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Abstract
Background

Neuron-speci�c enolase (NSE) has been used as a speci�c biomarker for small cell lung cancer (SCLC)
patients. Nevertheless, the biological function and mechanism of NSE in SCLC are still unclear.

Methods

We conducted an investigation in SCLC patients and then analyzed the association between NSE
concentration and the distant metastasis. The migration and invasion were analyzed using Wound-
healing and Transwell assays. The proteins and mRNA levels were measured by western blot and qRT-
PCR. Furthermore, we conducted Gene Set Enrichment Analysis (GSEA) to explore potential signaling
pathways. The interaction between NSE and β-catenin was veri�ed through CO-IP experiments. In
addition, animal experiments were performed in tumor metastasis models of nude mice.

Result

In this study, we clari�ed the role of NSE in the progression of SCLC and found that NSE expression was
positively correlated with distant metastasis. Functional analysis showed that overexpression of NSE
promoted migration, invasion and metastasis of SCLC cells, while knocking down NSE inhibited these
effects. Mechanism analysis showed that NSE overexpression induced epithelial-mesenchymal transition
(EMT) of SCLC cells, while knocking down NSE inhibited this effect. Moreover, overexpression of NSE
increased the protein expression of β-catenin and its downstream target genes, and silencing β-catenin
eliminated NSE-mediated cell migration, invasion and EMT process. Furthermore, NSE interacted with β-
catenin and inhibited the degradation of β-catenin. Besides, the animal experiments also indicated that
NSE could promote the EMT process and tumor distant metastasis of SCLC cells by activating Wnt/β-
catenin pathway in vivo.

Conclusion

Our results revealed that NSE could promote EMT process of SCLC cells by activating the Wnt/β-catenin
signaling pathway, thereby promoting migration, invasion and distant metastasis, which might serve as a
potential target for the therapy of SCLC patients.

1. Background
Lung cancer is the most common cancer worldwide and the leading cause of cancer-related death(1).
SCLC is the most malignant lung cancer type, and accounts for 10–25% of lung cancers(2–5).
Chemotherapy and radiation therapy are the main treatments for patients with SCLC(4). In addition, there
are targeted therapy and immune checkpoint inhibitor therapy for partial SCLC patients (5, 6). However,
the 5-year survival rate of SCLC is still less than 7%, and the main reasons for treatment failure are high
aggressiveness and distant metastasis (2). Therefore, we urgently need to clarify the molecular
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mechanism of distant metastasis of SCLC and provide novel and effective ideas for the treatment of
SCLC patients.

NSE is an important tumor marker of SCLC, and its serum concentration was closely correlated to tumor
progression, recurrence and treatment effect of SCLC patients(7–10). There has been considerable
research concerning NSE as a biomarker in tumors(11, 12). However, the effect and molecular
mechanism of NSE in promoting distant metastasis of SCLC are still unclear. In addition, our previous
research also found that knocking down NSE can inhibit the proliferation and migration of SCLC
cells(13). Therefore, we would like to further study whether NSE can promote SCLC cell migration,
invasion and distant metastasis, and to clarify its molecular mechanisms.

In this study, we proved that NSE could promote migration, invasion and EMT process of SCLC cells in
vitro, and promote tumor metastasis in vivo. Mechanism analysis revealed that the Wnt/β-catenin
pathway was activated by the interaction between NSE and β-catenin in NSE-overexpressing SCLC cells,
and played a key role in promoting EMT, migration and invasion of SCLC cells. All in all, our research
revealed that NSE promoted invasion, migration, EMT process and distant metastasis by activating wnt/
β-catenin pathway, which might make contribution to preventing the metastases of SCLC patients.

2. Materials And Methods
2.1 Clinical Data information and ethical statement

The clinical data of SCLC was gathered from Guangzhou First People’s Hospital. We then analyzed the
association between NSE concentration and the distant metastasis of SCLC. This study was approved by
the Research Ethics Committee of Guangzhou First People's Hospital. And all the patients were informed
and agreeed to participate in this study.

