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Abstract Scattered data suggested that disodium cro-

molyn, well known as a mast cell stabilizer shows some

effects on tumor cells and tumor-associated newly formed

vascular networks. Most of these studies used tumor cell

lines assessed by in vitro studies. Nor disodium cromolyn

effects on melanoma cell lines were studied yet, neither its

influence on recruited tumor blood vessels or angiogenic

growth factors expression. We designed here a study

regarding disodium cromolyn effects on A375 melanoma

tumor cells implanted on chick embryo chorioallantoic

membrane (CAM) and on blood vessels recruited by the

experimental melanoma in the absence of mast cells,

knowing that within CAM, the existence of mast cells are

not certified yet. We also assessed the role of disodium

cromolyn on the expression of several angiogenic growth

factors. Disodium cromoglycate differentially acts on

tumor cells and blood vessels. Extensive necrotic areas of

experimental melanoma together with an increased number

of peritumor blood vessels were observed in treated spec-

imens as compared with untreated tumors. Disodium

cromolyn inhibited VEGF and PDGF-BB expression, and

had no effects on EG VEGF expression between treated

and non treated specimens in a mast cells free microenvi-

ronment. Our results sustain the direct antitumor effects of

sodium cromolyn and suggest the involvement of several

growth factors in the recruitment of tumor vessels by A375

melanoma tumor cells. The expression of growth factors is

differentially influenced by sodium cromolyn treatment.
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Introduction

Mast cells degranulation initiates a cascade of events

through their mediators which act in a complex manner on

blood vessels mainly. Mast cell mediators dramatic clini-

cal effects are counteracted by the use of mast cells

stabilizers which prevent the release of mediators that

would normally attract inflammatory cells. Several mast

cells stabilizers are known and used as treatment for

allergic diseases (Platt 2014; Ridolo et al. 2014) and

asthma (Netzer et al. 2012; Yang et al. 2010). Disodium

cromolyn is one of the most extensively used mast cells

degranulation inhibitors in allergy and asthma acting by

stabilizing the granule membranes and preventing the

release of mediators (Finn and Walsh 2013). Other cro-

molyn effects, not related to the inhibitory potential of

mast cells are rarely reported in the literature. Sodium

cromolyn has been tested in tumors as neoadjuvant therapy

to inhibit lung cancer-associated cough (Moroni et al.

1996) but the mechanism of action has not been eluci-

dated. Direct antitumor effects of cromolyn was reported

for the first time by (Arumugam et al. 2006), who observed

cromolyn ability to bind S100P, inhibits tumor growth,

and increases the effectiveness of gemcitabine in three

orthotopic models of pancreatic cancer. Recently, the

same team designed a cromolyn analog, 5-methyl cro-

molyn (C5OH), which reduced NF-jB activity to a greater
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extent than cromolyn and using a ten times smaller dose.

Treatment of mice-bearing syngeneic pancreatic ductal

adenocarcinoma tumors showed that C5OH treatment

reduced both tumor growth and metastasis (Arumugam

et al. 2013). Another independent team evaluated

naproxen and cromolyn activities against cancer cells

viability, proliferation, apoptosis, p53 and gene expression

of survivin and caspase-3. Motawi et al. (2014) performed

a detailed biochemical evaluation of the two drugs against

colorectal adenocarcinoma (Caco2), hepatocellular carci-

noma (HepG2), mammary gland carcinoma (MCF7),

epitheloid cervix carcinoma (Hela), lung carcinoma

(A5W9) and epidermoid larynx carcinoma (Hep2) cell

lines, followed by viability tests using trypan blue, pro-

liferation MTT assay, apoptosis, p53 and real-time

polymerase chain reaction for gene expression of survivin

and caspase-3. Except the two previous mentioned refer-

ences no other in vitro or in vivo data are available

regarding the effects of cromolyn on other malignant cells

types. The possible influence of disodium cromolyn on

blood vessels was usually correlated with the mast cells

stabilization and, to a lesser extent, with the direct action

of this therapeutic agent on endothelial cells or other

components of tumor and non tumor blood vessels. Most

of the data regarding the interaction between cromolyn

and endothelial cells are indirect evidences derived from

leucocytes, eosinophils and monocytes interaction with

endothelial cells modulated by cromolyn (Ebihara et al.

