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Background: Guanine-rich RNA sequence binding factor 1 (GRSF1), part of the RNA-binding protein family, is now attracting
interest due to its potential association with the progression of a variety of human cancers. The precise contribution and molecular
mechanism of GRSF1 to colorectal cancer (CRC) progression, however, have yet to be clarified.

Methods: Immunohistochemistry and Western Blot analysis was carried out to detect the expression of GRSF1 in CRC at both
mRNA and protein levels and its subsequent effects on prognosis. A series of functional tests were performed to understand its
influence on proliferation, migration, and invasion of CRC cells.

Results: The universal downregulation of GRSF1 in CRC was identified, indicating a correlation with poor prognosis. Our functional
studies unveiled that the elimination of GRSF1 enhances tumour activities such as proliferation, migration, and invasion of CRC cells,
while GRSF1 overexpression curtailed these abilities.

Conclusion: Notably, we uncovered that GRSF1 insufficiency modulates the PI3K/Akt signaling pathway and Ras activation in CRC.
Therefore, our data suggest GRSF1 operates as a tumor suppressor gene in CRC and may offer promise as a potential biomarker and
novel therapeutic target in CRC management.
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Introduction
Colorectal cancer (CRC) is the third most common cancer worldwide with an increasing incidence among young adults."
The prognosis of CRC patients remains poor due to the malignant progression and limited effective treatments.
Therefore, it is urgent to elucidate the underlying mechanisms of CRC progression to identify novel therapeutic targets.
Guanine-rich RNA sequence binding factor 1 (GRSF1), a member of the heterogeneous nuclear ribonucleoproteins F/H
family, is characterized by binding to RNAs containing the G-rich element” in most eukaryotic cells. GRSF1 is located in the
cytoplasm and nucleus® and plays critical roles in the regulation of DNA hypermethylation and cellular senescence.”
Accumulating evidence suggested that GRSF1 plays an essential role in erythropoiesis, the regulation of redox
homeostasis,” posttranscriptional mitochondrial RNA processing,® and muscle differentiation.” Previous studies have found
that GRSF1 is involved in malignant behavior and Epithelial-Mesenchymal Transition mediated metastasis via PI3K/AKT
pathway in gastric cancer,® The RNA-binding protein GRSF1 and miR-30e-5p competitively regulated YY1 by binding to its
3'UTR region to promote hepatocarcinogenesis’ or directly upregulating TMED5 and LMNBI1 expression to activate classical
WNT-CTNNBI1/B-catenin signaling pathway in cervical cancer.'® These findings imply that GRSF1 might function in human
tumors progression. However, the function and mechanism of GRSF1 in CRC remain unclear.
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In the present study, the bioinformatic analysis showed that GRSF1 was downregulated in CRC tissues, and the low
expression of GRSF1 was associated with a poor prognosis in CRC patients. Therefore, we speculate that GRSF1 may
play as a tumor suppressor gene in CRC, and the deletion of GRSF1 can promote tumor progression and metastasis
in vitro and in vivo. Our results indicated that GRSF1 may serve as a novel potential target for CRC treatment.

Method

Microarray
The Oncomine database sets consisting of 276 CRC and adjacent normal tissue samples were used for gene expression
profiling on a public website (https://www.oncomine.org).

For the TCGA CRC microarrays, the intact and clinical data-matched samples were selected for data representation.

The GRSF1 expression was classified into high and low expression groups. Meanwhile, the overall survival time,
pathological stage, tumor T-stage, lymph node metastasis and distant metastasis in the clinical data were analyzed.
Different subgroups were set according to the types of clinical data to assess the risk and prognosis associations between
GRSF1 expression levels and CRC clinical data.

