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Abstract
In order to investigate the inhibitory effects of oyster enzymatic hydrolysate (OEH) on the metastasis of Lewis lung cancer and to evaluate its
mechanism, daily gavage of low(LOEH), medium(MOEH) and high (HOEH) doses of OEH for 5 weeks was administered based on the subcutaneous
Lewis lung cancer model in C57BL/6J male mice, the volume and weight of subcutaneous tumor were measured, the lung metastatic nodules
were counted, the number of tumor-associated-macrophages (TAMs; CD11b+F4/80+), the expression of E-cadherin, Vimentin, microRNA-21
and microRNA-218 in subcutaneous tumor were measured. It was found that OEH treatment significantly decreased the subcutaneous tumor
weight for the MOEH and HOEH groups (P=0.013, P=0.007) and significantly inhibited lung metastasis in a dose-dependent manner (χ2=13.16,
P=0.004). The expression of E-cadherin showed a statistical increase at high dose, while the expression of Vimentin and the number of TAMs in
subcutaneous tumor was significantly decreased at all OEH doses (P<0.05). The expression of microRNA-21 was significantly decreased in the
group of MOEH (P=0.013) and HOEH (P=0.013), and the expression of microRNA-218 was significantly increased in all group with OEH treatment
(P<0.05). In conclusion, OEH significantly reduced the growth of subcutaneous tumors and incidence of lung metastases in a dose-dependent
manner. Its anti-tumorigenic activity might be explained by its ability to inhibit epithelial mesenchymal transition by reducing the number of
TAMs, and down-regulate microRNA-218 as well as up-regulate microRNA-21 expression.

Keywords: Oyster enzymatic hydrolysate (OEH), Lung metastasis of Lewis lung cancer, Vimentin, Tumor- associated-macrophages (TAMs),
microRNA-21, microRNA-218

Farelerde Subkutan Lewis Akciğer Kanseri Modelinde İstiridye
Enzimatik Hidrolizatının Akciğer Metastazı Üzerine Önleyici Etkisi
ve Mekanizması
Öz
İstiridye enzimatik hidrolizatının (OEH) Lewis akciğer kanserinin metastazı üzerine inhibitör etkisinin araştırılması ve inhibitör mekanizmanın
aydınlatılması amacıyla subkutan Lewis akciğer kanseri modeline göre C57BL / 6J erkek farelerde 5 hafta boyunca OEH’in düşük (LOEH), orta
(MOEH) ve yüksek (HOEH) dozlarının günlük gavajı uygulandı. Subkutan tümörün hacmi ve ağırlığı ölçüldü, akciğer metastatik nodüller sayıldı,
tümör ilişkili makrofajlar (TAM; CD11b+F4/80+) sayıldı, deri altı tümör yapılarda E-kaderin, Vimentin, microRNA-21 ve microRNA-218 ekspresyonu
ölçüldü. OEH’in MOEH ve HOEH sağaltım gruplarının subkutan tümör ağırlığını önemli ölçüde azalttığı (P=0.013, P=0.007) ve doza bağlı
olarak akciğer metastazını önemli ölçüde engellediği (χ2=13.16, P=0.004) saptandı. E-kaderin ekspresyonu, yüksek dozda istatistiksel bir artış
gösterirken, tüm OEH gruplarında Vimentin ekspresyonu ve subkutan tümördeki TAM hücre sayısında önemli ölçüde azalma saptandı (P<0.05).
MikroRNA-21 ekspresyonu MOEH (P=0.013) ve HOEH (P=0.013) gruplarında önemli ölçüde azalırken ve microRNA-218 ekspresyonunda OEH
tedavisi alan tüm gruplarda anlamlı bir artış saptandı (P<0.05). Sonuç olarak, OEH, deri altı tümörlerin gelişimi ve akciğer metastaz insidansını
doza bağlı olarak önemli ölçüde azaltmıştır. Anti-tümörojenik aktivitesi, TAM’ların sayısını azaltarak epitelyal mezenkimal geçişi inhibe etme
kabiliyeti ve mikroRNA-218’in ekspresyonunu azaltma ve mikroRNA-21’in ekspresyonunu artırma özelliği ile açıklanabilir.

