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TI IE ROLE OF LANGERHANS CELLS JN CONTACT ALLERGY 

I. An Ulrrastructural Study i11 Actil·e/y Tnduced Co11tact Dermatitis in Gui11ea Pigs'

Inga Silberberg, Rudolf L. Baer and Stanley A. Rosenthal 

From rhe Deparrmem of Der111a10/ogy, New York Unirl'r.til)' Sc/100/ of Medicine, NeK York, USA 

Abs1rac1. Guinea pigs "'ere scn�itized 10 2,4 dinitro-1-chloro­
benzene (DNCB) and biopsies or skin-reaction sites 10 DNCB 
wcre studied by electron microscopy. Apposition of mono­
nuclear cells 10 Langcrhans cells in the epidermis "as the 
striking change seen and was noted as early as 3 to 5 hours 
af ter applicauon or O.J •• D CB in olive 011. Apposition or 
mononuclear cells to Langerhans cells was not seen in the 

epidermis in primar} irritant reac1ions or clinically negative 

�kin tests to DNCB. These findings in guinca pigs are similar 
10 those prev1ously reported by us al sites of contact-allergic 
rcactions in man, and rcpresent an animal model for further 
study of thc role of Langerhans cells in contacl allcrgic 
rcactions. 

In our previous ultrastructural studies in man (12, 

13, 14) we showed the features of early apposition 

of mononuclear cells to Langerhans cells• and sub­
sequenl damagc to some Langerhans cells• in con­

tact allergic reactions. No such changes were seen 

in contact irritant reactions. To detcrminc whetber 
this apposition is unique for man or whethcr it is 

also round in other species, we studied contact­

allergic and primary irritant reactions to 2, 4 dinitro-

1-chlorobenzene (DNCB) in guinea pigs.

MATERIALS AND METHODS 

Hartley s1ra1n, male guinea pigs, randomly bred and \\Cigh­

ing bc1ween 450 and 600 g were useu. Their diet consistcd 
or Wa)ne guinea pig diet (Allied Milis. lnc., Chicago, 111.), 
fresh greens twice weekly and water ad lib. 

' Presented in part at thc 34th Annual Meeting of the Society 
for lmcs1igatl\eDcrma1ology, lnc.,June23, 1973. New York, 

N.Y. (Abstract published in J lnvest Derm 60: 248, 1973). 
t The term ··apposition or mononuclcar cells to Langerhans 
cells" is uscd whenever some area� of the membranes of 
!hese cells appear 10 touch. 
• The term Langerhans cell refers 10 an} cell. irrcspccuve or 
location, containing Langerhans cell granules and lacking 
features typical of kera1inocy1es or melanocytcs. 
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Sensiti1ation lo DNCB, recrystallizcd from hot alcohol, 
was induced in the follo" ing \\ays: in 3 an i mals by thc 
tcchnique of Maguirc & Chase (8); in 4 animals by topical 
applica1ion 10 the clipped nuchal skin of 2 •• DNCB in
ethanol daily for 5 consecutive days and in 3 animals by in­
jeetion or 180 /IS of DNFB in completc Frcund's adjuvant 
into the hind rootpads. 

Sensitization to 3-pentadecylcatcchol (PDC) and citraconic 

anhydride (CA} was induced b) using 1echniques similar to 

those of Maguire & Chase (8). Challenge skin-tests for active 
sensi1iza1ion "ere done on day 34 with DNCB 0.3 •• in oli�c 
oil, PDC 1.0 °. in olive oil, or CA 20% in cqual parts of olive 
oil and butyl cellosolvc. Skin-test reacuons "'cre graded as 
prcviously reported (2). Only thosc guinea pigs having test 

reactions graded as 2 lo 3+ \\Cre uscd. 

EYperimenta/ graups 

Four groups of guinea pigs were sludied. The firsl consistcd 
of 10 gu1nea p,gs "hich "ere sensi1izcd 10 DNCB and 
challcnged with 0.3 •• DNCB in olive oil. The second group 

consisted or 6 non-sensitized guinea pigs which \\Cre also 
challenged with 0.3 °0 DNCB in olive oil. The third group 
cons1s1ed of 10 non-sensi1i2.ed guinca pigs which were 
challengcd with the primary irritam concentration of s •.

