1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

"% NIH Public Access

:AD;
Z

PSS

3} Author Manuscript

Published in final edited form as:
J Pathol. 2015 March ; 235(4): 559-570. d0i:10.1002/path.4482.

SETDB1 accelerates tumorigenesis by regulating WNT signaling
pathway

Qiao-Yang Sunl# Ling-Wen Dingl#*, Jin-Fen Xiaol#, Wenwen Chien?, Su-Lin Lim?,
Norimichi Hattoril, Lee Goodglick34, David Chia3, Vei Mah3, Mohammad Alavi3, Sara R.
Kim3, Ngan B. Doan®, Jonathan W. Said®, Xin-Yi Lohl, Liang Xul, Li-Zhen Liul, Henry
Yangl, Takahide Hayanol, Shuo Shi, Dong Xie®, De-Chen Lin12, and H. Phillip Koefflerl.2
1Cancer Science Institute of Singapore, National University of Singapore, Singapore

°Cedar-Sinai Medical Center, Division of Hematology/Oncology, UCLA School of Medicine, Los
Angeles, USA

SDepartments of Pathology and Laboratory Medicine, University of California, Los Angeles,
California, USA

4California NanoSystems Institute, University of California, Los Angeles, California, USA
SLos Angeles Medical Center, Santa Monica-University of California, Los Angeles, USA

6Key Laboratory of Nutrition and Metabolism, Institute for Nutritional Sciences, Shanghai
Institutes for Biological Sciences, Chinese Academy of Sciences and Graduate School of
Chinese Academy of Sciences, Shanghai, 200031, China

Abstract

We investigated the oncogenic role of SETDB1 focusing on non-small cell lung cancer (NSCLC)
having high expression of this protein. A total of 387 lung cancer cases were examined by
immunohistochemistry, 72% of NSCLC samples were positive for SETDB1 staining, compared to
46% samples of normal bronchial epithelium (106 cases) (p<0.0001). Percent positive cells and
intensity of staining increased significantly with increased grade of disease. Forced expression of
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SETDB1 in NSCLC cell lines enhanced their clonogenic growth in vitro and markedly increased
tumor size in a murine xenograft model; while silencing (sShRNA) SETDB1 in NSCLC cells
slowed their proliferation. SETDB1 positively stimulated activity of the WNT/B-catenin pathway
and diminished P53 expression resulting in enhanced NSCLC growth in vitro and in vivo. Our
finding suggests therapeutic targeting SETDB1 may benefit patients whose tumors express high
levels of SETDBL.

Introduction

Lung cancer is the most common cancer worldwide, accounting for 1.3 million deaths
annually. Non-small cell lung cancer (NSCLC) represents about 80% of lung cancers [1];
the patients are often diagnosed at advanced stages when surgical cure is no longer possible
[2]. Several oncogenic drivers have been identified for this cancer. However, currently only
two categories of targeted therapies are available: one is gefitinib/erlotinib, tyrosine kinase
inhibitors targeting the mutated epidermal growth factor receptor (EGFR) especially
occurring in Asian (30~50%) [3,4]. The other is crizotinib, a kinase inhibitor targeting the
echinoderm microtubule-associated protein-like 4 anaplastic lymphoma kinase (EML4-
ALK) fusion protein (approximately 4—-7% of patients) [5,6]. A large majority of NSCLC
patients receive conventional chemotherapy, associated with toxicity and often only a
marginal survival benefit. Searching for additional aberrant pathways in NSCLC is needed
to identify novel “druggable” targets, leading to the development of new targeted therapeutic
strategies.

Many biological processes, such as gene transcription, genome stability and
recombination/DNA repair, are controlled by chromatin structures [7]. The primary
architecture of chromatin is organized by histones, a class of small nuclear proteins which
can be modified by acetylation, ubiquitination, phosphorylation or methylation [7,8]. These
modifications, also referred to as the “histone code”, coordinate and help control genomic
transcription and play a crucial role in maintaining genomic stability [9,10]. Overall,
acetylation of histones usually marks transcriptional activating region; and the process is
tightly controlled by histone acetyltransferases (HATS) and histone deacetylases (HDACS)
[11]. In contrast, methylation of histones results in a much more complex and diverse
regulatory pattern. Generally, methylation of histone H3 lysine 4 (H3K4), lysing 36
(H3K36) and lysing 79 (H3K79) is associated with gene activation, whereas methylation of
histone H3K9, H3K27 and H4K20 usually lead to gene repression [12]. The process of
histone methylation is, in part dynamically controlled by a variety of SET-domain-
containing methyltransferases and demethylases [13].

SETDBL1 is a histone H3 lysine 9 methyltransferase, which was initially identified as a
binding partner of KRAB-associated protein-1 (KAP1) [14]. It transfers the methyl group(s)
to histone H3K9, helping to control heterochromatin formation and chromatin organization
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[15]. SETDBL is also required for efficient endogenous proviral silencing during early
embryogenesis, which is indispensable for mammalian embryonic development [16].

