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INTRODUCTION 

Calpains are a family of intracellular calcium-activated 

neutral cysteine prostheses and expressed in many 

organisms. Calpain affects cell physiology in many ways 

such as cell attachment, proliferation, migration, death, 

cytoskeletal remodeling, and signal transduction, by 

degrading their substrates, providing the formation of 

functional protein fragments. The best known calpain are 

CAPN-1 and 2 so-called micromolar (calpain-1, CAPN-1) 

and millimolar (calpain-2, CAPN-2) depending on the 

Ca2+ requirements required for their proteolytic activity.1 

In the normal physiological state, calpain enzymes and 

calpastatin, an endogenous calpain inhibitor, molecules are 

at normal levels. Calpain activity, on the other hand, may 

increase and cause proteolysis of calpastatin due to a 

stimulus such as increased intracellular Ca2+, ischemia 

damage, or activation of v-Src oncoprotein.2  

Calpains are involved in tumor migration and invasion by 

participating in processes such as focal adhesion 

dynamics, cytoskeletal remodeling, epithelial-

mesenchymal transition, and apoptosis.3 In studies on 

ovarian cancer, increased calpain activity has been found 
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ABSTRACT 

Background: Tunicamycin (TN) is an antitumor agent and induced intracellular calcium levels in many cells, however 

its molecular mechanism is still needed to be explored. Calpeptin (Calp) is an inhibitor of both calpain 1 and 2 (CAPN-

1/2) enzymes, and plays a fundamental role in tumor mechanism. In this study, the effects of TN and Calp were 

investigated on CAPN-1/2 enzyme activity in normal and ovarian cancer cells adhered to fibronectin. 

Methods: 24uM TN, 50uM Calp, and combined TN and Calp (TN+Calp) were applied for 1 and 12 hours to FN-bound 

(FN+) and non-FN-bound (FN-) normal human ovarian epithelial (IHOSE) and ovarian cancer (SKOV-3) cells. The 

activation of CAPN-1/2 was measured by the luminescent method and the significance of the results was analyzed with 

the t-test. 
Results: CAPN-1/2 enzyme activity (at 12 hour) was present in both cell lines, but the level of enzyme is higher in 

IHOSE cells compared to SKOV-3 cells. The results showed that 1 hour TN and TN+Calp applications stimulated 

CAPN-1/2 enzyme activity in IHOSE cells but did not show any stimulating effect in SKOV-3 cells. After 12-hour of 

treatment, the cells with TN, Calp or TN+Calp showed an inhibitory effect on CAPN-1/2 enzyme in both FN+IHOSE 

and SKOV-3 cells. At 12-hour TN+Calp administration was determined to be the most effective inhibitor in FN+ 

SKOV-3 since it inhibited CAPN1/2 activity statistically significantly more than both Calp and TN administrations. 

Conclusions: The effects of TN, Calp and TN+Calp applications on the CAPN-1/2 enzyme varied according to the cell 

type, normal or cancer cells, and whether the cell was bound to FN and the incubation period. 12 h administrations of 

TN, Calp or TN+Calp inhibited the CAPN-1/2 enzyme in both FN+ IHOSE and SKOV-3 cells. 
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to be associated with ovarian cancer and metastasis.4 In 

