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Background: A-Kinase interacting protein 1 (AKIP1) relates to gastric cancer growth,
metastasis, and prognosis, while its regulation on gastric cancer invasion and stemness
under hypoxia microenvironment is not reported. Therefore, this study aimed to explore
this topic to uncover AKIP1’s role in gastric cancer under hypoxia.

Methods: Gastric cancer cell lines AGS and MKN45 were cultured under hypoxia
condition, then transfected with AKIP1 or negative control (NC) overexpression plasmid
or AKIP1 or NC knockdown plasmid. Furthermore, rescue experiments were conducted
by transfecting HIF-1a or b-catenin overexpression plasmid, combined with AKIP1 or NC
knockdown plasmid. Afterward, cell invasion, CD133+ cell proportion, sphere number/
1,000 cells, and HIF-1a and b-catenin pathways were measured.

Results: The invasive cell count, CD133+ cell proportion, and sphere number/1,000 cells
were enhanced in both AGS cells and MKN45 cells under hypoxia, and AKIP1 expression
was also elevated. AKIP1 knockdown inhibited cell invasion, CD133+ cell proportion,
sphere number/1,000 cells, HIF-1a, vascular endothelial growth factor (VEGF), b-catenin,
and calcium-binding protein (CBP) expressions in AGS cells and MKN45 cells under
hypoxia, while AKIP1 overexpression presented with the opposite effect. Then, in rescue
experiments, HIF-1a overexpression and b-catenin overexpression both promoted cell
invasion, CD133+ cell proportion, and sphere number/1,000 cells, which also attenuated
the effect of AKIP1 knockdown on these functions in AGS cells and MKN45 cells.

Conclusion: AKIP1 promotes cell invasion and stemness via activating HIF-1a and
b-catenin signaling pathways in gastric cancer under hypoxia condition.
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INTRODUCTION

Gastric cancer remains to be one of the most frequent and fatal
cancers in the world, despite the reduction in risk factors such as
Helicobacter pylori (1–4). With the aging of the population, the
incidence of gastric cancer will be increasing, and what is worse is
that the early disease is hard to be discovered under usual
examination; most patients are diagnosed with advanced
disease (5, 6). Gastric cancer treatment demands a
multidisciplinary work; luckily, insights of the pathology of
gastric cancer keeps growing, which has largely contributed to
the exploration of targeted therapy, immune therapy, or updated
chemotherapy regimen (7–9). Hypoxia, an imperative feature in
cancer development, is both a cause and a consequence in tumor
progression, and in recent decades, hypoxia as a treatment target
is increasingly indicated in cancer treatment (10–12).

A-Kinase interacting protein 1 (AKIP1), a small protein of 23
kDa, regulates the signaling of cAMP-dependent protein kinase,
which belongs to the cascade of NF-kappa-B activation (13, 14).
Most importantly, AKIP1 is also a promising oncology-related
factor in recent studies. For instance, AKIP1 is upregulated in
several cancers, and it also correlates with more deteriorative
tumor features and survival profiles in these cancer patients,
which suggests that it participates in the progression of many
cancers (15–19). Above all, there is also correlation between
AKIP1 and gastric cancer, which elucidates that it is involved in
tumor progression through the modulation of Slug-induced
epithelial–mesenchymal transition, which then enhances
growth and metastasis of the tumor (20). Therefore, AKIP1
may also be involved in the regulation of gastric cancer
pathogenesis under hypoxia, while there is no evidence
supporting this presumption.

Hence, the present study aimed to investigate the effect of
AKIP1 on cell invasion and stemness in gastric cancer under
hypoxia, and its interaction with hypoxia-inducible factor 1
subunit alpha (HIF-1a) and b-catenin pathways.
METHODS

Cell Culture and Hypoxia Treatment
GC cell lines AGS and MKN45 were purchased from China
Center for Type Culture Collection (CCTCC, China) and
Japanese Collection of Research Bioresources (JCRB) Cell Bank
(JCRB, Japan), separately. The 90% Ham’s F-12K medium
(GIBCO, USA) with 10% fetal bovine serum (GIBCO, USA)
was used for the culture of AGS cells. The 90% Roswell Park
Memorial Institute (RPMI) 1640 medium (GIBCO, USA) with
10% fetal bovine serum (GIBCO, USA) was used for the culture
of MKN45 cells. The cell culture condition in normal oxygen was
at 37°C in a humidified atmosphere of 5% CO2 and 21% O2,
while for hypoxia treatment, the cell culture was performed in a
hypoxia cell incubator of 5% CO2 and 0.5% O2 at 37°C. To assess
the influence of hypoxia on the GC cells, we first divided AGS
and MKN45 cells into two groups: (a) control group, which was
cultured in the normal oxygen condition, and (b) hypoxia group,
which was cultured in the hypoxia condition. After 48-h culture,
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the Transwell assay, flowcytometry, sphere formation assay,
reverse transcription quantitative polymerase chain reaction
(RT-qPCR), and Western blot were performed.

Plasmid Construction and Transfection
The pEX-2 vector (Genepharma, China) was applied as a carrier
for construction of AKIP1 overexpression [AKIP1(+)] plasmid
and negative control (NC) overexpression [NC(+)] plasmid; the
pGPH1 vector (Genepharma, China) was used as a carrier for
construction of AKIP1 knockdown [AKIP1 (–)] plasmid and NC
knockdown [NC(−) plasmid. The constructed plasmids were
respectively transfected into AGS cells and MKN45 cells using
Lipofectamine™ 3000 Transfection Reagent (Invitrogen, USA)
following the instructions of the manufacturer, and the resulting
cells were respectively named as AKIP1(+), NC(+), AKIP1(−),
and NC(−) in each cell line. The cells without transfection were
used as normal control. After transfection, all cells were
incubated for 48 h under the hypoxia condition as described in
the “Cell Culture and Hypoxia Treatment”. The Transwell assay,
flow cytometry, sphere formation assay, RT-qPCR, and Western
blot were performed.

