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Abstract 

Treatment of cancers has been improved and new findings in research communities are 

constantly found, but there are still many questions about how to treat these complex diseases. 

One way to treat cancer is to expose cancer cells to drugs that kill the cancer cells to a larger 

extent than the normal cell from the same as well as other tissue types. Different drug 

compounds have diverse molecular effects on the cancer cells and to evaluate them, studies on 

different cell lines were performed.  

    Experiments were performed to study morphological and metabolic changes on treated 

cells. Morphological changes in growing populations of MCF-7 cells and MCF-10A cells 

were studied by using a phase contrast video microscopy (IncuCyte) image analysis. Changes 

in levels of metabolites and proteins were analyzed using two different mass spectrometric 

methods. Hierarchical clustering was used to study the relationship between the collected 

spectra and the most outstanding subgroup (cluster) was a set of compounds related to 

estrogens. 

    There were apparent morphological differences between the two different cell lines, both 

when untreated and after induction of apoptosis. This study shows that, when examining the 

metabolic patterns, there are tendencies among the substances studied to form clusters 

according their pharmacological classes. Although more studies have to be performed in this 

area it has been showed that there are possibilities to determine which pharmacological class a 

substance belongs to by examining the morphological and metabolic patterns. 
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Introduction 

Cancer is a disease with many faces that strikes people all over the world. According to 

statistics there were 12.7 million patients diagnosed with cancer in 2008 globally. Breast 

cancer is the most common cancer type among women and it represent as much as 23 % of 

the 12.7 million patients diagnosed [1]. How to cure cancer is a big mystery and researchers 

all over the world are trying to solve this problem. However, even if new drugs and therapies 

appear, no one has the complete answer for cancer treatment.  

    One known way of treating cancer patients is to expose them to cytotoxic drugs that will 

kill the cancer cells. A big disadvantage with this kind of treatment is that the cytotoxic drug 

often has negative side effects on the whole organism. This disadvantage has become a good 

argument for the development of new, and more tumor specific, kinds of treatments and 

drugs. The development of new drugs is of big importance to decrease the systemic toxicity 

that most of the cytotoxic drugs cause and that’s why researchers now are focusing on 

targeted therapies [2]. 

    Cancer is formed when a single cell’s DNA is modified at multiple places (mutations). A 

transformation of the original DNA-chain will lead to new expression patterns of the cellular 

proteins. The mutations will make the cell practically invincible by down-regulating some 

proteins and vice versa including uncontrolled cell proliferation. These cells will form clusters 

called tumors. Sometimes cells can detach from the tumor and be transferred with the blood 

or lymph to new places in the body. This results in metastases; tumor cells, originally from 

the primary tumor, will form new tumors. Metastases are an indication of a bad prognostic 

condition especially in breast cancer and are the main cause of death [3].  

    Breast cancer is developed from mutated breast epithelial cells. Size and appearance of the 

tumor is taken in consideration when classifying the tumor to give a prognosis. Breast cancer 

cells often express different types of hormone receptors and this is one of the things examined 



when identifying type of breast cancer. The expression of estrogen-, progesterone and HER2-

receptors on breast cancer cells has been shown to be of therapeutic significance. Some of the 

cancer cells don’t express any of these three receptors and therefore it’s more difficult to 

develop a more effective treatment [4]. 

    Estrogen is a hormone which has a significant role in reproduction in women. The hormone 

is originally formed from the steroid hormone cholesterol and it is synthesized in the ovaries 

[5]. Cells can express the intracellular receptor for estrogen and the receptor is activated when 

an estrogen is bound. The binding leads to multiple transformations inside the cells and 

signaling for a new transcript. The tumors that express these receptors are stimulated by 

estrogens and therefore the treatment of these tumors is often anti-estrogens. Anti-estrogens 

will compete with estrogen for the binding site on the receptor. A possible treatment is also to 

prohibit the formation of estrogens in the ovaries with aromatase inhibitors or to prevent the 

synthesizing of estrogens [5].    

