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Introduction

The term “Dendritic cell” (DC), which now refers to a 
family of antigen-presenting cells, including Langerhans 
cells (LCs), was coined by Steinman and Cohn.[1] The 
DCs represent a large family of antigen-presenting 
cells that circulates through the bloodstream and are 
scattered in nearly all tissues of the body. DCs occupy a 
unique niche in the innate immune system by serving as 
a “bridge” to the adaptive immune response, and have 
a powerful capacity to activate immunologically naïve 
T-cells in an antigen specific way.[2] In the peripheral 
tissues of humans, three major DC subsets have been 
described, including two in the myeloid lineage—LCs 
and interstitial DCs (also known as dermal DCs), and the 
third being lymphoid or plasmacytoid DCs.[3] 

Although first discovered in 1868,[4] the epidermal 
dendritic LCs remained enigmatic for over a century, until 
they were identified as the most peripheral outpost of the 
immune system.[5] And for many years these were regarded 
as ectodermal cells, artifacts, melanocytes or neural 
elements such as Schwann cells. As sentinels of immune 
system, LCs survey the epithelial surface for antigenic 
pathogens and by initiating immune response against 
them, secure the integrity and homeostasis of the body’s 
most peripheral organ. LCs were first described in human 
oral mucosa.[6] Further, recent studies have highlighted 
mucosal LCs as important arbiters of mucosal immunity, 
in response to antigen of microbial or tumor origin, but also 
of tolerance to self antigen and commensal microbes.[3] Oral 
mucosal LCs have been found responsive to nickel in 
patients with nickel allergies, oral Candida species, oral 
lichen planus (OLP), lichenoid drug eruptions, rhomboid 
median glossitis, human immunodeficiency virus (HIV) 
infection, hairy leukoplakia of the tongue, oral squamous 
cell carcinoma, and several other diseases.[3,7-12]

In this review, LCs and their immune responses are 
discussed. The section focuses the role of LCs in oral 
mucosal diseases, and updates the recent advances in 
immunologic role of LCs. 
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Microanatomy of LCs
A detailed ultrastructural analysis of oral mucosal 
LCs within gingival epithelium has been studied. [13] 

LCs in situ possess between 5 and 9 dendrites 
that extend out in the same horizontal plane and 
cover about 25% of the surface area of the skin and 
mucosa [Figure 1].[14] Desmosomes and tonofilaments 
are absent, the nuclei have clefts, and lysosomes, 
centrioles, Golgi vesicles, small amount of endoplasmic 
reticulum, and moderate numbers of mitochondria 
are seen. Immunohistochemistry later confirmed 
the presence of vimentin in skin and oral mucosal 
LCs. Characteristic feature is the presence of Birbeck 
granules (100 nm to 1 μm in size), some of which are 
continuous with the cell membrane, appear either as 
rod-shaped bodies or, if the terminal vesicle is present, 
as the classic tennis-racket shape.[15] These granules 
were first described in LCs by Birbeck et al.[16] and 
are often referred to as “Langerhans cell granules.” 
Labeling techniques revealed that Birbeck granule 
form as a consequence of endocytic, clathrin-associated 
invaginations of the cell membrane. The function of 
Birbeck granule is unknown and it has often been 
associated to antigen-trapping and antigen-presenting 
function and the development of Birbeck granule is 
thought to be linked to the epidermal micromilieu. 
However, few support the view that Birbeck granules 
are not a prerequisite for function to stimulate 
T-cells and instead represented a peculiar form of 
endocytosis.[17] 

Two types of LCs have been described based on their 
electron microscopic appearance: Type 1: is highly 
dendritic with an electronlucent cytoplasm, numerous 
granules and is usually found in the suprabasal layers; 
Type 2: shows fewer dendrites, a more electron-dense 
cytoplasm with fewer Birbeck granules and is usually 
located in the basal layer.[18] 