2.2 Cell Lines and Cell Culture

The human SCLC cell lines H209, H446 and H69 were obtained from Genetimes ExCell Technology
(Shanghai, China) and maintained in RMPI-1640 supplement with 10% fetal bovine serum (FBS) at 37 ℃
in 5% CO2(14).

2.3 Plasmids and establishment of stable cells

The CDS sequence of human NSE and β-catenin gene were cloned into pSIN-3×Flag lentiviral vector. NSE
and β-catenin shRNA sequence were inserted into the PLKO vector. The shRNA targeting sequences are
listed in Supplementary Table 1. All lentiviruses were produced on HEK293T cells. H446 and H69 cells
were infected with lentivirus in the presence of polybrene, and selected with puromycin to establish stably
transfected cells. In addition, a lentivirus with a luciferase gene was used to infect SCLC cells for animal
experiments.

2.4 Western Blotanalysis
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All cells were lysed in 100μl RIPA lysis buffer. BCA Protein Assay Kit (Thermo Fisher Scienti�c, USA) was
used to measure the total RNA concentration. Equal proteins were separated into a 10% SDS-PAGE gel
and then transferred to a PVDF membrane (Millipore, Germany). The membranes were blocked for 1 hour
using 5% no-fat milk and then incubated overnight in 4℃ with antibodies. Then the membranes were
incubated with secondary antibodies at room temperature for 1 hour. Relative expression of proteins was
detected using a GE Amersham Imager 600 system(15). Anti-E-cadherin (AF0131), anti-N-cadherin
(AF4039), anti-SNAIL(AF6032), anti-c-MYC(AF0358) were purchased from A�nity Biosciences. Anti-
SNAI2 (12129-1-AP) and anti-β-actin (60008-1-Ig) were purchased from Proteintech. Anti-NSE (8171), anti-
β-catenin (8480) were purchased from CST. Image J software was used for detection and quantitative
analysis.

2.5 Wound-healing Assay

Cells were seeded on a 6-well plate and were grown to get 90% con�uence. Wounds were created by using
10 µl pipette tips to scratch a straight line. The wound areas were imaged at 0 h, 24 h under a
microscope. Image J software (NIH, USA) was used to calculate the wound areas(16, 17).

2.6 Cell migration and invasion assays

The cell migration and invasion assays were applied by using 24 well plates with 8 µm inserts (Corning,
NY, USA). For tumor cell invasion assay, the inserts were coated with Matrigel (BD, USA) at 37℃
overnight. 5×10^5 cells in 200 µl serum free medium were seeded into the inserts. A volume of 600 µl
medium with 10% FBS was added to the lower chamber. After being incubated at 37℃ for 48 hours, the
migration or invasion cells were �xed by 4% formaldehyde, stained with 0.1% crystal violet and then being
counted under a microscope(18).

2.7 Real-timequantitative PCR analysis (qRT-PCR)

Total RNA of cells or xenograft cancer tissues was extracted by using Trizol (Invitrogen, USA). cDNA was
synthesized from isolated RNA by using HiScript II 1st Strand cDNA Synthesis Kit (Vazyme biotech,
Nanjing, China). 18s was used as internal control. ChamQ Universal SYBR qPCR Master Mix (Vazyme
biotech, Nanjing, China) was applied for RT-qPCR to measure the levels of mRNAs. The tests were
performed on a Roche LightCycler® 96 system and were repeated in triplicate. The sequences of the
primers were shown in Supplementary Table 2, which were synthesized by Sangon Biotech (Shanghai,
China). The expression of mRNAs was calculated using the 2−ΔΔCt method(19).

2.8 GSEA

Gene Set Enrichment Analysis (GSEA; http://www.broadinstitute.org/gsea/index.jsp) was a
computational method, which was used to assess whether a gene set showed a statistical difference
between two biological conditions.(20, 21) GSEA was performed to investigate the enriched pathways
between NSE low expression group and NSE high expression group based on GSE43580 dataset.
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2.9 Co-immunoprecipitation (CO-IP)

Cells were lysed using a low-salt IP buffer containing cocktails. The supernatants were obtained by high
speed centrifugation. The corresponding antibody was added to the supernatant and incubated
overnight. Then the supernatants were added to protein A/G conjugated beads and incubated for 2 hours.
Finally, beads were collected and washed and analyzed by western blot assay.