HIF-1a and b-Catenin Inhibition
YC-1 and LF3, the inhibitors of HIF-1a and b-catenin pathways,
were purchased from MedChemExpress (MCE, China). The
concentration of YC-1 or LF3 incubating with cells in was 10
or 30 mM. After incubated under hypoxia condition for 48 h, the
Transwell assay, flow cytometry, and sphere formation assay
were performed.

Rescue Experiment
The pEX-2 vector (Genepharma, China) was also used for
construction of overexpression plasmid of HIF-1a and b-
catenin. The co-transfection of constructed plasmid was
performed in each cell line using Lipofectamine™ 3000
Transfection Reagent (Invitrogen, USA). Concretely, the co-
transfection was classified as the following groups: (a) b-catenin
(+)&AKIP1(−), the cells were transfected with b-catenin
overexpression plasmid and AKIP1(−) plasmid; (b) b-catenin(+),
the cells were transfected with b-catenin overexpression plasmid
and NC(−) plasmid; (c) HIF-1a(+)&AKIP1(−), the cells were
transfected with HIF-1a overexpression plasmid and AKIP1(−)
plasmid; (d) HIF-1a(+), the cells were transfected with HIF-1a
overexpression plasmid and NC(−) plasmid; (e) AKIP1(−), the
cells were transfected with AKIP1(−) plasmid; (f) NC, the cells
were transfected with NC(+) and NC(−) plasmid; and (g) normal,
the cells were not transfected with any plasmid. After transfection,
all cells were incubated for 48 h under the hypoxia condition as
described in the “Cell Culture and Hypoxia Treatment”. The
Transwell assay, flowcytometry, sphere formation assay,
RT-qPCR, and Western blot were performed.

Transwell Assay
The cells (1 × 105 cells) in 100 ml medium without fetal bovine
serum (FBS) were seeded into Matrigel matrix (1.5 mg/ml)-
coated insert (Invitrogen, USA). The lower chamber was filled
with 10% FBS-containing medium. After incubation for another
March 2022 | Volume 11 | Article 798557
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24 h, the non-invading cells were removed from the upper
surface of the insert. The cells attached to the bottom surface
of insert were fixed with methanol (Sangon, China) and stained
with 0.5% crystal violet (Sangon, China). The numbers of
invaded cells were counted under an inverted light microscope
(Nikon, Japan).

Flow Cytometry
The CD133-positive (CD133+) cells proportion was assessed by
flow cytometry. The cells were stained with Alexa Fluor® 488-
conjugated CD133 mouse monoclonal antibody (1:50,
Invitrogen, USA); following that, the cells were sorted by a
flow cytometer (BD, USA) and quantified with FlowJo 7.0
software (BD, USA).

Sphere Formation Assay
In brief, the single cells (300 cells per well) were seeded in ultra-
low attach plate (Corning, China) and cultured with sphere
formation medium for 7 days under hypoxia condition. The
sphere formation medium was Dulbecco’s modified Eagle’s
medium/F12 (GIBCO, USA) containing 2% B-27 supplement
(Gibco, USA), 20 ng/ml epidermal growth factor (Sangon,
China), 10 ng/ml basic fibroblast growth factor (Sangon,
China), and 5 mg/ml insulin (Sangon, China). The number of
spheres, with diameter >50 mm, was counted with an
inverted microscope.

RT-qPCR
Briefly, total RNAwas extracted from cells using TRIzol™ Reagent
(Thermo,USA), and the reverse transcriptionwas completed using
ReverTra Ace® qPCR RT Kit (Toyobo, Japan); then, qPCR was
conducted using SYBR® Green Real-Time PCR Master Mix
(Toyobo, Japan). b-Actin was used as reference gene. The primers
were as follows: AKIP1 forward primer (5′–3′), AGAACATCT
CTAAGGACCTCTACAT; reverse primer (5′–3′), TCCAGAATC
AACTGCTACCACAT; HIF-1a forward primer (5′–3′),
AACTAGCCGAGGAAG AACTATGAAC; reverse primer (5′–
3′), CACTGAGGTTGGT TACTGTTGGT; b-catenin forward
primer (5′–3′), GCCATTACAACTCTCCACAACCT; reverse
primer (5′–3′), GACAGATAGCACCTTCAGCACTC; b-actin,
forward primer (5′–3′), TCGTGCGTGACATTAAGGAGAA;
reverse primer (5′–3′), AGGAAGGAAGGCTGGAAGAGT. The
expression was finally calculated using 2−DDCt method with b-actin
as internal reference.

Western Blot
Protein extraction and quantification were completed using
radioimmunoprecipitation assay (RIPA) lysis and extraction
buffer (Thermo, USA) and Pierce™ BCA Protein Assay Kit
(Thermo, USA), respectively. Protein was separated by gel
electrophoresis with NuPAGE Bis–Tris gels 4%–20% (Thermo,
USA), then was transferred onto polyvinylidene difluoride
membranes. Subsequently, the membrane was blocked and
incubated with antibodies targeting AKIP1 (1:1,000, Invitrogen,
USA), HIF-1a (1:1,000, Abcam, UK), vascular endothelial
growth factor (VEGF) (1:10,000, Abcam, UK), b-catenin
(1:2,000, Invitrogen, USA), calcium-binding protein (CBP)
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(1:2,000, Invitrogen, USA), IkBa (1:3,000, Invitrogen, USA), p-
IkBa (1:1,000, Invitrogen, USA), and b-actin (1:2,000,
Invitrogen, USA) (as reference), followed by incubation with
goat antirabbit IgG H&L (HRP) secondary antibody (1: 10,000,
Abcam, UK). The protein band visualization was performed
using Novex™ECL Chemiluminescent Substrate Reagent Kit
(Invitrogen, USA). Quantitative analysis was completed using
ImageJ software 7.6 (National Institutes of Health, USA).

