
Background: TH1 and TH2 cytokines are thought to regulate
allergic inflammation.
Objective: Two key regulatory cytokines, IL-4 and IFN-γ, were
examined for their effects on cytokine production by cultured
human mast cells (CHMCs).
Methods: CHMCs were obtained by culturing cord
blood–derived CD34+ cells in the presence of stem cell factor
and IL-6 for 14 to 16 weeks. CHMCs were passively sensitized
with human myeloma IgE and supplemented with or without
IL-4 or IFN-γ. After the sensitization, CHMCs were stimulated
with anti-FcεRIα mAb. Concentrations of secreted cytokines
were measured by using ELISA, and cytokine messenger RNA
was analyzed by using quantitative competitive RT-PCR.
Results: IL-4 profoundly enhanced FcεRI-mediated produc-
tion of macrophage inflammatory protein (MIP) 1α, IL-8, and
GM-CSF. For example, the enhancement by IL-4 (10 ng/mL)
of the production of MIP-1α, IL-8, and GM-CSF was 25-, 7-,
and 90-fold, respectively, after 6 hours. IL-4 also enhanced lev-
els of FcεRI-induced cytokine messenger RNA but to a lesser
degree. In contrast, IFN-γ inhibited FcεRI-induced production
of MIP-1α, IL-8, and GM-CSF. For example, the inhibition by
IFN-γ (10 ng/mL) of FcεRI-mediated production of MIP-1α,
IL-8, and GM-CSF was 80%, 75%, and 95%, respectively.
IFN-γ also suppressed FcεRI-induced messenger RNA expres-
sion of these cytokines. Neither IL-4 nor IFN-γ affected the
kinetics of cytokine production by CHMCs.
Conclusion: These data suggest that IL-4 and IFN-γ may influ-
ence allergic reactions by modulating human mast cell
cytokine production. (J Allergy Clin Immunol 2000;106:141-9.)

Key words: Human, mast cell, cellular activation, cytokines,
chemokines, IgE, allergy

Mast cells are important effector cells in IgE-mediat-
ed allergic reactions. It has been reported that in addition
to the release of chemical mediators (histamine,
leukotrienes, and prostaglandins), mast cells are capable
of producing several cytokines after FcεRI cross-link-
ing.1 In human systems expression of IL-4, IL-5, IL-6,
IL-8, TNF-α, and IL-13 has been reported in lung, skin,
or intestinal tissue mast cells,2-9 although there is much
controversy about the expression of IL-4 in mast
cells.6,10,11 These mast cell–derived cytokines may con-
tribute to the late-phase allergic reaction and to chronic
allergic diseases through the recruitment of inflammatory
cells, such as lymphocytes, eosinophils, and basophils,
into the site of allergic inflammation. However, little is
known about the regulation of mast cell cytokine pro-
duction because of difficulties in purification of human
mast cells, small numbers, and the lack of appropriate
cell lines.

Recently, we established a culture system to derive
human mast cells from CD34+ cells in cord blood in the
presence of stem cell factor (SCF) and IL-6.11-13 These
cells have functional FcεRIα, and most contain tryptase
and chymase.11 These cultured human mast cells
(CHMCs) released histamine after stimulation with cal-
cium ionophore A23187 or cross-linking of FcεRI but
not with compound 48/80 or substance P,14 indicating
that CHMCs have characteristics typical of mature mast
cells from lung tissue. CHMCs are capable of producing
cytokines, such as GM-CSF, IL-5, macrophage inflam-
matory protein (MIP)-1α, IL-8, and TNF-α, but not IL-
4, within hours of cross-linking of FcεRI.11,13 The avail-
ability of CHMCs has made it possible to study the
regulation of mast cell cytokine production by means of
FcεRI cross-linking.
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We hypothesized that FcεRI-mediated cytokine pro-
duction by CHMCs could be regulated by cytokines,
such as IL-4 and IFN-γ. In the present study we exam-
ined the effect of IL-4 or IFN-γ on FcεRI-mediated mast
cell cytokine production by using CHMCs.