    Understanding drug and disease mechanisms is important when designing a good treatment 

for the patient. Drug actions can be analyzed by examining the morphological, molecular and 

metabolic changes in cells exposed to different compounds. To get more insight in cancer 

mechanisms, studies are performed on different cell lines which are derived from patients 

with a certain diagnosis. The cell line MCF-7, which is a cell line that derives from a woman 

with an adenocarcinoma, is often used when examining how breast cancer cells act when, for 

example, exposed to different substances [6]. 

    When evaluating new compounds; survival of cells, concentration and drug actions should 

be taken in consideration. An assay for cell viability is used to determine the survival index of 

cells when treated with compounds. This is often done by using FMCA (fluorometric 

microculture cytotoxicity assay) which will avail the fluorescence emitted from the living 

cells. Cells seeded in a 384- or 96- well microtiter plate are treated with different compounds 



and then FDA (fluorescein diacetate) is added and the cells with intact plasma membranes 

will transform FDA to fluorescein. The amount of emitted fluorescence is directly 

proportional to the number of living cells. With this knowledge a survival index can be 

calculated [7].  

    FMCA is a well-known method for determining the fraction of living cells after exposure to 

different compounds and thus used for the measure of cytotoxicity. To notice morphological 

changes on cells when exposed to drugs another method has been evaluated. This method is 

based on time-lapse video recording of cells seeded in a 384-well microtiter plate using 

Incucyte which is a microscope installed in an incubator. The cells are incubated with 

different compounds for 72 h and pictures are taken every second hour. This makes it possible 

to monitor the cells during the incubation time. In a previous study a certain difference 

between IncuCyte and FMCA was discovered. The advantage with the IncuCyte method 

proved to be that morphological changes, like cell aggregation, that doesn’t affect the cell 

viability could be identified [7].  

    Another approach to study effects of cytotoxic drugs is to examine the metabolic state of 

the cell by measuring metabolites expressed when cells are exposed to outer stimulus, like 

drugs or diseases [8]. The metabolites are measured by use of mass spectrometry analysis, 

LC-MS (liquid chromatography mass spectrometry), and by using the mass-charge ratio an 

identification of the metabolites can be done. To perform studies and cover a wide range of 

metabolites a proper sample preparation is required. Depending on the cell line under study 

various types of sample preparation could be selected. The importance is that the management 

should neither over express or under express metabolites to get as truthfully results as 

possible. Elements that should be taken in consideration, while forming a protocol for sample 

preparation, are stability of the sample/metabolites, the simplicity of the execution and the 



removal of medium components. If the components of the medium aren’t properly removed it 

can inhibit the electrospray ionization in the mass-spectrometer. 

   A study has been performed to define a global protocol for the management of mammalian 

adherent cells [9]. An alternative protocol to prepare samples is to grow the cells on cover 

slips. This has showed to create an easier washing of the cells and to maintain a high quality 

performance to get meaningful results [10].  

    SELDI-TOF MS (Surface enhanced laser desorption ionization-time of flight mass 

spectrometry) could be a useful tool to study protein expression [11]. Cells express different 

proteins on their surface and when cells are mutated or treated in a special way the expression 

of certain proteins could either be down regulated or up regulated. The comparison between 

healthy cells and diseased cells could therefore lead to discoveries of new biomarkers for a 

special diagnosis [11]. Samples are placed on surfaces and proteins in the sample will then 

attach to the surface, due to chemical qualities, and the other components in the sample will 

be washed away. Surfaces are selected based on which properties in the sample that is meant 

to be analyzed. There are surfaces for hydrophobic, metal binding and ion-exchange features 

etc. The method is based on a time of flight procedure where the samples are ionized by a 

laser beam and accelerated through a tube to finally reach a detector.  

    For the characterization of cytotoxic effects MCF-7 cells were exposed to 34 different 

drugs from different pharmacological classes. To get an understanding of the drugs’ 

mechanisms protein expression, morphological changes and expressed metabolites were 

examined.  The preparation of samples for LC-MS is a critical step and to make it as good as 

possible a new protocol was tested in parallel with the standard procedure [10]. 

