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hSET1: A novel approach for colon cancer therapy
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A B S T R A C T

Histone-methyl transferases (HMTs) are key enzymes that post-translationally modify histones, and

serve key role in gene expression, epigenetic regulation, and as determinants of survival in malignant

cells. Recent studies have shed light on the role of hSET1 which is a key element of highly conserved

multi-protein HMT complex that catalyze methylation of histone H3 lysine 4 (H3K4) regulating

expression of specific proteins important for the malignant phenotype. To understand the importance of

differential expression of H3K4 HMTs in cancer, we specifically down-regulated hSET1 the only H3K4

specific histone-methyl transferase present in yeast as well as in human that is directly involved in gene

expression. hSET1 has been shown to be differentially over-expressed in the malignant cells as compared

to the normal cells at the RNA as well as protein level. In a wide array of normal and malignant cells it has

been demonstrated that phosphorothioate antisense against hSET1 (DN5) caused selective and

differential apoptosis in malignant cells only while the normal cells remains unaffected. Down-

regulation of hSET1 leads to rapid and complete regression of SW480 colon xenograft in mice model.

These findings demonstrate that hSET1 over-expression promotes cell proliferation and cancer cell

survival, and may be a novel target for cancer therapy.

� 2009 Elsevier Inc. All rights reserved.
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1. Introduction

In the recent years, cancer is recognized as a genetic and
epigenetic disease and great effort has been directed towards
understanding the role of establishment and relevance of aberrant
epigenetic patterns in human tumors [1–5]. Post-translational
modifications of histones are recognized as having a primary role
in the control of gene expression and chromatin structure. Among
the modifications, histone lysine methylation is considered to be
critical for transcriptional regulation and methylation of histone 3
at position lysine 4 (H3K4) is known to be associated with the
epigenetic control of heterochromatin assembly and with DNA
methylation-induced gene silencing in cancer cells [6–10]. In
particular, H3K4 trimethylation is associated with promoters and
early transcribed regions of active genes [6,7]. There are several
known H3K4 specific histone-methyl transferases such as MLL1
(mixed lineage leukemia 1), MLL2, MLL3 and hSET1 (human SET1)
in mammalian cells which are shown to be present as distinct
multi-protein complexes with several highly conserved protein
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complexes and methylate H3K4. Amongst them SET1 is the only
H3K4 specific histone methyl-transferase which is present in yeast
as well as human and is directly involved in gene expression [11].
Yeast SET1 is a multi-protein complex (also known as COMPASS)
containing subunits SET1, Bre2, Spp1, Swd1, Swd2, Swd3, and Sdc1
and its HMT activity is fully active only in the context of a multi-
subunit complex [11–14]. Recently, it has also been demonstrated
that SET1, in yeast, is required for methylation of conserved lysines
in a kinetochore protein, Dam1, suggesting its important role in
mitosis [15]. SET1 mediated histone methylation is functionally
coupled with histone H2B monoubiquitination, Paf1 complex and
other factors involved in transcriptional regulation [16,17].

Though the importance of above histone methyl-transferases in
determining the malignant phenotype has been recognized as a
phenomenon, the nature and significance of differential patterns of
histone methylation, their biochemical roles in regulating gene
expression and the mechanism through which these HMTs
determine differential gene expression in cancer cells is largely
unknown [18,19]. Recently, MLL1, MLL2 and hSET1 enzyme
complexes has been purified from human cells and demonstrated
that human CGBP (CpG binding protein, also known as CFP1) which
is a well characterized protein containing a DNA binding ‘‘CXXC’’
finger domain which binds with unmethylated CpG dinucleotides
and plays a critical role in gene expression and mammalian
development, is a component of all of the above three HMT
complexes [20]. These HMTs (MLL1, MLL2 and hSET1) are also
shown to be physically interact with RNA polymerase II (RNAP II)
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suggesting their direct roles in transcription and possibly in mRNA
processing, although, their exact roles in transcription are yet to be
understood [20,21–23].

