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ated secondary antibodies
(1:10000, Beijing Ray Anti-
body, China) for 60 min at
room temperature. After wash-
ing, antibody-bound proteins
were detected with the Im-
mobilon™ Western Chemilu-
minescent HRP Substrate Kit
(Millipore, USA) and exposed
to X-ray film (Kodak, USA) for
1-2 min. The results were nor-
malized to B-actin and qu-
antified using Image J (version
1.6.0_24).

Statistical analysis

Results for all analyses were
obtained from at least three
independent measurements.
Values were reported as the
mean + SD with normal distri-
butions. In the KM-Plotter sur-
vival analysis, The Univariate
Cox regression was performed
to compute the Hazard Ratio
(HR) and P values. The Kaplan-
Meier and Log-Rank tests
were used to estimate and

Figure 2. Propofol inhibited invasion of MDA-MB-231 cells. A-E. Invasion of

MDA-MB-231 cells in presence of propofol (3, 6, 9 ug/ml) was compared
to vehicle (intralipid) and untreated control conditions and visualized af-
ter crystal violet staining with brightfield microscopy (200x). F. Compared
to controls, propofol inhibited cell invasion in a dose-dependent fashion.
All data presented as the mean + SD of three independent experiments.

*p<0.05, **p<0.01.

Western blot

After treatment with propofol, the media was
removed and cells were washed twice with ice-
cold PBS. Cells were then lysed with RIPA Lysis
Buffer (Beyotime, China). Protein concentra-
tions were determined using a BCA protein
assay kit (KeyGen, China). Loading buffer was
mixed with 20 g protein from each sample,
and then boiled for 5 min. Proteins were sepa-
rated by 12% sodium dodecyl sulfate-polya-
crylamide gel electrophoresis, transferred to
polyvinyl difluoride membranes, and blocked in
5% non-fat milk. The membranes were sub-
sequently incubated with primary antibodies
at the following dilutions: rabbit anti-PMEPA1
(1:750, Ruiying Biotech, China) and mouse anti-
B-actin (1:20000, Beijing Ray Antibody, China)
overnight at 4°C. Membranes were then incu-
bated in the appropriate peroxidase-conjug-
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display the outcomes. In the
migration, invasion, PCR and
western blot analysis, the
Student’s t-test was perform-
ed when two groups were
compared, and the one-way
ANOVA with a Tukey correction
for multiple testing was used when more than
two groups were compared. All statistical analy-
ses were performed using GraphPad Prism 5
software (GraphPad Software, USA). p values
less than 0.05 were considered significant.

Results

Propofol inhibited migration and invasion of
MDA-MB-231 cells

Propofol was reported to be a chemotherapeu-
tic agent, as evidenced by its ability to inhibit
tumor cell migration [29-31]. An in vitro wound-
healing assay was performed to assess cell
migration in the presence of increasing concen-
trations of propofol. This assay revealed that
the wound closure rate of propofol treated cells
was much less than that of the vehicle and con-
trol group in 6 and 12 h (Figure 1A). The statis-
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Figure 3. PMEPAL gene is high expression in breast cancer patients. PMEPAL1 mRNA expression levels from hu-
man breast tissue was obtained from the Oncomine database. A. In Finak’s study, Invasive breast carcinoma stroma
vs. Normal, the fold changed is 14.194, p value is 1.72e-30. B. In Ma’s study, Ductal breast carcinoma in situ stroma
vs. Normal, the fold changed is 5.99, p value is 1.1e-9. C. In Ma’s study, Invasive ductal breast carcinoma epithelia
vs. Normal, the fold changed is 2.631, p value is 4.17e-5. D. In Yu’s study, Grouped by cancer type, include breast
cancer, colorectal cancer, esophageal cancer, head and neck cancer, liver cancer, lung cancer. In general, PMEPAL
was more highly expressed in breast cancer tissues compared to tissues adjacent to cancer and to other types of
solid cancers. Demographic and clinic feature of these studies are collected and present in Supplementary Tables
1,23 4.

