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Remarks in Successful Cellular  
Investigations for Fighting Breast Cancer  

Using Novel Synthetic Compounds 

Farshad H. Shirazi1,2 et al.* 
1Department of Pharmaco-Toxicology, SBMU Pharmacy School, Tehran, 

2SBMU Pharmaceutical Research Center, Tehran,  
Iran 

1. Introduction 

Breast cancer is one of the most life threatening risks in women's life. In spite of considerable 

progress in its understanding and challenges, treatment is not yet the correct word to apply 

on this disease and losing life is the most foreseeing adventure in many patients. Although 

new gene therapy based approaches are looking for the cure of breast malignant cells, but 

using cytotoxic agents is currently the main chemotherapy approach to fight this problem. 

Effective chemotherapy treatment of breast cancer requires targeting the pathways that 

support the cell growth and proliferation. A good in vitro investigational model is essential 

to understand the process of carcinogenesis, risk and hazard mechanism of carcinogens, 

protection from carcinogens, mode of action and efficacy of novel and even in practice 

chemotherapeutic agents. The main part for any of these laboratory models is suitable cell 

lines to properly address the problem and goal of investigation. 

Estrogen Receptor (ER) is considered to cause different growth responses in ER-positive, 

normal, preneoplastic and neoplastic cells (DuMond et al., 2001; Roy & Cai, 2002; Welshons 

et al., 2003). One of the most significant researches in cancer treatment has been based on 

designing and studying the ER-antagonism effects of molecules on cells. This is important to 

select suitable cell lines for in vitro drug discoveries studies. Table 1 shows a list of epithelial 

breast cell lines with different expression in estrogen receptor. 

Intracellular enzymes responsible for the different consequences of receptors stimulations 
and signaling cascades are also under big considerations in fighting breast cancer cells. 
Dihydrofolate reductase (DHFR; tetrahydrofolate dehydrogenase; 5,6,7,8-tetrahydrofolate-
NADP+ oxidoreductase) is an example of pivotal importance in biochemistry and medicinal 
chemistry. DHFR catalyzes the reduction of folate or 7,8-dihydrofolate to tetrahydrofolate 
and intimately couples with thymidylate synthase (TS). Reduced folates are carriers of one- 
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Cell line Suitable 
growth 
media 

Kinds of receptor Oncogene considerations 

ZR-75-1 RPMI-1640 
& 10% FBS 

Estrogen receptor  
 

 

MCF-7 DMEM:F12 
& 10% FBS 

-Estrogen receptor  

UACC-3199 Leibovitz's 
L-15 & 10% 
FBS 

-Epidermal growth factor 
receptor  expressed 
-Estrogen receptor negative, 
-Progesterone receptor negative

 

HCC1954 RPMI-1640 
& 10% FBS 

-Estrogen receptor  
-Progesterone receptor 

her2/neu + (over expressed) 

HCC1500 RPMI-1640 
& 10% FBS 

-Estrogen receptor  
-Progesterone receptor 

Negative for expression of 
Her2-neu, positive for 
expression of p53 

HCC70 RPMI-1640 
& 10% FBS 

-Progesterone receptor negative Negative for expression of 
Her2/neu, positive for 
expression of p53 

HCC1008 DMEM:F12 
& 10% FBS 

-Estrogen receptor negative, 
-Progesterone receptor negative

Positive for expression of Her2-
neu, positive for expression of 
p53 

HCC1143 RPMI-1640 
& 10% FBS 

-Estrogen receptor negative, 
-Progesterone receptor negative

Negative for expression of 
Her2/neu, positive for 
expression of p53 

HCC38 RPMI-1640 
& 10% FBS 

-Estrogen receptor negative, 
-Progesterone receptor negative

Negative for expression of 
Her2/neu, positive for 
expression of p53 

UACC-893 Leibovitz's 
L-15 & 10% 
FBS 

-Estrogen receptor negative 
-Progesterone receptor negative
-P glycoprotein negative  

The cells exhibit a 20 fold 
amplification of the HER-
2/neu oncogene sequence 

HCC1395 
 

RPMI-1640 
& 10% FBS 

-Estrogen receptor negative, 
-Progesterone receptor negative

Negative for expression of 
Her2/neu, 
Positive for expression of p53 

HCC1419 
& 
HCC202 

RPMI-1640 
& 10% FBS 

-Estrogen receptor negative, 
-Progesterone receptor negative

Positive for expression of 
Her2/neu, 
Negative for expression of p53 

HCC1806 & 
HCC1599 

RPMI-1640 
& 10% FBS 

-Progesterone receptor 
negative, 
-Estrogen receptor negative 

Negative for expression of 
Her2-neu, 
Negative for expression of p53 

HCC1937 RPMI-1640 

& 10% FBS 

-Estrogen receptor negative 

-Progesterone receptor negative

BRCA1 (mutated, insertion C 

at nucleotide 5382), 

Negative for expression of 

Her2-neu, 

Negative for expression  

of p53 
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Cell line Suitable 
growth 
media 

Kinds of receptor Oncogene considerations 

HCC2157 ACL-4 

medium  

& 10% FBS 

-Estrogen receptor negative, 

-Progesterone receptor negative

Positive for expression of  

Her2-neu , Positive  for 

expression of p53 

Table 1. List of breast cell lines with different expression in estrogen receptor. 

