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Abstract: Non-small-cell lung cancer (NSCLC) is one of the leading death-related malignancies worldwide with elusive
molecular mechanisms. A-kinase interacting protein 1 (AKIP1) is an important regulator controlling metastasis,
lymphangiogenesis and angiogenesis. However, the role of AKIP1 in NSCLC progression is still little known. Here,
we found that AKIP1 was overexpressed in NSCLC specimens as well as cell lines. Overexpression of AKIP1 in
NSLCC tissues was positively correlated with TNM stage, lymph node metastasis and poor prognosis. Knockdown
of AKIP1 inhibited NSCLC cell migration, invasion and epithelial-mesenchymal transition (EMT), as indicated by
the up-regulation of mesenchymal markers (fibronectin and vimentin) and down-regulation of epithelial marker
E-cadherin, whereas overexpression of AKIP1 showed the opposite effects. Moreover, AKIP1 transactivated Zinc
Finger E-Box Binding Homeobox 1 (ZEB1) expression via directly binding to ZEB1 promoter, thereby leading to
E-cadherin transcriptional repression. Additionally, we observed that the binding efficiency of AKIP1 within ZEB1
promotor was determined by the interaction between AKIP1 and SP1. In conclusion, AKIP1 promoted EMT of NSCLC
via transactivating ZEB1, suggesting AKIP1 as a potential therapeutic target.

Keywords: Non-small-cell lung cancer, A-kinase interacting protein 1, epithelial-mesenchymal transition, Zinc
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Introduction dysregulation reflected physiological and path-
ological alterations in many human malignan-
cies, and might be involved in tumor metasta-
sis. In esophageal cancer, AKIP1 was found to
be overexpressed in esophageal squamous cell
carcinoma (ESCC) cell lines and clinical sam-
ples, and predicted poorer outcomes of ESCC
patients [8]. Mechanistic investigations by Lin
et al. revealed that AKIP1 was a downstream
target of NK2 homeobox 8 (Nkx2-8) and a tran-
scription factor of VEGF-C, which induced lym-
phangiogenesis and lymphatic metastasis in
ESCC [8, 9]. Moreover, another study in breast
carcinoma showed that AKIP1 promoted metas-
tasis through Akt/GSK-33/Snail signaling path-
way [10]. Although AKIP1 has been implicated
as a potential mediator of metastasis in several
human tumors, a consensus knowledge of its

Non-small-cell lung cancer (NSCLC), which
accounts for more than 80% of lung cancer
cases, is an extremely lethal disease worldwide
[1-3]. The prognosis of NSCLC patients contin-
ues to be poor, despite significant improve-
ments in surgical and adjuvant treatment strat-
egies in recent years, with a 5-year survival rate
of about 16% [4]. Metastasis is the major rea-
son for the high mortality of NSCLC patients
after surgical resection [5, 6]. However, the
molecular characteristics and related biologi-
cal mechanisms underlying NSCLC metastasis
are still elusive and a better understanding in it
might contribute to the development of thera-
peutic targets.

A-kinase interacting protein 1 (AKIP1) was ini-

tially reported as a novel human breast cancer
associated gene 3 (BCA3) which encoded an
alternatively spliced proline-rich protein [7].
Accumulated evidences indicated that AKIP1

molecular functionality, clinical significance and
novel mechanisms involved in promoting dis-
tant metastasis especially in NSCLC has not yet
been reached.
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Table 1. Correlation between AKIP1 expression and
clinico-pathological characteristics of NSCLC patients

Materials and methods

AKIP1 expression

Patient samples and immunohisto-
chemistry (IHC) staining

Parameters n Low High

Total 139 o8 81 From 2008 to 2011, a total of 139
Age (years) adult patients with NSCLC who under-
<55 51 19 32 0416 went curative resection at Henan
255 88 39 49 Provincial People’'s Hospital (Henan,
Gender China) were enrolled in this study. The
Male 94 37 57 0.414 study protocol was approved by the
Female 45 21 24 research ethics committee of Henan
Smoking Provincial People’s Hospital, and writ-
No smoking 55 19 36 04165 ten informed consent was obtained
Smoking 84 39 45 from each patient. None of these
) patients had received neoadjuvant

