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shRNA against CD44 inhibits cell proliferation, invasion and
migration, and promotes apoptosis of colon carcinoma cells
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Abstract. CD44 is a causal factor for tumor invasion,
metastasis and acquisition of resistance to apoptosis. CD44
knockdown using inducible short hairpin RNA (shRNA)
significantly reduces cell growth and invasion. Short hairpin
RNA against CD44 and pGFP-V-RS-vector was used for
knockdown of CD44 expression in SW620 colon cancer cells.
Cell growth, invasion and migration assay, immunofluores-
cence for [3-catenin expression and Western blotting for Wnt
signaling molecules were analyzed. Cell cycle analysis and
Western blot analysis for apoptotic molecules were evaluated.
Short hairpin RNA against CD44 reduced the expression
of CD44. Cell proliferation, migration and invasion were
markedly inhibited and apoptosis was increased in sShRNA
CD44-transfected cells. Knockdown of CD44 decreased the
phosphorylation of PDK1, Akt and GSK3p, and p-catenin
levels. Decreased phosphorylated Akt led to an increase in
phosphorylated FoxOl and induced cell cycle arrest in the
G,-G, phase and a decrease in the S phase. The levels of Bcl-2
and Bcl-xL expression were down-regulated, while the levels
of BAX expression and cleaved caspase-3, -8 and -9 were
increased. CD44 knockdown by way of shRNA inhibited cell
proliferation and induced cell apoptosis. This can be used as
a therapeutic intervention with the anti-survival/pro-apoptotic
machinery in human colon cancer.

Introduction

Colorectal cancer (CRC) is one of the leading causes of cancer-
related deaths worldwide. Although a molecular genetic model
of the preferential sequence has been proposed (1), the present
knowledge of the cellular and molecular mechanisms of CRC
can predict no biological parameter for the behavior of cancers.
Normal and malignant cells display membrane receptors inter-
acting with ligands present in the extracellular compartment
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of tissues. A prototypical example of this phenomenon is the
hyaluronan receptor CD44 (2,3). CD44 comprises a family of
transmembrane glycoproteins generated from a single gene
by alternative splicing and differential glycosylation (4,5).
Members of the CD44 family have been implicated in a number
of important biological processes, including lymphocyte
homing, apoptosis, tumor progression, and metastasis (6-9).
In these processes, CD44 functions as a cell adhesion and a
signaling receptor, linking the extracellular cytoskeleton (10).
Furthermore, CD44 with heparin sulfate side chains can bind
growth factors and modulate growth factor receptor-mediated
signaling (11). Wnts are a highly conserved family of secreted
growth factors that bind members of the frizzled family of
transmembrane receptors, and through downstream signaling,
proliferation, and differentiation (12,13). The cytoplasmic/
nuclear pool of B-catenin involved in Wnt signaling is largely
regulated by a multiprotein complex consisting of the APC
tumor suppressor, AXIN, and GSK3p proteins (14-17). Nuclear
localization of forkhead box transcription factor O (FoxO)
proteins is required for transcriptional regulatory functions,
which include the control of genes involved in apoptosis, such
as Bim (18,19) and FasL (20), and genes involved in cell cycle
regulation, such as p27 (21,22) and cyclin DI and D2 (23,24).
As major direct substrates of FoxO factors are negatively regu-
lated by Akt phosphorylation in the presence of growth factor
signaling (25,26), which results in binding to 14-3-3 proteins
followed by nuclear export (27). Akt is recruited to the plasma
membrane through the binding of its pleckstrin homology
domain to the phosphatidylinositol 3,4,5-triphosphate (PIP3),
which is a product of PI3K that is anchored to the plasma
membrane. PDK1 is also recruited to the plasma membrane
through interactions with PIP3. As both PDK1 and Akt
interact with PIP3, PDK1 co-localizes with Akt and activates
it by phosphorylating threonine 308 (T308-P) (28). Following
its activation, Akt phosphorylates a number of downstream
substrates which leads to the suppression of apoptosis, such
as caspase-9 and glycogen synthase kinase 33 (GSK-3p) (29).
The increased apoptosis might be associated with the ratios
of Bcl-2 or Bel-xL/Bax and activated caspase-3, -8, and -9
(30,31). CD44 and Fas are bound with preligand assembly
domain blocking cell death signaling. Down-regulated CD44
makes Fas ligand free and induces increased cleaved form
of caspases and apoptosis signaling (32). RNA interference
(RNAI) is a post-transcriptional gene silencing mechanism
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Table I. Primers for RT-PCR.