carbon fragments; hence they are important cofactors in the biosynthesis of nucleic acids 
and amino acids. The inhibition of DHFR or TS activity in the absence of salvage leads to 
‘thymineless’ death.  
There are some other enzymes which came into special consideration in cancer 
development, particularly in the breast cancer. Cyclooxygenase-2 is an example that over 
expresses in several epithelial tumors including breast cancer. Preclinical evidence favors an 
anti tumor role for COX inhibitors in breast cancer because there is a clear relationship 
between tissue prostaglandin levels in human breast tumors and the development of 
metastasis and patient survival (Arun & Goss, 2004). Selective COX-2 inhibitors can prevent 
mammary tumors from developing cancer in experimental animals. Celecoxib (a COX-2 
inhibitor) has proven to minimize the progression of carcinogen-induced mammary tumors 
(Arun et al., 2001). A good cell line to clearly address alterations in above mentioned 
systems is also critical for challenging breast cancer cells in vitro.  
A trustable measurement approach to detect results of the application of under-
investigation agents on cells is very much important. Different methods have been applied 
to investigate cell alterations and ultimately cell death resulted from cancer chemotherapy 
and cytotoxic agents. Each of them has advantages and disadvantages in different situations 
and for different purposes. Misuse of any of these methods for the detection of the 
cytotoxicity of different agents on different cell lines is one of the main problems of many 
publications for years. These techniques usually look at the viability, morphology and/or 
biochemical function of various cellular functions. Table 2 lists some of the most popular 
methods used to measure the cytotoxicity of agents in cellular experiments. 
A precise and accurate investigation is one that selects the best possible measurement 
method on the best possible cell line in the most optimal situation for the best possible 
conclusion. Cellular investigations to look for new anti-breast cancer agents rely on these 
bases. MCF-7 proves to be a suitable model cell line for breast cancer investigations 
worldwide. This is a well known breast cancer cell line derived from a 69 years old 
Caucasian female. MCF-7 cell line presents most of characteristics of differentiated 
mammary epithelium tissues including those of expressing estradiol and estrogenic 
receptors features (Brandes & Hermonat, 1983). Here, we are summarizing some of our 
results using this cell line to search for novel anti-breast cancer agents, with emphasis and 
conclusive remarks on the good laboratory practice. 

2. Targeting estrogen receptors 

Estrogens are known to play an important role in the regulation of the development and 
maintenance of the female reproductive system, in particular of the uterus, ovaries and 
breast. Moreover, estrogens are involved in the growth and/or function of several other 
tissues such as bone, liver, brain, and the cardiovascular system (Ciocca & Roig, 1995).  
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Method Measurement criteria 
Sample methodology 

references 

Vital dyes (Methylene blue, 

Trypan blue, Phenol red, …)
Cell membrane integrity 

(Shirazi et al., 2005; 

Shokrzadeh et al., 2006) 

Clonogenic assay, 

cell numbers 
Cellular proliferation 

(Shirazi & Eftekhari, 2004; 

Shirazi et al., 1996) 

MTT and XTT 
Function of mitochondrial 

enzymes 

(Shirazi et al., 2004; 

Tamaddon et al., 2007) 

Thymidine assay, 

Bromodeoxyuridine 
Cellular DNA synthesis 

(Hammers et al., 2002; 

Maghni et al., 1999; 

Raaphorst et al., 1998; 

Yokochi & Gilbert, 2007) 

Blotting techniques 
DNA, RNA and Protein 

synthesis machinery 

(Ko et al., 1993; Singh et 

al., 2008; Skliris et al., 

2002) 

Flowcytometry 

Population based cell cycle 

analysis, Individual cell content 

and biophysical status 

(Lukyanova et al., 2009; 

Niknafs & Shirazi, 2002; 

Skliris et al., 2002;) 

Light and electron 

microscopes 

Cellular morphology and 

structural features 

(Lukyanova et al., 2009; 

Russo et al., 1977;  

Vic et al., 1982) 

Table 2. Different popular methods to measure cellular alterations after exposure to 
cytotoxic agents. 

Figure 1 represents the general effects of estradiol (as a proliferative estrogen receptor 

stimulant agent) and tamoxifen (as an estrogen receptor blocking agent) on the growth 

curve of MCF-7 cell line. To obtain this, 50,000 cells were seeded in four series of cell 

culture petri dishes and incubated in phenol red-free RPMI media supplemented with 

10% fetal bovine serum for 7 days. From the beginning, three different series of petri 

dishes were selected for the experiments; estradiol was added into the media of one 

series, tamoxifen was added to the media of the second series and a mix of these two 

agents was added to the third series of petri dishes. Cells in each perti dish were counted 

for seven consecutive days as the presentation of cell proliferation in control, estradiol 

exposed, tamoxifen exposed, and affected by both of estradiol and tamoxifen agents. As is 

seen in figure 1, estradiol has a significant effect to promote the growth of MCF-7 breast 

cancer cells compared to the control cells. MCF-7 cells, however, are arrested for at least 

five days before being able to start a significant proliferation after the exposure to the 

estrogen-blocking agent of tamoxifen. This block is effective enough to prevent the 

stimulating effect of estradiol when cells are exposed to both agents simultaneously. This 

experiment would further emphasize on the stimulating effect of estrogen receptors in 

breast cancer progression. 

Several studies have established that estrogens are predominantly involved in the initiation 

and proliferation of breast cancer. Lots of efforts are now being devoted to block estrogen 

formation and action as an anticancer strategy (Clemons & Goss, 2001; Jensen et al., 2001; 

Nelson et al., 2009). This has led to the development of compounds termed Selective 
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Estrogen Receptor Modulators (SERMs), which function as estrogen agonists in some tissues 

(bone, brain and the cardiovascular system) but as antagonists in others (uterus and breast). 

Estrogen action is mediated through two Estrogen Receptor (ER) subtypes, ER┙ and ER┚, 

which have distinct target tissue distributions and functional activities (Gustafsson et al., 

2003; Matthews & Gustafsson, 2003; Välimaa et al., 2004). ER┙ is predominantly found in the 

uterus, bone, cardiovascular tissue, and liver and is the predominant ER expressed in breast 

cancer. ER┚ is expressed in many tissues including prostate, breast, vascular endothelium, 

and ovary. The precise function of ER┚ and its role in breast is not clear (Fox et al., 2008; 

Novelli et al., 2008). Recent studies indicate that ER┚ expression may have a potential 

protective effect on normal cells against ER┙ induced hyperproliferation (Bardin et al., 

2004). 

