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ABSTRACT
Background: The prevalence of COVID-19 cases in Indonesia as of June 9, 2020,
has been confirmed 32.076 positive cases, with 1.923 death cases. The total
number of deaths reached 92,941 cases. There has been a recent update on stem
cell-based biological, medical therapy as an optional treatment to handling
COVID-19 due to its potential viability besides using the prevalent conventional
chemical drug therapy.
Methods: In this study, in vitro research was conducted to determine the
potential of hematopoietic stem cells (HSCs) and natural killer cells (NK cells)
against SARS-CoV-2 viruses, which virus isolates were collected in Indonesia. The
SARS-CoV-2 virus was planted in rat kidney cells and Vero cells. The cells that had
been planted with the virus were given HSCs and NK cells, followed by being
evaluated at intervals of 24, 48, and 72 hours. The evaluation was done by
collecting cells and supernatant from the cell plate and then determining the viral
load using a Polymerase Chain Reaction (PCR) machine.
Results: The results showed that the addition of HSCs and NK on cells that had
been infected by SARS-CoV-2 resulted in a decrease in viral load within 24 to 72
hours in all variations of Multiples of Infection (MoI) values.
Conclusions: The administration of HSCs and NK cells has the potential to
eliminate the SARS-CoV-2 virus. Although this study is only an in vitro study, it
could be the basis for the development of alternative stem cell-based therapies to
tackle COVID-19 cases.

Keywords: COVID-19, SARS-CoV-2, hematopoietic stem cells, natural killer cells

Correspondence:
Dr. Purwati dr., Sp.PD. K-PTI, FINASIM1

Chairman of Stem Cell Research and Development Center, Universitas Airlangga,
Surabaya, Indonesia
Email: purwati@fk.unair.ac.id

INTRODUCTION
This year, our attention is focused a lot on the outbreak of
Coronavirus Disease (hereafter, COVID-19), which was
officially designated as a global pandemic in April 2020
by WHO.[1,2] The viral spread is increasing dramatically
within a short period.[3] According to data collection
from 213 countries who are currently battling COVID-19,
the total positive number of COVID-19 stood at 1,524,161
cases, and the number of deaths reached 92,941 cases.[1]
The prevalence of COVID-19 cases in Indonesia as of June
9, 2020, furthermore, has been confirmed 32,076 positive
cases, with 1,923 death cases.[4]
COVID-19 is an infectious disease caused by the SARS-
CoV-2 virus.[5,6] Like a zoonotic virus, SARS-CoV-2 was
transmitted from animals to humans.[7] On its viral
infection mechanism, the virus infiltrates to the cells and
begins to replicate/reproduce itself using a host cell
machine, while causing damages to the host cell.[8] The
respiratory system, moreover, is the target of the SARS-
CoV-2 virus, which further infects the alveoli cells in the
lungs.[6]
In patients with mild infection of COVID-19, there was no
increase in chemokine and proinflammatory cytokines,
similar results were found even in patients who showed
symptoms.[5] On the other hand, a higher neutrophil-