Statistical Analysis
Figures were constructed by GraphPad Prism 7.01 (GraphPad,
USA) and were displayed by a bar plot using mean and standard
deviation. Independent-samples t-test was applied for the
analysis of the data between two groups, and one-way
ANOVA followed by Tukey’s multiple comparison was applied
to compare the difference among groups. A p-value <0.05 was
used as threshold to identify the statistical significance. In the
figures, “*,” “**,” “***,” and “NS” represented the p-values <0.05,
<0.01, <0.001, and >0.05, respectively.
RESULTS

AKIP1, Cell Invasion, and Stemness in
Gastric Cancer Under Hypoxia
In the AGS cells, the invasive cell count (p < 0.01, Figures 1A, B),
CD133+ cell proportion (p < 0.05, Figures 1C, D), and sphere
number/1,000 cells (p < 0.01, Figures 1E, F) were all elevated in
the hypoxia group compared with that in the normal group. The
AKIP1 mRNA relative expression (p < 0.01, Figure 1G) and
protein expression (p < 0.05, Figures 1H, I) were also increased
in the hypoxia group compared with that in the normal group.
Similar trends were also observed in MKN45 cells (all p < 0.05,
Figures 1J–R). These suggested that AKIP1 might be engaged in
the hypoxia-induced cell invasion and stemness in gastric cancer.

Effect of AKIP1 on Gastric Cancer Cell
Invasion and Stemness Under Hypoxia
After the transfection of AKIP1(+) and AKIP1(−) plasmids in
AGS cells, AKIP1 mRNA (p < 0.001), and protein expressions
(p < 0.01) were downregulated in the AKIP1(−) group compared
with that in the NC(−) group, while they were upregulated in
AKIP1(+) compared with that in NC(+) group (both p < 0.01,
Figures 2A–C). Besides, similar trends were also observed in
MKN45 cells (all p < 0.01, Figures 2F–H). These findings
suggested the successful transfection of AKIP1(+) and AKIP1
(−) plasmids.

More importantly, the invasive cell count was reduced in the
AKIP1(−) group compared with that in the NC(−) group (p <
0.01) but was enhanced in the AKIP1(+) group compared with
that in the NC(+) group (p < 0.01, Figures 2D, E) after
transfections in AGS cells, and similar results were seen in
MKN45 cells as well (both p < 0.05, Figures 2I, J).

In addition, the CD133+ cell proportion (p < 0.01,
Figures 3A, B) and sphere number/1,000 cells (p < 0.01,
Figures 3C, D) were downregulated in the AKIP1(−) group
March 2022 | Volume 11 | Article 798557
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compared with that in the NC(−) group but were upregulated in
the AKIP1(+) group compared with that in the NC(+) group in
AGS cells (both p < 0.01). Besides, similar trends were also
observed in MKN45 cells (all p < 0.05, Figures 3E–H). These
data revealed that AKIP1 could promote cell invasion and
stemness of gastric cancer cells under hypoxia.

Effects of AKIP1 on HIF-1a and
b-Catenin Pathways
In AGS cells, HIF-1a (p < 0.05), VEGF (p < 0.05), b-catenin (p <
0.05), and CBP (p < 0.05) protein expressions were inhibited in
Frontiers in Oncology | www.frontiersin.org 4
the AKIP1(−) group compared with that in the NC(−) group,
while most of them were promoted in the AKIP1(+) group
compared with that in the NC(+) group (p < 0.05) except that the
CBP expression was of no difference between the AKIP1(+)
group compared with that in the NC(+) group (p > 0.05)
(Figures 4A, C).

In the MKN45 cells, the HIF-1a, VEGF, b-catenin, and CBP
protein expressions were also decreased in the AKIP1(−) group
compared with that in the NC(−) group (all p < 0.05) but were
increased in the AKIP1(+) group compared ith the NC(+) group
(all p < 0.05, Figures 4B, D). To sum up, these indicated that
A B C D

E F G H I 

J K L M

N O P Q R

FIGURE 1 | Effect of hypoxia condition on gastric cancer cells. The effect of hypoxia condition on invasive cell number (A, B), CD133+ cell proportion (C, D), sphere
number/1,000 cells (E, F), and AKIP1 expression (G–I) in AGS cells; effect of hypoxia condition on invasive cell number (J, K), CD133+ cell proportion (L, M), sphere
number/1,000 cells (N, O), and AKIP1 expression (P, Q, R) in MKN45 cells. AKIP1, A-kinase interacting protein 1. “*” and “**” represented the p-values <0.05 and
<0.01, respectively.
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AKIP1 could positively regulate HIF-1a and b-catenin pathways
in gastric cancer cells under hypoxia.

To further evaluate the pharmacological inhibition of HIF1
and beta-catenin in both AGS and MKN45 cell lines, we
purchased YC-1 and LF3, the inhibitors of HIF-1a and b-
catenin pathways, and treated AGS and MKN45 cell lines with
these agents. It showed that the pharmacological inhibition of
HIF1 and beta-catenin had the similar effect as AKIP1 depletion
Frontiers in Oncology | www.frontiersin.org 5
on invasive cell count, sphere number/1,000 cells, and CD133+
cell proportion (all p < 0.05, Supplementary Figures 1A–L).

