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Abstract

Background and Aims: The ability of the reovirus to destroy various cancer cells in
vitro and, the success of the virus in conducting clinical trial phases of cancer
therapy has attracted the attention of researchers toward the virus. One of the main
needs for the investigation of the viral effects and the virus-host cell interaction is
preparation of the purified virus. Most of the protocols have been based on the use
of suspended cell culture equipment that normally does not exist in the research
laboratories. We optimized a virus purification method that was based on using cell
culture flask and adherent cells.

Materials and Methods: L-929 cells were used for reovirus propagation. After sufficient
CPE, the cells were collected and pelleted. Using Vertrel-XF treatment and ultracentri-
fugation on the cesium chloride (CsCl) gradient, purified reovirus was obtained. It
was subsequently concentrated by filtration using a 100kDa Amicon unit.

Finally, infectivity and the number of purified human reoviruses were evaluated by
plaque assay. The band of purified human reovirus was aspirated form the ultracentri-
fugation tube and then was dialysed and concentrated by filtration in Amicon unit.
The titer of purified human reovirus was determined to be 3x1012 PFUs/ml.

Results: In present study, we established a protocol for the purification of human
reovirus without need for equipment of suspension cell culture.

Conclusions: Although, the time-consuming dialysis procedure was removed from the
end of the work and replaced with a rapid and simple filtration method, the high
titer of purified human reovirus was acquired.
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Introduction

the family Reoviridae which can

experiments on newborn mice showed that

. . . ment in Sydney of Australia. Various
Reowrus is one of the six genera of

infect a wide range of creatures,
such as mammalians, birds, plants, and
insects (1, 2). In 1953, Stanley et al,
isolated the virus for the first time from
the stool specimen of a native child
inhabitant at Yarra Bay Aboriginal settle-
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reovirus  caused oily  hair  effects,
encephalomyelitis and other viral diseases.
Hence, it was incipiently named hepato-
encephalomyelitis virus. In 1959, Albert B
Sabine used the term reovirus to describe
this group of cytopathogenic viruses (3, 4).
Roe's term is abbreviated Respiratory
Enteric Orphan. These viruses are often
isolated from the respiratory and enteric
tract of humans without clinical symptoms
or with mild clinical symptoms (5).
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Genome in these viruses includs 10 seg-
ments of double-stranded RNA-surrounded
by a spherical capsid with icosahedral sym-
metry (6).

The dsRNAs are divided into 3 class based
on their movement rate on the gel electro-
phoresis: large segments with size of about
3854-3916 bp (L1, L2, L3), medium
segments with size of about 2206-2304 bp
(M1, M2, M3) and small segments with
size of about 1196-1416 bp (S1, S2, S3,
S4) (7, 8).

There are four serotypes of reovirus based
on inhibition of hemagglutination and
neutralization: type 1 Lang, type 2 Jones,
type 3 (Abney and Dearing) and type 4
Ndelle Which has recently been isolated
from a mouse in Cameroon (5, 9).

These serotypes differ significantly in
response to a variety of physical and
chemical inactivity factors, host cell
tropism, mechanisms of cell death, CNS
disease and method of diffusion (8).
Reoviruses are found everywhere in the
environment; such as sewage and surface
water. For this reason, 70-100% of adult
persons aged between 20 to 30 years are
exposed to this virus during their lifetime.
So, they have an antibody against this
virus which makes them safe from reovirus
infections (10, 11).

Reoviruses are one of the oncolytic viruses
that can lyse cancer cells through their
oncolytic ~ process (12).  Activated ras
pathway helps reoviruses to be able to
replicate in and destroy various cancer
cells. Activation and overexpression of Ras
can be due to a direct mutation in ras
proto-oncogene or mutation in the upstream
and downstream elements of the ras gene.
These mutations play an important role in
growth, angiogenesis, and metastasis of the
tumors (13, 14). In these cells, the early
transcript of the RNA virus is translated by
phosphorylation and inactivation of double-
stranded RNA dependent protein kinase
(PKR). After replication of the virus, the
Iytic cycle occurs and ultimately precedes
the death of the cell. While in normal
cells, activation of PKR prevents translation
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of the early transcript of the RNA virus,
the lIytic cycle stops and the cell survives
(15-18).

