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Abstract
Background: To determinethe involvement of hypoxia inducible factor1α (HIF) pathway inmetastasis of
gastric cancer (GC).

Method: It was determined that the expression of HIF and annexin A1 (ANXA1) in human GC (n=76),using
immunohis to chemistry, as well as,the involvement of HIF pathway in GC cell migration and invasion in
vitro. The correlation between HIF/ANXA1 and the prognosis wasalso evaluated.

Results: HIF1αwas substantiallyupregulatedin GC tissues, compared to that of non-cancer. HIF1α was
positively correlated withlymph node metastasis, but inversely correlated with survival in GC patients.
HIF1αwas an independent prognostic factor in GC patients, and the combination of HIF1α and ANXA1
might serve asuseful prognostic markers in GCpatients.Furthermore,HIF-1αseems topromote GC
migration and invasion through HIF1α/ANXA1/MMP-2 pathway.

Conclusions: Our �ndings suggestthat HIF-1αmay serve as a promising prognostic biomarkerand
therapeutic target for inhibiting GC metastasis.

Introduction
Gastric cancer (GC) is the �fth most common malignancy tumor worldwide[1] and the second in China[2].
Furthermore, GC is the third leading cause of cancer related death worldwide, and the second in China.
The prognosis of GC is not still satisfactory, mainly due to large number of GC patients have been
diagnosed at advanced stage with low 5-year survival rate, or even at relative early stage but had distance
metastasis, despite extensive development of clinical approaches in surgery and chemotherapy over the
last decades[1, 3]. Metastasis is the main cause for the unacceptably high mortality of GC, but the precise
underlying mechanism remains to be explored[4, 5].

The tumor microenvironment (TME) plays an important role during tumor metastasis[6, 7]. Hypoxia, a
prominent feature of the TME, promotes tumor growth via regulating cell growth, apoptosis, survival,
angiogenesis, invasion and migration[8], which is supported by the �nding that tumors growth is closely
related to metastasis under hypoxic TME, resulting in chemoresistance[9]. Furthermore hypoxia inducible
factor (HIF) promotes tumor metastasis directly and/or indirectly via its downstream pathway[10]. HIF is
consisted of one of an O2 sensitive α subunits (HIF1α, HIF-2α, HIF-3α) and is binding to an O2 sensitive
HIF-1β subunit. HIF-1α is a major regulator of oxygen homeostasis and plays a critical role during the
acute adaptation to hypoxia[11], which is also a key transcription factor during the development
malignant[12, 13]. On the other hand, HIF2α and HIF3α both have closely related homologues to HIF-1α.
HIF-2α shares some of biochemical functions with HIF-1α, but function of HIF-3α is less clear. In the
current study, we focused mainly on the involvement of HIF-1α in the development of GC.

Annexin A1 (ANXA1), an important downstream protein, is regulated by HIF1 under hypoxia
environment[14]. ANXA1, a 37-kDa protein in annexin superfamily, is strongly in�uencing migration and
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invasion of cancer[15–17]. It has been illustrated that the synergistic effect of HIF1α and ANXA1,
showing that HIF-1α knockout is compensated by upregulating ANXA1 to promote the growth of GC[14].
In addition, HIF-1α/ANXA1 promote GC proliferation via modifying metabolism of GC[14]. However it
remains to be explored that the underlying mechanism of HIF1α/ANXA1 during the development and/or
metastasis of GC.

In the current study, we investigated whether hypoxia regulated metastasis of GC via HIF1α/ANXA1
pathway. It was further determined that the correlation between the expression of HIF1α/ANXA1 in GC
tissues and the clinicopathological, as well as, prognostic signi�cance of HIF1α and ANXA1 in GC
patients. Our data suggests that HIF-1α may act as diagnostic and prognostic marker and potential
therapeutic target for GC.

Results

The expression of HIF-1α and ANXA1 in GC and non-tumor
tissues
We performed immunohistochemistry with the GC tissue microarray to study whether HIF-1α and ANXA1
expressions were modi�ed in human GC tissues.

