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Effects of glycyrrhetic acid on human chronic myelogenous leukemia 

cells 

Abstract 

Objectives: Chronic myelogenous leukemia (CML) is a type of blood cancer 

which is initially treated with imatinib (first Abl kinase inhibitor). However, some 

patients with CML are able to develop imatinib resistance. Several new 

generation drugs have been developed, but do not overcome this problem. 

Glycyrrhetic Acid (GA) is a plant-derived pentacyclic triterpenoid that exhibits 

multiple pharmacological properties for the treatment of cancers. The current 

study aims to investigate the effects of GA on K562 cell line (Bcr-Abl positive 

leukemia). 

Materials and Methods: MTT cell proliferation assay was employed to evaluate 

the cytotoxic effect of GA compared with imatinib (positive control) against 

leukemia and normal blood cells. For detection of cell death, 

apoptotic/necrotic/healthy assay was performed against K562 cell line. To 

investigate kinase inhibitory activity of GA, the Abl1 kinase profiling assay and 

molecular docking study were performed. 

Results: GA showed Abl kinase inhibitory activity with IC50 value of 29.2 M and 

induced apoptosis in K562 cell line after 6 h of treatment.  

Conclusion: The current findings indicate that this class of plant extract could be 

a potential candidate for treatment of CML. 

Key Words: Pentacyclic triterpenoid, Glycyrrhetic acid, Abl kinase, Apoptosis, 

K562 cells 
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Glisiretik Asit`in insan kronik miyelojenöz lösemi hücreleri üzerindeki 

etkileri 

ÖZET 

Amaç: Kronik miyelojenöz lösemi (KML), başlangıçta imatinib (ilk Abl kinaz 

inhibitörü) ile tedavi edilen bir tür kan kanseridir. Fakat, KML`li bazı hastalar 

imatinib`e karşı direnç geliştirebilmektedir. Değişik yeni nesil ilaçlar geliştirilmiştir, 

ancak bu problemin üstesinden gelinememiştir. Glisiretik Asit (GA), kanser 

tedavisinde birçok farmakolojik özellik gösteren bitki kaynaklı bir pentasiklik 

triterpenoiddir. Bu çalışma, GA`nın K562 hücreleri (Bcr-Abl pozitif lösemi) 

üzerindeki etkilerini araştırmayı amaçlamaktadır. 

Gereç ve Yöntemler: MTT hücre proliferasyon analizi, GA`nın imatinib`e (pozitif 

kontrol) kıyasla lösemi ve normal kan hücrelerine karşı sitotoksik etkisini 

değerlendirmek için kullanıldı. Hücre ölümünün tespiti için, 

apoptotik/nekrotik/sağlıklı hücre analizi K562 hücrelerine karşı yapıldı. GA'nın 

kinaz inhibe edici aktivitesini araştırmak için, Abl1 kinaz profil tahlili ve moleküler 

doking çalışmaları yapıldı. 

Bulgular: GA, 29.2 M IC50 değeri ile Abl kinaz inhibitör aktivitesi gösterdi ve 6 

saatlik tedaviden sonra K562 hücre hattında apoptoz`a sebep oldu. 

Sonuç: Mevcut bulgular, bu bitki özütü sınıfının KML tedavisi için potansiyel bir 

aday olabileceğini göstermektedir. 

Anahtar kelimeler: Pentasiklik triterpenoid, Glisiretik asit, Abl kinaz, Apoptoz, 

K562 hücreleri 
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1. Introduction 

One of the major health problems all over the world is cancer. In 2015, over 8.7 

million patients died from cancer globally, with approximately 17.5 million new 

cases (1,2). Despite extensive efforts over the last several decades, cancer is still 

one of the most common cause of death in many developing nations. The death 

rate from cancer is predicted to be 17 million, with 26 million new cases each year 

by 2030 (3,4). Due to this global increase in the cancer burden, a massive 

research effort has been made for discovery of effective and less toxic 

chemotherapeutic agents (5-8). 

