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Background: Triple-negative breast cancer (TNBC) is a significant cause of patient
morbidity. The exactly pathobiological features of this condition has yet to be
completely elucidated.

Methods: Breast cancer data obtained from The Cancer Genome Atlas (TCGA) database
were evaluated for lncRNA SNHG6 expression. Normal human breast epithelial cell line
(MCF-10A) and other breast cancer cell lines (BT-549, MDA-MB-231, Hs 578t, ZR-75-30,
SK-BR-3, MCF-7) were also assessed for lncRNA SNHG6 expressions. Cellular
proliferative ability was evaluated with colony formation and CCK-8 assays. The ability
of cells to migrate was scrutinized with the wound healing and Boyden chamber cell
migration assays. qRT-PCR enabled for detection of lncRNA SNHG6, miR-125b-5p and
BMPR1B mRNA expressions. Protein BMPR1B expressions were further assessed using
Western Blotting. Direct binding sites between transcripts were determined using dual-
luciferase reporter assays. We also constructed a xenograft mouse model to further
dissect the vivo implications of lncRNA SNHG6. Ki-67 and c-Caspase-3 expressions were
detected using immunohistochemistry staining.

Results: Breast cancer cell lines demonstrated higher lncRNA SNHG6 expressions,
particularly TNBC cell lines, in contrast to normal breast epithelial cell lines. This finding
coincided with those noted on analysis of TCGA breast cancer data. lncRNA SNHG6
knockdown inhibited TNBC cell proliferation, migration, while promoted cell apoptosis.
Furthermore, suppressed lncRNA SNHG6 expressions resulted in lower tumor weights
and volumes in a xenograft mouse model, as evidenced by Ki-67 and c-Caspase-3
expression profiles in tumor tissues. miR-125b-5p and lncRNA SNHG6/BMPR1B both
possessed direct binding sites for each other which was validated utilizing a dual-
luciferase reporter assay. Decreasing lncRNA SNHG6 expression in TNBC cells
upregulated miR-125b-5p expression. Another side, inhibiting miR-125b-5p
upregulated BMPR1B expression in these cells. Moreover, knocking down lncRNA
SNHG6 downregulated BMPR1B expression in TNBC cells, and the finding was
May 2021 | Volume 11 | Article 6784741

https://www.frontiersin.org/articles/10.3389/fonc.2021.678474/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.678474/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.678474/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.678474/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:zhangyf@ems.hrbmu.edu.cn
mailto:zhangjianguo27@126.com
https://doi.org/10.3389/fonc.2021.678474
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.678474
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.678474&domain=pdf&date_stamp=2021-05-07


Lv et al. SNHG6 Axis in TNBC

Frontiers in Oncology | www.frontiersin.org
rescued in cells which were exposed to miR-125b-5p inhibitor. Downregulating miR-
125b-5p mitigated the effect of suppressing lncRNA SNHG6 on TNBC cell proliferation,
migration, and apoptosis.

Conclusion: Downregulation of lncRNA SNHG6 could inhibit TNBC cell proliferative,
migratory capabilities and promote apoptosis capability, likely through modulation of
the miR-125b-5p/BMPR1B axis. This axis may be targeted in formulating new therapies
for TNBC.
Keywords: lncRNA SNHG6, miR-125b-5p, BMPR1B, Triple-negative breast cancer (TNBC), competing endogenous
RNAs (ceRNA)
INTRODUCTION

The second most frequently encountered reason of cancer-
associated death in women around the world is due to breast
cancer (1). Triple negative breast cancer (TNBC) is the most
malignant subtype which makes up roughly 10%–20% of all
diagnosis of cancer in this organ (2). Its incidence rate is nearly
equal to its mortality rate, with this debilitating disease diagnosed
in an increasingly younger population over the last few years.
The lack of typical receptors such as human epidermal growth
factor receptor 2 (HER2), progesterone receptor (PR) and
estrogen receptor (ER) on this cancer subtype precludes usage
of currently available targeted therapeutic agents (3). Therefore,
further research on uncovering other potential treatment targets
in TNBC is much needed.

Long non-coding RNAs (lncRNAs) are transcripts which
possess more than 200 nt and have been found to interact in a
myriad of biological processes and diseases, including cancer
(4–6). For example, 1484 differentially expressed lncRNAs
were discovered in lung cancer, of which 535 were upregulated
and 949 were downregulated (7). 172 lncRNAs in endometrial
carcinoma were determined to be differentially expressed in
contrast to normal endometrial samples (8). Microarray
analysis revealed a total of 2925 dysregulated lncRNAs in
TNBC samples (9). However, the exact effects of dysregulated
lncRNA expressions have yet to be fully determined. Both
breast cancer cell lines and samples, especially those of TNBC,
have been found to harbor high expressions of lncRNA H19,
which has been implicated to increased rates of metastasis and
tumorigenesis (10). Moreover, lncRNA H19 may promote
breast cancer tamoxifen resistance through modulation of
the SAHH/DNMT3B axis (11) . The LncRNA HOX
transcript antisense RNA (HOTAIR) is upregulated in
breast cancer cell lines and samples, which has been
associated to the progression of breast cancer due to its
action on the miR-20a-5p/HMGA2 axis (12). One lncRNA
of interest is the oncogenic small nucleolar RNA host gene 6
(SNHG6), which is aberrantly expressed in cancers such as
glioma, hepatocellular carcinoma as well as in lung and
colorectal cancers (13–16). Raised SNHG6 expressions was
intricately related to poorer overall survival in cancer patients
(17). There is an upregulation of lncRNA SNHG6 in high-
grade and progesterone receptor-positive breast cancer
2

tissues, which may be associated to breast cancer cell
migration and epithelial-mesenchymal transition (EMT)
(18). Nevertheless, the role of lncRNA SNHG6 in TNBC has
yet to be discovered.

