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Receptor-interacting protein kinase 3 is a predictor of survival and plays
a tumor suppressive role in colorectal cancer
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Receptor-interacting protein kinase 3 (RIP3) is a member of the RIP Ser/Thr kinase family, plays an important role in
regulating cell survival, cell apoptosis and cell necrosis. However, the role of RIP3 in the carcinogenesis of colorectal cancer
is still poorly understood.

We used quantitative PCR and Western blot analysis to examine RIP3 expression in primary colorectal cancer and paired
normal colorectal mucosa. RIP3 clinicopathological significance was assessed by immunohistochemical staining in 112 cases
of primary colorectal cancer paired with noncancerous tissues. The biological function of RIP3 overexpression was measured
by CCK8 assay and plate colony formation assay. Dual staining with fluorescent Annexin V and propidium iodide (PI) was
used to discriminate apoptotic or necrotic cell death.

RIP3 expression was significantly lower in colorectal cancer and associated with T stage, M stage and AJCC stage. Cox
proportional hazard models showed that RIP3 expression was an independent prognostic factor for overall survival and
disease-free survival in patients with colorectal cancer. Overexpression of RIP3 significantly suppressed the proliferation of
colorectal cancer cells in vitro.

Our results suggest that RIP3 may function as a novel prognostic indicator after surgery and play a suppressive role in

the colorectal carcinogenesis.
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Colorectal cancer (CRC) is one of the most common cancers
worldwide [1]. CRC arises through the progressive accumula-
tion of mutations in oncogenes and tumor-suppressor genes
[2]. Several genes have been linked to genesis of CRC, however,
the exact mechanisms of CRC are still poorly understood [3].
Although dramatic reduction in cancer mortality and prolonged
patient survival after surgical resection and chemotherapy have
been achieved clinically [4]. However, tumor recurrence and
the chemoresistance remain the main factors for the failure
of therapy [5]. Given the prevalence and the refractory of the
CRC, it is imperative to seek out a key gene associated with the
progression and pathogenesis of CRC [6].

The human RIP3 gene is located on chromosome 14q11.2
and is related to multiple tumorigenesis [7-9]. RIP3, a mem-
ber of the RIP Ser/Thr kinase family, has been characterized
as a pro-apoptotic protein [10, 11]. Full length ORF of the
RIP3 gene contains 1557 bp and encodes a polypeptide of

518 amino acids. It is an effective apoptosis-inducing protein
[11]. RIP3 has been detected in multiple organs within human
body including heart, liver, kidney, brain, skeletal muscle and
pancreas. Nevertheless, some studies have indicated no expres-
sion of RIP3 in 23 tumor cells by Northern blot [12]. These
results suggest that RIP3 is significant in cancer pathogenesis
and progression as a tumor suppressor gene (TSG). However,
its clinical significance and potential role in the pathogenesis
of colorectal cancer remain unknown.

In this study, we explored the involvement of RIP3 in the
progression of colorectal cancer by investigating its role in
proliferation and metastasis.

Patients and methods

Human tissue specimens and patients information.
A total of 112 colorectal cancer patients were enrolled in this
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study. No patients had received therapy prior to surgery. Patho-
logical staging was based on the standard of American Joint
Committee on Cancer (AJCC). The size of the primary tumor
(T stage), presence of distant metastasis (M stage), degree of
spread to regional lymph nodes (N stage) and AJCC stage were
diagnosed by at least 2 pathologists. Our study comprised 69
male and 43 female patients in which surgery was performed
by the same surgical team in the General Surgery Department
of Shanghai Jiaotong University Affiliated First People’s Hospi-
tal. The median age was 67 years (27-79 years). All of the tissue
specimens were obtained with the patients’ consent.

