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Abstract
In the developing eggs of the horseshoe crab (Tachypleus gigas, Muller), the peri-vitelline fluid (PVF) occurs at the 

21st stage of embryogenesis. Besides maintaining the homeostasis balance inside the developing eggs it also helps 
in organogenesis. Considering PVF assisting cell differentiation and proliferation during embryonic development, we 
made an attempt to examine its activity in triggering human bone marrow stem cells transforming into cardiomyocyte. 
Out of ten-peak PVF profile obtained from FPLC analysis, only the eighth fraction (PVF-8) showed highest activity 
on the differentiation of human bone marrow stem cell into myocyte differentiation. By FACS analysis, the optimum 
dose of PVF-8 was 0.1 mg/ml where maximum rate of bone marrow stem cells differentiation into myocyte observed. 
Since PVF-8 was showing the highest myocyte differentiation activity it was further analysed for its purity on SDS-
PAGE where a single band of 29 kDa molecular weight was obtained. The protein sequencing of the PVF-8 showed 
the presence of 122 amino acids. In order to identify the myocytes present in the colonies formed after the long-
termed culture of bone marrow stem cells, cells expressing myosin were identified both by immunohistochemical and 
FACS analysis. In immunehistochemical analysis, PVF-8 was found to induce a great expression of myosin in some 
adherent’s cells incubated with it as compared to control cells cultured in presence of VEGF or b-FGF. Moreover, 
in presence of PVF-8, peroxidase activity in the exposed cells surpassed those in the control group. These results 
confirmed that PVF-8 effectively improved the rate of bone marrow stem cell differentiation.
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Introduction 
New advances in cardiomyocyte regeneration are being made 

in human embryonic stem cell research. Because of their ability to 
differentiate into any cell type in the adult body, embryonic stem cells 
are another possible source for cardiac repair cells. The first step in this 
application was taken by Itskovitz-Eldor et al. [1] who demonstrated 
that human embryonic stem cells can reproducibly differentiate in 
culture into embryoid bodies made up of cell types of three embryonic 
germ layers. The cardiomyocytes showed cellular markers consistent 
with heart cells and demonstrated contractile activity similar to 
cardiomyocytes when observed under the microscope. However, there 
is an unsolved controversy about the role of endogenous progenitor 
cells in cardiac homeostasis and myocardial regeneration [2].

During early developmental stages of the horseshoe crab embryo, 
as the inner egg membrane is being freshly formed, the space between 

the inner egg membrane and embryo (called peri-vitelline space) is 
filled with a fluid which is known as the peri-vitelline fluid [3]. The PVF 
of the fertilized eggs of the Indian horseshoe crab contains peptide(s) 
capable of positively influencing differentiations of specific organs 
[4,5]. Such peptides are likely to be present in minute quantities and 
may be in addition to the four major proteins reported in the Japanese 
horseshoe crab [6].

In this study we demonstrated that PVF-8, a fraction of PVF obtained 
from the fertilized eggs of the horseshoe crab helped in increasing the 
differentiation of CD 34+ stem cells into myocytes in comparison to 
the other known growth factors. Therefore, it is suggested that PVF-
8 contains an active component enhancing the differentiation of stem 
cells in myocytes, which may have therapeutic application in ischemic 
cardiopathy and vascular diseases. 

Materials and Method
The fertilized eggs of the horseshoe crab were collected from the 

nests located on the sandy beach at Balramgari (Orissa) in India. The 

eggs were incubated at a constant temperature (37 + 1ºC) in artificial 
incubators until all eggs became transparent indicating that these 
developing eggs reached to stage-21 and taking external fluids. At this 
time, the embryonic PVF was collected using a sterilized 22-gauze 
needle (under sterilized conditions). While some PVF was aliquoted 
and stored at -20ºC for further use, most of the PVF samples were 
freeze-dried (Model Edward-England) and re-suspended in sterilized 
distilled water for purification.

The PVF was sub-fractionated on a Fast Pressure Liquid 
Chromatography (Amersham Bioscience) using Superose 12 Hr 10/30 
column at room temperature (Figure 1). The fractions were eluted 
in phosphate buffered saline (pH 7.4) with 1.45 mM of NaCl and 0.5 
ml fractions were collected and stored at -20ºC. To identify the most 
effective PVF fraction (Figure 2), 8 culture flasks were incubated with 
medium, cell suspension, 5% Foetal Calf Serum and different fractions 
of PVF. This was followed by FACS studies which were performed using 
rabbit anti-human myoglobin antibody. The SDS-PAGE analysis of the 
most active fraction (PVF-8) was done using 15% gel with Coomassie 
Brilliant Blue [7]. The amino acid sequencing of PVF-8 was carried 
out at Applied Bioscience, Mass Spectrometry Laboratory, New Delhi 
(India) for identification of different proteins.

