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Background: The chemokines monocyte chemoattractant factor-l, RANTES, and 
macrophage inflammatory protein-l a release histamine from human basophils, as well as rat 
and mouse mast cells. The purpose of this investigation was to determine whether these 
chemokines release histamine from human skin mast cells in situ. 
Methods: A microdialysis technique was used to measure histamine release in skin. First, the 
model was validated by using anti-IgE, codeine, and stem cell factor (SCF); then the 
histamine-releasing effects of the chemokines were investigated. A total of  47 skin specimens 
from 41 donors were investigated. Hollow microdialysis fibers were inserted intradermally, and 
each fiber was slowly perfused (3 txl/min). Anti-IgE, codeine, SCF, or chemokines were 
injected intradetrnally above individual fibers, and dialysate was collected at 2-minute 
intervals for 20 minutes. Each series of investigations comprised five to eight single 
experiments. 
Results: Anti-IgE (4 to 4000 U/ml), codeine (0.001 to 1 mg/ml), and SCF (5.4 × (10 -'-1 to 
10 -s tool~L)) released histamine in a dose-dependent manner; maximum histamine release 
was 97.4, 116.3, and 9.5pmol/20 min, respectively. Monocyte chemoattractant factor-1, 
RANTES, and macrophage inflammatory protein-l a in concentrations of  lO -9 to 10 -6 mol/L 
did not release histamine; histamine release by 10 6 mol/L chemokine was less than 0.2 
pmol/20 rain. None of the chemokines modulated anti-IgE-induced histamine release. In 
contrast, SCF significantly potentiated anti-IgE-induced histamine release by 33%. All 
chemokines, but not SCF, released histamine from human basophils. 
Conclusion: We conclude that the chemokines monocyte chemoattractant factor-I, RANTES, 
and macrophage inflammatory protein-l a do not release histamine from human skin mast 
cells. (J Allergy Clin Immunol 1996;98:790-6.) 
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During recent years, the role of cytokines and 
growth factors in allergic diseases has been exten- 
sively explored, and great interest has been focused 
on a number of cytokines related to the intercrine/ 
chemokine family. 1-3 Several of these chemokines 
have been shown to possess potent histamine-releas- 
ing capacities in human basophit leukocytes? -6 The 
most potent histamine-releasing chemokine thus far 
characterized is monocyte chemoattractant factor-1 
(MCP-1), which releases significant amounts of his- 
tamine in nanomolar to micromolar concentra- 
tions. 7-1° Other, but less potent, histamine-releasing 
chemokines are NANTES s,10,1l and macrophage 
inflammatory protein-le~ (MIP-la))  2 
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Abbreviations used 
KRB: Krebs-Ringer bicarbonate (buffer) 

MCP-I: Monocyte chemoattractant factor-1 
MIP-lc~: Macrophage inflammatory protein-lc~ 

SCF: Stem cell factor 

Mast  ce l l -der ived  histamine plays a pivotal role 
in the immedia te  phase  of  allergic reactions, but  
only a few studies have investigated the effect of  
chemokines  on histamine release f rom mast  cells. 
Partly purified histamine-releasing factors f rom 
h u m a n  macrophages  and lymphocytes are known 
to release histamine f rom h u m a n  lung and synovial 
mast  cells, 13,14 whereas those f rom peripheral  
b lood mononuc lea r  cells are wi thout  effect on  
dispersed h u m a n  lung and skin mast  cells? 5 Re-  
combinant  MIP-leL releases histamine f rom mouse  
per i toneal  mast  cells12; and M I P - I ~ ,  and to a lesser 
degree MCP-1,  histologically cause degranulat ion 
of  mouse  skin mast  cells? 6 Multiple recombinant  
chemokines including MCP-1, RANTES,  and 
MIP- I~  do not release histamine in dispersed human 
lung mast cells I2,15,17,18 or in skin mast cells accord- 
ing to recent studies2 5,18 So far, the only cytokine/ 
growth factor known to trigger human mast cells is 
stem cell factor (SCF). 19,2° SCF induces histamine 
release from dispersed human mast cells f rom the 
skin,21, 22 uterus,23 and heart 23, 24; and it potentiates 
histamine release by anti-IgE antibodies in lung and 
skin mast cells, zl, 23, 25, 26 SCF does not release hista- 
mine from human basophils. 21, 25 