Clinical Samples and Cell Culture

Twenty-five cases of CRC and matched adjoining normal tissue were obtained from patients being treated for surgery at
the Third Affiliated Hospital, Southern Medical University. Neither radiotherapy nor chemotherapy was administered
prior to surgery. The research protocol and informed consents received approvals from the Ethics Committee of the Third

630 hetps: Cancer Management and Research 2024:16

Dove!


https://www.oncomine.org
https://www.dovepress.com
https://www.dovepress.com

Dove Huang et al @

Affiliated Hospital of Southern Medical University. All participants had a clear understanding of the purpose and process
of the study and signed an informed consent form before participating in the study. All human CRC cell lines (HT29,
HCT116, SW620, SW480, DLDI1, RKO, and LOVO) were acquired from the Cell Bank of the Chinese Academy of
Medical Sciences (Shanghai, China). Cells were cultivated in Dulbecco’s modified Eagle medium (DMEM; Gibco,
Carlsbad, United States of America) with 10% fetal bovine serum (FBS; Thermo Scientific, Waltham, MA, United
States), 100 IU/mL of penicillin G and 100 ng/mL of trichothecene (Invitrogen Life Technologies, Carlsbad, CA, United
States of America) in with Dulbecco’s modified Eagle medium (DMEM; Gibco, Carlsbad, United States of America).
The cells were cultivated in a refrigerated 5% CO2 humidified incubator at 37°C.

RNA [solation, Reverse Transcription, and Quantitative Real-Time PCR

Total RNA was extracted using Trizol (Invitrogen, U.S.A.). Polyadenylation and reverse transcription (RT) of total RNA
was carried out using the ThermoScriptTM RT-PCR system (Invitrogen). Real-time polymerase chain reaction (PCR)
analysis was performed on an ABI 7500 HT system with SYBR Green PCR master mix (Applied Biosystems, United
States). GAPDH was used as an endogenous control. All samples were normalized to the internal control and folding
changes were calculated by relative quantification. Primer sequences are listed in Supplementary Table 1.

Western Blot

Cells were cleaved in RIPA lysis buffer contained protease inhibitor mixture in all samples to extract proteins. Proteins
were quantified with BCA Protein Assay Kit (Pierce, KeyGEN BioTECH, China) before separated by SDS-PAGE gels
and transferred to PVDF membranes. For blocking non-specific binding, membranes were incubated for 1 h at room
temperature with 5% skim milk powder. The membranes were incubated overnight at 4°C with Rabbit Antibodies
GAPDH, GRSF1, RAS, AKT (1:1000, Bioss) and Mouse Antibodies PI3K, NF-«xb (1:1000, Proteintech), P-AKT and
P-PI3K, (1:1000, Affinity) and then treated with HRP-conjugated Secondary Antibodies (anti-rabbit IgG/anti-mouse IgG,
CST, 1:15,000). Following three washes with PBST, the membranes were visualized with ECL substrate and imaged with
an enhanced chemiluminescence detection system (Tennon 5200, China) as described by the manufacturer.

Immunohistochemical Analysis

The paraffin-embedded CRC and normal tissue samples were sliced into 4 um sections. The sections were then baked at
60°C for 1.5 hours, de-paraffined in xylene, and rehydrated using a series of fractionated alcohols. Tissue sections were
then incubated with 3% hydrogen peroxide for 15 minutes at room temperature to deplete the endogenous peroxidase
activity. Sections were then boiled in EDTA antigen repair solution for 10—15 minutes. After blocking with 5% BSA for
1 hour, GRSF1, p-NF-kb, p-AKT, p-PI3K (1:150, Affinity) and Ki67 (1:100, ZSGB Bio) were stained at 4°C for
overnight. The corresponding secondary antibodies were applied at RT for 1 hour. Immunohistochemistry (IHC) was
detected after DAB staining for the target moieties. Sections were finally counterstained with hematoxylin.

Transfection with siRNA Against GRSFI

Small interference RNA (siRNA) directed to human GRSF1 mRNA was denoted as si-GRSF1 (GTGGA
TGCCTTAATGAAGA). The negative control (NC) RNA duplex of siRNA was denoted as NC and did not have any homology
with human genomic sequences. HCT116 (3 x 10%) and RKO cells (1.5 x 10°) were incubated in 6-well plates for 15 h and then
transfected with 100 pmol of RNA duplex and 5 pL Lipo6000 (Beyotime, lipo6000, China) according to the manufacturers’
instructions. Cells were harvested after 48 or 72 h for further experiments, included Western blotting and transwell assays.

