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1. ABSTRACT

In order to better understand the role
of histamine H4 (H4R) receptor in breast
cancer, we studied the receptor expression
pattern, associated signal transduction
pathway and biological responses, in breast
cancer cell lines with different malignant
characteristics. A different pattern of protein
expression was observed in MDA-MB-231

1042

Histamine H4 receptor immunostaining
Determination of cyclic adenosine monophosphate(cAMP)

Senescence-associated f-galactosidase staining

Histamine H4 receptor expression in breast cancer cells
Role of H4R in cAMP production in breast cancer cells
Role of H4R in breast cancer cell proliferation

Effect of H4R agonists on breast cancer cell apoptosis
Role of H4R in breast cancer cell senescence

compared to MCF-7 cells determined by
western blot, exhibiting the presence of a
diverse range of molecular weight species of
the H4R. H4R agonist reduced cyclic
adenosine monophosphate (cAMP)
formation induced by forskolin only in
MCEF-7 cells. In MDA-MB-231 cells, H4R
agonists  significantly  decreased cell
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roliferation, augmented the Annexin-V
and TdT-mediated UTP-biotin Nick End
labelling (TUNEL) positive cells and
produced a 2.5-fold increase in cell
senescence. In MCF-7 cells, H4R
agonists inhibited proliferation by 50%,
increasing the exponential doubling time.
This effect was associated to an augment
in Annexin-V and TUNEL positive cells,
and a 2-fold increase in cell senescence.
We conclude that H4R is functionally
expressed in human breast cancer cell
lines, exhibiting a key role in histamine-
mediated biological processes such as
cell  proliferation, senescence and
apoptosis.

2. INTRODUCTION

Breast cancer is the most common
neoplastic disease in women, and
continues to rise in incidence (1,2).
About 30% of patients with early-stage
breast cancer have recurrent disease,
which is metastatic in most cases and
whose cure is very limited showing a 5-
year survival rate of 20% (3). Therefore,
the elucidation of molecules and
biochemical pathways involved in breast
carcinogenesis are of utmost importance
for the development of novel therapeutic
approaches that can contribute to offer
increased efficacy and low toxicity.

A large body of literature has
been reported indicating that histamine

[2-(4-imidazolyl)-ethylamine] can
modulate proliferation of different
normal and malignant cells (4-8).

Histamine exerts its actions through the
interaction with four histamine receptor
subtypes, H1, H2, H3 and H4 (HIR,
H2R, H3R, H4R). All these receptors
belong to the family of heptahelical G-
protein coupled receptors (GPCR) (9-
11).
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Histamine is involved in the
pathologic and also physiologic aspects
of the mammary gland including growth

regulation, differentiation and
functioning during development,
pregnancy and lactation  (12-15).

Numerous studies support the role of
histamine in breast cancer development.
We have reported that histamine
becomes an autocrine growth factor
capable of regulating cell proliferation
via HIR and H2R in experimental
mammary carcinomas, and the in vivo
treatment with H2R antagonists produced

the complete remission of 70% of
experimental tumours (6,16-18).
Although many reports indicate the

presence of HIR and H2R in normal and
malignant tissues as well as in different
cell lines derived from human mammary
gland (19-21), the clinical trials carried
out with H2R antagonists in cancer
patients  demonstrated  controversial
results for breast cancer (22,23).

The H3R has initially been
identified in both central and peripheral
nervous system as a presynaptic receptor
and therefore, it has gained
pharmaceutical interest as a potential
drug target for the treatment of various
important brain disorders (24-26). On the
other hand, the identification of the
human H4R in medullary and peripheral
hematopoietic cells by several groups,
has converted the H4R in a novel
therapeutic target for inflammatory and
immune disorders (27-30). H4R is
coupled to Goai/o proteins and isoforms
and dimeric structures that include
homo- and hetero-oligomer formation
and post-translational changes have been
described for the H4R (9,10,29,31,32).

Recently, we have demonstrated
that H3R and H4R are expressed in cell
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lines derived from human mammary
gland (33,34). Histamine modulated the
proliferation of MDA-MB-231 breast
cancer cells in a dose-dependent manner
producing a significant decrease at 10
umol.L-1 concentration whereas at lower
concentrations it increased proliferation
moderately, and no effect on
proliferation or expression of oncogenes
related to cell growth is observed in non-
tumorigenic HBL-100 cells (33,35). The
negative effect on proliferation is in part
mediated through the H4R (34). In
agreement with this, recent data indicate
that H3R and H4R are expressed in
human biopsies of benign lesions and
breast carcinomas, being the level of
their expression significantly higher in
carcinomas. Furthermore, 50% of
malignant lesions expressed H4R, all of
them corresponding to metastases or high
invasive tumours (34).

The identification of H4R and the
elucidation of its role in the development
and growth of human mammary
carcinomas may represent an essential
clue for advances in breast cancer
treatment.

Thus, in order to better understand
the role of H4R in breast cancer, we
have, in the present work compared the
receptor expression pattern, and the
biological responses triggered by
histamine through this receptor in two
breast cancer cell lines with different
malignant characteristics.

3. MATERIALS AND METHODS

3.1. Cell culture

The human breast cancer cell lines
MDA-MB-231 and MCF-7 (American
Type Tissue Culture Collection, VA,
USA) were cultured in RPMI 1640
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supplemented with 10% fetal bovine
serum, 0.3 g L-1 glutamine, and 0.04 g L-
1 gentamicin (Gibco BRL, NY, USA).
Cells were maintained at 37°C in a
humidified atmosphere containing 5%
CO2.

3.2. RT-PCR
The retrotranscription reaction
was performed with 2 pg of RNA that

was isolated using TRIZOL reagent,
according to the  manufacturer’s
instructions (Invitrogen, USA). H4R

primers were, H4R-F: GGG GTC TTG
AAG ATT GTTA C; H4R-R: GCA GTT
CAA CAT GTT CCC; 512 bp, 35 cycles
of 45 s at 94°C; 45 s at 58°C; 50 s at
72°C (33). Negative controls were
performed with water instead of cDNA.
Fragments identity was corroborated by
sequenciation (Macrogen, Korea). -
actin was used as load control, B-actin-F:
ACC TCA TGA AGA TCC TGA C, B-
actin-R: ACT CCT GCT TGC TGA
TCC; 521 pb, 25 cycles of 30 s at 95°C,
30 s at 58°C, 60 s at 72°C. PCR products
were subjected to gel electrophoresis and
photographed using a Sony Cyber-Shot
DSC-S75 camera.

