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RNF128 suppresses the malignancy of colorectal
cancer cells via inhibition of Wnt/3-catenin signaling
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Abstract: Purpose: Colorectal cancer (CRC) is one of the most frequent tumors and causes of mortality worldwide.
Ubiquitin ligase was reported to regulate multiple cellular processes, including tumorigenesis. As ubiquitin E3 ligas-
es, RING-finger proteins play a key role in physiological and pathophysiological processes. Methods: We compared
the expression levels of RNF128 in CRC tissues by western-blotting and gRT-PCR. Knockdown and overexpression of
RNF128 were performed to examine its effect on proliferation and metastasis of CRC cells. Using western blot and
co-immunoprecipitation assays, we explored the possible mechanisms underlying the effect of RNF128 in CRC cells.
Results: We found that the expression level of RNF128 was correlated with the CRC tumorigenicity. Overexpression
or knockdown of RNF128 suppressed or elevated CRC cell proliferation, migration and invasion, respectively. We
further determined that RNF128 regulated B-catenin ubiquitination and thus inhibited Wnt/B-catenin signaling in
CRC cells. Conclusion: Our research demonstrated that RNF128 inhibited cell proliferation and metastasis of CRC
cells via Wnt/B-catenin signaling-mediated deubiquitination.
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Introduction

Colorectal cancer (CRC) is the third frequent
malignant tumor and a major cause of morta-
lity globally. The International Cancer Research
Agency (IARC) estimated that new CRC cases
are about 1.8 million, and about 0.9 million
people die from CRC [1]. CRC arises through
the multi-factor, multi-stage and multi-step pro-
cesses [2]. The underlying mechanism of co-
lorectal cancer remains largely unknown [3].

Ubiquitination is an essential function of pro-
teins in all eukaryotic species, involving a
sequence of enzymatic reactions [4, 5]. Pro-
tein ubiquitination includes ubiquitin-activating
enzyme, ubiquitin-conjugating enzyme, and
ubiquitin ligase. Ubiquitin ligase (E3 ligase) rec-
ognizes substrates and then attaches ubiquitin
(a small protein in all eukaryotes) to target pro-
teins [6-8]. Depending on the proteasome (the
ubiquitin-proteasome system), the substrates
will be degraded or altered in localization and
function. Ubiquitination was reported to regu-

late multiple cellular processes and fundamen-
tal mechanisms of cell signaling and regulation
[9]. Aberrant ubiquitination causes abnormal
metabolic physiology and several diseases and
even results in tumorigenesis [10-12].

The activation of Wnt/B-catenin pathway, which
participates in diverse cellular functions, is a
hallmark of cancer [13]. B-catenin is a tran-
scriptional co-activation factor and plays a sig-
nificant role in Wnt/B-catenin pathway. As a
core component, B-catenin was involved in
commanding growth and development in can-
cer [14]. Furthermore, accumulation of B-ca-
tenin was associated with proto-oncogene, su-
ch as cyclin D1 [15]. Studies have reported that
the ubiquitin-proteasome pathway was a major
regulatory mode of 3-catenin [16].

RING-finger proteins belong to the E3 ubiquitin
ligase family, whose members all contain RING
finger motifs. Ubiquitin E3 ligases mainly con-
sist of RING-finger proteins with more than 200
different members [17]. RING-finger proteins
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may play a widespread role in physiological
and pathophysiological processes in organisms
[18-20]. RNF128 (also called gene related to
anergy in lymphocytes; Grail) is a 428 amino
acid protein with extracellular protease-associ-
ated domains, transmembrane single-subunit,
and an intracellular zinc-finger domain [21-23].
The up-regulation of RNF128 in CD4+ T-cell cor-
related with suppressing T cell activation [22,
24, 25]. Although it is widely expressed in vari-
ous human tissues, studies of RNF128 mainly
focused on immunity and inflammation, and
the function of the RNF128 is largely unknown.
Several recent studies showed that RNF128
might play an essential role in tumor occur-
rence and development [26-28].