Considering two properties of reoviruses
(non-pathogenic and oncolytic), these virus-
es can be used as a therapeutic agent
against various cancers. According to this,
replication and purification of these viruses
have particular importance in the different
field of molecular researches. Herein, we
optimized a simple, inexpensive and least
experimental facility for purification of the
reovirus.

Methods

Propagation of human reovirus. Reovirus
T3D was Kkindly provided by Dr. Ataei-
Pirkooh (lran  University of  medical
sciences). Fifty 75-cm3 cell culture flasks
were prepared and L-929 cells. L-929 cells
were seeded in all flasks followed by
adding  supplemented  culture  medium
containing Dulbecco’s modified Eagle’s
medium (DMEM), 10% fetal bovine serum
(FBS), 100 units/ml penicillin and 100
pg/ml  streptomycin.  Cell culture flasks
were incubated at 37°C in a humidified 5%
CO2 incubator until cell confluence of
~80%. Culture medium was then poured
off followed by two washes with phosphate
buffered saline (PBS). Subsequently, L-929
cells were infected with human reovirus at
an MOI of 10 PFUs/cell and incubated 1
hour at room temperature for virus
adsorption (flask was gently rocked every
15 minutes to prevent the cells from
drying out). Then the culture medium
without FBS was added to the cells and
were incubated at 37°C until ~80% cyto-
pathic effect (CPE).

Purification of human reovirus. After
~80% CPE, the cells were gently collected
using 29-cm cell scraper (SPL Life
Sciences, South Korea). Afterward,
collected cell-virus mixture were centrifuged
at 5,000 g for 30 minutes at 4°C.

The supernatant was poured off and
pelleted cells were collected in two conical
tubes. The pellets were resuspended in
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stabilization buffer containing 150 mM
NaCl, 15 mM MgCI2 and 10 mM Tris-
HCI pH 7.4 and kept in -70°C until the
next step. After thawing, pellets were
sonicated using a small probe followed by
incubation with 10% sodium desoxycholate
at room temperature for 20 minutes. Then
2/5th of the total volume of Vertrel XF
(Sigma-Aldrich Chemie GmbH, Germany)
was added to each tube followed by
sonication. Afterward, the suspension was
centrifuged at 9000 g for 10 minutes and
the top aqueous phase transferred into a
fresh tube. Nine -tenth the total volume of
Vertrel XF was added followed by mixing
and centrifugation the same as the previous
step. The aqueous phases were removed
onto a freshly prepared CsCl gradient
ranging 1.2-1.44 g/ml in an ultracentrifuge
tube. Ultracentrifugation was done at
30,000 g for 3 hours followed by the
collection of the lower virus band. Then
the collected virus band was concentrated
using the 100KDa Amicon Filter unit
(Millipore, USA). The purified virus was
then collected and kept in stabilization
buffer plus 15% glycerol at -70°C.
Titration of the purified human reovirus.
To quantify and evaluate the infectivity of
purified human reovirus, the plaque assay
was performed. Briefly, L-929 cells were
grown in 6-well cell culture plate and
infected by serial dilution of purified
reovirus as described in the previous
section. After 90 min incubation at room
temperature, overlay medium containing
DMEM, antibiotic and 0.3% agarose was
added into the wells. Seventy-two hours
later, the cells were fixed and stained with
crystal violet. Plaque assay was done in
duplicate.

