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ABSTRACT
Mast Cells (MCs) are highly granulated tissue dwelling cells, widely distributed throughout the
body in connective tissue and adjacent to mucosal surface where they are frequently located in
close proximity to blood vessels and periphery. Due to this strategic location, they are one of the
first cells encountering environmental stimuli such as pathogenic microorganisms, allergens and
toxins. On their activation, they release large number of pro-inflammatory and immuneregulatory mediators like lysosomal enzymes (β -hexosaminidase, cathapsin-D), vasoactive
amines (histamine, serotonin), proteases (tryptase, chymase, carboxypeptidase-A), lipid
mediators (leukotrines, prostaglandins), chemokines and cytokines. Our previous studies have
shown that these mediators reside in distinct secretory granule subsets whose exocytosis is
regulated by different fusion mediator proteins. This led to the hypothesis that the array of
mediator release from MCs may also vary in response to different stimuli. So, the aim of this
study was to compare the secretory response of MCs, both quantitatively and qualitatively, to
different physiological triggers. RBL-2H3 mast cell line was stimulated in vitro by allergen
challenge and bacterial challenge and secretion of various pre-stored mediators or induction of
cell death was compared. Our study suggests that the extent and nature of degranulation from
MCs may differ depending on nature of trigger. This differential response of MCs in response to
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various environmental challenges may ultimately fine tune the body’s defense system to either
mount an allergic response or tackle a myriad of pathogenic threats.
Keywords: Allergen, Bacteria, Histamine, Mast Cells, Receptors

1. Introduction
Mast Cells (MCs) are a highly granulated tissue dwelling cells of hematopoietic lineage and
are one of the major effectors cells in the immune system (Metcalfe, Baram and Mekori 1997,
Lai et al. 2014). In the recent years MCs are recognized not only as allergy regulator but also
considered as cellular sensors in inflammation and immunity (Moon et al. 2014b). They play a
vital role in tissue functions; wound healing, smooth- muscle contraction and regulation of innate
and adaptive immune response (Galli et al. 2005a). MCs are involved in different disease
conditions, allergic disorders and functional diseases which limit disease progression and are not
always detrimental (Galli, Grimbaldeston and Tsai 2008). They leave the bone marrow through
the blood stream and invade into peripheral sites where they complete their maturation (Galli et
al. 2008). Mature MCs are long- lived tissue resident cells distributed throughout the body and
are common at mucosal surfaces in close proximity to blood vessels and periphery, a major hostenvironment interface (Moon et al. 2014b). So they serve as first responders to a variety of
extrinsic challenges including allergens and pathogens (Marshall 2004). Mediator release is
indeed a chronological event, which highly depends upon encountered stimuli and their signaling
cascades. MCs are involved in the regulation of variety of physiological functions, including
vasodilatation, angiogenesis, bacterial, and parasite elimination (Abraham and St John 2010). In
addition, MCs regulate functions of many cell types, such as dendritic cells, macrophages, T
cells, B cells, fibroblasts, eosinophils, endothelial cells, and epithelial cells (Galli, Nakae and
Tsai 2005b). Since, MCs generate and release multi-potent molecules, such as histamine,
proteases, prostaglandins, leukotrienes, heparin, and many cytokines, chemokines, and growth
factors, they have the capacity to be involved in regulating the functions of many organs and
tissues (Krystel-Whittemore, Dileepan and Wood 2015).
Different receptors present on MCs such as FcεRI receptor, G-protein coupled receptor,
Toll like receptors recognize specific components of external stimuli which follow mostly IgE
dependent or IgE independent mechanisms respectively (Marshall 2004). MCs’ inflammatory
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response is characterized by an early phase, followed by a late phase. During the early phase
there is a massive discharge of mediators stored in cytoplasmic secretory granules through
exocytosis. The late phase involves generation of arachidonic acid metabolites and de novo
synthesis of cytokines/chemokines and growth factors released through vesicular carriers.
Released mediators participate in innate and adaptive defense mechanism (Metcalfe et al. 1997)
(Brown and Hatfield 2012). The mediators released in this manner are diverse both in nature and
function. Their effector functions include killing of pathogens, degrading potent toxic
compounds and regulating the numbers, viability, distribution and phenotype or non-immune
functions of other cells (Qiao et al. 2006). Some stimuli promote degranualtion immediately (520 minutes) with a serious allergic reaction, Anaphylaxis that is rapid and onset and may cause
MC death (Pi et al. 2016). Anaphylaxis is generally mediated through diverse mechanism which
may be IgE-dependent, IgE- independent or though non-immunological mechanism (Moon,
Befus and Kulka 2014a).
Even though MCs mediator release is known, however differential release, mechanism of
secretory pathways involved and response of different stimuli are poorly understood. As
understanding the immunological processes of MCs is often difficult due to several factors
including its isolation and culture. So, rat basophilic leukemia (RBL-2H3) cell line is used as an
efficient and reliable experimental research tool toward understanding mast cell biology. RBL2H3 cell line was used as a model for MCs as it is adherent, easy to cultivate and express same
receptors as MCs like FcεRI, c-Kit and other receptors known to interact with bacterial
pathogens e.g. CD48 (Lin et al. 1999, Munoz et al. 2003). It has also been confirmed by our
group that RBL cells respond to similar physiological triggers as MCs like IgE cross- linking or
increase in intracellular calcium levels releasing same mediators (secretory granule cargo –
histamine and lysosomal β-hexosaminidase) as primary MCs with similar downstream signaling
(Naskar and Puri 2017, Puri and Roche 2008). Many reports have also explored interactions of
some pathogenic organisms with RBL cells in vitro (Munoz et al. 2003, Smith et al. 2013). There
is a report stating that mediators reside in distinct secretory granule subsets whose exocytosis is
regulated by different fusion mediator proteins (Puri and Roche 2008). This led to the hypothesis
that the array of mediator release from MCs may also vary in response to different stimul i. So
studying of range of stimuli will improve our understanding and identification of signaling
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pathways leading to degranulation ultimately understanding prophylactic and anaphylactic role
of MCs.