Over the past few years tyrosine kinases have raised a growing interest as drug 

target in anticancer drug discovery that play an important role in signal 

transduction, mitogenesis and other cellular activation processes (9-11).  More 

than 25 kinase inhibitors are available for cancer therapy and there are currently 

many more promising candidates in clinical development (12,13) after the 

approval of imatinib as the first Bcr-Abl tyrosine kinase inhibitor in 2002 (14).  

Although imatinib still continues to be initial choice in CML treatment, some 

patients with CML are able to develop drug resistance to imatinib (14,15). This 

major limitation is becoming a significant concern for patients with the imatinib-

resistant chronic-phase CML (16). Several new generation drugs have been 

developed, but there are still no alternative drugs available to overcome this 

problem (17,18). 

Pentacyclic triterpenoids have emerged as a unique class of natural compounds 

and have been studied extensively for more than a century due to their effective 

therapeutic applications for the treatment of a wide spectrum of diseases and 

their high safety profile (19,20). Recent studies have indicated that two different 

types of pentacyclic triterpenoids Celastrol and Gypsogenin exert anti-Abelson 

kinase 1 (Abl1) and anti-CML leukemia effects (21,22).  

GA is an olenane-type natural pentacyclic triterpenoid extracted from liquorice, 

which exhibits a promising anticancer activity on many cancer cells including 

human ovarian cancer, breast cancer, hepatocellular carcinoma, pituitary 

adenoma, human bladder cancer, lung cancer and leukemia (19,23-27). 

However, there is no reported research yet in the literature that displays Bcr-Abl 
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inhibitory activity of GA. In the present study, we explored biological activities of 

GA against leukemia cell lines (Jurkat, MT-2 and K562) and normal cells of 

human blood (PBMC) and then evaluated its anti-tyrosine kinase activity. 

Furthermore, the apoptotic/necrotic analysis against K562 cell line and molecular 

docking with the Abl kinase domain were carried out using GA. 

2. Materials and Methods 

2.1 Cell culture conditions and drug treatment 

The K562, Jurkat and MT-2 cell lines were cultured in RPMI 1640 (Wako Pure 

Chemical Industries, Osaka, Japan) medium with 10% fetal bovine serum (FBS) 

(Equitech-Bio, Texas, U.S.) and 89 M/mL streptomycin (Meiji Seika Pharma, 

Tokyo, Japan) in a humid atmosphere at 37oC and 5% CO2. Peripheral blood 

mononuclear cells (PBMC) (Precision Bioservices, Frederic, MD) were incubated 

in RPMI 1640 medium with 10% human serum AB (HS) (Gemini, Woodland, CA) 

and 89 M/mL streptomycin at 37oC (humid atmosphere, 5% CO2). In 

experiments, the leukemia and PBMC cells were incubated in 24-well culture 

plates at 105 and 106 cells/ml concentration respectively for 48 h. The stock 

solution of GA (Tokyo Chemical Industry Co. Ltd., Tokyo, Japan) and imatinib 

(Wako Pure Chemical Industries, Osaka, Japan) in concentrations of 2.5 mM, 5 

mM, 10 mM, 20 mM and 30 mM were prepared in DMSO (Wako Pure Chemical 

Industries, Osaka, Japan). The concentration of DMSO in the final culture 

medium was 1%. 

2.2 MTT assay for cytotoxicity 

The MTT test was performed routinely as described in the literature (28,29). GA 

and imatinib were cultured with cells in different concentrations (3-300 M). After 

48 h of treatment, cells were incubated with MTT (Dojindo Molecular 

Technologies, Kumamoto, Japan) solution in medium for 4 h. At the end of 

incubation, the solution was taken out and 100 µL DMSO was added to each well. 

The absorbance of the solution was measured in a microplate reader Infinitive 

M1000 (Tecan, Groding, Austria) at a wavelength of 550 nm with background 

subtraction at 630 nm. All experiments were run in triplicate and cell viability was 

calculated as the percentage of the viable control cells. IC50 values were 
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estimated from the results of the MTT test described as the drug concentrations 

that reduced absorbance to 50% of control values.  

