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 Choriocarcinoma is a malignant gestational tropoblastic disease derived 

from an imbalance between apoptotic activity and cytotrophoblast cell 

proliferation. The ability of apoptosis and cell proliferation is either 

associated with telomerase activity. This study aimed to evaluate 

therapeutic effect from combination Methotrexate and All Trans 

Retinoid Acid. This research method was experimental with post test-

control group design approach. This study used cell culture of 

choriocarcinoma cell line BeWo (ATCC® CCL-98TM) given exposure 

to MTX 50 mg, ATRA 400 ɥg/ml, and a combination of both. The 

measurement of telomerase activity was performed using TeloTAGGG 

Telomerase PCR ELISAPLUS Kit, while the apoptotic index was 

performed with Cellular DNA Fragmentation Kit. The data were 

analyzed by one-way ANOVA test and Least Significance Different 5 

percent test (LSD) with correlation level determined by Pearson test. The 

results showed a significant decrease in telomerase activity between the 

groups given exposure and control (p = 0.000 <α). Conversely, there was 

a significant increase in apoptotic index between the group given 

exposure and control (p = 0.000 <α). The relation between decreased 

telomerase activity and increased apoptotic index was significant (p = 

0,000 <α) with a correlation coefficient of -0.667 indicating that the 

relationships were still strong. The administration of MTX and ATRA is 

related to decreased telomerase activity and increased apoptotic index of 

choriocarcinoma disease. Administering combination of MTX+ ATRA 

seems to have the potential to provide maximum therapeutic effect on 

choriocarcinoma. 
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1. Introduction 

Choriocarcinoma is a gestational trophoblastic neoplasia (GTN) derived from cytotrophoblasts neoplastic 

transformation and capable of producing human chorionic gonadotropin (hCG) [1]. The incidence of 

choriocarcinoma in Europe and North America is 1 per 40,000 pregnancies, whereas in Southeast Asia it is 

higher, i.e., 9.2 per 40,000 pregnancies [2]. 

 

Choriocarcinoma is a highly sensitive neoplasia of methotrexate, which is about 90 percent with minimal 

side effects and low toxicity profile [2]. Moreover, a resistance rate of MTX was reported becoming higher 

every year for choriocarcinoma patients treated with single dose methotrexate (50mg) in 2 weekly cycles. 

Resistance rate of single dose methotrexate was higher than an alternative regimen, intravenous ‘push’ 

methotrexate (0,4mg/kg for 5 doses in 2 weekly cycles), 57 percent compared to 31 percent respectively [3]. 

 

All trans retinoic acid (ATRA) is known to increase apoptosis in hydatidiform mole cell cultures. ATRA 

has a role in controlling the cell cycle by stopping the cell cycle in the phases of G1 and S [4]. The 

termination of cell cycle by ATRA is achieved through activation of p53, p21, p27, cyclin inhibition, and 

caspase activation [5]. 

 

Previous research has shown a strong relation between telomerase activity and malignancy, but until now 

there has been no research on telomerase activity inhibition by MTX and ATRA combination in 

choriocarcinoma. This study will examine the role of MTX and ATRA toward inhibition of telomerase and 

apoptotic activity using cell culture of choriocarcinoma cell line BeWo (ATCC®CCL-98TM). 

 

2. Method 

 

2.1 Research Design 

This study was conducted with a simple experimental design with analysis at the end of treatment (post test 

control group design). This study was designed in vitro using cell culture choriocarcinoma of cell line 

BeWo (ATCC®CCL-98TM). Cell culture of cell line choriocarcinoma BeWo (ATCC®CCL-98TM) was 

exposed to methotrexate (MTX), all trans retinoic acid (ATRA), and combination of both (MTX+ATRA) 

on a certain dose, with no exposure control, then measured telomerase activity and apoptotic index. 

 

The research was conducted at the Laboratory of Cell Culture/Tissue of Physical Laboratory, Faculty of 

Medicine Universitas Brawijaya Malang in July to September 2017. 

 

2.2 Sample and Population 

This study used choriocarcinoma cell sample derived from choriocarcinoma cell line BeWo (ATCC®CCL-

98TM) which have been cultured. The inclusion criterion in this study was the result of growing cultures, i.e., 

the structure and function characteristics of cell cultures remained resemble choriocarcinoma cells; no 

contamination was obtained; and confluent or evenly distributed cells. Exclusion criterion in this research 

was the result of not grow culture, marked by the occurrence of browning, that is a state of phenol 

compound existence which signifies culture physiology decline, so that culture died; contamination was 

obtained, both spores and bacteria; and cells clumped to each other. The sample size was 24 samples. 

