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Abstract 

Giant cell formation forms an important concept in understanding etiopathogenesis of various oral 
pathologies. Till date numerous concepts have been proposed to elucidate their pathogenesis. However, 
a consensus is yet to be developed. In the quest to explore all the possible theories related to their 
formation, the authors realized that till date there is no single literature piece explaining the concepts. 
Also, the theories have been published in very old papers which are difficult to access by the students 
interested in learning more about the topic. Hence this compendium is an effort by the authors to 
simplify the access and explanation of this topic for the students and other researchers. 
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Introduction  
A giant cell is a mass formed by the unification of 
multiple individual cells (usually macrophages) 
which go through specific intercellular interactions 
leading to the formation of a multinucleated cell with 
a single cytoplasmic compartment.[1] These cells are 
unusually large or gigantic, inflammatory, are often 
phagocytic and are also called as multinucleated giant 
cells (MNGCs), polykaryocytes or syncytium. 
MNGCs are often seen at the sites of chronic 
inflammation or granulomatous inflammation. They 
were first seen by Rokitansky and Langhans in 1868 
in a case of tuberculous granuloma.[1] Broadly the 
MNGCs can be classified into 3 types - osteoclasts, 
foreign body giant cells (FBGCs), and Langhans 
giant cells.[2] While Osteoclasts would be commonly 
found functioning as bone resorbing cells under 
physiological conditions in bone, the FBGCs and 
Langhans types are formed during inflammatory 
reactions like granulomas or against foreign material 
like implants and protheses.[3,4] 
Numerous head and neck pathologies with diverse 
etiopathogenesis exhibit MNGCs e.g., Tuberculosis, 
Leprosy, Giant cell granulomas, Giant cell tumor, 
Hyperparathyroidism, Calcifying odontogenic cyst 
etc. Although, MNGCs have diagnostic importance, 
yet it is surprizing that there is very less clarity and 
no consensus about their origin and role based on the 
immunohistological, ultrastructural and enzymatic 

studies. Although it has been almost 150 years of 
knowing about this entity, yet there is dearth of 
literature discussing the concepts related to their 
formation. A few authors have tried to consolidate 
the phenotype, biologic activities and mechanism of 
formation.[5,6]  
Hence, this paper is an attempt to enlighten the 
readers about these enigmatic cells, their appearance, 
origin, formation and lesions associated with them. 
 

Formation of Giant Cells 
Till date numerous hypothesis have been proposed to 
explain the formation of MNGCs, however, there is 
still no consensus regarding the pathogenesis. The 
following concepts have been put forth by various 
authors: 
 
1. Historical Concepts 
Harris showed that after a polykaryon undergoes 
nuclear division a single mitotic spindle is formed, 
which creates a single hyperdiploid nucleus.[7] 
Borrel (1893) was the first to suggest that MNGCs 
are fused masses of mononuclear leucocytes.[8] 
 

2. Fusion of Cell Membranes 
According to this concept, all mammalian cells carry 
an overall negative charge on their surface.[9] The 
thickness of surface coat of cells is reduced due to 
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some unknown agent which brings the negatively 
charged surfaces closer and causes an electrostatic 
displacement of intramembranous calcium.[10] It is a 
known fact that Calcium is important in maintaining 
membrane stability, and the destabilisation may be 
the cause of membrane fusion.[11] 

3. Induction by Viruses 

The attachment of viral envelope to the host cell 
surface leads to a decrease in cell coat thickness. 
Hence the viral envelope fuses with the cell 
membranes of two adjacent cells. Forming a “bridge” 
between them, leading to formation of a giant cell 
e.g., Warthin – Finkeldey giant cells in measles.[12] 
(Figure 1) 
 

 
Figure 1: Formation of Warthin – Finkeldey giant 
cells 
 

4.  Role of Macrophages 
Mariano and Spector presented that when certain 
macrophages were enclosed in the chamber, they 
undertook mitosis thereby revealing many 
chromosomal abnormalities. When the chambers 
were left open, the fresh incoming macrophages 
fused with those already inside the chamber to form 
giant cells. They suggested that chromosome 
abnormalities lead to the formation of an abnormal 
cell surface on the ageing population which is 
recognized by fresh incoming cells and leads to their 
fusion.[13,14]  (Figure 2) 

