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Background: Non-small cell lung carcinoma (NSCLC) mainly includes lung squamous cell carcinoma and adenocarcinoma.
This study aimed to investigate the difference between the expression of Cbl-b in lung squamous cell carcino-
ma and adenocarcinoma.

Material/Methods: The clinical features and survival data of NSCLC patients and Cbl-b mRNA (FPKM) were obtained from the TCGA
database. Then, lung squamous cell carcinoma and adenocarcinoma cell lines were transfected with lentivi-
rus-mediated RNA interference vector to knockdown the expression of Cbl-b. Next, a Transwell assay was per-
formed to study the effect of Cbl-b shRNA on migration and invasion of lung squamous cell carcinoma and ad-
enocarcinoma cells. Finally, Western blot analysis was performed to measure the expressions of PI3K, p-PI3K,
AKT, p-AKT, ERK1/2, p-ERK1/2, GSK3p, p-GSK3[3, mTOR, and p-mTOR protein in lung adenocarcinoma and squa-
mous cell carcinoma cells.

Results: The correlation of Cbl-b expression and OS was different between NSCLC adenocarcinoma and squamous car-
cinoma. After transfection, the expression of Cbl-b was inhibited in A549, H1975, and SW900 cells. Cbl-b shR-
NA promoted the migration and invasion of lung adenocarcinoma A549 and H1975 cells, but it inhibited the
invasion of lung squamous cell carcinoma SW900 cells. In addition, Cbl-b regulated the expression of PI3K and
ERK1/2-GSK3B pathway proteins in A549 and SW900 cells.

Conclusions: The OS of Cbl-b mRNA low expression in lung adenocarcinoma and squamous cell carcinoma was different. The
difference in signal pathways may be one of the reasons for the difference in the correlation between Cbl-b
expression and the survival rate of these 2 pathological types of lung cancer.
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Background

Lung cancer is one of the most common cancers in the world
at present, with the highest mortality rate of all cancer pa-
tients [1]. According to the pathological features, lung cancer
can be divided into small cell lung cancer and non-small cell
lung cancer (NSCLC). Lung adenocarcinoma and squamous cell
carcinoma are 2 common types of NSCLC. Their pathogene-
sis may be different due to their different pathological basis,
clinical characteristics, and relationship with smoking. Recent
studies have shown that the key transcription factors (NFIC,
BRCA1, and NFATC2) [2] and S100A6 [3] are associated with
the development of lung squamous cell carcinoma.

Pathological type, number of bone metastases, clinical stage,
ECOG score, and serum ALP are independent prognostic risk
factors for bone metastasis from lung cancer [4]. Tumor me-
tastasis is the leading cause of death in cancer patients, but is
also the focus of anti-tumor therapy. At present, immunothera-
py for T cell immune “checkpoint genes” is an important topic
in anti-tumor therapy, involving cytotoxic T lymphocyte-associ-
ated protein 4 (CTLA4), programmed death protein 1 (PD-1), T
cell immunoglobulin, and mucin-domain containing-3 (Tim-3).
These genes can modulate the host immune system, enhanc-
ing T cell immunity, reducing T cell exhaustion, and enhanc-
ing local anti-tumor immune effects, and are part of a prom-
ising treatment model that changed the treatment guidelines
for advanced NSCLC [5-7]. Casitas B cell lymphoma (Cbl)-b, as
an important gene for the regulation of immunity, can regu-
late the activity of NK cells by modulating the ubiquitination
of the TAM tyrosine kinase receptor, and thus may play a role
in inhibiting tumor metastasis [8].

The ubiquitin ligase Cbl-b, as a member of the Cbl family, plays
a significant role in post-translational regulation through ubig-
uitination, and regulates a variety of immune cell regulatory
signaling pathways [9]. Recent studies have shown that knock-
down of Cbl-b strengthens the immune activation of CD8+ T
cells against tumor cells [10, 11], downregulates phosphory-
lated-Foxo3a in Treg cells [12], and inhibits cancer metastasis
via natural killer cells [8]. Activation of T cells has been report-
ed to be released by proteolytic elimination of Cbl-b [13]. Cbl-b
is also expressed in cancer cells, but its role in tumor prolifera-
tion remains unknown. Yan et al. has found that downregula-
tion of Cbl-b leads to stronger activation of ERK, JNK, and p38
MAPK, and a stronger coefficient action of bufalin and TRAIL
in breast cancer cells [14]. Xu et al. has proved that knock-
down of Cbl-b also strengthens TRAIL-induced apoptosis, EGFR
translocation into lipid rafts, and EGFR pathway activation in-
duced by TRAIL [15]. However, there is little research on the
role of Cbl-b in lung cancer cell metastasis, so it is urgent to
explore the biological function of Cbl-b protein in lung cancer.
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RNAi is widely used in cancer research, and it can stably inter-
fere in the expression of target genes in cell lines [16]. Tim-3
interference in macrophages suppressed the optional activa-
tion of macrophages and inhibited HCC cell proliferation [17].
The knockdown TGF-B1 gene impaired the tumorigenic abili-
ty of HCC [18]. Therefore, a lentivirus-mediated RNA interfer-
ence vector for Cbl-b was constructed for cytological experi-
ments in our study.