lymphocyte ratio, lower leukocytes, and lymphocyte
count, and a lower percentage of eosinophils, basophils,
and monocytes are observed in patients with severe
symptoms, as well as a high level of pro-inflammatory
cytokines.[5,9] Acute Respiratory Distress Syndrome
(ARDS) is the main cause of death in COVID-19 cases
caused by an uncontrolled systemic inflammatory
response due to pro-inflammatory cytokines and
chemokines that are released in large amounts, which
also called as the cytokine storm.[5,10,11] Functional
disability will be inevitable due to lung deterioration and
fibrosis if this enormous immune response continues to
happen.[10,12]
Antiviral therapy, thus, is chosen to treat COVID-19 by
referring to therapies used during the previous
pandemics, namely MERS and SARS pandemics.[8,13,14]
The Republic of China National Health Commission (NHC)
has included antiviral therapy as an experimental
treatment for COVID-19 in the latest version of the
Guidelines for the Prevention, Diagnosis, and Treatment
of Novel Coronavirus-induced Pneumonia.[15] Antibiotic
therapy, moreover, is also used in conjunction with
antiviral therapy.[16] Recently, stem cell-based biological,
medical therapy is selected as an optional treatment for
handling COVID-19 due to its potential viability.[17]
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Hematopoietic stem cells (HSCs) as a multipotent
progenitor cell that can be derived into various types of
blood cells.[18] HSCs are found in peripheral blood
mononuclear cells (PBMCs), bone marrow, or umbilical
cord blood.[18,19] HSCs isolation and culture derived
from PBMCs and bone marrow must express CD73, CD90,
and/or CD105 markers, and not express CD14, CD34,
CD45 markers.[18] HSCs further change the profile of
cytokine secretion from NK cells, dendritic cells, and
naive and effector T cells to induce a more progressive
phenotype and anti-inflammatory.[19] The secretion of
Tumor Necrosis Factor-alpha (TNF-α) and Interferon-
gamma (IFN-γ) as pro-inflammatory cytokines are
decreased, while Interleukin-4 (IL-4) and Interleukin-10
(IL-10) are more suppressive stimulated.[18] The other
factors, nonetheless, may also be involved, including
Interleukin-6 (IL-6), Interleukin-10 (IL-10), Transforming
Growth Factor-beta1 (TGF-β1), hepatocyte growth factor,
nitric oxide, prostaglandin E2, and possible indoleamine 2,
3-dioxygenase.[19] Numerous evidence claims that HSCs
are anti-inflammatory, immunosuppressive, and can be
transplanted to incompatible individuals, even though the
specific mechanism has not been clarified yet.[20]
Another cell, Natural killer (NK), is inborn lymphocytes
that serve as the first defense line against tumor cells and
viral infections.[21,22] NK cells have numerous
mechanisms to kill cells infected by the virus, including
cytolytic granules exocytosis and the potency of
extracellular death receptors.[23,24] While the main
work describes their antitumor activities, NK cells also
play an important role in controlling certain infections,
especially viral infections.[25] Granulocyte-macrophage
colony-stimulating factor (GM-CSF), also known as a
multifunctional cytokine, plays a role as generation and
cytotoxicity of NK cells and stimulates macrophages to be
antitumor and antimicrobial action.[26] IL-2, furthermore,
is needed for the activation and proliferation of many
different types of cells, such as NK and T lymphocytes.[27]
After being activated by IL-2, NK cells get an increased
cytotoxic function (namely lymphokine-activated killer
cell, also known as LAK cell), knowing a wider range of
targets and killing with heightened lytic potential.[24,27]
From the description above, therefore, the authors aim to
conduct an in vitro study concerning the potency of
hematopoietic stem cells (HSCs) and natural killer (NK)
cells in handling COVID-19 (SARS-CoV-2 virus) using
Indonesian virus isolates.

MATERIALS ANDMETHODS
Materials
α-Minimum Essential Media (α-MEM), Fetal Bovine
Serum (FBS), Penicillin-Streptomycin, L-Glutamine,
NaHCO3, and HEPES Medium from Gibco®-Thermofisher
Scientific, USA; Amphotericin B solution and Phosphate
Buffer Saline (PBS) from Sigma-Aldrich®, USA;
Collagenase type IV from Worthington®, USA; culture
dishes, CO2 incubator, centrifuge, microscope
fluorescence, and polymerase chain reaction (qPCR)
machine.

Sample Collection
The SARS-CoV-2 isolates were collected from three
confirmed patients with informed consent and ethical
approval clearance at Universitas Airlangga Hospital –
Tropical Infectious Disease Hospital, Surabaya. Viral
Transport Medium (VTM) consisting of Gentamycin

sulfate (100µg/ml) and Amphotericin B (0,5µg/ml) were
used to collect the patient's sputum. Once samples were
collected, the virus isolates were then stored at Biosafety
Level 3 (BSL-3) Laboratory in the Institute of Tropical
Disease, Universitas Airlangga, Surabaya. Samples were
transferred into the new falcon tube, followed by
vortexed for 5 minutes and centrifuged at 13.000 rpm for
10 minutes. Each sample was labeled as P1, P2, and P3.
After that, the supernatant of each sample was aliquoted
in cryotubes and preserved in -80°C deep freezer for
long-term use.

Hematopoietic Stem Cells (HSCs) Isolation
The HSCs were obtained from peripheral blood
mononuclear cells (PBMCs) of a healthy person and
cultured at the Stem Cell Research and Development
Center, Universitas Airlangga, Surabaya. The cell culture
process took two weeks with changing new medium
every three days and adding mitogen GM-CSF (20ng/ml)
and IL-2 (100IU/ml). After two weeks of cell culture,
hematopoietic stem cells were confirmed with a CD34
marker using immunocytochemistry and seeded 5x105 in
12 multi well-plate each well.

Natural Killer (NK) Cells Isolation
The NK cells were accumulated from peripheral blood
mononuclear cells (PBMCs) of a healthy person and
cultured at the Stem Cell Research and Development
Center, Universitas Airlangga, Surabaya. The cell culture
process took two weeks with changing new medium
every three days and adding mitogen GM-CSF (20ng/ml)
and IL-2 (100IU/ml). After two weeks of cell culture,
hematopoietic stem cells were confirmed with a CD56
marker using immunocytochemistry and seeded 5x105 in
12 multi well-plate each well.