Effects of AKIP1 on IkBa and p-IkBa
In AGS cells, p-IkBa protein expression was inhibited in the
AKIP1(−) group compared with that in the NC (−) group (p <
0.01), while it was promoted in the AKIP1(+) group compared
with that in the NC(+) group (p < 0.001) (Supplementary
A B

D E

C

F G

I J

H

FIGURE 2 | AKIP1 expression and cell invasion in gastric cancer cells post transfections. The AKIP1 mRNA expression (A), protein expression (B, C), and invasive
cell count (D, E) among control, NC(−), AKIP1(−), NC(+), and AKIP1(+) groups in AGS cells; AKIP1 mRNA expression (F), protein expression (G, H), and invasive cell
count (I, J) among control, NC(−), AKIP1(−), NC(+), and AKIP1(+) groups in MKN45 cells. AKIP1, A-kinase interacting protein 1; NC, negative control; GAPDH,
glyceraldehyde-phosphate dehydrogenase. “*”, “**”, and “***” represented the p-values <0.05, <0.01, and <0.001 respectively.
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Figures 2A, C). In the MKN45 cells, p-IkBa protein expression
was also inhibited in the AKIP1(−) group compared with that in
the NC(−) group (p < 0.001), while it was promoted in the AKIP1
(+) group compared with that in the NC(+) group (p < 0.001)
(Supplementary Figures 2B, D). To sum up, these indicated that
AKIP1 could positively regulate p-IkBa expression in gastric
cancer cells under hypoxia.

Rescue Experiments for Interaction of
AKIP1 With HIF-1a and b-Catenin
Pathways
In AGS cells, the AKIP1 mRNA (p < 0.001) and protein
expressions (p < 0.01) were downregulated in the AKIP1(−)
group compared with that in the NC group, which indicated that
the transfection of AKIP1 knockdown plasmid was successful;
the HIF-1amRNA (p < 0.001) and protein expressions (p < 0.01)
were overexpressed in the HIF-1a(+) group compared with that
in the NC group, which indicated that the successful transfection
of HIF-1a overexpression plasmid; the AKIP1 mRNA (p <
0.001) and protein expressions (p < 0.01) were downregulated
in the HIF-1a&(+)&AKIP1(−) group compared with that in the
HIF-1a(+) group, which indicated that the transfection of HIF-
1a overexpression and AKIP1 knockdown plasmid was
successful; the b-catenin mRNA (p < 0.001) and protein
expressions (p < 0.05) were overexpressed in the b-catenin(+)
group compared with that in the NC group, which indicated that
the successful transfection of b-catenin overexpression plasmid;
the AKIP1 mRNA (p < 0.001) and protein expressions (p < 0.01)
were downregulated in the b-catenin(+)&AKIP1(−) group
compared with that in the b-catenin(+) group, which indicated
Frontiers in Oncology | www.frontiersin.org 6
that the transfection of b-catenin overexpression and AKIP1
knockdown plasmid was successful (Figures 5A–E). In MKN45
cells, similar results were also observed, which indicated that the
transfections were also successful (Figures 5F–J).

Furthermore, in AGS cells, the invasive cell count was
elevated in the HIF-1a(+) group compared with thar in the
NC group (p < 0.01); besides, the invasive cell count was also
elevated in the HIF-1a(+)&AKIP1(−) group compared with that
in the AKIP1(−) group (p < 0.01), but it was still declined in the
HIF-1a(+)&AKIP1(−) group compared with that in the HIF-
1a(+) group (p < 0.01). These findings indicated that HIF-1a
overexpression elevated invasive cell count, and HIF-1a
overexpression might diminish the effect of AKIP1 knockdown
on invasive cell count to some extent; in addition, the invasive
cell count was elevated in the b-catenin(+) group compared with
that in the NC group (p < 0.01), besides the invasive cell count
was also elevated in the b-catenin(+)&AKIP1(−) group
compared with that in the AKIP1(−) group (p < 0.01), but it
was still declined in the b-catenin(+)&AKIP1(−) group
compared with that in the b-catenin(+) group (p < 0.01).
These finding indicated that b-catenin overexpression elevated
invasive cell count, and b-catenin overexpression might decrease
the effect of AKIP1 knockdown on invasive cell count to some
extent (Figures 6A, B). In MKN45 cells, HIF-1a and b-catenin
overexpressions exhibited a similar impact on invasive cell count,
and they both weaken the effect of AKIP1 knockdown on
invasive cell count to some extent (Figures 6C, D).

In addition, in AGS cells, the CD133+ cell proportion (p <
0.01) and sphere number/1,000 cells (p < 0.01) were elevated in
the HIF-1a(+) group compared with that in the NC group (p <
A B C D

E F G H

FIGURE 3 | Stemness in gastric cancer cells post transfections. The CD133+ cell proportion (A, B) and sphere number/1,000 cells (C, D) among control, NC(−),
AKIP1(−), NC(+), and AKIP1(+) groups in AGS cells; CD133+ cell proportion (E, F) and sphere number/1,000 cells (G, H) among control, NC(−), AKIP1(−), NC(+), and
AKIP1(+) groups in MKN45 cells. NC, negative control; AKIP1, A-kinase interacting protein 1. “*” and “**” represented the p-values <0.05 and <0.01, respectively.
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0.01); besides, the CD133+ cell proportion (p < 0.01) and sphere
number/1,000 cells (p < 0.01) were also elevated in the HIF-
1a(+)&AKIP1(−) group compared with that in the AKIP1(−)
group (p < 0.01), but they were still declined in the HIF-1a(+)
&AKIP1(−) group compared with that in the HIF-1a(+) group
(both p < 0.05). These findings indicated that HIF-1a
overexpression elevated the CD133+ cell proportion and sphere
number/1,000 cells, and HIF-1a overexpression might reduce
the effect of AKIP1 knockdown on these measurements to some
extent. In addition, the CD133+ cell proportion (p < 0.01) and
sphere number/1,000 cells (p < 0.01) were elevated in the b-
catenin(+) group compared with that in the NC group (p < 0.01);
besides, the CD133+ cell proportion (p < 0.01) and sphere
number/1,000 cells (p < 0.01) were also elevated in the b-
catenin(+)&AKIP1(−) group compared with that in the AKIP1
(−) group (p < 0.01), but they were still declined in the b-catenin
(+)&AKIP1(−) group compared with that in the b-catenin(+)
group (both p < 0.05). These findings indicated that b-catenin
overexpression elevated the CD133+ cell proportion and sphere
number/1,000 cells, and b-catenin overexpression might curtail
the effect of AKIP1 knockdown on these measurements to some
Frontiers in Oncology | www.frontiersin.org 7
extent (Figures 7A–D). In MKN45 cells, HIF-1a and b-catenin
overexpressions exhibited a similar impact on CD133+ cell
proportion and sphere number/1,000 cells, and they both
attenuated the effect of AKIP1 knockdown on these
measurements to some extent (Figures 7E–H).
DISCUSSION

