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Abstract
Background: Gastric cancer has become one of the major diseases threatening human health. This study
aimed to investigate the effect and mechanism of an anticancer bioactive peptide (ACBP) combined with
oxaliplatin (OXA) on MKN-45, SGC7901, and NCI-N87 differentiated human gastric cancer cells and GES-
1 immortalized human gastric mucosal epithelial cells. And the therapeutic effect and action mechanism
of short-term intermittent ACBP combined with OXA on nude mice with human gastric cancer were
investigate.

Methods: The half-maximal inhibitory concentrations of these agents in these cells were measured by an
MTT assay, and cell morphological changes were observed by H&E staining. The expression of Lin28,
miR-107, miR-609 and Let-7 in these four cell lines was determined by q-PCR after drug treatment. Lin28
protein expression in these four cell lines treated with these drugs was measured by western blotting.
Furthermore, activity and quality of life were observed daily in all tumor-bearing nude mice, and the
expression of Lin28 in tumor tissue was determined by immunohistochemistry and RT-PCR.

Results: The results showed that ACBP inhibited the proliferation of MKN-45, SGC7901, and NCI-N87
gastric cancer cells in a dose-dependent manner and weakly suppressed the proliferation of GES-1 cells.
Moreover, the inhibitory effect on proliferation was stronger in poorly differentiated gastric cancer cells.
ACBP, OXA and the combination upregulated Lin28 gene expression in MKN-45 cells and downregulated it
in SGC7901 and GES-1 cells. ACBP and the combination therapy downregulated Let-7 expression in MKN-
45 cells and upregulated Let-7 expression in SGC7901 cells. The combination of ACBP with OXA has
significant anticancer sensitization on oxaliplatin, and also significantly improves the quality of life of
tumor-bearing nude mice and reduces the toxic side effects of chemotherapeutic drugs on nude mice.

Conclusion: ACBP alone and in combination with oxaliplatin influenced the expression of tumor stem cell
marker gene Lin28 and regulated the expression of microRNAs specifically regulated by Lin28. In
addition, the anticancer effects and attenuated sensitization effects of ACBP may be related to the
Lin28/miRNA-107 signaling pathway, acting by inhibiting the proliferation of cancerous stem cells.

1. Introduction
At present, malignant tumors are the main public health problem worldwide. According to the latest
cancer statistics from 2015, the incidence of gastric cancer in China is second only to that of lung cancer
[1]. Gastric cancer has become one of the major diseases threatening human health. There are no
obvious symptoms in the early stage of gastric cancer, and most patients with confirmed disease have
advanced-stage disease without the option of surgical eradication. Chemotherapy still plays an important
role in the treatment of gastric cancer, but resistance arising during treatment leads to failure of
chemotherapy or cessation of treatment. In addition, chemotherapeutic drugs have insurmountable toxic
side effects, such as bone marrow suppression, gastrointestinal reactions, and neurotoxicity. It is urgent
to explore new anticancer drugs with low toxicity, minimal side effects and therapeutic efficiency.
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Oxaliplatin (OXA) is a 3rd-generation platinum chemotherapeutic agent acting on DNA. Although its
effect on bone marrow suppression is less severe than that of cisplatin, bone marrow suppression,
gastrointestinal reactions, and neurotoxicity are still inevitable. Anticancer bioactive peptides (ACBP) are
a class of polypeptides that have a variety of special physiological functions and are naturally found in
animals, plants and other organisms. Research shows that bioactive peptides inhibit bacterial growth,
hypertension, thrombosis, and cancer and perform other functions. Bioactive peptides have not only
anticancer activity but also low toxicity [2, 3], compensating for the limitations of traditional radiotherapy
and chemotherapy. Exploring bioactive peptides with anticancer activity is a new strategy to develop
novel low-toxicity and targeted agents for tumor prevention and treatment. Bioactive peptides are
expected to become a new adjuvant for the prevention and treatment of cancer [4–6].

Anticancer bioactive peptide (ACBP) were obtained by our team from goat organs (livers or spleens) [3].
ACBPs are polypeptides with a medium to low molecular weight (~ 8000 Da). Studies from the
Preliminary Clinical Research Center confirmed the potential role of ACBPs in inhibiting tumor cell
proliferation in mice with leukemia and in vitro studies of human nasopharyngeal cancer. In addition,
ACBPs have considerable anticancer properties and minimal toxic effects [7, 8]. Previous research results
show that ACBP have a strong inhibitory effect on the proliferation of human gastric cancer cells [3]. We
have also performed many relevant mechanistic studies to confirm that its cancer suppression
mechanism is associated with induction of tumor cell apoptosis and regulation of the cell cycle. Recent
studies have shown abnormal expression of microRNAs that regulate the malignant biological behavior
of tumor stem cells (CSCs) by influencing the expression of the corresponding target genes in a variety of
tumors. Research on microRNAs has gained increasing attention, and some tumor-related microRNAs
have been confirmed. Based on a literature analysis and our previous research, the tumor stem cell
marker gene Lin28 was studied.

Lin28 is a highly conserved protein in the RNA-binding protein family, whose members have a molecular
weight of less than 30 kDa [9]. The Lin28 protein structure contains a cold shock domain (CSD) [10] and
a zinc finger domain (ZKD). Its RNA binding function is a key regulator of growth and development [11].
The population of mouse stem cells decreased significantly after Lin28 knockout, and these mice could
not survive after birth [12]. Lin28 is highly expressed in mouse and human embryonic stem cells (mESCs
and hESCs, respectively) and in developing tissues, and its expression gradually decreases with tissue
differentiation. Lin28 is essential in embryonic cell growth and development [12]. Regarding the biological
function of Lin28, it has been found that Lin28 is involved in the regulation of cell development, glucose
metabolism, differentiation, tissue regeneration, and tumor formation processes [13, 14].

Studies have shown that Lin28 plays an important role mainly by inhibiting the expression of its target
microRNA and acts as an oncogenic protein that is overexpressed in tumors and promotes the
proliferation and malignant progression of tumor cells. Lin28 overexpression has been identified in
ovarian cancer [15], liver cancer [16] and gastric cancer [17], and the Lin28 expression level is closely
related to the survival of patients with malignant tumors; high Lin28 expression may indicate poor
prognosis. The present research suggests that Lin28 is a potential target for tumor treatment.
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MicroRNAs regulate protein expression at the transcriptional level by binding to the 3'UTR of the target
gene and play an important role in a variety of physiological processes, including development,
apoptosis, and metabolism. Lin28 can regulate its expression by interacting directly with its target
microRNA. Lin28 has been shown to regulate the expression of miR-107, Let-7, miR-370 [18], miR-664,
miR-485-3p, and miR-495 [19].