Anahtar sözcükler: Oİstiridye enzimatik hidrolizatı (OEH), Lewis akciğer kanserinin akciğer metastazı, Vimentin, Tümör ilişkili makrofajlar
(TAM), MikroRNA-21, MikroRNA-218
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Introduction
Small cell lung cancer (SCLC) and non-small cell lung cancer
(NSCLC) are the main pathological types of lung cancer, for
which NSCLC accounts for 85-90% [1]. As the most common
cancer in the world, its rates of incidence and mortality
are the highest of the malignant tumors, with increasing
tendency each year [2]. It is highly invasive, and most
patients have metastasis, with 80% of lung cancer patients
in the middle and late stage, at the time of diagnosis [3].
Despite the use of surgery, chemotherapy, radiotherapy,
molecular targeting and other comprehensive treatments,
drug resistance and recurrence are common, and the 5-year
survival rate is less than 14% [4].
The recurrence and metastasis of lung cancer have been
shown to be closely related to epithelial mesenchymal
transition (EMT). EMT can change the phenotype of tumor
cells, so that they can obtain stronger invasion and metastasis
ability [5]. Down regulation of E-cadherin expression and up
regulation of Vimentin expression are important features
of EMT [6]. EMT may also be induced by tumor-associatedmacrophages (TAMs), which are the most abundant cells
in the tumor immune microenvironment and have been
shown to reduce the expression of E-cadherin and other
epithelial adhesion proteins and increase the expression of
Vimentin [7]. Therefore, TAM and EMT play important roles in
the occurrence and development of lung cancer.
Studies have suggested that microRNA-218 (miR-218) and
microRNA-21 (miR-21) can regulate the proliferation and
invasion of tumor cells, thus affecting the prognosis, survival,
rate of recurrence and metastasis in lung cancer patients.
MiR-218 is down-regulated in NSCLC, which leads to the
proliferation of lung cancer cells, increases the probability
of recurrence and metastasis, and reduces the survival
period for lung cancer patients [8-10]. MiR-21 promotes the
invasion and metastasis of NSCLC cells by inhibiting the
expression of PTEN and other tumor suppressor genes [11].
Therefore, the down-regulation of miR-218 expression and
up-regulation of miR-21 expression are associated with
poor prognosis in lung cancer.
Oyster is not only a kind of seafood with tender meat,
fresh taste and high nutritional value, but also a common
Chinese medicine in the Chinese Pharmacopoeia [12]. Oyster
meat is rich in protein, amino acid, taurine, bioactive
peptide, fatty acid, glycogen, vitamin and inorganic salt [13],
it is often used to enhance immune function, reduce blood
glucose and blood lipid and anti-tumor and so on [14-17].
Oyster bioactive peptide, a component of oyster enzymatic
hydrolysate (OEH), has been shown to improve cellular
immune function and inhibit the growth of malignant
tumors [18]; however, it is not clear whether it can inhibit the
metastasis of lung cancer, and its mechanism has not been
fully elucidated. Mouse model of Lewis lung cancer (LLC) is
the most widely used lung cancer model of the same origin,
LLC cell line is an adenocarcinoma and maintains high
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tumorigenicity and lung metastasis in C57BL/6 mice [19,20],
and the lung metastasis can be determined after subcutaneous inoculation of LLC cells in C57BL/6 mice for
17-21 days [21]. Therefore, in order to explore the inhibitory
effects of OEH on the lung metastasis from subcutaneous
tumor cells and to evaluate its mechanism, we established
the subcutaneous Lewis lung cancer model in mice [20,21]
and treated tumor-bearing mice with OEH at low, medium
and high doses. The weights of subcutaneous tumor were
measured, lung metastatic nodules were observed and
counted, and the percentage of TAMs (CD11b + F4/80+) cells
in subcutaneous tumor were detected by flow cytometry.
Furthermore, the expression of E-cadherin, Vimentin, miR21 and miR-218 in subcutaneous tumor was detected by
qRT-PCR. Our results provide an experimental basis for the
application of OEH in clinical adjuvant treatment of tumors.

