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ABSTRACT ARTICLE HISTORY

To investigate the effects of silencing neuropilin-2(NRP-2) on the proliferation, migration, and Received 30 December 2021
invasion of colorectal cancer(CRC) HT-29. Lipofectamine 2000 was used to transfect specific siRNA Revised 12 April 2022

for NRP-2 and nonspecific control siRNA into human colorectal cancer HT-29 as the transfection ~ Accepted 14 April 2022
group and meaningless sequence group. HT-29 cultured in a medium was used as the blank KEYWORDS

control group. The expression levels of NRP-2 mRNA in the cells were detected by real-time Neuropilin-2; cell
fluorescence quantitative PCR. The expressions of proliferation-associated protein Ki-67 in the cells proliferation; cell migration;
were detected by immunochemical staining. Migration ability was assessed by a monolayer cell cell invasion

scratch wound damage and repair experiment. The Transwell chamber invasion experiment was

adopted to determine invasive ability by measuring the number of tumor cells crossing the

chamber membrane. Compared with the meaningless sequence group and blank control group,

real-time fluorescence quantitative PCR showed that the relative expression level of NRP-2 mRNA

in the transfection group was significantly decreased(P < 0.05). Results of immunochemical

staining revealed that the expression of Ki-67 protein in the transfected cells was significantly

reduced, and the proliferation ability was decreased(P < 0.05). The results further showed that the

scratch healing rate of the transfected cells decreased after 24 h of healing(P < 0.05). Results of

Transwell invasion assay showed that the number of cells passing through the stromal membrane

of the upper chamber to the back of the chamber was significantly reduced in the transfection

group(p < 0.05). Silencing NRP-2 could inhibit the proliferation, migration, and invasion of color-

ectal cancer HT-29.
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® This study may provide a theoretical basis for
NRP-2 to become a new research direction of
targeted therapy for colon cancer.

1. Introduction

Colorectal cancer (CRC) is the third most com-
mon malignant tumor in the world, ranking third
and second in the incidence of malignant tumors
in males and females in China, respectively [1]. In
2015, the number of new-onset malignant tumors
in China was 4.292 million, and the number of
deaths caused by malignant tumors was
2.814 million [2]. In recent years, there exists an
incremental increase in the number of deaths
caused by CRC [3]. With the rapid development
of tumor molecular biology and further research
on gene expression, a better understanding of the
occurrence and development of CRC has been
achieved. It has been established that the occur-
rence of CRC is not caused by a single gene
change, but by a process involving multiple events.
Through multiple gene changes, the normal colo-
nic mucosa gradually develops into atypical hyper-
plasia, adenoma, carcinoma in situ, and advanced
cancer [4].

NRP-2 belongs to one subtype of the Neuropilin
(NRP) family, and the other subtype is Neuropilin-
1 (NRP-1). NRP-2 has the same domain as NRP-1
and approximately 44% of homologous amino
acids overlapping with NRP-1 [5]. NRP-2 may be
expressed in lower amounts in normal human
cells.. A number of studies have proven that
NRP-2 exists and is highly expressed in a variety
of solid cell tumors such as breast cancer [6],
thyroid cancer [7], oral squamous cell carcinoma
[8], and gastric cancer [9]. In our previous studies,
it was found that NRP-1 had a role in promoting
malignant biological behaviors in humans [10].
However, there are few studies on NRP-2 in
CRC. In this study, NRP-2 was used in the cellular
study of CRC cells to investigate the changes in the
proliferation, migration, and invasion of CRC HT-
29 cells.

In this study, we compared the expression of
NRP-2 in HT-29 silenced by RNAi with normal
HT-29 at the level of colon cancer cells in order
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to observe the biological behavior changes such
as apoptosis, proliferation, migration and inva-
sion of cells after silencing of messenger RNA
(mRNA) of NRP-2 in HT-29 cells. Real-time
polymerase chain reaction was used to detect
the expression level of NRP-2 mRNA in cells of
different groups to verify the expression of NRP-
2 in cells; immunocytochemical staining was used
to detect the expression of Ki-67 protein in cells
of different groups; monolayer scratch injury
repair assay was used to detect the scratch healing
area of cells of different groups to detect the
migration ability of cells; transwell chamber inva-
sion assay was used to determine the invasion
ability of cells by detecting the number of
tumor cells crossing the chamber membrane. By
these results, we aim to provide some theoretical
basis for NRP-2 that may become a new research
direction for the treatment of targeted therapy for
colon cancer and its future combination with
NRP-2 small interfering RNA (siRNA) on the
basis of chemotherapy alone, which may improve
the prognosis of patients with NRP-2
overexpression.

