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ABSTRACT

Objective: The depletion of platelets in patients under different clinical conditions like thrombocytopenia is often associated with a significant
mortality factor. Alternative modes of platelet propagation from other resources, including stem cells, are evaluated under in vitro conditions.
Embryonic stem (ES) cells can proliferate and differentiate into various cell types. This study evaluated the generation of functional platelets from
embryonic stem cells with C. papaya leaf extract through a controlled sequential pathway to meet the clinical demand.

Methods: In vitro culture of embryonic stem cells was carried out with the help of growth factors and a suitable medium. The differentiated
megakaryocytes and platelets were analyzed by staining, flow cytometer and functional studies. The normal megakaryocytes were compared with
the megakaryocytes differentiated from Embryonic Stem cells.

Results: The platelets derived from embryonic stem cells are morphologically identical to normal platelets isolated from peripheral blood, and the
number of viable cells was analyzed by flow cytometer. The distinctive two waves of platelet production represented normal primitive and
definitive hematopoiesis.

Conclusion: This study is a preliminary milestone in platelet propagation from embryonic stem cells with C. papaya leaf extract. The differentiation
of ESCs into megakaryocyte-mediated platelets with C. papaya leaf extract has shown valuable information on the positive effects that embryonic

stem cells can be used for large-scale platelet production.
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INTRODUCTION

In normal human blood, the platelet population is 150-400 x 103/pl,
vital in maintaining homeostasis and atherothrombosis. Due to a
short life span (7-10 days), this life-saving blood component is
constantly demanded. A shortage of platelets leads to
thrombocytopenia in patients under different clinical conditions and
is often associated as a significant mortality factor with dengue fever
[1-3]. To overcome this difficulty, alternative modes of platelet
propagation from different resources, including stem cells, under in
vitro conditions. Many culture systems demonstrated the maturation
of megakaryocytes and the formation of proplatelets from
progenitor hematopoietic cells. CD41*stem cells from various
sources, including bone marrow, peripheral blood and cord blood
cells, have successfully differentiated into megakaryocytes in vitro
[4-6]. Culture systems, like liquid culture and coculture with stromal
cells, require the addition of cytokine, thrombopoietin, IL-3, and IL-
6, to release platelets into the culture medium [7, 8]. Such methods
have been explored for megakaryocytes or lineage-specific gene
expressions. These studies would help therapeutic applications, such
as transfusions or cell transplantation.

Embryonic stem (ES) cells are a good source, as these cells can
proliferate and can differentiate into various cell types [9].
Embryonic stem (ES) cells are pluripotent cells derived from
preimplantation embryos. ES cells can be maintained in culture
indefinitely as undifferentiated cell types, yet they are capable of
forming more differentiated cell types [10]. Because of these
properties, mouse ES cells have been instrumental in gaining a
better understanding of mammalian development. However, mouse
ES cells differ in morphology, population doubling time and growth
factor requirements.

Hematopoietic stem cells (HSC) are adult stem cells with self-renewal
and multi-lineage differentiation properties, and thus able to produce
diverse cell types such as megakaryocytes. Meanwhile, the bone

marrow microenvironment plays an important role in HSC
proliferation and differentiation. Also, there is a close contact between
the bone marrow niche and megakaryocytes where osteoblast cells, as
the main component of the osteoblastic niche, support
megakaryopoiesis by releasing different growth factors [11]. Studies
carried out over the past two decades have made possible a more
exact definition of stem cells, in which they are capable of self-renewal,
can differentiate into multiple lineages and will function in vivo [12].

Megakaryocytes are mother cells of platelets that are generated in vitro
from the murine embryonic stem (MES) cells with the development of a
coculture system with the stromal cells. In studies of hematopoiesis,
investigators have used mouse ES cells to derive various hematopoietic
lineages in vitro either by the formation of "embryoid bodies," coculture
with stromal cell lines, or culture on collagen-coated plates [9, 13]. In
contrast to work on mouse hematopoietic development, studies of
human hematopoiesis have been confined to primary hematopoietic
tissue such as bone marrow, peripheral blood or umbilical cord blood as
the starting cell population [14].

