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SUMMARY

Cytokines are chiefly local mediators which play an important role in the regulation of the cell-cell
interactions which may be involved in the development of the delayed-type hypersensitivity (DTH)
reaction. Using immunohistochemical techniques, the presence of IL-la, IL-Ip, IL-6, interferon-
gamma (IFN-y) and tumour necrosis factor-alpha (TNF-a) in the skin in tuberculin-purified protein
derivative (PPD)-induced DTH reactions was investigated in six normal individuals. Cells staining
for these cytokines were first observed 6 h after PPD challenge, and they were detected throughout the
duration of the 7-day experiment. The number of cells staining for IFN-y reached a peak at 48 h,
where 33% of the total aggregate cells were positive, but declined thereafter to 3% at day 7. On the
other hand, the number of cells staining for TNF-a and IL-I persisted at high levels throughout the
observation period of 7 days (e.g. at 48 h and thereafter, about 40% cells positive for TNF-a and 20%
for IL-Ia and IL-lIi). Double immunofluorescence and staining on sequential sections showed that
IFN-y-staining cells were CD3+ T cells; TNF-a, IL-l and IL-6 staining cells were mainly of the
CD68+ macrophages/monocytes and that 80% of the CDla+ cells (Langerhans-like cells) in the
dermis contained TNF-a and IL-1. The presence of these cytokines at the site of inflammation
suggests that they may be locally produced by the inflammatory cells. Their persistence during the
reaction suggests that they are intimately associated with this response, and are involved in the
development of the reaction.

Keywords IL-1 IL-6 tumour necrosis factor-alpha interferon-gamma tuberculin-induced
delayed-type hypersensitivity

INTRODUCTION which induce the activation and proliferation of the monocytes/
tuberculin reaction is a classical example of macrophages. The monocytes/macrophages in turn release
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IL-6, tumour necrosis factor-alpha (TNF-a) and IFN-y at the Sigma Chemical Co., Poole, UK) in TBS pH 8-2 containing 0-6
site of skin lesion in tuberculin DTH reaction in normal Mdimethyl-formamide, 002M naphthol phosphate and 0001 M
individuals, and to document the dynamics of the expression levamisole.
during this response. In addition, B lymphocytes/plasma cells were also assessed

by direct immunofluorescence staining using FITC-conjugated
MATERIALS AND METHODS goat anti-human F(ab')2 (ICN, Lisle, IL).

The expression of cytokines in the DTH skin reaction was
PPD immunization and tissue processing detected using immunohistochemical techniques as described
Six bacille Calmette-Guerin (BCG)-immunized volunteers were previously [8]. Briefly, fixed and blocked tissue sections were
included in this study. Ten units (0- 1 ml of 100 U/ml solution) of incubated for 90-120 min with previously characterized biotiny-
PPD (Evans Medical Ltd, Horsham, UK) were injected intra- lated rabbit IgG F(ab')2 fragments (Table I) against human IL-
dermally into the forearm. The reactions were observed and the I a, IL- 13, IL-6, TNF-ox and IFN-y. The binding was detected by
induration at each time point was measured before the biopsy incubation of the sections with streptavidin-linked alkaline
was taken. A variable number (3-6) of 4 mm full-thickness skin phosphatase (Amersham, Aylesbury, UK) diluted 1:50 in 2%
punch biopsies were taken at 6, 24, 48, 72 h and 7 days after the normal goat serum in TBS for 60 min. Colour was developed
PPD injection. Two of the volunteers donated four biopsies at 6, with Fast Red as above and the slides mounted. Biotinylated
24, 48 h and day 7, and at 6, 24, 72 h and day 7 respectively. normal F(ab')2 fragments and cytokine-adsorbed anti-cytokine
Biopsies of normal skin were also taken before the PPD antibodies were included as negative control antibodies in the
injection. The fresh tissue was snap-frozen in isopentane cooled immunohistochemical staining [8].
in a bath of liquid nitrogen and stored at - 70'C. Five- In order to characterize the cytokine-containing cells,
micrometre sections were cut on a cryostat and placed onto sequential section staining was performed with anti-cytokine
poly-L-lysine-coated slides. and EBM I1 (CD68) and Leu-4 (CD3) antibodies. Double