Six electron-microscopic criteria of specificity for LCs 
identification has been put forth as: (a) Indented or 
lobulated nucleus, (b) Birbeck granules, (c) Absence of 
tonofilaments, (d) Well-developed Golgi apparatus with 
a clear cytoplasm, (e) Absence of desmosomes; and (f) 
Absence of melanosomes and premelanosomes.[19] 

Origin
LCs originate from bone marrow precursors, which 
upon circulation in the peripheral blood, populate in the 
skin. CD34+ haematopoietic progenitor cells have now 
been identified as the cells committed to the LC lineage. 
However, it is well established that, the lineage committed 
to differentiation of LC is less restricted, and under 
specific environmental conditions, common precursors 
can give rise to multiple DC subtypes [Figure 2].[20] 
Factors like granulocyte/macrophage colony stimulating 
factor (GM-CSF) and tumor necrosis factor (TNF)–α  
have been identified, governing the development of LCs.
[21] Other stimuli include interleukin-3 (IL-3), stem cell 
factor (SCF), and Flt3-ligand and transforming growth 
factor-β1 (TGF-β1).[22,23]

Life cycle
The exact maturational stage at which LCs enter the 
epidermis/mucosa is still unknown. HLA-DR/ATPase+ 
DCs can be identified in the human epidermis by 6-7 
weeks estimated gestational age. Until 12th week of 
intrauterine life LCs are CD1a-negative and lack Birbeck 
granules. Thereafter, there occurs a dramatic increase in 
CD1a expression.[24]

It is well established that the LCs are chemotactically 
responsive to the chemokine RANTES, macrophage 
inflammatory protein (MIP)-1, monocyte chemotactic 
protein (MCP)-1, and macrophage derived chemokine 
(MDC), and these chemokines may play an important 

Figure 2: Origin of Langerhans cells from the bone marrow precursor 
cells

Figure 1: Showing CD1a positive Langerhans cells with dendritic 
processes within the oral mucosa (a) At 40× (b) At 100× magnification
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role in epithelial migation of LCs. CCL20/macrophage 
inflammatory protein 3-α/MIP3-α is an important 
chemokine that selectively attracts LC precursors into 
the epidermis, which is produced by epithelial cells, 
albeit predominantly under inflammatory conditions.[25]

It is a well-established concept that LCs constitute a 
mobile cell population with epidermal residence only 
one step in their life cycle. The migrating pathway is 
explained in [Figure 3]. LCs migrating away from the 
epidermis could either be replenished, by circulating 
LC precursors, or form a pool of self generating cells 
with a relatively low turnover.[26] Although several 
studies have suggested a relatively slow turnover of 
LCs, their actual lifespan remains elusive in humans, 
the half-life of epidermal LCs ranges from 53 to 78 days 
(i.e., 2-3 months), in murine skin.[27] However, it is yet 
unknown whether LCs die by random or by senility. The 
pool of LCs migrating out of the cutaneous compartment 
are always present in the afferent lymph that access the 
T-cell area, but not in efferent lymph, thus indicating 
that most of the migrating DCs die after their arrival in 
lymphoid tissues.[28] 

Functional properties
Among the earliest reports it has been found that LCs 
can present antigen to both helper and cytotoxic T-cells, 
and the removal of LCs population eliminates this 
stimulatory effect. The understanding of LCs interaction 
and immunologic function has tremendously multiplied 
over the time.[29] 

LCs primarily present exogenous antigen-derived peptides 
via the MHC class II presentation to CD4+helper T-cells. 
LCs have also been implicated in generation of the MHC 
class I restricted cytotoxic (CD8+) T-cell responses, which 
depend on the expression of costimulatory molecules 

B7-1. In addition, LCs stimulate NK cells facilitated by the 
production of cytokines, including IL-12.[30]