2.10 Half-life analysis

Cycloheximide (CHX, Sigma) was added to the cell culture medium at a concentration of 20 μg/ml. After
blocking protein synthesis, we collected cells for western blotting assay at 0,6,12,18,24 h.(22)

2.11 Immunohistochemistry

As mentioned earlier, the slides were incubated with the primary antibody (NSE, 1:100, Abcam) overnight
after antigen retrieval. Then diaminobenzidine (DAB) was used for immunohistochemical staining. After
hematoxylin counterstaining, the slides were dehydrated and sealed. Finally, the images were collected
under a 400X microscope.

2.12 Animal Experiments

All the animal experiments were done according to the protocols approved by the Animal Care and Use
Committee of South China University of Technology. Female Balb/c nude mice at the age of 6 weeks
were purchased from Hunan SJA Laboratory Animal Co, Ltd. Cells were resuspended in PBS. A total of
10^5 SCLC cells in 100 µl PBS were injected into the left cardiac ventricle of anesthetized mice. The
weights and survival information of mice were measured every week. The bioluminescence images
analysis was conducted to evaluate SCLC distant metastasis by using an IVIS imaging system (Bruker MI
SE)(23).

2.13 Statistics

All statistical analyses were performed using the SPSS 24.0 version and Graphpad prism 7. Data were
presented as the mean ± SD of at least three independent experiments. The independent Student's t test
was used to compare the differences between two groups. Univariate and multivariate survival analysis
were performed by likelihood ratio test of strati�ed Cox proportional risk regression analysis. Kaplan-
Meier survival plot was used to draw survival curves, and the log-rank test was used for comparison.
Two-tailed P-values less than 0.05 are considered statistically signi�cant.

3. Results
3.1 NSE expression was positively correlated with distant metastasis of SCLC.



Page 7/23

In order to clarify the biological function of NSE in SCLC, we �rstly collected clinical data of 138 cases of
SCLC patients, and de�ned serum NSE concentrations below 25 ng/ml as "low-NSE", while serum NSE
concentrations above 25 ng/ml as "high-NSE". Univariate and multivariate analysis results showed that
the serum concentration of NSE was signi�cantly correlated with the prognosis of SCLC patients.
Moreover, NSE can be used as an independent indicator of the prognosis for SCLC patients (P < 0.05,
Fig. 1A). In addition, the serum concentration of NSE was signi�cantly increased in SCLC with advanced
stage and distant metastasis (P < 0.05, Fig. 1B-F). The results of immunohistochemistry also showed that
the expression level of NSE was higher in SCLC patients with distant metastasis than patients without
distant metastasis (Fig. 1G).

3.2 NSE promoted SCLC cell migration and invasion.

To further clarify the phenomenon that NSE promoting the distant metastasis of SCLC, we conducted a
series of cell functional experiments to explore the in�uence of NSE on the migration and invasion of
SCLC cells. The differences in the expression of NSE was detected in 3 SCLC cell lines (H446, H69 and
H209). The results showed that the expression level of NSE was the lowest in H446 cells and the highest
in H69 cells (Fig. 2A). Therefore, H446 and H69 cell lines were choosed for further experiments.

Flag-NSE lentivirus was used to infect H446 cells to establish NSE stably overexpressed cell lines, and
Flag-EV was used as an empty control. PLKO-sh1 NSE and PLKO-sh2 NSE lentivirus was used to infect
H69 cell lines to establish NSE stablely knockdown cells, PLKO-NTC was used as negative control cells.
Western blot and qRT-PCR results showed that the protein and mRNA expression levels of NSE after
stably overexpressed or knocked down (P < 0.05, Fig. 2B-D).