METHODS

Human mast cell culture

CHMCs were generated as previously reported.11,12 In brief,
heparin-treated umbilical cord blood that was obtained (under an
informed consent approved by the hospital’s ethical committee)
was diluted and layered over lymphocyte separation medium
(Organon Teknika Corp) at room temperature. Cord blood
mononuclear cells were purified by density gradient centrifugation
methods followed by immunomagnetic positive selection with
mAb against CD34 (Militenyi Biotec Inc). The purified CD34+

cells were cultured in IBL Media I containing 10 µg/mL insulin, 10
µg/mL transferrin, 5 × 10–5 mol/L 2-mercaptoethanol, 25 mmol/L
HEPES, and 2.6 ng/mL NaSeO3 (IBL Men-eki Seibutu Kenkyujo)
supplemented with 5% FCS (Cansera), 100 ng/mL SCF, and 50
ng/mL IL-6 (both generously provided by Kirin Brewery Co, Ltd;
mast cell culture medium) for 14 to 16 weeks. The purity of mast
cells was determined by staining with May-Grünwald and Giemsa
reagents. The purity of mast cells reached 99% to 100% by 14 to
16 weeks of culture.

Cell treatment and IgE sensitization

CHMCs (0.5 to 1 × 105/mL) were suspended in mast cell culture
medium. The cells were incubated with 5 µg/mL human myeloma
IgE (a generous gift from Dr Kimishige Ishizaka, La Jolla, Calif) at
37°C for 2 days. During the incubation with IgE, CHMCs were
treated with or without recombinant human IL-4 or IFN-γ (R&D
Systems) at the concentrations indicated. To examine the kinetics of
IL-4– or IFN-γ–mediated events, CHMCs were incubated with or
without 10 ng/mL IL-4 or IFN-γ for the last 15 minutes and 1, 2, 4,
or 8 days of the culture before rinsing away free IgE. In some exper-
iments cells were cultured with IgE in the presence or absence of
IFN-γ for 2 days and the effect of IFN-γ on FcεRI expression and
histamine release to anti-human FcεRIα-chain mAb (CRA-1) was
determined as previously described.10,11 After the incubation, cell
viability was assessed by means of trypan blue dye exclusion. IL-4
and IFN-γ did not affect CHMC viability after 8 days (control vs 10
ng/mL IL-4: 97.1% ± 1.0% vs 96.8% ± 1.0%, n = 4; control vs 10
ng/mL IFN-γ: 95.4% ± 2.0% vs 94.7% ± 2.0%, n = 5).

Assays for cytokine production by CHMCs

After incubation with IgE and treatment with IL-4 or IFN-γ,
cells were washed twice and resuspended in mast cell culture
medium at 2 to 5 × 105 cells/mL with or without various concen-
trations of IL-4 and IFN-γ (0.1-10 ng/mL). CHMCs were chal-
lenged with an optimal concentration (1 µg/mL) of CRA-1 at
37°C for 6 hours. In the kinetic experiments CHMCs were resus-
pended at 2 to 5 × 105 cells/mL in mast cell culture medium sup-
plemented with or without 10 ng/mL IL-4 or IFN-γ and then stim-
ulated with CRA-1 at 37°C for 1, 3, 6, and 18 hours. In the other
kinetics experiments with pretreatment with IL-4 or IFN-γ,
CHMCs were resuspended in mast cell culture medium with or
without 10 ng/mL IL-4 or IFN-γ and then stimulated with CRA-1
at 37°C for 6 hours. After incubation with CRA-1, the super-
natants were collected and stored at –20°C. GM-CSF, IL-8, and
MIP-1α protein levels were measured by using ELISA (BOTRAK
cytokine ELISA system, Amersham International, Amersham Life
Science Inc). The detection limits were as follows: MIP-1α of 6
pg/mL and IL-8 and GM-CSF of 2 pg/mL.

