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Abstract
Objective: This study aims to investigate the potential role of relaxin, a peptide hormone, in preventing cellular 
deterioration and death in gastric carcinoma cells under hypoxic conditions. It explores the effects of recombinant 
relaxin 2 (RLXH2) on growth, cell differentiation, invasive potential, and oxidative damage in these cells.  
Materials and Methods: In this experimental study, the NCI-N87 cell line was cultured under normal conditions and 
then subjected to hypoxia using cobalt chloride (CoCl2). The cells were treated with RLXH2, and various assays 
were performed to assess cellular deterioration, death, and oxidative stress. Western blot and quantitative real time 
polymerase chain reaction (qRT-PCR) were used to measure the expression levels of nuclear factor erythroid 2-related 
factor 2 (Nrf2) and HO-1, and the translocation of Nrf2 to the nucleus was confirmed through Western blot analysis.  
Results: This study demonstrates, for the first time, that RLXH2 significantly reduces the formation of reactive oxygen 
species (ROS) and the release of lactate dehydrogenase (LDH) in gastric cancer cells under hypoxic conditions. 
RLXH2 also enhances the activities of superoxide dismutase (SOD), glutathione peroxidase (GPX), and catalase 
(CAT), leading to a decrease in hypoxia-induced oxidative damage. RLXH2 promotes the translocation of Nrf2 to the 
nucleus, resulting in HO-1 expression. 
Conclusion: Our findings suggest that RLXH2 plays a significant protective role against hypoxia-induced oxidative 
damage in gastric carcinoma cells through the Nrf2/HO-1 signalling pathway. This research contributes to a better 
understanding of the potential therapeutic applications of RLXH2 in gastric cancer treatment. 
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Introduction
Relaxin, a peptide hormone, was initially found to be 

associated with pregnancy (1).  Over time, relaxin was 
determined to carry out diverse functions in different diseases 
like cancer, heart failure, and diabetes (2-4). Three types of 
relaxin peptides are expressed in humans-relaxin 1 (RLXH1), 
relaxin 2 (RLXH2), and relaxin 3 (RLN3). Each type performs 
a different function (5). RLXH1 and RLXH2 act via binding 
to their respective receptors, RXFP1 and RXFP2, respectively. 
These receptors are a unique type of G-protein coupled receptors 
that consist of a large ectodomain and an N-terminal module. 
RLXH2 is a pleiotropic peptide hormone that is overexpressed 
in various types of cancers (6). RLXH2 helps in proliferation, 
invasiveness, and metastasis in cancer cells.

Hypoxia is a commonly observed phenomenon in different 
cancers, which causes activation of hypoxia-associated 
pathways in these cells (7, 8). Cancerous cells adapt to this 
hypoxic environment by stimulating metabolic alterations 
and angiogenesis in order to survive the hypoxic conditions. 
Response of cancerous cells to hypoxia leads to an aggressive 

phenotypic behaviour, chemotherapy resistance, and poor 
clinical outcomes (9). Hypoxia is a well-known phenomenon 
in different types of cancers like gastric cancer (10). The 
hypoxic environment within cells is associated with increased 
production of reactive oxygen species (ROS) (11). The 
enhanced ROS production is responsible for cellular injuries 
and often results in cell death (12). Therefore, to prevent 
hypoxia-associated injuries and death, cells often activate 
responses by scavenging ROS (13). 

Nuclear factor erythroid 2-related factor 2 (Nrf2) is a 
transcription factor that plays a crucial role in cellular defence 
against oxidative stress and xenobiotic insults (14). Its 
activation is essential for maintaining cellular homeostasis, 
and dysregulation of Nrf2 signalling has been implicated 
in various cancers (15). Aberrant activation of the Nrf2 
pathway has been observed in many cancer types, including 
lung, breast, prostate, colorectal, and liver cancers (16). The 
persistent activation of Nrf2 in cancer cells is associated 
with several tumour-promoting effects (17). Nrf2 activation 
enhances the cellular antioxidant capacity by upregulating 
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the expression of genes that encode antioxidant enzymes 
(18). This increased antioxidant defence allows cancer cells 
to counteract oxidative stress and maintain a redox balance, 
which promotes cell survival and resistance to chemotherapy 
and radiotherapy.

The involvement of Nrf2 in cancer extends beyond its 
effects on oxidative stress, cell survival, and metabolism. Nrf2 
is implicated in promoting cancer cell invasion, metastasis, 
and resistance to anti-cancer therapies. Nrf2 can modulate 
the expression of genes involved in epithelial-mesenchymal 
transition, extracellular matrix remodelling, angiogenesis, 
and drug efflux transporters, and it contributes to cancer cell 
migration, invasion, and therapy resistance.