addition, CAPN-2 expression was found to be increased in 

platinum resistance in ovarian cancer.5 Contrary to these 

studies, in some studies, it was reported that the expression 

of CAPN-1, CAPN-2, and calpastatin decreased in 

gynecological cancer.6 In a study conducted in vitro, it was 

noted that the protein expression of CAPN-1, 2 and 

calpastatin varies according to the cell type.7 Therefore, 

the role of the calpain family in ovarian cancer is still a 

controversial issue and more research is needed. Based on 

the studies showing that inhibition of calpain has the 

potential to reduce carcinogenesis and block the metastasis 

of tumors, calpain has been shown as a therapeutic target 

in cancer.8  

Tunicamycin (TN) activates Ca2+ from intracellular stores 

and increases Ca2+ flow.9 TN is an antibiotic that promotes 

apoptosis by inducing stress in the endoplasmic reticulum 

and is thought to work as a therapeutic agent against cancer 

cells.10 Therefore, in recent years, there has been an 

interest in the molecular mechanism of TN in cancer. It is 

known that fibronectin (FN) protein, an extracellular 

matrix protein, is effective during the migration of ovarian 

cancer cells.11 In this study, FN-bound (FN+) and non-FN-

bound (FN-) normal ovarian epithelial IHOSE and human 

ovarian cancer SKOV-3 cells were used. The effects of 

stimulating Ca2+ increase with TN and applying the 

Calpeptin (Calp), CAPN-1/2 enzyme inhibitor, to the cells 

on CAPN-1/2 enzyme activity. The obtained results will 

contribute the explanation of the functions of both calpains 

and TN in ovarian cancer. 

METHODS 

Cell culture 

IHOSE 

Immortalized human ovarian epithelial cells (IHOSE-

SV40) (ABMGOOD T1074) were used as the control cell 

line. The cells were cultured into Prigrow I solution 

(ABMGOOD TM001), 10% foetal bovine serum (FBS) 

(HyClone SV3016-03), and 1% penicillin-streptomycin 

(P4333). 

SKOV-3 

Human ovarian cancer cells SKOV-3 (ATCC® HTB-

77™) were used as a cancer cell line. The cells were 

cultured in DMEM (Sigma D6429), 10% FBS, 1% 

penicillin-streptomycin (P4333), 0.1 mM MEM non-

essential amino acids (Sigma Aldrich, UK). 

Fibronectin coating process 

In order to coat FN, the petri dishes were incubated with 

50 µg/ml FN at 37°C for 2 hours, followed by 1% bovine 

serum albumin (BSA) for 1 hour at 37°C, then washed 2 

times with 1×PBS.11 

Tunicamycin application 

TN activates Ca2+ from intracellular stores and increases 

Ca2+ flow.9 In this study, 24 µM TN (T7765, Sigma, UK) 

was added to the cells and incubated at 37°C for 1 hour or 

12-hour. 

Calpeptin application 

Cell-permeable calpeptin (sc-202516) was used for the 

inhibition of CAPN-1/2 in the experiments. In the 

experimental phase, 50 µM calpain inhibitor was applied 

both alone and together with 24 µM TN and incubated for 

1 hour and 12-hour. 

Calpain activity measurement 

Activity measurement of CAPN-1/2 was performed with 

the Calpain-GloTm Protease (G8501, Progema) kit as 

directed by the manufacturer. To measure CAPN-1/2 

enzyme activity, 1 × 105 cells/ml IHOSE or SKOV-3 cells 

were seeded in FN-coated and uncoated petri dishes and 

incubated at 37°C for 24 hours for CAPN-1/2 enzyme 

activity. 24 µM TN, 50 µM Calp, and the combined 

administration (24 µM TN and 50 µM Calp) were added 

to the cells 1 hour /12 hour before the end of the incubation 

period. After the incubation period was ended, the cells 

were washed with a cold PBS solution and lysed by using 

sonication. Calpain-GloTm solution, Suc-LLVY-Glo 

substrate, and Luciferin Recognition Reagent were added 

to the obtained lysates. With the activation of CAPN-1/2, 

the substrate Suc-LLVY-aminoluciferin is decomposed by 

the luciferase reaction, creating a luminescent signal. The 

amount of signal formed is proportional to the current 

calpain activity. Afterward, end-point measurement was 

performed between 5-60 minutes with a luminance change 

microplate luminometer. Measurement results obtained at 

60 minutes were evaluated using the t-test.12 Human 

CAPN- I enzyme (Calbiochem Cat. No 208713) was used 

as the control.  

Statistical analysis 

The results of calpain activation obtained were evaluated 

using student's t-test (***p≤0.01; **p≤0.05; *p≤0.10).  

