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Abstract. - OBJECTIVE: The incidence of
rectal carcinoma (RC) has been increasing re-
cently, and becomes the second most common
digestive tumors besides gastric cancer, with
a rise in the incidence of RC in younger popu-
lations. The early diagnosis and treatment are
thus critical for the improvement of survival rate
and life quality of patients. Stomatin-like protein
2 (SLP-2) is a type of membrane factor, which is
generally found highly expressed in various tu-
mors. Collagen and calcium-binding EGF do-
main (CCBE1) belongs to lymphatic tube gene-
sis factor. The regulatory role of SLP-2 gene on
CCBE1 expression in RC tumor and adjacent
lymphatic tube tissues, however, has not been
studied.

PATIENTS AND METHODS: 52 RC patients
were recruited, and tumor and adjacent lymphat-
ic tube tissues were collected. Real-time PCR,
western blotting and immunohistochemistry
(IHC) staining were used to analyze SLP-2 and
CCBET1 expressions. Human lymphatic endothe-
lial cells (LECs) were cultured in vitro and were
assigned to control, scramble, and SLP-2 siRNA
group. MTT assay was used to detect cell prolif-
eration, while caspase 3 activity was detected.

RESULTS: SLP-2 and CCBE1 levels were sig-
nificantly elevated in tumor lymphatic tissues,
compared to that in adjacent tissues. Statisti-
cally positive correlation between SLP-1 and
CCBE2 was found (p<0.05). The downregulation
of SLP-2 by siRNA inhibited cell proliferation, el-
evated caspase3 activity, and decreased CCBE1
expression (p<0.05 compared to control group).

CONCLUSIONS: SLP-2 is up-regulated in RC
lymphatic tissues, and is positively correlated
with the level of CCBE1, which provides the ac-
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ademic the basis for the development of medi-
cine targeting SLP-2 in the anti-rectal carcino-
ma therapy.
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Introduction

Rectal carcinoma (RC) is a sort of malignant
tumor invading in the gastrointestinal system and
belongs to colorectal cancer'. RC has now beco-
me the second most common tumor in digestive
tract™. The mortality of RC remains high due to
the frequent metastasis and recurrence, though
the diagnosis of tumor has been remarkably im-
proved®. In the early phase of tumor metastasis,
blood-borne or lymphatic tube transmission plays
a significant role and tumor cells of RC mainly
translocate to peripheral or distal organs via lym-
phatic tubes. Therefore, the lymphatic metastasis
is closely associated with tumor invasion, and di-
rectly affects disease prognosis™®.

Stomatin-like protein 2 (SLP-2) gene belongs
to stomatin gene superfamily and locates in short
arm of human chromosome 9, encoding the pro-
tein of 357 amino acids’. SLP-2 coding protein is
also the major component among membrane-rela-
ted proteins and can participate in cell signal tran-
sduction, the regulation of membrane ion chan-
nel and the formation of cytoskeleton®. Studies®'
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hav found that the expression of SLP-2 elevated
in ovarian cancer and cervical carcinoma, and it
can facilitate tumor proliferation, metastasis, and
invasion. The functional role and related mecha-
nism of SLP-2 in tumor pathogenesis, however,
has not been fully illustrated. The recent finding
showed that Collagen- and calcium-binding EGF
domain 1 contributed to regulatory function in
lymphatic tube genesis'"'?. This study thus inve-
stigated the effect of SLP-2 gene on CCBEI in
RC tumor and adjacent tissues, as well as its fun-
ctional implications.

Patients and Methods

Patients

A total of 52 RC patients who were diagnosed
and received surgical resections in Shandong Pro-
vincial Hospital affiliated to Shandong University
from January 2014 to December 2014 were re-
cruited in this study. There were 27 males and 25
females in the cohort, which had an average age
of 56+7.2 years (from 43 to 78 years). There were
23, 23, and 7 cases of mammillary adenoma, mu-
cinous adenoma, and signet ring cell carcinoma,
respectively. Inclusive criteria: (1) Primary tre-
atment for tumors; (2) No chemo-, radio- or biolo-
gical therapy before surgery. Exclusive criteria:
(1) History of heart or cerebral vascular disease;
(2) Severe liver or kidney failure; (3) Hemato-
logical or other malignant tumors; (4) Systemic
auto-immune, infectious diseases; (5) Unfinished
post-op follow-ups; (6) Accident death during fol-
low-up period; (7) Incomplete medical history.
This study has been pre-approved by the Ethical
Committee of Shandong Provincial Hospital af-
filiated to Shandong University and has obtained
written consents from patients. Lymphatic tube
tissues within RC tissues and adjacent tissues
were collected during the surgery and were kept
in liquid nitrogen. Partial tissues were fixed in 4%
neutral buffered formalin solution for immunobhi-
stochemistry (IHC) staining.

