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The E3 ubiquitin ligase Cbl-b inhibits tumor growth in multidrug-resistant

gastric and breast cancer cells
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Most receptor tyrosine kinases (RTKs) contribute to tumor growth, and their ubiquitination and degradation is related
to the inhibition of tumor growth. Our previous study showed that the ubiquitin ligase Cbl-b was expressed at low levels
in multidrug-resistant (MDR) gastric cancer cells compared with their parental cells. However, whether enhancement of
Cbl-b expression in MDR cancer cells could prevent tumor proliferation via ubiquitination and degradation of RTK remains
unclear. In the present study, Cbl-b overexpression reduced cell proliferation in MDR gastric and breast cancer cells, and
effectively inhibited tumor growth in vivo. Additionally, Cbl-b overexpression reduced the total protein level of insulin-like
growth factor 1 (IGF-1R), an important member of the RTK family. Moreover, Cbl-b overexpression promoted interaction
of Cbl-b with IGF-1R, and induced ubiquitination and degradation of IGF-1R and inactivation of the IGF-1R pathway. These
results suggest that the ubiquitin ligase Cbl-b inhibited tumor growth via ubiquitination and degradation of IGF-1R in MDR

gastric and breast cancer cells.
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One important characteristic of cancer cells is their ability
to express growth factors and growth factor receptors, which
contribute to tumor progression [1, 2]. Strict regulation of
signaling by receptor tyrosine kinases (RTKs) is necessary for
biological processes, and its disruption can result in tumor
progression [3-5]. Overexpression of RTKs has been reported
in some cancer types, such as gastric, breast and prostate
cancers. Therefore, promotion of RTK ubiquitination and
degradation represents a new approach for inhibiting tumor
growth [6, 7]. Several studies have reported that casitas B-
lineage lymphoma (CBL) family members play a vital role
in the downregulation of RTK via their E3 ubiquitin ligase
activity [8, 9]. Moreover, the inhibition of c-Cbl function by
¢-Cbl mutations has been shown to increase non-small cell
lung cancer cell proliferation [10], which indicates that c-Cbl
may function as a negative regulator of cancer proliferation.
Our previous study showed that the CBL family member
Cbl-b is expressed at low levels in multidrug resistant (MDR)
gastric cancer cells compared with their parental cells [11].
Furthermore, Cbl-b overexpression reversed multidrug resist-

ance via downregulation of P-glycoprotein (P-gp) expression
[11]. However, whether Cbl-b inhibits tumor proliferation in
MDR cancer cells remains unclear.

Previous studies reported that the ubiquitin ligase Cbl-b
plays an important role in inactivating the phosphatidylino-
sitol 3-kinase (PI3K)/protein kinase B (Akt) and Raf/
mitogen-activated protein kinase (MAPK)/extracellular
signal-regulated kinase (ERK) pathways [12-15]. Further-
more, we previously demonstrated that Cbl-b overexpression
reversed multidrug resistance by suppressing Akt activation
[11]. Insulin-like growth factor receptor (IGF-IR) is an up-
stream regulatory molecule of Akt and ERK. A recent study
reported that IGF-IR was highly expressed in MDR colorectal
cells, and that silencing IGF-IR decreased proliferation of
MDR cells [16]. Additionally, after IGF-1 stimulation, c-Cbl
associated with IGF-IR and mediated receptor polyubiquitina-
tion [17]. Moreover, we recently showed that Cbl-b reversed
cell migration induced by IGF-I in gastric cancer cells by tar-
geting IGF-IR for degradation [18]. We therefore considered
the possibility that Cbl-b could inhibit tumor proliferation
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via ubiquitination and degradation of IGF-IR in MDR cancer
cells to be worthy of further investigation.

In the present study, we demonstrated that Cbl-b overex-
pression reduced cell proliferation in MDR gastric and breast
cancer cells, and effectively inhibited tumor growth in vivo.
Cbl-b prevented tumor proliferation via ubiquitination and
degradation of IGF-IR and consequent inactivation of IGF-
IR pathway.