2. Materials and Methods
Cell Culture
The Rat Basophilic Leukaemia (RBL-2H3) mast cell line was a kind gift from Dr. Paul Roche,
NIH, and Bethesda, MD, USA. They were maintained in RBL complete medium containing
equal parts of Minimum Essential Medium Eagle with Earle’s salts (Gibco, Life technologies,
Grand Island, NY, USA) and Iscove’s Modified Dulbecco’s Medium (Gibco, Life technologies,
Grand Island, NY, USA) and supplemented with 25mM HEPES (Sigma, MO, USA) (N -[2- 100
hydroxyethyl]piperazine-N0-[2-ethanesulfonic acid]), 50 µg/ml gentamicin sulfate, and 20%
heat- inactivated Fetal Bovine Serum (FBS) (Gibco, Life technologies, Grand Island, NY, USA)
in a humidified atmosphere containing 5% CO 2 at 37°C. Cell lines were maintained as adherent
cultures and subcultured by trypsinization.
Culture of Mycobacterium bovis Bacillus-Calmette-Guerin (BCG)
A seed culture of BCG was a kind gift from Prof. R. K. Saxena, South Asian University, New
Delhi. They were grown in Sauton’s medium as shake n cultures. All inoculations and
manipulations of BCG were carried out in a Biosafe Laminar Flow Chamber. Cultures were
initiated from frozen stocks. For initial seeding, a loopful of cells were scraped from the surface
of frozen stock and inoculated in a culture flask containing 20 ml of medium and incubated at
37°C shaker. Bacterial viability and CFU count was determined by plating on 7H11 agar OADC
plates (Difco, MD, USA). Prior to every use in in vitro assays, BCG was sonicated for 2 mins in
Branson sonicator.