RNF128 associates with the N-terminal domain
of p53 and regulates its transactivation ac-
tivity [26, 27]. Overexpression of Grail prevents
p53-dependent apoptosis. Some researchers
analyzed the clinical samples and found that
downregulation of RNF128 predicts poor prog-
nosis in patients with urothelial carcinoma of
the upper tract and urinary bladder [29]. An
increased expression of RNF128 was detected
in tumor-infiltrating CD8+ T cells in transplant-
ed lymphoma tumors [30]. Recently, it has also
been reported in esophageal squamous cell
carcinoma and melanoma [28, 31]. Neverthe-
less, available studies are limited. Whether
RNF128 exerts an important role in colorectal
cancer cells growth, invasion and metastasis is
not clearly defined.

Materials and methods
Clinical tissue samples and animals

Tissue samples were collected from the clini-
cal biological sample bank of Nanjing Medical
University Affiliated Cancer Hospital. All six
patients were diagnosed with CRC, and their
fresh-frozen tissues were stored in liquid nitro-
gen before used. This study was approved by
Jiangsu Institute of Cancer Research Ethics
Committee.

Six-week-old female BALB/c nude mice were
randomly divided into 2 groups (n=4). The use
of animals was approved by the Ethics Com-
mittee of Nanjing Medical University.

Cell culture and transfection

Colorectal cancer cell lines were bought from
the Chinese Academy of Sciences Cell Bank
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(Shanghai, China). Colorectal cancer cells we-
re cultured in DMEM medium containing 10%
fetal bovine serum at 37°C along with 5% CO.,,.
TransIT-X2 (mirus) was used for siRNA transfec-
tion and plasmid construction.

Stable knockdown and overexpression of
RNF128

The pLV3Itr-ZsGreen-puro-U6 shRNA vector
was used to create the RNF128 shRNA ex-
pression vector. The pLV3Itr-ZsGreen-puro-
CMV overexpression vector system was used.
Colorectal cancer cells were infected with lenti-
viruses and selected by puromycin. Infection
efficiency was assessed by Western blot and
RT-PCR.

RNA isolation and quantitative reverse-tran-
scriptase PCR

Total RNAs were isolated using the MiniBEST
Plant RNA Extration Kit (Takara, Japan). The
RNA concentration was measured by NanoDrop
spectrophotometer. The extracted RNA was re-
verse transcribed with PrimeScript RT reagent
Kit (Takara, Japan). We then carried out PCR
amplification with the SYBR Green (Thermofi-
sher scientific, USA) in 7500HT Fast Real-Time
PCR System (Applied Biosystems, USA).

Western blotting assay and antibodies

Total proteins were extracted with RIPA lysis
buffer, protease and phosphatase inhibitors
(Thermofisher Scientific, USA). After cell lysis
for 20 minutes, samples were centrifuged at
12000¢g for fifteen minutes at four degrees.
Supernatants were collected for measuring
protein concentration by BCA assay (Ther-
mofisher Scientific, USA).

B-tubulin Rabbit mAb, Lamin B1 Rabbit mAb
and B-actin Rabbit mAb were purchased from
Proteintech (china); B-Catenin Rabbit mAb and
CCND1 Rabbit mAb were from Cell Signaling
Technology (USA); Ub and RNF128 Rat mAb
were from Santa Cruz Biotechnology (USA);
goat anti-rabbit and goat anti-rat were from
Cell Signaling Technology (USA).

Cell proliferation assays

To assess cell proliferation, the CCK8 assay
was used. Stock solution was diluted in culture
medium in one-tenth of final treatment volu-
me. After cells were attached, the medium was
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replaced by dilutions. Absorbance (450 nm)
was measured after incubating for an hour.

Scratch wound assay

Cells were cultured in six-well plates. When
90% of confluence was reached, the cells were
scratched with sterile pipette tips. The width of
the scratch was observed under a microscope
at O h and 24 h. The change of wound width
was analyzed using ImageJ.

Clonogenicity assay

Stable knockdown and overexpression of RNF-
128 cells were plated at a low density and
medium was changed every 2-3 days. After
10 days in culture, colonies were scored. Cells
were fixed and stained, and the number of colo-
ny-forming-units was thencounted.

