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Abstract: Colorectal cancer is the third most frequently diagnosed malignancy, and the prognosis at advanced
tumor stages remains poor. FBXO2, a member of the F-box protein family, is a cytoplasmic protein and an ubiquitin
ligase. The aim of this study was to investigate the role of FBXO2 in colorectal cancer. The expression levels of Ki67,
N-cadherin and FBXO2 were detected in 195 pairs of primary CRC tissues using immunohistochemistry (IHC). The
associations among Ki67, N-cadherin, and FBXO2 expression, as well as the clinicopathological parameters, were
analyzed. Survival curves were calculated with the Kaplan-Meier method. Univariate and multivariate analyses
were performed to explore the prognostic significance of Ki67, N-cadherin, and FBXO2 expression. We found that
the positive rates of Ki67, N-cadherin and FBXO2 expression in CRC tissue samples were 55.9%, 65.1%, 62.6%,
respectively. The high expression levels of Ki67 and N-cadherin were significantly correlated with CRC size (P = 0.01)
and metastasis (P = 0.01), respectively. The high expression level of FBXO2 was significantly correlated with CRC
metastasis (P = 0.04) and AJCC stage (P = 0.029). A Cox regression analysis revealed that FBXO2 is an independent
prognostic factor for CRC patients (HR 1.817, 95% CI 1.106-2.983, P = 0.018). FBXO2 may serve as a biomarker for
metastasis and a reliable predictor for poor prognosis in CRC patients.
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Introduction
Colorectal cancer (CRC), including colon cancer
and rectal cancer, is the second most common
cancer type, and the third leading cause of cancer-related deaths worldwide [1]. Approximately
15% to 25% of patients have distant metastases at the time of colorectal cancer diagnosis,
and some have distant metastases within five
years of partial colectomy. Most cancer patient
deaths are caused by severe cachexia due to
metastasis [2]. While multidisciplinary care is
employed in CRC treatment, overall survival
(OS) rates remain unsatisfactory. Clinical/pathological staging, also known as TNM staging, is
widely used in the clinic and is highly associated with 5-year overall survival (OS). Initial
patient management is defined by clinical/
pathological staging at the time of diagnosis,
based on the depth of tumor invasion, lymph
node involvement, and distant metastasis [3].
However, the prognosis can vary for CRC