2. Materials and methods
2.1 General materials and main reagents

Human CRC cell line HT-29 was purchased from
Shanghai Cell Bank, Chinese Academy of Sciences.
The siRNA sequence of NRP-2 was synthesized by
Guangzhou Ruibo Biotechnology Co., Ltd. The for-
ward sequence was 5-CAGAGAUCGCGAGCGA
GGCA dTdT-3' and the backward sequence was 3'-
dTdT GUCUCUAGCGCUCGCUCCGU- 5 Lipofe-
ctamine 2000 was purchased from Invitrogen Co.
NRP-2 PCR primers and internal reference p-actin
were synthesized by Invitrogen Co. The forward
sequence of NRP-2 primers was 5- CGGCTTTTG
CAGTGGACATC -3, and the backward sequence
was 5-TTTCTTTGTCGGTCGAGGGG -3'. The for-
ward sequence of [-actin primers was 5-
GTCACCTTCACCGTTCCAGTTTT-3, and the
backward sequence was 5- CTTAGTTGCGTTAC
ACCCTTTCTT-3'. Kits for PCR reverse transcription
and amplification were purchased from Invitrogen
Co. McCoy’s 5A medium and fetal bovine serum
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(FBS) were purchased from BI Co. Mouse anti-
Human Ki-67 monoclonal antibody was purchased
from Abnova Co. Immunochemical staining kit was
purchased from Zhongshan Jingiao Co. Matrigel glue
and Transwell chamber were purchased from
Corning Co.

2.2 Methods

2.2.1 Cell culture

HT-29 cells were cultured and subcultured accord-
ing to the norms: Complete McCoy’s 5A medium
with a mixture of penicillomycin and 10% FBS was
adopted for cell culture in a standard incubator for
routine cell passage procedures.

2.2.2 Fluorescent siRNA transfection

Fluorescent siRNA was transfected into the HT-29
cells: The cells were digested and planted in 6-well
plates for cell culture. After the cells in each plate
grew to an appropriate density, the medium in the
cell plate was discarded before transfection and
1 ml of McCoy's 5A blank medium was added to
starve the cells. Lipofectamine 2000 and fluores-
cent siRNA, at 5 ul each, were mixed with 500 ul
of McCoy's 5A blank medium, respectively, and
placed in a 1 ml EP tube to stand still for 5 min at
room temperature. After mixing the above two
mediums and standing at room temperature for
20 min, the mixture was added to the cells starved
for 1 h. After incubation at 37 and 5% CO, for 6 h,
the liquid in the plate was discarded and replaced
with fresh complete medium. Fluorescence micro-
scopy was used to observe the fluorescence trans-
fection rate of HT-29 cells after 48 h of standard
culture. The condition for successful transfection
was set at a transfection rate of above 60%.

2.2.3 Cell grouping

Transfection of siRNA into HT-29 cell lines and cell
grouping: As mentioned above, the cells were
digested according to the routine steps of cell diges-
tion. The cells were planted in 6-well plates and
transfected at the logarithmic growth stage. The
medium in the cell plate was discarded, and 1 ml of
McCoy’s 5A blank medium was added and the cells
were starved for 1 h in the cell incubator.
Lipofectamine 2000 and NRP-2-siRNA, at 5 ul
each, were added into 500 ul of McCoy’s 5A blank

medium, respectively, and incubated for 5 min. The
two mediums were then mixed and incubated for
20 min. The mixture was added to previously starved
cells, blended evenly, and labeled as the transfection
group. Based on the above procedures, the control
siRNA was transfected into cells to set a negative
control group. The cells cultured in medium only
were labeled as the blank control group.

2.2.4 Real-time PCR

Determination of the NRP-2 mRNA expression in
HT-29 cells by real-time PCR: HT-29 cells were cul-
tured to an appropriate planting density and then
grouped. The Trizol method was used to extract the
total RNA of the cells 48 h after grouping. The con-
centration and purity of total mRNA were measured
using Quawell 5000 trace ultraviolet-visible spectro-
photometer. According to the instructions in the
M-MLV reverse transcriptase kit, the volume of 1 pg
mRNA was obtained, the reagents were successively
added into the enzyme-free trace EP tube, and reverse
transcription of the extracted mRNA was conducted.
The cDNA (2 ul) obtained by reverse transcription
was mixed with the forward and backward primers of
NRP-2 (each 1 ul), the SYBR Green (10 ul) and DEPC
water (6 ul) in eight parallel tubes and then placed on
the Rotor-Gene 3000 fluorescence quantitative PCR
for amplification. The 2 ~ “*“* method was used to
measure the NRP-2 mRNA levels in cells.