 

 

 

 

 

 
 
 
 
 

Fig. 1. Stimulation and inhibition of MCF-7 breast cancer cell line exposed to estradiol, 
tamoxifen and mix of these two agents for 7 days in phenol red-free RPMI media incubated 
in 37°C and 5% CO2 humified incubator. 

Estrogen receptors can bind a variety of steroidal and non-steroidal ligands. Tamoxifen was 

the first SERM approved for the treatment of breast cancer (Jordan, 1988). The search for 

better SERMs has driven efforts to increase the chemical diversity of these compounds, 

especially the non-steroidal ones (Meegan & Lloyd, 2003). Figure 2 shows the structures of 

tamoxifen and other known SERMs such as ralolxifen and rasofoxifen. 
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Fig. 2. Chemical structures of some known Selective Estrogen Receptor Modulators 
(SERMs). 

Structure-activity relationship (SAR) studies and molecular modeling studies center lead to 
the design of novel structures containing 1,2,3-triarylpropenone scaffold to act as potential 
SERMs and anti breast cancer agents with a unique structure as is shown in Figure 3. 
 

R

O

X

R: alkoxy heterocycle groups
X: different chemical groups

Componds a-d
 

Fig. 3. The general model of 1,2,3-triarylpropenone scaffold as a novel potential SERMs and 
anti breast cancer agents. 

The compounds a to d have been synthesized and undergone biological evaluations in an in 

vitro cellular system using MCF-7 breast cancer cell line as the model. The anti-proliferative 

activities of these compounds were determined using MTT assay. To do so, a ten thousands 

cells were seeded in phenol red-free RPMI-1640 medium supplemented with 10% FBS in 

each well of 96-well micro culture plates and incubated for 24 hours at 37 ºC in a 5% CO2 

incubator. Different concentrations of each compound were added to the wells with 

respective vehicle control for 72 hours. Media were then removed and MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) was added to each well. Formazon 

crystals were dissolved in 200 µL of DMSO after 4.5 hours incubation and the dye 
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absorbance for each well was measured at 540 nm. A comparison of absorbance in each well 

containing different concentrations of each compound to the control wells could easily 

represent the number of live cells in that well as a result of the cell mitochondrial function 

(Zhu et al., 2006). 

The results of anti-proliferative MTT assays of compounds a to d on MCF-7 breast cancer 
cells are shown in the graphs below (Figure 4). Start point (time 0) is shifted in each set of 
figures for a better clarification of the shape and trends of graphs in case of compounds a, b 
and d. These graphs show the comparative cytotoxic and antiproliferative effects of all of 
these compounds on MCF-7 cell line. 
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Fig. 4. Cytotoxic effects of tamoxifen and compounds a to d on MCF-7 cell line presents a 
comparable antiproliferative effects on cancer cells. 

Estrogen receptor binding studies were carried out for the compounds with ER┙ and ER┚ 
using a fluorescence polarization procedure to prove the stimulatory and inhibitory 
mechanism being through the estrogenic receptors (data not shown). The compounds were 
active on ER┙ at nanomolar concentrations and on ER┚ at micromolar concentrations.  
Therefore compounds a to d selectively bind to ER┙. 
Interestingly, clonogenic assays on MCF-7 cell line after exposure to these compounds fail to 
present solid and reliable growth inhibitory effects. Figure 5 shows some graphs resulted 
from the same exposure strategy of above-mentioned compounds on MCF-7, but using the 
clonogenic methodology to compare the results. A clear weakness is evident in these graphs 
preventing from any conclusive interpretation of results. We will further discuss this finding 
at the end of this chapter.   

3. Targeting COX-2 enzyme 

There is considerable evidence to suggest that prostaglandins play an important role in the 
development and growth of cancer. The enzyme cyclooxygenase (COX) catalyses the 
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conversion of arachidonic acid to prostaglandins (Abou-Issa et al., 2001). There has been a 
considerable amount of interest in recent years to take advantage of COX inhibitors 
specifically COX-2 inhibitors in prevention and treatment of malignancies (Talley et al., 
2000; Zarghi et al., 2006). Majority of COX-2 inhibitors belong to a class of diaryl 
heterocycles that possess vicinal diaryl substitution attached to mono, bicyclic or tricyclic 
central rings (Penning et al., 1997; Prasit et al., 1999; Riendeau et al., 2001). 
As a part of ongoing program to design new types of selective COX-2 inhibitors, our center 
has synthesized novel COX-2 inhibitor derivatives having a new tricyclic central ring 
scaffold and different substituents at the N-3 as is shown in figure 5. 
 

 

Fig. 5. Central structure of novel COX-2 inhibitors. 

The nature and size of substituent attached to N-3 influenced both selectivity and potency 

for COX-2 inhibitory activity. Two different compounds of C1 and C2 with different N-3 

substituent have been applied to MCF-7 cell line for the evaluation of anticancer effects, 

using clonogenic assay. MCF-7 cells were seeded for the clonogenic assay in 12-well plates 

at 150 cells per well for 24 hours. These cells were then exposed to C1 and C2 derivatives for 

24 hours. Media was then changed to fresh media without these compounds and plates 

remained in incubator for couple of days until most of colonies in the control wells 

contained more than 50 cells. Media was then excluded and cells were fixed with 96% 

ethanol and stained using trypan blue. Plates were washed and percentages of colonies in 

different wells were compared to controls (Shirazi et al., 2005). 

 

    

Fig. 6. Cytotoxicity of two novel COX-2 inhibitors of C1 and C2 on MCF-7 cell line using 
clonogenic assay. 
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As is shown in figure 6, both compounds have acceptable cytotoxicity effects with C1 being 
stronger. However, the same experiment has been conducted using the same cell line and 
the same concentrations of C1 and C2 compounds but using MTT assay. MTT failed to 
present any cytotoxicity for these compounds on MCF-7 cell line as is shown in figure 7. 
 

    

Fig. 7. MTT based cytotoxicity measurement of two novel COX-2 inhibitors of C1 and C2 on 
MCF-7 cell line. 

