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At a Glance Commentary 

Scientific Knowledge on the Subject: Although the prognosis of non-small cell lung 

cancer (NSCLC) is very poor mainly due to regional or distant metastases, the 

molecular basis of metastases remains unclear. 

What This Study Adds to the Field: In this study, we identify Huntingtin interacting 

protein-1 (HIP1) not only as an early-stage prognostic biomarker of AdCA, but also as 

a metastatic suppressor. Reduced expression HIP1 may lead to development of late 

metastases and cause a poor prognosis by modulating the Akt-mediated EMT 

signaling pathway. Our findings may lead to a novel application in prognostic 

evaluation of AdCA. 
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Abstract 

Rationale: Non-small cell lung cancer (NSCLC) carries a poor survival rate mainly 

due to metastasis. However, the molecular mechanisms that govern NSCLC 

metastasis are undescribed. Huntingtin interacting protein-1 (HIP1) is known to play a 

role in tumorigenesis, we tested the involvement of HIP1 in NSCLC progression and 

metastasis.  

Objectives: HIP1 expression was measured in human NSCLC tumors and correlation 

with survival outcome was evaluated. Furthermore, we investigated the ability of 

HIP1 to suppress a metastasis. The molecular mechanism by which HIP1 contributes 

to suppress metastasis was investigated.  

Methods: We used tissue arrays containing samples from 121 NSCLC patients to 

analyze HIP1 expression by immunohistochemistry (IHC). In order to investigate the 

role of HIP1 expression on metastasis, we evaluated cellular mobility, migration and 

invasion using lung adenocarcinoma (AdCA) cells with modified HIP1 expression 

levels. The human disease mouse models with the same cells were applied to evaluate 

the HIP1 suppressing metastasis and its mechanism in vivo. 

Measurements and Main Results: HIP1 expression in AdCA progression was found 

to be an early-stage prognostic biomarker, with low expression correlated to poor 

prognosis. We also found HIP1 to be a metastatic suppressor in AdCA. HIP1 
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significantly repressed the mobility of lung cancer cells both in vitro and in vivo, and 

regulated the epithelial-mesenchymal transition (EMT) by repressing 

AKT/GSK3β/β-catenin signaling.  

Conclusions: HIP1 serves as an early-stage prognostic biomarker and a metastatic 

suppressor. Reduced expression during AdCA progression can relieve HIP1 

suppression of Akt-mediated EMT and thereby lead to development of late metastases 

and poor prognosis.  

Keywords: HIP1; AdCA; prognosis; metastasis; EMT 
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Introduction 

Cancer is recognized globally as one of the most costly and deadly health 

problems, with lung cancer being the leading cause of cancer-related deaths (1, 2). 

Lung cancer is classified into two major categories according to histological criteria: 

non-small cell lung cancer (NSCLC, ~85%) and small cell lung cancer (SCLC, ~15%). 

NSCLCs are further categorized into three main subtypes by histopathology and 

clinical features: adenocarcinoma (AdCA, ~40%), squamous cell carcinoma (SCC, 

~25-30%) and large cell carcinoma (LCC, ~10-15%). The prognosis for NSCLC 

patients is very poor, with a five-year survival rate of <1% (3-5). The poor survival 

rate is mainly attributable to regional or distant metastasis (6-9). Although metastasis 

is the principal event leading to lung cancer deaths, its molecular basis remains poorly 

understood. 

Huntingtin interacting protein-1 (HIP1) is a 116-kDa protein (10, 11) that 

belongs to an evolutionarily conserved family, which also includes the yeast Sla2p (12, 

13) and the mammalian HIP1-related (HIP1r) proteins (14, 15). HIP1 was reported to 

be a component of the clathrin-mediated endocytosis pathway because of its 

association with both the actin cytoskeleton and endocytosis machinery (16-20). 

Additionally, many studies have suggested that HIP1 plays a role in tumorigenesis by 

providing evidence of overexpression in various human malignancies and 
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transforming fibroblasts (21-28). Although HIP1 associates with human cancer 

biology, its precise role in tumor progression remains unknown (21). 

The epithelial-mesenchymal transition (EMT) is a major developmental process, 

which has also been implicated in tumor progression (29). EMT allows benign tumor 

cells to infiltrate the surrounding tissue and ultimately metastasize to distant sites (30). 

EMT can be induced by growth factors such as transforming growth factor-β (TGF-β) 

and epidermal growth factor (EGF). EMT is commonly detected by decreases in 

molecular markers of epithelium such as keratin intermediate filaments (cytokeratin), 

desmosomes (desmoplakin) and adherens junction proteins (E-cadherin and occludin), 

increases in mesenchymal markers such as Vimentin and N-cadherin, and increasing 

extracellular matrix (ECM) molecules such as fibronectin (31). Furthermore, nuclear 

localization of β-catenin and elevation of transcription factors such as Snail1 (Snail), 

Snail2 (Slug), Twist, EF1/ZEB1, SIP1/ZEB2 and/or E47 during EMT have also been 

reported (32). Phenotypic markers for EMT include an increased capacity for 

migration and three-dimensional invasion as well as resistance to anoikis/apoptosis 

(29). The mechanisms that govern EMT are now being unraveled, and studying these 

mechanisms may reveal promising targets for the prevention of metastasis (31). 

Our study shows that HIP1 represents an early-stage AdCA prognostic biomarker 

and acts as a metastatic suppressor by inhibiting Akt-mediated EMT. The decreased 
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expression of HIP1 during AdCA progression allows upregulation of Akt activity to 

promote EMT, which is expected to facilitate tumor metastasis. 

 

Methods 

A complete description of materials and methods is provided in the online 

supplement. 

 

Results 

HIP1 expression decreases during AdCA progression and represents an 

early-stage prognostic biomarker. 

To examine HIP1 expression during NSCLC progression, lung tissues were 

probed using immunohistochemistry (IHC). Specimens were divided into four groups 

based on NSCLC staging: normal, stage I, stage II/III, and stage IV. After IHC 

staining, the intensity of brown color, which reflects the level of HIP1 expression, was 

scored on a scale from 0 (no expression) to 3 (high expression) (Figures E1A and 

E1B). The percentage of low- (scores 0-1) and high-intensity (scores 2-3) samples 

was calculated in the four groups of specimens (Figures 1A and 1B). In the first 

cohort (n=121), the stage I group contained the highest percentage of high-intensity 

HIP1 samples, the stage II/III group contained the second most, the stage IV group 
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contained the third most, and the normal group contained the least. These results 

suggest that HIP1 expression is increased in early stage disease, but this increase is 

negatively correlated with NSCLC progression. 

To investigate the correlation between HIP1 expression and NSCLC prognosis, 

Cox multivariate regression analysis was performed. This analysis showed that 

NSCLC patient survival was associated with the level of HIP1 expression and the 

N/M prognostic factors (Table 1). We also used a Kaplan-Meier log-rank analysis to 

show that the patients with low-level HIP1 expression demonstrated worse survival 

curves (Figures 1C and 1D). Moreover, we analyzed clinicopathologic characteristics 

of NSCLC patients with tumors showing low and high HIP1 expression (Table 2). 

HIP1 expression levels were correlated with overall survival rate and the occurrence 

of long-distance metastasis. Moreover, NSCLC patients showing low-level HIP1 

mRNA expression in the Prognoscan database also exhibited poor survival (Figure E2 

and Table E1). The correlation between the HIP1 expression level and the survival of 

NSCLC patients in early stages (stage I-II, n=52) (Figures 1E and 1F) was evaluated. 

HIP1 expression was associated with patient survival, and HIP1 represented a 

prognostic biomarker of the early-stage NSCLC. To clarify the correlation between 

HIP1 expression and NSCLC metastasis (Figure 1G), specimens were separated into 

two groups based on the clinical diagnosis of metastasis. The statistical comparison 
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showed that the percentage of low HIP1 expression in the group of metastasis was 

higher than non-metastasis. These results revealed that HIP1 expression was 

significantly correlated with NSCLC patient’s survival and metastasis. 

