
1 
 

 

 

 

 

 Patient-derived organoid culture for 3D culture of colorectal cancer, renal cancer and 

osteosarcoma 

Seiko Johansson 

 

 

 

 

 

 

 

 

 

Examinator: Anneli Stavreus-Evers     
Adress: Institutionen för Kvinnors och Barns Hälsa, Akademiska sjukhuset, 751 85 Uppsala  
Telefon: 018- 611 28 31 
E-post: anneli.stavreus-evers@kbh.uu.se  

 

 
Institutionen för kvinnors och barns hälsa 

Biomedicinska analytikerprogrammet 

Examensarbete 15 hp 
 



2 
 

ABSTRACT 

It is always important to choose appropriate anticancer drugs for cancer patients. At RCL, a 

division of Uppsala university hospital, drug resistance profiles of patients are evaluated by a 

cell viability assay called FMCA. However, the number of anticancer drugs that can be 

evaluated by the FMCA is dependent on the number of viable cancer cells from tissues that 

can be obtained from each individual patient. Therefore, improvement of cell viability 

methods is an important issue at RCL. This study was performed to improve the FMCA 

method by organoid culture from colorectal cancer, renal cancer and osteosarcoma to increase 

the number of cancer cells. As results, it was successful to expand cryopreserved patient 

cancer cells to organoids to acquire more cells than before expansion. Organoids showed 

rounded structure in microscopy images. Thereafter, FMCA was performed on organoids as 

well as on thawed cryopreserved cancer cells from the original sample. Those results showed 

that original cancer cells, cryopreserved original cancer cells and expanded organoids derived 

from those cryopreserved cells had similar resistance profiles. It was also discovered that the 

organoids secreted VEGF under the cultivation. From those results, it can be concluded that 

organoids are representative of the original cancer from the patients. It is however needed to 

improve organoid culture methods, and to further confirm organoids by protein expression 

analysis and DNA analysis.  
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INTRODUCTION  

Cancer research have significantly progressed over the past decades. Although there are 

several cancer preventing methods, for example vaccination and early detection by regular 

health control, cancer is still one of the major causes of death in the world (1). In Sweden, 

there are national guidelines issued from National board of health and welfare and cancer 

patients are treated according to those guidelines1. Treatment with anticancer drugs is one of 

the important steps in the guidelines. However, those guidelines are targeting cancer patients 

who are diagnosed with the same type of cancer while the response to the anticancer drug 

vary a great deal between patients (2). In other words, it can happen that the anticancer drug is 

effective in one group of patients but not in another group of patients even though both groups 

have been diagnosed with the same type of cancer. Therefore, quality of medical treatment is 

increased if anticancer drugs that can give the best effect to individual patients can be selected 

ahead of chemotherapy (2). 

 

Resistenstest cancerläkemedel (RCL) is a division belonging to Clinical chemistry and 

pharmacology at Uppsala university hospital. Medical doctors, oncologist, engineers, 

biomedical laboratory scientists and researchers work at RCL. Based on a cell viability assay 

called FMCA (Fluorometric microculture cytotoxicity assay), cancer cellular resistance 

against anticancer drugs is evaluated at RCL. In the majority of cases, RCL receives and 

analyzes cancer cells derived from patients with relapsed cancer. 

    About 300 patient samples deriving from solid cancers arrive at RCL to be analyzed each 

year. Patient samples are sent as piece of cancer tissue, needle biopsy or body fluid (pleural 

fluid, ascites) within 24 hours after sampling. After arrival, every cancer sample is given a 

unique LID-number and cancer cells, both from solid cancers and leukemia, are prepared by 

 
1 https://www.socialstyrelsen.se/regler-och-riktlinjer/nationella-riktlinjer/ 
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cutting with scissors and collagenase treatment2 or density gradient separation with 

Histopaque. Cancer cell enriched cell suspension is seeded into a microplate and incubated 

with different types and combination/concentration of anticancer drugs for later FMCA. The 

FMCA result is judged by an oncology expert at RCL and sent to the clinician as a drug 

resistance profile (2,3).  