Mir-107 is one of the downstream target genes of Lin28. Lin28A and its homologous gene Lin28B inhibit
the expression of Let-7, and Let-7 downregulates the expression of Lin28. High expression of Lin28 in
gastric cancer cells reduces Let-7 expression in gastric cancer tissues, thus promoting the proliferation,
invasion and metastasis of gastric cancer cells [17]. MiR-609 is a microRNA that was confirmed by early
gene screening in gastric cancer tissue. The relationship between miR-609 and Lin28 has not been
reported, and the specific role and mechanism of miR-609 are unknown and need further study. This
paper initially explores the effect of an ACBP on miR-609 and the relevance of miR-609 to Lin28
expression.

Based on our previous work and a literature analysis, we propose the hypothesis that ACBP may regulate
the expression of the Lin28 gene and its targeting microRNA. The mechanism of action of ACBP in
inhibiting the proliferation of gastric cancer cells may involve Lin28/microRNA networks. In this study, the
influence of ACBP on Lin28, miR-107, Let-7 and miR-609 expression was analyzed by q-PCR and at the
protein level, and the half-maximal inhibitory concentration of ACBP was determined. It is hoped that this
study provides a scientific theory and data to explore new strategies for low toxicity and efficient tumor
treatment and to explain the mechanism of action of the ACBP in depth.

In addition, This study will explore the effect of ACBP and combined with OXA on the quality of life of
Dutch gastric cancer MKN-45 cells, and explore the role of ACBP on MKN-45 cells nude mice by detecting
the expression of lin28 gene, initially clarify the mechanism of ACBP and provide new methods and new
ideas for the comprehensive treatment of tumors.

2. Materials And Methods

2.1 Cell lines
The poorly differentiated human gastric adenocarcinoma cell line MKN-45, the highly differentiated
human gastric adenocarcinoma cell line SGC7901, the human gastric adenocarcinoma cell line NCI-N87
and the immortalized, nontumor human gastric mucosal epithelial cell line GES-1 were donated by
Professor Ke Yang of the Cancer College of Peking University and by Professor Deng Dajun.

2.2 Cell culture
MKN-45 cells were cultured in DMEM high-glucose medium containing 100 U/ml penicillin, 100 µg/ml
streptomycin, and 10% fetal bovine serum. SGC 7901 cells, NCI-N 87 cells, and GES-1 cells were cultured
in RPMI-1640 medium containing 100 U/ml penicillin, 100 µg/ml streptomycin, and 10% fetal bovine
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serum. MKN-45, SGC7901, NCI-N87 and GES-1 cells in the logarithmic growth phase were collected. The
resulting cell suspensions were added to a 96-well plate (4×103 cells per well) at 37°C in a 5% CO2

incubator. The designated cells were treated with media that contained 5, 10, 15, 20, and 25 µg/mL ACBP.
Another group of plated cells was treated with 5, 10, 15, 20, and 25 µg/mL oxaliplatin. After 48 h of
culture, 20 µL of MTT solution was added to each well for 4 h. After 4 h, the wells were washed carefully
(to avoid removal of the purple crystals) and 150 µl of DMSO was added; only 150 µl DMSO was added
to the blank well. Afterward, the absorbance at 570 nm was measured according to the manufacturer’s
instructions. Each concentration of each agent was tested in triplicate. The average absorbance values
were calculated. The formula for calculating the cell growth inhibition rate is as follows: IR= ((ODcontrol-
ODexperiment)/ODcontrol) ×100%.

2.3 H&E staining
Coverslips were first placed in a 6-well plate, and cells were seeded in the 6-well plate at 1 × 106 cells per
well. After 24 h, the drugs were added at concentrations corresponding to the IC50 for each drug in each
cell line when used alone or at 50% of these concentrations when used in combination, and drug-free
medium was added to the blank control wells. After 48 h, H&E staining was performed as follows: remove
the primary medium and fix the cells for 20 min with 95% ethanol, wash 2 times with PBS for 1 min each,
stain with hematoxylin for 3 min and wash with running water, differentiate with 1% acid alcohol for 5 s,
stain with eosin for 1 min, dry naturally and seal the coverslips with neutral gum, and observe the
staining.

2.4 RNA Isolation and RT-PCR
Total RNA was extracted from tumor samples using TRIzol reagent according to the manufacturer's
instructions. After spectrophotometric quantification, 1 mg of total RNA was used to synthesize first-
strand cDNA with a RevertAid H Minus First Strand cDNA Synthesis Kit (Fermentas, USA). Colorimetric
analysis was conducted using a Beckman Coulter DU 800 UV spectrophotometer. The OD ratio at 260
nm/280 nm was measured. Specifically, a ratio from 1.8 to 2.0 shows that the purity of the RNA is high.
Gel electrophoresis was used to confirm the purity of the extracted RNA. The extracted tumor mRNA was
typed with BstU-I. The digestion products were resolved using 2% agarose gel electrophoresis with
ethidium bromide staining and detected under UV light. The bands were visualized using a digital camera
and BioCapt software (Vilbert-Lourmant). Real-time RT–PCR was carried out in an Mx3000P real-time
PCR system (Stratagene, USA). To correct for experimental variations between samples, glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was used as the internal control. Primers were designed and
synthesized by Sangon Biotech Company (Shanghai, China), as shown in Table 1. The expression levels
of Lin28, miR-107, Let-7, U6 and miR-609 (Santa Cruz, CA, USA) in tumor tissue were measured. The
thermal cycling program for PCR was set as follows: (1) initial denaturation at 95°C for 5 min; (2) 35
cycles of denaturation at 95°C, annealing at 60°C, and elongation at 60°C for 30 s; and (3) a final
extension step at 60°C for 40 s. RT–PCR was performed using the Taq-Man Gene Expression Assay
protocol (ABI, USA).
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2.5 Western Blot Analysis
Protein was extracted with TRIzol (CW0580/A, CWBIO, China) supplemented with protease inhibitors
(Roche). Protein concentrations were quantified by using a BCA™ Protein Assay Kit (Pierce, Appleton, WI,
USA). Equal amounts of samples were lysed with 1 × SDS loading buffer (50 mM Tris-Cl (pH 6.8), 100
mM DTT, 2% SDS, 10% glycerol and 0.1% bromophenol blue) as the whole-cell sample and were
subjected to SDS–PAGE. All proteins were transferred to polyvinylidine difluoride (PVDF) membranes.
Immunoblotting was carried out with primary antibodies at a dilution of 1:1000, including antibodies
specific for Lin28A (orb651287, Biorbyt, Britain) and the internal reference protein β-actin (4970, Cell
Signaling Technology, USA). Then, membranes were incubated with labeled goat immunoglobulin (lgG)
(A21020, Abbkine) at a dilution of 1:10000 as the secondary antibody. Bands were detected with an ECL
chemiluminescence detection kit (E412-01/02, Vazyme, China), and band intensities were quantified by
using Image LabTM Software (Bio–Rad, Shanghai, China).

2.6 Nude mice and cell lines
The study was approved by the Ethics Committee of The Affiliated Hospital of Inner Mongolia Medical
University. Here, the nude mice model was established by MKN-45 cell according to the ethics committee.
Human gastric cancer cell strain MKN-45 was provided by the Clinical Medical Research Center of the
Affiliated Hospital of Inner Mongolia Medical University.