The current study uses qRT-PCR to assess quantities of
lncRNA SNHG6 in breast cancer cells. SNHG6 was
overexpressed in both MDA-MB-231 and BT-549 two kinds of
cell lines. The CCK-8, wound healing, colony formation, cell
migration and TUNEL assays along with the xenograft mouse
model allowed for our study group to scrutinize the
consequences of SNHG6 on TNBC cellular proliferation,
migration and apoptosis. Gene transcripts were also assessed
via qRT-PCR. Western Blot was utilized in detection of
functional protein bone morphogenetic protein receptor type
1B (BMPR1B) expression. We also used dual-luciferase reporter
assay and functional rescue assays to verify the crucial role of
SNHG6 in TNBC.
MATERIALS AND METHODS

Cell Culture and Transfection
The Shanghai Zhong Qiao Xin Zhou Biotechnology Co., Ltd
(Shanghai, China) supplied MDA-MB-231 cells. The Cell Bank
of the Chinese Academy of Sciences (Shanghai, China) supplied
human TNBC cell line (BT-549) and normal breast epithelial cell
line (MCF-10A). MDA-MB-231 cells were maintained using
DMEM (Gibco, Invitrogen, CA, USA) while BT-549 cells were
maintained using RPMI 1640 (Gibco, Invitrogen, CA, USA).
Both cell cultures contained 100 U/mL streptomycin/penicillin
and 10% fetal bovine serum (Beyotime, Shanghai, China).
MEGM SingleQuots (Lonza, Walkersville, MD, USA) was used
to culture MCF-10A cells. All the aforementioned cell lines were
kept in a T25 tissue culture flask and incubated under 5% CO 2 at
37°C.

The siRNA sequence targeting lncRNA SNHG6 was
synthesized by Ribobio (Guangzhou, China). Negative controls
were designated as si-NC. miR-125b-5p expressions were
inhibited by an inhibitor produced by the same company. All
transfections were carried out in strict compliance to
manufacturer protocols. The siRNA targeting lncRNA SNHG6
was as follows: GCGGCATGTATTGAGCATA.
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Cell Counting Kit-8 (CCK-8) Assay
After a 24-hour transfection period, all cells were plated onto 96-
well plates at a concentration of 4 × 103 cells per well. Cellular
activity was detected at 24 h, 48h, 72h, 96h. This was done by
adding a tenth of a volume of Cell Counting Kit-8 reagent
(bimake, Houston, USA) into each well before the entire plate
was incubated for 1 to 1.5 hours in an incubator until cell media
turned color. Each group possessed a negative control well. The
OD value was detected at 450 nm using an enzyme-labeled
standard instrument. Proliferation curves were constructed using
the average OD values. All assays were performed in triplicate.

Colony Formation Assay
TNBC cells (1000 cells per well) which were transfected for 24
hours were transferred onto a 6-well culture plate and underwent
a 1 week incubation period with the culture medium replaced
every three days. Colonies were then fixed using 4% histiocyte
fixative (Solarbio Sciences, Beijing, China) and stained with 0.1%
crystal violet methanol solution (Solarbio Sciences, Beijing,
China). All colonies were counted and photographed.

Wound Healing Assay
TNBC cells which underwent a 24-hour transfection period were
placed in a 6-well plate at a concentration of 7 × 105 cells per well
and cultured in an incubator for one day. Pipette tips were used
to create three separate wounds in each well of the 6-well plates
and the wound was photographed immediately (at 0 h). The cells
were rinsed and cultured for another 48 h before being
photographed again. The ImageJ software was used to measure
the degree of wound closure.

Transwell Assay
The upper chamber of a transwell assay was used to house
transfected cells (1 × 105) in 200 ml FBS-free media. Lower
chambers contained 600 ml medium mixed with 30% FBS. The
system was left alone for one day. After this, cells which were
found to have migrated into the bottom chamber were fixed with
4% histiocyte fixative (Solarbio Life Sciences, Beijing, China) and
stained with 0.1% crystal violet methanol solution (Solarbio Life
Sciences, Beijing, China).

TUNEL Assay
To analyze cell apoptosis, terminal deoxynucleotidyl transferase
mediated dUTP nick-end labeling (TUNEL) assays were
performed with Tunel Apoptosis Detection Kit (Fluorescence -
Green Light) (Wanleibio, Shenyang, China) according to the
manufacturer’s instructions. FITC-labeled apoptotic cells were
observed under the fluorescence microscope (OLYMPUS
BX51, Japan).

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)
The TRIzol reagent (Ambion, 15596026, CA, USA) allowed for
total RNA extraction from TNBC cells according to the
manufacturer instructions. cDNA was reverse transcribed
using the PrimeScript RT reagent Kit (Perfect Real Time,
Frontiers in Oncology | www.frontiersin.org 3
Japan) (Takara, RR037A). qRT-PCR assay was operated using
the TB Green Premix Ex Taq II (Tli RNaseH Plus) (Takara,
RR820A, Japan). Each experiment was repeated in triplicate. The
following qRT-PCR assay primer sequences were used: lncRNA
SNHG6: CGGCATGTATTGAGCATATAGGT (forward) and
CACACTTGAGGTAACGAAGCAGA (reverse); BMPR1B:
CCAAAGGTCTTGCGTTGTAAA ( f o rw a r d ) a n d
ACCCAGAGTCATCC TCTTCTATCA (reverse). miRNA
qRT-PCR Primer Sets designed by RiboBio (Guangzhou, China).

