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Abstract. Cullin 7 is the ‘scaffold’ of the cullin-RING-based 
E3 ligases which catalyze the final step of the ubiquitination 
cascade in eukaryotic organisms. Although one study has 
reported the involvement of cullin 7 in the invasion and migra-
tion of breast cancer cells without further exploration of its 
mechanisms, the expression of cullin 7 in breast cancer tissues 
and its clinical significance have not been reported. The 
present study evaluated cullin 7 protein expression in malig-
nant and benign breast tissues using immunochemistry, and 
further analyzed the association of positive cullin 7 expression 
in breast cancer tissues with clinicopathological characteris-
tics of breast cancer patients. Cullin 7 expression was further 
silenced in breast cancer cells by siRNA and its functions and 
mechanisms in cell proliferation and invasion were investi-
gated. The results showed that high cullin 7 expression was 
significantly correlated with pathological stage (P=0.013) and 
lymph node metastasis (P=0.022) of breast cancer. Patients 
with high cullin 7 expression had a shorter overall survival rate 
than those with low cullin 7 expression (P=0.037). Silencing 
of cullin 7 expression significantly inhibited the proliferation 
(P<0.05) and invasion (P<0.05), increased S1 phase (P<0.05), 
but decreased G2 phase (P<0.05) in MDA-MB-231 and BT549 
cells. In addition, silencing of cullin 7 expression decreased 
cyclin A, but increased p21 protein expression. Moreover, 
silencing of cullin 7 expression altered the cell shape, caused 
disorder in microtubules, and increased the microtubule 
regeneration in MDA-MB-231 and BT549 cells. In conclu-
sion, cullin 7 is overexpressed in breast cancer tissues which 
is associated with the development and prognosis of breast 
cancer. Cullin 7 is involved in the proliferation and invasion of 

breast cancer cells by regulating the cell cycle and microtubule 
stability.

Introduction

The ubiquitin proteasome system is the main pathway for 
protein degradation in eukaryotic organisms. Proteins are first 
ubiquitylated through 3 main steps: activation, conjugation 
and ligation, performed by ubiquitin-activating enzymes (E1s), 
ubiquitin-conjugating enzymes (E2s) and ubiquitin ligases 
(E3s), respectively; ubiquitylated proteins are then degraded 
by proteasomes. E3 ubiquitin ligases catalyze the final, but 
key step of the ubiquitination cascade through the specific 
recognition of the substrate target protein and E2 (1,2). It has 
been found that the RING-finger family is a major member of 
the E3 family. Most members of the RING-finger E3 ligase 
family are complexes of multiple molecules, in which the 
cullin-RING-based E3 ligases (CRLs) form the main body 
of such ubiquitin ligases (3). Cullin is a ‘scaffold’ of a CRL, 
which is linked to E2 through its C terminal binding to the 
Roc1 protein and linked to the substrate protein through its 
N terminal binding to different F-box proteins. The cullin-E3 
ligase family can recognize a variety of substrates including 
molecules involved in signal transduction (SMAD3/4 and 
Notch1/4), transcriptional regulation (E2F1 and HIF1), DNA 
replication (CDT1 and ORC1) and growth and development 
(E2A); it plays an important role in maintaining normal and 
steady cell growth (4).

Numerous studies have found that the abnormal expres-
sion of cullin protein family members are closely related to 
the occurrence, development, metastasis and recurrence of 
various malignant tumors (5). For example, Min et al study 
demonstrated that the expression of cullin 1 in breast cancer 
cells is positively correlated with the expression of p53 and 
regulates cell apoptosis (6). Cullin 3 accelerates the progres-
sion of breast cancer by regulating the effect of speckle-type 
POZ protein on the expression of breast cancer metastasis 
suppressor 1 (7). The overexpression of cullin 4A promotes 
growth and metastasis of basal-like breast tumors (8). Cullin 7 
is one of the structural components of E3 ubiquitin ligases and 
functions as an oncogene to play a critical role in the prolifera-
tion and differentiation of pancreatic cancer cells (9). Cullin 7 
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inhibits Myc-induced apoptosis and promotes Myc-mediated 
malignant transformation of cells (10). Cullin 7 inhibits 
p53-dependent DNA repair function (11) and activates EMT 
in choriocarcinoma (12).

