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Abstract
Background: SIPA1L3 is a member of the signal-induced proliferation-associated (SIPA) protein family,
only limited data about the SIPA1L3 are currently available in human carcinoma. Our present study
provides the expression pattern and function of SIPA1L3 in non-small cell lung cancer (NSCLC).

Methods: We performed immunohistochemistry to detect the distribution of SIPA1L3 in NSCLC
specimens and analyzed the relationship between SIPA1L3 expression and patients clinicopathological
feature. We used small interfering RNA (siRNA) to speci�cally silence SIPA1L3, then investigated its effect
on cell growth and invasion in human lung cancer cell lines. Western blot and immunoprecipitation were
performed to show the interaction of SIPA1L3 with the core proteins of Hippo pathway, and the Hippo
pathway activity.

Results: Immunohistochemical staining showed that SIPA1L3 was cytoplasmic increasing in 147 of 217
cases. High levels of SIPA1L3 expression were associated with poor differentiation and a high tumor
node metastasis stage, positive lymph nodal status, and poor prognosis. Downregulation of SIPA1L3
inhibited cell EMT, growth, and invasion. As well as SIPA1L3 inhibited Hippo pathway. SIPA1L3 interacted
with AMOT, which inhibited AMOT binding to Pals, then decreased nuclear location of YAP.

Conclusions: SIPA1L3 overexpression may be a marker for advanced NSCLC. SIPA1L3 reduction inhibits
the proliferative and invasive ability of the lung cancer cells, which involves the Hippo pathway by
contacting with AMOT. 

1. Introduction
Of all the malignant tumors, lung cancer currently has the highest incidence and mortality, with 85% to
90% of these cancers being non–small cell lung cancer (NSCLC) [1-3]. A variety of factors critical for cell
adhesion, cell polarity and cellular structure are mutated in human lung cancer, however not all are
currently known.

SIPA1L3 is a member of the signal-induced proliferation-associated (SIPA) protein family, which was also
known as the part of the Rap GTPase activating protein (RapGAPs) superfamily. The SIPA protein family
comprises four members, SIPA1, SIPA1L1, SIPA1L2, and SIPA1L3[4-6]. All SIPA proteins are expressed in
the central nervous system, and basically most of the studies focused on their function within the brain.
Beside it, SIPA1L3 expression has been described in the embryonic lens and mutations of the human
SIPA1L3 gene result in congenital cataracts [7-9]. These results showed that SIPA1L3 has an important
role in epithelial cell morphogenesis, establishing or maintaining cell polarity, cell adhesion, and
cytoskeletal organization. They also indicated that SIPA1L3 is a novel molecular factor contributing to
epithelial cellular function, and SIPA1L3 is a causative disease gene. However, the functional role of
Sipa1l3 in human carcinoma, including NSCLC, remain largely unclear.



Page 3/18

All SIPA family members share common domains, namely an N-terminal Rap GAP domain (Rap-GTPase
activating domain), a PDZ domain and a C-terminal coiled-coil domain carrying a leucin-zipper motif.
SIPA1L1-SIPA1L3 contains an additional domain of unknown function (DUF3401) [6-8]. Base on its
functional structure, we hypothesized that SIPA1L3 play an important functional role in lung cancer
development. In this study, we investigated whether SIPA1L3 has the abnormal expression in NSCLCs,
and its in�uence on cell proliferation and invasion. As well as the underlying molecular pathways
involving in the progression of NSCLC.

2. Materials And Methods
2.1 Specimen Collection

217 specimens were randomly obtained either by biopsy or complete resection from patients with NSCLC
at the First A�liated Hospital of China Medical University. According to the 2015 World Health
Organization (WHO) lung cancer histopathological diagnostic criteria, 123 cases were adenocarcinoma
and 94 were squamous cell carcinoma (SCC). According to the eighty edition of the American Joint
Committee on Cancer TNM staging criteria published by the International Association for the Study of
Lung Cancer in 2017, 135 cases were stage I-II and 82 cases were stage III-IV. None of them was treated
with radiotherapy, chemotherapy, or TKIs before de�nitive pathological diagnoses were determined.

The present study was conducted with the approval of the China Medical University Local Institutional
Review Board (2017025). Informed consent was obtained from all the patients for analysis of their
specimens.