Because NSCLCs are mainly composed of AdCA and SCC, we analyzed HIP1 

expression in normal and tumor tissues of these subtypes (Figure E1C). Increased 

HIP1 expression was found when comparing AdCA samples to normal alveolar 

epithelium, however, SCC samples did not exhibit increased HIP1 experession when 

compared to normal bronchial epithelium. We also found that the overall and 

disease-free survival were both associated with HIP1 expression in AdCA and SCC 

cases (Figures E1D-E1G). Additionally, in NSCLC patients receiving chemotherapy, 

low HIP1 expression presented worse survival curves (Figure E1H). Another two 

cohorts confirmed that HIP1 expression correlated with AdCA patient survival, but 

not SCC (Figures E1I-E1Q). Overall, these data indicate that decreased HIP1 

expression is associated with poor prognosis in AdCA, but not SCC. 

 

HIP1 represses the mobility of AdCA cells in vitro. 

To study the correlation between HIP1 expression and AdCA cellular mobility, 

we evaluated endogenous HIP1 expression in various AdCA cell lines. According to 

Western blotting (WB) and IHC data (Figure E3A), we saw that HIP1 expression 
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exhibited a reverse association with AdCA cellular mobility. To clarify the roles of 

HIP1 in regulating AdCA cellular mobility, lung CL1 cell lines with 

well-characterized mobility were selected for evaluation. WB and RT-PCR (Figure 2A) 

showed that CL1-0 cells had the highest HIP1 levels when compared to CL1-2, CL1-3 

and CL1-5 cells. Conversely, the migration and invasion assays (Figure 2B) revealed 

that CL1-0 cells possessed lower mobility than CL1-2, CL1-3 and CL1-5 cells. 

Collectively, HIP1 expression was inversely correlated with cellular mobility of the 

CL1 cells. To directly test whether HIP1 regulates cellular mobility, HIP1 was 

transiently manipulated in CL1-0 and CL1-5 cells (Figures E3B and E3C). Data 

obtained from WB, migration and invasion assays showed that knocking down HIP1 

expression in CL1-0 cells promoted cellular mobility, whereas HIP1 overexpression 

in CL1-5 cells suppressed cellular mobility. 

HIP1 knockdown was validated by WB in CL1-0, A549 and H441 cells, and 

similarly overexpression was validated in CL1-5, H928 and H1299 cells (Figures 2C, 

E4A, E5A, E6A, E7A). The MTT assay revealed that HIP1 knockdown in CL1-0 and 

A549 cells significantly inhibited cell growth, whereas HIP1 overexpression in CL1-5 

and H1299 cells significantly promoted cell growth. In the wound-healing assay 

(Figures 2D, E4D, E5D, E6D, E7D), HIP1-knockdown in CL1-0, A549 and H441 

cells led to greater migration, whereas HIP1-overexpressing CL1-5, H928 and H1299 
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cells exhibited less migration than controls. In migration and invasion assays (Figures 

2E, E4EF, E5EF, E6EF, E7EF), HIP1-knockdown in CL1-0, A549 and H441 cells 

produced high cellular mobility, whereas HIP1-overexpression in CL1-5, H928 and 

H1299 cells led to reduced cellular mobility. To confirm that HIP1 regulated cellular 

mobility, transient HIP1 re-overexpression was performed in stable HIP1-knockdown 

CL1-0 cells, and conversely transient HIP1 re-knockdown was performed in stable 

HIP1-overexpressing CL1-5 cells. Data from migration and invasion assays (Figure 

2F) showed that the CL1-0 shHIP1#1 and #2 cells that had rescued expression of 

HIP1 had relatively low mobility. In contrast, the CL1-5 HIP1 cells transfected with 

shHIP1#1 and #2 showed high mobility. Because endogenous HIP1 expression within 

H441 and H1299 cells was similar, we also performed transient HIP1 overexpression 

in H441 cells and transient HIP1 knockdown in H1299 cells to evaluate cellular 

mobility. The results of WB, migration and invasion assays (Figures E5GH and E7GH) 

showed that decreasing HIP1 expressions promoted cellular mobility, whereas 

increasing HIP1 expressions suppressed cellular mobility. Taken together, these 

results provide ample evidence that HIP1 suppresses cellular mobility in AdCA cells. 

Overall, we found that HIP1 promoted AdCA cell growth, but repressed cellular 

mobility in vitro. 
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HIP1 acts as a metastatic suppressor of AdCA in vivo. 

To investigate whether HIP1 suppressed AdCA metastasis in vivo, animal 

experiments were performed by injecting mice either orthotopically or through the tail 

vein with stable HIP1-modified CL1 cells. Following orthotopic lung injection 

(Figure 3A), the CL1-0 shHIP1#1 group showed more metastatic tumor cells on the 

surface of right lungs compared to the CL1-0 scramble group. The CL1-5 Vec group 

showed more metastatic tumor cells on the surface of right lungs compared to the 

CL1-5 HIP1 group. According to hematoxylin and eosin (HE) staining, left lungs 

(receiving side) showed relatively large lung adenocarcinoma in all groups, and right 

lungs (CL1-0 shHIP1#1 or CL1-5 Vec group) had more metastatic tumor cells. 

Following tail vein injection (Figure 3B), a similar result was observed. The 

CL1-0 shHIP1#1 group showed more metastatic tumor cells in mice lungs, whereas 

the CL1-5 HIP1 group showed fewer metastatic tumor cells. According to HE 

staining, mice recieving CL1-0 shHIP1#1 or CL1-5 Vec cells had more metastatic 

tumor cells in lung sections compared to mice receiving CL1-0 scramble or CL1-5 

HIP1 cells. Notably, IHC against human mitochondria, a tracing marker to recognize 

injected human tumor cells in mice, in the CL1-5 groups using tail vein injection 

(Figure 3C) confirmed that more metastatic tumor cells appeared in the Vec group 

than the HIP1 group. 
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Distant metastasis to liver and kidneys was also observed in the orthotopic lung 

injection experiments (Figures E8A and E8B). More metastatic tumor cells appeared 

in livers from the groups of CL1-0 shHIP1#1 and CL1-5 Vec compared with CL1-0 

scramble and CL1-5 HIP1. Kidneys from the CL1-5 Vec group also had more 

metastatic tumor cells than the CL1-5 HIP1 group. There were no significant 

differences in lung weight between the HIP1-knockdown CL1-0 and 

HIP1-overexpressing CL1-5 groups (Figure E8C). In summary, our orthotopic 

injection and tail vein injection data indicate that HIP1 suppressed AdCA metastasis 

in vivo. 

 

HIP1 inhibits AdCA Epithelial-Mesenchymal Transition. 

To explain how HIP1 regulated AdCA cellular mobility, cDNA microarray was 

used to identify the genes affected by stable HIP1-knockdown in CL1-0 cells (Figure 

4A). The MetaCore statistical analysis showed that the significantly affected genes 

were mostly involved in EMT regulation (Figure 4B). These EMT-related genes were 

divided into two groups by color, with red indicating upregulated genes (mostly 

mesenchymal: M-markers) and green indicating downregulated genes (mostly 

epithelial: E-markers) under HIP1-knockdown conditions. CL1-0 cells are known as 

epithelial-like, and CL1-5 cells are mesenchymal-like. WB analysis (Figure 4C) 
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showed that CL1-2, CL1-3 and CL1-5 cells had less HIP1 and E-cadherin, but more 

β-catenin, Slug, Snail and Vimentin, compared with CL1-0 cells. After TGFβ (5 ng/ml) 

treatment (Figure 4D), WB data showed that E-cadherin and HIP1 decreased in A549 

cells. These results suggest that HIP1 is involved in regulating EMT. 

EMT-related gene expression was monitored in several HIP1-modified AdCA 

cells. In the HIP1-knockdown CL1-0, A549 and H441 cells (Figures 4E, E4BC, 

E5BC), qPCR data showed that E-cadherin and microphthalmia-associated 

transcription factor (MITF) expressions were downregulated, but Slug, Vimentin, 

plasminogen activator inhibitor-1 (PAI1), tumor necrosis factor receptor-1 (TNFR1) 

and matrix metalloproteinase-1 (MMP1) expressions were upregulated. The 

expression levels of Snail and focal adhesion kinase (FAK) were not affected. 

Moreover, WB data confirmed that HIP1 and E-cadherin expression were 

downregulated, but Slug and Vimentin expression were upregulated. The expression 

levels of β-catenin and Snail were not affected. In the HIP1-overexpressing CL1-5, 

H928 and H1299 cells (Figures 4F, E6BC, E7BC), qPCR and WB data showed the 

converse results compared with those from the HIP1-knockdown cells. The mRNA 

expression levels of Snail and FAK, and the protein expression levels of β-catenin and 

Snail were not affected. Collectively, these data suggest that HIP1 expression 

upregulated the expression levels of E-markers and downregulated the expressions of 
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M-markers. 

