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Langerhans cells in human allergic contact 
dermatitis contain varying numbers of Birbeck granules 

Double staining immunohistochemistry with OKT6 and Lag antibody* 
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Summary. Dynamic changes in human Langerhans cells 
(LCs) were studied with OKT6, an t i -HLA-DR antibody, 
and Lag antibody in allergic contact dermatitis (ACD). 
Both T6-positive (T6 +) cells and Lag-positive (Lag +) 
cells in the epidermis decreased in number from 0 to 
48 h, but then gradually increased after day 7 of ACD. 
Lag + cells after day 7 manifested a variety of  staining 
intensities from weak to strong. It was also shown, after 
day 7, that some T6 + cells were Lag negative whereas 
all Lag + cells were T6 positive. Flow cytometric analysis 
suggested that Lag-strongly-positive cells and Lag-weak- 
ly-positive cells belonged to the same population, and 
that the relative amount  of Lag antigens in T6 + LCs 
gradually increased after day 7. Immunoelectron micros- 
copy revealed that the Lag-strongly-positive cells con- 
tained numerous Lag-reactive Birbeck granules (BGs) 
whereas the Lag-weakly-positive cells contained fewer 
BGs in the cytoplasm. In some Lag-weakly-positive cells, 
no BGs were detected. 

Introduction 

In allergic contact dermatitis (ACD), Langerhans cells 
(LCs) present the contact allergens to lymphocytes, 
which then proliferate and release lymphokines that in 
turn cause damage to LCs (Silberberg et al. 1974, 1975, 
1984). From 0 to 72 h, after lymphokine injury, epider- 
mal LCs decrease in number in ACD. On the other hand, 
a few investigators have observed recovery in the 
number of  epidermal LCs after day 3 of  ACD (Aiba 
et al. 1984; Bressler et al. 1984; Bian and Bing-He 1985; 
Marks et al. 1987). 

OKT6 and ant i -HLA-DR antibody have been used 
in immunohistochemical studies of  LCs (Harrist et al. 
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1983; Mackie and Turbitt 1983; Dezutter-Dambuyant  
et al. 1985; De Jong et al. 1986). These monoclonal  anti- 
bodies (mAbs) react to the surface antigens of  LCs but 
not to the Birbeck granules (BGs) which are the most 
characteristic marker of LCs (Birbeck et al. 1961). Thus, 
reactivity to these mAbs, especially to HLA-DR,  was 
not absolutely specific for LCs (Harrist et al. 1983), since 
other HLA-DR-posit ive cells can infiltrate to the skin 
under the inflammatory conditions and keratinocytes 
can also express H L A - D R  antigens in several derma- 
toses (Aiba and Tagami 1984; Lampert  1984; Gawk- 
rodger et al. 1987). It is also possible that the cells in 
the skin reactive to these mAbs belong to a population 
different from the BG-containing LCs. 

Recently, we established a mAb designated " L a g " ,  
that specifically reacts to BGs and the related structures 
of human LCs, and showed that this antibody is useful 
in identifying LCs in normal and diseased human skin 
such as Letterer-Siwe disease (Kashihara et al. 1986; 
Kashihara-Sawami et al. 1988). In this report, epidermal 
LCs in ACD were studied with Lag and other mAbs 
to clarify the dynamics of BG-containing LCs in allergic 
reactions. 

Materials and methods 

Tissue preparation. Three healthy volunteers, 2 females and 1 male, 
aged 28-57 years, were sensitized on their forearms with 0.05 ml 
of 1% DNCB (dinitrochlorobenzene) dissolved in acetone and were 
subsequently challenged, 14 days post-sensitization, with 0.01 ml 
of 0.1% DNCB on multiple sites. Skin specimens were obtained 
from challenged backs at 0 (non-challenged site), 3, 6, 12, 24, and 
48 h after the DNCB challenge and were used for immunohisto- 
chemical analysis. The remaining sites on their backs were covered 
for 48 h, biopsied on days 7, 9, and It after the challenge, and 
used for immunohistochemicaI analysis as well. Epidermal cells 
were obtained from suction blisters which were raised from the 
challenged forearms of one volunteer (Furukawa et al. 1987) and 
were isolated for flow cytometric analysis. Normal human epider- 
mal cells obtained from a resected breast were used as controls 
for flow cytometric analysis. 
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Monoelonal antibodies. The mAbs used were as follows: OKT6 
(anti-CDla antibody, Ortho Diagnostic Systems, Raritan, NJ, 
USA) (Harrist et al. 1983), anti-HLA-DR antibody (Becton Dick- 
inson, Facs. Systems, Sunnyvale, CA, USA) and Lag antibody 
(prepared in our laboratory and specifically reactive to BGs and 
related structures of human LCs) (Kashihara et al. 1986). 