Next, a wound healing assay was conducted to test the migration capability. The healing ability of H446-
NSE cells was stronger than that of H446-EV cells (P < 0.05, Fig. 2E). Moreover, Transwell migration assay
also showed that the number of H446-NSE cells that migrated from the upper chamber to the lower
chamber was more than the number of H446-EV cells, while the number of H69-sh1 NSE or H69-sh2 NSE
cells that migrated from the upper chamber to the lower chamber was signi�cantly less than the number
of H69-NTC cells (P < 0.05, Fig. 2F, G). In addition, Matrigel Invasion Assay was performed to test cell
invasion ability. The number of H446-NSE cells invading from the upper chamber to the lower chamber
was signi�cantly greater than the number of H446-EV cells (P < 0.05, Fig. 2F). These results indicated that
NSE could enhance the migration and invasion capabilities of SCLC cells.

3.3 NSE induced EMT process of SCLC cells.

In order to clarify whether NSE enhanced the migration and invasion ability of SCLC cells by promoting
EMT, we tested the expression levels of EMT-related markers. Western blot results showed that compared
with H446-EV cells, the expression levels of Snail and N-cadherin were upregulated signi�cantly, while the
expression level of E-cadherin was downregulated signi�cantly (P < 0.05, Fig. 3A). qRT-PCR analyses were
consistent with the above results (P < 0.05, Fig. 3B). Moreover, compared with H69-NTC cells, the
expression levels of Snail and N-cadherin decreased signi�cantly in H69-sh1 NSE and H69-sh2 NSE cells,
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and the expression level of E-cadherin increased signi�cantly (P < 0.05, Fig. 3C). And the results of qRT-
PCR were consistent with the above results (P < 0.05, Fig. 3D). These �ndings indicated that NSE could
promote EMT of SCLC cells.

3.4 Wnt/β-catenin signaling pathway was activated in NSE-overexpressing SCLC cells.

To explore the mechanism of NSE in promoting distant metastasis, we performed GSEA to identify the
potential signaling pathway. There were several pathways enriched in high NSE groups, among them the
wnt/β-catenin pathway was mostly related to metastasis (Fig. 4A). Based on this, we further studied
whether this pathway played a key role in NSE-mediated metastasis. The expression of β-catenin and its
downstream target genes were detected at protein level and mRNA level. As shown in Fig. 4B, the
expression levels of β-catenin, C-myc, and Slug were signi�cantly higher in H446-NSE cells than those in
H446-EV cells (P < 0.05, Fig. 4B). And the mRNA expression levels of C-myc and Slug were consistent with
the western blot results (P < 0.05, Fig. 4C). Similarly, the expression levels of β-catenin, C-myc, Slug were
much lower in H69-sh1 NSE and H69-sh2 NSE cells than those in H69-NTC cells (P < 0.05, Fig. 4D). The
mRNA expression levels of C-myc and Slug were consistent with the western blot results (P < 0.05,
Fig. 4E). However, modulation of NSE failed to change the mRNA expression level of β-catenin (Fig. 4C,
E). These �ndings indicated that NSE could activate the wnt/β-catenin signaling pathway. Moreover, NSE
may only change the protein level of β-catenin but not its mRNA expression level.

3.5 β-catenin played a key role in NSE promoting metastasis.

To further verify that NSE promotes the EMT, migration and invasion of SCLC cells by activating the Wnt/
β-catenin signaling pathway, we conducted the following replenishment experiments.

We used PLKO-NTC and PLKO-shβ-catenin lentivirus to infect H446-EV and H446-NSE cells to establish
stable transgenic cells (H446-NSE + shβ-catenin, H446-NSE + NTC, H446-EV + NTC). Similarly, H69-NTC
and H69-sh1 NSE cells were infected with Flag-EV and Flag-β-catenin lentivirus to establish stably
transfected cells (H69-sh NSE + β-catenin, H69-shNSE + EV, H69-NTC + EV).

