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Summary

Background Previous in vitro data indicate that perforin containing drug-speci®c cyto-

toxic T cells are involved in cutaneous drug reactions.

Objective The aim of this study was to investigate the in situ expression of perforin and

granzyme B together with the nature of the in¯ammatory in®ltrate in acute drug-induced

exanthem. Furthermore, expression of interleukin (IL)-12 and interferon (IFN)-g , which are

known to stimulate cytotoxic T cells, was investigated.

Methods Skin biopsy specimens were obtained from 10 patients with a generalized

maculopapular exanthem and from nine controls with normal skin. Expression of CD3,

CD4, CD8, CD56, CD1a, CD68, CD25, HLA-DR, CD54, perforin, granzyme B, IL-12 and

IFNg was analysed using immunohistochemistry.

Results In contrast to the controls, the skin of patients with an exanthem was mainly

in®ltrated by T cells (CD4 >CD8) and showed a marked enhancement of perforin and

granzyme B immunostaining. Double immunostaining revealed that perforin and granzyme

B were expressed in both CD4� and CD8� cells, which were partly located at the

dermoepidermal junction and in the epidermis. In addition, strong immunreactivity for

IL-12 and IFNg was observed in the mononuclear cells in®ltrate, indicating that these

cytokines may be important in activation of these cytotoxic T cells.

Conclusion The increased numbers of perforin and granzyme B containing T cells

in®ltrating the dermoepidermal junction may contribute to the damage of epidermal cells,

which is frequently observed as a typical feature of interface dermatitis in drug-induced

exanthem. Our data provide further evidence that cytotoxic T cells play an essential role in

cutaneous drug reactions.
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Introduction

Cutaneous reactions are among the most frequently

observed adverse reactions to drugs [1]. Although the

pathomechanism of most cutaneous adverse drug reactions

remain largely unknown, some may be of immunological

origin [2]. In certain reactions such as maculopapular rashes

a delayed cell-mediated immune mechanism involving

drug-speci®c T cells is thought to be important [3,4].

Thereby, drug recognition by T cells may lead to activation

of heterogeneous T-cell subsets with distinct phenotypes

and cell functions [5,6]. Recently, we were able to demon-

strate that sulphamethoxazole-speci®c T-cell lines and

T-cell-clones of both CD4� and CD8� phenotype showed a

drug-speci®c and MHC-restricted cytotoxicity against auto-

logous B lymphoblasts [7]. Furthermore, autologous kera-

tinocytes were also speci®cally killed predominantly by

CD4� T-cell clones [8]. These in vitro ®ndings indicate

that cytotoxicity mediated by drug-speci®c T lymphocytes
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may represent an important pathway in certain forms of

cutaneous adverse drug reactions. The relevance of these in

vitro ®ndings, however, remain to be con®rmed in the skin

in vivo and to our knowledge no data on the in situ

expression of perforin and granzyme B in acute drug-

induced maculopapular exanthem are available so far.

The present study was therefore designed to investigate

the nature of the in¯ammatory in®ltrate along with the in

situ expression and distribution of perforin and granzyme B

in patients with an acute, drug-induced, maculopapular

exanthem by immunohistochemistry. Furthermore, we

sought to examine the expression of IL-12 and IFNg,

which have previously been reported to be involved in the

activation of cytotoxic cells [9±11].

Materials and Methods

Subjects and skin biopsy specimens

The Ethical Committee of the Medical Faculty of the

University of Bern approved the study. Ten caucasian

patients (six females, four males; mean age: 48.6; range

31±79) with a typical, acute, generalized, maculopapular

drug eruption were included in the study after obtaining

their informed consent. The drugs involved were: amoxicil-

line (n� 3) and one each of prednisolone, cefazoline,

dorzolamide, carbamazepine, indapamide, metozalone and

vitamin B complex. In all patients the development of

cutaneous eruptions occurred after initiation of therapy

and resolved upon drug discontinuation. Furthermore, the

causative drug was identi®ed by epicutaneous (scratch-

patch) and/or lymphocyte transformation assay as described

previously [12,13]. Punch biopsy specimens of 5 mm

diameter were taken from an acute, maculopapular skin

eruption. Normal skin was obtained from nine patients

undergoing plastic reconstructive surgery. Prior to the

investigation the patients did not receive any systemic

corticosteroids or topical treatment with corticosteroids at

the site of the punch biopsy.