[mmunoperoxidase staining. Biopsy specimens were cut into small 
pieces, fixed immediately in periodate-lysine-paraformaldehyde so- 
lution at 4 ° C, and embedded in optimal cutting temperature 
(OCT) compound Tissue-Tek II (Miles Laboratories, Naperville, 
IL, USA). Three serially-cut cryosections, 6-gm-thick, were sequen- 
tially placed on glass slides. Each section was stained using avidin- 
biotin-peroxidase complex procedures (Hsu et al. 1981). Briefly, 
the primary mAb ,;vas added; OKT6 (5 gg/ml) in the first section, 
Lag antibody (5 pg/ml) in the second section, and anti-HLA-DR 
antibody (0.25 gg/ml) in the third section. All sections were treated 
with biotinylated anti-mouse IgG (4 pg/ml, Vector Laboratories, 
Burlingame, CA, USA), and avidin-biotin-peroxidase complex 
(Vector). The sections were then incubated in a solution of diamino- 
benzidine (0.2 mg/ml) and hydrogen peroxide (0.1 gg/ml) in PBS, 
and counterstained with methylgreen. Positive cells were counted 
in a "blind" fashion by three dermatopathologists under direct 
observation at a magnification of 400 x in 20 unit lengths (each 
0.25 ram) using a calibrated eyepiece micrometer. Only cells with 
green stained nuclei surrounded by brown granular precipitates 
were counted and the density of LCs in the epidermis was expressed 
as the number of positive cells per mm of epidermis. Results were 
statistically analyzed using Student's t-test. 

Double immunofluorescence staining. Purified anti-T6 antibody and 
Lag antibody was conjugated with tetramethylrhodamine isothio- 
cyanate (RITC) (Smith et al. 1962) and fluorescein isothiocyanate 
(FITC) (Riggs et al. 1958), respectively. Cryostat sections were in- 
cubated for 1 h at room temperature with a mixture of RITC- 
conjugated anti-T6 antibody (10 gg antibody/ml) and FITC-conju- 
gated Lag antibody (5 gg antibody/ml). Each section was examined 
under an epifluorescence microscope (Nikon, Tokyo, Japan) 
through a G filter system for RITC-conjugated anti-T6 antibody 
or through a B filter system for FITC-conjugated Lag antibody 
(Kashihara-Sawami et al. 1988). 

Immunoelectron microscopy. Cryostat sections (8 lain thick) were 
treated sequentially with Lag. antibody, biotinylated anti-mouse 
IgG, and avidin-biotin-peroxidase complex. They were fixed with 
1% glutaraldehyde in PBS for 5 rain, and treated with diaminoben- 
zidine and hydrogen peroxide in PBS. The sections were then post- 
fixed for 1 h in 1% osmium tetroxide in water, dehydrated in a 
graded ethanol series, and embedded in epoxy resin. Ultrathin sec- 
tions were stained with uranyl acetate and analyzed under an H-300 
electron microscope (Hitachi, Tokyo, Japan) (Kashihara et al. 
1986). 

Immunoelectron microscopy was intensely done on the areas 
where LCs manifested a variety of staining intensities with lag 
antibody in the same field. 

Preparation of epidermal cell suspensions. The specimens of resected 
breast were cut into small pieces and incubated overnight at 4 ° C 
in 0.5% dispase (Boehringer, Mannheim, W. Germany) in PBS. 
The epidermis was stripped from the dermis using forceps. The 
epidermis was also obtained from the tops of suction blisters on 
challenged forearms. These sheets were treated for 20 rain at 37 ° C 
with 0.25% trypsin (Difco Laboratories, Detroit, MI, USA) in 
PBS and single cell suspensions were then obtained by pipetting 
and filtration. The viability of epidermal cells was more than 80% 
when measured by the trypan blue dye exclusion test. 