Transwell migration and invasion assays

In transwell invasion assay, the upper cham-
bers were coated with matrigel, and the lower
chambers were added with DMEM medium
containing 20% FBS. After incubatation at 37°C
for 48 h, cells were fixed with 4% paraformalde-
hyde for 1 h and stained with crystal violet for
30 min. Then the transwell chambers were
washed and photographed under the optical
microscope. The migration assay was the same
as described above without matrigel coating.

Cell nucleus/cytoplasm fraction isolation

For cell nucleus/cytoplasm fraction isolation,
nuclear and cytoplasmic protein extraction kit
(KeyGen Biotech, China) was used according to
the manufacturer’s instructions.

Cycloheximide (CHX) chase assay and MG132
treatment assay

The protein half-life was estimated by treating
cell with cycloheximide (Merck, Germany, 25
ug/ml) to block de novo protein synthesis at dif-
ferent time points. MG132 (Merck, 25 ug/ml), a
proteasome inhibitor, was added to the experi-
mental group at a concentration of 10 nmol/I
for 6 hours.

Statistical analyses

gRT-PCR and cell proliferation assays were re-
peated 3 times. The measurement data were
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expressed as means and standard deviations.
The differences between two groups were ana-
lyzed using student’s t-test. P value of less than
0.05 was defined as significant differences.

Results

Expression levels of RNF128 in colorectal can-
cer tissues

We measured the expression of RNF128 in six
colorectal cancer patients with their colon can-
cer and para-cancer tissues. Western-blotting
results indicated that RNF128 expression was
lower in the CRC tissues compared with the
para-carcinoma tissues (n=6, P<0.05, Figure
1A). Results of the quantitative real-time PCR
(QRT-PCR) analysis demonstrated that RNF128
expression was higher in CRC tissues than that
in adjacent normal tissues (n=6, P<0.05, Figure
1B). The low expression of RNF128 in CRC tis-
sues may predict its close relation with cancer
progression. Statistical results identified that
RNF128 had a higher expression level in CRC
cells. We also counted RNF128 expression
of colon adenocarcinoma in TCGA datasets
(Figure 1C). The result suggests that RNF128
may be associated with the development of
CRC. The differential expressions with RNF128
are likely related to malignant phenotypes in
CRC.

RNF128 participates in the regulation of prolif-
eration, invasion and migration

After confirmed the differences in the RNF128
expression levels of CRC tissues, we next veri-
fied whether RNF128 affected CRC cell viability
as well as cell invasion and migration ability.

To ensure that our results were not restricted
to single cell line, we chose two CRC cell lines
(DLD1 and SW480) in the present study. To
unravel the physiological role of RNF128, we
generated a lentivirus expressing RNF128
shRNA to infect CRC cells. The qRT-PCR re-
sult indicated that cells with reduced RNF-
128 expression (DLD1-sh-RNF128 cells and
SW480-sh-RNF128 cells) were successfully
constructed (Figure 2A). We also constructed
the gene expression vector and packaged the
lentivirus in vitro (Figure 2B). By comparing the
knockdown and overexpressing efficiency of
RNF128, we used the constructed cell models
for the following experiments.
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Figure 1. RNF128 is downregulated in colorectal tumors. (A and B) Expression levels of RNF128 in 6 clinical CRC
tissues (C) compared to para-carcinoma normal tissue samples (N) were determined by Western blotting (A) and
gRT-PCR (B). (C) RNF128 expression in TCGA datasets (Grouped by Normal and Cancer type). Normal (n=19); CRC
(n=123). "P<0.05, ""P<0.01 and """P<0.001. Data represented as mean + SD.