Stimulation of MCs
Mast cell exocytosis was triggered by using different concentration of stimuli DNP-BSA (was a
kind gift from Dr. Paul A. Roche, NCI, NIH, USA), Lipopolysaccharide (LPS) from Escherichia
coli 0128:B12 (Sigma, MO, USA) and BCG for various time points as described (Puri et al.
2003). Aliquots of the culture supernatants were saved at the indicated times after induction of
exocytosis, and at the end of the assay, the cells were lysed by using 1% triton X-100 in RPMI
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PR- medium 1640. The release of β-hexosaminidase was determined by using an enzymatic assay
as described (Vaidyanathan, Puri and Roche 2001) Histamine release was estimated using
Histamine ELISA detection kit (Roche, USA) as per the manufacturer’s protocol. In all
experiments, the amount of release was expressed as a percentage of the total amount of each
marker secreted into the medium as compared with the total amount of each marker secreted into
the medium plus that remaining cell associated.
Cell Viability assay using Lactate Dehydrogenase (LDH) kit
Cell viability assay was done using the LDH cytotoxicity kit (Cayman, USA) as per the
manufacture’s protocol with minor changes. Briefly, two sets of replicates for each condition
were used: one high control and one for the actual assay. Replicates of 100 ml of media without
cells will be used to serve as the blank for that condition. Control and treated cells were
centrifuged for 5 min at 1500rpm. A multichannel was used to transfer 100ul of supernatants for
the top of all the wells for the experimental culture plate to the assay plate. 100ul of the mixed
detection kit reagent was then added to each of the assay wells on top of the supernatants in rapid
succession. After this plates were read using a standard plate reader (Bio-Rad, CA, USA) with a
reference wavelength of 490 nM.
1.1 Transmission Electron Microscopy
15 million RBL cells were co- cultured with BCG for 3h. The cells were washed with PBS and
then fixed with 2% glutaraldehyde for 1 h. The samples were processed for Transmission
Electron Microscope (JEOL 2100F) in Advanced Instrument Facility (AIRF, Jawaharlal Nehru
University).
Statististical Analysis
Each experiment was repeated at least three times. Statistical ana lysis by Student’s t-test was
done by MS office. Data are presented as mean ± SEM. *p≤0.05, **p≤0.005 and ***p≤0.0005
represent statistically significant difference between control and treated cells.
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3. Results and Discussion
Degranulation of RBL-2H3 mimicking allergen challenge:
Cross-linking of FcєRI bound IgE with multivalent antigens initiates the activation of
MCs by promoting the aggregation of FcєRI mimicking the allergic challenge in in vitro
condition (Figure. 1A).We first examined the effect of DNPBSA on mast cell degranulation with
or without FcєRI, activation. Treatment of RBL-2H3 cells with 1, 10, 100 or 1000ng/ml DNPBSA for 45minutes induce MCs degranulation. The extent of degranulation was determined by
analyzing the amount of lysosomal enzyme, β-hexosaminidase released. Increase in the amount
of allergen mimics DNP-BSA increases FcєRI activated degranulation in a dose-dependent
manner with 100ng/ml showing significant high by >35%, but the effect decreased when the
DNP-BSA concentration was further increased (Figure. 1B).
Further we explored the membrane integrity of RBL-2H3 cells by LDH assay. It was
found that DNP-BSA did not alter membrane integrity even at higher concentration (Figure 1B).
MCs’ potent mediator- histamine was assessed with and without FcєRI activation and release
was compared with granule enzyme-β-hexosaminidase. These results collectively indicate that
exposure to DNP-BSA enhances mast cell degranulation upon antigen stimulation.
Degranulation of RBL-2H3 mimicking pathogenic Challenge
RBL-2H3 has been extensively used to study MC biology in general and MC-pathogen
interactions in particular (de Bernard et al. 2005, Mollerherm, von Kockritz-Blickwede and
Branitzki-Heinemann 2016, Munoz et al. 2003, Sakurai, Yamaguchi and Sonoyama 2012,
Wesolowski, Caldwell and Paumet 2012). BCG lung infection in mice is a self- limiting
infection, similar to M. tuberculosis infection in healthy human beings. For this reason, the
mouse BCG infection model has been used extensively for studying the interactions between
mycobacteria and immune cells in the lung (Kumari and Saxena 2011). BCG is the most widely
used vaccine in preventing TB especially in childhood (Fine 1995). So it was investigated
whether MCs were able to degranulate on co-culture with bacteria such as M. bovis BCG. It was
found that MCs were able to degranulate and release β-hexosaminidase as well as histamine in a
time dependent manner (Figure. 2B) but with the increase in time degranulation was also
accompanied by some LDH release (Figure. 2B, C). By Transmission Electron Microscopy the
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ultrastructure of RBL-2H3 was visualized in control and infected cells with BCG. White arrows
show intact granules in the control cells whereas black arrows show degranulated granules in the
infected cells (Figure 2D, E). Enlarged empty and partially filled granules are seen in the cells
infected with BCG (Figure 2E). Many other pathogens are also known to activate MCs to secrete
pre-formed as well as de novo synthesized mediators (Munoz et al. 2003, Munoz, Rivas-Santiago
and Enciso 2009). The increase LDH secretion or loss of cell membrane integrity may indicate
activation of Programmed Cell Death pathways leading to either death by apoptosis or Etosis.
There are some reports of delivery of pathogenic antigens form MCs to Dendritic cells or
Antigen Presenting Cells for aiding antigen presentation (Mekori et al. 2016) . Death of cells
may be due to Etosis in which traps may be generated to ensnare the pathogen for further
destruction (Brinkmann et al. 2004).
There are many studies of MCs interaction with various pathogens (Arock et al. 1998,
Lopes et al. 2015, Shin, Gao and Abraham 2000, Wesolowski et al. 2012). LPS which is a major
component of gram- negative bacteria ubiquitously distributed in the environment is well
recognized in humans. Exposure of RBL-2H3 cells with LPS mimics the bacterial challenge. The
effect of LPS on mast cell degranulation was assessed by treatment of RBL-2H3 with 1, 10, 100,
1000 or 2000 ng/ml LPS for 21 hours, but did not induce mast cell degranulation (Table 1) .In
contrast to this result, LPS increased degranulation post RBL-2H3-IgE sensitization treatment
followed by FcεRI activation. At concentration of 100ng/ml LPS post-treatment, cells showed
significant enhance degranulation in respect to pre and co-treatment. LPS even at different
concentration was not lethal to cells, as shown by LDH release assay membrane integrity was not
affected. (Fig 3B). Comparative histamine and β-hexosaminidase release in response to LPS
resulted in, histamine release only after FcεRI activation in contrast to LPS alone. The release of
β-hexosaminidase was comparatively higher than histamine (Figure 3C).These results overall
suggest that MCs’ degranulation by LPS is relatively small. LPS is a risk factor for asthma
(Michel et al. 1991) (Rizzo et al. 1997). So we have shown LPS alone cannot cause MC to
degranulate whereas on sensitization MCs show greater degree of response without losing its
membrane integrity. We have only studied the release of pre-stored mediators. LPS may cause de
novo synthesis and secretion of cytokines or chemokines or some other stored mediators that we
did not analyze. Results from co-treatment experiments with LPS and allergen challenge may
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indicate that in atopic individuals MC responses to gram negative bacterial pathogens may be
different from those in non – atopic or normal patients.