  FMCA is an in vitro cell viability assay which can measure the effect of anticancer drugs on 

cells. Both cancer cells from tissue and cancer cell lines can be assayed with FMCA. For the 

assay, fluorescein diacetate (FDA) is added as a nonfluorescent probe to the cells which are 

incubated with different anticancer drugs in a 384-well microplate. Viable cells with an intact 

plasma membrane convert FDA into fluorescein by hydrolysis. This fluorescence is retained 

intracellularly for intact cell membrane and is detected as signals in the plate reader. In other 

words, cells which are sensitive to anticancer drugs do not emit fluorescence. The strength of 

the signal is proportional to the number of live cells and therefore FMCA is a more sensitive 

assay than other cell viability assays (3), for example clonogenic assay and proliferation 

assay. Those assays investigate colony-forming and proliferation of cells respectively by 

using anticancer drugs, but the methods are experimentally complicated, have a possibility of 

false positive results and interpretation of results can be subjective (3,4). All processes of 

FMCA at RCL is automated by a robot, called the SCARA-system. Automation of FMCA 

with employment of 384-well microplate have increased the capability of the FMCA as 

method for screening of anticancer drugs and more tailored choice of anticancer drugs for 

individual patients (2,3).  

    However, for a successful FMCA, it is required that there are more than 70 % cancer cells 

in the prepared samples, which is confirmed by microscopic analysis (2,3). How many 

 
2 Akademiska laboratoriet Klinisk kemi och farmakologi  utförandebeskrivning RCL, framtagning av celler från 

solida tumörer ID: AL10718-4, Gilltigt från: 2014-02-17, Fastställd av: Margareta Gulin 
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anticancer drugs, combination and different concentrations of anticancer drugs can be assayed 

in FMCA is actually depending on the number of cancer cells which were acquired from 

patient tissues. The fewer cancer cells acquired, the fewer anticancer drugs can be tested and 

this results in less information from the FMCA result and the answer to referring physician. In 

addition, in case that the number of acquired cancer cell are not enough to run FMCA, cancer 

tissues need to be taken again by surgical procedure. To acquire more information from 

FMCA, the cultivation of organoids has started at RCL.  

 

Recently, in vitro three-dimensional (3D) cell culture technology has shown up as a new 

model in the cancer research area. Cells grown in vitro 3D culture environment, for example 

3D matrix, recapitulate development stages of an organ and take organ-like structure. This 

structure is defined as an organoid (5-7). Pluripotent embryonic stem cells, induced 

pluripotent embryonic stem cells (iPSCs), adult stem cells and cancer cells from patients are 

cultivated in the 3D matrix with serum-free medium containing different types of growth 

factors and small molecule inhibitors which support the cells in the 3D matrix to build 

organoid structure (5). In many experiments/assays, Matrigel is used as 3D matrix which 

resemble extracellular environment by containing mouse-derived basement membrane extract 

and other proteins such as collagen, laminin and fibronectin. Matrigel polymerizes at 37 C° 

and can support the 3D growth of cells3,4. In 2009, organoid culture from intestinal stem cells 

was reported. The authors blended intestinal stem cell with Matrigel and cultivated those in 

serum-free medium which satisfied growth requirement of intestinal stem cells and succeeded 

to build the organoids with intestinal-like structure with crypt and villus (8). Thereafter, 

organoid culture from organs such as stomach, lung and liver were also reported (9). Because 

 
3 https://www.rndsystems.com/products/cultrex-basement-membrane-extract-bme-and-extracellular-matrices-

ecm 
4 https://www.corning.com/worldwide/en/products/life-sciences/products/surfaces/matrigel-matrix.html 
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the cells grow in the support of the 3D matrix, the cells can construct a similar structure and 

possess at least some function which they should have in vivo (5,7,9). In addition, organoids 

can be cultivated long term, can be cryopreserved and are genetically and phenotypically 

stable (8,10,11,12).  

     Cancer cells from patients can also be cultivated to organoids in vitro in 3D matrix and 

therefore, application of organoids in cancer research and clinical usage of organoids have 

been gaining a lot of attention. Organoids from cancer patients are very promising as a new 

cancer model. Organoids from gastrointestinal, liver, pancreas, breast, bladder, prostate and 

many other kinds of cancer have already been established (5,6). Since organoids from cancer 

patients possess similar structure and function as the original cancer, those organoids have a 

great potential for new anticancer drug development, drug screening and personalized drug 

treatment (5,6,11,13,14,). Vlachogiannis et al and Tamura et al reported respectively that 

organoids from patients with colorectal-, gastroesophageal- and endometrial cancer showed 

the same response to anticancer drugs as the patient responses in the clinic and showed the 

possibility that organoids can be applied to choose drugs suitable for individual patients 

(13,14). Broutier et al showed that patient-derived organoids can be used for screening of 

anticancer drugs by using organoids from primary liver cancer patients, and even very useful 

for finding drugs which have potential to provide a better treatment than other clinically well-

used drugs for primary liver cancer patients (11). Organoids from patient cancer showed 

similarity both genetically and phenotypically with the original cancer (6,11,13,14). 

