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Our previous studies of human lung and  intestinal 
mast cells failed to show the heterogeneity found 
among mast cells in murine species.  Recently, we 
and  others have developed techniques for the en- 
zymatic dispersion of human neonatal skin mast 
cells. In addition, we are now able to make  single 
cell suspensions of mast cells from adult  skin  and 
to purify these cells to near homogeneity.  Compar- 
ative studies of mast cells from these several 
sources have  uncovered several major  differences 
among  them. 

Adult and neonatal skin mast cells themselves 
differ in that  the former are 10-fold less sensitive to 
goat anti-human IgE, with  maximal release occur- 
ring at 3.0 and 0.3  pg/ml,  respectively.  Skin mast 
cells also differ in optimal temperature for release: 
adult mast cells respond maximally at 23  to 30°C 
and neonatal cells at 37°C. 

Skin mast cells from both sources are dramati- 
cally different from  lung and  intestinal  mast cells 
in two aspects. First, skin  mast cells are quite re- 
sponsive to several stimuli-morphine sulfate ( 
to M), substance P ( to M), compound 
48/80 (10 to 0.1  pg/ml),  f-Met peptide M), and 
C5a (lo-' M)-to  which the other mast cells fail to 
respond.  Second, although stimulated skin  mast 
cells produce prostaglandin Dz, little leikotriene C4, 
if any,  is generated, unlike lung or intestinal  mast 
cells.  These  differences in inflammatory potential 
among human mast cells from various sites have 
important implications for the management of al- 
lergic and inflammatory responses. 

The concept of mast cell heterogeneity has  been studied 
extensively  over the  past 20 years,  although  much of the 
data  supporting  this  hypothesis  has  been derived  from 

Received for  publication  February 7,  1987. 
Accepted for  publication  July  28,  1987. 
The  costs of publication of this  article were defrayed  in  part by the 

payment of page charges.  This  article  must  therefore be hereby  marked 
adoerttsernent in accordance  with 18 U.S.C. Section  1734 solely to indi- 
cate  this  fact. 

Supported by Grants A107290 and A108270 from  the National Insti- 

Good Samaritan Hospital, 5601 Loch Raven Blvd.. Baltimore, MD 21239. 
tutes of Health. Publication No. 694 from the O'Neill Laboratories at  the 

At07056. 
'Supported by National Research  Service Award Grant  P2-T32- 

correspondence and  reprint  requests to: Dr. Lichtenstein of the Division 
3Recipient of a Pfizer Biomedical Research Award. Please send all 

of Clinical Immunology. The  Johns Hopkins Hospital University School 
of Medicine at  The Good Samaritan Hospital. 5601 Loch Raven Blvd.. 
Baltimore, MD 2 1239. 

work on the  murine  species  (1-5). We have previously 
examined  the  question of mast cell heterogeneity in  hu- 
mans by using  suspensions of mast cells  obtained  from 
lung  parenchyma  and bowel mucosa.  These  cells  were 
found  to  be morphologically similar  and we were  unable 
to  detect any  functional  differences  with  regard  to  the 
mediators  released  or  their  response  to  stimuli (6-8). thus 
casting  some  doubt on the possibility of mast cell heter- 
ogeneity in  man. However, recent work with  the  use of 
immunochemical  staining  has  demonstrated  differences 
between human  mast cells  derived from  the  lung  and 
mucosa of the  small intestine and  those of the  skin  and 
submucosa of the large bowel (9). In addition, it has  been 
shown  that  human  skin slices  release  histamine  after 
contact  with  several  stimuli  that do not elicit a response 
from  human  lung mast cells  (10-13). 

Techniques  to  enzymatically  disperse  skin  mast  cells 
from  neonatal  foreskin  have  recently  been developed 
both  in  this  laboratory  and  elsewhere (10-14). We have 
now developed a method  for the  enzymatic  dispersion of 
mast cells  from  adult  skin  obtained  from  mastectomies 
or  cosmetic  surgery  procedures  and  have  been  able  to 
purify  these  dispersed  skin  mast  cells  to  greater  than 
85% homogeneity. Thus, we have  been  able  to  character- 
ize the  responses of skin  mast  cells  to  different  stimuli 
while  minimizing the  effects of contaminating cells. We 
have  also  compared  human blood basophils  with  mast 
cells derived  from  lung, bowel, and  the  skin for  evidence 
of heterogeneity,  whereas,  most  previous  studies  have 
relied on comparisons  from  the  literature. 

In this  report, we explore the  characteristics of neona- 
tal  and  adult  skin  mast cells and  present evidence of 
functional  heterogeneity of human  mast cells  derived 
from  different  anatomic  sites as well as between human 
mast cells  from  adult  and  neonatal  sources.  One of the 
more  interesting  aspects of this heterogeneity is that 
human  skin  mast cells  respond  to a variety of stimuli 
that  are ineffective  in  lung and  gut  mast cells. Further- 
more,  these  cells  have a very  limited  ability  to  metabolize 
arachadonic acid  to leukotriene C4(LTC4)4 in  contrast  to 
human  lung  and bowel mast cells  (6-15). 