In the present study, the clinical features and survival data of
NSCLC patients and Cbl-b mRNA (FPKM) expression were ob-
tained from The Cancer Genome Atlas (TCGA) database, in-
vestigating expression and comparison of Chl-b in prognosis
of patients with lung squamous cell carcinoma and adeno-
carcinoma. Then, lung squamous cell carcinoma and adeno-
carcinoma cell lines were transfected with lentivirus-mediat-
ed RNA interference vector to knockdown the expression of
Cbl-b. Next, Transwell assay was performed to study the ef-
fect of Cbl-b shRNA on migration and invasion of NSCLC cells.
Finally, Western blot analysis was performed to explore wheth-
er Cbl-b shRNA regulates the PI3K and ERK1/2 signaling path-
ways, and to investigate the difference in the underlying mech-
anism of lung squamous cell carcinoma and adenocarcinoma
biological behavior.

Material and Methods

TCGA analysis

The clinical features and survival data of NSCLC patients and
mRNA expression pattern of Cbl-b (FPKM) were obtained from
the TCGA database (https://portal.gdc.cancer.gov/).

Cell culture

Lung adenocarcinoma cell lines (A549, H1975, H1299) and a
lung squamous cell carcinoma cell line (SW900) were purchased
from GeneChem (Shanghai, China) and cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Corning, USA) supplement-
ed with 10% fetal bovine serum (FBS; Ausbian, Australia) at
37°Cin a humidified atmosphere of 5% CO,.

Construction of lentiviral vectors expressing Cbl-b shRNA
and transfection

The RNAJ target sequence was: CCT GAT GGG AGG AGT TAT
A [19]. The target DNA fragment was inserted into the Agel
and EcoRI cleaved LVp FU-GW-007 vector or CONO77 vector
(negative control) (GeneChem, Shanghai, China) using the T4
DNA ligase enzyme (Supplementary Figure 1).
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Table 1. Associations between clinical characteristics and overall survival in 1002 NSCLC patients from the TCGA database.

Clinical characteristics

Squamous carcinoma

497 (49.6)

Median OS (years)

95% Cl

0.89-1.33

Cells in logarithmic growth phase were digested with trypsin
and seeded in 6-well plates (3—5x10* cells/well) until the cells
were 15-30% confluent. Then, the cells were infected with vi-
ruses for 72 h. There were 8 groups: A549-negative control
(NC), A549-knockdown (KD), H1975-NC, H1975-KD, H1299-NC,
H1299-KD, SW900-NC, and SW900-KD. Following 72 h in cul-
ture, green fluorescent protein (GFP) expression was observed
under a fluorescence microscope (IX71, Olympus, Japan), and
the efficiency of cell transfection reached more than 70%.

Cell migration

Cells were plated in the upper insert (1x10° cells/well) of a 24-
well chamber in serum-free medium. We added 600 pL me-
dium containing 30% FBS to the lower insert. The cells were
placed in a humidified atmosphere at 37°C for 20 h. The cells
were removed from the upper surface, after which the mem-
brane was stained with 2-3 drops of Giemsa for 3-5 min.
Migrated cells were photographed and counted by light mi-
croscopy (XDS-100, Caikon, Shanghai, China).

Cell invasion

The Transwell inserts were pre-coated with Matrigel matrix
(Corning, USA). Cells in serum-free medium were plated in
the upper insert (1x10° cells/well), while 750 pyL medium con-
taining 30% FBS was added to the lower insert. The cells were
placed in a humidified atmosphere at 37°C for 24 h. The cells
were removed from the upper surface, after which the mem-
brane was stained with 2-3 drops Giemsa (Sigma, USA) for 3-5
min. Invasive cells were photographed and analyzed by light
microscopy (XDS-100, Caikon, Shanghai, China).