The balb/c-Nu nude mice, animal grade: SPF grade, animal sex and number: females, a total of 65
animals were purchased from Beijing Vitonolihua Experimental Animal Technology Co., Ltd.

2.7 Established a model of subcutaneous graft tumors in
nude mice
A subcutaneous graft model of human gastric cancer cell line MKN-45 nude mice was established.
Routine culture of MKN-45 cell was adjusted to 1×107/ml. The MKN-45 gastric cancer cells were seeded
with a 1mL disposable syringe, at 0.1mL / only dose, and in the right axillary subcutaneous area
(1×107/mL/only). On tumor-bearing mice were placed in UV-irradiated, clean animal chambers, and the
survival and axillary tumor growth of nude mice were regularly observed.

After the successful preparation of the tumor-bearing nude mouse model, 32 nude mice of about 4–5
mm3 were randomly divided into four groups: saline group (NS), anti-cancer bioactive peptide group
(ACBP), oxaliplatin group (OXA), and ACBP + OXA group (MIX), 8 in each group. Drug administration: the
NS group gave 0.9% sodium chloride solution with 0.5ml intraperitoneal injection; The ACBP group was
administered intraperitoneally with 0.5 mL of the anticancer bioactive peptide; Oxaliplatin was
administered intraperitoneally at 10 mg/kg in the OXA group; The MIX group received 0.5mL of the
anticancer bioactive peptide combined with oxaliplatin at 10mg/kg intraperitoneally and administered
every Monday and Thursday. The experiments were carried out in strict accordance with the rearing
conditions of nude mice. Tumor weight was calculated every 3 days, and the maximum tumor length and
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shortest transverse diame ter perpendicular to it in each group. Tumor volume (v) = ab2/2, here, a is tumor
body maximum length, b is shortest cross diameter.

Two weeks later, nude mice were sacrificed by cervical vertebra dislocation, tumor weaving for its mass
and recorded. The tumor bodies were divided into triplicate in liquid nitrogen, fixed in 10% neutral
formaldehyde solution and − 80℃ freezer. Tumor suppressor rate (TSR) was calculated, TSR= (Wcontrol

group - Wexperimental group) / Wcontrol group ×100%.

2.8 Immunohistochemistry
The expression of Lin28 protein in the transplanted tumor tissue was determined by
immunohistochemistry. Tumor tissue fixed in 10% neutral formaldehyde was sliced after paraffin-
embedded, and protein expression of graft Lin28 gene of 10% neutral formaldehyde was fixed by S-P
immunohistochemistry and scored using a conventional semi-quantitative scoring method. Semi-
quantitative scoring method as follow: Under optical microscopy, the Lin28 protein was expressed within
the cytoplasm, presenting yellow, tan, or brown particles. The staining intensity seen under the meat
glasses was colorless, buff, tan, and tan as 0, 1, 2 and 3, respectively. At high magnification of 400 x, 10
fields were averaged and the percentage of positive cells was calculated and scored according to the
proportion of positive tumor cells, < 5%, 6–25%, 26–50%, 51–75%, and > 75% were scored at 0, 1, 2, 3, 4
points, respectively. The staining intensity was multiplied by the positive percentage integral, 0 as (-),1–4
as (+), 5–8 as (++), ≥ 9 as (+++). The double-blind method was evaluated by the teachers using the pirker
scoring standard after training.

2.9 RT-PCR
The expression of the tumor-related genes was determined by RT-PCR. Total RNA was extracted from
tumor tissue using the TRIzol reagent according to the manufacturer's instructions. After
spectrophotometric quantification, 1 mg of total RNA was used to synthesize firststrand cDNA with the
Revert Aid H Minus First Strand cDNA synthesis kit (Fermentas). Real-time RT-PCR reactions were carried
out on an Mx3000P real-time PCR system (Stratagene). To correct for the experimental variations
between samples, GAPDH was used as the internal control. Primers were designed and synthesized by
the Sangon Biotech Co., Ltd., as shown in Table 2. The expression of Lin28 (sc13156) (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) in the tumor tissue was detected. The PCR program was as
follows: i) initial denaturation at 95˚C for 5 min; ⅱ) 35 cycles of denaturation at 95˚C, annealing at 60˚C,
and elongation at 60˚C for 30 sec; and ⅲ) a final extension at 60˚C for 40 sec. RTPCR was performed
using the TaqMan Gene Expression Assay protocol (Applied Biosystems). The mRNA from tumor tissue
was typed with BstUI, and the digestion products were resolved by 2% agarose gel electrophoresis with
ethidium bromide staining and UV light detection. The results were documented by digital camera and
stored as computer files in BioCapt software (VilbertLourmant, Marne LaValle, France).

2.6 Statistical Analysis
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The data are presented as the mean ± standard deviation (SD) values. Student’s t-test and one-way
analysis of variance (ANOVA) were performed to determine P values using SPSS version 18.0 software.
All experiments were repeated at least three times unless otherwise indicated. P values < 0.05 were
considered statistically significant.

Table 1
The primer sequences used for real-time PCR

Primer name Primer sequence (5’-3’)

Lin28-F CGGGCATCTGTAAGTGGTTC

Lin28-R CAGACCCTTGGCTGACTTCT

GAPDH-F GAGTCCACTGGCGTCTTCA

GAPDH-R GGGGTGCTAAGCAGTTGGT

miR-107-F CAGACGACCATCAGAGCATTGTACAGGG

miR-107-RT GCACTTCAGTGTCGTGGTCAGTGACGGCAATTTGAAGTGCTGATA

Let-7-F CAGACGACCATCAGAGAGGTAGTAGGTTGC

Let-7-RT GCACTTCAGTGTCGTGGTCAGTGACGGCAATTTGAAGTGCAATGC

miR-609-F CAGACGACCATCAGAGGGTGTTTCTCTC

miR-609-RT GCACTTCAGTGTCGTGGTCAGTGACGGCAATTGAAGTGCAGAGATGA

U6-F CTCGCTTCGGCAGCACAT

U6-R GAACGCTTCACGAATTTGCGT

Table 2
Primer sequences of Lin28.

target gene Primer sequences

Lin28 Forward

5’- CGGGCATCTGTAAGTGGTTC

Reverse 5’-CAGACCCTTGGCTGACTTCT

GAPDH Forward

5’- TCCACCACCCTGTTGCTGTA

Reverse 5’-ACCACAGTCCATGCCATCAC

3. Results

3.1 Analysis of the MTT assay results
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MKN-45, SGC 7901, NCI-N 87, and GES-1 cells were treated with ACBP and OXA at gradient
concentrations (5, 10, 15, 20, and 25 µg/ml) and evaluated by an MTT assay. When MKN-45 cells were
exposed to these concentrations of OXA for 48 h, the respective survival rates of the MKN-45 cells were
decreased to 29.8%, 43.6%, 59.1%, 65.8%, and 66.8%. The half-maximal inhibitory concentration (IC50) of
OXA in MKN-45 cells after 48 h was 11.7 µg/mL. When MKN-45 cells were exposed to these
concentrations of ACBP for 48 h, the respective survival rates of the MKN-45 cells were decreased by
1.5%, 22.7%, 44.2%, 51.1%, and 59.3%. The IC50 of ACBP in MKN-45 cells was 18.8 µg/mL at 48 h. ACBP
had a definite inhibitory effect on MKN-45 cell proliferation in a concentration-dependent manner (Fig.
1A).

