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In the present study we produced allergic, irritant, ultraviolet and liquid nitrogen inflamma
tion in human volunteers. Biopsies were taken from each test site and adjacent normal skin 
as control 4-5 weeks later. The monoclonal antibodies OKT 6 and HLA-DR were 
used for light microscopic detection of Langerhans' cells (LC). At all 4 post-inflammatory 
test sites the number of epidermal LC (OKT 6 positive as well as HLA-DR positive) were 
significantly increased compared to normal skin. Also, the density of dermal dendritic cells 
was increased in post-inflammatory test sites. The increased number of epidermal LC 
seems to be a result of inflammation and not a specific event strongly related to certain 
cutaneous inflammatory disorders. The present investigation supports the theory that 
epidermal LC play a role in skin homeostasis. (Received November 7, 1986.) 
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The number of epidermal Langerhans' cells (LC) increases, decreases or stays unchanged 

in allergic and irritant patch test reactions (1-9). The substance applied, the test method, 

the time for biopsying and the method used to identify LC may influence the outcome. In 

different inflammatory dermatological disorders an increased number of LC have been 

reported (I 0-17), suggesting that LC play a role in the pathogenesis of these conditions. 
Utilizing fluorescence- (L-dopa) and electro-microscopy (18) and T6 labelling (19), the 

number of epidermal LC is found significantly increased in 4--8 weeks old allergic patch 

test sites in nickel hypersensitive subjects. 

We have investigated whether the increased number of epidermal LC in old aUergic 

patch test reactions is specific for that reaction or may follow inflammation induced in 

other ways. 

MATERIAL AND METHODS 

Patch testing 

Five male subjects, mean age 50.4 years (340), with known hypersensitivity to potassium dichro· 
mate (2 subjects), nickel (I subject), thiuram-mix (I subject) and rhus allergen enrolled in this part of 
the study after giving informed consent. The allergens were applied on the inner aspect of the right 
forearm in big Finn Chambers® (12 mm) on Scanpore® in the following concentrations: potassium 
dichromate 0.1 %, nickel sulphate 5 %, thiuram-mix 1%, all in petrolatum, and rhus allergen I% in 
alcohol. 50 µl 3 % sodium lauryl sulphate (SLS) in water was micropipetted onto paper discs placed in 
big Finn Chambers® and immediately applied on the inner aspect of the left forearm. The subjects 
were instructed to remove the test material after 48 hours' application and return for a test reading 24 
hours later. The allergic reactions were scored: + = erythema and infiltration, + + = erythema, 
infiltration and papules. + + + = erythema. infiltration, papules and vesicles/exudation. The toxic 
reactions were scored:+ = marginated erythema with slight infiltration,++ = marginated erythema 
with strong infiltration, + + + = marginated erythema, strong infiltration and exudation. 
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Irradiation with UVB and freezing with liquid nitrogen ( LNi) 

Five other subjects (the 2 authors and 3 other colleagues), mean age 35.6 years (28-47), participated in 
this part of the study. Covering the rest of the body a 2x2 cm area on the inner aspect of the left 
forearm was exposed to 300 mJ/cm2 in a Waldmann UV 8001 K phototherapy cabin equipped with 13 
Sylvania F 75/85 W/UV21 fluorescent bulbs emitting a spectrum of 230-365 nm with a maximum at 
approximately 310-315 nm. The irradiance was measured with a Waldmann UV-meter as 2.3 mW/cm' 
at the skin surface. The inner aspect of the right forearm was sprayed continuously with LN2 from a 
Cryowenl!I) at a distance of 1.5 cm for 10 sec. 

Biopsying 

Following induction of inflammation the center of the reaction was marked with an indelible pen, and 
the marking was kept visible by remarking at appropriate intervals until the subjects returned for 
biopsy 4-5 weeks later. During that period the subjects were instructed to avoid topical cortico
steroids; the test area was chosen to minimize exposure to overt sunshine. Following local anaesthe
sia (Xylocain* 10 mg/ml) a 3 mm punch biopsy, avoiding the area marked with the indelible pen, was 
obtained from each area and adjacent normal skin as comrol. The specimens were immediately frozen 
in LN, and stored at -70°C u.ntil embedded and cryosectioned. 10 µm thick non-continuous full length 
sections were cut from each biopsy and reacted with 1140 dilution of OKT 6 (Ortho Diagnostics, 
Raritan, NJ, USA) and HLA-DR (Becton Dickinson, Sunnyvale, CA, USA) monoclonal antibodies, 
respectively. The antibodies were visualized with an avidin-biotin-immunoperoxidase assay (Vecta
stain® ABC Kit, Burlingame, CA, USA) as previously described (19). Sections without incubation 
with primary antibody were run as control. Also, 5 µm thick sections were fixed by dipping in 
ether/alcohol (I: I), dried and stained with hematoxylin and eosin. 