RESULTS 

CAPN-1/2 enzyme activity in IHOSE and SKOV-3 cells 

CAPN-1/2 enzyme activity in FN+/FN- normal IHOSE 

and cancer SKOV-3 cells was measured luminometrically. 

The statistical significance of the results was checked by 

carrying out a t-test (Figure 1). CAPN-1/2 enzyme activity 

was found to be higher in FN+ IHOSE cells compared to 

SKOV-3 cells both at 1 hour and 12-hour. While this result 

was not statistically significant at 1 hour, it was found to be 

significant at 12-hour. In the FN- group, CAPN-1/2 

enzyme activity was observed more in SKOV-3 cells at 1 

hour and in IHOSE cells at 12-hour (Figure 1). 
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Effect of Calp and TN application on CAPN-1/2 enzyme 

activity 

The effects of Calp, TN, and TN+Calp for 1 hour and 12-

hour applications on CAPN-1/2 enzyme activity in 

FN+/FN- IHOSE cells were measured (Figure 2). Calp 

administration did not cause a significant effect on CAPN-

1/2 enzyme activity in FN+/FN- normal IHOSE cells at 1 

hour but caused a significant inhibition at 12 hours. TN 

administration induced the activation of CAPN-1/2 in 

FN+/FN- IHOSE cells at 1 hour compared to the control, 

while it led to inhibition at 12-hour. The effect of 

combined TN+Calp application on CAPN-1/2 enzyme 

activity for 1 hour did not cause a significant change in the 

FN- group compared to the control group, while it caused 

a significant increase in FN+ IHOSE cells. This result can 

be explained by the stimulating effect of TN on CAPN-1/2 

activity in 1 hour in the FN+ group. At 12 hours, TN+Calp 

significantly inhibited the CAPN-1/2 enzyme in the 

FN+/FN- groups compared to the control group. In 

addition, TN+Calp administration inhibited CAPN-1/2 

enzyme activity significantly more than TN administration 

in all groups (1 h FN+, 12 h FN+, 12 h FN-) except for 

1hour FN- group. In FN+ IHOSE cells, TN+Calp 

administration significantly increased CAPN-1/2 enzyme 

activity compared to Calp administration alone in 1 hour 

but diminished in 12-hour.  

This result, however, was not statistically significant. In 

the FN- group, TN+Calp application increased the CAPN-

1/2 enzyme activity compared to Calp application in 1 

hour, but it was not found statistically significant. On the 

other hand, the TN+Calp application caused a significant 

decrease in 12-hour. When the effect of FN on CAPN-1/2 

enzyme activity in IHOSE cells was examined, no 

significant difference was found in CAPN-1/2 enzyme 

activity between FN+ control and FN- control groups. 

However, CAPN-1/2 enzyme activity was found to be 

significantly lower in FN- groups compared to FN+ groups 

in 1 hour TN, Calp, TN+Calp administration and 12-hour 

TN+Calp administration (Figure 2). 

The result of the application of TN, Calp, and combined 

TN+Calp to FN+/FN- SKOV-3 cells for 1 and 12 hours on 

the activation of the enzyme of CAPN-1/2 was presented 

in Figure 3.  

Calp administration for 1 hour significantly inhibited the 

CAPN-1/2 enzyme in FN+ SKOV-3 cells compared to the 

control cell group. 12-hour of Calp administration 

significantly inhibited CAPN-1/2 enzyme activity in 

FN+/FN- SKOV-3 cells similar to the result in IHOSE 

cells. 1 hour TN administration did not show any 

significant change in FN+ SKOV-3 cells but showed an 

inhibitory effect on FN- SKOV-3 cells. After 12-hour of 

TN application, there was significant inhibition in FN+ 

SKOV-3 cells, but no significant change was observed in 

the FN- group. TN+Calp administration caused significant 

inhibition of CAPN-1/2 enzyme activation at both 1 and 

12 hours in FN+/FN- SKOV-3 cells compared to the 

control cell group. In FN+ SKOV-3 cells, 12-hour of 

TN+Calp administration inhibited CAPN1/2 activation 

statistically significantly more than both Calp and TN 

administrations. 1 hour TN+Calp administration in FN- 

SKOV-3 cells caused a significant increase compared to 

the Calp group.  

