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SUMMARY  
 

Langerhans cells (LCs) are the most effective 
antigen presenting cells against foreign bodies and 
carcinogens.  Since the oral cavity is a portal of 
entry for these antigens, the aim of this study was 
to morphologically classify CD1a+ LCs, quantify 
them in the normal and malignant buccal mucosa, 
and evaluate their relation to the age of patients.  
Healthy buccal mucosal samples collected from 16 
patients undergoing reconstructive operation, and 
malignant samples obtained from 15 patients un-
dergoing radical oncological resection. were pro-
cessed for immunohistochemistry four- to five-
micron thick sections were stained with CD1a anti-
body (CD1a).  At 40X magnification, CD1a+ LCs 
were morphologically classified and quantified 
manually for a 25mm length of basement mem-
brane using Cellsens image analysing software 
and the data was analysed.  Two categories of 
CD1a+ LCs were identified in the normal and ma-
lignant buccal mucosa a) typical dendritic LCs and 
b) non-dendritic LCs (a new entity).  Non-dendritic 
LCs were of significantly higher number compared 
to the typical dendritic LCs in the normal tissues (p
-0.001).  In the malignant group, the non-dendritic 
CD1a+ LCs were significantly fewer in number (p-
0.004), when compared to the normal group.  Non-
dendritic LCs were also significantly fewer (p-
0.026) in patients over 60 years of age.  This is the 

first report of non-dendritic Langerhans cells in 
normal buccal mucosa and malignant buccal mu-
cosa using the CD1a marker.  The significantly 
higher number of these cells in normal tissues and 
younger individuals supports their role as accesso-
ry antigen presenting cells. 
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INTRODUCTION 
 

Langerhans cells (LCs) are professional antigen 
presenting cells with the ability to engulf and pro-
cess both pathogens and foreign bodies 
(Steinman, 1991); (Steinman and Cohn, 1973).  
LCs have been previously classified into five types 
based on their dendritic processes and branching 
pattern (Figueroa and Caorsi, 1980).  Cluster of 
differentiation (CD) 1a immunomarker is a specific 
and sensitive marker for LCs (Toews et al., 1980).  
This study was designed to describe the morpholo-
gy and distribution of the CD1a+ LCs in the normal 
and malignant buccal mucosa. 

 
MATERIALS AND METHODS 
 

With the approval of the Institutional Review 
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Board, the sample size for this study was calculat-
ed based on data available from a previous study 
(Lasisi et al., 2013).  The calculated sample size 
was 15 for each group, when the alpha error was 
1%, with power of 80%.  Samples were collected 
from patients that fulfilled the inclusion criteria after 
obtaining an informed consent.  Normal buccal 
mucosal tissue samples were collected from 16 
patients that underwent substitution urethroplasty 
for urethral stricture disease.  Malignant buccal 
mucosal tissue samples were collected from 15 
patients that underwent radical surgical resection 
of buccal carcinoma.  They were fixed in neutral 
formalin, dehydrated, embedded in paraffin and 
then processed for immunohistochemistry.  Sec-

tions with a thickness of 4-5 µm were cut, mounted 
on Poly-L-Lysine coated slides and stained with 
CD1A-EP80 Rabbit monoclonal antibody 
(PathnSitu, Livemore, CA, USA).  Serial sections 
were taken, and every fourth section was used for 
counting.  The length of basement membrane 
used for counting was 25mm per tissue (Cellsens 
image analyzing software).  At 40X magnification, 
the CD1a+ LCs were manually identified, morpho-
logically subtyped, counted and analyzed statisti-
cally. 

 
RESULTS 
 

All 16 patients in the normal group were men, 
while there were 10 men and 5 women in the ma-
lignant group.  The mean age of patients in the 
normal group was 38.19±9.75 and in the malignant 
group was 56.87±8.95. 

