Upregulation of SPRR3 Promotes Colorectal Tumorigenesis
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Hereditary colorectal cancer develops through a series of well-defined genetic and histological changes. However, elucida-
fion of the canonical pathway based on hereditary colorectal cancer has not provided a clear explanatfion of the molecular
mechanisms of sporadic colorectal cancer. To identify the alterative pathways involved in sporadic colorectal ftumorigenesis, we
performed gene expression analysis in patients with sporadic colorectal tumors. A comparison analysis of gene expression profiles
revealed a pattern of upregulation of small proline rich repeat protein 3 (SPRR3) in tumor samples. SPRR3 has previously been re-
ported to be downregulated in esophageal cancer. However, in the present study, we observed that SPRR3 was strongly upregu-
lated in 31 of 35 samples of sporadic colorectal tumors (88%). We also determined that overexpression of SPRR3 not only accel-
erates colorectal cancer cell proliferation but also is associated with lymphovascular invasion in colorectal cancer. Moreover, AKT
was activated and p53 levels were decreased in cells that overexpressed SPRR3. In confrast o the pattern seen in esophageal
cancer, these results suggest that increased expression of SPRR3 is involved in colorectal fumorigenesis.
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INTRODUCTION

The occurrence of colorectal cancer
has gradually increased over the last
decade, and colorectal carcinoma was
the third most common cancer in Korea
in 2005 (1). Although several oncogenes
and tumor-suppressor genes are known
to be involved in the progression of
hereditary colorectal cancer, the molecu-
lar changes associated with sporadic co-
lorectal cancer are not yet understood
(2-4). Genome-wide gene expression
analysis is the method most widely
used to investigate how cancer-related
genes are altered during tumorigenesis
(5-7). We previously identified several
genes associated with molecular
changes in sporadic colorectal cancers
by microarray analysis of the gene ex-
pression profiles of sporadic colorectal

cancer patients. When we investigated
these genes, we found that SPRR3
(small proline rich repeat protein 3) was
a protein associated with the molecular
changes and clinicopathological features
of this disease (8). SPRR proteins are
known to be markers for terminal squa-
mous cell differentiation, but they also
function in nonsquamous tissues (9).
For example, SPRR1A is induced by and
is protective against ischemic stress in
cardiomyocytes (10). It has recently
been reported that SPRR3 is upregu-
lated in celiac disease and also by pro-
longed exposure to cyclic strain (11,12).
However, SPRR3 is frequently downreg-
ulated in esophageal squamous cell car-
cinoma (ESCC) and it has been shown
to suppress the tumorigenicity of ESCC
cells (13-15).
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AKT has emerged as a key molecule
mediating multiple signaling pathways.
AKT was discovered as an oncogene and
is involved in metabolic functions, cell
survival and the cell cycle (16). Recent
studies have shown that AKT activates
Mdm2 to accelerate p53 ubiquitination
(17-19).

In this study, we showed that SPRR3 is
dramatically upregulated in colorectal
cancer. The ectopic expression of SPRR3
accelerates cell proliferation through
AKT activation in SW480 colorectal can-
cer cells. Moreover, overexpressed SPRR3
is associated with lymphovascular inva-
sion in colorectal cancer. Our results sug-
gest that SPRR3 is highly expressed in
colorectal tumors and may potentiate tu-
morigenesis in colorectal cancer.

