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Summary

Objective: To investigate the proper concentration of isoliquiritigenin (ISL) on human cervical cancer (CC) cells (Siha) inhibition and
find the possible mechanism. Materials and Methods: After been cultured for 24 hours, the Siha cells were grouped according to added:
control group, ISL group (with the concentrations of 25, 50, 100, 200, 300, 400 ug/ml) and positive group (cisplatin 25 ug/ml), methyl
thiazolyl tetrazolium (MTT) assay was performed to define the proper concentration of ISL for Siha cells inhibition. With the proper
concentration of IST, the apoptosis and the changes of mitochondrial transmembrane potential were detected by flow cytometry. Mean-
while, the caspases (3/8/9) were detected by enzyme linked immunosorbent assay (ELISA). The effects of ISL on the gene expression
of BCL-2, P53, P21, and E6 mRNA were detected by RT-PCR. Results: After been cultured with IST, the authors found that the inhi-
bition rate increased the most with the concentrations of 50, 100, and 200 ug/ml; the apoptosis rates were 3.6% = 0.76% (control),
26.1% + 2.94% (ISL 50), 37.1% + 1.44% (ISL 100), 60.0% =+ 1.44% (ISL 200), and 74.2% + 1.89% (positive), and the mitochonodrial
transmembrane potential were 93.57% + 0.76% (control), 80.53% +1.19% (ISL 50), 44.77% £ 2.06% (IST 100), 26.73% + 1.56% (IST
200), 7.90% + 0.26% (positive) of before, with a significant differences (p < 0.05); meantime the caspases’ expression also increased
with IST concentration increasing. Conclusions: The inhibition of IST on Siha cells is a time and concentration-dependent manner, the
cell apoptosis increased with the concentration of ISL 50, 100, and 200 ug/ml which may be realized through inducing the mitochon-
drial membrane potential pathway, downregulating the expression of E6 and BCL-2, and upregulating the expression of p21 and p53

genes.
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Introduction

Cervical cancer (CC) is the most common one among
various gynecological cancers, and an important part of the
global public health problems [1]. According to the report
issued by WHO, CC ranks first place among malignant fe-
male reproductive system cancer [2], with its mortality be-
hind breast cancer, ranking the second place [3]; as the
three malignant female cancers (endometrial cancer, ovar-
ian cancer, and CC), CC is one of them [4]. In developed
countries, there are about 10,000 new cases of CC annually,
while there are about 13,500 new cases in China each year.
Persistent infection of high-risk human papilloma virus
(HPV) [5] as well as combining with other related factors
such as early delivery, prolificacy, unhygienic sexual ac-
tivity, chronic cervicitis, unhygienic sexual health, multi-
ple sex partners, high-risk sex partner, or immune
suppression, are considered as the main causes of CC [6].

Xinjiang is a remote area inhabited by many ethnic mi-
norities, and it is also one of the areas with high incidence
of CC [7]; among different regions in Xinjiang, the inci-
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dence rates of CC have significant differences; furthermore,
it also can be found that the incidence of CC is increasing
annually, and some new trends also appear in view of age,
ethnicity, gender, pathological type, occupation, or geo-
graphical and cultural level, so it seriously endangers the
lives and life qualities of women. Surgery, neoadjuvant
chemotherapy, radiotherapy, and concurrent chemoradio-
therapy have been used as traditional and proven methods
toward CC [8].

Patients with early CC are commonly treated using sur-
gery, and those with advanced CC are normally treated
using radiotherapy. Although surgery and radiotherapy
have constantly improved and modified, as well as the ra-
diotherapy equipment is constantly being updated, the re-
currence rate of CC is still high, and local non-control or
side effects have caused patients mental stress.

In recent years, with in-depth research and studies tar-
geting neoplastic diseases, anticancer drugs have also been
developed from traditional drugs (toxic to normal cells) to
new types that have multiple action mechanisms, as well
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Table 1. — Inhibition of ISL on Siha cells (£s, n=4).

