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Olaparib has been used in the treatment of triple-negative breast cancer (TNBC) with
BRCAmutations. In the present study, we demonstrated the effect of miR-27-3p on the g-
secretase pathway by regulating the sensitivity of TNBC cells to olaparib. miR-27-3p, a
microRNA with the potential to target PSEN-1, the catalytic subunit of g-secretase
mediating the second step of the cleavage of the Notch protein, was identified by the
online tool miRDB and found to inhibit the expression of PSEN-1 by directly targeting the
3’-untranslated region (3’-UTR) of PSEN-1. The overexpression of miR-27-3p inhibited
the activation of the Notch pathway via the inhibition of the cleavage of the Notch protein,
mediated by g-secretase, and, in turn, enhanced the sensitivity of TNBC cells to the
antitumor agent olaparib. Transfection with PSEN-1 containing mutated targeting sites for
miR-27-3p or the expression vector of the Notch protein intracellular domain (NICD)
almost completely blocked the effect of miR-27-3p on the Notch pathway or the sensitivity
of TNBC cells to olaparib, respectively. Therefore, our results suggest that the miR-27-3p/
g-secretase axis participates in the regulation of TNBC and that the overexpression of
miR-27-3p represents a potential approach to enhancing the sensitivity of TNBC
to olaparib.
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INTRODUCTION

At present, breast cancer (BC) is the most important malignancy threatening female health (1, 2).
The main pathological subtypes of BC are endocrine-dependent BC (treated with estrogen receptor-
a [ERa] antagonists, including tamoxifen and fulvestrant) and HER2-positive BC (treated with
therapeutic antibodies, such as trastuzumab, and small molecules, such as lapatinib) (3–5). The
overall prognosis has been significantly improved by the widespread application of effective
antitumor drug therapy, but the heterogeneous overall prognosis of triple-negative breast cancer
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(TNBC) remains unsatisfactory (6, 7). Recently, the PARP
inhibitor olaparib was approved for the treatment of TNBC
with BRCAmutations (8–10). Although olaparib is considered to
have a beneficial effect on patients with TNBC and prolong the
survival of patients, there are differences in the sensitivity of
individual patients to olaparib, and there are also reports of
olaparib resistance (11, 12). Therefore, research and
development regarding strategies to achieve more effective
olaparib treatment is of great importance.

The Notch pathway not only functions as the key regulator of
the cell-fate decision but also induces the resistance of cancerous
cells to antitumor strategies, such as radiation therapy and
antitumor agents (13, 14). Increasing data have confirmed that
the activation of the Notch pathway relates to the occurrence and
progress of human cancers (15, 16). Until now, a total of four types
of Notch receptors (Notch protein) has been identified: Notch-1,
Notch-2, Notch-3 and Notch-4 (17). Five kinds of Notch’s ligands,
DLL1, DLL3, DLL4, Jagged1 and Jagged2 bind to Notch protein to
activate Notch pathway (18, 19). The Notch-protein is featured as
single trans-transmembrane with an extracellular ligand-binding
domain and an intracellular domains (NICD) (20). In cancerous
cells, the Notch pathway is activated via a two-step cleavage process
in the presence of ligand-binding (21). ADAMs (a disintegrin and
metalloproteinase), including ADAM17 and ADAM10, mediate the
first cleavage of Notch, and g-secretase mediates the second cleavage
of Notch; finally, the notch intracellular domain (NICD) is released
and translocated to the nucleus to mediate the transcription of
certain genes related to drug resistance (22, 23). These genes often
encode cellular pro-survival, anti-apoptotic, and epithelial-
mesenchymal transition-related factors (24, 25). The activation of
the Notch pathway ultimately induces cancerous cells to resist
therapeutic strategies (26, 27). Because there are two ADAMs
(ADAM17 and ADAM10) that mediate the first cleavage of
Notch, the two proteins show mutual compensation in this
process, so the second cleavage of Notch, mediated by g-secretase
alone, is an important target for the inhibition Notch
pathway activity.

The g-secretase is considered as an intramembrane aspartate-
lyase with multi-subunits, including the PSEN-1, nicastrin
subunit (NCSTN), anterior pharynx-defective subunit (APH-1)
and presenilin enhancer subunit (PEN-2) (28, 29). Among these
subunits, PSEN-1 functions as the catalytic core/subunit for the
g-secretase (30). Inhibition of g-secretase’s activation has the
important anti-tumor properties by blocking of the Notch
pathway’s activation and repressing the expression of PSEN-1
is a promising approach for g-secretase inhibition.

MicroRNA is a type of small non-coding RNA transcribed by
RNA polymerase II (31, 32). It can recognize and bind to the
3’UTR of the target mRNA and degrade the mRNA to achieve
gene silencing (33, 34). The use of miRNA to inhibit the
expression of tumor-related genes has emerged as an
important strategy for antitumor therapy (35). The g-Secretase
is a complex containing multiple protein subunits, including
PSEN-1, the catalytic center; Pen-2, the activity regulator
subunit; and NCSTN, to stabilize the complex (21). In the
present study, miR-27-3p was found to inhibit the activation of
Frontiers in Oncology | www.frontiersin.org 2
g-secretase. The overexpression of miR-27-3p enhanced the
sensitivity of TNBC cells, MDA-MB-436 or HCC1937, to
olaparib by targeting the 3’UTR of PESN-1.
MATERIALS AND METHODS

Clinical Specimens and Ethical Approval
The use of clinical specimens was approved by the ethics
committee of the Beijing Tian Tan Hospital, Capital Medical
University. The 30 clinical TNBC specimens (the BRCA
mutation subtype) and paired non-tumor tissues were
described in our previous publication (35). The usage of the
clinical specimens were with the written consent from patients
and all the experiments related to the human-derived materials,
including clinical specimens and cell lines, were used in
accordance with the Helsinki Declaration with the approval
from medical ethic committee of Beijing Tiantan Hospital or
the/the Hebei Key Laboratory of the Cancer Radiotherapy and
Chemotherapy. The sample size used in the present study was
adequately powered to detect a pre-specified effect size (1–b: 0.8;
a/2: 0.025; P<0.05). The original hypothesis was that the
expression of miR-27-3p was not significantly different in
healthy tissues as compared with tumor tissue; the alternative
hypothesis was that the expression of the targeting gene was
significantly different in the healthy tissue as compared with the
tumor tissue.