 

 



Method and materials 

Experimental design 

The cell lines MCF-7 and MCF-10A are well-known and commercial cell lines so for this 

study an ethical license were not needed. The 34 different substances that lay the ground for 

this study represented 17 different pharmacological classes (Table.1). Every drug was 

analyzed in triplicates and samples were prepared with two different sample preparation 

procedures. So in total every drug had 6 samples, three for each procedure, and in every batch 

dimethyl sulfoxides (DMSO) control was present. To make the handling of all the 34 drugs 

more manageable the drugs were divided in 7 different batches and sample preparation were 

performed batch wise.  

Table 1. The 34 drugs organization in batches, their name and pharmacological classes. 

 

Batch Drug Pharmacological class
1 Diuron Pesticide
1 Glyphosate Pesticide
1 Dimephenthioate Pesticide
1 Diethylhexylphthalate Plasticizer
1 Atrazine Pesticide
2 Beta estradiol Estrogen
2 Diethylstilbestrol Xenoestrogen
2 Bisfenol A Xenoestrogen
2 Daidzein Phytoestrogen
2 Genistein Phytoestrogen
3 Quercetin Phytoestrogen
3 Tamoxifen SERM
3 Aspirin NSAID
3 Ibuprofen NSAID
3 Dexamethasone Corticosteroid
4 Hydrocortisone Corticosteroid
4 Prednisolone Corticosteroid
4 NVP-BEZ 235 P13/ mTOR inhibitor
4 Erlotinib Tyrosine kinase inhibitor
4 Gefitinib Tyrosine kinase inhibitor
4 Lapatinib Tyrosine kinase inhibitor
5 Vinblastine Tubulin modulator
5 Vincristine Tubulin modulator
5 Albendazole Anthelminticum
5 Mebendazole Anthelminticum
6 Vorinostat HDAC inhibitor
6 Trichostatin A HDAC inhibitor
6 Bortezomib Proteasome inhibitor
6 Thiram Pesticide
7 Wortmannin P13/mTOR inhibitor
7 Chloroquine Antinematodicum
7 Olaparib PARP inhibitor
7 Octylmethoxycinnamate Sun protectant
7 Ancitabine Antineoplastic



Cell culture 

MCF-7 cell line was cultured in cell culture flasks containing MEM’s medium (Eagle 

minimum essential medium Lot.nr RNBD3419, Sigma® Life Science, United States) 

completed with FCS (Fetal calf serum heat inactivated Sigma® Life Science), PEST (10.000 

units penicillin and10 mg streptomycin per ml in 0.9 % NaCl, Sigma® Life Science), L-

glutamine (200 mM, Sigma® Life Science) and Sodium-pyruvate (100 mM Sigma® Life 

Science).  

    The cells were incubated in 37ºC humidified air containing 5 % CO2 and after 48 to 72 h 

the cells were split. The cell splitting was performed in a hood with laminar flow. At first, to 

guarantee that there were enough adherent cells attached to the surface, the cells were 

examined using a phase contrast microscope. Cells were washed twice with PBS (Dulbecco’s 

phosphate buffered saline, without calcium-and magnesium chloride, Sigma® Life Science) 

and Accutase® solution (Sigma® Life Science) was added to detach the cells. By using a 

glass pipette the cell suspension was transferred to a new tube and cells were centrifuged for 5 

min at 11000 rpm. The supernatant was removed and cells were redissolved in 10 ml of 

medium. A Bürker chamber was put together for counting the cells and trypan blue was used 

for staining the dead cells blue.  

    By using a phase contrast microscope the cells were counted. The chamber had different 

squares and one big square contained 16 small squares. The cells in two different big squares 

were counted, excluding the dead cells that were stained blue.  The average number of cells 

was calculated and to get the answer how many cells, in millions per ml, the average number 

of cells were multiplied with the volume of suspension we added which were 20 μl. Every 

small petri dish was supposed to have 0.5 million cells per ml so a calculation was made to 

know how much volume of the cell suspension that would be added to the petri dishes. In 

some of the petri dishes coverslips were placed.  Then the calculated volume of the cell 



suspension was added to petri dishes and they were incubated in 37ºC 5 % CO2 in 48 h. Some 

of the cell suspension was also added back to the flask for new growth of cells. 