Analysis of cytokine messenger RNA

expression by quantitative competitive RT-PCR

CHMCs (5 × 105 cells/sample) were preincubated with IgE (5
µg/mL) for 2 days with or without IL-4 (10 ng/mL) or IFN-γ (10
ng/mL) in mast cell culture medium. After washing twice, CHMCs
were incubated with 1 µg/mL CRA-1 for 2 hours before harvesting.
Total cellular RNA was prepared with RNeasy Mini Kits (Qiagen)
according to the manufacturer’s instructions. Total cellular RNA
was reverse-transcribed to complementary (c)DNA by using first-
strand cDNA synthesis kits (Pharmacia Biotech). The RNA extract
was denatured at 65°C for 10 minutes and mixed with RT solution
containing a reverse transcriptase, deoxyribonucleoside triphos-
phate (dNTP), Not I-d(18), and dithiothreitol solution. The mixture
was incubated at 37°C for 60 minutes and then at 65°C for 5 min-
utes to inactivate reverse transcriptase.

Levels of cDNA were quantified by means of a competitive
PCR method.15,16 PCR mimics were constructed by using the
PCR MIMIC construction kit (Clontech). Cytokine mimics were
prepared for GM-CSF, IL-8, and MIP-1α by using PCR for 16 or
21 cycles. To construct the PCR mimics, two rounds of PCR
amplification were performed. In the first PCR reaction two com-
posite primers were used. Each composite primer had the target
cytokine gene primer sequence attached to a short nucleotide
stretch of sequence designed to hybridize to opposite strands of a
fragment of v-erbB gene DNA. The first PCR was cycled at 94°C
for 45 seconds, 60°C for 45 seconds, and 72°C for 90 seconds.
The sequences of composite primers were as follows: GM-CSF,
5’-CTG AAC CTG AGT AGA GAC ACT GCG CAA GTG AAA
TCT CCT CCG-’3 and 5’-GGG GAT GAC AAG CAG AAA GTC
TCT GTC AAT GCA GTT TGT AG-’3; IL-8, 5’-TGT GTG AAG
GTG CAG TTT TGC CCG CAA GTG AAA TCT CCT CCG-’3
and 5’-CCC TCT TCA AAA ACT TCT CCA CGG GAC AAG
ATA CTC ATC TGC-’3; MIP-1α, 5’-TCT GCA CCA TGG CTC
TCT GCG CAA GTG AAA TCT CCT CCG-’3 and 5’-CAC TCC
TCA CTG GGG TCA GGG ACA AGA TAC TCA TCT GC-’3; β-
actin, 5’-GTA CGT TGC TAT CCA GGC TGC GCA AGT GAA
ATC TCC TCC G-’3 and 5’-CTT AAT GTC ACG CAC GAT TTC
CTC TGT CAA TGC AGC AGT TTG TAG-’3. The first PCR
reaction products were diluted and amplified in a second round of
PCR for 18 cycles with cytokine-specific primers to ensure that
all PCR mimics had the complete gene-specific primer
sequences. The sequences of cytokine specific primers were as
follows: GM-CSF, 5’-CTG AAC CTG AGT AGA GAC ACT G-
’3 and 5’-GGG GAT GAC AAG CAG AAA GTC-’3; IL-8, 5’-
TGT GTG AAG GTG CAG TTT TGC C-’3 and 5’-CCC TCT
TCA AAA ACT TCT CCA C-’3; MIP-1α, 5’-TCT GCA CCA
TGG CTC TCT G-’3 and 5’-CAC TCC TCA CTG GGG TCA-’3;
β-actin, 5’-GTA CGT TGC TAT CCA GGC TG-’3 and 5’-CTT
AAT GTC ACG CAC GAT TTC C-’3. After the second PCR
amplification, the PCR mimics were purified by passage through
CHROMA SPIN+TE-100 Columns (Clontech). The yield of PCR
mimic was calculated and diluted to 100 attomoles/mL. For
determination of cytokine messenger (m)RNA levels, 10–3 to 102

