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Abstract 

Purpose: To investigate the involvement of aldo-keto reductase family 1 member C1 (AKR1C1) in 
glycyrrhizic acid-mediated gastric cancer. 
Methods: Immunohistochemistry, quantitative real-time reverse transcription polymerase chain reaction 
(qRT-PCR), and western blot were used to assess AKR1C1 expression in gastric cancer. Cell 
proliferation was assessed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide 
(MTT) and colony formation assay. Apoptosis was evaluated by flow cytometry. Transwell and wound 
healing assays were performed to investigate cell invasion and migration, respectively. 
Results: AKR1C1 was significantly upregulated in gastric cancer tissues and cells (p < 0.01). AKR1C1 
knockdown suppressed cell proliferation, migration, and invasion of gastric cancer, but promoted cell 
apoptosis. Glycyrrhizic acid treatment reduced AKR1C1 expression in gastric cancer cells (p < 0.05). 
AKR1C1 overexpression attenuated the glycyrrhizic acid-induced increase in gastric cancer cell 
apoptosis as well as the decrease in cell proliferation, migration, and invasion. 
Conclusion: AKR1C1 contributes to gastric cancer cell proliferation and metastasis and counteracts 
the suppressive effects of glycyrrhizic acid on gastric cancer cell proliferation and metastasis. 
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INTRODUCTION 
 
Gastric cancer is one of the most prevalent 
malignancies and a leading cause of cancer-
related death worldwide [1]. Advanced gastric 
cancer is a major health issue, with a patient five-
year survival rate of less than fifty percent [2]. 
Therefore, more effective therapeutic strategies 
to treat gastric cancer are urgently required. 
 

Aldo-keto reductase (AKR) family one member 
C1 (AKR1C1) belongs to the AKR family, 
functions as a reduced nicotinamide-adenine 
dinucleotide phosphate (NADPH)-dependent 
enzyme in the catalyzation of progesterone into 
20-alpha-hydroxy-progesterone, and participates 
in hormone metabolism [3]. AKR1C1 
overexpression promotes non-small-cell lung 
cancer cell metastasis [4], whereas AKR1C1 
inhibition suppresses cervical cancer [5]. 
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Moreover, AKR1C1 has been implicated in the 
drug-resistant pathogenesis of cancer [6], and 
AKR1C1 overexpression enhances metastatic 
bladder cancer cell resistance to cisplatin [7]. 
Furthermore, AKR1C1 is dysregulated in gastric 
cancer tissues [8]. However, the role of AKR1C1 
in gastric cancer carcinogen metabolism remains 
unknown. 
 
Glycyrrhizic acid, a bioactive triterpene glycoside 
isolated from Glycyrrhiza glabra, has an 
antitumor effect [9] and is toxic to gastric cancer 
cells [10]. An integrated approach has shown 
that AKR family one member C2 (AKR1C2) is a 
potential target of licorice in liver protection [11]. 
Furthermore, flavonoids, wogonin, and chrysin 
regulate AKR1C1 expression in drug-resistant 
non-small cell lung cancer cells [12]. Therefore, 
glycyrrhizic acid is hypothesized to regulate 
AKR1C1 expression in the progression of gastric 
cancer. In this study, the effects of AKR1C1 on 
the biological functions of gastric cancer cells 
were investigated, and the relationship between 
AKR1C1 and glycyrrhizic acid on gastric cancer 
progression was determined.  
 
METHODS 
 
Tissue samples and immunohistochemistry 
 
Patients diagnosed with gastric cancer (n = 70) 
were recruited at the Hebei University of Chinese 
Medicine. Tumor and para-carcinoma tissues 
were collected from patients via surgery. This 
study was approved by the Hebei University of 
Chinese Medicine Ethics Committee (approval 
no. YXLL2018004) in accordance with the World 
Medical Association Declaration of Helsinki [13]. 
Written informed consent was acquired from the 
patients. The tissues were fixed in 10 % formalin 
and embedded in paraffin. The embedded 
tissues were then sliced into sections and 
subsequently incubated in citrate buffer (pH 6.0) 
and treated with 3 % hydrogen peroxide. The 
sections were blocked in normal rabbit serum 
and then probed with an anti-AKR1C1 antibody 
(Santa Cruz Biotechnology, Santa Cruz, CA, 
USA). Following incubation with peroxidase-
labeled secondary antibodies (Santa Cruz 
Biotechnology) and 3,3’-diaminobenzidine, the 
sections were observed under an inverted 
microscope (Olympus, Tokyo, Japan). 
 