When SGC7901 cells were exposed the abovementioned concentrations of OXA for 48 h, the respective
survival rates of the SGC 7901 cells were decreased by 48.9%, 51.4%, 61.2%, 70.5%, and 72.3%. The IC50
of OXA in SGC 7901 cells was 6.6 µg/ml after 48 h. When SGC 7901 cells were exposed to the
abovementioned concentrations of ACBP for 48 h, the respective survival rates of the SGC 7901 cells
decreased by 25.1%, 37.6%, 52.2%, 75.0%, and 78.6%. The IC50 of ACBP in SGC 7901 cells was 11.9
µg/ml at 48 h. Thus, ACBP suppressed SGC 7901 cell proliferation in a concentration-dependent manner
(Fig. 1B).

When NCI-N87 cells were exposed the abovementioned concentrations of OXA for 48 h, the respective
survival rates of the NCI-N87 cells were decreased by 27.3%, 35.4%, 41.2%, 48.6%, and 50.6%. The IC50 of
OXA in NCI-N87 cells was 24 µg/ml at 48 h. When NCI-N87 cells were exposed the abovementioned
concentrations of ACBP for 48 h, the respective survival rates of the NCI-N87 cells were decreased by
31.2%, 34.2%, 41.3%, 44.6%, and 52.6%. The IC50 of ACBP in NCI-N87 cells was 24.3 µg/ml at 48 h. This
suggests that ACBP suppresses NCI-N87 cell proliferation over a range of increasing concentrations
(Fig. 1C).

When GES-1 cells were exposed the abovementioned concentrations of OXA for 48 h, the respective
survival rates of the GES-1 cells were decreased by 53.6%, 62.7%, 66.5%, 69.5%, and 71.5%, respectively.
The OXA was 3.6 µg/ml for the IC50 of GES-1 cells at 48 h. When GES-1 cells were exposed the
abovementioned concentrations of ACBP for 48 h, the respective survival rates of the GES-1 cells was
decreased by 12.6%, 14.9%, 16.1%, 19.8%, and 26.3%. Due to the weak inhibitory effect of ACBP on GES-1
cells, its half-maximal inhibitory concentration was not estimated. Compared with the positive drug OXA,
ACBP weakly inhibited GES-1 cell proliferation, a result that was also observed in GES-1 immortalized
gastric mucosal epithelial cells. This suggests that OXA has toxic effects on gastric mucosal epithelial
cells, while ACBP has very weak toxic effects on gastric mucosal epithelial cells (Fig. 1D).

In conclusion, ACBP inhibited MKN-45, SGC7901, and NCI-N87 gastric cancer cell proliferation in a dose-
dependent manner, but its inhibitory effect on the proliferation of GES-1 immortalized gastric mucosal
epithelial cells was weak, suggesting that ACBP has a definite targeted inhibitory effect on tumor cells.
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3.2 Evaluation of MKN-45, SGC7901, NCI-N87 and GES-1
cells after drug treatment by H&E staining
To further observe the changes in MKN-45 cell morphology after drug treatment, cells were seeded in a 6-
well plate containing coverslips, and cells on climbing slides were treated separately with serum-free
culture medium, 11.7 µg/ml OXA, 18.8 µg/ml ACBP, and 5.85 µg/ml OXA combined with 9.4 µg/ml ACBP.
The staining results showed that the number of cells was decreased significantly, the cell morphology
was rounded and apoptotic, and some cells showed core consolidation and enhanced nuclear
basophilism in the ACBP group compared with the control group. The OXA and combination treatment
groups exhibited sparse cell coverage, a rounded cell morphology, core consolidation, enhanced nuclear
staining, nuclear fragmentation and nuclear lysis (Fig. 2- MKN-45).

To further observe the changes in SGC7901 cell morphology after drug treatment, SGC7901 cells were
treated separately with serum-free medium, 6.6 µg/ml ACBP, 11.9 µg/ml OXA, and 3.3 µg/ml OXA with
5.95 µg/ml ACBP. The staining results showed that more cells were in the proliferation and division stage
in the ACBP and OXA groups. After treatment with the combination of ACBP and OXA, the cell number
was significantly decreased, and the cell shape was rounded, with core consolidation and enhanced
staining (Fig. 2- SGC7901).

To further observe the changes in NCI-N87 cell morphology after drug treatment, NCI-N87 cells were
treated separately with serum-free culture medium, 24 µg/ml OXA, 24.3 µg/ml ACBP, and 12 µg/ml OXA
combined with 12.15 µg/ml ACBP. The staining results showed that some cells were rounded and the cell
number was decreased in the ACBP group compared with the control group. In the OXA group, the number
of cells was significantly decreased, the cell shape was rounded, the cytoplasm was dense, some cells
had core consolidation, and core staining was enhanced. However, in the combination group, the cell
shape was rounded, the cell number was reduced, core consolidation was observed, core staining was
enhanced, cell shrinkage occurred, and the cytoplasm was dense (Fig. 2- NCI-N87).

To further observe the changes in the morphology of GES-1 cells after drug treatment, GES-1 cells were
treated separately with serum-free medium, 3.6 µg/ml OXA, 25 µg/ml ACBP, and the combination of 12.5
µg/ml OXA with 1.8 µg/ml ACBP (because ACBP had a weak effect on GES-1 cells, the IC50 could not be
estimated; therefore, 25 µg/ml was used as the ACBP treatment concentration). The staining results
showed that there were no differences in cell morphology or cell number between the control group and
ACBP group. In the OXA group, the number of cells was decreased significantly, some cells acquired a
rounded morphology, some cells exhibited shrinkage, and the cytoplasm was dense. In addition, in the
combination group, the number of cells was significantly reduced, the cell shape became rounded, and
some cells developed core consolidation, enhanced nuclear staining, nuclear fragmentation, and nuclear
lysis (Fig. 2- GES-1).

3.3 The expression of Lin28, miR-107, miR-609 and Let-7 in
MKN-45 cells
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To study the effects of OXA, ACBP and the combination on the expression of Lin28, miR-107, miR-609
and Let-7, MKN-45 cells were treated separately with serum-free medium, 11.7 µg/ml ACBP, 18.8 µg/mL
OXA, and 5.85 µg/ml OXA combined with 9.4 µg/ml ACBP. After 48 h, cells were collected, and RNA was
extracted. The relative expression levels of Lin28, miR-107, miR-609 and Let-7 were determined by q-PCR.

The relative expression levels of Lin28 in each treatment group show that for the comparisons of the
OXA, ACBP and combination groups with the control group, the P values were 0.00, 0.015, and 0.005,
respectively, and these differences were statistically significant (P < 0.05). For the comparisons of the
OXA group with the ACBP and combination groups, the p values were 0.005 and 0.015, respectively, and
these differences were statistically significant (P < 0.05). The difference between the ACBP group and the
combination group was not statistically significant (P > 0.05) (Fig. 3- MKN-45-A).

