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Abstract. Flotillin 1 (FLOT1) is increasingly implicated in 
various types of cancer, and has been reported to influence 
tumorigenesis and cancer progression, leading to poor prog-
nosis for survival time; however, its expression in colorectal 
cancer (CRC) and its influence on various clinicopatho-
logical parameters of this disease remain unknown. In the 
present study, FLOT1 expression and its effect on different 
clinicopathological parameters were assessed immunohisto-
chemically and histologically in 81 CRC and 81 non‑tumorous 
colon tissue samples. The immunohistochemical staining 
was scored semi‑quantitatively. The association of FLOT1 
expression with various parameters and its effect on overall 
survival time was also assessed. FLOT1 was upregulated in 
the CRC tissue, with increased expression in the right colon 
tissue samples compared with those of left colon. Increased 
FLOT1 expression in CRC tissue samples was associated with 
tumor volume, differentiation, tumor grade and poor overall 
survival time. In the right colon tissue samples in particular, 
there was a notable association with tumor volume and grade, 
indicating its effect on proliferation and tumor stage at this 
site. A multivariate Cox regression hazard analysis revealed 
that only tumor grade and differentiation were the independent 

predictors of overall survival time in patients with CRC. 
Together, the results of the present study suggest that FLOT1 
serves important functions in the proliferation and progression 
of CRC, contributes to decreased survival time, and may serve 
as a novel therapeutic target for the treatment of CRC.

Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed type of cancer and was the second leading cause of 
cancer‑associated mortalities in men and women in 2018 glob-
ally. Annually, >1.2 million patients are diagnosed with CRC, 
whereas >600,000 mortalities occur due to the disease (1). The 
development of CRC is primarily associated with the western 
lifestyle. The prevalence of CRC is higher in males and in 
individuals aged >70 years (2,3). Despite marked hereditary 
components, the majority of cases of CRC are sporadic and 
account for ~70% of all cases. The disease develops slowly 
over several years through the adenoma‑carcinoma sequence. 
Patients with CRC are primarily diagnosed at an advanced 
stage of the disease and distant metastases may also be present. 
Surgically, the procedure for treatment is challenging and the 
survival rate remains low post‑surgery (4). Thus, novel prog-
nostic biomarkers are required to improve the early diagnosis 
and prognosis of patients with CRC.

That the characteristics and prognoses are different 
between patients with right‑side colon cancer and those with 
left‑side colon cancer remains debatable. Previous studies 
have identified contrasts in the epidemiology, peri‑operative 
course, pathology and prognosis between patients with cancer 
of the left side of the colon and those with cancer on the right 
side (5‑7). Patients with right‑side colon cancer were typically 
older and more often female, with tumors of more advanced 
stages, increased size, poorer differentiation and different 
molecular patterns, and with a poorer prognosis compared 
with patients with left‑side colon cancer (7). Differences in 
the embryonic development of the two sides of the colon may 
partially explain the differences  (8,9). In contrast, several 
studies could not identify any association between tumor loca-
tion within the colon and the overall survival time (5).

The flotillin (FLOT)/reggie protein family consists of 
the major constituent proteins of lipid rafts and contains 
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two isoforms: FLOT1 and FLOT2 (10). The isoforms form 
hetero‑oligomeric complexes that participate in various 
cellular functions, including cell adhesion, actin cytoskeleton 
reorganization, endocytosis, phagocytosis and the transduc-
tion of cellular signals (11). FLOT1 is associated with various 
types of cancer, including non‑small cell lung, endometrial 
and breast cancer, renal cell carcinoma, neuroblastoma, 
gastric, bladder, mouth, cervical and prostate cancer, and 
hepatocellular carcinoma  (12‑22). In breast cancer, the 
FLOT1 expression level is associated with clinical staging 
and prognosis, and its silencing inhibits the proliferation and 
tumorigenicity of breast cancer cells in vitro and in vivo (17). 
In endometrial cancer, the upregulation of FLOT1 is associ-
ated with the tumor grade (12), whereas in bladder cancer it 
leads to cancer progression and recurrence post‑surgery (14). 
In prostate cancer, increased expression of FLOT1 influences 
the proliferation of cancer cells (21). These results suggest that 
FLOT1 may serve an important function in the progression 
and development of malignant carcinomas. To date, the effect 
of FLOT1 dysregulation on the pathogenesis of CRC is not 
well‑documented.