RNA extraction and quantitative real-time PCR. Total
RNA was extracted using TRIzol reagent according to the
manufacturer’s instruction (Invitrogen, USA). First-strand
cDNA was synthesized from 1 pl total RNA using the RNA
PCR Kit (Takara, Japan). RIP3 gene was amplified using
forward primer 5- TGCTGAAAGAAGTGGTGCTT-3', and
reverse primer 5-AGCCTCCCTGAAATGTGGAC-3". GAP-
DH, forward primer 5-TGACTTCAACAGCGACACCCA-3/,
reverse primer 5-CACCCTGTTGCTGTAGCCAAA-3', was
used as an internal control. qPCR was performed by Master-
cycler ep Realplex (Eppendorf) with an IQTM SYBR Green
Supermix Kit (BIO-RAD) according to the manufacturer’s
protocol. Cycling conditions were configured as follows:
initial denaturation (10 min at 95°C) and then 40 cycles of
denaturation (10 sec at 95°C), annealing (15 sec at 58°C),
extension (1 min at 72°C), and with a final extension at
72°C for 5 min. The fold change (244“) of RIP3 expression
was calculated using the formulas: RIP3ACt = Avg.RIP3_Ct
- Avg.GAPDH_Ct. and RIP3AACt = RIP3ACt_tumor -
RIP3ACt_normal.

Western blot analysis. Tissue protein was extracted from
four patients’ colorectal cancer tissues and adjacent normal tis-
sues using the Radio Immunoprecipitation Assay (RIPA) lysis
buffer. Equivalent amounts of protein were electrophoresed
on 10% SDS-polyacrylamide gel and transferred onto PVDF
membranes. The membranes were blocked in 5% fat free milk
with 0.1% Tween 20 for 1 h at room temperature, followed
by incubation with primary antibodies (1:1000 dilution for
RIP3 c-terminal, 1:1000 dilution for GAPDH, all purchased
from Abcam, UK). Then blots were incubated with goat-anti-
mouse immunoglobulin horseradish peroxidase conjugate
secondary antibodies and visualized by enhanced chemilu-
minescence (Pierce Biotechnology, Rockford, IL, USA) and
autoradiography.

Immunohistochemistry. Formalin-fixed, paraffin-
embeded samples of tumor and paired normal mucosa
were consecutive sectioned into 4 um. Immunostaining was
performed using the primary antibody against RIP3 (1:200;
Abcam, UK), and incubated with the secondary antibody
(Genetech, Shanghai, China). Tissue sections were counter-
stained with Mayer’s hematoxylin finally. The evaluation was
based on the staining intensity of RIP3: 0 (negative), 1 (weak),
2 (strong). The cases were re-examined by another pathologist
in the event of a discrepancy in scoring.

Cell culture and construction of the stable RIP3 express-
ing cell line. The human colon cancer cell line RKO (purchased
from Center of Shanghai Institutes for Biological Sciences,
Type Culture Collection of Chinese Academy of Sciences)
was cultured in DMEM medium supplemented with 10%FBS
(Gibco) and 1% streptomycin, penicillin. All the cell lines
were in a 5% humidified atmosphere at 37°C. To determine
the biofunction of RIP3 on cell biology characteristic, RKO
cell line was transfected with plasmid coding for RIP3 protein.
And the cells stably expressing RIP3 were selected using G418
after transfected with Lipofectamine (Invitrogen, USA).

Cell proliferation assay and colony formation assay.
For cell proliferation assay, the stable transfection cells were
seeded in the 96 well plates at a density of 1500 cells per well
and cultured for 24, 48, 72, 96 and 120 h, respectively. Then
100 ul DMEM culture medium and 10 ul CCK8 (Dojindo,
Shanghai, China) were added into wells for another 2 h after
removed the supernatant. Results were read on a microplate
luminometer at the absorbance of 450 nm.

For plate colony formation assay, cells were plated in a 6
well plate (800 cells/well) and incubated at 37°C for 12 days.
After washed two times with PBS, fixed in paraformaldehyde
for 30 min, cells were stained with GIMSA solution for 20 min
and images were obtained.

Migration and invasion assays. The migration and inva-
sion assays were performed in a 8 um Transwell Inserts for
24 well plate with an uncoated membrane and a Matrigel (BD
Biosciences, San Jose, CA) coated membrane, respectively.
Briefly, the stable transfection cells (1x10° cells) prepared in
DMEM medium supplemented with 2% FBS were loaded in
the upper well, and medium supplemented with 15% FBS
was placed in the lower wells as chemo-attractant. The non-
migrated and non-invasive cells on the upper chamber of the
filter were gently removed with a cotton swab after a 24-hour
incubation. The cells transferred to membrane were fixed,
stained with 0.1% crystal violet solution and then thoroughly
rinsed the inserts until the water ran clear. Finally, cells num-
bers in the insert were estimated in 6 random fields of views
under an inverted microscope.