Protein  Primers Sequences

CD44 Forward 5'-GAA TAT AAC CTG CCG CTT TG-3'
Reverse 5'-CTG AAG TGC TGC TCC TTT CAC-3'

GAPDH Forward 5'-ACC ACA GTC CAT GCC ATC AC-3'
Reverse 5'-TCC ACC ACC CTG TTG CTG TA-3'

which has demonstrated enormous prospects for human gene
function, signal transduction research, and gene therapy.
Specific gene silencing can be achieved in a variety of cell
systems using chemically synthesized small interference RNA
(siRNA). DNA vector-based short hairpin RNA (shRNA) is a
sequence of RNA that makes a tight hairpin turn and can be
used to silence gene expression via RNA interference (33,34).

Materials and methods

Cell culture. SW620 colon carcinoma cells were obtained from
the American Type Culture Collection (ATCC, Rockville, MD,
USA). All cell lines were routinely maintained in complete
medium (DMEM; Lonza, Switzerland) containing 10% fetal
bovine serum (Lonza), 100 units of penicillin/ml (Gibco®
Invitrogen, San Diego, CA, USA), 100 ug of streptomycin/ml
(Gibco Invitrogen). The cell lines were maintained at 37°C in
5% CO, and passed every 3-4 days.

ShRNA CD44 transfection and selection. Short hair-
pin RNA with vector was purchased from OriGene
(OriGene Technologies, Inc., Rockville, MD, USA).
Short hairpin RNA-CD44 (sense: GACAGAAAG
CCAAGTGGACTCAACGGAGA) and pGFP-V-RS-vector
containing a non-effective shRNA cassette against GFP
were used for knockdown of CD44 expression. Those indi-
vidual clones were isolated and the stably-transfected cells
were named as follows: SW620-S-CD44 (transfected with
pGFP-V-RS shRNA-CD44) and SW620-NC [transfected
with pGFP-V-RS-vector containing a non-effective shRNA
cassette against GFP (negative)].

Reverse transcription-polymerase chain reaction. Total
RNA was extracted from cultured cells using TRIzol reagent
(Invitrogen). RNA (1 ug/ul) was used to synthesize cDNA
using Superscript First-Strand Synthesis Kit (Promega,
Madison, WI, USA) following the manufacturer's protocols.
Expression of CD44 mRNA was detected with RT-PCR
(Takara, Shiga, Japan) using specific primers (CD44 primer
sense and antisense; Table I).