Histopathology type . .
Adenocarcinoma 71 33 38 0.246 therapy. The C|In.ICO-pathO|0gIC |nfo-rrr.13-
) tion was shown in Table 1. IHC staining
Squamous cell Carc'.noma 68 25 43 of tissue microarray was conducted
Lymph node metastasis according to the manufacturer’s proto-
No 339 34 0.003 col (Immunostain SP kit, DakoCytoma-
Yes 66 19 47 tion, USA). Antibodies used for IHC anal-
TNM stage ysis were anti-C11orf17/AKIP1 antibody
Stage | 38 23 15  0.011 (Abcam) and anti-AREB6/ZEB1 anti-
Stage Il 55 22 33 body (Abcam). Quantification of the IHC
Stage IlI-IV 46 13 33 scores of paraffin-embedded NSCLC
Differentiation specimens was performed by two inde-
Low grade 21 11 10 0.221 pendent pathologists who were blinded
Middle grade 86 31 55 to the histopathological.features of the
High grade 32 16 16 enrolled patients. The final IHC scores

In the current study, we first focused on the
clinical significance of AKIP1 by analysing its
expression in a series of NSCLC cases, followed
by analysing the relationship between the
expression level of AKIP1 and the clinico-patho-
logic parameters. To determine the biological
role of AKIP1 in NSCLC, loss-of-function and
overexpression studies were conducted, which
showed critical effect of AKIP1 on cellular
behaviors, including cell proliferation, colony
formation, migration and invasion of NSCLC
cells. In addition, we addressed potential
mechanism for metastasis of NSCLC in a series
of in vitro and in vivo experiments. We demon-
strated that AKIP1 was involved in epithelial-
mesenchymal transition (EMT) process through
transcriptionally activating Zinc Finger E-Box
Binding Homeobox 1 (ZEB1). These results
provide evidences that AKIP1 is a promising
regulator of tumor metastasis, and may serve
as a therapeutic target for NSCLC.

2235

were determined by multiplying the pro-
portion of positively stained cells and
the staining intensity as previously reported
[11].

Cell culture and generation of stable cell lines

Human NSCLC cell lines A549, NCI-H441 and
the normal immortalized bronchial epithelial
cell line HBE were purchased from American
Type Culture Collection (Manassas, VA, USA).
NCI-H292, NCI-H358, NCI-H460, NCI-H1299
and NCI-H1650 were purchased from Shanghai
Cell Bank (Chinese Academy of Sciences,
Shanghai, China). Cells were maintained at
37°C/5% CO, in a humidified incubator with
recommended medium containing 10% fetal
bovine serum (FBS) (Invitrogen, Carlsbad, CA,
USA). Stable cell lines expressing AKIP1 or
shAKIP1 were generated by transfection of
pCMV-AKIP1 or pRS-shAKIP1 into A549 and
NCI-H1299 cells and cultured for 10 days with
400 pg/ml G418 or 1 yg/ml puromycin 48 h
after infection. Positive clones were then
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selected, and transfection was verified by
immunoblotting assay.

Quantitative real time polymerase chain reac-
tion (QRT-PCR)

Total RNA was isolated using TRIzol Reagent
(Invitrogen). Complementary DNA (cDNA) was
obtained by using the High Capacity cDNA
Reverse Transcription Kit (Promega), and quan-
tification of gene expression was conducted as
previously described [11]. The primers were

listed in Supplementary Table 1.

Cell proliferation and colony formation assay

Cell proliferation was assessed using cell
counting kit 8 (CCK-8, Dojindo, Japan). Cells
were plated into 96-well plates at 1000 cells
per well, and cell viability (absorbance 450 nm)
was measured every 24 h for 6 days. For colony
formation assay, A549 or NCI-H1299 cells were
plated into 6-well plates at 1000 cells per well
and incubated for 10 days. The number of colo-
nies was counted after stained with 0.1% crys-
tal violet solution.