Caused by cancer cell overproliferation, oxygen deficiency is a
common phenomenon inside the tumor; most importantly, this
phenomenon is increasingly reported as a potential treatment
target in cancers (21, 22). The hypoxia condition is reported to
promote tumor progression in multiple ways, such as the
enhancement of chemoresistance by activating GLI family zinc
finger 2 (GLI2) and promotion of tumor metastasis through
modulating the macrophage functions (23, 24). As for gastric
cancer, there are also studies reporting the role of hypoxia
condition. For instance, a study elucidated that hypoxia
promotes gastric cancer cell migration, invasion, and
epithelial–mesenchymal transition (EMT); then, circular RNA
A B

C D

FIGURE 4 | HIF-1a and b-catenin pathways in gastric cancer cells post transfections. The HIF-1a, VEGF, b-catenin, and CBP protein expressions among NC(−),
AKIP1(−), NC(+), and AKIP1(+) groups in AGS cells (A, C); HIF-1a, VEGF, b-catenin, and CBP protein expressions among NC(−), AKIP1(−), NC(+), and AKIP1(+)
groups in MKN45 cells (B, D). HIF-1a, hypoxia inducible factor 1 subunit alpha; VEGF, vascular endothelial growth factor; CBP, calcium-binding protein; NC,
negative control; AKIP1, A-kinase interacting protein 1. “ns” represented the p-value > 0.05. “*” and “**” represented the p-values <0.05 and <0.01, respectively.
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A B

D E
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H

FIGURE 5 | AKIP1, HIF-1a, and b-catenin expressions in rescue experiments. The AKIP1 mRNA (A), HIF-1a mRNA (B), b-catenin mRNA (C), and their protein
(D, E) expressions among control, NC, AKIP1(−), HIF-1a(+), HIF-1a(+)&AKIP1(−), b-catenin(+), and b-catenin(+)&AKIP1(−) groups in AGS cells; AKIP1 mRNA (F),
HIF-1a mRNA (G), b-catenin mRNA (H), their protein (I, J) expressions among control, NC, AKIP1(−), HIF-1a(+), HIF-1a(+)&AKIP1(−), b-catenin(+), and b-catenin(+)
&AKIP1(−) groups in MKN45 cells. AKIP1, A-kinase interacting protein 1; HIF-1a, hypoxia-inducible factor 1 subunit alpha; NC, negative control; VEGF, vascular
endothelial growth factor; CBP, calcium-binding protein; NS, not significant. “*”, “**”, and “***” represented the p-values <0.05, <0.01, and <0.001 respectively.
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0081143 knockdown reduces these effects (25). Another study
revealed that the axis of hypoxia–autophagy enhances the
secretion of vascular endothelial growth factor A (VEGFA)
from peritoneal mesothelial cells through mediating integrin
a5-fibronectin signaling, which subsequently promotes the
peritoneal metastasis in gastric cancer mouse model (26). In
addition, a study illuminated that microRNA 124 expression is
activated by hypoxia, which then increases cancer cell
proliferation and migration by upregulating the Warburg
effect (27). In the present study, we tried to explore the role of
AKIP1 in gastric cancer cells under hypoxia and its probable
downstream pathways and found that, first of all, the cell
invasion, CD133+ cell percentage, and sphere number/1,000
cells were promoted in gastric cancer cells under hypoxia.
AKIP1 was upregulated in gastric cancer cells under hypoxia,
and AKIP1 enhanced cell invasion, CD133+ cell proportion, and
sphere number/1,000 cells in gastric cancer cells under hypoxia.
Furthermore, the rescue experiments disclosed that HIF-1a and
b-catenin pathways overexpression reduced the effects of AKIP1
Frontiers in Oncology | www.frontiersin.org 9
knockdown on invasion, CD133+ cell proportion, and sphere
number/1,000 cells in gastric cancer cells under hypoxia.

AKIP1, also known as breast-cancer-associated protein 3
(BCA3), was earlier found as a regulator of cAMP-dependent
protein kinase (PKA) that modulates the cardiac function, and
now it is also known as a factor related to oncology (14). A
previous study illustrates that AKIP1 promotes the malignant
behaviors of hepatocellular carcinoma (HCC) cells via activating
protein kinase B (AKT) and nuclear factor-kappa B (NF-kB)
translocation (28). Moreover, a study revealed that in esophageal
squamous cell carcinoma, in vivo and in vitro, AKIP1
overexpression enhances angiogenesis and lymphangiogenesis,
and AKIP1 downregulation exerts the opposite effects. The study
also reported that AKIP1 enhances VEGF-C through regulating
its promotor by interacting with the transcription factors
consisting of SP1, AP2, and NF-kB (29). Besides, AKIP1
inhibition results in reduction in tumor growth and
angiogenesis in cervical cancer mouse models and decrease in
proliferation in cervical cancer cells (30). These all indicate that
A B

C D

FIGURE 6 | Cell invasion in rescue experiments. The invasive cell number among control, NC, AKIP1(−), HIF-1a(+), HIF-1a(+)&AKIP1(−), b-catenin(+), and b-catenin
(+)&AKIP1(−) groups in AGS cells (A, B) and in MKN45 cells (C, D). AKIP1, A-kinase interacting protein 1; NC, negative control; HIF-1a, hypoxia-inducible factor 1
subunit alpha; NS, not significant. “*” and “**” represented the p-values <0.05 and <0.01, respectively.
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AKIP1 acts as a promotor in the development of cancers, which
is in consistence to our results. Our results elucidated that AKIP1
promoted migration and stemness of gastric cancer cells,
suggesting that it also acted as a promoter of tumor
progression in gastric cancer. In regard to the possible
regulatory mechanism of AKIP1 in gastric, it possibly
promoted gastric cancer cell invasion and stemness through
interacting with other oncology-related factors (such as AKT
and NF-kB), or as elucidated in our further experiments, AKIP1
could also regulate the gastric cancer cell functions via
upregulating HIF-1a and b-catenin pathways (14, 28–30).

