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ABSTRACT
◥

Transgelin (TAGLN, also named SM22) is an actin-associated
protein and affects dynamics of actin filaments. Deregulation of
TAGLN contributes to the development of different cancers, and it
is commonly considered to be a tumor suppressor. TAGLN is
usually downregulated in prostate cancer; however, the detailed
functions of TAGLN in prostate cancer and how TAGLN is
regulated remains unclear. In this study, we confirmed that TAGLN
is downregulated in prostate cancer tissues and demonstrated that
the downregulation of TAGLN occurs through proteasomal deg-
radation. Next, we found that the expression level of TAGLN is
inversely correlated with TRAF6.We screened more than 20 E2–E3
pairs by in vitro ubiquitination assay and found that the E2A–
TRAF6 pair catalyzed mono ubiquitination of TAGLN. We then

identified the ubiquitination sites of TAGLN to be on K89 or K108
residues and demonstrated that ubiquitination of TAGLN on K89/
K108 are important for TRAF6-mediated proteasomal degradation.
Furthermore, we investigated the function of TAGLN in prostate
cancer cells. We found that ablation of TAGLN promoted prostate
cancer cell proliferation and suppressed their migration via acti-
vation of NF-kB and Myc signaling pathways. Overall, our study
provided new insights into the mechanisms underlying TAGLN
expression and activity in prostate cancer.

Implications: E3 ligase TRAF6 mediate mono-ubiquitination and
degradation of TAGLN, which leads to activation of NF-kB and
Myc signaling pathways in prostate cancer cells.

Introduction
Transgelin (TAGLN, also known as SM22) was first identified as an

abundant protein in smoothmuscle cells. It is an actin binding protein,
and plays important roles in actin cytoskeleton stabilization and
gelation. Therefore, it mainly participates in actin skeleton remodeling
processes such as cell proliferation, differentiation, migration, inva-
sion, and matrix remodeling (1, 2). Deregulation of transgelin was
indicated in the development of several types of cancers, including
colorectal cancer, breast cancers, lung cancers, and prostate
cancers (3–7). Depletion of TAGLN increases actin dynamics and
enhances tumorigenic phenotypes of cell (2). Therefore, Transgelin
was commonly described as a tumor suppressor (8). It has been
reported that TAGLN could prevent the migration of prostate cancer
cells (9) by suppressing MMP9 (10). Sayar and colleagues found that
TAGLN expression was significantly and frequently downregulated
via promoter DNA hypermethylation in breast cancer cells (11), but

more studies are needed to further explore the mechanism which
regulates TAGLN at protein level during cancer progression.

Prostate cancer is the second most common cancer in men (12).
Previous studies showed that TAGLN is downregulated in prostate
cancer tissues (13–15), and was downregulated in prostate cancer cell
lines except DU145 (6). But how TAGLN is regulated in prostate
cancer, and what is the biological function of TAGLN in prostate
cancer have not been elucidated extensively.

Dong and colleagues found that TRAF6 mediated K63 linked
ubiquitination of TAGLN on K21 residue by in vivo assays, and
K63 linked ubiquitination of TAGLN mediated its cellular localiza-
tion (16). TRAF6 was showed to interact with TAGLN by in vitro pull-
down assay (16). Butwhether TRAF6 serves as anE3 ubiquitin ligase to
regulate the degradation of TAGLN and what is the E2 for TAGLN
ubiquitination remain unclear.

In this study, we confirmed that TAGLN is downregulated in
prostate cancer tissues, and found that the degradation of TAGLN is
proteasome dependent. We then investigated the ubiquitination
mechanism of TAGLN, and found that TRAF6 coupled with
multiple E2s, such as E2A, to catalyze ubiquitination of TAGLN
at K89 or K108. Mutating K89 and K108 rendered TAGLN resistant
to TRAF6-mediated degradation. Knocking down of TRAF6 sig-
nificantly increased the protein level of TAGLN, suggesting TRAF6-
mediated TAGLN ubiquitination is important for TAGLN degra-
dation. We further explored the biological function of TAGLN in
prostate cancer, and found that knocking down TAGLN promoted
proliferation and suppressed the migration of prostate cells, and
activated NF-KB and Myc signaling pathways. Thus, our study
provided new insights into the mechanisms of downregulation of
TAGLN in prostate cancer.

Materials and Methods
Prostate cancer tissues and cell lines

All the prostate cancer tissues were collected from 6 patients at
Changhai Hospital, Shanghai, China, following the standard operating
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procedures of the hospital Ethics Committee. The patient information
was removed and unavailable to investigators to protect the patients’
privacy. BPH-1 cells, DU145 cells, PC-3 cells, LNCaP cells, and C4–2
cells were obtained from Shanghai Life Academy of Sciences Cell
Library (Shanghai, China). Cell lines were authenticated using high
resolution small tandem repeats (STR) profiling. They were routinely
tested for mycoplasma and confirmed free of contamination (GMyc-
PCR Mycoplasma Test Kit, YEASEN). Cells were cultured in
RPMI1640 medium supplemented with 10% FBS and 1% penicillin/
streptomycin at 37�C with 5% CO2. Cells were grown for 20 passages
and then replaced with fresh stocks.

Mass spectrometry identification
The band of ubiquitinated TAGLN on SDS-PAGE gel, which was

generated by in vitro ubiquitination assay, was cut off and applied for
in-gel digestion, and the digested peptides were used for tandem mass
spectrometry analysis (MS-MS) in Orbitrap Fusion Tribrid (Thermo
Fisher Scientific).