4. Figures and Table

Figure 1: Response of RBL-2H3 Mast Cell to Allergic Challange: (A) Schematic Representation
of Degranulation of RBL-3H3 with DNP-BSA, Pre-IgE Sensitization. (B) Cells were Treated
with Different Concentration of DNP-BSA Along with Control (RPMI and IgE alone), and the
Extend of Degranulation was Assessed by β -hexosaminidase Assay and LDH Release.(C)
Comparative Release of Histamine and β –hexosaminidase Release at DNP-BSA (100ng/ml) for
45 mins. Each Point Represents Mean ± SEM Of Values Obtained from Three Independent
Assays. **P<0.005 ***<0.0005 are given By t-Test.
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Figure 2: Response of RBL-2H3 MCs to Bacterial Challenge (M. bovis BCG): (A) Schematic
Representation of Degranulation of RBL-2H3 with M. bovis BCG. (B) Cells were Co-cultured
BCG at MOI 1:100 Along with Control (RPMI). Degranulation was Assesed by βHexosaminidase Assay and Histamine Assay. (C) Cell Toxicity was Assayed Through LDH
Release. Each Point Represents Mean ± SEM Of Values Obtained from Three Replicate Assays.
*<0.05, **P<0.005 ***<0.0005 are Given by t- Test. Ultrastructure of RBL-2H3 cells of
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uninfected (D) and after co-culture with BCG (E) was visualised through Transmission Electron
Microscope. Magnification is 2000X and scale bar is 500nm.