Furthermore, Vlachogiannis et al showed that patient-derived organoids can predict a 

patient´s response to anticancer drugs better than molecular markers such as mutations in 

genes possessed by the patient (13). It can be said that organoids reflect genetical complexity 

of cancers. 
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   Cancer research has mainly used cancer cell lines as models (5,6). Cancer cell lines grow 

fast in medium with simple components, are possible to utilize in various types of 

experiments and many cancer cell lines have infinite proliferative capacity. However, cancer 

cell lines have adapted themselves to in vitro two-dimensional (2D) culture conditions by 

many passages. This means that only a few clones in the original cancer material could 

survive under the passages and cancer cell lines are quite homogenous. Therefore, they are 

not a good representation of the original cancer which may be very heterogenous (6,15). Since 

this conventional cancer model does not reflect the original cancer well, it has always been 

difficult to apply the knowledge from cancer cell lines to clinical cases. Although a new 

anticancer drug is developed and the drug shows effectiveness toward a cancer cell line, it is 

not guaranteed that this new drug can be as effective in a clinical trial (5,6). 

    Cancer organoids are derived from tissues removed surgically from patient or endoscopic 

biopsies and therefore material for cancer organoids reflect heterogeneity of the original 

cancer (15). Because cancer organoids are cultivated in 3D matrix with medium supporting 

cancer organoid growth, cancer organoid’s structure and function resemble the original cancer 

from patient. New drugs which are effective in the organoids can therefore, with high 

probability, perform with the same effectiveness under clinical trials. Therefore, organoids 

from patient cancer can be very usable for development of new anticancer drugs and 

personalized cancer therapy (11,13,14). 

    As described above, effects of anticancer drugs vary greatly between individual patients. 

Even if the first anticancer drug from the national guidelines had effect on a patient, there is 

always the risk of relapse. Organoids from a relapsed patient can be used to test additional 

types of anticancer drugs and this leads to more personalized cancer therapy to the relapsed 

patient.  
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At RCL, FMCA is used to judge cytostatic and/or cytotoxic resistance of patient cancer cells 

to different types of anticancer drugs. However, the number of anticancer drugs that can be 

assayed depends on the number of cancer cells from patient cancer. Therefore, expansion of 

patient cancer cells by cultivating organoids can lead to an increased number of cells and 

increased number of anticancer drugs that can be tested for the FMCA, and a more 

personalized selection of anticancer drugs for every patient. To reach this goal, cultivation of 

patient-derived cancer cells to organoids are in the process in RCL and this study is one step 

to this goal. It is already confirmed in some studies that patient-derived organoids and cancer 

patient showed sensitivity and resistance to same types of anticancer drugs (11,13,14). But to 

implement patient-derived organoids into RCLs regular work, it is needed to investigate if 

FMCA result from patient-derived organoids show the same resistance profile as original 

patient cancer cells. Therefore, in this study, cryopreserved cancer cells from patients 

diagnosed with colorectal cancer, renal cancer and osteosarcoma were thawed and cultivated 

to organoids. FMCA was carried out on thawed patient cancer cells and organoids from 

thawed patient cells. Thereafter, the FMCA results from the thawed cells and the organoids 

were verified that those resistance profile to anticancer drugs showed the same resistance 

profile as original patient cancer cells.  

 

MATERIALS AND METHODS 

Study material 

In this study, cryopreserved patient cancer cells from colorectal cancer (CRC), renal cancer 

(RC) and osteosarcoma (OS) were thawed and expanded into organoids. Cancer cells were 

derived from two CRC patients (CRC-1 and CRC-2), one RC patient (RC-1) and one OS 

patient (OS-1). While cultivating the organoids, samples of supernatant from the culture 

plates were collected during medium changes. These were used to measure glucose 
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concentrations as well as other substances in the medium. After organoid had been harvested, 

FMCA was performed with the organoids. Harvested organoids were also used for further 

expansion or cryopreserved. 

 

Ethics 

Every patient cancer cell has a unique LID-number which leads to patient´s personal 

information. This study falls under the ethical approval Dnr: 2007/237 acquired by Doctor 

Peter Nygren from Ethics review board. Before sampling the patient gave their informed 

consent that their cancer cells and personal information could be preserved for the purpose of 

clinical treatment, education and research. The patient was also informed that he or she at any 

time has the right to withdraw the approval and can request to discard or unidentify the cancer 

cells.    