Flow cytometrie analysis. Epidermal cell suspensions were double 
stained with OKT6 and Lag antibody. The sequence of the staining 
procedures was as follows: OKT6, biotinylated anti-mouse IgG, 

phycoerythrin (PE)-conjugated streptoavidin, cold acetone for fixa- 
tion and permealization, mouse IgG to quench residual anti-mouse 
IgG sites, and FITC-conjugated Lag antibody. Immunolabeling 
was performed at 4 ° C. Flow cytometric analysis was performed 
on epidermal cell suspensions. Fifty thousand cells were analyzed 
using a Becton-Dickinson FACS 440 equipped with laser excitation 
at 488.8 nm. Electronic compensation was employed using LCs 
stained with PE-conjugated OKT6, LCs stained with FITC-conju- 
gated Lag, and LCs double stained with both antibodies. Cells 
were enumerated relative to log integrated green fluorescence, log 
integrated red fluorescence, forward angle light scatter, and right 
angle light scatter. The specificity of the staining was confirmed 
by immunofluorescence and flow cytometric analysis. 

Results 

M a c r o s c o p i c  obse rva t ion  o f  the  cha l lenged  skin  showed  
a mi ld  i n f l a m m a t o r y  reac t ion  f rom 3 h af ter  the chal-  
lenge. The  reac t ion  p e a k e d  at  48 h and  then  regressed.  
Scales and  p i g m e n t a t i o n  were evident  af ter  day  7. I m m u -  
noh i s tochemica l  obse rva t i on  showed  no m a r k e d  differ-  
ences in the dynamics  o f  LCs  a m o n g  three subjects.  

LCs before elicitation 

LCs  in the skin were ident i f ied  by  i m m u n o p e r o x i d a s e  
s ta in ing wi th  each mAb .  Lag-pos i t ive  (Lag  +) cells were 
d i s t r ibu ted  evenly in the sup rabasa l  layer  as r epo r t ed  
p rev ious ly  ( K a s h i h a r a  et al. 1986). T6-pos i t ive  (T6 ÷) 
cells and  H L A - D R - p o s i t i v e  ( H L A - D R  ÷) cells were ob-  
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Fig. 1. The change in densities of epidermal LCs during ACD. 
Three volunteers were sensitized with 1% DNCB, and 14 days later 
their backs were challenged with 0.1% DNCB. Punch biopsies 
were taken at various times after the challenge and stained with 
OKT6, anti-HLA-DR, or Lag antibody. Positive cells were counted 
under direct observation and the density of LCs was expressed 
as the number of positive cells per mm of epidermis. Because of 
strong HLA-DR expression of keratinocytes, individual HLA- 
DR + LCs were hardly identified after 48 h. Vertical bars indicate 
one standard deviation 
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Table 1. Immunohistochemical analysis of DNCB-challenged skin;location of T6 + cells and Lag + cells 

Number of positive cells 

0 h 3 12 h 24-48 h 7 days 9 days 11 days 

T6 + Ce//s 

Epidermis 
Upper 
Mid 
Lower 

Dermis 
Papillary 
Reticular 

Lag + Cells 
Epidermis 

Upper 
Mid 
Lower 

Dermis 
Papillary 
Reticular 

@- -]- 

+ + + + + +  
+ + + + + +  

+ + + + 
+ + + +  + 

+ 
+ + + (s) + (s) + + (s) 

+ + + (w) + (sw) + (sw) 

+ (w) + (sw) 
_+ (sw) + (sw) 

The number of positive cells is graded: _+ slight to mild, + moderate, + + marked. Blank means that almost no positive cells were 
observed. 
(S) = The infiltrating cells were mainly Lag-strongly-positive. 
(W) = The infiltrating cells were mainly lag-weakly-positive. 
(SW) = The infiltrating cells consisted of both Lag-strongly-positive cells and Lag-weakly-positive cells 

served in the same manner.  Although T6+Lag  cells 
were occasionally found (data not  shown), no significant 
differences were noted in the total numbers of  Lag + 
cells, T6 + cells, and H L A - D R  + cells in the epidermis 
(Fig. i). Lag + cells, T6 + cells, and H L A - D R  + cells were 
only rarely seen in the dermis. 