Our previous study using whole genome exon sequencing 
found that cullin 7 was one of the 12 metastatic candidate 
genes (13). Guo et al reported high cullin 7 protein expression 
in breast cancer specimen, but its clinical significance was not 
addressed (11). They also reported that forced expression of 
cullin 7 enhances cell migration and invasion in human breast 
cancer cells (11), but the mechanisms were not addressed. In 
the present study, we detected cullin 7 protein expression in 
normal, benign and malignant breast tissues, and then analyzed 
the correlation of cullin 7 expression in breast cancer tissues 
in regards to various clinicopathological characteristics and 
estrogen receptor (ER), progesterone receptor (PR) and human 
epidermal growth factor receptor-2 (HER-2) expression. The 
present study also investigated the effects and mechanism of 
cullin 7 in breast cancer cell proliferation and invasion.

Materials and methods

Samples. The use of tissue specimens was approved by 
the Ethics Committee of the Affiliated Cancer Hospital, 
Guangzhou Medical university. The specimens of 13 normal 
breast tissues, 20 benign breast tumors and 93 breast cancer 
tissues were used for the present study. Paraffin-embedded 
tissue samples were obtained from the Department of 
Pathology, Affiliated Tumor Hospital, Guangzhou Medical 
university. Of the 93 breast cancer patients, 52 had lymph 
node metastasis and 41 had no lymph node metastasis.

Immunohistochemistry. Cullin 7 protein expression in tissues 
was measured by immunohistochemical staining. Briefly, 
tissue sections were dewaxed, rehydrated, followed by incu-
bation with 3% hydrogen peroxide for 10 min and antigen 
retrieval in 100 mM Tris (pH 10.0) at 98̊C for 30 min. The 
slices were then blocked with 2.5% horse serum and incubated 
with biotin-labeled cullin 7 primary antibody (1:200 dilu-
tion; Abcam, Guangzhou, China) overnight at 4̊C followed 
by incubation with the avidin-biotin complex according to 
the user manual (Vector Laboratories, Guangzhou, China). 
After counterstaining with hematoxylin, the staining was 
scored: 0 score for negative staining, 1 for weak staining, 2 for 
moderate staining, and 3 for strong staining.

Cell culture. MDA-MB-231 and BT549 cells were cultured in 
RPMI-1640 medium containing 10% fetal calf serum (FCS) 
(Invitrogen, Carlsbad, CA, uSA). HS578T, MCF7, T47D, 
SKBR3 and BT474 cells were cultured in Dulbecco's modified 
Eagle's medium (DMEM) containing 10% FCS. Cells were 
cultured at 37̊C in 5% CO2.

Establishment of stable cells expressing cullin 7 siRNA. 
MDA-MB-231 and BT549 stable cells expressing cullin 7 
siRNA were established by lentivirus infections by following 
the manufacturer's instructions; the produced stable cells 
were called 231-siCul7 and 549-siCul7, respectively. 
MDA-MB-231 and BT549 control stable cells (231-siCtrl 
and 549-siCtrl, respectively were produced to express control 

small interference RNA (siRNA) not targeting any gene 
using lentivirus infection. The cullin 7 and control lentiviral 
particles were purchased from Shanghai GeneChem Co., Ltd. 
(Shanghai, China).