Vectors, Cell Lines, and Reagents
The full-length sequences of PSEN-1, PSEN-1 with mutated
miR-27-3p binding sites, and pre-miR-27 were obtained via
chemical synthesis. These sequences were cloned and prepared
as lentivirus vectors. The vector containing the NICD sequence
was a gift from Prof. and Dr. Yingshi Zhang of Shenyang
Pharmaceutical University (36). The TNBC cell lines with
BRCA mutations, HCC1937 (Cat. No.: 3111C0001CCC
000352) or MDA-MB-436 (Cat. No.: 3111C0001CCC 000471),
were purchased from the National Infrastructure of Cell
Resources, Chinese Academy of Medical Sciences/Peking
Union Medical College, a Chinese government center for
biological sample collection. The cells were cultured in DMEM
(Dulbecco’s modification of Eagle’s medium) supplemented with
10% FBS. The antitumor agent, olaparib (Cat. No.: S1060), was
purchased from Selleck Corporation, Houston, Texas, US. The
formulations of olaparib used in the cell-based experiments
or animal experiments were described in our previous
publication (35).

Quantitative Real-Time Polymerase Chain
Reaction
The Notch pathway-related factors in TNBC tissues, including the
clinical specimens and the subcutaneous tumors, or TNBC cells
were quantitatively examined using previously established qPCR
methods (10, 37). Ribonucleic acid was extracted from the TNBC
cells or clinical tissues and reverse transcribed into cDNA. The
June 2021 | Volume 11 | Article 694491
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mRNA expression of these factors was measured via qPCR, and b-
actin was chosen as the loading control. The primers used in qPCR
(37) were (1) CDH1 (E-cadherin), forward primer 5’-
CTCCTGAAAAGAGAGTGGAAGTGT-3’, reverse primer 5’-
CCGGATTAATCTCCAGCCAGTT-3’; (2) CDH2 (N-cadherin),
forward primer 5’-CCTGGATCGCGAGCAGATA-3’, reverse
primer 5’-CCATTCCAAACCTGGTGTAAGAAC-3’; (3)
vimentin, forward primer 5’-ACCGCACACAGCAAGGCGAT-3’,
reverse primer 5’-CGATTGAGGGCTCCTAGCGGTT-3’; (4)
ZEB1, forward primer 5’-GATGACCTGCCAACAGACCA-3’,
reverse primer: 5’-CCCCAGGATTTCTTGCCCTT-3’; (5)
fi b r o n e c t i n , f o r w a r d p r im e r 5 ’ - CAGGATCAC
TTACGGAGAAACAG-3’, reverse primer 5’-GCCAGTGAC
AGCATACACAGTG-3’; (6) SLUG, forward primer 5’-
CTTCCTGGTCAAGAAGCA-3 ’ , r everse pr imer 5 ’ -
GGGAAATAATCACTGTATGTGTG-3’; (7) TWIST, forward
primer 5’-GTACATCGACTTCCTCTACCAG-3’, reverse primer
5’-CATCCTCCAGACCGAGAAG-3’; (8) BCL2, forward primer
5’-GATCGTTGCCTTATGCATTTGTTTTG-3’; reverse primer, 5’-
CGGATCTTTATTTCATGAGGCACGTTA-3’; (9) BIRC2,
forward primer 5’-ACATGCAGCTCGAATGAGAACAT-3’;
reverse primer 5’-GATTCCCAACACCTCAAGCCA-3’; (10)
B I R C 3 , f o r w a r d p r i m e r 5 ’ - G T G T T C T A G T
TAATCCTGAGCAGCTT-3’; reverse primer 5’-TGGAAACCA
CTTGGCATGTTGA-3’; (11) BIRC5, forward primer 5’-
CAAGGACCACCGCATCTCT-3 ’ , reverse primer 5 ’-
AGCTCCTTGAAGCAGAAGAAACA-3’; (12) NICD, forward
primer 5’-CCGACGCACAAGGTGTCTT-3’, reverse primer 5’-
GTCGGCGTGTGAGTTGATGA-3’; (13) PSEN-1, forward
primer 5’-CCATATTGATCGGCCTGTG-4’, reverse primer 5’-
GAAGGGCTGCACGAGATAAT-3’; and (14) b-actin, forward
primer 5’-CACCATTGGCAATGAGCGGTTC-3’, reverse primer
5’-AGGTCTTTGCGGATGTCCACGT-3’. The qPCR results were
presented as a heat map of mRNA expression and obtained via the
method of Ma et al. (19).

Cell Survival Analysis
The MDA-MB-436 and HCC1937 cells were cultured and
transfected with the indicated vectors. The cells were
harvested, seeded into 96-well plates, and treated with the
indicated concentrations of olaparib (3 mmol/L, 1 mmol/L, 0.3
mmol/L, 0.1 mmol/L, 0.03 mmol/L, 0.01 mmol/L, or 0.003 mmol/L)
for 48 h. The number of cells was examined via MTT (3-(4,5)-
dimethylthiahiazo (-z-y1) -3,5-di- phenytetrazoliumromide)
assay. The inhibition rates were calculated based on the optical
density (OD) of cell samples at 490 nm. The IC50 values were
calculated based on the rate of inhibition (31, 38).

Subcutaneous Tumor Model and Ethical
Approval
All animal experiments were approved by the Animal Care and
Ethics Committee of the Beijing Tian Tan Hospital, Capital
Medical University (n=10 for each group, with animals randomly
allocated into two groups) and were performed in accordance with
the UK Animals (Scientific Procedures) Act, 1986, and associated
guidelines. The HCC-1937 or MDA-MB-231 cells were cultured
Frontiers in Oncology | www.frontiersin.org 3
and transfected with the indicated vectors. The cells were
injected into nude mice subcutaneously. Then, the mice
received olaparib via oral administration in accordance with
the methods described by Sun HW et al. (39) and Feng et al. (40–
42). After olaparib treatment, the samples were harvested from
the mice, and the expression of Notch pathway-related factors in
tissues was examined by qPCR. The tumor volume was
calculated from following equation: (tumor length × tumor
width × tumor width)/2 (41, 42). The tumor weight was
measured using a precision balance. The heat-map of qPCR
results was produced following the method described by Ma
et al. (25).