Therefore, the aim of the present study was to investigate 
the expression of FLOT1 in left‑ and right‑side CRC tissue 
samples, and evaluate its prognostic significance by analyzing 
the association between the level of FLOT1 expression and 
clinicopathological features and survival time outcomes from 
CRC biopsies.

Materials and methods

Patients and tissue samples. The present study included 
patients with CRC who were admitted to Qilu Hospital of 
Shandong University between November 2009 and May 2010. 
In total, 81 tumor biopsies and adjacent tissues samples were 
obtained from the patients. The study population consisted 
of 45  male and 36  female patients with a mean age of 
66.7±14.0 years (range, 22‑93 years). The biopsies were patho-
logically classified, and the tumor stage was defined according 
to the World Health Organization (2000) and the Union of 
International Cancer Control/American Joint Committee 
on Cancer Tumor‑Node‑Metastasis (6th edition) classifica-
tion (23). Following surgical removal, the tumor biopsy samples 
were formalin‑fixed (10%) for 24 h at 4˚C, paraffin‑embedded 
and stored at 4˚C for further histological analysis and immu-
nohistological studies. The post‑surgery clinical follow‑up of 
the patients took place in the surgical outpatient clinic biannu-
ally for ≤68 months. The age, sex, tumor location, tumor size, 
histological type, tumor‑node‑metastasis stage, and presence 
of lymph node and distant metastases were obtained from 
the medical records of the patients. The Ethics Committee 
of Shandong University, China approved the study. Written 
informed consent was obtained from each patient.

Immunohistochemistry. The paraffin‑embedded tissue 
sections were cut into 4‑5‑µm sections, dewaxed and 
hydrated. The antigen retrieval was performed by heating 
the tissue sections at 95˚C in 0.01 M citrate buffer solution, 
pH 6.0, for 2‑3 min in a stainless steel pressure cooker. The 
endogenous peroxidase was blocked for 10 min using 3% 
hydrogen peroxide solution at room temperature. The sections 

were incubated with goat serum (Beijing Solarbio Science & 
Technology Co., Ltd., Beijing, China) for 15 min at 37˚C for 
blocking and then immunostained with rabbit antibody against 
FLOT1 (cat. no. ab41927; dilution 1:100; Abcam) at 4˚C over-
night. Incubation with horseradish peroxidase‑conjugated 
anti‑rabbit immunoglobulin G (cat. no. A0208; dilution 1:50; 
Beyotime Institute of Biotechnology, Haimen, China) for 1 h 
at 37˚C, followed by incubation with 3,3'‑diaminobenzidine 
(DAB‑0031; Fuzhou Maixin Biotech Co., Ltd., Fuzhou, 
China) for 1 min at room temperature for secondary staining, 
according to the manufacturer's protocols. Hematoxylin was 
used for counterstaining for 1 min at room temperature.

Evaluation of immunohistochemical staining. Immunostaining 
was assessed independently by two experienced pathologists 
in a blinded manner. The concurrence ratio was >95% and 
when discrepancies appeared, a third pathologist analyzed 
the results. Overall, ~500 cells from three randomly chosen 
fields under the light microscope (magnification, x200) were 
counted for each sample. The scoring for immunostaining 
was performed semi‑quantitatively: A combined score of 
the staining intensity (0, negative; 1, weak; 2, moderate; and 
3, strong) and the percentage of positively stained cells (0, 0; 
1, 1‑25; 2, 26‑50; 3, 51‑75; and 4, 76‑100%) was calculated, 
giving the final score of FLOT1 protein expression. The cut‑off 
point for the definition of the expression level was as follows: 
0‑5, low expression; and 6‑8, high expression.

Statistical analysis. The associations between FLOT‑1 expres-
sion and clinicopathological parameters were analyzed using 
χ2 and Fisher's exact tests. Quantitative data are presented as 
the mean ± standard deviation. Paired and unpaired Student's 
t‑tests were used to determine the differences between two 
groups to compare FLOT‑1 expression in adjacent normal 
tissues and colon cancer tissues or left and right colon cancer 
tissues). Receiver operating characteristic (ROC) curve anal-
ysis was performed to assess the diagnostic value of FLOT1 in 
CRC. The survival rates were calculated by the Kaplan‑Meier 
method and the differences between the subgroups were deter-
mined using the log‑rank test. Univariate and multivariate 
survival analyses were performed using Cox proportional 
hazards models to identify independent prognostic factors. 
All statistical analyses were performed using SPSS software 
(version 21.0; IBM Corp., Armonk, NY, USA), and P<0.05 was 
considered to indicate a statistically significant difference.