Wound Healing Assay

Pre-transfected HCT116 and RKO cells were seeded into 24-well plates and allowed to attach for 24 hours. A straight-
line wound was created by scratching the cell monolayer using a 10 microlitre pipette tip in the eastward direction. After
washing away cell debris with PBS, photographs were taken. Following a 48-hour waiting period for cell migration, the
wound healing process was documented and imaged using a microscope. The percentage of wound healing was analyzed
using Image J.
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Statistical Analysis
Each experiment was conducted simultaneously at least three times. For statistical analysis, Prism 8.0 (GraphPad
Software, San Diego, CA, United States) was applied. Student’s ¢-test was used to assess the significance of variances

between groups. p < 0.05 was considered a statistically significant difference. All data are given as mean + standard
deviation (SD).

Results
GRSFI Expression is Downregulated in CRC

To investigate the new potential predictive factors of prognosis in CRC, the RNA expression of CRC tissues and adjacent
normal tissues were compared through microarray data derived from Oncomine datasets. We found that GRSF1 was
downregulated significantly in CRC tissues compared with matching normal tissue (Figure 1A—F). To further confirm the
result, RT-PCR was applied in 25 paired CRC tissues and adjacent normal tissues. In addition, we detected GRSF1 in 9
pairs of CRC tissues by Western blot. These results were consistent with the microarray data, GRSF1 was downregulated
both at mRNA level (Figure 1G) and protein level (Figure 1H and I) in CRC tissues compared with corresponding
adjacent normal colorectal tissues. The immunohistochemical examination of human tissue samples also demonstrated
a diminished expression level of GRSF1 in colorectal cancer tissues. Thereby, we speculated that GRSF1 may function as
a tumor suppressor gene in CRC. To further explore the biological function of GRSFI in CRC, we detected the
endogenous expression of GRSF1 by Western blot in CRC cell lines (Figure 1K), and we found that GRSF1 was
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Figure | GRSFI expression in colorectal cancer tissues and cell lines. (A—F) GRSFI was significantly downregulated in colorectal cancer tissues compared with normal
tissues according to a microarray from the TCGA database of the Oncomine website. (G) A total of 25 patients with CRC were recruited and relative GRSFI mRNA
expression levels were detected in CRC and adjacent tissue using RT-PCR. (H and I) GRSFI protein levels were evaluated in 9 pairs of matched colorectal cancer and normal
tissues by Western blot analysis. (J) IHC expression of GRSFI in human tissue specimens. Scale bar is 50 um. (K) The GRSF| protein level in a series of colorectal cancer cell
lines expression status including HT29, HCT 116, SW480, RKO, DLDI, and LOVO measured by Western blot. ***p < 0.001.
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overexpressed in RKO and HCT-116 cells and expressed at a low level in SW480 cells. These results were thus adopted
to use in subsequent experiments.

GRSFI Loss Correlates with CRC Clinicopathological Characteristics and Poor

Prognosis

To investigate the significance of GRSF1 expression in CRC, we analyzed the correlations between GRSF1 expression and
clinicopathological features of 278 CRC samples derived from TCGA datasets. As summarized the chi-square test, GRSF1
expression was significantly correlated with clinical stage (Figure 2A) and metastasis (Figure 2B). Of note, the tumor has
a higher clinical stage with lower expression of GRSF1. Notably, the expression of GRSF1 was lower in the samples with
positive lymph node biopsy, but it does not show significant statistical differences (Figure 2C, p = 0.063). Moreover, survival
analysis of CRC patients from the GEPIA database was shown. GRSF1 loss was closely correlated with the short cumulative
overall survival of CRC patients (Figure 2D and E). Taken together, these results suggested that GRSF1 may serve as a novel
detectable molecule to supplement the clinical classification of CRC or predict distant organ metastasis.