Material and Methods
Preparation of OEH
A thousand gram fresh oyster meat (Crassostrea rivularis)
(Beijing zhongshihaishi biotechnology Co., Ltd) were crashed
with a blender, fix the volume to 3 L with distilled water,
and put it in boiling water bath for 1 h, then lower it to room
temperature, and centrifugated with 3000 g for 5 min. Add
500 mL distilled water to the precipitate and stir well, adjust
the pH value to 7.0 with NaOH, put it in the water bath, and
raise the temperature to 50ºC. Neutral protease (Novozyme
Biotechnology Co., Ltd) was added at an amount of 20.000
U per 100 g of raw materials, and after 1 h of enzymolysis,
papain (Novozyme Biotechnology Co., Ltd) was added
at an amount of 32.000 U per 100 g of raw materials, and
the enzymolysis continued for 2 h. The enzyme was then
inactivated at 100ºC for 15 min. After cooling, centrifugated
3000 g for 10 min and the supernatant was taken to filter by
100 mesh sieve and dry by spray dryer, and dried powder of
oyster hydrolysate was obtained.
Animal
Forty-eight SPF-grade 6-week-old male C57BL/6J mice,
weighing 20±2 g, were purchased from the comparative
medical center of Yangzhou University, they were housed
under a natural photoperiod (12 hlight:12 h dark) with
suitable temperature (20-25°C), and ad libitum food and
drinking water. All the experiments that involve animals
were approved by the Experimental Animal Management
Committee and Experimental Animal Ethics Committee
of Yangzhou University (Yzu DWLL-201804-003) and was
conducted in compliance with the principles stated in the
Guide for the Care and Use of Laboratory Animals (NIH) [22].
Establishment of the Lewis Lung Cancer Mouse Model
The LL/2 mouse Lewis lung cancer cell line (American
strain Preservation Center; provided by Shanghai Jining
Industrial Co., Ltd) was cultured incomplete Dulbecco
Modified Eagle Medium (DMEM, Sigma-Aldrich) containing
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10% fetal bovine serum (FBS, Hyclone) at 37°C in a 5% CO2
incubator. At confluency, the cells were passaged1:3. Cells
in logarithmic growth phase were digested with 0.25%
pancreatin (Beyotime Biotechnology Co., Ltd.), centrifuged
for 5 min (1000 r/min), and resuspended in normal saline.
The percentage of living cells, as determined by Trypan blue
(Beyotime Biotechnology Co., Ltd.) staining, was more than
95%. The cell concentration was adjusted to 6 × 106 cell/
mL, and then 0.2 mLwas inoculated subcutaneously into
the right forelimb armpits of C57BL/6J mice [23]. The entire
process was strictly sterile and was completed within 40 min.
Grouping and Administration
After 24 h, the mice were weighed, numbered, and
randomly divided into the control group (C), low dose OEH
intervention group (LOEH), medium dose OEH intervention
group (MOEH), and high dose OEH intervention group
(HOEH) (12 mice per group). In group C, 0.9% normal
saline was given every day after lung cancer cells were
inoculated. For the LOEH, MOEH and HOEH groups, OEH
was intragastric administered at doses of 0.8 g/kg, 1.8 g/kg
and 2.5 g/kg per day for 5 weeks [24].
Sample Collection
The mice were sacrificed after anesthesia, which was
performed with 1% pentobarbital sodium according to the
body weight (0.05 mL/10 g). The whole subcutaneous tumor
was quickly removed, weighed, and divided into three parts.
One part was quickly submerged into 10% formaldehyde
solution for fixation to diagnose subcutaneous tumor by
observing its histological structure; one part was put into
a cryopreservation tube, quickly submerged into liquid
nitrogen, and stored at −80°C for testing, the other part
was processed as a tumor cell suspension for testing the
corresponding index. Then, the whole lung tissue was
taken and placed in Bouin fixative solution to observe the
lung metastasis from subcutaneous tumor by counting
the pulmonary surface nodules [25] and Hematoxylin-eosin
(HE) staining [26].
Determination of Indicators
Determination of OEH composition: The contents of total
protein, acid soluble protein and total sugar in OEH were
determined by Kjeldahl method(QSY-IIKjeldahl nitrogen
determinator, Beijing Qiangsheng analytical instrument
manufacturing center), three chloroacetic acid method
and the reagent method (22100 UV spectrophotometer,
Unocal Shanghai Instruments Co., Ltd), the composition
and content of free amino acids were determined by
amino acid automatic analysis(835-50 amino acid analyzer,
Hitachi Limited), ash and water were determined by
burning method and atmospheric drying method, and the
distribution range of molecular weight was determined
by high performance liquid chromatography (HPLC)(LC20a high performance liquid chromatograph, Shimadzu,
Kyoto, Japan) [27].
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Identification of peptides from OEH: Nexera X2 Ultra high
performance liquid chromatography and triple quadrupole
mass spectrometer system (Shimadzu, Kyoto, Japan) were
used to identify the peptides from OEH. The mass spectrometry conditions are as follows. Ionization mode: ESI,
positive ion mode; ion spray voltage: +4.5 KV; atomization
gas flow rate: 3.0 L/min of nitrogen; heating gas flow rate:
10 L/min of nitrogen; dry gas flow rate: 10 L/min of nitrogen;
DL temperature: 250°C; heating module temperature:
400°C; ion source temperature: 300°C; scanning mode:
multi reaction monitoring (MRM); residence time: 100 ms;
delay time: 3 ms [28].
Calculation of the survival rate: The survival and death of
mice were recorded every day. After 5 weeks, the survival
rate of mice in each group was calculated by the formula:
survival rate (%) = (survival number of mice in each group/
total number of mice in each group) × 100% [29].
Calculation of the tumor inhibition rate: After the
establishment of the subcutaneous Lewis lung cancer
model, subcutaneous tumor formation was observed each
week. The length diameter (L) and width diameter (W) of the
tumor were measured with a Vernier ruler, and the tumor
volume was calculated with the formula, V = 1/2×L×W2.
The average tumor weights for each group were measured
and used to calculate the tumor inhibition rate as follows:
the tumor inhibition rate (%) = (1 − average tumor weight
of experimental group/average tumor weight of control
group) × 100% [25].
Calculation of the number of pulmonary surface nodules
and the rate of metastasis inhibition: After the lung tissue
was fixed in Bouin fixative solution for 24 h, it was soaked
in absolute ethanol for 24 h, and the number of pulmonary
metastases (visualized as white nodules) was recorded [25].
The lung metastasis rate was calculated as follows: lung
metastasis rate = (number of lung metastasis/number
of samples in each group) × 100%. The inhibition rate of
lung metastasis was calculated as follows: Lung metastasis
inhibition rate (%) = (mean number of pulmonary surface
metastasis nodules in the model group - mean number of
pulmonary surface metastasis nodules in the treatment
group)/mean number of pulmonary surface metastasis
nodules in the model group × 100% [25].
HE staining: For histological analysis, the subcutaneous
tumor and lung tissues were embedded in paraffin, sliced
at a thickness of 5 μm and stained with HE. Then histological
structure of subcutaneous tumor and lung metastases
were observed under light microscope (Olympus, Japan).
The histopathological scores were graded according to the
severity of the tumor cells affected lung tissue in each HEstained section, as follows: 1 = minimal (<1%); 2 = slight
(1-25%); 3 = moderate (26-50%); 4 = moderate/severe (5175%); and 5 = severe/high (76-100%) [30,31].
Detection of E-cadherin and Vimentin mRNA expression in
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subcutaneous tumor: The mRNA expression of E-cadherin
and Vimentin in subcutaneous tumor was detected by qRTPCR. RNA was isolated from 100 mg subcutaneous tumor
tissues with 2 mL RNAiso Plus (Takara Biotechnology Co.,
Ltd). After extracting the total RNA, a NanoDrop ND-3300
micro spectrophotometer was used to detect the 260/280
absorbance ratio as a measure of RNA purity. The genomic
DNA was removed according to the instructions of the
cDNA synthesis kit (Takara Biotechnology), and then cDNA
was synthesized using a 2720 thermal cycler (USA). The
cDNA was stored at −20°C. Amplification was performed on
the ABI 7500 thermocycler with the following procedure:
pretreatment at 50°C for 2 min, pre-denaturation at 95°C for
10 min, denaturation at 95°C for 15 s, and annealing at 60°C
for 60 s, with 40 cycles in total. At the end of the program,
the CT value of the target gene and the internal reference
(GAPDH) were standardized to calculate the relative
expression of the target gene. The SYBR prime script TM RT
Master Mix Kit was purchased from Novozin Biotechnology
Co., Ltd. Primers for E-cadherin, Vimentin and GAPDH were
designed and synthesized by Shanghai Bioengineering Co.,
Ltd. The primer sequences are shown in Table 1.
Detection of TAM (CD11b+F4/80+) cells in subcutaneous
tumor: F4/80/CD11b antibody (BD Company) was added to
100 μL of cell suspension, which was incubated in the dark
for 20 min. The cells were centrifuged at 300 g for 5 min and
resuspended in 100 μL PBS, and then 0.5 μL DAPI was added.
The cells were then incubated for 15 min, and 300 μL PBS
was added. The amount of TAMs (CD11b+F4/80+) in lung
cancer tissue was detected by Cyto FLEX flow cytometry.
Detection of miR-21 and miR-218 expression in subcutaneous tumor: miRNA was isolated using the rapid tissue
Cell miRNA extraction kit, and then cDNA was synthesized
using the HG TaqMan miRNA reverse transcription kit. Gene
amplification was performed on the ABI 7500 with the
following program: 15 min at 95°C, 10 s at 95°C and 60 s at
60°C, with 40 cycles. The CT value of the target gene was
standardized to the internal reference (RNU6B), and the
relative expression was calculated bythe2−ΔΔCT method. The
rapid tissue Cell miRNA extraction kit, HG TaqMan miRNA
reverse transcription kit, and HGSYBR Green quantitative
PCR kit were provided by Haiji Biotechnology Co., Ltd.
Statistical Analysis
SPSS 20.0 statistical software was used to process the data.
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The results are expressed as mean ± SD. One-way ANOVA
and multiple comparison or Chi-square test were used for
C, LOEH, MOEH and HOEH groups, with P<0.05 indicating
significant difference.

