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Abstract

Context: Shark cartilage has been used for its beneficial effects on various diseases. There are evidences, that shark
cartilage stimulates cellular and humoral immune responses, which makes it an anti-tumor and immunomodulator
candidate.

Objective: The immunostimulatory effect of shark cartilage derived proteins on the cytotoxic activity of natural killer
(NK) cells from healthy human peripheral blood mononuclear cells was studied.

Material and methods: The shark cartilage was extracted and its bioactive proteins were purified using ion-exchange
chromatography (DE-52) and sequential fractionation on Amicon ultrafiltration membranes. The effect of each
protein fraction on the modulation of cytotoxic activity of NK cells, as effectors, against K562, as target cells, was
assayed by enzymatic lactate dehydrogenase test.

Results: The most immunostimulatory effect on the cytotoxic activity of NK cells was observed for AR10 fraction,
containing proteins with molecular weight of about 14.5 kDa on the reducible discontinuous sodium dodecyl sulfate
polyacrylamide gel electrophoresis.

For personal use only.

Discussion: Among the examined shark cartilage derived proteins, the most immunostimulatory effects on the
NK cells cytotoxicity was found for AR10 fraction with molecular weight of about 14 kDa. We propose—the direct
interactions of shark cartilage derived proteins with NK cells surface receptors may lead to the enhancing in the
cytotoxic activity of NK cells.

Conclusion: Thus AR10 fraction, proteins of about 14.5kDa, has a novel immunostimulatory effect on the NK cells
activity in vitro and if confirmed by in vivo trials, it may lead to its future clinical applications as, immunotherapy of
cancer, HIV, and augmentation of host immune system related immunodeficiency disorders.
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Introduction . .
sclerosis, neurovascular glaucoma, osteoarthritis, and
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The endoskeleton of shark is completely cartilaginous
and non-mineralized. Cartilage contributes up to the
6-8% of the total body weight of shark.®) The extracellu-
lar component of cartilage is largely composed of cells,
which are isolated in small cavities within the cartilage
matrix. Cartilage is an interesting and unique tissue that
is avascular and relatively tumor resistant.?®) Tradition-
ally, the shark cartilage has been used for its beneficial
effects on the rheumatoid arthritis, progressive systemic

some other diseases.®* There are also anti-tumor bioac-
tive ingredients in shark cartilage.®® There are evidenc-
es, that shark cartilage stimulates cellular, and humoral
immune responses, which makes it an anti-tumor and
immunomodulator candidate.®'? The effects of cartilage
extracellular matrix were reported to augment the im-
mune response and activation of T-cells in the absence
of monocytes and antigen-presenting cell.'V Cartilage
derived materials interact directly with the integrin sur-
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face receptors of T-cells and increase the expression of
interleukin 2 (IL-2), IL-4, interferon vy (IFN-vy), and tumor
necrosis factor o cytokine genes independent of T-cell
receptor pre-sensitization.!'? The elevated expression of
cytokines, especially IL-2, and IFN-v, activates the natu-
ral killer (NK) cells cytotoxicity.'® Therefore the activated
NK cells can bind to and kill neoplastic or infected target
cells without prior immunization of host."Y) Certain ma-
terials in the cartilage of other sources can be used as bi-
ological response modifiers. Since these can also induce
tumor killing of NK cells.*'® According to the findings of
the present study, certain proteins from shark cartilage
can augment and stimulate the cytotoxic activity of NK
cells against K562, as target cells in vitro.

Materials and methods

Materials

All chemical substances were of analytical or molecular
biology grade. RPMI-1640, fetal calf serum (FCS), N-(2-
hydroxyethyl)  piperazine-N"-(2-ethanesulfonic  acid)
(HEPES), streptomycin, L-glutamate, collagenase, benz-
amidine-HCI, guanidine-HCI, N-ethylmaleimide, penicil-
lin, dialysis tubes, phenyl methyl sulfonyl fluoride (PMSF),
ethylenediaminetetraacetic acid (EDTA), nicotinamide
adenine dinucleotide (NAD*), phenazine methosulfate,
and (+) L-lactate and iodonitrotetrazolium formazan (INT)
were purchased from Sigma-Aldrich (Milwaukee, WT). To-
doacetic acid, TRIS/HCI, acrylamide, and bisacrylamide
were purchased from Merck Company. 6-Aminohexanoic
acid was purchased from Fluka Company (Germany).
Ultrafiltration steered cell apparatus (Model 405) and
ultrafiltration membranes were obtained from Amicon-
Millipore Company (USA). Diethylaminoethyl cellulose
(DE-52) was purchased from Whatman International Ltd
(Maidstone, UK). Protein molecular weight markers were
purchased from Pharmacia Biotech (USA). Tissue culture
flasks and 96-wells microplates were obtained from Nunc
(Denmark).

