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ABSTRACT
Mast cells are involved in allergic inflammation and some rare

disorders such as systemic mastocytosis and mast cell leukemia.
Certain naturally occurring flavonoids have been shown to inhibit
mast cell activationand promote maturation of secretory granules.
Here, we report that the isoflavone genistein inhibited the growth
of human leukemic mast cells (HMC-1) by 68.8, 51.6, and 30.2%
at 102 4 , 1025 , and 1026 M, respectively, at day 3 (p , 0.001).
Genistein at 1024 M increased the histamine content per 2 3 105

cells at day 3 from 5.9 6 1.2 mg/mL to 11.1 6 1.3 mg/mL (n 5 6;
p , 0.0001). These results indicate that genistein can inhibit
proliferation and induce maturation of HMC-1 cells. (Allergy and
Asthma Proc 24:373–377, 2003)

Mast cells are primary effector cells in immediate hy-
persensitivity responses and their numbers are in-

creased in a wide spectrum of pathological conditions.1

Mast cells exposed to allergens or other stimuli2 can release
many potent and rapidly acting mediators of inflammation,
including histamine, proteases, prostaglandins, leukotrienes,
and cytokines.1,3–5 The mediator most readily associated
with the mast cell is histamine.6 Histamine plays an impor-
tant role in the pathogenesis of various allergic disorders,
including vasodilatation and increased vasopermeability. In
addition, mast cells and histamine are involved in the patho-
physiology of irritable bowel syndrome7 and interstitial
cystitis,8 sterile inflammatory conditions associated with
pain, and worsened by stress.9

Flavonoids are low molecular weight benzo-g-pyrone
derivatives ubiquitous in plants with a wide spectrum of
biologic activities, such as inflammatory and immune re-
sponses, including inhibition of mast cells.10 Genistein is a
natural isoflavonoid phytoestrogen present in various plant
foods, especially soy. This isoflavone has a heterocyclic,
diphenolic structure similar to estrogen;11 at micromolar
concentrations, genistein was found to have an inhibitory
effect on protein tyrosine kinases (PTK), presumably at the
level of the adenosine triphosphate binding site.12 Although
the biologic effects of genistein have not been fully clari-
fied, genistein could induce cell cycle arrest and apoptosis
in leukemic cells13,14 and also affect the growth and cell
cycle progression of human leukemic MOLT-4 and HL-60
cells.15 A possible interpretation of these observations is the
ability of genistein to inhibit the activities of topoisomerases
and tyrosine kinases and to induce differentiation in the
human leukemia cells HL-60 and K-562.16 In addition,
genistein at 150 mM was shown to be an inhibitor of
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angiogenesis,17 in vivo.10 Several studies have shown that
genistein can induce apoptosis in breast, stomach, lung,
head, and neck, as well as prostate cancer cell lines by
modulation of cell cycle and apoptosis of regulatory mole-
cules.18–20

Genistein has been observed to induce the differentiation
of human myelogenous leukemia K562 cells.21 Other fla-
vones have been reported to induce maturation of rat baso-
philic leukemia cells.22 This effect, as well as the inhibition
of mast cell activation has been associated with particular
structural requirements, especially of the B ring.23

In this study, we investigated the effect of genistein on
the growth of human leukemic mast cells (HMC-1) and
cellular concentrations of histamine. These results suggest
that genistein may be an effective agent in the prevention
and/or for the treatment of human mast cell disorders.

MATERIALS AND METHODS

Genistein (4 * ,5,7-Trihydroxyisoflavone)

This compound was purchased from Sigma (St. Louis,
MO) and was dissolved in propylene glycol, to make

a 0.1 M solution; then, it was filter-sterilized and diluted
with culture medium to get the final concentrations 1024–
1026 M.

