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FLOT-2 is an independent prognostic marker in oral
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Abstract: Flotillin-2 (Flot-2) is an important component of cellular membrane, which involves in various cellular pro-
cesses and recent studies have revealed that Flot-2 played important roles in cancer progression. The expression
and prognostic impact of Flot-2 in oral squamous cell carcinoma (OSCC) have not been well studied. So, a tissue
microarray (TMA) based on immunohistochemical analysis of surgical resection of tumor tissues of 78 cases of
OSCC patients and 27 cases of adjacent non-cancerous squamous epithelium tissues was conducted. This study
focused on detecting Flot-2 expression and analyzing its prognostic impact on OSCC. The result showed that the
positive percentage of Flot-2 expression in OSCC (74.4%, 58/ 78) was significantly higher than that in adjacent non-
cancerous squamous epithelium tissues (25.9%, 7/27) (P<0.001). Additionally, the positive expression of Flot-2 in
OSCC patients with a history of alcohol consumption was significantly higher than those nonusers (P=0.027). Both
univariate and multivariate survival analysis indicated that increased expression Flot-2 protein was significantly cor-
related inversely with overall survival rates in OSCC patients (P=0.046, P=0.002). Taken together, positive expres-
sion of Flot-2 protein may be an independent biomarker for poor prognosis in OSCC.
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Introduction ciated with specific caveolin-independent cho-
lesterol- and glycosphingolipid-enriched mem-
brane microdomains. They have been shown to
be associated with, for example, various signal-
ing pathways, such as EGFR signaling [3, 4],
cadherin signaling [5], cell adhesion [6], mem-
brane trafficking and anon regeneration [7-9].
Recent findings have revealed that the expres-
sion of Flotillins is frequently up-regulated in
various types of human cancers and it is associ-
ated with poor patient survival prognosis and
high risk of metastasis formation.

Oral cancer is one of the 10 most common can-
cers in the world. Its high mortality rate and the
disfigurement that survivors may suffer gives
rise to a considerable global public health bur-
den. More than 90% of the malignant oral neo-
plasm’s patients are oral squamous cell carci-
nomas (OSCC). Despite the currently available
therapeutic strategies which include the exci-
sion of malignant tissue and combination of
radiotherapy and chemotherapy, the five-year
survival rate is only 53% [1]. Increased mortali-
ty rate could be attributed to late diagnosis and
lack of specific biomarkers to predict tumor
progression and prognosis [2] Therefore, new
discoveries of biomarkers for determining the
risks of occurrence, progression and metasta-
sis and approaches for therapeutic treatment
of OSCC are the most significant important

Increased expression of Flot-2 is detected in
several types of human cancer and links with
poor survival. For example, over-expression of
Flot-2 is associated with human melanoma pro-
gression and lymph node metastasis [10, 11];
higher expression of Flot-2 also be detected in

problem in reduction of mortality.

Flotillin-1 (Flot-1) and Flottillin-2 (Flot-2) are
ubiquitous and highly conserved proteins. They
were initially discovered in 1997 as being asso-

metastatic NPC cells [12]; consistently, positive
percentage of Flot-2 expression in NPC patients
with lymph node metastasis is significantly
higher than those without lymph node metasta-
sis [13]. Also, high expression of Flot-2 protein
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Table 1. 78 cases of oral squamous cell car-
cinoma (OSCC) patients feature

Patients characteristics No. of patients (%)

Age (years)

<50 29 (37.2)

>50 49 (62.8)
Gender

Male 63 (80.8)

Female 15 (19.2)
Cigarette

Yes 47 (60.3)

No 31 (39.7)
Alcohol

Yes 40 (51.3)

No 38 (48.7)
Areca nut

Yes 33(42.3)

No 45 (57.7)
Pathological grades

Well 57 (73.1)

Moderate 13 (16.7)

Poor 8(10.3)
Clinical stages

Stage, 22 (28.2)

Stage, 19 (24.4)

Stage,, 17 (21.8)

Stage,, 20 (25.6)
Lymph node status

NO 50 (64.1)

N1/N2/N3 28 (35.9)
Survival status

Alive 55 (70.5)

Death 23 (29.5)

is associated with poor outcomes in patients
with several solid tumors, and these studies
provide a basis for the consideration of Flot-2
as a potential marker for tumors [14, 15].

