Pharmacogn J. 2023; 15(5): 905-909

A Multifaceted Journal in the field of Natural Products and Pharmacognosy

www.phcogj.com

Research Article

Generation of Multinucleated Giant Cells due to Leishmania (V.)
braziliensis Infection

Jesus Rojas-Jaimes'>¥, Luis Castaneda Pelaez’

Jesus Rojas-Jaimes'*¥, Luis
Castaiieda Pelaez'

'Facultad de Ciencias de la Salud, Universidad
Privada del Norte, Lima, PERU.

2Escuela de Medicina Humana, Universidad
Cientifica del Sur, Lima, PERU.

Correspondence
Jesus Rojas-Jaimes

Facultad de Ciencias de la Salud,
Universidad Privada del Norte, Lima, PERU;
Escuela de Medicina Humana, Universidad
Cientifica del Sur, Lima, PERU.

E-mail: jesus.rojas.jaimes@gmail.com

History

e Submission Date: 20-07-2023;
* Review completed: 02-09-2023;
e Accepted Date: 06-09-2023.

DOI : 10.5530/pj.2023.15.172
Article Available online
http://www.phcogj.com/v15/i5
Copyright

© 2023 Phcogj.Com. This is an open-
access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Phcogj.co

9205

ABSTRACT

Background: Multinucleated giant cells were first described by Langhans(MGCs), these MGCs have a
role in innate immunity that includes extracellular matrix remodeling associated with granuloma formation;
another function of them is to participate in the removal of cellular debris in apoptosis during certain
infections. Objective: Generate multinucleated giant cells due to Leishmania (V) braziliensis infection.
Methods: For infection macrophage/parasite ratio of 1 to 10 using the RAW 264.7-line (5 x10%/mL) and
Leishmania (V.) braziliensis metacyclic promastigotes (50 x10%/mL) was a strain maintained in culture
Schneider liquid medium, supplemented with 20% fetal bovine serum and 10 000 U/10 mg/mL penicillin
streptomycin at pH 7 and 25 °C in the laboratory. Incubation was continued for 4 days, and microscopic
observation at 1000X was performed at 24 hours and 96 hours, respectively. Results: In our study an MGC
conversion was observed at 96 hours (50% + 28.2). Conclusions: /n vitro MGC model could be used to
study the physiopathology of MGC generation by Leishmania (V.) braziliensis infection.
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INTRODUCTION

A Leishmaniasis is a disease caused by the parasite
Leishmania and is transmitted by a dipteran of the
genus Lutzomyia or Phlebotomus. Leishmaniasis is
a growing public health concern and is considered
endemic in 88 countries. Leishmaniasis is one
of the most neglected tropical diseases whose
etiological agent is intramacrophage protozoa,
which maintains its life cycle through transmission
between the sandfly and a mammalian host. The
clinical manifestations of this zoonosis will depend
on the complex interactions that they are the
result of invasiveness, tropism, pathogenicity, and
the patient's immune response that is genetically
determined."* There are three varieties of
leishmaniasis: cutaneous leishmaniasis, mucosal
leishmaniasis, and visceral leishmaniasis. According
to previous research, these varieties are associated
with pathological clinical manifestations."?

Leishmania  (V.)  braziliensis  produces the
mucocutaneous leishmaniasis known as espundia,
which represents a dreaded complication that
causes disfigurement in the patient and is typical
for the most part in South America. While in the
old world Leishmania tropica or other Leishmania
spp, their mucosal involvement is occasionally
caused by the contiguous spread of skin lesions.'*

The complexity of leishmaniasis is due to the union
of the countless feasible combinations of different
syndromes of the disease, species and geographical
areas where the infection is obtained, consequently,
each combination varies according to its clinical
manifestation, ease of diagnosis, natural history
and response to treatment.’