Western Blot Assay
Both MDA-MB-231 and BT-549 cells were treated with RIPA lysis
buffer (Beyotime, Shanghai, China) supplemented with 1%PMSF
for total protein extraction. A 10% SDS-PAGE gel was used to
separate component proteins before they were immunoblotted onto
a PVDFmembrane (Bio-Rad, CA, USA). 5% skimmilk powder was
used to block endogenous reactions and the entire membrane was
incubated with primary antibodies against BMPR1B (1:1000)
(Affinity Biosciences, OH, USA), Bax (1:800), Bcl-2 (1:800),
c-Caspase-3 cleaved (1:800) and b-actin (1:2500) (Bioss, Beijing,
China) at 4°C overnight and rewarmed for an hour in the next
morning. Membranes were rinsed thrice with TBST before being re-
incubated with secondary antibodies (1:5000) (Bioss, Beijing, China)
for 1.5h at 25°C. Three final rinses were then performed prior to
examination using an Automatic Chemiluminescence Imaging
Analysis System (Tanon, Shanghai, China).

Animal Experiments
The Harbin Medical University Animal Care and Use Committee
reviewed approved all animal experimental protocols to ensure
they were in accordance to protocols stipulated by the National
Institutes of Health. Nude mice were purchased from Beijing
Weitonglihua Laboratory Animal Technology Co., Ltd. (Beijing,
China) and inoculated with MDA-MB-231 cells transfected with
either si-SNHG6 or si-NC. Tumor volumes were assessed weekly.
All mice were sacrificed at 28 days post-inoculation and tumors
were dissected for further assessment.

Immunohistochemical Staining (IHC)
The IHC staining of paraffin-embedded tissues was operated
following the right steps. Primary antibodies against Ki-67 and
c-Caspase-3 were covered over tissues at 4°C for overnight. The next
morning, secondary antibodies were covered over tissues at room
temperature for 50 minutes. After adding DAB chromogenic
solution, the tissues were examined under microscope.

The Prediction of RNA Binding Sites and
Dual-Luciferase Reporter Assay
Sequences containing the miR-125b-5p binding site on the 3’-
UTR of lncRNA SNHG6 or the 3’UTR of BMPR1B were
amplified by the ABI Gene Amp PCR System 2400. The
amplified products were merged into the psiCHECK™-2
Vector to construct the lncRNA SNHG6 and BMPR1B wild-
type (WT) and mutant-type (MUT) reporter plasmids,
respectively. A dual-luciferase reporter assay system (Promega,
Fitchburg, USA) was utilized for detection of luciferase activity.
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Data Analysis
All data was determined in terms of mean ± SEM. The ANOVA
or Student’s t-test was used to determine differences between
multiple or two groups, respectively.
RESULTS

The Expression of lncRNA SNHG6 in
Breast Cancer
We initially evaluated lncRNA SNHG6 transcription levels in
breast cancer studies based on data from TCGA with the Gene
Expression Profiling Interactive Analysis 2 (GEPIA 2) online tool
(http://gepia2.cancer-pku.cn/). We found that SNHG6
expressions appeared to be raised in samples of breast cancer
in contrast to healthy breast tissue samples (Figure 1A).
Additionally, “Basal-like” samples were noted also have high
expressions of SNHG6 compared to those of other types (Figure
1B). lncRNA SNHG6 expressions were then characterized in
MCF-10A, BT-549, MDA-MB-231, Hs 578t, ZR-75-30, SK-BR-3
and MCF-7 cells. All breast cancer cell lines were significant for
high lncRNA SNHG6 expressions in comparison to normal
mammary epithelial cell line. lncRNA SNHG6 expression was
also found to be elevated in TNBC cell lines (BT-549, MDA-MB-
231, Hs 578t) in contrast to non-TNBC cell lines (ZR-75-30, SK-
BR-3, MCF-7) (Figure 1C). TNBC cell lines (MDA-MB-231 and
BT-549) with higher lncRNA SNHG6 expression were selected
for additional experiments.

lncRNA SNHG6 Inhibition Slowed
Proliferation of TNBC Cells
SiRNA targeting lncRNA SNHG6was used to knock down lncRNA
SNHG6 expression in vitro. Three different sequences (si-SNHG6-1,
si-SNHG6-2 and si-SNHG6-3) were designed and assessed for their
transfection efficiency using qRT-PCR. The efficiency of si-SNHG6-
2 was higher than si-SNHG6-1 and si-SNHG6-3 in MDA-MB-231
and BT-549 cells, so it was utilized for subsequent experiments
(Figures 2A, B). Inhibiting lncRNA SNHG6 diminished the
proliferative abilities of two kinds of cells in contrast to cells
Frontiers in Oncology | www.frontiersin.org 4
transfected with the si-NC group (Figures 2C, D). Meanwhile,
inhibiting lncRNA SNHG6 resulted in reduced formation ability of
both cell lines (Figures 2E, F). These findings demonstrated that the
suppressing of lncRNA SNHG6 expression slowed TNBC
cell proliferation.

lncRNA SNHG6 Inhibition Suppressed the
Migratory Capability of TNBC Cells
We then evaluated the impact of lncRNA SNHG6 on the
migratory abilities of TNBC cells. MDA-MB-231 and BT-549
cells were found to migrate at a slower rate on wound healing
assay after lncRNA SNHG6 knockdown (Figures 2G, H).
Similarly, lower numbers of migrating cells were noted upon
lncRNA SNHG6 knockdown (Figures 2I, J).

lncRNA SNHG6 Inhibition Promoted the
Apoptosis Capability of TNBC Cells
Then we examined the effect of lncRNA SNHG6 on apoptosis
ability of TNBC cells. The results showed that the number of
TUNEL positive cells increased significantly after SNHG6 knock
down in MDA-MB-231 and BT-549 cell lines (Figures 2K, L).
Moreover, the protein expression of Bcl-2 decreased while the
expression of Bax and c-Caspase-3 increased after SNHG6 knock
down in two kinds of cell lines (Figures 2M, N).