Western blotting. A total of 2.0x10° untransfected or stably-
transfected cells were harvested by suspension in 50 ul
lysis buffer [SO0 mM Tris-HCI (pH 8.0), Sigma]. Proteins
were resolved by 10% SDS-PAGE and electro-blotted onto
PVDF transfer membranes (GE Healthcare Life Sciences,
Piscataway, NJ, USA), blocked with 5% skim milk (Difco®
BD PharMingen, San Jose, CA, USA) or 5% bovine serum
albumin (BSA; Calbiochem, La Jolla, CA, USA), and probed
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with anti-CD44 (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA), anti-PETN (Cell Signaling, Danvers, MA, USA),
phospho-PDK1 (Cell Signaling), anti-AKT (Cell Signaling),
anti-phospho-AKT (Ser/Thr; Cell Signaling), anti-GSK3 o/p
(Cell Signaling), anti-f-catenin (Cell Signaling), anti-Bim (Cell
Signaling), anti-Bcl-2 (Santa Cruz Biotechnology, Inc.), anti-
Bcl-xL (Santa Cruz Biotechnology, Inc.), anti-Bax (Santa Cruz
Biotechnology, Inc.), anti-Fas (Cell Signaling), anti-Fas-L (Cell
Signaling), anti-phospho-p53 (Santa Cruz Biotechnology, Inc.),
anti-p21 (Santa Cruz Biotechnology, Inc.), anti-p27 (Santa Cruz
Biotechnology, Inc.), anti-cyclin D1 (Santa Cruz Biotechnology,
Inc.), anti-CDK4 (Santa Cruz Biotechnology, Inc.), FoxOl
(AbFrontier, Seoul, Korea), anti-caspase 8, cleavaged-caspase
8 (Cell Signaling), anti-cleavaged-caspase 9 (Cell Signaling),
anti-caspase 3, cleavaged-caspase 3 (Cell Signaling), or
anti-GAPDH antibodies (Santa Cruz Biotechnology, Inc.).
Following incubation with horseradish peroxidase-conjugated
goat anti-mouse or anti-rabbit IgG (Sigma), the bands were
visualized by chemiluminescence using a chemiluminescence
kit (Millipore, Billerica, MA, USA). Immunoreactive bands
were visualized on membranes using the Las-4000 system
(Fujifilm Life Sciences, Piscataway, NJ, USA).

Growth curve. The untransfected or stably transfected cells
were seeded in 96-well plates at a density of 1.0x10* cells/well
in DMEM containing 10% fetal bovine serum (FBS; Lonza) at
a final volume of 0.2 ml, and grown for 15 days at 37°C with
5% CO,. During this period, we selected three wells from
each group of cells every day at random for the growth curve
assay.

Colony formation assay. Approximately 2.0x10* SW620 cells
untransfected or stably-transfected with SW620-S-CD44 and
SW620-NC vectors were plated in 60-mm culture dishes
(SPL, Gyeonggi-Do, Korea). After 15 days, the cells were
fixed with methanol and stained with 0.1% crystal violet
(Sigma). Visible colonies were manually counted and their
size was measured.

Cell migration assay. Cell migration was evaluated by a scratch
wound-healing assay. Cells (5x10° per well) were seeded in
the culture insert (Ibidi® GmbH, Martinsried, Germany) and
allowed to adhere for 24 h. After appropriate cell attachment,
the culture insert was gently removed using sterile tweezers.
Fresh, full medium was added and the cells were allowed to
close the wound for 48 h. Photographs were taken every 24 h
at the same position of the wound and the migration distance
was measured.

Cell invasion assay. The cell invasion assay was performed
using a two-chamber Transwell (SPL). The upper surface
of a polycarbonate filter with 8-ym pores was coated with
1 mg/ml of Matrigel (BD PharMingen). Cells (2.5x10°) were
suspended in DMEM (Lonza) supplemented with FBS and
added to the upper chamber, and serum-free DMEM media
was placed in the lower chamber. Cells were incubated for
24 h at 37°C in a 5% CO, incubator. At the end of incubation,
the cells on the upper surface of the filter were completely
removed by wiping them with a cotton swab. Then, the filters
were fixed in 75% ethanol and stained with hematoxylin and
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Table II. DNA sequences of Wntla/Wnt3a.

Wnt DNA sequence

Wntla CGCGCGTCTGCACGAGTGTCTATCCATGGCCTACCC
Wnt3a CGTGCACACCTGCAAGTCCATGGCCTACCC

eosin (Millipore). Cells that had invaded the Matrigel and
reached the lower surface of the filter were counted under a
light microscope.

