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Objective: GRWDI (glutamate-rich WD40 repeat containing 1) is a multifunctional protein
involved in multiple cellular regulatory pathways, particularly those associated with cell
growth control. GRWDI is represented as a potential oncogene in several cancers, however,
the function and mechanism of GRWDI in the development of colon cancer are still
unknown.

Materials and Methods: [HC was used to detect the expression of GRWD1 in colon
carcinoma tissues. CCK-8, colony formation, and EdU were used to measure the cell
proliferation after GRWD1 knockdown and overexpression. The distribution of the cell
cycle was analyzed by flow cytometry. The effect of GRWDI1 knockdown on migration
and invasion was analyzed by wound healing and transwell assays.

Results: Overexpression of GRWDI in colon carcinoma tissues was associated with patho-
logical grading, tumor size, N stage, TNM stage, and poor survival. GRWD1 had high
sensitivity and specificity in distinguishing colon cancer from noncancerous tissues, and
might be served as an independent prognosis in colon carcinoma patients. Knockdown of
GRWDI significantly inhibited the cell proliferation and colony formation, and induced cell
cycle arrest and more drug susceptibility, and suppressed the migration and invasion.
GRWDI1 exhibited these oncogenic activities might be associated with its regulation on the
expression of PCNA and Ki67, Cyclin A2 and Cyclin B1, ABCC1 and GSTP1, MTA1 and
MTA2.

Conclusion: GRWDI1 may play an oncogenic activity in the development of colon carci-
noma and its overexpression was associated with malignant characteristics and poor survival
outcome of colon carcinoma. GRWD1 might be a potential target for future therapy.
Keywords: proliferation, cell cycle, drug susceptibility, migration and invasion, GRWDI,

colon carcinoma

Introduction

Colorectal carcinoma (CRC) is the third commonly diagnosed cancer and one of the
leading causes of cancer death. Besides, morbidity and mortality are both increasing
in the most recent decade in many countries including China.! Especially, colon
carcinoma incidence is rising among young adults. According to the studies
between 1975 and 2010, the incidence of young patients (<50 years old) was
increasing by years.” The mortality rates were predicted based on this trend, in
2030, the incidences for patients 20 to 34 years and 35 to 49 years will increase by
27.7% and 46%, respectively.’ Although early detection of colon cancer and
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surgery increased survival among patients, the poor early
diagnosis and high rates of metastasis have significantly
decreased the 5-year survival rates.*> Therefore, it is
necessary to further investigate the pathogenesis of colon
carcinoma so that we have to find some new strategies for
diagnosis and treatment to reduce the mortality.

GRWDI1 (glutamate-rich WD40 repeat containing 1),
highly conserved throughout eukaryotes, is likely to be
involved in ribosome biosynthesis.® Previous studies sug-
gested that p53 could be activated through the RPL11-
MDM2 axis. GRWDI1 could negatively regulate the
expression of p53 through inhibiting the interaction of
RPL11 and MDM2. A recent study showed that GRWDI
could also inhibit p53 by directly binding to its DNA-
binding domain. Based on these results, GRWDI could
be a potential oncogene.” ”

It has been confirmed that GRWDI was highly
expressed in non-small cell lung cancer (NSCLC) and
related to poor differentiation and prognosis.'® PiHL, a
transcriptional target of p53, played an important role in
CRC cell proliferation by inducing p53 ubiquitination
through promoting the complex formation of GRWDI
and RPL11."" However, the expression and function of
GRWDI1 in colon carcinoma are still unknown. Here we
show that the upregulation of GRWD1 promotes the devel-
opment of colon carcinoma and predicts a poor prognosis.

Materials and Methods

Tissue Samples and Clinical Data

A tissue microarray (TMA) purchased from Shanghai Xin
chao Biotech Co. Ltd was used for this study. The study
was approved by the Medical Ethics Committee of The
First Affiliated Hospital of Xiamen University in accor-
dance with the ethical guidelines of the 1975 Declaration
of Helsinki. This TMA contains 94 formalin-fixed and
paraffin-embedded primary colon carcinoma specimens
and 86 matched adjacent noncancerous colon specimens.
The matched adjacent noncancerous tissues were obtained
from a segment of the resected specimens that were >5cm
away from the tumor. None of the patients received pre-
operative radiation or chemotherapy. The clinicopatholo-
gical data were summarized in Table 2.