MATERIALS AND METHODS

Patients, Tissue Samples and Cell Lines
For the initial screening of SPRR3 ex-
pression, 35 colorectal cancer tissue sam-
ples were randomly chosen from the
archival samples of the Asan Medical
Center (Seoul, Korea). For the clinical vali-
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dation, a total of 128 sporadic colorectal
cancer patients, including 123 patients
who underwent curative surgery (RO re-
section) and 5 who underwent palliative
surgery, were consecutively recruited
(Table 1). Patients with hereditary non-
polyposis colorectal cancers or familial
adenomatous polyposis and patients who
had received preoperative chemoradia-
tion therapy were excluded. Primary colo-
rectal adenocarcinoma tissue and the ad-
jacent normal colonic mucosa tissue (at
least 10 cm from tumor) were obtained
during surgery; ESCC tissue and normal
esophageal epithelium samples were ob-
tained from the Biological Resources Cen-
ter (Department of Pathology at the Asan
Medical Center, Seoul, Korea). All patients
provided written informed consent, and
the study protocol was approved by the
Institutional Review Board for Human
Genetic and Genomic Research, in accor-
dance with the Declaration of Helsinki.
FHC, a colorectal cell line, was obtained
from the American Type Culture Collec-
tion (ATCC) (Manassas, VA, USA).
CCD841 cells were kindly provided by SY
Rha (Yonsei University, Seoul, Korea). The
AMCS5 cell line was established in our lab-
oratory (20). All other colorectal cancer
cells were obtained from ATCC, and cul-
tured at 37°C in a 5% CO, incubator and
maintained as recommended by ATCC in
RPMI1640, minimal essential medium, or
Dulbecco’s modified Eagle’s medium,
containing 10% fetal bovine serum and
1% penicillin/streptomycin (Invitrogen,
Carlsbad, CA, USA).

Cloning and Transfection

The full-length cDNA encoding SPRR3
was generously provided by M-R Wang
(Peking Union Medical College, Beijing,
China). SPRR3 cDNA was amplified by
polymerase chain reaction and subcloned
into hemagglutinin (HA)-tagged
pcDNA3 (pHA-SPRR3) (Invitrogen) for
the generation of stable transfectants.
SW480 cells were transfected with pHA-
SPRR3 using lipofectamine 2000 accord-
ing to the manufacturer’s instructions
(Invitrogen). After selection with G418
(1 mg/mL) for 10 d, stable expression of

Table 1. Baseline demographic and biological features of 128 colorectal cancer patients.

Features

No. of patients (missing values)

Sex, male/female
Age, years, mean + SD
Stage,® I/1I/1I/IV

Preoperative serum carcinoembryonic antigen, <6/>6 ng/mL

Tumor characteristics

Site,® right colon/left colon/rectum
Long diameter, <4/>4 cm

Growth pattern, expanding/infiltrative

Differentiation, well and moderately differentiated/

poorly differentiated and mucinous
Lymphovascular invasion, no/yes
Either MLH1 or MSH2 expression, no/yes

64/64

59 +12
11/42/55/20
89/39

25/41/62

38/90
109/19
116/13

67/61
9/84 (35)

“Cancer staging according to the American Joint Committee on Cancer (sixth edition,

2001; http://www.cancerstaging.org).

PRight colon, cecum-splenic flexure of the transverse colon; left colon, splenic flexure of

the fransverse colon-sigmoid colon.

SPRR3 (SW480/SPRR3) was confirmed
by Western blot analysis with anti-HA
antibody. A control cell line was estab-
lished by transfecting an empty expres-
sion vector, pcDNA3.1 (Invitrogen). The
SPRR3 small interfering RNA (siRNA)
(5'-CAGACAAGCCCUUGAGAA-3")
and nontargeting scrambled siRNA
(5'-CCUACGCCACCAAUUUCGU-3")
were synthesized from the Bioneer
(Daejeon, Korea) and transfected into
cells with lipofectamine 2000 (Invitro-
gen). Knock-down efficiency was evalu-
ated by Western blot analysis with anti-
SPRR3 antibody.