Abbreviations  used  in  this  paper: LTC,. leukotriene C4: CMF-HBSS. 

anti-human IgE:  FMLP. N-formyl-L-rnethionyl-L-leucyl-L-phenylalanine: 
calcium and magnesium  free  Hanks'  balanced  salt  solution;  anti-lgE.  goat 

PGD,. prostaglandin D,: HPLC. high pressure liquid chromatography: 
PIPES. piperazine-N,N'-bis[2-ethane-sulfonic acid]: PAG. a  buffer  con- 
sisting of 25 mM PIPES. 110 mM NaCI, 5 mM KC1, 0.1% dextrose.  and 
0.003%  human  serum  albumin: PAGCM.  PAG supplemented  with  1 mM 
CaClz and 1 mM  MgCI,. 
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using  the methods previously described (1  7,  18). 
Preparation of lung mast  cells. Lung mast cells were obtained by 

Preparation of bowel  mast  cells. Single cell suspensions of bowel 
mast cells  were  prepared by using  the  technique of Fox et al.  (6). 

Basophil  preparation. For the  arachidonic acid experiments, 
whole blood was anticoagulated with EDTA, diluted with saline,  and 
layered over a cushion of isotonic Percoll (sp. g.. 1.079).  The  tubes 
were spun  at 300 X G for 15 min and  the mononuclear  cells recovered 
from the plasma-Percoll interface.  The cells were washed  once  in 
EDTA-saline,  once  in PAG-EDTA, twice in PAG. resuspended in  the 
appropriate volume of  PAGCM. and challenged. For all other exper- 

described (19). 
iments, basophils  were  prepared by using  the method previously 

Measurement of histamine content of whole  skin. Samples of 
chopped skin were weighed, 1-g portions  were boiled, and  the 
amount of histamine released into  the  supernatant  was measured 
by using a fluorometric assay for histamine  (20). 

Histamine release assay.  Cells were suspended in PAGCM at a 
concentration of 2 X lo4 mast cells/experimental tube  and  chal- 
lenged in  duplicate with anti-lgE.  A23187.  morphine sulfate.  sub- 
stance P,  C5a, or f-Met peptide in a volume of 0.1 ml for 30 min at  
37°C. For the  experiments  to  establish  the  kinetics, calcium, and 
temperature dependence of the release  process,  conditions  were 
adjusted accordingly. The  concentration of anti-IgE was chosen to 
give maximum histamine release. Supernatants were  assayed  for 
histamine by the  automated fluorometric technique of Siraganian 
(20). Results were expressed as the percentage of total histamine 
content, determined by lysis of cells in  2% perchloric  acid. and 
corrected for spontaneous  histamine release as determined from 
buffer control tubes. 

pended in PAGCM at a concentration of 2 X lo5 cells/ml and  chal- 
Measurement  ofarachidonic  acid metabolites. Cells were resus- 

lenged with the optimum  dose of anti-IgE or A23187. The LTC4 and 
PGD2 produced was  measured by using  radioimmunoassays previ- 
ously described (2  1.22). For PGD2 assays cellfree supernatants were 
analyzed  within 24  hr of challenge to minimize degradation of the 
compound. For degradation studies, cellfree supernatants were 
stored in  buffer a t  -20°C and  samples were  analyzed  for PGD2 
immediately and  at 1- and 2-wk intervals. In two experiments  the 
prostanoids released  from skin  mast cell preparations were meas- 
ured by negative ion mass spectrophotometric analysis  (23). To 
assess  the ability of the crude  cells to metabolize exogenous LTC4, 2 
X 105/ml mast cells  were incubated with 3H-labeled LTC4 and  the 
cells  challenged with  either anti-IgE or A23187. Samples were taken 
at  the specified time  intervals  and immediately centrifuged to remove 
the cell pellet. The  resulting  supernatants were extracted with chlo- 
roform/ethanol (24)  and analyzed by high pressure liquid chroma- 
tography (HPLC) (25). The  organic solvents were removed under 
reduced pressure, a scintillation  mixture was added to  the residue. 
and  the profile was compared  with  elution profiles of authentic 
nonlabeled standards. 

MATERIALS AND  METHODS 

Reagents. The following were purchased: piperazine-N,N'-bis[2- 
ethane-sulfonic acid] (PIPES). penicillin, elastase,  and  hyaluronidase 
(Sigma, St. Louis, MO): Hanks' balanced salt solution (HBSS), heat- 
inactivated  newborn calf serum, collagenase, and  fetal calf serum 
(FCS) (GIBCO. Grand Island, NY); DNase and calcium  ionophore 
A23187  (Calbiochem, San Diego,  CA): RPMI 1640 medium with 25 
mM HEPES, Eagle's  minimum essential medium (MEM) and  genta- 
mlctn (Whitaker, M.A. Bioprcducts,  Walkersville, MD); Percoll (Phar- 
macia  Fine  Chemicals,  Piscataway. NJ);  substance P (Peninsula, 
Belmont. CA); and N-formyl-L-methionyl-L-leucyl-L-phenylalanine 
(FMLP)  (Vega Biochemicals, Tucson. AZ). C5a  was generously  pro- 
vided by Dr. K.  B. Yancey. USUHS. Bethesda, MD. The goat anti- 
human IgE (anti-IgE) utilized has been  described (16). 