 

Thawing of solid cancer cells 

The cryopreserved cancer cells were thawed in 37°C for 60 sec. Total 10 ml wash medium, 

37°C, was added. The wash medium were CO2-independent medium without L-glutamine 

(Gibco) supplemented with 10 % heat inactivated fetal bovine serum (HI-FBS, Sigma), 2 % 

penicillin-streptomycin and L-glutamine (PeSt/Glut, both from Sigma). After thawing, the 

cells centrifuged for 5 min at 200 g. The supernatant was discarded and cell pellet was 

washed again with 10 ml wash medium. Thereafter, the cells were re-suspended with 10 ml 

wash medium and the cell number and cell viability was determined by using a toluidine blue 

and Bürker chamber.  

 

Expansion of cancer cells to organoids 
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The cancer cells in the wash medium was centrifuged. Thereafter, the cell pellet was 

suspended with the cold PBS and mixed with BME-gel (Reduced growth factor basement 

membrane extract, 16.28 mg/ml, lot number 1517119, Bio-techne) on the ice to make a final 

concentration of 10 mg/ml. BME-gel was used to cultivate the cells in the form of a matrix 

where the cancer cells can mimic their structure that they should have in vivo. 200 µl of the 

mixture of the cancer cells and BME-gel was added to each well on a 6-well plate (Thermo 

Fisher Scientific) with recommended cell concentration 0.5 ´ 106 cells/ml. After the 6-well 

plate was incubated for 30 min at 37 C°, humidity 95 % and with CO2 5 %, 3 ml advanced 

DMEM/F-12 medium (Thermo Fisher Scientific) which was supplemented with N1 medium 

(Sigma), B-27 supplement (Thermo Fisher Scientific), human basic fibroblast growth factor 

(Sigma), epidermal growth factor (Sigma), HEPES solution (Sigma), penicillin-streptomycin 

(Sigma), N-Acetyl-L-Cysteine (Sigma), Ala-Gln (Sigma) and Y-27632 dihydrochloride 

(Sigma) was added in each well and the cells was incubated in the incubator for expansion. 

Medium was changed 2 or 3 times per week dependent on organoid growth and its glucose 

consumption. Every time the medium was changed, the glucose concentration of the collected 

medium was measured with Freestyle precision Pro (Abbot) and test chips (Precision Xceed 

Pro, Abbot) and 200 µl of the collected medium was preserved at -80°C for later protein 

analysis. Morphology changes of the cells was recorded daily with an inverted camera 

microscope and analyzed with IC measure 2.0.0.133 (The Imaging Source® Europe GmbH) 

and IncuCyte S3, 2018 C (Sartorius).   

    Expansion of all cancer cells except CRC-1 started from the first expansion (expansion 1) 

by thawing cryopreserved patient cells and thereafter, expanded one more time (expansion 2). 

Expansion 1 of CRC-1 had already been done at RCL and those cells from expansion 1 had 

been cryopreserved. Therefore, expansion of CRC-1 started with the second expansion 
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(expansion 2) by thawing cryopreserved cells from expansion 1 and thereafter expanding 

further two times (expansion 3 and expansion 4).  

 

Protein analysis with Luminex® MAGPIX 

Protein analysis was done by using the interaction between antibody and antigen and 

magnetic attraction by the instrument, Luminex ® MAGPIX (Bio-Techne).  

    Before analysis, the instrument was calibrated with the MAGPIX® Calibration kit (Bio-

Techne) and MAGPIX® Verification kit (Bio-Techne). The collected medium (200 µl) at the 

medium change were thawed on ice and prepared as a 2-fold dilution by mixing with 

Calibrator Diluent RD6-52 (Bio-Techne). For the analysis, Magnetic Luminex® assay kit, 

Human premixed multi analyte kit (Bio-Techne), which included standard cocktail A, B, C, 

K, magnetic microparticles with antibodies, biotinylated-antibodies and streptavidin- 

phycoerythrin conjugate (streptavidin-PE), was used. Standard solutions were prepared 

according to the instruction (Magnetic Luminexâ Assay Human Premixed Multi-Analyte kit 

Catalog Number LXSAHM, Bio-Techne). 50 µl of analyte-specific antibodies bound to 

magnetic microparticles was mixed with 50 µl of the prepared medium sample or standard 

solutions in a 96 wells-microplate and incubated for 2 hours at room temperature on a shaker. 

Thereafter, 50 µl of biotinylated antibodies was added to each well and incubated for 1 hour. 

After the incubation, 50 µl of the streptavidin-PE was added to each well and incubated for 30 

min. After resuspension of the microplate with the wash buffer (Bio-techne), concentration of 

the interesting analyte in the microplate was calculated by Luminex® MAGPIX analyzer. This 

study focused on analysis of the protein, VEGF (Vascular endothelial growth factor).  

