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Abstract Recent studies suggest that lysozyme, rich in hen
egg, has an antitumor function. In the present study, we
investigated the antitumor and antiangiogenesis effects of a
newly isolated marine lysozyme both in vitro and in vivo.
First, we showed that this marine-derived lysozyme
specifically inhibits the proliferation of endothelial cells
(ECV304) in a dose-dependent manner with no cytotoxicity
(IC50=3.64 μM). Second, we showed that this marine ly-
sozyme directly suppresses neovascularization in chicken
embryos using chorioallantoic membrane assay. Third, we
demonstrated that this marine lysozyme markedly inhibits
tumor growth in mice bearing either sarcoma 180 or hepa-
toma 22. Unexpectedly, hen egg lysozyme has no effects on
the proliferation of endothelial cells in vitro or neovascula-
rization in chicken embryos or tumor growth in nude mice
at the same dosage range. Taken together, our studies clear-
ly show that the newly identified marine lysozyme is a
potent antitumor molecule, which may inhibit tumor growth
and inhibit angiogenesis. We believe that this marine
lysozyme may have a therapeutic value in antitumor drug
development.
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Introduction

Lysozyme (1,4-β-N-acetylmurmidase) is known as a
powerful antibacterial protein widely distributed in various
biological fluids and tissues (Blake and Koening 1965).
Basic experiments and clinical trials have also shown that
lysozyme could function as a nonspecific immunoregulator
to enhance phagocytic activity of polymorphonuclear leu-
kocytes and macrophages, stimulate proliferation of these
cells, and inhibit the growth of malignant tumor (Cappuccino
et al. 1962; LeMarbre et al. 1981; Warren et al. 1981; Sava
et al. 1989).

Marine-derived lysozyme is a new class recently ex-
tracted from marine invertebrates (Nilsen et al. 1999; Nilsen
and Myrnes 2001). As marine invertebrates need to retain
their activity at low temperature, hypoxia, and high-pressure
environment, marine-derived lysozyme exhibits special ac-
tivity compared to vertebrate lysozyme. Crude extractions of
shark cartilage, with high homology in molecule structures
to lysozyme, have been demonstrated as a strong angio-
genesis inhibitor (Brem and Folkman 1975; Moses et al.
1990; Sheu et al. 1998; Shen et al. 2000; Chen et al. 2000).
Our previous studies found that cold-adapted lysozymes
extracted from marine bacterium possessed some different
features from chicken-type lysozyme such as broad opti-
mum pH range, broad range of optimum temperatures, and
more broad-spectrum antibiotic reaction (Wang et al. 2000;
Zou et al. 2005). In the present study, we studied the anti-
angiogenesis and antitumor bioactivities of a lysozyme
from a marine bacterium initially. We investigated the
effects of marine lysozyme and hen egg lysozyme on angio-
genesis in vitro and in vivo. Furthermore, the antitumor
growth effects of two lysozymes on mouse sarcoid S180 and
hepatoma 22 models were studied.

Appl Microbiol Biotechnol (2008) 77:1261–1267
DOI 10.1007/s00253-007-1269-1

J. Ye : C. Wang (*) :X. Chen : S. Guo
Medical College, Qingdao University,
422 Room, Boya Building, 308 Ningxia Road,
Qingdao 266071, People’s Republic of China
e-mail: yesterdayrita@yahoo.com.cn

M. Sun
Open laboratory of Marine Enzyme and Enzyme Engineering,
Yellow Sea Fisheries Research Institute,
Qingdao 266071, People’s Republic of China