2.2 Immunohistochemistry Staining

Immunohistochemistry assays were performed as described previously [10]. Brie�y, tissue sections were
incubated with normal goat serum to block nonspeci�c antibody binding and then with mouse
monoclonal anti-SIPA1L3. (1:100; Cell Signaling Technology (CST) Inc., Danvers, Massachusetts).
Positive SIPA1L3 expression was determined by the intensity of cytoplasm staining of tumor cells and
the proportion of SIPA1L3-positive cells in the tissue sections. The immunostaining assessment scale as
follows: negative (no staining), weak (light yellow staining, no clear granular or yellow staining, and clear
granular staining area <10%), moderate (yellow staining and clear granular staining area ≥10% or brown
staining and clear granular staining area <10%), or strong (brown staining and clear granular staining
area ≥10%). Negative to weak were considered to be normal SIPA1L3 expression and moderate to strong
were considered to be SIPA1L3 overexpression. Two investigators blinded to the clinical data
independently and randomly examined all tumor slides.

2.3. Western blot analysis

Western blot assays were performed as described previously [11]. Protein concentration was determined
with a bicinchoninic acid (BCA) kit (Pierce, Rockford, IL, USA). Equal amounts of lysate were separated by
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SDS-PAGE and western blot. The primary antibodies against YAP (#14074, 1:500), MST1 (#14946,
1:500), phospho-MST1 (#49332, 1:500), LATS1 (#3477, 1:500), phospho-LATS1 (#9157, 1:500), GAPDH
(#5174, 1:10000), and AMOT (#43130, 1:500) were purchased from CST Inc (Danvers, MA, USA). Primary
antibodies against LaminB1 (#ab16048, 1:1000/IB) were purchased from Abcam. Cyclin E (sc-377100,
1:200), Pals (sc-365411, 1:200), E-cadherin (sc-8426, 1:200), N-cadherin (sc-8424, 1:200), ZO-1(sc-33725,
1:200), Vimentin (sc-6260, 1:200), Snail (sc-166476, 1:200), a-SMA (sc-53142, 1:200), and CTGF (sc-
34772, 1:200) were from Santa Cruz Biotechnology (Santa Cruz, California). SIPA1L3 (HPA045480,
1:500) was from Sigma (Merck Life Science (Shanghai) Co., Ltd. Shanghai, China). Secondary antibodies
were purchased from CST Inc. Expression was quanti�ed using densitometry and ImageJ software, the
protein bands were visualized with ECL western blotting substrate (Pierce, Rockford, IL, USA) and the
BioImaging System (UVP Inc.,Upland, CA, USA), which were normalized to GAPDH.

2.4. Cell lines and transfection

The human bronchial epithelial cells (HBEs), a human adenocarcinoma cell line (A549, LTEP-a-2, H1299),
and an SCC cell line (LK-2, SK-MES-1) were purchased from ATCC (Manassas, VA, USA). The SIPA1L3-
siRNA and the negative controls were purchased from Genechem Biological Technology Co. Ltd.
(Shanghai, China). The cells were transfected with plasmids using Attractene transfection reagent
(Qiagen, Hilden, Germany) according to the manufacturer’s instructions.

2.5. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay

Cells were inoculated into 96-well plates and 5 mg mL-l MTT (Sigma-Aldrich Corp., St. Louis, MO, USA)
was added to each well. Then 200 μL dimethyl sulfoxide (DMSO) was added to each well and the plates
were shaken for 10 min to dissolve the formazan crystals. OD490 was measured in amicroplate reader
(Model 550; Bio-Rad Laboratories, Hercules, CA, USA).

2.6. Matrigel Invasion Assay

The cell invasion assay was performed in a 24-well Transwell chamber with an 8-μm pore size (Costar,
Cambridge, MA). Inserts were coated with 20 μL Matrigel (1:3 dilution; BD Bioscience). Forty-eight hours
after transfection, 3×105 cells in 100 μL of serum-free medium were transferred to the upper Matrigel
chamber and incubated for 16 hours, whereas 600 μL of culture medium supplemented with 10% fetal
bovine serum was placed in the lower chamber. After 18 hours of incubation, the noninvaded cells were
removed from the upper membrane surface with a cotton swab, and the cells that passed through the
�lter were �xed with 4% paraformaldehyde and stained with hematoxylin. The number of invaded cells
was counted in 10 randomly selected high-power �elds under a microscope. This experiment was
performed in triplicates.