Increased nuclear translocalization of β-catenin is also a marker of EMT. 

Subcellular fractionation analysis was conducted (Figure 4G), and WB data showed 

that the cytoplasmic extracts of HIP1-knockdown CL1-0 cells contained less 

β-catenin, whereas the nuclear extracts contained more β-catenin compared with 

controls. In contrast, the cytoplasmic extracts of HIP1-overexpressing CL1-5 cells 

contained more β-catenin, whereas the nuclear extracts contained less β-catenin 

compared with controls. These results showed that HIP1 suppressed the nuclear 

translocalization of β-catenin. Because the activity of transcription factor 4 (TCF4) is 

promoted by nuclear β-catenin, luciferase reporter assays were conducted to evaluate 

TCF4 activity (Figure 4H). The HIP1-knockdown CL1-0 cells showed high TCF4 

activity, whereas the HIP1-overexpressing CL1-5 cells showed low TCF4 activity. 

These data indicated that HIP1 suppressed the activity of TCF4. In summary, HIP1 

may suppress EMT by inhibiting the nuclear translocalization of β-catenin, repressing 

TCF4 activity and decreasing the expression of Slug. This downregulation of Slug 

expression would be expected to correspond with low levels of mesenchymal markers 

but the high levels of epithelial markers, thereby preventing metastasis. 

 

HIP1 blocks the Akt-mediated EMT signaling pathway. 
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In our studies, HIP1 regulated the nuclear translocalization of β-catenin (Figure 

4G) suggesting transcriptional regulation of Slug. Because the relative change in Slug 

at the protein level was more dramatic than that in the mRNA level (Figures 4E and 

4F), we also evaluated whether HIP1 affected Slug post-translational modifications. 

Previous papers have reported that glycogen synthase kinase-3β (GSK3β) regulates 

the nuclear translocalization of β-catenin and the post-translational modification of 

Slug (33, 34). Therefore, we examined the Akt-GSK3β signaling pathway in HIP1 

modified cell lines (Figure 5A). The HIP1-knockdown CL1-0 cells exhibited 

increased levels of pGSK3β-Ser9 and pAkt-Ser473, whereas the HIP1-overexpressing 

CL1-5 cells had decreased levels compared to control cells. The levels of 

phosphorylated pyruvate dehydrogenase kinase isozyme-1 (pPDK1-Ser241) were not 

affected. Similar results were found in HIP1-knockdown A549/H441 cells and the 

HIP1-overexpressing H928/H1299 cells (Figures E4C, E5C, E6C, E7C). These data 

revealed that HIP1 inhibited Akt activity and the Akt-GSK3β signal transduction. To 

confirm that HIP1 regulated EMT and the Akt-GSK3β signaling pathway, transient 

HIP1 rescue and depletion studies were performed. WB data (Figure 5B) showed that 

the CL1-0 shHIP1#1 and #2 cells that re-overexpressed HIP1 contained more HIP1 

and E-cadherin, but less pAkt-Ser473, pGSK3β-Ser9, Slug and Vimentin. Expectedly, 

the CL1-5 HIP1 cells transfected with shHIP1#1 and #2 produced the converse results. 
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These data suggest that HIP1 suppression of cellular mobility may be due to 

inhibition of EMT through the Akt-GSK3β signaling pathway. 

To confirm that HIP1 repressed the EMT and cellular mobility by blocking Akt 

activity, the stable HIP1-knockdown CL1-0 cells were treated with an Akt inhibitor, 

and transient overexpression of constitutively active myr-Akt was induced in stable 

HIP1-overexpressing CL1-5 cells (Figures 5C and 5D). The WB, migration and 

invasion assays showed that the CL1-0 shHIP1#1 and #2 cells treated with the Akt 

inhibitor showed increased levels E-cadherin, but decreases in pAkt-Thr308, 

pAkt-Ser473, pGSK3β-Ser9, Slug, Vimentin, and low cellular mobility. In contrast, 

the CL1-5 HIP1 cells transiently overexpressing myr-Akt had reduced E-cadherin, but 

more pAkt-Thr308, pAkt-Ser473, Akt, pGSK3β-Ser9, Slug, Vimentin, and high 

cellular mobility. These results suggest that the Akt-GSK3β signaling pathway 

mediates HIP1 inhibition of EMT. 

To confirm that HIP1 regulated EMT and cellular mobility through β-catenin, 

β-catenin was transiently knocked-down in stable HIP1-knockdown CL1-0 cells, and 

transiently overexpressed in stable HIP1-overexpressing CL1-5 cells (Figures 5E and 

5F). WB, migration and invasion assays showed that the CL1-0 shHIP1#1 and #2 

cells with shβ-catenin#1 and #2 respectively contained more E-cadherin, but less 

β-catenin, Slug, Vimentin, and low cellular mobility. β-catenin overexpression in the 
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CL1-5 HIP1 cells produced the opposite results. These results showed that HIP1 

inhibited EMT through β-catenin. Collectively, our results suggest that HIP1 represses 

Akt activity to decrease the nuclear translocalization of β-catenin and thereby blocks 

EMT. 

 

HIP1 restrains Akt in the cytoplasm to prevent its activation on the plasma 

membrane. 

To investigate the molecular mechanism by which HIP1 inhibited Akt activity, 

upstream regulatory molecules involved in the Akt activation were examined (Figure 

6A). WB data showed that the levels of pAkt-Thr308 were increased in the CL1-0 

shHIP1#1 and #2 cells, but were decreased in the CL1-5 HIP1 cells. The levels of Akt, 

phosphoinositide 3-kinase (PI3K) p85, and pPI3K p85-Tyr458 were not affected. 

These results revealed that HIP1 is not likely to affect Akt activation on the plasma 

membrane. To study the relationship between HIP1 and Akt, coimmunoprecipitation 

(co-IP) was performed. The data showed that HIP1 interacted with Akt in the 

HIP1-overexpressing CL1-5 cells (Figure 6B). Next, Akt was activated in starved 

CL1-5 cells by addition of 10% fetal bovine serum (FBS), and ICC/IF staining 

(Figure 6C) showed that the CL1-5 HIP1 cells had diminished levels of pAkt-S473 on 

the plasma membrane compared to control cells. These results suggest that HIP1 
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interaction with Akt restrains Akt in the cytoplasm and prevents its activation on the 

plasma membrane. 

In order to evaluate downstream effects of HIP1-mediated reductions in Akt 

signaling, post-translational modifications of Slug were examined. Previous studies 

have reported that Slug is phosphorylated by GSK3β and then subsequently 

ubiquitylated by the carboxyl terminus of Hsc70-interacting protein (CHIP) for the 

Ubiquitin-proteasomal degradation (33, 34). We treated the HIP1-modified CL1 cells 

with MG132 (10 µM) for 5 h (Figure 6D), and WB analysis showed that the CL1-0 

Scramble and CL1-5 HIP1 cells had more Slug proteins compared to controls. These 

results suggest that HIP1 promoted the proteasomal degradation of Slug. Based on our 

findings that HIP1 promoted GSK3β activation, we suspect that HIP1 regulation of 

GSK3β is responsible for alterations in Slug phosphorylation and subsequent 

proteasomal degradation. 

In conclusion, our findings (Figure 6E) show that HIP1 acts as a metastatic 

suppressor in NSCLC by inhibiting Akt-mediated EMT. Moreover, our data suggest 

that HIP1 interacts with Akt to decrease its activity, and inactive Akt does not 

phosphorylate and deactivate GSK3β. Elevated levels of active GSK3β suppress the 

nuclear translocalization of β-catenin to reduce TCF4 activity, and diminish Slug 

expression. Eventually, the reduced level of Slug leads to Vimentin downregulation 
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and the E-cadherin upregulation, thus blocking EMT and preventing NSCLC 

metastasis. 