Knockdown of lncRNA SNHG6 Inhibited
Tumorigenicity in Xenograft Model
To further detect the effect of lncRNA SNHG6 downregulation
on TNBC growth in vivo, we established a xenograft mouse
model with MDA-MB-231 cells. lncRNA SNHG6 expression was
artificially downregulated in MDA-MB-231 cells with siRNA
sequences targeting SNHG6. Knockdown of lncRNA SNHG6
markedly diminished tumor growth as shown by lower tumor
weights and volumes (Figures 3A–D). Correspondingly, the
expression of Ki-67 was lower in the si-SNHG6 group in
contrast to that of the si-NC group while the expression of c-
Caspase-3 was higher in si-SNHG6 group (Figures 3E, F). Our
observations found that lncRNA SNHG6 knockdown inhibited
the progression of TNBC in a xenograft mouse model.
A B C

FIGURE 1 | lncRNA SNHG6 expression across breast cancer databases and cell lines (A) Levels of SNHG6 expression were detected in breast cancer and normal
samples in TCGA data base. (B) Levels of SNHG6 expression were detected in different breast cancer subtypes. (C) lncRNA SNHG6 expression was raised in
breast cancer cell lines in contrast to normal breast epithelial cell line. **P < 0.01, ***P < 0.001 vs. MCF-10A. n = 3.
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Downregulation of lncRNA SNHG6
Modulates Activity of the miR-125b-5p/
BMPR1B axis in TNBC Cells
To fully characterize the molecular mechanism underlying
lncRNA SNHG6, we used the RNAhybrid (https://bibiserv.
cebitec.uni-bielefeld.de/rnahybrid/) program to predict
Frontiers in Oncology | www.frontiersin.org 5
potential lncRNA SNHG6 binding sites on miRNAs (19). miR-
125b-5p was predicted to possess a binding site compatible with
lncRNA SNHG6 (Figure 4A). The miR-125b-5p mimic was
found to reduce luciferase activity of a reporter vector
containing wild type SNHG6 but not those containing
mutated SNHG6, as evidenced using a dual-luciferase reporter
A B D

E F G

IH J

K L

M N

C

FIGURE 2 | Suppression of lncRNA SNHG6 attenuated TNBC cell migration and proliferation, while promoted cell apoptosis. (A) The siRNA targeting lncRNA
SNHG6 inhibited lncRNA SNHG6 expression in MDA-MB-231 cells. (B) The siRNA targeting lncRNA SNHG6 inhibited lncRNA SNHG6 expression in BT-549 cells.
(C) lncRNA SNHG6 inhibition suppressed the proliferation of MDA-MB-231 cells. (D) lncRNA SNHG6 inhibition suppressed the proliferation of BT-549 cells.
(E) Representative colony formation images of MDA-MB-231 and BT-549 cells. (F) lncRNA SNHG6 inhibition reduced colony-forming of both two kinds of cells.
(G) Representative wound healing assay images of MDA-MB-231 and BT-549 cells. Magnification×40; Scale bar, 200 mm. (H) The inhibition of lncRNA SNHG6
suppressed migration capability of MDA-MB-231 and BT-549 cells. (I) Boyden chamber cell migration assay in MDA-MB-231 and BT-549 cells, respectively.
Magnification ×100; Scale bar, 100 mm. (J) lncRNA SNHG6 inhibition diminished migration capability of both two kinds of cells. (K) TUNEL assay in MDA-MB-231
and BT-549 cells, respectively. Magnification×100; Scale bar, 100 mm. (L) lncRNA SNHG6 inhibition promoted apoptosis capability of both two kinds of cells.
(M) The protein expression of Bcl-2, Bax and c-Caspase-3 in MDA-MB-231 and BT-549 cells. (N) lncRNA SNHG6 inhibition induced the protein expression level of
Bcl-2 decreased while the level of Bax and c-Caspase-3 increased. *P < 0.05, **P < 0.01, *** P < 0.001 vs. si-NC; n = 3.
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assay (Figure 4B). In addition, inhibiting lncRNA SNHG6
upregulated miR-125b-5p expression in MDA-MB-231 and
BT-549 cells (Figure 4C).

Potential miR-125b-5p associated downstream molecules
were predicted using the TargetScan Human 7.1 (http://www.
targetscan.org/vert_72/) (20), miRDB (http://mirdb.org/) and
miRanda (http://www.microrna.org/microrna/home.do) (21).
The prediction results show that BMPR1B (which encodes the
BMR1B protein) may be a potential target gene of miR-125b-5p
(Figure 4D). Luciferase assay also found that BMPR1B was a
direct target of miR-125b-5p (Figure 4E). Further miR-125b-5p
Frontiers in Oncology | www.frontiersin.org 6
inhibition upregulated BMPR1B at both mRNA and protein
expression levels in MDA-MB-231 and BT-549 cells
(Figures 4F, G).

We further validated the relationship between lncRNA
SNHG6, miR-125b-5p and BMPR1B. The protein and mRNA
expressions of BMPR1B were downregulated after lncRNA
SNHG6 knockdown in MDA-MB-231 and BT-549 cells.
Whereas, co-administration with miR-125b-5p inhibitor
appeared to attenuate the impact of lncRNA SNHG6
suppression on BMPR1B expression in both cell lines (Figures
4H, I). This series of investigations strengthen our hypothesis
A B

D

E F

C

FIGURE 3 | Knockdown of lncRNA SNHG6 inhibited tumorigenicity in xenograft model. (A) Representative images of a xenograft mouse model. (B) Representative
tumor images. (C) Statistical results of tumor volumes. (D) Statistical results of tumor weights. (E) Representative Ki-67 and c-Caspase-3 staining images of tumor.
(F) lncRNA SNHG6 inhibition suppressed the expression of Ki-67 and promoted the expression of c-Caspase-3 in xenograft model tissues. Magnification ×200;
Scale bar, 100 mm.*P < 0.05, **P < 0.01 vs. miR-NC; n = 3.
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that the lncRNA SNHG6/miR-125b-5p/BMPR1B axis plays a
prominent role in TNBC cells.