DNCB in oli,e oil. Only those guinea pigs having primary 
irritant rcactions gradcd as 2 + to 3 - were used. The fourth 
group consisted of 3 guinea pigs which were sensitized with 

structurally unrclated allergens (one to PDC and two lo CA). 

These 3 animals werc challcnged with 0.3 •� DNCB in olive 
oil. All animals bad biopsies 1akcn prior to the challenge 
application or DNCB and at 0, 3, 5, 6, 19, 24 and 48 hours 
after applica1ion of DNCB. In addi1ion. a rew animals had 
biopsies taken 12 hours arter applica1ion of DNCB. The 
biopsies were prcpared for clec1ron microscop} as previously 
dcscribed ( 12). In an attcmpt lo obtain quantitallve data, 
mononuclcar cells and Langerhans cells wcrc counted in six 

areas each approximately 0.1 mm•, in the epidermis of each 

specimen. These areas \\Cre randomly selected from six 
diffcrent blocks of cvcry skin biopsy obtained. 

A. Normal guinea pig skin 

No apposition of mononuclear cells to Langerhans 

cells was seen either in the epidermis or dermis. 

Acta Der111atove11er (Stocklro/111) 54 



322 /. Silberberg er al. 

Fig. 1. Contact-allergic reaction at 3 hours. A mononuclear 
cell (M) is apposcd toa Langerhans cell (L) in the epidermis. 

B. Alter se11si1iza1io11 10 DNCB, PDC or CA bur 

One Langerhans cell granule is seen at the arrow. Stained 
"ith uran) I acetate and lead citrate, 17 000. 

prior 10 challe11ge ll'ith DNCB animals which had been sensitized with the use of 

Apposition of mononuclear cells to Langerhans cells Freund's adjuvant, mononuclear cells apposed to 

was not scen in the epidermis. However, in those Langerhans cells were rarely seen in thc dermis. 
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Fig. 2. Contact-allcrgic reuction at 6 hours. Two mononuclear 

cells (M) are in juxtaposition 10 one Langerhans cell (L) in the 

epidermis. The cytoplasm of thc Langcrhans cell contains 

prominent Golgi region (G), several lysosome-like bodies 

(LY). numerous mitochondria (T). and sc,eral channels of 

endoplasmic reticulum, somc of which con1ain modera1cly 
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opaque material ( E). The arrows denotc Langcrhans cell 

granules "hich communicate with the extracellular space at 

sites of apposition or mononuclear cells. Several leukocyte 

granules (8) are scen in thc inlercellular space. Stained with 

uranyl acetate and lead citrale, 12 000. The area "i1hin 

1hc lines is shown at higher magnifica1ion in Fig. 3. 
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Fig. 3. Part of Fig. 2 a1 highcr magnifica1io11. Part of rr.ono­
nuclear cell (M) is , isible. Arro\\S denotc Langerhan, 

C. Positire contact allergic reac1io11s 10 DNCB

In all 10 guinea pigs apposition of mononuclear cells 

to Langerhans cells was seen in thc epidermis, in thc 

dermis, or both, as early as 3 hour; afler application 

of 0.3�o DNCB. Some mononuclear cells rescmblc 
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cell granules communicating with tb: cxtraccllular space. 
32 000. 

lymphocytes in thcir morphology ( Fig. I). Two or 

more mononuclear cell may occasionally be seen 

in juxJaposition 10 a single Langcrhans cell ( Fig. 

2 and 3). There are many signs of activi1y in the 

cytoplasm of the Langerhans cell: the Golgi region 



Fig . ./. Contact-allergic rcac1ion at 11 hour�. Part or a mono­

nuclcar cell (M) is apposcd 10 a Langcrhans cell (L). A Lan­

gerhans cell granulc is sho\\n at the arro\\. The lo\\ er ror1ion 

of 1he Langcrhans cell has dis1inc1 cell borders. bu1 1hc upper 

is prominent; several lysosomc-like bodies, numer­

ous mitochondria and se�eral channels of cndo­

plasmic reticulum are seen; langerhans cell granules 

which communicatc with the extraccllular space at 
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halr is disrupteJ by spilling ovcr or ribosome-likc material 

(R). Some or 1hc m11ochondria are elcc1ron-dense \\ilh par-

1ially obscurcd crisiae ( T). Stained \\,i1h uran yl acetatc and 

lead citra1e. 17 000. 

si tes of apposition to the mononuclear celb are pres­

ent at the arrm,s. 