Instrument and Reagent

Human lymphatic endothelial cells (LECs) were
purchased from ATCC (Manassas, VA, USA).
Dulbecco’s Modified Eagle Medium (DMEM)
medium, fetal bovine serum (FBS) and strep-
tomycin-penicillin were bought from Hyclone (GE
Healthcare Life Sciences, South Logan, UT, USA).
Dimethyl sulfoxide (DMSQO) and methyl thiazolyl
tetrazolium (MTT) powders were from Gibco

(Thermo Fisher Scientific, Waltham, MA, USA).
Trypsin-EDTA lysis buffer was provided from
Sigma (Merck, Temecula, CA, USA). polyvinyli-
dene difluoride (PVDF) membrane was from Pall
Life Sciences (Port Washington, NY, USA). EDTA
was collected from Hyclone (GE Healthcare Life
Sciences, South Logan, UT, USA). The Western
blotting reagent was purchased from Beyotime
(Beijing, China). ECL reagent was from Amer-
sham Biosciences (Piscataway, NJ, USA). Rabbit
anti-human SLP-2 monoclonal antibody, anti-hu-
man CCBE1 monoclonal antibody, and mouse
anti-rabbit horseradish peroxidase (HRP)-conjuga-
ted IgG secondary antibody were all from Cell Si-
gnaling (Beverly, MA, USA). RNA extraction Kkit,
and reverse transcription kit were purchased from
Axygen (Thermo Fisher Scientific, Waltham, MA,
USA). Labsystem Version 1.3.1 microplate reader
was from Bio-Rad (Hercules, CA, USA). IHC SP
kit was provided from BosterBio (Pleasanton, CA,
USA). Caspase 3 activity assay kit was from BD
(US). Other common reagents were from Sangon
(Shanghai, China).

LECs Culture and Grouping

LECs cells stored in liquid nitrogen were re-
suscitated in 37°C water-bath until fully thawing.
Cells were centrifuged at 1000 rpm for 3 min, and
were re-suspended in 1 ml fresh medium and were
removed to 50 ml culture flask, which contained
4ml fresh culture medium. Cells were kept in a
humidified chamber with 5% CO, at 37°C for 24-
48 h. LECs were seeded in 6-well plate at con-
centration of 1x10%/ml with high-glucose DMEM
medium containing 10% FBS (100 U/ml penicil-
lin and 100 pg streptomycin). Cells were kept in a
humidified chamber with 5% CO, at 37°C. Cells
at log-phase of 2" to 8" generation were randomly
divided into control group; siRNA negative con-
trol (scramble) group, and SLP-2 siRNA group.

Liposome Transfection of SLP-2
SIRNA into LECs

SLP-2 siRNA (Sense: 5’-GAT AAA TGG
ACT TGA CAG-3’; Anti-sense: 5’-TAA ATG
GAG ACT TGA CAG ACT-3’) or siRNA ne-
gative control oligonucleotides (Sense: 5’-ATT
CCC CTA CGA TGT AT-3’; Anti-sense: 5’-GAT
TGA CAA ACT TGA CAG-3’) were transfected
into LECs cells. In brief, cells were cultured in
6-well plate until 70%-80% confluence. SLP-2
siRNA or negative controlled sequences were
mixed with liposome in 200 pl serum-free me-
dium for 15 min incubation at room temperature.
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Lipo2000 reagent was then mixed with SLP-2
siRNA or controlled dilutions. Serum was re-
moved from cells, followed by PBS washing
and the addition of 1.6 ml serum-free culture
medium. Cells were then kept in a humidified
chamber with 5% CO, at 37°C for 6 h, followed
by the change of serum-containing medium in 48
h continuous incubation for further experiments.