The intelfollicular epidermis of at least 4 sections were counted blind by use of a calibrated 
eyepiece at 400x magnification for each antibody; only cells with a clear nucleus and at least 2 
dendrites were counted as positive. The number of LC was expressed as LC/mm (10 µm thick 
section). Also, the density of dendritic looking positive dermal cells was estimated and graded: 3 = 
high, 2 = moderate, I = low. 

Statistical differences were calculated by Wilcoxon signed rank matched pairs test. 

RESULTS 

The clinical reaction of allergic and irritant patch testing and the density of epidermal and 
dermal T6 as well as HLA-DR positive cells in 4-5 weeks old test sites (including control 
sites) are illustrated in Table I. All 5 subjects reacted with a strong ( + + +) allergic test 

Table I. Patch test reactions and density of epidermal and dermal T6 as well as HLA-DR positive cells 

4-5 weeks after allergic and irritant patch testing in 5 male subjects 

Allergic site Irritant site Control site 

Dermal Dermal Dermal 
Patch density Patch density density 

Subject+ test HLA- test HLA- HLA-
hypersensi- reac- T6 DR HLA- reac- T6 DR HLA- T6 DR HLA-
tivity tion epid. epid. T6 DR tion epid. epid. T6 DR epid. epid. T6 DR 

I. 52 years 
Thiuram +++ 17 .6 13.6 2 3 ++ 16.5 11.5 2 2 12.6 9.4 

2. 39 years
Rhus +++ 16.8 11.6 3 3 +++ 16.8 12.0 2 2 10.3 5.8 0 

3. 58 years
Chromate +++ 16.5 l l .5 3 3 + 12.6 9.3 2 6.9 4.1 

4. 60 years
Nickel +++ 18.4 13.1 2 2 ++ 19.7 13.4 2 2 8.4 3.0 

5. 43 years
Chromate +++ 18.6 14.I 2 3 + 13.6 8.9 10.6 6.7 
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reaction, whereas the irritant test reactions varied in intensity. Epidermal dendritic cells 

stained with both antibodies were regularly distributed in the epithelial sections and easy 

to count. The number of epidermal T6 positive cells were always and rather proportionally 

increased compared with HLA-DR positive cells in all sections counted. The density of 

epidermal T6 and HLA-DR positive cells was significantly increased (p<0.05) in 4-5

weeks old allergic as well as irritant test sites, respectively. No difference between the 

number of epidermal dendritic cells was observed comparing allergic and irritant test sites. 

The number and density of dermal lympho-histiocytic perivascular cell infiltrates were 

increased at old patch test sites as identified in hematoxylin-eosin staining. Also, the 

number of positive dendritic T6 and HLA-DR positive cells was more pronounced at old 

patch test sites (allergic as well as irritant) than in control sites (Table I). 

The results from the other part of the study following irradiation with UVB and freezing 

with LN2 are illustrated in Table II. Also, in these types of postinflammatory reaction the 

number of epidermal T6 and HLA-DR positive cells was significantly increased (p<0.05) 

compared to normal skin. No difference was observed between UVB and LN2 test site. 

Especially, at the LN2 site positively stained dendritic cells were noticed in the dermis 

(Table II). 

DISCUSSION 

We have used two different monoclonal antibodies (T6 and HLA-DR) to identify epider

mal and dermal LC. Both markers provide a specific and sensitive probe for epidermal 

LC. As earlier reported (20, 21), we also found that the T6 antibody consistently identifies 
more LC than similar antibodies against la-like antigens. This observation holds true in all 

specimens investigated, post-inflammatory and normal control skin sites. In the present 

study, inflammation was induced in 4 different ways. The 4 acute inflammatory reactions 

differ in pathogenesis and clinical morphology (degree of erythema, infiltration, marking, 
lesions e.g.). Postinflammatory, 4-5 weeks old changes were mostly not visible except for 

a couple of subjects with a slight red-brown colour at the sites of allergic patch testing, 

slight hyperkeratosis at the site of freezing with LN2 and slight hyperpigmentation follow

ing UVB irradiation. Apart from these early and late morphological clinical variations, a 

significantly increased number of epidermal LC was found in all 4 postinflarnmatory skin 

sites. It is remarkable that epidermal LC are also enumerated following a relatively high 

dose of UVB (300 mJ/m3), which deplete LC surface markers (22-24). However, LC 

Table II. Density of epidermal and dermal T6 as well as HLA-DR positive cells 4-5 weeks after 

exposure to UVB and LN2 

UVB-site LN, site Control site 

Dermal Dermal Dermal 
density density density 

T6 HLA-DR T6 HLA-DR T6 HLA-DR 
Subject epid. epid. T6 HLA-DR epid. epid. T6 HLA-DR epid. epid. T6 HLA-DR 

I. 42 years 13.0 4.6 I 19.8 12.9 2 2 12.6 8.3 
2. 47 years 19.2 14.1 2 18.9 14.0 2 3 15.6 13.2 
3. 30 years 14.2 I 1.2 I 15.5 10.9 2 2 11.l 10.3 I 
4. 28 years 13.5 10.2 2 16.1 10.8 2 2 13.0 9.8 0 
5. 31 years 11.8 7.5 2 11.9 l0.1 I 2 5.4 3.7 0 
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markers are usually recovered within 3 weeks (25-27). One investigation even indicated 
that ATPase positive epidermal dendritic cells show a higher density 24 days after UVB 

exposure (26). 