The results of the effect of FN on CAPN-1/2 enzyme 

activity in SKOV-3 cells show a significant difference 

between FN+ SKOV-3 and FN- SKOV-3 control cells at 1 

hour, but not at 12-hour. A statistically significant 

difference was observed between FN+ and FN- groups at 

12-hour only in the TN+Calp group. CAPN-1/2 enzyme 

was found to be significantly lower in the FN+ group 

compared to the FN- group in TN +Calp application in 

SKOV-3 cells.  

 

1 h FN+: 

IHOSE=SKOV-3 

insignificant 

12 h FN+: 

IHOSE=SKOV-3: ***  

1 h FN-: 

IHOSE = SKOV-3: ** 

12 h FN-: 

IHOSE=SKOV-3: *** 

Figure 1: CAPN-1/2 enzyme activity after 1 and 12 hours’ incubation of FN+/FN- IHOSE and SKOV-3 cells. 
The luminometric values in the graph were calculated by taking the mean of two independent experiments (n=4). 1 h FN+: The cells 

incubated for 1 h in FN-coated petri dishes, 12 h FN+: The cells incubated for 12 h in FN-coated petri dishes, 1 h FN-: The cells incubated 

for 1 h in FN uncoated petri dishes, 12 h FN-: The cells incubated for 12 h in FN uncoated petri dishes (***p≤0.01, **p≤0.05, *p≤0.10) 
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Figure 2: The effect of 1 h and 12 h administration of TN, Calp, TN+Calp on CAPN-1/2 enzyme activity in 

FN+/FN- IHOSE cells. 
The luminometric values in the graph were calculated by taking the mean of two independent experiments (n=4). 1 h FN+: The cells 

incubated for 1 h in FN-coated petri dishes,12 h FN+: The cells incubated for 12 h in FN-coated petri dishes, 1 h FN-: The cells incubated 

for 1 h in FN uncoated petri dishes, 12 h FN-: The cells incubated for 12 h in FN uncoated petri dishes. Substrate: 22,5 nM CAPN-1/2 

enzyme, TN: The group incubated with 24 µM TN. Calp: The group incubated with 50 µM Calp, TN+Calp: the group incubated with 24 

µM TN and 50 µM Calp. (***p≤0.01, **p≤0.05, *p≤0.10) 
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Figure 3: The effect of 1 h and 12 h administration of TN, Calp, TN+Calp on CAPN-1/2 enzyme activity in 

FN+/FN- SKOV-3 cells. 
The luminometric values in the graph were calculated by averaging two independent experiments (n=4). 1 h FN+: The cells incubated for 

1 h in FN-coated petri dishes, 12 h FN+: The cells incubated for 12 h in FN-coated petri dishes, 1 h FN-: The cells incubated for 1 h in 

FN uncoated petri dishes, 12 h FN-: The cells incubated for 12 h in FN uncoated petri dishes. Substrate: 22,5 nM CAPN-1/2 enzyme, TN: 

the group incubated with 24 µM TN. Calp: The group incubated with 50 µM Calp, TN+Calp: the group incubated with 24 µM TN and 50 

µM Calp (***p≤0.01, **p≤0.05, *p≤0.10)
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As a result, CAPN-1/2 enzyme activity was determined in 

both cell lines, which was higher in FN+ IHOSE cells than 

in FN+ SKOV-3 cells after 12-hour of incubation. While 

50 µM Calp application for 1 hour was sufficient to inhibit 

CAPN-1/2 enzyme activity in FN+ SKOV-3 cells, it was 

determined that it was not sufficient in FN+/FN- IHOSE 

cells. While TN administration for 1 hour had a stimulating 

effect on the activation of CAPN-1/2 in FN+/FN- IHOSE 

cells, no stimulating effect was observed in SKOV-3 cells. 