Immunohistochemistry (IHC)

4um-thick sections of Paraffin-embedded tissues were
dewaxed in xylene, then rehydrated and heated into
0.01M citrate buffer for 20 min. The samples were

quenched the endogenous peroxidase activity by 0.3%
H,0,. After blocking with goat serum for 1h, samples
were incubated with anti-GRWDI1 antibody (1:500 dilu-
tion; HPA042643; Sigma, America) at 4°C overnight. The
positive signals were visualized via the DAB kit (Maxin
Bio, Fuzhou, China) and then scored. The scoring was
assessed based on the percentage of positive cells and
intensity of the staining in GRWDI. Staining intensity
was scored as follows: -, 10%; +, 10%-25%; ++, 26—
50%; +++, >50%. All scores were subdivided into two
categories: GRWDI1 high expression (++, +++) and low
expression (-, +). Scoring was performed by two indepen-
dent individuals to avoid subjectivity.

Cell Culture and Transfection

The human CRC cell lines RKO and SW480 were purchased
from the Cell Bank of Type Culture Collection of Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
at 37°C with 5% CO, in DMEM medium, supplemented
with 10% FBS (Peakserum, US) and 100U/mL penicillin.
Plasmids of knockdown or overexpression of GRWDI1 were
constructed by Public Protein/Plasmid Library. HEK293T
cells were transfected by the resulting lentiviral vector and
packing plasmids with Lipofectamine 2000 (Invitrogen).
Medium was replaced after 8h, later supernatants were col-
lected and filtered after 48h. RKO and SW480 cells were
infected by viral supernatant and selected by puromycin.

Western Blot Analysis

Cells were collected and lysed with ice-cold lysis buffer, the
extractives were centrifuged and supernatant was diluted
1:4 with protein loading buffer. 10ug of proteins were
separated by SDS-PAGE and transferred to PVDF mem-
branes. Following blocking with 5% nonfat milk at room
temperature for 1h, membranes were incubated with pri-
mary antibodies at 4°C overnight. After washing with PBST
for 3 times, the membranes were incubated with the horse-
radish peroxidase-conjugated secondary antibodies at room
temperature for lh. Finally, an enhanced chemilumines-
cence system was used to detect the signals. The primary
antibody GRWDI1 was purchased from Sigma-Aldrich, o-
actinin was obtained from Proteintech.

Cell Proliferation Assay and Drug
Susceptibility Assay

CCKS8 assay (MCE) was used to detect the cell prolifera-
tion and cell survival after drug treatment. Cells were
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seeded with a density of 5x10%/well in 96-well plates and
cultured for a certain period time. 10uL CCK-8 reagent
was added into each well and incubated for 3h.

Xenograft Nude Mouse Model

All experimental procedures involving animals were con-
ducted in accordance with animal protocols of the
Laboratory Animal Center of Xiamen University, which
were approved by the Animal Ethics Committee of
Xiamen University. 4-6 weeks old Balb/c nude mice
were separated randomly into two groups including con-
trol group and the GRWD1 knockdown group. 1x107 cells
were subcutaneously injected into the right side of each
mouse. The tumor sizes were measured every two days.
All mice were euthanized on the 19th day and tumors were
dissected.

Colony Formation Assay

RKO and SW480 cell lines were seeded on 6-well plates
with 500 cells/well, respectively. Cells were cultured for
two weeks with 5% CO2 at 37°C, then were treated with
methanol for 10 minutes and stained with crystal violet for
15 minutes. The cell colonies were photographed under
the microscope.

EdU Incorporation Assay

EdU assay (RiboBio, China) was used to measure cell
proliferation. EdU is an analog of thymidine, it could
replace thymidine to insert in synthetic DNA molecule
during DNA duplicate phase. Briefly, cells were seeded
at a density of 1x10%well onto 96-well plates, after cul-
tured for 24h, cells were treated with 50uM EdU for 2h
with 5% CO2 at 37°C. Then, cells were washed with PBS
twice to remove residual EdU and fixed with 4% formal-
dehyde for 30 min. PBS with 0.5% Triton X-100 was used
to permeate cells. Next, cells were treated with 1x Apollo®
fluorochrome for 30 min at a dark place. After that, each
well was added with DAPI and 1x Hoechst 3342 reaction
cocktail. Results were observed with a fluorescence
microscope.

Cell Cycle Analysis

RKO and SW480 cells were treated with serum-free med-
ium for 24h, then cells were softly collected and fixed with
cold 70% ethanol at 4°C overnight. After that, cells were
washed in cold PBS twice, and then resuspended in Cell
Staining Buffer containing 2.5pug/mL propidium iodide
solution and 100ug/mL RNase for 30 minutes at 37°Co

DNA content were analyzed by Flow Cytometry. The
percentage of cells at each cell cycle phase was analyzed
using the FlowJo software.

