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The purpose of this study was to examine the expression of phospholipid scramblase 1 (PLSCRT1) in fumor fissues and plasma

specimens of patients with colorectal cancer (CRC), as well as analyze ifs association with clinical parameters. The expression lev-
els of PLSCR1 protein in 104 matched CRC and adjacent normal tissue sections and 50 pairs of CRC ftissue blocks were deter-
mined by use of immunohistochemical and Western blot analyses, respectively. To evaluate the diagnostic potential of PLSCR1,
the plasma levels of PLSCR1 were investigated in 111 additional subjects (69 CRC patients and 52 healthy controls) by Western
blot. PLSCR1 was overexpressed in malignant adenocarcinoma tissues compared with normal colorectal mucosa (P < 0.001). In
addition, the plasma level of PLSCR1 was not only significantly elevated in CRC patients compared with healthy individuals (P <
0.001), but it was also substantially increased in early stage CRC (P < 0.001). Importantly, the overall sensitivity and specificity of
PLSCR1 for CRC detection were 80% and 59.6%, respectively. The area under the ROC curve of PLSCR1 for CRC diagnosis is 0.75,
which increases to 0.8 if combined with the measurement of carcinoembryonic antigen. Univariate analysis with the Cox regres-
sion model revealed that elevated PLSCR1 expression indicated a poor prognosis for CRC. This study showed that PLSCR1 protein
levels were significantly elevated in both the cancer tissue and plasma of CRC patients. Moreover, the plasma levels of PLSCR1
were significantly elevated in patients with early stage CRC compared with healthy individuals, suggesting that PLSCR1 might be
used as a noninvasive serological diagnostic and prognostic biomarker for CRC.
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INTRODUCTION

Colorectal cancer (CRC), with an esti-
mated 1 million new cases and 500,000
deaths annually, is the third most com-
mon cancer worldwide (1). CRC is
thought to take several years to develop
from a precancerous adenoma to a ma-
lignant carcinoma (2). Clinically, the
stage of disease at initial diagnosis is the
most important prognostic factor for
CRC patients. Studies have shown that

early detection of CRC and subsequent
intervention during an early stage has
the potential to reduce both the incidence
and mortality of the disease (3-5). Cur-
rently, available screening methods in-
clude digital rectal examination, fecal oc-
cult blood test and colonoscopy (6,7).
However, the diagnostic value of the cur-
rently most reliable noninvasive screen-
ing test, the fecal occult blood test, is lim-
ited in terms of its low sensitivity and
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lack of patient compliance (8,9). To over-
come this problem, the identification of
novel biomarkers that can aid the early
detection of CRC is crucial.

Tumor markers are widely used for the
detection and monitoring of cancer in
clinical laboratory tests. Currently, few
clinically verified markers are suggested
to predict the biological behavior of
CRC. Some potential colorectal tumor
markers, such as carcinoembryonic anti-
gen (CEA), CA 242, CA 19-9, CA 50, tis-
sue plasminogen activator, tissue-
polypeptide—specific antigen and tissue
inhibitor of metalloproteinase 1 have
been extensively studied. In clinical tests,
none of these serological markers have
demonstrated both the high sensitivity
and high specificity needed to detect
early stage CRC (10-13).
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Phospholipid scramblase 1 (PLSCR1),
a newly identified calcium-dependent
plasma-membrane protein (14,15), has
been revealed to be important in the
transbilayer movement of phos-
phatidylserine and other aminophospho-
lipids to the plasma membrane outer
leaflet. This transbilayer movement usu-
ally occurs after a physiological event,
such as cellular injury and apoptosis
(16-18). Furthermore, studies have re-
ported that PLSCR1 may be involved in
the regulation of tumor cell proliferation
(19). Silverman et al. have shown that
overexpression of PLSCR1 suppresses
the growth of ovarian carcinoma cells in
vivo (20). Interestingly, in our previous
membrane proteomics study, we used
liquid chromatography—tandem mass
spectrometry technology to quantify
membrane proteins of CRC tissue (21)
and found that the expression of PLSCR1
was upregulated in CRC tissue com-
pared with normal tissue. Collectively,
these reports suggest that PLSCR1 may
play an important role in tumorigenesis.
However, the biological functions and
the expression levels of PLSCR1 in pa-
tients with CRC have not been well in-
vestigated. The aim of this study was to
investigate the expression of PLSCR1
protein in CRC tissues and to test the
possible clinical relevance of plasma
PLSCR1 levels for the detection of CRC.

