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Original Article 
High expression of flotillin-2 is associated with poor  
clinical survival in cervical carcinoma
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Abstract: Aims: To investigate the expression and clinical significance of flotillin-2 (FLOT2) in cervical cancer (CC). 
Methods: We examined FLOT2 mRNA levels in 10 pairs of cervical cancer and adjacent normal tissues. Immu-
nohistochemistry was performed to analyze FLOT2 protein expression in 115 archived cervical cancer samples. 
The association between FLOT2 levels, clinicopathologic factors and prognosis was analyzed statistically as well. 
Results: The cancer tissues of CC patients had clearly increased expression of FLOT2 at mRNA level as compared 
to adjacent nontumorous tissues. Survival analysis of CC patients indicated that FLOT2 expression was significantly 
associated with poor overall and local recurrence-free survival (P = 0.025 and P = 0.028, respectively). Moreover, 
FLOT2 expression was significantly correlated with clinical stage, tumor differentiation, and lymph nodes metasta-
sis. Multivariate analysis revealed that FLOT2 expression was an independent prognostic factor for overall survival 
in CC patients. Conclusion: FLOT2 may serve as an oncogene in the development of CC, and may serve as a clinico-
pathologic biomarker for prognosis in CC patients. 
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Introduction 

Cervical cancer (CC) is one of the most fre-
quently occurring malignancies worldwide. It 
develops majorly from cervical intraepithelial 
neoplasia (CIN), and the most important risk 
factor is chronic infection by the human papil-
lomavirus [1]. The molecular pathogenesis of 
CC includes aberrant expression dominant 
oncogenes and tumor-suppressor genes and 
alterations in signaling pathways such as the 
Wnt/beta-catenin, mTOR, and Notch signaling 
pathways [2]. Unfortunately, the exact cellular 
mechanisms of cervical carcinogenesis remain 
poorly understood. Therefore, understanding 
the molecular events associated with CC 
tumorigenesis and prognosis may lead to earli-
er diagnosis and the development of novel ther-
apeutic strategies.

FLOT2 is a highly conserved protein of the SPFH 
domain containing proteins family. It was origi-
nally isolated from caveolae/lipid raft domains 

that tether growth factor receptors linked to sig-
nal transduction pathways [3]. The FLOT2 gene 
is located in a region on human chromosome 
17q11.2, and has been suggested to be a tran-
scriptional target of MAPKs and ERK1/2, and 
could be regulated by ERK1/2 downstream tar-
gets Egr1 and SRF [4]. Studies have shown that 
FLOT2 was expressed ubiquitously in various 
tissues including brain, heart, lung, and placen-
ta [5], and was associated with various types of 
human cancers. By binding to PAR-1, FLOT2 
promotes tumor cell growth and metastasis, 
which may influence tumor progression. In addi-
tion, FLOT2 was shown to correlate with poor 
prognosis and clinical survival in several can-
cers. It was initially reported to be associated 
with metastatic potential in melanoma [6]. Zhu 
et al. recently showed that FLOT2 may be 
involved in stabilizing erbB2 at the plasma 
membrane, and that FLOT2 expression posi-
tively correlates with HER2 level and poor prog-
nosis in gastric cancer [7]. Rickman et al. 
revealed that FLOT2 has a predictive value for 
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the development of metastases in head and 
neck cancer [8]. Yan et al. repoted that FLOT2 
is a novel molecule involved in renal carcinoma 
progression and is closely correlated with poor 
prognosis in patients with renal carcinoma [9]. 
However, the role played by FLOT2 in the pro-
gression and predicting the prognosis of CC 
has not yet been determined.

In the present study, we aimed to investigate 
the role of FLOT2 in cervical cancer. We exam-
ined the expression of FLOT2 in CC tissues by 
Real-time PCR and immunohistochemistry. We 
then investigated the correlation of FLOT2 
expression with clinicopathological features, 
and patients’ clinical survival. Our results sug-
gest that FLOT2 has potential prognostic and 
therapeutic value for cervical cancer.

Materials and methods

Patients and specimens

We collected tumors from 115 consecutive 
patients who had undergone surgery for CC at 
the Guangzhou Women and Children’s Medical 
Center from January 2004 to October 2009. 
For the use of these clinical materials for resea- 
rch purposes, written informed consent from all 
patients and approval from the Institutional 
Research Ethics Committee were obtained. 
Histopathological diagnoses were made accor- 
ding to the pathological classification system of 
the International Federation of Gynecology and 
Obstetrics (FIGO). The available patient clinico-
pathological information included patients’ 
age, FIGO stage, tumor size, histological grade 
and survival time.

trogen) and was used for the first-strand cDNA 
reaction. Real-time reverse transcription poly-
merase chain reaction (qRT-PCR) was carried 
out using SYBER green kit in a Light Cycler sys-
tem (Roche Applied Science). Sequences of the 
primers were as follows: FLOT2, forward 
5’-CCCCAGATTGCTGCCAAA-3’, reverse 5’-TCCA- 
CTGAGGACCACAATCTCA-3’; GAPDH, forward 
5’-GAAGGTGAAGGTCGGAGTC-3’; reverse 5’-GA- 
AGATGGTGATGGGATTTC-3’.