In most tissues, LCs are present in a so-called “immature” 
state unable to stimulate T-cells. Immature LCs express 
an extensive array of surface receptors that can recognize 
various antigens. These include toll-like receptors, C-type 
lectin receptors, Fc-γ, and complement receptors.[2] Antigens 
are captured by LCs in peripheral tissues and processed to 
form MHC—peptide complexes.[31] Mostly, although not 
exclusively, endogenously derived antigens are processed 
via the HLA class I pathway in antigen-presenting 
cells, including tumor cells. As a consequence LCs are 
mobilized and matured in response to inflammatory 
cytokines and pathogen associated molecular patterns 
from oral mucosal pathogens. LCs migrate into the 
lamina propria and become CD83+ mature DCs 
[Figure 3].[2] The maturation and migratory activity of 
LCs is tightly regulated by expression of chemokine 
receptors, selectins, chemoattractants/inflammatory 
chemokines, and integrins.[2] Whole bacteria, the microbial 
cell-wall component (Lipopolysaccharides [LPSs]), and 
cytokines like IL-1β, GM-CSF, and TNF-α, all stimulate 
DC maturation and mobilization, whereas IL-10 blocks 
it. Important family of proteins involved include the 
signal transducer and activator of transcription (STAT) 
family and Janus activated kinase (JAK) family of 
tyrosine kinases.[32]

Maturation entails a down-regulation of phagocytosis 
activity, and an up-regulation of migratory activity and 
of costimulatory molecule expression en route to the 
secondary lymphoid organs.[2] Activated LCs lose their 
adhesiveness for epithelial and begin to express the 
surface receptor CCR7 that is specific for chemotactating 
cytokine produced in the T-cell zone of lymph nodes.[33] 
An important factor for emigrating LC is the basement 
membrane. LCs probably attach to it via α6-containg 
integrin receptors and produce proteolytic enzymes 
such as type IV collagenase (matrix metalloproteinase 9) 
to penetrate and to pave their way through the dense 
dermal network into the lymphatic system.[34] Recently, 
osteopontin has also been described as an important 
chemotactic protein that is essential for emigration and 
attracts LCs to draining lymph nodes by interacting with 
an N-terminal epitope of the CD44 molecule.[35]

There, LCs may complete their maturation, attract T- and 
B-cells by releasing chemokines and maintain the viability 
of recruiting T lymphocytes.[36] If the antigen has also been 
bound by B-cells, then both B- and T-cells can cluster 
with mature LCs, which upon activation leave the T-cell 
area leading to immune responses. B-cell elicits humoral 
immune response and some form antibody-secreting 
plasma cells. While T-cells migrate to the original site of 
antigen deposition, and mediate a cellular response.[37]

Figure 3: Schematic representation of LCs migration from the oral 
mucosa to the regional lymph node. The right side of the scheme 
shows the functional properties of mature and immature LCs
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In an electron microscopic analysis of the contact area 
produced between LCs and T-lymphocyte showed 
two types of physical association between these 
cells. Type I, which corresponds to small areas of 
glycocalyx—glycocalyx interaction between protrution 
and microvilli of LCs and lymphocytes, and type II, 
characterized by wide and tight areas of close apposition 
in which there were bridged zones of contact and small 
septilaminar junctions (that characterize gap junctions) 
between the plasma membranes of both cells.[16] In addition, 
the antigen molecules were localized in relation to the type 
I binding.[37] An additional requirement is the interaction 
of costimulatory molecules. Costimulatory molecules, 
CD4 and CD8 bind to invariable regions of MHC further 
stabilizing the TCR—peptide—MHC complex, and 
enhancing the level, duration, or both, of TCR-mediated 
signaling. Furthermore, antigen-presenting cells also 
provides costimulatory signals via the production of 
cytokines, such as IL-1, IL-6, IL-12, and IL-15. IL-12 is 
essential for up-regulation of IFN-γ production and 
generation of type-I helper cells, associated with cell 
mediated immunity.[38] 