Figure 3: Response Of RBL-2H3 Mast Cell To Pathogenic Challenge (LPS) : (A) Schematic
Representation Of Degranulation Of RBL-3H3 With Post-LPS treatment. (B) Schematic
Representation Of Degranulation Of RBL-3H3 With Co-LPS treatment. (C) Schematic
Representation Of Degranulation Of RBL-3H3 With Pre-LPS Treatment. (D) Cells Were
Treated With Different exposure Of (Pre, Co, Post) LPS With Control (RPMI, LPS And IgE
alone), And The Extend of Degranulation Was Assessed By β -hexosaminidase Assay And LDH
Release.(C) Comparative Release Of Histamine And β –Hexosaminidase. **P<0.005
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***<0.0005 Are Given By t-Test. Each Point Represents Mean ± SEM Of Values Obtained From
Three Replicate Assays. *<0.05, **P<0.005 ***<0.0005 Are Given by t- Test.
Table 1: THE EFFECT OF LPS ON MC DEGRANULATION
Treatment with

0

1

10

100

1000

0.94±0.5

1.30±2.1

1.78±1.6

2.65±0.5

2.35±1.0

LPS (ng/ml)
LPS alone
Pretreatment-XL

33.69±0.8** 34.20±1.0**

34.20±1.0**

37.69±2.1**

37.69±2.1**

Co-treatment –XL

33.34±0.5** 34.53±1.8**

34.06±1.4**

37.80±0.8**

37.05±0.4**

Post-Treatment-XL

34.56±1.2** 37.18±1.1**

36.12±0.4**

44.89±0.5*** 44.62±1.2***

Cells were treated with different concentations of LPS along with control, and the extent of
degranulation was assessed by β–hexosaminidase assay. Each point represents mean + SEM of
values obtained form three independent assays. **P<0.005 ***<0.0005 by t-test.

5. Conclusions
MCs show heterogeneity in their response to IgE-dependent allergen-like triggers and non
IgE- dependent pathogenic triggers. The regulation of these cells appears to be mediated, by
various receptors present on MC surface. As MCs possess distinct secretory granule subsets
whose exocytosis is regulated by different SNARE isoforms (Puri and Roche 2008), differential
release of mediators on exposure to different triggers can take place. Therefore, MCs precisely
regulate both the intensity and the timing of the responses to each challenge encountered. The
responses differ quantitatively as well as qualitatively.
Although there are complex regulatory pathways illustrating MCs heterogeneity but there is
no such accurate mechanism to show how MCs differentially process stimulatory signals for
different effector release (Moon et al. 2014a). This differential secretory response of MCs in
response to various challenges may ultimately fine tune the body’s defense system to various
© Associated Asia Research Foundation (AARF)
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 84

threats. Thus, MCs play a key role in regulation of normal physiological processes as well as in
many pathophysiological settings. This study can be useful in drug discovery and treatment for
prevention of anaphylactic reactions. While allergen- like responses cause massive secretion of
pre-stored mediators like histamine and lysosomal hydrolases they do not affect the viability.
Making them long lived which can regranulate and again respond to further challenges. On the
other hand, the response to pathogens varies with some pathogens causing regulated secretion of
pre-stored mediators while other pathogenic antigens like LPS themselves may not cause
secretion but can augment the allergen mediated, IgE dependent responses. Hence, various
pathogenic infections in atopic individuals may show enhanced MC activation and further
serious consequences.
Conflict of Interest
Authors have no conflict of interest.

6. Acknowledge ment
We thank Transmission Electron Microscopy facility, AIRF (Advanced instrument research
facility), JNU for processing as well as visualizing the samples. We are highly thankful to Dr.
Paul A Roche (Experimental Immunology Branch, National Cancer Institute, National Institutes
of Health, and Bethesda, MD) for providing RBL-2H3 cell line. We are thankful to Prof. R. K.
Saxena (South Asian University, India) for providing BCG culture. This work was supported by
research grants from ICMR (61/03/2012-BMS), Department of Science and Technology (DST)
Govt. of India (SR/SO/HS-0122/2009; and DST-PURSE), and University Grants Commission
(UGC), (UPE-II Project ID-54; and UGC-resource networking) to NP. SP was supported by a
grant Indian council for Cultural Relations (ICCR) India and NN was supported by a grant from
UGC.