Basophils are occasionally seen near mononuclear 

cells and langerhans cells. Basophils, either granu-

Acta Der111a1ore11er (Stockilo/111) 54 



326 f. Sifberberg et al. 

Fi,r. 5. Con1ac1-allergic reac1ion ,Il 48 hours. A macrophagc 

(M) is seen "i1h several phagoC)tic ,acuoles ( V). Some of

!hese (scc arrow/ coniain Langerhans cell granulcs. The insc1

shows a highcr magnifica1ion of thc phagocytic ,acuole

lated or partially degranulatcd, are also present un­

associated with mononuclear cells and Langcrhans 

cells. 
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containing Langerhans cell granules sho"n at thc arrow. 

Staincd "1th uran>I acetate and lead c,trate. ,. 15 500: in-

set magnification 104 000. 

Some Langerhans cells in all DNCB-scnsitive ani­

mals show signs of damage in the 19 hour biopsy. 

Thesc changes were also evident in the few animals 



Fig. 6. Contact-allergic reaction at 48 hours. A cell morpho­

logically compatible "ith a Langerhans cell is shown. A 

Langerhans cell granulc is shown al the arrow and at highcr 

biopsied al 12 hours and rarely earlier arter applica­

tion of DNCB. Fig. 4shows such damage to a Langer­

hans cell, as evidenced by poorly demarcated cell 

borders. Still other Langerhans cells (not shown) ex-
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magnification 1n the insct. Se,eral phagoc) tic , acuoles ( VJ 

are present in the cytoplasm. Stainecl with uranyl acctate 

and lead citrate. 19 500; inset magnified 32 500. 

hibit rarefaction of their cytoplasm. At 48 hours, 

macrophages containing Langerhans cell granules 

in phagocytic vacuolcs are occasionally present 

( Fig. 5). Some cells which are morphologically com-
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Table f. La11gerha11s cells and mo11011ucfear cells i11 

the epidermis in differellf groups of guinea pi!(sa 

Av. no. 
mononuclear 

Av. no. cells apposcd 
recognizable Av. no. 10 Langerhans 

Group of Langcrhans mononuclear cells/animal 
Guinea pigs cells/animal cells/animal ( •.,) 

Normal, 
unlreatcd 
(6 animals) 13 0 (0 °.) 

Normal, 
1reu1ed with 
0.3•• D 'CB 
(6 animals) 

24 h 22 0 (0 ° .. ) 
DNCB-sensiti7ed. 
1rca1ed wi1h 
0.3 °. DNCB 
(10 animals) 

0 (0 °o)b 0 h 23 I 

3 h 18 13 3 (23 •.) 

6 h 16 36 4 ( 11 "o ) 

19 h 12 63 4 (6 •.) 
24 h Il 58 4 (6°.) 

PDC-senrni,ed, 
1rea1ed "ilh 
0.3 °,, ONCB 
(I animal) 

0 h 24 I 0 (O•.l 
3 h 26 J 0 (0 °u) 

24 h 2S 10 I (10 °.) 

CA-scnsitizcd, 
lreated with 
0.3 °. DNCB 
(2 animals) 

0 h 22 0 (0°.,)b 

J h 22 2 0 (0 0o l 
24 h 19 7 0 (0 °,,) 

Normal. 
treated with 
5 °. DNCB 
(JO animals) 

6 h 23 9 0 (0 °.,J 
19 h 24 8 0 (0 °.) 
24 h 15 10 0 (0 °0) 

a Avcrage cells counl� per biopsy "ere calcula1ed from si, 
areas in 1he ep1dcrm1s, each approximately 0.1 mm•. The 
areas werc randomly selected from s1x differcnt blocks of 
every skin b1opsy obcained. 
b In animals sensitized by usmg Frcund"s adjuvanl, mono­
nuclcar cell 10 Langerhans cell apposition wa� rarely seen 
in lhe dcrmis but not in the epidermis at any �itc which \\3S 
no1 challcngcd with D CB. 

patible with Langerhans cells also may contain 
phagocytic vacuoles (Fig. 6). 

D. No11-se11si1ized guinea pigsafter DNCB challenge

Normal animals which were skin-tested with 0.3 °
0 

DNCB showed only occasional mononuclear cells 
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and no apposition of mononuclear cells to Langer­

hans cells either in the epidermis or in the dermis. 
There was no marked change in the morphology of 
Langerhans cells. 