GRSFI Inhibits CRC Proliferation, Migration, and Invasion in vitro

To investigate the biological behaviors of GRSF1 in CRC cells, we constructed the GRSF1 shRNA-expression lentivirus.
RKO and HCT116 cell lines with high endogenous GRSF1 expression were chosen to silence GRSF1. SW480 cell line
with low expression was selected for overexpression. Transfection efficiency was confirmed by Western blot.
(Figure 3A). Next, the cell counting kit-8 (CCKS8) assay results showed that the activity were significantly increased
compared with control cells after GRSF1 knockdown, while these abilities were significantly inhibited in SW480/GRSF1
cells (Figure 3B). Transwell assay results showed that the migration and invasion abilities of GRSF1 knockdown cells
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Figure 2 Association between GRSF| expression and clinicopathological variables. (A) Relationship between GRSF| expression and pathologic stage of colorectal cancer
patients. (B) Relationship between GRSFI expression and pathologic M of colorectal patients. (C) Relationship between GRSFI expression and lymphatic metastasis of
colorectal cancer patients. (D and E) The lower GRSF| expression level was significantly correlated to OS (p < 0.001) and DFS (p < 0.05) in all colorectal cancer patients. *p <
0.0l and ***p < 0.001.
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Figure 3 Effects of GRSFI on CRC cell activity, migration, and invasion in vitro. (A) Expression levels of GRSF| protein were detected by Western blot analysis after
overexpression or knockdown, respectively. (B) Cell activity analyses of the indicated cells. meansSD, n = 3. Two-tailed Student’s t-test. (C) Transwell cell migration
analyses of the indicated cells. means+SD, n = 3. Two-tailed Student’s t-test. (D) Transwell cell invasion analyses of the indicated cells. means£SD, n = 3. Two-tailed Student’s
t-test. The migration and invasive cells were identified using a light microscope (x100). (E and F) Analyses of Cell Migration in the Indicated Cells Using a Wound Healing
Assay meanstSD, n = 5. Two-tailed Student’s t-test. *p < 0.05, **p < 0.01, ***p < 0.001, and®***p < 0.0001.

were significantly enhanced compared to control cells. In contrast, these abilities were inhibited in the GRSF1 over-
expression cells (Figure 3C and D). The wound healing assay findings hit notable increase in migration of CRC cells
after GRSF1 silence (Figure 3E and F), compared to controls. These results collectively proved that GRSF1 inhibits CRC
cell activity, migration, and invasion ability.

GRSFI Inhibits CRC Tumor Growth and Liver Metastasis in vivo

The roles of GRSF1 on tumor growth and metastasis were also investigated in vivo. For the subcutaneous tumor
model, the size of subcutaneous tumors derived from the GRSF1 knockdown group was significantly increased
compared with the control group (Figure 4A). IHC staining revealed a significant increase in the number of cells
with positive proliferation marker Ki67 (Figure 4C). Meanwhile, the number of mice developing liver metastasis also
increased in the knockdown group (n=7) than in the control group (n=2) (Figure 4B). H&E staining results also
support the above views. These results suggested that the knockdown of GRSF1 accelerates CRC cell growth and

metastasis in vivo.

GRSFI Inhibits RAS/PI3K/AKT/NF-kb Signaling Pathway Activation

To elucidate the molecular mechanisms associated with GRSF1 in regulating CRC cell proliferation, migration, and
invasion, we made pathway prediction analysis by LinkedOmics and the result showed that GRSF1 was enriched in the
Ras signaling pathway (Figure 5A). It is confirmed that Ras/PI3K/AKT pathway was complex regulation progress that

634 https: Cancer Management and Research 2024:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Huang et al @

A B
20 R
@] B s
2l £ -
=~ § =
= I U —
9 H -
o] 2 g o %
% 00 - -
- HCTHENC HCT1165hGRSF1
C
U 80 KK
Z g
2 60
© 3
= éi“’
% = 52
2 x
[}
g HCT116/NC  HCT116/shGRSF1
w