To understand the importance of differential expression of
H3K4 HMTs in cancer, we specifically down-regulated hSET1
which is a key element of highly conserved multi-protein HMT
complex that catalyze methylation of histone H3 lysine 4 (H3K4)
using a phosphorothioate antisense (DN5) in cell culture models
of malignant and non-malignant cells and extended these studies
in vivo using a SW480 colon cancer xenograft model. Suppression
of hSET1 was found to cause tumor-selective apoptosis in cultured
cells and complete sustained remission of subcutaneously
implanted colon cancer xenografts by hSET1 depletion. hSET1
has been shown to be differentially over-expressed in a series of
cultured malignant cells as compared to the normal cells at the
RNA as well as protein level.

2. Materials and methods

2.1. Materials

RPMI-1640, Ham’s F12 K and DMEM medium, McCoy’s 5a
medium, PBS, trypsin-EDTA, penicillin/streptomycin solution (P/S),
fetal bovine serum (FBS), and trypan blue were purchased from Life
Technologies, Inc. (Grand Island, NY). Medium EGM-2 Bullet Kit and
MEGM Bullet kit was purchased from Cambrex BioScience (Walk-
ersville, MD). Reagents for SDS-PAGE were purchased from Bio-Rad
Laboratories (Hercules, CA). Polyclonal rabbit anti-hSET1 IgG was
purchased from Bethyl Laboratories (Montgomery, TX). Rhodamine-
x and peroxidase-conjugated goat anti-rabbit antibodies were
purchased from Vector Laboratories Inc. (Burlingame, CA). RNeasy
kit for RNA purification and one step RT-PCR kits were purchased
from Qiagen (Valencia, CA). Fluorescein terminal deoxynucleotidyl
transferase (TdT)-mediated nick end labeling (TUNEL) apoptosis
assay kit was procured from Promega (Madison, WI). Maxfect
transfection reagent was from MoleculA (Columbia, MD). Dimethyl-
sulphoxide (DMSO) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetra-zolium bromide (MTT) were obtained from sigma (St. Louis,
MO). Gene-specific primers, phosphorothioate oligonucleotides
against hSET1 and scrambled antisense were purchased from
Biosynthesis Inc. (Lewisville, TX) and the sources of other chemicals
used in this study were same as described previously [24].

2.2. Cell lines and cultures

Human colon cancer cell line (SW480 and HT29), small cell lung
cancer (SCLC) lines H1618, and non-small cell lung cancer (NSCLC)
lines H358 (bronchio-alveolar), H226 (squamous cell carcinoma),
H2347 (adenocarcinoma), PC-3 (human prostate), MCF10a (breast
epithelial), MDA-MB231 (breast adenocarcinoma) and K562
(human erythroleukemia) cell line were purchased from American
Type Culture Collection (Manassas, VA). Human aortic vascular
smooth muscle cells (HAVSMC) and human breast cancer (MCF7 and
MCF7-VP) cells were kindly donated by Dr. Paul Boor, University of
Texas Medical Branch at Galveston, Galveston, TX. Human umbilical
vascular-endothelial cells (HUVEC) were from Dr. Fiemu Nwariaku
(UTSWMC, Dallas, TX). Human ovary carcinoma OVCAR-3 and
SKOV-3 cells were kindly provided by Dr. Andras Lacko, University of
North Texas Health Science Center, Fort Worth, TX. All cells were
cultured at 37 8C in a humidified atmosphere of 5% CO2 in the
appropriate medium: RPMI-1640 (SCLC, NSCLC, K562, SW480,
HT29, MDA-MB231 and MCF7), DMEM (HAVSMC, MCF7-VP), RPMI-
1640 supplemented with 0.01 mg/ml bovine insulin (OVCAR-3),
EGM-2 bullet kit (HUVEC), MEGM bullet kit (MCF10a), McCoy’s 5a
(SKOV-3), Ham’s F12 K (PC-3) medium supplemented with 10% (v/v)
heat-inactivated FBS and 1% (v/v) P/S solution.
2.3. Expression of hSET1 in cultured cells