24 hours

48 hours 72 hours

OD Inhibition rate (%) OD Inhibition rate (%) OD Inhibition rate (%)
Blank control 0.899+0.070 0.000 1.686+0.439 0.000 1.54+0.268 0.000
Positive control 0.451+0.060*  49.375+9.186* 0.246+0.064* 83.759+3.427* 0.127+0.009* 91.603+1.019*
25 ug/mL 0.863+0.077 4.636+3.296 0.992+0.036* 33.466+8.568* 0.988+0.073*  33.109+10.955*
50 ug/mL 0.564+0.070* 37.026+8.790* 0.467+0.055* 68.518+6.706* 0.239+0.032*  84.313+£1.959*
100 ug/mL 0.380+0.040%* 57.490+6.010* 0.329+0.047* 78.101£2.799* 0.155+0.035*  89.4924+3.952*
200 ug/mL 0.243+0.019%* 72.866+2.571% 0.226+0.022*  84.994+0.234* 0.152+0.014*  89.7914+2.725*
300 ug/mL 0.223+0.014* 75.048+2.907* 0.200+0.028* 86.688+1.862* 0.148+0.007*  90.059+2.266*
400 ug/mL 0.200+0.022%* 77.740+2.283* 0.219+0.027* 85.410+1.584* 0.144+0.019* 90.3334+2.684*
DMSO group 0.903+0.056 -0.545+2.214 1.520+.1188 -1.142+2.762 1.533+0.281 0.601+2.627

* Compared with the control group, p < 0.05.

as are of low toxicity to normal cells [9]. The emergence of
various new anticancer drugs promotes researchers to de-
velop more efficient drugs using new ideas, and it also pro-
vides new models for the treatment of CC, among which
targeting therapy and Chinese medicine treatment have ap-
peared [10]. In recent years, the roles of flavonoids in main-
taining human body’s normal physiological functions and
preventing diseases have obtained wide attention, among
which ISL is a flavonoid compound, extracted from Gly-
cyrrhiza uralensis Fisch, and it has such biological activi-
ties as anti-tumor, anti-virus, anti-free radicals, and inhibit-
ing lipid peroxidation, etc [11, 12]. Its anti-tumor effects is
a hot research topic in recent years [13]. Glycyrrhiza
uralensis mainly grows in calcium-rich grasslands and ri-
parian sandy soil in Inner Mongolia, Xinjiang, or Gansu.
Among 22 species of Glycyrrhiza uralensis found world-
wide, Xinjiang region has nine of them, accounting for
more than 2/5 of the world’s Glycyrrhiza uralensis Fisch.
species, and more than 70% of it is produced in Xinjiang.
Xinjiang ranks the first in China for its wild grass species,
as well as one of regions that have the largest reserves [14].
Western chemotherapy, radiotherapy, and surgical treat-
ment have confirmed effects against CC, and although tra-
ditional Chinese medicine (TCM) cannot substitute them,
chemotherapy and radiotherapy also attack and kill normal
cells because they cannot distinguish tumor cells from nor-
mal cells, and due to chemotherapy and radiotherapy’s
great cytotoxicities to normal autologous cells, low suc-
cessful treatment rate, and poor prognosis in human body,
patients with tumors have suffered from great pain and
mental stress. However, surgery or radiotherapy supple-
mented by TCM have exhibited much better effects than
single Western medicine treatments [15]. In order to reduce
the harm caused by anticancer drugs to the human body as
well as treatment costs, many scholars are exploring abun-
dant natural resources, isolating active ingredients, and
using them for anti-cancer therapy; in future, such com-
prehensive treatments as those based on Western medicine
and combined with internal and external application of
TCM will used in the treatment of CC. Xinjiang has rich
TCM resources, so we want to take advantages of these rich
natural resources and accelerate study progresses so as to

develop natural anticancer drugs with low-toxicity to nor-
mal cells while having high efficiency as early as possible.

In this study, human cervical cancer Siha cells were cul-
tured in vitro to analyze the inhibitory effect of Gly-
cyrrhizin chalcone components ISL on the proliferation and
apoptosis of human cervical cancer cells, so as to provide
new ideas and strategies for cancer chemotherapy and bio-
therapy.

Materials and Methods

The cells were incubated in high sugar DMEM complemented
with 10% FBS and 1% double antibiotics in a CO, incubator at a
condition of 37°C, 5% CO, and 95% air with a certain humidity.
The cell morphology, adherence and growth status were observed
under an inverted microscope. Cells were passaged at every two
or three days.