Figure 2: Role of macrophages in giant cell 
formation 

5. Induction by Endocytic Activity 
Chambers (1977) proposed that if a material is 
attached to the surface of two macrophages, each 
macrophage would form endosome margins. The 
endosomic margins of both macrophages then meet 
each other resulting in cell fusion.[15-18] (Figure 3) 
 

 
Figure 3: Giant cell formation by Endocytic 
activity 

6. Induction by Foreign Body  
Foreign body giant cells (FBGC) are commonly 
found in areas where it is difficult to remove foreign 
material and where the size of foreign particle is too 
large to permit macrophage phagocytosis. Usually, it 
is the foreign material which possesses antigenic 
properties (fungi, tubercle bacilli etc) but it is even 
possible that the inflammatory process itself produces 
antigens.[19] Various authors have stated that the β1 
and β2 integrin receptor families are necessary 
mediators in formation of this variety of giant cells.  

7. Induction by Bacteria ie, 
Mycobacterium 
Some authors have even proposed that the number of 
nuclei within a giant cell can be correlated with the 
virulence of mycobacterium leading to their 
formation. For example, a high virulence 
mycobacterium like M. tuberculosis induces 
formation of large multinucleated giant cells with 
more than 15 nuclei per cell; whereas low virulence 
mycobacterium species, e.g., M. avium and M. 
smegmatis produce giant cells with low numbers of 
nuclei (less than 7) per cell. [20-21] 
A summary of various proposed mechanisms of giant 
cell formation has been presented in Figure 4. 
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Figure 4: Summary of various concepts of giant cell formation 

 
Giant Cell Lesions  
The lesions associated with giant cells can be broadly 
categorised as Infections (Bacterial, Viral, Fungal and 
Granulomatous), cysts, Non neoplastic soft tissue or 

bony lesions, benign or malignant neoplasms or 
miscellaneous lesions. In this section we will discuss 
some of the common lesions associated with giant 
cells. (Table 1) 

 
Table 1: Various lesions associated with giant cells 

 

 
Lesion 

Speculated origin of 
giant cell Type of giant cell 

Bacterial 
infections 

Tuberculosis Macrophage Langhans/ Foreign body 
Syphilis Macrophage Foreign body 
Leprosy Macrophage Langhans/ Foreign body 

Viral infections 

Herpes simplex Epidermal cell MNGCs with “ground glass nuclei” 
Herpes zoster Epidermal cell Tadpole or tear drop shaped giant cells. 

CMV infection 
Epithelial/ Endothelial 

cells 
Nothing specified 

Measles 
Follicular dendritic 

cells 
Warthin Finkeldey 

Fungal infections 
Sporotrichosis  Langhans 
Histoplasmosis  Langhans 

Coccidiomycosis Macrophage Nothing specified 

Granulomatous 
Infections 

Sarcoidosis Macrophage Langhans/Foreign body/Touton 
Wegener’s 

granulomatosis 
Macrophage Langhans/ Foreign body 

Periapical granuloma Macrophage Foreign body/ Touton 
Foreign body reaction Macrophage Foreign body 

Cysts 
Aneurysmal bone cyst Osteoclast Osteoclast-type 

COC  Foreign body 
Traumatic bone cyst Osteoclast Osteoclast like 

 
Non neoplastic 

soft tissue lesions 

PGCG 
Osteoclast/Histiocyte 
/phagocytic response 

MNGCs with several dozen vesicular or 
pyknotic nuclei 

Giant cell fibroma 
Fibroblast 

 
Stellate shaped MNGCs 

Pseudosarcomatous 
fascitis 

Osteoclast/Foreign 
body 

Osteoclast like/ Foreign body type 
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Xanthogranuloma - Touton 
Traumatic granuloma Macrophage Nothing specified 

Non neoplastic 
bony lesions 

CGCG Osteoclast Foreign body 
Brown tumor Osteoclast Osteoclast like 
Cherubism Osteoclast Osteoclast like 

Fibrous dysplasia Macrophage Nothing specified 
Paget’s disease Osteoclast Osteoclast like 
Histiocytosis X Histiocyte Histiocytic giant cells 