Protein extraction and immunoblotting
Cell pellets were lysed with RIPA buffer [50 mmol/L Tris-HCl (pH

7.4), 1% TritonX-100, 1 mmol/L EDTA, 150 mmol/L NaCl, 0.1% SDS,
2 mmol/L sodium pyrophosphate, 50 mmol/L NaF, and cocktail
protease inhibitor] on ice. The prostate tissues were homogenized
and then lysed in RIPA buffer on ice. All lysates were centrifuged at
12,000 rpm for 15 minutes at 4�C. Supernatant was used for protein
quantification and SDS-PAGE analysis. Separated proteins were
transferred from the gels to polyvinylidene fluoride (PVDF) mem-
branes by wet electro transfer. The membranes were blocked by 5%
milk in PBS and blot using corresponding antibodies. Anti-SM22a/
TAGLN (ab14106) and PI3K (ab191606) antibody is purchased from
Abcam. anti-TRAF6 antibody is from Proteintech (12809-AP). FLAG
(#8146), GAPDH (#2118), p-IKK (#2697), IKK (#2682), IkBa
(#9242), p-IkBa (#9246), AR (#68492), Cyclin B1 (#4138), and C-
Myc (#9402) antibody is purchased from Cell Signaling Technology.
IL6 (sc-53865) and His (sc-8036) antibody is purchased from Santa
Cruz Biotechnology. For immunofluorescence experiment, the sec-
ondary antibody Goat Anti-Mouse IgG (HþL) Alexa Fluor-594
(AB0152) andGoatAnti-Rabbit IgG (HþL)Alexa Fluor 488 (AB0141)
were purchase from Abways.

In vitro protein ubiquitination assay
For immunoprecipitation, purified GST or His tagged proteins for

reaction were quantified by BCA Protein Assay Kit (Thermo Fisher
Scientific, 23225). In a 50 mL reaction system, 0.5 mg E1, 2 mg E2, 3 mg
E3, and 4mg ubiquitinwere added into the reaction, and then 0.1mmol/
L ATP to start reaction. The 10X reaction buffer contains 200 mmol/L
Tris, 100 mmol/L MgCl2 (pH 7.4). For substrate ubiquitination assay,
5 mg TAGLN was added to the reaction system. The reaction system is
incubated at 37�C for 15minutes, then stopped reaction by adding SDS
loading buffer with DTT.

Constructs and primers
The pLKO.1 vector was used for shRNA construction. TAGLN

shRNA targeting sequencewas 50-GCATGTCATTGGCCTTCAGAT-
30. The TRAF6 shRNA targeting sequence was 50- AGCGCTGTG-
CAAACTATATAT-30. The scramble hairpin contains the 21 mer 50-
CAACAAGATGAAGAGCACCAA-30 was used as control. Recom-
binant Lentiviruses were generated by homologous recombination
in HEK293 cells. The qPCR primers for TAGLN: forward: GGC-
AGCAGTGCAGAGGAC, reverse: TTATGATCCTGCGCTTTCTT.

TRAF6: forward: TTGCCATGAAAAGATGCAGAGG, reverse:
AGCCTGGGCCAACATTCTC.

Immunoprecipitation
Prostate tissues were lysed with Nonidet P40 buffer [50 mmol/L

Tris-HCl (pH 7.4), 1% Nonidet P40, 10 mmol/L EDTA, 150 mmol/L
NaCl, 50 mmol/L NaF, and cocktail protease inhibitor]. Primary
antibody was incubated with protein A/G agarose for 2 hours. Then
samples were added and incubated overnight at 4�C. After immuno-
precipitation, the samples were washed with Nonidet P40 buffer three
times. The immunoprecipitates were subjected to immunoblotting
using specific primary antibodies and goat anti-mouse/rabbit IgG
secondary antibody (HRP).

Pull-down binding assays
GST-tagged TAGLN and His-tagged IkBa was mixed in PBS

containing 0.5% Triton X-100, then added glutathione Sepharose
4B, and incubated for 30 minutes at 4�C. After washing three times
with PBS, proteins were eluted with 10 mmol/L Glutathione. The
eluates were subjected to SDS-PAGE, and proteins were detected by
immunoblot.

Cell proliferation assay and transwell migration assay
For cell proliferation assay, 2,000 cells were seeded into to 96-well

microplates. Then the cell numbers were evaluated by AlamarBlue
assay.

For transwell migration assay, 1 � 105 cells were seeded in the
transwell chamber with 200 mL warm cell culture media without FBS
(FCS). A total of 500 mL cell culture media with FBS was placed below
the transwell chamber. After 2 to 3 day’s incubation, transwell chamber
were gently submerged in PBS several times to remove unattached
cells. The noninvading cells are removed from the upper surface of the
membrane by scrubbing with a cotton tipped swab. Then fixed by 10%
polyformaldehyde (PFA) for 10 minutes. After washed with PBS, cells
were stained by Crystal Violet Staining Solution for 20 minutes, then
washed again with PBS and used for imaging.

Transcriptome sequencing and data analysis
RNA from shCtrl and shTAGLN BPH-1 cells were extracted using

the RNA isolater Total RNA Extraction Reagent (Vazyme, R401–01)
according to the manufacturer’s protocol. After quantification and
qualification, a total amount of 3 mg RNAper sample was used as input
material for the RNA sample preparations. Sequencing libraries
were generated using NEBNext UltraTM RNA Library Prep Kit for
Illumina (NEB, E7775), following manufacturer’s recommendations
and index codes were added to attribute sequences to each sample. The
library preparations were sequenced on Illumina Novaseq 6000 and
125 bp-150 bppaired-end readswere generated. RawRNA-sequencing
data from this study are available at the Sequence Read Archive (SRA),
BioProject ID: PRJNA715250 (https://www.ncbi.nlm.nih.gov/sra/
PRJNA715250).

Raw data of fastq format were first processed through in-house perl
scripts. In this step, clean data (clean reads) were obtained by removing
reads containing adapter, reads containing ploy-N, and low-quality
reads from raw data. Paired-end clean reads were aligned to the
reference genome using Hisat2 v2.0.5. featureCounts v1.5.0-p3 was
used to count the reads numbers mapped to each gene, and then
fragments per kilobase of transcript sequence per millions base
pairs sequenced (FPKM) of each gene was calculated on the basis of
the length of the gene and reads countmapped to this gene.Differential
expression analysis was performed using the DESeq2 R package. The

Wen et al.