7. References


Abraham, S. N. & A. L. St John (2010) Mast cell-orchestrated immunity to pathogens.
Nat Rev Immunol, 10, 440-52.



Arock, M., E. Ross, R. Lai-Kuen, G. Averlant, Z. Gao & S. N. Abraham (1998)
Phagocytic and tumor necrosis factor alpha response of human mast cells following
exposure to gram-negative and gram-positive bacteria. Infect Immun, 66, 6030-4.

© Associated Asia Research Foundation (AARF)
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 85



Brinkmann, V., U. Reichard, C. Goosmann, B. Fauler, Y. Uhlemann, D. S. Weiss, Y.
Weinrauch & A. Zychlinsky (2004) Neutrophil extracellular traps kill bacteria. Science,
303, 1532-5.



Brown, M. A. & J. K. Hatfield (2012) Mast Cells are Important Modifiers of
Autoimmune Disease: With so Much Evidence, Why is There Still Controversy? Front
Immunol, 3, 147.



de Bernard, M., A. Cappon, L. Pancotto, P. Ruggiero, J. Rivera, G. Del Giud ice & C.
Montecucco (2005) The Helicobacter pylori VacA cytotoxin activates RBL-2H3 cells by
inducing cytosolic calcium oscillations. Cell Microbiol, 7, 191-8.



Fine, P. E. (1995) Variation in protection by BCG: implications of and for heterologous
immunity. Lancet, 346, 1339-45.



Galli, S. J., M. Grimbaldeston & M. Tsai (2008) Immunomodulatory mast cells: negative,
as well as positive, regulators of immunity. Nat Rev Immunol, 8, 478-86.



Galli, S. J., J. Kalesnikoff, M. A. Grimbaldeston, A. M. Piliponsky, C. M. Williams & M.
Tsai (2005a) Mast cells as "tunable" effector and immunoregulatory cells: recent
advances. Annu Rev Immunol, 23, 749-86.



Galli, S. J., S. Nakae & M. Tsai (2005b) Mast cells in the development of adaptive
immune responses. Nat Immunol, 6, 135-42.



Krystel-Whittemore, M., K. N. Dileepan & J. G. Wood (2015) Mast Cell: A MultiFunctional Master Cell. Front Immunol, 6, 620.



Kumari, M. & R. K. Saxena (2011) Relative efficacy o f uptake and presentation of
Mycobacterium bovis BCG antigens by type I mouse lung epithelial cells and peritoneal
macrophages. Infect Immun, 79, 3159-67.



Lai, Y., W. A. Altemeier, J. Vandree, A. M. Piliponsky, B. Johnson, C. L. Appel, C. W.
Frevert, D. M. Hyde, S. F. Ziegler, D. E. Smith, W. R. Henderson, Jr., M. H. Gelb & T.
S. Hallstrand (2014) Increased density of intraepithelial mast cells in patients with
exercise- induced bronchoconstriction regulated through epithelially derived thymic
stromal lymphopoietin and IL-33. J Allergy Clin Immunol, 133, 1448-55.



Lin, T. J., Z. Gao, M. Arock & S. N. Abraham (1999) Internalization of FimH+
Escherichia coli by the human mast cell line (HMC-1 5C6) involves protein kinase C. J
Leukoc Biol, 66, 1031-8.

© Associated Asia Research Foundation (AARF)
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 86



Lopes, J. P., M. Stylianou, G. Nilsson & C. F. Urban (2015) Opportunistic pathogen
Candida albicans elicits a temporal response in primary human mast cells. Sci Rep, 5,
12287.



Marshall, J. S. (2004) Mast-cell responses to pathogens. Nat Rev Immunol, 4, 787-99.



Mekori, Y. A., A. Y. Hershko, B. Frossi, F. Mion & C. E. Pucillo (2016) Integrating
innate and adaptive immune cells: Mast cells as crossroads between regulatory and
effector B and T cells. Eur J Pharmacol, 778, 84-9.



Metcalfe, D. D., D. Baram & Y. A. Mekori (1997) Mast cells. Physiol Rev, 77, 1033-79.