Immunofluorescence for -catenin expression. Prosta-sphere
images were analyzed for expression of nuclear f3-catenin
following untransfected or shRNA CD44-transfected cells.
Confocal imaging was performed using a Zeiss LSM 510
with a x4 objective zoom 2-3. Images were analyzed using
personal computer-based FV10-ASW 1.7 software (Olympus,
Tokyo, Japan). DAPI nuclear staining (blue; Invitrogen) and
quantified the intensities of the pixels in each channel (DAPI,
blue; B-catenin, red; Alexa Fluor® 594 conjugate; Cell
Signaling) on the sections were analyzed and histograms
were generated.

PI3K inhibitor. SW620-NC and SW620-S-CD44 cells were
cultured as described above. Cells (2.0x10°) were plated in
DMEM containing 10% FBS. Twenty-four hours after the
cells were seeded in a 10-cm culture dish, 20 zm of LY294002
(Cell Signaling) was added to the serum-free medium for 24 h.
Cells were washed in PBS and lysed and used in Western blot
analysis as described above.
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Wnt la/3a transfection with pLNCX retroviral vector. The
primer sequences of sense cDNA of Wnt 1a and 3a are shown in
Table IT and cloned in the retroviral vector, pPLNCX (Clontech,
Mountain View, CA, USA). When the cells reached 60-80%
confluence, each cell was transfected with pLNCX-Wnt 1a/
pLNCX-Wnt 3a using Lipofectamine 2000 (Invitrogen). At
48 h post-transfection, cells were harvested and lysed for
Western blotting.

Flow cytometry. Cells were stained with allophycocyanin
(APC)-labeled Annexin-V and 7-amino-actinomycin D
(7-AAD, Annexin-V Apoptosis kit; Abcam, Cambridge,
UK). We classified the cells as follows: intact cells (Annexin/
7-AAD"); apoptotic cells (Annexin*/7-AAD"); and necrotic
cells (Annexin*/7-AAD"). A total of 5.0x10° untransfected
or stably-transfected SW620 cells were washed twice with
ice-cold PBS and incubated for 5 min in a binding buffer
(1 ug/ml of 7-AAD and 1 pg/ml of APC-labeled Annexin-V).
FACS analysis for Annexin-V and 7-AAD stained cells was
performed. Cell cycle analysis was performed with Hoechst
33258 using the bromodeoxyuridin (brdUrd) Flow kit (BD
PharMingen).

Statistical analysis. All statistical analyses were performed
using a t-test with SPSS 17.0 (SPSS Inc., Chicago, IL, USA).
All data are expressed as the mean + SD.

Results
Expression of CD44 mRNA and protein. The level of expres-

sion of CD44 mRNA was evaluated by RT-PCR; GAPDH
served as an internal control. As shown in Fig. 1A, the level
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Figure 1. CD44 expression and cell proliferation. (A) mRNA expression of SW620-S-CD44 was reduced by 57.36% (p<0.05). The protein expression of
SW620-S-CD44 was reduced by 57.23% (p<0.05). (A*, RT-PCR; B**, Western blot analysis). (B) The proliferation of SW620-S-CD44 was markedly inhibited
in a time-dependent manner, and the highest inhibition rate was 61.92+2.4% on day 9 (p<0.05). (C) The number of colonies in SW620-S-CD44 was decreased

with an inhibition rate of 56.36% (p<0.005).



342 PARK et al: shRNA CD44 INHIBITS CELL INVASION AND PROMOTES APOPTOSIS OF COLON CANCER

e B
SWE20-5-CD44
n‘ r .“ e e
. -ix f‘ ’ 3 0 Day
\ =
: :5‘ ""'1 *'r-
. H u
| Day
12000 - 2 Day
10000 | 4[* -
| 260
2 go00 L - owild Type
5 £ 200
: 3 O SWE20-NC
o OSWE20-S-CD44
5 G000 g 150
£ 5
-
2 4000 5
2000 § *
0 L] 5 o T 3
DAY DAY 2DAY *P<0.008
SWE20-WT SWB20-NC SWE20-5-CD44