The Inhibition of miR-125b-5p Attenuated
the Effect of lncRNA SNHG6 Knockdown
on Proliferation, Migration, and Apoptosis
of TNBC Cells
We then explored whether lncRNA SNHG6/miR-125b-5p/
BMPR1B axis is involved in the growth of TNBC cells. The
knockdown of lncRNA SNHG6 inhibited the ability of
proliferation and migration, while promoted the ability of
apoptosis in MDA-MB-231 and BT-549 cells. Whereas, the
inhibition of miR-125b-5p attenuated the effect of lncRNA
SNHG6 knockdown on proliferation, migration, apoptosis of
above two kinds of cells (Figure 5). Therefore, lncRNA SNHG6/
miR-125b-5p/BMPR1B pathway was involved in the growth of
TNBC cells.
Frontiers in Oncology | www.frontiersin.org 7
DISCUSSION

Breast cancer makes up approximately one-third of all cancers
diagnosed in women (22). The current treatment for breast
cancer, especially for TNBC, is still inadequate (23). LncRNAs
may confer critical effects in breast cancer progression and
development (24–26). Our study investigated the function of
lncRNA SNHG6 in TNBC and explored its potential mechanism.

Previous studies found breast cancer tissues to harbor
significantly higher expressions of lncRNA SNHG6 in contrast
to adjacent normal breast tissues (27). Similarly, our study also
found that breast cancer cell lines, particularly those of TNBC,
had higher lncRNA SNHG6 expression profiles in contrast to
normal breast epithelial cell line. We then observed the effect of
lncRNA SNHG6 knockdown on MDA-MB-231 and BT-549
TNBC cells which were found to have higher endogenous
expressions of lncRNA SNHG6. lncRNA SNHG6 knockdown
A B

D

E F

G

I

H

C

FIGURE 4 | Downregulation of lncRNA SNHG6 regulates miR-125b-5p/BMPR1B signaling pathway in TNBC cells. (A) Predicted binding sites between lncRNA
SNHG6 and miR-125b-5p. (B) Dual-luciferase reporter assay verified the presence of a direct binding site between miR-125b-5p and lncRNA SNHG6.
(C) Knockdown of SNHG6 upregulated miR-125b-5p expression in MDA-MB-231 and BT-549 cells. (D) Predicted binding sites between miR-125b-5p and
BMPR1B. (E) Dual-luciferase reporter assay verified the presence of a shared binding site between miR-125b-5p and BMPR1B. (F) miR-125b-5p inhibition
upregulated BMPR1B mRNA expression. (G) miR-125b-5p inhibition upregulated BMPR1B protein expression. (H) miR-125b-5p inhibition attenuated the impact of
lncRNA SNHG6 suppression on BMPR1B mRNA expression. (I) miR-125b-5p inhibition attenuated the impact of lncRNA SNHG6 suppression on BMPR1B protein
levels. *P < 0.05, ** P < 0.01, *** P < 0.001; n = 3.
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suppressed the migratory and proliferative abilities, while
promoted the apoptosis ability of TNBC cells. The vivo effects
of lncRNA SNHG6 suppression on TNBC were also assessed.
lncRNA SNHG6 downregulated resulted in lower tumor weights
and volumes in a xenograft mouse model, as evidenced by lower
Ki-67 and higher c-Caspase-3 expression in these tumor tissues.
These findings indicate that downregulation of lncRNA SNHG6
could inhibit both in vivo and vitro growth of TNBC cells.

We further sought to predict the potential molecular
mechanism of lncRNA SNHG6 using bioinformatic analyses.
The prediction results showed that lncRNA SNHG6 and
Frontiers in Oncology | www.frontiersin.org 8
miR-125b-5p share similar binding sites. Both miR-125b-5p
and lncRNA SNHG6 were found to directly interact, as
performance by dual-luciferase reporter assays. There was
elevated miR-125b-5p expression upon artificial lncRNA
SNHG6 suppression. This finding is in line with previous
studies which found that TNBC cells demonstrated marked
downregulation of miR-125b-5p in contrast to normal breast
tissues (28). Its expression was also lower in breast cancer
cells (MCF-7, MDA-MB-231 and T47D) in comparison to
non-tumorigenic epithelial cell line MCF-10A (29).
miR-125b-5p was also postulated to function as a breast tumor
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FIGURE 5 | Inhibiting miR-125b-5p attenuates the impact of lncRNA SNHG6 suppression on TNBC cells. (A) miR-125b-5p inhibition attenuated the impact of
lncRNA SNHG6 suppression on the proliferation of MDA-MB-231 cells. (B) miR-125b-5p inhibition attenuated the impact of lncRNA SNHG6 suppression on the
proliferation of BT-549 cells. (C) Colony formation images of MDA-MB-231 and BT-549 cells. (D) miR-125b-5p inhibition attenuated the impact of lncRNA SNHG6
suppression on colony-formation capabilities of MDA-MB-231 and BT-549 cells. (E) Representative wound healing assay images of MDA-MB-231 and BT-549 cells.
Magnification×40; Scale bar, 200 mm. (F) miR-125b-5p inhibition attenuated the impact of lncRNA SNHG6 suppression on the migratory capability of both two kinds
of cells. (G) Boyden chamber cell migration assay in MDA-MB-231 and BT-549 cells, respectively. Magnification×100; Scale bar, 100 mm. (H) miR-125b-5p inhibition
attenuated the impact of lncRNA SNHG6 suppression on the migratory capability of both two kinds of cells. (I) TUNEL assay in MDA-MB-231 and BT-549 cells,
respectively. Magnification×100; Scale bar, 100 mm. (J) miR-125b-5p inhibition attenuated the impact of lncRNA SNHG6 suppression on the apoptosis capability of
both two kinds of cells. (K) The protein expression of Bcl-2, Bax and c-Caspase-3 in MDA-MB-231 and BT-549 cells. (L) miR-125b-5p inhibition attenuated protein
expression level of Bcl-2, Bax and c-Caspase-3 after SNHG6 knocked down. *P < 0.05, ** P < 0.01, *** P < 0.001 vs. si-NC; n = 3.
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suppressor (30). Breast cancer cell proliferative, migratory and
invasive capabilities were suppressed upon miR-125b-5p
overexpression (29). Furthermore, circulating miR-125-5p
appeared to be helpful in breast cancer risk stratification (31).
Therefore, the effect of lncRNA SNHG6 in breast cancer appears
to be mediated by miR-125b-5p.