tical analysis proved that the differences were 34]. We first compared the expression levels of
significant, which means the increment of pro- PMEPAL1 mRNA in breast cancer tissues and
pofol can decrease the migration capabilities the tissues adjacent to the cancers. We found
of MAD-MB-231 cells in a dose-dependent that the expression of PMEPA1 was upre-
manner compared with controls (Figure 1B, gulated in most breast cancer tissues (Figure
1C). A transwell invasion assay was used to 3A-C). When we compared gene expression

investigate the invasive abilities of MDA-
MB-231 cells in the presence of propofol.
Propofol treatment reduced the density of
MDA-MB-231 cells observed to have invaded
the gel in a dose-dependent manner compared We further performed a survival analysis for all
to controls. This was confirmed by quantifying TNBC patients using the online KM-Potter tool
the number of cells present in the lower cham- [27]. Log-rank and Kaplan-Meier tests were
ber, which indicated that significantly fewer used to compare the survival of patients, and
cells invaded the gel after exposure to propofol the results indicated that PMEPA1 high expres-
compared to controls (Figure 2A-F). sion groups had a higher survival rate than

from six other types of cancer tissues, we found
PMEPA1 expression in breast cancer was high-
er than that in other solid tumors (Figure 3D).

PMEPA1 mRNA is overexpressed and corre- PMEPAL low expression groups in TNBC (p =
lates with lower survival rates 0.026) (Figure 4A). Another survival analysis

was subsequently performed on the different
Three independent microarray datasets from lymph node states of TNBC patients (Figure 4B,
the Oncomine database were analyzed [32- 4C). The results demonstrated significant dif-
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ferences in survival rates for lymph node-posi-
tive patients (HR = 3.05, 95% Cl = 1.44-6.46, p
= 0.0023), while no statistical significance was
observed for lymph node-negative patients (HR
=0.77, 95% CI = 0.3-1.95, p = 0.58). This also
indicated that low PMEPA1 expression might
had a higher survival rate in lymph node-posi-
tive TNBC patients.

Propofol treatment repressed expression of
PMEPA1

Since PMEPA1 plays a critical role in survival of
TNBC patients, we examined the effect of pro-
pofol on expression of PMEPA1 mRNA (Figure
5A) and PMEPA1 protein (Figure 5B) using qRT-
PCR and Western blot, respectively. The results
showed that propofol reduced PMEPA1 expres-
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sion in a dose-dependent manner compared to
controls.

Discussion

Anesthesia is an important component of mil-
lions of cancer surgeries, including those for
breast cancer. However, the effects of anes-
thetics and anesthesia methods on cancer
prognosis are ambiguous.

During the past decades, some studies have
suggested that clinically relevant concentra-
tions of propofol may have antitumorigenic
effects in several human cancers by modulat-
ing various signaling pathways required for
tumor progression. For example, propofol was
shown to decrease the invasive abilities of

Int J Clin Exp Med 2017:10(10):14331-14340
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Figure 5. Propofol inhibited expression of PMEPAL.
A. MDA-MB-231 cells treated with propofol (3, 6, 9
ug/ml) for 24 h showed dose-dependent reduction
in PMEPA1 by qRT-PCR compared to vehicle and un-
treated controls. B. MDA-MB-231 cells treated with
propofol (3, 6, 9 ug/ml) for 24 h showed dose-depen-
dent reduction in PMEPA1 by Western blot compared
to vehicle and untreated controls. Results are ex-
pressed as the mean + SD of three different experi-
ments. B-ACTIN mRNA and B-actin protein served as
internal controls for gPCR and Western blot, respec-
tively. *p<0.05, **p<0.01, ***p<0.001.

HelLa, HT1080, HOS, and RPMI-7951 cancer
cell lines by inhibiting RhoA [29]. It also inhibit-
ed colon cancer cell invasion, in part through
modulation of ERK1/2 signaling, which led to
the down-regulation of MMPs [20]. Another
research group found that propofol’s antican-
cer effects may be related to the enhancement
of cytotoxic T lymphocyte activity in mice [22].
Furthermore, the nonanesthetic effects of pro-
pofol might have resulted from its cyclooxygen-
ase-inhibiting activity, which Inada and his col-
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leagues suggested might underlie propofol’s
antitumorigenic properties [35]. In contrast,
other investigation indicated that propofol
instead increased migration of breast cancer
cells [36].