MATERIALS AND METHODS

SUBJECTS

All the study subjects and clinical
specimens were consecutively collected
from the Department of Colorectal Sur-
gery, Chang Gung Memorial Hospital,
Taiwan. All of these CRC patients had
histologically verified adenocarcinoma of
the colon or rectum that was confirmed
by pathologists. Patient characteristics
were obtained from pathology records:
age, sex, tissue stage, clinical stage (TNM
[tumor-node-metastasis] classification),
lymph node status and presence of possi-
ble distant metastases. Patients with his-
tory of other malignant or infectious dis-
eases and those who had surgery within

6 months of the beginning of this study
were excluded from this retrospective
study. For comparison of tissue PLSCR1
levels, a total of 104 pairs of colorectal
carcinoma and noncancerous colorectal
tissues were enrolled for this analysis.
Among them, 50 paired tissues were ran-
domly selected and examined first by
Western blotting. Then, to further con-
firm the results of this preliminary obser-
vation, all of the 104 tissue specimens
were sectioned and evaluated by use of
immunohistochemical (IHC) staining.
For plasma PLSCR1 detection, 111 fresh
blood samples (59 from CRC patients
and 52 from age-matched healthy con-
trols) were obtained and stored at -80°C
until use. Among them, the number of
CRC patients with a TNM classification
of early stage (I and II) and advanced
stage (IIl and IV) CRC were 25 and 34,
respectively. Written informed consent
was obtained from all participants. This
study was approved by the Medical Eth-
ics and Human Clinical Trial Committee
of Chang Gung Memorial Hospital.

Western Blot Analysis

Clinical tissue specimens were taken
from freshly isolated surgical resections,
snap frozen in liquid nitrogen, and then
stored at —80°C until use. For the analysis
of PLSCR1 expression in CRC tissues,
frozen tissues were thawed and resus-
pended in lysis solution (0.25 mol/L su-
crose, 10 mmol/L Tris-HCl pH 7.6,
1 mmol/L MgCl,, 1% sodium dodecyl
sulfate [SDS]) with protease inhibitors
(20 pug/uL aprotinin, 20 ug/uL leupeptin,
and 1 mmol/L phenylmethanesulfonyl
fluoride; protein:protein inhibitor was
100:1, v/v). After homogenization
(Polytron System PT 1200 E, Luzerner-
strasse, Switzerland) on ice, 40 ug of tis-
sue lysate was subjected to Western blot
analysis. For Western blot analysis of
PLSCR1 in plasma, 1 uL of each plasma
sample was fractionated through a 15%
SDS—polyacrylamide gel electrophoresis
(SDS-PAGE) gel, and the proteins were
transferred to a polyvinylidene difluo-
ride membrane (Millipore, Billerica,
MA, USA). The membrane was blocked

42 | KUO ET AL. | MOL MED 17(1-2)41-47, JANUARY-FEBRUARY 2011

with 5% skim milk in Tris-buffered
saline-Tween buffer (25 mmol /L Tris,
190 mmol/L NaCl, and 0.5% [v/v]
Tween 20, pH 7.5) and then incubated
with primary rabbit antihuman PLSCR1
polyclonal antibody (1:1000 dilution;
ProteinTech, Chicago, IL, USA) at 4°C,
overnight. After being washed, the mem-
branes were incubated at 25°C for 1 h
with peroxidase-conjugated mouse an-
tirabbit IgG antibody (1:5,000 dilution;
Santa Cruz Biotechnology, Santa Cruz,
CA, USA). After being washed, the mem-
branes were developed with a chemilu-
minescence reagent kit (Amersham Phar-
macia Biotechnology, Piscataway, NJ,
USA) and then photographed with
Kodak Biomax light films (Eastman
Kodak, Rochester, NY, USA). Im-
munoblot images were analyzed by an
Imagemaster (Amersham Pharmacia
Biotech), and the band intensities are
presented in arbitrary units (AU).