Failure of one experiment using a technique in spite of success for the other technique in 
acquiring result is a considerable phenomena in cellular investigation on cytotoxic agents 
and will be discussed later on in this chapter. 

4. Targeting dihydrofolate reductase (DHFR) enzyme  

Inhibitors of DHFR are classified as either ‘classical’ or ‘non-classical’ antifolates. The 
‘classical’ antifolates are characterized by a p-aminobenzoylglutamic acid side-chain in the 
molecule and thus closely resemble folic acid itself. Methotraxate (MTX) is the most well 
known drug among the ‘classical’ antifolates. Compounds classified as ‘non-classical’ 
inhibitors of DHFR do not possess the p-aminobenzoylglutamic acid side-chain but rather 
have a lipophilic side-chain. MTX serves as an antimetabolite, which means that it has a 
similar structure to that of a cell metabolite, resulting in a compound with a biological 
activity that is antagonistic to that of the metabolite, which in this case is folic acid (Barnhart  
et al., 2001; Takemura et al., 1997). 
New, more lipophilic antifolates have been developed in an attempt to circumvent the 
mechanisms of resistance, such as decreased active transport, decreased polyglutamation, 
DHFR mutations and so on (Assaraf, 2007; Gangjee  et al., 2006; Takemura et al., 1997). In a 
series of synthesized compounds for this purpose in our center the pyrimidine ring 
remained (figure 8) and the side-chain attachment at the position 2 was replaced with 
different substituent. 
 

N

N

NH2

H2N S
R2

 

Fig. 8. The central structure of novel DHFR inhibitors. 
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Fig. 9. Cytotoxicity measurement of seven selected DHFR inhibitors on MCF-7 cell line 
resulted from clonogenic assay. 
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These modified antifolates differ from the traditional ‘classical' analogues by increased 
potency, greater lipid solubility, or improved cellular uptake. Although being very effective 
as inhibitors, problems still remain with respect to the issue of toxicity due to the lack of 
selectivity (Cody et al., 2003; Graffner-Nordberg et al., 2004; McGuire, 2003). To evaluate the 
cytotoxic potency of these compounds, we have used the clonogenic assay. MCF-7 cells 
were plated in 6-well plates (200 cells/well) for 24 hours before treatment with the test 
compounds to allow the attachment of cells to the wells surface. Seven different 
concentrations of each compound, doxorubicin (as reference), and 0.5% DMSO (applied 
solvent to dissolve the compound) were added to the monolayer cells in triplicates. The 
plates were then incubated for 10 days at 37 ºC in atmosphere of 5% CO2. The media were 
removed after 10 days and the colonies were stained with a solution of 0.5% crystal violet in 
ethanol for 10 minutes and the number of colonies containing more than 50 cells was 
counted under microscope. The relation between the number of the colonies (as a 
percentage to the control containing 0.5% DMSO) and the concentrations of each compound 
were plotted to get survival curve of the tumor cell line and IC50 values were calculated. 
Cellular viability test results for some examples of this series of novel DHFR inhibitors are 
presented in figure 9. 

5. Discussion 

Human mammary gland adenocarcinoma MCF-7 cell line (ATCC HTB-22TM) is proven to be 
a good breast tissue model for anticancer drugs investigations in our experiments. However, 
selection of a suitable cell line is only a part of a successful and meaningful in vitro cellular 
examination of potential anticancer agents. Many different factors might very much 
influence the final outcome of the evaluation of a medication in a cellular experiment, 
among them are the cell culture media and its components during the time of drug exposure 
and afterward, exposure time, drug solvent, volume of drug solution to be added to the cell 
culture media, the proper use of agonists and antagonists for the purpose of elaborations on 
the results and making a meaningful conclusion, methodology of cellular viability 
assessment, and the most important factor; the personnel who run the experiment. We are 
not going to extensively discuss all of these parameters and their specific influences on the 
final result and conclusion, but the limited examples presented in this chapter may be 
sufficient to raise awareness for a good cellular practice. 
The importance of a suitable protocol for the measurement of survival percentage (live 
versus death) of cells is underestimated in many of experiments. Selection of the method in 
many instances is easily a matter of facility, budget and distributing companies' 
advertisements in the region. However, one should notice that for many known and 
unknown reasons, various methods of MTT, XTT, SRB, fluorescence dye staining and so on 
might work or not for different experiments. The main reason might well be the cellular 
measurement criteria for any of these methods. One should keep in mind that although 
mitochondria is the heart of cellular energy system, but MTT and XTT experiments would 
only measure the functionality of a mitochondrial enzyme (Cody et al., 2003; Marshall et al., 
1995; Scudiero et al., 1988) and would not necessarily reflect the cell viability. The same is 
very much true for many of staining methods e.g Annexin V which is an indication of cell 
membrane flip-flop that would most properly occur during the process of apoptosis 
(Kolodgie et al., 2003; Van Heerde et al., 2000). Both of these methods are extensively used 
for the measurement of the cytotoxicity of many different agents. The chemical structure of 
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under investigation compound, its solvent, its cellular site of action, the exposure time, the 
lag time from the beginning of exposure to the start of measurement, and even the selection 
of cell line might dramatically alter the final survival curve. Methotrexate is a good example 
of MTT limitation in cytotoxicity measurement (Haber et al., 1993) and colleagues have 
shown that MTT protocol is not able to assess the cytotoxicity of this anticancer agent on 
various cells including MCF-7. Our experiments on other novel DHFR inhibitors have also 
proven the same conclusion when MTT results were not conclusive while the clonogenic g 
assay could easily provide a meaningful dose-response result. Figure 10 shows a 
comparison of MTT versus clonogenic assay for the measurement of methotrexate as well as 
some other novel DHFR inhibitors. As is shown in this figure, clonogenic assay was more 
successful in determining the LD50 of these compounds in MCF-7 cell line, but not the MTT 
protocol. Alteration of the exposure time and lag time between the addition of drugs and 
start of MTT assay, media components and calculation method were not helpful to provide 
a conclusive survival curve using this method (Data are not shown). 
 