Benign 
neoplasms 

GCT 
Osteoclast/mononucle

ar cells 
Osteoclast like 

Osteoid osteoma Osteoclast Osteoclast like 
Osteoblastoma Osteoclast Osteoclast like 

Malignant 
neoplasms 

Hodgkins lymphoma B cells/ T cells Reed Sternberg 
Osteosarcoma Tumor cells/osteoclast Osteoclast like 

 
Miscellaneous 

lesions 

Internal resorption Osteoclast Osteoclast like 
External resorption Osteoclast Osteoclast like 

Spindle and/or 
epitheloid cell naevus 

- Foreign body 

 
 

Tuberculosis 

The histologic lesion of TB shows a granulomatous 
inflammatory reaction composed of granulomas 
showing central caseous necrosis. M. tuberculosis 
provokes a characteristic macrophage response in 
which focal zones of macrophages become 
surrounded by a of lymphocytes and fibroblasts.[10] 
Fusion of macrophages results in the formation of 
Langhans giant cells nuclei distributed around the 
periphery of the cytoplasm in horse-shoe fashion/ 
arrangement. Some authors have also quoted that 
interactions with CD40 and its ligand (CD40L) as 
well as interefron gamma lead to the formation of 
Langhans’ giant cells.[21]  

Sarcoidosis 
It has been proposed that in sarcoidosis, the giant 
cells mostly are of a monocyte – macrophage lineage. 
The types usually seen are Langhans-type with an 
arcuate arrangement of nuclei and a Foreign-body 
type with random arrangement of nuclei.  In rare 
instances, Touton-like giant cells have been also 
reported in subcutaneous sarcoidosis.[22] The touton 
variety is known to have a central homogeneous 
cytoplasm surrounded by a ring of nuclei. The nuclei 
are surrounded by foamy cytoplasm. The theory 
proposed for formation of giant cells states that they 
are formed because of the fusion of the epithelioid 
mononuclear cells. They may also be seen sometimes 
with inclusion bodies such as Schaumann bodies or 
stellate asteroid bodies.[23] 

 

Measles 
The giant cells in measles are formed in the 
prodromal or pre-eruptive period of the disease and 
are known as Warthin-Finkeldey giant cells.24 As 
described by Warthin, these giant cells cells are 
round or irregularly lobed and have nuclei arranged 
in a grape-like cluster in the center of the cell. There 
were some with as many as 70 to 100 nuclei.[25] 
Warthin proposed that it was a "defence cell" formed 
by "amitotic division of nuclei in hyperchromatic 
cells resembling lymphocytes."[26] Finkeldey 
suggested that "while one can assume that there is an 
excessive nuclear proliferation following an 
abnormal stimulus, one can also find pictures that 
lead one to think of cell-fusion."[26] Mayerhofer 
seconds the suggestion of an allergic 
phenomenon.[27] 
 
Peripheral giant cell granuloma (PGCG) 
The classic histologic picture of PGCG shows 
numerous giant cells lying within the stroma 
consisting of fibroblasts, immature cells and ground 
substance. [28] Numerous hypotheses have been 
proposed for their formation. Certain researchers 
have proposed that the giant cells are a a phagocytic 
response to haemorrhage within the granulation 
tissue.[29] While authors propose that giant cells 
originate either from osteoclasts or mononuclear 
histiocytes. Research conducted by Flangan et al 
provided evidence that the giant cells resemble 
osteoclasts. They used giant cells excavated from 
bone in-vitro for their research.[30] 
 
 



 
Rama Univ. J. Dent. Sci. 2022 JUNE; 9(2):8-14                      ISSN No. 2394-417X (print), 2394-4188(online) 
 

12 
 

Central giant cell granuloma (CGCG)  
The histopathologic picture of CGCG is characterized 
by the numerous MNGCs embedded in a fibrocellular 
stroma usually found closer to blood vessel walls.[31] 
Although the exact variety of giant cells seen is still 
uncertain, but most likely they are phagocytes, 
foreign body cells, or osteoclasts. [19] Several 
theories have been proposed for the presence of the 
giant cells. Some authors have proposed that the 
tumor fibroblasts lead to accumulation of monocytes 
and later transform them into MNGCs.[32] While 
some others like Jaffe (1953), and Bernier and Cahn 
(1954) suggested that the giant cells are formed as a 
phagocytic response to haemorrhage in the chronic 
reparative granulation tissue. Mallory (1911) 
suggested that MNGCs arise from macrophages.[33] 
 

