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Mast cells and T lymphocytes in chronic urticaria
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Summary

Mast cells are considered to be the primary effector cells in urticaria but it is possible
that lymphocytes contribute to the formation of weals by secreting histamine releasing
factors. The aim of this study was to examine the population of mast cells and to
quantify the T cell subsets and their activation status in delayed pressure urticaria
(DPU), chronic idiopathic urticaria and normal controls. Three biopsies were obtained
from each of four patients with chronic idiopathic urticaria but not DPU. Three
biopsies were taken from each of 13 patients with DPU, from a combination of
unchallenged skin and at 0, 2, 6, 24,48 and 120 h after weighted steel rods (diameter 1-5
cm) had been applied to the thighs. Three biopsies were similarly obtained from each of
four normal controls before an identical pressure challenge and at 6, 24 and 48 h
afterwards. The chloracetate esterase stain was used to demonstrate mast cells and an
alkaline phosphatase anti-alkaline phosphatase immunohistochemical technique to
assess the phenotypic and activation characteristics of the T cell infiltrate. The mast cell
count did not differ significantly between unchallenged skin from DPU patients and
normal controls. Following a pressure challenge to the DPU patients, the number of
stainable mast cells decreased significantly to a level comparable with that in
spontaneous weals of chronic idiopathic urticaria. Investigation of T cell subsets
showed a preponderance of CD4+ cells over CD8+ cells. There was no evidence of
T cell activation in chronic idiopathic urticaria or DPU when compared with normal
controls. These data support the view that mast cell degranulation occurs in chronic
idiopathic urticaria and suggest that it may also play a role in the pathogenesis of DPU.
There was no evidence that lymphocyte activation occurs in either condition.
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Introduction

Chronic idiopathic urticaria may occur in isolation or
may be associated with one or more of the urticarias
elicited by physical stimuli [1,2]. Delayed pressure urti-
caria (DPU) is one of the physical urticarias and is
characterized by persistent and often painful swellings
which arise several hours after pressure has been applied
to the skin [3].

The primary effector cell in idiopathic urticaria is
considered to be the mast cell [4] and its release of
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histamine to result in the formation of weals. The
inflammatory infiltrate in both DPU [5] and idiopathic
urticaria [6,7] includes mononuclear cells which may
contribute to weal formation by secreting histamine
releasing factors [8]. In vitro studies have demonstrated
that supernatants from cultured human mononuclear
cells can elicit histamine release from basophils [9] and
also that T lymphocytes can induce the proliferation of
murine mast cell clones [10]. In turn, rat mast cell
degranulation has been shown to result in chemotaxis
of rat lymphocytes [11].

The lymphocytic infiltrate in most inflammatory skin
diseases is characterized by a preponderance of CD4+
over CD8+ T cells [12]. In addition to demonstrating
their phenotypes, it is important to establish whether the
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lymphocytes are expressing markers of activation by
antigen. Activation of T lymphocytes occurs in stages
which are characterized by the appearance of specific cell
surface antigens [13]. One of the earliest of these is the
interleukin-2 receptor (IL-2R), the density and duration
of which indicates the magnitude of T cell clonal
proliferation and the consequent T cell immune
response [14]. This is followed at 48-72 h by the expres-
sion of the transferrin receptor [15] and then by the TIO
antigen [15]. The major histocompatibility complex
molecule, human lymphocyte antigen (HLA)-DR is the
last activation marker to appear and signifies the ability
of T cells to present antigen [16]. In chronic urticaria,
most of the mononuclear cells in the infiltrate have been
reported to be activated helper-inducer T cells [17].
Likewise, a study of two pressure weals in DPU
showed that 'nearly all' of the lymphocytes were acti-
vated T cells [18].

In order to test the hypothesis that activated lympho-
cytes contribute to the formation of urticarial weals, we
have examined the population of mast cells in patients
with both chronic idiopathic urticaria and DPU and
have quantified the immunoregulatory T cell subsets
and their activation status.