Haematoxylin and eosin staining

Punch biopsy specimens were equally divided into two

pieces. For standard histology one half was ®xed in 4%

formalin, routinely processed, paraf®n-embedded and

stained with haematoxylin and eosin.

Immunohistochemistry

The second half of the skin biopsy specimen was snap-

frozen in tissue-embedding medium using isopentane pre-

cooled in liquid nitrogen and stored at ÿ 70 8C. The mono-

clonal antibodies used in the study and their speci®city are

shown in Table 1. Substitution of the primary antibody with

isotype-matched IgG, and omission of the primary antibody

served as negative controls.

Immunostaining for granzyme B, IL-12 and IFNg

was performed using the alkaline phosphatase antialkaline
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Antibody against Concentration

[Clone] Speci®city (mg/mL)

CD3 [UCHT1]* T cells 3

CD4 [MT310]* Helper/inducer T cells 2.0

CD4 [YNB46.1.8]² Helper/inducer T cells 10.0

CD8 [DK25]* Cytotoxic/suppressor T cells 1.5

CD8 [YTC 141.1HL]² Cytotoxic/suppressor T cells 10.0

CD56 [MY31]³ NK cells 1.0

CD1a [NA1/34]* Langerhans cells 2.9

CD68 [PGM1]* Monocytes, macrophages 7.2

CD25 [ACT-1]* IL-2 receptor 3.8

HLA-DR [DK22]* MHC class II antigen 4.0

CD54 [6.5B5]* Adhesion molecule ICAM-1 7.6

perforin [dG9]§ Cytotoxic protein 33

granzyme B [GrB-11]¶ Cytotoxic protein 30

IL-12 [B-P24]** Interleukin 12 50

IFNg [45.15]§ Interferon-gamma/Th 1 cytokine 50

*DAKO, Glostrup, Denmark; ²Serotec, Oxford, England; ³Beckon Dickinson, Mountain

View, CA, USA; §Ancell Corporation, Bayport, MN, USA; ¶HoÈlzel Diagnostik, KoÈln,

Germany **Diaclone Research, BesancËon, France

Table 1. Monoclonal antibodies used in

the study



phosphatase (APAAP) method [14,15]. Brie¯y, 6 mm cryo-

stat tissue sections were air-dried, ®xed in 2% formaldehyde

for 8 min and rehydrated in Tris-buffered saline (TBS) with

0.1% saponin (in order to enable permeabilization). Slides

were then incubated for 3 h with the primary mouse anti-

body, followed by a rabbit antimouse antibody (dilution

1 : 30, Z-259; DAKO, Glostrup, Denmark) and the APAAP

complexes (dilution 1 : 30 for granzyme B and 1 : 50 for IL-

12 and IFNg; D-651; DAKO). To enhance the signal,

incubation with the bridging antibody and the APAAP

complexes were repeated once.

Immunostaining for perforin, CD3, CD4, CD8, CD56,

CD1a, CD68, CD25, HLA-DR and CD54 was performed

using the avidin-biotin-complex/alkaline phosphatase

(ABC/AP) method. Brie¯y, after ®xation for 8 min with

2% formaldehyde (for perforin) or acetone (for the remain-

ing antibodies) slides were incubated with the primary

mouse antibody for 3 h at room temperature, followed by

a biotinylated rabbit-antimouse IgG (dilution 1 : 50 (for

perforin), 1 : 100 (for the remaining antibodies), E0413;

DAKO) and thereafter with avidin-biotin-complex/alkaline

phosphatase (dilution:1 : 200; K0376; DAKO). Finally, all

sections were developed in new fuchsin-naphtol (Sigma, St.

Louis, MO, USA) and counterstained with haematoxylin.

Double immunostaining was performed by combining

two indirect staining methods with two unlabelled primary

antibodies of mouse (antiperforin or antigranzyme B) and

rat (anti-CD4 [YNB46.1.8] or anti-CD8 [YTC 141.1HL])

origin. Brie¯y, slides were initially incubated with the

primary antibodies, followed by alkaline phosphatase-

conjugated goat antimouse (DAKO, D0486) and peroxi-

dase-conjugated goat antirat immunoglobulins (Jackson

ImmunoResearch Laboratories, West Grove, PA, USA).