Preparation of target cells

Human chronic myeloid leukemia (K562) is a standard
line showing permanent sensitivity on the stage of
growth.171®) Thus in this study, K562 cells were used as
target cells to study the effects of shark cartilage derived
proteins on the NK cell’s cytotoxic activity. The K562 cells
were grown in RPMI-1640 medium supplemented with
5% FCS, 100 pg/mL streptomycin, 100 IU/mL of penicil-
lin, and 2mM of L-glutamate, in the tissue culture flasks
at 5% CO,, 95% humidified incubator at 36°C. Before us-
ing, cells were washed twice in RPMI-1640 containing
5% FCS, counted and suspended in the same medium
containing 5% FCS, as the stock of target cells.(>'* The
cell viability in all experiments was > 95% using trypan
blue exclusion test.

Preparation of the effector’s cells
Human peripheral blood mononuclear cells (hPBMN)
were obtained from the healthy human volunteers, hepa-
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rinized, and mixed with an equal volume of phosphate
buffer saline (PBS), 0.2M, pH 7.4. The cell suspension
was centrifuged on the lymphoprep continuous gradient
at 900g for 15min, washed three times in the same buf-
fer and suspended in RPMI-1640 medium containing
5% FCS. The influence of macrophages was excluded by
incubation of these cells on the tissue culture flasks in 5%
CO,, 95% humidified incubator at 37°C for 2 h. Thus in our
study, the NK cells were depleted from the macrophages
and monocytes.?” So the only present cells were B, T, and
NK cells. The stocks of NK cells were prepared at 1x10°
cells/mL concentrations in the same medium.?

Activation of the NK cells by shark cartilage derived
proteins

In all of the biological assessments the resulted protein
fractions were dialyzed against PBS buffer, 0.2M, pH 7.4
at 4°C, sterilized and kept frozen at —20°C until use. The
NK cells were plated at 1x10° 2x10° and 4x10° cells/
well densities in the 96-wells round-bottomed microtiter
plates in the RPMI-1640 complete medium in triplicates.
For stimulation of NK cells, certain doses of shark cartilage
protein fractions, from each purification step, were added
to the incubation medium of the NK cells and incubated
in the 5% CO,, 95% humidified incubator at 37°C for 18h.

Bioassay of NK cells cytotoxicity by enzymatic lactate
dehydrogenase test
The enzymatic lactate dehydrogenase (LDH) test was
used to assay the NK cells cytotoxic activity against tar-
get K562 cells." So, an aliquot of the target cells was
removed from stock of K562 cells, which were previously
prepared in RPMI-1640 complete medium and washed
twice with RPMI-1640 medium. Then 2 x 10* cells/well of
viable K562 cells were plated in each well of the enzyme-
linked immunosorbent assay 96 wells (ELISA 96-wells)
round-bottomed microplates containing pre-treated
NK cells with certain doses of shark cartilage proteins,
at the effecter/target ratios of 5/1, 10/1, and 20/1. The
cells were mixed gently and incubated in the 5% CO,,
95% humidified incubator at 37°C for 4 h. Then the plates
were centrifuged at 900g for 10 min and 0.1 mL of the
supernatant was transferred to the corresponding wells
of the ELISA 96-wells flat-bottomed microplates and
subsequently, 0.1 mL of the LDH enzyme substrate mix-
ture (Tris/HCI 200mM, pH 8.2, (+) L-lactate 5.4 x 102 M,
Phenazine methosulfate 2.8 x10™* M, NAD* 1.3x 102 M,
INT 6.6x10* M) was added to each well. After 3 min of
reaction development, the absorbance at 390nm was
monitored by ELISA microtiter plate reader instrument
(Lab System, Multiscan MS). The percent of NK cells
cytotoxicity (%C) was calculated using the following
equation:
wc=L=S

M-S
%C is the change in LDH activity, which is a direct index
of the released LDH enzyme from lysed target K562 cells.
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E is the experimental release of LDH enzyme from the
K562 cells. S is the spontaneous release of LDH enzyme
from the target cells that were incubated in the absence of
effector cells. M is the maximum release of LDH enzyme
from the sonicated target cells.