Materials and methods

Cell culture. The human gastric adenocarcinoma SGC7901
cells and the human breast carcinoma MCF-7 cells were
purchased from the Academy of Military Medical Science
(Beijing, China). The adriamycin-resistant variant of SGC7901
(SGC7901/Adr) was kindly provided by the Fourth Military
Medical University (Xi’ an, China). The adriamycin-resistant
variant of MCF-7 (MCF-7/Adr) was established by selecting
for resistant colonies by culturing the parent cell line in 1 pg/
ml adriamycin.

Transfections of Cbl-b WT constructs. Transfections of
Cbl-b WT constructs were performed as described previously
[11, 19]. SGC7901/Adr and MCF-7/Adr cells were seeded at
4 x 10° cells/well in six-well plates overnight, then the cells
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were transfected by lipofectamine 2000 reagent with pcDNA
3.1 plasmid including full-length Cbl-b. pcDNA 3.1 vector
served as the negative control. After transient transfections for
48 h, Cbl-b expression was evaluated by western blot.

Western blot and immunoprecipitation. SGC7901/Adr
and MCEF-7/Adr cells were rinsed twice with phosphate-
buffered saline and lysed in 1 % Triton lysis buffer on ice.
For immunoprecipitation, cell lysates were mixed with the
indicated primary antibody and protein A-sepharose beads
at 4 °C overnight. The immunoprecipitated proteins were
eluted by heat treatment at 100 °C for 5 min with 2X sampling
buffer. Total cell proteins were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. The membranes
were blocked with 5 % skimmed milk in Tris-buffered saline
Tween-20 (TBST) buffer overnight. Various primary antibod-
ies were: Cbl-b, p-ERK, ERK (Santa Cruz, USA); p-IGF-1R,
IGF-1R, p-Akt, Akt, (Cell Signaling Technology, USA). Then,
the membrane was incubated with the secondary antibodies
at room temperature. Finally, proteins on the membranes
were visualized by an enhanced chemiluminescence reagent
in the Electrophoresis Gel Imaging analysis system (DNR
Bio-Imaging Systems, Israel).

MTT assay. SGC7901/Adr and MCF-7/Adr cells were
seeded at 4 x 10° cells/well in 96-well plates overnight, then
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Figure 1. Cbl-b overexpression inhibited cell proliferation in MDR gastric and breast cancer cells. (A) The expression of Cbl-b in gastric and breast cancer
cells was detected by western blot. (B) After SGC7901/Adr and MCF-7/Adr cells were transfected with 0.5, 1 and 2 ug Cbl-b WT for 48 h, the expression
of Cbl-b was detected by western blot. (C) After SGC7901/Adr and MCEF-7/Adr cells were transfected with 2 pg Cbl-b WT and empty vector plasmid for
48 h, cell viability was analyzed by MTT assay at another 48 h and 72 h. * P < 0.05. (D) After SGC7901 and MCF-7 cells were transfected with 2 ug Cbl-b
WT and empty vector plasmid for 48 h, cell viability was analyzed by MTT assay at another 48 h and 72 h. * P < 0.05.
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the cells were transiently transfected with 2 pg Cbl-b WT for
48 and 72 h. 25 mL of MTT solution (5 mg/mL) was added to
each well and the cells were incubated for 4 h at 37 °C. Then,
the cells were lysed in 200 mL of dimethylsulfoxide. The opti-
cal density was measured at 570 nm with a microplate reader.

Tumor growth in vivo. Female BALB/c nude mice, 4-6
weeks of age, were acquired from the National Laboratory
Animal Center (Shanghai, China) after obtaining appropriate
institutional review board permission and raised in pathogen-
free environment. The transfected SGC7901/Adr (5 x 10°) in
100 puL were implanted subcutaneously into mice. Tumors were
measured with a caliper every 3 days, and tumor volume was
calculated using the formula V =1/2 (width?* x length). Mice
body weight was measured. Tumors were fixed and stained
with hematoxylin and eosin (H&E) for further pathological
confirmation.

Immunohistochemistry. Immunohistochemical staining
for Cbl-b was performed using a streptavidin—peroxidase
procedure as described previously [11, 19]. Antibody against
Cbl-b was from Santa Cruz Biotechnology (USA). For statisti-
cal analysis, immunostaining was considered positive when the
tumor mass occupied more than 10 % of the cross-sectional
core area and when 10 % or more of the neoplastic cells were
stained.
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Statistical analysis. All the presented data were expressed
as the mean + SD and representative results were from three
independent experiments. Statistical analysis was carried out
using SPSS 18.0 software. Statistical comparisons were calcu-
lated by Student’ s two-tailed t-test. P < 0.05 was considered
statistically significant.

