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of Caveolin-1 in prostate Cancer after
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Abstract

Background: Prostate cancer is a common malignancy of the male genitourinary system that occurs worldwide.
The current research aims to investigate caveolin-1 expression in prostate cancer tissue and its relationship with
pathological grade, clinical pathologic staging, and preoperative prostate-specific antigen (PSA) levels.

Methods: From January 2012 to December 2014, samples from 47 patients with prostate cancer who had received
transurethral prostatic resection (TURP) and 20 patients with benign prostatic hyperplasia were collected at the First
Affiliated Hospital of Guangxi Medical University. Caveolin-1 was detected by streptavidin-perosidase (SP)
immunohistochemical staining in pathological tissue slices. The results were statistically analyzed for pathological
grade, clinical stage, and preoperative PSA level.

Results: The expression of caveolin-1 was significantly higher in prostate cancer samples than in benign prostatic
hyperplasia samples (P < 0.05), and caveolin-1 expression was significantly different among the pathological grades
of poorly, moderately and well-differentiated prostate cancer (P < 0.05). The difference in caveolin-1 expression was
significant for different clinical stages (T1-T2 and T3-T4) of prostate cancer (P < 0.05). The difference in
caveolin-1 expression was not significant among samples with different preoperative PSA levels (0–10, 10–100 and
> 100 μg/L) (P > 0.05).

Conclusions: Caveolin-1 is closely related to the pathological grade and clinical stage of prostate cancer after
transurethral surgery, and it may be a novel tumor marker for prostate cancer. The expression of caveolin-1 is
not associated with preoperative serum PSA levels.
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Background
Prostate cancer is a common malignancy of the male
genitourinary system. In recent years, there has been a
continuous rise in the incidence of prostate cancer cases,
and it is becoming the first cancer to threaten male
health [1, 2]. Screening for prostate cancer relies mainly
on PSA testing. However, because of low PSA specificity
and the very low serum PSA levels in some patients with
prostate cancer, there is a possibility of missed diagnosis
[3, 4]. Therefore, finding new screening markers is
essential for providing powerful evidence for the early

detection, early diagnosis, and early treatment of pros-
tate cancer [5].
At present, the pathogenesis and relevant molecular

biological basis of prostate cancer are not yet fully
understood [6]. Recent studies have proved that
caveolin-1 is associated with the incidence and progres-
sion of prostate cancer [7], but the specific mechanism
is not clear.
Caveolin (Cav) is a special vesicle-like structure on the

surface of the cell membrane and is an important
structural-functional protein. It has been found that mam-
mals have three caveolin genes (caveolin-1, caveolin-2 and
caveolin-3). Caveolin-1 and caveolin-2 are widely present
in a variety of normal human cells, and caveolin-3 is
expressed specifically in muscle. Caveolin interacts with
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specific lipids, such as glycosphingolipids or choles-
terols, thereby leading to the formation of caveolae.
In the sub-cell, caveolin-1 is positioned at the cyto-
plasm, mitochondria, caveolae, and other related se-
cretion channels [8]. Caveolin-1 is involved mainly in
the interaction of signaling molecules and the regula-
tion of signaling channels, as well as the regulation of
cell proliferation, differentiation, migration, apoptosis,
and angiogenesis signaling pathways. Caveolin-1 is
also closely related to the occurrence, progression, in-
vasion, and metastasis of tumors [9].
A large number of studies have shown that

caveolin-1 is expressed at a low level in most tumors
and is present as a tumor suppressor gene [10]. How-
ever, it has been found that caveolin-1 protein expres-
sion is not consistent in different tumor tissues and
cell lines; in a small number of malignant tumors,
specifically urinary tract tumors (prostate cancer, kid-
ney cancer, and bladder cancer), it is highly expressed
and is thus a gene related to cancer and cancer me-
tastasis [11].
In this study, caveolin-1 was detected in pathological tis-

sue slices of prostate cancer by streptavidin-peroxidase
(SP) immunohistochemical staining. Statistical analysis
was performed on the immunohistochemistry results for
the tissue slices to investigate the correlation of caveolin-1
with the prostate cancer pathological grade, clinical stage,
and preoperative serum PSA level to provide new infor-
mation for the clinical diagnosis and treatment of prostate
cancer.