Co-cultivation of HSC, NK cell and SARS-CoV-2 in Vitro
Co-cultivation of HSCs, NK cells, and SARS- CoV-2 isolates
were performed at Biosafety Level 3. Each sample of P1,
P2, and P3 measuring as much as 200 µl was incubated
for 72 hours in the CO2 incubator. The collected-
supernatant was centrifuged at 5000 rpm for 5 minutes;
then, the supernatant and the cell pellet was separated.
After that, each sample was extracted with GENEAID RNA
extraction kit, and followed by proceeding to check the
amount of copy DNA with qRT-PCR.

Pro-viral Load determination
SEEGENE COVID-19 detection kit was used to determine
the pro-viral load, which detected three target genes,
which are N gene, E gene, and RdRP gene. ABI Prism 7500
Sequence Detector System from Applied Biosystems®,
USA, moreover, was used to perform amplification and
data acquisition.

RESULTS
The confirmations of HSCs with the CD34 marker and NK
cells with the CD56 marker are shown in Figure 1 (a,b),
emitting green fluorescence.
A group of Figure 2 displayed the co-cultivation of HSCs
and 50 µl, 100 µl, 150 µl, and 200 µl of each sample after
72 hours when the viral load was then determined with
qRT-PCR.
A group of Figure 3 presents the co-cultivation of NK cells
and 200 µl of each sample P1, P2, and P3 after 72 hours
the viral load was then determined with qRT-PCR.
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Once the virus planted on HSCs and NK cells, cells and
supernatants were taken from existing cell plates, and the
viral load was calculated from all plates using Polymerase

Chain Reaction (PCR) machine, as shown in Table 1 and
Figure 4.

(a) (b)
Figure 1. (a) HSCs confirmed with the CD34marker, (b) NK cells confirmed with the CD56marker

Figure 2. Microscopic Images of HSCs after Planting Viruses after 72 hours (a) Control HSCs, (b) HSC with 50µl viruses, (c)
HSCs with 100µl viruses, (d) HSCs with 150µl viruses, (e) HSCs with 200µl viruses

Figure 3. (a) Control cells of NK, (b) 72 hours after co-cultivation of P1 sample, (c) 72 hours after co-cultivation of P2
sample, (d) 72 hours after co-cultivation of P3 sample

Table 1. Data of the viral load on cells and supernatants after augmentation of HSCs
No. Virus Dosage MoI Period Viral Load

1. 100µl 0.00416

0 hours 20.8 Copy/µl
24 hours 0 Copy/µl
48 hours 0 Copy/µl
72 hours 0 Copy/µl

1. 150µl 0.00624

0 hours 20.8 Copy/µl
24 hours 0 Copy/µl
48 hours 0 Copy/µl
72 hours 0 Copy/µl

2. 200µl 0.00832

0 hours 20.8 Copy/µl
24 hours 0 Copy/µl
48 hours 0 Copy/µl
72 hours 0 Copy/µl

a b c d e

a b c d
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Figure 4. Viral Load of samples after 72 hours co-cultivation NK cells and Indonesian SARS- CoV-2 isolates

DISCUSSION

The immune response against viral infections depends on
the effector mechanisms from the innate and adaptive
immune responses.[28] The cytotoxicity mediated by
cytotoxic CD8+ T cells and NK cells is responsible for
executing infected cells.[22] Moreover, NK cells are the
potential to mediate antibody-dependent cellular
cytotoxicity (ADCC) over the receptor CD16 by binding to
antibodies opsonizing infected cells that lead to apoptosis.
NCAM-1 (CD56) is expressed by classical NK cells on its
membranes in high or low intensity or not express CD16
and lacks express CD3.[25]
Reverse transcription loop-mediated isothermal
amplification (RT-LAMP), reverse-transcription
polymerase chain reaction (RT-PCR), and real-time RT-
PCR (rRT-PCR) are the current gold standards of
diagnostic tests to identify the presence of
coronavirus.[1,13] Two one-step quantitative RT-PCR
(qRT-PCR) is developed to detect two different regions
(ORF1b and N) of the SARS-CoV-2 genome to identify
patients earlier. Three novels RT-PCR are developed to
target the nucleocapsid (N) genes, spike (S), and RNA-
dependent RNA polymerase (RdRp)/helicase (Hel). From
these three novel assays, the COVID-19-RdRp/Hel has the
lowest limit of detection in vitro, and strongly sensitive
and specific assays may improve the laboratory diagnosis
of COVID-19. The RdRp gene assay, together with the one-
step RT-PCR system, is not more sensitive than the SARS-
CoV E gene assay.[13]
HSCs as multipotent progenitor cells can rearrange,
renew, and differentiate into many various types of blood
cells, so it is probably the best type of stem cell with a
large-scale of application for the treatment of numerous
diseases.[18,19] HSCs change the profile of cytokine
secretion from NK cells, dendritic cells, naive and effector
T cells to induce a more progressive phenotype and anti-
inflammatory, decrease the secretion of TNF-α and IFN-γ
as pro-inflammatory cytokines, whereas IL-4 and IL-10
more suppressive stimulated.[19] Other factors may also
be involved, such as IL-6, IL-10, TGF-β1, hepatocyte
growth factor, nitric oxide, prostaglandin E2, and possible
indoleamine 2, 3-dioxygenase. The evidence further
claims that HSCs are anti-inflammatory and