Patients and methods

Thirteen patients (three men, age range 21-49 years)
with DPU were studied. All had pressure-related symp-
toms and a positive response to a pressure challenge test
[19]. For the purposes of this study, pressure weals were
induced using 1 5 cm diameter steel rods, weighted to
between 2-5 and 3-5 kg and applied to the subject's thighs
for 20min [20]. Three 4 mm punch biopsies were taken
from each patient so that a total of eight specimens was
obtained from unchallenged skin, six from skin immedi-
ately after the pressure challenge and thereafter, six at
2 h, nine at 6 h, six at 24 h and two each at 48 and 120 h.
None of the patients were taking medications other than
antihistamines and these were discontinued 3 days before
the pressure challenge. Spontaneous weals which lasted
approximately 6h were also biopsied in each of four
patients (one man, age range 28-71 years) with chronic
idiopathic urticaria but not DPU. Four normal controls
(two men, age range 22-66 years) were subjected to an
identical pressure challenge. Three biopsy specimens
were obtained from unchallenged skin and three each
at 6, 24 and 48 h after pressure.

The biopsies were performed under local anaesthesia
(without adrenalin) and covered in cryoprotectant
(Tissue-Tek, Miles Inc, USA) before immersion in melt-
ing isopentane and storage in liquid nitrogen. Tissue

specimens were cut into 5/im sections which were
stained for mast cells using a conventional chloracetate
esterase stain [21]. Sections were also stained immuno-
histochemically for T lymphocytes and for cells expres-
sing HLA-DR. In addition, biopsies from DPU patients
were stained for T cell subsets and for expression of
interleukin 2-receptor (IL2-R), T9 (transferrin receptor)
and TIO. Prior to staining, frozen sections were air-dried,
fixed in acetone (5min) and washed in tris-buffered
saline. They were then immersed in 20% normal swine
serum to block non-specific binding before incubation
for 60 min with the primary antibodies listed in Table 1.

Immunolabelling was performed using rabbit anti-
mouse bridging antibodies conjugated with alkaline
phosphatase (1:10 dilution, 30 min) (Dako Ltd, High
Wycombe, UK) followed by incubation with murine
alkaline phosphatase anti-alkaline phosphatase
(APAAP) complexes (1:20 dilution, 30 min) (Dako
Ltd, High Wycombe, UK). Alkaline phosphatase activ-
ity was demonstrated using Fast Red development
(15 min) before sections were counterstained with
Mayer's Haemalum and mounted in aqueous medium.
Control sections were processed identically except that
20% normal swine serum was substituted for primary
antibody.

Assessment of histological sections was undertaken
'blind' by two independent observers. Cells were counted
in a central column of each section which was two high
power fields (x400) in width and which spanned the
depth of the dermis. The mean cell count per high power
field was established for each section and the median
count then calculated at each time interval after pressure.
Median counts were compared with unchallenged skin,
with normal controls and with chronic idiopathic urti-
carial weals. Statistical analysis was performed using the
Mann-Whitney [/-test for comparing unpaired, non-
parametric data.

Results

Of the patients with DPU, all except one of the six
biopsied at 2 h and one of the nine biopsied at 6 h had
developed pressure-induced weals at these times. All of
the patients who were biopsied at 24 h had pressure
weals. One patient developed a weal immediately after
pressure was applied and one of the patients biopsied at
48 h still showed a weal at this time. Neither patient
biopsied at 120h had any clinically apparent abnorm-
ality at the pressure challenge sites (Table 2). None of the
normal controls developed delayed weals in response to
pressure though two had erythematous annular patches
at 6h.
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Table 1. Primary antibodies used in the study

Antibody

T cell subsets
Anti Leu 1

Anti Leu 2a*

Anti Leu 3a*

T cell activation markers
Anti IL2-R*
OKT9*

OKTIO*
Ami HLA-DR

Specificity

Tcell
antigen (CD5)
T suppressor-
cytotoxic cell
antigen (CD8)
T helper-inducer
cell antigen (CD4)
monocytes/macrophages

IL2-R (CD25)
T9
(Transferrin receptor)
TIO
HLA-DR

Dilution

1:20

1:25

1:10

1:20
1:10

1:10
1:10

antigen

Source

Becton Dickinson
Immunocytometry Systems, USA
Becton Dickinson
Immunocytometry Systems, USA

Becton Dickinson
Immunocytometry Systems, USA

Dako Ltd, Denmark
Ortho Diagnostic Systems, USA

Ortho Diagnostic Systems, USA
Becton Dickinson
Immunocytometry Systems, USA

* DPU patients only.