The expression of hSET1 was determined in crude homogenates
of malignant (H358, OVCAR-3, MCF7, PC-3, K562 and SW480) and
non-malignant cells (HUVEC and HAVSMC) by Western blot
analysis as described previously [24]. Briefly, cells were pelleted
and washed with balanced salt solution (138 mM NaCl, 5 mM KCl,
0.3 mM KH2PO4, 0.3 mM Na2HPO4, 4 mM NaHCO3, and 5.6 mM
glucose, pH 7.4) three times and were lysed in 10 mM Tris–HCl, pH
7.4, containing 1.4 mM b-mercaptoethanol (BME), 0.1 mM phe-
nylmethanesulphonylfluoride (PMSF), 0.05 mM butylated hydro-
xytoluene (BHT), 0.1% polidocanol and 0.1 mM EDTA (lysis buffer).
Lysates were sonicated three times for 30 s at 50W and the
resultant preparations were centrifuged at 100,000 � g for 1 h.
Total protein was quantified by the method of Minamide and
Bamburg [25]. 200 mg total crude proteins were used for SDS-PAGE
and Western blotting, using rabbit anti-human SET1 polyclonal
antibodies. Peroxidase conjugated goat-anti-rabbit IgG was used
as a secondary antibody. The blots were developed using 4-chloro-
1-naphthol as chromogenic substrate. b-actin was used as an
internal control.

Expression of hSET1 was evaluated at the RNA level by RT-PCR
analysis. The RNA was prepared by RNeasy kit (Qiagen Inc.),
quantified and purity was determined by measuring optical
density at 260 and 280 nm. hSET1 gene-specific primers [1422–
1439 bp (upstream) 50: GACACAAGCTTCTCCAGCA and 1602–
1621 (downstream) 50: TGAAGATGCAGAGAAGTGGC, spanning
1422–1621 in open reading frame of hSET1 (KIAA0339) gene were
used. RT-PCR was performed using the one step RT-PCR kit
according to the manufacturer’s instructions (Qiagen Inc.). Bands
were quantified by scanning densitometry using Innotech Alpha
Imager HP.

2.4. hSET1 phosphorothioate antisense (DN5) preparation

The region spanning nucleotides 1420–1640 starting from 1
AUG codon in the open reading frame) in the N-terminal region of
hSET1 was chosen as the target region for synthesis of
phosphorothioate antisense. The oxygen in the backbone of the
DNA molecules was replaced by sulfur in each phosphate group,
which makes the DNA backbone resistant to nucleases. The
selected DNA sequence was subjected to BLAST search (National
Center for Biotechnology Information database) against expressed
sequence tag libraries to ensure that only the selected gene was
targeted. Chemically synthesized phosphorothioate DNA in
desalted form was purchased from Biosynthesis, Inc. (Lewisville,
TX). A 21-nucleotide long scrambled phosphorothioate DNA was
used as a control. The scrambled DNA sequence was not
homologous with hSet1 cDNA in a BLAST search against hSET1.
The targeted cDNA sequence (ATCCCCCAAGGAACCCT) corre-
sponds to nt 1488–1504. The corresponding phosphorothioated
DNA sequence was AAGGGGGTTCCTTGGGA. The sequence of the
scrambled DNA was CATCGAAATCGTTGCAGTTAC.

2.5. Transfection of hSET1 phosphorothioate DNA in cultured cells

Cells were transfected with hSET1 phosphorothioate DNA
(DN5) using Maxfect transfection reagent (MoleculA) following
manufactures instructions. Depletion of hSET1 expression in cells
by hSET1 antisense was measured as follows: cells were incubated
for 6 h with 0–10 mg/ml antisense in Maxfect transfection reagent
(MoleculA), according to the manufacturer provided protocol.
Levels of hSET1 protein in control and transfected clones were
measured in normal (HAVSMC) and malignant (SW480) cells by
immunoassay using anti-hSET1 IgG after 24 h. The time-depen-
dent effect of hSET1 antisense (fixed 10 mg/ml final conc.) was also
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evaluated using three malignant (H358, PC-3 and MCF7) and two
non-malignant cells (HUVEC and MCF10a) at 0, 12, 24 and 48 h
after treatment with antisense for hSET1 by Western blot analysis.
200 mg crude proteins were used for SDS-PAGE and Western
blotting, using rabbit-anti-human SET1 polyclonal antibodies.
Peroxidase conjugated goat-anti-rabbit IgG was used as a
secondary antibody. The blots were developed using 4-chloro-1-
naphthol as chromogenic substrate. b-actin was used as an
internal control.

