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Abstract. The 111lrastruc1urnl fcaturcs of Langerhans cell, 
are describcd in positive coniact allergic anti contacl 
irri1an1 reactions and 111 clinically negative patch test 
sitcs. Skin biopsies of po,itive patch test reactions to 
ninc differcn1 allergen, in 21 allcrgic subjccts werc 
examined by electron microscopy. As conlrols, skin 
biopsies wcrc studied I) of clinically non-reactive patch 
tc�I sites to fivc different allergens in 23 subjec1,. 2) of 
contact irrirnnt reac1ions in 5 ,ubjects, and 3) of 
lcsions of 9 subjects with variou� dcrmaloscs. Closc 
apposition of mononuclcar cells 10 l.angerhan� cells wa, 
,;een almo,t exclusi, ely at si tes of contact allcrgic reac
tions. Somc of these Langerhan, cells ,howed prominent 
Oolgi complcxes, channcls of rough endoplasmic retic
ulum, polyribosomes, ly�o,ome-likc bodies, and ruffled 
cell membrnne, with p�eudopod-likc projections. Still 
other Langcrhans cells showed di�ruption of their cell 
membranes. The resuh, of this s111dy suggcst that the 
Langerhans cell, for which no function is known, plays a 
role in contnct alJergic reactions. l he nature of thi, 
role requires further s11,dy. 

Several inve�tigators have suggested the PoS

sibility that Langerhans cells pla) a role in con

tact allergic reactions (1, 5, 7). In previous studies 

of allergic contacl reactions by electron micro

scopy (13), I rePorted close apposition of mono

nuclear cells to Langerhans cells as early as 4 

hours after topical application of mercury bi

chloride and signs of damage to somc Langer

hans cells by 48 hours. The objective of the 

present study was to ascertain whether apposi

tion also occurs at sites of contact allergic reac

tions to olher allergens. In addition I studied sites 

1 This work was prcscntcd in part al the mee1ing of 
t.be American Federation for Clinical Research on April 
30, 1972, in Atlantic City, New Jersey. 
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of clinically non-reactive patch tests, of contact 

irritant reactions, as well as biopsies from a few 

dermatoses. 

MATERIALS AND METHODS 

Human subjects 

Twenty-onc subiect; with co111ac1 a/lergic reac1io11s 10 
nine different substances wcrc studied. Tuble 1 lists thc 
;ubstanccs applied, the number o{ subjccL-. 1es1ed, the 
degree of reaction 48 hour,, af1er applicution of thc 
allergen, and the timc of biop,y. Mo;t of these subject< 
were clinically free of their <lcrmatitis at th: time of 
patch tcsting, although they bad had somc dinical mani
festation� of lheir scn,itivity within I month prior to the 
testing. 

Five subjects with contact irritant reactions wcre 
swdied. Table 11 lists the substance� applicd, lhe number 
uf subjc:-=b tc-stc<l "ilh cach °'ub:stancc. 1hc dcgrce o{ 
reaction, and time of biopsy. 

Twen1y-three subjects with cli111ca//y 11011-reactive patch 

lc:sr sites were sludicd. Tablc 111 lisas the substances 
applied, lhe numbcr of subjcct� te,ted with each sub
stance, and lhe lime of biopsy. 

Prior to inclusion in lhis ,tudy, each subjecl had 
becn patch tested and the sitc read at 48 and 72 hours. 
In non-rcactive subjects the patch tests were repeatcd 
after thc ,tudies were concluded, lo exclude the possibility 
that subjccts had bccome scnsiti7cd to the allergen. Patch 
tests wcre graded O to 4 + according lo acceptcd 
methods ( 15). 

The lcsion.s of 9 subjects with a l'ariety oj demratoses 

were also studied. The clinical conditions and number of 
patients cxamined arc listed in Table lV. 