Migration and Invasion Assays
Wound-healing assay and transwell assay were used to
measure the activities of migration and invasion. For
wound-healing assay, SW480 and RKO cells were seeded
into 35-mm dishes and cultured for 24h to 95% conflu-
ence. 200uL pipette tip was used to scratch the monolayer
and the well was washed with PBS for three times to wipe
off the detached cells. After that, cells were cultured with
DMEM medium containing 1% FBS. The same vision was
captured under the microscope at Oh and 48h. For trans-
well assay, Corning® BioCoat™ Matrigel® Invasion
Chambers with 8.0 um PET Membrane were used accord-
ing to the manufacturer’s instruction. SW480 and RKO
cells were seeded in the upper chamber with a serum-free
medium. The lower chamber was supplemented with
DMEM containing 10% FBS. After 48h, invaded cells
were stained with crystal violet and counted. The migra-
tion assay was performed without Matrigel and other pro-
cedures were the same with invasion assay.

Statistical Analysis

SPSS 16.0 statistic software (SPSS Inc., Chicago, IL,
United States) was used to analyze all data. All survival
rate was analyzed by the Kaplan-Meier method using a
long-rank test. Student’s ¢-test was employed to compare
the differences between the two groups. The X* was used
to analyze the relationship between GRWD1 expression
and clinical features. The value of P < 0.05 was considered
statistically significant.

Results
Overexpression of GRWDI in Colon

Cancer Tissues

Evaluation from the online GEPIA database indicated that
GRWD1 mRNA was widely expressed in many cancer tissues,
but it was significantly highly expressed in COAD tissues
compared with normal tissues (P < 0.05) (Figure 1A). In
order to confirm the expression of GRWD1 in the colon cancer
tissues, IHC was applied to detect the GRWDI protein level in
clinical colon cancer tissues and noncancerous tissues. The
representative H&E staining images of noncancerous tissue
and colon cancer tissue were shown in Figure 1B. IHC analy-
sis showed that GRWDI1 protein was weakly expressed in
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expression (-), weakly positive (+), moderately positive (2+),
and highly positive (3+) (Figure 1D). The results from Table 1
showed that the rate of high expression (2+, 3+) of GRWDI in
colon cancer tissues was 58.6%, which was significantly

noncancerous tissues, while markedly expressed in the nucleus
of colon cancer tissues (Figure 1C). To further investigate the
expression of GRWDI1 protein, the staining intensity was
separated into four different grades including negative
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Figure | Expression levels of GRWDI in human cancers from online database and clinical colon cancer samples. (A) The red font for each cancer indicates the mRNA levels of
GRWDI in tumor tissues (T) was significantly higher than noncancerous tissues (N), including colon adenocarcinoma (COAD). In the box plot, the red box indicates COAD samples
(n = 275) and the grey box indicates normal samples (n = 349), *P < 0.05. All these data were obtained from the GEPIA database. (B) Representative images for H&E indicated
noncancerous tissue (upper) and cancer tissue (bottom). (C) Comparison of GRWD | in noncancerous and cancer tissues via IHC staining (right, 100 x; left, 1000 x). (D) IHC staining
of GRWD| was sorted into four grades (-, +, ++, +++). (E) Semiquantitative analysis of GRWDI| expression in noncancerous (N) and cancer tissues (C) (the upper one, **P <
0.001). Receiver operating characteristic (ROC) curve was plotted by sensitivity and specificity for GRWD | IHC staining score (the bottom one, AUC = 0.7332, P < 0.0001).
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Table | Expression of GRWDI Protein in Different Colon Tissues
Tissue Type N GRWDI Staining Grades X2 P
- I+ 2+ 3+
Cancer (C) 94 7 (7.4%) 32 (34.0%) 39 (41.6%) 16 (17.0%) 34.58 <0.0001
Noncancer (N) 86 27 (31.3%) 43 (50.0%) 12 (14.0%) 4 (4.7%)

higher than noncancerous tissues with 18.7%. The histogram
of'the score also showed staining intensity of GRWD1 in colon
cancer tissues was pretty higher than that of noncancerous
tissues (Figure 1E, upper). In addition, we assessed the sensi-
tivity and specificity of GRWD1 expression to discriminate
cancer tissues from noncancerous tissues. The value of area
under the curve (AUC) was 0.7332 (95% CI = 0.6596 to
0.8067, P < 0.0001) (Figure 1E, bottom), and the sensitivity
was 82.97% and the specificity was 94.19%, which presented
that GRWDI had high sensitivity and specificity in distin-
guishing colon cancer from noncancerous tissues.