Quantitative reverse transcription polymerase 
chain reaction (qRT-PCR) 
 
Tissues were lysed and total RNA was extracted 
using the TRIzol method (Invitrogen, Carlsbad, 
CA, USA). The extracted RNAs were transcribed 
into cDNAs using the Reverse Transcription 

System (Applied Biosystems, Carlsbad, CA, 
USA). The resulting cDNA was used as a 
template for qRT-PCR analysis using SYBR 
Green Master Mix (Roche, Mannheim, Germany) 
and gene-specific primers. The sequences for 
primers that were used are as follows: AKR1C1 
(Forward: 5’-GCCATATTGATTCTGCTCATTTAT-3’ 
and Reverse: 5’-TGGGAATTGCTCCAAAGC-3’) and 
GAPDH (Forward: 5’-GAAGGTGAAGGTCGGAGTC-
3’ and Reverse: 5’-GAAGATGGTGATGGGATTTC-3’). 
AKR1C1 gene expression was normalized to the 
endogenous control, GAPDH, using the 2−ΔΔCt 

method. 
 
Cell culture 
 
Gastric cancer cells (AGS, HGC-27, and NCI-
N87) and normal human gastric epithelial GES-1 
cells were purchased from Beijing Northland 
Biotech Co. Ltd. (Beijing, China). Cells were 
cultured in a 37 °C incubator with 5 % CO2 in 
RPMI-1640 medium containing 10 % fetal bovine 
serum (Invitrogen, Carlsbad, CA, USA). 
 
Cell proliferation assays  
 
AGS cells were seeded in 96-well plates (5×10 3 
cells/well) and incubated for 24 hours and 
subsequently transfected for 48 hours with 20 nM 
siRNA targeting AKR1C1 (si-AKR1C1) or a 
negative control (si-NC) using Lipofectamine 
3000 (Invitrogen). AGS cells were also 
transfected with 2 µg of pcDNA-AKR1C1 or 
pcDNA vector in the presence or absence of 4 
mM glycyrrhizic acid (Beijing Solarbio Science & 
Technology Co., Ltd., Beijing, China). The cells 
were incubated for either 24, 48, or 72 hours and 
subsequently incubated with 10 μL 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium 
bromide (MTT) solution (5 mg/mL) (Dojindo, 
Kumamoto, Japan) for another 4 hours. The 
medium was removed, dimethyl sulfoxide 
(DMSO) (150 μL) was added, and the 
absorbance at 490 nm was measured using a 
microplate reader (Sigma-Aldrich, St. Louis, MO, 
USA). For the colony formation assay, 8×10 2 
AGS cells/well were seeded in 6-well plates and 
then transfected with si-AKR1C1 or si-NC. Cells 
were cultured in medium for 10 days, fixed, and 
stained with 0.1% crystal violet before 
measurement under a light microscope 
(Olympus). 
 
Flow cytometry 
 
AGS cells were harvested using trypsin. 
Harvested cells were resuspended in binding 
buffer from the Annexin V-fluorescein 
isothiocyanate (FITC)/propidium iodide (PI) 
apoptosis kit (Nanjing KeyGen Biotech Co., Ltd., 
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Nanjing, China) and subsequently stained with PI 
and annexin V-FITC. The stained cells were 
analyzed using an ACSCalibur flow cytometer 
(BD Biosciences, San Jose, CA, USA). 
 
Cell migration and invasion assays 
 
AGS cells were seeded in 6-well plates. Each 
well was scratched with a pipette tip and 
examined under a light microscope 24 hours 
later to calculate the wound width. For the 
transwell assay, AGS cells were harvested, 
resuspended in serum-free medium, and then 
added into the upper chamber of a matrigel (BD 
Biosciences)-coated well (Corning, Tewksbury, 
MA, USA). The lower chamber was filled with 
RPMI-1640 medium containing 15 % fetal bovine 
serum. After 24 hours, invasive cells in the lower 
chamber were fixed with 4 % paraformaldehyde, 
stained with 0.5 % crystal violet, and counted 
using a light microscope. 
 
Western blot  
 
Gastric cancer cells and tissues were lysed in 
radioimmunoprecipitation assay (RIPA) lysis 
buffer (Beyotime, Beijing, China), and the protein 
concentration was determined using the 
bicinchoninic acid (BCA) Protein Assay Kit 
(Beyotime). Protein samples were separated by 
10 % sodium dodecyl-sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE), and were 
subsequently transferred onto a nitrocellulose 
membrane. The membrane was blocked in 5 % 
bovine serum albumin and then probed overnight 
at 4 °C with anti-AKR1C1 and anti-GAPDH 
(1:2000, Abcam, Cambridge, UK) antibodies. 
Following incubation with a peroxidase-
conjugated secondary antibody (1: 3000, Abcam) 
and tetramethylbenzidine, protein bands were 
visualized using chemiluminescence (Sigma-
Aldrich) and quantified using ImageJ (National 
Institutes of Health, Bethesda, MA, USA). 
 
