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Introduction: Neoadjuvant chemotherapy (NACT), which is standard treatment for
locally advanced breast cancer, improves the resectability of patients with early breast
cancer and reduces the extent of breast and axillary surgery. Caveolin-1 (CAV1) is
implicated in human cancers, although its utility for cancer prognosis is unknown.
Here, we investigated the expression of CAV1 in breast cancer tissues to evaluate its
prognostic significance on patients with breast cancer administered NACT.

Methods: CAV1 expression in 80 breast cancer tissue samples was evaluated using immu-
nohistochemistry (IHC). The association between CAV1 levels and clinical factors was
analyzed using the chi-square test and that between CAV1 and prognosis was evaluated
using multivariate Cox regression and Kaplan—Meier analyses.

Results: High levels of CAV1 were significantly associated with survival, and patients with
overexpression of CAV1 had a poor prognosis. Adjusted multivariate Cox regression ana-
lyses revealed that a high level of CAV1 expression was an independent, significant prog-
nostic factor for patients with breast cancer treated with NACT.

Discussion: Overexpression of CAV1 in patients with breast cancer administered NACT
was associated with shorter disease-free survival and overall survival. Therefore, high levels
of CAV1 may serve as a prognostic biomarker for such patients.
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Introduction

Breast cancer is the most common malignancy affecting women worldwide. In
2018, approximately 2.1 million women were diagnosed with breast cancer and
627,000 died."
most patients with breast cancer are at risk tumor for recurrence and

Despite advanced chemotherapy and targeted therapy,
metastasis.

The caveolin family comprises caveolin-1, caveolin-2, and caveolin-3 (CAV1—
3), which are expressed on the cell membrane. CAV1, which is a major structural
protein of caveolae, mediates tumorigenesis and tumor progression. Numerous cell
types express CAV1, such as smooth muscle cells, endothelial cells, skeletal
myoblasts, and fibroblasts.”> Moreover, CAV1 mediates multiple physiological
processes including membrane trafficking, cholesterol homeostasis, signal transduc-

tion, and tumor progression.*>
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CAV1 was first detected in an attempt to identify new
cytoskeletal muscles, and evidence indicates that CAV1
contributes to malignant transformation, promotes the
migration of cancer cells, and confers a metastatic pheno-
type. Further, CAV1 contributes to tumor proliferation,
survival, invasion, apoptosis, autophagy, and resistance to
CAVI s
a potential therapeutic target for cancers.

In contrast, other studies show that CAV1 acts as
a tumor suppressor, " despite evidence cited above identi-

chemotherapy.® therefore considered as

fying it as an oncoprotein in certain cancers. For example,
the expression of CAV1 in pancreatic ductal adenocarci-
noma is significantly associated with tumor size, grade,
and stage;” and convincing evidence shows that patients'
renal cancer with elevated levels of CAVI1 expression
experience shorter overall survival (OS).'°

CAV1 may contribute to the progression and metastasis
of hepatocellular carcinoma (HCC) through the inhibition
of autophagy or by inducing the epithelial-mesenchymal
transition via the Wnt/b-catenin signal transduction
pathway.'' CAV1 is a negative predictor of the prognosis
of lung cancer6. In brain tumors (eg, oligodendrogliomas,
ependymomas, meningiomas, vestibular schwannomas,
and brain metastases), CAV1 may influence the molecular
mechanisms underlying pathobiology and may predict
tumor grade, recurrence, and prognosis.'?

During the progression of prostate cancer, loss of CAV1
from the microenvironment leads to the metastasis of tumor
cells through a mechanism involving TGF-B1 and SNGC
signaling through the AKT signal transduction pathway."
Further, evidence indicates that loss of CAV1 expression
serves as the most significant prognostic factor of OS of
patients with triple-negative (TNBC) and basal-like breast
cancers.'*

However, the clinical utility of CAV1 as a prognostic
marker for patients who undergo NACT is unknown.
Therefore, a better understanding of CAV1 expression in
patients with breast cancer administered NACT may improve
treatment strategies and assessment of a patient’s outcome.
For this purpose, here we evaluated the role of CAV1 expres-
sion in disease-free survival (DFS) and OS of such patients.

Patients and Methods

We analyzed tissues collected from 80 patients with breast
cancer who underwent NACT and subsequent surgery at
Nanjing Drum Towel Hospital between 2010 and 2019.
The study was approved by the Ethics Committees of
Nanjing Drum Towel Hospital and the Affiliated Hospital

of Nanjing University Medical School (2020-134) and
adhered to the tenets of the Declaration of Helsinki. This
was a retrospective study. The complete medical records and
follow-up data of these patients were available. The inclusion
criterion for this study was women with breast cancer treated
with NACT at the same hospital. These patients underwent
subsequent surgery when NACT was completed, and they
were excluded if they did not undergo breast surgery or finish
chemotherapy before surgery. Data on age, tumor size, diag-
nosis, and length of surgery were collected from patients’
medical records. Follow-up information was obtained by
phone investigations. The patients’ ages at surgery ranged
from 27 to 74 years (mean, 54 years). The date of the last
follow-up was December 21, 2019. Patients’ detailed clinical
and pathological information are shown in Table 1.