Cell Culture

HMC-124 was cultured in Iscove’s modified Dulbecco’s
medium (Gibco, Grand Island, NY) supplemented

with 10% fetal calf serum and 1.2 mM of monothioglycerol
(Sigma) in 25-cm2 tissue culture flasks (Becton Dickinson
Labware, Franklin Lakes, NJ). The cells were incubated at
37°C in a humidified incubator with 5% CO2 and 95% air.
After 3 days of culture, cells were collected and centrifuged
for 5 minutes at 1000 rpm. Cells then were resuspended in
culture medium and plated in 12-well flat-bottom culture
plates (Costar, Cambridge, MA) at a density of 2 3 105

cell/mL. Genistein was added in concentrations (1024–
1025 M); cells cultured in medium alone served as control.

Determination of Cell Viability

Cells with or without genistein were harvested, washed
in phosphate-buffered saline and pelleted by centrif-

ugation for 5 minutes at 400 3 g at room temperature. Next,
cells were resuspended in Iscove’s modified Dulbecco’s
medium supplemented as aforementioned. Trypan blue
(0.1%) exclusion tests were performed at the end of culture
for cell viability.

Determination of Inhibition of Cell Proliferation

The inhibition is expressed as the percentage of the
number of live cells counted from each treatment

group subtracted from the total number of the nontreatment
group and then divided by the total number of cells from the
nontreatment group, according to the formula:

Inhibition (%)

5
1 2 number of live cells in treatment group

number of live cells in nontreatment group
3 100.

Staining of HMC-1 Cells

Cells were grown on Lab-Tek culture chamber slides
(NUNK, Naperville, IL). After washing with phos-

phate-buffered saline, cells were fixed for 5 minutes with
10% formaldehyde in 10% acetic acid (pH 2.5). Cells were
stained for 5 minutes with 0.5% toluidine blue (pH 2.5),
washed with deionized water, and air dried. Cells were
photographed using an Olympus light microscope (Olym-
pus Optical Co., Tokyo, Japan).

Histamine Measurement

Histamine was assayed by a luminescence spectrometer
(Perkin-Elmer, Norwalk, CT) with a lower detection

level of 5 ng/mL. HMC-1 cells were washed and harvested
by centrifugation at 400 3 g for 5 minutes in 1.5-mL
Eppendorf tubes. Then, cells were resuspendend in water.
This suspension was sonicated in a Branson 1200 ultra-
sound device (Sonifier, Model W185D, Heat Systems—
Ultrasonics, Inc., Plainview, NY) for 10 minutes, vortexed
for 5 minutes, and pelleted by 10-minute centrifugation at
6000 3 g speed in an Eppendorf Microfuge. The total
amount of histamine in the cell pellet is expressed as mi-
crograms/2 3 105 mast cells/mL.

Statistics

The results are expressed as mean 6 SD of either num-
ber of cell or of the histamine present in the cell

pellet. Comparisons were made and probability was calcu-
lated with the nonparametric Mann-Whitney U test using
analysis of variance. Values of p , 0.05 were considered
statistically significant.

RESULTS

Effects of Genistein on Cell Proliferation

HMC-1 cells were cultured for 3, 4, and 5 days in the
presence or absence of genistein at 1024, 1025, and

1026 M. A concentration-dependent inhibition of growth
was observed on the 3rd, 4th, and 5th day of culture. Cell
viability on day 3 remained high with lower than 10%
trypan blue–positive cells in cultures treated with any
genistein concentration. On day 3 the number of cells
(3103) was decreased from 977.4 6 68.9 in the untreated
condition to 304.6 6 53.9 at 1024 M genistein, to 472.6 6
79.8 at 1025 M and 681.8 6 96.2 at 1026 M; the corre-
sponding degree of inhibition on proliferation of HMC-1
cells (Tables I and II) was 68.8% (p , 0.001) at 1024 M
genistein, 51.6% (p , 0.001) at 1025 M, and 30.2% (p ,
0.002) at 1026 M, respectively.
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On day 4, cell viability was also high at 91.4%. The
number of cells (3103) at the respective genistein concen-
trations of 1024, 1025, and 1026 M was decreased from
1012.8 6 97.3 to 377.3 6 33.3, 580.0 6 69.5 (p , 0.001;
n 5 6), and 763.0 6 92.4 (p , 0.002), respectively. The
corresponding degree of inhibition was 62.6, 42.7, and
24.7%. Finally, on day 5, the viability dropped to ;80%.
The number of cells (3103) at the respective genistein
concentrations of 1024 and 1025 was 382.0 6 39.7 (p ,
0.001), 470.1 6 63.9 (p , 0.001), and 600.5 6 72.6 (p ,
0.005), respectively; the corresponding degree of inhibition
was 47.1, 35.0, and 16.9% (Table I).