Statistical analysis 
 
All data with at least three replicates is 
expressed as mean ± standard error of the mean 
(SEM), and analyzed by Student’s t-test or one-
way analysis of variance (ANOVA) using SPSS 
software. P < 0.05 was considered statistically 
significant. 
 
RESULTS 
 
AKR1C1 is upregulated in gastric cancer 
 
Immunohistochemical analysis revealed higher 
AKR1C1 expression in gastric cancer tissues 
than in para-carcinoma tissues (Figure 1 A). 

Furthermore, elevated AKR1C1 mRNA 
expression was observed in tumor tissues 
(Figure 1 B) and cells (Figure 1 C). Gastric 
cancer cells (AGS, HGC-27, and NCI-N87) also 
expressed higher AKR1C1 protein levels than 
the normal human gastric epithelial GES-1 cells 
(Figure 1 D), demonstrating the potential 
relationship between AKR1C1 and the 
progression of gastric cancer. 
 

 
 
Figure 1: AKR1C1 is upregulated in gastric cancer. 
(A) Immunohistochemical analysis showed higher 
AKR1C1 expression in gastric cancer tissues than in 
para-carcinoma tissues. (B) Levels of AKR1C1 mRNA 
were elevated in gastric cancer tissues compared to 
para-carcinoma tissues. (C) AKR1C1 mRNA 
expression was upregulated in gastric cancer cells 
(AGS, HGC-27, and NCI-N87) relative to normal 
human gastric epithelial GES-1 cells. (D) Protein 
expression of AKR1C1 was upregulated in gastric 
cancer cells (AGS, HGC-27, and NCI-N87) compared 
to normal human gastric epithelial GES-1 cells. **P < 
0.01 
 
AKR1C1 contributes to gastric cancer cell 
proliferation 
 
Transfection with si-AKR1C1 reduced AKR1C1 
protein expression (Figure 2 A). Furthermore, 
AKR1C1 knockdown decreased AGS cell viability 
(Figure 2 B) and suppressed AGS cell 
proliferation (Figure 2 C). Moreover, silencing 
AKR1C1 promoted AGC cell apoptosis (Figure 2 
D), suggesting that AKR1C1 silencing has an 
anti-proliferative effect on gastric cancer. 
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Figure 2: AKR1C1 contributes to gastric cancer cell 
proliferation. (A) Transfection with si-AKR1C1 reduced 
AKR1C1 protein expression in AGS cells. (B) AGS cell 
viability was reduced after si-AKR1C1 transfection. (C) 
Transfection with si-AKR1C1 suppressed AGS cell 
proliferation. (D) AGS cell apoptosis was promoted 
after transfection with si-AKR1C1. **P < 0.01 
 
AKR1C1 contributes to gastric cancer cell 
metastasis 
 
Transfection with si-AKR1C1 repressed AGC cell 
migration (Figure 3 A). Furthermore, AGS cell 
invasion was also suppressed after transfection 
with si-AKR1C1 (Figure 3 B). These results 
revealed that silencing AKR1C1 has an anti-
invasive effect on gastric cancer. 
 

 
 
Figure 3: AKR1C1 contributes to gastric cancer cell 
metastasis. (A) AGS cell migration was repressed 
after transfection with si-AKR1C1. (B) Transfection 
with si-AKR1C1 repressed AGS cell invasion. ** vs. si-
NC, p < 0.01 
 
AKR1C1 overexpression counteracts the 
suppressive effect of glycyrrhizic acid on 
gastric cancer 
 
Glycyrrhizic acid treatment reduced AKR1C1 
protein expression in a dose-dependent manner 

(Figure 4). However, when the glycyrrhizic acid-
induced AGS cells were subsequently 
transfected with pcDNA-AKR1C1, AKR1C1 
protein levels were restored (Figure 5 A). 
AKR1C1 overexpression in AGS cells attenuated 
the glycyrrhizic acid-induced decrease in cell 
viability (Figure 5 B) and increase in cell 
apoptosis (Figure 5 C). Moreover, the 
suppressive effects of glycyrrhizic acid on AGC 
cell migration (Figure 6 D) and invasion (Figure 6 
E) were also reversed by AKR1C1 
overexpression. These results indicate that the 
glycyrrhizic acid-mediated suppression of gastric 
cancer progression occurs through AKR1C1 
downregulation. 