Cell migration and invasion assay

For migration assay, cells were seeded into the
upper chamber of a transwell (8 um, 24-well
format, Corning). DMEM medium containing
10% fetal bovine serum (FBS) was added to the
lower chamber. After incubation for 48 h at
37°C, the upper chambers were washed with
phosphate-buffered saline (PBS), and cells on
the top surface were softly wiped by a cotton
swab. For invasion assay, the insert chambers
were coated with diluted Matrigel (BD
Biosciences), and other procedures were simi-
lar to the cell migration assay. The migrated/
invased cells were stained with 0.1% crystal
and counted in three random fields at x 200
magnification.

Co-Immunoprecipitation (Co-IP) and immunob-
lotting analysis

For Co-IP assays, cells were washed with cold
PBS and lysed with cold lysis buffer at 4°C for
30 min. Cell lysates were then incubated with 1
ug primary antibodies or normal IgG on a rota-
tor at 4°C overnight, followed by the addition of
protein A/G sepharose beads for 2 h at 4°C.
Immunocomplexes were then washed with lysis
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buffer three times and separated by SDS-
PAGE. Immunoblotting was performed follow-
ing standard procedures [11].

Chromatin immunoprecipitation (ChIP) assay

ChIP assays were performed according to the
EZ ChIP™ Chromatin Immunoprecipitation Kit
(Millipore). In brief, Cells (2 x 10°) in a 10-cm
culture dish were treated with 1% formaldehyde
to cross-link proteins to DNA. Cell lysates were
sonicated to shear DNA to sizes of 200-1000
bp. Equal aliquots of chromatin supernatants
were incubated with 1 yg of an anti-C11 or f17/
AKIP1, or an anti-RNA polymerase Il, or an anti-
IgG antibodies (Millipore) overnight at 4°C with
rotation. PCR was performed after reverse
cross-link of protein/DNA complexes.

Transient transfection and luciferase assay

Cells at 60% confluence were transfected with
100 ng luciferase reporter gene construct con-
taining different fragments of ZEB1 promoter,
plus 1 ng of pRL-TK renilla plasmid (Promega)
using lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s instructions. Luci-
ferase activity was measured by Dual Luciferase
Assay (Promega) according to the manufactur-
er's recommendations. The final transfection
efficiencies were normalized according to the
Renilla activity.

Animal model of tumor xenograft

Animal experiments was approved by the
Institutional Animal Care and Use Committee of
Henan Provincial People’'s Hospital. A549,
A549/shNC and A549/shAKIP1 cells were
injected into nude mice subcutaneously (2 x
108 in 100 ul PBS, 5 mice per group). Tumor
length (L) and width (W) were measured every 5
days and tumor volumes were calculated using
the following formula: volume = (W+L)/2 x W x
L x 0.5236 [12]. Animals were sacrificed at the
30" day and the tumor specimens were col-
lected, weighed and fixed by formalin.

Statistical analysis

Statistical analyses were performed using the
SPSS software package (V. 16.0, SPSS, Inc.,
Chicago, IL). Differences between two groups
were compared using the paired Student t test.
Correlation between AKIP1 and clinico-patho-
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Figure 1. Overexpression of AKIP1 indicated poor prognosis of NSCLC patients. A, B. gRT-PCR analysis of AKIP1
expression in 20 pairs of NSCLC tissues and non-tumor tissues. C, D. Immunoblotting analysis of AKIP1 in 20 pairs
of NSCLC tissues and non-tumor tissues. E. Representative images of AKIP1 staining in NSCLC tissues and paired
non-tumor tissues. F. The IHC scores of AKIP1 in NSCLC tissues and matched non-tumor tissues. G. Kaplan-Meier
analysis of the correlation between AKIP1 expression and the overall survival of NSCLC patients. H. Kaplan-Meier
analysis of the correlation between AKIP1 expression and the disease free survival of NSCLC patients. |, J. The
mMRNA and protein level of AKIP1 expression in NSCLC cell lines was evaluated by qRT-PCR and immunoblotting,

respectively. **P < 0.01.

logic parameters was evaluated by nonpara-
metric chi-square test. Kaplan-Meier’'s method
was used to analysing the survival rates for
AKIP1 expression. P < 0.05 was considered
statistically significant.