2.6. Cell survival (MTT) assay

Cell number/ml in an aliquot of cells growing in log phase
was determined by counting trypan blue excluding cells in a
hemocytometer and 20,000 cells were plated into each well of
96-well flat-bottomed micro-titer plates. After 24 h incubation
at 37 8C, cells were transfected with the scrambled antisense or
antisense against hSET1 (0–10 mg/ml final conc.) using Maxfect
transfection reagent (MoleculA) and after 6 h, medium was
changed and incubated for 24 h. 20 ml of 5 mg/ml MTT were
then introduced to each well and incubated for 2 h. The plates
were centrifuged and medium was decanted. Cells were
subsequently dissolved in 100 ml DMSO with gentle shaking
for 2 h at room temperature, followed by measurement of OD570

[24,26,27]. Eight replicate wells were used in each point in each
of three separate measurements. Measured absorbance values
were directly linked with a spread sheet for calculation of cell
survival.

2.7. Immuno-cytological localization of hSET1 in colon cancer cells

Immuno-cytological localization of hSET1 was performed to
assess whether cellular levels of hSET1 could be depleted by
antisense against hSET1 in cultured colon cancer cells by the
method described previously with slight modifications [28]. Cells
were grown on cover slips and were treated with scrambled as well
as hSET1 antisense (10 mg/ml final conc.). After 24 h incubation,
the cells were washed with PBS and were fixed by using
methanol:acetic acid in the ratio of 3:1. Non-specific antibody
interactions were minimized by pre-treating cells with 10% goat
serum in PBS for 60 min at room temperature. The cells were
incubated with primary antibodies, anti-hSET1 IgG, for overnight
at 4 8C in a humidified chamber. After washing off the primary
antibody with PBS (10 times, 3 min each), rhodamine red-�-
conjugated goat anti-rabbit IgG (1:50 dilution in PBS) as secondary
antibodies were added and incubated for 1 h at room temperature
in a humidified chamber. The unbound secondary antibodies were
removed by washing with PBS (10 times, 3 min each) and nuclei
were stained using 40,6-diamidino-2-phenylindole (DAPI). Cover
slips were air-dried and mounted on the slides with Vectashield
mounting medium for fluorescence (Vector Laboratories, CA).
Slides were photographed at 400� magnifications using a LEICA
DMLB fluorescence microscope (Germany). Photographs were
taken with 1-s integration.

2.8. Effect of hSET1 antisense on apoptosis by TUNEL assay

To check whether suppression of hSET1 is correlated with
apoptosis was assessed by the TUNEL assay. The SW480 colon
cancer cells (1 � 106 cells) were grown on the cover slips. The cells
were treated with hSET1 antisense (10 mg/ml final conc.). After
24 h incubation, the medium was removed, and cells were washed
with PBS. TdT-mediated dUTP nick end labeling (TUNEL) assay was
performed using Promega fluorescence detection kit according to
the protocol provided by the manufacturer and described by us
previously [24,27]. Briefly, cells were fixed by immersing slides in
freshly prepared 4% paraformaldehyde solution for 30 min at 4 8C
followed by washing with PBS. The cells were permeabilized by
immersing the slides in 0.2% Triton X-100 solution in PBS for 5 min
followed by washing with PBS. Cells were equilibrated with
equilibration buffer (provided by Promega) for 10 min. The
equilibrated areas were blotted with tissue paper and TdT
incubation buffer was added to the cells, and placed in humidified
chamber. The chamber was covered with aluminum foil to protect
from direct light. Slides were incubated at 37 8C for 60 min and the
reaction was terminated by immersing the slides in 2� SSC buffer
for 15 min followed by washing with PBS. The slides were stained
in propidium iodide solution for 10 min in the dark and washed
with distilled water several times. Slides were analyzed under a
fluorescence microscope using a standard fluorescein filter set to
view the green fluorescence at 520 nm, and red fluorescence of
propidium iodide at >620 nm. Fluorescence micrographs were
taken using Zeiss LSM 510 META (Germany) laser scanning
fluorescence microscope at 400� magnification.