Convincing evidence exists that the superior immune-
stimulatory activity of LCs is not only mediated by their 
surface molecules but also by their secretory activity. LCs 
were found to spontaneously produce mRNA encoding 
IL-α, IL-β, IL-6, IL-7, IL-12, IL-15, IL-18, TNF-α, TGF-β, 
M-CSF, and GM-CSF. Prostaglandlin (PG) D2 has been 
identified as the main cyclooxygenase product of LCs, 
further product of 5-lipooxygenase pathway include, 
5-hydroxyeicosatetraenoic acid (HETE), 12-HETE, 
15-HETE and small amounts of LTC4 and LTB4.[39] 
Furthermore, DCs are a significant source of IL-2, which 
is essential for T-cell priming and NK-cell activation.[40] 

Identification of Langerhans Cells
LCs are not evident in the epithelium by routine 
hematoxylin and eosin staining. The criteria have 
been established that now allow the recognition and 
identification for LCs. These criteria include a clear 
cytoplasm devoid of tonofilaments, desmosomes, or 
melanosomes; a lobulated, frequently convoluted nucleus; 
and the presence of distinctive trilaminar cytoplasmic 
organelle, termed LC granule or Birbeck granule.[16]

One of the first techniques employed was the metal 
impregnation staining technique using heavy metals such 
as gold chloride, although tedious, this technique is rather 
specific. Impregnation with osmium-zinc-iodide yield 
good results, but also stains melanocytes and occasionally 
keratinocytes.[41] The availability of biochemical markers 
such as adenosinetriphospahtase (ATPase) and 
5′-nucleotidase facilitated the identification of LCs 
in oral mucosa prior to the development of specific 

immunochemical markers.[3] The demonstration 
o f  a  membrane  bound,  formal in  res i s tant , 
sulfhydryl-dependent ATPase is an excellent method for 
identification of LCs, although adenosine diphosphatase 
(ADPase) was recently shown to be more specific.[42]

Another method for staining LCs in routine fixed 
and paraffin-embedded tissues is based on the use of 
antiserum against S-100 protein. In the oral mucosa, 
limitation of the method arises from the fact that 
S-100 proteins have been found in melanocytes of 
normal and pathological tissues. Antigenic moieties 
uniformly present and easily detectable on/in these 
cells include: (1) panhematopoietic marker cluster 
differentiation (CD)-45; (2) class II antigen encoded by 
the HLA-D region of major histocompatibility complex 
(MHC); (3) CD1a antigen, that is, MHC class I-related 
restriction elements (4) S-100 protein; (5) Cytoskeleton 
antigen vimentin; and a Birbeck granule-associated 
antigen defined by mAb Lag. Among these markers, anti-
CD1a immunolabelling is considered a reliable approach 
for identifying epidermal human LCs, because of high 
CD1a expression density on both the surface and in the 
cytoplasm, even one-step immunolabelling procedures 
usually suffice for reliable LC labeling, and is further 
capable of staining immature cells also.[43] 

LCs constitutively express MHC class II glycoproteins 
on DC processes. A recently described feature of LCs 
is their specific expression of langerin, and are the only 
cells known to express langerin (CD207). Langerin is 
a C-type lectin that can bind and mediate the uptake 
of sugar-containing molecules including mannose, 
N-acetyl-glucosamine, and fucose. Langerin are now 
known to distinguish LCs from other DC subsets.[43]

CD83 is a well-recognized marker for mature DCs. 
It is expressed as a cell surface molecule on thymic, 
circulating, and monocyte derived DCs, as well as LCs in 
the skin, interdigitating reticulum cells in the T-cell zones 
of lymphoid organs, and microglia. Low level expression 
has also been reported on activated T-and B-cells. In 
addition, CD83 can be expressed in a soluble form, and 
is able to down-regulate DC maturation and stimulation 
of T-cells. When CD83 expression was disrupted in mice, 
CD4+ T-cell generation was impaired.[44,45]

Langerhans Cells in Oral Mucosa 
Apart from occasional occurrences at extraepithelial 
sites (dermis, dermal lymphatics, aortic wall, lymph 
nodes, thymus), LCs are essentially confined to 
stratified sqamous epithelia, ranging an average number 
of 160-550 cells/mm2. Nonkeratinized mucosa, that is, 
mucosa of the soft palate, ventral tongue, lip, and floor 
of the mouth had the highest counts, with a mean count 
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of 508 ± 110 LCs/ mm2, whereas keratinized mucosa of 
the hard palate reported to have the lowest density. LCs 
constitute 2-4% of total epidermal cell population.[46]