Preparation of skin biopsy specimens 

for electron microscopy 

Most spccimens wcrc fixed in 4% phosphate-buffcrcd 
glutaraldchyde for 2 hours at 4°C. O{ thesc, tissue blocks 
were then washed in two changcs of cold isotonic saline 
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Table I. Contact allergic patch test reactions 

Timc 
No. of Oegree of of 
subjccts patch tc;t biopsy 

Substances applied tested reactivity (hours) 

A mmonintcd mcrcury I 0 00 

in pet. 3 24 

Formaldchyde 2 •0 aq. 
sol. 2 24 

Gold chloride I 2 •• 
aq. sol. It- 26 

2 - 24 
llexachlorophcnc I 00 

in pet. l � 4 

Mercaptobenzothiazolc 
1 °{. in pcc. 4 48 

Mercur) bichlonde 0.1 •., 

aq. sol. I 24 

I 72 
2 2 
2 + 24 

I 3 2 
2 3. 4 

1 3 24 

2 4 48 

Nickel sulfate 5 "• aq. ,ul. 2 48 

Paraphenylened1amine 
2%inpct. 1-,- 24 

2- 24 

4 24 

Pyrethrum as is 3 48 

for 5 minutes and post-fixed for I hour in c:ild 1°0 
osmium letroxide in 0.1 M phosph3IC buffer, pH 7.4. 
Specimens were washed .in three changcs of cold isotonic 
�aline solution. debydrated in l!radcd alcohol<. ond 
cmbedded in cpoxy re<in (Maraglas). Silver to gold sec
tions wcrc cut from blocks 1rca1ed in the nbove ways 
and placcd on 200 me;,h, Formvar-coated or uncoatcd 
,iain.less ,teet grids. Somc sections were ,:ained with urnnyl 
ucetate, lcad citrale, or both. The sections wcr� tben cx
amined by clcctron micro,copy (Siemen� Elmi,kop lA). 

In addition, some specimens were processed in osmium 
zinc iodide as dcscribed previously (9). Sections approx
imately 2 um thick. were cut for light microscopic study 
and count�rstained with Azur 11 (6). Sections were abo 
cul for study by electron microscopy. 

RESULTS 

Rowine Srudies by Electron Microscopy 

Findings at sites oj positive conract allergic 

reactions 

In contact allergic reactions, mononuclear cells 

were seen juxtaposcd to Langerhans cells 4 to 

6 hours or longer after application of the allergen 

(14). Also, the following morphologic changes in 

Langerhans cells next to mononuclear cells were 
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frequently seen in contact allergic reactions: 
I J Membranc-lirnited inclusions resembling vesi

clcs; 2) Polyribosomes and prominent channels 

of rough endoplasmic reticulum containing faintly 

opaque material: 3) Prominent Golgi complexes; 

4) Several multivesicular bodies and membrane

limited inclusions resembling lysosomes: 5) Glyco

gen accumulation: 6) Ruffled cell membranes

with pseudopod-likc projections: 7) lndi�tinct cell

margim, ,, ith disorganization of cytoplasmic

components.

Tablc 11. Co111act irritant parch rest reactions 

No. or Degrec or Time of 
subjects patch test biopsy 

Substances applied tested reactivity (hours) 

Mercury bichloride I•• 
aq. sol. 2 - 24 

Mercury bichloridc 2 •• 
aq. sol. 3 24 

Soap I 48 

2 24 
Sodium lauryl sulphate 

s •. aq. sol. 30 

Table 111. Clinically 11011-reactive patch tesr sites 

Substancc applied 

Ammoniatcd mercury I 0 •., in pel. 
Chromium chloride 2 •• aq. sol. 
Formaldehyde 2 •• aq. sol. 
Mercury bichloride 0.1 •., aq. sol. 

