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Abstract. Threc new techniques are described for stain­
ing the Langerhans cell in whole mounts of fresh hu­
man and guinea pig epidermis. These employ paraphenyl­
enediamine, gold sodium thiomalate and cobalt chloride, 
respectively, and require appropriate epidermal separa­
tion with EDTA. ammonium thiocyanate or sodium 
bromide. Used in conjunction with a modified adenosine 
triphosphatase stain, these techniques provide greater 
capability for observing the Langerhans cell in disease 
states than can be achieved by any single stain. A 
combined stain with adenosine triphosphate and gold is 
also described. 
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The Langerhans cell has been a strangely elusive 

cell ever since its initial sighting in 1868. l t  never 
had appeared in routine haematoxylin-eosin sec­
tions. Even when stained with gold chloride or 

osmium zinc iodide its dendritic structure blended 

in with the melanocyte lineage. Only recently has 

the cell yielded the secret of its distinctive fine 

structure and remarkable enzyme content (2, 7, 3, 

8, 13). 

The Langerhans cell has eluded not only routine 

histologic definition but also functional assessment. 

Attempts have been made to assign the cell a role 

in sensory perception, pigmentation, keratinization 

or any disease state, but an air of mystery still sur­

rounds the cell. However, there is growing evi­

dence in favor of a role for Langerhans cells in 

contact allergic hypersensitivity, as recently re­
viewed by Silberberg et al. ( 11 ). Moreover, work in 
our laboratory demonstrating that the cell may be 

an epidermal contact allergen trap (10), forming a 

unique reticulo-epithelial system, makes it essential 

to develop better methods for its visualization in a 

variety of conditions. The present report details 

new methods we have developed for staining this 

elusive cell. 

MATERIAL AND METHODS 

I. Specimens

The majority of studies were done on the ears of male
albino guinea pigs (300 to 400 g). The ears were excised
immediately after the animal was killed by cervical dis­
location. Skin was also taken from other areas such as
lhe back, foot pads and scrotum. It was washed, the 
hair removed and stratum comeum scraped clean 10
glistening by means of a razor blade.

"Epidermal" biopsy specimens (I cm') were taken 
from the normal skin of white male and female human 
subjects of different age groups. Anesthesia was achieved 
by injection subepidermally of I ml of a 2% solution of 
lidocaine (Xyloca.ine*). The spccimcn was obtained by a 

gcntle sawing cut with a sterile half-blade (a new Gillette 
Super-Blue Blade�). kept superficial and parallel with the 
surface, which is held taut during procedure. 

The epidermis was separated from the dermis by a 
variety of methods outlined in Table I. These permitted 
gentle manual lifting off of a full sheet of epidermis by 
means of Swiss Forceps No. 5. 

Il. Solutions 

In addition to the separation fluids prepared as in 
Table I, the following were used in the staining techniques 
to be described: 

"Fixatives" 

Cacodylate-Formaldehyde 
6 .85 g sucrose 
10 ml 40% formaldehyde 
40 ml 0.2 M (i.e. 3.2%) cacodylic acid (Sigma) 
50 ml distilled water 

pH 4-Fonnaldehyde 
I g pH 4 buffer salt mix (potassium phthalate-tartaric 

acid) (Harleco, Hartman-Leddon Co., Philadelphia, 
Pa.) 

100 ml cacodylate-formaldehyde solution (see above) 
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Table l. Epidermal separation techniques (5, I) 

Separation 
tluid 

EDTA 

Ammonium 
thiocyanate 

Sodium 
bromide 

Lysozyme 

Trypsin 

Alkali 

Heat 

Ammonium 

Stains 

ATP-Lead: 

Stock ATP 

Composition 

NaCI 6.83 g 
KCI 0.20 g 
Na2HPO, I. 15 g 
KH 2PO, 0.20 g 
Phenol red I %  0.12 ml 
Na,EDTA (ethylenedi-
amine tetra acetic acid 
tetrasodium salt) 7.60 
g in liter. 