A marked variation in LCs distribution in the oral 
mucosa has been observed. LCs in buccal mucosa were 
predominantly found in a suprabasal location. Although 
present along the length of the epithelium, they exhibit a 
tendency to cluster around the tip of the connective tissue 
papillae. In hard palate the cells were predominantly 
found in the stratum spinosum parallel to the surface of 
the epithelium with occasional cells in the basal layers. 
LCs in lateral border of tongue and floor of mouth has 
a linear arrangement along the length of epithelium 
and were found in basal and supra-basal layers. The 
authors observed highest values of LCs in the dorsum 
of the tongue and buccal mucosa, and lowest values in 
the floor of mouth.[47] Within the epithelium, LCs are 
anchored to the keratinocytes by E-cadherin mediated 
homotypic adhesion.[48] 

Oral LCs phenotypically differ from their skin counterpart 
especially by the expression of LPS receptor/CD14 and 
the high affinity receptor for IgE (FcεRI) of which the latter 
might enable oral LCs to display more efficient allergen-
binding sites and antigen uptake.[49] Furthermore, oral 
LCs displayed a higher stimulatory capacity.[50] 

Langerhans Cells in Oral Diseases
An increased number of LCs with the development 
of the oral micro flora has been observed.[51] LCs are 
capable of engaging and internalizing a wide variety 
of pathogens, and, upon endocytosis, they can process 
antigens, prime naïve T-cells, and initiate adaptive 
immune responses.[28] Oral mucosal LCs appear to be 
oriented in a manner to efficiently sample the oral fluids 
and bacteria, with their dendrites extending toward the 
surface, and often represent a hetrogenous population. 
LCs mobilize and mature in response to inflammatory 
cytokines and pathogen associated molecular patterns 
from oral mucosal pathogens.[52] 

Emerging data also suggest a role for DCs in initiating 
autoimmune attacks. If DCs receive an imbalance of 
cytokine signals, they can differentiate into potentially 
harmful forms. This behavior could include altered 
migration, altered release of cytokines, or altered antigen 
processing so that cryptic self-determinants and/or 
self-determinants derived from apoptotic bodies are 
presented. Secondly defects in genes affecting DC 
function could lead to immune deviation. Alternatively, 
if expression of host cytokines is improperly regulated 
because of polymorphisms in promoter regions, DCs 
might differentiate into dysfunctional forms that provoke 
autoimmunity.[53] 

Gingivitis and periodontitis
LCs in the gingival epithelium are very responsive to 
the accumulation of bacterial plaque (i.e., the biofilm), 
migrating into the site during early gingivitis, and 
migrating out as the gingivitis becomes more chronic 
(i.e., after 21 days).[54] Five times more number of LCs in 
inflamed gingiva in comparison to healthy gingiva from 
the same patient has been found.[27] They also play an 
important role in the presentation of antigen during all 
phases of periodontal diseases and may represent “key” 
cells in pathogenesis and development of periodontal 
diseases. Such patterns suggest an important role 
of LCs in pathogenesis. Whereas, an increase in the 
number of S-100 + LCs in the gingival epithelium and 
also in connective tissue of specimens with periodontal 
pockets of >6 -mm depth, and was decreased after 
the nonsurgical phase of the periodontal treatment.[55] 
Elevated levels of IL-1β, TNF-α, and PGE2 in chronic 
periodontitis stimulate DC maturation and migration.[56] 

Contact hypersensivity
The first evidence of specific affinity of LCs for contact 
allergens, and the uptake of 10 known contact allergens 
by LCs has been demonstrated. It was also observed that 
the induction of contact hypersensitivity reaction largely 
depends on LCs density.[57] An increase in the number of 
LCs has been observed in contact hypersensitivity.[58] DCs 
were found closely located near lymphocyte-like cells 
within 4-6 hours of a topical application of an allergen.[59] 