Materials and methods

Extraction and purification of marine lysozyme

The marine lysozyme was isolated and purified from a
marine bacillus at Open Laboratory of Marine Enzyme and
Enzyme Engineering, Yellow Sea Fisheries Research
Institute as described previously (Wang et al. 2000).
Briefly, the marine bacillus strain was cultured at 20°C
for 40 h on a shaker in the medium consisting of 1%
glucose, 0.5% yeast extract, 3.5% tryptone, and artificial
seawater. The supernatant was acquired after centrifuga-
tion at 1.5×104×g for 1 h at 4°C, and the lysozyme was
purified by the procedures of ultrafiltration technology
using a hollow fiber (molecular weight cut off, 50 kD),
CM-Sepharose-FF positive ion column chromatography
and perfusion chromatography. Lysozyme was analyzed
by reversed-phase high-performance liquid chromatogra-
phy and sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE; 12%). The amino acid
sequence analysis was performed by automatic Edman
degradation assays. A suspension of lysozyme was
dissolved in phosphate-buffered saline (PBS) sterilized at
a stock concentration of 2.8%.

Cell-proliferation assay in vitro

3-(4,5-Dimethylthiazol-2yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay was used as described previously to eval-
uate the effect of lysozyme on the proliferation of vascular
endothelial cells (Carmichael et al. 1987). The endothelial
cell (ECV304) and the non-endothelial cell lines: human
hepatoma 22 cells, murine sarcoma S180 cells, and fibroblast
cells (NIH3T3; type culture collection of Chinese Academy
of Science, TCCCAS) were grown in RPMI-1640 (Sigma)
containing 10% fetal calf serum (Gibco) supplemented with
penicillin (100 U/ml, Sigma) and streptomycin (100 μg/ml,
Sigma) at 37°C in a 5% CO2 atmosphere. Four cell lines
were plated in triplicate onto 96-well culture plate (Falcon,
Franklin Lakes, NJ, USA) at a density of 2×103 cells/100 μl
starvation medium containing 1% new calf serum (0.1 ml/
well). After 72 h, different concentrations of marine ly-
sozyme or hen egg lysozyme (Sigma), ranging from 6 to
36 μM was added to each well. Cells grown in the presence
or absence of basic fibroblast growth factor (bFGF; 10 ng/ml)
were divided as positive controls and negative controls.
About 3 days later, 20 μl MTT solution (0.25%; Sigma) was
added to the cells and incubated for 4 h at 37°C. The medium
was pipetted out from each well, and 150 μl dimethyl
sulphoxide (Sigma) was added. The absorbance was deter-
mined at 570 nm with a microplate reader (Model 3550, Bio-
Rad). Each independent dosage and experiments were
repeated three times.

Chorioallantoic membrane assay in vivo

Inhibition of angiogenesis in vivo was measured using a
modified chorioallantoic membrane (CAM) assay (Sharma
et al. 2001). All procedures were carried out in a laminar-
flow hood under sterile conditions. Approximately 80
fertilized 6-day eggs were incubated at 90% of humidity
and 37°C. A window was made on the top of each egg on
day 7. Then, the eggs were divided into ten groups ran-
domly, and sterile 6 mm diameter circular filter paper discs
soaked with total 10 μl different concentration medium
were applied onto the surfaces of the growing CAMs
treated with 0.1 M PBS or 100 nM suramin as the negative
or positive groups, respectively, and four different con-
centrations of marine lysozyme or hen egg lysozyme as
treatment groups. About 72 h later, vascularization degree
was quantified by counting the number of branches of blood
vessels around the filter papers within 100 mm2 under a
dissecting microscope (Nikon USA) and a charge-coupled
device imaging system (Scion Corporation, Frederick,
MD, USA) and photographed at a magnification of ×40.
The inhibition rate of angiogenesis was calculated as fol-
lowing: Inhibition rate of angiogenesis = [1 − (vessel
branch points of test group)/(vessel branch points of nega-
tive control] × 100%. The assay was performed twice to
ensure reproducibility.