Drug solutions 
 
The drugs had been delivered in powder or liquid solution form. First a stock solution of the 

drug was made by diluting the drug in DMSO. Basic calculations on dilutions were made to 

know how much of the drug that should be dissolved in DMSO (Sigma® Life Science). 

Calculations were based on the molecular weight of the compound, the final volume wanted, 

and the final stock concentration wanted. The calculated mass was weighed and then the 

amount was added to a tube made of glass. The drug was then dissolved in DMSO and then 

stored in -80ºC.  

    The stock solution of a specific drug was then diluted to a working concentration, which 

was the concentration of the drug that would be added to the cells. Calculations were made to 

know how much volume of the stock solutions that should be taken to get a final 

concentration ten times higher than the working concentration, because the drug would be 

diluted ten times more when added to the petri dish. The drugs were diluted in sterile water 

and the water was taken using a sterile syringe. When the dilutions were made they were 

either stored in -80ºC or used for exposure directly.  

Addition of drugs 
 
The petri dishes containing cells were taken out of the incubator three at a time, because the 

drugs were going to be added in triplicates. The medium in the petri dishes was changed with 

900 μl fresh MEM’s medium. After that a 100 μl of one drug was added, then the dish was 

moved in circles to mix the contents carefully. The procedure was repeated with all the drugs 

and petri dishes after which they were incubated for 24 h.      

 

 



Quenching of cells 

After 24 h drug exposure medium was removed from the plates and cells were washed three 

times with ice cold PBS. Cells were then quenched by addition of 1 ml of ice cold 80 % 

methanol. The plates were kept on ice throughout the process. Cells were then removed from 

surface using a cell scraper. A pipette was carefully used to transfer the cell suspension to the 

eppendorf tube and stored on ice. The same procedure was made on all of the petri dishes and 

the cell samples were then stored at -80ºC.  

    When quenching the cells with coverslips another procedure was used. A pointed and a 

blunted tweezers were used for holding the coverslip.  The coverslip was removed from the 

petri dish using a pointed tweezers and then a switch was done to a blunted one to hold the 

coverslip steady. The coverslip was dipped quickly three times in a water beaker which stood 

on a magnetic stirrer. Then the coverslip was carefully placed on the petri dish’s lid and 1 ml 

of 80 % methanol was added to the lid. The lid was placed on ice while the same procedure 

was made on the other two petri dishes. Cells were detached using a cell scraper and 

transferred to eppendorf tubes that were then stored at -80ºC till further analysis [10].   

Image analysis 

Cells from the cell line MCF-7 and MCF-10A were seeded in a 384-well microtiter plate. The 

suspension that was added to the plate consisted of the calculated amount of cell suspension, 

so that each well would contain 2500 cells, diluted in 25 ml of fresh medium. Of this 

suspension 50 µl was transferred to each well, except for the first and last column that only 

contained medium.  When the plate had been prepared it was placed in the IncuCyte and 

imaged every second hour for 24 h to see the growth patterns. After 24 h incubation drugs 

were added to the cells using Echo® 550 (Labcyte, United states). All drugs were tested at 

their IC50 (half maximal inhibitory concentration) values that had been evaluated by a dose-



response experiment. After compound addition cells were again placed inside IncuCyte and 

scanned for another 72 h.  

FMCA 
 
After 72 h of incubation the FMCA was performed. The FMCA measures the cell survival by 

measuring the fluorescence generated from the hydrolysis of fluorescein diacetate (FDA) to 

fluorescein by cells that have plasma membranes intact. Many steps of washing the wells with 

MQ-water and PBS were done by a Multidrop 384 (Titertek, Germany). Then the FDA was 

added and the plate was put in the Cytomat™ 24 Hotel (Thermo Scientific, United states), 

which is an incubator. The fluorescence emitted from the cells in the plate was then measured 

with FLUOstar Optima (Beckman Coulter, United states). The values of the fluorescence for 

every well were than calculated to get an index of the survival rate.   