Oral mucosal responses to contact allergens are no 
different from that of skin. It was found that the number 
of LCs increased to approximately four times in the 
connective tissue at the site of nickel application.[60] 

Chronic hyperplastic candidiasis
It is speculated that the initial colonization of oral mucosa 
by Candida takes place in areas devoid of LCs and 
diminished LC number and/or function contributes to 
the persistence of fungi in candidal leukoplakia.[61] The 
role of LCs in host defense against candidiasis has become 
more evident by showing their phagocytic capacity of 
candidal yeasts and hyphae as well as processing 
their antigens.[62] It is found that the infiltration of the 
epithelium with CD1a positive LCs were particularly 
intense in heavily candida-infected sections and the 
localization of the LCs was quite variable in chronic 
hyperplastic candidiasis between different patients 
and different areas of the same biopsy.[7] Variation in 
number and localization of LCs in chronic hyperplastic 
candidiasis probably reflects the dynamic nature of their 
involvement in local disease mechanisms. Furthermore, 
LCs were significantly numerous and richer in dendrites 
and Birbeck granules in erythematous areas than in areas 
of pseudomembranous candidiasis.[63] 
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Lichen planus
LCs appear to play an important role in the initiation of 
the inflammatory process in OLP. It is possible that as 
yet unidentified antigens are trapped within epidermis 
by a plexus of inter digitating LCs, which subsequently 
present it to T-cells. Although the total number of LCs 
in OLP is unchanged, an increase of class II major 
histocompatability antigen expression was demonstrated, 
suggesting that the immunologic activity and antigen-
presenting capability of LCs was increased.[27] However, 
CD1a+/Langerin+ LCs are significantly increased in the 
epithelium and within the dermal lymphoid infiltrate, 
respectively.[64] LCs were especially localized along the 
epithelial—stromal junction, where epithelial damage 
predominantly occurs. LCs and T-lymphocytes have 
often been described in direct contact with each other in 
OLP.[65] Based on these observations, it is suggested that 
LCs might have an important role in the afferent arm 
of the adaptive immune response occurring in OLP, by 
taking up epithelial antigens from apoptotic cells. 

Radicular granuloma and cyst
Among the various cells described in pathogenesis of 
periapical lesions LCs have also been observed in these 
lesions. CDla-positive LCs in a few periapical granulomas 
with well differentiated epithelia has been reported.[66]  
The keratocysts with well-differentiated epithelial 
linings had a greater number of LCs than the other cysts, 
and thus suggested that the LCs distribution appears 
to be associated with the degree of differentiation of 
the epithelia. Few LCs showed the classic dendritic 
morphology while few were spherical, and were either 
present singly and/or in groups. 

DCs in radicular granulomas were found to be 
distributed in lymphocyte-rich areas, where their 
number was significantly greater than that of HLA-DR+ 
macrophages, and contribute to local ineraction with 
T-cells within the lesion. DCs in radicular granulomas 
are associated with local defense reactions as stronger 
antigen-presenting cells as compared with macrophages. 
It is convincing to find LCs in periapical lesions owing 
to the fact that these lesions arise as a result of antigenic 
stimulation from bacteria and their products, where LCs 
may be associated with antigen processing function.[67] 

Human immunodeficiency virus-1
LCs are known to express HIV-1 receptors⁄coreceptors.[3] 
LCs count was found to decrease in HIV-1 seropositive 
patients. Further, the oral mucosal manifestations observed 
in HIV-1 infected patients may be a direct consequence 
of HIV-1 infection mediated injury to LCs. It has also 
been suggested that LCs, being selective targets could 
constitute a reservoir for the virus.[68] A low expression of 
class II molecules seems to be a general feature of LCs in 

HIV-infected patients, and could be envisaged as a sign 
of a terminal differentiation of these cells.[63]

A significant correlation between the detection of 
HIV p17, the depletion of LCs and the presence of hairy 
leukoplakia lesions.[69] CD4-bearing oral mucosal LCs 
may be among the first cells to be infected following 
mucosal contact with HIV. Once infected, mucosal LCs 
carrying the integrated provirus may migrate down to 
the submucosal area where they emigrate with memory 
T-cells to form conjugates, thereby contributing to the 
transmission of HIV to T-cells. Indeed, purified normal 
epidermal LCs could be infected in vitro with HIV and 
transmit the infection to lymphoid cells. 