25 mM PIPES, 110 mM  NaCl, 6 mM  KCI, 0.1 % dextrose, and  0.003% 
Buffers. The following buffers were prepared: PAG consisted of 

human  serum  albumin. Mediator release experiments were carried 
out  in PAG supplemented with  1 mM CaClz and 1 mM  MgCl2 
(PAGCM). 

Isolation of neonatal  skin  mast  cells. Human  neonatal  skin  was 
obtained  from elective circumcisions of 3- to 5-day-old infants.  The 
tissue  was immediately placed in Eagles' MEM a t  4°C and used 
within 12  hr. It was chopped into 1 - to 2-mm fragments  and washed 
twice in  calcium- and  magnesium-free HBSS (CMF-HBSS) at  23°C. 
Tissue  fragments were then  incubated  in HBSS with  4 mg/ml colla- 
genase. 1 mg/ml hyaluronidase,  and  1000 U/ml DNase in a total 
volume of 1 ml/g wet weight of tissue for 3 hr.  at 37°C with constant 
stirring.  The digested tissue  was filtered over Nitex cloth (150-pm 
pore size; Tetko, Elmsford. NY), the  resultant cell suspension  was 
washed three  times in CMF-HBSS and  the  mast cells  counted  on a 
Spiers-Levy eosinophil counter  after  staining with Alcian blue at  pH 
1 .o. 
pended in RPMI 1640  with  25 mM HEPES. 1 % penicillin, 1%  genta- 

Short term  culture. The cells (2 X lo5  mast cells/ml)  were sus- 

micin, 5% FCS. and 10% human  serum  containing 6000 ng of IgE/ 

culture  flask  and  incubated overnight a t  37°C in humidified 95% 
ml of serum.  The  suspension  was inoculated into a 25-cm2 tissue 

air, 5% CO,. After 12  hr of culture  the cells  were  washed twice in 
PAG at  23°C. The  mast cells  were  recounted by using Alcian blue 
stain  and  the viability was  assessed by erythrosin B exclusion. 

Isolation of adult  skin  mast  cells. Adult skin  was obtained  from 
either mastectomies  for breast  cancer or from elective cosmetic 
surgery procedures. Tissue  was placed in  Eagle's MEM at  4°C im- 
mediately and used within 1 hr.  The  skin  was  separated from the 
S.C. fat by blunt dissection and full thickness  punch biopsies were 
taken by using a 4-mm Baker's biopsy punch (Key Pharmaceuticals, 
Miami, FL). Biopsies were further chopped to a  size of 1 mm and 
washed once  in CMF-HBSS at  4°C to remove excess  fat.  The frag- 
ments were washed twice in CMF-HBSS at  23°C and  incubated in  a 
solution of CMF-HBSS containing  20 mg collagenase/g wet weight 
of tissue. 5 mg hyaluronidase/g wet weight, and  1000 U/ml DNase 
for 3 hr  at 37°C with constant  stirring.  The isolated cells were 
separated from the partially digested tissue  fragments by filtration 
through Nitex cloth (1 50-pm pore size) and reserved. The  remaining 
tissue  was subjected to an additional digestion with the  use of a 
fresh solution of the  enzymes  for a further 2 hr  at 37°C. The  cells 
were separated from the  tissue  fragments by filtration  through Nitex 
cloth, washed  twice,  combined with  the cells  from the  first digestion 
and washed  again  in CMF-HBSS. Mast cells  were stained with Alcian 
blue at  pH 1 .O and counted in a Spiers Levy eosinophil counter. 

Short term culture of adult  skin  mast  cells. Cells obtained from 
the two-step digestion were resuspended  in RPMI 1640  containing 
25 mM HEPES, 2 rnM L-glutamine. 1 % penicillin, 1 % gentamicin, 
and 10% FCS. The  suspension  was  then inoculated in 5-ml aliquots 
(2 X lo5 mast cells/ml) into  25-cmZ  tissue  culture  flasks  and  incu- 
bated  in humidified 95%  air, 5% C02 at  37°C. Mast cells  were 
harvested after  12  hr.  washed in PAG twice at  23°C. counted by 
using Alcian blue at  pH 1 .O, and  stained with erythrosin B to  deter- 
mine viability. For the passive sensitization  experiments, cells  were 
incubated overnight in  the above mixture  with  the addition of 10% 
human  serum  containing 6000 ng of lgE/ml of serum. 

PuriJication of skin  mast  cells. Isotonic Percoll was prepared by 

further diluted with 25 mM PIPES to give final concentrations of 
mixing nine  parts Percoll and  one  part  250 mM PIPES buffer  and 

80% and 50% Percoll in PIPES buffer. Gradients were  prepared in 
50-ml polypropylene centrifuge tubes by layering 10 ml of 50% 
Percoll over a cushion of 10 ml 80% Percoll. Cells were washed in 
PAG. resuspended  to a concentration of 2 X lo6 mast cells/lO ml in 
PAG buffer, layered over the  50% layer of Percoll. and  centrifuged 
at  300 X Gat  23°C for 15  min.  The  supernatant,  interface,  and pellet 
were collected and  the  number of mast cells in  each  fraction  was 
estimated after Alcian blue staining. 