Materials and Methods

Patient samples

Sixty primary NSCLC samples and their paired adjacent normal (for SETDB1 mRNA
expression analysis by RT-PCR) were obtained from Shanghai Chest Hospital with consent
obtained from patients [17,18]. Lung cancer tissue array used in immunohistochemical assay
was described previously [IRB protocol (02-07-011-13; UCLA Institutional Medical Review
Board)] [19,20].

Immunohistochemical assays

Polyclonal rabbit anti-SETDB1 antibody obtained from Sigma-Aldrich (HPA018142) was
used for the IHC experiments after the specificity testing (Supplementary Fig. S1). Detailed
IHC assays were described in the supplemental materials.

Cell lines and cell culture

Non-small cell lung cancer (NSCLC) cell lines (PC14, A549, HCC2279, H1299, H23, and
HCC1975) were grown in RPMI 1640 plus 10% fetal bovine serum in a humidified
atmosphere containing 5% CO, at 37°C.

Generation of stably-transfected cell line

The entire coding region of SETDB1 was amplified from pCMV2-SETDB1, which was a
generous gift from Dr. Frank J. Rauscher I11. The lentiviral SETDB1 overexpression and

shRNA vectors were generated as described in Supplementary Material and Method. The
target sequences of these ShRNA are listed in Supplementary Table S1. Stably transfected
cell lines were obtained by selection with 2-5 pg/ml puromycin.

RNA and protein extraction

Total RNA was extracted from either cell lines or xenograft tissues using a QlAamp RNA
kit (Qiagen). Cells were lysed with M-PER Mammalian Protein Extraction Reagent
(Thermo scientific) containing protease inhibitor cocktail (Roche Life Science). Protein
quantification was determined with BCA protein assay kit (Thermo scientific).

Microarray analysis

Microarray analyses were performed with H1299 cells expressing either GFP or SETDBL.
Triplicate experimental and control samples were used for the analysis. The array
hybridization was performed with the Human HT-12v4 chip Expression BeadChip
(IMlumina). Pathway analysis was accomplished with KEGG database. Real time PCR (RT-
PCR) was performed to validate the selected genes.
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Western blot analysis

Western blot analysis was performed with the primary antibodies against: SETDB1 (Sigma-
Aldrich and Proteintech group), a-tubulin (Sigma-Aldrich), p-actin (Sigma-Aldrich), p-
catenin (Cell Signaling Technology), Histone H3 (Cell Signaling Technology), Cyclin B1
(Cell Signaling Technology), Cyclin D1 (Santa Cruz Biotechnology), c-MYC (Santa Cruz
Biotechnology) and H3K9mel/me2/me3 (Upstate Biotechnology).

Colony formation assays

Colony formation assays were performed in 1-ml cultures in 12-well flat-bottom plates: The
base layer (0.5 ml) contained 0.25 ml of 1% low melting agarose and 0.25 ml 2 x RPMI
with 20% FBS. After solidified, cells were added and mixed into the upper layer (0.5 ml)
containing 0.25 ml of 0.7% low melting agarose and 0.25 ml 2xRPMI with 20% FBS. The
plates were incubated for 21~35 days at 37°C in a fully humidified atmosphere of 5% CO,
in the air. Colony numbers were calculated after staining with crystal violet.

Luciferase reporter assay

ChIP assay

Dual luciferase reporter assay system (Promega) was used according to the manufacturer’s
instructions. GFP control or SETDBL stably transfected cells were seeded in 0.5 ml medium
in 12 well tissue culture plates. Cells were transfected with 1 ug of either TOP or FOP flash
and 0.5 ng of pRL-TK vector. Seventy-two hours after transfection, the levels of WNT
pathway activity were measured by the luciferase activity.

ChIP assays were performed according to the protocol described previously (http://
www.lIbl.gov/LBL-Programs/lifesciences/BissellLab/labprotocols/chip.htm). Briefly, 7
million H1299 cells overexpressing SETDB1 were cross-linked with 1% formaldehyde for
10 min. Lysates were sonicated on ice to shear DNA to lengths between 500 and 800 bp.
Chromatin was immunoprecipitated overnight at 4°C with either anti-SETDB1 antibody
(Proteintech group) or normal Rabbit IgG (Santa Cruz Biotechnology). ChIP-enriched DNA
was quantified by quantitative PCR and the PCR product was further examined by agarose
gel electrophoresis and ethidium bromide staining.

Animal studies

Results

Age-matched nude mice (5-6 weeks old) were used for the in vivo xenograft experiments. A
total of 3 million H1299 cells either stably expressing SETDB1 or GFP (control) were
suspended in a 1:1 mixture of fetal bovine serum and Matrigel (BD Labware) and injected
subcutaneously into both flanks of nude mice.