 

2.3 Research Plot 
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This study used cell culture of choriocarcinoma cell line BeWo (ATCC®CCL-98TM) divided into 4 groups 

with repetition of each group as much as 6 times. Cell culture of choriocarcinoma cell line BeWo 

(ATCC®CCL-98TM) requires washing 3 times for 2 days to become a confluent cell. One group was not 

administered exposure as a control group, and three groups were administered exposure, namely: group 1 

was exposed to methotrexate (MTX) at a dose of 50 mg; group 2 was exposed to all trans retinoic acid 

(ATRA) at a dose of 400 μg/ l; group 3 was exposed to MTX 50 mg and ATRA 400 μg/ml. After exposure, 

the sample was incubated for 6 hours to measure telomerase activity and apoptosis index with Enzyme-

Linked Immunosorbent Assay (ASSAY). 

 

3. Results 

Figure 1 shows the telomerase activity detected in every sample of choriocarcinoma cell line BeWo 

(ATCC®CCL-98TM) by TeloTAGGG Telomerase PCR ELISAPLUS kit. Strong telomerase was detected in no 

exposured group. Comparatively weaker telomerase activity was detected in every exposure group, which 

the weakest was combination of MTX and ATRA- exposured group. 

 

 
Figure 1. Telomerase activity in choriocarcinoma cell line BeWo (ATCC®CCL-98TM). Telomerase activity 

Sample: Cell culture of choriocarcinoma cell line 
BeWo (ATCC®CCL-98TM) 

 

No Exposure  

Exposed All trans retinoic acid (ATRA) 
400 μg/ml 

 

Exposed MTX 50mg + ATRA 400μg/ml 

Incubated for 6 hours 

Results 

Telomerase activity 

examination 

Exposed Methotrexate (MTX) 50 mg 

Apoptosis index 

examination 

Enzyme-linked immunosorbent 
assay (ELISA) 
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was assayed at three concentrations of the telomerase extract (1 ug, 0.1 ug, and 0.001 ug of protein per 

reaction). RNase was included in each case to ensure the specificity of the telomerase assay. 

Choriocarcinoma cell line with clear telomerase activity showed in control group. Weakest telomerase 

activity showed in combination MTX and ATRA- exposured group. 

 

There were variations in the level telomerase detected among exposure and non-exposured group by 

ELISA, resulted semiquantitave value by equation in figure 2. 

 

 
Figure 2. Dynamic range of telomerase activity. Telomerase activities were calculated according to the kit 

protocol by internal standard (0,009). 

 

Figure 3 showed classical apoptotic activity can be quantitavely examined by flowcytometry. 

 

 
Figure 3. Detection of apoptotic activity by fluorosescently labeled annexin V combined with plasma 

membrane permeability assessment (propidium iodide; PI). Choriocarcinoma cell line BeWo (ATCC®CCL-

98TM) were untreated (control) or treated with methotrexate (MTX), all trans retinoic acid (ATRA), and 

combination of both to induce apoptosis as described. Apoptosis logarithmically amplified red (Annexin V), 
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and green (propidium iodide) fluorescence signal were measured by flowcytometry. Early apoptotic cells 

(A), late apoptotic/ secondary necrotic cells (LA), primary necrotic and some very late apoptotic cells (N) 

and live cells (V) being measured by red fluorescence staining. 

 

The normality test data was performed using the Saphiro-Wilk test. Both the telomerase expression variable 

and the apoptotic index variables obtained p-value greater than the significance level α=0.05 (p> 0.05). This 

shows that the data normality assumption on the variable has been fulfilled. In addition, homogeneity test 

was performed using Levine test. 

 

Table 1. Saphiro-Wilk and Levine test 

Variable Coefficient p-value Info 

Telomerase Expression 0.956 0.356 Normal 

Apoptosis Index 0.967 0.583 Normal 

 

Variable Coeficient p-value Info 

Telomerase Expression 2.317 0.106 Homogen 

Apoptosis Index 2.396 0.098 Homogen 

 

The histogram below (figure 4) shows the average telomere activity in the control group is 33.12 ± 7.63, the 

MTX group is 6.11 ± 4.22, the ATRA group is 5.56 ± 4.18, and the MTX + ATRA group is 2.41 ± 3.09. 

 

 
Figure 4. Histogram of telomerase activity. Descriptively, the highest telomerase activity was found in 

control group (K), while lower activities were found in treated groups. 

 

Data test statistically on histogram above by using one-way ANOVA test, obtained p-value smaller than 

significance level α=0.05 (p<α=0.05), that was 0.000 p-value. From this test, it can be concluded that there 

is a significant effect of administering MTX, ATRA, and MTX+ ATRA on degression of telomerase 

activity. The effects of each group were re-examined using the least significance difference 5 percent (LSD 

5%) which can be explained in the following table (table 1). 