Results

AKIP1 is overexpressed and associated with
advanced clinical stage and metastasis in
NSCLC

To study the clinical significance of AKIP1 in
NSCLC, we examined the expression levels of
AKIP1 in 20 paired NSCLC tumor and adjacent
normal tissues. The result showed that AKIP1
expression was significantly increased in tumor
tissues compared with normal tissues, both in
mRNA (P < 0.01, Figure 1A, 1B) and protein (P
< 0.01, Figure 1C, 1D) levels. The clinical sig-
nificance of AKIP1 was further investigated by
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IHC staining of 139 paired NSCLC specimens.
Representative pictures were shown in Figure
1E, and the final scoring result was presented
in Figure 1F. We observed a significant relation-
ship between AKIP1 expression and TNM stage
as well as lymph node metastasis (Table 1;
TNM stage, P = 0.011; lymph node metastasis,
P = 0.003). Kaplan-Meier analysis revealed
that patients in the AKIP1 high expression
group had poorer 5-year overall survival (OS) (P
= 0.007, Figure 1G) and shorter disease-free
survival (DFS) time (P = 0.006, Figure 1H) than
those in the AKIP1 negative expression group.
We also detected higher mRNA and protein
level of AKIP1 in eight NSCLC cell lines than the
normal immortalized human bronchial epitheli-
al cell line HBE, as indicated in Figure 1l, 1J.
These results suggested that AKIP1 was over-
expressed in NSCLC and might be involved in
tumor progression.
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Figure 2. The effect of AKIP1 on NSCLC cell proliferation and colony formation. A. Knockdown efficiency of AKIP1
was confirmed by immunoblotting. B. AKIP1 silencing inhibited the proliferation of A549 cells. C, D. AKIP1 silenc-
ing inhibited the colony formation of A549 cells. E. Overexpression of AKIP1 was confirmed by immunoblotting. F.
Overexpression of AKIP1 in NCI-H1299 cells promoted the proliferation ability. G, H. Overexpression of AKIP1 in
NCI-H1299 cells promoted the colony formation ability. All experiments were performed at least three times. *P <
0.05, **P < 0.01.
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Figure 3. AKIP1 promoted the migration, invasion and epithelial-mesenchymal transition of NSCLC cells. A, B. AKIP1
silencing inhibited the migratory and invasive ability of A549 cells. C, D. The effect of knockdown of AKIP1 on
epithelial and mesenchymal markers was evaluated by immunoblotting and gRT-PCR analysis, respectively. E, F.
Overexpression of AKIP1 promoted the migratory and invasive ability of NCI-H1299 cells. G, H. Immunoblotting and
gRT-PCR analysis showed that overexpression of AKIP1 promoted the expression of mesenchymal markers, while
inhibited the expression of epithelial marker E-cadherin. |, J. The effect of AKIP1 on several transcriptional repres-
sors of E-cadherin was evaluated by gRT-PCR assay and confirmed by immunoblotting assay. All experiments were
performed at least three times. **P < 0.01.
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Figure 4. AKIP1 regulated ZEB1 promotor activity through a SP1 dependent manner. Transcriptional repression (A)
and activation (B) of ZEB1 promotor by AKIP1, as indicated by dual luciferase reporter assay system. (C) Serially
deletion analysis in A549 cells identified an AKIP1-responsive region within the ZEB1 promoter. (D, F) ChlP assay
showed a physical association between AKIP1 and ZEB1 promotor. (E) The interaction between AKIP1 and SP1 was
confirmed by IP assay. Left: Cell lysates of A549 cells were immunoprecipitated with anti-AKIP1 and immunoblot-
ted with anti-SP1 (first line)/anti-AKIP (second line); right: Cell lysates of A549 cells were immunoprecipitated with
anti-SP1 and immunoblotted with anti-AKIP1 (first line)/anti-SP1 (second line). (G) Knockdown of SP1 in A549 cells
inhibited the binding efficiency of AKIP1 within ZEB1 promotor. **P < 0.01.