In vivo tumor growth inhibition assay

Female 19–21 g Kunming mice (Animal Center of
Shanghai Institute of Pharmaceutical Industry) were used
to study inhibition of tumor growth. The experimental
protocol was approved by the China Institutional Ethics
Review Committee for Animal Experimentation and was in
accordance with guidelines of the Experimental Animal
Association of China. The sterilely harvested murine
sarcoma 180 cells or hepatoma 22 cells with ascites, diluted
with sterilized physiological saline at a ratio of 1:4 (v/v, cell
concentration was adjusted to 1×107/ml), were implanted
subcutaneously into the axillary fossa of 80 mice as
described by others (0.2 ml per mouse; Lu et al. 2003).
The mice were divided into eight groups randomly (ten
mice per group) on next day. Different doses of marine
lysozyme 1.25, 2.5, and 5 mg/kg, hen egg lysozyme 2.5, 5,
and 10 mg/kg dissolved in normal saline once a day were
given intraperitoneally as treatment groups. The equal
volume of saline and 100 mg/kg cytoxan (CTX) intra-
peritoneally once a day were given as negative or positive
controls. The mice were killed 10 days later, and the tumors
were cut and weighed. The rate of antitumor activity was
calculated as: tumor growth inhibitory rate(%)=(1− tumor
weight of test group/tumor weight of negative control
group)×100.
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Statistical analysis

Data were expressed as mean±S.D., n representing the
number of experiments or the animals per group. Statistical
analysis was performed by one-way analysis of variance
(ANOVA) analysis. Qualitative data was performed by χ2

with SPSS version 10.0. P<0.05 was considered to be
statistically significant.

Results

Extraction and purification of marine lysozyme

The crude lysozyme was electrophoreticly purified 29.7-
fold with a recovery of 48.5% and specific activity
2,216.7 U/mg by purification procedures (Table 1). The
molecular weight of this marine lysozyme was finally
determined as 15,800 Da by SDS-PAGE (Fig. 1) and
16,464 Da by Matrix-assisted laser desorption ionization
time-of-flight mass spectrometry assay. The automatic
Edman degradation assays showed the protein containing
143 amino acids including asprines (21.68%), serines
(8.39%), and histidines (7.69%). N-terminal amino acid
sequence is Ala-Asn-Leu-Thr-Glu-Asp-Ala-Phe-Ile-Glu. Its
isoelectric point is 9.28, and Km value is 72 μg/ml. The
optimum pH of marine lysozyme reacting is 6.5, and the
temperature ranges from 5 to 50°C (the optimum is 35°C;
data not shown).

Inhibitory effects of lysozyme on the proliferation
of vascular endothelial cell in vitro

As angiogenesis involves local proliferation of endothelial
cells, we first invested the effects of lysozyme on
proliferation of endothelial cells (ECV304) by MTT assays.
The optical density (OD) value showed that the prolifera-
tion of ECV304 and non-endothelial cells (2×103/well)
grown in the absence of 10 ng/ml bFGF for 3 days was
very slow and almost kept in resting state, which is almost
same as the day after cells seeded (data not shown). bFGF
(10 ng/ml) markedly enhanced the proliferation of ECV304
and non-endothelial cells, which is showed by the increased
OD value. As shown in Fig. 2a, in the concentration

ranging from 6 to 24 μM marine lysozyme inhibited the
proliferation of ECV304 induced by bFGF significantly in a
concentration-dependent manner. 12 μM marine lysozyme
could inhibit cell proliferation by 79%. And at dosage more
than 24 μM, the inhibition rate is almost unchanged (IC50

value is 3.64 μM). To confirm the specificity of marine
lysozyme on angiogenesis, we determined the cytotoxicity
of the marine lysozyme on some non-endothelial cell lines:
two tumor cell lines (murine sarcoma S180 cells and hepa-
toma 22 cells) and murine fibroblast cell line (NIH3T3).
The results showed that no significant detectable stimulat-
ing or inhibitory effects were observed on the growth of all
examined non-endothelial cells (Fig. 2b–d), which indicat-
ed that the inhibitory effect of this concentration range of
marine lysozyme were specific rather than the results of
general cytotoxicity. Meanwhile, hen egg lysozyme showed
no significant inhibitory effect on ECV304, and non-

Fig. 1 SDS-PAGE assay of pu-
rified marine lysozyme. Lane 1
Marker; lane 2 purified marine
lysozyme