2.2.5 Immunochemical staining

Detection of the Ki-67 protein expression in HT-29
cells by immunochemical staining: The cells were
cultured to a suitable density and grouped. The cells
were planted in a 24-well cell culture plate with
a density of 1 x 10° cells/ml. When the cells were
firmly adhered to the wall and grew to an appropriate
density, the cells were fixed with 4% formaldehyde at
room temperature. The cells were incubated with
0.25% TritonX-100 at room temperature, washed
with phosphate buffered saline (PBS), and then incu-
bated with endogenous peroxidase blockers. Goat
serum working solution was used for sealing, and an
appropriate dose of the primary antibody was added.
The mixture was left to stand still overnight at 4°C.
According to the instructions, an appropriate amount
of biotin-labeled goat anti-mouse IgG polymer and
horseradish enzyme-labeled streptavidin working
solution were successively added, followed by DAB



staining after washing with PBS. Hematoxylin staining
was conducted together with differentiation by hydro-
chloric acid ethanol. Cell sections were prepared and
observed under a microscope.

2.2.6 Monolayer cell scratch wound damage and
repair experiment

Detection of cell migration ability by monolayer
cell scratch wound damage and repair experiment:
A single cell suspension was prepared based on the
groups in the experiment. According to the
groups, 1 x 10° cells were inoculated in each well
on the 6-well plates and cultured for 12 h to form
monolayer cells. A horizontal trace was made on
the monolayer cells with the tip of a 200 pl pipette
and washed with PBS three times. McCoy’s 5A
medium containing 10% fetal bovine serum
(FBS) was added and cultured at 37°C with 5%
CO, for 24 h. The culture medium was discarded
by aspiration and washed with PBS three times.
The cells were observed under an inverted micro-
scope and photographed.

2.2.7 Transwell

Detection of the invasive ability of tumor cells by
Transwell assay: Before the experiment, 20 ul of
Matrigel glue was prepared and spread on the
upper layer of the upper chamber, which was
placed in the cell incubator overnight for solidifica-
tion of the glue. The cells were digested, transfected,
and grouped. Then, 48 h after transfection, the cells
were inoculated into the upper chamber with
a density of 1 x 10° cells/ml and cultured with the
McCoy’s 5A blank medium. A volume of 600 ul of
10% FBS complete medium was added to the lower
chamber. After culture for 18 h in the incubator,
the chamber was taken out and gently washed with
PBS 2-3 times and fixed with 4% formaldehyde for
at least 30 min. After drying the chamber, crystal
violet was added to the well plate for staining for
15-20 min, and the cells in the upper chamber were
gently wiped with cotton swabs. Cell sections were
prepared and observed under a microscope.

2.3 Statistical analysis

All data were processed by SPSS 20.0 software. The
results were expressed as means + standard devia-
tions (X +s +s). One-way analysis of variance
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(ANOVA) was adopted to analyze the results of
scratch wound and cell invasion experiments. The
results of MTT were analyzed by repeated measure-
ment data ANOVA. a = 0.05 was set as the signifi-
cant test level.

3 Results

Our results showed that the relative expression level
of NRP-2 mRNA in the transfection group was sig-
nificantly decreased (P < 0.05). Results of immuno-
chemical staining revealed that the expression of Ki-
67 protein in the transfected cells was significantly
reduced, and the proliferation ability was decreased
(P < 0.05). The results further showed that the
scratch healing rate of the transfected cells decreased
after 24 h of healing (P < 0.05). Results of Transwell
invasion assay showed that the number of cells pas-
sing through the stromal membrane of the upper
chamber to the back of the chamber was significantly
reduced in the transfection group (p < 0.05). These
results provided theoretical basis for NRP-2 that may
become a new research direction for the treatment of
targeted therapy for colon cancer and its future
combination with NRP-2 small interfering RNA
(siRNA) on the basis of chemotherapy alone.

3.1 Detection of the transfection efficiency

Lipofectamine 2000 was used as a carrier to trans-
fer the NRP-2 fluorescent siRNA into the CRC
HT-29 cell line. Fluorescent siRNA was red when
excited by a green light (A). The percentage of red
cells in total cell number (B) under transmission
microscope was the transfection efficiency of cells.
The transfection results were observed by fluores-
cence microscope 48 h after transfection. The
transfection efficiency was more than 80% in the
present study (Figure 1). It was suggested that
Lipofectamine 2000 successfully transfected the
NRP-2-siRNA into the CRC cell line, which
proved the feasibility of the following experiments.

