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Sulfur Mustard (SM)
➧Chemical warfare agent (blistering 

or vesicating agent)

➧Recently used in Syria and ISIS 
attacks

➧Military personnel:
 Over 50% exposed have 

respiratory effects

➧ Associated with Gulf War Illness 
/Chronic Multisymptom Disease

https://emergency.cdc.gov/agent/sulfurmustard/basics/facts.asp
https://www.va.gov/disability/eligibility/hazardous-materials-exposure/mustard-gas-lewisite

https://emergency.cdc.gov/agent/sulfurmustard/basics/facts.asp
https://www.va.gov/disability/eligibility/hazardous-materials-exposure/mustard-gas-lewisite
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Biochemical and Cellular-Molecular Mechanisms of Injury From Mustard Gas; Ghanei et al., 2016
A Review of Chemical Warfare Agents Linked to Respiratory and Neurological Effects Experienced in GWI: Cruz-Hernandez et al., 2022



Mast Cells
➧ Derived from stems 

cells in the bone 
marrow

➧ Resident tissue cell
 Skin, lung, GI, eyes

➧ Activation
 IgE – Allergic 

Responses
 Non-IgE
 SM unknown

➧ Recruitment and 
activation 

FcεR1/IgE
ST2/IL-33

TLR

MRGPRX2

Early Phase Activation: 
Degranulation (seconds)
Lysosomal Enzymes and Proteases
Β-hexosaminidase
Tryptase
Chymase
Cathepsin B,C,D,E,L
Biogenic Amines
Histamine
Serotonin
Cytokines and Growth Factors
TNFα
IL-4,5,6

Late Phase Activation: 
(minutes – hours)
Eicosanoid Formation (De novo synthesis)
Leukotrienes (LTB4, LTE4)
Prostaglandins (PGD2, PGE2)

Cytokines, Chemokines, and Growth Factors
TNFα
IL-4,5,6,13,17
bFGF
VEGF
TGFβ
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Mast Cells and Influenza A Virus: Association with Allergic Responses and Beyond; AC Graham  2015
Mast Cell: A Multifunctional Mast Cell; Krystel-Whittemore et al., 2016



The Importance Of Mast Cell Mediators

Protective Role of Mast Cells in Primary Systemic Vasculitis: A Perspective; Springer et al., 2017



Rationale: Why the mast cell in SM 
exposure?

➧ SM exposure is reported 
to induce mast cell 
degranulation

Inhalation of Sulfur Mustard Causes Long-term T Cell Dependent Inflammation: Possible role of Th17 cells in chronic lung pathology; Mishra et al., 2012
Sulfur mustard induced mast cell degranulation in mouse skin is inhibited by a novel anti-inflammatory and anticholinergic bifunctional prodrug; Joseph et al 
2019



Nitrogen Mustard (NM): A Surrogate for SM

➧NM is commonly used as a 
surrogate for SM
➧DNA alkylation inducing 

damage
➧Similar pathology & immune 

response in the lung
➧Been used as a 

chemotherapeutic

Sulfur Mustard

Nitrogen Mustard

Control Treated

Control Treated

Functional and inflammatory alterations in the lung following exposure of rats to nitrogen mustard; Sunil et al., 2014
Chemical warfare agent and biological toxin-induced pulmonary toxicity: Could stem cells provide potential therapies?; Angelini et al., 2013



Hypothesis
SM Inhalation Exposure

Inactivated mast cell

Damage in lung due to mast cell 
activation as an initiating event

 ↑ pro-inflammatory 
cytokines/chemokines

 ↑ PMNs and 
macrophage

 ↑ oxidative stress

+

Activated mast cell

?
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Acute NM Exposure: In Vivo Methodology

Mice Strains
• Wild Type Mice (WT)
• Mast Cell Deficient Mice (MC Deficient)

Dosage
• Control: PBS
• Dose: 0.125mg/kg NM

Time point
• 24-72 h



Pulmonary Damage Characterized by H&E

➧Significant lung injury is observed 
in wild type that is largely absent in 
mast cell deficient mice
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Images were obtained using an Olympus light microscope at a 4x 
objective (indicated by 200 μm scale) and a 20x objective (indicated 
by 50 μm scale) (N=5-9/group). 

Mast Cells Promote Nitrogen Mustard-Mediated Toxicity in the Lung Associated with 
Proinflammatory Cytokine and Bioactive Lipid Mediator Production; Cruz-Hernandez A. et al., 
2021



Characterization of Lung Lavage Fluid

Data is presented as the mean ± SD (n=4-6 animals/ group), compared to fold change 
from control (normalized to 1); Two - way ANOVA with Tukey’s post hoc test, *p ≤ 0.05, ** 
p ≤ 0.01, *** p ≤ 0.001, **** p ≤ 0.0001

Mast Cells Promote Nitrogen Mustard-Mediated Toxicity in the Lung 
Associated with Proinflammatory Cytokine and Bioactive Lipid Mediator 
Production; Cruz-Hernandez A. et al., 2021
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Proinflammatory Gene Expression

➧Persistent upregulation in ptgs2, 
il-6, and tnfα

➧Macrophages and monocytes 
produce these but in the 
absence of mast cells 
upregulation in these are not 
observed

MC Deficient

Wild Type

Data is presented as the mean ± SD (n=3-8 animals/ group), compared to fold change from 
control (normalized to 1); Two - way ANOVA with Tukey’s post hoc test, *p ≤ 0.05, ** p ≤ 
0.01, *** p ≤ 0.001, **** p ≤ 0.0001

Mast Cells Promote Nitrogen Mustard-Mediated Toxicity in the Lung 
Associated with Proinflammatory Cytokine and Bioactive Lipid Mediator 
Production; Cruz-Hernandez A. et al., 2021



Prostaglandin D2 

➧In the lung, PGD2 is primarily 
produced by activated mast cells, 
and to a smaller degree by a 
subset of T cells (T helper cell 2: 
Th2) and dendritic cells

➧Crucial for the initiation and 
progression of lung inflammation
 Bronchoconstriction and asthma 

pathogenesis
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Data is presented as the mean ± SD (n=4-6 animals/ group); Two -
way ANOVA with Tukey’s post hoc test, *p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 
0.001, **** p ≤ 0.0001

Mast Cells Promote Nitrogen Mustard-Mediated Toxicity in the Lung 
Associated with Proinflammatory Cytokine and Bioactive Lipid Mediator 
Production; Cruz-Hernandez A. et al., 2021



Inactivated mast cell

+

Activated mast cell

?

Does NM Activate Mast Cells In Vitro?
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