Table 1 Purification of marine
lysozyme Procedure Total activity

(U)
Total protein
(mg)

Specific activity
(U/mg)

Yield (%) Purification
(fold)

Crude extract 4.04×106 2.63×104 154.6 100
Ultrafiltration 3.88×106 0.54×104 718.5 96.3 4.9
CM-Sepharose 2.89×106 1,436.7 2,011.6 71.5 18.3
Sephadex G-100 1.96×106 884.2 2,216.7 48.5 29.7
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endothelial cell growth in the tested concentration ranged
from 6 to 36 μM (Fig. 2a–d). These results indicated that
hen egg lysozyme had no obvious antiproliferative effect on
endothelial cells, while marine lysozyme may specifically
inhibit the proliferation of endothelial cells.

Antiangiogenesis of lysozyme in chicken chorioallantoic
membrane in vivo

The antiangiogenic activity of marine lysozyme was further
observed by in vivo CAM assay. In the PBS controls, blood
vessels in CAM formed densely branching vascular net-
works (Fig. 3a). Marine lysozyme strongly inhibited CAM
angiogenesis, clearly producing an avascular zone in a
dosage-dependent manner (Fig. 3b), with concentrations of
0.6, 1.2, and 2.4 nM/egg yielding inhibition rates of 53, 70,
and 85.2%, respectively (Fig. 3e). At the dosage of 1.2 nM/
egg, the inhibition rate of marine lysozyme almost resem-
bled that of 100 nM/egg of suramin, a well-known angio-
genesis inhibitor (71% inhibition, Fig. 3d,e). In contrast,
there are no significant differences in the number of blood
branch points between the PBS control and different
concentration of hen egg lysozyme groups. No avascular

zones were observed in any embryos of these five groups
(Fig. 3c,e).

Inhibition of tumor growth of tumor-bearing mice in vivo

The broad-spectrum antitumor activity of marine lysozyme
in vivo was shown in two xenograft mouse models: har-
boring tumors induced by implantation of sarcoma 180
cells, or hepatoma 22 cells. In this experiment, marine
lysozyme significantly inhibited the growth of subcutane-
ous xenograft of S180 sarcoma and hepatoma 22 in dose-
dependent manner (Tables 2 and 3). Administration of
1.25, 2.5, and 5 mg/kg marine lysozyme for 10 days
following implantation of sarcoma 180 cells hindered tumor
growth by 29.7, 49.8, and 83.1%, respectively (Table 2). At
dosage of 5.0 mg kg−1 day−1, the tumor inhibitory rate is
83.1%, which is higher than CTX group. While adminis-
tration of 1.25, 2.5, and 5 mg/kg marine lysozyme for
10 days following implantation of hepatoma 22 cells could
suppress tumor growth by 26.4, 55.6, and 73.1%, respec-
tively (Table 3), the inhibitory effects of different dosages
of hen egg lysozyme on the growth of two tumor models
were not significant. These results indicate that lysozyme

Fig. 2 Effects of lysozyme on
the proliferation of bFGF-treated
endothelial and non-endothelial
cells by MTT assay. Treated with
two lysozymes at various dosages
for 72 h, a the proliferation of
ECV304 was significantly
inhibited in a concentration-
dependent manner by marine
lysozyme (6–24 μM), and no
significant proliferatory effect
was observed in hen egg
lysozyme-treated groups. No
significant effect of marine lyso-
zyme and hen egg lysozyme on
examined non-endothelial cells:
hepatoma 22 (b), NIH3T3 (c),
and S180 (d). One-way ANOVA
test followed by LSD test, N=3,
values represent mean OD
absorbance±SEM. Single
asterisk P<0.05 or double
asterisk P<0.01 vs bFGF-treated
positive control group
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has antitumor growth activity in vivo, and the effects of
marine-derived lysozyme are more potential than hen egg
lysozyme.

