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ABSTRACT

Uterine myomas are comprised of smooth muscle cells from 

blood vessel walls of the uterus and fi broblasts, and constitute 

the basic components of fi broids. Th e aim of our study was to 

evaluate the cytotoxic and apoptotic eff ects of serum depri-

vation on fi broblasts originating from the Th ESC myoma cell 

line. Cell viability, morphological changes and the percentage 

of apoptotic cells were determined in the presence and absence 

of serum. Th e experimental group was cultured in medium 

lacking serum for 24- and 48-hour periods, and the control 

group was cultured in complete medium. Cell viability was 

evaluated using the MTT  assay. Changes in cell morphology 

were investigated using native microscopy. Th e percentage of 

apoptotic cells was determined using ethidium bromide/acri-

dine orange staining. Th ere was a time-dependent and statisti-

cally signifi cant decrease in cell viability in the experimental 

group when compared to the control group. Cells in the ex-

perimental group displayed morphological changes that are 

characteristic of apoptosis. Th ese changes were not detected 

in the control group. In the experimental group, there was a 

statistically signifi cant increase in the percentage of apoptotic 

cells, while this percentage was not statistically signifi cant in 

the control group. Th e obtained results suggest that the time-

duration of serum deprivation directly correlates to the induc-

tion of apoptosis in the Th ESC cell line.
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SAŽETAK

Miomi uterusa izgrađeni su od glatkih mišićnih ćelija 

zidova krvnih sudova uterusa i fi broblasta koji sačinjavaju 

osnovnu komponentu fi broida. Cilj našeg istraživanja bilo 

je ispitivanje citotoksičnog i apototičnog efekta serumske de-

privacije na fi broblaste koji vode poreklo iz mioma, Th ESC 

ćelijska linija. Vijabilnost ćelija, morfološke promene kao 

i procenat apoptotičnih ćelija određivani su u prisustvu 

i odsustvu seruma. Eksperimentalna grupa ćelija bila je 

uzgajana u medijumu koji nije sadržao serum u toku 24 i 

48 časova, dok je kontrolna grupa ćelija uzgajana u kom-

pletnom medijumu. Vijabilnost ćelija bila je određivana 

pomoću MTT testa; morfološke promene detektovane su 

pomoću nativne mikroskopije dok je procenat apoptotičnih 

ćelija bio određen bojenjem pomoću etidijum bromid/akril 

oranžom. Primećeno je statistički značajano smanjenje vi-

jabilnosit ćelija eksperimentalne grupe u poređenju sa kon-

tronom grupom ćelija. Ćelije eksperimentalne grupe poka-

zivale su morfološke promene karakteristične za apotozu. 

Ove promene nisu detektovane u kontrolnoj grupi ćelija. 

Statistički značajno povećanje u procentu apoptotičnih ćelija 

primećeno je u eksperimentalnoj grupi, dok u kontrolnoj 

grupi procenat apoptotičnih ćelija nije ispoljavao statističku 

značajnost. Dobijeni rezultati ukazuju da je dužina serumske 

deprivacije u direktnoj korelaciji sa indukcijom apoptotične 

smrti u Th ESC ćelijskoj liniji. 

Ključne reči: fibroidi, apoptoza, serumska deprivaci-

ja, vijabilnost
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INTRODUCTION

Uterine fibroids (myomas) are the most common pel-

vic tumours in women and the most common indication 

for hysterectomy. They occur primarily during the repro-

ductive years (1). Fibroids are benign tumours that de-

velop within the walls of uterine blood vessels and consist 

of smooth muscle cells and fibrous connective tissue (2). 

Their size varies from tiny nodules of approximately 10 

mm to large tumours of greater than 20 cm. Fibroids can 

be found protruding into the uterine cavity (submucosal), 

within the uterine wall (intramural), beneath the uter-

ine serosa (subserosal), a nd, in rare instances, attached 

to abdominopelvic structures (parasitic) (3). Symptoms 

caused by fibroids include prolonged or heavy menstrual 

bleeding, pelvic pressure or pain, and, in rare cases, repro-

ductive dysfunction (4). This is the most common gynae-

cological problem experienced by women, with clinical 

significance in 20–40% of women of childbearing age (2). 