3.3. Western blot analysis

Total extracts were obtained as
previously described (33). Briefly, cells
were washed twice with phosphate-
buffered saline (PBS) and scraped into a
lysis buffer (100 mM Tris/HCI buffer, pH
8, containing 1% (v/v) Triton X-100 and
protease inhibitors) and incubated for 20
min on ice. After centrifugation at 3000
g for 10 min, the supernatants were
termed the total extracts. Protein
concentration in the extracts was
determined according to Bradford assay
(36). Equal amounts of proteins were
fractionated by SDS-PAGE. After
blotting to nitrocellulose membrane and
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blocking of nonspecific binding [5%
(w/v) dry milk in PBS / 0.05% Tween
20; 2 hour at room temperature],
membranes were incubated overnight at
4°C with the anti-H4R primary antibody
(Alpha Diagnostic International, TX,
USA, and diluted 1:500 in PBS). After
being washed and incubated with
secondary peroxidase-coupled anti-rabbit
antibody (BioRAD, CA, USA, and
diluted 1:1000 in PBS), proteins were
visualized by autoradiography using
enhanced chemiluminescence
(Amersham Biosciences, USA).
Densitometric analyses were performed
using Image J 1.32] software (NIH,
USA).

34. Histamine H,4 receptor
immunostaining
Cells were cultured on glass

coverslips and then fixed with 4% (v/v)
formaldehyde in PBS and permeabilized
with 0.25% (v/v) triton X-100 in PBS.
The endogenous peroxidase activity was
blocked with 3% hydrogen peroxide in
distilled water. After blocking in 1%
(w/v) bovine seroalbumine (BSA) in
PBS, cells were incubated overnight at
4°C in a humidified chamber with 1:100
rabbit anti-histamine H4R antibodies
diluted in 1% (w/v) BSA in PBS (Alpha
Diagnostic International, TX, USA).
Cells were washed with PBS and
incubated for 2 hours with a goat
peroxidase-conjugated secondary
antibody diluted in 1% (w/v) BSA in
PBS (1:100, Sigma Chemical Co., MO,

USA) and  visualized by  3,3-
diaminobenzidine staining (Sigma
Chemical Co., MO, USA) and
haematoxylin  counterstaining. Light
microscopy was performed on an
Axiolab Karl Zeiss microscope

(Gottingen, Germany). Photographs were
taken at 630X or 1000X magnification
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using a Canon PowerShot G5 camera
(Tokyo, Japan). No immunostaining was
observed when the primary or secondary
antibodies were omitted. Cell nuclei
haematoxylin staining was used to
confirm the presence of cells.

3.5. Determination of cyclic adenosine
monophosphate (cAMP)

Intracellular cAMP was measured
in cell monolayers at 70-90% confluence
after the stimulation with histamine (0.01
uM — 10 uM), VUF8430 (0.001 uM — 10
uM) and/or Forskolin (10 uM) for 15 min

at 37°C. The cAMP produced was
extracted with ethanol (Merck,
Argentina) and determined by

radioimmunoassay as we have previously
described (37).

3.6. Cell proliferation assays

For clonogenic assay, cells were
seeded in six-well plates (1200
cells/well) and treated with 0.001 to 10
uM VUF8430 (H4R agonist), 10 puM
Anthamine (H2R agonist), 10 uM 2-(3-
(trifluoromethyl)phenyl)histamine (HIR
agonist) (Tocris Bioscience, USA), 0.001
to 10 uM clobenpropit (H3R antagonist
and H4R agonist), 0.01 pM Imetit and
0.01 uM R(-)-a-methylhistamine (H3R
agonists) (Sigma Chemical Co., USA), or
0.001 to 10 uM histamine (Fluka, USA).
The cells were incubated for 7 days and
then fixed with 10% (v/v) formaldehyde
in PBS and stained with 1% (w/v)
toluidine blue in 70% (v/v) ethanol. The
clonogenic proliferation was evaluated
by counting the colonies containing 50
cells or more and was expressed as a
percentage of the untreated wells.

Quantification of cellular DNA
synthesis was performed by 5-bromo-2'-
deoxyuridine (BrdU, Sigma Chemical
Co., USA) incorporation. Cells were
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seeded on glass coverslips into 12-well

plates in culture medium (50000
cells/well), and treated with 10 pM
Histamine (Fluka, USA), 10 uM

VUF8430, 10 uM clobenpropit, and/or
10 uM JNJ7777120 (H4R antagonist,
Johnson & Johnson Pharmaceutical
Research and Development, USA) for 48
h. After that, BrdU (30 uM) was added
into culture medium for 2 h. The cells
were then washed twice and fixed for 15
min in 4% (v/v) formaldehyde in PBS.
To denature the DNA into single-
stranded molecules, cells were incubated
with 3 N HCI, 1% Triton X-100 (v/v) in
PBS for 15 min at room temperature.
Cells were washed in 1 ml of 0.1 M
Na2B407 (Sigma Chemical Co., USA),
1% Triton X-100 (v/v) in PBS, pH 8.5 to
neutralize the acid. After blocking with
5% FBS (v/v) in PBS, cells were then

incubated  with  anti-BrdU  mouse
monoclonal antibody diluted 1:100 in 1%
bovine seroalbumine (w/v) in PBS

(Sigma Chemical Co., USA). Cells were
washed with PBS and further incubated
for 30 min with 1:100 fluorescein
isothiocyanate (FITC)-conjugated anti-
mouse [gG and 4'-6-diamidino-2-
phenylindole (Dapi) (Sigma Chemical
Co., USA) at room temperature.
Coverslips were mounted with
FluorSaveTM  Reagent (Calbiochem,
USA) and fluorescence was observed by
epifluorescence using an Olympus BXS50
microscope. Photography was carried out
with a CoolSnap digital camera. At least
500 cells were scored for each
determination. Pictures were taken at a
400X-fold magnification.

Cells were also incubated
overnight in 6-well plates (100000
cells/well), and then incubated with 10
uM histamine, 10 pM VUF8430, 10 uM
clobenpropit or were left untreated for up
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to 72 hours. Cells were trypsinized at 0,
I, 2, 3 days and counted using a
hemocytometer. The equation for
exponential growth was Nt=NOxe(kxt),
where NO was the initial number of cells
that increased exponentially with a rate
constant, k. The doubling time was
calculated as 0.69/k. All experiments
were performed at least three times with
duplicate and triplicate measurements for
each condition.

3.7. Determination of apoptosis
Phosphatidylserine exposure on
the surface of apoptotic cells was
detected by flow cytometry after staining
with Annexin V-FITC (BD biosciences,
USA), and propidium iodide (50 pg/ml).
Data were analyzed using WinMDI 2.8
software (Scripps Institute, CA, USA).