Clinical Significance of GRWDII
Overexpression in Colon Carcinoma

Patients

To explore the clinical significance of GRWDI1 overex-
pression in colon carcinoma patients, the associations
between GRWDI expression level and clinical pathologi-
cal factors were analyzed in Table 2. The analysis revealed
a marked association between GRWDI1 overexpression
with pathological grading, tumor size, N stage and TNM
stage (P < 0.05). However, the correlation between
GRWDI1 overexpression and patients' age, gender, T cate-
gory was not found (P > 0.05). These results suggest that
GRWDI overexpression might be served as a predictor for
the progression of colon carcinoma patients.

The Prognostic Value of GRWDI|
Overexpression in Colon Carcinoma

Patients

Firstly, A survival analysis was performed using data from
GEPIA database, but the Kaplan-Meier survival curves and
Log rank test demonstrated that patients with overexpression
of GRWDI had no significant association with overall sur-
vival (OS) of all patients (P > 0.05). However, data from
clinical colon carcinoma samples indicated that patients with
overexpression of GRWD1 had a shorter OS rate than low
expression (P < 0.05) (Figure 2A). Besides, the OS of colon
patients with GRWDI overexpression is poor both in clin-
ical stage (III-IV) and clinical stage (II) (P <0.05) (Figure

2B). Furthermore, Univariate Cox regression analysis
showed that pathological differentiation, tumor size, clinical
stage, lymph node metastasis, and GRWDI1 expression were
significantly associated with OS (P <0.05). Pathological
differentiation, clinical stage, lymph node metastasis, and
GRWDI1 expression were finally confirmed to be indepen-
dent factors with prognostic value for OS in patients with
colon carcinoma via Multivariate Cox analysis (P < 0.05)

Table 2 Associations Between GRWDI and Clinicopathological
Factors of Colon Carcinoma Patients

Variables N GRWDI X2 P
Low High

Age 0.0307 0.8608
<60 28 12 16
= 60 66 27 39

Gender 0.2605 0.6495
Female 46 18 28
Male 48 21 27

Pathological grading 14.26 0.0008*
I, -l 19 I5 4
Il 60 18 42
111, 11, v 15 6 9

Tumor size 17.72 0.0001*
d<4 29 18 I
4<d<é6 36 18 18
d=6 29 3 26

T category 1.300 0.5220
TI2 11 3 8
T3 51 21 30
T4 32 I5 17

N stage 6.593 0.0102*
NO 60 19 41
NI 34 20 14

TNM stage (AJCC) 6.824 0.0330*
Stage | 10 3 7
Stage Il 48 15 33
Stage IlI-IV 36 21 15

Note: *Indicates statistical significance.
Abbreviations: W, well differentiation; M, moderately differentiation; P, poorly
differentiation.
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Figure 2 The relationship between GRWD | expression and overall survival (OS) in colon cancer patients. (A) Kaplan-Meier overall survival curve plotting relation between

GRWD | expression and OS in colon cancer patients. Data of right one is from GEPIA database (n

=270, P = 0.27), and the left one is from clinical data (n = 94, P = 0.0481).

(B) The relations between GRWD | expression and OS were accessed in different sub-groups of clinical stage IlI-IV (left, n = 46, P = 0.0396) and clinical stage Il (right, n =

36, P =0.0310) according to TNM stage. (C) OS analysis in colon cancer patients for pathological

differentiation (left, n = 94, P = 0.0053), clinical-stage (middle, n = 94, P <

0.0001), and lymph node metastasis (right, n = 94, P = 0.0013). The log-rank was used to calculate P values.

submit your manuscript

1570

Dove

OncoTargets and Therapy 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhou et al

(Table 3). Kaplan-Meier survival curves confirmed that
pathological differentiation, clinical stage, and lymph node
metastasis were significantly associated with poor OS (P <
0.05) (Figure 2C). These results indicated that GRWDI
overexpression predicted a poor prognosis of colon carci-
noma patients.