In addition, 1 hour TN+Calp application showed a 

stimulating effect on CAPN-1/2 enzyme activity in FN+ 

IHOSE cells, while it showed an inhibitory effect on FN+ 

SKOV-3 cells. TN application for 12-hour inhibited 

CAPN-1/2 enzyme activity in FN+/FN- IHOSE cells and 

in FN+ SKOV-3 cells. 12-hour of Calp and TN+Calp 

treatments inhibited CAPN-1/2 enzyme activity in both 

cell lines in FN+ and FN- groups. TN+Calp administration 

for 12-hour in FN+ SKOV-3 cells inhibited CAPN1/2 

enzyme activation statistically significantly more than 

both Calp and TN groups. In addition, TN+Calp 

administration in SKOV-3 cells had a stronger inhibitory 

effect in fibronectin-bound cells than in non-bound cells. 

On the contrary, in IHOSE cells, it showed stronger 

inhibition in cells not bound to fibronectin. 

DISCUSSION 

Ca2+-dependent calpains, included in the protease family, 

have roles in multiple physiological and pathological 

functions. It is known that activation or inhibition of these 

protease family members is observed in many metabolic 

disorders such as neurodegenerative and cardiovascular 

diseases, ischemic disorders, arterial sclerosis, and 

cancer.13 It has been reported that CAPN-1/2 is required 

for the invasive and metastatic potential of CAPN-1/2 in 

hepatocellular carcinoma.14 In our study, we first 

demonstrated the presence of CAPN-1/2 enzyme 

activation in FN+/FN- normal IHOSE and ovarian cancer 

SKOV-3 cells. It is known that FN binding protein is 

effective during the migration of ovarian cancer cells in 

vivo.11 It has been reported that calpain plays an important 

role in the FN induced EMT response in breast cancer.15 

Therefore, we conducted our research in FN+ and FN- 

cells and examined the effect of FN on CAPN-1/2 enzyme 

activation. CAPN-1/2 enzyme activity was found to be 

significantly higher in FN- SKOV-3 cells compared to 

FN+ cells in 1 hour of application. No significant 

difference was observed in FN+ and FN- control groups at 

12-hour. Kondakova et al in their study on calpain activity, 

found calpain activity to be significantly higher in ovarian 

cancer compared to normal tissue and in metastatic ovarian 

cancer compared to primary tumors.4 In patients with 

primary ovarian cancer treated with platinum-based 

chemotherapy, CAPN-1 and CAPN-2 expressions were 

detected and a high level of CAPN-2 expression was 

significantly associated with platinum-resistant tumors.5 In 

an in vitro study, CAPN-1, 2 protein expressions were 

investigated in 5 different ovarian cancer cells (A2780, A-

2780-cis, SKOV-3, PEO1, PEO4) and shown that CAPN-

1 expression was highest in PEO1 cells and CAPN-2 

expression in SKOV-3 cells. The same study reports that 

the expression of these proteins is very low in some types 

of cells (A2780, A2780cis), and it varies according to the 

cell type.7 In our study, we found that CAPN-1/2 enzyme 

activity (12-hour) was higher in FN+ normal IHOSE cells 

compared to SKOV-3 cells. On the other hand, it was more 

expressed in SKOV-3 cells in FN- cells after 1 hour of 

incubation, while enzyme activity was observed to be 

higher in IHOSE cells with the prolongation of the time 

(12 h). As a result, in our study, we can say that the activity 

of CAPN-1/2 varies according to the cell, the presence of 

FN, and the incubation period. 