SETDB1 is recurrently amplified and highly expressed in NSCLC patients

Gene copy number alterations were examined by 250k SNP-Chip analysis in nine NSCLC
cell lines [17]. Gain or amplification (Amp) of chromosome 1g21 was identified as a
common alteration among these cell lines. SETDBL is one of the possible target genes
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located in this region which prompted further investigations. Tumors in TCGA (6,547 tumor
samples) and Tumorscape (3,131 tumor samples) databases were examined for the SETDB1
copy number changes. SETDB1 was significantly amplified in ~20% of NSCLC samples in
the TCGA compilation (with a focal frequency of 0.2159, Q value 5.08 E-21) and in
Tumorscape dataset (with a focal frequency of 0.2074, Q value 3.45 E-31). The results are
summarized in Figs. 1 A, B and Supplementary Fig. S2.

Next, we explored whether either the copy number gain or amplification in the genomic
DNA translated into elevated SETDB1 expression. Microarray expression data were
examined for each patient that had also been analyzed for SETDB1 copy number using the
TCGA lung adenocarcinoma dataset. Compared to the samples grouped as either
heterozygous loss (Hetloss) and Diploid cohorts, SETDB1 mRNA levels were significantly
elevated in those grouped as either gain (Gain) or amplified (Amp) in copy number of the
SETDB1 cohorts (Fig. 1 C), indicating that the copy number gain or amplification of
SETDBL1 loci resulted in elevated SETDBL1 transcripts in lung cancer samples. Indeed, the
elevation of SETDBL transcripts were also noted in 8 independent expression microarray
datasets of lung cancer which were done by different research groups [expression data were
collected from GEO or Expression Atlas database (EMBL-EBI)] (Fig. 1 D). Furthermore,
patients with elevated SETDB1 expression displayed a worse outcome compared with those
with a lower SETDBL1 expression (GSE14814) (Fig. 1 E).

To confirm our in silico observations, we independently interrogated our own NSCLC
patient sample collection (NSCLC verses normal lung matched pairs). Among 60 matched
samples, 23 NSCLC tumors had upregulation of SETDB1 mRNA by greater than 2-fold
(Fig. 1 F). In addition, elevated expression of SETDB1 was noted in the tumors which were
either grade 3 or 4 tumors (Fig. 1 F).

We then examined SETDB1 protein expression in 387 lung cancer samples and 106 normal
lung samples by Tissue Microarray (TMA). Details of the patient information are listed in
Fig. 2 A. Representative examples of tumor sections with either strong or weak nuclear
staining of SETDBL1 are shown in Fig. 2 B. A total of a mean 71.5% of NSCLC cells were
positive for SETDB1, compared to 45.5% in normal bronchial epithelium cells (p<0.0001);
the mean intensity value of SETDBL staining was significantly higher in tumors than in the
normal control samples (1.06 Vs 0.74) (Fig. 2 C). Both the percent positive cells and
intensity of staining for SETDB1 was greater in the NSCLC cells than non-malignant
bronchial epithelium control group (“bronch™); a significant association was consistently
noted between SETDBL1 expression and tumor grade (Figs. 2 D, E).

SETDB1 promotes anchorage-independent growth in vitro and tumor growth in vivo

To test the functional importance of our findings, we silenced SETDB1 expression in
several NSCLC cell lines using three sShRNA targeting different coding regions of the gene.
Silencing SETDB1 slowed proliferation in the cell lines A549, PC14 and HCC2279,
whereas the changes were not significant in H1299 and H23 cells (Fig. 3 A). In contrast,
SETDB1 silencing reduced the anchorage-independent clonogenic growth capacity of all
five of these NSCLC cell lines when examined by soft agar clonogenic assays (Fig. 3 B).
Reduction of clonogenic growth was especially prominent in TP53-deficient cell lines with
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decreased clonal growth of 86%, 71% and 60% in SETDB1 silenced PC14, H23 and H1299
cells, respectively (Detailed mutational information of cell lines is described in
Supplementary Table S2). On the other hand, significantly elevated clonogenic growth was
observed in cell lines with forced expression of SETDB1 (Fig. 3 C). This was especially
dramatic (5-fold) in the H1299 cells having deletion of TP53 (Fig. 3 C). Consistent with the
characterized role of SETDBL1 as a histone H3K9 methyltransferase; elevated H3K9 di- and
tri-methylation was noted in both H1299 and A549 cell lines when SETDB1 was
overexpressed (Fig. 3 D).