Western Blot Analysis

All tissues and cells were extracted in
2 x Laemmli sample buffer (62.5 mmol /L
Tris-HC, 25% glycerol, 2% sodium dode-
cyl sulfate (SDS), 5% 2-mercaptoethanol,
0.01% Bromophenol Blue) (BioRad,
Hercules, CA, USA), separated by
SDS-polyacrylamide gel electrophoresis,
and transferred to polyvinylidene difluo-
ride membranes. After blocking with
skim milk in Tris-buffered saline Tween-20
(10 mmol/L Tris-HCI, 0.1 mol/L NaCl,,
0.1% Tween-20, pH 7.4), membranes
were incubated with specific primary an-
tibodies (anti-SPRR3 antibody was from
Proteintech Group [Chicago, IL, USA]J;
anti-AKT, anti-phospho-AKT, anti-ERK,
anti-phospho-ERK, anti—-phospho-p38
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and anti-p53 antibodies were from Cell
Signaling Technology [Beverly, MA,
USAJ; anti-Actin antibody was from
Chemicon International [Temecula, CA,
USAJ; anti-HA antibody was from Santa
Cruz Biotechnology [Santa Cruz, CA,
USA]J; anti-mdm?2 and anti-phospho-
mdm?2 antibodies were from BD [San
Jose, CA, USA] and Calbiochem [La
Jolla, CA, USA]). Then the membranes
were incubated with horse radish
peroxidase—conjugated secondary anti-
bodies (Pierce, Rockford, IL, USA).

Immunohistochemistry
Paraffin-embedded tissue cores ob-
tained from carcinomas were used to con-
struct tissue microarrays and arrayed
onto recipient paraffin blocks by using a
precision instrument (Beecher Instru-
ments, Sun Prairie, WI, USA). Tissue
array blocks containing core cylinders
were subjected to immune staining based
on the labeled streptavidin—biotin
method with a DAKO LSAB® kit (DAKO,
Carpinteria, CA, USA), by using mono-
clonal antibodies against SPRR3 (Protein-
tech Group, Chicago, IL, USA), MLH1
and MSH2 (G168-15 and G219-1129; BD
PharMingen, San Diego, CA, USA). The
SPRR3 cytoplasmic expression was clas-
sifed into two categories depending on
the degree. Category I was formed by
two grades, negative expression at <10%



and positive expression at >10% staining
cells; category II included two grades,
downregulation at <50% and overexpres-
sion at >50% staining cells. The MLH1-
and MSH2-stained cells were divided
into two grades, negative at <10% and
positive at >10% cells with nuclear stain-
ing. All hematoxylin-eosin and immuno-
histochemical staining results were con-
firmed by two pathologists.

MTT and Flow Cytometry Assay

SW480 and SW480/SPRR3 cells were
seeded into a 96-well plate. The cell pro-
liferation rate was measured by a plate
reader (absorbance 450) after incubation
with Cell-counting kit 8 (CCK8) solution
reagent (10 uL) (Dojindo Laboratories,
Kumamoto, Japan) for 2 h. For cell-cycle
distribution analysis, SW480 and SW480/
SPRR3 cells were resuspended in ice-cold
phosphate-buffered saline, fixed with
70% ethanol on ice, and incubated with
propidium iodide solution (50 ug/mL)
(Sigma, St Louis, MO, USA) for 30 min.
After washing with phosphate-buffered
saline, the cells were analyzed on a flow
cytometer using CellQuest software
(Becton Dickinson, Franklin Lakes, NJ,
USA)

Colony-Formation Assay

A colony-formation assay was per-
formed by using a Cytoselect 96-well cell-
transformation assay kit according to the
manufacturer’s protocol (Cell Biolabs,
San Diego, CA, USA). Briefly, SW480 and
SW480/SPRR3 cells (1 x 10°) were seeded
into the individual wells of a 96-well
plate containing 0.6% agar/RPMI1640
medium. After culture for 14 d, the cells
were solubilized, lysed and detected with
CyQuant GR dye by using a fluorescence
plate reader with a 485/520-nm filter
(Molecular Devices, Sunnyvale, CA,
USA), or the colonies were visualized by
crystal violet staining (Sigma).