The Statistical Analysis
The statistical analysis in the presence work were performed by
the Bonferroni’s correction with two-way ANOVA methods
using SPSS software (Version No. 8.0; IBM Corporation,
Armonk, NY, USA). The IC50 values of olaparib were
calculated by using the Origin Software (version 6.1,
OriginLab, Northampton, Massachusetts, USA). The P<0.05
was considered as statistically significant between the results
from indicated two groups.
RESULTS

miR-27-3p Targets the 3’UTR of PSEN-1
miR-27-3p was predicted as a microRNA that was potentially
able to target the 3’UTR of PSEN-1 and inhibit the activation of
the g-secretase/Notch pathway (Figure 1A). As shown in
Figure 1, miR-27-3p could bind the 3’UTR of PSEN-1. The
expression of miR-27-3p was lower in the TNBC specimens than
in the paired non-tumor tissues (Figure 1B), and the expression
of miR-27-3p was negatively correlated with PSEN-1 in TNBC
tissues (Figure 1C). To confirm the effect of miR-27-3p on
PSEN-1, both Western blots of nuclear or cytoplasmic cellular
sub-fractions and qPCR assays were performed. As shown in
Figures 1D, E, the overexpression of miR-27-3p decreased the
expression of PSEN-1 but not that of PSEN-1 with a mutated
miR-27-3p binding site (PSEN-1Mut) in the cytoplasm or the
accumulation of NICD in the nucleus of HCC-1937 (Figure 1D)
and MDA-MB-436 (Figure 1E) TNBC cells. The overexpression
of NICD almost blocked the effect of miR-27-3p on NICD but
not the suppressive effect on PSEN-1 (Figures 1D, E). Therefore,
miR-27-3p was confirmed to target the 3’UTR of PSEN-1 and
thus suppress Notch cleavage.

miR-27-3p Suppresses the Activation of
the Notch Pathway by Targeting the 3’UTR
of PSEN-1
The effect of miR-27-3p on the Notch pathway was examined via
qPCR. As shown in Figures 1F, G, the overexpression of miR-
27-3p suppressed the expression of pro-survival/anti-apoptosis-
or epithelial to mesenchymal transition (EMT)-related
downstream genes in the Notch pathway in HCC-1937
(Figure 1G) and MDA-MB-436 (Figure 1H) cells. Moreover,
June 2021 | Volume 11 | Article 694491
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to further elucidate the roles of the g-secretase/Notch axis in
TNBC, the expression of ADAM17 and ADAM10 was also
examined. As shown in Figure 1H, the mRNA expression of
ADAM17 and ADAM10 was much higher in TNBC as
compared with non-tumor tissues (Figure 1H). The expression
of ADAM10 was higher than ADAM17 in TNBC cells
(Figure 1H). Therefore, the elucidation of the roles of miR-27-
3p and the g-secretase/Notch pathway in TNBC is of
great significance.

miR-27-3p Enhances the Sensitivity of
TNBC Cells to Olaparib by Targeting to the
3’UTR of PSEN-1
The ability of miR-27-3p to enhance the sensitivity of TNBC cells
to olaparib was examined by multiple assays. As shown in
Figure 2 and Table 1, the antitumor effect of olaparib on the
survival of TNBC cells and in vitro invasion/migration was
enhanced in the presence of miR-27-3p. The overexpression of
miR-27-3p also inhibited the expression of downstream genes in
the Notch pathway (Figure 2). Moreover, the overexpression of
PSEN-1Mut or NICD almost blocked the effect of miR-27-3p on
the survival of TNBC cells, in vitro invasion/migration, and
downstream genes of the Notch pathway (Figure 2). The in
vivo growth of TNBC was further examined in a subcutaneous
Frontiers in Oncology | www.frontiersin.org 4
tumor model (Figure 3). The results showed that TNBC cells
formed a tumor in the subcutaneous tissue of nude mice
(Figures 3A–D). The antitumor effect of olaparib on the
subcutaneous growth of TNBC cells was enhanced in the
presence of miR-27-3p (Figures 3A–D). The overexpression of
miR-27-3p also inhibited the expression of downstream genes of
the Notch pathway in the tumor tissue (Figure 3B). Moreover,
the overexpression of PSEN-1Mut or NICD almost blocked the
effect of miR-27-3p on the survival of TNBC cells, in vitro
invasion/migration, and the downstream genes of the Notch
pathway in the tumor (Figure 3B). Therefore, miR-27-3p
enhanced the sensitivity of TNBC cells to olaparib by targeting
the 3’UTR of PSEN-1.
DISCUSSION

The first antitumor treatment strategies were mainly cytotoxic
chemotherapy drugs, such as paclitaxel or doxorubicin (43, 44).
However, recent studies have shown that TNBC is heterogeneous
and has multiple pathological subtypes (45). The molecularly
targeted drug olaparib (a PARP inhibitor) has been approved for
the treatment of BRCA-mutated TNBC (46, 47). Given the broad
applications of olaparib in clinical treatment, patients with
A B

D E

F G

H

C

FIGURE 1 | miR-27-3p targets the 3’UTR of PSEN-1. (A) miR-27-3p has the potential to target the 3’UTR of PSEN-1. (B) The expression of miR-27-3p in TNBC or
the paired non-tumor tissues, as determined by qPCR, is presented as a scatterplot. (C) The correlation between miR-27-3p and PSEN-1 in TNBC tissues is
presented as a scatterplot. (D, E) HCC1937 (D) or MDA-MB-436 (E) TNBC cells were transfected with plasmids, and the subcellular fraction was harvested. The
protein expression of PSEN-1 or NICD was examined via western blotting. Lamin A was used to indicate the nuclear material, and b-actin was used to indicate the
cytoplasm. (F, G) HCC1937 (F) or MDA-MB-436 (G) TNBC cells were transfected with plasmids and harvested for qPCR. The expression of the downstream genes
of the Notch pathway are presented as a heat map. (H) The expression of ADAM-17 or ADAM-10 in TNBC tissues was examined by qPCR and is presented as a
heat map. *P < 0.05.
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TNBC have also exhibited resistance to olaparib (48). Therefore,
it would be of great significance to reverse the resistance of
TNBC to olaparib and increase the sensitivity of TNBC cells to
olaparib. The results obtained in this study offer several benefits
in terms of treatment. Compared with ADAMs, g-secretase is a
better intervention target for the inhibition of the Notch
pathway. This will not only help to expand our understanding
of the regulation of Notch in TNBC but also provide more
options for TNBC treatment.