Immunohistochemical Analysis

Tumor tissue blocks that were used for
IHC were first fixed in 4% paraformalde-
hyde and then embedded in paraffin. To
eliminate differences in the genetic back-
ground, malignant tissues and adjacent
normal tissues were prepared from the
same resection. Normal tissue was ob-
tained from the distal edge of the resec-
tion at least 10 cm from the tumor. To re-
duce selection bias, two independent
histopathologists reviewed areas of nor-
mal colonic epithelium, benign polyps
and adenocarcinoma. Tissue sections
(5-um thick) were obtained from paraf-
fin-embedded tissue blocks, mounted on
silanized slides (Superfrost, Menzel,
Braunschweig, Germany), deparaffinized
with xylene (2 x 10 min) and rehydrated
with an ethanol gradient as previously
described (22). To eliminate endogenous
peroxidase activity, the tissue sections
were incubated with 3% H,O, at room
temperature for 30 min. The specimens
were subsequently heated in a microwave
oven for antigen retrieval (10 mmol/L cit-
rate buffer, pH 6.0, 20 min, 700 W). To
block nonspecific binding, the slides
were preincubated with 10% nonimmune



goat serum at 37°C for 30 min. The sam-
ples were then incubated with antihu-
man PLSCR1 monoclonal antibody
(mouse, 1:1000; Lifespan, Seattle, WA,
USA) for 30 min at room temperature.
After being washed with phosphate-
buffered saline (pH 7.4), the slides

were incubated with horseradish
peroxidase-labeled antimouse IgG sec-
ondary antibody (rabbit, 1:2000 dilution;
Jackson ImmunoResearch Laboratories,
West Grove, PA, USA) for 30 min at
room temperature and then developed
by using 3,3'-diaminobenzidine (Sigma,
St. Louis, MO, USA). The sections were
subsequently counterstained with hema-
toxylin, washed in running tap water,
dehydrated and mounted in Neo-Mount
(Merck, Darmstadt, Germany). Negative
control reactions were conducted by
omitting the primary antibody.

Scoring of Immunostaining
Immunostaining was evaluated and
scored by two experienced pathologists
who were blinded to the clinical and
pathological parameters as well as the
clinical outcome, as described previously
(23,24). The definition of immunostaining
intensity was as follows: score of 0 (nega-
tive), no brown particles in the tumor ep-
ithelial cell cytoplasm or plasma mem-
brane; score of 1 (weak), light-brown
particles in the tumor epithelial cell cyto-
plasm or plasma membrane; score of 2
(moderate), general brown particles in
the tumor epithelial cell cytoplasm or
plasma membrane; and score of 3
(strong), deep brown particles in the
tumor epithelial cell cytoplasm or plasma
membrane. The percentage of PLSCR1-
positive cells was semiquantitatively de-
termined by assessing the entire tumor
section. The extent of immunostaining
was semiquantitatively scored and the
specimens were classified into five
groups: 0, no positive epithelial cells were
observed; 1, fewer than 25% PLSCR1-pos-
itive cells; 2, more than 25% and fewer
than 50% PLSCR1-positive cells; 3, more
than 50% and fewer than 75% PLSCR1-
positive cells; and 4, more than 75%
PLSCRI1-positive cells. The immunoreac-

tive score, also known as the staining
index (SI), was calculated by multiplying
the score of positive cells with the stain-
ing-intensity score. For this study, we de-
fined an SI of 0 to indicate negative
PLSCR1 protein expression and an SI of 1
or more to indicate positive expression.

Carcinoembryogenic Antigen Assay
Plasma carcinoembryogenic antigen
(CEA) levels were assayed with a com-
mercially available CEA ELISA kit (Roche
Diagnostics, Mannheim, Germany) ac-
cording to manufacturer’s instructions.