attmoles of PCR mimics were added to PCR amplification reac-
tions containing a constant amount of the experimental cDNA
sample. To perform competitive PCR, aliquots (2 mL of cDNA)
of sample and PCR mimics were added to buffers containing 0.8
mL of dNTP mixture (final concentration, 0.5 mol/L; GeneAmp
dNTPs; Perkin-Elmer), 0.5 mL Taq polymerase (2.5 U/20 mL
reaction; AmpliTaq DNA Polymerase), 2 mL of paired primers,
and 2 mL of 10× PCR buffer (1.5 mmol/L MgCl2, Perkin-Elmer).
The PCR cycled according to the following protocol in a Perkin-
Elmer DNA thermal cycler: denaturation at 94°C for 1 minute,
annealing at 55°C for 1 minute, and extension at 72°C for 2 min-
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utes. β-Actin and cytokines were cycled 32 times before a 4-
minute incubation at 72°C for a final extension. PCR products
were visualized on a 1.5% agarose gel in a buffer containing 0.5
mg/mL ethidium bromide.

Statistics

The data were analyzed by using the paired Student t test. Data
are displayed as means ± SEM. The level of significance was set at
a P value of less than .05 for all tests.

RESULTS

Effect of IL-4 or IFN-γ on cytokine production

by CHMCs

CHMCs were incubated with IgE in the presence or
absence of IL-4 for 2 days as concentration indicated. The
sensitized CHMCs were washed and resuspended in mast

cell culture medium containing 0 to 10 ng/mL IL-4 and 1
µg/mL CRA-1 for 6 hours. Supernatants were harvested
and analyzed for various cytokines by using ELISA. IL-4
did not affect spontaneous MIP-1α production by
CHMCs. FcεRI-mediated MIP-1α production by CHMCs
was 0.3 ± 0.1 ng/106 cells in the absence of IL-4 (Fig 1, A).
MIP-1α production by CHMCs was strongly enhanced up
to 7.5 ± 1.0 ng/106 cells in the presence of 10 ng/mL IL-4
(25-fold increase). Although the lowest concentration of
IL-4 to significantly enhance MIP-1α production was 0.01
ng/mL, MIP-1α production was remarkably enhanced by
IL-4 above concentrations of 0.1 ng/mL. The effects of IL-
4 on the production of IL-8 and those of GM-CSF by
CHMCs were also examined (Fig 1, B and C). FcεRI-
mediated IL-8 or GM-CSF production by CHMCs was 3.7
± 0.5 ng/106 cells or 0.05 ± 0.03 ng/106 cells in the

FIG 1. Effect of IL-4 or IFN-γ on FcεRI-mediated cytokine production by CHMCs. CHMCs were cultured with 0
to 10 ng/mL IL-4 (A-C) or IFN-γ (D-F). Cells were incubated with (filled circles) or without (open circles) 1
µg/mL CRA-1 at 37°C for 6 hours. The concentrations of MIP-1α (A and D), IL-8 (B and E), and GM-CSF (C and
F) in the supernatants were measured by using ELISA. Values represent mean ± SEM of 4 separate experi-
ments. *P < .05 compared with the control condition without IL-4 or IFN-γ.

A D
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C
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absence of IL-4 (10 ng/mL), respectively. IL-4 enhanced
IL-8 or GM-CSF production to 26.5 ± 4.8 ng/106 cells (7-
fold increase) or 4.6 ± 1.1 ng/106 cells (90-fold increase),
respectively. IL-4 did not affect spontaneous production of
these 3 cytokines, as shown in Fig 1.