2.3 Detection of cell death 

After treatment of K562 cells with GA or imatinib at IC50 concentrations for 6 h, 

apoptotic/necrotic/healthy detection kit (PromoKine, Heidelberg, Germany) was 

performed according to PromoKine`s instructions with the modifications (30). 

After the cells were harvested and washed with PBS, the cells were suspended 

with binding buffer (1). After that, 50 μL of binding buffer, 4 μL of FITC-Annexin 

V solution, 4 μL of ethidium homodimer III solution and 4 μL of Hoechst 33342 

solution were added into the cells for 30 min at room temperature in the dark. 

Then, the cells were analyzed by a fluorescence microscope Biorevo 

Fluorescence BZ-9000 (Keyence, Osaka, Japan). The number of apoptotic cells 

(Annexin V), late apoptotic or necrotic cells (Annexin V and Ethidium homodimer 

III) and necrotic cells (Ethidium homodimer III) were counted as previously 

described (31). 

2.4 Abl1 tyrosine kinase profiling system 

The Abl1 kinase profiling assay (Promega Corporation, Madison, WI, USA) was 

performed as previously described with modifications (21). In this system, Abl1 

kinase strip and its substrate were diluted with 95 µL of 2.5x kinase reaction buffer 

and 15 µL of 100 µM ATP. Then, 2 µL of kinase working stock and 2 µL of 

ATP/substrate working stock were dispensed in the 384-well plate wells along 

with 1 µL of compound solution at varying concentrations (10-300 µM) in a buffer. 

Kinase reaction was incubated for 1 h at room temperature and then the activity 

of Abl1 kinase was detected using the ADP-Glo kinase assay (Promega 

Corporation). Abl1 inhibition profiling of GA in dose-response mode was 

measured by a luminescence microplate reader Infinitive M1000 (Tecan). IC50 

values of GA and imatinib required to reduce kinase activity by 50% was 

calculated using ImageJ software. 

2.5 Molecular modeling 

To investigate the binding modes of GA with Abl1 kinase, molecular docking 

study was performed using Molecular Operating Environment MOE 2015.10 

(Chemical Computing Group, Montreal, Canada). The co-crystal structure of Abl 
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tyrosine kinase with imatinib was obtained as the docking template from PDB 

data bank (PDB code: 1IEP) (32). Then, the Abl kinase and GA were prepared 

for molecular docking analysis including the addition of hydrogen atoms, the 

assignment of bond order, assessment of the correct protonation state and other 

default parameters. All molecular docking calculations were performed as 

previously described (33,34).  

3. Results  

In the present study, we first performed MTT assay to investigate the anti-

proliferative effects of GA and imatinib against multiple human leukemia cells 

(K562 CML, Jurkat and MT-2) at various concentrations (10-300 M). Imatinib 

was selected as a model drug, considering its wide use in the treatment of CML. 

GA (Figure 1) and imatinib were dissolved in DMSO, diluted by culture medium 

and then treated with cultured cells for 48 h. The IC50 values of these compounds 

on three cancer cell lines were shown in Table 1. GA exhibited concentration 

dependent inhibitory effect with IC50 values that were less than 75 M against all 

three cancer cell lines. It possessed most potent cytotoxic activity against 

imatinib-sensitive K562 cells with IC50 value of 51.6 M (Figure 2A), and IC50 

values of GA on Jurkat and MT-2 cells were 55.1 M and 70.2 M, respectively, 

weaker than those of positive control. Next, the activity of target compound was 

examined on normal peripheral blood mononuclear cells (PBMCs) and compared 

with imatinib (Figure 2B). GA did not show considerable cytotoxicity against 

PBMCs with IC50 value of 117.5 M and exhibited ~ 3.5 times lower cytotoxicity 

than imatinib (Figure 2B). These results indicate that GA can act as an anti-CML 

agent and exhibits good selectivity for K562 cell lines over normal cells. 