Statistical Analysis

Presented bar data show standard
error of the mean (SEM). Significant dif-
ferences among groups were determined
using the Student ¢ test. SPRR3 expres-
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Figure 1. SPRR3 is upregulated in colorectal cancer. The expression of SPRR3 was assessed
by Western blotting with SPRR3 antibody in colorectal tissues (T, fumor tissue; N, correspon-
ding normal tissue) (A) and in several colorectal cell lines (C). Actin was used as a loading
control. The expression levels of SPRR3 in normal and cancer tfissues were quantified by
densitometric image scanning of the Western blots. The expression ratio was normalized

by Actin (n = 35) (B).

sion was compared with demographic
and biological parameters by cross-table
analysis performed using Fisher exact or
Pearson y” test, depending on statistical
validity. We verified potential variables
by multivariate analysis using binary lo-
gistic regression. Statistical significance
was defined as a P-value < 0.05, and all
calculations were performed by using
SPSS software (version 14; SPSS Inc.,
Chicago, IL, USA).

All supplementary materials are available
online at www.molmed.org.

RESULTS

SPRR3 Is Upregulated in Colorectal
Cancer

To investigate the molecular changes
associated with colorectal tumorigenesis,
we analyzed gene expression patterns in
84 patients with sporadic colorectal can-
cer by using a microarray (8). Among
1263 differentially expressed genes,
SPRR3 was shown to be associated with
molecular changes, and we therefore ex-
amined the expression level of SPRR3 in
colorectal cancers. Samples of the tumor
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tissues and the surrounding normal tis-
sues were obtained at the time of surgery.
Among 35 colorectal cancer patients,
SPRR3 was highly expressed in tumors
compared with the adjacent normal mu-
cosa in 31 cases (88%) (Figure 1A, B).
Next, the analysis of expression levels
was extended to colorectal cell lines. Con-
sistent with our findings in tissues,
SPRR3 was weakly expressed in normal
cell lines including CCD841 and FHC
cells, but its expression was increased in
most of the colorectal cancer cell lines ex-
cept DLD1 cells (Figure 1C).

The two categories of SPRR3 expression
were associated with demographic and
biological features (Figure 2, Table 2). We
found that SPRR3 expression was closely
correlated with lymphovascular invasion
(LVI) of tumor cells, as seen in the 1.5-
and 2.1-fold greater positive expression
and overexpression of the SPRR3 in tu-
mors with LVI compared with tumors
without LVI (P = 0.002 and 0.004, respec-
tively). In a multivariate analysis, which
included possibly potent demographic
and biological features, tumors with LVI
showed significant correlation with posi-
tive expression and overexpression of
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Figure 2. Representative photomicrographs of immunohistochemical staining for SPRR3 in
colorectal cancer tissues. Cytoplasmic expression of SPRR3 in colorectal cancer tissues
was examined by immunohistochemical analysis on a fissue microarray, showing down-
regulation (left) and overexpression (right) in colorectal cancer fissues.

SPRR3 (relative risk, 6.204 and 3.161; 95%
confidence interval, 2.108-18.261 and
1.233-8.105; P = 0.001 and 0.017, respec-
tively). These results show that SPRR3 is
upregulated and may play a role in colo-
rectal cancer invasion. SPRR3 expression
was also associated with female sex and
with tumors showing mismatch repair
(MMR) defects (P < 0.05).

Overexpression of SPRR3 Accelerates
Cell Proliferation

The significant overexpression of
SPRR3 in colorectal cancer led us to inves-
tigate the effect of overexpressed SPRR3
on the proliferation rate of colon cancer

cells. An SPRR3-overexpressing cell line
was generated from SW480 human colon
cancer cells (SW480/SPRR3 clone). As
shown in Figure 3A, the ectopic expres-
sion of SPRR3 dramatically increased the
proliferation rate of SW480 cells in a time-
dependent manner. To determine whether
the increased proliferation rate was due
to acceleration of the cell cycle, we next
examined the effect of SPRR3 on the dis-
tribution of cell-cycle phases. The flow cy-
tometer results indicated that overexpres-
sion of SPRR3 in SW480 cells caused
enhanced accumulation of cells in the
G2/M or S phase compared with SW480
control cells (Figure 3B). We further ex-

plored the effect of SPRR3 on anchorage-
independent growth by conducting a soft
agar assay (Figure 3C). Colony formation
was increased in the SW480/SPRR3 cells
compared with control SW480 cells, sug-
gesting that increased SPRR3 expression
potentiates the growth of colorectal cancer
cells.