In leishmaniasis, human is the accidental host and
canids and rodents are natural hosts, being this
disease endemic to areas of the tropics, subtropics
and southern Europe, in environments ranging
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from tropical forests in the Americas to deserts in
Asia. western, and from rural to peri-urban areas.>®

One of the species of particular concern is Leishmania
(V.) braziliensis. There is evidence that Leishmania
(V) braziliensis can lead to mucosal leishmaniasis in
5% of patients, affecting the upper respiratory tract
and destruction of adjacent tissues.>® These studies
suggest that patients are at high risk of coinfections
and may suffer further health complications.

Multinucleated giant cells were first described by
Langhans.” The formation of multinucleated cells
in healthy people can be found in bone tissue.®
However, multinucleated giant cells (MGCs) in non-
skeletal tissues are the result of chronic inflammation
due to the presence of foreign material that is poorly
digestible or persistent pathogens that are not
eliminated for various reasons. These MGCs have a
role in innate immunity that includes extracellular
matrix remodeling associated with granuloma
formation; another function of them is to participate
in the elimination of cellular debris in apoptosis
during certain infections.*!

Previous research findings into MGCs derived from
the fusion of a macrophage monocyte cell line may
be involved in the formation of granulomas with
lymphoplasmacytic halo and fibrosis.""'® Because
of this, chemokines such as CXCLS8 contribute
to inflammatory cells in the site of infection and
cytokines such as IFN-v, IL-4 e IL-13."11¢

Macrophages play several important roles in host
defense as they have the ability to ingest and destroy
microorganisms, remove dead tissue and initiate
the process of tissue repair, and produce cytokines
that induce and regulate inflammation. These cells
that are part of innate immunity and that are the
link with acquired immunity present recognition
receptors including those of the toll type (TLR, toll-
like receptor) and those of the NOD type (NLR,
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NOD-like receptor) are a large family of innate receptors that detect
DAMP and PAMP in the cytosol of cells and initiate signals that
promote inflammation. These receptors presented by macrophages
recognize products of microorganisms and damaged cells and activate
macrophages.'* ¢

Macrophages have the ability to activate by two different pathways,
one is the classical activation pathway and the other is the alternative
activation pathway, this allows them to serve different functions.
Classic activation of the macrophage, also called macrophage type 1
(M1) and activation by the alternative pathway also called macrophage
type 2 (M2).1+1¢

M1 macrophages engulf and kill microorganisms, kill tumor cells, and
presentantigens to T cells to trigger a specific adaptive immune response.
In addition, they secrete anti-tumor mediators such as IL-1f, IL-6,
IL-12, IL-18, IL-23, tumor necrosis factor alpha (TNF-a) and express
high levels of the major complex of type I and II histocompatibility.
While macrophages with the M2 phenotype, on the other hand, are
stimulated by other types of interleukins such as IL-4, IL-13, IL-21 and
IL-33, more of an anti-inflammatory nature, by immune complexes and
by glucocorticoids, and produce interleukins such as IL-4, IL-5, IL-10
and IL-13 and other components involved in humoral immunity and
healing.'*'¢

The cell line RAW264.7 cells, are originally derived from tumors
induced with Abelson leukemia virus. In most tumors, macrophages
are considered to be of the M2 type, due in part to the absence of M1
signals, providing a microenvironment that favors tumor growth. In
addition, M2 TAMs (Tumor Associated Macrophages) secrete many
cytokines, chemokines, proteases and growth factors that promote
tumor angiogenesis, thus favoring tumor spread and metastasis, thanks
to nutrients and oxygen supplied to the tumor by the new blood vessels.
These M2 macrophages are the perfect aid in this process, especially
the wound healing subset, as they are primed to remodel tissue and
produce Vascular Endothelial Growth Factor (VEGF).*®

Evidence suggest that MGCs have been observed in several bacterial
infections. A number of studies have shown that Mycobacterium
tuberculosis, Entamoeba invadens and HIV were found in MGCs.!7-?
These studies clearly indicate that this is a cellular response to infection
by various pathogens

The purpose of the MGCs is to remodeling the matrix of granuloma,
remove external particles and waste generated by apoptosis.”* Among
the cytokines involved in the generation of MGCs are the macrophage
colony-stimulating factor (M-CSF), the nuclear factor-activated
receptor, TNF q, lipopolysaccharides (LPS) y and the role of NADPHD
oxidase.”*