2.7. Colony Formation Assay
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Cells were plated into 6-cm cell culture dishes (1000 cells per dish) and incubated for 14 days. The plates
were washed with phosphate buffered saline, �xed with 4% paraformaldehyde, and stained with Giemsa.
Colonies containing >50 cells were counted under a microscope. Images were made and the number of
colonies was established manually.

2.8. Statistical analysis

SPSS v. 22.0 (IBM Corp., Armonk, NY, USA) was used for all analyses. Each cell line experiment was
performed in triplicate. The western blot gray value was detected with Image LabTM (Bio-Rad
Laboratories, Hercules, CA, USA) and compared by Student’s t-test. P< 0.05 indicated statistical
signi�cance.

3. Results
3.1. Overexpression of SIPA1L3 correlated with malignant phenotype in NSCLC patients

The database from TCGA indicated that lung cancer patients with increased SIPA1L3 showed higher
mRNA level (Supplementary Fig.1) and poorer overall survival (Supplementary Fig. 2). We performed
immunohistochemical analysis of 217 NSCLC tissues to testify them. SIPA1L3 was undetectable (−) or
weak positive in normal bronchial epithelia or pneumocytes. In 147 of 217 (67.74%) lung cancer
specimens, SIPA1L3 showed increased cytoplasmic expression (Fig. 1). To identify the clinical
signi�cance of SIPA1L3 in NSCLC tissues, we analyzed the correlation between SIPA1L3 overexpression
and clinicopathologic parameters. As summarized in Table 1, tumors with increased SIPA1L3 tended to
display more malignant phenotypes, such as the lower differentiation (P = 0.016), the greater clinical
tumor size (P = 0.003), the higher tumor node metastasis (TNM) stage (P = 0.010), and positive lymphatic
metastasis (P = 0.004). In terms of survival, patients with SIPA1L3 overexpression had a poorer overall
survival than patients with normal SIPA1L3 expression (P < 0.001; Fig. 2). Western blot analysis was
performed in lung cancer tissues and cell lines, which were consistent with the IHC results (Fig. 3). These
results suggest that SIPA1L3 acts as a tumor promoter in NSCLC.

3.2. Downregulation of SIPA1L3 by siRNA in lung cancer cells inhibited lung cancer cell growth and
invasion

After transfection with SIPA1L3-siRNAs in LTEP-a-2 and LK-2 cell lines, decreased SIPA1L3 inhibited the
proliferation of LTEP-a-2 and LK-2 cells (Fig. 4A). As shown in Fig. 4B, SIPA1L3 silencing resulted in a
signi�cant increase in G1-phase cells and a signi�cant reduction in S-phase cells. In addition, in the cells
with SIPA1L3 knockdown, a signi�cant increase was observed in the population of cells undergoing early
and late apoptosis (Fig. 4C). As well as SIPA1L3 signi�cantly reduced colony numbers and the size of the
lung cancer cells (Fig. 4D). These data indicated that SIPA1L3 has the effect on the regulation of the cell
cycle and apoptosis, thus regulated the cell growth of lung cancer cells. Furthermore, we observed that
decreased expression of SIPA1L3 reduced the cell invasion signi�cantly, comparing with the controls (Fig.
4E).
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3.3. SIPA1L3 knockdown inhibited epithelial to mesenchymal transition.

The cell-biological program termed the epithelial-to-mesenchymal transition (EMT) plays an important
role in the process of malignant progression [12-14]. In the LTEP-a-2 and LK-2 cell lines with SIPA1L3-
siRNA, the expression of E-cadherin and ZO-1 was signi�cantly up-regulated, while the expression of N-
cadherin, vimentin, snail and a-SMA was signi�cantly down-regulated. EMT is inhibited in the SIPA1L3-
deleption lung cancer cells. Thus, SIPA1L3 may contribute to the carcinoma processes by inducing EMT.