Further investigation found that BMPR1B may be a potential
miR-125b-5p target. Raised BMPR1B expression may likely lead to
enhanced MDA-MB-468 TNBC cell migration due to its effect in
augmenting CYP2J2 expression (32). Genetic variations in BMPR1B
binding sites have been linked to breast cancer risk (33). Moreover,
the specific genetic variant involving the miR-125b—BMPR1B
binding site has been found to contribute to breast cancer
pathogenesis (34). We demonstrated that BMPR1B to be targeted
by miR-125b-5p, with miR-125b-5p inhibition translating to raised
BMPR1B expression in TNBC cells. Similarly, previous studies
revealed that miR-125b promotes ovarian granulosa cell apoptosis
through its action on BMPR1B (35).

Subsequently, the effect of lncRNA SNHG6 knockdown on
BMPR1B expression was analyzed. Knocking down lncRNA
SNHG6 resulted in decreased BMPR1B expression, however,
the co-administration of a miR-125b-5p inhibitor partially
reversed this finding. This highlights the fact that suppressing
lncRNA SNHG6 inhibited BMPR1B expression and enhanced
miR-125b-5p expression.

Finally, we detected whether lncRNA SNHG6/miR-125b-5p/
BMPR1B axis was related to TNBC cell growth. The
downregulation of lncRNA SNHG6 inhibited proliferation,
migration and promoted apoptosis of MDA-MB-231 and BT-
549 cells, which was attenuated through inhibiting miR-125b-5p.

To conclude, TNBC cells which possessed suppressed
lncRNA SNHG6 levels also demonstrated attenuated
migratory, proliferative, and promoted apoptosis ability and it
Frontiers in Oncology | www.frontiersin.org 9
is likely owing to the effect of miR-125b-5p/BMPR1B signal
pathway modulation, with this axis representing a novel target in
developing new treatments for TNBC.
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 animal study was reviewed and approved by The Harbin
Medical University Animal Care and Use Committee.
AUTHOR CONTRIBUTIONS

YL and YZ conceived the idea of the study. HY and XQ analysed
the data. XL, HY, XQ, XW, CL, XS, and HG interpreted the
results. JZ and YL wrote the paper. All authors contributed to the
article and approved the submitted version.
FUNDING

This work was supported by the National Natural Science
Foundation of China (81972469, 81803524 and 81803012) and
Harbin Medical University Graduated Research and Practical
Innovation Program (YJSKYCX2019-04HYD).
REFERENCES

1. Yang R, Xing L, Zheng X, Sun Y, Wang X, Chen J. The Circrna Circagfg1 Acts
as a Sponge of Mir-195-5p to Promote Triple-Negative Breast Cancer
Progression Through Regulating CCNE1 Expression. Mol Cancer (2019) 18
(1):4. doi: 10.1186/s12943-018-0933-7

2. Wang S, Ke H, Zhang H, Ma Y, Ao L, Zou L, et al. Lncrna MIR100HG
Promotes Cell Proliferation in Triple-Negative Breast Cancer Through
Triplex Formation With P27 Loci. Cell Death Dis (2018) 9(8):805.
doi: 10.1038/s41419-018-0869-2

3. Guo S, Jian L, Tao K, Chen C, Yu H, Liu S. Novel Breast-Specific Long
Non-Coding Rna LINC00993 Acts as a Tumor Suppressor in Triple-
Negative Breast Cancer. Front Oncol (2019) 9:1325. doi: 10.3389/
fonc.2019.01325

4. Olivero CE, Martinez-Terroba E, Zimmer J, Liao C, Tesfaye E, Hooshdaran N,
et al. P53 Activates the Long Noncoding RNA Pvt1b to Inhibit Myc and
Suppress Tumorigenesis. Mol Cell (2020) 77(4):761–74.e8. doi: 10.1016/
j.molcel.2019.12.014

5. Li Y, Jiang T, Zhou W, Li J, Li X, Wang Q, et al. Pan-Cancer Characterization
of Immune-Related Lncrnas Identifies Potential Oncogenic Biomarkers. Nat
Commun (2020) 11(1):1000. doi: 10.1038/s41467-020-14802-2

6. Chen B, Deng S, Ge T, Ye M, Yu J, Lin S, et al. Live Cell Imaging and
Proteomic Profiling of Endogenous NEAT1 Lncrna by CRISPR/Cas9-
Mediated Knock-in. Protein Cell (2020) 11(9):641–60. doi: 10.1007/s13238-
020-00706-w
7. Chen R, Li WX, Sun Y, Duan Y, Li Q, Zhang AX, et al. Comprehensive
Analysis of Lncrna and Mrna Expression Profiles in Lung Cancer. Clin Lab
(2017) 63(2):313–20. doi: 10.7754/Clin.Lab.2016.160812

8. Xu J, Qian Y, Ye M, Fu Z, Jia X, Li W, et al. Distinct Expression Profile of
Lncrna in Endometrial Carcinoma. Oncol Rep (2016) 36(6):3405–12.
doi: 10.3892/or.2016.5173

9. Chen C, Li Z, Yang Y, Xiang T, Song W, Liu S. Microarray Expression
Profiling of Dysregulated Long Non-Coding Rnas in Triple-Negative Breast
Cancer. Cancer Biol Ther (2015) 16(6):856–65. doi : 10.1080/
15384047.2015.1040957

10. Li Y, Ma HY, Hu XW, Qu YY, Wen X, Zhang Y, et al. Lncrna H19 Promotes
Triple-Negative Breast Cancer Cells Invasion and Metastasis Through the
P53/TNFAIP8 Pathway. Cancer Cell Int (2020) 20:200. doi: 10.1186/s12935-
020-01261-4