The g-Secretase has three main subunits (21). In this study,
transfecting TNBC cells with miR-27-3p, which targets PSEN-1,
the catalytic subunit of g-secretase, inhibited the activity of the
Notch pathway and upregulated the sensitivity of cells to the
molecularly targeted drug olaparib. Preparing miRNAs as
lentiviral vectors to interfere with the expression of specific
oncogenes and proto-oncogenes has been confirmed as an
effective antitumor treatment strategy (49). The effect of miR-
27-3p on PSEN-1 was also examined in target-confirmation
Frontiers in Oncology | www.frontiersin.org 5
studies. The construction of a mutant 3’UTR confirmed the
effect of miR-27-3p and the fact that the overexpression of miR-
27-3p inhibited the activation of the Notch pathway by targeting
PSEN-1. There are four subtypes of Notch protein; these have
different extracellular segments (i.e., the N-terminus), but the
intracellular segments are highly conserved. Therefore, we
prepared nuclear and cytoplasmic sub-fractions and detected the
accumulation of the Notch NICD in the nuclear fraction of TNBC
cells. Finally, it was confirmed that miR-27-3p regulated Notch
protein cleavage, and the influence of miR-27-3p on the Notch
pathway was determined by analyzing the EMT, cell pro-survival/
anti-apoptosis factors, and other factors downstream of Notch.

Our results mainly focused on the effect of miR-27-3p on
Notch pathway in TNBC cells, and miR-27-3p could also regulate
some other pathways important for the survival of cancer cells, e.g.
MMP13, PPARg, Wnt3a, BTG2 or NOVA1 (50–55). In addition
to regulating the survival of malignant tumor cells, miR-27-3p
may alsomodify cancermicroenvironment by inhibiting fibroblast
viability by targeting NOVA1 (55). Moreover, the effect of miR-
27-3p by far not limited to the breast cancer and it has been
demonstrated that miR-27-3p may also play an important roles in
hepatocellular cancer, gastric cancer or osteosarcoma (54–56).
Therefore, our results extended our knowledge about the miR-
27-3p. Moreover, the presence work concentrate on the usage of
miR-27-3p to inhibit the expression of PSEN-1 to inhibit Notch
protein cleavage. In addition, there are other miRs that can inhibit
the activity of the Notch pathway through other strategies. For
June 2021 | Volume 11 | Article 694491
TABLE 1 | miR-27-3p enhances the sensitivity of TNBC cells to Olaparib.

Groups HCC-1937 MDA-MB-436

IC50 values (mmol/L)

control 0.60 ± 0.20 0.74 ± 0.45
miR-27-3p 0.10 ± 0.06 0.17 ± 0.03
miR-27-3p + PSEN-1Mut 0.77 ± 0.28 0.96 ± 0.40
miR-27-3p + NICD 1.05 ± 0.69 0.79 ± 0.08
A

B

FIGURE 2 | miR-27-3p suppresses the in vitro survival or invasion/migration of TNBC cells by targeting the 3’UTR of PSEN-1. (A, B) HCC1937 (A) or MDA-MB-436
(B) TNBC cells were transfected with plasmids or treated with 0.5 mmol/L of olaparib and harvested for colony-formation and Transwell assays. The results are
presented as images and quantitative analysis. (A, B) The expression of the genes downstream of the Notch pathway in TNBC cells is presented as a heat map.
*P < 0.05.
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example, miR-3163 can inhibit the expression of ADAM17 by
acting on the 3’UTRofADAM17, and finally inhibit the cleavage of
Notch protein in HCC cells (49); miR-34a and others can down-
regulate the expression level ofNotch-1protein (26). Someprevious
Frontiers in Oncology | www.frontiersin.org 6
publications indicated that miR-27-3p may also interacted with
other miRs, e.g. miR-34a-5p (56, 57). These results further confirm
the significance of miR-27-3p. In addition to TNBC, Olaparib was
also approved for the treatment of ovarian cancer (58, 59). For this
A B

D

E F

G H

C

FIGURE 3 | miR-27-3p suppresses the in vivo growth of TNBC cells by targeting the 3’UTR of PSEN-1. HCC1937 (A–D) or MDA-MB-436 (E–H) TNBC cells were
transfected with plasmids and injected subcutaneously into nude mice. The mice received a 0.5 mg/kg dose of olaparib via oral administration. The results are
presented as images or the quantitative analysis of tumor tissues (A, C–E, G, H). (B, F) The expression of genes downstream of the Notch pathway in TNBC tissues
is presented as a heat map. *P < 0.05.
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reason, the expression levels of miR-27-3p and PSEN-1 in ovarian
cancer tissue samples will be further tested in the future, and
whether miR-27-3p can upregulate ovarian cancer cells’
sensitivity to Olparib.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of the Beijing Tian Tan
Hospital, Capital Medical University. The patients/participants
provided their written informed consent to participate in this
Frontiers in Oncology | www.frontiersin.org 7
study. The animal study was reviewed and approved by the ethics
committee of the Beijing Tian Tan Hospital, Capital Medical
University. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.
AUTHOR CONTRIBUTIONS

MZ, HY and PW designed research. MZ, BS, YW and GQ
performed the experiments. HY and PW wrote the manuscript
with contributions from all authors. All authors contributed to
the article and approved the submitted version.
ACKNOWLEDGMENTS