2.9. Animal model

Hsd: Athymic nude nu/nu mice were obtained from Harlan
(Indianapolis, IN). All animal experiments were carried out in
accordance with a protocol approved by the Institutional Animal
Care and Use Committee (IACUC). Twenty-four 12 week old mice
were divided into three groups of 8 animals treated with PBS,
scrambled antisense, and phosphorothioate antisense DNA against
hSET1. All 24 animals were injected with 2 � 106 SW480 colon
cancer cell suspensions in 100 ml of PBS, subcutaneously. Animals
were examined daily for signs of tumor growth. Treatment was
administered when the tumor surface area exceeded 42 mm2 (day
26). Treatment consisted of 200 mg phosphorothioate antisense
against hSET1 in 100 ml PBS. Control groups were treated with
200 mg/100 ml scrambled antisense or diluent (PBS) alone. Tumors
were measured in two dimensions using calipers.

2.10. Statistical methods

All data were evaluated with a two-tailed unpaired student’s t

test or compared by one-way ANOVA and are expressed as the
mean � SD. A value of P < 0.05 was considered statistically
significant.

3. Results and discussion

3.1. Expression of hSET1 in malignant and normal cells

Histone-methyl transferases are known to be differentially
expressed in cancer cells and promote cell proliferation, colony
formation and increased invasion of benign cells in vitro. We
therefore, quantitated hSET1 in a wide array of cultured cell lines of
different origin. Western blot analyses of the total crude protein
extracts from a panel of cultured human malignant cell lines
including human lung (H358), ovarian (OVCAR-3) breast (MCF7),
prostate (PC-3), colon (SW480), erythroleukemia (K562) and non-
malignant human cell lines of endothelial (HUVEC) and aortic
vascular smooth muscle (HAVSMC) were performed. Each lane was
loaded with equal amounts of crude protein (200 mg) for SDS-PAGE
and Western blot analyses. Western blot performed against anti-
hSET1 IgG, detected a single band of �186 kDa characteristic of
hSET1. These results showed the presence of hSET1 in all cell lines
and indicated relatively larger expression of hSET1 in malignant vs

normal cells (Fig. 1A). The expression of hSET1 was more in colon
cancer (SW480) and ovarian cancer (OVCAR-3) as compared to
breast cancer (MCF7). It is noteworthy that hSET1 over-expressed
in solid tumor as well as in human erythroleukemia (K562) cells.



Fig. 1. Comparison of hSET1 levels in cultured malignant vs non-malignant cells. Aliquots of total crude protein of malignant cells (human prostate, PC-3; non-small cell lung,

H358; colon, SW480; breast, MCF7; ovarian, OVCAR-3; leukemia, K562) and non-malignant cells (human aortic vascular-smooth-muscle cells, HAVSMC, and human

umbilical vascular-endothelial cells, HUVEC) containing 200 mg protein were used for SDS-PAGE and Western blot was performed against anti-hSET1 IgG as primary antibody

and horseradish peroxidase-conjugated goat-anti-rabbit-IgG as secondary antibody and developed with 4-chloro-1-naphthol as chromogenic substrate. Intensity of the full-

length hSET1 protein (�186 kDa) band was quantified by scanning densitometry using Innotech Alpha Imager HP. b-actin was used as an internal control (panel A). The level

of hSET1 in various human cultured cells (PC-3, H358, H1618, SW480, MCF7, OVCAR-3, K562, HAVSMC and HUVEC) was also evaluated by RT-PCR analysis. RNA was prepared