Adjust pH to 7 .2 

0.5 mole in 
0.1 M phosphate 
buffer, pH 6.8 

I mole in 
0.1 M phosphate 
buffer, pH 6.8 

0.05 mg/ml 
0.1 M phosphate 
buffer, pH 6.8 

1/10000 aqueous I x 
crystallized 50% 
MgSO, (Worthington) 
in phosphate buffer, 
pH 7.4 

1% Borate-carbonate 
buffer. pH 11 .0 
(Harleco) 

Slide warmer 

l M ammonium
hydroxide (7 parts)

I Mammonium
chloride (3 parts)

Final pH 9.6 

Time Temper-
(min) ature 

120 37°c 

20 37°c 

60 37°c 

90 37°c 

45 37°c 

30 37•c 

2 49.2°c 

20 25°c 

50 mg adenosine S'triphosphate disodium salt (Sigma) 

5 g glucose 
50 ml distilled water 
40 ml Trismal buffer (see below) 
10 ml 0.1 M (i.e. 1.2%) MgSO, • 7 H 2O in distilled 

water 

Trismal buffer 
12.1 g Tris buffer salt (Harleco) 
11.6 g maleic acid (Sigma) 
4.0 g sodium hydroxide 

400 ml distilled water 

Final A TP-Pb staining solution 
2.7 ml stock ATP solution 
0.3 ml 2% lead nitrate in distilled water 

Cobalt 
0.3 ml 5% cobalt chloride-hexahydrate 
2.7 ml metal-free Timm's stock solution (see below) 
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Gold 
0.6 ml gold sodium thiomalate (disodium mercapto· 

succinate gold, Myochrysine® , Merck), 5% aqueous 

solution (containing 0.5% benzyl alcohol) 
2.4 ml pH 3.0 buffer (I% K phthalate-tartaric acid 

powder, Harleco) 

Nickel 
0.3 ml 5% nickel chloride hexahydrate 

2.7 ml metal-free Timm's stock solution (see below) 

Paraphenylenediamine 
0.5% in pH 11.0 buffer (I% borate-carbonate salt, 

Harleco) 

Developers 

Ammonium sulfide 
5 ml 22.3% ammonium sulfide solution (Baker) 

95 ml distilled H,O 
Must prepare fresh if any color change or precipitate 

appears. 
Hydrogen peroxide 

3% (Baker) 

Silver Timm solution 
0.3 ml 5% silver nitrate in distilled water 
2.7 ml metal free stock Timm's solution (see below) 

Timm stock (metal-free) 
30 g acacia (gu m arabic) 
10 g sucrose 
0.43 g citric acid 
O. 17 g hydroquinone

100 ml distilled water
Use hot water and mix well in preparing.

Rinse 

Distilled water 

Mounting medium 

Glycerine jelly (Kaiser) 

III. Staining methods

Adenosine triphosphatase. EDTA-separated epidennis is 
placed immediately in saline solution for 30 minutes al 
room temperature. lt is then immersed in cacodylate­
formaldehyde solution for 20 minutes at 4°C. Rinse. 
Immerse in A TP-Pb solution at 37°C for 20 minutes 
(guinea pigs) or 60 minutes (human). After rinsing, it is 
immersed in ammonium sulfide solution for 20 minutes al 
room temperature. After rinsing. mount derrnal (dark) 
side up in glycerine jelly. 

Gold. Ammonium thiocyanate separated epidermis is 
immersed in saline for 30 minutes at room temperature. 
This is followed by immersion in Myochrysine® solution 
for 60 minutes a1 37°C. Rinse. Immerse in ammonium 
sulfide solution for 20 minutes at room temperature. 
Rinse. Immerse in cacodylate-fonnaldehyde solution 
for 30 minutes at 4°C. Rinse. lmmerse in silver Timm's 
solution for 6 minutes at 66°C. Rinse. Mount. 