11. Wang J, Xie S, Yang J, Xiong H, Jia Y, Zhou Y, et al. The Long Noncoding
RNA H19 Promotes Tamoxifen Resistance in Breast Cancer Via
Autophagy. J Hematol Oncol (2019) 12(1):81. doi: 10.1186/s13045-019-
0747-0

12. Zhao W, Geng D, Li S, Chen Z, Sun M. Lncrna HOTAIR Influences Cell
Growth, Migration, Invasion, and Apoptosis Via the Mir-20a-5p/HMGA2
Axis in Breast Cancer. Cancer Med (2018) 7(3):842–55. doi: 10.1002/
cam4.1353

13. Xu M, Chen X, Lin K, Zeng K, Liu X, Xu X, et al. Lncrna SNHG6 Regulates
EZH2 Expression by Sponging Mir-26a/B and Mir-214 in Colorectal Cancer.
J Hematol Oncol (2019) 12(1):3. doi: 10.1186/s13045-018-0690-5
May 2021 | Volume 11 | Article 678474

https://doi.org/10.1186/s12943-018-0933-7
https://doi.org/10.1038/s41419-018-0869-2
https://doi.org/10.3389/fonc.2019.01325
https://doi.org/10.3389/fonc.2019.01325
https://doi.org/10.1016/j.molcel.2019.12.014
https://doi.org/10.1016/j.molcel.2019.12.014
https://doi.org/10.1038/s41467-020-14802-2
https://doi.org/10.1007/s13238-020-00706-w
https://doi.org/10.1007/s13238-020-00706-w
https://doi.org/10.7754/Clin.Lab.2016.160812
https://doi.org/10.3892/or.2016.5173
https://doi.org/10.1080/15384047.2015.1040957
https://doi.org/10.1080/15384047.2015.1040957
https://doi.org/10.1186/s12935-020-01261-4
https://doi.org/10.1186/s12935-020-01261-4
https://doi.org/10.1186/s13045-019-0747-0
https://doi.org/10.1186/s13045-019-0747-0
https://doi.org/10.1002/cam4.1353
https://doi.org/10.1002/cam4.1353
https://doi.org/10.1186/s13045-018-0690-5
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Lv et al. SNHG6 Axis in TNBC
14. Gao N, Ye B. SPI1-Induced Upregulation of Lncrna SNHG6 Promotes Non-
Small Cell Lung Cancer Via Mir-485-3p/VPS45 Axis. BioMed Pharmacother
(2020) 129:110239. doi: 10.1016/j.biopha.2020.110239

15. Wu G, Ju X, Wang Y, Li Z, Gan X. Up-Regulation of SNHG6 Activates
SERPINH1 Expression by Competitive Binding to Mir-139-5p to Promote
Hepatocellular Carcinoma Progression. Cell Cycle (2019) 18(16):1849–67.
doi: 10.1080/15384101.2019.1629772

16. Zhang Y, An J, Pei Y. Lncrna SNHG6 Promotes LMO3 Expression by
Sponging Mir-543 in Glioma. Mol Cell Biochem (2020) 472(1-2):9–17.
doi: 10.1007/s11010-020-03772-0

17. Shen H, Mo Q, Xu X, Liu B. The Prognostic Value of Lncrna SNHG6 in Cancer
Patients. Cancer Cell Int (2020) 20:286. doi: 10.1186/s12935-020-01383-9

18. Jafari-Oliayi A, Asadi MH. SNHG6 is Upregulated in Primary Breast Cancers
and Promotes Cell Cycle Progression in Breast Cancer-Derived Cell Lines. Cell
Oncol (Dordr) (2019) 42(2):211–21. doi: 10.1007/s13402-019-00422-6

19. Kruger J, Rehmsmeier M. Rnahybrid: Microrna Target Prediction Easy, Fast
and Flexible. Nucleic Acids Res (2006) 34(Web Server issue):W451–4.
doi: 10.1093/nar/gkl243

20. Agarwal V, Bell GW, Nam JW, Bartel DP. Predicting Effective Microrna
Target Sites in Mammalian Mrnas. Elife (2015) 4:e05005. doi: 10.7554/
eLife.05005

21. Chen Y,Wang X.Mirdb: AnOnline Database for Prediction of FunctionalMicrorna
Targets. Nucleic Acids Res (2020) 48(D1):D127–31. doi: 10.1093/nar/gkz757

22. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2020. CA Cancer J Clin (2020)
70(1):7–30. doi: 10.3322/caac.21590

23. Nagini S. Breast Cancer: Current Molecular Therapeutic Targets and New
Players. Anticancer Agents Med Chem (2017) 17(2):152–63. doi: 10.2174/
1871520616666160502122724

24. Liang Y, Song X, Li Y, Chen B, Zhao W, Wang L, et al. Lncrna BCRT1
Promotes Breast Cancer Progression by Targeting Mir-1303/PTBP3 Axis.Mol
Cancer (2020) 19(1):85. doi: 10.1186/s12943-020-01206-5

25. Wang Y, Wu S, Zhu X, Zhang L, Deng J, Li F, et al. Lncrna-Encoded
Polypeptide ASRPS Inhibits Triple-Negative Breast Cancer Angiogenesis.
J Exp Med (2020) 217(3):jem.20190950. doi: 10.1084/jem.20190950

26. MaW, Zhao F, Yu X, Guan S, Suo H, Tao Z, et al. Immune-Related Lncrnas as
Predictors of Survival in Breast Cancer: A Prognostic Signature. J Transl Med
(2020) 18(1):442. doi: 10.1186/s12967-020-02522-6