Materials and methods
General information
Inpatients who received transurethral resection of
prostate in the Urology Department of the First Af-
filiated Hospital of Guangxi Medical University be-
tween January 2012 and December 2014 were
included in this study. The inclusion criteria were
patients who had undergone surgical resection for
prostate cancer and had benign prostatic hyperplasia
that had been diagnosed pathologically. The exclu-
sion criteria included 1) patients with non-prostate
cancer and benign prostatic hyperplasia; 2) patients
without pathological reports; 3) patients with incom-
plete clinical data; and 4) patients who had received
preoperative radiotherapy, chemotherapy or endo-
crine treatment. Forty-seven samples from patients
with transurethral electrocision of the prostate and a
pathological diagnosis of prostate cancer were in-
cluded in the experimental group. In the experimen-
tal group, the patients’ ages ranged from 55 to 91,
and the average age was 71.15 ± 9.60 years old. In
addition, 20 patients with benign prostatic hyperpla-
sia were selected as the control group. In the control

group, the patients’ ages ranged from 48 to 79, and
the average age was 69.63 ± 8.24 years old. All speci-
mens were from patients who were admitted to the
Urology Department of the First Hospital Affiliated
of Guangxi Medical University after transurethral
electrocision of the prostate. The clinical data col-
lected from all patients included general information
(including name, age, inpatient number, admission
diagnosis, and contact information) and the results
of auxiliary examination, including the preoperative
serum PSA level, tumor node metastasis (TNM) sta-
ging, pathological findings (including Gleason score),
and treatment.

Immunohistochemical detection
Cav-1 protein was detected by the standard streptavidin-
peroxidase (SP) immunohistochemical staining method.
The tissue slices were processed and incubated with a
rabbit anti-human caveolin-1 polyclonal antibody (1:200
dilution; cat. no. SC-894; Santa Cruz Biotechnology Inc.,
CA, USA) overnight at 4 °C; then, the slices were in-
cubated with biotin-labeled goat anti-rabbit IgG
(1:200; Histostain-SP Kit; cat. no. SPN-9001; Zsbio,
Beijing, China) at room temperature for 20 min; next,
the slices were incubated with peroxidase-labeled
streptavidin at room temperature for 20 min and
stained with a Tris-HCl solution containing 0.02%
3,9-diaminobenzidine for 5 to 7 min; finally, the slices
were stained with hematoxylin, washed with water,
dehydrated, removed, sealed, detected and photo-
graphed under a microscope.

Result analysis
Positive results were analyzed using an Olympus optical
microscope, and double-blind randomized observations
were made by two chief physicians. Positive caveolin-1
expression was located in the cell membrane and cyto-
plasm and was indicated by yellowish-brown or brown
granules. The scores were calculated according to the
staining intensity of positive-staining cells and the num-
ber of positive-staining cells (percentage of positive cells)
in the tissue slice. (1) The staining intensity was calcu-
lated as follows: negative - 0 points; weak positive - 1
point; positive - 2 points; and strong positive - 3 points.
For the tissue slices, the staining intensity was calculated
as follows: colorless - 0 points; light yellow - 1 point;
yellowish-brown - 2 points; and brown - 3 points. (2)
The percentage of positive cells were calculated as
follows: < 5% - 0 points; ≥ 5 to 25% - 1 point; > 25 to
50% - 2 points; > 50 to 75% - 3 points; and > 75% - 4
points. The final score was calculated by multiplying the
staining intensity score by the positive cell percentage.
When the final score was ≥4 points, it was considered
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positive; when the final score was < 4 points, it was con-
sidered negative.