Fibroid growth primarily depends on the hormone state 

of the organism. The ovarian steroid hormones oestro-

gen and progesterone stimulate fibroid growth (5). Other 

studies pinpoint diet, stress and ecological factors as sig-

nificant in the aetiology of these tumours (6, 7). Fibroids 

are composed of smooth muscle cells and fibroblasts, 

which, according to some authors, originate from myo-

metrial cells undergoing mitotic changes. As a result of 

these changes and myofibroblast formation, both oestro-

gen and progesterone have proliferation effects on these 

cells after binding to their receptors.  The ThESC cell line 

is a human endometrium fibroblast–like cell (HESC) line 

obtained from an endometrial myoma that was immor-

talised with human telomerase reverse transcriptase 

(hTERT). Telomerase is an enzyme shown to confer 

unlimited replicative capacity to normal cells without 

causing the deregulation of normal growth control. The 

immortalised HESC line (ThESC) is karyotypically, mor-

phologically, and phenotypically similar to the primary 

parent cells, and it is a powerful and consistent resource 

for in vitro research (8). The ThESC cell line is culti-

vated in basal growth medium supplemented with foetal 

bovine serum (FBS), which is also referred to as foetal 

calf serum (FCS). Serum provides a broad spectrum of 

macromolecules necessary for in vitro cell growth, such 

as glucose, albumin and other energy molecules. FBS is a 

very complex mixture of a large number of constituents, 

such as growth factors, hormones, lipoid substances, 

carrier proteins, and attachment and spreading factors 

(9). Compared to plasma, FBS shows a better mytogenic 

effect (stimulation of proliferation) because it contains 

growth factors referred to as insulin-like growth factor 

I (IGF-I) and insulin-like growth factor II (IGF-II) (10). 

Lipoids are essential for cell growth. Also present in FBS 

are cholesterol, fatty acids, phospholipids and triacylg-

lycerols. The maintenance of normal processes involved 

in cell proliferation, maturation and differentiation re-

quires the presence of hormones found in FBS, such as 

insulin, cortisone, triiodthyronine, thyroxine and PTH 

(9). Proteins found in serum, including vitronectin and 

fibronectin-like molecules, have important roles in cell 

attachment and cell adhesion (11).  Iα-I is a serum pro-

tein that stabilises the cumulus extracellular matrix (12). 

Serum also provides beneficial factors to the culture en-

vironment, including energy substrates, vitamins, amino 

acids, and binding and transport proteins (13, 14). In ad-

dition to the above-mentioned functions, serum is im-

portant for the early expression of some genes encoding 

regulatory proteins, and serum components are known 

to activate protein kinase C (PKC) (15, 16).  Serum also 

enables the maintenance of optimal pH and the elimina-

tion of the toxic products from the medium (9). Serum 

deprivation is one of many methods used to induce pro-

grammed cell death, or apoptosis (17, 18, 19). Previous 

research has demonstrated that cells in serum-deprived 

media undergo numerous changes that lead to apopto-

sis. After 2 hours of serum deprivation, some cultures 

show a retraction of the cytoskeleton, the rounding of 

cells, and the compaction of nuclear chromatin along 

the nuclear periphery (20). All of these morphological 

changes can be observed in cells in the very early stages 

of apoptosis.  Serum depletion has a time-dependent ef-

fect on the number of apoptotic cells (20, 21). Morpho-

logical changes occur in the entire cell, and the dynamics 

of both protein synthesis and degradation change (22). 

As the protein dynamics change, so do the dynamics of 

DNA synthesis and degradation. Further serum depri-

vation results both in DNA fragmentation and slower 

DNA synthesis. Changes in the genetic material cause 

a decrease in the mitotic potential of serum-deprived 

cells. Short periods of 24 hours of serum deprivation 

significantly decrease the proportion of cells in mitosis, 

and after 48 h  of serum deprivation, only 2% of cells 

are able to undergo mitosis (23). Prolonged treatment 

with serum-deprived medium induces massive DNA 

fragmentation in cells, which results in decreased viabil-

ity in culture (24, 25, 26). All of the described changes 

that occur in the absence of serum are hallmarks of ap-

optosis. Prolonged serum deprivation finally results in 

programmed cell death. Apoptosis in treated samples is 

significantly higher when compared to control cells cul-

tivated in serum-supplemented medium. The percent-

age of apoptotic cells depends on the cell culture, type of 

serum, and volume of serum in the medium. However, 

most studies indicate that apoptosis is enhanced 2 to 8 

times in serum-deprived cells. After 24 h of treatment, 

the percentage of apoptosis is 5 times higher when com-

pared to the number of spontaneous apoptotic cells in 

the control group, while the ratio in the cells treated for 

48 hours is 8 times higher when compared to control 

cells. The data demonstrate that the percentage of apop-

tosis induced by serum deprivation is time-dependent. 