Discussion

The growth and metastasis of a solid neoplasm is always
accompanied by neovasculrization or new capillary de-
velopment (Carmeliet and Jain 2000; Robert et al. 2003;
Carmeliet 2005). To achieve new blood vessel formation,
endothelial cells must proliferate to provide the necessary
number of cells for making a new vessel. In the present

study, we found that marine lysozyme exhibited an in-
hibitory effect on the proliferation of endothelial cells
induced by bFGF in a concentration-dependent manner,
while hen egg lysozyme showed no significant inhibitory
effect on endothelial cells. As bFGF is a well-known
potential endothelial cell mitogen (Millauer et al. 1993), our
data suggested that the inhibitory effect of marine lysozyme
on endothelial cells may be related with bFGF pathway.
To confirm the specificity of marine lysozyme on antiangio-
genic activity, we determined whether marine lysozyme had
cytotoxicity on non-endothelial cell lines: Hepatoma 22,
NIH3T3, and S180. We found that marine lysozyme had no
stimulating or inhibitory effects on tested cell lines, which

Fig. 3 Effect of marine lyso-
zyme on CAM. Fertilized eggs
were incubated continuously for
6 days, and then a window was
opened to expose the CAM, and
lysozyme at different concentra-
tions was added on sterilized
filter paper discs on day 7. The
eggs were incubated for another
72 h, and then the treated CAMs
were harvested and photo-
graphed. a 0 nM/egg (PBS
negative control), b 1.2 nM/egg
(marine lysozyme), c 1.2 nM/egg
(hen egg lysozyme), d 100 nM/
egg (suramin). e Macroscopic
assessment of vascular density
conducted by counting the
number of branch points within a
100-mm2 area surrounding filter
paper in each photograph. The
number of branch points was
markedly decreased with marine
lysozyme in a dose-dependent
manner compared to PBS con-
trol; there are no obvious
differences between hen egg ly-
sozyme-treated groups and PBS
control (n=8; mean±SEM);
double asterisk P<0.001 com-
pared to PBS control
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indicated that the tested concentrations of lysozyme had no
cytotoxicity on cells, and the inhibitory effects of marine
lysozyme on endothelial cells were specific.

Further in vivo CAM assay showed that marine ly-
sozyme significantly inhibited the growth of vessels in a
dosage-dependent manner, while no avascular zones were
observed in hen egg lysozyme-treated chick embryos.
These results strongly suggested the antiangiogenesis
activity of marine lysozyme. We also found that marine
lysozyme could significantly inhibit tumor growth of sub-
cutaneous xenograft of S180 sarcoma and hepatoma 22 in
dose-dependent manner in vivo, whereas the inhibitory
effects of hen egg lysozyme on tumor growth were not
significant. Angiogenesis is a critical process required by
primary solid tumor to support their growth. As the in vitro
study showed no inhibition of marine lysozyme on the
proliferation of the two tumor cell lines, we proposed that

the inhibition of marine lysozyme on tumor growth may
target to the angiogenesis of solid tumor. This may be
related with the special molecular structure and activities of
marine invertebrate’s lysozyme (Wang et al. 2000). How-
ever, tumor angiogenesis is a complex, multistep process,
and the genome structure of marine lysozyme genes is
not clear; future work will be focused on the structure–
activity relationship, the cellular mechanisms of marine
lysozyme on the different processes of angiogenesis, and tu-
mor growth.

Taken together, marine lysozyme was a potent antitumor
molecule which may inhibit tumor growth and angiogene-
sis. Being of higher activities, easier extraction, lower
optimum temperature, and more cold-adapted than hen egg
lysozyme and abundant in natural resources, marine
lysozyme might have a therapeutic value in antitumor drug
development.