Extraction and purification of shark cartilage derived
proteins

Extraction

Shark cartilage slices were separated and cleaned from
peripheral tissues using a proteolytic enzyme, alcalase,
in 0.01% HEPES buffer, pH 8.5 for 60 min.® The periph-
eral collagens were removed by enzymatic method using
collagenase according to the method of Lafuma et al.V
The peripheral fats of the cartilage tissue were removed
using a solution of chloroform-methanol by Folch
method.®? Then cartilage tissue was cut into small piec-
es, lyophilized and pulverized and 10 g of the grounded
cartilage was extracted in 100mL of 0.1M sodium ac-
etate buffer (pH 4.8) containing 4M guanidine-HCL
in the presence of protease inhibitors cocktail (EDTA
6.25mM, PMSF 1mM, benzamidine-HCl 0.25mM,
6-aminohexanoic acid 0.25mM, iodoacetic acid 2 mM,
N-ethylmaleimide 10 mM) at 4°C for 48h.®» After cen-
trifugation at 60,000g for 60 min, the supernatant was
concentrated and its protein concentration was assayed
by Bradford method.®?

Purification of shark cartilage proteins by ion-exchange
chromatography

An aliquot of the supernatant extract was applied on the
ion-exchange column chromatography (1.6x20cm),
DE-52, Whatman, pre-equilibrated with 50 mM Tris/HCI
buffer, pH 7.0 containing 7M urea at 4°C.?® After elu-
tion of the unbound materials as fraction A, the bound
materials, as fraction B were eluted by one step salt
gradient of same buffer but containing 1M NaCl. The
effluent fractions containing proteins were pooled as
A and B by monitoring the absorbance at 230 nm using
Uv-Vis spectrophotometer instrument (Perkin-Elmer
Lambda-2; Perkin Elmer & co. GmbH). Subsequently
the protein concentrations of the unbound and bound
materials, corresponding to A and B fractions were de-
termined by Bradford method.®?

Purification of shark cartilage proteins by ultrafiltration

The resulting A fraction, from ion-exchange chromatog-
raphy having more immunostimulatory effects on the
NK cells cytotoxic activity was further purified by Ami-
con ultrafiltration stirred cell model 402 apparatus over
an Amicon’s XM-300 membrane. The obtained fractions
with the molecular weights of AR300, MW > 300kDa
and AF300, MW < 300kDa were used in bioassay of NK
cell’s cytotoxic activity as described above. The resulted
AF300 fraction, having more immunostimulatory effect
on the NK cells cytotoxic activity was further fraction-
ated to AR100, 100 kDa < MW < 300kDa; AR50, 50kDa <
MW < 100kDa; AR10, 10kDa < MW < 50kDa, and AF10,

© 2011 Informa Healthcare USA, Inc.

MW < 10kDa by sequential ultrafiltration on Amicon’s
XM-100, XM-50, and YM-10 membranes, respectively.
The immunostimulatory effects of each fraction were
assayed by the enzymatic LDH test as described above.

Purification of shark cartilage 14 kDa protein by Sephadex
G-50 chromatography

Farther purify the 14kDa of the AF10 fraction Sepha-
dex G-50 was used. The dried gel in sufficient amount
was incubated in distilled water for 72h at 4°C. It was
loaded onto the column (12x1cm). Then the column
was equilibrated with urea 5 M. the sample was applied
to the column at a flow rate of 0.1 mL/min. samples was
collected as elution of 1 mL. Absorbance values of the
elution tubes were determined at 280 nm. Fractions dia-
lyzed against PBS buffer with pH 7.4 and sterile with fil-
ter 0.02 pm. Proteins were tested by limulus amebocyte
lysate test for endotoxin contaminations and it was free.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
The shark cartilage bioactive protein fractions, A, AR300,
AF300, and AR10, with the most immunostimulatory
effects on the cytotoxic activity of NK cells were run on
the discontinuous (stacking 5% and separating 10%) re-
ducible sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) as described by the Schigger
et al.,®® and silver stained by the Morrissey method.®”

Statistical analysis

Results were shown as mean + SD for n=3 experiments.
Student’s unpaired t-test was used for the estimation
of the significances among the means. The p<0.05 was
taken as significant.