Figure 4 GRSF| knockdown promotes CRC tumor growth and liver metastasis in vivo. (A) The Gross of CRC subcutaneous tumors and corresponding tumor size showed
representative images. ****p < 0.0001. (B) H & E staining of liver paraffin-embedded tumors of xenograft tumors and corresponding livers. *p < 0.01 (C) H & E staining and
IHC for GRSFI and ki67 expression in xenograft tumor. Scale bars, 50 um. ***p < 0.0001.
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can regulate several biological processes including CRC progression and metastasis.'' The protein expression levels of
Ras/PI3K/Akt signaling pathway-associated molecules were detected to determine the potential involvement of the Ras
signaling pathway. Western blot experiments demonstrated that the GRSF1 knockdown group promoted Ras activation
and affected the phosphorylation level of its downstream molecule PI3K/AKT/NF-«b signaling pathway (Figure 5B).
Related molecules also showed the same trend in the subcutaneous tumor model with immunohistochemical staining
(Figure 5C). These results suggested that knockdown of GRSF1 expression in CRC cells activates RAS and promotes
phosphorylation of the PI3K/AKT/NF-kB signaling pathway.

Discussion
Liver metastasis is one of the most common causes of mortality in CRC patients.'*> According to the specific subsets of
colorectal cancer (CRC), the use of targeted drugs holds promise for extending survival. However, the toxicity and
stringent screening requirements associated with these drugs present challenges for their widespread adoption in clinical
practice.'® Thus, finding valuable biomarkers has a positive effect on the prognosis of CRC and may lead to the
development of targeted therapeutic options.'*

In our study, we found that the expression of GRSF1 was down-regulated in CRC tissues. The low expression of GRSF1 was
correlated with poor prognosis of CRC patients. Our research demonstrated that GRSF1 knockdown accelerates CRC cell
proliferation, migration, and invasion. Furthermore, in vivo assay demonstrated that GRSF1 knockdown promotes tumor growth

16,17 and

and distant metastasis. Contrary to the previous research, GRSF1 contributes to breast cancer,' cervical cancer,
hepatocellular carcinoma'® cell proliferation, migration, or invasion in vitro. Our study suggested that GRSF1 may function as
a tumor suppressor gene in CRC. Filling the gap in the specific mechanism of GRSF1 in CRC cells. RAS (KRAS, NRAS, and
HRAS) was the most frequently mutated gene in cancers.'’ Sufficient data indicated that The crosstalk between Ras and
phosphatidylinositol-3-kinase (PI3K)/ protein kinase B (PKB; also known as AKT) signaling pathway has practical clinical
significance in cancer therapy.”’ The PI3K/ AK T signaling pathway is involved in regulating cell growth, migration, and invasion
activities in CRC.>'%* This pathway can also be taken as a targeting effect in malignant progression or liver metastasis of
colorectal carcinoma.”*** Furthermore, the study by CZ. et al demonstrated that, PI3K/ AKT signaling pathway is considered to
be a vital mechanism for the development of multidrug resistance during cancer therapy.”**’ PI3K is known to activate ABC
transporters, including ABCB1, which has been linked to tumor resistance and malignant progression. Subsequently, we propose
that CRC GRSF1 deficiency fosters malignant progression in CRC by inducing the upregulation of ABC transporters through
PI3k activation. Activation of this pathway relies on PI3K/AKT molecular phosphorylation.?*** We found that GRSF1 knock-
down was associated with the activation of Ras. Numerous studies have demonstrated that the Ras/PI3K/AKT pathway was
complex regulation progress that can regulate several biological processes.*® Our study indicated that knockdown of GRSF1
expression in CRC activates RAS and promotes phosphorylation levels of its downstream PI3K/AKT/NF-kB signaling pathway
molecules. NF-kB, as a downstream of PI3K/Akt signaling pathway, has been reported to mediate Th17 cytokines, IL-6, and
TNF-a co-activation to promote CRC cell growth.>' THC assays also showed significant activity of NF-kB. Hence, we suggest
that GRSF1 may be involved in CRC cell proliferation, migration, invasion, and liver metastasis by regulating the Ras/PI3K/
AKT/NF-xB pathway, which is needed to be further confirmed by rescue assays in future research.

Collectively, our study clarified that down-regulation of GRSF1 was correlated with a poor prognosis in CRC
patients. GRSF1 functions as a tumor suppressor gene in CRC and actives Ras/PI3K/AKT/NF-«kB signaling pathways
to regulate CRC cell proliferation, migration, and invasion. Thus, GRSF1 could serve as a novel prognostic biomarker
and a potential therapeutic target for CRC treatment.
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