to the 

proportions of tumour cells and fibroblasts among the surviving cells, it would reduce 

the problem of tumour cells having lost their fluorescence and the uncertainties that it 

brings. That problem could in turn be solved by co-cultivating the tumour cells and 

fibroblasts in transwell plates and simply remove the fibroblasts before FMCA analysis.

There is a downside to the transwell culture system, and that is the 96-well format. The 

384 well format is preferred because of the larger amount of chemotherapies that can be 

screened. As such, there is much to investigate further before settling on one method.

    By analysing which cytokines and growth factors the fibroblast naturally secrete, one 

can investigate the mechanisms of resistance that can explain the changes in 

chemosensitivity among cells cultivated in conditioned medium. There may be, 

however, a difference in levels secreted of these cytokines and growth factors when the 

fibroblasts interact with tumour cells. These changes may be beneficial for tumour 

growth and proliferation. For example, studies indicate that tumour-derived factors such

as IL-1, bFGF and platelet-derived growth factor can increase the expression of HGF 

from human skin fibroblasts (Nakamura et al., 1997). While our study did not 

investigate how exactly the levels of secreted growth factors and cytokines change when

the LL86 cell line is in contact with tumour cells, the resistance patterns can be 

compared between co-cultures and tumour cells cultivated in conditioned medium. 

Whether the difference is due only to changed levels of growth factors or by direct 

contact between tumour cells and fibroblasts is debatable. What the cytokine analysis of

the conditioned mediums show however, is that the fibroblasts most likely do not 

secrete significant amounts of HGF without stimulation from other cells. It can be 

argued that either the serum normally used in growth mediums either contain HGF or 

cytokines that stimulate the fibroblasts to secrete HGF. Regardless, the serum-free 



conditioned medium contained only small amounts of HGF and it is questionable if that 

is enough on its own to induce resistance through the HGF/MET pathway. It is yet to be

determined if the serum itself contains the same or a smaller amount of HGF than the 

conditioned medium containing serum does. What is clear, however, is that the 

conditioned medium with serum did have increased levels of several growth factors that 

might explain the emergence of resistance.

   While we used these particular cell lines as a model to represent tumour cells and 

fibroblasts in general, the results are not necessarily universally applicable. The use of 

the fibroblast cell line LL86 may help in modelling a tumour microenvironment, though

it may not always correctly reflect the microenvironment in the individual patients. 

Other types of cancer (with different characteristics) may be shown to test more 

sensitive or resistant when co-cultured with this fibroblast cell line, and if the patient has

CAFs with another phenotype the test results may not accurately reflect the patient’s 

own TME. If the TME is different, then the efficacy of the tested chemotherapies may 

vary from the test results.  Another limitation with our current study is the amount of 

chemotherapies tested – there is a possibility that there would be a greater difference 

between co-cultures and control tumour cells if other therapies were tested. Although 

we mainly selected 15 chemotherapies to test on these particular cell lines, the FMCA 

method is routinely used to screen for resistance to up to 80 different drugs or 

combinations thereof (Blom et al., 2016). Individualizing which panel of drugs should 

be used for testing and being able to test a large number of drugs opens up possibilities 

to find better-tailored cancer treatments.

    Other methods, such as a bioluminescence platform, have been developed to take 

account for the stroma-induced changes in chemosensitivity testing. However, that 

method was designed for a pre-clinical setting, and not for use with patient cells 

(McMillin et al., 2010). Several methods using ex vivo tissue slices have been 

developed as means to preserve the patient TME and have also been proven useful for 



chemosensitivity testing. The limitation of these methods is mainly that they can only be

used for solid tumours such as lung and breast cancer (Vaira et al., 2010). The FMCA, 

on the other hand, was developed for clinical chemosensitivity testing of both solid 

tumours and blood malignancies (Blom et al., 2016). 

    There are several possible paths to further develop this method. One answer may be 

to optimise the method by cultivating patient tumour cells in autologous serum (for the 

sake of replicating endocrine signalling) to better predict treatment outcomes. Another 

way to improve the correlation between chemosensitivity test results and treatment 

outcomes is to use patient stromal cells in the chemosensitivity testing assay, since this 

would most closely replicate parts of the TME. Further investigations are needed to 

determine which method is most practical while still producing satisfactory results.
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