HIF-1α and ANXA1 were identi�ed in cytoplasm of epithelial cells of both GC and non-GC tissues (Figure
1A). It was observed that HIF-1α+ or ANXA1+ was upregulated by ~ 2.56 fold or 7.89 fold in the GC,
compared to that in the non-GC tissues. It is noticed that the absolute value: HIF-1α + or ANXA1+ was ~
82.9% or 35.5% in the GC, 32.8% or 4.5% in the non-GC tissues (Figure 1A, Table 1). The result of
immunoreactivity scores (IRS) of HIF-1α and ANXA1 staining available from the GC tissue microarray
were consistent with the �ndings of immunohistochemistry analysis (Figure 1B).

Table 1
Expression of HIF-1α and ANXA1 in GC

  HIF-1α P ANXA1 P

+(%) -(%) +(%) -(%)

None cancer 22(32.8) 45(67.2) 0.000 3(4.5) 64(95.5) 0.000

Cancer 63(82.9) 13(17.1) 27(35.5) 49(64.5)

HIF-1α and ANXA1 production was veri�ed in 8 pairs of frozen GC and none cancer gastric tissues, using
Western blot. HIF-1α was 2.0-fold higher in GC than that of non-GC tissue. Similarly, ANXA1 was also 1.4-
fold higher in GC tissues than that of non-GC tissues (Figure 1C).

Correlation between HIF-1α and clinicopathological
parameters in GC patients
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Assessment of the association between HIF-1α expression and the clinicopathological data is presented
(Table 2). Increased expression of HIF-1α was signi�cantly correlated with the diameter of GC (P=0.026)
and lymph node metastasis (P=0.011). There was no signi�cant correlation between HIF-1α and other
clinicopathologic variables, including age, sex, TNM stage, tumor differentiation and hematogenous
metastasis. However, there was no signi�cant correlation between ANXA1 and any clinicopathologic
variables (Supplementary Table 1).

Table 2
Comparison of HIF-1α with Clinicopathological Features in GC patients

Variables HIF-1α Staining

Positive(%) Negative(%) Total P

Gender        

Male 45(80.4) 11(19.6) 56 0.329

Female 18(90.0) 2(10.0) 20  

Age        

<60 26(78.8) 7(21.2) 33 0.408

≥60 37(86.0) 6(14.0) 43  

TNM        

I-II 37(77.1) 11(22.9) 48 0.080

III-IV 26(92.9) 2(7.1) 28  

Tumor Differentiation        

Poor 43(86.0) 7(14.0) 50 0.322

Moderate + Well 20(76.9) 6(23.1) 26  

Tumor Diameter        

≤5cm 32(74.4) 11(25.6) 43 0.026

>5cm 31(93.9) 2(6.1) 33  

Lymph Node Metastasis        

Yes 47(90.4) 5(9.6) 52 0.011

No 16(66.7) 8(33.3) 24  

Hematogenous Metastasis        

Yes 9(100.0) 0(0.0) 9 0.149

No 54(80.6) 13(19.4) 67  
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The relationship between HIF-1α expression and prognosis
of GC
To determine whether the expressions of HIF-1α and ANXA1 in GC patients were correlated with the
prognosis of GC patients, GC samples with the IRS of 0-4 were classi�ed as low-expressing, and samples
with the IRS of 5-12 were identi�ed as having high HIF-1α and ANXA1 expressions. High HIF-1α
expression was inversely correlated with overall survival in GC patients (P=0.000, Figure 1D). However,
there was no signi�cant correlation of between ANXA1 and the prognosis of GC patients (P=0.107, Figure
1D).

Furthermore, to determine whether the expression of HIF-1α was an independent prognostic marker for
GC patients, we analyzed HIF-1α, sex, age, tumor differentiation, diameter, lymph node metastasis, TNM
stage and hematogenous metastasis, using univariate and multivariate Cox regression analysis.
Univariate analysis revealed that there was signi�cant correlation between overall survival and HIF-1α,
lymph node metastasis or TNM stage in GC patients (P<0.05) (Table 3). Moreover, multivariate analysis
revealed that only HIF-1α was a signi�cant independent prognostic factor in survival of GC patients
(Table 3).