Given the controversy over effects of propofol
on cancer cells, the present study examined
the TNBC cell line, MDA-MB-231, after treat-
ment with clinically relevant concentrations of
propofol [24]. Our results showed that propofol
inhibited the invasive and migratory abilities of
these cells in a dose-dependent manner. The-
refore, these previous studies and our own
results demonstrate the ability of propofol to
inhibit migration and invasion of breast cancer
cells in vitro.

In an effort to find new therapies, a subset of
TNBC cases that express AR were identified,
providing a potential target for treatment ap-
proaches. Additional findings also suggested
that several other signaling pathways besides
the androgen receptor pathways could also be
targeted for drug development, including DNA
repair, PIBK/mTOR, and RAS/RAF/MEK path-
ways [4]. So far, a phase |l clinical trial has been
performed in which bicalutamide (an androgen
inhibitor) was administered to AR-positive TNBC
patients. This approach is similar to androgen
deprivation therapies adopted for prostate can-
cer [37]. Their results indicated that this thera-
py may produce a 19% clinical benefit in these
patients. Furthermore, Barton and his collea-
gues found that enzalutamide, a new androgen
inhibitor, suppressed proliferation, migration,
and invasion of both TNBC cell lines in vitro
and of cells in vivo in a preclinical study [9].
Meanwhile, other investigations found that AR
expression was inversely associated with histo-
logic grade and mitotic score [6]. Furthermore,
AR expression correlates with better treatment
responses and survival outcomes in patients
[10, 11].

PMEPA1 is a direct transcriptional target of AR,
which can directly bind to the PMEPA1 promot-
er [38, 39]. Li and his colleagues found that
PMEPA1 negatively regulated AR expression
levels in various cell culture models [39]. Fur-
ther research suggested that PMEPA1 might
act as a vital regulator in several cancers. It has
been reported that PMEPA1 promoted tumori-
genic activities though autocrine TGF-B sig-
naling, and also regulated EMT by modulating

Int J Clin Exp Med 2017;10(10):14331-14340
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ROS in lung cancer cells [40, 41]. Maxfield and
his colleagues found that TGF-B stimulation
increased accumulation of PMEPA1, Smad 7,
and SMURF2 mRNAs, which were enhanced
on depletion of ZNF165. This action was essen-
tial for the survival of TNBC cells in vitro and in
vivo [42]. Others likewise identified PMEPA1 as
a novel transcriptional target of p53, which
could mediate p53-dependent apoptosis [43].
For breast cancer, PMEPA1 expression was
detected mainly in invasive types of breast
cancer cell lines, and aberrant expression of
PMEPA1 not only promoted growth, migration,
and invasion, but it also inhibited the growth
suppressive effects through the TGF-f3 [16] and
PI3K/AKT signaling pathways [18].

In our study, we analyzed the expression of
PMEPA1 through the publicly available On
comine database. The results showed that
PMEPA1 expression in TNBC patients was sig-
nificantly higher than in non-TNBCs or other
solid malignant tumors (Figure 3A-D). Further-
more, survival rates for TNBC patients were
analyzed with respect to the expression level
of PMEPA1 and lymph node status by KM-
Plotter. The results indicated that the lower
expression of PMEPAL correlated with incre-
ased survival rates (Figure 4A). However, when
TNBC patients were divided by lymph node sta-
tus, the increased survival rate associated with
lower expression of PMEPA1 was only observed
in the lymph node-positive group (Figure 4B-C).
In a subsequent experiment, we confirmed that
mRNA and protein levels of PMEPA1l were
reduced in a dose-dependent manner in MDA-
MB-231 cells after a 24 h exposure to propofol.
Therefore, we speculate that the antitumori-
genic effects of propofol in TNBC cell lines
may be related to PMEPA1 and its involvement
in modulating downstream oncogenic signal-
ing pathways. Although further investigation
is needed to confirm a mechanism involving
PMEPA1, our results suggest that propofol mi-
ght be a better choice for TNBC surgery an-
esthesia.

