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High expression of Flotillin-2 is associated with poor
prognosis in Chinese patients with colorectal cancer
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Abstract: Flotillin-2 (Flot-2), which is frequently up-regulated in multiple human malignancies, has been demonstrat-
ed to play a critical function in neuronal differentiation and tumorigenesis. However, limited knowledge is known
about the expression pattern and prognostic value of Flot-2 in colorectal cancer (CRC). In this study, we firstly
observed Flot-2 mRNA is commonly upregulated in 32 paired CRC tissues compared with their normal counter-
parts. Furthermore, by a large scale of immunohistochemical analysis containing 310 cases of CRC specimens,
we demonstrated that Flot-2 protein expression is upregulated in 62.58% (194/310) samples. And we detected
that decreasing Flot-2 expression is closely positively correlated with enhanced tumor size, CEA level, TNM stage.
Meanwhile, Kaplan-Meier survival analysis showed that CRC patients with a higher Flot-2 expression have a poorer
clinical outcome than those with a lower Flot-2 expression. Multivariate Cox regression analysis revealed that Flot-2
and TNM stage are two independent prognostic factors for overall survival rate of CRC patients. Taken together, our
studies revealed the prognostic value of Flot-2 in CRC and supported Flot-2 may act as a molecular target for CRC

treatment.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon malignancies worldwide, which is a multi-
step process involving apoptosis, differentia-
tion and survival mechanisms [1]. Although cur-
rent novel monoclonal antibody-based thera-
pies have improved the prognosis of CRC pati-
ents, a significant proportion of patients still
die from the disease, and the clinical outcome
and prognosis of CRC patients remains poor [2,
3]. Consequently, to provide better treatment
strategies, there is an urgent need to further
understand the precise molecular mechanism
of CRC and to identify new prognostic biomark-
ers and therapeutic targets for colorectal can-
cer.

Flotillin-2 (Flot-2) is a highly conserved protein
and belongs to the SPFH (Stomatin/Prohibitin/
Flotillin/HfIK/C) protein superfamily [4, 5]. Flot-
2 could be associated with growth factor recep-
tors which are linked to signal transduction

pathways in human cells. Lots of studies show-
ed that Flot-2 have various functions. For
instance, it regulated neuronal differentiation
and endocytosis, cell proliferation and invasion
[6-8]. Recently, accumulating evidence has
suggested that Flot-2 may play key roles in the
development and progression of human malig-
nant tumors, such as renal cancer [9], lung
cancer [10], breast cancer [11], nasopharyn-
geal cancer [12] and melanoma [13]. However,
to our knowledge, the expression pattern and
prognostic role of Flot-2 expression has not
been reported in CRC yet.

Materials and methods
Tumor specimens

Thirty-two freshly frozen CRC samples and cor-
responding non-tumor tissues were obtained
from Renji hospital. In addition, we collected
310 paraffin embedded CRC specimens from
our hospital between January 2005 and De-
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Figure 1. Flot-2 expression is commonly up-regulated in CRC tissues and cell lines at mRNA level. A: The mRNA ex-
pression of Flot-2 in 32 pairs of CRC tumor and non-tumor tissues was detected by gPCR. B: The mRNA expression
of Flot-2 in 5 CRC cell lines and the normal control cells. P-values were calculated by Paired t-test.

Figure 2. Flot-2 expression in CRC was determined by immunochemistry. A: Negative expression of Flot-2. B: Positive
expression of Flot-2. Representative images are shown at 200 x and 400 x magnification, respectively.

cember 2014. Tumor staging for the specimens
was carried out according to the American Joint
Committee on Cancer staging criteria. The
median follow-up time was 50.51 months
(range from 6 to 120 months). The follow-up
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duration was calculated from the date of sur-
gery to the date of death or the last known fol-
low-up. The study was approved by the Institute
Research Ethics Committee at the Shanghai
Jiao Tong University, School of Medicine, Reniji
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Table 1. Correlations between Flot-2 expression and clinicopatho-
logic features in 310 colorectal cancer patients

Expression of Flot-2

Total Low High P value
310 (n=116, 37.42%) (n =194, 62.58%) (x°test)

Clinicopathological
feature

Age (years)

<65 171 70 (40.94) 101 (59.06) 0.159
>65 139 46 (33.09) 93 (66.91)

Gender
Male 178 65 (36.52) 113 (63.48) 0.723
Female 132 51 (38.64) 81 (61.36)

Tumor location
Rectum 176 67 (38.07) 109 (61.93) 0.814
Colon 134 49 (36.57) 85 (63.43)