SELDI- TOF MS 
 
Pre-wash solution (50 % Acetonitrile + 0.1 % TFA) and binding buffer (10 % Acetonitrile + 

0.1 % TFA) was diluted in MQ-water. A bioprocessor was put together consisting two arrays 

with 8 spots each with a hydrophobic surface, H50. The arrays were pre washed by adding 50 

µl of the pre-wash solution to each spot and then incubated for 5 min. The solution was 

discarded simply by tilting the bioprocessor over the sink and then another 50 µl pre-wash 

solution was added. After the last addition of pre-wash solution 150 µl of binding buffer was 

added to each spot and incubated on a shaker for 5 min, this was repeated once. When the 

buffer had been discarded the samples were quickly added to the arrays and incubated for at 

least 30 min on a shaker.  

    The samples were then removed from the arrays and the spots were washed by adding 150 

µl binding buffer and incubated for 5 min on a shaker. This step was repeated twice. Then the 

wells were washed with 150 µl MQ-water and removed right away by inverting the processor. 

The arrays were removed from the bioprocessor and air-dried for 5-10 min. Before adding 0.6 



µl times two to each spot.  Then the arrays were put in the SELDI-machine to run the 

samples.  

Sample preparation for LC-MS: Freeze-drying and sonication 

First the samples were ultra-sonicated for 10 sec with a pulse. When all the samples had been 

sonicated the samples were centrifuged for 5 min 14000 rpm in 4ºC. After centrifugation the 

supernatant was transferred to new centrifuge tubes. Holes were made on the lid of these 

tubes to make the freeze-drying quicker. The centrifuge tubes were put in the freeze drying 

centrifuge in an ice cold rotor and the samples were centrifuged for about 3 h. After 

centrifugation the tubes were stored in -80ºC until LC-MS was performed.  

Sample preparation for LC-MS: SPE-extraction 
 
To remove all the impurities from samples and extract metabolites before analyzing with LC-

MS a SPE-extraction was done on the samples without cover slips. The extraction is based on 

eluting the sample through a cartridge (Supel®-Select HLB SPE Tube, Supelco, Sigma 

Aldrich) designed to bind hydrophilic compounds. The samples are first reconstituted in 200 

µl MQ-water and the cartridges are washed with 100 % methanol and then MQ-water. Then 

the samples are loaded, one sample per cartridge, and the metabolites in the samples are 

supposed to be captured by the phase in the cartridges. Then a wash of MQ-water is added 

and then 10 % methanol, so the first elute will consist impurities in the samples. To elute the 

metabolites wanted a solution of methanol and acetonitrile is added. The elution is then 

freeze-dried and stored in -80ºC until LC-MS. 

LC-MS 
 
The freeze dried samples from the -80ºC freezer are reconstituted with 100 μl of 5 % 

methanol and 0.1 % formic acid and then 60 µl of this solution were transferred to a glass 

tube. A control pool (QC) was made by taking 20 µl from every sample that was going to be 

analyzed.  



    The samples were put in an auto sampler together with quality controls (QC) and put in the 

UltiMate HPLC (Thermo Scientific, United states). The machine injected 20 µl of every 

sample in to an Accurcore™ C18 HPLC column (150 x 2.1 mm, 2.7 ym particle size, Thermo 

Scientific). The samples were then analyzed with Q Exactive™ Orbitrap- Mass Spectrometer 

(Thermo Scientific). The gradient solution A consisted of: Milli Q-water and 0.1 Formic acid 

( FA, HP-LC grade, Merck, Germany). The gradient solution B consisted of: 90 % 

Acetonitrile (Merck), 10 % Isopropanol (HP-LC grade, Merck) and 0.1 % Formic acid. 

Solution C consisted of 100 % Methanol (HP-LC grade, Merck).   

Results 

IncuCyte analysis 

The growth patterns for MCF-7 and MCF-10A cells were monitored by using a time-lapse 

video recorder, IncuCyte Zoom. The two cell lines had been seeded in a 384-well microtiter 

plate and imaged for 72 h. To compare morphological features among the different cell lines, 

morphological profiles were extracted for each well and compared pairwise by using a pixel 

histogram hierarchical comparison (PHHC) method [12] (Fig. 1A, 1B). The PHHC method is 

based on extracting pixel intensity values from each image in the form of pixel histograms. 