Western blot analysis. Cells (1x106) were homogenized in 
100 µl of RIPA buffer on ice for 30 min and mixed for 15 sec 
every 5 min. After centrifuging at 12,000 rpm for 10 min at 
4̊C, the supernatant was harvested and protein concentration 
was measured using a Pierce BCA protein assay kit (Thermo 
Fisher Scientific, Waltham, MA, uSA). Total protein (10 µg) 
was separated by electrophoresis on 10% sodium dodecyl 
sulfate-polyacrylamide gel. After being transferred to polyvi-
nylidene difluoride membranes, the membranes were blocked 
with 5% non-fat milk in Tris-buffered saline (TBS) buffer at 
room temperature (RT) for 1 h, followed by incubation with 
anti-cullin 7, anti-cyclin A and anti-p21 antibody (Abcam) 
overnight at 4̊C. After washing with 1X TBS + 0.1% Tween-20 
(TBST) buffer for 3x10 min, the membranes were incubated 
with secondary antibody for 1 h at RT. The immune reaction 
was visualized using enhanced chemiluminescence (Pierce, 
Waltham, MA, uSA). The bands on X-ray film were scanned 
using quantity One software.

Cell viability assay. Cell viability was measured using the Cell 
Counting Κit-8 (CCK-8) kit by following the manufacturer's 
instructions (Sigma-Aldrich, Beijing, China). Briefly, 1,000 of 
231-siCul7, 549-siCul7, 231-siCtrl and 549-siCtrl cells in 
0.1 ml medium containing 10% FCS were seeded in each well 
of 96-well plates. Twenty-four hours later, 10 µl of CCK-8 
solution was added to each well and cells were continuously 
incubated for 2 h. The absorbance was measured at a wave-
length of 450 nm.

Flow cytometry. 231-siCul7, 549-siCul7, 231-siCtrl and 
549-siCtrl cells were seeded in 6-well plates and treated for 
24 h after having attached. The cells were then harvested by 
a centrifuge at 1,000 rpm for 5 min. After washing the pellets 
with 1 ml of phosphate-buffered saline (PBS), cells were 
re-suspended with 3 ml of pre-cooled anhydrous ethanol and 
placed at -20̊C overnight. After washing with 1 ml PBS at 4̊C, 
cells were re-suspended in 1 ml of pre-cooled PBS and 400 µl 
of propidium iodide (PI) staining solution (Sigma-Aldrich). 
After incubation for 30 min at 4̊C, cells were subjected to flow 
cytometry assay (BD Biosciences, Franklin Lakes, NJ, uSA).

In vitro tumor invasion assay. 231-siCul7, 549-siCul7, 
231-siCtrl and 549-siCtrl cells were cultured in 10-cm dish 
to 80% confluency and digested with 0.25% trypsin and 
re-suspended in complete medium at 5x104 cells/ml. Of cells 
(0.5 ml) was transferred into Transwell covered with Matrigel 
and continuously cultured for 24 h. The cells that migrated to 
the membranes at the lower chamber were fixed with ice pre-
cooled methanol for 30 min, and stained with 1% crystal violet 
for 10 min. Cells on the membranes were observed under a 
microscope.

Cell microtubule regeneration analysis. The adherent cultured 
231-siCul7, 549-siCul7, 231-siCtrl and 549-siCtrl cells were 
incubated with a medium containing 10 mM nocodazole 
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for 2 h to completely depolymerize the microtubules in the 
cells. The medium containing nocodazole was then replaced 
with fresh medium and incubated in a CO2 incubator at 
37̊C. The microtubules in the cells were re-polymerized in 
a process called microtubule regeneration (14). Ten minutes 
after microtubule regeneration, cells were treated with PEMT 
buffer (100 mM PIPES, 1 mM EGTA, 0.5 mM MgCl2, 0.5% 
Triton X-100, pH 6.9) for 30 min and then fixed with 4% 
paraformaldehyde at RT for 30 min or fixed with pre-cooled 
methanol for 5 min. After blocking with 2% bovine serum 
albumin for 1 h at RT, cells were incubated with anti-α-tubulin 
antibody (Cell Signaling Technology, Guangzhou, China) for 
2 h followed by secondary antibody for 1 h at RT after washing 
with PBS. Cells were then incubated with 4',6-diamidino-
2-phenylindole (1:500 dilution) for 5 min at RT, and then 
observed under a fluorescence microscope.

Tumor growth. Animal experiments were approved by the 
Animal Ethics Committee of Guangzhou Medical university. 
Male nude mice at 6 weeks old were inoculated with 0.5x106 of 
231-siCul7 and 231-siCtrl cells on the left back proximal axil-
lary. Tumor growth was observed every 3 days. Nude mice 

were sacrificed, tumors were excised on the 48th day after 
inoculation, and the tumor volume and weight were assessed.