3.4. SIPA1L3 depletion is accompanied with Hippo signal pathway activation.

The Hippo signaling pathway was �rst discovered and studied in Drosophila melanogaster, and it has
been demonstrated to play crucial roles in lung cancer [15-17]. We are using immunoblotting to detect the
difference in the expression of Hippo pathway-related proteins between the lung cancer cells and the cells
with SIPA1L3-siRNA. The expression of p-MST1 and p-LATS1 was upregulated, whereas Cyclin E, CTGF,
and the nuclear YAP was downregulated, compared to those in control LTEP-a-2 and LK-2 cells. These
results indicated that advanced carcinoma by SIPA1L3 may be closely related to the inhibition of the
Hippo pathway.

3.5. Combination of SIPA1L3 and AMOT Inhibits the Hippo Pathway

AMOTs is involved in Hippo signaling pathway through interacting with multiple core proteins on this
pathway. It formed AMOT-mediated complex, such as AMOT-Pals-Merlin-Patj complex, activating Hippo
pathway. In the C-terminal region of AMOT, it composes of the PDZ-binding domain [18-20]. Base on
SIPA1L3 possessing PDZ domain, we used SIPA1L3 and AMOT antibody for immunoprecipitation,
respectively, and the obtained proteins were detected by western blot. We found that SIPA1L3 and AMOT
interacted with each other. Furthermore, AMOT binding to Pals increased after interfering with SIPA1L3,
and nuclear YAP decreased. In the cell lines with SIPA1L3-cDNA, immunoprecipitation revealed that the
binding of AMOT to SIPA1L3 increased but the binding of AMOT to Pals decreased. YAP is upregulated
and translocated into the nucleus.

4. Discussion
Recently, the SIPA1L3 has also been associated with congenital human cataracts [6-8]. As expression
data of the SIPA1L3 during the embryogenesis and disease, it provides a good basis for further functional
studies. Here, we present the expression and signi�cance analysis of SIPA1L3 in lung cancer.

Firstly, we examined the subcellular localization of endogenous SIPA1L3 in lung tissues by
immunohistochemical staining. The SIPA1L3 protein was weakly detectable or undetectable in normal
bronchial epithelium, and 67.74% of examined NSCLC tissues showed elevated cytoplasm expression.
Clinically, a direct correlation was observed between upregulated SIPA1L3 and an advanced tumor stage,
lymph nodal status, and poor differentiation. This implies the tumor-promoting function of SIPA1L3 as a
cytoplasmic protein in NSCLC.
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Following the evaluation of SIPA1L3 expression patterns in NSCLC, we explored the role of activated
SIPA1L3 in regulating NSCLC cell proliferation and invasion. Knockdown of SIPA1L3 in LTEP-a-2 and LK-2
cells, resulted in a signi�cant decrease in the cell proliferation and the invasion capacity of the lung
cancer cells.

The Sipa1l3-/- mutant mice showed a failure in the maintenance of epithelial cell properties in the lens.
Failure in the maintenance of epithelial cell properties can result in abnormal EMT, which is characterized
by the disassembly of cell adhesion, loss of polarity and the acquisition of migratory capacity [8]. We
further testi�ed that SIPA1L3 prompted EMT program. The increased motility/invasiveness associated
with the mesenchymal cell state has linked the EMT program with metastasis, in which cell separation
from the primary tumor mass can be considered as the �rst step of the invasion-metastasis cascade.
Thus, a variety of studies have demonstrated that induction of an EMT program allows carcinoma cells
to lose cell-cell junctions, degrade local basement membrane via elevated expression of various matrix-
degrading enzymes, and thus support their migration and invasion [21-24]. Therefore, SIPA1L3
overexpression promotes malignant lung cell growth, invasion, and EMT, which may explain our �ndings
that SIPA1L3 overexpression was the major de�ning characteristic of NSCLC tumors and correlated with
several clinicopathological factors.

We further investigated possible mechanisms underlying the role of SIPA1L3 in cell proliferation and
invasion next. The Hippo pathway controls cell proliferation, differentiation, invasion, and survival by
regulating the main downstream effector molecules Yes-associated protein (YAP). The major YAP
regulators are the kinases LATS1/2 and MST1/2, which phosphorylate and inhibit YAP [25-27]. After
interference with SIPA1L3, we found that p-MST1 and p-LATS1 was upregulated, while the nuclear YAP
was decreased. So, SIPA1L3 inhibited the Hippo signal pathway in lung cancer.