Apoptosis and cell cycle analysis. Cell apoptosis analyzed
using the Annexin V-FITC PI Apoptosis Kit (BD Biosciences,
Palo Alto, CA, USA). After a 48 h transfection, the transient
transfection cells were harvested, rinsed twice with PBS and
resuspended in 1xbinding buffer. Transferred 100 pl of cell
suspension (1x10°cells) toa 1.5 ml EP tube. Added 5 pl of FITC
Annexin V and 5pl PI. Gently agitate the cells and incubated
for 15 min at room temperature (25°C) in the dark. Added
400 pl of 1xbinding buffer to each tube, and analyzed by flow
cytometry immediately.

Statistical analysis. Data are shown as mean + SD. The one-
way analysis of variance (ANOVA) was used to determine the
statistical significance of differences between the two groups.
The chi-square or Fisher’s exact tests were used to calculate
the realationships between RIP3 expression in different tis-
sues and clinicopathological parameters. The overall survival
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Figure 1. Expression of RIP3 in colorectal tumor tissues and adjacent
normal mucosa. (A) Relative expression of RIP3 in 38 matched colorectal
cancerous tissue specimens compared with in normal mucosa specimens.
244¢t a5 a logarithmic scale was used to represent the fold change of in
quantitative rt-PCR (B) RIP3 protein expression in 4 paired colorectal
tissues measured by Western blot analysis.

(OS) rates and disease-free survival (DFS) were calculated
using the Kaplan-Meier method, and the differences were
examined by the log-rank test. The Cox proportional hazards
model was used to investigate independent prognostic factors
multivariate analysis and. P<0.05 was considered statistical
significant. All error bars represent for standard deviation. All
statistical analyses performed by using the SPSS 19.0 (SPSS
Inc, Chicago, IL).

Results

RIP3 was down regulated in colorectal cancerous tis-
sue. Among 38 randomly selected, paired specimens used
for qPCR analysis, 23 (60.5%) colorectal cancers reduced to

50% compared with adjacent non- cancerous tissues (Fig.
1A). The RIP3 mean relative quantification in the colorectal
cancer tissue group and adjacent normal mucosa group were
5.49+0.84 (1.27-6.34) and 4.02+0.53 (2.39-6.80), respec-
tively. The difference in mRNA expression was significant.
Of the 40 colorectal cancer samples, 4 samples showed
strong down-regulation of RIP3 mRNA expression that was
determined by qPCR, and the RIP3 protein expression in
the 4 samples was evaluated by western blot. As expected,
the results confirmed that RIP3 protein levels were down
regulated in cancerous tissues as compared with adjacent
normal tissues (Fig. 1B).

Relationship between RIP3 tissue microarray immu-
nohistochemistry and clinicopathological parameters. To
further determine the clinicopathologic significance of RIP3
expression, immunohistochemistry was performed to detect
the expression of RIP3 in 112 cases of primary colorectal can-
cer paired with noncancerous tissue. Of the 112 specimens,
only 22 (19.6%) showed RIP3 strong positive staining in colon
cancerous tissue specimens, weak staining in 41 (36.6%) sam-
ples, and negative staining in 49 (43.8%) samples. In contrast,
RIP3 was prominently expressed in normal mucosa, with
strong positive staining in 79 (70.5%) samples, weak stain-
ing in 30 (27.8%) samples, and negative staining in 3 (2.7%)
samples (Table. 1, Fig. 2).

Associations between clinicopathological parameters and
RIP3 expression were summarized in Table2. According to
the statistical analysis, down-regulated RIP3 was associated
with T stage (P=0.027), M stage (P=0.016) and AJCC stage
(P=0.002), but no correlations were found with age, gender,
tumor location, N stage, differentiation, and vessel invasion
(Table. 2).