Although Flot-2 has been discovered for
decades, its potential clinical significance in
OSCC is largely unknown. In the present study,
we found that the expression of Flot-2 was up-
regulated in surgical specimens of OSCC.
Moreover, over-expression of Flot-2 was associ-
ated with alcohol consumption, the known risk
factor for OSCC. Multivariate analysis revealed
that Flot-2 might be an independent biomarker
for the prediction of OSCC prognosis. Taken
together, our data will facilitate an understand-
ing of OSCC carcinogenesis and mining bio-
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markers for the diagnosis and treatment of this
disease.

Materials and methods
Tissue microarrays (TMA) and clinical data

In this study, these OSCC patients were submit-
ted to surgical treatment at the Department of
Thoracic Surgery at the Second Xiangya
Hospital of Central South University (Changsha,
China) from Apl. 2007 to Dec. 2013. All tumor
samples and non-cancerous squamous epithe-
lium tissues were obtained from Department of
pathology, the Second Xiangya Hospital of
Central South University. These patients had
been submitted to routine staging and defini-
tive surgical resection of part of tongue and
systematic neck lymph node dissection. All
patients had a confirmed histological diagnosis
of OSCC according to WHO histological classifi-
cation of the oral cancer. The staging classifica-
tion of the current analysis was carried out
based on the criteria of the 7th edition of the
AJCC/UICC TNM staging system of oral cancer.
No patients had been previously treated with
chemotherapy and radiotherapy at the time of
original operation. Complete clinical record and
follow-up data were available for all patients.
Written informed consent was obtained from
these patients, and this study was approved by
the Ethics Review Committee of the Second
Xiangya Hospital of Central South University.
Patient characteristics were detailed in Table
1. In this study, we used the high-throughput
OSCC TMAs containing 78 cases of OSCC, 27
cases of non-cancerous squamous epithelium
tissues.

Construction of TMAs and validation of the ar-
rayed specimens

Representative areas of OSCC and non-cancer-
ous control squamous epithelium were marked
on each hematoxylin-eosin (H&E) slide and tis-
sue paraffin block, and the marked areas of tis-
sue paraffin blocks were sampled for the TMAs.
The TMAs were assembled using the tissue-
arraying instrument (Beecher Instruments,
Silver Springs, MD, USA) as described by Fan et
al [16]. Briefly the instrument was used to cre-
ate holes in a recipient paraffin block with
defined array coordinates. A solid stylet was
used to transfer the tissue cores into the recipi-
ent block. Two 0.6-mm-diameter tissue cores
were taken from each OSCC and the adjacent
non-cancerous squamous epithelium tissues.
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Figure 1. Expression of Flot-2 protein in OSCC cells and the control of non-cancerous squamous epithelium tissues
were detected by IHC using specific antibody as described in the section of materials and methods. Strong positive
expression of Flot-2 protein was found at cell membranes of OSCC cells (A, 20x%, IHC, DAB staining). Negative stain-
ing of Flot-2 were showed in OSCC cells and adjacent non-cancerous squamous epithelium tissue (B, 20x, IHC, DAB
staining). Weak staining of Flot-2 were showed in adjacent non-cancerous squamous epithelium tissue (C, 20x%, IHC,

DAB staining). Negative control showed no Flot-2 staining in OSCC cells (D, 20x%, IHC, DAB staining).