RESULTS 

Average  mast cell  yield  and  purity. Neonatal  fore- 
skins yielded a n  average of 8 & 2 X lo5 mast cells/g of 
skin  with a purity of 10%: the  remaining  cells  were 
largely  endothelial  cells  with  some  fibroblasts.  This  rep- 
resented  the recovery of 30 to 40% of the total  histamine 
content of neonatal  skin. In the  adult  skin  the  mast cell 
yield was lower,  averaging 5 * 0.5 X lo5 mast cells/g of 
tissue  or 20 to 30% of the  histamine  found  in  adult  skin. 
Again purity  was  approximately 10%. The  average  his- 
tamine  content of mast cells  from  both  neonatal  and 
adult  skin  was 3.5 f 0.5 pg/cell. 

Separation of crude  preparations of adult  skin  mast 
cells on Percoll density  gradients  demonstrated  that  the 
majority of the  mast cells  were  located at the  interface 
between the 50 and 80% layers at a n  average  purity of 
92 & 7% (Table I). The  remainder of the cells at the 
interface  were  endothelial cells.  Mast  cells  recovered 
from the  upper  layer  were  dead as assessed by erythrosin 
B uptake.  The  majority of cells  contained  in  the pellet 
were  endothelial  cells and  fibroblasts. Approximately 45  
to 60% of mast cells that were  purified  initially on  the 
Percoll gradient  were recovered. 
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TABLE I 
Percoll  purlfication of human skin mast cells" 

Location Mast CellS Endothelial  Fibroblasts Others 

50% interface 1 1  k 1 75 r 2 
80% interface 92 f 7 

l o *  1 
6 r 5  

5 5 1  

Pellet 
2Cl <1 

1 0 2  2 9fl 3 5 + 5  4 6 ? 4  

Data expressed as percentage of total cells at each interface 2 SEM. 
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human neonatal (0) and adult (m) skin mast cells. All experiments were 
Figure I .  Dose dependence of anti-1gE-induced histamine release from 

carried  out at 37°C with 1 mM CaCI2. [The mean of six experiments 
f SEM is shown.) 

Parameters of histamine  release. Both passively sen- 
sitized neonatal  mast cells and nonsensitized  adult skin 
mast cells responded to challenge  with anti-IgE (Fig. 1). 
The  neonatal cells demonstrated maximal release at a 
concentration of 0.3 pglml of anti-IgE,  whereas the  adult 
cells required a 10-fold higher  concentration. This differ- 
ence appears to be an intrinsic property of these cells 
because passive sensitization of mast cells from adult 
skin did not change  their  response to anti-IgE. Both  cell 
types  demonstrated  the  excess  stimulus  inhibition ob- 
served in  other mast cells. In the  neonatal  skin  mast 
cells, however, a  1 0-fold increase above the maximal dose 
of anti-IgE resulted  in  a 30% inhibition of release  whereas 
a similar  increase  caused only 8% inhibition  in the  adult 
cells. The  concentration of anti-IgE required for maximal 
histamine  release from basophils is 0.1 pg/ml whereas 
the concentration required for maximal release in lung 
and bowel mast cells is 3 pg/ml (6, 17,  18).  Thus, not 
only did neonatal  skin  mast cells differ from adult  skin 
mast cells in their  responsiveness to anti-IgE, they  dif- 
fered from  other  mast cells as  well.  Both neonatal  and 
adult skin  mast cells displayed similar  kinetics,  reaching 
maximal release  after 4 min.  Lung and bowel mast cells 
release mediators at  the  same  rate  whereas  in basophils 
maximal release is achieved more slowly (data  not  shown) 
(17, 26). 

Histamine release from adult  skin  mast cells also dif- 
fered from  that observed in  mast cells from other  tissue 
locations (Fig. 2). The maximal release occurred at 30°C 
with approximately the  same  amount of release at 23°C 
and 37°C (-75% of maximal release).  The  mast cells from 
neonatal skin, however, behaved like mast cells from 

0 IO 20 30 40 50 

TEMPERATURE (OC 1 
lease from human mast cells: adult skin [A), neonatal skin (O), lung C). 