Michel, O., R. Ginanni, J. Duchateau, F. Vertongen, B. Le Bon & R. Sergysels (1991)
Domestic endotoxin exposure and clinical severity of asthma. Clin Exp Allergy, 21, 4418.



Mollerherm, H., M. von Kockritz-Blickwede & K. Branitzki- Heinemann (2016)
Antimicrobial Activity of Mast Cells: Role and Relevance of Extracellular DNA Traps.
Front Immunol, 7, 265.



Moon, T. C., A. D. Befus & M. Kulka (2014a) Mast cell mediators: their differential
release and the secretory pathways involved. Front Immunol, 5, 569.



Moon, T. C., E. Campos-Alberto, T. Yoshimura, G. Bredo, A. M. Rieger, L. Puttagunta,
D. R. Barreda, A. D. Befus & L. Cameron (2014b) Expression of DP2 (CRTh2), a
prostaglandin D(2) receptor, in human mast cells. PLoS One, 9, e108595.



Munoz, S., R. Hernandez-Pando, S. N. Abraham & J. A. Enciso (2003) Mast cell
activation by Mycobacterium tuberculosis: mediator release and role of CD48. J
Immunol, 170, 5590-6.



Munoz, S., B. Rivas-Santiago & J. A. Enciso (2009) Mycobacterium tuberculosis entry
into mast cells through cholesterol-rich membrane microdomains. Scand J Immunol, 70,
256-63.



Naskar, P. & N. Puri (2017) Phosphorylation of SNAP-23 regulates its dynamic
membrane association during Mast Cell exocytosis. Biology Open, 6(9) (in press).



Pi, J., L. Huang, F. Yang, J. Jiang, H. Jin, J. Liu, X. Su, A. Wu, H. Cai, P. Yang & J. Cai
(2016) Atomic force microscopy study of ionomycin- induced degranulation in RBL-2H3
cells. Scanning, 38, 525-534.

© Associated Asia Research Foundation (AARF)
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 87



Puri, N., M. J. Kruhlak, S. W. Whiteheart & P. A. Roche (2003) Mast cell degranulation
requires N-ethylmaleimide-sensitive factor- mediated SNARE disassembly. J Immunol,
171, 5345-52.



Puri, N. & P. A. Roche (2008) Mast cells possess distinct secretory granule subsets
whose exocytosis is regulated by different SNARE isoforms. Proc Natl Acad Sci U S A,
105, 2580-5.



Qiao, H., M. V. Andrade, F. A. Lisboa, K. Morgan & M. A. Beaven (2006) FcepsilonR1
and toll- like receptors mediate synergistic signals to markedly augment production of
inflammatory cytokines in murine mast cells. Blood, 107, 610-8.



Rizzo, M. C., C. K. Naspitz, E. Fernandez-Caldas, R. F. Lockey, I. Mimica & D. Sole
(1997) Endotoxin exposure and symptoms in asthmatic children. Pediatr Allergy
Immunol, 8, 121-6.



Sakurai, A., N. Yamaguchi & K. Sonoyama (2012) Cell Wall Polysaccharides of Candida
albicans Induce Mast Cell Degranulation in the Gut. Biosci Microbiota Food Health, 31,
67-70.



Shin, J. S., Z. Gao & S. N. Abraham (2000) Involvement of cellular caveolae in bacterial
entry into mast cells. Science, 289, 785-8.



Smith, N. L., D. S. Abi Abdallah, B. A. Butcher, E. Y. Denkers, B. Baird & D. Holowka
(2013) Toxoplasma gondii inhibits mast cell degranulation by suppressing phospholipase
Cgamma- mediated Ca(2+) mobilization. Front Microbiol, 4, 179.



Vaidyanathan, V. V., N. Puri & P. A. Roche (2001) The last exon of SNAP-23 regulates
granule exocytosis from mast cells. J Biol Chem, 276, 25101-6.



Wesolowski, J., V. Caldwell & F. Paumet (2012) A novel function for SNAP29
(synaptosomal-associated protein of 29 kDa) in mast cell phagocytosis. PLoS One, 7,
e49886.

© Associated Asia Research Foundation (AARF)
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 88