All five subtypes of LCs as described by 
Figueroa & Caorsi (Figueroa and Caorsi, 1980) 
were identified using CD1a+ immunomarker (Fig. 
1a,b).  In addition to the previously described five 
subtypes, a new subtype of CD1a+ polygonal cells 
without any dendritic processes were identified, 
which were categorized as “non-dendritic LCs”.  
These cells were predominantly located along the 
basal layer of epithelium (Fig. 2).  The five de-
scribed subtypes of CD1a+ LCs were categorized 
as “typical LCs”, being predominantly located 
along the suprabasal layer of the epithelium. 

The overall mean number of CD1a+ LCs in the 
normal and malignant groups were 27.68±4.66 
and 25.46±8.76 respectively per mm length of 
basement membrane.  In the normal group, the 
mean number of typical dendritic and non-dendritic 
CD1a+ LCs were 10.58±4.79 and 17.11±4.43 re-
spectively.  In the malignant group, the mean num-

Fig 1. (a,b): Typical dendritic CD1a+ LCs located in the 
stratified squamous epithelium (Epi) and the subepitheli-
um (Sub Epi) of normal buccal mucosa. 

1. Type I- LCs having a single process 

2. Type II- LCs having a single branched process 

3. Type III- LCs having two processes 

4. Type IV- LCs having three processes 

5. Type V- LCs having three or more processes with 
collaterals 

Black arrows indicate typical dendritic CD1a+ LCs and a 
red arrow indicates non-dendritic CD1a+ LC. 

Fig 2. Non-dendritic CD1a+ LCs located in the basal 
layer of stratified squamous epithelium (Epi) and subepi-
thelium (SubEpi) of normal buccal mucosa (brown cells).  



Mathew J.K  et al.  

385 

ber of typical dendritic and non-dendritic CD1a+ 
LCs were 10.79±7.81 and 12.34±3.99 respectively.  
A significantly higher number of non-dendritic LCs 
were seen in the normal group, while this differ-
ence in the malignant group was not statistically 
significant (Table 1). 

The number of typical LCs distributed in each 
subtype was comparable across both the normal 
and malignant groups.  However, the number of 
non-dendritic LCs present in the malignant group 
were significantly fewer (p-0.004) (Chart 1). 

The age-group of patients in the normal group 
was lower than those in the malignant group, 

hence they were further sub classified as ≤45 and 
>45yrs, ≤60 and >60yrs respectively.  There was 
no significant difference in the overall mean num-
ber of CD1a+ LCs in both age-based subgroups 
(Table 2). The mean number of the non-dendritic 
CD1a+ LCs was significantly higher in younger 
patients (≤60yrs) (Table 3). 

 
DISCUSSION 
 

Oral mucosal LCs are important mediators of 
mucosal immune responses (Williamson et al., 
2002; Stumbles et al., 2003; Mowat, 2005), and 

Categories   Typical dendritic LCs* Non-dendritic LCs* p-value Overall LCs* 

Normal 
(n=16) 

Median 
(Range) 

9.96 15.5 
<0.001 

27.87 

(3.64-22.08) (11.2-25.16) (19.48-33.88) 

Malignant 
(n=16) 

9.48 13.32 
0.49 

23.26 Median  
(Range) (0.4-25.48) (4.48-19.60) (4.52-45.08) 

p-value   0.92 0.004   0.14 

Table 1. Comparison of mean number of CD1a+LCs in normal and malignant buccal mucosa using Student’s t-test.  

*per mm length of basement membrane 

Groups Age Mean values* p-value 

Normal tissues (n16) 
≤45yrs 27.16±4.90 

0.586 
>45yrs 28.54±4.52 

Malignant tissues (n15) 
≤60yrs 27.00±7.72 

0.069 
>60yrs 20.18±10.66 

Table 2. Comparison of overall mean number of 
CD1a+LCs in normal and malignant groups against the 
relevant age subgroups using the Student’s t-test.  

Table 3. Comparison of the mean number of non-
dendritic CD1a+LCs in both normal and malignant 
groups  combined against age using the Student’s t-test.   