Statistical Analysis

For the analysis of tissue IHC results,
the association between protein expres-
sion and clinicopathological characteris-
tics was analyzed by using the Pearson
x” test. For the analysis of plasma
PLSCRI1 levels, the differences between
individual variables from two groups
were analyzed by the independent ¢
test. For determination of the factors re-
lated to overall survival, the Cox pro-
portional hazards model was used, and
the probability was calculated using the
log-rank test by the Kaplan-Meier
method. The diagnostic potential was
evaluated by performing receiver oper-
ating characteristic curves (ROC) analy-
sis, and the discriminative efficacy of
the individual biomarker was calculated
by the area under the ROC curve
(AUCQ). All P values were derived from
two-tailed statistical tests, and a value
of 0.05 or less was regarded as statisti-
cally significant.

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

RESULTS

Expression of PLSCR1 in CRC Tissue

To test whether PLSCR1 proteins were
overexpressed in malignant colorectal
carcinoma tissues, we preliminarily used
Western blot to examine the expression
of PLSCR1 proteins in 50 paired CRC tis-
sue lysates. Figure 1 shows that PLSCR1
proteins were expressed at higher levels
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Figure 1. PLSCR1 overexpression in CRC tis-
sues. (A) Representative Western blot for
PLSCR1 comparing 12 pairs of CRC tissues
(T) and matched adjacent normal tissues
(N). B-Actin was used as a loading control.
(B) PLSCRI proteins were expressed at
higher levels in tumor tissues compared to
normal tissue.**P < 0.001 by Student t test.

in tumor tissues compared with their
normal counterparts (63.2 + 41 versus

29 + 28.1, P < 0.001 by Student ¢ test). To
further verify this observation, we car-
ried out IHC analysis on a larger panel
of tissue sections that contained 104 colo-
rectal tumor tissues. IHC staining results
revealed that the expression levels of
PLSCR1 protein in benign adenomatous
polyps and malignant carcinoma tissues
were substantially increased compared
with normal colorectal mucosal epithe-
lium (Figure 2).

Plasma Levels of PLSCR1 in CRC
Patients

To test the level of PLSCR1 protein in
plasma, we performed Western blot
analysis on 111 plasma samples from 59
CRC patients and 52 healthy controls.
Figure 3 shows the individual plasma
PLSCR1 levels across the different
groups. The results revealed that the lev-
els of PLSCR1 protein in the plasma of
patients with early stage CRC, as well as
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Figure 2. Immunohistochemical analysis of
CRC fissues for PLSCR1 expression (brown
color). The paired paraffin-embedded CRC
fissue sections were stained with the anti-
PLSCR1 anfibody. A representative case is
presented that contains normal colorectal
mucosa, a benign adenomatous polyp
and colorectal adenocarcinoma tissue.
(A) Low or negative staining of PLSCR1 in
normal colorectal mucosa. (B) Upregulated
expression of PLSCR1 in benign colorectal
polyp tissues. (C) High-level expression of
PLSCR1 in colorectal adenocarcinoma tis-
sues. All slides were counterstained with
hematoxylin. All photographs are pre-
senfed at 200x magnification.

advanced stage CRC, were substantially
increased compared with non-CRC con-
trols. The mean plasma level of PLSCR1
was 2.4-fold higher in the cohort of CRC
patients (44.0 AU) than the healthy con-
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Figure 3. Western blot analysis of PLSCR1
expression in plasma. (A) Plasma samples
(1 ub) from each tested specimen were
denatured and loaded onto an SDS-PAGE
gel. Each line represents an individual par-
ficipant. Representative samples from
healthy controls with negative or low
PLSCR1 plasma levels and CRC patients
with elevated PLSCR1 plasma levels are
shown. (B) PLSCR1 was elevated in the
plasma of CRC patients at different dis-
ease stages compared with plasma from
healthy conftrols. HC, healthy conftrols; ES,
early stage (TNM stage | and Il); AS, ad-
vanced stage (TNM stage lll and IV); AR
all patients; the horizontal bar represents
the mean value of each group; *P < 0.01,
**P < 0.001, Student t test.

trols (18.5 AU) (Student ¢ test, P < 0.001).
When 13.9 AU was set as the cutoff
value, overexpression of PLSCR1 was
found in 40% (21 of 52) of normal con-
trols and 80% (47 of 59) of CRC patients,
respectively (Table 1).