Table 3
Univariate and multivariate analysis of HIF-1α and clinicopathological factors

predicting survival of GC patients
Variables Univariate analysis Multivariate analysis

HR (95%CI) p-value HR (95%CI) p-value

HIF-1α 3.660(1.838-7.288) 0.000 2.750(1.341-5.640) 0.006

Gender 0.828(0.407-1.685) 0.603 - -

Age 0.794(0.418-1.507) 0.480 - -

Tumor size (Diameter)    

  1.721(0.904-3.279) 0.098 - -

Lymph node metastasis      

  0.349(0.159-0.767) 0.009 0.498(0.210-1.182) 0.114

Tumour differentiation      

  0.888(0.446-1.767) 0.735 - -

Hematogenous Metastasis      

  0.597(0.248-1.435) 0.249 - -

TNM 2.023(1.052-3.894) 0.035 1.250(0.613-2.545) 0.539
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Relationship between expressions of HIF-1α and ANXA1 in
GC tissues and GC patients
It was determined the correlation between HIF-1α and ANXA1, showing that the expression of HIF1α was
inversely correlated with ANXA1 in GC tissues (P=0.032) (Spearman’s rank correlation test) (Table 4). A
consistent observation was also observed from Western blot analysis (Figure 1C).

Table 4
Correlation of HIF-1 α and ANXA1 expression in GC
HIF-1α ANXA1 Spearman

Negative Positive Rho P

Negative 5 8 -0.247 0.032

Positive 44 19    

Sum 49 27    

Kaplan-Meier analysis was further applied to compare overall survival of GC patients, according to
combinations of HIF-1α and ANXA1. GC patients with low HIF-1α plus low ANXA1 expressions had the
longest survival of GC patients (P<0.05), while those with high HIF-1α plus high ANXA1 had worse
survival (P<0.05) (Figure 1D).

Hypoxia increases HIF-1α expression and promotes GC cell
migration and invasion
Hypoxia incubation condition was adapted from the publication[18]. It was determined that the
expressions of HIF-1α in GC cell lines (HGC27 and MGC803), as well as, the migration and invasion of GC
cells following incubation under hypoxia condition accordingly[18, 19]. HIF-1α, but not HIF2α, was
upregulated 3.0 or 5.5-fold higher in the hypoxia condition (CoCl2) for 6 or 12h, compared to that no non-
hypoxia (Figure 2A).

It was further determined that the effects of hypoxia on the migration and invasion of GC cells, using
wound healing and transwell assays. It was measured that the width of the scratches in the wound
healing at 0, 6 and 12h (Figure 2B), showing that the wound healing in HGC27 or MGC803 cells were
faster 1.6 or 1.5 fold under hypoxia condition than that under normoxia condition. The ability of
migration was determined in transwell system[20, 21], showing that hypoxia 2.2 or 2.1-fold enhanced the
ability of HGC27 or MGC803 cells to migrate through transwell �lter inserts compared to that non-hypoxia
(Figure 3A). In addition, we further examined the ability of GC invasion under hypoxia, showing that
hypoxia signi�cantly 2.1 or 2.5-fold enhanced the ability of HGC27 or MGC803 cells to invade through the
transwell �lter inserts compared to that non-hypoxia (Figure 3B).

Hypoxia promotes the migration and invasion of GC cells
through HIF1α/ANXA1/MMP-2 pathway
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To investigate the involvement of HIF1α/ANXA1/MMP-2 pathway under hypoxia condition, it was
detected that the protein production of HIF1α, ANXA1, MMP-2, TIMP-2, MMP-9 and TIMP-1 with the same
treatment in HGC27 and MGC803 cells, using Western blot. It was detected that upregulation of HIF1α
and MMP-2, but downregulation of ANXA1 and TIMP-2 in GC cells under hypoxia condition (Figure 4A). It
was further explored the activity of MMP-2, using gelatin zymography, showing that the activity of MMP-2
was 1.9-fold increased under hypoxia compared to that non-hypoxia (Figure 4B).