In summary, while Nrf2 activation serves as a critical 
defence mechanism against oxidative stress and xenobiotic 
insults in normal cells, dysregulated Nrf2 signalling in cancers 
can confer numerous advantages to tumour cells, including 
increased antioxidant capacity, enhanced cell survival and 
proliferation, metabolic reprogramming, and resistance to 
therapies. Therefore, targeting the Nrf2 pathway is a potential 
therapeutic strategy to overcome therapy resistance and 
improve cancer treatment outcomes. The present work aims 
to explore the protective role of RLXH2 against hypoxia-
associated cellular damage and death in gastric cancer cells.

Materials and Methods
The study has been approved by the Research 

Review and Ethics Board (RREB) of Shidong Hospital 
(SH/2018/0029). 

Cell culture, treatments, and transient transfection
In this experimental study, the NCI-N87 gastric carcinoma 

cell line (ATCC) was grown in DMEM medium with 5% FBS 
and culture conditions of 37°C and 5% CO2. The cells were 
grown in culture for 24 hours and either left untreated or treated 
with RLXH2 (Abcam, MA, USA) in 12-well plates. For the 
hypoxia-related experiments, we grew the cells in DMEM 
without serum and glucose, and treated them with 200 µM 
cobalt chloride (CoCl2, Sigma-Aldrich, USA) for 12 or 24 hours 
with or without RLXH2 (15 nmol/l, Sigma-Aldrich, USA). 
Inhibition and activation of the Nrf2 pathway was carried out 
chemically. The NCI-N87 cells were grown overnight and 
treated with trigonelline (5 nM, Sigma-Aldrich, USA) or 100 
μM tert-butylhydroquinone (tBHQ, Sigma-Aldrich, USA), 
respectively, according to a previously published protocol 
(19). Chemical inhibition of HO-1 was carried out by growing 
NCI-N87 cells for 24 hours and subsequently treating them 
with 2 µM zinc protoporphyrin IX (ZnPPIX, Sigma-Aldrich, 
USA) for 12 hours. siRNA technology was used to silence 
Nrf2. For that purpose, NCI-N87 cells were grown for 24 
hours and then transiently transfected with 1 µM Nrf2-siRNA 
(Santa Cruz, Biotechnology, USA) using calcium phosphate 
(Sigma-Aldrich, USA). 

Lactate dehydrogenase leakage assay
The gastric carcinoma cells were grown in a 12-well 

plate (2 ml medium/well) for 24 hours. The cells were 

treated under hypoxic only or hypoxic with RLXH2 
(15 nmol/L) conditions for 12 hours. Then, 300 μl 
of the medium was removed and analysed for lactate 
dehydrogenase  )LDH( activity using an LDH Cytotoxicity 
Assay kit (ThermoFisher Scientific, Waltham, MA, USA) 
according to the manufacturer’s protocol. 

Antioxidant assays
The gastric carcinoma cells were grown in a 12-well 

plate (5×105 per well) for 24 hours. The cells were treated 
under hypoxic only or hypoxic with RLXH2 (15 nmol/L) 
conditions for 12 hours. The cells were then washed three 
times in wash buffer (PBS with 0.05 mM EDTA), followed 
by sonication to disrupt the cells. Centrifugation at 3000 rpm 
for 10 minutes was carried out to separate the supernatant 
from the cell lysate. The resultant supernatant was assayed 
for superoxide dismutase (SOD, ThermoFisher Scientific, 
USA, cat. no. EIASODC), glutathione peroxidase (GPX, 
Sunlong, China, cat.no. SL2786Hu), and catalase (CAT, 
Biocompare, USA, cat. no. ELH-CAT-1) activities by 
following the manufacturers’ instructions. The standards, 
controls, and working solutions were prepared according to 
the manufacturer’s instructions in the ELISA kit. 

Reactive oxygen species measurement
Gastric carcinoma cells were cultured in a 96-well plate 

(0.42×105 cells/well) for 24 hours.  For analysis purposes, 
the treated cells were washed with 1X wash buffer followed 
by the addition of diluted DCFDA solution (100 μl/well) at 
37°C. After 30 minutes of incubation, the DCFDA solution 
was aspirated and the cells underwent hypoxic treatment 
alone or together with RLXH2 for 12 hours. Finally, the 
amount of fluorescence in the cells was assessed. 