Results

At the present research the isolation, partial purifica-
tion, and immunostimulatory effects of unique shark
cartilage derived protein fractions on the cytotoxic ac-
tivity of NK cells against K562 cells were studied. Our
in vitro experiments excluded the possible direct toxic
effects of the shark cartilage materials on the K562 or
NK cells.

Evaluation the ion-exchange purified shark cartilage
protein on NK cells

Shark cartilage homogenate was fractionated to A and B
by ion-exchange chromatography as described in the
methods (Figure 1A). In the pre-treatment stage for as-
sessment of the NK cell’s cytotoxic activity against K562
cells, 19.1 pg/well of each A and B fractions was added
to the NK cells culture medium. Then, the activated NK
cells were targeted against the K562 cells at E/T=5/1,
10/1, and 20/1. The cytotoxic activity of the pre-treated
NK cells was assayed by enzymatic LDH test as described
in methods. The cytotoxic activity of the pre-treated NK
cells with fraction A was significantly higher than that of
the fraction B (Figure 1B).
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Evaluation the ultrafiltration purified shark cartilage
proteins on NK cell activity

Further purifications were achieved by ultrafiltration
of the fraction A that was obtained from ion-exchange
column on the XM-300 ultrafiltration membrane. The re-
sulted AF300 and AR300 fractions, corresponding to the
molecular weights of MW < 300kDa and MW > 300 kDa
were obtained. Cytotoxic activities of the pre-treated
NK cells with 16.7 ug/well of each AF300 and AR300
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fractions were compared and the results indicated that
cytotoxic activity of the NK cells pre-treated with AF300
fraction was higher than that of BF300 (Figure 2A). The
AF300 fraction with more immunostimulatory effect on
the cytotoxic activity of NK cells was further purified by
sequential fractionations on XM-100, XM-50, and YM-10
Amicon’s ultrafiltration membranes. Then, 3.6 pg/well
of each AR100, AR50, AR10, and AF10 protein fractions
were added to the NK cells incubation medium in the

B 100
0
— o =
S 801 oE/T= 5/1
>
£ 60 1
S
S 401
=
o
X 20
z
0- :

Control A
lon-exchange fractions

Figure 1. (A) Ion-exchange chromatography (DE-52) of crude extract of shark cartilage. The A and B protein fractions were pooled by
measuring the eluate absorbance at 235nm as indicated by (—s—). Then the bound materials were eluted by one step salt gradient of NaCl
1M as indicated by (---). (B) Cytotoxic activity of NK cells pre-treated with 19.1 pg/well of Shark cartilage derived A and B protein fractions
obtained from anion-exchange chromatography. Effectors/target=20/1, 10/1, 5/1. P<0.05. N=3.
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Figure 2. (A) Cytotoxic activity of NK cells pre-treated with 16.7 ug/well of shark cartilage, AF300 and AR300 protein fractions.
Effector/target ratio=20/1, 10/1, 5/1. P<0.05. N=3. (B) Cytotoxic activity of NK cells pre-treated with 3.6 ug/well of shark cartilage, AR100,
AR50, AR10, and AF10 protein fractions. Effectors/target ratio=20/1, 10/1, 5/1. P<0.05. N=3. (C) Sodium dodecyl sulfate polyacrylamide
gel electrophoresis of bioactive, A, AR300, AF300 and AR10 shark cartilage derived protein fractions. The purified final bioactive proteins
fraction, AR10, migrated with apparent molecular weight of 14.5kDa. The position and molecular weights in kilodalton (kDa) for marker
proteins are as: phosphorylase-b 94kDa, Bovine serum albumin 67 kDa, Ovalbumin 43kDa, carbonic anhydrase 30kDa, soybean trypsin
inhibitor 20kDa, a-lactalbumin 14.4kDa.
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pre-treatment stage. The results were assayed for their
comparative immunostimulatory effects on the NK cells
by the enzymatic LDH test. The highest immunostimula-
tory effects on the NK cells cytotoxic activity was observed
for AR10 (Figure 2B). In each purification step for the
assessment of the protein purity, the selected bioactive
protein fraction was subjected to reducible discontinu-
ous SDS-PAGE gel electrophoresis as described in meth-
ods. After silver staining, the electropherogram revealed
the existence of two immunostimulatory proteins in the
final purified protein fraction, (AR10) with apparent
molecular weight of about 14.5kDa. (Figure 2C).