   

Fig. 10. Comparison of clonogenic versus MTT assays for the measurement of methotrexate 
and some other novel DHFR inhibitors. 

Clonogenic assay is usually considered as a final answer for drugs cytotoxicity because of its 
long waiting time to acquire result. A minimum of five to six cellular doubling times to look 
at results in clonogenic assay might well overcome all cellular adventures of arrest, repair, 
detoxification and exertion pumps influences on drug cellular mortality which might affect 
the result of cross sectional measurement methods like MTT and Annexin V. Figure 7 is 
another example of the limitation of these type of experiments in some instances in 
comparison with the clonogenic assay. Clonogenic assay, however, would surprisingly fail 
to present a meaningful graph of cytotoxicity after exposure to some compounds.  
There are many different mechanisms which might cause these differences in the result of 

the viability measurement using different methodologies. Cellular target of the test 

compound and the cellular repair system are two of the most possible explanation. 

Rosenberg confusion about the effects of electric field on the cells resulted in cisplatin 

identification and later use as a very important and most used anticancer drug in many 

different kinds of malignancies including the breast cancer (Rosenberg et al., 1969). Cells in 

Rosenberg set up did not die, rather changed shape and remained alive for a long time 

(Rosenberg, 1985, 1977). Cisplatin, like many other anti-mitotic agents, does not kill cells 

right after exposure. Its principle mechanism of action is on the DNA and thus while 

stopping DNA synthesis and cell proliferation, won't affect the mitochondrial action and cell 

membrane integrity. That is why, while the thymidine assay and cell cycle progression 
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based techniques like the flowcytometery, as well as proliferation based measurements like 

the clonogenic assay present good results, cell membrane integrity and mitochondrial 

enzyme function based assays have a significant lag time before the presenting of 

measurable alterations. A successful cellular repair event during this lag time may change 

the final conclusion dramatically. One needs to be aware of these possibilities in 

interpretation of cytotoxicity test results.  Figure 11 represents the measurement of cisplatin 

cytotoxicity effect on MDCK cell line using MTT assay. As is shown in this figure, a 48 hours 

exposure time difference is needed to acquire a reasonable survival curve using this method. 
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Fig. 11. The lag time required to get a good MTT result on the cytotoxicity of cisplatin on 
MDCK cell. 

A discrepancy analysis to measure the cytotoxicity of many of novel anticancer drugs 
developed in our center under the same condition on the same cell line using two different 
methods of clonogenic assay and the neutral red assay, did not show agreement with a clear 
horizontal line and 95% confidence interval of about 1. It would further prove the 
importance of the selection and application of a suitable survival measurement system in 
the analysis of various anticancer candidates. 
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Fig. 12. A comparison of clonogenic versus neutral red assay for the measurement of cell 
survival after exposure to various novel anticancer drugs, using a discrepancy analysis 
method.  
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A good cellular practice on anticancer drugs requires the best selections of cell line and 
model system, the best matched measurement methodology, and the most optimized lag 
time to look at the result for acquiring the most precise and accurate conclusion. 

6. References 

Abou-Issa, HM.; Alshafie, GA.; Seibert, K.; Koki, AT.; Masferrer, JL. & Harris, RE. (2001). 
Dose-response effects of the COX-2 inhibitor, celecoxib, on the chemoprevention of 
mammary carcinogenesis. Anticancer Res. Vol.21, No.5, pp. 3425-3432 

Arun, B.; Zhang, H, & Mirza, NQ. (2001). Growth inhibition of breast cancer cells by 
celecoxib. Breast cancer Res treat. Vol.69, p. 234  

Arun, B. & Goss, P. (2004). The role of COX-2 inhibition in breast cancer treatment and 
prevention. Semin Oncol. Vol.31, Suppl. 7, pp. 22-29 

Assaraf, YG. (2007). Molecular basis of antifolate resistance. Cancer Metastasis Rev. Vol.26, 
No.1, pp. 153-181. 

Bardin, A.; Boulle, N.; Lazennec, G.; Vignon, F. & Pujol, P. (2004). Loss of ERbeta expression 
as a common step in estrogen-dependent tumor progression. Endocr Relat Cancer, 
Vol.11, No.3, pp. 537-551 

Barnhart, K.; Coutifaris, C. & Esposito, M. (2001). The pharmacology of methotrexate. Expert 
Opin Pharmacother. Vol.2, No.3, pp. 409–417 

Brandes, LJ. & Hermonat, MW. (1983). Receptor status and subsequent sensitivity of 
subclones of MCF-7 human breast cancer cells surviving exposure to 
diethylstilbestrol. Cancer Res. Vol.43, No.6, pp. 2831-2835 

Ciocca, DR. & Roig, LM. (1995). Estrogen receptors in human nontarget tissues: biological 
and clinical implications. Endocr Rev. Vol.16, No.1, pp. 35-62 

Clemons, M. & Goss, P. (2001). Estrogen and the risk of breast cancer. N Engl J Med. Vol.344, 
No.4, pp. 276–285 

Cody, V.; Luft, JR.; Pangborn. W. & Gangjee, A. (2003). Analysis of three crystal structure 
determinations of a 5-methyl-6-N-methylanilino pyridopyrimidine antifolate 
complex with human dihydrofolate reductase. Acta Crystallogr D Biol Crystallogr. 
Vol.59, No.9, pp. 1603-1609 

DuMond, JWJ.; Singh, KP. & Roy, D. (2001). Regulation of the growth of mouse Leydig cells 
by the inactive stereoisomer, 17alphaestradiol: Lack of correlation between the 
elevated expression of ERalpha and difference in sensitivity to estradiol isomers. 
Oncol Rep, Vol.8, No.4, pp. 899-902 

Fox, EM.; Davis, RJ. & Shupnik, MA. (2008). ERbeta in breast cancer--onlooker, passive 
player, or active protector? Steroids. Vol.73, No.11, pp. 1039-1051 