These intensity histograms are then compared pairwise to obtain differences between the cell 

lines and treatments. When visualizing the difference among the cell lines, by analyzing with 

a multidimensional scale, separates clusters appeared (Fig. 1C).   



 

Figure 1. Analysis of the morphological features of MCF-7 and MCF-10A cell lines. A) Phase 

contrast microscope images of MCF-7 cells and MCF-10A cells (below) at time point 72 h. B) Time 

evolving pixel histogram from the PHHC method that is based on comparing pixel intensity. C) The 

relationship between the two cell lines’, MCF-7 and MCF-10a, time evolving morphological features.  

Both MCF-7 and MCF-10A were then exposed to 34 different compounds from 17 different 

pharmacological classes and images were taken every second hour. The morphological 

differences between the two cell lines, after 72 h of exposure to the compound Albendazole, 

are shown in (Fig.2).  



 

Figure 2. Morphological differences between MCF-7 and MCF-10a cells. Phase contrast images 

taken by IncuCyte Zoom on cells treated with Albendazole (A) and untreated cells (C). B and D 

represents time-evolving pixel histograms extracted from the PHHC method. The PHHC method is 

based on comparing pixel intensity.  

All the 34 different treatments morphological features were compared using PHHC. In (Fig. 3 

and 4) the connection between the different pharmacological classes and compounds are 

represented as a hierarchical clustering for MCF7 and MCF10A respectively. 

 



 

Figure 3. A hierarchical clustering based on the results from the PHHC method. The relationship 

between all the treatments and controls (untreated MCF-7 cells) based on their morphological 

features. The two figures display the same result but with different labeling.  (A) Labeled with 

pharmacological classes and (B) labeled with drug name. 



 

Figure 4. A hierarchical clustering based on the results from the PHHC method. The relationship 

between all the treatments and controls (untreated MCF-10A cells) based on their morphological 

features. The two figures display the same result but with different labeling.  (A) Labeled with 

pharmacological classes and (B) labeled with drug name. 

FMCA 
 
Both MCF-7 and MCF-10A cells had been exposed to 34 different drugs in duplicates and 

then the emitted fluorescence were measured to get a value of living cells, a survival index. 

The drugs had been put in the plate in duplicates so the survival index (SI) value is the 

average of those two duplicates. In (Fig.5) the survival index for both cell lines and all the 34 

drugs is shown. Thiram, wortmannin, chloroquine and olaparib was analyzed in the same run.  



Figure 5. Survival index values in percent for 34 compounds on both MCF-7 and MCF-10a cell lines. 

The values are the average of the duplicates.  

SELDI 

SELDI was only performed on the samples that had been prepared with the cover slip 

procedure. The treatments in the first batch had only been prepared with the standard 

procedure, so 29 out of 34 treatments were analyzed with SELDI. The SELDI experiments 

were divided into six batches to make the experiment more manageable. In every batch, 

except batch 2, a DMSO-control was present. Every treatment was analyzed in triplicates and 

the SELDI spectrum that was analyzed was the average of the three replicates, which 

consisted of 31136 bins.  

   The values from the SELDI spectrum were analyzed with a principal component analysis 

(PCA) and plotted. In (Fig.6) the results are shown for all the samples labeled with their 

pharmacological classes.  

     

 



 

Figure 6. Results from PCA analysis on the SELDI spectra. The PCA analysis is based on taking 

values and transform them to, in this case, three different variables to see variance among the samples 

and the tendency to form clusters. The samples are labeled with their pharmacological class and their 

batch number (B= 2-6).  

The spectrums were also analyzed using a hierarchical clustering method to evaluate their 

tendency to form clusters (Fig.7).  



 

Figure 7. Hierarchial clustering results of the SELDI spectra. The samples are labeled based on their 

pharmacological classes.  