Real-time PCR for SLP-2 and CCBET1
MRNA Expressions

Real-time PCR was used to test the mRNA
expressions of SLP-2 and CCBE]1 gene in lym-
phatic tube tissues. Trizol reagent was used to
extract RNA from all groups of Neuro-2a cells.
Reverse transcription was performed according
to the manual instruction, using primers de-
signed by Primer6.0 and synthesized by Invi-
trogen (China) as shown in Table I. Real-time
PCR was performed on target genes under the
following conditions: 35 cycles each containing
92°C for 30 sec, 58°C for 45 sec, and 72°C for
35 sec (Thermo Fisher Scientific, Waltham, MA,
USA). Data were collected and calculated for
CT values of all samples and standards based on
fluorescent quantification using GAPDH as the
internal reference. A standard curve was firstly
plotted, followed by semi-quantitative analysis
by 2%t method.

MTT Assay for Cell Proliferation
in All Groups

LECs cells at log-phase were digested, coun-
ted and seeded into 96-well plate at 3000 cells per
well. Cells were then randomly divided into con-
trol, siRNA negative control (scramble) group and
SLP-2 siRNA group (N=5 each), and were treated
as abovementioned. After 48-hour incubation, 20
ul sterile MTT solution (5 g/L) was then added
into each well in triplicates. With 4 h continuous
culture, the supernatant was completely removed
and added with 150 ul DMSO for 10 min vortex
until the crystal violet was completely resolved.
Absorbance (A) values were measured at 570
nm in the microplate reader (Promega, Madison,

Table I. Primer sequences.

WI, USA). The proliferation rate was calculated
in each group. Each experiment was repeated in
triplicates for statistical analysis using SPSS19.0
software (IBM Corp., IBM SPSS Statistics for
Windows, Armonk, NY, USA).

Caspase3 Activity Assay

Caspase 3 activity was evaluated using test kit.
In brief, cells were digested with trypsin and were
centrifuged at 4°C, 600 g for 5 min. The superna-
tant was discarded, followed by cell lysis and iced
incubation for 15 min. The mixture was then cen-
trifuged at 4°C, 20 000 g for 5 min, followed by
the addition of 2 mM Ac-DECD-pNA. OD values
at 450 nm wavelength were measured to evaluate
Caspase 3 activity.

Western Blotting for Measuring SLP-2
and CCBE1 Protein Expression Level
LECs cell proteins were firstly extracted. In
brief, RIPA lysis buffer (150 mM NacCl, 1% NP-40,
0.1% SDS, 2 pg/ml Aprotinin, 2 pg/ml Leupeptin,
1 mM PMSF, 1.5 mM EDTA and 1 mM NaVan-
dade) was used to lyse cells on ice for 15-30 min,
followed by ultrasound rupture (5sx4) and cen-
trifugation (4°C, 10 000 g, 15 min). Supernatants
were kept and quantified for protein contents, and
were stored at -20°C for further Western blotting.
Proteins were then separated using 10% SDS-
PAGE gel, and were transferred to PVDF mem-
brane using semi-dry method (150 mA for 1.5 h).
The non-specific background was removed by 5%
defatted milk powder at room temperature for 2 h,
followed by incubation of anti-SLLP-2 monoclonal
antibody (1:1000 dilution), anti-CCBE1 mono-
clonal antibody (1:2000) in 4°C overnight. On the
next day, the membrane was rinsed in phosphate
buffered saline with Tween (PBST) and incubated
with goat anti-rabbit secondary antibody (1:2000)
for 30 min dark incubation. After PBST washing,
ECL reagent was used to develop the membrane
for 1 min, followed by exposure under X-ray.
Protein imaging analysis system and Quantity
One software were used to scan X-ray films for
determining band density. Each experiment was

Gene Forward primer 5°-3° Reverse primer 5°-3°
GAPDH ACCAGGTATCTTGGTTG TAACCATGTCAGCGTGGT
SLP-2 TCTCGACTCCACACAGT GCCGGGTCATTAGCTATATT
CCBEI1 AGGCGACACTCCACAGT GATTAGTGGTCGCTATATT
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Table II. SLP-2 and CCBEI expression in RC and adjacent lymphatic tubes.

SLP-2 CCBEI1
) (444 % ) [t %
Adjacent 46 6 11.54 30 22 42.30
Tumor 3 49 94.23* 2 50 96.15*

Note: *, p<0.05 compared to adjacent tissues.

repeated for four times for further analysis in
SPSS19.0 software (IBM, Armonk, NY, USA).