Immunohistochemistry

Immunohistochemical staining was performed 
on 4 μm sections of paraffin-embedded archi-
val tissue. Each slide was dewaxed in xylene 
and rehydrated in grade alcohol, followed by 
boiling in citrate buffer (10 mmol/L, pH = 6.0) 
for antigen retrieval. Then the sections were 
treated with 3% hydrogen peroxide in methanol 
to quench endogenous peroxidase activity, 
were blocked with bovine serum albumin for 30 
min and incubated overnight at 4°C with pri-
mary mouse monoclonal anti-FLOT2 (Abcam, 
USA; 1:200). After washing with PBS buffer, the 
slides were incubated with secondary antibody 
(Abcam), followed by incubation with diamino-
benzidine (DAB), and counterstaining with 10% 
Mayer hematoxylin. Negative control was done 
by using isotypic mouse immunoglobulin. All 
control experiments gave negative results.

Evaluation of immunohistochemical staining

The evaluation of the immunohistochemical 
staining was performedby two independent 
authors with no knowledge of the clinic patho-
logical information. The degree of immunohis-

Figure 1. Expression of FLOT2 mRNA in 10 matched pairs of cervical cancer 
tissues and adjacent normal tissues were examined by Real time-PCR. 

RNA extraction and Real-time 
reverse transcription-poly-
merase chain reaction (PCR)

Total RNA was extracted from 
frozen CC tissue samples. All 
tumors and adjacent nontu-
morous tissues were manually 
microdissected under direct 
visual control through a dis-
secting microscope, and total 
RNA in the tissues was extract-
ed using Trizol (Invitrogen) 
according to the manufactur-
er’s instructions. The RNA was 
digested with DNase I (Invi- 



FLOT2 is associated with survival in cervical cancer

624 Int J Clin Exp Pathol 2015;8(1):622-628

tochemical staining was recorded using a semi-
quantitative and subjective grading system that 
considered both the intensity of staining and 
the proportion of tumor cells that had an 
unequivocal positive reaction. The intensity of 
the staining was scored using the following 
scale: 0: no staining; 1: weak staining; 2: posi-
tive staining; and 3: strong staining. The area of 
staining was evaluated and recorded as a per-
centage: 0: no staining; 1: positive staining in < 
10% of tumor cells; 2: positive staining in 10% 
to 50% of tumor cells; 3: positive staining in > 
50% of tumor cells. The staining index was cal-
culated as by multiplying the positive area and 
the staining intensity.

Statistical analysis

All statistical analyses were performed using 
SPSS version 18.0 statistical software pack-
age. Statistical tests for data analysis included 
chi-square test, Kaplan-Meier method, and log-
rank test. Categorical data were analyzed using 
the chi-square test, and survival curves were 

plotted by using Kaplan-Meier method. Survival 
data were estimated using multivariate Cox 
regression analyses. Values of P < 0.05 were 
considered statistically significant.

Results

FLOT2 is upregulated in cervical cancer tis-
sues

To estimate the expression levels of FLOT2 RNA 
in cervical cancer tissues, Real-time PCR analy-
sis was performed in 10 pairs of cervical can-
cer and adjacent normal tissues. The expres-
sion of FLOT2 mRNA was highly expression in 
cervical cancer tissues in compared with that 
in adjacent normal tissues (Figure 1).

Correlations between FLOT2 expression and 
the clinical features of cervical cancer

To investigate the potential functions of FLOT2 
in cervical cancer progression, we measured 
the expression pattern of FLOT2 in 115 archived 

Figure 2. Representative protein expression of FLOT2 in cervical cancer by immunohistochemical staining. A, B. 
High expression; C, D. Low expression. Original magnification, 400 ×. 
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cervical cancer specimens. The representative 
immunostaining of FLOT2 in cervical cancer 
was shown in Figure 2. The associations among 
the protein expression levels of FLOT2 and the 
clinical features of cervical cancer patients are 
shown in Table 1. High FLOT2 expression was 
positively associated with clinical stage (P = 
0.021), tumor differentiation (P = 0.031), and 
lymph nodes metastasis (P = 0.036). There was 
no significant association between FLOT2 
expression and age, tumor size, and tumor 
differentiation.