Paraphenylene diamine 2 •0 in pct. 

o. of
subjects 
tested 

2 
I 
I 
2 
I 
3 
7 

3 
I 

Time of 
biopsy 
(hours) 

48 

13 
48 
4 
6 

12 
24 
48 

96 
24 

48 

Table IV. Dermatoses s111died witltout patclt testing 

Clinical 
conditions 
studied 

Lcpromatous leprosy 
Secondary syphilis 
Erythema multiforme 
Lichen plan us 
Contact dermatitis 

No. of 
patients 
studied 

I 
2 
2 
2 
2 
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Fit, 1. Mononuclear cell (C) juxtaposed lo denclri1e of 
a Langerhans cell. Arrow indicates a Lnngerhans. granule. 

At site of apposition, ribosomes and inclusions resembling 

vesicles are seen in cytoplasm of botb cells. Because of 

In some sites Langerhans cells were seen in 

the dermis, again in apposition to mononuclear 

cells. The accompanying figures illustrate some 

of these changes. Fig. 1 shows a mononuclear 

cell juxtaposed to the dendrite of a Langerhans 

cell. Because of the relatively large nucleus and 

scanty cytoplasm the mononuclear cell resembles 

a lymphocyte. In the cytoplasm of the cells at 

the site of apposition, ribosomes and inclusions 

resembling vesicles are present. Fig. 2 shows 

damage to a Langerhans cell that is in apposition 

to a mononuclear cell. Occasionally, as seen in 

Figs. 3, 4 and 5 more than one mononuclear 

cell may be juxtaposed lo a Langerhans cell. 

relatively !arge nucleu� and scanly cytopla�m 1he mono
nuclear cell resen1bles a lyn1phocyte. Section stained with 

uranyl acetale and Jead citrate, x I J 500. 

Findings at sites of positive contact 

irritant reactions 

In none of five cases of contact irritant reaction 

was juxtaposition of mononuclear cells to Langer

hans cells observed. As shown in Fig. 6, at the 

height of the contact irritant reaction the cell 

margins of the Langerhans cell are intact, but 

there is some glycogen accumulation. Although 

mononuclear cells are present they are not in 

juxtaposition to Langerhans ceUs. In one non

sensitive subject, in addition to testing with the 

irritant concentration of 2 % mercury bichloride, 

the non-irritant concentration of 0.1 % mercury 

bichloride was applied at another site. Only at 
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Fig. 2. Damaged Langerhans ceU (L) at site of apposition 

to a mononuclear cell (C). The membrane profiles 

probably represent parts of degcnerating Langerhans cell 

cytoplasm spilling over into this area. A Langerhans 
grnnule is indicated by the arrow. Mitochondria (T) 
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show electron-dense deposits. The mononuclear cell also 

shows indistinct cell margins, possibly the result of injury 

by hydrolytic enzymes released by the damaged Langer

hans cell. Section staincd with llranyl acetate and lead 

citrate, x 17 000. 
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F'ig. 3. Two mononuclcnr cells (C) juxtaposecl to a 

Langerhans cell (L) which, unlike that seen in Fig. 2, 

show� very few dcgenerative change<,. The area demarcated 

by lines contains Langerhans granules and is seen ut 

higher magnification in in,ct. Section staincd with urnnyl 

acetatc and lead citrate, x 15 500. Inser: Two Langerhan� 

granule�. x 27 000. 
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Fig. 4. Langcrhans cell (L) surroundcd by lhrcc mono
nuclear cells (C). Plasma membranc of the Langerhans 
cell is rutned with many pseudopod-likc projections (P). 
Lysosome-likc bodics (V) and a prominent Golgi complex 

this latter site of clinically negative reaction was 

apposition of mononuclear cells lo Langerhans 

cells seen. 

Finclings ar sires of clinically non-reactive 

patch test reactions 

Apposition of mononuclear cells to Langerhans 

cells was not seen at non-reactive patch test sites 

with the exception of mercury bichloride. As 

shown in Table V this phenomenon occurred less 
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(G) arc found in l.he cytoplasm. The area demarcated by
thc lines b shown :n higher magnification in Fig. 5.