Table 2 Effect of marine lysozyme on the growth of sarcoma 180 tumors

Treatment group Dosage
(mg kg−1 day−1)×day

Mice number
(initial/end)

Body weight (g)
(initial/end)

Body weight gain
vs controls (%)

Tumor
weight (g)

Inhibition
rate (%)

Saline – 10/10 18.9/25.4 – 2.96±0.79 –
Marine lysozyme 1.25×7 10/10 18.8/25.2 98.5 2.08±0.55 29.7
Marine lysozyme 2.5×7 10/10 19.0/24.9 90.8 1.54±0.38* 49.8
Marine lysozyme 5×7 10/10 19.1/25.1 92.3 0.50±0.32** 83.1
Hen egg lysozyme 2.5×7 10/10 18.7/24.4 87.7 2.81±0.99 5.1
Hen egg lysozyme 5×7 10/10 19.0/23.3 66.2 2.65±1.08 10.4
Hen egg lysozyme 10×7 10/10 19.2/26.8 117 2.40±0.77 18.9
CTX 100×2 10/10 19.1/22.4 50.8 0.51±0.26** 82.7

Sarcoma 180 cells were implanted in mouse models, and the indicated drugs were administered once daily for 10 days. On day 11 after
implantation of cells, mouse tumor tissues were harvested and weighed, and the tumor growth inhibition rates were calculated. The data were
expressed as mean±SEM from three independent experiments. One-way ANOVA test followed by least significant difference (LSD) test.
*P<0.05 compared with saline-treated groups
**P<0.01 compared with saline-treated groups

Table 3 Effect of marine lysozyme on the growth of hepatoma 22 tumors

Treatment group Dosage
(mg kg−1 day−1)×day

Mice number
(initial/end)

Body weight
(g; initial/end)

Body weight gain
vs controls (%)

Tumor
weight (g)

Inhibition
rate (%)

Saline – 10/10 19.2/24.6 – 2.90±0.94 –
Marine lysozyme 1.25×7 10/10 18.9/ 24.1 96.3 2.13±0.87 26.4
Marine lysozyme 2.5×7 10/10 19.0/25.1 113 1.29±0.22* 55.6
Marine lysozyme 5×7 10/10 19.1/24.8 105.6 0.78±0.13** 73.1
Hen egg lysozyme 2.5×7 10/10 19.2/ 25.2 111.1 2.75±0.96 5.2
Hen egg lysozyme 5×7 10/10 19.1/24.3 96.3 2.62±0.73 9.7
Hen egg lysozyme 10×7 10/10 19.0/24.1 94.4 2.50±0.51 13.8
CTX 100×2 10/10 19.2/22.5 61.1 0.16±0.04** 94.5

Hepatoma 22 cells were implanted in mouse models, and the indicated drugs were administered once daily for 10 days. On day 11 after
implantation of cells, mouse tumor tissues were harvested and weighed, and the tumor growth inhibition rates were calculated. The data were
expressed as mean±SEM from three independent experiments. One-way ANOVA test followed by LSD test.
*P<0.05 compared with saline-treated groups
**P<0.01 compared with saline-treated groups

1266 Appl Microbiol Biotechnol (2008) 77:1261–1267



Acknowledgements We thank Dr. Wang Yuejun for generous
support and lots of help. This work was supported by High Tech
Research and Development Program (no. 863-819-06-01).

References

Blake C, Koening D (1965) Structure of hen egg white lysozyme.
Nature 206:757

Brem H, Folkman J (1975) Inhibition of tumor angiogenesis mediated
by cartilage. J Exp Med. 141:427–39

Cappuccino JG, Reilly HC, Winston S (1962) Elevation of lysozyme
in extracts of kidneys and spleens from tumor-bearing animals.
Cancer Res 22:850–856

Carmeliet P (2005) Angiogenesis in life, disease and medicine. Nature
438:932–936

Carmeliet P, Jain RK (2000) Angiogenesis in cancer and other diseases.
Nature 407:249–257

Carmichael J, DeGraff WG, Gazdar AF, Minna JD, Mitchell JB
(1987) Evaluation of a tetrazolium-based semiautomated colori-
metric assay: assessment of chemosensitivity testing. Cancer Res
47:936–42

Chen JH, Jiao BH, Miao WM, Wang LH, Feng Y, Zhu YP, Lou YH,
Miao HN (2000) Isolation, purification and partial sequencing of
a lysozyme-like substance derived from Sinica CetorhinosMaximus
cartilage and its anti-tumor activity in vivo. Pharmaceutical
Biotechnology 7:77–81