Low RIP3 expression associated with poor clinical out-
come in human colorectal cancer. As showed in Fig. 3A and
B, we used Kaplan-Meier curves to illustrate the expression
of RIP3 was significantly associated with overall survival (OS)
and disease-free survival (DFS) rate (log rank test, P=0.004,
P=0.015, respectively). We also found that RIP3 negative pa-
tients had an obviously lower OS and DEFS rate than patients
with RIP3 positive staining (OS: HR 2.02, 95%CI 1.31-5.94,
P<0.001; DFS: HR 2.61, 95%CI 1.44-4.73, P=0.002, Table. 3).

Using a univariate Cox regression analysis, we found that
both decreased OS and DFS were associated with T stage
(OS P=0.025, DFS P=0.015), N stage (OS, DFS P<0.001),

Table 1. Expression of RIP3 in normal colorectal mucosa and cancerous tissues

Expression of RIP3
Tissue sample n Weak Stron P value
N g
Negative (%) positive (%) positive (%)
Normal mucosa 112 3(2.7) 30(27.8) 79(70.5) £0.001*
Tumor 112 49(43.8) 41(36.6) 22(19.6) :

P-value is based on chi-square test
* Significant difference
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Figure 2. Characterization of RIP3 protein expression in human CRC tissues and corresponding normal mucosa by immunohistochemistry staining.
(A) Strong positive RIP3 staining in normal colorectal epithelium. (B) Weak RIP3 staining in well differentiated tumors. (C) Weak RIP3 staining in
moderately differentiated tumors. (D) Negative expression in poorly differentiated cancer. Original magnification x100 (x400 for inset images).

M stage (OS, DFS P<0.001), AJCC stage (OS, DFS P<0.001),
vessel invasion (OS, DFS P<0.001), tumor differentiation
(OS, DES P<0.001), RIP3 status (OS P<0.001, DFS P=0.002).
However, the multivariate analysis demonstrated that there

>
v/

is no significant association between RIP3 expression and
T stage, M stage, AJCC stage and vessel invasion, while RIP3
expression remains emerged as a significant prognostic factor
for OS and DFS in patients with colon cancer (OS: HR 2.29,
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Figure 3. Survival curve of the colorectal cancer patients with regard to RIP3 expression. (A) The patients with RIP3 positive expression had a signifi-
cantly higher overall survival and (B) disease-free survival rate than the RIP3 negative group (P=0.004, P=0.015, respectively).
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95%CI 1.04-4.30, P=0.038; DFS: HR 2.25, 95%CI 1.10-4.74,
P=0.002, Table. 3).

Increased RIP3 expression inhibits the proliferation of
colorectal cancer cells. Since RIP3 was down regulated in
colorectal cancerous tissues and linked to the poor survival
of colorectal cancer patients, we evaluated the effect of RIP3
on cell proliferation. RKO cell transfected with RIP3 cDNA or
empty vector was used to analysis. Real-time PCR and western
blot analysis were employed to confirm that RIP3 mRNA and
protein level were significantly increased in overexpression
cells, while mock and control transfected groups were hardly

detectable (Fig. 4A, B). In the CCK8 assay, the results suggested
that an obvious inhibition of cell growth in the groups of RIP3
overexpression compared with the mock and control groups at
24,48,72,96 and 120 h time points (Fig. 4C). Consistent with
the CCKB8 assay, plate colony formation assay also proved that
RIP3 overexpression caused significant inhibition of cancer
cell clonogenicity compared with mock and control groups
(P<0.05, Fig. 4D).

Overexpression of RIP3 attenuated the migration and
invasion of colorectal cancer cells. Since RIP3 was linked to
distant metastasis of colorectal cancer, here we investigated

Table 2. Correlation between RIP3 expression and clinicopathological features in patients with colorectal cancer

(n=112)
RIP3 expression
n . Weak Stron P value
Negative (49) positive (41) positive (gzz)

Age 0.501
<65 48 22 19 7
>65 64 27 22 15

Gender 0.942
Male 69 30 26 13
Female 43 19 15 9

Location
Right 54 23 20 11 0.733
Transverse 8 5 3 0
Left 10 5 4 1
Sid 40 16 14 10