 
 
Figure 4: Glycyrrhizic acid treatment reduces 
AKR1C1 expression in gastric cancer. AKR1C1 
protein expression was reduced in AGS cells after 
glycyrrhizic acid treatment in a dose-dependent 
manner; **p < 0.01 

 
 
Figure 5: AKR1C1 overexpression counteracts the 
suppressive effect of glycyrrhizic acid (GA) on gastric 
cancer. (A) Transfection with pcDNA-AKR1C1 
attenuated the glycyrrhizic acid-induced decrease in 
AKR1C1 in AGS cells. (B) Transfection with pcDNA-
AKR1C1 attenuated the glycyrrhizic acid-induced 
decrease in AGS cell viability. (C) Transfection with 
pcDNA-AKR1C1 attenuated the glycyrrhizic acid-
induced increase of AGS cell apoptosis. P < 0.01 
 

DISCUSSION 
 
The AKR1C members regulate progesterone 
metabolism and participate in tumorigenesis [14].  
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Figure 6: AKR1C1 overexpression counteracts the 
suppressive effect of glycyrrhizic acid (GA) on gastric 
cancer. (D) Transfection with pcDNA-AKR1C1 
attenuated the glycyrrhizic acid-induced decrease of 
AGS cell migration. (E) Transfection with pcDNA-
AKR1C1 attenuated the glycyrrhizic acid-induced 
decrease of AGS cell invasion. ** vs. 0 mM GA, p < 
0.01. ## vs. 4 mM GA+pcDNA. P < 0.01 
 
Moreover, AKR1Cs are coactivators or E3 
ubiquitin ligase system regulators of tumor cell 
growth, apoptosis, metastasis, and sensitivity 
[14]. AKR1C1 inhibitors are used in the treatment 
of colorectal, breast, or endometrial cancers [14]. 
This study investigated the functional role of 
AKR1C1 in gastric cancer. 
 
The results of the present study suggest that 
AKR1C1 is upregulated in gastric cancer tissues 
and cells. A previous study found that low 
AKR1C1 expression predicts a favorable 
prognosis for patients with advanced 
nasopharyngeal carcinoma [15]. The relationship 
between AKR1C1 expression and clinical 
characteristics of gastric cancer patients should 
be assessed to clarify the diagnostic and 
prognostic roles of AKR1C1 in gastric cancer. 
Functional assays in this study identified the 
oncogenic role of AKR1C1 in gastric cancer. Our 
findings indicate that loss of AKR1C1 in gastric 
cancer cells promotes cell apoptosis and reduces 
cell proliferation, migration, and invasion. 
Additionally, a previous study determined that 
loss of AKR1C1 promotes chemosensitivity of 
nasopharyngeal carcinoma cells to cisplatin [15]. 
Future research should investigate the effect of 
AKR1C1 on gastric cancer cell chemosensitivity. 
 
The traditional Chinese herb, licorice, exerts 
antitumor effects [16]. Recent findings show that 
glycyrrhizic acid, a bioactive triterpene glycoside 
in licorice, suppresses gastric cancer cell 
proliferation and metastasis [10,17]. Our results 
indicate that glycyrrhizic acid treatment reduces 
gastric cancer cell viability, migration, and 
invasion and stimulates gastric cancer cell 

apoptosis. Moreover, liquiritin, the main flavonoid 
of licorice, is a natural AKR1C1 inhibitor that also 
interferes with progesterone metabolism [18]. 
This study shows that AKR1C1 protein 
expression is downregulated in gastric cancer 
cells after glycyrrhizic acid treatment. 
Furthermore, our findings indicate AKR1C1 
overexpression counteracts the suppressive 
effects of glycyrrhizic acid on gastric cancer cell 
proliferation and metastasis. The 
phosphatidylinositol 3-kinase (PI3K)/serine-
threonine kinase (AKT) pathway is involved in 
the glycyrrhizic acid-mediated suppression of 
gastric cancer [17], and AKR1C1 regulates signal 
transducer and activator of transcription (STAT) 
signaling to mediate tumor progression and drug 
resistance [4, 19]. Therefore, the signaling 
involved in glycyrrhizic acid-AKR1C1-mediated 
gastric cancer progression should be further 
investigated. 
 
In summary, the results of this study suggest that 
AKR1C1 is upregulated in gastric cancer and 
functions as a gastric cancer oncogene by 
repressing cell apoptosis and promoting cell 
proliferation and metastasis. Furthermore, these 
findings indicate that AKR1C1 attenuates the 
glycyrrhizic acid-mediated suppression of gastric 
cancer. A xenografted animal model should be 
used to investigate the in vivo effect of AKR1C1 
on gastric cancer growth. 
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