Histopathological findings

The time course patterns of the inflatnmatory cell
infiltrate and of the T lymphocyte activation markers
are summarized in Tables 3 and 4.

DPU patients The number of mast cells demonstrable
with the chloracetate esterase reaction decreased sig-
nificantly following a pressure challenge (P < 005, 6 h vs
unchallenged skin) and was comparable with that in
idiopathic weals (Fig. 1). At 48 and 120 h the median
number per high power field had returned to baseline
levels.

The number of T cells in unchallenged skin was
significantly higher than that in unchallenged skin from
normal controls {P < 0 05). At 24h after pressure, there
was an increase in the T cell infiltrate which was not
statistically significant compared with unchallenged skin.
The density of CD4+ cells exceeded the density of total
lymphocytes and did not change significantly. All sec-
tions showed a preponderance of CD4+ cells over CD8+
T cells. No significant changes were seen in the median
numbers of cells expressing the T cell activation markers
IL2-R, T9 and TIO. The number of cells expressing HLA
DR did not increase from baseline levels which were
similar to those in unchallenged skin from normal
controls.

Normal controls The number of mast cells demon-
strated with chloracetate esterase did not change

significantly following a pressure challenge (Fig. 1).
Similarly, there was no change in the number of T
lymphocytes or of HLA DR+ cells after pressure.

Chronic idiopathic urticaria The number of stainable
mast cells in idiopathic weals was comparable to that
seen in DPU patients at 6 and 24 h after a pressure
challenge (Fig. 1). The infiltrate of T lymphocytes was
intermediate between that of the DPU patients at 6 and
at 24 h after pressure.

Discussion

Mast cells are understood to be the primary effector cells
in urticaria [4] and have previously been reported to be
significantly increased in number in chronic idiopathic
urticarial weals as compared with normal controls [6].
We have not been able to confirm this finding. One
possible explanation is that we biopsied weals of
approximately 6h duration whereas the 'most recent
fully developed urticarial lesion' was biopsied in the
previous study. Newer weals are likely to contain fewer
degranulated mast cells and a correspondingly higher
number would be demonstrable by chloracetate esterase
staining. The higher mast cell counts reported previously
could also have resulted from selecting zones of infiltra-
tion whereas the present study was an attempt at asses-
sing the mast cell population in the dermis as a whole.
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Table 2. Clinical appearance of the skin to be biopsied in relation to the time after pressure challenge

Patient

1

2

3

4

5

6

7

8

9

10

11

12

13

Unchallenged

N

N

N

N

N

N

N

N

N

0

w
15 mm

N

N

N

E
44 mm

Time

2

W
18 mm

W
14 mm

W
15 mm

W
16 mm

W
15 mm

E
20 mm

after pressure challenge

6

W
15mm

W
42 mm

W
30 mm

E
18 mm

W
22 mm

W
18 mm

W
30 mm

W
16 mm

W
44 mm

(h)

24

W
34 mm

W
18 mm

W
30 mm

W
20 mm

W
?mm

W
80 mm

48

N

W
6 mm

120

N

N

N. Clinically normal. E. Erythema only. W. Erythematous weal.

Table 3. Time course pattern of the infiltrate of mast cells and of T lymphocytes, T cell subsets and T cell activation markers (median
numbers/hpO in patients with DPU, normal controls (NC) and chronic idiopathic urticaria controls (UC)