Statistical analysis. The correlations of positive cullin 7 protein 
expression in breast cancer tissues with the clinicopatho-
logical characteristics of patients were analyzed using χ2 test. 
The association of immunohistochemical staining with the 
patients prognosis was analyzed using Kaplan-Meier survival 
analysis. The correlation between cullin 7 protein expression 
and ER, PR and HER-2 expression in breast cancer tissues was 
analyzed using Spearman correlation analysis. Measurement 
of data between 2 groups of samples was carried out using the 
Student's t-test. P<0.05 was considered statistically significant.

Results

Expression of cullin 7 is positively correlated with the malig-
nancy of breast cancer. The expression of cullin 7 protein in 
normal breast tissues, breast benign legions, breast cancer 
tissues, and axillary lymph nodes of breast cancer patients 
was detected by immunohistochemistry (Fig. 1A). Cullin 7 
was negatively or weakly expressed in normal breast tissues, 

Figure 1. Expression of cullin 7 (Cul7) in breast cancer tissues and cell lines. (A) Representative immunohistochemistry of cullin 7 protein expression in tumor 
tissues with staining intensity of 1+ (weak, upper), and 3+ (strong, lower) score. (B) Distribution of immunoreactivity scores in normal breast tissue, benign 
breast tumor, breast cancer tissues and lymph node metastasis. The staining intensity was scored from 0 to 3+. (C) Kaplan-Meier plots of cullin 7 (Cul7) 
expression in 93 breast cancer patients. Immunoreactivity scores of 0-1 were ascribed to low cullin 7 expression, while immunoreactivity scores of 2-3 were 
ascribed to be high cullin 7 expression. (D) Western blotting of cullin 7 and β-actin protein expression in breast cancer cell lines.
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but its expression in benign breast tumor tissues was increased 
(30.9% positive) compared to the normal breast tissues. The 
percentage of positive cullin 7 protein expression was 55.9% 
in breast cancer tissues and 78.1% in the axillary lymph nodes 
of breast cancer patients (Fig. 1B).

Positive cullin 7 expression in breast cancer patients was 
significantly associated with the tumor, lymph node, metastasis 
(TNM) staging, such as that the percentage of positive cullin 7 
expression was significantly lower in tumor tissues in patients 
with early breast cancer than that of patients with advanced 
disease. The expression of cullin 7 was significantly higher in 
poorly differentiated tumor tissues than that in well differenti-
ated tumor tissues. The expression of cullin 7 was positively 
associated with histological grade of breast cancer (P=0.013) 
and axillary lymph node metastasis in breast cancer patients 
(P=0.022). No significant correlations were observed between 
cullin 7 expression and age, tumor size and pathological type 
(P>0.05), as well as ER, PR and HER-2 expression in breast 
cancer tissues (P>0.05) (Table I).

Kaplan-Meier survival analysis showed that the expression 
of cullin 7 was negatively correlated with the overall survival 
rate of breast cancer patients. The 5-year survival rate of patients 
with high cullin 7 expression was significantly lower than that 
of patients with low cullin 7 expression (P<0.05) (Fig. 1C). In 
addition, cullin 7 was highly expressed in breast cancer cell 
lines with high metastatic capacity, such as MDA-MB-231, 
BT549 and HS578T and lowly expressed in poorly metastatic 
breast cancer cell lines, such as MCF-7 and BT474 (Fig. 1D). 
These results suggest that cullin 7 plays an important role in 
the metastasis and progression of breast cancer.

Cullin7 is involved in the proliferation of breast cancer cells. 
Western blotting showed that cullin 7 protein expression was 
significantly decreased in 231-siCul7 and 549-siCul stable 
cells compared to that in 231-siCtrl and 549-siCtrl stable 
control cells, respectively (Fig. 2A). Cell viability assay using 
the CCK-8 kit showed that the cell proliferation ability was 
significantly reduced in the 231-siCul7 and 549-siCul stable 

Table I. Cullin 7 staining and clinicopathological characteristics of the 93 breast cancer patients.