Stained with uranyl acctate and lead c itrate, x 7 200.

frequently at non-reactive patch test sites to 

mercury bichloride than al sites of contact allergic 

reactions. As reported previously, Langerhans 

cells at !hese sites show signs of injury, and 

occasionally keratinocytes are seen that contain 
Langerhans cell organelles, probably of phagocytic 

origin (12). ln none of the six non-reactive patch 

te�t sites to allergens other than mercury bi

chloride was juxtaposition of mononuclear cells 

to Langerhans cells seen. 
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Fig. 5. Enlargemem of part of Fig. 4. Arrow indicates 

a Langerham granule. Polyribosomes (PR) and channels 

of rough endoplasmic reticulum (RER) are present in 

cytoplasm of Langerhans cell. In an area adjacent to 

Findings in lesions of other dermatoses 

In 2 subjects with chronic contact dermatitis, 

apposition of mononuclear cells to Langerhans 

cells was seen. Fig. 7 shows changes in a Langer

hans cell so related to a mononuclear cell. 
Several membrane-limited inclusions containing 

amorphous material are seen. The cytoplasm is 

dark and contains ribosomes and prominent chan-

th� Langerhans cell, the cytoplasm of a mononuclear cell 

(C) contains polyribosom�s (PR), channcls of rough endo

plasmic reticulum (RER) and coated vesicles (CV). 

X 18 )00. 

nels of rough endoplasmic reticulum contammg 

moderately opaque material. The Golgi complex 

is prominent. Except for the presence of lyso

some-like bodies these cells resemble those de

scribed by Ebner & Niebauer (4). Of the other 
dermatoses studied only in one of two biopsies 

of subjects with syphilis was there apposition of 

monon uclear cells to Langerhans cells. 

Acta Dermatovener (Stockholm) 5
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Results of Osmium Zinc lodide Staining 

A t clinically non-reactive patch test si tes, Langer

hans cells were stained as described by Niebauer 

et al. (9). Langerhans cell counts by light micro

scopy of thick sections correlated well with 

electron microscopic findings. At sites of contact 

allergic and contact irritant patch test sites and 

in lesions of other dermatoses, staining of Langer

hans cells was variable; Langerhans cell counts of 

thick sections by ligbt microscopy correlated 

poorly with electron microscopic findings. Same 
Langerhans cells took almost no stain, whereas 

some keratinocytes and melanocytes were heavily 

stained. Attempts at quantitation of the apposition 

of mononuclear cells to Langerhans cells by light 

microscopy using the osmium zinc iodide stain 
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Fig. 6. lntact Langerhans 

cell except for some 

glycogen accumulation (GL). 

Al site of contacl irritant 

reaction to n1ercuric 

chloride a Langerhans 
granule is scen (arrow). 

Section stained with uranyl 

acetate and lead citrate, 

X (0 900. 

were unsuccessful. At sites of positive contact 

allergic reactions, same Langerhans cells showed 

osmium zinc iodide staining on parts of the cell 

membrane. When Langerhans cells were found in 

juxtaposition to mononuclear cells some staining 

was seen on the cell membrane of the Langerhans 

cells at the sites of apposition. 

Quantitative Studies by Electron Microscopy 

Six blocks, approximately l mm� in size, of 

each specimen were studied, and a total of at 
least ten epidermal Langerhans cells per specimen 

were counted. The results of these studies are 

listed in Table V, and show that in positive 

eon tact allergic patch test si tes, af ter 4 ho urs, 

apposition of mononuclear cells was seen in 46 
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Fig. 7. ApposiLion of mouonuclear cell (C) to dendrite 

of a Langerhans cell in a lesion of cbronic contact 
dermatitis. The Langerhans cell contains membrane

limited inclusions resemhling lysosomes (V), numerous 

ribosomes (R), and channels of rough endoplasmic 

reticulum (ER) filled with moderatcly opaque material. 