Oral Hairy leukoplakia
The relationship between Epstein—Barr virus (EBV) 
replication and oral LCs counts suggest that productive 
EBV replication in oral hairy leukoplakia (OHLP) results 
in decreased oral LCs.[11] The authors observed that 
this effect of EBV replication on oral LCs counts was 
reversible. Wherein inhibition of EBV replication lead 
to an increase in oral LCs counts, and the subsequent 
return of EBV replication resulted in decrease of oral 
LCs count. They also observed the association between 
EBV replication in OHLP and decreased oral LCs in the 
absence of HIV infection. 

These findings thus indicate that EBV replication in 
OHLP has a detrimental effect on oral LCs, and could 
potentially kill them, perhaps through an apoptotic 
mechanism, or EBV may infect Langerhans precursor cells 
in the peripheral blood.[70,71] In addition, EBV replication 
may inhibit differentiation and immigration of new oral 
LCs into OHLP through the expression of virally encoded 
immunomodulators.[11] Such modulations leading to 
decrease LCs may represent an intrinsic viral mechanism 
for evasion of the adaptive immune response, and may 
further permit super infection.[11,72] 

Graft versus host disease
The LCs are scattered throughout the epithelium of 
skin and mucosa and have been associated with the 
graft versus host disease (GVHD) in patients who 
underwent bone marrow transplant (BMT). Studies 
have demonstrated that the host’s LCs persist in the 
skin following allogenic BMT. These cells appear to 
continuously activate the donor’s T-cells that result in 
the production of cytokines that probably play a key role 
in the tissue damage observed in skin GVHD.[73]

A statistically significant increase of CD1a+ cells/mm2 
in the buccal mucosa of patients who developed GVHD, 
when compared with those who did not and 
non-transplanted subjects has been reported.[74] The 



Upadhyay, et al.: Langerhans cells and disease

North American Journal of Medical Sciences | September 2013 | Volume 5 | Issue 9 | 511

authors explained that this significant increase of LCs 
in GVHD is a response to the production of specific 
chemokines responsible for the recruitment of precursors 
of donor LCs from the bone marrow. 

However, a significant reduction of LCs in GVHD 
lesions suggest that probably such reduction would be a 
direct consequence of GVHD, related to an auto-reactive 
phenomenon, as in the chronic phase most LCs originate 
in the donor’s bone marrow.[75] Thus, these observations 
raise the possibility of using LCs as a possible therapeutic 
target, such as the depletion of host DCs before the 
conditioning regimen, which has demonstrated to 
promote the tolerance and reduce GVHD, without the 
need for prolonged T-cell-targeted immunosuppression.[74] 

Other mucosal diseases
A 5-to 6-fold reduction in the density of LCs in lesions 
of median rhomboid glossitis (MRG) when compared 
with histologically normal tongue has been reported.[9] A 
depressed density of intraepithelial LCs in MRG would 
favor the development of tolerance to antigens (e.g., 
fungi or their products) and thereby promote chronicity. 
The significance of LCs has also been discussed relative 
to Apthous stomatitis and Behcet’s syndrome an increase 
in the number of LCs in areas of skin lesions with 
Behcets disease, and degenerating LCs have also been 
observed. [76] However, the nature of this nonspecific 
mechanism is not known, but a possible disturbance 
of LCs population and/or its precursor cells could 
occur.[27] Erythema multiforme is an acute dermatitis of 
unknown etiology, however, the number of LCs and their 
distribution vary according to the stage of the lesion. In 
the initial lesion, CD1a-positive cells increase in number 
and size. In the presence of bullae and necrosis, the 
number of LCs diminishes or even disappears.[77]