 

Harvesting of organoids 
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After the expansion, the medium was discarded and the organoids incubated with cold PBS 

for 30 min at 4°C. Thereafter, the organoids were scraped and transferred to a new tube with a 

glass pipette and centrifuged for 5 min, 4°C at 428 g. After the centrifugation, the supernatant 

and the gel layers were carefully aspirated and the cell pellet was resuspended in 2 ml 

AccumaxÔ solution (Sigma) and incubated at 37°C to dissociate clumped cells. After the 

incubation wash medium was added to 10 ml and thereafter centrifuged. The cell pellet was 

re-suspended with 2-3 ml wash medium and filtrated with a 200 µm filter. Thereafter the 

wash medium was added to 10 ml and the cell number was counted.  

    After the cell counting, FMCA was performed with the harvested cells. The remaining cells 

were used for next expansion and preserved in the freezing medium, which was composed of 

HI-FBS and dimethyl sulfoxide (DMSO, Sigma, final concentration 10 %), at -150°C.   

 

Cell viability assay using FMCA  

For FMCA, the harvested organoids or thawed solid cancer cells were first suspended in the 

RPMI 1640 medium (with NaHCO3 and without L-Glutamine, Sigma) which was 

supplemented with 10 % HI-FBS and 2 % PeSt/Glut, and then aliquoted to 384-well 

microtiter plates (5000 cells per well, Thermo Fisher Scientific). The remaining cells were 

used to make a cytospin glass on day 0 and were saved for morphological evaluation after the 

FMCA. Different type and concentration/combination of anticancer drugs were added to the 

cells in the 384-well microtiter plates by the instrument Echo® 550 (Labcyte) and incubated 

for 72 hours at 37 °C in an incubator. Anticancer drugs were purchased and then dissolved in 

DMSO and aliquoted at the laboratory of Clinical chemistry and pharmacology at the Uppsala 

university hospital. Thereafter, the microtiter plates were centrifuged for 1 min, 200 g at room 

temperature and the medium was aspirated. After PBS wash, 50 µl Q2 buffer, consisting of 25 

mM HEPES, 125 mM NaCl, 5.9 mM KCl, 0.5 mM MgCl2, and 0.5 mM CaCl2 was added to 
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the plate. Thereafter 1 µl  FDA (0.5 mg/ml in DMSO) was added to each well and incubated 

for 50 min. After the incubation, the plate was analyzed by the instrument Clariostar (BMG 

Labtech). All processes were performed automatically by the SCARA system (Beckman 

Coulter). Finally, cytospin glass was made on day 3 from the untreated control cells in the 

plate and compared with the cytopsin glass from day 0 to confirm the same type of cells 

remained.  

 

Statistics 

After FMCA analysis, Survival Index % (SI %) was calculated for each well in the 384-plate 

with the help of the computer program (Wells) as 

                                                    f exposed – f blank 

                        SI % = 100 ´  
                                                     f control  – f blank 

In this formula, fexposed means the strength of the fluorescent signal in the wells with the cells 

and the anticancer drugs.  fcontrol and fblank are average of the strength of fluorescent signal in 

the control (without drugs) and blank wells (only the medium). The treatment with the 

anticancer drugs was done in duplicate and the average of the duplicate was used to calculate 

SI %. As quality control, the ratio of fcontrol : fblank must be > 5 and coefficient of variation 

(CV %) of control, blank and the duplicate of drug treatment was required to be < 30 %. In 

the case of the CV % was > 30 %, the abnormal value which caused the high CV % was 

eliminated and SI % was recalculated.  

    In this study, SI % with different anticancer drugs was compared among organoids, 

cryopreserved cancer cells and original cancer cells. The data of SI % from original cancer 

cells was taken from RCLs database where previously analyzed FMCA data has been 

collected.  
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RESULT 

Expansion of cancer cells to organoids 

First, cryopreserved patient cancer cells were expanded to organoids. Results of the expansion 

from each patient cells are shown in Table 1 (expansion 1 and expansion 2) and Table 2 

(expansion 3 and expansion 4 from CRC-1). Cell numbers did not increase much or even 

decreased under expansion 1 (CRC-2, RC-1 and OS-1 in the Table 1). However, cells from 

RC-1 and OS-1 could succeed to be increased under expansion 2. Cells from CRC-1 could be 

increased under all four times expansions (Table 1 and Table2). Brightfield microscopic 

images of organoids during the expansion are shown in Figure 1. At the beginning of the 

cultivation (day 0), all cells were separated or existed as small aggregates of individual cells. 