In  this study we have applied a microdialysis 
technique to study the histamine-releasing proper-  
ties of  MCP-1,  R A N T E S ,  and MIP-leL f rom mast  
cells in intact h u m a n  skin ex vivo. The  microdialy- 
sis technique has previously been used for measure- 
ment  of  histamine release in human skin in vivo after 
intradermal injection of  substance P, codeine, and 
allergen. 27-29 As an initial part of  this study, we 
measured histamine release ex vivo by using classical 
skin mast cell secretagogues and SCF. 

METHODS 
Materials 

Codeine was purchased by the institutional pharmacy; 
anti-IgE was from Behring Werke (Marburg, Germany); 
human recombinant SCF, MCP-1, RANTES, and 
MIP-lc~ were purchased from PeproTech Inc. (Rocky 
Hill, N.J.). A stock solution of the lyophilized chemokine 
or SCF was made at a concentration of 10 -6 mol/L in 
Krebs-Ringer bicarbonate (KRB). Human serum albu- 
min (0.2%; Statens Serum Institut, Copenhagen, Den- 

mark) was added to the KRB. All substances were 
diluted with KRB. The final concentrations of the sub- 
stances were as follows: codeine, 0.001 to 1 mg/ml; anti- 
IgE, 4 to 4000 U/ml; SCF, 5.4 × (10 -11 to 10 -8 mol/L) 
(corresponding to i to 1000 ng/ml); and MCP-1, RANTES, 
and MIP-lc~, 10 9 to 10 6 mol/L. KRB with 0.2% human 
serum albumin served as the vehicle control. 

Skin specimens 
The study included 47 skin specimens from 41 women 

(mean age, 68.9 +- 12.4 years (SD); range, 49 to 91 years) 
undergoing surgery for treatment of breast cancer. The 
allergic status of the donors was not known. Skin spec- 
imens (10 to 15 cm 2) were taken in areas remote from 
sites of suspected tumors, placed immediately in ice-cold 
KRB, dissected into appropriate pieces, and kept at 5 ° C 
until use within 1 to 2 hours. Informed consent was 
obtained from each subject before surgery, and the study 
was approved by the local ethics committee. 

Microdialysis instrumentation and skin 
challenge 

Dialysis probes with an outer diameter of 216 ixm, a 
molecular weight cutoff of 2000 d, a length of 15 mm 
available for diffusion, and an outlet of 30 mm were 
constructed from dialysis fibers as previously de- 
scribed.27, 29 A 100 p~m stainless steel wire was inserted 
into the lumen of the dialysis fiber to stabilize the 
dialysis probe. The skin specimens were cut into pieces 
to allow insertion of up to six dialysis fibers arranged in 
parallel in each piece. The dialysis probes were inserted 
intradermally with 23-gauge guide cannulas. The dis- 
tance between each cannula was 10 to 15 ram. Previous 
studies in vivo have shown that histamine release occurs 
exactly at the site of stimulus and that histamine diffu- 
sion within the skin is minimal? ° 

Each skin specimen was fixed on a temperature- 
regulated plate. The skin temperature was kept within 
32 ° to 34 ° C, controlled by a precision thermometer (DM 
852; Ellab, Copenhagen, Denmark) with a needle-~pe 
sensor. 

Each dialysis probe was connected to individual sy- 
ringes mounted in a microinjection pump (CMA/100; 
CMA/Microdialysis, Stockholm, Sweden), and each fiber 
was perfused with KRB in parallel at a rate of 3.0 txl/min. 
Collection of dialysate began 10 minutes after removal 
of the guide cannulas; the dialysates were collected 
directly from the efferent tube into microtiter wells 
coated with glass fiber matrix used for analysis of 
histamine. Dialysate was collected at 2-minute intervals 
(6 txl fractions). Before skin challenge, two baseline 
values of 6 ixl were collected over 4 minutes. After skin 
challenge, dialysate was collected at 2-minute intervals 
(6 txl) for 20 minutes. 

