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Abstract. Heme oxygenase-1 (HO-1) plays a key role in anti-
oxidation, anti-apoptosis, and anti-proliferation in various 
types of cancers. However, the relationship between HO-1 
expression and gastric cancer development remains largely 
unknown. In this study, the protein expression of HO-1 in 
human gastric cancer was measured by immunohistochem-
istry on paraffin sections of 89 paired gastric carcinoma tissues 
and adjacent non-cancer tissues. The correlation of HO-1 
expression with 5-year overall survival rate was estimated. 
The effects of decreased HO-1 expression by two strands of 
small interfered RNAs (siRNAs) on cell apoptosis, prolifera-
tion, and invasion of gastric cancer cell lines were examined 
by flow cytometry, the MTT assay, and the cell migration 
assay, respectively. High expression of HO-1 was detected in 
11.2% (10/89) of gastric carcinoma tissues, compared with 
1.1% (1/89) in matched adjacent normal tissues, and corre-
lated with a decreased survival rate in gastric cancer patients. 
There were no significant correlations between HO-1 expres-
sion and clinical characteristics. Downregulation of HO-1 
expression using two strands of siRNAs promoted apoptosis 
and inhibited the proliferation and invasion of two gastric 
cancer cell lines, SGC7901 and MKN-28 cells. This study 
demonstrated that HO-1 plays a vital role in the development 
of gastric cancer and may serve as a therapeutic target of this 
type of cancer.

Introduction

Gastric cancer is one of the most commonly diagnosed 
cancers worldwide, and it is projected that it ranks fourth 
in incidence and is the third leading cause of death world-
wide (1). Although producing low pH gastric acid, gastric 
tissue can still be infected with Helicobacter pylori, leading 
to gastritis (2,3). Stimulations by certain food, such as spicy 
and hot temperature food and alcohol, often contribute to 
tissue inflammation and accumulation of reactive oxygen 
species (ROS) (4). Chronic inflammation along with altered 
expression of various genes and abnormal local micro
environment leads to the occurrence of gastric cancer (3). 
Heme oxygenase-1 (HO-1) is one of the predominant genes 
to reduce inflammation and oxidation in the body (5). HO-1 
regulates the expression of many genes and important 
molecules, and these have been involved in regulation of 
cell proliferation, migration, and invasion in many types of 
cancers, including colon (6), lung (7) and breast cancer (8).

HO-1 and its two isomers, HO-2 and HO-3, have an 
extremely low expression in the physiological state (5,9). HO-1 
plays a vital role in the anti-oxidation and anti-inflammation 
system and is mainly responsible for suppressing inflammation 
and removing ROS in the tissue microenvironment (10). In the 
presence of inflammation, including gastritis, HO-1 expression 
was upregulated in local tissues (11). HO-1 decomposes heme 
into CO, Fe2+, and biliverdin. CO may decrease inflammation 
and inhibit apoptosis by regulating the P38-MPAK signaling 
pathway and increasing the expression of BCL-2 (12). The 
conversion of Fe2+ to Fe3+ could reduce the accumulation of 
ROS via Fenton reaction (13,14). Biliverdin has strong anti-
oxidative properties, which could inhibit angiogenesis by 
suppressing the VEGF and HIF-1 signaling pathways (15). 
Since HO-1 and its downstream signaling mitigate inflam-
mation and repair oxidative stress injury, we hypothesize 
that HO-1 may play an important role in the occurrence and 
development of gastric cancer.

In this study, we examined the expression of HO-1 in 
gastric cancer tissue compared with the peritumoral tissue by 
immunochemistry. The correlation of HO-1 expression with 
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clinical characteristics and prognosis was evaluated in gastric 
cancer patients. Moreover, the effects of downregulation of 
HO-1 by two different strands of siRNAs were studied in 
gastric cancer cell lines. Our results demonstrated the critical 
functions of HO-1 in gastric cancer.