Statistical analysis
All statistical analyses were performed using the SPSS
16.0 software (SPSS Inc., Chicago, IL). Group comparisons
were performed using the Chi-square test. Differences
were considered statistically significant when p < 0.05.

Results
Experimental group: Clinical and pathological data
As shown in Table 1, in the experimental group, 19
patients (40.4%) were younger than 70 years old, and 28
patients (59.6%) were older than or equal to 70 years old.
The preoperative PSA level was 0–10 ng/ml in 6 cases
(12.8%), 10–100 ng/ml in 22 cases (46.8%), and > 100 ng/
ml in 19 cases (40.4%). The clinical stage was T1-T2 in 26
cases (55.3%) and T3-T4 in 21 cases (44.7%). According to
the 2016 World Health Organization (WHO) classifica-
tion of tumors of the urinary system and male genital
organs and the risk classification, which is based on
the D’amico classification system, the Gleason score
was categorized as follows: low risk 2–6, intermediate
risk 7, and high risk 8–10. This study found 2–6

points in 11 cases (23.4%), 7 points in 16 cases
(34.0%), and 8–10 points in 20 cases (42.6%).

Tissue expression of caveolin-1 in prostate cancer and
benign prostatic hyperplasia
Caveolin-1 positive staining was found in the cell
membrane and cytoplasm of prostate cancer (PCa)
cells, presenting as yellowish-brown or brown parti-
cles. In 47 cases of prostate cancer, positive expres-
sion was found in 29 cases, and negative expression
was found in 18 cases; the positive expression rate
was 61.70%. In 20 cases of benign prostatic hyperpla-
sia, positive expression was found in 2 cases, and
negative expression was found in 18 cases; the posi-
tive expression rate was 10.0% (Fig 1). The difference
between the two groups was statistically significant
(Table 2).

Correlation of the expression of caveolin-1 and
pathological grading
As shown in Fig. 2, the positive expression rate of
caveolin-1 in PCa tissue was 61.70%. The positive
expression rate of caveolin-1 was 80.0% in poorly
differentiated PCa tissue, 68.8% in moderately differ-
entiated PCa tissue, and 18.2% in well-differentiated
PCa tissue. The higher the differentiation of the
prostate cancer tissue was, the stronger the staining
intensity of caveolin-1, the higher the percentage of
positive cells, and the higher the positive rate were.
The inter-group difference was statistically significant
(Table 3). Therefore, prostate cancer is closely re-
lated to caveolin-1 since prostate cancer of a high
pathological grade was often accompanied by the
high expression of caveolin-1.

Correlation of the expression of caveolin-1 and the
clinical stage of prostate cancer
The positive rates of caveolin-1 expression in T1-T2 and
T3-T4 PCa tissues were 46.15 and 80.95%, respectively.

Table 1 Clinical and pathological data in 47 cases of patients
with prostate cancer

Item Cases (percentage)

Age < 70 19 (40.4%)

≥70 28 (59.6%)

Preoperative PSA 0–10 6 (12.8%)

level (ng/ml) 10–100 22 (46.8%)

> 100 19 (40.4%)

Clinical stage T1-T2 26 (55.3%)

T3-T4 21 (44.7%)

Gleason score 2–6 11 (20%)

7 16(37.4%)

8–10 20(42.6%)

Fig. 1 Caveolin-1 expression in benign prostatic hyperplasia. a: SP × 200; b: SP × 400
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The expression rate of caveolin-1 increased with the
clinical stage. The difference between the two groups was
statistically significant (Table 4), suggesting that caveolin-1
was related to prostate cancer invasion (P < 0.05).

Correlation of the expression of caveolin-1 and the
preoperative PSA level in patients with prostate cancer
The positive expression rates of caveolin-1 in preopera-
tive PSA groups (0–10 μg/L, 10–100 μg/L, and > 100 μg/
L) were 16.67, 68.18 and 68.42%, respectively. The differ-
ence was not statistically significant (P > 0.05) (Table 5),
suggesting that caveolin-1 and preoperative PSA levels
in patients may be two independent markers.