Cell viability was detected by CCK-8 assay at
different time intervals. CCK-8 assay showed
that stable inhibition of RNF128 expression
promoted cell proliferation (Figure 2C). Scratch
wound assay was used to analyze the migra-
tion of sh-RNF128 transfected cells (Figure
2D). Scratch repair for 48 h showed that the
sh-RNF128 cells’ scratch width was narrower
compared to that of the control group (Figure
2D). The changes of scratch areas were calcu-
lated visually from the pictures (Figure 2D). We
further used plate cloning assay to detect the
proliferative ability of single CRC cell transfect-
ed with shRNA targeting RNF128 in vitro (Figure
2E). Compared to the control group, the num-
ber and size of colonies formed were marked
increased in SW480-sh-RNF128 cells and
DLD1-sh-RNF128 cells (Figure 2E). The differ-
ence was statistically significant. With decreas-
ing levels of RNF128 expression, colony forma-
tion capability was visibly enhanced.

Another representative experiment to assess
cellar migration and invasion ability was tran-
swell assay. Changes in cell invasiveness were
evaluated using transwell chambers with matri-
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gel. After incubation for 48 h in incubator in
transwell chambers, we counted the number of
cells that migrated through the chamber under
an inverted microscope (Figure 2F). Compared
with the control group, the number of cells pen-
etrating the membranes in the sh-RNF128
group was significantly increased. Differences
between the two groups were statistically sig-
nificant (Figure 2F). These results indicated
that RNF128 had significant effect on the
migration and invasion of CRC cells.

After verifying altered phenotype of RNF128
knockdown cells, we then determined whether
this phenomenon was held in the converse
situation. The above experiments were repeat-
ed in oe-RNF128 cell models (Figure 3). It was
not difficult to find that oe-RNF128 cells could
impair cell viability, hinder the repair of scratch-
es and suppress the colony-forming ability. The
overexpression group demonstrated a marked
decrease in CRC tumor growth, migration and
invasion.

In short, RNF128 participates in the regulation
of proliferation, invasion and migration.
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Figure 2. Knockdown of RNF128 promotes colorectal cancer cell growth, migration and invasion. (A) Expression levels of RNF128 in DLD1 and SW480 cells trans-
fected with shRNA targeting RNF128 (sh-RNF128) or a control shRNA (sh-NC). (B) Expression levels of RNF128 in DLD1 and SW480 cells transfected with RNF128
plasmids (oe-RNF128) or an empty vector plasmid (oe-Vector). (C) CCK8 proliferation assays performed in DLD1 and SW480 cells transfected with sh-RNF128 and
sh-control. (D) The migration ability of the RNF128 knockdown cells was examined using scratch assay. Relative quantitative comparison of scratch width was de-
termined. (E) Colony formation assays performed in DLD1 and SW480 cells transfected with shRNA targeting RNF128 (sh-RNF128) or a control shRNA (sh-NC). The
numbers of clones formed in each group were counted and compared. (F) Cell invasion and migration assays were performed and quantified in RNF128 knockdown
and control of DLD1 and SW480 cells, respectively. "P<0.05, *"P<0.01 and """P<0.001. Data represented as mean + SD. Scratch wound assay for (D): x40, scale
bar: 500 ym. Clonogenicity assay (E) for scale bar: 5 mm. Transwell migration and invasion assays for (F): x100, scale bar: 200 ym.
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Figure 3. Overexpression of RNF128 promotes CRC cell migration and invasion. (A) CCK8 proliferation assays performed in DLD1 and SW480 cells transfected with
RNF128 plasmid (oe-RNF128) and an empty vector plasmid (oe-Vector). (B-D) The Migration, invasion and colony formation capability of RNF128 were performed
in DLD1 and SW480 cells transfected with the RNF128 plasmid (oe-RNF128) or an empty vector plasmid (oe-Vector). “P<0.05, **P<0.01 and "**P<0.001. Data
represented as mean + SD. Scratch wound assay for (B): x40, scale bar: 500 um. Clonogenicity assay (C) for scale bar: 5 mm. Transwell migration and invasion
assays for (D): x100, scale bar: 100 um.
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Figure 4. Loss of RNF128 increases [B-catenin protein level and its target genes in colorectal cancer. (A) The mRNA
expressions of cyclin D1, cyclin E1, cyclin A1 and cyclin B1 were quantified in RNF128 knockdown or overexpression
cells compared to their respective controls in DLD1. (B) B-catenin, CCND1, and RNF128 expressions were confirmed
using Western blotting. B-actin was used as a loading control. (C) Expression of B-catenin and RNF128 in nuclear
and cytoplasmic fractions in RNF128-knockdown cells and control cells of DLD1. B-tubulin was used as the cyto-
plasmic reference protein. LaminB1 was used as the nuclear reference protein. "P<0.05, “*P<0.01 and ""*P<0.001.
No significant difference (P>0.05, ns). Data represented as mean + SD.