Extraction of RNA and quantitative real time 
polymerase chain reaction 

Total RNA was extracted from cultured cells using 
TRIzol-T Reagent (ThermoFisher Scientific, USA) 
followed by cDNA strand synthesis. The extracted cDNA 
was subjected to quantitative real time polymerase chain 
reaction (qRT-PCR) using primers against Nrf2 and HO-
1. β-actin was used for loading control purposes. The 
following primer sequences were used: 
Nrf2-
F: 5´-CCTCAACTATAGCGATGCTGAATCT-3´ 
R: 5´-AGGAGTTGGGCATGAGTGAGTAG-3´
HO-1-
F: 5´-GGGCCAGCAACAAAGTG-3´ 
R: 5´-AGTGTAAGGACCCATCGGAGAA-3´
β-actin-
F: 5´-AGGCATCCTCACCCTGAAGTA-3´
R: 5´-CACACGCAGCTCATTGTAGA-3´

Protein extraction
Cell lysate was prepared from the NCI-N87 cells using 

NP-40 lysis buffer. In order to inhibit proteolysis, the Halt 
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Protease Inhibitor Cocktail (ThermoFisher Scientific, 
USA) was incorporated into the lysis buffer. The cell 
lysate was subjected to centrifugation at 3000 rpm for 10 
minutes, and the supernatant was collected. The protein 
concentration in the obtained lysate was determined by 
the Bradford assay method.

Nuclear fraction preparation 

A Nuclear Extraction kit (ThermoFisher Scientific, USA) 
was used to prepare nuclear extracts of the NCI-N87 cells 
and the Bradfords assay was used to determine protein 
concentrations. Western blot analysis was used to determine 
the purity of the nuclear fractions using specific antibodies 
according to a previously published protocol (20).

Western blot analysis
Protein samples were prepared according to a previously 

published protocol (21). The proteins were separated on 
sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and later transferred to a polyvinylidene 
difluoride (PVDF) membrane. The membrane was incubated 
overnight with the following primary antibodies: anti-Nrf2 
(CST, #12721, 1:1000), anti-HO-1 (CST, #5853, 1:1000), 
anti-β actin (Abcam, #ab8227, 1:1000), anti-GAPDH 
(Sigma-Aldrich, #G8795, 1:1000), and anti-histone 4 (H4) 
(CST, #2592, 1:1000). The membranes were rinsed with PBS 
and further incubated with fluorescent-labelled secondary 
antibodies (LI-COR, fluorescent anti-mouse IRDye 680, 
1:20 000 and LI-COR, anti-rabbit IRDye 800, 1:10 000). The 
LI-COR system (Biosciences, Lincoln, NE, USA) was used 
for secondary detection.

Quantification of immunoblots

Protein band quantification was performed using a LI-
COR scanner. In order to create a standard plot, fluorescent 
spots from various concentrations of fluorescent-labelled 
secondary antibodies were measured. The fluorescence 
levels of the individual blot bands were measured and 
compared to standard plot to quantify the protein bands 
on the immunoblots.

Apoptotic assay

The gastric carcinoma cells were grown in 96-well 
plates for 24 hours. Then, the cells were either treated 
under hypoxic alone or hypoxic plus RLXH2 conditions 
for 12 hours. A Cell Death Detection ELISAPLUS kit 
(CELLDETH-RO Roche, USA) was used to determine 
apoptosis according to the manufacturer’s instructions. 

Statistical analysis
Statistical analysis was conducted using GraphPad 

Prism (version 9, GraphPad Software, Inc. USA). The 
data were analysed using One-way ANOVA followed by 
Duncan’s test for multiple comparisons. The experimental 
values are presented as mean ± standard error of the mean 
with a statistical significance of P<0.05.

Results 
Impact of relaxin 2 on lactate dehydrogenase and 
reactive oxygen species

Figure 1A shows successful induction of hypoxia after 
treatment with CoCl2. The hypoxia resulted in membrane 
damage to the NCI-N87 cells, which was confirmed by 
LDH release. However, RLXH2 treatment significantly 
prevented LDH release and excessive ROS production 
from the hypoxia-damaged NCI-N87 cells (Fig.1B, C). 