To analyze the effect of SETDB1 on cell growth in vivo, xenografts were established by
subcutaneous injection of H1299 cells having forced expression of either SETDB1 or GFP
into an immunodeficient murine model (Fig. 3 E). Tumor sizes and weights were
significantly increased in mice injected with forced expression of SETDB1 H1299 cells than
GFP control cells (p value of 0.0003) (Fig. 3 F). Total RNA and protein was extracted from
the tumors, and the overexpressions of SETDBL in these tumors were further confirmed by
both RT-PCR and western blot (Fig. 3 G).

We also explored the possible interaction of P53 and SETDBL1. Interestingly, forced
silencing of TP53 in SETDB1 overexpressing A549 cells (TP53 wild type) resulted in a
remarkable increase of their clonogenic growth in soft agar (Fig. 4 A), as well as the in vivo
xenografts, albeit the latter was not statistically significant (Figs. 4 B, C) (p = 0.18). This
suggests that a functional TP53 may antagonize the SETDB1 oncogenic effect. We made
use of the isogenetic TP53~/~ vs TP53*/* HCT116 model to examine further the SETDB1
expression. Both the mRNA and protein levels of SETDB1 were increased in the TP537/~
compared to the TP53** HCT116 cells. On the other hand, forced expression of SETDB1
significantly reduced the protein level of TP53. Likewise, silencing SETDBL1 in three
NSCLC lines increased their protein levels of P53 (Fig. 4 E). Taken together, SETDB1 and
TP53 appear to modulate expression of each other.

SETDB1 regulates the WNT pathway

To investigate the molecular mechanism underlying the SETDB1 contribution to enhanced
growth of lung cancer, we utilized cDNA microarray to profile gene expression changes in
H1299 cells (Fig. 5 A). A total of 711 genes were down-regulated and 522 genes were up-
regulated after forced expression of SETDB1. Pathway analysis showed cancer-related
genes were significantly altered in SETDB1 overexpressing cells (p value <0.0005). In
addition, genes related to signaling by Toll-like receptors, insulin, WNT, MAPK, focal
adhesion, as well as JAK-STAT pathways were also significantly enriched (Fig. 5 B). The
WNT pathway was selected for further study because both SETDB1 and WNT pathways are
critical to the maintenance of self-renewal of stem cells [21-23]. Four WNT relevant genes
identified by RNA array were validated by RT-PCR: APOE (4-fold down-regulation),
IGFBP4 (3-fold up-regulation), FZD1 (1.7-fold up-regulation) and LRP8 (1.7-fold up-
regulation) (Fig. 5 C).

We examined whether SETDB1 regulated these genes by binding directly to their promoter
regions. Each promoter was divided into 10~14 sections (~ 200 bp), and ChIP-PCR was
performed to determine the SETDB1 binding regions (Supplementary Table S2). Three
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SETDBL1 enrichment sites were identified in the promoter region of APOE at -850 bp,
-1600 bp, —2700 bp upstream from the start codon ATG, as well as 500 bp downstream of
the start codon (Fig. 5 D, upper and left panels). In addition, three regions of enrichment
occurred in the promoter of IGFBP4 (up-regulated gene by SETDB1) (Fig. 5 D, lower and
right panels); but no enrichment was detected in the promoter region of the other two
SETDB1 upregulated genes, FZD1 and LRP8 (data not shown), suggesting that upregulation
of these gene may not be directly controlled by SETDB1. Consistent with SETDB1 directly
binding to the promoter region of APOE and IGFBP4, silencing of SETDBL1 significantly
downregulated IGFBP4 and upregulated APOE mRNA, but did not affect the mRNA levels
of B-catenin (Fig. 5 E).

Since APOE, FZD1, LRP8 and IGFBP4 all participated in the WNT/B-catenin signaling by
inhibiting the degradation of B-catenin protein [24-28], we speculated that alteration of these
genes may lead to accumulation of $-catenin protein and activation of the WNT pathway. As
anticipated, western blot demonstrated a prominent elevation of p-catenin protein in
SETDBL1 overexpressing cells and a decreased level of B-catenin protein when silencing
SETDB1 in NSCLC (Fig. 6 A). As SETDB1 caused no significant change of -catenin
MRNA in either SETDB1 overexpressed or silenced cells (Figs. 5 C, E), the pathway of
accumulation of B-catenin probably is post-transcriptional.

Activation of WNT pathway is required for SETDB1 induced tumorigenesis

To prove further that SETDB1 increased the activity of the WNT pathway, the TOP/FOP
reporter system was employed to measure the activity of the WNT pathway [29].
Overexpression of SETDB1 in H1299 cells significantly increased the value of TOP
luciferase activity (Fig. 6 B). Consistently, silencing of either FZD1, LRP8 or IGFBP4
significantly reduced TOP luciferase activity in H1299 cells (Fig. 6 C). Since the hallmark
of activation of WNT signaling pathway is nuclear localization of -catenin [30-32], the
total proteins of transfected H1299 cells were separated into cytoplasmic and nuclear
fractions to examine the nuclear p-catenin accumulation. Lysates were collected, blotted and
probed with p-catenin antibody. Examining of cytoplasmic protein a-tubulin and nuclear
protein Histone H3 (compartment specific controls) confirmed good nuclear/cytoplasmic
protein separation. A significant increase of B-catenin protein migrated into the nucleus of
SETDBL1 overexpressing H1299 cells (Fig. 6 D), consistent with the activation of WNT
pathway in SETDB1 overexpressing cells. When examining the downstream pathway of
WNT, the elevated protein levels of p-catenin stimulated by SETDB1 was associated with
increased levels of c-MYC and Cyclin D1 (Fig. 6 E).