Results

Cbl-b overexpression reduced cell proliferation in MDR
gastric and breast cancer cells. Cbl-b expression in various
gastric and breast cancer cell types was evaluated. Interestingly,
SGC7901/Adr and MCF-7/Adr cells showed lower Cbl-b expres-
sion than their parental cells and the other cells studied (Figure
1A). Transient transfection with 0.5, 1, or 2 pug wild-type (WT)
Cbl-b increased Cbl-b expression (Figure 1B). Importantly, tran-
sient transfection with 2 pg WT Cbl-b inhibited cell proliferation
at48 and 72 h compared with the negative control (Figure 1C). In
addition, Cbl-b overexpression also reduced cell proliferation at
48 and 72 h in non-MDR gastric and breast cancer cells (Figure
1D). These results suggest that Cbl-b overexpression prevented
cell proliferation in MDR gastric and breast cancer cells.

Cbl-b overexpression effectively inhibited tumor growth
in vivo. WT Cbl-b was transfected into SGC7901/Adr cells,
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Figure 2. Cbl-b overexpression effectively inhibited tumor growth in vivo. (A) Tumor and (B) body weights of mice injected subcutaneously with SGC7901/
Adr cells transfected with Cbl-b WT or the empty vector (Control). * P < 0.05. (C) SGC7901/Adr controls and SGC7901/Adr Cbl-b WT were implanted
subcutaneously into the right flanks of 4-6-week-old female nude mice (n = 5), and tumor volumes were measured at 35 days after implantation. Cbl-b
expression was analyzed in sections from subcutaneous tumors by immunohistochemistry (20 x). (D) Cbl-b levels in Cbl-b WT group compared with
the control group at 35 days in SGC7901/Adr xenografts were detected by western blot.



890 X. CHE, Y. ZHANG, X. QU, T. GUO, Y. MA, C. LL, Y. FAN, K. HOU, Y. CAL, R. YU, H. ZHOU, X. HE, H. WU, Y. LIU, L. XU

which were then implanted subcutaneously into nude mice.
Animals injected with SGC7901/Adr xenografts carrying WT
Cbl-b showed significantly reduced tumor mass compared with
the control group (Figure 2A). However, there was no obvious
difference in body weight between the two groups (Figure 2B).
We then analyzed Cbl-b expression by immunohistochemistry
and western blot in sections from subcutaneous tumors over-
expressing Cbl-b (Figure 2C) (Figure 2D); both approaches
demonstrated that Cbl-b expression persisted for 35 days
after xenograft implantation. These results indicate that Cbl-b
overexpression reduced tumor growth in vivo.

Cbl-b overexpression promoted ubiquitination and
degradation of IGF-1R in MDR gastric and breast cancer
cells. To clarify the mechanism of Cbl-b-mediated inhibition

of tumor growth in MDR gastric and breast cancer cells, WT
Cbl-b was transiently transfected into SGC7901/Adr and
MCEF-7/Adr cells. As shown in Figure 3A, Cbl-b overexpres-
sion reduced total IGF-1R protein levels in SGC7901/Adr
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Figure 3. Cbl-b overexpression promoted ubiquitination and degrada-
tion of IGF-1R in MDR gastric and breast cancer cells. SGC7901/Adr
and MCF7/Adr cells were transfected with Cbl-b WT and empty vector
plasmid for 48 h. (A) The interaction of Cbl-b and IGF-1R was detected by
immunoprecipitation and western blot. (B) The ubiquitination of IGF-1R
was detected by immunoprecipitation and western blot.
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Figure 4. Cbl-b overexpression inhibited activation of the IGF-1R pathway
in MDR gastric and breast cancer cells. (A) SGC7901/Adr and MCEF-7/
Adr cells were transfected with Cbl-b WT and empty vector plasmid for
48 h. IGF-1R and downstream Akt/ERK were analyzed by western blot.
(B) SGC7901/Adr and MCF-7/Adr cells were transfected with si-IGF-1R
and negative control plasmid for 48 h. IGF-1R and downstream Akt/ERK
were analyzed by western blot. (C) After SGC7901/Adr and MCF-7/Adr
cells were transfected with si-IGF-1R and negative control plasmid for
48 h, cell viability was analyzed by MTT assay at another 72 h. * P < 0.05.
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and MCEF-7/Adr cells. Importantly, WT Cbl-b transfection
also promoted the interaction of Cbl-b with IGF-1R (Figure
3A), and further induced IGF-1R ubiquitination and degrada-
tion (Figure 3B). These results suggest that Cbl-b inhibited
cell proliferation in MDR gastric and breast cancer cells via
ubiquitination and degradation of IGF-1R.