Discussion
The occurrence and progression of prostate cancer as well
as its surrounding infiltration plus distant metastasis are
closely related to abnormal gene and protein expression.
In cases where the tumor suppressor gene is an inactivator
and the oncogene is an activator, protein expression will
be abnormal, resulting in the deregulation of cell differen-
tiation and growth disorders and eventually leading to the
occurrence of prostate cancer [12].
The expression of caveolin-1 is low in most tumors, in-

dicating its role as a tumor suppressor, but the specific
mechanism is still unclear. It is generally believed that
caveolin-1 can inhibit the malignancy of cells by inhibiting
the activity of the cyclin D1 gene promoter, thereby

inhibiting the MAPK pathway and the phosphorylation of
the Src tyrosine kinase [13]. The reduced expression of
caveolin-1 can promote the activation of gastric cancer-re-
lated fibroblasts, resulting in gastric cancer [14]. The ex-
pression of caveolin-1 in leukemia HL-60 cells can inhibit
tumor cell proliferation, induce apoptosis, block PI3K/
AKT signaling pathway activation and enhance chemo-
therapeutic agent sensitivity [15]. The expression of
caveolin-1 is also reduced in many primary tumors, such
as colorectal cancer, ovarian cancer, and breast cancer [10,
16, 17]. The above evidence suggests that the reduced ex-
pression of caveolin-1 is closely related to tumorigenesis.
In contrast to the above studies, the expression of
caveolin-1 was significantly higher in some tumor tissues
than in normal tissues. Tse et al. [18] found that
caveolin-1 was not expressed in normal livers and normal
liver cell lines, but it is positively expressed in hepatocellu-
lar carcinoma and related cell lines. In addition, the high
expression level of caveolin-1 was associated with venous
infiltration and tumor metastasis, indicating that high
caveolin-1 expression promoted the occurrence, progres-
sion, infiltration, and metastasis of tumors. Caveolin-1 can
interact with transcription factor Fox M1 to promote
epithelial-to-mesenchymal cell transformation and the
metastasis of pancreatic cancer cells [19]. The downregu-
lation of caveolin-1 expression can also inhibit STAT3 sig-
naling pathways to block lung cancer cell metastasis [20].
High levels of caveolin-1 expression can also be seen in

Table 2 Tissue caveolin-1 expression in prostate cancer and benign prostatic hyperplasia

Cases Positive Negative Positive rate X2 P value

Prostate cancer 47 29 18 61.70% 15.085 0.000

Benign prostatic hyperplasia 20 2 18 10%

Fig. 2 Caveolin-1 expression in prostate cancer tissues with different pathological grades
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hand and neck squamous cell carcinoma and kidney
cancer cells that have metastasized [21, 22]. Thus,
caveolin-1 exhibits a high degree of upregulation in
early tumor cells that metastasize to lymph nodes and
is closely related to poor prognosis [23], indicating
that in different stages of tumor development, the ef-
fects of caveolin-1 as an important molecule in the
regulation of growth are also very different; that is,
caveolin-1 is not only a tumor suppressor protein but
also a transfer-related molecule.
In this study, the expression of caveolin-1 was

significantly higher in prostate cancer than in benign
prostatic hyperplasia. The positive rates of caveolin-1 ex-
pression in poorly, moderately, and well-differentiated
prostate cancer were 80.0, 68.8 and 18.2%, respectively.
The positive rates of caveolin-1 expression in T1-T2 and
T3-T4 prostate cancer were 46.15 and 80.95%, respect-
ively; there were no significant differences between the dif-
ferent clinical stages. In groups with different preoperative
PSA levels (0–10 μg/L, 10–100 μg/L, and 100 μg/L), the
positive rates of expression were 16.67, 68.18 and
68.42%, respectively; there were no significant differ-
ences among the three groups. It is assumed that the
high expression of caveolin-1 in prostate cancer may
be related to the interaction between the phosphoryl-
ation and dephosphorylation of scaffolding and mul-
tiple signaling pathways and to gene mutation and
promoter methylation, but it is not related to serum
PSA levels; these results suggest that caveolin-1 may
play an important role in the progression of prostate
cancer. The results from Mohammed, D.A. [24] also
suggest that the expression of caveolin-1 in prostate
cancer is significantly higher than in BPH and
high-grade PIN, indicating that caveolin-1 plays an
important role in the occurrence and metastasis of
prostate cancer and is not related to the invasion of
prostate cancer. Caveolin-1 expression is upregulated
in the terminal development stages of various tumors