E. Animals sensitized 10 PDC and CA and c/,alfenged

wirh DNCB

ln I of 3 animals and only at 24 hours arter challenge 

with DNCB. was a single mononuclear cell to Lan­

gerhans cell apposition seen in the epidermis (Table 
I). None or the other previously described morpho­

logic changes in Langerhans cells ac sites of contact­

allergic reactions were noted. 

F. Co111act-irrita111 reactions to DNCB

In contrast to the findings at si tes of con1ac1-allergic 

reactions, no selective damage 10 Langerhans cell� 

was observcd at contacc-irritant reaction sites (nor­

mal animals skin-tested with 5 °o DNCB). Despitc 
general cell damage, Langerhans cells wcre still 
recognizable (Fig. 7). No mononuclear cell 10 Lan­

gerhans cell apposition was found in the epidermis 

at sites of contact irritant reactions. This corresponds 

10 our findings in contact-irritant reactions in the 

epidermis of man ( 12). 
On rare occasions mononuclear cells were seen 

apposed to Langerhans cells in the dermis. The 

morphology of these dermal mononuclear cells did 
not resemble that of lymphocytes. Tnstead, they hall 
much cytoplasm which contained prominent chan­

nels of cndoplasmic reticulum. Basophils were occa­

sionally seen in some of these reactions. 

G. Quantitation of obserrarions

In contact-allergic reactions, 23 ° 0 of all mononuclear 

cells scen werc found in apposition to Langerham, 
cells 3 hours arter DNCB application (Table [). The 

percentage of mononuclcar cells apposed to Langer­
han� cells decreased with time and at 19 hours il 

was only 6 °

0 . There was a markcd decrease in thc 

number of recognizable normal Langerhans cells in 

sensitized animals from 23, seen at thc time just 

prior 10 application of DNCB, 10 only 12, seen 19 

hours arter D CB application (Table ]). A similar 
decreasc in recognizable normal-appcaring Langer­
hans cells did not occur by 19 l10urs in normal guinea 

pigs treated with 5 °
0 DNCB. Howevcr, by 24 hours 

some decrease in the number of recognizable Langer­
hans cells was seen at these sites of irritant reactions. 



Fig. 7. Contact irritanl reaction at 12 hours. A Langerhans 

cell (L) containing Langerhans cell granules (arrow) is sur­

rounded by two polymorphonuclear leukocytes (P). A badly 

With lhe exception mentioned above, apposition of 

mononuclear cells to Langerhans cells was not seen 

in the epidermis of PDC- and CA-sensitized animals 

challenged with ONCB. 
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damaged keratinocyte (K) is also shown. Stained with ura­

nyl acetatc and lead citrate. ,: 14 000. 

OISCUSSlON 

Previous electron microscopic studies of allergic con­

tact-iype reactions man strongly suggested a func­

tional relationship between mononuclear cells and 
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Langcrhans cells ( I 2, 13. 14). The present study 

shows that apposition of mononuclear cells to Lan­

gerhans cells also occurs regularly in contact-allergic 
reactions to ONCB in guinea pigs. At such allergic 

reaction sites some Langerhans cells in both species 
show signs of much activity in their cytoplasm, as 

evidenced by numerous multivcsicular bodies, mem­

brane-limited, electron-dense bodies (probably lyso­

somes), prominent Golgi regions, prominent endo­

plasmic reticulurn and nurnerous Langerhans cell 

granules. The appearance of prominent channeb of 

partially rough and smooth endoplasmic reticulum 

as shown in Fig. 2 suggests that some of these cells 

may be engagcd in protein synthcsis. 

While these changes were seen in the early hours 

after challenge, some Langerhans cells showed signs 

of damage somcwhat later in the reaction. Figs. 5 
and 6 indicate that the fate of some of the injured 

Langerhans cells is phagocytosis by macrophages 

and that other Langerhans cells may auiophago­

cytose their injured cell components. By 19 hours, 

the number of normal-appearing Langcrhans cells 

was decreased. Some cells were found with promi­

nent cndoplasmic reticulum and occasional tubular 

structures, but no typical Langerhans cell granules 

were seen. 
Since no other reliable marker is known, identifi­

cation of Langerhans cells rests on the intracellular 

demonstration of Langerhans cell granules. Because 

of this we were unable to ascertain with certainty 
whothcr therc was a true dccrca�c in thc number or 

Langerhans cells in the epidermis or whether the 

Langerhans cells merely had !ost their identilying 

granules. lndeterminale dendritic cells resemble Lan­

gerhans cells, except for the fact that they lack Lan­

gerhans cell granules (18). ln nonnal skin, where 

only rare mononuclear cells are present, it is possible 

to identify indeterminate dendritic cells as such. 