We next examined the effect of IFN-γ, a TH1 cytokine,
on mast cell cytokine production (Fig 1, D-F). CHMCs
were first sensitized with IgE in the presence of up to 10
ng/mL IFN-γ for 2 days, washed, and resuspended in
mast cell culture medium with IFN-γ at the concentra-
tions indicated. Cells were then incubated with or with-
out CRA-1 for 6 hours, and supernatants were assayed
for various cytokines. Spontaneous production of MIP-
1α, IL-8, and GM-CSF was not affected by exposure of
cells to IFN-γ for 2 days. However, IFN-γ treatment, in
contrast to the IL-4 effects, inhibited the production of
these cytokines. FcεRI-mediated MIP-1α production by
CHMCs without IFN-γ was 394 ± 98 pg/106 cells,

whereas production was 77 ± 30 pg/106 cells (80% inhi-
bition) after pretreatment with IFN-γ. IL-8 production by
CHMCs was also suppressed by IFN-γ, from 3.7 ± 0.5
ng/106 cells to 0.9 ± 0.09 ng/106 cells (75% inhibition),
as was GM-CSF production, from 72.8 ± 25.7 pg/106

cells to 3.8 ± 2.5 pg/106 cells (95% inhibition). We also
examined the effect of IFN-γ on FcεRI expression
induced by IgE. In the absence of IgE, FcεRI expression
was minimal on CHMCs (net mean fluorescence intensi-
ty, 1.8 ± 1.0; n = 4), which is consistent with previous
observations.17-19 IFN-γ inhibited IgE-induced FcεRI
expression by 32% (from a net mean fluorescence inten-
sity of 11.8 ± 2.6 to 8.0 ± 2.5, n = 4). Despite the reduc-
tion of FcεRI levels, histamine release was enhanced by
74% (from 12.1% ± 1.4% to 21.1% ± 3.4% histamine
release, n = 4). These data demonstrate different effects
of IFN-γ on histamine release compared with effects on
FcεRI expression and cytokine production.

A D

B E

C F

FIG 2. Effect of IL-4 or IFN-γ on the kinetics of FcεRI-mediated cytokine production by CHMCs. CHMCs were
cultured with 5 µg/mL IgE in the presence (IL-4, triangles; IFN-γ, squares) or absence (circles) of 10 ng/mL
IL-4 (A-C) or IFN-γ (D-F). Then cells were incubated with (filled symbols) or without (open symbols) 1 µg/mL
CRA-1 at 37°C for 1, 3, 6, and 18 hours; supernatants were harvested; and concentrations of MIP-1α (A and
D), IL-8 (B and E), and GM-CSF (C and F) were determined. Values represent mean ± SEM of 4 separate
experiments. *P < .05 compared with the control condition (without IL-4 or IFN-γ) at each time point.
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Effect of IL-4 and IFN-γ on the kinetics of

cytokine production by CHMCs

In these experiments the kinetics of cytokine production
by CHMCs was first examined in the presence of IL-4 (10
ng/mL). MIP-1α, IL-8, and GM-CSF production in the
absence of IL-4 reached a plateau at 6 hours after the
CRA-1 stimulation. Pretreatment of CHMCs with IL-4
greatly enhanced FcεRI-mediated MIP-1α, IL-8, and GM-
CSF production at each time point (Fig 2, A-C). However,
IL-4 did not affect spontaneous production of MIP-1α and
GM-CSF after stimulation. Spontaneous IL-8 production
by CHMCs after 18 hours of pretreatment with IL-4
increased slightly, but this did not reach statistical signifi-
cance. To examine the kinetics of IL-4–induced enhance-

ment of FcεRI-mediated cytokine production by CHMCs,
cells were exposed to IL-4 during the last 15 minutes and
1, 2, 4, or 8 days of the culture. Then CHMCs were
washed and stimulated with CRA-1 for another 6 hours.
Enhancement by IL-4 was seen as early as 1 day after pre-
treatment with IL-4 and reached a maximum at day 4 (Fig
3, A-C). Although pretreatment of CHMCs with IL-4 for 8
days slightly decreased FcεRI-mediated cytokine produc-
tion by CHMCs compared with maximum cytokine pro-
duction at day 4, the enhancement of FcεRI-mediated
cytokine production by IL-4 was still significant.