Figure 2. Temperature dependence of anti-IgE-induced histamine re- 

and intestinal (0). Adult, lung. and intestinal mast cells were challenged 
with 3 pg/ml of anti-IgE, neonatal skin challenge with 0 .3  clg/ml. [Data 
are mean of six  experiments.) 

w 
!2 w 301 
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W 

Figure 3. Calcium dependence of anti-IgE-induced histamine release 
at four concentrations of anti-IgE: 10 &/ml(O). 1 @nl [a), 0.1 rg/ml m), 
and 0.01 pg,/ml(O). All experiments carried  out at 37°C for 30 min. (Data 
are the mean of three experiments * SEM.) 

other  organs,  showing maximal release at 37°C which 
fell to well under half maximal at 23°C. This suggested 
that  the change in optimum temperature  was  a  function 
of age. In a single experiment  with skin  mast cells from 
an elective circumcision done on a 6-month-old boy, the 
adult  pattern of temperature  dependence  was  already 
present. We have observed that  the anti-IgE dose-re- 
sponse  curve shifts as a  function of temperature  in  the 
basophil, so we examined this  parameter  in  adult  skin 
mast cells. Although there  was, of course,  a  difference  in 
the  amount of histamine  release at each  concentration 
of anti-IgE, the  shape of the curve and  the concentration 
yielding maximal release did not  change as the tempera- 
ture  was varied (data not shown). 

Tharp  et al. reported that histamine  release from hu- 
man  skin  mast cells occurred over a very narrow calcium 
concentration  range,  with maximum release at 3 mM and 
a dramatic  decrease at 1 or 5 mM (14). In our hands,  skin 
mast cells failed to  release in the  absence of calcium,  1 
mM CaZC was found  to be essentially optimal with no 
significant  increase in histamine  release  occurring as the 
Ca2+ concentration  was  increased  to 5 mM (Fig. 3). The 
same relationships were obtained at several  different 
anti-IgE concentrations.  and we found no difference be- 
tween  neonatal  and  adult  mast cells. 

Non-lgE-mediated  histamine  release. Compared with 
basophils,  mast cells from the  lung  and bowel responded 
to few stimuli.  Skin  mast cells were more reactive. As 
previously reported (27), morphine  caused  release from 
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neonatal cells: it was  also  active  in  adult  skin  mast cells 
(Fig. 4A)  (27). In simultaneous  experiments,  this  drug 
failed  to  cause  histamine  release  from  either  lung or 
bowel mast cells  or  from  basophils.  Morphine-induced 
release  was  both  temperature-  and  calcium-dependent: 
no  release  was  observed  in  the  absence of calcium  or a t  
0°C. 

Substance P is also a n  active  secretagogue  for  neonatal 
and  adult  skin  mast cells,  whereas  lung  and bowel mast 
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Figure4. A. Dose dependence of morphine sulfate-induced  release 

from human  histamine-containing  cells:  skin  mast  cells (0). lung  mast 
cell (A), intestinal  mast  cells (01, and  basophils (0). All experiments were 
carried out at 37°C. 1 mM CaCI, for 30 min.  (Data  are  the  mean of six 
experiments f SEM.) B, Dose dependence of substance-P-induced  hista- 
mine  release from human  histamine  containing  cells:  skin  mast  cells (0). 
lung  mast  cells (A), intestinal  mast  cells [O), and  basophils IO). All exper- 

the  mean of six experiments 2 SEM.) 
iments were carried out at 37°C with 1 mM  CaC1, for 30 min. (Data are 

cells and  basophils do not  respond  to  this  stimulus (Fig. 
4B). A s  with  morphine,  this  release  was  temperature- 
and  calcium-dependent. In a similar  manner,  the  classi- 
cal  murine  mast cell secretagogue,  compound 48/80, does 
not  cause  histamine  release  from  human  basophils  or 
from the  mast cells  studied  to  date,  but is active on both 
adult  and  neonatal mast cells  (Table 11). Of possibly  more 
biologic significance,  the  skin  mast  cells,  like  basophils, 
responded to C5a,  even  though  this  stimulus  failed  to 
stimulate  lung  mast cells. A similar  set of observations 
was  made  with  the  putative  bacterial  secretagogue, 
FMLP. The  skin mast cells and  basophils  responded 
whereas  the  lung  mast  cells did not. It is interesting  to 
note  that  the  intradermal injection of these  secretagogues 
caused a wheal and  flare reaction  in the  skin of all 
patients,  regardless of their allergic status (28-33). As 
expected, the calcium  ionophore A23187 caused  sub- 
stantial levels of histamine  release  from  all cell types. 

Arachidonic  acid  metabolism. Perhaps  the most  inter- 
esting  difference  between  skin  mast  cells  and  their  coun- 
terparts  in  other  tissues  relates to  arachidonic  acid me- 
tabolism.  Our  expectation,  based on previous  studies 
with  lung  mast cells, was  that  the  skin cells would pro- 
duce  significant  quantities of both LTC4 and PGDz (6, 
34). When  early  studies  indicated  that LTC, was  not 
released in conjunction  with  histamine  after  challenge 
with  either  anti-IgE  or  the  calcium  ionophore, we adopted 
a protocol in  which  control  cells (i.e., lung  mast  cells  or 
basophils)  were  compared  in  the  same  experiments  and 
assays as the  skin cells  to  provide a positive  control. 
These  results  are  summarized  in Figure 5. In four  exper- 
iments  with  adult  and  four  with  neonatal  skin  mast cells, 
LTC, could  be  detected at twice the limit of assay  sensi- 
tivity of 2.5 f 0.3 ng/106 ml cells  in only  two of the eight 
instances  (once  in  adult  skin  and  once  in  neonatal  skin). 
The  quantities produced  in the positive experiments were 
too small  (average, 3.5 ng/106)  to  permit HPLC analysis 
to  confirm the  presence of LTC4. In neither of the positive 
experiments did skin  mast cells  generate a s  much as 5% 
of the LTC, made by control  cells.  Our  failure  to  detect 
LTC, in  the majority of our  experiments  and  the  small 
quantities  found in the  remainder  was  not  caused by the 
rapid  metabolism of  LTC, or LTE, that  occurs in the 
bowel mast cells. Skin  mast  cells (2 X lo6 cells/ml) of 20 
to 30% purity  were  incubated  with M of exogenous 
I3HJLTC4 for 60 min at 37°C in  the  presence  and  absence 
of 3 pg/ml anti-IgE. HPLC analysis revealed that  less  than 
5% of the I3H]LTC4 was converted  to LTD, or LTE, under 