Association of PLSCR1 Levels with
Clinicopathological Variables

We further examined the relationships
between the level of PLSCR1 expression
and clinicopathological variables includ-
ing age, sex, histological grade, tumor
stage, lymph node metastasis, distal
metastasis and CEA concentration in CRC
patients. Statistical analysis of both tissue
and plasma samples revealed that no sig-
nificant differences were observed be-
tween PLSCR1 expression and the clinico-
pathological parameters examined in the
present study (Supplementary Table 1).

Diagnostic Value of Plasma PLSCR1
Protein

To evaluate the diagnostic potential of
PLSCR1, both PLSCR1 and CEA plasma
levels were evaluated in patients with
CRC and in healthy controls. Figure 4 il-
lustrates the relationship between
PLSCR1 and CEA plasma levels in indi-
vidual blood samples from CRC patients.
As can be seen, when cutoff values of 5
ng/mL and 13.9 AU were applied for
CEA and PLSCRI, respectively, the over-
all CRC diagnostic sensitivity and speci-
ficity of PLSCR1 were 80% and 60%, re-
spectively, and those of CEA were 37%
and 87%, respectively. When we com-
bined PLSCR1 and CEA measurements,
the diagnostic sensitivity increased to
85% and the specificity increased to 48%
(Table 1). When the diagnostic parame-
ters were calculated for early stage carci-
noma only (TNM stage I and II), the sen-
sitivities of CEA and PLSCR1 were 16%
and 80%, respectively. The seropositivity
ratios of PLSCRI1 in the CEA-positive (n =
22) and CEA-negative (n = 37) subgroups
were 86.4% (19:22) and 75.7% (28:37), re-

Table 1. Sensitivity values of CEA and PLSCR1 measurements in CRC.

Sensitivity
CRC No. tested CEA® (A) PLSCRI1® (B) Combined (A) + (B)
Early stage 25 4 (16%) 20 (80%) 20 (80%)
Advanced stage 34 18 (53%) 27 (79%) 30 (88%)
All CRC patients 59 22 (37%) 47 (80%) 50 (85%)

“Cutoff value =5 ng/mlL.
PCutoff value =13.9 AU.
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Figure 4. (A) ROC curves for CEA and
PLSCR1. Plasma concentrations of CEA and
PLSCR1 among 59 CRC samples and 52
healthy control samples were determined
by Western blot. The relationships between
the specificity and the sensitivity of PLSCRI1
and CEA for the detection of CRC are rep-
resented by ROC curves. The AUC value
was 0.65 for CEA, 0.75 for PLSCR1 and 0.8
for both analyzed in combination. (B) Prog-
nostic values of PLSCR1 expression for CRC
patients. The Kaplan-Meier curve shows
the relationship between 5-year overall sur-
vival and PLSCR1 expression. There was a
significant correlation between PLSCR1 ex-
pression and shorter survival (P < 0.05).

spectively (Supplementary Figure 1). The
clinical relevance of PLSCR1 and CEA for
CRC diagnosis is represented by an ROC
curve (Figure 4A). The AUC was 0.75 for
PLSCRI1 and 0.65 for CEA, respectively.
The combination of both markers leads to
a further increase in the AUC to 0.8.

Prognostic Implications of Plasma
PLSCR1 Levels

Using the Cox regression model, we
performed univariate analysis of data

RESEARCH ARTICLE

Table 2. Univariate Cox regression analysis of 5-year overall survival in CRC.