LCs from 3 to 48 h after the challenge 

The challenge with D N C B  resulted in a slight decrease 
in the number  of  Lag + cells, T6 + cells, or H L A - D R  + 
cells in the epidermis during the first 24 h (Fig. 1). Be- 
cause of  the strong expression of H L A - D R  antigens by 
keratinocytes, individual H L A - D R  + LCs could not  be 
clearly differentiated f rom H L A - D R  + keratinocytes at 
48 h. The morphology  and location of Lag + cells in the 
epidermis changed gradually. From 3 to 12 h, they were 
present in the lower and mid-epidermis with prominent  
extending dendrites. From 24 to 48 h, they were general- 
ly located in the mid- and upper  epidermis (Table 1). 
The dendrites of  Lag + cells were not prominent  in this 
stage. T6 + cells and H L A - D R  + cells in the epidermis 
showed the same pat tern of  distribution and morpholo-  
gy as Lag + cells. 

T6 + cells appeared in the dermis at 3 h after the 
challenge with DNCB,  and increased in number  until 
12 h in two of  three subjects (Table 1). On the other 
hand, very few Lag + cells were seen in the dermis in 
all three subjects. Most  of  the perivascular infiltrating 
ceils in the reticular dermis exhibited H L A - D R  antigens 
on their surfaces. 

LCs after 7 days after the challenge 

Throughout  this phase, we could not accurately estimate 
the number  of  H L A - D R  ÷ LCs because of the presence 
of H L A - D R  + keratinocytes and H L A - D R  + infiltrating 
cells. 

The number  of  epidermal T6 ÷ cells on day 7 was 
larger than at 48 h, and it greatly increased on days 9 
and 11 (Fig. 1). Most of  the T6 ÷ cells in the epidermis 
were located in the mid- and lower epidermis (Table 1). 
No significant variety in staining intensity was noted 
in the T6 ÷ cells. A considerable number  of  T6 ÷ cells 
were observed in the dermis throughout  the course 
(Fig. 2). 

LCs, on the other hand, manifested a variety of  stain- 
ing intensities with Lag ant ibody after day 7. Some cells 
were stained as strongly as those before elicitation and 
others were stained only weakly and to varying degrees. 
Therefore, we classified Lag + cells into Lag-strongly- 
positive ceils (with intensities similar to LCs before elici- 
tation) and Lag-weakly-positive cells (with intensities 
less than LCs before elicitation). Lag-strongly-positive 
cells were observed mainly in the mid-epidermis on 
day 7, and also in the mid- and lower epidermis on 
days 9 and 11, while Lag-weakly-positive cells were 
mainly observed in the lower epidermis throughout  the 
course (Table 1). The number  of  epidermal Lag + cells 
on day 7 was slightly smaller than that before elicitation, 
and it gradually increased on days 9 and 11. The number  
of  Lag + cells was always smaller than that of  T6 + cells 
throughout  the course. No clusters of  more than two 
LCs or mitotic figures were observed either with OKT6 
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Fig. 2. Immunoperoxidase staining of human skin on day 7 of 
ACD. Cryosections were stained with OKT6. A considerable 
number of T6 ÷ cells were seen in the perivascular dermis. They 
were mainly Lag negative, x 125 

or Lag antibody. Most of  Lag + cells in the papillary 
dermis were stained weakly, while only a small number  
of  them were stained strongly on days 9 and 11. Lag + 
cells were scarcely seen in the reticular dermis. 

The double immunofluorescence staining study with 
RITC-labeled T6 ant ibody and FITC-labeled Lag anti- 
body after day 7 revealed that most  of  the T6 + cells 
in the mid epidermis were stained strongly with Lag 
antibody, while those in the lower epidermis were stained 
weakly to varying degrees (Fig. 3). Some T6 + cells in 
the epidermis were not reactive to Lag ant ibody though 
all Lag + cells were reactive to OKT6.  It  was also re- 
vealed that  most  of  T6 + cells in the papillary dermis 
were stained weakly with Lag ant ibody while those in 
the reticular dermis had no reactivity to it. 

To clarify the differences between Lag-strongly-posi- 
tive cells and Lag-weakly-positive cells, immunoelectron 
microscopy was done with Lag antibody. It  revealed 
that in Lag-strongly-positive cells, numerous BGs in- 
cluding typical racket shaped ones were surrounded by 
dense reaction products in the cytoplasm (Figs. 4 and 
5). On the contrary, less BGs associated with the reac- 
tion products were detected in Lag-weakly-positive cells 
(Figs. 4 and 5). In some Lag-weakly-positive cells, reac- 
tion products seemed to associate only with indetermin- 
ate tiny vesicular structures, and obvious BGs were not 
noted (Fig. 6). 