To further validate interaction among HIF1α, ANXA1 and MMP-2, immunoprecipitation was applied in
both HGC27 and MGC803 cells, showing that there was interaction among HIF1α, ANXA1 and MMP-2 in
both HGC27 and MGC803 cells (Figure 4C).

In addition, it was utilized immuno�uorescence to identi�ed subcellular localization of HIF1α, ANXA1 and
MMP-2 in these two GC cell lines. HIF1α, ANXA1 and MMP2 were all localized in the cytosol of GC cells
(Figure 5A, 5B). Furthermore, following transfection of ANXA1 siRNA in GC cells (Figure 5C), the
expression of MMP-2 was upregulated by 2.3-fold (Figure 5D, 5E). Furthermore, the effect of MMP-2 in the
migration and invasion of GC cells was con�rmed, using speci�c MMP2 selective inhibitor (SB-3CT) (Cat
No 292605-14-2, MedChemExpress, USA) (Figure 6A). Migration (Figure 6B, 7A) and invasion (Figure 7B)
were inhibited by 65% and 60% in the presence of SB-3CT in GC cells.

Discussion
Hypoxia is de�ned as the increase in consumption of oxygen or reduction of oxygen relatively to the
supply in cells, tissues and organs. Solid tumor cells survived in a microenvironment of hypoxia known
as hypoxic adaptation[22]. HIF1α plays the critical role in tumor hypoxic adaptation and it may mediate
series of downstream signaling pathways, involving in tumor metastasis[23] and invasion the
extracellular matrix [24]. In our present study, we found the increased expression of HIF1α in GC was
correlated with the diameter of GC and lymph node metastasis, suggesting that HIF1α promotes the
development of GC. Furthermore, increased HIF1α was correlated with a poor overall survival in GC
patients and HIF-1α was a signi�cant independent prognostic factor in survival of GC patients. In the
current study, HIF1α expression was upregulated substantially on GC cells under CoCl2 induced hypoxia
condition in vitro, which also promoted the migration and invasion of GC cells. Our current �nding that
hypoxia enhanced HIF1α expression is consistent with upregulated HIF1α expression on hepatocellular
carcinoma cells in response to CoCl2 induced hypoxia in vitro[23, 25].

ANXA1 is an important downstream protein regulated by increased HIF1α under hypoxia environment[14].
It has been reported that ANXA1 contributes to the progress of tumor metastasis of several human
tumors[26, 27]. In addition, ANXA1 inhibits metastasis of breast cancer targeting via regulating
angiogenesis and NF-κb pathway[28]. HIF1α also participates in regulating metabolism of GC cells via
ANXA1[14]. Our current �nding demonstrated that the expression of HIF1α was inversely correlated with
ANXA1 in GC tissue, inviting speculation that HIF1α promotes the development of GC, particularly
enhances migration and invasion of GC cell under hypoxia condition via inversely regulating ANXA1. Our
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speculation was con�rmed in the GC cells under hypoxia conditions in vitro, showing the interaction
among HIF1α and ANXA1, using immunoprecipitation and immuno�uorescence approached, showing
that HIF1α was negatively regulating of ANXA1, which was further con�rmed with Western blot. Our
observation is also consistent with others, showing that ANXA1 mRNA has been enhanced after HIF1α
loss[14].