The bone marrow was collected from the Haematology Division 
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of the Hospital Hotel Dieu Paris 4 in France and Ficill Centrifugation 
Technique was immediately used to separate the mononuclear cells 
from the bone marrow. The cell layer present in the supernatant was 
collected whereas all pellets were discarded. The cells were washed 
with PBS (1X) (Dulbecco’s Phosphate Buffered Saline 10X by PAA 
Laboratories, Austria: Cat No H15-01) and centrifuged again at 1200 
rpm for 10 minutes. The cell pellets were suspended in RPMI-640 
containing 10% Foetal Calf Serum (Promo Cell). This was followed by 
one more centrifugation of the material at 1200 rpm for 10 minutes for 
the separation of CD 34+ cells. The separation of CD 34+ cells from the 
mixed population of the cells was done using Immunomagnetic Beads 
following the protocol as described by Easy Sep Stem Cell Technologies 
Inc. U.S.A. 

 The isolated CD 34+ cells were suspended in EBM-MV2 and their 
number adjusted at 4 x 105 cells/ml. Then 5 ml of cell suspension was 
transferred into a culture flask that was previously coated with gelatin 
(1X). Nine flasks were used for this study. To study the enhancement 
of colonization by PVF-8, the CD 34+ cells were suspended in EBM 
MV2 medium containing 10% FCS and enriched with different growth 
factors (VEGF, b-FGF and PVF-8) according to the requirement of 
different experiments. All culture flasks were kept for three weeks 
in an incubator at 37ºC injected with 5% CO2 to obtain 90% cell 
confluence. 

The colony forming assay was adopted from Hill et al. [8]. The 
isolated CD 34+ cells were re-suspended at 2.5 × 106 cells/ml in culture 
medium in two different sets, i.e., Set A: EBM MV2 medium+cell 
suspension+5% Fœtal Calf Serum+VEGF and b-FGF (10 µl, 0.25 
µg/500 µl). Set B: EBM MV2 medium+cell suspension+PVF (0.1 mg/
ml) +5% Fœtal Calf Serum. This was followed by plating the cells at 
2 ml/well in fibronectin-coated 6-well plates (Becton Dickinson, UK) 
and incubated for twelve days at 37ºC with 5% CO2 and 95% humidity. 
After twelve days, the non-adherent cells were removed, counted and 
re-suspended at 0.5 to 1 × 106 cells/ml in fresh medium in two different 
sets as described above for further observation. 

The following two labtek sets were prepared to observe peroxidase 
staining in the present investigation:

Set A: EBM MV2 medium+cell suspension+5% Fœtal Calf Serum

Set B: EBM MV2 medium+cell suspension+PVF-8 (0.1 mg/ml) + 
5% Fœtal Calf Serum.

Both the labteck sets were incubated under 5% CO2 for three weeks 
at 37ºC to obtain 90% cell confluence. For the identification peroxidase 
activity of the cells of colonies, the cells cultured in the wells of labteks were 
fixed by 4% paraformaldehyde for 5 min at 4ºC and then permeabilized 
with Triton (0.1%) for 20 min. The cells were then washed with PBS 1X 
and then the peroxidase was detected by incubating cells for 20 min at 
room temperature with freshly prepared 100 µl of DAB (0.5 mg/ml+H2O2 
0.1% final concentration). After an incubation period of 20 min at room 
temperature, the wells of the labteks were washed three times with PBS 
(1X). The slides from the labteks were detached and permanent slides 
were prepared with fluroprep. The slides were analyzed using light 
microscope and photographs were taken of both the labteks. 