immunofluorescence staining [8] was also performed on same

Immunohistochemical staining sections with combination of anti-cytokine and EBM I1, Leu-4,
The sections were routinely stained with haematoxylin and BL6 (CDla) and L404 (CDla) antibodies (Table 1). The
eosin to examine the histological changes during the reaction. binding of cell marker MoAbs was detected with FITC-
Mouse cell marker MoAbs (Table 1) were used to analyse the conjugated goat anti-mouse IgG (Sigma). The biotinylated anti-
cellular components of the PPD-induced DTH reaction. MoAb TNF-a, IL-6, IL- 1a and IL- 13 F(ab')2 fragments were developed
L243 (Table 1) was used to detect HLA-DR expression. The with streptavidin-linked Texas Red (Amersham).
sections were fixed and blocked as described previously [8], and
the antibodies were incubated with the sections for 16 h at 4°C. Cell quantification
The sections were washed in 0-05 M Tris-buffered saline (TBS) The numbers of cells stained with cell marker antibodies and
pH 7 36, followed by incubation with goat anti-mouse immuno- cytokine-positive cells were counted. In normal skin and
globulins diluted 1:20 (Dakopatts, Glostrup, Denmark) for 60 biopsies taken at 6 h, at least total 500 cells in the dermis were
min at room temperature. The sections were washed again and counted in each section. In the samples taken at 24 h and
incubated for 60 min with alkaline phosphatase-conjugated thereafter, only cells within cell aggregates in the dermis were
mouse anti-alkaline phosphatase complex (APAAP, Dako- counted and at least five aggregates were included in each
patts) diluted 1:50. The staining was developed with 1 mg/ml section. Average percentages of positive cells over total cells
Fast Red (4-chloro-2-methylbenzenediazonium zinc chloride, were taken from duplicates of each sample. In order to compare

Table 1. Primary antibodies used in the study

Dilution/protein
Antibody Specificity Isotype concentration Source (reference)

Leu-4 Pan T cells (anti-CD3) Mouse IgGl 1:5 Becton Dickinson,
Mountain View, CA

ABL4 Inducer/helper T cells (CD4) Mouse IgG2a Ascites 1: 100 Dr J. Brochier, INSERM U291,
Montpellier, France [37]

BL15 Suppressor/cytotoxic T cells (CD8) Mouse IgG2b Ascites 1:100 Dr J. Brochier [37]
BL6 Langerhans cells (CDla) Mouse IgGl Ascites 1:100 Dr J. Brochier [37]
L404 Langerhans cells (CDla) Mouse IgGl Ascites 1:100 Dr J. Brochier [37]
EBMII Macrophages/monocytes (anti-CD68) Mouse IgGl 3 pg/ml Dakopatts, Glostrup, Denmark
L243 HLA-DR Mouse IgG2a Ascites 1:200 ATCC, Rockville, MD
L26 B cells (CD20) Mouse IgG2a 1-5 ,ug/ml Dakopatts
Anti-Hu-Ig F(ab')2 B/plasma cells Goat immunoglobulin F(ab')2-FITC 1:50 ICN, Lisle, IL
Anti-IL-la IL-la Rabbit IgG F(ab')2-biotin 10 ,ug/ml [38]
Anti-IL-lfi} IL-1,B Rabbit IgG F(ab')2-biotin 10 pg/ml [38]
Anti-IL-6 IL-6 Rabbit IgG F(ab')2-biotin 15 ,ug/ml [38,39]
Anti-TNF-a TNF-a Rabbit IgG F(ab'),-biotin 10 ,ug/ml [7,38]
Anti-IFN-y IFN-y Rabbit IgG F(ab')2-biotin 20 pg/ml [38,40]
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the number of T cells and of macrophage/monocytes in the 60 60
dermis, the percentages of CD3+ and CD68+ cells over total (a)
cells were determined at each time point. The percentage of [ __
Langerhans cells in the epidermis was expressed as the number
of BL6/L404 antibody-staining cells per 100 basal cells. Langer- - 40
hans cells staining for cytokines were expressed as cytokine- 40 40 co
containing cells over BL6/L404+ cells. a

30 - / 30
z

RESULTS e\

Clinical and histological appearance of the DTH reaction 20 20
All the volunteers receiving PPD reacted with a red induration
and swelling at the site of injection. Six hours after PPD / \ X
injection, increased numbers of cells in the dermis were
observed. An intensive dermal infiltration of mononuclear cells
with cell aggregate formation was seen 48 h after PPD injection 0 0 0 0 20 5 800 30 60 90 120 150 180(Fig. 1), and this persisted throughout the observation period of

7 days. ~~~~~~~~~~~~~~~~~~~~~~~~Hoursafter PPD injection7 days.