Our data demonstrated that the expression and activity of MMP-2 in GC cell lines were signi�cantly
upregulated following transfection ANXA1 siRNA, however, while the expression of tissue inhibitors of
matrix metalloproteinases (TIMP)-2 was suppressed. Thus our �nding suggests that ANXA1 suppresses
GC metastasis via inhibiting MMP2 activity and subsequently reducing migration and invasion of GC
cells. This is line with the others, showing that ANXA1 suppresses tumor metastasis via downregulating
MMP-9 or MMP-2 in breast cancer[29] or esophageal cancer, respectively[30]. It is well known that MMP-2
and MMP-9 enhance cancer migration and invasion at the early stage of malignant tumor via
degradation of extracellular matrix (ECM)[31]. TIMP-2 or TIMP-1 is a key regulatory factor in the
expressions and activities of MMP-2 or MMP-9 MMPs, respectively[32]. From functional point of view, we
further demonstrated that MMP-2 in GC cells was blocked with the selective inhibitor of MMP-2, and
consequently inhibited the migration and invasion of GC. Our �nding is con�rming that the suppressed
ANXA1 promoted the development of GC via MMP2.

Taken together, our data supports that HIF1α promotes the migration and invasion of GC via inversely
regulating downstream ANXA1, but upregulating MMP-2.

Conclusion
In summary, upregulated HIF1α in GC was correlated with lymphatic metastasis and poor survival rate of
GC patient. HIF-1α seems to be an independent prognostic factor in GC, and the combination of HIF-1α
and ANXA1 might serve as a useful prognostic markers in GC. Furthermore, HIF-1α promoted GC
migration and invasion through HIF1α/ANXA1/MMP-2 pathway. Our results may provide new insight for
both diagnosis and cellular therapy of GC.

Methods

Patients and specimens
Formalin �xed para�n-embedded GC tissues and the adjacent tissues (control) used for
immunohistochemistry were obtained from 76 GC patients undergoing gastrectomy in the A�liated
Hospital, Xuzhou Medical University, China, 2009. The patients were comprised of 56 males and 20
females, aged from 23 to 85 years (Table 1, 2). All of these patients had accepted no chemotherapy in
prior to their gastrectomy surgeries. Until May, 2015, 14 out of 76 patients were still alive (the survival
period until May 2015 was 62 months); whereas 39 out of 76 patients were dead, and there were 23
patients lost contacted during the following-up.
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Frozen samples from 8 pairs of surgically resected GC tissues and their adjacent non-tumor tissues used
for Western blot were obtained from GC patients undergoing gastrectomy in the A�liated Hospital,
Xuzhou Medical University, China, 2018.

This study was conducted according to the Declaration of Helsinki principles. This study was approved
by the Human Ethical Committee, the Institutional Review Boards of A�liated Hospital of Xuzhou
Medical University (xyfylw2012002), and written informed consents were obtained from all patients, and
in case of dead, written informed consents were obtained from next of kin.

Immunohistochemistry and Western Blot
GC tissue microarray was constructed by a precision arraying instrument (Beecher Instruments, Silver
Spring, MD, USA). The slides from GC tissue microarray were depara�nized, rehydrated and heated in
sodium citrate buffer (0.01 mol/l, PH 6.0) for 8 min at 95℃. Then, the slides were incubated with 3%
hydrogen peroxide for 15 min at room temperature and blocked with normal goat serum (Beijing Sequoia
Jinqiao Biological Technology Co., Ltd.). After drained off the blocking serum, the slides were labelled
with two antibodies (rabbit anti-HIF-1α monoclonal antibody: 20960-1-AP, Proteintech Group, Chicago, US;
rabbit anti-ANXA1 polyclonal antibody: 21990-1-AP, Proteintech Group, Chicago, US) overnight at 4℃.
The slides were rinsed for 10 min in PBS, 3 times and incubated for 30 min with the HRP-labeled polymer
conjugated secondary antibody (12127A07, Beijing Sequoia Jinqiao Biological Technology Co., Ltd.). The
dilution for both antibodies was 1:400. The speci�c target(s) was visualized with 3, 3’-diaminobenzidine
(DAB) detection kit (Beijing Sequoia Jinqiao Biological Technology Co., Ltd.) and counterstained with
hematoxylin[33].