T stage
T1 7 4 1 0.027*
T2 15 8
T3 45 22 16 7
T4 45 21 18 6

N stage 0.686
NO 87 37 31 19
N1 22 11 3
N2 3 1 0

M stage 0.016*
Mo 110 49 41 20
M1 2 0 0 2

AJCC stage 0.002*
I 17 0 6 11
11 70 25 25 10
111 21 10 10
v 4 4 0 0

Vessel invasion 0.378
No 110 49 40 21
Yes 2 0 1 1

Differentiation 0.088
High 55 24 20 11
Moderate 46 16 20 10
Low 11 9 1 1

P-values are based on chi-squared or Fisher’s exact test
* Significant difference
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Figure 4. Effect of RIP3 overexpression on RKO cell proliferation. (A) The expression of RIP3 in uninfected (mock), transfected with empty vector
(control) and plasmids coding for RIP3 (OE) groups were detected by Real-time PCR and (B) western blot analysis. (C) Cells growth curve measured
by CCKS8 assay and (D) Plate colony formation assays. (*P<0.05, vs control group, one-way analysis of variance)

Table 3. Univariate and multivariate Cox proportional hazard models for overall survival and disease-free survival

Variable oS DFS
Univariate Multivariate Univariate Multivariate

HR (95%CI) P value HR(95%CI) P value HR (95%CI) P value HR(95%CI) P value
Age 1.64 (0.57-2.74) 0.52 1.38 (0.56-2.82) 0.63
Gender 1.22 (0.75-2.57) 0.69 1.31 (0.72-3.19) 0.71
Location 1.03 (0.96-1.43) 0.71 1.01 (0.62-1.89) 0.66
T stage 1.98 (1.02-3.64) 0.025% 1.83 (1.11-3.71) 0.015%
N stage 5.92 (3.92-10.33) <0.001* 2.52(1.39-4.92) 0.006* 7.93 (3.87-12.05) <0.001*  4.62(1.33-9.95) <0.001*
M stage 11.93 (3.07-24.73) <0.001* 14.29 (3.70-38.82) <0.001*
AJCC stage 4.83 (2.68-8.42) <0.001* 5.02 (2.99-9.23) <0.001*
Vessel invasion 13.82 (4.27-52.44) <0.001* 21.76 (5.28-62.77) <0.001*
Differentiation 3.84 (2.40-6.23) <0.001*  2.58 (1.42-4.83)  0.002* 3.23 (1.96-7.88) <0.001*  2.84(1.31-5.12) 0.002*
RIP3 2.02 (1.31-5.94) <0.001* 2.29 (1.04-4.30) 0.038% 2.61 (1.44-4.73) 0.002% 2.25(1.10-4.74) 0.025%

HR: hazard radio, CI: confidence interval
P-values are based on Wald test
* Significant difference
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Figure 5. Overexpression of RIP3 suppressed the migration and invasion of colorectal cancer cells. (A) The images show migration of RKO cells through
the micropore membrane without Matrigel. (B) The images show invasion of RKO cells through the micropore membrane with Matrigel. 200x. (*P<0.05,

vs control group, one-way analysis of variance)

the role of RIP3 in migration and invasion in vitro. Using
the migration chambers, the RIP3 overepression groups were
proved to exhibit a significantly lower migratory ability than
those of control cells (P<0.05, Fig. 5A). Similarly, RIP3 over-
epression groups also attenuated the invasion potential in RKO
cell (P<0.05, Fig. 5B).

Overexpression of RIP3 induces apoptosis of colorectal
cancer cells. We next investigated how RIP3 might affect cell
death. After 48 hours plasmids trasfected, flow cytometric
analysis following annexin-V FITC and PI labeling demon-
strated that overexpression of RIP3 clearly induced apoptosis
in RKO cell, but not in the mock and control groups (parent
RKO cell and empty vector transfected RKO cell, respec-
tively), and the effect of RIP3 overexpression can be blocked
by a pan-caspase inhibitor, z-VAD (Fig 6A, B, C, D). These
results indicated that RIP3 overexpression induces apoptosis
in RKO cell by the caspase dependent death signaling.