3.2 Determination of the NRP-2 mRNA content in
HT-29 by real-time quantitative PCR

The relative mRNA expression of B-actin was set
to 1. The mRNA content of NRP-2 in the blank
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Figure 1. Fluorescent siRNA under the fluorescence microscope after 48 h transfection (x100). a: Fluorescence detection; b:

Transmittance tests; c: Composite image.

Table 1. The relative mRNA expressions in each group by qPCR
(n=9,x=L5).

The relative mRNA

Groups expressions of NRP-2 mRNA F P
The blank control 1.00 + 0.00*
group
The meaningless 1.01 + 0.02* 2999.66 0.00
sequence group
The transfection 0.36 + 0.02

group

*Compared between the transfection group and the blank control
group, P < 0.05, “Compared between the transfection group and
the meaningless sequence group, P < 0.05.

control group was 1.00 + 0.00. The NRP-2 mRNA
content was 1.01 * 0.02 in the meaningless
sequence group and 0.36 + 0.02 in the transfection
group. The results were statistically significant
when compared among the three groups (F
= 2999.66, P < 0.001). The results showed that
the differences in the mRNA content of NRP-2
were statistically significant between the transfec-
tion group and the blank control group and
between the transfection group and the meaning-
less sequence group (P < 0.001) (Table 1).

3.3 The detection of Ki-67 expression in cells by
immunochemical staining (Figure 2)

The staining index score in the blank control group
was 8.60 = 0.55. The staining index score in the

a b
PR 7ol T AT P D .- v g VO . - P e
; 8, .{.‘k:.:.: :‘\' ‘&I., v o8 e, eﬁ‘ lefy.w
5 y % n G 2 B2, ‘ al

meaningless sequence group was 8.40 + 0.55. The
staining index score in the transfection group was
3.40 + 0.89. The differences in the staining index
score were statistically significant among the three
groups (F = 93.00, P < 0.001) (Table 2).

3.4 The detection of cell migration ability by
monolayer cell scratch wound damage and
repair experiment

After 24 hours of scratch repair, the scratch heal-
ing rate was 0.17 + 0.02, 0.18 + 0.02, and
0.11 + 0.01 in the blank control group, the mean-
ingless sequence group, and the transfection
group, respectively. The differences in the scratch
healing rate were statistically significant among the
groups (F = 33.34, P < 0.001) (Figure 3, Table 3).
Thus, it could be suggested that the scratch repair
speed in the transfection group was significantly
slower than that in the blank control group and
the meaningless sequence group (P < 0.001).

3.5 Detection of invasiveness of tumor cells
in vitro

Chamber invasion experiments showed that the
mean number of cells from the upper compartment
crossing the stromal membrane to the back of the

2

Figure 2. The expression of Ki-67 protein in HT-29 cells by immunochemical staining (x100). a: The blank control group; b: The

meaningless sequence group; ¢: The transfection group.



Table 2. The staining index score of Ki-67 protein in each group
(n=10,x%5s).
Groups

Staining index score  F P

The blank control group 8.60 + 0.55*
The meaningless sequence group 8.40 + 0.55" 93.00 0.00
The transfection group 3.40 + 0.89

*Compared between the transfection group and the blank control
group, P < 0.05, *Compared between the transfection group and
the meaningless sequence group, P < 0.05.

upper compartment were 48.20 + 1.92, 45.80 + 3.56,
and 21.20 + 4.15 cells/field of vision in the blank
control group, meaningless sequence group, and
transfection  group, respectively (Figure 4).
Comparison between the blank control group and
meaningless sequence group showed the difference
was not statistically significant (P = 0.28), while the
differences were statistically significant when com-
pared between the blank control group and the
transfection group, as well as when compared
between the meaningless sequence group and trans-
fection group (P < 0.001) (Table 4).
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4. Discussion

A recent study indicates that by 2030, the number
of new cases of CRC in the world will be approxi-
mately 2.2 million and the number of deaths will
be approximately 1.1 million, with an increase of
60% from the current level. The study also points
out that the pattern and trend of the morbidity
and mortality in CRC are correlated with the cur-
rent level of human development, and the increase
is closely correlated with an increasingly wester-
nized lifestyle [11]. The conventional treatments
for CRC include surgery, chemotherapy, and
radiotherapy. Molecular targeted therapy has

Table 3. Scratch healing rate in each group (n =5, X £ s).
Groups

Scratch healing rate  F P

The blank control group 0.17 + 0.02*
The meaningless sequence group 0.18 + 0.02* 33.34 0.00
The transfection group 0.11 £ 0.01

*Compared between the transfection group and the blank control
group, P < 0.05, *Compared between the transfection group and
the meaningless sequence group, P < 0.05.