As shown in Fig. 5A and B, when β-catenin was suppressed by shRNA, the effect that overexpression of
NSE activated the wnt/β-catenin pathway and upregulated the expression EMT process was eliminated
(P < 0.05). As expected, when β-catenin was overexpressed, the effect that knockdown NSE inhibited the
wnt/β-catenin pathway and downregulated the expression EMT process was abolished (P < 0.05, Fig. 5C,
D). Furthermore, knocking down β-catenin abolished the enhancing migration and invasion of
overexpression NSE in H446 cell (P < 0.05, Fig. 5E, F). Consistently, overexpression β-catenin eliminated
the attenuating migration of knockdown NSE in H69 cell (P < 0.05, Fig. 5G).

In summary, these �ndings indicated that β-catenin played an essential role in NSE's promotion of EMT,
migration, and invasion of SCLC cells.

3.6 NSE interacted with β-catenin and inhibited its degradation.
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As mentioned earlier, NSE mainly regulates the protein level of β-catenin. We veri�ed the interaction
between NSE and β-catenin through CO-IP experiments (Fig. 6A, B). Moreover, overexpression of NSE can
inhibited the degradation of β-catenin in SCLC cells (P < 0.05, Fig. 6C). This indicated that NSE inhibited β-
catenin degradation by interacting with β-catenin, thereby activating the Wnt/β-catenin pathway.

3.7 NSE promoted EMT process and tumor metastasis by activating the wnt/β-catenin pathway in vivo.

Our above studies have con�rmed that NSE can promote the migration, invasion and EMT process of
SCLC cells by activating Wnt/β-catenin pathway in vitro. Therefore, we constructed a metastasis mouse
model through cardiac injection to verify whether NSE can promoted EMT process and distant metastasis
of SCLC cells by activating the wnt/β-catenin pathway in vivo. As shown in Fig. 7A, the distant metastasis
rate was higher in H446-NSE group, compared with H446-EV group. The distant metastasis rate was
lower in H69-sh1NSE and H69-sh2 group, compared with H69-NTC group (Fig. 7B). Meanwhile,
overexpression NSE accelerated body weight loss (Fig. 7C) and shown disbene�t in animal survival
(Fig. 7E), while knockdown NSE decelerated body weight loss (Fig. 7D) and shown bene�t in animal
survival (Fig. 7F). In addition, extracting RNA from nude mice tumor, the qRT-PCR analyses shown that
Wnt/β-catenin pathway was activated and promoted EMT process in NSE-overexpressing H446 cells
(Fig. 7G), while knockdown NSE suppressed these effects (Fig. 7H).

Taken together, our �ndings indicated that NSE could promote EMT process and tumor distant
metastasis of SCLC cells by activating Wnt/β-catenin pathway in vivo.

4. Discussion
In this study, we found that high concentration of serum NSE was signi�cantly correlated with metastasis
in SCLC patients. Overexpression NSE enhanced migration and invasion of SCLC cells in vitro, and
promoted tumor distant metastasis in vivo, while knockdown NSE inhibited these effects. Molecular
mechanism studies revealed that NSE promoted migration, invasion, EMT and distant metastasis of
SCLC cells by activating the Wnt/β-catenin pathway through its interaction with β-catenin.

NSE has always been used as a speci�c marker for the diagnosis and monitoring of treatment effects
and recurrence in SCLC patients(7–9, 24). However, the function and mechanism of NSE in SCLC were
still unclear. Our previous research found that silencing NSE could inhibit the proliferation and migration
of SCLC cells(13). Our clinical data also indicated that high levels of serum NSE were positively correlated
with tumor metastasis in SCLC patients. This prompted us to further explore the role and molecular
mechanism of NSE in promoting SCLC cell migration, invasion and distant metastasis.

The recent study of van de Pol M et al. showed that NSE may predict tumor activity in SCLC patients but
cannot predict brain metastasis of tumors(25). The function of NSE to promote SCLC metastasis
remained unclear. Our research showed that overexpression NSE promoted migration, invasion and tumor
metastasis of SCLC cells in vitro and vivo. Moreover, overexpression NSE promoted tumor progression,
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resulting in accelerated weight loss and shortened survival of mice, while knockout NSE inhibited these
effects.