Positive patch test reactions in nickel hypersensitive subjects result in increased num

bers of epidermal LC at 4-8 weeks old test sites (18, 19). The present investigation shows 

that this observation is not a result of nickel hypersensitivity as such, but follows positive 
patch test reactions to other contact allergens as well. Also, the present investigation 

indicates that the increased number of epidermal LC in old allergic patch test sites is not a 

specific phenomenon for this reaction, but can be induced by other types of exogenous 

inflammation. Therefore, an increased number of epidermal LC seems to be a non-specific 

event following inflammation. As a consequence, one should be warned of taking enu
meration of epidermal LC in an inflammatory or post-inflammatory dermatological disor

der as a sign that LC necessarily play a pathogenetic role in that condition. Because of the 

affinity of LC for keratinizing epithelia, it has been speculated that LC, beyond the 
function of antigen presentation, have a role in regulating epidermal homeostasis (28-30). 

From a hypothetical point of view, the results of the present investigation support the 

theory that LC play a role in skin homeostasis. However, it is still unclear as to whether 

the increased number of epidermal LC is a result of formation of LC locally, activation of 
cell membrane determinants or migration to the epidermis of new LC. 

The density of T6 as well as HLA-DR positive cells in dermis was increased in all the 

postinflammatory test sites but especially in allergic, irritant and LN2 sites. This phenom
enon has been described earlier following allergic patch test reactions (31, 32). Again, this 
finding does not seem to be specific for allergic contact dermatitis but may follow different 
types of inflammation. 

In conclusion: Early as well as late stages of inflammation induce dynamic changes in 

epidermal LC. The specificity of such changes is at present uncertain and further morpho
logical studies are needed to investigate the role of LC in different inflammatory cutaneous 
disorders. 

REFERENCES 

I. Scheynius A, Fischer T, Forsum U, Kareskog L. Phenotypic characterization in situ of inflamma
tory ceUs in allergic and irritant contact dermatitis in man. Clin Exp lmmunol 1984; 55: 81-90.

2. Lindberg M, Emtestam L. Dynamic changes in the epidermal OKT6 positive cells at mild irritant
reactions in human skin. Acta Derm Venereol (Stockh) 1986; 66: 117-120.

3. Falck B, Andersson A, Elofsson R, Sjoborg S. New views on epidermis and its Langerhans' cells
in the normal state and in contact dermatitis. Acta Derm Venereol (Stockh) 1981; Suppl 99: 3-27.

4. Ferguson J, Gibbs JH, Addo A, Frain-Bell W, Beck JS. Irritant and allergic epicutaneous patch
test reactions. A comparative study of their cellular infiltrates using monoclonal antibody label
ing. Br J Dermatol 1984; 111: Suppl 26: 25-26.

5. Ferguson J, Gibbs JH, Beck JS. Lymphocyte subsets and Langerhans cells in allergic and irritant
patch test reactions: histometric studies. Contact Dermatitis 1985; 13: 166-174.

6. Carr MM, Botham PA, Gawkrodger DJ, McVittic E, Ross JA, Stewart IC, Hunter JAA. Early
cellular reactions induced by dinitrochlorobenzene in sensitized human's skin. Br J Dermatol
1984; 110: 637--041.

7. Kanerva L, Ranki A, Lauharanta IJ. Lymphocytes and Langerhans' cells in patch tests. An
immunohistochemicaJ and electron microscopic study. Contact Dermatitis 1984; 11: 150-155.

8. Ralfkiacr E, Wantzin GL. In situ immunological characterization of the infiltrating cells in
positive patch tests. Br J Dermatol 1984; III: 13-22.

9. Bruynzeel DP , Nieboer C, Boorsma DM, Scheper RI, van Ketel WG. Allergic reactions, spillover 
reactions, and T-cell subsets. Arch Dermatol Res 1983; 275: 80-85.

10. Uno H, Hani.fin IM. Langerhans cells in acute and chronic epidermal lesions of atopic dermatitis,
observed by L-dopa histofluorescence, glycol methacrylate thin section, and electron microsco
py. J Invest Dermatol 1980; 75:52-60.