Cellular phenotypes in the PPD-induced DTH reaction .1

T lymphocytes. Less than 3% CD3+ T cells were seen
scattered in the dermis in normal skin. Six hours after the .
injection of PPD, an increased number of T cells were seen
scattered in the sub-epidermal area, around blood vessels, with
some in clusters. The number ofT cells increased markedly at 24 J:

h and reached a peak at 48 h, but declined at 72 h and then ' -
remained constant until day 7 (Fig. 2a). A few CD4+ T cells were Aia
found in the epidermis at 48 and 72 h. The CD4: CD38 T cell ratio
remained approximately 2: 1 throughout the reaction.

Macrophages. Cells staining with anti-CD68 antibody were
sparsely distributed in the dermis in normal skin. At 6 h, a
slightly increased number of macrophages was detected around v;
blood vessels and some in small clusters. The number of
macrophages rapidly increased from 24 to 48 h and reached a Fig. 2. (a) Kinetics of IFN-y staining cells in the PPD-induced DTH
peak at 72 h. A slight decrease in the number of these cells was reaction. The number of cells staining for IFN-y in the dermis increased
seen at day 7 (Fig. 3a). Throughout the reaction, the macro- with time of reaction and reached a peak at 48 h, declined at 72 h and
phages were mainly localized in the cell aggregates interspersed further down at day 7. *, CD3 + cells; 0, IFN-y. (b) A skin sample taken
between the T cells. Some were scattered between the cell at day 7 shows few cells stained for IFN-y and the staining intensity was
aggregates. low (immunohistochemical staining with alkaline phosphatase and

counterstained with haematoxylin, x 160).

Langerhans cells. Langerhans cells were defined by MoAbs
BL6 and L404 which both recognize the CDla antigen. In
normal skin 3-5 per 100 basal cells Langerhans cells were

.* .F r 'x,',1;',observed in the epidermis. The number of Langerhans cells
_,>|X|0 W~i iQ0Fz 0/ increased at 24 h in the epidermis, reached a peak of about two-

i, ei .fold the number in normal epidermis at 48 h, and declined
P thereafter. Langerhans cells were also seen in the upper dermis

and some in cell aggregates at 48 and 72 h, but not at other time
! points.

B lymphocytes. No cells staining with FITC-conjugated
F(ab')2 fragments of goat anti-human immunoglobulin F(ab')2
antibodies were observed in the skin sections throughout the
reaction of experimental period. No cells were found stained

with anti-CD20 antibody.

1 '! :'! _ EX~~~~~~~~~~~~n he dermisfin skin biopsies taken before the injection of PPD,
Fig. 1. Skin biopsy taken at 48 h after the injection of PPD shows only a few cells were seen to stain for HLA-DR. The number of
intensive infiltration of mononuclear cells with formation of cell cells staining for HLA-DR increased from 6 h after PPD
aggregates in the dermis (haematoxylin and eosin staining, x 32). injection, and at 24 h and thereafter almost 90% of the
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60 - a 60 infiltrating cells stained positively for HLA-DR. Some cells with
dendritic morphology in both dermis and epidermis at 48 and 72

So _ 50 h were stained. In addition, some of the keratinocytes also
F stained for HLA-DR.