All specimens were distributed in 3 regular-
sized paraffin receptive blocks, each containing
100 spots. A serial of 5-um-thick sections were
obtained using a microtome and one slide from
each recipient block was stained with H&E and
evaluated under the light microscope. The
remaining slides were covered with thin paraf-
fin and stored at 4°C before IHC. In this study
all TMAs specimens diagnosed as 78 cases of
OSCC and 27 cases of non-cancerous control
squamous epithelium tissues were valid for
IHC.

IHC and scores

The IHC staining for samples on the TMAs was
carried out using ready-to-use Envision TM*
Dual Link System-HRP methods (Dako;
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Carpintrria, CA). Briefly, each TMA section was
deparaffinized and rehydrated, and high-tem-
perature antigen retrieval was achieved by
heating the samples in 0.01 M citrate buffer in
a domestic microwave oven at full power (750
Watts) for 30 minutes, then the samples were
immersed into methanol containing 0.3% H,0,
to inactivate endogenous peroxidase at 37°C
for 30 minutes. To eliminate nonspecific stain-
ing, the slides were incubated with appropriate
preimmune serum for 30 minutes at room tem-
perature. After incubation with a 1:500 dilution
of primary antibody to Flot-2 protein (Rabbit
polyclonal antibody, Catalog: #S0051, Epito-
mics, Inc.) at 4°C overnight, slides were rinsed
with phosphate-buffered saline (PBS) and incu-
bated with a labeled polymer-HRP was added
according to the manufacturer’s instructions

Int J Clin Exp Pathol 2015:8(7):8236-8243
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Figure 2. Expression of Flot-2 proteins in OSCC com-
pared to the control of non-cancerous squamous epi-
thelium tissues. Results showed that there was sig-
nificant difference between the groups which were
statistically evaluated by chi-square test.

and incubated 30 minutes. Color reaction was
developed by using 3, 3’-diaminobenzidine tet-
rachloride (DAB) chromogen solution. All slides
were counterstained with hematoxylin. Positive
control slides were included in every experi-
ment in addition to the internal positive con-
trols. The specificity of the antibody was deter-
mined with matched IgG isotype antibody as a
negative control.

Immunohistochemical staining of TMA sections
were scored independently by QW and SF who
were blinded to the clinicopathological data, at
200x magpnification light microscopy. The eval-
uation was based on the staining intensity and
extent of staining. Staining intensity for Flot-2
was scored as O (negative), 1 (weak), 2 (moder-
ate), and 3 (strong). Staining extent was scored
as 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%),
and 4 (76-100%), depending on the percentage
of positive-stained cells. Staining positivity was
determined by the formula: overall scores=
percentage score x intensity score. The overall
score of <1 was defined as negative (0), of 22
and <4 as weak positive (1+), of 26 and <8 as
moderate positive (2+), and of >9 as strong
positive (3+). Agreement between the two eval-
uators was 95%, and all scoring discrepancies
were resolved through discussion between the
two evaluators. In present analysis, weak posi-
tive, moderate positive and strong positive
were combined as positive to suit the paired
statistical analysis.
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Statistical analysis

All statistical analyses were performed using
SPSS 19.0. The chi-square test was used to
analyze the relationship between the expres-
sion of Flot-2 protein and the clinicopathologi-
cal characteristics and prognostic factors in
OSCC. Kaplan-Meier analysis was performed
for overall survival curves and statistical signifi-
cance was assessed using the log-rank test.
Overall survival was defined as the time from
the treatment initiation (diagnosis) to the data
of death. To identify whether expression of Flot-
2 protein is an independent prognostic factor of
overall survival for OSCC, the multivariate anal-
ysis using the Cox proportional hazard regres-
sion model was performed. All P values were
based on the two-sided statistical analysis and
P-value less than 0.05 was considered to be
statistically significant.