Table | Correlation Analysis of CAVI
Clinicopathological Characteristics of 80 Breast Carcinomas

Expression with

CAVI P value
Low High
Expression Expression
Age (y)
250 27 (33.75%) 21 (40%) 0.402
<50 21 (26.25%) Il (13.75%)
Tumor size
(em)
>2cm 28 (35%) 15 (18.75%) 0.059
<2cm 7 (8.75%) I (13.75%)
N classification
0 14 (17.5%) I (13.75%) 0.761
| 10 (12.5%) 5 (6.25%)
2 7 (8.75%) 5 (6.25%)
3 4 (5%) 5 (5%)
ER status
Positive 28 (35%) I (13.75%) 0.400
Negative 20 (25%) 10 (12.5%)
PR status
Positive 26 (32.5%) 19 (23.75%) 0.532
Negative 22 (27.5%) 12 (15%)
ERBB2 status
3+ 20 (25%) 16 (20%) 0.845
2+ 12 (15%) 8 (10%)
I+ 7 (8.75%) 3 (3.75%)
0 9 (11.25%) 5 (6.25%)
Survival status
Yes 45 (56.25%) 24 (30%) 0.017
Not 3 (3.75%) 8 (10%)
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Histopathology and immunohistochemistry findings were
evaluated by pathologists and assigned H-scores (see below).

Immunohistochemical Analysis
Representative sections (3-pm thick) from breast cancer tis-
sues were deparaffinized in xylene and rehydrated in graded
concentrations of ethanol. Antigen retrieval was achieved by
boiling sections for 3 min in retrieval buffer (ethylene dia-
mine tetraacetic acid, pH 8.0). Phosphate-buffered saline
(PBS) containing 1% Tween 20 was used to wash the sections
three times. Next, sections were incubated in 3% H,O, for 15
min to inhibit endogenous tissue peroxidase activity. After
washing with PBS three times, the slides were incubated with
a mouse anti-CAV1 antibody (ZM-0050, Zhongshan Golden
Bridge Bio-technology, Beijing, China) overnight at 4°C.
Secondary antibodies and diaminobenzidine were employed
to detect immune complexes. All stained slides were
observed and evaluated using a visible-light microscope.
The intensity of CAV1 staining was scored as 0, undetect-
able; 1, weak; 2, moderate; and 3, intense, according to the
H-scoring method. The H-scoring method is based on the total
number of tumor stromal tissues expressing CAV1 and the
intensity of staining. The H-score is calculated as follows:
score = percentage stained tumor stromal tissue X staining
intensity. For assessment of CAV1 expression, H-scores higher
than average were considered high expression and H-scores
between 0 and the average were considered low expression.

Statistical Analysis

Statistical analyses were performed using the Statistical
package for Social Science 26 (26.0; IBM Corp.,
Armonk, NY, USA). GraphPad Prism (8.0, GraphPad
Software Inc. San Diego, CA, USA) was used as well.
We used the chi-square test to investigate the significance
of the associations between patients’ variables such as age,
tumor size, N classifications, ER status, PR status, ERBB2
status, and survival status. Cox regression analysis was
performed to evaluate the significance of the influence of
prognostic factors on survival in a multivariate context
(adjusting for confounding variables). Two-tailed p <0.05
indicates a significant difference.

Results
Association of CAV| Expression Levels

with Clinicopathological Variables
The relationship between CAV1 and clinicopathological
variables of 80 patients with breast cancer is shown in

Table 1. There was a significant relationship (p=0.017)
between CAV1 expression and the prognosis of breast
cancer patients who were administered NACT (Table 1).
There was no significant correlation with age (p=0.402),
tumor size (p=0.059), N classification (p=0.761), ER status
(p=0.400), PR (p=0.532), or ERBB2
(p=0.845).

status status

Expression of CAVI in Breast Tumor

Tissue

CAV1 is expressed by different cell types such as fat cells,
fibroblasts, endothelial cells, smooth muscle cells, and breast
epithelial cells.'® Immunohistochemistry (IHC) was used to
analyze CAV1 expression (Figure 1A and B). CAV1 was
expressed in the tumor stroma of all breast cancer samples
and was abundant and predominantly localized in breast

Figure | CAVI expression in NACT-breast cancer patients. Tissue section cut
from formalin-fixed paraffin-embedded NACT breast cancer samples were immu-
nostained with antibody directed against cav-1 (A and B). Note the presence of
Cav-| immunostaining in tumor tissue in (A), and the absence of Cav-| immunos-
taining in tumor-adjacent tissue in (B). Scale Bar:200um for (A and B). The brown
staining in (A) represented stroma. And the blue staining in the rest area repre-
sented cancer cells.
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cancer tissues. The staining intensities and patterns of normal
tissues adjacent to the tumor tissues were used as baseline.
Representative examples of CAV1 immunostaining are shown
in Figure 1A. CAV1 expression was undetectable in nontumor
tissues (Figure 1B). Quantification of CAV1 expression was
low in 60% of tumor samples and high in 40%.