TABLE I1 
Histamine  releasefrom  human  histamine-containing  cells" 

Adult Neonatal Lung 
SMCb SMC Stimulus MC Basophils 

48/80 
10pg/ml 27 +3'  29 f 3 0 0 

lpg/ml 1 5 ? 3  8 + 2  0 
0.1 p#ml 2 k 1 

0 
0 0 0 

1 pg/ml 4 4 k 4   4 3 + 4  6 0 f 5  6 2 % 2  

1 PM 10f7 1o-c 10 0 30 f 3 

10 nM 1 4 + 3   1 2 f 2  0 30 f 4 

a Results  are  percentage of total histamine  released. For the  mast cell 
experiments. n = 3 and for the basophil experiments, n=9. All values are 
expressed as mean ? SE.  

% Histamine  release. 

A23 187 

F-met 

C5a 

bSMC. skin  mast  cells; MC. mast  cells. 
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I TABLE 111 

50 - 

40 - 

30 - 

20 - 

lo 1 

Basophils 
Human  Lung 
Mast Cells 

Destruction of PGDp in cellfree  supernatants  deriuedfrom  skin  mast 
cells as afunct ion of time 

Mast  Cell 
Purity 

PGD2 (pp/O.l ml) 
sb 

Assayed  Assayed 
immediately after 7 days 

Destruction 

Expt. 1, 6% 364 32 91 
Expt. 2, 7% 333 52 85 
Expt. 3, 78% 259 50 81 
Expt. 4. 85% 548 148 73 

Skin Mast Cells 

0.0 I 0.1 I .o 10.0 

ANTI- IgE (pg/ml)  

after  stimulation  with anti-IgE [concentration rglml on x-axis):  basophils 
Figure 5. LTC4 production from human histamine-containing  cells 

m. lung  mast  cells (0). and  skin  mast  cells [A). The limit of sensitivity of 
the  radioimmunoassay is indicated  by  the black  bar. [Data are  the  mean 
of four experiments ? SEM.) 

was  decreased),  there  was  apparently  less  destruction of 
PGDz suggesting that  contaminating cells  may play a role 
in  this  phenomenon. It is of note that  this  marked deg- 
radation of PGDz is not  seen  in  lung  mast cell prepara- 
tions,  suggesting  that  enzymes  or  cells  not  found  in  the 
lung  preparations  may  be  active  in  the  skin. 

DISCUSSION 

Because of the relatively clear-cut  findings  which  in- 
dicate  that  there  are  at  least two  tvpes of murine  mast 

70 cells, there  has  been a great  deal  oi’interest in whether 
such heterogeneity  occurs  in  human  mast  cells (1-3). 
The  difference  in  murine  cells  was first noted by Ener- 

60 back,  based on differences  in  fixation  and  staining  char- 
acteristics  and  has  been extended by the work of several 

50 investigators  who  demonstrated  that  mast  cells  from dif- 
ferent  anatomic  locations  produce  different  mediators, 
respond  to  different  secretagogues,  and  are  affected  dif- 
ferently by pharmacologic  agonists (2-5, 27, 30-33). The 
most  recent work by Kitamura  indicates  that  these  dif- 

30 ferences  can be  induced and  that  mast cells can be 
changed  from  one  type  to  another,  depending  on  the local 

Our  own  studies  initially  suggested  that  this heteroge- 
neity  did  not  translate  to  man.  The so-called  “connective 
tissue”  mast  cells  from  the  human  lung  and  the  “mucosal” 
mast cells  from the  human  gastrointestinal  tract  were 

40 

20 environment (36). 

10 

0 identical  in terms of response  to  secretagogues,  types of 
0.001 0.01  0.1 1.0 10.0 mediators  released,  and  susceptibility  to  inhibition by 

different  pharmacologic  agonists (6). I t  was  clear, how- 
ANTI -1gE (vg /ml )  ever,  that  these cells  were  different  in  these  respects 

anti-lgE:  lung  mast  cells (A], skin  mast  cells (0). and  intestinal  mast  cells 
Figure 6. PGDl production by human  mast  cells  after  stimulation  with 

01. Limit of detection for the  assay is indicated by the black  bar. (Data 
are  mean of six  experiments 5 SEM.) 

either  condition. We conclude  from these  data  that  skin 
mast cells  probably  do  generate LTC4 but  to a much  lesser 
extent  than  lung or  gut mast cells  or  basophils. 