Tumor size
<5cm 169 76 (44.97) 93 (55.03) 0.003
>5cm 141 40 (28.37) 101 (71.63)

CEA level
<5 ng/ml 175 86 (49.14) 89 (50.86) 0.000
> 5 ng/ml 135 30 (22.22) 105 (77.78)

TNM stage (AJCC)
Stage | 45 20 (44.44) 25 (55.56) 0.000
Stage Il 107 57 (53.27) 50 (46.73)
Stage Il 122 30 (24.59) 92 (75.41)
Stage IV 36 9 (25.00) 27 (75.00)

Values in parentheses indicate percentage values. The bold number represents the

Cell culture

The human CRC cell lines (Ca-
Co2, HT29, SW1116, HCT116
and SW480) were obtained
from the Cell Bank of the
Chinese Academy of Sciences
(Shanghai, China). The normal
control cell line NCM460 was
obtained from American Type
Culture Collection (ATCC). All
cell lines were cultured in
DMEM medium (Invitrogen,
USA) supplemented with 10%
(v/v) fetal bovine serum (FBS)
and 1% antibiotics at 37°C in
a humidified incubator con-
taining 5% CO,,

RNA extraction and quantita-
tive real-time PCR

Total RNA was extracted using
Trizol reagent (Takara, Japan).
The reverse-transcription PCR
(RT-PCR) was performed us-
ing a PrimeScript RT-PCR kit
(Takara, Japan), and the quan-
titative real-time PCR (qPCR)

P-values with significant differences.

Hospital, and written informed consent was
obtained from each patient.

Immunohistochemistry

Sections of paraffin-embedded CRC specimens
were prepared and standard immunohisto-
chemical procedures were carried out as previ-
ously described [14]. The Flot-2 antibody was
purchased from Abcam (1:100, Cambridge,
UK). Protein expression was quantified using a
visual grading system based on the extent and
intensity of staining. The staining results were
scored by two pathologists blinded to the clini-
cal data. Staining index was calculated as the
product of the staining intensity (O, no stain-
ing; 1, weak staining; 2, moderate staining; 3,
strong staining) and the proportion of positive
cells (0, no positive tumor cells; 1, < 25%; 2, 26-
50%; 3, 51-75%; 4, > 75%). The final score was
designated as low or high expression group
using the percent of positive cell score x stain-
ing intensity score, and low expression was
defined as a total score < 6 and high expres-
sion with a total score > 6.
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was performed in the Step-

One Real-Time PCR System
(Applied Biosystems, Grand Island, USA) using
a SYBR Premix ExTaq kit according to the manu-
facturer’s instructions. Primers for gPCR are as
follows. Flot2: Forward, 5’-CCCCAGATTGCTGCC-
AAA-3’, Reverse 5-TCCACTGAGGACCACAATCT-
CA-3". GAPDH: Forward, 5-CTCCTC CTGTTCGA-
CAGTCAGC-3’, Reverse, 5-CCCAATACGACCAAA
TCCGTT-3'. The relative expression levels were
calculated by the 22T method. Each assay
was carried out in triplicate.

Results

Flot-2 expression is commonly up-regulated in
CRC tissues and cell lines at mRNA level

To observe the expression pattern of Flot-2 in
CRC, we first examined Flot-2 mRNA expression
in 32 CRC tissues and paired adjacent normal
tissues using qPCR. The results showed that
Flot-2 mRNA expression was upregulated in
59.38% (19/32) of patients (Figure 1A). Con-
sistent with this, the mRNA expression of Flot-2
was also up-regulated in 5 CRC cell lines com-
pared with the normal colonic epithelial cells

Int J Clin Exp Pathol 2016;9(2):1752-1757
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Figure 3. Flot-2 is correlated with overall survival rate
in CRC patients. Kaplan-Meier survival curves show
high expression level of Flot-2 was significantly cor-
related with poor survival of CRC. P-values were cal-
culated by log-rank test.

NCM460 (Figure 1B). Collectively, these data
above suggested that Flot-2 was up-regulated
in CRC tissues and cell lines.

Correlation between elevated Flot-2 expression
and corresponding clinicopathological param-
eters in patients with CRC

To further investigate Flot-2 expression at pro-
tein level, we performed immunohistochemical
analysis of a tissue microarray containing 310
cases of CRC specimens. The result show-
ed that Flot-2 protein is highly expressed in
62.58% (194/310) CRC tissues (Figure 2B),
while the rest 116 (37.42%) samples remained
a low expression level (Figure 2A). As shown in
Table 1, Flot-2 protein expression was signifi-
cantly positively correlated with tumor size,
serum CEA level and TNM stage, whereas no
significant difference was found in age, gender
and tumor location. This result indicates that
up-regulated Flot-2 might contribute to the
development and progression of CRC.