Morphologically multinucleated giant cells are generally classified into
Langhans giant cells and foreign body giant cells (FBGCs). Langhans
giant cells are characterized by having a relatively small number of
nuclei, less than 20, which are arranged in a circular peripheral fashion
within the giant cell. FBGCs usually present a large number of nuclei,
greater than 20 and irregularly located throughout the giant cell.***

Langhans giant cells are regularly seen in granulomas with epithelioid-
like macrophages and are associated with indigestible particles of
organisms surrounded by a necklace of mononuclear leukocytes that
are essentially lymphocytes. FBGCs are observed at the tissue-material
interface of medical devices implanted in soft and hard tissues."”

Additionally, FBGCs have been implicated in biodegradation events
of polymeric medical devices. FBGC and macrophages shape the
foreign body reaction at the tissue-device interface and are surface area
dependent. Tissues that are used as vascular grafts show high densities
of FBGC, whereas flat surfaces such as those found in breast implants
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exhibit only a layer of one or two macrophage cells and FBGC at the
tissue-material interface.>"

There are apparent differences in the mechanisms of Leishmania
clearance elaborated by human macrophages, such is the case that
reactive nitrogen species play aminor role in the control of leishmaniasis,
studies have indicated that infection with amastigotes results in limited
production. of superoxide, one possible explanation for why superoxide
might play a limited role in the control of leishmaniasis, is that infection
with the amastigotes form of the parasite results in limited superoxide
production.?

The aim of this study was to determine the formation of multinucleated
giant cells due to in vitro infection by Leishmania (V.) braziliensis.

MATERIALS AND METHODS

Cell line

Mouse macrophage commercial cell line RAW264.7 cells, originally
derived from tumors induced with Abelson leukemia virus, were
obtained from ATCC (ATCC TIB-71) through a purchase. Cells were
maintained at 37°C and 5% CO, in Dulbecco’s Modified Eagle Medium
(DMEM: Sigma-Aldrich, Japan) containing 10% heat-inactivated fetal
bovine serum (HI-FBS) (Thermo Fisher Scientific, USA), 100 U/ml
penicillin and 100 pg/ml streptomycin (Thermo®).

Growth calibration curve of mouse macrophage
commercial cell line RAW264.7

The optimal day of cell growth was determined on a logarithmic scale
related to its optimal metabolic state, performing a daily count in a
Neubauer chamber using the formula: Cells/mL =[ (# cells counted)
(Dilution factor) (1/Volume factor)]x 1000 . The reading was carried
out until the next day, when the growth peak was reached on the
cellular logarithmic scale.

Growth calibration curve of Leishmania (V.) braziliensis

The optimal day of parasite growth was determined on a logarithmic
scale related to its optimal metabolic state, performing a daily count in
a Neubauer chamber using the formula: Parasites/mL = [ (# parasites
counted) (Dilution factor) (1/Volume factor)]x 1000. The reading was
carried out until the next day, when the growth peak was reached on the
parasite logarithmic scale.

Cell infection

For infection 24-well sterile polystyrene plates were used and each
well contained a macrophage/parasite ratio of 1 to 10 using the RAW
264.7-line (5 x10°/mL) and Leishmania (V.) braziliensis metacyclic
promastigotes (50 x10°/mL) was a strain maintained in culture
Schneider liquid medium, supplemented with 20% fetal bovine
serum and 10 000 U/10 mg/mL penicillin streptomycin at pH 7 and
25 °C in the laboratory. Incubation was continued for 4 days, and
microscopic observation at 1000X was performed at 24 hours and 96
hours, respectively, using slides with cavities which were fixed at room
temperature in a laminar flow cabinet for 5 minutes and, then, stained
with Giemsa stain. The reading at 24 hours and 96 hours was performed
in triplicate and 100 fields were observed for each reading.

Statistical analysis

From the triplicates, the percentages of infected cells at 24 and 96 hours
were calculated. Similarly, MGCs percentages were calculated at the
evaluated hours with standard deviation.