Gangjee, A.; Yang J. & Queener SF. (2006). Novel non-classical C9-methyl-5-substituted-2,4-
diaminopyrrolo[2,3-d]pyrimidines as potential inhibitors of dihydrofolate 
reductase and as anti-opportunistic agents. Bioorg Med Chem. Vol.14, No.24, pp. 
8341-8351 

Graffner-Nordberg, M.; Kolmodin, K.; Aqvist, J.; Queener, SF. & Hallberg, A. (2004). Design, 
synthesis, and computational affinity prediction of ester soft drugs as inhibitors of 
dihydrofolate reductase from Pneumocystis carinii. Eur J Pharm Sci. Vol.22, No.1, 
pp. 43-54 

Gustafsson, JA. (2003). What pharmacologists can learn from recent advances in estrogen 
signalling. Trends Pharmacol Sci. Vol.24, No.9, pp. 479–485 

www.intechopen.com



Remarks in Successful Cellular Investigations for  
Fighting Breast Cancer Using Novel Synthetic Compounds 

 

99 

Haber, M.; Madafiglio, J. & Norris, MD. (1993). Methotrexate cytotoxicity determination 
using the MTT assay following enzymatic depletion of thymidine and 
hypoxanthine . J Cancer Res Clin Oncol. Vol.119, No.6, pp. 315-317 

Hammers, HJ.; Saballus, M.; Sheikzadeh, S. & Schlenke, P. (2002). Introduction of a novel 
proliferation assay for pharmacological studies allowing the combination of BrdU 
detection and phenotyping. J Immunol Methods. Vol.264, No.1-2, pp. 89-93 

Jensen, EV.; Cheng, G.; Palmieri, C.; Saji, S.; Mäkelä, S.; Van Noorden, S.; Wahlström, T.; 
Warner, M.; Coombes, RC. & Gustafsson, JA. (2001). Estrogen receptors and 
proliferation markers in primary and recurrent breast cancer. Proc Natl Acad Sci 
USA. Vol.98, No.26, pp. 15197–15202 

Jordan, VC. (1988). The development of tamoxifen for breast cancer therapy: a tribute to the 
late Arthur L. Walpole. Breast Cancer Res Treat. Vol.11, No.3, pp. 197–209 

Ko, Y.; Totzke, G.; Graack, GH.; Heidgen, FJ.; Meyer zu Brickwedde, MK.; Düsing, R.; 
Vetter, H. & Sachinidis A. (1993). Action of dihydropyridine calcium antagonists on 
early growth response gene expression and cell growth in vascular smooth muscle 
cells. J Hypertens. Vol.11, No.11, pp. 1171-1178 

Kolodgie, FD.; Petrov, A.; Virmani, R.; Narula, N.; Verjans, JW.; Weber, DK.; Hartung, D.; 
Steinmetz, N.; Vanderheyden, JL.; Vannan, MA.; Gold, HK.; Reutelingsperger, CP.; 
Hofstra, L. & Narula, J. (2003). Targeting of apoptotic macrophages and 
experimental atheroma with radiolabeled annexin V: a technique with potential for 
noninvasive imaging of vulnerable plaque. Circulation. Vol.108, No.25, pp. 3134-
3139. 

Lukyanova, NY.; Rusetskya NV.; Tregubova, NA. & Chekhun, VF. (2009). Molecular profile 
and cell cycle in MCF-7 cells resistant to cisplatin and doxorubicin. Exp Oncol. 
Vol.31, No.2, pp.87-91 

Maghni, K.; Nicolescu, OM. & Martin, JG. (1999). Suitability of cell metabolic colorimetric 
assays for assessment of CD4+ T cell proliferation: comparison to 5-bromo-2-
deoxyuridine (BrdU) ELISA. J Immunol Methods. Vol.223, No.2, pp. 185-194 

Marshall, NJ.; Goodwin, CJ. & Holt, SJ. (1995). A critical assessment of the use of 
microculture tetrazolium assays to measure cell growth and function. Growth Regul. 
Vol.5, No.2, pp. 69–84 

Matthews, J. & Gustafsson, JA. (2003). Estrogen signaling: a subtle balance between ER ┙ 
and ER ┚. Mol Interv.Vol.3, No.5, pp. 281–292 

McGuire, JJ. (2003). Anticancer antifolates: current status and future directions. Curr Pharm 
Des. Vol.9, No.31, pp. 2593-2613 

Meegan, MJ. & Lloyd, DG. (2003). Advances in the science of estrogen receptor modulation. 
Curr Med Chem. Vol.10, No.3, pp. 181-210 

Nelson, HD.; Fu, R.; Griffin, JC.; Nygren, P.; Smith, ME. & Humphrey, L. (2009). Systematic 
review: comparative effectiveness of medications to reduce risk for primary breast 
cancer. Ann Intern Med.Vol.151, No.10, pp. 703–715 

Niknafs, B. & Shirazi, F.H. (2002). Human Ovarian Carcinoma OV2008 Cell Cycle Analysis 
After Exposure to Cisplatin. J. Gilan Medical University, Vol.42, pp. 7-13. 

Novelli, F.; Milella, M.; Melucci, E.; Di Benedetto, A.; Sperduti, I.; Perrone-Donnorso, R.; 
Perracchio, L.; Venturo, I.; Nisticò, C.; Fabi, A.; Buglioni, S.; Natali. PG. & 
Mottolese, M. (2008). A divergent role for estrogen receptor-beta in node-positive 

www.intechopen.com



 
Breast Cancer – Focusing Tumor Microenvironment, Stem Cells and Metastasis 

 

100 

and node-negative breast cancer classified according to molecular subtypes: an 
observational prospective study. Breast Cancer Res Vol.10, No.5, R74 