 

LC-MS 
 
Except the samples prepared with the coverslip procedure (29 out of 34 treatments) 19 quality 

controls (QC) were analyzed. The QC-samples were taken from a pool made of a small 

amount of every sample analyzed. The experiments were organized in six different batches 

and every batch consisted of a DMSO-control. Every sample was injected twice and for every 

treatment there were two replicates.  

    A preprocessing of the spectra was done to minimize the number of bins. This was done by 

using a CV (coefficient of variation) value that was calculated from the QC-controls. Bins 

which had a CV-value less than 30 % were kept.  



    A PCA-analysis was performed on the spectra and in (Fig.8) a comparison of the samples 

in the six different batches was done to study batch effects. 

    

 

Figure 8. Results from the PCA analysis on LC-MS spectra values to study batch effects. The PCA 

analysis is based on taking values from the LC-MS spectra and transform them to, in this case, three 

different variables so see variance among the samples. The samples are labeled with their batch 

number.  

A hierarchical clustering method was also performed on the LC-MS spectra to see 

relationships among samples based on their expression of metabolites. The results are divided 

in two parts, in half, because of the number of samples and size of figures. In (Fig.9A and 9B) 

results are presented for the first part but with different labels and in (Fig.10A and 10B) the 



second part is presented. 

 

Figure 9A. The first part of hierarchical clustering of samples MS-spectra. The samples are labeled 

based on their pharmacological classes. 

 



 

Figure 9B. Same results as in 9A but here the drug name and number of replicate is presented. Each 

sample were injected twice which is indicated with number (1, 2) and there were two replicates for 

each treatment and the second replicate is indicated with (Biorep2).  

 



 

Figure 10A. The second part of hierarchical clustering of samples LC-MS spectra. The samples are 

labeled based on their pharmacological classes. 

 



 

Figure 10B. Same results as in 10A but here the drug name and number of replicate is presented. 

Each sample were injected twice which is indicated with number (1, 2) and there were two replicates 

for each treatment and the second replicate is indicated with (Biorep2).  

 

 

 

 

 

 

 



Discussion 
 
The aim of this project was to evaluate the cytotoxic effects that different substances, from 

different pharmacological groups, had on breast cancer cells. Patterns in the cells, both 

metabolic and morphologic, showed that there are relationships between substances in the 

same pharmacological classes. 

    The advantage of random sorting of the compounds into different batches was that the 

experiments were easier to manage. However, the disadvantage with this random sorting is 

that the compounds from the same pharmacological classes could be placed in the same 

batches and therefore the clustering results could have been affected due to batch effects.  

    The aim in this project was also to compare another method for sample preparation that was 

hypothesized to be more effective of removing impurities in the sample before analysis in LC-

MS. So 29 out of the 34 sample treatments were prepared with both the methods in parallel. A 

comparison of the two methods couldn’t be evaluated because the samples prepared with the 

standard procedure weren’t analyzed with LC-MS or SELDI.  

    The results from the IncuCyte show that there are significant morphological differences 

between the two cell lines MCF-7 and MCF-10A. The images in (Fig.2) also shows apoptotic 

features like cell shrinking when treated with Albendazole, which is an anthelminticum that is 

used for parasites infections. It has been showed that anthelmintic drugs have a possibility to 

act as anti-cancer drugs when used in a combined therapy [13].  

    The FMCA result (Fig.5) showed that MCF-7 cells are very sensitive to the drug vorinostat 

which is a histone deacetylase inhibitor (HDACi). The aim in the FMCA was to discover a 

drug that MCF-7 cells are very sensitive to but that doesn’t affect the MCF-10A cells. The 

most optimal would naturally be if 100 % of the MCF-10A cells lived and 0 % of the MCF-7 

cells survived respectively. The HDAC drugs showed a significant cytotoxic difference 

among the two cell lines and therefore this may be an indication of a possible anti-cancer 



effect. This has also been identified in a study where they evaluate HDAC-inhibitors 

sensitivity in breast cancer cells [14]. 