Western blot analysis

Total proteins from cells infected with the Cbl-b shRNA lentivi-
ral vector (KD group) or the negative control (NC group) were
extracted using 2xLysis Buffer (100 mM Tris-HC| (PH6.8), 2%
mercaptoethanol, 20% glycerol, and 4% sodium dodecyl! sul-
fate (SDS) on ice for 10-15 min. Protein concentrations were
measured using a Nano-Drop instrument (ND-1000, Thermo
Fisher Scientific). Total proteins (50 pg) were separated by 10%
SDS-PAGE at 120 mA for 1 h, followed by transfer to nitrocellu-
lose membranes. The membranes were blocked with 5% non-
fat milk for 1 h at room temperature and incubated with pri-
mary antibodies against mTOR (#2983, 1: 1000, Cell Signaling
Technology, USA), p-mTOR (#2974, 1: 1000, Cell Signaling
Technology, USA), ERK1/2 (#9107, 1: 1000, Cell Signaling
Technology, USA), p-ERK1/2 (#4376, 1: 1000, Cell Signaling
Technology, USA), PI3K (ab32569, 1: 500, Abcam, USA), p-
PI3K (sc2931157, 1: 1000, Santa Cruz, USA), AKT (#9272, 1:
1000, Cell Signaling Technology, USA), p-AKT (#4060, 1: 2000,
Cell Signaling Technology, USA) GSK3p (#9325s, 1: 1000, Cell
Signaling Technology, USA), p-GSK3p (#5558, 1: 1000, Cell
Signaling Technology, USA), Cbl-b (sc-376409, 1: 200, Santa
Cruz, USA), and GAPDH (sc-32233, 1: 2000, Santa Cruz, USA) at
4°C overnight. Subsequently, the membranes were washed 4
times with TBST, and incubated with horseradish peroxidase-la-
beled secondary antibodies (sc-2005, 1: 2000, Santa Cruz, USA)
at room temperature for 30 min. The bands were visualized
using enhanced chemiluminescence (Beyotime Biotechnology,
China), photographed, and analyzed using a gel imaging pro-
cessing system (Gene Genius, Syngene, UK).
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Statistical analysis Results

The results are expressed as mean +SD. Statistical analysis was
performed using SAS 9.4 (SAS Inc., USA). Differences were ana-
lyzed using the t test and Fisher exact test. Kaplan Meier meth-
od and log-rank test were used to evaluate the correlation be-
tween Cbl-b expression and overall survival (0S). Survival data
were evaluated by single or multivariate Cox regression analy-
ses. * P<0.05 was considered statistically significant.
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Clinical analysis of Cbl-b expression in NSCLC

As shown in Table 1, data from 1002 NSCLC patients were ob-
tained from the TCGA database. The Cbl-b high-expression group
and Cbl-b low-expression group were divided by 25% or 50%
of Cbl-b mRNA expression. There was no significant associa-
tion between the Cbl-b mRNA expression and OS in the gen-
eral population (Figure 1A, 1B), and there was no significant
difference between Cbl-b mRNA expression and OS in lung ad-
enocarcinoma (Figure 1C, 1D). In patients (age >65 years) with
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squamous carcinoma, the prognosis of the Cbl-b high-expres-
sion group was significantly worse than in the Cbl-b low-ex-
pression group (Figure 1E, 1F). These results may provide a clin-
ical basis to investigate the biological behavioral differences
between adenocarcinoma and squamous carcinoma in NSCLC.

Transfection efficiency

A549, H1975, H1299, and SW900 cells were transfected with
lentivirus-mediated RNA interference vector. At 72 h after
transfection, GFP expression was observed and photographed
under a fluorescence microscope, and Western blot analysis

was performed to measure the expression of Cbl-b protein.
As shown in Figure 2, the expression of Cbl-b protein in the
A549-KD group was markedly downregulated and the expres-
sion of Cbl-b protein in H1975-KD and SW900-KD groups was
slightly downregulated, compared with their negative control
(A549-NC, H1975-NC, or SW900-NC, respectively) groups. There
was no significant difference in the expression of Cbl-b pro-
tein between H1299-KD and H1299-NC groups. Thus, cell mi-
gration and invasion assays were performed in A549, H1975,
and SW900 cells.
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Figure 1. The correlation analysis of Cbl-b mRNA expression and OS. (A) The correlation analysis of Cbl-b mRNA expression and OS
in NSCLC (cutoff value: 25% of Cbl-b mRNA expression). (B) The correlation analysis of Cbl-b mRNA expression and 0OS
in NSCLC (cutoff value: 50% of Cbl-b mRNA expression). (C) The correlation analysis of Cbl-b mRNA expression and OS in
lung adenocarcinoma (cutoff value: 25% of Cbl-b mRNA expression). (D) The correlation analysis of Cbl-b mRNA expression
and OS in lung adenocarcinoma (cutoff value: 50% of Cbl-b mRNA expression). (E) The correlation analysis of Cbl-b mRNA
expression and OS in lung squamous cell carcinoma (cutoff value: 25% of Cbl-b mRNA expression). (F) The correlation
analysis of Cbl-b mRNA expression and OS in lung squamous cell carcinoma (cutoff value: 50% of Cbl-b mRNA expression).
a: Total; b: Age<65 years; c: Age 265 years; d: Stage |-Il; e: Stage IlI-IV.
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A549/Lenti H1976/Lenti

H1299/Lenti SW900/Lenti

NC KD NC KD

GAPDH |

NC KD

Figure 2. The expression of Cbl-b protein in lung cancer cells transfected with lentivirus-mediated RNA interference vector.