Knockdown of RNF128 promotes CRC de-
velopment and metastasis through Wnt/3-
catenin signaling

We have revealed that overexpression of
RNF128 can inhibit the proliferation, invasion
and metastasis of CRC cells. However, the
mechanism of RNF128 acting on CRC has not
been thoroughly elucidated. Because RNF128
altered CRC cell proliferation, we assumed that
RNF128 might affect the cell cycle. We exam-
ined the mRNA expression of several key cell
cycle regulators (Figure 4A). Alterations in re-
lative levels of CCND1 and CCNE1 indicated
that the cell cycle-associated pathways would
be activated or deactivated under RNF128
regulation.

The previous studies showed that human
colorectal cancer progression was closely as-
sociated with the Wnt/[B-catenin signaling pa-
thway [16]. Activation of this signaling pathway
promoted the migration and invasion of CRC
cells. CCND1 is an essential target gene of
Wnt/B-catenin signaling. By chance, we found
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correlations between expression levels of B-ca-
tenin and RNF128 (Figure 4B). By isolating
nuclei and evaluating nuclear levels of RNF128
and B-catenin, we found that B-catenin in the
nucleus also showed an elevated expression
(Figure 4C). We then measured the down-
stream target genes of Wnt/B-catenin pathway.
The results implied that protein levels of CCND1
in CRC cells were reduced by knocking down
RNF128 (Figure 4B). It suggested that Wnt/[3-
catenin pathway may be involved in RNF128-
mediated inhibition of the proliferative and
migration potential of colon tumor cells [32].

RNF128 directly interacts with B-catenin and
promotes (-catenin ubiquitination

We speculated that, as an ubiquitin ligase,
RNF128 acted on the Wnt/B-catenin pathway’s
key protein via ubiquitination. Next, we assay-
ed the interaction possibility among RNF128
and several critical proteins of Wnt/[-catenin
pathway by co-immunoprecipitation (co-IP) and
Western blotting. The interaction between RNF-
128 and B-catenin was verified (Figure 5A, 5B).
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Figure 5. RNF128 directly interacts with and ubiquitinates B-catenin for degradation. (A and B) co-immunoprecipitation (co-IP) was performed with anti-RNF128
antibody (A) or B-catenin antibody (B) and anti-IgG antibody in DLD1 cells. (C) DLD1 cells were treated with cycloheximide at the indicated time and B-catenin levels
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changes of B-catenin were analyzed. (E) Ubiquitination of B-catenin was analyzed by the co-IP assay and immunoblotting with anti-ubiquitin antibody in DLD1. (F)
Model of the suppressive role of RNF128 in Wnt/B-catenin/CCND1 pathway. The binding of Wnt to Frizzled (FZD) receptors activates DVL. Phosphorylated DVL stabi-
lizes cytoplasmic B-catenin to promote nuclear translocation of B-catenin. The entry of B-catenin into the nucleus interacts with TCF/LEF and enhances transcription
of downstream target (CCND1). RNF128 increases B-catenin ubiquitination in this process. "P<0.05, *P<0.01 and “*P<0.001. No significant difference (P>0.05,
ns). Data represented as mean + SD.
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Figure 6. RNF128 inhibits colorectal cancer cell proliferation in vivo. (A) Construction and evaluation of implanted
model of SW480-sh-RNF128 cells or their control cells in nude nice (n=4). (B and C) The volumes and weights of
tumor. (D) B-catenin, RNF128 expression and the ubiquitin level of b-catenin in the tumorigenic tissue of the mouse
were confirmed using Western blotting. (E) RNF128 expression in the tumorigenic tissues of the mouse was deter-
mined by gRT-PCR. ""P<0.01. No significant difference (P>0.05, ns). Data represented as mean * SD.