It has previously been shown that
SPRR3 expression is reduced in esophag-
eal cancer. To investigate the effect of
downregulated SPRR3 in colorectal cancer
cells, SPRR3 siRNA was used to specifi-
cally knock down SPRR3 expression.
SW480 cells were transiently transfected
with either nontargeting scrambled
siRNA or SPRR3-specific siRNA, and the
effects on cell death were determined. Un-
like the findings in ESCC, our results
showed that the reduced SPRR3 expres-
sion did not significantly affect cell death
in SW480 colorectal cancer cells (Figure 4).

AKT Is Activated in
SPRR3-Overexpressing Cells

To determine the functional role of
SPRR3 in colorectal cell proliferation, we
investigated possible involvement of the
AKT or MAP-kinase pathways in SPRR3-
mediated cell proliferation. AKT and
MAP kinase both play pivotal roles in
fundamental cellular functions such as

Table 2. SPRR3 expression associated with demographic and biological parameters in 128 sporadic colorectal cancers

Percentage of patients with SPRR3 expression®

Parameters Positive expression P value® Overexpression P value®
Sex, male/female 59.4/75 0.045° 25/39.1 0.065
Age, years, <50/>50 73.3/65.3 0.279 30/32.7 0.486
Stage, | + I/l + IV 66/68 0.482 26.4/36 0.171
Tumor characteristics
Site, right colon/left colon® 76/65 0.211 40/30.1 0.235
Growth pattern, expanding/infilfrative 67.9/63.2 0.436 33.9/21.1 0.201
Differentiation, well and moderately differentiated/ 67/69.2 0.569 29.6/53.8 0.075
poorly differentiated and mucinous
Lymphovascular invasion, no/yes 55.2/80.3 0.002° 20.9/44.3 0.004°
Either MLH1 or MSH2 expression, no/yes 77.8/70.2 0.484 66.7/32.1 0.048°

“Category | includes 2 grades, negative at <10% and positive at >10% staining cells, and category Il includes 2 grades, downregulation at
<50% and overexpression at >50% staining cells, respectively.

bCross-table analysis using Fisher exact test.

°P<0.05.

dCancer staging according to the American Joint Committee on Cancer (sixth edition, 2001).

°Right colon, cecum-splenic flexure of the transverse colon; left colon, descending colon-the rectum.
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Figure 3. SPRR3 increases cell proliferation. The cell proliferation rates of control SW480
cells and SW480 cells stably expressing SPRR3 (SW480/SPRR3) were measured by a CCK8
cell proliferation assay. The results are presented in terms of the daily proliferation rate (A).
The SW480 and SW480/SPRR3 cells were harvested and stained with propidium iodide
and then they were subjected to a flow cytometer for cell cycle analysis. The bars repre-
sent the cell population at each stage of the cell cycle (B). Anchorage-independent cell
growth was measured by a fluorescence plate reader after SW480 and SW480/SPRR3 (1 x
10% cells were seeded and cultured for 14 d. The colonies were visualized by crystal violet
staining (C). RFU, relative fluoresce unit. The data are presented as the mean + SEM.