While the cultivation proceeded, it was observed that number of cells began to increase and at 

the end of the cultivation, the cells formed large rounded and dysplastic-like structures.  

Under expansion 1 of OS-1, a large dark-colored structure was observed (Figure 1, OS-1 

Expansion 1 Day 22).
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Table 1 Result of expansion to organoid  
 
CRC, RC and OS are abbreviations of colorectal cancer, renal cancer and osteosarcoma respectively. * means the expansion was done at RCL 
prior to this study.  – means the expansion did not succeed. The number of days in the columns of expansion means how many days it took for 
the expansion to organoids. 
 
Organoid from 
 

Used cell number 
for expansion 1 

Expansion 1 Cell number after 
expansion 1 

Used cell number 
for expansion 2 

Expansion 2 Cell number after 
expansion 2 

CRC-1 5.36 x 106* 19 days* 25.1 x 106* 2.84 x 106 16 days 42.1 x 106 

CRC-2 2.57 x 106 21 days 0.729 x 106 0.729 x 106 - - 

RC-1 6.53 x 106 21 days 0.722 x 106 0.722 x 106 31 days 2.82 x 106 

OS-1 2.86 x 106 21 days 3.53 x 106 0.500 x 106 24 days 2.66 x 106 

 
 
Table 2 Result of expansion to organoid (only CRC-1) 
 
Organoid from 
 

Used cell number 
for expansion 3 

Expansion 3 Cell number after 
expansion 3 

Used cell number 
for expansion 4 

Expansion 4 Cell number after 
expansion 4 

CRC-1 0.750 x 106 19 days 22.1 x 106 0.750 x 106 17 days 27.5 x 106  
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Figure 1 Microscopic images of organoids. For organoids from CRC-1, RC-1 and OS-1, images from expansion 2 are shown and for organoids 
from CRC-2, images from expansion 1 are shown. One image of organoids from OS-1 are also from expansion 1 (Expansion 1, Day 22) 
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Cell viability assay using FMCA  

Harvested organoids were incubated with anticancer drugs and thereafter, cell viability assay 

was performed by FMCA to verify resistance profile similarities among organoids, 

cryopreserved cancer cells from the original sample and original cancer cells. Results of 

FMCA with the organoids from RC-1, OS-1 and CRC-1 is shown in Figure 2, 3 and 4 

respectively. The organoids showed much the same tendency of survival index % toward the 

anticancer drugs used in this study, compared to cryopreserved cancer cells and original 

cancer cells. However, the organoids from RC-1 and OS-1 showed different resistance toward 

an anticancer drug, oxaliplatin compared to cryopreserved cancer cells and original cancer 

cells (Figure 2 and Figure 3). 
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Figure 2 Results of FMCA with the organoids from RC-1 after expansion 2  
 
Dose-response curves of organoids from RC-1, cryopreserved cancer cells and original cancer 
cells after 3 or 4 days incubation with different type of anticancer drugs. Y-axis are survival 
index % which were calculated from the intensity of fluorescence.  
 

0
20
40
60
80

100
120
140

1 10 100 1000

SI
 %

Concentration (µM)

Fluorouracil

cryopreserved cells Organoid Original cancer cells

0

20

40

60

80

100

1 10 100

SI
%

Concentration (µM)

Oxaliplatin

Cryopreserved cells Organoid Original cancer cells

0
10
20
30
40
50
60
70
80

1 10 100 1000

SI
 %

Concentration (µM)

Irinotecan

cryopreserved cells Organoid Original cancer cells

0
10
20
30
40
50
60
70
80
90

100

1 10 100

SI 
%

Concentration (µM)

Mitomycin

Cryopreserved cells Organoid Original cancer cells

0
10
20
30
40
50
60
70
80
90

0,1 1 10 100

SI
 %

Concentration (µM)

Doxorubicin

Cryopreserved cells organoid Original cancer cells

0
20
40
60
80

100
120
140
160

0,1 1 10 100

SI
%

Concentration (µM) 

Melphalan

Cryopreserved cells Organoid

0
20
40
60
80

100
120
140
160

1 10 100

SI
 %

Concentration (µM)

Sorafenib

Cryopreserved cells Organoid Original cancer cells



19 
 

 

 

 
 
Figure 3 Results of FMCA with the organoids from OS-1 after expansion 2  
 
Dose-response curves of organoids from OS-1, cryopreserved cancer cells and original cancer 
cells after 3 or 4 days incubation with different type of anticancer drugs. Y-axis are survival 
index %. 
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Figure 4 Results of FMCA with the organoids from CRC-1 after expansion 2,3 and 4  
 