Evaluation the Sephadex G-50 purified shark cartilage
14 kDa protein on NK cell activity

In order to evaluate the immunomodulation activity of
the purified 14 kDa shark cartilage on NK cell activity, the
AF10 fraction was further purified by Sephadex G-50 and
the result in Figure 3B showed that SDS-PAGE gel elec-
trophoresis has one band of 14kDa purified shark car-
tilage. The NK cells cytotoxic activity was evaluated and
the results in Figure 3A indicated a significant increase in
the NK activity comparing to control group.

Discussion

Over the recent years, much attention in the scientific
and popular press has been focused on the anti-an-
giogenic and anti-neoplastic effects of shark cartilage
extract.®) Since the discovery that sharks rarely gets
cancer,!) some progress has been made in identifying the
various unusual compounds present in shark cartilage.
Now, in the beginning of the 21st century, it is clearly
known that there are some anti-angiogenic compounds
in shark cartilage that make it much resistant to tumors.
To date, a limited number of clinical trials have been
undertaken to investigate the anti-tumor effects of shark
cartilage and it has been shown that oral administration
of shark cartilage results in reduction of tumor size and
causes an improvement in the quality of life.®) In view of
the popular interest in shark cartilage, as an anti-cancer
agent and the limited supporting scientific data as to its
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efficacy, we decided to investigate the effects of shark
cartilage on immune response and specifically on the
activation of NK cells.

In this research comparative studies were performed
on both the semi purified and purified cartilages and its
effect on NK cell activity. Shark cartilage was extracted,
partially purified by Amicon ultrafiltration membrane
and further purified by chromatography, ion-exchange
and Sephadex G-50. The results showed that the most
potent fraction that augments immune response was
low molecular weight fraction (14-15kDa), protein. The
immunostimulatory effect of shark cartilage proteins on
the cytotoxic activity of NK cells obtained from healthy
hPBMNs against K562 target cells was studied.

In the first step we run the shark cartilage extract on
ion-exchange chromatography, among the examined
shark cartilage derived proteins, the most immunos-
timulatory effects on the NK cells cytotoxicity was found
in the anionic fraction (A) fraction. Cationic fraction
showed no significant increase in NK activity. In farther
purification, fraction A was run on Amicon ultrafiltra-
tion and we noticed that the NK activity was stimulated
by fraction AR10 (anionic residue of the Amicon mem-
brane 10kDa). We noticed a significant increase in NK
cell activity after Amicon purification comparing with
ion-exchange purification, although the concentration
of shark cartilage used in each well after ion exchange
(19.1 pg/well) was higher than in the after Amicon
ultrafiltration (3.61 pg/well).

In the complete purified molecules by Sephadex 50
evaluated with SDS-PAGE and incubated with NK cells
could augment the natural activity comparing to control
group.

NK cells play a major role in the host-rejection of both
tumors and virally infected cells. NK cells are cytotoxic;
small granules in their cytoplasm contain special proteins
such as perforin and proteases known as granzymes.'®)

The mechanism of immunostimulatory effects of
shark cartilage proteins is still unknown. Although di-
rect interaction of cartilage derived proteins with B-cells
is not yet known, but T-lymphocytes have receptors for
cartilage extracellular matrix proteins.*V The interac-

—
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o 80+ |mE/T=10/1 -
R 0 E/T=5/1 oy
2 60
Q
3
S 401 s
>
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Z 20- 14kDa P -
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Figure 3. (A) Cytotoxic activity of NK cells pre-treated with 2 ug/well of shark cartilage 14kDa protein obtained from Sephadex G-50
chromatography. Effectors/target=20/1, 10/1, 5/1. P<0.05. N=3. (B) Sodium dodecyl sulfate polyacrylamide gel electrophoresis of the

14 kDa shark cartilage.
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tion of these receptors with cartilage proteins leads to
an increase in the concentrations of the certain T-cell
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