Cbl-b shRNA promotes the migration of A549 and H1975
cells

Transwell assay was performed to explore the migration of
A549, H1975, and SW900 cells. There were 259+5 migrating
cells in the A549-NC group and 475+10 in the A549-KD group.
The migration ability of A549 cells improved by 84+4%. There
were 75+1 migrating cells in the H1975-NC group and 1339
in the H1975-KD group. The migration ability of H1975 cells
improved by 77+12%. However, there were 22+1 migrating
cells in both the SW900-NC and SW900-KD groups. There was
no significant difference in cell migration between SW900-NC
and SW900-KD groups. These results show that Cbl-b shR-
NA promotes the migration of A549 and H1975 cells, but not
SW900 cells (Figure 3).

Cbl-b shRNA promotes the invasion of A549 and H1975
cells and inhibits the invasion of SW900 cells

Transwell assay was performed to assess the invasion of A549,
H1975, and SW900 cells. There were 178+12 invading cells in
the A549-NC group and 278410 in the A549-KD group. The
invasion ability of A549 cells improved by 56+6%. There were
2342 invading cells in the H1975-NC group and 7543 in the
H1975-KD group. The invasion ability of H1975 cells improved
by 323+12%. However, there were 1541 invading cells in the
SW900-NC group and 1240 in the SW900-KD group. The in-
vasion ability of H1975 cells declined by 24%. These results
show that Cbl-b shRNA promotes the invasion of A549 and
H1975 cells, but inhibits the invasion of SW900 cells (Figure 4).

Cbl-b regulates PI3K-ERK1/2 pathway in A549 and SW900
cells

To investigate the role of Cbl-b on the PI3K-ERK1/2 pathway in
lung squamous cell carcinoma and adenocarcinoma, Western
blot analysis was performed to measure the relative protein ex-
pression in A549 and SW900 cells transfected with Cbl-b shR-
NA. As shown in Figure5, compared with the A549-NC group,
the expression levels of PI3K, p-AKT, and GSK3p protein in the

A549-KD group were downregulated, but the expression lev-
els of p-PI3K, p-ERK1/2, mTOR, and p-GSK3[ protein were up-
regulated. There was no significant difference in the expres-
sion levels of AKT, ERK1/2, and p-mTOR protein between the
A549-NC and A549-KD groups. Compared with the SW900-NC
group, the expression levels of PI3K and GSK3f protein in the
SW900-KD group were downregulated, but the expression lev-
els of p-PI3K, p-AKT, p-ERK1/2, mTOR, p-mTOR, and p-GSK3p
protein were upregulated. There was no significant difference
in the expression levels of AKT and ERK1/2 protein between
the SW900-NC and SW900-KD groups.

Discussion

Lung adenocarcinoma and squamous cell carcinoma are 2
common types of NSCLC. Nakamura et al. found that the sig-
nificant postoperative prognostic factors are quite different
between lung adenocarcinoma and squamous cell carcino-
ma [20]. In the present study, TCGA analysis was performed
to investigate the correlation between Cbl-b mRNA and OS in
NSCLC patients. The results showed that the prognostic sig-
nificance of Cbl-b mRNA low expression in lung adenocarci-
noma and squamous cell carcinoma was different, suggesting
that the biological functions of Cbl-b in lung adenocarcinoma
and squamous cell carcinoma are different. Subsequently, a
lentivirus-mediated RNA interference vector was construct-
ed and transfected into 3 lung adenocarcinoma cell lines and
1 lung squamous carcinoma cell line. The results of Western
blot analysis showed that the expression levels of Cbl-b pro-
tein were markedly downregulated in the A549-KD group, and
were slightly downregulated in the H1975-KD and SW900-KD
groups. Compared with the negative groups, the migration
and invasion ability of A549-KD and H1975-KD groups were
enhanced, while the invasion ability in the SW900-KD group
was weakened. In addition, the results of Western bolt anal-
ysis in A549 and SW9000 cells indicated that Cbl-b mediates
cell migration and invasion via the PI3K and ERK1/2 signal-
ing pathways differently, especially in the levels of p-AKT and
p-mTOR expression.
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Figure 3. Effects of Cbl-b on the migration of A549, H1975, and SW900 cells. (A) There were more migrated cells in the A549-KD group
than in the A549-NC group (200x). (B) There were more migrated cells in the H1975-KD group than in the H1975-NC group
(200x). (€) The number of migrated cells in the SW900-KD group was similar to the number in the SW900-NC group (200x).