FLOT2 expression predicts prognosis in pa-
tients with cervical cancer

The overall and recurrence-free survival curves 
for the remaining 115 CC cases are shown in 
Figure 3. Kaplan-Meier analysis showed that 
patients with higher FLOT2 expression had 
shorter overall (P = 0.025, Figure 3) and recur-
rence-free (P = 0.028, Figure 3) survival time 
than that with lower FLOT2 expression. Multi- 
variate analysis showed that FLOT2 expression 
was an independent prognostic factor for the 
overall survival of cervical cancer patients 
(Table 2). These results suggested that FLOT2 
expression could be used as a powerful inde-
pendent prognostic factor in cervical cancer 
patients.

Discussion

In the present study, we investigated the clini-
cal significance of FLOT2 in cervical cancer. We 

found that the expression level of FLOT2 was 
overexpressed in cervical cancer in compared 
to adjacent nontumorous tissues. Moreover, 
FLOT2 expression was closely correlated with 
tumor stage, tumor differentiation, and lymph 
nodes metastasis. Survival analysis revealed 
that high levels of FLOT2 had poorer clinical 
outcome in cervical cancer patients. Our study 
may lead to improvement in the diagnosis and 
treatment of cervical cancer. 

It has originally been demonstrated that flotil-
lins are transmembrane proteins that are 
enriched in caveolae [10], while there are 
debates because later studies showed that flo-
tillins reside within non-caveolar rafts [11], and 
that they are attached to the cytosolic leaflet of 
the plasma membrane rather than traverse the 
membrane [12]. The expression of flotillins was 
reported to be particularly high in several tis-
sues including brain, lung, heart, and low in 
liver and pancreas, and the subcellular localiza-
tion of flotillins is extremely dynamic [13]. As 
many signal pathways take place in membrane 
rafts, flotillins have been suggested to partici-
pate in various signaling pathways, in which 
they exhibit a scaffolding function in the rafts. 
Recent studies have indicated that the upregu-
lation of FLOT2 was associated with tumor pro-
gression and metastasis. Pust et al. showed 
that depletion of FLOT1 and FLOT2 leads to 
internalization and degradation of ErbB2, which 
triggered downstream signaling in breast can-
cer [14]. Hazarika et al. found that overexpres-
sion of FLOT2 is associated with melanoma 
progression and with transformation of SB2 
melanoma cells to a highly metastatic cell line 
[6]. Doherty et al. demonstrated that high 
FLOT2 expression is associated with lymph 
node metastasis and Breslow depth in mela-
noma [15]. However, the role of FLOT2 in cervi-
cal cancer remains unknown.

From the clinicalpathological data, we showed 
that high levels of FLOT2 expression are signifi-
cantly correlated with tumor stage, differentia-
tion, and lymph nodes metastasis. Previous 
studies have shown that flotillins are loca- 
ted predominantly at the plasma membra- 
ne and in intracellular structures, and that flotil-
lins expression is often increased in differenti-
ated cells [10, 16]. In vitro study has reve- 
aled that transient knockdown of FLOT2 impairs 
tumor cell spreading, whereas overexpression 
of FLOT2 enhances cell spreading and induces 

Table 1. FLOT2 expression and clinicopathologi-
cal characteristics in cervical cancer

Parameters Group Total
FLOT2 P 

value     low high
Age (years) ≤ 50 74 30 44 0.874

> 50 41 16 25
FIGO Stage IB 87 40 47 0.021

> IB 28 6 22
Tumor size (cm) ≤ 4 79 34 45 0.325

> 4 36 12 24
Differentiation (grade) 1/2 91 41 50 0.031

3 24 5 19
Histology SCC 84 31 53 0.307

AC 31 15 16
LN Metastasis No 94 42 54 0.036

Yes 21 4 17
SCC: squamous cell cancer; AC: Adenocarcinoma.
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filopodia-like protrusions in an expression level 
dependent manner [17]. In addition, flotillin 
microdomains have been shown to be involved 
in neutrophil migration [18]. In some cancers, 
flotillin-1 was shown to be increased and posi-
tively correlated with disease stage [19]. Thus, 
we propose that FLOT2 may also regulate the 
growth, differentiation and metastasis of cervi-
cal cancer cells, which is supported by Wang et 
al., who have demonstrated that overexpres-
sion of FLOT2 is associated with the clinical 
stage, histological differentiation and receptor 
tyrosine kinase ErbB2 expression level in 
breast cancer [20]. 