Penning, TD.; Talley, JJ.; Bertenshaw, SR.; Carter, JS.; Collins, PW.; Docter, S.; Graneto, MJ.; 
Lee, LF.; Malecha, JW.; Miyashiro, JM.; Rogers, RS.; Rogier, DJ.; Yu, SS.; Anderson, 
GD.; Burton, EG.; Cogburn, JN.; Gregory, SA.; Koboldt, CM.; Perkins, WE.; Seibert, 
K.; Veenhuizen, AW.; Zhang, YY. & Isakson, PC. (1997). Synthesis and biological 
evaluation of the 1,5-diarylpyrazole class of cyclooxygenase-2 inhibitors: 
identification of 4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benze 
nesulfonamide (SC-58635, celecoxib). J Med Chem. Vol.40, No.9, pp. 1347-1365 

Prasit, P.; Wang, Z.; Brideau, C.; Chan, CC.; Charleson, S.; Cromlish, W.; Ethier, D.; Evans, 
JF.; Ford-Hutchinson, AW.; Gauthier, JY.; Gordon, R.; Guay, J.; Gresser, M.; 
Kargman, S.; Kennedy, B.; Leblanc, Y.; Léger, S.; Mancini. J.; O'Neill, GP.; Ouellet, 
M.; Percival, MD.; Perrier, H.; Riendeau, D.; Rodger, I. & Zamboni, R. (1999). The 
discovery of rofecoxib, [MK 966, Vioxx, 4-(4'-methylsulfonylphenyl)-3-phenyl-
2(5H)-furanone], an orally active cyclooxygenase-2-inhibitor. Bioorg Med Chem 
Lett. Vol.9, No,13, pp. 1773-1778. 

Raaphorst, G.P.; Mao, J.; Yang, H.; Goel, R.; Niknafs, B.; Shirazi, F.H.; Yazdi, M.H. & Ng, 
C.E. (1998). Evaluation of apoptosis in four human tumour cell lines with differing 
sensitivities to cisplatin. AntiCancer Research. Vol.18, No.4C, pp. 2945-2951. 

Riendeau, D.; Percival, MD.; Brideau, C.; Charleson, S.; Dubé, D.; Ethier, D.; Falgueyret, JP.; 
Friesen, RW.; Gordon, R.; Greig, G.; Guay, J.; Mancini, J.; Ouellet, M.; Wong, E.; Xu, 
L.; Boyce, S.; Visco, D.; Girard, Y.; Prasit, P.; Zamboni, R.; Rodger, IW.; Gresser, M.; 
Ford-Hutchinson, AW.; Young, RN.; Chan, CC. (2001). Etoricoxib (MK-0663): 
preclinical profile and comparison with other agents that selectively inhibit 
cyclooxygenase-2. . J Pharmacol Exp Ther. Vol.296, No.2, pp. 558-566 

Rosenberg, B. (1977). Noble metal complexes in cancer chemotherapy. Adv Exp Med Biol. 
Vol.91, pp. 129-150 

Rosenberg, B. (1985). Fundamental studies with cisplatin. Cancer, Vol.55, No.10, pp. 2303-
23l6 

Rosenberg, B.; VanCamp, L.; Trosko, JE.; & Mansour, VH. (1969). Platinum compounds: a 
new class of potent antitumour agents. Nature, Vol.222, No.5191, pp. 385-386 

Roy, D. & Cai, Q. (2002). Estrogen, immunoactivation, gene damage, and development of 
breast, endometrial, ovarian, prostate, and testicular cancers. Recent Res Devel 
Steroid Biochem Mol Biol. Vol.3, pp. 1-32 

Russo, J.; Bradley, R.H.; McGrath, C. & Russo, I.H. (1977). Scanning and transmission 
electron microscopy study of a human breast carcinoma cell line (MCF-7) cultured 
in collagen-coated cellulose sponge. Cancer Res. Vol.37, pp. 2004-2014 

Scudiero, DA.; Shoemaker, RH.; Paull, KD.; Monks, A.; Tierney, S.; Nofziger, TH.; Currens, 
MJ.; Seniff, D. & Boyd, MR. (1988). Evaluation of a soluble tetrazolium/formazan 
assay for cell growth and drug sensitivity in culture using human and other tumor 
cell lines. Cancer Res. Vol.48, No.17, pp. 4827–4833 

Shirazi, F.H. & Eftekhari, M. (2004). Cellular toxicity of cisplatin in Chiness hamster ovarian 
(CHO) cell line. Pajohandeh. Vol.9, No.40, pp. 191-197 

Shirazi, F.H.; Ahmadi, N. & Kamalinejad, M. (2004). Evaluation of northern Iran Mentha 
pulegium on cancer cells. Journal of Daru, Vol. 12, No. 3 

www.intechopen.com



Remarks in Successful Cellular Investigations for  
Fighting Breast Cancer Using Novel Synthetic Compounds 

 

101 

Shirazi, F.H.; Molepo, M.; Stewart, D.J. & Goel, R. (1996). Cisplatin and its metabolites 
cytotoxicity, accumulation and efflux in human ovarian carcinoma cells. Toxicology 
and  Applied Pharmacology. Vol.140, pp. 211-218 

Shirazi, F.H.; Shokrzadeh, M. & Hossinzadeh, L. (2005) Cellular cytotoxicity of arsenic and 
its association with cellular glutathione. Chemistry: An Indian Journal, Vol.1, No.10, 
pp. 689-692. 

Shirazi, F.H.; Shokrzadeh, M.; Abdollahi, M.; Rahimi, FB.; & Hossinzadeh, L. (2005). 
Relationship of cellular glutathione concentration with the cytotoxicity of 
acetaminophen in different cell lines. Int. J. Biol. Biotech., Vol.2, No.2, pp. 397-402. 

Shirazi, F.H.; Yazdanpanah, H.; Khoshjoo, F. & Hossinzadeh, L. (2006). Pistachio extracts 
effects on the aflatoxin B1 cytotoxicity in HepG2 cells. Int. J. Pharmacology, Vol.2, 
No.2, pp. 233-239. 