All substances were administered as 25 ~1 aliquots to 
the skin by intradermal injections. Each injection was 
placed 1 mm from the fiber at the midpoint of the 15 mm 
dialysis fiber. 



792 Petersen et al. J ALLERGY CLIN IMMUNOL 
OCTOBER 1996 

125 

f-- 
, m  

E 
o 100 
O4 
m= 
O 
E 
~- 75 

U3 

_e 
• so 

c 

E 2S 

"I- 

A 

o 

/ 

4 40 400 4000 

150 12.5 
B 

125 

75 

5 0  

2 5  

0 T I I I 

0.001 0.01 0.1 1 

100 

10.0 

7.5 

5.0 

2.5 

0 0 

C 

i 
12 11 10 9 8 

Anti-lgE (U/ml) Codeine (mg/ml) SCF (-log M) 

FIG. 1. Histamine release by serial dilutions of anti-lgE (A), codeine (B), and SCF (C). increasing 
concentrations of each compound produced a concentration-dependent release of histamine. 
Histamine is expressed as net total histamine release (picomoles in 20 minutes). Values are 
means _+ SEM of eight (anti-lgE), seven (codeine), and five (SCF) experiments. 

Basophil histamine release 

Histamine release from washed whole blood was 
performed as previously described? I In brief, 3 ml of 
venous blood from four healthy donors (4 women aged 
55 to 58 years) was drawn into heparinized glass, mixed 
with 7 ml of piperazine-N-N'-bis[2-ethanesulfonic acid] 
buffer, and centrifuged at 400 g for 6 minutes at room 
temperature. Thereafter, the supernatant was dis- 
charged, and the blood cells were resuspended in piper- 
azine-N-N'-bis[2-ethanesulfonic acid] buffer to a final 
volume of 3 ml. 

Aliquots of 25 Ixl of anti-IgE (0.4 to 400 U/ml), 10 6 
mol/L MCP-1, RANTES, MIP-lc~, or 5.4 × 10 -~ mol/L 
SCF were incubated with 25 Ixl of washed blood in glass 
fiber-prepared microtiter plates for 60 minutes at 37 ° C. 
Each experiment was done in duplicate. The plates were 
then washed twice with 0.4% sodium dodecylsulfate, and 
the histamine content was analyzed. The total histamine 
content of the cells was measured after the samples were 
boiled. Histamine release was expressed as percent of 
total histamine content. 

Histamine analysis 

Histamine was analyzed spectrofluorometrically in a 
glass fiber-based assay? 2 The specificity of this assay for 
measuring histamine in skin dialysate has been con- 
firmed, 27 and the limit of detection is 25 nmol/L histamine. 

Statistics 

Results are expressed as means ± SEM (n = number 
of observations). Statistical analyses were performed by 
using Friedman nonparametric analysis of variance and 

Wilcoxon's signed rank test. Two-sided p values of less 
than 0.05 were considered statistically significant. 

RESULTS 

In each single experiment,  peak  histamine con- 
centrat ion (in nanomoles  per liter) and total his- 
tamine release in 20 minutes (picomoles per 20 
minutes)  were calculated, and the results were 
corrected for spontaneous  histamine release be- 
fore skin challenge. Spontaneous  histamine release 
in 41 subjects was 47 z 3 nmol/L. 

Histamine release by anti-lgE, codeine, and 
SCF 

Fig. 1 shows total histamine release in 20 min- 
utes after skin challenge with serial dilutions of  
anti-IgE, codeine, and SCF. Statistically significant 
dose-response relationships were seen for ant i-IgE 
(p < 0.001, n - 8), codeine (p < 0.001. n - 7), and 
SCF (p < 0.01, n - 5). W h e n  individual concen-  
trations of  mast  cell secretagogues were examined, 
a significant histamine release was seen. with co- 
deine concentrat ions greater  than 0.001 m ~  ml and 
ant i - IgE concentrat ions greater  than 4 U/ml. The 
number  of  observations in the SCF experiments 
did not allow such calculations. 