Materials and methods

Patients and tissue specimens. The tissue microarray, 
containing 89 gastric cancer tissues and matched adjacent 
normal tissues, was purchased from Shanghai Outdo Biotech 
(Shanghai, China). Clinical characteristics and survival data 
were obtained from the 89 patients with gastric cancer. The 
survival data were obtained between October  2008 and 
July 2015. The gastric cancer patients for the tissue microarray 
were all diagnosed by history and pathology. The local ethics 
committee approved this study, and informed consent was 
obtained from each patient.

Immunohistochemical assay. Primary antibodies against 
HO-1 (1:500 dilution; Abnova Corp., Taipei, Taiwan) were 
used in the present experiment. Immunohistochemical 
staining was carried out as described in our previous 
study (16). The immunohistochemistry results were evaluated 
based on positive cell numbers in the cytoplasmic and nuclear 
staining. The following score rank system for immunohisto-
chemical staining was used: I, no staining; II, 10% of cells 
with nuclear staining and/or weak cytoplasmic staining; III, 
10-50% of cells with nuclear staining and/or distinct cyto-
plasmic staining; and IV, >50% of cells with nuclear staining 
and/or strong cytoplasmic staining. The scores I and II were 
considered negative expression, and the scores III and IV were 
considered as positive expression.

Cell culture and siRNA transfection. The two human gastric 
cancer cell lines, MKN-28 and SGC7901, and the immortal-
ized normal gastric epithelial cell line, GES-1, were gifts from 
the Cancer Centre at Sun Yat-Sen University. Commercially 
available HO-1 siRNAs, the empty vector containing a 
nonsense RNA sequence, and the RNA transfection kit were 
obtained from Guangzhou Ribo Bio (Guangzhou, China). 
All cell lines were cultured in Dulbecco's modified Eagle's 
medium (DMEM, Life Technologies, Carlsbad, CA, USA) 
with 10% fetal calf serum (Gibco, Carlsbad, CA, USA). The 
cell lines at the harvesting logarithmic growth phase were 
plated on six-well plates at a density of 2x105 and cultured in 
a 37˚C humidified incubator with a 5% CO2 atmosphere. Each 
cell line was treated with either the nonsense RNA sequence 
(negative control), HO-1 siRNA-1, or HO-1 siRNA-2. 
Transfection was carried out with siRNA at a concentration 
of 100 nM according to the instruction of the kit. The mRNA 
expression of HO-1 was evaluated by quantitative real-time 
PCR (qPCR).

MTT assay. MKN-28 and SGC7901 cells at the logarithmi-
cally growing phase were seeded at a density of 1x104 on 
96-well plates and transfected with either nonsense RNA, 
HO-1 siRNA-1, or HO-1 siRNA-2 after overnight culture. At 
24, 48, and 72 h post-transfection, a mixture of 20 µl MTT 
and 180 µl DMED was added to each well. The cells were 

cultured for another 4 h. The supernatant was removed, and 
150 µl DMSO was added to each well. The absorbance was 
measured at 490 nm.

Flow cytometric analysis. MKN-28 and SGC7901 cells at the 
logarithmically growing phase were seeded at a density of 
1.5x105 on 6-well plates and transfected with either nonsense 
RNA, HO-1 siRNA-1, or HO-1 siRNA-2 after overnight 
culture. The cells were harvested at 24 h and evaluated for 
apoptosis by flow cytometry using propidium iodide (PI) and 
Annexin V, as previously described (17).

Cell invasion assay. MKN-28 and SGC7901 cells were 
harvested and seeded at a density of 1x104/100 µl DMEM in 
the upper chamber. The lower chamber was loaded with 600 µl 
DMEM with 10% FBS. Both cell lines were transfected with 
either nonsense RNA, HO-1 siRNA-1, or HO-1 siRNA-2. After 

Table I. Correlations of HO-1 protein expression with clinico
pathological characteristics in the tissue specimens from gastric 
cancer patients.