Rescue experiments were carried out to test the concept that activation of WNT pathway is
required for transformation induced by SETDB1. Depletion of -catenin abolished the
colony-forming ability of SETDB1 overexpressing H1299 cells (Fig. 6 F). Furthermore,
silencing of either FZD1, LRP8 or IGFBP4 concomitantly with forced expression of
SETDB1 also suppressed the enhanced clonogenic and liquid culture growth of SETDB1
overexpressing cells (Fig. 6 G) (Supplementary Fig. S3). Taken together, these results
highlight the critical role of the B-catenin pathway in SETDB1 mediating transformation.
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Discussion

SETDBL is within the 1921 amplicon, a region recurrently amplified in a variety of solid
tumors including lung, breast and ovarian cancers, as well as melanomas. SETDBL is a
methyltransferase transfering a methyl group to the histone 3 lysine 9 (H3K9) which is
generally believed to suppress gene expression associated with heterochromatin formation
[16,33]. Recently, SETDB1 was identified as a novel oncogene in a zebrafish melanoma
model [34]. During the preparation and submission of our manuscript, another investigative
group also noted an oncogenic effect of SETDB1 in human lung cancers [35]. Our study
confirms their observation and further explores the mechanism by which SETDB1 has
tumorigenic activity.

SETDB1 maintains the embryonic stemness by controlling the expression of stem cell-
related factors (OCT4 and Nanog) [21]. However, SETDB1 did not affect the expression of
these genes in our study of NSCLC cells (data not shown), but it had a profound effect on
the WNT pathway. We examined, for the first time, expression of SETDB1 by IHC in a
large cohort of well-annotated lung cancer samples (387 lung cancers vs 106 normal cases).
SETDB1 was statistically higher (p < 0.0001) in NSCLC tumors than normal lung tissue as
measured by both percent positive cells and their staining intensity for SETDB1. This
occurred in adeno-, squamous, large cell carcinomas and adenosquamous carcinomas of the
lung; and the levels of SETDBL1 increased with increased grade of NSCLC.

WNT/B-catenin signaling plays a well-defined oncogenic role in colon and skin cancers
[36]. Studies of both normal intestinal cells and colorectal cancer cells have shown that
inhibition of WNT signaling exhausts normal intestinal cells and blocks the growth of
colorectal cancer cells [37,38]. In addition, the WNT signaling pathway including -catenin
can also regulate the length of telomeres by directly controlling the transcription of
telomerase reverse transcriptase, which further emphasizes the critical role that the WNT
pathway has in regulating the cell cycle, cell division and “stemness” [39-41]. WNT/p-
catenin pathway play an oncogenic role in NSCLC [36]. However, unlike colorectal cancer
which has high levels of $-catenin as a result of mutational loss of the adenomatous
polyposis coli (APC) gene, mutation of either APC or -catenin is infrequent in lung cancers
[42]. Our studies suggest that activation of WNT pathway by SETDBL in lung cancer results
in accumulation of nuclear B-catenin causing a transformation phenotype (Fig. 6 H).

As a H3K9 methyltransferase, SETDB1 has been characterized as a classic transcriptional
repressor [21]. However, our microarray data showed that after induction of expression of
SETDB1 in NSCLC, 711 genes transcriptionally decreased and another 522 genes increased
in their expression. This up-regulation may represent secondary events as a result of down-
regulation of repressive genes by SETDB1; or SETDB1 may enhance expression of select
genes by unexplored mechanisms. Providing weight for the latter view, clear enrichment of
SETDBL1 on the promoter of a SETDBL induced gene (IGFBP4) was noted. Indeed, studies
by other researchers found that H3K9me3 marks are also presented in transcriptionally
active genes [43-45]. For example, in a study of histone modification associated with human
X chromosome, H3K9me3 was found prominently within the actively transcribed genes, and
the highest levels of H3K9me3 occurred within the highly expressed genes [43]. In addition,
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evidence from Drosophila showed that SETDB1 could both repress, as well as activate
genes; and this dual function was determined by the binding position of SETDB1 on the
chromatin [46]. Notably, G9A, another H3K9 methyltransferase, also can enhance gene
expression by acting as a transcriptional coactivator of the hormone receptor signaling
pathways [47,48]. A similar activation effect also has been observed in the H3K27
methytransferase EZH2 [49].