Positive HIF-1α and ANXA1 staining appeared brown in cytoplasm with or without in nucleus. We graded
positive staining according to both the stain intensity and the percentage of stained cells. Two
pathologists independently examined all slides. The intensities of HIF-1α and ANXA1 staining were
scored 0 to 3 (0=negative, 1=moderate; 3=strong). The percentage of stained cells was scored 1 to 4: 1 (0-
25% cells positively stained), 2 (26-50%), 3 (51- 75%) and 4 (76-100%). Final scores of both two proteins
positive staining were evaluated by the immunoreactive score (IRS), which was calculated by multiplying
the intensity score by the percentage score of positive cells. The negative staining of the specimens was
IRS: 0.

Protein expressions were also evaluated by Western blotting. Equivalent amounts of total proteins from
frozen samples of surgically resected GC tissues and their adjacent non-tumor tissues were extracted as
according to the extraction protocol of the total protein kit, KeyGen Biotech, China). The concentration
determined using BCA protein kit, Beyotime Biotechnology, Shanghai, China. The procedure of western
blot analysis was performed as described previously[34]. Protein samples were denatured,
electrophoresed in SDS/polyacrylamide gels, and transferred into polyvinylidene di�uoride membranes
(Millipore). After transfer, the membrane was cut according to the position of the target protein labeled by
marker. Antibodies against the following proteins were used: HIF-1α at a 1:2,000 dilution, ANXA1 at
1:1,000 and anti-β-actin at 1:5,000. After incubation with secondary antibody: horseradish peroxidase-
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conjugated goat anti-rabbit IgG (ABL3012, AbSci, Washington,US) at a dilution of 1:10,000, protein bands
were exposed to ECL system.

Cell lines
The human GC cell lines HGC27[35] and MGC803[36] were kindly donated from the Shanghai Institute of
Biochemistry and Cell Biology, Chinese Academy of Science (Shanghai, China). HGC27 cells were
cultured in Roswell Park Memorial Institute 1640 medium (RPMI 1640, Gibco, California, US)
supplemented with 10% fetal calf serum (Hangzhou Sijiqing bioengineering Material Co., Ltd, Hangzhou,
China); MGC803 cells were cultured in minimum essential medium (MEM, Gibco, California, US)
supplemented with 10% fetal calf serum. These two cell lines were both incubated in a 37°C humidi�ed
incubator with 5% CO2.

The hypoxia condition was established using Cobalt chloride module (CoCl2, Sigma-Aldrich, St. Louis,
MO, USA) (300µmol/L) in their culture medium as described in other publications[18, 19]

ANXA1 siRNA (5’-CCCGUUCUGAAAUUGACAUTT-3’) and nonspeci�c control siRNA (5’-
UUCUCCGAACGUGUCACGUTT-3’) were purchased from GenePharma (Suzhou, China). The control and
ANXA1 siRNA were transfected into HGC27 and MGC803 cells with Lipofectamine 2000 reagent
(Invitrogen, Shanghai, China) according to the manufacturer’s instructions.

Western blot
Proteins from cells were extracted by the same procedure as described previously[34]. The procedure of
western blot was the same as above: extracted proteins from cells, antibodies of HIF-1α, ANXA1 and β-
actin. HIF-2α (1:2000, DF2928,A�nity Biosciences Ohio US), MMP-2 (1:1000, 10373-2-AP, Proteintech
Group, Chicago, US), TIMP-2 (tissue inhibitor of metalloproteinase 2) (1:1000, 17353-1-AP, Proteintech
Group), MMP-9 (Matrix metal proteinase 9) (1:1000, 10375-2-AP, Proteintech Group), TIMP-1 (tissue
inhibitor of metalloproteinase 1) (1:1000, 10753-1-AP, Proteintech Group).