** P<0.01, *** P<0.001.

In mammals, Cbl family proteins, consisting of Cbl, Cbl-b, and
Cbl-c/Cbl-3, are highly conserved E3 ubiquitin ligases, with
high structural similarity. They contain an N-terminal tyrosine
kinase-binding domain, a short linker region, and a Ring fin-
ger domain [21]. The tyrosine kinase-binding domain connects
with homologous phosphotyrosine protein sequences [22,23]
and the Ring finger domain connects with ubiquitin conjugat-
ing enzymes (E2) [24,25]; therefore, Cbl family proteins can
mediate the transfer of ubiquitin from E2 to signal molecules
activated by the tyrosine kinase regulatory pathway [26-28].
Previous studies have confirmed that Cbl family proteins play
an indispensable role in the degradation of activated tyro-
sine kinase receptors [29,30]. Cbl family proteins have been

extensively studied in cancer drug resistance. Zhang Ye et al.
found that Cbl-b suppressed P-gp transporter function by inhib-
iting its translocation into caveolae in multiple-drug-resistant
gastric and breast cancers [31]. In breast cancer cells, down-
regulation of c-Cbl and Cbl-b led to activation of AKT and ERK,
thereby promoting cell migration [32]. Gastric cancer patients
with low Cbl-b expression were more likely to have tumor in-
vasion and lymph node metastasis, and upregulation of Cbl-b
inhibited cell migration in vitro and in vivo through inhibition
of the EGFR-ERK/AKT-miR-200c-ZEB1 axis [33]. Another study
also indicated that silencing Cbl-b expression in breast cancer
cells enhanced the risk of lung metastasis in nude mice, and
also found that Cbl-b can reduce RANK protein expression and
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Figure 4. Effects of Cbl-b on the invasion of A549, H1975, and H1299 cells. (A) There were more invasive cells in the A549-KD group
than in the A549-NC group (200x). (B) There were more invasive cells in the H1975-KD group than in the H1975-NC group
(200x). (€) There were fewer invasive cells in the SW900-KD group than in the SW900-NC group (200x). *** P<0.001.

inhibited RANKL-induced breast cancer cells migration through
negative regulation of the Src-AKT/ERK pathway [19]. In the
present study, we found that Cbl-b shRNA promoted cell migra-
tion and invasion of A549 and mediated the PI3K-ERK1/2 path-
ways, which may help to further elucidate of the downstream
signaling pathway. Cell migration and invasion of H1975 and
SW900 cells were observed after transfection, showing that the
invasion ability of lung adenocarcinoma cells was enhanced,
but the invasion ability of lung squamous cell carcinoma was
weakened. These data suggest that Cbl-b has different bio-
logical functions in lung adenocarcinoma and squamous cell
carcinoma, which needs further study.

The PI3K-AKT signaling pathway plays an important role in
regulating cell proliferation and cell survival. In many cancers,
the PI3K/AKT-mTOR signaling pathway is overactivated, and
some mTOR inhibitors have been used in clinical anticancer
treatment [34,35]. Mutations, deletions, amplification, methyl-
ation, and post-translational regulation contribute to the dys-
regulation of this signaling pathway. Junjie Piao et al. studied
the efficacy of co-treatment with the dual PI3K/mTOR inhibi-
tor BEZ235 and histone deacetylase inhibitor Trichostatin A in
NSCLC cells, which was found to inhibit cell proliferation, mi-
gration, and invasion, and promote cell apoptosis via down-
regulating the expression of p-AKT and GSK-3f [36]. mTOR, an
important regulator of cell proliferation, forms 2 different mul-
tiprotein complexes: mTORC1 and mTORC2 [37,38]. mTORC1 is
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Figure 5. Cbl-b regulates PI3K-ERK1/2 pathways
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sensitive to rapamycin and can be activated by various stim-
uli, such as nutrients, growth factors, and stress signals. It is
an important downstream protein of essential signaling path-
ways, such as PI3K and MAPK, for controlling cell prolifera-
tion and survival [39,40]. mTORC2 is resistant to rapamycin
and regulates the actin cytoskeleton. A recent study showed
that mTORC2 can activate insulin-like growth factor | receptor
and insulin receptor through tyrosine kinase activity [41]. In