Fig.1: Impact of relaxin 2 (RLXH2) on lactate dehydrogenase (LDH) release and 
reactive oxygen species (ROS) formation. A. Induction of HIF-1α expression 
after hypoxia treatment for 12 and 24 hours. B. RLXH2 significantly decreased 
LDH release from the NCI-N87 cells in the hypoxia (H) group compared to 
the control (C) group (P<0.05). A P<0.01 was obtained from the hypoxia plus 
RLXH2 treatment group (H+R) compared to the H group. C. RLXH2 significantly 
decreased ROS production in the NCI-N87 cells in the H group compared to the 
control group (**; P<0.01) and in the H+R group compared to the H group (*; 
P<0.05). The results are the average of the three independent experiments. 

A

B
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Impact of Relaxin 2 treatment on hypoxia-associated 
oxidative damage

The administration of RLXH2 treatment resulted in 
a noteworthy augmentation of the activities of various 
antioxidant enzymes, as illustrated in Table 1. This 
outcome underscores the pivotal role played by RLXH2 
in bolstering the cellular defence mechanisms against 
oxidative stress. In effect, the treatment with RLXH2 
emerges as a safeguarding strategy for gastric cancer cells, 
as it triggers a robust upregulation in the expression levels 
of antioxidant enzymes. 

Table 1: Assessment of antioxidant enzyme activities in the study groups 

Antioxidant enzymes Control* Hypoxia* Hypoxia+RLXH2*

SOD 80 ± 3.2 52 ± 2.7 67 ± 3.4

CAT 51 ± 2.5 19 ± 1.6 34 ± 1.9

GPX 31 ± 2.1 13 ± 1.2 25 ± 1.4

RLXH2; Relaxin 2, SOD; Superoxide dismutase, CAT; Catalase, GPX; 
Glutathione peroxidase, and *; U/mg protein.

Relaxin 2 increases nuclear factor erythroid 2-related 
factor 2 expression 

We assessed the impact of RLXH2 on total Nrf2 levels 
in the gastric cancer cells. Western blot analysis was 
performed to determine Nrf2 expression before and after 
RLXH2 treatment by using specific antibodies against Nrf2 
and a control (β-actin). RLXH2 increased expression of 
the Nrf2 protein compared to the control sample (Fig.2A). 
As shown in Figure 2B, there was an approximately six-
fold increase in Nrf2 protein expression in the RLXH2 
treated cells compared to the control (0 hour).

There was a significant increase in Nrf2 mRNA in the 
NCI-N87 cells after RLXH2 treatment compared to the 
control (Fig.2B).

Nuclear factor erythroid 2-related factor 2 translocation 
and HO-1 levels

Western blot analysis was carried out to determine 
nuclear fraction purity by using primary antibodies against 
GAPDH and the histone 4 proteins. The antibody against 
GAPDH did not show any band in the nuclear fraction; 
on the other hand, the antibody against histone 4 caused a 
clear band (Fig.3A).

The possible nuclear translocation of Nrf2 after RLXH2 
treatment was assessed by Western blot. We cultured the 
NCI-N87 cells in 60 mm plates for 24 hours, and then treated 
them with RLXH2 (12 hours). Our analysis of Nrf2 expression 
indicated that the untreated nuclear fraction did not show any 
Nrf2 protein band, whereas there was a protein band for Nrf2 
expression in the RLXH2 treated nuclear fraction at 12 and 
24 hours (Fig.3B). 

Inside the nucleus, Nrf2 can activate a wide range of 
genes and promote cell survival against oxidative stress. 

Enzymes activated by the Nrf2/ARE pathway include 
HO-1, GPX, CAT, SOD, GST, thioredoxin, and NQO-
1. HO-1 is the main protein activated by Nrf2 (22). 
Therefore, we assessed the protein levels of HO-1 in 
the NCI-N87 cells. Figure 3C and D shows HO-1 time-
dependent expression levels in the RLXH2-treated gastric 
carcinoma cells. HO-1 expression significantly increased 
in the RLXH2-activated gastric carcinoma cells. 

Fig.2: Nuclear factor erythroid 2-related factor 2 protein and mRNA 
levels. A. Nrf2 expression before and after relaxin 2 (RLXH2) treatment. 
B. Densitometry of Nrf2 bands (**; P<0.01 at 12 hours compared to 0 
hours, and P<0.05 at 24 hours compared to 12 hours). C. Nrf2 mRNA 
levels significantly increased after RLXH2 treatment (*; P<0.05 both for 12 
hours compared to 0 hour and for 24 hours compared to 12 hours). The 
results are the average of an independent experiment. 
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B
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Impact of nuclear factor erythroid 2-related factor 2 
silencing on relaxin 2 treatment  

Figure 4A shows western blot of nuclear (N) and 
cytosolic (C) protein fractions. Nuclear fraction did not 
detect any GAPDH band; however a prominent protein 
band of Histone 4 was detected. As shown in Figure 
4B (top panel), Nrf2 antibody detected a protein band 

in the control, while the Nrf2 protein was appreciably 
down-regulated in the siRNA transfected cells. We 
also assessed nuclear factor erythroid 2-related factor 
2 (Nrf2) silencing on relaxin 2 (RLXH2) induced 
antioxidant enzymes in these NCI-N87 cells (Table 
2). The results indicated that Nrf2 silencing partially 
blocked the RLXH2 induced antioxidant enzymes.