by RNeasy kit (Qiagen) and RT-PCR was performed using hSET1 gene-specific primers [1422–1439 bp (upstream) and 1602–1621 (downstream)]. The bands were quantified

by densitometry using Innotech Alpha Imager HP. b-actin was used as a loading control (panel B).
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The expression of hSET1 was further confirmed at the
transcription level by RT-PCR analysis using the gene-specific
primers for hSET1 (Fig. 1B) in a panel of malignant (H358, H1618,
OVCAR-3, MCF7, PC-3, K562 and SW480) and non-malignant
(HUVEC, HAVSMC) cell lines. The RNA was prepared by RNeasy kit
(Qiagen Inc.) and RT-PCR was performed by using hSET1 gene-
specific primers [1422–1439 bp (upstream) and 1602–1621
(downstream) spanning 1422–1621 in open reading frame of
hSET1 gene], using the single-step RT-PCR kit (Qiagen Inc.). The
bands quantified by scanning densitometry indicated that hSET1
over-expressed in malignant cells as compared to the normal cells
(Fig. 1B). Our results clearly indicated that hSET1 differentially
expressed in normal and malignant cells both at the transcription
as well as translation level.
Fig. 2. Selective toxicity of hSET1 antisense towards cancer cells. Effect of phosphorothioa

by MTT assay. A panel of cells were transfected with hSET1 antisense (0–10 mg/ml fi

manufacturer’s instructions. Cell survival was measured by MTT cytotoxicity assay 24 h

determinations with eight replicates each (n = 16). White bars, 2.5 mg/ml; black bars, 5 mg/m

effects of hSET1 antisense was performed by incubating normal (HAVSMC) and malignant (S

ml final conc.) in Maxfect Transfection Reagent followed by 24 h of incubation at 37 8C in m

time-dependent effect of hSET1 antisense (10 mg/ml final conc.) were also evaluated using

Western blot analyses at 0, 12, 24, and 48 h, after treatment with hSET1 antisense (panel C). I

from each cell line.
3.2. hSET1 suppression caused preferential cytotoxicity in

malignant cells

As histone-methyl transferases over-expressed in the malig-
nant cells and promotes cell proliferation, knock-down of hSET1
should result in the growth arrest. The cytotoxic effects of hSET1
suppression by using the phosphorothioate antisense against it,
was assessed by an established MTT cell survival assay [24,26,27].
In cell survival assay, suppression of hSET1 was preferentially
directed to the malignant cells as compared with non-malignant
cells. All non-malignant cells of different origin (HUVEC, HAVSMC,
as well as breast epithelial cells, MCF10a) were resistant to the
suppression of hSET1. The suppression of hSET1 causes more
cytotoxicity in human colon (SW480), erythroleukemia cells
te antisense against hSET1 (0–10 mg/ml final conc.) on cell survival was determined

nal conc.) using Maxfect Transfection-Reagent (Molecula, Inc.), according to the

after treatment [26,27]. The values are presented as mean � SD from two separate

l; and hatched bars, 10 mg/ml final concentration (panel A). Concentration dependent

W480) cells with phosphorothioate antisense against hSET1 (ranging from 0 to 10 mg/

edium before Western blotting with anti-hSET1 IgG as primary antibody (panel B). The

three malignant and two non-malignant cells by determining hSET1 protein levels by

n panels B and C, internal control (b-actin) is shown below the respective Western blots
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(K562), and lung (H358, H2347, H1618) cancer cells with�70–80%
cell death in concentration dependent manner (Fig. 2A) as
compared to ovarian (OVCAR-3) where about 50% cell death
was observed. Breast cancer cells (MCF7 and MDA-MB231) and
drug-resistant cell lines (MCF7-VP and SKOV-3) were more
resistant to the suppression and behave more like the non-
malignant cells. Studies of concentration dependent effects of
hSET1 antisense (DN5) revealed almost complete depletion of
hSET1 protein in SW480 after 24 h at a concentration of 10 mg/ml
(Fig. 2B). The non-malignant cells (HAVSMC) were somewhat less
sensitive to hSET1 depletion as compared with SW480 cells. The
relative resistance of non-malignant cells to hSET1 depletion was
also observed in the time-dependent studies (Fig. 2C) in which
non-malignant cells (HUVEC and MCF10a) were relatively less
affected as compared to malignant cells (H358, PC-3 and MCF7).