Results

Propagation of human reovirus. L-929
cells are the best to propagation human
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Fig. 1. L-929 cells infected with human reovirus. Thick
arrows refer to the cells with CPE and the thin arrows
refer to the cells without virus CPE.

reovirus. Human reovirus produced apparent
CPE in ~80% of the cells at about 72
hours. Reovirus CPEs including rounding,
swallowing and sloughing have been shown
in figure 1.

Purification of the human reovirus. After
ultracentrifugation of the cells lysate, a
separated grey band including whole virions
was visible in the CsCl gradient solution
(Figure 2). The virus band was collected
by top aspiration into a 100KDa Amicon
Filter unit. After three washes with
stabilization buffer, glycerol (final concen-
tration of 15%) was added to the purified
human reovirus and then aliquoted and
kept at -70°C.

Fig. 2. Ultracentrifugation tube and the band of whole

virions of the human reovirus.
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Fig. 3. Plaque assay of the purified human reovirus. The left picture is high viral concentration and the right is low and countable.

Titration of the purified human reovirus.
Each plaque is a representative of a whole
virion. The viral plague was visible as a
clear (Figure 3) zone, these clear zones
were counted, and the final number of
virions were calculated. We were able to
obtain 3x109 PFUs/ml of purified human
reovirus, however, this number could be
increased by decreasing the volume of the
final wash.

Discussion

Purification of viruses from virus-infected
cells is one of the most important steps in
many structural and biochemical studies
(19).

Several methods are usually used to the
preparation of viruses for experiments:
Density gradient ultracentrifugation, pelleting
viruses by centrifugation, ultrafiltration, and
chromatography. Density radient  ultracentri-
fugation is the most common method for
separating a number of viruses that inclu-
des adenovirus, arterivirus, bacteriophage
(phage), calicivirus, herpesvirus, papilloma-
virus, polyomavirus, and reovirus.

Often gradients of CsCI, sucrose, or iodi-
xanol is used for the isolation of viruses
from host cells (20).

Hitherto, many studies have shown that the
oncolytic properties of reoviruses in various
cancers (12, 21-37). For this reason, puri-
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fication of reoviruses is of particular
importance. In typical methods of reovirus
purification, L-929 cells were cultured as
suspension (38).

Accordingly, this method was depended on
the specific equipment such as specific
incubators and spinner flasks that is not
found in any laboratory. However, in the
present study, L-929 cells were -cultured
monolayered form and common cell culture
flasks were utilized for purification of reo-
viruses. Also, this method can be done in
a short time, without doing dialysis step
and using Freon.

Acknowledgment

The authors would like to thank Pasteur Insti-
tute of Iran and Iran University of Medical
Sciences for their support

References

1. Zhang C, Liu L, Wang P, Liu S, Lin W,
Hu F, et al. A potentially novel reovirus isolated
from swine in northeastern China in 2007. Virus
Genes. 2011;43(3):342.

2. Betancourt WQ, Gerba CP. Rethinking the
Significance of Reovirus in Water and Waste-
water. Food Environ Virol. 2016;8(3):161-73.

3. Mahy BW, Van Regenmortel MH. Desk ency-
clopedia of human and medical virology:
Academic Press; 2010.


http://journal.isv.org.ir/article-1-368-en.html

[ Downloaded from journal.isv.org.ir on 2026-06-16 ]

4. Kim M. Naturally occurring reoviruses for
human cancer therapy. BMB Rep. 2015;48(8):454-
60.

5. Betancourt WQ, Gerba CP. Rethinking the
Significance of Reovirus in Water and Waste-
water. Food Environ Virol. 2016;8(3):161-73.

6. Gong J, Mita MM. Activated ras signaling
pathways and reovirus oncolysis: an update on
the mechanism of preferential reovirus replica-
tion in cancer cells. Front Oncol. 2014;4:167.
7. Van den Hengel SK. Strategies to Improve
Adenovirus and Reovirus Vectors for Oncolytic
Virotherapy. 2015.