 

Discussion 

NSCLC is the most common lung cancer, and its poor survival is mainly due to 

metastasis. Therefore, it is extremely important to understand the molecular 

mechanisms that drive metastasis in lung cancer biology, and to identify prognostic 

biomarkers in early-stage NSCLC. Although HIP1 was cloned (10, 11) and reported 

to associate with cancer in 1997-1998 (22), the precise role of HIP1 in tumor 

progression has remained unknown until now. Our study is the first to describe HIP1 

involvement in AdCA metastasis. We found that HIP1 expression was reduced during 

metastasis-associated AdCA progression and acted as a metastatic suppressor in 

AdCA cells. Furthermore, we showed that HIP1 suppressed metastasis through 

modulation of the Akt-mediated EMT signaling pathway. Because current TNM 

staging does not provide satisfactory prognostication of the AdCA patients, it is 

essential to identify novel prognostic biomarkers of early stage AdCA. Our clinical 

analysis revealed that HIP1 was a prognostic biomarker in early-stage AdCA. Low 

HIP1 expression was highly predictive of poor patient survival. 

In our study, we found that reductions in HIP1 expression promoted EMT 

Page 21 of 81
 AJRCCM Articles in Press. Published on 23-November-2015 as 10.1164/rccm.201412-2226OC 

 Copyright © 2015 by the American Thoracic Society 



19 

 

through the activation of Akt (Figures 4-6). Recently, numerous papers have shown 

that activation of the PI3K/Akt axis is a central feature of EMT, and may confer the 

cellular motility required for metastasis (35, 36). Our microarray data support this 

idea and show that HIP1 influenced several factors involved in metastatic regulation, 

including gene products associated with cytoskeletal and ECM remodeling. Cell 

mobility requires dynamically and spatially regulated changes in the actin 

cytoskeleton, microtubules, adhesion molecules and ECM (37). Accumulating 

evidence has also revealed that several key components closely associated with 

cytoskeletal dynamics are activated via Akt-mediated phosphorylation. In addition, 

Akt also interacts with other promigratory proteins, thus mediating crosstalk between 

affiliated signaling axes (38). Our results implicate HIP1 as a critical modulator of 

Akt-mediated EMT and associated cell motility in AdCA metastasis. In SCC, our 

results show similar phenomena that HIP1 down-regulation also enhances cell 

motility; however, there is no significance between knockdown and control groups 

(Figures E9 and E10).    

According to clinical studies, the 5-year survival rate of patients with advanced 

NSCLC is less than 10%, whereas it is greater than 70% for patients with stage I 

disease. These statistics imply that the identification of prognostic biomarkers for 

early-stage AdCA has a meaningful clinical application (39, 40). In our Kaplan-Meier 
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log-rank analysis (Figures 1E and 1F), HIP1 expression during AdCA early stages 

were significantly correlated with patient’s survival rates. The downregulation of 

HIP1 expression in early stage AdCA promoted metastasis and a poor prognosis. Thus, 

HIP1 represents a new prognostic biomarker for early-stage AdCA, and its application 

may bolster successful predictions of clinical outcomes in AdCA patients. 
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Table 1. The Cox Multivariate Regression Analysis of TNM Prognostic Factors and 

HIP1 Expressions for Overall and Disease-free Survival of 121 NSCLC Patients in 

the First Cohort 

 

Overall Survival (OS) 

Variables Comparison Hazard Ratio (95% CI) p-value 

T 

N 

M 

HIP1 

T1-T2; T3-T4 

N0; N1-N3 

M0; M1 

Low (0, 1); High (2, 3) 

1.321 (0.822-2.120) 

1.964 (1.203-3.206) 

1.803 (1.110-2.930) 

2.268 (1.421-3.619) 

0.250 

0.007     ** 

 0.017     * 

0.001     ** 

 

Disease-free Survival (DFS) 

Variables Comparison Hazard Ratio (95% CI) p-value 

T 

N 

M 

HIP1 

T1-T2; T3-T4 

N0; N1-N3 

M0; M1 

Low (0, 1); High (2, 3) 

1.356 (0.840-2.188) 

2.062 (1.276-3.333) 

1.454 (0.891-2.373) 

2.119 (1.354-3.316) 

0.213 

0.003      ** 

0.134 

0.001      ** 

 

NOTE: Cox proportional hazards regression was used to test independent prognostic 

contribution of HIP1 after accounting for other potentially important covariates. 

Abbreviations: HR, hazard ratio; CI, confidence interval 

* Two-sided Cox proportional hazards regression using normal approximation and p < 

0.05 was consider statistically significant. 
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Table 2. The Clinicopathologic Characteristics of 121 NSCLC Patients in the First 

Cohort with Low and High HIP1 expressions 

 

 

Characteristic 

Low Expression 

(score 0-1), n = 

71 

High Expression 

(score 2-3), n = 

50 

 

p Value 

Age (mean ± SD) (in years) 60.24 ± 1.19 63.94 ± 1.45 0.05
a           

* 

Sex, no. of patients   0.483
b
 

Male 38 30  

Female 33 20  

Stage,
c
 no. of patients   0.040

b
      

* 

I-II 25 27  

III-IV 46 23  

Tumor status,
c
 no. of patients   0.286

b
 

T1-T2 46 37  

T3-T4 25 13  

Lymph nodal status,
c
 no. of 

patients 

  0.362
b
 

N0 24 21  

N1-N3 47 29  

Metastasis,
c
 no. of patients   0.005

b 
    

** 

M0 43 42  

M1 28 8  

Histology, no. of patients   0.112
b
 

Adenocarcinoma 38 34  

Nonadenocarcinoma 33 16  

Median survival (in months) 22 62 1.276E-5
d   

***
 

a
 p value was measured with student’s t test. 

b
 p values were derived with Pearson chi-square tests. 

c
 The tumor stage, tumor status, lymph node status, and metastasis were classified 

according to the international system for staging lung cancer. 
d
 p values was derived with log rank test. 
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All statistical tests are two sided. SD, standard deviation. 

 

Figure legends 

Figure 1. HIP1 expression is upregulated in NSCLC, and low HIP1 expression is 

correlated with poor prognosis in AdCA progression. (A) Representative HIP1 IHC 

staining in clinical specimens from four groups: normal, stage I, stage II/III and stage 

IV. (B) The percentage of low (score 0-1) and high (score 2-3) HIP1 expression levels 

were calculated in the four groups of NSCLC specimens. (C and D) Low-level HIP1 

expression significantly correlated with poor overall and disease-free survival in 

NSCLC patients. (E and F) Low-level HIP1 expression during the early stages of 

NSCLC significantly correlated with poor survival. (G) The ratio of low/high HIP1 

expression in patients with metastasis was significantly higher than in patients without 

metastasis.  

 

Figure 2. HIP1 regulates the mobility of AdCA cells. (A) Endogenous HIP1 

expression levels in the CL1 cell lines were analyzed using WB and RT-PCR. 

α-tubulin and GAPDH were used as internal controls for the levels of protein and 

mRNA, respectively. (B) The migratory and invasion abilities of CL1-0, CL1-2, 
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CL1-3 and CL1-5 cells were evaluated using migration and invasion assays. (C) HIP1 

expression levels and the growth of stably HIP1-modified CL1 cells were analyzed 

using WB and MTT assays. (D) The migratory abilities of stably HIP1-modified CL1 

cells were evaluated using wound-healing assays. (E) The cellular mobility of stably 

HIP1-modified CL1 cells were evaluated using migration and invasion assays. (F) 

The cellular mobility of HIP1-re-manipulated CL1 cells were evaluated using 

migration and invasion assays. 

 

Figure 3. HIP1 affects AdCA metastasis in vivo. (A) Orthotopic lung injection was 

performed to deliver HIP1-modified CL1 cells into mice. After the removed lungs 

were photographed and the metastatic tumor cells counted, tissues were 

paraffin-embedded and metastatic tumor cells were verified using HE stain. The 

yellow triangles and open rectangles indicate the injected lung adenocarcinoma in the 

left lungs of mice. The red triangles and open rectangles indicated the metastatic 

tumor cells in the right lungs of mice. (B) Tail vein injection was performed to deliver 

HIP1-modified CL1 cells into mice. The metastatic tumor cells were photographed, 

counted and verified using HE stain. The red triangles and black open rectangles 

indicated the metastatic tumor cells on the lung tissue sections. (C) The metastatic 

tumor cells were stained using IHC against human mitochondria in the CL1-5 groups 
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with tail vein injection. The red open rectangles indicated the metastatic tumor cells 

on the lung tissue sections. 