The cells were seeded in 96-well plates for the culture (density
in each well 1x10* cells/ml), and when they fully adhered the wall
(24 hours), different drugs were added in: group ISL (concentra-
tions 25, 50, 100, 200, 300, and 400 ug/mL, respectively); the
blank control group and the positive control group (cisplatin 25
ug/mL) was also set simultaneously; each concentration was set
in 12 repeated wells, and after 24-hour culture in the incubator, the
former culture medium was discarded, and 20 ul of methyl thia-
zolyl tetrazolium (MTT) was added into each well, followed by
another four-hour culture in the CO, incubator; withdrawing the
MTT, 200 ul of dimethylsulphoxide (DMSO) in each well was
added and then detected using a microplate reader at 570 nm. The
cell growth inhibition rate was calculated as follows: inhibition
rate = (OD value of the control group - OD value of the drug
group) / OD value of the control group x 100%.

After 24-hour incubation, the inhibition rates of the positive
control and ISL groups (50, 100, 200, 300, and 400 ug/mL) were
higher than the blank control group, and the differences were sta-
tistically significant (p < 0.05). After 48- and 72-hour incubation,
the differences in the inhibition rate of the positive control group
with ISL group (5, 50, 100, 200, 300, and 400 ug/mL) were sta-
tistically significant (p < 0.05). With the drug concentration in-
creasing as well as the processing time prolonging, the inhibitory
effects were gradually strengthened. The inhibitory effects after
48- and 72-hour incubation were stronger than that after 24-hour
incubation (Table 1). When the incubation time was 24 hours, the
inhibition rate had a larger magnitude, so three ISL concentrations
(50, 100, and 200 ug/mL) and 24-hour incubation were selected
for subsequent experiments.

The cells were seeded in six-well plates for culturing (density
in each well 2x10° cells/ml), and when they fully adhered the wall
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(24 hours), different drugs were added in: group ISL (concentra-
tion 50, 100, and 200 ug/mL, respectively); the blank control and
the positive control groups (cisplatin 25 ug/mL) were also set si-
multaneously; after 24-hour culture in an incubator, the former
medium was discarded, and the cells were washed with phosphate
buffered saline (PBS) once, followed by being added 50 ul of
trypsin for the digestion; the mixture was then centrifuged at 1000
r/minute for five minutes and washed with PBS once, and 500 ul
1x binding buffer was added to suspend the cells, followed by
adding 5 ul of 1 AnnexinV-FITC and 10 ul of IPI; after mixed gen-
tly, the flasks were wrapped using aluminum foil, and detected
apoptosis 5-15 minutes later by flow cytometry (within one hour
of the above procedure); the apoptosis rate in each period was
then calculated according to the experimental results.

The cells were seeded in six-well plates for the culture (density
in each well 2x10° cells/ml), and when they fully adhered the wall
(24 hours), different drugs were added in: group ISL (concentra-
tion 50, 100, and 200 ug/mL, respectively); the blank control and
the positive control groups (cisplatin 25 ug/mL) were also set si-
multaneously; after 24-hour culture in an incubator, the former
medium was discarded, and the cells were washed with PBS once,
followed by being added 1 ml of Rhodamine123 staining solution
(final concentration 0.01 mg/mL) for the staining; meanwhile, the
cells were gently pipetted in order to suspend in the mixture; the
mixture was then incubated for 30 minutes in darkness at 37°C,
centrifuged at 1,000 r/minute for five minutes, and washed using
PBS twice; the supernatant was then discarded, and after the pre-
cipitate was dried as much as possible, each group was further
added 0.5 ml of PBS to suspend the cells, followed by direct de-
tection using flow cytometry.

The cells were seeded in six-well plates for the culture (density
in each well 2x10° cells/ml), and when they fully adhered the wall
(24 hours), different drugs were added in: group ISL (concentra-