In order to investigate the process of apoptosis and necrosis, K562 cell line 

treated with GA or imatinib at IC50 concentrations were subjected to the annexin 

V/ ethidium homodimer III and Hoechst 33342 staining method and then 

observed by a fluorescence microscope (Figure 3). In the control experiment (1% 

DMSO), all cells were healthy (blue staining) at 6 h (Figure 3A). On the other 

hand, the cells treated with GA and imatinib were stained mostly with healthy 

cells (blue), then apoptotic cells (green) and only a few necrotic cells (red) and 

late apoptotic or necrotic cells (both green and red) were detected at 6 h (Figure 
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3A), suggesting that the main cell death pathway of GA and imatinib was 

apoptosis in earlier time. The results showed that GA has 71% apoptotic, 9% 

necrotic and 20% late apoptotic/necrotic activities (Figure 3B). In contrast, the 

response of K562 cells upon 6 h imatinib treatment was 62% apoptosis, 11% 

necrosis and 27% late apoptosis/necrosis (Figure 3B). Surprisingly, the results 

demonstrated that GA is able to induce more cell apoptosis than imatinib in Bcr-

Abl positive cells.  

To explore the inhibition profile of GA on Bcr-Abl, we used Abl1 tyrosine activity 

based kinase assay. In this system, GA was screened at multiple concentrations 

(10-300 M) to determine its inhibitory profile on target kinase (Abl1 tyrosine 

kinase). GA displayed a potential Bcr-Abl inhibitory activity with an IC50 value of 

29.2 M as shown in Figure 4. Imatinib was included for comparison and showed 

stronger inhibitory effect than GA on Abl1. In order to understand the Bcr-Abl 

kinase inhibitory activity of GA, we next examined molecular modelling based on 

the co-crystal structure of Abl with imatinib as the docking model (PDB ID code: 

1IEP). GA has fitted into the pocket forming five non-covalent interactions with 

four amino acid residues namely His361, Arg362, Asp381 and Ala380 (Figure 5). 

It is clear that GA carboxylate plays a pivotal role in activity by forming two H 

bonds with the basic amino acid Arg362. Binding energy values of GA and 

imatinib into the pocket are -7.2 and -11.1 kcal/mol, respectively which is in 

agreement with the experimental results. 

4. Discussion  

CML is a cancer of white blood cells mainly caused by the Bcr-Abl. Bcr-Abl 

tyrosine kinase inhibitors including imatinib have demonstrated significant 

therapeutic effects on many CML patients. However, resistance and toxicity of 

these inhibitors have been frequently reported in recent years. Therefore, novel 

Bcr-Abl inhibitors with high efficacy and low toxicity for treatment of CML are still 

searched. The accumulated evidence shows that GA has antitumor activities in 

breast cancer, ovarian cancer and acute promyelocytic leukemia, but its activity 

against CML is yet to be investigated.  

In the present study, we explored cytotoxic activity of GA against different 

leukemic cell lines (K562, Jurkat and MT-2) and found that GA possesses a 
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remarkable antiproliferative effect on K562 Bcr-Abl positive cell line. Moreover, 

GA induced programmed cell death in CML cells more efficiently than imatinib at 

6 h of treatment and showed significant tumor selectivity on blood cells (PBMC 

and K562). To get more insights into GA molecular mechanism, we assessed its 

effect on Abl1 kinase which is amplified in K562 cells. As anticipated, GA inhibited 

Abl1 kinase with an IC50 of 29.2 μM. Molecular modeling simulation provided 

mechanistic information on the possible binding mode of GA into the ATP binding 

site of Abl1 kinase. 

Recently, we have also revealed the activity of Gypsogenin, which is another 

pentacyclic triterpenoid, and its derivatives against K562 cell line (21). 

Considering previous and current data together, our findings suggest that PTs 

have promising anti-cancer roles and deserve particular attention in the treatment 

of CML. We believe that derivatization of GA will enhance its binding affinity into 

Bcr-Abl kinase, which in turn will enhance its anti-cancer activity. Further 

derivatizations and biological investigations for improvement of GA activity are 

ongoing. 
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