The authors would like to thank Dr. and Prof. Wei Zhou in
Beijing Hospital, Beijing, 100730, PR China, for his advice and
supply of materials (the primers used in qPCR).
REFERENCES
1. Cortes J, Cescon D, Rugo H, Nowecki Z, Im S, Yusof M, et al. Pembrolizumab

Plus Chemotherapy Versus Placebo Plus Chemotherapy for Previously
Untreated Locally Recurrent Inoperable or Metastatic Triple-Negative
Breast Cancer (KEYNOTE-355): A Randomised, Placebo-Controlled,
Double-Blind, Phase 3 Clinical Trial. Lancet (London England) (2020)
396:1817–28. doi: 10.1016/s0140-6736(20)32531-9

2. Schmid P, Cortes J, Pusztai L, McArthur H, Kümmel S, Bergh J, et al.
Pembrolizumab for Early Triple-Negative Breast Cancer. New Engl J Med
(2020) 382:810–21. doi: 10.1056/NEJMoa1910549

3. Fan M, Chen J, Gao J, Xue W, Wang Y, Li W, et al. Triggering a Switch From
Basal- to Luminal-Like Breast Cancer Subtype by the Small-Molecule
Diptoindonesin G Via Induction of GABARAPL1. Cell Death Dis (2020)
11:635. doi: 10.1038/s41419-020-02878-z

4. Jiang L, Ren L, Chen H, Pan J, Zhang Z, Kuang X, et al. NCAPG Confers
Trastuzumab Resistance Via Activating SRC/STAT3 Signaling Pathway in
HER2-Positive Breast Cancer. Cell Death Dis (2020) 11:547. doi: 10.1038/
s41419-020-02753-x

5. Mahboobifard F, Dargahi L, Jorjani M, Ramezani Tehrani F, Pourgholami M. The
Role of Era36 in Cell Type-Specific Functions of Estrogen and Cancer
Development. Pharmacol Res (2021) 163:105307. doi: 10.1016/j.phrs.2020.105307

6. Bertucci F, Ng C, Patsouris A, Droin N, Piscuoglio S, Carbuccia N, et al.
Genomic Characterization of Metastatic Breast Cancers. Nature (2019)
569:560–4. doi: 10.1038/s41586-019-1056-z

7. Savas P, Loi S. Expanding the Role for Immunotherapy in Triple-Negative
Breast Cancer. Cancer Cell (2020) 37:623–4. doi: 10.1016/j.ccell.2020.04.007

8. Gu Z, Wang L, Yao X, Long Q, Lee K, Li J, et al. ClC-3/SGK1 Regulatory Axis
Enhances the Olaparib-Induced Antitumor Effect in Human Stomach
Adenocarcinoma. Cell Death Dis (2020) 11:898. doi: 10.1038/s41419-020-03107-3

9. Miller A, Garcia P, Yoon K. Developing Effective Combination Therapy for
Pancreatic Cancer: An Overview. Pharmacol Res (2020) 155:104740.
doi: 10.1016/j.phrs.2020.104740

10. Wang C, Ding S, Sun B, Shen L, Xiao L, Han Z, et al. Hsa-miR-4271
Downregulates the Expression of Constitutive Androstane Receptor and
Enhances In Vivo the Sensitivity of non-Small Cell Lung Cancer to
Gefitinib. Pharmacol Res (2020) 161:105110. doi: 10.1016/j.phrs.2020.105110

11. Moustafa D, Elwahed M, Elsaid H, Parvin J. Modulation of Early Mitotic
Inhibitor 1 (EMI1) Depletion on the Sensitivity of PARP Inhibitors in BRCA1
Mutated Triple-Negative Breast Cancer Cells. PloS One (2021) 16:e0235025.
doi: 10.1371/journal.pone.0235025

12. Sun Y, Wu J, Dong X, Zhang J, Meng C, Liu G. MicroRNA-506-3p Increases
the Response to PARP Inhibitors and Cisplatin by Targeting EZH2/b-Catenin
in Serous Ovarian Cancers. Trans Oncol (2021) 14:100987. doi: 10.1016/
j.tranon.2020.100987

13. Farooqi A, Butt G, El-Zahaby S, Attar R, Sabitaliyevich U, Jovic J, et al.
Luteolin Mediated Targeting of Protein Network and microRNAs in Different
Cancers: Focus on JAK-STAT, Notch, mTOR and TRAIL-Mediated Signaling
Pathways. Pharmacol Res (2020) 160:105188. doi: 10.1016/j.phrs.2020.105188

14. Xu Z, Liu C, Zhao Q, Lü J, Ding X, Luo A, et al. Long non-Coding RNA
CCAT2 Promotes Oncogenesis in Triple-Negative Breast Cancer by
Regulating Stemness of Cancer Cells. Pharmacol Res (2020) 152:104628.
doi: 10.1016/j.phrs.2020.104628

15. Yuan M, Zhao L, Li Y, Gao X, Zhang B, Zhang D, et al. Capsaicin on Stem Cell
Proliferation and Fate Determination - A Novel Perspective. Pharmacol Res
(2021) 167:105566. doi: 10.1016/j.phrs.2021.105566

16. Raza W, Luqman S, Meena A. Prospects of Tangeretin as a Modulator of
Cancer Targets/Pathways. Pharmacol Res (2020) 161:105202. doi: 10.1016/
j.phrs.2020.105202

17. Zhu QQ, Yang XY, Zhang XJ, Yu CJ, Pang QQ, Huang YW, et al. EGCG
Targeting Notch to Attenuate Renal Fibrosis Via Inhibition of TGFbeta/
Smad3 Signaling Pathway Activation in Streptozotocin-Induced Diabetic
Mice. Food Funct (2020) 11(11):9686–95. doi: 10.1039/d0fo01542c

18. Durrant CS, Ruscher K, Sheppard O, Coleman MP, Özen I. Beta Secretase 1-
Dependent Amyloid Precursor Protein Processing Promotes Excessive
Vascular Sprouting Through NOTCH3 Signalling. Cell Death Dis (2020) 11
(2):98. doi: 10.1038/s41419-020-2288-4