out of 210 Langerhans cells counted. ln positive 

contact-irritant patch test sites of 100 Langerhans 

cells counted, none showed apposition to mono

nuclear cells. Jn clinicaUy negative patch test to 

allergens, otber than mercuric chloride, none of 
60 Langerbans cells counted showed apposition to 

mononuclear cells. Seventeen Langerbans cells out 

of 170 counted showed apposition to mono-

The Golgi region (G) is prominent. The area coma,rung 

Langerhans granules is demarcated by lines and is 

shown at higher magnification in the insel. Section 

stained with uranyl acetate and lead citrate, x 12 000. 

lllset: Langerhans granules. x 25 000. 

nuclear cells at sites of clinically non-reactive 

patch test sites to mercuric chloride. With the 

exception of one of two subjects with secondary 

syphilis, none of the 70 Langerhans cells counted 

in Jesions of other dermatoses, were apposed to 
mononuclear cells. In secondary syphilis, one of 
30 Langerhans cells counted showed apposition to 

a mononuclear cell. 
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Table V. Results oj quc1111itative s111dies by e/ec,ron obtained at sites of irritant and non-irrilant ap-

microscopy plication� of mercury bichloride in the same sub

No. or 
Langcrhans 
cells 

Total sho\\ing 
no. of apposition 
Langcrh,ins to mono-

Conditions cells nuclear 
studicd counted cells 

Positive conlact allergic 
patch test site, 210 46 

Po�itivc contact irrilanl 

patch test sitc� 100 0 

Clin1ca!ly negative patch 
test sitcs (not including 
reactions to HgCI,) 60 0 

Clinically negative patch 
test sircs 10 HgCl

1 
170 17 

Chronic contact dcrmatitis 20 4 
Lepromatous leprosy 10 0 

Secondary syphilis JO I 

Erythcma multiformc 40 0 

Lichcn planus 20 0 

DISCUSSION 

In previous studies by electron micrnscopy of 

allergic contact dermatitis, appo�ition of various 

cell types has been described. Medenica & Rosten

berg (8) noted contact of monocytes and lympho

cytes. Wolff & Braun-Falco (16) reported inti

ma te contacL of macrophages to surfaces of 

lymphocytes. In the present report apposition of 

mononuclear cells and Langerhans cells is de

scribed. Many of the mononuclear cells had a 

relatively !arge nucleus in relation lo the amount 

of cytoplasm. They rescmbled lymphoqtes, but 

on morphologic grounds, they could not be posi

tively identified. Therefore, lhe general term 

mononuclear cell is uscd to descrihe them. With 

the exceplion of non-irritant concenlralions of 

mercury bichloride, it was only at sites of contact 

allergic sites but not at clinically non-reactive 

site� or sites of contact irritanl palch test reac

tions that apposition of mononuclear cells to 

Langerhans cells was seen. The findings at 

clinically non-reactive patch test sites to mercury 

bichloride may be related to the finding that 

mercury bichloride in certain concentrations, like 
phytohemagglutinin, can nonspccifically cause 

transformation of lymphocytes in vi tro (1 I). This 

unusual properly may account for our findings 

in vivo. 

Of particular interest are the different results 
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ject. Thcrc was no apposition of mononuclear 

cells to Langerhans cells at thc site of applica

tion of a contact-irritant concentration of mer

cury bichloride, ,,hile juxtaposition of mono

nuclear cells to Langerhans cells was noted at 

the site of application of mercury bichloride 

dilutcd Lo a clinically non-irritating concentra

tion. As a further control some dermatoses were 

chosen which had at least as many infiltrating 

cells as have contact allergic reaclions. Our 

attempts wilh light microscopy using osmium zinc 

iodide staining to quantitate the frequcncy of 

apposition of monon uclear cells to Langerhans 

cells al site� of inflammation were unsuccessful. 