Paraphenylenediamine. Ammonium thiocyanate sepa· 
rated epidennis is placed immediately in saline solution 



Fig. I. Langerhans cells in epidennal sheets from guinea 
pig ears, employing techniques described in text. (A) 
ATPase stain, (B) Gold (Myochrysin), (C) Paraphenylene-

for 30 minutes at room temperature. It is then kept in 
cacodylate-fonnaldehyde solution for 60 minutes at 4°C. 
Rinse and treat in paraphenylenediamine solution for 60 
minutes at 37°C. Rinse. lmmerse in hydrogen peroxide 

solution for 10 minutes at room temperature. Rinse with 

Table Il. langerhans cell staining results. Guinea 

pig ear epidermis 

++++=excellent best. ++-,.=good, ++=fair, +=poor, 
O=no stain 
Grading O to 4+ 

Separation 
method 

EDTA 
Thiocyanate 
Sodium bromide 
Lysozyme 
Trypsin 
Alkali 
Heat 
Ammonium 

salts 

ATP 

++++ 
+++ 
++ 
+++ 
++ 
+++ 
0 

0 

Gold 

+ 
++++ 
+++ 
0 
0 
0 

++ 

0 

Para­
phen­
ylene-
diamine Cobalt 

++ + 
++++ +++ 
++ ++++ 
+++ + 
0 + 
+++ ++ 
+++ 0 

0 0 
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diamine, (D) Cobalt. Surface view. x390 (1 A. ID): 
X245 (I 8, I C). 

care and mount. lf bubbles interfere, remount. Read 

within short time. 
Cobalt. Sodium bromide separated epidermis is placcd 

immediately in saline solution for 30 minutes at room 
temperature. Il is then immersed in pH 4 formaldehyde 

solution for 60 minutes at 4°C. Rinse. Immerse in am­

monium sulfide for 60 minutes at room temperature. 

Rinse. Treat in cobalt-Timm's solution for 20 minutes al 

66°C. Rinse and mount. 
For nickel stain, employ same procedure, but substitute 

nickel Timm's solution for cobalt Timm's solution. 

Combined ATP-gold stain. Ammonium thiocyanate 
separated epidermis is kept in saline solution for 30 
minutes at room temperature. It is then fixed and 
stained as described above for ATP. Af ter the ammo­

nium sulfide and rinsing steps, it is immersed in Myo­
chrysine® solution for 60 minutes at 37°C. Rinse. lm­
merse in ammonium sulfide solution for 20 minutes at 

room temperature. Rinse. lmmerse in silver Timm's 
solution for 5 minutes at 66°C. Rinse. Mount. 

IV. Cross-sections 

The stained sheets of epidennis could be hand cut 

transversely with a razor blade or embedded in paraffin. 

sectioned with a regular microtome and mounted in the 
usual fashion. 
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Fig. 2. Hand razor blade cross section of epidermal 
sheets shown in Fig. I, showing Langerhans cell in mid-

RESUL TS AND DISCUSSION 

With the techniques we have described, the Langer­

hans cells can be well visualized in normal human 

and guinea pig skin (Fig. I). By staining the entire 

epidermaJ sheet and viewing it en face, one is as­

sured of a panoramic topographic view of the cell 

inter-relationships. The classical cross section (Fig. 

2) does enable one to identify the cells as high leve!

dendritic cells but, since one can only focus on a

few cells, it sharply restricts one's sense of the re­

ticulo-epithelial nature of this Langerhans network.

As Table II makes evident. the best staining is 

achieved only when the epidermal tissue is treated 
in a manner appropriate for the specific stain being 

done. As an example, the use of ammonium 

hydroxide as a separative completely prevents sub­
sequent staining. Moreover, simply allowing the 

properly separated epidermis to remain in saline 

too long or in distilled water can seriously interfere 
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zone of epidermis. (A) ATPase stain, (B) Gold (Myo­
chrysin), (C) Paraphenylenediamine, (D) Cobalt. 

with certain stains. Despite the fact that staining 

seemed limited by the impermeability of the epi­

dermis, a wide variety of penetrant chemicals rang­

ing from neuramidase to dimethyl sulfoxide failed 

Lo enhance staining. The detai1s listed under separa­

tive and staining techniques must be followed care­

fully to achieve uniform consistent results. 
Some of the critical sources of error include: 

- failure to immerse entire epidermal specimen in 

fluid.