2006; Horváthová et al. 1998; Yazid et al. 2010).

The role of mast cells stabilizers in the angiogenesis

process is still a controversial topic. Most of the papers

published in the field studied the influence of mast cells

stabilizers on the variability of tumor mast cells number

and degranulation, directly. Subsequently, mast cells vari-

ability under influence of mast cells stabilizers was

correlated with tumor microvessel density and, to a lesser

extent with angiogenic growth factors expression.

Mast cells stabilization followed by the decrease of

blood vessels seems to be one of the most promising

therapeutic option especially in tumor angiogenesis (Ri-

batti and Ranieri 2015) but also in other non tumor

conditions as pulmonary arterial hypertension (Bartelds

et al. 2012). Tryptase and chymase are the most common

mast cell granules components studied in angiogenesis.

Gabexate mesylate, nafamostat mesylate, and tranilast are

mast cells inhibitors recently studied as new promising

antiangiogenic agents (Ammendola et al. 2014). Disodium

cromolyn, another mast cell stabilizer, has a widely

accepted antitumor effects in several tumor types as

cholangiocarcinoma (Johnson et al. 2016), pancreatic

cancer (Kim et al. 2012) or breast malignancies (Samoszuk

and Corwin 2003). All effects of mast cell stabilizers

described above are related with mast cells inhibition. To a

lesser extent, indirect evidences of direct effects of mast

cell stabilizers on tumor cells and/or blood vessels were

previously reported in older studies (Isaji et al. 1997; Yoon

et al. 2004).

The Present paper proposed a different approach of mast

cell stabilizer effects on tumor cells and blood vessels, in

the absence of mast cells, using free mast cells chick

embryo chorioallantoic membrane experimental model.

The rationale of the study was to assess the direct effects of

disodium cromolyn on both melanoma tumor cells and

blood vessels without mast cells involvement and its

influence on angiogenic growth factor expression. More-

over, disodium cromolyn effects on A375 melanoma cells

has not previously reported.

We designed here a study regarding disodium cromolyn

effects on A375 melanoma tumor cells implanted on chick

embryo chorioallantoic membrane (CAM, where the

presence of mast cells failed to be proved in normal con-

ditions) and on blood vessels recruited by the experimental

melanoma. We also assessed the role of sodium cromolyn

on the immunohistochemical expression of vascular

endothelial growth factor (VEGF), platelet derived growth

factor (PDGF) and endocrine derived vascular endothelial

growth factor (EG VEGF).

Materials and Methods

Cell Culture Technique

A375 human melanoma cell line is derived from a 54-year-

old female with malignant melanoma (Giard et al. 1973).

The cells were purchased from ECACC (European Col-

lection of Cell Cultures, Wiltshire, UK). Human melanoma

cell line A375 was cultured in Dulbecco’s modified Eagle

Medium (DMEM) with high glucose (4.5 g/l), 15 mM

Hepes, and 2 mM L-glutamine, supplemented with 100 U/

ml penicillin, 100 lg/ml streptomycin, and 10 % fetal calf

serum (FCS). Cells were kept in a humidified atmosphere

with 5 % CO2 at 37 �C and passages were done every

2 days. In the day of the experiment, A375 were prepared

for inoculation according to the following steps: the old

medium was removed; the cells were trypsin-treated for

5 min at 37 �C, suspended in medium and centrifuged. The

pellet of cells was suspended in phosphate buffer saline and

the cells were counted.

Chick Embryo Chorioallantoic Membrane

Preparation and Design of the Experiment

Three groups of ten fertilized eggs each were organized

for the experimental study. The chick embryo chorioal-

lantoic membrane was prepared according to the method
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previously described by Ribatti (2008). On day seven of

incubation, a silicon ring was applied on the surface of

chick CAM. First group was treated with 2 ll of dis-

odium cromolyn applied inside the silicon ring daily,

starting from the 7th day of incubation. For the second

group, A375 human amelanotic melanoma cell line in

medium (104 cells/2 ll) in volumes of 2 ll suspension

were inoculated inside silicon rings on day 7 of incuba-

tion for the second experimental group. The eggs from the

third group were treated with both A375 melanoma cells

and 2 ll disodium cromolyn. The specimens were daily

treated with disodium cromolyn for 7 days and evaluated

by stereomicroscopy. On day 14 of incubation the

experiment was stopped. We performed in ovo CAM

fixation by using 10 % buffered formalin for 1 h. Then,

the chick CAM specimens were collected and fixed in

formalin for next 24 h.