human hepatocellular carcinoma, PTEN loss and overexpres-
sion of p-AKT and p-mTOR were correlated with TNM stage,
vascular invasion, intrahepatic metastasis, tumor grade, and
Ki-67 high expression, and PTEN loss was associated with p-
AKT, p-mTOR, and MMP-9 overexpression [42]. In prostate can-
cer cells, knockdown of CPAN2 level suppressed cell migration
and invasion ability by reducing MMP-2 and MMP-9 activa-
tion, and also repressed the protein expression of p-AKT and
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p-mTOR [43]. Cbl/Cbl-b double knockout in mammary epithe-
lial organoids leads to activation of AKT-mTOR signaling [44].
Animal experiments also showed that c-Cbl-deficient mice had
elevated ductal density and branching [45], and Cbl-c overex-
pression delayed breast ductal dilatation [46]. The findings indi-
cate that deficiency of the Cbl family protein may affect mam-
mary ductal epithelial growth. Chandrani et al. found that Cbl
triple-deficiency blocked DNA synthesis, inducing cell death in
mouse mammary epithelial cells, and showed that Cbl fami-
ly proteins are indispensable for cell proliferation. They also
found that phosphorylation-EGFR endured up to 30 min af-
ter EGF incentive in Cbl triple-deficient mammary epithelial
cells, but reached its peak at 5 min after stimulation and de-
creased quickly to the WT cell level; the mild upregulation of
subsequent signaling molecules, such as ERK and AKT, sug-
gests that these biochemical actions can be disconnected from
cell proliferation [47]. In the present study, lentiviral-mediated
RNAi promoted the invasion and metastasis of A549 cells, and
upregulated the expression of p-ERK and mTOR, which may
agree with the conclusions reported by Chandrani et al. The
present study shows that the regulation of p-ERK and mTOR
might be independent of the classic MAPK signaling pathway
activation that induced cell proliferation. Hence, Cbl-b may
play different biological functions in breast cancer cells and
lung cancer cell lines.

Many studies have shown that the PI3K pathway is involved
in regulating cancer cell migration. Wenjun Wang et al. dis-
covered that LMO4 overexpression promoted the migration
of A549 cells and markedly upregulated the expression of p-
PI3K and p-AKT; AKT inhibitor LY294002 could reverse the

Supplementary Figure

Supplementary Figure 1. The map of plasmid vector for DNA
transfection.
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enhancement of migration of p-AKT and upregulation of p-
PI3K expression induced by LMO4 [48]. Lin et al. found that
aeroallergen Der p 2 promoted the migration and invasion of
human NSCLC cells via the FAK and MAPK pathways, activat-
ed PI3K, AKT, ERK1/2, p38, and JNK, and upregulated the ex-
pression of MMP-2 [49]. GSK3, as a tumor-suppressor gene
in skin cancer and breast cancer, is involved in the transfer of
cancer cells, and it can play an critical role in EMT by regulat-
ing Wnt and Snail pathways, and inhibition of GSK3[ can pro-
mote the development of EMT [50]. GSK3p, as an oncogene, is
highly expressed in ovarian cancer, colorectal cancer, and pan-
creatic cancer, and inhibition of GSK3p activity can inhibit cell
proliferation and survival [51]. In summary, there are increases
in A549 cell migration ability and activation of the molecules
(p-PI3K, p-ERK1/2, and GSK3p), which were similar to the re-
sults of the present study.

Conclusions

The OS of Cbl-b mRNA low expression in lung adenocarcinoma
and squamous cell carcinoma was shown to be different by
TCGA analysis. The difference in signal pathways may be one
of the reasons for the difference in the correlation between
Cbl-b expression and the survival rate of these 2 pathological
types of lung cancer.

Conflict of interest

None.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




LAB/IN VITRO RESEARCH

References:
1. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2016. Cancer J Clin, 2016;
66(1): 7-30
2. Zhang F, Chen X, Wei K et al: Identification of Key Transcription Factors

w

S

(%}

(=2}

~

[oc]

o

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Associated with Lung Squamous Cell Carcinoma. Med Sci Monit, 2017; 23:
172-206

. He X, Xu X, Khan AQ, Ling W: High expression of S100A6 predicts unfa-

vorable prognosis of lung squamous cell cancer. Med Sci Monit, 2017; 23:
5011-17

. Zhang L, Gong Z: Clinical characteristics and prognostic factors in bone me-

tastases from lung cancer. Med Sci Monit, 2017; 23: 4087-94

. Borghaei H, Paz-Ares L, Horn L et al: Nivolumab versus docetaxel in ad-

vanced nonsquamous non-small-cell lung cancer. N Engl J Med, 2015;
373(17): 1627-39

. Brahmer J, Reckamp KL, Baas P et al: Nivolumab versus docetaxel in ad-

vanced squamous-cell non-small-cell lung cancer. N Engl J Med, 2015;
373(2): 123-35

. Gettinger S, Rizvi NA, Chow LQ et al: Nivolumab monotherapy for first-

line treatment of advanced non-small-cell lung cancer. J Clin Oncol, 2016;
34(25): 2980-87

. Paolino M, Choidas A, Wallner S et al: The E3 ligase Cbl-b and TAM receptors

regulate cancer metastasis via natural killer cells. Nature, 2014; 507(7493):
508-12

. Lutz-Nicoladoni C, Wolf D, Sopper S: Modulation of immune cell functions

by the E3 Ligase Cbl-b. Front Oncol, 2015, 5: 58

Lutz-Nicoladoni C, Wallner S, Stoitzner P et al: Reinforcement of cancer im-
munotherapy by adoptive transfer of cblb-deficient CD8+ T cells combined
with a DC vaccine. Immunol Cell Biol, 2012; 90(1): 130-34