Dose-response curves of organoids from CRC-1, cryopreserved cancer cells and original 
cancer cells after 3 or 4 days incubation with different type of anticancer drugs. Y-axis are 
survival index %.  
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Protein Analysis with Luminex® MAGPIX 

Protein (VEGF) analysis were performed to measure the level of VEGF secreted by cells 

under the expansion. The result is shown in Figure 5 with the result of the measurement of 

glucose concentration of the sampled medium. The level of VEGF in the sampled medium 

had increased gradually under all expansions of organoids from CRC-1, RC-1 and OS-1 but 

had decreased and had kept being low in the medium from CRC-2 organoid. Glucose 

concentration had decreased gradually under the expansion in the sampled medium from all 

organoids (Figure 5A). Figure 5B shows the same result but each diagram showed each 

expansion and differences among the cancers. There was no significant difference in the 

VEGF-level among the diagnosis except CRC-2. 
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Figure 5(A) 
 

 
Figure 5(B) 
 
Figure 5 Results of protein analysis 
Left Y-axis shows VEGF concentration (pg/ml) and right Y-axis shows glucose concentration 
(mmol/L). X-axis shows the day under the expansion. (A) Each diagram shows the result 
from each cancer (CRC-1, CRC-2, RC-1 and OS-1). The broken line are glucose 
concentration and the solid line are VEGF concentration and the result of each expansion in a 
diagram is shown with the same color for VEGF and glucose concentration. (B) Each diagram 
shows the result from each expansion (expansion 1 and expansion 2). The broken line are 
glucose concentration and the solid line are VEGF concentration and the result of each cancer 
in a diagram is shown with the same color for VEGF and glucose concentration. 
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DISCUSSION 

In this study, cells from cancer patients had been cultivated to organoids and more cancer 

cells successfully acquired from CRC-1, RC-1 and OS-1. The decreasing number of cells 

under expansion 1 may be due to the content of the patient cancer sample. Patient cancer 

samples which were taken by a surgical procedure are actually not composed of only cancer 

cells, but also include other types of cells derived from tissues around the cancer. The used 

cell number for expansion 1 included cancer cells and such other types of cells. However, 

DMEM/F-12 medium, which was used in this study, was adjusted for the cultivation of 

organoids and for that reason, cells other than cancer cells could probably not survive under 

the expansion 1 which resulted in decreased cell numbers after expansion . However, it was 

assumed that the remaining cells after the expansion 1 included greater amount of cancer cells 

than before expansion 1. In expansion 2, cell numbers from patient RC-1 and OS-1 were 

successfully increased, possibly because purified cancer cells after the expansion 1 could 

grow well in the DMEM/F-12 medium. However, the failure of expansion 2 of CRC-2 was 

unexpected because the cells from patient CRC-1 could grow dramatically. Both CRC-1 and 

CRC-2 were diagnosed as metastatic colorectal cancer but cancer cells from CRC-1 and 

CRC-2 showed different behaviors under expansion 2. It can be speculated that the difference 

is due to the difference in metastatic site the samples were collected from. According to the 

referrals, CRC-1 is a patient whose cancer metastasized to the ovary and CRC-2 is a patient 

whose cancer metastasized to liver and this difference may have effected to the growth of 

organoids under expansion 2. Although the DMEM/F-12 medium in this study was adjusted 

specially for the cultivation of organoids from CRC-patients (16), this medium was perhaps 

not suitable for CRC-2. It can also be said that cancer cells from RC-1 and OS-1 could 

possibly be grown better by using a more suitable medium or cultivation method for renal 

cancer and osteosarcoma respectively (17,18,19). It was surprising that organoids from CRC-
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1 could be expanded four times and even increased under expansion 1. This may indicate that 

the DMEM/F-12 medium used for this study was very suitable for cancer cells from CRC-1. 

 

The images of representative organoids from CRC-1, CRC-2, RC-1 and OS-1 are shown in 

Figure 1 respectively. At the end of the cultivation, individual cells which was seen at day 0 

were not observed in the organoids and it seemed that there were so many cells and those 

cells composed of those organoids existed very tight and close to each other as cell clumps. 