Giant cell tumor (GCT) 
GCT of bone is a distinctive neoplasm of 
undifferentiated cells. It has been proposed that 
MNGCs are the outcome of fusion of the proliferating 
mononuclear cells.[34] The giant cells are usually 
large and have over 20 or 30 nuclei, most of them 
arranged toward the center. They resemble osteoclasts 
at all levels: morphologic, ultrastructural determined 
primarily by expression of CD68 (ruffled border and 
abundant mitochondria) enzyme histochemical 
(abundant tartrate-resistant acid phosphatase, 
cathepsin K, lysozyme, α1-antitrypsin, α1-
antichymotrypsin and other hydrolytic enzymes), and 
immunohistochemical (positivity for microphthalmia-
associated transcription factor (Mitf), and other 
histiocytic markers). Due to these similarities, GCT 
of bone is also known as osteoclastoma. [34] 

Hodgkins Lymphoma (HL) 
The giant cells of Hodgkins lymphoma are known as 
Reed-Sternberg cells. Activation of the transcription 
factor NF-κB (Nuclear factor kappa beta) either by 
EBV (Epstein Barr Virus) infection or by some other 
mechanism is a common event in classical HL. It is 
hypothesized that activation of NF-κB saves the 
“crippled” germinal-center B cells which are unable 
to express Immunoglobulins from apoptosis. This 
further leads to other unknown mutations that work 
in partnership to produce Reed Sternberg cells.[35] 
Reed–Sternberg cell is a large cell (20–50 µm in 
diameter or more) with abundant weakly acidophilic 
or amphophilic cytoplasm, which may appear 
homogeneous or granular. The nucleus is bilobed or 
polylobed so that the cell appears binucleated or 
multinucleated and is usually vesicular but with some 
coarse chromatin clumps scattered throughout with a 
thick, sharply defined nuclear membrane. In the most 

typical example of the Reed–Sternberg cell, the two 
nuclear lobes face each other (‘mirror image’), 
resulting in the ‘owl eye’ appearance. When 
multilobation occurs, the appearance has been 
likened to that of an ‘egg basket’.[36] 
 
Internal Resorption 
Vascular changes occurring during the process of 
internal resorption attract numerous macrophages 
which eventually differentiate into osteoclasts ie 
MNGCs.[37] MNGCs are also described in lacunae 
of hard tissue next to polymorphonuclear neutrophils. 
Some researchers have also observed numerous 
multinucleated dentinoclasts adjacent to the dentinal 
wall which are histologically and functionally 
identical to osteoclasts.[38]  
 

Foreign Body Reaction 
Foreign body reaction is the end-stage response of 
the inflammatory and wound healing responses 
which occur after implantation of a medical device, 
prosthesis, or biomaterial. It is a defence mechanism 
to eliminate endogenous and exogenous foreign 
material and is different in soft tissue and hard tissue. 
It is usually composed of macrophages and giant 
cells. MNGCs are frequently of foreign body type, 
with nuclei scattered irregularly throughout the 
cytoplasm, but Langhans giant cells can also be 
seen.[39] 

 

Calcifying Odontogenic Cyst (COC) 

COC is known for the presence of ghost cells in its 
epithelial lining. It has been proposed that when the 
ghost cells encounter the connective tissue wall of the 
cyst, they may induce a foreign body reaction leading 
to the formation of MNGCs. [40] 
 

Conclusion 
Extensive literature research of head and neck 
pathologies containing giant cells could not bring 
forth the exact etiopathogenesis and prognosis of 
these mysterious cells. Although the researchers have 
even tried to synthesize the giant cells “in-vitro” but 
have not succeeded. In some of the giant cell lesions, 
the pathogenesis/ origin is well evident but in 
majority of them, it still remains questionable. 
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