Zhou SK, Chen WH, Shi ZD et al: Silencing the expression of Cbl-b enhanc-
es the immune activation of T lymphocytes against RM-1 prostate cancer
cells in vitro. ) Chin Med Assoc, 2014; 77(12): 630-36

Qiao G, Zhao Y, Li Z et al: T cell activation threshold regulated by E3 ubig-
uitin ligase Cbl-b determines fate of inducible regulatory T cells. ] Immunol,
2013; 191(2): 632-39

Schmitz ML: Activation of T cells: Releasing the brakes by proteolytic elim-
ination of Chl-b. Sci Signal, 2009; 2(76): pe38

Yan S, Qu X, Xu C et al: Down-regulation of Cbl-b by bufalin results in up-
regulation of DR4/DR5 and sensitization of TRAIL-induced apoptosis in
breast cancer cells. J Cancer Res Clin Oncol, 2012; 138(8): 1279-89

Xu L, Zhang Y, LiuJ et al: TRAIL-activated EGFR by Cbl-b-regulated EGFR re-
distribution in lipid rafts antagonises TRAIL-induced apoptosis in gastric
cancer cells. Eur J Cancer, 2012; 48(17): 3288-99

Sumimoto H, Kawakami Y: Lentiviral vector-mediated RNAi and its use for
cancer research. Future Oncol, 2007; 3(6): 655-64

Yan W, Liu X, Ma H et al: Tim-3 fosters HCC development by enhancing TGF-
beta-mediated alternative activation of macrophages. Gut, 2015, 64(10):
1593-604

Wang Y, Deng B, Tang W et al: TGF-betal secreted by hepatocellular car-
cinoma induces the expression of the Foxp3 gene and suppresses antitu-
mor immunity in the tumor microenvironment. Dig Dis Sci, 2013; 58(6):
1644-52

ZhangL, Teng Y, Fan Y et al: The E3 ubiquitin ligase Cbl-b improves the prog-
nosis of RANK positive breast cancer patients by inhibiting RANKL-induced
cell migration and metastasis. Oncotarget, 2015; 6(26): 22918-33

Nakamura H, Sakai H, Kimura H et al: Difference in postsurgical prognos-
tic factors between lung adenocarcinoma and squamous cell carcinoma.
Ann Thorac Cardiovasc Surg, 2017; 23(6): 291-97

Thien CB, Langdon WY: Cbl: Many adaptations to regulate protein tyrosine
kinases. Nat Rev Mol Cell Biol, 2001; 2(4): 294-307

Meng W, Sawasdikosol S, Burakoff SJ, Eck MJ: Structure of the amino-termi-
nal domain of Cbl complexed to its binding site on ZAP-70 kinase. Nature,
1999; 398(6722): 84-90

Zheng N, Wang P, Jeffrey PD, Pavletich NP: Structure of a c-Cbl-UbcH7 com-
plex: RING domain function in ubiquitin-protein ligases. Cell, 2000; 102(4):
533-39

Kobashigawa Y, Tomitaka A, Kumeta H et al: Autoinhibition and phosphor-
ylation-induced activation mechanisms of human cancer and autoimmune
disease-related E3 protein Cbl-b. Proc Natl Acad Sci USA, 2011; 108(51):
20579-84

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

LiP.etal:
Chl-b expression causes diverse outcomes in NSCLC
© Med Sci Monit, 2018; 24: 623-635

Dou H, Buetow L, Hock A et al: Structural basis for autoinhibition and phos-
phorylation-dependent activation of c-Cbl. Nat Struct Mol Biol, 2012; 19(2):
184-92

Joazeiro CA, Wing SS, Huang H et al: The tyrosine kinase negative regula-
tor c-Cbl as a RING-type, E2-dependent ubiquitin-protein ligase. Science,
1999; 286(5438): 309-12

Levkowitz G, Waterman H, Ettenberg SA et al: Ubiquitin ligase activity and
tyrosine phosphorylation underlie suppression of growth factor signaling
by c-Cbl/Sli-1. Mol Cell, 1999; 4(6): 1029-40

Yokouchi M, Kondo T, Houghton A et al: Ligand-induced ubiquitination of
the epidermal growth factor receptor involves the interaction of the c-Cbl
RING finger and UbcH7. ) Biol Chem, 1999; 274(44): 31707-12

Miyake S, Lupher ML Jr., Druker B, Band H: The tyrosine kinase regulator Cbl
enhances the ubiquitination and degradation of the platelet-derived growth
factor receptor alpha. Proc Natl Acad Sci USA, 1998; 95(14): 7927-32

Levkowitz G, Waterman H, Zamir E et al: c-Cbl/Sli-1 regulates endocytic
sorting and ubiquitination of the epidermal growth factor receptor. Genes
Dev, 1998; 12(23): 3663-74

Zhang Y, Qu X, Teng Y et al: Cbl-b inhibits P-gp transporter function by pre-
venting its translocation into caveolae in multiple drug-resistant gastric and
breast cancers. Oncotarget, 2015; 6(9): 6737-48