Overall survival

Clinicopathological parameter Relative risk 95% Confidence interval P
Age, years

<60 versus =60 1.331 0.742-2.389 0.338
Sex

Female versus male 1.478 0.814-2.684 0.200
Tumor stage

T1-T2 versus T3-T4 0.042 0.001-3.071 0.148
Nodal stage

NO versus N1-3 0.572 0.242-1.351 0.203
Tumor metastasis

MO versus M1 0.168 0.091-0.308 <0.001
TNM stage

. I versus lIl, IV 0.107 0.015-0.774 0.027
Tumor grade (differentiation)

Well versus moderate, poor 0.515 0.125-2.125 0.359
CEA (6 ng/mL cutoff)

Low versus high 0.531 0.294-0.961 0.036
PLSCR1 expression

Low versus high 0.438 0.306-0.552 0.047

from the 104 patients who had valid sur-
vival data. We found no difference in
survival when the data were analyzed
according to the patients” age, sex, tumor
histology or lymph node status. How-
ever, factors including tumor metastasis,
TNM stage, CEA level and PLSCR1 ex-
pression were found to be independent
prognostic indicators for poor overall
survival (Table 2). For analysis of the as-
sociation between the expression of
PLSCR1 and survival, we divided the
CRC patients into two groups according
to the IHC SI value, that is, SI = 1 was
the cutoff point. The mean survival pe-
riod was 39.2 months in patients with
high PLSCRI1 expression, compared with
49.8 months in patients with low
PLSCR1 expression. There was a signifi-
cant correlation between high expression
of PLSCR1 and poor survival. The group
of patients with low PLSCR1 expression
had longer overall survival (P = 0.047;
relative risk, 0.438; 95% confidence inter-
val: 0.306-0.552) compared with the
high-expression group (Figure 4B).

DISCUSSION

To our knowledge, this study is the
first to investigate the elevated expres-
sion of PLSCR1 protein in neoplastic tis-

sues of the colorectum. Intriguingly, we
also found that PLSCR1 overexpression
is associated with different stages of
tumor progression, from normal tissue to
malignant lesions, and that PLSCR1 lev-
els in the plasma have diagnostic poten-
tial for CRC.

In addition the known role of PLSCR1
as a scramblase, increasing evidence sug-
gests that PLSCR1 plays a role in cell sig-
naling, maturation and apoptosis and the
growth of cancer cells (25,26). Recently,
PLSCRI1 has been reported to be a sub-
strate of cellular protein kinases (17,27,28)
and to potentiate the antiviral activity of
interferon (29). Furthermore, results of
several reported studies have revealed
that PLSCR1 overexpression is associated
with the differentiation of human
myeloid leukemia cells into granulocytes
(30) and the suppression of ovarian carci-
noma cell growth (20). However, the role
of PLSCRI1 in the development of CRC
remains to be clarified.

To further elucidate the correlation be-
tween PLSCR1 expression and the neo-
plastic transformation of epithelial cells
in the colorectum, a more detailed IHC
analysis of tissues from all tumor stages
was performed. Overexpression of
PLSCRI1 was consistently observed in al-
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most all CRC patients (84.6%; 88 of 104),
including patients with colonic adenoma
and CRC of every stage (Figure 2). How-
ever, our results did not demonstrate a
strong correlation between PLSCR1 ex-
pression and the clinicopathological char-
acteristics of patients with CRC (Supple-
mentary Table 1). Given these and
previous findings, we suggest that
PLSCRI1 overexpression is a common fea-
ture of tumor tissues and that it may play
an important role during tumorigenesis.

Early detection of CRC is extremely
meaningful because the survival rate for
CRC is much better when the disease is
diagnosed at an early, rather than an ad-
vanced, stage. Previous studies have
shown that an adenoma polyp is a pre-
cancerous lesion of CRC. To further de-
termine whether PLSCR1 was overex-
pressed in premalignant lesions of CRC,
we compared the IHC staining score (SI)
between normal and benign polyp tis-
sues. Results demonstrated that ade-
noma polyp tissues express higher levels
of PLSCR1 protein than their normal
counterparts (Figure 2). Based on this ob-
servation, it is conceivable that overex-
pression of PLSCR1 is an early event in
CRC development and that this overex-
pression could serve as a marker for the
early detection of CRC. A larger scale
clinical study is required to verify this
speculation.