Figure 2. Invasion and migration assay. (A) The cells that invaded through the Matrigel-coated inserts were counted and photographed under a light micro-
scope (x400). a, SW620-WT; b, SW620-NC; ¢, SW620-S-CD44. The invasion activity of SW620-S-CD44 cells was significantly decreased by 43.4% compared
to SW620-WT ("p<0.001). (B) The migration assay was evaluated by the distance (xm) between the foremost-migrated cell and start line. The image was

photographed under a light microscope (x100) in 24 and 48 h. The migration activity of SW620-S-CD44 cells was significantly decreased by 42.69% (24 h)
and 40.35% (48 h) compared to SW620-WT (“p<0.005).
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Figure 3. f-catenin expression and Wnt signaling pathway. (A) Immunofluorescence microscopy images of the sub-cellular localization of B-catenin. A red
signal indicates B-catenin. The B-catenin activity of SW620-S-CD44 was significantly decreased by 56.4% compared to wild-type ("‘p<0.001). (B) Western blot
analysis of SW620-S-CD44 showed decreased phosphorylation of AKT, phosphorylation of GSK3a/p, and phosphorylation of PDK1 (Ser241). (C) LY294002
treatment significantly inhibited phosphorylated Akt expression and f-catenin in SW620-NC, but SW620-S-CD44. (D) After Wntla/3a transfection into
SW620-S-CD44, the expression of phospho Akt, GSK3, and 3-catenin were recovered.

of expression of CD44 mRNA in SW620-S-CD44 cells was  in CD44 protein expression was detected in sShRNA CD44-
significantly down-regulated (p<0.05). A significant reduction  transfected cells (SW620-S-CD44) compared with parental
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Figure 4. Flow cytometry and Western blot analysis for apoptotic molecules. (A) Flow cytometry reveals increase in the sub-G,-G, phase and decrease in the S
phase in SW620-S-CD44 compared to SW620-NC (p<0.001). (B) The early apoptosis rate of SW620-S-CD44 was significantly increased compared to control
cells ("p<0.005). (C) SW620-S-CD44 increased the levels of FoxOl, p53, p21, p27, and decreased cyclin D1 and CDK4 (D) SW620-S-CD44 decreased the
expression of Bcl-xL and Bcl-2, and increased BAX, Bimy, , Bim,; , and Bimg. (E) SW620-S-CD44 increases the levels of Fas-L, cleaved caspase-3, -8, and -9

and decreases the levels of uncleaved caspase-8.

(SW620-WT) and non-effective shRNA-transfected cells
(SW620-NC; p<0.05).

Cell growth and colony formation. Growth assay was
performed to examine the cell proliferation activity with
SW620-S-CD44, SW620-NC, and SW620-WT. As shown
in Fig. 1B, the cell proliferation was significantly decreased
in shRNA-transfected cells compared with control cells,
and the inhibition rate on day 9 was 61.92+2.4% (p<0.05).
SW620-S-CD44 stable cells show a significant reduction of
colony number (p<0.005, Fig. 1C). In addition, the size of
SW620-S-CD44 colonies was smaller than SW620-WT and
SW620-NC (Fig. 1C).

Invasion and migration assay. SW620-S-CD44 showed much
lower invasion activities than other control cells (SW620-NC
and SW620-WT) and the invasion activity was decreased by
approximately 43.4% (Fig. 2A). Migration was significantly
decreased in shRNA-transfected cells compared with the

other control cells, and the highest inhibition rate (SW620-
S-CD44/SW620-WT) was 42.69% (24 h), 40.35% (48 h;
p<0.005; Fig. 2B). SW620-S-CD44 took >48 h to close a
wound, whereas SW620-WT and SW620-NC cells took <48 h
to heal a wound.

pB-catenin activities and PDK1/Akt/GSK3 phosphorylation.
Transfected shRNA-CD44 led to down-regulation of the
B-catenin level (Fig. 3A and B) based on an immunofluores-
cence assay. In terms of the Wnt/f-catenin signaling pathway,
Akt activation requires phosphorylation of the Thr308 site by
PDKI1. As shown in Fig. 3B, shRNA CD44 inhibited PDK1
phosphorylation and caused a decrease in the intensity of the
phosphorylated Akt. siIRNA CD44 also inhibited GSK3a/p
phosphorylation.