Results
Composition of OEH
As shown in Table 2, the total protein content of OEH is
57.23%, acid soluble protein content is 52.12%, and acid
soluble protein accounts for 91.07% of the total protein
content. The total sugar content was 25.89%, and the free
amino acid content was 6.16%. Because small peptide and
free amino acids can be dissolved in acid solution [19], the
content of small molecule oligopeptides in OEH is about
45.96%. The relative molecular weight was less than 1000 Da
in OEH was 91.92%, indicating that the main components
of OEH not only contain small molecular oligopeptides, but
also rich in oyster polysaccharides and other substances.
The Sequences of Peptides in OEH
To identify the peptide sequences, OEH was subjected to
chromatography and mass spectrometer system. OEH is
composed of a large number of short peptides, and HPLCMS/MS spectra processing identified 20 major peptide
sequences. Fig. 1 indicates several peptides with an arginine
residue at the C-terminusor N-terminus, whose sequences
include Ile-Arg, Arg-Ile and Val-Arg. The molecular mass of
Ile-Arg, Arg-Ile and Val-Arg are 287.4, 287.4 and 273.3Da,
respectively.
OEH Mediates Dose-Dependent Inhibition of Subcutaneous
Tumor Growth in the Lewis Lung Cancer Model in Mice
To evaluate the ability of OEH to inhibit subcutaneous
tumor growth in the Lewis lung cancer mouse model,
we measured the tumor volume and weight and observed
their histological structure in each group of mice. Though
there was a trend of volume reduction with increasing
OEH, the decrease was not statistically significant (F=1.168,
P=0.348); however, OEH had a significant effect on the
weight of subcutaneous tumors in tumor-bearing mice
(F=3.635, P=0.032) (Table 3). The reduction was most obvious
at the HOEH dose (P=0.007; 36% inhibition rate), with
progressively less reduction at the MOEH dose (P=0.013;