tion 50, 100 and 200 ug/mL, respectively); the blank control group
and the positive control group (cisplatin 25 ug/mL) were also set
simultaneously; after 24-hour culture in an incubator, the former
medium was discarded, and the cells were collected and washed
with PBS once, followed by being added 50 ul of trypsin for the
digestion; the mixture was then centrifuged at 1,000 r/minute (500
x g) for three minutes, washed twice with 1 ml of pre-cooled PBS,
and then added 100 ul of cold lysis buffer followed by 15-second
high-speed vortex (once every five minutes for a total of three
times, 4°C); after centrifuged at 1,000 r/min (500 x g) for five
minutes, the supernatant was transferred into EP tubes and stored
at -80°C for future use. The above supernatant was then quantified
the proteins inside using the Bradford method (according to the kit
instructions). Assay of caspase activity: after quantified the pro-
teins, the supernatant was added 90 ul of assay buffer and 10 ul of
Ac-DEVD-pNA for overnight incubation in darkness at 37°C (or
1~2 hour incubation). The absorbance was then measured at 405
nm using a microplate reader. The ratio of the absorbance of the
apoptotic cells to that in the blank control group was used to cal-
culate the relative caspase activity.

Siha cells in logarithmic growth phase were seeded in culture
dishes at a density of 1x10° cells/dish. Allowing adherence for 24
h, cells in each group were treated with the corresponding con-
centration of ISL for 24 hours. Then the cells were subjected to the
extraction of total RNA. After the quantitation of total RNA, RNA
was reversely transcribed into cDNA on ice using reverse tran-
scription kit. Fluorescence quantitative RT-PCR was carried out
using cDNA as the template. The following gene-specified primer
pairs were used: E6: (forward), (reverse), Bel-2: (forward), (re-
verse), HPV16: (forward), (reverse), p21: (forward), (reverse),
p53: (forward), (reverse), and B-actin (forward), (reverse). PCR
was run following the reaction conditions: predenaturation at
95°C for three minutes, 40 cycles of denaturation at 95°C for 30
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Figure 2. — Impacts of ISL on the mitochondrial membrane potential of Siha cells.
A: Blank control. B: Group ISL (50 ug/mL). C: Group ISL (100 ug/mL). D: Group ISL (200 ug/mL). E: Positive control.

Table 2. — Absorbance values of caspase-3, 8, and 9 activity in
Siha cells after applied ISL (£s, n=3).

Caspase-3 Caspase-8
Blank control ~ 0.1237+0.0127  0.1357£0.0008
Positive control  0.2127+0.0146* 0.1750+0.0023*

Caspase-9
0.1348+0.0086
0.1614+0.0091*

50 ug/mL 0.1427+0.0070  0.1417+0.0066  0.1378+0.0067
100 ug/mL 0.1892+0.0153* 0.1444+0.0107  0.1474+0.0064
200 ug/mL 0.1918+0.0060* 0.1580+0.0061  0.1400+0.0059

* Compared with the control group, p < 0.05.

seconds, 60-second annealing at 55°C (E6) for 60 seconds or at
56°C (p53 and B-actin) for 30 seconds or at 54°C (BCL-2 and
p21) for 30 seconds, and extension at 72°C for 10 seconds, fol-
lowed by a terminal extension at 72°C for ten minutes. Finally,
the products were stored at 4°C. All samples were run in tripli-
cated. The solubility curve, peak curve, and Ct value were ana-
lyzed, and the results of each gene were calculated by 2-44¢,

SPSS17.0 was used to process and analyze the data; the data
normally distributed were expressed as mean + standard devia-
tion (£s) and compared using ANOVA; the intergroup comparison
used the F test and analyzed using the total F value, with p < 0.05
considered as statistically significant.

Results

The apoptosis rate in the control group was 3.6 + 0.76%,
and those in ISL groups (25, 50, and 100 ug/mL) it was
26.1 £2.94%, 37.1 + 1.44%, and 60.0 £ 1.44%, respec-
tively; 74.2+ 1.89% of positive control; with an increasing
of ISL concentration, the apoptosis rate was gradually in-
creased, indicating that the apoptosis was related to the con-
centration of ILS (p < 0.05) (Figure 1).

The results showed that compared with the control group,
with the increasing of ISL concentrations, the mitochondr-
ial membrane potential was more obviously reduced: the
mitochondrial membrane potential in the control group was
93.57+0.76%, and those in ISL groups (25, 50, and 100
ug/mL) were 80.53+1.19%, 44.77 £ 2.06%, and 26.73 +
1.56%, respectively, and that in the positive control group
was 7.90 + 0.26%. Mitochondrial membrane potential in
the control group was statistically higher than those in

group ISL (p < 0.05) (Figure 2).