Mol Cancer Res; 19(7) July 2021 MOLECULAR CANCER RESEARCH1114

D
ow

nloaded from
 http://aacrjournals.org/m

cr/article-pdf/19/7/1113/3102990/1113.pdf by guest on 19 M
ay 2023

https://www.ncbi.nlm.nih.gov/sra/PRJNA715250
https://www.ncbi.nlm.nih.gov/sra/PRJNA715250
https://www.ncbi.nlm.nih.gov/sra/PRJNA715250


P values were adjusted using the Benjamini & Hochberg method.
Corrected P value of 0.05 and absolute fold-change of 2 were set as the
threshold for significantly differential expression.

Results
TAGLN was downregulated in prostate cancer tissues

Previous studies have investigated the proteome profiles of prostate
cancer using cell lines or patient tumor tissues (13, 17–22). To
understand the molecular mechanisms of prostate cancer at protein
level, we performed biological pathway analysis on published prote-
omic data by Iglesias-Gato and colleagues (13), which identified the
highest numbers of proteins (9,623 proteins) compared with other
proteome study in prostate cancer in recent years (14, 22). We found
that many of the differentially expressed proteins belong to signaling
pathways involved in actin filament and cytoskeleton organization,
muscle contraction, and cell morphogenesis (Fig. 1A).

TAGLN is an actin binding protein, which is involved in calcium-
independent smoothmuscle contraction, and is very important for cell
motility. It has been reported that the expression level of TAGLN was
downregulated in prostate cancer (13–15, 22), and was negatively
associated with the progression of prostate cancer (6), indicating that
TAGLNmay participates in prostate cancer progression. However, the
function of TAGLN in prostate cancer progression remains unclear.

To investigate the function of TAGLN in prostate cancer, we first
analyzed the mRNA expression level of TAGLN from The Cancer
Genome Atlas (TCGA) database, and found that mRNA level of
TAGLN was indeed significantly downregulated in prostate cancer
tissues (Fig. 1B). Data from cBioPortal (https://www.cbioportal.org/)
showed that amplification or deep deletion of TAGLN were observed
in prostate cancer patients (Fig. 1C). Patients without alterations of
TAGLN showed higher survival rate than patients with TAGLN
deep deletion (Fig. 1D; refs. 23, 24). We analyzed the gene expression
level of TAGLN in different prostate cancers types using TCGA
database, and found that TAGLN deletion was mostly enriched in
prostate adenocarcinoma group, whereas TAGLN amplification was
mostly observed in castration-resistant or neuroendocrine prostate
cancer (Supplementary Fig. S1), suggesting TAGLN downregulation
primary plays an important role in the early stage of prostate cancer
development.

To validate this, we collected tumor tissues and neighboring normal
tissues from localized patients with prostate cancer and examined the
expression level of TAGLN in these tissues. We confirmed that the
expression of TAGLN was decreased both in mRNA level and in
protein level in tumor tissues when compared with the neighboring
normal tissue (Fig. 1E and F). We then tested the expression level of
TAGLN in different prostate cancer cell lines. We found that the
expression of TAGLNwas significantly decreased in LNCaP and C4–2
cell lines (AR dependent), but almost no significant changes were
observed in DU145 and PC3 cell lines (AR independent) when
compared with normal cell line BPH-1 (Fig. 1G). But the mRNA
level of TAGLN in these cells were not consistent with their protein
expression levels, indicating posttranslational modifications of
TAGLN in these cells (Fig. 1H).

TRAF6-mediated ubiquitin-dependent proteasome
degradation of TAGLN

Proteins are degraded mainly through autophagy or ubiquitin-
dependent proteasome system. To explore the degradation mechan-
isms for TAGLN, we treated LNCaP cells with MG132 or chloroquine
(CHL), then examined the protein level of TAGLN. We found that

TAGLN was accumulated when treated with proteasome inhibitor
MG132, but no significant changes were observed when treated with
CHL (Fig. 2A andB), suggesting that TAGLNwasmainly degraded by
ubiquitin-dependent proteasome system.

Previous study reported that E3 ligaseTRAF6 mediates K63 linked
ubiquitination of TAGLN on K21 residue, which mediated G6PD
membrane translocation (16). We then examined the protein level of
TRAF6 and found that the TRAF6 was upregulated in prostate cancer
tissues (Fig. 2C). Knocking downTRAF6 in LNCaP cell line resulted in
upregulation of TAGLN (Fig. 2D), but themRNA level of TAGLNdid
not change significantly (Fig. 2E), suggesting that TRAF6 may play a
role in TAGLN degradation.

TRAF6 and TAGLN colocalized in the cytosol (Supplementary
Fig. S2). We then overexpressed TRAF6WT or RING domain mutant
TRAF6-C70A (which is defective in ubiquitination activity) in BPH1,
and examined the protein level of TAGLN. We found that over-
expression of TRAF6 led to degradation of TAGLN, whereas over-
expression of RING domain mutant did not affect the expression
level of TAGLN, suggesting that the degradation of TAGLN is
dependent on the ubiquitination activity of TRAF6 (Fig. 2F). TRAF6
mainly catalyzes K63 linked poly-ubiquitination on substrate proteins,
whereas protein degradation is usually through a K48 linked poly-
ubiquitination (25). Therefore, the mechanisms of how TRAF6 medi-
ated the ubiquitination and degradation of TAGLN needs further
investigation.