 

Fig.3: Nuclear factor erythroid 2-related factor 2 (Nrf2) translocation to the nucleus. A. Western blot assessment of nuclear (N) and cytosolic (C) protein 
fractions. The nuclear fraction did not detect any GAPDH band; however, there was a prominent protein band for histone 4. B. Western blot assessment of 
relaxin 2 (RLXH2) activated nuclear fraction. The untreated nuclear fraction did not show any band with the Nrf2 antibody; however, there was a protein 
band for Nrf2 in the RLXH2-activated nuclear fraction at 12 and 24 hours. C. There is increased expression of HO-1 mRNA in the RLXH2-activated NCI-N87 
cells (12 hours and 24 hours) with P<0.05 at 12 hours compared to 0 hours, and P<0.01 at 24 hours compared to 12 hours). D. There is a significant increase 
in HO-1 expression level in the RLXH2-activated NCI-N87 cells (12 hours and 24 hours). The results are the average of an independent experiment. *; 
P<0.05 and **; P<0.01. 

Fig.4: siRNA mediated down-regulation of nuclear factor erythroid 2-related factor 2 (Nrf2) in NCI-N87 cells. A. The cells were transfected with Nrf2-
specific siRNA or with control siRNA (C). B. Immunoblotting was used to confirm down-regulation of Nrf2 with GAPDH as the control. The results are the 
average of an independent experiment. 

A

C
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Table 2: Impact of nuclear factor erythroid 2-related factor 2 silencing on relaxin 2 induced antioxidant enzymes in NCI-N87 cells

Antioxidant enzymes* Control Hypoxia Hypoxia+RLXH2 Hypoxia+RLXH2+Nrf2-siRNA

SOD 78 ± 3.1 42 ± 2.3 51 ± 2.9 46 ± 1.9

CAT 55 ± 1.9 21 ± 1.6 32 ± 2.6 25 ± 2.1

GPX 30 ± 2.8 15 ± 1.3 24 ± 1.7 19 ± 2.0

SOD; Superoxide dismutase, GPX; Glutathione peroxidase, CAT; Catalase, *; Results are reported as U/mg protein.

Impact of relaxin 2 on hypoxia-associated cell apoptosis 
We examined the impact of Nrf2 translocation cell 

death. NCI-N87 cells were cultured and incubated with 
agents that either inhibited or increased Nrf2 nuclear 
translocation. Figure 5A shows that the hypoxic condition 
significantly resulted in cell death. However, treatment of 
cells with RLXH2 (H+R) significantly reduced hypoxic-
associated cell death compared to the hypoxia (H) group. 
In order to further prove the protective role of RLXH2 
in NCI-N87 cells, we treated some of the cells with an 
Nrf2 inhibitor and others with tBHQ, an Nrf2 enhancer. 
Figure 5A shows that the Nrf2 inhibitor (trigonelline) 
eliminated RLXH2 associated cell protection, whereas 
treatment with the Nrf2 activator (tBHQ) increased 
cellular protection against hypoxia-associated cell death 
compared to RLXH2 treatment only.

HO-1 increased in the presence of RLXH2 in the 
NCI-N87 cells. Therefore, we sought to examine the role 
of HO-1 activation on hypoxia-associated cell death. The 
cells were cultured overnight and the next day, they were 
treated as RLXH2 only or RLXH2 with ZnPPIX. There was 
acute cell death in the NCI-N87 cells of the hypoxia group 
(H, Fig.5B). Treatment with RLXH2 (H+R) significantly 
reduced hypoxia-associated cell death. Inhibition of HO-1 
expression significantly eliminated RLXH2 mediated cell 
protection.