RESULTS

Results are shown in table 1 and figures 1 to 3.
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Figure 1: Growth per day of Leishmania (V.) braziliensis
*The optimal growth of metacyclic promastigotes for the infection test
was given in logarithmic phase x 10 °/mL on the third day.
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Figure 2: Growth per day of mouse macrophage commercial cell line
RAW264.7 cells

*The optimal growth of mouse macrophage commercial cell line RAW264.7 cells
for the infection test was given in logarithmic phase x 10 */mL on the second day.

Figure 3: On top, RAW264.7 macrophages infected with Leishmania (V.)
braziliensis at 24 hours showing mononuclear cells in 3 fields (100X). On the
bottom, RAW264.7 macrophages infected with Leishmania (V.) braziliensis
at 96 hours showing multinucleated giant cells in 3 fields (1000X).

Table 1: Percentage of infection and MGCs generated by Leishmania (V.)
braziliensis.

24 hours 96 hours
Percentage of infection 25% £ 3 83% + 14.7
Percentage of MGCs 0% 50% + 28.2

The table illustrates that the percentages of infection increased as time
elapsed. In the case of the generation of MGCs, they were only generated at
96 hours with a value of 50% + 28.2.

907

DISCUSSION

A previous study has shown how RAW 264.7 MGCs infected with
Leishmania donovani perform hemophagocytosis of red blood cells
and stimulate Leishmania survival through the glycoprotein SIRPa
(a molecule involved in "don't eat me" cell recognition), in which a
decrease of SIRPa expression was found in infected cells performing
hemophagocytosis. These results coincide with those of Hong et al.
where bone marrow-derived macrophages (BMDM) infected with
L. donovani were co-cultured with erythrocytes, this led to the cells
having a higher rate of hemophagocytosis compared to uninfected
bone marrow-derived macrophages (BMDM). Furthermore, BMDMs
infected with L. donovani and stimulated with GM-CSF or IFN-y
showed higher rates of hemophagocytosis,®* inferring that this
mechanism is manipulated by the parasite as a survival mechanism
within the MGCs. In our study it was observed that 24 hours after
infection there were no MGCs with an average infection rate of 25%+3
(Figure 3), and, in the case of observation at 96 hours, an infection rate
of 83%=+14.7 was determined with 50%= 28.2 of MGCs (Figure 3), in
optimal growth scales of the macrophage and the parasite on the fourth
and fifth day respectively. (Figures 1 and 2)

One study found that at 72 hours infection of macrophages by donovani
y L. major generated MGCs of MGCs 39.2% + 4.2% and 36.2% * 6.9%
respectively.® However, this study found that infection was 83%+14.7
and MGCs generated by infection of L. (V.) braziliensis at 96 hours was
50%328.2. This result differ from a previous study were the percentage
in our study was higher.”

In vivo, the presence of MGCs infected by Leishmania may serve as
an indicator of relapse and hemophagocytosis processes, as previously
observed in studies.’®* This finding is consistent with a previous study
where 71.43% of patients with mucosal leishmaniasis exhibited MGCs
with granuloma formation and chronic inflammatory reactions.”® In
addition to this, it is noteworthy that molecules involved in the formation
of MGCs include IL-4, el IL-13, IFNy and ICAM -1 respectively.”-*

In one study they found that BMDMs treated with cytokines including
GM-CSE, IL-4 and IFNy promoted MGC formation in Leishmania
donovani infection whereas BMDMs not treated with cytokines or
only stimulated either by IL-4 or by INFy did not show apparent MGC
formation. In addition, cytokines including GM-CSF, IL-4, and IFNy
are inducers of multinucleation and the formation of phenotypically
distinct MGCs. These results coincide with those of Fais et al. and it
would also be the case of our research that after 96 hours the presence
of MGC was observed, this could be due to stimulation with cytokines
including GM-CSE IL-4 and IFNy that promoted the formation of
MGC'Z5,Z9

As mentioned in the literature, the formation of granulomas with
MGCs has been described in animals such as horses.* This suggest
that the generation of MGCs is a reaction to limit the dissemination
of etiological agents in mammals. However, recent reports showed that
MGCs are implicated in pathological processes such as sarcoidosis and
rheumatoid arthritis.?"*

Prior studies have shown that MGCs were found in cases of visceral
and cutaneous leishmaniasis®*** as well as In Vivo infections in murine
models such as the BALB/c.>* In this study, the formation of MGCs
was induced In Vitro by L. (V.) braziliensis.