Prognostic Value of CAVI IHC for
Predicting Clinical Outcomes in Breast
Cancer Patients Administered NACT

We next used IHC to investigate the value of CAV1 as
a prognostic biomarker of the clinical outcomes of patients
with breast cancer who were administered NACT. Clinical
data were collected from hospital records and telephone
interviews. When this manuscript was submitted for publica-
tion, 11 (13.75%) were deceased and 69 (86.25%) were alive.

The DFS of patients with high CAV1 expression was
significantly shorter compared with those with low CAV1
expression (p=0.0042) (Figure 2A). Univariate Cox’s regres-
sion analysis revealed that high expression of CAV1 signifi-
cantly correlated with shorter DFS (p=0.011, hazard ratio
[HR]=5.648). In contrast, there was no significant associa-
tion of DFS with age (p=0.079, HR=6.330), tumor size
(p=0.782, HR=0.822), ER status (p=0.550, HR=0.697), PR
status (p=0.152, HR=0.407), or ERBB2 status (p=0.642
HR=1.331). There was a statistically significant association
(p=0.011, HR=5.666) of CAV1 expression with OS (Figure
2B). The results of univariate analysis of DFS and OS are
summarized in Tables 2 and 3.

Multivariate Cox regression analysis showed
a significant effect of CAV1 on DFS and OS, but not
with other factors, except N classification (p=0.016 and
0.029, respectively). Lymph node metastasis serves as
a prognostic marker for patients with breast cancer. Thus,
CAV1 expression levels and N classification were signifi-
cant factors for predicting DFS and OS of our patient
population (Tables 4 and 5). These data support the con-
clusion that CAV1 independently influenced prognosis.

Discussion

Here we used IHC to investigate the clinical significance
of CAV1 expression levels of patients with breast cancer
administered NACT. CAV1 antagonistically regulates cel-
lular processes related to inflammation.'> Our result indi-
cates the relevance of CAV1 for predicting the prognosis
of such patients and that the analysis of CAV1 expression
may therefore contribute to the understanding of the

Disease-free survival (n=80)

-
(=3
o

A
Chir v
o LB

Percent survival
(3,
o

| I NN NN FE NN RN NN

p=0.0042
—— low CAV-1
—— high CAV-1
0 Tﬁm‘l‘l‘l‘l‘l‘l‘"ﬁ"‘l‘""l‘l‘l‘l‘l‘l‘l
0 50 100 150
survival time (months)
B
overall survival (n=80)
2 ]
EVst
» 1 p=0.0040
£ 50
o ] —— low CAV-1
& —— high CAV-1

(=]

[Trrrrrrrrrrrrrrrrrrrrrrrrrrrrg|
50 100

survival time (months)

o

150

Figure 2 Kaplan—Meier analysis showing the predictive value of CAVI in NACT-
breast cancer patients with low or high CAVI expression. (A) Comparison of
disease-free survival (DFS) based on the expression levels of CAVI. (B)
Comparison of overall survival (OS) as a function of the expression levels of
CAVI. The blue line indicated low expression of CAVI and the red line indicated
high expression of CAVI.

influence of CAV1 on breast cancer. Moreover, our present
data provide support for the conclusion that CAV1 shows
promise as a biomarker for predicting the prognosis of
such patients.

Table 2 Univariate Analysis of DFS According to Clinicopathological

Factors
OR 95% CI P
Age (250years vs <50years) 6.330 | 0.810—49.471 0.079
Tumor size (>2cm vs <2cm) 0.822 | 0.205-3.291 0.782
N classification (0 vs 1,2,3) 7.112 | 0.0883-57.255 | 0.065
ER status (positive vs negative) | 0.697 | 0.213-2.283 0.550
PR status (positive vs negative) | 0.407 | 0.119-1.1391 0.152
ERBB2 (3+ vs 0,1+,2+) 1.331 0.399—4.445 0.642
CAVI (high vs low) 5.648 1.487-21.457 0.011
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Table 3 Univariate Analysis of OS According to Clinicopathological