The following two sets were prepared for immuno-fluorescence 
staining for the present study:

Set A: EBM MV2 medium+cell suspension+5% Fœtal Calf Serum

Set B: EBM MV2 medium+cell suspension+PVF-8 (0.1 mg/ml) 
+5% Fœtal Calf Serum

The fixation and the permeabilisation of the cells were performed 
as described above. To avoid unspecific adsorption in the further steps, 
PBS:BSA (1%) was added in the labteks for 30 min. After washing, the 
wells were incubated at 4ºC for 30 min in presence of rabbit anti-human 
myoglobin (Sigma Cat No M 8648) fluorescein-labelled anti-rabbit Ig 
(Amersham Cat no 1034). The two antibodies used were diluted by 
1/100 in PBS containing 1% albumin. The labteks were washed three 
times with PBS (1X). The slides were analysed using both fluorescence 
and a confocal microscopes. The number of positive cells was counted. 
For each test, the samples were incubated with fluorescein-labelled anti-
rabbit Ig antibody without adding the rabbit anti-human myoglobin 
antibody and treated as negative controls. 

The following four different flasks were prepared for dose 
assessment activity of PVF-8 for myoglobin expression:

1. EBM MV2 medium+cell suspension+5% Fœtal Calf Serum

2. EBM MV2 medium+cell suspension+PVF- 8 (0.1 mg/ml) +5% 
Fœtal Calf Serum

3. EBM MV2 medium+cell suspension+PVF-8 (0.01 mg/ml) +5% 
Fœtal Calf Serum

4. EBM MV2 medium+cell suspension+PVF-8 (0.05 mg/ml) +5% 
Fœtal Calf Serum 

Figure 1: FPLC and gel profiles of peri-vitelline fluid (Buffer: 7.4; Sample load 
500 µg; Column: Superose 12.2 column; AUFS: 0.1; Fraction size: 0.5 ml; 
arrow shows PVF-8).
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Figure 2: Assessment of most effective fraction of PVF.
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Further the following five sets were prepared for FACS analysis for 
myoglobin expression in presence of different growth factors:

 Set A: EBM MV2 medium+cell suspension+5% Fœtal Calf Serum

Set B: EBM MV2 medium+cell suspension+VEGF (10 µl, 0.25 
µg/500 µl) +5% Fœtal Calf Serum.

Set C: EBM MV2 medium+cell suspension+b-FGF (10 µl, 0.25 
µg/500 µl) +5% Fœtal Calf Serum.

Set D: EBM MV2 medium+cell suspension+VEGF + b-FGF (10 µl, 
0.25 µg/500 µl) +10% serum.

Set E: EBM MV2 medium+cell suspension+PVF-8 (0.1 mg/ml) 
+5% Fœtal Calf Serum.

For immuno-cytochemical study, FACS analysis was done using a 
Flow-cytometer (Model: Beckton & Dickenson) following the standard 
protocol with rabbit anti-human myoglobin antibody (Sigma Cat No M 
8648) to observe the expression of myoglobin.

Results and Discussion
A total of 10 peaks were detected in the peri-vitelline fluid of 

the horseshoe crab on FPLC profile (Figure 1). Initially all fractions 
collected by this methods were analyzed for the presence of myocyte 
differentiation activity to select the most effective fraction (Figure 2). 
Before initiating the experiment, the most effective dose of PVF-8 was 
also assessed by FACS analysis for myosin expression. It was found that 
0.1 mg/ml of PVF-8 showed the maximum expression (Figure 3). Since 
PVF-8 was showing highest myocyte differentiation activity, it was 
further analyzed for its purity on SDS-PAGE (15% gel). A single band 
having 29 kDa molecular weights is a representation of fraction purity 
(Figure 1). The protein sequencing of PVF-8 showed 122 amino acids 
(Figure 4). 

In order to identify the myocytes present in the colonies formed 
after long-termed culture of bone marrow stem cells, cells expressing 
myosin were identified both by immunohistochemical analysis and 
FACS analysis. In immunohistochemical analysis PVF-8 was found to 
induce a great expression of myosin in some CD 34+ adherents cells 
incubated with PVF-8 as compared to control cells cultured in the 
presence of VEGF or b-FGF (Plate 1). Similarly, the mean fluorescence 
intensity of cells cultured in presence of PVF-8 was also much greater 
as compared to control cells or cells cultured in presence of VEGF or 
b-FGF (Figure 5). 

Peroxidasic activity was also performed to identify myoglobin of 
CD 34+ adherent cells. It appeared from the results that the number of 
cells having a peroxidase activity in colonies obtained in presence of 
PVF-8 was greater than the control experiment (Plate 2). This result 
was in high correlation with those showing myoglobin detection. Thus 
PVF-8 helped in improving bone marrow stem cell differentiation into 
myocyte. 