It has been evidenced from clinical studies that C. papaya leaf extract
increased platelet counts in patients suffering from dengue [15-17].
Papaya leaves contain phenolic compounds, papain and alkaloids,
and these nutrients act as potent antioxidants, enhancing the body's
immunity. The main bioactive compound(s) responsible for the
antithrombocytopenic activity of C. papaya leaves are alkaloids,
particularly the “carpaine” alkaloid, which helps prevent diseases
like malaria and dengue. We have earlier reported on platelet
propagation from hematopoietic stem cells with C. papaya leaf
extract [18]. This study evaluated the action of C. papaya leaf extract
on embryonic stem cell differentiation into platelet.

MATERIALS AND METHODS
Sample

The embryonic stem cells were kindly provided by Stellixir Biotech
Pvt Ltd, Bengaluru, Karnataka, India.
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Chemicals

The chemicals Dulbecco modified essential medium, fetal bovine
serum, thrombopoietin, and penicillin were procured from GIBCO,
Thermo fisher, USA. The RNAase was obtained from Sigma.
Prostaglandin E1 (PGE1) was from Ono Pharmaceutical, Osaka,
Japan. Other chemicals like formaldehyde, acetone, potassium
ferricyanide, propidium iodide, acetylthiocholine iodide, sodium
citrate, and copper sulfate were purchased from Qualigens, India.

Preparation of papaya leaf extract

The young C. papaya leaves were collected from the Somwarpet town
area in Karnataka, India cleaned with water to remove contamination.
After air drying, they were cut into pieces, pulverized into powder and
stored in a polyethylene bag. The powder (45g) was extracted with
350 ml of solvent (ethanol) in a soxhlet apparatus. The final
concentrate was evaporated, and 2.5g of final powder was obtained.
This was dissolved in 2.5 ml water (1 mg/ml) and used for analysis.

Isolation of human embryonic stem cells

Plated embryonic stem cells were monitored during the first
expansion period (Passage0, P0) for several days before the first
passage (P1). Cell plating density was set at 6x103 cells per square
centimeter in the first passage (P1). Direct cell counts analyzed cell
growth to determine the lag, log and plateau phases and population
doubling time (PDT). Upon reaching 100% confluence, cells in every
75 cm? flask were detached using 0.05% trypsin/0.02% EDTA in
phosphate-buffered saline (PBS). Flow cytometric analysis for
specific markers, such as CD105, CD44 and CD73, conjugated with
either fluoresce in isothiocyanate (FITC) or phycoerythrin (PE), was
used. Hematopoietic cells were excluded by sorting for CD45, CD34,
and CD14 conjugated with PE.

Culture and differentiation of embryonic stem cells

Embryonic Stem Cells were cultured in Dulbecco modified essential
medium (DMEM) supplied with 15% knockout serum and 1%
Penicillin and Thrombopoietin (TPO)/C. papaya leaf extract (1
mg/ml) at pH7.2. Cell culture was performed from day 0 to day 15 in
a 25 cm3 tissue culture flask at 37 °C in a 5% CO2 fully humified
atmosphere with ES Cells 1165 X 103 cells/ml from day 3 of the
culture with daily media change till day 15.

Characterization of megakaryocytes differentiated from ES cells

Megakaryocytes derived from ES cells were determined by
morphology, immunocytochemistry, Wright-Giemsa and
acetylcholinesterase (AChE) staining.

Comparison of CD 41+megakaryocytes from HESCs with that of
normal human erythrocytes from peripheral blood samples

Megakaryocyte diameters were measured by comparing
CD41*megakaryocytes in the immune-stained preparations and
normal human erythrocytes from peripheral blood samples.
Microscope photographs were taken at the same magnification
(x200), and the mean erythrocyte diameter was calculated as 7 pm.