Results

Expression of Flot-2 protein significantly in-
creased in OSCC tissues

We first determined the expression and cellular
localization of Flot-2 in OSCC and adjacent non-
cancerous squamous epithelium tissues by
IHC. Strong positive staining of Flot-2 (Figure
1A) was located on cell membranes of OSCC
and weak staining was found in adjacent non-
cancerous squamous epithelium control tissue
(Figure 1C). Tissue sections stained with
matched IgG isotype antibody as negative con-
trol showed no positive staining of Flot-2 in
OSCC cells (Figure 1D). Next, we enumerate the
expression of Flot-2 in OSCC and non-cancer-
ous squamous epithelium control tissues. The
positive percentage of Flot-2 expression in
OSCC and non-cancerous squamous epitheli-
um control tissue were 74.4% (58/78) and
25.9% (7/27). There was significantly higher
positive expression of Flot-2 in OSCC compared
with the adjacent non-cancerous squamous
epithelium control tissues (P<0.001) (Figure 2).

Association between expression of Flot-2 pro-
tein and OSCC clinical pathological features

We further investigated the associations
between expression of Flot-2 and various clini-
copathological characteristics of OSCC patients
by univariate chi-square test, which included
age, gender, clinical stages, lymph node metas-
tasis (LNM) status, pathological differentiation,
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Table 2. Analysis of the association between
expression of Flot-2 protein and clinicopatho-
logical features of oral squamous cell carci-
noma (OSCC) (n=78)

Flot-2

Clinicopathological ~ Positive Negative
features (n) (%) (%)

P-value

Age

<50 years (n=29) 21(72.4) 8(27.6)

>50 years (n=49) 37 (75.5) 12 (24.5) 0.762
Gender

Male (n=63) 49 (77.8) 14 (22.2)

Female (n=15) 9(60.0) 6(40.0) 0.156
Cigarette

Yes (n=47) 37 (78.7) 10 (21.3)

No (n=31) 21 (67.7) 10(32.3) 0.277
Alcohol

Yes (n=40) 34 (85.0) 6(15.0)

No (n=38) 24 (63.2) 14 (36.8) 0.027*
Areca nut

Yes (n=33) 26 (78.8) 7 (21.2)

No (n=45) 32(71.1) 13(28.9) 0.443
Pathological grades

Well (n=57) 43 (75.4) 14 (24.6)

Moderate (n=13) 9 (69.2) 4 (30.8)

Poor (n=8) 6 (75.0) 2(25.0) 0.898

Clinical stages

Stage, , (n=42) 31(73.8) 11(26.2)

Stage,, (n=36) 27 (75.0) 9(25.0) 0.904
Lymph node status

LNM (n=28) 21 (75.0) 7 (25.0)

No LNM (n=50) 37 (74.0) 13(26.0) 0.923
Survival status

Alive (n=55) 37 (67.3) 18 (32.7)

Death (n=23) 21(91.3) 2(8.7) 0.027*

*Chi-square test, statistically significant difference
(P<0.05). Abbreviations: LNM, lymph node metastasis.

living habits, such as tobacco using, alcohol
consumption and areca nuts chewing. Date
shown in Table 2 indicated a strong positive
correlation between positive expression of Flot-
2 and alcohol consumption of OSCC patients,
patients who drinking frequently showed signifi-
cantly higher positive percentage of Flot-2
expression thanthose with nonusers (P=0.027).
However, there was no association between
positive expression of Flot-2 protein in OSCC
and other clinicopathological features such as
age, gender, LNM status, clinical stages, patho-
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logical differentiation, tobacco consumption
and areca nuts chewing.

Impact of expression of Flot-2 protein on the
prognosis of patients with OSCC

To further examine the impact of expression of
Flot-2 protein on the survival status of OSCC
patients, we employed the Kaplan-Meier analy-
sis to plot the survival curve of all 78 OSCC
patients, and statistical significance was
assessed using the log-rank test. At the time of
analysis, the number of OSCC patients’ specific
deaths was 23 (29.5%).