Therefore. attempts at quantitation were made by 

electron microscopy. Only onc Langerhans cell 

of 30 countcd in lesions of secondary syphilis was 

juxtaposed to a mononuclcar cell. The absence 

of this apposition in other si1es where !arge 

numbers of mononuclear cells were present helped 

rulc out the likelihood !hat the apposition seen 

in contact allergic reactions was due to chance. 

Additional reasons supporting the conccpt that 

the association of mononuclear cells and Langer

hans cells in allergic contact rcactions is signifi

cant are the following. First, this association has 

so far been seen in all biopsy specimens of con

tact allergic reactions taken after 4 hourc:. Ap
position occurred evcn beforc the time when a 

clinical rcaction was seen al the patch test site 

and when, microscopically, only moderate num

bers of mononuclear cells \\ere present. Second, 

some of the Langerhans cells themselves showed 

morphologic changes at the site of apposition. 

Thcse consisted of prominent channels of endo

plasmic reticulum, which is evidence of cell secre

tion, or damage evidenced by indistinct cell 

borders and disorganization of cytoplasmic compo

nents. Our quantitative data are preliminary and 

studies are in progress to refinc the melhods for 

quantitating the association of these cells. 

Whether or not the number of mononuclear cells 

juxtaposed to Langerhans cells can be correlated 

with the severity of the contact allergic reaction 
is being invcstigated. 

In this report the apposition of Langerhans cell 

and mononuclear cells is emphasized. Apposition 

of other cell types probably belonging to the 

Jymphoid and macrophage class was also seen. 
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Howe"er, l could not conclusively identify the 

cell typcs in tissuc seclions. ldentification by 

funclional and histochemical studies would be 

necessary to determine their idcntity. 
The results of this study strongly sugge�t a 

functional relationship between mononuclear cells 

and Langerhans cells in contact allergic reactions. 

Several possible explanations present themselves. 

The first is uptake and processing of allergenic 

material by the Langerhans cells with transfer 

of an immunologically active fragment to mono

nuclear cells, presumably lymphocytes. Ln this 

way Langerhans cells would act like macrophages 

(5). The second is related to the finding\ of Wolff 

(17) and Sagebiel (10) that Langerhans cells may

take up materials such as thorotrast and ferritin,

but 1hat they do l>O less erficiently than do kera

tinocytcs. H �imilar events occur after applica

lion of other substances, more immunologically

active material may be found at the plasma

membrane of Langerhans cells than at the sur

face of keratinocytes. Mononuclear cells might

then concentrate in these areas. The third. is

related to the theory that Langerhans cells may

migrale (5). "Migration inhibitory factors" re

leased by stimulated lymphocytes (3) could inhibit

this migration, thus resulting in apposition of

mononuclear cells and Langerhans cells. The

fourth, as suggested by Kuwahara, is that the

Langerhans cell may be involved in early anti

body production (7). Mononuclear cells may then

be attracted to sites of Langcrhans cells by

antigen-antibody complexes.

The possihility that the Langerhans cell is 

secreting some substance in contact allergic reac

tions is suggested by the findings to date with 

osmium· zinc iodide staining. Niebauer et al. (9) 

found that in normal epidermis the cell membrane 

of the Langerhans cell did not stain with osmium 

zinc iodide, but organelles within the cell did 

stain. Osmium zinc iodide staining of discrete 

areas on the cell membrane of Langerhans cells 

in cont.act allergic reactions may indicate that 

this material originated inside the cell and was 

then transported to the surface. 

One apparent consequence of this juxtaposition 

is thal some Langerhans cells show signs of 

damage. The hydrolytic enzymes contained in 
these cells (2) may be released as a result of cell 

injury and then produce further inflammatory 

changes in the epidermis. 

The results of lhis study suggests that the 

Langerhans cell, for which no function is agreed 

upon, serves a function in the contact allergic 

reaction. The nature of this function requires 

funher �tudy. 
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