Morphologic Primary Processing of the Tissues

After formalin fixation, chick embryo CAM biopsies were

paraffin embedded and 3 lm thick serial sections were

obtained. Hematoxylin and eosin stain was performed and

specimen evaluation was followed by the selection of

sections for immunohistochemistry.

Immunohistochemistry

Immunohistochemistry was performed in an automated

manner by using BOND MAX workflow. We evaluated the

presence of VEGF (mouse anti-human, monoclonal anti-

body, clone VG1, Dako, Carpinteria, USA), PDGF B

(rabbit anti-human, ThermoScientific, Fremont, CA, USA),

EG VEGF (goat anti-human, polyclonal antibody, Reliat-

ech, Germany) in cromolyn treated and non treated

specimens. Briefly, incubation with primary antibody was

followed by the use of a free biotin working system (No-

volink, Leica, Microsystems, UK). Nuclear stain and

permanent mounting completed the immunohistochemical

procedure.

Microscopic Evaluation and Data Acquisition

Stereomicroscopic assessment of chick embryo chorioal-

lantoic membrane was performed with Zeiss AxioZoom

V16 Stereomicroscope. Microscopic evaluation followed

by images acquisition was done using Axio Imager

A2Zeiss microscope. Presence, density and distribution of

blood vessels and growth factors expression for specimens

with and without disodium cromolyn treatment were

assessed.

Results

CAM specimens treated with disodium cromolyn in the

absence of A375 melanoma cells had a higher number of

blood vessels compared with normal CAM. The blood

vessels around the silicon ring treated with disodium cro-

molyn had a branched appearance, with tendance to

develop vessels networks. Most of these vessels were sin-

uous, had lumen and were already perfused. Macroscopic

view of these vascular networks was confirmed by micro-

scopic assessment of blood vessels, showing small

branched vessels convergent to the silicon ring filled with

disodium cromolyn.

Inoculation of A375 melanoma cells on CAM surface

was followed (in absence of disodium cromolyn) by the

development of compact tumor mass, composed of closely

packed viable tumor cells surrounded by a high number of

blood vessels, also invaded by small perfused capillaries

(Fig. 1a, c, e). Isolated tumor cells islands were observed

far from the silicon ring where A375 tumor cells were

initially implanted. These were also highly vascularized

(Fig. 1g) tumor cells being strongly positive for VEGF and

EG VEGF, while PDGF B was observed at vascular level

and, to a lesser extent, in tumor cells (Fig. 2a, c, e).

A375 tumor implants treated with disodium cromolyn

were completely different as compared with the previous

untreated ones, regarding tumor cells morphology and

development, vascular network distribution and growth

factors expression. A375 melanoma cells derived tumors

treated with disodium cromolyn failed to fill the silicon

ring where they were implanted, only small tumor islands

being found at the periphery of the silicon ring (Fig. 1b, d).

These small tumor areas were characterized by extensive

necrosis, most of the tumor cells were disintegrated, few

viable cells and they were recognized by their specific

morphology. Peritumor vascular network was still present

after 7 days treatment with disodium cromolyn, their

morphology and density being similar with those found in

the normal CAM treated with the same agent. Differential

expression of growth factors was assessed for this group of

specimens. No positive reaction for VEGF was observed,

meaning that VEGF expression was inhibited by disodium

cromolyn in tumor cells and CAM chorion (Fig. 2b). Also,

immunohistochemistry for PDGF B was slightly positive

(Fig. 2d). A particular observation has been made regard-

ing EG VEGF. Its expression was similar for treated and

untreated tumor specimens (Fig. 2f). This means that dis-

odium cromolyn has no effect on the expression of growth

factors as EG VEGF and partially stimulated PDGF B

expression in experimental melanoma cells and CAM

blood vessels.