Marine natural products have always been a source of new leads 
for the treatment of many deadly diseases such as cancer [9,10] and 
acquired immuno-deficiency syndrome [11]. The pharmacology of 
marine compounds with anthelminthic, anti-bacterial, anti-coagulant, 
anti-diabetic, anti-fungal, anti-inflammatory, anti-malarial, anti-
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Figure 3: Assessment effective dose of PVF by the expression of Myoglobin.
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Figure 5: Expression of myoglobin by differentiating CD 34+ cells.

Effect of PVF in the Differentiation of CD34+ cells into
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Plate 1: Effect of PVF-8 in the differentiation of CD 34+ cells into 
cardiomyocytes (expression in myocytes).

VQWHQIPGKLMHITATPHFLWGVNSNQQIYLCRQPCYDGQ
WTQISGSLKQVDADDHEVWGVNRNDDIYKRPVDGSGSWV
RVSGKLKHVSASGYGYIWGVNSNDQIYKCPKPCNGAWTQ
VNGRLKQIDGGQSMVYGVNSANAIYRRPVDGSGSWQQIS
GSLKHITGSGLSEVFGVNSNDQIYRCTKPCSGQWSLIDG

LKQCDATGNTIVGVNSVDNIYRSG

Figure 4: Sequence of fraction 8th of PVF.
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platelet, anti-protozoal, anti-tuberculosis and anti-viral activities 
affecting the cardiovascular and nervous systems have also been 
reviewed elsewhere [12]. In recent years, a number of marine peptides 
with potential biological capabilities and promising anti-cancer abilities 
were isolated from various marine organisms such as microorganisms, 
algae, fungi, invertebrates and vertebrates. They are either directly or 
in the form of analogues deduced from structure-activity relationships. 
Some of them have already been marketed as drugs. Didemnin was the 
first marine peptide that entered in human clinical trials in USA for the 
treatment of cancer and other anticancer peptides such as kahalalide 
F, hemiasterlin, dolastatins, cemadotin, soblidotin, didemnins and 
aplidine have entered in the clinical trials [13]. 

In the present study an attempt was made to demonstrate that the 
purified fraction having molecular weight of 29 kDa and a polypeptide 
from the PVF of the fertilized eggs of the Indian horseshoe crab 
improved the differentiation of bone marrow stem cells into myocytes. 
The present study also indicated that PVF-8 not only induced stem 
cell differentiation but also helped in colony formation and promoted 
conversion of bone marrow progenitor cells to myocytes. In another 
study demonstrated that peri-vitelline fluid stimulated cardiovascular 
regeneration in an experimental model. These authors have also 
discussed the possibility of shunting of bone marrow progenitor cells 
towards cardiomyocyte differentiation [4,5,14].

Several colony-stimulating factors already reported from marine 
origin [15]. In this study, it has been clearly shown the effect of PVF-8 
in the development of myocyte from bone marrow stem cells. However, 
multilineage developmental capacity of the CD 34+ cells, especially into 
myocytes and smooth muscle cells is still controversial subject. A series 
of experiments conducted to prove the hypothesis that vasculogenesis 

and cardiomyogenesis after myocardial infarction may be dose-
dependently enhanvced after CD 34+ cell transplantation [16]. The 
present study also confirms the improvement in the differentiation of 
CD 34+ cell to myocyte in presence of PVF-8.

On the basis of the present results it can be concluded that PVF-
8 improved the differentiation of the bone marrow stem cells into 
myocyte. It is also evidenced that b-FGF and VEGF can also be involved 
but at a lesser extent than PVF-8 in differentiation of bone marrow 
stem cells to myocytes. This present study thus opens up entirely new 
possibilities using PVF-8 for medical application to improve stem cell 
differentiation into cardiomyocytes on severe ischemic diseases which 
cannot be improved by classic therapy.

Conclusion
Among all fractions of peri-vitelline fluid of the horseshoe crab 

(Tachypleus gigas; Müller) fraction 8th showed highest biological 
activity exhibiting differentiation of human bone marrow stem cell 
into myocyte. The 8th fraction of PVF, showed significant inducement 
of expression of myosin in adherent’s cells as compared to control 
cells cultured in presence of VEGF or b-FGF. The mean fluorescence 
intensity of cells cultured in presence of 8th fraction of PVF was also 
much greater as compared to control cells and cells cultured in presence 
of VEGF or b-FGF. Our results clearly showed that the number of cells 
in presence of PVF was greater than that of control experiment. 
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