To determine whether RNF128 regulated B-ca-
tenin protein stability, the half-life of B-catenin
was analyzed at 0, 0.5, 1 and 2 h in CHX (25
ug/ml) treated cells. Our data indicated that
RNF128 knockdown increased the stability of
the B-catenin protein (Figure 5C). Moreover,
MG132 rescued RNF128-mediated B-catenin
downregulation (Figure 5D). Consistently, we
also performed co-IP to measure the level of
B-catenin. As expected, overexpression of RNF-
128 significantly increased the ubiquitination
of B-catenin and RNF128 knockdown signifi-
cantly decreased it (Figure 5E).

Taken together, RNF128 facilitated the ubiquiti-
nation process of 3-catenin and consequently
inhibited Wnt/B-catenin signaling (Figure 5F).

Effects of RNF128 on proliferation of colorec-
tal cancer cells in vivo

We next conducted the in vivo experiment in
tumor-bearing nude mice (Figure 4A). Without
affecting the weight of the mice, RNF128 inhib-
ited colorectal cancer cells proliferation in vivo
(Figure 6B, 6C). We verified the expression of
RNF128 after treatment of tumor tissues in
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mice (Figure 6D, 6E). In addition, the correla-
tion between the expression of RNF128 and
B-catenin was evaluated in tumor tissues in
vivo (Figure 6D). The results showed that
expression of B-catenin in mice was increased
when RNF128 was decreased. We also show-
ed that this phenomenon was related to the
increased ubiquitination level of B-catenin wh-
en the expression of RNF128 was decreased
(Figure 6D).

This finding reveals that RNF128 affects prolif-
eration of colorectal cancer cells by promoting
B-catenin ubiquitination in vivo.

Discussion

Although RNF128 was found to play a role in
various cancers’ occurrence and progression,
its potential role in CRC has not been exam-
ined. In this study, we focused our research on
the effect of RNF128 in CRC and its mecha-
nism. We first examined expression levels of
RNF128 in CRC clinical samples. Our results
demonstrated a substantially reduced level ex-
pression of RNF128 in CRC samples.
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In vitro, we found that overexpression of
RNF128 suppressed CRC cell proliferation,
migration and invasion ability. In vitro and vivo,
knocking down of RNF128 promoted prolifera-
tion, migration and invasion ability, respecti-
vely. We next demonstrated that phenotypic
changes acted by RNF128 were associated
with cell cycle regulation in colorectal cancer.

The Wnt/B-catenin pathway acts as a classical
pathway in tumorigenesis. It has been reported
that the Wnt/B-catenin pathway regulates a
number of cancer types [33-35]. It is also
involved in the development and progression
of colorectal cancer [36]. Our analyses con-
firmed that RNF128 regulated ubiquitination of
B-catenin to inhibit its targets transcription.
Knockdown of RNF128 led to B-catenin deubig-
uitination and promoted B-catenin traveling to
the nucleus to activate the Wnt signaling path-
way. Interacted with TCF/LEF, B-catenin enhan-
ced transcription of downstream targets. With
the transcriptional activation of target gene
CCND1, pro-tumorigenic environment was for-
med.

Our study proved that RNF128 regulates oc-
currence and progression of CRC through Wnt/
B-catenin signaling directly. Moreover, other
mechanisms are also likely to regulate CRC cell
growth due to RNF128. Further investigation of
the role of RNF128 in CRC tumorigenicity is
needed.

Conclusions

Ultimately, the expression of RNF128 is gradu-
ally decreased in CRC tissues. Via the deubiqui-
tination of Wnt/B-catenin signaling, low expres-
sion level of RNF128 promotes CRC cell growth.
Thus, RNF128 may be considered as a thera-
peutic target for colorectal cancer.
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