To date, studies have shown that serum deprivation in-

duces apoptosis in a caspase-dependent manner (17, 18, 

21, 26, 27).
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MATERIALS AND METHODS

In our experiments, we used the ThESC cell line (ATCC®: 

CRL-4003tm) of human fibroblasts derived from a uterine 

myoma that have been immortalised with human telomerase 

reverse transcriptase (hTERT). The cells were cultured and 

maintained in DMEM complete growing medium contain-

ing 4.5 g/L of glucose, 2% L-glutamine (2 mM), 1% penicillin/

streptomycin, 1% non-essential amino acids, 1% insulin trans-

ferrin supplement and 10% FBS in a controlled environment 

at 37°C and 5% CO
2
. Cells were washed three times in 1xPBS 

before treatment. The cells were divided into two groups: the 

experimental group (FBS-deprived DMEM medium) and the 

control group (complete DMEM medium). The experimental 

group was treated with serum-deprived medium for 24 and 

48 h and was then assayed using the MTT viability test and 

acridine orange/ethidium bromide staining. The MTT assay 

was used to determine the effect of serum starvation on the vi-

ability of experimental cells in comparison to the control cells. 

The percentage of viable cells in the experimental group was 

calculated in comparison to the viable cells in control group. 

To evaluate changes in morphology, cells were examined us-

ing phase-contrast microscopy following serum starvation 

for 24 and 48 h. To visualise early and late apoptotic changes, 

the staining procedure for both control and treated cells was 

performed using both 0.01 %  acridine orange and ethidium 

bromide. The aim of our study was to investigate the effect of 

serum starvation on the viability of the human uterine myoma 

cells in vitro  and its potential role in apoptosis. 

RESULTS

We used the MTT assay to evaluate the effect of serum de-

privation on the viability of ThESC cells. After treatment, the 

percentage of viable cells in the treatment group was calculated 

in comparison to the control group. Our results show that the 

serum-starved cells experienced a time-dependent and statis-

tically significant decrease in viability when compared to the 

untreated cells. Furthermore, our results show a 9 times greater 

percentage of viable cells in the group of cells that were serum-

starved for 24 h compared to the group that was serum-starved 

for 48 h (Figure 1.). This result correlates to the literature find-

ings in which serum provides a broad spectrum of molecules 

necessary for the in vitro growth of cells (9).

Following the MTT assay, phase-contrast microscopy was 

performed to determine the morphological changes that oc-

curred in serum-starved cells.  Data presented in the literature 

demonstrates that serum is crucial for cell attachment and cell 

adhesion (11) and that the Iα-I protein present in serum stabi-

lises the cumulus extracellular matrix (12). These data suggest 

that serum provides molecules that are essential for maintain-

ing normal cell morphology. To compare our findings to the 

available literature data, the morphological changes of ThESC 

cells were evaluated after serum deprivation (Figure 2.). Our 

results show that the morphological changes after serum-de-

privation corresponded to the literature results and our MTT 

assay results. Control cells maintained normal morphology, 

including a normal nuclear shape and the appearance of the 

cytoplasmic skeleton. Control cells exhibited normal and un-

disrupted continuity of all features, including the integrity of 

the cell membrane, actin filaments, and the shape of the nu-

clear membrane,. Following 24 h of serum deprivation, cell 

morphology was slightly altered when compared to the control 

cells. Both the shape of the nucleus and the continuity of the 

cytoskeleton were different in the absence of FBS in the growth 

medium (Figure 2.). Chromatin condensation and disruption 

in normal cell morphology were obvious. After 48 h of serum 

starvation, the cells exhibited distinct morphological changes 

that clearly affected the nucleus, including both chromosomal 

defragmentation and nuclear shrinkage. The changes in cell 

morphology corresponded to the time of serum deprivation. 