19. Wu J, Li H, He J, Tian X, Luo S, Li J, et al. Downregulation of microRNA-9-5p
Promotes Synaptic Remodeling in the Chronic Phase After Traumatic Brain
Injury. Cell Death Dis (2021) 12(1):9. doi: 10.1038/s41419-020-03329-5

20. Liu C, Qi M, Li L, Yuan Y, Wu X, Fu J. Natural Cordycepin Induces Apoptosis
and Suppresses Metastasis in Breast Cancer Cells by Inhibiting the Hedgehog
Pathway. Food Funct (2020) 11(3):2107–16. doi: 10.1039/c9fo02879j

21. Jia H, Wang Z, Zhang J, Feng F. g-Secretase Inhibitors for Breast Cancer and
Hepatocellular Carcinoma: From Mechanism to Treatment. Life Sci (2021)
268:119007. doi: 10.1016/j.lfs.2020.119007

22. Kumar V, Vashishta M, Kong L, Wu X, Lu JJ, Guha C, et al. The Role of Notch,
Hedgehog, andWnt Signaling Pathways in the Resistance of Tumors to Anticancer
Therapies. Front Cell Dev Biol (2021) 9:650772. doi: 10.3389/fcell.2021.650772

23. Koo C, Harrison N, Noy P, Szyroka J, Matthews A, Hsia H, et al. The
Tetraspanin Tspan15 Is an Essential Subunit of an ADAM10 Scissor
Complex. J Biol Chem (2020) 295:12822–39. doi: 10.1074/jbc.RA120.012601

24. Lu H, Chu H, Tan Y, Qin X, Liu M, Li J, et al. Novel ADAM-17 Inhibitor
ZLDI-8 Inhibits the Metastasis of Hepatocellular Carcinoma by Reversing
Epithelial-Mesenchymal Transition In Vitro and In Vivo. Life Sci (2020)
244:117343. doi: 10.1016/j.lfs.2020.117343
June 2021 | Volume 11 | Article 694491

https://doi.org/10.1016/s0140-6736(20)32531-9
https://doi.org/10.1056/NEJMoa1910549
https://doi.org/10.1038/s41419-020-02878-z
https://doi.org/10.1038/s41419-020-02753-x
https://doi.org/10.1038/s41419-020-02753-x
https://doi.org/10.1016/j.phrs.2020.105307
https://doi.org/10.1038/s41586-019-1056-z
https://doi.org/10.1016/j.ccell.2020.04.007
https://doi.org/10.1038/s41419-020-03107-3
https://doi.org/10.1016/j.phrs.2020.104740
https://doi.org/10.1016/j.phrs.2020.105110
https://doi.org/10.1371/journal.pone.0235025
https://doi.org/10.1016/j.tranon.2020.100987
https://doi.org/10.1016/j.tranon.2020.100987
https://doi.org/10.1016/j.phrs.2020.105188
https://doi.org/10.1016/j.phrs.2020.104628
https://doi.org/10.1016/j.phrs.2021.105566
https://doi.org/10.1016/j.phrs.2020.105202
https://doi.org/10.1016/j.phrs.2020.105202
https://doi.org/10.1039/d0fo01542c
https://doi.org/10.1038/s41419-020-2288-4
https://doi.org/10.1038/s41419-020-03329-5
https://doi.org/10.1039/c9fo02879j
https://doi.org/10.1016/j.lfs.2020.119007
https://doi.org/10.3389/fcell.2021.650772
https://doi.org/10.1074/jbc.RA120.012601
https://doi.org/10.1016/j.lfs.2020.117343
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhao et al. miR-27-3p/PSEN1 on TNBC
25. Ma Y, Chai N, Jiang Q, Chang Z, Chai Y, Li X, et al. DNA Methyltransferase
Mediates the Hypermethylation of the microRNA 34a Promoter and Enhances the
Resistance of Patient-Derived Pancreatic Cancer Cells to Molecular Targeting
Agents. Pharmacol Res (2020) 160:105071. doi: 10.1016/j.phrs.2020.105071

26. Jia H, Yang Q, Wang T, Cao Y, Jiang Q, Ma H, et al. Rhamnetin Induces
Sensitization of Hepatocellular Carcinoma Cells to a Small Molecular Kinase
Inhibitor or Chemotherapeutic Agents. Biochim Biophys Acta (2016)
1860:1417–30. doi: 10.1016/j.bbagen.2016.04.007

27. Kang J, Kim E, KimW, Seong K, Youn H, Kim J, et al. Rhamnetin and Cirsiliol
Induce Radiosensitization and Inhibition of Epithelial-Mesenchymal
Transition (EMT) by miR-34a-Mediated Suppression of Notch-1
Expression in non-Small Cell Lung Cancer Cell Lines. J Biol Chem (2013)
288:27343–57. doi: 10.1074/jbc.M113.490482

28. Du Z, Li L, Sun W, Zhu P, Cheng S, Yang X, et al. Systematic Evaluation for
the Influences of the SOX17/Notch Receptor Family Members on Reversing
Enzalutamide Resistance in Castration-Resistant Prostate Cancer Cells. Front
Oncol (2021) 11:607291. doi: 10.3389/fonc.2021.607291

29. Keyghobadi F, Mehdipour M, Nekoukar V, Firouzi J, Kheimeh A, Nobakht
Lahrood F, et al. Long-Term Inhibition of Notch in A-375 Melanoma Cells
Enhances Tumor Growth Through the Enhancement of AXIN1, CSNK2A3,
and CEBPA2 as Intermediate Genes in Wnt and Notch Pathways. Front Oncol
(2020) 10:531. doi: 10.3389/fonc.2020.00531

30. Hur JY, Frost GR, Wu X, Crump C, Pan SJ, Wong E, et al. The Innate
Immunity Protein IFITM3 Modulates Gamma-Secretase in Alzheimer’s
Disease. Nature (2020) 586(7831):735–40. doi: 10.1038/s41586-020-2681-2