To further understand the prognostic role of 
FLOT2 in cervical cancer, survival analysis was 
conducted. Our data showed that higher 
expression of FLOT2 expression is closely cor-
related with poorer overall and recurrence-free 
survival. These data are in line with previous 

studies in that high expression of flotillins is 
correlated with poor cancer patient survival. 
Lin et al. reported that FLOT1 promotes cell pro-
liferation and tumorigenicity and is correlated 
with the poor clinical survival in breast cancer 
patients [21]. Song et al. demonstrated that 
FLOT1 promotes cancer cell proliferation and is 
correlated with disease stage and survival time 
in esophageal squamous cell carcinoma [22]. 
These studies together indicated that FLOT2 
could be used as a prognostic marker in cervi-
cal cancer.

In conclusion, our study demonstrates that 
FLOT2 is up-regulated and can promote the 
malignant phenotypes of in cervical cancer. 
FLOT2 expression is inversely associated with 
the tumor stage, differentiation, lymph node 
metastasis, and clinical survival of cervical 
cancer patients. Thus, new strategies in cervi-
cal cancer treatment could be developed by 
targeting FLOT2 expression.

Figure 3. Survival curves of 115 cervical cancer patients. Patients with higher FLOT2 expression in tumor were 
closely correlated with poorer overall survival (left) and recurrence-free survival (right) than that with tumor with 
lower FLOT2 expression (P < 0.05, respectively). 

Table 2. Prognostic factors in Cox proportional hazards model for cervical cancer patients

Prognostic variables
OS RFS

Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P 
Age (> 50 vs. ≤ 50) 1.055 (0.278-4.149) 0.714 1.148 (0.201-4.216) 0.825
FIGO Stage (> IB vs. IB) 1.874 (0.172-5.679) 0.241 1.897 (0.427-5.543) 0.274
Tumor size (> 4 cm vs. ≤ 4 cm) 2.531 (0.384-6.217) 0.591 2.426 (0.229-7.644) 0.672
Differentiation (Grade 3 vs. 1/2) 1.373 (0.194-4.269) 0.410 1.590 (0.209-4.218) 0.382
LN Metastasis (yes vs. no) 4.214 (2.615-10.214) 0.028 4.029 (2.177-12.311) 0.048
FLOT2 (high vs. low) 3.919 (1.927-8.011) 0.037 3.178 (2.417-6.964) 0.089



FLOT2 is associated with survival in cervical cancer

627 Int J Clin Exp Pathol 2015;8(1):622-628

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Zijian Huang, 
Department of Obstetrics and Gynecology, 
Guangzhou Women and Children Medical Center, 
Guangzhou Medical University affiliated Women and 
Children Medical Center, Guangzhou 510120, China. 
Tel: +86 20-8188-6332; Fax: +86 20-3807-6020; 
E-mail: huangzijian1965@yeah.net

References

[1] Huang QT, Zhong M, Gao YF, Huang LP, Huang 
Q, Wang W, Wang ZJ and Yu YH. Can HPV vac-
cine have other health benefits more than can-
cer prevention? A systematic review of associ-
ation between cervical HPV infection and 
preterm birth. J Clin Virol 2014; 61: 321-328.

[2] Zagouri F, Sergentanis TN, Chrysikos D, Filipits 
M and Bartsch R. Molecularly targeted thera-
pies in cervical cancer. A systematic review. 
Gynecol Oncol 2012; 126: 291-303.

[3] Banning A, Kurrle N, Meister M and Tikkanen 
R. Flotillins in receptor tyrosine kinase signal-
ing and cancer. Cells 2014; 3: 129-149.

[4] Banning A, Ockenga W, Finger F, Siebrasse P 
and Tikkanen R. Transcriptional regulation of 
flotillins by the extracellularly regulated kinas-
es and retinoid X receptor complexes. PLoS 
One 2012; 7: e45514.

[5] Edgar AJ and Polak JM. Flotillin-1: gene struc-
ture: cDNA cloning from human lung and the 
identification of alternative polyadenylation 
signals. Int J Biochem Cell Biol 2001; 33: 53-
64.

[6] Hazarika P, McCarty MF, Prieto VG, George S, 
Babu D, Koul D, Bar-Eli M and Duvic M. Up-
regulation of Flotillin-2 is associated with mela-
noma progression and modulates expression 
of the thrombin receptor protease activated 
receptor 1. Cancer Res 2004; 64: 7361-7369.

[7] Zhu Z, Wang J, Sun Z, Sun X, Wang Z and Xu H. 
Flotillin2 expression correlates with HER2 lev-
els and poor prognosis in gastric cancer. PLoS 
One 2013; 8: e62365.