SETDBL does not contain a DNA binding motif, but can form a complex with KAP1
(Trim28) and HP1 or certain Zinc finger proteins, which contain a DNA binding motif
resulting in DNA binding of the complex [14]. Adding to the complexity, SETDB1 can also
bind to Suv39H1, G9a and GLP, which together can recruit additional factors to modulate
transcription [50]. Further experiments are ongoing to elucidate the detailed mechanism of
activation of genes by SETDBL1. In addition, we made an unexpected observation, SETDB1
can lower expression of P53; likewise, P53 can decrease expression of SETDBL. Silencing
of either one of these genes can reciprocally enhance the expression of another gene.
Therefore, SETDB1 may further enhance cellular growth when silencing P53. This novel
interaction requires further study.

In summary, we showed that some of the NSCLC samples have elevated SETDB1
expression associated with an increased grade of tumor. The increased levels of SETDB1
produced an increased clonogenic growth, associated with the activation of the WNT
pathway and tumor growth. Our findings suggest inhibitors that therapeutically target
SETDB1 may benefit the large population of NSCLC patients whose tumors have high
expression of SETDB1.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SETDB1

Fig. 1. Elevated expression of SETDB1in NSCL C patients
A. Copy number alterations of SETDB1 across a variety of cancer types (TCGA and

Tumorscape database). SETDBL1 is located at the peak region of the amplicon in lung cancer
in both lung cancer sample collection. Significance was defined as Q value (calculation was
performed on the database servers). B. Heatmap schematic illustration of copy number
amplification of SETDBL in tumorscape lung cancer samples which harbor 1921
amplification. Position of SETDBI is indicated. C. Gain of SETDB1 DNA copy number
correlates with an increased mRNA expression in the NSCLC samples. D. Elevated

J Pathol. Author manuscript; available in PMC 2016 March 01.

A B
TCGA In peak  # Genes Q value Overall Focal
in peak frequency frequency
All cancer No 7 3.23 E-108 0.3892 0.123
Lung cancer Yes 44 7.58 E-22 0.6255 0.1853
Lung adenocarcinoma Yes 16 5.08 E-21 0.7221 0.2159
Uterine corpus Yes 11 1.75 E-19 0.4451 0.1524
endometrioid
carcinoma
Bladder urothelial Yes 203 1.58 E-8 0.5067 0.2133
carcinoma
Cutaneous melanoma Yes 345 3.75E-4 0.5085 0.1314
Lung squamous cell Yes 297 473 E-4 0.5168 0.1508
carcinoma C -
g 15 -
1
Tumorscape In peak  # Genes Q value Overall Focal 2 W
in peak frequency frequency Z 0 U
All cancer No 9 2.09 E-49 0.3663 0.107 = . .
n n o .
All epithelial No 9 1.79 E-40 0.4959 0.1454 2 5 o
All lung Yes 15 9.00 E-35 0.6382 0.208 4 . oo
Lung NSC Yes 24 3.45 E-31 0.6412 0.2074 2 e, —— %
Breast No 34 0.00429 0.6255 0.1564 = L e s # Moo T S
Lung SC Yes 34 0.00471 0.6 0.225 E ¢
Ovarian Yes 49 0.0167 0.3786 0.165 W osl— —— - :
Melanoma Yes 130 0.185 0.4955 0.0721 Hetioss  Diploid ~ Gain  Amp
DNA Copy number
D
%‘; "] GsEa28e7 < "*°1 Bhattacharjee § 107 E-GEOD-19188 %*: 17 E-MEXP-231
= ILMN_1718207 ksl PNAS 2001/11/20 =, 203155_at = 203155_at
510 #1001 34189 _at 5 5 10
2 2 = ikt @ |
[} o . o 8 7]
2o & 50 g 2o
3 o s 7 H
o e - £ o —w— D e o e
a 58 pairwise samples LU y a a
- 2} 2 = ~
w7 5 w s r . w7 r r
@ Adjacent Normal Lung n Healthy (65) NSCLC (91) « Normal (9) Lun
normal (58)  adenocarcinoma (58) lung (17)  adenocarcinoma (139) adenocarcinoma (49)
§97 E-GEOD-18842 15001 GSE7670 $°1 ETABM-15 #9°1 GDs1650
S | 203155 at 5 203155_at 2/ PaIwisesamples S| o ap ot s 34189_at .
% 8 2 S8 - ok o 6004 ok
‘2 © 1000 *% . o — .. o —_——— .
a 5 | — 2 LR & .
57 8 g7 . A @ 400 .
3 @ 500 Stesecs 3 e b a8 e
o6 = —sit— 5 o : 9 2004 s
) i 8 . 7
~ %) =
L 5 Ww s r - 0 T
Z Normal (45) NSCLC (46) Adjacent Normal (27)  Tumor (27) @ Normal (18) Lung Adjacent normal (18)  Tumor (20)
adenocarcinoma (23)
E F 124
z 15 bk
g — —
100+ GSE14814 = Bs .
—— SETDB1 Low g =
- 84 &
© = @
2 8 g °
2 = 2.
> 5 20
%] @ @
- o 44 QO
c o i
@ S &
15} P=0.0521 % G1+G2 G3 |II|||I
5] =0. -
$ 5 |
—— SETDBY High 8 o m""““",_....,.mullllll""“l
»
0 T T T T 1
0 2 4 6 8 10 4
Years