The kinetics of  histamine release after skin chal- 
lenge with anti-IgE, codeine, and SCF are shown in 
Fig. 2. The peak histamine release concentration in 
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each separate experiment was identified; thereafter, 
the histamine concentrations in the other samples in 
that experiment were expressed relatively to that 
sample. To ensure a valid representation of hista- 
mine kinetics, only experiments showing a net peak 
histamine release of 50 nmol/L or more were in- 
cluded in the analysis (25 of 28 codeine experiments, 
21 of 36 anti-IgE experiments, and 6 of 20 SCF 
experiments fulfilled this criterion). Because the ki- 
netics of histamine release by each secretagogue 
were independent of the magnitude of histamine 
release, data from all experiments were pooled. Peak 
histamine release was observed within 4 to 6 minutes 
after intradermal injection of codeine and SCF. In 
comparison, histamine release by anti-IgE was more 
protracted; a peak plateau was reached 8 to 16 
minutes after skin challenge. 

Histamine release by chemokines 

MCP-1, RANTES, and MIP-loL did not release 
significant amounts of histamine from skin mast 
cells. Total histamine release by 10 -9 to 10 6 mol/L 
concentrations of chemokine, vehicle and the pos- 
itive control, anti-IgE (400 U/ml), was as follows: 
MCP-1 (0.19 + 0.14, 0.28 + 0.17, 0.14 _+ 0.09, 
0.00 + 0.00, 0.04 _+ 0.04, and 60.38 + 14.14 
pmol/20 rain In = 7]), RANTES (0.00 _+ 0.00, 
0.16 + 0.16, 0.00 + 0.00, 0.00 + 0.00, 0.00 + 0.00, 
and 60.18 + 15.84 pmol/20 min [n = 6]), and 
MIP-IoL (0.15 _+ 0.08, 0.11 + 0.11, 0.14 _+ 0.09, 
0.08 + 0.08, 0.12 _+ 0.09, and 47.16 +_ 4.65 pmol/20 
rain [n = 6]). Because the data in Fig. 2 showed a 
decline in histamine concentrations after reaching 
peak histamine levels, it might be that the chemo- 
kines released small amounts of histamine, which 
became negligible in the total histamine release 
calculations. Fig. 3 shows net peak histamine re- 
lease by serial dilutions of MCP-1, RANTES, 
MIP-le~, vehicle, and anti-IgE (400 U/ml). All 
chemokines showed no significant histamine re- 
lease, and peak histamine release by the chemo~ 
kines was comparable with vehicle responses. Anti- 
IgE (400 U/ml) showed peak histamine release of 
776, 999, and 1035 nmol/L in the three series of 
experiments (in the first series of experiments, 
shown in Fig. 1, A, peak histamine release by 
anti-IgE [400 U/roll was 824 nmol/L). 

Modulation of anti-lgE-induced histamine 
release by chemokines and SCF 

To determine whether the chemokines or SCF 
altered the responsiveness of skin mast cells for 
anti-IgE-induced histamine release, another series 
of experiments was performed. Fifty microliters of 
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FIG. 2. Kinetics of histamine release by anti-lgE (squares), 
codeine (circles), and SCF (triangles). For each experi- 
ment, peak histamine release in 10 consecutive samples, 
after intradermal injection of the secretagogue, was 
found. This value was set as 100%, and histamine con- 
centrations in the remainder samples in that experiment 
were expressed relatively to that sample. Values are 
means _+ SEM of 21 (anti-lgE), 25 (codeine), and 6 (SCF) 
experiments (see Methods section). 