Howevcr, in the presence of a mononuclear cell in­

filtrale, these dendritic cells bccome difficult to 

differentiate from mononuclear cells. 

Statistical analysis of the data showed that the 

differences in the incidence of mononuclear cell lo 

Langerhans cell apposition between the contact­

allergic and contact-irritant reactions could perhaps 

be explained by differences in the number of mono­

nuclear cells present: the number of these cells in 
the epidennis in contact-irritant reactions is con­

siderably less than in contact-allergic reactions. 

However, this apposition would appear not to be a 

coincidence due 10 the !arge numbers of mono-
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nuclear cells present in the skin: guinea pigs which 

had been passively sensitized to DNCB by transfer 

of lymph node, peritoneal exudate or spleen cells 
from DNCB sensiti..:ed donor animals, in spite of 

the lower number of mononuclear cells, showed 

apposition of mononuclear cells to Langerhans cells 

at positive reaction si tes. ( Unpublished observations.) 

We considered the question of whether the appo­

sition of mononuclear cells to Langerhans cells is a 

specific phenomenon. This was investigated by tc�t­

ing with DNCB guinea pigs which had been contact­

sensitized to PDC or CA. No apposition of mono­

nuclear cells to Langerhans cells occurred in the 

epidermis, with a single exception in an animal 

which had becn sensitized using Freund's adjuvant. 

Mononuclear cell-Langerhans cell apposition, as 
noted above was scen also before challenge in the 

dermis or a few animals after DNCB-sensitization. 

In them, the sensitization procedure had involved the 

use of Freund's adjuvant. It is known that Freund's 

adjuvant may spread from the site of original 

injection to many other sites (4). It appears possible 

that the mononuclear cells found in apposition to the 

Langerhans c�lls may have been cells which had be­

come sensitized to components of Freund's adjuvant. 

Passive transfer studies in which sensitivity to 1wo 

diffcrent antigens is transferred to a single recipient 

(9) are presently in progress to determine whether

the mononuclear cells apposed to Langerhans cells

are immunologically specific.
Our finctings in guinca pigs reinforce our previous 

observation in man that Langerhans cells, for which 

no function had hitherlo been found, serve a func­

tion in contact-allergic reactions ( I 2). Previously it 

has been suggested that Langerhans cells may have 

a role in processing antigen (7, 11). Our observation 

tend to support the concept that Langerhan� cells 

may have a function in someways analogous to 

macrophagcs, i.e., in their ability to retain antigen. 

We propose the following hypothesis. Some of the 

mononuclear cells apposed to Langcrhans cells are 

specifically sensitized lymphocytes which interact 

with antigen on or near the surface of Langerhans 

cells. In response to factors (lymphokines) which are 

released when sensitized lymphocytes contact anti­

gen, Langerhans cells may undergo ultrastructural 
changes. As the reaction procceds, damage 10 some 

Langerhans cells occurs. The Langerhans cells thus 

puhaps act as target cells for the specifically sen­

sitized lymphocytes. Substances contained in these 

cells may be released, producing further inrlamma-



tory changes. Previously, we have shown that in a 
positive contact allergic reaction, Langerhans cells 

may circulate (15). This finding raises the possibility 

that in these contact allergic reactions a variable 

percentage of the Langerhans cells participating may 

rcpresent an unmasked or mobilized population. 

H indeed Langerhans cells retain antigen on their 
surfaces. their presence within a vessel resembling 
a lymphatic may indicate that they could reach 
lymph nodes and eventuaUy be involved in the 

immunologic responce there as well. The guinea pig 

rurnishcs a suitable mode! for further studies of the 

rote of Langerhans cells in contact allergy. 

In this report the apposition of Langerhans cells 

and mononuclear cells at sites of contact-allergic 
reactions has been stressed. This should not detract 

from thc role played in these reactions by other cell 

types such as macrophages and monocytcs ( I 0, J 6). 

Basophils also have been found in the blister fluid 

(3, I, 17) and recently were found in !arge numbers in 

allergic contacl dermatitis in man and guinea pigs 
(5. 6). 
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