Table 1. Sequence of RT-PCR specific primers
Oligo Name
E-cadherin
Vimentin
GAPDH

Orientation

Sequence (5’to3’)

%GC

TM

Forward

TATGATGAAGAAGGAGGTGGAGA

43.48

54.37

Reverse

AACACCAACAGAGAGTCGTAAGG

47.83

56.56

Forward

AGTATGAAAGCGTGGCTGCC

55

58.50

Reverse

AGCTTCCTGTAGGTGGCGAT

55

58.50

Forward

GGTTGTCTCCTGCGACTTCA

60

62.62

Reverse

TGGTCCAGGGTTTCTTACTCC

50

60.47

RT-PCR: Real time quantitative PCR; GC: Guanine (G) and cytosine (C) content; TM: Melting Temperature; GADPH: Glycerol 3 phosphate dehydrogenase
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Table 2. Basic composition and molecular weight distribution of OEH
Basic Composition

Molecular Weight Distribution

Proportion
(%)

Molecular Weight
(Da)

Total protein

57.23

5000-10000

0.4477

Acid soluble protein

52.12

3000-5000

0.8412

Composition

Proportion
(%)

Free amino acids

6.16

2000-3000

1.2510

Total sugar

25.89

1000-2000

5.4109

Ash

10.46

150-1000

65.8831

Water

6.28

1-150

26.0374

29% inhibition rate) and the LOEH dose (P=0.082; 22%
inhibition rate). Consistently, the tumors in the MOEH
and HOEH groups were visibly smaller than those in the C
and LOEH groups (Fig. 2-A). We also assessed the 5-week
survival rate but observed no detectable effect (χ2 = 2.254,
P=0.521). As shown in Fig. 2-B, the tumor cell density in
group C was high, the outline was clear, the nucleus
was large and deep staining, the nucleoplasm ratio
was imbalanced, and the nuclear heteromorphism was
obvious, with dual or multinucleus visible. The morphology
of tumor tissues in the LOEH, MOEH, and HOEH groups
changed significantly, the density of tumor cells was
reduced, the proportion of deep stained nuclei was
relatively reduced, and the nuclei appeared shrinkage or
fragmentation. Spotty or patchy necrosis was appeared
in tumor tissues, especially in MOEH and HOEH groups.
These results suggest that OEH mediates dose-dependent
inhibition of subcutaneous tumor growth by promoting
the death of tumor cell.
OEH Treatment Decreases the Rate and Histopathological
Scores of Lung Metastasis in the Lewis Lung Cancer Model
in Mice
To further evaluate the effect of OEH in the Lewis lung tumor
model, we assessed pulmonary surface nodule formation as
a measure of metastasis. As shown in Table 4, OEH had a
significant inhibitory effect on the lung metastasis in tumor
bearing mice (χ2=13.16, P=0.004; F=8.795, P=0.001). The rate
and histopathological scores of lung metastasis gradually
decreased with increasing OEH dose, which suggests
dose dependence. The number of nodules also decreased
gradually with increasing OEH dose, but the differences
were not statistical (F=1.147, P=0.356; Fig. 3-A). However,
HE staining of lung sections showed that the lesion scores
in group MOEH or HOEH had significantly fewer than that
in group C (P=0.001, P=0.000) (Fig. 3-B). Collectively, these
results suggest that OEH may decrease lung metastasis or/
and reduce the growth of lung metastases.
OEH Can Modulate the mRNA Expression of Vimentin
and E-cadherin in Subcutaneous Tumor
We further assessed the effects of OEH on the expression of
Vimentin and E-cadherin as indicators of EMT. As shown in