The relative expression levels of miR-107 in each treatment group showed that the differences between
the OXA and ACBP groups and the control group were not statistically significant (P > 0.05) from the. The
miR-107 level in the combination group was significantly different from that in the control group (P < 
0.05). The miR-107 levels in the ACBP and combination groups were not significantly different (P > 0.05)
compared with that in the OXA group. The miR-107 level in the combination group was significantly
different from that in the ACBP group (P > 0.05) (Fig. 3- MKN-45-B).

The relative expression levels of miR-609 in each treatment group showed that the levels in the OXA and
combination groups were significantly different from that in the control group (P < 0.05). The difference
was not statistically significant between the ACBP group and the control group (P > 0.05). The differences
between the ACBP and combination groups and the OXA group were not statistically significant (P > 
0.05). The difference between the ACBP group and the combination group was not statistically
significant (P > 0.05) (Fig. 3- MKN-45-C).

Regarding the expression of Let-7, the difference between the OXA group and the control group was not
statistically significant. The expression of Let-7 in the ACBP and combination groups was significantly
different from that in the control group (P < 0.05). Moreover, compared with the levels in the ACBP and
OXA groups, the level in the combination group was significantly different (P < 0.05) (Fig. 3- MKN-45-D).

In conclusion, in mkn45 cells, lin28 expression was upregulated in the ACBP, OXA and combination
groups and was upregulated more significantly in the OXA group. MiR-107 expression was reduced in the
combination group and was not affected by OXA or ACBP treatment alone. MiR-609 expression was
altered in the OXA and combination groups, while ACBP had no effect on miR-609 expression. Let-7
expression was downregulated in the ACBP and combination groups, while there was no significant
change in the OXA group.

3.4 The expression of Lin28, miR-107, miR-609 and Let-7 in
SGC7901 cells



Page 12/29

To study the effects of OXA, ACBP and the combination treatment on Lin28, miR-107, miR-609 and Let-7
expression in SGC7901 cells, these cells were treated separately with serum-free medium, 6.6 µg/ml OXA,
11.9 µg/ml ACBP, and 3.3 µg/ml OXA combined with 5.95 µg/ml ACBP. After 48 h, cells were collected,
and RNA was extracted. The relative expression levels of Lin28, miR-107, miR-609 and Let-7 were
determined by q-PCR.

Regarding the relative expression levels of Lin28 in the ACBP, OXA and combined groups, the results
showed that the levels in the ACBP and OXA groups were significantly different from that in the control
group (P < 0.05). The level in the combination group was significantly different from that in the ACBP
group (P < 0.05). Moreover, the level in the combination group was not significantly different from that in
the control group (P > 0.05). Compared with the level in the OXA group, the levels in ACBP and
combination group were not significantly different (P > 0.05) (Fig. 3- SGC7901-A).

Regarding the relative expression level of miR-107, the results showed that the levels in the ACBP and
OXA groups were significantly different from those in the control group (P < 0.05). However, the difference
between the combination group and either monotherapy group was not statistically significant (P > 0.05).
Compared with that in the OXA group, the relative expression level of miR-107 in the ACBP and
combination groups was significantly different (p < 0.05). Compared with that in the ACBP group, the level
in the combination group was significantly different (p < 0.05) (Fig. 3- SGC7901-B).

Regarding the relative expression level of miR-609, the results showed that the levels in the ACBP, OXA
and combination groups showed no significant differences compared with that in the control group (P > 
0.05). Compared with that in the OXA group, the level in the ACBP group showed no significant difference
(P > 0.05). Compared with those in the OXA and ACBP groups, the level in the combination group was
significantly different (p < 0.05) (Fig. 3- SGC7901-C).

Regarding the relative expression level of miR-609, the results showed that the levels in the ACBP, OXA
and combination groups were significantly different from that in the control group (P < 0.05). However, the
level in the ACBP group was not significantly different from that in the OXA group (P > 0.05). Compared
with the levels in the OXA and ACBP groups, the level in the combination group was significantly different
(P < 0.05) (Fig. 3- SGC7901-D).

In conclusion, in SGC7901 cells, Lin28 expression was downregulated in the ACBP and OXA groups, while
the combination treatment had no effect on Lin28 expression. ACBP downregulated miR-107 expression,
while OXA upregulated miR-107 expression, and the combination treatment had no effect. Neither OXA,
ACBP nor the combination had an effect on miR-609 expression. Both OXA, ACBP and the combination
upregulated Let-7 expression.

3.4 The expression of Lin28, miR-107, miR-609 and Let-7 in
NCI-N87 cells
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To investigate the effect of OXA, ACBP and the combination on Lin28, miR-107, miR-609 and Let-7
expression in NCI-N87 cells, NCI-N87 cells were treated separately with serum-free medium, 24 µg/ml
ACBP, 24.3 µg/ml OXA, and 12 µg/ml OXA in combination with 12.15 µg/ml ACBP. After 48 h of treatment,
cells were harvested, and RNA was extracted to determine the relative expression levels of Lin28, miR-107,
miR-609 and Let-7 by q-PCR. Compared with that in the control group, Lin28 expression in the OXA, ACBP
and combination groups was significantly different (p < 0.05). Compared with that in the OXA group,
Lin28 expression in the ACBP group was not significantly different (P > 0.05). Compared with that in the
OXA and ACBP groups, Lin28 expression in the combination group was significantly different (p < 0.05)
(Fig. 3- NCI-N87-A).

Regarding miR-107 expression, the levels in the OXA, ACBP and combination groups were not
significantly different (P > 0.05) from that in the control group. Compared with that in the OXA group, the
levels in the ACBP and combination groups were not significantly different (P > 0.05). However, the
combination group showed no significant difference (P > 0.05) compared with the ACBP group (Fig. 3-
NCI-N87-B).

Regarding miR-609 expression, compared with that in the control group, miR-609 expression in the OXA,
ACBP and combination groups was not significantly different (P > 0.05). Compared with that in the ACBP
group, the levels in the OXA and combination groups were not significantly different (P > 0.05). Compared
with the OXA group, the combination group showed a significant difference (p < 0.05) (Fig. 3- NCI-N87-C).

For Let-7 expression, compared with the control group, Let-7 expression in the OXA, ACBP and
combination groups was not significantly different (P > 0.05). Compared with the ACBP group, the OXA
and combination groups showed no significant difference (P > 0.05) (Fig. 3- NCI-N87-D).

In conclusion, in NCI-N87 cells, lin28 expression was upregulated in the ACBP and OXA groups and
downregulated in the combination group. There were no significant differences in miR-107, miR-609 and
Let-7 expression in the OXA, ACBP and combination groups compared with the control group.