Figure 3 illustrated the Kaplan-Meier survival
plots for OSCC patients with different expres-
sion of Flot-2 protein (Figure 3A). Univariate
survival (log-rank test) analysis showed that the
overall survival rates for OSCC patients with
negative Flot-2 were significantly higher than
these with positive Flot-2 expression (P=0.046).
We also plotted the survival curves for OSCC
patients with conventional prognosis parame-
ters, including clinical stages, lymph nodal sta-
tus. As shown in Figure 3B, 3C, lower clinical
stages (stage | and Il) or absence of lymph node
metastasis had a positive impact on the overall
survival rates of OSCC. The OSCC patients with
advanced stage OSCC (stage Ill and IV) and
lymph node metastasis had lower overall sur-
vival that patients with early stage OSCC (stage
I and Il) and without lymph node metastasis
(P=0.012, Figure 3B, and P=0.029, Figure 3C
respectively).

Besides univariate analysis, multivariate Cox
proportional hazard regression analysis was
also carried out to further investigate whether
the expression of Flot-2 protein was the inde-
pendent prognostic factors for OSCC, and
these results were revealed in Table 3. During
the multivariate analysis of the expression of
Flot-2 in 78 cases of OSCC, which included clin-
ical stages, lymph node metastasis status,
pathological differentiation, treatment strate-
gy, age, gender, tobacco using, alcohol con-
sumption and areca nuts chewing. We have
found that the positive expression of Flot-2 pro-
tein might serve as an independent poor prog-
nostic factor for OSCC (P=0.002), as well as
clinical stages, tobacco using, alcohol con-
sumption and areca nuts chewing (P=0.024,
P=0.048, P=0.024, P=0.022, respectively).

Int J Clin Exp Pathol 2015;8(7):8236-8243
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Again, no impact was detected with age, gen-
der, pathological differentiation and treatment
strategy of OSCC (P>0.05 for all).

Discussion

The pathogenesis of OSCC is multifactorial. The
major risk factors of OSCC are tobacco smoking
and alcohol consumption, with a population
attributable risk of 74% [17, 18]. Other impor-
tant risk factors include betel quid chewing,
infection with human papilloma virus (HPV) or
human immunodeficiency virus (HIV) and so on
[19, 20]. Alcohol consumption is a known risk
factor for OSCC. In our present study, Alcohol
consumption was significantly associated with
the expression of Flot-2, OSCC patients with a
history of alcohol consumption showed a high-
er Flot-2 expression compared with those non-
users. This suggests that one of the pathogenic
mechanisms of OSCC may be the synthesis of
Flot-2 expression by epithelial cells in response
to alcohol challenge.
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Figure 3. Kaplan-Meier curves for overall survival of
OSCC patients with expression of Flot-2 and differ-
ent clinicopathological characteristics. Kaplan-Meier
analysis to plot the overall survival curves of all 78
OSCC patients with expression of Flot-2 and differ-
ent clinicopathological characteristics and statistical
significance was assessed using the log-rank test. A:
OSCC patients with positive expression of Flot-2 pro-
tein showed worse overall survival rate compared with
patients with Flot-2 negative staining (P=0.046, two
sided). B: OSCC patients with clinical stage lll-IV were
significantly related to poor prognosis compared with
patients with clinical stage I-ll (P=0.012, two sided).
C: OSCC patients with lymph node metastasis showed
poor prognosis compared with patients without lymph
node metastasis (P=0.029, two sided).

In our study, the Flot-2 staining was found at
the cell membrane, this is in accordance with
the previously described localization of this pro-
tein in NPC [13]. In addition, we found that only
weak positive expression of Flot-2 protein in the
squamous epithelial layer of non-cancerous
squamous epithelium control tissue. Inter-
estedly, the positive expression of Flot-2 was
significantly increased in OSCC compared with
the adjacent non-cancerous squamous epithe-
lium control tissue, which is also similar with
the previously reported evidence that was
found between NPC and normal nasopharyn-
geal mucosa epithelia. Hence, Flot-2 might play
an important role in promoting the develop-
ment and progression of OSCC. However, only
this evidence was not enough to draw a strong
conclusion; hence further investigation will be
needed to clearly demonstrate the specific
mechanism of Flot-2 in OSCC.