PI3k inhibitor. LY294002 blocks H2-relaxin-induced phos-
phorylation of Akt and GSK-3p. We used the PI3K inhibitor,
LY294002, to block PI3K/Akt activation. LY294002 treatment



344

significantly inhibited phosphorylated Akt expression and
B-catenin (Fig. 3C). Complete inhibition of Akt phosphory-
lation at Thr308 and Ser473 was observed, while the total
amount of Akt proteins remained the same in the presence
or absence of LY294002. Consistent with the decrease in
[-catenin protein levels, we found that Ser9 phosphorylation
of GSK-3p proteins was also impaired by treatment with
LY294002. However, there was minimal or no change of phos-
phorylated Akt expression in the SW620-S-CD44.

Wntla/3a transfection. To confirm inhibition of Wnt signaling
by shRNA CD44, Wntla/3a sequences were transfected into
SW620-S-CD44. After transfection of Wnt 1a/3a, PDK1/Akt,
GSK3 a/p, and B-catenin levels recovered (Fig. 3D).

Cell cycle analysis. Cell cycle analysis showed that the G,-G,
population was increased from 2% in SW620-NC to 11.25% in
SW620-S-CD44 and the S-phase fraction was decreased from
10.1 to 6.37% (Fig. 4A; p<0.001). Western blot analysis showed
increased levels of phosphorylated p53 and increased the tran-
scription of FoxOl and p53. SW620-S-CD44 also increased
the expression of p21 and p27, and decreased cyclin D1 and
CDK 4, the activity of which is required for the cell cycle G,/S
transition (Fig. 4C).

Apoptosis analysis. The apoptotic rate of SW620-S-CD44 was
increased to 41.7% compared with 10.3% in SW620-NC based
on FACS analysis (p<0.005; Fig. 4B). shRNA CD44 decreased
the expression of Bcl-xL and Bcl-2 proteins, but increased
the expression of BAX, Bimg,;, Bim; and Bimg (Fig. 4D).
shRNA CD44 also increased the expression of Fas-L, cleaved
caspase-3, -8, and -9 (Fig. 4E).