Cbl-b overexpression inhibited activation of the IGF-1R
pathway in MDR gastric and breast cancer cells. It was previ-
ously reported that calycosin prevented cell growth in estrogen
receptor-positive breast cancer cells via inhibition of IGF-1R
and the MAPK/ERK and PI3K/Akt pathways [20]. Thus, we
examined the phosphorylation of IGF-1R and downstream
Akt and ERK. Cbl-b overexpression not only reduced IGF-
IR expression, but also inhibited activation of IGF-1R and
downstream Akt/ERK in SGC7901/Adr and MCF-7/Adr cells
(Figure 4A). To clarify the importance of IGF-1R in MDR cells,
we detected the IGF-1R signal pathway and cell proliferation
after using si-IGF-1R. The inhibition of IGF-1R expression
prevented activation of IGF-1R and Akt/ERK (Figure 4B),
and finally inhibited cell proliferation in SGC7901/Adr and
MCF-7/Adr cells (Figure 4C). These results suggest that Cbl-
b prevented tumor proliferation in MDR gastric and breast
cancer cells by inhibiting the IGF-1R pathway.

Discussion

Many studies have demonstrated that RTKs act as molecular
switches to regulate many cellular signals, that their dysregu-
lation contributes to a variety of human malignancies, and
that Cbl family proteins serve as negative regulators for some
RTXKs. For instance, loss of c-Cbl-dependent negative regula-
tion was shown to be involved in tumorigenesis in breast, lung,
prostate cancer cells and myelodysplastic syndrome [21-24].
Additionally, by directly inhibiting c-Cbl and Cbl-b expres-
sion, miR-675 increases the stability of EGFR and c-Met, and
promotes tumor growth [15], which indicates that c-Cbl and
Cbl-b may be negative regulators of tumor growth. Our pre-
vious study showed that Cbl-b was expressed at low levels in
MDR gastric cancer cells compared with their parental cells,
whereas there was no difference in c-Cbl expression [11]. In
the present study, Cbl-b overexpression prevented prolifera-
tion of MDR gastric and breast cancer cells, and effectively
inhibited tumor growth in nude mice bearing MDR gastric
cancer cells. Further to our previous study, which reported
that Cbl-b reversed drug resistance in MDR gastric cancer
cells [11], the present study demonstrated that Cbl-b also plays
an important role in the inhibition of tumor growth in MDR
gastric and breast cancer cells.

Emerging evidence suggests that IGF-1R could drive renal
cancer cell proliferation [25]. Furthermore, miR-133a has been
shown to prevent cell proliferation in human osteosarcoma
cells by inhibiting IGF-1R expression and Akt/ERK signaling
activation [26]. IGF-IR was reported to be highly expressed
in colorectal MDR cells, and inhibiting IGF-IR expression
decreased MDR cell proliferation [16]. Additionally, previous

studies including our own have shown that ¢-Cbl and Cbl-b
promoted the ubiquitination and degradation of IGF-IR in
cancer cells [17, 18]. In the present study, Cbl-b overexpression
promoted interaction of Cbl-b with IGF-1R, induced ubiqg-
uitination and degradation of IGF-1R, and thereby reduced
IGF-1R expression and activation of the IGF-1R pathway in
MDR cancer cells. Taken together, these findings indicate
that IGF-1R is a key target of Cbl-b in the regulation of tumor
proliferation in MDR gastric and breast cancer cells.

In summary, our study demonstrated that the ubiquitin
ligase Cbl-b inhibited tumor growth in MDR gastric and breast
cancer cells via ubiquitination and degradation of IGF-IR and
consequent inactivation of the IGF-IR pathway.
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