As for the roles of HIF-1a and b-catenin pathways, they are
both involved in tumorigenesis, which includes the pathology of
gastric cancer. For example, the gastric cancer cell proliferation
and invasion could be inhibited by 3-deazaneplanocin A through
repressing of the HIF-1a and Wnt signaling pathways (31). In
addition, a study elucidates that the molecule collagen triple helix
repeat containing 1 (CTHRC1) enhances the tumor metastasis in
animal model of gastric cancer via positively mediating HIF-1a
expression (32). In addition, a study illuminates that the Wnt/b-
catenin signaling pathway promotes the metastasis and EMT-
related markers expressions via interacting with transcription
factor EB (TFEB) in gastric cancer cells (33). Besides, a study
revealed that the Wnt/b-catenin signaling pathway is essential in
the immunosuppression regulation in gastric cancer
microenvironment, and inhibiting the b-catenin-induced C–C
motif chemokine ligand 28 (CCL28) decreases the tumor
progression through downregulating Treg cell infiltration in
animal models (34). These findings indicate that these two
pathways might be critical in gastric cancer progression. In the
Frontiers in Oncology | www.frontiersin.org 10
present study, we discovered that AKIP1 positively regulated the
HIF-1a and b-catenin pathways in gastric cancer cells under
hypoxia, and both HIF-1a and b-catenin overexpressions could
diminish the effects of AKIP1 on gastric cancer cell invasion and
stemness under hypoxia, which has provided some more possible
explanations to the function of AKIP1 in gastric cancer.

To sum up, AKIP1 promotes cell invasion and stemness via
activating HIF-1a and b-catenin pathways in gastric cancer
under hypoxia, which indicates that AKIP1 may have the
potential to serve as a therapeutic target in gastric cancer.
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Supplementary Figure 1 | Pharmacological inhibition of HIF1 and beta-catenin
on cell invasion and stemness in gastric cancer cells. Invasive cell count, CD133+

cell proportion, and sphere number/1000 cells among control, NC, AKIP1(-), HIF-
1a(-), and b-catenin(-) groups in AGS cells (A–F) and in MKN45 cells (G–L),
respectively. NC, negative control; AKIP, A-kinase interacting protein 1; HIF-1a,
hypoxia inducible factor 1 subunit alpha; NS, not significant.

Supplementary Figure 2 | IkBa and p-IkBa in gastric cancer cells post
transfections. The IkBa and p-IkBa protein expressions among control, NC(-),
AKIP1(-), NC(+) and AKIP1(+) groups in AGS cells (A, C); The IkBa and p-IkBa
protein expressions among control, NC(-), AKIP1(-), NC(+) and AKIP1(+) groups in
MKN45 cells (B, D). IkBa, nuclear factor-kB inhibitory protein-a; p-IkBa,
phosphorylated-IkBa; NC, negative control; AKIP1, A-kinase interacting protein 1.
REFERENCES
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global

Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68
(6):394–424. doi: 10.3322/caac.21492

2. Hoft SG, Noto CN, DiPaolo RJ. Two Distinct Etiologies of Gastric Cancer:
Infection and Autoimmunity. Front Cell Dev Biol (2021) 9:9752346.
doi: 10.3389/fcell.2021.752346

3. Boubrik F, Belmouden A, Kadmiri NE. Potential Non-Invasive Biomarkers of
Helicobacter Pylori-Associated Gastric Cancer. J Gastrointest Cancer (2021)
12. doi: 10.1007/s12029-021-00734-7

4. Abe H, Ushiku T. Pathological Diversity of Gastric Cancer From the
Viewpoint of Background Condition. Digestion (2021) 103:1–9.
doi: 10.1159/000519337

5. Johnston FM, Beckman M. Updates on Management of Gastric Cancer. Curr
Oncol Rep (2019) 21(8):67. doi: 10.1007/s11912-019-0820-4

6. Necula L, Matei L, Dragu D, Neagu AI, Mambet C, Nedeianu S, et al. Recent
Advances in Gastric Cancer Early Diagnosis. World J Gastroenterol (2019) 25
(17):2029–44. doi: 10.3748/wjg.v25.i17.2029

7. Ruiz Hispan E, Pedregal M, Cristobal I, Garcia-Foncillas J, Carames C.
Immunotherapy for Peritoneal Metastases From Gastric Cancer: Rationale,
Current Practice and Ongoing Trials. J Clin Med (2021) 10(20):4649.
doi: 10.3390/jcm10204649

8. Reddavid R, Dagatti S, Franco C, Puca L, Tomatis M, Corso S, et al.
Molecularly Targeted Therapies for Gastric Cancer. State of the Art.
Cancers (Basel) (2021) 13(16):4094. doi: 10.3390/cancers13164094

9. Yamashita K, Hosoda K, Niihara M, Hiki N. History and Emerging Trends in
Chemotherapy for Gastric Cancer. Ann Gastroenterol Surg (2021) 5(4):446–
56. doi: 10.1002/ags3.12439

10. Jing X, Yang F, Shao C, Wei K, Xie M, Shen H, et al. Role of Hypoxia in Cancer
Therapy by Regulating the Tumor Microenvironment. Mol Cancer (2019) 18
(1):157. doi: 10.1186/s12943-019-1089-9