An AMOT-dependent complex, which comprised of AMOT, Pals, Merlin, and Patj, functions upstream of
the core Hippo pathway kinases LATS1/2 and MST1/2 [18, 19]. Based on the predicted domain structure
of SIPA1L3, it possesses an N-terminal PDZ domains, which is predicted to be required for protein-protein
interactions. While AMOT has the C-terminal PDZ-binding motifs, we use immunocoprecipitation to
identify the interaction between SIPA1L3 and AMOT. In accordance with previous �ndings,
immunocoprecipitation also indicated an interaction between AMOT and Pals. Furthermore, we found
that SIPA1L3 inhibited the binding of AMOT to Pals and the phosphorylation of YAP, then increased the
nuclear location of YAP. It has been shown that the PDZ-binding motifs of the Amot binds Pals, thus
SIPA1L3 and Pals could competitively bind with AMOT PDZ-binding motifs. Knockdown of SIPA1L3
decreased its combination with AMOT, then enhanced the combination of AMOT PDZ-binding motifs with
Pals, which prompted the AMOT-dependent complex (AMOT, Pals, Merlin, and Patj). The phosphorylate
kinases LATS1/2 and MST1/2 were increased, then inactives YAP through phosphorylation, resulting in
YAP degradation. Reduced YAP nuclear localization ultimately prevents the proliferation and invasion of
lung cancer cells.

5. Conclusion



Page 8/18

Clinical tumor analysis in this study strongly supports that SIPA1L3 is a tumor oncogene in NSCLC. Our
results from cellular experiments demonstrate that SIPA1L3 reduction inhibits cells’ proliferative and
invasive ability, which involves the Hippo pathway. Although AMOT-medicated complex is one manner of
the regulation Hippo pathway by SIPA1L3, but AMOT play multiple functions in its in�uence on Hippo
signaling. Further studies will be required to determine the other manners of SIPA1L3 regulating the Hippo
pathway, which mediated by AMOT. Taken together, although there is a limited understanding of
SIPA1L3’s role in cancer tumorigenesis, we identi�ed SIPA1L3 as a novel candidate gene. It paves the way
for improvements in our understanding of lung cancer malignant phenotype development.
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Tables
Table. 1, Overexpression of SIPA1L3 correlated with malignant phenotype in NSCLC patients

Clinicopathological

Feature

N (217) Overexpression

(147)

ϰ2 p-value

Age(years)        

57 95 62 (65.26%) 0.475 0.491

≥57 122 85 (69.67%)

Gender        

Male 114 79 (69.30%) 0.266 0.606

Female 103 68 (66.02%)

Histological Type        

squamous-cell carcinoma 83 53 (63.86%) 0.929 0.335

adenocarcinoma 134 94 (70.15%)

Differentiation        

Well 117 71 (60.68%) 5.788 0.016

Moderate & Poor 100 76 (76.00%)

Tumor status                 

T1 124 74 (59.68%) 8.611 0.003

T2, T3, T4 93 73 (78.49%)    

TNM classi�cation        

I+II 141 87 (61.70%) 6.721 0.010

III 76 60 (78.95%)

Lymph node metastasis        

Positive 92 72 (81.52%) 8.087 0.004

Negative 125 75 (57.60%)
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TNM: tumor node metastasis

Figures

Figure 1
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Immunohistochemistry analysis of SIPA1L3 expression in non–small cell lung cancer tissues. In normal
bronchial epithelium (A) and alveolar epithelium (C), negative SIPA1L3 staining was detected by
immunohistochemistry analysis (B, D). Well differentiated lung squamous cell carcinoma (E) showed
negative SIPA1L3 staining (F). While cytoplasmic accumulation of SIPA1L3 protein was observed (H) in
moderate & poor differentiation (G). Well differentiated adenocarcinoma (I) also showed the lower
expression of SIPA1L3 (J) than that in poor differentiated adenocarcinoma (K, L). Bar, 100 μm.