	 HO-1 expression
	 -------------------------------
Patient		  Low	 High
characteristics	 No.	 (n=79)	 (n=10)	 χ2	 P-value

Age (years)				    0.664	 0.497
  ≤65	 55	 50	   5
  >65	 34	 29	   5
Sex				    0.621	 0.513
  Male	 52	 45	   7
  Female	 37	 34	   3
Tumor size				    0.348	 0.503
  ≤5 cm	 48	 44	   4
  >5 cm	 41	 35	   6
Pathological grade				    4.357	 0.052
  Grade Ⅱ	 21	 16	   5
  Grade Ⅲ	 68	 63	   5
T classification				    1.731	 0.189
  T1-T2	 14	 11	   3
  T3-T4	 75	 68	   7
N classification				    0.321	 0.736
  N0-N1	 34	 31	   3
  N2-N3	 55	 48	   7
M classification				    0.530	 1.000
  M0	 85	 75	 10
  M1	   4	   4	   0
Clinical stage				    0.411	 0.734
  I-II	 35	 32	   3
  III-IV	 54	 47	   7

HO-1, heme oxygenase 1; TNM, tumor node metastasis.
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incubation for 24 h, crystal violet was used to stain the cells 
in the lower membrane of the chamber. Cells in five randomly 
selected fields were counted under the microscope.

RNA isolation and reverse transcription PCR. MKN-28 and 
SGC7901 cells were harvested after being transfected with 
either nonsense RNA, HO-1 siRNA-1, or HO-1 siRNA-2 for 
48 h. TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was 
used to extract total RNA from cells. These procedures were 
carried out on ice to prevent RNA degradation. The Nanodrop 
spectrophotometer (ND-2000; Nanodrop Technology, 
Wilmington, DE, USA) was used to evaluate the purity and 
concentration of RNA. The reverse transcription reagent 
(Takara Bio, Inc., Kusatsu, Shiga, Japan) was used to transcribe 
RNA to cDNA. The SYBR-Green Prime Script RT-PCR kit 
(Takara Bio, Inc.) and the Real-time PCR detection system 
(Applied Biosystems, Foster City, CA, USA) were used to 
perform qPCR. The internal control was GAPDH, and the 
primers were: forward, 5'-TCCCATCACCATCTTCCAG-3' 
and reverse, 5'-GAGCCCCAGCCTTCTCCAT-3'. Three pairs 
of primers were used to quantitate HO-1 and obtain indepen-
dent results. The first pair was 5'-GGAGAUUGAGCGCAAC 
AAG-3' (forward) and 5'-CUUGUUGCGCUAAAUCUCC-3' 
(reverse). The second pair was 5'-UGAUAGAAGAGGC 
CAAGAC-3' (forward) and 5'-GUCUUGGCCUCUUCUA 
UCA-3' (reverse). The third pair was 11 5'-CUGCGUUCCU 
GCUCAACAU-3' (forward) and 5'-AUGUUGAGCAGGA 
ACGCAG-3' (reverse). The 2-∆∆Ct method was used for fold 
change calculation.

Western blot analysis. The GES-1, MKN-28, and SGC7901 
cells at the logarithmically growing stage were harvested for 
protein isolation using the protein lysis solution. The protein 
from each cell line was loaded into 12% sodium dodecyl 
sulfate (SDS) polyacrylamide gels and transferred to polyvi-
nylidene difluoride (PVDF) membranes. The membranes were 
blocked with 5% milk for 1.5 h, and incubated with a 1:500 
dilution of primary antibody against HO-1 (Abnova Corp.) 
overnight at 4˚C. The primary antibody was visualized with 
an enhanced chemiluminescence reagent (Beyotime) against 
the peroxidase-conjugated secondary antibody. The results 
were analyzed by densitometry analysis. β-actin was used as 
an internal control.

Statistical analysis. Statistical analysis was conducted using 
the SPSS 19.0 software (IBM, Chicago, IL, USA). Each 
experiment was conducted three times. Experimental results 

were demonstrated as mean ± standard deviation (mean ± SD). 
Comparisons of clinicopathological parameters between high 
and low HO-1 expression patients were performed using a 
two-sided and unpaired t-test. Kaplan-Meier analysis was 
used to evaluate the survival curves, and the log-rank test was 
used to analyze prognostic significance. A P-value <0.05 was 
considered to indicate a statistically significant difference.