IHC Staining for SLP-Z2 and CCBE1
Expressions in Lymphatic Tubes from RC
Tumor and Adjacent Tissues

Lymphatic tubes from tumor and adjacent tis-
sues were prepared for tissue sections. Paraffin
slices were used in IHC staining according to the
instruction of SP test kit. 10% normal goat se-
rum was used to block endogenous peroxidase,
with antibodies of SLP-2 (1:1000) and CCBE1
(1:500) for 37°C incubation for 1 h. After PBS
rinsing (3 times), biotin-labeled goat anti-mouse
IgG was added for 20 min room temperature in-
cubation. SABC complex was then added for 20
min incubation. After PBS washing, DAB-H,0,
was added, followed by hematoxylin counter-stai-
ning, ethanol dehydration, and mounting. Slices
were observed under the microscope (Olympus,
CX41, Shinjuku, Tokyo, Japan). Positive expres-
sion of target genes was judged by the number of
yellow-brown granules: negative (-): no staining
cells; positive (+): <50% positive cells; and strong
positive (++): >=50% positive cells.
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Figure 1. mRNA expression of SLP-2 and CCBE]1 in lym-
phatic tubes of RC and adjacent tissues. *, p<0.05 compared
to adjacent tissues.

Statistical Analysis

SPSS19.0 software was used to analyze data, in
which measurement data were presented as me-
antstandard deviation (SD) and were compared
by LSD test between groups. Enumeration data
were presented by percentage (%) and were com-
pared in chi-square manner. Spearman approach
was used in correlation analysis. Statistical signi-
ficance was identified when p<0.05.

Results

SLP-2 and CCBET mRNA Expression
in Lymphatic Tubes of RC and Adjacent
Tissues

Real-time PCR was used to test expressions of
SLP-2 and CCBE1 mRNA in RC and adjacent
lymphatic tubes tissues. Results showed the level
of SLP-2 mRNA in RC lymphatic tubes was signi-
ficantly elevated compared to that in adjacent tis-
sues (p<0.05). CCBE1 mRNA expression was also
significantly upregulated in RC tissues compared
to that in adjacent tissues (p<0.05) (Figure I).

IHC staining for SLP-Z2 and CCBE1
Expression

To further determine the expression of SLP-2
and CCBE]1 proteins in RC and adjacent lym-
phatic tubes, IHC staining was used. The result
showed that the levels of SLP-2 and CCBEI1
proteins in RC lymphatic tubes were remarkably
increased, presenting as positive (+) or strongly
positive (++) expressions, whereas those proteins
in adjacent tissues were detected as negative (-)
expression (Figure 2 and Table II).

Correlation Analysis of SLP-2 and CCBE1

We further analyzed the correlation of mRNA
or protein levels between of SLP-2 and CCBEL.
Results revealed the positive correlation between
SLP-2 and CCBE1 expressions at both mRNA
and protein level (p<0.05, Table III).
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Figure 2. SLP-2 and CCBEI expression in RC and adjacent lymphatic tubes (x400). 4, SLP-2 expression in adjacent tissues;
B, SLP-2 expression in RC tissues; C, CCBEI expression in adjacent tissues; D, CCBEI expression in RC tissues.

Effect of siRNA on SLP-2 mRNA and
Protein level in LECs

We established an in vitro model of SLP-2 down-
regulation by transfecting with siRNA to illustrate
the effect of SLP-2 on LECs. Real-time PCR data
showed SLP-2 mRNA expression was significantly
reduced after the transfection with SLP-2 siRNA,
compared with that in control group (p<0.05, Fi-
gure 3). Western blotting data further indicated that
the level of SLP-2 protein also significantly decre-
ased compared to that in control group, suggesting
that SLP-2 siRNA effectively inhibited the expres-
sion of SLP-2 (Figure 4, Figure 5).

Table Ill. Correlation analysis between SLP-2 and CCBEI.
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Figure 3. The effect of siRNA on SLP-2 mRNA expres-
sion of LECs. *, p<0.05 compared to control group.

Adjacent tissue RC tissue
Factor r P r P
SLP-2 mRNA 0.874 0.032 0.751 0.041
CCBEl mRNA
SLP-2 protein 0.892 0.003 0.718 0.045
CCBEI protein
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Figure 4. The effect of siRNA on SLP-2 protein level in
LECs.
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Figure 5. The effect of siRNA on SLP-2 protein level in
LECs. *, p<0.05 compared to control group.
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Figure 6. Effect of SLP-2 on LECs cell proliferation. *,
p<0.05 compared to control group.