patients with identical TNM staging who receive
the same therapeutic schedule [3, 4]. Hence, it
is essential to find new biomarkers to predict
the outcome of CRC by incorporating additional
anatomic and nonanatomic prognostic factors,
as stated by the AJCC [5]. Though substantial
efforts and investments are devoted to discovering predictive biomarkers for aggressiveness
of tumors and distant metastasis, there are no
efficient biomarkers for the prediction of overall
survival. Therefore, there is a need for the identification of clinically applicable molecular
markers predictive of OS in CRC.
The ubiquitin proteasome system (UPS) is an
evolutionarily conserved protein degradation
mechanism that comprises ubiquitin activating
(E1), ubiquitin-conjugating (E2) and ubiquitin
ligase (E3) enzymes [6]. The F-box proteins constitute one of the four subunits of the ubiquitin
protein ligase complex known as SCF (SKP1cullin-F-box), which functions in phosphoryla-
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tion-dependent ubiquitination. The F-box family
of proteins plays pivotal and indispensable
roles in cell cycle regulation by the ubiquitin
proteasome system. These proteins regulate a
variety of cellular processes, including cell proliferation, cell cycle, RNA transcription, and
apoptosis, primarily through ubiquitination and
subsequent degradation of the target protein
[7, 8]. F-box proteins can be categorized into
the following three subclasses: FBXW, FBXL,
and FBXO [9]. FBXO2, also known as FBG1 or
Fbs1, is a member of the FBXO protein family
that recognizes high-mannose-type asparagine-linked carbohydrate chains (N-glycans)
[10]. FBXO2 is expressed in brain tissue and is
tightly linked to brain diseases, such as
Parkinson’s disease [11]. FBXO2 is a neuronenriched ubiquitin ligase substrate adaptor protein, which binds glycoproteins containing high
mannose N-linked glycans and facilitates their
degradation through ER-associated-degradation (ERAD) [12]. Emerging experimental and
clinical data indicate that F-box proteins function as tumor suppressors and oncoproteins.
Abundant literature documents the fact that
the expression of SKP2 and FBXW7, members
of the F-box protein family, are associated with
the invasion and metastasis of various cancer
types [7, 13, 14]. There are published reports
demonstrating that FBXO2 is highly expressed
in gastric cancer (GC) and is tightly associated
with cancer progression and poor outcome in
GC patients [15]. However, the expression status of FBXO2 in CRC and its relationship to clinicopathological parameters have not been
elucidated.
Ki-67 and its corresponding antibody were
identified by Gerdes et al. in 1991. Ki-67 is a
large nuclear nonhistone protein with a short
half-life [16]. Ki-67 is expressed in the active
phases of the cell cycle (G1, S, G2, and mitosis)
of proliferating cells but is absent in resting
cells (G0) [17, 18]. The lack of expression in quiescent cells and the universal expression in
proliferating tissues have generated profound
interest in the potential use of Ki67 as a marker of cell proliferation. A large number of studies have confirmed that the percentage of Ki67positive tumor cells, or the Ki67 index, has
been widely used as a marker of cancer cell
proliferation and a strong prognostic indicator
for poor outcome in human neoplasms [19].
Cadherins are cell-surface molecules that
mediate cell-cell adhesion, mainly through
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homophilic interactions [20]. Cadherins have
important roles in normal development, morphogenesis, organogenesis, and carcinogenesis. N-cadherin, also known as cadherin-2, was
first identified in 1982 as a 130 KD molecule in
the chick neural tube, which was protected by
calcium from proteolysis [21]. N-cadherin,
encoded by the CDH1 gene, is a calcium-dependent adhesion protein located on chromosome
18q11.2 [22]. N-cadherin is composed of an
extracellular part, a transmembrane part and a
cytoplasmic part. The cytoplasmic part forms
complexes with multiple molecules, such as
β-catenin and α-catenin [21]. By regulating cell
adhesion, N-cadherin plays multiple different
important functions in various aspects of cell
biology, including the control of cell polarization, differentiation, stemness, and cell motility
[22].
In the current study, we investigate the role of
FBXO2 in colorectal cancer. We hypothesized
that FBXO2 is upregulated in CRC tumor tissues
and can be used as a predictor of poor prognosis for CRC patients. To investigate the validity
of this hypothesis, we detected the expression
levels of FBXO2, Ki67 and N-cadherin to determine whether FBXO2 expression was correlated with the prognosis of CRC.
Materials and methods
Patient selection
Between January 2009 and December 2012,
patients with CRC receiving treatment at the
Department of General Surgery, Fifth Affiliated
Hospital of Sun Yat-sen University, were
enrolled. The patients included in this study
met the following criteria: (i) having no other
malignancy or inflammatory bowel disease
diagnosed; (ii) having undergone curative
resection without any treatment prior to surgery; (iii) having a diagnosis of CRC confirmed
by postoperative histopathology; and (iv) having available follow-up information. TNM staging was assigned according to the American
Joint Committee on Cancer (AJCC) TNM classification guidelines [23]. The study was approved
by the Ethics Committee of the Fifth Affiliated
Hospital of Sun Yat-sen University.
Immunohistochemical examinations
The tissue sections were dewaxed in xylene
and then rehydrated through a graded alcohol
series. Antigen retrieval was performed in a
Int J Clin Exp Pathol 2018;11(10):5054-5062
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Table 1. Clinicopathological parameters of CRC patients
Variable

n

Ki-67 (-) Ki-67 (+)
(n = 86) (n = 109)

P-value

N-cadherin (-) N-cadherin (+)
(n = 68)

(n = 127)

32

62

36

65

32

72

36

55

48

84

20

43

49

82

19

45

20

32

48

95

P-value

FBXO2 (-) FBXO2 (+)
(n = 73)

(n = 122)

38

56

35

66

39

65

34

57

50

82

23

40

P-value

Gender
Female

94

46

48

Male

101

40

61

<65

104

49

55

≥65

91

37

54

Colon

132

55

77

Rectum

63

31

32

<5

131

69

62

≥5

64

17

47

T1+T2

52

29

23

T3+T4

143

57

86

0.190

0.815

0.405

Age (years)
0.365

0.199

0.984

Location
0.321

0.527

0.853

Size (cm)
0.01*

55

76

0.288

18

46

21

31

0.526

52

91

48

69

25

53

64

91

9

31

46

51

27

71

0.06

T stage
0.048

0.608

N stage
N0

117

51

66

N1+N2

78

35

43

0.860

40

77

28

50

0.806

0.205

M stage
M0

155

71

84

M1

40

15

25

I+II

97

44

53

III+IV

98

42

56

Well + Moderate 149

63

86

Poor

23

23

0.346

61

95

7

33

39

58

29

69

49

100

19

27

0.01*

0.029*

AJCC stage
0.725

0.12

0.04*

Differentiation
46

0.357

0.488

59

90

14

32

0.262

*P<0.05.