*per mm length of basement membrane 

Variable Age Buccal mucosa(n=31)* p-value 

Mean number of 
non-dendritic 
LCs 

≤60yrs 15.83±4.63 
0.026 

>60yrs 11.29±3.83 

*per mm length of basement membrane 
Pearson’s correlation test showed a negative correlation between the 
age and the overall mean number of LCs but failed to reach statistical 
significance. 

Chart 1. Comparison of individual types of CD1a+ LCs between the normal and malignant groups. 
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play a vital role in the defence mechanism against 
microbial infections and epithelial tumours of the 
oral cavity.  The remarkable diversity in the func-
tion of LCs enables the mucosal immune system 
to mount an appropriate immunological response 
(Ma et al., 2013).  The flexibility and dynamics of 
this system is attributed to the diverse subsets of 
LCs (Reinartz et al., 2016), which are independent 
in their maturation, lineage of origin and function 
(Sato, 2007).  LCs have the ability to nullify trans-
epithelial attacks by invading pathogens, irritants 
and allergens (Kosten et al., 2017). 

In the present study, two categories of CD1a+ 
LCs were identified in both normal and malignant 
buccal mucosa: a) typical dendritic Langerhans 
cells and b) non-dendritic Langerhans cells (a new 
entity).  The typical dendritic LCs have been well 
described and classified into five sub-types based 
on the number of dendritic processes and their 
branching pattern (Figueroa and Caorsi, 1980; 
Upadhyay et al., 2013).  The predominant su-
prabasal location of these cells observed in this 
study was also noted by Negishi and Yamaguchi 
(2007). They reported a higher number of S-100 
positive LCs in the suprabasal layer of buccal mu-
cosa. 

The non-dendritic LCs are polygonal or rounded 
in shape, with a well-defined nucleus, showing no 
signs of degeneration.  They had no dendritic pro-
cesses and were located predominantly in the ba-
sal layer.  This is the first reported description of 
CD1a+ non-dendritic LCs in the normal buccal mu-
cosa, to the best of our knowledge.  LCs without 
dendritic processes have been described in other 
tissues using the Zinc-Iodide osmium method, in-
cluding human exocervical epithelium (Rabi et al., 
2014), human palatine tonsil (Indrasingh et al., 
2002) and labial epithelium of Bonnet monkey 
(Koshy et al., 2003).  Rani et al. (2015) described 
S100 positive non-dendritic cells in poorly differen-
tiated squamous cell carcinoma of buccal mucosa 
and called them abnormal cells.  Breathnach et al. 
(1977) described two types of LCs in the epidermis 
of normal skin using electron-microscopy: a) Type 
I cells were classically dendritic in shape, had nu-
merous Langerhans (Birbeck) granules and were 
located in the suprabasal layer of the epithelium; 
b) Type II cells were not classical in shape, had 
fewer dendrites, fewer Langerhans (Birbeck) gran-
ules, with more mitochondria, an electron-dense 
cytoplasm and were located primarily along the 
basal layer (Breathnach et. al 1977).  The CD1a+ 
non-dendritic LCs demonstrated in this study could 
belong to a separate category of non-classical LCs 
which may have a unique role in human physiolo-
gy and immunological response to pathogens. 

Previous reports suggest huge variation in the 
number of CD1a+LCs between individuals 
(Daniels, 1984), and also between different areas 
of oral mucosa in the same individual (Negishi and 
Yamaguchi, 2007).  Factors influencing the num-

ber of LCs present in the buccal mucosa could 
include- a) location within the oral cavity, b) embry-
ological origin and c) mobility of the mucosa 
(Negishi and Yamaguchi, 2007). 

Several authors have demonstrated a higher 
number of S100 positive cells in the normal buccal 
mucosa compared to other sites of the oral cavity 
(Daniels, 1984; Cruchley et al., 1989; Negishi and 
Yamaguchi, 2007).  Concurrent with the above 
finding, the total number of CD1a+LCs ranged 
from 19.48 to 33.88 in this study. 