Results

Expression of FLOT1 in CRC. FLOT1 staining was markedly 
increased in the CRC tissues compared with their corre-
sponding adjacent non‑cancer tissues, suggesting that FLOT1 
is upregulated in CRC  (P<0.001; Figs.  1  and  2A). Of the 
81 CRC tissues, 45 (56%) demonstrated strong positive staining, 
whereas 36 (44%) revealed either negative or weak staining. In 
the adjacent healthy tissues, 81 (100%) samples demonstrated 
either negative or weak staining and none revealed strong posi-
tive staining. Among the CRC samples, the FLOT1 levels were 
significantly higher in samples from the right side of the colon 
compared with those from the left side, indicating a differential 
expression of FLOT1 in CRC location (P<0.05; Fig. 2B).
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To determine the diagnostic value of FLOT1 expression in 
CRC and in different CRC sites, ROC curves were constructed. 
To assess the potential of the FLOT1 expression (IHC sum 
scores) for diagnosing CRC and its location, the area under the 
curve (AUC) was calculated. The AUC of the ROC curve for 
FLOT1 as a predictor of CRC reached 0.997 [95% confidence 
interval (CI), 0.99‑1.00; P<0.001; Fig. 2C], with an estimated 
sensitivity and specificity of 100 and 87.0%, respectively. 
Furthermore, the AUC for FLOT1 being able to predict the 
CRC location was 0.642 (95% CI, 0.53‑0.76; P<0.05; Fig. 2D) 
with an estimated sensitivity and specificity of 96.4 and 89.2%, 

respectively. However, the FLOT1 expression was comparable 
between the tumor tissues with and without lymph node 
metastasis (P=0.473; Fig. 3).

Association between FLOT1 expression and clinicopatho‑
logical factors. To estimate the clinical importance of FLOT1 
expression in CRC, the association between FLOT1 levels and 
various clinicopathological factors was analyzed (Table I). 
FLOT1 expression was significantly associated with tumor 
invasiveness  (P=0.025), grade  (P=0.047) and differentia-
tion (P=0.023), and the association with tumor location was 

Figure 1. FLOT1 expression in healthy colon tissue and cancer tissues of the left and right colon. (A) Tumor‑adjacent normal tissue with negative staining for 
FLOT1. (B) Moderate staining for FLOT1 was observed in mucosal layer of the tumor in the left colon. (C) Strong positive staining for FLOT1 was observed 
in the mucosal layer of tumor in the right colon. Original magnification, x200. FLOT1, flotillin 1.

Figure 2. Expression of FLOT1 in CRC biopsy samples. (A) FLOT1 expression was significantly upregulated in CRC tissues compared with the adjacent 
healthy tissues. (B) FLOT1 expression was significantly higher in the right colon cancer tissues compared with those of the left colon. The receiver operating 
characteristic curves indicate a marked difference (C) between CRC tissues and adjacent non‑cancer controls (AUC=0.997; P<0.001), (D) and between right 
and left colon cancer tissues (AUC=0.642; P<0.05). The green diagonal line is the reference line and the blue line indicates the threshold values. ***P<0.001 
and *P<0.05. FLOT1, flotillin 1; CRC, colorectal cancer; IHC, immunohistochemistry; AUC, area under the curve.
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confirmed (P=0.021). However, no association was observed 
between FLOT1 expression and patient age (P=0.335), sex 
(P=1.00), lymph node metastasis (P=0.446) or distant metastasis 
(P=0.246). Furthermore, the association between the FLOT1 
levels and clinicopathological factors of the left‑ compared with 
the right‑side CRC tissue samples was examined (Table II). 
The analysis revealed an association between the FLOT1 
expression and tumor differentiation  (P=0.025) only. No 
tumor location‑dependent association was observed between 
the other parameters and FLOT1 expression  (Table  II). 
Furthermore, although the tumor volume was comparable 
between CRC tissue samples with low and high FLOT1 levels, 
it was markedly increased in right‑ compared with left‑side 
colon cancer tissues (Figs. 4 and 5). These data imply that 

Table I. Association between FLOT1 expression and clinicopathological factors in colorectal cancer.