95°C citrate-buffered solution, and a 30%
hydrogen peroxide solution (H2O2) was used to
block the endogenous peroxidase activity. After
incubation with 10% BSA and a wash in PBS,
the sections were incubated with the primary
antibody at 4°C overnight. HRP-conjugated secondary antibody (Dako Cytomation, Glostrup,
Denmark) was applied to the sections. The sections were subsequently washed in PBS, counterstained with hematoxylin, dehydrated, and
mounted.
Immunohistochemical evaluation
The Ki67 staining intensities were quantified in
the cell nucleus, N-cadherin and FBXO2 staining intensities were quantified in the cell cytoplasm. Two pathologists with expertise in gynecological pathology, who were blinded to the
clinical and pathological data, independently
performed the IHC assessment by using a light
microscope (BX43 microscope; Olympus, To5056

kyo, Japan). The results were evaluated using a
scoring system based on staining intensity and
the percentage of positive cells, and the mean
values for four representative fields were determined at a magnification of × 200. The immunostaining scores were calculated as immunostaining intensity multiplied by the proportion of
positively stained tumor cells [15, 22, 24]. The
immunostaining intensity was scored as 0 (lack
of staining), 1 (weak staining), 2 (moderate
staining), or 3 (strong staining), and the proportion of positively stained tumor cells was scored
as 0 (<5%), 1 (6-25%), 2 (26-50%), 3 (51-75%),
or 4 (>75%). The cases with IHC scores higher
than 3 were defined as positive.
Follow-up visits
The clinical parameters and the overall survival
(OS) were collected from the Health information
department, and the patients or their families
were contacted by telephone following a stanInt J Clin Exp Pathol 2018;11(10):5054-5062
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Figure 1. Immunohistochemical staining of FBXO2 in normal mucosa and CRC tissue (magnification, × 200). A.
Immunohistochemical staining of FBXO2 in normal mucosa; B. Immunohistochemical staining of FBXO2 in CRC
tissues.

dardized protocol. Survival time was defined as
the period from the date of primary surgery to
the date of death or the date of the last followup phone call. The median follow-up time was
51 months (range, 21-87 months).
Statistical analysis
Statistical analysis for this study was executed
with SPSS version 20.0 software for Windows
(IBM, Armonk, NY, USA). The correlations
between the clinicopathological factors and the
expression levels of Ki67, N-cadherin, and
FBXO2 were analyzed by the Chi-squared test.
Pearson’s correlation analysis was used to analyze the correlations among Ki67, N-cadherin
and FBXO2 expression. Survival curves were
plotted using the Kaplan-Meier method, and
group differences in survival times were
assessed by the Log-rank test. Cox proportional hazards models were used to assess the correlations of the clinical variables with survival.
The confidence intervals (CIs) were set to 95%,
and a two-sided P-value of <0.05 was considered statistically significant.
Results
Clinicopathologic characteristics
According to the cutoff criteria, a total of 195
patients were included in this study. The median age of 195 patients was 59 (range 24-94)
years. Among the patients, 94 (48.2%) were
females and 101 (51.2%) were males; 132
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(67.8%) patients had tumors located in the
colon, and 63 (32.2%) had tumors located in
the rectum. According to the imaging examination and the postoperative pathological results,
78 (40%) patients had positive lymph nodes,
and 40 (20.5%) patients had distant metastasis. Clinical stage assignment of the CRC
patients was performed according to the criteria established by the American Joint Committee
on Cancer (AJCC) in 2010 [23]. A total of 97
(49.7%) cases were stage I or II tumors, and 98
(50.3%) cases were stage III or IV tumors at the
time of diagnosis. Based on differentiation, 46
(23.6%) cases were poorly differentiated, and
149 (76.4%) cases were well or moderately differentiated. According to the currently established cut-off values, the positive rates of Ki67,
N-cadherin and FBXO2 in the CRC tissue samples were 55.9%, 65.1% and 62.6%, respectively. The high expression levels of Ki67 and
N-cadherin were significantly correlated with
CRC size (P = 0.01) and metastasis (P = 0.01),
respectively. The high expression of FBXO2 was
significantly correlated with CRC metastasis (P
= 0.04) and AJCC stage (P = 0.029) (Table 1).
Representative IHC images for FBXO2 staining
can be seen in Figure 1.
Correlation between ki67, N-cadherin and
FBXO2
As shown in Table 2, Pearson’s correlation analysis revealed a significant correlation between
FBXO2, Ki67 and N-cadherin expression (r =
0.145, P = 0.043; r = 0.212, P = 0.003, respec-
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the beginning of the present study,
we performed immunohistochemistry
Ki67 N-cadherin FBXO2
(IHC) to examine the expression level
Ki67
Pearson Correlation
1
0.022
0.145*
of FBXO2 in several paired CRC and
Sig. (2-tailed)
0.761
0.043
normal tissue samples; the results of
N
195
195
195
the preliminary experiments suggestN-cadherin Pearson Correlation 0.022
1
0.212**
ed that FBXO2 was over-expressed in
Sig. (2-tailed)
0.761
0.003
10 out of 15 CRC specimens. The
expression of FBXO2 was then evaluN
195
195
195
ated in an expanded population with
FBXO2
Pearson Correlation 0.145* 0.212**
1
195 pairs of CRC samples. We
Sig. (2-tailed)
0.043
0.003
observed that FBXO2 was mainly
N
195
195
195
detected in the cytoplasm of CRC
*Correlation is significant at the 0.05 level (2-tailed), **Correlation is
cells, and over-expression of FBXO2
significant at the 0.01 level (2-tailed).
was significantly correlated with CRC
metastasis and AJCC stage; the
tively), while Ki67 displayed no correlation with
Kaplan-Meier survival curves indicated that
high expression of FBXO2 was related to the
N-cadherin (r = 0.022, P = 0.761) (Table 2).
prognosis of CRC. The multivariate analysis
Correlation between tumor markers and overrevealed that over-expression of FBXO2 was a
all survival
prognostic factor for overall survival.
Table 2. Correlation between Ki67, N-cadherin and FBXO2