27. Lv P, Qiu X, Gu Y, Yang X, Xu X, Yang Y. Long Non-Coding RNA SNHG6
Enhances Cell Proliferation, Migration and Invasion by Regulating Mir-26a-
5p/MAPK6 in Breast Cancer. BioMed Pharmacother (2019) 110:294–301.
doi: 10.1016/j.biopha.2018.11.016
Frontiers in Oncology | www.frontiersin.org 10
28. Ouyang M, Li Y, Ye S, Ma J, Lu L, LvW, et al. Microrna Profiling Implies New
Markers of Chemoresistance of Triple-Negative Breast Cancer. PloS One
(2014) 9(5):e96228. doi: 10.1371/journal.pone.0096228

29. Li Y, Wang Y, Fan H, Zhang Z, Li N. Mir-125b-5p Inhibits Breast Cancer
Cell Proliferation, Migration and Invasion by Targeting KIAA1522.
Biochem Biophys Res Commun (2018) 504(1):277–82. doi: 10.1016/
j.bbrc.2018.08.172

30. Jena MK. Micrornas in the Development and Neoplasia of the Mammary
Gland. F1000Res (2017) 6:1018. doi: 10.12688/f1000research.12005.2

31. Incoronato M, Grimaldi AM, Mirabelli P, Cavaliere C, Parente CA, Franzese
M, et al. Circulating Mirnas in Untreated Breast Cancer: An Exploratory
Multimodality Morpho-Functional Study. Cancers (Basel) (2019) 11(6):876.
doi: 10.3390/cancers11060876

32. Allison SE, Chen Y, Petrovic N, Zimmermann S, Moosmann B, Jansch M,
et al. Activation of the Pro-Migratory Bone Morphogenetic Protein Receptor
1B Gene in Human MDA-MB-468 Triple-Negative Breast Cancer Cells That
Over-Express CYP2J2. Int J Biochem Cell Biol (2016) 80:173–8. doi: 10.1016/
j.biocel.2016.10.004

33. Garcia Mesa K, Bermejo JL, Torres D, Gilbert M, Plass C, Hamann U. Genetic
Variability in the Microrna Binding Sites of BMPR1B, Tgfbr1, IQGAP1, Kras,
SETD8 and RYR3 and Risk of Breast Cancer in Colombian Women. Onco
Targets Ther (2020) 13:12281–7. doi: 10.2147/OTT.S274431

34. Saetrom P, Biesinger J, Li SM, Smith D, Thomas LF, Majzoub K, et al. A Risk
Variant in an Mir-125b Binding Site in BMPR1B is Associated With Breast
Cancer Pathogenesis. Cancer Res (2009) 69(18):7459–65. doi: 10.1158/0008-
5472.CAN-09-1201

35. Yao Y, Reheman A, Xu Y, Li Q. Mir-125b Contributes to Ovarian Granulosa
Cell Apoptosis Through Targeting BMPR1B, a Major Gene for Sheep
Prolificacy. Reprod Sci (2019) 26(2):295–305. doi: 10.1177/1933719118770544

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 Lv, Lv, Yang, Qi, Wang, Li, Shang, Guo, Zhang and Zhang. 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.
May 2021 | Volume 11 | Article 678474

https://doi.org/10.1016/j.biopha.2020.110239
https://doi.org/10.1080/15384101.2019.1629772
https://doi.org/10.1007/s11010-020-03772-0
https://doi.org/10.1186/s12935-020-01383-9
https://doi.org/10.1007/s13402-019-00422-6
https://doi.org/10.1093/nar/gkl243
https://doi.org/10.7554/eLife.05005
https://doi.org/10.7554/eLife.05005
https://doi.org/10.1093/nar/gkz757
https://doi.org/10.3322/caac.21590
https://doi.org/10.2174/1871520616666160502122724
https://doi.org/10.2174/1871520616666160502122724
https://doi.org/10.1186/s12943-020-01206-5
https://doi.org/10.1084/jem.20190950
https://doi.org/10.1186/s12967-020-02522-6
https://doi.org/10.1016/j.biopha.2018.11.016
https://doi.org/10.1371/journal.pone.0096228
https://doi.org/10.1016/j.bbrc.2018.08.172
https://doi.org/10.1016/j.bbrc.2018.08.172
https://doi.org/10.12688/f1000research.12005.2
https://doi.org/10.3390/cancers11060876
https://doi.org/10.1016/j.biocel.2016.10.004
https://doi.org/10.1016/j.biocel.2016.10.004
https://doi.org/10.2147/OTT.S274431
https://doi.org/10.1158/0008-5472.CAN-09-1201
https://doi.org/10.1158/0008-5472.CAN-09-1201
https://doi.org/10.1177/1933719118770544
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

	LncRNA SNHG6/miR-125b-5p/BMPR1B Axis: A New Therapeutic Target for Triple-Negative Breast Cancer
	Introduction
	Materials and Methods
	Cell Culture and Transfection
	Cell Counting Kit-8 (CCK-8) Assay
	Colony Formation Assay
	Wound Healing Assay
	Transwell Assay
	TUNEL Assay
	Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
	Western Blot Assay
	Animal Experiments
	Immunohistochemical Staining (IHC)
	The Prediction of RNA Binding Sites and Dual-Luciferase Reporter Assay
	Data Analysis

	Results
	The Expression of lncRNA SNHG6 in Breast Cancer
	lncRNA SNHG6 Inhibition Slowed Proliferation of TNBC Cells
	lncRNA SNHG6 Inhibition Suppressed the Migratory Capability of TNBC Cells
	lncRNA SNHG6 Inhibition Promoted the Apoptosis Capability of TNBC Cells
	Knockdown of lncRNA SNHG6 Inhibited Tumorigenicity in Xenograft Model
	Downregulation of lncRNA SNHG6 Modulates Activity of the miR-125b-5p/BMPR1B axis in TNBC Cells
	The Inhibition of miR-125b-5p Attenuated the Effect of lncRNA SNHG6 Knockdown on Proliferation, Migration, and Apoptosis of TNBC Cells

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	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