AKIP1 is required for lung cancer cell growth

To test whether AKIP1 was required for NSCLC
cell growth, we first carried out AKIP1 loss-of-
function study in A549 cells, which showed a
relatively higher level of AKIP1. The knockdown
efficiency of AKIP1 was confirmed by immunob-
lotting (Figure 2A), and the result of CCK-8
assay showed that AKIP1 silencing significantly
reduced cell viability as shown by the growth
curve (P < 0.05, Figure 2B). We next performed
colony formation assays and showed that
AKIP1 silencing markedly inhibited the clono-
genicity of A549 cells (P < 0.01, Figure 2C, 2D),
which was commonly considered as indicators
of tumorigenesis. In contrast, overexpression
of AKIP1 promoted the cell proliferation (P <
0.05) and clonogenicity (P < 0.01) of NCI-
H1299 cells (Figure 2E-H).

AKIP1 promotes migration, invasion and EMT
of NSCLC cells

Transwell assays were then applied to further
assess other biological function of AKIP1
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include cell migration and invasion ability. The
result indicated that AKIP1 silencing signifi-
cantly inhibited the migration and invasion abil-
ity of A549 cells (P < 0.01, Figure 3A, 3B), while
overexpression of AKIP1 promoted the migra-
tion and invasion ability of NCI-H1299 cells (P <
0.01, Figure 3E, 3F). Because EMT was a well-
reported mechanism for tumor cell migration
and invasion, we hypothesized that AKIP1 could
regulate EMT of NSCLC cells, resulting in
aggressive effects. As indicated in Figure 3C,
3D, AKIP1 silencing promoted the level of epi-
thelial marker (E-cadherin), and decreased the
expression levels of mesenchymal markers
(fibronectin and vimentin), (P < 0.01). In con-
trast, overexpression of AKIP1 promoted EMT
of NCI-H1299 cells as shown in Figure 3G,
3H (P < 0.01). Several transcription factors,
including Slug, Snail, Twist, ZEB1 and ZEB2,
was responsible for the transcriptional repres-
sion of E-cadherin [13, 14]. Thus, we evaluated
whether AKIP1 inhibited E-cadherin expression
through these repressors. The result of qRT-
PCR showed that AKIP1 silencing inhibited the

Am J Cancer Res 2017;7(11):2234-2244
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Figure 5. ZEB1 was responsible for AKIP1 induced effects. A. NCI-H1299/AKIP1 cells were transiently transfected
with scrRNA or siAKIP1, and the knockdown efficiency of AKIP1 was confirmed by western blot assay. B. Depletion of
ZEB1 in NCI-H1299/AKIP1 cells inhibited the cell proliferation by CCK8 assay. C. Depletion of ZEB1 in NCI-H1299/
AKIP1 cells inhibited the colony formation assay. D. Depletion of ZEB1 in NCI-H1299/AKIP1 cells inhibited cell mi-
gration/invasion ability. E. A549/shAKIP1 cells were transiently transfected with ZEB1 expressing plasmid or empty
vector, and ZEB1 restoration was examined by western blot assay. F-H. Forced expression of ZEB1 in A549/shAKIP1
cells restored the proliferation, colony formation, migration and invasion ability. *P < 0.05, **P < 0.01.