Overexpression NSE promoted EMT process of SCLC cells. EMT was an important part of cancer
metastasis(26). It was characterized by the transformation from epithelial phenotype to mesenchymal
phenotype, accompanied by the down-regulation of epithelial markers and the up-regulation of
mesenchymal markers(27), such as down-regulation of E-cadherin and up-regulation of N-cadherin,
Vimentin, Snail and Slug (28, 29). Recent studies shown that in many types of cancer, including lung
cancer, distant metastasis of tumors was associated with EMT(30–32). Consistent with these previous
reports, we found that NSE-overexpressing SCLC cells showed the typical characteristics of EMT, with
reduced expression of E-cadherin and increased expression of N-cadherin, Slug and Snail. However,
silencing NSE signi�cantly increased the expression of E-cadherin, and decreased the expression of N-
cadherin, and Snail.

The Wnt /β-catenin pathway was activated in NSE-overexpressing SCLC cells and played a decisive role
in distant metastasis of tumor. The wnt/β-catenin pathway has been studied extensively(33), including a
large number of studies on promoting EMT (28, 34, 35). Speci�cally, β-catenin-mediated transcription
could induce the expression of c-Myc and Slug(36–38). c-Myc could promote EMT by up-regulating the
expression of Snail. Snail could directly bind to the E-boxes of the E-cadherin promoter and inhibit the
transcription of E-cadherin (39). Slug was a close relative of Snail and could inhibit the transcription of E-
cadherin, which led to decrease in cell adhesion during EMT(40). Our study results showed that
overexpression NSE could up-regulate the protein expression of β-catenin and its downstream genes c-
myc, Snail and Slug, thereby promoting EMT in SCLC cells. On the contrary, knockdown NSE inhibits
these effects. However, the mRNA level of β-catenin did not change signi�cantly. The interaction between
NSE and β-catenin inhibited the degradation of β-catenin protein, thereby increasing the protein level of β-
catenin. Moreover, we found that silencing β-catenin eliminated the promotion effect of overexpression
NSE in migration, invasion and EMT process of SCLC cells. These indicated that wnt/β-catenin pathway
was activated in NSE-overexpressing SCLC cells and played an indispensable role in NSE's promotion of
migration, invasion and EMT process of SCLC cells.

In summary, our study clari�ed that NSE promoted invasion, migration, EMT process and distant
metastasis by activating wnt/β-catenin pathway, and was a potential target for the therapy of SCLC
patients.

Conclusion
This research uncovered the role of NSE in promoting distant metastasis of SCLC and clari�ed its
molecular mechanism, which provided a novel approach for preventing and treating distant metastasis of
SCLC.
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SCLC: Small cell lung cancer

EMT: Epithelial-mesenchymal transition

NSE: Neuron speci�c enolase

qRT-PCR: Real-time quantitative PCR analysis

GSEA: Gene Set Enrichment Analysis

CO-IP: Co-immunoprecipitation

CHX: Cycloheximide

mRNA: Messenger RNA

FBS: Fetal bovine serum
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Figure 1

Upregulated expression of NSE was positively correlated with distant metastasis of SCLC patients. (A)
The relationship between serum NSE concentration and the prognosis of SCLC patient was evaluated by
univariate and multivariate COX regression analysis. The correlations between NSE serum concentration
and TNM stage (B), T stage (C), N stage (D), and M stage (E) were evaluated. (F) The correlations
between NSE serum concentration and differnent sites of metastasis. (G) The expression difference of



Page 17/23

NSE in SCLC with or without distant metastasis was detected by immunohistochemistry. Data is
represented as mean ± SD. The signi�cance level is represented by ns, P > 0.05; *, P < 0.05; **, P < 0.01;
***, P < 0.001.