3.3. Immuno-cytological localization of hSET1

To check the effect of DN5 on suppression and localization of
hSET1, SW480 cells were transfected with 10 mg/ml scrambled or
antisense against hSET1 and after 24 h, immuno-cytological
localization of hSET1 was performed in fixed cells using anti-
hSET1antibody and were analyzed by confocal fluorescence
microscopy. These results demonstrated that the majority of
hSET1 was found inside the nucleus, associated with the
chromatin. There was more than 80% suppression of hSET1 in
the cells treated with the hSET1 antisense clearly shows that the
antisense suppresses hSET1 in SW480 cells (Fig. 3).

3.4. Apoptosis caused by depletion of hSET1

In MTT cell survival assay, suppression of hSET1 was most
effective in colon and lung cancer cells (Fig. 2). The mechanism of
Fig. 3. Localization of hSET1 in SW480 colon cancer cells. Localization of hSET1 was perfor

[28]. Cells were grown on glass cover slips and were transfected with 10 mg/ml scra

(Molecula). After 24 h, cells were fixed with methanol and acetic acid (3:1). Non-specific

in TBS for 60 min at room temperature. The cells were subjected to immuno-cytochemist

rhodamine red-�-conjugated as secondary antibody. DAPI was used as a nuclear counter

Panel A, shows the cells treated with scrambled antisense and panel B shows cells tre
cytotoxicity was further assessed in SW480 colon cancer cells by
determining apoptosis through an immuno-histochemical TUNEL
assay. The results of the TUNEL assay showed no detectable
apoptosis in the SW480 cells treated with either PBS or scrambled
antisense. Apoptosis was however, seen in cells treated with hSET1
antisense (Fig. 4A).

3.5. hSET1 depletion caused regression of colon cancer

xenografts in nude mice

The ultimate pre-clinical test for the potential utility of an anti-
neoplastic agent is effectiveness in an animal model. The above
observations of the anti-neoplastic effects of hSET1 depletion was
examined in a xenografts model of colon cancer as in vitro studies
showed there is more than 80% cells death on suppression of
hSET1. Tumor-bearing animals with established s.c. implanted
tumors (�42 mm2) were treated with PBS, 200 mg of either
scrambles antisense or antisense against hSET1 by i.p. injection.
Treated animals had rapid and dramatic reductions in tumors,
whereas uncontrolled growth was observed in the control groups.
The remarkable contrast in the outcome of tumors in animals
treated with hSET1 antisense vs PBS or scrambled antisense was
clearly evident for colon cancer cell lines (Fig. 4B) (for animal

pictures, see supplementary data). Weight gain was comparable to
non-tumor bearing controls, and no overt-toxicity was evident.
Present studies demonstrate nearly complete and sustained
regression of xenografts of SW480 colon cancer by targeted
depletion of the histone-methyl transferase hSET1.

The marked effectiveness of this targeted therapy compares
quite favorably with other promising targeted agents in colon
cancer [29–31]. Suppression of human colon cancer tumors in
nude mice by siRNA CD44 gene therapy indicated increased
apoptosis of tumor cells involving caspase 3 and poly (ADP-ribose)
med on SW480 fixed cells by method described previously with slight modifications

mbled antisense or antisense against hSET1 using Maxfect Transfection Reagent

antibody interactions were minimized by pre-treating the cells with 10% goat serum

ry using anti-hSET1 IgG (raised in rabbit) as a primary antibody and goat-anti-rabbit

-stain. Slides were analyzed by confocal laser microscope (Leica TCS-SP5, Germany).

ated with antisense against hSET1.