3.5 The expression of Lin28, miR-107, miR-609 and Let-7 in
GES-1 cells
To investigate the effect of OXA, ACBP and the combination on Lin28, miR-107, miR-609 and Let-7
expression in GES-1 cells, GES-1 cells were treated separately with serum-free medium, 3.6 µg/ml OXA, 25
µg/ml ACBP, and 1.8 µg/ml OXA in combination with 12.5 µg/ml ACBP. After 48 h of treatment, cells were
harvested, and RNA was extracted to determine the relative expression levels of Lin28, miR-107, miR-609
and Let-7 by q-PCR.

Compared with that in the control group, Lin28 expression in the OXA, ACBP and combination groups was
significantly different (P < 0.05). Compared with the OXA group and ACBP group, the combination group
exhibited significant differences (P < 0.05) (Fig. 3- GES-1-A).
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Compared with that in the control group, miR-107 expression in the ACBP and combination groups was
significantly different (P < 0.05). Compared with the OXA group and ACBP group, the combination group
exhibited a significant difference (P < 0.05) (Fig. 3- GES-1-B).

Compared with that in the OXA group, the expression of miR-609 in ACBP showed a significant difference
(P < 0.05). The combination group showed a significant difference compared with the ACBP group (P < 
0.05). Moreover, the expression of Let-7 in the combination and OXA groups was significantly different
from that in the ACBP group (P < 0.05) (Fig. 3- GES-1-C, D).

In conclusion, the expression of Lin28 in GES-1 cells in the ACBP, OXA and combination groups was
reduced, and the reduction was more significant in the OXA group. miR-107 expression was elevated in
the ACBP group compared with the control group but was decreased in the combination group and
exhibited no significant change in the OXA group. miR-609 expression was significantly reduced in the
OXA, ACBP and combination groups compared with the control group. Let-7 expression was increased in
the ACBP group compared with the control group but was decreased in both the OXA and combination
groups.

3.6 Lin28 protein expression in MKN-45 and SGC7901 cells
after drug treatment
To investigate the effect of OXA, ACBP and the combination on Lin28 protein expression in MKN-45 and
SGC7901 cells, after 48 h, total protein was extracted, and the relative expression level of the Lin28
protein was determined by western blot analysis. The Lin28 protein in each treatment group showed a
band at 26 kD, and β-actin showed a band at 42 kD.

The relative expression levels of the Lin28 protein in each treated group of MKN-45 cells and SGC7901
cells show that in MKN-45 cells, lin28 protein expression was downregulated in the OXA, ACBP and
combination groups. Lin28 protein expression in SGC7901 cells was upregulated both in the OXA and
combination groups, and Lin28 protein expression in SGC7901 cells was slightly upregulated in the ACBP
group (Fig. 4- A, B and C).

3.7 Lin28 protein expression in NCI-N87 and GES-1 cells
after drug treatment
To investigate the effect of OXA, ACBP and the combination on Lin28 protein expression in NCI-N87 and
GES-1 cells, after 48 h, total protein was extracted, and the relative expression level of the Lin28 protein
was determined by western blot analysis. The results showed that the Lin28 protein was visible as a band
at 26 kD, whereas this band was unclear in GES-1 cells. The relative expression levels of the Lin28 protein
in each treated group of NCI-N87 cells showed that in NCI-N87 cells, Lin28 protein expression was
downregulated in the ACBP and combination groups but was upregulated in the OXA group (Fig. 4- D and
E).
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3.8 Effect of mouse living status and feeding, and tumor
growth
From the Figure.5, during the experiment, nude mice in the ACBP and MIX group and NS group showed
large feeding and activity, and increased body quality, but the difference was not statistically significant
(P > 0.05). In the OXA group and the NS group, the diet and activity volume changed little, and the body
quality was reduced, but the difference was not significant (P > 0.05). However, compared to the status of
OXA, there were large diet and activity, and increased body quality in the ACBP and MIX groups (P < 0.05).
The ACBP, OXA and MIX had mild tumor mass compared to control NS and showed statistical difference
in tumor quality (P < 0.05), no statistical difference between ACBP, OXA (P > 0.05) and significant
difference between MIX and NS (P < 0.05).

3.9 Immunohistochemical results
In the Figure.6, Immunohistochemistry results showed that Lin28 protein exxpressuin are decreased
significantly difference in the ACBP and OXA groups, MIX, compared with NS group (P < 0.05), but there
was no difference between ACBP and OXA (P > 0.05). In addition, the expression of Lin28 in ACBP and
OXA shows significantly difference compared with MIX (P < 0.05).

3.10 The tumor-related Lin28 gene expression
The expression of Lin28 in each group was detected by quantitative PCR (Figure.7), which showed that
decreased expression in ACBP and OXA groups compared with NS groups (P < 0.05); but there was no
statistical difference between ACBP and OXA groups (P > 0.05). while the expression of Lin28 in ACBP
and OXA shows significantly difference compared with MIX (P < 0.05). (Figure.7A).

3.11 miRNA107 expression
The expression of miRNA-107 in each group was detected by quantitative PCR, which showed that
increased expression in ACBP, OXA and MIX compared with NS (P < 0.05); but there was a statistical
difference between ACBP and OXA groups (P < 0.05), while higher expression of miRNA-107 in ACBP than
OXA group. Furthermore, the expression of miRNA-107 in ACBP and OXA shows significantly difference
compared with MIX (P < 0.01) (Figure.7B).

4. Discussion
According to the 2015 statistics, there were approximately 4292000 new cancer cases and 2814000
cancer deaths in 2015 [20]. Gastric cancer had the second-highest incidence [20]. Exploring and
developing new anticancer drugs with low toxicity and therapeutic efficiency is a hot topic worldwide.
Antitumor peptides have become a hot topic of tumor therapy research in the 21st century. At the cellular,
molecular and animal levels, ACBPs isolated from animal organs have been shown to enhance immune
function, exhibit targeted antitumor effects, and inhibit the colony formation of gastric cancer stem cells.
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The mechanism involves the induction of tumor cell apoptosis and interference with tumor DNA
synthesis to inhibit tumor cell proliferation. A previous Dutch study of ACBP and cisplatin in a nude
mouse model of human gastric cancer found that ACBP and cisplatin inhibited Bcl-2 protein expression
and induced BAX, caspase 3 and caspase 8 protein expression.

In addition, anticancer bioactive peptide-3 (ACBP-3) was found to inhibit gastric cancer by inhibiting the
proliferation of gastric cancer stem cells. ACBP-3 can accelerate the time-dependent apoptosis of SC-
derived cells to induce cancer cell death and exert its anticancer role [21]. Via in vitro cell experiments, we
studied the effects of an ACBP on the expression of the stem cell marker gene Lin28, which is involved in
the control of tumorigenesis and tumor development, and investigated its regulation of microRNA
expression and mutual relationships to explore the role of ACBP in biological treatment and inhibition of
tumor cell proliferation, aiming to provide rich research data and a scientific basis. Lin28 is a well-
established stem cell marker gene that is highly expressed in multiple tumor cells, and its high expression
predicts short survival times and poor prognosis [22]. Furthermore, it was shown that treatment with
Lin28, Oct4, Sox2 and Nanog induced the transformation of fibroblasts into pluripotent stem cells [23,
24]. While Lin28 expression is high in mesenchymal cells and only slightly detectable in epithelial cells,
high Lin28 expression promotes epithelial-to-mesenchymal transition (EMT). However, EMT is closely
related to in situ tumor invasion and distant metastasis. Lin28 promotes the transformation of epithelial
cells to stromal cells and can promote tumor metastasis.