Shokrzadeh, M.; Shirazi, F.H.; Abdollahi, M.; Abadi, A.G. & Asgarirad, H. (2006). 
Relationship of glutathione concentrations with cytotoxicity of cisplatin in different 
cell lines after confront vitamin C and E. Pakistan Journal of Biological Sciences, Vol.9, 
No.15, pp. 2734-2742 

Singh, B.; Cook, KR.; Vincent, L.; Hall, CS.; Berry, JA.; Multani, AS. & Lucci, A. (2008). 
Cyclooxygenase-2 induces genomic instability, BCL2 expression, doxorubicin 
resistance, and altered cancer-initiating cell phenotype in MCF7 breast cancer cells. 
J Surg Res. Vol.147, No.2, pp. 240-246 

Skliris, GP.; Parkes, AT.; Limer, JL.; Burdall, SE.; Carder, PJ. & Speirs, V. (2002). Evaluation 
of seven oestrogen receptor beta antibodies for immunohistochemistry, western 
blotting, and flow cytometry in human breast tissue. J Pathol. Vol.197, No.2, pp. 
155–162.  

Takemura, Y.; Kobayashi, H. & Miyachi, H. (1997). Cellular and molecular mechanisms of 
resistance to antifolate drugs: new analogues and approaches to overcome the 
resistance. Int J Hematol. Vol.66, No.4, pp. 459-477 

Talley, JJ.; Brown, DL.; Carter, JS.; Graneto, MJ.; Koboldt, CM.; Masferrer, JL.; Perkins, WE.; 
Rogers, RS.; Shaffer, AF.; Zhang, YY.; Zweifel, BS. & Seibert, K. (2000). 4-[5-Methyl-
3-phenylisoxazol-4-yl]- benzenesulfonamide, valdecoxib: a potent and selective 
inhibitor of COX-2. J Med Chem. Vol.43, No.5, pp. 775-777 

Tamaddon, A.M.; Shirazi, F.H. & Moghimi, H.R. (2007). Preparation of 
oligodeoxynucleotide encapsulated cationic liposomes and release study with 
models of cellular membranes. Journal of Daru, Vol.15, No.2, pp. 61-69 

Välimaa, H.; Savolainen, S.; Soukka, T.; Silvoniemi, P.; Mäkelä, S.; Kujari, H.; Gustafsson, JA. 
& Laine, M. (2004). Estrogen receptor-┚ is the predominant estrogen receptor 
subtype in human oral epithelium and salivary glands. J Endocrinol. Vol.180, No.1, 
pp. 55–62.  

Van Heerde, WL.; Robert-Offerman, S.; Dumont, E.; Hofstra, L.; Doevendans, PA.; Smits, JF.; 
Daemen, MJ. & Reutelingsperger, CP. (2000). Markers of apoptosis in 
cardiovascular tissues: focus on Annexin V. Cardiovasc Res. Vol.45, No.3, pp. 549-
559. 

Vic, P.; Vignon, F.; Derocq, D. & Rochefort H. (1982). Effect of Estradiol on the Ultrastructure 
of the MCF7 Human Breast Cancer Cells in Culture. Cancer Res. Vol.42, No.2, pp. 
667-673 

www.intechopen.com



 
Breast Cancer – Focusing Tumor Microenvironment, Stem Cells and Metastasis 

 

102 

Welshons, WV.; Thayer, KA.; Judy, BM.; Taylor, JA.; Curran, EM. & Vom Saal, FS. (2003). 
Large effects from small exposures. I. Mechanisms for endocrine-disrupting 
chemicals with estrogenic activity. Environ Health Perspect. Vol.111, No.8, pp. 994-
1006. 

Yokochi, T. & Gilbert. DM. (2007). Replication labeling with halogenated thymidine analogs. 
Curr Protoc Cell Biol., Chapter.22, Unit.22.10 

Zarghi, A.; Zebardast, T.; Hakimion, F.; Shirazi, F.H.; Rao, P.N. & Knaus, E.E. (2006). 
Synthesis and biological evaluation of 1,3-diphenylprop-2-en-1-ones possessing a 
methanesulfonamido or an azido pharmacophore as cyclooxygenase-1/-2 
inhibitors. Bioorg Med Chem. Vol.14, No.20, pp. 7044-7050 

Zhu, Y.; Sullivan, LL.; Nair, SS.; Williams, CC.; Pandey, A.; Marrero, L.; Vadlamudi, RK. & 
Jones, FE. (2006). Coregulation of estrogen receptor by estrogen-inducible 
ERBB4/HER4 establishes a growth promoting autocrine signal in breast cancer. 
Cancer Res. Vol.66, No.16, pp. 7991–7998 

www.intechopen.com



Breast Cancer - Focusing Tumor Microenvironment, Stem cells and

Metastasis

Edited by Prof. Mehmet Gunduz

ISBN 978-953-307-766-6

Hard cover, 584 pages

Publisher InTech

Published online 14, December, 2011

Published in print edition December, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Cancer is the leading cause of death in most countries and its consequences result in huge economic, social

and psychological burden. Breast cancer is the most frequently diagnosed cancer type and the leading cause

of cancer death among females. In this book, we discussed characteristics of breast cancer cell, role of

microenvironment, stem cells and metastasis for this deadly cancer. We hope that this book will contribute to

the development of novel diagnostic as well as therapeutic approaches.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Farshad H. Shirazi, Afshin Zarghi, Farzad Kobarfard, Rezvan Zendehdel, Maryam Nakhjavani, Sara Arfaiee,

Tannaz Zebardast, Shohreh Mohebi, Nassim Anjidani, Azadeh Ashtarinezhad and Shahram Shoeibi (2011).

Remarks in Successful Cellular Investigations for Fighting Breast Cancer Using Novel Synthetic Compounds,

Breast Cancer - Focusing Tumor Microenvironment, Stem cells and Metastasis, Prof. Mehmet Gunduz (Ed.),

ISBN: 978-953-307-766-6, InTech, Available from: http://www.intechopen.com/books/breast-cancer-focusing-

tumor-microenvironment-stem-cells-and-metastasis/remarks-in-successful-cellular-investigations-for-fighting-

breast-cancer-using-novel-synthetic-compo



© 2011 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