Apoptotic cells were determined
by TUNEL (TdT-mediated UTP-biotin
Nick End labeling) assay. Cells were
cultured on glass coverslips into 12-well
plates for 24 hours and then incubated
with 10 uM histamine, 10 pM VUF8430,
10 uM clobenpropit for 72 hours. Cells
were washed, fixed and the fragmented
DNA was detected using ApoptagTM
plus peroxidase in situ apoptosis
Detection Kit (CHEMICON
International, CA, USA) according to the
manufacturer’s instructions. Cells were
visualized using Axiolab Karl Zeiss
microscope (Germany). At least 500 cells
were scored for each determination.

Variations of the mitochondrial
transmembrane potential (Aym) were
studied using 3,3’-
dihexyloxacarbocyanine iodide (DiOC6;
Sigma Chemical Co., MO, USA) (38).
Cells were plated and after 24 hours
treated with 10 pM histamine, 10 uM
VUF8430, 10 uM clobenpropit for 72
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hours. The diluted dye at a final
concentration of 40 nM in PBS was
applied to cells for 15 min at 37°C. Cells
were then washed, harvested and
analyzed by flow cytometry. Data were
analyzed using WinMDI 2.8 software
(Scripps Institute, CA, USA).

3.8. Senescence-associated B-galactosidase
staining

Cells were seeded on glass coverslips
into 12-well plates in culture medium (50000
cells/well) and treated with 10 pM histamine,
10 uM VUF8430, 10 uM clobenpropit, and/or
10 uM JNJ7777120 for 48 h. Senescence-
associated B-galactosidase-positive cells were
detected using the method described by Dimri
et al. (39) and also previously by us (40).
Briefly, cells were fixed and incubated at 37°C
for 8 hours with 1 mg/ml 5-bromo-4-chloro-
indolyl-B-galactoside (USB Corp., USA) in an
appropriate buffer. After incubation, cells
were washed twice with PBS and
counterstained with hematoxylin and the
percentage of [-galactosidase-positive cells
was assessed under light microscopy (Axiolab
Karl Zeiss, Gottingen, Germany). At least 500
cells were scored for each determination. All
photographs  were  taken at 630X
magnification using a Canon PowerShot G5
camera (Tokyo, Japan).

4. RESULTS

4.1. Histamine H4 receptor expression in
breast cancer cells

We first evaluated the H4R
expression by RT-PCR and results showed
that MCF-7 cells and, as we have previously
described, MDA-MB-231 cells express H4R
at the mRNA level (33) (Figure 1A).

Western blot analysis of protein
extracts displayed the presence of a diverse
range of molecular weight species of the H4R,
exhibiting a different pattern when MDA-MB-
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231 cells are compared with MCF-7 cells. In
MDA-MB-231 cells, a high molecular weight
specie (Mw ~75 kDa) was observed which is
consistent with the recombinant dimeric
human H4R and native dimeric species
detected in human lymphocytes and brain
(31,32,41). An additional band (Mw ~ 45
kDa) was observed, which could represent a
proteolytic fragment (31). On the other hand,
in MCF-7 cells we detected the putative
monomer at Mw 31 kDa and two higher
molecular weight species, which could
correspond to dimeric structures. One of these
dimeric forms (Mw ~75 kDa) was also
observed in MDA-MB-231 cells (29,32). In
addition, a shorter isoform can be
differentiated only in MCF-7 cells (Figure
1B).

We further investigated the H4R by

immunocytochemistry employing specific
polyclonal antibodies and  peroxidase
conjugated secondary antibodies. Results

confirmed the H4R expression in MDA-MB-
231 and MCF-7 cells (Figure 1C).

4.2. Role of H4R in cAMP production in
breast cancer cells

We additionally investigated whether
histamine could modulate cAMP production
in breast cancer cells. In MDA-MB-231 cells
histamine at any dose tested was unable to
modify cAMP production (Figure 2A). On the
contrary, histamine at 10 pM concentration
produced a 2-fold increase in cAMP levels in
MCF-7 cells (Figure 2B). Furthermore, we
studied if H4R agonist could inhibit the
increase in cAMP levels triggered by
forskolin. Results demonstrated that
VUF8430 was not able to reduce the
forskolin-induced cAMP accumulation in
MDA-MB-231 cells (Figure 2C).
Conversely, in MCF-7 cells treatment
with VUF8430 (10 uM) produced a
maximal inhibition of c¢AMP of
approximately  30%  (Figure 2D).
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Figure 1. Histamine H4R expression in breast cancer cell lines. A) RT-PCR analysis of HsR
mRNA expression (512 bp). Lanes: 1, MDA-MB-231 cells; 2, MCF-7 cells; 3, negative control.
B) Western blot analysis of MDA-MB-231 (lane 1, MDA) and MCF-7 (lane 2) cells were carried
out with 35 pg and 75 pg of total cellular proteins, respectively, and H4R were detected by
incubation with specific antibodies. C) Immunocytochemical detection of H4R. Pictures were
taken at a 630x-fold and 1000x-fold magnification. Scale bar= 20 um. Data are representative of
three independent experiments. B-actin was used as load control.
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Figure 2. Effect of histamine and VUF8430 on cAMP production. cAMP levels in A) MDA-
MB-231 and B) MCF-7 cells were determined after the treatment with histamine (0.01-10 uM)
for 15 minutes. Data represent the means + SEM (*P<0.05 vs. Basal; ANOVA and Tukey's
Multiple Comparison Test). Forskolin-induced cAMP accumulation in C) MDA-MB-231 and D)
MCEF-7 cells. Cells were incubated with forskolin (10 uM) and when required VUF8430 (0.001-
10 uM) for 15 minutes. Results are expressed as the percent change of the forskolin-evoked
response which represented 25.2 pmol and 1396.5 pmol per 10° MDA-MB-231 and MCF-7 cells,
respectively. Data represent the means + SEM (*P<0.05 vs. Forskolin, ANOVA
and Tukey's Multiple Comparison Test).
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Figure 3. Effect of H4R agonists on breast cancer cell proliferation. Proliferation was determined by the clonogenic assay. A)
MDA-MB-231 and B) MCF-7 cells were left untreated or were treated with clobenpropit or VUF8430 (0.001-10 pM). Results
are expressed as percentage of control values. Error bars represent the means = SEM. (**P<0.01, ***P<0.001 vs. Control,

ANOVA and Tukey's Multiple Comparison Test).

4.3. Role of H4R in breast cancer cell
proliferation

We have previously reported that
histamine modulated the proliferation of
MDA-MB-231 breast cancer cells in a
dose-dependent manner producing a
significant decrease at micromolar
concentration, whereas at lower
concentrations it increased proliferation
moderately through the H3R (33). Present
results demonstrate that clobenpropit and
VUF8430  treatments at 10 uM
concentration significantly decreased
proliferation to 45.5+14.8% and to
76.7+£5.3%, respectively, while lower
concentrations were unable to modify
clonogenic proliferation (Figure 3A).
Accordingly, both agonists significantly
reduced the incorporation of BrdU and
treatment with the H4R antagonist,
JINJ7777120, reversed the histamine
inhibitory effect on proliferation (Table

1.