TN, a nucleoside antibiotic, activates Ca2+ from 

intracellular stores, and increases Ca2+ flux through the 

plasma membrane.9 A recent in vivo study found that TN 

treatment activates both cytosolic and mitochondrial 

calpain 1 (CAPN-1).16 In a study investigating the anti-

tumor effect of TN, it was also found that TN inhibits cell 

proliferation and migration in hepatocellular carcinoma.17 

In our study, we examined the effect of TN on CAPN-1/2 

activation in FN+/FN- normal and cancer cells. The effect 

of TN on the CAPN-1/2 enzyme activity varied according 

to both the cell type, whether the cells were FN bound or 

not, and the duration of application. While TN stimulated 

CAPN-1/2 enzyme activity in FN+/FN- normal IHOSE 

cells at 1 hour, it did not show any stimulating effect on 

SKOV-3 cells. We can say that TN application for 12-hour 

acts as a CAPN-1/2 inhibitor because it significantly 

inhibits CAPN-1/2 enzyme activity in FN+ SKOV-3 and 

IHOSE cells. It is promising that calpains can be used as a 

target molecule in cancer treatment and that specific 

inhibitory substances for clinical use can be developed and 

applied in the treatment. Rose et al showed that the CAPN-

2 inhibitor substance (2LLY-CH2F) reduced tumor volume 

in murine colitis and colitis-related cancers and reduced 

HT29 human colorectal cancer cell proliferation.18 

Proliferation and migration were inhibited in high-grade 

serous ovarian cancer by inhibiting CAPN9 gene 

expression with MiR-585-3p.19 In our research, we 

determined the effect of Calp application on CAPN-1/2 

enzyme activity in both normal and cancer cells. Calp 

administration 1 hour significantly inhibited CAPN-1/2 

activation in FN+ SKOV-3 cells, while it did not show an 

inhibitory effect in other groups (FN- SKOV-3 and 

FN+/FN- IHOSE). On the other hand, 12-hour of Calp 

application inhibited CAPN-1/2 activation in both IHOSE 

and SKOV-3 cells, independent of FN, at a statistically 

significant level. However, both TN and Calp showed an 

inhibitory effect on FN+ IHOSE and SKOV-3 cells after 

12-hour of administration. It has been determined that 

when TN+Calp is applied to FN+ SKOV-3 cells for 12-

hour, it inhibits CAPN-1/2 enzyme activity more strongly 

than TN and Calp applications alone. In addition, TN+Calp 

administration inhibited FN+ SKOV-3 cells more than FN.  

CONCLUSION 

In this study, the effect of TN, which provides cytoplasmic 

calcium increase, and CAPN-1/2 inhibitor, Calp, on 
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CAPN-1/2 enzyme activity in FN+ ovarian cancer cells 

was explored by comparing with normal ovarian cells. 

CAPN-1/2 enzyme activity was demonstrated in both 

normal and SKOV-3 cancer cell lines, being higher in 

normal IHOSE cells (12 h). TN and TN+Calp 

administrations for 1 hour stimulated calcium-activated 

CAPN-1/2 enzyme activity in FN+ IHOSE cells, while 

they did not show any stimulatory effect in SKOV-3 cells. 

In fact, 1 hour TN+Calp administration showed an 

inhibitory effect on CAPN-1/2 enzyme activity in FN+ 

SKOV-3 cells. TN, Calp and TN+Calp administration for 

12-hour inhibited CAPN-1/2 enzyme activity in FN+/FN- 

IHOSE and SKOV-3 cells. TN+Calp application was 

determined to be the strongest inhibitor in FN+ SKOV-3 

cells since it inhibited more than both Calp and TN alone. 

In addition, TN+Calp administration in SKOV-3 cells had 

a stronger inhibitory effect in fibronectin-bound cells than 

in non-bound cells. In conclusion, the effects of TN, Calp 

and TN+Calp applications on the CAPN-1/2 enzyme 

varied according to the cell whether it was bound to FN or 

not and the incubation period. 12 h administrations of TN, 

Calp or TN+Calp inhibited the CAPN-1/2 enzyme in both 

FN+ IHOSE and SKOV-3 cells. 
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