Knockdown of GRWD Inhibits the

Proliferation of Colon Cancer Cells

To explore the functions of GRWDI on colon cancer
cells, the cell models of stable GRWD1 knockdown and
overexpression were established, separately. The Western
blot analyses of GRWDI protein expression were pre-
sented in Figure 3A and B. The results of cell prolifera-
tion detected by CCKS8 assays showed that GRWDI
knockdown inhibited cell growth compared with control
groups in both RKO and SW480 cells (Figure 3C).
Conversely, the proliferation of both RKO and SW480
GRWDI1
(Figure 3D). We also established the nude mouse model

cells was enhanced after overexpression
to verify the effect of GRWDI on proliferation in vivo,
the results showed that knockdown of GRWDI inhibited
tumor growth. The tumor weight of the GRWDI1 knock-
down group was much lower than the control group
(Figure 3E).

Next, colony formation assays were used to detect the
in-vitro tumorigenesis in RKO and SW480 cells. The

results showed that knockdown of GRWDI1 could

significantly inhibit the colony formation both of RKO
and SW480 cells (Figure 4A). Furthermore, EdU assay
was performed to measure DNA synthesis, which could
also represent the proliferative ability of cells. The results
showed a remarkable decrease in the numbers of EdU-
positive cells in shGRWD1 group compared with shCtrl
group (Figure 4B).

These findings indicated that GRWDI1 knockdown
could significantly inhibit the proliferation of colon cancer

cells in vitro and in vivo.

Knockdown of GRWDI Induces G|
Phase Cell Cycle Arrest

Cell cycle disorder is one of the malignant characteristics
in the development of colon carcinoma.'? Results from
flow cytometry showed that GRWDI knockdown inhib-
ited cell cycle progression and caused the G1 phase
distribution to increase from 40.12 = 1.02% to 56.89 =+
1.17% (P < 0.05), and it caused a slightly decreasing
number of cells in S and G2/M phase compared with
control group in RKO cells (Figure 4C). In addition,
GRWDI1 knockdown also increased the G1 phase distri-
bution from 41.31 £ 1.18% to 55.36 £ 0.91% (P < 0.05),
whereas the phase of S and G2/M were decreased
(Figure 4D). Similar results from RKO and SW480
cells indicated that GRWDI1 played a key role in the
procession of colon cancer cell cycle.

Table 3 Cox Model Analysis of Prognostic Factors and GRWDI on Overall Survival

Variables HR (95% CI) P
Univariate

Age (< 60 vs 2 60) 1.764 (1.172-2.021) 0.073
Gender (female vs male) 0.927 (0.256—1.653) 0.162
Pathological grading (I, I-Il vs Il vs [I-lIl, 1Il, IV) 2.102 (1.213-2.972) 0.031*
Tumor size (d <4vs4<d<6vsd=26) 1.817 (1.291-2.651) 0.039%
T category (T1/2 vs T3/4) 0.362 (0.162-0.932) 0.412
N stage (NO vs N1I) 2317 (1.583-3.192) 0.023%*
TNM stage (T1/2 vs T3 vs T4) 3.572 (1.582-9.382) 0.009%*
GRWDI (low vs high) 1.836 (1.027-2.681) 0.018%*
Multivariate

Pathological grading (I, I-Il vs Il vs [I-lIl, 1Il, IV) 1.738 (1.219-2.712) 0.018%*
N stage (NO vs N1I) 1.932 (1.317-3.018) 0.042%
TNM stage (stage | vs Il vs Il vs V) 2.641 (1.376-3.972) 0.014*
GRWDI (low vs high) 1.526 (1.023-2.071) 0.021*

Note: *Indicates statistical significance.
Abbreviations: HR, hazard ratio; Cl, confidence interval.
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SW480 cells. (C and D) The proliferation of RKO and SW480 cells detected by CCK8 analysis after GRWDI knockdown or overexpression. (E) Effect of GRWDI
knockdown in vivo. Comparison of tumor growth (left), dissected tumors (middle) and tumor weight (right) in control and GRWDI knockdown groups. Data were
expressed as mean * SD from three independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001.

Knockdown of GRWD| Enhances Drug
Susceptibility of Colon Cancer Cells

Resistance to chemotherapy is a main obstacle in the
tumor clinical therapy including colon carcinoma."® To
further investigate whether GRWDI1 knockdown affected
drug susceptibility in colon cancer cells, CCK8 assays
were performed to detect drug susceptibility of RKO and
SW480 cells to three common chemotherapy drugs includ-
ing LOHP, CDDP and 5-FU after GRWD1 knockdown. As
shown in Figure SA—C, the sensitivity to LOHP, CDDP,
and 5-FU was increased after GRWD1 knockdown in both
SW480 cells and RKO cells, compared with control
groups. The results suggested that GRWD1 overexpression
might contribute to the drug resistance of colon cancer
cells.