cell proliferation, migration and apopto-
sis. As shown in Figure 4, the overex-
pression of SPRR3 in SW480 cells led to a
dramatic increase in AKT phosphoryla-
tion. There was no change, however, in
ERK1/2 or p38 MAP kinase (Figure 5A).
The AKT pathway is associated with tu-
morigenesis in many cancers, including
colon cancer, and AKT has been shown
to regulate the activity of various pro-
teins associated with oncogenesis. Sev-
eral research groups have recently shown
that AKT phosphorylates Mdm?2 to pro-
mote p53 degradation. The tumor sup-
pressor p53 is a transcription factor that
can induce either cell-cycle arrest or cell
death, and p53 is expressed at very low
levels or mutated in many types of can-
cer. We therefore examined the expres-

sion of phospho-Mdm?2 and p53 in asso-
ciation with SPRR3 expression. Interest-
ingly, phosphorylation of Mdm2 was
highly increased, but p53 levels were de-
creased in SPRR3-overexpressing SW480
cells (Figure 5B). These results suggest
that the AKT pathway is involved in
SPRR3-mediated proliferation of colorec-
tal cancer cells.

DISCUSSION

Loss of SPRR3 expression is frequently
observed in ESCC, where it is known to
inhibit tumorigenesis (Supplementary Fig-
ure 1) (13-15). However, the clinicopatho-
logical characteristics of SPRR3 have not
been investigated in other types of can-
cers, including colorectal cancer. We have
previously reported the association of sev-
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eral genes with molecular alterations in
colorectal tumorigenesis (8). Surprisingly,
in contrast to the findings in ESCC, SPRR3
was frequently and dramatically upregu-
lated in colorectal cancers. Expression
analysis with tumor samples from colorec-
tal patients showed that the rate of SPRR3
upregulation in colorectal tumors was al-
most 88% (Figure 1). The analysis of the
gene expression pattern in 35 colorectal
cancer cases showed that SPRR3 was in-
creased in 31 cases. Moreover, most of the
colorectal cancer cell lines analyzed also
exhibited an increase in the expression of
SPRR3. The immunohistochemical analy-
sis of SPRR3 expression revealed that up-
regulated SPRR3 may be involved in LVI
in colorectal cancer. A previous related
study showed that the ratio of GATAS,
which is a regulator of epithelial differenti-
ation, to SPRR3 can significantly discrimi-
nate between normal tissue and esophag-
eal adenocarcinoma (21). Venous and
lymphatic invasion are crucial steps in the
formation of micrometastases and even-
tual macroscopic tumor growth in a dis-
tant organ (22). LVI may thereby enhance
existing staging systems for analyzing in-
dividual prognostic features (23). SPRR
proteins are differentially expressed in dif-
ferent tissues, suggesting that they have
distinct tissue-specific functions. There-
fore, the differential expression of SPRR3
in colorectal and esophageal cancers might
be due to different tissue-specific expres-
sion patterns. Another possible explana-
tion of these differences is that transcrip-
tional regulation of SPRR3 may vary
according to tissue type.

Alterations in Wnt/B-catenin
(CTNNBI) signaling and in MMR genes
have been shown to contribute to the de-
velopment of colorectal cancer. In the cur-
rent study, SPRR3 overexpression was
associated with deficient MLH1 and
MSH?2 expression, which was possibly
related to the frequent AXIN2 mutations
reported in MMR-deficient cells (24).
AXIN2 is known to have an important
role in the regulation of the stability of
CTNNBI in the Wnt-signaling pathway.
However, the association of SPRR3 ex-
pression with MMR defects and female
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Figure 4. Reduced expression of SPRR3 does not affect cell proliferation and cell death in
colorectal cancer cells. The SW480 cells were transfected with control scrambled siRNA
(Scram) or SPRR3 siRNA (siSPRR3). Reduced SPRR3 expression was confirmed by Western
blot analysis with anti-SPRR3 antibody. Two days after siRNA transfection, cells were ex-
posed to 50 ug/mL & FU with 10 ug/mL Leucovorin (FL), 30 ug/mL Oxaliplatin (Oxal) or

30 ug/mL Irinotecan (Irino) for 24 h and then cell viability was determined by MTT assay.
The values are mean + SEM (n > 3 fimes).