Figure 2

NSE promoted migration and invasion in SCLC cells. (A) The protein levels of NSE in different SCLC cell
lines were detected by western blot. (B-D) The e�ciency of NSE overexpression or knockdown was
veri�ed by western blot (B and C) and qRT-PCR (D). (E) The effect of NSE overexpression on the migration
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of H446 cells was detected by wound healing assay. (F) Transwell assay was used to analyze the
migration and invasion capabilities of NSE-overexpressed H446 cells. (G) The effect of NSE knockdown
on the migration capability of H69 cells was analyzed by Transwell assay. H446-NSE represented H446
cells overexpressing NSE, and H446-EV was a negative control cell. H69-sh1 NSE, H69-sh2 NSE were NSE
knockdown cells which constructed by transfecting H69 cells with shRNAs targeting NSE, and H69-NTC
was a negative control cell.

Figure 3

NSE induced EMT in SCLC cells. (A, B) NSE overexpression promoted the EMT process of SCLC. (A)
Western blot assay was performed to measure the protein expression levels of the EMT-related markers
(Snail, N-cadherin and E-cadherin). (B) qRT-PCR was performed to measure the mRNA expression levels
of the EMT markers. (C, D) NSE knockdown represses the EMT process of SCLC. Protein levels (C) and
mRNA levels (D) of EMT-related markers were measured using western blot or qRT-PCR, respectively.
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Figure 4

Wnt/β-catenin signaling pathway was activated in NSE-overexpressing SCLC cells. (A) Signal pathway
enrichment investigation between high NSE expression group and low NSE expression group was
enriched by GSEA. NSE overexpression activated wnt/β-catenin pathway and upregulated the expression
of downstream target genes (c-Myc and Slug). The protein (B) and mRNA (C) expression of β-catenin, c-
Myc and Slug in NSE-overexpressing H446 cells were tested by western blotting and qRT-PCR,
respectively. Silencing NSE repressed wnt/β-catenin signaling pathway. The protein (D) and mRNA (E)
expression of β-catenin, c-Myc and Slug in NSE-silencing H69 cells.
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Figure 5

NSE required β-catenin to promote migration, invasion, and EMT of SCLC cells. NSE-overexpressing H446
cells were further infected with virus expressing shβ-catenin. NSE-silencing H69 cells were further infected
with virus expressing β-catenin. (A-D) Western blotting and qRT-PCR assay for the expression of β-catenin,
slug, E-cadherin, and N-cadherin in H446 cells (A, B) and H69 cells (C, D). (E) Wound healing assay for the
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migration of H446 cells. (F, G) Transwell assay for the invasion and migration of H446 cells (F) and H69
cells (G).

Figure 6

NSE interacted with β-catenin and inhibited its degradation. (A, B) H446 cells were transfected with Flag-
β-catenin or GFP-NSE or both vectors. IP was performed with anti-Flag (A) or anti-GFP (B), followed by
Western blot analysis. (C) H446-EV and H446-NSE cells were cultured in cell culture medium and treated
with 20 μg/ml cycloheximide (CHX) for 0, 6, 12, 18, and 24 h, and then collected total cell for western blot
analysis.
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Figure 7

NSE promoted EMT and tumor metastasis by activating the Wnt/β-catenin pathway in vivo. H446 and
H69 cells were transfected with Luciferase and GFP-NSE or sh1NSE or sh2NSE or vectors and then
injected through the left cardiac ventricle of anesthetized nude mice. (A) 80% of the nude mice in the
H446-NSE group have distant metastases, worse than the H446-EV group at week 4. (B) Less than 20% of
the nude mice in the H69-sh1NSE and H69-sh2NSE group have distant metastases, better than the H69-
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NTC group at week 5. (C) More weight loss of nude mice was observed in H446-NSE group, compared
with the H446-EV group. (D) Less weight loss of nude mice was observed in H69-sh1NSE and H69-
sh2NSE group, compared with the H69-NTC group. (E) 80% of the nude mice continued to survive at week
4 in H446-EV group, better than the H446-NSE group. (F) At least 80% of the nude mice continued to
survive at week 5 in H69-sh1NSE and H69-sh1NSE group, better than the H69-NTC group. Statistical
analysis was performed with the log-rank test. (G, H) qRT-PCR assay for the expression of NSE, β-catenin
and EMT markers in tumor tissues in vivo.
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