Fig 1. The map of sequence Ile-Arg, Arg-Ile and Val-Arg. HPLC-MS/MS
analysis to reveal the structure of peptides with an arginine residue at
the C-terminus or N-terminus, whose sequences
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Table 3. Changes in the volume, weight of subcutaneous tumor and tumor inhibition rate in OEH-treated mice (M ± SD)
Group

n

Volume (mm3)

Weight (g)

Tumor Inhibition Rate (%)

5-week Survival Rate (%)

C

5

5131.80±2979.03

11.12±1.19

-

42

LOEH

5

4180.90±1018.11

8.70±1.63

22

42

MOEH

8

3821.31±1325.35

7.88±2.42*

29

67

HOEH

5

3074.50±1434.92

7.10±2.50**

36

42

One-way ANOVA and multiple comparisons or Chi-square test were carried out for groups C, LOEH, MOEH and HOEH, compared with group C. * P<0.05, ** P<0.01. C:
control; OEH: oyster enzymatic hydrolysate; LOEH: low doses of OEH; MOEH: medium doses of OEH; HOEH: high doses of OEH

Fig 2. Subcutaneous tumors (A) and their histological structure (B, HE staining, ×200 and ×400) from each group. : Spotty
necrosis; :Patchy necrosis. C: control; OEH: oyster enzymatic hydrolysate; LOEH: low doses of OEH; MOEH: medium doses of
OEH; HOEH: high doses of OEH

Table 5, OEH mediated a statistical increase in the expression
of E-cadherin mRNA in subcutaneous tumor (F=3.318,
P=0.042) and a statistical decrease in the expression of
Vimentin mRNA (F=5.609, P=0.006). Compared with group C,
the expression of Vimentin mRNA was decreased significantly
in the LOEH, MOEH and HOEH groups (P=0.001, P=0.010,
P=0.007), however the expression of E-cadherin mRNA was
significantly increased only in HOEH group (P=0.014). These
results suggest that OEH causes a decrease in Vimentin
expression and increase in E-cadherin expression, which
might suggest that OEH inhibits EMT.

OEH Treatment Reduce the Counts of TAMs (CD11b +
F4/80 + cells) in Subcutaneous Tumor
To further evaluate a potential role for EMT mediating OEHdependent decrease in tumor growth and metastasis, we
assessed the effect of OEH treatment on CD11b + F4/80 +
TAMS (Fig. 4-A). As shown in Fig. 4-B, OEH mediated an overall
significant decrease in the number of CD11b + F4/80 + cells
in subcutaneous tumor (F=3.144, P=0.049). Nevertheless,
the number of CD11b + F4/80 + cells in the LOEH, MOEH and
HOEH group were decreased significantly (P=0.014; P=0.015;
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Table 4. Changes in the lung metastasis inhibition rate, the number of pulmonary surface nodules, and the 5-week survival rate in OEH-treated mice (M ± SD)
Group

n

Lung Metastasis Rate (%)

Number of Nodules

Lung Metastasis Inhibition Rate (%)

Histopathological Scores
3.20±0.45

C

5

100.00

3.60±3.21

-

LOEH

5

100.00

3.20±1.64

11

2.40±0.55

MOEH

8

87.50

2.25±1.49

36

1.75±0.71**

HOEH

5

20.00**

1.20±2.68

67

1.20±0.84**

Chi-square test or One-way ANOVA and multiple comparisons were carried out for groups C, LOEH, MOEH and HOEH, compared with group C. ** P<0.01. C: control;
OEH: oyster enzymatic hydrolysate; LOEH: low doses of OEH; MOEH: medium doses of OEH; HOEH: high doses of OEH