40 _ / _40 c7
4- | t //Localdetection of cytokines in the PPD-induced DTH reaction

0 U 3 Detection ofcytokines in normal skin. A few cells (0 5-0 7%)
30 _ / ° in the normal skin sections stained for TNF-a, IL-6 and IL-Ia in

c / PX 9 the epidermis. The staining appeared to be associated with
@20 p / / 20 - keratinocytes. None of the cells in the dermis was found to stain

with any of the anti-cytokine antibodies.
at gLDetection of cytokines after PPD injection. As shown in

Table 2, all of the cytokines examined (IL-I a, IL- Ifl, TNF-x, IL-
6 and IFN-y) were readily detected in the PPD-induced DTH

lg | | | | reaction. Cells staining for the cytokines were mainly found0 30 60 90 120 150 ISO within cell aggregates (Fig. 4). Staining of sequential sections
Hours after PPD injection and double immunofluorescence staining on same sections

showed that IFN-y-staining cells were located in the area of T
cells (Fig. 5a,b) in the dermis, and IL-I, IL-6 and TNF-a-

b
0

staining cells were found in the area of the macrophages (Fig. Sc,
01,. d). At 48 and 72 h, some of the T cells infiltrating the epidermis

showed staining for IFN-y. Double immunofluorescence stain-
IFew. ing showed 80% of the Langerhans cells contained TNF-oa, IL-6,

IL-Ia, and IL-lI in both the epidermis and dermis (Fig. 5e, f),
suggesting that these cells produced the cytokines during the
reaction. Around 2-5% of the epidermal cells were found to be
stained with antibodies to IL-la, IL-6 and TNF-cz during the
reaction. Neither the normal rabbit F(ab')2 fragments nor the
cytokine-adsorbed anti-cytokine antibodies showed any stain-
ing in the sections.

Kinetics of cytokine-containing cells. The kinetics of IFN-y,
ttx~ t;1l TNF-a, IL-la and IL-I# staining cells were analysed in two

volunteers. Cells staining for IFN-y were first seen in the upper
dermis 6 h after PPD injection. At 24 h and beyond the IFN-y-

Fig. 3. (a) Kinetics of IL- I and TNF-a staining cells in the PPD-induced
DTH reaction. The numbers ofcells staining for IL-la, IL-Ifl and TNF- .positive cellswin thecel aggrega hed
a persisted at high levels until at day 7. U, CD68+ cells; 0, TNF-a; A, IL- number of IFN-y-positive cells increased with time and reached
la; 0, IL-I/. (b) Immunohistochemical staining of skin taken at day 7 a peak at 48 h where 33% of the total cells in aggregates were
shows many cells strongly stained for TNF-a (immunohistochemical positive, but declined at 72 h. The number of IFN-y-positive
staining with alkaline phosphatase and counterstained with haematoxy- cells further decreased to 3% at day 7 and the staining intensity
lin, x 80). was much lower (Fig. 2).

Table 2. Percentage of cytokine-containing cells detected in the dermis in PPD-induced DTH
reaction*

Time after PPD injection (h)

0 6 24 48 72 168
Cytokine(%) (n=6)t (n=3) (n=4) (n=6) (n=4) (n=3)

IL-la 0 1 (0 7-1-2) 10 (6-15) 25 (20-30) 19 (15-24) 22 (20-24)
IL-I#f 0 0-5 (0-2-0-7) 13 (7-17) 20 (15-30) 18 (12-22) 23 (20-26)
IL-6 0 ND: ND 30 (21-39) 35 (30-38) 29 (21-33)
TNF-a 0 3 (1-5-6) 11 (7-16) 40 (29-47) 45 (39-54) 42 (29-45)
IFN-y 0 0 5 (0 3-0 8) 8 (4-12) 33 (20-41) 29 (19-33) 3 (1-5)

* In all the skin sections, cells in sweat glands and hair follicles were not counted and at 24 h and
thereafter, only the cells in cell aggregates were counted. Average percentages and ranges of
cytokine-containing cells are shown.

t Number of skin biopsies examined.
ND, Not done.



526 C. Q. Chu et al.

!i Q-aI

Fig. 4. Immunohistochemical staining with alkaline phosphatase of skin biopsies of the PPD-induced DTH reaction at 48 h shows: (a) IFN-y and (b)
IL-lIx staining cells at upper dermis; (c) biotinylated normal rabbit F(ab')2 fragments did not stain any cells; and (d) TNF-a staining cells in a cell
aggregate at deep dermis. (Sections were counterstained with haematoxylin. x 80).