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sunetal.

Page 14

expression of SETDB1 was noted in 8 different lung cancer patient cohorts. Data were
retrieved from GEO and EBI Gene Expression Atlas database (*, P<0.05; **, P < 0.01; ***,
P <0.001; **** P <0.0001). E. Kaplan-Meier plots of overall survival: comparison of
cases with highest (20 patients) versus lowest (20 patients) expression of SETDBL in
NSCLC patients (GSE14814). P value was calculated by log-rank test. F. mRNA levels of
SETDB1 (examined by Realtime PCR) in a set of 60 paired samples of NSCLC. Inner
picture, elevated expression of SETDBL correlates with the increasement of tumor grade.
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Fig. 2. SETDBL1 protein expression iselevated in NSCL C samples
A. Subtypes of lung cancer samples examined by immunohistochemistry (IHC). B.

Representative examples of SETDB1 staining in NSCLC tumor sections. Upper panel:
strong SETDBL staining; lower panel: weak SETDBL staining. C. Total of 387 NSCLC
cases was analyzed by IHC. SETDBL1 positive staining cells (upper row) and integrated
intensities (lower row) in NSCLC samples compared to normal bronchial epithelium. D.
SETDBL positive staining cells (%) (upper row) and intensity of staining (lower row)
correlates with the tumor grade. E. SETDBL1 expression in different subtypes of lung cancer.
Data are presented as percent positivity (upper row) and intensity of staining (lower row) is
higher in each different subtype of cancer compared to normal.
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Fig. 3. Aberrant expression of SETDB1 in NSCL C cells affectstheir proliferation in liquid
culture, clonogenic growth in semi-soft culturesand tumor sizein nude mice

A. Effect of stably silencing SETDB1 on NSCLC cell growth in liquid culture. MTT assay
was performed in 96 wells plate. Mean + SD of 6 wells. B. Effect of silencing of SETDB1
on colony formation of NSCLC cells. Cells were seeded into soft agar in triplicate, and
colonies were counted after 21~28 days of culturing. Mean + SD (3 wells) are expressed as
percent variation relative to scramble shRNA infected cells (control). C. Effect of forced
expression of SETDB1 on colony formation of PC14 and H1299 NSCLC cells. Cells were
seeded into soft agar in triplicate dishes; and colonies were counted on day 28 of culture.
Values are expressed as fold variation relative to GFP overexpressing cells (control). Results
are mean + SD of 3 experiments. Right panel, representative pictures of colonies of H1299
overexpressing SETDB1. D. Histone H3K9 methylation status of NSCLC cells with stable
overexpression of SETDB1 (H1299 and A549) was examined by western blot using
antibodies specific for H3K9mel, H3K9me2, and H3K9me3 (mono-, di- and tri-
methylation of H3K9, respectively). Expression levels of histone H3 protein were used as an
internal control. E. SETDBL stimulates NSCLC tumor growth in mice. Photograph of
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tumors dissected from nude mice which were injected with H1299 cells overexpressing
either GFP (upper row) or SETDB1 (lower row). Tumor cells (3 x 10%) were suspended in a
1:1 mixture of fetal bovine serum and Matrigel (BD Labware) and injected into both flanks
of five week-old nude mice. Tumors were removed on day 21 from initiation of the
experiment. F. Weights of tumors are shown in Fig. 3 E. The bars show differences in
average weight of tumors in two groups (mean £ S.D., n = 8). Difference of mean weights
between control (GFP) and SETDB1 overexpressing tumors was statistically significant (p-
value of 0.0003). G. Expression level of SETDBL1 in the tumors with forced expression of
either GFP or SETDBL1. Proteins and mRNA were isolated from xenografts. Tumor mRNA
values were measured by RT-PCR and normalized with -actin. Values are expressed as fold
variation of SETDB1 overexpressing tumors relative to GFP control tumors. SETDB1
protein was measured by western blot (inner picture).
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Fig. 4. Inverse correlation between the protein levels of P53 and SETDB1
A. Silencing TP53 enhanced the colony formation of A549 cells (wild type P53) having