	 FLOT1 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Cases, n	 Low	 High	 P‑value

Age, years				    0.335
  <60	 25	 9	 16
  ≥60	 56	 28	 28
Sex				    1.000
  Male	 45	 21	 24
  Female	 36	 16	 20
Depth of invasion (T)				    0.025
  T2	 5	 4	 1
  T3	 56	 25	 31
  T4	 12	 2	 10
  Missing data	 8	 6	 2
Lymph node metastasis (N)				    0.149
  Negative (N0)	 45	 24	 21
  Positive (N1‑N2)	 33	 13	 20
  Missing data	 3	 0	 3
Distant metastasis (M)				    0.246
  Negative (M0)	 78	 37	 41
  Positive (M1)	 3	 0	 3
Tumor stage				    0.047
  I	 4	 0	 4
  II	 36	 16	 20
  III	 29	 11	 18
  IV	 3	 0	 3
  Missing data	 9	 6	 3
Tumor differentiation				    0.023
  Well	 1	 1	 0
  Moderate	 67	 34	 33
  Poor	 13	 2	 11
Tumor location				    0.021
  Right	 51	 18	 33
  Left	 30	 19	 11

FLOT1, flotillin 1.

Figure 3. Expression of flotillin 1 in colorectal cancer tissues with and 
without LNM. IHC, immunohistochemistry; LNM, lymph node metastasis.
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Table  II. Association between FLOT1 proteins levels and clinicopathological factors in right‑ compared with left‑side colon 
cancer tissue samples.

	 FLOT1 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Cases, n	 Left	 Right	 P‑value

Age, years				    0.805
  <60	 25	 10	 15
  ≥60	 56	 20	 36
Sex				    0.645
  Male	 45	 18	 27
  Female	 36	 12	 24
Depth of invasion (T)				    1.000
  T2	 5	 2	 3
  T3	 56	 21	 35
  T4	 12	 4	 8
  Missing data	 8	 3	 5
Lymph node metastasis (N)				    0.326
  Negative (N0)	 45	 19	 26
  Positive (N1‑N2)	 33	 11	 22
  Missing data	 3	 0	 3
Distant metastasis (M)				    1.000
  Negative (M0)	 78	 29	 49
  Positive (M1)	 3	 1	 2
Tumor stage				    0.664
  I	 4	 2	 2
  II	 36	 16	 20
  III	 29	 9	 20
  IV	 3	 1	 2
  Missing data	 9	 2	 7
Tumor differentiation				    0.025
  Well	 1	 1	 0
  Moderate	 67	 29	 38
  Poor	 13	 1	 12

FLOT1, flotillin 1.

Figure 4. Comparison of tumor volume between colon cancer tumors located 
on the left and right side of the colon. The tumor volume was higher in colon 
cancer of the right side compared with tumors on the left side of the colon. 
*P<0.05.

Figure 5. Comparison of the tumor volume of CRC tissues with high and low 
expression of the flotillin 1 protein. 
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increased FLOT1 expression leads to tumor progression in 
CRC in general, whereas it specifically increases proliferation 
in CRC of the right side of the colon.

FLOT1 as a marker for prognosis. The overall median survival 
time of the patients in the present study was 48 months (range, 
1‑68 months). The prognostic value of high FLOT1 expres-
sion in samples of patients with CRC was assessed using 

Kaplan‑Meier analysis. The survival time analysis revealed 
that patients with low FLOT1 expression in their biopsy 
samples exhibited longer overall survival times compared 
with those with high FLOT levels  (P=0.043; Fig.  6A). 
Furthermore, patients with higher tumor grade and poorer 
tumor differentiation exhibited decreased overall survival 
times compared with those with lower tumor grade (P=0.004; 
Fig. 6B) and better‑differentiated tumors (P=0.001; Fig. 6C), 
respectively. No significant association was revealed between 
the tumor location (right or left side of the colon) and the 
overall survival time (Fig. 7). However, the survival estimates 
demonstrated a lower median survival duration of 44 months 
for patients with CRC tumors on the right side of the colon 
(95% CI, 16.01‑77.98) compared with a median survival time 
of 56  months for patients with left‑side tumors  (95%  CI, 
19.02‑92.97).

Univariate and multivariate analyses using the Cox 
proportional hazards regression model were performed to 
further investigate factors associated with patient outcome. 
The univariate analysis indicated that tumor stage, differ-
entiation and volume were significantly associated with 
the overall survival time of patients with CRC (Table III). 
However, FLOT1 expression, tumor location, lymph node 
metastasis, distant metastasis and depth of invasion indicated 
no prognostic effect in the patients. The multivariate analysis 
confirmed tumor stage and differentiation as independent 
prognostic factors for CRC survival time (Table III).