The appearance of cells staining for IL- I a and IL-i1fi and The mechanism of recruitment of the circulating leucocytes into
TNF-a all had similar kinetics (Fig. 3). The positive cells were the site where the antigen is present is not fully understood, but
first seen in the upper dermis 6 h after PPD injection. The the local release of cytokines may play an important role.
number of positive cells increased throughout the reaction and Cytokines can be involved in several aspects in the process of
were still present in a higher proportion of cells at day 7 (Table this reaction. First, cytokines such as IL-I [9] and TNF-cx [10]
1). The numbers of IL-i-staining cells reached a peak at 48 h may act as chemotactic factors attracting leucocytes to the site
(25%!/ IL-lcx; 20%:/ IL-1p3) and slightly declined thereafter (Fig. 3). of inflammation. The presence of these cytokines at the site of
A peak of TNF-cx-staining cells was observed at 72 h where 45%/ DTH reaction suggests they may be involved in recruiting
of the cells were positive, and this persisted until day 7 after PPD immune cells during the response. Upon activation by an
injection (Fig. 3). antigen, T cells and macrophages produce cytokines, recruiting

more T cells and macrophages to the site of inflammation to

DISCUSSION ~~~~~~~amplify the response. IL-8 (not included in this study), a recently
DISCUSSION ~~~~~identified member of a family of low molecular weight cyto-

In this study, a range of cytokines were detected in virvo during a kines, has a potent chemotactic effect on T cells [1 1]. A
PPD-induced DTH reaction in man. In the dermis of the considerable amount of IL-8 has been detected in keratinocytes
reactive skin, these cytokines were found mainly in the infiltrat- isolated from the skin during DTH reactions, and its production
ing lymphocyte and macrophage areas. The presence of these is considerably enhanced by IL-I and TNF-cx [12]. This suggests
cytokines at the site of inflammation and their persistence that IL-I and TNF-x may exert their chemotactic effects
during the reaction, in contrast to their absence in normal skin, indirectly via induction of IL-8 or other members of its family
suggests that they may be locally produced by inflammatory such as RANTES which is involved in the recruitment of
cells and are associated with this response, and possibly play an CD45RO cells and monocytes [13].
important role in the development of the reaction. Second, cytokines are also required in the proliferation and

As demonstrated in the present study and by others [1,6], the activation of immune cells and hence regulate the DTH
major changes of the tuberculin DTH reaction occur in the reaction. For example, IL-2, a T cell-derived cytokine pre-
dermis, and are histologically characterized by massive infiltra- viously found in PPD-induced DTH reactions [6], is required for
tion of mononuclear cells and the formation of cell aggregates. the proliferation of antigen-specific T effector cells [14]. IL-2 is
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Fig. 5. Double immunofluorescence of skin sections taken at 48 h showing cytokine-containing cell phenotypes. (a) Cells staining for IFN-y stained
with (b) anti-CD3 antibody; (c) cells staining for TNF-cx stained with (d) anti-CD68 antibody; (e) some TNF-a-staining cells also stained with (f) anti-
CDIa antibody, suggesting production by Langerhans cells (x 160).

also a potent inducer of IFN-y production [15], and IFN-y expression among the known cytokines. Indeed, a large number
activates macrophages and enhances their functions [16]. In (up to 33%) of cells were shown to contain IFN-y after PPD
addition, IL-i, IL-6 and TNF-ax have all been shown to be injection. Expression of MHC class II on the cell surface is
involved in the activation and proliferation of T cells [17, 18]. known to be necessary for antigen presentation to T cells [19].

Furthermore, cytokines regulate the expression of cell Thus by up-regulating MHC class II expression on antigen-
surface molecules which are important in cell-cell interactions, presenting cells, cytokines up-regulate antigen presentation