MRNA expression of ZEB1, while overexpres- Immunoprecipitation (IP) assay showed that
sion of AKIP1 promoted the level of ZEB1 (P < AKIP1 could interact with SP1 in A549 cells
0.01, Figure 3l). These results were further (Figure 4E), which was coincided with previous
confirmed by immunoblotting assay (Figure 3J). reports [8]. Importantly, knockdown of SP1 in

A549 cells significantly attenuated the binding
ZEB1 acts as a downstream effector in AKIP1- efficiency of AKIP1 within ZEB1 promotor, which
induced invasion and migration suggested SP1 was involved in AKIP1 mediated

) S ) transactivation of ZEB1 (Figure 4G).
To gain more insight into AKIP1 mediated EMT

of NSCLC cells, a luciferase reporter assay was ZEB1 was responsible for AKIP1 induced ef-
conducted to determine whether AKIP1 regu- fects

lates ZEB1 promoter activity. As indicated in

Figure 4A, 4B, overexpression of AKIP1 pro- Given that ZEB1 was a direct downstream
moted, whereas knockdown of AKIP1 attenuat- target of AKIP1, we next investigated whether
ed, the luciferase activity of ZEB1 promoter in a ZEB1 was responsible for AKIP1 induced
dose-dependent manner in NSCLC cells (P < effects. We first evaluated the effects of AKIP1
0.01). Additionally, the luciferase reporter following knockdown of ZEB1 in NCI-H1299/
assay indicated that a deletion from nt-1250 to AKIP1 cells. NCI-H1299/AKIP1 were transiently
nt -499 had no effect on AKIP1-induced ZEB1 transfected with scrRNA or siRNA targeting
promoter activity, whereas further deletion ZEB1 (Figure 5A). The result of CCK8, colony
from nt -499 to nt -350 markedly decreased formation and transwell assay showed that
AKIP1-induced ZEB1 promoter activity (P < knockdown of ZEB1 in NCI-H1299/AKIP1 cells
0.01, Figure 4C). The result of ChIP assay inhibited the proliferation (Figure 5B), colony
showed that AKIP1 could bind to nt -499 to nt formation (Figure 5C), migration and invasion
-350 within the ZEB1 promoter (Figure 4D and ability (Figure 5D). Furthermore, we transiently
Figure 4F). Using the JASPAR database (http:// transfected ZEB1 overexpressing plasmid to
jaspar.genereg.net/), we got a potential SP1 A549/shAKIP1 cells, to explore whether ZEB1
binding site within nt -499 to nt -350. could restore the effects induced by AKIP1

2240 Am J Cancer Res 2017;7(11):2234-2244



AKIP1 promoted epithelial-mesenchymal transition of non-small-cell lung cancer

A T C HE AKIP1
S 47+ A549 ) ;
g |= AS49/shNC %
3 31-e- A549/shAKIP1 - &
>
52 &
5 x
g 0s
<

&
o8&
=z
G

B s E
g8 <8
Se ¥
3 |
=4 ]

2 x
- O
= &t
(=] X
o z
> o N >
NERC A A N T
& & ¥
&
LS

Figure 6. AKIP1 regulated NSCLC cell growth and ZEB1 expression in vivo. A.
Tumor growth curves of A549, A549/shNC and A549/shAKIP1 group. B. Aver-
age tumor weight of each group. C. IHC assay of AKIP1 and ZEB1 expression in

xenograft tumours. **P < 0.01.

depletion. The restoration of ZEB1 was verified
by western blot in Figure 5E. Functional studies
revealed that ectopic expression of ZEB1 sig-
nificantly promoted the cell proliferation, colony
formation, migration and invasion of A549/
shAKIP1 cells (Figure 5F-H), suggesting ZEB1
was responsible for AKIP1 mediated effects.