Results

HO-1 expression in gastric cancer tissues and matched adja-
cent non-cancer tissues. The immunohistochemical assay 
showed that high expression of HO-1 was present in 10 of 89 
(11.2%) gastric cancer patient tissues. The expression of HO-1 
was mainly located in the cytoplasm of gastric cancer cells 
(Fig. 1A). In contrast, low expression of HO-1 was observed in 
1 of 89 (1.1%) matched adjacent non-cancer tissues, with HO-1 
expression primarily located in the cytoplasm of adjacent non-
cancer cells (Fig. 1B).

Correlations between HO-1 expression and clinicopatho-
logical characteristics in gastric cancer patients. We next 
explored the possible correlations between the expression of 
HO-1 and clinicopathological characteristics in gastric cancer 
patients. As shown in Table I, there was no statistical signifi-

Figure 1. Expression of heme oxygenase-1 (HO-1) in gastric cancer tissues and matched adjacent non-cancer tissues. Representative images show strong HO-1 
staining located in the cytoplasm of gastric cancer cells (A) and weak HO-1 staining located in the cytoplasm of the paired peritumoral cells (B).

Figure 2. Expression of heme oxygenase-1 (HO-1) in gastric cancer tissues 
is associated with the overall survival of gastric cancer patients. Low protein 
expression of HO-1 in gastric cancer tissues correlated with a longer overall 
survival time in patients compare to that of patients with high protein expres-
sion of HO-1 (P=0.002).
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cance between HO-1 expression and the pathological grade 
of gastric cancer (P=0.052), and no significant correlations 
between HO-1 expression and the other clinicopathological 
characteristics, including age, sex, tumor size, clinicopatho-
logic classifications (T, N, M), and clinical staging among the 
89 gastric cancer patients (P>0.05).

Low expression of HO-1 is associated with an improved 
prognosis in gastric cancer patients. We next investigated 
the relationship between HO-1 expression in gastric cancer 
tissue and patient survival. Our results indicated that there 
was a significant relationship between HO-1 expression and 
the overall survival time in gastric cancer patients (P=0.002). 
The Kaplan-Meier curves demonstrated that the gastric 
cancer patients with low expression of HO-1 had a longer 
overall survival time (median, 33.4 months) compared with 
patients expressing a high level of HO-1 (median, 11.2 months, 
P=0.002). The cumulative 5-year survival rate was 39.2% 
(31/79) for gastric cancer patients with low HO-1 expression. 
The survival rate decreased to 10% (1/10) for patients with 
high expression of HO-1 (Fig. 2).

Protein expression of HO-1 in GES-1, MKN-28, and SGC7901 
cells and the effects of knockdown of HO-1 expression on 
MKN-28 and SGC7901 cells. Western blot results indicated 
that the protein expression of HO-1 was markedly higher in 
MKN-28 and SGC7901 cell lines compared with GES-1 cells 
(Fig. 3A). After confirming HO-1 expression in MKN-28 and 
SGC7901 cells, we downregulated the expression of HO-1 in 
these two cell lines using three different strands of siRNAs, 
namely HO-1 siRNA-1, HO-1 siRNA-2, and HO-1 siRNA-3. 
At 48 h post-transfection, the qPCR results demonstrated that 
the mRNA expression of HO-1 in both cell lines was signifi-
cantly decreased by each strand of siRNA when compare with 
the respective negative control (NC) group (Fig. 3B, P<0.05).

Knockdown of HO-1 expression inhibits apoptosis in gastric 
cancer cells. At 24  h post-transfection, flow cytometry 

analysis demonstrated that the apoptosis rates were 1.2±0.2%, 
10.8±1.4%, and 7.5±1.9% in the MKN-28 cells transfected 
with NC, HO-1 siRNA-1, and HO-1 siRNA-2, respectively 
(Fig. 4A, upper panel). Similarly, at the same time point, 
the apoptosis rates were 0.4±0.2%, 11.8±1.1%, and 8.5±1.7% 
in the SGC7901 cells transfected with NC, HO-1 siRNA-1, 
and HO-1 siRNA-2, respectively (Fig. 4A, lower panel). The 
knockdown of HO-1 expression by siRNAs significantly 
increased the apoptosis rates in MKN-28 (Fig. 4B, P<0.001) 
and SGC7901 cells (Fig. 4C, P<0.001) when compared to 
their respective NC group.