Discussion

CD44 is a transmembrane cell-surface adhesion molecule
that has been found to support anchorage-independent growth
in vitro and tumor growth and metastasis in experimental
models of solid cancers (6-8). The CD44 is involved in
fundamental aspects of cancer cell biology, such as the tumor
stem cell phenotype, cell adhesion, and invasion, and this
inhibition provides a rationale for the design of corresponding
therapies (8,35). RNA interference can be triggered by small
interfering RNAs (siRNAs) that cause inhibition of gene
expression on specific genes (36). These siRNAs can be used
for the suppression of gene expression. Similarly, shRNA is
a DNA vector-based shRNA which can be further processed
to form siRNAs. The shRNA hairpin structure is cleaved by
the cellular machinery into siRNA (37). Proliferation and
invasion of tumor cells is under the control of several different
signaling pathways, including Wnt signaling (15). Aberrant
Wht signaling initiates malignant transformation of intestinal
epithelium in both humans and mice (38), perturbing the prolif-
eration, migration, differentiation, and apoptosis of progenitor
cells in colon cancer (39). In the present study, CD44 is an
important regulator of cell adhesion, tumor initiation, migra-
tion, and proliferation targeting Wnt signaling. In tumors
with Wnt pathway defects, stabilized [3-catenin interacts with
TCF transcription factors to mediate increased expression of
specific genes, at least some of which likely play critical roles
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in cancer pathogenesis (40). One of the well-known pathways
that regulates oncogenesis in different organs is the Wnt
signaling pathway (41). B-catenin is a downstream molecule
in the Wnt signaling pathway and plays important roles in
the structural organization and function of cell-to-cell adhe-
sion and tumor invasion and metastasis (42). CD44 can also
regulate Wnt-target genes (43). Among them, Akt is important
for the survival of cancer cells (21). The Akt phosphorylation
was inhibited by shRNA CD44 and PDK1, which controls the
activation of Akt. The site of PDK1 phosphorylation, Ser 241,
is very important in PDK1 activation (44,45). shRNA CD44
inhibited Ser241 phosphorylation of PDK1. This inhibition of
the PDK1/Akt molecule is an important signal for cell survival
(27). GSK3p is the target of PDK1/Akt signal transduction.
Down-regulated GSK3 inactivates various proteins that are
involved in cell proliferation and survival, such as p-catenin,
cyclin DI, c-jun, c-myc, C/EBP and CREB (46). The loss
of GSK3 protein explains the stable accumulation of non-
phosphorylated f-catenin that is accessible to the adherens
junction at the cell periphery (47). The Wnt/(3-catenin pathway
was very recently reported to protect cells from p53-mediated
FoxOl-induced apoptosis, a mechanism involving the activa-
tion of the Akt survival pathway (27,29). Silencing of CD44
expression in SW620 cells, indicating decreased [3-catenin,
increased wild-type p53 and FoxOl expression. Activation of
FoxOl1 induces apoptosis by up-regulating a number of cell
death genes, including those encoding the ligand for the death
receptor (Fas) and the Bcl-2-interacting mediator (Bim) of cell
death, and the tumor necrosis factor-related apoptosis-inducing
ligand (27,33). Sub-cellular localization of wild-type FoxO1
is controlled primarily by phosphorylation, leading to nuclear
export and subsequent repression of transcriptional activity
(25,26). BAX is one of the pro-apoptotic member proteins,
and is activated by the FoxO1l and Bcl-family (Bcl-2 and
Bcl-xL). BAX induces apoptosis due to a caspase-mediated
mitochondrial pathway. As CD44 offers most resistance to
apoptosis in human colon cancer cells, CD44 knockdown cells
exhibit increased FoxOl, BAX, and cleaved caspase levels.
These results suggest that the increased apoptosis in the CD44
knockdown group could be due to reduced clonogenic ability
(19,20,48-50). The Bcl-2 family of proteins performs anti-
apoptotic roles in the regulation of mitochondrial membrane
permeability (33). The knockdown of CD44 was shown to
alter the levels of Bcl-2 family member proteins. The levels of
anti-apoptotic Bcl-xL/Bcl-2 and Bid proteins were decreased
and pro-apoptotic BAX and Bim levels were increased in
shRNA CD44-transfected cells.

Caspases are a family of proteases that are collectively
known as one of the principal executioners of apoptosis,
and their cleavage and subsequent activation are considered
the primary hallmarks of apoptosis. In the death receptor-
dependent pathway, death receptors and their ligands (Fas/
Fas-L and DR5/TRAIL) induce caspase-8 activation; acti-
vated caspase-8 in turn cleaves Bid and/or directly triggers the
activation of caspase-3. When cleaved, truncated Bid migrates
to the mitochondria, where it increases the permeability of
the mitochondrial membrane, induces cytochrome c release
and caspase-9 cleavage (31). The current study demonstrated
that shRNA CD44 induces apoptosis in SW620 human colon
cancer cells harboring the wild-type p53 gene, and inducing the
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cleavage of caspase-3, -8, and -9. In conclusion, knockdown of
CD44 by way of shRNA inhibits cell proliferation and invasion
by down-regulation of the Wnt/pB-catenin/PDK1/Akt signaling
and induces cell apoptosis by increased G,-G, phase/activation
of caspase activity. This suggests that CD44 knockdown can
be a therapeutic intervention with anti-survival/pro-apoptotic
machinery in human colon cancer.
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