8. Boehme KW, Lai CM, Dermody TS. Mech-
anisms of reovirus bloodstream dissemination.
Adv Virus Res. 2013;87:1-35.

9. Gong J, Mita MM. Activated ras signaling
pathways and reovirus oncolysis: an update on
the mechanism of preferential reovirus replication
in cancer cells. Front oncol. 2014;4: 167(1-7).
10. Kim M, Chung Y, Johnston RN. Reovirus
and tumor oncolysis. J Microbiol (Seoul, Korea).
2007;45(3):187.

11. Kicielinski KP, Chiocca EA, John SY, Gill
GM, Coffey M, Markert JM. Phase 1 clinical
trial of intratumoral reovirus infusion for the
treatment of recurrent malignant gliomas in
adults. Mol Ther. 2014;22(5):1056-62.

12. Kim M. Naturally occurring reoviruses for
human cancer therapy. BMB Rep. 2015;48(8):
454,

13. Norman KL, Hirasawa K, Yang A-D, Shields
MA, Lee PW. Reovirus oncolysis: the Ras/Ral
GEF/p38 pathway dictates host cell permissiveness
to reovirus infection. Proc Natl Acad Sci U S A.
2004;101(30):11099-104.

14. Vidal L, Pandha HS, Yap TA, White CL,
Twigger K, Vile RG, et al. A phase | study of
intravenous oncolytic reovirus type 3 Dearing in
patients with advanced cancer. Clin Cancer Res.
2008;14(21):7127-317.

15. Maitra R, Augustine TA, Venkatesh MK, Goel
S. Reovirus oncolysis-Role of cyclin-dependent
kinase inhibitor 1. Cancer Cell Microenviron.
2015;2:e750.

16. Sahin E, Egger ME, McMasters KM, Zhou
HS. Development of oncolytic reovirus for cancer
therapy. J Cancer Ther. 2013;4:1100-15.

17. Prestwich RJ, Errington F, Steele LP, llett
EJ, Morgan RS, Harrington KJ, et al. Reci-
procal human dendritic cell-natural Kkiller cell
interactions induce antitumor activity following
tumor cell infection by oncolytic reovirus. J
Immunol. 2009;183(7):4312-21.

Hamidi-Fard M et al

18. Davis D, Lahiri S. Application of Oncolytic
Viruses for Cure of Colorectal Cancer. Cancer
Res J. 2015;3:76-93.

19. James KT, Cooney B, Agopsowicz K, Trevors
MA, Mohamed A, Stoltz D, et al. Novel high-
throughput approach for purification of infectious
virions. Sci Rep. 2016;6:36826.

20. Nasukawa T, Uchiyama J, Taharaguchi S,
Ota S, Ujihara T, Matsuzaki S, et al. Virus
purification by CsCl density gradient using general
centrifugation. Arch Virol. 2017;162(11): 3523-8.
21. Chakrabarty R, Tran H, Hagerman A, Serl
S, Thompson B, Coffey M, et al. Bio-distribu-
tion of Reolysin®(pelareorep) in Sprague-Dawley
rats to support the use of this orphan virus as
an investigational drug for cancer treatment.

22. Adair RA, Scott KJ, Fraser S, Errington-
Mais F, Pandha H, Coffey M, et al. Cytotoxic
and immune-mediated killing of human colo-
rectal cancer by reovirus-loaded blood and liver
mononuclear cells. Int J cancer. 2013;132(10):
2327-38.

23. Gollamudi R, Ghalib MH, Desai KK, Chaud-
hary I, Wong B, Einstein M, et al. Intravenous
administration of Reolysin®, a live replication
competent RNA virus is safe in patients with
advanced solid tumors. Invest New Drugs. 2010;
28(5):641-9.

24, Sahin E, Egger ME, McMasters KM, Zhou
HS. Development of oncolytic reovirus for cancer
therapy. J Cancer Ther. 2013;4(06):1100.