Next the kinetics of cytokine production by CHMCs
was tested in the presence of IFN-γ (10 ng/mL). IFN-γ
did not spontaneously affect these cytokine productions
by CHMCs. Pretreatment of CHMCs with IFN-γ sup-

A

B

C

D

E

F

FIG 3. Kinetics of IL-4–induced enhancement of FcεRI-mediated cytokine production by CHMCs. CHMCs
were cultured with or without IL-4 (10 ng/mL, A-C) or IFN-γ (10 ng/mL, D-F) in the presence of SCF (100
ng/mL) and IL-6 (50 ng/mL) for 15 minutes and 1, 2, 4 or 8 days and human myeloma IgE (5 µg/mL) for 2
days. Then cells were incubated with (filled circles) or without (open circles) CRA-1 (1 µg/mL) at 37°C for 6
hours, supernatants were harvested, and concentrations of MIP-1α (A and D), IL-8 (B and E), and GM-CSF
(C and F) were measured. Values represent mean ± SEM of 4 separate experiments. *P < .05 compared with
the control condition at day 0 with or without IL-4 or IFN-γ.
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pressed FcεRI-mediated MIP-1α, IL-8, and GM-CSF
production at each time point tested (Fig 2, D-F). FcεRI-
mediated IL-8 production by CHMCs at 3, 6, and 18
hours after stimulation was significantly inhibited by
IFN-γ. IFN-γ also showed inhibitory effects on FcεRI-

mediated GM-CSF and MIP-1α production, although it
did not reach statistical significance. To further examine
the kinetics of IFN-γ–mediated suppression of FcεRI-
mediated cytokine production by CHMCs, cells were
exposed to IFN-γ during the last 15 minutes and 1, 2, 4,

TABLE I. Effect of IL-4 or IFN-γ on FcεRI-mediated cytokine mRNA expression by cultured human mast cells

Experiment No. Condition β-Actin mRNA (attomol/106 cells) MIP-1α/β-actin IL-8/β-actin GM-CSF/β-actin

1 Control 1069.9 0.035 0.708 0.127
IL-4 1060.9 0.154 1.804 0.839

IFN-γ 986.0 0.011 0.342 0.035
2 Control 389.8 0.061 1.900 0.216

IL-4 306.0 0.422 3.035 0.632
IFN-γ 329.2 0.016 0.748 0.071

Image data shown in Fig 4 were converted to the digital values by using computer software (FMBIO Analysis version 6.0; Hitachi Software Engineering Co,
Ltd, Tokyo, Japan).

FIG 4. Analysis of the effects of IL-4 and IFN-γ on expression of cytokine mRNA by using competitive RT-
PCR. CHMCs were cultured with IL-4 (10 ng/mL) or IFN-γ (10 ng/mL) in the presence of SCF (100 ng/mL), IL-
6 (50 ng/mL), and human myeloma IgE (5 µg/mL) for 2 days and then washed and challenged with 1 µg/mL
CRA-1 at 37°C for 2 hours. cDNA levels for MIP-1α (A), IL-8 (B), GM-CSF (C), and β-actin (D) are shown. M,
Mimic cDNA; T, target cDNA. Lanes 1 and 8 indicate molecular weight markers. Lanes 2 to 7 show pro-
gressive 10-fold increments of mimic DNA spiked into the PCR tube with a constant amount of target cDNA.

A

B

C

D
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or 8 days of the culture, washed, and then stimulated with
CRA-1 for another 6 hours. The inhibition by IFN-γ was
very consistent from experiment to experiment. Maxi-
mum inhibition of MIP-1α, IL-8, and GM-CSF by IFN-γ
was greater than 70% and occurred at days 2 and 4. How-
ever, these effects did not reach statistical significance,
except for IL-8, because of the wide variation among
individual batches of CHMCs in their ability to produce
cytokines in response to FcεRI cross-linking on day 0.
Finally, the observed IFN-γ–mediated suppression of
cytokine production appeared to be reversible and be
consistently less at day 8 (Fig 3, D-F).