sex requires further verification in a larger
cohort of colorectal cancer patients. Be-
cause the CTNNBI complex regulates the
expression of several genes that have been
implicated in colorectal tumorigenesis, in-
cluding Myc and Cox2 (25-27), it is possi-
ble that expression of SPRR3 might be
regulated by the CTNNBI-mediated path-
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way in colorectal cancer. Although we
have not identified the factors involved in
the regulation of SPRR3 expression, the
underlying mechanisms should be exam-
ined further to elucidate the function of
SPRR3 in colorectal tumorigenesis.

We also investigated the effect of ec-
topic expression of SPRR3 in the potentia-

SW480
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Figure 5. The AKT signaling pathway is activated in SPRR3-expressing cells. The changes in
the expression of several signaling molecules involved in the cell cycle or cell proliferation
were evaluated by Western blot analysis with the indicated antibodies in SPRR3-expressing
cells (A and B). And SPRR3 stable expression (SPRR3) was detected with anti-HA antibody.
Actin was used as an internal loading conftrol.
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tion of colorectal tumorigenesis, and we
found that SW480/SPRR3 cells showed
accelerated cell proliferation compared
with SW480 cells. Further evidence for a
function for SPRR3 in tumorigenesis was
provided by the soft agar assay. SW480/
SPRR3 cells showed a high anchorage-
independent proliferation rate, support-
ing the hypothesis that increased SPRR3
plays a role in colorectal tumorigenesis. It
has been reported that SPRR1A protein is
upregulated in, and is protective against,
hypoxia-induced stress (10). To further
elucidate the mechanisms of molecular
control of SPRR3 in colorectal cancer, we
next examined the effect of SPRR3 on AKT
signaling. AKT signaling has been impli-
cated in angiogenesis and tumor invasion
as well as in tumor cell survival (28-29).
AKT regulates cell growth by modulating
several key proteins such as p21, p27,
GSK3p and Mdm?2 (17,30-32). Because the
ectopic expression of SPRR3 markedly en-
hances AKT phosphorylation in colorectal
cancer cells, we further explored SPRR3-
mediated AKT signaling. AKT activation
is mainly induced by growth-factor stim-
ulation, which is negatively regulated by
PTEN. Therefore, we investigated the ex-
pression of PTEN and phospho-PI3K in
SPRR3-overexpressing cells, and found
that these proteins were not significantly
altered by SPRR3 expression (data not
shown). It was recently reported that in-
creased a1pl-integrin enhances SPRR3 ex-
pression (33), and integrin could induce
AKT activation through the integrin-
associated protein ILK (integrin-linked ki-
nase) (34,35). The molecular mechanisms
underlying the activation of AKT by
SPRR3 are not clear, and further investiga-
tion is therefore needed to elucidate the
specific mechanisms. We also screened the
AKT downstream molecules and found
that Mdm? is a key molecule in SPRR3-
mediated stimulation of cell proliferation.
AKT promotes the degradation of p53
through the phosphorylation of Mdm?2
(17-19), and p53 controls cell proliferation
by inducing either growth arrest or apo-
ptosis. Accordingly, p53 is frequently
found in an inactivated, mutated form in
many types of cancer (36-37). In this



study, we found that the ectopic expres-
sion of SPRR3 downregulated p53 expres-
sion. Although the molecular factors regu-
lating SPRR3 in colorectal cancer remain
to be elucidated, these results lead us to
propose that the effect of SPRR3 in pro-
moting colorectal tumorigenesis is associ-
ated with the degradation of p53 caused
by AKT activation.

To determine whether SPRR3 can be
used as a prognostic or diagnostic marker
in colorectal cancer, we are currently con-
ducting an analysis of the biological and
pathological characteristics of colorectal
cancer. The results of the current study
indicate that SPRR3 promotes cell prolif-
eration, and that it may be a candidate
biomarker for colorectal cancer.
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