Prognostic value of Flot-2 in patients with CRC

To determine the prognostic value of Flot-2 for
CRC, the relationship between Flot-2 expres-
sion and the clinical follow-up data was ana-
lyzed using Kaplan-Meier survival curves and
the log-rank test. The result revealed that high
expression of Flot-2 was inversely associated
with overall survival (0S) (n = 230, P = 0.000,
Figure 3), which indicate that the OS is poor in
CRC patients with high Flot-2 expression than
in those with low Flot-2 expression.

To directly identify the risk factors associated
with OS in CRC patients, univariate and multi-
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variate analysis were performed to confirm that
Flot-2 represents an independent risk factor for
poor prognosis. Univariate Cox regression anal-
ysis showed that the Flot-2 expression level,
CEA level, tumor size and TNM stage were sig-
nificantly associated with OS (Table 2). Further-
more, multivariate Cox regression analysis con-
firmed that the Flot-2 expression level and TNM
stage were independent predictors of OS in
patients with CRC (Table 2). These data indi-
cated that high expression of Flot-2 may be a
predictor for diagnosis and prognosis in colorec-
tal cancer patients.

Discussion

Flot-2, as a target gene of p63 and p73, mem-
ber of the p53 transcription factor family [15,
16], has been proposed as a prognostic marker
linked to poor prognosis in several human
tumors, such as breast cancer [17], gastric can-
cer [18], cervical cancer [19]. However, the sig-
nificance of Flot-2 in colorectal cancer was still
seldom reported. In this study, we observed
that Flot-2 is frequently up-regulated at mRNA
and protein level in both CRC clinical samples
and cell lines compared with normal control
tissues.

Since it was found that Flot-2 expression was
associated with CRC invasion and metastasis,
which may determine tumor prognosis, we
further evaluated its prognostic value by the
Kaplan-Meier analysis. Results showed that
CRC patients with high Flot-2 expression tend
to have worse overall survival compared with
those with low Flot-2 expression. These results
indicated that Flot-2 expression in CRC might
serve as a new prognostic marker for diagno-
sis. Jie et al. found Flot-2 exerts a cancerous
role in nasopharyngeal carcinoma through
NF-kB and PISBK/Akt3 signaling and is involved
in tumor progression and metastasis [8]. This
finding was consistent with our studies which
demonstrated that Flot-2 expression was asso-
ciated with TNM stage in CRC. Moreover, uni-
variate and multivariate analysis demonstrated
that Flot-2 expression was an independent risk
factor in the prognosis of CRC patients. How-
ever, the molecular mechanisms underlying the
oncogenic functions of Flot-2, which contribute
to the tumor progression and poor prognosis of
CRC, remain further excavation.

In conclusion, our studies demonstrate that
Flot-2 is up-regulated in CRC at both mRNA and
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Table 2. Univariate and multivariate analyses of prognostic parameters for survival in 230 colorectal

cancer patients

Univariate analysis

Multivariate analysis

Prognostic parameter HR 95% Cl P value HR 95% Cl P value
Expression of Flot-2 (low vs. high) 2.154  1.420-3.266 0.000 1.607 1.035-2.495 0.034
Age (< 65 vs. > 65) 1185 0.822-1.708 0.364 - - -
Gender (male vs. female) 1.046  0.727-1.507 0.807 - - -
Tumor Size (£5cmvs. >5cm) 1.488 1.028-2.153 0.035 1.034 0.689-1.552 0.873
CEA level (£5 ng/mlvs. >5ng/ml) 1.517 1.051-2.188 0.026 1.416 0.971-2.066 0.071
Tumor location (rectum vs. colon) 1.348 0.932-1.951 0.113 - - -
TNM stage (I vs. Il vs. lll vs. IV) 1.777  1.428-2.212 0.000 1.600 1.256-2.039 0.000

HR: Hazard ratio; Cl: Confidence interval. The bold number represents the P-values with significant differences.

protein level and is valuable predictor for poor
outcome of CRC patients. In the current era of
personalized medicine, a novel prognostic fac-
tor may provide clinicians with great opportuni-
ties for early interventions and further improve
the prognosis of patients with CRC. Thus, our
study might help to determine optimal treat-
ment strategies of CRC.
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