Oral squamous cell carcinoma
In tumor-bearing sites, LCs uptake, process, and present 
tumor-associated antigens via MHC class I-restricted 
presentation to naive or memory T-cells. This leads to 
the generation of tumor specific effector T-cells capable 
of recognizing and eliminating tumor cells.[78] Several 
researchers have investigated the distribution of LCs in 
squamous cell carcinoma, however, none have yielded 
consistent results, some observed an increase[12,79] while 
few observed a decrease[80,81] in LC density, whereas some 
observed no change at all.[82]

The number of LCs infiltrating the tumor site is regarded 
as a highly significant prognostic parameter in patients 
with oral squamous cell carcinoma. Numerous reports 
in the literature suggest that the presence of LCs is 
associated with improved prognosis. Also fewer LCs 
were observed in metastatic lesions than in primary 

lesions.[78] Studies have concluded that the CD1a-positive 
peritumoral subpopulation of DCs is functionally 
distinct and is more important to antitumor immunity 
than the other subpopulations studied.[83] Repeated 
sub-cutaneous injection of GM-CSF activated LCs that 
had been loaded with tumor fragments resulted in host 
resistance to a subsequent challenge with viable tumor 
cells. Thus, a defective antigen presentation may play a 
role in tumor escape.[84] Also the number and activation 
state of intratumoral DCs are critical factors in host 
response to tumors.[85] 

Herpetic Lesions 
Evidence suggests that DCs, the most potent antigen-
presenting cells known, play a role in the immunological 
control of Herpes simplex virus (HSV) infections. HSV 
infection of DCs induced submaximal maturation, but DCs 
failed to mature further in response to lipopolysaccharide 
(LPS). LPS-induced IL-12 secretions and the induction of 
primary and secondary T-cell responses were impaired 
by infection. Ultimately, DC infection resulted in delayed, 
asynchronous apoptotic cell death. However, infected 
DCs induced HSV recall responses in some individuals. 
Furthermore, soluble factors secreted by DCs after 
infection induced DC maturation and primed for IL-12 
secretion after LPS stimulation. These data support a 
pathogenetic model of HSV infection, in which initial 
delay in the generation of immune responses to HSV at 
peripheral sites is mediated by disruption of DC function 
but is overcome by bystander DC maturation and cross-
presentation of HSV antigens.[86]

Antigen presentation by DCs is critical for the induction 
of a specific immune response. The immunotherapeutic 
potential of antigen-pulsed DCs for the treatment of cancer 
has been confirmed in a number of experimental tumor 
models and in several preclinical trials. Recent advances 
in our understanding of the interaction of microbial 
pathogens with DCs have provided the basis to explore 
DCs as vaccine carriers for the induction of protective 
immune responses to infections. Support for this strategy 
comes from animal studies demonstrating that DCs, 
after ex vivo loading with microbial antigens, confer 
protection against microbial challenges in vivo. This may 
have important implications for the development of novel 
strategies for prophylactic or therapeutic immunizations 
against various microbial pathogens.[87]

Conclusion
Immunology of oral diseases has long been focused on 
antigens and lymphocytes, whereas the fact remains 
that the antigen-presenting cells, like the LCs of the 
epithelium are initiators and modulators of the immune 



Upadhyay, et al.: Langerhans cells and disease

North American Journal of Medical Sciences | September 2013 | Volume 5 | Issue 9 |512

response. LCs as APCs play a significant role in various 
oral pathologic conditions. We have reviewed LCs and 
summarized the specific role played by LCs in various 
oral pathologic conditions. However, several questions 
still remain unanswered and insights gained from further 
investigation would have both a wide immunological 
significance as well as clinical implications. Such concepts 
may allow us to device specific immunotherapies and 
treatment modalities. 
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