and in various stages of urinary tumors, and it in-
creases with tumor malignancy. The high expression
of caveolin-1 is closely related to prostate cancer, pro-
moting the occurrence, progression, and infiltration of
the tumors. Possible mechanisms include gene site
mutations, heterozygous deletions, and promoter
hypermethylation. Paracrine caveolin-1 can promote
the release of various growth factors by regulating
their transcription, upregulating their mRNA and pro-
tein expression levels, stimulating tumor angiogenesis,
and promoting tumor formation and proliferation. It
can be used as a new biomarker for prostate cancer
that can be used in the clinical diagnosis, treatment
and prognosis of prostate cancer [25, 26].
How does caveolin-1 lose its inhibitory function as a

tumor suppressor and instead promote tumor growth? It
is generally believed that the mechanism of action may
have three points: 1) point mutations [27]; 2) tyrosine
phosphorylation [28]; and 3) serine phosphorylation.
Under normal circumstances, caveolin-1 is an integrated
membrane protein. However, if Ser is phosphorylated,
caveolin-1 will be transformed into secreted proteins,
which can improve its autocrine or paracrine function.
Tahir et al. [29] demonstrated that androgen-insensitive
prostate cancer cells could secrete caveolin-1 in auto-
crine or paracrine form and directly stimulate the
growth and survival of prostate cancer cells. It is also be-
lieved that caveolin-1 activates the PI3-K-Akt signaling
pathway in prostate cancer cells and promotes cancer
cell metastasis by interacting with transfer molecules
such as VEGF, TGF-β1 and FGF2 [30]. The absence of
interstitial caveolin-1 expression is related to the activa-
tion of AKT, which leads to the upregulation of TGF-β1
and SNCG expression and results in the transfer of pros-
tate cancer cells [31]. Caveolin-1 is upregulated in pros-
tate cancer, and its high expression in most prostate
cancer tissues can promote the proliferation of cancer
cells and metastasis to lymph nodes. Caveolin-1 can be
used as a biologically active molecule to promote
tumorigenesis and tumor angiogenesis in the prostate
cancer microenvironment. Caveolin-1 overexpression
exists in primary and metastatic prostate cancer [32]. At
present, caveolin-1 can be detected in the peripheral
blood, and its expression level can be used to improve
the diagnosis of prostate cancer and is related to
prognosis.

Table 3 Correlation of caveolin-1 expression with pathological grade of prostate cancer

Pathological grade Cases Positive Negative Positive rate X2 P value

poorly differentiation 20 16 4 80.0% 8.773 0.012

Moderately differentiation 16 11 7 68.8%

Well differentiation 11 2 7 18.2%

Table 4 Correlation of caveolin-1 expression with clinical stage
of prostate cancer

Clinical grade Cases Positive Negative Positive rate X2 P value

T1-T2 26 12 14 46.15% 5.953 0.015

T3-T4 21 17 4 80.95%
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Conclusion
In this study, it was found that high caveolin-1 ex-
pression is closely related to prostate cancer after
transurethral surgery and has a role in promoting
tumorigenesis, development, and infiltration.
In conclusion, caveolin-1 is highly expressed in pros-

tate cancer and is closely related to the pathological
grade and clinical stage of prostate cancer. It may be a
novel tumor marker for prostate cancer and has poten-
tial clinical value. The expression of caveolin-1 is not re-
lated to preoperative serum PSA levels.
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