AKIP1 could regulate NSCLC cell growth and
ZEB1 expression in vivo

The role of AKIP1 in regulating tumor growth
was confirmed by in vivo assays. A549, A549/
shNC and A549/shAKIP1 cells were subcutane-
ously implanted into nude mice. As shown in
Figure 6A, the progressive growth of A549/
shAKIP1 cells was slower compared with A549
or A549/shNC cells. Additionally, average
weight of subcutaneously in A549/shAKIP1
group was lighter than the other two groups
(Figure 6B). To further assess whether AKIP1
could regulate ZEB1 expression in vivo, we
determined the expression of AKIP1 and ZEB1
in subcutaneous tumors. Histological analysis
of the subcutaneous tumors showed fewer
AKIP1 and ZEB1 antigen-positive cells in A549/
shAKIP1 group, compared with A549 or A549/
shNC group (Figure 6C). These results suggest-
ed that AKIP1 could regulate NSCLC cell growth
and ZEB1 expression in vivo.
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Given that AKIP1 promoted
EMT of NSCLC through
transactivating ZEB1, we
then asked whether the
combination of AKIP1 and
ZEB1 could better predict
patient prognosis than
AKIP1/ZEB1 alone. The ex-
pression patterns of AKIP1
and ZEB1 in primary tumor
tissues from the same
patient were evaluated by
IHC assay. The representa-
tive images for ZEB1 stain-
ing were shown in Figure
7A, and a scatter plot of
AKIP1 and ZEB1 expres-
sion in NSCLC specimens
revealed a positive correla-
tion between AKIP1 and ZEB1 at the protein
level (R = 0.629, P < 0.001, Figure 7B).
Additionally, the level of AKIP1 and ZEB1 also
presented a positive correlation in NSCLC cell
lines (R = 0.914, P = 0.001, Figure 7C). The
result of Kaplan-Meier survival analysis indi-
cated that ZEB1 overexpression was strongly
correlated with poor survival (both OS and DFS)
of NSCLC patients (0OS: P = 0.026, DFS: P =
0.032, Figure 7D). Moreover, NSCLC patients
bearing both high levels of AKIP1 and ZEB1
exhibited worst prognoses (0S: P < 0.001, DFS:
P = 0.004, Figure 7E).

Discussion

The development of clinically useful prognostic
markers is crucial for predicting risk of recur-
rence and/or outcomes of cancer patients [15-
17]. In this study, we investigated the clinical
significance of AKIP1 expression in a series of
NSCLC samples. We found that AKIP1 expres-
sion was significantly up-regulated in NSCLC
tumors and NSCLC cell lines. Additionally, the
IHC staining of tissue microarray identified that
overexpression of AKIP1 was significantly asso-
ciated with TNM stage and lymph node metas-
tasis. Further clinical analysis suggested that
NSCLC patients carrying tumors with high-
expression of AKIP1 had a markedly reduced
5-year OS and DFS. These evidences indicated
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Figure 8. Schematic algorithm of AKIP1-ZEB1-E-
cadherin axis demonstrated a critical transcriptional
network in NSCLC cells.

that AKIP1 might be a novel oncogene contrib-
uting to the carcinogenesis of NSCLC.

AKIP1 has been shown to modulate NF-kB and
protein kinase A (PKA) activity, which was
involved in immunoinflammatory responses,
tumorigenesis and metastasis [18-20]. Gain-
and loss-of-function experiments characterized
that AKIP1 induced not only cell proliferation
and colony formation, but also invasive and
migratory capacity of NSCLC cell lines, as evi-
denced from a series of in vitro and in vivo stud-
ies. As EMT could link to invasive and metastat-
ic behavior of various human tumors [21, 22],
including NSCLC [23, 24]. We further evaluated
whether AKIP1 could regulate the expression of
EMT-related markers. We provided evidence
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that AKIP1 silencing promoted the expression
of epithelial marker E-cadherin, whereas AKIP1
overexpression could decrease the level of
E-cadherin. Disruption of the E-cadherin-
mediated adhesion system is a well-known
mechanism for invasion [25, 26]. Thus, we fur-
ther focused our study on investigating the
mechanisms underlying AKIP1 mediated
E-cadherin down-regulation. Several transcrip-
tion factors, including Snail, Slug, ZEB1, ZEB2
and Twist, could bind to E-box elements within
E-cadherin promotor and induce transcriptional
inactivation of E-cadherin [13, 27]. In this study,
we systematically investigated potential role of
AKIP1 and reported a novel function for AKIP1
in modifying ZEB1-E-cadherin axis in NSCLC
(Figure 8). Using serial deletion and ChIP
assays, we identified ZEB1 as a direct tran-
scriptional target of AKIP1. Clinically, AKIP1
expression was positively correlated with ZEB1
expression. NSCLC patients whose tumors
expressing high levels of AKIP1 and ZEB1 exhib-
ited worse 5-year OS and DFS, which suggest-
ed that the combination of AKIP1 and ZEB1
could better predict prognosis than either pro-
tein. Thus, AKIP1-mediated ZEB1 transactiva-
tion might play important roles in promoting
NSCLC metastasis.