Arch. Immunol. Ther. Exp. (2016) 64:515–522 517

123



Fig. 1 Macroscopic (a, b) and microscopic (c–h) comparative

assessment of A 375 melanoma cells behavior in disodium cromolyn

treated and non treated specimens. Treated A375 melanoma cells

were not able to form a well defined tumor (b, d) compared with non

treated implanted cells which formed a melanoma tumor inside the

silicon ring (a, c). Note that the number of blood vessels around the

implants did not differ between treated (f) and non treated specimens

(e). Also, distant metastases were not influenced by the disodium

cromolyn (g, h) but induced fibroblast proliferation inside chick CAM

chorion around metastatic islands (h)
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Discussion

Disodium cromoglycate is a well known mast cells sta-

bilizer used as main therapy in several disease involving

mast cells in their pathogenesis (Castillo et al. 2015;

Zhang et al. 2016). Its certified role as a drug which

prevents the release of mediators that would normally

attract inflammatory cells, recommends it as therapy for

asthma (Küpper et al. 2012), allergic conjunctivitis

(Pacharn and Vichyanond 2013), mastocytosis (Horan

et al. 1990), dermographic uritcaria (Zuberbier et al.

2001) or ulcerative colitis (Raithel et al. 2007). Several

recent papers described other less known functions of

disodium cromolyn, not related to its main function. One

Fig. 2 Influence of disodium cromolyn treatment on the expression

of growth factors secreted by melanoma cells, endothelial and

perivascular cells. VEGF expression was highly inhibited in treated

specimens (b) compared with non treated ones (a). PDGF B

expression partially decreased in tumor cells after disodium cromolyn

treatment but is still expressed in the chick CAM cellular components

and vessels (c, d). Endocrine gland derived VEGF was not influenced

by the treatment, remaining positive in both specimens (e, f)
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of the first evidence of cromolyn effects on tumor cells

was reported by Samoszuk and Corwin (2003), when they

observed that sodium cromolyn increases blood clotting

and hypoxia in experimental model of subcutaneous

implants of the 4T1 mammary adenocarcinoma cell line

in mice. Their study was designed based on the high

levels of chymase and tryptase observed in women with

breast cancer and thus, they stated that mast cells inhi-

bition may play an important role in regulating blood

clotting and hypoxia in breast cancer. Compared to the

murine model of tumor implants, for the chick embryo

CAM the presence of mast cells failed to be proved until

now. Thus, we considered that this model is an useful tool

to study disodium cromolyn effects on tumor cells and

tumor microenvironment in the absence of mast cells. Our

observations about a higher density of blood vessels

around silicon ring treated with disodium cromolyn in the

absence of tumor cells and mast cells sustain the hypoxic

effects of disodium cromolyn on normal tissues. Most

probably, disodium cromolyn induced hypoxia is

responsible for the recruitment of new blood vessels

around the silicon ring treated with disodium cromolyn

and, based on this, we may explain the higher density of

blood vessels in disodium cromolyn treated specimens of

CAM compared with non treated ones. To the best of our

knowledge this is the first report regarding the effects of

disodium cromolyn on the normal vasculature in the

absence of mast cells. It seems that, hypoxic effects of

disodium cromolyn are not restricted to normal tissues.

Recently, few papers reported that the use of disodium

cromolyn led to tumor hypoxia and tumor cells apoptosis

in experimental models of pancreatic (Kim et al. 2012;

Theoharides 2008) and thyroid cancer (Melillo et al.

2010) but for all of them, disodium cromolyn effects were

related to tumor mast cells inhibition. Tumor cells

necrosis was related to a decreased number of mast cells

following therapy with disodium cromolyn. Our findings

showed a direct effect of disodium cromolyn which

induced tumor cells necrosis in the absence of mast cells.

Several and controversial aspects regarding the relation-

ship between disodium cromolyn and malignant

melanoma have been reported. There is one report sug-

gesting the development of malignant melanoma as a side

effect of disodium cromolyn therapy, the percent of

patients who developed such side effects being around

0.2387 % (http://factmed.com/study-CROMOLYN%20

SODIUM-causing-MALIGNANT%20MELANOMA.php).