The described changes are clear indicators of on-going apop-

totic changes in the serum-deprived cells (Figure 2.). 

Figure 1. Th e percentage of viable Th ESC cells after 24- and 48-h periods 

of serum starvation compared to the control cells.

Figure 2. Morphological changes of Th ESC cells following both 24- and 

48-h periods of serum starvation. A. Normal morphology of control cells 

grown in complete medium. B. Partially disrupted morphology of cells 

grown in serum-deprived conditions after 24 hours. C. Completely dis-

rupted cell morphology of the experimental group after 48 hours of se-

rum deprivation.

We wanted to further analyse if the results obtained 

using the MTT assay and the observed morphological 

changes corresponded to the apoptotic changes as deter-

mined using ethidium bromide-acridine orange  staining 

(Figure 3.). Ethidium bromide is used to identify cells that 

are in the final stages of apoptosis. To determine which of 

the treated cells exhibited early or late apoptotic chang-

es, ethidium bromide-acridine orange staining was per-

formed. The EB/AO combined stain causes live cells to 

fluoresce green, while apoptotic cells display distinctive 

red-orange fluorescence. The control cells (24 and 48 h) 

displayed clear green fluorescence, which confirmed their 

viability. However, treated cells displayed fluorescence that 

ranged from light orange (24 h) to intense red (48 h). These 

results correspond to the previously described early and 

late apoptotic changes (Figure 3.).
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DISCUSSION

In the present study, we evaluated the effect of serum dep-

rivation in a cultured human endometrium fibroblast-like 

cell line that was obtained from an endometrial myoma and 

immortalised with human telomerase reverse transcriptase. 

Serum provides viability for cells in culture due to the pres-

ence of tropic factors. In accordance with previous studies 

(12, 13, 20, 21, 23), our results showed a large increase in the 

number of apoptotic cells after serum deprivation for both 

24 and 48 hours when compared to untreated cells that were 

grown in medium supplemented with FBS. First, we investi-

gated the influence of serum starvation on cultured ThESC 

cells using the MTT assay. Our results clearly suggest that 

serum-starved cells displayed a decrease in viability com-

pared to untreated cells. The decrease in viability of serum-

starved cells occurred in a time-dependent manner. These 

findings correlate to those obtained in other studies (21, 28) 

and confirm our hypothesis that serum provides a broad 

spectrum of molecules necessary for the in vitro growth of 

cells. The decrease in the number of viable cells was much 

larger after 48 h. The number of the viable cells was reduced 

by five times after the first 24 hours and by nine times after 

the next 24 hours of treatment. This result suggests that cells 

undergo apoptosis more frequently after serum starvation 

for longer than 24 hours than when they are serum-starved 

for less than 24 hours.  These results also indicate that ap-

proximately 10% of cells can overcome serum withdrawal 

for 24 hours but that a much smaller number of cells can 

overcome prolonged starvation. As trophic factor deficiency 

(29, 30, 31) is known to induce apoptosis, we analysed cell 

Figure 3. Morphological changes in Th ESC cells were visualised using 

0.01% acridine orange and ethidium bromide staining. A. Control cells 

grown in complete medium for 24 h. B. Morphological changes of cells 

after 24 h of serum starvation. Th e arrows indicate defragmented DNA 

and a complete loss of normal morphology. C. Control cells grown in 

complete medium for 48 h. D. Morphological changes of cells after 48 h 

of serum starvation, showing complete degradation of the nucleus. Th e 

observed morphological changes correspond to the typical changes for 

cells undergoing the late stages of apoptosis. 