We  further investigated the
biological responses triggered by

histamine in a more differentiated breast
cancer cell line, MCF-7. We showed that
histamine at all doses tested, decreased
the proliferation of MCF-7 cells (Figure
4A), and increased doubling time (Table
2). This negative effect on proliferation
was mimicked by the treatment with
HI1R, H2R, H3R and H4R agonists
(Figure 3B and 4B). Accordingly,
histamine reduced BrdU incorporation,
effect that was partially blocked by the
combined treatment with JNJ7777120
(Table 1). Furthermore, treatment with
clobenpropit exhibited a dose response
relationship starting at 0.01 uM. On the
other hand, all concentrations evaluated
of  VUF8430 inhibited similarly
proliferation (Figure 3B). Also, both
agonists significantly diminished BrdU
incorporation (Table 1). In agreement
with these results, clobenpropit and
VUF8430 treatments increased the
exponential doubling time from 32.6 h to
472 h and 44.1 h in treated cells,
respectively (Table 2).
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Table 1. Incorporation of BrdU in breast cancer cells

Treatment MDA-MB-231 (% of BrdU positive | MCF-7 (% of BrdU positive cells)
cells)
Control 43.1+£1.0 346+1.4
Histamine 33.0+3.0" 258+ 1.8"
INJ7777120 49.1 £8.0 33.1+23
Histamine +JNJ7777120 58.4+ 69" 30.7+2.0
Clobenpropit 343+23" 222+2.2!
VUF8430 322+2.1" 27.0+2.5"

Cells were left untreated or treated with clobenpropit, VUF8430, Histamine (10 pM) and/or
JNJ7777120 (10 uM) for 48 h. Error bars represent the means + SEM. 'P<0.05 vs. Control,
?P<0.05 vs. Histamine; ANOVA and Tukey's Multiple Comparison Test.

Table 2. Effect of histamine and H4R agonists on the exponential growth of MCF-7 cells

Treatment Doubling time (h)
Control 32.6+1.3
Histamine 43.8+28'
VUF8430 441+3.1"
Clobenpropit 472+0.8'

MCF-7 cells were left untreated or were treated with clobenpropit, VUF8430 or Histamine (10
uM) for up to 72 h and doubling time (0.69/k) was calculated according to the equation for
exponential growth, N, = Noxe®™, where Ny was the initial number of cells that increased
exponentially with a rate constant, k. Data represent the means + SEM. 'P<0.05 vs. Control;
ANOVA and Tukey's Multiple Comparison Test.

4.4. Effect of H4R agonists on breast
cancer cell apoptosis

We have previously demonstrated
that treatment with histamine or
clobenpropit elicited an  apoptotic
response in  MDA-MB-231 cells
determined by an increase in Annexin-V
and TUNEL positive cells (33,34). We
also showed a marked enhancement of
the TUNEL positive cells after VUF8430
treatment (12.5+£0.5 vs. 3.1£0.6 in
untreated, P<0.01) (Table 3). Similarly,
the inhibitory effect on proliferation
exerted through the H4R in MCF-7 cells
was also associated to an induction of
apoptosis assessed after 72 hours of treatment.
Histamine, clobenpropit and VUF8430
treatments produced a 3-fold increase in the
percentage of apoptotic cells determined by
Annexin-V  staining  (Figure 5A). In
accordance to this, all treatments produced the
disruption of the mitochondrial
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transmembrane potential (Aym) (Figure 5B).
These results were further confirmed by
TUNEL assay that showed an increased in the
number of TUNEL positive cells after the
challenge (Figure 5C and D).

4.5. Role of H4R in breast cancer cell
senescence

Cellular senescence is a tumour-
suppressive mechanism characterized by
a biological program of terminal growth
arrest associated to an enhanced activity
of senescence associated B-galactosidase
(42). Present results indicate that the
negative effect on proliferation exerted
by histamine in MDA-MB-231 cells was
elated to a 2-fold increase in cell
senescence. In addition, this effect was
reversed by JNJ7777120 treatment and
H4R agonists mimicked histamine effect,
suggesting the involvement of H4R in
histamine-induced cell senescence
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Table 3. Role of histamine and H4R agonists on MDA-MB-231 cell apoptosis

Treatment TUNEL positive cells (%)
Control 3.1£0.6

Histamine 19.6 £ 1.6'

VUF8430 12.5+0.5"

Clobenpropit 145+0.5'

MDA-MB-231 cells were left untreated or were treated with clobenpropit, VUF8430 or
Histamine (10 uM) for 48 h and the percentage of apoptosis was determined by the TUNEL
assay. Data represent the means £ SEM. 'P<0.01 vs. Control; ANOVA and Tukey's Multiple

Comparison Test.
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Figure 3. Effect of H4R agonists on breast cancer cell proliferation. Proliferation was determined by the clonogenic assay. A)
MDA-MB-231 and B) MCF-7 cells were left untreated or were treated with clobenpropit or VUF8430 (0.001-10 uM). Results
are expressed as percentage of control values. Error bars represent the means + SEM. (¥**P<0.01, ***P<0.001 vs. Control,

ANOVA and Tukey's Multiple Comparison Test).

(Figure 6A). In the same way, histamine
was able to augment the percentage of
MCF-7 senescent cells (15.7£1.3 wvs.
7.8+0.4 in untreated, P<0.001), which
was partially blocked by the treatment
with  JNJ7777120. Moreover, H4R
agonists elicited a similar response,
increasing cell senescence (Figure 6B).

5. DISCUSSION

The identification of the human H4R
by genomics-based approach has helped
refine our understanding of histamine roles.
It appeared to have a selective expression

pattern restricted to hematopoietic cells.
However, H4R was reported to be present
on other cell types including central nervous
system, nerves of nasal mucosa, enteric
neurons, intestinal epithelium, spleen, lung,
stomach, and interestingly in cancer cells
(29,33,41,43-50). The significance of the
H4R presence in various human tissues
remains to be elucidated and therefore, new
roles of H4R are still unrevealed (28,29).