Figure 6. Kaplan‑Meier survival curves of patients with colorectal cancer. A log‑rank test revealed the significant effect of (A) tumor FLOT1 protein levels 
(P=0.043), (B) tumor grade (P=0.004) and (C) the level of differentiation of the tumor (P=0.001) on the overall survival time of the patients. FLOT1, flotillin 1; 
Cum, cumulative.

Figure 7. Kaplan‑Meier survival curves illustrating no significant effect of 
the tumor location (right and left side of the colon) on the overall survival 
times of patients with colorectal cancer. Cum, cumulative.
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Discussion

The lipid raft marker protein FLOT1 is upregulated in various 
types of cancer. Previously, Thorn et al (24) performed expression 
profiling in the marginal edges of CRC tumors and demonstrated 
that FLOT1 expression is increased in the more invasive cancer 
tissues. In accordance with this study, the results of the present 
study demonstrated that FLOT1 expression was significantly 
increased in CRC tissues, with increased expression specifically 
in the right‑side tumors, and was associated with tumor differ-
entiation, tumor grade and depth of tumor invasion. Another 
landmark study by Niu et al (25) suggested the active involve-
ment of FLOT1 and histone H1 as downstream factors in the 
cytoplasmic and nuclear pathway of the S100 calcium‑binding 
protein A11  (S100A11), and that they are required for LIM 
and SH3 protein 1 (LASP1)‑S100A11 axis‑mediated epithe-
lial‑mesenchymal transition and CRC progression. This previous 
study suggested that S100A11, in combination with LASP1, 
serves an important function in CRC metastasis through its 
subcellular effectors FLOT1 and histone H1.

In various types of cancer, FLOT1 expression is associated 
with different clinicopathological parameters, including tumor 
size and tumor stage. Pust et al (26) identified that FLOT1 
activates ErbB2 receptor tyrosine kinase 2 expression in vitro 
and in vivo, which in turn increases the proliferation of breast 
cancer cells, whereas decreasing FLOT1 expression signifi-
cantly suppresses breast cancer cell proliferation. In another 
study, Zhang  et  al demonstrated an association between 
FLOT1 and tumorigenesis and progression of hepatocellular 
carcinoma. In addition, the study also suggested that FLOT1 
may be used as a prognostic marker in patients with hepatocel-
lular carcinoma (20). Winship et al revealed upregulation of 
FLOT1 in endometrial cancer tissue and its association with 
increasing tumor grade (12). In tongue squamous cell cancer, 
the FLOT1 protein is correlated with pathological stage, depth 
of invasiveness, lymph node metastasis, recurrence following 
the surgical removal of the cancerous tissue, and with shorter 
survival time  (15). In the present study, the association of 
increased FLOT1 expression with higher tumor grade, poorer 

differentiation state and increased tumor volume indicates 
that FLOT1 expression may contribute to the progression of 
the tumor from early to advanced phenotype, and to the prolif-
eration of CRC cells. Decreased overall survival time was also 
associated with increased FLOT1 expression. Multivariate 
analysis confirmed tumor grade and differentiation as indepen-
dent predictors of overall survival time in patients with CRC.

The notion that patients with tumors located on the right side 
of the colon have more advanced tumors with poorer prognosis 
and decreased overall survival time, remains unclear. Although 
a number of studies have supported this hypothesis (27,28), 
others failed to demonstrate any site‑specific differences (5,29). 
In the present study, FLOT1 protein levels were significantly 
increased in right‑side colon CRC tissue samples compared 
with those from the left side. In concordance, the tumor volume 
was also higher in the right‑side colon CRC tissue samples. No 
other examined parameters differed between the CRC tumors 
from different locations. This suggests that FLOT1 may affect 
the proliferation of cancer cells on the right side of the colon. 
However, in the multivariate analysis, the tumor location failed 
to predict the overall survival time outcome. This could be due 
to the small sample size in the present study. Although this is 
a notable result, further study of this phenomenon is required.

In conclusion, the FLOT1 protein level is increased in CRC 
tissue compared with in adjacent healthy colon tissue, with 
tissue from tumors of the right side of the colon specifically 
exhibiting higher FLOT1 expression. FLOT1 in CRC tissues is 
associated with the tumor proliferation, differentiation, tumor 
grade and overall survival time. In right‑side colon tumors, 
FLOT1 specifically affects tumor proliferation. Since, to the 
best of our knowledge, the present study is the first of its type, 
the factors investigated should be taken into consideration by 
the physician when screening patients for CRC. Further studies 
with larger study sample numbers are warranted, to elucidate 
the pathological molecular mechanism of this event.
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