31. Li F, Wei A, Bu L, Long L, Chen W, Wang C, et al. Procaspase-3-activating
Compound 1 Stabilizes Hypoxia-Inducible Factor 1a and Induces DNA
Damage by Sequestering Ferrous Iron. Cell Death Dis (2018) 9:1025.
doi: 10.1038/s41419-018-1038-3

32. Ma D, Qin M, Shi L, Ding X. MicroRNA-6077 Enhances the Sensitivity of
Patients-Derived Lung Adenocarcinoma Cells to Anlotinib by Repressing the
Activation of Glucose Transporter 1 Pathway. Cell Signal (2019) 64:109391.
doi: 10.1016/j.cellsig.2019.109391

33. Sargolzaei J, Etemadi T, Alyasin A. The P53/microRNA Network: A Potential
Tumor Suppressor With a Role in Anticancer Therapy. Pharmacol Res (2020)
160:105179. doi: 10.1016/j.phrs.2020.105179

34. Zhou J, Zhao Y, Li Z, Zhu M, Wang Z, Li Y, et al. miR-103a-3p Regulates
Mitophagy in Parkinson’s Disease Through Parkin/Ambra1 Signaling.
Pharmacol Res (2020) 160:105197. doi: 10.1016/j.phrs.2020.105197

35. Yang H, Ren L, Wang Y, Bi X, Li X, Wen M, et al. FBI-1 Enhanced the Resistance
of Triple-Negative Breast Cancer Cells to Chemotherapeutic Agents Via the miR-
30c/PXR Axis. Cell Death Dis (2020) 11:851. doi: 10.1038/s41419-020-03053-0

36. Zhang Y, Li D, Jiang Q, Cao S, Sun H, Chai Y, et al. Novel ADAM-17 Inhibitor
ZLDI-8 Enhances the In Vitro and In Vivo Chemotherapeutic Effects of
Sorafenib on Hepatocellular Carcinoma Cells. Cell Death Dis (2018) 9:743.
doi: 10.1038/s41419-018-0804-6

37. Zhou W, Gao Y, Tong Y, Wu Q, Zhou Y, Li Y. Anlotinib Enhances the
Antitumor Activity of Radiofrequency Ablation on Lung Squamous Cell
Carcinoma. Pharmacol Res (2021) 164:105392. doi: 10.1016/j.phrs.
2020.105392

38. Guan F, Ding R, Zhang Q, Chen W, Li F, Long L, et al. Wx-132-18B, a Novel
Microtubule Inhibitor, Exhibits Promising Anti-Tumor Effects. Oncotarget
(2017) 8:71782–96. doi: 10.18632/oncotarget.17710

39. Sun H, Feng F, Xie H, Li X, Jiang Q, Chai Y, et al. Quantitative Examination of
the Inhibitory Activation of Molecular Targeting Agents in Hepatocellular
Carcinoma Patient-Derived Cell Invasion Via a Novel In Vivo Tumor Model.
Anim Model Exp Med (2019) 2(4):259–68. doi: 10.1002/ame2.12085

40. Feng F, Li X, Li R, Li B. The Multiple-Kinase Inhibitor Lenvatinib Inhibits the
Proliferation of Acute Myeloid Leukemia Cells. AnimModel Exp Med (2019) 2
(3):178–84. doi: 10.1002/ame2.12076

41. Feng Y, Li B, Feng F, Chen Y, Ren Y, Zhang H, et al. Novel Mtor Inhibitor
Enhances the Sensitivity of Hepatocellular CarcinomaCells toMolecular Targeting
Agents. OncoTargets Ther (2020) 13:7165–76. doi: 10.2147/ott.S244474

42. Feng Y, Gu S, Chen Y, Gao X, Ren Y, Chen J, et al. Virtual Screening and
Optimization of Novel Mtor Inhibitors for Radiosensitization of
Hepatocellular Carcinoma. Drug Design Dev Ther (2020) 14:1779–98.
doi: 10.2147/dddt.S249156
Frontiers in Oncology | www.frontiersin.org 8
43. Di Cosimo S. Advancing Immunotherapy for Early-Stage Triple-Negative
Breast Cancer. Lancet (London England) (2020) 396:1046–8. doi: 10.1016/
s0140-6736(20)31962-0

44. Harbeck N, Gnant M. Breast Cancer. Lancet (London England) (2017)
389:1134–50. doi: 10.1016/s0140-6736(16)31891-8

45. Bardia A, Mayer I, Vahdat L, Tolaney S, Isakoff S, Diamond J, et al. Sacituzumab
Govitecan-hziy in RefractoryMetastatic Triple-Negative Breast Cancer.New Engl J
Med (2019) 380:741–51. doi: 10.1056/NEJMoa1814213

46. Denkert C, Liedtke C, Tutt A, von Minckwitz G. Molecular Alterations in
Triple-Negative Breast Cancer-the Road to New Treatment Strategies. Lancet
(London England) (2017) 389:2430–42. doi: 10.1016/s0140-6736(16)32454-0

47. Eikesdal H, Yndestad S, Elzawahry A, Llop-Guevara A, Gilje B, Blix E, et al.
Olaparib Monotherapy as Primary Treatment in Unselected Triple Negative
Breast Cancer. Ann Oncol Off J Eur Soc Med Oncol (2021) 32:240–9.
doi: 10.1016/j.annonc.2020.11.009

48. Fasching P, Link T, Hauke J, Seither F, Jackisch C, Klare P, et al. Neoadjuvant
Paclitaxel/Olaparib in Comparison to Paclitaxel/Carboplatinum in Patients
With HER2-Negative Breast Cancer and Homologous Recombination
Deficiency (GeparOLA Study). Ann Oncol Off J Eur Soc Med Oncol (2021)
32:49–57. doi: 10.1016/j.annonc.2020.10.471

49. Yang B, Wang C, Xie H, Wang Y, Huang J, Rong Y, et al. MicroRNA-3163
Targets ADAM-17 and Enhances the Sensitivity of Hepatocellular Carcinoma
Cells to Molecular Targeted Agents. Cell Death Dis (2019) 10:784.
doi: 10.1038/s41419-019-2023-1