Factors
OR 95% CI P
Age (250years vs <50years) 5.903 0.754-46.204 0.091
Tumor size (>2cm vs <2cm) 0.850 0.212-3.407 0.819
N classification (0 vs 1,2,3) 6.671 0.828-53.759 0.075
ER status (positive vs negative) 0.654 0.199-2.145 0.484
PR status (positive vs negative) 0.389 0.114-1.329 0.132
ERBB2 (3+ vs 0,1+,2+) 1.457 0.436—4.866 0.541
CAVI (high vs low) 5.666 1.482-21.663 0.011

Table 4 Multivariate Cox Proportional Hazard Analysis of DFS
of Patients with Breast Cancer Administered NACT

OR 95% ClI P
Age (250years vs <50years) 4.634 0.528-40.697 0.167
Tumor size (>2cm vs <2cm) 0.396 0.032-4.855 0.469
N classification (0 vs 1,2,3) 37.893 | 1.946-737.961 | 0.016
ER status (positive vs negative) | 0.574 0.054-6.129 0.646
PR status (positive vs negative) | 0.148 0.009-2.339 0.175
ERBB2 (3+ vs 0,1+,2+) 0.563 0.099-3.193 0.517
CAVI (high vs low) 15.620 | 1.778-137.242 | 0.013

Table 5 Multivariate Cox Proportional Hazard Analysis of OS of
Patients with Breast Cancer Administered NACT

OR 95% ClI P
Age (250years vs <50years) 2.676 0.308-23.227 0.372
Tumor size (>2cm vs <2cm) 0.369 0.030-4.509 0.435
N classification (0 vs 1,2,3) 27.483 | 1.401-539.054 | 0.029
ER status (positive vs negative) | 0.411 0.039-4.288 0.458
PR status (positive vs negative) | 0.201 0.014-2.862 0.236
ERBB2 (3+ vs 0,1+,2+) 1.473 0.338-6.415 0.606
CAVI (high vs low) 8.527 1.253-58.019 0.028

Consistent with our findings presented here, other evi-
dence indicates that CAV1 may serve as biomarker for the
response to albumin-based cancer therapeutic drugs.'® For
example, in HCC arising from nonalcoholic fatty liver
disease, CAV1 overexpression contributes to the survival
of HCC cells in fatty acid-rich environments and therefore
may serve as a target of therapy.'’

CAV1 is overexpressed in metastatic prostate cancer, and
its high expression predicts recurrence after radical prosta-
tectomy. Further, serum levels of CAV1 differentiate patients
with prostate cancer from those with benign prostatic
hyperplasia.'® Moreover, CAV1 is considered a target gene,
because its product promotes the chemoresistance of ovarian
cancer through the NOTCH1/AKT/NFKBI1 signal transduc-
tion pathway."®

In the present study, differential CAV1 expression was
significantly associated with DFS and OS. We further
found that a high CAV1 level serves as a prognostic factor
for patients with breast cancer administered NACT who
underwent radical surgery. Moreover, the N classification
was significantly associated with shorter survival of
patients with breast cancer.

A previous study investigated the relationship between
high CAV1 expression and poor prognosis of breast

20 Further, CAV1

cancer.
associated fibroblasts are
1

levels in breast cancer-
associated with  poor
prognosis,2 and the absence of CAV1 expression in the
stroma is associated with poor prognosis of patients with
breast cancer, although CAV1 and CAV2 expression in
tumor epithelial cells is not.>* Moreover, CAV1 is consid-
ered a therapeutic biomarker of the effects of breast cancer
treatment, and epithelial and stromal CAV1 levels predict
the prognosis of patients with breast cancer.

The results of the present study are consistent with
findings that high expression of CAV1 in invasive breast
cancer cells partially affects tumor aggressiveness and
predicts poor prognosis.23 Similarly, here we show that
CAV1 expression was an independent risk factor for poor
survival. Further, we identified CAV1 as a new predictive
biomarker for patients with breast cancer administered
NACT and that low CAV1 levels were associated with
longer survival.

When we analyzed CAV1 expression in patients with
or without TNBC, we found that CAV1 levels were not
significantly associated with these molecular subtypes
(Table 6).

In conclusion, we show here, for the first time to our
knowledge, that high CAV1 levels were significantly asso-
ciated with poor prognosis of patients administered NACT
who undergo radical breast cancer surgery. To validate
these results, further assessment is required to reveal an
association between CAV1 and signal transduction path-
ways, which will likely identify more treatment options

useful for targeting CAV1 before and after surgery.

Table 6 Correlation Analysis of CAVI
Molecular Subtypes of Breast Cancer

Expression with

Molecular Low CAVI High CAVI P
Subtypes (n=48) (n=32)

TNBC 5 (6.25%) I (1.25%) 0.225
Without TNBC 43 (53.75%) 31 (38.75%)
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