Knockdown of GRWD| Suppresses
Migration and Invasion of Colon Cancer
Cells

In the clinical data analysis, it indicated that GRWDI1
overexpression was associated with lymph node metastasis
of colon carcinoma. Therefore, we detected the effect of
GRWDI1 knockdown on the migration and invasion by
wound-healing assay and transwell assay. As shown in
Figure 6A, the healing ability of RKO and SW480 cells
was impaired after GRWDI1 knockdown. Furthermore,
transwell assays indicated that the migration and invasion
activities of GRWDI knockdown group cells were mark-
edly decreased compared to the control group cells in both
RKO (Figure 6B) and SW480 (Figure 6C) (P < 0.001).
These two results suggested that GRWDI1 played a vital

submit your manuscript

1572

Dove

OncoTargets and Therapy 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhou et al

shCtrl

shGRWD1

shCtrl

shGRWD1

Number

300

Number

400

300

200

100

500 600

400

200

100

G1: 40.12 % + 1.02

I
S: 2952% +1.21
G2/M:  30.36 % + 1.62

20 40 60

Channels (FL2-AFL2-A)

shCtrl
f\
| G1: 41.31 % +1.18
] S 29.32%+0.96
G2M:  29.37 %+ 1.51

Channels (FL2-AFL2-A)

shCtrl

Relative colonny number (%)

100+

Number

Number

600

400

200

500

400

300

200

100

I shCul
= shGRWDI

r

SW480

G1: 56.89 % +1.17
S: 21.52% +1.04
G2/M:  21.59 % + 1.31

20 40 60

Channels (FL2-AFL2-A)

shGRWD1

80

G1: 55.36 % + 0.91

S: 20.52 % +1.01

G2/M:

2412 % +1.28

40 60
Channels (FL2-AFL2-A)

shGRWD1

Figure 4 Effect of GRWDI knockdown on colony formation, DNA replication and cell cycle distribution. (A) Effect of GRWD| knockdown on cell colony formation. The
numbers of sSs\GRWDI colony were normalized with that of shCtrl (***P < 0.001). (B) The DNA synthesis of RKO cells detected by EdU assays. Hoechst staining indicated
living cells, and EdU staining indicated the DNA molecule under duplicating. (C and D) Representative distributions of cell cycle phases of RKO cells and SW480 cells after
GRWDI knockdown detected via flow cytometry. Data are expressed as mean + SD from three independent experiments.

OncoTargets and Therapy 2021:14

submit your manuscript

1573

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhou et al Dove

A
SW480 RKO
1.0m —o— shCtrl 1.0m —&— shCtrl
i —¥— shGRWD1 | —¥— ShGRWD!1
—~ 0.8+ —~ 0.8+
X ] X ]
= . =
g 0.6+ " ,(20 0.6+
c : c .
?» 0.4+ ?» 0.4+
SR e
O .24 O 0.4
OC 1 1 1 1 1 OC 1 1 1 1 1
0 10 20 40 80 0 10 20 40 80
Concentration of LOHP (uM) Concentration of LOHP (uM)
B SW480 RKO
1.0m= —&— shCtrl 1.0m —&— shCtrl
i —%— ShGRWD1 i —%— ShGRWD1
—~ 0.8+ —~ 0.8+
X . X -
g 0.6+ g 0.6+
c . . c .
@ 0.4- " @ 0.4-
© ; * © .
O 0.24 O  p.od
OC 1 1 1 1 1 OC 1 1 1 1
0 1.25 25 5 10 0 1.25 25 5 10
Concentration of CDDP (uM) Concentration of CDDP (uM)
C SW480 RKO
1.0 —&— shCtrl 1.0m —&— shCtrl
i —%— ShGRWD1 i —%— ShGRWD1
—~ 0.8+ —~ 0.8+
X i * X .
= * = X *
g 0.6+ bl g 0.6+
E L *% E -
@ 0.4= 7 0.4=
o . © .
O 0.4 O 0.4
OC 1 L 1 1 L OC 1 1 1 1 L
0 10 20 40 80 0 10 20 40 80
Concentration of 5-FU (uUM) Concentration of 5-FU (uM)

Figure 5 Effect of GRWD| knockdown on drug susceptibility. Cell viability of shCtrl or shGRWD | for SW480 and RKO cells detected by CCK8 assay. The line charts plot
the drug susceptibility to 48h treatment of different concentration of LOHP (A), CDDP (B), and 5-FU (C). *P < 0.05; **P < 0.01.