Fig.5: Hypoxia-associated cell apoptosis and role of nuclear factor 
erythroid 2-related factor 2 (Nrf2). A. Treatment with relaxin 2 (RLXH2) 
significantly reduces cell apoptosis. The protection offered by RLXH2 is 
eliminated when Nrf2 is inhibited and increases during activation of Nrf2. 
B. RLXH2 mediated cell protection and HO-1 inhibition. NCI-N87 cells 
cultured overnight are treated with RLXH2 only or RLXH2 with ZnPPIX. 
Treatment with ZnPPIX eliminates RLXH2 mediated cell protection. The 
results are the average of an independent experiment. C; Control group, 
H; Hypoxia group, and H+R; Hypoxia with RLXH2 treatment group.

Discussion
Hypoxia is common in different types of cancers and 

it causes activation of hypoxia-associated pathways in 
these cancer cells. Hypoxia within cells often results in 
oxidative stress, which can result in cellular damage and 
death. It has been reported that relaxin protect cells against 
hypoxia-associated cellular damage and death in different 
types of cancer cells (6, 23). Relaxin-associated cancer 
growth and invasion is a well-known phenomenon in 
thyroid, prostate, breast and other cancer models (24-26). 
In most, over-expression of relaxin has been observed, 
and this activates different protective signalling pathways 
(27-29). The role of relaxin in cancers is not fully 
understood but has recently emerged as a therapeutic 
target to counter the pro-cancer effects of enhanced relaxin 
levels (3). It has been reported in prostate cancer cells that 
down-regulation of relaxin decreases tumour formation 
in nude mice. LDH release by the cultured cells is a 
marker of cell death (11). Waza et al. (19) have reported 
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that RLXH2 successfully suppressed LDH release from 
cells with hypoxia. Here, we observed that treatment of 
RLXH2 prevented LDH release from hypoxia challenged 
gastric cancer cells. 

Normally, cells remain safe from oxidative damage by 
the presence of various antioxidant enzymes along with 
GST, GSH, vitamin C, GPX, CAT, and SOD, among 
others (30). A proper balance of ROS is important for 
cells to function normally; however, the imbalance in 
ROS formation results in oxidative stress (31). Excessive 
production of ROS is linked with cellular damage, which 
is mainly due to enzyme inactivation, lipid peroxidation, 
and changes in nucleic acids (32). Hypoxia can cause 
excessive ROS production within cells (33) and oxidative 
damage to the cells, which eventually induces apoptosis 
or necrosis (34). Waza et al. (19) have reported that 
RLXH2 successfully suppressed hypoxia-associated ROS 
production and apoptosis. In the current study, treatment 
of NCI-N87 cells with RLXH2 (15 nmol/L) activated 
different antioxidant enzymes, and thereby decreased 
hypoxia-associated ROS formation in the NCI-N87 cells.

Nrf2 regulates the expression of different antioxidant 
enzymes (HO-1, GST, COX-2) (35, 36). It is a major 
defensive protein to combat oxidative stress in cancer 
cells (37). Nrf2 knockout cells are more prone to H2O2 
induced cellular injury (38) and its over-expression within 
cells protects against injury from oxidative stress (14). 
Waza et al. (19) have reported that RLXH2 successfully 
activated the Nrf2/HO-1 signalling pathway. Since relaxin 
offered cellular protection against oxidative damage, we 
designed the current experiment to investigate the impact 
of RLXH2 on the Nrf2/HO-1 pathway (a major cellular 
defence against oxidative stress). We observed increased 
Nrf2 expression after RLXH2 treatment in the gastric 
cancer cells. Treatment with RLXH2 treatment enhanced 
nuclear translocation of Nrf2 in gastric cancer cells, and 
subsequently increased HO-1 levels. Furthermore, we 
observed that RLXH2 significantly eliminated hypoxia-
induced apoptosis in these gastric cancer cells. The 
translocation of Nrf2 has been observed to undergo 
enhancement and inhibition upon exposure to tBHQ 
and trigonelline, respectively (39, 40). We found that 
incubation with tBHQ increased RLXH2 cell protection, 
while trigonelline abrogated this protection. 

Conclusion
RLXH2 appears to be a promising therapeutic candidate 

for gastric cancer treatment because it offers protection 
against hypoxia-induced oxidative damage and cell death. 
Activation of the Nrf2/HO-1 pathway by RLXH2 provides 
a potential avenue for the development of targeted 
therapies that can enhance cellular antioxidant defences 
and counteract the detrimental effects of hypoxia. Further 
research and clinical investigations are necessary to fully 
exploit the therapeutic potential of RLXH2 and bring 
it closer to clinical application, and ultimately benefit 
patients with gastric cancer and other hypoxia-related 
disorders.
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