Gelatin zymography
Gelatin zymography was used to detect the activity of MMP-2. Cells (2.5 × 106) were seeded in 100-mm
plates and cultured for 3 h, 12 h and 24 h. Then, proteins were collected and concentrated by Amicon
Ultra-4-30 k centrifugal �lters (Millipore, Billerica, MA, USA), 7500 g, 20 min, at 4°C. We loaded 50µg of
protein in non-denaturing conditions into 8% polyacrylamide gel containing 0.1% gelatin (China
Pharmaceutical Shanghai chemical reagent station, Shanghai, China). After electrophoresis, gels were
washed by 2.5% Triton X-100, 30 minutes. Then, gels were incubated for 48h, 37°C in incubation buffer
(50 mM Tris-HCl (pH 8.8), 5 Mm CaCl2, 1 µM ZnCl2, and 0.02% NaN3), stained with Coomassie brilliant
blue R-250 for 30 min (Coomassie Blue Staining Kit, Biotechnology Bioengineering Co., Ltd., Shanghai,
China) following the steps provided by the manufacturer, and destained in destained solution for 15min,
3 times. The gelatinolytic activities were shown as clear areas in gel. Then, gels were photographed and
quantitatively measured by scanning densitometry.
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Co-immunoprecipitation
All operations are carried out at low temperature. Gastric cancer cells HGC27 and MGC803 were cultured
under hypoxia condition for 6 h and then were harvested. The cells were lysed with IP RIPA on ice for 30
min.

The lysates were collected by centrifuge at 12,000 rpm for 15 min at 4°C and the supernatant was the
total protein. Add PBS to dilute the total protein to 1 µg/µl, and incubate overnight with 1µg HIF-1α
antibody for every 500 µg total protein. 30µl protein A/G agarose beads (SC-2003, Santa Cruz
Biotechnology, California, US) were added to the cell lysate and incubated at 4 ℃ for 4 h. The beads were
washed 3 times in IP RIPA and subjected to Western blotting.

In order to detect the interaction between HIF-1 and ANXA1, and between HIF-1 and MMP-2, we incubated
with antibodies of ANXA1 and MMP-2 respectively during the Western blotting[37].

Immuno�uorescence staining
Identify the location of HIF-1α, ANXA1 and MMP-2 in GC cells by Immuno�uorescence staining.
Exponentially growing cells were seeded on glass slides in 12-well plates and were cultured in normoxic
conditions to CoCl2 in their culture medium for 6h. The treated cells were rinsed three times with 0.01 M
PBS, and �xed for 20 min with 4% paraformaldehyde at 4°C. Afterwards, cells were permeabilized with
0.5% TritonX-100 for 15 min. Later, cells were blocked with 10% normal goat serum for 1h. Primary
antibodies: 100 µl /well HIF-1α (1:300) and ANXA1 (1:300) mixture or MMP-2 (1:300) and ANXA1 (1:300)
mixture were added and incubated at 4°C overnight. After cells were rinsed with cold PBS three times, the
secondary antibody was added and incubated at room temperature for 30min. Subsequently, the slides
were stained with 100 µl /well the corresponding Alexa Fluor 488 goat anti-rabbit IgG antibody (VA018,
VICMED Life Sciences, Xu Zhou, China) and Alexa Fluor 594 goat anti-mouse IgG (VA019, VICMED Life
Sciences, Xu Zhou, China) mixture at room temperature in dark for 1h. The nuclei were stained with
50µl/well 6-diamidino-2-phenylindole (DAPI) at room temperature in dark for 5min. Then, the slides were
rinsed with PBS for 5 min, 3 times. Finally, the slides were analyzed by �uorescence microscope
(Olympus BX-51, Olympus Corporation, Japan). All samples were processed in parallel.

Wound healing assay
Wound healing assay was used to detect the ability of cell migration. After transfecting HGC27 and
MGC803 cells with ANXA1 siRNA and control siRNA, cells were grown to con�uency, wound lines were
made by scraping closed Pasteur pipette tips across the con�uent cell layer. Then, cells were washed by
PBS three times to remove detached cells and debris. The width of wound was observed and measured
after 0, 6 and 12 hours[21].

Cell migration and invasion assays
Cell migration and invasion assays were performed by using modi�ed two chamber migration and
invasion assays with a pore size of 8 µm. Transwell �lters were inserted with or without Matrigel (BD
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Biosciences, USA) coating for invasion and migration assays, respectively. The detailed conditions have
been described previously[38].