DNA content of the differentiated cells was analyzed by flow
cytometry. Cells were collected from the culture plate by mild
pipetting, and the detached cells were labeled with MWReg30
followed by fluorescein isothiocyanate (FITC)-conjugated goat antirat
immunoglobulin G (IgG). The cells were washed, resuspended in
hypotonic propidium iodide (50 pg/ml in 0.1% sodium citrate)
containing 20 pg/ml RNAase, and incubated for 30 min in the dark.
The ploidy of the CD41+cells was analyzed with a flow cytometer.

The megakaryocytes originating from both ESC and Human Blood
were compared. The extension of culture was carried out till day 13.
Size, structural analysis and staining with ACTH and Giemsa were
also carried out.

Differentiation of primitive and definitive megakaryopoiesis
from embryonic stem (ES) cells

For immunostaining, a cytospin preparation or cultured cells in a 6-
well plate were fixed with 4% formaldehyde-acetone solution and
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stained with anti-mouse CD41 (GPIIb/Ilb) monoclonal antibody
MWReg30, followed by a polymeric alkaline phosphatase-conjugated
secondary antibody. Visualization was performed using a substrate
mixture of naphthol AS-BI phosphate sodium salt (Sigma) and a new
fuchsin solution, according to the manufacturer’s instructions.

AChE staining was performed as described previously. Unfixed cells
were incubated in 0.1 M phosphate-buffered saline (PBS) (pH 6.0)
containing 0.05% acetylthiocholine iodide, 0.1 M sodium citrate, 30
mmol copper sulfate, and 5 mmol potassium ferricyanide at room
temperature for 3 h.

Flow cytometry and determination of the number of platelets
derived from ES cells

Free platelets in the culture supernatant were evaluated by a flow
cytometer. The culture medium was gently collected, and the large
nucleated cells were removed with centrifugation at 150g for 20
min. The cells in the supernatant were fixed with 1%
paraformaldehyde for 1 hour. This was centrifuged at 900g for 10
min, and the cells in the pellet were washed with Hanks balanced
salt solution with Caz*(HBSS) containing 1% FBS. Incubation was
carried out with 10g/ml anti-mouse glycoprotein (GP) V monoclonal
antibody 1C2 (platelet-specific antibody), followed by FITC-goat
antiratlg G; each incubation was performed on ice for 1 h. Finally,
the cells were washed and analyzed by a flow cytometer. A single
platelet gate was created byES-derived platelets similarly.

The number of platelets produced through ES-derived
Megakaryocytes was counted by flow cytometer. Culture
supernatants were collected from the well on day 15 of
differentiation, and cells in the supernatant were stained as above.
The cells were finally suspended in 500 pl HBBS. From the
supernatant stock, 50 pl aliquots were collected, and platelets were
determined using a flow cytometer.

Functional studies of platelets

For functional studies of the ES-derived platelets, the culture
medium was changed with the same medium containing 1 pM
prostaglandin E1 (PGE1) 1 d before assaying. The collected culture
medium was centrifuged at 150g for 20 min. To the supernatant,
1uM PGE1, 1 U/ml apyrase and a 1:9 volume of ACD solution were
added and centrifuged at 900g for 10 min. The cells in the pellet
were resuspended and washed twice in 85 mmol Sodium citrate,
111 mmol dextrose and 71 mmol citric acid pH 7.0, containing PGE1
and apyrase and then resuspended in a modified Tyrode-HEPES
buffer and determined by flow cytometry.

RESULTS

Embryonic stem cells are the ones most effectively differentiated
into platelets. This study evaluated ESC cells for differentiation to
megakaryocyte-mediated platelets with thrombopoietin and papaya
leaf extract as induction factors. The ES cells were initiated with
differentiation on day 1 (fig. 1A), most forming isolated colonies
with unclear borders of the cells after day 6 (fig. 1B). On day 15,
megakaryocyte colonies were formed with individually identifiable
large cells (fig. 1C).