each chemokine, SCF, or vehicle was injected 
intradermally above individual dialysis fibers, fol- 
lowed 10 minutes later by 25 txl of anti-IgE (400 
U/ml). The concentrations of MCP-1, RANTES, 
and MIP-le~ were 10 -6 tool/L, whereas the concen- 
tration of SCF was 5.4 × 10 J0 moVE These 
concentrations of substances showed no significant 
histamine release alone. The results are shown in 
Fig. 4. The short period of incubation by the 
chemokines did not affect the histamine release in 
response to a suboptimal concentration of anti- 
IgE, whereas SCF increased anti-IgE-induced his- 
tamine release by 33% (p < 0.05). 

Basophil histamine release 

In all four donors, 0.5 × 10 -6  mol/L concentra- 
tions of MCP-1, RANTES, and MIP-I~ but not 
SCF 10 -s mol/L released notable amounts of 
histamine (defined as greater than 10% of total 
histamine content). Histamine release was 46.1% 
_+ 5.8%, 33.7% + 4.3%, 14.8% + 2.0%, and 4.4% 
_+ 1.4% of total histamine content with MCP-1, 
RANTES, MIP-leL, and SCF, respectively. 

DISCUSSION 

In this study the microdialysis technique was 
introduced for the first time for the measurement 
of histamine release from intact human skin mast 
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FIG. 3. A semi-logarithmic diagram showing peak histamine release in three series of experi- 
ments after serial dilutions of MCP-1 (open bars), RANTES (filled bars), and MIP-lc~ (hatched 
bars), all compared with vehicle responses and the positive control, anti-lgE (400 U/ml), in that 
particular series of experiments. Neither MCP-1, nor RANTES, nor MIP-lc~ released significant 
amounts of histamine; peak histamine release by chemokines was similar to vehicle responses. 
In comparison, anti-lgE (400 U/ml) showed a significant peak release of 800 to 1000 nmol/L. 
Values are means + SEM of seven (MCP-1) and six (RANTES and MIP-I~) investigations. 
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FIG. 4. Effect of a brief incubation (10 minutes) with 50 1~1 
of MCP-1 (10 e tool/L), RANTES (10 -6 mol/L), MIP-lc~ (10 -6 
mol/L), and SCF (5.4 × 10 10 tool/L) versus incubation 
with vehicle on total histamine release induced by intra- 
dermal injection of 25 ~1 of anti-lgE (400 U/ml) in human 
skin. Histamine release after preincubation with vehicle is 
set as 100%. SCF significantly (p < 0.05) potentiated 
anti-lgE-induced histamine release by 33%, whereas 
none of the chemokines modulated anti-lgE-induced his- 
tamine release. Values are means +_ SEM of eight (MCP-1) 
and seven (RANTES, MIP-lc~, and SCF) experiments. 

cells ex vivo. As an initial part of these studies, the 
microdialysis method was validated with respect to 
dose-response relations and kinetics of histamine 
release induced by anti-IgE and codeine. SCF was 
also used because SCF has previously been shown 
to potentiate anti-IgE-induced histamine release 
in skin mast cells. After the ex vivo microdialysis 
setup was validated, the histamine-releasing prop- 
erties of the chemokines MCP-1, RANTES, and 
MIP-loL were studied. 

Intradermal injection of anti-IgE, codeine, and 
SCF induced a statistically significant dose-related 
histamine release. Further. the kinetics of hista- 
mine release were described. The kinetics of his- 
tamine release in the skin ex vivo by anti-IgE and 
codeine, expressed as the time to reach peak 
histamine heights, are comparable with previous 
results in dispersed human skin mast cells in 
vitro33, 34 and histamine release by allergens and 
codeine in vivo. 28,29 The kinetics of histamine 
release by SCF were rapid: peak histamine was 
observed within 2 to 6 minutes. To our knowledge, 
this is the first study showing the kinetics of 
histamine release by SCF in skin human mast cells. 
A similar rapid histamine release has been dem- 
onstrated in rat peritoneal mast cellsY After peak 
levels were reached by 2 to 6 minutes (codeine and 
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SCF) or by 8 to 16 minutes (anti-IgE), the hista- 
mine concentrations declined as previously dem- 
onstrated in vivo. 28, 29 Because the experimental 
situation ex vivo is different from studies in vivo, it 
is not possible to determine which parameters 
influence elimination of histamine in the skin. In 
the ex vivo situation there is no blood flow, imply- 
ing that the washout of histamine and the washout 
and extracellular redistribution of the injected 
compounds are different from the in vivo situation. 
Further changes taking place in the composition of 
the extracellular water compartment, occurring in 
vivo as a consequence of the wheal formation, are 
not seen ex vivo. Additional studies are required to 
examine in detail the histamine elimination and 
degradation pathways in human skin. 