Sections were then developed using new fuchsin-naphtol

and diaminobenzidine, which revealed a red and brown

staining colour, respectively, and ®nally counterstained with

haematoxylin. The speci®city of the reaction was con®rmed

by omitting the primary antibodies and using appropriate

isotype-matched antibodies as negative controls.

Evaluation of sections

The slides were analysed with a Leitz Dialux 20EB micro-

scope by two independent investigators. In each section,

staining was assessed on 10±15 adjacent ®elds at

400 ´ magni®cation. Cells displaying a strong cytoplasmic

staining were considered to be positive. The positive cells

were counted using a 0.09 mm2 grid and the number of

positive cells (mean 6 SEM) per mm2 was calculated and the

percentage of positively stained cells determined. Only

positively stained cells with a nucleus were included in

the counting. Statistical analysis was performed using the

Mann±Whitney U-test.

Results

Histological features of acute drug-induced maculopapular

exanthem

Skin sections from 10 patients with a characteristic, acute,

drug-induced, maculopapular exanthem were analysed by

light microscopy. All of them showed a super®cial, mono-

nuclear cell in®ltrate with a varying number of eosinophils

and occasionally some neutrophils. Lymphocytic cells were

predominantly located around the vessels in the papillary

dermis and partly at the dermoepidermal junction and in the

epidermis. Furthermore, focal interface changes with vacuo-

lar alteration in the basal cell layer, some scattered indivi-

dual dyskeratotic and necrotic keratinocytes were observed

(Fig. 1 and inset). In addition, a mild spongiosis was

occasionally present in the epidermis.

Immunophenotyping of the in¯ammatory in®ltrate

To determine the nature of the in¯ammatory in®ltrate skin
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Fig. 1. Representative histology of a drug-induced maculopapular

exanthem showing a mononuclear cell in®ltration and an interface

dermatitis (thin arrow). Vacuolar alteration in the basal cell layer

with a dyskeratotic keratinocytes (thick arrow) is demonstrated in

the inset. Original magni®cation ´ 250.



8
5
0

N
.

Y
a
w

a
lka

r
et

al.

q
2
0
0
0

B
lack

w
ell

S
cien

ce
L

td
,

C
lin

ica
l

a
n
d

E
xp

erim
en

ta
l

A
llerg

y,
3
0
,

8
4
7

±
8
5
5

Fig. 2. Immunophenotyping of the in¯ammatory in®ltrate. Representative stainings of CD4 (a), CD8 (b), CD1a (c), CD68 (d), CD56 (e), CD25 (f) HLA-DR (e) and CD54

(ICAM-1) (f) immunoreactivity are demonstrated. Original magni®cation ´ 250.



sections were stained with a panel of monoclonal antibo-

dies. Representetive stainings are shown in Fig. 2(a-h).

Immunohistochemical studies showed that the cell in®ltrate

was mainly composed of CD3�T cells (40±70%) with a

predominance of CD4� cells. Whereas CD4� cells were

mainly located in the perivascular dermis, both CD4� and

CD8� cells were found at the dermoepidermal junction and

in the epidermis. CD1a� dendritic cells and CD68�

macrophages were scattered throughout the skin sections

and were both found on 10±20% of the cell in®ltrate.

CD56�NK cells were not or only present on up to 6% of

the cell in®ltrate. CD25 (IL-2 receptor) was detected on up

to 15% of the cell in®ltrate, especially on those located at

the dermoepidermal junction. Ninety to hundred per cent of

the mononuclear cell in®ltrate strongly expressed HLA-DR.

Interestingly, the majority of the basal keratinocytes also

stained strongly for HLA-DR and focally for CD54 (inter-

cellular adhesion molecule-1; ICAM-1), which in places

extended to the granular cell layer.

Perforin and granzyme B immunoreactivity is enhanced in

drug-induced cutaneous lesions

Using previously well-characterized antibodies [16,17], per-

forin and granzyme B immunoreactivity was not or only

detectable on a few mononuclear cells in normal skin (Fig.