574  submit your manuscripe OncoTargets and Therapy 2021:14

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove Zhou et al

shCtrl

shGRWD1

shCtrl

I shCtd
1 shGRWD1

10+

Relative cell number (%)

shGRWD1

Migration Invasion

SW480

shCtrl

100 = shCtrl
90 =3 shGRWD1
80
70=
601
50=
40- *kk
30 *kk
20+
10—

0=

Relative cell number (%)

shGRWD1

Migration Invasion
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promoting role in the migration and invasion of colon
carcinoma cells.

The Potential Mechanisms of GRWDI in
Regulating the Development of Colon

Carcinoma

Those above results showed that GRWDI1 played impor-
tant roles in the proliferation, cell cycle, drug sensitivity,
and migration and invasion of colon cancer -cells.
However, the potential mechanisms under the regulation
of colon carcinoma development by GRWDI1 need to be
investigated. The primary analysis from online GEPIA
database showed that GRWDI expression was positively
related to proliferation-related genes: PCNA and Ki67
(Figure 7A), cell cycle-related genes: Cyclin A2 and
Cyclin Bl (Figure 7B), drug resistance-related genes:
ABCCI and GSTP1 (Figure 7C) and metastasis-related
genes: MTA1 and MTA2 (Figure 7D).

Based on the above research results, we proposed a
working model about the tumorigenic function of
GRWDI. As a novel Cdtl-binding protein in MCM heli-
case complexes,’* GRWDI upregulation promotes the
combination with CDC6 and Cdtl, further increases
MCM loading and induces DNA replication, and then
activates the transcriptions of several tumorigenesis-
related genes (Figure 8)

Discussion
Our results revealed that GRWDI1 was overexpressed in
tissues of clinical CRC patients through the TCGA data-
base and IHC analyses. GRWD!1 upregulation was also
correlated with several clinical- pathological factors
including pathological grading, tumor size, N stage, and
TNM stage. We constructed GRWD1 knockdown and
overexpression CRC cell models to detect whether
GRWDI1 had effects on the development of CRC. We
found that GRWDI1 knockdown inhibited cell prolifera-
tion, on the contrary, the growth of CRC cells was pro-
moted by GRWDI1 overexpression. Besides, GRWDI
knockdown arrested cell cycle on the G1 phase, increased
drug sensitivity, and reduced the ability of invasion and
migration. From these results, we concluded that GRWD1
played an important role in tumorigenesis of colon
carcinoma.

Many previous studies reported that incidence rates of
CRC were increasing every year, especially among young
people.”” Scientists dedicated to find the molecular

mechanisms and possible therapeutic targets of cancer in
the past few years, studies on potential genes that are
evolved in colon carcinoma tumorigenesis may provide
good prospects for diagnosis and therapy.'® Our study
found GRWDI1 was highly expressed in several cancers
including breast carcinoma, lung squamous cell carci-
noma, skin cutaneous melanoma, and also markedly eval-
uated in colon carcinoma. A recent study also showed that
GRWDI1 was highly expressed in non-small cell lung
cancer (NSCLC). Besides, it could activate the Notch
signaling pathway which induces cell proliferation in
NSCLC.'"® We also confirmed GRWDI had a significant
correlation with pathological grading, tumor size, and
TNM stage. Although GRWDI1 expression was not
shown an obvious relationship with the overall rate of
survival in all CRC patients, the overall survival rates of
the months after surgery in all patients and patients with
different clinical stages were shown significant relations
with GRWDI1 expression. These results further demon-
strated that GRWD1 was an independent risk factor for
poor development of colon carcinoma.

GRWDI1, a WD-repeat-containing protein, is related to
ribosome biosynthesis. GRWD1 overexpression is mainly
localized in nuclear and slightly localized in cytoplasmic
which is consistent with our findings.® The IHC analysis
was shown that GRWDI1 was both expressed in nuclear
and cytoplasmic while the staining intensity of GRWD1 in
nuclear was higher than cytoplasmic. It was confirmed that
GRWDI1 was associated with p53. p53 is well known as a
tumor suppresser and a transcriptional factor that regulates
a series of genes expression including related genes of
metabolic homeostasis, DNA repair, cell cycle, and DNA
repair.'” '’ Ubiquitin ligase MDM2 is involved in p53
degradation.”® Activated ribosomal proteins including
RPL11 and RPL23 could interact with MDM?2 and result
in an accumulation of p53.>' Therefore, p53 is reduced
when GRWDI1 overexpression. Besides the RPLI11/
RPL23-MDM2-p53 axis, a recent study reported that
GRWDI1 is directly bound to the DNA-domain of p53
and negatively regulated p53 expression.” All these results
indicated that GRWDI is a potential oncogene.