Knockdown of HO-1 expression reduces the viability of 
gastric cancer cells. At 24, 48, and 72 h post-transfection, the 
MTT assay was used to measure cell viability in MKN-28 
and SGC7901 cells transfected with either NC-RNA, HO-1 
siRNA-1, or HO-1 siRNA-2 (Fig. 5). At 72 h post-transfection, 
the MKN-28 and SGC7901 cells transfected with HO-1 
siRNAs had less viable cells compared with their respective 
NC group (P<0.001).

Knockdown of HO-1 expression attenuates invasion of gastric 
cancer cells. The invasive ability of MKN-28 and SGC7901 
cells was evaluated at 24 h post-HO-1 siRNA transfection. 
Knockdown of HO-1 significantly attenuated cell invasion in 
both cell lines when compared to their respective NC group 
(Fig. 6, P<0.05).

Discussion

The expression and function of HO-1, a novel spy gene, are 
variable in the physiological, inflammatory, and cancerous 
states. HO-1 removes the toxic heme by breaking it down 
to biliverdin, iron ions, and carbon monoxide  (9). In the 
physiological state, the HO-1 expression is extremely low 
and maintains homeostasis in the microenvironment of local 
tissues. Upon injury, inflammation, and other external insults 
in local tissues, the expression of HO-1 is elevated and serves 

Figure 3. Protein expression of heme oxygenase-1 (HO-1) in GES-1, MKN-28, and SGC7901 cells and mRNA expression of HO-1 in MKN-28 and SGC7901 
cells treated with HO-1 siRNAs. (A) The protein expression of HO-1 was higher in gastric cancer cell lines, i.e., MKN-28 and SGC7901 cells, than that in the 
immortal gastric epithelial cell line GES-1 (P<0.05). (B) The mRNA expression of HO-1 was significantly decreased in MKN-28 and SGC7901 cells at 24 h 
after transfection with three different strands of siRNAs when compared with the respective negative control group (*P<0.05; **P<0.01).
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as a protective mechanism for the body to fight against inflam-
mation, oxidation, and apoptosis (10,18). When the harmful 
stimulations subside, the HO-1 expression returns to base-
line (19). Chronic inflammation may lead to the development 
of various types of cancers, including gastric cancer (3). High 
expression of HO-1 has been found in various cancers, with 

correlations with the clinical characteristics and prognosis in 
patients. The prolonged high expression of HO-1 is harmful to 
the cancerous tissues and is associated with a poor prognosis 
in numerous cancers, including breast (8), colorectal (6), and 
prostate cancers (20). However, the role of HO-1 in gastric 
cancer has yet to be determined.

Figure 5. Knockdown of heme oxygenase-1 (HO-1) expression reduces cell viability in MKN-28 and SGC7901 cells. The MTT assay found that the cell 
viability was significantly decreased in the HO-1 siRNA-treated MKN-28 (A) and SGC7901 (B) cells at 72 h post-transfection when compared to their respec-
tive negative control group (P<0.001).

Figure 4. Knockdown of heme oxygenase-1 (HO-1) expression promotes cell apoptosis in MKN-28 and SGC7901 cells. The flow cytometry results demon-
strated increased apoptosis in the cells treated with either HO-1 siRNA-1 or HO-1 siRNA-2 for 24 h (A). The percent Annexin V positive cells was significantly 
higher in HO-1 siRNA-transfected MKN-28 cells (B) and SGC7901 cells (C) when compared to their respective negative control group (P<0.05).
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Previous studies demonstrated that upregulation of HO-1 
leads to resistance of apoptosis in gastric cancer cells (21). 
In addition, the DNA polymorphism in the HO-1 promoter 
is associated with the risk of developing gastric adenocar-
cinoma (22). Expression of HO-1 was detected in 62 gastric 
cancer tissues of 74 cases (83.8%) (23). This evidence suggests 
that HO-1 may play a vital role in gastric carcinogenesis. At 
present, scarce data have shown whether the expression of 
HO-1 is higher in gastric cancer compared to matched adjacent 
non-cancer tissues or investigated the relationship between 
HO-1 expression and overall survival of gastric cancer patients. 