The lin28 protein is present in the cytoplasm and nucleus, and it has been shown that Lin28 can regulate
microRNAs such as miR-107 and Let-7 [25]. Lin28 can bind to the terminal loop of Let-7 miRNA family
precursors to inhibit processing by Drosha and Dicer and thus inhibit precursor processing into a mature
microRNA [26, 27]. MiR-107 is involved in a variety of important biological pathways and cellular stress
responses, and its abnormal expression can lead to the development of multiple diseases, including
tumors, and affect prognosis. MiR-107 plays an inhibitory role in lung and head and neck squamous
cancers while promoting pancreatic, liver, esophageal and colorectal cancers. Furthermore, the role of
miR-107 in breast and gastric cancers is still controversial. Thus, the specific role of miR-107 in cancer
has not been determined, and the specific mechanism of action is complex and diverse, requiring further
research.

To investigate the effect of ACBP, OXA and the combination on the Lin28, miR-107, Let-7 and miR-609
gene and Lin28 protein expression levels in four cell lines, we performed q-PCR and western blot
analyses. The results showed that Lin28 gene expression was upregulated in MKN-45 cells treated with
OXA, ACBP and the combination and was most significantly upregulated in the OXA group. However,
Lin28 protein expression was downregulated in the OXA, ACBP and combination groups. It has been
shown that Lin28 is a stem cell marker gene that acts as an oncogene [28].

This study demonstrated that miR-107, miR-609 and Let-7 expression was downregulated by the drug
combination, that ACBP downregulated Let-7 expression, and that OXA downregulated miR-609
expression, which showed that the changes in Lin28 gene expression were opposite those in the
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expression of these three microRNAs, that Lin28 can target these microRNAs for knockdown, and that
these microRNAs may also in turn regulate Lin28 expression. Regarding the role of Let-7 in tumors, Let-7
has been confirmed to have a role in inhibiting cancer cell proliferation [29]. However, ACBP
downregulated its expression, and the specific mechanism needs to be further studied. The role of miR-
107 in gastric cancer is still controversial, and the role of miR-609 in gastric cancer has not been studied
[30]. The combination treatment downregulated the expression of miR-609 and miR-107; thus, we
hypothesized that both of these miRNAs may play a carcinogenic role in gastric cancer and that
inhibition of their expression by ACBP may be one of the mechanisms inhibiting the proliferation of
gastric cancer cells. We will conduct in-depth research based on this hypothesis.

SGC7901 cells have a moderately differentiated status, and our results showed that OXA and ACBP
downregulated Lin28 gene expression in SGC7901 cells, while OXA, ACBP and the combination
upregulated Lin28 protein expression. Lin28 is highly expressed in multiple tumor cells, and its high
expression indicates poor patient prognosis [14]. ACBP downregulated Lin28 gene expression in
SGC7901 cells, consistent with the above results. ACBP only slightly upregulated Lin28 protein
expression, but OXA obviously upregulated it, and the specific mechanism needs further investigation. In
addition, OXA, ACBP and the combination can upregulate the expression of the tumor suppressor gene
Let-7 and thus play a role in inhibiting cancer cell proliferation [31].

Let-7 expression levels were inversely correlated with Lin28 gene expression levels, suggesting that Let-7
is targeted by Lin28 for regulation. In addition, OXA upregulated miR-107 expression, but ACBP
downregulated its expression. From the analysis of our results, it is hypothesized that miR-107 may play
a tumor-promoting role in gastric cancer. There is still much debate about the role of miR-107 in gastric
cancer [32].

The experimental results in highly differentiated NCI-N87 gastric cancer cells showed that both OXA and
ACBP upregulated Lin28 gene expression, while the combination treatment downregulated Lin28 gene
expression. Western blot analysis showed that OXA upregulated Lin28 protein expression, while ACBP
and the combination downregulated Lin28 protein expression to inhibit tumor cell proliferation. However,
the results of this experiment show that the effect of ACBP is different at the protein level compared with
the mRNA level, and further research on the relevant signaling process is needed. GES-1 is a tumorigenic
[12], immortalized human gastric mucosal epithelial cell line, and Lin28 is highly expressed in growing
and developing GES-1 cells; it exhibits high expression in multiple tumor cell lines [33] and comparatively
low expression in human gastric mucosal cells. The results of this study indicated that OXA, ACBP and
the combination downregulated Lin28 gene expression, but the Lin28 protein expression level was not
measured in GES-1 cells due to its low expression in these cells. Whether ACBP is able to downregulate
Lin28 gene expression in GES-1 cells to prevent carcinogenesis needs further study. Both OXA and the
combination of ACBP and OXA downregulated Let-7 expression, while ACBP alone upregulated Let-7
expression. Therefore, the role of Let-7 as a tumor suppressor gene was studied. However, ACBP
upregulates Let-7 expression and enhances its anticancer effect in humans, thus preventing the
occurrence of cancer. Moreover, the results showed that OXA, ACBP and the combination treatment
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downregulated miR-609 expression. It is hypothesized that miR-609 may play a tumor-promoting role in
gastric cancer and that inhibiting its expression can prevent tumorigenesis and inhibit tumor progression
and metastasis.

Furthermore, morphological analysis showed that ACBP, OXA and the combination treatment significantly
inhibited proliferation and induced apoptosis and necrosis in MKN-45, SGC7901, and NCI-N87 cells, but
the ACBP had a weak effect on GES-1 cells, while OXA had a strong inhibitory effect on GES-1 cell
proliferation, indicating that the ACBP has no obvious toxic effects on human gastric mucosal epithelial
cells relative to OXA.

Therefore, it is speculated that ACBP exerts a strong inhibitory effect on proliferation in gastric cancer cell
lines with different differentiation statuses and a stronger inhibitory effect on the proliferation of poorly
differentiated gastric cancer cells. At the protein level, ACBP showed an inhibitory effect on the
expression of the putative stem cell marker gene Lin28 but exhibited a different effect at the mRNA level,
possibly because the modification levels changed after ACBP acted on cells.

Studies show that the Lin 28/miR-107 pathway was found in knocking down MKN-45 and MKN-28
gastric cancer cell lines with siRNA technology, and Lin28/ miR-107 signaling oxaliplatin sensitivity by
regulating the expression of cyclin, p-glycoprotein and topoisomerase, and Lin cell-sensitive
chemotherapeutic drugs may be a molecular mechanism that causes chemotherapeutic resistance to
gastric cancer. However, the Lin28 and miRNA107 signaling pathway are still less frequently studied.