Effects of Genistein on Histamine Content

Mast cells were cultured without or with 1024 and 1025

M of genistein. Genistein increased (Table II) his-
tamine content on day 3 of culture from 5.9 6 1.2 mg/2 3
105 cells/mL in untreated cells to 9.5 6 2.3 mg/2 3 105

cells/mL at 1025 M and to 11.1 6 1.3 mg/2 3 105 cells/mL
at 1024 M. On day 4, histamine increased from 5.8 6 2.4
mg/mL to 9.7 6 1.8 mg/2 3 105 cells/mL at 1025 M and to
10.1 6 4.5 mg/2 3 105 cells/mL at 1024 M, respectively.
On day 5, genistein increased the histamine content from
6.1 6 1.7 mg/2 3 105 cells/mL to 8.3 6 2.0 mg/2 3 105

cells/mL at 1025 M and to 10.1 6 4.5 mg/mL at 1024 M
(p , 0.02).

DISCUSSION

Our results clearly show that genistein inhibits HMC-1
cell proliferation and induces accumulation of hista-

mine in a dose-dependent manner. HMC-1 was derived
from a patient with mast cell leukemia.24 HMC-1 cells have
less histamine than human mast cells in general.23 Previous
studies have shown that HMC-1 expresses a phenotype and
several markers, i.e., tryptase, histamine, heparin, and chon-
droitin sulfate, similar to that of human mast cells, and
releases or expresses the mRNA of a number of chemokines
and cytokines that are known to be secreted by human mast
cells.25,26 Flavonoids are molecules rich in plants, fruits,
and seeds with potent antioxidant effects.10 Flavonoids are
low molecular weight benzo-g-pyrone derivatives with a
wide spectrum of biologic activities including regulation of
inflammatory and immune responses, especially inhibition
of mast cell activation.10,23An inverse relationship has been
reported between the consumption of flavonoids and the
incidence of established coronary artery disease,10,27 as well
the incidence of lung cancer.10,28,29

In this study, we examined the effect of genistein, a
natural isoflavone phytoestrogen present in various plant
foods, especially soy beans, with a heterocyclic, diphenolic
structure similar to estrogen,11 on HMC-1 growth and his-
tamine content. Genistein is known to inhibit both PTKs12

and DNA topoisomerase II.30,31 At micromolar concentra-
tions, genistein was found to have an inhibitory effect on
PTKs, presumably at the level of the adenosine triphosphate
binding site.12,13 Genistein could induce cell cycle arrest
and apoptosis in leukemic cells,14 affect the growth and cell
cycle progression of human leukemic MOLT-4 and HL-60
cells15 and induce differentiation in the human leukemia
cells HL-60 and K-562.16 Other studies showed that some
of the naturally occurring flavonoids, including genistein at
10–100 mM, inhibit the human promyelocytic leukemia cell
line (HL-60).15,32 In addition, genistein at 150 mM has been
shown to be an inhibitor of angiogenesis, which has a
significant effect on tumor growth and metastasis.17 Several

TABLE I

Inhibitory Effect of Genistein on HMC-1 Cell Proliferation

Genistein Day 3 Day 4 Day 5

Cells 3 103 Inhibition
(% Total)

Cells 3 103 Inhibition
(% Total)

Cells 3 103 Inhibition
(% Total)

Control 977.4 6 68.90 — 1012.8 6 97.3 — 723.3 6 37.7 —
1026 M 681.8 6 96.2# 30.2 763.0 6 92.4# 24.7 600.5 6 72.6§ 16.9
1025 M 472.6 6 79.7* 51.6 580.0 6 69.5* 42.7 470.0 6 63.9* 35.0
1024 M 304.6 6 53.9* 68.8 377.5 6 33.3* 62.6 382.0 6 39.7* 47.1

n 5 6
*p , 0.0001; #p , 0.002; §p , 0.005 using Mann-Whitney U test.