 

Table 2. Comparison of telomerase activity from each group by LSD 5% test 

Group I (beginning) Group II (comparison) p-value 
 MTX 0.000 

K ATRA 0.000 
 MTX+ ATRA 0.000 
 K 0.000 

MTX ATRA 0.852 
 MTX+ ATRA 0.221 
 K 0.000 
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ATRA MTX 0.852 
 MTX+ ATRA 0.295 
 K 0.000 

MTX+ ATRA MTX 0.221 
 ATRA 0.295 

 

The histogram below (figure 5) shows the average apoptotic index in the control group is 5.33 ± 3.79, the 

MTX group is 12.58 ± 2.46, the ATRA group is 17.41 ± 3.07, and the MTX + ATRA group is 34.37 ± 5.39. 

 

 
Figure 5. Histogram of apoptosis activity. Descriptively, the highest apoptosis activity examined by 

apoptotic index was found in combined MTX and ATRA- exposured group (MTX+ATRA), while lower 

activities were found in another treated groups and control group. 

 

Data test statistically on histogram above by using one-way ANOVA test, obtained p-value smaller than 

significance level α=0.05 (p<α=0.05), that was 0.000 p-value. From this test, it can be concluded that there 

is a significant effect of administering MTX, ATRA, and MTX+ ATRA on elevating of apoptosis index. 

The effects of each group were re-examined using the least significance difference 5 percent (LSD 5%) 

which can be explained in the following table (table 2). 

 

Table 3. Comparison of apoptosis index from each group by LSD 5% test 

Group I (beginning) Group II (comparison) p-value 
 MTX 0.004 

K ATRA 0.000 
 MTX+ ATRA 0.000 
 K 0.004 

MTX ATRA 0.041 
 MTX+ ATRA 0.000 
 K 0.000 

ATRA MTX 0.041 
 MTX+ ATRA 0.000 
 K 0.000 

MTX+ ATRA MTX 0.000 
 ATRA 0.000 

 

The relation between telomerase activity and the apoptotic index can be seen in scattering plot below 

(figure 6). Based on the graph, relation between telomerase activity and the apoptotic index of each group 

compared to control, it can be seen that decreased telomerase activity was followed by an increase in the 

apoptotic index. 
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Figure 6. Scattering plot between telomerase activity and apoptosis index. Correlation coefficient (R) 

between two variable showed strong contrary correlation. 

 

Based on the result of correlation test with Pearson correlation test between telomerase activity with 

apoptotic index, correlation coefficient was obtained -0.667 with p-value equal to 0.000. P-value less than 

0.05 (p-value <0.05) indicated a significant relation between telomerase activity and apoptotic index. The 

correlation coefficient of -0.667 indicated a strong correlation between telomerase activity and apoptotic 

index. Negative signals implied that there is a negative association between telomerase activity and 

apoptotic index, i.e. a decrease in telomerase activity will be followed by an increase in the apoptotic index. 

 

4. Discussion 

This study showed that the administration of MTX in 50 mg dose, ATRA 400 μg/ml, and a combination of 

both (MTX+ ATRA) significantly decreased telomerase activity in cell culture of choriocarcinoma cell line 

BeWo (ATCC® CCL-98TM). Zhu, et al (1996) found that telomerase activity required in maintaining 

telomeres was only active in the DNA replication stage, that is phase S and decreased or hibernated at non-

replicative stages, such as the G2/M phases [6]. This causes MTX which is the mediator agent of the S 

phase blockade to inhibit telomerase activity [7]. 

 

Methotrexate interferes S phase from the cell cycle by being a potent inhibitor of dihydrofolateptasease, 

therefore the conversion of dihydrofolate (FH2) to tetrahydrofolate (FH4) does not occur. This results in 

decreased intracellular FH4-based coenzyme causing inhibition of pyrimidine and purine biosynthesis. The 

main substrate in this synthesis is N5N10methylenFH4, which on the one hand is capable of synthesizing 

thymidylate, and on the other hand capable of transforming N5N10methenylFH4 capable of synthesizing 

purines via N5formylFH4 [7]. However, the exact mechanism of decreased telomerase activity linked to cell 

cycle is not fully understood, as not all therapeutic agents working in S phase can decrease telomerase 

activity. The present hypothesis states that the effect of decreased telomerase activity in cell cycles is 

indirect or through other unknown pathways [8]. 

 

All trans retinoic acid is a blockade agent that operates in G1/S phase and works to control cell proliferase 

with p-53 expression induction and inhibition of cyclin activity [9]. Decreased telomerase activity due to 

ATRA because cell replication process has been inhibited prior to S phase and due to inhibition of E2F 

phosphorylation and cyclin expression A. Zhu, et al (1996) stated that cell replicative rate is equivalent to 

its telomerase activity in immortal cells, resulting in decreased replication activity cells will result in 

decreased telomerase activity [6]. 