In this study, results showed that decreased gene expression are observed in the ACBP, OXA groups and
mix groups compared with the NS group (P < 0.05), but there was no statistical difference between the
ACBP and OXA groups (P > 0.05). The Lin28 gene expression was decreased in the MIX group,
comparison between ACBP and OXA groups (P < 0.05). It is seen that short-term intraperitoneal injection
of ACBP can inhibit the increase of tumor stem cells and also improve the tumor suppressor sensitivity of
oxaliplatin. The expression results of miRNA107 showed that the ACBP and oxaliplatin groups were
increased compared with the saline group, with significant statistical significance (P < 0.01), while
statistical differences were showed in the ACBP and oxaliplatin groups (P < 0.05), the MIX group shows
statistical differences between the ACBP and oxaliplatin groups (P < 0.01). This results shows that the
anticancer effect of ACBP may be related to the Lin28/miR-107 signaling pathway, for the first time that
the attenuated susceptibility mechanism of ACBP is related to Lin28/miR-107 signaling, and that ACBP is
involved in the regulation of other genes during the inhibition of gastric cancer cell growth, which
deserves further investigation.

The ACBP, OXA, and MIX groups were mild compared to the NS groups, showing a statistical difference in
tumor mass (P < 0.05), and no statistical difference between the ACBP, OXA, and MIX groups (P > 0.05).
Tumor mass in the MIX and NS (P < 0.05) shows statistical difference (P < 0.05). In the quality of life: the
nude mice in the OXA group showed a significant weight loss, as compared with the ACBP and MIX
groups (P < 0.05). The weight of nude mice was not significant between the ACBP and MIX groups (P > 
0.05). In the ACBP and MIX groups, no significant weight was increased in nude mice than in the NS
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group. Eating was significantly increased in the MIX group compared with the OXA group of tumor-
bearing nude mice (P < 0.05). It was found that nude mice in the ACBP and MIX groups more active than
the NS and OXA groups. It can be seen that ACBP can improve the quality of life of nude mice and also
reduce the toxic side effects of OXA. In addition, under the combination treatment, the quality of life and
anticancer effect of nude mice have been improved.

In conclusion, the analysis showed application of ACBP inhibited gastric cancer MKN-45 tumor growth
and improve the quality of life in tumor-bearing nude mice. The application of ACBP in combination with
OXA can not only significantly inhibit the growth of tumor in the nude mice, but also reduce the toxic
effect of OXA and improve the quality of life of the tumor-bearing organism. Inhibiting tumor growth with
ACBP alone, improved quality of life in tumor-bearing nude mice; and short-term interruption of ACBP
combined with OXA significantly increased sensitivity, improved quality of life of tumor-bearing nude
mice, and reduced toxic side effects of chemotherapies may also be associated with ACBP inhibition of
tumor dry cell proliferation through Lin28/miR-107 signaling. At the same time, the first ACBP inhibited
tumor growth in Lin28/miR-107 signaling pathway, explains the regulatory relationship between ACBP-
tumor stem cell marker gene-miR107, and undoubtedly helps to understand the expression regulation
network of tumor cells, provide some reference for studying the anticancer mechanism of ACBP, and
provide some theoretical support for whether it can become a new anti-cancer substance in the future.

Conclusions
Our data demonstrates that ACBP alone and in combination with oxaliplatin influenced the expression of
tumor stem cell marker gene Lin28 and regulated the expression of microRNAs specifically regulated by
Lin28. ACBP alone has a certain effect in inhibiting tumor growth. The combination of ACBP with the
chemotherapy drug oxaliplatin has significant anticancer sensitization on oxaliplatin, and also
significantly improves the quality of life of tumor-bearing nude mice and reduces the toxic side effects of
chemotherapeutic drugs on nude mice. The anti-cancer effect and attenuated sensitization of ACBP may
be related to the Lin28/miR-107 signaling pathway, acting by inhibiting the proliferation of cancerous
stem cells. Therefore, It is the first proposed that the inhibitory effect of ACBP on gastric cancer MKN-45
cell lines may play a role through the ACBP-tumor stem cell marker gene-miR107 signaling pathway.
Therefore, more detailed studies of the regulatory processes of posttranslationally modified proteins are
needed to further confirm the antitumor mechanism of ACBP. The completion of this project provides a
scientific basis for exploring the antitumor mechanism of ACBP alone and combined with
chemotherapeutic drugs.
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Figures

Figure 1
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The inhibitory effects of ACBP and OXA at gradient concentrations in four kinds of cells (A: MKN-45 cells;
B: SGC7901 cells; C: NCI-N87 cells; D: GES-1 cells).

Figure 2

MKN-45 cells: the results of H&E staining in different treatment groups of MKN45 cells SGC7901 cells:
the results of H&E staining in different treatment groups of SGC7901 cells NCI-N87 cells: the results of
H&E staining in different treatment groups of NCI-N87 cells GES-1 cells: the results of H&E staining in
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different treatment groups of GES-1 cells (A: control group, B: ACBP group, C: OXA group, D: combination
group; 400× magnification).

Figure 3

MKN-45 cells: the expression of Lin28, miR-107, miR-609 and Let-7 in different treatment groups of
MKN45 cells. SGC7901 cells: the expression of Lin28, miR-107, miR-609 and Let-7 in different treatment



Page 26/29

groups of SGC7901 cells. NCI-N87 cells: the expression of Lin28, miR-107, miR-609 and Let-7 in different
treatment groups of NCI-N87 cells. GES-1 cells: the expression of Lin28, miR-107, miR-609 and Let-7 in
different treatment groups of GES-1 cells (A: Lin28; B: miR-107; C: miR-609; D: Let-7; *: compared with the
control group, P < 0.05; #: compared with the OXA group, P < 0.05; △: compared with the ACBP group, P <
0.05).

Figure 4

The electrophoresis figure and the expression levels of Lin28 protein in each treatment group of SGC7901
and MKN45 cells (A: electrophoresis figure; B: MKN45 cells; C: SGC7901 cells) and NCI-N87 cells (D:
electrophoresis figure; E: NCI-N87 cells).
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Figure 5

MIX treatment suppresses gastric tumor growth and improves quality of life in the xenograft tumor
model. The in vivo tumor growth experiment was established by subcutaneous injection of 1x107 MKN-
45 GC cells. A, Daily diet of nude mice and body weight of nude mice, (B) tumor being nude mice were
sacrificed, (C) tumor weight, (D) tumor morphology, (E) tumor volume and (F) tumor being nude mice
were calculated before the end of the experiment.
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Figure 6

A, Immunohistochemistry staining (x 400) of the tumor of tumor-bearing nude mice treated with Control,
ACBP, OXA and MIX. B, Immunohistochemical score were calculated (*: Mix group and OXA group and
ACBP group compared with control group, P＜0.05). 
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Figure 7

A,The expression of Lin28 in each group was detected by quantitative PCR.  B, Comparison of miR-107
gene expression in each group. (*: Mix group and OXA group and ACBP group compared with control
group, P＜0.05; #: compared with MIX group, P＜0.05; ##: compared with MIX group, P＜0.01 ). 