In an investigation, it was reported that histological studies of the
spleens of mice infected with promastigotes of L. donovani showed
hemophagocytosis in macrophages with high infection with
amastigotes. In addition to being heavily infected, the multinucleated
giant cell (MGC) phenotype was prominent in those hemophagocytes.
Multinucleated macrophages represented 15.0 = 6.2% of the total
splenic macrophages,® in our experimental work they were carried out
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in vitro with the cells of the commercial mouse macrophage cell line
RAW?264.7, originally derived from induced tumors. with Abelson's
leukemia virus, ATCC (ATCC TIB-71), a percentage of 50% + 28.2 of
MGC generated by Leishmania (V.) braziliensis was obtained.

The multinuclear phenotype was highest in hemophagocytes where
60.4 + 5.8% of mouse splenic hemophagocytes were multinucleated.*
Some multinucleated macrophages were also found in both liver and
bone marrow tissues of mice, the proportion in those tissues being
lower than that in the spleen,® this would be because the spleen is a
larger lymphoid organ to remove. particulate matter in the blood and
concentrates hardening and microorganisms.

In addition, the spleen presents the white pulp is the main lymphatic
tissue of the spleen. It is the accumulation of lymphocytes around
an arterial vessel. This aggregation of lymphocytes constitutes the
lymphatic tissue known as the periarterial lymphatic sheath and
is the first to react if microorganisms reach the spleen through the
bloodstream. The red pulp is made up of splenic venous sinuses and
cords (of Billroth), linings of splenic macrophages around the sinuses.
The central artery continues from the white pulp and enters the red
pulp in the form of capillaries.” In visceral leishmaniasis, the spleen
is infected by Leishmania, therefore it is possible to expect that MGC
can also be found in this organ in In Vivo infections, so it is necessary
to determine the percentage and pathophysiology of this type of cells.

A possible explanation for this might be that the formation of MGCs
is due to the interaction and recognition between macrophages and
cellular structures. It has been suggested that MGCs did not form when
latex microspheres were administered to macrophages, indicating that
phagocytic capacity and MGC formation are linked to distinct pathways.”

CONCLUSION

In our study an MGC conversion was observed at 96 hours (50%
+ 28.2) which would be a reaction due to cytokine overstimulation
with IFNY trying to control parasitaemia and an overactivation of
macrophages. In addition, in vitro MGC model could be used to study
the physiopathology of MGC generation by Leishmania (V.) braziliensis
infection.

FUNDING

This work had no source of funding.

AUTHOR CONTRIBUTIONS

J.R-] made a substancial contribution in the conception, design and
data collection; L.C-P contributed in data analysis, draft the work and
revision. Both authors approved the final version of the article.

INFORMED CONSENT STATEMENT
Not applicable

DATA AVAILABILITY STATEMENT
Not applicable

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Daneshbod K. Visceral leishmaniasis (kala-azar) in Iran: a pathologic
and electron microscopic study. Am J Clin Pathol. 1972;57(2):156-
66.

2. DaneshbodY, Daneshbod K, Khademi B, Negahban S, Bedayat GR.
New cytologic clues in localized leishmania lymphadenitis. Acta
Cytol. 2007;51(5):699-710.

Pharmacognosy Journal, Vol 15, Issue 5, Sep-Oct, 2023

20.

21.

22.

23.

Yaghoobi R, Hoghooghi-Rad N. Mucosal leishmaniasis: report of
three cases. Arch Iran Med. 2001;4(3):138-40.

Murray HW, Berman JD, Davies CR, Saravia NG. Advances in
leishmaniasis. Lancet. 2005;366(9496):1561-77.