The human H4R gene that mapped to
chromosome 18 encodes a protein of 390
amino acids (9,10,29,48,51). Although the
genes for many GPCRs lack introns
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Figure 4. Effect of histamine and its agonists on MCF-7
breast cancer cell proliferation. Proliferation was
determined by the clonogenic assay. A) Cells were left
untreated or were treated with histamine (0.001-10 pM). B)
Cells were left untreated or treated with 2-(3-
(trifluvoromethyl)phenyl)histamine (3FMPH, 10 uM),
Anthamine (10 pM), Imetit (0.01 pM) or R-
aMethylhistamine (R-aMeH, 0.01 puM). Results are
expressed as percentage of control values. Error bars
represent the means + SEM. (***P<0.001 vs. Control,
ANOVA and Tukey's Multiple Comparison Test).

analysis of the H4R gene has revealed the
presence of two large introns, indicating that
alternative splicing may result in the
generation of H4R isoforms. Isoforms have
been described for the H4R which have
different ligand binding and signalling
characteristics. H4R splice variants [H4R (67)
and H4R (302)] have a dominant negative
effect on H4R (390) functionality, being able
to retain it intracellularly and to inactivate a
population of H4R (390) presumably via
hetero-oligomerization (29,32). In addition,
H4R dimeric structures that include homo-
and hetero-oligomer formation and post-
translational changes of the receptor might
contribute  to added pharmacological
complexity for H4R ligands (29,31,32).

In the present work, we
demonstrated the functional expression of
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H4R in two breast cancer cell lines with
different malignant characteristics. A
different pattern of protein expression was
observed in MDA-MB-231 and MCF-7
cells. MCF-7 cells exhibited the presence of
a diverse range of molecular weight species
of the H4R, which are compatible with the
putative monomer at Mw 31 kDa, and
shorter molecular weight specie that might
correspond to an H4R isoform. Additionally,
two higher molecular weight species were
observed that well-matched robust dimeric
structures (29,32). The molecular weight
specie of ~75 kDa was also detected in
MDA-MB-231 cells and in other human
cancer cells such as Panc-1 cells derived
from a ductal pancreatic carcinoma (52), and
M1/15 cells derived from a liver metastasis
of malignant melanoma (Massari et al.,
unpublished data). In addition, it is
consistent with the recombinant dimeric
human H4R and the native dimeric specie
detected in human lymphocytes and brain
(31,32,41). In MDA-MB-231 cells another
band (Mw ~ 45 kDa) was detected, which
might represent a proteolytic fragment (31)
or, as previously reported, the recombinant
H4R expressed in COS-7 (45). Furthermore,
results indicate that a specific antibody
reacting with the H4R demonstrated
cytoplasmic staining and a higher intensity
in anti-H4R reactivity in MDA-MB-231
cells compared to MCF-7 cells.

In multiple malignant cell types,
histamine receptors can be associated to
multiple signalling pathways. The regulation
of receptor density at cell surface can
strongly affect the receptor ability to
functionally couple and regulate different
signal transduction pathways (17,53).
Results showed that histamine was not able
to modulate cAMP levels in MDA-MB-231
cells while it produced an increase in cAMP
levels in MCF-7 cells at 10 puM
concentration that was completely blocked
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Figure 5. Effect of histamine and H4R agonists on cell
death. A) Apoptotic cells were determined by Annexin V-
FITC staining and FACS analysis. B) Disruption of
mitochondrial transmembrane potential (Aym) was
evaluated by flow cytometry using DiOCgy staining. C)
Apoptosis was determined by the TUNEL assay. At least
500 cells were scored for each determination. D) Apoptotic
cells are indicated with arrows. Cells were left untreated or
were treated with 10 pM histamine (HA), 10 puM
clobenpropit (Clob), or 10 uM VUF8430 (VUF) for 72 h.
Error bars represent the means + SEM. (*P<0.05,
**#P<0.01, ***P<0.001 vs. Control; ANOVA and Tukey's
Multiple Comparison Test).
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by the treatment with the H2R antagonist
famotidine (data not shown), and an H2R
agonist significantly increased cAMP levels
(54). Like the recombinant H3R (10,25,26),
the recombinant H4R has been described to be
coupled to Gi/0 proteins, leading to inhibition
of cAMP formation (9,10,29). Therefore, we
further investigated the modulation of cAMP
production by the H4R putative agonist
VUF8430. Results demonstrated that the H4R
agonist decreased the cAMP formation
induced by forskolin, indicating that the H4R
is coupled to the inhibition of adenylate
cyclase in MCF-7 cells. H4R agonist
produced a maximal inhibition of forskolin-
induced cAMP accumulation of 30% in MCF-
7 cells. On the other hand, H4R agonist was
not able to decrease the cAMP level induced
by forskolin in MDA-MB-231 cells,
suggesting that in these cells the H4R is
doubtable coupled to the Gai/0. Additionally,
in both cell lines, treatment with VUF8430 did
not significantly modify the cAMP basal
levels (data not shown). In agreement with our
results, a similar maximal inhibitory response
of around 30% was previously reported for
human H4R expressed in HEK cells when
treated with H4R agonists (55), and also in
other studies direct coupling of the H4R to
inhibition of adenylate cyclase could not be
detected (43) or was also found to be weak
(44). These results might suggest that the
reduction of cAMP by the inhibition of
adenylate cyclase is not a primary transduction
pathway of the H4R in these cells. Current
studies are aimed to fully explore the signal
transduction pathway associated to the H4R as
well as the H4R isoforms in breast cancer cell
lines.

Several lines of evidence indicate that
carcinogenesis is a multistep process that
drives the progressive transformation of
normal cells into highly malignant derivatives.
These steps reflect genetic alterations that lead
to physiologic changes including self-
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Figure 6. Senescence-associated  [3-

galactosidase staining. A) MDA-MB-231
and B) MCF-7 cells were left untreated or
were treated with 10 uM histamine (HA), 10
uM clobenpropit (Clob), 10 uM VUF8430
(VUF) and/or 10 puM INJ7777120 (JNJ77)
for 48 h. At least 500 cells were scored for
each  determination. Arrows indicate
senescent cells. Error bars represent the
means £ SEM. (**P<0.01, ***P<0.001 vs.
Control; ##P<0.01 vs. HA; ANOVA and
Tukey's Multiple Comparison Test).