The effects of IL-4 and IFN-γ on the

expression of cytokine mRNA levels

In beginning to examine the mechanism of IL-
4–induced upregulation and IFN-γ–induced downregula-
tion of cytokine production by CHMCs, we performed
semiquantitative analysis of the expression of cytokine
mRNA in the presence or absence of IL-4 or IFN-γ by
using competitive PCR (Fig 4 and Table I). FcεRI-medi-
ated expression of MIP-1α, IL-8, and GM-CSF mRNA
was enhanced by IL-4. In contrast, FcεRI-mediated
expression of MIP-1α, IL-8, and GM-CSF mRNA was
suppressed by IFN-γ. Levels of GM-CSF, MIP-1α, and
IL-8 mRNA without CRA-1 mAb stimulation were unaf-
fected by IL-4 or IFN-γ. Along with effects on cytokine
protein production shown in the previous figures, these
data demonstrate effects on both mRNA and protein levels
induced by IL-4 and IFN-γ in CHMCs.

DISCUSSION

In this study we showed that IL-4 and IFN-γ have
opposite effects on human mast cell cytokine production
induced by means of FcεRI cross-linking. For example,
not only does IL-4 upregulate FcεRI-dependent produc-
tion of IL-3, IL-5, and IL-13 in CHMCs or human intesti-
nal mast cells,9,20,21 but it also enhances production of
MIP-1α, IL-8, and GM-CSF (Figs 1-3). This occurs at
the level of both mRNA and protein synthesis in addition
to enhancement of expression of FcεRI and FcεRI-
dependent histamine release as previously reported.18,22

The kinetics of FcεRI-mediated IL-13 production
reached a plateau at 3 days after cross-linking of FcεRI20

and differed from other cytokines (Fig 2), suggesting that
regulation of MIP-1α, IL-8, and GM-CSF production
may differ from that of IL-13. The enhancement of
FcεRI-mediated cytokine production from CHMCs by
IL-4 required pretreatment for at least 1 day and was
maximal at 4 days. In contrast to IL-4, IFN-γ inhibited
cytokine production. This inhibition occurred at the level
of both mRNA and protein synthesis in CHMCs. This is
the first report that IFN-γ inhibits FcεRI-mediated
mRNA and protein synthesis of cytokines in human mast
cells. This does not appear to be due to CHMC apoptosis
because CHMC viability in the presence or absence of
IFN-γ supplementation was not different (see “Methods”
section). In fact, IFN-γ itself supports CHMC survival,

even in the absence of SCF and IL-6.23 Also, if the inhi-
bition was due to apoptosis, all cytokines should have
been inhibited equally. Neither IL-4 nor IFN-γ had any
effect on spontaneous MIP-1α, IL-8, and GM-CSF pro-
duction and mRNA expression in CHMCs.

Cytokine production by CHMCs was detected 3 hours
after FcεRI cross-linking and reached a plateau by 6
hours.13 Neither IL-4 nor IFN-γ had any effect on the
kinetics of FcεRI-mediated mast cell cytokine produc-
tion. It thus appears that IL-4 and IFN-γ do not affect
posttranscriptional events in CHMCs for these cytokines.
Although it is clear that IL-4 priming dramatically
enhanced FcεRI-mediated cytokine production, the
mechanism responsible for this is not yet known. We did
observe that 2 days’ culture with IL-4, even in the
absence of IgE, profoundly enhanced FcεRI-mediated
mast cell cytokine production (data not shown). Because
IgE and IL-4 can enhance FcεRI expression,17,18,22,24 it
is possible that a modest enhancement of FcεRI con-
tributed to increased mast cell cytokine production
induced by anti-FcεRI mAb. However, given the dramat-
ic potentiation by IL-4 on FcεRI-mediated mast cell
cytokine production, it seems more likely that some other
mechanism besides simply increasing FcεRI expression
is primarily responsible for this effect. On the other hand,
we consistently observed that IFN-γ inhibited FcεRI-
mediated cytokine production. IFN-γ only moderately
inhibited IgE-induced FcεRI expression (32% reduc-
tion), but it enhanced FcεRI-mediated histamine release
(74% increase), which is similar to findings from previ-
ous reports.23 These data suggest that the downregulation
of FcεRI-mediated cytokine production by IFN-γ occurs
by mechanisms other than decreasing the expression of
FcεRI on CHMCs and that the effects of IFN-γon FcεRI-
mediated histamine release and cytokine production
were regulated differently. The precise mechanisms for
this effect by IFN-γ on CHMCs are not clear and will
require further studies.