Herwaldt BL. Leishmaniasis. Lancet. 1999;354(9185):1191-9.

Sethuraman G, Vinod K, Sharma. Indian mucosal leishmaniasis due
to Leishmania donovani infection. N Engl J Med. 2008;358(3):313-5.

Langhans T. Uber Riesenzellen mit wandstindigen Kernen in
Tuberkeln und die fibrose Form des Tuberkels. Virchows Arch Pathol
Anat. 1869;382-404.

Vaananen HK, Zhao H, Mulari M, Halleen JM. The cell biology of
osteoclast function. J Cell Sci. 2000;113(Pt 3):377-81.

Ruibal-Ares B, Riera NE, de Bracco MM. Macrophages,
multinucleated giant cells, and apoptosis in HIV+ patients and
normal blood donors. Clin Immunol Immunopathol. 1997;82(2):102-
16.

Ekiz O, Rifaio * lu EN, Sen BB, Culha G, Ozgiir T, Do * ramaci A.
Leishmaniasis Recidiva Cutis of the Lips Mimicking Granulomatous
Cheilitis. Indian J Dermatol. 2015;60(2):216.

Fortes MR, Miot HA, Kurokawa CS, Marques ME, Marques
SA. Immunology of paracoccidioidomycosis. A Bras Dermatol.
2011,86(3):516-24.

Zhu XW, Friedland JS. Multinucleate giant cells and the control of
chemokine secretion in response to Mycobacterium tuberculosis.
Clin Immunol. 2006;120(1):10-20.

Anderson JM. Multinucleated giant cells. Curr Opin Hematol.
2000;7(1):40-7.

Varin A, Gordon S. Alternative activation of macrophages: immune
function and cellular biology. Immunobiology. 2009;214(7):630-41.

Mantovani A, Sica A, Sozzani S, Allavena P Vecchi A, Locati M. The
chemokine system in diverse forms of macrophage activation and
polarization. Trends Immunol. 2004;25(12):677-86.

Heusinkveld M, van der Burg SH. Identification and manipulation
of tumor associated macrophages in human cancers. J Transl Med.
2011;9:216.

Krishnan D, Ghosh SK. Cellular Events of Multinucleated Giant Cells
Formation During the Encystation of Entamoeba invadens. Front
Cell Infect Microbiol. 2018;8:262.

Ruibal-Ares B, Riera NE, de Bracco MM. Macrophages,
multinucleated giant cells, and apoptosis in HIV+ patients and
normal blood donors. Clin Immunol Immunopathol. 1997;82(2):102-
16.

Muller H, Kruger S. Immunohistochemical analysis of cell
composition and in situ cytokine expression in HIV- and nonHIV-
associated tuberculous lymphadenitis. Immunobiology. 1994;191(4-
5):354-68.

Dargent J, Lespagnard L, Kornreich A, Hermans P Clumeck N,
Verhest A. HIV-Associated Multinucleated Giant Cells in Lymphoid
Tissue of the Waldeyer's Ring: A Detailed Study. Modern Pathology.
2000;13(12):1293-99.

Yasuda H, Shima N, Nakagawa N, Yamaguchi K, Kinosaki M,
Mochizuki S, et al. Osteoclast differentiation factor is a ligand for
osteoprotegerin/osteoclastogenesis-inhibitory factor and is identical
to TRANCE/ RANKL. Proc Natl Acad Sci USA. 1998;95(7):3597-602.

Hotokezaka H, Sakai E, Ohara N, Hotokezaka Y, Gonzales C, Matsuo
K, et al. Molecular analysis of RANKL-independent cell fusion of
osteoclast-like cells induced by TNF «, lipopolysaccharide, or
peptidoglycan. J Cell Biochem. 2007;101(1):122-34.

Pham NK, Mouriz J, Kima PE. Leishmania pifanoi amastigotes
avoid macrophage production of superoxide by inducing heme
degradation. Infect Immun. 2005;73(12):8322-33.

208



Rojas-Jaimes J, et al. Generation of Multinucleated Giant Cells due to Leishmania (V.) braziliensis Infection

24.