Fig 3. The pulmonary surface nodules (A) and their histological structure (B, HE staining, x100) in each group. The gray and white
nodules in the red circle are metastatic tumor. C: control; OEH: oyster enzymatic hydrolysate; LOEH: low doses of OEH; MOEH:
medium doses of OEH; HOEH: high doses of OEH
Table 5. Expression of E-cadherin and Vimentin mRNA in subcutaneous tumor
of mice (M ± SD)
Group

n

E-cadherin

Vimentin

Table 6. Expression of miR-21 and miR-218 in subcutaneous tumor of mice
(M ± SD)
Group

n

miR-21

miR-218

C

5

0.90±0.36

1.09±0.44

C

5

0.96±0.36

1.05±0.16

LOEH

5

1.08±0.44

0.22±0.06**

LOEH

5

0.64±0.25

2.52±0.89*

MOEH

8

0.96±0.64

0.52±0.44*

MOEH

8

0.49±0.28*

2.84±1.04**

HOEH

5

1.74±0.28*

0.42±0.22**

HOEH

5

0.43±0.34*

2.83±1.47*

One-way ANOVA and multiple comparisons were carried out for groups C, LOEH,
MOEH and HOEH, compared with group C. * P<0.05, ** P < 0.01. C: control; OEH:
oyster enzymatic hydrolysate; LOEH: low doses of OEH; MOEH: medium doses of
OEH; HOEH: high doses of OEH

One-way ANOVA and multiple comparisons were carried out for groups
C, LOEH, MOEH and HOEH, compared with group C. * P<0.05, ** P<0.01.
C: control; OEH: oyster enzymatic hydrolysate; LOEH: low doses of OEH;
MOEH: medium doses of OEH; HOEH: high doses of OEH

P=0.045) than that in the C group of mice. Therefore, OEH
treatment with all dose can decreases the percentage of
TAMs (CD11b + F4/80 + cells) in subcutaneous tumor.

(P=0.034), MOEH (P=0.006) and HOEH (P=0.012). These
results are consistent with a potential role for miR-21
and miR-218 in mediating the tumor-protective effects
of OEH.

Expression of miR-21 and miR-218 is Modulated in
Subcutaneous Tumor of Mice with OEH Treatments
To evaluate the potential roles of miR-21 and miR-218
as mediators of OEH-dependent tumor reduction, we
measured their expression in group C and each of the
treatment groups. OEH had an overall significant effect
on the expression of miR-21 and miR-218 in subcutaneous
tumor of tumor bearing mice as determined one-way
ANOVA (F=3.251, P=0.045; F=3.743, P=0.029). Furthermore,
after multiple comparison, the expression of miR-21
significantly decreased in the group of MOEH (P=0.013)
and HOEH (P=0.013) (Table 6). And the expression of
miR-218 was significantly increased in the group of LOEH

dIscussIon
Oyster enzymatic hydrolysate (OEH) is obtained by enzymolysis, concentration, and freeze-drying of oyster meat. In this
study, we found that the content of total protein, total sugar
and small molecule oligopeptides in OEH were 57.23%,
25.89% and 45.96%, the relative molecular weightless
than 1000 Da was 91.92% in OEH, indicating that the main
components of OEH contain not only small molecular
oligopeptides, but also rich in oyster polysaccharides. It
has been proved that oligopeptides with molecular weight
less than 1000 Da are mostly dipeptides and tripeptides [27],
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Fig 4. Distribution map (A) and percentage of CD11b+F4/80+ cells in subcutaneous tumor of mice in each group (B). The cells in
UR region are CD11b + F4/80 + cells. One-way ANOVA and multiple comparisons were carried out for groups C, LOEH, MOEH and
HOEH, compared with group C. * P<0.05. C: control; OEH: oyster enzymatic hydrolysate; LOEH: low doses of OEH; MOEH: medium
doses of OEH; HOEH: high doses of OEH

which have faster absorption rate compared with proteins
and free amino acids [12,32,33], and oyster polysaccharides
can be absorbed without digestion [16]. Therefore, it can be
inferred that OEH has not only higher biological activity, but
also higher absorption rates than Natural Oyster Protein.
At the same time, dipeptides containing arginine were
isolated from OEH, and L-arginine supplementation can
enhance the immune function of tumor patients, reduce
the synthesis of tumor protein, and inhibit the growth of
tumor [34,35]. Although the bioactive peptide of oyster has
many physiological functions, there are few studies on
its antitumor effect. The natural low molecular polypeptide BPO-L, which is extracted from the oyster, has
been shown to effectively inhibit the proliferation [36], and
change the malignant morphology and ultrastructural
characteristics [37] of human lung adenocarcinoma A549 cells.
In this study, we found that increasing OEH doses show a
trend of reduction in volume and weight of subcutaneous
tumor in tumor-bearing mice, though the changes in tumor
volume were not statistically significant, and only the tumor
weight reductions in the MOEH (29% decrease) and HOEH
(36% decrease) groups were statistically significant. In the
meantime, HE staining of tumor tissues showed that the
density of tumor cells, nuclear heteromorphism reduced
and necrosis area of tumor cells increased gradually with
the increase of OEH doses. Because the growth of tumor is
related to the proliferation, apoptosis and necrosis of tumor
cells, the supplement of OEH can promote the necrosis of
tumor cells to inhibit the growth of subcutaneous tumors.
Our previous studies confirmed that OEH treatment can
effectively improve the function of T cells and NK cells, and
increase the apoptosis and necrosis of Lewis lung cancer
cells implanted subcutaneously, which can effectively inhibit
the growth of subcutaneous implanted tumor [38]. However,
whether OEH can inhibit the proliferation of tumor cells
remains to be further studied. Furthermore, the lung meta-