Survival curves were plotted using the KaplanMeier method, and group differences in survival times were assessed by the Log-rank test.
For the combined group, those cases, where all
3 markers were positive, were defined as combined positive; the others were defined as combined negative. The statistical analysis showed
that high expression of Ki67, N-cadherin,
FBXO2 as well as the combined expression of
all 3 markers were linked to shorter overall survival in CRC patients (P = 0.001, P = 0.022,
P<0.001, and P<0.001, respectively) (Figure
2).
Univariate and multivariate analysis of OS
As shown in Table 3, the univariate analysis
revealed that M stage, AJCC stage, Ki67,
N-cadherin, and FBXO2, as well as the combined expression of all 3 markers, were significantly associated with OS (P<0.001, P =
0.029, P = 0.012, P = 0.025, P<0.001, P<0.001,
respectively). The multivariate analysis revealed
that FBXO2 is an independent prognostic factor
for CRC patients (HR 1.817, 95% CI 1.1062.983, P = 0.018) (Table 3).
Discussion
In this study, we investigated the role of FBXO2
in colorectal cancer by analyzing the correlations between clinicopathological characteristics and the expression level of FBXO2. At
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FBXO2 is a member of the F-box protein family
(FBP), which plays an important role in cell cycle
regulation. By guiding a precise and timely turnover of myriad important cellular proteins, the
F-box protein family plays a pivotal role in a
number of key molecular events, such as cell
division, signal transduction, and DNA replication, as well as guiding developmental pathways [25, 26]. Emerging experimental and clinical data indicate that the F-box protein family
members, such as SKP2, FBXW7, FBXO11, and
FBXO5, are tightly linked to invasion and metastasis in various cancer types [7, 13, 14]. In CRC,
some FBPs function as oncogenes, whereas
other proteins display tumor suppressive functions. For example, SKP2 acts as an oncogene
by recognizing cyclin-dependent kinase inhibitor 1B (CDKN1B) in S-phase, with the cooperation of SKP1, which leads to its degradation
along with other tumor suppressor genes [9];
FBXW7 acts as a tumor suppressor by facilitating the destruction of oncogenic proteins via
the ubiquitin proteasome pathway [27]. Unlike
other FBXO family members, FBXO2 is less
studied, and its mechanism of action is not very
clear. Several studies showed that FBXO2 plays
an important role in ER-associated-degradation
(ERAD), which is a normal cellular process,
whereby non-complex-forming or improperly
modified proteins are removed from the endoplasmic reticulum (ER) and are degraded by the
ubiquitin proteasome system [11, 12]. FBXO2
is implicated in the ubiquitination of glycopro-
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Figure 2. Kaplan-Meier survival analysis of CRC patients. A. Expression levels of Ki67 and OS. B. Expression levels of
N-cadherin and OS. C. Expression levels of FBXO2 and OS. D. Expression levels of the combined 3 markers and OS.