[8] Rickman DS, Millon R, De Reynies A, Thomas 
E, Wasylyk C, Muller D, Abecassis J and Wasyl-
yk B. Prediction of future metastasis and mo-
lecular characterization of head and neck 
squamous-cell carcinoma based on transcrip-
tome and genome analysis by microarrays. On-
cogene 2008; 27: 6607-6622.

[9] Yan Y, Yang FQ, Zhang HM, Che J and Zheng JH. 
Up-regulation of flotillin-2 is associated with re-
nal cell carcinoma progression. Tumour Biol 
2014; 35: 10479-10486.

[10] Volonte D, Galbiati F, Li S, Nishiyama K, Oka-
moto T and Lisanti MP. Flotillins/cavatellins 
are differentially expressed in cells and tissues 
and form a hetero-oligomeric complex with ca-
veolins in vivo. Characterization and epitope-
mapping of a novel flotillin-1 monoclonal anti-
body probe. J Biol Chem 1999; 274: 12702- 
12709.

[11] Fernow I, Icking A and Tikkanen R. Reggie-1 
and reggie-2 localize in non-caveolar rafts in 
epithelial cells: cellular localization is not de-
pendent on the expression of caveolin pro-
teins. Eur J Cell Biol 2007; 86: 345-352.

[12] Morrow IC, Rea S, Martin S, Prior IA, Prohaska 
R, Hancock JF, James DE and Parton RG. Flotil-
lin-1/reggie-2 traffics to surface raft domains 
via a novel golgi-independent pathway. Identifi-
cation of a novel membrane targeting domain 
and a role for palmitoylation. J Biol Chem 
2002; 277: 48834-48841.

[13] Glebov OO, Bright NA and Nichols BJ. Flotillin-1 
defines a clathrin-independent endocytic path-
way in mammalian cells. Nat Cell Biol 2006; 8: 
46-54.

[14] Pust S, Klokk TI, Musa N, Jenstad M, Risberg 
B, Erikstein B, Tcatchoff L, Liestol K, Danielsen 
HE, van Deurs B and Sandvig K. Flotillins as 
regulators of ErbB2 levels in breast cancer. On-
cogene 2013; 32: 3443-3451.

[15] Doherty SD, Prieto VG, George S, Hazarika P 
and Duvic M. High flotillin-2 expression is as-
sociated with lymph node metastasis and Bre-
slow depth in melanoma. Melanoma Res 
2006; 16: 461-463.

[16] Ha H, Kwak HB, Lee SK, Na DS, Rudd CE, Lee 
ZH and Kim HH. Membrane rafts play a crucial 
role in receptor activator of nuclear factor kap-
paB signaling and osteoclast function. J Biol 
Chem 2003; 278: 18573-18580.

[17] Neumann-Giesen C, Fernow I, Amaddii M and 
Tikkanen R. Role of EGF-induced tyrosine 
phosphorylation of reggie-1/flotillin-2 in cell 
spreading and signaling to the actin cytoskele-
ton. J Cell Sci 2007; 120: 395-406.

[18] Ludwig A, Otto GP, Riento K, Hams E, Fallon PG 
and Nichols BJ. Flotillin microdomains interact 
with the cortical cytoskeleton to control uropod 
formation and neutrophil recruitment. J Cell 
Biol 2010; 191: 771-781.

[19] Zhang SH, Wang CJ, Shi L, Li XH, Zhou J, Song 
LB and Liao WT. High Expression of FLOT1 Is 
Associated with Progression and Poor Progno-
sis in Hepatocellular Carcinoma. PLoS One 
2013; 8: e64709.

[20] Wang X, Yang Q, Guo L, Li XH, Zhao XH, Song 
LB and Lin HX. Flotillin-2 is associated with 
breast cancer progression and poor survival 
outcomes. J Transl Med 2013; 11: 190.



FLOT2 is associated with survival in cervical cancer

628 Int J Clin Exp Pathol 2015;8(1):622-628

[21] Lin C, Wu Z, Lin X, Yu C, Shi T, Zeng Y, Wang X, 
Li J and Song L. Knockdown of FLOT1 impairs 
cell proliferation and tumorigenicity in breast 
cancer through upregulation of FOXO3a. Clin 
Cancer Res 2011; 17: 3089-3099.

[22] Song L, Gong H, Lin C, Wang C, Liu L, Wu J, Li M 
and Li J. Flotillin-1 promotes tumor necrosis 

factor-alpha receptor signaling and activation 
of NF-kappaB in esophageal squamous cell 
carcinoma cells. Gastroenterology 2012; 143: 
995-1005, e1012.