immunoregulatory, even though the specific mechanism
has not been clarified yet.[20]
An increase in IL-10 levels and decreases in TNF-α levels
and IL-2 levels in all-time variations and multiplicity of
infection (MoI) on the cytokines examination are further
discovered. As presented in Table 1, the value of the viral
load was decreased. The amount of viral load at the initial
administration of HSCs was 20.8 copies/µl in all variants
of MoI. After the administration of HSCs, the viral load
became 0 copies µl in all-time variants: 24 hours, 48
hours, and 72 hours. The findings further indicate that
HSCs can eliminate viruses in cells and supernatants after
24 hours of inoculation. The virus binding to the plasma
membrane of the cells is a crucial step in viral infection.
The susceptibility of cells to infections depends on the
different surface receptor expression. Specifically, the
integrin adhesion receptor plays a vital role in mediating
the binding and internalization of some viruses. Different
integrin receptors expression on early HSC even were
noted. Hence, it can be conceived that these receptors
mediate the interaction between HSCs and some
viruses.[19]
The increase in anti-inflammatory cytokines and the
strong decrease in inflammatory cytokines, thereby the
virus becomes inactive, are the other mechanisms of HSCs
in terminating viruses.[20] HSCs differentiate into the
immune cell lineage that leads to virus phagocytosis, and
the damaged virus is discharged from the cell.[19,20]
From the results, therefore, it is suggested for HSCs to be
given to COVID-19 patients in combination with other
therapeutic regimens.
As Figure 3 displayed, after 72 hours of co-cultivation of
both supernatant and the cell pellet confirmed with qRT-
PCR to determine the viral load, the amount of viral load
each sample had decreased from the original amount and
each showed a decrease of more than 50%. Besides, there
was no reduction in the number of NK cells that had been
co-cultivated. On the contrary, there was a significant
increase in the number of viruses, although the addition
of NK cells has inactivated the virus. The result is
probably caused by the functions of NK cells, which are
related to NCR (NKp46, 44, and 30) that can bind
glycoprotein from the virus so that the virus becomes
inactive, besides the release of cytokines that cause the
virus to be inactivated.
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Natural killer (NK) cells, as the critical effector in
immunity, play an essential role in the first line of host
defense against viral infection by eliminating the infected
cells without early antigen stimulation.[25] NK cells have
a complex receptor repertoire in inactivating and
inhibitory form.[23] After NK cells stimulation, the
activating signaling leads to a downstream cascade of
kinase activation with the final exocytosis of cytotoxic
granules and resulting in the terminating of target
cells.[24] The balance of inhibitory and activating
receptors and some costimulatory molecules are
controlling the cytotoxicity of NK cells.[25] For NK cells to
reach a productive response, a critical threshold of
signaling must be achieved.[30] Furthermore, virus-
infected respiratory epithelial cells release inflammatory
chemokines that recruit NK cells to the site of
infection.[13]
NK cells demonstrate cytotoxic effects because of direct
or indirect target recognition.[24] In the direct target
recognition, the identification happens over a general
signal from surface receptors of NK cells that receive
activating and inhibiting environmental signals.[30]
Surface glycoproteins present on all nucleated cells,
including major histocompatibility complex I (MHC I) or
viral antigens can be molecules recognized by NK
cells.[25] The effect of precise target recognition is the
killing mechanisms activation, in NK cells: exocytosis of
cytotoxic granules or death receptor-mediated
cytotoxicity.[21,22,31] Cytotoxic granules contain pore-
forming protein, granzymes-serine proteases, and
perforin. Perforin produces pores in the target cell
membrane, which allows granzymes to get in the cell and
begin the apoptosis.[30]

CONCLUSION

The administration of HSCs in patients with COVID-19
can terminate the SARS-CoV-2 virus. During viral
infections, the SARS-CoV-2 virus and NK cells are in a
constant state of battle. NK cells react to terminate the
invading viruses through the increased activating signals
or recognition of the missing self. Nevertheless, many
viruses have developed different strategies to modulate
NK cell activities. Still, this study has shown that NK cells
play a critical role in decreasing the viral load of the
SARS-CoV-2 virus. Even though this study is an in vitro, it
could be the theoretical basis to develop other alternative
stem cell-based therapies in handling COVID-19 in
Indonesia, particularly and in the globe generally.
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