3a,b). The mean numbers of perforin and granzyme B positive

cells per mm2 were 1.9 6 1.3 and 5.8 6 1.7, respectively. In

contrast to normal skin, a pronounced enhancement of perforin

and granzyme B expression was observed in drug-induced

cutaneous lesions (Fig. 3c,d), where the mean numbers of

perforin and granzyme B positive cells per mm2 were
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Fig. 3. Perforin and granzyme B expression

in normal skin and a drug-induced

maculopapular exanthem. Single

immunostaining was performed as

described in Material and Methods. Serial

skin sections from normal skin (a,b) and

one patient with a drug-induced

maculopapular exanthem (c,d) are shown

as representative examples. Original

magni®cation ´ 250.



93.0 6 18.4 and 51.3 6 11.4, respectively. Statistical analysis

revealed a signi®cant difference in the number of perforin

(P< 0002) and granzyme B (P< 0,05) positive cells as com-

pared to normal skin. No positive staining was observed when

the primary antibody was substituted with an irrelevant iso-

type-matched IgG (not shown).

Perforin and granzyme B immunoreactivity was observed

in the cytoplasm of mononuclear cells scattered throughout

the dermis, the dermoepidermal junction and in the epider-

mis (Fig. 4a,b). The morphology of these positive cells and

staining of consecutive serial sections (as shown in Figs 2a,b

and 3c,d) suggested that lymphocytes are the major source

of these proteins. In addition, double immunostaining

experiments con®rmed that both CD4� and CD8� cells

express perforin (Fig. 5a,b) and granzyme B (not shown).

Expresson of perforin was observed on 9±16% and 15±20%

of the of the CD4� and CD8�T cells, whereas granzyme

B was found on 4±12% and 10±13% of the CD4� and

CD8�T cells, respectively. Double immunostaining

experiments with CD56 were not feasible so that the in

situ expression of these cytotoxic proteins on NK cells

remains unknown at present.
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Fig. 4. Perforin (a) and granzyme B (b)

immunostaining was expressed in

lymphocytic cells and partly located at the

dermoepidermal junction and in the

epidermis. Original magni®cation ´ 250.

Fig. 5. Perforin is expressed in CD4� and

CD8� cells. Double immunostaining was

performed as described in Material and

Methods. CD4 (a) and CD8 (b) positive

cells were determined with

diaminobenzidine (brown), perforin with

Fast Red (red). Thin arrow (single

staining), thick arrow (double staining).

Original magni®cation ´ 400.



Perforin and granzyme B immunoreactivity is associated

with an increased in®ltration of IL-12 and IFNg positive

cells

In normal skin IL-12 and IFNg positive cells were not

or only detectable on a few mononuclear cells (Fig. 6a,b).

The mean numbers of IL-12 and IFNg positive cells per

mm2 were 12.8 6 1.6 and 22.6 6 2.5, respectively. In the

drug-induced cutaneous lesions IL-12 immunoreactivity

was abundantly found in dendritic cells and macrophages

in the dermis (Fig. 6c) and occasionally in dendritic cells in

the epidermis (not shown). The mean number of IL-12

positive cells per mm2 was 127.4 6 22.1. An accumulation

of IL-12 positive cells besides lymphocytes were predomi-

nantly found near the dermoepidermal junction. IFNg

immunoreactivity was mainly observed on lymphocytic

cells throughout the cell in®ltrate with a mean number of

114.6 6 14.8 per mm2 (Fig. 6d). Statistical analysis revealed

a signi®cant difference (P< 0,05) in the number of IL-12

and IFNg positive cells as compared to normal skin.

Discussion

In the present study we examined skin sections from 10

patients with a characteristic, acute, drug-induced, maculo-
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Fig. 6. IL-12 (a,c) and IFNg (b,d)

expression in normal skin and a drug-

induced maculopapular exanthem.

Representative examples using single

immunostaining as described in Material

and Methods are shown. Original

magni®cation ´ 250.



papular exanthem to determine the nature of the in¯amma-

tory in®ltrate and the expression of cytotoxic granule

proteins. Our data demonstrate that the in¯ammatory in®l-

trate is mainly composed of activated T cells. Up to 20% of

the T cells expressed perforin and granzyme B and were

often located at the dermoepidermal junction or in the

epidermis along with signs of keratinocyte cell damage.