Although the prognosis in OSCC is mainly deter-
mined by the stage of the tumor at presenta-
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Table 3. Summary of multivariate statistical analysis of Flot-2 protein

expression for overall survival in 78 cases of 0SCC

known risk factors for
OSCC, such as tobacco

95.0% Cl for Exp using, alcohol consump-

Parameter B S.E. Wald Sig I;Zg;)) (B) Fion and. areca nut chew-
Lower  Upper |r.1g. S(;,Fllncrgasgdhexpres-

Age 0.362 0.478 0573 0.449 0697 0273 1.776 sion of Flot-2 might act as

a novel biomarker to pre-

Gender -0.129 0.811 0.025 0.874 0.879 0.180 4.307 . )

) 4834 1015 93.030 dict poor prognosis for

Cigarette 1576 0.797 3.913 0.048* 4. ) ) 0SCC patients.

Alcohol -1.442 0.641 5.068 0.024* 0.236 0.067 0.830

Areca nut -1.274 0.557 5.234 0.022* 0.280 0.094 0.833 Taken together, the posi-

Pathological grades 0.192 0.349 0.302 0.582 1.211 0.611 2.400 tive expression of Flot-2

Clinical stages 0.608 0.269 5.095 0.024* 1.837 1.083 3.116 was identified as an inde-

LNM status -0.142 0.676 0.044 0.833 0.867 0.231 3.260 pendent prognostic mark-

Treatment strategy  0.616 0.515 1.435 0.231 1.852 0.676 5.077 e;;.‘t’,r 0sce pat'er(‘jts- In

Flot-2 expression  0.769 0.251 9.390 0.002* 2157 1.319 3.527 adaition,  Increased  ex-

Abbreviations: LNM, lymph node metastasis; B, Beta coefficient (B); Exp (B), the odds
ratio; Cl, confidence interval. Note: multivariate analysis of Cox proportional hazard

regression, *P<0.05.

tion, which is determined according to the
TNM-staging system: tumor size (T), regional
lymph node metastasis (N), and distant metas-
tasis (M) [20, 21], biomarkers do not only play
overwhelmingly important role in establishing
an accurate diagnosis, but also providing prog-
nostic data for OSCC [22, 23]. Therefore, new
discoveries of biomarkers for determining the
risks of occurrence, progression and approach-
es for therapeutic treatment of OSCC are of
extreme importance for the development of
therapeutic strategies to improve outcome and
survival for OSCC patients.

Flotillins are clearly involved in many cellular
processes, however, the molecular mecha-
nisms that underlie their different functions in
OSCC remain poorly understood. Also, there is
not any report about expression of Flot-2 and
clinicopathological association in OSCC so far.
Flot-2 is a target gene of p63 and p73, member
of the p53 transcription factor family [24] and
which has been proposed as a prognostic
marker linked to poor prognosis in several
human tumors, such as breast cancer [14],
gastric cancer [15], non-small cell lung cancer
(NSCLC) [25], cervical carcinoma [26] and so
on. Similar results were found in our present
study. OSCC patients with positive Flot-2 had
an obvious shorter overall survival time than
those with negative Flot-2. Furthermore, multi-
variate analysis proved that the positive expres-
sion of Flot-2 was an independent factor for
poor prognosis in OSCC patients, just like other
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pression of Flot-2 protein
in OSCC as compared to
normal oral mucosa pro-
vides further evidence for
its role in genesis and pro-
gression of OSCC. Further investigations
regarding the interaction of Flot-2 with other
potential genes or environmental risk factors
may be shed light on the important role of this
gene in OSCC.
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