 

Figure 4. HIP1 regulates EMT. (A) EMT-related genes in MetaCore were divided into 

two groups based on the microarray data, with red indicating upregulation and green 

indicating downregulation under HIP1-knockdown conditions. (B) Microarray data 

were analyzed using MetaCore bioinformatics software to identify the HIP1-regulated 

signaling pathways involved in EMT. (C) The endogenous expression levels of EMT 

markers in CL1 cells were detected using WB. (D) Under the TGFβ-induced EMT, 

the expressions of HIP1 and E-cadherin in A549 cells were detected using WB. (E) In 

the HIP1-knockdown CL1-0 cells, the expression levels of EMT-related genes were 

examined using qPCR and WB. (F) In the HIP1-overexpressing CL1-5 cells, the 

expression levels of EMT-related genes were examined using qPCR and WB. (G) The 

nuclear translocalization of β-catenin was evaluated using nuclear and cytoplasmic 

extraction and WB. (H) TCF4 activity was measured using a luciferase reporter assay. 

GAPDH and α-tubulin were used as internal controls of qPCR and WB, respectively. 

Lamin A/C and α-tubulin were used as internal controls for WB in the nucleus and 

cytoplasm isolations, respectively. 
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Figure 5. HIP1 participates in Akt-mediated EMT. (A) The phosphorylated forms of 

GSK3β, Akt and PDK1 were evaluated in HIP1-modified CL1 cells using WB. (B) 

Molecules involved in Akt-mediated EMT were evaluated in HIP1-remanipulated 

CL1 cells using WB. (C) Akt activity was manipulated in HIP1-modified CL1 cells, 

after which, the levels of molecules involved in Akt-mediated EMT were evaluated 

using WB. (D) The cellular mobility of stably HIP1-modified CL1 cells with Akt 

manipulation was evaluated using migration and invasion assays. (E) The expression 

of β-catenin was manipulated in HIP1-modified CL1 cells, after which, the levels of 

molecules involved in EMT were evaluated using WB. (F) The cellular mobility of 

stably HIP1-modified CL1 cells with β-catenin manipulation were evaluated using 

migration and invasion assays. 

 

Figure 6. HIP1 retains Akt in the cytoplasm inhibiting its activation on the plasma 

membrane. (A) The upstream regulatory molecules involved in the Akt activation 

were examined using WB. α-tubulin was used as the internal control. (B) The 

interaction between HIP1 and Akt was detected using co-IP. (C) The cellular location 

of pAkt-S473 was probed using ICC/IF stain. pAkt-S473: green. Red triangles 

indicates the membrane localization of pAkt-S473. (D) The HIP1-modified CL1 cells 

were treated with MG132 (10 µM) for 5 h, and the Slug expressions were detected 
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using WB. α-tubulin was used as the internal control. (E) A schematic representation 

shows HIP1 regulation of the Akt-mediated EMT signaling pathway. 
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Cell culture, animal model and reagents 

The CL1-0, CL1-2, CL1-3, CL1-5, PC9, PC13, H441, H661 and H928 cell lines 

were cultured in RPMI medium 1640 (GIBCO, Gaithersburg, MD) supplemented 

with 10% fetal bovine serum (FBS) and 1% antibiotics (penicillin-streptomycin 

solution) (HyClone, Logan, UT). The A549, H1299 and HEK293T cell lines were 

cultured in Dulbecco’s modified Eagle’s medium (DMEM, GIBCO) supplemented 

with 10% FBS and 1% antibiotics. All cell cultures were maintained in a 5% CO2 

humidified atmosphere at 37°C. In the case of long-term culturing, a mycoplasma test 

of each cell line was conducted monthly. The CL1 cell lines were kindly supplied by 

Dr Pan-Chyr Yang (National Taiwan University, Taipei, Taiwan), and others were 

obtained from ATCC (Manassas, VA). 

 

Orthotopic and tail vein injections 

Nude mice (8-week-old males, with a body weight of 20-25 g) were obtained 

from the National Laboratory Animal Center. Animal care was provided in accordance 

with the Laboratory Animal Welfare Act and the Guide for the Care and Use of 

Laboratory Animals and was approved by the Institutional Animal Care and Use 

Committee of National Cheng Kung University. The animal experiments were 

conducted by injecting nude mice orthotopically and via the tail vein with stably 
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HIP1-modified CL1 cells. For the orthotopic (lung) injections, the left lung of each 

mouse was inoculated with 1x10
5
 HIP1-modified cells in 10 µl of Hank's balanced 

salt solution (HBSS, GIBCO) containing 50% Matrigel (BD Biosciences, San Jose, 

CA). For the tail vein injections, 1x10
6
 HIP1-modified cells were suspended in 100 

µL of HBSS and injected into the lateral tail veins of nude mice. The mice injected 

with HIP1-knockdown CL1-0 and HIP1-overexpressing CL1-5 cells were sacrificed 

at 8 and 5 weeks post-injection. The lungs were removed and fixed using 10% 

formalin, and the tumor nodules were counted under a dissecting microscope the 

following day. Among the orthotopically injected mice, metastatic nodules in the right 

lungs were counted. The metastatic nodules were counted in both lungs of mice with 

the tail vein injections. Finally, the metastatic tumor nodules were verified using 

hematoxylin and eosin (HE) stain. 

 

Akt inhibition 

Akt activity was inhibited by treatment with 1 µM Akt inhibitor IV (SIGMA, St 

Louis, MO), and the cell lysates were collected at 24 h post-treatment. Under TGFβ (5 

ng/ml) treatment (SIGMA), EMT were induced successfully in A549 cells. To inhibit 

the proteasomal degradation of Slug, the HIP1-modified CL1 cells were treated with 

MG132 (10 µM, SIGMA) for 5 h. 
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Plasmid construction, DNA transfection and lentivirus transduction 

In the overexpression experiments, the pLEX-MCS_HIP1-fCDS construct for 

the expression of full-length cDNA of human HIP1 (NM_005338) was constructed 

using the lentiviral vector pLEX-MCS (Thermo Scientific, San Jose, CA), the 

pCMV-myr-Akt construct for the expression of constitutively active myr-Akt was 

constructed using the pCMV vector, and the pEGFPC1-β-catenin construct for the 

expression of full-length cDNA of human β-catenin (NM_001904) was constructed 

using the vector pEGFPC1. In the knockdown experiments, the lentiviral plasmids 

(Thermo Scientific) containing the pGIPZ non-silencing shRNA control, 

pGIPZ-shHIP1#1 (V3LHS_341239) and pGIPZ-shHIP1#2 (V3LHS_341243) were 

used to knockdown HIP1 expressions. The lentiviral plasmids (NRC, Academia 

Sinica, Taiwan) containing the pLKO.1 non-silencing shRNA control, 

pLKO.1-shβ-catenin#1 (TRCN0000003845) and pLKO.1-shβ-catenin#2 

(TRCN0000350477) were used to knockdown β-catenin expressions. 

DNA transfection was performed using 50% confluent cells in 6-cm culture 

dishes. For transient transfection, 4 µg of plasmid DNA and 10 µl of Lipofectamine 

2000 (Invitrogen, Carlsbad, CA) were each diluted with 500 µl of Opti-MEM 

(GIBCO) and incubated at room temperature for 5 min. The diluted DNA and 
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Lipofectamine 2000 solutions were mixed gently and incubated for 20 min. Finally, 1 

ml of the mixture was added into each 6-cm dish containing cells and 2 ml of 

serum-free medium, and the cells were cultured at 37°C in 5% CO2 for 6 h. The 

culture medium was renewed to terminate the transfection, and cells were kept in the 

incubator for subsequent experiments. 

Stably HIP1-modified cells were generated by transduction using lentiviral 

particles carrying pLEX-MCS/pLEX-MCS_HIP1-fCDS and the pGIPZ non-silencing 

shRNA control/pGIPZ-shHIP1#1, #2. For the lentivirus preparations, 2x10
6
 

HEK293T cells were seeded in a 10-cm culture dish. Using a standard calcium 

phosphate transfection protocol, 9 µg of the transfer plasmids, 6 µg of psPAX2 and 3 

µg of pMD2.G were co-transfected into HEK293T cells. The culture medium was 

renewed 6 h later, and the virus-containing supernatants were collected at 48 h 

post-transfection. Lentiviral infection was performed by adding virus-containing 

medium to cells and culturing them overnight. Stably transduced cells were selected 

using puromycin (SIGMA), and heterogeneous pools of fluorescent clones were 

sorted using fluorescence-activated cell sorting (FACS). 