- failure to keep precisely to time schedule pro­
vided. (Specimens must not be held in saline solu­

tion or kept overnight.)

- failure to use solutions fresh and clear. 
- failure to mount specimen dermal side up.

The area differences in staining are considerable.
In the albino guinea pig the externa! ear, either side, 

is the best specimen for staining. It exhibits as 

many as a thousand Langerhans cells per square 
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Fig. 3. A TPase stain of Langerhans cells in guinea pig 
epidermal sheel. (A) separated by pH 11 buffer. Note 
the cells are swollen. and have short dendrites com­
pared with those seen in recommended technique (Fig. 

millimeter. The hairy areas such as the scalp in 

man or the body in the guinea pig are notoriously 
understained. In the case of the foot pad the stratum 

comeum should be removed prior to initiating any 
staining procedure. 

The morphology and size of the cells varied with 

the specimen, as well as the method of staining 
and separation used. The ATPase stain demon­

strated the dendritic cells in normal skin but fails 

under certain experimental conditions such as 

freezing (Table 111). Here the gold stain has an 

advantage and shows the dark cells sharply. In dis­

eased skin such as contact dermatitis the A TPase 

method failed to demonstrate the cell dendrites, 
whereas the gold and paraphcnylenediamine stain 
clearly outlined the dendrites. In some examples of 

Table 111. Langerhans cell sIai11ing. Sample re­
suils of 30 mi11uIes pretreaIme11I (chemical con­
ce111ra1io11 I /I 000 in saline) of separa1ed guinea pig 
epidermis (washed in saline 30 minwes, room 

tempera111re) 

Standard method (see text); grading O to 4+ (as in 
Table Il) 

Para-
phen-
ylene-

Pretreatment ATP Gold diamine Cobalt 

Collagenase +++ + +++ + 

Ribonuclease ++ ++ ++ + 

48/80 ++ 0 +++ ++ 

Colchicine ++++ ++ ++ ++ 

Distilled water 0 ++ +++ +++ 

Freezing -15°C + ++++ + 0 

Saline ++++ +++ ++++ ++++ 

20-772804 
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I A). X410. (B) separated by lysozyme technique. Note 
the cells are smaller and have finer dendrites than those 
seen in recommended technique (Fig. l A). X410. 

disease states we found staining only with the 

A TPase method. 

In any stain for Langerhans cells, the question of 

specificity must be asked. Are the cells being 
stained true Langerhans cells, are they rnelano­

cytes, or are they intermediate. cells? The most 

cogent evidence that the cells being stained by 
the techniques we have described are actually 

Langerhans or intermediate cells and not melano­

cytes comes from the cross section studies (Fig. 

2). In these sections it can be seen that many of 

the stained cells are in the mid or upper epidermis. 

This is in agrcement with the usual location of the 

Langerhans cell and speaks against the cells being 
mclnnocytes. Furthermore, dopa studies done by u, 
stain the melanocytes in human epidermis at a leve) 

well below the present staining and in a different 

pattern when viewed surface-wise. In the albino 
guinea pig, dopa-positive cells were virtually non­

existent. 

Not only does the level of the cell network 

stained by us support the view that these are 

Langerhans cells. but additional observations are 

equally convincing. Morphologically, the cells 

stained by us have a thicker broader dendritic 

structure than the melanocyte. The number of cells, 

nearly I OOO/mm2 (14), as well as their regular 

patterned spacing, are typical of the Langerhans 

cell. Finally, these cells are dopa-negative. 
The gold sodium thiomalate stained cells (Figs. I, 

2) pose a special problem of interpretation. The 
absence of dendrite staining. as well as the selec­
tivity of staining as seen in the combined A TPase­

gold technique (Fig. 4), would suggest that the gold
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Fig. 4. Combined ATPase and gold stain or vi1iligo spe­
cimen of human epidermis. Note dark round dendritic 

might be staining a special type or functional form 

of the Langerhans cell. Could the gold !>lam be 

identifying thc intermediate cell? 