In contrast  to  the  data  on LTC,, the cyclo-oxygenase 
product, PGDz, appears  to  be  the  primary  metabolite of 
arachidonic  acid  made by the  skin  mast cell. After stim- 
ulation  with  anti-IgE,  skin  mast  cells  produce PGDz in 
quantities  similar  to  those of lung  and bowel mast cells 
(43 +- 8.5 pg/106 cells)  (Fig. 6). These  findings  were  con- 
firmed by gas capillary,  negative  ion mass  spectropho- 
tometry. This  finding  differs  from  our  previous  report 
that PGDz was  not  generated by skin  mast cells (35). This 
descrepancy is explained by the rapid  degradation of the 
PGDz from skin  mast cell preparations over short  periods 
of time. As  shown  in  Table 111, more than 90% of existing 
PGDz is degraded  during  storage of cellfree supernatants 
at -20°C in 7 days. Of interest is the  fact  that  in  prepa- 
rations  in  which  the  percentage of mast cells was  in- 
creased  (and  therefore  the  number of contaminating  cells 

from  the  basophil,  the  histamine-containing, IgE recep- 
tor-bearing cell found  in  the blood (37). The  present 
manuscript  extends  these  studies  to  mast  cells  from a 
third  organ,  the  skin.  The  function of skin  mast  cells  has 
been  studied  for  the  last 15 or 20 yr but,  until very 
recently, the  studies involved  chopped skin, a system 
that  was so poorly reproducible and so lacking in flexi- 
bility that only simple  questions could be addressed. More 
recently,  several  groups  have  initiated  studies  with  dis- 
persed mast cells by using  neonatal  skin  obtained by 
circumcision (10, 14). This  present  study  extends  their 
work by developing techniques  to  study  adult  skin,  and 
by describing a simple  technique  that  leads  to  rapid 
purification of these cells  to near homogeneity. It is worth 
noting  that  the technology  required  to  produce  dispersed 
skin  mast cells is simpler  than  that required in the  hu- 
man  lung or  gut. To disperse  these  latter  cells, powerful 
proteolytic enzymes  were  necessary,  whereas,  in  the 
present  procedure,  these  enzymes  are  not  required. Be- 
cause  in  our  previous work  we have  demonstrated  that 
the  harshly  treated  mast cells are not  substantially  dif- 
ferent  from  those  obtained by mechanical  means, we can 
expect that  the  present  preparation  reflects  the  function 
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of the  skin cells in vivo (38). 
Before turning to  differences  between  mast cells de- 

rived from the  skin  and  those contained  in  other  organs, 
there  are two interesting  differences  between cells ob- 
tained from neonatal  vs  adult  tissue.  The  first  concerns 
sensitivity to  stimulation by IgE aggregation. The  adult 
skin  mast cells show optimal release  with 3 wdml of anti- 
IgE, precisely the  same  concentration  that  has been de- 
scribed for lung  and  gut  mast cells,  whereas  the  human 
basophil is approximately 30 times more sensitive (16, 
17). The  neonatal  mast cell resembles the basophil in 
being 1 0-fold more sensitive than  the  adult cell. The most 
obvious explanation for this difference, i.e., that it re- 
flects the passive  sensitization of the  neonatal  but not 
the  adult cells, does  not  seem  adequate  because  passive 
sensitization of the  adult cells does not increase  sensitiv- 
ity. Moreover, it does  not  seem  to reflect any general 
increase  in reactivity because the  neonatal  mast cells are 
no more sensitive to the  other secretagogues we have 
studied. Indeed, if one  compares the basophils of young 
and aged individuals, the cells from older individuals are 
more sensitive  to anti-IgE than  are those from younger 
individuals (39). 

Another interesting  difference  between  neonatal  and 
adult  skin  mast cells was  that  the neonatal cells dis- 
played maximal release at 37°C with reduced release at 
30°C and only fractional  release at 23°C. Release from 
the  adult  mast cells, on the  other  hand, peaked at 30°C 
and a substantial percentage of the  histamine  was re- 
leased at 23°C. It seems likely that  this is an  acquired 
characteristic,  because the neonatal cells have been in a 
37°C environment  whereas  adult skin  temperature is 
considerably lower. This  hypothesis was supported by 
the single experiment  indicating that  skin from a  circum- 
cision performed at 6 mo behaved like adult  skin. 

The  first major difference, then, between skin  mast 
cells and  those of other  organs  was  the  temperature 
sensitivity  referred to above. Mast cells from other  organs 
have a temperature  optimum of 37°C rather  than 30°C 
and release  less than one-third of their  histamine at 23°C. 
However, this  was only one of several  striking  differences 
between cutaneous  mast cells and  those obtained from 
lung  or  gut. Although cutaneous  mast cells were found to 
be  similar  to  other mast cells in the  fundamentals relat- 
ing to  release, such as calcium requirements  and  kinet- 
ics, they differed markedly in  their response to different 
stimuli. In this  and all  other  apects of heterogeneity 
examined, the  neonatal  and  adult  skin  mast cells  behave 
identically. 