sufficiency in growth signals, insensitivity to
programmed cell death (apoptosis) and
limitless  replicative  potential, ~ which
collectively dictate malignant growth (56,57).
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In order to investigate the role of H4R
in breast carcinogenesis we first evaluated its
involvement in breast cancer cell proliferation.
In both cell lines histamine has the ability to
modulate cell proliferation. In MDA-MB-231
breast cancer cells it produced a dose-
dependent effect, eliciting a significant
decrease at micromolar concentration,
whereas at lower concentrations it increased
proliferation moderately through the H3R
(33). In contrast, in MCF-7 cells histamine
decreased proliferation at all doses tested and
the combined treatment with JNJ7777120
reverted in part the reduced BrdU
incorporation induced by histamine. In this
line, the 4 histamine receptor subtype agonists
reduced proliferation, indicating that the
inhibitory response elicited by histamine is not
only mediated by the H4R. Interestingly,
histamine was incapable of inducing
proliferation via the H3R in these cells as
compared with the more undifferentiated
MDA-MB-231 breast cancer cells, suggesting
that a different isoform expression, protein-
protein interaction, or signalling pathways
could be responsible for the wvariation in
histamine responses. Furthermore, H4R
agonists inhibited proliferation and reduced
BrdU incorporation of both cell lines;
however, in MDA-MB-231 cells this effect
was only achieved at 10 uM concentration
while decrease in MCF-7 cell proliferation
was observed at lower concentrations. Thus,
the H4R agonists evoked a response at low
concentrations in MCF-7 cells, suggesting a
different potency to inhibit proliferation that
may be associated to the dissimilar molecular
weight species/isoforms of the H4R detected,
and also a consequence of the different signal
transduction pathway triggered through this
receptor in these cell lines. In addition, in both
cell lines clobenpropit treatment elicited a
higher response in terms of proliferation than
the putative H4R agonist VUF8430,
suggesting that part of the observed effect
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could not be mediated by the H4R. The
involvement of H4R in cancer cell
proliferation was also reported in Panc-1
cancer cells (52) and melanoma cells (Massari
et al., unpublished data) in which H4R
agonists  reduced  proliferation  (58).
Furthermore, the expression of H4R was
reported not only in cell lines but also in tissue
derived from colon carcinoma (49,59).
Interestingly, the H4R antagonist,
IJNJ7777120, prevented the cell growth-
promoting activity of histamine in three colon
cancer cell lines without affecting the basal
growth of the cells (49). Therefore, the precise
role of H4R in cell proliferation seems to be
cancer type dependent.

In order to determine whether the
reduced proliferation exerted by the H4R
agonists could be associated to an induction of
programmed cell death, we investigated their
effect on cell apoptosis. As we have
previously showed, histamine and H4R
agonists evoked an apoptotic response in
MDA-MB-231 cells, producing a 4-fold
increase in the number of TUNEL positive
cells (33,34). Here we demonstrated that
histamine and H4R agonists also induced
apoptosis in MCF-7 cells, producing a 3-fold
increase in the percentage of apoptotic cells
determined by Annexin-V staining and
TUNEL assay. In agreement, all treatments
produced the disruption of Awym, which
constitutes an obligate irreversible step of
apoptosis (38). It was recently described that
stimulation of the H4R is involved in the
development of sepsis-induced splenic
apoptosis through counteraction of the
antiapoptotic action of NF-kappaB (60). To
our knowledge, these findings are the first to
describe the involvement of the H4R in cancer
cell apoptosis.

Cell senescence, characterized by
disruption of lysosomal function through
enhanced activity of senescence-associated [3-
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galactosidase, is another biological process
associated with permanent growth arrest and
lack of proliferative activity and, therefore,
may influence the overall tumour response to
anticancer therapy (42,61). In light of this, we
evaluated the effect of histamine and H4R
agonists on cell senescence. Results indicate
that both treatments assessed were able to
induce premature or accelerated cellular
senescence, increasing the activity of
senescence-associated [-galactosidase and
producing morphological changes that include
enlarged and flattened cell shape (42).
Accordingly, we have previously described
that the inhibition of WM35 melanoma cell
proliferation produced by histamine was
mediated at least in part by an induction of cell
senescence (40).

On the basis of the present findings we
conclude that H4R is functionally expressed in
human breast cancer cell lines, exhibiting a
key role in histamine-mediated biological

processes such as cell proliferation,
senescence and apoptosis. The presented data
in addition to previous reports that

demonstrate the expression of H4R in human
breast lesions, suggest a novel and complex
role of H4R in breast carcinogenesis that
might represent a new molecular target and
avenue potentially useful for the design of
more specific and effective therapies for breast
cancer, though further investigation is needed
to fully understand its function in the diverse
types of tumours.

6. ACKNOWLEDGEMENTS

This work has been supported by
grants from the University of Buenos Aires
B061 and 20020090300039, from the
National Agency of Scientific and
Technological =~ Promotion  PICT-2007-
01022, and from the EU-FP7 COST Action
BMO0806 (Recent advances in histamine
receptor H4R research).



Histamine H4 receptor and cancer cell proliferation

7. REFERENCES

1. F. Bray, P. McCarron and D.M. Parkin: The
changing global patterns of female breast cancer

incidence and mortality. Breast Cancer Res 6, 229-
239 (2004)

2. D.M. Parkin, F. Bray, J. Ferlay and P. Pisani:
Global cancer statistics, 2002. CA Cancer J Clin
55, 74-108 (2005)

3. AM. Gonzalez-Angulo, F. Morales-Vasquez
and G.N. Hortobagyi: Overview of resistance to
systemic therapy in patients with breast cancer.
Adv Exp Med Biol 608, 1-22 (2007)

4. Z. Pos, H. Hegyesi and E.S. Rivera: Histamine
and cell proliferation. Histamine: biology and
medical aspects, 199-217 (2004)

5. B.C. Tilly, L.G.J. Tertoolen, R. Remorie, A.
Ladoux, I. Verlaan, S.W. De Laat, et al: Histamine
as a growth factor and chemoattractant for human
carcinoma and melanoma cells: action through
Ca2+-mobilizing H1 receptors. J Cell Biol 110,
1211-1215 (1990)

6. E.S. Rivera, G.P. Cricco, N.I. Engel, C.P.
Fitzimons, G.A. Martin and R.M. Bergoc:
Histamine as an autocrine growth factor: an
unusual role for a widespread mediator. Semin
Cancer Biol 10, 15-23 (2000)

7. A. Falus, H. Hegyesi, E. Lazar-Molnar, Z. Pos,
V. Laszlo and Z. Darvas: Paracrine and autocrine
interactions in melanoma: histamine is a relevant
player in local regulation. Trends Immunol 22,
648-652 (2001)

8. L.D. Wang, M. Hoeltzel, K. Butler, B. Hare, A.
Todisco, M. Wang, et al: Activation of the human
histamine H2 receptor is linked to cell proliferation

and c-fos gene transcription. Am J Physiol 273,
C2037-C2045 (1997)

9. C.A. Akdis and F.E.R. Simons: Histamine
receptors are hot in immunopharmacology. Eur J
Pharmacol 533, 69-76 (2006)

10. M. Dy and E. Schneider: Histamine-cytokine
connection in immunity and hematopoiesis.
Cytokine Growth Factor Rev 15, 393-410 (2004)

1057

11. S.J. Hill, C.R. Ganellin, H. Timmerman, J.C.
Schwartz, N.P. Shankley, J.M. Young, W.
Schunack, R. Levi and H.L. Haas: International
Union of Pharmacology. XIII. Classification of
histamine receptors. Pharmacol Rev 49 (3), 253-
78 (1997)

12. W. Wagner, A. Ichikawa, S. Tanaka, P. Panula
and W.A. Fogel: Mouse mammary epithelial
histamine system. J Physiol Pharm 54, 211-223
(2003)