Another important finding of our study was that
we identified SP1 as a binding partner of AKIP1
in NSCLC cells. SP1 was identified as an inter-
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acting protein of AKIP1 in esophageal cancer
cells [8]. Interestingly, a potential SP1 binding
site was predicted within the AKIP1 binding
region (nt -499 to nt -350). Therefore, we
hypothesized that the function of AKIP1 in
NSCLC cells might be associated with SP1. We
first confirmed the interaction between AKIP1
and SP1 by IP assay. Moreover, knockdown of
SP1 significantly attenuated the recruitment of
AKIP1 within ZEB1 promotor. Given these evi-
dences, we concluded that AKIP1 and SP1 con-
stituted a transcriptional complex within ZEB1
promotor.

In conclusion, our investigation from clinical,
functional and mechanistic studies indicated
that AKIP1 regulated EMT of NSCLC cells
through transactivating ZEB1 and might be
served as a prognostic marker as well as thera-
peutic target in NSCLC.
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Supplementary Table 1. Primers used in this study

Name Sequeces (5-3")

Real-time PCR
GAPDH-F 5’-GCACCGTCAAGGCTGAGAAC-3’
GAPDH-R 5’-TGGTGAAGACGCCAGTGGA-3’
AKIP1-F 5’-CATGGACAACTGTTTGGCGG-3’
AKIP1-R 5’-CTGTTTCTCTAGGTGGGGCG-3’
Vimentin-F 5’-TTGAACGCAAAGTGGAATC-3’
Vimentin-R 5-AGGTCAGGCTTGGAAACA-3’
Fibronectin-F 5-TGTTATGGAGGAAGCCGAGGTT-3’
Fibronectin-R 5-GCAGCGGTTTGCGATGGT-3’
E-cadherin-F 5’-CTGAGAACGAGGCTAACG-3’
E-cadherin-R 5’-TTCACATCCAGCACATCC-3’
Snail-F 5’-TTACCTTCCAGCAGCCCTAC-3’
Snail-R 5’-AGCCTTTCCCACTGTCCTC-3’
Slug-F 5’-CCTCCATCTGACACCTCC-3’
Slug-R 5’-CCCAGGCTCACATATTCC-3’
ZEB1-F 5-AAGTGGCGGTAGATGGTA-3’
ZEB1-R 5 -TTGTAGCGACTGGATTTT-3’
ZEB2-F 5’-TTCTGCGACATAAATACG-3’
ZEB2-R 5’-GAGTGAAGCCTTGAGTGC-3’
Twist-F 5’-CGACGACAGCCTGAGCAACA-3’
Twist-R 5’-CCACAGCCCGCAGACTTCTT-3’

ChIP primers
ZEB1-P1-F 5’-GCCCAAACTAACTAAACC-3’
ZEB1-P1-R 5’-CTACCGAATCAGGTCATA-3’
ZEB1-P2-F 5’-CAAGCAAAGCAAGGACAC-3’
ZEB1-P2-R 5 -TTCTTGGGCATTTTGAGA-3’
ZEB1-P3-F 5’-TTCTCAAAATGCCCAAGA-3’
ZEB1-P3-R 5’-CACATAGTAGGTGCTCAA-3’
ZEB1-P4-F 5’-TTTATTGAGCACCTACTA-3’
ZEB1-P4-R 5-TGGGACCAACTTTATGGA-3’
ZEB1-P5-F 5’-AAGACGTTTCCTTATTCG-3’
ZEB1-P5-R 5’-TTTATCCTTGACTTGGTA-3’
ZEB1-P6-F 5’-TAAAATCAGCAATCTATCAG-3’

ZEB1-P6-R 5’-CTTGTCTCACTTCCCCAT-3’