 Cullin 7 staining
 ---------------------------------------------------------------------------------------------------
Variables Negative or low (%) High positive (%) Total P-valuea

Age (years)    0.536
  ≤50 20 (40.8) 29 (59.2) 49
  >50 21 (47.7) 23 (52.3) 44
Tumor size (cm)    0.493
  T1 (<2) 10 (37.1) 17 (62.9) 27
  T2 (2-5) 20 (48.7) 21 (51.3) 41
  T3 (>5) 9 (36.0) 16 (64.0) 25
Lymph node metastasis    0.022a

  Negative 24 (58.5) 17 (41.5) 41
  Positive 18 (34.6) 34 (65.4) 52
Histologic grade    0.013a

  I 19 (79.2) 8 (20.8) 24
  II 25 (65.8) 14 (34.2) 38
  III 10 (32.2) 19 (67.8) 31
Histologic type    0.990
  Ductal 35 (45.4) 42 (54.6) 77
  Lobular 4 (44.4) 5 (55.6) 9
  Other 3 (42.8) 4 (57.2) 7
ER status    0.336
  Negative 22 (56.4) 17 (43.6) 39
  Positive 25 (46.3) 29 (53.7) 54
PR status    0.808
  Negative 20 (47.6) 22 (52.4) 42
  Positive 23 (45.1) 28 (54.9) 51
HER-2 status    0.384
  Negative 30 (56.6) 23 (43.4) 53
  Positive 19 (47.5) 21 (52.5) 40

aP-values are obtained from the χ2 test. ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor-2.
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cells compared to that noted in the control cells (Fig. 2B). Cell 
cytometric assay showed that the percentage of cells in the 
S1 phase was significantly increased, but the percentage of cells 
in the G2 phase was significantly decreased in the 231-siCul7 
and 549-siCul stable cells compared to these populations in the 
control cells (P<0.05) (Fig. 2C). Western blotting showed that 
the expression of cyclin A protein was significantly decreased, 
while p21 protein expression was significantly increased in 
the 231-siCul7 and 549-siCul7 stable cells compared to levels 
noted in the control cells (P<0.05) (Fig. 2D). These results 
suggest that the proliferation of breast cancer cells is associ-
ated with decreased cell cycle arrest.

The study of xenograft 231-siCul7 and 231-siCtrl cells 
in nude mice showed that silencing of cullin 7 expression 

(231-siCul7) significantly decreased the tumor volume and 
weight compared to these parameters in the control group 
(231-siCtrl) (Fig. 2E-G).

Silencing of cullin 7 expression changes cell morphology. 
231-siCul7, 549-siCul7, 231-siCtrl and 549-siCtrl cells were 
plated in 10-cm plates and allowed to form small colonies for 
6 days and were then observed to ascertain whether colonies 
maintained compact, loose or scattered contact with neigh-
boring cells. After inhibiting cullin 7 expression, the growth of 
231-siCul7 and 549-siCul7 cells changed from scatter growth to 
compact growth. The proportion of cells with compact growth 
was significantly increased in the 231-siCul7 (60±2.5%) and 
549-siCul7 (61.67±3.4%) cells compared to the 231-siCtrl and 