Discussion

Colorectal cancer is one of the most common malignances
in the world. Tumor recurrence and resistance to apoptosis
are the main factor for failure of colorectal cancer therapy fol-
lowing surgery. RIP3 has recently been outlined as a key gene
involved in the regulation of apoptosis and necroptosis [13].
RIP3 was proved to play an important role in some malignant
tumors, including hepatocarcinoma, chronic lymphocytic
leukemia, osteosarcoma and glioblastoma [14-17]. However,
the expression of RIP3 and its potential role in colorectal
cancer remains elusive. To the best of our knowledge, this

is the first report on the expression and function of RIP3 in
colorectal cancer.

In the present study, we show that the expression of RIP3
is significantly decreased in colorectal cancer compared with
normal tissue. Some similar studies also revealed that the
ratio of RIP3y (a splice variants of RIP3 possess a shorter
C terminus) to RIP3 is increased in colon and lung cancers
obviously relative to the paired normal tissues, indicating
that the mutant RIP3 lose c-terminal might associated with
tumorigenesis [18]. Moreover, we also found that decreased
expression of RIP3 was related to some disadvantageous clin-
icopathologic parameters such as T stage, M stage and AJCC
stage. To confirm the results above, we estimated that overex-
pression of RIP3 decreased the proliferation and metastasis
of human colorectal cancer cells in vitro. Finally, we provide
the evidence that RKO colorectal cancer cells were induced to
apoptosis when RIP3 was overexpressed. In accordance with
our findings, RIP3 has been characterized as a pro-apoptotic
protein involved in the TNFR1-FADD signaling pathway [18].
And previous studies have proved that overexpression of RIP3
in Hela, 293E, Phoenix-A cells, MCF?7 cells could lead to cell
death which present apoptotic morphological features and
activated caspases could be detected [10-12, 19]. The effect
of apoptosis was related to the RIP3 c-terminal [20]. Besides,
our Immunohistochemistry results indicated that RIP3 pro-
tein was distributed at cytoplasm. However, it was relocated
to the nucleus mainly after leptomycin B (LMB) treatment
at 37°C [21]. As many nucleocytoplasmic shuttling protein,
such as APC and P53, it may be a potential tumor suppressor
gene [22, 23].
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The detailed mechanism of RIP3-induced apoptosis is
largely unknown. Sun et al. showed that RIP3 interact with
caspase 2, 8, 9 and 10 [11]. Kasof et al proved that RIP3 in-
duced apoptosis is related to caspase 2, 3, 7, and 10 by different
caspase inhibitors [12]. Nevertheless, an important number
of papers studied the influence of RIP3 on NF-kB activation
which regulate the ability of tumor cells to resist apoptosis
[24]. But the results were conflicting. Some papers reported
that NF-kB is activated by RIP3 overexpression [10, 12, 21].
In contrast, some other authors argue that RIP3 has no effect

on NF-kB activation but rather acts attenuating NF-kB activa-
tion which mediated by RIP1 and TNFRI1 [25, 26], because the
NF-xB act as a negative regulator to apoptosis of tumor [27].
Our results might be more supportive of the latter view. The
function of RIP3 is not so simple. Three independent studies
unequivocally have demonstrated that RIP3 was required for
necrosis in some cell lines and RIP3”- mice exhibited severely
impaired virus-induced tissue necrosis [28-30]. We considered
that the different manners of cell death are probably because
of different cell types and inducement conditions. Although
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the overexpression experiments alone are insufficient to pro-
vide strong evidence. However, our data prove that RIP3 has
great potential value for prognosis for colorectal cancer. Our
future work will aim to elucidate the molecular mechanism of
RIP3. Ultimately, we hope to find a new effective therapeutic
strategy.

In conclusion, we found that RIP3 expression in colorectal
cancer tissues was significantly down-regulated compared with
the adjacent normal tissues, and was correlated with the clini-
cal features of T stage, M stage and AJCC stage. Furthermore,
aberrant up-regulation of RIP3 inhibits proliferation, migra-
tion and invasion of colorectal cancer cells. The preliminary
results above need to be confirmed in a larger, prospective,
controlled, clinical study.
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