13. D. Kierska, W. Fogel and C. Malinski:
Histamine concentration and metabolism in mouse
mammary gland during estrous cycle. Inflamm Res
46 Suppl. 1, S63-S64 (1997)

14. C. Malinski, D. Kierska, W. Fogel, A.
Kinnunum and P. Panula: Histamine: its
metabolism and localization in mammary gland.
Comp Biochem Physiol C 105, 269-273 (1993)

15. C.A. Davio, G.P. Cricco, G. Martin, C.P.
Fitzsimons, R.M. Bergoc and E.S. Rivera: Effect
of histamine on growth and differentiation of the

rat mammary gland. Agents Actions 41, C115-
C117 (1994)

16. E. Rivera, C. Davio, G. Cricco and R. Bergoc:
Histamine regulation of tumour growth. Role of
H1 and H2 receptors. Histamine in normal and
cancer cell proliferation, 299-317 (1993)

17. C.A. Davio, G.P. Cricco, R.M. Bergoc and
E.S. Rivera: Hl and H2 histamine receptors in
experimental carcinomas with an atypical coupling
to signal transducers. Biochem Pharmacol 50, 91-
96 (1995)

18. G.P. Cricco, C.A. Davio, C.P. Fitzsimons, N.
Engel, R.M. Bergoc and E.S. Rivera: Histamine as
an autocrine growth factor in experimental
carcinomas. Agents Actions 43, 17-20 (1994)

19. C.A. Davio, G.P. Cricco, N. Andrade, R.M.
Bergoc and E.S. Rivera: H1 and H2 histamine
receptors in human mammary carcinomas. Agents
Actions 38, C172-C174 (1993)

20. C. Davio, A. Madlovan, C. Shayo, B. Lemos,
A. Baldi and E. Rivera: Histamine receptors in



Histamine H4 receptor and cancer cell proliferation

neoplastic transformation. Studies in human cell
lines. Inflamm Res 45 Suppl. 1, S62-S63 (1996)

21. B. Lemos, C. Davio, H. Gass, P. Gonzales, G.
Cricco, G. Martin, et al: Histamine receptors in
human mammary gland, different benign lesions
and mammary carcinomas. Inflamm Res 44 Suppl.
1, S68-S69 (1995)

22. R. Parshad, P. Hazrah, S. Kumar, S.D. Gupta,
R. Ray and S. Bal: Effect of preoperative short
course famotidine on TILs and survival in breast
cancer. Indian J Cancer 42, 185-190 (2005)

23. E. Bolton and J. King, D.L. Morris: H2-
antagonists in the treatment of colon and breast
cancer. Seminar Cancer Biol 10, 3-10 (2000)

24. JM. Arrang, M. Garbarg and J.C. Schwartz:
Auto-inhibition of brain histamine release
mediated by a novel class (H3) of histamine
receptor. Nature 302, 832-7 (1983)

25. T.W. Lovenberg, B.I. Roland, S.J. Wilson, et
al: Cloning and functional expression of the human
histamine H3 receptor. Mol Pharmacol 55, 1101-7
(1999)

26. G. Bongers, R.A. Bakker and R. Leurs:
Molecular aspects of histamine H3 receptor.
Biochem Pharmacol 73, 1195-204 (2007)

27. E. Tiligada, E. Zampeli, K. Sander and H.
Stark: Histamine H3 and H4 receptors as novel
drug targets. Expert Opin Investig Drugs 18, 1519-
1531 (2009)

28. E. Zampeli and E. Tiligada: The role of
histamine H4 receptor in immune and
inflammatory disorders. Br J Pharmacol 157, 24-
33 (2009)

29. R. Leurs, P.L. Chazot, F.C. Shenton, H.D. Lim
and I.J.de Esch: Molecular and biochemical
pharmacology of the histamine H4 receptor. Br J
Pharmacol 157, 14-23 (2009)

30. J.F. Huang and R.L. Thurmond: The new
biology of histamine receptors. Curr Allergy
Asthma Rep 8, 21-27 (2008)

1058

31. R.M. van Rijn, P.L. Chazot, F.C. Shenton,
K. Sansuk, R.A. Bakker and R. Leurs:
Oligomerization of recombinant and
endogenously expressed human histamine H(4)
receptors. Mol Pharmacol 70, 604-615 (2006)

32. R.M. van Rijn, A. van Marle, P.L. Chazot,
E. Langemeijer, Y. Qin, F.C. Shenton, et al:
Cloning and characterization of dominant
negative splice variants of the human histamine
H4 receptor. Biochem J 414, 121-131 (2008)

33. V. Medina, G. Cricco, M. Nufiez, G. Martin,
N. Mohamad, F. Correa-Fiz, F. Sanchez-
Jimenez, R. Bergoc and E. Rivera: Histamine-
mediated signaling processes in human
malignant mammary cells. Cancer Biol Ther 5,
1462-1471 (2006)

34. V. Medina, M. Croci, E. Crescenti, N.
Mohamad, F. Sanchez-Jiménez, N. Massari, M.
Nufiez, G. Cricco, G. Martin, R. Bergoc and E.
Rivera: The role of histamine in human
mammary carcinogenesis. H3 and H4 receptors
as potential therapeutic targets for breast cancer
treatment. Cancer Biol Ther 7, 27-35 (2008)

35. C. Davio, A. Mladovan, B. Lemos, F.
Monczor, C. Shayo, E. Rivera, et al: H1 and H2
histamine receptors mediate the production of
inositol phosphates but not cAMP in human
breast epithelial cells. Inflamm Res 51, 1-7
(2002)

36. M.M. Bradford: A rapid and sensitive
method for the quantification of microgram
quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem 72, 248-254
(1976)

37. C. Mondillo, Z. Patrignani, C. Reche, E.
Rivera and O. Pignataro: Dual role of histamine
in modulation of Leydig cell steroidogenesis via
HRH1 and HRH2 receptor subtypes. Biol
Reprod 73(5), 899-907 (2005)

38. B.N. Zamzami, P. Marchetti, M. Castedo, C.
Zanin, J.L. Vayssiere, P.X. Petit and G.
Kroemer: Reduction in mitochondrial potential
constitutes an early irreversible step of



Histamine H4 receptor and cancer cell proliferation

programmed lymphocyte death in vivo. J Exp
Med 181, 1661-72 (1995)

39. G.P. Dimri, X. Lee, G. Basile, M. Acosta, G.
Scout, C. Roskelley, E. Medrano, M. Linskens,
I. Rubeli, O. Pereira-Smith and M. Peacocke: A
biomarker that identifies senescent human cells
in culture and aging skin in vivo. Proc. Natl.
Acad. Sci USA 92, 9363-9367 (1995)

40. V.A. Medina, N.A. Massari, G.P. Cricco,
G.A. Martin, R.M. Bergoc and E.S. Rivera:
Involvement of hydrogen peroxide in histamine-
induced modulation of WM35 human malignant

melanoma cell proliferation. Free Radic Biol
Med 46, 1510-1515 (2009)

41. W.M. Connelly, F.C. Shenton, N.
Lethbridge, R. Leurs, H.J. Waldvogel, R.L.
Faull, et al: The histamine H4 receptor is
functionally expressed on neurons in the
mammalian CNS. Br J Pharmacol 157, 55-63
(2009)

42. 1.B. Roninson: Tumor cell senescence in
cancer treatment. Cancer Res 63, 2705-2715
(2003)

43. K.L. Morse, J. Behan, T.M. Laz, RE. Jr
West, S.A. Greenfeder, J.C. Anthes, et al:
Cloning and characterization of a novel human
histamine receptor. J Pharmacol Exp Ther 296,
1058-1066 (2001).