 

This study showed administering of MTX 50mg dose, ATRA 400 μg/ml, and combination both 

(MTX+ATRA) able to increase apoptosis index significantly on cell culture of choriocarcinoma cell line 
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BeWo (ATCC®CCL-98TM). MTX does not induce apoptosis directly, but through cell stimulation indirectly 

by increasing cell sensitivity toward apoptosis. The suspected pathway that is used is internal mitochondrial 

atau death receptor pathway. Cytochrome C is released from intermembrane to cytoplasmic space and 

forms a complex with apoptotic activating factor-1 by consuming ATP cells. The complex binds to caspase-

9 to form apoptosom-ligomeric complexes of c/Apaf-1/caspase-9 cytochrome which will activate the 

caspase-3 and caspase-7 effector. Activation of the caspase-3 effector causes the separation of actin fibers 

resulting in the formation of apoptotic bodies initiating an irreversible apoptotic process [8]. 

 

Savion, et al (2009) found that MTX also indirectly affects BAX regulation which is a death-agonist Bcl-2 

family of proteins and is a key regulator of the apoptis process. Methotrexate (MTX) affects increased Bax 

activity leading to changes in the ratio of protein agonists and apoptotic antagonists [8]. 

 

All trans retinoic acid works by inducing caspase-3 activation directly or through caspase-9 activation 

where caspase is the main executor of apoptosis. Lu and Chen (2011) found that in choriocarcinoma there 

was a decrease in apoptotic activity due to decreased caspase-3 expression [10]. 

 

Caspase-3 is a very beneficial effect of caspase on apoptosis. Caspase-3 can be activated either by intrinsic 

pathway by caspase-9 or via extrinsic pathway by caspase-8. Caspase-3 will cause caspase activated DNase 

(CAD) to be detached from CAD inhibitor (ICAD) and will initiate the process of DNA chromosomal 

degeneration and the cells become apoptotic bodies which will then be aggregated by macrophage without 

causing an inflammatory reaction [11]. 

 

Li and Yai (2008) found that ATRA was also able to increase caspase-9 expression that would trigger pro 

caspase-3 conversion to caspase-3. Increased caspase-9 by ATRA can be directly by retinoic acid or 

through activation of Apaf-1 which then formed an apoptosome complex which will trigger a change in pro 

caspase-9 to caspase-9 [12]. 

 

This study concluded that ATRA administration would increase caspase 3 and caspase 9 expression in cell 

culture of choriocarcinoma cell line BeWo (ATCC®CCL-98TM). Caspase-9 is an initiator caspase that will 

trigger the activation of Mari pro caspase-3 into caspase-3. Caspase-3 is an important effector caspase in the 

intrinsic pathway/ mitochondrial pathway that causes apoptosis. Increased caspase-9 and caspase-3 

expression triggered by ATRA will lead to an increase in the apoptotic process. This is in accordance with 

research by Andriono and Heffen (2010) on hydatidiform mole cultures exposed to ATRA then an increase 

in apoptosis process occured. With the results of this study, ATRA has the potential to be a complementary 

therapy for patients with choriocarcinoma, which of course still needs further research for that purpose [5]. 

 

Significant differences occurred between the increase in the apoptotic index in the 2 groups given exposure 

to ATRA compared to other groups given only exposure to MTX or no exposure at all. Similar results were 

obtained by Lin, et al (2007) on the effect comparison between MTX administration compared with ATRA 

on culture of human acute promyelocytic leukemia (APL) cell line NB4, human acute lymphocytic 

leukemia (ALL) cell line REH, and human acute lymphocytic leukemia (ALL) cell line RS4 [13]. Lin, et al 

(2007) found that MTX had no direct cytotoxic properties for cell apoptosis, but was able to inhibit 

replicative capacity. This is in contrast to ATRA, which is generally successful due to the direct effect of 

ATRA on the apoptotic effectors, namely caspase, although the mechanisms on cell replicative capacity are 

not fully understood [13]. 

 

The weakness of the MTX effect itself is thought to be due to the bonding of clinically used MTX derived 
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from the sodium salt, in which the MTX is in fact insoluble. This cause MTX bonding is easier to break 

resulting in weaker concentration and consequent efficacy [8]. 

 

5. Summary 

Based on the results and discussion in this study, it can be concluded that there is a significant decrease in 

telomerase activity and a significant increase of apoptotic index due to MTX, ATRA, or combination of 

both on cell culture of choriocarcinoma cell line BeWo (ATCC®CCL-98TM). In addition, there was a 

strongly correlated relation between decreased telomerase activity and increased apoptotic index due to 

MTX and ATRA on cell culture of choriocarcinoma cell line BeWo (ATCC® CCL-98TM). 
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