LeMarbre P, Rinehart JJ, Kay NE, Vesella R, Jacob HS (1981) Lysozyme
enhances monocyte-mediated tumoricidal activity: a potential
amplifying mechanism of tumor killing. Blood 58:994–999

Lu HY, Lin C, Li S, Zheng ZB, Zhang XY, Zhang LS, Xu GZ, Guo
SX, Fu M, Liang X, Wu M (2003) Antitumor activity of an
indolin-2-ketone compound Z24 in vivo and its anti-angiogenesis
activity. Chin J Pharmacol Toxicol 17:401–407

Millauer B, Wizigmann-Voos S, Schnurch H, Martinez R, Moller NP,
Risau W, Ullrich A (1993) High affinity VEGF binding and
developmental expression suggest Flk-1 as a major regulator of
vasculogenesis and angiogenesis. Cell 72:835–845

Moses MA, Sudhalter J, Langer R (1990) Identification of an inhibitor
of neovascularization from cartilage. Science 248:1408–1410

Nilsen IWMyrnes B (2001) The gene of chlamysin, a marine invertebrate-
type lysozyme, is organized similar to vertebrate but different from
invertebrate chicken-type lysozyme genes. Gene 69: 27–32

Nilsen IW, Overbo K, Sandsdalen E, Sandaker E, Sletten K, Myrnes B
(1999) Protein purification and gene isolation of chlamysin, a
cold-active lysozyme-like enzyme with antibacterial activity.
FEBS Lett 464:153–158

Robert A, Rachel L, Brenda S, Louis K, Nasim A (2003) Angiogenesis
assays: a critical overview. Clinical chemistry 49:32–40

Sava G, Benetti A, Ceschia V, Pacor S (1989) Lysozyme and cancer:
role of exogenous lysozyme as anticancer agent (review). Antican-
cer Res 9:583–591

Sharma S, Ghoddoussi M, Gao P, Kelloff GJ, Steele VE, Kopelovich L
(2001) A quantitative angiogenesis model for efficacy testing of
chemo-preventive agents. Anticancer Res 21:3829–3837

Shen XR, Ji DM, Jia FX, Deng XX, Sun JH, Hu XR, Ren DM (2000)
Purification and functional characterization of a shark cartilage factor
inhibitory to angiogenesis. Acta Biochim Biophys Sinica 32: 43–48

Sheu JR, Fu CC, Tsai ML, Chung WJ (1998) Effect of U-995, a potent
shark cartilage-derived angiogenesis inhibitor, on anti-angiogenesis
and anti-tumor activities. Anticancer Res 18:4435–4441

Wang YJ, Sun M, Zhang YB, Hong YG, Hao JH, Liu XP, Wang CB
(2000) Studies on preparation and characteristic of the marine
low temperature lysozyme. Mar Fish Res 21:54–63

Warren JS, Rinehart JJ, Zwilling BS, Neidhart JA (1981) Lysozyme
enhancement of tumor cell immunoprotection in a murine fibrosar-
coma. Cancer Res 41:1642–1645

Zou YL, Sun M, Wang YJ (2005) Purification and Characterization of a
Lysozyme from aMarineMicroorganism. Chin J Biotech 21: 420–424

Appl Microbiol Biotechnol (2008) 77:1261–1267 1267


	Marine lysozyme from a marine bacterium that inhibits angiogenesis and tumor growth
	Abstract
	Introduction
	Materials and methods
	Extraction and purification of marine lysozyme
	Cell-proliferation assay in vitro
	Chorioallantoic membrane assay in vivo
	In vivo tumor growth inhibition assay
	Statistical analysis

	Results
	Extraction and purification of marine lysozyme
	Inhibitory effects of lysozyme on the proliferation of vascular endothelial cell in vitro
	Antiangiogenesis of lysozyme in chicken chorioallantoic membrane in vivo
	Inhibition of tumor growth of tumor-bearing mice in vivo

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