Our present study found that 11% gastric cancer tissues 
had high expression of HO-1 compared to only 1% matched 
adjacent normal tissues had HO-1 expression. We are the first 
to demonstrate that low HO-1 expression in gastric cancer 
patients was positively correlated with their overall survival. 
This result is consistent with findings from previous studies 
that found HO-1 expression is elevated in breast cancer 
tissues and associated with the prognosis of breast cancer 
patients (8). However, our analysis did not find correlations 
between HO-1 expression with either the pathological grade 

or clinical characteristics of gastric cancer. This result differs 
from previous studies and may be due to a limited number of 
cases or demographical reasons.

Several studies have reported that low expression of HO-1 
promotes apoptosis in acute myeloid leukemia cells and that 
increased HO-1 expression inhibits the chemotherapy-induced 
apoptosis (24,25). HO-1 influences apoptosis in human acute 
myeloid leukemia by regulating the transcription factors Nrf2, 
NF-κB, and AP-1. In contrast, knockdown of HO-1 expres-
sion in gastric cancer cells by siRNA sensitizes the cells 
to chemotherapy (23). In this study, we found that the two 
gastric cancer lines, MKN-28 and SGC7901 cells, had higher 
protein expression of HO-1 compared with the immortalized 
normal gastric epithelial cell line GES-1. For more reliable 
results, we used two strands of siRNAs targeting HO-1 to 
independently knock down HO-1 expression in MKN-28 and 
SGC7901 cells. Knockdown of HO-1 significantly increased 
the apoptosis rate in gastric cancer cells, which is consistent 
with previous studies.

An increasing number of studies have identified the corre-
lation between HO-1 expression and cancer cell proliferation. 

Figure 6. Knockdown of heme oxygenase-1 (HO-1) expression attenuates cell invasion in MKN-28 and SGC7901 cells. The Transwell assay found that the 
invasion ability was reduced in the HO-1 siRNA-treated MKN-28 (A, upper panel, and B) and SGC7901 (A, lower panel, and C) cells at 24 h post-transfection 
when compared to their respective negative control group (P<0.05).
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For example, cell proliferation is inhibited in HO-1 siRNA-
treated human pancreatic cancer cells and bladder cancer cell 
lines (26,27). In addition, downregulation of HO-1 in human 
urothelial cancer cell lines decreases the expression of Ki-67, a 
marker for cell proliferation (28). Our data are consistent with 
these findings. In gastric cancer cell lines, the proliferation 
was significantly decreased at 72 h after HO-1 siRNA trans-
fection. To our knowledge, little is known about how HO-1 
regulates cell proliferation so far, and more research is needed 
to investigate this mechanism.

It has been reported that increased expression of HO-1 
promotes the invasive ability of lung adenocarcinoma cell lines, 
while downregulation of HO-1 expression by siRNA inhibits 
their invasive ability (29,30). ROS and the TGF-β1/PI3K/Akt 
signaling pathway may be the mechanism involved in HO-1 
regulation of cell invasion. In another study, upregulation of 
HO-1 expression in gastric cancer cells increased the expres-
sion of MMP, a biomarker for cell invasion and migration, 
and vice versa (23). In this study, we found that knockdown 
of HO-1 expression attenuated gastric cancer cell invasion, 
strongly agreeing with the previous studies.

In conclusion, our results demonstrated that low expres-
sion of HO-1 in gastric cancer tissues correlated with a better 
prognosis in patients and that knockdown of the HO-1 expres-
sion inhibited gastric cancer cell apoptosis, proliferation, and 
invasion. More research is needed to elucidate the molecular 
mechanisms, but our findings suggest that the HO-1 gene can 
be targeted to treat gastric cancer.
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