Epidermal LCs on days 0, 7, 14, and 21 were ana- 
lyzed by two-color flow cytometry with OKT6 and Lag 
antibody to clarify the relationship between Lag-strong- 
ly-positive cells and Lag-weakly-positive cells. The stain- 
ability and specificity of  these mAbs were confirmed by 
the fact that  double stained ceils showed green fluores- 
cence (Lag antibody) in their cytoplasms and red fluores- 
cence (OKT6) on their cell surfaces (Fig. 7). After 7 days 
of  ACD,  there was a broad distribution of  fluorescence 
intensities of  Lag antibodies in T6 + cells (Fig. 8 B, C, 
D), with the mean fluorescence intensity gradually in- 
creasing during the course (Fig. 8, Table 2). 
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Fig. 3 A and B. Double immunofluorescence micrographs of human 
skin on day 7 of ACD. Cryosections were stained with RITC- 
conjugated anti-T6 antibody and FITC-conjugated Lag antibody. 
The fluorescence of RITC is seen in A, and the fluorescence of 
FITC in B. A lot ofT6 + cells were seen in the acanthotic epidermis 
whereas fewer Lag + cells were seen in the same area. Some T6 + 
cells in the mid-epidermis stained strongly with Lag (arrows) while 
others stained only weakly (arrowheads). Other T6 + cells were Lag 
negative, x 1000 

Table 2. Flow cytometric analysis of epidermal cell suspensions 
from normal human skin and DNCB-challenged skin 

No. of Mean values 
samples of fluorescence intensity 

of T6+Lag + cells with 

OKT6 Lag 

Normal human skin 7 109.1 +34.7 91.9_+ 39.7 
Challenged skin on day 7 1 54.7 6.5 
Challenged skin on day 14 1 121.1 47.4 
Challenged skin on day 21 1 103.3 63.9 

Discussion 

The results of  this study concerning epidermal LCs be- 
fore 48 h of  ACD were generally consistent with pre- 
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Fig. 4. Low magnification of an 
immunoelectron microscopy study 
on day 9 of ACD. LCs with 
reaction products to Lag antibody 
were observed in the spongiotic 
epidermis (Ep). The LC (LC1) in 
the mid-epidermis with lobulated 
nucleus contains more Lag-reaction 
products than LC (LC2) in the 
lower epidermis. The LC (LC3) 
which is just passing basal lamina 
(arrows') from the dermis (De) into 
the epidermis contains the least 
amount of Lag-reaction products. 
Bar= 5 gm 

vious reports (Silberberg et al. 1974, 1975, 1984; Aiba 
et al. 1984; Bressler et al. 1984; Bian and Bing-He 1985; 
Marks et al. 1987). There were no marked differences 
in the dynamic changes of epidermal T6 + cells, Lag + 
cells, and HLA-DR + cells, all of which decreased in 
number gradually in this phase of ACD. They seemed 
to move slowly from the lower to the upper epidermis 
as if they were removed from the epidermis (Hunziker 
and Winkelmann 1978; Emtestam and Lindberg 1985; 
Cole et al. 1987). 

After the decrease, the number of both T6 + cells 
and Lag + cells in the epidermis subsequently increased 
after day 7. Lag + cells showed a variety of staining in- 
tensities with Lag antibody: Most of the T6+Lag + cells 
in the mid-epidermis stained strongly with Lag antibody, 
while those in the lower epidermis stained weakly and 
with varying intensities. In addition, some T6 + cells were 
Lag negative whereas all Lag + cells were T6 positive. 

Although Lag-strongly-positive cells were observed to 
have many cytoplasmic BGs, only a few BGs were de- 
tected in Lag-weakly-positive cells which had not been 
observed in normal human skin (Kashihara et al. 1986) 
or in the skin before 48 h of ACD. 