In regard to the �pecific stains. we would em­

phasize our observation thal the staining for 

A TPase was significantly improved by the addition 

of the energy source. glucose. to the A TP-Pb me-

Fig. 5. Paraphenylenediumine stain of epidermis. (A) 

Guinea pig. ><400. (B) Human. x770. 
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cells (stained by gold) and lighter dendritic cells (stained 
by A TPasc). X785. 

dium. We can confirm Mackenzie & Squier's ob­
servation (6) that EDTA separated epidermi� b 

stained m a superior fashion. Note in Fig. 3 the 

swollen Langerhans cells with stubby dendritic 

processe� found on staining epidermb separated by 

means of an alkaline buffer. lnterestingly. the use 

of lysozyme to separate epidermis, first described 



herein. was associated with slender Langerhans 
cells. showing a fine dendritic structure. 

Our experience with the classical gold chloride 

stain was unsatisfactory. In the quest for a better 
technique we found that gold sodium thiomalate. 
used so widely in clinical therapy, gave excellent 
gold staining of the Langerhans cell. It wa� especi­
ally critical that the thiocyanate used for separation 

be completely wa�hed out before staining was ini­

tiated. The use of an acidic pH 3.0 gave ex­

tremely sharply and darkly stained, round Langer­

hans cells. U sually in the guinea pig under these 

conditions. dendrites were absent. As the staining 

solution pH was varied and approached pH 7.0. 
dendritcs becamc evident but the remarkable sharp• 

ness of the stain disappeared. In an alkaline me­
dium they did not stain (Table 111). At pH 6.4 we 
found the keratinocytes very darkly stained. The 
technique described above gave the best results. 
being especially satisfactory for the staining of in­

flammatory diseased skin. The use of the classical 

Tirnm's solution (12) was valuable as an intensifier 

of this metallic stain. 
The use of paraphenylenediamine as a stain for 

the Langerhans cell is entirely new. In its most 

elementary form it served to demonstrate that the 
Langerhans cell is an allergen trap (10). In the 
present tcchnique it serves as a reliable means of 

detecting the cell, although the cell may appear 

somewhat distorted in the guinea pig epidermis as 
compared with the A TPase-positive cells (Fig. 5). 
The uc;e of hydrogen pcroxide os a dcvclope, b 
essential for good contrast but must not be used 
for prolonged periods. Any prolonged exposure 

leads to overstaining of all cells. Our experience 
would suggest that the slides should be protected 
from light. Strangely, some specimens improve on 
standing-others deteriorate. Thw,, general ly. early 

or serial readings are desirable. 

The cobalt chloride stain, as well as that of 
nickel chloride. is new and provides yet another 

histologic probe for the presence of Langerhans 

cells. The use of a moditied Timm's solution proved 

essential for the developing of these stains. 
The mechanism of staining for A TPase is well 

known but the new stains we have described are 
still of an obscure nature. Presumably. membrane 
enzyme systems are responsible but precise under­
standing must call for further study. 

Although Riley lists some 12 techniques reported 

to demonstrate the Langerhans cell by light micro-

Langerhans cell stairrs 295 

scopy (9). many of thesc proved in our hands to be 
capricious, unreliable and technically difficult. Re­

cently Falck et al. have demonstrated a pronounced 
L-dopa uptake by the Langerharn, cells which could
be brilliantly visualized with tluoresccnt micro­
scopy (4). It is hoped that this and the new bat­
tery of stains we have described herein will provc

to be more practical, reproducible and �uccessful.
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