In conclusion, this study provided insights into
the effects of propofol on the behavior of
human TNBC cells and on PMEPA1 expression.
Propofol warrants additional investigation as
a possible therapeutic treatment and anes-
thesia choice for triple-negative breast can-
cer patients. Future studies should focus on
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PMEPA1-related signaling pathways and their
effects in vivo.
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Supplementary Table 1. Clinical characteristics of the individuals included in Finak’s study [1]

SDPP Predicted Outcome

Association with outcome

Parameter All patients Good Mixed Poor (x? test or t-test)
Lymph node positive 47% (25/53) 65% (11/20) 32% (8/25) 75% (6/8) P=0.12
ER-positive 81% (43/53) 80% (16/20) 88% (22/25) 63% (5/8) P=0.14
PR-positive 51% (27/53) 40% (8/20) 56% (14/25) 63% (5/8) P=0.47
HER2-positive 19% (10/53) 28% (5/20) 7% (2/25) 38% (3/8) P=0.14
Pathological stage 17 1/19 IA/10 1IB/2 IA/2 I1IC/2 NA 4 1/10 11A/3 1IB/1 IA/ANA 11 1/7 IA51IB/ANA 1 1/2 1IA/2 [IB/1 IIA/2 IlIC n/a
Grade 31/231/27 11 11/710/12 101 21/1511/8 1 11/7 1 P=0.08
Mean age at operation (years) 54.1,sd =113 51.9,sd =10.9 55.2,sd =111 53.1,sd =13.6 P=0.93
Mean tumor size (mm) 22.4,sd=12.2 23.2,sd = 17.6 20.3,sd =76 27.00,sd =5.5 P=0.06
Post-op radiotherapy 42 yes/6 no/5 NA 17 yes/1 no/2 NA 19 yes/4 no/2 NA 6 yes/1 no/1 NA P=0.88
Post-op hormonal treatment 36 yes/14 no/3 NA 13 yes/6 no/1 NA 19 yes/4 no/2 NA 4 yes/4 no P=0.13
Post-op chemotherapy 37 yes/11 no/5 NA 14 yes/4 no/2 NA 17 yes/5 no/3 NA 6 yes/2 no P=0.88
Median follow-up (years) 3.58 years 4.08 years 3.91 years 3.08 years P=0.20
Poor outcome 15% (8/53) 0% (0/20) 0% (0/25) 100% (8/8) P = 3.3x10-13

SDPP, stroma-derived prognostic predictor; n/a, not available.
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Supplementary Table 2. Patient and tumor characteristics of samples in Ma’s study [2]

rumoer_ears) O rocepor  reompr Mer2  Swe  GoE Tumortype
44 28 1} Positive Positive Negative 1 Negative Ductal
45 36 | Positive Positive Negative N/A Negative Ductal
79 54 | Positive Positive Negative 2.1 Positive Ductal
96 31 I Negative Negative Negative 3.7 Negative Ductal
102 55 | Positive Negative Negative 5.2 Positive Ductal
121 45 Il Positive Positive Positive 1.5 Positive Ductal
131 37 1] Positive Positive Positive 1.5 Positive Ductal
133 44 m Negative Negative Positive 1.5 Positive Ductal
148 42 Il Positive Positive Negative 1.9 Positive Ductal
153 46 | Positive Positive ND N/A Positive Ductal
169 34 Il Positive Positive Negative 2.6 Positive Ductal
178 43 I} Positive Positive Positive 2.8 Positive Ductal
179 37 I} Negative Negative Positive 1.5 Positive Ductal
180 46 | Positive Positive Negative 1.9 Positive Ductal

ND, not determined; N/A, not available.

Supplementary Table 3. Laser capture microdissection of 14 primary breast cancer patients in Ma’s

study [2]
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X, component captured.

Supplementary Table 4. Tumor types and

sample sizes in Yu's study [3]

Tissue Type Tumor Normal
Lung 18 12
Thyroid 35 16
Liver 9 8
Oesophagus 16 13
Colon 9 9
Breast 183 13
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