TRAF6catalyzedmono-ubiquitination of TAGLNonK89orK108
In the protein ubiquitination process, ubiquitin conjugating enzyme

E2 couples with different ubiquitin ligases E3, and transfer the charged
ubiquitin from E2 to a specific substrate. In this process, E3 ligase
controls the selectivity for substrate proteins. TRAF6 is reported to be
an E3 ligase for TAGLN, which catalyzes K63 linked ubiquitina-
tion (16), however no direct evidence for the ubiquitination of TAGLN
by TRAF6 was available. The E2 for TAGLN ubiquitination also
remains unknown. We screened 24 E2–E3 pairs by ubiquitination
assay in vitro, and found that about half of the E2 tested (including
E2A, E2D1, E2D2, E2D3, E2D4, E2E2, E2E3, E2J2, E2R1, and E2S) can
couple with TRAF6 to catalyze ubiquitin chain formation (Fig. 3A).
Furthermore, we tested which of these E2s can couple with TRAF6 to
catalyze ubiquitination of TAGLN. In our in vitro ubiquitination assay
system, we observed that these E2–E3 pairs mainly catalyzed mono-
ubiquitin of TAGLN, no significant, if any, poly-ubiquitination of
TAGLN was observed (Fig. 3B). E2Q2 and E2S cannot catalyze
ubiquitination of TAGLN in our assay (Fig. 3B).

We then applied mass spectrometry to identify the ubiquitination
site on TAGLN catalyzed by E2A and TRAF6. The in vitro ubiquitina-
tion reaction product was first separated by SDS-PAGE, then the
corresponding mono ubiquitination band of TAGLN was cut off for
MS analysis. K89 and K108 residues of TAGLN were identified that
contained di-glycine residues (Fig. 3C), suggesting that the E2A–
TRAF6 pair catalyzed mono ubiquitination of TAGLN on either K89
or K108. To validate this, we expressed and purified K89R and/or
K108R TAGLN mutant protein, and found that that single mutation
(K89R or K108R) of TAGLN did not abolish mono-ubiquitination of
TAGLN, but K89R/K108R double mutant of TAGLN completely
abolished this ubiquitination (Fig. 3D). We then investigated whether
the ubiquitination of TAGLN on K89/K108 is important for its
proteasomal degradation mediated by TRAF6. We overexpressed
TRAF6 together with WT TAGLN or K89R/K108R TAGLN mutant
in HEK293 cells, and found that WT TAGLN was degraded when co-
expressed with TRAF6; however, TAGLN K89R/K108R double
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Figure 1.

TAGLN is downregulated in prostate cancer. A, Biological pathway analysis of different expressed proteins between prostate cancer and para cancerous tissues.
Proteomedata usedhere is down loaded frompublishedpaper of Iglesias-Gato and colleagues (14), then analyzedbyGSEAand visualizedby EnrichmentMapappon
Cytoscape_3.7.0 software platform. B, The mRNA expression level of TAGLN in prostate cancer. Box plot was generated from a web-based tool Gene Expression
Profiling Interactive Analysis (GEPIA) using prostate adenocarcinoma (PRAD) as data set based on TCGA. C and D, The alteration frequency of TAGLN in prostate
cancer tissues (C), andoverall survival profile amongpatientswith TAGLNdeepdeletionversus patientswithout TAGLNalteration (D) basedonTCGAdatabase.Data
were generated by cBioPortal. E and F,mRNA expression level (E) and protein expression level (F) of TAGLN in tumor and paired normal tissues from three patients
with prostate cancer in Changhai hospital.mRNAexpressionwas obtainedbymRNA sequencing. The TAGLNprotein levelwas detected byWestern blot analysis (F).
G and H, Analysis of TAGLN protein level (G) and mRNA level (H) in prostate cancer cell lines by Western blot analysis and qRT-PCR, respectively. BPH1 is
nonmalignant control cell, LNCaP and C4–2B are androgen receptor (AR) positive cells, DU145 and PC3 is androgen receptor negative cells.
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mutation is resistant to degradation (Fig. 3E), suggesting that ubiqui-
tination of TAGLN on K89/108 residues is important for TRAF6-
mediated proteasomal degradation. We also overexpressed WT
TAGLN or K89R/K108R TAGLN mutant in TRAF6 knockdown
C4–2 cell, no significant degradation of TAGLN was observed in
either conditions (Fig. 3F), which suggests that TRAF6 is important in
mediating TAGLN degradation.

TAGLN is important for cell growth and motility in prostate
As an actin binding protein, TAGLN participates in processes

related with actin skeleton remodeling, such as cell morphogenesis,
proliferation, differentiation, and migration. However, the detailed
function of TAGLN in prostate cancer remains unclear. When we
cultured prostate cancer cells, we observed that LNCaP and C4–2 cells
attached to the culture dish loosely and were easy to detach, whereas
the BPH-1, DU145, and PC3 cells attached on dishmuchmore tightly,
which is in line with the protein expression level of TAGLN (Fig. 1G),
suggesting that TAGLN is important for cell adhesion. To further
investigate the function of TAGLN in prostate cancer, we knocked
down TAGLN by shRNA in BPH-1 cells (TAGLN high expression cell
line). We found that the cell proliferation rate was increased when
TAGLN was knocked down in BPH-1 cells (Fig. 4A). However,
overexpression of TAGLN in LNCaP cells (TAGLN low expression
cell line) had no significant effect on the proliferation rate (Fig. 4B).

We then examined the effect of TAGLN on cell migration by transwell
assay. Knocking down TAGLN decreased cell migration ability in
BPH-1 cells (Fig. 4C), whereas overexpression of TAGLN significantly
enhanced cell migration activity in LNCaP cells (Fig. 4D). These data
suggested that TAGLN is important for cell migration in prostate cells.