25.

26.

27.

28.

29.

30.

Morimoto A, Uchida K, Chambers JK, Sato K, Hong J, Sanjoba C, et
al. Hemophagocytosis induced by Leishmania donovani infection is
beneficial to parasite survival within macrophages. PLoS Negl Trop
Dis. 2019;13(11):e0007816.

Hong J, Sanjoba C, FujiiW, Yamagishi J, GotoY. Leishmania infection-
induced multinucleated giant cell formation via upregulation of
ATPBVOD2 expression. Front Cell Infect Microbiol. 2022;12:953785.

Daneshbod, Y, Oryan A, Davarmanesh M, Shirian S, Negahban
S, Aledavood A, et al. Clinical, Histopathologic, and Cytologic
Diagnosis of Mucosal Leishmaniasis and Literature Review. Arch
Pathol Lab Med. 2011;135(4):478-82.

Mclnnes A, Rennick DM. Interleukin 4 induces cultured monocytes/
macrophages to form giant multinucleated cells. J Exp Med.
1988;167(2):598-611.

Yagi M, Miyamoto T, Sawatani ¥, lwamoto K, Hosogane N, Fujita N,
et al. DC-STAMP is essential for cell-cell fusion in osteoclasts and
foreign body giant cells. J Exp Med. 2005;202(3):345-51.

Fais S, Burgio VL, Silvestri M, Capobianchi MR, Pacchiarotti
A, Pallone F Multinucleated giant cells generation induced by
interferon-gamma. Changes in the expression and distribution of the
intercellular adhesion molecule-1 during macrophages fusion and
multinucleated giant cell formation. Lab Invest. 1994,71(5):737-44.

Ortega-Garcia M, Salguero F, Garcia N, Dominguez M, Moreno |,
Berrocal A. Equine infection with Leishmania spp. in Costa Rica:
Study of five cases. Vet Med Sci. 2021,7(6):2234-9.

31

32.

33.

34.

35.

36.

37

Okamoto H, Mizuno K, Horio T. Monocyte-derived multinucleated
giant cells and sarcoidosis. J Dermatol Sci. 2003;31(2):119-28.

Takano H, Tomita T, Toyosaki-Maeda T, Maeda-Tanimura M, Tsuboi
H, Takeuchi E, et al. Comparison of the activities of multinucleated
boneresorbing giant cells derived from CD14-positive cells in the
synovial fluids of rheumatoid arthritis and osteoarthritis patients.
Rheumatology. 2004,;43(4):435-41.

Daneshbod Y, Dehghani SJ, Daneshbod K. Bone marrow aspiration
findings in kala-azar. Acta Cytol. 2010;54(1):12-24.

Calvopina M, Uezato H, Gomez EA, Korenaga M, Nonaka S,
HashiguchiY. Leishmaniasis recidiva cutis due to leishmania (Viannia)
panamensis in subtropical Ecuador: Isoenzymatic characterization.
Int J Dermatol. 2006;45(2):116-20.

Morimoto A, Omachi S, Osada Y, Chambers JK, Uchida K, Sanjoba
C, et al. Hemophagocytosis in experimental visceral leishmaniasis
by leishmania donovani. PloS Negl Trop Dis. 2016;10(3):e0004505.

Muraille E, De Trez C, Pajak B, Torrentera FA, De Baetselier B Leo O,
et al. Amastigote load and cell surface phenotype of infected cells
from lesions and lymph nodes of susceptible and resistant mice
infected with leishmania major. Infect Immun. 2003;71(5):2704-15.

Doan T, Lievano F, Swanson M, Viselli S. Inmunologia. Barcelona:
Lippincott Williams & Wilkins; 2021.

Cite this article: Rojas-Jaimes J, Pelaez LC. Generation of Multinucleated Giant Cells due to Leishmania (V.) braziliensis Infection.
Pharmacogn J. 2023;15(5): 905-909.

9209

Pharmacognosy Journal, Vol 15, Issue 5, Sep-Oct, 2023



	Title
	Abstract