Vennin C, Spruyt N, Dahmani F et al: H19 non coding RNA-derived miR-675
enhances tumorigenesis and metastasis of breast cancer cells by downreg-
ulating c-Cbl and Cbl-b. Oncotarget, 2015; 6(30): 29209-23

Xu L, Zhang Y, Qu X et al: E3 ubiquitin ligase Cbl-b prevents tumor metas-
tasis by maintaining the epithelial phenotype in multiple drug-resistant
gastric and breast cancer cells. Neoplasia, 2017; 19(4): 374-82

Dowling RJ, Topisirovic I, Fonseca BD, Sonenberg N: Dissecting the role of
mTOR: Lessons from mTOR inhibitors. Biochim Biophys Acta, 2010; 1804(3):
433-39

im SJ, Shin DY, Kim JS et al: A phase Il study of everolimus (RAD001), an
mTOR inhibitor plus CHOP for newly diagnosed peripheral T-cell lympho-
mas. Ann Oncol, 2016; 27(4): 712-18

Piao J, Chen L, Quan T et al: Superior efficacy of co-treatment with the dual
PI3K/mTOR inhibitor BEZ235 and histone deacetylase inhibitor Trichostatin
A against NSCLC. Oncotarget, 2016; 7(37): 60169-80

Populo H, Lopes JM, Soares P: The mTOR signalling pathway in human can-
cer. Int ) Mol Sci, 2012; 13(2): 1886-918

Vilar E, Perez-Garcia J, Tabernero J: Pushing the envelope in the mTOR path-
way: The second generation of inhibitors. Mol Cancer Ther, 2011; 10(3):
395-403

Zhang HH, Huang J, Duvel K et al: Insulin stimulates adipogenesis through
the Akt-TSC2-mTORC1 pathway. PLoS One, 2009; 4(7): e6189

Mayer C, Grummt I: Ribosome biogenesis and cell growth: mTOR coordinates
transcription by all three classes of nuclear RNA polymerases. Oncogene,
2006; 25(48): 6384-91

Yin'Y, Hua H, Li M et al: mTORC2 promotes type | insulin-like growth factor
receptor and insulin receptor activation through the tyrosine kinase activ-
ity of mTOR. Cell Res, 2016; 26(1): 46-65

Chen JS, Wang Q, Fu XH et al: Involvement of PI3K/PTEN/AKT/mTOR path-
way in invasion and metastasis in hepatocellular carcinoma: Association
with MMP-9. Hepatol Res, 2009; 39(2): 177-86

Li P, Miao C, Liang C et al: Silencing CAPN2 expression inhibited castration-
resistant prostate cancer cells proliferation and invasion via AKT/mTOR sig-
nal pathway. Biomed Res Int, 2017; 2017: 2593674

Mohapatra B, Zutshi N, An W et al: An essential role of CBL and CBL-B
ubiquitin ligases in mammary stem cell maintenance. Development, 2017;
144(6): 1072-86

Murphy MA, Schnall RG, Venter DJ et al: Tissue hyperplasia and enhanced
T-cell signalling via ZAP-70 in c-Cbl-deficient mice. Mol Cell Biol, 1998; 18(8):
4872-82

Fiore F, Estebe B, Gibier P et al: Abnormal mammary gland development in
MMTV-CBLC transgenic mouse. In Vivo, 2009; 23(2): 225-28

Mukhopadhyay C, Triplett A, Bargar T et al: Casitas B-cell lymphoma (Cbl)
proteins protect mammary epithelial cells from proteotoxicity of active c-
Src accumulation. Proc Natl Acad Sci USA, 2016; 113(51): E8228-37

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



Li P. et al.:

Chl-b expression causes diverse outcomes in NSCLC LA B/I N V I T RO R E S EA RC H

© Med Sci Monit, 2018; 24: 623-635

48. Wang W, Wu S, Guo M, He J: LMO4 is a prognostic marker involved in cell 50. Doble BW, Woodgett JR: Role of glycogen synthase kinase-3 in cell fate and
migration and invasion in non-small-cell lung cancer. ) Thorac Dis, 2016; epithelial-mesenchymal transitions. Cells Tissues Organs, 2007; 185(1-3):
8(12): 3682-90 73-84

49. Lin CH, Lin HH, Kuo CY, Kao SH: Aeroallergen Der p 2 promotes motility of 51. Luo J: Glycogen synthase kinase 3beta (GSK3beta) in tumorigenesis and
human non-small cell lung cancer cells via toll-like receptor-mediated up- cancer chemotherapy. Cancer Lett, 2009; 273(2): 194-200

regulation of urokinase-type plasminogen activator and integrin/focal ad-
hesion kinase signaling. Oncotarget, 2017; 8(7): 11316-28

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