 

RT-PCR, quantitative real-time PCR (qPCR) and microarray analysis 

Total RNAs were isolated using TRIzol (Invitrogen) according to the 
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manufacturer’s instructions. cDNAs were produced from 1 µg of isolated RNAs using 

M-MLV reverse transcriptase (Invitrogen), and the reverse transcription reaction was 

performed under the following conditions: 42°C for 1 h, 70°C for 15 min and 4°C for 

5 min. The PCR protocol was conducted as follows: one cycle at 95°C for 3 min, 

followed by 25 cycles of 30 seconds at 95°C, 30 seconds at 60°C and 30 seconds at 

72°C, with a final extension at 72°C for 10 min. The PCR products were detected by 

2% agarose gel electrophoresis. 

The qPCR was performed using Fast SYBR
®

 Green Master Mix (Abcam, 

Cambridge, MA) under the following conditions: one cycle at 95°C for 20 seconds, 

followed by 40 cycles of denaturation at 95°C for 3 seconds and annealing at 60°C for 

30 seconds. The RNA levels detected using RT-PCR and qPCR were consequently 

normalized against the level of human glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH). 

For the microarray analysis, total RNAs of stable CL1-0 Scramble and shHIP1#1 

cells were prepared using an RNeasy Mini Kit (QIAGEN, Valencia, CA). The 

synthesis and fragmentation of the labeled aRNAs were performed using a 

GeneChip
®

 3' IVT Express Kit (Affymetrix, Santa Clara, CA). Target hybridization 

was conducted using a Human Genome U133 Plus 2.0 GeneChip
®

. The signals were 

detected using a GeneChip
®

 Scanner 3000 7G. The fold changes in the transcriptomic 
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analysis were determined using Agilent GeneSpring GX 11.5 software. MetaCore 

bioinformatics software was used to determine the categories of genes with altered 

expression levels (significant differences as log2 (fold changes) at > 0.5). 

 

Western blotting (WB), subcellular fractionation analysis and 

coimmunoprecipitation (co-IP) 

Before conducting WB, the cells were lysed using RIPA buffer (Millipore, 

Billerica, MA) containing proteinase and phosphatase inhibitors. The protein 

concentrations were determined using a Bio-Rad Protein Assay Dye Reagent 

Concentrate (Bio-Rad, Hercules, CA). For WB, an aliquot of 20-30 µg of total protein 

that was boiled in 2x sample loading buffer (0.1 M Tris-HCl at pH 6.8, 4% SDS, 20% 

glycerol, 2% β-mercaptoethanol and a small amount of Bromophenol blue) was 

loaded onto a 7.5-15% SDS-polyacrylamide gel for electrophoresis (SDS-PAGE) at 

80-100 V and then transferred to a PVDF membrane (Millipore) at 100 V for 1.5 h. 

The proteins-coated membranes were blocked with 5% non-fat milk in TBST (Tris 

Buffered Saline with Tween 20) overnight. The candidate proteins were identified by 

incubating the membranes with primary antibodies at room temperature for 2 h, and 

then the membranes were washed in TBST four times for 1 h. After washing, the 

membranes were incubated with horseradish peroxidase (HRP)-conjugated secondary 
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antibodies at room temperature for 1 h. Finally, the membranes were washed again, 

and followed by an enhanced chemiluminescence solution (PerkinElmer, Waltham, 

MA) for signal detection. α-tubulin was used as the internal control for normalization. 

The cytoplasmic and nuclear extracts of mammalian cells were obtained using 

NE-PER
®

 Nuclear and Cytoplasmic Extraction Reagents (Thermo Scientific). For the 

subcellular fractionation analysis, 2x10
6
 cells were collected and dissolved in 20 µl of 

cold CER. Next, 11 µl of cold CER II was added, and the supernatant was collected as 

the cytoplasmic extract. Then, 100 µl of cold NER was added to the pellet, and the 

supernatant was collected as the nuclear extract. Finally, the cytoplasmic and nuclear 

extracts were used for WB with α-tubulin and lamin A/C, respectively, as the internal 

controls. 

For co-IP, the supernatants of the cellular lysates were pre-absorbed using beads 

(Protein A Agarose, Calbiochem, San Diego, CA; Protein G Agarose, Millipore) for 1 

h at room temperature. Supernatants containing 1 mg of protein were transferred to 

new tubes containing 20 µl of beads and 2 µg of antibodies specific for the candidate 

proteins in a final volume of 500 µl of co-IP binding buffer (0.1 M Hepes or Tris at 

pH 7.4, 0.15 M NaCl, 2 mM EDTA, 0.5% Tween-20 and 0.01% NP-40). Incubation 

was conducted with constant rocking at 4°C overnight, and then the beads were 

washed 3 times with cold co-IP binding buffer. Finally, the sample beads were 
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collected, resuspended in 2x sample loading buffer and boiled for 10 min for use in 

WB assays. 

 

Tissue-array, immunohistochemistry (IHC), hematoxylin/eosin stain (HE stain) 

and immunocytochemistry (ICC)/immunofluorescence (IF) 

In our studies, three cohorts were analyzed using IHC staining to visualize HIP1 

expressions of clinical specimens. The first cohort covered two tissue arrays TA38A 

and TA38B, and these lung specimens were collected from the Kaohsiung Medical 

University Chung-Ho Memorial Hospital (KMUH, Kaohsiung, Taiwan). TA38AB 

included 19 xenografts and 121 non-small cell lung cancer (NSCLC) patients 

containing 72 adenocarcinomas (AdCAs), 40 squamous cell carcinomas (SCCs) and 9 

large cell carcinomas (LCCs). The second cohort consisted of TA38AB and some lung 

tissue sections from National Taiwan University Hospital (NTUH) containing 79 

NSCLC patients (48 AdCAs, 18 SCCs and 13 others). The third cohort was composed 

of two tissue arrays TACCA4 and TACC5, and these lung specimens from Korea 

contained 89 NSCLC patients (28 AdCAs, 48 SCCs and 13 others). The tissue-array 

chips and the clinical lung tissue sections were supplied by Dr. Michael Hsiao 

(Academia Sinica, Taipei, Taiwan). All clinical tissues were fixed using 10% formalin, 

dehydrated, paraffin-embedded and sectioned. 
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When IHC was performed, the slides were heated at 65°C for 2 h, and they were 

deparaffinized using xylene (3x10 min) and rehydrated using a graduated ethanol 

series (two repeats of 100, 95 and 75% for 5 min each). Antigen retrieval was 

performed by immersion in 0.1 M citrate buffer (pH 6.0) and boiling in a microwave 

oven for 20 min. The sections were blocked using normal horse or goat serum at room 

temperature for 30 min and then incubated with primary antibodies at 4°C overnight. 

Next, the sections were incubated with biotinylated secondary antibody and 

streptavidin-peroxidase reagent (Vector
®

 Blue Alkaline Phosphatase Substrate Kit, 

Vector, Burlingame, CA) at room temperature for 30 min each. The signals were 

detected using diaminobenzidine as the chromogen (Liquid DAB-Plus Substrate Kit, 

Invitrogen), and the sections were counterstained with hematoxylin. Finally, the 

tissues were dehydrated in ethanol and xylene, and mounted for evaluation. 

The metastatic tumor nodules in mice lungs were verified using HE stain. Before 

HE stain being conducted, the tissues were deparaffinized and rehydrated. The 

sections were washed in 1x phosphate-buffered saline (PBS), rinsed in ddH2O, and 

stained with hematoxylin solution. After washing in tap water, the sections were 

rinsed in 1x PBS and 95% ethanol, and stained with eosin solution. Finally, the 

sections were immersed in 95%, 100% ethanol and xylene, and mounted for 

evaluation. 
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Before performing ICC/IF, coverslips were acid cleaned by incubating them in 

1M HCl for 24 h to remove any dust that can cause artifacts. After rinsing them three 

times in ddH2O and 95% ethanol, coverslips were submerged in the 0.1 mg/ml 

solution of gelatin or poly-L-lysine for 5 min, air-dried and sterilized in a culture hood 

under UV light for a minimum of 2 h. Coating coverslips will improve the cell’s 

adhesion to the glass. After seeding adherent cells on coverslips and incubating them 

at 37°C overnight, cells were fixed with 4% formaldehyde (10% formalin) for 10 min 

at room temperature, and washed three times with 1x PBS. If probing for a target 

whose epitope is expressed intracellularly, cellular permeabilization is necessary. 