Figure 2. Knockdown of cullin 7 gene expression in breast cancer cells inhibits cell proliferation. (A) Western blotting of cullin 7 and β-actin protein expres-
sion in MDA-MB-231 and BT549 stable cells. 231-siCul7 and 549-siCul7, MDA-MB-231 and BT549 stable cells expressing cullin 7 siRNA. 231-siCtrl and 
549-siCtrl, MDA-MB-231 and BT549 control stable cells expressing control siRNA. n=3 (each experiment was repeated 3 times). (B) Cell proliferation assay 
in MDA-MB-231 and BT549 stable cells. (C) Flow cytometry of the cell cycle in MDA-MB-231 and BT549 stable cells. n=3. (D) Western blotting of cyclin A 
and p21 protein expression in MDA-MB-231 and BT549 stable cells. n=3. (E) Representative images of tumors collected 48 days after cell inoculation. Nude 
mice were inoculated with 231-siCul7 and 231-siCtrl stable cells. (F) Cumulative tumor volume. (G) Tumor weight. Data are expressed as means ± SE (n=5 or 
6/group); *P<0.05; **P<0.01.
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549-siCtrl cells (10±2.7 and 10.33±2.8%, respectively, P<0.05). 
On the contrary, the proportion of cells with scatter growth 
was significantly decreased in the 231-siCul7 (20±3.1%) 
and 549-siCul7 (12±2.5%) cells compared to the 231-siCtrl 
and 549-siCtrl cells (69±3.8 and 57.6±2.9%, respectively, 
P<0.05) (Fig. 3A).

Silencing of cullin 7 expression inhibits cell invasion. 
In vitro invasion assay showed that the number of 231-siCul7 
and 549-siCul7 cells that passed the Matrigel was signifi-
cantly less than the number of 231-siCtrl and 549-siCtrl 

cells (P<0.01) (Fig. 3B). These results suggest that cullin 7 is 
involved in the invasion of breast cancer cells.

Silencing of cullin 7 expression affects microtubule regen-
eration. The immunofluorescence of α-tubulin showed that 
the morphology of 231-siCul7 and 549-siCul7 cells was 
transformed from normal fuselage into polygons, the cyto-
skeleton clarity decreased, the microtubule tissue around the 
nucleus was partially disappeared, and the microtubule was 
obviously disturbed (Fig. 4A). This suggests that silencing 
of cullin 7 expression affected the formation of pseudopodia 

Figure 3. Knockdown of cullin 7 in breast cancer cells suppresses cell invasion. (A) Representative light microscopic images of MDA-MB-231 and BT549 
cells at scatter, loose and compact growth (upper panel) and percentage of colonies (lower panel). Cells were plated in 10-cm plates and allowed to form small 
colonies for 6 days. 231-siCul7 and 549-siCul7, MDA-MB-231 and BT549 stable cells expressing cullin 7 siRNA. 231-siCtrl and 549-siCtrl, MDA-MB-231 and 
BT549 control stable cells expressing control siRNA. n=3. (B) Invasion assay of MDA-MB-231 and BT549 stable cells in Transwells covered with Matrigel. 
upper panel, representative images of invasion assay. Lower panel, percentage of invaded cells. Data are expressed as means ± SE; **P<0.01, ***P<0.001. n=5.
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and subsequently decreased the migration capacity. After 
removing nocodazole, the α-tubulin fluorescence in the 
231-siCul7 and 549-siCul7 cells was significantly weaker than 
that in the 231-siCtrl and 549-siCtrl cells (Fig. 4B), suggesting 
that silencing of cullin 7 expression increased microtubule 
stability and inhibited microtubule regeneration.

Discussion

A recent study demonstrated that cullin 7 is highly expressed 
in hepatocellular carcinoma (HCC) tumor tissues, particularly 
in metastatic HCC, which is associated with shorter survival 
in HCC patients (15). Cullin 7 expression was increased 
in primary lung cancer tissues of humans (16), and the 
overexpressed cullin 7 mRNA was found to be significantly 
associated with poor prognosis in patients with non-small cell 
lung carcinoma (17). The expression of cullin 7 mRNA was 
significantly higher in epithelial ovarian cancer compared to 
that noted in normal ovarian surface tissues, which is related 
to high International Federation of Gynecology and Obstetrics 
(FIGO) stage and lymph node metastasis (18). In breast cancer 
tissues, cullin 7 protein was found highly expressed, but its 
clinical significance was not documented (11). Forced expres-
sion of cullin 7 was demonstrated to enhance cell migration, 
invasion and/or metastasis in human choriocarcinoma 
cells (12), breast cancer (11) and liver cancer cells (15) with 
the mechanisms not being fully elucidated. Our results suggest 
that positive cullin 7 expression is positively correlated with 
the malignant phenotypes of breast cancer and lower 5-year 
survival rate. In vitro cell experiments further confirmed that 
silencing of cullin 7 expression inhibited the proliferation and 

invasion of breast cancer cells, by affecting the cell cycle and 
microtubule stability.