Statistical analysis
Data has been expressed as the means ± SDs from at least three independent repeats. One-way analysis
of variance (ANOVA) and multi-factorial ANOVA were used for comparing the differences between groups.
Statistical analysis for the GC tissue microarray was performed by SPSS 16.0. The association between
the staining of HIF-1α, ANXA1 and the clinicopathological parameters of GC patients, including gender,
age, tumor size, TNM stage, lymph node and hematogenous metastasis were evaluated by the two-sided
Fisher’s exact test. The correlation between HIF-1α, ANXA1 expressions and patient survival was
assessed by Kaplan- Meier and log-rank tests. Analysis of univariate and multivariate was analyzed by
Cox regression model. Difference was considered signi�cant when P< 0.05.
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Figure 1

HIF-1α is increased in GC and associated with overall survival in GC patients. (A) Top panel, HIF-1α and
ANXA1 immunohistochemical staining in GC and normal gastric tissues, ×400. (B) Distributions of the
difference HIF-1α and ANXA1 staining in in GC and normal gastric tissues were available from the 62
pairs of tissues. (C) The expression of HIF-1α was high versus low expression of ANXA1 determined by
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Western blot in 8 pairs of the same frozen gastric tissues. (D) High expression of HIF-1α correlated with
worse overall survival. The combination of high HIF-1α plus high ANXA1 had worse overall survival.

Figure 2

HIF-1α improves wound healing of GC cells. (A) The expression of HIF-1α was signi�cantly increased in
both HGC27 and MGC803 cells after 6h and 12h co-cultured with CoCl2. The expression of HIF-2α was no
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change after any hours both HGC27 and MGC803 cells co-cultured with CoCl2. (B) HIF-1α improved
wound healing of both HGC27 and MGC803 cells after 12h co-cultured with CoCl2.

Figure 3

HIF-1α improves migration and invasion of GC cells. (A)HIF-1α improved migration of both HGC27 and
MGC803 cells. (B)HIF-1α improved invasion of both HGC27 and MGC803 cells.
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Figure 4

HIF-1α improves migration and invasion of GC cells via regulating ANXA1/MMP-2 signaling. (A) Western
blot analysis demonstrated the protein levels ofHIF-1α, ANXA1, MMP-2, TIMP-2, MMP-9 and TIMP-1
inHGC27 and MGC803 cells following 6, 12 and 24h co-cultured with CoCl2.Full-length blots are
presented in Supplementary Fig3A. (B) Gelatin zymography analysis of the activity of MMP-2. Full-length
gels are presented in Supplementary Fig 3B. (C) Immunoprecipitation analysis of the interactions of
HIF1α,ANXA1 and MMP-2 in HGC27 and MGC803 cells.
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Figure 5

HIF1α regulated the expression of MMP-2 via ANXA1. Immuno �auorescence staining identi�ed the sub
cellular localization of HIF1α, ANXA1 and MMP-2(A and B). The proteins (HIF1α, ANXA1 and MMP-2) are
localized in the cytosol.NOTE: A. ANXA1(red), HIF-1α (green), DAPI (blue); B. ANXA1(red), MMP-2 (green),
DAPI (blue). Original Magni�cation: ×40.(C) ANXA1 siRNA was transfected into GC cells. (D, E)The
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expression of MMP-2 was upregulated after transfected ANXA1 siRNA in HGC27 and MGC803 cells under
hypoxia condition.

Figure 6

HIF1α regulated the migration and invasion of GC cells via HIF1α/ANXA1/MMP-2 pathway. (A)Western
blot analysis: expressions of MMP-2in HGC27 and MGC803 cells were down regulated by SB-3CT at
30μmol/L. (B). The migration abilities were inhibited by SB-3CT in HGC27 and MGC803 cells at 12h.
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Figure 7

HIF1α regulated the migration and invasion of GC cells via HIF1α/ANXA1/MMP-2 pathway. (A) The
migration abilities were inhibited by SB-3CT in HGC27 and MGC803 cells. (B) The invasion abilities were
inhibited by SB-3CT in HGC27 and MGC803 cells.
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