Figure 2

Overexpression of SIPA1L3 correlates with patient poor survival. Kaplan-Meier curves for the analysis of
155 patients with squamous cell carcinoma or adenocarcinoma strati�ed by SIPA1L3 expression.
Patients with moderate to strong SIPA1L3 expression had a shorter survival time than patients with
normal SIPA1L3 expression (P < 0.001).
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Figure 3

Western blot analysis of SIPA1L3 expression in lung cancer. (A) The bands of SIPA1L3 in lung
adenocarcinoma samples (C1-C2) and SCC samples (C3-C4) had a higher signal intensity compared with
matched normal lung tissues (N1-N4). (B) Increased SIPA1L3 expression was detected in different lung
cancer cells compared to the immortalized bronchial epithelial cell line, HBE. Positions of the molecular
weight markers are indicated. SIPA1L3 protein levels were normalized to GAPDH. Statistical analysis
showed increased SIPA1L3 expression in lung cancer tissues (C; P = 0.013, N=40) and cell lines (D, n≥ 3;
A549, P = 0.029; LTEP-a-2, P = 0.011; H1299, P = 0.032; LK-2, P = 0.035; and SK-MES-1, P = 0.014)
compared to matched normal lung tissues.
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Figure 4

SIPA1L3 knockdown inhibited lung cancer cell growth and invasion. (A), MTT assay of LTEP-a-2 and LK-2
cells transfected with the SIPA1L3-siRNA plasmid. Both the LTEP-a-2 and LK-2 cell lines showed a time-
dependent decrease in their cell proliferation rate after SIPA1L3-siRNA transfection, compared with the
control groups. (B), Flow cytometry results for the cell cycle. Treatment with SIPA1L3-siRNA lead to a
signi�cant increase in the proportion of G-phase cells and a signi�cant reduction in S-phase cells,
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compared with untransfected and control cells. (C), Apoptotic cell death was determined by �ow-
cytometric analysis with Annexin V and PI staining. The percentage of apoptosis, including early and late
stage of apoptotic cell death in each group. The result showed that knockdown of SIPA1L3 led to an
increase of apoptotic cells compared with untransfected or control cells. (D), A signi�cant decrease in
colony numbers was observed in the LTEP-a-2 and LK-2 cells with downregulated SIPA1L3 compared with
the controls. Colony numbers were counted under a microscope. (P = 0.025, n≥3; LTEP-a-2, Neg-siRNA vs.
SIPA1L3-siRNA: 623 ±22 vs. 363 ± 14; LK-2, Neg-siRNA vs. SIPA1L3-siRNA: 510 ±22 vs. 214 ± 10). (E),
The transwell assay showed that invading ability was signi�cantly inhibited after SIPA1L3-siRNA
transfection compared with the controls. (P = 0.013, n≥3, LTEP-a-2, Neg-siRNA vs. SIPA1L3-siRNA:305 ±
18 vs. 110 ± 12; LK-2, Neg-siRNA vs. SIPA1L3-siRNA:156 ± 11 vs. 43 ± 6)
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Figure 5

Downregulation of SIPA1L3 inhibited epithelial to mesenchymal transition (EMT) and activated the Hippo
signaling pathway. (A), The main components of EMT, including E-cadherin, N-cadherin, ZO-1, Vimentin,
Snail, and a-SMA, were measured by western blot in the lung cancer cell lines LTEP-a-2 and LK-2. In the
cell lines with SIPA1L3-siRNA, the expression of E-cadherin and ZO-1 was signi�cantly up-regulated, while
the expression of N-cadherin, Vimentin, snail and a-SMA was signi�cantly down-regulated. By western
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blot, protein contents of MST1, p-MST1, LATS1, p-LATS1, nuclear YAP, Cyclin E, and CTGF were measured
(B). Compared to those in the control LTEP-a-2 and LK-2 cells, SIPA1L3 knockdown increased p-MST1
and p-LATS1, while decreased the Cyclin E, CTGF, and nuclear YAP. (C), Immunocoprecipitation results
showed the interaction between AMOT and SIPA1L3. (D), Immunocoprecipitation (quantitative) analysis
showed increased binding of AMOT and Pals in SIPA1L3 knockdown cell lines. (E), Immunoprecipitation
(quantitative) results showed that AMOT binding to SIPA1L3 increased and AMOT binding to Pals
decreased in the cells transfection with SIPA1L3 compared to the control cells.
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