The potency of the inhibition of production of MIP-
1α, IL-8, and GM-CSF by IFN-γ was different between
Figs 1 and 2 at 6 hours. The reason for these different
responses to IFN-γ might in part be due to a wide varia-
tion among the individual batches of CHMCs as previ-
ously reported.22 However, we consistently observed that
IFN-γ inhibited FcεRI-mediated cytokine production by
CHMCs. These data demonstrate that IFN-γ can act as an
inhibitor of mast cell function.

The enhancement by IL-4 of the production of MIP-
1α , IL-8, and GM-CSF was 25-, 7-, and 90-fold,
respectively, after 6 hours. The enhancement by IL-4 of
the expression of mRNA for MIP-1α, IL-8, and GM-
CSF was 4.4- to 6.9-, 1.5- to 2.5-, and 2.9- to 6.6-fold,
respectively, after 2 hours. It seems that the changes of
protein for these cytokines were more impressive than
that of expression of mRNA. Although the precise rea-
son for the discrepancy is not known, there are several
possible explanations for this. First, time points studied
were different between protein and mRNA measure-
ment. We may not have measured peak mRNA. Second,
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some of the changes of expression may involve effects
on transcription, whereas some of the changes may
involve mRNA stability or mRNA translation. Third,
the quantitative accuracy of the ELISA may be greater
than that of competitive PCR. To clarify this point
would require molecular studies that would be difficult
to perform with these cells and are well beyond the
scope of this report.

IL-4 profoundly enhanced FcεRI-mediated MIP-1α,
IL-8, and GM-CSF production. Equally dramatic was the
inhibitory effect of IFN-γ on cytokine production by
CHMCs. Thus our data showed that CHMCs could be
functionally driven into two directions after incubation
with IL-4, a TH2 cytokine, or IFN-γ, a TH1 cytokine.
Which effect would predominate in CHMCs cultured
with both IL-4 and IFN-γ is not known. While we were
preparing this article, Lorentz et al21 reported that semi-
purified intestinal human mast cells produced IL-6 at 50
to 100 pg/106 cells with or without IgE-dependent stim-
ulation and that the production of IL-6 was blocked by
preincubation with IL-4, whereas IL-4 enhanced the pro-
duction of IL-3, IL-5, and IL-13. We presented here the
effects of IL-4 only on the production of cytokines that
can be produced at 1 ng/106 cells by IgE-dependent stim-
uli. We wanted to exclude the possibility that contami-
nated macrophages might contribute to the net cytokine
production and that IL-4 may block it through the effect
on macrophages.25,26

The clinical significance of our observations remains
to be determined, but the potential implications of our
findings are extremely important. Although the roles of
IL-8 and MIP-1α in allergic inflammation are probably
less significant than those of some of the other mast
cell–derived cytokines, such as IL-13, IL-5, and GM-
CSF, the analysis of the production by CHMCs of these
cytokines is important to clarify the regulation of mast
cell cytokine production. We previously reported that the
supernatant derived from CHMCs after FcεRI cross-link-
ing is of sufficient potency to support eosinophil survival
in vitro.12 Recently, it has been reported that IFN-γ ther-
apy was effective for atopic dermatitis.27 Although most
mast cells in the skin are MCTC mast cells, the inhibition
of mast cell cytokine production might be among the
mechanisms by which IFN-γ therapy is effective. Taken
together, these observations and our findings may point
to a potential positive or negative regulatory mechanism
in allergic disorders in which elevations of IL-4 or IFN-γ
result in enhanced or decreased mast cell cytokine pro-
duction, respectively. Thus IL-4 and IFN-γ may alter
allergic reactions not only by balancing the function of
lymphocytes in their traditional roles as TH2 and TH1
cytokines but also by modulating human mast cell
cytokine production.
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