Compared with the control group, the caspase-3 activity
in the ISL group was higher, and the differences were sta-
tistically significant (p < 0.05); with the drug concentration
increasing, the absorbance representing the caspase-3 ac-
tivity was gradually increased. As for caspase-8 and 9, there
was no significant difference between the control and ISL
groups (three concentrations), indicating that ISL had no
significant impact on caspase-8 and 9 (p > 0.05). Compared
with the control group, the caspase-3, 8, and 9 activities in
the positive control group were higher, and the differences
were statistically significant (Table 2, p < 0.05).

After treatment with ISL for 24 hours, intervention of,
the expression of E6 and BCL-2 genes in Siha cells of 24-
hour cells decreased with the an increase in the ISL dose,
while the expression of p53 and p21 genes was increased
with the increase of ISL dose.

Discussion

Succinate dehydrogenase in the mitochondria of living
cells can reduce exogenous MTT into water-insoluble blue-
purple crystals (Formazan), which will deposit in cells, but
dead cells cannot. DMSO can dissolve intracellular for-
mazan, so its absorbance can be measured at 490 nm using
a microplate reader; within a certain range of cells, the
amount MTT is directly proportional to the cell number;
therefore, according to the measured absorbance value
(OD), the number of viable cells can be determined, and
the larger the OD value, the stronger the cell activity [16].
In this study, the comparison with the control group showed
that with the drug concentration increasing, the OD value
was decreased, namely the inhibition rate increased gradu-
ally, indicating that after the ISL intervention, the prolifer-
ation of Siha cells was impacted; further comparison with
the positive control (the cisplatin group) showed that within
the same reaction duration and concentration ranges, the
inhibitory effects of cisplatin were stronger than ISL.

This study determined the apoptosis rate by flow cytom-
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etry, and compared with the blank control group, the apop-
tosis rate increased with the drug concentration increasing,
namely in a dose-dependent manner. Apoptosis [17] is a
relatively complex process, and the caspase-8 pathway and
the mitochondrion-cytochrome c (caspase-9/caspase-3)
pathway are the two most important pathways [18, 19]. The
reduction of mitochondrial membrane potential [20] is the
earliest event occurring in the apoptotic cascade, so detect-
ing its change can verify the occurrence of early apoptosis.
In this study, when compared with the control group, while
the drug concentration increased, it gradually decreased the
mitochondrial membrane potential in a dose-dependent
manner, indicating that ISL can reduce the stability of mi-
tochondrial membrane potential, thus inducing mitochon-
drion-induced apoptosis.

The cascade reaction of the caspase family is the most
critical part in the mechanism of apoptosis. Caspase starters
(caspase-8, 9, etc.) trigger the apoptosis, and Caspase ef-
fectors (caspase-3, 6, and 7) are the executors of apoptosis
[21, 22].

In cervical cancer cells, p53 mainly presents as a wild
type, which is the most important tumor suppressor gene
that has been in-depth studied. It plays a negative feedback
role in the proliferation cycle of cancer cells. The main
function of p53 is to regulate cell cycle, inhibit the prolif-
eration of tumor cells, and induce the apoptosis of tumor
cells [12, 13]. E6 and E7 are the key factors of the car-
cinogenesis of high risk HPV. Their persistent expression in
cervical cancer tissues promotes the host cells get into the
cell cycle and leads to cell proliferation, which plays an im-
portant role in malignant transformation of cells [14]. In
this study, ISL increased the expression or restored the
function of p53 and p21 and inhibited the expression or the
activation of E6 and BCL-2 in a concentration-dependent
manner.

This study shows that after the ISL intervention, caspase-
8 and caspase-9 in Siha cells were not significantly acti-
vated, but capase-3 was significantly activated, and the
differences were statistically significant (p < 0.05), indi-
cating that no enzyme-linked mechanism exists; whether
the apoptosis of Siha cells induced by ISL is realized
through beginning the death receptor pathway and the mi-
tochondrion-cytochrome ¢ pathway, still needs further stud-
ies.

In summary, the present study shows that ISL can inhibit
the proliferation of CC cells, consistent with Wang et al.
[23] who reported that ISL can inhibit the proliferation of
mouse melanoma B16F10 cells; this may be realized
through blocking cell division and inducing the apoptosis,
and there is a certain time-dose dependency.
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