morphology using phase-contrast microscopy. The phase-

contrast microscopy results correlated with literature data 

(12, 13, 20, 21, 23) and the results we obtained using the 

MTT assay. Images taken after 24 hours of serum starvation 

showed a significant number of deformed cells with mem-

brane shrinkage and differences in chromatin condensation 
. The loss in the normal shape of the cells indicated that the 

cytoskeleton was also interrupted and that actin filaments 

had lost their structure and function. Some cells had almost 

normal shapes, which indicated that they still had not un-

dergone apoptosis. Their nuclei were condensed, but mostly 

without shrinkage of the nuclear membrane. After 48 h of 

treatment, cells displayed a total loss of structure and mem-

brane continuity. The chromatin was more condensed, and 

products of defragmentation were observed. Additionally, 

nuclei were smaller after 48 hr of treatment when compared 

tothan after 24 h of treatment. Cells did not have distinct 

shapes, which indicated a total loss of cytoskeletal struc-

tures. We concluded that after 24 h of serum starvation, 

cells lose their membrane integrity but mostly keep their 

nuclear shape, while after 48 hours of starvation, most cells 

lose both membrane and nuclear integrity. Our results 

correlate with the results of previous studies (20, 32). The 

MTT assay and phase-contrast microscopy demonstrated 

that ThESC cells undergo apoptosis after serum starvation. 

Our next step was to confirm the viability of these cells by 

using staining to differentiate viable cells from apoptotic 

cells. To confirm our hypothesis and visualise the early 

and late apoptotic changes, we used an acridine orange/

ethidium bromide staining procedure. We used ethidium 

bromide/acridine orange viable staining, which causes live 

cells to fluoresce green and dead cells to fluoresce orange 

to red. The shade of red fluorescence depends on the ap-

optotic phase of the cell. Green fluorescence of control 

cells indicates that cells in the untreated control group 

are viable. Cells that had been treated for 24 h fluoresced 

light red, which indicated that these cells were in an early 

phase of apoptosis. Dark red fluorescence in cells that had 

been treated for 48 h indicated that these cells were in a 

late phase of apoptosis. The light green colour of control 

cells after 48 h can be explained by the fact that cells had 

already used most of the components of the medium and, 

as a result, their viability was decreased. This correlates 

to the intensity of fluorescence in apoptotic cells. This 

staining confirmed our conclusion that serum starvation 

induces apoptosis in ThESC cells. These results correlate 

to the data obtained using the MTT assay and phase-con-

trast microscopy. The serum deprivation of ThESC cells 

for various durations resulted in characteristics typical of 

apoptosis, such as chromatin condensation, chromosomal 

defragmentation, and nuclear shrinkage. Although DNA 

fragmentation has been considered a hallmark of apoptosis, 

there is a consensus on the dispensability of this character-

istic in certain cell types under defined conditions (33, 34). 

Conceivably, the regulation and kinetics of DNA degrada-

tion in the fibroblast-like cell line may be different from 

that of thymocyte (35, 36) or lymphocyte (20, 37) models. 
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The serum-deprived cells also demonstrated several oth-

er characteristic morphological features of apoptotic cell 

death (20), including rounding, loss of cell-to-cell contact, 

cellular condensation, and the preservation of membrane 

integrity and organelle structures. Our findings are con-

sistent with studies using other cell lines (20, 21, 28). How-

ever, unlike the study of G. V. Kulkarni and C. A. G. Mc-

Culloch, we detected DNA fragmentation. The previously 

described apoptotic changes correlate with the intensity of 

red-orange fluorescence observed by EB/AO staining. Our 

results agree with previous studies that suggest that serum 

starvation causes the release of cytochrome c from the mi-

tochondria with a loss of mitochondrial membrane poten-

tial (38). Thus, our findings suggest a hypothesis by which 

serum deprivation results in the apoptotic death of ThESC 

cells through mitochondrial pathways. If our assumption 

is correct, the results would be consistent with previous 

studies demonstrating that the release of cytochrome c ac-

tivates caspase-9, which then activates caspase-3 and leads 

to DNA fragmentation (39, 40, 41). This pathway repre-

sents the classic mitochondrial or intrinsic pathway to ap-

optosis. Similar results have been obtained in other studies 

(42, 43). Serum deprivation may also be associated with the 

activation of caspase-8, which represents a key player in 

the extrinsic or death receptor-mediated pathway of apop-

tosis (44 ). Although this and other similar factors have not 

yet been investigated in ThESC cells, the serum depriva-

tion of ThESC cells could also result in the activation of the 

extrinsic pathway of apoptosis. Further studies are needed 

to delineate the exact mechanism and pathway of apoptosis 

in serum-starved ThESC cells.
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