stasis rate was decreased significantly with increasing OEH
dose. Although the number of lung metastasis nodules
had not statistically decrease. HE staining of lung sections
showed that the lesion scores in group MOEH or HOEH
had significantly fewer than that in group C. Therefore,
OEH can inhibit lung metastasis from subcutaneous tumor
cells to a certain extent, and/or reduce the growth of lung
metastases. However we found that OEH treatment cannot
effectively improve the 5-week survival rate of tumor bearing
mice, its reason is unclear, which needs further study.
The invasion and metastasis of lung cancer mainly involve
a series of rather complex processes, such as cell adhesion,
matrix degradation and cell movement [39]. Among them,
EMT can change the phenotype of tumor cells, so that they
have a strong ability of invasion and metastasis [40]. On the
one hand, E-cadherin is an adhesion factor that can inhibit
the invasion and metastasis of tumor cells. Decreased
E-cadherin expression results in a decrease in the adhesion
between homologous cells [41]. On the other hand, Vimentin
is a marker of stromal cells and can maintain and promote
stromal transformation and invasion of tumor cells. Increased
expression of Vimentin marks the occurrence of the EMT
process [42]. Therefore, the expression of E-cadherin and
Vimentin provides an important reference value for the
evaluation of tumor malignancy, invasion depth, prediction
of metastasis and prognosis [43]. Studies have also shown
that TAMs can promote the growth and metastasis of lung
cancer cells, whereas inhibition of the aggregation of TAMs
in tumors can improve the prognosis of lung cancer [44-48]. In
this study, we observed that OEH supplementation with all
dose could significantly reduce TAMs and Vimentin mRNA
expression in subcutaneous tumor, though only increase of
E-cadherin mRNA expression at high dose was statistically
significant. Therefore, it is possible that the inhibition
of tumor growth and invasion by OEH is mediated by
inhibition of EMT.
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MicroRNAs are a group of noncoding RNAs that regulate
gene transcription and protein translation at the post transcriptional level and play important roles in cell proliferation,
differentiation and apoptosis [49,50]. The expression of miR218 has been shown to be down-regulated or absent in
lung cancer cells [51,52]. MiR-218 inhibits the invasion and
migration of lung cancer cells by inhibiting the expression
of Robo1 and can promote apoptosis of A549 cells by
negatively regulating the expression of its target gene,
SFMBT1 [53]. On the other hand, the high expression of miR21 in NSCLC is closely related to NSCLC cell proliferation,
angiogenesis, invasion and metastasis [54,55], as well as poor
prognosis in NSCLC [56], for which it serves as a potential
molecular target for lung cancer diagnosis, metastasis and
prognosis. Inhibition of miR-21 can induce apoptosis and
inhibit proliferation of cancer cells and can enhance the
sensitivity of cancer cells to chemotherapy drugs and radiotherapy [57,58]. Consequently, miR-21 plays an oncogenic role
while miR-218 plays a tumor suppressor role. In this study,
oral OEH with all dose could significantly up-regulate the
expression of miR-218, although only medium and high
dose of OEH could significantly down-regulate the expression
of miR-21. Therefore, OEH can modulate the expression of
miR-21 and miR-218 in subcutaneous tumor to a certain
extent, which may explain its ability to inhibit the lung
metastasis from subcutaneous tumor cells.
In conclusion, the main components of OEH contain small
molecular oligopeptides, oyster polysaccharides and other
substances. OEH can significantly reduce the growth of subcutaneous tumor and lung metastasis in a dose-dependent
manner. It can also modulate the mRNA expression of
Vimentin and E-cadherin in subcutaneous tumor and
reduce the number of TAMs at specific doses. OEH increases
the expression of miR-21 and inhibits the expression of
miR-218 in subcutaneous tumor in a dose-dependent
manner, which might explain, in part, its inhibitory effect
on the lung metastasis from subcutaneous tumor cells.
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