Mast cells Pan T cells (CD5) CD4+ cells CD8+ cells

Unchallenged
Oh
2h
6h

24 h
48 h

120h

DPU

365
441
396
216*
246
3-39
4-67

NC

490
-
-

2-67
4-27
3-82

_

UC

2-37
-
-
-
-
-
—

DPU

4-73
2-35
288
1-73
8-25
410
2-69

NC

1.23
-
-

2-25
2-05
164

-

UC

5.06
-
—
—

• -
_
—

DPU

879
7-48
8-86
5-81

1108
1615
315

DPU

0-77
056
099
050
083
060
3.15

* P < 0 05, vs unchallenged skin (Mann-Whitney i/-test).
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Table 4. Time course pattern of the infiltrate of mast cells and of T lymphocytes, T cell subsets and T cell
activation markers (median numbers/hpf) in patients with DPU, normal controls (NC) and chronic idiopathic
urticaria controls (UC)

Unchallenged
Oh
2h
6h

24 h
48 h

120 h

IL2-R
DPU

000
000
000
005
020
006
018

OKT9
DPU

099
380
2-59
2-15
503
108
6-60

OKTIO
DPU

000
000
000
000
000
000
000

DPU

26-27
2300
27-32
32-30
24-25
34-08
53-44

HLADR
NC

32-90
_
_

23-39
25-90
22-50

-

UC

26-88
_
_

_

-

Mast cells have also been postulated to play a role in
DPU [22]. It has been shown previously in patients with
DPU that intradermal injection of the mast cell degran-
ulating agent, compound 48/80 elicits weals which both
clinically [23,24] and histologically [24] resemble those
induced by pressure. In addition, mast cell numbers have
been reported to be increased in early (4-6 h) [18,25] but
not late (20-24 h) pressure-induced weals in DPU [18]. In
the present study, the number of demonstrable mast cells
in unchallenged skin did not differ significantly in DPU
patients from that of normal controls but showed a
significant decrease 6 h after pressure. At this time, the
level was similar to that in spontaneous weals in chronic
idiopathic urticaria in which mast cell degranulation is
understood to occur. It is possible therefore that mast
cell degranulation is a factor in the development of
pressure related weals and that the later decrease in

Unch 24 48 120

Time after pressure challenge ( h )

Fig. 1. Histogram showing the population of mast cells, in
patients with DPU compared with idiopathic weals (UC) and
pressure challenged sites from normal controls (NC). • . Mast
cells (DPU). n. Mast cells (NC). M- Mast cells (UC). Unch.
Unchallenged.

mast cells is caused by degranulation with resultant
loss of their staining properties. In asthma, the propen-
sity of mast cells to degranulate may be more important
than the actual number [26], and it is possible that this
may also be the case in DPU.

The median count of T lymphocytes .in unchallenged
skin in DPU patients was significantly higher in the DPU
patients than in the normal controls. The reason for this
is not clear but may be explained by the recent finding
that the vascular endothelial cell adhesion molecules E-
selectin and Intercellular Adhesion Molecule-1 (ICAM-
1) are upregulated in some biopsies of non-lesional skin
in DPU [27]. Both E-selectin [28] and ICAM-1 [29] act as
adhesion receptors for T lymphocytes and their increased
expression in unchallenged skin may refiect the inflam-
matory nature of DPU.

In this study, CD4+ T cells predominated over CD8-I-
T cells as has been reported previously in chronic
urticaria [17,18] and other infiammatory dermatoses
[12]. We were unable to confirm that T cell activation
occurs in spontaneous weals in chronic idiopathic urti-
caria or that it occurs after pressure in patients with DPU
or in normal controls. In the DPU patients, the number
of cells expressing HLA-DR showed no increase after a
pressure challenge and did not differ significantly from
normal controls or from idiopathic urticarial weals.

We have recently shown that E-selectin is upregulated
in both chronic idiopathic urticaria and DPU and that
there is close similarity between the infiammatory cell
infiltrate in idiopathic urticarial weals of approximately
6h duration and in induced DPU weals at 6h after
pressure [27]. Induction of E-selectin can be elicited by
degranulation of mast cells [30] and the data from the
present study suggest that mast cells may be involved in
DPU as they are in idiopathic urticaria. In both condi-
tions the process appears to be independent of activated
T lymphocytes.
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