44. T. Nakamura, H. Itadani, Y. Hidaka, M.
Ohta and K. Tanaka: Molecular cloning and
characterization of a new human histamine
receptor, H4R. Biochem Biophys Res Commun
279, 615-620 (2000)

45. T. Nguyen, D.A. Shapiro, S.R. George, V.
Setola, D.K. Lee, R. Cheng, et al: Discovery of a
novel member of the histamine receptor family.
Mol Pharmacol 59, 427-433 (2001)

46. T. Oda, N. Morikawa, Y. Saito, Y. Masuho
and S. Matsumoto: Molecular cloning and
characterization of a novel type of histamine
receptor preferentially expressed in leukocytes. J
Biol Chem 275, 36781-36786 (2000)

1059

47. C. Liu, X.J. Ma, X. Jiang, S.J. Wilson, C.L.
Hofstra, J. Blevitt, et al: Cloning and
pharmacological characterization of a fourth
histamine receptor (H4) expressed in bone
marrow. Mol Pharmacol 59, 420-426 (2001)

48. F. Coge, S.P. Guenin, H. Rique, J.A. Boutin
and J.P. Galizzi: Structure and expression of the
human histamine H4-receptor gene. Biochem
Biophy Res Commun 284, 301-309 (2001)

49. F. Cianchi, C. Cortesini, N. Schiavone, F.
Perna, L. Magnelli, E. Fanti, et al: The role of
cyclooxygenase-2 in mediating the effects of
histamine on cell proliferation and vascular
endothelial growth factor production in
colorectal cancer. Clin Cancer Res 11, 6807-
6815 (2005)

50. Y. Zhu, D. Michalovich, H. Wu, K.B. Tan,
G.M. Dytko, I.J. Mannan, et al: Cloning,
expression, and pharmacological
characterization of a novel human histamine
receptor. Mol Pharmacol 59, 434-441 (2001)

51. 1J. de Esch, R.L. Thurmond, A. Jongejan, R.
Leurs: The histamine H4 receptor as a new
therapeutic target for inflammation. Trends
Pharmacol Sci 26, 462-469 (2005)

52. G.P. Cricco, N.A. Mohamad, L.A. Sambuco,
F. Genre, M. Croci, A.S. Gutiérrez, et al:
Histamine regulates pancreatic carcinoma cell
growth through H3 and H4 receptors. Inflamm
Res 57 Suppl. 1, S23-S24 (2008)

53. C. Fitzsimons, N. Engel, L. Policastro, H.
Duran, B. Molinari and E. Rivera: Regulation of
phospholipase C activation by the number of
H(2)  receptors  during  Ca(2+)-induced
differentiation of mouse keratinocytes. Biochem
Pharmacol 63, 1785-96 (2002)

54. C. Davio, A. Baldi, A. Mladovan, G. Cricco,
C. Fitzsimons, R. Bergoc and E. Rivera:
Expression of histamine receptors in different
cell lines derived from mammary gland and
human breast carcinomas. [Inflammation
Research 44, 70 (1995)



Histamine H4 receptor and cancer cell proliferation

55. F. Gbahou, L. Vincent, M. Humbert-Claude,
J. Tardivel-Lacombe, C. Chabret and JM.
Arrang: Compared pharmacology of human
histamine H3 and H4 receptors: structure-
activity relationships of histamine derivatives.
Br J Pharmacol 147, 744-54 (2006)

56. D. Hanahan and R.A. Weinberg: The
hallmarks of cancer. Cel/ 100, 57-70 (2000)

57. D.R. Camidge and D.I. Jodrell:
Chemotherapy. Introduction to the cellular and
molecular biology of cancer, 399-413 (2005)

58. V.A. Medina, E.S. Rivera: Histamine
receptors and cancer pharmacology. Br J
Pharmacol 161, 755-67 (2010)

59. K. Boer, E. Helinger, A. Helinger, P. Pocza,
Z. Pos, P. Demeter, et al: Decreased expression
of histamine H1 and H4 receptors suggests
disturbance of local regulation in human

colorectal tumours by histamine. Eur J Cell Biol
87,227-236 (2008)

60. N. Matsuda, H. Teramae, M. Futatsugi, K.
Takano, S. Yamamoto, K. Tomita, T. Suzuki, H.
Yokoo, K. Koike and Y. Hattori: Up-regulation
of histamine H4 receptors contributes to splenic
apoptosis in septic mice: counteraction of the
antiapoptotic action of nuclear factor-kappaB. J
Pharmacol Exp Ther 332, 730-7 (2010)

61. R. Kim, M. Emi, and K. Tanabe: Role of
apoptosis in cancer cell survival and therapeutic
outcome. Cancer Biol. Ther 52, 1429-1424
(20006)

Abbreviations: H4,R: Histamine H, receptor; ER:
estrogen receptor; TUNEL: TdT-mediated UTP-
biotin Nick End labelling; cAMP: cyclic
adenosine monophosphate; BrdU: 5-bromo-2'-
deoxyuridine; GPCR:  G-protein  coupled
receptors; H;R: Histamine H; receptor; H)R:
Histamine H, receptor; H;R: Histamine Hj
receptor; PBS: phosphate-buffered saline; BSA:
bovine  seroalbumine; FITC: fluorescein
isothiocyanate; Aym: mitochondrial
transmembrane potential.

1060

Key Words: Human Breast Cancer, Histamine H,

Receptor,  Apoptosis, Cell  Senescence,
Proliferation

Send correspondence to: Elena S Rivera,
Laboratory of Radioisotopes, School of

Pharmacy and Biochemistry, University of
Buenos Aires, Junin 956, Buenos Aires,
Argentina, 1113, Tel: 54-11-4964-8277/8202,
Fax: 54-11-4964-8277/8202 ext: 31, E-mail:
erivera@ffyb.uba.ar