Effect of SLP-2 on LECs Cell Proliferation
MTT assay was used to test the effect of SLP-2
on the proliferation of LECs. Results showed that
after the expression of SLP-2 was inhibited, LECs
proliferation was significantly decreased compa-
red to that in control group (p<0.05, Figure 6).

Effect of SLP-2 on Caspase3 Activity
of LECs

Then, we detected and compared the Caspase3 acti-
vity of LECs with or without the treatment of SLP-2
siRNA. Results showed that the downregulation of
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Figure 7. Effect of SLP-2 on Caspase3 activity of LECs. *,
2<0.05 compared to control group.
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Figure 8. Regulatory effect of SLP-2 on CCBE1 mRNA
in lymphatic tissues. *, p<0.05 compared to control group.

7 Control - ) Scramble SLP-2 siRNA

Figure 9. Regulatory effect of SLP-2 on CCBE] protein in
lymphatic tissues.

SLP-2 significantly elevated Caspase3 activity of
LECs compared to control group (p<0.05, Figure 7).

Regulatory Effect of SLP-2 on Level of
CCBET mRNA and Protein in LECs

The level of CCBE1 mRNA and protein in
LECs was also measured after the expression
of SLP-2 was reduced. Both real-time PCR and
western blotting results showed the expression
of CCBE1 mRNA or protein was apparently
suppressed, respectively, compared to that of
control group (p<0.05, Figures §, 9, and 10).
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Control Scramble SLP-2 siRNA

Figure 10. Analysis of regulatory effect of SLP-2 on
CCBETI protein in lymphatic tissues. *, p<0.05 compared to
control group.

Discussion

SLP-2 protein acts as the anchor point of
cytoskeleton. It binds with membrane factors for
stabilizing mitochondrial structure and regulating
ATP synthesis in in mitochondria'*'*, and plays
an essential role in the modulation of cellular si-
gnal transduction pathway, synthesis, stabilization
and metabolism of mitochondria in plants, nema-
tode and fruit fly'*-1>, SLP-2 exists in membrane
of lymphatic tube and vascular endothelial cells,
where it forms the pit-like structure for genesis
and development of mitochondria and endopla-
smic reticulum'®. Among various malignant tu-
mors, SLP-2 is aberrantly high-expressed, which
draws extensive interest as a novel cancer-related
gene'’. The incidence and mortality of RC remain
high, mainly due to its metastasis of lymphatic
tubes, which severely impedes the successful tre-
atment'®. Of note, our study demonstrated that
SLP-2 mRNA/protein expression was significant-
ly elevated in lymphatic tubes of RC tissues, as
consistent with the phase, recurrence, and meta-
stasis of RC".

Further study regarding the regulatory mecha-
nism of SLP-2 on RC was investigated. Lympha-
tic tube genesis related factor CCBEI could regu-
late the lymphatic tube genesis factor VEGF-C,
and the VEGF-C/VEGFR3 signal pathway is clo-
sely correlated with embryonic development, tis-
sue regeneration and genesis of tumor lymphatic
tubes?-?!. Lymphatic tube plays an important role
in maintaining body homeostasis, transporting of
large molecules, stabilizing immune function, and
absorption of intestinal lipids, and also participa-
tes in tumor metastasis such as RC?>?, This study
detected the expression of CCBEI in lymphatic

tube of RC and adjacent tissues. Results showed
significantly higher level of CCBE1 in RC tissues,
indicating the critical role of CCBEI in the ge-
nesis of lymphatic tube of RC. Further analysis
revealed positive correlation between SLP-2 and
CCBEI1 in RC tissues, which was consistent with
the previous study?*!. We then established in vitro
cultured lymphatic endothelial cells line LEC, on
which siRNA was used to interfere SLP-2 expres-
sion. Our data unraveled that the downregulation
of SLP-2 significantly suppressed CCBE1 expres-
sion in LECs, further inhibited cell proliferation,
potentiates Caspase3 activity and induced en-
dothelial cell apoptosis. These results collectively
suggested that SLP-2 in RC participates in the
genesis of lymphatic tubes via regulation CCBE1
expression.

Conclusions

SLP-2 is up-regulated in lymphatic tube tissues
of RC and is positively correlated with CCBE1
expression. The decrease of SLP-2 suppresses the
CCBEI expression, further participating in the
genesis of lymphatic tubes. This report provides
evidence for the lymphatic tube metastasis of RC.
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