Fig. 4. Effect of hSET1 antisense on apoptosis and on the regression of established SW480 colon cancer xenografts. Effect of hSET1 antisense on apoptosis was performed by

TUNEL assay. Human colon cancer cells (SW480) were grown on cover slips. For antisense treatment, cells were transfected with 10 mg/ml scrambled antisense or antisense

against hSET1 using Maxfect Transfection Reagent (Molecula, Inc.). After 24 h, TUNEL assay was performed using Promega fluorescence detection kit and examined using

Zeiss LSM 510 META (Germany) laser scanning fluorescence microscope with filters 520 nm and>620 nm. Photographs taken at identical exposure at 400�magnification are

presented. Apoptotic cells showed green fluorescence (panel A). For xenografts studies, we used twenty-four 12 weeks old Hsd: Athymic nude nu/nu mice (Harlan,

Indianapolis, IN) randomized 8 animals each into three groups as follows: (1) control, (2) scrambled antisense and (3) hSET1 antisense. All 24 animals were injected with

2 � 106 human colon cancer cells (SW480) suspensions in 100 ml of PBS, subcutaneously into one flank of each nu/nu nude mouse. Animals were examined daily for signs of

tumor growth. When tumors reached a cross-sectional area of �42 mm2 (26 days later), animals were randomized treatment groups as indicated in the figure (for animal

pictures, see supplementary data). Treatment consisted of 200 mg of hSET1 antisense in 100 ml PBS. Control groups were treated with PBS or 200 mg/100 ml scrambled

antisense. Tumors were measured in two dimensions using calipers. Tumor measurements are presented with all control groups (PBS or scrambled antisense) vs treated

group (hSET1 antisense) (panel B).
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polymerase (PARP) [29]. Fusion of enhanced carcinoembryonic
antigen promoter (CEA) to a suicide gene and delivery of CEA using
calcium phosphate nanoparticles together with prodrug 5-FC
treatment, results in significant tumor growth delay in xenograft
human colon carcinoma [30]. The in vitro cytotoxicity and in vivo

efficacy of TRA-8, a mouse monoclonal antibody that binds to the
DR5 death receptor for tumor necrosis factor-related apoptosis-
inducing ligand (also called Apo2L), alone and in combination with
CPT-11, has been shown to be very effective against human colon
cancer cells and xenografts [31].

In the field of epigenetics, several enzymes involved in histone
acetylation and DNA methylation serve as current drug targets in
the treatment of cancer. The HDAC inhibitor suberoylanilidehy-
droxamic acid (SAHA) has recently been approved for the
treatment of advanced T cell lymphoma, while other HDAC
inhibitors are in clinical trials [32–35]. Compared to the field of
epigenetics, the knowledge on histone methylation and the
consequences of its inhibition is still behind. For lysine methyl-
transferases to date, only a handful of promising compounds are
available. Chaetocin a fungal mycotoxin, was found to inhibit the
drosophila melanogaster histone methyltransferase Su(var)3-9 in

vitro as well as in vivo but it did not seem to inhibit the lysine
methyltransferases like EZH2 or SET7/9 [36] while another
inhibitor, BIX-01294 showed a reduction in histone H3 lysine 9
(H3K9) dimethylation but the mono- or trimethyl stages appeared
unaffected [37].

4. Conclusions

The results of the present studies have shown that human
cancers (lung, colon, breast, ovarian, leukemia, and prostate)
express higher levels of hSET1 than non-cancerous cell, and that
depletion of hSET1 in these cancer cell types caused marked
apoptosis, whereas non-cancerous cells were spared. Because
human colon cancers have a relatively high expression of hSET1,
we reasoned that it may be functioning as a defense mechanism in
colon cancer cells. Studies demonstrating the marked regression of
tumor in colon cancer xenografts (SW480) by concomitant
depletion of hSET1 have confirmed the in vivo relevance of these
observations. As the knowledge on histone methylation and the
consequences of its inhibition is still behind, these outstanding
findings will certainly add to the field of epigenetics, and will have
obvious translational implications for the treatment of colon
cancer and potentially other malignancies.
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