25. llett EJ, Barcena M, Errington-Mais F, Griffin
S, Harrington KJ, Pandha HS, et al. Internalization
of oncolytic reovirus by human dendritic cell
carriers protects the virus from neutralization.
Clin Cancer Res. 2011: 3266:2010.

26. Mahalingam D, Patel S, Nuovo G, Gill G,
Selvaggi G, Coffey M, et al. The combination
of intravenous Reolysin and gemcitabine induces
reovirus replication and endoplasmic reticular
stress in a patient with KRAS-activated pancreatic
cancer. BMC Cancer. 2015;15(1): 513.

27. Alain T, Hirasawa K, Pon KJ, Nishikawa
SG, Urbanski SJ, AuerY, etal. Reovirus therapy
of lymphoid malignancies. Blood. 2002;100(12):
4146-53.

28. Ikeda Y, Nishimura G, Yanoma S, Kubota
A, Furukawa M, Tsukuda M. Reovirus onco-
lysis in human head and neck squamous carcinoma
cells. Auris Nasus Larynx. 2004;31 (4):407-12.

29. Coffey MC, Strong JE, Forsyth PA, Lee PW.
Reovirus therapy of tumors with activated Ras
pathway. Science. 1998;282(5392):1332-4.

30. Wilcox ME, Yang W, Senger D, Rewcastle
NB, Morris DG, Brasher PM, et al. Reovirus

Iranian Journal of Virology, Volume 13, Number 1, 2019 39


http://journal.isv.org.ir/article-1-368-en.html

[ Downloaded from journal.isv.org.ir on 2026-06-16 ]

Purification of Human Reovirus in Monolayer of L-929 Cells

as an oncolytic agent against experimental human
malignant gliomas. J Natl Cancer Inst. 2001;93
(12):903-12.

31.Yang W, Senger D, Lun X, Muzik H, Shi Z,
Dyck R, et al. Reovirus as an experimental
therapeutic for brain and leptomeningeal meta-
stases from breast cancer. Gene Ther. 2004;11(21):
1579.

32. Norman KL, Coffey MC, Hirasawa K,
Demetrick DJ, Nishikawa SG, DiFrancesco LM,
et al. Reovirus oncolysis of human breast cancer.
Hum Gene Ther. 2002;13(5):641-52.

33. Galanis E, Markovic SN, Suman VJ, Nuovo
GJ, Vile RG, Kottke TJ, et al. Phase Il trial of
intravenous administration of Reolysin® (Reovirus
Serotype-3-dearing  Strain) in patients with
metastatic melanoma. Mol Ther. 2012;20(10):
1998-2003.

34. Maitra R, Seetharam R, Tesfa L, Augustine
TA, Klampfer L, Coffey MC, et al. Oncolytic

40  Iranian Journal of Virology, Volume 13, Number 1, 2019

reovirus preferentially induces apoptosis in KRAS
mutant colorectal cancer cells, and synergizes
with irinotecan. Oncotarget. 2014;5 (9):2807.

35. Figova K, Hrabeta J, Eckschlager T. Anti-
cancer efficiency of reovirus in normoxia and
hypoxia. Folia Biol. 2013;59(2):68.

36. Gong J, Sachdev E, Mita AC, Mita MM.
Clinical development of reovirus for cancer
therapy: an oncolytic virus with immune-mediated
antitumor activity. World J Methodol. 2016;6(1):
25.

37. Sborov DW, Nuovo GJ, Stiff A, Mace TA,
Lesinski GB, Benson DM, et al. A phase 1
trial of single agent reolysin in patients with
relapsed multiple myeloma. Clin Cancer Res.
2014;1404:2014.

38. Berard A, Coombs KM. Mammalian reo-
viruses: propagation, quantification, and storage.
Curr Protoc Microbiol. 2009;14(1):15C.1.1-C.1.8.


http://journal.isv.org.ir/article-1-368-en.html
http://www.tcpdf.org