Asdeontatd n h pesn an prviu stde [16, frm fnto an thrb ca inluec th Immn epneo
2haferPPD ineto vIrtal allclsinhe ifltrte are cels
HL-Rpsitv.It ha ensgestdhatisepsioCyknsar knw to rglat th expesionocl
may be1 a puatvemrkr o IN- prdcIon[] eas deinmlclswihaeascae ihuoyemga
IFN-y is knw tob hems ptn idcr o ls I to n oigi ua muersossadifamto
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(reviewed in [20]). IFN-y has been shown to increase the binding
of T cells to endothelial cells [21], and to be a major cytokine
responsible for T cell migration [22]. Issekutz et al. [23] have
demonstrated that in vivo IFN-y stimulates T cells emigrating
out of the blood into the site of DTH reaction. This effect of
IFN-y may be at least in part due to stimulation of intercellular
adhesion molecule (ICAM)-l expression on endothelial cells
(EC) [24,25] and increased T cell binding to the EC through their
cell surface lymphocyte function-associated antigen (LFA)-1
[21]. Both in vitro and in vivo studies have shown that TNF-a can
enhance the endothelial expression ofICAM-1 induced by IFN-
y [24,26]. The cytokine-induced expression of ICAM-1 on EC is
also involved in the binding of monocytes to EC [24]. Further-
more, the other vascular endothelium-associated adhesion
molecules, vascular cell adhesion molecule (VCAM)-1, and E-
selectin (endothelial leucocyte adhesion molecule (ELAM)-1)
have also been shown to be expressed during the PPD-induced
DTH reaction [27]. The expression of these molecules is also
likely to be the result of local production of cytokines,
particularly IL-1 and TNF-a [28].

The cytokines detected in the dermis were localized in cell
aggregates, suggesting that they derive from infiltrating cells. In
the study of the serial section and double staining, IFN-y-
staining cells were found, as expected, in the area of CD3+ T
cells. In fact, cloned murine helper T cells from DTH reactions
are capable ofsecreting IFN-y [29]. The other cytokines, TNF-a,
IL-1, IL-6, are chiefly macrophage products and cells staining
for these cytokines were in the area of CD68+ cells, suggesting
they were from cells of the macrophage/monocyte lineage.

TNF-a, IL-1 and IL-6 were also detected in the epidermis,
suggesting that cells here were also producing cytokines during
the reaction. The skin is currently recognized as an immunologi-
cal active organ, as both epidermal and dermal cells may be
involved in the initiation, amplification and regulation of
immune response and inflammation [30]. Keratinocytes are
known to be able to produce and secrete a large number of
cytokines such as IL-1, IL-3, IL-6, IL-8, TNF-a, transforming
growth factor (TGF) a and ,B and GM-CSF (reviewed in [31]).
The present study has confirmed that in vivo a number of
cytokines can be detected in keratinocytes, in both the normal
condition and during the immune response to PPD. The
production of cytokines by the keratinocytes may also contri-
bute to PPD-induced DTH.

Langerhans cells expressing class II molecules are known to
be antigen-presenting cells in the skin [32]. The number of
Langerhans cells in the epidermis increased in the DTH
reaction, and they were present at the site of lesions. It has also
been demonstrated that Langerhans cells can produce cytokines
such as IL-I and TNF-a [33-35]. Using double immunofluores-
cence staining, 80% of the CDla+ Langerhans-like cells were
found to also stain for TNF-a, IL-la and IL-If, both in dermis
and epidermis during the reaction, suggesting production of
these cytokines by the Langerhans cells.

It is noteworthy that the number of IFN-y-staining cells
declined after the peak at 48 h, and reduced to a small
proportion at day 7. In contrast, the large number of cells
staining for IL-I and TNF-a persisted throughout the period of
the 7-day observation. This suggests that IFN-y production is
transient, but IL-I and TNF-a production tends to be more
chronic. It is unlikely that the reduction of IFN-y is due to the
disappearance of T cells. At day 7 of the PPD-induced DTH

reaction, although clinically the reaction is diminishing and the
absolute number of infiltrating cells decreasing, a significant
number ofT cells (about 50%) and macrophages still persist in
the lesion.

The results of the present study provide a model of the
production of these cytokines during cell-mediated inflamma-
tion. The spectrum of cytokines in the PPD-induced DTH
reaction was similar to that found in rheumatoid synovium [36],
except that the T cell-derived cytokine IFN-y was also readily
but transiently detected in many cells in the PPD-induced DTH
reaction but is not detectable in the rheumatoid arthritis (RA)
synovial tissue [36]. However, this study is of a monophasic
response which is more limited in duration than RA, thus the
results do not reflect the cytokine production in a prolonged
reaction such as in RA in which repeated or persistent exposure
of the same antigen is possibly involved. In spite of this, these
data may reflect the production ofcytokines in the early stage of
a chronic type inflammation and emphasize the early decay
from the site ofinflammation of the only T cell cytokine (IFN-y)
that we examined.
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