Knocking down of TAGLN promoted Myc signal pathway in
prostate cancer

To further explore the biological function of TAGLN in prostate
cancer, we performed mRNA-sequencing on control BPH-1 cells and
TAGLN knocked down BPH-1 cell (Fig. 5A). The expression level of
2831 genes were significantly altered (more than 2-fold change) when
TAGLN was knocked down in BPH-1 cells (Supplementary Table S1).
Gene ontology analysis of differentially expressedmRNA revealed that
these genes were involved in cellular processes involved in DNA
metabolic, organelle envelop, cellular protein catabolic, generation of
neurons or ion channel activity (Supplementary Fig. S3A). KEGG
pathway analysis showed that these genes function in cell adhesion,
extracellular matrix organization, systemic lupus erythematosus, sen-
sory organ morphogenesis, generation of neurons, and neuron system
(Supplementary Fig. S3B). A pathway enrichment analysis revealed
that Myc signaling pathway was overrepresented in the up regulated
genes in shTAGLN BPH-1 cells (Fig. 5B and C; Supplementary
Table S2). We also performed Gene Set Enrichment Analysis (GSEA;

Figure 2.

TRAF6mediates ubiquitin-dependent proteasome degradation of TAGLN in prostate cancer.A andB,Western blot analysis of TAGLN in LNCaP cells after treatment
of protease inhibitor MG132 (A) or autophagy inhibitor CHL (B). LNCaP cells were treated with 10 mmol/L MG132 or 50 mmol/L CHL for indicated times. Then cells
were collected, proteinswere extracted for SDS-PAGE andWestern blot analysis. The data are representative of three independent experiments. Statistical analysis:
One-way ANOVA with Dunnett’multiple comparison test was used. � means significant change. C,Western blot analysis of TRAF6, TAGLN, and AR in tumor (T) or
paired normal (N) tissues from prostate cancer tissues. D, Western blot analysis of TAGLN, TRAF6, and IkBa in TRAF6 knocked down C4–2 cells. TRAF6
downregulated C4–2 cells were treated with 50 ng/mL TNFa for 0, 15, and 30 minutes, then collected for protein extraction and Western blot analysis. E, mRNA
analysis of TRAF6 and TAGLN for TRAF6 knocked down C4–2 cells by quantitative PCR. F,Western blot analysis to detect the effect of TRAF6 overexpression on
TAGLN protein level. BPH-1 cells were transfected with empty vector (CTRL), TRAF6 wild-type (WT) or C70Amutant for 48 hours, and then the cells were collected
and used for Western blot analysis.
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refs. 26, 27) analysis on the mRNA sequencing data of 66 prostate
cancer patient tumor and paired normal tissue (28), and found that
Myc target genes also have the highest enrichment score (ES), similar
to that of shTAGLN BPH-1 cells (Supplementary Table S3). c-Myc
belongs to the Myc family, which is a well-known transcription factor
and a cancer driver oncogene in many human cancers. We examined
the expression level of c-Myc in different prostate cancer cell lines and
found that c-Myc expressed higher in prostate cancer cells especially in
C4–2, which has low TAGLN expression level (Figs. 1G and 5D).
Knocking down TAGLN significantly increased c-Myc expression in
BPH-1 cells (Fig. 5E). Collectively, these data suggested that TAGLN
could affect the progression of prostate cancer possibly through
regulating Myc signal pathway.

To further dissect the interplay between TAGLN and Myc signal
pathway, we inhibited the c-Myc signal using the inhibitor 10058-
F4 (29) in TAGLN knocked-down BPH1 cells. We found that the

inhibition of c-Myc can reverse the phenotype caused by TAGLN
downregulation: inhibition of c-Myc in TAGLN knocked down BPH1
cells decreased the cell proliferation and cell migration (Fig. 5F–H).

TAGLN interacted with IkBa and regulates NF-kB activity in
prostate cancer

It was reported that TAGLN could interact with IkBa and stabilize
IkBa in smoothmuscle cells (30, 31). So, we then investigated whether
TAGLN can regulate the NF-kB signaling in prostate cancer. As
expected, we observed significant downregulation of IKK and IkBa
proteins in TAGLN knocked down BPH1 cells, whereas the phos-
phorylation state of these two protein are upregulated obviously
(Fig. 6A). However, the AR and PI3K signal pathway did not show
significant changes in shTAGLN cells (Fig. 6B). To investigate the
interplay between TAGLN and NF-kB signaling pathway, we exam-
ined the interaction between TAGLN with IkBa in prostate cancer.

Figure 3.

TRAF6 catalyzes ubiquitination of TAGLNonK89 or K108.A, Screen of E2s that can pair with TRAF6 to catalyze poly-ubiquitination reaction by in vitro ubiquitination
assay. The ubiquitination assay reaction system contains 0.5 mg GST-E1, 2 mg FLAG-ubiquitin, 1 mg E2, and 2.5 mg TRAF6. Twenty-four purified His tagged E2s were
tested in total. B, In vitro ubiquitination on TAGLN. The ubiquitination system contains GST-E1, E2, TRAF6, and the substrate protein TAGLN. Ubiquitination products
were applied for SDS-PAGE andWestern blot analysis.C,Mass spectrometry identifiedmono-ubiquitination site on TAGLN catalyzed by E2A-TRAF6. The product of
in vitro ubiquitination on TAGLN was first separated on SDS-PAGE, then the ubi-TAGLN band was resected for in-gel digestion and MS identification. D, In vitro
ubiquitination assay on wild-type, K89R, K108R, or K89R/K108R double mutant TAGLN. E, The HEK293T cells were cotransfected with TRAF6 and Flag-tagged
TAGLN WT or TAGLN K89R/K108R mutant plasmid for 24 hours. Then, the cells were lysed with RIPA buffer and applied for Western blot analysis to detect the
expression levels of indicated proteins. F, The C4–2 shTRAF6 stable cell lines were transfected with flag-tagged TAGLN WT or K89R/K108R mutant for 24 hours.
Then, the cells were lysed with RIPA buffer and applied for Western blot analysis to detect the expression levels of indicated proteins.
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We found that TAGLN directly interacted with IkBa as TAGLN or
IkBa could be immonoprecipitated by each other (Fig. 6C). To further
investigate the IkBa binding domain for TAGLN, we generated two
IkBa fragments, N-terminal fragment containing residue 1–67, andC-
terminal fragment containing residue 70–317 (the binding motif for
p65). When we pulled down GST-TAGLN by GST Agarose, we found
that full length and C-terminal fragment of IkBa eluted together with
TAGLN, but the N terminal fragment (residue 1–69) of IkBa did not
(Fig. 6D–F), indicating that TAGLN interacts with C-terminal part of
IkBa, and this interaction may protect IkBa from phosphorylation
and degradation. We also stimulated BPH1 cells with TNFa for
different time. The expression level of TRAF6 was upregulated upon
stimulation, but no significant changeswere observed in the expression
of TAGLN (Fig. 6G), suggesting that the ubiquitination and degra-
dation of TAGLN by TRAF6 was not a fast response process. Fur-
thermore, stimulation of NF-kB signaling by TNFa did not affect the
interplay between TAGLN and TRAF6 (Figs. 2D and 6G). These data
collectively demonstrated that TAGLN has crosstalk with NF-KB
signal in prostate cancer.