Cyclin A is a member of the cyclin family, which forms a 
complex with CDK1 to regulate the initiation and completion 
of DNA replication in S phase (19,20). Cyclin A also forms a 
complex with CDK2, which is exclusively involved in S phase 
progression. In late S phase, cyclin A is involved in the activa-
tion and stabilization of cyclin B/CDK1 complex (21,22). After 
cyclin B is activated, cyclin A is subsequently degraded through 
the ubiquitin pathway (21,23). The present study first revealed 
that silencing of cullin 7 expression significantly decreased 
cyclin A protein expression in breast cancer cells. p21, also 
called CDK-interacting protein 1, is a cyclin-dependent kinase 
inhibitor that inhibits the activity of cyclin-CDK1, -CDK2 
and -CDK4/6 complexes, and is responsible for arrest of cell 
cycle progression at G1 and S phase (24). The present study 
showed that silencing of cullin 7 expression significantly 
increased p21 protein expression in breast cancer cells. Thus, 
cullin 7 may be involved in the proliferation of breast cancer 
cells by increasing cyclin A, but decreasing p21 protein 
expression and subsequently enhancing cell progression from 
S1 to G2 phase.

It is widely known that tumor cells need a structure called 
‘invasive pseudopodia’ to penetrate the basement membrane of 
tissues to establish local or distant metastases. The extension of 
invasive pseudopods needs to be achieved by the extension of 
the cell microtubules. Microtubules are intracellular networks 
assembled by tubulin and tubulin-bound heterodimeric protein 
subunits. The depolymerization and polymerization of micro-
tubules maintain a dynamic equilibrium, and the dynamic 
characteristic of microtubules is critical for the migration 

Figure 4. Cullin 7 regulates microtubule dynamics. (A) Immunofluorescence of microtubule organization stained for α-tubulin in MDA-MB-231 and BT549 
stable cells. 231-siCul7 and 549-siCul7, MDA-MB-231 and BT549 stable cells expressing cullin 7 siRNA. 231-siCtrl and 549-siCtrl, MDA-MB-231 and BT549 
control stable cells expressing control siRNA. Magnification, x60. (B) Immunofluorescence of microtubules after cells were treated with 10 mM nocodazole 
for 2 h. Cells were fixed at 10 min after nocodazole was removed and stained with α-tubulin antibody. Magnification, x60.
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of cells (25-27). A previous study found that imbalance of 
polymerization and depolymerization dynamics inhibits the 
ability of tumor cells to form invasive pseudopodia, leading to 
a decrease in invasion and metastasis (28). It has been reported 
that abnormal function of tubulin cofactors can induce cell 
cycle arrest and apoptosis (29,30). For example, the study 
on 3M syndrome found that cullin 7 mutation increased the 
stability of cell microtubules, prolonged or even stagnationed 
cell mitosis, and induced cell growth stagnation or aging (31). 
The present study revealed that silencing of cullin 7 expres-
sion in breast cancer cells decreased the cell proliferation and 
induced cell cycle arrest, such as increasing the proportion of 
cells in the S phase while reducing the proportion of cells in 
the G2 phase. The present study also showed that silencing of 
cullin 7 expression in MDA-MB-231 and BT549 cells changed 
the mode of cell growth and morphology with obvious disorder 
of microtubule dynamics, suggesting that cullin 7 promotes 
tumor cell invasion by affecting the cytoskeleton.

In conclusion, the present study suggests that positive 
cullin 7 expression is associated with the malignant phenotype 
of breast cancer and is a predictor of poor prognosis in breast 
cancer patients. Cullin 7 is involved in cell proliferation and 
invasion by regulating the cell cycle and microtubule stability. 
Therefore, cullin 7 can be used as a new biological marker for 
the early diagnosis and treatment of breast cancer.
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