Figure 3. Scratch area in each group at 0 h and 24 h (x40). a: The blank control group at 0 h; b: The meaningless sequence group at
0 h; ¢ The transfection group at 0 h; d: The blank control group at 24 h; e: The meaningless sequence group at 24 h; f: The

transfection group at 24 h.
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Figure 4. The number of cells penetrating into the back of the upper chamber in each group (x100). A: The blank control group; B:

The meaningless sequence group; C: The transfection group.
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Table 4. Ber of cells penetrating into the back of the upper
chamber in each group (n = 30).

Cells/field of vision F P

Groups

The blank control group 48.20 + 1.92%
The meaningless sequence group 45.80 + 3.56" 99.70 0.00
The transfection group 21.20 £ 4.15

*Compared between the transfection group and the blank control
group, P < 0.05, *Compared between the transfection group and
the meaningless sequence group, P < 0.05.

become another therapeutic method, after conven-
tional therapy.

One of the main causes of death in patients with
cancer is tumor metastasis [12]. Tumor cells break
through the vascular walls or the walls of lympha-
tic vessels from the primary site into the systemic
circulation, and then migrate to other organs for
continued growth. The main reason for failure of
tumor treatment is closely correlated with tumor
metastasis. Recent studies have suggested that
metastasis of tumor cells may be correlated with
NRPs. NRPs are now recognized as important
intermediaries for other physiological and patho-
physiological processes. After binding with the
NRP-1 or NRP-2 receptors on endothelial cells,
the vascular endothelial growth factor (VEGF)
family is involved in the formation of new vessels
in both malignant and nonmalignant conditions.
NRPs play a key role in the growth of vascular
endothelial cells. NRP-1 not only acts as a receptor
for the VEGF-A subtype in vascular endothelial
cells, but also acts as a signal receptor in lymphatic
endothelial cells. NRP-2 can promote lymphatic
vessel growth under the induction of VEGF-C
[13]. Relevant studies have shown that NRP-2 is
highly expressed in solid tumor tissues and plays
a role in tumor progression and metastasis [14,15].

Based on previous national and international
research results, it was hypothesized that the expres-
sion of silenced NRP-2 could affect biological beha-
vior changes such as proliferation, migration, and
invasion of tumor cells. In the present study, NRP-
2- siRNA was transfected into the human CRC HT-
29 cell line by Lipofectamine 2000, and a series of
experiments on tumor cell proliferation, migration,
and invasion were conducted. In the present study,
the NRP-2 mRNA expressions in the CRC cells in
the three groups were detected by real-time quanti-
tative PCR. The results showed that the expression
of NRP-2 in the transfection group was significantly

suppressed after the silencing of NRP-2, which also
indicated that NRP-2 was highly expressed in CRC
cells. The expression of Ki-67 protein in the trans-
fection group was significantly reduced compared
with that in the meaningless sequence group and the
control group, which proved that silencing NRP-2
could inhibit the proliferation of CRC cells. It was
found through a monolayer cell scratch wound
damage and repair experiment that 24 h after
scratch formation, the area of cell repair in the
transfection group was much smaller than that in
the meaningless sequence group and the blank con-
trol group. These results indicated that the transfec-
tion of silenced NRP-2 into the CRC cells could
significantly reduce the migration ability of cancer
cells. The results of Transwell chamber invasion
experiments showed that the number of CRC cells
passing through the stromal membrane to the back
of the chamber after transfection of NRP-2-siRNA
was less than that in the other two groups. These
results indicated that NRP-2-siRNA could signifi-
cantly reduce the invasion ability of the transfected
CRC cells.

5. Conclusion

In summary, silencing NRP-2 could inhibit the
proliferation of CRC HT-29 and reduce the
invasion ability and migration ability of tumor
cells. The above experimental results indicated
that NRP-2 might play a key role in the biolo-
gical behavior of CRC. It might provide a new
breakthrough point for molecular targeted ther-
apy for CRC in the future. It also provided
a theoretical basis for the application of NRP-
2-siRNA-related drugs combined with systemic
therapy in clinical practice for CRC with a high
expression of NRP-2.
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