Discussion
As an actin-associated protein, TAGLNplays important roles in cell

migration and matrix remodeling (1, 2). Downregulation of TAGLN
has been indicated in different types of cancer including prostate
cancer, therefore, it is also considered as a tumor suppressor. In this
study, we observed that TAGLN was downregulated in indolent and
AR dependent cell lines (LNCaP and C4–2), but not in AR indepen-
dent and aggressive prostate cancer cell lines (PC3 andDU145; ref. 32).
We also confirmed that TAGLN was downregulated in tumor tissues
from localized prostate cancer both inmRNA level and in protein level.

However, the biological function of TAGLN in prostate cancer and
howTAGLN is regulated in the development of prostate cancer remain
unclear.

Proteins are usually degraded through proteasome or autophagy-
lysosome systems. Previous report showed that TRAF6 catalyzed K63
linked ubiquitination of TAGLNonK21 (16). Here we investigated the
degradationmechanism for TAGLN in prostate cancer.We found that
both the protein level andmRNA level of TAGLNwere down regulated
in prostate cancer cells (Fig. 1E and F). We also observed that
expression level of the E3 ligase TRAF6 was negatively correlated
with TAGLN in prostate cancer tissues. Knocking down TRAF6
resulted in accumulation of TAGLN (Fig. 2C and D), suggesting that
TRAF6 may be involved in TAGLN degradation. After screening a
series of E2s by in vitro ubiquitination assay, we identified several E2s
that could couple with TRAF6 to catalyze ubiquitination reaction.
However, the E2s tested here, coupled with TRAF6, mainly catalyzed
mono-ubiquitination of TAGLN (Fig. 3B). Furthermore, we identified
themono-ubiquitination site of TAGLN to be onK89 or K108 residues
by in vitro ubiquitination assay and subsequent mass spectrometry
analysis (Fig. 3C). TALGN with K89R/K108R double mutation failed
to get ubiquitinated by E2A/TRAF6 pair (Fig. 3D), validating the
mono-ubiquitination sites of TAGLN by E2A/TRAF6 pair. Although
proteins targeted for proteasome degradation weremainly tagged with
K48 linked polyubiquitin chain, proteins tagged with monoubiquitin
or K63-linked polyubiquitin chain could also be targeted for protea-
somal degradation (25). Therefore, mono-ubiquitination of TAGLN
by TRAF6 could be a potential mechanism for its proteasomal
degradation. However, other E2-E3 pairs could also be responsible
for the ubiquitination and degradation of TAGLN, and a broader
screen would be needed to clarify this. To further validate the finding
that TRAF6/E2A-mediated mono-ubiquitination is required for

Figure 4.

TAGLN is important for cell growth and motility in prostate cells. A, TAGLN was knocked down by shRNA in BPH1 cells. BPH1 cells knocked down with TAGLN were
seeded in 96-well plate and cell proliferation was evaluated by AlamarBlue assay. B, TAGLN was over expressed in LNCaP cells. Cells transfected with pcDNA3.1
empty vector was used as control. LNCaP cells overexpressed with TAGLN were seeded in 96-well plate and cell proliferation was evaluated by AlamarBlue assay.
C, Transwell assay showing the effect of shTAGLNon cell migration in BPH-1 cells.D, Transwell assay showing the effect of TAGLNoverexpression on cellmigration in
LNCaP cells.
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proteosome degradation of TAGLN, we overexpressed TAGLNWTor
K89R/K108R mutant in TRAF6-plus and minus cells, and found that
TAGLN K89R/K108R become resistant to degradation, supporting
that TRAF6 mediated ubiquitination of TAGLN is important for
TAGLN degradation.

TAGLN is considered as a tumor suppressor in many cancers
(4, 6, 9), but the underlying mechanisms still remains unclear. To
further investigate the function mechanisms of TAGLN in prostate
cancer, we performed mRNA sequencing in TAGLN knocked down
BPH-1 cells. We found that Myc signaling pathway was significantly

upregulated, whereas PI3K or AR signaling pathway were not signif-
icantly altered in shTAGLN cells (Fig. 5C), suggesting TAGLN could
function through repressing Myc signaling. Deregulated activation of
NF-kB was indicated in many autoimmune diseases and can-
cers (33, 34), and it was reported that TAGLN could serve as a
suppressor for NF-kB signaling pathway (31). In our study, we found
knocking down TAGLN activated NF-kB signaling (Fig. 6A). We also
showed that TAGLN directly interacted with IkBa at the C-terminus,
suggesting TAGLNcould also interplaywithNF-kB signaling pathway
to regulate the progression of prostate cancer.

Figure 5.