Permeabilization was performed by treating cells with 0.5% Triton X-100 in 1x PBS 

for 10 min at room temperature. Following washing cells, blocking unspecific binding 

sites was conducted with 2% bovine serum albumin (BSA) in 1x PBS for 2 h at room 

temperature. The primary antibodies diluted in the blocking buffer were added, and 

cells were incubated at 4°C overnight. After washing cells four times (15 min per time) 

with 1x PBS and shaking, the fluorescent secondary antibodies were added, and cells 

were incubated at room temperature for 2 h. Cells were washed four times, and then 

nuclear labeling was stained with 4',6-diamidino-2-phenylindole (DAPI, SIGMA). 

After rinsing cells with 1x PBS, coverslips were mounted onto slides with 

Fluoromount-G (SouthernBiotech, Birmingham, AL) and examined under a 
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fluorescent microscope (BX51, Olympus, Tokyo, Japan). 

 

MTT assay and luciferase-reporter assay 

In 24-well plates, 5x10
3
 cells were seeded in 500 µl of medium per well, and cell 

growth was evaluated for 1-5 days using the MTT assay. At the time point each day, 

the culture medium was removed and the cells were washed using 1x PBS. 

Subsequently, 500 µl of MTT solution (0.5 mg/ml, MDBio, New Taipei, Taiwan) was 

added to each well, and the plate was incubated at 37°C for 3 h. After washing the 

cells, 400 µl of DMSO (J.T. Baker, Austin, TX) was added, and the plate was placed 

on a table shaking at 150 rpm for 5 min to thoroughly dissolve the formazan (MTT 

metabolic product) in the solvent. Finally, the optical density of 100 µl solution at 570 

nm was recorded in triplicate, which should be directly correlated with the number of 

cells. 

The luciferase assay was conducted using a Dual-Luciferase
®

 Reporter Assay 

System (Promega, Madison, WI). For the luciferase assay, cells were seeded into 

6-well plates. TOPflash and FOPflash constructs (Upstate, Charlottesville, VA) were 

respectively co-transfected with a Renilla luciferase plasmid (Promega) as the internal 

control to normalize for transfection efficiency. At 48 h post-transfection, the cells 

were lysed in 500 µl 1x PLB, and the dual-luciferase assay was performed according 
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to the manufacturer's protocol. 

 

Wound-healing, migration and invasion assays 

For the wound-healing assay, 1x10
4
-4x10

4
 cells in 100 µl of culture medium 

were seeded into each well of Culture-Insert (Ibidi, GmbH, München, Germany) and 

cultured overnight to form a confluent monolayer. After removing the insert, a 

cell-free gap of 500 µm in width was created. To evaluate the migratory abilities of 

cells, the area containing the gap was photographed using a light microscope at 

different time points during culture. 

The migration assay was performed using a 24-well transwell system with 8-µm 

pores in the PET membranes (BD Biosciences). For the migration assay, the cells 

were trypsinized and suspended in serum-free medium. Each transwell-cup was filled 

with 300 µl cell suspensions (1x10
6
 cells/ml), and each well of the 24-well plates was 

filled with 800 µl of culture medium containing 10% FBS. After placing cups in wells, 

cells were cultured at 37°C for 7-18 h. The non-migrating cells were removed from 

the upper surface of the membrane, and the lower side of the filter membrane was 

fixed using 10% formalin and stained using 10% Giemsa reagent (MERCK, 

Darmstadt, Germany) for 5 min. Finally, the cells that had migrated were washed 

using 1xPBS and counted using bright-field microscopy. 
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For the invasion assay, the filter membranes of the transwell-cups were first 

coated with Matrigel (BD Biosciences). The cells were then manipulated in the same 

way as in the migration assay and cultured for 24 h. 

 

Primers 

List of the gene-specific primer sequences used in the RT-PCR and qPCR assays: 

Assay Gene Primer sequences 

RT-PCR HIP1 F   5’-GTTGTGGCCTCAACCATT-3’ 

R   5’-ACCACTTCTTGCAGTGTAG-3’ 

GAPDH F   5’-CCACCCATGGCAAATTCCATGGCA-3’ 

R   5’-TCTAGACGGCAGGTCAGGTCCACC-3’ 

qPCR E-cadherin F   5’-CAAGCTCATGGATAACCAGAATA-3’ 

R   5’-CAAGAATTCCTCCAAGAATCCC-3’ 

MITF F   5’-GTGTCCCCACAAAAATGGGA-3’ 

R   5’-GGCTGCTTGTTTTGGAAGCT-3’ 

Snail F   5’-ACCACTATGCCGCGCTCTT-3’ 

R   5’-GGTCGTAGGGCTGCTGGAA-3’ 

Slug F   5’-TTCGGACCCACACATTACCT-3’ 

R   5’-GCAGTGAGGGCAAGAAAAAG-3’ 
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Vimentin F   5’-CTCTTCCAAACTTTTCCTCCC-3’ 

R   5’-AGTTTCGTTGATAACCTGTCC-3’ 

FAK F   5’-TCCCTATGGTGAAGGAAGT-3’ 

R   5’-TTCTGTGCCATCTCAATCT-3’ 

PAI1 F   5’-CTTCACGAGTCTTTCAGACC-3’ 

R   5’-GCTGAGACTATGACAGCTGT-3’ 

TNFR1 F   5’-ACTACTACTAAGCCCCTGGC-3’ 

R   5’-ATAGGTGGAGCTGGAGGTGA-3’ 

MMP1 F   5’-GGCTGAAAGTGACTGGGAAACC-3’ 

R   5’-TGCTCTTGGCAAATCTGGCGTG-3’ 

GAPDH F   5’-TGAAGGTCGGAGTCAACGGATT-3’ 

R   5’-CCTGGAAGATGGTGATGGGATT-3’ 

 

Antibodies 

List of the specific primary antibodies used in the Western blot (WB), 

coimmunoprecipitation (co-IP), immunohistochemistry (IHC) and 

immunocytochemistry (ICC)/immunofluorescence (IF) assays: 

Assay Antibody Catalog # and Manufacturer 

WB HIP1 (4B10) #sc-47754, Santa Cruz, Santa Cruz, CA 
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α-tubulin #T5168, SIGMA, St Louis, MO 

Snail #H00006615-M10, Novus, Littleton, CO 

Slug #H00006591-M04, Novus 

Vimentin #550513, BD Biosciences, San Jose, CA 

E-cadherin #610182, BD Biosciences 

β-catenin  #sc-7963, Santa Cruz 

Lamin A/C #sc-7292, Santa Cruz 

GSK3β #610202, BD Biosciences 

pGSK3β-Ser9 #9336, Cell Signaling, Danvers, MA 

Akt #9272, Cell Signaling 

pAkt-Thr308 #4056, Cell Signaling 

pAkt-Ser473 #9271, Cell Signaling 

PDK1 #3062, Cell Signaling 

pPDK1-Ser241 #3061, Cell Signaling 

PI3K p85 #4257, Cell Signaling 

pPI3K p85-Tyr458/p55-Tyr199 #4228, Cell Signaling 

co-IP HIP1 (4B10) #sc-47754, Santa Cruz 

Akt #9272, Cell Signaling 

IHC HIP1 (1F12) #H00003092-M01, Novus 
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human mitochondria #ab92824, Abcam, La Jolla, CA 

ICC/IF pAkt-Ser473 #9271, Cell Signaling 

 

Statistical analysis 

All of the statistical analyses were performed using SPSS software. The datas are 

expressed as the mean values ± standard deviation (SD). To analyze the results of 

three independent experiments, a two-tailed, unpaired Student's t-test was used. 

Differences were considered to be statistically significant when the p value was <0.05 

(*p<0.05; **p<0.01; and ***p<0.001). The survival curves were obtained using the 

Kaplan-Meier method. 