Cutaneous reactions to systemic drugs can produce a

wide variety of clinical patterns. The most frequently

encountered clinical manifestation is the maculopapular

type of drug eruption, which accounts for approximately

40% of all reactions [18,19]. Clinically, these drug eruptions

are characterized by erythematous macules and papules,

which may coalesce into patches and plaques. Histopatho-

logical changes often show an interface dermatitis together

with a mixed in¯ammatory cell in®ltrate [20,21]. An inter-

face dermatitis with accumulation mainly of lymphocytic

cells was also typically seen at the dermoepidermal junction

in the skin sections of our patients. Furthermore, a pre-

dominantly perivascular, mononuclear cell in®ltrate accom-

panied by increased numbers of eosinophils was observed in

the papillary dermis. Immunohistochemical analysis con-

®rmed that activated T cells represent the major cell

population of the in¯ammatory cell in®ltrate, which was

composed in approximately two-thirds of CD4� and in

one-third of CD8� cells. These observations together

with previous in vitro data on drug-speci®c T cells strongly

support a T-cell-mediated pathogenesis in drug-induced

maculopapular skin eruptions [4].

The soluble proteins perforin and granzyme B have

previously been reported to play an essential role in cell-

mediated cytotoxicity reactions [22±26]. These proteins are

released during granule exocytosis and trigger cell death by

forming pores in the target cell membrane and inducing

degradation of their DNA to fragments. Perforin and gran-

zyme B are stored together in secretory lysosomes of

cytotoxic cells such as T cells and NK cells. Although

initial reports indicated that CD8� cells were mainly

involved in cytotoxic responses, we and others have

recently shown that CD4� cells may contain perforin and

also elicit cytotoxicity [8,27±29]. In accordance with these

reports, perforin as well as granzyme B immunreactivity

was found in both CD4� and CD8� cells in the skin, thus

providing further evidence for an involvement of cytotoxic

CD4� cells in the pathogenesis of cutaneous drug eruptions

in vivo.

Our previous investigations with sulphamethoxazole-

speci®c T cell clones revealed a perforin mediated killing

of autologous keratinocytes, if pretreated with IFNg, by

drug-speci®c CD4� lymphocytes [8]. A well known func-

tion of IFNg is the upregulation of MHC II molecules on

keratinocytes. Interestingly, IFNg was readily detected on

in®ltrating lymphocytic cells, which thus may have

contributed to the enhanced expression of MHC II mole-

cules on keratinocytes. As a particularly striking feature in

this study, perforin and granzyme B positive cells, of both

CD4� and CD8� phenotype, were also frequently

observed in and adjacent to keratinocytes, which were

positively stained for HLA-DR and ICAM-1. The expres-

sion of these molecules on the cell surface of keratinocytes

may subsequently facilitate binding and activation of cyto-

toxic T cells, rendering keratinocytes more susceptible to T-

cell-mediated cytotoxicity. Together with our previous in

vitro data it is thus conceivable, that drug binding to MHC

class I or II peptide complexes might occur on keratino-

cytes, which may lead to drug-induced cytotoxicity

mediated through CD8� as well as CD4� cells lympho-

cytes [7,8,30]. Consequently, such reactions may contribute

to some of the characteristic features of interface dermatitis

such as vacuolar alteration and necrosis of keratinocytes,

which were typically observed in our cases.

As a further notable ®nding an enhanced in situ expres-

sion of IL-12 was observed in the present study. IL-12,

which is mainly produced by macrophages and dendritic

cells, has been demonstrated to be a potent stimulatory and

maturational factor for cytotoxic T cells and NK cells

[10,11]. Furthermore, IL-12 is an important inducer of

IFNg production. The marked presence of IL-12 together

with IFNg in the mononuclear cell in®ltrate may thus

represent an additional important factor responsible for

cell-mediated cytotoxicity in cutaneous drug eruptions.

In conclusion, the strong in situ expression of perforin

and granzyme B together with IL-12 and IFNg suggest the

involvement of these proteins in the pathomechanism of

cutaneous drug eruptions. In addition, our present ®ndings

indicate that both CD4� and CD8� cytotoxic cells may be

responsible for causing tissue damage especially at the

dermoepidermal junction and further support previous in

vitro data on the role of cytotoxic T cells in drug-induced

exanthem.
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