Our results showed that GRWDI overexpression
induced the growth in CRC cells in vitro and in vivo,
while GRWD1 knockdown inhibited the colony formation
and DNA replicate capacity. The expressions of prolifera-
tion-related genes: PCNA and ki67 were positively related
to GRWDI1 expression. These findings demonstrated that
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Figure 7 Correlation between the expression of GRWD| and several genes that are associated with the pathogenesis of colon cancer. The GEPIA online database was used
to evaluate the correlations of GRWDI and proliferation-related genes (A), cell cycle-related genes (B), multidrug resistance-related genes (C), metastasis-related genes
(D). Correlation was calculated using Spearman/Pearson correlation test. R value indicates the correlation coefficient.
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Figure 8 A predicted working model of GRWDI in regulating the progression of colon carcinoma. GRWD | may play as an oncogene through affecting the expression of
various aspects of genes including proliferation, cell cycle, drug resistance and metastasis. (CDC6, cell division cycle 6; Cdtl, chromatin licensing and DNA replication factor
I; RPLI1/23, ribosomal protein LI1/23; MCM, minichromosome maintenance complex component).

GRWDI indeed had
proliferation.

We further analyzed the cell cycle after the GRWD1 knock-
down. Previous studies showed that DNA replication is impor-

a markable effect on cell

tant for cell cycle. Pre-replication complex (pre-RC) contained
CDC6, CDC1 and MCM helicase formation is one procedure
of DNA replication. GRWD]1 could interact with CDC6 and
Cdtl, sequentially increase MCM loading and induce DNA
replication.”> Our results indicated that GRWD1 knockdown
arrested cell cycle at the G1 phase, and slighted increased S and
G2/M phase which was consistent with the previous study.
Cells of the G2/M phase were slightly increased after GRWD1
depletion.”” We assessed the cell cycle-related genes: cyclin
A2 and cyclin B1. Cyclin A2 was proved to be related with G1
and S phase, cyclin Bl inhibition caused G2/M phase arrest
and increased cell growth.”>* Both two genes had a significant
correlation with GRWDI1 expression. We still need to investi-
gate the expression of cell-cycle related proteins after GRWDI1
knockdown in further study.

Oxaliplatin (L-OHP), 5-fluorouracil (5-FU) and cispla-
tin (CDDP) are widely used in the treatment of colon
carcinoma. A combination of different chemotherapy
agents is an efficient treatment for cancer patients.
Meanwhile, drug resistance also gradually occurs.”> %’ In
our study, we found that GRWDI knockdown effectively
increased the drug sensitivity in CRC cells. Moreover, the
analyses between GRWDI1 with MRP1 and GSTP1
showed a positive correlation. MRP1 belongs to the
human multidrug resistance-associated protein (MRP)
family. This membrane protein mainly results in clinical

drug resistance.”*’ GSTP1 belongs to the glutathione S-
transferase (GST) family.*® GSTP1 overexpression in can-
cer cells was found that it promoted the resistance to
multiple drugs.®' Therefore, GRWDI1 may be a potential
therapeutic target in the treatment of colon carcinoma.

Metastasis is the main cause of cancer death and it is
responsible for morbidity and mortality.>? Our study found
that GRWDI had a significant correlation with lymph node
metastasis, besides GRWD1 knockdown inhibited the abil-
ity of migration and invasion of colon carcinoma cells.
Analysis of GEPIA database showed that GRWDI1 was
related to metastasis-related genes: metastasis-associated
gene 1 (MTA1) and metastasis-associated gene 2 (MTA2).
MTAL, a transcriptional coregulator, played an important
role in cancerous procedure. Many studies demonstrated
that MTA1 overexpression facilitated invasion and migra-
tion in several cancer cells including laryngeal squamous
cell carcinoma (LSCC), esophageal squamous cell carci-
noma, and melanoma.®* > MTA2 had a similar function
with MTAL. Previous study also showed that MTA2 pro-
moted the invasion of gastric cancer cells.*® In conclusion,
GRWDI had an important effect on invasion and migra-
tion in colon carcinoma cells.

Our study firstly confirmed GRWDI1 promoted cell
proliferation, drug resistance, cell cycle procedure, inva-
sion and migration in colon carcinoma cells. We also put
forward a potential mechanism of GRWDI1 in oncogenesis.
However, these predicted mechanisms of GRWD1 tumor-
promoting functions are still unconfirmed. Therefore, we
will next focus on these in further studies.
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