The identification of tumor-associated
proteins that are differentially expressed
between normal and malignant tissues
may provide insights into tumorigenesis,
and these proteins may also be useful
biomarkers for CRC diagnosis or prog-
nosis. Compared to traditional screening
methods, serological biomarker for CRC
detection and monitoring can be ana-
lyzed in a relatively noninvasive manner.
Various serological biomarkers for CRC
are currently available, such as nicoti-
namide N-methyltransferase, proteasome
activator complex subunit 3, selenium-
binding protein 1, and urokinase-type
plasminogen activator antigen (31-37).
However, only a few proteins have thus
far been established to fulfill the require-
ments for detection of CRC (38). So far,

CEA is the most well-established tumor
marker for CRC (39). Authors of a recent
review, in which they evaluated 19 stud-
ies, reported that the overall sensitivity
of CEA for CRC varied between 43% and
69% (13). Thus, the potential clinical use-
fulness of PLSCR1 might be best dis-
cussed in the context of CEA.

Practically speaking, a protein that is
overexpressed in cancer tissues and is se-
creted into the circulation has the poten-
tial to serve as a serological cancer
marker. Our results demonstrated that
PLSCRT1 is overexpressed in CRC tissue.
Thus, we speculated that PLSCR1 might
be released from the tumor cells into the
circulation, giving rise to elevated
PLSCR1 levels in the plasma. To evaluate
the diagnostic value of PLSCR1, we de-
termined the levels of PLSCR1 in the
plasma of CRC patients and their normal
counterparts. As a benchmark, we also
assessed CEA levels in the same plasma
samples. As described above, sensitivity
of PLSCR1 as a single marker was supe-
rior to that of CEA (80% versus 37%). In
contrast to CEA, which exhibited higher
sensitivity values only in advanced
tumor stages, PLSCR1 seropositivity was
elevated in early stage CRC, suggesting
that it might be more relevant for the
screening of asymptomatic patients at
risk for the development of CRC. How-
ever, PLSCR1 had been reported to act as
a positive acute-phase protein and to
play roles in cell proliferation, differenti-
ation, apoptosis and tumorigenesis
(4042 ). These findings indicate that
PLSCR1 may have differential expression
in various inflammatory conditions and
neoplastic diseases and thus may not be
specific to colon cancer. This preliminary
observation should be validated in a
larger patient population with CRC or
diseases that have a high risk of develop-
ing into CRC, for example, chronic in-
flammatory bowel disease.

The combination of multiple biomark-
ers generally improves tumor diagnostic
performance (10,43,44). In this study, the
possible clinical relevance of PLSCR1
was further confirmed by establishing
ROC curves. We then found that the si-
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multaneous determination of both
PLSCR1 and CEA led to greater diagnos-
tic sensitivity in our group of CRC pa-
tients. This result is supported by a pre-
vious report of the combination of CEA
with u-PA (urokinase-type plasminogen
activator) or CA 19-9 for screening of
CRC patients (37).

Results of previous studies indicated
that PLSCR1 may have differential ex-
pression in various inflammatory condi-
tions and neoplastic diseases (40,41). Al-
though we found that the mean plasma
levels of PLSCR1 in patients with early
stage CRC were a little higher than those
in patients with advanced stage CRC, the
difference was not statistically signifi-
cant. Furthermore, our data also revealed
no significant differences in PLSCR1 lev-
els between CRC tumors of various
stages. These results may indicate that
overexpression of PLSCR1 in malignant
tissue is independent of tumor stage. In
addition, a previous investigation has
shown that high expression of PLSCR1
can be regarded as a significant prognos-
tic factor for acute myelogenous
leukemia (45). Similarly, we demon-
strated that tumor metastasis, TNM
stage, CEA level and PLSCR1 expression
were independent prognostic factors for
CRC by univariate analysis with overall
survival as an endpoint. Further prospec-
tive, large-cohort studies with detailed
follow-up are needed to understand the
mechanisms leading to such an outcome.

CONCLUSION

In conclusion, our data reveal that
PLSCR1 is overexpressed in malignant
CRC tissues compared with normal col-
orectum epithelium. Moreover, we
demonstrated that patients with low
PLSCR1 expression have longer overall
survival, compared with patients with
high expression. In addition, we
showed for the first time that plasma
levels of PLSCR1 were significantly ele-
vated in CRC patients, even at early
stages of CRC, suggesting that PLSCR1
could be both a novel diagnostic bio-
marker and an important prognostic
factor for CRC.
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