Neither MCP-1, nor RANTES, nor MIP-lo~ 
showed direct histamine release from human skin 
mast cells in our experiments. In addition, a brief 
incubation with the chemokines did not modulate 
anti-IgE-induced histamine release as observed 
with SCF. Studies of chemokine-induced hista- 
mine release in human basophils have previously 
shown that the exocytosis process is fast, and 
maximum histamine release by chemokines is ob- 
served within 0.5 to 2 minutes compared with 5 to 
15 minutes by anti-IgE. 7, 9 No chemokine-induced 
histamine release was observed within an observa- 
tion period of 20 minutes after stimulation. Fur- 
ther, the nanomolar to micromolar range concen- 
trations of chemokines were ineffective in skin 
mast cells, whereas these concentrations of chemo- 
kines have been shown to be relevant in basophils. 
In comparison with the general atopic population, 
the age, sex, and atopic status of the donors might 
have influenced histamine releasability to chemo- 
kines in our experiments. However, because hista- 
mine release by anti-IgE, codeine, and SCF in 
these subjects was pronounced, these covariates 
seemed to be of minor importance. The histamine 
release by 10 -6 to 10 -7  mol/L concentration of 
chemokines demonstrated in our four donors is 
similar to results previously published. 7-1° 

Studies have shown MIP-I~ to release hista- 
mine from mouse peritoneal and skin mast 
cells,12,16 but contradictory results have been 
reported. 36 In this study MCP-1, RANTES, and 
MIP-lo~ did not demonstrate histamine release 
in human skin mast cells. Our findings are in 
agreement with recent studies showing that hu- 
man recombinant chemokines, including MCP-1 
and RANTES, do not release histamine in hu- 
man dispersed skin mast cells. 15,~s,37 Because 
similar findings have been demonstrated in hu- 

man lung mast cells, :2, 15.17, 18 these data suggest 
that recombinant chemokines, up to micromolar 
concentrations, do not release histamine from 
human mast cell lines. 

During recent years, it has been established that 
SCF produced by endothelial and other stromal 
cells plays a pivotal role in the development and 
maturation of mast cells. 19,2° SCF is the only 
cytokine/growth factor known to possess functional 
activity regarding mediator release from human 
mast cell lines. Previous studies have shown that 
SCF releases histamine from dispersed human skin 
mast cells. 21, 22 In this study we showed that SCF 
significantly released histamine in intact human 
skin at nanomolar concentrations and potentiated 
anti-IgE-induced histamine release at even lower 
concentrations. Whether SCF exerts a pathoge- 
netic role in allergic and inflammatory skin dis- 
eases has yet to be determined. It has recently been 
shown that SCF can be synthesized and released in 
a soluble form into the extracellular water space in 
h u m a n  skin. 38 

In conclusion, by using an ex vivo microdialysis 
technique, we demonstrated that MCP-1, 
RANTES, and MIP-I~ did not release histamine 
from human skin mast cells and did not potentiate 
histamine release by anti-IgE after a brief period 
of incubation. Our data suggest that these chemo- 
kines are not involved in the acute phase of 
immediate-type allergic skin reactions. 

We thank Mrs. Inge Aakilde and the staff at the 
Reference Laboratory for skillful technical assistance. 
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