TABLE II

Effect of Genistein on Total Histamine Content of
HMC-1 Cells

Genistein

Total Histamine
(mg/2 3 105 Mast Cells/mL)

Day 3
(n 5 6)

Day 4
(n 5 8)

Day 5
(n 5 8)

Control 5.9 6 1.2 5.8 6 2.4 6.1 6 1.7
1025 M 9.5 6 2.3 9.7 6 1.8 8.3 6 2.0*

p , 0.002* p , 0.02* p , 0.05*
1024 M 11.1 6 1.3 10.1 6 4.5 10.1 6 4.5

p , 0.0001* p , 0.01* p , 0.02*

*Using Mann-Whitney U test.
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studies have shown that genistein can induce apoptosis in
breast, stomach, lung, head, and neck, as well as prostate
cancer cell lines, by modulation of cell cycle and apoptosis
regulatory molecules.18–20 Genistein has been shown pre-
viously to be an inhibitor of tumor growth by induction of
cell cycle arrest at G2/M phase.18–20 Moreover genistein
induced thymocyte apoptosis through the inhibition of to-
poisomerase II30 and may affect cell proliferation either via
its ability to interact with phospholipase C and phosphati-
dyl-inositol-kinases or by inhibition of DNA-topoisomerase
II.31 Geneistein also has been reported to delay mammary
tumorigenesis;33 moreover, recently, it was shown to pre-
vent HER-2 activation and induce apoptosis of human
breast epithelial cells.34

Genistein has been observed to induce the differentiation
of human myelogenous leukemia K562 cells,21 The present
findings confirm previous reports that genistein dose depen-
dently inhibits stimulated histamine release from rat perito-
neal mast cells.10,22,35,36 Other studies have shown that
genistein inhibits immunologically stimulated mast cell ac-
tivation37–39 although not by substance P.40 Moreover,
genistein was shown to inhibit angiogenesis factor-induced
mast cell chemotaxis.41 A role of flavonoids in immuno-
globulin E-mediated secretion was suggested by our obser-
vation that a flavone PTK inhibitor inhibited rat basophilic
leukemia cell proliferation and b-hexosaminidase secretion
stimulated by anti-dinitrophenol (DNP) and DNP-bovine
serum albumin; it also induced secretory granule accumu-
lation as evidenced by light and electron microscopy.22

Mast cells are critical for immediate hypersensitivity re-
sponses and inflammatory processes; consequently, mast
cells are increased in many pathological conditions.1,6 Mast
cells activated immunologically or by other nonimmune
triggers2 can release many potent and rapidly acting medi-
ators of inflammation such as histamine, proteases, prosta-
glandins, leukotrienes, and cytokines.3–5 The mediator most
readily associated with the mast cell is histamine.6 Hista-
mine plays an important role in the pathogenesis of various
allergic disorders, including vasodilatation and increased
vasopermeability. Mast cells and histamine also are in-
volved in the pathophysiology of irritable bowel syndrome
and interstitial cystitis,8 sterile inflammatory conditions as-
sociated with pain, and worsened by stress.9

Like genistein, the flavone quercetin also inhibits the
proliferation of HMC-1 cells and induces accumulation of
granule-stored mediators. However, in addition to inhibiting
PTKs involved with mast cell activation, there is also inhi-
bition of protein kinases involved with the final steps of
mast cell secretion.42 In conclusion, we show that genistein
is effective in inhibiting HMC-1 cell proliferation and may
have synergistic effects when combined with quercetin.
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