The centers of those organoids were very dark in the microscopic images and this was 

assumed to due to a high cell density in the middle of those organoids. It was interesting that 

organoid from different cancer type (or even same cancer type) showed different structure at 

the end of the cultivation. The organoids from CRC-1 and RC-1 formed very rounded 

structure and those structures were similar with another already published study (10). The 

organoids from CRC-2 and OS-1 also showed the rounded structure and moreover, it looked 

like that cells stuck out from the structure. The difference of CRC-1 and CRC-2 in Figure 1 

probably derived from metastatic difference of those two CRCs just like the result of the 

expansion of CRC-1 and CRC-2. It was very interesting that the dark-colored structure was 

observed under expansion 1 of OS-1 and such a structure was also observed in another study 

(20). It can be thought that calcification occurred under expansion 1 of the cells from OS-1.  

 

In Figure 2 - 4, the organoids showed the same resistance profile toward almost all of the 

anticancer drugs as cryopreserved cancer cells and original cancer cells. However, it seemed 

like that the organoids from RC-1 and OS-1 had been more resistant toward oxaliplatin 

because of its higher survival index. The organoids from RC-1 even showed high resistance 

with the high concentration of oxaliplatin (survival index % were 89.7 % with the 

concentration 30 µM). As shown in Figure 1, the organoids were rounded cell clumps and it 
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was thought that many cells existed very tight in the structure. Therefore it was quite possible 

that the cells which existed in the middle of the organoids ended up with nutrition and oxygen 

deficiency and those cells had gone in quiescent. In contrast, cells in the periphery of the 

organoids were thought to have had enough supply of nutrition and oxygen and therefore, cell 

proliferation occurred actively (unpublished data from RCL). Oxaliplatin is an anticancer 

drug which inhibits DNA synthesis by binding to DNA-chain in the nucleus5. Oxaliplatin may 

have had none or small effect on those cells in quiescent which led to higher survival index of 

the organoids. It was unexpected that although the organoids from CRC-1 had been passaged 

many times (to expansion 4), they still showed the same tendency of survival index % toward 

the anticancer drugs.  

 

This study also measured the amount of secreted VEGF from cells under the expansion and 

glucose consumption of organoids. VEGF is a protein which  contributes to building new 

blood vessels and is secreted by cells which are deprived of oxygen and nutrition6.  Under all 

expansion of organoids from CRC-1, RC-1 and OS-1, cells were thought to be increasingly 

dense in the rounded structure which probably resulted in more consumption of glucose in the 

medium. As described above, cells in the middle of the organoids were assumed to be 

increasingly deprived of nutrition and oxygen under the expansion which probably led to the 

secretion of VEGF by those cells. The cells from CRC-2 showed different result than the 

other three results (CRC-1, RC-1 and OS-1) and it might be that cells which secreted VEGF 

could not survive under expansion 1. However, as shown in Figure 1, it was observed that 

cells had grown in a flat monolayer in the cell culture dish. Because of this monolayer cell 

growth, those cells were maybe supplied with enough oxygen and nutrition compared to the 

 
5 https://www.drugbank.ca/drugs/DB00526 
6 https://www.rndsystems.com/resources/articles/vascular-endothelial-growth-factor-vegf 
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cells in the organoids. From the other perspective, the cells secreted VEGF at the beginning of 

the cultivation had gone in quiescent. 

 

This study was performed as part of the ongoing project at the RCL for development and 

improvement of the method for cytostatic resistant analysis (FMCA) by using organoids. In 

this study, cultivation of organoids from renal cancer and osteosarcoma was successful for the 

first time at RCL. It was even successful to expand the organoids from colorectal cancer  

(CRC-1) four times. It was also observed that organoids from different types of cancer had 

taken different structure under the expansion. Those organoids, cryopreserved cancer cells 

from the original sample and original cancer cells showed quite similar resistance profiles 

toward the anticancer drugs and this is a very positive sign that those organoids retain the 

same property as original patient cancer cells and they are a good representation of the 

cancers. Furthermore, the cell numbers increased by the expansion to organoids which can 

lead to a large choice of the anticancer drugs and more personalized treatment for cancer 

patients in the future. The anticancer drugs in this study are used routinely in the clinical 

treatment. If expansion of organoid from cancer is established as a regular work in hospitals 

in the future, it will be a great contribution to the treatment of cancer patients. Therefore it is 

necessary to improve or adjust the cultivation conditions for the organoids, especially the 

medium component for organoid cultivation from renal cancer and osteosarcoma to acquire 

more cells and for more corresponding resistance profile. Other studies have confirmed that 

many organoids had the same phenotype as their originated cancers (11,13,14, 21). Therefore, 

it is also necessary to perform protein expression analysis and DNA analysis for the organoids 

in this study for further confirmation that the organoids retain the same genetic and 

phenotypic characters as the original cancers. 
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