These data are in conflict with our observations on

implanted malignant melanoma treated with disodium

cromolyn. Treated melanoma showed a high necrotic rate

compared with untreated specimens, so we are not able to

agree with previous hypothesis about disodium cromolyn

induction of melanoma. A potential mechanism of

malignant melanoma inhibition induced by disodium cro-

molyn could have as main target S100 protein family,

already certified as a key player in the pathogenesis of

malignant melanoma and, also as a target for disodium

cromolyn (Okada et al. 2002; Shishibori et al. 1999).

Moreover, disodium cromolyn has a weak effect as mast

cell stabilizer by its limited inhibition of histamine and

prostaglandin release to some extent, but not inflammatory

cytokine release, through an unknown mechanism (Weng

et al. 2012). The influence of disodium cromolyn on growth

factors expression is still less discussed. Few indirect evi-

dences from non-malignant conditions treated with

cromolyn are now available. Sapmaz et al. (2015) reported

that cromolyn treatment induced a significant reduction in

VEGF-a in the lung parenchyma of the male Fischer 344

rats with aspiration-induced fibrosis (Chang et al. 2014).

Bosquiazzo et al. (2007) used disodium cromoglycate to

inhibit mast cells degranulation and, related to this, to study

angiogenesis variability in rat uterine cervix during preg-

nancy. They reported an inhibition of VEGF mRNA by

disodium cromolyn and also a decreased endothelial cell

proliferation. It seems that stimulation of blood vessels

development in our study despite disodium cromolyn

addition, is sustained by the persistence of EG VEGF and

incomplete inhibition of PDGF B.

The effects of disodium cromolyn on other growth

factor expression were not proved, yet. Our results sug-

gested that disodium cromolyn decreased PDGF B

expression in tumor cells but does not influence EG VEGF

expression.

Other mast cell stabilizers as gabexate mesilate and

nafamostat mesilate, two inhibitors of trypsin-like serine

proteases (Ribatti and Ranieri 2015) inhibit mast cell

tryptase, a certified angiogenic factor in tumors. All mast

cell stabilizers are studied and discussed regarding their

effects on tumor cells and, indirectly as pro-angiogenic or

anti-angiogenic factors. Similar to VEGF inhibition by

disodium cromolyn found in the present study, Fujiwara

et al. (2011) reported that in vitro, nafamostat mesilate

inhibited activities of NF-jB, phosphorylated IjBa,
ICAM-1, VEGF and MMP-9 in human pancreatic cancer

cell lines (AsPC-1, BxPC-3 and PANC-1). As it is easily

observed, all these factors are equally involved in different

steps of tumor angiogenesis and the authors indirectly

suggested an inhibition of tumor angiogenesis by nafa-

mostat mesilate, covering a limited spectrum of angiogenic

factors. Also, PDGF-BB inhibition by nafamostat mesilate

was reported 15 years ago on a non tumor model of cere-

bral vasospasm model in mice, after subarachnoid

hemorrhage (Zhang et al. 2001). The authors found that

nafamostan mesilate suppressed the expression of PDGF-

BB in the endothelial and medial smooth muscle cell lay-

ers. A generic overview of the presented data suggested
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that mast cell stabilizers seems having an antiangiogenic

effects on tumor blood vessels. But, one important issue is

neglected: hypoxia induced by these agents on tumor and

non tumor tissues. High rate of hypoxia can stimulate

angiogenesis or can suppress a potential antiangiogenic

effect of mast cell stabilizers sustained by angiogenic

growth factor inhibition. This complex and dual role of

mast cell stabilizers is sustained by a study published in

2010 (Doyle and Haas 2010), which reported that mast cell

stabilization with cromolyn attenuated degranulation but

did not inhibit the increased mast cell density, MMP-2

activity, VEGF protein levels or the increase in capillary

number following muscle overload and mast cell activation

is not critical to the angiogenic response following skeletal

muscle overload.

In conclusion, disodium cromolyn induces melanoma

cells necrosis by a direct mechanism most probably

mediated through S100 pathway, in the absence of mast

cells. Also, it induces blood vessels development following

hypoxia in normal and peritumoral tissues.
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