    In a similar and previous study [15] a nuclear magnetic resonance (NMR) spectroscopy was 

performed to analyze metabolites expressed when HTC 116 cells were treated with 26 

different drugs from 12 different pharmacological classes. They concluded that drug-induced 

changes on the expression of metabolites can discriminate between pharmacological classes 

because they form clusters. This is also what our results from the LC-MS and SELDI showed. 

In (Fig.6) it is clear that the estrogens-like compounds form a separate cluster and this was 

also one of the things mentioned in the previous study. The estrogen group seems like it is the 

most prominent to form clusters.  

    The treatment of breast cancer is dependent on the expression of hormone receptors, for 

example estrogen receptor (ER). When a cancer patient is expressing the ER on their cancer 

cells, the first choice of treatment is an endocrine therapy. The endocrine therapy will either 

compete with the endogenous estrogen or inhibit the formation of estrogen. As always with a 

treatment the cells can become less sensitive to the drug and develop a resistance. This leads 

to more questions about treatment due to the fact that the endogenous estrogen will induce the 

tumor growth. Nowadays it has become more and more effective with a combinational 

therapy because the possibility for the cancer cells to become resistant [16].   

    Tamoxifen is a substance that is used for the treatment of breast cancer for cells expressing 

the ER. Tamoxifen is a good treatment but can cause cases of drug resistance and this has led 

to combinational therapies to avoid resistance. A study showed that the combining of 

lapatinib, a tyrosine kinase inhibitor, with tamoxifen caused an inhibition of cell proliferation 

among tamoxifen-resistant cells [17].  

    Future studies related to this project would be to test drugs in combination to evaluate how 

that will affect the cancer cells. Tamoxifen showed high cytotoxicity in the FMCA on both 



cell lines and therefore maybe a combination with another substance could make it more 

selective for cancer cells.  

    Comparing SELDI and the LC-MS analysis, the LC-MS is more sensitive because it is a 

high performance method. In the hierarchical clustering of the LC-MS results in that a greater 

clustering is formed among the pharmacological groups which confirm our hypothesis.  In the 

present study, the DMSO controls don’t form a cluster in the SELDI analysis. The DMSO 

control from batch 7 is clearly not clustered with the other controls. This caused some 

thoughts about if the handling of the samples was different when preparing batch 7. Did we 

use the same concentration, same DMSO-solution?  

    There also were some problems in the LC-MS results especially for batch number 7. In the 

mass spectra there were a lot of turbulence-peaks and it may have been PEG (polyethylene 

glycol) contamination. This caused some troubleshooting because it affected results. This 

might have been due to that the samples were stored in plastic tubes containing 80 % 

methanol, because the methanol could dissolve the plastic. But if that’s the case all the 

batches should have been affected. Another reason might be that we did use autoclaved tubes 

and pipette tips. Beakers and glass cylinders should first be rinsed with 100 % methanol to get 

all the detergents from the dish off.  

    PEG is a polymer that could be found in plastics, detergents and in medicines for 

constipation. Preparing samples for LC-MS analysis need to be handled carefully and in a 

clean environment to avoid contaminations [18].  PEG exists in many things and therefore it 

is difficult to evaluate where it comes from in this experiment.  

   Morphological changes on cells when treated don’t seem to be a true image of which 

pharmacological class a substance belong to. At first I thought that it had to do with the fact 

that tumor cells are very heterogeneous and therefore don’t have similar morphologies. But if 

that’s the case then the results from the treated MCF-10a cells should have showed different. I 



guess every cell doesn’t have the same morphology to start with and therefore the substances 

from the same class differ in morphological features.  Results from the SELDI and LC-MS 

are more promising for our hypothesis about the formation of clusters between 

pharmacological classes based on metabolites expression.  

     This study has showed that there are possibilities to see patterns in expressed metabolites 

and morphological changes among substances in different pharmacological classes. But more 

studies has to be performed to draw conclusions about which pharmacological class a 

substance belongs to just by examining the morphological and metabolic changes. In this 

study estrogens have proved to be the most prominent in forming clusters but there are 

tendencies of patterns among all of the pharmacological classes. Too evaluate a greater drug 

response on the MCF-7 cells an experiment with combinational drugs should be performed.  
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