The  classical secretagogue for studying  histamine  re- 
lease  in  murine systems  has been the polyamine, com- 
pound 48/80. Many thousands of studies  have been pub- 
lished with this material  which,  until now, has been 
completely inert in human  mast cells or  basophils (40). 
Thus,  the sensitivity of skin  mast cells to this  secreta- 
gogue is of considerable  interest  to the field,  although its 
biologic significance is unclear.  The three  other  secreta- 
gogues that act  on  skin  mast cells, but not  on  other  mast 
cells, have more biologic interest. As previously reported, 
morphine  caused  histamine  release only from skin  mast 
cells and  this,  perhaps, helps us to understand  the poten- 
tial role of the  skin  in systemic  reactions.  The i.v. use of 
morphine in  man, especially during  the general anes- 
thesia used in cardiac  surgery,  almost  uniformly  leads  to 
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increased blood histamine levels. Yet  of all  mast cells 
studied  to  date,  including  those of the  heart, only the 
skin  mast cell responds to this  stimulus,  suggesting  that 
localized cutaneous mediator release may play a role in 
systemic  reactions (2, 27,  41, 42). 

Recent work has focused on the relationship between 
the nervous  system,  acting via neuropeptides, and  var- 
ious  inflammatory  responses. Substance P has been  im- 
plicated in these  studies  because it is a potent secreta- 
gogue for murine  mast  cells (43, 44). Although others 
have claimed that  substance P can  cause release from 
basophils, we have  not been able to confirm this obser- 
vation,  nor has it proved to be active  against  mast cells 
obtained  from the  lung or the gut (45). However, sub- 
stance P clearly acts on the  skin  mast cells and allows 
us to speculate  about  a  neuroinflammatory  link, at least 
for the  human  skin. 

Although human basophils failed to  respond to mor- 
phine  or  substance P, they did respond  to C5a and FMLP, 
small  peptides that  are biologically relevant molecules 
(46-48). Interestingly, the basophil  response to C5a is 
characterized by a relative predominance of histamine 
release  with little LTC, secretion  whereas the smaller 
bacterial  chemotactic  factor  causes  release of both his- 
tamine and LTC,. Both of these stimuli are completely 
inactive  on  mast cells obtained from lung or gut  but, as 
shown in this report, are active on human  skin  mast 
cells. Thus,  the  skin  mast cell resembles the basophil 
more than  the relatively inert  mast cells lining the  air- 
ways and gut. Whatever the reason for these differences 
among  mast cells, they  are clearly of significance in 
understanding  the pathogenetic  potential of these cells 
and will almost  surely be reflected in  differences  in the 
pharmacologic control of these cells. It is already known 
that each of these  releasing  stimuli,  in human basophils, 
is controlled differentially with respect to agonists (49). 

One of the most convincing markers of heterogeneity 
in  the  murine system is that  the connective tissue  mast 
cell fails  to  make LTC,, generating  rather  the cyclo-oxy- 
genase  product, PGD2, whereas  the mucosal mast cell 
makes  predominantly LTC, (50, 51). This limited reper- 
toire of arachidonic acid products has been maintained 
in murine, bone marrow-derived, nonadherent  tissue cul- 
ture cell lines  that  are supposed  to  represent the different 
types of mast cells (52). Our previous studies  with  the 
lung  and gut  mast cells demonstrated that these cells 
made substantial  quantities of both PGD2 and LTC, (6, 
15), whereas  the  human basophil  generates LTC, with 
little or no PGD2 production (34). On this basis. it has 
been suggested that  the basophil  was  a  counterpart of 
the  murine mucosal mast cell. The  skin  mast cell repre- 
sents a third  pattern: it generates primarily PGDz, pro- 
ducing  less than 5% of the LTC, produced by lung or 
intestinal  mast cells. Thus  it would appear that  the  skin 
mast cell is a  counterpart of the  murine connective tissue 
mast cell, at least  with regard to arachidonic acid metab- 
olism. The  finding that PGD2 is the predominant  metab- 
olite of arachidonic acid in the  skin  mast cell is consistent 
with  observations in patients  with  systemic  mastocytosis 
who have elevated serum levels of histamine  and PGD2, 
but  not of  LTC, (53). In addition, we have  shown that 
histamine  and PGDz are  the predominant  mediators 
found in fluid obtained from skin  blisters  after  antigen 
challenge (54). Thus,  human  skin  mast cells differ from 
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other  human  mast cells in their  preferential use of the 
cyclo-oxygenase pathway of arachidonic acid metabo- 
lism,  with little metabolism occurring via the lipoxygen- 
ase pathway. 

In summary, we have described a very convenient  tech- 
nique to prepare human mast cells from adult  skin, 
which may be studied in suspension,  either  impure  or 
simply purified to homogeneity. These  mast cells are 
different from those described previously in a  variety of 
parameters that promise to be of important  pathogenetic 
and therapeutic  significance. 
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