TAGLN suppressed Myc signal pathway in prostate cancer. A, Workflow for mRNA sequencing of shTAGLN BPH1 cells. TAGLN was knocked down by shRNA or
Scramble RNAas control in BPH1 cells. Then theRNA fromcellswere extracted for sequencing.B,Most enrichedgene sets in shTAGLNBPH1 cell. ThemRNAdatawere
used forGSEAusinga java toolGSEAv3.0beta2.C,GSEA for the enrichment ofMYC target genes in shTAGLBBPH1 cells. normalized enrichment score (NES) andFDR
values are indicated. Experimentswere performed in duplicate. Differentially regulatedmRNA in shTAGLNBPH1 cells was used as input data in javaGSEA tool (GSEA
v3.0 beta2).D and E,Western blot analysis of c-Myc protein in different prostate cancer cell lines (D) or in shTAGLNBPH1 cells (E). F,Cell proliferation assay for BPH1
cells with control or knocked down TAGLN, and cells treated with c-Myc inhibitor 10058-F4 as indicated. G and H, Cell migration assay to detect effect of the c-Myc
signal inhibitor 10058-F4 on TAGLN knockdown in BPH-1 cells (G). The experimentswere performed in three times. The statistical analysis was shown inH. One-way
ANOVA with Dunnett’ multiple comparison test was used.
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In summary, our study provided new insights on themechanisms of
how TAGLN is degraded in prostate cancer cell, and identified novo
sites in TAGLN for its ubiquitination and degradation. Moreover, our
study revealed that TAGLN could function through regulating Myc
and NF-kB signaling pathway activities, thus participates in the
pathogenesis of prostate cancer.

Authors’ Disclosures
No disclosures were reported.

Authors’ Contributions
F. Wen: Conceptualization, resources, data curation, software, supervision,

funding acquisition, validation, investigation, visualization, methodology, writing–
original draft, project administration, writing–review and editing. X. Sun: Resources,
data curation, software, validation, investigation, visualization, methodology.C. Sun:

Data curation, formal analysis, validation, investigation,methodology.Z.Dong:Data
curation, formal analysis, validation, methodology. G. Jia: Data curation, software.
W. Bao: Data curation, validation. H. Yu: Formal analysis, validation. C. Yang:
Supervision, funding acquisition, investigation, methodology, writing–original draft,
project administration, writing–review and editing.

Acknowledgments
This study has been supported by grants from the National Natural Science

Foundation of China (Nos. 81602604 and 81772695).

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

Received June 8, 2020; revised November 2, 2020; accepted March 23, 2021;
published first March 26, 2021.

References
1. Lee EK, Han GY, Park HW, Song YJ, Kim CW. Transgelin promotes migration

and invasion of cancer stem cells. J Proteome Res 2010;9:5108–17.
2. Thompson O, Moghraby JS, Ayscough KR, Winder SJ. Depletion of the actin

bundling protein SM22/transgelin increases actin dynamics and enhances the
tumourigenic phenotypes of cells. BMC Cell Biol 2012;13:1.

3. Almendral JM, Santaren JF, Perera J, Zerial M, Bravo R. Expression, cloning and
cDNA sequence of a fibroblast serum-regulated gene encoding a putative actin-
associated protein (p27). Exp Cell Res 1989;181:518–30.

4. Schenker T, Trueb B. Down-regulated proteins of mesenchymal tumor cells.
Exp Cell Res 1998;239:161–8.

5. Shields JM, Rogers-Graham K, Der CJ. Loss of transgelin in breast and colon
tumors and in RIE-1 cells by Ras deregulation of gene expression through Raf-
independent pathways. J Biol Chem 2002;277:9790–9.

6. Prasad PD, Stanton JA, Assinder SJ. Expression of the actin-associated
protein transgelin (SM22) is decreased in prostate cancer. Cell Tissue Res
2010;339:337–47.

Figure 6.

TAGLN interactswith IkBa and regulates NF-kBactivity in prostate cancer.A andB,Western blot analysis for the expression ofNF-kB signal proteins (A) or PI3K, IL6,
andAR signal proteins (B) in shTAGLNBPH1 cells.C, Immunoprecipitation of TAGLNwith IkBa showing interaction between these two proteins. Tissues fromnormal
prostate was homogenized and immunoprecipitated by TAGLN or IkBa for each other. D–F, His tagged full length (D), N-terminus (residue 1–69; E), or C-terminus
(residue 70–317; F) of IkBawas purified by Nickel beads. GST-TAGLN was incubated with different fragment of IkBa at 4�C for 2 hours, then GST sepharose beads
washed by PBS and proteins were eluted by glutathione (GSH, 10 mmol/L) forWestern blot analysis. G,Western blot analysis to detect the protein levels of TRAF6,
TAGLN, IkBa, and p-IkBa in BPH-1 cell after 50 ng/mL TNFa treatment. Cellswere collected at 0, 15, 30, 45, and 60minutes after TNFa treatment, then proteinswere
extracted for SDS-PAGE and Western blotting.

TAGLN Is a Prostate Cancer Tumor Suppressor

AACRJournals.org Mol Cancer Res; 19(7) July 2021 1121

D
ow

nloaded from
 http://aacrjournals.org/m

cr/article-pdf/19/7/1113/3102990/1113.pdf by guest on 19 M
ay 2023



7. Wulfkuhle JD, Sgroi DC, Krutzsch H, McLean K, McGarvey K, Knowlton M,
et al. Proteomics of human breast ductal carcinoma in situ. Cancer Res 2002;62:
6740–9.

8. Assinder SJ, Stanton JA, Prasad PD. Transgelin: an actin-binding protein and
tumour suppressor. Int J Biochem Cell Biol 2009;41:482–6.

9. Yeo M, Park HJ, Kim DK, Kim YB, Cheong JY, Lee KJ, et al. Loss of SM22 is a
characteristic signature of colon carcinogenesis and its restoration suppresses
colon tumorigenicity in vivo and in vitro. Cancer 2010;116:2581–9.