11. Riera-Domingo C, Audige A, Granja S, Cheng WC, Ho PC, Baltazar F, et al.
Immunity, Hypoxia, and Metabolism-The Menage a Trois of Cancer:
Implications for Immunotherapy. Physiol Rev (2020) 100(1):1–102.
doi: 10.1152/physrev.00018.2019

12. Noman MZ, Hasmim M, Lequeux A, Xiao M, Duhem C, Chouaib S, et al.
Improving Cancer Immunotherapy by Targeting the Hypoxic Tumor
Microenvironment: New Opportunities and Challenges. Cells (2019) 8
(9):1083. doi: 10.3390/cells8091083

13. Gao N, Hibi Y, Cueno M, Asamitsu K, Okamoto T. A-Kinase-Interacting
Protein 1 (AKIP1) Acts as a Molecular Determinant of PKA in NF-kappaB
Signaling. J Biol Chem (2010) 285(36):28097–104. doi: 10.1074/
jbc.M110.116566

14. Sastri M, Haushalter KJ, PanneerselvamM, Chang P, Fridolfsson H, Finley JC,
et al. A Kinase Interacting Protein (AKIP1) Is a Key Regulator of Cardiac
Stress. Proc Natl Acad Sci USA (2013) 110(5):E387–396. doi: 10.1073/
pnas.1221670110

15. Wang D, Luo Y, Guo Y, Li G, Li F. A-Kinase Interacting Protein 1, a Potential
Biomarker Associated With Advanced Tumor Features and CXCL1/2 in
Prostate Cancer. Int J Biol Markers (2020) 35(2):74–81. doi: 10.1177/
1724600820914944
16. Fang T, Lu Q. A-Kinase Interacting Protein 1 (AKIP1) Associates With
Advanced Overall Disease Condition, Tumor Properties, and Unfavorable
Prognosis in Hepatocellular Carcinoma Patients. J Clin Lab Anal (2020) 34(6):
e23213. doi: 10.1002/jcla.23213

17. Yan Y, Li X, Gao J. Identification of A-Kinase Interacting Protein 1 as a
Potential Biomarker for Risk and Prognosis of Acute Myeloid Leukemia. J Clin
Lab Anal (2020) 34(5):e23055. doi: 10.1002/jcla.23055

18. Cui Y, Wu X, Lin C, Zhang X, Ye L, Ren L, et al. AKIP1 Promotes Early
Recurrence of Hepatocellular Carcinoma Through Activating the Wnt/beta-
Catenin/CBP Signaling Pathway. Oncogene (2019) 38(27):5516–29.
doi: 10.1038/s41388-019-0807-5

19. Zhao J, Zhao B, Hou L. AKIP1 Promotes Cell Proliferation, Invasion,
Stemness and Activates PI3K-Akt, MEK/ERK, mTOR Signaling Pathways
in Prostate Cancer. (2021). doi: 10.21203/rs.3.rs-568302/v1

20. Chen D, Cao G, Liu. A-Kinase-Interacting Protein 1 Facilitates Growth and
Metastasis of Gastric Cancer Cells via Slug-Induced Epithelial-Mesenchymal
Transition. J Cell Mol Med (2019) 23(6):4434–42. doi: 10.1111/jcmm.14339

21. Salem A, Asselin MC, Reymen B, Jackson A, Lambin P, West CML, et al.
Targeting Hypoxia to Improve Non-Small Cell Lung Cancer Outcome. J Natl
Cancer Inst (2018) 110(1):14–30. doi: 10.1093/jnci/djx160

22. Qiu GZ, Jin MZ, Dai JX, Sun W, Feng JH, Jin WL. Reprogramming of the
Tumor in the Hypoxic Niche: The Emerging Concept and Associated
Therapeutic Strategies. Trends Pharmacol Sci (2017) 38(8):669–86.
doi: 10.1016/j.tips.2017.05.002

23. Tang YA, Chen YF, Bao Y, Mahara S, Yatim S, Oguz G, et al. Hypoxic Tumor
Microenvironment Activates GLI2 via HIF-1alpha and TGF-Beta2 to
Promote Chemoresistance in Colorectal Cancer. Proc Natl Acad Sci USA
(2018) 115(26):E5990–9. doi: 10.1073/pnas.1801348115

24. Wang X, Luo G, Zhang K, Cao J, Huang C, Jiang T, et al. Hypoxic Tumor-
Derived Exosomal miR-301a Mediates M2 Macrophage Polarization via
PTEN/PI3Kgamma to Promote Pancreatic Cancer Metastasis. Cancer Res
(2018) 78(16):4586–98. doi: 10.1158/0008-5472.CAN-17-3841

25. Tang J, Zhu H, Lin J, Wang H. Knockdown of Circ_0081143 Mitigates
Hypoxia-Induced Migration, Invasion, and EMT in Gastric Cancer Cells
Through the miR-497-5p/EGFR Axis. Cancer Biother Radiopharm (2021) 36
(4):333–46. doi: 10.1089/cbr.2019.3512

26. Wang X, Che X, Yu Y, Cheng Y, Bai M, Yang Z, et al. Hypoxia-Autophagy Axis
Induces VEGFA by Peritoneal Mesothelial Cells to Promote Gastric Cancer
Peritoneal Metastasis Through an Integrin Alpha5-Fibronectin Pathway. J Exp
Clin Cancer Res (2020) 39(1):221. doi: 10.1186/s13046-020-01703-x

27. Yang L, Zhang W, Wang Y, Zou T, Zhang B, Xu Y, et al. Hypoxia-Induced
miR-214 Expression Promotes Tumour Cell Proliferation and Migration by
Enhancing the Warburg Effect in Gastric Carcinoma Cells. Cancer Lett (2018)
414:41444–56. doi: 10.1016/j.canlet.2017.11.007