forced expression of SETDBL. B. A549 NSCLC cells were either stably overexpressing
SETDB1 (upper row) or stably overexpressing SETDB1 and silencing TP53 (lower row).
These two cohorts of cells (5 x 108) were injected into the opposite flanks of nude mice.
Tumors were photographed (Panel B) and weighed (Panel C) on day 35 after initiation of the
study. D. SETDB1 expression levels in the HCT116 TP53*/* and TP53~/~ HCT116 cells.
Left panel, SETDB1 mRNA expression; right panel, western blot of the same cells. E.
Protein levels (western blot) of P53 and SETDB1 in NSCLC cells (PC14, HCC1975, H23)
with either stable overexpression or silencing of SETDBL.
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Fig. 5. Altered gene expression in NSCL C cellswith for ced expression of SETDB1
A. RNA array data was transformed into heat-map of gene expression in H1299 NSCLC

cells stably expressing SETDB1. Green and red represents down-regulation and up-
regulation of gene expression, respectively. Total 711 genes were down-regulated and 522
genes were upregulated after overexpression of SETDBL. B. Pathway enrichment analysis
between SETDB1 and control GFP overexpressing H1299 cells using the KEGG database.
Top 10 significantly enriched pathways are presented in the graph (*, P<0.05; **, P < 0.01;
*** P <0.001; **** P <0.0001). C. RT-PCR validation of expression of genes related to
the WNT signaling pathway in SETDB1 overexpressing H1299 cells. Relative mRNA
amounts were normalized to f-actin. D. Recruitment of SETDB1 to the promoter region of
APOE and IGFBP4 was examined by ChIP. Nucleotide segments 2 ~ 2.3 kb upstream and
600 ~ 1000 bp downstream from the starting site (ATG) were divided into 14 (APOE) and
10 (IGFBP4) regions, enrichment of each fragment (250~300 bp) were examined by PCR.
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Enrichment occurred in the promoter regions of Pa 3, Pa 7, Pa 10 and Pa 14 of the APOE
promoter (left panel) and regions of P, 2, P, 5, P, 6 and P, 8 of the IGFBP4 promoter (right
panel). TSS, transcriptional start site; ATG, protein start codon. Negative results of promoter
regions Pa 8 (APOE) and P, 7 (IGFBP4) were shown as controls for respective genes. E.
mMRNA levels of IGFBP4, APOE and B-catenin in SETDBL silenced H1299 cells. Relative
MRNA amounts were normalized with B-actin. Error bars indicate SD (n = 4).
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Fig. 6. Protein levels of B-catenin in the NSCL C cellswith either stably overexpressed or silenced
SETDB1

A. Western analysis of B-catenin accumulation in NSCLC cell lines with either silenced or
overexpressed SETDBL. Ctrl, sh-Scramble; sh1,2,3, three sShRNA targeting to SETDB1. B.
Relative TOP/FOP activities when overexpressing SETDB1 in H1299 cells. The stably
forced expression of either SETDB1 or GFP containing cells were transfected with either
pGL-TOP or pGL-FOP luciferase-reporter constructs. Luciferase activities were measured
72 hours after the transfection and normalized to the corresponding co-transfected Renilla
luciferase activity. Data are shown as the ratio between TOP/FOP and Renilla. Error bars
represent SD of three independent experiments. C. Silencing of IGFBP4, LRP8 or FZD1
reduced the WNT activity in H1299 NSCLC cells. Cells stably infected with either IGFBP4,
LRP8 or FZD1 were transfected with either TOP or FOP, as well as Renilla control vector,
and the levels of WNT pathway activity were determined by TOP/FOP assay. D.
Cytoplasmic and nuclear fraction of H1299 cells stably overexpressing either GFP or
SETDBL1. Cells were grown on 10 cm dishes to 50% ~ 70% confluence, and the cytoplasmic
and nuclear proteins were prepared as described in Materials and Methods. Cytoplasmic a-
tubulin and nuclear histone H3 was used as controls of protein fractionation. E. Western
analysis of alternations of downstream genes (c-MYC, Cyclin D1) of the WNT pathway in
SETDB1 stably overexpressing H1299 NSCLC cells. F. Effect of stable silencing of -
catenin on clonogenic growth of H1299 cells overexpressing either GFP (control) or
SETDBL1. Values are expressed as % of GFP control cells, mean £ SD (three independent

J Pathol. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sunetal.

Page 22

experiments). The silencing efficiency of 3-catenin was determined by Western blot (right
side). G. Clonogenic growth of either GFP or SETDB1 forced expressing H1299 cells after
stable silencing of FZD1, LRP8 or IGFBP4. Values are expressed as % of GFP control cells.
Experiments were performed in triplicate, and results are presented as mean = SD. H.
Schematic illustration of the proposed signaling interaction of SETDB1 and WNT pathway.
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