Acta Denn V cnercol (Stockh) 67 Exogenous inflammation 309 

11. Bhan AK, Harvist TJ. Murphy GF. Mihm MCJr. T cell subsets and Langcrhans cells in lichen
planus: In situ characterization using monoclonal antibodies. Br J Dermatol I 981: I 05: 617---{;22.

12. McMillan E, Waski R. Everett MA. In situ demonstration of OKT6-positive cells in cutaneous
lymphoid infiltrates. J Am Acad Dermatol 1981; 5: 274-279.

13. Chu A, Kung P. Edelson R. Dermal Langerhans cells in cutaneou� lymphoma: An in �ilu study
using monoclonal antibodies. J Invest Dermatol 1981; 76: 324.

14. Holden CA. Morgan EW. MacDonald DM. The cell population in the cutaneous infiltrate of
mycosis fungoides: In situ studies using monoclonal antisera Br J Dermatol 1982; 106: 385--392.

15. Mackie RM. Turbltl ML. The use of a double-label immunoperoxida�e monoclonal antibody
technique in the investigation of patients with myco\l, fungoide�. Br J Dermatol 1982;
106: 379-384.

16. McMillan EM, Beerman K, Waski R, Evereu MA. Demonstration of OKT-6 reactive cells in 
mycosis fungoides. J Am Acad Dermatol 1982: 6:880-887.

17. Emtestam L, Kaaman T. Hovmark A. Asbrink E. An immunohistochemical staining of epidermal
Langerhans· cells in tinea cruns. Acta Derm Venereal (Stockh) 1985; 65: 240-243.

18. Sjoborg S, Andcr�son A, Christensen OB. The Langerhans' cells in healed patch test reactions,
before and after oral administration of nickel. Acta Derm Venereal (Stockh) 1984: Suppl Ill: 1-23.

19. Christensen OB, Daniels TE, Maibach HI. Expression of OKT6 antigen by Langerhans cells in
patch test reactions. Contact Dermatitis 1986: 14: 26-31.

20. Harrist TJ, Mullbauer JE, Murphy GF, Mihm MC, Bhan AK. T6 is superior to la (HLA-DR) as a
marker for Langerhans' cells and indeterminate cells in normal epidermis: A monoclonal antibody
study. J Invest Dcrmatol 1983; 80: 100-103.

21. Mackie RM. Turbitt ML. Quantification of dendritic cells in normal and abnormal human
epidermis using monoclonal antibodies directed against la and HLA antigens. J lnve�t Dermatol
1983: 81: 216-220.

22. Aberer W, Schuler G, Sting! G, Honigsmann H, Wolff K. Ultraviolet light deplete\ �urface
markers of Langcrhans' cells. J Invest Dermatol 1981; 76: 202-210.

23. Okamoto H. Horio T. The effect of 8 -methoxypsoralen and long wave ultraviolet light on
Langerhans cell. J Invest Dermatol 1981: 77: 345--346.

24. Gilcrest BA, Murphy GF, Soter NA. Effect of chronolog1c aging and ultraviolet irradiation on
Langerhans cells in human epidermis. J Invest Dermatol 1982: 79: 85-88. 

25. Lim HW, Thorbecke GJ, Baer RL, Gigli I. Effect of lndomethacin on alteration of ATPase
positive Langerhans cell density and cutaneou� sunburn reaction induced by ullraviolet-B radi
ation. J Invest Dermatol 1983: 81: 455--458.

26. Krueger GG, Emam M. Biology of Langerhans' cells: Analysis by experiments to deplete
Langerhans' cells from human skin. J Invest Dermatol 1984; 82: 613--017.

27. Belsito DV, Baer RL, Gigli 1, Thorbecke GJ. Effect of combined topical glucocorticoids and
ultraviolet B irradiation on epidermal Langcrhans cells. J Invest Dermatol 1984; 83: 347-351.

28. Pollen CS. Allen TD. A model implicating the Langerhans cell in keralinocyte proliferation
control. Differentiation 1976: 5: 43-47.

29. Schweizer J, Marks F. A developmental study of the diMnbution and frequency of Langerhans
cells in relation to formation of patterning in mouse tail epidermis. J Invest Dermatol 1977:
69: 198-204.

30. Rowden G. The Langerhans cells, CRC Critical reviews in immunology. Boca Raton. Florida:
CRC Press 1981; 3:95-180.

3 I. Christensen OB, Beckstead JH, Daniels TE, Maibach HI. Pathogenesis of orally induced flare-up 
reactions at old patch test sites in nickel allergy. Acta Derm Venereol (Stockh) 1985; 65: 298-304. 

32. Kanerva L, Estlander T, Jolanki R. lmmunocompetent cells in long-la�ting allergic patch tests.
Abstract, International symposium on skin care and function-environmental and occupational
influences, Oslo, 1985.

21-878434