The megakaryocytes originating from ES and Human Blood were
subjected to size, structural analysis, AChE and Giemsa staining with
extended culture till day 15. The phenomenon of the two waves of
platelet production representing primitive and definitive
hematopoiesis was evaluated with the time course of megakaryocyte
maturation. Consistent with the first wave of platelet production
from human blood, small megakaryocytes were observed in some
colonies around day 8. However, because these small cells rapidly
produced proplatelets and disappeared by day 12, they were not
likely to be precursors of the megakaryocytes produced after day 12
(fig. 2C). Large megakaryocytes were observed in other colonies,
consistent with the second wave. The two megakaryocytes showed
distinctive morphologies (fig. 2E and F).

The platelets producing megakaryocytes differentiated from
Embryonic Stem cells on days 9 and 13 were positive by
immunostaining with an anti-CD41 antibody. By AChE staining, the
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cells on day 9 showed a weaker intensity in immunostaining and
AChE staining than those on day 13. Furthermore, the size of the
day-9 megakaryocytes was smaller than those of days 13 or 15 (fig.
3) (means of diameters: day 9 = 13.1 um, day 11 = 13.8 pm, day 13 =
20.2 um, day 15 = 24.2 pm). On day 9, most cells were uniformly
about 12 to 15 um, whereas cells on day 13 were more than 20 um,
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and some large megakaryocytes with diameters of more than 30 um
were observed. These results indicated that the cells from the
second wave were morphologically close to a mature adult type of
megakaryocyte and that the platelets in the first wave were released
from qualitatively different small megakaryocytes. The results
suggested primitive and definitive megakaryopoiesis from ES cells.

D E F
G H I
Fig. 1: Culture and differentiation of ES cells with growth factor TPO and C. papaya leaf extract. A: Day 1-initiation of cell differentiation:
Day 6-ES colony with unclear morphology was formed, indicating initiation of differentiation. C: Day 15-Megakaryocyte colony with
individually identifiable large cells. D, E and F: ES cells proliferated without any differentiation in the absence of any growth factors and
Day 1, Day 6 and Day 15, respectively. G: Initiation of ES cells differentiation with papaya leaf extract (1 mg/ml). H: Day 6-ESCs

proliferated into dense colonies, and the larger colonies progressed into megakaryocytes. I: Day 15-Maturation of megakaryocytes into
platelets

Fig. 2: Characterization of megakaryocytes differentiated from ES cells. A-Day 1 and B-Day 6: ES cells with unclear borders. C-Day 15: ES
cells with clear borders. D-Day 1 and E-Day 6: ES cells with unclear borders. F-Day 15: ES cells with clear borders with C. papaya leaf
extract (1 mg/ml)
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Peripheral Blood sample

Embryonic Stem cells
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ES with papaya leaf extract

Fig. 3: Comparison of CD 41+*megakaryocytes from HUCSCs with normal human erythrocytes from Peripheral blood samples.
Megakaryocytes were observed under phase-contrast microscopy. Wright-Giemsa staining of the Megakaryocytes differentiated from
Peripheral Blood samples. Megakaryocytes differentiated from human blood

To determine that the platelets were produced from the proplatelet-
bearing megakaryocytes, the culture medium was collected, and
nucleated cells were removed by slow-speed sedimentation. Cells in
the supernatant were analyzed by flow cytometer. A gate was fixed
in the forward and side scatter profiles of peripheral blood platelets,
and most cells in the culture medium of ES cells are within the gate
(fig. 4). The size of most cells was within the platelet gate, and

almost all cells were positive for CD41 and another platelet-specific
antigen, GPV. We conclude that platelets were released to the culture
medium from mature megakaryocytes derived from ES cells. The
platelets were collected from the medium from day 15, and the
number of platelet-sized and CD41+cells were accurately counted by
flow cytometer (fig. 4C). Large numbers of platelets were produced
in the second wave than in the first wave.
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Fig. 4: Flow cytometry analysis for platelets derived from ES cells, cells released (platelets derived from ES cells) to culture medium on
day 15 were analyzed by flow cytometry. A platelet gate was fixed in the forward and side scatter profiles of peripheral blood platelets (A)
and ES cells (B). Most cells in the culture medium of ES cells are within the gate. Cells in culture supernatant on day 15 were labeled with
megakaryocytes and platelet-specific monoclonal antibodies, and almost all cells were positive for CD41 (C)