 

 

 

 

 

 

 

 

Supplementary figure legends 
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Figure E1. The HIP1 expression levels of clinical specimens in three cohorts were 

detected using IHC. (A) The standard scale for IHC scoring ranged from 0 to 3. The 

intensity of the brown color indicated the level of HIP1 expression. (B) HIP1 staining 

was performed on the lung sections of normal and tumor tissues. (C) The percentage 

of low and high HIP1 expressiing tissues was detected in the normal alveolar 

epithelium/AdCA and the normal bronchial epithelium/SCC. (D-G) Low-level HIP1 

expressions significantly correlated with poor survival of AdCA and SCC patients in 

the first cohort. (H) In the NSCLC patients receiving chemotherapy from the first 

cohort, low HIP1 expression levels significantly correlated with poor overall survival. 

(I-N) In the second cohort, the NSCLC and AdCA patients showed correlation 

between low HIP1 expression levels and poor survival, but SCC patients did not. 

(O-Q) In the third cohort, the low HIP1 expression levels significantly correlated with 

poor overall survival in AdCA patients, but not in SCC. 

 

Figure E2. The low-level HIP1 mRNA expression significantly correlated with poor 

overall and disease-free survival of NSCLC patients. (A-G) Survival curves based on 

HIP1 data were collected from the Prognoscan database. 

 

Figure E3. HIP1 expression reversely correlated with AdCA cellular mobility. (A) 
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The endogenous HIP1 expression levels of various AdCA cell lines were detected 

using WB, and xenografts were evaluated using IHC. (B) Transiently decreasing HIP1 

expression increased the migratory and invasive abilities of CL1-0 cells, as assessed 

in WB, migration and invasion assays. (C) Transiently increasing HIP1 expression 

decreased the migratory and invasive abilities of CL1-5 cells, as assessed in WB, 

migration and invasion assays. α-tubulin was used as the internal control of WB. The 

intensity of the brown color reflected the level of HIP1 expression in xenografts. 

 

Figure E4. Stable HIP1 knockdown in A549 cells significantly repressed cell growth 

and promoted cellular mobility. (A) HIP1 expression levels were evaluated using WB. 

Cell growth was evaluated using MTT. (B) The mRNA expressions of EMT markers 

were evaluated using qPCR. (C) The protein expression levels of EMT markers were 

evaluated using WB. (D) The migratory ability was evaluated using the 

wound-healing assay. (E) The migratory ability was evaluated using the migration 

assay. (F) The invasive ability was evaluated using the invasion assay. GAPDH was 

used as the internal control for qPCR. α-tubulin was used as the internal control for 

WB. 

 

Figure E5. Stable HIP1 knockdown in H441 cells significantly promoted cellular 
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mobility. (A) HIP1 expression levels were evaluated using WB. Cell growth was 

evaluated using MTT. (B) The mRNA expressions of EMT markers were evaluated 

using qPCR. (C) The protein expressions of EMT markers were evaluated using WB. 

(D) The migratory ability was evaluated using the wound-healing assay. (E) The 

migratory ability was evaluated using the migration assay. (F) The invasive ability 

was evaluated using the invasion assay. (G) HIP1 expressions were evaluated in the 

transiently HIP1-overexpressing H441 cells using WB. (H) The cellular mobility of 

the transiently HIP1-overexpressing H441 cells was evaluated using the migration and 

invasion assays. GAPDH was used as the internal control for qPCR. α-tubulin was 

used as the internal control for WB. 

 

Figure E6. Stable HIP1 overexpression in H928 cells significantly repressed cellular 

mobility. (A) HIP1 expressions were detected using WB. Cell growth was detected 

using MTT. (B) The mRNA expression levels of EMT markers were detected using 

qPCR. (C) The protein expression levels of EMT markers were detected using WB. 

(D) The migratory ability was detected using the wound-healing assay. (E) The 

migratory ability was detected using the migration assay. (F) The invasive ability was 

detected using the invasion assay. GAPDH was used as the internal control for qPCR. 

α-tubulin was used as the internal control for WB. 
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Figure E7. Stable HIP1 overexpression in H1299 cells significantly promoted cell 

growth and repressed cellular mobility. (A) HIP1 expression levels were detected 

using WB. Cell growth was detected using MTT. (B) The mRNA expression levels of 

EMT markers were detected using qPCR. (C) The protein expression levels of EMT 

markers were detected using WB. (D) The migratory ability was detected using the 

wound-healing assay. (E) The migratory ability was detected using the migration 

assay. (F) The invasive ability was detected using the invasion assay. (G) HIP1 

expression levels were detected in the transiently HIP1-knockdown H1299 cells using 

WB. (H) The cellular mobility of the transiently HIP1-knockdown H1299 cells was 

detected using the migration and invasion assays. GAPDH was used as the internal 

control for qPCR. α-tubulin was used as the internal control for WB. 

 

Figure E8. Decreased HIP1 expression in CL1 cells promoted distant metastasis to 

livers and kidneys in vivo. (A) Mice receiving orthotopic lung injection of the CL1-0 

shHIP1#1 and CL1-5 Vec cells with low HIP1 expression levels exhibited distant 

metastasis to liver. (B) Mice receiving orthotopic lung injection of the CL1-0 

shHIP1#1 and CL1-5 Vec cells with low HIP1 expression levels exhibited distant 

metastasis to kidney. (C) No significant differences in lung weight were detected 
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between the HIP1-manipulated CL1-0 and CL1-5 groups. 

 

Figure E9. HIP1 downregulation in H157 cells promoted cellular mobility. (A) HIP1 

expression levels were evaluated using WB. (B-D) The migratory and invasion 

abilities of H157-Vec, H157-HIP1, H157-scramble, H157-shHIP1#1, and 

H157-shHIP1#2 cells were evaluated using migration and invasion assays. β-actin 

was used as the internal control for WB. 

 

Figure E10. HIP1 downregulation in SK-EMS-1 cells promoted cellular mobility. (A) 

HIP1 expression levels were evaluated using WB. (B-D) The migratory and invasion 

abilities of SK-EMS-1-Vec, SK-EMS-1-HIP1, SK-EMS-1-scramble, 

SK-EMS-1-shHIP1#1, and SK-EMS-1-shHIP1#2 cells were evaluated using 

migration and invasion assays. β-actin was used as the internal control for WB. 
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Table E1. The Association of HIP1 expressions with NSCLC prognosis of patients in four cohorts from Prognoscan database 

 

Dataset Cohort Cancer type End point N Array type Probe ID 
HR  

[95% CIlow - CIupp] 
Cox p-value 

GSE31210 

 

 

NCCRI 

 

 

Lung cancer 

Adenocarcinoma 

 

Overall Survival 

 

 

204 

 

 

HG-U133_Plus_2 

 

 

226364_at 

 

 

0.35 

[0.17 - 0.70] 

 

0.0030 

 

 

GSE31210 

 

 

NCCRI 

 

 

Lung cancer 

Adenocarcinoma 

 

Disease-Free 

Survival 

 

204 

 

 

HG-U133_Plus_2 

 

 

226364_at 

 

 

0.40 

[0.24 - 0.68] 

 

0.0006 

 

 

GSE31210 

 

 

NCCRI 

 

 

Lung cancer 

Adenocarcinoma 

 

Overall Survival 

 

 

204 

 

 

HG-U133_Plus_2 

 

 

205425_at 

 

 

0.44 

[0.22 - 0.92] 

 

0.0282 

 

 

GSE13213 

 

 

 

Nagoya 

(1995-1999, 

2002-2004) 

 

Lung cancer 

Adenocarcinoma 

 

 

Overall Survival 

 

 

 

117 

 

 

 

G4112F 

 

 

 

A_23_P71033 

 

 

 

0.68 

[0.47 - 0.97] 

 

 

0.0323 

 

 

 

jacob-00182-

CANDF 

 

CAN/DF 

 

 

Lung cancer 

Adenocarcinoma 

 

Overall Survival 

 

 

82 

 

 

HG-U133A 

 

 

205425_at 

 

 

0.38 

[0.16 - 0.93] 

 

0.0341 

 

 

jacob-00182-

CANDF 

 

CAN/DF 

 

 

Lung cancer 

Adenocarcinoma 

 

Overall Survival 

 

 

82 

 

 

HG-U133A 

 

 

205426_s_at 

 

 

0.31 

[0.10 - 0.97] 

 

0.0439 

 

 

GSE8894 

 

 

Seoul 

(1995-2005) 

 

Lung cancer 

NSCLC 

 

Disease-Free 

Survival 

 

138 

 

 

HG-U133_Plus_2 

 

 

1560317_s_at 

 

 

0.00 

[0.00 - 0.50] 

 

0.0304 
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