28. Ma D, Li M, Su J, Zhang S. BCA3 Contributes to the Malignant Progression of
Hepatocellular Carcinoma Through AKT Activation and NF-kappaB
Translocation. Exp Cell Res (2018) 362(1):142–51. doi: 10.1016/j.yexcr.2017.11.011

29. Lin C, Song L, Liu A, Gong H, Lin X, Wu J, et al. Overexpression of AKIP1
Promotes Angiogenesis and Lymphangiogenesis in Human Esophageal
Squamous Cell Carcinoma. Oncogene (2015) 34(3):384–93. doi: 10.1038/
onc.2013.559

30. Zhang W, Wu Q, Wang C, Yang L, Liu P, Ma C. AKIP1 Promotes
Angiogenesis and Tumor Growth by Upregulating CXC-Chemokines in
March 2022 | Volume 11 | Article 798557

https://www.frontiersin.org/articles/10.3389/fonc.2021.798557/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.798557/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.3389/fcell.2021.752346
https://doi.org/10.1007/s12029-021-00734-7
https://doi.org/10.1159/000519337
https://doi.org/10.1007/s11912-019-0820-4
https://doi.org/10.3748/wjg.v25.i17.2029
https://doi.org/10.3390/jcm10204649
https://doi.org/10.3390/cancers13164094
https://doi.org/10.1002/ags3.12439
https://doi.org/10.1186/s12943-019-1089-9
https://doi.org/10.1152/physrev.00018.2019
https://doi.org/10.3390/cells8091083
https://doi.org/10.1074/jbc.M110.116566
https://doi.org/10.1074/jbc.M110.116566
https://doi.org/10.1073/pnas.1221670110
https://doi.org/10.1073/pnas.1221670110
https://doi.org/10.1177/1724600820914944
https://doi.org/10.1177/1724600820914944
https://doi.org/10.1002/jcla.23213
https://doi.org/10.1002/jcla.23055
https://doi.org/10.1038/s41388-019-0807-5
https://doi.org/10.21203/rs.3.rs-568302/v1
https://doi.org/10.1111/jcmm.14339
https://doi.org/10.1093/jnci/djx160
https://doi.org/10.1016/j.tips.2017.05.002
https://doi.org/10.1073/pnas.1801348115
https://doi.org/10.1158/0008-5472.CAN-17-3841
https://doi.org/10.1089/cbr.2019.3512
https://doi.org/10.1186/s13046-020-01703-x
https://doi.org/10.1016/j.canlet.2017.11.007
https://doi.org/10.1016/j.yexcr.2017.11.011
https://doi.org/10.1038/onc.2013.559
https://doi.org/10.1038/onc.2013.559
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Luo et al. AKIP1 and Hypoxia in Gastric Cancer
Cervical Cancer Cells. Mol Cell Biochem (2018) 448(1-2):311–20.
doi: 10.1007/s11010-018-3335-7

31. Huang R, Jin X, Gao Y, Yuan H, Wang F, Cao X. DZNep Inhibits Hif-1alpha
and Wnt Signalling Molecules to Attenuate the Proliferation and Invasion of
BGC-823 Gastric Cancer Cells. Oncol Lett (2019) 18(4):4308–16. doi: 10.3892/
ol.2019.10769

32. Ding X, Huang R, Zhong Y, Cui N, Wang Y, Weng J, et al. CTHRC1 Promotes
Gastric Cancer Metastasis viaHIF-1alpha/CXCR4 Signaling Pathway. BioMed
Pharmacother (2020) 123:123109742. doi: 10.1016/j.biopha.2019.109742

33. Li S, Liu F, Xu L, Li C, Yang X, Guo B, et al. Wnt/beta-Catenin Signaling Axis
Is Required for TFEB-Mediated Gastric Cancer Metastasis and Epithelial-
Mesenchymal Transition.Mol Cancer Res (2020) 18(11):1650–9. doi: 10.1158/
1541-7786.MCR-20-0180

34. Ji L, Qian W, Gui L, Ji Z, Yin P, Lin GN, et al. Blockade of Beta-Catenin-Induced
CCL28 Suppresses Gastric Cancer Progression via Inhibition of TregCell Infiltration.
Cancer Res (2020) 80(10):2004–16. doi: 10.1158/0008-5472.CAN-19-3074
Frontiers in Oncology | www.frontiersin.org 12
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Luo, Luo and Xiao. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
March 2022 | Volume 11 | Article 798557

https://doi.org/10.1007/s11010-018-3335-7
https://doi.org/10.3892/ol.2019.10769
https://doi.org/10.3892/ol.2019.10769
https://doi.org/10.1016/j.biopha.2019.109742
https://doi.org/10.1158/1541-7786.MCR-20-0180
https://doi.org/10.1158/1541-7786.MCR-20-0180
https://doi.org/10.1158/0008-5472.CAN-19-3074
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	A-Kinase Interacting Protein 1 Promotes Cell Invasion and Stemness via Activating HIF-1α and β-Catenin Signaling Pathways in Gastric Cancer Under Hypoxia Condition
	Introduction
	Methods
	Cell Culture and Hypoxia Treatment
	Plasmid Construction and Transfection
	HIF-1α and β-Catenin Inhibition
	Rescue Experiment
	Transwell Assay
	Flow Cytometry
	Sphere Formation Assay
	RT-qPCR
	Western Blot
	Statistical Analysis

	Results
	AKIP1, Cell Invasion, and Stemness in Gastric Cancer Under Hypoxia
	Effect of AKIP1 on Gastric Cancer Cell Invasion and Stemness Under Hypoxia
	Effects of AKIP1 on HIF-1α and β-Catenin Pathways
	Effects of AKIP1 on IκBα and p-IκBα
	Rescue Experiments for Interaction of AKIP1 With HIF-1α and β-Catenin Pathways

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