A functional assay was performed by flow cytometry on the platelets
obtained from the second wave of production on day 15. The
platelets were shifted to a higher level in the forward scatter after
stimulation of PAR4 thrombin receptor activating peptide AYPGFK
without stirring, indicating the formation of aggregates (fig. 5).
When platelets were stimulated with vigorous stirring, most were
shifted to a higher level. Numerous platelet aggregates were

A B

observed under microscopy, whereas unstimulated platelets showed
no aggregation (fig. 5D and E). Aggregates were probably mediated
by fibrinogen binding since the binding of labeled fibrinogen to the
platelets was detected. These platelets spread fully and kept a round
morphology on the control BSA surface. These results indicated that
platelets derived from ES cells in vitro were as functional as the
platelets from peripheral blood.
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Fig. 5: Functional studies of platelets. In stimulated platelets (+AYPGFK), particles with higher forward scatter are observed (indicating
the arrow), indicating aggregate formation (A) and the microscopic image of the analyzed platelet is shown in (B and C). Unstimulated
platelets show no aggregation, and a microscopic image of the analyzed platelet is shown (D and E)
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DISCUSSION

The human Umbilical cord contains hematopoietic stem or
progenitor cells, and they can be maintained for many weeks by
culturing. The use of cord blood cells has many advantages: i) it is a
disease-free source for hematopoietic cells, ii) the problem of graft-
versus-host can be overcome, and iii) the challenge of finding Bone
Marrow donors also be overcome. Papaya leaves have been shown
to be effective in improving the platelet count in dengue patients and
in vivo animal models. Since the platelet production is through
megakaryopoiesis from stromal stem cells, we evaluated the effect of
papaya leaf extract on platelet propagation from cultured embryonic
stem cells. In this study, we focused on the isolation of cord blood
hematopoietic cells and transforming them intoplatelets producing
megakaryocyte progenitors with special reference to C. papaya leaf
extract. The derivation of HSCs from human ES cells will be more
beneficial for human medicine far beyond the treatment of
hematologic malignancies, as these HSCs may provide a powerful
method to prevent immune rejection of other ES cell-derived tissue
[19]. Some researchers have shown a higher harvesting ratio, i.e., the
harvesting of MSCs in cord stroma was relatively high (10-15 X103
cells per centimeter of cord) [19, 20]. This finding is consistent with
which MSC yield was reported at 100%, meaning they have
harvested cells from every cord received.

HSCs differentiate into mature megakaryocytes through
megakaryopoiesis that ultimately produces platelets, critical for
hemostasis in the peripheral blood vasculature. The megakaryocytic
lineage is derived directly from a common bipotent megakaryocyte-
erythrocyte progenitor (MEP). The thrombopoietin receptor (MPL)
and its ligand, thrombopoietin (TPO), are essential for the
proliferation of megakaryocyte progenitors and their differentiation
into mature platelet-producing megakaryocytes [21-23]. Many
studies are available on clinical trials and animal models evaluating
increased platelets with papaya leaf extract. We have reported
platelet production with papaya leaf extract from hematopoietic
stem cells through megakaryopoiesis.

CONCLUSION

This study is a preliminary milestone in platelet production by
differentiating embryonic stem cells with C. papaya leaf extract. The
bioactive compounds in C. papaya leaf extractplay an essential role
in platelet production, protection, and viral pathogen destruction.
However, specific compound(s) and their mechanism have not been
well established. While most studies were on platelet regeneration
and protection under in vivo conditions, stem cell-mediated platelet
production has yet to be well studied. We initiated the ESCs
differentiation into megakaryocyte-mediated platelets with C
papaya leaf extract, which has shown valuable information on the
positive effects that embryonic stem cells can be used for large-scale
platelet production, thus reducing the burden on conventional
platelet collection. This has to be further studied to delineate the
specific compounds and their action on embryonic stem cell
differentiation into platelets.
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