teins discarded from the endoplasmic reticulum; it binds the co-chaperone/ubiquitin ligase
CHIP (C terminus of Hsc-70-interacting protein)
through a unique N-terminal PEST domain [12].
Our results indicate that FBXO2 is highly
expressed in CRC and is related to poor prognosis. Thus, we hypothesize that FBXO2 displays
oncogenic functions in CRC, and it may degrade
tumor suppressor proteins or other specific
proteins via the ubiquitin proteasome pathway.
Our data indicate that FBXO2 might be involved
in cell proliferation. Ki-67 is involved in the cell
5059

cycle, and within somatic tissues, it is only
expressed in proliferating cells [28]. Ki-67 is
frequently used as a static marker of proliferative activity. Although it is not considered an
obligatory marker in the clinic, many studies
have demonstrated that Ki67 is an early predictor of treatment efficacy and a prognostic factor for long-term outcomes [16, 29]. Our data
showed that high expression of FBXO2 correlates with the expression of Ki67. Furthermore,
several studies have demonstrated that members of the F-box protein family, such as FBXO11
and FBXO5, regulate the cell cycle, cell proliferInt J Clin Exp Pathol 2018;11(10):5054-5062
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Table 3. Univariate and multivariate analysis of OS
Variable
Gender
Female
Male
Age (years)
<65
≥65
Location
Colon
Rectum
Size (cm)
<5
≥5
T stage
T1+T2
T3+T4
N stage
N0
N1+N2
M stage
M0
M1
AJCC stage
I+II
III+IV
Differentiation
Well + Moderate
Poor
Ki67 (negative vs positive)
N-cadherin (negative vs positive)
FBXO2 (negative vs positive)
Combined (negative vs positive)

Univariate
HR (95% CI)

P-value

Multivariate
HR (95% CI)

P-value

1
1.225 (0.850-1.766)

0.277

1
1.148 (0.798-1.649)

0.457

1
1.077 (0.727-1.959)

0.710

1
1.345 (0.918-1.972)

0.129

1
1.347 (0.880-2.060)

0.17

1
1.156 (0.801-1.669)

0.438

1
2.154 (1.420-3.267)

<0.001*

1
1.629 (0.988-2.686)

0.056

1
1.504 (1.044-2.169)

0.029*

1
1.004 (0.650-1.552)

0.984

1
1.159 (0.740-1.815)
1.610 (1.109-2.335)
1.576 (1.060-2.342)
2.496 (1.644-3.790)
3.025 (2.070-4.421)

0.520
0.012*
0.025*
<0.001*
<0.001*

1.032 (0.614-1.736)
1.103 (0.660-1.842)
1.817 (1.106-2.983)
1.913 (0.964-3.796)

0.905
0.708
0.018*
0.063

*P<0.05.

ation and cell mobility by promoting the degradation of their substrates in several neoplastic
diseases [30-32]. Hence, we have ample reason to conclude that FBXO2 might be involved
in cell proliferation through ubiquitination and
the subsequent degradation of key molecules.
Our data showed that the over-expression of
FBXO2 was significantly correlated with CRC
metastasis and the expression of N-cadherin.
N-cadherin over-expression can affect the
expression and localization of β-catenin, which
plays an important role in the proliferative Wnt
signaling pathway [33]. It has been demonstrat-
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ed that aberrant N-cadherin expression is
associated with epithelial-mesenchymal transition (EMT), a process whereby an epithelial
cancer cell acquires invasiveness by losing epithelial features and gaining a mesenchymal
phenotype [33, 34]. Dong Hua et al. have demonstrated that the knockdown of FBXO2 inhibits gastric cancer cell migration, and low FBXO2
expression increased the expression of
E-cadherin but reduced the expression of
N-cadherin [15]. Thus, we inferred that FBXO2
was involved in tumor metastasis by participating in the epithelial-mesenchymal transition.
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In summary, our study demonstrated that
FBXO2 is highly expressed in colorectal cancer
and that the expression level of FBXO2 could
serve as a potential biomarker for metastasis
as well as a reliable predictor for poor prognosis in CRC patients after curative enterectomy.
We hypothesize that FBXO2 is an oncogenic
protein in CRC, where it may play important
roles in EMT and cancer cachexia by degrading
tumor suppressor proteins or other specific proteins. The suppression of FBXO2 expression
may present a therapeutic strategy to improve
the prognosis for CRC patients.
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