To clarify the relationship between Lag-weakly-posi- 
tive cells and Lag-strongly-positive cells, epidermal cells 
after day 7 of ACD were analyzed by two-color flow 
cytometry. Quantification of fluorescence intensity with 
both OKT6 and Lag antibody showed that T6 ÷ cells 
consisted of one continuous population with respect to 
staining intensities with Lag antibody. This suggests that 
Lag-weakly-positive cells and Lag-strongly-positive cells 
result from the same cell lineage. Flow cytometric analy- 
sis also reveals that, during this phase of ACD, the mean 
fluorescence intensity in the T6 ÷ cells detected with Lag 
antibody increases gradually. These two results strongly 
suggest that, although T6 ÷ LCs have only a small 
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Fig. 5. A Enlarged 
photomicrograph of the 
uppermost rectangular area in 
Fig. 4 (LC1). The peroxidase- 
reaction products are localized 
around numerous BGs 
(arrowheads) in the cytoplasm. B 
Enlarged photomicrograph of the 
left rectangular area in Fig. 4 
(LC2). Fewer BGs with Lag- 
reaction products (arrowheads) 
are distributed in the periphery of 
the cytoplasm. C Enlarged 
photomicrograph of the lower 
right rectangular area in Fig. 4 
(LC3). BGs reacting with Lag 
antibody (arrowheads) are rare. 
All bars are 1 ~m 

number of  Lag antigens per individual cell on day 7, 
the number of  Lag antigens gradually increased thereaf- 
ter. 

It is not clear whether these Lag-weakly-positive cells 
are on their way to form BGs or to be damaged to 
lose BGs. It is possible that T6 ÷ LCs may be damaged 

by residual inflammatory cells and lose BGs around the 
dermo-epidermal junction. However, in our study, T6 + 
LCs were gradually increased in number. Although the 
direction of the migration is not proved, this increase 
suggests more numbers of  T6 ÷ LCs migrating from the 
dermis to the epidermis than those migrating vice versa. 
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Fig. 6. A Low magnification of an immunoelectron microscopy 
of an LC just above the dermo-epidermal junction (arrows) shows 
few Lag-reaction products (arrowheads) in the cytoplasm. Bar= 
5 gm. B Enlarged photomicrograph of the rectangular area of A 
reveals that the reaction products are associated only with indeter- 
minate tiny vesicular structures (arrowheads). Bar = 1 gm 

9 

Fig. 7. Double immunofluorescence staining of epidermal cells 
from normal human skin. Epidermal cells were double stained with 
OKT6 and Lag antibody. Note the green fluorescence (Lag anti- 
body) in their cytoplasms and red fluorescence (OKT6) on their 
cell surfaces, x 500 

T6 + LCs were distributed in a manner such that they 
were mainly Lag-negative in the reticular dermis, Lag- 
weakly-positive in the papillary dermis and lower epider- 
mis, and Lag-strongly-positive in the mid-epidermis. 
These data about the number and the distribution 
strongly suggest that at least considerable numbers of 
T6 ÷ LCs migrate from the dermis into the epidermis 
to form BGs around the dermo-epidermal junction. 

LCs are classically identified with electron microsco- 
py by detecting BGs (Birbeck et al.' 1961). However, the 
nature of  BGs is not clear. There have been several re- 
ports suggesting that BGs are lost whereas immunologic 
accessory functions in primary responses increase during 
in vitro cultivation (Schuler and Steinman 1985; Inaba 
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Fig. 8 A-D. Contour plot showing two-color flow cytometric analy- 
sis of epidermal cells from normal human skin and DNCB-chal- 
lenged skin. Epidermal cells of normal human skin were obtained 
from a resected breast, and epidermal cells of the challenged skin 
were taken from one volunteer. Epidermal cells were double stained 
with OKT6 (PE) and Lag antibody (FITC). The vertical and hori- 

zontal axes denote log integrated red and green fluorescence inten- 
sity, respectively. A Epidermal cells from normal human skin. B 
Epidermal cells from DNCB-challenged skin on day 7. C Epider- 
mal cells from DNCB-challenged skin on day 14. D Epidermal 
cells from DNCB-challenged skin on day 21. Note that T6 ÷ cells 
were stained continuously with Lag antibody from weak to strong 
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et al. 1986; Shimada  et al. 1987). In the present  study, 
we showed that  LCs in h u m a n  A C D  con ta in  varying 
number s  of  BGs and  that  some LCs have no detectable 
BGs. This s t rongly suggests tha t  all of  T6 + cells in the 
skin, regardless  of  the presence of  BGs, are categorized 
into LCs. The fate and  the func t ion  of  LCs and  BGs 
remains  to be elucidated, and  Lag an t ibody  may  be help- 
ful in further  investigations.  
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