10. Nair RR, Solway J, BoydDD. Expression cloning identifies transgelin (SM22) as a
novel repressor of 92-kDa type IV collagenase (MMP-9) expression. J Biol Chem
2006;281:26424–36.

11. SayarN, KarahanG, KonuO, Bozkurt B, BozdoganO, Yulug IG. Transgelin gene
is frequently downregulated by promoter DNA hypermethylation in breast
cancer. Clin Epigenetics 2015;7:104.

12. Yachida S, Jones S, Bozic I, Antal T, Leary R, Fu B, et al. Distant metastasis
occurs late during the genetic evolution of pancreatic cancer. Nature 2010;
467:1114–7.

13. Iglesias-Gato D, Wikstrom P, Tyanova S, Lavallee C, Thysell E, Carlsson J, et al.
The proteome of primary prostate cancer. Eur Urol 2016;69:942–52.

14. Sinha A, Huang V, Livingstone J, Wang J, Fox NS, Kurganovs N, et al.
The proteogenomic landscape of curable prostate cancer. Cancer Cell 2019;
35:414–27.

15. Aiello D, Casadonte F, Terracciano R, Damiano R, Savino R, Sindona G, et al.
Targeted proteomic approach in prostatic tissue: a panel of potential biomarkers
for cancer detection. Oncoscience 2016;3:220–41.

16. Dong LH, Li L, Song Y, Duan ZL, Sun SG, Lin YL, et al. TRAF6-mediated
SM22alpha K21 ubiquitination promotes G6PD activation and NADPH pro-
duction, contributing to GSH homeostasis and VSMC survival in vitro and
in vivo. Circ Res 2015;117:684–94.

17. Everley PA, Krijgsveld J, Zetter BR, Gygi SP. Quantitative cancer proteomics:
stable isotope labeling with amino acids in cell culture (SILAC) as a tool for
prostate cancer research. Mol Cell Proteomics 2004;3:729–35.

18. Karagiannis GS, Saraon P, Jarvi KA, Diamandis EP. Proteomic signatures
of angiogenesis in androgen-independent prostate cancer. Prostate 2014;74:
260–72.

19. Kuruma H, Egawa S, Oh-Ishi M, Kodera Y, Satoh M, Chen W, et al. High
molecularmass proteome of androgen-independent prostate cancer. Proteomics
2005;5:1097–112.

20. Taylor BS, Varambally S, Chinnaiyan AM. Differential proteomic alterations
between localised and metastatic prostate cancer. Br J Cancer 2006;95:425–30.

21. Shishkin SS, Kovalyov LI, Kovalyova MA, Lisitskaya KV, Eremina LS, Ivanov
AV, et al. “Prostate cancer proteomics” database. Acta Naturae 2010;2:95–104.

22. Latonen L, Afyounian E, Jylha A, Nattinen J, Aapola U, Annala M, et al.
Integrative proteomics in prostate cancer uncovers robustness against genomic
and transcriptomic aberrations during disease progression. Nat Commun 2018;
9:1176.

23. Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, et al. The cBio
cancer genomics portal: an open platform for exploringmultidimensional cancer
genomics data. Cancer Discov 2012;2:401–4.

24. Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, et al. Integrative
analysis of complex cancer genomics and clinical profiles using the cBioPortal.
Sci Signal 2013;6:pl1.

25. Inobe T, Matouschek A. Paradigms of protein degradation by the proteasome.
Curr Opin Struct Biol 2014;24:156–64.

26. Mootha VK, Lindgren CM, Eriksson KF, Subramanian A, Sihag S, Lehar J,
et al. PGC-1a-responsive genes involved in oxidative phosphorylation
are coordinately downregulated in human diabetes. Nat Genet 2003;34:
267–73.

27. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA,
et al. Gene set enrichment analysis: a knowledge-based approach for interpreting
genome-wide expression profiles. Proc Natl Acad Sci 2005;102:15545.

28. Ren S, Wei GH, Liu D, Wang L, Hou Y, Zhu S, et al. Whole-genome and
transcriptome sequencing of prostate cancer identify new genetic alterations
driving disease progression. Eur Urol 2018;73:322–39.

29. Lin CP, Liu JD, Chow JM, Liu CR, Eugene Liu H. Small-molecule c-Myc
inhibitor, 10058-F4, inhibits proliferation, downregulates human telomerase
reverse transcriptase and enhances chemosensitivity in human hepatocellular
carcinoma cells. Anticancer Drugs 2007;18:161–70.

30. Shu YN, Zhang F, BiW, Dong LH, Zhang DD, Chen R, et al. SM22alpha inhibits
vascular inflammation via stabilization of IkappaBalpha in vascular smooth
muscle cells. J Mol Cell Cardiol 2015;84:191–9.

31. Shen J, Yang M, Ju D, Jiang H, Zheng JP, Xu Z, et al. Disruption of SM22
promotes inflammation after artery injury via nuclear factor kappaB activation.
Circ Res 2010;106:1351–62.

32. Tai S, Sun Y, Squires JM, Zhang H, Oh WK, Liang CZ, et al. PC3 is a cell line
characteristic of prostatic small cell carcinoma. Prostate 2011;71:1668–79.

33. Miraghazadeh B, Cook MC. Nuclear factor-kappaB in autoimmunity: man and
mouse. Front Immunol 2018;9:613.

34. Hoesel B, Schmid JA. The complexity of NF-kB signaling in inflammation and
cancer. Mol Cancer 2013;12:86.

Mol Cancer Res; 19(7) July 2021 MOLECULAR CANCER RESEARCH1122

Wen et al.

D
ow

nloaded from
 http://aacrjournals.org/m

cr/article-pdf/19/7/1113/3102990/1113.pdf by guest on 19 M
ay 2023



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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 [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