50. Chen S, Luo Z, Chen X. Andrographolide Mitigates Cartilage Damage Via
miR-27-3p-modulated Matrix metalloproteinase13 Repression. J Gene Med
(2020) 22(8):e3187. doi: 10.1002/jgm.3187

51. Wang D, He S, Liu B, Liu C. MiR-27-3p Regulates TLR2/4-dependent Mouse
Alveolar Macrophage Activation by Targetting Ppargamma. Clin Sci (Lond)
(2018) 132(9):943–58. doi: 10.1042/CS20180083

52. Ye Z, Hu J, Xu H, Sun B, Jin Y, Zhang Y, et al. Serum Exosomal Microrna-27-
3p Aggravates Cerebral Injury and Inflammation in Patients With Acute
Cerebral Infarction by Targeting Ppargamma. Inflammation (2021) 44
(3):1035–48. doi: 10.1007/s10753-020-01399-3

53. Zhao Y, Wang P, Meng J, Ji Y, Xu D, Chen T, et al. Microrna-27a-3p Inhibits
Melanogenesis in Mouse Skin Melanocytes by Targeting Wnt3a. Int J Mol Sci
(2015) 16(5):10921–33. doi: 10.3390/ijms160510921

54. Zhou L, Liang X, Zhang L, Yang L, Nagao N, Wu H, et al. MiR-27a-3p
Functions as an Oncogene in Gastric Cancer by Targeting BTG2. Oncotarget
(2016) 7(32):51943–54. doi: 10.18632/oncotarget.10460

55. Zhang P, Song X, Dong Q, Zhou L, Wang L. miR-27-3p Inhibition Restore
Fibroblasts Viability in Diabetic Wound by Targeting NOVA1. Aging (Albany
NY) (2020) 12(13):12841–9. doi: 10.18632/aging.103266

56. Li Y, Guo D, Lu G, Mohiuddin Chowdhury ATM, Zhang D, Ren M, et al. Lncrna
SNAI3-AS1 Promotes PEG10-Mediated Proliferation and Metastasis Via
Decoying of miR-27a-3p and miR-34a-5p in Hepatocellular Carcinoma. Cell
Death Dis (2020) 11(8):685. doi: 10.1038/s41419-020-02840-z

57. Teteloshvili N, Dekkema G, Boots AM, Heeringa P, Jellema P, de Jong D, et al.
Involvement of MicroRNAs in the Aging-Related Decline of CD28 Expression by
Human T Cells. Front Immunol (2018) 9:1400. doi: 10.3389/fimmu.2018.01400

58. Li Q, Engebrecht J. BRCA1 and BRCA2 Tumor Suppressor Function in
Meiosis. Front Cell Dev Biol (2021) 9:668309. doi: 10.3389/fcell.2021.668309

59. Li L, Qiu C, Hou M, Wang X, Huang C, Zou J, et al. Ferroptosis in Ovarian
Cancer: A Novel Therapeutic Strategy. Front Oncol (2021) 11:665945.
doi: 10.3389/fonc.2021.665945

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Zhao, Sun, Wang, Qu, Yang and Wang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.
June 2021 | Volume 11 | Article 694491

https://doi.org/10.1016/j.phrs.2020.105071
https://doi.org/10.1016/j.bbagen.2016.04.007
https://doi.org/10.1074/jbc.M113.490482
https://doi.org/10.3389/fonc.2021.607291
https://doi.org/10.3389/fonc.2020.00531
https://doi.org/10.1038/s41586-020-2681-2
https://doi.org/10.1038/s41419-018-1038-3
https://doi.org/10.1016/j.cellsig.2019.109391
https://doi.org/10.1016/j.phrs.2020.105179
https://doi.org/10.1016/j.phrs.2020.105197
https://doi.org/10.1038/s41419-020-03053-0
https://doi.org/10.1038/s41419-018-0804-6
https://doi.org/10.1016/j.phrs.2020.105392
https://doi.org/10.1016/j.phrs.2020.105392
https://doi.org/10.18632/oncotarget.17710
https://doi.org/10.1002/ame2.12085
https://doi.org/10.1002/ame2.12076
https://doi.org/10.2147/ott.S244474
https://doi.org/10.2147/dddt.S249156
https://doi.org/10.1016/s0140-6736(20)31962-0
https://doi.org/10.1016/s0140-6736(20)31962-0
https://doi.org/10.1016/s0140-6736(16)31891-8
https://doi.org/10.1056/NEJMoa1814213
https://doi.org/10.1016/s0140-6736(16)32454-0
https://doi.org/10.1016/j.annonc.2020.11.009
https://doi.org/10.1016/j.annonc.2020.10.471
https://doi.org/10.1038/s41419-019-2023-1
https://doi.org/10.1002/jgm.3187
https://doi.org/10.1042/CS20180083
https://doi.org/10.1007/s10753-020-01399-3
https://doi.org/10.3390/ijms160510921
https://doi.org/10.18632/oncotarget.10460
https://doi.org/10.18632/aging.103266
https://doi.org/10.1038/s41419-020-02840-z
https://doi.org/10.3389/fimmu.2018.01400
https://doi.org/10.3389/fcell.2021.668309
https://doi.org/10.3389/fonc.2021.665945
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	miR-27-3p Enhances the Sensitivity of Triple-Negative Breast Cancer Cells to the Antitumor Agent Olaparib by Targeting PSEN-1, the Catalytic Subunit of &Gamma;-Secretase
	Introduction
	Materials and Methods
	Clinical Specimens and Ethical Approval
	Vectors, Cell Lines, and Reagents
	Quantitative Real-Time Polymerase Chain Reaction
	Cell Survival Analysis
	Subcutaneous Tumor Model and Ethical Approval
	The Statistical Analysis

	Results
	miR-27-3p Targets the 3’UTR of PSEN-1
	miR-27-3p Suppresses the Activation of the Notch Pathway by Targeting the 3’UTR of PSEN-1
	miR-27-3p Enhances the Sensitivity of TNBC Cells to Olaparib by Targeting to the 3’UTR of PSEN-1

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions 
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