A higher number of CD1a+ LCs was demonstrat-
ed in oral lichen planus when compared to normal 
mucosa (Kumar et al., 2019).  In oral submucous 
fibrosis, number of CD1a+ LCs were reported to 
be significantly higher than normal tissues, and 
progressively increased with the grade of disease 
(Narayanan and Narasimhan, 2015).  Certain re-
ports have suggested a significant decrease in the 
number of CD1a+LCs in malignant tissues when 
compared to normal (Angadi and Krishnapillai, 
2012).  Langerhans cells have been studied in oral 
premalignant lesions and oral carcinoma using 
various markers like CD1a, phosphatase and 
tensin homolog (PTEN), CD83 and argyrophilic 
protein nucleolar organiser regions (AgNOR) with 
varying results, thus making them less reliable 
when used in a clinical setting (Kinoshita et al., 
1996; Perez et al., 2005; Angadi and Krishnapillai, 
2012; Gomes et al., 2016).  It could be postulated 
that in premalignant lesions, a surge of inflamma-
tory markers could increase the number of 
CD1a+LCs, while in malignant tissue, the tumor 
cells may evade identification by the antigen pre-
senting cells by modifying their microenvironment, 
resulting in a diminished number of CD1a+LCs. 

In the malignant group, huge variations in the 
number of LCs were noted between patients.  Few 
studies have shown a decrease in the number of 
LCs in malignant oral mucosa compared to normal 
(Arachchi et al., 1989; Upadhyay et al., 2012; La-
sisi et al., 2013).  However, there are other studies 
suggesting higher numbers of CD1a+ LCs in oral 
squamous cell carcinoma (Cruchley et al., 1994).  
Upadhyay et al. (2012) demonstrated an increase 
in the number of CD1a+ LCs in malignant lesions 
as compared to dysplastic lesions.  Few others 
have reported an increase in the number of S100+ 
LCs in malignant oral mucosa compared to normal 
(Kurihara and Hashimoto, 1985; Rani et al., 2015).  
Huge variation in numbers in the malignant group 
was also noted in our study, 3 patients had a few 
CD1a+LCs (4.88-11.76) while 4 had higher num-
bers (31.8-45.08).  Although the overall number of 
CD1a+ LCs was comparable between both 
groups, the number of non-dendritic LCs were sig-
nificantly lesser (p-0.004) in the malignant group.  
This could represent an altered immunological re-
sponse in malignant tissues. 

There are reports that suggest a higher number 
of CD1a+LCs in mobile areas of oral mucosa com-
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pared to immobile areas of oral mucosa, like the 
hard palate and gingivobuccal sulcus.  Keratiniza-
tion and endodermal origin of the immobile areas 
in oral mucosa are thought to be responsible for 
the lower number of LCs (Negishi and Yamaguchi, 
2007). 

Evidence in literature suggests a decrease in the 
number of LCs with increasing age, in skin 
(Gilchrest et al., 1982).  In murine skin, an age-
related decrease in dermal LC density and impair-
ment of their phagocytic ability has been demon-
strated (Xu et al., 2012).  In the buccal mucosa, 
Cruchley et al. (1994) did not find a significant 
change in the number of LCs with increase in age.  
In keeping with the above finding, the current 
study showed no significant reduction in the over-
all number of CD1a+ LCs with increasing age.  In 
the malignant group, the decrease noted in the 
number of typical dendritic LCs with increasing 
age did not reach significance.  However, a statis-
tically significant reduction in the number of non-
dendritic CD1a+ LCs was noted with advancing 
age, in both groups. 

Limitations of the study would include the small 
sample size.  The findings of this study provide 
direction for future research to further characterize 
the physiology and immunological role of non-
dendritic LCs. 

In conclusion, non-dendritic CD1a+LCs are pre-
sent in normal and malignant buccal mucosa.  Sig-
nificantly fewer number of non-dendritic LCs found 
in malignant tissues and older individuals could 
possibly explain their altered immunological re-
sponse, and increased vulnerability to the attack-
ing pathogens and carcinogens.  Further studies 
evaluating methods to increase the number of non
-dendritic cells, augment their immunological po-
tential, and study the resultant effect on cancer 
prevention and treatment could have far reaching 
clinical impact. 
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